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I INTRODUCTION 

In recent years there has been considerable development 

along the lines or using coal powdered to a fineness resembling 

talcum powder for the production of power in practically all the 

new and larger power plants. This pulverized coal burns simi-

larly to gas when blown into the combustion chamber. Because or 

the fineness of the individual particles of coal, a very fine ash 

termed "fly ash" is formed when canbustion occurs, a large portion 

of which is carried on up and out the 81JlOke stack. 

The "fly ash," if al.lowed to go up the stack and out over 

the surrounding territory, becomes a health hazard as well as a 

nuisance to the cleanliness of the comnunity. The average fly ash 

is about fifty per cent silica (S102 ) which should classify it aa 

a silicosis hezard. To avoid this nuisance and haze.rd, the fly 

ash mey be collected in one of several ways, the most important 

being by electrostatic precipitation, wet scrubbing, and with cy-

clone separators. It must then either be used or disposed of. 

Several attempts have been imde to use fly ash for some use-

ful purpose, but it is not adaptable for filling in, for road 

construction, or for similar uses me.de of clinker ash. 

In this investigaticn, an attElllpt has been made to determine 

the optimum conditions of both the process and composition which 

should be used in the manufacture or a building :rmt erial from fly 



ash, and special re:terence will be mde to the ash of the 

Virginia Polytechnic Institute Power Plant, Blacksburg, Virginia. 
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II ,m! REVImY .Q!. UTERA.TURE 

Health Hazard 2!_ !!.!!, Harrington and .De.'9'8nport (1-l) 

discuss the effects of' breathing dusts containing silica. 

Breathing these substances containing silica results in a disease 

known as silicosis, for which there is no cure known at present. 

Ho treatment has been discovered that prevents the characteristic 

fibrosis after it bas started in the l\Dlgs. Tiro facts stand out 

rather clearly in the discussions regarding the comparative harmful-

ness of' silica and other dusts. One is that silica is mre danger-

ous because it apparently predisposes to tuberculosis more than 

other dusts. The second f'act is that the mortality rate is highest 

in the later yes.rs. Heavy inhalations of any dust are also liable 

to cause pulmonary damage. The most deadly of all dusts examined 

was precipitated silica. 

Collection 21_ !!Z, Cottrell precipitators (1) are one ot 

the most ccmmCll methods of arresting fly ash. In .Tune 193' there 

nre seventeen comnercial installations handling 8,000,000 cubic 

feet of gas per minute at 350° I' f'rom sixty-one boilers removing 

well over ninety per cent of' the suspended ash. 

General Information Very little information has been pub-

lished on the use of' f'ly ash or of' any alumino-si licate in the menu-

f'acture of' a synthetic building material. Most of' the work along this 

line has been done at Purdue University by Petter, Harrison, and 



Shreve (21), and Harrison, .Tones, and Shreve (15). They state 

that because of the relative ease with which silicates may be made 

to react with lime to form sand-lime brick, it might be thought 

that aluminosilicates would react similarly to form a calcium alum-

inosilicate in the place of a calcium silicate. Work done along 

this line for the past few years bas shown that this reaction does 

take place under appropriate ccnditions. Three patents (19, 20, 
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25) have been taken out at Purdue, the fundamental idea of which is 

that an artificial building material may be made by intinetely mixing 

an alkaline earth base with a material containing finely ground hy-

drated aluminosilicic acid; heating the mixture in a closed chamber 

retaining the essential water, forming a m,.terial of high compressive 

and tensile strength. The chief basis or their patents is upon the 

statenent that, although alum.inosilicic acids have been in the past 

considered as having little reactivity, they have fotmd that under 

the proper conditions or moisture and temperature, they react 

readily-. 

!!!_ Materials The materials used by the Purdue experimenters 

consisted of shales from the Mississippi, Illinois, am Vermont, 

and residual fly ash fran the canbustion of powdered coal (21). 

Hydrated lime of the usual CCI!llrercial type was the other chief raw 

DBterial, with wood rosin added in small amounts. 

Process The technical operation used by these investigators 

consisted essentially or thoroughly incorporating shale of which 90 

per cent would pass a 325-mesh sieve with high calcium hydrated lime. 
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This was dcne in a revolving wet pan with scraper blades, Suf'ticient 

water was added to torm a damp mas, which usuelly snounted to trom 

18-22 per cent. This moist mix was then canpressed in polished steel· 

moulds under a pressure of 2500 pounds per square inch. It was then 

remoTed trom the mould and allowed to stand in the atmosphere tor 

one or tlfO hours. It was then placed in an autoclave under 75 pounds 

e/ilf8J steam pressure tor two hours, the purpose of this operation 

being to complete the reaction between the aluminosilicate and the 

alkaline earth base (lime). In this indurating reaction it was neces-

sary to keep the necessary reaction water in the masa and hold it 

within narrow limits, chare.cteristic tor each material. Upon removal 

tram the autoclave the samples bad full strength. 

Practical .A.pplicationa Examples of the uses to which "Rostone" 

may be put were described. Among these were exterior end interior 

wall medium, flooring slabs, decorative intaglio tile, hollow wall 

aecticns, vases and ornaments. Tests were :me.de to show the resistance 

to exposure to weather which proved successtul. Because of the tact 

that the material is adaptable to the incorporation of inorganic 

coloring materials, a desirable ft.riety of flooring slabs may be nede. 

Large wall blocks up to 17 x 48 x 2 inches and weighing 130 pounds 

have been mde recently. According to Harrison (15) and his asso-

ciates, there is the possibility that some day power plants will have 

the tacili ties for making such a material directly under the electro-

static separators which collect the fly ash. In a bulletin (2) pub-

lished by Rostone Inc., a detailed description of the house at .A. 

Oentury of Progress is given including numercus pictures. Other ap-



plicatiana are also menticmed. 

Physical As described by Harrisan (15), 

this building DB terial bas several characteristics which are not 

common tor most building materials. The surtaces are smoth and 

true with no warpage or shrinkage occurring arter shaping in the 

moulds. According to his experiments, bricks made trom r1y ash by 

his process had the tollowing properties: 

Compressive strength (2-inch cubes) 6000-8000 lb./sq. in. 

Kodulua ot rupture (standard brick test) 600-1000 lb./sq. in. 

Absorption (5-hr. immersion) 3.5-6.~ 

Special reterence is made to the hollOlf load bearing wall block 8 x 

8 x 16 inch with 55 per cent core space and weighing 23 pounds per 

block. Although building codes call tor rrom 700 to 1000 pounds per 

square inch over gross area, the ccmpressive strength ot this hollow 

brick will run as high as 2226 pounds per square inch. .Another verr 

desirable characteristic ot brick made trom fly ash is the ease with 

which the absorption value may be varied. In an investigation ot 

the construction of water-tight masonry (15), it was round that the 

best results occur when there is an optimum relation between the 

character of the mortar and the porosity of the building material. 

This porosity, which is measured by the absorption value, may be 

T&ried and con trolled by varying the amount of resinous material 

used. J'ly ash bricks also gave favorable results to fire tests in 

which a wall of the blocks was used in the experinent. The hot side 

obtained e. temperature or 1900° F, the air space 825° 'I', and the cool 

side reached a temperature or 300° F. .A. mre detailed description of' 



the properties of this type of building imterisl made from shale may 

be found 1n the article by Peffer (21) which includes a detailed 

description of hardness tests, absorption rates, resistP-nce to weath-

ering, abrasion, and t aig}lne ss. 

Application i2_ Dz Ash J'ly ash may be obtained in quantities 

ranging from a few hundred tons a week up to as high as 500 tons a 

day (15}. In order to prevent the scattering of t m ash and creation 

or a nuisance, they are usually collected by the use of electric 

precipitation, wet scrubbing methods, or cyclone separators. The 

ash is usually lisht grey or black in color. 'l'he particle size of 

aamples taken from two different localities ( in per cent) was as 

follows (15}: 

Sample A. Sample B 

Retained on 100 meah 6.25 6.5 
Retained on 200 mesh 9.40 o. '1 
Retained on 325 mesh 7.75 4.6 
Through 325 mesh 76.60 88.2 

When the fly ash is inspected under a microscope , the individual 

particles have a glass-like ap:pearan ce and are sometimes in the :fom 

of small hollow spheres or bubbles. The chemical analysis will vary 

with the locality, but the carbon content will depend mostly upon the 

efficiency or the particular power plant and the character o:f the 

original co al used. 
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'1'.ABIX I 

A. T!PICAL FLY ASH .ANALYSIS 

Sample A. Sample 

s102 46.9 -M.l 

.U203 29.9 20 .... 

•e2°3 11.9 18.72 

eao 2.6 6.85 

lfgO 0.9 0.92 

T10 1.3 0.'11 

C 6.5 8.26 

Black globules of magnetite and so.I!J:t hematite were shown by petro-

graphic exsmination. 

