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I. INTRODUCTIC!l 

The uee of lightweight concrete is not new, it having 

been emplo7ed in the early days or the Roman E)npire when 

pumice was used as a canponent of temple roof slabe. Today, 

the practice ha.s been rediscovered and many tTPes of light-

weight concrete are in use. Probably the most notable example 

is the placing ot 14Gravel1te" lightweight concrete in the 

upper deck of the San Francisco-Oakland Bay bridge where a 

$J,OOO,OOO saving was attributed to the reduction ot dead 

load. 

During the past decade, most ot the producer• ot light-

weight concrete products have been using by'-prod.uct aggre-

gates such as cinders, air-cooled slag, and coke, however, 

today the supply or these by-product aggregates is diminish-

ing rapid11'. In Virginia, there are no known natural..q 

occurring lightweight materials available for use as aggre-

gates and steel mill slag cannot be used because of the high 

transportation cost. On the other hand, there is available 

an unlimited. supply or eaeil,y quarried shale. 

The producers ot lightweight concrete in the etate of 

Virginia are aware of a possible shortage ot cinders and also 

the need ot·a lightweight concrete and are trying to convert 
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shale deposite into a auitable substitute tor cinder•. Pre• 

liminar,y investigations or this Virginia shale have SbOlftl 

that it v.Lll expand, or bloat, to a cellular, lightweight 

product when exposed to a temperature ot about 2000 er but 

other intormation concerning the properties ot the ahale ia 

desired. 

The purpose of this investigation was to d•termine the 

effect of time, temperature, and chemical composition on the 

bloating characteristics ot MacCrad;r, Libert;y Hall, Martins-

burg, and Brallier shales obtained from deposit• in the 

state of Virgin1.a for the production ot a lightweight 

concrete aggregate. 



n. LITERATUBE BEVmi 

The tollow1ng review or the literature related to •hale, 

ita structure, properties, and ueee haa been made. Thia 

review contain• only eaaential information because of the 

large amount of literature on thia subject. 

Structure ot SUicate• 

The structure of shale ia the same as that ot the 

silicates. For lll&IV' 7ean cheai.ata, engineers, and other 

ecientiata have been aak1.ng thorough studies ot the action 

ot heat on the physical and chemical structure ot the •111· 
catea. In the following section acme of the 11ore important 

ph&aee ot silicate structure are cliacuaaed. 

Barl;r InTeetigation. In 1910, Palcall (6l) wrote ot hie 

experiaenta with clay eubatancea. He prepared silicates ot 

Tarioua aetal.e b;y f\laing silica and aodiua carbonate and then 

precipitating the ailicatea b7 double deo011pollition with 

metal aalta ancl sodium silicate. An aluminum silicate with 

the ratio o! three part.a of ailica to two ot alumina to au 
part.a of water was produced. From theae experiment• Pukall 

proposed the structures tor kaolin acid, kaolin (which he 
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termed dehydrated kaolin acid), and the sodium salt o! the 

acid. These structures are shown in Figure l, page 5. 

Singe/69), in 1911, proposed the structural. .fonnula 

(HO.Si.0.0Al(OH))20• He stated that onl1' metasilicic acid 

m~ be considered the foundation ot all natur&l and arti• 

ticial silicates. All possible p;yrosilicic acids are 

deriTed from 0181 (CJf)2 (meta.silicia acid). Singer criti-

cized Pukall•a fonnula unfavorably and pointed out that a 

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

of weakness in a cca.pound rather than one ot strength. 

Considerable criticism ot Pukall•a formula was made b)" 

Wegecheider and Manchot(7S). Wegacheider considered complex 

si1icates.as salts of polysilicie acid.a in which the Si -
groups are linked through ~gen. He 'made reference to 

Pukall•s tormla and pointed out that Manchot had. criti-

cized Pukall b7 stating that combination between §.!. atome 

and. SiC>.2 combinations t&ke place only in reducing conditiona -
and silicates are fonaed without reduction. In organic com• 

binations between silicon atoms the products are unstable, 

especially those containing 0X7gen. A formula with d1rectl1' 

combined silicon atoms would not explain the stable condition 

ot kaolin. If silicon atoms were directly combined in 



_,_ 

KAOLIN ACID 

KAOLIN 

OH. S102 ·AL(0H)NA0 
I I 

OH. s I 02. AL(OH )NAO 
SODIUM SALT 

FIGURE I. STRUCTURAL FORMULAS 

PUKALL, W. 1 DEVELOPMENT IN THE FIELD OF CLAY INDUSTRY, 
CHEM.-ZTG., 34, 610-3 Cl909); C. A., ,!, 3126 (1910). 



silicates, the oxygen atoms mu.st also be directly combined. 

It is known that compound• with directly combined oxygen 

atoms are unstable (viz H2o2 ). Wegecheider went on to state 

that regarding silicates as salts or polysilicic acid does 

not prevent one trom regarding those containing aluminum a.a 

salts of alumino•eillcic acid with oxygen combinations between 

the silicon and aluminum. 

Hexite and Pentite Theo:rz. In 1913, Asch and Asch(l) 

propoeied what they termed the "Hex.ite and Pentite" theOJ"T• 

They theorized that i! five and six molecules ot Si(OR)4, 

respectiYe~, unite together, splitting ott water and retain-

ing the quo.drivalency ot the silicon they torm a closed ring 

as ehown in Figure 2, page 7. 
Also, by substituting aluminum &tau tor the silicon 

atoms, aluminum hexite end pentite a.re formed. Thua, when 

3Hi0.3Al20, is united with 6H20.6Si0:2 the structural .formula 

as shown in Figure 2, page 7, would be obtained. 

The Asch and Asch brothers show, by various combinationa 

ot aluminum and silicon hexites and pentitee, how the struc-

ture ot a large number or known silicates can be explained. 

X•ray Stud:r ot Silicates. In spite ot the large amount 

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

mentioned, it remained for Bragg and Paullng(4S) t.o elucidate 
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FIGURE 2. HEXITE AND PENTITE THEORY 
ASCH, w. ANO 0. ASCH: "s1uc.~TES IN CHEMISTRY AND 
COMMERCE," PP. 30-40. CONSTABLE AND CO., LONDON, 1913 



the different problems involved in explaining the atru.cture 

or the silicates by x-ray analysis. They showed that. the dit• 

terence between the classes of eilicates ie directly dependent 

on the silicon and oJ<;)'gen arrangement and onl.7 indirectq 

dependent on the remainder of the structure. Occasionalq 

the silicon OJq"gen arrangement f onas a closed group like an 

ordinary acid radical, but usually the structure is endleae 

and extends continuously throughout a given cryetal. Th• 

silicon a.tm, in the silicate, is always usociated with tour 

o:qgen atoma, tetrahedralq arranged with regard to the silicon. 

The wa:y in which these tetrahedral groups are related determine 

the structure ot the particular silicate. 

Mellor<45> eta.tee that many silicates are deriYed troa 

Tarious silicic acids. Metaailicic acid is formed by the 

following reactions 

B82Si°J + 2HCl • ff:lSi<>j + 2NaCl 

Metaailicic aeid exists a.a eydrogel and hydroeol; the hy'd.rogel 

being the gelatinous form and the hyd.roaol being a solution. 

I! sufficiently dilute, all or the metasilicic acid takee the 

hydrosol fona. Clear solutions containing tive per cent 

colloidal silica can be obtained by dialysis. These aolutions 
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can be concentrated in a flask by boiling until they contain 

about fourteen per cent Hi$1°.) 1 which, on standing a tew days, 

transrorms to a hydrogel. The transformation of eydrosol to 

hydrogel is retarded by snall amounts of hydrochloric acid or 

an alkali hydroxide and accelerated by eodiUJR carbonate. It 

the clear solution is evaporated in a vacuum at fifteen degrees 

Centigrade, clear, transparent jelI,. is obtained which, when 

dried over sulfuric acid, has the approximate ccmposition ot 

s102.H2o or H2Si°J1 metasilicic acid. Thie may al.so be pre• 

pared by dehydrating the gelatinous silicic acid with ninaty-

1'1ve per cent alcohol. When the gelatinous silieic acid ia 

dehydrated with ether and dried, an acid or the composition 

Si02.2H20 or H4Si041 orthoeilicic acid, a obtained. Ort.ho• 

silicic acid loses water on exposure to air. On the other 

hand, silica gel of the formula s102 .nfi.a0 has a remarkable 

capacity far absorbing water from the air. 

For chemical purposes, silicates have been cla1sitied 

on the basis of these eilicic acids. Thus, willemite, 

Zn2Si04, corresponds to the orthosilicic acid as doea 

olivine, (MgFe)2s104 ; zircon, Zr5104 J ard tephroite, Fe2S104J 

while wolla.atonite, CaSi°J, and enstatite, HgSi°J 1 correspond 

to the metaeilicic acid. 



-10-

Another series of silicic acids result when two :cole-

cules of orthoeilicic acid condense into one or ortho-

disilieic acid, H(,Si20.,• This gives rise to & series of 

ortho-disilice.tes such as serpentine, MgS120.,J bar,yaillte, 

PbSi20f, etc. In like m!l".ner, the condenaation ot two mole• 

cules of metasilicic acid gives rise to a series ot meta-

disilicates. 'lllis process is continued for ortho•, meta-, 

tri-, and pol7silicic acids. 

Tetrahedral Structure ot Silicates. Bragg(l7) was the 

f_irst to show that isilicates consist of essentially the 

relat:hely larger rucyeen-<>J\rgen ions in close packed arrange-

ment, either cubic or huagon&l. The ions a.re held together 

by strong~ charged metallic ions which !it into the spaces 

between them. In tetrahedral spaces are to be round the 
-~ ++++ ++ ++++ smw.lest and most highly charged iona, Si 1 Be , Ti , 

l +++ ++ ++ ++ + A , Mg , P• , etc. Larger ions, euch aa Ca , Na , 

and r, introduce distortion into the structure. The 

1SYD1D1etry ot the particular silicate adjusts iteelt to tit 

thcee ions with minimum distortion, with the result that the 

unit crystal cells are large and eanplicated because of low 

symmetr,r. 
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Bragg{l7) made the following conclusions in regard to 

the structure or the silicatesi 

(1) Whate..-er the silicon to oxygen ratio, silicon ia 

always situated within the tetrahedral group of tour 

OJCYgen atau, which is constant in torm from crystal 

to crystal. 

(2) The structures are typical coordination atruc-

turea, tour oxygen atoms at the corners ot a tetrahedron, 

six ot an octahedron, etc. The whole structure may be 

regarded as a !&bric of which theee groups are the 

stitches, the groups being joined together by sharing 

o>;ygen ataaa. 

(3) The coordination nwabera among silicates are 

Be••4: B++•~, 4J +6 ++ 6 8 Al+++ 6 , J Na , 8; Mg 4, , ; 4, 5, J 

s1••4; ca••6, 7, 8J Sc+++6; Ti++6; Ha••4, 6, 8; 
+++6 ++ ++6 +6 Fe ; Zn 8; Ba , 12; l , 8. 

Diopside is a t7Pical meta-silicate of the formula 

CaMg(SiO;J)2• Each silicon atom ia surroumed tetrahedr~ 

by tour O.Xj'gen atoms. Two or these atoms are COlll!lon to 

neighboring groups and two are not common with adjacent. 

groups. The tetrahedra are linked by their corners into 

endless chains parallel to the C axis of this monoclinic -
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eryetal. It ie incidental that the s104 groups are cemented 

sidevqa by calcium and magnesium iorus. 

Tetrahedral. Groups. In orthosilicate groupa(4S)exeatpli-

fied by olivine, (Hg1e)2s104 and zircon, zrs104, the tetra-

hedral groups are independent like quadrivalent acid radicals. 

'!'he o~gen ato.m.a e.ach have one negative charge, the o:icy-gen 

ate.ms being attached to the silicon by a single valeney. 

'lbeee negative charges attract the metallic ions ot the 

crystal. The resulting structure ie shown in Figure 31 

part A, page 13. 

When two of the groups as shown in part A are linked by 

their colllJlOn comers, that ia, through two groupa eh&ring one 

atom of oJcy"gen, a grouping ot s12o., results a.a shown in 

Figure 31 part B, page lJ. 
Other groups hwe been observed in which three tetrahedra, 

aa ahown in Figure 3, part C, pa.ge 13, are united into a ring 

through sharing of three oJcy"gen atoms thus forming a group 

s13°'1, whose ettective valence ia again six. An example ot 

this structure is the ainera.l bentonite, BeTiS13°'J· Similarly, 

rings or six tetrahedra have been found, as show in figure ), 

part D, page l,3. kl example of this structure ie be17l, 

B~A12S16 Ois• A. ring composed ot tour tetrahedra has also 
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FIGURE 3 TETRAHEDRAL GROUPS OF SILICA 

MELLOR, J. W. : 11MEL1.0F\'S 1,1Q:D~tt INORGAN&C CHEMISTPY ,'' 
PP. 684-17. LONGMANS, GREEN ANO CO., MEW YORK, N. Y., 1941. 
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been detected in certain ceolites. Thie type ot structure 

is shown in Figure 31 part E, page 13. 

The silicon end OJIYgen tetrahedra are also found in 

chain, band, and aheet-tfil4' structures. An example of the 

cha.in type structure is pyroxene. This etructure is shown 

in Figure 4, page 15, in which the tetrahedra are joined 

comer to corner in a row which extends indefinitely in both 

directions. 

Examples ot the band type structure exist in the 

amphiboles in ldlich two chains are bound together by sharing 

ot oqgen atau. Chains and bands are fibrous as in aabestocs. 

In like manner, sheets a.re formed by linking three cor-

ners of the tetrahedra, leaving onl1' one tree o~gen. lzam-

ples ot this structure a.re mica and talc. 

It three dimensional networks are formed, the tetrahedra 

are linked by all four corner• so that there are no oxygen 

atoms lett carrying charges to attract the positive ions. 

The result 18 one ot the forms ot silica, for example, quartz. 

In most or the structures already considered, a certain 

number of silicon atcmts may be replaced by aluminum. When-
I 

ever this occurs, each tetrahedral unit of the framework 

acquires a resultant negative charge on account ot th• lower 
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Q OXYGEN 
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FIGURE 4. TYPICD.L CHAIN STRUCTURE 
.. 

MELLOR, J. W : "MELLOR 1 S MODERN INORGANIC CHEl.AISTRY, 

pp 684 - 87. LONGMANS, GREEN AND 00., NEW YORK, N Y., 1941. 
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valency (fewer outer ring electrons) of a.1.uminum. Metallic 

ions are then incorporated into the interstices of the struc-

ture. The relapars are examples ot this arrangement. 

The silicates thus, for the most part, fona crystal.a 

which are not to be thought ot aa loose aggregations or 
simple moleculee, but aa giant molecules 1n which the whole 

mass is bound bf chemical linkages which extend to the limits 

ot the crystals. The intusibility and insolubility ot the 

silicat,es is preaumab~ the result ot this structure. 

The Action or Heat on Claze and Shales 

The action or heat on clays and shales will be diecuaaed 

under the headings ot melting pointa or aillcatea, temperature-

specific gravity relatiomship, dehydration temperatures, expan-

aion on heating, evolution of heat, and other theories on 

action of heat. 

Melting Points of Silicates. In 1908, Rieke(64.) investi-

gated the fusibility of various lime-alumina-silica mixtures 

such as A12°.J .2SiO:z• (O.l to 12)Ca0. P,yrometric cones were 

made and the melting point taken at the temperature at which 

the point of the cone f1ret touched the bottOl'Jl of the tumace. 

The main point of interest., as tar a.a results were concerned, 
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aeamed to be that the melting point decreased as the ratio 

of lime was increased up to a "certain point.n When this 

"point" was reached the increase in the lime ratio resulted 

in an increase of the melting point. 

D1ttler(20), in 1911, continued the work on the melting 

point of the silicates. He investigated art.iticial diopside 

which he found had a freezing interval between 2354 °F and 

2882 •r. He also investigated other ailicates including 

labradorite which showed a freezing interYal tran 2192 •r 
to 2120 •r. He concluded that two proeeasea occur in silicate 

fusion. First, the tra.ne.t'omation trom the crystal to the 

isotropic amorphoua state occurred which io not accompanied 

by noticeable heat reaction, and second, the liquetaction ot 

the amorphous masa followed which 1a accompanied by a heat 

reaction. 

Temperature - Specific Gravity Relationship. Knote(.3S), 

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

clqs to the epecitic gravity. His results show that the 

epecitic gravity of the clq investigated incre&Bed to a 

temperature of 842 •y and then began decreasing until 

1202 •1 was reached. At 1202 •r the specific gravity began 

increasing again and continued to increase to 1832 °F vhich 

vas the highest temperature attained. 
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(76) Dehy<iration Temperatures. Further study by Wallach , 

in 1913, revealed that when cla7e were heated slowq troa 68 •r 
to 2102 •p a sudden arrest in the heating curYe took place at 

212 •r, presumably due to looseq held water being driTen ott. 

