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HEATS OF HYDRATION OF PACIFIC COAST CEMENTS 

INTRODIJC TION 

Portland cements, when mixed with water, liberate heat 

which is known as the heat of hydration. The greater por- 

t:Lon of this heat is libarated during the first seven days 

after hydration, but it has been shown (8) that heat is 

given off over a period of more than a 'ear. The amount (2) 

of heat liberated varies for different cements, being de- 

pendent upon the chemical coim-osition of the cement. The 

tricalcium compounds are responsible for the larger portion 

of the heat liberated. Of this heat liberated, the major- 

tty is given off by tricalciurn aluminate which is closely 

followed by tricalcium silicate. The next two compounds 

in order are tetracalciujn aluminoferrite and dicalcium 

silicate. A decrease, then, in the tricalcium compounds 

decreases the heat generation but, at the same tim . e, decrease 

the early strength. It as found, however, that decreasing 

the tricalcium aluminate did not materially decrease the 

final strength of the cement but did decrease the heat of 

hydration (lo). 

Other factors which have been found to affect the heat 

of hydration are: spscific surface of the cement, partial 

pre-hydration, ignitioi loss, and curing temperature. 

ri 



2 

The rate of heat evolution (8) at early ages was 

found to increase with increase in the specific surface 

of the cement. Differences in surface area from about 

1800 to 2500 sq. cm/gm resulted ïn differences in the 

rate cf heat evolution during the first few hours, after 

mixing the paste, but aporoache:I equal values in one or 

two days. 

The heat of hydration (8), as deterrnined by the heat 

of solution method, was found to be consistently higher 

for specimens cured at 35°C than for those cured at 25°C, 

but the differences were not large. 

The principle upon which the determination of the 

heat of hydration is based is Hess's law of constant heat 

summation (ll)--namely, the change of heat content of a 

system in passing from one state to another is independent 

of the path ereby the passage is made. As applied to 

this research, this method requires a dTternination of (a) 

the heat of solution of the cernent in its initial state 

(that is, unreacted); (b) the heats of solution of the ce- 

ment after reaction with water for various lengths of time; 

and (c) the difference between the two quantities to obtain 

the value of the heat evolved on hardening. 

W1-en cements are mixed with aggregate to form concrete 

(5), the heat liberated while the concrete is setting tends 

to increase the temperature of the concrete. If this heat 
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is not dissipated before the block of concrete in which 

it is generated reaches its final set, the size of the 

block will be larger than normal. As heat is gradually 

lost over a period of time, during which the concrete 

shrinks, cracks appear if the block is too large to shrink 

as a unit. It is for this reason that considerable re- 

search has been undertaken to find or make a ceient with 

a low heat of hydration. 

The purpose in mind, when undertaking this research 

was to determine the heat of hydration of the various 

Pacific Coast cements, their strength-heat ratios, end 

correlation, if any, between strength-heat ratio and sped- 

f ic surface. 



PART I 

APPARATUS 
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Chapter I 

HEAT OF HYDRATION 

The apparatus (see Biure i) used. consisted of a 

one-quart, open-mouthed thermos bottle with a cork stop- 

per; a Beckmann thermometer having a range of five degrees 

Centigrade; a magnifying glass for reading the thermometer; 

a glass funnel mounted. in the thermos bottle cork for the 

introduction of the sample; a glass stirring rod with an 

inch and one-qiarter propeller for stirring the acid solu- 

tion; and a snall one-eighth horsepower electric motor, 

provided. with a speed reduction system to drive the stir- 
rer. An snalytical balance (see Figure 2) was used to 

weigh the cement and hydrated paste samples, and a torsion 

balance to weigh the calorimeter and solvent. 

Protective 

The inside of the thermos bottle, the stiring rod, 

the outsid of the funnel stem, and the immersed section 
of the Beckmann the:?moineter were 

layer of paraffin. The paraffin 
a small cloth swab on the end of 

paraffin. The sab was dipQed i: 

then drawn along the side of the 

rate of travel along the stirface 

all coated rith a thin 
was aplied by the use of 

a rod, and using molten 

:1O the wolten paraffin and 

surface to be coated. The 

end the snount of molten 



Figure 1. 
Heat of hydration 

calorimeter 

Figure 2. 
Analytical balance 

r) 
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paraffin on the swab determined the thickness of the para- 

ffin coating. As the swab touched the suaface to be coated, 

soe of the paraffin was solidified due to the cooling ef- 

fect upon the paraffin b the relatively cool (room tern- 

perature) glass surfaces. Care must hetaken to prevent 

the sticking of the swab to the glass surfaces and the 

possible adherence of lint at this point. Any lint ein- 

bedded in the paraffin coat would be acted upon by the 

nitric acid when exposed to it. This would leave a defec- 

tive area where failure could begin. 