Caitrol ii.:ttlorescence Bricks made from fly ash have the 
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tendency to exhibit a very bad white efflorescence upon exposure to 

weather unle:-;s they are specislly treated. The main constituent• ot 

this white effloresc•-nce e.re sulfates of calcium and sodium. Attempts 

were mde (15) to •sh these soluble salts out of the ash before using 

it. This reduced the ettlorescance, but did not eliminate it. It wae 

tound that more sodium sel.ts wera set free in the steaming process, but 

that tne addition of somt: organic substance would solve this problem. 

Pulverized wood rosin was found to be best. 'l'he rosin reacts with the 

soluble S8l ts to form resinates, which results in the elimination of 

efflorescence. 1'he portion of rosin required Tilries with the ash used, 

but it is seldan found necessary to use more the.n one per cent of the 

tillal dry weight • 



Coarse Greins !5?,1 Practical 'l'he coarse ground shale (22) 

such as that retained on a 48 mesh sieve, undergoes very little 

reaction With the result that an unsound product is :f'o:msd. 

Other Desirable .c'roperties E!,_, the Brick .llthough normal 
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compressive strengths run :f'ran 6,000 to 8,000 lbs. per sq. in. (22), 

canpressive strengths or 22,000 lbs. per sq. in. have been attained 

With transverse strength of' 1500 to 2500 lbs. per sq. in. The 

ty-pical physical. test given here (22) is: 

Canpre ss ive Strength 
Flexure 
Absorpti C11 

10,000 lbs. per sq. in. 
1,600 lbs. per sq. in. 

12~ 

Results of .X-Ray Analysis X-Ray wo:rlt (22) shOl'ls that none 

of' the original alumino-silicic acid and lime is present in the :final 

product, indicating that these two substances have reacted to :form a 

new compound. The X-Ra.y analysis does sha1r that silica, dolomite and 

other common ingredients o:f the original shale remain inert. 

Effect .2.t Gypsum .2!! Natural Cements Eckel (9) states that the 

ettect of gypsum in regard to setting thre end strength is about the 

same tor natural ceIIBnts as for Portland Cement. It is pointed out, 

however, that the degree to which the gypsum attects the prcrluct depends 

entirely upon the chElllical composition of the particular cement. 

J'ol'JEr experimenters seem to .bB.ve entirely overlooked this tact. 'l'he 

analysis o:f the particular cement used should be given. In the table 

(9) showing the e:f:fect of plaster on setting time, gave the nexi-

mum initial setting time while gave the maximum final setting 

time. This was true for both brands of natural cement used in the 
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experimmts. In experiments run to determine the effect of' gypsum 

on tensile strength it was found that the addition of just 1~ had 

injuricus ef'f'ects on the soundness of the cement, but larger per-

centages •ere necessary before the tensile strength was appreciably 

decreased. The high percentagee, 3 to 6~, caused bad creeks. 

Soundness _2!, !2!_ Structural !!!!_ Bessey and :ii:ldridge ( 6) 

did sons •ork on the soundness of' lime, with special reference to its 

use in the mmuf'acttn"e of sand-lime brick. Although it is desired that 

sand-lime brick as well as other building materials have good proper-

ties as regards strength, hardness, resistance to weather, color and 

surface texture, the only one very appreciably affected by the quality 

of lime used is the strength. Consequently, tests as to the adapta-

bility of lime f'or sand-lime brick manufacture are based on the strength 

of the resulting bricks which are manufactured. Thorough and extensive 

tests were made using specimens 1.5 inches in diameter and 2.1 inches 

high. These data proved conclusively that soundness was the paramount 

property and t:00 chemical analysis of the lime of secondary importance. 

Therefore, m:>st any lime may be used if it is sound, regardless of the 

chemical composition. J.s regards chemical canposition, however, it may 

be generally stated that magnesium. limes should be avoided due to the 

fact that they require very careful treatment because of the ease 

With which mgnesia is overbumed. High calcium and moderately hy-

draulic lill'll s are norrmlly quite satisfactory. Incorrect hydrating 

or overburning is the usual cause of unsuitable liDea. 



12 

Soundness !!il In the soundness test conducted here (16), 

the expansion of s~cimens was used as a basis for the determina-

tion. All specimens with low expansion gave e brick with high com-

pressive strength, and all those with high expansion gave a weak 

brick with very low compressive strength. The actual test was car-

ried out by placing a split brass cylinder mould on a piece of glass 

and filling 111. th a mixture of hydrated lime and silica sand. The dis-

tance between the indicator arms on either side of the split was 

measured. The mould was then placed in an autoclave for at least 4 

hours with the temperature not less than 170° c. The distance between 

the indicator arms was again measured and the increase was a record of 

the expansion of the mixture. •soundness' was found to be the essen-

tial point. 

-Expansions ranging from zero up to 68.5 nm. were obtained, and 

all those limes giving strengths of less than 3,000 lbs./sq. in. gave 

expansions of over 5 m:n. 11h ile those with higher strengths gave expan-

sions below tba.t figure. 

•This relation may be considered remarkably consistent when it is 

remembered that the limes tested varied so widely in chemical compo-

sition and also in certain of their physical. properties, such as fineness 

and workability. 

"The mould, placed upon a small piece of glass, is filled with the 

mix prepared as described below, and the materiel tamped in by band, care 

being taken to keep the jaws closed. The mix is tamped level with the 
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top or the mould and covered with anotmr glass plate upon which a 

small weight is placed. 

"The mix used consists of 30 gr. of the hydrated lime, 50 gr. of 

tine silica sand passing a B. s. sieve No. 150, end 120 gr. of silica 

sand passing a B. s. sieve No. 18 and retained on a B. s. sieve No. 

25, with 13.0 cc. ot water. The whole is thorougllly mixed before til-

ling the mould. 

"The distance separating the indicator points is measured, and 

the filled mould transferred imnediately to an autoclave and exposed 

tor at least 4 hrurs to a temperature not less than 170° C, correspond-

ing to 115 lbs. per sq. in. steam pressure. One hour should be allowed 

for the autoclave to attain its pressure and one hour for cooling or 

blowing off steam, the total time in the autoclave being therefore not 

less than 6 hours. The distance separating the indicator points is 

then measured; the difference between the two measurem3nts represents 

the expansion of the sample.• 

The A. s. T. M. (3) in its standard specifications for hydrated 

lime gives a soundness test. The test is carried out by mixing 20 gr. 

of the lime sample with 100 gr. of standard Ottawa sand to which enough 

water is added to give the mixture the consistency ot a rather dry and 

fairly plastic mortar. A pat of definite thickness is spread on a 

glass plate and allowed to stand under definite caiditiais for 24 hours. 

It any cracks e.p;ear at this time the sample is discarded because o~ 

improper consistency. The good pat is then suspended in a vessel 

partially tilled with cold water, so the water can boil without touching 
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the pat. The water is gradually brought to boiling and kept boiling 

gently tor 5 hours, the pat being surrounded by steam during the time. 

'l'he pat is removed after the setup has cooled tor at least 12 hours. 

The sample is considered as being 'sound' if the steam has no visible 

errect on the pat. The 88lllple is considered as being 'unsound• if the 

pat disintegrates. If the pat cracks, pops, or shows other minor 

detects it is considered as being either sound or unsound, but its 

behaTior should be noted. 

In the A. s. T. K. (4) tentative methods, a slightly different 

method of detennining 'Soundness' is described. A pat is used here 

also, but an autoclave is used tor the steaming operation which takes 

place tor 2 hours at a pressure of 120 lbs. per sq. in. Unsoundness 

is :manifested by popping of the specimen. 

Emley (11) states that lime when used in sand-lime brick must be 

completely hydrated before the bricks are pressed it you wish to avoid 

expansion during the steam treatment which would cause internal strains 

and disruption or the brick. 

Sand-Lime Brick llanutactu,re In a Technologic Paper or the 

Bureau or Standards (11), a detailed description of the steps in the 

process or making sand-lime brick is given. The essential points in 

the process are: 

(a) add the required amount of thoroughly hydrated lime to the sand 

and mix the two intimately, 

(b) add enwgh water to give tm mterial such a conststency that it 
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will hold together when pressed in a mould; 

(c) press the dan.p mixture to the desired shape, 

{d) cure the brick by means of steam under pressure. 

It was believed at one time th at m.cmocalci um silicate (18) com-

posed meat of the bonding naterial, blt recent researches by the Bureau 

of Standards (10) have tailed to disclose satisfactory evidence c:L the 

presence of any silicate other than the mono calcium silicate. Mmo-

oal.oium silicate {ll) bas never been obtained in tl:e crystalline foxm. 

It has the formula Ce.O.Si02 ao that it contains 48.25 per cent lime 

and 51. 75 per cent 88lld. 