The second break occurred at 932 •y. He concluded that dehydr&• 

tion was inYariabq ccaplete at lll2 •r. A slow liberation of 

heat between 1652 •p and 1832 °F was assumed to indicate the 

formation ot an al.Ull.inate. 

Rieke•e(64) work showed that a aimilar1t7 erlete between 

kaolin and high-grade fire cl19"a in that both show a distinct 

temperature la.g at 932 •r and a longer halting period at trm. 

1040 °F to 1076 °F. He found that some ferroginous clay• 

behave similar]J" to tire clays while others ehow practicallJ' 

no halting point. The loss of chemical water begins only at 

842 •1. The dissociation velocity increases rapi~ with the 

tmperature. By heating sufficiently long, practically all ot 

the water m19" be expelled between 752 •r and 932 •r. The last 

portions or the chemical water are driTen ott with dit.t'icult7. 

Searle(6S) expressed his thoughts on the subject of the 

effects ot heat on clays, probabl.¥ fran the experience of 

others as he does not mention having done Brf3' experimental 

work. He stated that (1) mechanically cc:mbined water is 
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driven orr at 212 •r; (2) as the temperature is raised 

chemical deccmposition occurs; and (3) at 932 •r to 

1472 •r a quick evolution of water occurs. These con-

clusions are more or less in agreement with other investi• 

gators, but the basis for his second observation ia not 

ah own. 

Boudouard and Le.tranc(6) turther corroborated the tem-

peratures at which water is given oft in the heating of clqs, 

and found that tvgroscopic water is evolved continuouely and 

slowq to 842 •r. Liberation of combined water started at 

842 °F and was canplete at 932 •r. Exception to this waa 
• 

noted in the case ot a halloysite which showed the same loss. 

They investigated seven clays and two halloysitea. 

Expansion ot Heating. Braeaco ( l3) measured the expan-

sion and contraction ot test pieces or clay aa they were 

heated to 1832 •F by means ot a telescopic apparatus located 

on the exterior of the furnace and through which he could. 

Tiew the te11t pieces as they were heated in the turnace. 

In all cases, there was first expansion toll.owed by contrac-

tion. The temperature at which contraction began tor . 
glauconite was l.094 °F. This t~erature, according to him, 

ahowa no relation to the temperature ot dehJrd.ration ot the 

aluminum silicates. 
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Biget<4>, in 1921, concluded that clq• and kaolins 

expand before reaching their tusion temperature but. bauxite• 

do not. Mixtures ot kaolin and silica ehow verr aarked 

nelling betore .tueion. Thie propert7 raa7 be utilized in 

preparing artificial. pumice atone b7 rapidq heating aohiet. 

and porcelain to their swelling t-.peraturea. 

EYolut1on ot Heat. Wohlln(SO), 1n 1914, at.tacked t.h• 

problem tram the standpoint ot t.he temperature at which 

exothendc or endothemic reactions took place. He uaed 

twent7-nine ditterent "clqa, bawd.tea and allied aateriw." 

He increased the temperature of hi• furnace to 1310 ., 

during the tirst twent7-tive minutes and from there to 

2372 •y at the rate ot 54 •r per minute tor a total heat-

ing time ot aevent7•tive minutes. He round that (1) from 

1040 •r to 1076 •r clqa ehowed heat abaorption1 (2) exaotl.Y 
at 1769 •p (at this rate ot heating) heat was evolTed more or 

leaa Y1goroua}¥ the longer the period of heat abaorptionJ and 

(3) bauxite ot the formula Al2o3.~o shoved heat absorption 

at 1004 •r, while bauxite ot the formula Al:z~·3J120 ahowecl 

this at 590 •r. Both varieties ott.en show a considerable 

nolution of heat d\le to a change in the tom ot the ~O, 

at 1940 •r. WohliD.(7S) atatee that thia does not occur 1n 
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the case ot Al2o3 .2H20 at 1940 •1, and because or this phe• 

ncmenon, one can distinguish ~°J.SiOi.2H20, Ali°J•4H20, 

and il2°'J•3820 when present in sufficient amounts, 

Houldsworth and Cobb(30), in 1925, observed that the 

changes responzsib.J.e for the exothennic ettecte observed at 

1742 •r with cleye could be cOJa.pleted on continued heating 

at 1652 •p and that occurring with Al20:J at 1940 •y could be 

completed at l.832 •r, Theae changes in clays and in pure 

Al20, are distinct and dif'terent phenomena. None of the 

indicaticna or exothermic and endothermic reaction with 

clays can be attributed to the presence ot aall amounts of 

impurities and their possible interaction with the clq. No 

eTolution or heat at 1742 •r was tound when mixtures of 

Al2~ and Sio2 ot the ratio ~o3.2Si02 were heated. 

Other Theories on Action ot Heat. Mellor and Scott(46), 

1n 1925, reached the conclusion that the dehydration ot 

kaolinite does not take place at a !1.xed temperature and ia 

completed at temperatures above 932 °F. At temperatures 

above 932 •r kaolinite decomposes into tree eilica, tree 

alumina, and water. The exothermic break in the heating 

curve 1652 •r is associated with a tranatormation in the 

form of u 2or Bill1un1te, similar to the natural aineral, 
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can torm belov 2192 •r and probably above that temperature 

.toms aolld solutions with 3~°'J.2Si0i· Above 3092 •r, 
3~0:3.25102 ma, be formed. 

The research eta.rt or the General Electric c~(l9), 

in 1926, attempted to tollow b)" x-ra, methods the 932 •r to 

l.652 •r changes in kaolinite. They found that kaolinite 

breaks down com.pl.ete}¥ at a.bout lll2 •r, forming a silicate 

which ia stable to about 1652 •r. The silicate prelrUJl.abq 

is Al2o3.2Si02• At higher temperatures mulllte is formed. 

The x-rq patterns of natural 11111.manite and mullite pre-

pared by heating andalusite at 2824 •p for tive hours are 

different. The pattern ot mullite agrees vith those obtained 

from fired cl..,- mats. The mineral formed in clqs at 18)2 •p 

is mullite, not sillim&nite. The to:naation ot mullite occurs 

in all clqs examined by heating them tor five hours at 

i922 •r • 

• 
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Causes !!l2, Prevention•,!! Bloating!£ 

Swelling ,2L yW• !!!! Shalea 

The causes ot bloating or avelllng ot clap and aha.lea 

will be diacuased under the headings ot blistering of Comieh 

atone, shale and clqe, and prnention ot bloating • 

. Blletering of Cornieh Stone. Caloott.(l5), in 1912, inTee-

tigated the blistering and bubbling of Corniah atone. He eaid 

that this phenoaenon is t~ o~ in Jlixturea ot butt am 
purple atone and is probabq due to unequal tueibllit7 of the 

two, giving rise to the evolution ot gaeee trca the bu.t'f atone 

(the less tuaible of the two) atter surface vitrification 

caused b;r the presence of the purple et.one. 

Bennet (J), in i9u, made the following obaerYation on 

bloating of Comish atone. He said that bloating is caused 

b,y the a.panaion of entrapped air when ware 1• Yiscoua u 

wll aa to the deCompoaition ot gas-forming uteri.al. 

"Soft.er• flux•• cause bloating aore than •harder" ones. 

Fineneaa ot grinding hae little effect on the bloating 

char&cterietica. 

Shale and gaze. Orton and Stale7CS4> at the Ohie 

State Univereit7, in 1908, tired shale containing 5.42, 
2.87, and ).0 wight per cent iron, carbon, and. sulphur, 
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respectivelJr, to a nwnber ot temperatures and under three 

sets or conditions. These conditions were: (1) rapid 

oxidation and normal vitrification, (2) slow oxidation 

followed by normal vitrification and overtiring, and 

()) norme.l oxidation !olloved by nonaal vitritication and 

heavy reduction withcut increases in temperature. The con-

clusions that were made arer (a) iron in clays tends to 

oxidize to Fe2o3 in the ab~ence cf carbon or sulphur; 

(b) the !onnation of ferrous silicate does not seem to 

cause the evolution of gases; and (c) sulfur in &n;Y' i'om 

may give rise to the formation of gaees at a high tempera• 

ture by oxidation, diseociati011, or replacement by SiOi• 

Since, in the unoxidized port.ion of the clay, the sulfur 

content will be less reduced by the action or the heat it 

will cause more evolution of ga.ees which, in turn, will 

ca.use more swelling. Hence, the presence and action of. / 

eultur is probably the most important cause or bloating. 

Clqe high in carbon and iron but, low in sulfur content 

blacken by improper burning but do not swell. Clays low 

in iron but high in carbon and sulfur content swell without 

blackening. Clqs high in sulfur content but cont&ining 

neither iron nor carbon, swell on the exterior first. 
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Begg(4l), in 19.51, reported that any material used 

tor bloating must satisfy two conditions. First, it must 

haye a chemical composition with the proper balance ot 

tlwd.ng agents, silica, and alumina to allow it to produce 

a melt o! viscosity high enough t;o trap a gas. Thie melt 

should occur at a temperature below 2400 •y tor the l'll&teria.l 

to be of any commercial use. Second, the material should 

contain some substance which either dissociates or reacts 

with the other constituent• in such a manner that the gas 

is liberated at or above the fusion temperature. 

PreYention ot Bloating. Kallauner<32>, in 19JO, gave 

as the cause or bloating in ceramic products, when heated, 

the presence ot entrapped gases, i.e., water vapor, air, 

oxy-gen, carbon dioxide, and sulfur dioxide. He said that 

in order to prevent bloating the following conditions should 

be usedt (l) the raw materials should be waeheclJ 

(2) excessive fatness ehould be removed; (.3) car-

bonaceous subst.&nces should bum out at 932 .,J (4) firin& 

should progreea elowq; (5) the steam in the kiln apace 

should be reduced to a m..inimumJ (6) BU!ticient dratt 

should be provided; (7) tiring at 1472 to 1652 °1 mutt 

be carried out in a reducing atmosphere to decompose the 
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sulphatee; and (8) the excess air should. be in such quan-

titiea that the carbonaceous subetances may be burned. 

Sheun(66), in 1937, gave as the cause ot blistering in 

ceram.1ca, (l) the entrainment ot air in exceasivel.1' tat or 

harsh clayJ (2) the reaction ot iron oxide and carbonaceoua 

materialJ (3) the decomposition ot iron oxide at high tem-

peratures; (4) formation or liberation of water at high 

temperatures; and (5) overbuming. 

Methods of Bloating Cl&a and Shales 

The methods that are used in bloating ahalea and elqa 

will be discussed under the heading• ot additives that pro• 

mote bloating and natural bloating cla1s and shales. 

Additives that Promote Bloatiy. It has been stated(2?) 

that good inaulatore tor furnaces have been made b7 lrl.x1na 

eawduat, coal, and ld.eaelguhr to clay and tiring the mixture. 

Organic material.a euch aa cut grass, oats, or other cereal.a, 

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

been mixed with clay and tired for making porous products. 

Mqer and PukallC47> suggested procuring artificial 

porosit1 in ceramic bodies by a chemical re~tion between 
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either the moisture in the plaatic J1&1Je or constituent• ot 

the cla7 and tinel.7 divided meta:La which are added. Thea• 

reactions cause the evolution ot gaeee. Metal• uperiitented 

with were alllllinUlll, magneeiua, and silicon. 

Loginov(42) described the bloating ot Y&rioua Ruseian 

clqe. Cla7 c;ylindere, ten to twenty millimeter• in diameter, 

were prepared. tran shale crushed to l/'JO milUmeter. The 

firing wae don• at 2284 •r. Swelling clinkering took place 

at 2102 to 2156 •r. Various addition• to the clay were tried, 

including gas coal, two per centJ oil shale, tiT• per cent.1 

and avamp ore, tour per cent. Swamp ore gave the beat reault.a, 

producing a product weighing 0.56 gr• per cubic centiaeter. 

In 1940, LoginoY("3) &leo wrote ot preparing the product 

deecribed and aentioned the ad.ditione of three per cent iron 

oxide and two per cent combustible agent, euch aa coal or 

pea\, to the Russian clqe before tiring. 

!atural Bloating Cl&• and Shalee. Whitlatch (?9) 

described the bloating charaoteriatica ot a Weat Tenneaan 

clq with the viw ot it.a use tor lightweight ceramic 

products or lightweight concrete aggregate. He etate4 

that the clay tires naturalq' to exceptional.q low den• 

eiti••· Between con•• 1 and 2 (2020 and 2050 •r) the 



apparent specilic gravit7 r.sngea from 1.29 to l.58 and the 

apparent porosity ranges around forty per cent. Additions 

to the cl~ shale ot ten to twent7•tive per cent lignitic 

clay gave products of l.09 and 0.91 apparent specific 

gravities or sixty to eixty•seven pounds per cubic toot. 

Lightwei!bt Concrete Aggregate 

In recent yea.re a wide variety of lightweight materials, 

both natural and processed, have been introduced and marketed 

tor use a.a lightweight concrete aggregate. The applications, 

the need tor design intormation, and same ot the characteriatioa 

or lightweight aggregate will be discussed in the following 

section. 

Application ot Lightweight Concrete. The use ot light-

weight concrete is not new, it having been used in the eari,-

daya or the Roman Dnpire when pum.ico waa used as a coaponent. 

ot temple root slabs. Ha.rpe/28), in writing ot the conetruc-

tion ot ships with lightweight aggregate during the tiret World 

War, said "It was decided to imita.te the volcanic rock b7 baking 

a clay into a clinker in a kiln. A clay containing Yegetable 

matter was selected. At a temperature ot about 2000 •F the 
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vegetable matter converted to a gaa inflating the clinker, 

leaving the disconnected isolated cells when cooled ... 

Probably the most notable example of lightweight concrete 

aggregate application ia the placing ot 11Gravellte• 1 a 

lightweight concrete aggregate, in the upper deck or the 

San Francisco-Oakland B&7 bridge in California, where a huge 

saving was attributed to the reduction ot dead load. Another 

instance ot interest was the addition ot six floors to the 

Argyl building in laneae City, Missouri, by using 11 Hqdite11 1 

an expanded shale aggregate. Nett(49), ot the Armour Research 

Foundation ot the Illinois Institute o! Technology 1n Chicago, 

reported that tin.r glass balloons, about the size of grains ot 

sand, formed from heated clay, will be used ae a lightweight 

aggregate tor concrete and plaster in place of ordinaey sand 

or other tillers. Thia lightweight aggregate has been given 

the trade name 11Kanamite. 11 <.he ot the most important features 

of this new product ia that it hae a high fluidity which means 

that tor the first time 1n building hiato17, contractors can 

till .forms with concrete pwaped. through rubber hose. Construe-

tion cost can be lowered because of the vi.J"tual replacement of 

shovels and awkward met.al hoses now used. 

\ 
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Need for Design Information. With the expanding use ot 

lightweight aggregate concrete a demand ariBes for information 

descriptive of ita behavior. Architects, engineers, contractors, 

and builders, desiring to U8e lightweight concrete, require 

reliable design data as well as knowledge o! characteristica 

which might govern the choice or material for a particular 

need. Existing building codes and regulationa for natural 

aggregates are not applicable to lightweight aggregates. 

Recognizing thia need tor into:naation has resulted in the 

plblication, "Lightweight Aggregate Concrete", issued iD 

1949 by the Housing and Home Finance Agency in Washington, 

D. c. To date, thie is the only publication which shove the 

wide variations that may be expected between cli!!erent t1}>e• 

ot lightweight aggregates and also their different charac-

teriatice frcm those of aand and gravel. 

Chemical Conatituente. llinetelter and Hamelin(3J), 

reported t.hat two. or three impurities, or what Jldght be 

called actiyating agente, needed tor bloating are tound 

inYariably al1d seem to be essential for a good lightweight. 

aggregate rav material. Iron is one of these agente, and 

typical bloaters contain it in quantities of three to ten 
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per cent. Since sulfur also seems neceeeaey, iron diaultide 

probably forms at least a portion of the total iron content. 

Thia is a comnon form in iron-bearing clays and ita dieaocia-

tion at about 2000 •r explain• much of the glaaa;r•phaee develop-

ment accompanied with gas formation. Carbon 11 nearJ¥ al.wqa 

cited as essential, but that may be largely because it ia in· 

variabq tound in such clqs and because it unites with oqgen 

to form gases. Lime and magnesium carbonates and sultatee as 

well as other minerals are nearly alwqa present in small 

amounts and all must have some et!ect in the glasq•phase 

tonaation as well as the evolution ot gaa. The earq investi-

gators round that the carbon gases had little to do with the 

actual bloating but that most ot the bloating could be 

attributed to sulfur gases •. However, Austin <2>, in 19421 

found a clq which would bloat and yet not give ott any 

aultur gases. 

