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EFFECT OF VARIOUS SALTS IN THE MIXING 
WATER ON COMPRESSIVE STRENGTH 

OF MORTARS 

1. Introduction.-In many parts of the State of Texas, 
the only waters available for use in mixing concrete contain 
relatively large percentages of soluble salts, the so-called 
"Gyp" and "Alkali" waters being frequently encountered. 
A rather usual specification for water to be used in mixing 
concrete is that it "shall be clean, free from oil, acid, strong 
alkali or vegetable matter." Some specifications further 
require that water of doubtful quality when tested in a 
cement mortar shall give a strength at least equal to that 
obtained with a water known to be satisfactory. In numer
ous cases samples of water have been submitted to the labo
ratory for testing as to their suitability for use in concrete. 
It has generally been considered that the sulphates are the 
most injurious salts, and tests of such waters usually have 
consisted in a determination of the effect of the water on 
mortar-strength in comparison with a water of acceptable 
quality, with occasional tests of total solids and percentage 
of sulphate ion. However, since it was not known definitely 
what percentage of sulphates might be expected to be in
jurious, a chemical analysis furnished little information of 
value. 

II. Scope of Tests.-ln order to obtain some definite 
quantitative results on the effect of some salts which might 
be present in mixing waters, a preliminary series of tests 
was started in 1922. These test s consisted in the determi
nation of the compressive strength of 480 2x4-in. cylinders 
of neat cement mixed to normal consistency, using distilled 
water and distilled water with the addition of various per
centages of sodium chloride, sodium sulphate, sodium car
bonate, magnesium chloride and magnesium sulphate. These 
tests were made at ages of 28 days, 3 months, 1 year and 
3 years. 
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After these tests were started it was thought advisable 
to make similar tests on 1:3 (by weight) sand mortars, and 
to include some salts not used in the preliminary tests. In 
this series of mortars the following salts were used: Sodium 
chloride, sodium sulphate, sodium carbonate, magnesium 
chloride, magnesium sulphate, calcium chloride and ferrous 
sulphate. These tests were made on 2x4-in. cylinders, 
which were tested at the same ages as the neat cement. 

In each case the amount of salts used was based on desired 
percentage of negative ion in the mixing water, the concen
trations being 0, 1/2, 1, 2 and 4 per cent. 

In the main group of 1 :3 mortars (consisting of 700 cylin
ders), the sand used was from the Colorado River at Austin. 
In another smaller group (consisting of 500 cylinders), a 
natural limestone sand from Burnet County, Texas, having 
practically the same grading as the Colorado River sand, 
was used. In this latter group the calcium chloride and 
ferrous sulphate were omitted. 

III. Materials.-(1) Cement. The cement used was a 
laboratory blend, made up of a mixture of two brands of 
Texas portland cement. This blend met all of the require
ments of the specifications and tests of portland cement of 
the American Society for Testing Materials. (2) Sand. 
The Colorado River sand consists essentially of quartz and 
feldspar grains, with a small percentage of limestone grains. 
The natural limestone sand consists of clean grains of a 
good quality of limestone, having practically the same 
grading as the Colorado River sand. (3) Water. In all of 
the mixes distilled water was used, with the amounts of 
salts added as required for the several groups. The chemi
cal formulas on which were based the quantities of salts 
required to give the desired percentages of the various 
negative ions are as follows: 
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Molecular Weight
Material Formula Total Salt Neg. ion 

Sodium Chloride __________ __ NaCl 58.5 35.5 
Sodium Sulphate_______ _____Na S0 , 10H 0 322.2 96.1

2 4 2 
Sodium Carbonate__________Na C0 106.0 60.0

2 3 
Magnesium Chloride______MgC1 , 6H 0 203.3 71.0

2 2 
Magnesium Sulphate ___MgS0 , 7H 0 246.5 96.1

4 2 
Calcium Chloride __________ CaC1 111.1 71.0

2 
Ferrous Sulphate__________FeSO , 7H 0 277.9 96.1 

4 2 

IV. Fabrication of Specimens.-For each group of cylin
ders having the same percentage of added salt, five mixes 
were made on five different days in order to minimize acci
dental variations. Each mix was sufficient to make four 
2x4-in. cylinders, which were tested at the four ages. The 
materials for each mix were accurately weighed in the pro
portion of one part cement to three parts dry sand. The 
amount of water for use with each batch was measured and 
the calculated weight of salt thoroughly dissolved in it, 
when it was used in the mix. The consistency of the mor
tars was as nearly as possible the same as the standard 
consistency used in cement testing. The mixing and mold
ing of the specimens were carried out as recommended by 
Committee C9-16T of the A.S.T.M., except for finish of ends. 

