
  

BY THE ACTION OF HEAT ON CLAY SHALES 

by 

Arthur Lee Bowling 

A Thesis Submitted for Partial 

Fulfillment for the Degree of 

MASTER OF SCIENCE 

    

Virginia Polytechnic Institute 

| Blacksburg, Va. aA 

45 } 
; \\) 5 : \



Section 

Te 

ii. 

IV. 

    

Structure of Silicates 
fhe Action of Heat on Cla and Shales 
Causes of Bloating or Swel) ng of Clays end Shales : 
Methods of Bloating Clays and Shales 
Patents 

SXPRATMENTAL 

Purpose of Study 
Plan of Investigation 
Materisais 
Apparatus 
Methods of Procedure 
Pata and Results 

DISCUSSION OF RESULTS 

Ferguson Property Shales as a Source of Light- 
2 woight ai EE Xe 

Determination of the Temperature of Bloating 
Determination of the Effect of Time of Exposure 
to oe F. on the Bloating of Shale Sample 

Determination of the Effect of Rate of Heating 
on the Bloating of Shale 

  

    
      ¥ igs 

29 
Effect of Chenical  Moacscen ra on the Bloating 

Qualities of Shale 
Comparative Srecverente Orenene of Concrete 

made with Cinder as an Ageregete and of Con- 
erete made with Bloated Shale as an Aggregate 

Recommendations 
   

c
o
e
 

$
8
8
8
 

88
8 

£
8
8
 

3
 

SF 
S
E
S
E
S
S
 

BS 
E
R
S



LIST OF TABLES AND FIGURES 

Fig. 1 + Map of Fergueon Property, Roanoke, Va-., 
Showing Location of Test Holes 

Yable 1 « Data Used for Calculation of Bulk Densities 

of Unburned Shale Samples from Various 
i Holes on Ferguson Property, Roanoke, 
a. 

Yable @ - Data Used for Calculation of Bulk Densities 

of Burned Shale Samples from Various 
— Holes on Ferguson Property, Roanoke, 

Be 

fable 8 « Rank of Bloating and Ratios of Bulk Densi- 

ties of Unburned to Burned Shale Samples 
from Ferguson Property, Roanoke, Va. 

Fig. 2 Relaticnship of the Temperature at Which the 
Sample Designated as "Buff" was Removed 
from the Furnece to ite Bulk Density 

Figs 3 ~ Relationship of the Taaperature at which the 
Sample #7<-33 was Removed from the Furnace 
to its Bulk Density 

Fig. 4 - Relationship of the Temperature at Which the 
Semple Designated as "Purple" was Removed 
from the Furnace to its Bulk Density 

fable 4 - Bulk Denelties of Shale 78-29 when Heated 
to 21 ¥. in One Hour and Forty~Five 
Minutes Compared to Bulk Densities when 
Heated to 2150° F. in Twenty Minutes 

fable 5 « Chemical Analyses of Shale Samples "Buff" 
os #8~-22 from Ferguson Property, Roanoke, 

Be 

fable 6 ~ Grading of Aggregate Used to make Concrete 
for Compressive Strength Test Cylinders 
Ueed to Compare Strengths of Cinder Con~ 
crete and Bloated Shale Concrete 

  

      

   

  

Page 

53 

56 

5?



LIST OF TABLES AND FIGURES 
(Gont'd.) 

fable ¥ « Compressive Strengths of Goncrete Test 
Gylinders mede with Cinders as an Agere~ 
gete and of Concrete Test Uylinders made 
with Bloated Shale from Ferguson Property, 
Roanoke, Ves, as an Ageregate 

Fig. S ~ Wiring Schedule Used in Bloated Ghale Tests 

Pig. 6 = Calibration Curve of Rotameter Used to Meas- 
ure the Gas Flow to the Muffle Purnace 

Page 

65 

67 

68



i. INTRODUCTION 

Lightweight ageregate for conerete is a general term ap-~ 

plied to materials which when mixed with cement and water 
produce a concrete weighing approximately one hundred pounds 

per cubie foot or less. Lightweight aggregetes may be di-~ 

vided into three classes according to their source. These 

Glasses are: (1) Natural; (2) By-product; (5) Processed. 

Natural aggregates include such material as pumice, scoria, 

breccia, tuff and voleanic ash, all of volcanic origin. By- 

product aggregates include cinders, air-cooled slag, coke 

breeze, sawdust and grog (broken and cull ceramic nateriain). 

fhe third class of lightweight age: 

gregates, can be further subdivided into two classes; the ex- 

panded slags and the expanded shales. Of all of the light- 

weight aggregates mentioned, the expanded shales seem to of+ 

fer the most possibilities in Virginia because of the wide 

occurrence of shale deposits. 

in the past decade, there has been a growing tendency 

for power and industrial plants to substitute modern pulver- 

ized coal boilers for the conventional stoker-fed boilers, 

This has beon of great concern to producers of lightweight 

concrete products who use cinders as an aggregate for their 

regates, the processed age 
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products. The pulverized fuel boilers produce a very fine 

fly ash which has not been shown to be suitable as a concrete 

aggregate. Therefore, it can be assumed that the sources of 

supply of eultable cinders will diminish, In Virginia, there 

are no known neturally oceurring materials available and 

steel mill slag could not be used because of prohibitive 

transportation costs. On the other hand, there is available 

an unlimited supply of easily quarried shale. 

Cinder Block Inc. of Roanoke, Virginia, is aware of the 

pessible shortage of cinders and are on the lookout for a 

suitable substitute, The company has purchased a tract of 

land on which is located a fairly large deposit of clay shale, 

Preliminary investigation of this shale has indicated that 

the shale will expand or bloat to @ cellular, lightweight 

product when exposed to a high temperature, but other inform. 

ation concerning the shale is desired. 

The purpose of this investigation is to determine the 

temperature at which bloating of the shale occurs; whether a 

better product can be obtained by prolonged heating of the 

shale; whether the effect of heat on shale from various loca-~ 

tions on the tract is the same; the effect of the chemical 

composition on bloating; the effect of rapid heating on bloat- 

ing; and whether the bloated shale will produce a high-grade 

lightweight concrete.



Ii, LITRRATURE REVIEW 

Structure of Silicates 

(24) 
on.~ In 1910, Pukeall wrote of his 

experiments with clay substances. He prepared silicates of 

various metals by fusing silica and sodium carbonate and then 

precipitating the silicates by double decomposition with mete 

al salts and sodiwa silicate. An aluminum silicate with the 

ratio of 3 parts of silica to 2 parts of alumina to 6 parts 

of water was produced. Pukall proposed the following struc~ 

tures for kaolin acid, kaolin (which he termed dehydrated ka~- 

elin acid) and the sodium salt of the acid. | 

  

eee Off? S102 ee OM? S10, +A COM) V9 O 

— QOH* $1 02° Az COA); OH: Si 02 (OH) A OH* S102! Ve (OH) NaO 

Mao. Yorn HAOLIMY SoDivwm SALT 

singext 7. 1911, proposed the structural formula 

(HO.Si.0.0A1(0H)),0 for kaolin. He stated that only metasi- 
licie acid may be considered the foundation of all natural 

and artificial silicates. All possible pyrosilicie acids are 

derived from 0:31 (On) (metasiliciec acid). Singer criti- 

cized Pukall's formule unfavorably and pointed out that a 

double cilicon bond, like a double carbon bond, is a source 

of weakness in a compound rather than one of strength.
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Considerable criticiem of Pukall's formula was made by 

Wegscheider and wenahote’ Wegscheider considered complex 

silicates as salte of polysilicic acids in which the Si 

groups are linked through oxygen. He made reference to Pue 

kell's formula and pointed out that Manchot had criticized 

Pukall by stating that combinations between si atoms in sio 

combinations take place only in reducing conditions and sili- 

cates are formed without reduction. In inorganic combinations 

between silicon atoms the products are unstable, especially 

those containing oxygen. A formula with directly combined 

silicon atoms would not explein the stable condition of kao- 

lin. If silicon atoms wore directly combined in silicates, 

the oxygen atoms must also be directly combined. It is known 

that compounds with directly combined oxygen atoms are un- 

stable (viz H,O,). Wegscheider went on to state that regard- 

ing silicates as salts of polysilicic acid does not prevent 

_one from regarding those containing aluminum as salts of alun- 

ino-silicie acid with oxygen combinations between the silicon 

and aluminum. | 

Hoxite and Pentite Theory.~ In 1915, W. Asch and D, 

ar proposed what they termed the "Hexite and Pentite" 

theory, They theorized that if five and six molecules of 

Si(0H),, respectively, unite together, splitting off water 

and retaining the quadrivalency of the silicon so as to form 

‘ 
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a Closed ring, the following structural formulae are pro- 

duced: 

OM. 

| Cre Cr 

ea a {_g__ J} 

(oa)= $= | RS 
| | Oo Si = (OH)2 

oO oO | ow 

| ree Ot 

(0 W)=S! St=(0 HM), ie Givs 
hi - 

~N a 

il HEXITE PENTITE 

Also, by substituting aluminum atoms for the silicon atons, 

aluminum hexite and pentite are rene fhus, for exemple, 

SH, 0 +GAL 0. and GH,0 6510, would yield the formulat 

      

(ow), OH (ow) 7 2 i(” 2 

(A 4 ce = re = (OH)2 

Si i We Sy 

(042. = ° LO HOw), 

Gi / dios 

The Asch brothers show, by various oisbanentens of alum 

inum and silicon hexites and pentites, how the structure of 

a large number of known silicates can be explained. 

X-ray Study of Silicates.~ In spite of the large anount 

of work done and the apparent logic of some of the theories 

mentioned, it remained for Bragg and peuring’”” ve elucidate 

the different problems of the structure of the silicates by
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Xeray analysis. They showed that the difference between dif- 

ferent classes of silicates is directly dependent on the sil- 

icon and oxygen arrangement and only indirectly dependent on 

the remainder of the structure. Occasionally the silicon ox- 

ygen structure forms a closed group like an ordinary acid 

radical, but usually the structure is endless and extends 

- gontinuously throughout a given crystal, fhe silicon atom in 

the silicate is always associated with four oxygen atoms, 

tetrahedrally arranged with regard to the silicon, ‘The way 

in which these tetrahedral groups are related determines the 

structure of the particular silicate. 

Mellor! 20)states that many silicates are derived from 

various silicic acids, Metasilicic acid is formed by the 

following reaction: , 

No, Si0.+ 201+ H,S10,+ ZNacl 

Metasilicic acid exists as hydrogel and hydrosol; the hydro- 

@el being the gelatinous form and the hydrosol being a solu- 

tion. If sufficiently dilute, all of the metasilicic acid 

takes the hydrosol form, Clear solutions containing 5% col- 

loidal silica can be obteined by dialysis, These solutions 

can be concentrated in a flask by boiling until they contain 

about 14% H,S10.., which, on standing a few days, transform to 

a hydrogel, The transformation of hydrosel to hydrogel is 

retarded by small amounts of hydrochloric acid or an alkali
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hydroxide and accelerated by sodium carbonate. If the clear 

solution is evaporated in a vacuum at is” Ge, Clear, trans- 

parent jelly is obtained which, when dried over sulphuric 

acid, has the approximate composition of 810, .H,0 or HpSl0, “ 

metasilicic acid. This also may be prepared by dehydrating 

the gelatinous silicic acid with 95% aleohol. When the ge- 

latinous silicic acid is dehydrated with ether and dried, an 

acid of the composition Si0g.2Hp0 or HySi0, + orthosilicic 

acid - is obtained. Orthosilicie acid loses water on exposure 

to air. On the other hand, silica gel of the formula 

810,.nH,O has a remarkable capacity for absorbing water from 

the air. 

For chemical purposes, silicates have been classified 

on the basis of these silicic ona”. Thus, willemite, 

Zn, S10, corresponds to the orthosilicic acid as does oliv- 

ine, (Mere) S10 43 zircon, ZrSiO ,; and tephroite, Fe,Sl0, 5 

wollastonite, CaSi0., and enstatite, MgSi0, correspond to the 

metasilicic acid. 

Another series of silicic acids result when two mole-~ 

cules of orthosilicie acid condense into one of ortho-di- 

silicic acid, Hg S10, This gives rise to a series of ortho-~ 

di-silicates such as serpentine, NgS1,09; barysilite, PbSi0y,, 

ete. In a like manner, the condensation of two molecules 

of metasilicic acid gives rise to a series of metaedi-sili-
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cates. This process is continued for ortho-, meta-, tri-, 

and poly-silicic acids, 

10) 

  

the first to show that silicates consist of essentially the 

relatively larger oxygen ions in close packed arrangement, 

either cubic or hexagonal, ‘The ions are held together by 

strongly charged metallic ions which fit into the spaces be- 

tween them, In tetrahedral spaces are to be found the small- 

est and most highly charged ions, Si yr ne’, “""", ar, 

ugtt , ret? ete. Larger ions, such as ae nat, and xt, 

introduce distortion into the structure. ‘The symetry of the 

particular silicate adjusts itself to fit these ions with 

minimum distortion, with the result that the unit crystal 

cells are large and complicated because of low symmetry. 