Conditions Neceesarz for Bloating• Rilq{66) reported 

that any material used for bloating must satiety two condi-

tions. First, it 1111st have a chemical. composition with the 

proper balance ot !lwcing agents, silica, &nd alumina to 

allow it to produce a melt ot viscoeit7 high enough to trap 

a gas. This melt should occur at a temperature below 2400 •r 
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tor the material to be ot any camnercial value. Second, the 

material should contain some substance which either die-

sociates or reacts with the other constituents in such a 

manner that a gas i• liberated at or above the tuaion tsnpera-

ture. 

Formation ot Small Cells During Firing. Cellular forma-

tion consists or the generating and entrapping ot gases when 

the material is at or near the point of .fusion. The tiret 

application of this process was made with molten bl.a.at• 

tumace Blag, which was poured on water and manipulated 

so that isteam entrapped to vesiculate the alag. The 

vesiculated material was then formed into shapes, generally 

by bonding with cements. A modification consisted or 
including in the slag a mixture which would generate gu 

at temperatures above the tu.sion temperature of the slag 

and which would be entrapped in the Ti.ecoua molten maas. 

The best known clay !ire-expanded material is known u 

Haydite, so named after the inventor, Hqde. It is strict]¥ 

a lightweight concrete aggregate. The proceaa used in the 

manutacturing ot these lightweight aggregates is dependent. 

upon heating the material to a molten ma.as with a high 

viecosity and then entrapping the gases which are beina 

evolved by the material at that temperature. 
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Colmiercial Lightweight Awegatee. In the toll.owing 

section some ot the more important types of lightweight 

aggregates that are being made on a commercial ecal.e will be 

diecueaed. These are shalite, hqdite, lite-rock and kanamite. 

Shalite. Thia lightweight aggregate ia a bloated 

ehale which i• made by the Poston Brick and Concrete 

Compaiv, Spring!ield, Illinois. Thie aggregate 1e mad.a 

b7 teec:U.na the raw •hale into a rotary kiln 1n which the 

peak temperature at the bloating end ot the turnace 18 

held at 2050 -r. The shale ia brought up to the bloating 

temperature in three and one-halt houra, atter which the 

tired material talla tram the end ot the kiln in large 

chunks ot looaeq•bonded clinkers, dropping into a deep 

clinker pit tor cooling. A stream ot water ie con-

tinual.1¥ plqed on the hot clinker to apeed it.a cooling. 

Thi• clinker is then pulnrised by cruehing equipaent 

and ehipped to ooncret.e block aanutaoturera. When 

proceaaed into a lightweight concrete block it weigh• 

appronmate}T s; pound• per cubic toot. 

Hgd!teC29). The lightweight aggregate haydit• i• 

manufactured by the Hqdite Corporation which haa pl.ante 

in al.moat all ot the st,atea in the eountr.r. When a clq 
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containing a maall per cent or carbonaceous material 

is heated raJ>idl1', a core is formed which makes the 

brick swell; this defect is tumed into a. useful 

account by the Hqdite Corporation. Dr.r shale is 

crushed and fed into a rotary kiln. Pulverized coal 

is used as the usual fuel. One tlame is directed up 

the ax:1e or the kiln, and another, strongll" reducing, 

is arranged to strike close to the outlet at a euitable 

angle. At 1598 •y aintering occurs, and the material 

gather• into balls which swell when they reach the 

reducing flame, owing to the expansion or the carbon 

and aultur gaaea. The balls a.re soft when they leave 

the kiln and flatten out on falling onto a conveyor, 

which carries the11 to a quenching pit. When the material 

ie low in carbonaceous content the Hqdi te Corporation re• 

1ntorces the clq with molasses or coal dust. the tinal 

product when processed into a lightweight concrete block 

weighs approxima.tel.1' 50 pounds per cubic root.. 

Lite•Rock(?). Lite-rock ia material produced by 

crushing and burning a shale mined near Banks, Oregon. 

The mined shale 11 crushed to a definite size and ie 

then fed into a rotary kiln at temperature• in e.xce1a 
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of 2200 •F. At these high temperatures melting begina 

and gases are evolved causing expansion ot the softened 

shale by fonution ot innumerable cells. The outer eur-

tace becomes melted completeq and upon cooling tonu a 

coating over the inner cellular structure. The size ot 

the crushed aggregate that is fed into the kiln ia 8IUll 

enough so as to prevent the recruahing ot the shale when 

it is discharged trom the end of the kiln. 

Janamite. Kanamite is the moat recent and probabq 

the most important or all ot the lightweight aggretatee 

that have been processed on the commercial basis. The 

development of the lightweight aggregate was announced 

recen~ by Armour Research Foundation, Chicago(63). 

The new material consists ot tir\r hollow ceramic balloons 

made by "bloating" individual grains ot cla;y in a special 

turnace. A suitable clq is ground to desired particle 

size in a h8111Hr·mill. The milled cl83 is screened to 

obtain the desired traction, usual.q 48 to SO mesh. 

Clq particles are ted into a special gas bumer 

ey entraining them in a pr:l.m.ary air stream delivered by 

a poeitive-preasure blower. The burner is mounted at the 
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top ot a vertical cyliudrical furnace. This furr.ace ie 

thirty feet high with an inside diameter o! three and 

a quarter teet. 

The time of tall, from clay particle leaving the 

burner to expanded bubble reaching tbe bottom o! the 

turnace, is eetimated at 0.015 second. The product ie 

picked up pneum.atical.J.¥ from the conical. turnace bottom 

and delivered to a bagging ms.chine. The final product 

weighs approximately 20 pcunds per cubic foot, and i& 

chemically inert. Uee of kanamite instead or aand in 

concrete mixe5 makes for & very fluid mix. Thie 

fluidity might mean that concrete can be pumped 

directl.1" into .forms through rubber hose. 
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Patent a 

The paragraphe below ahow a stu~ of the patent.a obtained 

on the production ot lightweight aggregate concrete. 

Early Patents. The tiret United State• Patent 2351961 

found pertaining to porous clqe was iesued to Praetorlua(57), 

ot Breslau, Prussia, Germ&nT, on December 28, 1880. Hie inYen-

tion vaa·the preparation ot porous earthenware tor uae in 

•filtering, absorptim, and Tarioua kinda ot ahuical treat-

ment.• He prepared the earthenware bJ mSxSng iron and 11.u-

tree clq with powdered charcoal, tluorapar and teldepar, 

ahaping it to the desired form and tiring· it in a kila. Th• 

charcoal burned out, resulting in the porous earthenware. 

United States Patent 248,094, dated October ll, 18811 vu 

iasued to QU•a.n(25), ot Eldora, Iowa. Hie invention vu a 

proceae tor asking a poroua, earthenware build.ing material. 

Clq, resinous sawdust, and vat er were •' xed thoroug!lq in a 

mill until plastic. The plastic maea waa then ut.rwlecl 

through iron or at.eel pipe trca eight to twelff inchea in 

diameter to tom •loge• about six to twelye teet long. Thee• 

loge were tired on a 11 11.ow stead~ increaaing fire" until the 

•yapore" and eteaa were driTen ott. The temperature waa then 

raised rapid.q \Ultil nearq white hot. Thie conSU11ed the 



sawdust and brought the clay to the !irat •t&ges ot vitrit1-

cation. On cooling, the logs could be sawed into "pl.anka•, 

bored, groond, planed, or caned with edged tool.a. 

To Lenderoth(.39), ot Qitario, C&nada, wu 1saued United 

States Patent 426,642 on April 29, l.890. Hi• procesa wu 

eseentia.1.17 the aau u the foregoing pa.tents except that 

h• claiJud greater strength b7 the addition ot sand to the 

clq. Aleo, be eaturated the sawdust. or other combuatible 

aat.ter with water before mixing. 

the Ha.yd• Patent. Probabq the moat important patent 

issued tor this t7J>8 ot material vu to Hyde(29), Fe'bru1.17 

12, 1918, United States Patent 11 2551878. In bia patent, 

Hayde epecitically stated that clq or ahale which vu not 

suitable tor Uking brick could be uaed nan it it contained 

liae•torming material• or sand. · He euggeeted cruahing the 

aaterial to about tour inches and then burning it in a 

• rot.&ry or other type" kiln at a teperature abon 1500 ., 

preterabq to 1700 .,, tor about two hours. 'lbe clinker 

tol'lled ia allowed to cool slow]¥ 1n air until it will not. 

diaintegrate 'lldlen aprqed wit.h wate;r. He then auggeeted 

imereing t™t clinker in water to hydrate any Uae that. 
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might have been formed. '.il1e clinker is then crushed and 

sized and mixed with cement or other hydraulic material, 

molded into the desired f ona and allowed to harden. 

Recent Related Patents. In 1918, United States Patent 

113141 752 was issued to OleenC52). \~is vaa a patent whereby 

a mixture of coarse and tine pieces of shale, which had been 

bunied but not clinkered, are used !or an aggregate with 

portland cement to produce a light concr.te or may be used 

like fuller's earth tor refining sugar or oil. 

A British patent, 1321 2471 was issued to Olse.n(5J), 

about the same time which specified shale tor use in concrete 

after being sintered or subjected to a temperature of 2000 °F 

or over, without thoroughly melting. 

Fallon(2l) wae issued a patent, Unite<i States Patent 

1,528,759, on March 101 1925. His process was tor forming 

porous aggregates tor use in making lightweight concrete or 

other articles. A mass ot clay is !irst tired in a kiln 

until a temperature of 000 •r is reached. The supp~ of 

air is then reduced and steam ie paased through the bed of 

burning tuel into the elev to produce a reducing action 

thereon. Air is t.hen again eupplled to the elq to cau.ae 

the mass to expand and thereby produce a porous material. 
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(26) 
Gl&se secured United States Patent l 1 5381 48'Z, on 

March 19, 1925, !or a process of producing a hard, cellular 

clq product. His procoss conaisted. ot .rd.xing clay or shale 

with tinely divided fuel a.."ld. burning the mass on a grate b7 

forcing air up through the mass to support combustion. 

On MCliY 41 1926, United States Patent l,583 1 521 wae 

issued to Boynton(l2), for a process o! making vesicular 

products b7 subjecting shales or clqa high in iron, aultur, 

sodiua, and potaasiua to heat caudng them to swell. Th• 

expanded shale or olq is then crushed. and screened tor use 

as a lightweight concrete aggregate. 

Bohlig(5) obtained SVias Patent 1261755 in 1927 tor 

m.aking argillaceoue clinker by preparing thick layera of 

calcined clq mixed with bituminous duet arxl burning the 

mass to clinkers • 

. lreea (J?) was issued United Sta.tee Patent 1, 7411 574 

on December Jl, 1930, tor a "method of forming cellular 

bodies which consist• in heating a mixture ot cl..&7, bentonite, 

carbonaceous material, &nd flux sufficiently to form sealed 

cells." 
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. (68) 
United States Patent 11 818,lOl was issued to Slid.el1 

on August 11, 19.31, tor a cellular or bloated clq product. 

In the process, granular material is ted into a. heat zone 

maintained at bloating temperatures. The material, while 1n 

granular tom and in the heat zone, is subjected to tueion 

while conf'ined. The bloated material is extruded under 

pressure due to its expansion. 

Hwuain(Jl) obtained United States Patent 11 897,667 on 

Februaey 14, 1933, tor a cellular fired clq product suitable 

tor tireprooting building block. The product is prepared "1' 
generating and releasing a g&a 1n a clq slip of fiuid con-

aistency bf the interaction ot an acid and a carbonate added 

to the slip. 

United States Patent 11903,821 was issued to Lee(JS), on 

April 18, 1933, tor a proceas tor bloating eartey material.a. 

In the process, a liquid containing molaeaea and terroue 

aulphate 1n solution in added to a m.aas of eart.bJ' materia1 

which ie then heated to first evaporate the solvent portion 

or the liquid and then cause bloating by tuaing the earth7 

materials and liberating gases through the ma.es. 
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United Statee Patent 2,112,380, issued on March 291 l9JS, 

to Price(SS), describes a process in which eiliceoue :raateriala 

having the desired porosity, or attaining it owing to the 

presence of carbonaceous matter, are tixed with commercial 

marl of higher melting point and the mixture is burned in a 

rotary kiln until the ccmninuted marl coate the surface of 

the siliceous materials and eeals the pores. 

McCoy(i.4) was issued United ~tates Patent 2,4561 207 on 

December 14, 1948, for a process in which waste slate is used 

to prepare & lightweight aggregate. The slate ie crushed and 

screened to produce the desired grs.dation. Fueion between 

particles is prevented b7 mixing with the pre-sized slate 

10 to 20 per cent of an anti-adhesion agent which baa a 

substantially higher tueion temperature. The agent ia 

- screened from the expanded aggregate and reused.. 

Napier(50) obtained United States Patent 2,456,643 on 

December 21, 1948, tor a process making a lightweight inaul.a-

ting material. The materials used were portland cement and 

.bentonite. The insulating material prepared can.pares tavor-

ab~ with 85 per cent magnesia im1ulating products in density, 

strength, and hardnese, and is superior in its ability to 

withstand high temperatures and resistance to abrasion and 

vibration. 
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lll. EXPERIMEm'AL 

This section contains intormation related to the experi• 

mental phue o! this investigation. Subjects diacuaeed. include 

purpose ot investigation and plan of experimentation. 

Purpose of lnYeetigation 

The purpose ot this investigation was to determine the 

effect or time, temperature, and chemical ccmposition on the 

bloating characteristics of MacCr~, Liberty Hall, Ma.rtina-

burg, and Brallier shales obtained .from deposits in the state 

of Virginia tor the production or a lightweight concrete 

aggregate. 

Plan o( .Experimentation 

The plan ot experimentation tor this investigation in• 

eluded a review ot the literature, obtaining ahale sample•, 

detennination ot bloating temperature ot shale, effect ot 

prolonged heating on the bloated shale, effect ot chemical 

composition on bloating, preparation of test cylinders, and 

testing o! the bloated shale. 
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Literature Review. A search of the literature waa made 

for the purpose ot ascertaining what haa been done on the uee 

of bloated shal.41 ae a lightweight aggregate concrete and to 

becaae familiar with the methods uaed by others tor bloating 

ahale. 

Cbtaining Sha.le Sample I. ill samples of shale that 

were used in this investigation were obtained from deposite 

located within the state of Virginia. The samples were ob-

tained trom road cuts and surface deposits. Figures 5 and 6, 
pages 50 and 52, show the ezact location or these deposit• 

from which shale aam.plea were obtained. 

Bloating Characteristics. The samples obtained troa 

Tarious location• throughout the state were exposed to taa• 

peratures between 70 and 2200 •r 1n a mu.tne furnace. The 

degree ot bloating vu determined on each eample by deter-

mining the bulk density or the eampl.e before and after tiring 

b7 means or a mercury Tolumeter. 

Determination of the Bloating Temperature ot Shale. 

To determine the bloating temperature ot shale specimen•, 

ten samples or each shale were placed in the furnace and the 

temperature raised to 2200 •r over a specified lmgth ot 

time. As the temperature increased, one sample waa withdrawn 

• - I ., 
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from the tumace at each of the f'ollowing temperatures and 

ita bulk density determined• 1500, 1750, 1850, 1900, 1950, 

2000, 20;0, 2100, and 2200 •r. Che sample was used to obtain 

the bulk density at 70 °F. 

Effect of Prolonged Heating on the Bloated. Shale. To 

determine the ettect ot prolonged heating on the bloating 

characteristics ot the shale, eam.plee ot .fired shale were 

placed in the muffle turnace at a temperature where good. 

bloating occurred as prniouaq determined. After thie 

temperature waa constant, a a ample was removed eveey five 

minutes and it.a bulk density determined. Thua, the ettect 
ot exposing the shale to a particular t•perature tor 

extended periods o! time was determined. 

Utect of Chemical 9-position OD Bloating. Th• 

ch.Uoal composition ot a poor bloating shale and a good 

bloating shale waa determined and the result.a were compared. 

in an attm.pt t.o determine which element or compound• were 

responsible tor bloating. 

Preparation of Load-bearip,g Teet Cxlindera. A mixture 

ot non-weathered Liberty Hall and Martinsburg ahalu waa 

used as the aggregate in the preparation of the load-bearing 



teat qlindera. The above llixture waa caretulq graded 

into eight aise ranges u ahom in Table I, pace 84. 

The ratio of weight of aggregate to weight ot e•ent 

waa three to one. The water to eeunt ratio was eight• 

t.enthe to one by weight. Additional load-bearing teat 

c,-lindera were aade Wling cinders u aggregate ao that a 

coapa.riaon could be aade between both type• ot aggregate. 