This paraffin coating. was necessary due to the action 

of the hydrofloric acidon glass. The paraffin was found 

to be very satisfactory, inasmuch as it protected the glass 

during the enlire period of testing without any signs of 

breaking, cracking, or failure due to the action of the 

hydrofloric and nitric acids. Had any breaks or cracks 

appeared, it would have been necessary only to seal these 

off by the use of a warmed glass rod (or something similar) 

which would cause the paraffin to melt and flow back over 

the break. 

Stirring Rod 

The glass stirring rod was msde by welding a short 

piece of glass rod to the stirring rod shaft in the form 

of a tTTI*. The arms on the "T'1 were then flattened out at 
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forty-five degrees with the shaft to form the propeller 

blades. This type of stirrer gave verr effective and 

thorough stirring, due to the fact that currents were set 

up vertically as well as horizontally. It was found also 

that the best stirring effect and most complete mixing 

was obtained when the stirrer extended. to within one- 

fourth to one-half ineb. from the bottom of the thermos 

bottle. This conclusion was drawn from the length of time 

required for samples of a given cement to be completely 

dissolved with. the stirrer held at different levels. The 

speed of the stirrer was maintained constant at 375 r.p.m. 

This was found to be a very satisfactory speed. 

Thermometer 

The Bec1ann thermometer was adjusted so that the 

thermometer read between three and four degrees at room 

temperature. 

Solvent 

A mixture of nitric and hydrofloric acids (3) y as used 

to dissolve the cements and hydrated pastes. A large batch 

of two normal nitric acid was prepared (twelve liters/batch) 

using 127 ml of 70% nitric acid per liter (70% HNO3 1.42 

sp gr 11NO3). The solutions were not standardized but the 

heat capacity of the apparatus was determined for each batch 



of nitric acid prepared, using 400 grns of a mixture of 

the two normal nitric acid with 8 ml of hydrofloric acid. 

The substance dissolved was freshly ignited zinc oxide 

which has a heat of solution of 257 cal. per gm. Seven 

grams were used for each calibration. 

Funnel 

The funnel used consisted of a one-inch glass tube 

drawn down and fused to a one-fourth inch glass tube. 

The one-fourth. inch tube acted as the stesi or delivery 

tube which extended through the stopper to about one-half 

inch from the surface of the acid mixture when the mix- 

ture and stopper were placed in the thermos bottle. 

Vials 

The hydrated cements were cured in glass vials made 

by drawing down and sealing one end of the vial and seal- 

ing the other, after the introduction of the sample, with 

a cork. A cork, by itself, was found to allow moisture to 

escape so a thin layer of a white lead in lInseed oil putty 

was placed over each cork to insure complete sealing. This 

method of sealing was proven to be satisfactory due to the 

practically constant amount of free water found In the hy- 

drated pastes for each series (3 day, etc.) of runs. After 

being sealed, the vials were placed in a constant tempera- 



Figure 3 
Constant temperature 

oven 

Figure 4 
Ignition furnace 
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ture oven at 95°F where they remained until time to be 

tested. 

Constant Temperature Oven 

The oven (see Figure 3) consisted of an electrical 

resistance-heated unit with a bimetallic thermostat for 

temperature control. 

At the time of testing the hydrated samples were re- 

moved from the oven, allowed to cool, and reioved from 

the glass vials. They were then pulverized end ground to 

approximately 100 mesh by the use of a mortar and pestle. 

Each of these hydrated cements, as well as the ori- 

ginal cements, had to be ignited to determine the amount 

of moisture present. This was done in a horizontal muffle 

furnace (see Figure 4) heated to a temperature of approx- 

imately 750°C. 
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Chapter II 

COMPRESSION SPCIMENS 

Two-by-four standard cylindrical molds were used to 

no1d the compressive test speci1ens. These moJ . 
de were 

made of a heavy gage, galvanized sheet iron held together, 

along the four-inch side, by two bolts. The bolts were 

tightened up, pulling the mold tightly together, before 

the mortar was placed in the molds. After the mortar had 

set in the molds twenty-four hours, the specimens were 

removed by loosening the bolts and sliding the specimens 

out of the end of the mold. 

The scale used for weighing the bernent and ssnd was 

of the torsion type with to hold materials 

being weighed. The capacity of the scale was twenty kilo- 

grams. 

The trowel used for the mixing of the sand and. cement 

was of a triangular nature about five inches long by three 

inches wide, 

The water was measured in a graduated cylinder which 

Kas graduated with reference to water at 20°C. 

One-fourth inch thick glass plates were used to square 

off the ends of the test cylinders. 

After the twenty-four hour period, the specimens were 

taken from the molds and olaced ifl the constant tempera- 

ture-humidity room where they were left to cure until time 

to test. 



Figure 5 
Pressure gage and 

nozzle 

Figure 6 
Tinius Olsen 30,000 lb 

testing machine 
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The testing machine used. to test the two-by-four 

inch cylinders was a 30,000 pound Tinlus Olsen machine 

(see Figure 6). The testing machine was equipped with 

a sohericaily seated upper compression tool so as to in- 

sure uniform loading across th section of the specimen. 