Bragg made the following conclusions in regard to the 

structure of the silicates: | 

(a) Whatever the silicon to oxygen ratio, silicon is 

always situated within the tetrahedral group of four oxygen 

atoms, which is very constant in form from crystal to erys- 

tal. 

(db) The structures are typical coordination structures « 

four oxygens at the corners of a tetrahedron, six of an octa~- 

hedron, ete. The whole structure may be regarded as a fabric 

of which these groups are the stitches, the groups being
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joined together by sharing oxygen atoms. 

(ec) The coordination numbers among silicates are pe**4; 

pY*ts 4; na*é,o; me**4,6,0; al***a,5,6; ai**a; ca**s,7,0; 
setts; pitte; unt <,6,8; re**a,6,6; re***e; ante; na**e,12; 
x6, 8. ? 

Diopside is a typical mete-silicate of the formula 

Galig(Si0,)p. Hach silicon atom is surrounded tetrahedrally 

by four oxygen atoms. ‘Two of these atoms are common to 

neighboring groups and two are not. The tetrahedra are 

linked by their corners into endless chains parallel to the 

© axis of this monoclinic crystal. It is incidental that 

the S10, groups are cemented sideways by calcium and magne~- 

gium ions. 

in orthosilicate anal” tiehine 

plified by olivine, (MgeFe),8i0, ané zircon, Zrcio,, the tet-~ 

rehedral groups are independent like quadrivalent acid radi- 

cals. The oxygen atoms each have one negative charge, the 

oxygens being attached to the silicon by a single valency, 

These negative charges attract the metallic ions of the crys- 

tal. This structure may be represeated by the following di- 

BgPaint 
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When two of the above groups are linked by their common 

corners, that is, through two groups sharing one atom of oxy- 

gen, a grouping 61209 results of a valency of 6 (since the 

linking oxygen atom now has no charge). 

Other groups have been observed in which three tetra- 

hedra (c) are united into a ring through sharing of three ox- 

yeen atoms thus forming a group S109, whose effective va~ 

lence is again 6. An exemple of this structure is the rare 

mineral bentonite, BaTiSi,09. Similarly, rings of six tetra- 

hedra have been found, (EB). An example of this structure is 

beryl, BegAlpgSigOyg» A ring composed of four tetrahedra (D) 

has also been detected in certain zeolites. 
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fhe silicon and oxygen tetrahedra are also found in 

chain, band, and sheet types of structure. An example of the 

chain type (F) is pyroxene in which the tetrahedra are joined 

eorner to corner in a row which extends indefinitely in both 

directions. : 

CHain STRUCTURE 

Examples of the band type of structure exist in the am- 

phiboles in which two chains are bound together by sharing of 

oxygen atoms, Chains and bands are fibrous as in asbestos. 

In a like manner, sheets are formed by linking three 

corners of the tetrahedra, leaving only one free oxygen. IEx- 

amples of this structure are mica and tale. 

SHEET STRUCTURE 
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If three dimensional networks are formed, the tetrahe 

are linked by all four corners so that there are no oxygen 

atoms left carrying charges to attract the positive ions, 
The result 1s one of the forms of silica (e.g. quartz). In 
most of the structures already considered, a certain number 

of silicon atoms may be replaced by aluminum. Whenever this 

ecours, each tetrahedral unit of the framework acquires a 

resultant negative charge on account of the lower valency 

(fewer outer ring electrons) of aluminum, Metallic ions are 

then incorporated into the interstices of the structure, 

The felspars arc examples of this arrangement. 

The silicates thus, for the most part, form crystals 

which are not to be thought of as loose aggregations of sim- 

Ple molecules, but as giant molecules in which the whole 

mass is bound by chemical linkages which extend to the lin- 

ite of the crystal. The infusibility and insolubility of 

the silicates is presumably the result of this structure.
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fhe Action of Heat on Clays and Shales 

2 2 t bates.- In 1908, niexe!®* inves- 

tigated the fuet bility of various lime~alumina-silica mix- 

tures of the following compositions: 

(i) AlpOg-S10.-0.1 to 12Ca0. (2) AL,0 g- 2510 .=0.2 

to 126e0 = (5) AlpO,~5510,~0.1 to Lecad. 

Cones were made and the melting point taken at the tempera- 

ture at which the point of the cone first touched the bottom 

of the furnace, The main point of interest, as far as re- 

sults were concerned, seemed to be that the melting point de- 

creased as the ratio of lime was increased up to a certain 

point. When this point was reached the inerease in the lime 

ratio increased the melting point. 

pittier, ean 1911, continued the work on the melting 

point of the silicates, He investigated artificial diopside 

which he found had a freezing interval between 1290° ¢, and 
1250° G6, He also investigated other silicates including lab- 
radorite which showed a freezing interval from 1200° 6. to 
1160° G. He concluded that two processes ocour in silicate 
fusion. Wiretly, the transformation from the crystal to the 

isotropic amorphous state which is not accompanied by a notice- 

able heat reaction and secondly, the liquefaction of the amor 

phous mass which is accompanied by a heat reaction, 

 



  

in 1911, did some work on relating the temperature of the 

clays to the specific gravity. His results show that the spe- 

cific gravity of the clay he was investigating inoreased to a 

temperature of 450° C. and then began decreasing until 650° ¢, 

wes reached. At this temperature, it began increasing again 

and continued to increase to 1000° ¢., which was the highest 

temperature it reached. 

Dehydration Temperatures.- Further etudy by waarach,’ 

4n 1913, revealed that when clays were heated slowly from 

20° Gc. to 1150° G. a sudden errest in the heating curve took 

place at 100° C., presumably due to loosely held water being 

driven off. The second break occurred at 500° C, He con- 

eluded that dehydration was invariebly complete “ 600° ¢, 

A slow liberation of heat between 900° und 1000° ¢, was as- 

sumed to indicate the formation of an aluminate. 

pickets! =") work showed that a similarity exists between 

kaolin and high-grade fire clay in that both show a distinct 

temperature lag at 500° C, and a longer halting period at 

rom 560° to 580° G. He found that some ferroginous clays be- 

have similarly to fire clays while others show practically no 

halting point, The loss of chemical water begins only at 

450° ¢, The dissociation velocity increases rapidly with the 

temperature. By heating sufficiently long, practically all 

oh)
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of the water may be expelled between 400° and 500° ¢. ‘the 

last portions of the chemical water are given off with dirfi- 

culty. 

searae!” enpieneed his thoughts on the subject of the 

effects of heat on clays, probably from the experience of 

others es he does not mention having done any experimental 

work, He stated that (1) mechanically combined water is driv- 

en off at 100° C.; (2) as the temperature is raised chemical 

decomposition occurs; and (8) at 500° to 800° Gc. a quick evo- 
lution of water occurs. These conclusions are more or less in 

agreement with other investigators, but the basis for his sec- 

ond observation is not shown, 

Boudouard and Lefran' Y) ecether corroborated the temper- 

atures at which water is given off in the heating of clays, 

and found that hygroscopic water is evolved continuously and 

slowly to 450° G, Liberation of combined water started at 

- 450° G. and was complete at 500° G, Exception to this was 
noted in the case of a halloysite which showed further loss 

at 800° G,, and one of the clays also showed the same loss. 

They investigated seven clays and two halleysites. | 

500!” pensurred the expan- 

sion and contraction of test pieces of Glay as they were heat- 

ed to 1000° ¢. by means of a telescopic apparatus located on 

the exterior of the furnace and through which he could view 
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the test picces as they were heated in the furnace. In all 

eases, there was first expansion followed by contraction. The 

temperature at which contraction began for glauconite was 

590° G. This temperature, according to him, shows no relation 

to the temperature of dehydration of the aluminum silicates. 

Bigot, (6),,, 1921, concluded that clays and kaolins ex- 

-pand before reaching their fusion temperature but bauxites do 

not. Mixtures of Kaolin and silica show very marked swelling 

before fusion. This property may be utilized in preparing ar- 

‘tifielal pumice stone by rapidly heating schist and porcelain 

to thelr swelling temperatures. 

- Evolution of Heat. wontin, an 1914, attacked the 

problem from the standpoint of the temperature at which exo- 

thermic or endothermic reactions took place. Me used 29 dif- 

ferent “clays, bauxites and allied materials". He increased 

the temperature of hie furnace to 710° c. during the first 25 

minutes end from there to 1300° ¢. at the rate of 12° «. per 

minute for a total heating time of 75 minutes. He found that 

(1) from 560° C. to 580° G. Glays showed heat absorption; 

(2) exactly at 960° G, (at thie rate of heating) heat was 

evolved more or less vigorously the longer the period of heat 

absorption; and (3) bauxite of the formula Al,0,.H,0 showed 

heat absorption at 540° G., while bauxite of the formula 

A1,0,.5H,0 showed this at 310° ¢, Both varieties often show 
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at 1060° Gs. @ considerable evolution of heat due to a change 

in the form of Al,O0,. Wohlin states that this does not occur 

in the case of Al,0,.2H,0 at 1060° ¢. and, because of this 

phenomenon, one can distinguish Alp0g.Si0p-fH,0, AlpOn+4H,0 

and Al,0,.3H)0 when 4 ast sufficient amounts. 

Houldsworth and Cobb, in 1925, observed that the 

changes responsible for the exothermic effects observed at 

950° C,. with clays could be completed on continued heating 

at 900° C, and that occurring with A1,0, at 1060° ¢. could 

be completed at 1000° G. These changes in clays and in pure 

Al,Q, are distinct and different phenomena, None of the in-~ 

dications of exothermic and endothermic reactions with clays 

ean be attributed to the presence of small amounts of impur- 

ities and their possible interaction with the clay. No evo- 

lution of heat at 950° 6, was found when mixtures of AdpOg 

and S10, of the ratio Me°s : £510, were heated. 

  

in 1985, reached the conclusion that the dehydration of kao- 

linite does not take place at a fixed temperature and is com- 

pleted at temperatures above 500° G. At these temperatures 

they state that kaolinite decomposes into free silica, free 

alumina and water. ‘The exothermic break in the heating curve 

about 900° G, is connected with a transformation in the form 

of Al,0g. Sillimanite, similar to the natural mineral, can
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develop below 1200° ¢. and probebly above that temperature 

forms solid solutions with SAlg0g.2510,. Above 1700° ¢., 
BAll0g+2510, may be formed. 

The research staff of the General Electric Company, 

in 1926, attempted to follow by X-ray methods the 500° ¢, to 
900° C. changes in kaolinite. hey found that kaolinite com- 

pletely breaks down at about 600° Gs, forming a silicate 

which is stable to about 900° 6. The silicate presumably is 

Alp0g+2Si0,, At higher temperatures mullite is formed. ‘The 

Xray patterns of natural sillimanite and mullite prepared 

by heating andalusite at 1550° GC. for five hours are differ- 

ent. The pattern of the mullite agrees with those obtained 

from fired clay mats, The mineral formed in clays at 1000° ¢, 

is mullite and not sillimanite. fhe formation of mullite oc- 

curs in all clays exemined by heating then five hours at 

1050° ¢. The temperature at which complete stability is 

reached varies with the clay. 

(3)
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Gauses of Bloating or Swelling of Clays and Shales 

Shale.- Orton and Staley’ ea) the Ohie State Universi- 

ty, in 1906, burned shale containing 5.42% Ye, 2.67% 0. and 

% &, to a number of temperatures and under three sets of 

 gond@itions, ‘The conditions were: (1) rapid oxidation and 

normal vitrification (2) slow oxidation followed by normal 

vitrification and overfiring and (3) normal oxidation and 

vitrification followed by heavy reduction without increase 

in temperature and closing by raising temperature and main- 
taining reducing conditions, Their conclusions follow. — 

iron in clays tends to oxidize to Fo,0 5 in the absence of 

carbon or sulphur. ‘The formation of ferrous silicate does 

not sean to cause the evolution of gases. Sulphur in any form 

' tay give rise to gases at high temperatures by oxidation, dis~ 

sociation or replacement by S109. since in the unoxidized 

portion of clay, carbon remains longest, the content of sul- 

phur will be less reduced by the action of heat and subse- 

quentiy the sulphux will cause the evolution of more gas, 

causing swelling. Hence sulphur is the most important cause 

of bloating. Clays high in carbon and iron but Low in sulphur 

blacken by improper burning but do not swell. Clays low in 

ivon but high in carbon and sulphur swell without blackening. 

Clays high in sulphur conteiniag neither iron nor carbon



swell on the exterior first. 

catcott, "in 1922, in- 
vestigated the "blistering and bubbling of Cornish Stone", 

He said thet thie fault is found only in mixtures of buff 

and purple stone and is probably due to the unequal fusibili- 

ty of the two, giving rise to the evolution of gases from the 

buff stone (the less fusible of the two) after surface vitri- | 

fication due to the purple stone, 

Sehinety’ te 1941, made the following observations on 

bloating of Cornish Stone, He said that bloating is due to 

the expansion of entrapped air when ware is viscous as well 

ae to the decomposition of gas-forming material, Softer 

fluxes cause bloating more than harder ones. Fineness of 

arinding has little effect on the bloating tendency. 

