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INTRODUCTION.

The two most important things in Texas, in so far as concerns
ite material progress, arve an abundant sapply of cheap fuel and
good waler.  Withont these it is not possible to atiain comfortable
living or commercial prosperity.

Our reason for offering {his publication on The Fuels Used in
Texas is hased upon the fact that while we have very large sup-
plies ol good awd ¢heap Tuel, we are not ulilizing them to {he best
advantage.  Our production of coal, lignite, natural gas, city and
produeer gas and petrolenmn does not begin {o keep pace with cur-
rent demands nor fo pramige well for the fuinve.

The workahle coal avea in the Stafe is 8200 wmare miles, with
a possible addition of 5300 square miles,  The original sapply of
coal was about cight hillion tons.  The production, sinee 1895, has
been thirteen million fons. =0 that we have havely seralehed the
surface. so to speak.

The workable lignite area is 50.000 zquare miles. with o possible
addition of 10,000 square miles. The original supply of lignite
wag about thirty hillion tons.  The production, since 1895, has
been cight million tong, an iusignificant fraction of the total.

The total fuel area. coal and lignite, is 58,000 square miles, with
a possible addition of 15.000 square miles.  The total original sup-
ply of coal and lignite was about thivty-eight hillion tong, the total
los=, including produciion and waste, has heen, we will allow, forty
million fons, or a httle over 1 per cent of the total supply.  If we
mined twenty million tons of coal and lignite a vear. instead of
fwo million tons, the supply of these fuels would last move than
1000 vears, allowing that for each fon used there waz a tofal loss
of two toms. It i trme that. as compared with some ofher coals.
ot conls e not of the hest quality; the seams are thin and the
confent of ash and =ulphur is relatively high. At the same time
many ol these coals have heen used with excellent results,

A =pecial Teature of the coal industry in Texas is that by far
the greater proportion of the produet is used for railvoad pur-
poscs, only a small proporiion going inte domestic use.
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Quite aside, however, Trom 1he conl, we have in lignite a cheap
and eflicient foel Tor all kinds of industrial emplovment, with the
possible exception of railroad Tocomotives,  Practically every known
variety of Tigniie exists in Texascand inovery Taree amonniz. The
Tiemite indusiey has inereased at a very mapid rafe, and with the
attention now heing given fo improved methods ol fivine it s
hought that a <til! Targer inerease may he expected, either in ouf-
put or in ollicieney. or hoth, :

The time will come, i indeed it be not alveady come, when {he
establishment of Targe centeal power plants, using lanite as fuel.
will present umusoal altractions for investments of capital,  The
Hanite will be converted info gas, either in producers or in relorts.
and this gas will he <old for fuel purposes divect or converted info
clectrical enerey and solil as <uch, From raw lignite fhere can be
prepared st number of valuable products. in addition {o the oas,
ax is sel forth in Chapters X and X1,

I the Tignite is distilled in retortz, one of (he by-prodoels is
lignite residue, which _m:\i{r:-: an exeellent maferial Tor high-grade
briquetfes: as i= <hown hy Professor 15,0, Babeoek, Dean of {he
College of Mining Engineering. University ol North Dakofa, in
Chapter TN,

The hrignetting of Tanite i= nol crvied onoin thiz State al all,
hul, i order to how whal can e done, Professor Balweock kindly
madde Tor us a series of fest= of these tvpieal Texas lienifes. The
results were most enconraging, and onr sineere acknowledsmoents
are due to him for fhis timely assistanee.

Throvgh the conrtesv of Mr. L. M. Davis, Minol. North Da-
Kot we are able fo present a view of the lignite hriquetting plant
which e is now construeting theee, This will e (he only plant
ol the Kind in the United Statescand the resulis of its operation
are awaited with a great deal of interest.

Our acknowledgment are adso due {o My, J0 15 Siallken, As=ist-
ant Chemist to the Burveau, for mueh analviieal work, aml 1o D
W. Bredlick, who preparad Chapter X, assisted in the preparation
of Chapter N1 and made the analyscs of the coal tar given on
Pages H8-09,

We have alsa to thank Dre. Fugene Ao Smith, Divector of the
Mabamia Geologienl Survey, Tor analyses of XMalama coals,

We o rearet 1o =ay that a lavge nomber of analyees o Oklhome
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coals, kindly sent to us by Dr. (. W, Shannon, Dirvector of the
Oklahoma Geological Survey, reached us too late for incorporation
in this publication. '

In econnection with our work on the fuels of the State, the Leg-
islature grauted us a special appropriation, which will become
availahle Septemher 1. 1914, Plans arve now being considered for
the crection and operation of a modern steam-testing plant wherein
a carload of fucl can be tried out at a time. It is hoped that
particular attention can he given in this plant to. lignite stokers
and other appliances for increasing the efficiency of this and other
Mels. -
War, B. Puunries.
S. H. WounenL,
Austing Texas, Deeember, 1913,




DRGANIZATION AND PUBLICATIONS O 'THE BUREAU
OF ECONOMIC GEOLOGY AND TECHNOLOGY.

The Bureau ol Feonomie Geology and Technology was estab-
Jished Dy the Board of Regents of the University, September, 1909.
A there has heen no geological survey in Texas for many years
nor any ageney through which there could be condueled investi-
wittions of the minerval vesourees, cte., of the State, it was hoped
that the Burean would be able to supply this deficiency, as lar as
was possible with the means at ifs disposal,

The laboratory of the Bureau was opened in September, 1910,
with Mr. S, 1L Worrell in charge.  Since that time the demand
for information, especially in connection with the parchase of
fuel= hy the State Purchasing Agent and the University, has
required the addifion of another ehemist, and Mr. J. 13, Stullken
was appointed in Januwary, 1913, In Seplanber, 1911, Dr. J. Al
Udden became geologist for the Burean, and his fivst work was
the preparation of the Report on the Oil and Gas Fields ol Clay
and Wiehita Counties, published hy the University, September s,
1912, s ils Bulletin No. 216, Scientifie Series No. R3.

Lixelugive of this bulletin the following publications luve heen
issued by the Bureau:

The Mineral Resonrvees of Tesas. W B Phillip=. Issned by the Sute
Department of Agriculture as its Bulletin No. 4, July-August, 1910,

The Composition of Texas Coals and Lignites amd the Use ol Producer
Gas in Texas, W, B Phillips, S0 1L Worrell and Droavy MeN. Phillips,
University of Texas Bulletin No, 189, July, 1911,

A Beeomnaissance Report on the Geology of the Ol and Gas Fields of
Wichita and Clay Counties, J. AL Udden, assisted by Drury MeN. Phillips.
Tniversity of Texas Bulletin Noo 246, September, 1912,

A Map Showing the Loeation of lvon Ove Deposits in Bast Texas; Blast
Furnaees: Lignite Mines in Opervation: Lignite Outerops; Producing 0il
Fields, Ete., Wi B, Phillips, Sepfember, 1912,

Lighteen Press Letters dealing with varions feafures of mineral pro-
duction in Texas,

A map showing the location of coal out-crops, coal mines, oil
and gas fields, quarries of lTimestone and grpsum, deposits of cop-
per ores, cte., in the area west and northwest of Fort Worth has
heen prepared, but has not yet heen jssued,  Work on a geological
map of the State is now in progress and we hope to have it ready
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for distribution by the close of the vear 1914. There is no geolog-
ical map of the State in existence and this attempt is the first
that has been made to ¢et forth the main geological formations
throughout the State as a whole.

Field and chemical work for a special publication on the build-
ing materials mined and manufactured in the State is now in
progress. ‘T'his publication will include physical tests and chem-
ical analyses of limestone, marble, granite, sandstone, serpentine,
brick, hollow tile, cte.

All communications in regard to the work of the Bureau should
be addressed to:

Winniaar B, Pinvnies, Director,
University Station, Austin, Texas.
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THE FUELS USED IN TEXAS

CHAPTER I

BAGASSE (BEGASS, MEGASS) AND WOOD.

Bagasse i= the name given to refuse sugar-cane after the jnice
has been extracted. Tt contains woody fiber, sugar juice and water.
Az a fuel under steam hoilers it is used locally, but is of too low
arade to he shipped to any considerable distances. We have no
meanz of ascertaining how much of this material is used as fnel
in Texas, hut as the production of sugav-cane in the year 1912
wis 100,000 tons there must be a goad deal of hagasse made and
used loeallv. We have not investigated this fuel hut avail onrselves
of a paper read before the Louisiana Sugar Chemists’ Association,
in 1892, by T.. A. Becuel. We quote from this paper as follows:

“With tropical cane containing 12.5 per cent woody fiber, a juice
containing 16.13 per cent solids, and 83.87 per centl water, hagasse
of, say (6 and 72 per cent mill extraction, would have the following
percentage composition :

Combustible Waler.

Woody
fiber. salls.
66 per cenl hagasse. ... oo 37 10 a3
72 per cenl bhagnsse. . ..., ..., O e ‘ 45 49 16

\.wummr* that the woody fiber u‘mi'unq 51 per cent carbon, the
sugar and other combustible maiters an average of 42.1 per eent
and that 12,906 units of heat are generated for every pound of
carbon consunmed, the 66 per cont bagasse is capable of generaling
207831 heat units per 100 lhs. as against 345,200, or a difference
ol 17.366 unite in favor of the 72 per cent hagasse,

"ﬂ\.mnnmg the temperature of the waste gases to he 430° T,
that of the svrvounding atmosphere and water in the bagasse at 86°
. and the quantity of air necessary for the combustion of one
pound of earbon at 21 Ihs, the lost heat will he as follows: 1In
the waste gases, healing air from 86° o 450° I, and in vaporizing
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the moisture, ete., the 66 per cent bagasse will require 112.516
heat units, and the 72 per cent bagasse 116,150,

“Subtracting these quantities from the ahove, we find that the
66 per cent bagasse will produce 185,288 available heat units per
100 Ths., or nearly 21 per cent less than the 72 per cent hagasse,
which gives 229,050 units. Accordingly, one ton of cane of 2,000
Tbs. at 66 per cent will extraction will produce 680 Ihs. hagasse,
equal to 1,259,958 availalle hent units, while the same cane at
72 per cent extraction will produce 560 1hs. hagasse, cqual to
1,282,680 units.

“A gimilar ealenlation for the case of Touisizna cane containing
10 per cent woody fiber, and 16 per cent fotal solids in {he juice,
assuming Y3 per cent mill extraction, shows that hagnsse Trom
one ton of cane containg 1,573,956 heat units, rom which 561,465
have to be deducted.

“I'his would make such hagasse equivalent to nearly 92 1bs. coal
per ton of cane ground. Under fairly good condilions, 1 1b. coal
will evaporate 74 lbe. water, while the best boiler plants evaporate
10 Ibs.  Therefore, the bagasse from 1 ton of cane at 75 per cent
mill extraction should evaporate from 689 The 1o 919 Ibs. of water.
The juice extracted from such cane would under these conditions
contain 1,260 1bz. of water. TIf we assmme that the water added
during the process of manuflacture is 10 per cent (by weight) of
the juice made, the fotal water handled is 1,410 lbs. From the
juice represented in this case, the commercinl masscenite wonld
be about 15 per cent of the weight ol the original mill juice, or
say 225 Ibs. Said mill juice 1,500 Ibs., plus 10 per cent equals
1,650 1bs. liquor handled; and 1,650 lbs. minus 225 lbs., equals
1,425 Ibs., the quantity of water to be evaporated during the process
of manufacture. To effect a 71 1h. evaporation requires 190 1bs, of
coal, and 142} Ibs. for a 10-1h. evaporation.

“To reduce 1,650 Ths. of juice to syrup of, say 27° Baume, re-
quires the cvaporation of 1,170 Ibs. of water, Jeaving 480 Ibs.
of syrup. If this work be accomplished in the open air, it will
require abont 156 Ibs. of coal at 73 lbs. hoiler evaporation, and
117 at 10 lbs. evaporation.

“With a double effect the fuel required would be from 59 to 78
1bs., and with a triple effect, from 36 to 52 Ibs.

“T'o reduce the above 480 lbs. of syrup to the consistency of
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coimercial masseenite means the further evaporation of 225 1=, of
water, requiving the expenditure of 34 1hs. of coal at 71 1hs. boiler
evaporation, and 253 lhs. with a 10-l1h. evaporation, Ifence, to
manufacture one ton of cane into sugar and molasses, it will take
from 115 to 190 Ihs. additional coal to do the work hy the open
evaporator process; from 85 fo 112 Ihs. with a double effect, and

o

only 74 Ibs. evaporation in the boilers, while with 10 1bs. hoiler
evaperation the bagasse alone is capable of furnighing 8 per cent
more heat than is actually required to do the work. With triple-
effect evaporation, depending on the excellence of the hoiler plant,
the 1,125 Ihs. of waler to be evaporated from the juice will require
between 62 and 86 1hs. of conl. These valnes show that from 6 to
30 Ihs. of coal ean be spared from the value of the bagasse to run
engines, grind eanc, cte,

“Ii aceordingly appears that with the best hoiler plants, those
taking up all the available heat generated, by using this heat cco-
nomically the bagasse can he made to supply all the fuel required
by our sugar-houges.”

FIREWOOD,

In ¥orest Service Circular No. 181, United States Department
of Agriculinre, issued Septemhber 23, 1910, the amount and value
of the firewood nsed in 1908, in Texas, is given in considerable
detail. The amount so stated is in cords of 128 cubic fect.

Quantity— Value.
cords.

e

Used o1 the TOrmS . L 4oy veosose e seionns porasanosnss 2

se e 2,518,360 806,549,939
Cities and townsof from one to thirly Lhousand population 1,331,360 5,310,845
Cities of over 30,000 population. ... ... ........oieuen. 174,333 923,015
Mincralbperalions s i a iy S s e R B 176,507

Tolalizoyomas R A N e S R _fl,lﬂli,-‘.;‘ig -s'IT.Z',EIli{},-'\!O_ﬁ

This gives an average value per cord of $3.16.

In the total consumption of firewood, Texas ranks sixth among
the Slates, the Targest consumption being in the State of North
Carolina. In the total value, Texas stands second; being exceeded
only by Michigan. In average valne per cord, Texas ranks thirty-
fourth among the States. The highest price paid for wood was
$8.99, in the District of Columbia, and the lowest value was in
Georgia, $1.66 a cord.
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In the year under consideration, namely, 1908, the qnantity and
value of the firewood used in the United States is stated as follows,
in cords and dollars.

l Quantity — J Value,
i cords. !
e g : R
; [ |
Usedon che farms. . oo.oooon o an o g ] GY, 961, 0665182,
In towns and cilies of from 1,000 to oy T2,G11,0030 0 50,58
[n cities of over 30,000 population. .. ........... o 1,613,501 11,106 i
Inmineral aperalions. .. ... i it ivieeniaren 1,701,115 5,080,478
o b T | N R e S o e Ly e S e A e 85,930, 806|S210 840,728

This gives an average value per cord for the enlire country, of
$2.91.

The heating power of well scasoned wood, expressed as British
thermal units per pound, varies from 7,584 in willow, to 9.153
in some varieties of pine.

The following table partly compiled and partly made up from
ow own analyses, gives the British thermal umits per pound of
different varicties of wood:

British
Variely of Wood. Lthermal units
= per pound.

8,480

8,080

9,007

Chestnut . . . 8,338
Cottonwoodd . 3 3 o 4,040
Cypress, . .. 3 S T e s 9,428
BT T e S I T e e e 8, 806
" T e o e SR N e e e 8,510
T PP 9,063
18 170 T SRR R i e L e SN S T ORI D R e B,728
B Sy s B B 0 T A AT M S A o A a0 8,650
I L o e e e A S i s s T e e | H,650
I o T e et T s TR e R o G R B s 1 8,027
POSEROtIE. .. o rore mivomim i s rmie s B0 0 Ao 5 W e I W A SIS B e A 8,116
BRI T T e e S SR N B S e e R e fromy (8,316 to 8,440
PR, DESLAPL . v v rginvinn s s s i s 0 b 8,704
Pine, Tong leal yellow. oo st di silaiie s ddaiis T 4,118
T B s ooy Ty s o s A 00 0 6 W T | 85,062
i e SRR 5,011
SYCIMOTe < S e R e S R e e R 7,762
L T ol e R e 8,163

i

Relutive Value of Wood and Coal, as Fucls.

Some authorities state that one pound of good soft coal is equiv-
alent to 2.50 pounds of air-dried wood. On this basis, a cord of

"Amer. Civil Fng. Pocketbook, 1911, p. 211
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pine wood, weighing on the average 2,600 pounds, is equivalent
to 1,010 pounds of coal ; a cord of hickory, with an average weight
of 4,100 pounds, is equivalent to 1,640 pounds of coal; a cord of
oak with an average weight of 3,550 pounds is equivalent to
1,120 pounds of coal; a cord of cedar, 2,500 pounds, is cquivalent
to 1,000 ponnds of coal and a cord of mesquile, 3,000 pounds is
cquivalent to 1,200 pounds of coal.

These figures are of general value only, for a great deal depends
on (he hoiler sctling, grate installation, method and rate of firing,
size of the wood, cte., in actual practice. As a rule, however, the
proportion of 2.50 peunds of wood per pound of eoal is reasonahly
accurate. '

The relative cost of burning wood and coal depends npon a num-
ber of conditions, and each question has to be scttled upan its own
merits. 1f we allow that the cost of handling, firing and removal
of ashes. is the same for the two fuels, coal at $5.00 a ton is equiv-
alent to ordinary oak wood at $3.54 a cord, or pine at $2.60 a cord,
With coal at $8.00 a ton, oak wood should he at $5.67 a cord, and
pine at $3.20. In many of the towns and cities of the southwest,
cspecially in Texas, these prices are eurrent with vespeet to coal
and oak wood; bhut inferior wood, such as eedar, cottonwood, wil-
low, ete., is oflen sold at the same price as oak or mesquite.

As a rule, current practice in regard to the relative price of wood
and coal, hrings ahout a rvough approximation to their respective
values as delermined hy scientific investigation. When coal sells for
$8.00 a ton, good oak wood sells for $5.50 to $6.00 a cord.

Weight of a Cord of Wood.

It iz diffienlt fo make a positive statement as to the weioht of a
cord of wood. Ordinarvily, a enrd confaing 128 cubie feet. Tt is
4 fect high, 4 feet wide and 8 feet long, But in Michigan, a “cord”
i= 18 cubie feet and in California a “stack™ (cord) conlains 32
cubic feet. Tn Gevimany, the klafter, or cord, containz 108 cubie
feet. Bul the ordinary cord lacks a great deal of containing 123
cubie Teel of wood. "The air space in a cord ol wood may comprize
as much g 25 per cent of the space, especially if the wood is
erooked. If the wood is straight, necurately cut, evenly and well
split and piled with cave, the air space is reduced o a minimum
but is never entively vemoved. To his own practice, the writer has
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allowed as much as 160 cubic fect to be a cord, especinlly in dealing
with croaked mesquite wood for quicksilver furnaces.

The amount of water in wood has a material bearing on the
weight of a cord. If we allow that a cord of ordinary dry oak
wood weighs 3,500 pounds and contains 25 per cent of water, the
“wond™ in the cord weighs 2,625 pounds and the water weizghs 865
pounds. 1[ a cord of pine wood weighs 2,500 pounds and contains
25 per cent of water, we have 1,875 pounds of “wood” and 625
pounds of water.

The weight of a cord of wood is not of much commercial 1m-
portance, as the ordinary practice the country over is to purchase
wood by the cord, irrespective of its weight or of its heating power.

When wood is shipped by rail it ic not custemary to weigh the
car, but the shipment is made on a measnrement basis, so manv
cords to the car. There is, of course, a considerable difference
in ithe number of cords that can be placed in or on a car, and no
general rule can be given. The number of cords in a car varies
from 8 to 15, and, in exceptional cases, even more.

Kent! gives the weight of a cord, 128 cubic feet, of scasoned
wood, in pounds, as follows:

Variety of Wood. Pounds
per cord.

2 EILL T o e S e R e e i e e e e e T e
e, SR e s
Olss ltele annd el ol e e e A R R A S R N RS
Pine, white or Norwny . ... ..o .....

Poole® gives the weight of a cord of wood as follows, in pounds:

Variely of Wood. | PPounds
[ per cord.

BT L s s s e, R T TR R A
L 1 | e et ) S el e ) ¥
Babternnl o L e i L R R R T e e e G e
Chegtonl - 0o oG e S R R i e T S S e R ey
DIOWIROL . - s o e AL 5 B R TR M R e
Hickory, shell-bark .. . ..o iiiiiiiiiininiiisinnienes :
Magnolin...oooeniiiinisan. :
Maple, Bard . ..o i it it ety

Mech. Engrs, Pocketbook, 1908, p. 232.
*alovifie Power of IFuels, 1907, p. 87.
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Variety of Wood. Pounds

per cord.

DIaple, 8000, o o e e e e 2,668
Dak Bk i o i e s s 3,251
Ok, ChostAO o i o oss .m0 s s s s 3,955
Oak, red. 3,254
Otk ARG s e G S R R T, RS S SR ] | 3,821
Pine, No\\Jﬂqt) e AR e e e e e el S U e Bl ! 2,137
Pine, Pty R B I 1,004
PING, WHREC: .o snmrisinses 5 oomow s dee e Fo o T — 1,868
T e o e e s T e e P v Pl i iy S S P i 2,463
Poplar, Ulmh.lrdy .................................................. 1,774
PO]J'IF}LIEH\\ | 2,516
1111 TR | 2,30
Wainnt T e e e U e T st s g 3,044

Snow® gives the following figures as the weight ol a enbic foot
of scasoned wood, in pounds:

Varicty of Wood. Pounds

| per cu. It.

|
BERIN i B T A R 0 B R R R e TR SR 39 Lo 40
TR T om0 h 5 mmenr i R 1 £ R e e 1 ] 12 Lo 45
BRI s s T R s s A N SRR i Lo 37
L 00741 RN S | 19 to 35
Chestnut . R SRR SRR R I BT\
Collonweod .. ... .. L LT 23 024
Cypress A R T e R e e e e 20

WAL s oo i stessar s savies dm g o s e e L AT Al H

Elm. ... i to A6
Ifir . S e R AR R e A e e e e T i
Hickory . ... .. .. ... T el R ———— A1 Lo HG
Limden. . ........ 28
Muple, 20 Lo 43
Mesquite A7
TS e A e A0 to 59
1t R e e S 22 to 43
OB v i 50 vs b 4 e o st e e E T R 26 o 28
Spruce. ., .

Syeimere -l p VR e e ] v
Walnut, Kh
Willowe s e e e R L e G g o e f 27

The weight of a cubic foot of lignum vitae varies from 71 to 83
pounds.

Amount of Ash or Mineral Matier in Wood.

The amount of ash in wood varies from 0.11 per cent as in some
varicties of oak, {0 8 per cent as in some varieties of fir. Asa rule,
the amonnt of ash in wood rarely exceeds 2 per cent of its weight,
and consists of lime, magnesia, potash, soda, the oxides of iron,
manganese and aluminum as bases, combined with carbonie acid,
sulphurie acid, silicic acid, phosphorie acid and hydrochloric acid,
to form ecarbonates, sulphates, silicates, phosphates and chlorides.

"Principal Species of Wood, 1910.
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The ash of Scotch fir (pinus sylvestris), common in the British
Islands and throughout northern ISurope, may contain as much
as 18 per cent of oxide of manganese, with 16 per cent of soda,
and 5 per cent of phosphate of iron. The ash of some varieties
of northern beech (fagus sylvalica) coutains nearly 16 per cent of
potash, :

Amount of Water in Wood.

Ordinary, well seasoned wood mayv still contain 25 per cent to
30 per cent of water, and this water is not entirely removed up to
240° F. The proper age at which to cut wood for fuel varies
from twenty vearz as in the ease of alder to 120 years in the
cage of white heech,

As the population of the State inereases and morve and nore
demiands are made on {lie supplies of firewood, we shall reach a
time when we shall be obliged to look to some othier source of fnel.
In a great many parts of the State now there is no wood at all,
The heavily wooded areas in East Texas will, of course, continue
to snpply a large amount of wood for many years, hut we think
that the citics and the larger towns will increasze their consumption
of coal and nse less and less wood, as time goes along. It is likely
that the practical efficiency of wood as a fuel is considerahly below
that of coal, but there are no investigations on this subject to
which reference may be made,




Belknap Coal Co., mine No. 2, Newcastle, Young County.
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CHAPTER II.
COAT..
COMPOSITION OF COALS MINED IN TEXAS.

Location and Batent of Coal Fields, Produclion, Ele.

Tn Bulletin No. 3, University Mincral Survey, May, 1902, there
were civen many detailed analysez of the eoals and liznites then
mined in Texas, The samples were taken in person by an agent of
the Survey and represented the freshly mined material.

The edifion af that hullelin was soon exvhausted, and as the
Survey was diccontinued in 1905, nothing further was done until
1911, In this year there wag prepared by the Universily Borean
of Teonomic Geology and Technology a hallefin on “The Composi-
tion of Texas (‘oals and Tignites and the Tze of Producer (Gas in
Texans,” and it was published by 1the University as its Dullefin No.
189, The edition ol this bulleiin has also been completely ex-
hausted, =o that it has become necessary to prepare another publi-
cation on the subject.

To the matervial which was published in 1911, we have adided
much new data dealing with the suitability of our coals and
lignites for gas making and the recovery of valuable hy-products.
1t is not our purpose to disenss the coal and lignite ficlds of Texas
from a geological standpoint.

With respeet to coal it is suflicient to sayv that there ave three
recognized coal fields in Texag, one in north central Texas, west of
TPart Worth, and two on the Rio Grande. The North Central Cloal
Ficeld lies in the eounties of Brown. Coleman, Comanchie, Fralh,
Tastland, Jack, MeCulloch, Palo Pinto, Parker. San Saba. Shack-
elford, Stephens, Wise and Young, 1L comes south of the Colorado
river i MeCulloeh and San Saba enunties,  Tis conl is of Car-
haniferonz age and sub-hituminons quality. 1t is enfeved by the fol-
lowing railronds:  Texas & Pacific; Peaas Central; Chicago, Rock
Tsland & Gull: Fort Worth & Denver; Fort Worth & Rio Grande
(Friseo) = Gull, Colorado & Santa Fey Wichita Falls & Southern ;
Mineral Welle & Northwestern;  Stephenville, North & South
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Texas; Gulf, Texns & Western. 1t produces hy far the greater
proportion of the coal raised in Texas, one county alone, Krath,
vielding more than 50 per cent of the entire output of the State.

The seams of coal are not thick, no single heneh running to
more than 21 inches. Nearly all of thiz coal is uxed for railroad
purposes, the remainder going to stationary hoilers. But little
of it iz nsed for domestic fires. The coal producing countics in
the North Central Field are: Tastland, Brath, Palo Pinto, Wise
and Young.

No coke is made from any of these coals, although some of
them are capable of yielding a coke of fair strength, hut high
in ash and comparatively high in sulphur. No attempl has heen
made to wazh these coals in a modern plant and it appears prohable
that the Toss in coal would bhe excessive, as there is not mueh differ-
ence between the density of the coal and the non-coal.

There are two other producing coal fields in Texas, hoth of them
fringing the Rio Grande; one in Webh eounty (Larvedo) and one
in Maverick county (Fagle Pass), The Webb county field extends
alzo info Dimmit and Zavala counties, but there are no commereial
operations in these counties. The coal is probably of Cretaceons
age, althouah <onie tower Tertiary stvata appear 1o he involved also.
Tt is sub-hitwminous in quality. The Tio Grande coal fiekds are en-
teresd by the following railroads:  Sonthern Pacifie; Infernalional
& Great Northern: Rio Grande & 1 Pago; Uvalde & Crvstal City;
Azherlon & Gulf; Texas Mexican. The total workable conl area
in Texas may be faken at 8200 square miles, with an additional
arci ol 5300 squave miles, that may contain workable heds, s
estimaded Dy Mo ML R Campbell, of the United States Geological
Survey, The original supply of coal in Texas is thought by Mr.
Campbell 1o have heen 8,000,000,000 tons, The lotal loss of coal,
due 1o production and waste, eerfainly has not exceaded 15,000,000
tong, so that we lave still 99 per eent of the original supply left.
Thiz supply is sufficient to provide for a mining loss of 10,000,000
fons n vear for 800 vears,

Aceording to the statisties eolleeted by the Uniled States Geolog-
ieal Survey for the year 1912 there were employed in the coal and
lignite mives in Texas 5,127 men, who worked an average of 230
days. In 1910, there were 5,353 men who worked 226 days. In
1912 the coal mines emploved 3,518 men for an average ol 230
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days and the lignite mines employed 1,609 men for 191 days.
The average coal production per man was 340.5 tons, or 1.37 tons
per working day. The average lignite production per man was
615.7 tons, or 3.22 tons per working day.

There is but little 1nachine-mined coal produced in Texas, the
amount in 1912 heing 105,400 tons, or 4.8 per cent of the total.
Shooting from the solid is not much practiced in Texas. While
the mining methods reported account for less than one-half of the
total production, the percentage of coal shot from the solid was
but 25 per eent of the total, in 1911.

There is one coal washery in Texas, operated by the Olmos Coal
Company, Lagle Pass, Maverick county. In 1912 this company
washed 25,599 tons and recovered 20,639 tons of washed coal, with
4,960 tons of refuse.

The Tatal aceidents in 1912 were two, of which one ocecurred
in the shalt and one on the surface. This is probably the lowest
death rate in the enlire country.

Separate statistics of the production of coal and lignite cannot
be given with aceuracy prior to the year 1895. Up to that time,
beginning with the vear 188}, the total production of coal and
lignite was 1,943.500 short tons, or an average for the cleven years
of 176,631 ftong a vear. Beginning, however, with the year 1895,
we have coal and lignite as zepavate items.

The following table gives the production and value of the coal
and Jignite from 1895 to 1912 inclusive. The statistics are those
of the United States Geologiceal Survey.
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TasLe I.

Production and Value of Coal and Lignile, 1895-191:>—Short
Tons.

Coal. Lignile.

Tons. Value. ‘T'ons. Value.

360,616 $801,230
376,070 717,872
-12.’.,?2
AL 315
GB7,411
715,461
804, 798
60,005
[{H :'I 151

o bk ik k
e

S ce
i
]
o8

890 ﬂll i
l,lJ? 007 2, .*?fl 936 9“{! TOH 880, 788

TTBHAL,..2 s 5 e 13,367,635 $28.795,098| 8,011,010 7,133,821

Slnec 1895 tho production ot coal has increased by three times.
During the same period the production of lignite has inereased by
nearly ecight times.

The average value of the coal in 1911 was $2.30 g fon, at the
mines, while that of lignite was 88 cents, these figures for 1912
being $2.31 and 89 cents, respeetively.

These average values per ton are to he aceepted wilh some res-
ervations. During the last year, for instance, mine-ran lignite
has sold as high as $1.40, while lignite slack has heen in active
demand at 60 cents.

Composition of Teaus Coals.

In 1901-1902 an agent of the University Miveral Survey was
sent to all of the coal mines for the purpoese of securing fair camples
of the eoal as mined. These samples were placed in sealed eans and
sent to the laboratory of the survey. Detailed analyses were made,
with particular attention to the percentage of moisture in the
coal as mined.

"The samples eame from the following propeities:

No. 1518. Rio Grande Coal Co. Minera, Webh county.

No. 1519, Cannel Coal Co.  Darwin, Webh county.
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No. 1520. Maverick County Coal Co., Eagle Pass, Maverick

county
No. 1521. Rio Bravo Coal Co., Eagle Pass, Maverick county.
No. 1522, Wise County Coal Co., Bridgeport, Wise county.

Nos. 1523-1524. Bridgeport Coal Co., Bridgeport, Wise
county.

Nos. 1525, 1526, 1527. Texas Coal & Tuel Co., Rock Creek,
Parker county.,

No. 1528. Young Mine, Keeler, Palo Pinto county.

Nos. 1529, 1530, 1531, 1532. Texas & Pacific Coal Company,
Thurber, Erath county.

No. 1533. Strawn Coal Mining Company, Strawn, P’alo Pinto
county.

No. 1534. Swith-Lee Mine, Cisco, Eastland county.

The analyses of these coals were made by O. H. Palm and S. H.
Worrell and were published in Bulletin No. 3, University Mineral
Survey, May, 1902. They were as follows:
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Bridgeport Coal Co., shaft No. 2, Bridgeport, Wise County.
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The Cretaceous coals here represented are Nos. 1518, 1518, 1520,
and 1521, the two former from Webl county, Laredo district, and
the two latter from Maverick county, Fagle Pass district. The
Webb county coals are higher in volatile combustible matter
and sulphur, and lower in ash and moisture than the Maverick
county coals, the fixed ecarbon being about the same. The Creta-
ceous coals from these counties show a considerable difference
in the composition of the ash, as will appear [urther along. The
farhoniferons coals, Nos. 1522 to 1534, inclusive, show a marked
range in composition. On the average they contain more moisture,
fixed carbon, ash and sulphur, with less volatile ecomhusgtible mal-
fer than the Cretaceons coals.

From the compozition of the ash of the Texas coals it may bhe
concluded that while the coal was forming there were congiderable
variations in the characier of the vegetation and in the character
and amonnt of the sediments washed in. IF we allow that the
rate ol accumulation of vegetable matter is 100 fons per aere
per century and allow, also, for the differences in density and
composition, it is likely that the rate of the formation ol coal
will not exceed one foot in 10,000 years. During such a period
there would probably be many opportunities for climatic changes
affecting the character of the vegetation, and for changes in the
nature of the sediments mixed with the coal while it was forming.

In these coals, as mined, the following variations in composition
were observed :

From To Average.

Moisture . . 13 .14 7.40
Volatile co A8 .81 34,82
Fixed earbon . : q49.17 A1.74

(| R e S SN N e 9. 21.76 16.04
Sulphur 1.4 1.76 2.19
Garhog:: L. o i R R R HIVR! 8 60 .01
HYArOgel o s s . b 2% 5 4.25
ORI s . o a0 b e, b O ST, e e e 31 | 8.33
Nil]"l’)ﬂ{!ﬂ .......................................... 0.78 3.62 1.76
British thermal unils. pecpound ... .......... ... ... 9,600 | 12,264 11,245
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On dry hasis, these hecome:

l From To Average

Volalile combustible Ill‘ll.l.l‘ T —————— F 3102 347 .65
Fixed earbon . . e S B S RN YRS R T AR 37.93 A0 06
Ash........ S R e e 9.15 17.29
bllinhllr ........ n e mamsan ] oAy 1 208
LB ) 1)) e e S R e S S e ] (1) H1.59
Hydrogen ..o SRS N iy 3.73 459
RN o R S A i s ST R SR Lh e o bl Bk 208 9,00
Nilvogen ., ..o..o... A SR 0 87 1.90
British thermal wnits pcr AT | B R E e i 11,101 12,035

Con position of the Ash of Texas Coals.

Tn MTexas coals, az mined, the ash varied from 9.07 {o 2176
per eent,, the average heing 16.0 1 per cont.

In 1902, the University Mineral Survey wade detailed analyses
ol the ash of Texas coals and it has not been thought necessary
fo repeat this work. 'I'he lollowing table gives the resulls ol these
analvses, made by O LL Palm and S, 1L Worrell :

Composition of the _Lsh o[ Texas Coals.

| j |
] ) il ; Oxide Per cent.
Analy- I Oxidle | of Sulphu- | of ash
. sls Silica Alumina of l Lime AMag- | Mangoan- ri in coal
No. ron | neste | ese acid s
: | mined
i | |
S i e = — ; M | — iRl JE S G| i b R Rty
42,08 24.70 2503 | 169 None 1.7% A.57 1 9.07
4118 35 .62 11.71 2.506 Traee lovsiceis $.02 11.09
Gl B0.01 S .41 (111 .80 (). K0 17 .43
6273 2106 g.81 [N L Bra 0 i PRt raee i8.11
31.16 21.76 13.56 W08 |........ 12.140 12.80
31.32 11.62 22 .91 480 1.12 1.16 10,97 11.74
1.6 11.10 15 .26 21 1.43 T'race r 12 .87 11.32
a0 .on 21,16 15 .10 1.21 I'rice Trace 5 15.42
D288 4220 1306 .16 Irave (oeiuas 16.18
1720 | 1788 | 2802 1.35 1A7 | 2151
G200 32 .10 2061 it Prace i 6.6 21.76
a2 41,12 4.0 .08 ST C SE——— | 1.67 19.70
Z G3ou2 d.68 ¢ 216G I'race H 0.8l 0.7l
9 200 | 081 ST G PR 0.96 17 .82
29.37 i rur . o Trave 13.53
28 .02 1.56 | P I e P ¥ 22 18
13,02 2 : l 101 | “Peace | 15.00 15.33
Average 16.11 | BT\ 07| 0.2 \ 1.2 | 16.01

The Cretaceous coals, from the Rio (xrande field, are Nos. 1518,
1519, 1520, 1521, ihe first two being from Webh county, Laredo
disl,nci, andd the Jast two Lrom Maverick county, Iiagle PPass dis-
trict. The ash of -these conls shows a considerable difference in
compozition. The Webb county coals are low in silica and high
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in oxide of ivon, with a medium content of alumina, lime and
sulphurie acid. The Maverick county coals are high in silica
and low in oxide ol iron and sulphuvie acid. As these coals arve
suppused 1o be of the same geologieal age, and to have been formed
under relatively the same eonditions, we may infer that the vegeta-
tion from which they were made was of a different character, and
that the in-wash of sediments varvied a good deal.

The coals of the Carhoniferous formation also show considerable
dilferences with respect to the composition of the ash, and this
likewise would Jead one 1o suppose that the charactier of the vegeta-
tion varied a good deal during the coal-Torming peviod. In these
coals the silica varvies from 2914 Lo 5131 per cents the alnmina
from 13.10 1o 3240 per cent; the oxide of iron from 3.63 to 28.02
per cent; the lime from a trace to 22.08 per cent; the magnesia
from a frace to 2.25 per cent; and the sulphurie acid (eombined,
nol free) from a trace to 15.00 per cent.

It is imposcible {0 ohserve these analyses without reaching the
concluzion that the character of the coal-forming vegetation
changed a good denl during Carboniferons times, from plantz which
scereled a comparatively small amount of silica to those scereting
a large amomnt.  This observation also holds frue with respect
to the oxide of iron, alumina, Time and sulphurie acid, lor the
composgition of the ash of coal is elosely related to that of {he
plants from which the coal was made.  Of course, the washing in
of sediments which became meehanieally mixed with the deeaving
vegetaiion has also to he considered, hut, aside {from this the ash of
coal is Taraely the ash ol {he plants Torming the ecoal. There arve
many inferesiing things found in the ash of eoal. hesides those
already given, md in two Texas coals, hoth from Thurher, Trath
county, copper wis found in very small amonnts. Tn a speeula-
tive way the occurrence of copper in the azh of these coals may he
connected with the oceurrence ol copper in the Permian beds which
lie to the west of the Carbonilerous formation in Texag, and which
are geologically above this formation.

For domestic purpeses, where no great heat iz required, more
considderation is given to the quantity of ash in coal than to its
fusibility.  ¥or hoiley usge, however, the (usibility (clinkerving) of
coal is a actor af zreat importance.  Coal that elinkers badly, i. e,
coal that has an easily fosihile ash, iz almost cure to give more or
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less frouble. It clings to the grate-bars, interferes with the draft
and eauszes, at times, serions losses. Sueh clinkering troubles gen-
erally altend the use of voal whose ash is high in oxide of iron.
On the contrary, coals: whose agh is composed ehiefly of silica and
alumina, or zilica, alumina and lime, do not clinker =0 veadily.
As aovule, ved ash coals clinker wmeh more eazily than white or
gray ash coals,

The design and construction of the grate and five-box and the
method of firing have also a good deal to do with elinkering.

Specific Gravily and Weight per (Cubie Fool,

The specific gravity of Texas coals, as mined, vavies from 1.02,
as in a coal from Lirath county, to 1.51, as in a c¢oal from Maverick
county. The Cretaccous coals, from Maverick suid Wehly connties
(Rie Grande Field) vary in speeifie gravity from 1.21 o 1.51, Lhe
average heing 133, The variation in the Carboniferous coals
is from 1.02 to 1.39, the average heing 1.29.

On a dry basis the variation in the Crelaccons coals is from 1.29
to 1.62, the average heing 141, and in the Carboniferous coals
from 1.10 1o 1.62, the average heing 1.59,

On a dry basis the weight per cubie foot in the Cretaceous coals
varies from 80.6 to 101.2 pounds, the average heing 87.8 pounds.
In the Carbonilerous coals the variation is from 68.7 to 101.2
poundsx. the average heing 87.4 pounds.

The general average weight of all of the coals, is 81.10 pounds
per cubie fool as mined, and 87.50 pounds on a «ry hasis,

A bushel of coal weighs from 76 o 80 pounds, according to
legal enactment in the several States.

We have lhus far considered the composition of Texas coals
as represented hy samples taken at the mines. These samples
were sceured in 1901-1902 and analyvzed at that time. Beginning
in the fall of 1910 and continuing inlo the spring of 1911, we
solicited samples from the operating companies. The cans sent
were provided with closely-filting covers, but were not scaled. The
moisture was determined at once upon receipt of the samples, so
that there was very little, if any, loss of moizture from the samples.
One or two of the larger samples eame in closely nailed hoxes.

By making analyses of these company samples and comparing
the results with those obtained from our own samples, it was hoped
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that we would arrive at a fair statement of the composition of
Texas coals. Butl few samples were taken at points of delivery and
consumption, as we had not the means to do this.

Following is the description of the samples received :

No.
No.
No.
-h'{).
No.
conniy.
No,
No.
Tiagle
No.
No.
No.
No.
No.
No.
NU.
No.
No.
No.
No.
No.
Nos.

2
5.
‘)1

3.
4

-
(L H

G.
Pass,
31.
32.
83.
50.
51.
52.
49,

3]
Aedy

S.
a7,
10.
11.

Belknap Coal Co., Newecastle, Young county.
Belknap Coal Co., Newcastle, Young county.
Bridgeport Coal Co., Bridgeport, Wise county.
Cannel Coal Co., Taredo, Webh county.
Tnternational Coal Mines (lo., Eagle Tass, Maverick

Tnteynational Conl Mines Co., Special.

Noz. 6, 31, 32, 33, 50, 51 and 52. Olmos Coal Co.,
Maverick county.

Washed egg.

Washed nut.

Washed pea.

Washed pea.

Washed nut.

Washed egg.

Olmos washed nut. Sampled at MeNeil, Texas.
OImos rmn-of-mines. Sampled at MeNeil, Texas.
Rio Grande Coal Co., Taredo, Wehh county.
Stewart Creek Coal Co., Jermyn, Jack county.
Texas & Pacific Coal Co., Thurber, Erath county.
Wise County Coal Co., Bridgeport, Wise connfy.

42 and 13, Olmos washed nut and mine-run, were taken
at the workz of the Aunstin White Time Co., MeNeil, where pro-
ducer gus was made for burning lime. Olmos minec-run is no
longer marketed,

The analyses of these coals were as follows:
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Composition of Texas Coals—Snmples Recelved from the Companies, 1910-1911. Analyses by S. 1. Worrell

A
" 39.5
0,910 39.6
11 127188 41
3 5002 98 9431 38.
3.06 43.02 138 65 10,233 37,

5.82 36.89 11.07 16.30° :_.Oélll),558| 39.

! As Received. i s«  Dry Basis. :
| Proximate analysis. [ Ultimate analysis. ! | Proximale analysis. | Cltimate analysis. :
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Tapre IV.

Proximale Analyses of Texas Coals—Alphabetically Arranged—
Dry Buasis,

:5’ Volu- . Ileat-
o Lile Fixed Sul- ing
2 com- car- Ash phur ower
S busti- bon . tou.
= ble

£ matter

p Coal Co.—
wsile, Young County......| 38,45 | 42,68 | 11.87 | 4.24 10,213
53 | Belknap Coal Co.—
Newcastle, Young Counly......| 40.38 | 43.20 | 16.42 | 2.13 10,970
2 | Bridgeport Coul Co.—
Bridgeport, Wise Connly.......| 38.30| 46.94 | 14.76 | 3.41 11,196
3 | Cannel Coal Co—
Laredo, Webb County.......... S514.00 | 37.97 | 8.03 | 2.25 | 12,604
4 | International Coal Mines Co.—
Fagle Pass, Maverick County . ..| 40.25 | 48.65 | 11.10 | 2.14 11,695
5 | International Coal Mines Co, (Spl.)

International Coal Mines Co.- - | 39.20 | 57.73 3.07 } 1.80 12,527
6 | Olmos Conl Co,
Eagle Pass, Maverick County. - 33.70 | 39.96 | 26.34 | 2.00 0,636
31 | Olmaos Coul Co.—
Washedege. . ..ooonnnn. ... vea, 38,00 | 44.49 | 17.55 | 1.30 11,545
32 1 Olmos Conl Co,-—-
! Washed nut.........0.... ceevd| 37.58 | 4049 | 21.93 | 1.70 10,807
33 1 Olmos Coual Co-—
o Washed pea B NTE 33.50 | 39.16 | 25.34 | 1.80 10,412
G0 Obues Coal Co.-
Washied pea . ooviveiinnnnn, .. J4.80 | 39.19 | 26.01 | 1.62 10,380
Al | Olmos Coal Co.— i
Washed nub. ... ... ... 36.42 | 43.07 | 20,51 | 1.56 10,720
52 | Olmaos Conl Co.- -
Washedegu. ..o ... 39,18 | 44.02 | 16.80 | 1.20 11,412
42 7 Olmos Coal Co.- -
Washed b, ..ooounievn .., 38.15 | 33.76 | 28,09 | 0.74 10,200
43 | Olmos Goul Co.—
Ninerun,...... vevrensaeenn e 20,90 | 38.60 | 31.50 | 0.56 11,000
8 | Rio Grande Coal Co.—
awredo, Webh Counly . ..., 5045 | 38.10 | 11.435 | 2.00 11,740

7 | Santo Mining & Developing Co,—
Wealherford, Parker Connty . ... 39 50 | 50.99 9.501 | 2.10 12,410
802 | Santo Tomas Coal Co. -
Laredo, Webb Counly ... ... 17,52 | 39.18 | 13.30 | 2.05 12,470
Lo Strawn Coal Naning Co. -

oStrawn, Palo Pinte Counly . ... 39,60 | 49.56 | 10.81 { 3.17 12,265
10 | Texas & Pacilic Coal Co.- -

CPhurber, Erath County ... ..o 41,95 | 50.08 7.97 | 1.98 12,526
37 | Stewart Creeh Coal Co, -
Jormyvn, Jack Connly. ... ... ... CA8LI8 | 3901 | 22,81 | 1.84 10,510
1T | Wise County Coul Co. -
dridgeport, Wise County .. ... .. dTA0 AT 37 | 15,23 | 2.00 11,269

AVCEHIE e 39.00 | 43.37 | 17.63 | 2.00 | 11,201

In this table the Carboniferous coals are Nox. 1, 2, 7, 20,11,
37 and 53, The Crelaccous coals are Nos. 3, 4, 5, G, 8, 81, 32,
a5, 42018, 50, 51 and 208,

On comparing these analyses with the analyses made on personal
samples we find as follows, the first figures representing company
samples and the Tatter figares personal samples, averages alone
heing given:
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Company | Personal
sumples, samples,
per cenl. | per cent,

Moisture. ...... T A S R B A L0.82 7.40
Volatile combustible matler. .. .......coiiivriernannes A6 LB 31.82
Tixed - Carban L a s an e S R T  e 11.07 A41.71

L e e e R e s B e 16 .30 16.01
Sulmmr ............................................ ¥k 1. 86 2.19
L 54 .23 60 .01
TIgdromen . is frin s e et e s S A e 4.37 4.25
L R e S A Ay e e R Sl LRl o e 2 m 39 8.33
LT T T e et R e S R R e b 205 1.76
Healing power, B.t.w, perpound . . .....oviiinriininanrass 107558 11,245

On dry basis, these hecome:

|
Company | Personal
samples, sumples,
per cent. per cent,

Volatile combustible matler........... ..o . 39.00 37 .65
Freod earbon o ri i D S R AR e s A4 .47 45 .06
BNBEE o i A R T e R R 17 .63 17.29
1T T s e e N 210 -5

6T T R S e s T e e e 6276 64.749
FIvdromgenn. . .o e e et 1.0t 4.59
ORYEON o e R s S 11.00 9.00
i e e S S BT - 2.0 1.90
ITeating power, B. tbu, perpound .. ....oooioonoon i D B! ,_"ll ! 1,2,(]3:

There are no very considerable discrepancies between these analy-
ses, and it may fully be concluded that they represent the composi-
tion of Texas coals as they are mined. It must he remembered
that they do not pretend to represent the composition or heating
value of the coals as they arc used in actual practice. This is a
matter to he adjusted between the buyer and the seller. I the
consumer is willing to continue the use of a system by which he
buys so much coal at such and such a price, withont regard to
composition and its heating power, he is, of course, free to do so.
At the same time he must remember that he is not getting from
his money its full service. Ile may be handling twice as much
ash as may be necessary. Ie may be getting many heat units
less than he is entitled to, but <o long as he does not buy coal under
specifications, but simply on a tonnage basis, he will continue to
get a good deal less from a dollar than it has in il

These remarks apply not only to Texas coals, which represent
a small proportion of the coal nsed here, but to ull classes of coal
brought in from Alabama, West Virginia, Pennsylvania, Kentucky,
Arkansas, Oklahoma, Colorado and New Mexico.
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Other Analyses of Tecas Conls.
Brewster County.

In the sonthern part of Brewster county, within 8 to 10 miles
of the quicksilver arvea, there is a limited field of sub-bitwminous
coal. This coal has leen used under steain boilers with satisfac-
tory results. We give three analyses of the coal from the Rough
Run district.

| |
Cub Kimble Chisos
Spring, Pits, Pen,
per cent, per cent, per cent.

MIOIBLUNS o oov o ereemmmses e s o8 o s vy e 10.65 1.74 1.16
Volatile combustible maller. ..., ..., ... 50.91 29 .84 32.79
Eixed eurbont CuiiniiEhindanin Snnasdinaain 19.52 40.84 44,53
L e e e S E R Sl S o e 18.92 15.58 21.52
100 .00 100 .00 100,00
ST PR s e RV S B R e 0.86 1.26 3,39
Heuting power, 1. Lu. perpound .. ..o, .. 8,132 11,887 11,95

This coal field is 90 miles south of the Southern Pacifie Railway,
at Alpine or Marathon. The coal can be nsed only for local pur-
poses, but it conld be used in producers for making gas, for the
quicksilver furnaces instead of wood. There are outerops of this
coal within two miles of furnaces. T'he Rattlesnake heds, 20 miles
south of {he Rough Iun disirict, are probably a continuation of
the northern beds.

Burnet Coundty.

In Bulletin No.- 55, United States Geological Survev, 1839,
page 87, there is given an analysis of coal fromn Burnet county,
exact locality not given. The analysis was made by J. Edward
Whitfield, and was as Tollows:

l I*er cent.

{

|
AMOTRENTE 7 s e T T e O S R R S P 3.72
Volalile combustible matter. ... ... 42.27
L T e i S CEo e Rbairg o A s R R b i 39 .41
7 B e IR IR e e R R P S e P R RS PO e 11.60
Sulphur and B. 1. u. not given. 100.00
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Coleman County.

In the Fourth Annual Report of the Texas Geological Survey,
1893, pages 433-435, there are given cight analyses of coal from the
southern part of Coleman county, near the Colorado river, and from
the Silver Moon Mine, northwest of Santa Anna. These analyzes
are as follows:

Analyses of Coal from Coleman Counlty.

Star & Crescent | Silver Moon Mine
Co., near Rock- N. L. of Santa
wowdl.  Average | Anna. Average
oL b of 2
unalyses analyses
Moisture.............. R 3.07 2.36
Volatile combustible matter.................... 33.05 348,55
Fixed earhon . .. .ooeneinineiinnninnas heeerll 30.10 13 .85
b Y, Tt R e e s R e R 21.78 15.21
100 .00 100 .00
Sulphurs s R 3.10 5.01

One of the coals from the Star and Crescent property gave
moisture, 4.71; volatile combustible matter, 39.26; fixed carbon,
46.214; ash, 9.79, and sulphur, 2.22. T'his is the best analysis given.
The analyses from the Silver Moon property represent a fair aver-
age of that coal, vieinity of Jim Ned creck.

None of these coals is now worked, except, perhaps, for purely
local purposes,

In the Tirst Annual Report of the Texas Geological Survey,
1889, page 215, there ave given five analyses of coal from dilferent
parts of the Waldrip beds, McCulloch connty (Carhoniferons), and
in Coleman county. These ave as follows in pereentages:

Analyses of Coal [rom the Waldvip Breds, Coleman County.

1

I Volu- . ]

. i tile Iixed

LOCALITY | Muois- | matter | carbon | Ash Sul-

| lure phur
—— s s s i i (ks el S i i i ]
WAMAD. s vorvmsmminess v smwmasms s e 47 .27 6.20 3.25
e 1t 1o 5 b PR e i R G A e e i ¥ A4 .80 | 12.14 7.96
Bull Creek and Coleman County.......... i s 4 46,75 8.80 2 .87
Bull Creek.....oovvveiiiiiiinnnneas 1040 | 3594 | 149,16 4.14 1.53
Silver Moon Mine. .. .. ... ... 0L, 6190 | 36,00 | 41,10 [ 16,00 | .56

1

*#Sample laken from the dump; not considered a fair sample.
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In the Second Annual Report of the Texas Geological Survey,
1890, page 551, there are given six analyvses of Texas coals, as
follows in percentages:

Vola-
LOCALITY Mois- tile Fixed Ash Sul-
ture | matter | carbon phur
Bridgeport, Wise Counly.......covvnoun. 2.00 | 31.47 | 56,32 &.15 2.06
Thur wer Sha[l near chc Montague
ConnbyY ol isivis idnniasiEan 2.30 61.28 0.60 1.14
Gilfoil S 'lfl Young County.....coovviennn 1.10 43.00 | 15.60 4.60
Thurber Shaft No. I. Erath Count}'. ceessiel 0.BH 56,98 0.30 1.64
Thurber Shaft No. 2, Erath County .. L 0.90 60,01 6.85 1.28
Thurber Shaft No. 3, Frath Countly. 090 | 33, 53.46 | 10.65 1.48
Sanle Tomas Goal, Webhb County.. ... ... 259 | 51.05 | 3901 730 1.50
IFrom 23 miles N. W. of Sanlo Tomas, Webb | ” =
Cnunly" .............................. ] 2.35 l 42 .67 | 37.60 | 16.55 0.86
]

iNo coal is now mined in Montague County.
2Brown Coal and Lignite, Dumble, 1892, p. 190.

The analyses of the coal from near Bowie, Montague connty, is
quite remarkable as showing only 0.60 per cent of ash.

In a note appended fo these analyses it is stated that the coal
from the Gilfoil shaft, Young county, was taken from the dump,
and was not a fair sample.

Jack County.

An analysis of coal from Lost Valley, Jack county, has been
given 1o us, with no name signed. 'I'his analysis was as follows:

As received, Liry,
per cenl. per cent.
Moisture 128 amss i
Volatile combustible matter 205 .19 28011
Fixed earbon. i 55,10 60,77
Ash 9.13 11.12
100,00 i 100 .00
|

Marerick Coundy,

In Bulletin No. 164, United States Geological Survev, 1900,
page 66, there i= given an analysis of enal from near Eagle Puss,
Mavcrick county, as follows:




20 Bulletin of the University of Texas
As received, Dry,
per cent. per cent.

IVEORSEI® 52 o ei e ik i i e o AT T B R T 307 esewenaes -
Volatile combustible matler. .. ........oiviiiri e, 39 .42 40.92
Fied carbon o s R R R R R R R 41.70 43.29
BB s i R N A AR R 15.21 15.79

100.00 100.00
SUlPhar LR e e e e e e s R Q.81  Jiiieaiiaes

The following analyses represent an average of the coal from the
Doleh Mine, near Iagle Pass, Maverick county, and were made

by the Burcau of Mines, Washington:

Mech. 7, 1911, | Sept. 14, 1911,
per cent. per cent.
Mlalsbore oo n R e R 1.60 2.80
Volalile combustible maller, . .oooniniviiinvinenes 32.40 32.80
Fixed catbol . . . vooonnvninibsorsne snisssainssnns H8 .95 55.55
B e R AR R R SR 7.05 8.85
100 .00 100.00
Sulphur. ..o 1.70 0.8
B. t. u. per pound. .. 14,020 13,165

Wo received from the Olmos Coal Company, Eagle Pass, in
April, 1913, four samples of coal, one of lump and three of washed
coal. These somples gave the following analyses:
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Analyses of Coal from Olinos Coal Company, Eagle Puss, Maverick  County.

Washed pea. "+ "Washed nut. Washed egg. ! Lump.
As rec’d, Dry, As rec’d, Dry. Asrec’d, Dry, | As rec’d, Dry,
, ber cent. per cent. per cent. per cent. per cent. per cent. per cent. per cent.
IVIOTSLUTE. - - - v e s« von e ez e emnnmnineasesennss | 7.98 8.68 l..........| 883 |..... . ..
Volatile combustible matter................... 28.53 32.10 30.00 30.91 33.88 . 32.68 35.84
Fixed carbon . . . . oovvv oo 42.26 47 .54 40 .06 42.94 47 .02 | 44.89 19.24
) - [ 1810 20.36 21.96 17 .44 19.10 | 13.60 14 .92
BUIDHUE | usmniins g 5 » = somosimmmmmacein som < 4 & o 5 ¢ | 1.06 1.19 0.94 1.02 0.90 1.02 0.90 0.99
British thermal units........ooovu .. i9,698 10,910 9,681 10,520 10,361 11,455 | 10,911 12,001

SOTD L, WL Pass) Sjana oY

A8



28 Bulletin of the University of Texas

Mr. C. S. Plant, Superintendent, Fuel Service, Sunset-Central
lines, has kindly furnished us with the following analyses of coal
from the Olmos Coal Company, Eagle Tass:

Ordmarg
Choice lump an Washed
lump, slack, cag,
per cent. per cent. per cent.
Moisture., . ..... A o 7.48 6.43 6.43
Volatile combustible matter 32.18 32.43 29.33
Fixed carlion, . 45 .67 42 88 40.73
B T s R e T A N e e 14.67 18.26 23.51
100,00 100,00 100.00
B.t.wperpound......coivausncivsniain 11,530 11,240 ] 10, 146

During the months of Septcmbcr and October, 1911, the Inter-
national Coal Mines Company, Kagle Pass, Maverick county, sold
800 tons of coal to the Ifederal Government for use at Fort Sam
Houston, San Antonio. The analyses were made by the Burcau
of Mines, Washington, and were as follows:

400 tons, Sept., 1911, | 400 tons, Oct,, 1911,

As ree'd, Dry, As ree'd, Dry,
per cenl. per cent. per cent. per cent.
Moisture. . ..... e 280 [iaipaviies A eeesisigs
Volatile combustible matler, .. ...... 32,80 33.74 '-l.} 10 33.91
Fixed carboni,.sovvunvsorvaarvonanns 55.55 57.15 38.95 59 .85
F €. S SRR e e e 8.80 9.11 G.15 6.24
100.00 100.00 IUU tJU 10 .00
Sulphur......... T 0 .80 0.82 1.73
British thermal units per pound ...... [ H 163 13,544 M LL’.(} 14,213

Palo Pinto County.

We have received from the Strawn Coul Mining Company,
Strawn, Palo Pinto county, an analysis of coal made for them by
The Detroit Testing Lahoratory, Detroit, Michigan, December 14,
1912, 1t was as follows:

As rec'd, Dry,
per cent. per cent.

IIORELITE . o vovvovn e s o on g wmomm e s b e e 0 W BB 3 17247 7T OR—
Volatile combustible matler. . ... i i iiininnn | 39.28 | 39.70
T o e S LB oo, l‘i a0 .65
e Y e R A Tt .04 9.65

100 .00 100,00
Sulphur. ... oo ir s s e 2.88 2.91

British thermal units perpound ... ... ivie i iiiniiininnen 13,421 13,563
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Since December 10, 1912, we have examined five samples of coal
from Strawn, Palo Pinto county, for Mr. J. R. Elliott, State
Purchasing Agent. This coal was sampled from the bins and the
boiler room of the State Epileptic Colony, Abilene, November 27,
1912; January 4 and 15, February 11 and March 20, 1913.

The average of the analyses was as follows:

Asree’d, Dry, )
{ percent, | per cent.

L L T
Volatile combustible matter. 33.22 33.89
Fixed carbon.............. 45.08 46.02
o I 19.62 20.09

100 .00 100.00
S s T e e AT S e 3.96 4.05
British thermal units perpound . ... ..o iiiiiiiiiiiiiiaen 11,258 11,506

Presidio County.

This coal is in the San Carlos district, from 20 to 25 miles
south of Chispa, a station on the Southern Pacific Railway, 145
miles southeast of 11 Taso.

Withount, at this time, expressing any opinion concerning the
value of fthat field from a commercial standpoint, except that it
appears to be worth further investigation, we give two analyses
of the coal which arve quoted in the Mineral Resourees of the [Tnited
Stafes, Tinited States Geological Survey, 1893, page 385, The an-
alyses were sent to that survey by Mr. R. E. Russell, General Man-
ager of the San Carlos Coal Company, a Pittsburg organization.
There were said to he two benehes in the seam, separated by from
G to 18 inches of slate. The lower heneh was said to average from
30 to 10 inches and was solter than the upper bench, which was
32 inches, widening out, in places, to 6 feet or more,

Two analyses were given, but nothing is said as to which one
vepresents the Jower and which the wpper bench.

Analyses of Coal from the San Carlos Field, Presidio County.

Vola- i
Mois- tile Fixed Ash Sul-
ture | maller | earbon phur
B, T s i v e BT i S 8 R T R AR 1.00 ’ 39.05 | 49.05 | 10.00 | Trace
I T - eT e P 0.9 [ 34.48 | D896 5.62 .64
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Mr. Russell said that coking tests of this coal had been made at
Connellsville, Pennsylvania, and that 48-hour bee-hive coke gave
carbon 93.7 per cent and ash 6.30 per cent.

A railroad test, made on coal that had been on the dump for
five or six months, and that was practically crop coal, showed a
haulage of 52.21 miles per ton of coal, passenger frain with five
or six conches.

In DBulletin No. 164, [Tnifed States Geological Survey, 1900,
page 87, there are given five analyses of the San Carlos coal and
one of coke, by Dr. Peter Tireman. These analyses were as follows:

Analyses of San Carles Coal, Presidio County.

Upper Above
) parl Above | Below clay, Coal
No. 4 MINE of binder | binder | lower shaft
seam flil ]
———————— e e e —— |
Molsture, oo oiei s iihdanidaiiaii 1.09 1.17 1.19 1.68 0.97
Volatile combustible mnatter. . ... ... 36.61 34003 39.73 0. 37 40 .95
Fixed corbon.......cosasevassossnos. 45 .29 35 .30 A0.30 24 84 43.77
1 e G R RO R 2.0 23.51 18.78 13.06 14.31
100.00 | 100.00 | 100.00 | 100.00 100.00

Sulphur and B. t. u. not given.

The analysis of the coke was:

Per

cent.
Muodgtore s do s 1.24
Volatile combustible matter Rk 4.96
Fixed earbon...covvviiiaa.. e 66.93
Al N R e e R R AN R SRR 26 .87

100.00

The coke was described as eoherent, hard and lustrous.

During the summer of 1913, Dr, J. A. Udden, geologist for this
Burean, visited the field and brought back samples of the coal from
two localities. The analyses are as follows:



Stephens County,

stal Falls,

o

ar C

ne

&
=

ind Berry Meadows m

eitzel ¢

Jake W

of coal between

2 ft.




The Fuels Used in Texas 31

Analyses of Coal from the San Carlos Coal Field, Presidio County,
Texas. Samples collected by J. A. Udden. in July, 1913.

Upper vein, 300 | Upper vein, near
yards S. I5. of S. W, corner
old Ingle See. 67
tunnel
As As
ree'd Dry rec’d. Diry
MEBIRLEER . . s cnm woes o ms wopme s e s 4.60 |...... .. T 0 )
Volatile combustible matter.................. 39.20 | 41.13 | 32.80 3149
Fixed carbof .. ..ol oo 50.10 52 .47 4.1 A45.26
Asho e G.10 6 .40 149.26 2,25
10000 100,00 (10000 100 .00
BEIDBONL i iy o e B e 0.62 0.61 ) 85 .88
Bnmh lhcrm.nl units perpound .. ... 12,157 | 12,707 09,0663 10,161

The San C‘:n'ln‘; Ficld would appear to merit a more cavelul ex-
amination than it has vet had, especially in view of the possibility
of developing a good coking coal.

Stephens County.

The undeveloped conl in Stephens county, in the vieinity of
Crystal Falls and up the Brazos river from this place; west and
southwest of Breckenridge, ete., has not heen sufficiently opened
for one to express a positive opinion eoncerning it.

On Coal Branch, a few miles west of Crystal Falls, Stephens
county, there is an outerop of coal with two henches, each 12 inches
thick, which was sampled by Win. B. Phillips, December 13, 1906.
The analysis was as follows:

Analysis of Coal from Coal Branch, Stephens County, Upper

Bench.
| TPer
| cent
=R = - |

Moisture. . ...... T TR R S R R B M 6.90
Volutile combustible matter ... ......co0iiiiiiriiiiiraionianain, i il 38 .07
L5 B i R i L S L S R R R B S 37.03
1 L RS A 10 S PR PP e 18.00
iUD .(]('I
SUIRIT (- soeosiioe i e 2 i S M T8 BT b g 8 8 me 8 it ‘ 6.49

This coal contained an excessive amount of sulphur and ex-
periments were made to sce what proportion of it could be elim-
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inaled. A large sample was put through a #-inch sereen and thor-
oughly mixed. A sample was treated in zine chloride solutions of
specific gravity 1.30, 1.35 and 1.40. The coal that floated in 1.30
was 29.50 per eent of the total, and contained 11.34 per cent of
ash, with -L.10 per cent of zulphur.

