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ABSTRACT 

Mixtures of 12 commercial portland cement clinkers and water were filtered 
at 7 minutes and at 2 hours after m ixing, and the chemical composition, pH, 
conductivity, surface tension, and density of the extracts were determined. The 
effects on the composition and physical properties of the extracts, produced by 
the addition of small amounts of various materials to the pastes, were studied 
in parallel experiments. The added materials included gypsum, which was used 
in preparing the cements from the clinkers, calcium chloride, calcium acetate, 
fluosilic ic acid, sucrose, T D A, tannic acid, and triethanolamine. 

In the majority of the extracts, soda and potash were present in greater amounts 
than any of the other dissolved oxides. Relatively high concentrations of sulfate 
occurred in the extracts of the clinkers that contained the larger amounts of 
potash. The lime concentration and basicity of the extracts were largely deter
mined by the amounts of alkali oxides present. The concentration of silica cor
responded approximately to the reported solubility of silica in lime solutions. Low 
concentrations of oxides of the R 20 a group were found except in extracts from 
pastes con taining the added organic materials. 
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1. INTRODUCTION 

A comprehensive series of investigations was undertaken at this 
Bureau to provide much needed information on the character of the 
liquid phase following the gaging of portland cements with water, both 
in the absence and in the presence of various materials that have been 
suggested for the control of the reactions of hydration. The important 
variables in the study included: 

l. Compositions of the cement clinkers. 
2. Presence of additive materials. 
3. Time of the reactions. 

The first report on the series [1]1 presented observed relations 
between the potash and the sulfur trioxide contents of the clinkers 
and of the extracts, leading to the belief that potash is present in many 
clinkers partly as potassium sulfate. The present (second) report 
gives information on the effects of clinker composition, character of 
material added, and time of reaction on the composition, surface 
tension, density, hydrogen-ion concentration (pH), and specific 
conductivity of the extracts. The third report [2] includes data on 
the effects of these same variables on the heats of hydration of the 
clinkers, the flows and strengths of specimens fabricated from the 
pastes after removal of the extracts, and the results of certain miscel
laneous tests on the clinkers. 

Because the amounts of extractable soda and potash in cements 
and their possible effects on the properties of cement products have 
been much discussed subjects for many years, the clinkers used in 
this study were chosen to give a large range in soda and potash con
tents. The materials added to the clinkers were gypsum, calcium 
chloride, calcium acetate, fluosilicic acid, sucrose, T D A, tannic 
acid, and triethanolamine. These substances are referred to as 
It added materials" or" addition agents" rather than as" admL'{tures." 

II. MATERIALS 

1. CLINKERS 

The chemical analyses and computed compound compositions of 
the clinkers [3] are presented in table 1. It is to be noted that the soda 
content varied from 0.02 to 0.87 percent and the potash content from 
0.05 to 1.32 percent. 

The clinkers represented standard (Nos. 1,2,3,4,6,7,11, and 12), 
moderate-heat-of-hardening (Nos. 5, 8, and 9), and sulfate-resisting 
(No. 10) types. No.2, a white clinker (low F~03)' had a high 
ignition loss and high free-lime content. Nos. 4 and 5 were the 
products of one manufacturer, and Nos. 7 and 8 were the products 
of another manufacturer. All the remaining clinkers were obtained 
from different plants. 

The clinkers, in 600-lb lots, were ground to the finenesses reported 
in table 1, as determined by Wagner's method f4]. The experiments 
on a given clinker were nearly completed before the next clinker was 
ground. 

I Figures in brackets indicate the li terature referenC<'.s at the end of this paper. 



TABLE 1.-Chemical analyses, potential compound compositions and finenesses of ground clinkers 
- - --- ----- -- ---------

C h emical composition, percent L oss Potential compound composition,- percent 
C linker on ig· Insol· Free 

uble CaO 
SiO, Fe,O, AhO, CaO MgO Na.O R,O SO, nition 3CaO.SiO, 2CaO.SiO, 3CaO.AhO, 4CaO.AJ,O,Fe,O, 

------------------------------------

L .............. 23.9 5.6 3.4 64.6 0.6 0.56 0.05 0.09 1.1 0.3 0.1 50 31 0 17 
2 •••.•.•.•...•.• 24.9 0.5 4.2 64.1 .9 .04 .25 .00 5. 3 .3 5. 3 22 55 10 1 
L .............. 22.0 2.5 5.7 67. 6 1.1 .02 .11 . 01 1.1 . 3 0. 7 63 16 11 7 
L . ............. 22.3 2.5 5.8 64.0 2.8 .09 1. 32 .51 0.9 .3 .4 47 29 11 8 
5 •..•.•.•.•••.•. 22.8 4.3 5.0 62.8 2. 9 .05 l. 05 .37 .9 . 4 .2 42 34 6 13 
5 .•••...•.•.•.•. 22.1 2.5 5.4 64.7 2.6 . 62 0. 53 .IS l.3 .2 .9 52 24 10 8 
7 ••.•.•.• • •..... 2l. 7 2.2 6.8 65.2 2.7 .18 .18 .32 0.7 .3 . 8 50 25 .14 7 , ............... 22.4 4.6 5.0 64.8 2.1 .17 .20 .30 . 4 .2 1.0 49 27 6 14 
~ ............... 22.8 5.3 4.0 64.7 1.4 .S7 .09 .35 . 5 .5 0. 1 55 24 2 16 
10 ........... .. . 26. 0 2.S 2. 6 65. 8 1.5 .13 .26 .12 .8 .3 .8 45 40 2 9 
ll . .. ... . ....... 22.4 2. 3 5.9 64.4 3.7 .43 .37 .12 .7 .5 .4 47 28 12 7 
[2 .............. 21.6 3.9 6. 7 64.7 1.3 . 12 .76 .28 .8 .3 .7 46 27 11 12 

-------- '. 

• Potential values calculated with corrections only for free CaO. 

Fine· 
ness 

cml/u 
1,760 
1,960 
2,260 
1,850 
1, 830 
1, 780 
1, 840 
1,850 
1,850 
1,820 
1,910 
1, 820 
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2. ADDITION AGENTS 

The cements were prepared by adding a finely ground commercial 
gypsum (46.7 percent of 803, 20.1-percent ignition loss) to the ground 
clinkers in such amount that the mixtures contained 1.75 percent of 
803 as gypsum. Agreement of the analytical determinations of 80a 
made on random samples indicated that uniform mixtures were ob
tained when the clinker-gypsum composite had been mixed for 2 hours 
in a ball mill containing a few pebbles. 8uch mixing had no detectable 
effect on fineness. 

The following materials in percentages by weight of clinker were 
dissolved in the mixing water used in preparing pastes: 

Calcium chloride _________ _____ _______________ ____ 2 1. 456 
Calcium acetate ________ ___ _____ __________________ 2 1. 347 
Fluosilicic acid_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 O. 330 
Sugar__ ___ __ ____ _____ ______ ___ _____________ ___ __ .050 
Tannic acid_ ____ _______ ___ __________________ _____ .200 
Triethanolamine__ __ _ _ __ ___ _ __ __ _ _ _ __ _ _ _ __ _ _ _ __ _ _ _ . 100 

T D A, defined by its manufacturer as a mixture of "triethanol
amine and highly purified soluble salts of modified lignin sulfonic 
acids," was dissolved in water (1 T D A:7H20 by weight) and the 
solution sprinkled on the ground clinker. The mixture, which 
contained 0.033 percent of T D A and 0.23 percent of added water, 
was immediately placed in a ball mill with a few pebbles and mixed 
for 2 hours. It was not used for making up pastes until about 24 
hours after mixing. 

III. EXPERIMENTAL PROCEDURE 

1. PREPARATION AND FILTRATION OF PASTES 

A batch of 7,000 g of clinker or cement, plus 2,450 g of water 
(cement-water ratio=2.86) or solution containing the addition agent, 
was mixed by hand for 2~ minutes. Immediately after completion 
of the mixing, the paste was placed in a specially constructed air
pressure filter, previously described [1], and as much of the solution was 
removed as was permitted by the water retentivity of the paste. The 
average time of contact of hydrating clinker and solution was about 
7 minutes. A second corresponding mixture was also prepared. 
This was aged for 1 hour and 55 minutes and then remixed and filterp,rt 
as the first. 

The quantities and colors of the filtrates were observed and recorded. 
In order to remove the air which had dissolved during the pressure fil
tration, all solutions were refiltered through a hardened filter paper 
into a partially evacuated flask. This procedure eliminated the forma
tion of bubbles in the conductivity and surface-tension cells and in 
the picnometer. Precautions against contamination of the filtrates 
by the CO2 of the air were taken by the use of soda-lime tubes . 

2. CHEMICAL ANALYSES OF FILTRATES 

The filtrates were aliquoted into desired amounts for the various 
analytical procedures shortly after filtration. The basicity was ob
tained by titrating the filtrates with standardized HCI, using phenol
phthalein as the indicator. The average time of contact of the other 

, Anhydrous basis . 
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aliquots of the basic solutions with glass receptacles prior to addition 
of HCl was about 20 minutes. The solutions were analyzed for the 
following constituents: SiOz, RzOa, CaO, MgO, S03, N azO, and K 20. 
The amounts of Alz0 3 and Fe203 were generally determined when the 
R Z0 3 precipitate was comparatively large. CrZ03 was estimated when 
its presence was indicated by a green color of the ignited R20 3 • In 
addition to these, the amounts of Cl, CH3COO, and F were determined 
when calcium chloride, calcium acetate, and fluosilicic acid, respec
tively, had been added to the mixing water. 

Standard procedures of analysis were followed, blank determinations 
being made and proper corrections applied. Si02, R20 3, CaO, MgO, 
NazO, KzO, S03, and Cl were determined gravimetrically. 
Cr203 was estimated colorimetrically. Fc203 was determined volu
metrically by titration with K 2CrZ07' N a20 was precipitated and 
weighed as sodium uranyl zinc acetate. K20 was precipitated as 
potassium chlorplatinate, which was reduced to Pt and the Pt weighed. 
Acetate was determined titrametrically on distillates from mixtures 
of the original solutions plus H3P04 [5]. Fluorine was determined 
according to a method reported by Hoffman and Lundell [6]. 

3. pH AND OTHER CONSTANTS OF FILTRATES 

Immediately after filtration, portions of the solutions were trans
ferred to the receptacles used in the determination of pH, conduc
tivity, surface tension, and density. These were placed in an air 
bath, which maintained the temperature of the solutions at25° ± 0.03° C. 

The determinations of pH were made by measuring the emf of the 
cell, Ee, 

Pt(Pd black)H2 (g)IH+(solution) IKCl(saturated) IHg2C12IHg 
EI Ez Eo 

at 25° C with a calibrated potentiometer, using a sensitive galva
nometer and a standard cell. Details of the apparatus, including the 
cell setup, have been described [7]. The pH values of the solutions, 
after the values of Ee had been me9sured, were computed from the 
relation, 

H _ Ee- (EI + E 2+ Eo) 
p - 0.05914 ' 

in which Eo is the standard potential of the saturated calomel electrode, 
and EI and Ez represent the potentials that are developed at the liquid 
junctions designated in the cell setup. 

The values of the liquid-junction potentials, EI and E 2 , may be 
approximated by the use of the modified Henderson equation [8]. 
However, the computations of the value of EJ are extensive and yield 
only a fair approximation for complex solutions such as those obtained 
in this study. Instead of using a reported value for Eo and correcting 
for the liquid junction potentials by Henderson's equation, an alternate 
method was employed as described below. 

The cell was standardized against solutions of potassium hydroxide, 
the pH values of which were computed by Hamer [9]3 and are given 
in table 2. The voltages, Ee, of the cell for various concentrations of 
potassium hydroxide solution, ranging from 0.05 to 0.5 N were 
measured. The standard pH (designated as pHs) for each concen-

• In computing the pH values, Hamer used the best reported values [1 OJ lor the activity coefficients 01 
potassium hydroxide, and the ionization constant 01 water, K~, equal to J.008XlO-l< at 25°C [l1J. 
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tration of potassium hydroxide was then obtained from a pH, curve 
of Hamer's data. Having the value of this standard pH. and the emf 
of the cell, E e, for It given potassium hydroxide solution, the voltage 
of the calomel electrode, including the two liquid-junction potentials 
(Eo+ E, + E 2) represented by Eea' was computed from the relation 

Eeal=Ee-0.05914 pH •. 