“ ee writing of the 

construction of di with lightweight aggrecate during the 

first World War, seid, "It wac decided to imitate the vol- 

canie rock by baking a clay into a clinker in a kiln, « « « 

& clay containing vegetable matter was selected, -+-<- At a 

temperature of about 2000° F. the vegetable matter turns to a 
gas inflating the clinker, leaving disconnected isolated 

cells when cool.* 
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Kai.launer in 1950, gave as . 

the cause of bloating in ceramic products, when heated, the 

presence of enclosed gases, i.@+, water, air, oxygen, Pall 

dioxide and sulphur dioxide. He said to prevent bloating: 

(1) the raw materials should be washed (2) excessive fatness 

removed (3) carbonaceous substances bummed out at 500° 6. 

(4) firing showld progress slowly (5) the steam in the kiln 

space should be reduced to a winimua re sufficient draft 

should be provided (7) firing at 800° to 900° G, must be ear- 

ricé out in a reducing atmosphere to decompose sulphates (8) 

the accose of air should be facilitated so that carbonaceous 

substances may be burned. : 

shuen,!®")an 1957, gave as the causes of “blistering in 

ceramics" the entrainment of air in excessively fat or harsh 

clay, the reaction of iron oxide and carbonaceous matter, or 

decomposition of iron oxide at high temperatures, formmetion 

or liberation of water at high temperatures or overburniag,



Methods of Bloating Glays and Shales 

Fuller’ nn that light, spongy or vesicular burned 

cleys when used as concrete aggregate have the advantage of 

good strength with lightweight. Rapid firing in rotary kilns 

is probably the best burning process, Such burned products, 

to be suitable, should show a fairly unifom, fine, ¢ellular 

structure rather than one with large and irregular cavities. 

The pieces should be light enough to float in a salt solu- 

tion ef specific gravity of 1.1. 

   Bddi tives tha‘ Bloating.~ It has been stated 

that good insulators for furnaces have been made by adding 

sawdust, coal and kieselguhr to clay and firing the mixture. 

Organic materials such as cut grass, oats, or other ¢e~ 

reals, tan bark, coke dust, wood shavings, sawdust and peat 

have been mixed with clay and fired for making porous prod- 

uote’) 
(22) 

Meyer and Pukail suggested procuring artificial po- 

rosity in ceramic bodies by a chemical reaction between either 

the moisture in the plastic mass or constituents of the clay 

and finely divided metale which are added. These reactions 

cause the evolution of geses. Metals experimented with were 

aluminum, calcium, magnesium and silicon. 
19 

paatuee’ " henestted the bloating of various Russian 

' 7 (2) 
fa bt ie oh EU) Oo      
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Clays. Clay cylinders 10-20 mm. in diameter wore prepared 

from shale crushed to 1/30 om. The firing was done at 

1250° G, Swelling and clinkering occurred at 1150° ¢, to 
1180° G. Various additions to the clay were tried, includ- 

ing gas coal 2%, o11 shale 5%, and swamp ore 44. Swamp ore 

gave the best results, producing a product weighing 

0.56 gm./ec. 

In 1940, tae his ibe of preparing the product 

described but with a thin crust on the globules which is im- 

permeable to water. He did this by adding about 3% iron ox- 

ide and 8% combustible agent, euch as coal or peat. 

  

seribed the bloating characteristics of a West Tennessee 

clay with the view of its use for lightweight ceramic prod- 

ucts or lightweight aggregate. He said that the clay fires 

naturally to exceptionally low densities. Between cones 1 

and 2 the apparent specific gravity ranges from 1.29 to 1.58 

and the apparent porosity ranges around 40%. Additions to 

the clay of 10«25% lignitie clay gave producte of 1,09 and 

0.91 apparent specific gravities or 60 to 57 lb. per ou. ft.
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Patents 

Early Patents.~ The first United States patent | 

(#235,961) found pertaining to porous clay was issued to one 

br. Georg prenteeinas” et Breslau, Prussia, Germany, on BDe-~ 

cember 28, 18680. His invention was the preparation of porous 

earthenware for use in "filtering, absorption and various 

kinds of chemical treatment". He prepared the porous earth-~ 

enware by mixing iron and lime free clay with powdered char-~ 

coal, fluorspar and feldspar, shaping it to the desired fom 

and firing it in a kiln. The charcoal burned out, resulting 

in the porous earthenware, 

Us S. Patent £246,004, dated October 11, 1681, was is-. 

sued to Charles Giiman! *”) o¢ Blidora, Iowa. His invention was 

a process for making a porous, earthenware building material. 

Glay, resinous sawdust and water were mixed thoroughly in a 

mill until plastic, The plastic mass was then extruded 

through iron or steel pipe from eight to twelve inches in di- 

ameter te form “logs” about six to twelve feet long. These 

logs were fired on a “slow steadily increasing fire" until 

the "vapors" and steam were driven off. The temperature was 

then raised rapidly until nearly white hot. This consumed 

the sawdust and brought the clay to the first stages of vit- 
rification. On cooling, the logs could be sawed inte "planks",
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bored, grooved, planed or carved with edged tools. 

fo Willian vanteroth, |" of Ontario, Canada, was issued 

Us. S. Patent $426,642 on April 29, 1990. His process was es- 

sentially the same as the foregoing patents except he claimed 

greater strength by the addition of sand to the clay. Also, 

he saturated the sewdust or other combustible matter with wa- 

ter before mixing. | 

The Hayde Patent.- Frobably the most important patent 

issued for this type of material was to Stephen J. mete, 

- ‘February 12, 1918, U. S. Patent#1,265,876. In his patent, 

Hayde specifically steted that clay or shale which was not 

suitable for making brick could be used even if it contained 

lime forming materials or sand. He suggested crushing the 

material to about four inches and then burning it in a "ro- 

tary or other type” kiln at a temperature above 1500° F. + 

preferably from 1700° to 2200° ¥. - for about two hours. 

The clinker formed is allowed to cool in the air slowly un- 

til it will not disintegrate when sprayed with water, He 

then suggests immersing the clinker in water to hydrate any 

lime that might have been formed, The clinker is then 

crushed and sized and mixed with cement or other hydraulic 

meterial, molded into the desired form and allowed to harden. 

Recent Related Patents,.- tan) Us & Patent 

#1,314,752 was issued to 0» Olsen » This was a patent 
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whereby a mixture of coarse and fine pieces of shale, which 

have been burned but not clinkered, is used for an aggregate 

with Portland cement to produce a light concrete or may be 

used like fuller's earth for refining sugar or oil, 

A British patent, #152,247, was issued to oisen'**) 

about the same time which specified shale for use in concrete 

after being sintered or subjected to a temperature of 2000° 

Fe, or over, er melting. 

B. J. Fallen was issued a patent (1,528,759) on 

March 10, 1925. His process was for forming porous aggre~ 

gate for use in making light concrete or other articles. A 

mass of clay is firet fired in a kiln until a temperature of 

g00° F, is reached. The supply of air is then reduced and 

steam is passed through the bed of burning fuel into the clay 

to produce a reducing action thereon. Air is then again sup- 

plied to the clay to cause the masse to expand and thereby 

produce & porous material. 

Frank As ennce” sevenet Us. & Patent #1,538,482 on 

March 19, 1925, for a process of producing a hard, cellular 

Clay product. His process consisted of mixing clay or shale 

with finely divided fuel and burning the mass on @ grete by 

forcing air up through the mass to support combustion. 

On May 4, 1926, U. S. Patent 71,583,521 was issued to
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Carl Willien a, ) sor a process of making vesicular 

products by subjecting shales or ¢lays high in iron, sulphur, 

sodium ana potassium to heat which swells then. ‘the expanded 

cley or shale is then crushed and screened for use as a light- 

weight concrete aggregate. 

nohite’”” obtained Swiss Patent £126,755 in 1927 for mak- 

ing ergillaceous clinker by preparing thick layers of cal- 

eined clay mixed with bituminous dust and burning the mass to 

clinker. | 

Charles EB. Kraus was issued U. 8. Patent f1,741,574 

on December 51, 1929, for a “method of forming cellular bodies 

which consists in heating a mixture of clay, bentonite, car- 

bonaceous material end flux sufficiently to form sealed cells’ 

U. S&S. Patent 71,816,101 was issued to Kemper s1sraer!™) 

on August 11, 1931, for a cellular or bloated clay product. 

In the process, granular material is fed into a heat zone 
maintained et bloating temperatures. ‘The material while in 

gramilar form and in the heat zone is subjected to fusion 

while confined. The bloated material is extruded under pres- 

sure due to ite expansion. 

Tajemul usain'*”) optained Us S- Patent $1,897,667 on 

February 14, 1933, for a cellular fired clay product suitable 

for fireproofing building block. The product is prepared by 

generating and releasing a gas in a clay slip of fluid con- 

(44)
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sistency by the interaction of an acid and a carbonate added 

to the slip. 

UW. S&S. Patent 71,903,621 was issued to Sherman y. Lee 

on April 18, 1988, for a process for bloating earthy materi- 

als, In the process, a liquid containing molasses and fer- 

rous sulphate in solution is added to a mass of earthy ma- 

terial which is then heated to first evaporate the solvent 

portion of the liquid and then to cause bloating by fusing 
the earthy materials and liberating gases through the mass. 

U, S. Patent $2,112,580, issued on March 29, 1938, to 

Gy My veten,”” Genertves @ process in which siliceous ma~- 

terials having the desired porosity (or attaining 1t owing 

to the presence of carbonaceous matter) are mixed with comn« 

nuted marl of higher melting point end the mixture is burned 

in a rotary kiln until the comminuted mar] coats the sur~ 

face of the siliceous materials and seals the pores, 

(45)



  

Purpose of Study : 

fhe purpose of this study is to investigate the feasi- 

bility of producing a cellular Lightweight concrete agere- 

gate by heating clay shale until it reaches the point of in- 

cipient fusion, At this stage of heating, a bloating occurs 

in the shale caused by the release of gases. This results 

in a material having a cellular structure and ae Lower bulk 

density. In this study, an atteapt will be made to deter 

mine the optimm temperature required to produce bloating of 

the shale; the effect of the chemical composition on the 

bloating of the shale; the bloating characteristics of dir- 

ferent shele samples taken from different locations on the 

Ferguson Property in Roanoke, Virginia; the effect of the 

length of time to which a shale is exposed to a particular 

temperature on its bloating characteristics, and the compari- 

gon of the strength of concrete made with bloated shele as an 

ageregate with the strength of concrete made with cinder as 

an aggregate. | .
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Plan of Investigation 

Literature Review.- A search of the literature was made 
for the purpose of ascertaining what hed been done on the use 

of bloated shale as a concrete aggregate and to become famil- 

iar with the methods used by others. 

Sempling.- All shale samples were obtained from a plot 

of land which will hereafter be referred to as the Ferguson 

Property in Roanoke. The semples were obtained from core 

arillings of eight test holes. The location of the Ferguson 

Property and the test holes are shown in Fig. 1. _ 

in each test hole were exposed to 2200° F. temperature in a 
gas-fired muffle furnace. The degree of bloating was deter- 

mined on each sample by determining the bulk density of the 

sample before and after firing by means of a mercury volu- 

meter. 

      

For these tests, twelve samples of the shale were placed in 

the furnace and the temperature increased to 2200° Fe over a 

period of one hour and thirty-six minutes. As the tempera- 

ture reached each of the following points one sample was with- 

drewn from the furnace and its bulk density determined: 

1500° ¥., 1600° F., 1700° ¥., 1800° 7, 1850° ¥., 1900° F.,
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1950° ¥., 2000° ¥., 2050° ¥., 2100° F,, 2150° ¥., and 2200" 
¥. In this way, the amount of bloating which had occurred 

when the sample was removed from the furnace could be deter~ 

Effect of Prolonged Heating on the Bloating of Shalse,- 

fo determine if better bloating could be obtained by expos- 

ing the shale samples to a particular temperature for an ex 

tended period of time, fifteen shale samples were placed in 

_ ‘the muffle furnace and the temperature increased to a point 

where bloating was known to oceur (by previous tests). The 

furnace was then adjusted so as to maintain this selected 

temperature through the remainder of the tests. One sample 

was removed each five minutes after the selected temperature 

was reached and ite bulk density determined. Thus, the ef 

fect on bloating of exposing the shale to a particular tem- 

perature for extended periods could be determined. 

eal composition of a poor bloating shale and of a good bloat- 

ing shale was determined and the results compared in an ate 

tempt to determine which of the elements or compounds pres- 

ent is responsible for the bloating. 