Effect 21 Particle fil:!!. Bml.ey (11) points out the tact tl:at 

under ordinary con di tlons silica sand is very inactive and even under 

the autoclave conditions it is only the surface of the grains which is 

attacked by the 11.me. Since the area of a spbe re varies as the square 

of the diameter and the voluma as the cube, the smaller the p:i.rticles, 

the greater the surface area for t:m sa.m3 weieht of sand. If the sand 

ia so reduced in size as to obtain the amorphous conditim (16) it ce:n 

take up water and will become quite chemically ac+,ive (8) Peppel has 

shown that larger greins tend to produce a brick with high crushing 

strength and low transverse strength, while the opposite holds if the 

majority of the grains are small. 

Mixing Sand-Lime Brick The mixture (11) consists or about 

1~ lime, and 9~ sand. In order for chemical reaction to take place 

between the calcium oxide and silica oxide, this mixing must be thorough 

and complete. :rine grinding should not result f'rom the mixing opera-

tion; about 16j should pass a 100 nesh screen. Sufficient water ie 



added ao that the material will just stick together when pressed 

into a ball witµ the band. 
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Pressing Hardening 2!_ Sand-Lime Brick 'l'he m:>at important 

tunction of pressing (11) is to bring the sand and lime into very 

intirmte contact and not just to give the brick its desired shape. 

The proportion of voids is also decreased by increase in pressure. 

Peppel (24) found that the maximum strength result.ad fran a pressure 

or 15,000 lbs. per sq. in. The rotary type press (27) has been fwnd 

most suitable for the manufacture of' sand-lime brick thou@} the var-

ti cal imy be used. 

Before the bricKs are hardened (11) they must be handled with 

a great deal of care as ti.ey are quite fragile. The curin0 time 

varies from 4 to 11 hrurs and tre steam pressure from 100 to 150 lbs. 

per sq. in. 

Tests 2!!. Brick Directions for making tests may be found de-

scribed in detail in the report of Comnittee C-3 of tm American 

Society for Testing Materials (5). Emley (11) discusses tests ot 

sand-lime brick for crushing strength, transverse strength, abaorp-

tia:i., freezing, and fire :resistance. 

The Three Can.ponent System 

Si02 (29) is shollll graphically indicating the various binary compounds 

and the two ternary com.pwnds, Anorthite eao-A12o3-2S102 , and Geh-

lenite 2CaO-il2o3-Si02 • The percentoge compositions of the various 

oanpounds are given with the for.nat icm temperetures. 
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Analysis 2!_ Fly !!a Fish (12) gives a very good detailed 

analysis for cool ash. Other similar methods of analysis are given 

by Griffin (13) and Scott (26). Boroditzkaya (7) gives a rapid mathod 

for the analysis of aluminosi lice.ta s including the determination of 

s102 , TiO2 , Al203 , Fe2o3 , and Cao in clays, kaolins, feldsj'.8rs and 

other aluminosilicates. lass canplete analyses for ash are given 

by White (28) and Parr (17). 



III ,m! INVESTIGATION 

Object The ooj ect of this investignti on ns to det8l'mine the 

DX> st desirable ratio ot components, of which fly ash was chief, and 

tlB best method ot procedure by which a mterial, suitable tor struc-

tural purposes, oould be made. The possibility of using ash trom the 

power plant of the Virginia Polytechnic Institute, Blacksburg, Virginia, 

we.a also considered. 

~.2.f.Attack The method used for arriving at these optimum 

conditions was to make e. brick by a stmde.rd run and then var7, one at 

a time, each of the factors involved in the process and determine what 

value ot each factor nried w,uld indicate the best brick. The yiel4 

point um.er campressicn was the me.in critericn far determining the best 

brick • 

.la the Virginia Polytechnic Institute Power Plant ash was entirely 

unsuitable tor such a use as it now exists, the tly ash f'rom an.other 

plant (The New York Steam Canpan7) was used in t:te investigation of 

optimum. conditi ans. .Analyses, both chemical and physical, were made ot 

the two ashes so they could be can pared • 

Special consideration was given to a determinat im of the •soundness" 

or the lime used. 
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APPABA.TUB 

1-A.utoclave The autoclave used in this investigatim ia shown 

in Plate I. It is a one gallon autoclave made by the Alberger Chemical. 

Machinery Company, New York. Although it was designed for work with 

organic liquids, it was adapted to this procedure by inserting the pipe 

connections as shown in the picture. The valve in the tore pert ot 

the picture was used to regulate the condensed water outlet as the 

pipe to which "tl!lia TalTe was attached ran to within an inch of the bot-

tall ot the autoclave. 'lb.a other valve was used to let oft steam trom 

the top or the autoclave. A. needle valve was employed to cmtrol tblt 

inlet steam coming in through the pipe running up highest ot the three. 

A 300 pound gage indicated the steam pressure Within the apparatus, and 

eight me-inch bolts were placed in the slots between the ,tlenges to 

hold on the top. This autoclave was located in the basement of the 

Mechanical. .imgineering laboratory. 

2-&mll fil Plate II gives a view ot the interior ot the 

Clearfield laboratory Wet and Dry .Pan mde by Clearfield Machine Cam-

pan;y, Clearfield, Pennsylvania. 

3-Iarge fil. A picture of the large three-toot Grinding 

Pan made by 'lhe Stevenson Canp:1.ny, Wellsville, Ohio, is shown on 

Plate III. 

4-Canp:mssion Machine Plate IV shows the Tinius Olsen Univer-

sal Testing Machine made by the Tinius Olsen Testing Me.chine Canp,.ny, 

Philadelphia, Pennsylvania. lt may be used tor tension, compression., 



Plate I 

AUTOCLAVE 



Plate II 

SMALL WET :PAN 



Plate III 

LARGE WET PAN 



Plate IV 

TINIUS OLSEN UNIVERSAL TESTIN(f MACHINE 

AND MOULD 



and bending tests, aild ms a capacity or 100,000 pcnnds total force. 

5-Tensile 'l'esting .i4e.ch ine .l Riehle Testing .Machine made by 

Riehle Bros. Testing Machine Conpe.ny, Philadelphia, Pennsylvania, is 

shown on Plate Y. 

6-IaOb.atelier Soundness Tester Plate VI shows the soundness 

tester assembled as used. 'l'he essential part or the outti t is the 

split cyUnder made or brass with indicator arms en either side or the 

split. '.1.'he cylinder itself is made or 0.5 m.m. thick brass. It ia 

30 m.m. high with an internal diamter of 30 m. m. The distance from 

the CEllter of the cylinder to the ends of the pointed indicator arms 

is 165 m.m. A millimeter ruler is shown perpendicular to and at the 

end or the indicator arms which rest on a copper support. Two pieces 

of glass are held over the ends of the oylimer by a clamp and snall 

apring. The board on which the instrwmnt rests acts as the top tor 

the box which is arranged to hold the varloua parts. 

'1-llculd The muld used in this investigation was made by the 

Ila.Chine Sb:>ps of the Virginia Polytechnic Institute. It is siown on 

Plate IV resting on the beam support of the testing mach:fne. It con-

sists or: 

a. A top nine inches in die.meter and fitteen-sixteentls inch 

thick. This is shown with a brick resti~ on it. 

b. J. hollow cylinder with a tour-inch inside dianeter end five 

and fifteen-sixteenths inch outside diaimter. It stands four inches 

in height. 



Pla te V 

RIEHLE TESTING 1i.ACHINE 



Plate VI 

LECHATELIER SOUNDNESS TESTER 
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c • .A. solid plug f'ive inches hi@l and four inches 1n diemeter. 

d. Two supports two-and-Clle-half' in.ch.es hi@tl with a one-eighth 

inch rim e.r<11nd the out er edge or the top. 

This zmkes the mw.ld Clle and a:i.e-half' inches deep. 

8-~ !2!:, Autoclaving Bricks Pl.ate I shows the rack used to 

hold the bricks while in the autoclave. It was ID!lde f'rom three brass 

rods threaded the entire length and copper screen wire as the supports 

tor the bricks. This screen wire was wrapped around a heavy piece ot 

copper wire which was held in place by six brass nuts, three above and 

three below each support. 

9-Sieves A set of' three tT. s. Standard Sieves (100. meell, 200 

meah, and 325 mesh) including a top and bottom was used. These were 

made by the Precision Scientific Company, Chicago, Illinois. 

10-Sieve Shaker A Ro-Tap Testing Sieve Shaker No. s. B. 603 

made by t'he W. s. Tyler Company, Clevelan:i, Ohio. 

11-Jnel.ytical Laboratory 

including reagents. 

A ccmplete analytical laboratory 

12-Ball Mill The mill and pebbles are sold by Paul 0 • .A.bbe 

Inc., Little Falls, New J'ersey. 

13-Hzdraulic Piston Extrusicn Me.chine This machine was located 

in the f'ront laboratory of the Ceramics De!lirtment. 

14-llortar Pestle A large size IOOrtar and p:3stle was used to 

puJ."f8rize the rosin. 

l~.!!l A large close f'i tting box in which ther-e was always 

about tour inches of water in the bottom. The humidity 118.s al•ys marly 
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a hundred per cent. 

gmIAI.S 

J'l.y ash obtained from the New York steam Canpeny 

'ft,.& ~pl.oyed. iu -ue.kmg al.l. t.'ne b-ric"\ta in this investiepticm.. '?abl.ea 

I% and X gi.Ye the ehemieal and sieve analysis of this ash and 

that trom the Virginia Polytechnic Institute Power Plant. 