TABLE 2.- Concentrations oj solutions of potassium hydroxide and their pH values 
computed by Hamer [9] 

I Concentration pH Conccntration pH Conccntration pH 

Moles/l ,000 Mol .. /l,OOO Mole8/1,OOO 
g of solvent U of solvent U of 80IDent 

0. 05 12.61 0.35 13.41 2.00 14.25 
. 10 12. 90 .50 13.06 3.00 14.51 
.15 13.06 .75 13.74 4.00 14.73 
.25 13.27 1.00 13.88 

The Eea' values for the range of potassium hydroxide concentra
tions from 0.05 to 0.5 N were found to vary systematically between 
0.2346 and 0.2354 v. The extremes of this range represent a dif
ference in pH of 0.01 units. Since the use of the average value for 
Eca' of 0.2350 v would introduce a maximum error of only 0.01 pH 
unit, all reported values of pH were computed from the equation 

pH Ec-0.2350 
0.05914 . 

During use, the cell setup was readily checked against a solution of 
KOH of known strength. Such calibration was found to be far more 
satisfactory than that obtained by the use of potassium acid phthalate 
buffer. 

Conductivities were measured with calibrated equipment, and the 
results are accurate to about 0.1 percent. 

The capillary-rise method was employed in the surface-tension 
measurements, the cell being calibrated with water, using the value of 
71.98 dynes/em [12]. The results on solutions of pure salts were 
reproducible to ±0.03 dyne/em, but the filtrates from the clinker 
pastes frequently contained surface contaminants, presumably 
traces of oil picked up during filtration, and therefore the errors 
for such solutions were high. 

The densities of the filtrates, determined according to standard 
procedure and corrected to vacuum, are accurate to about 1 part in 
10,000. 

IV. RESULTS AND DISCUSSION 

1. GENERAL EXPERIMENTAL RESULTS 

The data for the filtrates are reported in table 3: All the results are 
for single determinations only. However, in a few scattered instances 
duplicate analyses of a given filtrate were made for one or more of 
the following: CaO, S03, Na20, K 20, and basicity. The results 
of these tests agreed within 1 percent or less of the amounts reported, 
except those for Na20 when present in small amounts or when prescnt 
with much K20. These differences were generally larger, ranging up 
to 10 percent (clinker 4) . 



TABLE 3.-Chemical composition and physical properties of the aqueous phase of Portland cement clinker pastes with and without added materials 
fy=faint yellow. 
y=yellow. 

'" c=colorless. 
~ w(c) =white (colloidal) • 

fb=faint blue. 
b=blue. 

vfb=very faint blue. 
...., ... 
00 

I . N G Calcium Calcium Fl'Ii' 'd S T D AT"d T ri· t; Added materiaL .....•.• one ypsum chloride acetate UOSI C1C aCl ucrose anmc aCl ethanolamine 

1 Filtered at. ......•...... 7 min I 2 hr 7 min I 2 hr 7 min I 2 hr 7 min I 2 hr 7 min I 2 hr 7 min I 2 hr 7 min I 2 hr 7 min I 2 hr 7 min I 2 hr -

CLINKER 1 

wtofsoln ....... . ... (g). 845 865 940 775 595 645 515 500 865 855 1055 810 1005 870 975 840 690 390 
Colo'-. ............... .. fy fy fy Y c w (c) c y y fy Iy y fy Y Iy Ib fb 
Surface tension. (dynesl 

cm) .. 71. 65 71. 66 71. 75 71. 86 73.02 72. 85 72. 13 72.00 71. 92 71. 98 71. 42 71. 85 72. 10 71. 66 72.03 71. 69 71. 77 71. 91 
Density .......... (g/ml) 0.9995 1. 0005 1. 0014 1. 0022 1. 0302 1. 0247 1. 0195 1. 0181 0. 9992 1. 0003 0.9999 1. 0005 1. 0001 1. 0006 0.0996 0.0006 1. 0011 1. 0035 
pH ........... ........... 12. 68 12.72 12.62 12.66 12.03 12. 16 12.29 12.33 12.49 12. 69 12.64 12.72 12.64 12. 70 12.67 12.74 .........•.. .... 
Specific conductivity 

((l-l) .. 0.01210 0. 01401 0.01178 0.01424 0.06165 0.05350 0.02503 0.02473 0.0816 0.01328 0.01095 0. 01391 0. 01160 0.01426 0.00919 0.01403 0. 01227 0.02670 
SiO' ....... .... (gfliter) ... OOO .000 .002 .002 .000 .000 .004 .004 .OOS .003 .002 . 022 .000 .000 .000 .000 .000 .000 
R,O, .• """'. (gfliter) .. .002 .004 .003 .004 .002 .002 .005 .004 .002 .001 .003 .007 .017 .005 .012 .003 .908 .320 
AJ,O •.......... (g/liter) . .......... " ... , .....•................... """ .. . ....................... """" . ..... .. ........ ... ... . . ... ..... . . ... . . . .. ...... .566 .256 

~~'8~~~~::::::: i~~l~:~l:: 'i~7a' " ' i~ 47'" 'i22'" 'iao'" 2ii~5g'" i6~48'" i4~oi'" i2:39'" ' ijii'" ' i ~39'" ' i~58'" 'i ~42'" ' i~63 ' " ' i~55' " 'i:3i'" ' i:42' " 1: ~i2 : g~ 
SO, ............ (g/Jiter) .. 0.02 0.03 0.96 1.05 0.01 0.00 0.00 0.00 0.01 0.00 0.02 0.03 0.02 0.02 0.04 0.01 0.01 .01 
Na,O .......... (g/Ji ter) ... 07 .59 .06 0.27 .25 .83 .21 .98 .05 .56 .05 .66 .12 .59 .07 .66 .21 2.81 
K,O ... . ....... (gfliter) ... 02 .09 .02 .07 .05 .07 .00 .05 .01 .03 04 .09 .02 .04 .04 .08 .00 0.04 
CL ....... .... (gfliter) .. ... "'" ......... , .. " .......... 24.56 19.81 ........ ..... ..•..... '" ........ """" .........................•.............•...........•••.• 
CH,COO •.... . (gfliter) ...•...... "." .. , ..............•................. 26.95 25.12 """" •.............. ' ........ " """ """" ........ """" ............... . 
F ............. . (gfliter) .. _ .. __ . __ .... __ _ . _. _ .. _ .. __ ... __ ... ____ .. __ . __ ... __ .. __ .... ____ ._.00 .00 ..... __ ..... _ •.. ___ . __ .. __ ....... __ . .. __ ........ . _ .•....... __ ._. 
Basicity (OH-) __ (equiv/ 

liter) .. . 063 .069 .0540.0610.0410.050 0.048 0.049 0.040 .065 . 056 .068 . 060 .071 .046 .070 .077 . 140 

~ 
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TABLE 3.-Chemical composition and physical properties of the aqueous phase of Portland cement clinker pastes with and without added 
materials-Continued 

Added materiaL _______ 1 None Gypsum Calcium Calcium Fluosilicic acid Sucrose TDA Tannic acid Tri-
chloride acetate ethanolamine 

Filtered at. _____________ 1 7 min I 2 hr 7min I 2 hr 7min I 2hr 7min I 2hr 7min I 2 hr 7min I 2 hr 7min I 2 hr 7min I 2 hr 7min I 2 hr 

-
CLINKER 2 

wtofsoln ___________ (g) __ 660 590 980 835 945 435 835 635 615 600 845 500 855 630 235 520 430 535 
Color. __________________ c c fy fy fy fy w (c) c c c fy y c fb fb 
Surface tension_ (dynes/ 

cml __ 72.00 72.04 71.99 72.02 72.9172.6771.6772.2301.9171.90 ________ 71.96 71.91 72.00 71.83 71.96 71.85 71.80 
Density _______ (gm/ml)__ 1. 0001 1. 0005 1. 0017 1. 0022 1. 0293 1. 0236 1. 0191 1. 0181 0.9992 1. 003 1. 0000 1. 0005 1. 0002 1. 0004 0. 9993 1. 0005 1. 0001 1. 01)1)9 
pH ______________________ 12.66 12.73 12.64 12.67 12.12 12.09 12. 29 12.35 12.59 12.69 12.62 12.72 12.67 12.69 12.53 12.67 _______________ _ 
Specific conductivity 

(f!-l) __ 0.01261 0.01477 0.01258 0.01462 0.06084 0.05!l13 0.02504 0.02502 0.0100 0.01 360 0.01112 0.01454 0.01295 0.01425 0.00906 0.01446 0.01094 0.01483 
SiO, ___________ (g/liter) __ .000 .000 .002 .001 .004 .004 .002 .003 .003 .001 .000 .001 .000 .013 .000 .001 .000 .000 
R,O, __________ (g/liter) __ .001 .002 .005 .005 .003 .003 . 002 .002 .002 .001 .024 .004 .002 .003 .005 .003 01.215 °.668 AhO, __________ (g/liter) ______________________________________ __ __ ______ _ .. __________ __ ______ __ ____________ .024 ______ _______ _____ _______________________ 1.16 . 66 
Fe'O' ____ ______ (g/l iter) __ ___ _________ ________ ____ ___ ___________ __ ___ __________ ___ ____ ____ ____ ______ _________________ _________________ ________ ____ __ __ ____ 0.024 .007 
CaO ___________ (g/liter) __ 1. 27 1.11 2.00 2.14 19.92 15.85 13.66 12.60 1.11 1. 20 1.19 1.15 1. 42 1. 26 .93 1. 20 .61 .52 
SO, __ __________ (g/liter) __ 0.00 0. 00 1.13 1.16 0.03 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 .00 0.00 . 01 .01 
Na'O __________ (g/liter)__ .13 . 19 0.09 0.12 .10 .15 . 09 .14 .06 .12 .10 .19 .11 .17 .09 .16 .11 .20 
K,O ___________ (g/liter) __ .43 .95 .29 .54 .33 .72 .45 .73 .40 .89 .30 .71 .49 .88 .13 .69 .55 .95 
CL ___________ (g.lliter) __________________________________ 23.78 19.35 ____ ____ ___ _____________ ____ ___________________________________________________________________ _ 
CH,COO ______ (g/liter) __________________ ________________________________ 27.11 25.12 . ____ _____ ___ _________ __ ______ ___ ___ ________ ____ .. __ _____ _ _____ _____________ _____ _ 
F ________ _____ (g/liter)__ ________ _______ _ ____ ___ _ ________ ________ _____ ___ ___ ___ __ ________ .001 .001 ____ ____ ___________ ________ __ _______________ ___________________ _ 
Basicity (OH-) __ (equivj 

liter) __ .062 .069 .056 .066 0.048 0.043 0.048 0.051 .049 .065 .055 .069 .065 .069 .043 .069 .066 .083 

• V,O, present in small amounts. 
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CLINKER 3 

wt of soln ___________ (gl-_ 710 725 820 625 640 440 505 285 505 675 615 685 665 685 525 600 1 2651 465 
Color____________________ c fy fy fy c (w) c c c c c c c c c b b 
Surface tension 

(dynes/cm) __ 72.040 72. 00 71. 93 72.00 72.75 72.56 ____ ____ ________ 71. 83 71. 92 72.00 71. 98 ________________ ____________________________ ___ _ 
Density __ _____ __ (gjml) __ 1. 002 1. 0002 1. 0019 1. 0016 1. 0265 1. 0196 1. 0135 1. 0108 0.9999 1. 0002 1. 0003 1. 0003 1. 0001 1. 0007 1. 0001 1. 0000 1. 0008 1. 0011 
pH ________________ ______ 12.67 12.67 12.63 12.61 12.17 12. 15 12.41 12.27 12.62 12.60 12.68 12.68 __ ______________ 12.67 12.66 ________ ______ _ _ 
Specific conductivity 

(0-1) __ 0.01252 0.01251 0.01323 0.01272 0.05650 0.04495 0.02209 0.01873 0.01098 O. 01166 O. 01304 O. 01298 O. 01285 O. 01302 O. 01269 O. 01262 O. 01004 0.01501 
SiO. _____ ______ (g/liter) __ .001 .000 .001 .000 .000 .004 .002 .002 .001 .000 ___ _________ _____ _________________ ______________ .002 . 001 
R,O, _________ __ (g/literl-_ .004 .005 .004 .006 .005 _____ ___ .001 .003 .003 .001 __ ______ ________ ______ __ __ ______ _____ ___ ________ .273 .137 
AJ,O. __________ (g/liter)__ ____ ____ ________ __ _____ _ ________ __ __ ____ ______ __ ___ __ ___ ________ __ ___ ___ _____ ___ ______ __ ___ __ ___ __ _____ _ _______ _ __ ____ __ ______ __ . 154 . 113 
Fe'O' __________ (g/liter) _____ - -- -- __ .--- -- ______ ________ ___ _________ _ L __ _ ____ ____ ___ _____ __ __ ____ ________ __ ___ ___ ____ ____ ___ _____ ____ ____ __ ______ __ ______ . 119 . 024 
CaO ___________ (g/liter) __ 1. 58 1.52 2.34 2.17 18.40 13.68 10.01 8.07 1.44 1.43 1.58 1. 48 1.64 1.57 1.60 1.50 1.16 1.51 
SO. ____________ (g/Uter) __ O. 00 0. 00 1. 02 1. 03 0.00 O. 00 0. 00 0.00 0. 01 0. 00 0.00 0.00 0.00 O. 00 0.00 0. 00 0. 00 0.00 
Na'O __________ (g/liter) __ .06 . 07 0.05 0. 05 . 05 . 11 .08 .14 . 02 . 05 . 10 . 14 . 07 . 11 . 08 . 09 . 10 . 18 