Testing of the Bloated Shale. Load•bearing teata 

were ll8de on the bloated ehale and cinder aggregate teat. 

c7lindera. llio, water-ceent ratio, molding utbocl, and 

aethod of boring were COllpared tor the two different tn>e• 

ot teat c7llndere. 
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Materials 

Information relating to the source and description ot 

all materials used.in this investigation is presented in the 

tollowing paragraphss 

Acid, B.ydrochloric. C. P., lot No 10921J. Distributed 

by Fisher Scientific Co., .Silver Spring, Md. Used in the 

analysis of shale samples. 

Acid, Hydrofiouric. c. P., lot No 10715, 52 to 55 

per cent HF. Manutacturecl. by Merck mxl Co., Inc., Rahwa.y, 

N. J. Used in the determination of silica. 

Acid, Sulturic. c. P., lot No 919.lth~ Manufactured by 

General Chemical Co., New York, N. Y. Used in the anal.J'•i.8 

ot the shale aamplee • 

Ammonium Carbonate. Powder, lot No )8. Manu.tactured 

by General Chemical Co., New York, N. Y. Used to flux the 

ahale eanplee tor the alkali determination. 

Ammonium Chloride. Lot No 12311.1. Manufactured bT 
General Chemical Co., Nev York1 N. Y. Used !or the 

precipitation of the calciUJll in the alkali determination. 

Ammonium ttydroxide. Reagent grade of apecitie grarlt7 

0.90, code 1239, lot No 61JJ, having an ~ content ot 28 

per cent. Manufactured by the General Chemical Co., New York, 

N. Y. Used for the precipitation ot iron and aluminum cydroxide. 
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Ammonium Oxalate. Lot No 9)40. Manufactured by the 

J. T. Ba.1<er Chemical Co., Phillipsburg, N. J. Used tor the 

precipitation ot calcium in the calcium determination. 

Calcium Carbonate. Powder, lot No 8.343. Manufactured 

by General Chemical Co., New York, N. Y. Used with ammonium 

chloride in sintering the shale sample for the alkali deter-

mination. 

Disodium Hydrogen Phosphate. Lot No 7914, control WRVT. 

Manufactured by Mallinckrodt Chemical Works, Philadelphia, 

Pa. Used to precipitate magnesium 1n the magnesium deter-

mination. 

ferrous AllllM>niwa Sulphate. Lot No 9340. Manufactured 

by the J. T. Baker Chemical Co., Phillipsburg, N. J. Used 

to standardize the potassium permanganate solution in the 

determfnation ot iron. 

Met&l Orange. Lot No llll239. Manufactured l>1' 
General Chemical Co., New York, N. Y, Used. ae an indicator 

in the neutralization ot the solution trom which iron and 

aluminum were precipitated aa the hydroxides. 

Potassium Bisulphate. Lot No 40647. Manutactured b,y 

Merck and Company, Inc., Rahv8\Y, N. J. Used to fiux the iron 

and aluminum oxide• preparato17 to the determination of iron. 
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Potassiua Ferroczanide. Lot No 29. Manufactured bf 
General Chemical Co., New York, N. Y. Used in a O.Ul solu• 

tion in the titration of iron. 

Shale Samples. The eanples ot ahale used in th11 inYeeti• 

gation were obtained rro11 depoaita located in the state ot 

Virginia. Pour ditterent types of !!hale were used during the 

experimental wrk on this t.heaie. The type• ot ahale uaed 

were Liberty Hllll, Brallier, Martinsburg, and HacCrad1'• 

Libenz Rall. The exact location of the Libert7 

Hall ahal.e used in thia investigation ia ahown in 

Figure 5, page so. Two toras ot t.hia abale, weathered 

and non-weathered, were obtained. The weathered ahale 

was taken trail t.h• aurtace of a three-toot road cut, 

while the non-weathered ahale waa obtained traa a 

depth of approximate~ one toot below the aurtace of 

the road cut. The emplee weighed between 10 and 20 

pounds and had a bleck color. 

Brallier. 'ftle aact location of the non-weatherecl 

Brallier ahale used in this inYeetigation 1• ahown in 

Figure '' page so. 'lbe saaple vu obtained by digging 

to a depth ot approxillateq two teet in order to remcmt 

the clq and dirt. vb.ich covered the deposit. lo 
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weathered Brallier ebale waa tound in thia deposit. 

The shale aample had grey color and weighed approxi-

mateq 30 pounds. 

HacCr5f. The MacCradf shale that wae used in 

thia investigation oonsiated ot two tonaa, weathered 

and non-weathered, the location ot which 1a ahom 1n 

Figure 6, page 52. The weathered. shale waa obtained 

fZ'Oll the tace of the fifteen-foot road cut deposit and 

the non-weathered MacCrady aha.le was taken from a 

depth ot l2 to 18 inches below the surf ace ot the 

road cut. Both tol'llS of the shale had a brownish• 

grf!T color, and each sample weighed approximate~ 

25 ponnde. 

Marlinaburg. The exact location ot the non-

weathered Martinsburg shale that waa used during thi• 

inveatigation 1a shown in Figure 5, page 50. Tbie 

sample vu obtained b7 digging to a depth of two teet 

&ncl remorlng the eh ale. The a ample removed weighed 

approxiaat.eq 25 pound.a and had a 7ellowiah-brown 

color. No weathered Mart.inaburg ahale wu found 1n 

thi• depoait. 
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Silver Nitrate. }Qt No ll.239. Manu.tactured by General 

Chemical Co., New York, N. !. Used to ir1d1cat.e the presence 

or treedm ot chlorides in tilt.rate washings. 

Sodium Carbonate. Anhydrous, granular, lot No 1114. 
Manutactured by General Chsica.l Co., Hew York, N. Y. Used 

in the fusion o! the eanple in the dotermin&tion Of aUica. 

Sodium Chloride. c. P., lot Ko 514018. Distributed bJ' 
Fisher Scientific Co., Silver Spring, Md. Uaed throughout 

th• cheaieal an~aiis. 

',, 
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Apparatus 

This section contains detailed descriptions of all 

the equipnent used in the course o! this investigations 

Balance. A.na.lytical, Chain-ans.tic, capacity 100 gm, 

graduation 0.0001 f!lll• Manu!actured by Seederer-Kohlbuech, 

Inc., Newark, N. J. Used to weigh aam.plee tor the chemical 

analJreia or the shale. 

Balance. Beam-type, capacity 1600 gm, 1.0 p. incre-

ments. Obtained trm Fisher Scientific Co., Silver Spring, 

Md. Used to weigh the shale .samples before bloating. 

Ceramic Block•. Ceramic blocks 4 inches long by 4 
inches wide by- 3/4-inch thick. Obtained !ran the Ceramic 

Engineering Department, Virginia Polytechnic Institute, 

Blacksburg, Va. Used in the tumace as platfonu to place 

the eamplee or aha.le on while firing. 

• 

Crucibles. Platinum, capacity 20 ml, 33 nm in diameter, 

33 ma high. Obtained frcm Fisher Scientific Co., Pittsburgh, 

Pa. Used 1n the eilica determination. 

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

Manufactured b7 the Universal Crusher Co., Cedar Rapids, 

Iowa. Used to reduce size ot shale. 
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Drzing OVen. Hodel number OV-8, aerial number 8•2701 

110 T, fJJ q, ac, S mp. Manutactured b;y Modern Electrio 

Laborato17, Chicago, Ill. Used in chemical analyaia. 

Pumace. Hoskins electric auttle, heavy dut.T 1 model 

FH202, 220 T, fJJ c7, ac, operating t•perature 2000 •r, 
inside dimenaiona 10 z 4 x 3 inchea, catalog No 10•526. 

Obtained troa Fisher Scientific Co., Silver Spring, Md. 

Used to bloat the shale aamplea. 

Olaasware. Mieoellaneoue be&kera, tluka, bureta, 

naporating diahea, etc. Used in chemi.cal aiiaqeia. 

Molds. Cut iron, aplitmolde, 6 inchee inside dimuter, 

12 inches high. Manufactured b7 Walker Machine and Foundr7 

Co. 1 Roanoke, Va. Uaed to mold t.he concrete teat cylinders. 

Pnoeeter. Optical, disappearing tilaaent type vit.h 

potenticaeter, aodel 8621, two range acalea, one troa 1400 

to 2200 •1 and the other 1950 to 3200 ., 1 increments ot 

5 ., • Manutactured by Leeda and Northrup Co., Philadelphia,· 

Pa. Used to measure taiperature in the lmffi• tumace. 

P;rranetria Conea. Research aise, l-l/8 inch•• long, 

number• 020 (1202 -r), 015 (1481 •r), 07 (1814 •r), 03 

(2039 •r), and 11 (2417 •r). Manutactured b7 Edvercl Orton, 

Jr,, Ceramic Foundation, Columbua, Ohio. Uaed to nrifJ' 

·optical pyrometer and thermocouple readinga. 
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Rheostat. iltemating current, 60 c7, .UO v, for use 

with P'H202 .tu.mace, catalog No 10-529. Obtained traa Fisher 

Scientific Co., Silver Spring, Md. Used to control turnac• 

temperature. 

See.lea. Ohaua, capacity 30 kilograms, one-gram incre-

ments, 22-inch double beam. l4anutactured by the Newark Scale 

Co., Newark, N. J. Used to weigh large shale aampl••• 

Screen•. Tyler standard, meah number• 3/8 inch, 2, 3, 4., 

14, 28, 48, 100, and 200 m.,ah. Manufactured by the Tyler 

Screen Co., Cleveland, Ohio. Used to grade cinders and 

bloated shale aam.plea. 

Testing Machine. }b'draulic compression testing machine, 

eapacit.y 4001000 lb, located in the Materials Testing Labora-

tory of Virginia Polytechnic Institute, Blacksburg, Va. 

Manufactured bt the Riehle Teating Machines Division ot the 

American Machine and Metals Co., Inc., Ea.st Moline, Ill. Uaed 

to teat concrete test cylinders. 

'1'hermocouple. An alum.el-chromel thermocouple having a 

range from lOO to 2200 •r. Manufactured by the Weeton 

Electric Instrument Co., Newark, N. J. Used to measure 

temperature ot mu!'tle turnace. 
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Trana.fo:mer. Alternating current, fJJ ey, 220 .,., 

acceeeory to FH202 furnace, catalog No 10-529. Obtained 

trom Fieher Scientitic Co., Silver Spring, Md. 

Volumetet. Speil-Wileon type, mercury balance 

volumeter, condsting ot an Chaua double beau balance, 

capacit7 20 kilogram.a, 1.0-gram aensitirlty, to which 11 

attached a steel wire cage tor inmereing and weighing 

sample in mercuey. Volumeter aesembled in the ehop ot 

the Industrial. Engineering Department and located in the 

Ceramic Laborator,y, Ceramic Engineering Department, Virginia 

Pol.Ttechnic Institute, Blacksburg, Va. Uaed to determine 

volume o! shale em.plea. 
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Methods ot Procedure 

The methods ot procedure used in this investigation 

were as tollowe: 

Calibration or Themocouple. A chromel-alum.el thenno-

couple was tirst used to aeasure the temperature ot the 

mui'tle rumace. Before the thermocouple wae used, it was 

calibrated against the melting points or tin, lead, and 

antilllon;r. 

Calibration ot Pyrometer. A Hoekins chromel•al:wnel. 

pyrometer was ueed to check the temperatures ot the mutne 

fumace. Before the wrometer 11as used, it was calibrated 

tor temperatures above red heat. The welded or hot end ot 
the pyrometer was covered with a tight winding ot pure 

copper wire, melting point 1949.0 •11 Number 14 B. & s. 
gage etsndard melting point metal. '111• p)TOllleter was then 

inserted into & muffie furnace, with the welded end of the 

wrcmeter approxi.mateq in th• middle or the furnace. Th• 

pointer ot the attached meter was then corrected to the 

melting point ot the copper wire. Thia procedure vaa ueed 

again with pure mine wire ae a check. The melting point ot 

zinc wire 1• 786.0 •r. 
{ 
) 
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Determination ot the Te..Tllperature Lag in the Muttle 

furnace. The temperature lag in the mu!tle furnace was 

determined by placing & chromel•alumel thermocouple at th• 

back end of the mutfle .furnace and moving it forward in one• 

inch increments along an axis approxi.mateq in the aiddl.e o! 

the furnace~ The distance between the thermocouple head and 

the back end of the furnace together with the indicated tem-

perature was recorded for each one•inch :1ncre111ent. 

Code for Identification ot Shale Samples. All shale 

eamplee were ident1!ied by two letters and a numberJ the 

tirat letter indicated the type ot shale, the second letter 

indicated the condition ot the shale and the number indicated 

the eample number. Thus, Mc•N-l represent• HaeCrac::ly shale, 

non-weathered, sample number oneJ L-W-3 indicates Libert7 

Hall shale, weathered, sanple number three. 

Preparation ot Shale Samples. Both weathered and non-

weathered eanples ot shale were used in the tests and th• 

preparation waa the same tor each. The shale eamplea were 

washed with water and cleaned of a.ll extraneous matter vi.th 

a wire brush. These samples were then broken from the large 

lumps, approximately two inches in diameter, into small 
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pieces approximately one-half inch in diameter, 1n an iron 

mortar with a pestle. 

Determination or Firing Schedule. The rate ot heating 

or firing schedule that vaa used throughout thie inveetiga-

, tion wu determined by subjecting the tour types ot shale 

ueed to various ratea of beating in the J1Utfle furnace until 

a tiring echedule was obt.a.ined that could be used in bloating 

the aha.le. Thie tiring schedule waa then duplicated tor all 

teats. 

Procedure tor Determining the Bloating Characteriatioe 

tor pit.terent Sam.pl.es ot Shale. Samples of Liberty Hall, non-

weathered and veathendJ MacCra.c11', weathered and non-weatheredJ 

Brallier and Martinsburg, non-weathered shale weighing approzi• 

aateq twenv•tive grau vere broken to apprmiaat.eq 12.._ah 

in an iron mortar with a peaUe. '1'he enplea were caref\11.q 

cleaned ot extraneoua matter with a wire brullh. The 1&11ple• 

were then weighed in air on a 'beaa balance. After being 

weighed 1n air, the eamplea were then weighed euapende4 in 

aercUJ7'. The bulk densities of the amplee were cal.aula.ted 

and recorded. 

The weighed aamplea were then placed on retractor.r alaba 

and pl.aced in the muffle furnace. The turnace wu started and 
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the tftmperature waa raised from 70 to 2200 °F over a period 

ot two hours according to a predetermined tiring echedule. 

Temperature readings were taken for f!Very 50 •r rise in tu.-

perature and the time recorded. Up to a temperature ot 
1500 •y, the al.UJllel-chromel thermocouple waa used to indicate 

the temperature. Beginning at 1500 •1, readings vere also 

taken with the optical pyrometer as a check. Standard 

pyrometric cones were placed in the tour comers ot the 

mutne furnace to indicate the rate or heating. These conea 

were 020 (1202 •r), 015 (1481 •F), 07 (1814 •r), 03 (2039 •r), 
and 11 (2417 •p). Thua, three temperature indicating device• 

were used a.a a check on temperature. 

When the temperature or the furnace had reached 2.200 •r, 
the eam.plee were remoTed trom the furnace, cooled to ambient 

temperature, and weighed 1n air. The bulk densities ot the 

bumed samples were determined. b1 dividing the volume ot the 

sample as determined on the Spell-Wilson volumeter into the 

weight in air or the sample. Since the bulk densities of the 

samplee were known both before and alter buming, a compari8on 

ot the amount ot bloating tor the various eamplee could be 

made. 



Sa::iples subjected to this test were designated aa 

explained on page 59. The locations ot the shale deposit• 

are sho'Wl'l in Figure 5, page 50 and Figure 6, page ;2. The 

following samples were treated according to the foregoing 

procedures L-N·l-2·3·4·5, L-W-1·2-3-4-5, B-N-1-2-3-4-S, 

Mc·N·l-2-3-4•5, Mc-W-N-1·2-J-4·5, and M·N-l-2-J·4·S· The 
numbers one through five were used in order that the tiT• 

es.pl.as or each ty-pe o! shale could eaail;r be identified. 

Procedure tor Detenn.ining the Blo&t.ing Temperature ot 
Shale. Four teats were made to determine the tempcra.ture at 

which bloating occurred. In these teata o~ one t7pe ot 

shale was tested each time. The shale designated &a L-N, 

Liberty- Hall non-weathered shale, waa used for the first. 

teat; shale IrW, Libert7 Hall weathered shale, was used for 

the second teat; shale M-N, Martinsburg non-weathered ahale, 

was uaed for the third teat; and ahale deaignated u B-N~ 

Bral.lier non-weathered ahale, waa ueed tor the tourtb teat. 