V. Storage.-After molding, the cylinders were placed 
in the damp closet for approximately 24 hours, after which 
they were removed from the molds, marked for identifica
tion and placed in running water in a storage tank where 
they were kept until time for testing. 

VI. Capping and Testing.-A few hours before testing, 
the cylinders were removed from water and capped with 
plaster of paris. The specimens were tested in a 100,000
pound capacity, screw-type testing machine, a 2-inch 
spherical bearing being placed on top. 

VII. Results of Tests.-The results of tests are given in 
Tables I, II and III. Due to the fact that these series of 
tests extended over such a long period of time with the at
tendant variations in moisture and temperature conditions, 
it is felt that the results can best be compared on the basis 
of the ratio of the unit strength at a given age for a given 
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percentage of added salt to the strength for no added salt. 
These strength ratios, which were used in plotting the 
curves which follow, are also given in the tables. 

VIII. Discussion of Result.~.-In Figures 1 and 2 are 
plotted the results of tests given in Tables I, II and III. 
These diagrams are plotted with the strength ratio at a 
given age as ordinate and the percentage of negative ion 
in mixing water as a abscissa, for each of the four ages. It 
will be noted that for ages of 28 days and 3 years lines have 
been drawn connecting the points, but in order to avoid 
confusion these lines are omitted for the other ages. 

In Figure 1 the curves include the results for all salts 
used in the 1 :3 mortar made from the Colorado River sand, 
and in addition the results for the 1 :3 mortar made from 
limestone sand and the neat cement specimens in which 
sodium carbonate was used. In Figure 2 in the same way 
are plotted the remaining results of tests of the 1:3 lime
stone sand mortar and of the neat cement. 

It might be well at this point to call attention to the fact 
that the various results obtained in these tests should not be 
accepted as showing quantitatively the effect of these salts 
under all conditions. It is well known that different brands 
of cement are not affected in the seme way by calcium 
chloride, and no doubt the same might be true for other 
salts. 

A number of interesting and important facts may be 
seen by a study of the tables and diagrams. It is evident 
that all of the sodium salts used are injurious to portland 
cement mortars, the chloride, sulphate and carbonate show
ing progressively greater reduction in strength for a given 
percentage of negative ion. The two magnesium salts used 
have only slight effect, or are slightly beneficial. Calcium 
chloride and ferrous sulphate are beneficial. 

It is quite evident that, so far as mixing water is con
cerned, the sulphate ion is not necessarily injurious to the 
strength of portland cement mortars. Of the three sul
phates used, the sodium salt is injurious, the magnesium 
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salt shows slight effect, and the ferrous sulphate increases 
the strength materially. 
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FIGURE 1. Strength Ratios for various percentages of negative ions 
in the mixing water. Mix 1:3 (by weight) using Colorado River 
Sand unless otherwise indicated. 
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Compared to the percentages of salts used in these tests, 
the waters from springs, streams and wells will, in general, 
contain relatively small percentages of dissolved salts. 
From a study of the chemical analysis of waters from many 
parts of this State,' it is noted that in the great majority 
of cases the total solids are less than 5000 parts per million, 
or about one-half of 1 per cent. Even if all of this amount 
of salt were sodium carbonate (which was the most in
jurious of the salts tested) this would correspond to about 
0.3 per cent of carbonate ion, which probably would not 
reduce the mortar strength more than about 5 per cent. 

In the bulletin just referred to are given a number of 
analyses of waters containing very high percentages of total 
solids, but these were usually from such sources as salt
brines and mineral wells, which would not be considered as 
fit for use in concrete. As a matter of information it might 
be stated that sea water contains approximately 3.5 per cent 
of total solids, mostly sodium chloride, with about 2 per 
cent of chlorine ion. 

