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p. 2, line 12 - "that fewer me:S.surements could be 
made' etc., ll suggest this be amplifi al. 

p. 4, 11 Soluble salts. 11 Why mention this if nothing is to 
be reported? 

p. 5, line 9, etc. - "The limited amount ofc: data, etc." 
Suggest this sentence be deleted as it would 
seem sufficient to point of the superiority 
of Illinois brick. 

p. ·5, last sentence. - Suggest this sentence be deleted unless 
some statistical treatment is considered. 

Table 6. - Suggest that "Most probable" values be defined. 

· Suggest that "Variation in dimensions" values be 
defined. 

Suggest that each fi ~-ure carries a descriptive 
notation assisting in its interpretation. 

Cl· rJ!J. 
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Dr. t.Tohn rg . F1inoh 

Di d. hi .0 · undergr a.dua..te work a t Colt?ate University 

~nd rec e ived hi s Doctor's (D. Sc . ) deg·ree f rom the Univer­

sity o~ Chica ~o. He s pecialized 1n ~eolo~y tnd mining 

eng i neering ~1.nd h a.s had wide exp -t1ri ·ne e in mineral explora -

· ion s well a s in te -s~.chinp; . He haa se , v,ed as minin~ con­

sultant in Sm.1,..h 1- frica; 1rurlr~cy an (~ ,ht) Mea r .'.:i st, and in. 

t he Ori ent; was ·01•ofesso.:r I:~cononic Geolop.·y a t ·the Colo:ra.do 

School f 1::H.nes · .nd Dean or t e ,~c110 1 of z.,1nes a t t h e Uni ­
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TECHNOLOGIC TR.ENDS IN THE PRODUCTION AND UTILIZATION - . . . 17 Misce f/a•l!'DCI. ~::,, 19.LJ 

1 f':,i, Sle; n~ I I 
OF CLlJ: AND CLJ\Y PRO.IlTCTS f LL( i· rlS STI\TE 

* * * * * * *, GEOLOGlC/\L ''Ui<VEY 
Fred L • . Steinhoff', Fditor,. BRICK & WY RECORD, CRIGA\.#"---..-.....--._ __ ..i 

Six y s of depression have not been withou.t their effect on the cley 
p odllcts indu.str:y. ".the economic upheaval caused by the almost total cessa tioa 
of building has tended to develop in the mind ,,. -f".h~ oley produ~ts manufacturer 
e. different conception of hi s possibilities. OIU'ing the building boos ot the '· · 
previous decade many manufacturers eacew, •• v.lgorously pursued two tendencies 
in tbe de.velopment ot their business :tlaase 11•• - cme, specialization to s 
high degree and - two, th~ theo17 or e,;paading trading areas through lo1r cost 
mass -orodl.!._c_1iiion2 ,.ahese two tendencies did not work out 1IIIIIJ' well w.i.419 411,e 1 

( ~epti.il& ~·c»· o~--tbree concentrated ~~~g ~ for the follo~.d.ng reasons: 

Clay or good quality is, not scarce. Higb shipping · oosts ef'f'eeti vely detine 
markets. · Efficient plants of moderate size can. ~oduoe J·u.st as cheuply as plants 
of ~e capac1 fu. As , the · deprossion closed down. uoon the industry these te.cta 
became appe.rent ·tmd el.L7 -plants found thaasalves once agaili restricted largely to 
their natural trading aren·s in whieb. they en.joyed a commerci:rJ. advantage due to 
proximitq and l.ower shipping eos~s. 

s a result manufacturers have pu.t more intensive thought on their two primery 
assets, their olcy pi · end their el&,y plE.ntJ in order to exploit, to the utmost 
theµ- possibilities 1n the production of 1.-w3.:res which can be comi)etitively sold 
within so-ecl.J.ed local. markets. 'l'he idea of mass producti((l_ ?f a ~gle item is 
rapidly giving way to efficient production i E\ diversi.tied ~ products. 

Pe:rhaps this is not striotly in line with 'iIJ3 subject of tecbilologic uends 
but it is essential t,o have this picture in order to understand the moti. vating 
forcEl!I behind t.he technologic trends +;ae+. I shdi diseussu1 ~ '!hese motivating foroes 
can be grou: ed under six. me.j or heads: · 1t to ,.(,..e • 

U.) Eeonomio influences (freight rates, general. business,- etc.) 
(.2) Competition 
(SJ Desire for additional profit 
f.4J. Labor conditions 
ts Go11ernmental notions (NRA restrictions on wages and hours, eta.) 
(6 latu:r-al desire to progress · 

All of these forces have ~tteeted and will in the future foroe important 
changes in the oley industry. , i ee:, -•~ 'la ealBl!11ee I wdlliel '.ee :rmee :i:ndeal if: 
l fmi J Q<i in btd:o paper 4,e pair•~ -.ili a f.ew el 1i11f1 e• l,1\el!)l'&~ti••a •t ,htA.rfe 

~ t' trends 'lliltllla have not as yet ,manifested thaaselves because of the extremely low 1 

I'- opere-.ting ratio o:f this indastr.y but ,ti h i t ai'J~~wW!i- come· to light 
w.1.th retum. to more nearly normcl. activiv as .. result of roots already sprouted • 

. Undoubtedly other speakers at this conference ,7Ul deal more oomp:rehens1V8q 
w1 th the above factors, and perhaps others, because several or all of these e.ffeet. 
almost every branch 0£ the mineral industiy. They should, hoTieVer, be kept in \ 
mind as the mot.iv,at.ing forces behind.

1 
~ologic develo~ents, or trends. 

... ,, :J " .f ,, • 

Teohnologie ·developllents naturally group themselves ander three generel hoods: 

l1l New •equipment and processes. 
l2) lew products 
l 5~ New uses~ old l,)roduets. fj,';._ 

J 
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"Un<Loubtedly the major develop:nent in nevi equipm.ent- is the prl.natple of de- ~ 
olring. It is perhaps the outstanding developaent o the centary in the utUisa-
t.i. n of· ol.ay. De-airing removes air fl-om a plasUe elay mass bf maens of a vacma 
pump a11pll. o the barrel of the auger machine j"Qat preeedi.Dg the for!ll,Utian 'of · 
the bar or column .. 

llie appllootion of de-~g has nade possible an improved body structure 
enubl.ing better prodw:rt.s to be made; develo~ent of' n~ -:r_ end :romerly utmanble elay 
deposi.ts; d the production of pro cts hm etofore iJBpossible r.r ·. certain. types 
of clays. Some 200 de--dring uni ts huvc be in~talled in the oli7 industq. It 
has i.nc:reased ~et possibilities. of Olo.y plants be , se it l?i,i'.4res possible a 
greater_ diver$li'ica.tion of produets and thererore e grer.ter utillzation of existing , 
clays and plant equipment. · 

Dew high-intensity: se_ erators give promise of solving the pl' bleil of" el:ba1net­
ing such blpurities a.s writes~ mi•aa., d other f'eebly magaeti substance~.. For 
certain Illinois aley-s this devclo ant make it_ possi.ble to produee higher 
re:rraotoraess, ,e.nd better color. 1"his principle might be employed upon Illinois 
kaolins, . stonewe.re clays and fire cleys used in re.f'ractorieo, sewer pipe, and £ace -
b_r•ick proda.otion. 

· Higher .ti-eight ra es - ti gover.o."Uentcl or economic: infiu.81100 a:s you might choose 
to ~l' it - now mekes it po sible to spend additional iloriey to further re:tine 
Illinois clays. By this I mean that repeated percentage. increases in freight rates 
have increased the differential between eastern Ohio end l10stern Permsyl vani ·· brick 
and Illinois brlclc thus permi.tting the Illinois· ~acturer u,- utilize this 
inaroosed differential in product hrproverae.nt. To a certain extent this so 
applies to other clay productS. such as refractories, stonewnre,, and' terra cotta.. 

A prominent ref:r.-aetories ma1m.:faetu:rer in t'he ~st is at ~nsmt working -with li 

agi1etic separator in the '.expectation of' utUim.ng a. elay which cannot be used /. 
· unless impurities ere removed. 

q I Pr@EAj.'i,+1.S 

~. Y\ Th.is -is a comparatively new developnent s.imiler to a rotary dryer in princ1ple 
but ·cloiraed to be a clleaper l'J.id less ponderous machine. ' e in>)ttlL.:1,tion (on en 
Illinois plant) is for · the purpose o remOY.ing sulphur f~ i1re:=a1ry and for 

· rendering frozen or exa:essively moisture laden cl'W mo:re• 6e.sily hcndled. 1 T'ne QU\Y 
is heated to ap :r.oximatel.y 1000°~ F. Vlbieh destroys part of the p1c,st:ie1ty, 
redueas shrinkage and perm.ts qu1,oker proeass:!ng in d:cy'ing and firing. It is &ill 
e::zparimental but indicates a new line of thought. The device costs little to build 
and to operate. · 

PAgKAG§ ,l!IfPINg.-

.Mu.ch thought bas been put an the matter of shippiug _clll~ products in p~okaged 
units for handling by or&ie or other mechanioal devices at the plant., enroute,. or 
at the job. 81gb handling costs after the p,1,'0duet hes betn momitactured is one of 
tho chief problems in this business. · 11ieref'~e ethods for lowering costs in this 
dire<;t.ion are looked upon with greit ·:tavor. P~ckage units being ~erimented with 
include crating wi 1h wood or 1.1a?---r p1us metal strips. A eobani®l brick-grab ·using 
the priaciple or ice tongs is .also being marketed. 
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FACINL¾ MACHIN.&S ~.,,,,- ' 

. FrOl!I &gland OO!ll8S an idea ¥ il:lproving tbe ~. C01or,and quallV of a 
bri:ck made of' clays ot· other.nse restricted utiliV. · era! me.~s, OQ.e in 
this st.ate, have been installed tor the utilization of this idee.. · It involves 
the impregr.tati.ng or imbedding of colored sand or other minerals and mate~s 

· into the surf'r;iee of ·0 clay column as it issues from the d1e. Claims inade. ·tor 
this machine are that it makes possible the utilization OJ: cl7s tor the manufac-
ture. of products ""'ousiderably greater in vru.ue then oth---~se posSible. · 

I might ·mt.ion her.e that a cheap sand r o"'_e:r mineral th~t would p oduce 
novel. e.n~1 beautJ.1\u. aolors when £:inely gr: und mid r:u-.ed to brick temperatures 
1'10u.ld find rea<t7 rlcet in the production of such 2.- brick. 

' ' ~ ,, . 

If I miebt be permitted a redictior.. 'I should like-to inclr.de under equipaent 
trends the very great possibility of the utilization or the ef'fieient, rel tiV'eq 
ine.xpensi ve small tunnel kilns which have been so suooessfnl in tb.e ~Ali tevra.re 
indust17. , Because of their sma.ller eapaciey .these k:Uns are·_. re flexible than 
their large progenitors. ,'. Jis an example of v1hat .I moon I ml1ght cite as n po~sibili 1U 
their ·use tor the product.ion of cleat' sh des of face brick, leaving the flashing • 
still to be done in periodic kilns. 

Al\other, and perhaps somewhat more remote, posSibility is the control of. eolors 
by 8.:C'._ti.fieid memis rather ·tbsn the mQre or less haphazard etbod of' depending 
upon naturc:J. oolo.cs developed by £lashing. Hudson R1 ver llW!l1Uf.acturers have f'or 
years produced darker ·eolors 'With the aid o hanatite m1d eolors in· aley roofing 
granules Qre well eontriolled. The adwntc.ges .in rechc:tion of inventories a.lone 
are obvlous .. 

TS 

As I have stated, · the trend is di stinot.\y . tow~ the rallest utilization ot 
the ra 1 terials and equipment available. 

1 
Piimts t<;>day .are making a more diver­

sified line than ever before. flns i s not .so apparent a it will be rd.th the 
retUlU of business volume because .any or the products that have beEtl develop'ed 
have had veii 11 ttle m.artr°'t. 'lhe tendenG7, h~wever, is to develop" products inhich 
· iull increase sales pos·sibili.ties in local markets. 

Q\ "O'.aT!R _MiX .- · . 

✓-

In Io a some fifteen or ore cley roduots nwnuteeturero c;1.re ut1llzin _..·their 
-, dryer ,,aste and grinding i .t to prodl:me what they 4111 mortar mix. The deyer wste 

is ground so ~i- so@p.asses thtu a 200 esb sieve. It is recom.~ended tor · 
supplanting 2~ of the ement in a rilor-tta.r m:txture 0£ tlu.--ee parts ssnc1 t'? one 
_ art cement. EconOJV', better wolid.n properties ane ec:-u;l.valent bond strength 
a.re tbe al~ for it, Hundreds o.f thousands of bags or this fomer dryer waste 
are being sold to building me. terial dealers in Iowa with a nice pro tit to tJ-l,.e 
aley products manuf'acturers. 

Similarly, ground clay h as been a plied to bulk con·crete work and ·a tJ. >S~ 
bulletin issued on this subj eet. --

11.s tar as I know n.o Illinois mawfacturer has utilized his' dryer waste for 
sueh purposes. It wuld seem well worth while iuvestigc.ting. ost o the D.liJ:loia 
cl~s are of the type tlwt will p;rod~et satisf'netoiy moru..r mix. · 

Ino1dental.J.v this i.s an exoellent subject ror researah on the part ot our 
cerSllic schools. 

•msv 1n. Oon~ate• D. A. Parsons, Buretlu of StEi.ndards. Write Sa.perintendaat ot 
Documents, Washington, D. C. (5¢)•~-..____._--~-~~------~~~~~~= 
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luanuf"aeturars of asphalt roofing and siding use large qua.nt1 t.tes 0£ fired clay 
anules as a c a ting e.nd to gi vs color to their 1,roduet. Grc,qnd bnck bats were 

formerly used bu.t neu processes for tb.o ?lWllu..f~.cture of gre.nules from raw cl"'.' y give 
ch better and more unitom produ:et. · 

I 
There bas been developed at Io~;i:;e.· Stato College a n.10w product of cle.y - n sew Q 

filter ring similar to the ~ scbig ring used in the eh~ool industry. ,.. 

<~ase c.re s.uJJ. hollow cylindel"s of b~ CU.W bout 1~ di,~ end 1· 
long f~ use a~ the fil tar m:xterial. in selJage d1spo.sel pl~ts. Du.e to t.ba larger 
expos.ad areo.s _they are ~ ct to, be mucb more effieient tha11 the crash~ quartzite 

· commODq used. · WOJ:k is 11:ow in progress to develop e_'I'). economieal method of prodUcitlg. 
these rmgs. 1 

,I 

So-called llgi).trv.reight products., made porous either by a bloating process or 
by tho introduction of chemicals or combusti}lles '6hich are driven. out in firing, 
open up an entirely new market. In the rebaetorie5 fiel r1 these products are used 
to make insw.ating rebactOJ."'ies zhiah can, in ma:ay eases, be used on walls 'exposed 
to hee.t with material savings in fuels. 

In the oonatruetion field light-~t brick or tile offer Ol)iWrttmi ties as a 
backing up aterial in non-1oad bea.ring 1i'lalls. In structural steel buildings theu 
lighten the lo d as vell as acting as fireproofing and insulation. 

I 

Brick e: ·e being mad~ w.ith i ~ m.a.ey a s eo Sl?lall holes, reducing ~eight 25 to ~ 
D.lld yet retajnjng ample · stren~ for orclL~ary bui~ding purposes . The holes u-e ~o 
s;11all that mortar will ?8ll~trate ooly enoagh to give keying -effeet similc.r to thct 
obt~w1ed v.i. th a et al l a.th. The brick be.i.ng lighter e.an be shi:J9ed .,..10:re ehenpll', 
thereby over-coming some or the loss due to increased tr-eight re.tea. · 

. ct( 'l'HER P.iiO!YCTS ,-

Time does 1ot pe • "t more than a 1"eference to other tre..vids ~,n the develop-
m.ent of net.' cley products to meet coapetit ion., higb l e.boi- costs, i.n .... r e,'"'sed .freight 
: ... a tes, or. other 1nfl encing factors. . 

f.W1J .,. ~ 
. ~ b ~~AA VF:~· -· £ are ·thin brick developoo tor veneering ~d homes, .etc. 

They can be s.::dp·?e~:nore econ®ice..:!J.3 and bec&use of their ligltter wei.ght equ..tre 
less expense in foundation coostructj.on,. 

These are hollow units tdting the pl ece of' t 'l,,'JO brick p~s a , 
for backing up nnd f acing pm-poses,_ faves as much ~ s 17!} in 
#~~ ' ) . - ' 

Flagatgnes•..- Irregularly shaped slcbs of tired clay resem.blinff slate or ~olored 
st e fl.a •r,•in :t used for walks, porches, floors , patios, e t v . "Jolor poosibi-itics are 
e¥ea great beceuse of vt.Lde range of fi,red aley colors. 
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·I IN1EfilOR USES ,. __,. 

All vley . products a:r·e finding a larger aeceptB.nc-e for interior use Homes with 
hriak wall interiors are finding favor.. Brick .ci.oors in homes, f'actori;s azid of'dees 
:re ne~ -tr·~ds. l tt is said that a reintoreed briclt slab laid.- on metal l.ath• r s the 
1: orm .and SU~; ?rt 1-ull emst...'!'Wf1ct a floor costing but $40 mo.re than VJOod con,stmeta.oa 
in an . o-rdinary sis& h. ome. Gl azed wall units of large Size from l½ to 2t· thick 
<· .·a another development. 

q+ IRilP§ n I UFAQI!ffiING,-

L- I tJWld fail in 11\Y" miss.ion ·ere I to neglect to fH::>int out one significant t end 
at oresent $omewba t . obscure due · to the low ebb 0£ activity in th_e~ield. 