2-Y!!!_ Jfaaon 'a Hydrate Lime, made by the R1ppl ... a4 Lime Can-

J)811y, Inc., Rlpplamead, Y1rs:f11ia, ns used exalusivsly. 2"ba table 

ab owed the per cent calcium oxide to be eighty, and that ot magnesium 

oxide three. 

S-Boaip Lwap rosin (OOC) distributed by Phipps am Bird Inc., 

Richmond, Virginia. 

4-Calcium SUlfate caao4 :~0, reagent, Code 1~'1, mnutactured 

by the General Chemical Compeny, Bew Yo:dc • 

5-X,copodim Powder .A. yellow pollen powder -.hi ch may be purchased 

trom a pharmacist. It is not 119tted by water. 

6-Water 

'I-Ste. 

Power Plant • 

8-.§!!! 

Tap and distilled, 

J'ran 1'15 p011nd line of the Tirginia Polytechnic Institute 

Pu.re Berkshire and standard Ottawa. 
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ll&TBDD PR')CEDUHI: 

trae or .Bllll K111 ---------- A mixture ot 1,000 grans ot tly ash from 

tlll Nw York Steam company and 100 grams of aaaon 's hydrated lime was 

pmpered to which was added 5 grams of rosin. 'rhe thl'ee constituents 

•re partially' mixed with a spatula and 400 grams ot water added. Thi• 

was again mixed byl:Bnd and reailting in a moist :mass. '!'his 

mixture and 50 cne-inch flint pebbles were placed in the porcelain jar 

ot the ball mill and graind tor fif'teen minutes at torty R.P.M. The 

ball mill was stopped in the middle of the run to clean out the corners. 

1'be mixture packed in the ccrners so badly that practically' no mixing 

was acocnplished, with the result that specks of lime c01ld be seen all 

thrwgh the mass. 

The seccnd mixture wa made of 1,000 grams ot 

aab., 100 grams ot lime, 5 grams of rosin, and a>0 g1'8Dls of water. 'DI.is 

partial]T mixed with a spatula and then. in the mmll nt pan de-

scribed under •.A.pparatus .• Tm wet pen operation which lasted fifteen 

minutes, gave much better mixing than was accanplished above. J. trowel 

was used to direct the material under the mullers and to br-.k up ti. 

cake forming under them. '!'be c cn.ple ten••• ot the mixing • s indi cat e4 

by the absence of lime particles large enough to be detected by eye 

when a handful of' the mix was pressed between the fingers. 
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IIOUI.DING 

J'irst Attempt ll !!.!!. Bric las Mould A portion of the 

mterial taken from the ball mill was placed in the mould and com-

pressed at 2500 pcunds per square inch. The material placed in the 

mruld was packed with moderate pressure of "the hands before pitting on 

the top CJ! the m>uld and using the Tinius Olsen Machine. In the at-

tempt to remove this brick from the IIJ)Uld it broke, due mostly to the 

sticking of the brick to the pJJJ.g of the maild. 

A. piece of bond p:1.per was then placed in the mould between the 

plug and the brick and a pressure of 1500 pounds per square inch ap-

plied. 'l'his produced a satisfactory brick, but due to the tac:t that the 

conat ituents •ere not properly mixed, as evidenced by epecks ot lill8 • 

am due to lack of time on that day-, the brick 118.a not autoclaved. In 

the pressing ot both bricks, excess water ran out or the mml4, mdi-

catiDg that too much water had been pu.t in the mix. 

Seoand Atts;pt .!2. Bricke _!!l Mould For the first brick this 

time the m>uld was ade an extra inch and a half deep by placing the 

supports tor the oy-1 inder on a piece of wood one and a half 1 nche s thick• 

ne.king the total depth of the mould three inches. To prevent sticking, 

the top of the Ill)Uldwas oiled with lllbricating oil, and a sheet ot 

oiled wax paper placed on tm plug. No packing with the hands was used 

this time, and a pressure ot 2500 pounds per squere inch was employed. 

The material used •as that taken frcm the wet pan Illlling. lb.an tba 
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brick was pushed out or the mould, it cracked badly across the top. 

Thia appeared to be the rearll.t ot the expansion of air compressed 

lrithin the brick during ro:rme.tion. J. large reductiCll or 10lu.me within 

the maild took place as the material was so loosely arranged at the 

start. The brick: stuck: to the plug, but not to the 1Dp. 

A second brick was pressed using 2500 prunes per square iDCh 1r1 th 

the mould at its regular depth , one and a ha 1r inches. 011 and oil 

paper were used as berore. Results were bad this tilll8 as both top 

and bot tom of the brick: broke, dua to sti eking to the pld. 

Third Attempt 1£_ !2E! Bricks~ llould This time the mix, con-

sisting ot 1,000 grams ot ash, 200 gmms ot lime, 15 gn.ms ot rosin, 

and 250 grams or water, was placed in tm small wet pan tor rittee:n 

minutes and pressed at 2500 pounds per sqm.re inch. I.Tcopodiwll powder 

ns dusted on the plug of the mould this ti~ with tba re silt tba.t the 

brick: a did not stick and wre easily remoTed. Three good bricks were 

made and a fourth only slightly- injured where it stuck to a ple ce on 

the plug llhich was not thoroughly covered by l7copodium powder. To 

p:revent the top or the muld rrom sticking to the brick, it was always 

given a twisting mticn before remving, with the result that the inter-

race between the maild and the top of the brick was broken. It was dis-

covered in the next batch moulded that the bottom alao would not stick. 

it the interface was broken. i'hia was acccmplished by holding the plug 

staticnary and twiatiDg the cy-linder or the mould. Tb.e cohesiai between 

the brick: end the side of the mould n s greater than that between the 
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brick and the plug with the result that the intertaoe between the 

latter two na broken, and the brick could be pushed out in good 

condition. Only a slight tilm ot oil and n.o ~oopodiun was required 

using this procedure. 

W,OCUWG 

'1'he three good bricks aen-

tioned above were placed in the b:re.ss rack and put into the autoclave. 

The top ot the autoclave waa tastened tightly and the steea allowed to 

enter. .A.t the end ot tive minutes the pressure had reached '10 pounds 

per square inch which pressure waa maintained tor twen.ty-tive minutes • 

.A.t the end ot this halt hour, a quantity ot material looking like tly 

-• was seen coming-out ot the autoclave along with the condensed water. 

1'he stema pressure we.a released by cutting ott the inlet steam valve 

and opening the exhaust nlve. the top ot the autoclave was removed 

and the contents inspected. '!he bricks were about halt we.shed away 

by "this operation, the greatest injury being on the side nearest the 

inlet steam pipe. The bricks, ot course, had no strength at all. 

&eo9Pid .A.t)e,Pt l9 .A.utoolave Bricks .A. large batch •onsiating 

ot 2,000 grama ot aah, 200 grams ot lime, 10 grams ot rosin, and 500 

81'Ul& ot water was prepared and placed in the small wet pan, but it 

was tound tbat this was too big a batch as the naterial waa thrown 011t 

the sides ot the pan. Then two am.all batches, each consisting or 

exactly halt the above amount of constituents, were prepared and the 

two aixed together by hand after being mixed separately tor titteen 
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in the mall wet pan.. Senn bricks were moulded uaing a prea-

aure ot 2500 pounds per square inch, and then placed in the wet box. 

It waa in the mDUlding ot the seTenth brick of this 1:a toh that it waa 

tound possible to elimine. te the use of the lycopodium powder am substi-

tute tor it oil and the twisting of the plllg relative to the cylinder. 

Uter the bricks had been in the 118t box two days, two of th• 

nre placed on the brass rack in the autoclan. !hen, instead of 

bringing the steam into the e.utoclave by a pipe line running to about 

two inchea trom the bottan ot the appa:re.tus, this pipe inside the auto-

olaTe was rem:>ved and re placed by a short nipple and elbow so that the 

incaning steam was directed horizcntally and tangent to the inside ot 

the autoclave near the top. This was dcne in an ettort to prevent the 

meaning steam tl'Olll splallhing c011densed water up en the bricks and to 

divert the torce of the steam away from the surtace ot the brieka. 

This ti.rm the steam presaire was built up to ,o pounds per aquare 

inch over a period ot twenty minutes instead ot cnly five. The steam 

pressure was held between 65 end 75 pounds per square inch tor a period 

or two hours. '1'he aupply or steam was then cut ott and one hour allowed 

tor the pressure to gmdually go down to atmospheric. Vpm inspectim 

ot the contents ot the autoclave, the bricks were tou.Dd to be badly 

aracked all ot'er and especia on the bottcm. '.L'be bottan brick was 

in worse shape than the top one and its bottom was very wak and crumbly-. 