  

Enough bloated shale was procured to make three concrete test 

cylinders using the bloated shale as the aggregate. Three
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additional cylinders were made using cinders as the aggregate. 

All factors, including grading of aggregate, water-cement ra- 

%io, method of molding, and method of curing were held con- 

stant for all cylinders. Compressive strength tests wore 

then made on the cylinders to compare the strength of con 

crete produced from the bloated shale aggregate with that pro- 

duced from cinder aggregate. 

Materials 

S.- The samples of shale used in this in- 

vestigation were all obtained from the Ferguson Property lo- 

cated in West End, Roanoke, Virginia, Bight test holes were 

core Grilled on the property and samples of the cores were 

taken at various levels to be used in the investigation, ALL 

semples are identified by two numbers, the first number indi- 

cating the test hole and the second indicating the depth at 

which the sample was taken. Thus, sample #3-76 was taken from 

hole number 3 at a depth of 76 fect. Fig. 1 shows the loca- 

tion of the Ferguson Property in Roanoke and the location of 

each test hole. Two other samples were taken from the face of 

a road cut running through the property and are designated by 

_ the notations "buff" and *purple* by reason of their colors, 
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fhe sources of these samples are also shown on the map. 

Samples were taken at the following levels in the test 

holes: 

Yest Hole No. 1, Samples were taken at 9, 16, 26, 35, 

45, $5 and 72 feet. Bach sample weighed between one and 

three pounds and consisted of a cylinder 2% inches in diem 

eter. This test hole was 72 feet deep. 

fest Hole No. & Samples were taken at 20, 25, S1, 38 

and 42 feet. In this test hole the shale deposit was encoun- 

tered at 20 feet and it extended to the 52,4 fect level, at 

which point drlliing was discontinued. 

fest Hole No. 3. Only two thin layers of shale were en- 

countered when this hole was drilled. The first occurred at 

a depth of 80.9 feet and was $ fect thick, he second leyer 

was found at 75.2 feet and extended to 77,5 fect, at which 

point drilling was discontinued. 

fest Hole No. 4. ‘This hole was drilled to a depth of 

67.1 feet without striking shale that would make an integral 

core. A sample of loose, crumbly shale was obtained from this 

hole but the depth from which it came could not be determined, 

fest Hole No. 5. In drilling this hole, a series of 

shale layers were encountered. ‘The first, at a depth of 5 

feet, was 1.7 fect thick; the second, at a depth of 7.7 feet, 

was 0.6 feet thick; the third, at a depth of 10.2 feet, was
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2.1 feot thick; and the last, at a depth of 16 feet, was 5 

feet thick. Samples were taken at 6, 8, 10, 12 and 21 feet, 

fest Hole No. 6, ‘This hole, drilled in the bottom of a 

small valley, yielded nothing but a stiff rei clay, Drilling 

was discontinued at £1 feet. Samples were taken at ii and 21 

feet. ) | 

feet Hole No. 7. While the shale in this test hole was 

soft and crumbled easily, it was found to be continuous from 

a depth of 56 feet to 45 feet. Drilling was discontinued at 

45 feet. Samples were taken at 10, 18, 26, 33, 41 and 45 
feet. eine 

fest Hole No. 8, Shale was encountered at a depth of 2 

feet at this location and continued to a depth of 42.2 feet, 

at which point drilling was discontinued. The cores obtained 

were excellent. Samples were taken at 5, 18, 22, 29 and 42 

feet. 

Two other shale samples of about one hundred pounds each 

were taken from the face of a road cut located on the proper 

ty. These shales were relatively close together but differed 
considerably in appearance, one being a buff color and the 

other a purple color. Accordingly, one was designated as 

"puff" and the other as "purple".
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C Blocks.~ Ceramic blocks 6 inches long by 4 in~ 

ches wide by 1 inch thick, Used in the furnace as platforms 

to place the samples on while being burned. Obtained from 

Ginder Block Inc. of Roanoke, the manufacturer being unknown, 

Used as fuel for the muffle furnace, Ob- 

teined from Natural Gas Distributors, inc., Roanoke, Virginia, 

g ; s.~ Research size, 1-1/8 ins long. Num 

bers 020 sanea® Fe), 015 (1402° ¥.), OF (1814° ¥,), 

03 (2039° Fs) and 11 (2417° ¥.). Manufactured by Eaward or- 

ton,dr., Ceramic Foundation, Columbus, Ghio. Used to verify 

optical pyrometer and thermocouple temperature readings. 

      

Analytical Chemicals 

Powler, lot #38, Manufactured by 

the General Chemical Company, New York, Ne¥. Used to flux 

the shale samples for the alkeli dotermination, | 

Lot #123141. Manufactured by the 

J. @. Baker Chemical Company, Phillipsburg, N.J. Used for 

the precipitation of the calcium in the alkali determination, 

fxn nium Hydroxide Reagent grade of specific gravity 

0490, code 1239, lot 46136, having an My content of 28%. 

Manufactured by the General Cheuical Company, Now York, N.¥. 

Used for precipitating iron and aluminum hydroxide, 

     



  

Dakew Chenical Company, Phillipsburg, N.d. Used for the pre- 

cipitation of calcium in the calcium determination. — 
Lot #6245. Manufactured by the 

J.T Baker Chemical Company, vhiliipsbure, Node Used with 

ammonium chloride in sintering the semple for the alkali de~ 

termination. 

  

Lot #7914, control WRVT. 

Manufactured by Mallinckrodt Chemical Worke, Philadelphia, 

Pa. Used to precipitate magnesium in the magnesium deteruina- 

  

the J. Baker Chemical Company, Phillipsburg, NeJ. Used to 

standardize the potassium permanganate solution in the deter 

mination of iron. 

  

rochloric Acid.— 37% HCl, specific gravity of 1.167 

at 60° ¥. Manufactured by the Grasselli Chemicals Department 

of the E.I. DuPont de Nesours and Company, Wilmington, Del. 

Lot #40715, 52 to 55% HF. Manu- 

factured by Merck and Company,Inc., Rahway, N.J. Used in the 

determination of silica. 

Lot #leL1Z59. Manufactured by the #0 

Baker Chemical Company, Phillipsburg, Ned. Used as an indi~ 

eator in the neutralization of the solution from which iron 
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and aluminum were precipitated as the hydroxides. 

Potassium Bisulfate.- lot #0647. Manufactured by 

Merck and Company Inc., Rahway, Ned. Used to flux the iron 

and aluminum oxides preperatory to the determination of irons 

sium Ferroc; Lot #29, Manufactured by the 

Generel Chemical Company, New York, N.Y. Used as an indica~- 

tor te show the reduction of iron in the determination of 

iron, | 

  

pte 2m @.~ Lot 702459, Menufactured by 

the d,7. Baker Chemical Compeny, Phillipsburg, N.J. Used in 

@ 0.1 MN. solution in the titration of iron, 

Lot: #1,1239, Manufectured by the 7.7. 

Baker Chemical Company, Phillipsburg, N.J. Used to indicate 

the presence or freedom of chlorides in filtrate washings, 

Anhydrous, granular. Lot #1.1140, 

Manufactured by the J.7, Baker Chemical Company, Phillips- 

burg, Nu. Used in the fusion of the sample in the determi- 

nation of silica. 

      

Lot #91946. Manufactured by the 3.2. 

Baker Chemical aie Phillipsburg, Ned» Specific gravity 

1.84; assay 96.0%. 

    

LLter Paper #597 for fine precipitates and #595 for 

gelatinous precipitates. 129 oms dianeter. Manufactured by 

Schleicher and Schull Go. Inc., Now York, N.Y.
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Apparatus 

fuffle Furnace A gas-fired, six burner, muffle fur- 

nace having inside dimensions of 15 inches long by 12 inches 

wide by 74 inches high. Maximum operating temperature 2200° 

¥. Model @16F oven furnace, serial #5662. Manufactured by 

the American Gas Furnace Company, Blizabeth, N.d. Used to 

heat shale samples. 

    

Range 0 to 3000° F. Model 269, #54523. Manufactured by the 

Weston Klectric Instrument Company, Newark, N.J. Used in 

conjunction with thermocouple for temperature readings of 

muffle furnace. 

The plie.~- An alumel-chromel thermocouple having a 

range to cee? ¥. Manufactured by the Weston Electric In- 

strument Company, Newark, N.J. Used to measure temperature 

of muffle furnace, 

Gas Meter.- Sargent Wet Test Gas Meter. Manufactured 

by the Precision Scientific Company, Chicago, Illinois. 

Used to calibrate rotemeter. 

Rotameter.- 12-%/4 inches long by § inch 0.D., scale 

marked 0 to 250 in contimeters. Menufactured by Schutte and 

Koerting Gos, Philedelphia, Pa. Used to measure gas flow to 

muffle furnace, : 
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ical | meter.- Disappearing filament type with po- 

tentiometer. Has two range seales, one from 1400° to 2200° F. 

"and the other from 1950° to 3200 ¥, Model 8621, Manufec- 
tured by the Leeds and Northrup Co., Philadelphia, Pa, Used 

to measure temperature of muffle furnace. 

ANned. Capacity in each pan, 800 grams. 

Sensitivity, 1/20 : milligrem, Catalog fi-915. Manufactured 

by the Fisher Scientific Co., Pittsburgh, Pa. Used in weigh- 

ing shale samples and in chemical analysis. 

Serial #6520. Manufac- 

tured by William Ainsworth end Sons, Denver, Colorado. Pur- 

chased from the Fisher Scientific Co., Pittsburgh Pa. Used 

in conjunction with analytical balance. 

Capacity 20 ml., 35 ma. in dian 

eter, 33 mm. high, weight approximately 16 gus. with cover. 

Obtained from the Fisher Scientific Go,, Pittsbureh, Pa, Used 

in silica determination. 

Drying Oven.- Range from 38° to 180 G., 110 volts, 60 
cycles, 5.5 amperes, 600 watts. Serial #100-2161; catalog 

#1250; type A. Designed and built by the Precision Scientif- 

“4e Company, Chicago, Ill, Used in chemical analysis. 
‘ wnace.- Working temperature 1750° ¥.; maximum 

tewernvene 1860" ¥.3 220 volts; 6.15 amperes. Serial 1400, 

type 9921. Manufactured by the Gooley Hlectric Manufacturing 
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Co., Indianapolis, Ind. Used in heating shale samples. 

Jaw Crusher.- Blake type with 6-inch corrugated jaws. 
  

Manufactured by the Universal Crusher Co., Cedar Rapids, | 

Iowa. Used to reduce size of shale samples. 

Air Compressor.- Nash Hytor Compressor, size Al574, 

test #E-2006, RPM 5500, pressure 40 lbs./sq.in. Driven by 

a three-phase, 200 volt, 60 cycle, 15 HP Western Electric in- 

duction motor. Manufactured by the Nash Engineering Co., 

South Norwalk, Conn. Used as a source of air for the gas- 

fired muffle furnace. 

Scales.- Ohaus scales, 20 kilogram capacity, 22 in. 

double beam. Manufactured by the Newark Scale Works, Newark, 

N.J. Used to weigh large samples. 

  

Volumeter.- speil-Wilson'° mercury balance volumeter 

consisting of an Ohaus ‘double beam balance of 20 kilogram 

capacity and one gram sensitivity, to which is attached a 

steel wire cage for inmersing and weighing the sample in mer- 

cury. Volumeter was assembled in the shop of the Industrial 

Engineering Department and is now located in the Ceramics 

Laboratory of Virginia Polytechnic Institute. Used to deter- 

mine volume of shale samples. 

Screens.- Tyler Standard Screens. Mesh numbers 3/8, 4, 

8, 14, 28, 48, 100 and 200. Manufactured by the Tyler Screen 

Co., Cleveland, Ohio. Used to grade cinders and bloated shale



« 42 « 

in preparation of concrete test cylinders. : 

Testing Machine.- Hydraulic compression testing machine, 

capacity 400,000 lbs., located in the Materials Testing Lab- 

oratory of Virginie Polytechnic Institute. Manufactured by 

the Riehle Testing Machines Division of the American Machine 

and Metals Company, Inc,, Bast Moline, Ill. Used to test 

concrete test cylinders. 

Concrete Molds,~ Cast iron, split molds, 6 inches in 

isD. by 12 inches high. Manufactured by the Walker Machine 

and Foundry Go., Roanoke, Virginia. Used to mold concrete 
test cylinders. , 

| | joclaves.~ Cylindrical vessels 6% feet in di- 

ameter, 60 feet long. Operating pressure 150 lbs./sq.ins 

Equipment owned by and installed at Cinder Block Inc, of Roan- 

oke, Virginia, Manufactured by the MeCarter Iron Works, Nor- 

ristown, Pa. Used to cure concrete test cylinders. 