,. . •c;__:_~~,. a .. 
I refer to the in1Jreased use of produ..,tion eon·t rol methods. I believe that r!8 

dl! see a: d.iati.nct forwt, rd movement h processing e0£.7ttrol and µi the absorption ~ 
in the in stry of t&ahni oo.lly trained men v.ho can man this control proeeasir g d.i.~"' ~-1'WO''W'1 ,, 

. .1 . 

One other tbiug. ' Strange c.; s it may seem, I believe!\ rle are. aee not ;very far 
r e.m.oved frcm a :;robl.eu of c.1.±te l cbor shortage and of' b1Gtier priced l abor., Millions 
of men now idle are, I fully 1)elieve, pe ently disquru.ified fo.r worlc. 'lhe disin-
tegrating effect ~ tbe ma,ral fibre of protracted idlaiess and open-handed i•elief 
hc:s P:reatly increased our pemant a~ of unanpl.oyab1es. So I am venturing E pre-­
diet.ion - ·prediction of a trend in ,,}ley products manufa~turing that \1ill be 
distinctly 1, ore mecban.i•-:al than it is today. 

Brick plant l abor wa,s al ·w&ys heavy, burdensome labor. It is going to be di fi-
c; :; lt to fin& enough men wJ:lo, 1:.rill willingly- perform this kin<l of l e.bar. So when · 
production in~reases and clay plents hire new· men to f ulfil l their cpm:plment .;.. ~ 
look for difficult_ in organizing crews t>Aio 't;i.rill viork smoothly together and who C8l1 

be mol ded into aa efficient roduction machine. Look for further meahmrl.zation -
a future t :rend in the technologi.cru. util~,.zation o£ cl sy and clay products. 1 

• 



I 
'/ 

,J 
l . 

k.-~ce/l~1teo«s M:5. 791/ 5 
F.H.J.escker 

TRENDS IN THE DEVELOPMENT· AMD USE OF . T 

NEW UNITS FOR BUILDING CONSTRUCT!( N . 

B:, Ft-~Y\ k M. Le~che r 
Assi$1o.""T 'H-ofc-.uo,- of Ai-ch",-te.:.7'u.re, un·,veir.sity 11 f Jllinois., l,L.-ba.-.,..a..., 

It is .e.xtremely dangerous to prophesy what is likely 

to happen, even in the immediate future, when changes of 

all kind.a ar·e as imminent in every business as they are at 

• I ,:v 

the present t1me; a,nd mor'e espeoi.ally when an old,_ established, 

e.nd tradition-bound industry suoh as building shakes off the 

dr.a:pe:ries of 1 ts t:rad.1 t1ons, and steps forth 1.n the freedom 

of w:ha.t. we call modernity, but what might erhaps more justl7 

be called ti.rchi teoture.1 nu isrn. 

In my belief, 'thie danger to accurate p rophecy, a s 

far a.s building 1a c·oncerned, 11ee p:d .. noi:pally in two things, 

The one is the fact that so many ,scienti:t'io investigators 

a.re es,rrying on ex;p erirn.ents which may result., intentionally 

or aooidente~lly, in the product ion of new 

in some :respect or othel: f'or building work, --~nlt.Q.A-~~tt-1-H'\~ 

b.e,ia ~ -Ga~x.!sed en q-uie·tly., ,. .. Q .. aven ~dJJr-uov~~- se. 

tka+ some urn.1.sual 
1

_ r oduct or products 1 ay change ma.ny of our 

1dea.s as ·to the sui ta.bill ty or fitness of some of our present 

materials to the purposes which they have b·een se:rv1ng in 

buildings; espeoia.lly as the new p roducts. may serve those 

purposes more dir·ectly, more a.courately, o:r more cheaply. 

Similar'lr, new uses for, or changed appearance of, old 

produots may result in the obsolescence of these present 

products or methods of production 1n fa.vor of the new. 
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The othel' danger t o aoourate p1-opheoy lie.a 1;n the 

effort that is being made by so .many men. not of s•c1ent1ti.o 

status, but of the bus.iness world, to matke building better 

and easier, not on.ly from the viewpoint of craftsmanship, 

but also from that of :f'i,nanc-e. There 1s an earnest g:roup of 

beli.e.vers in the theory that building ,. eep eci.ally the 

butld1.ng of houses, has in tbe past. taken fa,r too la.rge a 

port 1on of the 11 ttle man• a inoome,, wh ethe-r it be paid for 

the d1r.eot purol ae of •. hous , .·. r w etr: er it be p a.id in the 

form of rent; , n thi ,s same group. together with mnny others,, 

18 as firmly ·convinced tha t f r r too l a r g e a portion o f the 

11ttle man• a 'investment 1.n a h use ia destroyed~ or we migh·t 

better say, defla t d, by poor n1®,t erta .. s , or more p.a,rticul .a.rly, 

by poor t or ,cmansbip. The non p redicte,~ble efforts. of this 

group .of men in thei r entirely 1~ · rla,ble endeavors t .o make a 

p:rof1t by b· ttering t .hie situa .. tin1:r onati-1:tut e tbe seeond 

dange·r t 10 an aeourate foretelling of t he tr-ends in the use 

o'f 'building aia,t .exia.l s. 

/ I th1·nk it may fairly be sa id th.at tne building 1n­

dust~y ia still ·the only large soale ·bu.einess in the eou.n.try, 

o:r even in the world, which is etill oonduoted1oltfte bash, 

~._, of hand preparation of the 

material on the job. There are exceptions, of course. 

Factory preparation of Ill :rt of the material ls 



- 3 .... 

to most of this gener·ation of the building_ indtl.$t:ry; 

nevertheless,. we .sti,ll see mo,st of our mo'rtar and pla.eter 
, ✓ , I , .. t ' i l mixed 'by hand - our' bricks la1d one by one ;1.n ·• he - r p .. ace.s-

in the bu1ld1n,. - - the l.wnbel!' out ·to f 1 t in 1,te pla.ce as it 

i ·s used .. , ,n,d. all the othe:r hand proc-eeses ot our p ree-ent-­

day building oarr1e-d, on as they ha;ve been fr-om the time 

the first oa.v.e ma.n dec'ided to 1mpx·ove his -cave by rolling 

a few stones across the entrance to make his. dwelling mor·e 
, N . 

oommodioust and ~ _p~oteoted from the iveather. 

e, a.:re eeeing : .. trend away from; this ed. tua tiont and 

I think tha:t this trend, which leads more ei .. nd more tows.rd 

greater ut iliz·atian of I e.r ge:r: f~.etory-p:r.·e~ a,..ed or pr~ 
'-

fa.brioa teC,,. imi t .s 1s . o1nting t e w.a.y tow ... :rd the high-r·oad 

of f11tu:re buildingt espeoinlly in the vaat field of the 

smaller house~ Many ~r ·ohiteots " .. re, either ~ilfully or 

igno:te.ntly, keeping their eyes turned away from this signboard 

of the building timt9e, believing that by so doing they are 

putting off the evil day w1en they =1111 have to work in 

materials o.f a new kind or a. different form~ 
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Many observers of this trend a.re 1nel.1ned to fe:el 

that buildi.ng, taking the sa:rne roa d · a.s t h t automobil·e 

1·ndustry, wi,ll develop a. maea-produotion pr oduot, to be 

used for a few years, and th.en turned. .in on a new unit~ 

o.r else thrown on the junk.heap. Another g.roup, which 

includes many arohiteots, takes the :fearful view tha.·t this 

eort. of devel@pment sounds t .he knell of resi·de·ntie.l arcb;i ...... 

teotur.al pr actice; tha t the: aroh1teot, if he survives at 

all, will be but the minor a.djun.ot of the building factory. 

I oa.nnot ag~ee with the. first group .. We do not live 

1n our automobiles, much as ·we use th.em., and t -he very fact 

of living mitkes., within a short time; a vi·t al di.f .fereno.e in 

our viewpoint towa.rd the p la..oe i.n which w.e live. We Americans 

have been aocused .of be1.ng a noma.d.ia people, espec'iallY' .of 

recent yea.re. because of' the peculia rly t r .a.nsient nature 

(a s .far as employees a.re concerned) of many of our large 

soale 'businesses, more especially the chain store and multiple 

factory groups. Nevertheless, in the ma.es, our people are 

home-loving, and, g iven the chance, we t ake root, littl.e in­

clined by nature to move about constantly. Consequently, I 

believe firmly that the cons t ant oha~ng1ng from one llouee to· 

an other t .hat is an ianate part of this first group ·• a th,eory 

would so shook the natural hom.e-loving instinct of the great 

body ot the Am.erioan people, tha t euoh a method of home­

building or home-owning W()Uld neve·r beoome truly popular 

in this aount,.-y, even though the love of the new would. 



become much stronger than. it is at present. Natural ob­

aolesoence and d,eprec1at1on take a suf'fioient toll, even 

,of' our :rn:esent types of buildings,. without de·veloping a 

type which invites quick ob's:olesoenoe, 

Wt th t :he 1uu,,011d group I .am equally at variance.. Vie 

have at the p.re·sent time in m.a.ny of our indu.atria.l •COnt• 

munities. a peculiarly atr·ocious tyPe of mass-p•roduc-oion 

small house whioh {n:ev'.er-itrre1r'"" vrhat ·nnwntth~ ... ._.a ~ ~o.., I 

~~ was never even in contact with a re.ally oompetent 

builder, The p roposed roass.-produotion types of srnall 

houses which have so far· been pr,posed, a;re eo far eupe.rior· 

to the usual type of industrial housing that no comparison 

can be drawn; so that even an "adjunct" arc1d. teet may be of 

value. tn housing under the new thought •. 

The trend with whioh I a m most oonoer-ned, however, 

leads d.ir ,eotly from the id.ea of ma ss pr oduot i on, and tha t ia 

the trend toward l.ower cost and ooneequent ly1 toward. gre,a tly 

increased home ownership, wi..th all t11at borne ownership impl.1-ea 

in stability, thrift,. good ci ti.zenship, and an enlightened; 

liberal ,and reasonable conserva.tis1u" As people oonoerned, 

a;t least in pa;rt1 with t .he production and use of building 

w.a.teri.a..ls, we sbou.ld do eve;rything in our powe·r to a.ocelerate 

the trend toward l ower.-pr1oed, au.bst,a.nti.al buildbig.. Tbi,s 

implies a. study of the subsidiary t~de 1n the developtnent 

ot· lower-prloed building material:s, and of methods of ha:ncll1ng 
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those mate:rials so that la.box -cos.ts may be lowered in the 

bU.ilding itself. 

The steel and lumber 1ridustr1es are .m.oving rapidly 

into the a.r·ena of sueh ooxmt:ruotion with their large unit., 

quiokly assembled bu1 ld.1nge.. The mineral .industries ar·e not 

fa.r behind• and in ma:ny lreepeots are a.breast of these others,. 

and by virtue of the many exc·ellent qu.a.11.ties. o.f their· 

m.ater1als, should soon take the. lead in m.any rt.epeot.s. It 

is my hopt• inodest.ly, ·to give an 1dea of what the a.rch1teet 

thinks may be aocompli,~l'hed by the use of these materials.. 

Brick, by virt.ue of its many va:ried colors and ool·or 

combinations, i t :s t.extures, and 1 t ·e dtU'ab111 ty under all 

s,orte of weather condi ti,ons, has long· been a. f avorite build­

ing material, even in a.reas far dist ant from the natural beds 
il t11. :~ " ,,; t 

of olay a nd shale from which it 1s .ma,de.. However, ~a-e--t 
t-hft-t ---1--t-·-·'i'e---·a;· .. ·-smrl¼-,m!1- ·:tG4uct,.. x..equixing,,. --h,.t gn-px.i o ed1_.~ ..... ~···'""" · 

,, tt..~ ... :i&-(\l.." _,,,1""' 

~l,e"d.--1,aboi, l o~, .. ,.t,t. Sv· .. ·ttttft'·"'ttn der,.-n .. tn-e~,,,s 8JD~ .. ··:013."•'f'tfih'1,o-ned, -~a.nd. 
, .. . · ·~,.,.111~·1\ ,.v.~·_,...,,-w,. .. 

.,. ... __,,. 
m.e:hho4s--4;,k-a-tc--~a~e-·«b.~::.¼n-usre::::;~.e~ .... ,$1:na,:. .. ,..tb.J {~t,.ttr1.~l. ... was-~-

:til!-s t .. ~ev·elTrp'~r~a militated against 1ta wid.e use 1:n the 

very places where its excellent. qualities of dura.b111 ty, 

slow depreoi.ation, and low upkeep ooat a re most destr,able -

1.n the dwell.tng.s of t .he people· whose :fins.noes make them 

think. first of first cost, and not of the continuing ,co.st 

of the building . 



- 7 -

'The brlok ind,ust:ry ha,s taken two progrees'ive steps 

. i.n the direcrtion o:l remedying this s1tuat i-on. The one, a s 

ie well known, involves the use of .reinfc:toement in oon.­

neet1on with briok, to ,;rive 1t the same s,ort of resist a.noe 

to be:nd.lng that ,ve have ia oonneot1on with rei'n:foraed con­

crete. The other, of Jteoent development .also,. 1nvo·1ves ·t ,he 

use of pre-fabricated brick panels, oa..st either on the ground 

at the site, or e .. t a. faotory under f actory oondit1onat ~ 

,81-t:b.-et-·-~,- -us¼ng-:to'Yttt ··prte,e . ·, -U&UJ""-•.&i~t;y:,.~..akiilAtL.i&boz.,. 

' than..✓~1.B . .,tha,.~,Q&S~s1.--~-Vlh'el''e'")'"'ttfr"'1ttd:t,r~ualr•""t:ml•'~t,s1"''"~fl'8·"'-f ed:&eJzl4 OllEl,,,, 

. b.J..._0~~11---~th.e,..mw:s .. isl ·,,.... These pa.nele. ·then. a.re pl.aced on, and 

attaohed to, f.t st:ruatural framewo.rk whioli forms the wall 

su;pport. 

To me, t.l.2ese t :~o developments emnb-ine inti . the germ 

of a possi'ble st:t'UOtu,re.l scheme whioh need. not ne.ceasarily 

:require the struGtural framewo:r·k fol' the wall. I ·t -$eems 

posa1ble to cast these briok~f'a.o.ed p !:i,n~ls in wall-high, or 

at least 1n .stcu.•y-bigh units, of suff i oi e·n t ,,.,idth to oonta.tn 

a.n ordinary d.001~ or window,. and ,dth 1ntermed1ate units of 

the same width, so as to beoome interoha.nge.a.ble "W1th them. 

'The ba·oking oould ee, instead of oon.erate· or r1ortar. some QtUt 

of ·the 1n.el11a.t1ng plaste:ra, ohanged in ohei.nio-al c·omposi t1on 

to .gain strength and binding powex, and iaade ~xtrem.ely porous 

to give addi t .i onal insulating valu.e" so that no other insula­

tion need be used. 4!he inside eurfa.oe of the plaster oould 
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be trow·eled or flo.a,t.e·d smooth, so tha.t no furth!ilr· treatment,. 

other tha.n de·oora tion; would be required. 

At. for the interior wa.lla, s. modification of the 

ea.me aehtme 'o.ould be ·f ollo,ved, eapeoia.lly f o.r the bearing 

walls. whereby :telnforaed brick panels o .f t 1e same height 

as those it1 the- outer wall oou.ld be oast with a t'hin layer 

of pla·ste1~ 011 ea.oh sid~, of such size that all uni:ta .• either 

blanl<: or with openings, oould be interohanged as des.ired .. 

tloor a,nd roof' panels could be similarly designed, t aking 

into a.00.ot1.i,t the .. 'Ob j,bili ty of d,tsigning the edges ot the 

pt.e-oas,t sla,b$ as sea.ms r .einf'orced to talte, oare of the 

stresses whiOh ~ou.ld develop . By leaving the br-iok floor 

siu.-t's .. oes exposed., ai dUX.able, ea.s,ily ·cleaned floQr vmuld res'lil t . 

Follow.ing a siinil~,.r scheme, it, s .eem:s poatible to me 

that terra. oott,a faoa ,mits. oo,.tld be used to give ~ut outel"· 

surfa.cH~ to pre--oa.st sl&.:bs that would have a.ll the beaut y of 

oolo:c, texture and -or.nam.ent inherent in terra ootte", wh.ile 

obta·ining at the s9.1ne tin1e the lower oost raluet of la.rgel~ 

~1ze, f ·.aoto:;ry.fabricat.ed uni·ts whioh can be band.led and set 

1:n place by machinl methods. Such t .c,r:ra oot ta~ un1 ts would 

hav$ in addit1.on ·the ability to. sho·w ornament.al interior 

fa.cea wher·e dd:iai:red., ,eepeoia.lly in such rooms as ba.th rooms 

and ki tehene.. whei~e an easily cleaned surface is especially 

desir@.ble . 

Such ideas may seem W~•iY fan·tast·ic to ruany of 11s, 

but in view of the many things now going on abou"b us and 



\ 

a.ccepted as a matter of cours e by everyone .. thir1g.s whioh 

c>nly a. few y,eara a.go wer-e not even oon.sid.ered, within the 

bounds of the most fervid imugin.at i on . .... do not believe we 

can app:roa.oh any idea, with the thought tha,t it r epreeents the 

1rn.poas1ble. 