~t~~~~~~==== ==I~~m~~l== __ ~~ _____ ~~= __ . __ ~=: _____ ~:~ ___ 21: t~ 1d~ __ ~~: _____ ~~~ _____ ~ =~ _____ ~~~ ___ __ ~~~ _____ ~~~ _____ ~~~ __ ___ ~~~ _____ ~ ~ = _____ ~~: _____ ~~~ _____ ~~ __ _ 
CH.COO ______ (g/liter) _c _____ _____ ______ __ ___ _______ ________ ___ __ ____ ___ 18.13 15. 38 __ ______ ___ ______ ______ _ ____________ ___ _ ________________ _____ ___ ____________ ___ _ 
F _______ _______ (g/liter) __ ____ ____ ________ __ ______ ________ ________ ________ __ ______ ______ __ .00 _00 __ ______ ____ ___________________ _ __ . __ ____ ______ _ _________ ______ _ 
Basicity (OH-) 

(equiv/liter)__ .064 .063 .063 .059 0.056 0. 045 0.055 O. 038 . 056 .058 .066 .065 .066 . 065 .065 .063 .058 . 086 

wt of soln __________ _ (g) __ 
Color ___ _______ _________ _ 
Surface tension 

660 
Y 

600 
Y 

670 
Y 

665 
Y 

580 
c 

620 
c 

CLINKER 4 

515 
c 

475 
c 

535 
Y 

(dynes/cm) __ 72. 26 72.28 72.27 72.25 72. 88 72.85 72.51 72.33 72. 18 
Density _________ (g/ml) __ 1.0216 1.0206 1.0239 1.0254 1.0295 1.0272 1.0224 1.0235 2.0187 
pH. _____________________ 13.19 13.41 12.99 13.07 12. 32 12.44 12.91 12.93 13.13 
Specific conductivity 

535 
Y 

405 
C 

450 
C 

735 
Y 

695 
y 

285 
y 

72. 66 172. 25 172. 75 172. 33 172. 34 172. 21 1. 0192 1. 0218 1. 0232 1. 0235 1. 0216 1. 0198 
13.46 ________ 13.58 13.00 13.30 13.26 

365 
fy 

265 
b 

72.30 1--------172.58 

1U~13 : ::::::: _=~~:~~_ 
(0-1)__ 0.06565 0.08800 0.05445 0.06040 0.07520 0.07380 0.05310 0.05545 0. 05810 0.09360 0.1102 0. 1172 O. 05484 0. 07420 0. 06790 0.1092 ______ __ 0.1232 

SiO, ___________ (g/literl-_ .025 . 012 .008 .OOS .008 .007 . 00 .00 . 007 .001 .016 .065 . 005 .011 .017 . 031 .059 
R ,O, ___________ (g/liter)_ _ .033 . 018 .060 .061 .006 . 001 . 002 .007 .045 .007 .231 .019 . 043 . 041 .057 . 011 .286 AhO, __ _______ _ (g/liter) ______________________ ____ __ ______ __________________ ___________ ___ ___ __________ ___ . 231 .019 ___________ __ __ _ _________________ __ ___ __ .051 
Fe'O. ___ _______ (g/liter) _____________ _________ __ ______ __ __ ________ ________________________ __ __ __ __ ___ ___ ____ __ ___________ __ ___ ____ __ ______ ______ __ ____ ____ .__ ____ _ .235 
CrzO. __________ (g/liter)__ .030 .015. .050 .050 ________ _____ ___ __ ___ ___ ______ __ .025 .005 ________ ________ .035 . 035 .025 ________ ___ ______ _____ _ _ 
CaO ___________ (g/ liter) __ .23 .21 1.00 1.05 7.1 3 4.61 1. 69 1.26 .12 .05 .05 .10 .66 .35 .10.11 .07 
SO, __ ________ __ (g/liter) __ 7.90 3.35 11. 72 11. 74 O. 04 0.01 0.04 O. as 6.89 .56 . 10 .10 11. 40 6.57 6. 14 .16 .06 
Na'O _____ _____ (g/liter) __ 0.48 0·79 0.35 0.52 .42 .45 .33 . 48 0. 12 . 21 .75 .92 0.20 0.26 0.28 .28 _____ ___ 2.47 
K,0 __________ _ (g/liter) __ 18.65 19.71 18. 23 19.34 21.08 22.74 21.74 23.46 17. 02 20.09 22. 22 23.35 18. 18 19.63 18.30 22.25 _____ __ _ 25.77 

8k-,coo-_~===~a~m~~l ~~ ~: :~:::= :=:==:== :~:::::: ::::==:: ~~~= ___ :~~~~ ___ 25:46--- 26:38--- : ~:~:~:= :~ ~~~::~ ~~:::~~= : ~:= ::: : :::::~:: :::: :: ~= :::::::: ::::::~: :::::::: : : ::~::: F ____ _______ ___ (g/liter) ______ _____ _____________ ___ _______ ___ ___________________ ____ ______ 0. 11 0.18 _______ _ _______ _ _______ _ __ __ __ ____ ____ ___ ___ _____ _______ ___ ___ _ _ 
Basicity (OH-) 

(equiv/liter) __ 0.213 0.358 0.134 0.162 0.048 0.052 0.103 0.102 .184 .397 0.492 0.524 0. 135 0.276 0.240 0.485 _______ _ , 0. 570 
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T ABLE a.- Chemical cQmpol!i~ion and physical properties 0/ the aqueous phase 0/ Portland cement clinker pastes with and :without added 
materials-Continued 

Calcium Calcium Tri-Added m ater iaL _____ __ -' None Gy psum chloride aceta te Fluosilieic acid Su crose TDA 'r annie acid ethanolam ine 

Filtered at __ ________ ___ -' 7 min I 2hr 

wt of soln ____ ______ (g)_ _ 495 
ColoL_____ ____ ________ _ y 

605 
c 

Surface tension 

7min I 

620 
y 

2hr 

660 
y 

(dynes/cm) __ 72.20 72. 02 72.08 72. 24 
Density __ ___ ___ _ (g/ml) __ 1.0126 1.0133 1.0159 1.0171 
pK ____ __ ____ __ ___ ______ 13.19 13. 39 12. 91 13. 04 
Specific conductivity 

7min 1 2hr 7min I 

625 575 425 
c c e 

2hr 

630 
c 

7 min I 2hr 

CLINKERS 

405 
Y 

465 
c 

72.95 172. 75 172. 28 1 ________ 171. 92 172. 11 
1. 0297 1. 0277 1. 0193 1. 0205 1. 0112 1. 0134 
m. m29 mH m~ m~ ~~ 

7min I 

245 
c 

72.09 
1. 0128 

13. 31 

2 hr 

520 
e 

72.50 
1. 0154 

13.43 

7min 1 

635 
Y 

72. 12 
1. 0154 

12.91 

2 hr 

735 
Y 

72.29 
1. 0150 

13. 13 

7min I 

285 
y 

71. 96 
1. 0126 

13.08 

2 hr 

465 
c 

7min 1 2hr 

325 
b 

72.39 1----- - -- 172. 05 1.0145 ___ ___ __ 1.0167 
13. 39 ______ ______ ___ _ 

(n-I ) __ 0.05520 0. 07555 0. 04160 0.04870 0.07070 0. 06875 0.03928 0.04152 0. 04085 0. 07390 0. 07045 0.08415 0.04120 0. 05275 0.04700 0.07950 __ __ ____ 0.08395 
SiO, ______ __ ___ (g/liter}_ _ . 029 . 015 .005 .004 .003 .002 .007 .000 . 006 . 000 .028 .020 . 007 .022 .028 .030 .048 
R,03 __ __ ___ ___ (g/liter) __ .023 .005 _031 . 029 .007 .006 .007 . 003 . 030 . 026 . 283 .013 .042 . 027 . 054 .012 .500 AJ,O, _______ __ _ (g/liter)__ ____ ____ __ ___ ___ _____ ___ ___ _____ ______ __ _____ ___ __ ______ ____ ____ __ __ ____ .026 .283 . 013 _______ _ ___ _____ ________ _______ _ ___ _____ .045 
Fe'O' ____ _____ _ (g/liter) __ __ ______ __ ______ ________ ________ _____ __ _ __ __ ____ __ ____ __ __ ______ ____ __ __ __ ____ __ ___ __ ___ ________ ____ ____ ___ _____ __ __ ____ __ ____ __ _______ _ . 455 
CroO, ______ ___ _ (g/liter) __ .010 .030 .025 ________ ____ ____ ____ __ __ ______ __ .015 _____ __ _ ___ _____ ___ ____ _ __ ____ __ _____ ___ .030 ____ ____ ______ __ __ _____ _ 
CaO __________ _ (g/liter) __ . 12 .15 . 96 1.09 11.48 9. 49 4. 69 4.46 .17 . 06 .04 . 13 . 65 . 42 .13.10 . 06 
SO, ___ ___ ______ (g/liter ) __ 2. 81 . 13 7. 76 7. 45 0. 04 0. 02 0. 02 0. 01 3.99 . 11 .15 . 08 7.53 5.15 4.08 . 09 .09 
Na'O _____ ___ __ (g/liter) __ 0.11 .17 0. 09 0.13 . 12 . 16 .18 . 23 0. 06 .20 .22 . 34 0. 10 0. 14 0. 12 . 42 .47 
K,O ___ _______ _ (g/liter) __ 13. 21 15. 08 12. 90 13. 92 14. 15 15.89 14. 71 16.20 11.49 15.49 14. 38 16. 91 13. 09 14. 13 12. 84 16. 14 ____ ____ 17. 72 

8l:r-3COC)_~= = : =i~Hi~:~l = : =: := :==: :=:===== ::==:::: =::::::: ::~~~ __ _ ~~~~ ___ 24~4ii--- 25~ iii --- =::::::: ::::::=: :::::::: :::::::: :::::::: :::::::: ::: : :: : ~ :::::::: :::::::: :::::::: F __ _____ ____ ___ (g/liter) ___ ______ ______ __ _ ___ _____ ______ __ ___ __ ___ _____ ___ ____ ____ ____ ____ 0. 09 0. 16 _____ __ __________ _________ ____ _ ___ ___ ___ _____ _____ ______ _____ _ _ 
BasiCity (OH-) 

(equiv/llter) __ 0. 211 0. 328 0. 110 0.148 0. 048 0.046 0.061 0.066 . 132 .315 0.307 0. 366 0.109 0. 181 0. 163 0.347 ________ , 0. ~1 
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OLINKER6 

wt of soln __________ (g) __ 480 535 670 635 670 555 660 550 560 525 435 545 755 735 295 520 440 
OoloL__________________ fy e y Y e e w (e) e e e e Y Y fy e b 
Surface tension 

(dynes/cm) __ 71. 80 72.21 72.08 72.33 72. 95 . _______ 72.34 72. 31 72.14 72.26 72. 20 72.23 72.29 72.23 72. 23 72. 34 -- __ ____ 72.38 
D ensity _________ (g/ml) __ 1.0007 1.0098 1. 0094 1.0120 1.0271 1.0273 1.017 1.0183 1.0064 1. 0095 1.0095 1.0122 1.0090 1.0097 1.0069 1.0108 ---- - --- 1.0155 
pH _______ ________ ___ __ __ 13.12 13. 29 12.92 12. 97 12.21 12.33 12.61 12.63 13. 14 13.29 13.17 13. 36 13.03 13.21 13.18 13.32 - ------- ------- -
Specific conductivity 