The coal that sank in the solution of 1.30 specific gravity, but
floated in 1.35, was 29.50 per cent of the total, and contained 19.24
per cent of ash, with 5.36 per cent of sulphur. The coal that
sank in 1.35, but floated in 1.40, was 4.50 per cent of the total,
and contained 18.80 per eent of ash, with 6.29 per cent of sulphur.

The coal that sank in 1.40 was 36.50 per cent of the tolal
and contained 35.60 per cent of ash, with 8.54 per cent of sulphur.
Tt is not Tikely that this coal could be improved by washing to such
an extent as to warrant the expense to be incurred. The bhest of
it contains over 4 per cent of sulphur.

The hottom bench of this coal, separated from the upper bench
by from 8 to 6 inches of bone and slate, shows a much hetter
material,

Analysis of Dotlom Bench of Coal, Coal Branch, Stephens

County.
R R S . % BTt

Per

( cent
Moislure, . ... .. T S T R S R R AR R R .15
Volatile combustible malle 11.495
Fixed carbon ... ... 43 .60
AN R S S S R e R R R R R SN S e e e e T 11,30
100 .00

SUTP LR s B P S S B AR R R R e Y 3.75

The eomposition of the entire seam of 24 inches at this place
would he:

Per

cenl.
Mloistnre 3 5.02
Volatile combustible matler A1).01
Fixed carbon .., ..o 5 4046
A 2 e e e o S R R SR A R B D6 I T e 11.51

LoD .00
Bl LG R R R A S D A R R SR S R 9.12



Caunel Coal Co., Darwin (near Laredo), Webh County, San José Mine.



The Fuels Used tn Texas 33

There has been, of late, an increase of interest in the Stephens

county coals, and some work is now being done there, but no coal
has been shipped, as there are no railvoad facilities.

Webb Counly.

We have received from the Cannel Coal Company, Laredo, Webb
county, a copy of an analysis of their coal made by the Technologic
Branch of the United States Geological Survey, Pittshurg, Penn-
sylvania, February 21, 1910. The sample represented a lot of 1,000
pounds taken at the mines hy an agent of the Surver and was not
freed of the impurities which are ordinarily removed when the
coal i shipped on regular orders. The analysis is as Tollows:

As rec'd, Dry,
pur cent. per cent,

1 £ 11T 01 R P S oo PR o 7 S (O
Vaolatile combustible matter. . .........iciiiiiiiniinnne, 43,63 45 .43
TR CATIIONE ., ycorecenmsmnnon oo pimsomia amac s m e, 8 A b T IR A4 a6.15 37 .65
7. R S e T R e R S R R SN 16.25 16.92

100,00 10000

Sulphor.......... T N A T R R o B A R 4.18 41.35
British thermal units per pound. .. ... : 11,588 12,067

An analysis of coal from the Laredo district, Webh county, has
been given {o us by Mr. Otto Stolley, Austin. It was made by Dr.
J. R. Bailey, University of T'exas, as follows:

Llave coal.

Asrec'd, | Dry,
per cent, per cent,

MoisLore | B ey

Volatile combuslible matter 18 .87 3054

Fixed carbon 39.52 40.71

RN 0 a0 AT MR B R G A 8.61 8.95
100 .00 100 .0

SUIDRE s G T 3.52 3,13

British thermal unils per pound.. ...y v iinenennennn., 13,107 13,508

In Bullelin No. 161, United States Geological Suvvey, 1900,
page Gl, there ave given two analyses, hy Dr. Peter Fiveman, of
simples of coal from the Rio Grande Coal & Irvigation Company,
near Lavedo, Webh connty. They ave as follows:



31 Bullelin of the Universily ef Texas

Upper hench. Lower bench.

Asrec'd, Dry, As rec'd, Dry,
per cent. per cent. per cent. per cent.
MoIStUre. . ...ovovevvvnnnrans e I, S 283 Joiieicaias
Volatile combustible matter.......... 48 .61 49.77 4567 146.91
| G T Vo T T DR 36.15 G600 3996 41.04
WS, A VR R 12.95 3.2 11.74 12.05
‘Il}(l‘UU 100 .00 100 .00 100 .00

Sulphur, not given, "
British thermal units, not given.

A sample of 25 pounds of coal received from the Santo Tomas
Coal Company, Laredo, Webh county, June 17, 1912, gave the
Tollowing analysis:

As rec’d, Dy,

per cenl. | per cent.
OBl OO S e R S R R SRR A Loesinigy
Volatile combustible matler, ... ..ovvi i iiiniiiiienn, 15.50 47 .32
Fixed carl:un ............................................ 37 .67 30,18
Ashi i e RN T D S s A T R e 12.83 i3.30

10000 100,00
LT T e e S P et Sl L Ll e 1.497 206
Brilish thermal units perpound L. o000 oo ii i 12,000 1’2. 170

On Octoher 12, 1912, we examined two saunples of Santo Tomas
Coal, Laredo, Webh county, lor the UnI\'ursi!_y ol Texas Power-
house. The analyses were as follows

Special, Carlomls.
& As ree'd, 1y, i As ree'd, Dry,

. per cenl. per cent., per cent. per cent.
Moisture . . ... ... . o 11 NN [ —— LA et v e
Volatile combustible matter. .. ...... A4t5 A4 47.70 45 .27 46 .40
Fixed carbon........ T — 34,08 40,00 20.27 30.00

Al R SRR e 1193 12,30 22 .00 23 .60
] 100,00 | 100.00 | 100.00 10u 00
SUIPRUC. s oo v s s s sy 2.0 240 244 al
Brilish thermal unils per pound ... ... 12, 339 12,660 10,917 11, l‘?()

Another analysis of Santo Tomas Coal is given in Table 1V
utider No, 502

Trom the hest information to hand, derived from our own analy-
ges anid sueh as we have been able to procure, we think that the
following statements of the average compoxition of Texas coals
snd the range of cowmposition are reasonably correct.
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Average Composilion of Tevas Sub-bituminous Coals,

As mined, Tiry,
per centl. per cenl.
Moistore. . . G.61 ..., Pt
Volatile combustible matter. . ... 0l o il 35 .60 38.12
FIEAd earlaom. oo v immnniin prwinn oo ans doin s v . 41.40 44.33
Ash. .. .. i e e e L T T S e e ity 16.:39 17 .55
10000 100 .00
SR L R P A R S 2,12 2,28
Br:l.:ﬁh thermal units per pound. . S — 10,901 11,672
CAINON, oo st e e S S 59.62 .84
Hydrogen. . .ooovvnnenn. . 1.31 1.61
bt | I e R S e R PR ML SE SIS P RO 9.30 10.02
i ST E T, T e i A e e T e L e S Fo e 1.490 2.03

These fligures do not corrvespondd exactly with the averages given
on pages 15 and 21, but the discrepancics are due to faking a larger
number of analyses than appear on those pages.

Taking the same numhber of analyses as are represented in the
vreceding statement, more than 60 in all, we find that the range
ol composition of these coals is as follows [natural condilion]:

From, To,
per cenl. per cent.

MOISEND s s vrsin s S sk S TR s e e e R 2.30 ’
Volatile t_omhushbic matler, ...l P— —_—_—n, ‘.!H,}il.’. rlj 34

Fixed mrbnn et S A R e R L e 32.35 3.
Ash. i T P 2.81 3034
Sulphur i 0.51 4.706
Bl‘lllhh th(,rm'll units per pound......... R RS 0,010 12,315
Cnrhon ..................... . AT s 48.33 70.62
Hydrogen............ P R R R 3.37 5.65
Oxygen ., . R —— N — e 2.34 1427
N:trugr-n‘ ........ SRR R e n AR T .78 3.62
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CHAPTER IIIL
COMPOSITION OF COALS BROUGIIT INTO TEXAS.

We lave altempted to secure analyses of coals brought into
Texas from other States, but we have not been as successful as
we could wish.  We had not the means for sending a man to vari-
ous cities and towns to secure samples in person, so that we have
been compelled to accept samples that were sent in by coal com-
panics or their ageuts. We have no means of ascertaining whether
or not these samples correctly represent the coals as received and
used and we distinetly diselaim all responsibility in the matter,
except as to the analyses.  The services of this Burean have bheen
and ave still at the disposal of citizens of this State who wizh to
know the quality of the fuels they are using and we hope that the
publication of this bulletin will he a means for calling attention
to this imporfant matter. Tt iz likely {hat the value of the coals
brought into this State, for railroad, industrial and domestie pur-
poses, is not less than $10,000,000 annually,

Alabama Couls.

We have received a smmple of coal marked “Alabama Tomp.”
It was dry when received and had the following composilion:

Per cent.

38.50
56.00
H.50

100,00
Sulphur. . ....... e T AR R e B 1.70
British thermal units, per pound. .. ... utiinirin i reerannanennn . 14,200

We have received from Jung & Sons Co., New Orleans, La.,
three samples of Alabama coal, which is marketed in Texas. The
composition of these samples wag as follows, in percentage:
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1. 2 - §

Per cent. | Per cent. | I'er cent,

Mo;sturc as rcccned ........................... 1.40 1.70 1.60
On Dry B i

Volatile comhust;blc Fo o ToUA 1.1 RPN 35.92 38.07 31.89
Fiked earbon, ;s Sda i s i e 57 .85 54,77 66.08
RN S e A R A TR RN 6.23 7.106 2.03
100.00 100.00 100.00

T T e 0.85 1.7 1.0
British thermal units, per pound ................ 13,989 13,944 15,126

1. \l(‘cln Red Ash, Cahaba. I‘u](l Bibb county, Alabama.

D

o

2. Oak I Mine, White Ash Coal, Walker county, Alabama.
3. Bear’s Creck, No. 3 Lump, Etowah county, Alabama.

We received from the Consumers Fuel and Tee Company, Aus-
tin, a sample of Alabama blacksmith coal, from Yolande. The

composition of this sample was as follows:

Asrec'd, Dr_sr.
per cent., per cent.,

BOIBIRNI .« oo oo B A i O R B 10 | L R —

Volatile combustible matter., . ......cooiiiiiiiieriiiinnnns 24,20 25,30

Fixed earBon: i oo va s iy Sakin L G g 63 .96 6 .63

7 A DA 7.75 .07
100 .00 10[1 UO

SIDINY: ic e T R A  S T S R 0.86

Brilish thermal units, per pound ........................... 13,499 1, OGI

The J"a]lo“mo' .mn]\%s have lwnn kindly furnished bv Dr
Evgene A Smith, Director of the Geological Survey of Alabama,
the amalyses having heen made by Mr. R. 8. Hodges in {he lahora-

tory of thal ==urvev

. Volatile Fixed
Analyses.| Moisture, | combustible | Carhon, Ash, Sulphur, B. t. u., per
per cent., maller, per cent, | pereenl. | per cent. nround
per cent. caleulated.
1.62 3’-. l"» 52.13 10.72 2.23 3 U??
1.60 35.35 19 .45 15.60 2.99 .
1.37 29,57 58.78 10.28 1.08
1.84% 28 .32 G1.52 §.27 1.08
1.00 31,02 59,16 8.52 1.26
0.97 i 8§.65 1.37
0.73 5.04 1.38
0.80 4.94 1.32
1.83 6.52 .65
1.02 9.43 0,99
1.74 5.27 0.61
0.84 6.21 1.50
1.39 13.48 0.53
1.51 11.15 0.59
0.78 16.13 0.75 1
0.91 16.82 0.98 Not del’d
2.31 10.67 1.40 Not det'd
2.49 1227 1.46 *12,515
1.11 4.30 0.44 11,688
0.08 .23 0.51 l‘l.dbﬁ
1.39 G.89 0.36 13,946
1.35 &.00 0.39 13,623

*Determined l:} Burc.su of Mluw W miunglun
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Deer Creek Coal Co., Tidewater.

Same.

Central Tron and Coal Co., Kellerman,

Same.

Alabama Consolidated Coal and Iron Co., Scarles.
Tennessee Coal, Tron and Ruilway Co., No. o Pralt.
Tennessee Coal, Ivon and Railway Co,, No. 3 Pratt.
Tennessee Coal, Tron and Railway Co., No. 5 Pratt.
Tennessee Coal, Iren and Railway Co., No. 5 Blocion.
Tennessee Cloal, Tron and Railway Co., No. 4 Jolins.
Tennessee (foal, Iron and Railway Co., No, 7 Blocton,
Tennessee Coal, Iron and Railway Co., No. 3 Prait.
Galloway Coal Co., Garnsey.

Sawe.

Alabama Consolidated Conl and Tron Co., Mary Lee.
Same,

(talloway Coal Clo.,, No. 6 Carbon ITill.

Same.

Wadsworth Red Ash Coal Co., Falliston.

Same.

Comers Wyman Steel Co,, Talliston.

Same.

The analyses sent to us by Dr. Smith included also the ultimate
composition of these coals, but it does not appear nccessary to
give these delerminations here, as our purpose is merely to show
what is the proximate composition of well known Alabama coals.

Arlansas Couls.

We have received from the Dow Coal Clo., MeAlester, Oklalioma,
a sample of coal marked “Hartford. Arkangzas, semi-anihracite”

The composition of this sample was as lollows:

As ree'd, Dry,
per cenl. per cent.
f
Moisture. .. .....coounun. . 1320 [oeneinais
Volatile combustible matter i 16.71 16,94
Fixed carbon............. .. 77.32 78.26
Ash 4.71 4.80
100 .00 100.00
Sulphur.,........ R e e S T SRR e 0.88 0.89
British terminal units, perpountd .. ..o e ieen e anaan 14,1471 14,650
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A sample of Arkansas semi-anthracite sold for domestic wse in
Austin at $10 a ton had the following composifion:

As reetd. Iry,
per cent, per cent.

N L e e e fun ne e e st arw g p el ia e 3 0 . Y [N
Volatile combustible matter. ... .. ... .o it 11.54 11.67
L E 10 1)) R R b N AN e e R R R 73.22 74.06
F sl e e e e e e el e e e e 14,10 14.27

100.00 100.00
BIPhOE: s sivannsi e 2.16 2.19
British thermal unils, per pound 12,621 12,770

A sample of Arkansas semi-anthracite taken in Austin, August
20, 1913, showed the following composition :

As rec’d, Dry,
percent. | per cent.

MIGERBIING . ooy i e e i e b e R g B e
Volutile combustible matter 18.51 18.78
Fixed carbon............. G:3 .20 64.10
Ash. ..o, 17.00 17.21

100.00 100.00
S D S v i R i sl i e bt 1.28 1.30
Bntl:.h thn_rnml (73104 TR TET T R e iR e 12,390 12,048

Noti.—As 50 per cent of this coal passed a l-inch seveen, it
might he classed as slack,

We have reccived from the MeAlester TFuel Co,, MceAlester,
OKklahoma, a sample of Arkansas semi-anthracite marked “Bernice
Slack.”  The composition of this sample was as follows:

As rec'd,

per cent.
WIBISUGIE o cov s i v i e S R A T T S 1.30
Volatile combustible maller. . ... .. ... it 13.60
Fhood nsebingt o e R S e S e R 70.49
T e e e e e Lkl Sy ) S i et S ] A0l 14.61
A s L B s B T A R SRS i S s m o8 i erms 199 ﬂﬂ
Bntmh thermat unils per pound. .. ..o i i i i i i, 12.{%1'?

Colorado Coals,

Two samples of Colorado coal from Trinidad were obtained from
the Consumers Tuel and Tee Co., Austin.  The composition of these
samples was as Tollows:
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L. 1I.
Asrec'd, | Asrec'd,
per cent. per cent.

IEONBEINE & i s dia0 o B 0 S e G W R e 3.80 3.80
\'olalllc combustlble MALLET . o v v it 37 .48 34 .43
Fixed cirbon. ..civiei i onararasssionssnsrasnesss 52.78 49 .83
NI vt R T R R A R A 5.04 11.94

100.00 10000
S R A e A R P R .88 0.84
British thermal units, per puund ......................... 13,271 11,995

The Colorado coals as used by the railroads in Texas carry about
3 per cent of moisture, from 30 to 35 per cent volatile combustible
matter, from 50 to 55 per cent of fixed carbon, and from 8 to 12
per cent of ash.

llinots Coals.

A little Illinois coal comes into Texas and we have received
from Jung & Sons Co., New Orleans, a sumple of Blue Ridge coal,
Saline county, which had the following composition:

As rec'd, Dry,

per cent. | per cent.
Moisture... ... T e e e e S A e 280 [...oensens
Volatile combustible matter. . ...... oot 34.88 35.81
e L R Pk D T e e e 55.42 56.90
BN e R e SRS R 7.10 7.20

100,00 100.00
RN TDIRNNE im0 B A o i 2.23 2.29
British thermal units, per pound

........................ .. 13,150 13,501

KNentucky Cools,

Some Kentueky coal is marketed in Texas, but we are unable
lo give any analyses,

New Mexico Coals.

New Mexico coals are sold in El Paso and other cities and
towns of west and northwest Texas. We give three analyses of
these coals from samples taken in Bl Paso in September, 1913.
These are as follows, as received:
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1. [ 2. ' 3.

1*er cent. |I Per centl., | Per cent.
Moisture 4.35 J 1.50 1.12
Volatile tomlmshble matLLr 3.15 36.96 35.48
Fixed carbon, 79.70 46.51 a0 .20
(1 1 R P AP e S PP T P SR SN e Lo 12 .80 15.00 13.20
lUU (1]1] 100.00 100,00
LIV 1T ) R o 0,82 0.G8 0.68
Bnllsh Lhermal units, per pound ............... 12,516 12, 4()8 1_,.1—16

1. Anihracite from Cerrillos Coal Co., Albuquergue, Mines at
Madrid. Sells in El Paso for $6.50 a ton,

2. Bituminous coal from Raton, Swastika Tuel Co., Raton.
Sells in Il Paso at $3.50 a ton, wholesale.

3. Dawson coal, sells in Tl Paso at $3.50 a ton, wholesale.

We have received from S. C. Awhrey & Co., Bl Paso, under
date of September 18, a letter in which they state that the fixed
earbon in Cerrillos coal is about 85 per cent, and the ash about
6 per cent. They have kindly sent us an analysis of a sample
representing a carload which was shipped to Mexico City. This
analysis is as follows:

Per cenl.
IMOISEUTE L & o ettt et e e et et e e st eae tr e et e naaetaerataaasreres 2.92
Volalile combustible malter. .. ..o iiiiniiniiiiaiiiaraisssssenanas 4.35
Yixed carbon........ ..., R —— e A wu e &3.00
. e SRR B s e L R U R B R G 54
Tt sl Sk 0,79

They also inform us that the hituminous coal from the Raton
district carries moisture from 0.85 to 1.70 per cent; volatile com-
bustible matter from 36 to 41 per cent; fixed carbon [rom 51 to
63 per cent: and ash from 6 to 10 per cent.

Olfahama Coals.,

A great deal of ceal from Oklalioma is brought into Texas, for
railroad, industrial, and domestic purposes; Imt no statistics on the
eubject ave now available. We have received from a number of
speratine companies samples of the coal shipped to Texas, and
we herewith present the analyses which have heen made on the
same, as received:
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Volutile . 3.t u,
Analvsis. | Maoisture, | combustible Figed Ash, Sulphur, per
- per cenl. matler, carbon, per cent. per cent, pound,
per cent. per cent,
|

. 3.60 | 59 77 | | 0.0 123,996
2 1.80 | ab.ulo) i 1.91 14,495
5] 200 af s : .68 13,716
4. 350U G1.11 1.0 13,791
b 260 a6 S0 V.67 135,086
. .24 Hr 2 81 13,4038
i (.10 a4 .0 1 .37 13,871
. 4.66G ) .80 15,401
. 0.20 H0.16 1.31 12,976
10. 2.0 48 .00 8,238 12,702
11. 2 K0 49 .26 4.12 12,312
13, 1.20 al .60 2.79 133,002
1. 1.26 59 .05 1.10 13,4927
11, 6.0 59.29 1.29 12,983
15.. 1.80 55.37 3.79 12,567
1G. . 260 GO .58 [ .83 13, H86
17. 65.00 o8 .00 1.17 13,0549
18 3.00 59 .16 0.56 13,833
4 .60 51.68 1.249 12,963
3.80 5H7.05 1.67 12,957
3060 0501 1.499 12,846
A4 .80 49.749 3.55 12,538
.20 H2.71 300 11,968
.80 4 .84 2.78 10,831
3,20 52.37 3.43 12,603
1,20 (2,21 - 0.61 1.3, 800
$.70 o) .91 i 2,22 11,027
4,60 16.72 . 2.60 10,448
.26 47.55 | i 3.20 Nol det™d
Average..| 3.0 51.08 | 09 1.98 2,503
i el Siimtan stk gl o it [ . = | s

L. Jrom the receivers of the Bolen-Daruall Cloal Co., McAles-
ter; May 30, 1913,

2. Degnan-MeCounell mines, Wilburton: July 18, 1913,

5. Dow Cnal ('o., Adamson: May 30, 1913,
4. Dow (C'oal Ca., Savannah: June 16, 1913,
5. Dow Coal Co., Poeahontas; May 30, 1913,

G, Tlailey-Ola Coal Co., TTaileyville: July 19, 1913 : No. 1 mine.

7. Iailey-0la Coal Co., Haileyville: July 19, 19131 No. 2 mine.

8. Hailey-Ola Coal Co., TTailevville: Tuly 19, 1913 ; No. 6 mine,

9. Ienryvetta Coal and Mining Co., Ilenrveila; June 28,
1918,

10.  MeAlester-Edwards Co., Pittsburg; July 18, 1913; minc-
ron from No. 1 mine.

11, MeAlesfer-Bdwards o, Pittshure; July 18, 1913; mine-
run feom No. 2 mine.

12, AleMester-Edwards Co., Pittshure: Jolv 18, 1913
nut.

13, MeAlester Fuel Co., MeAlester; Angust 15, 1913 Buck
No. G.

washed



The Fuels Used in Tevas 43

1L MeAlester Fuel Co., McAlester; June 28, 1913; Pleasant
Valley Coal Co. (foalton, No. 1 mine.

15. MeAlester Fuel Co., MeAlester; June 28, 1913 ; Pleasant
Valley Coal Co. Coalton, No. 2 mine.

16, MeAlester Fnel Co., McAlester; June 26, 1913 ; Great West-
ern Coal and Coke Co., Wilburton, Mine No. 3. '

17, Oklahoma Coal Co., Dewar, May 30, 1913.

18.  Osage Coal & Mining Co., McAlester; June 25, 1913 ; No.
5 mine, MeAlester vein.

19.  Southern Fuel Co., MeAlester, June 21; Brewer-MeAles-
ter domesiie Tomp.

20, Southern Fuel Co., MeAlester, June 21: Brewer-MeAles-
ter chestout.

21. Southern Fuel Co., MeAlester, June 21; Brewer-MeAles-
ter slack.

22, Souibern Fuel Co,. McAlester, June 21; Cancy Creek
domestie Tump, Coalzate.

23, Southern Imel Co., MecAlester, June 21; Cancy Creck
chestnut.

24, Southern TFuel Co., MeAlester, June 21; Caney Creck
slack.

25. Southern Tuel Co., McAlester, June 21; Chamber’s lump
conl.

26, Southern Fuel Co., MeAlester, June 21 ; Ilartshorne lump
coal.

27. Southern Tuel Co., Dallag, September 4, 1911; sercened
pea from Brewer Coal & Mining Co.

28. Southern Fuel Co., Dallas, Texas, September 4, 1011;
slack; from Brewer Coal & Mining Co.

29. Southern Fuel Co., Dallas, Texas, September 19, 1911;
Midway MeAlester coal.

We have also examined a sample of so-called McAlester slack,
sampled at Austin, Texas, April 27, 1911. 'The analysis was as
follows:
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] As ree’d,

MMOISEUTE . v aesis i s s snnassnnassnsossonassnnsnssnsssasnssnsnsns ! 3.70
Volatile combustible matter......cvveiiiiiiriissnsisiensinsissssssses 27.090
TG (i ) st S S AR i 44.93
¥ T N e R R G GRS T L 2 SR T e R 24 .28

100,00
Suifhur ......................................................... 2.97
British thermal units, per pound ! 10,366

The following analyses represent samples of Oklahoma lump
coal submitted to us for analysis:

30. 31. 32.
Per cent. | Percent. | Per cent.

Moisture. ... ves st srissisassrnsnrasnssrsaes 2.00 1.12 1.00
Volatile combustible matter..................... 35.78 37.12 37.00
Fixed carbon..ccieescseresssscassrsssssrinarenss 58.33 58.61 57.70
T e e T o R SR R S T 3.89 3.00 4,30

100.00 100. (K} 100 .00
BRIDBIE S o i vern s im0 W 0.49 0.8

Bntlsh thermal units, per pound

i 0.
............... 13,725 14, UE!J 11,788

30. Buck MeAlester lump.

31. XKrebs McAlester lump.

32. Osage McAlester lump.

But coal that is termed “Oklahoma domestic lump,” may depart
very widely from the above composition, as the following analysis
of a sample taken from a private residence in Austin, March 16,
1913, will show: This coal was bought for Oklahoma domestic
lump and the price was $8.50 a ton. The analysis was as [ollows,
as reccived:

Per cent.

Moisture . .. ...occeonssnsvsss BT i Rt o o P S AR Ry 1.81
Volalile combustible matter R 31.60
Fixed carbon........ooocoiiinans S E N ¥a 46.20
el L L L R R AR R R e e R 17 .26

W R 100,00
SUIPRNE . ¢ s iiasisnms v simis iinsinwisiin v o imi oo wbims s v Wi 4w aie frewie g e 0.91
Brmsh Lthermal units, perpound.....c.viieiaarrensrrssisisraraanisans 11,845

This coal contained 20 per cent of material that passed a 3-inch
SCreen.

During the scason of 1912-1913, hetween the dates November

, 1912, and April 2, 1913, we made 41 analyses of samples of
washed MeAlester Chestnut coal delivered at the University Power-
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house, Austin, Tevas. The analyses represent more than a thou-

sand tons of coal and the average composition of this coal was as
follows:

As rec'd,
per cent,
Moisture. . . ....... R 1.86
Volatile combustible matter. +1.88
Fixed carbon, ., ooy vuvrvrnenes 56.36
7.1 s S A LR R R R L S 6.00
100 .00
DT s e e R R TR R SR ARG R R R R A 1.02
British thermal units, per pound i

It iz to be noted with respect to these analyses that the moisture
in the coal as reccived is probably considerably higher than the
results ahove oiven, for the samples were not delivered promptly
to the laboratory and lost a good deal of water between the time
of sampling and the time of delivery to the laboratory. In these
analyses the following variations were noted:

Washed McAlester Chestnut.

From, To,
Per cent. | Per cent.
Moisture 4.00
Volatile combustible matter. ...... : P , 45.96
Fixedcarbon. .........00..- . 46.04 66.24
LY i e e d 3.00 16.20
Bulphur. . c . vt s s e s SR i 0.29 2.48
British thermal units, perpound. ... iriniininnnannen 11,705 15,305

It is also to be noted that the sample carrying 16.20 per cent
of ash was, in all prohabilily, not washed MeAlester chestnut.
Just what this coal wag we are nnable {o say, but we do not be-
Heve that it was washed chesinut.

The Tollowing analyses of Oklahoma coal were made in our-.
lahoratory for the State Purchasing Agent, Austin, hy J. BE. Stull-
ken, ns<istant chemist:

Medlester Lump

Samples from State Lmmatie Asylum, Austin, Texas, November
30, 1912 to April 7, 1913. Average of 7 analyses, as reccived at
lahoratory :



46 Bulletin of the University of Texus

Per cent.,
Moisture........ B e A SR R e 4.08
Volalile combustible moller.. ... or i iiararsanasrannsss 36 .94
Fixed capbon, | oo i i R S e s e e e e 53.49
R e o T Ao T o W T 6.49
-

10000

SUPhUr, .. vrvisrsasssnrnsvens i 1.39
Fas 13,042

British thermal units, per pound .

Samples from Deal, Dumb and Blind Institute for Colored
Youth, Austin, January 30 to April 18, 1913. Average of 6 analy-
ges, as received at Inboratory.

] Per cent.

L L T I
Volalile combustible matler....oooooiiiiiianen A e T T N
BRI NI v S w0 BT
Ash...... H e iR e e R e S T R e
100 .00
SR oo iiwmsmsia o s s W ML R ) B 0 T T P 1.97

British thermal units, perpound. .. ..o o i l2,."il-1.

Samples from Confederate Iome, Austin, Junuary 17 to March
2L, 1913. Average ol three analyses, as received at laboratory.

Per cent.

Moisture. . ...,
Volulile combust
Fixed carbon...
Ash

Sulphur. .. ...... o ———
Brilish thermal unils, per pound

The average of two snmples of McAlester Mine Run, from the
North Texas Tlospital for the Insane, Terrell, January 3 and
February 5, 1913, gave as received ab laboratory:

Moisture, .. ... A e e e e R s e e ey 3.25
Volutile combustible maller. .. ..ovvvriiierirrrrarrirerrsserssrisnrins 30 .00
BRIl BT IION o 2 v iinia s ams dne sm e w0 e e A s e o b 80 e b m 6 5,20
T e N D S e S R S R P G O 14.55

100 .00
Sulphur. ........ R BT e e B e A RN (o ———— 1.41
British thermul units, perpound.......ooiieiinniiieciriiierissesenss 11,486
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The average of four samples of McAlester Mine Run from the
Southwestern Insane Asylum, San Antonio, Janunary 7 to April 13,
1913, as received at the laboratory, was as follows:

Per cent.
MOBRTIGS - o v i s o R S A o W S R e 2.96
Volatile combustible matter...... ..ot 34.40
b L T aey | I Y S S O R i 49.04
¥ 1) R R D e e e B B S R e 13 .60
100.00

BT T 1.6
British thermal units, perpound, ... .c.ciiiiiiinaiiineniiasinigananas 11,507

The average of fourtcen samples of Dewar coal, Oklahoma, ex-
amined for the State Purchasing Agent during 1912-1913, gave
the fellowing, as received at the laboratory:

Per cent.,

T 3.90
Volatile combustible matter...........oooiiiiiiiiiii i 35,37
TERKOL COPIIONN: a:i v v .5 70 N 60 8, 0 B B 8 IR o a.m
- R i e e e L e e 7.72
100,00

Sulphur. .. ...... e T S R e e R S 1.95
British thermal units, per pound. ..o it e e teeereennn 12,690
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CHAPTER IV.
DRY DISTILLATION OF TENAN COALS.

We have investizaled the eoals mined in Texas with reference
to their gas-producing and coking qualities, not at all for the pur-
poze of saying the last word on the subjeet, hut to ascertain whether
any of them was suitable for gns-making.

There is not mueh coal nsed in Texas for gas-making, the tolal
amount heing less than 30,000 tons a vear, None of this conl, how-
ever, is ‘Texas coal, Oklahoma and Alabama supplyving the demand.
OF the two establishments that vsed Texas coal in producers, one
hits elosed its producer plant and the ofher is now using oil-fired
Kilns,

By far the greater amount of city gas used in Texas is made
hy the Lowe system (water gas), or by a combination of water-
gas and oil-gas,

The inquiry that was set on fool did not involve illmininating
aas at all, but was restricted to fuel gas. The candle-power of
the gas made from cach coal was determined in an American
Bunsen pholometer, with single or double standard candles and an
Argand burner. By use of a Welshach mantle, candle-powers Iromn
30 to 10 were observed. The equipment of the experimental gas
plant consisted of a steel refort holding two pounds of coal, hroken
to 1-} inch and dvied: pipe-condensers for wafer, ammoniacal li-
quor and {ar, and galvanized iron boxes for holding the caustic
lime for absorption of ecarbonic aeid.  The mag, alter passing
through o Wright meter, was conducled into a eapaciouns 1ank,
counterbalanced and water-sealed. The temperature within the
retort was taken with an eleetrie pyrometer (Chatelier, thermo-
couple). The wires were carried into the retort through a xilica
tube, tightly packed with ashestos. The tewperature observed was
that of the retort immediately above the coal ; not the lemperature
of the conl itself; and was kept as near 600° 1. as possible. Porter
and Ovitz have shown® that the temperature of an eleetrie furnace
may he from 167° to 248° I7. ahove that of the highest femperature

Pur., Mines, Washington, Bull. 1, 1910, pp. 20-30.



The Fuels Used in Texas 49

reached by the coal, the difference being less as the temperature
of the furnace rises.

From the containing holder the gas was piped to a Junkers
Continuous Gas Calorimeter and to the photometer. The heat
units in the gas were also calculated from the analysis, both sets
of figures being given. For calculating the heat units the follow-
ing factors were used: illuminants, 1,700; carbon monoxide, 315;
hydrogen, 264 ; methane, 853 ; for 60° F. initial temperature and
328° F. final temperature. In mar:y cases there was a substantial
agreement between the observed and the calculated heat units.



Analysis
No.

Results of Distillation Tests on Teras Coals.

TasLe V.

Analyses by S. H. Worrell.

6. [ 7.480
247 ... .. | 5,966
DA 7.320
249 6,935

TDDe & & sraraia | 6,11
802 ...... 7,14
171 3 S 8,11
396....... H,75
G98....... | 7,05

Average 1 6,79

©
-
-
=)

Gas—Dry. Coal—Dry.
Composition. o [ B. t.u. Proximate Analysis. Ultimate Analyses.
&2 = | opercuft. |—— o — m——

i O R e 5|

) 5} o] & z [ S

s Ble’ 1 & 2 | I g

o p = 2} 5

£ éé?\%‘% £le | g25 g : 2

El2s|=2. 5] 8 | 8 el gl =8 | B = 5

= | & : o= s o - i

S |EI B B =% 18 "B |[€ 18 i 3 z

|

&.a N J.9; . - . pele s Q0! o - . »

2.2114 8,4‘) & 6.1 I 410 0 562 559 38.45| 42 .48 4 2 10,213

2.6 51151 4% 82| 355 B3 590 1 573 | 38.30] 46.91 3. 28011, 1¢

5.5] 2.1142.0¢ 6.0 .385 .6 687 630 : 54.00{ 37.97 2. 3.00/12,6

2A/l§1‘ .0142.0! T | 441 4 700 622 | 40.25| 48.65 2 1.47(11,695

IAG;I‘Z.O]-»I-L]:! 7.2, 4.8 .427 .6 537 622 | 39.20{ 57 1: 1 ; 12,52

1.5 1.9,54.0129.1| 13.5  .355 .0 591 533 & 33.70] 39.96 2. 2 9,6

1.0:12.2144.7130.8| 10.1 : .446 5.5 530 516 | 35.50! 39.16 Ly 3.30:10,4

2.2:13.4'50.2{27 .41 6.0 ' .110 .0 510 527 | 38.00| 44 .44 1. L 11,515

2.0] 9.4!41.6/27 1] 16.8 j 190 D 475 483 | 37.58} 40.49 1. 1.80110,807
1 54111 .8:40 313901 3.5 | .428 D 724 702 | 50.45| 38.10 3. 2.50(11,740

1.8 5.2M42.2/41.2! 8.2 . 421 | 8.1 | 641 | 638 | 39.50] 50.99 2. 3.34/12,410

0.4,20.8| 164124.2 7.6 437 1.5 474 471 | 38.18} 39.01 1. 1.42(10,510

5.4] 6.6)43.6,36.2| 8.2 | 421 5.4 702 667 | 47.52] 39.18 g0 e I Y| TN 12,470

3.0l 4.5(50.8134.2| 7.5 "' .378 7.0 632 615 [ 39.60| 49.56 3. 12,265

3.81 7.5!52.1[33.5; 3.1 . .330 4.2 598 606 | 41.95| 50.08 1. 712,526

1.011.2)19.7,24 4] 9.7 424 5.3 162 474 | 37.401 47 .37 2.

. O o . * I By .0 .
2.6| 8.3[16.7;132.6/ 7 7.1 596 577 | 40.59| 44 .50 2

sora, fo Apswnug oy) jol YDy
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Explanalion of Table V.

216, Belknap Coal Company, Neweastle, Young county.

217, Bridgeport Coal Company, Bridgeport, Wise county.

218, Cannel Coal Company, Darwin, Webh county.

219. International Coal Mines (Yo, Eagle TPass, Maverick
countv.,

?50. International Coal Mines Cfo. “Special.”

251. Olmos Coal ('o., Bagle Pass, Maverick county.

T4+, Olmos Coal Co., washed pea.

699.  Olmos ('oal C'a., washed egg.

700, Olmoz (C'oal (Mo.. washed nut.

310. Rio Grande Coal Co., Larcdo, Webh county.

257, Santo Mining & Developing Co., Weatherford, Parker
county.

753, Stewart Creck Coal Co., Jermyn, Jack county.

802. Santo Tomas Coal Co., Lavedo, Webb county.

341, Strawn (foal Mining Co., Strawn, Palo Pinto county.

396, Texas & Pacifie Coal Co., Thurher, Tirath county.

698, Wise C'ounty Coal Co., Bridgeport, Wise connty.

Note~—Numbers 257 and 753 represent coals that are not now
mined,

In order to compare these results with those reached in the dis-
tillation of well known coals nsed in Texas for gas-making, an
Oklalioma. coal was selected.

MeAlester pea coal gave 6,130 cubie feet of gas per net ton, with
the following composition :

I Per cent
IIUIARAIES b b S e A R S S R s B 1.60
Carbon monoxide.............. 7.60
Hydrofien. ... coivveaviniia 43.00
Methane. . ....oovvcuranrss. 45 .00
Nitrogen (hy dilt). ...... ..., 2.8

The specific gravity of the gaz was 0.400, the observed heating
power, per enbic foot, was 708, and the calculated heating power
was 636, The candle-power was 7.0. The composition of the coal
from which this gas wag made was as follows:
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Dry,
per cent.
Volatile combustible matter....... ... i 36 .87
T BT T O R i e R A G R e e R e 58.81
L s e o p i i Diimis = 2o oo e A A . 4.32
SOIDROR oo ey v s T T S e T S D B R s > {rim
Brmsh thermal T T T T 1T I o e 13 0v0

There was left in the retort 75 per cent of good coke.

In the operations, as conducted, it was not possible to deprive
the coals entirely of their volatile combustible matier, and the
amounts left in the residucs from the retort varied from 1.91 per
cent, as in the case of a Carboniferons coal from Palo Pinto
county, No. 341, to 8.75 per cent, ag in the case of a Cretaceous
coal from Maverick county, No. 310.

Table VI gives the results of the analyses of the several residues,
the percentage yield and the character of the residue, i. e., whether
it was coke of fair quality or not.

TasrLe VI.

Composition and Characler of Residue Left in Relort after Dis-
Lilling the Coals Lﬂpwwn‘?t’d in Table 1,

Vola- itesidue.
tile . British
com- | Fixed Sul- | thermal | |
No. bus- | ear- | Ash. | phur. | unils, | Yield,
tible | bon. per per Character.
mat- pound. | cent.
j ter .

3.18 ! 73.,30] 21,52} 4.72 | 11,523 { G2.50 1id nol coke.

lii 71.8| 23.0 ! 3.31 ] 11,081 | 62.50 IYid not coke.
218 & j ] | ‘
514 2 [ Gool | 78,311 18.18] 2.01 | 12,050 8[,251 Coke fair,
219 _ -
5 N ‘ 8.75 | 73.80) 17.45| 0.73 | 11,530 | 62.10: Colke Tair.
250 S i : L
R [t atein 6.15 ; 90.19| 3.66| 0.91 | 13,082 | 63.00 Coked [eebly.
251 i ! .
TAO [ .ooeeono. [ 2,03 | 73,12 23,95, 0.71 | 10,848 | 68.7 Did not coke.
609 i .
O cvvmnieeis | 2.22 | 69.38| 28.40; 0.61 | 10,327 | G8.0O ! Did not coke.
700 ' i N L,
b R ——— 2 .81 | 70.87] 26.32) 0.85 | 10,679 | GH.0 Did not coke.
340 } i w5 o o i
o <\ A o 8.11 | 73.63] 18.26] 1.35 | 11,661 | 642.5 Cuoke fair.
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Vola- : Residue.
tile British
. com- | Fixed Sul- | thermal |
No. | bus- | ecar-'| Ash.  phur.| units, | Yield,
; lible | bon. per per Character.
! mat- pound. | cent,
ter
257 } . i
i i ) [Nt pr e 2.52 | 85.16) 12.32| 1.76 | 12,414 . 68.8 Coke fair.
758 ) . _
O I . venenamays 7.54 | 63 .38 25‘.081 3.17 | 11,248 | 68.0 Did not coke.
31 ) i 3. |
TEZ || e 1.91 | 81.06( 17.03! 2.95 | 11,914 | 6G8.7 Cake good.
396 }
TAR T smmnnatine 2.47 | 83.41) 14.12) 1.38 | 12,090 | 75.0 [ Coke good.
698 |
T4Y i s snaminana 2.47 | 79.44| 18.09| 2.23 | 12,083 ' 68.0 | Did not coke.
Average. . . ... L 4.26 76.33) 19.39] 1.91 | 11,610 I 6.76 ;; ..................

A study of Tables V and VI gives come very interesting results:

First.  The highest yield of gas was not from a coal containing
the largest amount of volatile combustible matter. The highest
gas vield, 7,780 cubie feet per ton, was from a coal from Parker
county, containing 39.50 per cent of this matter, whereas a coal
from Webh county of 5t per cent (the highest percentage observed)
gave 7,320 cubie feet of gas per ton. Each per cent of volatile
combuslible matter in the one coal gave 1.97 cubic feet of gas and
in the other conl 1.5G cubic feet.

Second. The lowest vield of gas, 5,752 cubic feet, per ton, was
not from a coal containing the lowest amount of volatile combus-
tible matter. This pavticular coal, from Erath county, contained
41.95 per cent of this matter, whereas a coal from Maverick county
ol 53.90 per cent (the lowest percentage observed) gave 6,926
cubic fect of gas per net ton.

Third. The coal giving the highest heat value in the gas, viz.,
724 B. t. w per cubic foot, was from the Rio Grande Coal Co.,
Webb county, and the coal giving the lowest heat value in the gas,
viz.,, 462 B. t. u. per cubie foot, was from Wise county, the yield
of gas heing, respectively, 6,600 and 7,058 cubie fect per net ton.

Fonrth. The Carboniferous coals, Nos. 246, 247, 257, 753, 341,
396 and G698, contain, on the average, 39.05 per cent of volatile
combustible matter and vield, on the average, 6,894 cubic feet of
gas per net ton, with 566 B. t. u. per cubic foot.

The Cretaceons coals, Nos. 218, 249, 250, 251, 744, 699, 700,
341, and 802, contain, on the average, 41.8 per cent of volalile
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combustible matter and yield, on the average, 6,511 cubic feet of
gns per net ton, with 621 B. t. u. per cubic foot,

Fifth. O the seven Carbonilerous conls, two (Sirawn coal,
Talo Pinto county, and Texas & Pacitic coal. Erath couniy). save
a goad coke: one, from Parker county, gave a fair ecoke. and four
showed no coking qualities. Of the seven Cretaceous coals ex-
amined for coking qualitics, three gave a [air coke, one coked feebly
and three showed no coking qualitics. The three Cretaceous coals
giving a fair coke were from the Canncl Coal Co., and the Rio
Grande Coal C'o,, Webh county; and the International Coal Mines
(0., Maverick county.

Sixth.  Three of the coals examined gave a faivly good eandle-
power gaz. These were a coal from the Cannel Coal Company,
Laredo distriet, Webh county, with 16 e. p.; a coal from the Santo
Tomas Coal Company, Laredo distriet, with 15.4 ¢. p.; and a coal
from the International Coal Mines Company, [Sagle Pass, Maverick
county, with 12.4 ¢. p. A coal from the Olmos Coal Company,
Eagle Pass, gave 10.00 e. p.

These coals are all Cretuceous and gave a fairly good coke, with
ash ranging from 13 to 18 per cent and sulphur from 2 to 2.25
per cent.

Seventh. The highest heat value, 12,604, expressed as British
thermal units (B. t. u.) per pound, on dry hasis, was obscrved
in a coal from the Cannel Coal Co., Laredo, Webh county. Coal
(rom the International Coal Mines (o., Eagle Pass, Maverick
county ; from the Texas & Pacifie C'oal Co., Thurber, TWrath county ;
from the Santo Tomas Coal Co., Laredo; and from the Strawn Coal
Mining Co., Strawn, Palo Pinto county, also contained more than
12,000 B. t. .

On the average, the Carboniferous coals contain 11,484 B, t. n.
per pound ; and the Crelaceous coals, 11,493, on dry basis.

Eighth. On the average, the Carhoniferons coals contain 13.28
per cent of ash, and the Cretaceous coals, 15.21 per cent.

Ninth. Trom these investigations it would appear that we have
in this State coals that are well adapted to the manufacture of
both illuminating and fuel gas and that from some of them. a
good metallurgical coke can be made, suitable for copper, silver
and lead smelting. It may not be possible to meet the severe ré-
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quirements for coke used in iron smelting, where the specifications
as to strength, ash and sulphur are more rigid.

We have not investigated anyv of these coals with reference to
the yield and quality of the tar and ammoniacal liquor. As some
of them are high in nitrogen, it is likely that they would yield
a liquor rich ¢nough in ammonia ecompounds to render the manu-
facture of sulphate of ammonia attractive. But this method of
utilizing by-products can he profitably applied only in compara-
tively large cstablishments, uzsing from 10,000 tons of coal a year
to 20,000 and upwards.

The coal that vielded a 16 candle-power gas contained 3 per
cent of nitrogen and yielded 7,320 cubie feet of gas per net ton.
From. a ton of such coal it would he possible to obtain at least
25 pounds of sulphate of ammonia, worth 75 cents. A gas plant
using 10,000 tons,a year could produce $7%,600 worth of this ma-
terial, and 732,000,000 cubic feet of gas of more than 600 B. t. u.
per cubic foot. In heat units this gas would compare very favorably
with the natural gas now used in Texas. as also with the hest oil
or water gas.
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CHAPTER V.
GAS.

The fuel gas used in Texas may be classed under two general
headings, namely:

1. Manufactured

a. City gas.
b. Producer gas.
2. Natural.

1. Manufactured Gas: a. City gas:

During the year 1912, according to statistics gathered by the
United States Geological Survey, the total quantity of fucl gas
(city gas) sold in Texas was 787,898,000 cubie fect, of which 70,-
652,000 cubic fect, or about 9 per cent, was coal gas, and 717,-
246,000 cubic feet, or 91 per cent, were oil and water gas. The
price per 1,000 cubic feet for the oil and water gas was $1.21, and
for the coal gas $1.42.

The statistics since 1902 are incomplete, with respect to coal
gas, as they were not obtained for the years 1906, 1909, 1910 and
1911. Tor the other seven years, inclusive of 1912, the total quan-
tity of coal gas sold fur [vel was 713,101,000 cubic feet, of an
average value of $1.36 per 1,000 cubic feet. The following Table,
No. VIA, gives the production and distribution of coal gas and
hy-products from coal since 1902, with the exception of the years
just noted.



TaBre VIA.

Production and Distribution of Coal Gas and By-Producls from Coul in Teras—1902-1012.
Arranged from Statistics of the United States Grological Survey.

5 1 i i |
I Coke. Tar. | Gas sold for ! Fuel gas sold. | Fuel gas.
‘ | Total | illuminants.
No. of Coal, ' quantity - Total
Year. . estab- | carbon- | ’ ! Value I Value ;| gas pro- Value | Value value
* lish- ized, | Yield, ' per ! Yield, per | “duced ! Quantity | per = Quantity | per Per cent of all
! ments. short ] short | short | gallons. ' gal. [in M. cubiclin M. cubici M. in M. cubic! M. of gas sold.
‘ i tonms tons. ton. | eet. | feet. cubic | feet.  cubic total.
. ! | i Centsl I feet. | | feet.
' 9 15,257 9,162(85.30 - 218,043' 9.5 142,415 79,547 $1.82 i 47,942!51. 44 33.6 S 214,479
8 15,6531  8,755! 5.72 ; 104.6291 8.6 139,400 75,513| 1.75 : 56,095 1.31 40.2 | 205,949
9 16,560 10,114' 6.02 | 185,364, 7.5 | 149,975! = 60.512] 1.76 78,677 1.34 52.5 211,962
10 | 19,188 11,984] 4.55 | 236,341 6.4 ' 177,287’ 60, 175 106,515 1.38 60.1 253,566
7 28,282 12,049 4.68 | 225,394| 5.6 | 251,233 53,281| 1.66 167,886, 1.33 66.8 l 312,792
8 | 30,461/ 8,733 4.55 101,580 5.7 i 284,650 53,717| 1.83 ' 185,534| 1.229 65.2 239,251
4 | 9,581| 2,548/ 4.88 ; 88.680 5.3 | 90,220I " 3,697 1.30 : 70,652 1.42 78.3 105,038
" Total and ; ! _ , ; : ' : T i
average...|........ | 134‘982i 63,345;85.10 51,210,931| 6.9 I 1,235,181,  386,671|81.69 l 713.101|31.36 | 96.7 |$1.543.037
| + I !

SDXO ul pas[) S Y[
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The tolal amount of coal carhonized was 131982 tons, [rom
which there were produced 63,345 lons of coke, of an average
value of $5.10 a ton; 1,210,931 gallons of tar, of an average value
of 6.9 eenis a gallon: 1,235,181,000 cubic feet of gas, of which
386,671,000 cubic feet, or 43.3 per cent, were =olid for illuminat-
ing purposes, at $1.69 per 1,000 cubie feet, and 713,101,000 cubic
feet, or 36.7 per cent, were sold for fuel purposes, at $1.36 per
1,000 cubic feet. The yield of gas for all purposes was 9,150
cubic feet per fon of coal and the total value of all gas sold was
$1,543,037. The maximum amount of eoal carbonized during
any onc year was 30,4G1 tons, in 1908. During this year there
were sold 185,534,000 cubic feet for fuel purposes. In 1912, the
amount of coal carhonized was 9.581 {long, and there were sold
70,652,000 cubic feet for fuel. No attempt is made in this State
to utilize the ammoniacal liquor. Some of the tar is distilled for
roofing and paving purposes, but this industry is not extensive.

An analysis of the tar produced by an establishment using Me-
Alester Distriet nut coal, from Oklahoma, has heen made in onr
laboratory.

Anafym's of Coal Tar from Oklakoma Coal.

B T LT - L 1.252
[ Per cent.
RO o s s e B o e B ST A R 4.00
TR CHTDOM ocvnis v ivis b wimiminimn soncsin o kin moni ot o a o 25.32
Ashinfreecarbon........ . ... ciiiiiiiiiinnnn 0.40
CoRe VIRl i i v ioe i iy h R A R P 38.08
Ash in coke........ e T o ik Do e Tl 0.22

The distillation gave:

Per cenl, Specific

gravity.
Ammonia water A0 .. e
Light oil . 2,97 0,981
Intermediate oil 6.24 0.990
Heavy oil .. .. 11.84 1.090
Anthracene oil 3 ) N
T A e R o A RS g I 68,39 [..........
B e R R T R R R e 0:90  Loisveiais

Tatalc oo o o S R N R S 100.00
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The distillation of the light oil gave:

Per cent.
WAkdr s s s s s T e 9.23
Toj284 deg. . fraw benzol I). ......coviuniiiniiinnnnassins 31 .§0
To, 348 deg. F. (raw benzol 11) 1‘?‘;3
Tol383 deg, 1. (earboloil) 1 bin i vinaiiiniadiiie v aansis .
| ST T R e 35.63
DR :
Total e 100.00
The distillation of the intermediate oil gave:
Per cent.
. o
To 284 deg. IF U.§D
To 348 deg. I I p.:§
To 383 deg. I 12.15
A 2%
esidue., .. .. "
IS BT R B A B LY DR N S T R 2.07
Total 100.00
The distillation of the heavy oil gave
Per cent.
B T (L Im——— .48
To 428 dcg- | RN R e T “t 33.22
i - B L0 R e e N B S e e pe e i i 48.21
LT T ad 18.00
O R N e e o S R S R S S i e e s S s e s 0.09
O v e R R S R R T R R S 100.00

From 1,000 gallons of this tar there ¢ould be recovered:

Commercial benzine, gallons. ...t e i i eeeriereninnns 8
Solvent naptha, gallONE .. is i in it o ssins s ooty 3
Heavy naptha, gallens. .. .. feeeaaaas R, R N T B 42
Wood preserving oils, including ereasols, gallons. . ..........o0oorovi ! 170
Naptholent, DOUNAS . . . vovvivewnms oiisae s sanee b s st s sreis viis 739
l‘l.Irc‘plhunoi, L e 32
Medicinal cresol, POUNAS. . . cuerrsvirireensssnneessssssss s 43
Technical cresol, POunds .. ... iuiin i iniieeieans e, 15
Pitch, melting point 106 deg. I, pounds. ., .....ccvvvnonvnoneririiiii? 7,100

During the last few months we have made a number of analyses
of coal gas supplied to a Texas city of about 35,000 inhabitants.
This gas is, for the most part, coal gas, but a little oil and water

gas iz mived in. The average composition of this gas was as
follows (23 analyses) :
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PPer cent.

Carbonie 8eitd. ... vuvnvivreniirnnrsransscssasrarasirrarasasassssssns 5.5
1T T T R e e o e e e A R i G A 7.4
OXYBeN. e snvanaansnsrrnsrse 0.9
Hydrogen..... e e e 45.8
Carbon monoxide. . 9.6
MEtRANE - s s v e s £ aie a8 D e s e A S 19.8
MITOgen (DN Y. . i o e i i s e e e e e 11.0

TRRBNS o os: i o S B R O T s 100.0

During this period the average candle-power was 15 and the
average Britizh thermal units per cubic feet were 546, by Junkers
Calorimeter, TIn this city the quantity of fuel gas sold in 1912
was about 68,000,000 cubic feet, at the following prices per 1,000
enbic feet:

© Amount.

|
Less than 10,000 cubic feet, $1.50 ...........covvuunn.... less 20 per cent; $1 .20
From 10,000 10 20,000 cubic fect. ... ... .o ivriiinriiirrnesnnnnnes net 1 00

20,000 cubic feet and MOTE. . o0 ou ettt ennrnnireeerannenenns net 0 uo

On these terms, the cost of 100,000 cubic feet would he:

Amount.
et 10,000 cObIe TOCE . vowwmaniiesne s o s i s me i e i $13 00
Second 10,000 cubic feet ..o v e iiiiiiiiii i e 10 00
Remaining 80,000 cubic feel........c.vininiiiiiinninriinnoneraonansns 72 00
OB e S e R S S S $95 00

This gives an average cost of 95 cents per 1,000 cubic feet.
The maximum production of fuel gas in any onc establishment
during 1912 was 340,000,000 cubic feet, and the selling price was
$1.00 per 1,000 cubie fect.

The United States Geological Survey has also collected statis-
tics of the production and distribution of oil and water gas, in
Texas, for the years 1905, 1907, 1908, and 1912. No statistics
are available prior to the year 1905. The following Table, No.
VIB, has heen prepared from these statistics, and scts forth the
number of establishments, the yield and value of the tar, the total
quantity of gas produced, the distribution of the gas, whether
cold for illuminating or fuel purposes, the quantity of fuel gas
expressed as percentage of the total, and the total value of all
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gas sold. The returns in regard to the tar in 1908 are included
with those from Florida, Louisiana and Mississippi and in 1912,
with those from Alabama in addition.

Norr.—The gas coke made from Oklahoma coal at a plant in
Texas contains volatile combustible matter 3.32, fixed carbon
76.76, ash 16.52 and moisture 3.40. The sulphur was 1.28 and the
B. t. u. per pound 11,322.



TasrLeE VIB.

Production and Distribulion of Oil and Water Gas and By-Products in Texas—1905-1912,
Arranged from Statistics of the United States Geological Survey.

| |
I Tar. : Illuminating gas Fuel gas sold. ’
Total sold. I R
| : quantity Fuel Tota] value
i No.of i " of gas 3 i gas, per |
Year. ! establish- | Yield ! Value ! produced ' Quantity Value Quantity Value cent of gas sold
| ments. in J per in M. i in M. per M. in M. of M. total.
; gallons. | gallon cubic feet. ! cubic feet. | cubic feet. | cubic feet. | cubic feet
ents. i
: |
7 23,900 5.0 ' 231,992 = 93,511 $1.51 196,960 ! $1.40 61.2 | $418,754
10 10‘.2,781 2.7 591,644 l 191,529 1.35 .330,849 1.27 56.8 | 6§6,106
11 *568,714 2.7 671,360 | 286,206 1.27 306,458 1.27 45.7 754,732
16 668,702 2.3 ,149,840 303,559 1.19 717,246 1.21 62.4 | 1,231,923
.................... bo........2,734,836 ;: 874,805 $1.28 1,556,513 l $1.27 56.9 ‘ $3,091,515

*Includes also Florida, Louisiana and Mississippi.
tIncludes also Alabama Florida, Louisiana and Mississippi.

39
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A study of this table shows that:

1. There were produced, during the years mentioned, 2,734,-
836,000 cubic feet ol oil and waler gas, as against 803,390,000
cubic feet of coal gas during the same period. The production of
oil and water gas was more {han three times as large as that of
coal gas.

2. The quantity of illuminating gas sold was 874,805,000 cubic
feet, at an average price of $1.28, as against 171,097,000 cubic
feet of coal gas at an average price of $1,73 per 1,000 cubic feet.

3. The quantity of fuel gas sold was 1,556,313,000 cubic fect,
at an average price of $1.27 as against 530,587,000 cubic feet of
coal gas al an average price of $1.34.

4. The fuel gas expressed as percentage of the total ranged
from 45.7 to 62.4, with a gencral average of 56.9, which is almost
exactly the general average for the fuel gas made from coal, ex-
pressed as percentage of the total.

We Dave made a number of analyscs of the oil and water gas
supplied to a Teyas city of about 35,000 inhabitants, the same as
mentioned under coal gas, and have found the average composition
to be as follows:

Per cent.
CAED OB FRI.. oo coin i asminterniopmsssumsminmvnme sty R TR T R S 2.3
Hlvminants: o i s s S L s L 10.1
L I s e s 0.9
By el e it 36.3
Carbon monoxide . 28.0
ethame,.......coovnviannns 6.8
Nitrogen (by diE) . i s i e i 15.6

TRORR oo e e e S e R S T % e e s v v
British thermal units, per cubie foot... ... ... .. ... .7t mg‘?g

Tor cr}mparing the composition of oil and water gas with that
of coal gas, made in the same city and by the same company, we
state the two logether:

: |
Coul gas. 0Oil and

water gas.

CAThEICHRIAL . oo e o s s s cemarines 5.5 2.3
Lh 1 T 4 T R R e g SR e e i R 7.4 m.1
B Y e 0.9 0.9
Iydrogen........ 45.8 36.3
Carbon monoxide . ; 9.6 28.0
Methane. .. ..., .. 3 : iox L 19.8 6.8
Nilropem T il Y s S T e e 11.0 15.6

.......................................... 100.0 100.0
British thcrmu'[ units, pereubic fool.. ... ... ... ... ..., 546 573
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In the coal gas (with a small admixture of oil and water gas)
the carbonic acid was 2.4 as much as in the oil and water gas;
the oxygen was the same; the hydrogen was 1.26 as much, and the
methane was 2.9 as much. In the oil and water gas, however, the
Hluminants were 1.39 as much as in the coal gas, and the carbon
monoxide was 3 times as much. The British thermal units in the
two gases were praclically the same. These analyses are repre-
sentative of those made over a period of three years.

In each case the British thermal units were made in a Junkers
Coutinuous Gas Calorimeter of the latest design, and were not
calculated from the analysis. Particular attention is called to
this because of the variation in the British thermal units obtained
by caleulation, according to the factors used. Thus, if we take
the following analysis, viz.:

BRI IBRE S o b R e L L R L D R B R R 7.4
Hydrogen..........00.. 45.8
Carbon monoxide 9.6
IMOERBIE . v voi s b e R 8 19.8

and calculate the heat units by the factors 1530 for illuminants,
324 for hydrogen, 324 for carbon monoxide and 1010 for methane
(the factors used in some producer gas plants), we have B. t. u.
458, as against 546 by actual determination. If, for an initial
{emperature of 60 degrees F. and a f{inal tewperature of 328 de-
grees F., we take the factors 1700 for illuminants, 264 for hydro-
gen, 315 for carbon monoxide, and 853 for methane, we have B.
t. u. 446. Again, if we iake the factors 2000 for illuminants, 326
for hiydrogen, 324 for carbon nonoxide, and 1010 for methane, we
have B. t. u. 528, as againset 546 by determination. In case the
heat units have fo be determined by calenlation, when the sample
of gas is not sufficient for the calorimeter, we use the following
factors:

Factors.

FUME IO RTTE « oovr im0 B R SN AT R A A — 2,000
Hydrogen. ... . s pi i B A B AT S e B B AT A0 e W LR S B W e R b G 326
Carbon monoeide . Do bl s AL R R R S B 324
§ 7 LT ST M e L L e e I e P Je el 1,010
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For sccuring considerable quantitics of gas, we use a steel
evlinder capable of holding 50 cubic feet under a pressure of 30
pannds.

The consumption of fuel gas in Texas for the year 1912 was
about as Tollows:

Cubiie feet,

Manulnelured gas (Cily #08) . .. o et ienniriasseriseanassss i) th?.f\‘ﬂs,ﬂ“ﬂ
Naturdl g8 o e s e S s b e R A R AR 7,470,573,000
Producer gas (made mosthy from lanite) ool 3,250,000,000

i £ U R 11,508,271,000

The figures for producer gas are approximate, but it is thought
that the total conswmotien of fuel gas of all kinds during the vear
1912 was helween cleven and {welve hillion cubie feet,  The con-
sumption during the year 1913 will probably he considerably larger.

Owing to the increasing cost of gns oil and, to some extent also,
to local comditions, there is a tendency towards the manufacture
of coal gas. One estublishment which uvsed a combination ol the
Lowe syslem and oil and which sold, in 1912, 68,519,000 cubic
fect ol fuel gas, has erected retorts for coal gas, nsing Oklahoma
coal.

In wost, if not all, of the cities and fowns using manufactured
gas, the iluminating and facl gas are conveyed through the same
pipes,

Na statistics have been gathered as {o the cest of manufacturing
city gas in Texas, hut it is likely that an average of 45 cents per
thousand cubic feet is not far from the troth.

Manufactured gas is Targely nsed for domestie purposes, whereas
natural aas is largely msed for industrial purposes. The heat
units in the heslt natural gns are a good deal higher than in the
best mannfactured gaz, hut, as a seneral vule, theve are only from
150 10 200 more B, t. n. per enbic fool in the natural gas used
in Texas than in the manufactured gas. Many gas engines of
comparatively small horse-power are operated on manufactured
ea<, hat some of the gas engines operated on ratural gas and lig-
nite producer gas are of 1.000 hovse-power,

The nse of the eandle-power as a standard for gas is of bt
little value in this part of the eouniry and under the conditions
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that are likely to maintain.  I'here is no longer any considerable
illumination from gas direet, for the extensive introduction of the
Welshach and other ‘manile<” hag done away with ihe old-lash-
ioned gas burners. The encroachments of eleetric lighting have
algo heen a serions factor in the gas industry, especially sinee the
introduetion of the metallie filament.  Acetvlene. hlau-gas, ete.,
have also added to the competition,

A striking illustration of (he advaniages to be derived from the
use of an incandeseent ‘mantle’ is shown by the fact that gas dis-
tilled from lignite can he made to yicld an iltumination equiva-
ient to 40 eandle power, although the gas itself has a verv low
eandle power,

[t g mueh 1o be desived that the

Sritish thermal unit per
eubic fool” should veplace the “candle-power,™ as a standard Tor
gas, When the British thermal wnit per cubie foot is given, a
statement should he made whether the fignres ave Lrom direet de-
termination in sonme accepted calovimeter or from ealeulation, the
factors used being given in the latter case. X

Asg the greater quantily of gas made or produced in ‘I'exas is
vsed for Tuel purposes, the change of the <tandard Trom candle-
power to British thermal units per enbie foot would entail no
hardships in the trade, upon producer or consumer,

Manufactured Gas:— D, Prodicer Gas,
M { G b, Prod (7

Producer gas in Texas is made almost entively from lignite, and
the lollowing pages cive the ehiel points of inferest in conneelion
with this husiness. Tt will he seen that daring the year 1912
there were used aboul 65000 tons of lignite for this parpose, no
attempt heing made {o save the hy-products such as tar, anumoni-
acal liquor, ele.

The Use of Llnw Lignite in Gax Producers.

In Bulletin No. 189, University of Tevas, issued in 1971 and
entilled “The Composition of Texas Coals and Lignifes and the
Use of Producer Gas in Texas,” theve was a special ehapier on
this subject, prepared by Drury MeN. Phillips. who was in the
producer-gas  department of  fhe Southwestern States Porfland
Coment Company. at Eagle Tord, near Dallas.
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At that time there were in the State fifty-six producers for mak-
ing gas and forty-seven in active operation, represenfing 12,270
horse-power. There were fwenfv-three establishments using Texas
lignite exelugively, with a total consumplion of ahout 180 tons per
fwenty-tour hours and a total engine horse-power of 11,490,

Most of the installations were and are still of comparatively
small size, as the three cement plants (at Fagle Ford, TTarry and
near San Antonio) vepresent 9,000 enaine horse-power out of the
total of 11490. NSince Bullelin No. 189 was issned, one large
cement plant has ehanged from lignite prodocer zas to natural gas.