The tops ot the bricks wem warped cmcavely-, and the mti:m brick in 

each case was covered with a herd crust about one-sixteenth inch tbidt. 



Third .A.tteJlll)t !2_ .i.utocla ve Bri eke Before this attempt waa 

made, the valve central.ling the incaning steam was changed from a 

three-eighths inch globe valve to a one-quarter inch needle valve. 

Thia was done in an effort to more accurately control the steam sup-

ply. .A. new exhe ust water pipe was also arranged so that less water 

would stand in the bottcm of' the autoclave. '.lhis was accanplished b7 

bending the exhaust pipe within the autocla.ve so as to tit the curvature 

near the bottan., with the result that the water depth could be kept do1111 

to abait aie-halt inch. 'l'h1'8e bricks were then Dt>ulded under the 88Jl8 

conditions as in the "Sec end Attempt" am placed in the wt box tor two 

hours. Mter this they •re pJaced in the autoclave and the needle 

valve given aily cne-quarter of a turn tor the first halt hour. The 

exhaus11 valve was so reguleted duriI\g this tiill:I that the steam pressure 

rEmained around 5 pounds. Tm needle valve was then given e.notmr quar-

ter tum, and during the next half hour the steam pressure was gradually 

built up to '1~ pounds per square inch where it was held (within 5 pounds) 

tor two hours. An hour was then allowed for the pressure to be grad-

ually released. The next morning, the autoclave was opened and the 

contents inspected. ·rm autoclave was tull or water and the bricks 

badly wamed away. 'ihe particles which had washed off the bricks had 

stopped up the exbatst valve, which worked very poorly during the entire 

operation. The exhaust line was dissembled and thorooghly cleaned out. 

'l'he ash bad packed tightly, especially in the valve. 
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Jourth Attempt Autoclave Bricks Three bricke were made as 

betore except the composition was slightly changed, the proportion of 

water being reduced twenty per cent. The ldnure consisted of 1,250 

grams of fly ash, 125 grams ot lime, 6.26 grams of rosin, and 250 grams 

of water. This was mixed in the small wet pan fifteen minutes as before 

and moulded under a pressure of 2500 pounds per square inch. J. few 

white specks ot lime could be noticed after moulding, indicating not 

quite sufficient mixing. 

Betore placing the bricks in the autoclave this time, steam was 

run through the empty autoclave tor thirty minutes with the inlet steam 

valve wide open. This was done to heat up the apparatus and thereby 

prevent the condensation of so much steam at the start ot the operation. 

The autoclave top was then removed, the rack of three bricks placed 

inside and the top fastened down. The needle valve was given one-eighth 

of a turn at the start. The exhaust valve was opened every few minutes 

to make sure that the level of the condensed water was not above the 

bottom of the exhaust pipe. J. period ot thirty minutes was employed 

in gradually building the steam pressure up to 15 pounds per square 

inch. By this time the needle valve had been opened a total of one-halt 

turn. About this time a grey color was noticed in the exhaust water, 

indicating that some of the fly ash was being washed away. During the 

next fifteen minutes, the steam pressure was built up to 75 pounds per 

square inch at which pressure it was :maintained until two houra 

from the starting time. The steam supply was then cut ott, and the 



pressure allowed to gradually go down over a period of cne lx>ur. The 

autoclave top was removed am the contents inspected. Very little 

water was round in the bottan of the autoelaTe, but the bricks were 

in very bad condition. Plate I shows the appearance or the bricks 

after the steam tree.ant. '.1'hey were soft and crumbly with the sides 

toward the stean inlet and outlet badly wamed away. No part of the 

bricks possessed any strength at all. 

DJ'ECT .£! MOUI.DING PRE3SURE AGING 

£!! CCMPRESSIVE STRENG'm 

Ba.sis !EE_ Procedure One of the lot of seven bricks made aa 

described under •second Attempt to Autoclave Bricks• was ranoved from 

the wet box after being in seventeen days. Then, after remaining in 

the atmosphere for three days, it was tested in the Tinius Olsen Machine 

as shown on Plate IV. 'J.'he brick was laid on t:te top of the rwuld as 

shown in the picture to insure a smooth surface, for the base plate at 

the testing mchine had a SIIBll hole in the center. When the pressure 

was applied, cracks appeared in the specinen after a load of 31,000 

poums (2,470 pounds per squrxe inch), with the yield point appearing 

at a total load of 44,850 pru.nds (3,570 pounds per square inch). The 

edge of the brick finally cracked oft all arou:1d for about three-quarters 

of an inch toward the center. Sae ll particles of lime cruld be seen 

where the pieces broke off. The manner in which these bricks failed 



under compression my be seE:n on Plate VII which siows a brick bef'ore 

and after failure. 

!Jlrge fil !!!!. In order to IIl:lka a large batch, it Es 

necessary to use a larger wet pan than previrusl;y em.ployed, so the 

one shown in Plate III was used. A batch of material consisting ot 

10,000 gI'8Dls of ash, 1,000 grans of lime, 50 grams ot rosin, and 2500 

grams of' water was made up and mixed in this large wet pan for twenty 

minutes. ·.1:his resulted in a very thorough and ccmplete mixing as the 

mullers were quite heaTy and the pan rotated rapidly. 

lloulding Brick• Twenty-tour bricks were made as follows: 

8 pressed at 200 pounds per square inch. 

8 pressed at 1,000 pounds per square inch. 

8 pressed at 2,500 pounds per square inch. 

Eighteen bricks, six of each pressure, were placed in the wet 

box, and two of each pressure left in the atmosphere (in Room 404 

Davidson Hall). The six bricks of the same pressure were placed in the 

bottom part of the wet box one on top of the other, but separated from 

each other by oil paper. Two of each of these were tested for yield 

point in compression at the end of one week, and two at the end of' 

two weeks. At the end of four weeks, the remaining six bricks were 

removed from the wet box and one of each pressure tested for compressive 

strength. '.l'b.e other three, after remaining in the atmosphere for three 

days, were tested tor tensile strength, using the machine shown on 

Plate V. 



Pl a-te VII 

BRICKS BEFORE Afill AFTER FAI LURE 

DUE TO COMPRESS ION TESTS 
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The six bricks left in the atmosphere showed, two days after 

moulding, a considerable amount of white formation around the outer 

portion of the upper exposed surface of the brick. This fine white 

substance had the appearance of lime and was found in the largest 

quantities on those bricks made at the lower moulding pressure. 

These bricks seemed to be quite hard (by feeling with the hand), 

after this two day period. Mter two weeks were up, they were also 

tested tor yiela point in compression. 'l'h.e results of all these 

tests are shown in the following tables and graphs: 



1'ABI& II 

D'l'ECT <11 MOULDING PRESSURE AND WET BOX J.GING 

ON COMPRF.s.SIVE STRENG'l'H 

Diameter ot brick = -l inches 

Weight ot bride = 4:24 to 4''19 grema 

Height of brick = 1 1/6 to 1 1/3 inche a 

Weeks ot Maulding J.T. Yield .Point 
Jging 1n Pressure Oader Ccnp:raaaion 
••t Box Lbs./aq. 1n. Lba./aq. in. 

1 200 1520 

1 1000 SS80 

1 2500 ~'180 

2 200 2M5 

2 1000 «00 

2 2500 6110 

" 200 3020° 

" 1000 5160° 

• 2500 6850° 

0 0n1y one brick tested. 

These data are used tor Graph I tollar1.ng. 

4,0 



'1'ABm III 

D'J'ECT OF MOULDnm PIESSURE AND A'M>SPH.ERIC J.GING 

ON COMPR£SSIVE STRENG'l'H 

Di~ter ot brick - 4 inchea 

Weight ot brick 

Rei gb t ot brick 

Weeks at 
J.ging in 

J.tmosphere 

2 

a 
2 

: to S97 graaa 

= 1 1/6 to 1 1/3 i:nche • 

Moul.ding J.T. Yield Point 
.Pressure Under CallpN ssicm. 

UJa./aq. in. Lba./aq. in. 

200 1180 

1000 2060 

2500 284:5 

These data are used in plotting the bottom cum on 
Graph I e.a indicated. 
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TABLE IV 

TEST FOR KODUllTS .. OF RUPl\lB& USING RIEHlE 

'l'ESTING MACHINE 

Length of span = 3 1/2 inches 

Width of specimen= 1 1/16 inches 

Aging period = :rour weeks in wet box followed 

bT three days in atm:>sphere. 

Koulding Height or Total 14.odulua 
Pressure Specimen I.oad of ,RuptJU9 

Lbs./aq. in. In Inches Taken Lbs./sq. in. 