(n- I) __ 0.04195 0. 05890 0.03318 0.03818 0.06280 0.05890 0. 03298 0.03505 0.04260 0. 05785 0.05670 0.07020 0.03830 0.05085 0.04540 0.06380 -- -- ---- 0. 08090 
SiO, __________ _ (g/Jiter) __ .011 . 014 .005 .022 . 002 .014 .002 .000 .005 .000 .OOG . 005 .007 .005 .003 .005 . 014 
R,O, __________ (g/liter) __ .005 .007 .017 .018 .004 .006 . 014 .004 .014 .004 .325 .007 . 021 . 010 . 055 .043 - ------- .331 

~~~~~-_-::::====~~;m~~l== ======== ======== ======== ======== ===::=== ======== ====:=== =:=:=::: =====:=: ======== __ ~~~ ____ ~~~: __ ===:==:: :=:::::: :::::::: :::::::: :::::C:: :~ Or'O. __ ________ (g/liter)__ .005 .010 . 010 _____ ____ ____ ___ ______ _____________________ __ ___________ ---- - --- .010 . 005 -------- -------- -------- -- - -----
CaO __ __ ____ ___ (g/Jiter) __ .17 .23 1.17 1.10 12.42 8.80 5.76 5. 16 . 11 ' .12 . 07 .17 .41> . 41 .11 .20 . 12 
SO, _________ __ (g/Jiter) __ .80 . 06 4. 13 5. 34 0. 01 0.01 0.02 0.01 .26 .05 .03 . 03 2.97 1. 32 0.15 . 02 ________ . 02 
Na'O _________ .(g/liter) __ 2.20 3.37 2.05 2.87 2.93 3.92 3.37 .3.97 2.27 3.51 3.43 4.53 2. 43 3.00 2. 41 3.83 _______ _ 5.74 
K,O ___ _______ _ (g/li ter) __ 5.99 7. 22 5.25 6.23 6.46 7.41 6.66 7.27 5.37 6.67 6.73 7.68 5.88 6.50 5.56 7.25 ________ 8.88 

gir-,coci_~::j~;m~g:: ::::::== =:==:==: :====:=: ::=====: ~~~~~ ___ ::~~~ ___ 23~i5--- 24~26--- :=:::::: :=:::::: :=:=::=: :::=:=:= :=:::::: :=:::::= :::::::: :=:::=:= :=:=:::: ::::=::: 
F ______________ (g/liter) __________________________ __________ __ ___ ______ ____________ __ _____ 0.06 0.08 - --- ---- -------- -------- -------- ---- - --- -- --- --- -------- ---- -- --
Basicity (OH-) 

(equivjJiter) __ 0.179 0.266 0.116 0. 131 0.048 0.050 0.062 0.063 . 184 . 258 0.259 0.322 0.146 0.219 0.200 0.290 ________ 0.390 

wt of soln _______ __ _ (g) __ 330 Color ________ ______ ___ _ _ c 
350 525 

ly 
470 
ly 

610 325 
c c 

CLINKER 7 

365 
w(c) 

115 
c 

235 355 330 375 365 395 345 385 
c c c c c C 1 ________ 1 _______ _ 

Surface tension 
(dynes/cm) __ 72.00 72.04 72. 00 72. 00 72.88 72.46 72. 25 ______ __ 71.9 72.00 72.01 71.97 71.97 72. 04 71.98 72.01 1--------1 ---- ---

Density ___ ______ (g/mJ) __ 1.0027 1. 0035 1. 0044 1.0046 1.0250 1.0176 1.0113 1. 0052 1.0017 1.0035 1.0032 1.0042 1.0023 1. 0034 1.0027 1.0038 -- --- --- ------ -= 
pH ______________ _____ ___ 13. 10 13.16 12.85 12.79 12.17 12.19 12. 47 12.65 12.88 13.00 12.99 13.05 12. 91 13.00 12.95 13.03 ---- --- - --- - --- -
Specific conductivity 

(n- I) __ 0.02660 0.03050 0.02139 0.02156 0.05610 0. 04400 0.02314 0.02092 0.02245 0.03080 0. 02872 0. 03377 0.02433 0.02981 0.02666 0.03192 ------- - --- -----
SiO. ___________ (g/liter) __ .001 .002 .001 . 001 .000 .000 .005 . 007 .001 .002 . 003 .001 .002 .005 . 004 .005 -------- - - ----- -
R,O, __________ (g/liter) __ . 003 .003 .006 . 002 . 006 . 001 .007 .027 .016 .005 .017 .003 .014 .009 .018 .005 -------- -- ------
CaO ___________ (g/liter)__ .40 .33 1. 57 1. 44 15. 17 9.80 6.02 .75 .20 .27 .27 .32 .57 .47 .32 .36 -------- --------
SO, __ __________ (g/Jiter) __ .02 . 00 1.91 2.03 0.00 0.00 0.02 . 02 .01 . 00 . 00 . 01 .01 .00 .00 ---- ---- - - - -----
Na'O ___ ___ ____ (g/liter) __ 1.26 1. 57 0.87 0.97 .98 1. 38 1.29 2. 15 1. 13 1. 74 1.58 1.96 1. 05 1.54 1.41 1.79 -------- ----- ---
K,O ___________ (g/Ji ter) __ 2.84 3. 20 2.26 2.66 2.59 3.14 2.82 3.82 2.46 3.34 3.17 3.84 2.63 3.25 2.99 3.22 -------- ----- - --

~~~~~~~~:::1!*i~~l:: :::::::: :::::::: :::::::: :::::::: ~~:~~::: ~;:~~::: ~~:~~::: :~:~~::: :6:6;::: :6:6;::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: 
Basicity (OH-) 

(equiv/Jiter) __ 0. 117 0.136 0. 085 o. 084 O. 052 0.042 0.052 O. 056 .097 .135 0.126 0. 150 0. 109 0. 133 0.118 0.143 • ________ • ____ ___ _ 
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TABLE 3.- Chemical composition and physical properties 0/ the aqueous phase 0/ Portland cement clinker pastes with and without added 
materials-Continued 

Added materiaL ______ -I None Gypsum ~hIg;id~ ~~ti~'.:' Fluosilicic acid Sucrose T D A Tannic acid etha';;''i~mine 

FilteredaL _____________ 1 7min 12hr 7minF 7min I 2hr 7min I 2hr 7min I 2hr 7min I 2hr 7min I 2hr 7min I 2hr 7min I 2hr 

CLINKER 8 

wtofsoln __________ _ (gl-_ 510 560 640 620 670 500 405 385 385 595 445 540 715 590 325 485 215 
ColoL______ ____________ c c Y Y c w(c) c c c c fy fy c c c 
Surface tension 

(dynes/cm) __ 72.00 72.01 72.17 72.11 72.99 72.80 72. 30 72. 19 71.95 72.13 71.98 72.19 72.05 72.10 71.97 72.08 __ ___ ___ 71.9 
Density ________ _ (g/ml) __ 1.0035 1.0040 1.0052 1.0057 1.0259 1.0234 1.0151 1.0150 1.0022 1.0041 1.0030 1.0046 1.0042 1.0037 1.0032 1.0041 _______ _ 1.0066 
pH _______ __ _____________ 13.01 13.05 12.82 12.8112.1612.1912.4612.4312.9113.0412.98 13.09 ________ 13.02 12. 97 13.02 _______ _ _______ _ 
Specific conductivity 