It does nol seem 1o be necessary ab ihis time to repeat the
statisties oathered in 1911, so we shall merely give the items of
chiel interest and ihen disenss, hriefly, {he condition of the indus-
tey ab the elose of (he year 1912, As the lignite avea in Texas
represents ahout ene-half of the fotal known area in the United
States, and as the production here is twice as great as [vom any
other Siate, =0 the use of lignite in Texas for making producer-gas
is largely in excess of such use in all of the other States combined.
Texus leads the entive country in areq, production and utilization
of lignile. .

In Ballefin No. 261, 1905, United States Geological Survey,
there ave given the results of using Texas lignites in gas producers
at the Tnel testing plant, St. Lowis.  These tests were under the
care ol Mr. Robert H. Fernald, now professor of mechanical
engineering in the University of Pennsylvania. As we gave the
resulls obtained in our Bulletin No. 189, alove rcferred to, it is
nol neces<ary to repeat them here in detail and we shall merely
quote the ehicl points of interest:

Lignile from the ITouston County Coal and Mauufacturing Com-
pany, Crockett, Houston county, gave 28.4 cubie Teel of gas per
pound of raw lignite consumed, in a No. ¥ Wood producer, and
this gas showed 169.7 B t. w. per cubie foot. The average com-
pozition of the ogas was:

1 Per eent.

——— M = e

Carbonie acid

11.10
Carhon monexide . . xRt s - 11.43
Hydrogen. ... ... 5 10.51
Neihone, . ... .. .t 7.8
Nitrogen ., ... o OG22
A TN i i e M e R 0 4 T T A A AT T I 022
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Per brake horse-power developed at ihe engine there were con-
sumed 2.54 pounds of lignite, on an assumed cfficiency of 85 per
cent for generator and belt.

Lignite i'rnm the Consnmers Lignite Company, Hoxt, Wood
counly, gave 34.2 enhic feet of gas per pound of lignite and this

aaz showed 1 :f' 2 B. t. u. per eubie foot, The average composi-
tmn of 1he gas was:

Per cent.

Carbonie ac
Carbon monoxide
Hydromen. ...
IIELHUO . c.civivs srocs critomsnans 4 o0 i
Nilromem. . ooov i ivnrnnsisas

ORI e b e e e 2

‘1('\0

Per hrake horse-power developed at the engine, there were con-
sumed 1,98 pounds of lignite, on an assnmed efficiency of 85 per
cont Tor cencrator and helf,

In Bulletin Ne. 332, Tnited States Geologieal Survey, 1908,
there ave given the vesults of producer gas tests on lignite from
J. 0. Oleen & Sons, Rockdale, Milam county. The vield of gas
is not given, but the B, . u. per cubic foot were 171.8.  I'he com-
position of the gas was: '

’ Per cent

T Y T O i s o B b e e R T T P T l 10.3
C.Jrhon T e e LRSS | 19.8
Ehvdebpiee: o - e R e e L S L e I N TS U 114.8
BB, v s o o E A8 i TR R 6 e 2.4
Nllmp.t.u i | LY W
L0 E AN T100 ) RPN : 0.7
Ethvlene 0.7

Per brake horse-power developed at the engine, there were con-
stmed 2,17 pounds of lignite.

The Westinglhouse Machine Company, Pittsburg, Pennsylvania,
in ile eirenlar W. M, 503, September, 1909, gives the results of
testing lignite from {he Consumers Lignite Company, Hoyt, Wood
counly, as follows

The total lignite fired was 16,970 pounds.  The average load was
128 Lrake horee-power and {he gross lignite per brake horse-power
was 1.85 pounds. The gas was delivered through a line of 8-inch
pipe over 650 feet long, with no ecorreetion for leakage or for gas
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consumed by three pilot lights burning continuously in the pro-
ducer house, laboratory and engine roon.

Another test made by this company on the same lignite showed
a zag vield of 49.03 cubie feet of gas per pound of lignite fired,
the gas giving 128.3 B, f. w. per cubie feel, tolal, and 117.1 B. t. n.
effoctive.  The composition of the gas was:

I
| Per cent.

CorbOnie 8010 s o vmwonaam e s i s s PR R i 12.4
COrDON TOOMREIC : ororvs 5m wi s w6 U003 R 7 AT o0 o 5 8 e TR 0 ! 15.3
TV OO e vt e vee v onnes e taeeaessssssssansnssssssasannssasssnsrnes 11.7
Methant .o sbnnliienianailn SR i sl R R 3.6
DOUETOBLEY 1o v 5 w0y e NS S 58 S0 o on AT o T aa.1

The Smith Gas Power Company, Lexington, Ohio, is anthority
for the statement Lhat a certain plant using Texas lignite for an
80-horsc-power installation saved $3.50 a day as compared with
steam,

An irrigation pumping plant on the Nucees river, Nueces county,
used lignite {rom {he Bear Grass Coal Company, Jewett, Leon
county, under a gnavantee that one brake horse-power should he
given hy 2.50 pounds of lignite, the engine being rated at 225
liorse-power.

A lavge cotton seed meal company in Ilonston wsed lignite from
the Houston County Coal and Manufacturing Company, Crockett,
Houston county. The specifieations called for a gas of 140 B. t. u.
per cubic [oot and the engine was to deliver one hrake horse-power
for each 10,000 effective heat units. In this establishment the
consumption of lignite was said to be 1.75 pounds per brake
horse-power.

In a report made by Drury MeN, Phillips and by permission of
the Southwestern States Portland Cement Company, Eagle Ford,
near Dallas, very complcte returns were available in regard to
operations theve. Six Harvey producers were in use and two sels
of figures were sceuved.  TIn the first case, the {otal lignite charged
was 116,280 pounds in twenty-four hours, or 4,845 pounds per
hour; the lignite coming from the Consumers Lignite Company,
ITovt, Wooll connty, and costing $1.62 a ton, delivered. The total
number of kilowatt hours was 16,330 (=21,882 horse-power
howrs) and the consumption of lignite was, on the average, 3.6
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vounds per k. w. hour (=2.7 pounds per h. p. hour). The cost
of the Tuel was 2.18 mills per horse-power hour.

In the second case, the total lignite charged was 117,640 pounds
in fwentv-four hours, or 4,902 pounds per houwr. The total num-
ber of kilowatt hours was 16,010 (==21,153 horse-power hours)
and the eonsumption of lignite was 3.2 pounds per kilowait hour
(=2.4 pounds per horse-power hour).

Taking this test as a whole there were nsed 233,920 pounds
(=116.96 touns) of lignite, with a production of 66,710 kilowatt
hours (=89,111 horse-power hours). or a general average of 3.5
pounds of lignite per kilowatt hour (=2.6 pounds per horse-power
hour).  With liznite at $1.62, delivered, ilis represented a raw
fuel cost of 2.83 mills per kilowatt hour (==2.11 mills per horse-
power hour).

The I3, t. u. per cubic foot, during the first run, varvied from
106.3 to 139.9. the average being 119.8 During the second rum,
the B. t. u. per cubie foot varied from 116.0 to 138.0, the average
being 127.1.

The average composition of the gas, during the two runs, was
as follows:

[ First run, Second run,
per cenl. per eent.

ws 10.3

14.3 i 12.6
Hydrogen : 8.1 | 8.7
Melane. owmammmns v orvs ws s s o 3.5 4.8
Y L R i e N AT m S e e (.16 0.5
TP EREE e oM M e e ol SE AN J 619 | 62.1
£ L T s S O 0.8 | 0.4

The heat units were determined by caleulation, the faclors used
heing for: ’

Carbon monoxide 324
Hydrogen...... ..., .. .. 324
Methane., ... .... i .. 1010
3 e e L e el s e e B el 1580

At this cstablishment the cquipment consisted of six Tlarvey
up-draft pressure producers and three 750 k. w. Allis-Chalmers
horizenial two-cylinder tandem double-ncting gas engines.  On the
main shalt there were Allis-Chalmers gencrators of 2.300 volts.

So far as could be ascertained, the consumptlion of lignite in
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1911, for making prodncer gas. was about 130 tons a day.  Several
plants van intermittently =0 that it is not likely that the total
consnmption of lignite during the yvear, for this purpose, exceeded
30,000 tons,  1f we allow that a ton of lignite yiclds 50,000 cubic
feef of @as in a producer, we would have 2.500,000,000 cubie feet
of gis from the 50,000 {fons. If we allow, further, that this gas
carried, on the average, 125 B. t. u. per cubie foot, we would have
a total output of 312,500,000,000 B. t. w. for the vear. 'This
amomnt of heat weuld exaporate 32,000,000 pounds of water from
and at 212 degrees T,

During the year 1912, o0 Tar as conld he ascertained, the eon-
sumption of lignile in gas producers was about 65,000 tong, a gain
of 15.000 tong, ar 30 per ceut over the relurns for the vear 1911
"The delivery prices varied from 75 cents to $3.32 a ton acconding
to quality and distance hanled.

One large congumer reports the nse of 32,808 fons ol lignite
at $1.50 a don, the vield of gas heing 69,000 cubic feet per ton.
Another reports the use of 7,600 tons at $1.60 a ton, andd a calorim-
eter card, typieal of the practice there, shows a gas of very uni-
form heat value, Trom 135 to 165 B. 1. u. per cubie foot.

Lignite eereenings, ecosting Irom 75 cenls to $1.00 a {on, are
also used in gas producers with satisfactory vesnliz,

There is practically no recovery of hy-produets in producer gas
practice in Texas. At some of the plants the tar is hurned under
auxiliary sfeam hoilors and at others a Titile tar iz used for “creo-
soting” felephone poles; ete. No tar is distilled
altempt to utilize the ammoniaeal Tiguor,

, nov iz there any
It i« not the enstom here to meter the gas, so thai there are hut
Tow veliahle stafistics as¢ fa the yield of gas per {ton of lignite.
One eonsumer, alveady referred to, reporls the use of 32,898 {fons
of lanite during the vear 1972, and eavs that the vield was 69,000
eubie feet per ton. This may he in excess of ihe average vield,
but we have no means of aseertaining whether it i= or not.  TFor
purposes of ealeulation, we wonld prefer to take 50,000 cubie leet
of 125 B. 1. u. gas per (on of lignite. and he on 1he =ale gide.
Durving the last vear there has been considerable interest in the
cstablishment of a ecniral power plant located at or near zome of
the lignite mines and the matier has been looked into carefully.
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The plans contemplated the erection of a modern producer gas
plant, with recovery of hy-products, such as far and ammonia,
and the wiring of electrie power o cities, towns, cotton wins, irri-
salion inztallations, ete.  Irom some of fhe lignites available, it
would he possible 1o recover from 75 to 100 pounds of sulphate of
ammonia per ton of hegnite and 1his is worth Trom 2} {0 3 conls
a pound, with a steady market all the vear round.

I we allow that the 65,000 {onz of lignife used in gas prodncers
in Texas in 1912 could have yielded 50 pounds of sulphate of
ammonia per ton (a very reazonahle assumplion) the total value
ol this salt, al 2% cents a pound, would be $81,250.

Owing to the scatlered locations of the producer plants it is
imposgible to recover the sulphate ol ammonia [row all of 1hem,
so we can econline the matier more closely.

The plant that vsed 52,898 tons of lignife conld have recovered
sulphate of ammonia to the value of $39,122.

The plant that nsed 7,600 tons could have recovered snlphate
of nmnonia to the value of $9,500, o that these two planis could
have recovered $48,622 worfh of this valuable maferial, all of
which was losl. ‘

A cenfral power plant, uging 200 tons of lignite a day, eould
produce, in one year, sulphate of ammonia to the value of 136,875,
{o =ay nothing of the value of the tar and the prodncls oblainable
from it hy distillation. Iurthermove, {hese estimales do not in-
clude the value of the eleetrie current 1o he secured from genera-
tors operated by gas engines,

The value of this current would depend almost entirely npon the
Iocation of the plant with reference to power consumption, nok
with reference 1o populafion except as this may implv the con-
sumption of eleetrie power.  Thus, in north and north ceniral
Texas, within 100 miles of large deposits of lignite, the popula-
tion of twenty citivs and towns is about 850,000; hui we de not
know what are the power requivements in this area, inclusive, not
only of the cities and towns, hut also of smaller rural establish-
ments.  Electriec power is already supplied to the larger cities and
towns, g0 that anv new supply wonld have to compete with a busi-
ness which is active and progressive. It is not as though one was
going into new {erritory, unoccupied hy electric plants, hut he
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would have to invade a territory fairly well supplied at present.
This could he done suecessfully only by providing cheaper power
or more uniform and dependable power.  With the recovery of
vahuable hv-produets from {he central power plant, hoth of these
requirements could be mef, but withont such recovery the invest-
ment dees not appear to he attractive.

In 1909, the Consumers Lignite Company, Dallas, Texas, sent
several carloads of TToyt lignite to the Westinghouse Machine Com-
pany, Ilast Pittsburg, P, lor testing in gas producers. The fol-
lowing iz the complete report, made by Mr. 11, T, Longwell, con-
sulling engineer:

“QOctober 23, 1909,

We beg to report that the several carloads of 1loyl lignite,
received Irom your company, have been cavelully iried out in our
testing plant at Jast Pittsburg fo deterinine the question of the
suitabilily of this fuel for use in gas producers, and the results
have been highly salisfactory.

The gas was free from tar, and averaged 128.3 B. {. u. total,
and 117.1 B, . u. efleelive, per cubie foot, at 50 inches bavometrie’
pressure, and a {emperature of 62 degrees I,

We have experienced no trouble with clinkering, and the labor
required to operate the producer and keep the fires in good con-
dition iz noticeably less than with a coking coal. In fact, the
operator must he eautioned nol to poke the fire too much, as we
have found that too zealous poking is not only unneeessary, but
is absolulely deterimental in operating the producer with this fuel.
As compared with Tocaliontag, or any other high-grade bituminous
coal, the value of your lignite for use in a gas engine and pro-
ducer piant is practieally in direet raiio to ihe British thermal
nnits in a pound of the rvespective fuels.

This has been delermined by comparative tests with Poeahontas
coal made under the same condilions as the tests made with vonr
lignite.  Summaries of the tests ave given helow:
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luel.

[Il)yt Ilgmlm Pocahonlas coal.

DIoration of tasl. oo reee sy sns H 463 hours 72 hours
Total coal used . v 12,693 1hs. 10,6494 s,
Average load of ¢ e e e e e e | 1.5 brake h, p 119.2 brake h, p.
Graoss coul per brake-horse i 1.5 1hs. | 00496 Tbs,
B.t.w per pound of cond, .. ......... ¥,007 15, 'I\s

B. 1. u. per :r.nm-lmran-pom.r h . 14, 11 . 13,927

Tn this ease there is a variation of 3% per cent in the number
of British {hermal wnils supplied per Lrake horse-power, but we
should consider that ihis difference iz well within the limit of
agrecinent that we would expeet hetween two tests made with the
same kind of fucl,

Two other tests at approximately 125 horse-power show very
mueh closer agreement:

" IFuel.
IIn\'I. llgl:lll['.‘ | Pocahontas coal.
S e SRR Sy

PDuration of tesl. ... .oniiiiiiiiiineanns 72 hours A8 hours
Tolal woal sl v s i an i o s 16,970 Lhs, i 6, LEs Lhs.
Average load ol Llll-ll:lll: ................. 128 bruke h, p. 126,53 hrake h. p.
Gross coal per brale-h -power howr L., 1.85 Ibs. 106G s,
B. L. w. per pound of coal Pk 8,007 133,083
B. t. u. per brake-horse- puwer hour ... .. 1.. 11,812 11,821

From the Toregoing fesls it will be readily seen thal with a suit-
ably designed produeer, the brake horse-power developed Ty the
engine i< onlv a matter of the number of British thermal unils in
the Tuel supplied hourly to the prodocer, and il i hnmaterial
whether this number of British thermal unils is confained in oa
given quantity of Pocahonias coal averaging 141,000 T, w. per
pound, or in a propovliionately greater quantity of Tlovt lignite
averaging only about 8,000 1. 1. w. per pound.

We were somewhat feavlul that the extra weight of lignite re-
quired to develop a given power might neeessitate a proportionalely
Iarger producer than would he required for coal of a higher heat
value.  This we fourd not fo he the ease. As a large portion of
the weight of the lignite congists of moistare and combustible
matter fhal is already in a volatile state, the additional quandiiy
of fuel charged honvly docs nol mean that the prodncer is rveally
being worked with any greafer intensity.

For vour information we give helow the comparative proximate
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The Miller Gas Well, Petrolia, Clay County—Lone Star Gas Co.
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analvses of the oyt lignite, and Pocahontas coal tested, also com-
paraiive analyses of the gas from the two kinds of fucl:

Coal Analyses

]_ Hoylt lignite, Pocahontas coal,

\ per cent. per cent.
MOBSLULC . o v oo ee e v eaneaans ] 23.83 1.39
Volalile matter 38.32 16.01
Fixedcearbon. .. ... ... 20 .33 74.28
BT 55 i v v e e SR SR R ! 8.063 §.32

1}

| 100,00 | 100 .00

B. L. u. per pound, by calorimeter.......... ) 4,007 I 13,983
Gas Analyscs

' Hoyt lignile, 1*oealiontas coal.

| per cenl. per cent.
Carbon dioxide. . ............... L 12.1 7.9
CreNbln s i D RS e g 4 | 0.9 0.5
Carbon monoxide v 140 18.1
Methane (marsh gas) . SRl ) 3.6 2.6
FICURORE - o s s S e sens passisgon i cn etsie i 11.7 12.6
Nitrogen........... e SR b b l 5H.1 8.3

: 1000 1000
Total heat volue perenbicfoot, . ... ..., 128 .3 13 Lou. 126.9 13 t. u
LEfTeetive heat value per cubie fool .. ... ..., 117.1 13, L. u, MN7.88B. L

| .

1t is proper to add that the lignite as tested at our Last Pitts-
burg plant had lost considerable of its moisture in transit, and
in storage. With freshly mined lignite we should expeet the
B. t. u. value per pound {o he less than in the samples tested, by
reason ol the probably higher moisture content, and as a conse-
quenee we should expeet the fuel consnmption per hrake horse-
power per hovwr to he proportionately higher than shown on our
tests with the partially dry fuel.

However, Ihis does not aflect the main point of interest, 1. .,
that in a suifable type of producer this lignite can be ulilized not
only conveniently, but as efficiently in proportion to ite actnal
thermal value as any fuel whatsoever,”

As Lo the advantage of nsing producer gasz, My, William Morvey,
Jr., has stated the matter in an exeellent manner. He says':

“Ihe emubined effiieney attainahle in the best steam engines
and hoilers, operating under the most favorable conditions, is about

[

The Amerieana, Vol. TX, Article—Gas Producer.
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12 per eent of the infrinsie heat energy of the fuel used. On the
ather hand, the modern gas engine, even in small powers, will give
an elficieney mueh higher, hut if it be supplied with illmminating
eas for fuel, a large amount of the economy due to the higher
efliciency i< lost in the cost of the gas. [leat energy in the form
nl coal gag at a dollar per thousand feet. costs thirteen fimes as
much as an equivalent amount of energy in the form of coal at
three dollars per ton: therefore, in order to utilize a gas engine
to its full advantage, the gas used must be produced as economically
us possible. This is exactly the function of the gaz producer, and
by it= use a good gas engine with a theoretieal thermal efficiency
of 75 or 80 per cent, or a practical thermal efliciency of 25 or 30
per cent, will readily convert inte actual work, or available power,
25 per cent ol the heat eucrgy of the gas delivered to it. The gas
producer of such a plant will {ransfer to the gas abount 80 per
cent of the intrinsie energy of the coal, g0 that a gas-producer en-
gine operaking on an inferior grade of coal will show an efficieney
of 20 per eent, as against the 12 per cent of a steam engine and
hoiler plant using the hest steaming coal.”

2 Natural Gas,

We first quote from “I'he Production of Natural Gas in 19127
advance chapter from the mineral resources of the United States
calendar vear 1912, United States Geological Survey, prepared
hy B. LIl wnder the supervision of David T, Day.

“The year 1912 was the best in the history of the natural-gas
indnstry of Texas and the Clay county field wag the grealest source
of gas snpply. the Lone Star Gas Company being the principal
producer.  This company does not distribute gas to conswers
direct, but supplies ifs gas to the North Texas Gas Company,
the Fort Worth Gas Company, the Dallas (fas Company, and the
County Gas Company, which supply consumers. The following
named places were supplied with gas from the Clay county gas
ficld in 1912: Alvord, Arlington, Bellevue, Bowie, Bridgeport,
Byers, Dallaz, Dalworth, Decatur, Denton, Eagle Ford, Fort Worlh,
Grand Prairie, Menvictta, Trving, Petrolia, Rhome, Sunset, Wichita
Falls.?

1Additional towns supplied, Oectober, 1013; Gainesville, Whitesboro,

Sherman and Denison.
We arc informed by the Lone Star Gas Co., Fort Worth, Texas, under
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During 1912 a total of 13 wells were drilled in Clay county,
of which eight were gas producers, the nnmber of gas wells at
the cloze of the year heing 29. Although stray gas sands are oc-
cazsionallv stimck al 1,250 1o 1,500 feet, the best wells in ilis
field range from 1,550 to 1,750 feet. The pressure varies from
GO0 to Y12 pounds, the highest original rock pressure of wells
in this fiecld. The average pressure on Januarvy 1, 1912, was 659
pounds and on Deeember 31, 1912, 1t was 626 pounds. One well
in this ficld not in nse during 1912 never fell helow 750 pounds,
and for five onths stood at 740 pounds. A fest of gas from a
number of wells in the field made hy 8. FL. Worrell, chemist for
the Bureau of Leonomic Geology and Technology, University of
Texag, shows 700 British thermal units per eubie foot,

Sceond in importance to the Clay county gas field is the gas ficld
in Webb county (Reiser field) from whose wells gas is heing sup-
plied to conswmers in the town of Laredo by the Border Gas Com-
pany, which rveceives its supply from the Producers 011 Company.
Another gas field of importance is found in Shackleford county,
(Moran field), from whose wells gas is being supplied to con-
sumers in the town of Moran by the Pioneer Natural Gas Company
and to the town of Albany by the Albany Natural Gas Company,
hoth of these companics receiving their supply of gas from The
Texas Company operating in 1his ficld.

Other fields in which developments were in progress in 1912 ave
as follows: In Angelina conndy a well was drvilled 1o a depth of
312 Teet, with a showing of oil and gas; work was dizcontinued
and the well not finished. On 1lelloway Mountain, northwest part
of Brown eomnty, a gas well waz deilled to a depth of 306 fect,

date of October 29, 1013, {hat {heir pipe line mileage, in main and branch
lines, i= as follows, iu round numbers:

QNI LTINS 25 % 5 i s 0w s 08, e e st ppcamainie 17
B Anel NG oo e 5
BN HIE oo sioimms i i s s e s e s AR 43
G Weh WNe cursrmmrmmms amsm arisedn Tisimss 42
Boanely NNe et oimiee i i s 14
{ FLARSS 1T e sy 40
12 dnelt JIne o e e e 20
> L E 1 111 IS T A 155

30606

In addition {0 main and branch lines, there were between 15 and 20
miles of gathering lines, from 2 inches to 10 inches, in the field.
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whieh furnished more than enongh gas to operate an engine;
another well drilled in this locality to a depth of 310 feet also
furnished gas to run an engine. Two gas wells were drilled in
Wichita county, gas heing nsged for field purposes. In Gonzales
county a gas well was completed at 168 feet, with 150 pounds
preszure, product to be used in field work. There has heen completed
in Limestone county (Mexia field) three good, dry zaz wells, having
an extimated combined eapacity of 10,000,000 cubie feet. In pros-
peeting for oil in Maverick county, considerable gas was found in
one well at depths of 725, 975, and LU feet; in a second well
only one gas sbralum, al 911 Jeet, was discovered, this well not
being dreilled deeper. The first well at a depth of 725 feet has
about 50 pounds pressove, nnd gas has been used [vom it for drill-
ing. Two wells were drilling in MceCulloch county at the close
of 1912 fowr wells completed in {his county in 1912 weve aban-
doned.  In Falls county an experimental well was drilled to a
depth of 760 feet, with considerable showing of oil and gas; at a
depth ol about 160 feet it caved and shut oul prospective findings.
Joleman county was a field ol activity in 1912, but up to the close
of the year only lwo gas wells had been completed, the produet of
which was used Tor Tuel in the field.

Considerable gas produced in the oil ficlds of Navarro and
Harris eounties is consumed for ficld purposes.  Consumers in
Corsieana are supplied with gas from Navarro county wells.

In Atascosa couniy several artesian wells have been drilled,
which produce a small quaniily of gas with the water. Trom a
fow of these wells, gas is heing wsed by the owners of (he wells for
illnminating and heat,

The totlal quantity of zas produced from wells in Texas in 1912
amounted to 7,170,575,000 cubie feet, valued at $1,105,077, an
average price of 18.81 cents per 1000 cubie feet ax compared with
5,50:,393,0000 cubic Teet, valued at $1,001,915, an average price
of 18,11 ¢ents per 1000 cubie feel, in 1911, This iz a gain in
value of 390,132, The greafer portion of the value for 1912
was received Tor gas supplied for domestic purposes, which ag-
arogated $906,112, or nearly double the value of the gas eonsumed
for manufacturing and power porposes, which was $198,665. Sowe
gas is nsed in Texas for hrick manufacture. For power purposes



The Furls Used in Texvas il

it is utilized in operating gas engines and boilers at warerworks,
ice plants, cotton gins. and alzo Javzely in field work.

The total number of gas wells in this State was 87 at the close
of 1912, of which 21 were dvilled in 1912, 'The number of dry
holes drilled was 23, and the number of gas wells abandoned was
«Ix, ;

In the year 1908, there were 21 producers having natural gas
wells, with 1,225 domestic, and 18 industrial consumers. In the
vears 1908, 1009, 1910, the amount of natural gas consnmed and
the value were combined with the returns from Alahama and Louis-
iana,

In the following table is given a record of the natural gas in-
dustry in Texas Trom 1909 fo 1912, inclusive:

Recard of Nalural Gas Indusliy in Texas, 1909-19172.

' g i ;
Fotal Wells.
" Number |Number of consumers, valug  |o——— W ey
Year. 0 of gus ¢ Drilled. | Produe-
producers. —_—— - produced, | e e ive
| Daomestie. | Industrial. © s, I Dry. | Dee. 31,
I
1009 17 52| 8§ 127,008 7 G I8
14910 19 133 447,275, 22 ] N2
1911 29 S03 1,01‘1,'.?151 19 14 6o
1912 41 ‘ | 329 1 ,403,0?71 24 l 23 87

"The acreage controlled hy natural gas companies in "T'exas, is
shewn hy the following statement, taken from the volumes of the
Mumeral Resources of the United States, issued by the United
States Geologieal Snrvey.

Aereage Controlled by Nalural (fas Companies in Texas.

Year, ‘ Iee. l Leased. I(ins rights. Tolal,
PEOB v s S R B e S S TR } 150 31,455
1909 0 i 1,845 10,635
i1 [ S S e S L 7,3M N
;512 1 T e o) 3,740 153,379
i L1 B PSRRI e e 7,660 154,010

T any account of natural gas in Texas mention is fo he made
of the promizsing ficld at Crowther, northeast pavt of Medullen
county, where the Boston and Texas Corporation has fonnd cxeel-
lent gas under good pressure, Our analyvsis No. 230 in Table VIT
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gives the cowposition of this gas. It had high healing value,
917 B. t. u. per cubie toot.

We have made no analysis of the gas from the Mexia fields,
Limestone county, but in a pamphlet issued by the Mexia Com-
mereial Cluh it is stated {hat the heal units were 1,060 B, 1. u.
per cubic Toot, on the anthority of H. € Morrig, of {he Dallas Gas
Company.

Unider date of November 3, we are informed hy the Mexia Com-
mereial Club that they now have 17 producers in that field, rang-
ing in volume from fwo to fifteen million cubie feet per 21 hours,
making approximately 150,000,000 cubie feet production per day.
The pressure of the wellz is uniformly 275 pounds to {he square
inch, and the depth varies from 650 {o 725 feel.

The eomposition of natural gas from Texas is given in I'able
VIL

Tavre VI

Courposilion of Tevns Nalural Gas—Analyses by
S. 1. Worrell.

LT - :
| 2! ¢ S | 2 | g >
] 3 gl 2l el | 88| %
mﬁl_\'sm te2 | 20 2 il 3 g S R g8
-~ e i == -y =1 et
| E| BB s |5 |BE|EP
| = = o 152 ‘ ) Py =3 .2 g
e e LE L EL B U R R
I 1 i |
R8s i S — DL I ey S | Jroo oL
§ F [ RS A Nune | None | 2.2 | None None | ! .4 ] PR
] e B None © None | None ! None - None | BUF  ooaaii
a2, vevowny Mone Nouwe | MNone  None  None BG2.5%, ...,
ot SR F e T None None | 0.2 None | None ! 913 S g
oL S 0.0 ¢ None | 0.2 1 Nope + 228 I 2.6 1T 0458
) (1 PP G None j None | 1.1 | 1.2 | None : G51.8 | 62.6 [i”ll O 0BG
| v .2 None | 2.6 i None | 258 | 183 | 20.1 Ih!* : J
1111 peeiplE et None | None | Kone None | None | 80,8 | 192 f&i A et
B2 .. ... oo None | None | Nooe ' None | None | 92,0 8.0 _‘.lﬁ!! 0.5H88
51 | None | None | I'race | None | None | 85.2 | 14,8 [726% .61
B Lsivass P PR el e e | B 1 smaidaii g YIB: L
1‘.-‘1,...,.,.,.,....'J\'mu-INum. 0.6 |l'!,4 ['None | 66.3°| 327 1561 |, ...
Other Analyses.
T .\'um.-l SO 0570 lrace | None | G7.93) 31 .37[715% |, ...
DNy 020 | 0,30 | 010 | 080 | 17.2 | 38.6 [171* |, ...
A e e None \ .30 () 20 107307 10 5.0 el

I\phlmimn n[ Tahle V ]I
Analyses Nos. 362-367, inclusive, represent heating power as
m.mumd in the gas from etrolia, Clay county, for the Lone Star

*Dc'lcrunm'll by ealenlation from the analysis, using the following faclors:

Hlwminants, 1,700; cacbon monoxide, 315; hydrogen, 201 methane, §53: for 0 deg.
IF. initial aned 328 deg. 17, final I.vmpu.l!.ur{. In analysis B there was reported 12.5
er cent. and in analysis C 5.50 per cent. ethane, which is not included in the ealeu-
ation of thermal unils.
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Gas Company, Fort Worth: the average of all tests heing
given. _

No. 443, gas from Petrolia, Clay counly; taken from the main
in Fort Worth, and received by us in steel tank, January 9, 1913.

Analysis No. 213, gas from Petrolia, Clay county, from service
pipes in Dallas, May 20, 1912,

Analysis No. 502, from a well nine miles west of Gonzales,
Gonzales county.

Analyzsis No. 822, froin a locality 14 miles west of Crockett,
Houston eonnty.

Analysis No. 239, from (‘rowther, MeMullen county, Boston &
Texas Corparation.

Analyz=is No. 166, depth of 712 Teet, Fleming & Davidson well,
Maverick county.

Analysis No. 197, gas bubbling up through Red River, at month
ol Cash Creek, Red River county.

Analysiz No. 96, sample taken [(rom gas line, 16 miles from
the wells ail Moran, Shackelford county. lLone Star Gas Company,
Fort Worth,

Analysis Noo 852, sample taken from a spring, 1 mile cast of
Trinity, Trinity county, Texas,

Analyses Nos, 511, 621, and 171, gas supplied to Laredo lrom
Reizer, Webh county, hy the Border Gas Company.

Ao Gas from Pelrolia, Clay county.  Analysis by W. M. Rus-
sell, late cily gas inspector, IFort Worth,

In our Bulletin No. 216, Oil and Gaz Ficlds of Wichita and
Clay Conndies, page 283, this analysis is erroncously given, The
figures Far hyivogen should he those Tor methane, as Mr. Russoll
veported no hvdrogen. Woe nsed the analveiz that was sent to us,
not, however, hy M. Russcll, and rvegret the orror.

B, Gas from Petrolia, Clay county.  Analysis hy United Cas
anedl ITmprovement Company, Philadelphia, Seplember, 1909,

. Same, November, 1910

D, Gas from Caddo, Tonisiana. Avalysis by F. O Phillips,
Pittshure, o, This gas is zupplied to Texarkana, Marshall, At-
lanta and Pitislarg,

[n all of these analvses the B. t, v marked * have heen ealeulated
by the [actors given above. 1t is fair to say that ofler factors e
used and that they give higher rvesults than those we employed.
We heliove that the lower results will approach neaver conmereial
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reguirenents than the higher ones. The B. 1. u. not marked, were
determined in the Junkers Continuous Calorimeter in our own
lahoratory.

Aceording o statisties gathered by the United Stales (feological
Survey, the total guantity ol natural gas produced in ihe United
States in 1912 was 562,205,152 M cubice leet, with an average
value of 15.04 cents per M cubice feet. West Virginia led with a
production of 259,083,065 M cubie feet. Texas ranked ninth in
production and total value. Tn the quantity of natural gas con-
swned, Pennsylvania casily leads all of the other states, fory in 1912,
it us=ed 173,656,003,000 cubic Teet, valued at $26, 186,302, or 15.25
cents per thousand, In Pennsylvania the greatest consumption was
Tor industrial purposes and the average value of the gas was 1145
conls per M oeubie fect. Tor domestie purposes, the average value
per M cubie feet was 2153 cents. A great deal of gas from West
Virginia is piped {o and consumed in Penngylvania.

According fo Poole," the variation in, and the average composi-
tion of. 21 samples of natural gas from different loealitics in the
Linifed States, iz as follows;

]
From. | To. | Average.

N N S W —— |

Carbondioxide..............c.ciiiiininnennns Trace 10.11 1.51
Hluminants. . sieias s sn e Bty b i s Trace | 39.64 8.48
EVRVIIOIL . .« v e min s wnim oo s 3w w4 e I 0.12 2.10 0.69
Carbon monoxide........coviviviiiiiiviiennaas ‘ ‘I'race 1.00 0.18
TANAPOLIOIN 5. 2 coirmim iy rws e o e o BB e b0 1.20 24.56 6 .84
ML e R R S e A e | 14.93 6. 50 79.66
BEErGHER .- R L e 2.9G 27 .84 4 .83
Ethylenc. .. ..ooniniiiiiia s ' .15 18.12 2.77
Hydrogen sulphide. . . ....o0vviueiiiiiiininiin. i 0.15 0,21 0.18
British_thermal units per eubie foot. . . ........... | 592 l 1,170 975

Ot the 21 analyses given, cight contain hydmgen sulphide, in
amounts varying from 0.15 to 0.18 per cent.

No gasoline is made from natural gas in Texas. This indnstry
came into prominence in 1917 when there were produced in the
United States 7,426,839 gallons valued at $531,704, or an average
of 7.16 cents per gallon.

In this year the natural gas used for the manufacture ol gasoline
was 2, 175,697,263 cubie feet, valued at $176,961 1 the vield of guso-
line, per thousand cubie feet ol gas, ranging frum 2.68 fo 3.56
gallons. Some kinds of natural gas yield from 8 to 10 gallons of
gagoline per thousand cubic feet.

The (alorific Power of Tuels, 2nd Ed., 1907,
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In 1912, the production of gasoline {rom natural gas rose to
12,081,179 gallons, valued at $1,157,476, or an average of 9.0
cents per gullon The quantity of natural gas used was 4,687,796,-
329 cubic leet. As also in 1911, West Virginia was the largest pro-
ducer of gzl.f-o'lnln from natural gas, the other states, in order of
rank, heing, Pennsylvania, Ohio, Oklahoma, and California. The
returns from Tllinoig, Colorado, New York and Kentucky were
combinud,

It wight Te possible to establish this industry in Texas, using
natural gas or lignite gas, hut the cost of such investigations has
prevented ns from working in this direction.

Natvral gas at 9 cents per thousand cubie feet compeles with
lignite producer gaz. There are two large establishmenis in the
same imnediate vicinity engaged in the =ame line of industry, and
using abont the same amount of power. One of them has natural
gas, and the other lignite producer gas. The natural gas consumer
formerly used lignite producer gas and c¢hanged to natural gas
without, however, dismantling the producer plant.

The prices at which natural gas is sold ave as follows:

I Dallas—net, minimum bill per month:

Cenls per 1,000
cubic feet.

First 10,000 cubic fect . i 45

Next 5,000 cubic l'u,t 40
Next 15 !HIU cubic feet. 35
Next 70,000 cubie feet | 30
Next 900,000 cubic fect 20
Allover 1,000,000 cubic feel | ... L. L. L llllllIIIn 14

Boiler rales on term conlract guaranteed minimuam bill $60.00
a month:

Iirst 250 M cubic feet, 20 cents per M cubie feet. All in execess
of 250 M cubic leet, per month, 10 cents per M cubic feet. Boiler
rates on yearly contract, guaranteed minimum bill $1,200 per
annum—9 cents per M cubic fect.

In Wichita Talls natural gas is offered at 7 and even 6 cenis
per M. cubic foot, the piping distance from the wells in Clay
county heing from 15 to 20 miles,

In Marshall, which devives its natural gas from the Caddo fields,
Louiziana, the following prices maintain, the piping distance being
25 to 30 miles:
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Domestic rate, 25 cents per M. cubic feet, less 10 per cont if
bills are paid on or before the tenlh of the month following the
purchase.

School and chureh rate, and for steam heating plants, 25 cents
per M. eubic feet, net.

Factory rate, 15 cenis, less than 250 M cubic leet.

Tactory rate, 131 cents, 250 M. to 500 M. cabic fect,

TFactory rate, 12} cents, 500 3. {o 1,000 AL cubic leol.

Faciory rate, 11 cents, 1,000 M. to 1,500 M. cubie feet.

TFactory rate, 10 cents, 1,500 M. eubic feet and over.

For 30 days’ consumption.

The gross gales in Marshall, for the fiscal vear ending July 1,
1913, were 186,000,000 cubie feet lor domestic and 126,000,000
cubie [eet Tor industrial purposes.

In Fort Worth the prices are:  Low pressure <team raie, heating

only:

Per 1,000 cu. ft.
Fival: 250 Bhonganid oovnnmaem iei s e o v i e oo 25 cents, net,
All over 250 thousand .. ... i v 10 eenfs, net,
MKV TE T3 0 o 111 2 SR T S ey St e 9 cents, net,

In Mexarkana, which uses natural gas from the Caddo fields,
Louisiana, the nel rates ave 2.0 cents Tor domestic and 10 cenis for
industrial purposes per M. enbie feef. In 1912 there were sold in
Texarkina 1,5360,000,000 cubie feet, of which ahout 65 per cent
wis for industrial purposes.

Waco will soon have natnral gas from the Mexia ficlds, Lime-
gtone connty, aud the price will probably he 50 cenis per M. cubic
foo! for domestic purposes. "The price of industrial gas will de-
pend upon the amounf consumed.  The distance i= ahout 15 miles.

Brownwood is to have natural gas Trow the Bangs liekl. Brown
counly, a distance of ahout 10 miles.  The domestic rale will he
a0 cents per M. cubie Toot, hut 15 cents for the use of the munic-
ipality.

Port Arihur now has natural gas from the Caddo field, Louigi-
ana, utilizing an oil pipe line.
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CHAPTER VI.
LIGNITE.
Location and Extent of Ficlds—Composilion.

In the United States there are about 127,200 square miles of
lignite tervitory distributed as follows:

B A0 TR T: RS 6,000

B TITVEIRR L o om0 8 9 R (53 MRS S SRR 1S 5,900
TOOENCEY, @aimasns 25 Sraee s s N RS R S 500
LOMISIING ook soi vmdaomis S0 SalerielnaRlmad s wae=sin 8,300
NIREISIINE 5 sosmcssnssnn v pose e monse o S 8 i 3.000
MIGITITIR o mrnms S s me s e A SR e & — . 7,000
Nanth Dakoln e s st e s g L b 31,000
Sonth DAakofal v e ettt o e e e 4,000
B T T 1,000
PR coionovmanin S0 s aiureiess Sou v SRR i $0 e e BRI R 60,000

otal oo e 127.200

The Tignite area in Texas comprises nearly one-half of the entire
known area in the Tnifed States and is nearly as large as the en-
tire State of Missonri.

The Tignite fields of Texas probably extend over 60,000 sqnare
miles. The original supply of lignife may be taken to have heen
in excess of 30,000,000,000 tons and as it haz searcely heen
touched, the snpply of this fuel need occasion no anxiety for the
next thonsand vears or =0. There is found in Texaz every known
variety of lignite. from a material earrying hut a few per cent
of fixed carhon to nearly 15 per cent, and with from 30 per cent
ol volatile combuslible matter {o morve than 76 per cont.

Physically the lignites range from what = but little more than
carhonized wool to a material ahmost like hitnminouns coal.

In thickness, the heds run o 15 feet and more, and they are
founid from the surface io depths of 100 to 800 feet.

The counties in which workable heds of lignite ocenr are the
following:  Anderson, Angclina, Ataseosa, Bastrop, Bowic, Brow-
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ster, Caldwell, Camp, Cass, Cherokee, Dimmit, Favetie, Freestone,
Grimes, Harrison, Henderson, Hopking, IHouston, Jasper, Iee,
Leon, Limestone, MeMullen, Mavion, Medina, Milan, Morris, Na-
cogdoches, Newton, Panola, Rains, Robertzon, Nusk, Sabine, San
Augustine, Shelby, Smith, Titns, Upshur, Van Zandi, Webh, Woad
and Zavalla.

The lignite-producing counties are: Bastrop, Favetie, Hender-
son, Moplkins, Houston, T.eon. Medina, Milam, Rains, Roherlzon,
Van Zandt and Wood.

In a general way, workable lignite iz found in all that part of
Texas lying cast of the 97th meridian of west longtitude and
north of the 31st degree of north latitude, hut there arve important
areas outside of these boundaries.

In the year 1892 Mr. T. I Dumble, Slate (eologist, issued a
comprehensive and valuable report on Brown Coal and Lignite,
and this still remains the chiel source of information as to the
geology and occurrence of lignite in Texas. lun addition, many
analyses ave given and they are veferred to in this Bulletin.

AMr. Dummble elassed the brown coal (lignite) deposits as helong-
ing to the Tertiary formation. They occur in the Gull slope, from
the Red River to the Rio Grande, in an area 650 miles in length
and 200 miles in width. 1Te says that the greater amount of the
deposits are Tound in the Locene series of the Terfiary and in the
following divisions:

Trayette.
Yegna.
Timber Belt.

The lowest deposits are in the Timber Belt series, and this con-
tains the heaviest and best beds. T'his series is especially developed
in the counties extending southwest from Bowie county, on the Red
River, eneh as Cass, Mavion, Harrison, Morris, Titus, TTopkins,
Camp, Upshur, Wood, Rains, Van Zandt, Smith, Henderson, An-
derson, T'reestone, Limestone, T.con, Robertson, Milam, Lee, Bas-
trop and Caldwell.

The Yegua division, including the lower portion of the Fayette
beds, is divided into three sections, viz.: Iast Texas, Brazos
river and Rio Grande.

The Favette division of the 'Tertiary, comprising the uppermost
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beds of the lignite-hearing Focene, he divides into four sections,
viz.:  1fast Texas, Drazos river, Colorado viver, and Rin Grande.
As this Bulletin is not inlended for any discusgions of the geology
of Texas coals or lignites, it is suflicient merely to eall atlention
to the matter in a general way, and fo refer those who desire de-
tailed information to Mr. Dumble’s “Brown Coal and Lignife.”
Tnasmuch az the development of the lignite industry in {his
State has come ahoul since the publication of that excellent report

and to a arcat extent heeause of it, more recent and more detailed
analyses of the lignites mined and in use were undertaken by the
University Mineral Survey in 1901-1902. These were published in
Bulletin No. 2 of that survey, hut this has long been oat of print.

At that time samples were faken, in person, at the mines and
were placed in tight cans, which were sealed. In this may the mois-
turve in the lignites, as mined, was capable of acenrate determina-
tion.

The mines visited and sampled were as follows:

No. 1535, Carr Mine, Lytle, Medina county.

No. 1536, Dertelti Mine, Lytle, Medina county.

No. 1537, Glenn-Bello Mine, Bishop, Bastrop county.

No. 1538, Worley Mine, Rockdale, Milam county.

No. 1539, Black Diamond Coal Co., Rockdale, Milam county.

No. 1510, Lignite Ezeetle Coal (lo., Rockdale, Milam connty.

No. 1541, J. J. Olsen & Sons, Rockdale, Milam couniy.

No. 1542, Big Lump Coal Co., Roclkdale, Milam eonnty.

No. 1513, Aransaz Pass Lignite ('o., Rockdale, Milam county.

No. 1511 Central Texas Mining, Manufacturing & Land Co.,

Calvert Blulf. Robertzon county.,

No, 1545, Houston County Coal Co., near Lovelady, Houston

county.

No. 1516, Timpson Coal Co., Timpson, Shelby county.

No. 1517, North Texas Coal Co., Alba, Wood county.

No. 1518, North Texae Coal Co., Alba, Wood connty,

No. 1519, Coma Coal Clo., Como, Ilopkins county.

The production of lignite at that time and year by vear since
is given in the Table of Produetion of Coal and Tuignite on page—
of thiz Bulletin.

The analyses made on fhe samples taken in 1901-1902 are as
follows:



TasLe VIIIL
Com position of Teras Liguite, Sampled al Mines by University Miners! Survey, 1901-1902.

Analyses by O. FL. Palw and S 17 Worrell,

Proximate Analysis. ) Ultimate Analysis. !___llc_ag_ Value. l |
) British thermal |

Dry basis. unils per pound.

Natural condition.

Natural condition.

!
(=]
| &
5 | SR o e ' E
Analysis é‘-‘; = | s | i ‘ : ! ' ! 3
No. EE T2 2 , ; s : ! el 5
g 1 So | B e '-‘ g g £ 5 - ;| 8 2
S ra&EtB LB g ! g, g | & Eladg.&| & 2 =
2 i858 2| 12 T 2| s|l2|¢g 8.2'2|%8]| ¢ 2 B
s =& 241 E ¥ 2 'S | E R 5 T B e | S P gk
S 1 3E T E | E o P O - O 0~ S~ B I B = e
R = < ow IS B = 1 ° A l [ c Z. = -
33 28 0. 3.15'32 24411 . ;! 3.07!10.7(;! 1 P4 1.62] 12,215‘1.28l 80.0
31 18 | 1. .30 17710 .4 3.2513.82; 0.7 3 k. 1.00, 11,47()]1A 88.7
88 21 0 8610 3.1310.67 1. 9. ].:')(il 12,1661 .8
OQ 22 1. ¥ 4.10110. + 3.25 13 32| 0.% 4. 1.09 11,5511 .¢ .5
26,22 1. ] 82 Tk 3.1211.03 0. 4.7 1.31 11,792(1. .0
.5();1:» 231 65.41 22 51|12, £ 2.8514.85 0.9 4. 1.43 10,9011 .: 6
T8 7 0.0 4911 2118, 2.70:10.89 0. 4. 1.300 11,0881 . 3
A4 AT 0.931 61.98:25.57 9. 3.36i11.68 0. 4.6 1.27 11,750(1. .9
28.96.24 .. 3.20. 10 .81 31.49 24 .€ 2.73. 7.32' 1. 3. 1.98 10.489(1 .44 .0
L0010 . 0.91] 72.7214.26;13. 3.2012.78 0. R i 1.19[ 11,305,1 .. 5.8
3.16,19 .97 0.407 51.95 31.26“(3. 3.17:113.69 0. O I 1.40, 10,994:1 .31 1.4
5323 1.46. 58.10.33 .89 8.05 3.32113.05 2. 4. 1.26 11.837!1A .3
21-11 0.47 70.21'18.02:11.77 +2.91112.01 1. 4. 2.20 11,751°1 . )
7419 056 63.47 70.19 6 ' 9287.14.83 1.0561.27 4. 1.61 11,6941 &
88: 3 0.68 69.39 5.16 23 ''2.3011.151 1.09 51.50; 3. 1.65 9,790 1. 3.7
39;[7 1.12 60.61 25.88;13 .1 3 0'3|12 20 1.18,60.23 4. 1.47 11,4271 3.1
i i ! | 5

S8
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The variations in these analyses are as follows: Material as
mined—

| I'rom. To. Average.
Moisture. . ......... 29.07 36.16 33.37
Volatile eombustible 28.96 51.00 40.39
Fixed rar]mn 3.41 24.47 17.24
Ash . 4.87 17.60 9.00
Sulphur 0.40 3.290 1.12
Carbon...... : 34.93 43 .85 40,13
TEVAPOREN, S5 o s s s e S 2.30 3.37 3.03
OORTBEIL oot o 1o a8 S AT 10.67 14.85 12.29
MNBEPOBRR.: o irvmsomm i s s s s o s isseanss 0.85 1.41 1.18
Heating power, B. t. u, perpound . .. ........... 6,474 8,053 7,614
On dry basis these become: .
Volatile eombustible matter . PO P b R e 40.84 72.72 60 .61
Flaed enrlon. . i cvaeey sns sra s ss swiman v 5.16 34 .82 25.88
P | O R S Pt Bty Y S P e g g 6.34 25 .15 13.51
Sulphar e A S R A 0.64 4 .65 L7
Carbon . ...oo e i 51.50 65 .40 G0 .23
ydpogen ol Srdwe sl b dlaiisle 3.49 5.13 4.55
L L 1 10.33 22.91 18.45
ot Eren o1 g SRR SR S e S e 1.09 2.20 1.4
Heating power, B, t. u,, perpound . .. ........... 9,790 12,215 11,427
Specific gravity . . . . .oovesiiisonsiness e nenaa 1.16 1.44 |
Weight per cubic foot, pounds. .. ............... 72.5 90.0 83.1
Tanre IX.
('omposition uf the Ash o[ Texas Ltr,rmif 8.
. = : Oxide of Sul-
Analysis Silica. | Alumina. |Oxideof | Lime. Mag- | Mangan- | phuric
No. iron, nesia, ese. aeid.
12.27 5.00 None Trace 1.00 13.71
1692 8.32 0 f e il B e s 15.54
13 .48 11.7 0.88 3.32 14.22
16.20 11.10 4.36 2.00 18.01
16.77 8.47 1.38 Trace 17.10
28 87 241.85 ] Trace 0.52 10 .45
11 .61 H.08 38.17 1.00 1.60 7.79
23.02 2,02 15.493 2.12 Trace 12.81
23.18 18.32 G4 Trace I'race 4.58
31.26 2.02 8 1T P 9.52
20011 3.69 10 .58 0.48 0.48 5.47
19 .08 12.92 18 .68 j G/ PR, 20.92
23 .00 6 .00 24.11 T'race I'race 8.51
25 .81 7 .40 41158 ) S IR e PIRRL g A 11.32
24.68 7.70 10.549 I'race Trace 3.58
Avcrngc ©| 3857 | 20.64 9 04 [ 16.81 | 0.91 l 0.81 12.90

In these lignites Hm Frﬂlm\mrv mlmimnc in ﬂw (mn]mutmn of
the ash are to be noted.

|
From. To. Average.

- i i | l |
Percentofash...........ooiniiiiniininins 4.87 | 17.60 | 0.00
Sihed o LR R e R e 21.61 6:3.40 38.57
FALL T T T 11.94 .26 20.64
Oxide of iron 2.02 [ 24 .85 ] 9.04
T8 oo iy i oo o S WS B T S 0.00 |  38.17 16.84
Sulphuricacid; . . i s emin dimh dam i v 3.53 ] 20.92 | 12.90
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With the lignites, as with the coals, there is a considerable varia-
tion in the composition of the ash, leading to the conclusion that
the conditions, with respect to vegetation and the in-wash of sedi-
ments, varied within wide limits.

On comparing the ecomposition of the ash of these lianites with
that ol the coals given on page 16 it ig scen that the Tignite ash
carried considerably less silica, alumina, and oxide of iron than
the coal ash, but considerably more lime and combined sulphurie
acid.

What deductions may be made from these facts does not now
appear except thut it is probable that the vegetation forming the
coal was different from that forming the lignite, and also that
the in-wash of extrancous materials was different during the pro-
cess of the formation of these beds.

Whether the coal and lignite heds have been formed “in situ”
or by “drift,” or by a combination of these two methods is an open
question. 1t is Jikely that conditions varied a good deal not only
in the coal period as a whole, hut also locally, and, to some extent,
while the same seam was heing made.

The analyses that have so far heen given and discussed represent
samples of lignites that were secured from the mines by an agent
of the University Mineral Survey in 1901-1902.

In order to bring the matter down to date and present new and
detailed analyses, the operating companies were asked to send. in
typical samples of the material they were mining and shipping.
These samples were, for the most part, received in tin cans, with
close-fitting covers. TIn those eases in which the moisture runs
much below the normal the samples did not come in such cans, and,
therefore, show a less amount of moisture than iz usually found
in our lignites.

As the analyses are given on the samples “as received,” and
on the dry, or waterfree basis, also they may readily he compared
with each other.

The analyses of these “Company samples” are as follows:
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Analysis No. I

TasLe X,
Analyses of Texas Lignites—Caouipany Samples. By S. H. Worrell, 1910-7911.

|
As Reccived. | Dry Basis. . Heating
=— ¢ ! Power.
Proximate Analysis. i Ultimate Analysis. Proximate Analysis.  Ultimate Analysis. . BruGeh.
] > i | i | ! ! thermal
! . ! . | Tully. ! : ! ! i units,
| é’ S | | i ! i | 1 ; per pound.
. g = Do l : | P, |
é o2 g 3 o e A 2 AN = = g 3 o
s 232 2. =8 20 3 i ¢ 2 & = S & 5t 3
£ iz4d= F L = 2 |3 = 8 = i =2 =5 = T ’g 2
2 iBgEy X % 3 o8 o~ v w 15l g PR = el
2 lers, B 8B b 8 ] iy e A DS T e (R
i i ;
29.28 34. L ,238110,220
15.00 43. 1. 21.6 ,789.10,340
2091 39. S22t , 2 ¢
0 145.6 S 17.762.35'10.1411°11.1:
3 41.6 1" 21, 2 U,gil , 855
42 5. 6. ). .20° 8,156,10,510
338 1" ; 51 15.571.71, 7,068 9.344
28 .3: 2. .6 0 23.701.53 6,717 10,600
. 36.9: D . O 21.951.711 7,442 10,510
o .6 Hho29.132.141 9,670 10,840
[ g 0 23.711.98 6,727 9,782
T4 { .68 27 24.63'1.56, 7,682:10,540
6. 3. .80 50 21.67 1.86] 7,532 10,120
3.7 L 9.701 40 N 30 21.921.730 6,416 10,226
4. 13.81!1 001 59 . 19.99,1. 7,010 9,709
K 17 .82'1.31 ) 18.1411.33 6,688 9,709
6.6 10.02( .72: 6. 19 301 .2 9,774:11,182
7.9 15,19 541 20.48:2.34: 9,525 10,900
4.2 11,09 .98, 20.582.09° 6,920 10,030
7 7.00 87 6 25.201.70" 6,797 9,957
7 11.49{1.29 23.091.68 7,459 10,030
16.7 N 13.221 80| 5 20.21 2 18,262 10,410
40. B 10.281.20; 5 22.96,2.58 6,690, 9,855

: . e
7.59° 28,145 8.79 .65, 44.0813.350 16.491.47, 50.48 37.81 11.71| .90 5 7,661 10,212

NI T UL [ids) Spanul 9l ]

1 G
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The key to these “Company samples” is as follows:

Anulysis

No.
10,
50,
12,
YR
10,
14.
165,
1.
1%.
A,
18.
BN

%L

LA £
0o

i

L
et

NI
==

=
_— L Ll

b )

Alba Lignite Co.. Alha, Wood county.

Alba-Malakofl Lignite Co.. Alba. Wond county.

American Tignite Briquetfe Co., Big Lump, Milam county.

American Lignite Briquette Co., Big Tamp, Milam county.

Bear Grass Cloal Co., Jewell, Loon county.

Bertetti Coal Co., Tvtle, Medina county.

Carr Wood & (foal Co., Lytle, Meadina county,

Como Lignite Co., Como, Hopkins county.

Consumers’ Lignife (o, 1loyt, Wood county,

Consmners” Lignite Co., Hovt, Wood county.

Cookville Coal & Lumber (‘o., M. Pleasant, Tilus county.

Edgewood Coal & Fuel ('o., Wills Point, Van Zandl county,

Ilouston  County Coal & Manulacturing Co., Crockett,
Iouston connty.,

[ndependence Miniug Co., Phelan, Bastrop county.

Lone Star Lignite Mining (., Como, Hopkins county.

Meleher Conl & Clay Co., O°Quinn, Fayette county.

Roekdale Coal Co., icks, Tiee connty.

Rockdale Conzolidated Coal Co., Rockdale, Mikon county.

Rockdale Lignite Co.. Rockdale, Milam county,

Rowlett & Wells, Rockdale, Milamn connty.

Southwestern Tuel & Manufacturing (fo.. Calvert, Robert-
son county.’

Texax Coal Co., Rockdale, Milam county.

Vouel & Lorenz, Rockdale, Milam county.

Nole~ ~The Alba-Malakoll Lignite Company is successor to the
Alba Lianite Compuany., The Vogel Coal & Manufacluring Com-
pany is successor {o Vogel & Lorenz.

Analyvsis No. 41, Rockdale Consolidated Coal Company, repre-
senix lgnite sampled at the works of the Austin White Lime Com-
pinny, MeNeil, Travis county, January 13, 1911,

The variations in these analyses arve as Tollows:

Now Sonthwestern Fuel Company.  Main office in Waco,
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o '
Samples as Becered.
| IFriom, To. Average.
T a— FER
Molslaee s T L e | 7.30 37.26
Valatile rumhu“hhlc m.lll-,r S 20,33 40 .62
Fised carbon. . ... .. . . 21.09 38,92
AR e P R e 1.81 16.11
Sulphur............ L 0.41 (.96
GarhON .55 i S e R R R 3616 0878
Hydrogen . 2.60 143
OXFHOR L 5 waiowsmionimsismaai pio g4 11.76 2599
Nitrogen........... 0.73 218
llcdlmg power, 13, L. u i pvr ]wund ....... G,201 10,411
On a drey basis these become:
Volatile combustible malter.....oo oo onnn. 4338 S0 AR
rit{.d 1111011 1) TR P e E e S L oy A S0.09 37 .81
7 1 R e e .62 11.71
Q)'IlllJlllll’ ...................................... .45 0.4
Carbon, ... .. ....... i O et P ] 2.0 a8.85
EDydvogon. /o0 Vdiiaseisg e e o o 4 .48
CRRNTIOIL L 4 0 e s e T 6 D6 15.67 2220
T | e e R M P 1.20 1.8G
Healing power, 3. L. perpound ... oL, L. 8,974 10,212

Tanry NI

Pracinale Analyses of Tevas Ligniles— U phabelically A rranged—-

Dry Bosis. Hr; SO Worrell,

Vaola- |
tile  Fixed
Number and deseription of sample, | com- | cir- Ash,
busti- hon,
ble |
| matler.
1, Alba Lignile Co. | |
Alba, Wood Connty .. o......... 810 A1 .05 | 10,85
30, Alba-Malakelt 1 dignite Co.
Alba, Wood Counly ..., e o130 | AR I8 | 10,22
12, American Lignite Brlquvll.' Con |
" Big Lump, Milsm Counly .. ... .. | aaT0 300 | L
A7, American Lignite Briguet e Co. :
Big Lump, Milam Counly ... .. S L1 02§ N S {5 A B ) < 11
15, Bear Grass Coal Co,
Jewell, Leon Counly...ooi00.0. [EE IS I B 8.0
11 Berletli Goal Co, i
Lytle Neding County ..o | a3.00 " 30 01| 13,00
16, Carr Wood & Coul Co. l
Lyte, NMoedi 11,805 33,80 | 21,4
11, Comao Lignite Co. 1
~ Coma, Hopking Counly ... .. | 170 | 663 | 12,67
17, Consumers Lignile Co, I
Hoyl, Wood Counly .. .......... | LS00 B B bt F Wi v ) 9,61
56, Consitmers I, ignile Co. x
Hoyt, Wood County.. R (I A A T IR TR )
18, Cookville Conl & Lumber Co. : i
Mt Pleasant, ll||1‘»(ll|1llt\ oD DR BT B0 R 10T
36, Fdgewood Goal & Fuel €
Wills Poinl, Van Landl (.Olllli\ ; BILES b | h B2
2ih, Haonston l.nnn{\ Coanl & \lfu o,
Crocket!, Houston Connly . S 2 ST T ¢ LI I T B B |
21 Indepne ||¢l| e '\lmul;, (o, ; =
| 1, Bastrop Counly ., ..o R 1 i e T IS B
22 Lone Star Lignite Alining Co. H
Como, Hopkins County ... ... ... s 51 | A7 .65 ‘ 13 .81
23, Aleleher Conl & Clay Co.
O'Quinn, Fayetle Counly ..., [ 1028 | 3200 | 17.82

Sul-
prhir,

i)

T4
)

A

| B
A
N
.81

G

A5
o i
B0
0 !
1.00 |
L.t

Iealing
power,
B. Lo,
per b

10,220
10,340
8,970
11,230
HI
10,510
9,311
10,600
10,510
10,810
0,782
10,510
10, 120
10,226
9,700
9,709
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1}
| Vola- | . ‘ ‘ .
i tile | Fixed I Heating
i ' eom- car- ! Sul- puwer,
MNumber and deseription of sanples. | busli- bou. ,  Ash. | phur. | B.t u,
ble ! . per lb.
matter. | |
i i
a3, Nockdate Coal Co.
Hicks, Lee Counly .. .....0ovu.n. | 3120 38,78, 10,02 T 1308
41.  Roekdale Consolidaled Coal Co. L i |
Rockdale, Milamy Counly........ [ 1388 1113 r 15.19 Lol I 10,000
28, NRockdale Lignite Co. .
= Rockdale, Milam County........ | AT.60 7 11310 11,09 s 10,030
25, Rowlett & Wells, i 1
RHovkdale, Milam [.nnnl; RNt T 19 I W0 [ 7 .00 BT 9,757
26, S. W, Fuel & Mfy. i :
Calvert, Hobﬂlqun (Jllllll\ : ‘ A7 .80 - 10710 1149 | 1,29 10,030
39, Texas Coal € | |
!lm’l\d.fk‘, Mli am Counly . io.6h o 11,12 F 1.3 .22 80, 10,410
249, Vopel & Loreng,
Rockdale, Milam County ..., ... 50,52 i 39,20 | 10.28 1 1.20 9,850
AVCEIHG .« covvais avonsaiss s vmiswios | a. 18 ' a7st F 11.71 LAHD I 10,212
yer i

The heat units in perfectly dry tignite compare Fairly well with
the heal units in Texas coalz as they arve mined, but the heal nnits
in lignite as received at points of consunplion are mueh lower than
in ey lignite and much lower than they are in coal.

But {his is the very point not covered in this Bulletin, We
have no means of knowing, exeepl in a lew cases, how mnel mois-
ture liguifes contain as they are used. In comparing one lignile
with avother or lignite with coal for practieal purposes it is
necessary to know how much moisture they coutain, for upon this
depends, fo a greal extent, their value as fuel. The following
table shows how great the dilferences in composition of lignites
may he, according as they are considered with the moisture thev
contain or on a dry hasis,

Average compozition of Texas lignites with moisture and with-
oul moisture:

With 20 ]
per cenl, Dry
of

mmsture,
Volatile combustible maller. ..o oo 37, 50 .48
Fixed curbon, /o0 o i enda i iiaia e e idil s 28 .rl:; 37 .81

SH R e R BB S g S S B SR R A S 8.79 .1 11.71

BOIBRUE. .. ssrsssssien s daieis e < s e e _06h i 0,90
Heuting power: B i Wi e sl s st smmgie v 7,661 | 10,212

The percentages for any infermediate amount of water may
readily be caleulated from the “dry™ aualysis. In comparing one
lignite with another it is necessary to know how much water they
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contain, and what the composition would be if reduced to a dry
hasis.

But since if is impracticable o dry lignite before it is used,
and since it is costomary to nse it as soon as possible alter it is
wined, the amount of water it contains, as il is used, is a very
miportant consideration.

A case has reeently heen reported to us in which the heating
pewer of a certain lignite, as received at the works, was 6,410 B.
{. u., the moisture bheing 31.15 per cent. Theoretically a pound of
thi< lignite should evaporate 6.63 pounds of water from and at
212 degrees Fahrenheit,  The returns reported an actual evapora-
tive power per ponnd of lignite of 3.25 pounds of water, or less
than 50 per cont of the thearetieal evaporative power.

While a part of this los= may have been due to an uncconomical
installation, ver it does not appear that this would account for
all of it. In dealing with lignite we have to remember that we
have a fuel which may contain a full thivd of its weight of water,
and that, asidle from thiz, the volalile combustile matler, and, we
suspect, the fived carbon also, is dillerent nol only in amount, but
in quality, from such substances in conl.