The slowest speed was used. for the actual testing (OO4 

inches per minute, free speed). 

Tach specimen, before testing, was checked for 

average diameter by the use of calipers. This average 

diameter was then used when calculating the compressive 

strength in pounds per square inch rather than the nomin- 

al two inches of mold diameter. 
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Chapter III 

SFCIFIC SURFACE 

The specific surface, expressed as total surface 

area in sq cm/gm, was determined by the use of the Wagner 

Turbidimeter (see Figure 8) according to the A.S.T.M. 

Tentative Standard "Fineness of Portland Cement by Means 

of the Turbidimeter." (7) 

Wagner Turbidirneter 

The Wagner Turbid.irneter (7) consists essentially of 

a source of light of constant Intensity adjusted so that 

approximately parallel rays of light pass through a sus- 

pension of the cement to be tested and impinge upon the 

sensitive plate of a photoelectric cell. The current 

generated by the cell is measured with a microammeter 

and the indicated reading is a measure of the turbidity 

of the suspension. General considerations indicate th..a 

turbidity is, in turn, a measure of the surface area of 

the suspended sample of cement. 

The turbidirneter (9) is mounted in a ialnut case and 

includes the following parts: 

1. Source of light - The source of light used con- 

sisted of a six candlepower, concentrated-filament 

electric lamp operated by a six-volt lead-plate 



Figure 17 

Wagner Turbidimeter 

Figure 8 
Wagner Turbidimeter 



17 

storage battery. A parabolic reflector was 

mounted behind the globe and the light focused 

1n such a way that approximately parallel light 

passed through the sedimentation tank and fl- 

pinged uoon the photo-electric cell. The light 

intensita' was regulated by means of two rheostats 

having resistances of approximately six and thirty 

obas, respectively, and mounted in series with the 

lamp but in parallel with each other. 

2. Water celi - The light passed through a water 

cell before entering the sedimentation tank in 

order that heat rays from the beam were not ab- 

sorbed by the kerosine in the sedimentation tank. 

The water cell consisted of a three-inch brass 

tubing, four inches in length with glass windows 

cemented in the ends with a suitable sealing mater- 

ial. A stoppered hole is provided for filling with 

distilled vater. The cell was so arranged that all 

rays of light entering the sedimentation first 

passed through the water. 

3. Retarding filter - A colored glass was used 

which reduced the intensity of the light from 100 

microamperes to between 20 and 30 inicroamperes as 

registered by the photoelectric celi. 
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4. Se1inentation tank - The sedimentation tank 

constructed of 3/16 inch .. plate glass cemented 

together to form a rectangular tank having inside 

dimensions 2 in. x 1 1/2 in. x 8 in. The 2-in. 

faces were placed normal to the beam of light and 

were constructed so that they were equidistant 

within 0.003 in. at all points. The tank was 

marked at a height corresponding to 335 ml volume, 

to which the tank is filled in the actual tests. 

5. Photo-electric cell - The light intensity was 

measured by means of a photo-electric celi con- 

nected directly to a microammeter. A hood with 

a horizontal slot 1/2 in. height by 1 3/8 in. 

width was mounted over the face of the photo-elec- 

tric cell. (weston Photronic cell is employed). 

6. Elevating device - The source of light, water 

cell, retarding filter, and photo-electric cell 

were all mounted on a movable shelf which is raised 

or lowered by two connected lead screws so that the 

turbidity of the solution can be determined at any 

desired depth. The sedimentation tank was mounted 

on a base which is independent of the rest of the 

apparatus so that the tank shall be free from vi- 

bration caused by moving the 3helf. Th.e level of 

the light beam with reference to the liquid level 
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In the tank is inUcate. by a pointer which 

moves along a scale On the outside of the cabinet. 

The zero of the scale indicates that position at 

which the center lines of the slots for the light 

beam are at the saine elevation as the surface of 

the liquid in the tank when filled to the 35 ml 

level. The lines on the scale marked 7.5, 10, 

15, 20, 25, 30-60 are located at dis tances from 

the zero level to which the corresponding part- 

icle sizes, in microns, would fall in the given 

time, measured by the timing burette, as calcu- 

lated from Stoke's law for free falling bodies 

or particles. The interior is tainted a dull 

optical black so as to absorb all stray light. 

IIicroammeter 

The microaimneter has a scale from 0-50 microamperes 

and is readable to 0.1 microampere. (Instr. res. 95-l05 

No. 325 Sieve 

The sieving apparatus consisted of a No. 325 mesh 

sieve, 2 in. in diameter and having side walls 3 in. in 

height, a spray nozzle (see Figure 7) having seventeen 

0.02 in. holes in the tip for washing the sample through 

the sieve,. and a pressure gage installed in the water 
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line between the shut-off valve and the nozzle so that 

the pressure on the nozzle may be controlled. 

