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I. Introduction. 

i. Purpose and scope of study. 

The action resulting fron nixing portland cenent and 

water has, for many years, been a question of uncertain 

answer. Particularly is this true of the first few minutes 

after portland cement and water are mechanically it contact. 

'2he cement particles must, at least momentarily, adsorb 

so-ne water on their surfaces, for a chemical action of this 

trpe depends upon actual contact between the reacting ma- 

terials. This water may then react with the metallic 

oxides to form crystalline products, a colloid, or remain 

as adsorbed water. 

From the work done by the Portland Cement Association 

(1)12) it is known that the metallic oxides of the cenent 

are hydrated in a comparatively short time. Anderegg and 

Hubbell (3) found tnat tricalcium aluminate is about fif- 

teen and one-half percent (l5- %) hydrated in one minute 

and fourty-two percent (42 %) in fifteen minutes, while 

tricalcium silicate is twenty-two percent (22 h) in one 

minute and only twenty-seven percent (27 ) 
in fifteen 

minutes. A mixture of these compounds and others, such 

that the mixture aoproached the conpoeition of cernent, was 

found to be twenty-seven percent (27%) hydrated in fifteen 

minutes. In an earlier work (4) the same investigators 

find that the rate of hydration is rapid at first and then 
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falls off, depending on the decreased area of unhydrated 

clinker and tûe forming envelope of hydrated gel. They 

also make the statement that; "...in general, a mixtureof 

minerals reacts more rapidly than single materials. This 

was especially true for the mixture roughly approximating 

portland ce:nent.TT . C. Hollister (8) states that there 

is a cementious action taking place in a very short time 

after water and cernent are in contact, and that the forTn- 

ation of a gel or colloid begins to form immediately. 

This study which we have ¡nade offers a possible method 

of attack for determining what may be happening during this 

early time in the setting of cements. The method is unique 

and has never before been apjlied to a question of this 

kind. 

2. History and theory of method. 

The method is based upon the principle that porous 

substances are able to admit or diffuse water or similiar 

liquids through their pores and at the sa;ne time prevent 

any air to enter or pass out (anless very high pressure is 

applied). If water and a powder are separated by such a 

material, the water will diffuse through the porous sepa- 

rator and become adsorbed or combined with the powder. If 

an inclosed system is used, this removal of liquid from the 

water side will result in a reduced pressure which may be 

measured by a manometer. 1heri equilibrium is established 
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the differential pressure is a direct measure of the suc- 

Uon force of the material in respect to the liqaid used. 

This method was used by Kornev (9) in the studs of 

the adsorption of soils and he attributes the suction force 

to the free energy of the hydrophilic colloid present. 

Joffre and cLean (10), in studying the adsorption power 

uf soll colloids, consider this suction pressure to be an 

expression of the molecular and capillary forces, and froci 

this regard it to be a possible basis for an index of the 

amount of colloid present. freundlich and Sachs (5) em- 

ployed a Jena glass crucible containing a porous glass 

filter to study the suction force of a great number of rna- 

tenais, which they divided into three general classes; 

namely, hydrophobic colloids such as arsenic suiphide, 

hydrophilic colloids such as kaolin, .zìd a class of colloid- 

al material such as powdered glass which they terrned "mager- 

en'T or "lean" materials. .iith the hydrophobic colloids the 

suction force foimd to be non-existent, indicatin thut the 

liquid is not taken up by such materials. Víjth the hydro- 

phiic colloids a distinct rise in differential pressure was 

found wnich covered a decided interval of time, indicating 

that the liquid is taken up by the material ir1 an orderly 

manner. With the "magerenT' or "lean" materials a sudden 

rise occurred on permitting the liquid to pass into the 

material. This rise occurred in very short time arid was 

not, in general, as great s that found using the hydro- 
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philic colloiQs. 

This suggests that the curve fou.nd by plotting the 

differential pressure veruE the time hou1d be an indica- 

tion of the type of material present, and, if applied to 

cement, should result in data which is indicative 0± the 

action o cements and water. 'i'he differential pressure 

readings versus time should be a measure of the rate of 

the cement taking up water, and the maxiinu value should 

be a indication of the adsorptive force of ceient. If 

this data results in a curve following the general form 

found when adsorption ii known, then the reaction must be 

mainly adsorption. If one or more chemical reactions are 

entering into the values found, the data will not follow 

the adsorption curve, but will be a res.ilt of a reaction 

or reactions plus the effect of the adsorption. Again, 

if no material adsorption occurs and chemical action is 

the predominating element, then the data should result in 

sorne form of a curve having the general pro:erties of a 

second order reaction. 