In producer practice and in ordinury steam installations these
facts must be horne in mind, and hotl ihe praducer and the fire-
box grates and air inlets designed accordinglyv. There is a marked
difference in lignites, and a producer, for instance, designed and
built for a certain lignite, and which gives good resulls from it is
not necessarily suited for all lignites. Nor is it merely a question
of design and construction. The actual handling of the plant is,
perhaps. of even greater importance. There are (raveling grates
that ave used with a mixinre of soft eoal and lignite, and one
operating suceessfully on lignite alone. TITand-firing, with a hoiler
similar in type to the half-Duteh oven has given, we understand,
the hest results from lignite.

In order to compare the heat units in lignite as actually deter-
mined with those obtained by caleulation, we have prepared a table
hazed on onr recent analvees.  The Gontal formula was used for
the calenlation based on proximate analvees and the DulLong
formula for those hased on ultimate analyses. The results are as
follows:
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I Leating 1*ower, B. t. u., Dry. ‘T'heoretical
T Lvaporation
] Calculated. | in Pounds of
Analysis No. s Water from
Frum From . and at 212° IF,
Proximule Ultimate Determined. per Pound of
| Analysis, Analysis., Lignite,  Dry,
A A R R 12,0918 B, 802 10,220 10,38
B e s 12,570 9,081 10,310 10.71
L i ian v s R 11,933 8,512 8,979 9.29
v e i 11,885 10, 85: 11 | 11.62
) 12,154 10,115 0,850 10,19
14 . iR i 12,106 10,107 10,510 10 .87
s TR, B 11,800 9,910 1,341 .67
T3 el L e z 13,008 9,247 16, 600 10.97
17— Poo12,611 10,201 10,510 10 .87
Bl S oLV ki oo 10,810 11.21
B e e ek e e f11,877 9,518 0,782 .12
L R S . 4 12,535 10,282 10,510 10,90
| R e e e 12,127 10, 026 10,120 10.147
21 s P 12,641 10,330 10,22 10.58
b AR : At 12,410 9, 0,709 10.01
R 11,422 9,832 0,704 10.04
B T L e e 12,661 10,751 11,182 11.57
Bl b S A e s 12,126 1,315 10,400 11.28
R e e R 12,911 0,847 10, 1k30) 101 .38
D O T ey s i 13,510 0,872 9,75 10 .04
| 12,856 4,570 10, 1030 10 .38
- L R 12,601 9,811 10,110 10.77
20 e 12,570 ( Y,271 9,855 10.1Y
AVCrAgO . . v vmmin anns 12,484 9,784 10,212 10,50

An examination of this table shows that the Goutal formula
applied to the calculation of heat units from the proximate analysis
of lignites gives on the average, results that ave 22.30 per cent
higher than thé heat units obtained by actual determination. 1t is,
therefore, unreliable and cannot be used with a reasonable degree
of accuracy.

The modifiedd DuLong formula, applied to ultimate analyses of
lignites gives, on the average, resulls that are L10 per cent lower
than the determined heat units, and may be nsed for approximate
results,

Applied to proximate analyses ol coal, the Goutal formula gives
results which, on the average, are 10.6% per cent too high, and the
modified Dulong formula applied to ultimate analyses gives re-
sults which, on the average, are almost the same as those oblained
in the calorimeter.

In the table giving the caleulaled heat units in Texas lignites
we have included a ealeulation of the theoretical evaporation in
pounds of water from and at 212 degrees Tahrenheit per pound
of lignite, dry basis. The results vary from 9.29 to 11.62 pounds
of water per pound of lignite, the general average heing 10.56,
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dry basis. In actual practice the efficiency of lignite as a fuel under
steam boilers varies according to circumstances, and no rule of
general application can be given.

Analyses of lignite made in the laboratory of the Bureau but
not included in Table X, page 91.

Atuscosa county, near Potect, as received:

|
Analysis No.— 936 i 599 600
MOIBEIG. o .ovvvnevrons i tsnnransssvnsasnsssnas [21.00 25.00 34 .82
Volalile combustible matter ; 36.07 18.20 19.73
Fixed carbon.....oocvvevovrrrrissrcarasnrnssns 32.97 43 .80 31 .62
BRI B R I R S R i 6.96 13.00 10.83
100,00 ' 100.00 100,00
Sulphur . o 0.62 1.23 1.26
Bt W, per POURM ;oo s s e e 0,002 8,105 7,860

936. Trom Jos. A, Burger, San Antonio, 30 1o 40 feet under
cover; thickness of vein 4 to 5 feet.

599, From Tofeet Sand & Coal Company, San Antonio.

G00. The sanie.

Dastrop counly: As received:

Analysis Noo— ! 162 | 175

IBOTBLTRR -4 o w6 B 5 5 A TS S A Pooaso 1000
Volatile combustible matter. . ............. ... ... . ... 38.02 47 .00
Plxod paebon o i it RN A 30.54 21.09
fksh ................................................... 6.4 | 18.91
¢  E— P i
(i 110000 100.00
Sulphur ............... R S R e R T l 0.61 | 1.80
Botou, per ponnd ..o vt BT ‘

n, 114
192.  Independence Mining Company, Phelan,
175, Outerop near Clopton Switch, 6 miles south of Rlein,

jowie county:  Sample from R. W, Rodgers, Texarkana. An-
alysiz No. 48, az received :

Muoisture., ... ...
Volatile comhnstible matter.
Fixedcarbon..............
Ash

100y .00

ﬁulphu ............................................................ | 018
Bt per pound . sl bl il deiti R e 10,370
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Brown counly: Sample from 1. F. Johnson, Brownwood. An-
alvsis No. 695, as received. A typical form of lignite showing
carhonized w oody fiber, jet Dlack in color:

‘\Im-‘lul
te combustible matter

l(lll l}U

1.77
B Lot per pound . oo e e 10,7491

o county: 1'r nineg of The Lower Strata Lignite
Fayelle county: From mines of The I Strata Lignite
Mining Company, Ledbetter; formerly known as The Big Four
Mines, as reccived, percentages:

Analysis No,— (i3}

181 237
‘]9 00 38.50
30. W77
1), 59
8.74
100 .00 100 .00 i 100,00
Slphinr.; cosivibesi v o i n. d. n. d. n. d.

Nos, 1 and 237 are ‘*al(f to 1ep1esent the 8-foot scam, 55 feet
helow the surface.

Nog. 62, 157 and 181 ave said to vepresent the 7-foot seam, 95
feet helow the surface.

Heneerson county:  Sample from W. Reid, Dallas Lignite Com-
pany, Dallag, of 12-foot vein, two and onec-half miles from Stock-
ard.  Analysis No. 216,

Per cent.

IR ORE T 5 D D T 5 A P T RS SR SR R DA R 25 .00
Volatile combustible matte iy 36 .81
Fixed curbon , e ; 29 .89
A N R e e s S S N A R A R 8.30

100 .00
SUIPRUE . oetet eeeaaaaeas 0.70
B. L. u., per pound ?.950

Agcuming the same mnouut of moisture, Ledoux & (‘cmlpun\,
09 John St., New York, gave analysis of lignite from the Dallas
Lignite Company’s mine at Tr edlow, one and one-fourth miles east
of MalakofT, as follows:



Alba-Malakoll Lignite Co., Mine No. 2, Malakoll, llenderson County.
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Per cent.

O I v s o o T W S S A R R s R 25.00
Volatile combustible maller. .. .. cov oo iveiarivosnrrsrsisssreesssssnas 31 .:IE
Fixeel CarDOI .. cemsnsnnenesssttassmsnssssorsssnssssrrsssisasssssees 33.25
Al S T e e R R R R N e e e e v 7.28

[ 100 .00

On {he same basig, an analysis of this lignite, made hy the Bab-
cock & Wileox Company, New York, gave:

|
| Per eent,

100, (!U

The vein al this loealily is said 1o show 10 fect 6 inches of clean
lignite withont a parting.

A sample of lignite screenings received from the Malakofl mines
of The Alha-Malakelt Lignite Company, May 15, 1913, had the
Tollowing composition :

Analysis No, 751 Per cent.

MOISLUIEE . Lot e e 21,14
Volatile combustible malter. 0000 0Tl 39,19
TERRMEL IR« - 3 e i A T e TR 19.83
L e ey et i ey 16.54
100 .00

P L 12 o 1.08
B e e S R e S A R S T R 7,578

Hauston county: A sample of lignite screenings from the Hone-
ton County Coal & Manufacturing Company, Wooters, sent in
by the IMuntaville Light & Power Company, Huntsville, had the
following composition :

Analysis No. 648, Per cent.
R T e s S ——— o 30.95
Vol’lhle cnmhusllhlt it 1 R e Dl cpe P U R 32.84
T et T D | i e i e e B a e e R R e e e e 2 27 _irari
o T I S { 8,57
100.00
"sulphur ........................................................................ 1.43

B. t. u, per pound
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Leon county: Bear Grass Coal Company, Jewett: as received:

Analysis No.— 531, 307, 933,
Per cent. | Per cent. | Per cent,

Moisture..oovvveseernsnsns 28 .20 | 27 .00 26.50
anutlll. combusllhle matter .77 ! -'i'? 1) - 28,90
Fixed earbon.............. 24.72 8!] ) 28 .81
. 12.31 15.73
100.00 I 100,00 100.00

BUIIIAT oo soistoin s b ae S i b e R R R 1.02 0.44 1.11
Bt per POttt i v e s reaala s e e I 7,805 i 7.308 6,528

1 |

Note.—Analysis No. 933 represents sereenings through straight
bars with #-inch openings at hottom. About 20 per cent of the
mine ran passes the sereen. Newby,

Mr. A. Bement, Chicago, made an analysis ol Bear Grass lignite,
March 11, 1909, TIn the samples as received, the moisture was
16.i7 per cent, the ash was 11.24 per cent, and the B. t. u. per
pound were 9,362,

1louston County Coal & Manufacturing Company, Evansville,
Leon county:

1
Analysis No. —| 312, 127, 028,
| Per cenl. | Per cent. | Per cenl.
MOSbire. . ..o e eeiiee. 2580 21.60 31.80
Volatile combustible matter.. .00 0000000000 3339 32,60 29.28
TR0l COTBON o covrvvmmi s bn s sowim s mn 6 8 s LR U1 | 32.70 30,25
F 5 O o e e P R §.90 10,10 5.67
100,00 10000 ‘ 100.00
Sulphur .62 0.55
B Lu 7.760 7.619

Medina county:  In a communication from the Care Coal Com-
pany, San Antonio, May 26, 1913, it is stated that the following
analysis morve nearly represents the average of their Tuytle lignite:

Ier cenl.,

1

|
Meolstore s s i e s s T e A e S e 21.50
Volalile combustible matler. .. ..oovviiiiiiieiiiiaiareiiiiiiiisnarrss $5.00
Fixed carbon......coovvviviamnrsinsnrarsrserarransrenrsenareanaennns 30,00
B e A T L RS BT R RS R 10.50
i 100.00

Milam county: Two samples representing the lignile mined
at Big Lump by the American Lignite Briqueite Company. Analy-
No. 420 represents the deep vein and was sent to us by the
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Company, Jannary 4, 1913,  Analysis No. 833 represents a sample
taken from the boiler room at Big Lump by Mr. E. L. Porch, Jr,,
July 11, 1913.

Analysis No.— 420, " 833,
Per cent. | Per cent.

7 (1T ¢ S < el 2420 32.00
Volatile combustible matter............ooiiiiiiiiiiiiinn.. 36.28 29.77
Fixed corbom ., .. .ccvmvuansssnnsss T ——— 30.62 29.20
Lo O G §.90 0.03
100 .00 100 .00

“t

LT L 5 1.14 1.24
Bt per podindl oo S S R 7,684 I 7,842

Lignile from the Texas Coal Company, Rockdale, sampled in
University power house, May 9, 1913:

Analysis"No.— 745,
Per cent.
e e T e s e Ry e L L 29.60
Volatile combustible matter. o, o000 UL Iil D0 Gl i i e 31.50
TONXC COUPDION s rvisiuiens v irsrwim s femie v i B A 1320 R btk W e 30.24
7 R e 8.66
100.00
SUIBHUE. © o 5cc ot st s g o et arn s et e e s 1.00
Bt w, perpomnd., oo oni i i s e 7,093

Robertson county: TFrom near Bremond, July 5, 1913:

Analysis No.— 823,

B Per cent,
MOIBEUTE ., <ovcvevussowiivis 31.00
Volatile combustible matter 34.02

Fixed carbon
Ash

100.00
S DT s it A R R e R S R Sy e
B. t. u., per pound A | 8(,]583

We have recently received some samples of lignite from near
Wootan, Robertson county. The analyses of the samples and the
descriptions are as follows:
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Samples us received :

|I 954 L 955 D56

1 i e
Muisture. ... . 29 .40 l 31,40 30,60
Volatile combu 29.51 2930 30,19

Fixed curbon . 2001 97 31025 | 3107

L 3.8 [
T = S A A B I TV T B 7.9 0 5.1t
100.00 | 100.00 | 100,00 | 100.00 | 10000
Sulphur.....covvsvranerascsracana e 0.73 0.91 .88 I .88 0.86
B.tu,perpound. .....coveuvinenns 8,110 7,138 8,219 | 8,386 8,038
son = b

953. On farm of Strumensky Son, 24 miles northeast of
Wootan, Rohertson connty, Texvas. Thickness of seam. 6 feet, in
well 72 feet deep.

954.  Onc and a quarter miles sonth sonthwest of farm of Stro-
mensky Son, near Wootan, Robertzon county. ‘T'hickness ol scam,
G feet, in well 73 feet deep.

955.  One-half mile north northwest of locality given in No,
954, Thickness of scam, 6 fect, in well 53 feet deep.

956, One-fourth of mile from loeality given in No. D53,
Thickness of seam, 8% feet, in well 333 feet deep.

95%. From mines of Southwestern Fuel Company, Calver(, Rob-
erfson county. New mine. Sample taken 700 feet from shalf,
north.  Thickness of seam, 64 feet.  Depth helow surface. 60 fect.

Smith counly: In a communication from AMr. T M. Coup-
land, Troup, December 9, 1912, we were given an analyxis of a
semple of lignite said to be from a depth of 800 to 900 feet, near
Whitchouse, made by N. C. Tlamner, Dallag, Tt waz ag follows:

I Per cenl,

A e T e e e S B e P T S 14 .45
Volatile combustible matter. .. .. v ovvvimuiive e iiisisiiaiioasrsosnns 34.82
Thixed carbon. i it v e s iy e e 36.18
A e R R B T e e e e R e 11.55

100.00

Sl i e e R R S R T SR R T 0.93
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Upshur counly:

148

s
Per cent.

Analysis No.—

54,
Per cent.

L T T 11.40 25.20
Volatile combustible matler....... ... i it 42 .80 37.30
FRR BOPEO oo v nin v v 8 oo s e M B A 33.76 26,09
A e e e D St m o S e 6 g b 8 o 2.1 11.21

] 100 .00 100 .00
BUPHUR oo s s R R e e \ 0.88 1.20
B b s DR DOMNME S s sivi s et s e R R e R r .......... i 7,650

No. 34, Sample from R. B. Nelson, Gilmer.
No. 148. Sample from R. . Ezekiel, Kelsey, top of vein.

Wallcer counly: TFrom 10 to 15 miles north of ITuntsville and
south of Trinity river. Analysis by P. 8. Tilson, Houston, of a
sample from G. A. Wynne, ITuntsville, February 8, 1909:

| I’er cent.

Moisture 13.73
Volatile LOm])usllblL malter i 15.95
F:xcd earboi e 37 .2

Wood county: A sample of lignite screenings received from the
Alba-Malakoft Lignite Company, Alba, Wood county, May 10,
1913, had the following composition, as received. Analysis No.
744,

| Per cent.
Moisture........ L P T et 25 .80
Volatile combustible matter - 36.55
Fixed carbon.............. R . 24.67
12.98
i 100.00
Sulnhur ........................................................... 1 0.61
Bt U, PO DOUNC . Lo ottt e e ettt e l T 8,085
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Consuniers Lignite Company, Hoyt.

PERCENTAGES.
N T I
Anntysls No.—| 282 592 | 593 | 701 | 213 I 914 | 915 | 916
i | i

Moisture . ...ooveeiniae 24.10' 33 .46 33.14| 32. ?9‘ 25.85 27.51 26.54 24.95

Volatile combustible mat- | |
s S 36.18| 31.51, 30.81, 29.51 35.58; 33.42: 30.85 32.21
l"le.tl carbon............ 31.92! 27.44| 2739 28.94| 31.30| 28.12 32.71| 32.06
VLT S T 7.50| 7.59) 8.66 8.?6; 7.27) 10,95 9.90, 10.78
100.00 [100.00/100.00/100.00{100 .00{100 00100 .00{100 .00
Sulphur......coovvuuvnn. 1.00( 0.61' 0.65 0.85 0.68] 0.70
B. t. u.,, per pound..... .. '? 882 8 ‘25?| 7,038 7, 43?] 7., 974 2 739 7. 728[ 7,780

Note.—Analyses Nos. 282 and 913 are of lump, 593, 915 and
916 are dust; 914 is nut; 592 and 701 are screenings.

An analysis of this lignite made by Crossley Bros., Manchester,
England (probably in 1909), gave the following results, in per-
centages:

Per cent.

Moisbare o v e T R D R B e R e 24 .50
Volatile combustible mattcr ......................................... 31.30
Ll T ) T B o e R N G B LA N 38.00
B e e R R R S T R T N R S e e e 6.20

100.00

Nitrogen, dry ...................................................... 0.98
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CHAPTER VIL

Orirer ANALYSES orF T'rxas LiaNTres,

In Bulletin No. 22, Burcau of Mines, Washington, 1913, there '
arc given some analyses of Texas lignites made by the United States
(ieological Survey, and in {he laboratory of that Burcau. A de-
seription of the samples and the analyses is as follows:

Houslon county: Crockett, 11 miles south of Wooters Station,
Room 17, north entry 3,890 feet from foot of shaft, 5 foot cut:

‘ Per cent

IVIIEBRTIRTS .« om0 0 4 SR T A R 32.58

Volalile combustible matter e 37.02

le.cd carbon............ 19.56

Ash 10.84

0.56

33.50

39.50

16.25

sh .. 10.75

Sulphur i .56

B. t. u., per pound, .. T s lagml) L e e | 7,142
Same, over §-inch bar screen:

NIOISLOIE £ O e e S R R s \ 34.70

Volalile combustible Matter. ......oviiviii i 33.23

BB CREDOIR L4 4 i viaia v o 0i5Ta'n vt o 550 010, B8 $ 80,5, 5. m1m 8 i o 3 S 21,87

SH e e \ 11.20

SUIPRUT L e e 0.79

-5 e B T | T | R e e e R e S S e T B ‘ 7,056

Medina county: Lytle, Carr No. 3 mine, 350 feet, northeast
entry No. 6, 514 inches cut:

Per cent.
I O L A B T o W0 b o B ot S A A8 A 0 31.67
Volalile combustible matler.............oiinniiire i iinninennnnss 24 .81
Fixed carbon. ... ..oun i 26.49
Ash....... R e L ot e e A it O R IS e e e 17.03
T 1 3.55
Same, 600 feet northwest; room at middle of northwest entry No. 5; 403
inches cut:
IGIBLIRG s vt s oo s o et R A S s 32.92
Volatile combust:blc L1110 ] T N o e e b 27 .42
1 sxcd CAPHON o G e b e e el A 27.08
............................................................ lfig
Sulphur .......................................................... :
B b D DREPOTILL o cvimmietacnn s s e o miam siniase s piaie 6LaL 6 staie son s 410G 0w e 4 S 6,840
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Milam counly: Ncar Rockdale, Olsen mine, 400 fecl cast of
shaft, 77 inch cut:

| Per cent.
Moisture. ....... R e R T A L 36.01
Volatile combuxtible malbers il s iliann il e Riiies Bk 27.95
LT Ty e g ol ey N R e 25 .66
B R R R A R R R R I L B ST it 7.38
Sulphr.. . ol 0.77
Bt perpoand . s e R G R A s v N ) T 132
Same, H00 feet east of shaft, 79-inch cut:
MIOIBRNEC o i Sl s e o S SR B 80 % T T e 35 .56
Volalile combustible matter.. . ..........ocoiiniiiiriiiniian e, : 28.91
Fixed carbon 27.49
Ash......... §.04
Sulphur......... 0.75
IR T RO SRS SO NEPOR D) |
Same, lump, over ¥-inch screen:
g T T e R P D e P it S SR R R 41.06
Volalile combustible matter.......... ...t 27 .67
o T S P Pl ok e M e i 33.39
............................................................. 7.88
......................................................... 0.99
l 7,870

Big Lump mine, 720 fect north of opening, entry No. 6, 7 foot
eut, “big vein”:

, l PPer cent.,
VRPN T R R B A e 35 .86
Volatile combustible matler........ ... ... o iiiiiiii i 26.50
Fixed eurbon i s G LR e GasR R S 20.72
BN o s o R B S T B R 7.92
111 ] e e R e e s e R R T i 0.87
Same, 1,020 feet northwest entry No. 8; 82-inch cul: .

M e S S A i e S R | 35.30
Volatile combustible matter. ... ... .ot iiiiiie i 26.22
Eted earbon - S R R R R R R I 29.58

L o T ST 2 T S | 8.90
Sulnbae . R R R TS L R g 0.76
B 1 D DO Ln s s e e 1 e A e e R e e I[ 5,898

Robertson county: Calvert, Calvert mine, room 4 of entry 1
south, 250 fect south of opening, upper 811 inch bed, T7-inch cut:

Per cent.
IVTONSEIIPE ; vvsim s e sn imiains oo e o b il Faaa 5 0 0 0w e, W o 40 4 00 008 34 .32
Volalile combustible matter. ... ..o 35.94
Fied oarbon . s s e b o R R i R N s s 30.93
R R e i T R S R AW R T T R R &8.80
I DN . . oo o ot e es s et e e psrss b M TR O S R o 3 AT AT S ey 0.95
B toa, perpouand i abnndine L Sm i A s 7,214
Same; room 8, off east entry north, 550 feet northeast of opening; 834-inch
_bed, 784-inch cut: |
0 L T S e et T R e | 33.50
Volatile combuslible matter. .. ... iieiiiniiiiiiaiiiiiniiiians | 26.006
FIXed CAIOM. v v i tver et abennarerasaserasesasoseasnsonanssss 30.38
7 e e e R R e R s e e S 10.06
I i R B S TN I T J 0.97




Coming up the slope with a trip of loaded cars. Consumers Lignite Co., Hoyt, Woud County.
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Wood county: 1lloyt, No. 1 mine, south entry, 2,500 feet from
month, 83 foot cut:

Per cent.

IVEOISENTIE. o o0 im0 BB S R AR e 28 .86
Volatile eombustible matter. ... ...... .. A Rk 3l A Ry i .1:_).'95
Fixed: Carlion i ot e ey i e o e e 27.20
e e e b e o 7.92
T R P e Y 0 S S < My S 8 e 050
13 K S B T T R s S R e e R e L e R S 7,906
Same, No. 3 Mine, fool of air-shaft; 91-inch cut:
Blotslure. . ool oo i iahiea i e A R e A G134
Volalile eombustible matter ... .. R —— 41,18
i'lxod cnrban 18.08
............... & .50
Sulphur ................................ {{ )

Same, run-of-mine:

BAOISLUCG. o st
Volatile combustible matter
Fixed carling....oooveiiininnns
L s L
‘-»ulnhur
B.t. pcr pouml ................
Same, screened:
M'{)lslun. ................ R P R A S5 43,98
A 31.m
2733
7.068
0.56

Same, 1,100 feel southeast of slope: hi foot cut:
MOSLIEE e y 3680

Volatile combustible matter. 28 8

Fixed carbon........... 28 .04

e S 6.25

Sulphur .......... i .53

. Lo, per |:(>un(] ........... . 7,101
Same, 400 feet northeast of slope; 83-fool eul:

e S S s 34 87
Valatile combustibie matter 24080
Fixed carbon......... . 27 .64

e 7.61
Sulphur ....... e .50

Same, run-of-mine:
Moisture. .. ......... SN 33 .85
Volatile combustible malter | 27.50
Fixed carbon :
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Progimate Analyses of 1'exas Lignites. Compiled from E. T.

Dumble’s “Brown Coal and Lignile, 1892.7

Volalile 4
Analysis. Moisture. : Combus- Fixed Ash. Sulphur
Lible Carbon. |
-1 Matter. :
1
8.35H 41 .28 42.73 6.40 j 1.24
12 .40 36.37 37.77 | 13.60 - not del'd
13.28 59 .86 18 .52 8.32 not det'd
11.11 H7 .05 26.46 4.50 87
10 .6 36.12 38.106 15.12 3.561
15.80 39 .12 39,78 4.99 not det'd
7.17 A0 .55 31.27 17.19 2.21
20.29 | 32,67 2658 17.50 THh |
12,43 38 .37 38 .00 850 1.34
6.25 a91.05 33 .47 6G.27 it
16.56 45.10 32.89 5 .19 not det'd
8.41 38 .41 28 .65 23.38 74
16.50 36.07 37.17 & .60 . 1.66
10.35 G908 43 .20 6 .87 ! .50
12,00 42,00 1 32,00 13.00 | not det’'d
13.25 A1) 62 | 36.47 8.10 | 1.26
15.89 42.24 1 31.46 6.85 | 1.06
6.50 ! A6, 61 28 .02 17.72 | 2.22
20.80 i 52 .08 42 67 3.497 | .48
10.17 39 .52 3660 12 .80 | A5
1645 | 4021 35.89 8.95 117
13.51 1 45 .36 32.441 8.1H .88
13,10 37.21 41 .22 G.07 2.36
10,11 37.37 2134 27 .59 1.15
18.26 43.51 29 .63 8.70 1 2.46
9.67 30.59 39,90 ! 10.08 | .70

‘.—-:’\'vcrugc of two analyses. 2 —Average of four analyses. 3—Average of

five analyses. *—Average of three anualyses.

Key to analyses of lignites compiled from “Brown Coal and

Lignite, Dumble,” 1892

A. Anderson county. Irom an outerop on Caddo Creek, ahout
seventeen miles northeast of Palestine: thickness, about

two fect.

B. Angclina county.

C. Atascosa county, near Somerset: thickness, 5 feet 3 inches
5 feet G inches.

D. Bowie county, near New Boston: thickness, 12 feet. One

to

of

the analyses shows 1.45 per cent of ash, with 76.41 per cent
of volatile combhustible matter and 10.62 per cent of fixed

carbon.
E. Caldwell county. Burdelt Wells.
F. Cass county. Stone Blufl.

G. Cherokee connty. Bean’s Creck, six miles south of Alto; near

Jacksonville; MeBec’s school-house,
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Fayette county. Manton Bluft: thickness, up to 15 feet. On
0’Quinn Creck the lignite is of excellent quality and has a
thickness up to 8 feet.

Harrizson county. Robertzon’s Fervy and Rocky Ford, Sabine
River; McCathern Creck: thickness, 2 to 6 feet.

Henderson county. C. M. Walters headright: thickness, up
to 6 feet.

Hopkins county, near Sulphur Springs: thickness, up to 16
fect.

Houston comnty. 1lyde’s Bluff and Westmoreland Bluff,
Trinity River; J. Bethel headvight ; Wallace headright, near
Calthorp : thickness, -+ to G feet.

Loc connty.  Blue Branch: thickness, ¢ [ect.

Leon counly, near Jowell: thickness up to % feet.

Limestone county.  TTead’s Prairie.

Medina county.  Lytle: thickness, 5 feet.

Milam county.  Rockdale: thickness, | to G lect.

Morris county.  Pruit place: thickness, less than 2 feet.

Panola counly.  Mineral Springs  Ridge, near  Beckville:
thickness, <L lect.

Rains county.  Fmory, and seven miles cast.

Wherlson county,  Tittle Brazos: Calvert Bl (hickness, 3
to ¥ Tect.

Ruzk county.  lron Mountain; Graham’s Lake, 12 miles west
of enderson: thickness, 3 o 6 Teef.

San Augostine connty.  Sabine and Angelina Rivers: thick-
ness, 6 to 15 feet.

Smith county. Southwest of Tyler, 84 niles; south of Tyler,
6 miles; southeast of Tyler, 12 iiles: west of Lindale, 3
miles: thickness, 3 fect and upwards.

Shelby county,  South of Timpson, 7 miles: thickness, 4 to
5 feet.

Wood county.  Alba and Mincola: {hickness, 8 feet.
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Ultimate Analysis of Tevas Brown Couls—IFrom “Brown Conl
and Liguile,” Dumble, 1892.

l
) | Oxveen
County. Moisture,| Carbon, | ITvdro- unel Ash. 1 Sulphur,
sen. Nilrogen. |

= -2 P | P
Anderson . NPSTURIN RS . ] 1.06 2{.12 17.71 o
Bowie....ovavveais G 59 .81 G310 2097 .10 1.

Cherokee. .. ; fiti 67 381 2208 o .83 {1

GRegH . vovevvviisnnn T A4 00 2568 9.7 z
IMarrison . S3.950 21 .56 8.407 &
Houston........... s 561 22 .56 .08 1.
| P R e R 3.21 20080 11.56 L.
Leon........ . p— 108 20,02 7.7 i
Medina.,......... 07 ...: Sl 9.70 1
Milwn . .o.u.. . 1 2. s 11.36 1
I F1ETY | R : 7.51
Milum, oo 8.006
MMorris . ooo.ninen. ., ! 8 .60 2
JE 111 {} PR e 3 } 15,45 1
Rains. o [l ree i 16.63
Robertson .. ... .. HI 1277 1
Roberlson ......... 1G.40 9.21 1
Rusk.,...... S 16,63 10,09 1
Sun x\ul.uslma.. T R 7.7H 3
3T R o 9.83 14.71
W th (outerop) . S 17.56
Wood ... 10.85 14,39

Average, . ...... | 15.67 60,98 4.01 22 .16 11.01 1.18

T'he ealculated heat units of some of the Texas lignites were also
given by Mr. Dumble as follows:

British thermal
units, inr pound,

From Medina counly. . ..ot iiniieeeinininnenineneann 11,320
From Milam county. 11,169
From Milam counly . 11,278
From Robertson u.::unl 11,320

|

In the Second Annual Report, Texas Geological Survey, 1890,
page 55, there are given some additional analyses of 'exag lignites
but they do not waterially affect the results given ahove.

In a report on general mine conditions at 1\Iine-‘, 5 and 6, Hoyt,
made for the Conswmers Lignite Company, May 8, 1913, hy W. 8.
Hamnett, representative at Dallas for the I’ltf.hlnn-g Testing Labo-
ratory, the following analyses were given:
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Percentages as received.
Lo| 2 | 8 | 4

Analyses Nos.

Moisture........ T 27.03( 26.00| 28.45| 27.27
Volatile combustible matler. . ... 33.41| 32 .4il 33.15] 34 .44
Fixed carhon ... ..ciivian vaamin, 30.25| 20.63| 30.56| 28.69
7 9.31] 11.96] 7.84] 9.60
Sulpiar i e R R 0.79] 0.83 0.73)] 0.79
B.t.u,perpound.............. 7,813 7,538( 7,706| 7,809

1. Taken from the head of the main north entry, Mine No. 6.

2. Taken from Room No. 1, eighth cross from fourth east entry,
Mine No. G.

3. Taken from Room No. 10, fourth west entry, Mine No. 6.

4. Tuaken from Room No. 19, eighth cast entry, Mine No. 6.

5. Taken from Room No. 4, sccond cross off sixth cast entry,
Mine No. 6.

6. Taken from the heading of third east entry, Mine No. 5.

7. Taken from Room No. 3, second east entry, Mine No. 5.
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CHAPTER VIII.

Raw LigNTIE As A FFuiL UNDER STATIONARY BOILERS.

There are four principal methods of utilizing lignite (brown
coal) in Europe, where the industry has long been established on
a very large scale. "'hese arc as follows:

1. Raw coal, as a fuel under stationary hoilers, cte.

2. Raw coal, as a fuel in gas producers.

3. Briquelting (1) the raw coal, or (2), the dry coal.
4. Dry distillation and recovery ol by-products.

The use of powdered lignite as a fuel under boilers has been
recommended aund some ecstablishments have done a considerable
amount ol work in this dirveclion. A liltle lignite is also used for
domestic fires. In Texas, a small amount of dust lignite is used in
the manufacture of hollow brick tile for building purposes, as
the lignite on burning out imparts a certain porosity to the product.

Of the four principal methods given ahove the first two are used
in Texas. There is but little lignite used in Texas for houschold
purposes or for use under locomotive hoilers. We may now con-
sider the various methods for utilizing lignite in the order given.

(1) Raw Lignite as a Fuel under Stationary Boilers, ele.

Irrespective of its use in gas produneers, which will be considered
later, and its use in houschold fires, the ehief value of lignite is as
fuel for generating steam, whether under stationary ov in loco-
motive boilers. Under stationary hoilers it may be nsed direct or in
the form of pulverized fuel.

Of the 13,776,992 tons of lignite used in the United States be-
tween the years 1895 and 1912, inclusive, it is likely that 95 per
cent, or more than 13,000,000 tons were used for making steam.
For (his purpose, the lignite is ncither air-dried nor artificially
dried, but is used, as mined, with such loss of its original moisture
as may be due to air-drying between the mine and the consuming
plant. Just what the loss of moisturc may be, due to this canse, is
not known with accuracy, for it is seldom the case that the moisture
in the lignite as shipped and as received is determined. There are
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several lactors that inflnence thiz matter, e¢. g., the amount of
moisture originally present; the size of the lignite; the depth
of the lignite hed in the car; the character of the car, whether a
“aondola” or a hox car; the atmospheric moisture and temperature;
the lepgth of time clapsing hetween shipmenl and veceipt: the
method of temporary storage, cte.

As a rule, lignite is not carvried in stock, it is nsed as rapidly
as possible affer mining; but it haz not infrequently happened

{hat zhipments have been delayed for 15 to 30 davs in transit,
even when the distanee did not exceed 100 miles.

As soon as il i exposed to the air, lignite hegins to lose moisture,
and this may continue, in a hot and comparatively dry climate,
until 50 per cent ol the original moisture has been removed. Dur-
ing this drving the lignite breaks up into smaller and smaller
picees and more or less “fines” vesult, 1f the lignite is stored for
considerable periods, =pontancous combustion may set in and the
writer has heen informed of a fire thatl hegan in thiz way, in a pile
of Texas lignite.  Sponfancous combustion may arvise from fhie
presence of excess of “fines.”
phide of iron) hut does not seem o he much influenced hy high
volatile matter in the lignite. 1t is due 1o the oxidation of com-
stituenis in the lignite it=ell and when the heat generated by {his
oxidation iz not lost through radiation or convection as rapidly as
it is formed, the heating ol the lignite may become o warked as
to eanze 16 1o cateh five,

So Tar as now known there have heen no systematic {esls on our

or dust, or finely divided pyrite (=ul-

lignites Lo determine just what loss there may he on weathering s
Lt in certain Tinoiz eoals, which, iowever, do not correspond ra
lignites, o ealvifie loss of from 1 to 3 per cent, in a vear, has
heen reported. In certain Wyoming coals, there was a loss of 2.50
per eent in fhe first three months and of 5.30 per eent in 2%
years,! :

[t is prohable that, up to a certain point, varving largely with
the nature of the ligniie it=cll, the loss of moisture increnses ihe
value of the Hgnite for Tuel purposes; hut just where thiz point
mav be s aomatter to he settled Tor each case separately, On a

WComp, Bulle 38, Univ, 1L Eng ¥xpt. Sta, 1909, Chemieal Engineer,
Vol 12, July, 1910, and Teeh, Paper No, 16, Bur, Mines, Washington, 1912,
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citload of coal weighing 30 tons, and moved, we will sav, 100 miles,
in Texas, the freight is G0 cents a ton,

With an average content of moisture of 31 per cent. there wounld
be 9.30 tons of water in this car, on which freight has to he paid.
The freight on 30 tons of lgnite at 60 conts o ton iz $18, of which
£5.55 0= paid o the water, Thi< water 1= ol uo value in the lignite
except as a sort of hinder. When it is vemoved. the Henite hreaks
up: and the guestion is, whether the move solid lignite plus the
water can be more cconomically used than the finer lignite minus
the water. Up to a certain point it is probable that there would he
a decided cconomy in removing a large proportion of this water,
cspecially 16 this conld be done on drying floors, or in revolving
evlinders, heated by the waste heat from the boilers.

“The harmlul elleet of excessive moisture in lignite on steain
boiler operation, is due to the fact that a large part of the heat
held by the moisture is below the temperature of the water in the
beiler, and lence is not available for making steam. This can be
illustrated by a speeific example.

“Suppose a boiler operates nnder a pressure corresponding o a
gtear temperature of 350 degrees Fahrenheit (about 1385 pounds),
abisolute), that the temperature of the products of combustion =
2,000 degrees Fahrenheit and that the lemperature of the atmox-
pheiw is 70 degrees Fahvenheit. Under these conditions, one ponnd
of moisture in the products of camhugtion contains heat uniis helow
the temperature of the water in the hoiler (and hence not available
for absorption by the hoiler) as Tollows: below the boiling point
(212—=70) 112 B t.oneg latent heat of steam, 965 B. £ u.; super-
heating steam to 350 degrees Falienheit (350—212) x 0.18=66
B. . u., making a total of 1,173 Bt

“Che heat units in this pound ol moisture above the temperature
of the waler in the botler (and henee available tor ahsorplion)
are (R000—550)x 0A8=792 B tou. These figures =how that
the lavger part of the heat in the moisture is nor available for
making steam.  In Facl, the moisture in lignite and the moisture
formed by burning the hydrvozen af lignite are cquivalent o a
small boiler placed in the Fornace and making steam equal i
weight 1o the moisture passing out of the Turvace, thus absorbing
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that amount of lieat before the main hoiler gets a chance to
ahsorh i7"

A temperature of 150 {0 193 degrees F. would suflice for drying
the lignite withont serionsly endangering the heat units through
los: of volatile combusiible matter, for there docs not seem {o be
un appreciable loss of such matter under 220 degrees T,

If the moisture could he reduced to 20 per cent there wonld he
a gain in heat units of 1,548, or 20 per cent; and il the moisture
could be reduced to 15 per cent, the gain in heat units would he
1,939, or 26.30 per cent. Whether this gain in heal units would
be more than connterbalanced by the cost of drying and the loss
ol fine lignite throngh the grate, is a question still to be settled.
No gencral rule can now be stated, for lignites vary a good deal
with vespect 1o the proportion of “fines” resulting from drying.
They do not all hehave alike nor do they exhibit the same rapidity
of drying under similar conditions.  The more [riable ligniles, of
comparatively loosc texture, dry move rapidly than thoge of a more
clay-like texture, although there may be no remarkable differences
in chemical composition. The differences in Friability among the
lignifes is especially noticeable on grinding, whether in a machine
or by hand in a wortar.  Some of them go to powder within a
short while, while others are more or less spongy or smeary and
go to powder only after long grinding.

The larger proportion of “fines” in the dried lignite, and the
influence of these “fines” on the combustion and on the clinkering,
has alzo to be congidered.  While the hoiler setting, the charncter
of the firehox, the position and arvrangement of the fire arches and
the eombuszlion chamber. the rate of fiving, the size of the fuel,
the thiekness of the fuel hed, the amount of air supplied and the
vate and pressure at which it is supplied, are of great importance
in all steaming operations on solid fuel, vet {hey arve of particular
moment when we consider lignite.

It is much 1o he regretied that in 1he State where {here are (he
Targest deposits of lignite and where the conswmption of this luel
i< areater v Tar than elsewhere in the eountry, there should have
heen so Tittle svstematie study of the ceconomic nse of sueh fuel.

T Randall and Tenry RKreeisinger, Bolle Noo 2, Bur. Mines, Wash-
ington, 1910,
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Here and there, i Texas, there have heen altempts fo solve come
of the more pressing problems in this connection, but there is no
fuel testing station in the State where such investigations may he
conducied by trained observers. Most of the information we have
on the subject is derived from North Daketa. where the lignife
arca is only ahout onc-half of that in Texas, where the production
of this fuel is not hall of the Texas production, and where the
demand for cheap and effective fuel ix certainly no greater than in
Toxae,

So Tar back as 1894 heiler {ests on North Dakola lignite were
made at Jamestown, North Dakota, under the care of Mr. "Thomas
Pettigrew, Chief Engiveer for the Hospital for {he Insane.!

Under natural draft, the water evaporated per pound ol lignite
actually consumed was 4.20 pounds, and 4.46 pounds per pound
of combuetible.  "The ash in the lignite was 5.93 per cent. The
hoiler was 6 feet in diameter and 16 leet Tong, with thirly 11-ineh
flues. The grate surface was 4 feet 5 inehes hy 5 feet, or 22.8
square feet.  The Jignite burned per square foot of grate surface
per hour was 18.72 pounds.  The total amount ol water evaporated
at the temperature of the feed water (74 degrees F.) was 14,157
pounds, In comparizon with Younghiogheny (Pennsvlvania) bitu-
minons coal, the water evaporation per pound of combustible was
4.46 : 7.10 pounds. The cost of the hituminous coal was $6.80,
and ol the lignite $2.80 a ton.

From another test of North Dakota lignite (same authority as
above), with natural dralt, made hy the Missouri Valley Milling
Company, Mandan, North Dakota, the following report was ren-
dered :

Boiler Tests on North Dalola fignile, of Mandan, N 1.

DIEtion oF besh o S S e D S D T R R G 11 hours

LT R e o Smilh-White
Grate surface. ......... )

Widbh of uir space I Brale. . oo v i e i mrss s we e BB e ]

Waler heating surface 1,4

Rulio of waler heating surfuce to grate aren. ... oo !

Average steam pressure, pounds per square inch, ... 101
Average temperalure of feed water entering hoiler. .. ........... ... 175 deg. F.
"Totnl Jignile fed Lo fUrMace ... .ovveeiinnninr et e ety 12,221 pounds
Moisture In WEnILE ..o i v i e s vwssinaie v o s s s s s 4w 23 per cent,
Lignite consumed per sq. ft. of grate surfaee, per hour. ... ... ....... 37 pounds
Fotallenst of Tgaib: i e b i s e NS RS w 59.77

. A, Wilder, U, 8. G. 8, Watler Supply and Trrigation Paper. No, 117,
1905.
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Cost of lignile delivered at mill, per ton...... R R T S W $1.60
Total weight of water fed to TRt S e i T .1[| 350 pounds
Waler evaporated per hour, [rom and at 212 (2 7 0 L, .. 0,054 pounds
Hlorsc-power develupid S i e v s i T e b pee X 163

Cost of fuel for ev .J.pcr.ltmg i L00 [munds of waber.......oo.onuin ve. 17.34 cenls
Average horse-power of engine. .. 3 v 190

Cost of fuel per I1.-P. hour........... D 0.47 cent
The eapacity of the mill was 450 harrels of flour per day and
the cost of the fuel was 4.46 cents per barrel,
From a test made on North Dakota lignite at the Fargo-Edison
Electric Light Plant, Fargo, N. D., in 1901, the following report
was rendered :

Boiler Tests on Novth Dakoto Lignite, at Fargo, N. D.

Natural Draft—

Duration of tesb......ovieiiiuneaninunnn. S e . N 12 hours
Boilers used— Two 16 x 6 fl. ‘tubular, one 9390-.-p. Tieine water tube.

Total heating surfREE . . v sovavsar crsne o seseene sasosesns s vovens 4,823 sq. fL
Total grate surface. . ..oov e viinnniinnrvrians &8 t.q

Avernge steam pressure l_pmmtiz. per square inch’
Average temperature of

ed water, deg. Fo........ 14

Total weight of lignite fired ... ........... e 26,400 ]munds
Cost of lignite per net ton at boilers.....o..oviineniiieiina, 4 $2.60
Total cost of lignite...........coiivienn.n e R R R R A 8 534,
Total weight of water apparently cv.aporatvd ....................... 97,500 pounds
Water evaporaled per pound of lignite, from uv&.r.ngo pressure and

T T A e e D e S e 3.70 pounds
Fauivalent water evaporaled from and at 212 Y dm L e 4. lﬂ pounds
Lignite burned per sguare foot of grate surface, per hour ., . ... e 25 pounds
Cost of lignite to evaporate 1,000 pounds of waler.................. 35.2 cenls
Moisture tn lignite. .. ... oovoiiiniiiiiidiiniiiiiediaee S 30 per cent,
Adhiinhgmaln, oo e e s s s R T i . 3.50 per cent.

Another natural draft test was made on North Dakota lignite
at the North Dakota Agricultural College, in 1902. The report
was as follows:

INUTPAIOTUOE DOSE o wsiie on w8 &R a8 S 8.5 hours

Boilers used---Common fire tubular, with 62 flues 3 inches in diameter
and 16 ft, long; diameter of :.hn_ll 60 inches.

Tolal heating surface,.......... I I = — R || YL O {
Total grate surface....... 241 sep. ft.
Total weight of lignite burned. . ... 3.9()7 pound%
Waler apparently evaporated per pound of lignite burned . . ... ..... 3.16 pounds
Equivalent water evaporated from and at 212 deg. F...... A SR 3 .38 pounds
Lignite burned per sq. ft. of grate surface, perhour.............. ... 18.38 pounds
Moisturein lignite: oL cola i vinic ivs bued s s vissves 30 per cent,
Ash in lignite..... e i A %.03 per cent.

Under foreed draft, a test of North Dakota lignite was made
at the University of North Dakota, in 1904. The hoilers were fire
tubular, with a dianmeter of <hell of 54 inches.  Tach hoiler con-
tained 48 flues 16 feet long and 31 iuches in diameter, and had
R41.76 seuare feet of heating surface.  Fire hrick arches were used
in the fornace.  The test lasted twelve and one-half hours.  Per
pound of fuel there were evaporated 4.30 pounds of water. After
four dave® air drving. the wmoisture in the lignite was 10 per cent
and the ash 7.82 per cent.
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Mr. Wilder remarks that with boiler and grale conditions about
like those used in the fest at the Aszvlum for the Insane. {lhirce Towa
coals, tested at Des Moines, gave a water evaporation, Lrom and at
212 degrees I of 544, 5.21 and 6.52 pounds per povnd ol Tuel
used, and that Counr standard Miszouri coals save 6.8, 6,27, 6.2
and 386G pounds, respectively.  In comparving these conls wiih
lignite, he allows for the lignite an evaporation of 120 pounds of
water per pound of fuel and considers thix conservative.  Other
ingtances of the foel value of North Dakota lignite are given hy
Mr. Wilder as follows:

I'he 500-barrel milling plant of the Russell-Miller Milling Com-
pany, Jamestown: A cingle hoiler 72 inches by 16 [vet, with
seveniy-two 4-inch flues, a shaking grale, 36 square leet, with
4-inch air spaces, foveed draft. The engine was a Corliss com-
pound eondensing rated at 165 horse power. The full power was
maintained for twelve lours with 7,600 pounds ol fuel, or one
horse power from 3.73 pounds of the fuel per hour. The cost of
the lignite at the mill was $2.45 a ton,

The Kenmare Roller Mill, Kenmare:  Boiler 66 inches hy 16
fect, with a grate ol #-inch spaces. Theve were uzed 161 pounds
of lignite slack per hour, for 40 horse power, under 65 ponnds
steam pressuve.  The Minot Eleetric Light Company, Minot. had
two hoilers 54 inches by 16 feet. and maintained 50 horse power
for ten hours with two tons of vaw lignite.  Natural draft was
used and the engineer did {he firing.

Aulomatie stokers and forced draft have given good results, hut
these have alzo heen seenred with natural dralt and ordinary hand-
firing.

One of the most complele tests of lignite ag fuel under stalionary
boilers was condueted by 1. 1. Randall and TTenry Kreisinger.!
at Williston, North Dakota.,

The boiler was ene of six Stirling water-tube hoilers installed
for the Williston irvigation project ol the United Staies Reclama-
fion Service. 1t had three steamn drums, one mnd drom and three
nesls of tubes.  The furnace was of the type which huas heen termed
“semi-gas producer,” with a deep-set grale amd a narvowing of the
space between the hridge-wall and the end of the prolonged fire-

Pull, No. 2, Bur. of Mines, Washington, 1910.
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hrick arveh.  The zrate was 21 inches helow the lower eldge of the
charging door.  The air for combustion was pre-heated fo 200
to 300 degrees . and blown inio the furnace wnder a water pros-
gure of J-inch to 1-inch.  The grate was of the rocking-grate type.
and had fwo rows of hars. Cold air was Mown through a 2-inch
pipe which supported each arate Dav, with the hope that the
formation of elinkers wounld he lessened or prevented,

Tnasmueh as conciderable care was faken thronghont thi= inves-
tigation, it has heen thought hest to speak of it at some length,

The principal dimensions of the Furnace, hoiler and grate were
ag Tollows:

Principal Dimensions of Furnace, Boiler and Grale Used in Tesls
of Neorth Dakota Lignite, Williston, 1908.

Furnace:— IYiring door:—-
Width in front. .. ... ...... 6.6 ft. || Lower edge, above grate. ... 21 in
Width back of hridge wall . ... .. ot || TXeight . oaie s SR s 14.75 in,
| ] T . S 1 | R T T 19.75 in.
Bt i e e v e b 7.0 It. Clhimney:—-
Roof of furnnce:— Height above grate. ., ...... 155 ft,
Length(straight portion) .. ..... e o | p YT C ) R e M in.
ksl R 15.8 ft. Boiler:— .
?oinmiddle. .. ... 15.3 ft. || Builder’s rating, H.-P....... 258
IIeight in rear, above bridge Wuter-heating surface, ...... 2,587 sq. It
WAL Loy owven v ceimimims v i sy o's 23 in. Diam. of steam drums....... 42 in,
Number of openings .. ........ 16 Length of steam drums. .. ... 10.33 ft.
Size of <lkl)(‘nll’1(,"- cevevees 2% ing || Diam, of mud drums. ... 42 in.
Width of partitions.’ Al e 2 in. Length of mud drums. ... ... 8.33 1L
Bridae wall:— Number of tubes........... 209
Width ab Dase. .cvuuenenenn.n Hft. || Diam. of tubes............. 3.25
Width on top 7 E 3 ft. Grate:—
Height.. . 40in. || Width....... 6.6 ft
Number of 01 . [} Lcnlgth e 8.0 ft
Size of opening . 5x2.5 in. || WidLh of grate | 3 7.4 in.
Side door:— Widthof riby. . ..., » U044 in.
Lower edge above grate...... .. 7.5 in||| Width of ajr spac : 0.44 in
Heighl. oo iinian 17 in. || Depth of air space. 1.75 in.
Wbt il s 149 in,

‘Note—0Openings in roof of furnace were 6.5 ft. from front of furnace
*Nole.—Openings in bridge wall were 9 inehes from front of bridge wall.

The average composition of the lignite used was as follows:

I'er cent.

MEGISLING oo v i fod s e s i S S D R e s 42.61
Volatile combustible mabler. .. ..o e e i ieae e 21.09
TR el AN s c s R N R R R SRR 26.27
T e N R I i, 0 Wil O Sty 7.03

i 100.00
SOl s v iivees R R R T e R R e e s i 1.04
Ly 42.06
Hydrogen....oovvveniaons P R R B T S i B R R \ 3.04
L TP 14 .80
g TR T o R e b B G R e S P L PR s S SRR R e b e o ] 0.75

R T T T TORAINEL .0 s T B B g T A A 0 | 7.129
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The total weight of foel used, with wmwoisture s above, was
431,326 pounds=215.66 uet tons.  The average amount of carbon
left in the ash was 22.18 per eent, which, in the hicat balance, rep-
resents an averags logs ol 1.93 per eent, due to incomplete com-
bustion of the curbon.  The eguivalent amount of water evaporated
from and at 212 degvees T, per pound of Tuel, a< fired, was an
the average, 3.50 pounds, with an average developed horse power
of 238.5. The over-all efliciency of the boiler and furnace wag,
on the average, 33.88 per cenl, caleulated Trom the chemical anal-
ysiz of the conl and ash.

There was considerahle tronble from clinkering and the removal
ol the elinkers wag rendered diflienlt both by the deep setting of
the grate and the imability to use tools through the side opening.

The ehiel conclusions reached by Messrs. Randall and Kreis-
inger, from the tests at Williston, are thus stated:

“The ecombination of hoiler and furnace selting deseribed gives
good results with North Dakota lignite.  Steam can be made with
a luel efliciency ol 35 to 58 per cent of the heat in the coal, and
no difficulty is experienced in obtaining the fall capacity ol the
boiler.

“The results compare very favorably with the results obtained
in the average plant using a good grade of hituminous coal when
the heat available 1o the hotler is ecomsidered.

“Little, if any, advantage is gained by crushing the lignite by
hand instead of in a power crusher,

“To reduce the moisture in the lignite hy weathering seems to
improve the econowmy, hut these tesiz are not =ufficient in munber
fo determine definitely the condifion of the fuel and the time
required for weathering to insure the best results,

“The =team blower for the ash pit is ineflicient, and {here is no
gain in supplying superheated steam to it. A considerable saving
in steam: and equally good results could probably be obtained by
substituting for the steam blower a fan such as is commonly used
for lorced dralt.”

In tests at the Fort Worth Waterworks, Fort Worth, Texas, for
the fuel contract of 1908-1909, lignite from the mines ol the Bear
Grasgs Coal Company, Jewett, Leon county, Texas, gave the follow-
ing results:
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[Tours rn, 662 pounds of lignite nsed. 102:L18 1 gallons of water
pumped, 8,877,050 ; gallons of water pumped per ‘pound of coal, 95.
The delivery cosl ol the lignite was $£2.22 a ton, i. ¢., $1.50 at the
mines and 72 cents freight. The cost of the fuel, per million
aallons of water pnmped. was $11.68,

This test was made in comparvison with bitnminons coal from
Oklahoma, Arkansas aml Texas.  The cost of fuel, per million gal-
long of water pumped, was:

Name of company and kiml of fuel. ‘ Cost.
|
Southern Fuel Company (Oklahoma coal) 8 9.
Bear Grass (Texas Lignite, mine run) = 11.68
R. L. Clark (Oklahoma coal) . 11 68
Dow Coal Compuny (Oklaho 12 86
Interstate Coal Co. (Arkansas 14.16
Jenny Lind Coal Co. (Arka }:%ﬁg
ek

Bk Creek Goal o, Fexias s n i Sndinnmms iy

The vesulls of come testz made at the Dallas Waterworks, Dallas,
Texas, <howed {he following evaporation per pound of Oklahoma
coal, with water {emperature of 110 degrees T, 7.23. 7.30. 7.8%,
6.42, 7.20, 5.32, and 4.91; an average of 6.61. TFour Texas lig-
nites were {ested at the same time with the following results:

Water temperature.

Location. - e
110 deg. F.! 212 deg. F.
Como, Hopkins counly ....cooiiimiinnnaannnnnsinen | 3,505 4.05
Alba, Wood COuntY ... .oovreunarneeetoesersssirasesissnss I .051 A .60
Hoyt, Wood connly ........coooociiiiiniaann RS 3.081 1.01
Bear Grass, Leon counby . ..... oot iineaniiaaeeans G.667 | 7.308

Several vears ago sotme Tuel feste were made by Cyvpress Bros.,
Caldwell, T'exas, with a 60 horse power shell hoiler, each test heing
for cighty-four hours.  Bitnminous coal was charged off at $5.50
a ton. Dlack jack (oak) wood at $5.50 a cord, fuel oil at 80 cents
a harvel of 12 eallons, and Rockdaic, Milam connty, Texas, lignite
at $1.%5 a ton.  The vesulls showed that fo produce one horse-
power the relafive costs were as Tollows:

Kind of fuel. . Cents.

Forbituminous coal.. ... oviiiiimiiiirnivrrarsarsssarsncaseans TRCRN | _1*..}
TPOE DO < v o it s s g b e et ‘ 0,90
e T I O e 0.80
For lignite cevee| 070
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In other words, it cosl nearly twiee as munch per horse power fo
use bituminous eoal as it cost {0 use lignite, one and a thind fimes
as mueh for wood as for lenite. and a litile more for Tuel oil than
for lignife,

In a test conducted by 0 Po Greenwood, ML 1L Dallas, at {he
plant of the Columbia Mannfacinring Company. Dallas, Texas,
in May, 1912, with oyt screened Tumyp Tignite (Consumers Tig-
nite Company) it was ascerlained that the average evaporation
per pound of Tignite per honr was 441 pounds of waler.

The equipment consisted of a hattery of iwo OBrien horizontal
return tubular boilers, in hrick seltings, with a J-inch air chamber
wall vented fo the outside.  1ach hoiler was 72 inclies in diameter
and 22 feet long, with {wenty-six 6-inch inhes. There was a
furnace of 84 square feel of surface, common to ihe wo hoilers,
The stack was 4 feet in diameter and 100 feet high, set on a twin
up-iake over the two hoilers,  In the up-take there was a hank of
2-inch pipes for inereasing the temperature of the fewl water,  The
grates were of speeial make, known as “Velvet,” and were built
for using lignite.  They were 4 inches wide hy 6 feel long, the
width of the furnace heing T4 feet.  Each linear fool of grate
surfuce had twenly-five round holes, 2-ineh in diameter.  The
draft doors of the firnace were hricked np solid and in the center
of each fwrnace there waz an Argand steam hlower, the steam
entering at the eenfer of a ring throngh eighteen holes, 1-32-inch
in diamcfor,

Ag already siated. the fuel used was Tump lignite from the mines
of the Consumers Lignite Company, 1Tovt. Wood connly, Texas,
sereencd over a d-ineh sereen and it chowed 8030 B. . . per
nound,

There were <ix furnace doors, one fireman using each door alter-
nafely every few wminutes,  The average length of time the doors
were open eaeh hour was 21 per cent.

The fire was kept on the hill-and-valley svstem, on acconnt of
the laree Tumps of lignite. and Mr. Greenwood observes, in his
veport, that the lignite should have heen hroken into smaller Tumps.

There wag a f-ineh steam pipe Tor each blower and the valves
were kept wide open during the test.  On account of the design
ol the Wlower equipment. ahmost no ash fell through the grates,
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The light a<h went over the heidge wall and was deposited in the
combugiion chamber.  The ¢linkers, amounting to 4.50 per cent,
were 1aken oat throngh the furnace doors,

The heating surface of ihe {wo hoilers was 21531 square feet.
While the huilder’s rating on the boilers was 291 horse power, there
was actually developed 110 horse power.  The comlined efficiency
of the Turnace and hoiler was 54 pev eent.  (Compare the efficieney
of 59.88 per cont abtained by Messrs, Randall and Kreizinger on
North Dakota lignite, with Stirling water tube boilers.)

The duration aof the test was ten hours, During this time the
following averages were obtained:

l Average.

oYy T B e T 1 e e B Pt R R TP T i ' 105 pounds
AT LemPerabire . .. .oovr it it o, 80 deg. I7.
Up-take temperature........ e o 563 deg. F.
Feed-water Lemperature., oo iineesanarers .o 192 deu. IF.
Pounds of fuel per siquare fool of grate surk 36
Botlor, HOERBDOWEE o 5 i iairs i et 5 W s 84w e e 410

Pounds of water evaporated per pound of fuel. .. ..ot 4 .14

The total amount of fuel uszed was 30,302 pounds and fthe total
amount of water evaporvated was 133,501 pounds.  On a Iuel hasis,
the cost of evaporating 1000 pounds of water was 16.9 cents, allow-
ing that the coal cost $1.50 a ton, delivered. This represents a
cost ol 81.50 for evaporating 8,880 pounds of water. (Compare
the cost of 17.34 conts for evaporating 1000 pounds of water with
North Dakota lignite.)

In a private communication from the Consmmers Lignite Com-
pany, July 3, 1912, it is stated that evaporative tesis on nnt and
slacl lignite, through a 3-inch screen, showed 4.07 pounds of water
per pound of lignite.  The opinion is expressed, in that communi-
cation, that with an experienced firveman and under good condi-
tions, the Hovt lignite will show an evaporation of 5.50 pounds of
water per pound of fuel.  The average for Oklahoma coal appears
to be 6.61 pounds,

In a test- made at San Antonio, Texas, in 1910, by Charles V.
Gambs. ehiel enginecr of lhe Lone Star Brewing Company, on
Jigmite supplied by the American Lignite Briquette Company. from
its mines at Big Lomp, Milam countyv, Texas, it was reporfed that
the cvaporation of wafer from and at 212 degrees F. per pound
of the fuel was 5.50 pounds.  Following are the items of this test:
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Boiler Tesls on Terns Ligniie af San Awdonio, Teras.

|
| Deseriplion.

IGnd o ligmibenaed R A T SRR R Big Lump lump
Duoration of Lrial, bours . ... ..o iiiiiiiiii it | 21
Kind of hoilers used . . .ovvvir it iia it i s nane s i Ieine walerjtube
Number of boilers used ... .......oiiiiiiiiiiiaen 3
Average stenm pressure per guge, pounds
Average lemperature of feed water, degrees I?
Average atmospherie temperature, degrees ... ... L L
Total lignile consumed in 21 hours, pounds . . P S
Total water evaporated in 24 hours, pounds |
Diraft :
Total water evaporated from and at 212 deg. T, }oun
Evaporation [rom and at 212 deg. 7., per pound of fuel, i
Torse-power developed, per hour, .. ... .. ...00o..s.
Temperature of escaping gases, deg. F. .. ..

|

i
Z.'|
In tests made at the Temple Waterworks, Temple, Texas, in
1909, by Pat Bracken. superintendent, on five different kinds of
Texas lignites, the results were as follows, each test heing vun for
twenty-four hours:

Lignite Water !, Cuost,
Mine. used, pumped, per 1,000
pounds. gallons. ‘ gallons.
|

Calvert......ooovivenenrenenennns 6,600 at $1.58 758,000 | S0.0068
Bastron,-assndinicinalviiil 6,200 at 1.38 706,000 [ 0.0056
Milano Coal Co.......cccvvvennes| 7,100 2t 1.30 712,000 0.0064
Burnet Fuel Co.................. i 6,400 at 1,30 756,000 0.005H
Standard Lignite Co............. | 7,600 at 1.30 900,000 0.0054

The [uel cost of pumping a million gallons of water, from this
test, varied from $5.40 to $6.80. The number of gallons of water
pumped, per pound of coal, vavied from 100.30 to 121.90, with
an average of 114.70.

Report by J. P, Greenwood, Dallns, Teras, December G, 1911.
Central Texas Cotton Oil Company, Temple, Texas.
Duration of test, 10 hours.

Grate surface, 108 square feet.

Heating surface, 4,617 square fect.

Super-heating surface, not givew.

Steam gauge, 120 pounds.

Dralt, 0.5 inch,

Temperature of external air, 66.8 degrees Ilahrenleit..
Temperature of fire room, 66.8 degrees Fahrenheit.
Temperature of steamn, 349.6 degrees Fahvenheit.
Temperature of uptake, 4G3.5 degrees Fahrenheit,
Temperature of feed water, 198.3 degrees Fahrenheit.
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Fuel,
Lignite consumed, 24,872 pounds.
Ash, 8 per cent.

Waler.
Actually evaporated, 104,706 pounds.
Fyaporated per pound of lignite, 4.20 pounds.
Evaporated per pound of combustible, not given.

Rale of Combustion.
Lignite per square foot of grate surface per hour, average 23.5
pounds.
Commercial Horse Power.
(3L} poundz water at 212 Fahvenlieit) h. p., 320.7, average.
Rated T T., 3 hoilers, each 150,
Maximwn h. p. developed, 341.5.

Minimum h. p. developed, 295.4.
Boilrys.

Three, each 72 inches hy 18 feet. Set in one steel casing with
independent [wnaces of the half-Duteh oven type. The steel
hrecehings were side dralt type and extended into a nipple on a
100-faot steel stack, GG inches in diameter,

The Tuel was Rockdale lignite, no analysiz given.

(frale SNurfure.

Tach hoiler had 36 squarve feet, or 108 for the three. Grates were
of herring hone tyvpe, with 2-inch air spaces.

The longitudinal space was -inch,

The Tuel average por hour was 2,187.2 pounds,

Water average per hour was 10,1706 pounds,

The average evaporation per pound of fuel per hour was 1.2
pounds of wafer from and at 212 degrees Fahrenheit.

The average amount of earhonic acid for the 10 hours was 5.76
per cent. :

Dailer Hﬂr‘f'fﬂ}hﬂ, Per coent.
N B e taa et i mbp e lmaen S o e oot e BT ]
Wi B wiiren v e R o SRR | il
N S o S e S A R AT 70

After cleaning fives the highest evaporation was reached, 5.33
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pounds when hurning 19,5 pounds of fuel per square foot of grale
snrface.
The hoiler feed pumps, 2, were 6 inches by <L inches hy 6 inches.
m apy " 4 N - > X - B A a@l Y i l
The heaters were ol open type TX1 Casey-Tledges and raise
the temperature of the water to 198 degrees Fahirenheit.

IFuel, I Witer, Evaporation | Per square foot
pounds. | gullons. pounds. { of grate.