Probably the most extensive series of tests of the effects 
of various natural waters on the strength of mortars and 
concretes is given in a paper entitled, "Tests of Impure 
Waters for Mixing Concrete," D. A. Abrams. 2 

As a result of these tests, Professor Abrams concludes 
that, except for a few industrial waste waters and a few 
natural waters containing very high percentages of total 
solids, good concrete can be made with water which seems to 
be entirely unsuitable. As one conclusion, he states: "It may 
safely be said, however, that any natural water which is 
suitable for drinking can be used without question for 
mixing concrete." 

An illustration of the effect of salts in water used for 
mixing and storage of cement test specimens was encoun
tered by this laboratory a few years ago. It was noticed 
by the operator in the cement laboratory that the cement 

1Chemical Analysis of Texas Rocks and Minerals, E. P. Schoch, 
University of Texas Bulletin No. 1814, March 5, 1918. 

2Proceedings American Concrete Institute, Vol. 20, 1924. 
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FIGURE 2. Strength Ratios for various percentages 
of negative ions in the mixing water. Upper curves 1:3 
mix, using limestone sand; lower curves for neat cement. 
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samples mixed with city tap water became decidedly warm 
and that the cement seemed to acquire a flash-set. At the 
time no explanation could be found for the peculiar behavior. 
Later, on testing these briquets it was found that the 7-day 
strengths ran abnormally high and the 28-day strengths 
showed little or no increase over the 7 -day strength. On 
attempting to explain this behavior, it was found that the 
trouble first appeared immediately after the city had placed 
in operation its new water filtration and softening plant. 
On investigation it was found that the water was being 
softened by treating with a large excess of soda (sodium 
carbonate), and as soon as this was reduced the difficulties 
stopped. It hardly seemed reasonable that such a small 
quantity of soda as would be used in treating water could 
affect cement mortars, but at the same time a number of 
contractors reported that their floor and sidewalk toppings 
hardened so rapidly as to make finishing difficult. It would 
seem from this experience that the not unusual statement 
that "any potable water is suitable for use in mixing con
crete" is subject to some exceptions. 

IX. Conclusion.-Again calling attention to the fact that 
the results given in this bulletin apply only to salts present 
in the mixing water and that all brands of cement may not 
be affected in the same way, the following conclusions will 
serve as a general summary of the results obtained: 

(1) Sodium salts (chloride, sulphate and carbonate) 
are injurious to portland cement mortars. 

(2) Magnesium chloride and sulphate have very little 
effect on mortar strength. 

(3) In general, the strength ratios tend to increase with 
age. That is, for a salt that reduces the strength, the reduc
tion is less for greater ages, and for salt that increases the 
strength the percentage increases at 3 years is usually 
greater than at 28 days. 

(4) Sulphates are not necessarily injurious to mortar 
strength. 

(5) Two per cent of sulphate ion in the form of ferrous 
sulphate (that is about 6 per cent of the salt) increases the 
mortar strength approximately 20 per cent. 
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(6) Relatively few natural waters contain high enough 
percentages of total solids to make them unsafe for use in 
concrete. 

While it is probable that ferrous sulphate will not be 
present in natural water, it was included in this series in 
order to determine the effect of an iron salt on the strength 
of portland cement mortar. For some years it has been 
noted by members of the laboratory staff that natural sands 
containing finely divided iron oxide seemed to show abnor
mally high strengths, and it has been the opinion that the 
iron present might have some chemical reaction with the 
cement, thus increasing the mortar strength. The results 
obtained with this salt seem to confirm the opinion. It 
would be interesting to know the effect of some other iron 
salts, and it is believed that it would be worth while to 
extend this part of the investigation to include the effect 
of various commercially available iron salts on the strength 
and other properties of portland cement mortars and 
concrete. 



!:>:)TABLE I """' 
Compressive strengths, in pounds per square inch, and strength ratios for neat cement mixed to normal consistency. 

Each value the average for five specimens made on different days. 

Percentage of Negative Ion 
0 % 1 2 4 

Salt Age Stress Ratio Stress Ratio Stress Ratio Stress Ratio Stress Ratio 
Sodium* 28 da. 11200 1.00 9960 0.89 9160 0.82 7830 0.70 
Chloride 3 mo. 12330 1.00 11820 .96 11250 .91 10680 .87 ~ 1 yr. 