If adsorption is the primary reaction, then the use 

of dissolved materials, whether electrolytes or non-elec- 

trolytes, should have little or no effect on the data 

from the viewpoint of chemical v. phyical action. They 

may influence trie values found to a marked degree, yet 

the data so obtained, should still result in the same 
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type of curve as found where pure adsorption is known to 

exist. The saine should hold true if liquids other than 

water were used. For adsorption is a physical reation, 

dependent on the adsorptive and the adsorbed material, 

only to the extent of the amount adsorbed and the rate of 

reaction. The fundamental formulae expressing adsorption 

must still hold true. If this were not the case, the 

theory of adsorption as it is now understood would be 

untenable (5). 

Prom this, it is readily seen that data so obtained 

should hold the possibility of presenting evidence concern- 

ing what occurs in the first few minutes during the setting 

of cements. 

3. Materials used. 

In an investigation of this kind, it is necessary that 

representative materials be used. Por this reason, six 

portland cements used rather widely in the Pacific 1orth- 

west were taken as being representatives of portland cements 

in general. There is little or no difference between them 

in regard to chemical composition, fineness, or specific 

gravity with tue exception of an aluminate cement, the 

latter having a high aluminum oxide content. The remaining 

cements contained very close to sixty-two percent calcium 

oxide, and conformed to the standard specifications and 

test of the American Society for Testing :.:aterials (6) 



under serial designation C 9-21. 

The materials chosen for pure adsorption must be free 

from material which would indicate chemical action. Furth- 

er than this, these materials must adsorb water and water 

solution to a considerable degree. or this work six 

materials were chosen; namely: kaolin, casein, powdered 

glass, powdered pumice, I'orite (lamp-black), and diatoma- 

ceous earth. 

As a further check on possible conclusions that might 

be arrived at through the use lone of the above materials 

with water, other water solutions were used; namely: po- 

tassium chloride, calcium chloride, potassium sulphate, 

and sugar. Jíach of these solutions were used in three 

different strengths; one-tenth molar, molar, an saturated. 

These solutions are representatives of non-electrolytes 

and electrolytes of different strength, valence, and de- 

gree of ionization. 

Other than the above, chemically pure ethyl alcohol 

and carbon tetrachioride were used. 

4. Description of Apparatus. 

The inclosed system (Fig.I) used in this study con- 

sisted of a glass burette, calibrated to deliver twenty- 

five (25) cubic centimeters between the two markings 

(D, D'). The bu.rette had snail glass tube (F) of two 

millimeters inside diameter sealed in at about two centi- 
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íitez' from the top and extending to the base of the bu- 

rette. Into this small side tube, was sealed a glass 

manometer (G), having a range of sixty millimeters. The 

burette and side connections was then fitted tiht1y by 

the use of a rubber stopper into a Jena glass crucible 

(C) with a designated pore size of 1G 4-2140, having a 

fritted glass filter (B) attached eight millimeters from 

the open base. 1.he burette had a rubber stopper inserted 

at the top, through which was placed a glass tube connect- 

ed to a stopcock (H). The entire assembly was set on a 

glass plate 

In order to be positive that the contact between the 

base of the crucible and the glass plate was complete and 

that the force on the edge of tue crucible next to the 

glass plate was even at all points, lt was found necessary 

to mount the glass plate on sponge rubber, having a semi- 

conical shape at the base. 

Durin the study the original glass crucible failed 

and it was believed tat a crucible having a :ore dense 

filter ould result in better data. This was cono Q 

the previous work was repeated using the second crucible. 

The resi1ts tend to indicate that the use of a dense filter 

such tnat the liquid does not "flow" onto the powder, to 

be desirable. 

In all cases, experiments were repeated until three 

were within two percent (2%). The average of these three 



was then taken as the value for that experiuient. 

5. xperimental Procedure. 

The method consisted of placing a known weight of the 

material to be tested in the base of the crucible (A), be-. 

ing sure that the maes was evenly distributed and slightly 

compacted, using the same compactness for all tests. This 

was then planed of level with the surface of the crucible 

and the apparatus assembled. The burette was then filled 

to the upper mark (D) with liquid, the top stopper and 

stopcock inserted and the apparatus brought to equilibrium 

by opening the upper stopcock (H). 