Fort," 25.0 !. 1.0-gram sample• were prepared and weighed tor 

tour teata. The samples ot each type ot shale were numbered 

tran one to ten. Sample number one waa not tired but wu 

used to detel"llline the bulk density ot the ahale b7 means ot 

a mercury volmeter at 70 ., • 



The remaining nine &a.o.ple~ ~are placed in the furnace on 

individual. refractory slabs. The rumace was then adjusted eo 

as to reach a temperature o! 2200 °1' in two hours. S&nplee 

were removed f ran the furnace as the furnace reached the 

indicated temperature, ae shown in Table I, page 64, and. 

al.lowed to cool 1n &ir to ambient temperature. Thar were 

weighed in air and then in mercury, from vbich date. their 

bulk densities were calculated. B.r comparing the bulk den-

sities of the samples removed at the varioua temperatures, 

the temperature at which the major part o! the bloating 

occurred could be ascertained. 

Procedure for Detennining the Time of E!posure to a 

fa.rticula.r Temperature on the Bloating Cha.racteristice ot 

Shale. Eleven 25.0 ! l.O-gram snplea cf IJ.bert1 Hall, non-

we&thered shale were prepared tor .tiring. These samples were 

thoroug~ cleaned and numbered aecording to their position 

in the muffle !Urnace, !ran one through eleven. The tempera-

ture of the mu.t'fle tu.mace was raised to 2050 •r over a period 

ot two hours. The furnace was then ad.justed ao u to maintain 

this temperature throughout the teat.a. One aample was removed 

tSVery .five minutes. Thus, sample number one was removed when 

the temperature reached 2050 •11 aample number two wu removed 
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TABLI I' 

Proc.clure ~ .!!! RemoY1ng Shale Samples .lE2! Furnace 

J)ur1n& Determination !! Bloating Temperature 

Sample 
lo 

i• 
2 
3 
4 s 
6 
7 
8 
9 

10 

T•perature at 
Which S•ple Removed 

Proa Furnao• 
., 

1500 
1750 
1850 
1900 
1950 
2000 
2050 
2100 
2200 

a $ample number one vu not tired but wu 
uaed t.o detemine the bulk denait7 et 
th• ehale at 70 •r. 



fin minutes later; sdlli.plc m=h~r tt:rce ws.s removed ten 

minutes later, and so on, until sample number eleven wae 

removed fi!ty m:tnutes atter the temperature reached 2050 •r. 

The samples were cooled in air to ambient temperature and 

weighed, and their bulk densities determined b7 means of 

the mercury volumeter. By comparing the bulk densities of 

the samples removed rrom the fumece after various times of 

exposure to 2200 °F, the errect of the time ot exposure on 

bloating could be determined. 

Procedure for Determining the E!f eet ot Rapid Heatin& on 

the Bloatine Characteristics ot Shale. For this test, non-

weatbered Liberty Hall sho.le was selected aince it alresd.r 
had shown good bloating propert.ies. It waa decided to uee 

two turna.ces tor this teat rather than just one because it 

waa teared that the thermal shock of injecting the unburned 

shale into a furnace at 2050 •r -would cause disintegration 

and loss of the sample. According~, two electric muffle 

furnaces were used. In one furnace a conetant temperature 

of 1600 °F wae maintained and in the other a constant tem-

perature of 2050 °F vu maintained. 

Hine eamplee ot non-weathered L1bert1 Hall shale were 

prepared and numbered one through nine. Samples tour, .five, 

and six were placed in one ot the furnaces and the temperature 
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waa raieed from 70 to 2050 •r in a period of one hour and. 

torty-tive minutee, thereafter iuGediately removed. Sample• 

one, two, and three were placed in the other tumace which 

had previously been brought to a temperature ot l.600 •r. 
The samples were allowed to remain in this tumace at 

1600 °F tor ten ainutea and were then immediatel,y trans-

terred to the turnace maintained at 2050 •r, and allowed 

to remain tor ten minutes at this temperature. In this war, 
samples one, two, and three were brought from 70 to 2050 •r 
in tewnty Jlinutea, while e am.plea tour, ti ve, and six were 

brought from 70 to 2050 •r in one hour and forty-five 

minutes. The bulk densities were detenn.1.ned tor all siz 

samples and a ccaparison made to detena.ine the etf ect ot 

quick heating on the bloating characterietica ot the shale. 

Samples seven, eight, and nine were not tired but were used 

to determine the bulk density of the unburned non-weathered 

Liberty Hall shale. Thie wae done with a mercU17 volumet.er. 

Chem.1.c&l Anal.yaee. Chemical ana.13se• were made on non-

weathered, bumed and unburned, Liberty Hall ahale, and aleo 

on nan-weathered, unburned, MacCrady Shale. The ana.13ae• 

included detennination of loss on dr;ying at 212 •r, loss on 

tmnperature ignition at 800 to 900 •r, loss on high 
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temperature ignition at 1700 to 1800 •r, •ilica, combined. 

iron and aluminum oxides, iron oxide, (aluminum oxide by 

difference), calcium, magnesium, and combined alkali.ea. 

The samples selected were chosen because the Libert7 

Hall shale showed excellent bloating qualities and the 

Macer~ ehale exhibited. rather poor bloating qualities. 

Thus, by comparing the chemical analyses of the two ehales, 

it was thought that the component or components responsible 

tor the bloating could be detemined. 

The samples were prepared tor the anal.Ta•• b7 selecting 

samples of 25.0 !. 1.0 gram.a and grinding th• in a mortar 

until the entire sample would paae through a 200-mesh T,yler 

standard screen. Standard .methods ot an~ees were used 

throughout(S6). 

Cmparieon of Crushing Strength of Concrete Made with 

Cinder Aggregate and Concrete made with ExPand9d Shale 

Aggregate. Cammercia1 cinders, &a uaed by Concrete Product.• 

Com.pa.iv, Incorporated, Christiansburg, Virginia, were ueed 

for making the cinder concrete. Expanded shale, coneiati.ng 

ot a mixture or non-weathered IJ.berty Hall and Martinsburg 

shale, was used tor the expanded shale aggregate. Th• 

aggregates were carelully graded into eight aize rangee. 
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Theee size ranges and the percentages of the total aggregate 

in each range are ahown in Table X, page 84. 'l'f ler .tandard 

aoreena were used !or grading the aggregate. 

The ratio ot weight ot aggregate to weight ot ctlllent 

wae three to one in both inatancee. The water to cement ratio 

wu eight-tenth• to one by weight. Both llixea were prepared 

in aa much the aw manner aa vu poaaible by hand •iring. 

The mixed concrete wu molded into six-inch diameter b;y 

twelve-inch d"p cylinders by tilling the mold halt tull 

&rMi tamping titty times with a ten-pound taping rod; then 

tilling to three-quart.era tull and tamping 100 tiaeaJ then 

tilling the mold and t811.ping aeTent7-tive t.1-aJ then 

tilling the mold a eecond t.iae and tamping titty tiaea1 

filling the mold a third t:lae and tamping titt:r tiaeaJ and 

finall.r striking the top ott with a amooth plasterer'• 

trowel. 

'nl• c711ndera were placed in a curing autoclave in 

which the ate• preaaure wu maintained at 150 pounds per 

aquare inch, gage tor a period or eight houra(63). 'lll• 

ClJ'linder• were then removed tran the curing autoclave encl 

capped with plaster ot Paria tor testing. The c7llndera 

were teated in the compreaaion testing ll&Chine ot the 



Materials Testing Laboratory ot Virginia Po}¥t.ecbnie In.titute 

twent.J'•f our houra after the;r were molded. 

Data and Reeulta 

The experimental da\a and result• obtained during thia 

1nTeat1gat1on an giT«l in tabular f Ol'lle 

, Firing Schedule. Data obtained tor the tiring achedule 

uaed t.o bloat the ahale u.secl during thia ime1tigation are 

presented in Ta.ble n and Pigure 7, pagea 71 and 721 respeo• 

tiveq. 

Bulk Densities ot Unbumed Shale. The data and result• 

obtained. tor the bulk den1itie1 of the unburned Ibale are 

presented 1n Table m, page 73. 
Bulk Denaitiea ot Bumed Shale. 'nie data ancl renlta 

obtained tor the bulk d.enaitiea ot the burned ahale an 

present.ad in Table IV, page 74. 
Bank ot Bloating. The rank ot bloating and the ratioa' 

of unbumecl to burned bulk denaitiea an preaentecl in Table V, 

page 75. 
Bloating Teaperature. Data ueed tor determining the 

temperature at which blo&ting occurs are pre1ented 1n Table 

VI, page 76, am Figure• 8, 9, 10, and ll, pagea 77, 78, 79 1 

and 80, respecti~. 
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Time of Exposure. Data used tor detentlning the ettect 

of time exposure on the bloating qualities are presented in 

Table VII, page 81. 

Rapid Heating. The results obtained by rapid heating 

ot the shale an presented in Table VIII, page 82. 

Chemical Analysis. The results ot the chemical anaJ¥sea 

that were pertonned during thi• investigation are presented 

in Table ll, page 8). 

Preparing Test Czllndera. The data recorded while pre• 

paring the cinder and shale concrete cylinders are preeentec::l 

in Table I, page 84. 

Compressive Stren&tb. The data and resu.lta ot the com• 

preesive etrengthe of the ehale and cinder concrete test 

cylinders are presented. in Table XI, page 85. 
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TABLE II 

~ Obtained !2:£. !!l! Firing Schedule ~ !g Bloat .!:!!.! 
Shale ~ During .!:!:!! Course ~ lh!,! Investigation 

Tiu Thermocouple Pyrometer 
Temperature Temperature 

min ., ., 
4.0 500 500 
5.0 650 650 
6.0 800 800 
7.5 900 900 
9.0 1000 1000 

ll.O 1100 llOO 
14.0 1200 l.200 
16.5 1300 1300 
21.0 1400 1400 
25.0 1500 1520 
,30.0 1600 1650 :n.o 1700 1760 
46.0 1800 1850 
57.0 1850 1960 
71.5 2000 2100 
96.0 2100 2200 
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TABLE III 

Data Used for Calculation ot Bulk Densities ot Unburned Shala --- -- -
Samples !!:2!!! Various Deposits Located in Virginia a 

Sample Weight in Weight in Volume ot Bulk 
Numberb Air Mercury Sample Density 

p gm cc p/co 

L-N·l 25 521 10.66 2.356 
L-N-2 25 525 l0.77 2.323 
L-N-3 25 531 10.89 2.302 
L-N-4 25 522 10.68 2.349 
L-N•5 25 517 10.64 2.354 
L-W-1 25 478 9.94 2.523 
L-W-2 25 501. l0.33 2.427 
X,...W-3 25 483 10.01 2.494 
L-W-4 25 493 10.20 2.454 
L-W·S 25 480 9.95 2.516 
B-N-1 25 513 10.50 2.383 
B-N-2 25 501 10.)J 2.422 
B-N-.3 25 495 10.22 2.448 
B•N-4 25 5ll l0.49 2.394 
B-N·5 25 521 10.65 2.355 

Mc-tl-1 25 5.31 10.89 2.301 
Mc-N-2 25 547 ll.10 2.253 
Mc-N-3 25 539 10.95 2.388 
Mc•N•4 . 25 549 11.14 2.249 
Kc-N-5 25 533 10.85 2.307 
Kc-W-1 25 524 10.81 2.315 
Mc-w-2 25 531 10.89 2.303 
Mc-W-3 25 527 10.75 2.323 
Mc-W-4 ·25 522 10.68 2.344 
Mc-W-5 25 519 10.12 2.475 
M•R•l 25 522 10.68 2.347 
M-N-2 25 527 10.75 2.327 
M-N•.3 25 516 10.59 2.368 
M-N-4 25 530 10.86 2.300 
M-H-5 25 525 10.77 2.321 
a The location ot shale deposits are shown in Figure 51 

page 50, and Figure 6, page 52. 
b See code on page 59. 
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TABLE IV 

Data Uaed tor Calculation of Bulle Denait.iea ot Burned Shale• .._..,___ ._._ -
Samples !£5!! Various Depoaita l.Dcated . in Virginiab 

Saaple Weight in Weight in· Volume ot Bulk 
•llaberC Air Merclll7 Sample Denait7 

.P gtl. co gra/01 

L-H-1 24.6 162; 29.33 0.844 
L-1-2 23.4· 1262 23.12 l.OlS 
L-1-l 23.; 1960 )4.84 o.6?S 
L-N-4 24.0 2Sl0 44.20 o.;44 
L-N•S 24.1 ll.58 21.32 1.130 
L-W•l 23.2 007 l;.3; i.;1s 
L-W-2 22.8 624 12.21 1.866 
L-W•3 22.9 S9.5 11.7; 1.950 
L-W•4 22.1+ 796 l;.09 1.484 
L-W-S 22.6 690 l,3.24 l.70; 
B-lf·l 24.6 ;26 10.72 2.291 
B-5-2 2;.o SOl 10.33 2.422 
B•H•.3 24.8 sos 10.,38 2.389 
B-N-4 2;.o ;ll 10.49 2.394 
B•N•S 2;.o .521 10.6; 2.3;; 

Kc•l-1 2s.o .5.31 10.89 2.301 
Mc-1•2 2;.o .547 11.10 2.253 
Mc-1•3 2;.o S.39 10.9.5 2.288 
Mc·H-4 2;.o .549 u.14 2.249 
Mo•lf-S 2;.o SJ.3 10.s; 2.307 
Mc-W-1 2;.o .524 10.a1 2.31; 
Xc-W-2 2s.o .5.31 l0.89 2.303 
Mc-W•J 2;.o ;27 10.7; 2.323 
Mc-W•4 2;.o ;22 10.68 2.344 
Mc-W-S 2.s.o .519 10.12 2.47; 
M•ff•l 22.8 1428 2;.so o.sa; 
M•ll•2 23.1 1191 21·90 i.oss 
M•H-J 23.6 USO 21.22 1.110 
M•l-4 23.9 1414 2;.6; 0.932 
M-l•S 22.6 wn 2;.78 0.878 

& Temperature ot bloating 2000 •r. 
b location of shale deposit• are shown 1n Figure ;, 

page ;o, and Figure 6, page ;2. 
c See code on page 59. 
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TABLE V 

~!!Bloating .!!l4 Ratioa ~ ~ Densit.i•• ~Unburned!! 

Bumed. Shale Sam.plea {roa yanoua Depoeita in . Virginia• 

lank ot Saaple Bulk Bulk ll&tio ot Unburnecl 
Bloati.J.lb Numb ... Deneit.J'. Denaiq to Burned Bulk 

Unburned. Bumed DenaitJ' 

,,./co Pie• 
l W-4 2.349 0.544 4.320 
2 L-H-3 2.302 o.67S 3.410 

' L-lf-1 2.356 0.844 2.790 
4 M-H-1 2.347 o.sss 2.660 s M-N-S 2.321 0.878 2.647 
6 M-H-4 2.300 0.932 2.470 
7 L-1-2 2.323 1.015 2.288 
8 M•N•2 2.327 i.oss 2.209 
9 M-N-3 2.368 l.llO 2.130 

lO L-11-S 2.354 1.130 2.oeo 
·11 L-W-1 2.;23 1.515 l.'64 
12 L-W-4 2.454 1.481. 1.651 
13 t-w-s 2.SJ,6 l.705 l.472 
14 L-W-2 2.427 1.866 l.)05 
15 L-W-3 2.494 1.950 1.278 
16 B-N-1 2.383 2.291 1.040 
~ B-B•.3 2.448 2.389 i.024 - - . - 1.000 

& Location ot ah&l.e deposits are shown in Figare S, 
Pa&• So, and Figure 6, page 52. 

b T•perature ot bloating 2000 ., • 
• See code on page 59. 
d Samples B•H•2·4·S, and all MacCrac:lr shale did not 

bloat at 2000 •r. 
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TABLE VI 

~ Y!!! m_ Datemining lb,! Tmperature !1 Which Bloating 

Occura !2£ Libertz Hal J, Martinsburg ~ Brallier Shal.ea 

Sample Temperature Bulle Densit7 llwlber of Furnaee 

l 
2 
3 
4 
5 
6 
7 
8 
9 . 10 

L1.bert7 Libert7 
Hall Ball 
Shal .. Shal.eb ., Pie• p/ce 

70 2.36 2.47 
1500 2.22 2.41 
1750 2.38 2.40 
1850 2.23 2.38 
1900 2.30 2.39 
1950 2.10 2.30 
2000 2.04 2.24 
20SO 1.74 2.20 
2100 1.40 1.63 uoo 0~84 1.19 

a Indic&tea non-weathered 1hale. 

b Indicate• weathered shale. 