Miscellancous Glasswere.- Beakers, flasks, burrettes, 

evaporating dishes, etc. Used in chemical analysis. 
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Method of Procedure 

  

mately 25 grame were broken from the core drillings obtained 

from the test holes in an iron mortar with a pestle. ‘the sam~- 

ples were carefully cleaned of extraneous matter with a wire 

brush. They were then weighed accurately on an analytical 

balance, After being weighed in air, the samples were weighed 

 guspended in water. The densities of the samples were caleu- 

lated by dividing the weights in air by the differences of the 

weights in air and the weights in water. 

The weighed samples were then placed on ceramic refrac~ 

tory slabs and placed in the furnace in such a position that 

the gas flames would impinge directly on them; the furnace was 

lighted end the temperature wae raised from room temperature 

to 2200° ¥, over a period of two hours in order to duplicate 

firing schedules. Teuperature readings were taken for every 

50° F. rise in temperature and the time recorded. Up to a 

temperature of 1500° F,, the thermocouple alone was used to 
indicate the temperature. Beginning at 1500° F,, readings 

were also teken with the optical pyroneter ag @ check, Stand- 

ard pyrometric cones were used in each test to indicate tem 

peratures, ‘These cones were 020 (12029 ¥.}, 015 (1482° ¥,),
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07 (1914° ¥.), 03 (2039° ¥.) and 11 (2417° ¥.). Thus, three 
temperature indicating devices were used as a check on the 

temperature. | 

fhe pyrofax gas was measured with a rotameter which was 

calibrated by means of a Sargent Wet Test Gas Meter. The gas 

flow was measured in order that duplication of the rate of 

heating could be obtained in the several different tests. 

When the temperature of the furnace had reached 2200° ¥. 

the samples were removed from the furnace, cooled and weighed 

in air. The bulk densities of the burned samples were deter- 

mined by dividing the volume of the samples as determined on 

the Speil-Wilson volumeter into the weight of the sample. 

Since the bulk densities of the samples were known both be- 

fore and after burning, a comparison of the amount of bloat~ 

ing for the various samples could be made. 

Samples subjected to this test were each designated as 

explained on page 33. The locations of the test holes are 

shown in Fig. 1. The following samples were treated according 

to the foregoing procedure: 

1-9, 1-16, 126, 1-35, 1-45, 155, 1-72, 2-20, 225, 2-31, 

2-38, 2-42, 2+50, 3-50, 3-76, 3677, 4-67, 5-5, 5~6, 58, 5-10, 

Se12, 5+15, 5-21, Gell, 6-21, 7-10, 718, 7-26, 7=33, 741, 
7-45, B=5, B-12, 8-22, 8-29, 8-42. burt and purple.
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Shale.- Three tests were made to determine the temperature 

at which bloating occurred. In these three tests only one 

type of shale was tested each time. The shale designated as 

"puff" was used for the first test; shale #7-33 was used for 

the second and the shale designated as "purple" was used for 

the third test. Eighteen 25 gram samples were prepared and 

woighed for these tests. The samples were numbered from 1 

through 12 and the other six were designated A, B, ¢, D, E, 

and F. Samples A, B and © were not fired but were used to de- 

termine the bulk density of the shale by means of the mercury 

volumeter. Samples D, E and F were weighed in air, dried to 

constant weight, saturated with water by boiling for two 

hours and standing in water for twelve hours, and weighed 

suspended in water. From the date on semples A, B, G, D, &B, 

and ¥, the amount of moisture in the samples as received was 

determined; the maximum water absorption of the shale was de~ 

termined; and the bulk density of the samples was determined. 

The remaining twelve samples were placed in the furnace — 

on individual refractory slabs. ‘The furnace was then adjust- 

ed so as to reach a temperature of 2200° F. in two hours. 

Samples were removed from the furnace as the furnace reached 

the indicated temperatures: 
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Removed at ° F. Sample Number Removed at ° F, 

  

1 1500 6 1900 
2 1600 % 1950 
3 1700 8 2000 
4 1800 9 ' 2050 
5 1850 10 2100 

The samples were removed at the temperatures inaleates 

and allowed to cool. They were weighed in air and then in 

mereury, from which data their bulk densities were calculated. 

By comparing the bulk densities of the samples removed at the 

various temperatures, the temperature at which the major part 

of the bloating occurred could be ascertained. 

g the Time of Exposure to a Par- 

g Characteristics of Shale.~ 

Fifteen samples of the shale designated as "purple" were pre- 

  

    

pared, each weighing about 25 grams. These samples were 

thoroughly cleaned, accurately welgned, and numbered from one 

through fifteen. The temperature of the furnace was raised 

to 2025° F, over a period of one hour. The furnace was then 

adjusted so as to maintain this temperature throughout the 

tests. Samples were removed from the furnace at five minute 

intervals, ‘Thus, sample #1 was removed when the temperature 

reached 2028" ¥F.; #2 was removed five minutes later; #3, ten 

minutes after the temperature reached 2025° ¥, » and so on, 

until sample #10 was removed forty-five minutes after the



temperature reached 2025° ¥, The samples were cooled and 

weighed and their bulk densities determined by means of the 

mercury volumeter. By comparing the bulk densities of the 

samples removed from the furnace after various time expos- 

ures to the temperature of the furnace, the effect of the 

time of exposure to 2025 F, on bloating could be determined, 

  

    
ple 79-29 wae selected since it had already been shown to 

bloat well. It was decided to use two furnaces for this test 

rather then just one because it was feared that the thermal 

shock of injecting the shale into a furnace at £100° FP. would 

cause disintegration of and loss of the sample. Accordingly, 

two furnaces were used; one, an electric muffle furnace which 

was brought to a constant temperature of 1590 F., and the 
other, a gas-fired muffle furnace which was brought to a ten 

perature of 2150° F, and held there. | 
Yor this test, nine samples of shale (8-29, each woigh- 

ing about 25 grams, were prepared and numbered 1 through 9. 

Semples 4, 5 and 6 were placed in the gas furnace and the 

temperature raised to £150° F. in a period of two hours, 

Samples 1, 2 and 3 were placed in the electric furnace which 

had previously been brought to a temperature of 1590° Fe 

The samples were allowed to remain in this furnace at 1590° »,
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for ten minutes and were then immediately transferred to the 

gas-fired furnace, which was at a temperature of 150° Bey 

and allowed to remain for ten minutes at 2150° ¥. In this 

way, samples 4, 5 and 6 were brought from room temperature to 

2150° ¥. in twenty minutes while semples 1, @ and 5 were 

brought to £150° ¥. over a period of two hours, The bulk den- 

sities were determined for all six samples and a comparison 

made to determine the effect of the quick heating on the 

bloating characteristics of the shale. Samples 7, 8 and 9 

were used to determine the bulk density of the unburned shale. 

this was done with the meroury voluneter. 

Z al Analyses.- Chemical analyses were made on sam- 

ic sadsneil, elite adea sink este satel — 

included determination of loss on drying at 110° Hs, loss on 

low temperature ignition, lose on high temperature ignition, 

silica, combined iron and eluminun oxides, iron oxides, alum 

inua oxide by difference, calcium, magnesium, and combined 

alkalies. 

The samples selected were chosen because the "buff" 

‘ghale exhibited rather poor bloating qualities and shale _ 

#629 showed excellent bloating qualities. Thus, by compar- 

ing the chemical composition of the two, it was thought that 

the compound responsible for the bloating could be deter- 

mined, 
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'. The samples were prepared for analyses by selecting sam- 

ples of about 25 grams and grinding them in a mortar until | 

the entire sample would pass the Tyler Standard 200 mesh 

screen, Standard methods of analyses were used eeseienaes 

  

Inder Agerecate ana COnCrets MACS With BAPANCeG Bale Arere- 

gate.- Yor this test, regular production cinders, as used by 

Cinder Block Inc. of Roanoke, Virginia, were used for aukcing 

the cinder concrete. Expanded shale, consisting of mixed 

"puff" and “purple" shale, wae used for the expanded shale 

aggregate, The aggregates were carefully graded inte eight 

sige ranges. These ranges and the percentage of total agere~ 

gate in each range were: plus 5/8 mesh, 6.34%; minus 3/8 to 

plus 4 mesh, 40,606; minus 4 to plus & mesh, 15,204; minus 8 

to plus 14 mesh, 9.94%; minus 14 to plus 28 mesh, 7,95; mi- 

nus 28 to plus 48 mesh, 4.9%; minus 48 to plus 100 mesh, 

6.97%; minus 100 mesh, 7.95%. Tyler Standard sereens were 

used for grading the aggregate. 

fhe ratio of the weight of aggregate to weight of ce- 

ment was three to one in both instances. ‘the water to ce- 

ment ratio was eight~tenths to one by weight. Both mixes 

were mixed in ac much the same manner as was possible by hand 

mixing. The mixed concrete was molded into six inch (diam- 

eter) by twelve inch (high) cylinders by filling the mola 
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half full and tauping 75 times with a ten-pound tamping rod; 
then filling to three-fourths full and tamping 100 times; 

then filling to three-fourths full and tamping 75 times; then 

filling the mold and .tamping 75 times; then filling the mold 

a second time and temping 50 times; filling the mold a third 

time and tamping 60 times; and finally striking the top off 

eacoth with a plastererts trowel, 

The cylinders were placed in a curing autoclave in which 

the steam pressure was maintained at 150 pounds per sq. in, 

gage for a period of eight hours. The cylinders were then 

removed from the curing autoclave and were capped with sul- 

phur for testing. The cylinders were tested in the compres- 

sion testing machine of the Materials Laboratory of Virginia 

Polytechnic Institute approximately twenty-four hours after 

they were molded.
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Data and Results 

fhe data and results of this investigation may be di- 

vided into six parte. First, the classification of the shale 

samples investigated, by rank as to their ability to bloat; 

second, the investigation of the temperature at which bloat~ 

ing occurs; third, the effect of the time of exposure of 4 

ghale sample to 2025° F. on its bloating qualities; fourth, 

the effect of ‘the rate of heating on the bloating of shale; 

fifth, the chemical analysis of burned and unburned shale; 

and sixth, the comparison of the compressive strengths of 

concrete made with cinders as an aggregate and of concrete 

meade with bleated shale as an aggregate. 

    

by Rank as to their Ability to Bloat.- In Table 1 are list- 

ed the bulk densities of thirty-two shale samples before be~ 

ing expanded or bloated by heat. These shale samples were ob- 

  

tained from the test holes shown in Fig. 1. All of these sam 

ples were exposed to heat as shown in the Firing Schedule, 

Fig. 5, and were removed from the heat when the temperature 

reached 2200° F. Table 2 gives the bulk densities of these 

same samples after they have been exposed te the firing sehed- 

wle, as shown in Fig. 5. Table 3 gives the bulk densities of 

the burned and unburned samples listed in Tables 1 and 2 and
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Table 1. 

Data Used for Caleulation of Bulk Densities of Unburned 

Shale Semples from Various Test Holes on Ferguson Property in 
Roanoke, Virginia. 

  

  

  
  

  

Sample | Weight in | Weight in | Loss in Wt. Bulix 

Number | Air Water in Water Density 
GMs Gm. Ga. Gas/ GC. 

1+? 19,6541 12.1475 97,5066 2.618 

116 +2620 20,8895 12.4025 2.062 

1-26 24,6400 15.5541 9.2859 2.653 

1+35 21.9875 15,7500 8, 2375 2.669 

1-45 53,9407 21,9000 12.0407 2.819 

1-55 44 4480 27.8416 16, 6064 2.676 

L=72 $9.5571 37.3744 22.1827 &.685 

2-25 14.1625 | 8.9870 §.2155 2.713 

BSL 17.7945 11.1625 6.6320 2.608 

2-33 22.4178 13.9505 8.4669 . Be G4? 

Looe 9, 8614 $9987 S$, 3627 2.775 

2-50 22.5165 15.6100 8.7065 2.563 

5-76 51.9474 20.6410 11.8064 2.825 
3-77 25.8296 16.5498 9.2800 2.783 

Bw S 24.6870 14.6408 10.0462 2.457 

S=6 18.0910 11,8461 6.4449 &.805 

Bed 25.4686 16.2750 9.1956 2.775 

S10 34.8595 22.2965 12.5640 2.775 

SeL2 43,5742 28.0885 15,4857 2.815 

be1L5 21.8704 14.1049 7.7655 2.816 

9=18 29.5950 18.7117 10.8833 2.719 

oe 26 10.6855 6.8640 3.6415 B. 781 

Pe BS 22,9166 13,6894 9.2271 2.483 

Gohl 25.1191 15,7180 9.4011 &.671 

PweeS 26,3122 17.7326 10.5796 2.676 

Beh 51.6950 SE. 6980 18.9970 Bs 721 ‘ 

B12 26.1232 16.6214 2.749 
BeBe 31.5660 20.5765 2.855 

B=29 30.3130 19.5787 2.825 

Be 42.8600 27.6961 2.826 

Buff 11.5475 Fe 2148 2.665 

Purple 7.9260 8,0069 &.9191 &.715       
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fable &. 

Data Used for Calculation of Bulk Densities of Burned Shale 
Samples from Various Test Holes on Ferguson Property in 

Roanoke, Virginia. 