This upper stopcock (H) was then closed and the lower 

one opened until twenty-five cubic centimeters of liquid 

flowed into the upper part of the crucible (C). This per- 

mitted the liquid to filter through the glass filter (B) 

and to be adsorbed by the material in the lower part of 

the crucible (C). The manometer readings versus time 

elapsed from opening the lower stopcock were taken until 

the manometer reading becane constant. 

The volume of this apparatus, from the glass filter 

to the upper stopcock was found to be fou.rty-eight and 

five tenths (48.5) cubic centimeters. prom the known 

volume, the pressure found and the gas equation, the vol- 

urne adsorbed may be calculated. 

In order to increase the sensitivity o the apparatus 
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glycol was used as the manometer liquid in some cases. 

However, all values are recorded in terms of millimeters 

of mercury. 

The apparatus was assembled and tests made during the 

entire study to determine the difierential pressure de- 

veloped using no material in the lower part of the crucible. 

This manometer reading was found to be constant for all 

the liquids used and was developed during the first half 

minute. The value of this constant was two millimeters of 

mercury. 
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II. Adsorption by Cement as Compared with Other Materials. 

1. Pure water. 

The adsorptive capacities of various materials by 

which most or all of the water is taken up definitely by 

adsorption were found to vary over wide limits (Pig.II). 

All of them followed the same general formulae bu each 

had a different slope for its respective curves. This is 

in accordance with previous work done on pure adsorption 

and must be expected. The reason for this probably lies 

in the area and nature of the surface of the respective 

materials. 

The values found for the various cements and pure 

water (Table II) were in close agreement with each other 

in respect to time of maximum presure values and in fair 

agreement in respect to tne numerical values. This suggest- 

ed that a more representative comparison could be made of 

cements and non-cements, if the five cements having the 

same general chemical composition and finemess were mixed 

in equal parts by weight and used in that form. ?ith this 

in view, the mixture was tried and the values compared to 

the average of the values for the separute cements (Table 

III). These values are almost identical and this mixture 

was used as being more truly representative of cements 

than any one of the group. 

A material that can be best compared to cement is one 
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which has about the same surface area and would then give 

values for the suction force comparative with cement. The 

kaolin used in this work was found to be of a fineness 

close to that of the ceeits and to give conparative pres- 

sure values. Hence, kaolin was used as the comparative 

material representing the non-cements. 

Comparing the values fouiid for kaolin and cement (Pig. 

III) it is noticed that the pressure for cement increases 

very much more rapidly than for kaolin, yet the maximum 

value of kaolin is hi,her. This would seem to indicate 

that tiie reaction of the two is not of the same type. Yet 

the curves are distinctly of the same general trend and 

may belong to the same family. Freundlich (11) has pointed 

out that the equation for a unimolecular reaction iolds 

widely for expressing the ve1ocity of swelling in a gel 

skeletion, while in the work of Freundlich and Sach. (5) 

considerable emphasis is placed upon the fact that the 

equation expressing the velocity of a first order reaction 

may well be applied to the data found for many materials 

using the method employed in this study. In employing 

this equation the manometer reading (corrected for the 

reading with air) is used as a function of the amount of 

liquid taken up. The equation then becomes: 

log o 

po - P 
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In this equation P is the corrected manometer reading at 

the ti.ne t, and P0 thc maximum reading obtained. 

L.aolin (Fig.IV) follows the above equation very well, 

while cement does not. This would indicate that cement 

does not take up water entirely by adsorption during the 

first few minutes. However, the cement curve approaches 

a straight line (assumed to indicate pure adsorption), 

from which it may be predicted that the reaction between 

cement and water during this time interval is indeed 

largely a question of adsorption. i?reundlich and achs 

(5) concluded that a chernical reaction is indicated if the 

curve plotted in the above manner bends to the rignt and 

assumes somewhat the form of a exponential equation. This 

follows the statement of S. C. Hollister mentioned above. 