10,521 4. ] 23.1
10,521 4.4. 22.0
11,147 4. 23 .4
- 10,521 q. 230

i 9,643 3 27 .8 (cleaning fires)

A 10,521 : 275 (cleaning fives)
| 11,117 ).D
. 10,521 1 21.5
Ik 10,521 : 8
9,613 Al

In July, 1913, with the permission of the American Ligniie
Briquette Company, Mr. 15 1. Porch, Jr., made some obscrvations
for this Burean at the Big Lump mines, near Rockdale, Milam
county. Iis report is ag follows:

“Descriplion of the Power Plant”

“The boiler plant consisis of two Casey-Hedges veturn fubular
boilers (hali-Duteh tyvpe zetting). Both hoilers are contained in
the same setting and use a common GO-foot stack, the height above
the graies heing about 75 feet. The hoilers are 18 Teet long,
G Teet in diameter, and conlain 86 34-inch tubes, giving a heating
surface of 1,120 square feet, for the tubes plus 170 =quare feet
Tor the bottom of the hoilers; or a total heating surface of 1,590
spiare feel for cach hoiler,

Sach grate is G feet deep and 53 feet wide, giving cach hoiler
a grate surface of 33 square leet. The grate bars are the ordinacy
cast iron hars with V-shaped openings,

The steam pressurve carrvied is 100 pounds, although it varied
at times from 80-to 105 pounds.  1Sach hoiler i vated at 150 h. .,
fotal 500 h. p. IRm-of-mine Tignile iz unsed in the hoilers, the
picees of lignite too large to fire heing hroken hy hand on the hoiler
room floor. Some of thiz lignife nsed iz quite wet, as it comes
from 1he mines, alza the hoiler room (including the lgnite) is
sprinkled oceasionally to Tay the dust, this wet lignite heing fived
directly into the boilers. The hoilers are fired approximately every



Como. ITopkins County.

MeRay TLignite Mining Co.,
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fifteen winufes. the hed on the grates heing cavvied from 6 {o 14
mehes docp.

The water Tor the hoilers i pumped From the mines helore 1he
thay =il coes fo work, there heing no wight ghift. 'he exhaust
steam [rom the compressor, the gencralor engine and the hoisting
engine, woes through o (jet) condenser, no water heing used in
the conden=er, howevers and the very small part of the steam that
condenses runs fram the condenser through the feed water heater
and 35 pumped up to the supply tank. The machines o which
stean i< supplied consists of @

One Ridgway engine (rated al 160 o p) driving a 100-k. w,
(36-1 amperes, 250 volt=) D, ¢, Thompson-Ryan Generafor. The
norinal load on the generator was 95 amperes and the highest noted
during the fest was 330 amperes. This grent variation of the load
was caused hy the stavting and stopping of the clectric Tocomolives
that are used Tor the underground haulage, sinee they only operate

part of the time. Ao Ingersoll-Rand aiv compressor of abom.
A5 he pooa hoisting engine of about 60 o o, and a saw-mill en-
gine of about 15 h. p, tolal. about 270 h. .

The results of the test do not show the hoilers {0 he very rapid
evaporators, hut on Tuesday the plant was operating helow its nor-
wal working capacity and on Friday conditions were gtill worse,
For this reason Tuoesday’s and Friday’s vesults were kept separate.
Some sinoke was noted during the test (as menfioned elsewhere),
It the majority of the time the stack gave off no smoke.  This
sected to be due to the type of setling, which gives an unusually
lavge area of combustion, and possibly also to regulavity in living.
The beds were not raked very often (35 to | times a day only) on
account of the laree amount of unburned lgnite that would fall
throngh the grate info the ash-pil.

Friduy's Tes!

Druration of test- 10000 . =100 Do I, oot e e e e e e e i Ilr»... 20 mins.
Lignite hurned . 6.8 Mbs,
Lignite buroed ]I{I‘ -:| Tt ol graln- “surlie s‘ nw Tonr . . 1(! 1 1bs.
Woankerevaporubed . sy i SR RS s e ; 19, 19'1 1bs.
Waler evaporated per hour ..o ey 540 lbs
Wiker exaporaled per hour, per hoiler e 1,772 1bs.
Woater ipocated per hour per pound of lignile S i]"-liﬁ A6 g:\l vr|\lul~.

L e B LT | o i S P e 2.81 s,
Ashes deawn for (he e \punlru‘ri l,.’.ll“ 1., equals, per boiler. ... ... GO0 s,

A very il il wnounl of smoke was noled at 12:33 p. m,, 1:30 p. m., 145 pom.,
20 paom, B0 peome and 32330 pom,

Ao unusual amonnt of smoke for these hoilers was noticed at 2:25 p. m., 2:45 p. .,
and 3:00 p. .
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Tuesday's Test

Duration of Lest—- o e
Lignite burned . PR S SEaEin S s T % 9,116 Ihs.
Lignite hurned p 18 .49 lbs.
Waler evaporated.. ... ..... 31,911 bs.
Waler evaporated per hour 4,302 1bs.
Water evaporated per hour, per bo 2176 1bs.
Water ;:v:-purutn:d per pound of lignite,

et
Ashes ¢

3.0 1bs,
o 16 1hs.

i for the time speeified, 1,192 hs., equals, per boiler. ..

C A very small amount of smoke was noted st 2:12, 2:25, 2018, 1:07 aud 1227 pom,
which may have been due to o too vigorous ruking of the s, or Lo Lhe bo room
having been sprinkled at about 2:00 pom. The amount of ashes oblained in Lhese tests
is nol exnclly correcl, beesuse the mine pumps are run every morning from 3:00 a, m.
to 7:00 u. m., and the amount of ash made during this lime had o be estimated and
dedoeted from the total amount drawn.

Uinder date of June 17, 1973, Mr. A, (4 Kohler, Superintendent
of the American Lignite Briquette Company, Big Lump, Milam
county, wrote us asz follows:

“We have two 150 h. po boilers of the hall-Duteh oven ivpe,
made by the Casey-1Tedges Company, Chattanooga, Tennessee, at
our Big Lump No. 5 mine, that have heen in continuous operation
for the past three vears. While we have kepl no exael cos(x on the
operation of these hotlers Tor any great Tength of time, we have
made comparizons with the other types of boilers used hiove under
the identical conditions amd find that we can operate the semi-
Duteh oven type far more ceonomically, making a saving in lfuel
alone from 40 to 50 per cenl. The first cost on the installation of
these boilers was high as compared {o the old style, hut wie feel that
we have saved the difference several tines over. in the fuel con-
swmplion.

As to the absence of smoke:  the eombustion is so thorough that
they may he said to he smokeless. When properly fived, there is
only a thin filin of smoke and condensed vapor from the stack
and this only for the moment when the fresh fuel is heing fived.
Altogether, this style of hoiler and setting is the most satisfactory
we have seen vel, especially when lignite is the fuel used.”

Under date of June 10, 1913, Mr. M. 1. Smith, Manager of the
Georgetown 0il Mills. Georgetown, Texas, writes us as [ollows:

“\WWo have heen nsing the hall-Dufeh oven type of hoiler, with
steel setling, for about three vears and we like it very mueh, We
helieve it fo bhe more economical where a low grade of fuel, such
as lignite, is nsed. Wilh this type of oven, the Tuel is completely
hurned and there is ahnost no smoke, unless a forced dralt is used.”

Mr. . (. Roberts, Manager of the Ladonia (otton Oil Company,
Ladonia, Texaz, writes us ax follows, under date of June 10, 1915:
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“Answering vours of the ?th instant, with reference to owr ex-
perience with the Casey-Hedges Company half-Duteh oven type of
boiler and their steel easing for same, beg to advise that we have
had but little experience wilh same, nsing lignite as a fuel ; how-
ever, the six or cight wecks that we used lignite, we found =ame
to be verv ceonomical as against slack coal, and that our furnace
gave entire =atizfaction [rom point of emmbustion, no smoke heing
vizible from stack only while furnace doors were open.

The reason we dou’t use lignite altogether is hecause our hoiler
capacity is rather limited, and when it hecomes necessary to clean
our fives, any low grade fuel gives ng trouble, as we only have ane
unit and a limited amomt of capacity. '

We are well plea-ed with the boiler job the Casey-Hedges people
gave ug, as we have reduced onr fuel cozt almost 10 per cent zinee
its installation, and find that we can nse any grade of fuel 10 much
better advantage than formerly.”

Much other testimony could he adduced to show thal, under
proper conditions, lignite gives entive salisfaction as a foel wder
stationary boileys and that it can he ad is burned with almost no
smoke. 1E may appear zomoewhat strange that (here =hould remain
in the minds of some people any doubt as {o the advavtaze of this
fuel, when we consider that Texas alone congunics a million tons a
year and that the husiness is steadily growing.

The necessity of adapting the grafe to the Tuel led My DL (.
Earnest, Dallas, Texas, to take out patents on whal is known as
the “Velvel™ grate. In a lelter of August 31, 1913, M. Farnest,
who is president of the Comsnmers Lignite Company, wriles as
follows:

“I'o show how the lignite husiness has developed, as Far as this
company is concerned, T will say that cight years ago it was the
custom to load strictly mine-vun,  Among some operators there
was a custom of forking the coal in the mines, hut the miners got
go expert with the forks that very little, if any, dust failed to get
into the pit-cars. With the idea of producing a betier erade of
coal, we almost immediately installed sercens, thinking that we
could dispose of the screenings at ome price. But we discovered
that we conld nol even give this coal away, and the expense of
merely throwing it away was, at times, from 230 to Gt ot

Since that time. the Velvel grafes, in conneetion with the
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gleam Dlowers, have enabled us 1o sell the screenings, or coal which
comces through the F-inch sereem, at from 530 {o 60 conis a ton,
f. 0. b mines. We have one customer, g brick manulfacturer, who
will falke all the dust we can produce.”

In responze to onr request, Mr. Farnest kindly sent the lollowing
deseription of his =Velvel™ wrate har, which s lusteied.

“The sVelvet” grate har is especially adapted Tor hurning lignite
or any low grade Tuel, ¢ither Tump, mine-run, o =lack.

T'he prineipal objecl of The arate is to secure a thovongh distri-
hution of air o the fuel on the grate, and the retention thereon,
alter raking fhe five, of suflicient incandeseent fuel {o ignite a
fFresh supply of fuel,

The =Velvet™ wrate harv, in il general oulline, i like the ordi-
nary grate bar commonly n=ed in boilor Furnaces, heing approxi-
nedely vectangular in cross-<eetion. and wider af top than hottom,
L= provided on its top face with mavginal ribs and {ransverse
vibs or partitions, Torming a plurality of individual Tuel pockels
adapted to retain fine Tuel, and on its bottom Tace with recesses
rming air pockels corresponding Lo the Tuel pockets. These-Tuel
pockets are ahout one-hall to five-cighths of an inch deep. The
Fuel pockets arve conmected with the air pockers by ventilating holes,
fapering, and laraest at their lower ends, being about threee-cighths
ol an ineh in dimeter at the top and Gy per cent lareer al the
hotiom.

The tapering form of the vendilating holes tends to canse a dis-
chavee of (he air in jels into the Tuel.

Incordinary gratess expecially wheve a foreed or induced draft is
used. there is a tendeney of the air to rush through the wenkest
places in the five. T the “Velvet™ grate the individual aiv pockets
mnderneath tend to prevent fhe aiv vushing past come of the ven-
tiluling holes and overcharging others. These air pockets Torm
soparate sources of supply to the separate groups of ventilating
holes and eause an even distribution of the air to the fuel pockets
in the top of the bar throughout the grafe surface.

A steam Dlower is used with these grates: the hlower may he put
through the ash-pit wall, or through azh-pit door.

“\elvet™ grates have heen installed at more than 160 steam plants
in Texas. Below are the names of a few:
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Greenville Bleetvie Light Plant, Greenville.

City Light and Water Plant, Terrell.

Grand Saline Salt Company, Grand Saline.

Teler Cotton O Company, ‘I'vler.

Tyler Fleetric Company, Tyler,

Sinith County Compress Company. T'vler.

[Touston Packing Company, Houslon.

Fidelity Cotton Ol and Fertilizer Company, Tonsgton.
Maanolia Petrolenm Company, Corsicana.

Brazos Vallev Cotton Mills, Wesi.

Giddings Manufacturing Company. Giddings.

Uniion: Lron Waorks, ITonston,

Quanal Cotton Ol Company, Quanah.

Texas Power and Light Company, Palestine.
Henderson Cotten Oil & Ginning Company, Henderson.,
Farmers and Ginners Cotton Ofl Company, Sulphur Springs,
Fraser Brick Company, Ginger,

Boulimm lee Company, Bonham,

Planters Cotlon Ol Campany, Bonhan.

Bonhianm Cotton Compres< Company, Bonham.

Many fael consumers have the erroncous idea that more hoiler
capacily is necessary when lignite coal is nsed as fuel. This is un-
guestionahly untroe when »Velvet™ orates arve installed, These
evates are installed on a guavantee of sdisfaction, and when han-
dled according 1o instructions, increased efficieney will i ghown.

Nelvel™ grates are covered by Patents Nox, 962805 and 972965,
dofed June 280 19100 and Octoher 18, 1910, Patent iz owned, and
installations are made, hy DL Earnest, Dallas, Texas,

Relerence has heen made Lo the hoiler setting for lignite man-
ulectored and installed by the Casev-ITedges Company. Chatta-
recga, MTennessce. What is known as the hall-Duteh oven stecl
selting has proved fo he very satisfactory on Texas lignites and
fult particulars ean be seenved Trom that company. We can pre-
sent here only a partial list of the installationg in Texas, compilel
to May 25, 1915,
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Boilers.
Name of Company Loecation. Number., Size,

Inches—TFeet
American Lignite Briquette Co..... Bighnmp............ ’ 2 72 x 18
Central Texas Colton OQil Co....... i 1T L — | 3 72 x 18
Brownwood Ice & Fuel Co.........| Browawood............ | 2 72 x 18
Bruceville (,ottura Ol Co,vovvvnnnnn Bruu.nllc ............ 1 8 X 18
(.:\rl.ha{.,c Iee & Electriec Co........ 2 72 x 18
G.F.Fuzhugh.....oovocivvvaion Bea : 3 72 x 18
Georgetown Oil Mill.............. Georgelown ., ......... . 1 78 x 20
Ladonia Cotton Qil Co............ Ladonin ., ..o.ovvnnnan, 1 81 x 14
Lampasas Light & Water Co,...... Lampisas ., S 1 B x 16
Midlothian Oil & Gin Co.......... =\“lullt.rllu:.‘m ........... 2 81 x 18
Paris Oil & Collon Co............ Tk v | N S l 3 72 x 18

i

Total number of instullations, 21. OF Lhe stundard easing inslallalions, Lhis com
pany had, in Texas, 61 up to May 23, 1913,

Other large establishments are now concerned over the question
of usging lignite on stokers and the possibilities in this direetion
would appear to warrant all of the attention now heing given to il

In November, 1913, 3Mr. Jas. (. Kennedy, Brenham, Texas,
read & paper on “Tignite Stokers” helore the Southwesiern Iee
Manufacturers” As=ociation, at Marlin. My, Nennedy has kindly
placed this puper at our disposal, and we make the following ex-
tracts [rom ity as bearing particularly upon this =ubjeet.

My, Kennedy savs:

“In handling the subject of lignite slokers. 1 cannol draw
from my own experience, but pust rely entively upon Facls and
figures which I have obtained by correspondenee with parties who
have experimented with stokers or are using stokers for burning
lignite.  Just here, Towill say that there have been and are yet a
great many experimenters, hul the users are very scaree.

“To gel to a specific application of {he stoker to lignite-burning,
I will take the easze of a stoker which was installed in our plant.
The president of our company tells me that this stoker was the
best money-maker that he had ever had olfered him—on paper—
and before it started 1o operate.  "The construeiion wag the usual
pattern of chain-grate stoker. The grate was built to cover the
widiih of the furnace and was a unil without divisions loneitudin-
allv; but was arranged with rails and wheels o as to allow of re-
moving it for ingpection or repairs. A Dutehi-oven construction
extended from about 18 inches back of the front water by 5 fect
G inches on the horizontal out in front of the hoilevs. The roof
of the Dutel oven was lined with five-tile and had an ineline out
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and downward of ahout 15 degrees, from the horizontal. The top
was one fool from the gvate at the front end and two fecl four and
one-half inches at the back end.

“The top of the Duich oven was ealled hy {he manufacturers the
“jenition areh”  Tls business (according to the literature) was to
gct white hot and ignite the fresh lignife soon alter it entered the
furnace. The operation wag fo be this:  The five was to he started,
as on anv oiher grate, and allowed to heat up the surfaces, and
especially the “ignition aveh,” at which time the stoker was sot in
operation and would take care of ilscll as long as vou fed it coal.
The hurning five on that part of the grate and of the arch ander the
tubes would radiate sufficient hieat to maintain the arvch at a white
heat, awd the arch would ignite the ineoming lignite.  The operation
was this:  The fire was started in the usual way; evervthing was
heated up nicely, also the aveh; then the sloker was placed in op-
cration; hut right heve liction gtopped and actual cvents hegan to
happen.  When the fresh lignite was struck Dy the heat [rom the
ignition arch, the large amount of moisture the fuel contained
arose in i volume of steam and cooled the areh, and ignition was
delayed until the fuel reached the furnace proper. It was also dis-
covered that the fuel burned out hefore it reached the point where
it was supposed {o be ashes. This sloker was an absolute failure,
#® 8@k

“In my endeavor to ohtain information, I wrote fo various con-
cerns which arve reported to have hurmed lignite with mechanieal
slokers successlully.  Tleve is an extract from a lelter:

““We have burned a little lignite on hoth of these grates with
very good resulls, as compared with hand-firing, However, these
grates were not installed at this plant for the purposc of hurning
lignite. They are strietly semi-anthracite” Another paragraph
reads: ‘I burning lignite, a great deal depends on the arch. On
this, if you go into i, you will probably have to (o =ome experi-
nienting with different construetions of arches.” T understand that
this installation gave a great amount of trouble when it was first
put in.  JTere i= an extract from another letter from a man who
had made a study of Texas lignites:  ‘We {ried out lignile on a
chain-grate stoker under a 200 h. p. B. & W. boiler, but found
that it did not burn successfully beeanse of the moisture in the




134 Bulletin of the Universily of Tevas

fuel. The fire died ont helore the end of Ilil’ wrate was reached
and, of course, the ignition wag too slow.”?

“Tlere i< one from Colorado: “We have =ix B & W, hoilers,
four of them 300 h. p. fwo 400 ho pooequipped with chain-
wrate slokers.  Have had them in operation about three years, Our
tolal expense for yepairs on grates, sear, engine bhelts and brick-
work, has heen about $100 per vear.  We hurn lignite allogether,
except when fhere i< labor trouble. We are saving from 20 per
cout 1o 235 per cent of coal over goad hand-fiving. I am sending
you analvsiz of the coal we burn, alo some other information.’
Following are the analysis and evaporialion :

Kind of coal, Cruches mine run. | Per cent,
NoliatHe mellerys s R R R RS i v n 33
) I TR ) T T e S e e e ek A A R e g | 30,25
T.90

i "'$ 73

Calorific value; British thermal unils. . ..o e 11,600

Waler equaporation from and at 212 deg. per Ib., natural coal .

Waler equporalion from und al 212 deg. In-r Ib., l.h‘} ruut ..... .00 s,

Efliciency of boiler and furnace, ... iin e vun. 56.9 per cenl.

Draft suelion uplake. . ... ... e e 0.57 inches of water.

Draft suetion over (fre, .., Shisstknoneaesgia SRR 021 inches of water.

Capacity of botler, ............. R () 1N E e

Load developed. . ... s RIE U P e

OO IR it S i e s e e e e ... 20 per cenl.

“UThis was from an cight-hour test vun hefore stokere were put
in, stack temperature GOo to 700 degrees I,
*“Another fest run after glokers were installed, same coal used :

\\'.ll.t'r eviporated from and at 212° per pound, naltural coal, pmuu.l-\ ...... | G.11
Ler evapuraled from and at 212¥ per pound, dry coal, pnunr!» HERAEREY 800

l {ln ieney of boiler and furnace, per cenb, ..o e e | 69,7

Diraf( suction uptake, inches of Water .. ..o 0198

Dralt suction over lire, inches of waler’. 000000 ] AT A S B 1,232

Capaeity of boiler, 100 h, p

Torse-power developed, JU’

Over raling, 28 per cenl,  Average (00 10 Lo 12,

Stack temperatores belween 500 and GO0, l

*Both tests were ran Tor cight hours, and in the case of the
<toker we were not familiar at the fime with the hest methad of
firing. 1 believe the ehain grafe is the only stoker for lignite?

“Uere are two analyses of the lHanite we ave burning al Bren-
ham, Texas:
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2

llrlkl'll from in front

of hoilers as il

AL the mine. was being fived.

Per cenl. Per cent.

Moislure . - a0, 82 13.74
Volalile combus 4,31 a8, 10
Fixed eachon 20 87 38,30
Ash . 6,00 4. 8B
(l:linr[ ' S VR T 10,070
Culorilic value on HRE T i S L S 11,670

Note.—Analysis No. 2 is more reliable as we had it m: ldL by a repulable, unbiased
chemist. [ am not so sure aboul No. 1

“It has been impossible Tor ug, on account of making alterations
in our plant, to get exactly our evaporation factor, but, in the tests
run st vear, we had tests which ran as high as 5 pounds of
wated to a pound ol lighite as fived : our average heing -L.5 pounds.
Comparing the Colorado lignite and the Jignite which we are
using, il ecms as il we would be hetler fixed to use a stoker than
they are,

“Phe manufacturers of the fype of <toker nsed with Colovado
lignite claim o have wore than sixty stokers burning lignite, in
Colorado.

“What I have learned abeul stokers for lignite. as we lind it in
Texas, Forces me to the conclusion that they ave still in (he process
of development and, while T hear very often of what has heen ac-
complished at this or that place, it has heen tmpossible for me to
secure authentic vesults of {est,

“There are vaviables conmeeled with lignite which make eflicient
stoking difficult.

“As sel Torth in another place, there s the moisture. the most
variable of them all. Il it leaves the mine in fair, dey weather,
its moisture confenl will he Jower when it reaches vou: and, if the
weather is damp or it ix raining, vou have more moisture.  And
good aperation or, rather, good ignition and comhustion hy the
stoker, requives =ome stabilily ol moisture.

“The same mines have heen known fo produee lignile of vari-
able chemical composition. 1 think this is trae of all mines, al-
though our lignite runs very uniformly.

“The requisites for suecessfnl mechanieal sfoking ave the clim-
ination ol most of the moistnre: the hreaking up of the Tamps to
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uniform ¢izes so as to obtain, as far as possible, the same grad-
ing; some mechanical means for avoiding surface coking; and
the construetion of ienition arch applicable to the particular fuel
to be used. T have been informed that one of the large companies
in this State is about to earrv on some extensive experiments with
a liznite stoker, We will all he glad, T am sure, io sec success
crown their efforts, ag the fuel situation in this State is becoming
a seriouz one.

“In conelusion, T wish to tell you that recently we are develop-
ing about 15 per cent over capacily with a hoiler which formerly
never exceeded 75 per cent of its capacity. The source of this
inerease consiste of three clements: CO, Recorder; Rocking Grates
and African musele. The latler is a little hard to keep moving,
but is the only stoker we have heen able to rely on.”

With vespect to stokers using lignife:  We have been furnished
with the results of a test made on lignite from the mines of the
Southwestern Iuel Company, Calvert, Robertson county, at Fort
Worth, December 23, 1912.  The steker nsed was the Green Chain
Grate, and the water evaporated per pound of lignite, under actual
conditions, was 5.02 pounds, the horse-power developed having
heen 524, with a boiler efficiency of 73.4 per cent.

The details of this test are ag lollows:

Boiner Tesr a1 Forr WorTir,
BOITER.

Duration of test, 6 hours.

Plant, Swift & Cowpany, No. 9.
"Mvpe, B, & W. Water Tube.
Diameter of shell. 42 inches,
Length of <hell, 20 feet 4 inches.
Number of tubes, 224,

Diameter of tubes, 4 inches.
Healing surface, 4544 square feet.

FURNACE.,

Type, Horvizontal T Type GECO.
Depth, 11 feet.
Width, 8 feet.



The Fuels Used in Texas 137

Grate area, 88 sq. ft.

Kind of grate, (ireen Chain Grate.
Percentage ol space, 15.

Ratio of heating to grate surface, 51.7:1.

COAL.

Kind of coal, Mine-run lignite.

Bought from Southwestern Fuel Co., general offices at Calvert,
Robertson connty.

Broken to cgg size for firing.

Weight of coal as fired, 19,200 pounds.

Percentage of moisture in coal, 30.17.

Weight of dry conl consumed, 13,407 pounds.

Weight of ashes, 1441 pounds.

Weight of combustible consumed, 11,966 pounds.

Percentage of ashes fo dry coal, 89.3.

Calorific value of fuel, dry, 10,669 B. t. u.

COAL PER HOUR.

Coal consumed, actual conditions, per hour, 3,200 pounds.
Dry coal consumed per hounr, 2,235 pounds.

Combustible per hour, 1,995 pounds.

Dry coal, pev ¢q. ft. grate surface, per hour, 25.4 pounds.
Dry coal, per sq. ft. heating surface, per hour, 49 pounds.

ANALYSIS OF COAL. Per cent.
Pixedearholl sunias ses e mee sessisssma ivheade v 24.03
Volatile matler ... .o e e eians 38.32
13 G115 1 U O O 30.17
:"lSh ................................................. 7.48

ANALYSIS OF ASIH,

PLOTEEHTE oovamoons wminii isss sarsrsons s  viae o b e, o e T AT e 0.28
Volatile combustible matter. ..o 16.01

WATER,

Total water evaporated, pounds.........coovueinn . 96,363
Equivalent water evap. from and at 212° F., pounds.....108,408
Water evap. per hour, pounds. ......ooveiveennaannn 16,061
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Equivalent water evap. per hour from and at 212° I,

POUNUS! cns vsowumssirmian oot el Fisle s e SRR R 18,068
Tactor:of evaporabiocessies oo arisemeaveseewas ¢ 1.125
Water evap. per sq. ft. heating suvface, ponnds........... 3.53
Water evap. per pound coal, actual eonditions, pounds. ... 5.02

Water evap, per pound eoal, from and ag 202° F., pounds. 5.61
Water evap, per pound eombustible, aetual  eonditious,
BT S R e e o St S el e e 8.05

Quality of steam, per cent, drv....coovivivviiveinenn... 99.3
PRESSURES,
ST PRRROTE; POTATR e sovevraims LSS essii ik avs 146
Draft at uptake in inches waler...........oo ... 0.7%
Draft eutering cconomizer over five. ...ovvvuee e ann. .. 0.24
TEMPERATURES,
Feed water, 136° 10,
Escaping gases [rom hoiler, 503° F.
Boiler room, 51° T.
HORSE POWER.
Rated horse-power of hoiler............ e — 154

ITorse-power developed from il at 212° !‘“. (1 h. p. equiv.
3L5 pounds water) ..........
Percentage above rated b, po..oooa.n. . SSATRTRE § 15.4

ECONOMIC NERULTS,

Water evap. per pound coal, actual conditions, pounds. ......5.02

Eeuiv, evap. from and at 212° per pound coal, pounds. .. ... 5.64
Equiv, evap, front and at 212° per pound dry coal. pounds, .8.08
Equiv, evap. [rom and af 212° per pound comb., pounds. ... .9.06

EFFICTENCY.

Tfliciencey of boiler (heat absorbed by hoiler per pound of com-
bustile, divided by heat value 1 pouwnd comh.). per cent. ... 718

Efficiency of boiler (heat absorbed by hoiler per pound dry
coal fired, divided by the heat value of 1 pound drey coal),
per eent ... SN SR R TY SR ERe R B e e e e 3



TToyt, Waod County,

Consnmers Tienite o,
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A Jarge tonmage of lignite ix now fired by hand and while this
method wnguestionably gives good satisfaction when proper care is
hestowed on ity vel Tor large establishments, the uge ol an anto-
malic stoker seems 1o be necessavy. Theve are no insuperable ob-
strcles to he overcome. The main points o consider are that in
lienite we have a fuel that parts with its volatile combustible mat-
fe more quickly than ordinary hituminous coal does, and that the
fixedd canhon ds nat oft o coking nature. This means that o Taree
quaniity of air must he supplied within a hort time after the fuel
Legins to part with its volatile combustible matter, and supplied
ar the requizite point=, The smoke must he prevented from form-
i, Por it is diffieult to handle it after 3 is onee Tormed, The fixed
cathon will take carve ol dtsell, il prevented Trom Falling throngh
the interstices of the gratez it i= the volalile combustible matler
that has to he cared lor,

{1 does not appear thal there ave greater variations in the com-
poesition o lignites than in eoals with which they are to compele,
=0 1hat a stoker installation sneces=ful with one lignite should he
capable of hening any other lignite, under comparable conditions.
The preparation of lignite, according 1o size, has a direct heaving
o the usze ol antomatic stokers. In this connection we quete a
lerter received Trom the Consumers Lignite Company, Dallas, with
veferenee o the practice ot their mines at Hoxt, Wood coundy,
“Phe elenning of lignite slack, or ils separation into nul and
dust, wis frst suggested by the practice of the Fraser Brick
Company, of Dallas, at itz planf at Ginger, Rains county, ol mix-
ine e eertain amount of Tignite doust with the vaw material Tor mai-
ing fire file. Their practice was 1o pul the standanl slack—all
material thromgh o -inel bar screen—-through a Williims crusher,
sof Tor f-inch. The possibility of making o separation of material
ul this ~ize al the mines Jod fo experiments at the mines ol 1he
Cor=tmers Lignite Company, Hovl, Wood county, Tesas, in the
sttmer of 1912, under the care of Mro Ao ML Fodees, assistant
manager. awd Mreo Dreoey Me N Phitlip=s mining engineer.

T oviginal cguipment provided Tor o two-gize separation. graded
as “lmnp™ and =slack,™ the Tump being all material over a §-inch
b serven 12 Toet Tong and 5 Teed wide <ot af an angle of about 35
degrees, and the <lack being all wmaterial through this sereen,
These two grades of conl arve delivered by gravity 1o gondola freight
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cars on two parvallel tracks under the tipple, which is for slope
hoisting.  The amount of slack in minc-run coal varied from 18 to
2% per cont for the last vear. Allerations in the existing installa-
tion were, of necessity, very limited and it was decided to provide
a bin for the dust instead of loading it diveet info the cars.

Preliminary experiments on a small seale showed that appreovi-
mately 25 per cent of the slack was of snitable size and conld
be obtained through a properly sloited sereen. This experimental
sereen was of ordinary eorrugated iron, supported two inehes aboce
the floor of the slack pan, and extending two inches hevond the
lower edge, across which was filted a nozzle conneeted fo the suction
end of a gin fan. These exneriments were go succeszful that a
lavger installation was planned, initial operation of wlhich has
shown a salisfactory extraciion,

T'he seveen at present used for making the separation into “nut”
and “dust” is of No. 16 gauge galvanized sheet steel, in which
have been eut slots d-inch wide by 4 inches long. The screen
is 1% lect long and 5 feet, 9 inches wide, with a pileh of 35 degrees.
The <lols are arranged in pavallel stagaered vows 11 inches apart,
with 2 inches of metal between slots in the same row. I'hus there
are 24 slots noa row and 50 vows, a total of 1,200 slots with an
area of 1 square inch each, making the avea of openings about 15
per cent of the fotal arven.

Galvanized angle irons of 1} inch are riveted along each side of
the sereen and through these angle irons are drilled six equally
gpaced I-inch holes, corresponding to similar holes drilled in the
sides of the slack pan 3} inches above the floor. T'hrough these
livies and flush with the lower surface of the screen are passed
d-inchi stud holts, secured by jamb nuts at each end. The lower
edge of thiz scveen exlends 3 inches hevond the lower edge of
the slack pan proper, thus affording ample clearance for the lavger
particles that slide on the sereen without interfering with the finer
material that passes through the slots and slides on the pan.
Extending across this lower edge of the slack pan proper is a nozzle
s0 designed as to give a uniformn suction across its enlive width
aird this nozzle is conmected with an 11-inch sheet iron pipe run-
ning to the suction side of a +3-inch A. B. C. high speed fan. The
Qistance from the mouth of the nozze to the fan inlet is 17 feet,
with u rise of 4 inches. The fan is belt-driven from a 30 horse-
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power Langing engine, with a maximum speed of 1,800 r, p. m.,
hut the neeossary speed ravely exceeds 1,500 v, p. . The distance
from the fan outlet to the bin is 48 feet, with a rise of 7 feet, and
the delivery pipe has a diamefer of 11 inches. The bin is con-
stracted 1o discharge into gondola eavs through Tour gpouts and has
a capacity of 50 tons of dust.

The following analyses, made in the laboratory of {!m Bureau of
Eeonomic Geology, University of Texas, show the composition of
the varvions sizes, the samples having heen {aken simulfancounsly
at three different points. The Tump and nut were taken from rail-
road cars heing loaded at their respective shutes and the dust was
collected at the mouth of the nozzle. The sample marked “dry
dust™ was laken from the hin and represents material affer its
passage through the fan and exposuve to the air for several hours.

dnalyses of Ligniles Trom Conswmers Lignile Co., Ioyt, Woud
Cowitly, 1'raas.

Per venl., as received,
Lump I Nut. Dust. | Dry Dust.
A o 0 SRS { ,l i
MOTKIUN. .. 2o s 450 000 08 2aae s 25.83 | 96,51 21
Volatile um:husl ble malter.......... S T 085 822
Fisedearbon.....oooiiviinons 31.30 32791 0 B2,
3, T Rl S S e e P A 7.27 i H .90 I 0.
100.00 10001 100 .00
Sulphur.. . ....... e AT e 0.51 .62 (1. 68
British (hermal units per pound. ... .. 7,074 | 7,739 7,728
i i
R o E ’er vent. on dr} basis. T
| ol A
Lump. i MNut. I)uxl. ] Pry dust.
S T YOy e | - |
Volatile combustible matter. ... ...... ] 47.99 AG 1) 42 .00
FaRet) BOPRON L icv vu i e s s ascbias s o |4z 38 .80 44,52
I R S i ey i 9,80 15.10 13 .48
| —— — - e e e
C100.00 100 .00 100 .00 100 .00
SN o s i warmsre .73 .85 0.92 ¢ .95
British thermal units per pound...... 10,751 10,676 10,520 10,598
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CHAPTER IX.
THE BRIQUETTING 01 TENAS LIGNITE,

Ruport of Professor Eo W0, Baheock, University of Narth Dakota,
(trand TForks,

We do not propose to enter upon (his <ubject in delail, for it
would vequive a ool (o itself. AT Ahat is necessaey al this fime
i< {0 give the vesulls which have been recently obtained From the
hriquetting of fypical samples of Texas lgnite in ihe Mining
Fxperimental Sub-ztation ol the l'ui\'ﬂl'si{‘\' of North Dakota. We
shull pot discusz the briquetting of vaw lignile, for we are of (he
opinion thal this offers few, i any, commercial advaniges over
ovdinary lienite,

Lignite hriquettes should be made of carbonized  material or
sterial that has had mos=t ol the volatile combugtible wmailer ro-
moved, whether in closal retorfs or in hee-hive or recovery ovens,

We are aware of the experimentz that have heen made on the
hriquetting ol raw lignite, hut we do not consider the resulis oi-
teined a= o suflicient importance to wirrant Turther disenssion
at this time, Fuethermore, i ix nol necessary o discnss the hri-
quetting ol other Tignites, Tor the heart of the matler les in the
resulls actually obtained frone Tesas lignites,

Duving the summer of 1912, we <ent (o the Mining Sob-station
ol the University of North Dakota, threee separate shipments of
1.000 pounds each of the Tollowing lignites, contributed by the
conpanies coneernad :

Bear Grass Coal Company, Jewerd, Leon counfy,

Cov<uiners Lignite Company, Hovt, Wood county.

Houston County Coal and Manufacturing Company, Evansville,
Leon county.

Weo alzo shipped thiee harveels of Texas asphaltunme (petrolenin
residue), contributed by The Texas Company, Houston, to he used
as a binder for the hriquettes.

The composition of the three ligniles <hipped was determined
at (he School of Mines of the Universily of North Dakota, as
follows:
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Bear Grass (foal (‘om;:mw, Jewell, Leon Counly.

As rec'd, Dry,
per cenl. per cent.,
Moisture . . : R LR S W — 9.30 j....... cas
Vaolatile combustible .:th' .......................... 42,40 4635
Fixedearhon . .o vvns i visniiassiniss A T R - 49,51 43.18
T R e Ay iy T 8.79 10.47
100,00 100.00
SN D e e S T T T R T R cv.. not det’d | not det'd
British thermal units per pound. . ....... Cennesd e rsmaraeey] 105263 | 11,315
Concumers Lignite Compan :; }’fm;t Wood Counly.
As ree'd, Dry,
per cenl. per cent,
PMOEIRE e e s e pewes s __- ......... R T 10 .68
Volatile combustible matler, . ... . ... iiiiiaeirninanrnes fll‘l_K_Tr‘
lwcdcari:on ,,,,,,,,,,, e R AR e I 11.03
7t el e L o L e e e A A 7.12
100,00 100000
s A L A O VP e e B nol dete’d | nol detr’d
British thermal units per pound . . .. T — 9,923 11,008

Hoauston County Coal and Wanufacturing Cowpany, Evansrville,
Leon Caunly.

As rec'd, Dy,

per cent. per cent.
IVTOIBEINE v oo b e A o R AT ¥ty | |oeassama
Volatile {'t:l:llmallbh_ 1L LB G S e Nt R oS L 3800 43,12
Fiebeiehion s s st S o i R s e 40 87 4637
] e e 767 10.51
100 .00 100 .00

Sulphor. consrisuiviseraes: cevwrrsveerriinessaaesssa| Rot det’d [ not det’d
British thermal unils per pmmd ......................... i 9,612 11,142

While these conls weve in transit from Texas to North Dakota,
they lost a large part of thelr original moisture.

The briguetting tests were under the immediate supervision of
Professor 15, 1. Babeock, Dean of the College ol Mining Engineer-
ing, Universitv ol North Dakota, whose excellent work on the
North Dakota ligniteg needs no commendation heve,

In abridging his thorough report we have omitted no essential
faciz hearing on this investigation,

Eavperimental Melthads, Equipment, ele,

Report of Professor I, J. Bahcock.
He says, under date of July 9, 1913
“The tests given in this report were carried on hoth at the School
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of Mines and the Mining lixperimental Sub-station of the Univer-
sity of North Dakota. The analyses and tests of the raw coal, the
tests of the coal for the yield and quality of gas and carbonized
residue, and the analyses of gas, residue and hriquettes were all
made at the experimental laboratories of the School of Mines at
the University.

The carbonization of the residue for the production of hriquettes
and the manufacture of the briguettes from the varions samples
of coal and the vavions binding mixtures, was carried on at the
Mining Experimental Sub-station under niv supervision,

All of these tests were very thoroughly and carefully made with
the purpose of approaching, as nearly as possible, conditions which
could be secured in a commercial plant. The nost serious dilliculty
in these tests was the lack of suflivient quantity of the different
kinds of coal. For this rcason, the gas tests were all made in our
smaller plant at the School of Mines, but this has proven very
salisfactory.

The small experimenial gas plant in which this coal was tested
for gas is very complete and of sufficient size to give accurate and
reliable results and it approximates very closely the methods which
might be actually used in the manufacture of gas from lignite on a
comuercial scale.

The retort is so arranged that pyrometer rveadings can be taken
constantly during the carbonization, thus showing the yicld at
varving temperatures. The retort is connected by a rizer to {he
hydranlic main. Thig hydranlic main is then connceted with a
seeondary tar extractor of special design. From the extractor the
gas passes to the condenser which removes water, any remaining
tar and other solids or liquids. Bevond this is the scrubber pro-
vided with spraver, coke travs, efe. From the serubber, the gas
passes to the purifier, having compartments for cither Time or oxide
of iron. An exit pipe leads from the purilicr to the gas holder
which is very earefully constructed and calivrafed, and is provided
with an aceurately graduated scale reading the gas contents at any
lheight to the one-hundredth of a cubic foot.

The holder is so constructed that the gas can be oblained under
any pressure desired, and so compensaled as lo give a uniform
pressure with any quantity of gas. It is also provided with ther-
mometers, pressure gauges, ete. I'rom this holder the gas is piped
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direetly to the gas testing laboratory, where the chemical analyses
and the calovifie testz are made. The gas determinations were all
correeted 1o normal temperature and harometrie pressuve.

Standard 17, G, 1. gas testing apparatus and government methods
and a carvelolly standardized Sargent gas calorimeter were used.
The gag and coke determinations were made in this experimental
plant. (A more complete deseription of this plant may be found
on page 30, bulletin entitled “Investizations of Lignite C'oal Rela-
five to the Production of Gas and Briquets,” hy E. J. Babeock,
University of North Dakota, 1911.)

The carhonization of the lignite for hriquelics was carvied on at
the Mining Experimental Sub-station and in our standard full size
gis retort. The experimental gas plant at the Mining Sub-station
consists of a hench of one rvetort, hydraulic main, condenser, ¢x-
hauster, two serubbers,, purifier, meter, all of the full size nsed in
conamercial plants, and one gag holder, together with pressure
ganges, pyrometers, tempervature recording apparatus, ete.

The gas heneh containg a standard vetort 9 feet long, capable
of carbonizing about 100 pounds of coal in four hours, This plant
iz complete and containz clandard full size apparatus of the latest
fype. The temperature apparatns iz very complete and conveniently
aveanged <o that the temperatorve of the retort can be taken af any
tiine by means of a high temperature pyrometer and the tompera-
ture and pressure of the gas can be taken in any part of the plant
by means of a central temperature recording device and a central
differential pressnre gange.

The Toexas lignite carbonized in this plant was used for the pro-
ductien of hrignettes. No determination of eas was made in the
carlionization in the Tavge plant as there was nol sufficient quantity
of the coal. urthermore, the coal was not completely cirbonized,
az it waz thought that with thiz particular lignite, and under vour
climatic conditions, it would not be necessary or desivable to at-
tempt fo deive off all of {he volatile mafter, =0 as to produce a
briquette which would he vsed as o substitute fov anthracite conl.

For this veason the Tevas lgnite used in making briquettes was
only partially carhonized and in each ease a different proportion of
eae wis exiraciod, leaving each residue entirely dilferent in its pro-
poertion of fixed carhon and volatile matter. This method was pur-
sued parpesely beeanse of the small quantity of coal available and
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the large number of fests desived. 14 was thonght that by adopling
this method, a large amount of data could he secured with the Tim-
ited supply of coal. No analyses are given of the residues nsed in
ihe hreiquettes. The velative amount of carbonization and some
idva of the character of the vesidue i eaeh ease can he obiained hy
relerring to the chomieal analvses of the hriquettes,

1T compiete earhonizaiion iz ddesived, the compozition of the
residue ean he seen by referving (o the gas and pesidue {ests,
Briquettes made From residue from which the gas has hoen nearly
all extroeted, will. of course. have a somewhat higher heal value
and will give a denser and somewhat stronger and hetter produet.
But it was theveht thal in owany eases in the Texas disteiet it
wottld not he desirable Lo extract all of the gas.

After the lignite was carbonized, it was removed from the retort
and quenched by spraving with water. [T was then conveved fo the
grinding room where it passed throngh the polverizer which ve-
duced 1t to a size ranging from du=t to fine <hot. It was the in-
tention to have about 35 per cont ol it pass o T0-mesh, hul re-
fained on 20 or 30-mesh sercen. I running these small samples
it was, however, impossible 1o put (he samples through onre Loger
croshers, clevators and mixers, since a considevable part of the
amples would he lost,

For this reazon it was ]1.1'1't'-=:-'}ll"\' fo arind these samples of lig-
nite i a dise pulverizer and as the Texas lignite itsell produees
a ool deal of fine material in crushing, and hecanse of this type
of crinder, the proportion of over fine material was loo large, as
will be seen by reference to the sereening tests given in another
part of this veports An exeess of fine or coarse material will, in
cither case, Tower the quality ol the hrigueties, especially with ref-
erenee to strength and abrasive gualities.

Adter the residue was aground it was conveved to g steam-jacketed
miver in whieh it was heated 1o the proper temperature and the
hinding matevial mived with it. The binding material consisted
of varving proportions of pifeh and low grade flour, or ground
serectings. The proportion of cach is given in the deseription of
ihe varions hriguette runs in another part of this report,

Pl proper proportions of water and <tenm were then introdueed
and the mixture thoroughly made, at o femperatore of 170 to 180
degrees Fahrenheit. ATter the mixture was completed, it was cooled
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to the proper hriguetting temperatare and then passed through a
rotary hriquette press, making briguettes weighing from 2 fo 2}
cunees. This press has a eapacity of abont twenty tons per fen
howrs, The hriqueties were {hen convoved on 2 enoling helt 1o the
storage hin and then were sacked ready Tor festing,

As hias alveady heen stated, we were unable to run these samples
of coal completely through our favge hriquetting plant. 0 was nee-
essary fouse asmall geineder and mixer, ag already deseribed. Had
theve been sullicient guantity of the Texas Hanite (a carload) fo
have ran through onr complete plant, considerably hetter brigueties
conitd, no doubt, have heen produced, although the small sanple
lots which we made are very good, taking evervthing info consider-
ation.

The experimental briquetiing plant at the Mining Sub-station
i~ a continuous one with a capacity ol about fwenly tons per ton
hour<. Tu this plant, a= normally operated, the carbonized residue
goes first to a dizinfegrator which hreaks all fumps of residue o a
quarter ineh and finer. This is then conveved to a st of rolls
which veduee it {o the proper size Tor hrigquetting, Tt is then ele-
vated {o o bin from which it passes throngh an antomatic feeder
which gives the correet proportion ol vesidue to hinding material.

Ab iz point, an antomatic feal delivers also the proper amount
ol gronnd sereenings. or low grade Hour, hetween T aml 2 per cont
generally heing vsed. Thiz mixture of grouuwd residue is then de-
Bversd 1o a preheater amd convever which conveys and mixes the
ey material and at the same time hrings it to about 100 degrees
Falirenheit and delivers i, at this temperature, info the mixer,
Al this point, the hinding piteh s introduced fhrongh a rolary
meter, giving the exact wonnt of piteh hinder desived. The piteh
n=ed i generally what is known as 145 degrees melfing point.

Thiz piteh is melted ina steam heated tank Trom which it lows
by weavity to the meters Teis (hen spraved and hlended with steam
in the mixers This mixer = <team-jacketed amd soodesioned thal
it thoroughly wixes the hinding inaterial and the Hgnite residue,
al e sime e oving B0 forwand el delivering ivoar eaaetly
the proper speed for the briguetting press. On il way {o the bri-
quetting press. it i< eavelully fempered by a special deviee which
coals the misture to the proper temperature and which can he
reculated Lo meet the ehanges in afmaospherie temperature. The



148 Bulletin of the University of 1raas

mixture then passes through the press and the briqueties are de-
livered to a cooling belt whieh convevs them to hriquetie storage
bins.

This plant is complete and no hand work is done from the time
the residue is delivered to the ernsher. All of the machinery is very
carefully timed o that every parl operates at the proper speed and
delivers exactly the right proportion of material, Considerable cave
an gkill is requived in the operation of the plant o keep the ad-
justment exactly right, hut the plant has heen so carefully worked
out that it operates very uniformly and with comparatively Tiftle
attention.

INVESTIGATIONS ON TILE SEPARATE LIGNITES,
Bear Girass Coal Compony, Jewctt, Leon Counly.
The analysis of this lignite has alveady heen given. The lignite,
as received, vielded 11,150 cubie feet of nnpurificd gas per ton,

the temperature of the retort ranging from 1,172 to 2,057 degrees
Tahrenheit (800-1,125° C.). The composition of this gas was:

| Per cent.

CarBOmit e oo o bac s s A s Y st e R 14.1
Carbon menoxIde ;. i L R A R e e e e e 17 .90
FHBTRIRRIR R - s v S i e B e T e R A i B ¥i%0
OIXTBOI o 00 v 558 010 5,000 0B B0 T 5008 0 5w bW WSS B 0o, 8m 0 w8 Fusen 30 momemiamcne e 0.30
§ e S e 44,60
e e e m e e S s s B D e e e 16.60
e R e A R R R B S l 1.80

1 o0 00

British thermal nnits per enhic foot, 334.8.
The yield of vesidne waz 52.5F per cent of the Jignite as veceived
and it had the following composition, dry:

Volatile eombustible matter
Fixed carbon S
L o e S B el e

Britich thermal units per ponnd, 12,820,
The yiclds of tar and ammoniacal liquor were not determined.
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Briguelte Tesls,

A seriex of hriquetting tests was made vnder varying conditions.
The gas was not all driven off from the residue which was briquet-
ted and on this account an entirely new series was obtained, T'he
carhonization was carvied ou in a larger gas oven, only a portion
ol the gas heing vemoved. The vesidue was crushed to the following

21708

= = = == |

| Per cent.
Coarser than 10-mesh, . .... o ___ B d _ ................ 0.38
Het n 10 and  30-mesh....... AR T e A AR s i -34 72
Between 30 and  S0-mesh. ... .. .. B fac e ot ia oy s g ks s e e 20.66
Belween 50 and 100-mesh. . ..o it i e 12,11
FAner THAE TODRBUBEI . o voeero5 4 i s o 6T 8 T S e 32.13

By rcference to this it will be seen that a large amount of the
residiue was ernshed finer than 100 mesh. This was unintentional,
as we aim to have very little as fine ag 100 wesh. This residue
scemed Lo erush to a fine powder much more readily than our North
Dakota lignites and was ground finer than we intended. As a re-
sull, the briquettes are not ag sirong as thev would bhe il there
were not in them so mmeh very fine material. It will, however, be
difficult to get a large proportion of the vight size without consid-
erable fine duslt from this residue, as the Texas lignite does not
seem to give as hard a residue as that obfained from the North
Dakota lignite.

Briguettes:  'This coal was used for the production of hriquettes
under a varviety of modifications, some made of raw coal and some
with the lignite residue, and cach lot was made with varying pro-
portion of hinding materiale. The purpose of this series of fests
was to scevre a wider range of briguette products so that a com-
parison of composiltion, heat value and general quality could he
made, taking into account differences in cost of produciion, ete.
The following series of hriquettes was made from this eoal:

Laboratory No. 2,887 A. These briqueifes were made from
slightly carbonized lignite vesidue. The carbonization was made
in the regular staudard #ize gas rvetort. The following mixture
was used :

G per cent. coal tar pitch, about 145 degrees melting point.
2 per cent. ground screenings, or low grade flour,
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5 per eent, hitumineus coal,
ST oper cent, =lightly earbonized lignite residue.
The composition of these hriquetfes is as follows:
. (hromival _[_r.llrn".q.\'l'.u _,";’.c'llr_,am'fr':'.s—_

As ree'd, T,
per venl. | per ce

NMuoisture., G R S 3 I | s
Volatile combustible mlttlr G181 3660
Fixed earbon . T T S N L A B B R P 13 .12 A5 .65
A e 16 .63 17.7%

100,00 | 100 00

British thermal units per pound ... ... i ST T 11,110 11,616

These briquettes have fairly zood phvsical propertics, although
nol as good as the other samples made from earhonized residne,
prohahly for the veason that the residue from which these briquetles
were wade was only slightly carbonized. Ax has already been ex-
plaimed as in the case of the other hriqueties, these hriguettes are
not as strong as those made Trom the harder North Dakota lignite
re<idue, due Jargely 1o the fine powder obtained in crushing the
carbonized residne. This can probably he considerably reduced
in the operation of a plant by careful adjustment of the grinding
machivery s hut in this test the quantity was too small (o admit
ol experimental changes in the grinding,

These hriguettes, however, ave quite =ati=factory. They are
nearly jel-black in color and have a very goml surface,  They are
suflicient!y strong (o handle without great heeakage and stamd in
the air without tendeney o slack. Mlthongh but =<liehtly carbon-
ized, they hold their form well and born weli in the Furnace.

These briquettes huen with a litt e more Hame than those which
are wmore fully carbonized, hut alter the combustion iz well under
wite, the fhime hecomes very small and Ahere s bt Tittle smoke.
Thev hurn quite freely, hetween the more Tully earbonized and the
raw lignite hriquettes, but <inee a portion of the lighter mas has
heen faken ont. they hold fogether well while burning, "These hri-
quettes are good Tor stemming coal under hoilers and are excellen
for furnaces, fire places and ranges s and while they ave better than
the raw lignite hricuettes Tor use in sell=feeding antheacite sioves,
thev are not as destrable Tor this purpose as the bhriquettes made
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from the completely carbonized residue, These hriguettes, how-
ever, would probahly give very good satisfaction.

Lalioratory No. 2887 B These hriquettes were made from raw
lgnite which had heen dried, hut from which the gas had not heen
removedl, The following mixtore was used :

11 per cent coal tar piteh, ahout 115 degrees meliing point.

3 per cent around sri't’i‘l]‘]ﬂ}_‘"?. or low gmﬂo flowr.
5 per cent hituminons coal.
81 per cent raw lignite, dry.

Chemical N ranlysis Briguelles,

As ree’d, Dry,
per cenl., per cenl,
IVLOUBLANER o o s it v s e e b o o o B e i L - T . o s
Valatile combustible matter. ... ciarenane 3686 38 80
Fixed earhion; ool L GOed s amnill e R I e AR 46,98 49 .43
T (OB e S L e Ll I e e et el 10490 11.70
100 (K} 100 .00
British thermal unils perpound. . ... i ann . 11,010 11,654

These briquettes arve strong enough to stand a limifed amouni
of handling hut arve not nearly as strong as they would he it they
were meaude Trom eavhbenized Henite and thereforve the hreakage will
be considerably greater. The color is nearly black. The shrinkage
is comparatively <mall,

These hriguettes stand very satistactorily in the air, but as is
usnal with raw lignite hriqueties, thev:eraek considerably in the
fire, due to the rapid produeiion and escape of gas. Towever, they
do not disintegrate and they stand up quite well in burning.  As
with all raw lgnite briguettes, there is a considerable volume of
Hame, especially noticeable on Fresh fiving, and af (hig period there
ix alzo comsiderable smole, doe to the coal tar piteh used, hut alter
the fire has gotten well started, the flame and {he smoke are hoth
[avgely redueod,

These hriguettes e very freely and too rapidly to be used as a
stibstitute for anthracite, Furthermore, they contain foo much
gin to he used with entive satisfaction in self=feeding anthracite
stoves, They can, however, be used in furnaces, ranges and under
Foilers, bul will not Lold the fire az well as hriguettes made Trom
erhoenized lgnite residue and will not stand handling as woll.
They have. however, a very good heating value.
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Consumers Lignite Company, oyt, Woad Counly.

The analysis of this lignite has already heen given. ‘The lignite
az reeeived, yielded 9,970 cubie feet of unpurified gas per ton.
The temperature of the refort ranged from 1472 10 2.012 degrees
Falirenheit.  (800-1,100° €.)  The composition of {his was was:

I

Per cent.

Carbonic aeid . ..............

20.30
Carbon monoxide. . .. 15.30
IHominunts ., ........ 1.30
OXVEEN ..ot e e e i 0 .40
B = O e R R R e vt 31,04
) LA Ty e e e O L e s R B i 21.07
Nitrogen......... T L el I S 669
Brilish thermal units per cubie foob ... .. ... ... ... ... 335

The yield of residue was 54.69 per cent of the lignite as veccived,
and it had the following composition, dry:

Per cent.
......... 53 11.37

Volatile combustible matter

Fized carbon .. ............. 73.53
FL T N i i i 15.10
British thermal units per pound . . B . - 13,360

The yiclds of tar and ammoniacal liquor were not determined.

Briguelle Tesls: A serics of briquetting tests was made under
varying conditions, on material from which all of the gas had not
beer removed. The carhonization was carried on in a larger gas
oven at the briquetting plant. The residue was eruszhed to the fol-
lowing sizes:

Per cent.

Coarser than 10-mesh . . ... ..o e 1.48
Between:Iand S0-meshsi il sl VS S e iiE HEA R 44 .63
Belween 30 and  H0-mesh 16.52
Between 50 and 100-mes 11.01
Finer than 10U0-mesh . . .. 26,31

As in the case of the preceding tests, the large amount of the
residue waz ermshed finer than 100 mesh. This was unintentional,
for the purpose was to have very little material as fine as 100
wesh. This residue seemed to erush o a fine powder much more
readily than our North Dakota lignite, and the briquettes are not
as strong as they wounld be if made from coarser material,

Laboratory No. 2,885 A.  These briquettes were made from par-
Hally earbonized lignite vesidue, with the following wixture:
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6 per cent coal tav pitch, abont 145 degrees melting point.
2 per eent ground sercenings, or low grade flour.

5 per cent bituminous coal.
ST per cent partly earhonized lignite residue.
The eompozition of these hriquettes was as follows:

As ree’d, Diry,
i per cenl. | per cent.

Moisture........... e e o 2,50 ...,
Volalile combustible matter. . ...... .. LT R W e Po22.44 23 .00
Fixed carbom . .. ..ot 58.03 | 60 .00
L1 1 B N B R S R R S it 16.53 | 17.00
. ) Y 10000 10000
British thermal units perpound. . ... oo 11,640 11,938

These hriquettes have faivly good physical qualities, aud will proh-
ably give satisfaction. Their color is nearly jet hlack. Thev have
a reasonably good surface and arve fairly dense. ‘They are suffici-
ently strong to handle without an excessive mmount of hreakage.
They stand i the aiv without any tendeney to slack.  They burn
with a small amount of flame which is noticeable mostly at the be-
ginning of the fire, but after comimstion is well started, they hurn
with hut little flame and smoke. They buen freely and hold to-
gether well while hurning. They can be used in an anthracite self-
fecding stove and in furnaces, lire places, or ranges. They can also
be wsed for steam purposes, although with a little more volatile
matter they wonld give a longer flame. For general fuel purposes,
these briguettes would wive very satizfactory resulis,

Laboratory No. 2883 B, These hriqueties were made from
partly carbonized lignite vesidue.  The carbonization was made in
a standard gas retort. The hriqueltes were made with the follow-
ing mixtore:

10 pev cent coal tay piteh, about 115 degrees melting point.

2 per cent ground sereenings, or low grade flour.
5 per cent bituminous coal,
83 per cent partly carbonized lignite residue,

The composition of these Iriqueties was as Tollows:
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As rectd, Dy,
per cenl. | per cent,

Muoisture . SRR it
Volatile combustible ! A3 10
Fixed earbon | H3.10
A e R A i 13 45

oo oo ! T A
Brilish thermal units per pound ... ApR—" N - 12,420

These hriguettes have Taivly good physieal properties. and wonld
prelably give satizlaction, and the same remarks made under 2885
A are applieable heres They seem to he somewhat stronger than
brigueltes Noo 2885 A amd wonld doublicss <tand handling some
what hetier,

Laboratory No. 2885 (0 These briqueties were made from raw
ligrite, Trom which most of the waler was removed, but without
the removal ol the gas. The following mixture was used :

10 per eent coal tar piteh, about 115 degrees melting point.

2 per cent ground sercenings, or low grade flour,
A per cent hituminous coal.
85 per cent raw lignite, drey.

The composition of these brignettes was as follows:

As ree'd, Dry,
per cenl, per cent,
NEERELTG i s vy i v wa S -T:.Ii'.!_ ..........
Volatile ¢ muhu-‘lllslu m.l{tu ............................... A5 .65 4610
Fixed carbon . ..., RIS Eredt s R e A R ey G e e 41 .28 4360
o] | L L T R T 9 .40 10 .30
L ; 10000 10000
British thermal units perpound ... ... .. ... ...........] 12,070 12,788

These briquettes are probably s{rong enough fo <tand handling to
a limited degree, hut they ave not nearly as strong nor as =alislace-
tory as ihe hrigquettes made from the carbonized lontie,  The waste
in breakage where there is much handling would he considerable.
These hriquetios stand very sati<lactorily in the aiv, hut in the five
they erack considerably. due fo the rapid production and escape of
gas. They ddo not, however, disintegrate, ot will stand mueh pok-
ing while hurning, There s a large volmme of e, especially
noticeahle on fre<h fiving, and in thiz respeet they ave very <imilar
to dry lignite. There s also a considerable amount ol smoke at
thiz period, due to the coal tar piteh nsed, bt alter the five is well



The Fuels Used v Teras 155

started the flame is somewhat vedneed, and the =moke largely dis-
appears These hriquettes o very Treely and too wapidly fo he
sufisfactory as a =ubstitute for anthracite s and they also contain too
mueeir gas o he used oo zelf-feeding athracite ove, They could,
Bowever, he nsed in furmaces, ranges, and auder hoilees, hut they

do not hiold the five ag well as the hriqueties made from the carhon-
ed Tignite residue. They could not he considered very satis-
factory Tor general commercial use,

Laboratery No. 2885 ). These briquettes were made from raw
ligmite, Trone which mo<t of the water had heen removed, hut with-
ont the removal of the gas, and in this respeet they were <imilar
to briqueites 2885 ¢, The Tollowing mixture was used :

L5 per cent Texas petrolewm residue.

1 per cent ground screening, or low grade flour.
3 per cent hituminous coal.
O per cent raw lignite, dry.

Their composition was as lollows:

©OAS ree'd, Diry,
I per cenl, per cent.
Moisture . ..., .. s R L e T D R IR T I Y S
Volatile combustible matber. . ... ..o iiiiiiiiiiiiinnn.. i 40 80 43,10
Fixed earhon. ...t iiiiininssinnsnnrssnns N 44 .54 A7.10
S R e TR o s S A S e e S H.08 4,80
=h ) 00,00 | 100.00
British thermal units per pound ... ... ... ..., T S b B 11 ) 12,705

These hriguettes are very goed physicallyv,  They are quite dense,
and as soon as they are dry From the press, they stand handling
very welly and Fihink that the hreakage in any veasonable handling
would e comparatively =mall. The color is almost coal hlack.
The surface is very smoolh and satizfactory and they stand ex-
postive to the aiv without any signs< of change. They crack in the
fire considerably, but do not disintegrate, although they do not
sland mueh poking while hurning.

T will he noticed that we veduced the peveentage of Aove and an
avaitional ot of asphalt was used, and Qv is probable that 15
per eent ol the aephalt conld he used without making the hriquettes
too costly. There is a0 large volume of Name, espeeinlly noticeabie
em Tresh fiving, bhui not muoch =moke. These hriguettes. with 15 per
coni petrolewm vesidoe are mueh hetter than the hrigueties made
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from raw lignite with cither 10 or 12 per cent of coal tar piteh.
The Texas petrolenm residue seems to be an excellent binding ma-
terial. It evidently requires a little longer to gain ifs strength than
coal tar piteh does, and it is not quite as hard. [t sccm= to be
el more elastie, and therefore the briquettes will probabiy <tand
hawdling Tully ax well as the briquettes wades ol coal tar piteh.
It also has the advantage of giving much less black smoke.  These
briquettes hurn very freely, and probably too rapidly (o be used as
a substifule for anthracite, and they also conlain {oo much gas to
be used to good advantage in a sell-lfeeding anthracite stove.  T'hey
could, however, be used for the same purposes as briquettes No.
2,885 C.

Laboratory No. 2,885 T0.  These briquettes were made from raw
lignite from which most of the water had been removed, hut with-
out the removal of the gas. The following mixture was used:

L2 per cent coal tar piteh, ahout 145 degrees melting point.
i per cent gronnd sereenings, or low grade flour.
3 per cent hitiminous coal.

S0 per cent raw lignite, dry.

Their composition was as follows:

As ree'd, Dry,

per cent. per cent,
Mboisture....... A R L o 0 8 O 0 A AT oW ;70 i S (PR————
Volatile combustible matter . . . 41.28 13 .00
Fized carbon. .....ovvun., 3 45 .84 A7 .80
e S e e 8.66 9.20
100.00 100 00

British thermal units perpound..........oiiiviiinn 11,180 11,666

These hriquettes are very similar to No. 2,885 (. They scem to
he a little stronger and will probably stand handling, to a limited
degree, a little better, hut they are not as satisfactory as No. 2,885
D, wade with 15 per cent of Texas petrolenm residue. The color
is a hrownisgh black. These hriquettes are eonsiderably smaller than
thoze made from carbonized residue. The shrinkage iz greater on
drving than in the briguettes made from ecarbonized residue, and
ulso grester than in the raw lignite briqueltes in which 15 per cent
ol petrolenm residne was used. They stand very salisfactorily in
the air, but in the fire they crack considerably. They will not
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stand wmeh poking while burning. There 13 a large volume of
flime and considerable smoke,

Tt will he noticed that in thiz mixtore a lavee per cent of pitch
and flour renders the binder rather expensive, especially when ap-
plied fo raw lignite. These raw lignite briquettes cannot be con-
sidered commereially satisfactory.

Houston County Coal and Manufacturing Company, Ervansville,
Leon County.

The analvsiz of the lanite has alveady heen given. The lignite
as received vielded 10,250 cubic feet of unpurified gas per ton,
the temperature of the retort ranging from 1,742 to 2,012 degrees
Filovenheit.  (930-1,100° (). The composition of thiz gas was:

| 1’er cent.

Corharinabbed .o e R T T R S T 14.90
CAOTDOIEIROMORIAI . 1 ovsiw v sy e s b e s e s s e A 17.60
3L T T e e e i ) 1.60
OIRVRON b s i e s e S e e R i B T TR 0 .60
S 41,25
0 FT L TH T S e e R B e e G e 7 15.87
e T | 8.18
British thermal units per cubie foot . ... . .. . 335 .20
1

The yield of residue was 49.3 per cent ol the lignite as received,
and it had the [ollowing composition, dry:

1Per venl.

Volatile combustible matler 4.79
Fixed carbon . ................ T7 .04
18,17

N . 10000
British thermal units per pound. .. ... 12,827

The vield of tar and ammonia was not determined.

A series of briquetting tests waz made on waterial from which
not all of the gas had been removed. The residue was crushed to
the following sizes:

| Per cent.

Courser than 10-me %h
Between 10 and  30-mesh .
Between 30 and  H0-mesh.
Between 50 and 100+ mea!h A P AR, i ik o HE
Finer than 100-mesh . A7 .80

1] >|
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The some remarks inoregard to sizing apply heve as in the other
Cises,

Laboratory No. 288G A, These hriguettes were malde Trom
partly earbonized lignite rvesidue, the carbonization having heen
niile in the regulae standard size gas vetort. The Tollowing nis-
ture was used:

8 per cent coal tar pitel, about 145 degrees melling point,
2 per cent ground =erecnings, or low grade flonr.