  

  

  

Sample | Weight in | Weight in| Volume of| Bulk 
Number | Air Mercury Semple Density 

Gm, Git. Gm. Gm, /ee. 

1-9 28,1535 1525 £4.47 1.150 
1-16 21,6988 1005 18.59 1.167 

1-26 5.5756 B80 5.14 1,084 
1-35 6.6340 450 8.10 0.819 
1+55 4.5472 0 6.08 0,748 

1-72 19,4500 1025 18.76 1.037 
B=25 27-4285 675 13.43 2.048 
2<31 14,7805 580 10,89 1,387 
2-38 15.3859 $05 9.87 1.591 
2-42 12.2886 610 9,53 1.289 
&=50 30.2600 1005 19.22 1.574 
S=76 8.9742 459 8.42 1,065 
3=77 10.0770 | 452 8.38 1.202 
§=5 11.4983 467 8.94 1.315 
56 4.4608 180 3.37 1.523 
5-8 2.2080 100 1.86 1.189 
SLO 11.0615 475 8,85 1.252 
5-12 12.8810 635 9.99 1.269 
S15 10,6500 543 10.05 1.0660 
Fo18 27.7270 1097 20.59 1.346 
726 10.3617 428 8.00 1.295 
7a 33 19,4544 578 11.22 1.756 
FoGd 11.1985 545 10.04 1115 
Fah 27 , 6542 74 14.48 1.914 

| 8=6 41,8055 1505 28.52 1.465 
B@1L2 14.4685 $21 9417 1.464 
G=-22 | 25.7670 700 13.73 1.876 
8-29 17,0577 1103 19.90 0.856 
B42 7.7808 654 11.63 0.669 
Burt 55,2736 1029 20,00 1.763 
Purple 29.0795 975 18.65 1.5611            
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fable 3. 

Rank of Bloating and Ratios of Bulk Densities of Unburned 
to Burned Shale Samples from Ferguson Property in 

Roanoke, Virginia. 

  

  

  

Rank of Sample | Bulk ‘| Bulls Ratio of | 
Bloating | Number | Density Density | to Burned Bulk 

. Unburned | Burned Densities 
Gn, / CGs Ga. / Cc. 

L Bao4E 2.826 0.869 458241 
2 155 2.676 0.748 8.5771 
3 \ BBS 2.825 0.886 S.2971 
& 1-55 2.669 0,819 3.2581 
5 S15 2.816 1.060 2.656 
6 3~76 2.825 1.065 2,652 
7 1-72 2.685 1.037 2,539 
8 1-26 Bs 653 1.084 2.447 

9 Jot d 2.671 16115 2.3595 
10. 5=8 2.775 1.189 243353 
11 77 2.790 1.202 2.381 
12 1-16 2.682 1.167 2.298 
138 L=9 &,618 . 161590 26276 
14 510 2.775 1.252 2.215 
15 S—12 2.815 1.289 2.183 
16 Lomeli 2.773 16289 2.151 
L? Fm BG | &.781 1.295 8.147 
is 5=6 2.805 14823 2.120 

20 2~S1 2.608 1.357 1,921 
21 8=12 &. 749 1,464 1.877 
22 S=5 2.457 1.315 1.868 
23 8-5 &.721 1.465 1.857 
24 Purple 2.715 1.561 14739 
25 £-38 2.647 1.691 1.663 
26 B50 2,563 1.574 1.628 
29 8-22 2,855 1.876 1.522 
28 Buff &.665 1.763 1.512 
29 9~SS 2,488 1.736 1.450 
30 7-45 2.676 1.914 1.398 
Si B=25 2.713 2.042 1.S28            
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also the quotient obteined by dividing the unburned bulk den- 

elty by the burned bulk density, This quotient or ratio of 

bulk densities provides a method by which the shale samples 

obtained from the various test holes on the Ferguson Property 

may be classified as to their ability to bloat when exposed. 

to thie particular fixing schedule (Fig. 5). Thus, in Table 

%, the shale samples are listed in the order of their ability 

to bloat. | 

the Investigation of the 1 emperatures ab Which Bloating 

Qccurs.. This investigation was made using three different 

types of shale; the “buff shale, #7-33 shale, and the "pur~ 

ple" shale, Separate firings were made for each type of shale 

but all firings were made according to the firing schedule as 

shown in Fig. 5. The results of this investigation are shown 

graphically in Figs. 2, 3 and 4. Thus, in Pig. 2, each point — 

on the curve represents the temperature of the furnace when a 

sample of the "buff" type of shale was removed from the fur 

nace plotted against the bulk density of the sample. There~ 

fore, the point where the bulk density begins to drop off 

sharply indicates the temperature at which bloating occurs. 

Pigs. 3 and 4 are plotted in like manner for shales #7-33 and 

"purple", respectively, 
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as "purple" was used in this test. Fig. 4 shows that the 

temperature at which bloating begins for this shale is 
° 

1900° F, Therefore, a temperature of 2025 F. was used in 

this test to insure that the temperature of bloating was 

reached. The temperature of the furnace was increased to 

2028° Pes as shown in the firing schedule, Fig. 5, but when 

this temperature was reached, the furnace was adjusted a0 as 

to maintain a constant temperature of 2025° F. for the dura~ 

tion of the test. 

Samples removed from the furnace after 0, 5, 10, 15, 20, 

25, 30, 35, 40, and 45 minutes exposure to 2025° F. had bulk 

densities of 1.88, 2.14, 1.89, 1.85, 1.65, 2.19, 1.90, 1.71, 

1.83, and 2.08 gn./ee., respectively, The losses in weight 

of the samples exposed to 2025 F, for 5, 10, 20, 25, 30, 

and 40 minutes were 2.97, 3.41, 3.57, 3.35, 2.91, and 2.99 

per cent, respectively.



   
The Uffect cf the Rate of Heating on the Bloating of 

Shale.- Table 4 shows the bulk densities of shale #829 

when heated to 2150° F, in a perfod of 1 hour and 45 minutes, 

as compared to samples of the same shale when heated to 

2150° F. in 20 minutes. This test was made to determine if 

the rate of heating affected the amount of bloating of shale 

§6-29.
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fable 4. 

Bulk Densities of Shale #6-29 when Heated to 2150° F. in 
One Hour and Forty-five tes Compared to Bulk Densi- 

  

  

  

  

ties when Heated to ¥. in Twenty Minutes, 

Unburned Shale | shale whose Temper- | shale Whose Tem- 
ature was Raised perature was Raised 
from Room Tempera- from Room era~ 
ture to . ture to 2150" F. 
in 1 3/4 Br, in Twenty Minutes. 

le | Bulk Sample | Bulk Semple | Bulk 
Somer Density | Number | bensity Number | Density 

Gm. /OC. Gn. /Ge, Ga. /OC. 

8,725 é 0.581 iL 0.469 
8 8,685 8 6.639 2 0.629 

24746 6 0.648 3 0.474 

Average | 2.718 Average | 0,625 Average | 0.524             
 



    ine Effect of the Uhemical Composition of Shale on ite 

Ability to Bloats= Table 5 shows the results of chesical 

  

analysis made on the unburned shale sample “buff* which exhib- 

ite poor bloating characteristics (the ratio of the bulk den- 

sities of the unburned "buff" to the burned “buff” is 1.518), 

and the chemical analysie of both the burned and unburned 

shale #8-29 which exhibits excellent bloating characteristics 

(the ratio of the bulk densities of the unburned 76-29 to the 

burned is 5.297). This test wes made to determine what ele~ 

ment or compound in the shale is responsible for the bloating 

of the shale by comparing the amounts of the various compounds 

present in the poor bloating "buff" shale with the amounts of 

the various compounds present in the good bloating fo~29 

shale. | 

    
shows the per cent of each size of aggregate used in making 

the concrete for the G~inch diameter by l2-inch high test 

eylinders. ‘The concrete mixes were made with the following 

proportions by weight: 1 part water to 1.54 parts cement to 

4.58 parts aggregate. The test cylinders, three of cinder 

concrete and three of bloated shale concrete, were cured in 

steam at a pressure of 150 lbs./sq.in. gage for eight hours
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Yable 5. 

Chemical Analyses of Shale Samples "Buff" and §6-29 from 
Ferguson Property, Roanoke, Vas . 
  

  

  

Buff | #6-29 | 3-29 
Burned| Unburned 

Loss on drying at 212° Foy % 0422] 0,00 0.69 
Lose on heating at 800-900° » & Oke 0.00 1.00 
Loss on heating at 1700~ "Pe, % 0.76 | 0.00 1.61 
Silica, @ " «2% | 55.87 | 49.60 
Ferric Oxide, % 2.33 4.62 re 

Aluminum Oxide, @ $2.75 | 29.45 | 29.16 
Calcium Oxide, @ 4.28 
Magnesium Oxide, % 3.72 
Galcium Carbonate, % Trace 8.98 
Magnesium Carbonate, % trace 7.51 
Undetermined 048 | 4236 | 1.05 
Total 100.60 /100.00 | 100.00        
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fable 6, 

Grading of Aggregate Used to Make Concrete for Somppenahee 
Strengthe of fest Cylinders ~ Used to Compare 

wfahen Geetete Gal inesiea Satis Seeeets 

  

  

  

  

fyler Standerd Sereen Now| Differential Cumulative 
Amount Retained | Amount Retained 

Passing Retained on on —— on Soreen 

37a 6.354 6. 
3/8 4 40.60 46.94 

“& 8 15.28 62.2. 
a 14 9.94 72.16 

14 28 7.95 80.22 
26 48 4.97 85.08 
48 100 6.97 9.05 

100 Pen 7.96 100,00          
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wable 7. 

Compressive Strengths of Concrete Test Cylinders Made with 
Cinders as an Ageregate and of Concrete Test Cylinders 

Made with Bloated Shale from the Ferguson Property 
in Roanoke, Virginia, as an Agsregate. 

  

  

  

  
  

  

    

Cinder Concrete 

Sample Weight Cinder Ultimate Unit 
Number Lb. | Concrete Load « Lb. Strength 

Density Lb. /sqein. 
Lb. / Cusft. 

C1 18.38 93.60 58,000 2051 
G2 18,83 93.35 60,000 BLE2 
C3 18.35 95,45 $4,000 1910 

Average| 18,353 95.47 57,333 2028 

Bloated Shale Gonerete 

Sample Weight Bloated Ultimate Unit 
Number Lb. Shale Load + Lb. Strength 

Concrete Lb. /sq.ind 
Density | 

| Lb. / Cuslt. 

1 22439 114.05 LL? ,000 4138 
Sz 22,59 115.04 121,000 4279 
8&3 22.35 113,82 123,600 4.350 

Average) 82.44 114.50 120,333 4256            
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‘ and were tested in compression at an age of twenty-four 

hours. ‘The results of the compressive strength tests, as 

well as the weights and bulk densities of the concrete are 

shown in Table 7. These tests were designed to provide a 

Comparison betwen cinder concrete and bloated shale concrete 

as far as compressive strength is concerned.
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IV. DISCUSSION OF RESULTS 

  

   

  

ee FROVSLS    
gate. Table 3 lists the shale samples from the various test 

holes in the order of their ability to bloat. As an index to 
the bloating ability of each sample, the ratio of the bulk 

densities of the unburned sample to the burned sample was 

used. This ratio indicates the number of times lighter the 

sample became when exposed to the firing schedule, as shown 

in Figs 5+ 

fest Hole #1.- From the results shown in Table 3, it is 

seen that no clear-cut relation can be obtained between the 

degree to which a shale will bloat and its location on the 

Ferguson Property. Neither ean such @ relation vetween the 

degree to which a shale will bleat and its depth in the ground 

be determined. However, it is to be noted that of the thirty- 

one samples tested, no sample from test hole #1 was below 

thirteenth in rank in ability to bloat. The best bloating 

shale from test hole #1 was found at a depth of 55 feet. The 
ratio of the bulk density of the unburned shele #i-55 to the 

bulk density of the burned shale #1-55 was 3.577. The poor- 

est bloating shale from test hole #1 was #l-9 which had a ra- 

tio of bulk densities of 2.276. It is interesting to note ‘
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that this sample was obtained nearest to the surface of any 

of the shale samples from test hole #1. This suggests that 

the degree of bloating will increase as the depth from which 

the semple is taken is increased, This idea is further borne — 

out by the fact that sample 71-16 and #1-26, which were the 

next two samples taken after gl-9, are immediately above /1<9 

in renk of bloating. However, the shale just above 71-26 in 

bloating ability was fl-72 which was obtained at the bottom 

of test hole #1. The next two samples above 71-72 in bloat- 

ing ability are fl-55 and g1-55, respectively. The last three 

semples from test hole #1 tend to discount the theory that as 

the depth from which the sample is obtained is increased, the 

bloating ability will increase. 