(1)-1) __ 0. 03061 0.03306 0.02394 0.02504 0.05815 0.05445 0.02655 0.02655 0. 02441 0.03320 0.02843 0.03591 0. 02162 0.03146 0.02930 0. 0330L ____ ___ 0.04322 
SiO _____ _______ (g/liter) __ .002 .002 .002 .003 .000 .000 . 003 .001 .001 .001 .002 .002 .001 .004 .003 .003 ________ .002 
R,O, __________ (g/liter) __ .006 .006 .003 .004 .010 .008 .027 .005 . 009 . 003 .033 .008 .015 .009 .016 .002 ________ .015 AJ,O, __________ (g/liter) __ ________ ________ ___ _____ ____ ____ ____ ____ ________ ________ ________ ________ ________ .033 ____ _________ ______________________________________ __ __ _ 
CaO ___________ (g/liter) __ .44 .39 1.47 1.40 14.86 12.87 7.67 7.38 .23 .36 .36 .36 .96 .48 .23.38 .25 
SO, __________ __ (g/liter) __ .01 .01 2.21 2.48 0.00 0.01 0.04 0.01 0.01 . 01 .00 .00 1.83 . 02 .01 .00 ____ __ __ .01 
Na'O __________ (g/liter) __ 1.46 1.65 1.08 1.25 1. 39 1.62 1.51 1.74 1.13 1.71 1.38 1.93 1.01 1.49 1.52 1.69 ____ ____ 2.55 
K,O ___________ (g/liter) __ 3.35 3.48 3.07 3.34 3.33 3.87 3.67 3.92 3.01 3.46 3.11 3.76 3.11 3.62 3.49 3.83 _____ ___ 4.96 

~~~~?:-:::Jii!!~Hl:: :::::::: :::::::: :::::::: :::::::: ~~~~~::: ~~~~~: :: ~~:~~::: ~~:~::: :~~~~::: :~~~~::: ':::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: 
Basicity (OH-) 

(equiv/liter) __ 0.136 0.147 0.093 0.095 0.047 0. 048 0. 054 0. 049 . 105 . 147 0. 125 0. 161 0. 081 0. 140 0.129 0.147 ________ 0.205 

~ 
I'V 
~ 

~ 
~ 

t 
~ 
~ 
"" .", 

"" ~ 
C"> 
~ 

~ 
""'" ~ 
"" 
~ 
~ 
.".,. 

~. 

~ 
~ 
<N 

ttl 
~ .., 
():) 

~ 
~ 
V:! 
""'" 
~ 
~ 



CLINKER 9 

wt of soln __________ (g)__ 475 6% 585 630 650 480 340 525 565 565 635 620 840 710 705 540 125 230 
ColoL________________ ___ c c Y Y c c c c fy c ly c Y fy Y c c b 
Surface tension 

(dynes/em) __ 72.13 72.24 i2.18 72. 16 72. 96 72.83 72.43 72.38 ________ 72.26 72. 13 72.31 72.00 72.27 72.10 72.20 71. 95 72.44 
D ensity __ ___ ____ (gjml)__ 1. 0030 1. 0037 1. 0045 1. 0056 1. 0248 1. 0228 1. 0156 1. 0150 1. 0012 1. 0037 1. 0021 1. 0038 1. 0036 1. 0032 1. 0023 1. 0037 1. 0032 1. 0105 
pH ___ ___ ________________ 12.98 13.03 12.78 12.80 12.20 12.20 12.65 12. 66 12.73 13.01 12. 91 13.04 12. 78 12. 92 12.82 13.03 _________ ______ _ 
Specific conductivity 

(n-I ) __ 0.02762 0.03158 0.02148 0.02390 0.05595 0.05280 0.02600 0.02630 0.01759 0.03060 0.02330 0.03178 0.02060 0. 02693 0.02063 0.03139 0.02497 0.06040 
SiO, ____ _______ (g/liter)._ .000 . 001 .001 .002 .001 .002 .002 .000 .001 .002 .003 . 003 . 002 . 002 . 003 .004 .002 .005 
R , O, __________ (g/liter) __ . 003 .001 .008 . 009 . 006 .OOS .033 .011 .007 .004 .011 .004 . 016 .009 . 007 .002 .593 .088 
Cr,O, __________ (gjliter)__ ________ ________ .005 .005 ---- ___ _ -- ____ __ -- ______ --__ ____ ________ ________ ________ _______ _ ________ __ _____ _ .005 __ _____________________ _ 
CaO ___________ (gjliter) __ .80 .43 1.44 1.31 14. 21 12.15 8.27 7.07 .50 .52 .58 . 45 1.24 .85 .69 .39 .28 .14 
SO, _______ ____ _ (gjliter ) __ .00 .00 2. 08 2.55 0.01 0.01 0.03 0.00 .31 .01 .08 .01 1.55 .16 .68 . 01 .01 . 01 
Na'O __ ________ (gjliter) __ 2.99 3.89 2.53 3.27 3.94 4.77 3.85 4.82 2.11 3.84 2.71 3.96 2.55 3.06 2.50 4. 00 3.45 8.83 
K,O ___________ (g/liter) __ 0.35 0.35 0.2/! 0.33 0.33 0.34 0.30 0.29 0.21 0.44 0.34 0.31 0.26 0.31 0.2.1 0.31 0.38 0.60 CL ____ ______ _ (gjli ter ) ___ ____ __________ _ ________________ 20.70 19. 25 ___________________ _______ _____________________________________________________________________ _ 
CH,COO ______ (gjliter) _______________ ___ __ ___ ___ ________________________ 21. 40 21.11 _________________ ______________________________ _______ ___ _____ ___ __ ____ _ _______ _ 
F ______ ________ (gjliter)__ ________ _______ _ __ ____ __ __ __ ____ ________ ________ ________ ________ .03 .03 ___ ____ ________________ ____ ________ ___________ __ _______ ______ __ _ 

Basicity (OH-) 
(equiv/liter)__ .133 .150 .089 .096 0.050 0.047 0.059 0. 058 .079 .145 . 109 . 151 . 088 .128 .092 . 147 .13 .31 

wt of soln __________ (g) __ 605 695 Color __ ___ _______ _____ _ _ c 
Surface teusion 

(dynes/cm) __ 71. 99 72.21 
Density _______ __ (g/ml) __ 1. 0011 1. 0011 
pH. ___________________ __ 12.81 12. SO 
Specific conductivity 

700 
fy 

665 
vfy 

795 
c 

555 
c 

CLINKER 10 

495 
w(c) 

460 
w(c) 

515 640 525 
c 

605 905 
fy 

730 

72.11 172. 21 173.16 173. 00 1 ________ 1 ___ __ __ _ 171. 96 172. 03 172. 25 172.16 172.16 172. 17 
1. 0028 1. 0028 1. 0280 1. 0260 1. 0185 1. 0170 1. 0008 1. 0008 1. 0014 1. 0012 1. 0012 1. 0011 

12.72 12. 71 12. 15 12. 14 12.61 ________ 12.85 12.86 12. 82 12.79 12.71 12.76 

450 
c 

71. 96 
1.0011 

12.80 

635 
c 

350 
vfb 

485 
fb 

72. 10 171. 96 171. 97 

1~: ~glO _ ~~~~~~ __ ~~~~~_ 
(n-I ) __ 0.01783 8.01773 0. 01705 0.01678 0.06000 0.05675 0.02539 0.02467 0.01598 0.01656 0. 01882 0.01824 0.01557 0.01717 0.01771 0.01758 0.01 778 0.02178 

SiO ______ ______ (g/li ter) __ . 001 .003 .003 .003 .002 .003 . 151 .070 .001 .002 .002 .002 .002 . 002 . 002 . 001 .005 . 003 
R , O, __________ (gjliter) __ .005 .013 .005 .004 . 011 .011 .494 .232 .003 .002 .003 .002 .004 .003 .003 .000 .274 .083 
AJ,O, __ __ ____ __ (g/liter) __________________ ________________________________ . 417 .216 _________________ _________________ ______ _______________ _________ . 014 .003 
Fe'O' __________ (gjliter) __ __ __ ____ ________ ___ _____ ________ ________ ________ .077 .016 _____ ___ ________ ________ ________ ________ ________ ________ ________ .260 . 080 
CaO ___ ________ (gjli ter) __ 1.28 1.03 2.03 1. 87 18. 28 16.69 12. 43 11.06 1. 35 1.00 1.50 1.03 1.41 1.21 1.33 1.03 1. 38 1.04 
SO, __ __________ (g/liter) __ 0.01 0.02 1.29 1. 37 0.00 0.00 0.24 0.13 0.00 0. 00 0. 01 0.01 0.38 0. 01 0. 01 0.01 0. 00 0.00 
Na'O __________ (gjliter) __ .24 .34 0.18 0.23 .30 .40 .34 .39 .15 . 26 .22 .35 .15 .22 .23 .32 .27 .58 
K,O ___________ (g/liter) __ 1. 45 1.83 1.40 1. 63 1.61 1. 84 1.70 1.90 1.26 1.65 1. 59 1.84 1.50 1.61 1.52 1.74 1.66 2.38 CL _______ ____ _ (gjli ter ) __________________ ________________ 22.81 21. 27 __________________ ______________________ ____________ ________________ _____ ______________________ _ 
CH,COO __ ____ (g/literl- _____________________________________ __ ______ __ __ 21. 70 21.34 _____________________________________________ _______________ ___ __ ____ __ ________ _ 
F _______ _____ __ (g/liter) ___ ___ ______________________ ___ _________________________ __ ________ 0.00 0.01 __ _____________ _ ____________ ___ __________________ ______________ _ 
Basicity (OH-) 

(equiv/liter) __ 0.085 0.082 0.076 0.072 0. 054 0.050 0. 090 0.060 .077 .076 0.091 0.085 0.073 0. 082 0.085 0. 082 0.096 0. 112 
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TABLE 3.-Chemical composition and physical properties of the aqueous phase of Portland cement clinker pastes with and without added 
materials-Continued 

Added material. _______ -1 None Gypsum Calcium Calcium Fluosilicic acid Sucrose TDA Tannic acid Tri-
chloride acetate ethauolamine 

Filtered aL ____________ -1 7 min I 2hr 7min I 2hr 7min I 2hr 7min I 2hr 7min I 2hr 7min I 2hr 7min I 2 hr min I 2hr 7min I 2 hr 

CLINKER 11 

wt. of soln __________ (g)__ 405 345 585 550 575 310 325 400 270 435 340 365 540 535 390 330 220 145 
Color___________________ c c fy fy c c w (c) c c c c c c vfy c c h b 
Surface tension 

(dynes/cm) __ 72.18 72. 15 72.13 72.18 73.00 72.85 72.41 72.43 72.15 72.31 72.33 72.48 72.21 72.20 72.28 71.91 71.91 71.75 
Density _________ (g/ml)__ 1. 0037 1. 0042 1. 0045 1. 0045 1. 0259 1. 0197 1. 0139 1. 0123 1. 0025 1.0043 1. 0044 1. 0052 1. 0024 1. 0038 1. 0034 1. 0043 1. 0063 1.0068 
pH ______ _____ ______ _____ 13.02 13.03 12.80 12.79 12.20 12.17 12.50 12.48 12.91 13.04 13.06 13.06 12.89 12.99 12.96 13.02 _______________ _ 
Specific conductivity 

(f!-I) __ 0.03131 0.03358 0.02202 0.02189 0.05760 0.04762 0.02582 0.02458 0.02559 0.03469 0.03466 0.03829 0.02436 0.03121 0.02997 0.03372 0.03911 0.04166 
SiO, ___________ (g/liter)__ .006 .001 .003 .003 . 005 .004 .001 .000 .007 .003 .002 .003 .003 .002 .013 .004 .025 .029 
R,O, __________ (g/liter)__ .004 .001 . 006 .007 .003 .005 .009 .006 .023 .004 .025 .007 .007 .009 .015 .004 .340 .248 

~!;8~~~~:::::j~)m~~l:: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :~~ :g~~ 
CaO _____ __ ____ (g/liter) __ .40 .39 1.75 1.47 15.51 10. 66 7. 39 6.68 .19 .30 .26 .35 .77 .54 .48 .31 .10 .09 
SO, ____________ (g/liter) __ . 02 .01 1.82 2.13 0.01 0.02 0.01 0.01 .01 .00 .00 .00 .03 .00 .01 .01 .01 .01 
Na'O __________ (g/liter) __ 1.78 1.97 0.77 0.99 1.11 1.80 1.48 1.91 1.49 2.20 2.15 2.41 .95 1.69 1.77 2.00 2.81 3.13 
K,O ___ ________ (g/liter) __ 3.28 3.48 2.44 2.65 2.78 3.40 3.13 3.53 2.82 3. 61 3. 63 3.91 2.62 3.24 3.23 3.47 3.97 4.27 CL ___________ (g/liter) __________________________________ 21.03 16.40 ____ _______ _________ ____________________________________________________________ ___ ____________ _ 
CH,COO ______ (g/liter) __________________________________________________ 18.06 19.07 _______________________________________________________________________________ _ 
F _______ ______ (g/liter) _________ __ _______________________________________________________ 0.00 0.02 __________________________________________________________ _____ _ 
Basicity (OH-) 

(equiv/liter) __ 0.139 0.150 0.091 0.085 0.053 0.040 0. 057 0.050 0.110 .155 0.152 0.172 0.110 0.140 0.131 0.151 0.184 0.199 
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wt of soln ___________ (g) __ 
Color __________________ _ 
Surface tension 

315 
c 

405 515 
Y 

515 
Y 

580 
c 

280 
c 

(dynes/cm) __ 72.24 72.06 72.18 71. 98 73. 10 72.91 
Density _________ (g/ml) __ 1.0094 1.0105 1.0112 1.0119 1.0243 1.0211 
pH ______________________ 13. 26 13.30 12.96 __ ______ 12.30 12. 29 

CLINKER 12 

425 
w (c) 

370 305 435 285 
c c 

285 
c 

555 
Y 

445 
fy 

395 
c 

290 
fy 

72.20 172.31 172.24 172.38 172.25 172. 41 172.26 172.24 172. 24 172.41 
1.0143 1.0150 1.0085 1.0106 1.0105 1.0112 1.0085 1.0081 1.0095 1.0108 

12.71 12.68 13.19 13.29 13.3& 13.33 ________________ 13.27 13.30 
Specific conductivity 

(0-1) __ 0.05730 0. 06240 0.03731 0.03748 0.06005 0. 04580 0.03382 0.03513 0.05250 0.06285 0.06200 0. 06590 0.03972 0.05260 0.06040 0.06340 ___ _____ _______ _ 
SiO, ___________ (g/liter)__ .013 .011 .001 .002 .002 .000 .000 .002 .012 .011 .011 .010 .010 .010 .005 .013 ____________ ___ _ 
R,O, __________ (g/liter)__ .017 .006 .020 .018 .007 .006 .004 .002 .033 .006 .023 .012 .016 .008 .025 .018 ________ ___ ____ _ CnO. __________ (g/liter)__ _______ _ ________ . 015 .015 _____ _______________ __ ______ ______________ ___ _______ _____ __ ___ _________________________________________________ _ 
CaO ___________ (g/liter) __ .15 .17 1.21 1.10 10.64 7.37 3.44 2.91 .07 .14 .12 .13 .43 .24 .13 .12 _______________ _ 
SO, ____________ (g/liter) __ .02 .03 4.68 5. 11 0.01 0.01 0.01 0.01 .03 .01 .02 .02 2.30 .13 .01 .01 _______________ _ 
Na'O __________ (g/liter) __ . 45 .51 0.26 0.33 .28 .43 .46 .65 .28 .48 .51 .59 0.14 .26 .53 .57 _______________ _ 
K,O ___________ (g/liter) __ 10.73 11.66 8.95 9.32 10.26 11.81 10.98 12.22 9.73 11.81 11.62 12.16 8.82 9.69 11.06 11.89 ________ __ _____ _ 
CL ____________ (g/liter) __ __ ______ __ ________ __________ ____ 19.56 17.06 ______ __ ____ __ _________________________________________________________________________________ _ 

~~~~~?_-:::j~~:~~l: : :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: ~:~~ ___ ~~~~ __ _ -0:03--- -0:02-- - :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: . 
Basicity (OH-) 

(equiv/liter)__ 0. 246 0.270 0.123 0.119 0.051 0.042 0.068 0.062 .222 . 270 0.267 0.283 0.149 0. 220 0.255 0.273 , ________ , _______ _ 
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Only a few random anaJyses were made on filtrates from duplicate 
pastes. These may be taken as indicative of the reproducibility of 
the data. The analyses of extracts from duplicate pastes obtained 
at 7 minutes (clinker 11 plus calcium acetate) were as follows: 

ulliter 8i02 _ ____________ 0.001 glUter 
Na20 ____________ 1. 48 

Do_ __ __ _ ___ _ _ _ _ _ _ _ . 001 Do __________ 1. 52 
R20 3_ _ _ _ _ _ _ _ _ _ _ _ _ • OQ9 

Do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 004 
K20 _____________ 3.13 

Do __________ 3.19 
CaO _____________ 7.39 

Do __________ 7.14 equiv.lliter 
80 3 ______________ 0.01 Basicity __________ 0.057 

Do __________ . 01 Do__________ .054 

In general, these data show good agreement. The observed differ
ences are due probably more to the variations of about 1 or 2 minutes 
in the times of contact of solution and clinker than to analytical 
errors. A few determinations of CaO and basicity in filtrates from 
duplicate pastes at 2 hours showed better agreement than those 
observed at 7 minutes. 

The differences between the weights of the water used in making 
up the pastes and the weights of the filtrates given in table 3 furnish 
no indication of the extent of hydration of the clinkers, since most 
of the uncombined water could not be removed by the method used. 
This was particularly true of some of the 7-minute pastes, where 
shrinkage caused by quick setting interfered with the filtration 
process. 