Glass is; .ano t-her ot the materia,l.e wh1oh llo st~et.o.h 

of the imagination. oould have shown as rea1ohing t he 8J11P-

li tude of building us-e t0 w:tri ·oh it is a.t· present fa,ll1ng 

heir. Long in use as a means of ·admi.tting light to bui,ld­

lng inte~1ors, gl a ss has. ii the last few yeara, attained 

to many other build.1ng us -ea whioh before th.en eee,ned a lmost 

impossible. Ola.is roofing tile have come into use, glass 

brioks and building bloolcs have beoorae entire1y praotical 1 

and structural sb.eel't glass as an in.te~ior. and exterior 

faoing for other materia.lm 1s seen ,on every side. 

l o,annot ·help but feel, however, that g1ass in build.­

ing ha, but started its r .aoe. T'he development s already at .. 

ta.ined and pending in the manufacture of st.rong·,e·:r, more 

elastio, and more he-at-resisting gla.ss open ·vistas t o the 

imagi .nation tha t seem to have no olosure. Too ,, the types 

of gl a ss that admit t ,h e more health-giving rays of the sun 

to the int eriors of buildings ha.ve but started on their 

careers of usefuln,e.ss. The. moulding, etobin.g, engra.v,ing, 

and eand-jla.eting of glass as a wall em.-:f'a.oing are proving 

1 t to be an a e.etb.et:i. c aid to building of the first class" 



I see no reason why glasa oanno,t be us-ed as the beauti.f'ully 

deoo~ated containing envelope of elec.trioal lighting and 

heating panels whi -oh will bring a.bout a. new era in tht,s 

class of building wol'k.. Further, it would .seem entirely' 

probable, tha.t if glass can be so made as to pass o·ertain 

light rays to the inside of the structure, while at the 

sa1ne time with. holding others, tt could also be ma.de to 

keep hea.t r rays otttsid~ of t .he building, thus solving one 

of the s.-e.r1ous probl ,ems t;tiat confront ·the ai:r--oondi tion1ng 

engineers. l confidently expect th;iS d1$aovery· to be 

ma.de, and brough~ to a. oommeroial baaia. 

L1gh:t., porous insulating aggregate for oonorete,. made 

of br.iok sh -les, has been on the ma~rket for s.onie yea:rs, and 

has ~ provef a success both for blocks and as · n aggregate 

for poured concrete. Why is it not possible to make a dif­

ferent development of this material, so tha t by admixture 

with some waterproof plaetio compound WliOh will become hard 

without being heavy, l ar e structural witts of the factory­

fabrioated type may be manufact ured; light and easy to ha,ndle, 

sufficiently strong to carry ordinary r~sidential wall loads, 

and by it a own chara.oter, so full of minute, air spaces as to 

be self-insulating. This, too, by ca reful design of rein­

forcement could be made at least a.s successful a floor and 

roof material as our present nailing concretes, and lile them, 

would not require furring or tther means of holding other 
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materials 1n place where required to be held by n.ailing. 

Our building materi 1 inveetigatore have been 

particularly successful in their efforts to develop insula­

tion materia~ls which really accomplish the,ir purpose 

efficiently. Rock •ool nd glass wool have achieved a 

well-earned triumph in the field of insula tion and have 

t a ken the lead ae a fire- nd vermin-Jroof material for 

the purpose. For many years hollow cle.y wall tile were 

advertised (T~ne too truthfully, I am afraid)) ae havin a 

very considerable insula.ting value because of the dead air 

cont ined in the hollows of t he tile. Thia was, of course, 

only relatively true ; but nevertheless , these hollow tile 

formed a handy, light wei gtlt unit, sufficiently strong for 

most types of ordinary building, upon the i ns i de s urface of 

which, when used for outside alls , 1 ster c ulct be directly 

applied . 

If it is des:tired thR,t r: sm.a,11 ws.11 unit Eruch a.s this 

be con tinued in use, it m1.grt t be pos s i .le to coubine with 

the tile a very considerable insula ting value, by packing 

the hollows with roc k wool or glase wool, se ling it in p lace 

by a.n sph 1 tic diaphra m t o keep out t he d8: pn.ess which 

tends to c use too gre '1.t packing a.nd _siqttlement in the wool, 

and thus obt~., in a comb ined unit whicn might have a very dis­

tinct va.lue in oertaJin types of work f or exterior walls, or 

for interior wa.ll'E or partitions which should hn..ve sound­

p roofing qualities , as in hospi t .l s , doctors' or denti~ts' 

offices, or in music studios . 
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The steel en1 .. meling industry ha.s ma.de excellent use 

of ite product in building by the development of the steel 

enameled t1le and siding which a.ttrn.cted. so much attention 

Ett the World's Fair during the two years of its operation. 

It would seem that there is a possibility that the use of 

this materia,l might be extended to lB,rger uni e by en meling 

the frameless steel wa,11 uni ts themselves instead of the 

smaller units of the outer covering. There has been such an 

advance in the art of enameling tha.t it 1e entirely possible 

that large surfaoee such as are constantly used in the type 

of construction just mentioned could be properly en~meled 

without difficulty, thus giving a beautifully colored, smooth, 

weatherproof, rustproof surface without the addition of the 

outer covering which ia now required. Not only would this 

serve for the exterior of the building, but, as in the case 

o f the terra. cot ta unite spoken of be:t"'ore, could be applied 

to the· inside of such units as would be best served by such 

tr ea.tmen t. 

As I recall the various trends which seem to me to be 

logically indicated, or the developments in ms.teri ls which 

have been suggested, the latter, espeeie.lly, may seem somewhat 

fantastic, as I have said before, and perh::tpe beyond our 

present vision of prob bility, or even of possibility; nev,er­

theless, stranger things have happened in the bu1ldin~ industry 

in the last few years. 

There is one trend, however, that I would like to see 
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well established; one which ha.a nothine~ to do with building 

ma,teriale themselves, yet 1s vi tally neoesettry to them, and 

to the building industry a.s a whole. The trend to which I 

refer is one toward some different p ractices in the social a.nd 

fina.no -ia.l aspects of building , ~.nd particularly of small 

residential building. The social a speots ~ wkii8A .Jine+@f'e!1• 

a..r e b etter control of zoning and. planning in residentia.l 

districts, and better inspeotion of small building projects 

for the protection of the ownP-r himself , even against his 

will. The financi al ~epects refer to lowerin building 

financing coste by the elimination of certa in bonus and 

brokerage exa.otione all too common among some private lending 

agenoiea - exa.ctione which, 1n comp"",ny with i qjproper amorti­

zation fi gures, sometimes force. th€ sm.ftll o,mer, unfamiliar 

with methods of financing, to Pt:. y what am-ounts to an extremely 

high rate of interest. 

In closing, let me pay a compliment to the various 

industries connected with building for the way in which they 

have ca.rried on ... g-ainst ree.l a nd vital difficul t ies, and, 

with a 11 vely and inquiring epiri t, carried on resee,rch to­

ward the production of better a,nd more economica.l rna.teriala. 



REINFORCED BRICK lil.ASONRY ]'OR PERMANENCE 

7iy fh,30 Fi Ii FP i 

C,eneral 5ut°erinte>-1q47nTJ //1/nois 21rfrk C:,,.,,,.,?a;Y., 

•fuen the title of my paper was · first suggested I was 
I 

reluctant o accept it. 
. I 

M.e'n tally I balked at the use of / the 
, 

word "permanenc eu ,but on f1,.trther thought I concluded thaf I 
/ ~ ,. , JJ 

'tRQ,,1-H-t"t,--f"Fio~ o~o a'¥e---eH'&~J/}he wor~ ed 

. ( to building materials, must of necessity be considered in a re­

lative sens e . 

-~ In the past we have heard much of the slogan, ·nconcrete 
I\ . 

for Permanence" a.nd yet, at every hand, may be seen examples of 

its disintegration, both incipient and progressive. We are 

familiar with the so-called "permanent" structure of steel, and 

yet everyone knows that the demon corrosion takes a staggering , 

toll in dollars ~ach year. Wood construction may, in isolated 

cases, last a hundred years or more1 but in general its span of 

life is a matter of decades. And finally brickwork, with an 

enviable record for service, likewise has a normal span of life 

usually measured in terms of much less than a hundred years, so 

you see that when one has the temerity to use the term "permanence" 

in connection with a building material exposed to the disintegrat­

ing forces of nature one is treading on dangerous groundJ and es­

pecially so when comparison is made with Webster's definition of 

the word. 

The trend o4'- 13M; time@ is definitely in the direction 

of more efficient, economical and intelligent use of all mater­

ials and toward the development of new uses for both raw mater-

ials and for finished products. Since time immemorial plain 
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brickwork has been recognized and accepted as a 0011sbrcmb±~n. par­

ticularly well adapted to wall construction because it has lent 

itself so easily to architectural treatment, because its color 

possibilities are so vast and satisfying and because of the dig-

nity and character of the finished work. An internationally 

famous architect once made this statement "All of the ingenuity 

of man, through the ages, has failed to develop a substitute bui~d­

ing unit which at one e combines in a wall r utility, color, charac­

ter, charm and beauty. 0 

Strangely enough, down through the long centuries which 

record the history of brickwork, little thought has been given to 

its use for any purpose other than as a direct load-bearing mat­

erial. Bending in brickwork has been avoided as one would avoid 

a pestilence and I say quite properly so under the old order of 

plain brickwork but today we are beg inning to think in new ' terms-­

we are thinking of brick masonry reinforced with steel rods--we 

are combining the high compressive strength of brickwork with the 

high tensile strength of steel and we are doing it in such an ef-, 
fective way that reinforced brick masonry may safely be used for 

such representative structural members as beams, columns and floor 

slabs and of c·ourse in walls, as well. Thus, in a single stroke, 

the inherent weakness of plain brickwork in tension has been eli­

minated a.nd its scientific combination with steel reinforcing rods 

has resulted in a type of construction capable of carrying heavy 

loads in flexure and in shear, as well as in direct compression, 

thus meeting the requirements of modern structural engineering 

practice. Surely this proves that the ceramic industry is alert 
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to its respo nsibility to find ne~ us es for its products and that 

it is keeping step with the trend of the times. Now, may I sug-

,gest to you, that such a..n outstanding development~ in the industry 

and in the field of constru ction marks a distinct step forward and 

presag es for clay products a new· era and a new realm of usefulness. 

~ 
Scientific research during the past~ years establishes 

tha t the principles of reinforced brick masonry desi gn are the same 

a s those commonly accepted for reinforced: concrete and that the 

same desi gn formulas may be used. Today several hundred struc-

tures, such as buildings, bridg es, trestles, retaining walls, 

storag e 'bins, stadia, etc., have been built wholly or in part of 

reinforced brick masonry and t h e list continues to grow: almost 

daily. It has particularly fo u nd an interesting and valuable 

f ield of application in resid enti a l constru ction wherein pre­

built slabs have been used in wall construction, a s exemplified 

i n the ]I. ad.el Farm House at A C.entury of Progress / and in pre­

built floor slab construction of Vllhich severa l examp les are be-

ing built at the moment. And again, entire residences have 

been built, using t h is new system, as exemplified by the Exhibit 

Build in g of the Brick Ma nufa .. e turers' Association at t h e · orld' s 
/ 

Fair and by nearly 30 residences in the California earthquak e 

area adjacent to the Calaveras fault line~ 

I could go on and on, telling you of the many uses to 

which reinforced brick masonry has been or may be put but time 

does not p ermit. The motion pictures vYhich are to follow will 

demonstrate visually to you the integ rity of this system of con­

struction in a dramatic manner and f ,.ar more effectively than I 

- could do so. 
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You will see a structure that carried t h e weigh t of 

2 million people - a build ing , the floors of which were tested to 

more than twice th e design load with resulting insignificant de­

flections and stresses - a construction which, while under the 

test loads, was subjected to a t wo hour fire test at a tempera­

ture of 1625 degrees - after all of which it required air hammers 

and the repeated blows of a 2000 pound ball of iron swung from a 

60-foot boon, the partial wreckin g of the supporting vvalls and 

the complete removal of both front supporting columns, before 

the structure would fall. ·That, gentlemen, is a true his-

tory of the performance of t h e reinforced brick masonry building 

/\which you will now see wreek. e~ in motion pictures, and offers 

indisputable proof of the structural integrity of reinforced 

brick ma s onry construction and marks a new trend in the utiliza­

tion of the ceramic products of our grea t State. 
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"BRICK HOUSES--CHEAPE AND BETTER" 

Illustrating 
Century of Progress Model Face Brick House 

of Reinforced Brick Masonry Panels 
Load-Beari ng , of 4-Inch Thickness ------~-~ 