Stirrer 

The stirring apparatus consisted of a brush, which 

fit the test tube, attached to a stirring motor. The 

brush rotated at approximately 500 r.p.m. 

Timing Burette 

The time of settling for the different sized part- 

joies was obtained from a burette from which kerosine is 

allowed to flou. The burette consisted of a glass tube 

having a capillary fused into the lower end. The upper 

end of the large glass tube is flared out to hold a 

No. 325 mesh screen and to act as a funnel. The burette 

is calibrated for the times necessary for the particles 

of different diameters to fall to the level shown on the 

turbidjmeter scale ;hen the tank of suspended cement is 

placed in position. 

The suspending liquid used for the specific surface 

determinations was Pearl Oil from the Standard Oil Corn- 

pany of California. 
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FART II 

TST PROCEDURE 
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Chapter IV 

DETERMI1ÏATION OF THE HEAT OF HYDRATION 

Before the heat of hydration could be obtainet it 

was necessary to determine the heat capacity of the calori- 

meter. This was accomplished by dissolving some substance 

in exactly the seme amount of nitric and hydrofloric acids 

that was to he used in the heat of hydration determina- 

tions. The substance used for this calibration was fresh- 

ly ignited zinc oxide (3) in an amount b.ich would give 

aporoxiiately a four-degree rise ìn the temperature of 

the calorineter. Th.e amount of zinc oxido necessary was 

found to be 7 gms when using 400 gms of solvent which was 

composed of B ml of hydrofloric acid and enough nitric 

acid to make up to 400 gms. The heat of solution of ig- 

nited zinc oide is given as 257 calories per gram (a). 

Calibration of the Calorimeter 

For the actual heat capacity determination, a quan- 

tity of the nitric acid was cooled to the temperature cor- 

responding to the lower range of the Beckmann thermometer 

and placed in the thermos bottle. Hydrofloric acid (8 ml) 

was added and then additional nitric acid to give the de- 

sired total weight of solvent (400 gins). The cork stopper 

through which passes the stirrer, the funnel, and the 

thermometer was then properly seated. The lower end of 



the funnel stern extended to about one-half inch from the 

leve]. of the solvent. The Beckmann thermometer extended 

approximately three inches into the solvent. The stirrer, 

as stated before, extended to within one-half inch of the 

bottom of the thermos bottle. The stirrer as passed 

through the cork in such a way as to have sufficient free- 

dom of motion to ìrevent contact with the stopper. Any 

contact with the stopper would tend to generate heat, due 

to friction, thereby entering an error in the heat of 

solution determination. The motor was then started, and 

the stirring allowed to continue for about five minutes 

to attain uniform temperature distribution. 

During the five minute interval, the sample was 

weighed on the analytical balance end made ready for in- 

troduction to the calorimeter through the Dunnel. 

After the five minute interval, the initial tempera- 

turc was estimated and recorded to 0.001 degree, and the 

introduction of the zinc oxide through the funnel begun 

imrnedL ately. The time required for the introduction of 

the sanple was two or three minutes. This as deemed the 

better technique as it prevented the sample from dropping 

to the bottom as one ass which it would tend to do if 

introduced rapidly. Temperature readIngs were taken at 

five minute intervals until the temperature change between 

two successive readings was constant. The time required 
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for complete solution of the sample varied from ten to 
twenty minutes. It was found recessary to compensate 

for the small temperature changes which occurred during 

the solution due to heat leakage. The correction was 

found to be 0.016 degree per five minute interval. This 

was determined by ohservin the temperature drop for each 

five minute period after the sample had been completely 

dissolved. This correction then was added to the tempera- 

ture ri3e as read from the thermometer. 

After the ccipletion of the run, the calorimeter 
was opened and inspected to make certain that no snore 

than a trafle of sample remained, undis solved, on the 
funnel stem or cork. If any of the sample remained, the 

run was rejected. 

Test Procedure 

For the heat of solution of the cernent, a three gram 

sample of cement or -& four gram sample of hydrated cement 

was used. The procedure for determining the heat of solu- 
tion of the cement or hydrated cement was the same as that 
for determining the heat capacity of the calorimeter. The 

time required for complete solution which varied with diff- 
erexit cements, as about five to fifty minutes. 

The temperature rise obtained on dissolving the ceient 
was corrected for the radiation loss, as already described. 
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The cor:eeted temperature rise wa then multiplied by the 

heat capacity of the calorimeter giving the heat of solu- 

tion of the three gram sample. This was then converted 

to the heat of solution per gram of cement on an as-re- 

ceived basis. 

Since the partly hydrated cement contained a consid- 

erable amount of water, an additional correction was made 

for the heat required to change the temperature of this 

water from room temrerature to the final temperature of 

the calorimeter. 

The cjuantity of dry, unignited cement contained in 

the damp calorimeter sample was computed from ignition 

tests on correspondingly dry and partly hydrated samples. 