3 yr. 
15350 
13640 

1.00 
1.00 

14520 
14370 

.95 
1.05 

13560 
14940 

.88 
1.09 

12200 
13270 

.79 

.97 ""·~ 
<:':> 

Sodium 
Sulphate 

28 da. 
3 mo. 
1 yr. 
3 yr. 

11860 
14000 
16420 
14950 

1.00 
1.00 
1.00 
1.00 

10450 
12630 
15780 
14760 

0.88 
.90 
.96 
.98 

9890 
12380 
14680 
14760 

0.83 
.88 
.89 
.98 

8770 
10680 
15440 
14300 

0.74 
.76 
.94 
.95 

8210 
10700 
14280 
15600 

0.69 
.76 
.87 

1.04 

'"'l 
<:I>

""·<:"!
<..: 
c ...... 

Sodium 
Chloride 

28 da. 
3 mo. 

11910 
13570 

1.00 
1.00 

10100 
11800 

0.85 
.87 

8790 
10800 

0.74 
.80 

5350 
6630 

0.45 
.49 

3030 
3840 

0.26 
.28 

"'"3 
<:':> 
R 

1 yr. 16100 1.00 15320 .95 14250 .89 9060 .56 5660 .35 ~ 
<:I> 

3 yr. 15920 1.00 15750 .99 14100 .89 10550 .66 7080 .45 ~ 
Magnesium 
Chloride 

28 da. 
3 mo. 

11300 
14600 

1.00 
1.00 

12270 
14500 

1.09 
.99 

11630 
14770 

1.03 
1.01 

11610 
14220 

1.03 
.97 

11840 
13670 

1.05 
.94 

~ 
(;;" 
""'" 1 yr. 

3 yr. 
16200 
17500 

1.00 
1.00 

17170 
17180 

1.06 
.98 

17250 
17370 

1.07 
.99 

16580 
16580 

1.02 
.95 

15740 
15400 

.97 

.88 
""·<Z 

Magnesium 
Sulphate 

28 da. 
3 mo. 
1 yr. 
3 yr. 

12030 
14180 
16850 
16320 

1.00 
1.00 
1.00 
1.00 

11500 
14600 
17500 
16620 

0.96 
1.03 
1.04 
1.02 

11830 
14520 
16770 
15500 

0.98 
1.02 
1.00 

.95 

11670 
14300 
17600 
15100 

0.97 
1.01 
1.04 

.93 

10880 
14200 
16670 
16250 

0.90 
1.00 

.99 
1.00 

*Note that for Sodium Chloride the percentage of Ions are 1.21, 2.43, and 4.86 instead of 1, 2, and 4, respectively. 



TABLE II 

Colorado RiverCompressive strengths, in pounds per square inch, and strength ratios for 1:3 Mortar made from 
Sand. Each value the average for five specimens made on different days. 

Salt 
Sodium 
Chloride 

Magnesium 
Chloride 

Age 
28 da. 

3 mo. 
1 yr. 
3 yr. 

28 da. 
3 mo. 
1 yr. 
3 yr. 

0 
Stress 

5440 
7300 
8220 
8390 

5610 
6980 
7930 
8130 

Ratio 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 

% 
Stress 

5180 
6670 
7750 
8070 

5620 
8900 
7900 
8260 

Percentage of Negative Ion 
1 2 

Ratio Stress Ratio Stress 
0.95 4880 0.90 4780 

.91 6360 .87 6010 

.94 7650 .93 7300 

.96 8060 .96 7440 

1.00 5400 0.96 5540 
.99 6730 .97 6760 

1.00 7710 .97 7820 
1.01 8240 1.01 8370 

Ratio 
0.88 
.82 
.89 
.89 

0.99 
.97 
.99 

1.03 

4 
Stress Ratio 
4380 0.81 
5580 .77 
6650 .81 
7200 .86 

5270 0.94 
6550 .94 
7520 .95 
7990 .98 

"-3;;::
~ 

ttj 
~ 
~ 
~ 
<:"'t

c ....... 
Calcium 
Chloride 

28 da. 
3 mo. 
1 yr. 
3 yr. 