2. ffect of dissolved materials in the water. 

a. Electrolytes - The presence of dissolved electro- 

lytes in the adsorbed water had very little effect upon 

the characteristic nature of the reaction between water 

and kaolin (Pig.V). There does, however, appear to be a 

relation existing between the vlenee of the negative ion 

and the maximum differential pressure obtained. As the 

valence of the negative ion increases the pressure drops, 

yet not as a direct function of the valence of the negative 

iOn, for the calcium chloride has a greater effect than 

does the potassium sulphate and he phosphate on more 
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than the citrate. Considering the potassium salts only, 

the effect on the maximum pressure is tue ratio o± valence 

of the negative ion, while the value for pure water is 
very near the mean value for all the potassiwn salts. 
it is evident that we are dealing here with a composite 

effect due to the ions. Kaolin possessing a negative 

charge against water could tend to adsorb the higher valence 

positive ions preferentially, while the difference between 

the citrate and phosphate may be ascribed to differences in 

their position in the lyotropic series. 
In the reaction between cement and water conteiining 

electrolytes (Fig.VI) these materials all materially lower- 

ed the maximum pressure. In this case, however, the effect 

tends to be a function of the square of the valence of the 

negative ion. With tue exception of potasLium sulphate 

the effect on the shape of the graph appears to be one of 

quantity and not quality, suggesting that the reaction 

cement and water is not materially affected by the presence 

of these materials. This is a confirmation of the results 
found using pure water in that it indicates a large part 

of the reaction is physical and not chemical. 

The distinctive action of the sulphate sugests that 

some other factor or factors are entering into the reaction 

eaued by the presence of the sulphate. It is known (12) 

that suiphates will react chemically with the calcium 
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aluminates present in the cement to form two distinct 

suiphoaluminates of calcium. These materials have a great- 

er water crystallization and result in an increased ¡olume. 

The action of the sulphate ion may also be áue to a cat- 

alytic action on the hydration of the cement, for the 

sulphate ion is added in the form of gypsum to the finished 

cement for the purpose of coLtrolling the time of set. 

The nature of the cement curve (Fig.VI) where the po- 

tassiurn sulphate is present suggests that a chemical re- 

action may actually be taking place during the early stages 

in the setting of cement. Assuming this to be true,the 

data should then follow the general equation of a second 

order reaction. VThen the conoentration of the two re- 

acting materials are equal, this equation may be stated as: 

Kt l-x 

where x is the fraction decomposed at time t. This equa- 

tion is in the general form of a straight line equation 

and, if the data resLits in a straight line when plotting 

the above ratio against time, the presence of a second 

order reaction may be assumed. 

In applying the above equation to the results of this 

study, the corrected differential pressure must be taken 

as a measure of the fraction decomposed. This, however, 

cannot be assumbeo to be true, for tue concentration of the 

cement is not necessarily that of the water or if the po- 
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tassium sulphate. Further than this, the gel formation 

of the hyörated cement may be a decided factor in the 

development of the differential pressure. 

However, on plotting the above ratio against time for 

cement and water containing potassium sulphate (Fig.VII) 

the curve approaches a straight line. It is known (12) 

that the formation of the calcium suiphoaluminates and 

silicate does not materially begin during this time. This 

may then suggest a reaction between the metallic oxides on 

the surface of the cement particle and water to form hy- 

drated products. This is also indicated by the fact that 

the curve for cernent and pure water also approaches a 

straight line. The much greater slope of the latter may 

signify that the reaction between the surface of the cenent 

particle and water to form a e1 normally occurs in a very 

short time, while the presence of the sulphate ion retards 

this action. 

The curved portion of the curve (Fig.VI) where po- 

tassium sulphate is present very likely indicates adsorption, 

while the extreme slope of the ce;nent curve may also signify 

that following the short reaction at the surface of the 

cement particles the remaining water is primarily taken 

up through adsorption. 

Certain it is that the presenee o sulphate ehaes 

the rate of taking up water, causing the pressure to develop 

much more slowly. This cannot be ascribed to the potassium 
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ion nor to the effect of the divalent charge on the sulphate 

ion since potassium phosphate furnishes a curve of trie 

"normal" cement type. 

b. Non-electrolytes - In the reaction between water 

and kaolin the presence of sugar in the water materially 

lowered the maximum pressure reading and at the same time 

greatly increased the time necessary to obtain this maximum 

value. This effect cannot be similiar to the effect of the 

electrolytes and must therefore be a function of the sugar 

solution. 