The filtrates were clear and colorless with the following exceptions: 
(1) A yellow color, observed in some of the extracts, was found to be 
associated with the presence of Cr203' (2) Triethanolamine, after 
reaction with the clinkers, usually imparted a light-blue color. (3) 
The use of calcium acetate with a number of clinkers resulted in the 
formation of a white colloidal solution. 

MgO was generally absent from the solution (0.000 g/liter in 173 
out of 204 determinations) or present only in small amounts (0.001 
to 0.029 g/liter). Since no correlations involving MgO could be 
deduced, it will not be considered further. 

Sulfite was present in solutions obtained from the pastes of clinkers 
7 and 8 (no added materials). Small amounts of thiosulfate were 
present in the filtrates from corresponding pastes containing gypsum. 
No quantitative estimation of these two constituents was attempted. 

2. COMPOSITIONS OF THE FILTRATES 

Figure 1, plotted from data in table 3, shows the compositions of 
the 7-minute and 2-hour extracts from the clinker pastes containing 
no added materials. In this figure the basicities of the extracts and 
concentrations of each oxide are plotted against the potash content 
of the clinkers from which the extracts were obtained. 

Although this method of plotting the data is somewhat empirical, 
it appears to be justified in that it reveals certain trends in the data. 
Thus the increase in ccncentration of potash in solution with increased 
potash content of the clinkers is accompanied by increased basicity; 
increased concentrations of silica and oxides of the R 20 3 group; in
creased concentration of sultate in the extracts from the clinkers 
highest in potash; and a rather irregular decrease in the lime con-
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centration. The graph of soda concentrations serves only for com
parison of the individual values with the concentrations of other 
oxides, since the quantities of extracted soda have no relation to the 
potash content of the clinkers. 

The percentage extractions of soda from the clinkers are consider
ably smaller than the extractions of potash and show less relation to 
the soda content of the clinkers. Hence the adopted method of plot
ting gives more regular relations than those which r esult when the 
concentrations of the various oxides in the extracts are plotted against 
the total alkali content of the clinkers. 

In this section the discussion will be confined to the salient trends 
in the concentrations of the individual oxides in the extracts from the 
pastes both with and without added materials. The general effects 
of each added material on the concentrations of all of the oxides taken 
as a group will be discussed in section 4, page 240. 

(9) ALKALIES (K,O AND Na20) 

As shown by figure 1, the maximum concentrations of alkalies in 
the extracts from the untreated clinker pastes were 2.99 g/liter of 
Na20 and 18.65 g/liter of K20 at 7 minutes and 3.89 gjliter of Na20 
and 19.71 g/liter of K20 at 2 hours. The relatively large amounts of 
K20 in the extracts from clinkers 4,5,6, 11, and 12 are attributed to 
the presence of K2S04.4 In general, smaller amounts of alkalies were 
extracted in the interval between 7 minutes and 2 hours than during 
the first 7 minutes. 

The results indicate that large differences may exist among clinkers 
with respect to the rate of solution of the alkalies. In all the 12 
clinkers considerable amounts of alkalies remained undissolved at 2 
hours. The extent of solution is best shown by calculations of the 
fractions (percentages of the total in the clinkers) of potash and soda 
that had dissolved at 7 minutes and at 2 hours. 

Such calculations were made for the filtrates from the untreated 
pastes and from those containing gypsum and triethanolamine. These 
two added materials represent the extreme effects of the addition 
agents on the extractions of alkalies-gypsum causing the greatest 
decreases and triethanolamine the greatest increases. The results 
given in table 4 shows that the percentages of soda and potash in 
solution at 7 minutes varied from 0.4 to 30 and 1 to 58, respectively. 
Calculations based on the data in table 4 reveal that the rate of solu
tion of K 20 from clinkers between 7 minutes and 2 hours varied 
between 0 and 9 percent, and of Na20, between 1 and 12. The values 
with added gypsum were slightly decreased, from 1 to 8 percent for 
the K20 and 1 to 7 percent for the N a20. In the presence of tri
ethanolamine, the rate of solution of the K20 (from six clinkers) 
varied between 2 and 10 percent, and of Na20, from 2 to 21 percent. 

I The assumption that all, or nearly aU, the SO, is present as K2S0. in clinkers 4, 5, 6, 11, and 12 is based 
on the following deductions, as previously reported in detail [1]. The large fractions ("bout 50 percent) 
of total K20 dissolving in 7 minutes, together with a nearly linear r elation betweeu the SO, and K,O con· 
tents of tbe clinkers, suggested the presence of the rearlily soluble salt, K2S0. , Supporting evidence 
indicating the presence of the salt in the clinkcrs was shown by the good agreement between the number of 
moles of K20 in the extracts and the number of moles of SO, in the clinkers. 

Reports by Taylor on phose-equilibria studies involving K,O and SO, as constituents [13] and on direct 
examinations of commercial clinkers [14] show tbat K2S0. generally may be observed microscopically in 
clinker samples if the calculated potential K,SO, is more than 0.25 percent. 
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TABLE 4.-Percentages of total K 20 and total Na20 in clinkers which were found 
infiltrates at 7 minutes and 2 houTsfrom pastes containing gypsum, triethanolamine, 
and no added materials 

K,O Na,O 

No Added Gypsum Triethano- No Added Gypsum Triethano-
Total material lamine T otal material lamine 

Olinker in in 
clinker clinker 

7 min 2hr 7 min 2 hr 7 min 2 hr 7 min 2hr 7 min 2hr 7 min 2 hr 
--------------------------

% % % % % % % % % % % % % % L _________ 0.05 1 6 1 5 1 3 0.56 0.4 3.8 0.4 L7 L3 18 2 __________ . 25 6 14 4 7 8 14 . 04 12 18 8 11 10 18 3 __________ .11 9 10 5 8 13 22 .02 10 12 8 9 16 31 4 ______ ____ 1.32 50 52 48 51 - ---- - 68 .09 19 31 13 20 ------ 96 5 __________ 1.05 44 50 43 46 - - - --- 59 .05 8 12 7 11 ---- -- 33 6 ___________ 0.53 40 49 35 41 --- -- - 59 .62 12 19 12 16 - ---- - 32 7 __________ .18 56 62 43 51 - -- --- ------ .18 25 31 17 19 ---- -- - -----8 __________ .20 58 61 54 59 ------ 87 .17 30 34 22 26 ------ 52 9 ___ ______ _ .09 14 14 11 13 15 23 . 87 12 16 10 13 14 35 10 _________ .26 20 25 19 22 22 32 . 13 7 9 5 6 7 16 11 _________ .37 31 33 23 25 37 40 .43 15 16 6 8 23 25 12 _________ . 70 49 54 41 42 . ----- ------ .12 13 15 8 10 -- ---- - - .. -.. -
-

The results in table 4 were computed on the assumption that the 
ratio of clinker to solution remained unchanged up to 2 hours. Ac
tually, a portion of the water had combined with the clinker during 
this period, having the effect of increasing the concentrations of the 
solutes. The extent of this hydration at time periods comparable to 
those used in this investigation has been studied by Forsen [15] . 
He reported that 5 and 6 percent of the mixing water combined as 
firmly fixed water (retained at 105 0 0) in 10 minutes and 1 hour, 
respectively, in the case of a quick-setting clinker gaged with 40 
percent of water. Addition of a retarder (gypsum plus plaster of 
paris) reduced these values to 4 and 5 percent, respectively. These 
results are mentioned here only to indicate roughly the fraction of 
"fixed" water and not as correction factors_ It is apparent that the 
amount of water removed as hydrate water will vary from clinker to 
clinker and with the added materials. Since no corrections were 
made for hydrate water, the computations are intended only as 
approximations of the true values. 

(b) LIME 

The relation of lime concentration to basicity indicated by the 
comparisons in figure 1 is more clearly shown in figure 2, where the 
amounts of lime are plotted against the values of basicity (NaOH 
+KOH+Oa(OH)J of the extracts from untreated pastes_ The equi
librium solubility curves of lime in sodium and potassium hydroxide 
solutions, determined by Forsen [15], are reproduced in this figure. 

The trend of the data of this study roughly parallels Forsen's 
solubility curves. The amounts of OaO in solution, however, exceeded 
the normal saturation values in ten of the twelve7-minute extracts 
and in all of the 2-hour extracts_ The data do not fall on a smooth 
curve because the degree of supersaturation undoubtedly varied 
amo~g the filtrates. Also in the case of the high-potash clinkers the 
presence of S03 may have affected the solubility relations. 

A qualitative verification of the supersaturation of the solutions 
was obtained by visually estimating the amounts of crystalline illr.-
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terial precipitated after 2 months from the various filtrates sealed in 
glass tubes. The crystals, identified as Ca(OH)2, were as much as 
1 mm in cross section. 

(c) SILICA 

Figure 1 shows that an increased concentration of silica in the 
extracts was accompanied by a decreased concentration of lime. The 
relation is more evident in figure 3, where the concentration of silica 
is plotted against that of lime in all of the extracts except those from 
pastes containing calcium chloride, calcium acetate, and fluos]icic 
acid. The correlation of the data with the curve given by Flint and 
Wells [16] for the solubility of silicia in lime solutions at 30° 0 is 
noteworthy. Apparently the effect of the alkalies on the lime con
centration, illustrated in figure 2, does not greatly alter the silica-lime 
relation. The spread in the points is not surprising, considering the 
complex nature of the solutions, the lack of attainment of equilibrium, 
and relatively large analytical errors in the determination of the small 
amounts of 8i02. 

Flint and Wells [16] and Bessey [17] have demonstrated that the 
compositions of the hydrous calcium silicates are dependent on the 
composition of the solution. Thus, as the concentration of lime in 
solution is decreased, the precipitated calcium silicate hydrate becomes 
poorer in lime. The observed correlation of the CaO-8i02 data in 
the present investigation suggests that lime-poor silicates may be 
precipitated in the clinker pastes as the lime concentration in the 
solution is decreased. 

(d) R,O, GROUP (AhO., Fe,O" AND Cr,O,) 

Figure 1 shows that the concentration of R20 a varied from 0.001 to 
0.033 glliter at 7 minutes and from 0.001 to 0.018 glliter at 2 hours. 
The 7-minute filtrates showing the highest R20 a contents (from 
clinker pastes 4, 5, and 6) contained Or20a; at 2 hours, however, the 
constituent was present only in the extract from elinker 6. All 
solutions containing 01'20 3 were yellow, indicating the presence of the 
chromate ion. 

The portions of R20 a as Al20 a plus Fe20a varied from 0.001 to 0.017 
glliter in the filtrates from pastes containing no added materials. 
When the organic addition agents were incorporated in the pastes, 
relatively large concentrations of Fe20a and AbOa were sometimes 
obtained. The changes will be discussed in the section dealing with 
the added materials individually. 

(e) so. 

As shown in figure 1 the 80a was present in significant amounts in 
filtrates from clinker pastes 4, 5, and 6 at 7 minutes, but decreased in 
the interval between 7 minutes and 2 hours. These decreases appear 
to be caused by the precipitation 01 calcium sultoaluminate according 
to the reaction: 
3CaO.Ah035+3K2S04+3Ca(OH)2+31H20=3CaO.A1203.3CaSO,.31H2O+6KOH. 

The evidence for the occurrence of this reaction is based on calcula
tions which show that the equivalents of 80'4 precipitated in the 
interval between 7 minutes and 2 hours are equal to the increase in 

• The formula 3CaO.AJ,O, i; used in this and subsequent equations for purposes of discussion only, since 
other aluminous materials in cement clinkers may react similarly. The trisullate form of sulfoaluminat~, Is 
considered here, but the precipitation of the monosulfate form would not alter the Ionic balaDc~s. 
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equivalents of OH- during the same interval, allowance being made 
for the OH- th9.t was introduced by further changes in the concentra
tion of the alkalies and lime. Such calculations were reported in a 
previous publication [1] for extracts of one of the untreated pastes. 
The more complete data now available are given in table 5 for the 
filtrates containing the larger amounts of S03 at 7 minutes from clinker 
pastes alone, and with T D A, tannic acid, and fluosilicic acid as added 
materials. Table 5 shows that for each filtrate the total increase in 
OH- concentration (cohunn 3) exceeds the total decrease in SO; 
concentration (column 6). This is accounted for by the changes in 
the concentrations of N aOH, KOH, and Ca(OH)2 in the extracts 
between 7 minutes and 2 hours. If the OH- introduced from these 
sources (column 4) is deducted from the total increase in OH- con
centration (column 3), the increases in OH- caused by the sulfoalumi
nate reaction are obtained (column 5). These values are in close 
agreement with the decreases in SO; concentration (column 6). 