A oper cent hituminous coal.

3 per eent partly eavbonized lignite residue,

The composition of 1he hriguettes was as (ollows:

As ree'd, Lirw,
per cenl. per cenl.,

IV O NEAE 5 oo i o e s o T S L
Volalile combustible maller

Fited oavhon i dsrc i nienniilniinadibad Dol
Asho. oo . .

100.00 __mu,uu
British thermal units perpound. o oo oo il i, 11,190 12,082

These hriguettes have good physical propertics and would give
gouil sutisfaction. Theiv color is nearly jet black, they have good
corfice and are quite dense, They arve sufliciently #trong to handle
without great hreakage,  They stand in the air without any tend-
eney ta slack, and in the furnace they burn well and hold their
forne =atislactorily, They burn with a small amount of flame when
the fire i first stavted, but after combustion ix well under way. the
Hane i very <light and there is but little smoke. They burn Freely
and hold together well, They can be used in anthracite sellf=leeding
stoves, in furnaces, five places, ranges, ele. For general fued pur-
poses, heso hriguettes will give very satisfactory resulfs,

Lahoratory No, 2.886 B, These briquettes were made Trom raw
o= hadd not

lignite which lel Leen dried, bot from which the
heen vemoved. The Tollowing mixture was vsed :
12 per cent coal tar piteh, about TE degrees meliing point.
2 per cent gromd sercenings, or low grade Honr,
5 per cent hitiminous coal.
SLper cent raw lignite, dey.

Their composifion was as follows:
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|
i As rec'd, Dry,
per cent. | per eenld.
NOSLITC SECTT
Volatile tmnl:ualil;lr maller. - e 249 .81 43,20
b0, T O R S e e e e AR 18 al.00
B e R e o i e R Wy 10035 12 .80
100 .00 100,00
British thermal vnits perpound ..o 1, 4490 11,837

Laloratory No, 886 (. These hriqueties were made from raw
Ngnite whieh had been dried, Int from which the gas had nof heen
revioved. The Tallowing mixture was used:

per cent conl far piteh, about 145 degrees melting point.
+oper cent ground sereenings; or low grade flour,
5 per cent hituminous coal,
S oper cent vaw lignite, dry.

Their composition was as Tollows:

[
As ree'd, Diry,

per cenl. | per cenl.

MOISIUIC . L v e st ane et nans _ ‘Irlii_..__.._:.. .
Volalile ((lmhu\.tlhll‘ TR s e i s B e e B 31.32 3370
Fixed carbon al.67 Hh .60
P G R S R i Y IR }] 10.70
. . oo | 10000
British thermal units per pound . ..o oo 10,900 11,797

Noso 2886 Boand 2,886 C are both made Trom raw lignite, The
ditference heing that the per cent of piteh in B is 2 per cont higher
than in ¢, while the per cent of flowr in (" ix 2 per cont higher
than in B. T consider the B the more desivable briquette. Mhese
briguettes ave so nearly of the same character and composition that
the fallowing =tatements apply to hoth alike:

They are probably strong cnough fo <tand handling 1o a limited
degree, hut they are not as trong as the hrigueties made from car-
hoized lignite residne. They arve, however, hoth very good Tor
rav lienite hrigueties. The waste in hreakage where there i muoch
bandling would he higher than in the hriquettes made from earbon-
ized Tignites The coloy is almest black, and there iz comparatively
Firthe <hrinkage. Thee <tand well in the aiv but in the five they
tead 1o erack considerably, without, however, disintegrating, There
i< a large volume of Hame and considerable smoke, but after the
fire is well started the smoke i< not as noticeahie. These hrigueltes
may he considered very good considering the facl that they are
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preduced divectly from vaw lignite, but it i= very doubtfal if raw
lignite hriqueties will prove (o he generally satizfactory for com-
niereial use.

Lahoratory No. 2888, Briquetles made from partly earbonized
North Daketa lianite, The carhonization was carvied on in a mod-
ified bec-hive oven: and Texas petrolenm rezidue was uszed as a
binder instead of coal tar piteli. The following mixture was used :

G per cent Texas petroleum residue.
2 per cent ground =ereenings, or low grade (lour.
b per cent hiluminous coal.
87 per cent partly carbonized North Dakota Lignite.

The composition ol these hriqueites waz as follows:

Iiry,
per cent,

Moisture. .. .
Volatile comb
Fixed carbon
Ash.ooooel

and , 100 .00 100 .00
British thermal units pecpound ... ..., 12,140 12,481

In this sample the ash is unusually high becauze of the fact that
some of the residue was reduced to ash in the hnrning and quench-
ing. Under ordinary conditions, the ash would he considerably
lower.  These hriquettes have excellent physical gualities.  They
are very strong and hard and stand exposure to the air without
any fendeney to slack,  They arve almost jet black in color, have
an excellenl sarface, and ave very dense.  They stand handling re-
markably well and there iz very little breakage.  In the fire they
stand well and hold their form satisfactorily, although they do not
scem fo he quite as havd as the briqueltes made with coal far
piteh.  They bum with a small fhume and hut little smoke.  They
would make an excellent substitute for anthracite in self-fecding
stoves, and would also he an excellent material in furnaces. fire
places, ranges. efe. Tor general fuel purposes these hriqueiles
would give excellent satisfaction. This fest was 1un for the pur-
pose of defermining the valoe of "Texaz petroletm residue as a
substitutie hinder for coal tar piteh, and the sample which we made
this test with has proven very satisfactory for this pnrpose.  The
briquettes are not quife as hard as those made from the coal {ar
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piteh, which we have described and used in ofher fests in this re-
pori; but they ave very tongh and clastie, and T think would sland
handling fully as well as briqueties made with the same precent-
age of havder but ‘more brittle coal tar pitch, and wounld give loss
breakage.

This T'exas petrolevan residue works very satisfactorily and pro-
duces an excellent hriquette. Tt has an advantage in the fact {hat
it produces much less Dlack smoke than eoal tav pitch docs,

Conclusions.

The resulis obfained in these {estz would indicate that the meth-
ods which we have worked ool and which are applicable o North
Dakota lignites, can algo he used with a Fair degree of suecess on
vour Texas lignites. The special characleristies of the Texas lig-
nifes require slight modification in the conmereial applieation of
thiz process, hut no material changes in principles or methods,

On aceount of the ¢limatie conditions and the cost of uels, it is
prohable that the {vpe of briquette should he slighily different from
that which wonld he cousidered ozt desivable commereially in
Noith Dakota, The main difference wonld probably he in fhe degree
to which the earbonization =honld take place, and posz:hly in the
uze of erwde pelyoleum residue, if it can he obtained in =uflicient
quantily and at sulliciently low price, as a substitule for coal far
piteh.

By reference 1o the earlior part of this veport, it will he secen
that the samples of air-dried Texas lignite will prodnee, per ton,
fram 9,000 to 11000 cabic feet of gas of about 335 B L on, un-
purified. Although the heat value is somewhat low, the vield i<
very good. I i~ probable that il thisz eoal were completely dried
before cavhonizing and the earbonizing were done al a somewhat
lower {emperature, the gas would he of higher healing value buf
of correspondingly smaller yield. Moreover, iff the gas were puri-
fied, as with ordinury city gas, its Bt u. would be considerably
raised.

In commercial practice it would probably be more economienl to
dry the coal in a roiary drier before carbonizing i, as this would
increase the rapidity of carhonizing and the guality of the product.
By so doing, it ix probable that a yield of 8,500 to 9,000 cubic feet
of gas could I counted on in o commercial plant.

This gas is valuable for heat and power purposes and il nsed
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with a ‘uantic’ ix excellent for lHghting,  Considering the ease with
which it ean be produced and the low cost of the original lignite
and the value of the resulling vesiduoe, such lignite oas should, in
many localities, have a good commereial value. 10 produced as a
he-produel in conneetion with the hriquetting of Tignite, i could he
sollbunpuarified av o very low price, especially i used for heat and
power gus, .\ very few cents saving on ihe hyv-product gas would
neb g considerabie revenne per ton of hriqueties.

In addition to thi=< if desived. <ome saving in ammonia and
Hanite tar coulll be effected. The vicelds of these two substances
wore nol determined on these Lests of Texas lignite, but if ix not
prohable that they wonld vary eveatly from the rvesulls oblained
with North Dakota lignite (zee *Investigations ol Lignite Coal
Relative to the Production of Gas and Briquets,” by 15 J. Bab-
cock).  Ihis Hanite tar should have considerable commercial value,

The residue produced alter the gas has heen extracted is of lugh
Fucl value. It is probable that in commercial practice about 50 per
cent of this earbonized residue could he obtained per ton of raw
air-dricd Heuite with most of the gas vemoved. When the hinding
malerial is dedueted. 10 will he scen that it will require about a ton
and three-quarters of raw coal [or a fon of finished hriquettes.
These briquettes, however, wonld he of high fuel valve and il car-
honizedd to that extent should he an excellent substitnte Tor an-
thracite conl.  Such briqueties would have many advantages over
the raw lignite.  Thev would he muich higher in heating value,
fheyv wonld not diginfegrate when exposed o the air ov on hurning,
would he uniform in size and econvenient to handle and would he
ol high ceonomie value,

The results of these tests lead me to helieve that in consideration
of the climatic conditions in vour vegion. the cost ol other fuel and
fhe special chavacteristics of fhe raw lignite, it would not he
desirable, in many cases, to make a comypletely earhonized residue
hriquette, but rather an intermediate quality in which the lignite
would he partially carhonized by a cheap and simple precess and
thus produce a hriquette which conld be marketed at a much lower
price than a vompletely carhonized residue hriguette could he sold
for, unless a Tair price could be obtained for tlie gas,

Such a hriquette from partly carbonized residue, would prove an
excellent steaming fucl and also good for most household pur- .
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poscz. It wonld he of good heating value, much ahove the raw lig-
nite and would he sulficiently strong for ordinary handling. These
conclusions arve horne ont, [ think, hy examination of the accom-
panving hrigueties made from the partinlly earbonized residue, the
tests of which are given in this peport. -

v osuch a partial carbonizing process. the moizlure and lighter
volatile gazes would he driven off easily and with Hitle cost and the
residue yielhl would e, ol conrse, corvespondingly lavger. TF these
hriquettes were made with the proper proportion of binder they
would undonbtedly givie o sadisfactory produet for fhe uses men-
{ioned,

On the other hand, these tests would indicate that it woull not
be destrable fo attempt to produce, for commercial porposes, raw
o et onized hriquetfes, Raw lignite brignettes will not stand
the weather or handling very safizfactorily, ax will lie seen by ref-
crence to the =amples which acenmpany this report. They erack
aed cvumhle quite readily in the Furnace, due to the vapid pro-
duetion and escape o a Javee quanifity of gas which iz present in
the raw Tignite.  Furthermore, these briquettes have not as high
heat value. Raw lignite brigueftes would cost neavly as muoeh fo
produoce as the partinlly earvhonized residue hriqueties and would
he very mueh inferice in qu:l!ii:\'. Thevetore, 1 would not adyise
any attempt at the wanufactore of raw or unearbonized lignite
hrigueties,

I helieve, however, that by the pantial carbonization of the Texas
lignite and the usge of the proper proportion of “Texas Petroloum
Residne,™ G0 it can be seenred at low cnongh price and in laree
quantities. a satisfactory commercial product can he suecessfully
produced in localities or under conditions where there iz not de-
mand for all ol the gas which would he prodaced hy complete
cathonization. 11, however, there is g good market for {his hy-
product gas, the wmore completely earhonized  residue hriquettes
should !

Thiz concludes the veport of Profeszor Babeoek.

The investigations wade by Professor Babeock are the fivst at-
tempts 1o breing this matter into the sphere of commercial possi-
hilitie=,  He takes what =cemns to us to be the only rational view
of the sitnation when he save that it is doubtfal if raw lignite can
he made into acceptable briqueites, It is not necessary to quote the

produced ai a commereial advantage.”
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resulls of experiments that were made in St. Louis and cisewiere,
by the United States Geological Survey, for they do not Iead us
in the right direction. These experiments looked 1o the manu-
facture of briquettes from vaw lignite and it secms to us 1o he
(uite nseelss to hane for a profitable exploitation of {his field.

We are decidedly of the opinion that the hesr. if nat the =ole.
outlook is in the dirveelion of hriqueites made from earhanized lig-
nite, whether thiz carbonization is partial or complefe, with rve-
covery ol gas, tar and wmmoniacal liquor. The development of
this industry will, we think, depend on the ulilizalion of all of the
preduels derivable from lignite, viz.: the =olid residue. the gag, the
tar (and products of its distillalion) and ammonia compounds
to be obtained from the ammoniacal liguor.

In order to throw some light on fhis subjeet, we built in our
own laboratory an experimental gax plant for distilling liguite in
a closed retort and determining the vield and quality of the prod-
nelg obtained.  This investigation was an clahoration of eur work
on samples of all of the coals and lignites mined in ‘Lexas, and
was confined to one particular lignite beeause it was impracticable
to condvet so detailed an experiment on more than one sample.
This special work oceupied ug for nearly four months and had we
extended it fo embrace all other lignites produced in the State,
it would have been theee vears hefore the work could have heen
finished.

In this special investigaiion we were greatly aided by Dr. W,
Bredlick, a Bohemian chemist of wide experience in such matters,
and our gratelul acknowledaments ave doe hin, a= also 1o Mr, J.
L. Stullken, assgistant chemist to the Burcau. The detailed results
of this epecial work are set forth in Chapter NI
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CHAPTER X.
UTITIZATTON OF BROWN COMNL AND LIGNITE IN
EUROPE.

BY W. BREDLICK.

The utilization of the lirown eoals and lignites of Lurope, hy
hriquetting and hy destructive distillation and recovery of the hy-
products, hasz reached a high slage of development. T'his industry
may be compared, for the pnrpose of illnstration, to the highly de-
veloped petroleum industry in the United States. A barre] of
crude oil is worth about %100, oan the average, but may he made
to vield congideralily more than thiz by distillation and refining.
The hrown coals and lignites of 1urope have heen enhanced in
value by hriquetting or made to vield by-products of greater value
than the original substance by the process of destruetive distilla-
fion.

The comparizon may he earvried «till further. Crude petrolenm
from one district juay differ widely from that of another district,
even from different wells in the same district, vet these different
petrolenms cean alt be reflined by similar processes and made to
vield products of higher value. In like manner, the hrown coals
and lignites of Kurope, of which there are many varielies and
grades, cither are or can he utilized, within cerlain limits, for the
manufacture of more concentrated fucls, and for their vield of hy-
products.

In view of the fact that many of these European fuels, which
are thus treated, ave not only similar to hut come nearly identieal
with and others cven inferior to, the exas lignites, a description
of the indusiry as developed in Burope is of special interest, hecaunze
the utilization of Texas lanites will naturally follow similar lines
of development. Other chapters ol {hiz bulletin give the results
ohtained in the laboratory of the Buveau by the dry distillation
of Texas lignite.

I may he =aid of lignite that it is a somewhat inferior fuel;
that is, its heating power iz lower than that of coals in ordinary
vse. T'his is dne primavily to the fact that lignite contains a much



166 Bulletin of the Universily of Texas

larger percentage of water than ordinary coal, and, algo. that it
acarly always containg more oxyvgen and sometimes more ash,

The beneficiation of lignite may be accompli<hed by mechanical
and chemical treatment in three ways,

The first, a purely mechanieal treatment, con<ist= in drving the
fuel. By driving oft the moizture, usually from 25 to 30 per cent,
the percentage of the other comstiluents 1= rajged and the heating
power increased. The elimination of the moisture resulls in partial
disintegration of the fuel with the vesult that it eannot hear trans-
poriation or handling, The dried material mnst conzequently e
compressal into briquettes cither with or withont a hinder.

The second method ix the dey or destroctive distillation. a purely
chemical treatment. Tn thiz process, which iz in principle at least,
identieal with that used for the manufacture ol coke for metal-
lurgical purposes, the lignite is heated with the exclusion of air,
The products resulting are as follows:

Firsl. A\ residue composed of the fixed carbon and mineral con-
tained in the lignite.

Sceond. The volatile by-produets, consisting ol gas, tar, and
amnoniacal vapors.

The residue iz not a eoke in the ordinary use of the word, heing
dizintegrated into small picees instead of agalomerated into masses,

The gas resembles cond gas made in the <ame manmer: the am-
monia is, of conrse, the sawme.  The tar is quite different, as will he
shown later.

The oldest distillation plant in Lurope is il in operation in
Saxon-Thuringen, in Germany.

The third method of teeating lignite is that of extraction with
solvents, This is a new industry which began to Hourish only
during the past vear. 1t has fonnd practieal application with the
Bituminous lignites (pyropissit) of the Saxon-Thuringen districl.
Thiz particnlar lignite contains a soluble substance which can he
removed withont the usual decompozition hy heat. 'I'his has heen
known zinee the beginning of pyropissit distillation, hut that it
can he commercially accomplished on a large =cale is a modern
achicvement. From this lignile the <oluble portion is removed by
tar vils of Tow hoiling point, wmade from hrown coal. .\ part of this
extiact is purified hy the Bavens and ~iwilar methods. 1 is used
as a substitute for Carnanba wax and i< wised with ceresing 1t
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is black-hrown in color and has a conchoidal fracture. Tt iz used
for making phonograph plates, for the maunfacture of shoe-palish,
for sizing paper, ete. Itz extraction can be caveied on profitably
only from lignite eontaining a certain amount of thiz waxy sub-
stance. However, all kinds of lignite (ealled hrown coal in central
Europe) arve treated cither chemically or mechanieally or hoth,
for the purposc of concentrating the heating power or Tor the re-
covery of hy-produets,

As reaards their properties for the purpese of treatment, the
lignites of eenfral Furope may be elassed according to their use
into the following groups:

I Tignites used as foel without any preparation,
1. Lignites that are hriguetted.
I11.  Lignites that are distilled,

To the fivst gronp belongs the voung lignife, veally a [ossil woodl,
then the commeoen hrown eoal, and the lignite anthracite.  The
moistare content of these lignites varies I'rom 10 per eent o 30 per
cent. They ave all Tow in ash. Thiz sroup iz represented in all
gradations by the Bohemian lignifes of ihe novthwest hrown coal
hasin, They are used exclnsively under hoilers, for generating gas,
for all Kinds of smelting and oy houschold pniposes. Those rich
in gas are vged for the manulacture of dluninating ga<. The only
treatient these lignites receive is zeveening fo size them into Tunp,
pul and gravel coal. In Boliemia, some of these fignites are hri-
gnetted with the addition of a hinder and a small quantiiy iz di=-
tilled fo obtain lignite coke. The industey is loeal, however.

Ta the sceond wroup helong the hriguette coals. Their moisiure
content i hetween 10 per cont and 60 per cenl. Since these lignites
arc not compact and oftimes are <Hiny from excessive moisiure,
they are not suitahile Tor fuel in the erude state, except when hurned
on a special Torm of =tep erate or when dried Lefore firing. They
are used in briquelling factories Tar local consumption, nsually in
factorvies in the immediate vicinity ol the lgnite mines. They are
found in inmunense lavers, sometimes 120 feet thick at a depth of
only 6 1o 10 Teet helow Lhe sarface of the earth, consequently they
are mined chiefly hy open-cut workings, "o prepare them for bri-
quetting, when very moisty the larger picces of wood are removed
and then the remainder iz dizintegrated and =ifted to sepavale out
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the ashy lignite powder. The homogeneous lignite is then dried in
verticul or horizontal ¢ylinders, until it contains only 13 to 15 per
cent meisture. Under a pressure of 9 to 11 tons, this dried sub-
stance is pressed into hriquettes of various forms. The lignites of
Germany ¢am be pressed info hriguettes that are weather and water
proof without the addition of any hinding material like tar pitch,
or pelralenm piteh,  These briquetfes do not suffer any loss by de-
toriorntion on exposnre to the aiv,  'I'his is due parily to the nature
of the lignite nsed and partly to climatic conditions. They are nzed
extensively for domestic purposes, not only in heating stoves but
alzo in cook stoves. For boiler heating and gas production, smaller
briquettes are made that find a rveady sale in eentral, south, and
west Germany.

This lignite, as mined, has a heat value of 3,600 to .500 B. . u.
The briquettes made from it will run from 8,300 to 9,700 B. t. w.
The cost of mining by open eut workings is on the average 30 cents
per ton. "T'his iz the cost of the raw material required, sinee no
Linder iz necessavy. The profit in hriquetting this lignite consists
in raising its heat value from 3,600- 1,500 B, t. v, per pound to
8,300-9,700 B. t. w. per pound. To express the relation in cost per
ton of brigueties, the following ligures are given:

1.92 fous lignite requived for 1 ton hriquetles, at 40 cents

per fon for the raw matervial. oo oovv oot $0.770

D ABHEEOT PO o emmwmmamn i apsmmie s, St ois 0.435
Tabor, depreciation, maintenance, interest on the investment. 0.750
Gotteral Mahaopienl o wowrmrepsmsme Pavileeeany 0.125
$2.080

The zelling price per ton in Germany is on the average $2.50,
making a profit of 42 cenis per ton on the briqueltes. A plant
with a capital of $110,000 can wmannfacture 36,000 tons of
briquettes per year, clearing a profit of $15,000, or nearly 131 per
cent.  Since 5 par cent interest is included in the alove ealeula-
iion under the item of “Labor, depreciation, mainlenanee, interest
on investment,” the Mriquette Tactory nets a profit of 181 per cent,
i the average.

Other lignites, like those of Bohemia, need a hinder, often as
high as 8 to 12 per cent heing necessary. In general, the older 1he
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lignite the more binding material is necessary. West Bohemian
lignites are made into brigueties in only three factorics. The
hinder used is piteh. The production in Bohemia is very small in
eomparizon with the output in Germany.

Besides Iriquetting with a press, there is another method in use
in some localities for working lignites. Tn ordinary hriqueting, the
heating value ix raised 80 to 90 per cent, or more, and the lignite
is also fitted for handling and transportation. In the method about
to e deserihed. the heat valne is raised only 15 to 20 per cent, and
the tervitory of =ale is limited to small distances from the point of
production. T'he lignite is zpread on a floor. Woody picces are re-
moved and it is then woistened. The soft mass is then thoroughly
mixed by tramping en it. T'hiz mass is then placed on a flat sur-
face to the depth of seven inches. 11 is smoothed, moistened again
and iz allowed (o dey in the open air. Tt is then tampel down with
a wooden tamper and cul into cubieal blocks. Thes=e hlocks are laid
in rows under drvving sheds. This work is generally done hy hand,
hut can e done he a machine similar to that used in a tile factory.
This methad of preparing lignite is in nse in Hessia, Saxony Pro-
vinee, in the Thuringen States, and in the Kingdom of Saxony.
The total production of these hand briguettes in Germany reached
its maximuwm in 1907 with an output of 710,000 tons hui was re-
duced fo 583,000 tonz in 1906,

The third gronp of lignites includes those that are utilized
through dry distillation, a chemical process in which decomposi-
tion i« cffected by heat. To this group belongs the carthy hrown
coal with high hitumen content ealled pyropissit. Bituminous shales
are also treated in this way. The hrown coal, pyropissif, iz worked
on g large seale af present only in Saxony-Thuringen, of Germany.
Tt consistz of pyropis=zit and fuel coal. Between these two exists
the real distillation coal, called Schwell coal. According to its
composition, pyropiss<it helongs 1o the wax coal, the fuel coal to
the humug coal. In origin, pyropissit must belong to the vegetable
waxes atd rosins of the Tertiavy age.  This explaing why these sub-
stances g0 stronzly resist deeay and dissolution and therefore weve
preserved under conditions under which other parts of plants were
eommletely destroverd.  The distillation coal in the damp condition
in which it oceurs in the mines forms a plastie mass, at times
greasy and fatty to the touch. When drvy it is of a light color and
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resemhbles an earthy brown coal that iz seaked more or less with a
wax-like bitumen. The deposit, which is mined by open cut, is not
homogentous, but consists of layers of lignites rich in bitumen,
pyropissit, and fuel coal.

The other material mentioned for destructive distillation i< hi-
tuminons shale. 1 helongs to the sapropel eoals and is formed by
the addition of elay sediment to the decaying hog. "I'his shale occurs
at Messel, near Darmeladi, Germany. The bitwminous shale of
Scotlaud resembles ihat near Darmstadt, The German shale dis-
tillation works are not open to the public and the literature on the
subject, s0 far as German practice is coneerned, is meager.

The distillation of brown codl and bituminons shale is similar
in the sense that in cach case a bituminous substance is treated.
As has been stated, in the brown coal that contains pyropissit,
usually there oceurs also the fuel-lignile. Tt iz ¢uite diffieult to
distinguish between them in a moist condition. Both form a
more or less plastic hrown mass which, in the ease of pyvropissit,
turns on drving to a vellow or white color, according fo its purity.
Distilling-lignite, when dry, shows an carthy fracture and feeble
gloss, Its aspecific gravity is 1.0 or less, while that ol [nel-coal
iz 1.2 to 1.4, Distilling-lignite mells at 302 1o 392 degrees Tah-
renlieit (150-200 degrees (L), while, fire-lignite never melts but
burns with a strong sooty flaane and [aint odor which changes,
on being hlown out, to the odor of hormt shellae. Pure distilling-
lignite is free from vegetable remains. 1t consists only ol amor-
phous rezinous particles that saponify when treafed with an alkali.

The composition of pyropissit, distilling-lignite, and foel-lignite
respectively was ascertained hy Driickner as early as 18521

Through successive extraction with oils and alcohol and altee-
wards by distillation of the extracts, a whole series of wax or rosin
products waz obtained. Speeial names and formulae were given to
the isolated bodies, Tnasmuch as pyropizsit is not a definite chem-
ical compound but a mixture. heing a fransition product® from
the resin of plants to fuel-lignite, there is a dillerence in the analy-
ses given by different chemists, According o Rieheck. pyropiseit

has the following proximate analy=is:*

Yonr. fiir Prak, Chem.. Vol 57, p. 1.
*Gracfe, Die Braunkohlenteer Industrie, 1906, p. 3.
ts. fiir Berg-Miitlen wnd Salinenw., Vol. 24, p. 356,
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[l‘nr cont.

L OO AR O v S R e T s i e e A 4 .40
Orf'lmc matbor oL e e 83 .97
.............................................................. 11.63
100 .00

Its ultimate analvsis is as follows

Per cenl.

CHYDON oo v ivmie 45 one ___ ............. __ ........... 66 .24
Hy drogt.n ......................................................... 10,55
Nilrogen. . 0.01
Ox]ygen ........................................ ] 13.31
s R o N B e T Lol B R L N s e 9 .86
100 .00

]'m-[ lignite has the following unnpmll]l}n ln ultimate mml\ si3,
on an aiv-dried sample (\ Bredlik)

Per cent.

Carbon.:svsimsaisesisuies 58 .21
Hydrogen. 209
Oxygen. . 26.11
Nltruu(.n 0.51
ASR . e 0.55
'i\lo:\lurc .50
i' 10000

The distilling-lignite deteriorates on exposure io the air, as
Thede has shown analviieally.?

I pyropis=it be subjected to dry distillation, it is decomposed,
according {o Rieheek, into

Per cent.

...
S| =548
o | miabs

|

Per cent,

T st A T S 520 S R R R R B 33.0
T e e L ey R e e e bbb e ek A 23.0

Fe bl DR Ra e S R R e Al © e S e i 35.0
LR DT DR oo w3 s b i g i R i R R AT 9.0

100..0

*Allgem. Oesterr. Chem, w, Techn, Ztg., 1892, p. 917,
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Fuel-lignite vields by distillation:

¢ Per ceut,

|'H@3

From these figures, it is seen that these substanees give different
vields of far. In former times, greal cave was (aken to separate the
distilling-lignite from fuel-lignite. To the pure pyropissit, fnel-
lignite had fo be added, since, when alone in the distilling oven,
it melled and Nowed, making distillation difficult. AU the present
time, the supply of very bituminons lignites has heen exhausted
and the operator must be salizlicd with o mueh poorer grade Tor
diztillation. Those now treated hy this method vield hot 5 per cont
tir, The primarvy purpose of distilling these lgnites is 1o ohtain
tar through the decomposition eflected hy heat. In Saxon-"Thurin-
aen the Hgnite coke ix the hy-product.

Formerly, the hgnite was distilled in east ivan retorts, Since
1858, verlical coke ovens have heen used exciusively.  'They are
about 18 feet high.  Within is a gystem of heveled east irvon
rinms placed one upon the oflier in the form of a column. .\ cross
seetion gives an appearance of Venelinn hlinds. These Danges are
Fa<tened to each ofher in the cenfral axis by a vertical rod passing
through the evlinder.  Tuside thiz evlinder then a hollow space s
formed ahouf 1 feet in didmeter. This column of cireular flanges
i< walled in with a fire-prool materinl called Dinas tiling. The
space between this chell of tiling and the column of Danges i< about
6 inchez, and s the space occupicd by the Tignite during the process
ol distillation, The fame feom the hurning gases for distilling the
lignite passes upward through spaces provided in the Dinas tiling,
which is g0 construeted that it ix in reality a hollow colwnn with
passages so arranged that the flame instead of going direetly up-
ward is Forced to Tollow passageways around, spicvallv. The Tignite
is digtilled by coming in contact with this heated {iling and in
realily i< heated by radiation. the flame not coming in contact with
the lignite. The exterior of thiz Dinas {iling ix enclosed with five
hrick and these in turn with ordinary brick. At its lower end the
distillation eylinder is conical.  To this cone is joined a rownd
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hox. The top of the evlinder is covered with an inverted fun-
nel-shaped hat. T'wo pipes earry off the produets of distillation,
one in the npper part and one in the lower. Outside they nnite
and carry the distillation produoets to the condensing apparatus.
The Tignite 1= charged at the top and passes vertically downwards
between the east ivon rings and the healed tiling. The oven is
fired with the gas produced hy distillation after the gas has passed
rongh the condensation apparatus and has been relieved ol ifs
far ond ammonia confents. The temperainre is lowest in the upper
poriion and distills oft the waler first. As the lignite =inks it
encounders The hotter -part of the Toeneee. Diztillation ocenrs in
thie lower thivd of the oven. A the holtan of the oven the rezidug,
a lignite eole, is drawn oft and guenched with water. The tempera-
ture from the top o the holtom inereases gradually 1o a maxinum
of 1181 degrees Faleenheit (610 degrees (L), Gas hegins {o form
al Trom 28 to 302 degrees Fahrenheit (120 to 150 degrecs (L),
is drawn from the interior space of the oven hy means of an ex-
havster and passed o the eondensatien pliod, throngh the lwa
pipes mentioned above. )

The condensation plant consists of a svsiom of pipes throngh
which passes the gas with its Irden of Lar. Cooling was Tormerly
done with air, hut of lale waler cooling has heen introduced o
save space and o lessen the amount of piping necessary, The con-
densed substance flows into a reservoir,

Distillation-Tignite now heing treated yvields about L9900 cubic
Feet ol gas per ton, with a heat vadue of 510 B, AL w, per cubic foof.
The egas has:t

Carbon dioxide

.9
Heavy hydroe 1.1
Oxvgen...... i3
Carbon mono 8.5
Hydrogen b
Methane 3.4
Ethane. . 2.0
o AL | R e T L e i e

S

Formerly the gas was allowed to eseape into the air. Today it
1= u=ed o heat the ovens and the surphng is utilized in gas cngines
for the generation of clectric energy. '

Graefe, 1 Hir Gasbeleuchtung n. Wasserversorgnung, 1003, p. 524,
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The ammonia is not conserved, sinee only 0.07 per cent is found
in the thl!llt'll‘-t{l water, in the Saxony-Thuringen industry,

The coke is a granunboe product of pale black color, containing
15 10 20 per cent ash and 20 per eent water (from quenching)
and Do heal vadue of 85000 (o 9000 Btons 11 burned ina suit-
able Turnaees it s an exeellent fael that emits o smoke, deposits
no <ool amd has no flanme,

Thie principal product in poinl of value i< tar. When warm it is
adiquids when cold it grows <tir fo a buttery consisteney, 1t has a
Irown color and an aromatic odor. s specilic gravity is hetween
0,85 and 090, The lighter the tar the greater i the paeallin content
and therefore the greater it value, Tar hoils hetween 302 dogrees
Falirenheit (150 degrees Cu)and 752 degrecs Falirenheir (100
degrees Cu)y bt confains o <mall quantily of sulstanees of Jower
and higher boiling point<. Hoconzsist= chiefly of Tiquid awd solid
memhers ol the parallin and olefin series; and other hydroearhons
of low hydragen content. OF wonalic substance it contains only
traces ol henzol ad its homolooues, Besides these there occur =<mall
quantities of Free acids and their esters with aleohols of high molee-
lae weiwht, derived from undeemnposed bitumen, Ao integral con-
~tituent ol lgnite tar is =ulphur in organic combinadion. Conl and
coke du=t as well as wader are Tound in tar as inprifies, To sep-
arvade the water, the tar is colloeted in pit= where it remains warm
and fluid for gome time, which permits the suspended water 1o
=ettle out.

The tar, alfer the water has been separaled, iz treated Tor {ar
otl and parallfin and the hy-produets gas, eresole, and coke. This
i effected by (1) Mractional distillation, (2) chemical treatment of
the distillates, and (3) crvstallization, The method of freating
the tar from hitominous lignites in Saxony-Thuringen, the far
from hitwminons shales, and the far from the Bohemian lignites,
i preity mueh the same. For this reason, the method connmmon for
all will be deserthed.

The Scoitish industry since 1872 has used exelusively a hitumi-
nous chale as a distillation material.  This is Tfound in Linlith-
cow and Mid-Gothiun counties. Tt 1s depasited in the lower bitum-
inous coal Tormation, not hetween Iavers of coal, hut hetween lHine-
stone and sandstone. A distinelion i made hetwoen two kinds of
shade, one which has a shale-like fracture and s gray, while the
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other has a conchoidal fracture and is black. Tn a moist condition
it s n greasy feel and ix tongh, with the odor of clay. When dried
it is shaly and with leaflike layers. The chemical composition of
Scoteh shale is as follows:!

Per cent.

DO e rmome s s vt o b6 8 SRR AR e 25.27
Hydrogen......oovveeieiiinvnninenennes 3. (§__
Oxygen.......... s ‘fila:i
NEEEOECTL . - o e s B b e R 8 SRS . 14
Sulbhit cossnnans s Eo ] galgd
T an.06

compact and massive like compressed peat, and has about the fol-
lowing composition

1

Per_cent.
ﬁar%}un ........ (ig E]ﬁg

[ I'Dgcl] -4
N?trog(-.n .78
Oxyuen 1.38
T I i i i o ST A B B AT o W ¥ s (.32
7y i I S e ey SR e 21.18
riF, LT UE L R ol Pt U e S S e G S R e S 0.38
100 .03

The Lituminous shales which are distilled in Germany, France,
Tngland, ete, dilfer from the distilling-lignites of Saxony-"I'hur-
ingen in eomposition and in yield of the principal hy-products.
In the case of the lignites, the principal product is tar, the hy-
productz are eoke and gas, Shale iz distilled for tar and ammonia,
angl the byv-produets, coke and gaz, are not considered. Sinee shale
in England contains 60 per eent, in Germany 50 per cent, and in
France 24 per cont of mineral matter, the vezidue from the retorts
i< of little value as a fucel. The viell of gas is not sufficient even
fo supply the necessary Tuel for distillation and the retorts must
he heated with coal divect or with producer gns.

The following =nmmary shows the vield of different hituminous
<hales, in pereentages:

Pestrnet, Distill. Mills, p. 38.
“Diet, de Chenie, Wurz, Vol T, part 1, p. 638,
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| ] .
Tar. ! Ammonia | Residue. Gias.
| I water, |
(1.) Messel, Hessia, Germany . . | 6-10 ‘ lf)—h 40-50 |........
{2.g Broxl)um 1= ngtsn ........ : 1= 8 76 l 4
53. Bagnas and Aulunois, l"ram.t. ; ] G 10 8l.5 25
4.) 36.53 I 11.147

Subolioi, Servia. . ....... .. 0000 0e- 1 31 | 8

The distillation apparatus used in the shale industry is quite
different from thal ewployed in Saxon-Thuringen. 13zsentially it
consists of a verlical east-iron cylinder, {rom 12 fo 1} or cven to
16 feet in height, and from 1} to 3 feel in diameter. 14 is heated
directly with coal or with producer gas supplemented with the gas
from the distillalion. In order to obtain the greatest possible vield
of mmnmonia, superheated steam is blown info ihe retorts. By this
means, the fixed carbon present is consumed. ‘T'he gases are drawn
oft: by suction and condensed by air and water cooling and
wazhing the gas in parallin oil. The cooled was is also compressed
to obtain liguid hydrocarbons.

The gas of the Scoteh industry has the following composition :*

I’¢r cent.

Carbon mu:u:h_

Carbon monoxide.
Hyd mgn_n
Methane.
Nltrugen ...........................................................

One ton of shale yields about 3,000 cnbic feet of gas. If the
diztillation residue eonfaing some carbon, il iz hurned and the ash
used to make bricks. The tar of the Scoleh indunstry from vetorts
of the older svstem (without the use of superheated steam) had

gpecifie gravity of 0.88 1o 090, the tar of the new system
(with superheated steam) has a specifie gravity of 0.85 {o 0.875.
It stiffens al 50 to 68 degrees Fahreenbeit (10 to 20 degrees C.).
Its color is brownish red, the odor is mild, and it boils from 158
to 752 degrees Fahrenheit (70 to 100 degrees C.). Iis composi-
{ion iz shmilar to that of the lignile tar of Saxon-Thuringen, ex-
cepl that its nitrogen content is higher, 1.16 to 1.5 per cent.®

1Scheithaner, Die Fabrik der Mineralile, p. 28,
3J°l Soe. Chem. Indust., Vol. 8, p. 100,

*Dict. de Chemie, Wurz, Vol. 1, p. 638,
*Verlag Berliner,” 1887, p. 2717,

W71 Gas Lighting, 1893, Vol. TI, p. 300,

¢J’l Soe. Chem. Indust, 1891, p. 126.
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The yvield of ammonia s high in comparizon to the vichl in other
distillation processes, heing inereased by blowing in the =uperheated
steam.  Necording to Young amd Beilby, the nitrogen confeni of
the erude material is as follows:#

_Per eent, PPer cent,
withoul steam. | with steam.

As ammonia in ammonia waler. ..o 17.0 | e ]
Nitrogen in lar. .......... A R A 20,0 2001
Nitrogen in resitue. ..o 626 ] 19

The specilic gravity of the water i< 103, and it containg, -
sides ammonia, pyridine and other organic hases. The water i-
nswally distilled cut in horizontal evlindrieal vessels, after adding
3 per cent <laked Time, The vessels have a eapacity of 135 o 360
cubie Teel and are heated by diveet fire or by indiveet steam. The
gasean= ammonia goes through a scrubber and is pas=ed into a
frough Tined with Tead and containing sulphuric acid of 1.4 <pecific
gravity., The ervstalz of ammoninm sulphate formed are dried by
decantation. They are not quite puee but contain some Free =ul-
phurie acid, traces of =ulphurous pyridine that does not cevs=tallize,
and o litde waters One ton of shale vields 59 pounds of aw-
monium sulphate, from which 15 pounds of ammonia iz derived,

As already stated. the working o the tar of the German lignite
di=tillation and shale disrillation i= practically the =ame and for
{thi= reazon the two processes will he deseribed together,

Lignite distillaition and shale tar distillation may he considerad
under three heads:

1. Fractionating distillation,

2. Treatment of the distillates with chemieals,

. Manuflacture ol paraffin,

Alter the coal tar has been Freed from moisture, colke and coal
dust, it i= subjected fo the fivst distillation, vielding the following
fiactions:

. Paraffin-free oil.

L1 Parafling mass,

[11. Residue :

The distillation i< made in a east-iron vetort of 70 to 100 cubic
Feet capaeity, which has a special discharge for the residi,

dt-ch, fiiv angew. Chem,, 18030 po 108,
Pestrvuet, Distille Mill-, p, 20.
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The rvetort has a fire-brick setting and the firing is done on hori-
zonfal stationary grates.

The first part of the distillalion is carried on under atmospheric
pressure. When the water has been removed. the distillation is
continued under vacuum, ahout {wo-thivds of the distillation heing
done in this way. The produets are sepavated into paraffin-frec oil
and paraflin massz, These arve distinguished in this way. The par-
affin-free oil comes over firsl. Samples arve repeatedly taken and
allowed to drop on ice. As soon az the oil stiffens, indicating the
presence of paralling the receiver is changed.

The tar is seldom distilled to drvness, that iz, to coke. in the
same retort. Usually abont two-thivds iz distilled off and the ve-
mainder is discharged into another retort and there dried to coke.
In (liis way, there are fewer retorts to he heated to a high heat,
and there is also a higher vield of paraffin. These second retorts
are similar to the first except that they do net have the pipe Jor
emptving at the hottom. The residue of coke 1= removed hy chip-
ping it oll.

Thiz second distillation ix also made uwider reduced pressure.
The reduetion in pressure is made either hy means of the Kirting
st exhaust or with a pumyp.

T this piteh retort thé hard paraflin mass iz obtained.  Towanrd
the end of the distilation as a resull of the destruction of pyvrogene
there appear greasy reddish hrown masses, the zo-called ved prod-
vet<. These must he earcfully scparated from the paraflin mass,
sinee they interfere with the purification of the paralline They
contain a considerable amount of aromatic hydrocarbong, prinei-
pallv picene and ehrysene. Anthracene has not heen proven to he
present. While the vetort ix glowing hot theve appear great masses
of gaz which are drawn oft by the vacuum pump.

The first gases to he vemoved are those that have heen absorhed,
especially hvdrogen sulphide. Then follow products due o pyro-
sene destruction. The gases hy weight amount to about 2 per cent,
co that one ton of piteh will yield from 30,000 to 10,000 cubie fect
ol gas,

The analysis i= a< follows:

Per cent.
Lighier By UriCarbioni. oo ooesemrrserssnmrssseonons e sbnesssnes st 3.0
Hydrogen sulphide. .. ..o i i iiiiaisn i i v 3.2
CarBon HORIHE . v v v cevsam s s s sty g arsi o on s e . 2.4
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Per cent.

By ier B PO arBIONE ;. s oo v sisimnii a0 acaiia e e b e R 6
Oxygen. . . e S el oy T L e T e e N S R R B
Carbon monoxide. ... . R SR B 2 S T A ‘11
A
2

|

i

Hydrogen.

Methane. . . ...
Ethane. .
Nitrogen. . ..

Ntotvpioate

These guzes may e used for lighting, alter the hydrogen sulphide
has heen vemoved. Otherwise they arve used for heating and lately
they are used as fael for gas engines. Ten enbie fect will gencrafe
one horse-power per hour,

The distillation residnes which amonnts to 2 per cont of the tar,
i= coke. Sinee it contain- hut a teace of ash, it finds a market as
carhon for electrie purposes, after being freed of undecomposed
hvdroearhons by heating to redness,

A tar having a specific gravity of 0.86G, vields the following prod-
nets dering the first distiliation

| Per eent.

4 | some

e Y e R A 30.0

; = ! AT RTHER RS s Ere i | 1.0
“('t']lllll'll{lk . Y R BB R e 2.0
Coke. ... LS A G B S e e S T 2.0

OF the 64 per cent paraflin mass, 200 to 25 per cent i= parafiin,

M distillation products ol tar are treated chemically Twefore
heing worked Further: some are treated several times in their dif-
Fevent fractions. alter a second or even a third distillation. The
chemicals ordinarily vsed ave sulphmic acid of 50 {0 60 degrees
Baumd, and sodinm hyvdrate. 38 degrees Bauné.  The praduets ave
waslied in the Tollowing order.

L. Treated with 50 degree acid.

20 Treated with 60 degree acid.
Washed witl hot water.
Lo Treated with a small amoont of 38 degree sodinm hvidrate.
. Treated with a large amound of 38 degree sodinm hydrate.
i Washed with hot water.

>y el

The tar distillates are washed with dilute salphurie acid {o re-
move the last trace of water and to wash out the hasic components,
such as pyridine bases. They ave freated with 66 degree Baume
sulphuric acid to remove the coloring components, not only thos:
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present as <uch, hut al=o those which although originaliv eoloriess
will cause the products to darken when stored awav, The part
plaved by the 66 degree acid in this washing i< quite complicated
From a chemist’s point of view,

After the distillates have heen treated with sulphovie acid, they
are washed with water and then with =odivm hydreate. This is
doue 1o iix the dissolved and saspended reaction produets, i es-
pecially to remove the phenal-like bodies, especially all the homo-
logues of the phenols,

After Ahe treatment with hydrate solution, wa=h water i< awain
applied.  Wazhing the diztillation products is carvied on in large
covercd or uneovered exlinders or vats hHoed with lead, AU the
lower part a conical base is soldered on. Mixing is done by means
ol a horizontal ov vertical propeller or hetter =till, by means of
compressed aiv, which can alzo he nsed 1o transport the Hquid tar
prodocts and the chemicals. The reaction products ohtained are
acid vosins and =odinm creosoles,

The acid rosins are hoiled with <team in lead-Tined vesselz, By
this means, the sulphuric acid Formed by splitiing of =ulpho-acids
i= rcmoved as g brown acid waste of 300 (o 40 degrees Bamne, I'his
i~ then uzed to decomposze the sodinm eresoles. During this de-
cotposition, cride creosote and a solution of sodinm sulphate are
formed. The separated rosin and ernde creosote are mixed together
and distilled, the products heing ereosote oil and tar asphalt. The
paraflin mass and the distillation prodacts ol the parvallin-Free ol
i e benzene and photogen, are washed i oa similar manner,

The los= in wishing consists of;

I Per vent.

Benzen o 1
I*hotog ! .I'
taw ol .o : o i R R R A R T g 3
=TTy 1LLTI 0 11T T S SR ooy S e R RN 10 o 11

The washed crude oil is fractionated i =imilar retorts into:

1. Light brown coal {ar oil, specific gravity 0.79-812 lla<h point
TV 1o 85 degrees Fo(25 1o 35 degrees () @ boiling point 212 o
392 degrees T (100 1o 200 ('),

2. Light erude photogen, specific gravity 0,835 Lo 0.840¢ flash
point 86 to 104 degrees Fo (50 to 40 degrees (L) 2 boiling point

302 degiees I (150 dgrees ).
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1t wives, up to 392 degrees Foo (200 degrees Co)y 33 per eent

distillate: up to d82 dearecs T (250 degrees (L), 60 ner cent
and The remainder up to 372 degrees I, (300 degrees ().

S0 Clear pavaflin oily specific gravity 0,83 ta 08650 hoilz be-
tween 128 and GOS8 degrees (220 10 320 degrees ().

The light hrown coal tae oile alter heing waszhed, is fractionated
again into henzine (colovless, specific gravity 0.790 to 0.805) and
sofar ol (colorlessy specific gravity, 0825 o 0.850), with boiling
;mint 302 po 388 degrees T (150 fo 175 t:lt',':l‘t‘(’r-’ . The
crude photogen and the elear parailin oil ave fractionated the same
wiy as the light tar oil. The fractionating distillation is done
in the colmom apparatu= known to the petrolewm and coal far
industries.

The ernde petrolenm products of different <pecifie gravity, hoil-
ing point. cie, are fractionaied aceording to special demands of
the market, and are given different trade names, as “eleaning oil,”
“uas oil vellow oil™ ete,

The residue of the fractionation iz added to the piteh and treated
as already deseribed, The parallin mas=2 after chemieal treatment
ix conled to 20 fa 25 degrees I, (—3 to —7 degrees (L) wherehy
parafling i crvstallized out, The congealed mass ix pressed in a
hvdranlic press. The separated oil, called press oil) is Traetion-
ated s alveady deservibed. The vesidne feom the distillation of
this oil i< a tar known as goudran,

The Tollowing scheme vepresents the treatiment of lignite tar.
The commercial petrolevnm products dre in hold-Taced fype.

Gas oil
[ Benzine
Solar oil
Cleaning oil
1. Crude oil Light photogen | [ Yellow oil
Residue | { Hard scale
[ Residue |
1 | Coke
3. Red products, -
1. Coke and gas,
TAR | [ Hard paraflin scales
‘ | { Light photogen
| [ Heavy photogen 1
| | | Red oil
| Gas oil ;
| Soft scale
| | Soft paraflin mass | =
2. Paraflin mass { Press oil ] | Parafiin oil
|
[ Hard scale
‘ Hard paraflin mass | .
| | Press oil
|

| | | Goudran
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The paraffin scales, zeparated from the oils by pressing, are
treated in the same manner as the paraffin scales of the petroleun
industry. A description is nmnecessary since the Mmerican practice
is well known. It should he mentioned, howoever, that the parailin
seales of the petrolenm industry contain no homologues ol the
phenols, while those of the lignite tar indnstey do contain these
homolognes in eonsiderable quantitics, 10 to 15 per cent. When
waslied with zodium hydrate, a disagrecable odor is sometimes per-
ceptible and a vellowish eolor in the light that can he yemoved only
by refining, The lignite paralling therefore, must he treated more
thoroughly with benzine and decoloring powder (potassivm fervo-
eyanide, potassinm ferricvanide and polverized clay) than is nee-
essary with the paraffin from petroleum.

It hasz been shown that frow the Hgnite tar arve manufactured
oils, parafiin, and coke. A brief deseription of them and their uses
is as follows:

Benzine is a colovless liquid with a bluish fluorescence, specifie
gravity 0.790 to 0.810, hoiling point hetween 230 and 392 degrees
I, (110 to 300 degrees C.). It ig lavgely used in the manulacture
ol paraflin,

Solar oil, a colorless liquid, specifie gravity 0.825 {o 0.8330, hoil-
ing point 281 fo 161 degrees T. (140 to 240 degrees (). can
he nsed in lamps instead of kerosene, only it requires a strong
draught like Russian coal oil: the reason for this being thal the
percentage of carbon is higher than in ordinary American kerozene,
Its principal use iz in explosion motors,

(leaning oil shows a vellowish luster.  The specific gravity is
0.850 to G.865, hoiling point hetween 392 and 555 degrees T, (200
and 300 degrees (V). It is used for eleaning fatty subsiances: for
example, the extraction and prepration of wagon ereasc.

Yellow oil and red oil have a still darker color than cleaning oil.
specific gravity 0.865 to 0.880, hoiling point hetween 392 and 617
degrees B, (200 to 325 degrees (L), T'hey we used in the prepa-
ration of oil gas,

Gas oil, reddish hrown color, specific gravity 0.830 to 0.900, is
used as the name indicates, for generating gas. One ton of gas oil
yields 16,000 to 20,000 enbic feet of gas, 30 to 10 per cent tar, and
3 to 8 per cent coke, depending on the temperature of the refort
and the rapidity of the process. The gas has an illuminating power
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of 8 to 12 candles, when using 14 cubic fect per hour, Gas oil is
alzo used to enrich water gas.

Paraflin oil, specifie gravity 0.900 to 0.930, has about the =ame
uses s yellow oil) red oil and gas oil. With the rapid inercase in
the use of the Dicsel engine in Germany, a new and almost ex-
clusive mavket has heen found for this oil as fuel for this motor.
The Diesel engine utilizes about 30 per cent of the heat energy
of the oil. which has a heating power of 18,000 B. t. u. per pound.
In 1901, about 5,600 tons of this oil were conswmed in Diescl en-
gines in Germanyv. [t is also used as a Inhricating oil,

Goudran, a glossy deep black mass, brittle and of conchoidal
Iracture, mells at 158 to 212 degrees F. (70 to 100 degrees ('),
and dissolves completely in benzol. It s used, in addition 1o
natural asphalt, in the manufacture of varnish.

Pavafiin, specific gravity 0.874 to 0.915, melting point 99.5 to
136.4 degrees F. (37 to 58 degrees (.), has a erystalline strue-
ture, is trunsparent, of bluish tint, tastcless and odorless. The
harder varicties have a slight ring when struck, The most general
use of paraffin is in the manufacture of candles. 1t 32 also used
for impregnating paper, for dressing leather, fabries and farned
railings made of vegetable and animal fler, ete. It serves as a
protective coating agninst acid and alkali, and as a covering for
casily oxidized hodies.

Soft paraflin mixed with elay is uzed as a finizh for glazed paper.
It iz also used {o alizorh the odor of flowers in the manufacture of
perfume and Iotions, In glass-blowing it is used to fill the lamps
and in the hard glass factory it is used in the cooling haths. Tn
clectric wiring it =erves az an insulator. The production of paraflin
i inercasing, [or it can serve many purposes amd as an artiele of
cotumeree it Is always saleable,

According to Scheithauer, the products rom Hgnite tar may he
expressed as Tollows:

|
1 Per eent,

Benzine. ... ... ... .. ke e e e St i Tw 6
Solar oil | . 5 N TR S A e e & AT O-10
Liaght |mr‘:ll'in oil . . R It o R i 10
i!c*nypxnﬂmml e A AP AR Lk ) -5
II:mIpanﬂm_ Srarprereys M g e AR e s ww s =15
‘iuflt{nr.lmn ) LA A e L SR b R e e 3- 6
Goudran, ... .. i 3= 5

Coke, guos, waler and waste RN A e R e O S R o) 2030
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The process of distillation of the tar from bituminous shale is
quite =tmilar to that of lignite. The =ame methods are employed,
with one exception. In the Saxon-Thuringen tar there ave three
fractionations—parallin-free oils. paraflin mass< and red produets—
hut in the Seoteh and German tar distillations from bituminous
shiades, the oils and paraliin mazs are mixaed together and only the
red products ave separated out.

The various products derived from Scoteh shales are =hown in
the Tollowing scheme:

3. Toke.

2. Red products,
[ Hard scale
Heavy
oils 1‘ Gireen oils
CRUDE OIL ‘ 1. Naphtha
3. Burning oils
1. Distillate { I|I [ Qils of specific gravity
0.850
[mhl ]
[ Soft scale
| 2. Intermediale
oils | Bhw l ].uhrualmg
oils oils

I i~ worthy of note that a gas is generated durving the distilla-
tion of shale tar and that it differs from that of Henite tar in
composition, 1t has an illuminating power of 36 candles, Necord-
ing to Beilby, its composition

= as follows:!

e mmmm e e e

| Per eent.

Carbon dioxide, ... ; none
EVATERININ oo on b i 1 S none
Tenvy h\:'ru(.lrhunri .................................. 115
T TR OIS v b v o, A T MR, RN e BEERTF eh noue
Methane. ... . .......... T e L e g M b e e S o 0.0
T e e B S R T 26 40
I-l\'(lmgm_ S P - ! trace

. . S |
The pereentage of heavy hvdrocarbons is sometimes ag much
as 20,0,

The vield of single products in Seotland is as follows:

|
I IPer cent.

Maphtha.....oooo oo T T DT R R A AR 4.0
nglllwl_ e VT Rl s R A N A RNk gy LT AT 25.0
Inlermediate u:l ..................................... RN | 15.0
Lubricating oil ., e e e e e U i e A | 5.0
Iard paraflin, .. ........ l 5.0
T s P e L | e et e e e Yiza Sy T 1.0
Red produets, . - | 1
Caoke, pas, WOl s e ' W)
b
I 1.0
|

“Ihe Chemistey of Huminating Gas, Humphry, po 172,
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The diztillation scheme for the freatment af far from German
Litmninous <hales i< ax Follows:

[ [ Naphtha
Oils {
Gias oil

[ Hard paraflin

[ Gas oil
Paraflin
TAR ¢ miss Paraflin seale

Soft paraffin

[ Cleaning oil
Crude oil or * Fal oil
Spindle oil
Lubrieating oil
Coke Crude mass

| Crude mass

| Press oil [ Gas oil
|
|

lubricating oil

The viehl is as follows:

i Per eenl,

N:mll!.h:.n-. cas

......... 4.0
A e e e e il e W-05 .0
Crude paraffin 12-15.0
RO B WHRIE, i s i o s b9 B3 9 B B 3 AT T R T A e 33.0

Note:  The deseriptions ol the lignite tay and <hale tar dis-
tillations= are taken from Scheithaver’s = Die Falwikation der Min-
eralile,” and Trom Gracle’s “Die Braunkehlen Induostrie.”

Having deseribed the bituminous lignite and bhituminous <hale
distillations, theve vemaings to he described the distillation of Bole-
mian hignite. This is of gpecial interest since it resembles very
closely the Texas lignites

The fivst attempts o utilize Bohemian lignite through dry dis-
tillation were ade during the last forty vears of the preceding
century. Why the work was abandoned iz not known, hut it was
probably due to the Tact that these elforts were for the pnrpose of
obtaining tar for paraflin manulacture only, without regard to the
utilization of the gas ammonia, and coke,

The Bohemian lignite yvields 5 to 10 per ¢ent dav by dry distilla-
tion, while the pyropissitx of Saxon-Thuvingen vield rom 50 1o
GO per cont tar, N distillation plant ona lavae seale was estabilished
in Aos<io en the Bl byoa Hamburg bank, in 1895, Originally,
the ohject was to di=till a misture of English hituminous coal and
Bohemian lignite to make coke for metallurgical purposes. As long
as the price of hituminous coal in England wag lTow, and the price
of coke in Bohemia was high, all went well. In the second vear,
the price of English coal hecame =0 high that the plant <ustained
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a loss. The coke works were used then entirely for distilling lig-
nite. The lignite was distilled in vertical coke ovens (modified
Appolt ovens), vielding tar and ammonia as hy-products, The <ur-
plus gas, which amounted to 10 per cent, was used partly a< a fuel
under the boilers and partly in gas engines. The residue from the
di=tillation, a lignite coke, was used mostly for steam heating and as
a fuel in general,  Only a part of it was made info hriquettes with
the addition of tar piteh as a binder. Since the plant at Nussig
was not designed for lignite distillation in the fir=t place, and fure-
thermore, since there were gross crrors in its constrction, a loss
was sustained. When the price of lignite increased, the plant re-
sorted 1o the purchaze of dusty waste lignite. On this account, the
quality of the coke suffered and the yield of by-produets dimin-
ished,  Finally, c¢hanges were made in the construction, hut the
main drawback was the distance from the lignite mines and the
cost for freight could not he reduced. The result was plants
were established in the lignite districts, and the old plant was
used only for working the hy-praducte.  Althongh the produc-
tion of ammonia was salizfactory, the results from the tar dis-
tillation were not. The mistake lay in not understanding how to
treat the tar, since the tar from Bohemia (and also from Texas
lignite) is quite different from that of Saxon-Thuringen, [t is in
reality a transition product between the Saxon-Thwingen tar and
coal tar, and of course should he treated as such.

The three plants that had heen established in Bohemia came
into the posseszion of people who own practivally all the lignite
mines of Bohemia, As soon as they came into possession of the lig-
nite mines, they closed down the lignite distiflation works with
one exception. The lignite is =old as a Tuel divectly to consnmers
only, and no lignite is sold to any distillation works hecause the
by-product coke ix & competitive fnel with the vaw lignite.  The one
plant continued to treat about 125,000 tons of lignite per anuum,
but lignite coke hriquettes are not to he scen in Bohemia: all are
exported to Germany. The by-produets, tar and ammonia, ave util-
ized, the surplus gas is used in gas engines fo generate electric
power which ix supplied to neighboring lignite jmines.

The lignite distilled in Bohemia at present comes from the vi-
cinity of Teplitz and has an average specific gravity of 1.15. It i3
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sereened anid the !} to 1 ineh sizes are used for distillation. An
average of thirty-eight analvses is as follows:

PPer cent.

L e T L — P 27
Vninlllt.rmul)mtll;llmdtt{‘r 30
Fixed carbon. R B Sz A 35
Ash, s A e e e S L SN T R TS p P 8

100

Upon distillation, this lignite vields the following products:

Per eent.
43 .0

4.4

300
22.2

100.0

One ton vields 6,350 cubic feet of gas, the analvsis of which is
as lollows:

. Per cenl.
T A L L A e S L e e e B rr YR [ = oy

Carhonsdiogide v viiee il s surbensi B Gasis i o e sl 21,60
Oxygen.......... T e i e e 26
Carbon monoxide, ... ..ooiiiiieiiiiniinnsnraiennns 7 .20
§.7 E L1 e e e o E oy e IS e S E G S e A " 286
Hydrogen. .. ... ... o i e e ! 20000
NHEOgon G ss asas s sse Te e ees s | 25 .71

'1 10000

The heat value of this gas is 300 1o 350 B. £ w. per cubic foot.
The ammonia waler contains 0,23 per cent of :mmlnniel, hence one
ton of raw hgnite vields 1.t pounds of ammonia which eorvesponds
theoretieally to 5.6 pounds ol ammonium =ulphate. Allowing for a
5 per cent loss in the manulacture, the yield is 5.3 pounds per ton.
The residue contains 17 per cent ash, 3 to 4 per cont moisture, 3
per ceni volatile combustible matter. Tts heat value is 11,000
to 12,000 B. t. w. per pound. I good lignite is used, having a low
ash content, an excellent residue iz obtained that has a heat value
of 13,000 B. L. n.

In Scotland the purpose of the distillation is to obtain tar and
more especially ammonia ; in Saxon-Thuringen the yield of tar is
the important item; hat in Bohemia, just as in the distillation
of hitwminous coal, coke is the principal object, the hy-products
are far, ammonia and surplus gas.
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As already stated. the distillation ol lignite is carried on in
vertieal ovens which are heated by fiving with a portion of the zas
made in distilling the Tignite,

OF the gag resulling Trom the distillation, 6,550 cubic feet per
tom on the average. G0 per cent, i< used Tor heating the ovens, 1o
e cenld llt'ing .-ellll!|i|.-c wil=, which can he wsed Tor ather JIUr s,
such as the generation of eleetrical energy, ele.

According fo observations made at Aussiz, one horse-power hour
requires 35 cnbic Feet of This was 06 nsed inoa gas engine, Inoaore-
cendly installed lignite distillation plant, where aboul 250 {ons
are worked ap daily, there iz a gas sueplus of 630,000 cubic fect.
Thiz corresponds to about 20,000 horse-power hours. To ntilize
this encrzy a central power stalion was esxtablished of 1Looo horsc-
power. The gas engines are diveetly conneeted with the gencrators
and after dedocting the power required at the plant, the reainder
1= salil to neighhoring cities,

The ammonia condens=ation plant iz according fo the Feld <vs-
tem (patented in the United States and England).  In this svsten
the s s not cooled to low temperature and thus a mixture of
ammonia water and tar i obtamed. The condensation iz partial
only depending on the dew point of the tar and ammonia. By this
method of procedure, we do not oblain a e mixture hut a zerics of
Fractiomal components which aree limited i their condensation to
their hoiling points, thase of high hoiling point being condised
st g fhe remperature of the was = geadually lowered, Sinee the
aas ix not cooled under the dew point of water while these oils are
condensing out, they are oblained free Troms moisture, The <epa-
ration o water ocenrs in a special washer at a temperature of
110 to 203 degrees T (80 (0 95 degrees (L), at which tempera-
{ure no ammoenia componnds with sulphur can be Tormed, Inoa
sceond washer evanic acid i removed with precipitated iron oxile
in the presence of Tine (the Time prevents absorption of alonii)
with the formation of fron cvanide. The gas heing Tree From iar,
from exanogen and the most of the water (only 2 grams per cubie
foot remaining) the separation of the ammonia is effected. This
i< done in the last washing at a temperature of 1135 degrees F.
(13 degrees €, and with the aid of the carbon dioxide in the
was. The gas i washed inoa solution of milk of gyp=um (fincly

fa

grammd svpsum o suspended inowater). The reactions yesult in



Phe Fuels Used in Tevas 184

winmoninm =ulphate in =olution and carbomate of e which pre-
cipitates ont. Necording  to Kihler, this method  (the  Feld
proces=) i< in =uecesslul operation in the United Sfates at a plam
in New York Ciy)

The coke is eooled inan aiv-tight vessel. The greater portion

i =old as a fael for making steam (under foreed dralt) or Tor the
manulfacture of prodocer was; Tor which it is well suited, heing
practically free Trom volatile far compounds which are =0 ohjee-
tiomable dnoa gas engine. The smaller portion of i is hriquettod
with piteh as a hinder.

The oils are mixed and =old az wood-preserving material under
the name Carbolinewm. These far oils contain mostly hydrocar-
hons of the aliphatic series, but members of the aromatic series: are
al=o present. =ueh as benzol, pyridine bases, and phenolz. Formerly
the hirown eoal tars were chemiceally treated and the industry was
quite profitable, expecially to the parallin manulacturers,

Dicarecie of Bolewian Lignile Tar Treatnend.
The commercial produaets are in hold-faced {vpe.
|

[ Tar water
Benzol and its homologues
Raw benzol 383

deg. IF. Phenol
(195 deg. C.)
Light oil 392 Pyridin
deg. b, 1
(200 deg. C.) | Creosole oil
Refined heavy benzol and its homo-
logues

Raw heavy benzol |

Intermediale oils I Cresols

455 deg. F.
TAR 235, deg. C.) Gas oil

i Creosote oil
Heavy oils 527 sarbolineum
deg, F.
(275 deg. C.) [ Paraffin mass
Paraflin oil
Soft paraflin mass { Paraflin mass
| Piteh
) [ Soft paraffin
[ Soft paraffin mass !

| Paraflin oil

| | i { Hard paraflin
Piteh { Hard paraflin mass {
| Paraflin oil
Red products

Gas

Coke

g and Kahlee, =Steinkohlenteer und Animoniak.” 1912, p. 166,
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But since brown coal tar oils are known to possess wood-presery-
ing qualities, thev ave sold undistilled at high prices,

The profit of a lignite distillation plant in Bohemin, per ton of
lignite coke. is shown in the following schedule.