"Brick Houses--Cheaper and 
~ 

(. These of Mr . Thom s H. Beck , Chairman of the 

Board " 0 , a 

Companion.,.. ------­' o-Jd:t"er ts [1Jie .. -N. -t1:@!ira::l: nd P.he ount 

& Holsman , Architects, we!'e eurm.it-rS'S'rnned for the O! ovml.l-
f, . ~-u 

~~~ /\for the 1954 C ntury of Pro ess, a Model Farm House, -lH7lde:r ,t-,ae, 

ices of· thew Country Home i a :_az1-&e, tha t ~ b e low in cost, low in upkeep, 

and--pr: t~cally fireproof. . ~~ ~-seme eolllllriss'Loll<, a "6mall houoo 

l-o,:v -i -eos-t:, ow ... i--n upkee-p.., praetiea:Fly f4reproe~to /rchi tects , who, in the past, 

-1Z.J 
had been designers of cooperative apartments ~ housed as high as 25, or more, 

families . 

When the ouse was completed and tL1rned over to the Cro ell peopl e , Mr . 

Beck remarked:~ 

"You ha e shmm t e peopl e how to build ouses cheaper and better . Botn 

of these things must be don e i n Ame ica . I ave no greater ambi ion t han to spend ,, 
my declining years trying to hel '.) the pea- le a ccomplish it . ±-do.rr-1 -1,1·--i:-1:'M:' work 

f~ money: , .ay. more • ....tt 

trust t/ are 1ere t od/ who 

Pr oba~l-f some of 7 should , the Pu)'Iishin 

Co truction anf Material_ business , if th · s i s to b so . 

rem- ~rk . 

I 
v :iJ;h t h e 
I 
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~ fo much for the origin of the /rick ouse in hich e are interested 

today . 

This important quest · on ar · ses--~was Arch i tect Holsma11 limited , in his 

commission , to three basic things--low cost, low upkeep , and r actically a fireproof 

house? Most cer t a i _ly , with more freedom in s ending money , the /rchi tect could h ve 

still secured low upkeep and fireproof . But ·1ere is need to y for houses eeting 
~ 

these three basic requirements. I t is more than a need ; it is a dire necessity , if 

thousands of ou citizens are ever to ovm the roofi over their he ds . 

Using Illinois figures only , the Illinois _et i ncomes for 1952, as released 

b~r the Treasury Department 1st December , 193 , on incone t axes aid, ive us t hese 

ill 1i_ating figures , in round numbers : 

2~9 , ~~o(lpc;me 
-~ 

~ 5, 000. an less 
5 , 000.-10,000. 20,000 I 

II " I! 10 , 000 .-20, 000 . 5 , 500 II ~ ,, 

fl II " 20, 000 . -40 , 000. 2,000 II ,--- rr 

{... " " ff above 40 ,000 . small perc nt ages 

Incomes above these figures , in the various br c cets , are in small percent ges , and 

really do not ente into our discussion now. You i l l see from these figures that 

re lly the ~5, 000 and less incomes--including the 10, ooof--give us t e potenti 1 

new home o, ers . I t is from this oup we wil ex ect the volume . 

Even with all the impetus given to /ome }uildi 1e; recently t hrough F . H. A., 

and other kin red methods , includi.Dg new financi ng lans for ho es , covering 10, 15, 

and 20 ye r s , either Government or Insur nee Comnan · es loans , the problem with us is 
~ 

still to canst uct low cost housing . A ma c nnot acquire an expensive home--entlre-

ly out of pro ortion to his yearly income--even throu ~h a long term amortization. In 

12 to 15 years , the debt has doubled . He never will be able to pay for it . There 

must be low cost houses for modest incomes. 

Examining another set of figures , we le rn that 
, {1/4y_f,t)• U{~ 

ho es- -farm houses not i ·1cluded--in the U~Sv;'A 2 \ are 

~ 

t here re 10,500, 000 urban 

fro11 5, 000 to .,,,s,oooy 



21 from $5 , 000 to $7, 00 . 

- 5 - -~ ~ ~ In other ·ords , ~r 43~ of the ho es now in 

existence , r un f r om _3, 000 to . 7 , 500 . Homes above these v lues , to the $10,000 

~ ' ~ 
homes , amount to lO~and t _e percentage d i ndles to 3-¼F,as we reach the $20 , 000 

homes . 

I think from these two sets of figur~-one riving the latest incomes re­

ported in I llinois ; and the other givi 1g 43~f homesjrices between $3, 000 and 
er" 

:7, 5007 in the U sho conclusivel y that lo cost housi ~ is the problem in · 

he home field today . 

It ha s been said that previous t o the ota1bin{; of +;i,,e depression--1929 and 

· 1930--no particular t t ention h d been given to solv("fhe problem of r e 1 low cost 

housing for t he masses . It a s bee ,use t 1e /ontr ctors nd /.ome /eYelope s could 

make greater profi t on e better cl s s of homes , costing more one . 

P obabl y Ex-President Hoover ' s Home Conferences was the beginning of a 

period giving serious thought to ,r;f.ome fuilding in gener 1 . From that time on, and 

especial ly ·during t _e l ast t wo ye rs, it ha s been a a jar r oblem in the / r ess , / alls 

of jeeislat · on, and/conomic t r 0 s . 

of talk , but not as a reality; . 

In t he t wo-year periodf previous to the openin of the 1933 Century of 

Pro _ress , the/ress carried columns, and lmost p ges, of co y about t he types of 

homes with cost reductions rhich would be developed and di splayed at the Century of 

Progress . The public was al keyed up , ex~ecting to see home prices shat ered . 

Publicity writers stressed most strongly t the wall construction . e would 

have steel sheets, steel panels , f bricated wood anels- -something entirely new and 

at greatl y reduced costs . · I t was i tirn ted t hat O pe ent of t he tot 1 cost of the 

house v: ould be saved , and in most c ses it would come out Qf the cost of t he walls 

bee use of t he new type of construction . It was perfectly absurd , because i,., th s 

were t he case , the walls of t he house ·would be entirely eliminated on thi s basis . 

However , the public was led to believe this. 

,' , 
·.' 

-~ 
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We made an exhaustive s udy of all t he home s at the 195 Century of Pr og­

ress , and we did not find that this was true . I n fact, we f ou.~d j ust the opposit e-­

no home on di spl y , i ncluding those of sheet steel , a l so wood panels , cost~ less 

than ' 7 , OOO to ef'> 7 , soor, and others~ve thi s price. Thus the price was quite be­

yond the salaries of many that we have enumer ted in the list of t oday ' s potent i al 

buyers . 

I n t he li ht of w 1at we have just set forth , we believe that Mr . Beck of 
~ 

the Crowell Publishing Company , did a wise thing in speci y ·n ~ lo r cost house at 

the 1934 Century of Progress . 

Thus you h ve the why of the low cost /rick home , which is under discussion 

t oday . 

There my be s ome here t ad y ho visited our j ouse. The location of it , on 

Leif Ericson Drive r at the extreme south end oft e /rounds , slowed down at·endance 

somewhat . However , this is an interesting f act . By actual count , more peopl'.J passed 

·~ through our . ouse than ould fill six Yale Athletic Bo ls--tha t s to say , over 475 , 000 

peopl e . e believe the people wer e thoroughl y interested, for ~ 10, 000 descript ive 
;$A 

bookl :::ts at 10, each , were sold . Some 75 to 80 workin _. pl e..ns and specific tions were 

purchased . Hundreds of thousands of pie·ces of desc iptive liter t re were d · stributed 

gr atis . One house at Huntingburg, Indiana
7

was erected l ast / 11 , duJlicating our 

Century House . Hundreds and hundreds of requests have been received concerning some 

part of the house . 

J -r.l ~~ ~ 
While ,rteinforced rick 11asonry is ~ a century old , as far s I can ascer-

tain this is the first two-story house actu .lly erected , using si1gle , 4-i nch h ick, 

load-beari einforced frick /asonry anels , with IPan /erro /oncrete floors . The 

house is built around the two bt::.si c ideas--4-inch ;{ei nforced /rick /asonry / anels, 

and /teel IPans for floors and roof . 

Prob bly I should have said from the out set t hat th i s method of construction 

needs an /chitect t all times . I t is anfc itect •s pro osition , f or it f ollows his 
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blue prints and specific t ions. Panels are a ccur t ely specified, numbered, and f all 

into the construction pl an aut omatically. You ere building wi th f teel, Jrick , 

ement , with little need for the saw, hammer , and plane, in constructing t he walls 

and partitions. 

All of our publicity and effort has put the /rchitect into the picture . 

We believe it would be very detriment al to the success of einforced .Jrick iasonry 

/anel onstruction to have the publ · c assume that anyone c n erect such a ouse with-
l~ 

out plans and specificat ions. 

The plans and specific tions , covering t he engi1eering requirements, were 

most carefully drawn , and necessar "ly so , to meet the .....,.,tJ"' scrutiny of the j,ngi­

neering /taff of the Century of Progress , also the Chic :: go South Park Commissioners . 

They required a 100-pound load~resistance to an 85--mile per hour gale. They 

approved our data , showing it capable of resi sting at least a 100.:m~le .gale • .. f 

I~e · ~ ~ - Fili ; i ~ our previous /peaker , was the jon-

sulting jngineer in working out the problems of our Century House. 

In this connection we mi ght ~hat under date of April 11, 1935 , we 

have the Federal Housing Administration approval of this type of construction-fein­

forced /rick 8-'Sonry anels--two-story houses , ut ilizi ng Government insured loans. 

Mr • ..liles L. Co lean, Technica l Director, F . H. A. , and his jtaf'f !were very er i tic al 

of our plans and specific tions. They requested us to submit technical dat a answer­

ing t heir requirements . They specifically mentioned that this v,as a new t ype of con­

struction, and t here were no reference dat • There were, however, R-B- v1 da a , but not 

in the use of upright i?B±telS) 4-inch , load-bearing ""' """"."'"",._,. 

dvertising/ ndfomoti9n man , and no • an~gineer ~r /rchitect{ , . 

~~~~~~.,Q.~ ,-._-, ~;la,lo.· : T ruly/ {~t erested in ~ th, maybe r1fun~/<j;yl 
privile11ed to sl.~ that the 1 • gineers g · ing t he app,lbvalf could ngtl rely on pre ious A -J 

l 1· . /" ; I tJ r / 
dat a as they are wont to .. do. Such d'ata were non.,.!existent. / I ---

; I 
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'.~'t ~ L '\ / ,._ was rather amusing , · when in Washingt_ \ l ast /all , bringi~~ .•this t y pe of 

con st r,,t'!ti on to the attention: 'of P . W. A. , one of th higher /pee if :Ji~ ti on /uthor i-

t i e sl~ema~ed / ,/ 

/ (n I( , Luse , / f what you are telling me is true, ie "will have 
,.,it ~ 

/ ~ 

to throw our 

books out thew dow. " 

I remar e~ j :t "", 

C:~-~;;~t;;~ of construction we are promoting meets all and 

I 
t 

gineering.i' requirements of safety , maybe you will h veto. " 

r'Tbey wanted t o s~ a 4-story structure of t his type of construction ' 

I further advised hll that /,he ·e had to be a first }uspension_/tidge . 

\, J.. 
1 It is sometimes amusin ,, 'in the course of my occupatio , n:i ngling with 1 n g · -

neers and . 1rchitects , to get -~pt re ction from the different pro~essions. The /rchi­

ect remar ks that if thehgineer desi _ns the house, it will ha.veto be taken down; 
\ / ' ~ 

an the t gineer countefi t hat if the ~c itect builds it , it will come dovm . I 
I ;- F.. ..' ~ 

don't ow ~ust how !PU:ch trut1 t here is int is . 
l 

Most c~,:vt ainly, everyone is inte est e in /.,..chi tecture wit pleasing lines ·"' 
I I~ . I 

and of safe co 1struct ion.. The two must go hand in~ nd to make a finished pict . e . - ,, 
• I / t he construction of the Cent . House , as previousl stated , 

I 
from the Archl.tectS1 blue print~ specificatip6s. Panels 

and numb ere'. to fit in to a nre-concei ved plan, as wo ld be cu ";s'tone co min 

a job. 

Now let's .see some of the pictures , showing the actual construction. The 

old Chinese proverb, 11 A look is wort1 10, 000 words", is true. 

Thirty slides were used showing the various stages of construction of this 

/ouse . Some of the colored slides vividly ortrayed the colorful red frickwork. 

It is an 11-room house, two stories, including t wo baths , double garage, 

with a combin tion pi tched and deck roof. The count does not include heater and fuel 

rooms. 
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The dimensions of the /ouse are: 

First /1oor, /4cluding (arage {~ver /J-1) 
Second 1 

i:::5 r 2n long; 26 1 6" , i de 
29 110 11 

" 26 1 6" " 

There is no basement , because it is bel ieved chee.per t o build above ground 

than below. 

Where skilled labor is not over $1 . 00 per hour , it is esti mat ed the house 

can be duplica.ted for $5, 000 . Thi s includes a good gr ade of pl umbing , heat ing , and 

lighting--ready for the occupant to move in . 

The rick anels were m de at t he buildin site, of Indiana-I lli1ois ed 
I 

Colonial Brick , cost i ng $26 . 00 per M, delivered . Panel molds were made of 2 x 4 1 s, 

with holes ·on s½-inch centers , for ¼-inch defor med f teel Jods t o be inserted. Thus 

the openings between t he jods f or the placement of t he Jrick are s½ i nches on centers. 

The sand bed is screeded smooth under t he f r ame, for ing a perf ect lane surface for 

the face of the rick . This sand bed absorbs any grout w ich would run throu h to 

the face of the rick . In the mort r joints t hreaded bolts are placed, ·n t he upper 

part of the anels, which permit the use of a plate 1 ter in r ising the / anels t o 

the walls. These bolts also proj-ect through the f l oor IPans, thus a iding in anchor-

ing the 
I 
anels . ,~4 

'. 
. ~,) A thin grout or/r/.,ick ardening .(ortland ,ement ; 'I: pos-4, ¼_r » j~ / ')'!ydrated ime, -½-"'9 o.,;.,,/1. :) ~~~- 1 

~ , / • _ __ _ j1e n ~~~P 16:1.d_f 3 ' 
1
f' 

., - ;~-- , (is poured over t he back of the . rick in the anel. This is a very p rticul r opera-

tion. The /ement , li me, and f nd i s ell mixed dry; then slightly wetted and mixed 

and allowed to stand not less than half~ur or more than one hour . Then it is mixed 
I\ 

with water to the thi ckness of thick cream - -total wat er not more than 7 gallons t o a 

bag of cement . 

A perfect bondi ng is an absolute necessity, and th i s oper ation must be 

rigidly adher ed to , as it relates to the mort r content and the way of mi xing . 
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The /einforced /ods are perfectly embedded in this manner of using t he 

grout. It is possible to use 

When the /anel i s being made, Haydi t e mortar mix may be poured on, to the 

t hickness required , thus giving a thicker w 11, and at the s me time providi ng for 

insulation . Panels as l ar ge as 7'4"-- floor height--and 6'6" wide, were r aised from 

the floor, using a single 20-foot pole derrick, aper ted by man power. 

It is i nt erest i ng to note t hat there was no f ai l ure of a single!anel 

during t he entire construction. Panels containing approxi mrtely 240,)3rick, weigh­

i ng over 1,200 or 1,500 pounds, were set in the walls in the one anel ·n one opera­

tion. Two men at the wall, one at t he derrick--three all told- - easily handled the 

/anels, erecting,and plumbing . Corner /anels ar e dove-t iled , and fit perfectly 

wi t 1 just the mortar j oint openings . 

I nterior partitions were also made of }rick/ an els , in t he same manner as 

we h ve de scribed for t he outer walls. However , i nstead of pl acing t he/rick in the 

anel forms on edge, they were placed bed-side, thus making our walls approximately 

2fi- inches thick . ')i / r ick are f i gured to t he squar e f oot when pl aced On ed'.'e; 4 j,rick 

to the square foot when bedwise. Interior partitions for the first floor were pl"'ced 

in position by man power alone , and anchored . 

In~ commencing ti this job , the masons had never orked on a house of 

a similar t ype, and they were very much of the o ;inion t hat they could work f ast er 

by trowel than our type of /anel making . In order to check thi s, several inter ior 

/anels were l aid up with trowel. There was 10 comp rison in quality of workmanship, 

time and cost--everything being in favor of the molded /anel. 

Steel IPans were placed over the first floor walls, both exterior and in­

t erior. They were securely anchored and then fil l ed with light weight /ement aggre­

gate . The IPans wer e of 12-guage / t eel, 4 i nches deep , 18 inches wide . In some in­

stances, as over the garage, they had a span of 15 feet. 
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Finishing off the cement fill of the Pefi.f.3 m de them re dy for a mastic 
I\. 

covering, in preparation for a wood floor~ linoleum covering, 9:17' mat haoe , o~. 
) 

The one operation of placing t he IPan and filling it with /ement ggr egate , made 

a second floor and an under-ceiling at once . 
~O'VV 

Second story walls were put in position in a similar manner to thJ first 

floor . The teel beams of the roof framing are securely bolted at t he ridge pole , 

with a beam extendi ng to each corner , and in turn securely bolted t ote channel 

pl ate. Over this /teel roof fr ame are placed 14- guage / teel IP ns . These are not 

filled with a / oncrete mix, but with Thermax /labs . We t hus have a fireproof and 

thoroughly insulated roof. Over - the Thermax fill was pl aced an asbestos shingle 

roof, attached in the regulation manner. 

Corner fenestration was used , because it gave more window openings than 

in the average house--there being some 8 feet in e ch room. I t also permits cross 

circulation and a better rrangement of ·nterior furniture. 

The deck roof over the double gar age is really a continuation of the floor 

Pans , as used in the second floor of the house proper . 

From the exterior view, you will notice the house has cantilever construc­

t ion in several pl ces--the doorways and the porch . Because of the use of t · _e IPans 

and t he li hter eig t retaining walls , it is possible fort ef,chitect to use 

cantilever construction. FurtLermore, the posit ion or the first floor outer alls 

does not set the osition of the second stor y w lls. 

Our l abor costs, per Chicago Union Sc .le, were Masons- -1"i.l. 50 per hour 
Carpenters-- 1.31¼" 11 

Laborers-- . 82} n " 

Even wi th these labor costs , and being an experimental j ob all the way through , we 

struck a1 average of pproximately 40,'per square foot f or the alls, including labor, 
I\ 

material, and inst llation. We are quite confident th t such costs on an organized 

job could be cut to 55~r square foot , or less, depending upon t he price of }rick 

and other masonry materials , labor costs, toget 1er with the contractor 's knowledge 

of this type of construction. 
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There are at least 15 advant ages of this type of 4-inch lo d-be ring , /ein­

f orced rick ~sonry ·alls of /anels : 

ll) 

(2) 

( 5) 

(4 } 

( s} 

(6) 

( 7) 

(8) 

(9) 

(10) 

' (11) 

(12) 

(15) 

(14) 

(1s) 

Freedo of design . 

Vari ety--not ste eotyped . 

Cantilever construct ion. 

Roof--pitched , deck , or combination of both. 

No factory fabrication . 

No machinery inves ment. 

No mass production to reduce costs . 

Panels cast at building s i te . 

Local l abor and m ter · ls used. 

Speed~1'construction . 

~onolithic--rigi d , permanent. 

ide color palette . 

No painting exterior panels . 
) ) 

Rust- Termite- fire~roof • 
._; 

Less materi 1, low cost, low upkeep. 

There was no wet plas er u sed in the home. V rious allboards and wall 

coverings--linoleum, etc .-covered t e walls. It is proposed in this type of wall , 

that it h ve insulation and be treated as an ordinary all . 

Undoubtedl y the question of leakage of 4-inch j anel s comes to mind . e are 

pleased to dvise that/anels vere left exposed in certain pl aces in the house , so 

that examinations could be made to see if there ~as any leak ge . We found no le kage 

of t 1 e joints what ever, either of t he individual Jrick , or the vert · cal j oints · th 

the ast · c fill . 

The house is of monolithic construction , as mentioned. b_r Mr . F . J. C. 

Dresser i n char ge of Chic~go Housin, when he examined t e photos and specifications 

in his office in ashington. I t is strong and d r able. 
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As hi gh as 8 ,000 visitors passed t h ough the house in a 10-hour day . This 

was an average of about 12 persons per minute, almost ·n lock step-- a continuous pro-

• cession , upstairs and downstairs , with the exit over t he g r .ge deck roof. The Atten­

dants on the lower floor advised that t hey could feel no vibration of t he house, 

neither was t here any sound of footsteps over1ead , even with t his vast number assin 

through. 

The savings in construction cost come p rtially from the fact tha.t one en-

tire course of back-up rick is eliminated from a..n or inary 8-inch solid masonry wall 

··n all the outer walls . With /rick /eneer over wood studdL~g type of construction, 

the entire studding , both upstairs and dovmstairs , is eliminated . I n both cases, 

the 4-inch / einforced Jrick /asonry / anel is load-be ring, c rrying the entire struc­

ture. Thus t he cost of t least one-hal f the amount of prick , plus the cost of in­

stallation , is eliminated . Rate of constructi on is al so speeded up . 

Dur i ng t he last few months , we have proved by alterncte estimates on sever 1 

houses that are semi-fireproof , low upkeep , th t houses can be built on this method 

as low, or lower , in cost than in using all frame construction . ~i th t he prick anel 

interior partitions , t he gar age is built in , fireproofed . 

Car r ying t hi s cost figure a point farther , over a 10-year period of upkeep , 

consisting of two or three ai nt j obs , dep·reciation, etc ., the advant ge i s even more 

in f avor of rick . 

The cost figure f or reproducing this 11-room house , is · ,ooor. where 

skilled l abor is not over $1 . 00 per hour . This includes a good gr ade of plumb·ng, 

heating , and lighting fixtures . The / einf orced /ri ck ;(asonry / anel }ouse th t we 

have just described to you , was the only house at t he Century of Pr ogress t at could 

be built for $5, 000 . As ) rchitects develop their pl ans , and as /ontr ctors and their 

workmen become more f @iliar with t i s type of construe ion , it is believed t h t costs 

Contractors wi ll come to the job with he nee ed equipment , and will 

be able to eliminate all lost motion, o ganizing t eir job from the very be ·nning . 
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Our Century House w s built i thout ab sement . It is contended hat it 

i s cheaper to build above ground t h n below. However , here b sements are desired , 

the first floor can be built of einforced Jrick / nels , e same as we h ve described . 