TABLE 5.-Changes in ionic concentrations of extracts from clinker pastes between 7 
minutes and 2 hours 

Clinker Added material 

4_ _ _ _ _ ___ ___ _ ___ _ N one _______________________ _ 
4 ________________ T D A _________________ _____ _ 
4_ _ ________ ______ Tannic acid ________________ _ 
L _______________ Fluosilicic acid _____________ _ 
5_ _ _ _ _ _ _ __ _ _ _ _ ___ N one __ _____ ___ ___ ______ __ __ _ 
5_ _ _______ __ ____ _ T D A _____________________ _ 
5 _______________ . Tannic acid ________________ _ 
5_______ _ _ __ __ _ __ _ Fluosilicic acid ____ __ _______ _ 
6_ _ ___ _____ ___ ___ None _______________________ _ 
6 _______________ _ T D A __ ___ __ _______ ________ _ 
6_ _ ______________ Tannic acid _______ _____ __ __ _ 
8 ___ ____ _________ T D A ____ ______ __ __________ _ 
9 _____________________ do _____ -___ __ ___________ _ 
10 _______ ____ _________ do _______ -______________ _ 
12 __ __ ________________ do _____ -_ -_ -__ - ______ -__ _ 

Increase in 
OH- corre

Total increase sponding to 
in OH- changes in 

K 20, Na20 f 

and OaO 

Equiv/Wer 
0.145 
.141 
.245 
.214 
.117 
.072 
.184 
.182 
.088 
. 073 
.090 
.059 
.040 
.009 
.071 

Equiv/liter 
0.032 
. 020 
.083 
.066 
.043 
.013 
. 079 
.082 
.065 
. 031 
.085 
.009 
.005 
.003 
.017 

Increase in 
OH- caused Total decrease 
a~K;'Y~~ie in SO. 
reaction 

Equiv/liter 
0.113 

. 121 

.162 

.148 

.074 

. 059 

.105 

. 100 

.013 

.042 

.005 

. 050 

.035 

.012 

.054 

Equiv/liter 
0.113 
.121 
.149 
.158 
.067 
.059 
.100 
.097 
.019 
.041 
.004 
.046 
.034 
.009 
.055 

In many instances the sulfoaluminate reaction accounts for the 
small amounts of S03 in the filtrates at 7 minutes. For example, the 
low concentration of S03 (0.10 g/liter) in the 7-minute extract from the 
paste of clinker 4 containing sucrose suggests that almost complete 
precipitation of the S03 as sulfoaluminate had occurred. In the 
extract from the corresponding paste containing no added material, 
the high concentration of S03 (7.90 g/liter) leads to the belief that 
precipitation of s~lfoaluminate had proceeded more slowly. 

3. pH AND OTHER CONSTANTS OF THE FILTRATES 

Constant emf was not attained in many of the pH determinations. 
This may have been due to the presence of so-called " electrode 
poisons" (traces of sulfur compounds, ferric and chromate ions, etc.). 
Although as much as 6 hours was allowed frequently for approaching 
a constant emf, the values obtained in many determinations appeared 
to be low. Because of the uncertainty as to the accuracy of such 
results, and since the filtrates consisted essentially of mixtures of 
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calcium and alkali hydroxides and their salts, the pH values of pure 
solutions of calcium hydroxide and potassium hydroxide, respec
tively, were determined. These values are plotted against correspond
ing basicities in figure 4. The resulting curves furnish a basis for 
comparison with the data on filtrates from the clinker pastes, with 
and without added materials, plotted in the same figure. 

The two curves extending from pH 11.95 to 12.53 and from 12.55 
to 13.60 are those for pure solutions of calcium hydroxide and potas
sium hydroxide, respectively. These curves do not meet because 
potassium hydroxide is the stronger of the two bases and, at an equiva
lent concentration, has the higher pH. Thus at a basicity of 0.04 
equiv/liter, corresponding to that of a saturated lime solution, the 
curves show a difference in pH of 0.04 unit. However, above about 
0.15 equiv/liter, the pH values of solutions containing both hydroxides 
are practically the same as those shown by the upper curve because 
of the low solubility of calcium hydroxide in potassium hydroxide 
solutions. The pH values of the filtrates from the clinker pastes, 
therefore, show greater deviations from the potassium hydroxide 
curve at the lower basicities than at the higher. 

Figure 4 includes the pH values of practically all filtrates except 
those con taining triethanolamine. The use of this addition agent 
resulted in such large potential disturbances that emf measurements 
could not be made. The rather consistently low values obtained on 
filtrates when T D A was present are also attributed to electrode 
poisons. Practically all the other 10'" results on the filtrates, except 
those containing the calcium salts as added materials, may result 
from the same cause. 

The pH values, in the absence of electrode poisons, are approxi
mately represented by the potassium hydroxide curve in figure 4, 
allowance being made at the lower basicities for the presence of cal
cium hydroxide in the solutions. 

The effect of highly soluble calcium salts in lowering the pH of the 
extracts by relatively large amounts is illustrated in figure 4, where 
the pH values of filtrates containing calcium chloride and calcium 
acetate are seen to lie below the pH curve. These decreases in pH 
are caused by the decreased effective concentration of the hydroxyl 
ion in the solutions. 

Gypsum, because of its lower solubility, decreased the pH by only 
0.02 to 0.04 unit at the basicities prevailing in the extracts. 

The excellent agreement between the pH values for Ca(OHh solu
tions, from 0.04 to 0.015 equiv/liter, reported by Lea and Bessey 
[18] and those reported here is of interest because different methods of 
calculating pH were employed. 

In figure 5 the specific conductivity is plotted against basicity of 
the filtrates from a representative number of clinker pastes with and: 
without added materials. The relation is approximately linear for 
most of the extracts consisting essentially of solutions of potassium, 
sodium, and calcium hydroxides, such as many of the filtrates from 
the pastes alone and from all of those containing sucrose and trieth
anolamine. The introduction of relatively large amounts of sulfates, 
chlorides, or acetates in some of the extracts, resulting from the addi
tion of calcium salts, accolmts for the increased conductivity of such 
solutions. 

508748-43-6 
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The densities of the ex tract.s , required for calculating the surface 
tensions, are included in table 3, in order that the analytical data, if 
desired, may be expressed on a weight basis. 

The surface-tension data, neglecting those below 72.0 dynes/cm, 
which were known to be low because of the presence of surface con
taminants, range from 72.0 to 73.0 dynes/cm. The higher values 
were obtained on solutions containing calcium chloride and acetate 
as additions. It has occasionally been suggested that changes in 
surface tension of the aqueous phase of cement pastes may affect 
such properties as workability. It seems doubtful, however, that 
the relatively small observed changes in values could be given much 
weight in interpreting such properties of the pastes. 

4. EFFECTS OF ADDED MATERIALS ON THE COMPOSITIONS OF THE 
FILTRATES AND ON SOME OF THE REACTIONS IN HYDRATING 
CLINKERS 

The changes in concentrations of the filtrate constituents, caused 
by the added materials, are shown in figures 6 and 8 to 14. In con
structing these figures the differences between the total concentra
tions of a given constituent in the filtrates from pastes with and 
without the added material were obtained from the data in table 3. 
As shovm in figure 6, these differences were plotted against the 
percentages of potash in the clinkers. Identical concentrations of 
the various constituents in the extracts of the pastes with and without 
gypsum (fig. 6), for example, are indicated by points on the horizontal 
lines designated 0, .0, and .00. Increases and decreases are .repre
sented by points above and below the lines, respectively. 

A uniform scale of plotting the graphs could not be employed 
because of the widely different changes in concentration of the 
various filtrate constituents. The scale units for the respective 
oxides in most cases are 

(1) 1.0 g/liter: K20, Na20, and SOa. 
(2) 0.2 g/liter: CaO. 
(3) 0.1 equiv/liter: basicity. 
(4) 0.02 g/liter: Si02 and R20 a. 

Departures from these scales were necessary in some of the graphs, 
and such changes will be pointed out where they occur. 

The use of the potash content of the clinkers in these graphs is based 
on reasons similar to those given in the discussion of figure 1. Figures 
6 and 8 to 14 show that in most cases the greater changes, caused 
by the added materials, occur in the extracts of clinkers having the 
higher potash contents. Distinct trends in the alterations · of all of 
the filtrate constituents, except soda, are often apparent. 

It should be pomted out that small differences between the com
positions of filtrates from pastes with and without added materials 
may not necessarily indicate effects of the additions but may be 
caused by difficulties in duplicating the manner of mixing the pastes 
or the time of filtration. Although the time of filtration of duplicate 
pastes did not vary more than 1 or 2 minutes, as already mentioned, 
greater variations were experienced in that of pastes made from 
clinkers with a,nd without added materials. Some of the pastes 
which became qUick-setting in the presence of added materials, had 
to be mixed more vigorously and often required 2 to 5 minutes longer 
for filtration than companion pastes without additions. 
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(a) GYPSUM 

The changes in concentration of the filtrate constituents, shown 
in figure 6, represent differences in composition of the extracts from 
the cements and the corresponding clinkers. Trends of decreased 
basicity, lowered concentrations of alkalies and silica, and increased 
concentrations of lime, sulfate, and R20 a in the extracts of the cements 
are apparent. 

The decrease in basicity and increase in S03 concentration of the 
extracts show rather regular trends of increasing magnitude with in
creasing potftsh content of the clinkers. The lowered basicity may be 
caused in part by the neutralization of alkali hydroxides in the extracts 
according to the reaction: 

2KOH (or NaOH)+OaS04.2H20=Oa(OH)2+KzS04(Na2S04)' 
A further cause may be the reduced concentration of total potash and 
soda in the extracts. Oomparison of figure 6 with figures 8 to 14 
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12 
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.S 
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Basicity ill equ/v. ptJr lifer 

FIGURE 7.-Plot of SOa-basicity data of extracts obtained at 7 minutes and 2 hour$ 
from pastes containing gypsum. 

shows that gypsum was the only added material which consistently 
decreased the extraction of the alkalies from the clinkers, although in 
a few cases the decreases were insignificant. 

It may be noted that the above reaction will proceed to the right 
only if the alkalies dissolve as hydroxides. If they appear in solution 
as sulfates, the possibility exists that the reaction may proceed to the 
left. For this reason, it seems that not only the concentrations of the 
alkali hydroxides but also the possible concentrations of sulfate merit 
consideration in making interpretations based on the reaction. The 
relation between basicity and sulfate concentration of the ext,racts is 
shown by a plot of the basicity-S03 data in figure 7. This figure 
shows that relatively high basicities may prevail in the extracts even 
when gypsum is present in the pastes. 

Decreases in the concentration of silica and increases in that of 
RZ0 3 group are indicated in figure 6. As shown by analysis, the 
increases in the concentrations of RZ0 3 in the extracts from clinkers 
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4,5,6, 9, and 12 were due to the presence of Cr203' The yellow color 
of the other filtrates suggests that they also contained Cr203 but in 
amounts of less than 0.005 g/liter, this being the lowest concen
tration detectable by the procedure used. 

(b) CALCIUM CHLORIDE 

Comparison of the decreases in basicity in the extracts in figures 8 
and 6 indicates that calcium chloride produced larger changes than 
did gypsum. This may be due to the greater solubility of calcium 
chloride, which permitted more complete neutralization of the alkali 
hydroxides, according to the equation: 

2KOH (or NaOH)+CaC12 =Ca(OHh+2KCl (or NaCl). 

Calcium chloride also differed from gypSunl in that, on the average, 
it increased the extractions of the alkalies from the clinkers. At 2 
hours, particularly, the trend of increased potash concentration is 
very uniform. 

In the presence of calcium chloride, the sulfoaluminate reaction 
appears to be greatly accelerated, as indicated by the large decreases 
in 803 concentration, leaving only small amounts in solution. The 
sulfoaluminate may precipitate from pastes of clinkers containing 
potassium sulfate, according to the reaction: 

3CaClz+3K2S0,+3CaO.AlzOa+31H20=3CaO.AI20a.3CaSOj.31H20+6KC!. 

This reaction would accolmt for the smaller amounts of lime present 
in the extracts from the clinkers containing potassium sulfate. 

The quantities of lime remaining in solution are governed by the 
extent of precipitation of calcium chloroaluminate as well as by the 
neutralization and sulfoaluminate reactions. The formation of the 
chloroaluminate proceeds according to the equation: 

3CaO .AhOa + CaCh + 1 OH20 = 3CaO .AbOa. CaCh.l OH20. 