This quantity was then used as a divisor in place of the 

actual weight of the calorimeter sample for computing 

the heat of solution of the partly hydrated cement from 

the total heat of solution determined in that test. 

The heat of hydration was then obtained by subtract- 

ing the heat of solution of the partly hydrated cement 

from the heat of solution of the original cement. 

The hydrated cements, which were cured in the glass 

vials, were taken from the oven and allowed to cool to 

room temperature before using. Then the vials had cooled 

they were broken from the h ydrated cement by the use of 

a hammer. Extreme care was taken to remove svery particle 
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of glass because glass has a very high heat of solution. 

A very small particle of glass present would give too 

high a heat of solution for the hydrated cernent sample. 

After the removal of the glass vial from the cernent, the 

cement was placed in a mortar and ground to approximately 

100 mesh. The sample was then immediately weighed to 

eliminate error, due to air drying. This air-drying 

effect was noticed very markedly on the one-day and three- 

day samples. The twenty-eight day samples showed very 

1tt1e air-drying. 

The samples, for the moisture determination by ig- 

nition, were weighed on the analytical balance and placed 

in crucibles. The crucibles with lids ajar were placed 

in the muffle furnace (see Figure 4) at a temperature of 

750°C for two hours. At the end of this time the crucibles 

were removed, placed in a destecator to cool, and weighed. 

The samples were then brushed out of the crucibles with 

a camel's hair brush and the crucibles reweighed. The 

difference in weight represented the amount of dry-ignited 

cement in the original hydrated cement sample. The diff- 

erence in weight between the hydrated cement sample taken 

and the dry ignited sample left after ignition represented 

the moisture present in the hydrated cernent. This quan- 

tity of water (on four gram basis) was used for the mois- 

ture correction when determining the heat of solution of 

the hydrated cement. 



Hydrated pastes 

One hundred nd fifty gras of each Pacific Coast 

cement was mixed itb sixty grams of water to make the 

hydrated pastes. This is an mount of hydrating water 

equivalent to forty per cent of the weight of the cement. 

After the water was poured on the cement, the samples 

were mixed and beaten with a stirrer until the pastes 

were as nearly homogeneous as could be obtained. Inimed- 

iately after mixing the pastes were placed in vials, 

sealed, and stored in the constant temperature oven to 

cure until time to be tested. 
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Chapter V 

DETERMiNATIOi'r OF COMPRESSIVE STRENGTHS 

Composition of Test Specimens 

The compressIve strength test specimens were made 

of one part cement to three parts of standard 20-30 

white Ottawa sand by weight and water equal to 40% of 

the weight of the cement. The mortar was made and placed 

in the molds according to the k.S.T.M. Standards (1) ex- 

cept that due to the small amount of mixing water used 

an extra nount of rodding was necessary. The anount of 

rodding was, however, kept constant for all test cylinders. 

In the case of tv?o cements it was found necessary to in- 

crease the water added to 45% of the weight of the cement 

in order to obtain a workable mix. These cements were 

Santa Cruz Commercial High Silica and Santa Cruz Low 

Temperature High Silica. 

For the actual procedure amounts of 20-30 standard 

white Ottawa sand and cement were weighed up so that the 

total weight of the mix was between 1000 and 1200 grams 

as soecified in the AIS.T.M. designations. The sand was 

weighed first and spread on the metal-covered table. The 

cernent was then weighed nd spread over the sand. The 
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two were thoroughly mixed while dry with a all tri- 

angular shaped trowel. kfter the mixing was complete, 

a crater was formed In the center of the cement-sand mix 

and the mixing water was added. Thirty seconds were 

allowed for the cement-sand mix to absorb the water. The 

edges of the crater were then turned into the center and 

the mortar thoroughly mixed for one and one-half minutes. 

At the end of this time, the mortar was ready for the 

molds. The molds in the meantime were prepared for the 

mortar by tightening the cicmping bolts and oiling the 

inside. The oiling was necessary in order to prevent 

the test specimens from sticking. The molds were then 

placed on oiled glass plates and the mortar introduced. 

After the mold mvas approximately one-third filled, the 

mortar in the mold was rodded twenty-five times with a 

one-fourth inch diameter, spherical ended rod. The mold 

was filled to two-thirds and the same procedure dupli- 

catet. The mold was then filled to the top, rodded and 

levelled off with the trowel, The test specimens were 

then set aside and allowed to set for two hours before 

being capped. 

For the capping off the test specimens neat cement 

pastes were made up of the desired consistency and a layer 

placed over the top of each test cylinder. Glass plates 

were placed over the neat cement pastes on the cylinders 
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and pressed down to give a square, smooth surface to 

the top of the test specimen. This capoing operation 

is necessary due to the sbTinkage of the cernent speci- 

mens when they set thereby leaving a dished effect on 

the top of the cylinder. 