They can be on 24", 26 ", or desired centers , i t 1--uni ts if . , 4 , 5 , and 6 

support ed on / teel Junior I-Beams , or /re- ast jeinforced /oncrete oist s , or ein­

forced J3rick /earns . Further , it is expected that such /rick anels wi ll become a 

standard i tem of t he ateri 1 eal er . 

- - --- Rei nforced J rick /labs , of 2¼-inch t hi c s f and 5-foot lengt _, wi ll carry 

an ult i m&.te l oad f 200 pounds er square foot , and a safe l oad of r;o pounds er 

square foot . A . 5¾-inch /einforced f ri ck l ab , 8-foot length , will c rry an ul timate 

load of ~oo pounds per square foot , and a safe load o 75 poun s per square f oot . y 
A f ei nforced/rick /1 b fi¾-inches thick will carry a 100 pound load per square ·foot. 

When our work shee s now show that the entir e exterior walls--23 / anels , 

604 square feet--of the second story, were erected , completely, in 9 hours and 5 

minutes , there is every r a son to believe that)re-/as rick / nels can be pl ced , 

as a r·rst floor in any or.inary s i zed house , i n less than a day ' s t i me . Such c n­

structi on gives a fi reproof b sernent and should be used in the all lumber house , 

end the/rick/eneer over ood studding , as well as in the all,ric house . As a 

method of fire roofing the basement , 1ere s tistics show thit most of the fires 

originate , feinforced rick loor / a~el s wouid be a God-send in eliminat ·ng wood 

joists . 

½beret ere is nob sement , the over-all cement floo~ foundation akes an 

admirable plece for t he casting of the wall and p -~tition/ane s at the building 

site . The bed of sa.Dd gives you the levelling element . 

Wher e a bcr.sement is required , t e / re- a.s jrick loor anels can be pl aced 

in position on the f t eel / earns , and t hus pl ace is made re dy t no extra cost 

whatever , for t he making oft e wall and cr-'- iti on / anels . 

, " From Bri ck Engineering, Volume III. 
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There is much to be s i d in favor of this type of construction . Archi tects 

advise that bee use of the lighter exterior wal l l o .do e ·nforced f rick 1 nel s , 

they have more freedom in pl acing the sec on f loor w&ll /anels , both i n Cc ntilever 

and other constru tion. They do not require the heavy su-Jporting all beneath . · 

C 1 i ever t"'rpe of construction we.s use in our Century House wi thout any 

additional cost , because of t he }teel IPans in the second story floors. 

i r I In a 1J ord , the /'ei nf arced r i ck/ sonry anel i s t he rickman ' s answer t o 

fabricated f ames . It is truly rem rlrable t at one of t he oldest buil i ng materials 

kno~~ tom n , t oday , i s used in th mos . ,dvance type o co stru tion . 

The sm 11- home field is l arge one, as we at Jempted to sow throug our 

t wo tables of st tist ics--the one giving incomes, and t he pr esent census of lo ,r-co t 

hom0 s lr~ady in existence . 

I t is verified in the recent Gener .1 Electric ome Competition , wi th it s 

2 , 000 competing desi gns . Class A alone , the small house for the North , h d 1 ,000 

hich is ap roximately half the e~re number of competitive plans sub­

It is al so reported
11
probably 75 , of the pl ns f showed a trend to ard t he 

modern type--ma.ny with deck roof. 

entr nts , 

mitted . 

Reinforced rick anels are mo""t admir abl y adapted to the type of construc­

t ion shovm in t he Gener 1 Electric fompetition , the very l atest home design cornpeti-

t ion in this country , awards just ving been made. 

"Cheaper and Better Homes" can be built with einforced rick asonry . r 

/anels. The cominP- ~chitect will undoubtedly brus1 aside t he cobwebs of tr dition 

and strike out boldly, developi ng new ideas in t he ethod of utilizing construction 

materials , thereby giving us homes at a lower price , fire roof, · th lo upkeep cost , 

and wi t hin reach of the masses . 
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Introduction ) ·i,.J.,-

4~· r university of Illi-
~he Illipois State G~ologiqal Survey for the past several nR~l 

~ operation with the pepartment of Ceramic Engineering of the 
y 'A.as ~een investigating the mineral compositioh of Illinois' 

clays and shales in an endeavor to obtain a better underst anding 

of the f ac tors which control their ceramic properties . This 
~ A 

research is leading to the accumulation of a body of fr;;formation 

on Illinois' raw ma terials ~or ceramic purpose{ which should be 

of value in improving products, in solving certain processing 

problems , and in developing new products . At the Second Annual 
1/ 

Mineral Indus tries Conference held l ast year, a preliminary report-

1 
Grim, R. E., Clays and shales: Report of the Sec ona. Annual Mineral 
Industries Conference on Home Bui lding in Illinois, pp . 101-109 
(1934). 

of this work was given . 

The present paper is 

a progress report in which it is intended to present some results 

of our further work on this problem. 

These results can be presented be s t under the heading of 

the following gener al variable f actors of constitution which 

exert an important iJnfluence on ceramic properties, (a.) variations 

in particle size, (b) variation in mineral composition, and (c) 

variations in the base-exchange capacity -and the identity of 
~ 

exchangeable~- It is not considered that these are the only 
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constitutional factors influencing cer&mic properties although 

they are among the most i mportant. 

. q;f e i' 
Influence of variations in particle size ) 

upon ceramic properties 

The important influence exerted on ceramic properties 

generally by variations in the degree of fineness of the constituent 

particles of raw materials bas been recognized and stud.L., d for 

some time. I n investigating Illinoi s clays and shales a . slightly 

different approach to the problem has been used, and specific 

data for t hese materials have been obtained. These data are 

important, not onl y for t heir own inherent value, but because the 

influence other factors of constitution exert on ceramic properties 

cannot be evaluated without them, i.e., unle s s the variations 

due to particle size are taken into consideration. _ 

To study this problem, a series of Pennsylvanian shales 

used in brick making were selected, all of which contain the 
~/ 

same mineral components, i.e., they are all composed essentially 

2 
Grim, R. E., Petrology of Pennsylvanian shales and non-calcareous 
underclars associated with Illinois coals: Bull. Am. Cer. Soc. 
14 (1935). . · 

of a sericite-like mineral, micaceous in form, and quartz. By 

selecting such material, variations in ceramic properties caused 

b y differences in the identity of the mineral components could 

be largely eliminated. The content of material existing in 

particles less than 2 microns in diameter, plus larger clay 

mineral particles/\ broken a.own to this size on working, was 

determined for each she,le of the series by microscopic and 
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sedimentation analyses. Likewise, the content of material coarser 

than 2 microns and not broken down to a smaller size was de.jermined 

for each member of the series. The former fraction was designated 

for convenience as fraction A, the latter as fraction B. This pro­

cedure of fractionating the material at 2 microns (.002 nm) was 

followed for several reasons. Without a. separation at 2 microns 

into one fraction (B) whose mineral composition could be determined 

microscopically and another fraction (A) which required X-ray and 

chemical data in addition to microscopic information for mineral 

analysis, these shales are too complex to permit satisfactory 

mineral identification. Further, 2 microns represents about the 

upper limit at which the constituents of these rocks possess to a 

pronounced degree the properties commonly associated with the term 

clay. Slightly coarser material partakes of the nature of silt. 

Ceramic tests were made on each member of the series, and the 

determinations of the values for various ceramic properties were 

plotted against the content of fraction A with the results shown in 

tee tel.lawi:n~ figures J, ~ ; -v~ 3, 
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a tion ane.l f ses • . Likewise, he con tent of/ rr.aterial coar. er 
i / I , 

microns/ and nov ·broken d@vm t o a sma ller size was det·ermined 
/ · / 

each mem~er of t he The former.r ' r action wa s d"esi gna ted 
/ --~ . 
a s fracti on 

ceramic 

with th results show in t h e f 'bllowing 

Curve s howing the relation between amount 
of fraction A and modulus of rupture •F i t hout 
added sand for a series of Pennsylvanian 
shales. The loca ti ons of samples used in 
constructing this and the fel.le,win,g fi ures ~ ~ B 
can be determined by refer.ence to the sample 
numbers and t he appendix the aut hor's 
previous paper in Bull. Am. Cer. Soc., vol. 
14, No. 5 (1935). 

Curve s howi ng the rela tion between the amount 
of f r a ction A and volume drying shr inkage / 
for a s eries of Pennsylva nian shales. 

Fig. 3. Curve showing the rela ti on between the amount 
of f raction A and Vol ume burn ing shrinkage for 
a s eries of Pennsylvanian sha les. 

,if'. J) 

Figures 1, 2, and 3 showAthe modulus of rupture, the drying 

s hr i nkage, and the burni n g s hrinka ge• decrease with decrea. sing 

amount s of fraction A. The decrease in modulus of rupture (Fig . 1) 

i s most rapid in sha les ranging from 100 per cent to about 70 

per cen t fraction A. As s1own in fi gure 2, the decrease in volume 

drying shrinkage becomes increasingly less as the amount of 

fra ction B increases. The burning shr i nka ge, as s hown by fi gure 3, 
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appears to decrease gradually as the amount of ffraction A 

decreases. · There is a suggestion that the rate of decrease is ­

more rapid with less than 60 per cent fraction A (Fig. 3) but the 

data are not conclusive on this point. 

An inspection of the fl gurea l to 3 shows that :the values 

for certain of the shales are not close to the curves drawn approx­

ima tely through average va+ues. Thus, s hales number 241, 237, 239, 279 

exhibit distinctly higher or lower values, as the case may be, for 

modulus of rupture and drying shrinkage than the average va lues 

for shales of similar fraction A content. Petrographic analyses 

of tl::a.8 e~s s1ow t hat textural characteristics are usually 

responsible for t hese variations . In general a shale possessing 

values below the avera£ge is found to contain aggrega tes and 

mineral particles 1:hich bre ak down only vvi t h difficulty to 

particles as small as t hose in f'raction A, i.e., 2 microns or 

less. Ordinary working processes do not reduce t he se aggrega tes 

and partic l es although they can be broken down to t hi s size, 

and. the designated content of fraction A has been determined on 

the latter basis. Since they are no t broken down during work~,, 

the sample exhib its the properties of a shale with a smaller 

amount of fra ction A. · The cause of this difficulty in disaggre­

gation is commonly a slight silicification. Similarly· samples 

possessing values above the average are usually those very eas ily 

disaggregated and consequently on working an unusually l arge 

number of pa rticles are reduced t o the size li : it off a ction A 

causing the sample to possess values characteristic of the 
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average for shales of l arger fraction A content. Sb.ales that he.ve 

been exposed to surface weathering conditions commonly exhibit 

thls exceptional ease of disaggregation. 

Influe11ce of v ariations in mineral \,,-{ 
composition on ceramic properties / 

It has been recognized in recent ye ars that all clays are 

not composed dominantly of kaolinite or a kaolinite-like mineral , 

but t ha t they may contain any one or more of a group of minerals 

known as clay minerals . In t h is group are t o be found such 

minera ls as kaolinite, anauxite, halloysite, allophe.ne, beidellite, 

montmorillonite, nontronite, a sericite-like mineral , and perhaps 

others . The ceramic properties of a given clay or shale will in 

part depend upon which of t hese minerals are present and 1t heir 

rela tive abundance . 

The non calcareous underclays occurring beneath t he coa ls 
'-...-

in Illinois are composed of a mi xture of kaolinite, the sericite-
1/ 

like mineral and quartz. As already indica ted, the shales 

3 
Grim, R. E., Idem. 

associa ted with t he s ame coals are composed of the sericite-like 

mineral and qua rtz . Thus by comparing the ceramic properties 

of t he s e sha les and clays in such a way t hat the influence of 

particle size and tex t ure are held constant, the influence of 

kaolinite and the sericite-like clay minera l on these properties 

can be invest i g · ted. Thi s has be en done by determini ng the 
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relative abundance of fr action A and fraction B for a gToup of 

underclays, by obtaining determina tions of values for the ceramic 

p~operties for each member of t he group, and by plotting the 

ceramic values against t he content of fraction A. A comparison 

of curves (Figs. 4 , 5, and 6) based on such plottings for similar 

properties for shales and underclays is in effect a comparison 

of t he avera ge cera mic va lues fo~ shales and underclays of the 

same fraction A content . In . thi s way the influence of particle 

size and texture can be eliminated and the influence of mineral 

composition studied. 

Fig. 4. Curves showi ng t he relation between 
amount o'f fraction A and modulus of 
rupture without added sand for a series 
of .r-ennsylvanian shales(--) and non­
calcareous underclays (- - - -). 

Fig. 5. Curves showing the relation between 
amount of fraction A and volume drying 
shrinkage for a series of Pennsylvanian 
shales(·---) and non-calcareous under­
clays (-:- - - -). 

6. Curves showing the rela tion between 
amount of fraction A and volume burning 
shrinkage for a s eries of Pennsylvanian 
shales(----) and non-calcareous under­
clays (- - - -). 

Figure 4 sh ows the values for modulus of rupture to be higher 

for t he underclays than for the sha les. This difference is great­

est when the content of fraction A is l a rge, and least when it 

i 8 S ill '1.::ll. 

\ 
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As shown by figure 5, t he underclays possess a higher 

drying· shrinkage than the shales. The curves show further that 

the difference is greatest in ma teria l rich in fraction A, and 

tha t the rate of decrease of drying shrinkage fith increasing 

amounts of fr action Bis different for the underclays and for 

the cl ays. 

Figure 6 s'.lows the underclays to posses s a lower burnin. 0 

shrinkage t·1an the shales. As in the case of the drying shrinkage 

the rate of decrease of firi ng shrinkage with increasing amounts 

of fraction B is not the same for t he underclays and shales. 

The relative abundance of kaolini te a nd the sericite-like 

mineral is not the same in all underclays. In the underclays 

investigated, 271 and 232 contain the most kaolini te, 248, 225, and 

256 the least. In the green properties, the r e is no close cor­

rela tion be t ween t he rela tive arnounts of thes e minerals · and the 

values for t hese properties. From this it can be concluded either 

tha t in materi als of this kind a minimum amount of kaolinite 

is ample to c aus e the differences in green properties shown in 

fi gures 4 and 5 wi th larger quantities exerti ng little additional 

influence, or that the divergence of values possessed by the 

shales and underclo..ys are caused in part by f actors which have 

not yet been analyzed . The solution of this problem is a task 

for the future. 

As shown by fi gure 6, t here is a relationship between the 
tl 

abundance of sericite-like mineral and kaolini te andAburning 

shrinkage . Underclays 256 , 225, and 248 with the highest amount 

of sericite-like mineral possess va lues close to those of sha les 

in which t hi s mineral is t e dominant constituent. Other data 
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not here presented further emphasize a fairly close relationship 
~~ 1--~~ 11'-r-A ,4......_ ~ ~ 

between mifteral ~dentity aad bYrning propoFtics gcRcrall~. 

A petrographic analysis providing da ta on the relative 

abundance of fractions A and Bin a given shale or underclay, 

and on the identity of the essential mineral. components can be 

made in a compara tively short time. Using these determinations 

together wi th data similar to that pr~ sented above permits a 

rapid and fairly accurate estimation of the ceramic roperties 

wi t hout detailed ceramic analyses. 

Influence of variations in the base-exchange )t 
capacity and of the identity of exchangeable 

-i-Effis- on ceramic properties 
~ 

It has been recognized for some time tha t many cla ys possess 

certain amounts of var ious alkalies whi ch they will exchange 

under certain conditions for o ther alkalies. This is the 

phenomena of base-exchange made use of in zeolite wa ter sof teners 

in which the mineral zeolite exchanges its sodium for the lime 

of the hard water . 

Different clays ma y posses s the capacity to exchange 

different amounts of alkalies. Likewise, the specific identity 

of the exchange able base ls not the same in all clays. Recent 
ii 

work b r Endell, Hoffman, and Wilm has shown tha t t h ere is a 

Endell, N., Hoffman, U., Wilm, D., R~ntgenographische und 
kolloidchem s che Untersuchungen ftber Ton. Zeit. f. angew. 
Chemie, 47, pp. 539-547 (1934). 

relationship between the exchange capacity of a clay and 

certain of its green ceramic properties. Thus, plasticity and 
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drying shrinkage increase as the ba se-exchange capacity in­

creases, 1.e., the higher the capacity possessed by a given clay , 

the h igher its pla sticity and drying shrinkage will be. Within 

a given type of clay, such as kaolin, the breaking strength 

also increases as the exchange caJB, city increases. 

Perhaps of greater i mportance is the further recent finding 

that the properties of the raw material va ry also with the 

identity of the exchangeable base. It is now known that a given 

clay will have a sli ~htly different plasticity and drying shrink­

age depending on whether sodium or lime is the exchangeable com­

ponent. _Specifically as lime is exch nged for sodium, the 

plasticity is increased, and the drying shrinkage is decreased. 

Clays as they occur in na ture usually carry ca lcium as the 

exchangeable base rather than sodlum. .so that nature tends to 

provide the raw material in a condition of high plasticity and 

low drying shrinkage. The influence of these ·bases on other 

ceramic properties, and t1e influence generally of other bases 

, such as potash and magnesium, are problems for future research. 