For 1 ton (2000 lbs) are needed 2.32 tons of raw lignite, at S0.97 per ton. .. §2.23
Running expenses, amorlisalion, and guler"li management. ... ... L .88
g 10 ) B M B T 53.13
Profit on by-products. .................... e e L
Profition electrio: POWRT i b viis s b i e i e s e s PR e 24
Tl o v mmme i e R T A e coe 30,97
Cosl, Perton, oot v v R R R R e R W $1.16

Thus ane ton of lignite coke costs §2.16. Since the selling price
is $2.75, there is a profit of 59 cents per ton. A plant working up
100,000 tons of raw lignite annually, produces 43,000 tons of lig-
pite coke, and gives a profit of $25,000. The necessary eapifal
amounts to 170,000, which gives a profit of almost 15 per cent on
the investent. The hy-products and surplus gas represent 45 per
cent ol the expense of lignite coke.

Onlyv a genoral idea of the profitableness of the liguite distillation
in Saxon-Thuringen and of the hituminous <hale in Scotland can
he obtained. The Germanz publish no reports on their industry
and the English give only general (]nhl

The plants ol Saxon-"T'hieringen pay 12 per cent dividend.  One
plant with a capital of $750,000 works up 510,000 tons ol lignite
annuallve and <hows a profit of $90,000, which corresponds {o a
profit of 17.65 cenis per ion nI' raw lignite. U must be remem-
hered that the amortisation rate is high in Germany in order {o
reduce the profit hecause of the occupation tax, personal tax and
income tax,

Aeeording to Beilby. the resulls of Scolch ghale distillation give
the following

Cost per lun—rvutsf Yield per ton— Cents,
Shale. ... 0. 96 | Burning oil, 8.1 _l.:u!. al G 82 ecents. ... ... I 57,28
Retorlingd. ......... A1 | Lubricaling oil. 3.4 gal. ol G238 eents. ... .. 2164
Refining. . cooivanns 28 | Paraflin wax, i!l ;,.\I ul 28,00 cenls. ... - B

Ammonihum -‘uiph-m 60 Ths. at 100 cent. S 60N
Total, .ovivvven 168 — s
Todal ..., 00
§ [P G e R S LR T 168 00
Gross profit. . oo aas | r;r.un

1’1 Soe. Chem. Ind., 1897, p. 886.
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The profitablencss of the Scotch shale industry represented by
the four leading plants is seen from the following table. The
amounts given are in pounds Sterling.?

*Petroleum World, 1912, p. 247,

TanrLe XV,

P o=
I Obliga- [ Pre- 10ngmal Dividends and profits.
Name, | tions in | ferred ] stock. .
] bonds. | stoek. f 1 1908. l 14909. | 1910. l 1911.
1 l _ Per cent. ] Per cent.
1. Brus) ] ! l()l) {'I( 14 9?'1(! 10.0 | 21.09 23.33
2. ﬂ;?.qh’:]l:]’\l ..... il 17 {! 000 ].J {) 10.0 | 30.21 2722
3. Pumpherstone. . .. wn uno 110,500 50.0 | 50.0 | 62.89 |, 69.00
4. ‘Tarbras. ..... an ()ﬂl} 85, n(ll'] 15.0 7.5 | 13.89 14 .49

Nume. ‘ 1911. J 1912,
L Brasliaring e SR il e e S e R e A 6,603 747
2. Oakbank.... . ... 4,255 5,783
3. Pumpherstone e b BT e A AT S e e 12,021 12,598
e 1 1 A Rl e e G G A SN S UG PR B 1,648 3,895
- i [T S R
In 1911, Germany produced :
Tons

Bituminous coal 160,742,272

Brown coul. .. ... 73,516,780

Briquet oy e RS RN 16,836,674

One ton of hriquettes requires 1,75 tons raw lignite as material
and 0.88 {ons ag Tuel, total 2.63, The 16,836,679 {ons of hriguettes
mentioned above required for their manufactuve 14,280,000 tons of
lignite. The distillation plants of Saxon-Thuringen used 1,575,000
tons. The total amount of lignite treated then was 45,855,000 tons,
or G624 per cent of the entire lignite production.

Notwithstanding the fact that the mnore concentrated fuels, Eng-
lish and Westphalian conl and anthracite, are marketed in Ger-
many, lignite wining continues to flourish. But the lignite, in
order to compete successfully with the other coals, must be put
into a concentrated form. or. as i< done in Saxon-Thuringen, the
lignite must be treated chemically.
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CHAPTER XI.

DISTILLATION OF A TEXAS LIGNITE. FoR RECOVERY
OF BY-PRODUCTS,

In order Lo defermine the quantity and nature of the hy-products
to he oblained from the destractive distillation of lienite. a =umple
wit= =ccured from the Texas Coal Company. Rockdale, Milan
county. The composition of this lignite was as Tollows:

Per cent.

Composilion. - e
[+ s reetd. | Dy,
) |
PGB v s s s 0 SR T R 0 20 K1
Volatile combustible matter. . ..o 000 000 | 3516
Fixed enrbon, .o..veeeviivennans | o270
Al . 7.08
BUlphIr s e s I e A (.88
MNHPOECT . o o S T [ 1.78

The distillation was made in a cast iron vertical vetort. placed
in the Furnace and coverad over with coke, which was kept hurning
with a gasoline hurner as needed. The products from the distilla-
tion were led into a waler-cooled condenser, then into a wash-
hottle, then into dilute sulphuric acid, awd then through a tower
filled with absovbent colfon. The oas was stored in a large tank.,

At first the heat was applied slowly. In about twenty minutes
steam appeaved in the condenser, and in Ahirty minutes, a vellow-
ish gas (tav vapor). During the fiest hour of distillation, about
14 per cent of the total gases passed over, and the distillation
was completed inabout 24 howrs. The vield of was was disregarded,
¢ince the amount, heating power, candle-power. ete., had heen al-
ready determined.

The vesulls of four separate determinations arve given helow, in
percentages,

Amount of, I I. I

T4 O I
I . P s
Residue from lignite, as charged . . 88 a0 60 1090 10,70
Residue from dry lignite. ... .00 S0 dd 06 s O 62 0D TH
Ammoniacal liguor. .. ... oo | 36,10 31.00 3300 3130
Total mmmonia in raw lignite. ... ... . 0 83 0.63 181 0.71
Tar, aw | i R e e G40 | 710 7.87 1010
Far, dry hasis. .oovoenn. 9,86 | 1028 Iror 1383
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The composition of the residue was as follows:

o] om | omk | o

MOISEUTC. v v v v e e v e eeene e e eeeenes i 0.5 093] 100, 1.0
Volatile combustible matter. ............. 2.27 .61 2.7 ? 4.85
Fixad TR0 s ma st 5w bt s 5 s 8 75.28 ‘ 76.68 ‘ 73 .66 72.17
7 20.50 | 15.75 2257 1 2108

100.00 ~ 100.00 | 100.00 | 100.00
BUIPRE 5o s st Ras 150 1451 1as| 1.3
B. L0, per pound. .. viveaiamii s 10,708 ] 11,287 | 10,224 | 10,462

1t will he noticed that the ash content of 1, T11, and 1V, is ahout
the same. Restdue No. 11 had only 15.35 per cont of ash, but in
this particular case the lignite earried 8 per cent of ash. It will be
noliced, alzo, that the volatile malter in Residue No. IT is 6.64
per cent, showing that the heating was not carried Tar enongh.
The vield of ammonia in this case was also less, zince the ammonia
compounds vequire a high heat to break them up, and they are
among the It products 1o come ofl.

During the distillation, about 10 per cent of the lignite ermmbled
into dust. Lignite residue is Jdark gray in color, glossy, slightly
porous, havd, and haz a clear wetallic ring. There was no agglom-
eration of the particles and no eoking. The residue hurns without
flame or smoke, and has an average heating power of 10,500 B. t.
u. per ponnd.

The vield of tar, as well as the nature ol it, appears Lo depend
on g variety of cireumstances, snch as the water conlained in the
raw material ; the pressure in the distillation spaee ; the size of the
distillation apparatus; the surface of the walls of the apparatus:
the rapidity of the suction of the gases: the temperature of the
distillation. especially at the end of the process: henee it is not
possible to duplicate condilions very closely, especially when one
considers, algo, the variation in the raw material itzell.

Tar,

The tar has a specific gravity ol 0.865 at 72 degrees IF. 1t
clogs at 60 degrees ¥ and is ol butter-like consistency af 50 de-
avees Fo The color is dark hrown and the free carbon content
(dust, residue, c1e.) is 1.3 per cent.

It was examined by fractional distillation for its content of oils,
by eracking™ for the content of paraflin, and hy washing with al-
kali and acid for acid and basie content. Nince the tar of Texas
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lianite seems to occupy a pozition hetween the tar of hituminous
coals and that of pyropizsit, and since, therefore, aromatic as well
as aliphatic substances are 1o he expected, the phenols and pyridine
hases ol the first serics must he separvated Trom the parafling of
the other,

The tar from Texas lenites was di=tilled into four feactions.
The vesidue of piteh was “cracked ™. The oils, paraflin masses, acid
and bazie substances, and then parallin were determined.

The results were as follows:

S i e i et F - | |
Fraction. | Per cent.
WALCE. oo D T 0.40
st fraclion, Lo 392 deg. ¥., light oil. .. ... 00 .. .l . . il i i G.81
2nd .l'r.u.lmn o 527 deg. IT,, middle oil ., . ..o oivvrvvirrnirios T | 17.95
Srd fraction, to GOO dng F., heavy oil, | | S e R bR R i 28.70
dth frae tmn. to 660 deg. I7., soft |)al‘1lﬂm oil . TR A e e R T e R | 12.00
T 1 o gt Py [ 32.57
When “eracked’ the piteh gave the following: [
T ol prara i s s s s e L e e s e B R R TS 19.01
Red produets, ... B b T A R g A Ty AT | 1.30
RO e e S e S i s A R s R R AN R 1 11.00
Caas anal Joss i i ose s i inis B el s = e e e e | 1.26
LR i b i s 3 A ol B TR A R R B R R | 32.467
Distillation of Taw
1 Per cent
e |
1. Fraclion, light oils, specific gravily 0830, ... ... .. .. 1 e
.-\L!un,nhcnul contenl,.......co..0nn. Py ey i 19.51
Bases . T R e R R R e e e e | 3.20
1I. Fraclion, intermediate oils, spcvliu’ gravity 0 D83 . SRR R AR
Active phenol content. .. ... ... . l 27 .00
B S S e S S S SR R S e T S S A e S T | 6.00
I1I. Fraction, heavy oils, speecific gravity 0953, . ... ... ... ...... [
Active Dhenol ontenl. oo v vesanaeinoiieivsessnessseinens I 20,90
Bases. ...... T h i R LR oA Rt TS LT Bl AR e il 3.00
IV, Fraction, soft paraffin oil, specific gravity 00951 .. ... .. ... | __________
Active |)|It‘!’101 content. . ... .. e A i 2400
PBISON  ira w . « 3.00
V. Fraction, hard paraMn oil, specifie gravity 0921, .. .. .. .. l ,,,,,,,,,,
Active phuml O L e e e e e L 1 | 18.00
B o S e i T R SRR 3.00
s S ——— - - — - — — a ! - -

The eoke contained 7 per cent of volatile eombustible maiter.
Pavallin estimation in the acid and hase Tree oils:

In the heavy oils. ... .ooouiue. 4.28 per cent., melling point....... .. 122 deg. .

In the solt paraflin oils......... L1237 per cent., melling point.. ..., ... 129 dey. .

In the hard paraflin oils.. . ... .12.13 per cent., melting poinl_ . ... .. Lo 18 deg. K
*
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Tolal Parafiin from Raw Tur.

Per cenl,

| Ileavy | Solt paral-- lla;l.;n;

! oils, fin oils, | afin oils.
Yield of vils. . ... .. 28.75 12.00 1900
Loss by washing i - 24,00 1 27.00 21.00
Bemainder after w .le;, ....................... 21.8 ¢ 8.76 15.00
Paraflin contenl of washed residue. . .. ... ... ... | 4.30 12,40 12.50
Melting point, Cenligrade. ..................... 50 dea. M odeg. | 59 deg.
Melting point, Fahrenheil . ..o oveennn o | 122 deg | 129 deg. 0 138 deg.

. - - N —— - — . N — _I s -

OO A AT T T G it s, e T SR i A A b AR . .'Bhéipvrnonl.

As dhe congealing pointz <how. these are only the havd parallins,
As o matter of Tacl, the tar containg abont 8 per cent ol paraflin,

From a tecmical standpoint, three forns of ammeonia may he
ohitained ;1.0 So-called “Tree™ ammonia, which ¢an he driven off
from ammenia water and wash water, It it iz doubilful i there
is any free ammoenia in such gases az we are now dealing with.
2. Combined ammonia which ean be made volatile hy adding an
alkali carth. 5. Nmmonia which can be taken up completely by
sulphurie acid only,

Tu order to determine how much nitrogen contained in lignite
i= changed into annoeniag the thivd distillate above was taken as
a hasis, The nitrogen confent was as Tollows:

Nilrogen {-nmvnl Per ecent.
Tt AEN TR 0w i e e e D e U A e B N i 2.0
In lar. SR Ty D : e 2. 82
II’!“II‘I‘L.NII'III‘ Pt o E et N ] PR Rt Lt e e R R 0.8
Inthegos,.......... e e L e R Ry K R T}

Another way of =taling this ix az follows:

1000 parts ol vaw lignite with 26 per cent of water, gives 18,92
parts of nitrogen: 1Y parts of vesidue, 7801 parts of tar, and 330
patts aft water. The vield of gas in eubie feet per net ton iz §.500.
On this hasis. a net ton, 2,000 pound
fain as Tollows:

g, of raw lignite would con-

Compound. ' Pounds.
Nitrogen, eale |||.Ilt,d us ammnonia. T T R R AR ST i _-l:‘{.:ili
Residue. ... .. S 1 e St e e O i M MR P M A | His
B P A S e e e e P SR e NS ' 156 .8
Water, . cowwmmss b A A R R e W R SR A T e | 6l
T L U R el bt S P R e R L S00
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The nitrogen compound in the comdensed waler may consist
of cyanogen compounds and members of the pyridine and chinolin
groups. OF these compounds, 5.93 per cent are in the eoke, 6,16
per cent in the iar, 9.30 per cent arve in the ammonia, +5.50 per
cent are in the gas, and SET6 per cont are unaceounted For.

The distribution of the nitvogen ic quite diferent from that of
other hitnminous materials subjected to dey distillation. o the
Seoteh shales, 75 per cent of the nitvogen iz changed to mmmonia
by the use of steamn, hut in this case the carbon ol the residue would
he consumed.

Watson Smith' found nitrogen in:

, IPer oeenl.

OrTINNEY BOS EOI0. o ms v e s S A e e s SRS = oy s 5 l 1.37
d LLTE [ Rt T N S N S e .53
Simon-Carves coke...oovvviiiiinniine TR T ‘ u.38

A Hennin® is of the opinion that wmmonia is Tound in coal only
in minute amounts, but that it is formed as soon as the coal has
visen 1o a temperature of 1,800 degrees . (1.000 degrees ().
Higher temperatures than this do not seem favorable to its forma-
tion, while at a femperature below red heat, the lormation of
ANLMONEL CLilses.

In the Texas lignite which was investigated, ahout 10 per cent
of the nitrogen is changed to ammonia; while in the Saxony hi-
tuminous coal only 6.1 per cent is changed, and in =ome English
coal, 10.8 per cent.

In treating the hrown coal in vertical ovens in Saxony, the heat-
ing of the material is more gradual than in the hovizontal ovens
and the operation of carbonizing can he divided into three definite
zomes, The first is the uppermost and coolext zone, and mayv be
called the drainage zone, for the steam eseapes with little or no tay,
or anmmmonia. - The second zone is that of the ormation of gas and
tar, with some ammonia. The third zone is the zone of the highest
heat, and completes the distillation with the formation of am-
mounia.

1u order to test the separation of the water from the ammonia,
a distillation was made in which the first portion of water that

11"l Chem, Soe., 43, p. 105,
=)l Gas Lighling, 15892, p. 200.
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came over was separated from the remainder, then another portion
was geparated, and the gas washed in the remainder of the water.
The lignite treated contained 28 per eent of moisture. The water
contained ammonia as follows:

st portion...... U AU 1 P |
2ndportion.......oovvvvviieninns L 2
5 B3] o 4 O O 15

The amount of water to be treated can thus he reduced one-half,
and the ammonia can he recovered in a column still; and the gas
passed into 60 degrees B. sulphuric acid, for the manufacture of
ammoninm culphale.  The gases formed during earhonization can
be used to heat the oven. and. according to TRuropean practice, there
I an excess of 40 per cont to be 1hus used, or sent 1o sas enginea.

There could he reeovered from a ton of ordinary Rockdale lignite
carrving 26 per cent of wmoisture and 9 per cent of ash, the fol-
lowing:

REIAIIE. e e s B oam mcnmions sonmmien et g o A S e 800 pounds

ar... o ueivebaiisn Fd LS e aaTe 8 AR T R A B RS e ey 156 pounds—16.17 gals.
Sulphate of ammonia. . ........oviiii i 18 pounds

R 8 e D s i s o e e s e e 3,000 cu. ft.

The following ealeulation of the value of these separate products
i< made with the distinet understanding that Joeal conditions will
often affeet the vesult seriously. '

The value of the residue ean be ealenlated in two WAVE, d= an
industrial fuel, and as a household fuel. As an industrial fuel it
can be wsed in the form in which it comos from the reforls or ovens
without any preparation. s value wonld depend on the local price
of fuels with which it would compete. Tn San Antonio, for in-
stance, Rockdale lignite and Beaumont oil are used as fuels, among
others. The price of Hgnite is $1.69 per ton, and it has a lieat value
of 7500 Bt e per pound, Onaceomnt of the high content of
maisture, we will allow that only 50 per cont heat effect can be
abtained. The heating power of the Beaumont oil may e {aken at
19000 with a heat elfect of 78 per cent.

To determine the relative value of lignite, erude oil, and lignite
resicdue for steaming purposes, the following caleulation iz made;
with an allowance of 50 per cent heat efficieney lor the lignite,
38 per eent for the oil, and %2 per cent for the lignite residue,
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If wo allow thatl the value of the lignife residue s $5.00 per ton,
and that it has 1L B per pound, the price per hundred
pounds is 15 cents. To generate 100 pounds o normal steam re-
quires 1,150 B. , n

Lignite,

7—520—]3{1%@1-11 5-‘:-}=3.2l3 pounds normal steam.

100 peunds lenite eostg 8.25 cent===5.26 pounds normal =leam.
and we have then 100 pounds normal steam costz 255 cents,

Fuel O,

I'?’EQO—%%O?—'E—E=12.88 pounds normal steam per pound of oil.

Lo barrel, 12 wals, costing $1.20, will wive a cost per hundred
pounds of 371 conts. Az 100 pounds of oil will give 1.288 pounds

of normal steam lor 374 cents, we have fhe cost of 100 pounds of
normal steam, 2.91 cents,

Lignite Residue,

11,134 x 72
= f—l—sg- ---=6.97 pounds of normal steam.

AL $3.00 per ton, 100 pounds costs 15 cents, or 697 pounds of
normal steam, cozls 15 centg; and 100 pounds of normal =team
would enst 2,15 cenls.

The 800 ponnds of residue ohtained would, he worth $1.20, for
fuel purposes,

Tur.

The 156 pounds (16.1%7 gallons) of tar recoverable from the ton
ol lignite could he used for the manufacture of heave oils, soft
paraflin oils and hard paraflin oils. After removing the acids and
hases by washing, there wonld remain in the washed tar 2185 per
cenl of heavy oils, 8.76 per cent of soft paraflin oils, and 15 per
cent of hard parallin oils. The total hard pavallin in the far is
probably about 3.88 per cent, the {olal parallin heing about 8 per
cent,

Alter these oile ave distilled from the tar, there remain 32.57
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per eent of =olt pitch and. as already stated, when “cracked” the
piteh gave the following :

er cent,
Hord paraflin Mnss. oo i e s s i e s b i S e s s e 19.01
Red products. ..o et i iiiian i itni it atarsasassaasansarsnnnnss 1.30
Residue. .. ... e A Lt P S R P E B e e S e 11.00
CHE AN TOBE L o ooevn s s s i s R P S A M 78 1.26

There was of parailin, in the a(-id aml hase Tree oﬂn, as follows:

Per cent.,

Tovdie ey s o e S s D S TR 4,28
Inthesoft paralfin ofls, ......oviineiniiiiiiiiiiiiiiireiiisinessaes 12.37
Inthe hard paraflin oils. . ... ... . voeeiinii i rsinerissrrersnaansns 12.43

The valuation of {ar iz a highly technical matter, and we do not
propoze al this time to enter upon it except to point out the pro-
ducts obtainable hy distillation.

Tn a briguetting plant, both the soft and the hard piteh could
he used as a binding material.

Sulplate of Ammonia,

There conld he recovered from a ton of lignite 18 ponnds of
sulphate of ammonia, worth, at 3 cents a pound, 54 cents,

Surplus (las.
I}

The surplus gas would he 3,000 cubic leet, and we think it <hould
be worth 30 cents pesy Hmm.m:{ cubie feet al the works: a total
value ol H0 conts.

The following =tatement, thereforve, includes the value of the
hy-products Lo he obfained o a ton of lignite:

| Value.

Residue from retorls, 800 pounds, al $3.00 a ton. .. .. ...t iinnnnnn. $1.20
167 1018 00 00F, E-5 0ONLS0 0 vi v o S s S A s e SR &0
18 pounds Hil'ph"ltb ol ammonia, at 3 cmL-\ .............................. i 54
3000 cubie fect surplus gas, at 30 cents. Se e e R R P R l 00

In order to arvive at an approximation of the value of the sar-
plus gas when used to generate power in a gas engive, the following
caleulation may he used : to gnarantee 1 horse-power in an econom-
ically working gas motor, 10,700 B, t. u, are necessary. One cubic
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foot of this gas has 387 B. t. u. and 28 cubic feet are required
for 1 horse-power hour, or 1,000 cubic feet are equivalent to 35.7
horse-power hours. The 3,000 cubic feet of surplus gas from the
ton of lignite will generate 107 horse-power hours, and the cost is
about 1 cent per horse-power hour.
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CHAPTER XII.
DRY DISTILLATION OF TEXAS LIGNITES.*

1n order to study lignites with reference to the amount and qual-

ity of the gas and solid residue to be obtained from them by dry
distillation we selected 22 typieal lignites from different parts of
the State.

The methods used have already heen described in Chapter IV,
relating to the drv distillation of coals. In Chapler XI we gave
the results of the detailed examination of a sample of Rockdale
lignite for all of the recoverable products, hut in this chapter we
consider merely the gas and solid residue.

Tables NV and XVIT give the results obtained.

*In the Second Annnal Repori, Texas Geol. Sur, 1890, pp. 38-52, there
is an article by Dr. Otto Lerel on “Lignites and Their Utilization with
Speecial Reference to the Texas Brown Coals” This paper deseribes, to a
certain extent, the condition of the industry in Germany at that time. For
information as to present meihods, ete, the reader is referred to Chapter
X of this Bulletin, preparved by Dr. W. Bredliek.



TaBLE XVI.

Results of Distillation Tests on Teres Lignites. Analyses by S. H. Worrell.

et | :
h Lignite—Dry.

! =9 ! Gas—Dry. )
P~ =
i O = | S E
: :5{1 | Composition. ; Bt u I Proximate analysis. Ultimate analysis. ) A
= 57 | - per cubic foot.: < ! 4 ’ PE
o= o | | < o — o5 g : i 5 5
Analysis | - = : 5 3] ' I 3= g | i : i 2
oo | 8815 3 | 2 | 3il 2 | L s s
(oo Elag|Ble | BZ 1S4 1 |8l datalB|alg]®
tostg 85l 1 B0 B ole | & oo |88 1 2 | 2 | 8§ | 21§ ;81 s
rER| 2k el B BT AR B4l B R DB B R
| B=l8 .0 | gl & zZ & | o | |> B |4 & | ¢ | &S |2 |d
i | : ! l !
1.6'15‘4.46.4; 25.4 8.8 .458; —1. ! 492' 489| 48.10 41.05: 10.85: 0. .00 4. 1.54{10,220
1'1.8 9.856.2, 21.4 7.4, 368 —1. . 494" 496] 55.70: 30.09 14.31! O. .80 4. 2.08| 8,979
1.7, 2.6/49.3| 41.6 5.5 353, —1. 538 5691 59.501 31.711 8.75, 1. T7h A 2.23] 9,835
P2IUITI2U8T7 32060 5l 00 4! ‘ 574 564 35.001 31.91| 13.00° 133 5842 4! 3730107510
L 23113062 327 700 42| —10 1 550, 570 41.80 33891 21331, 0. 69] 4. 1.71] 921
1 1.8:11.851.21 20.6 8.0' 457 —1. 518 :)SOI 44.70) 12.63° 12.67, 0. .06, 4. 1.53(10,600
S 1.5 3.846.8 33.31 14.6 409! 2.5 580I 060" 52. 141 38.22) 9.64 0. ) 4.7 1.71(10,510
12101724800 23] 910, 446 —1.| 494/ 489 46 18 43.63] 10.20; 0.6 3011 214[10]840
P 4.6 19450+ 19.4] 6.2 6370 3. 558 513" 58.60 30.6 i 10.76, 1. 4. 1.98] 9,782
£1.0:15.546.8  28.71  7.00 465 2. 5200 513] 56.18; 37.20! 6.62l 0 5.1 1.56/10,540
2017 8.0[44.2; 312 11.6' (451 9.3, 544;  525| 52.901 33.99 13.11. 0. 5. 1.86]10.120
2.1 11.5(52.5] 29.4 Do 3260 1.5 533; 575 45.001 43.00. 12.00 1. n. n. d.|10,980
125 9.0146.4; 30.0; 10,0 474 3.4] 524 519' 50.76] 39.51) 9.70, 0. 5.0 1.7:3107226
1.4 14.0';):).0| 22,2 6.8 .373] —1. 450,  466. 48.51 37.(‘)3' 13.81 1. 1.2 1.33] 9,700
P 2.2 21.9/44.2 19.7I 10.81 492 —1, 1 458, 458 49.28 32.90; 17.82| 1.3 1.7 1.33] 9,709
482261414 23747 7,00 4401 6. | 533 340| 51.20 38.78! 10.021 0.7 4.5 1.20[117182
2.0'17.0:50.0! 23.8, 6.2 427 1.4 51'.?.[ 498! 43.38! 41.43° 15.19. 0.5 400 2.31{10,900
1.520.0.51.01 23.3 0.8 .437 1.5 51(_)l 496, 47.60' 41.31, 11 090 1. 2.09[10,030
C1.821.647.8 15.9'  7.70 503 —I1. - 4231 4221 49.00° 41.000 7.000 0.87. 60171 I 1.701 9,957
1.6 16.650.2 28.1 3.9 372 1. 539: 534| 47.00; 40.71 11.49. 1.20i 57.82! .1 .6 1.68'10,030
L 2.0'19.443.8: 24.6 §,7i 468 3. ’ 485" 498 45.66; 41.12 13.22| 0.80' 58.81) . 2.50i10,410
0.8:17.946.2, 205, 5.0 514/ —1. | 460 440! 50 52 39.20 10.28 1.20, 59.16, 3.8 2.58] 91835
2.'.2{14.4_4;8.3l 2;).li 7.3 .'136i 1.2| 313; 549i 50.51. 37.55 11‘94; 0.93i 58.06! 4. 1.85 10,200

4

sneo g fu fipsaoug) ayqy fo uygapng
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The kev to Table XV is as follows:

No. 667, Mba-Alalakoft Lignite Co., Alba, Wood connty.

Noo 361, Ameriean Lignite Briquette Co., Big Lump, Milam
counfy,

No.o 323, Bear Grasz Coal Co., Jewetf, Leon county,

Noo 368, Bertetti Coal Co.y Lytle, Medina county,

No. 320, Care Wool & Coal Co., Lytle, Medina connty.,

No. 668, Como Lignite Co., Como, Hoplking county.

Noo 3270 Conzumers Lignite Co. ITovte Wood county.

Noo 1290 Cookville Coal & Laumber (oo Mt Pleasant, Titus
county,

No. 616, Edgewood Coal & Fuel Co, Edgewood, Van Zandt
county.

No. 1500 Houston County Coal & Manufacturing Co., Crocketl,
Houston county.

No.o 351 Houston County C(oal & Manulaciuring Co., Jvans-
ville, Leon county.

No. 199, Independence Mining (o, Phelan, Bastrop connty.

No. 317, Lone St Lignite Mining Co,, Como,  Hopkins
county.

No. 5318, *Meleher Coal & Clay Co,, O'Quinn, Favette county,

No. 6700 Rockdale Coal Co., Hicks, Tee connty.

No. 669, Rockdale Consolidated  Coal ('n., Tockdale, Milam
county.

No. 397, Rockdale Lignite Co., Rockdale, Milam county.

Noo 376, Rowlett & Wells, Rocldate, Milam county.

No. 390, Southwestern Fuel Co. (Tormerly Southwestern Fuel
& Mlw, Col)y, Calvert, Robertzon county.,

No. 630, Texas (foal Co., Rockdale, Milan connty,

No. 601, Vogel Coal and Manulacturing Co., Rockdale, Milam
connfy.

]

Thix key applies alzo to Table NV 1L The other figures in that
rable. under heawd of Analvsis Noo — reler {o onr current lab-
aratory numhers,

There are 8 prineipal (hings to be observed from a study of
Tahle XV

“This lignite is not mined,
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1. The yield of gas per nel ton of dry lignite varied from 5,358
to 9,755 cubic feet, the general average heing 7,591 cubic feet,
2. 'The candle-power of the gas was low, only fwo samples giv-

ing as much a 6 candle-power, one of these giving 9.3 candle-
IIU\‘,'ET."

3. The B. t. u. per cubic foot varied from 425 to 530, the gen-
eral average heing 513,

4o A high yield of gas seenied to be accompanied by a tendeney
towards a lower hm(m-f value in the gas, hut the differences were
not especially noteworthy. Thus:

When the _\'ic](l of gns was!

Cubie fect. Thc B. 1. u. per With an
cubic fool ranged average of
From 5,000 to 6,000, ................... SR from 533 Lo 574 553
From G000 to 7000, ... ...uiiiiinieniiiinsnenn from 494 to H80 nl7
From 7,000 to 8000...........................| from 485 to 518 501
FromB80MM0to 9.000..............c0ivivunns ... from 425 Lo 538 499
From 9,000 to 10,000 . b M from 450 to 558 507

5. With respect to the composition of the gas, the following
varialions and averages were observed :

From. | To. Average.
Hluminants. ........ S A SR R i 0.8 4.8 2.2
Carbon monoxide. ... ... A TN A LT AR A R ATS ! 2.6 22.6 14 .4
G R T R S e S e o414 56.2 18.3
IBIRANE o ocm50m im0 s s s s R o i b 10.9 41.6 5.1

G. With respect to the composition of the dry lignites the
following variations and averages are to be observed :

| From ‘ T'o. i Average.
Volatile combustible matter. ... .. ... .00 | 43.38 | 59.50 i 50 .51
Fixed carbon, .......... . i ¥ i 30.04 A4 .00 37.50
5 ; 6.62 | 21.31 11.94
0.54 1.40 0.93
53 .80 G4.20 H8 .66
ITydrog 3.15 5.36 4.48
Oxygen. .. ; 15.67 29,13 2214
NILrogen. . ..oovvivseirinessas o .20 208 1.85
British thermal units, per pound .. . ... .. e 8,979 11,182 I 10,200
7. When the volatile combuostible matter was:
. N |
The vield of gus in The B. t.u. |
1*er cent. cubie feet per Average. in the gas Average,
ton was were from
Fromd0to45............ from 6195 to 7996 G810 H12 to 550 | n26
From 45 Lo 50.... .. TR from 6058 to 4140 75494 425 to 530 487
FromiDtoHo............ from 5576 to 9217 7637 460 to H80 H28
From5H lo60............ from 5358 Lo 9755 7903 494 to 574 h37
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8. The most noteworthy civeumsanee in connection with Tahle
NYT is dhat from lignites of extreme varviafion in composition,
it i¢ possible 4o secure, on the average, from G800 1o 7900 cubic
feet of @as per net ton, and this gas earvied Trom 487 to 337 Bt
per cubic foot, In heating power, this gas compares favorahly with
ordinary c¢ity gas al 600 Bt w. per cubie foot. 1T we allow that
cood aas conl costs $6.00 a ton, and vields 9,000 cubie feet of 600
B. f.u. eas, we would have 15 cubie feet (=9,000 B. t. n.) for ane
cent. 17 we allow {hat dey Tignite costs $2.00 a ton and {hai it
yields 7,500 cubic feet of 300 Bt u. gas we would have 57.5
cubie feot (==18,550 B. 1. u.) for one cent. The raw material
cost of conl was Tor Tuel purposes i= [wice as great as that of lignite
uas,

Tapre XVIIL

Composilion and yield of residve left in relorl afler distilling
L !n;m(c-‘; vepresenled in Table XV Dry.

| | ! I ; With complete removal of
1 Vuola- | Yield volatile combustible
Analysis @ tile | Fixed  Ash. | Sul- B.tu| of matter.
Na. com- | car- phur, |Iwr resi- |-
bust- 1 bon, b, due, | Fixed ) Ash, !B, t,u.Yield
Fible per [ car- . per l 0
matler ' 5 cent, {1 bon. | | b, | resi-
. | i | i i due,
| i || |
B67-771....0 6.21 1.9 a0 .hn. C18.86G/12 566, 53.31
i TA3. ... 490 1.6GY: 0.0 e 8u111 1855| 5260
4.07 1.42 o220 . C LaL67013,210] 61,13
6.67 2.27; IR 93 310121420 5357
400, 1.51 ol .flﬂlj 28 .21 9,964| 52,11
528 1.08 07 .00) EA2G.6i11,075) 60,17
7.69 1.15 ¥ 01,700 19 50:12.543) 65925
461 7 LA nons 6750 2511 11,632 7078
.27 79. 1.20012 ..}bh 2000 166001 i‘.!ﬁ.l .I.Z T8
6.25) 71, (I,'i!'l 10,537 At .n| L 23,0001 ,666. 59.73
6.d8| T1. 1.6 90 .23[12401 .:J.4ﬂ
7.200 75, 1. 260 18,7112, 588| 53 .87
3 5.4 71. 0. s 841,423 53 .91
D19-=708. ... DAl G, AL 3085110 ,761| GO.57
G70-776. .. 5300 6O 4. 2649111 L7430 65 .90
GH0-774. .. .0 631 7I. 1. 5 323 17112,205| 66G.70
S597-T60. ... .87 T4 1.562111,56¢ 1 2(!,35]12,28(5 03 .11
S76=759. ... 4.50] T4. 1.5111,126 D60 22 44111 ,656) HR .87
H0-Fe2. L 4,181 75. 1.57/11,37¢ AN, 21.09:11 8751 65,22
630~ TJ”H.. T.16, 71. 1. .'Ei]]. 4 .lKl '.’.8.8"'1). 3107 60 .31
G601 ? 1 FIn 7.—1”] 73 0.89/11 ,4: D620 7Y ) 20 .56/12,364 606
5.!]‘2| T2 16210, 312 5180 77 52 '.".’..<I8|1':‘ 023 58 .35
I
. I

A stndy of Table XVILL the key to which appears under Table
NV, shows:

. The volatile combnstible matter was not completely removed,
The amount remaining in the vesidue varied from 1.05 to 8.07
per cent, with an average of 5.92 jier cent.
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2o The fined carhon in the vesidue varied feom G311 o 0.01
per eent, with an average of 72,94 per cont. With complete removal
ol the volatile combustible watter. the fixed carhon wonhl vy
from 6915 fo 84335 per cente with an average of 77.52 per cont.

S0 The ashoin the residue varicil from TLE o 29008 per cont,
the average heing 22,110 per cent. With complete removal o the
volatile combustible matter, the ash o would vare from 1567 to
S0.85 per cent, the average heing 22018 per cent,

o The sulphur i the vesidue showed amarked inerease over
that in the dey lignite. Exeluding fwo abnormally high vesulls,
the inerease was from 1.22 o 2357 times, with an average of 1,61,
In two cases ont of fwenfy-one, the salphur in the dry Jiguife was
more than it was in the residue. For the most part the sulphar
appearad Lo he as caleinm =ulphate (gvp=unm).

S0 The Bootoou per pound varied Trom 9561 to 12566, the
average heing 11,3720 This has an important bearing on the man-
nfactore of hriguettes from the residue. For further information
on Thix subject, =ee Chapters [N and N1 A= =ome of the voladile
combustible matter would prolably contain certain heal units, it is
useless Lo calenlate what the B. towe would be in the residue, if
thix matter weve entirely removed. 10 = however, nol probable that
there would he any Tos= in the heat nnits inosuch residue.

G, The vield ol =olid vesidue varied from 50.00 {0 G7.5 per
cent, 1he average being 509 per cent. With complefe vemoval
of the volatile combustible matter, the vield would vary from 5211
fo 70098 per cenl. the average heing 5855 per cent,

We may assume, for the moment, that in the ordinary practice
ol distilling Tignites in o clozed, or practically closed, retort, the
restdue will contain about 6 per cent ol volatile combustible mat-
ter: that the vield of this rexidoes Crome dey Tigniteo will he about
35 per cent, and that it will contain From ¥3 {o 75 per cent ol
fixeed carbon, It iz nof likely that there will be any cconomy in
completely removing the volatile combustible matter, for the pur-
pose will he Lo discharge the retorts as soon ax the Bo fowein the
gitx hegin to show a markedly less value. Just where thiz point
may be depends on a number of conditions which, for the most
»The vield andd the natore of the
valatile matter distilled Trom =ueh substances as coal and Tienile

ety have not heen aseertaine

depend on many Tactors, =ome of them of varyving moment. The
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principal ones appear (o he as follows:  the size of the material;
the amonnt of disposable hydvogen, i, e, the hydrogen that is Iree
{0 combine with carbon az a hydro-carhon: the rapidily with which
the temperature is raised @ the length of time during which a uni-
form temperature is maintained : the maximum temperature within
the retort and within the coal ifsell: the size and temperature of
fhe space info which the gas is conducted ; the rapidity with which
the gax is removed from the retort 2 and the depth of the hed of coal
which is heing distilled. In dealing with conl and lignite, we
have fo vemember that they are subsfances which, nnder the in-
fuence of heat, are decompozable into a large number of compounds
and that the original compounds formed may react among them-
selves s produce of her and, perhaps, more complicaled substances,
With the ehemico-physical side of this matter we have but Tittle to
do at present, our main purpose being to call attention to the fact
that Texas lignites ave capable of yielding, in dry eondition, 7,500
enbic Teet of was per net fon and fhat this gas carried 500 Bt
per cuhie loot,

Terespective o the heating value of the solid residue from the
retort=. we have in lignite gas a source of cheap and effective
enervgy, whether this energy be used in mere heating cffeets or
converted into cleetrie power through the medinm of gas engines
and goenerators. A plant consnming 100 {ons of dry lignite a day
would  produce 750,000 cubic Teet of gag that would contain
375,000,000 B, AL u, and leave 55 fons of =olid residue eontaining
1, 100,000,000 B, t. w. In Chapter TN, Profeszor E. J. Babeock,
has deseribed o method for the utilization of the solid residue
in the mannlacture of hriquettes, and refevence is here made to
that Chapter,
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CHAPER XIII.
FUEL OIL.

T'uel oil is of two kinds:

1. Crude petroleum, such as Texas crude, Mexican erude, cte.

2. Petroleum from which certain distillates, such as henzine,
gasoline, ele., have heen removed in the refineries. The demand
for these products during the last ycar has been so active that a
good deal of Texas erude that was formerly <old for Tuel purposes
dircet now goes to the refineries for the recovery of the lighter
distillates.

There are no statistics bearing on the proportion of these two
kinds of fuel oil now used in Texas.!

Some contracts may take this matier into consideration, hut
ordinarily the specifications call for Tuel oil of such and sueh
a gravity and of o many B. t. w. per pound without regard to
whether the oil is erude or l'e,sidlln! from the stills. The oil mmst
be commercially free of sand, sediment and water. Owing to the
advent of Mexican crude in our markets, this cil having a gravity
of 0.934 to 0.942, attention will have to he given {o the kind of
pumps supplying the oil to the burners. The viscosity of this oil
is below that ol some of the other fucl oils now heing used, and it
is pumped with more ditficulty,

According to the Fuel Oil Jounrnal, Houston, February, 1913,
the consumption of fuel oil by Southweslern railroads during the
vear 1912, was as follows, in barrels of 42 gallons:

System. ! Barrels.
|
Southern Pacifie (Texas and Louisiana). .. ......... . .. S e v o) 3,924,403
Santa Fe (TS IN0RY ooy voinasanim o snimin s misims ss i st s vasia e i 2000000
Frisco main lines (Texas and Louisiana). . PN —————— ) | ,650,_?_13
Kansas City Southern (all lines). ... i e 1,254,668
e 1 e 700,000

i 9,500,203

In 1904 there were manufactured in the United States 7,209,428 barrels

o

of fuel oil of 50 gallons and in 1909 34034577 barrels,
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[T we allow that, on the averawe, Tour barrels of Tuel oil are
cquivilent o one ton of ordinay bituminous coal, this quantity
of otl woulld replace 2377525 tons ol coal. This 15, perhaps, a
generous allowance, so 10 we allow 3% barrels as equivalent to a
fon ol conl we have a rveplacement of 2716911 fonz of coal, an
amount conziderably more than the entive coal and lignite pro-
duction of Texas during that vear.

We do not know what the average price of this oil was, but it is
not likely that it was less than 85 cents a havrel. The authority
just quoted @ives the prices of Tuel oil at different points in the
State doring the vear 1912, as Tollows:

I(‘mll\
||||l!hllill,..”..‘.‘.....,...,,.......‘.I v
IInable <ot isil ol ey Rl
Porl A o I 857
Sabin Ha.7

1.8

The consumption ol Tuel oil by the railvoads of the Unifed
States Trom 1906 to 1912, inclugive, was about a= Tollows in -
vels of 12 wallons (David TU Day):

Barrels.

The average number o miles ran per barvrel of Tuel oil con-
stumed varicd Teom 5.93 10 1007, 10 3.60 in 1912, While some of
the Jines involved also used coal The mileage aperafed by the use
of Tuel oil was 13573 in 19070 13050 in 1908 17,676 in 1908 :
22700 in (910 0034 in 1911 and 28451 in 1012,

The fallowing is taken from an article hy Mr. Holland S, Reavis.
Editor, Fuel Oil Jouwrnale Houston, puablizhed i the Mineral -
dustey, Vol NNT. page 611

“Io fine with the general advanee in cerude ofl prices, the Texas
eearker strengthened appreeiably durving the vears In reath Tevas,
the price of Tight oil at the wells on Januaiy 1. 19120 was 35 cents,
andd hieavy oill 30 conts. On December 81, 1932, Taht oil waz 83
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cents, and heavy, 70 cents, Contracts were made Janoary 1, 1912,
in the coastal fields Tor periods of 12 to 18 months at 72 and 723
cents per harrel Tor heavy oil at the wells. Nome of these confracls
were renewed January 1, 1913, al $L.00 to $1.0TT per hareel at
the wells. Nouth Texas crude oil <ald on January 101912, af 70
centz per harvell on hoard cars, for Tuel nse. A vear later the
price was STI0 10 120 per bareel, on board cars,

“Pipe-line construetion in Texas dorving 1912 was as lTollows:
An S-ineh Tine, B9 miles long, was Taid by the Magnolia Pelroleumn
Company between Electra and Beaumont, connecting at the latter
point with the same eompany’s lines leading fo deep water at Sa-
hine, on the Golf coast. Through the new line the Magnolia Com-
pany supplics cende fo its refineries at Corsicana, about widway
hetween Electra and the termivnus, and at Beannmount. There are
five stations, the distances between them being as Tollows: Electra
to Mvord, 91 miles: Alvord to Corsicana, 117 miles; Corsicana 1o
Richards, 120 miles: Richards to Beawmont, 118 miles. De La
Verane crude ol engines furnizh the power af the stations for
pumping the ail. - The line traverses the various oil ficlds of north
Texas.

“The Gull Pipe Line Company construeted a G-ineh hraneh
Line from itz main S-inch Oklahoma-Fexas trunk Tine at Salillo
(o Fort Worth, a distance of 136 miles, for the purpose of fur-
ni=hing ernde to the Gull Refining Company’s new refinery al
Fort Worth, which was completed and placed in operation in the
spring of 1912, The Pierce-Fordyee 01l Association completed a
vefinery at Fort Worth in the spring of 1912, obtaining ifs crude
supply by tank cars from Electra and Oklahioma, and also receiving
oil Trom the pipe-line of another company. which passes through
Fort Worth, The Texas Company constructed an S-inch pipe-line
from the north Texas oil fields to Dallag, by way of Fort Worth.”

List of Refineries in Teaas.

] l .
!. Daily
Noame. i Location. capacily,
barrels.
Picree-Fordyee 0il Assoc Texus Cily . . . ’ 2,000
Picree-Fordyee Oil Associali Fort Worth 2,000
Gulf Refining Company Port Arthu | 30,000
Gulf Refining Company.. ... .. A ...| Fort Worth. .. 3 00
Magnolin Petroleum Company .. ............... .| Beaumont. .. il 20,000
Miuapgnolia Petroleum Company vieovane| Corsicana. . . .. \ 3,000
Toxus COmMPAMY . .« oo veesussrrscasnstioions +| 'Port Arthur...... 18,000



The Fuels Used in Teras 211

I -

| Dhaily

Location, | eapacity,
] barrels.

Nane.

S SN S T e | Gales. ... ... 15,000

Texas omp:

Texas Com S e i SO PPort Arthur 3,000
United Relin Company . . ... ; 1,500
Webster Relining Company . ... ... ... .. ! at0
1} —— —
Total o, l 100, 000

I

So far as we are aware, (here are no statisties relating to the
comsinnption of fuel oil by industrial establishments, hogpitals, ho-
{els, cten ht this quaniity may he taken, we think. at a million
harrels a veare with a tendeney towards a Jeser quantity, owing
{0 the inereazing price of il

During the fiest <ix monihz of 1913, average current quotations
were as Tollows, per harrel of 12 sallons:

I*er

harrel.
THGOSI6RN. .. varornrrassameinahsdenasat B1E
Hamble . o hia i e nainiiiaes |
1 do01
BaeL S R SR S SRR 1.20
Forl Waorth |
Llorstestin A R S R S R 1.1m
Diallus

Comiparing these prices with those that maintained during the
vear 1912 it will be seen that the price of fuel oil at Touston
iereased from anaverage of 87 cents to $1.22: at Humble, from
S cents to $1.125:0 a0 Port Aethur and Sabine, from 85.7 conts
in $1.260: at Fort Worth, Corsicana and Dallas, from 91.8 conts
0 R L19T, In the carly part of November, 1913, the price of Mex-
ican crude, delivered 1o Gull ports, varied from $1.00 to $1.20,

We have made in our own laboratory, a number of analvses of
fuel oil<. Between November 26, 1912, and June 3, 1913, we ox-
amined 19 <amples Tor the State Povehasing Agent, Austing of
fuel oil delivered to the ditferent State institufions for which he
securcd supplicss The specific gravity varied from 0.868 to 0.9:31,
with an average of 0900 the B.otou per pound varied from 18961
1o 19500, with an average of 192110 We examined 12 samples for
Aas<h peint, and found the vaviation to he from 110 to 218 de-
arees Foowith an average of 151 degrees o We examined 10 <am-
ples for hurning point and found the same fo vary from 180 to
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276 degrees I, with an average ol 221 degrees It These sam-
ples were all commereially free from sand, sediment and water,

We have examined one sample of Mexican crude, used for fuel
purposes,  The color was black; specific gravify, 0.933 1 viscosity,
3,600 at 70 degrees F.: flash point, 140 degrees .0 hurning point,
183 degrees F.: heating power, 19,232 B t. v, per pound.

Mewtean Crude (4,

Accarding to the Fuel Oil Journal, Honston, tie produetion ol
crude petroleum in Mexico Lrom 1907 {0 1912, inclusive, was ax
follows, in harrels ol 12 gallons:

e i
Barrels, | o Barrels,

T T e S, 1000000 q011.. ... R

h 11 1L TR PR G840 1912 L, ST A e | 16 ,dllll 00N

JURY L EE ey 50Ny 7 2] Sl

: B0 e PRt R R S e 3,332 ,8[]7] PR s v s s vsam s J A0 L85 1,620

The hnportation of Mexican crude oil into Texas port= Tor this
year, up to the 20th of June, was ax Tollows, by districts:

A | Vo o

! { | Value

‘ Barrels. Tutal per bbl,,

value. ) l ents.
Sabine and l’nrt Arthur. .. 301,202, 600( it
Galveston. ......... { 718, h‘i.‘l a8 .00
Porl Ara i ! n- a8.00

Hreat Values in Mevican Crude?

“samples of Mexican crude oil taken Trom 8 eargoes <hipped
from Tuxpan and Tampico showed heat values az follows:

Specifie gravity. | B. L. u., per
pound.

149,620

|
\
l TRt

Average l ‘;:._ia

U the British mereantile marine the wivimum flash point for fuel
wils i= 150 deg. 1. (Abel test), and in the wavy 200 deg. . In the
United States the ~tandard Hash point iz 140 deg. 17 (Abel-Pensky or
Pensky-Martens test),  In Russia, Roumania and Germnany it is 176 deg.
1. (Boverfon Bedwood. Treati=e on Petvoleum, Sd Fdo 19130 po 3810

TFuel Oil Journal, Vol, 4, No, 1, July, 1913, page 32,
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The maeniinde of the oil carrving trades inosteam and sailing
vissels, ix <hown by the followine statisties taken from Boverton
Redwon’s ~Treatize on Petrolemn™ 3d edition, 1905

OF tank =teamers, he gives a list of 263, with & net fonnage vary-
ing from diminutive steners of 357 fons= =ueh as the =Carholate,”
of Falimonth, to vessels of 5376 tons, <uch as the Naveagansct{, of
Chreenock, 1le gives a Bist ol 51 ik sailing vesselz. with a net
tonnage varving from 111 Lo 69700 b his izt of vessels fitled for
asing Touid Tl e mentions 200, the wross fonmage varving Irom
T3, as i the “Krungthep.” of the East Asiatic Company, Linited,
to 13454, as in the “Tenvo Maru,™ of the Tove Kisen Kabushiki
INaisha,  The *Pexan.™ of the American-Tawaiian S0 8.0 Company,
has o fonnage of S.G15, aross,

With respeet fo peteoleinn as Toel, the following is taken from
Boverton Redwosds = Treatise on Pelvolenm.™ 3d edition, 19135,
pages G381 fo 585

“For nany vears Russia was the only country producing and
copsuming liquid el on a seale of commercial magnitude, the
erude petrolewn from the prolitic vil fieldz of Bakn vielding a lavee
proporfion of a =uitable product, hut Tov <ome time past there has
heen in the United States a vapid growth in the general eniploy-
ment of ligeid fuel, Targe supplies being oblained in California and
elzewhere, The Nutei digtriet of Borneo has alzo heeome an im-
portant factor in the indostev, the pelroleum fonud there vielding
anexeellent fuel oil and Leing apperently  obtainable in very
large yuantities. Nmong other present and prospective souvees of
<suppdy to which the now seneral reensnition of the advantages of
Tiquid fuel, especially for marvine purposes. has cansed attention to
he directed, ave those of Barma, Persia, Eevpi, Trinidad, Mexico.
Galicia and Rouwmania, and there can be no doubt that {he elfortz
now heing made to develop fresh convees of <upply will result in a
very considerable inerease in the quantity at present available.
It would, however, he misleading to sngeest that there is any pros-
peel of o general <abstitution of oil for coal ag Fuel in steam--
viti~ing and for other purpeses, The auihor pointed out in giving
evidenee hefore the Roval Commission on Coal Supplies in 1903,
ihat if the ageregale oufput of petrolewm in the world were
doubled. and the whole of ihe =urplos thus ereated were used ag
fuel, this snrplus would, taking into aceonnt the relative thermal
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efliciencies, only he equivalent to about 3 per cent of {he worll's
output of coal.

It has alzo 1o he taken into account that with the development
of wo=t oil fields there 1= a progressive decrease in the proportion of
fuel oil vielded by the erude petroleum. the oil obtained at greater
depth usnally eontaining a lavger proportion of the more volatile
Ivdrocarhons,  Lastly. the exhaustion of the older oil fields, which
is proceeding pari passp with the ovening up ol new fiellz. must
not he lost <ighl of in forming an estimate of the extent to which
the world's supplies may be augmented. In this conmection, atten-
tion =heuld he drawn to a report inowhich Do David T Day, the
expert ol the United States Geologieal Survey, in charge ol pe-
troleum: investigation, wave the data on which he aveived, some
three vears ago, at the somewhat startling conclusion that at the
present rate of inerease of the output of petroleum, the known oil
ficlds of that country would, on the basis of the estimated minimum
quantity of oil obtainable, he exhausted by ihe vear 1935, whilst
il the present output were only maintained the supply would on
the same hasis only Iast for ninety vears. In these circumstances
it is Tortunate that through the sneces< which has altended the
intraduction of the Diesel engine, to which relerence will he made
subsequently, attention is now heing given (o the =ubstitution of
the internal-combuostion engine for the steam-engine, Tor with ihe
Diesel type ol engine, it ix possible to obtain about three times
as mueh power From o given quantity of oil as is uzually vielded
when the oil iz used for steam-raising in conjunction with the hest
fvpes ol sfeam-engine, though, as iz herealter pointed out, modern
improvements in the raising and use of steamn may be held to
necessitate a revision of thisx comparizon.

In theiv final veport, daled Tth January, 1905, the Commizsion-
ers express themselves on the subject of the substitution ol oil Jor
coitl, in the following ferms;

“There has heen wucel disposition in recent yvears Lo =peak of
oil Tuel as if it were a serious competitor of coal, il a real sub-
stitute Tor it. The facts helore us do not hear out that view.  Dr.
Boverton Redwood in his evidence has given us a valuable aceount
of the present and prospective sources of =upply ol petroleum and
its allicd produets, and while he thought there was ample scope
for energy and capital in scavching for and opening up fresh
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sources ol supply, he expressed himself very <trongly againsd the
possibility ol any largely extended nze of petrolenm as a substitute
for coal. e pointed out that the world’s production of coal in
1901 wax 777 wmillion fon=, ad that in the =ame vear the world™s
production of petrolewm wax 22 million tons, or only 2.8 per cent
of the weight of the coal.

“The conclusion we have arrived at as regards the nse of oil
fuel in this country iz that which iz expres<ed by Do Boverton
Redwood in answer 1o Question 13,559, when hie said: L think
there will be covtain selected applications of liquid Fuel where the
advantages of emploving such a fuel are especially obvions: but
for anvthing like general emploviment, 1 cannof see where we are to
Jook for adequate supplies” ™

Liquid fvel is largely applied in metallurgical operations and
has replaced coal in many glass-works and other industrial es-
tablishments, Tt has also been Found available Tor domestic use,
but the principal application has hitherto been for sleam-raizing.

The following specifications for the purchase of fuel oil for the
United States Government was issued by the Bureau of Mines in
1911:

“Goneral Specifieations,

“ro Indetermining the award of a contraey, consideration will
be given to the goality of the fucl offered hy the bidders, as well
as the price. and <hould it appear to he to the best inferest of the
Government to award a contract at a higher price than that
named in the Towest hidd or hids received, the contract will he so
awarded,

“2. Iuel oil should be either a natural homogencous oil or «
homogencous vesidue from a natural oily i the latter, all constit-
ents having a low flash-paint should have heen removed hy dis-
tillation : it <hould not he composed of a light ol and a heavy resi-
due mixed in such proportion as to give the density desired.

0. 1t should not have been distilled at a temperature high
enongh o burn ity nor at a temperature =0 high that flecks of car-
bonaceons matter began to scpaate.

4. 11 should por Haszh below 60 degrees O (140 degrees Fali-
renheit) in oa closed Abel-Pensky or Pensly-Martens tester,

“5.0 Hs specifie gravity should range feom 085 to 096 at 15
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legrees (. (59 degrees Tahirenheit) : the oil should he rejocted if
its specific gravity ix above 0.97 at that temperatnre.

“6. 1t ghould be mobile, free from =alid or semi-golid hodies,
aud <hould flow readily, at ordinary atmospherie teriperatures; and
undder a head of one Toot of oil, through a L-inch pipe 10 Teel in
length.

7o Tt sheuld not congeal nor hecome too slugeizsh to flow at
0 degrees C. (32 degrees Tahrenheit),

"SIt zhould have a ealorific value of not les< than 15,000
Briti=h thermal units per pound 0 18560 B3t to he the standard.
A Lonnzs ix to he paid or a penalty deducied according to the
method stated under Section 21, as the Tuel oil delivered is ahove
ar helow this <tandard.

0. It should he rejecled if it containg more than 2 per cent
water.

=10, Tt should he vejected iF it containg wmore than vne per
cent sulphur,

“11. 1 should not contain more than a trace of sand, c¢lay. or
dirt.

=12, Each bidder must gubmit an acenrate statement regarding
the fuel oil he proposes to furnizh. ‘T'his statement should <how:

(a)  The commercial name of the oil.

(hy The name or designation of the field from which the oil
i= obtained, '

(¢)  Whether the oil iz a crude oil, a refinery residue, or a
distillate.

(d) The name and location of the refinery, if the oil has heen
refined at all.

13, The fuel oil is to he delivered [ o. h. ears or vessel, ac-
cording to the manner of shipment. at =uch places, at =uch times,
and in such quantities a¢ may e regoived, during the fizeal vear
enling.

“14. Should the contractor, for any reason, fail to comply with
a written order to make delivery, the Government iz to be at Tiberty
to buy oil in the open market and charge against the contractor
any excess of price, above the contract price, of the fuel oil =0
purehased.” '

The ¢pecifications adopted hy the State Purchasing Agent, Aus-
fin, Texas, for fuel oil to he supplied to the various State institu-
tion= for which he secures supplies, are as follows:
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Fuel O1il,

“To I pufural. crnde, distilled or veduced petrolenm, free from
sand or other salid matter that will impede or prevent handling
freely through ordinary size pumps, pipeg, or hurners, and fo be
of sueh viscosity that will permit of its heing handled freely af a
temperature of G0 dearces Falrenheit. Tt shall be commercially
free of water, and wherever practicable, all free waler must he
drawn froni the delivery tanks Lefore discharging. The specifie
aravity, a~ determined by the Tagliabue Hydrometer, ¢hall he le-

tween 25 degrecs and 30 degrees Baumd. The buver may refuse
to aceept any fuel oils showing a flash point of less than 200 Jdegrees

IPahvenheit when tested hy the open cap Tagliabue method ; namely,
heating the oil at the vate of 2 degrees per minute, flame {est to he
applied every 2 degrees afler the temperature of the oil is raised,
beginning at 90 degrees Fahrenheit. The burning point of fuel
ail zhall not he helow 212 degrees Fahrenheit. The British thermal
units per ponnd of fuel ail shall not be less than 19,000.”

The total production and value of the pefrolenm in Texas for
the vears 1889 {o 1912, inclosive, are as follows, harrel: of 12
gallons:

Year. PProduction. Value.

PR e s TR e st ] TRE BT 82,751,202
The following Talles, NVIIT to XXI, give the production and
value of Texas petrolewm From 1902 to 1912, inclugive, in barrels
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of 42 gallong, the statiztics used being those of the United States
(ieological Survey:
Tasre NVIILL

Production of Petrolevm in Nortlern Teres, 1902-1912. Bareels
of 42 Gallons. Statistics of the Uniled Sleles
Geological Surrey.
[ Ty T ' i L
Corsicana, | Henrietta, | Powell, Total,
Navarro | (Petrolia) | Navarro | Dlarion | including
Year. County. Clay County. County. I olher
County, | i | districts.
| i I
5710500, ... ... .. Loae,s12 L IO P g ei7.s71
401,817 .. .. (115 £ | e | Rl 501,060
371.318 120,3000 T e e 564252
311,551 79,
332,622 111,072
226,311! 83,260
211,117 85,963 AR08 el 23,265
180}, 761 1134850  BEIAT v vvvislissaors GA1,910
1373311 126.531] Y Wrd i LG9 103
128,5260 168,965 GZ7.689 809,579 2,251,193
233,282 107 421, 362,870, 4,227 104" 5,275,529
Total.. ... i 3,108,692 967,711 3.558,547] 1,202,276 5,126,683 11,111,217
- . ! - [ ! I o




Value of pelroleunw an Nevthern Teyas, 1902-197 2.

Tarer NXTXN.

Barrels of 42 gullons,

Corsicana. Powell. | IHenrietta (Pelrolia). LElectra. Aarion Counly. Tn[lal
- value
Year. Value. Value. Value. Value. Value. ol all
districts.
‘Tolal. Per bbl., Total. ] Per bbl,, Total. | Per bbl, Total. | Per bbl, Total. * Per bbl..
cents. toocenls. cents. I cents | cents.
1902 .. 410,536 71,89 9,868 2 0 2L.07cosmwsssslssaanaiaes l
1903 458,071 4. | S7290 57,16 esmniessitsitaas |
1904 315,656 87. 47.
1905 258,590 83. 47.5
1906 310,911 93.5 65,
1907 228,815 101 .1 91.8
1908 153,189 72.7 51.6
1909 130,335 72.1 51.7
1910 87,623 63.8 21424 51,6
1011 74,439 57.9 186,528 515 :
1912 149,393 [$8] 103,439 134 ‘GI‘,ll 68.2 | 3,310,828 74
N 1
Total and i | ! | |
average . . . 2,577.511«\‘[ 8(),()‘.)1 2,049,123 53.66 (3:')3.9:')8| 48 .94 3,833,(&)3; 66.85 L’.‘.)()_‘.)Tll 8§0.2 |59,876,782

ul PON ) SpORG ]
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Tasre NN

Production of petrolewn in Coastal Tewas, 1902-1912. Burrels

Stales (eolugical Sureey.

I Saratoga,

of 12 gallons. Slalistics of the Uniled

Batson, Sour Lake, . Matagorda | Spindle Top, Davton, Humble, _Total,
Year. Ilardin 1Hardin Hardin ' County. JelTerson Liberty Tlarris Other including
County. County. County. County. County. ;  County. - districts. other
! ! districts.
i !
1002 | 4 17,120, ‘74‘)| ............ 17,
1903 . . ,60) ‘)0: . 17
190 ¢ ; 21,
1905 27,
1006 i 115
1907 . " ‘)"‘) ()IU 11,
1008 . //h, )..ll 10,
1909 . s,257 060 3
1910 a1 2 JO2Y,
1911 965, 1,314 27800 20D
1912 ms 1292 822016, 12,151, 11,0200 6,459,528
11,062,377 21 ‘137‘_’.()291 1,925,442) 39,992,846 314,807 I)»:')‘S('):').(Sii()i 301,115 148,047,936

a Bexar county.  Nole.—The production of Saratoga and Sour Lake for
T

The Spindle

valued at §

1902 and 1903 is included in the grand total.

up (Beaumont) field came into production in January, 1901. During that vear the yvield was H,185.883 barrels,

919,307, or 18.3 cents per barrel.

suda [ Jo dipisaoa ) o) foougapg
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Tasre NXI1.

Value of petrolewn: in Caoastal Tewas. 1902-1912. Buarrels of 42 gullons.  Slalistics of the United
Ntales Geological Survey.
1
Batson. l Saratoga. ! Sour Lake. | Matagorda Spindle Top. Dayton. Humble. i
i ; i County. i I . Total,
— ; ] — including
Value. ! Value. Value. Value. Value Value. ! Value. | other
Year. —_— — | districts,
I Per | | Per | Per i Per | Per Per | . Per | dollars.
I Total, bbl., ¢ Total, bbl., . Total, bbl., Total. bbt. Total, + bbl., | Total, . Total,  bbl, !
doilars. ents dollars. ! cenls.! dollars. |ecents.| dollars. I cents. + dollars.  cents. ' dollars. cents. | dollars. | cents. |
S— PR - ! |
5 : : ' ' i | |
ST R R 7 20, | a2l — R R T ) — T S 5,586,665
1903 | ) o 70027165
1904 ! 373 i . 7.713.860
1905 R 33 P18 701900658
1906 5. 3306 | | 666,287 10, 51825036
1607 K 8 | - 1.521.301 | 807550 71,6 , 2. 07650, 280
1908 885, ‘Hu L0 ],()3(), 1023 : IEF.SIS' 440 2,26¢ 6,221,636
1909 .. .. Sal, 138 73.8 4 1,011,791, 7 11,471 2.3 A o [) 399, 318
§ 81,927 i )() () 200 5 961,758 8 6,815 1,927 ] 3
’ 7017881 9.8 305, )(h | 7240978 7 2,016, 81,8t )s |
7 21| 106,03 62’1rl.778| 7 8,4731 69.7 | I,JI.S._.)."J 71.8

|l 1,766,951 37.26 10,277

Total. .. 4.35

11,918,530, 51.17

i
g ]
1,137,5211 17 }14 326,560

58 11188, GU"I 58.

61,006 6

9517,410, 9511

I

4,830,462 .

a-Includes Toskins Mound.