4900 
6325 
7400 
7920 

1.00 
1.00 
1.00 
1.00 

4910 
6480 
7170 
8240 

1.00 
1.02 

.97 
1.04 

5060 
6480 
7340 
8330 

1.03 
1.02 

.99 
1.05 

5240 
6550 
7720 
8440 

1.07 
1.04 
1.04 
1.07 

5460 
7010 
8380 
8780 

1.12 
1.11 
1.13 
1.10 

t/1e. 
<:"'t
<"/J 

"'· 
Sodium 
Sulphate 

28 da. 
3 mo. 
1 yr. 
3 yr. 

5380 
6820 
7730 
8150 

1.00 
1.00 
1.00 
1.00 

5100 
6325 
7140 
7950 

0.95 
.93 
.92 
.98 

4620 
5750 
6490 
7400 

0.86 
.84 
.84 
.91 

3960 
5100 
5870 
6880 

0.74 
.75 
.76 
.85 

3650 
4740 
5440 
6710 

0.68 
.70 
.70 
.82 

~ 

~ 
"'· ~ 

"'· 
~ 

Magnesium 
Sulphate 

28 da. 
3 mo. 
1 yr. 
3 yr. 

5650 
6940 
7800 
8320 

1.00 
1.00 
1.00 
1.00 

5700 
6800 
7640 
8560 

1.01 
.98 
.98 

1.03 

5730 
7170 
8010 
8550 

1.02 
1.03 
1.03 
1.03 

5840 
7340 
8250 
8650 

1.03 
1.06 
1.06 
1.04 

5630 
7040 
8090 
9120 

1.00 
1.02 
1.04 
1.10 

~ 
~ 
<:"'t
~ ... 

Ferrous 
Sulphate 

28 da. 
3 mo. 
1 yr. 
3 yr. 

4710 
6340 
7260 
7850 

1.00 
1.00 
1.00 
1.00 

5150 
6870 
8060 
9150 

1.09 
1.08 
1.11 
1.16 

5350 
7230 
8040 
9350 

1.14 
1.14 
1.11 
1.19 

5740 
7410 
8450 

10050 

1.22 
1.17 
1.16 
1.28 

5550 
7210 
8190 
9790 

1.18 
1.14 
1.12 
1.25 

Sodium 
Carbonate 

28 da. 
3 mo. 
1 yr. 
3 yr. 

5690 
7000 
7840 
8420 

1.00 
1.00 
1.00 
1.00 

5050 
6340 
7200 
8000 

0.89 
.91 
.92 
.95 

4550 
5910 
6770 
7650 

0.80 
.84 
.86 
.91 

3570 
4750 
6050 
6800 

0.63 
.68 
.77 
.81 

2690 
3680 
4760 
5500 

0.47 
.53 
.61 
.65 

...... 
eN 



~ 
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TABLE III 

Compressive strengths, in pounds per square inch, and strength ratios for 1:3 Mortar made from Limestone Sand. 
Each value the average for five specimens made on different days. 

Percentage of Negative Ion 
0 lh 1 2 4 

Salt Age Stress Ratio Stress Ratio Stress Ratio Stress Ratio Stress Ratio 
Sodium 28 da. 4460 1.00 4190 0.85 3850 0.77 3710 0.75 3450 0.70 
Chloride 3 mo. 5610 1.00 5030 .90 4880 .87 4460 .80 4210 .75 ~ 

1 yr. 6140 1.00 5570 .91 5380 .88 5260 .86 4950 .81 <::':""· 
~ 

3 yr. 6780 1.00 6220 .92 5950 .88 5690 .84 5310 .78 
<:<> "' .,....