The importance of this approach to clay and shale research 

is obvious wh en it is recognized t hat these data on base-
~ 

exchange caifity and exchangeable constituents may hold the- key 

to the control and improvement of the _c~ramic properties of a 

given clay . This problem of the improvement of a clay is not 

as simple nor as unrelated to other fact ors as may be concluded 

from the foregoing statements. Thus, different clay minerals 

possess different base-exchange capacities, e.g., the base­

exchange capacity .for kaolinite is nll or very low, whereas 
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for beidellite and montmorillonite it is very high. Therefore, 

a _clay so conetituted tha t its exchange capacity is low can 

have its properties cha nged very little by varying its exchangeable 

base. However, this difficulty probably can be surmounted. by 

blending in another clay with high exchange capa city thereby 

increas ing the possibility of varying the ceramic properties 

by varying the exchangeable cons tituent. 

Various constituents of many clays such as free ferric hydroxide 

and free silica probably tend to reduce the base-exchange capa.ci ty 
e , 

of a given clay and cons equently influenc4-Bg-the cerami c properties. 

Also, there is evidence tha t the base-exchange ability of a given 

clay mineral varie s wi th its particl e size. Therefore, the 

problem of improving properties of clays from this point of 

approach may involve a c onsideration of the removal of certain 

constituents or a change in t h e size of the constituent particles. 
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A Progress Report on an Investigation 
of Face Brick 

By C. W. Parmelee 
Head, Department of Ceramic Engineering 

University of Illinois 

Intro due t1on 

f•vi. i'lt.. SAL r~: SOL :~CE 
P Ecr i-1 uS 0 E.;"'·1· Oi J 

The purpose of this investigation, made by the 

Department of Ceramic Engineering of the University of Illi­

nois in cooperation with the State Geological Survey, was to 

determine the physical properties of face brick manufactured 

in the State and to compare these brick with face briclr manu­

factured in other states. An investigation of the physical 

properties of brick manufactured outside the State but offered 

for sale in the State has also been started. The data herein 

presented have been gathered from the measurements made here 

and from publications* giving similar data taken under 

standard conditions. 

Twenty-two brands of Illinois face brick and eleven 

brands of out-of-state brick offered for sale in Illinois have 

been tested. The published data, already mentioned, have been 

gathered from tests on nineteen brands of face brick manu­

factured in two states (Oklahoma and Virginia). 

In order to conduct a uniform and fair test on all 

the brick, one man selected all the specimens for testing pur­

poses. The Illinois brick were all gathered at the plant of 

the manufacturer, while the out-of-state brick were taken 

* . Physical Properties of Common and Face Brick Manufactured in 
Virginia, by J. W. Whittemore and Pauls. Dear, Bulletin No. 6, 
Engineering Experiment Station of Virginia Polytechnic Inst. 
Physical Properties of Common and Face Brick Manufactured in 
Oklahoma, by L. F. Sheerar, Publication No. 8, Engineering 
Experiment Station, Oklahoma Agricultural & Mechanical College. 
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from the stock of dealers representing the out-of-state manu­

facturers in the Chicago area . 

Description of Tests 

Variations in size.r'uniform1 ty of size should give, 

in some measure, an idea as to the amount of control exercised-

The test , as 

performed o~ Il l inois brick , consisted ·or measuring -the length 

of one hundred brick and dividing the sum by that number to ob ­
,.( ae \ iJi 1,;.·,.-111;· ( ,l.t 

tain the average . The variation from the aver ge ~as found by 
·'t' 

measuring the individual length and subtracting/\.from the aver-

age length; totaling all the variations and dividing by· the 

number of tests gave the average variation in inches . 

The per cent variation in length was found by sub­

stituting in the following formula:-

per -cent variation= 
average variation x lOO 
average length 

The same computations were mad for width and thickness . 

It was observed while conducting the variation of 

dimens ion t sts o the -Illi noi bl ick, Jha~ fewer measurem~ ts / 
µ . " i . .,. re t V, -l . t. t ~ G~ t'l,,..f;..,t{,' fl"" ~ ~.,.(,c-rt,.. •~U-

coul d be made and s:till. ... ...ge. :the~ ,sam&.-num&JZ,~1,: ~J.uas'- 1 There-
A 

fore, in obtaining the variation data for out-of-state brick , 

thirty specimens of each brand were used . 
~ ;Wu~- Warpage measurements were made by laying 

a straight-edge alon the length of a brick and estimating the 

warpage to the nearest 1/16 inch . One hundred specimens of 



- 3 -

each brand of Illinois brick and thirty specimens of each out­

of-state brick were measured. 

The compressive strength was 

determined on not less than five half-brick specimens accord­

ing to the method of the American Society of Testing Materials 

designation c. 67-31. The brick were cut in half by means ot 

an abrasive cut-off wheel and placed flatwise in the testing 

machine. The two bearing surfaces were in each case dipped in 

shellac and thinly coated with plaster of paris to insure uni­

form load distribution. The load was applied vertically at a 

uniform rate till fracture occurred. 

The transve se strength was 
I e. ( , , 1 i t/t · 

determined on .not le ss than five whole brick according to 

A. S .T.M. tes t- designation c. 67-31 • . Each brick was placed fla t ­

wise on knife _edges spaced seven inche s apart and the load was 

applied uniformly at mid-span . The knife edges used for this 

test were the type recommended by the A.S . T. M. The transverse 

strength was obtained by use of the standard equation . 

The absorption values wer found by al­

lowing five brick of e ch brand to set in distilled wate until 

constant weight was reached. This procedure varied from the test 

re ommended by the A. S. T. M. , specificati on c. 6?-31, in which a 

definite five-hour saturation period in boiling water is speci­

fied. The standard formula 

Sat. Wt . - Dry Wt . X lOO 
per <cent absorption= Dry Wt. · 

was used to obtain the values. 
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~ I 

~ indication of the per-

m ability of a face brick may be obtained by the rate at which 

it will absorb water at room temperature. Five sample from 
" each br and were weighed with the accuracy of ~0.5 per cent, 

pla ed in distilled water, and weighed again at one hour in­

tervals until the weights became constant. The rate of ab­

sorp•tion in per cent was computed from the hourly value. 

The bulk density values were ob­

tained from an average of five samples Ei-etePmiaeel: by the sus­

pended weight method . The specimens were first weighed with 

an accuracy of +O.~ per c -nt, and iWJnersed in distilled water 
j ~ 

·t 11\ saturat~ the saturated and suspended weights were 

then determined. The density was computed from the formula: -

d: Dry Wt . 
Sa t\l.rated-Wt ~ - Suspended Wt-. 

Brinell hardness.- Five specimens from each br and 

w r taken for . a Brinell hardness test and one surface of each 

sample was smoothly ground on a revolving steel disc with 200-

me h carborundum as th abrasive. The hardness was determined 

on a standard Brinell machine With a constant bearing load of 

500 or 1000 Kg. The different lo ads were used ·due to extreme 

differences in hardness· soft and extremely vitrified brick 

breaking under the 1000 Kg . load. Carbon paper interpo s d 

between the sam~le and ball, was used. to more clearly define 

t he mark of the steel ball. The diameter of the indentation 

was measured. with a magnif' ying i nst rument. The Brinell index 
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was obtained from the diameter by the equation given -by 

McBurn y, ~our. Am. Cer. Soc . 1930, 823. 

The Brinell ha dness test is not used extensively 

in testing ceramic products, and its value depends consider­

ably on how the data are interpreted . It should be kept in 

k mind that if the jri k were homogeneous. throughout there 

should be a definite correlation between Brinell hardness and 

the compressi ve strength . '· However, the condition is not fully 

realized. Therefore, the Brinell index data might be said to 

give the s.trength or hardness of a :practically uniform portion 

of the brick in the region of contact with the ball . The com­

pr s ive ·or ~ransvers strength, on the other hand, gives the 

strength of the brick as a structural uni t . 

Soluble salts . - A ualitative test for the presence 

of soluble salts was made by half immer ing the brick sampl s 

in a pan of distilled water . After evapor ation was complete, 

the surfaces were examined for eVidence of scumming and the 

resulting appearance recorded . Thee results are not reported 

at . this time. 

Color .- The color test was made by matching the 

brick with the· colors of the Munsell charts . The results of 

this test eventually will be reported aoco,rding t o hue, value, 

and chroma . Thi s is a . very satisfactory method i f too many 

tests are not conducted at one time since then the eyes of 

the operator become fatigued . 
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Results 
~ -

'h ti. '"'4- ~ ~ l, · t ? 1 '--1, !:, 
The accompanying table 1and ~ summar.i.:. ze the re­

"-
sul ts thus far obtained relating to the standard brands of-

face brick manufactured in the State aa:::a: un:t?t .-- The t .ests 
f 

~.,., . ~;..a~tJ 

showed the -deeid:ed'. superiority of Illinois brick as a group 
. "" 

in nearly all physical properties. The lim.1 ted amount of dat a M t~ -

for direct comparison shows an apparent inferiority of southern 

and western brick compared to mid-western brick. 

Although the variation of Brinell hardness in one 

brick is quite large there is a very distinct difference in 

hardness of various types of brick. A limitation in the method 

of Brinell hardness measurements i s ~he indistinct boundary 

between the indentation and the surrounding surface· possibly 

some better method can be found to determine this property. 
~~ \ 

The follovdng chart shows some of the more interest-,.... 

ing values obtained. . 
. V . . ( ·. r F~ s~stical 7ment of brick data ~ -b~ 

L benefici~Ao both manufact/ and consumer. 
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Table 1.-.,.___, Summary of Data -

Ave. compressive strength-------------­

Max. comnre~s ive strength--------------­

Most probable compressive strength-----­

Ave. Transverse strength---- - - ---------­

Max. transverse strength--------- --- - -- ­

Most probable transverse strength-------

Ave . absorption-------------------------

Max. absorption-------- - ---------------

Most probable absorption--------- ------­

Ave. variation in dimensions-----------~ 

Most probable variation in dimensions --

. Most probable maxi mum warpage ----------

Ave. warpage ----------------------------

Maxo Brinell hardness index ------- -----­

Mi n . Brinell hardness index ---- - --------

*Most probable vaLues for all brick 

Illinois 

11,320 

17,800 

12,000 

1,720 

2,860 

1,600 

3.65% 

9. 5% 

5% 

2.72% 

. 0625'' 

. Ol59U 

174 

34 

Others 

8,800 

16,200 

10 ,900* 

1,-390 

3,140 

1, 300* 

7.58% 

1 !3.2% 

.o 625" 

.0269" 

193 

56 
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A Discussion of the Figures 

Note ~n Frequency Scales 

The frequency scales shown on Figures 1, 2, 3, 4, 

and 5 are t.hose for Illinois brick; the frequency scale for 

"all brick" may be had by multiplying the given scale by 

the factors listed below. 

Transverse Strength -

Compressive Strength 

Warpage 

Absorption -

ll 
5 

2 

6 
5 
11 -a 
20 Variation of Dimensions - 13 

Since there were forty brands of out-of-state brick considered 

as against twenty-two from Illinois,the two sets of curves 

were adjusted to secure an easier comparison. The high points, 

or the most probable values, are adjusted so that they are the 

same height for comparison purposes, for both Illinois and 
~ \~ 

"all• brick •curves. 

fj ~· The number of brands of brick and the intervals ,0:£- 1o.if..,.J -.:...~1 
1r· 

measurementofor each graph for Illinois brick are listed below. 

Number Intervals 
of Brands on the Gra1hs 

Properties Tested (apurox. 

Transverse Strength - 23 300 lb. per sq. in. 

Compressive Strength 23 2,000 lb. per sq. in. 

Warpage - - - - - 33 1/16 inch 

Absorption - - - 23 1.5,% 
Variation in Dimensions - 33 1.% 
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Frequency curves have been employed to show 

graphically how Illinois face brick as a unit compare with 

all other brick tested or concerning which we have data. 

This method of presenting the result of experiments shows 

the relation which probably exists between the number of 

brands tested and the variations in the properties observed. 

rJ- In testing such heterogeneous material as/f face brick, it 

is to be expected that tnere will be variations and the truly 

representative values may be had only by carefully analyzing 

the data. An arithmetical average of the results of a 

physical test of such wares is of relatively little valµe 

unless a very large number of samples is tested. ~ only a 

small number is tested, then attention must be paid to the 

frequency with which certain values occur. From these, we 

may derive the representative values which may be accepted 

with confidence, whereas, very low values or very high values 

are only occasionally observed. For example, on Figure 1, 

Distribution Curve of Transverse Strength, the most frequent 

value for transverse strength attained by all brick tested 

(including I l linois brick) was about 1300 pounds per square 

inch, which~is the Most Probable Value, whereas the mg&~ 

~l\v:i~ for transverse strength of the Illinois brick 

was nearly 1600 pounds per square incn. Further, inspection 

of the curve for the Illinois brick shows that the least 

transverse strength attained was more than 1000 pounds as 

compared with approximately 600 pounds for all the brick. 
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The summary of the data shows t hat the brand of brick having 

the hignest transverse strength of this investigation is manu­

factured outside tne state of Illinois, yet the frequency 

diagram indicates the probability of a brand of brick being 

manufactured in I l linois having this strength is greater than 
- £ \\ 

the probability of it being manufactured in "alJ/'' states con-

sidered. 

It should be noted that this part of t h e Illinois 

frequency curve is extrapolated and, therefore, gives the · 

probable distribution in this range. Further, t h e next 

highest value for transverse str ength for out-of-state brick 

is 2400 pounds per square inch . This value is also of very 

low frequency. If the data for out-of-state brick only 

were used in drawing a frequency curve, the value of 3,100 

pounds would seem to be incorrect for any brick since it 

would be entirely out of line with the rest of the data, but 

the data from the Illinois brick show that it is possible and 

also that it is very nearly the maximum value one would ever 

expect to attain under the test cond°itions. Some of the data 

M indicated on t h e frequency curve to show the trend and 

to make the explanation clear. 

In general, the less the area under a curve, the 

greater is the uniformity of the physical property tested. 

The ideal condition would be represented by a point showing 

that all samples tested gave exactly the same strength. This 

point would be located by a straight line parallel to the 
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frequency ordinate and running from the baseline to the point. 

The frequency curves shown in Figures 2, 3, 4, and 

5 may be interpreted in a similar manner. The Distribution 

of Maximum Warpage, Figure 2, s hows that the Illinois brick 

as a unit show a s omewhat greater probability for greater 

warpage than all the brick but the maximum ·warpage to be 

anticipated is not much different. It should be noted that 

the scale of warpage is in hundredths of an inch and the 

differences are very small. 

The Distribution of Absorptions, Figure 3, shows 

that the average absorption for Illinois brick is less than 

the Most Probable Value for all brick, whereas, the average :, , '7 

absorption for brick other than Illinois is higher. The 

maximum for Illinois brick is less t han the maximum for all 

brick and t here is less probability that the Illinois brands 

of brick will vary as much as all brick considered. 

The Distribution of Variations in Dimensions, 

Figure 4, shows that the average for _Illinois brick is 

greater than the most p robable value for all, but less than 

the average for brick from other states. In other words, 

the Illinois brick were found to show a slightly higher varia,­

tion than the average variation of all brick but t h ey are 

•· more uniform than out-of-state brick tested or of which we 

have data. 
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The Distribution of Compressive Strength , Fig. 5, 

shows that t he average of the Illinois brick is considerably 

higher than the average of other brick, a,lso that the Most 

Probable Value for the Illinois brick is greater tnan for 

all brick studied. 

\ 



~ 
() ~, 
(1) 

g. 
Cl) 

t4 

3 

2 

1 

·~ 

. 

l±WJJ I I I I I I I I I I I I I I I I l u-'I I I I I I I I I Jll l I ITfTTTTTTTTI-

ti 
,.-

~oo~ goo 12'00 1160cr 2000 2400 2soo - 32nD EUGENE DIETZGEN CO. NO. 31- 6 

Pounds per square inch (Transve~Be Str-:engtn) 



25-

~ 
0 
i:: 
Q) 

~ 

20 

15 

glO . 
rz. 

,5 

g L-

" ' 
I 

I 

•~ 

-- I I 

I 

-

I 

~ 

' " ,,. 

lo 20 
, 

,._, FIJ(.;FNF ntFT7(.;FN r.o NO. ~46 

Warpage in Hundredths of Inches 



~ 
0 
~ 
Q) 

& 
Q) 

g 

6 

/:. 4 

::-

2 

., ~ 

it++-

,. 
L b 

. 

8::; 

e: ,, 

+-

-a.U.-lul 

lo, •. ) ... 2 .; . 164-
EUGENE DIETZGEN CO. NO. 346 

Per Cent Absorption 



15-

~0-
0 
~ 
Q) 

~ 
01 
Q) ... 

fz.. 

~-

' 

.. 

. l 

- ~ ..... ~l : .,, 
·•m 

c; 

,.:. 's' I 11 1 1 I I [tr, ;-i ... _ 
EUGENE DIETZGEN GO. NO. 34·5 

Per Cent From Average Dimensions 



~ 
0 
A 8-Q> 

& 
Q) 

J-4 

fzc 6-

4-

.2 

f 

1 111111111111111111111111111111111111111111111111111111111111111111 JI I I I I I I I I I I I I I I I I lllifl I I I I I l I I I I I I I I I I 111111111111111 ti+ttttt+tt+HI 1111111111111 UilllliJ 111 Htmttl I I I I I I I I I I I I I I I l I I I I I I I li-#U-1 

~ 

2000 ~000 6000 8000 100QQ 12000 14000 160QQ 18000 2_0QQQ EUGENE DIETZGEN CO. NO. 346 

Pounds per Square Inch (Compressive Strength) 



. J 

7 

\ 

Fice brick studies - - ----- No scale is iven for f requ nc y n a cl arts. 