SO19.307, or 18.3 cents per bbl.

b-Includes Goose Creck.
The \pmdlc Top (lio.mmnnl) field came into production in January,

c—\Values of Saratogs and Sour Lake
1001.

l)urlnq that year the yield was

combined, estimated at 25 cents a barrel.
A, 185,883 barrels, valued at

SDOL WL PON) g ai
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The high-water mark of production was reached in 1905, when
the amonnt was 28156089 harrels, bat the high-water mark of
value was in 1907, when the folal value was $10.0108565, The
12.322,696 harrels produced in 1907 were worth $2,858.6053 more
than the 28036189 harrel: produced in 19035,

Prior {o the vear 1900 practically all of the petrolenm produed
in Texas came from the Corsicana field. Sinee 1898 that iielid
his maintained it reputation for supplving high seade woill the
average price, per harrel, being 8000 conls during the 10 vears
ending with 19120 The {olal production of the Corsicana ficld
may he taken at 5200000 havels, valued at $4,700.000, The Powel|
field, alzo in Navarro county, vields a heavier oil than the Cor-
sicana field. It came into production in 1902 and has vielded
2558517 barrels, valued at $2.0400.0235, or 53.66 conts g bharrel,
The Heorietta ficld, Clay county, came into production in 1904,
and has vielded 967,541 hareels, valued af $635,9558, or 4891 conts
a barrel.

The Electra field, Wichita county, came into production in 1911
and has produced 5,126,685 harrvels, valued at $3.833,00:, or 66,85
cent= a harrel. This is also a high-grade oil

The ather oil field classed as belonging to northern Texas i< in
Marion county, in northeast Texas, i iz the Caddo Lake district
m Texas, and may he the west extension of fhe Cadda fields iy
Louisiana. Tt came info swraduetion in 1910, amd has vielded
1.292.276 harvrels. valued at $290.97 L, or 80,2 cenls a barrel.

The entive production of all of the northern Texax Helds may he
taken at 16,235,715 harvels, valued at $11,555.021,

In coastal Texas the first of the great fields to come into pro-
duetion was that at Spindle Top (Beawmont), Jefferson county.
1t hegan to produce in January, 1901, and sinee that time has
vielded 45,178,729 barrels, valued at $15,285,867, or an average of
33.8 centz a harrel.

Naratoga and Sour Lake, Hardin county, came into production
in 1902, The statistics for these two fields are combined for the
vears 1902 o 1903, hot since 1901 Saratoga has vielded 11,062,-
harrels, valued at $8,056,556, or 57.3 cents a harel. Since
1904, Sour Lake has }‘i('illt‘;] 21,672,029 bharrels, valued al $11,401 -
117 or 55.5 cents per harrel,

The Batson field, Tlardin conmy, came into production in 1903,

e
(2N
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but it was not until 1904 that the vield was considerable. Since
1903, it has produced 24,919,663 barrels, valued at $11,766,951 or
37.26 cents per harrel.

Matagorda county (Markham, ete.) came into production in
1904 and has vielded about 2,000,000 barvels, valued at $1,137,524,
or 55.17 cents per harrel.

Dayton, Liberty county, came into production in 1905, and since
that time has vielded 314,807 harrels, valued at $188,604, or 58.95
cents a harrel.

The Humble ficld, Harris county, came into production in
1905 and has vielded 35,865,630 barrels, valued at $17,410,954,
or 64.06 cents per barrel. During its first vear, this field produced
15,594,310 barrels, hut fell to 3,571,445 barrels the following year,
and in 1912 produced only 1,829,923 harrels.
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CHAPTER XIV.
COMPARATIVE EFFICIENCY OF FUELS.
[n the following Tables, NNTI, NNXTII, NXITV and NNV,

which, for convenience of refevence. are placed together, we have
endeavored to caleulate the fuel cost of evaporating 1.000 pounds
of water by means of coal, lignite, fuel oil and natural gas. Before
beginning a dizseussion of these tables, it may he well to explain,
as hriefly as possible, some of the terms used in stating an analysis
of a luel.

As oriinarily given, an analysiz of coal and lignite confains
six items, viz.: moisture, volatile combuztihle matter, fixed carbon,
ash, sulphur and British therwal unitz per ponud.

The moisture in such fuel is the usual atmospheric moistare and
ix removed at or near the boiling point of water, 212 degrees Fah-
venheit, I the temperature he inereased much bevond this point,
incipient decomposition ol the coal or lignite <ets in and oceazions
a loss which is not chargeable to ordinary moisture alone, It in-
cludes certain volatile substances which may or way not contain
appreciable heat units, according (o cirenmstinces. Tn deving coal
and Tigniteo cave must he taken that the temperature <hall not ex-
ecedl 215 1o 220 degrees Falivenheit. [ some lienite a serions Jogs
ol volatile combustible matier is apt to ocewr above 220 degrees
Fabrenbeil and in exceptional eases at temperatures considerahly
helow that of hoiling water,

It we take the sample which has heen deprived of itx moisture
and heat it in a platinum crucible set inzide of another e¢rneible,
each heing provided with a close fitting cover, we notice that vapors
and smoke hegin fo arize, a flame appears and restricted combns-
tion sots in. Afller a few minales, the two crueibles heing red-hot,
Lhese phenomena cease and there ramaing o =olid residue in the
in=ide crueible, The loss in weight that the Tuel sustains is (ored
“volatile combustible matter,” 1t HL and olien does confain gases
that are nol combunstible, snch as carbonic acid, ete.: hut, irre-
speclive of the confent of such gases, it has been agread mong
chemistz to consider the loss as vepresenting the volatile commbusti-
ale matter in the Tuel
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The <olid residue in the erncible is the fixed carbon of the foel,
plus the mineral matter (azhy, 11 the inner crueible he now ex-
posed to the air and the carbon in the residue e Imrned away,
we have only the ash remaining,

The volatile combustible maticr o the fixed carhon arve the
heat producing constituent< of {he foel, no acconnt heing faken of
the <ulphur, as this vields hut Htile Teat when hurmed,

The sulphur in conl and lignite exist<, probablyin three con-
ditions, az pyrite Csulphide of fron). as gyvpsim (sulphate of Time)
or other analogons sulphates, and as more or lesz obseure orzanie
compotnds,

The expression *British thermal units per pound™ i< the niethod

of stating the heat units in o pownd of fael, in Al case of solid and
ligquid Fuels, or i o cubie Tool,as o gases, 10 means the quantiny
of heat requived o paise the temperatore of one pound o water
one degrees the <tarling point heing 391 degrees Fahrenheit. Some
anthoritics prefer to take the <tarting point at 51 degrees Faliren-
heil, others at 62 degrees Falirenheit, bhub there s no practieal
dilference in the results, inasmueh as the gpecilic heat ol water
at all femperatures Trom the Treezing point fo the hoiling point
i< virtually the same. 11 a Toel is said to have 12,000 Briti-h ther-
mal units (abhreviated to BoAo w) per pound. we nnderstand fhat
cach pound of thi= Tuels when properly hurned, will give enongh
Real o paise the femperature of 12000 pounds ol water rom
A0 degrees o 10T degrees Falrenheils From 54 degrees o 33
degrees Fahrenheit, ov from 62 dezrees 1o 63 degrees Falirenhedr,

The B. A, we therefore, wives a convenient method of comparing
one ool with another, and it s in general vse in England and the
Tnitend Statess Ty Continental Euvopes the term “ealorie™ i used,
and [his means the quantity of heat requived o orise fhe fempera-
Lure of ene kilogram (=222 pounds of water) one degree Cenfi-
arade: i.oew Trom 0 to 1 dearee. o converl BoLous 1o ealories
multiply i 05552 (o converl ealories 1o Bof. v mulliply Ty 1.8
The B.f.ouds equivalent fo 778 fool-pounds of work,

To evaporate one pound of water Trom and af 212 derees Fali

renheir vequives 9655 heal nnits, or

305,96 calories s und this s
equivalent to the oxidation ef 0.0664 pounds of carhon. One horse-
power i< equivalent to 25ELDST heat units per hour.

The heal units in vavious ubstances AilTer aceording {o the chem-
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ical composition. When the purest form of carbon—erystallized
diamond—is hurned to earbonic acid, there ave gencrated 20,041
B. t. u. per pound ; ordinary soft coal gives from 12,000 to 14,000;
lignite (nmatural eondition) 7,000 to 7.500; natural gas from 600
to 1.170 per cubie foot; 1uel oil from 18,000 to 21,000 per pound.

The B. t. v. per pound of the hest fuel oils are about the same
as the B. {. . of the diamond, although the chemical composition
is vastly different.

The quantity of air, in enhie feet, required for the perfvet com-
bustion of a pound of fuel, vavies from 73, in the case of dry wood
to 162 for coke. Ordinary zoft coal requives 143 and lignite 112.
Crude petrolenm  (fnel oil) requives 173 and natural gas 227.
These figures are subject to variations depending on the composi-
ticn of the fuels. methods of hurning, ete.



TapLe XXITIL.
Fuel cost of ecaporaling 1000 pounds of waler wille coul.

Price of coal per ton

Cost of evaporating 1000 pounds of water—= 2 X evaporation.

: e N
] smaul $3.00 | $5.50 1 S6.00 | $6.50

Cost of coal per ton of 2,000 pounds.: 87.00 ! $7.50 0 88.00

1

| : 1 :

! ! :
- =24 ! | o ot Cents. ! Cents. ' Cents. i Cenls.
< 5.0 o= | | | 160,00 1 65.00  70.00 C80.00
53 5.5 EER Y v S50 1 59000 63163 72.73
D 6.0 =2\ 5 50,00 .17 58.33 066 .67
o3 6.5 3o . | i 5 00, 53081 61.51
3 7.0 X5 | 13 00 i 07.11
e Zﬁ S22 . : 33 67 ! 53,33
=2 8. =z 2 T 50,00
- 8.5 2w )| i l .23 18 t47.06
28 9.0 === i .11 .88 R
o= 9.5 SE ) i 21 .81 Lo42.11
5% 10.0 =& 50 .00 40,00
2= 10.5 gz \i i 45 33 '38.10
== 11.0 S | i | 51! 81 36.36

Spra [ pas ) SjOH Gl ]
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TanLe NXNIII.
Fuel cost of ecapnrating 1000 pounds of waler will lonile.

Price of lignite per ton
2 % evaporation.

Cost of evaporating 1000 pounds of water=

i | 1 : i i |
Cost of lignite per ton of 2,000 pounds.| $1.00 S1.10 $1.20 . $1.30 ; $1.40 | S1.50 | S1.60 ; S1.70 i S$1.80 _ S1.90 ' S$2.00

| | | | h i |
= i Cents. @ Cenls. | Cents. | Cents. l Cents. . Cents. | Cents, | Cents. | Cents. ¢ Cents,

] 3.0 - | 16.67 ¢ 18.33 | 20,00 0 21.67 | 23331 25,00 7 26.67 ; 28.33 | 3000 - 31.67 |
=2 3.0 < 14.28 , 15.71 17 18.57 | 20.00 | 5 D286 | $ 1 25,71 1 27.14

£Ts 4.0 = 1250 1 13.75 | 15. 16.23 1 17.30 ! 20000 1 2105 1 22050 1 23075,
= 4.5 = 11.11 12,22 13.. | 14 .11 15.55 ] 17.78 18.89 | 20,00 21.11
e 5.0 = 10.00 11. 12 13.00 11.00 17.00 © 18,00, 19,00

K H.D = 9.09 10 10 ¢ 11.82 12.73 B 16.37 17.27
£ oo 6.0 = 8.33 9, 10. 10.83 11.67 416 15.00 15.83

SES 6.0 7.69 8 9 |10.00 10.77 | 3.07 13.81 . 11.61 ¢
f& 7.0 7.011 7 S, | 928 1 10,00 914 12,85 13.57
i i, 6.67 7 8.00 1 8.67°  9.33 1.3 | 12.00 . 12 67

o 8.0 ‘ 6.25 | 6 7.9 8.12 i 8.70 1 0.62 0 11.25 11.87 .

) ;

v~
¢1¢]
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TasLe XXIV.
Fuel cost of ceaporaling 1000 pounds of water with fuel oil.
Assuming that 3.75 barrels of oil (=1200 pounds) are equivalent to one ton (2000 pounds) of coal we have:

Price of oil per 3.75 bbls.
2 X evaporation.

Cost of evaperating 1000 pounds of water=
creases by 5 cents up to $1.30.

The price per bbl. starts at 80 cents and in-

: i |
Cost of oil per 3.75 barrels. S3.0 83.00 ¢ $3.20 l $3.25 83.0 $3.35, $3.40 83,45 $3.50
(Lqual one ton of coal.) | )
- |
|
a =< /| Cent: Cents. ‘ Cer B Cents. Cents. | Cents. Cents.
2= 10.0 = 15. a0 16.00 ‘ 16. 1 16.75 17.00 17.20 17.5
8 10.5 =3 14. ! .76 15.21 15. { 15.96 1620 1611 16.
52 11.0 == 13.6 ! ‘ 33 11.56 11. 1 15.25 ' 15.48 15.71 1.
5T 11.5 g2 . 13.0 . A 13.96 | 14 1 14.68 11.92 l 15.16 15 .-
== 12.0 25 = 12. ' 02 ) 13.31 13,50 13 13.97 1118 ¢ 11.39 11,
gz 12.5 SZ=/ 12 . : 0 12 .80 | 13. i 1s 13.10 7 13.60 | 13.80 11.
- 13.0 = s BN 11. H S92 s 12.30 | 12.4¢ I 12 .68 12.87 . 13.06 13.25 13.
“55 13.5 TS 11. 4 : .66 11.84 1 12.02 12,20 © 12,38 12.56 | 12.71 12,92
n & 11.0 '_A.:'Q 10, ; ¥ 28 11.43 1 11.61 | 11.79 11.97 - 1215 12.33 12.51
T 14.5 = Q 10. ! . | .88 11.06 | 11.24 | 11.42 11.60 1 11.78 : 11.96 12.11
=2 15.0 25 10. .33 L 10.67 l 10.84 . 11.01 | 11,18 + 11.35 11.52 11.69
iﬁ 15.5 :)'5 9. 10,00 | 10,16 10.32 1 10.48 | 10.61 | 10.80 10.96 11.12 11.28
16. 5 9.3 . 9.67 , 9.8 10.00 I 10.15 | 10.30 ’ 10.45 | 10.60 10.75 10.90
I i ; i
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TasLe XXV,
el cost of ecaporaling 1000 pounds of awater wilh nalural gas.
Assumption: 30,000 cubic feet of 800 B. t. u. gas=2000 pounds coal of 12,000 B. t. u.

Cost of natural gas ’per 1,000 Cents. | Cents. | Cents. | Cents. | Cents. l Cents.  Cents. | Cents.  Cents.  Cenls. [ Cents.
cubic feet. 10 12.5 15 7.5 20 22.5 25 27.5 30 32.5 i 35
by 500 28 5 20.00 25.00 30.00 35.00 40.00 45.00 50.00 | 55.00 . 60.00 65.00
S8 550 %] 18.18 | 22,73 | 27.27 | 31.82 1 36.36 40.90 45 .44 49.98 ¢ 51.52  59.06 .
g5 600 S 16.66 | 20 83 | 25.00 | 29.17 ! 33.31 | 37.51 3 45.85  50.02 5119 1
oS 650 zoxs 15.38 19.23 23.08 26.93 40.78 44 .63 52.33 56.18 03 |
ces g 700 PR 14.29 17.86 | 21.43 | 25.00 | 28.57 | 32.11 39.28 + 42.85 |
£ 55 750 ke 13.33 1 16.67 | 20000 | 2333 | 96.67 | 30.00 | 36.67 © 40.00 3 |
Zeg © 800 S E¥3 12.50 © 15.62 | 18.75 | 21.87 | 35.00 | 38.12 | £1.36  47.48 i
:jg 850 gt 11.76 ¢ 14.70 | 17.65 | 20.59 | 23.53 | 26.47 ; 32.35 1 35.29
go 900 SEE: 11.11 ¢+ 13.90 16.67 19.44 | 22.21 24.98 ¢ 30.52 33.29
- | i |

DN ) Dl o g

18
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Explanation of Tables XNTL XNTHLD XXTV and XXV,

The tables velating Ao coall Tignite and Tuel oil are hased on the
assuniption that the cost ol evaporaling 1,000 pomuds ol water
from and at 212 degrees Falrenheil is equal to the price of the
fuel. per ton or per harrol, divided by twice the evaporation, What
las {o he knowng itheielores is the priee of the fuel and the nomber
of pounds ol water that one pound of the fuel will evaporate, Tn
the ease of coal, Table XXTI we have assamed that the price of
the coal varies Mrom £3.00 (o $3.00 per {on ol 2.000 ‘rmnl}ds and
that the evaporative power, per pound of coal, varies [rom 5 (o 11
pounds of water. W owould he a singularvly inetlicient coal hat
would evaporate as liftle as 4 pounds of water per pound and it
would e a coal of extraordinary quality, buvned tmder very ex-
ceptional conditions, that would give a higher cvaporation 1han
11 pounds,

I the eoal cosls $3.00 a ton, the luel cost ol evaporating 1,000
pounds ol water. with an evavorative power of 5, would he 50
cent<: il would he 235 cents with an evaporative power of 61 and
2113 cenis with an evaporate power of 7. If the coal should cost
$4.00 a fon these figures heeome 45 cenls, 37.50 cents, and 32.14
cents, respectively. 10 the eonl should cost $5.00 a {on, these figures
would he 50 cont=, 1167 contss and 35771 eents, respectively.

The higher the evaporative power, the more ¢an one afford {o
pay for the coal. To cvaporate 1.000 pounds of water with a coal
costing £3.00 a ton. and an evapovaiion of 5, costz a2z much as the
game <ervice with coal at $4.50 a ton and an evaporation of 7.5,
or as the same service wilh enal ai $6.00 a {on and an evaporatizn
of 10. There is o real ceommuy in nzing the hest ¢oal and in hurn-
ing thiz coal nnder condifions that will secure the highest evapora-
tion, 17 fthe best coal canmot Le secured, then a proper attention to
the canservation and wse of the heat units in the infevior coal will
often counterhalance the difference in quality. 'his point iz of
especial importance inmany places in Texas where there is a pos-
sihility o competition hetween coal and Hgnife, between eoal and
fucl oil, and hetween hignite and Tuel oil,

In regard {o lignite, Table NXTI1, we have assured that the
price will vare from $1.00 to $2.00 a ton and thal the evaparative
power will vary from 3 to 8 pounds per pound of lignite. TTnless
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dry lignife should he used, it ds not likely that we will have to
vonsider as high an evaporative power as 3.

With lignite af $1.00 4 fen and an evaporative power of 5 pouds,
the fuel cost of evaporating 1,000 pounds ol water will he 16.67
cont<: with lignite at $1.50 a {on the cost will he 25 conts and with
livnite at $2.00 a ton, the cost will he 35.33 conts,

[F, however, we take lignite at $1.00 a ton, and an evaporation
af 3, the Tael eost of evaporating 1,000 pounds of water will he
10 cents s with lignite at $1.50 a ton, the cosl will he 15 cents: and
at $2.00 a ton, 20 cents,

Let us now compave coal and lignite a little more in detail.
We will assume that coal eosts $4.00 a ton and that it will evaporate
6.5 pounds of water per pound. Under these conditions, the lucl
cost of evaporating 1,000 powds of waler will he 3097 conls,
This fuel cost is very nearly equivalent to lignite at $2.00 a ton
with an evaporation of 3 pounds of water per pound. An evaporas
tion of 5 pounds of water per pound of lignite has heen reachied
in acrual practice and under this condition, i the Tignite costs
$2.00 a ton, the fuel eost of evaporating 1,000 pounds of water will
be 20 cenis.

L other words, if $L.00 coal, evaporating 6.5 pounds of water,
has a Tuel cost, per 1.000 gallons of water evaporated, of 3097
cents, the same service can be performed for 20 cents with lignite
at $2.00 a ton.

It wonld appear to he possible to secure from lignite an evapora-
tion of 5.5, 11 this can Le done, it would have an advantage of 12
ventz per 1,000 poundz of waler over $1.00 coal with an evaporation
ol 6.5,

Tu vegard {0 fuel oil, we have assmmed prices per hareel of 12
gallong (=320 pounds) varving fram 80 cents to K130, and an
evaporation from 10 to 16 pounds. The {able is consivueted on the
hasis ol 3.75 harrels of oil heing equivalent to one fon of coal. Re-
sults of extensive invesfigations have =hown that the amount of
pil ecquivalent to ane ton of coal varies from 34 {o | harrels <o that
we have faken 3.5 havrels ag an average equivalent. -

I we dake Fuel oil af 80 cente a barrel, allow thal 3.95 hareels
are erquivalent fo o ton of conl and ihat the evaparation iz 100 we
have 15 cents s the fnel cost ol evaporating 1000 ponnds ol water,
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This cost i the se as the cost ol evaporating LO00 pounds of
water with $5.00 coal having an evaporation of 10 and i= the =ame
as the cost ol evaporating  1L,O0OO pmouds of water with lignite al
$1.20 and an evaporation of .

These costz do not inelnde the cost of handling the coal ov lignite
into the plant, the eost of Hring or {hat of removal of ashes anld
refnse. Such matters involve foeal conditions that we da not here
dizenss, as each case has {o be judged on it own merits.

At points of considerable consumption within the State. Tael vil
1< now selling at $1.20 2 harrel. 17 we allow that 3.75 haveels are
equivalent to a ton of ccal, the cost of evaporaling 1.000 pounds
ol water willh this oil (evaporation, 10) isx 17 cents: with evapora-
tion 10,5, it is 16.20 cenutz; with evaporation 11, it iz 15,18 cents;
with cvaporation 12, it is 14.18 cents.

We hring the matter info a more convenient form 1o show (he
celative values obtainabile Trom $100 expended on coal, lignite and
fuel oil. We will allow that the eoal costs $5.00 a ton and has an
evaporation ol ¥¢ thal the lignite costz $2.00 a fon and has an
evaporption of 1z and that the oil costs $1.20 a barrel and has an
evaporation of 12, Under these assumptions, how many pounds of
wiler can be evaporated for $100, no aceount heing taken of the
coxt< aftfenduni on the hindling of the fuel or the refuse rom the
coal and lignife?

00 will huy 8333 havrels of oil. whick, with a factor ol 12, will
evaporaie 31987 ponds of wafer,

$100 will Ty 20 tons o coal, which, with a laddor of 7, will
evaparate 280000 ponnds of wafter,

KO0 will huy 50 tons of Tignite which, with a lactor of 1. will
evaporate 100000 pounds of wafer,

11 we extend thig comparizon 1o include natural gax (see Table
NNV) al 10 cents, per LO0O cubie feet, and o factor o $00 we
fired that 100 will Ly 1,000,000 cubie Teel, which will evaporate
TO0000 pounds of water,

Natural gasz iz by Tav the cheapest and hest fuel, hul it is not
within reach of the groater parvk of the State. TFven il it were, we
think that itx e zhonld be rvesiricted to domestic purposes. in
ordier that the snpnly might he conserved.

Next in value to natural gas a< a fuel, comes Tuel oil. This iz
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within reach of nearly all parts of the State. hut we are unable
fo sce how the supply s to keep pace with the demand. Duoring
the last Few yvears, we have geen the price double itsell fwice, and
(he tendeney now is steadily upward. I we have not alveady reached
the point where the advantages of thiz Tuel are debatahle, owing
o the inerease of price. we are certainly not far from it. With oil
at %120 a harrel and an evaporative factor of 12, it is cheaper 1o
use lionite af $2.00 a ton and a Factor of 1. This dispavily inereases
with the inerease in price of the oill and the decrease in price of
the lignite. Furthermore, the advances thal have been made in ihe
vurning of lignite wnder steam boilers will probably resnlt in
greater ceonantics in this direetion and this movement is far more
pronounced than the movemeni towards additional sapplies ol tnel
oil or lower prices, In lignite, whether burned wi such or converted
fto was, fuel eil faces s most sevious vival, ouiside of consumption
for vailroad purposes,

With respeet to natural gas some assnmptions have to he made.
IT we allow that it requires 30,000 cubic feel of gas (o equal one

ton of <oft coal, in heating power, we have o assume that this
aas cnrries o certain number of B fow per cubic Toot, and {hat
it is burned at a certam temperature and under a certain pressure,

I is impractical to construet o table that will take all of {hese
thines into consideration, so that whal we shall have to offer i mere
of a geneval than a specifie statement. We will allow {hat 50000
cubic feel ol gas of SO0 B, t. u. per eubie oot are cquivalent to
fo one {on of soft coal eareving 12,000 B, . n, per pound and
that the gas ix burned at 70 degrees Fulieenheit and under |
ounees pressure.  Under these conditions Table No. NNI gives
the cost ol evaporating 1,000 ponnds ol water, il the gas varies in
price from 10 to 55 cents per thousand enbie feet,
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CHAPTER XYV.

FREIGITT RATES ON COMNL LIGNTTE AND PETROLEUM
PRODECTS,
BRATLROAD COMMISSION OF TEXAS.
Twesry-riesT Axxvan Reronr, 1912,

Conmodity Tarill No. =B, Applying on Coal and Lignite—Carloads,

Effective March 10, 1809, with amendments in effeet October 31, 1912,

Rates, in cents per ton of 2,000 pounds, for {he fransportation
by railroads Detween poinis in Texas, of hipments ol =oft coal,
sliek coal, smithing coal, anfheacite coal. coke, Tignite and lignite
briguettes, in carloads,

Neelion 1. Table of Rales— Eyplanalion.

Columns headed Noo 1 contain rates fo apply on shipments
transported over a single line of railroad or over two or more lines
of railroad which are under the same management and control.
Colminns headed No. 2 eontain joint rates to apply on shipmenis
transported over two or more lines of railvoad which are not inder
the same management and confrol.

Tanere No. 1.
Rales on Sofl Coal (Farcept Sk, Smilhing Coal and (olee.

. Rates i Rales

Distances, miles _— Distances, miles A B o
No. 1| No. 2 No.1 | No. 2
|

Sranl Tesss oo i 55 | 70 ||260 and over 250, ......... 170

40 and over 3 [iT}] 75 1270 and over 260, . . 175 |

50 nndd over A0, 65 80 1280 and over 270, ... 150

60 and over 0, 70 85 1200 and over 280, .........] 185

70 and aver GO, 75 90 1300 and over 200, . 1490

80 and over 70, 80 05 [|310 and over 300, , 195

A0 and over 80, &H ) 100 I.“JEU and over 310, . ced]200
100 and over ), a0 105 (1330 and over 320, ... ... 2003
110 and over 100, 05 1 110 [NM0 and over 330, .. .. DU
120 and over 110, 100 115 350 and over 340, 200
130 and over 120, 105 1200 {1360 and over 350 g 212
140 and over 130, 110 125|370 and over 360, . remin| S 2
150 and over 1400, 115 130 1380 and over 370, , ..., ... 218 {
TG0 sl over 100, 120 135 [|3890 and over 380, ..., ..., 2 e
170 aned over 160, 125 TH0 00 and over 390, ... ... .. 227 3
180 andd over 170, 130 145 | 110 and over 400, .. .......0 21 I
190 and over 180, 135 150 {120 and over 410, ro230 15
200 and over 100 110 | 155 ||130 and ever 42001 | 230 | 210
210 and over 115 16O 11140 and over 430, ., .. [ 213 200
220 and ove H 160 |[150 and over 410 217 257
230 and over 155 170 {160 and over 450 251 201
210 and over 230, L 160 175 [|170 und over 460 255 265
230 and over 2100 ... 11 | 165 | 180 |[180 and over 470, 550 | 260
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Distanees, miles

Rales

Distances, miles

180
|un

A0 sd over
N and over
A0 and wver 5
520 and over 310,
a3 and ove )
and over O
snel over D
wnd over 5
andd over Ot
andd over
and over
and over 5
and over 600
G20 and over 610, |
630 andd over G20
GO s over 630,

51 el over G0,
HOO sl over Bo, L P
I:hll ..........

G700 s over
l:hll and ovel

?(II)

30 and over
aned ove
and ove
and vver 7
and over 72
el over 730,
amd over 71
700 aned over 7
770 and ovel
780 and over
T and over
Over 740,

7

72
,’ 30
710
To0

M

| ales
|

PNOL T N, 2

Ji0 ¢
315

Note~—Rates on anthracite conl shall e fen (10} per cent Tigher than

the rates in Table No. 1 above.

19023,

(Cirenlar No.

Lales on &

19349, elleetive

T"anre No. 2,

facl: Coal.,

Decemlnr 3,

Dizlances, miles

anel less
aand o
andd over
el over

aned over
antl vver
and over
wnel over
over

i
100
110
120
1.3
110 s
1500w
T e
170
180 aned
190 and
200 el
210 and
220 ume
230 and over
210 and over 2
and over -
andd o
and over
and over 27
290 sl over &
00 and vver 2
S10 pndd over
320 el over
S0 and over 3
S0 and over 30
il"Alll](l\l‘I:
SHO i over 300,00
S370 and over 360
S80 and over 370

anel
ang
e

over
over
aver
over
oNer
over
over
over
over
over &

Ruates

=D

ZRiE==

—_-1

Distanees, miles

Rates

55 80 and over 380
G000 and over 390
63 [[ 110 and over A0
TO0 (120 and over 11
Too ([ 130 and over 120, .
SOOLE and over 130,
B i1t andd over 110,
G016 and over 17
G5 1T and over
10O 180 and over
105 |, 1490 aned over
1101500 and over
115 !Jlﬂ anel aver 5
1200 1520 and over 5
125 11530 and over
1300 (510 mud over
155 1330 and over
A0 1560 and over
Iy 070 and over 36
150 |1 and over |
155 \ A0 and over 58
160 ' 600 and over 24900 L.
165 GO s over GO0, ..o
170 620 and over 610, ... L.
175 |63 and over G20, . .......
180 610 and over G0,
. minl aver GO, L.
mind over 630,
; O and over GG
R l.\l! and over G700,
20 L6090 and over GBI,
1700 and over G490

T and over
0 and ove
i mn] ove

S7000
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ales
Phislaneces, miles Dislanees, miles et ————
Noo LI No, 2
o and over 710, L l ARG T80 and over 770, . S oBa0 100
TG0 ane over T, L. 390|790 and over 780, <1 N 105
T70 anc over 70 L. L. S05 [[Over 70, ... R b 1 I 410

Rates shiown in the table albove will apply on nul, pea and shek
eoal, slraight or wixed carlouds. Nul, pea and slack coal <hall
consist of any aned all coal that will pass through a har sereen with
havs 11 inehes apart, or throogh o sereen with round holes fwa
inches in diameter,

Tanne No. 5,

Rales o Liguile aud Lignite Briquelles,

I Rates Rates
Distances, miles v — =1 Diistanees, miles —_— -
No. 1 | No. 2 No. 1| No.2

Atand ess. .00 32 A7 S0 and over S70. .. 118 158
A0 sl over 30, i SO0 and over 380, L, o ) | 1161
A0 amd over 0. [ [}] oo | X andd over 3¢ 101 16
GO aned over M), I 41 HY O il ove 157 167
TO and over G0, ... ] IR 63 (1120 and o 161 171
B and over T oo | HA KE 530 and o 161 171
90 aned over 80, nr 72 110 and over ¢ 167 177
100 and over 90, . fil) 70 1150 and over 1 170 150
110 aned over 100, ok (i3] TH 160 amd over - 173 183
120 amd over 1110, | il K1 170 anl over 176 186
130 and over 120, 1 no 81180 amd over ¢
HI0 and over 1230, T3 K790 e ove

150 andd over 110, 6oL 9 |10 and over

160 and over 150, . 5 T 10wl over

170 aned over 160, K2 20 ael over D

180 nnd over 170 B 30 and over H

1900 e over 180, B S0 and over 5

2000 and over 190, a1 a0l el over 5

210 and over 200, . H ] St and over 55

220 and over 210, . 1 H H70 amd over

230 and over 220, ., 1031 asth and over DV Lo L.

240 and ov 101 S0 andd over GROL ...,

250 oy 1047 GO0 and over DM L

260 and over 10 BI0 aned over 600, ., ... ..

27 a 3 13 | 620 and over G610, ... ... ...

il 17 Nes0 and over 6200 .., ... ...

2490 120 G0 and over G630,

300 123 [ BH0 and over GO, oL |

310 12463 GO el over G50, L H

J20 and over . bt G700 anel over GBO, ... I

30 andd ov R 4 80 and over 670, ... ... L. I

A0 and over gL B el over 680,00 oL

350 and ov 1:30 1TO0 andl over 690 .., ...,

60 and over 35 L3 | }U\'l-!‘ L L sy =

At and over 360, ... LG iy |

Yininowm Weigh!l—The mintmum weight ol each carload <hall
he twenty (20) tons: provided, that when the actual weight of a
hipment contained in a car loaded to its full eapacity <hall he
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less than twenty tons, then the actual weight ol such shipment
shall e charged for at the rate per fon applicable nnder this tarilf.

Neclion 2-—lreeplivns,

1. Galveston, Tarvishurg & San Antonio Railwayv:  Rates on
coal to San Antonio, rom Hartz, SO cents per ton, and Trom Eagle
Pass, 90 conts per ton,

20 Rio Grande & Fagle Pasz Railway and  Iaternational &
Gireat Northern Railvoad:  Nate on coal from Minera and Cannel
to San Antonio, 90 cents per ton,

¥

3. Rio Grande & Eagle Pass Railwav: R

ate on coal, earloulg,
from Minera, Cannel and San Jose to Sanchez and Laredo, sivty-
five (63) cents per ton of 2,000 pounds  (Circular No, 2764,
elfeetive January 1, 1903.)

. Rio Grawle & Fagle Paxs Ratlway and Tnternational &
Great Northern Ratlroad s Bone coal, in earloads, ininimmim weight
20 {on= per car, Trom Cannel and Minera to San Anlonio, 30 cenls
ver ton of 2,000 pounds.  (Civcular No, 834, effeetive May 10,
1899.)

G, Texarkana & Fort Smith Railway:  Coal, in carloads,
Lfrom Beaumont to Porg Arethur, 0 conts per ton of 2,000 pounds.
(Cireular No. 906, cffective Augnst 13, 18%4.)

7. Houston East & West Texas Railway:  Lignite, in car-
loads, [rom hgnite mine at Garrison to Ivick yard at Garrizon,
$£3.00 per car. (Circular Noo 1107, effective April 12, 1900.)

8. Lignite, in carloads, 'rom Lytle to San Antonio, 30 cents
per ton of 2,000 pounds.  (Circular No, 1169, clfective Mav 2,
1900).)

9. HMouston East & West Texas Railway: Lignile, in car-
Joads, from Tandy to Timpszen, $1.00 per car.  (Cireular No. 1126,
clfective May 18, 1900.)

10, Galveston, ITarrishurg & San Antonio Railway: Rate on
coal and sercenings, in cavloads, from Tio Bravo mines {o Nan
Antonio, 80 cents per ton. (Cireular No. 1269, effective Februavy
9, 1901.)

11 Ualveston, MHarrishurg & San Antonio Railwayv: Coal. in-
cluding screenings=, in carloads, minimom weight 20 tons per ear,
from Dolehburg (Rio Bravo) and Tlartz mines o Bagle Pass,
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twenty (20) cents per ton. (Clrenlar No, 1996, efeetive January
22, T L)

13, Galveston, Harrishurg & San Anfonio Railway:  Rate on
coal, in carlonds, from Fagle Tass fo ] Paso, $2.25 per ton of
2000 pounds,  (Uirenlar No. 1532, eftective March 8, 1902.)

P Galveston, Havrishure & San Antonio Railway:  Rate on
coal, inocarloads, Trome Eagle Pass {o Seguin, $1.00 per ton of
2,000 ponndsg,  (Civenlar No, 1631, effective Angust 16, 1902))

15 Texas Ceniral Railvowl: Raie on coal, in carloads, from
Coal Mine, M. 1201380 10 Cisen, 375 conts per fon ol 2,000 pounds,
(Circular Noo 1810, elfeetive June 15, 190:3.)

Is. Rio trande & Eagle Pass Bailwvay: Bone coal ar cullings,
i carloads, from points on the Rio Grande & Tagle Pass Railway
to points on the St Lonis, Brownsville & Mexieo Railway, =ame
rittes as apply on lignite 1o the e poinis. (Cireular No, 2251,
elfective May 1, 1505.)

22, Mexas & Pacific Railway: Coal, all Kindg, in carloads,
from Fort Worth, to Powell’s Spar, minimum weight 30 tons per
cary lwenty (200 cents per ton, when consigned to and for use of
the cily of Tort Worth. (Circular No. 2683, effective October
91, 1907.)

23, MTexas Short Line Railway:  Slack Tignite, in earvloads,
winimum weight 60,000 pounds per car, from oyt to Grand
Saline, tweniy (20) cents per ton. (Cireular No. 2715, elfective
Decomber 18, 1907.)

21, Lignite, in carloads. Irom Alba to Grand Saline, via the
M., K, & T Ry of Texas and Texas Short Line Railway or T &
P, v, thivtydwo (32) cents per ton of 2,000 poundsz. Tates from
intevmediate pointz not {o he higher, and o intermediate points
not to he affested.  (Cirenlar Noo 2819, offective June 17, 1908.)

25, Belween ITouston or Galveston and Texaz Citv:  Coal,
hard, earloads, 710 conts per {on; coke, carvloads, 65 cents per fon,
(Cireular No, 2832, effeclive August 1, 1908.)

26, Tnfernational & Great Northern Railroad: Lignite, car-
Ioads, From Care Coal Spor (o Lvtle, twentv-five (23) cents per
ton. (Cirenlar Noo 2864, effcelive August 20, [908,)

27, Inlernational & Great Norvihern Railvoad:  Lienile, ear-

loads, for distances named hetween points on the T & G N TR,
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shall he subject o the Jollowing rates in cents per ton of 2,000

potinds:

O amiles and desso o e a8
200 miles amd over L0 miles. o an
Fusnilecguued vovey, 20 omitloss, s rernnsiemi v e ey LR ang 32

Fxeeptions Nos. S and 26 will remain wndisturbed, (Civerdar
No, 2885, ¢ffeetive October 1, 1903,)

2000 Rio Grand & Eagle Pass Railway and  Internaiional &
Greal Northern Railway s Coal, in eavlouds, Trom points on the
Rio Grande & Eagle Pass Railway to Houston, rates at intermedi-
ate point= not Lo be allected, $1.55 per toi, (Cirenlar Noo 3610,
elfeetive November 18, 1910,)

30, Paris & M Plesaant Railvoad:  (a)  Coal, all Kinds:in
carlowds, Trom Paviz Station fo Fast Side Well (two miles cast of
Parviz), five (#5000 dollars per car. (Cirealar Noo 3631, elleelive
December 1, 1910.)

(h)  Slack coal, carloads, from Paris to Ragland, thirty (530)
cents per toe ol 2,000 pounds, Tor municipal purposes. (Cirendar
Noo 3a L elfeetive November 6, 1911.)

o o Grande & Eagle Pos< Railway: Small sized coal—-
cruhed hone, hone, nut and dull, Trom Minera, Cannel, San Jose
and Dult Washer to Laredo, (ifix-five (53) conts per ton, Elloe-
tive January 119120 and expiring December 31, 1912, Excep-
tion No. 3 will continne 1o apply on coal, all Kinds, exeept ax above
deseribed,  (Civenlar Noo 39730

3200 exas Mexican Railway: Bone coal, nut conl, washed dult
and other hy-producl=s Trom poinis on the Rio Grande & Tacle
Pass Railway to points on the Pexas Mexican Railwav, lenite
tarill vates. (Civenlar No, 038, offective April L1912, Bxpires
April 1, 1913.)

Sl Gull & Inferstate Railway of Texas: On coal, coke and
lignife, carloads, from Port Bolivar to points in Texag,  Galveston
riates. (Cireular Noo 3997, ¢ffective anmary 1, 1912

A5, Galveston, Tlarvishurg & San Antonio Railway:  Coal, car-
loads, from Lamai Spur fo Eagle Pass, twenty-five (25) cents per
ton ol 20000 pounds. (Cireular No, 4104, offeclive July 15,
1012, Fxpires Decomber 31, 1913.)

In addition. authority was given io the CGialveston, TTonston &
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ITendersen Railroad Company, April 16, 1898, to charge 71 conts
per hundred pounds for the transportation of less than carloads of
coal in lots of 2,000 pounds or more, from Houston and Galveston,
fo all poiniz on this Tine.

Coanatontry 'artvr Noo 27-(
(vude and Fuel Pelrolevin, also Lsphollum. Carlomds.
Nection 1.~"Tuble of Rales.

Ereplanation.—Columns lieaded No. 1 contain rates fo apply on
shipments transported over a single line of railvoad or over two
or more lines of railroad which arve under the same management
and control ; eolmmns headed No, 2 contain rafes to apply on ship-
ments transported over two or more lines of railroad which are not
mder the same management and control,

Rates | Ritles
I nstanees, miles e o e || Distanees, miles ey
No 1| No 2 | Noo | | Nn. 2
Gandless. .. ... ........ 23 \ 4 100 and over 80.......... 7 | 81
Wand over G............ 3 AL 11125 and over 100 ... oL, Z e
15 and over 1), ... ... it 34 ) 10 and over 125, ......... 8 a4
Wandover 15.......,.... 1 H) ||17s and over 150, ......... 8! 0l
30 and over 20, . ot a4} ' Mandover 175.......... k] 10
A0 and over 30, ... L. H] i3 Hand over 200, ... ... ... 04 10
S0 and over A0, ... ... L. 1 7 and over 225, ......... 1 10!
GO and over 50, .. L. fi | e e o 1 10
SOandover 60, . .......... Gyl N
1

Seclion 2—Freceplions,

1. Differendiol Rales-—=Rates on shipments {transported more
than 250 wmiles from or lo points in differential territory (as de-
lined in General Tarill of Class Rates Noo 3) <hall he made by
adding fo the maximum emnmon point vate of 104 cents per 100
pounds ihie following differential rates, in cents per 100 ponnds,
o apply by continuous milesge:.

1 |
Distanees, miles © NRates ! Dristanees, miles Anles

b and less. ... — | | S50 and over 200, b a3
100 aned over S0 ... .. R ] A00 and over 250, ... ..o al
130 aned over 100, 3 |. (heer 300 ... cori (i
200 pned over 150, ... H '
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Crude oil in carload lots from IHumble to Houston, 2} cents per
100 pounds, minimum $15 per car.  This rate i to he used only
on shipments moving locally to Houston, and is not to he used as
a factor in making through rates.

Solar oil, gas oil, steamer oil. in cans. hoxed, in barrels or in
Ltank cars, between points in Texas, will be subject to the rates
named in this tarifll for crude and fuel petroleumn. plus 2} cents
per 100 pounds.  Fstimafed weight of 7.4 pounds per gallon will
also apply.

Section 3.—Iinimum (‘arloods.

1. The minimum weight of chipments transported over lines
of standard gauge shall he 38,000 pounds per car: provided, that
when the actual weight of the pefroleum contained in a cur loaded
to its full eapacity shall be less than 38,000 pounds, then the actual
weight of such shipment shall he charged for al the rvates pre-
seribed in this tariff.

2. The minimum weight of shipments transported over lines
of narrow gauge shall be 20.000 pounds per car: provided, fthat
shipments originating at points on lines of standard gange and
destined to points en or reached by lines ol narrow gauge shall he
charged Tor at the weight determined by the ears in which they
were trangported over lines of standard gauge,

3. The weight of 7.4 pounds per gallon shall be used in deler-
mining 1he earlond weights albove provided for.

Seclion jo-Ruales on Asphaltum.

Asphaltum, in earloads, minimum weight 24,000 pounds per
car, transported hy railvoads between points in common point fer-
ritory, fifteen (15) cents per 100 pounds, except where (lass D
is less,

Rates to or from points in differential territory shall be made hy
adding to the rate above authorized the eurrent Class D dilferential.

E.ceeplions,

1. From Port Arthur and Port Neches to Galveston and Texas
City (rates at’ intermediate points not to he affected). 12 conts.

2. From Galveston, Port Avihur and Port Neches 1o Laredo
(rtes to intermediafe points not to he higher). 18 cents,
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3. Trom Gaiveston, Port Avthur and Port Neches to Tagle
Pass (rates to intermediate points not to be higher), 19 cents.

4. TFrom Galveston, Port Arvthur and Port Neches to El Paso
(rates to intermediate poiuts not to be higher), 22 cents. (Cir-
enlar No. 2062, effective June 8, 1904.)

5. Trom Beaumont to Galveston, minimum weight 30,000
pounds per car (rates to, from or hetween intermediate points not
to he aflected). five (5) cents.  (Circular No. 2070, effective June
28, 1904.)

Neelion So-Reales on Creosote Ol or Olher Waod Preserialive.

Creosete oil ov other wood preservalive. in earloads, transported
Iy railroads between points in Texas, will he subject to the rates
prescribed in this tariff for erude and fuel petrelenm, plus 2 cents
per 100 pounds, Fstimated weight per gallon 8.2 pounds, and
minhimum earload weight 38,000 pounds.

Iixisting rates, when lower than the rates herein preseribed, will
remain in force.  (Civeular No. 2685, effective November 5, 1907.)

Ereeplions.

. Creosoie oil, In harrels, cavloads, Irom Sabine to Beammont,
five (5) ceuts per 100 pounds, (T, & N. 0. Authorvity No. 97,
eflective June 5. 1903.)

2. Creosote oil, in cavloads, minimum weight to he marked
capacity of car nsed, at estimated weight per gallon of 8.2 pounds,
from Galveston to Beawmont, six (6) cents per 100 pounds.  (Uir-
cular No, 3236, effeetive October 26, 1909.)
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CHAPTER XVI.

BIBLIOGRAPILY OT COAL, LIGNITE, NATURAL AND
PRODUCKER GAS AND PETROLEUM IN TEXNAS,

BY WAL B, PHILLIIS,

The first mining company fuecorporated by {he Republie of
Tevas seems to have been the Trinify Conl & Mining Company.
The act ereating thiz company was passed by the Fourth Congress
ol ihe Republie and was signed by David S, Kanfman, Speaker of
the Houvse, and David G, Bwrnet, President of the Senale. It was
apnroved by President Mirabean B. Lamar, January 25, 1840.
The persons naed as the incorporators weve:  Frederick B. Page,
Elisha A, Rhodes, R. D, Johnson, Levi Jones, and William TTenry
Pavidson. The Company was authorized to open and work mines
ol coal, lead, iron, and other minerals, and {o quarry stone on or
near the Trinily viver.  'The capital stoek was fo be in 2500 shares
ol the value of $100 each, but permission was given {o increase the
capital stoek of $500,000, il it <hould hecome necessarvy 1o do so.
A curions provision of the act was that the company were required
“from time to time to communicale to the President of the Te-
publie or to 1the Congress their progess in mining, and such other
information in geologv, minevalogy, or the arlz. as might he inter-
esting in scicnee or uselul in any of the hranches of domestic in-
dustry Tt iz inferesting 1o nofe in thiz connection that the coal
(lignite) seams within reach ol the Trinily river were 1o he opened
aud worked, and thiz is one of the preseut purposes of the appro-
priation made hy the United States Government for the improve-
ment ol the Trinity river. Tt wounld appear that as [ar back as
1510 liere were persons who had in view the advaniages to he
offred by this river Tor the {ransportation ol coal, cle. Bul Tour
yeirs previous {o this time, and about the vear 1836, the “litera-
fure™ of {he Texas & New Dreland Land Company contains refer-
ciees to the coal along the Rin Grande, below Laredo, amd Licud.
B Tilden, in “Notes on dhe Upper Rio Grande Dhiladelphia,
IS130 also speaks of the coal near Lavedo,

Willism Kemnedy, in his ~Tesas: the Rise. Progress and Pros-
peet= of fhie Republie of Texas,™ 1811, speaks of the coal as it wag
reported To hine from various parts of the vepublic, and in Volume
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I, page 118, he gquotes fraom Almonte, who wrote ahout the vear
1831, that hituminons coal was found on the river San Bernaed,
albout 15 miles from San Felipe, by 1he voad which leads from
that town fo Gonzales. e quoles Nlmonte as sayving fhat pre-
cizely i ti:e middle of the stream where e hathed at hall® pase =iy
in the afternoon of the month of Nugust, 1331, he found the wafer
o wirnt that he ceuld not hear it Tor a minute.

{08 not our infention in this hibliography to quote every single
reference that has appeared in hooks and arvficles coneerning
Texas, for this would he an endless [ask, and we conline onrselve-
to references Irom which the student mayv derive uselul informa-
tion concerning coaly Tanife, natoral sas, producer gas and petro
lemm in this State. Belore heginning this hibliograplhy, however, wi
will quote, entive, a very interesting statement made concerning
Texas, by Ro C. Tavlor in hiz “Siatistics of C'oal,” Philadelphia,
1818, 1Te gives as his anthorities: the [Touston Telegraph @ the
New Orleans Picayune ; Notes sur le Texas, docnmens gnr le Com-
merce exterienr, Juillef, 1842 0 Rennedys Texas: Report in 1834 to
the ~Rio Grande Land Company™: McCnlloeh, art. Texas; Thken's
Texas, and “Noteg on the Upper Rio Grande” hy Lient. B. P,
Tilden, Philadelphia, 1817,

He save:

“Pitely Lake—An annomeeipent has been made of the oxistenee, in
Texas, within 100 miles from Tlonston. of a small Jake that ciosely ve-
sembles {he Piteh Lake of Trinidad, 1t is filled with bitumen o o<
phaltum, and is abont a quarter of a mile in eivenmference.  PDuving ihe
enol winter months itz surface is havd, and is capable of su=tainine o
person.  From November {o Afaveh it is generally covered with water,
whieh is acid to the taste: from whieh eause it has heen eommaonly eriled
the “Sour Pond™  In the stmmmer months a spring ocenrs, near the center
of the lake, from whiclh an oily lignid (prolably petvalenm) continually
hoils up. from the bottom,  This Tiguid gradually hardens. on expo=nre
fo the aiv, and forms a black pitehy substanee, <imilar {o that wihich
forms the <ides of the Inke. 1 is said to resemble, preeizely, the hitumen
of Trinidawd: and the Texans conecive that, al some future day, it will
b vatluahle for the production of gas for their eitios, 1 barns wilh o
very elear bright leht, bui gives ont a pungent odar,

“Coal = now well known to exist abundantly in Texas, althongh the
conniry lins not been geolegieally examined.  There i< no denbd bt eoal
provails af intervals enfively across the eountry, in o novtheast and <onth-
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west divection. 1is general position is about two hundred miles from ihe
coast,

“On the Trinity viver, two hundred miles above Galveston, the coal
vegion there was investigated in 1846, amd found {0 be wmore extensive
than was anticipated. A company, under {he title of the “Trinity Coal
and Mining Company,” was incorporated by an act of the Texan Congress
in 1810, Both anthracite and semi-bituminous coal, somewhat like the
cannel, in appearance, occurs here.

“Minernl coal, in great abundance, prevails not far from the Mustanyg
Prairie. M is also found. accompanied with execellent irom orve, in the
vieinity of Nacogdoches,  Aceording to veport, this coal is abundant, rieh,
and of a fiue appearance,

“Mr. Kennedy. who has taken pains {o collect information relative to
the resources of Texas, although not an original investigator, says, in a
work published in 1841, that ‘in addition {o iron. the utilitarian sovereign
of metals, Texns possesses conl-—the grand auxiliary of the arts which
tend to enrich and civilize the world. Coal, both anthracite and bitumin-
ous, abounds from the Trinity river to the Rio Grande. The eoal on the
Ialter viver, above Dolores. lhas heen represented by the agents of the
Teras and New lvelund Land Cowmpreny (an assoeintion hroken up by the
revolution in 1836) as of excellent bitwninons yuality.

“Formations of sccondary limestone, with others of carboniferous sand-
stones, shales, argillaceous iren cre, awl bituminous coal beds, ave =aid
to ocenpy a large portiom of the interior of Texas, Westward of thesc
ocenrs the inferior and Silurian strata, teilobite limestones, and transi-
tion s<lites.  Beyond all, basaltie and primary vocks of the Rocky Moun-
tain= avize; while northward is the areat sall lake of the Brazos, and the
vast ved saliferous vegion traversed by the exploving expeditions of Cap-
tain Pike and Major Long. and since made more familiar to us by M.
Cirege and other travelers.

A bedd of coal extends across the Brazos viver {owards ihe Little
Brazos and the San Andres, down whieh stream it may withont diffienlty
be transported at high water.

“Near the eity of Austing on the ecastern borvder of the Colorade, is a
peak. ealled Mount Bonnell, overlooking Austin. and having a fall of
seven Inndred feet perpendicular to the bed of the Colorado. This and
other hills, alibongh not seientifically examined. are known to contain
beds of anthracite coal,

“On the Rio Grande, southwest of Bexar, is a wvreat abundance of
hitmninous coal,  The navigation of this river is veported to he free for
cight months in the year.

“In many parts of the rolling praivie reginu. conl, of fuir quality, and
ivon ore have been found; and it is supposed that beds of (hese valuable
minerals extend over a greal part of the eonntry.

“We have rveceived some vecent information of the characier of the
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country bordering upon the Rio Grande, as far np as the Presidio de Rio
Grande, from the notes of Lientenmant B. P. Tilden.

“On approaching Laredo, within forly or fifty miles, hy the cowrse of
the river, and extending north of that town, a eoal formation is traverseld
during that distance. Beds of coal ave frequently to be seen, as are
deposits of nitre and sulphur, and also thick heds of good five-clay, at
the ha=es of the blufls, These strata. and the aceompanying sandstone
rocks, ave supposced to he a prolongation of similar strata at Guerrera. on
the Rio Salado, to the sonthwest: as fhey agree in their range and dip.
The writer, who apparently is not very familiay with geological phenomena,
dose not Inrnish any further details.”

Me. Taylor's statement in regard to the existence ol heds of
anthracite coal in Mount Bonnell, near Austin, seems to have been
due to the exercise of a lively imagination, as also his statement
wilh respect to the heds of nitre and sulphur on the Rio Grande,
below Taredo. So far ag known, there is no anthracite coal any-
where in Texas, nor any beds of nitre.

The principal references to coal, lignite, natural gas, producer gas
and petrolenn ju Texas are as follows:

COAL AND LIGNITE.
Adoms, G, 1.
Stratieraphic Relations of the Red Beds to the Carbonifer-
ons and Permian in Northern Texas. Bull. Geon. Soe.. Am.,
Vol. XTIV, 1903.

Adams. W_IT.

("oals in Mexico-Santa Rosa Distriet. Trans. Am. Tnst,
Min, Engrs., Vol. X, p. 272.  (Mentions FEagle Pasz coal and
hrown coal near San Antonio.)

Ashburner, Chas. A.

The Brazos Coal Field, Texas. T'rans. Am. [nst, Min,
Engrs., Vol, IX, p. 495.

The Coal Trade and Miners’ Wages in the linited States
for the Year 1888, 'I'rans. Am, Inst. Min. Eners.. Vol,
NVIII, pp. 122-139.

Coal in Texas.  Min. Res. of the T, 8., 1886, 1857, and
1888,
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Bowie Coal Uine, doniague Connty, Texas, The.
Trnsigned article in B, & M. J’l, Vol. LX, No. 19, Nov. 9.
1893,
Breclenvidge, L. P.. Henry Kreisinger and W, T, Ly,
Ricamivng Testz of Coal.  Bull. 23, Bur. Mines, Washing-
ton, 1912.
Camplell. M. R,
The Coal Teserves of ihe TUnited States. Tn “he Coal
Resources of the World” XTI, Internafional Geol. Clong.. Vol.
11, 1913, '
How Long Will the Coal Reserves of the United States
Last?  Nat. Geol. Mag., February, 1907,
(Ulazsification of (loals, Trane. Awm. Inst. Min, Fnors,
Vol. XXXVI, pp. 324-340.
Commereial Yalue of Coal Mine Sampling.  Trans. Am.
Tnst. Min. Engrs., Vol. XXXV, pp. 341-353.
Map showing cozl liclds of the United States. Bull. UL N
G. 8., No. 341, 1907,
Campbeil, M. R., and Parker, . WV,
Ctoal Fields of the United States. Trans, Am. Tnst. Min.
Engrs.,, Vol. XL, pp. 253-200.
Sce also under Holmes, (T, A,
Conl Industry in the United Slates During 1911,
Coal Trade Bull.. Jan. 2, 1912,
Cummins, W, I
The Southern Border of ihe Central Coal Field. 1Tsf An.
Rep. Geol. Surv, Tex., 1889,
Report on the Geology of Northwestern Texas. 20 An.
Rep. Geol. Surv. Tex.. 1890,
Notes on the Geology of Northwest Texas, 1th An. Rep.
veol, Surv. Tex., 1892,
The Coal Fields of Texas, Manuf, Rec., Mavelh 10, 1398,
Dewssen, Aleaaider,

Map of Clay and Lignife Fields near Lena, Favette County.
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In “Notes on Some (Gays from Texas” Bull. U. 8. G 8. No.
470, 1910,
Mineral Resources of Texax,  Texas Alamanae and Stafe
Ind. Guide, 1909, 1010, 1911, 1911,
Diadee, N, F,
eport on Colorado Coal Wields of ‘exas.  4th An. Rep.
Geol, Sur. Tex., 1802,
nble, 10, T,

C'oal in Texae. Min. Res. T S, 1898, p. 368.

Geology ol Sonthwestern Texas. Tranz. Am. Tnst. Min.
Engrs.. Vol. NXXIII, pp. 913-987. -

Report on the Brown Coal amd Lignite in Texas, Tex.
Ceol. Surv,, 1892,

Preliminary Report on the Utilization of Lignites.  ‘ex.
Geol, Sury,, 1891,

A General Description of the Tron Ore Distriet of 15ast
Texas.  2d An, Rep. Tex. Geol, Snrv., 1890, pp. 26, 27, An-
derson county,

Notes on the Occurvence of Grahamite in Texas.  Trans
Am. Inst. Min. Engrs, Val, NXT, pp. 601-605.

Texas Brown Coal. E. & M. J°l, Vol. LXTI, p. 343,

Physical Geography, Geology and Resonrees of Texas.  In
Searfi™s History of Texas, Vol, IT, 1898,

See also An. Rep. Tex. Geol, Surv., 1888-1892.

In Waooten’s Comprehensive Mistory of Texas, Vol. 11, pp.
L71-516,

Erans, Ira I,
Coal Tands in Maverick County, near Bagle Pass. Pam-
phlet, Austin, 1912,
Fleming, 1. S,
Article Coal in Min. Ind., Vol. L1, 1893, pp. 211-217.
Gray, Alvin.
In The Mineral Industry, Vol. XTN, 1910, p. 126,
Gireene, I, T,

Asphalt and Tis Uses.  Trans. Am. Inst Min, Bngrs, Vol

XVTI, p. 359.
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Hayes. (. 1",
In Bulletin No. 213, T, 8. G, 8., 1903, pp. 258-266.
Herndon, J. H.
In “Report on Tron Ore District of Bast Texas™ 24 An.
Rep. Tev. Genl. Surv., 1590
Iil, Jesse T.
Coul Tnterests of the Sonth. Tradesman, Jan. 1, 1897.
fn, B, 1.
Coal Fields of Texas. Min, Res. T, 8., 1891, 18492,
The Present Condition of Knowledge of Geoology of Texas,
U. 8. G. S, Bull. No. 45, 1887.
Geography and Geology of the Black and Grand Prairies.
Texas. 21st An. Rep. U. 8 G. S.. Pt. VIT. 1901,
Hil, R. T., and Vaughan, T. W.
Geology of Portions of the Edwards Platean and Rio Grande

Plain, Adjacent to Austin and San Antonio. 18th An. Dlep.
7. 8. G S, Pt. 11, 1898.

Holmes, J. A.. £. W, Parker and M. R. Campbell.
U. S. G. 8., Ball. 261, 290, 332 and 333, also Prol Paper, 48,
Iornaday, W. D.
Texas Coals and Lignites and Theiv Composition.  Min.
Wid., Nov. 11, 1911.
Jones. JIno. I,
Production of Coal West of Mississippi River. [ & M.
Jl, Vel LI, Ap’l 4. 1891,
Rennedy, Jas. (.
Lignite Stokers. Address hefore S, W, Tee Assoe.. Marlin.
Nov. 20, 1912,
Nennedy, Wm.,
Report on Grimes, Brazos and Roberfson Connfics. 4th
An. Rep. Tex, Geol. Surv., 1892,
TTouston Connty.  3d An. Rep. Tex. Geol. Surv., 1891,
A Section from Terrell, Kaufman county. to Sabine Pass
on the Gulf of Mexico. 3d An. Rep. Tex. Geol. Surv., 1891.
In “The Tron Ore District of Bast Texas” 21 An. Rep.
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Tex Geol. Surv., 1890. (Cass, Marion, Harrison, (iregg, Mor-
ris and Henderson counties.
Nretsinger, [l enry—see Brackenvidge, L. P.
Langley, Jno. W.
American  Coals—Their Sources and Teating Values.
Engr.,, April 1. 1903.

Lerch, Otto
Lignites snd their Utilization, with special rcference to
the Texas Brown Coals. 2d An. Rep. Tex. Geol. Surv., 1890,
pp. 98-60.
Lord, N, W., and Others.
Analyses of Coals in the United States. Bull. 22, Bur.
Mines, Washinglon, 1913.

Macfarlane’s Conl Regions of America.

Miller, 1. L.
Tertiary Coal Fields of the Rio Grande. Coal Age, Aug.
23, 1913.
Mineral Industry, The.
Annual volumes from 1897 to 1912..
Oruisbee, J. J.
Coal Interests of the South. Tradesman, Jan. 1. 1896,
1897%.
Owen, J.
Notes on the Geology of the Rio Grande Valley. Geol. &
Sei. Bull., Vol. I, No. 2, 1888.

Parker, I, .

Artieles in Mineral Resources of the United States, 1889-
1912, Including 16th and 17th An. Rep. U, 8. G. S,

Coal Briquetting in the United States. Trans. Am. Tust.
Min. Engrs., Vol. XXXVIII, p. 614

Coal Fields of the Southern States. Manuf, Rec.. Jan. 6,
1910.

Sce also nnder Camphell, . R., and Holmes, J. .

Penrose, R. A, F., Jy.
A Preliminary Report on the Geology of the Gnlf Tertiary
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of ‘Texas from the Red River to the Rio Grande, 1st An.
lop. Tex. tieol. Surv., 1889, pp. 94-98.
Phitlips. Drury MeXN.
See Phillips, Ware B, and Worreil, S, 1L
Platting, W, B.

The Mineral Production of Texas.  Pamphlet issued Dy
The Taiversity of Texas, 10900,

('oal, Lignite and Asphalt Rocks in Texas, J1° W, Soc,
Engrs, December, 1901

Statisties of Produetion of Coal and Lignite in Texas,
Min. Ind., Vol. XVITI, 1900, p. 120,

Coal in Texas in 1931 Min, lnd., Vol XX, 1011, p. 145,

Coal Resources of West Texas. Mauut. Ree., Dee. 89, 1904,

The Mineral Reseurces ol Texas.  Dull. No. 14, Tex. Dept.
Agric., July-August, 1910,

Coal and Tignite in Texas.  Min. Wld,, May 13, 1911,

The Texas Coal Industry. &0 & M, J°l, Vol. XCI, No. 21.
May 27, 1911.

Map of ast Texas showing Location of Tron Ores and
Outerops of Lignites, Prodneing Mines, ete.  Univ. Tex. Bur,
Eeon. Geol. and Techn., 1912,

Lignite Industry in Texas.  Coal Age, Aug. 10, 1912,

(foal and Lignile in Texas in 1911, Coal Age, Jan. 6.
1912,

The Lignite Industry i Texas,  Coal Age, Aug. 10, 1912,
Texae Chapter, Tarr’s Phys. Geogr., 19135,

Phillips, W, B., witl S. 1. Worrell and Drury M eN. Phillips.

Composition of Texas (foals and Ligniles and 1Tse of Pro-
ducer Gas in Texas. Bull. Tniv. of Tex., No. 189, July,
1911, through Bur. Feon. Geol. and Techn,

Bay. Waller T'—see Breckenvidge, L. P.
Ries, Heinrich.

Coal Fields of Texas,  Min, and Min,, Vol. NXVI., Oct..

1905,
Naward, F,F.

Coal Mining Industry of the South.  ITron Age, Mareh 5.

1905,
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~Neolt, A. C.
Decrease in Weight of Lignite in Transit.  Power, May 11,
1909.
Lignite and 1ts Relalion to Other Fuels of the Southwest.
Elee. Wi, Oct. 21, 1909,
Shumard, C. @G.
A Partial Report of the Geology of Western I'exas, 1855-
1856, reprinted in 1886.
Shatt, W, F.
Utilization of the Low Grade Fuels, Coal Age, May 4,
1912,
Stmonds, . W.
The Geography of Texas, 1905.
Minerals and Mineval Localitics of Texas.  Univ. Tex, Min.
Sury., Bull. No. 5, 19502.
A Record of the Geology of Texas for the Decade ending
Dee. 31, 189G.  Trans. Tex, Acad. of Sei., Vol. 111, 1900.
Southern Coal and Colee, Manuf, Rec., Sept. 2. 1898,
Npaight, A. W.
"The Resourees, Soil and (Mlimate of Texas,  Rep. of Com'r
of Ins. Statisties and Tli=tory, 1882,
Taff, J. A.
The Southwestern Coal Fields. 220 An. Rep. T, S0 Gl 8.,
1902,
teport on Cretaceous Areat North of Colorado River, 3
An. Rep. Tex. Geolo Surv., 1891; and 4th An. Rep. Tex.
(ieol. Surv,, 1892,
Tarr, . N.
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