200 1 9/32 70 210 

1000 1 3/16 85 300 

2500 1 3/16 130 455 

:rormula uaed: II = 

These specimens were prepared by taking the four 

inch diameter bricks and cutting them with e hack 

saw to the shape given above. The aotua1 span ot 

the testing machine was three and a half inche a, 

that of' the brick being exactly four inches with 

slightly rounded ends. Plate V shows one of these 

small specimens in pl.ace being tested. 
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RESULTS OBTAINED nm BRICKS 

MOULDED !I PRESSURES 

Mixing Material A batch consisting of 8,000 grams of ash, 

800 grams of lime, 40 grams of rosin, and 4,000 grams of water was 

prepared and mixed in the large wet pan for twenty minutes. The 

consistency of this mix was like that of mortar with a little too 

much water present. It was so soft that it would not hold its shape 

at all when moulded. It was then left under atmospheric conditions 

for two days during which time it dried out considerably and formed 

a slight film on its exposed surface. 

Use of Piston ~xtrusion Machine An effort was then made to --
exude some or this materiel through a hydraulic piston extrusion 

ma.chine, but as it came out, it buckled up and soon ceased to run 

out or the machine at all. When the piston was removed and the 

material inspected, it was found to be tightly packed in the cylinder. 

A que.ntity or water had been squeezed out or the material leaving it 

only moist and packed quite he.rd. 

Drying.!!!,.~ .ls the mixture was still too moist to mould, 

it was placed in a drying oven for three and three-quarter hours, by 

which time the moisture content had decreased to such an extent that 

the consistency of the mixture appeared to be about correct for 

moulding at low pressures. The dry bulb temperature of the oven was 

205° F and the wet bulb temperature l90°r. 



Moulding The mterial ns not packed in the mould very much 

by ·the bands this time, and eight bricks were made, two at each ot 

the tollowing p:reaau:rea: 50, 100, 200, and 400 pound.a per square 

inch. J. little water trickled out ot the mould when the 400 pounds 

per aqua.re inch pressure was used. These bricks were placed in the 

wet box and teated tor yield point under compression two weeks atter 

they were mixed, twelve days attar moulding. The resul ta are shown 

in Table V and Graph II which tollow: 



TJ.BLE V 

BSUL'l'S OB?AINED _rn BRICKS MOULDED £r. 
1Q.! PlBS.SUIBS 

Diameter ot brick~ 4 inchea 

Weight ot briok = 357 to 39S grama 

Height ot brick : 1 1/8 to 1 1/3 inch••• 

Moulding Av. Yielct Point 
Preaaure Under Ccn.preaai011 

Lba./aq.in. Iba./aq. in. 

50 730 

100 1000 

200 1370 

400 1590 

Thaae data are uaed tor plotting the curve on 

Gftph II. 
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.EFFECT .Q!: COMPOSITION .f!! 
COMPBESSIVE STm.:NGTH 

In order to detemine the ettect ot can.position on 

the ccmpreasiTe strength, a set ot three bricks were mde under 

standard conditions, and then additional sets were made with one 

constituent at a t:lm8, Taried tram this standard. Sets were also 

ude using Tarious proportions ot calcium aultate. 

Standard The composition ot the standard run as as 

tollowa: 

1000 grams ot tl.y •h 

100 grams ot lime 

250 grams ot water 

5 grams ot rosin 

This was mixed tor twenty minutes in the anall wet pan and 

three bricks moulded with 1,000 pounds per square inch pressure, 

and placed in the wet box tor two weeks. The three bricks made 

under the same conditions were placed on top ot each other, but 

separated with oil paper. The tables and graphs llhich follow show 

the proportions ot the constituent Yaried and the compressiTe strengths 

ot the resulting bricks. 



TABLE VI 

UFECT OF VARIOUS PROPORTIONS 01 _______ .....,. ................................. __ _ 
.Q! C<J.1PR&SSIVE STRINGTH 

Diameter ot brick= 4 inches 

Weight ot brick = 406 to 432 grams 

Height ot brick = l 1/6 to l 1/3 inches 

ill conditiona except lilu content standard. 

Grama ot IJ..ma Av. Yield Point 
per 1000 Under Com.preaaion 

ot J'ly Aah Lbs./sq. in. 

0 1168 

50 21'14 

100 2603 

200 2897 
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CclmD8nta Visd.ble CondiUon _2!, Bricks The three bricks 

containing no lime at all nre considerably cracked around the 

edges, and the top brick ot the three had cracks numillg all the 

way acroas the top. 'rhe aet containing only 50 grams ot lime 

per 1000 ot aah had very slight cracks around the outer upper 

edges ot tbs bricks, while the other two seta had no apparent 

detects. 





TABIE VII 

El'.B'ECTS O'J' VARIOUS PROPORTIONS OJ' - -
~sm 2!!. COMP~IVE STf(EN(1.ffl 

Diameter ot brick• 4 inches 

Weight ot brick = 393 to 447 grama 

Haight ot brick • l 1/6 to l l/3 iJlchea 

ill conditiou exoept rosin content at&lldard 

Grams ot Boaill AT. Yield Poillt 
per 1000 grams Under Compreaaion 

ot J'lT Ash Lbs./sq. in. 

0 3187 

5 2603 

10 1602 

20 196 
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C<paenta Vis..ible Condition .2!, Bricka ill three 

ot the last batch, (20 grema ot rosin per 1000 grams 

ot aah) were badly cracked around the outer portion. These 

atarted tailing Ullder practically no load and never did take 

much. Hone ot the other bricks had any apparent detects. 



TABIE VII 

EFFECTS OJ' VARIOUS PROPORTIONS OJ' - -
rosm .Q! COMPIW3SIVE STI(ENG'l'H 

Diameter ot brick• 4 inches 

Weight ot brick = 393 to 44'1 grams 

Height ot brick • 1 1/6 to 1 1/3 inch.ea 

ill conditions except rosin content standard 

Grmu ot Boain AT. Yield Point 
per 1000 grama Under Compreaaion 

ot 71'1' Ash Lbs./sq. in. 

0 318'1 

5 2603 

10 1602 

20 196 

51 

ec.penta Vis.ible Conditi011 _2! Bricks ill three 

ot the last batch, (20 grmn.a ot rosin per 1000 grams 

ot aah) were badly era.eked around the outer portion. These 

started tailing under practically no load and never did take 

lDllch. Nan.e ot the other bricks had any apparent detects. 





T.A.BLli: VIII 

EFFECTS 2!, V.A.BIOUS PROPORTIONS .Q! CALCIUM 

SOU'ATE .Q! COMPRESSIVE STHENGm 

Diameter ot brick• 4 inches 

W61gb.t ot brick = 413 to 455 grams 

Height ot brick = l 1/6 to l 1/3 illchea. 

ill conditions except caso4 content &rt811.dard. 

Grams ot easo4 J.T. Yield PoiAt 
per 1000 grau llil4er Compression 

ot J'l.y A.ah llJa./aq. in. 

0 2603 

10 2990 

ao 2820 

40 2500 

Comn.t.a Via4. bl• Condi ti on ,2!. Bricks Rone ot the• 

bricks had e.n.y Tialble detacta betore testing, howeTer, after 

t:racture, mall white apeclta could be seen in the 





CBJi.14ICil SIEVE ANAI.YSIS 9!. 

m~ 
Ohamical Analyaia The analysis ot the New York Steam 

Campany tl;y ash and that trom the baas ot the stack ot the 

p01Jer pl8llt at the Virginia Polytechnic Institute waa made 

according to the procedure given in• Quantitative .lnal;yaia• 

by F. H. J'iah (12) with the tollold.ng reaulta: 

TilIJ!: IX 

OBEMICAL .ANALYSIS 07 m 

V. P. I. N. Y. S. 

Moisture 0.1'1 0.15 

Ccnbustible 74.00 16.36 

S102 23.35 53.25 

.U203* 1.10 a.20 
eao 1.25 5.95 

Ilg() o.59 3.90 

:re~O~ o.ao 12.20 

* The per cent .U203 was detem.ined by gett1Dg the per 

cent R203 an4 J'e203, the difference being AlaOa• 



CHli.l(lCil SIEVE ANALYSIS .Q!. 
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Chemical Analyaia The analysis of the New York steam. 

Company fly aah and that from the base ot the stack of the 

p01f8r plant at the Virginia Polytechnic Institute we.a made 

according to the procedure given in• ~uant1tat1ve Analysis• 

by F. H. Fiah (12) with the tolloring reaul.ta: 

TABIE IX 

CHEMICAL .ANALYSIS OF !!:! !§!! 

V. P. I. N. Y. S. 

Moisture 0.17 0.15 

Can.buatible 74.00 16.36 

S102 23.35 53.25 

Al203* 1.10 s.20 
Ce.O 1.25 5.95 

l(gO 0.59 3.90 

:re~O~ o.so 12.20 

* The per cent Al203 was detem..ined by gett1Dg the per 

cent R203 and Fe203, the ditterence being Al203. 



SieTe .Analysis Two hundred grams ot each ash was uaed 

to make the sieve a.nalysis as given by the tolloiri.ng table. 

'l'll.e set ot aieTes na placed in the shaker tor e igh:t minutes 

lrit.h tapper operati.ng. 

TABLE X 

SIEVE .ANALYSIS .Q! fil !§!! 