After the specimens set for twenty-four hours, the 

glass plates and noids were removed. The test specimens 

were marked with a black asphalt paint and placed in a 

constant temperature-humidity room to cure until time 

of testing. (70°F, 100% relative humidity). 

Method of Testing Specimens 

For the actual testing of the specimens the 30,000 

pound Tinius Olsen testing machine was used (see Figure 5). 

Each specimen was measured for average diameter and placed 

directly under the center of the swivel head of the test- 

ing machine. The hea was brought down onto the specimen 

at slow speed until the beam rose. The beern originally 

had been loaded with an initial load of 25 pounds. At 

the instant the beam started to rise the testing machine 

was shifted out of slow gear and into extreme slow speed. 

This is by far the slowest speed on the testing machine, 

being only a fraction as fast as the speed designated 

ttslow". The beam was then kept balanced by moving the 

weight out along the beam as the load on the specimen 

increased. The dropping of the beam onto the lower support 
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dsignated the point of failure of the spec±men. The 

load, read from the position of the weight on the beam, 

was recorded as the load necessary to repture the speci- 

men. This value divided by the cross sectional area in 

square inches gave the compressive strength in pounds 

per square inch. 



Chapter VI 

DETERMINATION O F SPECIFIC SURFACE 

Calibration of Turbidimeter and Sieve 

When using the calibrated burette, as was done in 

this research project, the apparatus must be used. within 

the normal range of room temperature. This is necessary 

due to th.e fact that the burette was calibrated for this 

range of temperatures. Any small deviation from room 

temperature will he comoensated for by the rate of 

settling of the particles in the suspension tank, assum- 

ing temperature of kerosene ±n the tank and burette is 

the same (ust be kept 'rïthin 1°F). Tb . is compensating 

effect is due to the change in viscosity of the kerosene 

with temperature. 

Extreme care must be taken to use only clean kerosene 

in the timing burette. Any swall particle of lint, etc. 

caught in the capillary would change the rate of flow and 

consequently the specific surface determined. 

For the calibration of the sieve the spray nozzle and 

pressure gage were connected to the city water supply line 

and the pressure on the nozzle adjusted to 10 pounds per 

square inch. One gram of National Bureau of Standards 

standard sample #114-C was weighed on the analytical bal- 



ance and olaced on the #325 mesh sieve. The sieve with 

sample TS placed under the nozzle and water was sprayed 

through the sample and sieve for one minute. The, sieve 

and residue were then placed in a constant temperature 

oven at 105°C until the residue was dry. Approximately 

one-half hour was allowed for this drying. After the 

residue was dry, ït was brused off the screen with a 

caine? hair brush onto a counterpoise watch glass and 

weighed. T1e residue in per cent of original sample 

represented the percentage not passing the #325 sieve. 
The correction for the sieve was then the percentage pass- 
ing sieve as prescribed for this standard sanple divided 

by the percentage obtained from this test. 
After every three detern-ilnations, the sieve was 

dipped in a lO hydrochloric acid solution and i!mnediately 

rinsed with water to remove particles lodged in the meshes. 

After twenty-five determinations, the sieve was recalibrated. 
The calibration of the turbidimeter proper is made by 

adiustment of the light intensity. Increasing the light 
intensity reduces the calculated surface area of any aample 

and vice versa. Using the regular test procethre and with 

light adjusted to a trial vaire of 25 microamperes through 

the filter, a determination of the specific surface is made 

using the National 3ureau of Standards standard sample 

ll4-C. A specific surface less than that assigned to the 
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sample was obtained so the 1ght intensity through the 

filter was reduced to 20 microampores. This detern1na- 

tion gave too high a value of specific surface so by means 

of a straight line interpolation, a value of 23 micro- 

amperes as found to be the tentative correct value. Using 

a light intensity of 23 microamperes through the filter 

and the same procedure gave the specific surface as 1883 

for the sample whose assigned specific surface was 1890. 

This is well within the accuracy of the instrument. Using 

new suspensions this value of specific surface was checked 

twice and found to be correct within. narrow bounds. The 

light was now left at 23 microamperes and a tank of clear 

introduced. intensity through the 

filter plus tank of clear kerosene was 19.7 microamperes. 

This value is tiTen the permanent reference value for the 

intensity of the light, and the rheostats should be ad- 

justed at the beginning of every run to give this value 

through the filter plus tank of clear kerosene. 

Procedure in Determining the Specific Surface 

The weight of cement sample to use depended upon the 

amount passing the #325 mesh sieve. A 0.3 gm sample was 

used for a very fine cement (more than 85% passing he 

4325 sieve), a 0.4 gin sample for a medium cement (70-85% 

passing the #325 sieve), and 0.5 gin for a coarse cement. 
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The above designated sizes of samnles are selected so that 

the mîcroannieter readings will fall in the middle portion 

of'the microamnieter scale, From this it can be seen that 

aside from keeping the microamneter on scale, the specific 

surface determination with the Wagner Turbiilimeter is in- 

dependent of the amount of cement used. 

sieve determinations are made using the same pro- 

cedure as for the calibration of the sieve. 