A sample taken at a depth of 45. feet from test hole #1 

failed to bloat and crumbled after being fired according to 

the firing schedule in Fig. 5. ‘This indicates that a seam of 

shale at 45 feet should be avoided should the shale from this 

area be used commercially as a source of lightweight agere- 

gate. The maximum thickness of this strata of poor shale is 

£0 feet since the samples taken from 55 feet and 55 feet 

showed excellent bloating characteristics, otherwise, the 

shale from test hole fl may be made to bloat to a bulk densi- 

ty varying from 0.748 gm./ee at 55 feet to a bulk density of 

1.167 em./ec. at 16 feet by exposing it to a firing schedule
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as shown in Fig. 5. A bulk density of approximately 1 em./ce. 

is desirable for a lightweight aggregate since this lessens 

the tendency for the aggregate to sink to the bottom or rise 

to the top of the wet concrete mass, Also, the range of the 

bulk densities of the shale from this test hole is less then 
that of cinders thus indicating that a more uniform aggregate 

may be obtained. The bulk density of cinders as used for cin- 

der concrete varies considerably, Part of the so-called cin- 

ders consists of a very light coke-like material which has a 

bulk density of about 0.5 ga./ec, On the other hand, glass- 

like sleg is often found in the cinders which has a bulk den- 

sity of more than 2 gm./ec. Of course, other material may be 

found in the cinders having bulk densities of anywhere between 

these extremes of 0.5 gm./ec. to 2 gme/ec. ‘the average bulk 

density of cinders is approximately 1.4 gn./ec. 

The appearance of the burned shale from test hole #1 was 

all very dark in color. The apparent strength of the burned 

shale was good, it being impossible to crush or break parti-~- 

Gles by hand, including samples #1-55 and #1-55, which bloat- 

ed to bulk densities of 0.746 and 0.819, respectively. ‘the 

texture of the burned shale was uniform, having pore sizes of 

approximately 1/1é-inch diameter for shales #155 and #l}=35 

to approximately 1/S2~-inch for the shale #l-9 and fl-l6. Al- 

so, it was noted when the samples were examined under a mic¢- 
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roscope that the pores or celis of the bloated shale were not 

interconnecting. Thies was further borne out by placing sam- 

ples of burned shale #l-55 and fl-35 in water (bulk densitics 

0.748 ems/oc, and 0,819 gu,/ee., respectively). ‘These sam~ 

ples floated on the weter for « period of one month and would 

sito abla okie! trac twrcnusinalbrenline naniiale bie: 03 

Tort, Hole g&.- The shale samples from test hole #® did 

sis Sais cents Uanabtinn ttieventeniantiien This was due to the 

high limestone and other carbonate content of these shales. 

Although a quantitetive test for limestone was net made on 

these samples, the fact that effervescence occurred when the 

saxples were treated with acid, together with the fact that 

burning of the samples, according to the firing sehedule in 

Fig. 5, caused the samples to become powlery and white, wae 

considered ample evidence that the samples were too high in 
limestone or other carbonates to be of use as 4 lightweight 

aggregate. The general appearance of these samples after be- 

ing burned wae a cellular etrueture in which this powlery white 

substance was deposited, Only one sample from test hole #2 

disintegrated so badly that determination of the bulk density 

was impossible. This was sample #220, The best bloating 

semple from test hole #8 was #2-42, which ranked sixteenth in 

the thirty-one samples tested and had a ratio of unburned 

bulk density to burned bulk density of 2.151, Sample #231 
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renked twentieth and had a bulk density ratio of 1.921. Sam- 

ples #@-38 and #280 ranked twenty-fifth and twenty-sixth, re- 

spectively, and had bulk density ratios of 1.591 and 1,574. : 

Semple 2-25 was the poorest bloating shale of the thirty- 

one samples tested, the burned shale having a bulk density of 

2.042 and a ratio of uburned bulk density to burned bulk 

density of only 1.526, In view of the results of tests on 

the shale from test hole #2, it is not deemed advisable to 

use the shale from this area for the production of light- 

weight ageregate,. 

Test Hole #3.— Very little shele was encountered in 

test hole #3 and this was et a depth of 75 feet. Drilling 

was discontinued at 7 feet. Only two samples were tested 

from this location, one being teken from 76 feet and the oth- 

er from 77 feet. Sample ¢5-76 burned to a bulk density of 

1,065 and the ratio of unburned to burned bulk densities was 

2.662. This sample ranked sixth in the thirty-one samples 

tested in ability to bloat. Semple §3-77 ranked eleventh 

and burned to a bulk density of 1.202 with a ratio of bulk 

densities of 2,521. ‘Thus, the shale that was found at this 

extreme depth was of good quality as far as bloating is con- 
cerned. The pores of the bloated product were of uniform size 

(approximately 1/S2-inch diameter) and the apparent strength 

was good. It was not possible to crush or break the samples 

  



by hand, 

fest Hole #4.~ Test hole # did not yield a shale that 

eould be sampled by core driliing and no tests were made on 

shale from this hole. 

fest Hole #6 fest hole #5 yielded shale of varying 

quality. Sample 75-15 bloated well, ranking fifth in the 

 thirty~one sasples tested and having a ratio of unburned to 

burned bulk density of 2.685, Sample #5-8 ranked tenth with 

a ratio of 2.333. Samples #5-10 and #5+12 ranked fourteenth 

and fifteenth with ratios of 2,22 and 2.199, respectively. 

Sample #5«6 ranked eighteenth with a ratio of 2.12 and sam- 

‘ple #5-5 ranked twenty-second with a ratio of 1.87. the _ 

range of bulk densities of the samples tested from test hole 

#5 was from 1,060 gn./cc. for sample #5-15 to 1,515 for sam- 

ple #5-5. This range of bulk densities is much more narrow 

than the range of bulk densities in cinders that are ordinar- 

ily used for concrete aggregate. Therefore, the lightweight 

ageregate made from shale from this location would provide a 

more uniform product than cinders, 

sst Hole #6.- Yest hole (6 yielded only a stiff red 

clay that burned without bloating to a brick-like product. 

Bulk density tests were not made on this product. 
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fest Hole #7.- Test hole #7 yielded a shale that did 

not bloat very well, ‘The best bloating semple taken from 

this hole was from a depth of 41 feet. Semple /7-41 ranked 

ninth in the thirty-one samples tested and the ratio of its 

unburned bulk density to its burned bulk density waa 2,595, 

Semple #726 ranked seventeenth with a ratio of 2.147. same 

ple #718 ranked nineteenth with « ratio of 2,02. samples 
#%-S5 and #745 ranked twenty-ninth and thirtieth with ratios 

of 1.898 and 1.828, respectively. The range of bulk denai- 
ties was from 1.115 to 1.914. Since shale was encountered 

the entire depth of this hole (45 feet) there is evidently a 

large amount of shale present in this location. The bulk den- 

sities of the burned shale is high but it is believed that 

this shale could be successfully used as a source of light~ 

woight aggregate. 

! ; fest hole #8 produced a shale of excel- 

Lent ‘ietton quality from a depth of 29 feet through a depth 

of 42 feet. Sample 76-42 renked first among the thirty-one 

semples tested and the ratio of the unburned bulk density to 

the burned bulk density was 4.224, Semple 76-29 ranked third 

with a ratio of 5.297. The appearance of these two bloated 

shales was the same. The color was a glossy medium gray and 

the pore size relatively large (about 1/8-inch diameter). 

fhe strength of these bloated chales wan not as good as fi-55 
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or #1+35 as it was possible to break the samples and crush 

then in the hand. However, the pores were not interconnect- 

ing and it is believed that a non~-load~bearing concrete of 

very light weight could be produced from this bloated shale. 

Samples from test hole #6 from 5 feet to 22 feet did not 

bloat very well. Sample 76-12 ranked twenty-first with a ra- 

tio of 1,877. Sample #@-5 ranked twenty-third with a ratio 

of 1.857. Sample #9-22 ranked twenty-seventh with a ratio 

of 1,529. These letter three samples from test hole #6, while 

not producing as Might a product as desired (the bulk densi- 

ties renked from 1.464 to 1,876), were of high strength and 

uniform texture. It is believed that a very strong concrete. 

could be made with this aggregate but one which would be rel- 

atively heavy for a Mehtweight Concrete. 

The samples “buff” and “purple”, which were obtained from 
the face of a road cut through the Ferguson Property, did not 

exhibit good bloating, Sample “purple” ranked twenty-fourth 

with a ratio of unburned to burned bulk density of 1.739. 
Semple "buff" ranked twenty~-cighth with a ratio of 1,512. 

fhe bloated products from both of these shales were similar 

in appearance, being glossy bleck in color and heaving pores 

less than 1/S2-inch in diemeter. ‘The strength was very good 

as judged by an attempt to break samples with the hand,



  

poorer bloating shales expended since any piece of apparatus 

used te bloat the shales from the Ferguson Property would 

have to be operated at the temperature required to bloat the 

poorest shale. Therefore, samples "buff", #7~35, and “pur~ 

ple" were selected for these tests. Fig. 2 shows graphically 

the results of a test in which nine semples of the “buff* 

shale were burned according to the firing schedule as shown 

in Fig. 5. One sample of the "buff" shale was withdrawn from 
the furnace as the temperature reached cach of the following 

points: 1520° F., 1750° ¥., 1950" ¥,, 1910° ¥., 1970° F, 
2018° ¥., 2100° ¥,, 2100° F. and 2200° 7, the bulk density 
of each of the samples was determined and plotted against the 
temperature at which it was withdrawn from the furnace, ag 

shown in Fig. 3. The resulting curve shows that from room 

temperature to a temperature of 2015° F., the bulk density 

decreased only from 2.37 gu./co. to 2,22 @a./ece while from a 

temperature of 20158" F. to 2200° #. the bulk density de- 

creased from 2.22 gn./oc. to 1.19 ga./ee. Thus, it is seen 

that very little bloating occurred before the tenperature 

reached 2015° F, and practically all of the bloating occurred 

in the temperature rango from 2015° Fr. to 2200° F, 
The test made on shale #735 (Vig.3) was similar to the 

si
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test made on the “buff* shale, In thie case, the bulk densi- 

ty decreased from 2.45 gm./cc. at room temperature to 2.35 

ams/oc, at 1950° F., while it decreased from 2.5 ga./ec. to 

1.479 gu./ec. in the temperature range from 1950° F. to 2200° 

P. 

The "purple" shale (Fig. 4) decreased in bulk density 

from 2.32 gm./fec. to 2.24 gn./ec. from room temperature to 

" gooo® ¥, and then decreased from 2.24 gm./cc. to 1.5 ga,./ec, 

in the range from 2000° F, to 2200° ¥. 

Thus, it is seen that none of these samples bleated ape 

preciably until a temperature above 1950° ¥. was reached. 

Bach curve (Fies 2, S and 4) broke sharply downward when this 

temperature was reached, indicating that the minimum temper- 

ature for bloating of the shales tested is 1950° ¥. when 

heated according to the firing sehedule shown in Fig. 5. 

  

shale at 2000° Fr. (Fig. 4). It was desired to determine if 
prolonged exposure to this temperature would increase the 

bloating of the shale. Accordingly, ten samples of “purple® 

shale were placed in the furnace and the temperature raised 

according to the firing schedule (Fig. 5) to 2025 ¥. the 
temperature was maintained at this point for the duration of
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the test. Samples were removed from the furnace after being 

exposed to 2025° F. for 5, 10, 15, 20, 25, 30, 35, 40, and 45 

minutes. The bulk density of each sample was determined to 

indicate the extent of bloating. 

This test was made with the expectation that the longer 

a particular sample was exposed to this temperature of 

2025° F., the greater the degree of bloating that could be 
expected. However, it was also coneeived that after exposure 

for a certain period of time, bloating would cease and the 

bulk density of the sample would begin to increase due to 

fusing of the sample. Contrary to expectations, however, no 

definite relation could be found between the degree of bloat- 

ing of the shale sample “purple” and the time of exposure to 

2026° F. This is brought out by the results of the tests 

which show that the bulk density of the shale when exposed to 

20e8° PF. for 5 minutes was £2.14 gn./ec. For a sample exposed 

to 2025° ¥. for 10 minutes, the bulk density was 1.89 gm./cc.; 
15 minutes, 1.85 am./ee.; 20 minutes, 1.65 em./ee.; 25 minutes, | 

£2.19 gm./ee.; 30 minutes, 1.90 gm./ec.; 35 minutes, 

1.71. gms/ec.$ 40 minutes, 1.93 em./ee.; and 45 minutes, 

2.08 gm./ec, 

From these results, it is seen that no regular inerease 

or decrease in bulk density can be expected by reason of heat- 

ing the "purple" shale at 2025° F. for periods up to 45 min-
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the effect of heating the shale rapidly to 2150 F. on its 

bloating. The temperature of three samples of shale #o-29 
9 

was raised from room temperature to 2150 F. in a period of 

20 minutes, after which time the samples were removed from 

the furnace. The temperatures of three other samples of 

shale 76-29 were raised to 2150° ¥. over a period of one 

hour and 45 minutes according to the firing schedule in Fig. 