Ont e raph 11 Va ·at ons of .,imensio II it is not shown rv at 

t e solid an::, 

It is not evident ho , t. 

lines re ectively re resent • 

re.ph "Variations in dimension 11 

relates to any item · given in nsumrna.ry of data . 11 

The data given on ,. a r page in 11 Sun mary of data 11 appears to 

be discordant ith t h a ta present din the ·rap 

t t ed 11 Dist i bution of maximu warpage . 11 

✓/ The - eading 1~De s cri tion f teststt at t he top of a ge 2 

should be made continuous with t_1e last aragraph on 

page 1, as t hey a_eal ith the same subject . 

/ The heading 11 De cri tion of tests 11 should_ be inser;ted as a 

center heading just bef re t e l ast .IC _ragraph on page 1 . 

a g e 3, econd paragrp..ph . This ara aph hou_ b e ""ta t d 

w·th t 

test . 

. rd t• Absorption - 11 to denote the nature of the 

/ Page 3, last paragraph • . Thi paragraphs oul d be star t .d 1th 

the words 11 Bulk density - 11 t de o t the nature oft e 

t t . 

/ Page 5, paragrap 2 - t, e 10rd II e ul ts II s hou l d be a center 

headi ng . 

Page T head· n II ac b ic inve tig tio ns II shou d 

be ::,e l et • 



Comments on 11 Face Brick Studies 11 

p. 1. - Should t ere not be a footnote ref erence t o the publications 
mentioned in line s 7 and 11 . 

·✓ p. 2 . - Line 15, s t arting 0 warpage 11 should be a new paragraph. 

p . 4 . - First paragraph on p . 4 should b gin wi t , the title 
11 Brinell Hardness" w1ich has been crossed off • 

• 5. - ·vould suggest the section titled 11 Resu1 ts II be changed some­
what ·as follows and t hat the statement rega rding the 
limitations of t le Brinell ha~dness method be transferred to 
the discussion of t1at test on p. 4 : 

Results 

The accom-" anying table· and charts summarize the results thus 
✓ far ob tained relating t o the standard brands of face brick manufacture t 

in the ·State as a unit. The tests show t e decided superiority of 
Illinois brick as a group in nearly all physical properties. The limi ted 
amount of data for comparison s,101- an apparent inferiority of southern 
and wes tern brick compared to mid-western brick. 

p . 6. - Delete 11 Face brick investiga tions 11 and give a table number. 

p. 3. - It is not clear how the rate of absorption is calcula t ed. 
This i nvolves (1) ti me , and (2) a aunt of water abs orbed. 

~hart 11 variati ons in dimensionsu i s missing. Presumably it 
has been deleted. 
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Hi~cel«lf e<9w .A.fs, '1'11110 
(!, W. Rirnre.lee 

A 1)ro -;r ·ess .. e,c-1ort on t he Use of ·]eat ·:.1 i t h l a L I.'. : "' s-. ··. E. 
Gi...<JL r:. iC.\L SU .. v:.::Y 

i n t h e ~r e duction of orous . rick 

By C. • rrr 1elee 
Head, Department of Ceramic Engineering, 

Universit~ of Illinois, Urbana 
purpose of'1i s 1nves t1 p:·l' tion, undert aken jointly by the 

of t e Univers ity of I ll i no i s ,. .nd t h e Illinoi s 

St te (}eo l oulca l Surv..; y, Jc;:, s to '1.t tem:t,, t t he pro _uc tion of '1i r .. ly 

·::>orous .. .,,ric- suita b l e for i nsul a tion purp oses . The 1 troduc tion of 

ort ~nic 1:1s. t eri o. l s uc ~1 <- s e t , s tr w, s ~,_ .. ,auAt, coa. l, e tc ., 1 1 cla y 

mi x tures i s ··m old pr .ctice h ie ·1 rm. s been s uccessfully en loyed a t 

va rious tj_ , e s in t }e reduction of .:)pe ciri l ... · o lucts . 

The 

Illi . .1.ols; 

but l es s comp l e tely so be c .s,uee of diffi cul ties en c unt · ✓red in 

burning . 

Th e pe I") t -.nd c l a .. ys were 1 •. i x ed. i n vc.r y i nt.~ prop ort lons .J..nd t h e 

ma s s broubht to a ,~orkab l e cond1 tion wit j, the a d d _ tion of' 1.:2.t e r . 

Test ieces . ere for •ed eYtrus ion throu ~h i ies . 

rr he ,..e es t i ece s ,,vere burnea ut s eve r r l d:tf:eerent t.e1: 1Je r 2.tures 

c· ccord· n .~ to t J. e ~n t ure f t he c l y . Specia l c ,, re was ne e " ed in 

ord er t o a c compli '"" h b~ r l n6 s ucces s fully 11it11out d .i::n~<re by b l o c.t. tln::; . 

Us L c t he e xperi ence .~ained ,,it t he small test ieces , full s i ze 

b ricks ;<,ere ,.it:?. de in t -1-e pl.: .sti c condition by h'":lnu mol·a l r1g and 

r e -re s sing . These Trnre burned to c n e 01 and the ... ollowi r · r""s u l ts 

-,rnre ob t a i.i.1ed : 
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Absorption ( ~ ev4-) 

10 . 7, 

30.9 

42.2 

57.8 

18.3 

18 . 8 

31 .1 

50 . 1 

1 .70 

1 . 41 

1 . 19 

0 . 98 

2 .05 

1.68 

1 . 35 

0 . 997 

The bric 1. \. e re of good color a.nd a ·p e iC.r ance .. T e very ·1l g h 

bc orpt ions and lo _ . pe cif ic gr a vities · __ t t:· ined a s :,rell &e t he 

of ·t e o s~J i Jill +-y o l rodu c Ln [.; rlc ~ of p-ood 1ns ul tl :r1it _ ro~ Jerties . 



Friday, May 17 

COAL RESEARCH 

Elec. Eng . Auditorium 

1. Fuels. - Developments in the Technology of Illinois f uel. 
Samuel R. Lewis, Consluting I1 .ech. Eng., Chicago. 

2. Production and Utilization of Coal. 
G. H. Cady, Senior Geol . and Head of Coal Sect ., Ill. Geol. Surv. 
F. H. Re ed, Chief Chemi st, Ill . State Geol. Survey. 

J . Chemical Engineering Problems Re lating to the Mineral Resources of the State. 

4. 

D. B. Keyes, Head of Chem . Eng. Div., University of I llinois. 

Or ganic and Mi neral Components of Coal as Seen under the 
W. S. McCabe and C. G. Ball, Ill. State Geol . Survey. 

1icroscope. 
h ·;s s:i ~ . 

5. Sepa rability of Coal Components in Coal Fines . 
L. c. McCabe, Ill. State Geol. Survey . 1--'ti~ .. ~, : .... 

1 
6. Coking and Gas- Making Pro perties of Illinois Coals. 

Gilbert Thiessen. k ~ S".) ; .,,.,\ , 

7. Smokeless Bri quets Made by Impact Process. 
R. J . f iersol, Ill. State Geol. Survey. 

Saturday, May 18 

8. Illinois Coal as a Sol id ~uel - Possibilities of Improving I ts Competitive 
Position. 
The Economi cs of Coal Beneficiati on, with Special rteference t o the Problems 
of Smaller Operators . 

R. J. Lawry, Contr . Eng ., Roberts and Schaefer Co., Chicago. 

9. f ossibilities of Improving and i xtending the Use of Ill. Coal t hrough a 
Study of its Const ituents . 

G. H. Cady, Senior Geol . and Head of the Coal Div . State Geol. Survey . 

10. Utilization of Coal Mine Waste. 
C. M. Smith, Res. Assist. Prof . of Mng . Eng ., Univ. of Ill. 

11. Furthering the Uti lization of I ll. Coal Through Proper Equipment Design . 
H. Kreisinger, Res . Eng ., Com busti on En_g . Co., New York City . 

12. Ill . Coal a s a Source of Gaseous and Liquid Fue l - Lookin~ to the Not Far 
Distant Future. 
From t he Viewpoi nt of a Techni cal N.tan in Industry . 

M. D. Curran, Pres., Hadiant Fuel Corp . , St . Louis , Mo., and ~est 
Frankfort, Illinois. 

13. From the Viewpoint of a He search Coal Cherr·i st. 
Gilbert Thiessen, A.ssoc . Chem., I ll. State Geo 1. Survey . 



Memorandum 

To: Dr. M. M. Leighton 

From: F. H. Reed 

Date: September 5, 1935 

MINERAL RESOURCE 
RECORDS DIVISION 

Tf,irct /J11>-,ara...- I Ind.1/.s t­
J//e.5 c'onraranc.(l. 

· ILLINOIS STATE 
GEOLOGICAL SURVEY 

Re: Publication of papers in coal (Mineral Industries Conference) 

General comments 

Dr. Cady has suggested that these articles should not 
be published. Before such a decision is reached, I believe it would 
be well to consult C. J. Sandoe and others in industry in regard to 
their views. Mr. Sandoe and others expressed themselves to me during 
the June boat trip as well pleased with the Mineral Industries Con­
ference, and desirous of having copies of the papers, particularly Mr. 
Kreisinger•s. Since this one is alrea~y published, it is possible 
that the abstracts now being distrib~ted will fulfill their needs. 
I., too., would like to conserve our funds for publication, but if 
these papers are desired by men prominent in the Illinois coal 
industry., they should be published. 

Detailed comments· 

Developments in the Technology of Illinois Fuel, b~ 
Samuel R. Lewis 

p. 4., 2d paragraph, lines 17-20, incl. Sentence requires rewriting. 

The Selection and Design of Equipment for Burning 
Illinois Coal, by Henri Kreisinger 

p. 13., lines 1-7, incl. This paragraph should be rewritten in a 
manner similar to that in the abstract of this article. 

Illinois 6oal as a Source of G8 se·ous and Liquid 
Fuels, by Gilbert Thiessen -

p. 14, lines 9-11. I sug~est the deletion of this sentence. 

The article by Mr. Kreisinger was published in 11 Combustion11 

June, 1935. 

The article by Prof. Keyes was published in "Chemical 
Industries., 11

. July, 1935. 
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ILLINOIS STAT~ GEOLOGICAL SURVEY 

Date Stamped AUG. 20 _____ __,~ .......... ~---
ITEM Papers iri COAL (Mineral Industries Conference) ·----............................................... ..... 
Initials Date Received Date Passed On 

Please have in mind that these are bein6 published under the auspices 

of the State Geological Survey and you should therefore loo~ out for 
potnts that might be questioned 'by producers, thus involving the 

Survey, and that can just as well be avoided.. MML 
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Substituted page 1 

DEVEI/JPME-NTS .IN. THE TEOllO;LOGY 
OF ILLINOIS FlJ'EL 

By Samuel R. ' Lewis 

The outstanding development in the preparation 

of Illino.is coal seera.s ;to be in the impl~ovementa by the producers 

and d.eijlers. 

--lawl producers are sending the coal through a j e t 

of air -t o remove all the loose dust,. wa sh ing 1 t with water to 

remove all soluble mate1:iial, and eo.ating it with a film of dis-

tillate to keep it .fro• powdering. 

Xl11~o.1s pr oducers of coal, under t h e pre sent economio 

necessity, appar ent).y have decided to deliver better fuel and not to 

leave moat of the task of pr-oteeting an Ill1no1s industry, as in the 

past., to~ the man who builds equipment to .facilitate the burni.ng, that 

is to say, to t p.e bu1lc(er of the stoker or rurn&ee. 

!bls delivery of better· fuel invGlves erushing and 

screening and sorting so as to remove incombustibles and .dust. Most 

o:r the dust, ·~ .... :,.e -1r·,,,1,)l'e-,~ - \~ ·--~.-,..._. now • being thrown 

away, 9\1tS::=~ .... ~ 'probab11 wil.~ eoome a profi ~able by•produot, 
' - ;/Av 

just as the pyrites now picked .from the sorting tables,.. being 
"· ' . ;,;t , 

absorbed by the chemical industry,. whereas formerly 11§09' 1ueP& wasted. 

' Wash ing coal. with wat er r e .. noves not only the dust, 

but oarries away also the particles of . mineral heavier than coal. 

Washing may become n.eal'ly un1v,eraal, for tr8l?lendoue investments have 

been made to facili t ate it at some mines. 
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Reo.ent large scale testsA1:n actual pract1Qe M?'9 
_; 

... a . . 'A. 
vvf4. ~_,l 

particles of coal"' tlfl9 w;,a lfi 
~ #'\ 

...t111,Mtia•~• seem to/\ coke without fusing together into COJJlParatively 

lai·,ge masses, as aua do• some kinda of untreated coal. The tPeated 

eoal does not .hold as .much occluded water and so does n-ot oli?lg to 

the sides of stoker hoppers or a1"ch over &bove the ram or the a .crew, 

·one of the weaknesses of' wet, untreated eoal having a considerable 

proportion 01"' ultra fine partioles when used in. underfeed . stpker-s. 
. 7, , ':•,.--., i j fc frrn. ,< 

, 

. ~ pro ce a s.i · oo~,l .s 
? I\ 

al so a.pp ea~ t tlY. e-e-:t.h-e---t'.'e-n-d.c&n e,.--
., 

to==yer:mJ:!;; blow holes through the fuel bed large s.tokers /\ 

sueh blow holes, with the extremely high temp.eratu:res in the fuel a1"ound 

their edg e s, a1")e r 1 esponsible . fo1:i excessive ash fusi on and stoker main­

tenance, the p:r•oeessed f'u e l brin5 s about . a considerab le i mp1..,ovement. 

One large producer predicts that due to the super 

proces sing of .Illinois coal, the present standard method of coal 
con sumer s ). . . 

purchasing by l arge ~m11ntmribunr on a ~ basis will be modified to 
. . ~ 

allow properly for the increased burning eff1o,1eney. 

The alt ernating side-firing manual method of burning 

I111ne1s bituminous coal has me t w1 th eo~derable __ favor~ _T 
..... 

4e&1oi'ihed -tttt-s-at1'h.-eme be;p,e iiae~r.-~~ It involves the maintaining of 

Lr• ,, 
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a.bs~l,il~'bed: pa~ 8 ·~ 

The :r#ecently d eveloped 'Oil-coating technique bids 

tail' to supersede the air- de•d.Usting proeesa, and f ar surpas s es 

the older oa.lciu.m ch loride p1~ooes s wh i ch may b e col!le obsolete. The 

warmed 01i; is blewa through the, coal at high pl'es sure fQ·rm1n.g a mist, 

~~ ... ~ __ :.,es ~~~ . an. eimYsioxi' . ~ th w~t .. ~: • and the oil. eoa ting e•.s1 ly is 

applied by the dealer e.t h is local yard, or dock as we11 a.s by the 

producer at the mine tipple. 

T.he oil must pos ses~ 

o:f low surfaoe -•ten sion, so a.s to spread all around every p e.rticle of 

eoal. and so as to atti-aet a.n.d bald and cover each dust part1c1e. It 

mu.st not be odorous and :m.ust . not evaporate and disappear or wash 0,ff. 

There must not, ot cour$e, be enough oil to cau.se the la.rge,r particles /: 

et coal t o coher e each to the other, or to impede air distribution. 

An insta.Ace has been e1ted in which the dealer added 

a small amount of oil of' cedar to t h e distillate whioh was applied 

te the coal., with the result that the basement to whieh i t was delivered 

acquired an, .. , inter esting . scen t of the Mor th wo·ods. 

Th1s super-proces sing applied to Ill inoi s coal co sts 
~ 

#G\IRa 10 cents per ton tor removing the dust with air, a small amount 

more p er ton for water vra shtng, and from 7 to 13 cents per ton for the 

oil treatment, A $mall portable air compressor, a tank of the ooat1ng, 
fr("' .. 7fku.~)·UU1• )( 

and an atomizer comprise the d ealers ·' necessary equipment. ~-- --~ .. - ·· . . ,, "' ·~"'"• - ........ .-..... . .... - ~ 
C,_ - 011 PX'&cessed. coal can be thrown into, the a1r

1 
as with 

. a shovel1nthout ,my dust appearing and at11l gives no visible evidence 

&t the 011 .• 



,. 

a 'bed or &ah•• above the grat-•• and t4Le.n tb'le f'.OP 1nt rodu.ot1on o~ 

gNten tuel arrlvea th1a coal la placed tn a tr1~a:r pile asa1mrt 
~ .. 

one aide of the turaaoe 1n a bed prepaPed b7 :first hav1 . rked tl'Je 

lnoandesoent tu.el .into a s:1:mlla ptle agalnst the oppo o1 te i;d d$ o~ 
O'""V\..- (__ ; 

the t'\trnaee. Thu.s the:re Pe:ma!Jle in the o · n ter ) or t he turn.ace a. 

deep, valle,- nth one hill 11.de re4 .hot re.ad.7 ·te 1gn1te the •olat11•• 
. - ' 

"""' anu d>th th~ other b11-l a1de cuarried on ashes and re-ad7 to be htta·ted 
. -

~ 

.ta-om. the top down, J. s t he ooole·:r hill s1 ·: ·e t hus ls heate-d .~ad'U.aUy. 
1/ . , 

the vola.tile-s. are bu»:ned and e:t"ficten.t ,m4 amokele.$11 oom,bllstion ~--

For almoat/&L.l new l.cu-ge coal b\trru..ns 1nstalle.tiona, 

mecl1anlcJa1 feed1n ·· of the hel tnto the -fi1-e,. e.oupl•d with control 

or the ex.cees alr both above tPtl-below the h-el 'be-4 la- 01T4Pl07ed. 