Sodium 28 da. 4430 1.00 4420 1.00 4170 0.94 3870 0.87 3570 0.81 ""· 
~ 

Sulphate 3 mo. 5410 1.00 5290 .98 4940 .91 4640 .86 4350 .80 
0

1 yr. 6090 1.00 5900 .97 5400 .89 5450 .90 5170 .85 ........ 
3 yr. 6420 1.00 6300 .98 5870 .92 5710 .89 5930 .92 ""3 

~ 

Sodium 28 da. 4610 1.00 4360 0.95 3980 0.86 3290 0.71 2570 0.56 l:'l 
~ 

Carbonate 3 mo. 5600 1.00 5250 .94 4830 .86 3990 .71 3360 .60 <:<> 

1 yr. 6300 1.00 5910 .94 5420 .86 4630 .73 4020 .64 t;:lj
3 yr. 6130 1.00 6230 1.02 5880 .96 5160 .84 4920 .80 :;:::..... 

~Magnesium 28 da. 4470 1.00 4540 1.02 4430 0.99 4530 1.01 4420 0.99 .,........Chloride 3 mo. 5500 1.00 5470 .99 5450 .99 5700 1.04 5530 1.00 os
1 yr. 6030 1.00 6120 1.02 6150 1.02 6310 1.05 6420 1.07 
3 yr. 6640 1.00 6700 1.01 6580 .99 6730 1.01 6800 1.02 

Magnesium 28 da. 4470 1.00 4680 1.05 4680 1.05 4520 1.01 4570 1.02 
Sulphate 3 mo. 5420 1.00 5620 1.03 5470 1.01 5710 1.05 5800 1.07 

1 yr. 5930 1.00 6170 1.04 6380 1.08 6030 1.02 6330 1.07 
3 yr. 6300 1.00 6910 1.10 6650 1.05 6780 1.07 6990 1.11 
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It is felt that the following explanation, by Dr. E. P. 
Schoch, Director of the Bureau of Industrial Chemistry, of 
the probable chemical behavior of the salts used in the 
mixing water adds much to the completeness of this 
Bulletin: 

"In order to recognize the probable effect of these salts 
upon cement, we must consider the changes involved in the 
setting of cement. Our present knowledge of these changes 
teaches us that when water comes in contact with cement its 
constituent particles-calcium aluminates and calcium sili
cates-dissolve on the surfaces touched by water and this is 
followed by the separation of jelly-like masses from the 
solution, and this in turn is followed by the separation of 
crystals of hydrated tricalcium aluminate (needles and 
hexagonal plates) as well as amorphous particles of 
hydrated calcium silicate from the solution, the solids rami
fying the gel in all directions and stiffening it. This combi
nation of hydrated solids glued together by the gel gives 
cement its cohesive power, and anything that affects the 
quantity and stiffness of the gel will affect the strength of 
the cement. 

The conversion of a part, or all, of the water to a gel and 
the first stiffening of the gel with hydrated crystals takes 
place usually with two to four hours and is known as the 
"initial set" of the cement. The influence of various sub
stances upon the times required for this initial set has been 
observed and studied by many, but this is not the phe
nomenon studied here. The time required for the initial 
set is determined by various influences, which bring about 
the formation of jelly and of crystals. This change consists 
merely in disturbing an unstable system-namely, the 
supersaturated solution-and even slight differences may 
greatly affect the time required. 

The strength of the cement does not necessarily bear 
any relation to the time of set, but is directly dependent 
upon the permanent toughness and relative amount of gel 
in the hydrated mass. 

This gel is composed partly of mono-calcium aluminate, 
CaO, Al20 3, and partly of hydrated alumina, while the 
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liquid contains calcium hydroxide in solution to an extent 
expressed by saying that its pH value is 11.2. The pH 
value is a measure of the causticity of solution. With a 
value less than this, mono-calcium aluminate reacts with 
water (hydrolyzes) according to the equation-

GaO, Al 0 +4H 0=Ca(OH) + 2Al(OH)
2 3 2 2 3 

while with a pH value higher than 11.2, Ca ( OH) 2 either 
reacts with hydrous alumina, thus reversing the above 
change, or it forms tricalcium aluminate, thus: 

CaO, Al 0 +2Ca(OH) =3Ca0, Al 0 +H 02 3 2 2 3 2

which substance is insoluble and separates in crystalline 
form (as mentioned above). Thus the pH value of the 
solution is automatically kept constant. 