The sugar molecule i highly hydrated in solution. It 

is reasonable to expect that the ;assage of this more vis- 

cous solution through the pores of the glass filter would 

require a longer length of time and would increase the 

time necessary to obtain the maximum pressure. The ower- 

ing of the final pressure may be due to tile greater size 

of tne sugar molecule, for it may be conceived tnat the 

molecules of such a dissolved mterial may become attached 

to the surface of the solid and prevent continual hydration 

of that solid surface. 

he same effect is produced by the sugar in the re- 

action between cernent and water that was found using kaolin, 

suggesting that the effect is physical and that the viscos- 

ity is a decided factor in th differential pressure read- 

ings. Vith cements, however, there does not appear the 
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excessive lowering of the inaxirnu.m pressure obtained with 

kaolin. 

During the hydration of cernent there is developed a 

envelope of hydrated material which would tend to cover 

the unhydrated material. This gel envelope v.ould then re- 

duce the maximum pressu.re otherwise obtainable. Perhaps 

sugar is adsorbed primarily by this hydrated material and 

thus does not act as a covering of the unhydrated solid to 

tne degree that it would if this gel envelope were not 

present. 

Prom this we may conclude that the presence of dissolv- 

ed material in t'ne water, whether ionized or not, has 

primarily a physical effect on the reactions studied. 

3. TIse of liquids other than water. 

a. Ethyl alcohol - The use of ethyl alcohol as the ad- 

sorbed liquid presents some very interesting data. The 

data found on using ethyl alcohol (Table X) is very nearly 

the same as that found on using water with both kaolin and 

cements. This would indicate that the statements made for 

pure water would hold for ethyl alcohol. he greater 

vapor pressure of ethyl alcohol may account for the diff- 

erential between the values found for it and water. In 

connection with ethyl alcohol it is of interest to note 

that some chemical action is apparently indicated by the 

logarithmic curve (Pig.IV) of cement and ethyl alcohol. 



b. Carbon tetrachioride - Carbon tetrachioride is a 

highly inactive natefial and possesses a synetrica1 non- 

polar structure. Thereíore it should rect through its 

physical properties; that is, it should be adsorbed only. 

Rather striking proof of this was found when carbon tet- 

rachioride was used as the adsorbed liquid, for the values 

found using kaolin and cement ard very nearly identical 

(Table X), and the respective loarithnic curves (Pig.IV) 

are straight lines. This is comparatively strong proof of 

the assumption that the reaction between the kaolin and 

water is pure adsorption, while that between cement and 

water is adsorbtion plus some chemical action. 

The reaction between the various solids and liquids 

must be something more than a filling of pores in the solids, 

for the final pressures vary using different solvents with 

each solid. If the reaction was one of filling the pores, 

the amount of adsorbed liquid would be constant and the 

resulting final pressure, except for a very small efiect 

due to difierences in vapor pressure of the solvents, 

would remain the same. 
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III. 'actors influencing Re$ults ot Covered in bove 

1. Particle size, surface area. 

The size of the particle in contact with a liquid de- 

termines to sorne extent the amount of liquid that particle 

may adsorb. The surface area is the comparative figure 

between two particles of different size. That is, if a 

particle has twice the diameter of another it will ta:e up 

more than twice the amount of liquid taken the smaller; 

but if the surface area of the larger is twice that of the 

smaller, then the amount of liquid adsorbed is doubled. 

The surface area of fine powders may be roughly calculated 

if the average particle size is known, or if the average 

particle size of several groups making up the entire mass 

is known. The average particle diameter may be obtained 

by sieving a fine powder through a series of sieves having 

known sized openings. 

Edwards (7) in his classical work in 1918 derived an 

empirical formula correlating surface area and particle 

diameter. The equation is : xy 139, where y is the sur- 

face area per gram in square inches and x is the diameter 

of the particle in thousandths of an inch. With the view 

of correlating surface area with the differential pressure 

the materials were screened through Taylor standard Sieves 

and the surface area computed according to idward. hese 

values were then put in the form of an index, kaolin having 
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the value of one. On multiplying the maximum pressure 

found for each material by the corresponding index, vari- 

ous values were found (Table XI), all approaching very 

closely to that of kaolin. This indicates that the 

amount o:í water adsorbed on a surface is in part a function 

of the surface area. 

The high value founa for cement is likely caused by a 

reaction other than that occurring with kaolin (aEsumed to 

be adsorption). That is, the reaction between water anä 

cernent is not entirely a adsorption. 

It must be remembered that the index is based on the 

value given b:: kaolin. Due to the fact that kaolin swells 

to some extent in adsorbing water, this index cannot be 

taken as a true measu.re of the surface reaction. 