Mart.1n1burg 
Sh al.ea 

p/ce 

2.32 
2.28 
2.28 
2.30 
2.14 
2.22 
2.24 
2.04 
1.78 
0.99 

Br&lller 
Shale& 

Pie• 
2.39 
2.31 
2e30 
2.26 
2.22 
2.20 
2.17 
2.08 
l.(}8 
1.80 
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TABU: VII 

~ Y!.!S. .!'.2!, !h! Determination 21. Ii!!.,!!{ Exposure 

!2. ~ 1 .2.!l !!!.! Bloating, Characteristic• !! 
Ion-weathered Liberty.!!!!! Shale 

Time Weight in Air Weight in Mercu1"7 Bulk Denait7 
Elapsed Beto re Atter Be!ore Alter Bet ore Alter 

min f}I l!J& gm gll p p 

0 25.0 24.5 537 2.327 
5 2;.o 24.3 531 2100 2.303 0.601 

10 25.0 24.4 523 1468 3.310 o.851 
15 25.0 24.5 521 1538 2.358 0.744 
20 25.0 24.6 52.3 991 3.310 1.215 
25 25.0 24.5 527 1374 2.327 0.991 
30 25.0 23.9 529 1414 2.300 0.932 
35 25.0 24.2 533 793 2.307 1.484 

"' 25.0 24.4 528 1137 2.315 i.us 
45 25.0 24.5 525 1621 2.323 0.845 
;o 2;.o 23.2 526 007 2.334 l.;15 



TABLE VIII 

~ Densities 2£ Non•Weathered Libert: l!!!! Shale ~ Heated 

!2~1 !!! !'!!!.1!!!ll: ~Forty-five Minutes Compared ,H 

!:!!!, Densi tiee ~ Heated 1:2, i22Q. 1 !!1 Twenty Minute a 

Sample Temperature 
Kaieed troa 70 to 
2050 ., in Twent7 

Minutes 

1 
2 
3 

Average 

Bulk 
Density 

f}IJ/co 

0.469 
0.629 
0.47't 
0.5~ 

Sample Temperature 
l&ised trom 70 to 
2050 •y in Clle Hour 
Forty-live Minute• 

Sample 
Number 

4 s 
6 

Average 

Bulk · 
Densit7 

r;o/cc 

0.581 
0.639 
0.648 

0.623 

Unburned 
Shale 

Sample 
Number 

7 
8 
9 

Average 

Bulk 
Denait7 

p/co 

2.12s 
2.68,5 
2.145 
2.718 
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TABI.1 IX 

Chemical Anal,yees ~ Non-weathered MacCrady .!!!£! Liberty .!!!!! 
Shales Q>tained ~ DePosits Located in V1rginia6 

Components MacCrady Libert.7 Hall . Liberty Hall 
Shale Shale Shale 

wt s Unburned Burnedb Unburned 

Loss on Drying at 
212 ., o.2s o.oo 0.65 

Loss on Heating at 
S00-900 ., 0.26 o.oo 0.91 

Loss on Heating at 
1700-1800 ., 0.70 o.oo 1.51 

Silica 60.22 51.50 48.6,3 
Ferric Oxide 1.66 4.62 3.75 
Aluminum Oxide 3.5·30 29.45 29.16 
Calcium Oxide 4.28 
Magneeium Oxide 5.72 
Calcium Carbonate Trace 5.75 
Magnesium Carbonate Trace 7.6i 
Undetermined l.61 4.43 2.0 

Total 100.00 100.00 100.00 

a Location of shale depo&its are ehown in Figure 51 
page 50. 

b Temperature ot bloating, 2000 °F. 
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TABLE I 

Gradins .2,! Awegate ~!£.~Concrete!.£!. CompreBBive 

Strength !!il Cylinders -~ !:.2. Canpare Strengths .2! 
Cinder Concrete and Bloated Shale Concrete ---- ....................... - ---- ----- -----

Tyler Standard Screen No Ditterential. Cumulative 
Amount Retained Amount Retained 

Paa8ing Retained on on Screen on Screen 

wt% wt.~ 

3/8 6.34 6.34 
3/8 4 40.60 46.94 
4 8 15.28 62.22 
8 14 9.94 12.16 

14 28 7.95 so.u 
28 48 4.97 as.oa 
48 100 6.97 92.os 

100 Pan 7.95 100.00 



TABLE XI 

C5'11Preesive Strernrt.hs 21. Concrete .!!.!! Cylinders !!!2! ~ 
Cinders ~ Bloated Virginia Shale& 

Cinder Concrete 

Sample Weight Cinder Ultimate Unit 
Number Concrete load Strength 

Density 
lb lb/cu rt lb lb/eq in 

Cl 18.38 93.60 58,000 2051 
C2 18.33 93.35 60,000 2122 'l 

C3 18.35 94·21t 54,000 1910 

ATerage 18.33 93.47 57,.333 2028 

Bloated Shale Concrete 
Sample Weight Bloated Ultimate Unit 
Number Shale Load Strength 

Concrete 
Density 

lb lb/cu tt lb J:D/sq in 

Sl 22.39 l.14.05 117,000 4138 
S2 22.59 115.04 121,000 4279 
SJ 22.35 w.si 123,000 ~ 

ATerage 22.44 114.30 120,333 4256 

a Non-weathered Liberty Hall and Martinsburg aha.lee were 
used to make the test cylinder•. Location of shale 
deposits are shown in Figure 5, p&ge SO, and Figure 6, 
page 52. 
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Sample Calculation• 

The cal.culationa involved. in this investigation are 

presented in th~ following section: 

Bulk De•it1. 'Ihe bulk den1ity ot a sample ot ahale 

waa detenained. b7 di~cl1ng the weight ot the sample in air 

b)F the volume ot the aaaple in aercur;r. 
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The tollowing calculations all relate to aample L-N-11 

Table m, page 73• 

Bulle Volume. The bulk volume of a sample obtained b7 

dirlding the ISWI ot the weight in air and weight 1n mercUJ7 

ot the ample b,- the density ot mercury •. 

W We ·-& v • 

V • 11pec1aen bulk voluae, wa/ co 

W • spec1aen weight 1n air, p 

w8 • apeciaen weight in mel"C\lr7, ga 

Da • deneit.7 of MrcU1"7 at 70 •p, p/ co 

a • oonatant, supplied bT Jl&nut&eturer of the 

voluater<72). 

y • 
25.0 + & 

13.5434 

v • 10.66 co 
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Bulle Deneitz. The bulk density ot a esmple 1s obtained 

by dividing the "'"ight ot the sample in air b7 the bulk 

volume. 

where a 

..!.. v 

DI) • bulk density or specimen, ,,./co 

25.0 
10.66 
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IV. DISCUSSION 

The work performed in this investigation pertaining to 

the production of a lightweight aggregate concrete tram 

Virginia shale will be reviewed anci analyzed under the gen-

eral headings or discussion o! nlaterials, equiµnent, and 

conditions, discussion of results obtained, recommendations, 

and limitation.a. 

Discussion of Materials, Eguieent, and Conditions 

for Producing a Lightweight AgKregate 

The following discmJsion deals with materials, equiµnent, 

conditions, ~nd their bearing on the results obtained in this 

investigation. 

Shale Tested. The Liberty Hall (coded L-N and L-W), 

MacCrady (coded Mc-N and Mc-W), Martinsburg (coded M-N), 

and Brallier (coded B-N) ehe.lee that were Ul!led were obtained 

trom outcroppings of extensive deposits which extend from 

Permsylvania through West Virginia, Virginia, and into the 

Carollna.s(l4). The outcroppings which were used a.re all 

located within Montgomery County, Virginia. The exact 

location of the shale deposits are shown in Figures 5 and 6, 

pages 50 and 52. Other than the tact that these deposits 
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were readil.T ayailable, it wu found in the literature(l.4) 

that the shales from tbeee depoeits would have relatiYel1' 

the aae chemical and physical pr0pertiea ae those ot the 

same eean or strata in either Pennsylvania or the Carollnae. 

Shale Semf?lin.g. Two samples ot Libert1 Hall shale were 

obtained. The weathered Libert7 Hall aha.le was taken from 

the taoe ot a road cut, while the non-weathered ahale vs.a 

taken from the same road cut at a depth of approxiaateq 

one toot. The weathered Brallier ehale was ao disintegrated 

that a eatiaf 1Cto1'1 eample tor bloating could not be obtained, 

therefore, oftlT non-nathered Brallier shale was used. Thi• 

shale was taken trm a road cut by digging to a depth of two 

feet to remoYe the OYerburden weathered shale. Two ••plea 

ot MaoCrady shale, weathered and non-weathered, were used. 

1n this inTeet.igation. The weathered shale waa taken troa 
the face ot a road cut, while the non-weathered ahale vaa 

obtained by digging to a depth ot 12 to is·1nchea in order 

to raaove all the overburden weathered shale. The non• 

weathered Martinsburg shale was obtained trom a deposit 

near the eurtace by .firet removing the top three to tin 

inche1 of aoil and the raoving the s81llple. It was usuaecl· 

that thia ahale auttered no weathering aetion sinee it wu 

-yery hard and dense. 
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All of the shale eamples were obtained from the deposits 

by the "pick and shovel method. it Approx1.mately fifty pounde 

ot each type of shale was obtained. 

In view o! the manner in which sampling was done, it is 

recommended tor future investigators to obtain the non-

wea.thered shale emnples by using core drillings. Thie 

method of sampling would probably eliminate the possibility 

of obtaining any- non-weathered ahale, and also, a more rep-

resentative sample ot the shale could be obtained. 

Huttle Furnace. An electric type muffle furnace wae 

used which had inside dimensions of 10 by 4 by 3 inches. 

'Ille complete specifications tor the tumace ueed m81' be 

found in the section on Apparatus, page 55. Thia tu.mace 

was chosen because ite me:ximum temperature, 2200 °F, wae 

within the temperature range to be employed tor bloating 

the shale. 

Qle o! the major ditticultiee in using a muttle .tUinace 

ot this eise was ite small capacity. The furnace used had a 

mix1mum capacity ot twenty-five pounds or shale per tiring 

cycle. However, when the furnace was tilled to capacity 

with shale it was found that some ot the ehale failed to 
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bloat, particularly that on the inside or the pile in the 

£unlace. On the basis or this di!ficulty and the tact that 

approximatel.3' sevent1-five pounds ot expanded shale were 

necessary for making com.pressive strength cylinders, it is 

recommended that a rotary kiln capable of handling fitt7 

pounds of shale per hour be designed and constructed to 

bloat the shale. 

The shale s&:-.ples used for bloating tests were eup-

ported on ceramic slabs resting on the floor of the furnace 

during tiring. The ceramic blocko were chosen for their 

heat and shock resistant qualities. 

Sample Pre;paration. The preparation of the s&B:ples for 

firing was the same tor all shales. The shale samples were 

washed with water and cleaned of all. extraneous matter with 

a wire brush. The samples were broken from large lumpa, 

approximately two inches thick, tour inches long, and tour 

inches wide, into small pieces, approxim.ately one-halt inch 

in diameter, ot ehale in an iron m.ortar with a pestle. The 

weight of each of the samples that were used in each test 
+ WU 25.0 - 1.0 grams. 

Calibration of Them.ocouple and !'yrometer. The &lumel-

chromel thermocouple, which was used to mea.eure the tempera-

ture of the muffle furnace, was calibrated against the 
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melting point• or tin, lead, and antimon;y. The cune that 

was obtained from plotting the temperature TerBUI the 

electromotiTe torce tor the melting pointa of the metal.II 

agreed complet.eq with a standard aillbolt•temperature 

curve which vaa drawn trom publiehed data(Sl). 

The optical P7J"Clll•ter, which was used to check the 

temperatures ot the muttle furnace, waa calibrated against 

the melting points or copper and zinc wires. The pointer 

ot the meter attached to the PTl'Qlleter vu then oorreeted 

to the melting points ot the two virea. 

When both the thermocouple and optical p;yrometer wre 

used together it vu found that frca 5CX»to 1.500 ., both the 

pyraneter and thermocouple were in complete agreeent, •• 

ehown in Figure 71 page 72. Then, as the temperature in· 

creaeed tran. 1400 to 2200 •r there vaa a gradual Tari&tion 

between the tvo inetrumente. When the temperature of tbe 

optical JJ71"0lleter vu 2125 •r, the thermocouple tmperature 

vaa recorded ae UOO •r. These point• vere plotted and the 

calibration cUrYea vere drawn and used throughout the 1.nYea• 

tigation. 

Teaperature Dietribution. The temperature diatribution 

in the muffle furnace vae determined b;y placing a chromel•&l.umel 
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thermocouple at the back end ot the furnace and moving it 

forward in one-inch increments along an axia approxilllateq 

through the center ot the turnace tran back to front. Tll• 

dietance between the thennocouple head and the back end ot 

the furnace, together with the temperature, wu recorded tor 

eaoh one-inch increment. 

The results ot thia test indicated that there wu n• te-

perature gradient existing between the back wall and front end 

ot the tu.mace. 

The tact that there wu no temperature gradient in the fur-

nace was turther eubetantiated °b1' the uaa ct P,Trometric con••• 

Plaquee, each containing three cones, 03 (1920 •r), 2 (2050 •r), 
and 4 (2100 •r), were placed in the tour corner• ot the auttl• 

furnace. 'Whan the temperature ot the furnace wu 2050 •r, aa 

indicated bJ' the alumel-chromel thermocouple, it was noted that 

all of the cones were in approximatel1" the emu position) that 

ie, cone 2 down and cone 4 at 2 o'clock. Since the con•• on 

all tour plaques were in the eame position it wu aeemad that 

the t-i>er&turee in all tour corner• ot the furnace were the 

aame. 

firing Schedule. The tiring schedule that was ueed 

throughout this in'Yeetigation wae determined °b1' subjecting 

the tour types of shale uaed to various rates ot heating 
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until a !iring schedule was obtained that would allow the 

ehale to be bloated unitorm.i,-. 

In the determination ct the !iring schedule ·~ 4itti-

culties were encountered. It waB found that the temperature 

of the furnace had to be increased slow~ rrom 70 to 240 .., 

in order for the mechanic~ combined water to be driven ott. 

It the temperature wae raised too rapidljr through this range 

the ehale samples would -shatter. Another ditticult7 which was 

encountered WB.8 that in the temperature range from 900 to 

1500 °F the ehal.e would shatter 1! the rate or heating ~aa 

too rapid. Searle(6S) stated that between.932 and 1472 •r 
a quick eTolution or waters occurs. It was, therefore, nee-

esear.y to maintain an arrest in the firing curve between 900 

a.."ld 1500 °F to avoid shattering or the shale sample. Between 

1500 and 2200 °F it was neceasar;r to obtain a rate or heatinl 

t.hat would enable the shale to bloat unifo~. Too rapid a 

rate of beatin& in thie tanperature range wae found to produce 

an expanded ehale product with yary large pores, approxiaatelJ" 

three-quarters inch in diameter, which were all intercomected. 

A bloated shale of this type would not be ot an;y .uee as a light-

weight aggregate due to its very low strength. 
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After a considerable number of preliminary teet• a 

tirin& schedule was obtained that would allow the shale to 

expand properll'• This tiring schedule was then duplicated 

for all tests. 

Bloating Conditions. All of the tests were perfonaed 

at atmospheric pressure in an oxidizing atmoephere. Since 

an electric furnace was used instead of a gas-fired furnace, 

there were no unburned gases av&1lable to produce a reducing 

atmosphere. It is recommended that in future investigationa, 

a reducing atmosphere be used so that its effect, it any, on 

the bloating o! aha.le may be determined. 
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Discussion of Results 

The following discussion is presented in an attempt to 

interpret and cla.ri,fy the experimental data and results ot 

this investigation. 

Non-weathered Libertz Hall Shale. The non-weathered 

Liberty Hall shale deposit, the location of which is eholfD 

in Figure 6, page 52, yielded a shale of excellent bloating 

quility at 2050 •r. Samples L-N-4, 3, and l, ranked first, 

second, and third among the samples of shale tested with 

ratios of unburned to burned bulk densities of 4.32, 3.41, 

and 2.79, respective]¥. The average ratio ct unburned to 

burned bulk density ot all the sample• tested was J.20. 

This average value compares .tavorab~ with that ot the 

commercial lightweight s.ggregate H~ite<29) which hae an 

average ratio of unburned to burned bulk density ot 2.75. 