V. P. I. •• Y. s • 
Ratained on 100 mesh 89.9 7.6 

Retained on 200 mesh '·" 16.6 

Retained on 325 :mesh 0.'1 11.1 

Passing thrll 325 meah 1.9 64.1 

A.Pl)earance ot J'ly The N. Y. s. ash was medium. gre7 in 

color and telt about like talcum. powder. 'l'h.e V. P. I. ash waa 

black and granular with a te• ligh.t white particles preaent. 
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Jfixing The mix consisted ot 30 grams ot hydrated lime, 

25 grams ot Berkshire Silica Sand passillg a U. s. standard 200 

mesh sieve and 25 grams passing a 100 mesh sieve (instead ot 50 

grama passing a B. s. Sieve No. 150), and 120 grams ot standard 

Ottawa Sand (instead ot 120 grams of silica sand passing a B. s. 
Sieve No. 18 and retained on a B. s. Sieve No. 25), and 13.0 c. c. 

ot water. This waa thoroughly mixed with a spatula 8Jld tamped into 

the LaChatelier JllOl.ll.d (see Plate VI) b::, h8Jld. A reference was given 

to this procedure in the •Literature Review• under the heading ot 

•soundness Test• (6). The distance betften the en4s ot the indicator 

ams was measured end tound to be 16.0 m.m. 

Autoclave Operation '1'he autoclave was heated up tor aba:i.t halt 

an hour by allowing steam to run through it while empty. The filled 

mould, held together as shown in Plate VI, was hung inside the auto-

clave with the indicator arms tree, not touching anything. Steam was 

allowed to enter the chamber slowly so that after halt an hour the 

steam. pressure had reached 15 pounds per square inch and 100 pounds at 

the end ot one hour. The steam. preaaure was then maintained at 100 

pounds (within 5 pounds) tor a little over tour hours, atter which one 

hour was allowed tor the pressure to graduaJ.ly go down, the total time 

1n the autoclave being a little over six hours. The distance separating 

the ends of the indicator ams was again maasured and tound to be 16.5 

m.m., an increase ot 0.5 m.m. 



IV DISCUSSION .Ql _RESULT_....__$ 

Mixing The ball mill cannot be used for mixing this 

material due to the tact that the mixture packs in the corners 

ot th.e porcelain jars where it remains until scraped out. This 

mixing operation is probably the most important part ot the pro-

cess tor, unless th.a lime is unitonnly distributed among the tine 

particles ot fly ash the great advantage resulting trom the large 

surtace area or small particles will be lost, because it is the 

area ot contact between the two reacting particles which is impor-

tant. Fine particles make it possible to have this large contact 

area, but good mixing is also necessary. This tact is clearly 

brought out when the compressive strength ot a brick mixed in the 

large wet pan is com.pared with that ot a brick mixed in the small 

wet pan, all the conditions or composition, aging and moulding being 

the same. Under the standard conditions as described under the head-

ing -Ettect ot Composition on Compressive Strength• the mix prepared 

in the large wet pan gave a brick with an average yield point under 

compression or 4,400 pounds per square inch (Table II), while the 

brick mixed in the small wet pan for the same time gave a strength 

ot only 2,603 pounds per square inch (Table VI). Also, upon fracture 

ot the brick in the compression tests, white specks could be noticed 

in those bricks mixed in the small wet pan. This was not noticed in 

the case ot those mixed in the large wet pan. 



llouldtpg The importance ot the moulding operation has 

a aigniticance similar to that ot the mixing operatian in that 

its ultimate purpose ia to bring the reacting particles ill greater 

proximity with one another. It is, ot course, also necessary to 

giTe the brick sane definite shape by moulding, but this could be 

accomplished with Tery little pressure. The increase in strength 

with increase in moulding pressure as shown bJ' Graphs I and II is 

due to the greater area ot contact over which the particle may react 

as the moulding pressure is increased and the particles tit in with 

each other better. 

All difficulties in obtaining good results in the moulding 

operation were overcome when the combination ot an oil film and the 

destruction ot the brickplug interface by twisting, was employed. 

Ly-copodium would baTe worked due to its non-wetting property, but it 

is expensive and not necessary when the above condition can be easily 

substituted. 

In pressing bricks in a very close titting mould like the one 

used in this investigation it is necessary that sufficient time be 

allowed tor the air trapped within to escape. It the reduction in 

Toluma is too rapid the air will compress inside the brick and tend to 

pop the brick open when the top ot the mould is removed. It, honTer, 

the material were packed in by hand first, the volume reduction during 

moulding would hardly be enough to cause this trouble. The only time 

trouble from this source occurred in this work was when the material 

was dumped into the mould without any packing at all. 



60 

Autoclaving The purpose ot the autoclave operation is to 

speed up the reaction between the active ingredients, the oxides 

and combinations of oxides ot calcium, silica, and aluminum. It 

is quite possible in this steaming operation that the reaction 

approaches completion more closely- in two hours than it would in 

the wet box 1n a month, but the economics ot the problem must also 

be considered. The failure ot attempts to autoclave bricks as des-

cribed under "Investigation" was due to mechanical conditions, tmi.t 

is, a lack ot the proper design ot autoclave. It it had been one in 

which heat was applied to a closed chamber containing an inch or so 

ot water in the bottan. until the desired pressure was reached, it is 

quite possible the attempt would have been successful. In this work:, 

the steam was taken ott a 175 pound (gauge} steam line with the result 

that it came in at a tremendous velocity ea.using a splashing ot con-

densed water and considerable damage to the bricks. 

It exhaust waste steam were available, which is often true in the 

summer time, it could be used with the proper type ot autoclave very 

economically. 

~e effect or using a wet box as compared wi'th 

aging in the atmosphere is made significant by two tacts: First, 

Tables II 8l1d III and Graph I show that a brick aged two weeks in a 

wet box is D10re than twice as strong as the aame brick aged the same 

length o:f time in the atI1X>sphere. Second, the bricks whieh were not 

placed in the wet box had a white powdery formation on the outer por-

tion o:f the top surtace, while none of those placed in the wet box 
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had this formation. The :tact that this occurred only on the top 

an.d not the bottom is significant, indicating that it we.a the 

rapid drying which caused it. As soon as the brick dries, the 

reaction stops due to the lack o:t the catalytic action of the 

moisture. It is quite possible that a brick which ages in the 

atmosphere does not appreciably increase in strength attar it dries 

(about one week), while those aged in the wet box continue to increase 

in strength as shown by Graph I. 

Effect ,.2! Com.position. I lime. Graph III shows how the strength 

of the brick continued to increase with increase in lime content, but 

this increase was not so much past the concentration ot 100 grams ot 

lime per 1000 grams of ash. As small cracks began to appear in bricks 

containing 50 grams of lime and less per 1000 grams ot ash, the pro-

portion selected as the standard must be about best. 

II Rosin. Considering Graph IV it is readily observed that the 

leas rosin used, the stronger the brick, with 20 grams of rosin per 

1000 grams o:t ash giving a brick ot practically no strength at all. 

For this reason only enough rosin absolutely necessary to check et:tlo-

rescence should be used, with 5 gre.m.s per 1000 o:t ash considered the 

upper limit. 

III Galcium SUl:tate. Calcium sulfate, according to Graph V, 

increases the strength of the brick when used in small proportions, 

about one per cent. The cost of this gypsum would be the detennining 

factor as to how much less than one per cent should be used or whether 



any should be used at all. 'rhe results here are comparable with 

those obtained :rrom the 1 iterature (9) in lt'hich gypsum was used in 

natural cement. 
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Theory of Chemical Reaction The Ternary System of cao, Al203 , 

s102 as prepared by Rankin and Wright in •Chemistry and the Cement 

Industry• (29) is reprcxluced on the following plate. 

How, considering the standard run of 1000 grems of :f'ly ash to 

100 grams of lime, it is round with the aid of Table IX and the speci-

t'icaticns of the lime used as described in "Materials," that the 

ratio of the components is 532.5 grams of Si02 to 82 grams of J.1203 

to 139.5 grams of Cao which means tl:JJ. t the percentages of each are 

7o.s~ s102, 10.9~ .A.1203, and 1s.5j eao. 
1'be dotted lines on Plate VIII indicate these percentages. From 

this it is apparent that the most probable ternary compound :f'oril'.fld is 

Anorthite (CaO • .A.120:5• 25102 ). It is hardly possible that much 1:f' any 

Gehlenite (2 Cao. Al203. Si02) is fol"IIJ3d. A. considerable amrunt ot 

Cristoballite and Wallostoni te are prob ably :fo nned. It seems, however, 

that most of the reaction in the process is in the format ion of the 

m:mocalcium silicate just as is true in the imnu:f'a.ct1.U"e of aa.nd-lima 

brick (10,18) very little ternary canpound being found. 

Plasticity 2!_ Mixture The results obtained with the hydre.ulic 

piston extrusion machine indicate that this material has very little 

plasticity, not enough to be m:>ulded like ordinary clay brick. 