2. Vapor pressure. 

The vapor pressure of tne adsorbed liquid effect the 

manometer readings, and this pressure must be added to the 

observed difference in pressure to find the true pressure 

readiìgs. }iovJever, the vapor pressre is proportional to 

the total pressire and is, therefore, constant (or very 

nearly so) for a given liquid. This means that in regard 

to the value of the data for determining physical versus 

chemical action, the vapor pressure has but little or no 

effect. 

It is of interest to note that the solutions having 



22 

the highest vapor pressure in general result in loyer 

readings of the manometer; and if they are corrected for 

the values are very nearly identical. ior example, ethyl 

alcohol and pure water using kaolin as the adsorptive 

ma t erial. 
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IV. Summary and Conclusions. 

1. Validity of assu.rnption and results. 

The authenticity 0± reundlich's adsorption equation 

or gel can, in view of the large mass of corroborative 

evidence, hardly be questioned. The method used in this 

study may be open to question due to the possibility of 

changes in the physical c onditions surrounding the actual 

test. These factors may be corrected in a large part by 

the design of the apparatus and careful technique. In 

this study little diificulty was found due to changing 

physical conditions and test could be made agreeing very 

closely. The apparatus is somewhat difficult to manipulate, 

likely due primarily to the difficulty of preventing small 

leaks in the assembly. This difficulty could be best 

avoided by the use of carefully ground glass joints instead 

of the rubber stoppers available for this work. 

The work done by Preundlich and Sachs (5) appears to 

be in accordance with known facts regarding adsorption and 

the work described here apparently is further proof that 

the method is a feasible approac1 to the study of adsorption 

of a liquid by a solid. 

The differential pressure readings taken on the man- 

ometer are, in theory, a function of the amount of adsorbed 

liquid. he experimental evidence available indicates 

rather strongly that such is actually the case. some 
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theoretical error may be introduceú due to the adsorbed 

liquid replacing the gas film on the solid particles, but 

this error would not be detectable on the mercury manometer. 

Prom the fact that the method stands the test of the 

adsorption theory with systems known to represent adsorp- 

tion, it should give results of value in differentiating 

between physical and chemical action when a liquid is in 

contas with a solid. 

2. Interpretation of the action of water on cement in the 

light of our experiments. 

Prom this work the following points are indicated: 

1. That in the first one or two minutes of contact 

between cement and water, the action is largely adsorption 

of the water on the surface of the hydrophilic colloids 

present in the cement. 

2. That in the time beyond two minutes the action is 

partly chemical. 

3. That during the first five to eight minutes the 

cernent adsorbs all the water which is needed for the sur- 

face hydration of the gel or colloid plus part of the water 

used for actual hydration of the metallic oxides. 

4. That the two reactions (physical and chemical) are 

both occurring during the early stages in the setting of 

cement; the physical reaction gradually decreasing and the 

chemical action increasing. 
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This work cannot be the basis of any assumption in 

regard to the probability of the colloidal formation chang- 

Ing to a crystalline structure. Yet it is proof that both 

states exist in a very short time after the water and cernent 

are in contact. 
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Ad s o rp t i o n 

Table I. 

Non-cement Materials and Water 

Kaolin Casein Powdered Powdered Norite Diatomaceous 
glass pumice earth 

Time Manometer Readings 

30 Sec 2.0 4.5 6.0 5.5 6.5 8.5 

45 3.5 6.5 7.5 10.5 8.0 12.5 

i Min 6.0 8.0 8.0 12.0 10.0 14.0 

2 " 10.0 9.5 8.5 17.5 15.0 21.5 

3 " 12.5 10.0 8.5 20.0 18.0 28.0 

5 15.5 10.5 8.5 21.5 18.5 36.5 

10 " 18.5 11.5 6.5 22.0 18.5 43.5 

15 " 16.5 12.0 8.5 22.0 16.5 45.5 

20 " 18.5 12.5 8.5 22.0 18.5 46.0 

;7eight 
of 5.07 2.98 7.07 4.86 2.46 1.70 

Sample 
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Adsorption 

Table II. 