H8Jd.e(29) stated that the two most important factors in-

volved lfhen choosing a uhale for the commercial production 

ot a lightweight aggregate are, first, the shale must haTe 

an average ratio ot unburned to bumed bulk density- ot 2.00, 

or mere, and secon~, the temperature ot bloating must be 

below 2400 °P. Since the results of this test show that 
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non-weathered Liberty Hall shale readily !ultills both of 

the requirements aa stated by HB.1de, it is belieYed that a 

concrete or very light weight could be produced commerci~ 

tram this expanded sh a.le. 

Samples L-N-2 and ; showed ratios ot unburned to bumed. 

bulk density or 2.29 and 2.os, respectively. These values are 

considerably lower than the average ratio or 3.20 tor all ot 

the 'non-weathered Liberty Hall shale and is probably due to 

variance in the chemical and physical composition ot the 

shale and the method ot sampling. 

The average burned bulk density or the non-weathered 

Liberty Hall ehale, Table V, page 75, waa round to be 0.84 

gram. per cubic centimeter. This compares tavor&bl.T with 

Ianami te ( 63) which firee to an average burned bulk densit7 

ot 0.96 gram per cubic centimeter. The importance of the 

fired bulk dendt7 was reported by KlinetelterC33) who 

stated that. a burned bulk density ot approximately one 

gram per cubic centimeter waa desirable tor a lightweight 

aggregate since this leasen• the tendency ror the aggregate 

to eink to the bottom or rise to the top ot a wet concrete 

mass. 
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The appearance of the expanded non-weathered Liberty 

Hall ehale was the same for all five samples tested. Their 

color wae a glossy gre:y and the average pore size wae rela• 

tive~ large, ranging visually from one-thirty eecond to one• 

quarter inch in diameter. The strength ct these five fired 

samples of eha.le wae not ee good as Martinsburg &hale e.e it 

was possible to bre&.k and crush the samples by hand. Howe-ver, 

vecy few, if any, of the pores were interconnected and it is 

believed that a non-load bearing concrete ot very light 

weight could be m.ade from this shale. 

Weathered Liberty Hall Shale. The weathered Liberty 

Hall shale that waa obtained from the deposit located as 

shown in Figure 5, page 50, did not bloat very well at 

2050 •1. The average ratio ot unburned to burned bulk 

density or this shale was 1.66, as shown in Table V, 

page 75. Thie average ratio is approximatel.3 one-halt 

ot that obtained for the non-weathered Liberty Hall shale. 

The diff erenee is probab~ due to the tact that weathering 

of the Liberty Hall shale caused a decreaee in the amount 

of carbonate• or other water-soluble constituents within the 

shale by leaching, thue reducing the a.mount or gas producin& 

8\lbstances required for blo~ting. The average bulk densit1 
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of the bloated shale, Table V, page 75, was found to be 1.71 

grams per cubic oentiaeter. This value is high in comparison 

to that of the commercial cinders which have a bulk density 

of 1.U grams per cubic cent1meter(lS). The high bu.med bulk 

density and the low ratio Of unburned to burned bulk density 

are ample evidence that thie shale, by itself, could not be 

used ae a source of lightweight aggretate; however, it is 

believed that thi~ shale would not be detrimental to the 

extent of warranting ita removal from the non...weathered 

Uberty Hall shale deposit. 

The appearance of the burned 1f83thered Liberty Hill 

shale was the ssme for all five samples tested. Tte col.or 

wae a dark grey and the average pore size was relativelJ' 

eaall, ranging visually from one-thirty eecond to one-

eighth inch in diameter. 'l'he apparent 5trength of this 

ishal.e was poor, it being possible to crush the expanded 

shale by hand. 

Martinsburg Shale. From the results shown in Table V, 

page 75, it is to be noted that of tho seventeen s8t.uple6 that 

were bloated, no sBJr:ples of non-weathered Martinsburg shale 

ranked below nine in ability to bloat. The best bloating 

Martinsburg tihale was M•N•l which showed a ratio of unburned 
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to burned bulk density or 2.66. The poorest bloating sample 

ot Martinsburg shale was M-N-3 which had a ratio of densities 

ot 2.13. The average ratio was found to be 2.50 at a bloating 

tsperature ot .2050 •p. Thie shale also tultilla the require-

ments set forth by Hayde<29> in that its average ratio ot un-

burned to burned bulk density ie greater than 2.00 and its 

temperature of bloating is lese than 2400 •r. 
It is interesting to note that the Martinsburg shale m&1 

be made to bloat to a bulk density varying trcxa 0.88 to 1.11 

grams per cubic centillleter with the average being 0.99 gra 

per cubic centimeter. Thie value com.pare• quite tavorabq 

with the value proposed. by Klinetelter(.33) ot approximateq 

one gram per cubic centimeter as previously mentioned in 

the discussion on non-weathered Liberty Hall shale. Also, 

the range or the bulk densities of the burned Martinsburg 

shale b less than that of the caaercial cinders used aa 

lightweight aggretate, thus indicating a more uni.fora 

aggregate may be obtained. Part of the so-called cinders 

consist• ot very light coke•like material. which has a bulk 

density or about 1.5 gram per cubic centimeter. On the 

other hand, glaH-llke slag is often tound 1n cinder• which 

hae a bulk density of more than 2.0 gram.a per cubio 
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centimeter. ot course, other material may be found in the 

cinders having bulk densities o! anywhere tran. 0.5 to 2.0 

grams per cubic centimeter producing an average bulk density 

ot 1.41 grams per cubic centimeter(lS). 

The appearance of the burned Martinsburg shale was a veey 

dark brown color. The apparent strength or the burned shale 

was good, it being impossible to crush or break the ahale 111' 

hand. The average pore size was relativel1' large, ranging 

visuall1' trom one-eighth to one-quarter inch in diameter. 

Very few, it any, of the pores were interconnected and it is 

believed that a load•bearing concrete of very light weight 

could be made !ran this shale. 

Brallier Shale. The shale samples trom the Brallier 

deposit, location ot which is shown in Figure .5, page .50, 

did not show good bloating characteristics. Thia vu 

prob~l3'- due to the high limestone and other carbonate 

content of the shale. Rilq(66 ) determined that for any 

material to bloat it must eatiaty two conditions. First, 

the shale must have a chemical. composition with the proper 

balance ot fluxing agents such as calcium and magnedua 

carbonates, sodium and potassiua oxides, and terroua and 

terric oxides, and secondly, the material should contain 
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some substance vhich evolves a gas at or above the tusion 

point. He also stated that an excess ot gas-producing 

substances within the shale such as calcium and magnesim 

carbonates oauae an increase in the bloating temperature 

and also a higher tluidi ty of the viscous mass due to the 

fluxing action ot the carbonates and their respective oxides. 

Although a quantitative test !or limestone and other Cal'• 

bonates was not made on the Br&lller shale, the tact that 

ettervescence occurred when the samples were treated with 

acid, together with the tact that the bun1ing or the aam.plea 

according to the firing echedu1e shown in Figure 7, p&ge 72, 
eaueed the samples to become powdery and white, was con• 

sidered ample evidence that the samples were too high in 

carbonate content to be used as a lightweight aggregate. 

The general appearance of these samples after burning 

was a cellular structure in which this powdery white sub-

stance was deposited. The burned shale had a black color 

and its apparent strength was very poor in that the samples 

fractured when heated to 2050 •1. 

In view or the results on the testa on Brallier ehal.e 

ot the non-weathered type, it is not deemed advisable to use 

the shale obtained !rem the deposit located as shown in 

Figure 5, page 50, tor the production ot a lightweight 

aggregate. 
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Weath~red and Non-weathered Macer~ Shale. The MacCrady' 

ahal.e deposit located as shown in figure 6, page 52, 7ielded 

a hard red shale that burned without bloating to a brick-like 

product. According~, bulk density tests were not made on 
' this burned shale. The brick-like product tomed is probably 

due to the high &lnm1na and silica content of the shale. Fraa 

the very nature and appearance ot the fired product the shale 

ot thie deposit may prove .feasible tor building brick m.anufac-

ture a.nd it is recommended that the necessary test• required on 

raw materials tor brick manutacture be performed and the aha.le 

evaluated for such use. 

Determination or the Temperature ot Bloat.in!• In this 

test it was desired to detenrlne the temperature at 'Which the 

poorer bloating shales expanded since any piece ot apparatus 

used to bloat the shales uaed in this investigation would have 

to be operated at the temperature req_uired to bloat the 

poorest shale. Therefore, non-weathered Uberty Hall, 

Martinsburg, and Brallier ehales,'together with weathered 

L1bert;r Hall aha.le, were selected tor these tests. Figure 8, 

page 17, ahoWI graphically the results of a teet 1n 'Which ten 

samples ot non-weathered Liberty Hall ehale were bumed 

according to the tiring schedule as shown in Figure 7, page 72. 
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Che sample ot the non-weathered Liberty Hall shale vaa withdrawn 

trom the furnace as the temperature reached each or the follow-

ing points: 1500, 1750, 1850, 1900, 1950, 20001 2050, 2100, 

and 2200 °F. The bulk density ot each of the samples vu 

determined and plotted against the temperature at which it 

was withdrawn tran the mutf'le furnace, aa shown in Figure S, 

page 77. The resulting curve shows that from 70 to 2000 •r, 
the bulk density decreased only traa 2.36 to 2.04 grama per 

cubic centimeter while trom. a temperature ot 2000 to 2200 °1 

the bulk densit7 decreased fraa 2.04 to 0.84 gram per cubia 

centimeter. Thue, it ie eeen that very little bloating 

occurred be.fore the temperature reached 2000 °F and prac• 

tic~ all of the bloating occurred 1n the temperature range 

trom 2000 to 2200 oP. 

The test made on the Liberty Hall weathered. ah&l.e resulted 

in the curve shown in Figure 9, page 78. In thie case, the 

bulk denBity decreased t'l"Olll 2.47 grams per cubic cent.iaeter 

at 70 °F to 2 .24 grams per cubic centimeter at 2000 •r, while 

it decreased from 2.24 to 1.19 gram.e per cubie centimeter in 

the temperature range tram 2000 to 2200 •1. 
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The teat made on non-weathered Martinsburg shale show 

in Figure 10, page 79, was similar to the test ma.de on the 

non-weathered Uberty Hall shale. In thi& case, the bulk 

density decreased from 2.32 grams per cubic centimeter at 

70 •p to 2. 24 grams per cubic centimeter at 2000 °P', while 

it decreased from 2.24 to 0.89 gram per cubic centimeter in 

the temperature range trcm 2000 to 2200 •r. 
The test made on the Brallier shale, which was the 

poorest bloating ehale that was considered during thi• 

investigation, resulted in the curve shown in Figure 11, 

page eo. The bulk densit7 decreased from 2.39 grams per 

cubic centimeter at 70 •y to 2.17 grams per cubic centimeter 

at 2000 •r, while tram 2000 to 2200 •y it onq decreased 

trom 2.17 to l.SO grams per cubic centimeter. 

Thust it is seen that none ot these samples bloated 

appreciab~ until a temperature above 1950 •p was reached. 

Each curve, as shown in Figurell!I 8, 9, 10, and ll, page• 77, 

78, 79, and eo, respectively, broke sharply do-wnward 'Wheti 

this temperature waa reached, indicating that the min1aua 

temperature for bloating of the ahales tested was 1950 •p 

when heated according to the tiring schedule shO'Wll in 

Figure 7, page 72. However, the extent of complete 
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bloating necessary to produce a lightweight aggregate ot 

desired. bulk density was not obtained until a temperature 

of 20;o °F was reached. 

Deterpd.nation of the Et!ect ot Time of Exposure to 

2050 ., on the Bloating of Non-weathered Liberty Rall Shale. 

As shown in Figure S, page 77, bloating began at 2000 •r 
for the non-weathered Liberty Hall shale. It we.a desired 

to detennine it prolonged exposure to this temperature wuld 

increase the bloating of the ehale. Accordingly, elnm 

samples of non-weathered Liberty Hall ahale were placed in 

the turnace and the temperature raised according to the tiring 

schedule as shown in Figure 7, page 72, to 2050 •F. The tem• 

perature was maintained at this point for the duration of the 

test. Samples were removed from the furnace alter being 

exposed to 2050 •r tor 5, 10, l5, 20, 25, 30, 35, 4(), 45, 

and 50 minutes. The bulk density ot each sample vu deter-

mined to indicate the ex.tent ot bloating. 

This test waa made with the expectation that the longer 

a particular umple was expo1ed to this temperature ot 
2050 ., ' the greater the degree or bloating that could be 

expected. However, it waa also conceived that alter 

exposure tor a certain period of time, bloating would 
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begin to cease and the bulk density ot the eaple would increase 

due to the tusing ot the sample. Contrary to expectations, hov• 

eTer, no definite relation could be found betveen the degree of 

bloating ot the non-weathered Liberty Hall 1hale and the time 

ot exposure to 2050 •r. This is brought out by the reault1 of 

the test, shown in Table VII, page 81, which show that the bulk 

density or the shale when exposed to 2050 °F for 5, 10, 15, 20, 

25, 30, 35, 40, 45, and 50 were o.601, o.a51, 0.744, 1.215, 

0.991, 0.932, l.4s4, 1.ll5, 0.485, and 1.515 grama per cuba 

centimeter, reepective~. 

From these reeulte, it can be seen that no regular in-

crease or decrease in bulk density can be expected by 1"8ason 

of heating non-weathered Liberty Hall shale at 2050 •1 tor 

periods up to 45 ndnutea. This is probabq due to variance 

in chemical and physical composition of the non-weathered 

Liberty Hall shale that was tested. 

Determination of the Eff eot or Rate ot Heating on the 

Bloating of Non-weathered Liberty Hall Shale. This teet WllfJ 

made to determine the ettect ot heating the shale rapi~ to 

2050 °F on its bloating. The temperature ct three e1mplea 

of non-weathered Liberty Hall shale WSIJ raised trm 70 te 

2050 Of in a period Of 20 minutes, af'ter 'Which time th• 
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samples were removed from the muttle turnace and cooled in 

air to ambient temperature. The teroperature or three other 

samples or non-weathered Liberty Hall shale vu raised tJ'OJI 

70 to 2050 •p over a period o! one hour and 45 minutes accord-

ing to the firing schedule shown in Figure 7, page 72. 

Table vm, page 82, gives the results ot these teat.a and 

it is seen that the shale bloated to a bulk density ot 0.469 

gram per cubic centimeter lfhen the temperature was raised 

from 70 to 2050 •r in 20 minutes while it bloated to a bulk 

density of o. 581 gram per cubic centimeter when the tempera-

ture was raised from 70 to 2050 •y over a period ot one hour 

and 45 minutes. Therefore, the rapid heating does not in• 

crease the amount ot bloating but, in this case, the rapid.l;r 

heated samples were lower in bulk density than the alovq 

heated samples. It. is possible that this was due to a 

variation in the chemical and. peyeical composition ot the 

samples. 

It is belined t.hat the slowly heated samples bloated 

to a aax1J11U11 point and then, due to continued heating, began 

t.o fUse and run together and in this W8:J' experienced tbia 

slight increase in density. On the other hand, the rapidq 
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heated shale• were not exposed to 2050 •p !or a long enough 

period to undergo this tusion and resulted in increaeed bulk 

densit7. 

Etfect of Chemical Composition on the Bloating Qual.itiee 

ot Shale. Chemical 1na]\rsea were made ot two typee ot 8hal.e. 

Non-weathered MacCrad1 ahale vaa selected as a typical non• 

bloating ebale and non•weathered. L1bert7 Hall •hale was 

eelected as typical of good bloating shale. BT coapari.ng 

the anaqses of theee two ahalea, it was thought that the 

eCllnpOnent or ccmponenta responsible for the superior bloating 

qualities ot non•we&thered Liberty. Hall ahale eould be detected. 

Table II, page 83, ehowe the reault1 of the chemical anal¥•••· 

The analyses of the burned and unburned Libert7 Hall ehalea 

indicates a dit!'erence in chemical. composition ot the two 

samples anal.7zed. Thia dif'terence 11 ahown 1n the enaqeia 

tor calcium oxide calculated as cal.cium carbonate in the un-

burned sample and calcium oxide in the bumed emnple. Th• 

'lD'lbumed Liberty Hall shale contained 5,75 per cent cal.ci"s 

carbonate and the burned sample ot Liberty Hall shale an&qzed 

·contained 4.28 per cent calciUJI oxide. 'l'he theoretical amount 

of calcium oJdde that could be obtained troa 5. 75 per cent 

calcium c a.rbonate is .3·22 per cent and whe11: corrected tor the 
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loss on high temperature ignition this percentage of calcium 

oxide is 3.32. The increase o! 0.96 per cent is probabl,y due 

to a dil'ference in chemical composition between the two non-

weathered Liberty Hall shale samples e.nalyzed. 

Ri1.ey{66), in 1951, developed a compoeition die.gram ot 

major oxides showing the area in which clays fired below 

21+00 °F .term a mass viscous enough to insure good bloating. 