Coming now more directly to the subject before us-the 
influence of salts in the water mixed with the cement, we 
must realize that those salts which react with caustic solu
tions with a pH value of 11.2 will react before they pro
duce any other effect. Thus, with the salts use in this work 
the following reactions will take place immediately: 

(1) Na C0 +Ca(OH) =CaC0 +2NaOH
2 3 2 3 

(2) MgCl
2 
+Ca (OH) 2 = :Mg({)H) 

2 
+ CaCl

2 

(3) MgSO +Ca (OH) =Mg(OH) +CaSO
4 2 2 4 

(4) FeSO +Ca (OH) =Fe(OH) +CaS0
4 2 2 4 

The four insoluble (underscored) substances produced 
naturally exert no particular further effect except that 
Mg ( 0 H) 2 and Fe ( 0 H) 2 being colloidal, or flocculent, may 
serve to stiffen or strengthen the gel,-an effect which the 
results of the tests actually appear to indicate. 

This leaves us with the following compounds to consider: 
CaCl2 , CaS04 , NaCl, Na2S04 and NaOH. We will consider 
CaS04 first: CaS04 is known to be a retarder of the initial 
set, but its action does not affect the final strength. Its 
retarding effect on the initial set is probably due to the 
sulphate ion, because the mixture contains Ca++ ions from 
other sources and a few more will scarce produce any effect. 

The S04 ion probably retards the act of gelation because 
the particles of the gel in cement are probably charged 
negatively by absorbing an excess of OH- ion, hence any
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thing which increases the amount of negative charges on 
the colloid particles will tend to peptonize or dissolve them 
or keep them from coagulating. Since the bivalent ion, 
So4 is adsorbed quite extensively, it will tend to prevent 
gel formation, and thus hinder setting. 

However, eventually CaS04 combines with calcium alum
inate to form an insoluble compound, and thus the CaS04 is 
entirely removed from the sphere of action. 

Practically the same is true of CaCl2 except that CaCl2 

produces no retardation of the initial set,-in fact, it pro
duces an acceleration. However, attention has already 
been called to the fact that very slight effects may influence 
the time required for the initial set, and that this may have 
no direct connection with the eventual strength of the 
cement. It is probable that the acceleration of the initial 
set produced by CaCl2 is due to the slightly greater concen
tration of Ca++ temporarily present,-which would tend to 
discharge the negative charges on the "dissolved" colloids 
and hence precipitate them, while the opposite tendency of 
the Cl- ion is much feebler. Thus the effect of CaCl2 is 
easily opposite to the net effect of CaS04 • 

Next we will consider the very great effect due to the 
sodium hydroxide formed from sodium carbonate :-the 
peptonizing or dissolving effect of this substance upon 
hydrous alumina, and hence probably upon mono-calcium 
aluminate is well known. This dissolving effect lessens the 
quantity or the stiffness of the gel and this probably ac
counts for the loss of strength in the cement. 

Coming next to the Na2S04, we may consider that the for
mation of the insoluble calcium sulpho-aluminate will bring 
about the reaction Na2S04 +Ca (OH) 2=CaS04 +2NaOH 
because the CaS04 here formed is changed, in turn, to the 
insoluble sulpha-aluminate. However, the separation of the 
calcium sulpha-aluminate is not as rapid as that of CaC03

or in other words, the above reaction will take place only 
gradually, and at no time is all of the Na2S04 likely to be 
changed. Nevertheless, the NaOH produced thereby will 
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form some sodium aluminate in the solution, and this prob
ably peptonizes or dissolves the gel sufficiently to affect its 
consistency. 

Sodium chloride acts in the same way because an insoluble 
caleium chlor-aluminate is known to be formable under 
these conditions. 

Hence stating the final conclusion in the simplest way, we 
may say that of all the salt ingredients used in this work 
only sodium ion is harmful, and this somewhat in proportion 
to the extent that the sodium compound used will be changed 
to sodium hyxdroxide,-the latter serving to peptonize or 
dissolve the gel and thus weakening this binder." 

The following references bear upon the preceding dis
cussion: 

The Hydrous Oxides, by H. B. Weiser (McGraw-Hill Book 
Company), page 393. 

U. S. Bureau of Standards Technologic Paper 43: Hy
dration of Portland Cement. 

Blum, J., American Chemical Society, 35, page 1499. 
Rock Products (Chicago), Vol. 30, No. 19, page 51. 
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