The cement sample to he used in the suspension is 

weighed on the analytical balance and placed in a test 

tube with 15-20 ml of kerosene and 5 drops of oleic acid. 

The purpose of the oleic acid is to act as a dispersing 

agent. The mixture was then stirred for one minute and 

immediately poured into the suspension tank. The test 

tube and brush were washed off with clear kerosene and 

the washings placed in the tank. The volume of the sus- 

pension in the tank was then made up to 335 ml. Since 

it is iportant that the level of the liquid in th.e tank 

coincide ï ith the zero mark on the scale of tih.e instru- 

ment, it is correspondingly important that the volume of 

the suspension be close to 335 ml. For this reason the 

kerosene to he used in the suspension was measured in ai 

Erlenmeyer flask with a 335 ml graduation on the neck. 

After the suspension is made up to 335 uil, a ground 

glass plate is placed over the top of the tank arid the 

tank rotated about a horizontal axis at the rate of one 



inversion (1800) per second for one minute. Care must be 

taken to prevent loss of kerosene and also to prevent 

spilling over the outside faces as the faces cannot be 

wiped when the tank is full due to the formation of a 

static charge of electricity which interferes with the 

free fall of the particles. The suspension was then 

ready to be placed in the light beam. 

Before the suspeflsion was agitated, however, the 

shelf was placed at the 0-60 position, the light inten- 

sity adjusted to the calibrated value and checked for con- 

stancy, and the timing burette filled. The timing burette 

was filled above the zero mark far enough so that it took 

the kerosene approximately one and one-quarter minutes to 

drain to the zero mark. This allowed time for the agita- 

tion of the suspension. The suspension was agitated until 

the kerosene drained past the zero line in the timing 

burette wien agitation was stopped. The tank was inmed- 

lately placed in position in the path of the light beam, 

the colored filter removed and the door closed. The micro- 

ammeter was read as the kerosene drained past the gradua- 

tions on the timing burette and tri.e shelf raised to the 

corresponding heights as shown by the scale on the end 

of the turbidimeter. At the end of the run the filter 

was replaced in the path of the light beam, the tank re- 

moved, and the intensity of the lamp checked. A variation 
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of ±0.3 microamperes was allowed. If the variation was 

greater than this, the run was discarded. 

The actual specific surface is calculated from the 

following equation: 

38 r (2 - log 160) 
31.5+O.751og 5+log 110 +1og115+---+1og155 - fl.51ogI 

where S = specific surface in sq cm/gm 

r = percentage by weih.t passing the #325 sieve 

I75 110, 115, etc. = the microammeter readings in micro- 

amperes which correspond to the 

particle dismeters. (In microns as 

indicated by subscripts). 



PART III 

RESULTS OF TESTS 



Desig- 
nation 

A-1 

o 

B-1 
C-1 
C-2 
C-3 
C-4 
D-1 
D-2 
E-]. 
E-2 
E-3 
E-4 
E-5 
F-1 
F-2 
G-1 
1 

H-1 
H-2 
H-3 
H-4 
J-1 
J-2 
K-1 
K-2 
V- 

K-4 
K-5 

Chapter VII 

' r' 

CE?:EIT DESI&NATIOKS 

Brand 

Ore . -Portland 
(Oswego) 

Sun 
Ht. Diablo 
Modified 
Low Heat 
Hi(cth Early 
Standard 
Standard 
Low Heat 
Plastic Spread 
Plastic Sil 
Yosemite Com'i 
losemite one-day 
Yosemite Pronto 
Regular 
Moderate Heat 
Commercial 
Modified (s;) 
Low tenp.-high silica 
Low C3A 
Commercial 
Com'i High Silica 
Standard 
Low Heat 
Ve io 
Regular 
M.W.D. #79 
Low Heat 
Sulphate Resistant 

Comp any 

Oregon-Portland Cement Co. 

Oregon-Portland Cement Co. 
Cowell Portland Cement Co. 
The Olympic Portland Cern. Co. 
The Olympic Portland Cern. Co. 
The Olympic Portland Cern. Co. 
The Olymoic Portland Cern. Co. 
Northwestern Portland Cern. Co. 
Northwestern Portland Cern. Co. 
Yosemite Portland Cern. Corp. 
Yosemite Portland Cern. Corp. 
Yosemite Portland Cern. Corp. 
Yosemite Portland Cern. Corp. 
Yosemite Portland Cern. Corp. 
Calaveras Cexent Company 
Calaveras Cement Company 
Pacific Portland Cement Co. 
Pacific Portland Cement Co. 
Santa Cruz Portland Cern. Co. 
Santa Cruz Portland Cern. Co. 
Santa Cruz Portland Cern. Co, 
Santa Cruz Portland Cern. Co. 
Riverside Cement Company 
Riverside Cement Company 
Monolith Portland Cement Co. 
Monolith Portland Cement Co. 
Monolith Portland Cement Co. 
Monolith Portland Cement Co. 
Monolith Portland Cement Co. 
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Chapter VIII 