J!!!.E!. v, P. I. Power Pl.ant~ Referring to Table IX, it is 

seen that this ash from the base o:f' the stack of the Power Plant ot 





the Virginia Polytechnic Institute contains '14 per cent combustible 

mterial. This would, in itself', make the ash unsuitable :f'or use 

as a building material., but might make it suitable as a :f'uel. How-

ever, its use as a :f'uel ia beyond the scope of' this investigatian. 

It might be possible, however, if' the necessary changes were IIIB.de in 

the plant, and :f'ly ash collectors of same sort installed, that the 

ash could be used :f'or such a purpose as in this problem. 

It is highly probable that the ash collected at the base of' the 

stack has a higher per cent of' canbustible material than that which 

goes out the top, :f'or otherwise practically ncm.e of' the :f'uel value 

would be used. 

Econanic Considerations All of' the mw materials used in 

this brick are very cheap or else have no value at all except for 

the rosin which is used in very small proportions. By-product hy-

drated lime could most likely be used as the source of calcium oxide. 

There is the possibility that :f'ly ash might develop a market Te.l.ue 

in the event that brick made :f'rom this material became popular, but 

as some plants can collect as much as 500 tons a day there is little 

tear from this angle. .A.nother economic consideration along this same 

line is that, should it prove desirable to steam treat the bricks, ym 

would, in many cases, be able to use exhaust steam which would other-

wise be wasted. 

Compressive Strength .2f. Brick .A.ccording to Emley (11) and to 

comm.en practice in this country, a brick should be placed in the test-

ing machine so that the load will be distributed uniformly over the 
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specimen. This is usually accomplished by setting the speci~n 

1n plaster or Paris before testing, but due to the smooth surfaces 

of' the samples tested in this investigation 1 t was considered neces-

sary to only place the bare brick on a perfectly smooth surface 

(the moo.Id top) and apply the presaure. 

An important fact which must be kept in mind during a considera-

tion or this study is that these bricks were quite thin 1n comparison 

to the cross-section area and, rrughly speaking, the compressive 

strength of a specimen will very directly as the square root of its 

area, but inversely as its height. However, this will in no •~ attect 

the relative results. That is, it does not detract from tll3 value ot 

the information obtained concerning the most desirable canposition and 

conditions or manufacture. In order to canpere these ccrnpressive 

strengths with those of ordinary clay bricks as tested by standard 

A. s. T. M. specificat ia:is, the value on the fly aah brick woold have 

to be cut approximately in half, as they are only abrut half as high. 

Modulus ,2!. Rupture 'l'h.e m:>dulus of rupture of the brick aged 

4 weeks in the wet baz: and 3 de:ys in the atm:>sphere, and moulded at 

a pressure of 2500 pounds per square inch was 455 pounr:s per square 

inch, according to Table IV. According to the New York City building 

code of 1905 this value should average 450 pounds per square inch, with 

no brick falling below 350. However, Conmittee C-3 of' A. s. T. M. (11) 

aho:wed that in 1915 Class A bricks had an average modulus of ruptuie 

1482 po1mds per square inch; Class B, 668; Class C, 621; and Class D, 
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469. These last s:pecificat ions i:ut the best brick of this investi-

gation in Class D, slightly below the average. 

Soundness~ 1!!!:!., Al.though the procedure for determining 

aoundness of lime as described by Bessey and Eldridge (6) was not 

tallowed to the latter (because of the lack or B. s. sieves), it 

was so nearly duplicated that the results may be justly compared. 

Since these mn (6) found tm.t every lime which gave an expansion 

ot less tban 5 m. m. produced a sand-lime brick with a canpressive 

strength of at least 3,000 pounds per square inch, this lime appears 

to be desirable for use in structural. material, as its expansion was 

only 0.5 m. m. 



V CONCWSIWS 

1. 'lbe results of this investigation indicate that a brick 

or tairly high strength can be made by using fly ash as the nil.in 

constituent. 

2. The m:>st desirable ratio of components which should be used 

in :mking this brick is appro:ximat ely 1000 groois of ash to 100 gram.a 

of hydrated li:r.e to 250 grams of water to 2 (or less) grams of rosin. 

3. J'ive grams of gypsum my be added to the above if economical 

and necessary for s:p3 ci fied strength. 

4. 0nl7 enough rosin to control efflorescence should be used. 

5. As moulding pressure increases, up to 2500 pounds per aquare 

inch, the strength of the resulting brick increases. 

6. As aging time in the wet box increases, up to four weeks, the 

strength of the resulting brick increases; and wet box aging is at 

least twice as effective as atmospheric aging. 

? • The curves indicated that the strength of the brick was sti 11 

increasing at the maximum moulding pressure end maximum aging time 

used. 

8. The canpletene ss of the mixing operat icn is a most important 

consideration in the manufacture of this type of building material. 



68 

9. '?he ash from the power plant of the Virginia Polytechnic 

Institute is not, at present, suitable for making a fly ash brick. 

10. The strength of fly ash brick made 1.mder the conditions 

herein described do not can.pare very favorably with the strength 

of ordinary clay brick. 

11. 'J.'he autoclave as described \lllder •Apparatus• is not 

suitable for steam treating fly ash bricks. 

12. The lime used in this investigation was "sound.• 



VI stlllWiY 

In recent years there has been considerable developmmt along 

the lines of using powdered coal as the source of energy in the 

larger power plants •. One of its greatest disadvantages, however, 

is that a very fine ash termed "fly ash" is formed, a large portion 

of which goes up tm stack and out over the surrounding territory. 

The high per cent of fine silica (SiO2) classifies this •tly ash" 

as a silicosis health hazard, and the tons which settle over the 

comnuni ty make it a nuisance as far as cleanliness is concerned. 

To preven·t these .undesirable results, the ash must be collected and 

disposed of in some way. The purpose of this investigation is to 

study a process tor Illflllufacturing a product, of which "fly ash" is 

the min constituent, which will be suitable for structural p.irpoaes. 

The standard run used in this inveatigs.ticn was as follon: 

:f'irst, the mixture consisting of 100 parts of "fly ash," 10 piJ.rts of 

hydrated lime, 0.5 parts of rosin, end 25 parts of water was mixed 

in a wet :pe.n for 20 minutes; second, the mix was pressed at 1,000 

pounds per square inch in a polished steel mould; third, the bricks 

thus formed were aged 1n a wet box tor two weeks. Es.ah t's.ctor in the 

standard run was then ve.ried above and belor the standard, run curves 

plotted to detennine the optimum conditions for each variable. The 

yield point under canpression was the chief critericn for determining 
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the best value of each variable. 

The most desirable composition was found to be 100 parts of 

fly ash to 10 parts or li~e (to 25 parts of water) to 0.2 parts (or 

less) or rosin and one part of calcium sulfate. 

The results or aging tests showed that the strength of the brick 

continued to increase steadily through the period of time considered, 

tour weeks. The results of varying the DPulding pressure showed that 

the strength of the brick increased with increase in the m:>uldi ng 

pressure through the entire range employed, a brick under 200 pounds 

per square inch pressure being about twice as strong as one ra:,ulded at 

50 pounds and about half as strong as one moulded at ,000 pounds per 

aquare inch • 

The lime used in this investigrti ai was tested for "soundness" 

end found to be in good in this respect. 



rII RECOlfUENOA.TIONS 

1. The eff'ect of adding substances comnDnly used to increase 

the strength of building mterials as, for example, sodium chloride, 

should be investigated. 

2. 'J.'he possibility of eutocJaving the bricks with other equip-

ment than that used here should be studied. There is an autoclave 

available in the Ceramics De~rtment of V. P. I. which might prove 

successful. It is the type in which v.e.ter is placed at the bottan 

of a closed container to which heat is applied. An attached gauge 

indicates the pressure developed. 

3. The values of mouldinB pressure and aging tilll3 necessary to 

produce a Class A or B brick sm uld be detennined. 

4. De.ta should be obtained to show the relative advantages, 

trcm both an ecODanic and technical standpoint, of curing bricks by 

autoclaving, wet box aging, and atmospreric aging. 

5. A survey of the amount of fly ash available and at what cost 

should be made. 'fbe cost of other raw materials should be considered. 

6. In any future study of this problan, the sample bricks made 

should be so shaped the t the height of the specmn is nearly the same 

as its dia:rrBter (or width, in the case of a square brick). 

7. De.ta should be obtained to see how the compressive strength 

varies with height when the cross-section area of tre specimen is 
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DIElintained ocnstant. 

s. 1be ll'X)dulus o-r rupture test should be used more extensively. 

9. Data should be obtained to show how these bricks withstand 

acids, alkali, freezing, exposure to weathering conditions, abrasion, 

hot tlane s, md shock. lnformat icn on the absorption value would 

also be desirable. 

10. Stuiy the possibility of using fly ash and furnace aah 

oanbined. 

11. Develop flow sheet, make calculations, end design a plant 

for making a building material fran rly ash. 
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