Cements and V!ater 

Oregon Beavor Mt.Diablo Monolith Lehigh Aluminate 

Time Manometer Readings 

30 Sec 9.0 7.5 10.0 8.0 9.5 10.5 

45 " 11.0 9.5 11.5 9.0 12.0 12.0 

1 Min 12.5 12.5 13.0 11.5 13.5 13.0 

2 " 14.0 14.5 15.0 13.5 15.0 14.0 

3 " 15.0 15.0 15.0 14.5 15.0 14.5 

5 15.5 15.5 15,0 lo,O lo.O 14.5 

10 TI 15.5 15.5 15.0 15.0 15.0 14.5 

15 15.5 15.5 15.0 15.0 15.0 14.5 

20 " 15.5 15.5 15.0 1.0 15.0 14.5 

Weight 
of 5.32 5.40 5.44 5.30 5.26 5.91 

Saip1e 
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Adsorption 

Table III. 

Comparison of Cement Average and Cement Mixture 

Cernent Average Cement .Iixture 

Time Manometer Readings 

30 Sec 8.8 8.5 

45 U 10.8 11.0 

i Min 12.6 l.5 

2 " 14.4 14.5 

3 " 14.9 15.0 

5 15.2 15.5 

10 " 15.2 15.5 

15 15.2 15.5 

20 " 15.2 15.5 

71e ight 
of 5.36 5.34 

Sample 



39 

Adsorption 

Table IV. 

Effect of Potassium Chloride 

0.1 Molar 1.0 Liolar Saturated 

Kaolin Cement Kaolin Cernent Kaolin Cement 

Time Llanometer Readings 

30 Sec 2.0 8.5 2.0 8.5 2.0 8.0 

45 " 3.5 10.5 3.5 10.5 3.0 10.0 

1 Min 6.5 12.5 6.5 12.0 6.0 11.0 

2 10.0 14.0 10.0 13.5 9.0 13.0 

3 " 13.0 15.0 13.0 14.0 12.5 13.5 

5 " 18.0 lo.5 18.5 15.0 16.5 14.0 

10 20.0 15.5 21.0 15.0 19.5 14.0 

15 " 20.5 15.5 21.0 15.0 20.0 14.0 

20 " 20.5 lo.5 21.0 15.0 20.0 14.0 

Weigh t 
of 5.11 5.37 5.08 5.39 5.04 5.35 

Sample 



40 

Adsorption 

Table V. 

Effect of Calcium Chloride 

0.1 Molar 1.0 Molar Saturated 

Kaolin Cement Kaolin Cement Kaolin Cement 

Time Manometer Readings 

30 Sec 2.5 8.5 2.0 8.0 2.0 6.0 

45 4.0 11.0 3.5 10.0 3.5 7.5 

i L.in 6.5 12.5 6.5 11.5 6.0 9.0 

2 11.5 14.0 11.0 13.0 10.5 10.0 

3 14.0 15.0 14.5 14.0 14.0 10.5 

5 ?T 16.5 15.0 16.5 14.0 16.0 11.0 

10 " 19.0 15.0 19.5 14.5 18.0 12.5 

15 " 19.5 15.0 19.5 14.5 18.5 12.5 

20 " 19.5 15.0 19.5 14.5 18.5 12.5 

Weight 
of 5.05 5.32 5.10 5.30 5.07 5.38 

Sample 
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Adsorption 

Table VI. 

ffect of Potassium Sulphate 

0.1 Molar 1.0 Molar Saturated 

Kaolin Cement Kaolin Cement Kaolin Cement 

Time Manometer Readings 

30 Sec 2.0 5.5 2.0 4.0 1.5 4.0 

45 3.5 7.0 3.0 5.5 2.5 5.5 

i Min 6.5 8.5 6.0 7.0 5.5 6.5 

2 10.0 9,5 9.0 9.5 8.5 8.0 

3 " 13.0 11.5 11.5 11.5 11.0 10.0 

5 " 18.0 12.5 16.0 12.0 15.0 10.5 

10 " 20.0 14.0 18.0 l..5 17.5 11.0 

15 21.0 15.5 19.0 13.5 18.5 11.5 

20 " 21.0 15.5 19.0 14.0 19.0 12.0 

Weight 
of 5.07 5.31 5.04 5.32 5.06 5.36 

Sample 
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Adsorption 

Table VII. 