General trends of lowered concentrations of both silica and R 20 3 
occurred in the extracts containing calcium chloride. In most cases 
the decreases were greater at 7 minutes than at 2 hours. 

The decreases in the concentration of the chlorine from that 
added as calcium chloride (26.62 g of Cl/liter) are attributed largely 
to the formation of the chloroaluminate. Previous work [7] has 
shown that the composition of this compound does not vary much 
from the formula 3CaO.Ab03.CaCI210H~O in the presence of con
centrations of calcium chloride such as prevail in the extracts. Assum
ing that the chlorine is precipitated only as the chloroaluminate, 
calculations show that the percentages of the total Al20 3 which had 
reacted were as follows: 

Clinker................... 1 4 6 7 8 9 10 11 12 

7minutes..._ ............. 3.0 3.2 4.8 2.6 2.7 4.2 4.7 5.3 7.3 7.3 4.7 5.3 
2hours_ ................ _.10.1 8.7 9.5 4.3 4.2 6.5 8.9 7.310.4 9.6 8.6 7.2 

These results indicate that only small amolmts of Al20 3 reacted with 
the calcium chloride during the two time periods. 
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(c) CALCIUM ACETATE 

The changes caused by the presence of calcium acetate in the 
extracts are very similar both in magnitude and direction to those 
induced by calcium chloride as, comparison of figures 9 and 8 will 
reveal. As before, the basicities of many of the extracts are gov
emed largely by the neutralization reaction between the alkali 
hydroxides and the added salt. The amounts of lime in the extracts 
(note reduced scale) are somewhat smaller than those in the extracts 
containing calcium chloride. It should be noted that smaller 
amounts 'of calcium acetate were added to the pastes. The remain
ing alterations show no marked departures from those produced by 
calcium chloride, except that some extracts of the low-potash clinkers 
contained appreciably more R 20 a in the presence of calcium acetate. 

A white tubid appearance of ten of the twelve 7-minute extracts 
and of one of the 2-hour extracts indicated that some of the constit
uents of these solutions were present in the colloidal state. 

The acetate added to the pastes was withdrawn from the extracts, 
probably in part by precipitation as an acetoaluminate [19] and in 
part by absorption, as indicated by the decreased concentration of 
acetate in solution at 7 minutes. Although further decreases in 
acetate concentration occurred between 7 minutes and 2 hours in 
extracts of five of the clinkers, increases were found in the six remaining 
extracts. No comparison is possible in the case of clinker 7 because 
the specified amount of calcium acetate was not added to the 2-hour 
paste. 

(d) FLUOSILICIC ACID 

The changes produced by fluosilicic acid were generally small, as 
shown in figure 10. Fluorine was found in the extracts in amounts 
varying between 0.00 to 0.11 and 0.00 to 0.18 g/liter at 7 minutes and 
2 hours, respectively. The small amounts of fluorine in the extracts 
at 7 minutes show that the constituents of this material were rapidly 
precipi ta ted. 

The minor alterations in basicity and SOa were decreases for the 
most part. Changes in the extractions of soda were small, but the 
extractions of potash are of interest in that they were decreased at 
7 minutes and altered only slightly at 2 hours. Precipitation of calcium 
fluoride from the extracts may be indicated by the generally decreased 
concentration of lime in the extracts at both 7 minutes and 2 hours. 

A general trend of decreased silica and increased R20 a concentration 
in the filtrates is apparent in figure 10. 

(e) SUCROSE 

Sucrose is the only one of the added materials considered thus far 
that increased the basicity of the extracts (fig. 11). This was caused 
not only by increased extraction of the alkalies but also, to a greater 
extent, by the almost complete conversion of dissolved potassium 
sulfate to potassium hydroxide, according to the sulfoaluminate 
reaction. Only 0.03 to 0.15 g/liter of S03 remained in the 7-minute 
extracts of clinkers 4, 5, and 6, which contained the larger amounts of 
S03' At the same time, the linle concentrations of 0.04 to 0.07 
g/liter were lower than those corresponding to saturation values for 
the respective potassium hydroxide concentrations (see fi~. 2). The 
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large quantities of lime required for the precipitation of the sulfoalu
minates may account for the apparent undersaturation. If all the 
S03 were completely extracted from each of the clinkers and precipi
tated either as the trisulfate form of sulfoaluminate, 3CaO.AbOa. 
3CaS04.31H20, or as the monosulfate form, 3CaO.AI203.CaS04.12H20, 
the amounts of lime and tricalcium aluminate r equired would be as 
follows: 

Clinker 

4 _____________________________________________ _ 
5 __ _______ •. ____________ . ___ • ___ • __ _____ __ ____ _ 
6. ___ _ . _. ____ . ______ . _____ . ___ . _____ _______ __ __ 

Quantities required by sulfoaluminates 

Total SO, 
in 7,000 g Trisulfate form Monosulfate form 
of clinker I---c-----I----.----

CaO 3CaO.AJ,O, CaO 3CaO.AI,O. 

g U 
36 25 
26 18 
13 9 

U 
40 25 
29 18 
14 9 

121t 
87 
42' 

The large increases in the amounts of R20 a, consisting wholly of 
alumina, in the 7-minute extracts of clinkers 4, 5, and 6 may therefore 
be due to the low-lime concentration in these filtrates. This suggestion 
is supported by the observation that, as the CaO concentration in
creased in the interval between 7 minutes and 2 hours, the alumina 
concentration decreased to values approximating those of untreated 
filtrates. The alumina was precipitated, presumably, as a calcium 
aluminate hydrate, although the reactions of the aluminous compounds 
in the clinker after the sulfate had combined as a sulfoaluminate are 
not yet definitely known. On the basis of recent results [20], both the 
mono sulfate and trisulfate sulfoaluminates are metastable in the pres
ence of alkali hydroxide (0.1 to 0.5 N), with respect to members of the 
solid-solution series, 

3CaO.AI20a.CaS04.12H20-3CaO.AI20a.Ca(OH)2.12H20. 

Therefore, as the aluminous compounds continue to react, the basicity 
having increased due to the sulfoaluminate reaction involving potash, 
a conversion of the metastable products to members of the solid-solu
tion series might be expected. However, this conversion occurs but 
slowly, and, therefore, calcium aluminate hydrate is probably precipi
tated as such during the period between 7 minutes and 2 hours consid
ered here. 

Figure 11 shows that the changes in the concentration of silica were 
small except in the extracts from clinkers 1 and 4. 

(f) T D A 

Of the various added materials, T D A (plus 0.23 percent of H20) 
resembles gypsum the most· closely in its effects on the extracts. For 
example, comparison of figures 12 and 6 reveals a striking similarity 
in the graphs showing changes in the concentration of potash. 

The decreases in the basicity of the extracts are caused partially by 
the reduced extractions of the alkalies but perhaps to an even greater 
extent by inhibition of the sulfoaluminate reaction. This appears to 
be indicated in figure 12 by increases in the concentration of S03 in the 
extracts over those prevailing in the filtrates from pastes without added 
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materials. Although the reason for the retardation of this reaction 
is not apparent, the addition of 0.23 percent of water during the incor
poration of the T ) A may have partially prehydrated the clinker. 
8uch prehydration would have been possible, since the T D A (plus 
0.23 percent of H20) was mixed with each clinker on the day preceding 
the tests. 

At 7 minutes, figure 12 shows a trend toward a decreased concentra
tion of siliaa in the T D A-containing extracts, but at 2 hours no sig
nificant changes are revealed. The amounts of R20 3, which consisted 
partially of Fe20a and in some cases 01'20 3, were increased in most 
filtrates at both time periods. 

(g) TANNIC ACID 

Figure 13 indicates that the changes in compositiQI). of the filtrates 
caused by the addition of tannic acid to the pastes were generally 
small. At 7 minutes, irregular changes in basicity and potash con
centration occur, but at 2 hours fairly regular increases are apparent. 
The variations in extractions of soda are small at both time periods. 

Relatively large decreases in concentration of lime occurred in the 
7-minute extracts of a number of low-potash clinkers. Very similar 
changes were noted in the 7 -minute extracts of pastes to which 
fiuosilicic acid had been added (fig. 10). The 2-hoU\l' filtrates from 
pastes with tannic acid show small decreases in lime concentration. 

At both 7 minutes and 2 hours, tannic acid produ,ced no change 
in the concentration of 803 in the majority of the extracts. In the 
remainder, small increases or decreases occU]'. 

The alterations in the concentration of silica are somewhat irregu
lar at both 7 minutes and 2 hours but increases predominate. Rela
tively large increases in the R 20 3 content of the extracts were found, 
particularly at 7 minutes. These increases may result from the 
formation of complexes between tannic acid and the RZ0 3• 

(h) TRIETHANOLAMINE 

Triethanol'amine produced greater alterations in the composi
tions of the extracts than any other added material. Because of 
rapid setting, extracts of 6 of the 12 pastes at 7 minutes and of 2 
pastes at 2 hours could not be obtained. Hence the graphs shown 
in figure 14 are incomplete. . 

The increases in basicity displayed by a majority of the extracts 
appear to be caused by greatly increased extractions of the alkalies. 
Attention has already been called, in table 4, to this effect of triethanol
amine. Where the concentrations of alkali hydroxides were increased, 
the lime content of the extracts was reduced but still exceeded normal 
saturation values. No significant alteration of the 803 concentra
tion occurred except for a decrease in the extract of the clinker highest 
in potash. Three extracts showed increases in silica concentration 
of 0.02 to 0.03 g/liter, but the remainder were unchanged. 

Probably the most striking change in composition of the extracts 
is the increase in their content of RZ0 3• The reduced scale on which 
R Z0 3 is plotted in figure 14 should be noted. As in the case of tannic 
acid, the increases in concentration of R Z0 3 may result from the for
mation of complexes between triethanolamine and ferric and a~umi
num hydroxides. 
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V. SUMMARY 

1. From 1 to 58 percent of the total potash and from 0.4 to 30 
percent of the total soda in 12 portland cement clinkers were extracted 
in 7 minutes from pastes of these clinkers containing no added ma
terials. In the interval between 7 minutes and 2 hours the percentage 
increases in the amomlts of potash ranged from 0 to 9 and from 1 to 
12 for soda. - . 

Triethanolamine increased the extraction of the alkalies from the 
d inkel's much more than any other material, and gypsum caused the 
greatest decreases. 

2. The extracts of the clinker pastes generally contained lime in 
amounts greater than the normal saturation values for calcium 
hydroxide. The exceptions, in a few of the sucrose-containing ex
tracts, were apparently caused by rapid precipitation of calcium 
sulfoaluminate. 

3. The amounts of silica and lime in the extracts corresponded 
approximately to their reported solubility relations in the system 
lime-silica-water at 30° C. 

4. The amounts of alumina in solution were small except when 
()rganic materials had been added to the pastes. Ferric oxide was 
either absent or present only in small amounts, except in filtrates 
containing triethanolamine. Small quantities of chromic oxide were 
found in some of the filtrates. 

5. SOg usually decreased in concentration between 7 minutes and 
2 hours, precipitating as a sulfoaluminate. In some instances, the 
~hanges in concentrations of lime and alumina and the increases in 
basicity were attributed to the formation of calcium sulfoaluminate. 

6. Notwithstanding the presence of gypsum, a large spread (0.05 
to 0.16 equiv/liter) in basicity was shown by the filtrates from pastes 
~ontaining added gypsum. . 

7. Computations based on the amOlmts of calcium chloride that had 
combined with alumina in the clinkers up to 7 minutes and 2 hours 
suggest that only small amounts of the alumina-bearing materials 
had reacted. 

8. Sucrose accelerated the early reactions involving the alumina-
bearing constituents of the clinkers. .. 

9. Graphs were constructed to show the pH of pure solutions of 
~alcium and potassium hydroxides. The pH-basicity values of 
filtrates obtained from clinker-water mixtures, with and without 
added materials, except calcium salts, approached closely to those of 
the potassium hydroxide curve when electrode poisons were absent. 

The emf cell, used for measuring the pH of the solutions and 
filtrates, was calibrated against potassium hydroxide solutions of 
known pH and concentration. 

As shown by pH measurements, the presence of calcium chloride 
and calcium acetate in the filtrates caused large decreases in the 
effective concentration of hydroxyl ion. The addition of gypsum, on 
the other hand, caused only slight decreases, which amounted to 
0.02 to 0.04 pH unit. 

10. The conductivities, surface tensions, and densities of the fil
t rates are reported. 
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The authors are indebted to P. H. Bates, who outlined and directed 
the research, to G. R. Shelton and E. P. Flint for aid in preparing 
the results for publication, and W. J. Hamer for his helpful suggestions 
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