5. Table 4 gives the resulte of these tests and it is seen 

that the shale bloated to a bulk density of 0.524 am./ces. | 

when the temperature was raised to £150° F. in 20 minutes 

while it bloated to a bulk density of 0.623 em./ec. when the 

temperature was raised to 2150° F. over a period of one hour 

and 45 minutes. Therefore, the rapid heating does not de- 

erease the amount of bloating but, in this case, the rapidly 

heated samples were lower in bulk density than the slowly 

heated samples. It is possible that this was due to a varia- 

tion in the samples but since all of the samples were taken 

from the core drilling of test hole #6 and were Very close 

together, this seens unlikely. It is believed that the slow- 

ly heated samples bloated to a maximum point and then, due
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to continued heating, began to fuse and run together and in 

thie way experienced this slight increase in density. On the 

other hand, the rapidly heated shales were not exposed to 

2150° ¥. for a long enough period to undergo this fusion and 

resulting inerease in bulk density. 

pitect of Chemical COMPOS tLON Of VAe BAOG ying WUAtiuLes 

of Shale.- Chemical analyses were made of two of the shale 

samples, ‘the "buff" ehale was selected as typical of a poor 

bloating shale and shale #8-29 was selected as typical of a 

good bloating shale, Tt was reasoned that, by comparing the 

chemical analyses of these two shales, the compound or com- 

pounds responsible for the superior bloating of shale #G+29 

could be detected, Yable 3 shows the results of the chemical 
analyses. Heating of the samples at 800°-900° ¥. is designed 
to drive off some water of hydration, decompose magnesium car~ 

donate to the oxide, and decompose organic matter. any of 

these actions would liberate gas which might be suspected of 

causing the bloating of the shale, However, since it has been 

shown (Pigs. 8, 3 and 4) that bloating does not oceur until a 

temperature in excess of 1950" Fs is reached, it is not be- 

lieved that. the gases evolved at 800°-900° ¥. are responsible 

for the bloating. ‘Therefore, the fact that shale ¢6-29 con- 
tained 7.5% magnesium calculated as the carbonate and lost 

1.51% on high temperature ignition while the "buff" shale con- 
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tained only 4 trace of magnesium and lost only 0.76% on high 

temperature ignition, is not believed to have caused the dif~ 

ference in bloating of the two shales. Shale #629 contained 

only 49.6% silica while the poorest bloating “buff" shale con- 

tained 63.24% silica. The manner in which this difference in 

silica content could account for the difference in bloating 

is not evident. The iron content as the oxide of #629 shale 

was 3.75% and 2.34% for the "buff" shale. fhe aluminum con- 

tent as the oxide of the (6-29 shale was 32.75% and 29.16% 

for the "buff? shale. These differences were so small that 

it ie not believed that the difference in bloating is due to 
iron or sluminus content. From the determinations made, no 

logical explenation can be made of the cause of bloating. ' 

    

    
as an Agrregat fable 6 gives the results of compressive 

strength tests made on cinder concrete cylinders and bloated 

shale concrete cylinders, As shown in the table, the weights 

of the individual cylinders made with the cinder concrete did 

net vary more then 0.05 lb. while the cylinders made with the 

bloated shale varied less than 1/4 1b. Thus, it is believed 
that the method of making end tamping the conerete cylinders 

was quite adequate for this test. fhe bulk density of the 
cinder concrete was 95.47 1b,/cu.ft. while the bulk density 
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of the bloated shale concrete was 114.3 1b,/eu.ft. The bloat- 

@@ shale concrete was, therefore, 20,85 1b,/cu.ft. heavier 

then the cinder concrete. Ordinary sand and grevel concrete 

weighe approximately 145 1b./eu.ft., which is more than 590 

1b, /cu.ft. heavier than the bloated shale concrete tested. 

fhe reason for the bloated shale conerete being heavier than 

the cinder concrete was due to the fact that in preparing the | 

bloated shale for the concrete, it was necessary to place a 

large quantity of the shale in the furnace in order to bloat 

enough for the test cylinders. The result was that some of 

the shale failed to bloat, particularly that on the inside of 

the pile in the furnace. 

The average compressive strength of the three cinder con- 

crete cylinders was 2028 lb./sq.in., while the average com~ 

pressive strength of the three bloated shale cylinders tested 

was 4266 1b./sqsin. The bloated shale concrete was more than 

twlee as strong as the cinder concrete but some of this differ 

ence in strength is due to the fact that all of the aggregate 

An the bloated shale concrete aid not expand thus making the 

conerete more dense and stronger than if all of the aggregate 

had been properly bleated, In spiteof this, the compressive | 

strengths obtained are amply evidence that a superior concrete 

can be made from a mixture of the bloated "buff" and “purple
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shales to that which ean be made from commercial cinders now 

available for making concrete. 

Recommendations 

The following recomsendations are made for future in- — 

vestigation of bloated shale as a lightweight concrete agere- 

gate: 

1. That a rotary kiln capable of handling between 30 

and 50 lbs. of shale per hour be designed and constructed to 

bleat the shale. Also, the lining of the kiln should be of a 

material capable of withstanding temperatures to 2500° F, 

a. ghat the shale samples be subjected to temperatures 

above 2200° ¥, to determine the temperature at which bloating 
ceases and the bulk density begins to increase again. 

&. That a thorough chenieal analysis be made of a good 

bloating shale and a poor bloeting shale, which includes the 

determination of the alkali metals, to determine the effect 

of their fluxing action on the bloating of the shale. 

4. That enough shale of each type be bloated in order 

te make concrete test cylinders so that a comparison can be 

made of the strengths of conerete produced from aggregates of 

different bulk densities. — :
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5. That tests be made to determine if the type of at- 

mosphere (oxidising or reducing) affects the bloating shale. 

Limitations 

fhe size of the muffle furnace available for this inves~ 

tigation limited the number of shale samples which could be 

bloated at one time to fifteen or twenty 25~gram samples. 

fhree concrete test cylinders, six inches in diameter by 

twelve inches high, require approximately fifty pounds of ag- 

gregate. Therefore, it was found impractical to attempt to 

bloat enough of each of the various shales to make concrete 

test cylinders go that comparative strength tests could be 

made. It was found, when the muffle furnace was loaded with | 

approximately twenty pounds of shale crushed to a size that 

would pass a £3/8 Tyler Standard sereen, that much of the 

_ ghale on the interior of the pile did not bloat. The bloated 

shale aggregate for the three concrete test cylinders that 

were made required much hend picking to remove the unbloated 

shale pieces. It is for this reason that future investigators 

in thie field are advised to employ a rotary kiln capable of 

handling between thirty and fifty pounds of shale per hour. 

Figs. &, 3 and 4 show that bloating continues with the 
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shales tested until the maximum temperature (2200° ¥.) used 

in this investigation wae reached. It would be desirable to 

know the temperature at which this decrease in bulk density 

ceases and the temperature at which the bulk density begins 

to increase again due to fusion of the shale. The lining of 

the muffle furnace used would not withstand temperatures in 

excess of 2200° F. One attempt to raise the temperature to 

2300° I. resulted in severe damage to the lining and caused 

plans for further tests above 2200" F. to be abandoned. 

fhe narrow limite of adjustment of the air to gas ratio 

of the muffle furnace made investigation of the effects of 

an oxidizing or reducing atmosphere on the bloating of shale 

very difficult. It was found that it was impossible to at- 

tain teuperatures above 2000° F. with the furnace with either 

a very small excess or a very emall deficiency of air. The 

air to gas ratio had to be adjusted co as to produce a flame 

with a light blue inner cone and a darker blue outer cone or 

elee the furnace would not attein temperatures in excess of 

2000° 7. 

As seen in the firing schedule (Fig. 5), the temperature 

increase from room temperature to 1500° F, was very rapid, 

requiring only 25 minutes. ‘This rapid rise in temperature 

was the mindmm rate at which the furnace could be operated 

as the needle valve gas control on the furnace was only
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Slightly opened in this range. This condition caused some of 

the shale samples to disintegrate due to the formation of 

steam in their interiors. All samples were weighed before 

being place in the furnace and weighed again after being 

bloated in order that the loss in weight due to evolved gases 
could be determined. However, due to the rapid heating up 

to 1500° ¥, with the resulting disintegration of many of the 

samples, this information was not obtained,



Ve. GONCLUSIONS 

From the resulte of the investigation of the bloating 

qualities of thirty-one shale samples taken from the Fergu- 

son Property (Fig.1) in Roanoke, Virginia, the following con- 

Clusions can be drawn: 

1, Yor the best bloating shale tested, the bulk densi- 
ty was reduced from 2.626 gu./ec. to 0.669 gu./ec, and for 

the poorest bloating shale the bulk density was reduced from 

&.713 @n./ee. to 2.042 gm./oc. when heated in a furnace to 

2200° F. over @ period of one hour and $6 minutes, The aver-~ 

age reduction in bulk density for the thirty-one shale sam~ 

ples tested was from 2.711 gm./ec. to 1.820 en. /ee, 

2, The average reduction in bulk density of the shale 
samples "buff", #7-53 and "purple" vhen brought to a teuper- 

ature of 2200° F, in a period of one hour and 56 minutes is 

from 2438 gu./ee. to 1.50 gu./ec, Of this reduction in bulk 

density, only 12.5% oceurred when the samples were brought 

from room temperature to 1900° F., while 87,% of the redue- 
tion in bulk density occurred while the temperatures of the 

samples were being raised from 1900° F. to 2200° ¥. 
3. Shale sample “purple* does not decrease in bulk den- 

sity by reason of prolonged heating up to 45 minutes at a
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temperature of 2028° F. ‘The bulk density of a sample of the 
"purple" type shele when heated only five minutes at 2028" P. 

was 1,89 gu./ce., while another sample heated for 30 minutes 

at 2025 F, was 1490 gas/ec. ; 
4. The bulk density of shale 76-29 when heated to a 

temperature of 2150° Fe in a period of one hour and 45 min- 

utes is greater (0,623 gm./cc.) than when heated to 2150° Ps 

in a period of 20 minutes (0.524 ga./ec.) 

5. Cinder concrete made from commercial power plant 

cinders obtained from Cinder Block Inc, of Roanoke weighed 

93.4 lb./eu.ft. and had a compressive strength of 2089 

1b./eq.in., while concrete made from a mixture of "purple" 

and "buff" bloated shale weighed 114.3 1b./cu,ft. and had a — 

compressive strength of 4256 1b./sq.in, Both conerete mixes 

were made in the proportions of 1 part water to 1.54 parts — 

cement to 4.38 parts aggregate by weight. Both the cinder 
aggregate and the bloated shale aggregate were separated in- 

to eight size ranges in identical amounts. Both types of 

eonerete were made the same day, cured in the same manner and 

tested in compression on the same day.



fhis investigation was undertaken to determine the feas~ 

ibility of producing a cellular, lightweight product by sub- 

jecting clay shales to temperatures in the region of 2200° Fe 

Such @ product can be utilized as an aggregate for light~ 

weight conerete to supplant cinders which have long been 

used. The growing scarcity of cinders and the inferior qual- 

ity of the cinders now obtainable account for the denand for 

another material to replace thems. 

A muffle furnece capable of withstanding temperatures 

to 2200° F. was used to heat the shale samples (25 grams 

each) which were obtained from the Ferguson Property in Rean+ 

oke, Virginia. The degree of bloating or expansion of the 

shales was measured by determining the bulk density of the 

shale both before ana after exposure to 2200 F. | 
The best bloating shale investigated bleated from a bulk 

density of 2.826 em./eo. to 0.669 gn./ce., while the poorest 

bloating shale bloated from 2.715 ga./ec. to 2.048 ga,/cc. 

It was also found by a test on three types of shale that of 

the totel bloating occurring when the temperature of the 

shale is raised to 2200° ¥., only 12.6% occurs in the temper-
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ature range from room temperature to 1900° Fey while 87.5% 

ocours in the range from 1900 ¥, to 2200° F, When the ten- 
perature of one particular shale was raised to 2025 F. over 
a period of one hour and then held at 2025° ¥, for 45 min- 
utes, no additional bloating was noted by reason of maintain- 

ing the temperature for 45 minutes. The shale had the same 

bulk density at the beginning of the 45-minute period that 

it did at the end. A shale sample heated to 2150° ¥, in 20 
minutes bloated to a bulk density of 0,524 gm./ec., while 

another sample of the same type heated to 2150° F. in a peri- 

od of one hour and 45 minutes bloated to a bulk density of 

0.625 om.f/ec. Concrete test cylinders made from cinder con- 

erete and bloated shale concrete and tested in compression 

showed strengths of 2028 1b./sqein for the cinder concrete 

and 4256 1b,/sq.in, for the bloated shale concrete, The cin- 
der concrete weighed 93.47 1b./cu.ft. while the bloated 

shale concrete weighed 114.5 1b./cu.ft. Ordinary sand and 

gravel concrete weighs approximately 145 1b,/cusft,
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