CONCLUSIONS 

Heat of Hydration 

5]- 

The procedure followed ïn determining the heats 

of hydration is accredited with being accurate to within 

a plus or minus two or three calories. In these tests, 

however, it is thought that this accuracy was not at- 

tamed due to the large temperature correction and due 

to the long period of time necessary in order to obtain 

complete solution of some of the cements. A small error 

in the temperature correction then would nake itself 

evident in the heat of solution of the sample and from 

this in the heat of hydration of the sample. It is this 

factor which, it isthought, caused the fluctuating of 

the values obtained for the heat of hydration for some of 

the cements. Another factor which may have affected the 

heat of hydration determination is the paraffin coating 

on the inside of the calorimeter. In most cases viny- 

lite solution is used to coat the inside of the calori- 

meter. Paraffin, however, was used in this research. and 

was found to be impervious to the acid mixture during the 

entire run and did not seem to be affected in any way. 

Tests were run using just the required amount of acid mix- 

ture and no cement to determine whether or not a constant 
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temperature was obtained at thé beginning of each run. 

It was found that the temperature increased slowly by 

nearly the same increments as the temperature dropped 

at the completion of a run. This would be exected due 

to the fact that the room temperature was kept midway 

between the initial temperature and the final tempera- 

ture of the calorimeter for each run. Ths would lead 

one to believe that there was no reaction between the 

acid and the paraffin. 

The heats of hydration varied over a wide range 

starting from a low value of around 40 calories per gram 

for the low heat cements to nearly 100 for the high heat 

and standard portland cements. The modified cements came 

about midway between these two types of cement. It is 

interesting to note that the heats of hydration for the 

low heat cements from some companies were higher than the 

heats of hydration for some of the modified cements from 

other companies. The heats of hydration in all cases are 

directly dependent upon the chemical composition of the 

cement. The higher the tricalcium compounds; the higher 

will be the heat of hydration. As the chemical composi- 

tion of these cements was not knovm, no correlation be- 

tween compound composition and heat of hydration could be 

formulated. 
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The effect of the high curing; temperature, namely 

95°F, is not known. It is thought, however, that this 

curing temperature gives a higher heat of hydration than 

a lower curing temperature. 

Specific Surface 

The specific surfaces of the Pacific Coast cements 

examliled ranged from approximately 1500 to 2400 sq cm/gm 

with the majority fallingin the 1600 to 1900 sq cm/gm 

range. These values of specific surface compare very 

favorably with those of cements from other localities. 

Tests on cements for Boulder Dam (8) showed specific sur- 

faces of the cements examined of 1100 to 2000 sq cm/gm 

with but two cements at the 2000 sq cm/gm range and the 

majority of the others below 1500 sq cm/gm. This tends 

to show that cements are ground finer now than they were 

several years ago. 

There seems to exist a correlation between conmress- 

ive strength and specific surface. The high strength 

cements in all cases were the ones which had the highest 

specific surfaces. It may be rossible tb at these cements 

needed to be ground fine in order to exhibit a high strength. 

The strength has, however, been definitely correlated with 

compound composition and any increase in strength due to 

increased specific surface then would have to be attributed 
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to the better mixing or enveloping properties of a 

finer cement. The finer cements also tend to show a 

higher early strength than the coarser cements. 

on the curves of strength-heat ratio vs. specific 

surface the Pacific Coast cements tend to show a mini- 

mum strength-heat ratio for specific surfaces in the 

range of 1700-2000 sq cm/gm. This merely happens to be 

the case and no correlation can be drawn from it. Had 

the minimum, on the other hand, been obtained for a 

single cement ground to the different specific surfaces 

a definite conclusion could have been drawn. 

Compressive Strengths 

The compressive strengths of the cements for each 

period of curing varied greatly. Some cements, ground to 

a high specific surface, showed as high as 1000-1600 

pounds per square inch compressive strength at one day, 

whereas Others showed only 100-200 pounds per square inch 

compressive strength. The cements varied this way for 

every test period although the differences became less 

as curing time increased. Finally at the 28-day test 

the strengths ranged from a low of 1880 pound per square 

inch to a high of 6270 pounds per square inch. 

There was a difference in the amount of mixing water 

necessary in order to obtain a workable mix. The high 
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silicate cements (according to the neme of the cement) 

reauired the most mixing water in all cases. This corre- 

lates very precisely with the results of certain inves- 

tigators (8). Other cements, the names of which did not 

imply it, but which formed stiff mixes with a 0.40 water- 

cement ratio, would be expected then to be moderately 

high in silicates. 

In most cases the rate of strength increase with 

curing time was uniform and the test values when plotted 

formed smooth curves, 
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