This diagram, Figure 12, page 1121 shows the podticn of the 

tlio sha.lee, non-weathered. MacCrady and Liberty Hall, together 

with Haydi te (1.S), a comu-.ercial lightweight aggregate. The 

points representing the ccmposition ot these three shales on 

the diagrSJ;i were obtained from the chemical a.n~sea or the 

shales. An average compo&ition value was used for the non-

weathered Liberty Hall eha.l.e due to & variance in the chemical. 

composition ot the Liberty Hall aha.le analyzed. It can be 

seen from Figure 121 page 112, that the non-weathered Libert.7 

Hall shtle lies within the area of bloating ae does the eom• 

m'ilrcial aggregate, H~dite. According to Riley, aey- point 

falling within this area o! bloating aatis!ies one of the two 

conditions necessary for bloating; that is, it must have a 

chemical composition with & proper balE.lllce of fluxing agentej 

silica, and alumina to allow it to produce a melt of viscodt7 
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high enough to trap a gae. It is evident that the non-weathered 

Liberty Hall ehale had the proper balance of nunng agent• 

which in the case ot thie shale were Fe20)1 CaO, MgO, and 

(Na, I)20, the latter being ~seumed present in the undetermined 

component ot the analyeee shown in Table II, page 83. The non• 

weathered Libert,. Hall shale also undoubt~ eatiefie1 the 

second condition necessary tor bloating as reported by Ril971 

that is, a gas be liberated at or aboTe the tuaion temperature 

which in the case of the Liberty Hall •hale waa 2050 •r. Fros 

the cheai.cal. anaqaea it can be eeen that the gas liberated waa 

probab)¥ due to the calcium. carbonate and the aagnesiua car-

bonate decomposing into their respective oxides end carbon 

dioxide gas. 'nli8 carbon dioxide Wa& entrapped in the VU• 

coua a&l:lB causing the Liberty Hall ahal.e to bloat. 

From the chmical anaqsis of the non-weathered MacCradT 

ehale, together with the ccmpoaition diagram. ahown in Figure 12, 

page ll2, two definite reasons can be ad-tanced tor the non• 

blo&ting properties 0£ this ehale at 2050 •r, The tiret reuon 

ie that the shale contained on.q traces or gu producing eub• 

stanceB wch &a calcium and magnesium carbonate•• Thi• i• 

evident from the chemical analysis or the MaoCrady shale 

which ehows that 95. 52 per cent of the ehale was composed. of 
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alumina and silica, 1.26 per cent volatile matter, traces of 

calcium and roagnesiwa carbonates, 1.66 per cent ferric o:xide, 

and 1.61 per cent undetermined. The two latter components 

vere assumed to be the fluxing ~gents in the shale. The 

second &.nd probably the most iitportant re&son that the non-

weathered E&.eCr&dy shale t«>uld not bloat at 2050 °F is due to 

the improper balance of the fluxing agents within the shale. 

In Figure 12, pe.ge ll2, non-weath~red MacCrady shale ilea 

outside the area of bloating proposed by Rile,(66 ). Thia is 

probably due to the low ~uantity or !lux:L~g at;ents which ie 

assumed to be J.27 per cent and also the high, 95.52 per cent 

or alumina and silica. 

Thir> shale could probably" be made to bloat by the use 

of additives BUch ae calcium &nd magnesium carbonates which 

WO\Wi increase the lmlOunt. O! fluxing agents SO that the 

chaaical composition of the shal~ would tall ldthin the 

area of bloating. The use of such additives as carbonates 

would probab~ produce the necessary ~&s that woul.d enable 

the l~acCrady shale to bloat at its fusion point. 

Comparative Ccmpressive Strenfill.e of Concrete Made with 

Cinder as an Aggregate and of Concrete Made with Bloated Shale 

as an Aggregate. Table XI, page S5, gives the results of 
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compressive strength• made on oinder-concrete cylinder• and 

bloated shale-concrete cylinders. A two to one weight ratio 

.,, ot non-weathered Liberty Hall shale to non-weathered Martina• 

burg shale was used as the aggregate in these tests. The 

weight ratio of canent to aggregate was one to three. 

Approximately seventy-ti ve pounds ot expanded aha.le were 

neceeaa.ry tor aaking the test cylinders and since the capacity 

ot the turnaoe waa ~ twent)r-tive pound.a per tiring cycle, 

it wu tboupt that bT using appl"QX1aateq twent7-ti'Ye pounda 

ot preYiouall' bloated non-weathered Martinaburg ehale oon-. 
aiderabl.7 tiae cou1d be saved. Aa shown in Table n, page 8S1 

the wight ot the individual. cylinder& made. with cinder did 

not vary aore than 0.50 pound while cylinder• made with bloated 

shale Yarled leas than 0.25 pound. Thus, it ia believed that 

the method of making and tamping the concrete cylinder• vu 

quite ad.8'luate tor this teat. 

'l'he density of the cinder concrete vu 93.47 pound• per 

cubic toot, while the density ot the bloated ahale concrete 

wu ll.4 • .3 pound.a per cubic toot. The bloated ahal.e concrete 

wu, therefore, 20.8) pounds per cubic toot heavier than the 

cinder concrete. Ordinary eand and gravel concrete weigh• 

approximately 145.0 pounds per cubic toot, which 1a aore than 

'I 
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thirty pounde per cubic toot heavier than the bloated shale 

concrete. The reason for the bloated shale concrete being 

heavier than the cinder concrete was due to the fact that 

tw furnaces, each containing twenty-!ive pound.a ot non• 

weathered Uberty Hall eh ale, were used to bloat enough 

' ehale for the cylirxiere. The result was that aaae ot the 

shale tailed to bloat, .particularly that on the inside of the 

pile in the furnace. From a ccaparison ot the tired bulk 
' 

dena1t.1e8 of the cinders and non-weathered Liberty Hall and 

Martinsburg shales it is believed that it all of the shale 

had been properq tired, the density ot the ahale~oncrete 

wuld have ranged tran 86 to 88 pounds per cubic. toot. 

The average compreaeive atrength ot the three einder-

concrete cylinders was 2020 pounds per square inch, while 

the average ot the three bloated shale-concrete eyllndera 

tested waa 4256 pounds per square inch. The average com-

preeeive strength for a ....one to three sand to cement wight 

ratio is 5280 pounds per square inch(63). The unit atrengtha 

ot both the cinder and expanded shale concrete cylinders did 

not Y&ey more than 212 pounds per square inch. The bloated 

shale-concrete wa1 more than twice as strong as the cinder• 
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conc.rete but soree ot this strength ie due to the fact that 

all ot the aggregate in the bloated shale concrete did not 

bloat thus making the concrete more, dense and stronger than 

if all of the non-weathered Liberty Hall shale bad expanded 

as in prffious control tests. In spite or this, the caa-

pressive strengths obtained a.re ample evidence that a 

euperior concre~e can be made from a mixture ot non• 

weathered Liberty Hall and Martinsburg shales to that 

ldlioh can be made t:raa commercial cinders. now available 

tor maldng concrete. 
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Reco111nendatione 

A number ot improvements in both experimental. apparatus 

and technique suggested themselves during the course ot thie 

investigation. The following paragraphs contain recommenda• 

tione to be considered 1n tuture i.n'Yestigations. 

Rotan Kiln. A rotary kiln capable ot handling ti.tw 

pounds o! shale per hour should be designed and constructed 

to bloat the shale. Also, the lining ot the kiln should be 

ot a material capabl.e ot 'Withstanding temperatures to 2500 •1. 

Higher Bloating Temperatures. The shale asm.plea should 

be subjected to ta:nperatures above 2200 ., to determine the 

temperature at which bloating ceases and the bulk den11it7 

begins to increase again. 

Chemical and Petrographic An!1zaea. Thorough chemical. 

and petrographic ~eea should be made ot a good bloating 

shale and a poor bloating. shale, which include• the deter-

mination ot the alkali metals, to determine the effect ot 

their nwd.ng action on the bloating ot the eh&le. 

Co!wreesive Strength Teat. A minimum ot fifty pound1 

shale ot each type should be bloated in order to make con-

crete cylinders eo that a comparison can be made of the atrengtha 

ot concrete produced from aggregate of different bulk densities. 
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Tn>es of Shale. Only tour types of shale were used 

during this investigation. It is tt.eretore recomm.ended that 

eeveral other types ot shale formations, naae}J' ,_ Rame, 

Cambrian, Athens, Y.J.llboro, and Warsaw, be 1nve5tigated so 

that a comparieon can be aade o! all the dif!erent types ot 

shale formations throughout the state of Virginia. 

Condition ot Shale. A thorough investigation should 

be made ot t.he effect or weathering and non-weathering on 

the bloating characteristics of Virginia shale. 

T.tpe ot Ataosrhere. Testa should be made to determine 

it the t;ype ot ataosphere, oxidizing or reducing, have 8n1' 

ettect on the bloating of shale. 
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Lilld.tationa 

The toll.owing paragraph.a contain the llmitationa under 

which thia investigation vaa perto:naed. 

§hale Samples. The shale aaplee used in this inTestiga-

tion were of tour ditterent tJP•8 ot shale f 01'11.&tion, LibertJ' 

Hall, MacCr&d:T, Mart.inaburg, and Bralller ahalee. The location 

ot th••• depoeit. aa ehown in Figures S and 6, pagea .50 and 52, 

are a definite llaitation in that shale varies in ita chaical 

coapoeitioa tor each depoait. 

Huttle Furnace. A •axiaua ot twent.7 25-gru. eamplee ot 

al'lal.e could be bloated at one time in the autne hmac• 

available. It vu found, when the autne furnace vu loaded 

with approxiaatel1" twent7 pound• ot oruabed shale, that auch 

ot the shale on the interior ot the pile did not bloat. It 

ie tor the1e reaeona that future inYeatigatora in thia tiel4 

are adTi.eed to •I>lo.T a rotar,r kiln capable ot handlin& between 

thirt.)' and tift7 pounda per hour. 

Temperature Range. Pigurea 8, 9, 10, cid 11, page• 77, 
'181 791 and SO, ahov that bloating continues with the ahalea 

teated until the ••xS am temperature of 2200 •r used in thi• 

investigation vaa reached~ It would be desirable to know the 
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i911perature at which thie decrease in bulk density eeaaee and 

the temperatui-e at which the bulk density begin• to increaee 

again due to fuaion ot the shale. The lining of the muttl.e 

tu.mace wsed would not withetand temperatures in exceH ot 

2.200 •r. Qle attempt to raise the temperature to 2300 •r 
reeulted in nTere damage to the lining o! the m.ittle turnaee. 

Anagaes. Onq chaical anaqees were pertoraed in thia 

inT8at.igationJ conaequentq, no knowledge ot the Dlineral coa-

poa1t1on or structure wu obtained tor the ahale. It ia tor 

t.hia reason that a petrographic anal.)raia u well aa a chadeal. 

anaqeia ahould be perfol'9ed. 



V. CONCLUSIONS 

From the resulte o! the investigation of the bloating 

qualities of weathered and non-weathered Liberty Hall shale, 

weathered and non-weathered MaeCrady shale, Ha.rtinsburg shale• 

and Brallier shale taken from deposits located in the state 

of Virginia, as 8hown in Figures 5 and 6, pages 50 and 52, 

t.he following conclusions can be drawn: 

1. For the best bloating shale teated, non-weathered. 

Liberty Hall, the bulk density was reduced from 2.349 to 0.544 

gram per cubic centimeter and for the poorest bloating shale, 

Brallier, the bulk density was reduced from 2.448 to 2.389 

grams per cubic centimeter when heated in a muffle tuma.ce 

to 2200 °F OTer a period of one hour and thirt7-sixminutes. 

The average reduction in bulk density for the shale that waa 

bloated was from 2.351 to 1.210 grams per cubic centimeter. 

2. The average reduction in bulk density ot Liberty Hall, 

weathered and non ... weathered, Martinsburg, ancl Brallier ehalea. 

when brought to temperature or 2200 °F in a period ot one 

hour and thirty-eix minutee ia trom 2.770 to 1.200 grams per 

cubic centimeter. or this reduction in bulk denaity, ~ 

12.5 per cent occurred. when the aamples were brought !roa 
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70 to 1900 •r,· while 67.5 per cent ot the reduction in bulk 

density occurred while tho temperatures or the samples were 

being raised from 1900 to 2200 •y. 

3. Non-weathered Liberty Hall shnle doee not decrease 

in bulk density by reason or prolonged heating up to !i.t't)" 

minutes at a temperature ot 2050 °F. The bulk der.Bity ot a 

ample or the non-weathered Liberty Hall 5hale when heated 

onl.3' rive minutes at 2050 •y was 0.601 gram per cubic centi-

meter, while another sample of the same type ehale heated 

for thirty-five minutes w~ 1.484 grams per cubic centimeter. 

4. The bulk density or non-weathered Libert1 Hall shale 

when heated to a temperature ot 2050 •r in a period ot one 

hour and forty•tive minutes ie greater, 0.623 gram per cubic 

centimeter, than when heated to 2050 °F in a period of twenty 

minutes, 0.524 gram per cubic centimeter. 

5. Weathered and non-weathered MacCrady ahale doee not 

bloat within the temperature range ot 70 to 2200 •r. The 

average bulk density ot MacCrady aha.le, weathered &nd non-

weathered, was 2.327 grams per cubic centimeter. 

6. Cinder concrete made !rom commercial power plant 

cinders obtained from Concrete Products Co., Inc., Christiana• 

burg, Virginia, weighed 93.4 pounds per cubic toot and had a 
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• 

compressive strength ot 2028 pounds per square inch, while 

concrete ma.de from a mixture of Liberty Hill non-weathered 

shale and Martinsburg shale weighed 114.3 pounda per cubie 

toot and had a comprea&ive strength of 4256 pounds per square 

inch. Both concrete mixes were ma.de in the proportions ot 

one pert water to 1.54 parts cement to 4,3g parts aggregate 

by weight. Both the cinder aggregate and the bloated eha.le 

eggregate were separated into eight ·eize ranges in identical. 

amounts. Both type~ o! concrete were made the same dayt cured 

in the 8ai:te manner, and tested in compreeaion on the same dq. 
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VI. SOW.ARI 

Thi's investigation was undertaken to determine the 

f eaeibility or producing a cellular, lightweight product 

by subjecting ehales to tet:lperatures ot 2100 ! 100 •r in 

a muttle furnace. Such a product can be utilized ae an 

aggregate f cr lightweieht concrete to supplement cinder• 

which hav-e long been used. The growing scarcity of cinder• 

and the inf'ericr quality of the cinders now available aecount 

for the demand tor another material to replace them. 

Samples ot weathered and non-weathered, Liberty Hall. ehaleJ 

non-weathered, Martinsburg shale; weathered and non-weathered, 

MacCrady shale; and non-weathered, Brillier shale were ob-

tained from deposits located in the state of Virginia. The 

degree ot bloating or expansion of the shales was measured 

by determining the bulk density of the shale before and after 

exposure to 2100 ! 100 •1. 

The beet bloating shale investigated, non-weathered 

Liberty He.11, bloated rrom a bulk deneity ot 2.349 to 0.544 

gram. per cubic centimeterJ while the poorest bloating shale, 

Brallier, bloated from 2.44a to 2.389 grams per cubic centi-

meter. In a tiring test on tour types ot ehale, weathered 

and non-weathered Liberty Hall and non-weathered Martineburg 
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and Brallier, it wu determined that onq 12.5 per eent ot 

the total bloating occurred in the temperature range between 

70 and 1?00 •r, while S7.5 per cent occurred in the tempera-

ture range trOlll 1900 to 2200 •1. 

In tiring tests using non-weathered Liberty Hall shale it 

vu found that no additional bloating occurred attar prolonged. 

heating a.t 2050 •r tor tort,'-tive minutes. Thia wae incUcatecl 

b7 no change in the bulk deneitie• ot the tired and unfired 

teat specimens. 

Additional firin~ tests using apecima~a ot non-weathered 

Liberty Hall. ahale indicated that a rapid tiring •chedule waa 

conduciYe to good bloating. The specimens showed bulk den• 

e1t1ea of 0.524 and 0.623 gram per cubic centimeter when 

heated to 2050 •p in twenty minutes and one hour and f ort.r-

ti ve minutes, respective~. 

Weathered and non-weathered MacCrady ehal.e lhond no 

bleating tendenciea at the temperature• uaed. in thi• inv~eti• 

gation. 

The deneitiee ot cinder concrete and bloating aha.le con• 

crete were 93.47 and lllu3 pound• per cubic toot, reepectiveq. 

The densities of these materials compare tavorabq with orclin&rT 

•and and granl concrete which weighs approximateq 145 pound8 

per cubic toot. 
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