Effect of Sugar Solutions 

0.1 Molar 1.0 Molar Saturated 

Kaolin Cement Kaolin Cement Kaolin Cement 

Time Manometer Readings 

30 Sec 2.0 8.5 2.0 8.5 1.5 8.0 

45 " 3.5 10.5 3.5 10.5 .O 10.0 

i Min b.0 11.5 5.5 11.5 5.0 11.0 

2 IU.0 14.0 9.5 14.0 9.0 1.3.0 

3 " 12.b lo.0 11.5 14.5 11.0 14.0 

5 lb.0 15.5 14.5 15.0 1.5 14.5 

10 " 15.5 15.5 15.0 15.5 1.o 15.0 

15 T? 18.0 15.5 18.0 15.5 15.0 15.0 

20 T? 1i.5 lo.5 18.5 15.5 15.5 15.0 

Weight 
5.08 5.33 5.12 5.37 5.10 

Sample 
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Ad so rp t ion 

Table VIII. 

Average o iater Solution on ao1in 

Potassium Calcium Potassium Sugar Pure 

Chloride Chloride Sulphate Solution Water 

Time Manometer Readings 

30 Sec 2.0 2.2 1.8 1.8 2.0 

45 ti 3.4 2.7 3.0 3.7 3.5 

1 Min 6.4 6.4 6.0 5.5 6.0 

2 " 9.7 11.0 9.2 9.5 10.0 

3 T? 12.5 14.0 11.8 11.6 12.5 

5 " 17.5 16.4 16.4 14.3 15.5 

10 " 20.2 18.5 18.5 16.2 18.5 

15 20.6 19.0 19.5 17.0 18.5 

20 T? 20.6 19.0 19.7 17.2 18.5 

Weight 
of 5.07 5.07 5.0 5.10 5.07 

Sample 



44 

dsorption 

Table IX. 

Average of Hater Solution and Cements 

Potassium Calcium Potassium Sugar Pure 

Chloride Chloride Sulphate Solution Water 

Time Manometer Readings 

30 Sec 8.3 7.4 4.8 8.3 8.5 

45 't 10.4 9.5 6.0 10.3 11.0 

i Min 11.9 11.0 7.3 11.3 12.5 

2 't l..5 12.3 9.0 i..6 14.5 

3 " L.9 i.2 11.0 14.5 15.0 

5 14.6 13.4 11.6 15.0 15.5 

10 't 14.8 L.4 12.8 15.3 15.5 

1z 't 14.8 13.4 L.5 l5. 15.5 

20 " 14.8 13.4 13.7 15.. 15.5 

Weight 
of 5.37 5.33 5.33 5.35 5.36 

Sample 
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Adsorption 

Table X. 

Non-water Solution 

Ethyl Alcohol Carbon Tetrachioride 

Kaolin Cement Kaolin Cement 

Time Manometer Readings 

30 Sec 1.5 7.0 2.0 2.5 

45 " 3.0 9.5 3.5 4.5 

i Min 5.5 11.5 6.0 7.5 

2 " 9.5 13.0 10.0 12.5 

3 'T 12.0 io.5 12.5 15.5 

5 T? 15.0 13.5 15.5 18.0 

10 " 17.5 14.0 18.0 20.5 

15 " 17.5 14.0 18.0 20.5 

20 " 17.5 14.0 18.0 20.5 

Weight 
of 5.10 5.36 5.09 5.40 

Sample 
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Adsorption 

Table XI. 

urÎace Area Index Maximum Pressure Product Material 
(I) (P) (PI) 

Manometer Readings 

1.00 18.5 lo.5 aolin 

1.40 12.5 17.5 Casein 

2.20 8.5 18.6 Powd. llass 

0.80 22.0 17.7 Powd. Pumice 

0.95 18.5 17.5 brite 

0.41 43.O 18.8 Diatomite 

1.20 15.5 20.2 Cement 
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Adsorption 

Table XII. 

Effect of Potassium Citrate and Potassium Phosphate 
(One molar solution) 

Potassium Citrate Potassium Phosphate 

Time Manometer Readings 

Kaolin Cement Kaolin Cement 

30 Sec 2.0 8.0 2.0 8.0 

45 " 3.5 10.0 3.5 9.5 

1 :,in 7.0 11.0 7.0 11.0 

2 
" 10.0 12.5 10.0 12.0 

3 II 12.0 l.D.0 12.0 12.5 

5 YT 16.0 1.3.5 15.0 1.3.0 

10 " 18.0 13.5 17.0 L.0 

15 18.0 13.5 17.0 

20 ?T 18.0 13.5 17.0 13.0 

1 e igh t 
of 5.13 5.34 5.11 5.37 

Sample 