~e undet-r e -ed t'e~<Jed t\l1·•f't •utoma tt.c stoker ha.a proved 1 t -s ab1.l1 \y 

to burn Illinois coal eff141entl7 md amokelesal,-, tn dcmtestte 

a.pplioatio,n• • ·• :well as 1n laX"ge pow.e~ plants. 
lv . ~ - ,---

A be;trir un4orst-and1l'lg of t he tttrnaee "10lttme requi~ed. 
~ : . 

so tha~ the ch~eal pN>eess-es of eom.bustion p1•ope1•l y m 1 be oarr i~d. , 
I. . 

out 1$ ev1dent almost ttrd.vetnur · · ·1 . (and) ·th.et>;& is 07 long odds a -«ller / 

munbe:r or UWtatlstaetorr inst allations being made. Impltov-einent• have 

be@ 111ade 1n the d1,tr1llutlon or the coal _tm-o~t \he le~th oz 
f t {,· ~ 

the i-etor.-t b7 ~et-tnements or the scr•• 1:n hat- tne o:r 'tU\der:f&ecl stoker; 

cd by auxil1~· pu.ahez,.a 1n the,. 7-4111 tn,e of ·lbld.er;tee4 stoker. 

A de.ad pla·t• behind the ••to•• when · the stoke,., 1a t'e4 

btom the bo1l•r trout no lon,ei- .ls neoe·ase71 &le ·to .~'.r'oved d1e­

tr.1but1-on t.brot1$h0Ut the . length o:r the retnt, and .as a result ot' 

th• omiaaiou ot' a 4ea4 · -piat,e ·thol"e ta atoh leas 41f.f1oul.t7 Vllth reoc,nt 



J 

-undertee mode le . in remov1n,.; ollnkex-s . 

EJr;pwienoe baa demonst i-ated to manutao.tu:rera and 

1aleeme11 of the ama11.e21· slz-ed t -okera '(:ba~ @:e~,pit•· eoq>ense an4 
-~ r; ' ,_. J ' . '. "' •· J ,1 • . ~ / 

trou.bl_! ~ ol4 lu\nd-rtr,e4 boil.er a ~must bav~) adequate flutna(te volume, ,. 

and 1t has b come a im.ch oasiex- taak . to induce owners¼ 1 ther to ex•• 

cav· te for dee.per pits or to elev t e the poil,er·a . 

In a., gre.at maft7 instanGea hig'n pr ssure salesmen have 
VJ,1.4 ~ ' 

made such extravali$ant olailu for 1ncreaeed output due to s toker• .,. 
(< (Jtrl' 

that but one atoker has b .en tnstall•d. 1n --one --iuhe boil.el", Wh&re 

there were t , bolle~s. 



_,,,/ 

•nOUGh coal ·to tu.lf111 t 1e demand, the ~esu.lts, as t ·o (;. ~ 1~l*e nd. as to 
.""- and on the fireman , 

xelt)ll)cuxamd. we '.r, and tear on ,h$ 'bo1l r._ o s: ':f not.tdng of was e ·OZ 
. .f , \ 

beat up the chtmney • were deplo~abl . even tboug'b. per~,• a reduced. 
. I .;t4 ' ' 

total tuel. lnpUt OOJIQ)ar c. th that fo~ hand fb1:ng, . .,... achS.e ed. 

It le obvtou to ·the· 1n1t1 · ted that • se·l.t oonta1ne4 .f1r•b0x boiler,. 

or 1 . ·· t oe,. so overloaded · hat the dao-ra .at e b ck end .,... i-e4 

hQ.t ould not be abaorbtng ~th11)8 like the prQporti.on of heat wtdo . 

It 1e capable •Q;f aalvastns. 

tllere le- a Gefi, 1 t tendency to ooi-vect thls too e.n• 
,. 

llU1 st1o ~ queat .f.rom boti 11 used tor heat1ng,...xt....._, bJ 1n-

;tal11ng add1t1ol'lal. stoke •• with the N -ault allno· t alWJ 711 demonetJ'ate·d 

ti. t the holler· f'f'1olenc7 inc · ·es remtll'kably, xandxtd!t«xoli:ok-,t 

~ ..... ·\11 · paint r..atna on the· baok «twl doors nd ~ tb · 

lh.lUJ..ati.on, Sf an7, on the .·. ·te.hin.g _ ~o longe~ ls-b-etng aooked. 

• It foUOQ~ □F!I, that ·d~th ~ reduce~ l at rel •nse 
~ CL 1t A ·t I 

the11e ls ,a educett emand tor fur aee, v-0lume an·' Can blpi~ovement 1n the /\. 

• · &ee oabQ-n a.catte~ed around. the neighbot-hM4... 'fhere 1e 

also a rea.uc·,4 lab<W ~ n-om th fir·..a. 

lna. ·· •_, lat1ona ta ! .:I 11r.t 

tbi- t . 

on t le b ats· ot ·tbeir highs ·~ ef1'1e1eney at tl1e 1oad· deman4, and 

boiler• ai•e st,nmlate.d tar beyond the:lr errtci. nt :po.int by 

fe:,,etng the ·. elea·se or exo • beat tlle ·bo11Gr-s .t,d.l to salvage a Goo.d · 

~ -6-
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.t .' 

part ot eh ,t and her _ 

on l.1 p t conoem d . 

7f)ai18 a v. ey s1mpl · typ of ooal atokel' 

wbioh b tt , the 

.intro elng too · oh 

lwaps v . anu:Nn d ot to · r pidlJ o• auddenl7. N • · 

du ' ·, . d ·ll known . 
_..... .....,__...,,,,,... 

•• to tb1a ;ldea, though tt au.:t.t'ered. 

l~p or so111 t •. 'It . a . ad1eall7 d.Uf. ent 1n pr1no1pl . 

fltom. the p · . a.si ve filttng o tr v•Ung , or fl9Cml the ad.Ual 
coal in an 

•do\tbward • ·~tq e:t tl /\u.rt4el'te d ru.rn oe. This · anatent scheme bal, 

had rec · nt 1' -1va1.. ost p allel w1t.h the reOl'Udeaoenee o~ tbe ) 

quall7 1en un · fee-_ · e . ( -pulu1zed b b ·. v;r _·ditortising, lflte· 

powe delml.nr · o ... to 

chan:1sm. 1 . sllnpJ.e .• 

.,.. 
exc ·ed1ng1y thin, ln·o 

. ;o r .;11111 ..... th 

t: ok 

ellnker ftlllt!\t&'I~~ ...... ._,,.,._,. The .exeeetU. 7 gh t ;ra 'bare O'b-· 
lead 

ta11ed Ufta to 

pt .a. 

eoua·1c1. r ble 4epo lt of •las on the ru.rnaoe walls 

ion or t 11 ptd -luc t1on 1n :4eman4. 
may be 

Many of the amallev p tole o ooal~ 'blu'ned 1n auapen ion 
and it may be that the --~ 01 this type was sugg e s ted 

1n spite. der· n . · .tokes-s~ n.b vtva1(-tqxpNJHilJi.p:l•xaex 
by t he ''- /\ 
u xm1- , mxooe of pulvei,ized co b'tlrn:.t ~; p aratua . 

~ -7-



1u1veJt1&e4 ooa.l bas pr-oved sat.111£.acto·Jt1 and etf1c1en,-, 

ad th• nr· aah p?o'blem ia :ru,v·er . &a aer101l8 aa FO»on•-ta or other: 

ae'tbods OZ burning eoal wOUld bave the.ix-· t'r1•nde bftllave. 

!here baa be·en -••• m nr Ii a , -endene1 to :,uba·tt tu.ta J)laa ,10 

~.tratto~7 ute1"'i.&l tor tm, convant1ona.l standard t~eb~1ok shapes 

1n - ll.isb .. i«Q·Wa,tl.itre ta:rnace•·, even thou.an tht· basio matet-1-a.l U7 

be ••••ntlall7 'the :same. '.l'bia ma7 be d.tl.e to the -41.tflcul.tles tn • .., 

-euring tber desired qual1 t7 of workmanship 1n l:aying tl1e r1rebr1ok anti 
. .....-- I 

bl 1nabi11tJ to .tuae. the f .be ____ cla7 to t-he br1nk .•o -•fl· to present an 

11Jlbltoken ba.rr-1er to th.e he· t. 

fhere 1:a an 1nte:re,st1ng .s,1 tu" t.ion 1.n 0,. .io,t, f;,o eonoernin;g 

d1etr'J.but1o,n of ® -al in tbe metropolitan d!striot . The Illinola T\mne1 

·OtmQ>an7 durtng man1 'Y~iars de·llvered co,1d to moat ot the l n~se »lant, 

ln hOtels .and o.f\fice b.uil.din.gs. being eqn!ppe w1tb e1'.f1c1ent mach111e17 -

fop x,e.ceipt ,of the, eoQl .tlrOD\ standard .. e:~g• ear• ab&,re tbe. Wl:l':taee, 

.and with dtu.9-a and c.onve,-oiwa ln the sub-basements of the btd.l,dinge. 

i'ho· tunnel t.hlls ite,l1eved the •~eet.s -ot a b.-em.endoun amo.1.U\t ot' heavy 

tratt1.c. 

Dltring re4ent 7eara_. however, the ®al distribtttes-.,, 

eq\11pp4d .as they nnut b.e with motor trucks for ~llvo17 ot ooal to 

outl,-Ulg: d.11t.ric.\a and to- bU.Lld1np · wb1ch do not have tunnel aervioe, 

nave taken the aoal ti-a.ffi·o alnloat all away tl'Oa the t.unnel. ·'rhe,y ar·• 

able to 4e th1•· m.:th the heaVJ dut7 moderu aelr--ttwapi.ng trucks no,r 
~ 

av.a1labl,e and the deale'.lrs pnb.ably Nlil• 1 u • ere p:rot1t f'rortt tlut tx-cna-

portat1on ~H'tl!tlt!!et-1:l~--,.,..... .. ~~t!:"C~~..,_dMl~&&JM~ co l t~ .. an . tlleJ' 

o.an ach1eve .1n ftne· n&rN>w :range of »oasiblt »r-o.r1t bl tho va.l.ue] ot the 
~- - , 

.,.i 



f\l h .• 

..,._dttr !'laelt. I\ 

he Ill1no1.s Tunnel, theret~e, has 1te t.~atrio 
~ 

11m1 ted -~ hA~ 1u1hee,, and to an 1nd.gn1Z1o@·t voltoae or package 

tre1"ht. ln ·•om.e b-\l'ild.inl;1· the tuttiiil a t;l'truloaslt ~s ailo·wel to ~ 

Reoentl,1· there hatJ appear.e.d p1-.o~de. 1n tavor 0£­

utlli11Dg the .Ill1no.1s. tunnel !"Or CU·lltt'al station hea~1ng, ru~ 
large, etf'!cd.ent and 

ooatl7 ate-am plant. to be built neu- one oorner o.i' t he ilt~tr~opol1tma 

d!..atr·iet .. -

•••- :now ata.i1ding ldl.e beea.use at tht t,loQk &$?-Vice qstem of 

·the I1-ll~o1.a M&1ntenan-oe Cori1p.any, this n.e super ~powtiw pl.ant rJtAY be 

·4•la7ed 1n JUteriaU~inS.• 

The Illinoia ,Ma1nt·enanoe Ocmparq eox,.triaet,e nth but1di­

lng owne~s. w f't.urn1sl1 owners the steam. at. l .ess cost o.r· tl~OU.ble than 

that• for (.bl.ch the otme» eould make his c-.n ~-~eam, an,d bf htproved 

• .tt.lc1en.o.7 ln ·operating kGJ plant• often holds 1n reserve, un.fired,. 

tn.ov.e.anda ot nora•po.ww 1n less .tavol1'abl• l.luildlnge.. It e.ppe«J-a 

rea, onable to. a.ttgutt that all th1ng• cu>ns,.ide~ed. th,use 1.dle boil•-r• 

&Ad e.llimn.eJS ought t .o ·o• put to ·work., usl:ng the tumie.l .tor int•»• 

oomnnmioation J..,f nece.ssar,r, be£ore ;pou.r.1ng mil,lion1 of' d..Qlla.r.s into • 

new pl.ant ao eUuie t~ the loop as p1"a .. cti0«ll7 to be· in i t . 

TM smalle-P sized ,domestio stoke.rs ot ·che worm.•-1":ecd. 

t7pa can now be pl:'Ovided with arr-angem.enta f'or l'eee!vinfu the ooal 



,~ ·ectl7 tront the delivery t~ok u lots 0£ .b'om one to f011r tone 

;at a t~. '?he oo-.1 can bo delivered au1io.matloall7 bf mee1e ot .. ' 

an ut~d 1110l'lll,l\neede«, d1:NeU7 lnto Nle heate:r. fhese ut•n4e4 

oori-.eyora o·an ·be .f'w1n1 shed tn any 'length up 1-· 28 ttte·tl, and ·th•J 

40 a.w,q: enti.x-el7 with -en7 manual handling o~ the coal within the 

house . 

In aaa7 c.ase• t ·t it praotloablt te ha.ve the conv·e701' 

enter .th& tire.pot .front the side or rear, lea.v1ng tl:w sto.k1ng and aah 

doo~s free1y ac·ceas.1ble . 'fllla a!rl;l-n.s••n-t 1• & p -eat tmpN>vement 

OYeit the, &fll'l,1er lnstallations t&ed:lng from the b'Ont., 111th • ahoi-1, 

\ 

\ 



w1 th · hioh '1 1e hand.l.1n~ of .auh.e a and clinker W< s d1f: 1 cul •. 

An pp:reoia:te4 .van · ge <>.£. dome ic tokere u.:r 

llee 1n tl he t tov -e cbl.u--acteri t1as ~ a coal .fire, \1hioh po ·. t . 
~ .y,.... ~ , 

long interv~l or reduced heat p1~oduoti.on .mtJ~.., banktngA ·so that 

the he. 1,,er and pipe and r d1ators .are not su,bJ cted to, sud !l lntens 

heat r~c.eption a when the oil burner t t a.f-ter topping. o!r as wb D 

the . ,. s . w 1n1 z ate suddenlJ 1~ increased in respo e to th rm.oat t . 

Se:r~tous expansion and ,oontract~on s rain ,. d.1tfieulties vl th air v nt­

!ng an ·_ with oondensat1on r~eturn thu..s are reduced 51:» atly when the 

fuel 1s ot: tb solS.4 type . 

Gonsi i..;r1ng tu l oil, t;.h~ e e • to .. e te er illusion 

than ,;here "'te:r•~ fox. 1erl7. 

mattutac-t;u.ro1' ,· a ·e :,.oae .. itl ,1.,01-- r ru1d.11ng h vy oil such 

a t1:1 typ.& which . eq,tir,e.a heate.d t , .rut and tH)tnll 1. .. atively h18b t •empe~ ~ 

p1,ehe ,:tin el se to the trtn"'n ~. As n1ueh a on-- 1;b.ix- the prtc.e p 

gal.lon o th 011 thu · c ~1e s · ve • 

Tb.er is s.nif'est a eduot1oh in the · umb·ir .of n -

tim 4tlS be-~et the un­

adequate 

ich ok ·t and poppe . a.ok and leak-ad 011 on the ~loo an 

In dei-n ett11· nt plant the .rout.in tic 

t'lo • b ·ro etrie at~ con tNl . t th chimney, a;rx'" :• .. €'· t o stop 
• 

~ -11-



and hu off ev Jl'..,.thing 1f the \'1& t a:rt 11ne becomes unduly io or 

the flam o.11s7 an tmt.tayphon. devioefl in case tho oi.l ta . 1s 

111 ·~ ·.r t ~ 11 the boil . roort .flooi ... 

ave t1S.d.e . f1e1en\, nn s to ju~t1fy S~t\:pping of· 

e r-Uer and ·. ar .from. outworn equlpmt:.tint. 'The o has 'been such · ro as 

that he vy oil in some oa es 1 _e , 1 he ti :· · pla.nta 

th t ·e ,hand 

This ·s ~at(l} ent or course Bhou.ld be qual1f'ied b'y ent1,on-

1na othe2 &fl~$ 1n flti,oh, · s 1n on . la,I'ge r10tel ,. the s t111ing by 1nat•ll• 

1 · . aut 

~ -

a water tank 

the eoat or oil forniePly burned 

1.ih•n one ·ye · r . 
for smal l heaters 

,, con;>!U"at1 VG4 ne v !!1.1:' : ange'l eu ti\ bu.ming o t1 consi t o 

avtng a oylindri•o .. l inte~ior furn oe.,. 1nto "ihi ch the 

1t th1e dev1<)e t'o:r · e · 1ng a room or a srage or 

steam o.ler ow t t to ver7 ~ t easur the , eff1.o1ene7 

thorott.gl: c1reu•· 

la ion ot t 1e 1 :r.1.ter against · nd aw from th heat b .or in .. surt oes • 

. A l of: th co·nvention -1 c e't iron ecti 11exi, 1,·_ 

nor· 4lds tttdl d d reri . d o1.roUlat:J .. on ex.o.ept w:tthin _ ach mil.vi. . 1 
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ea.o.tion, atnce the~e - · • onl7 two conneet~ng nipples, one· . bove 

the water, line an . one belo :be ter .ltn • r~1 th onl7 one small 

Wl'l at tl1e b t ~ 

ther 1 on of fro, . . se ,ti n to tL·ot1.on. 

Tho upp r o .;ting nippl , l... e tb · ster ltne 1n th st am IJ)ace , 

ia, or no v ·iu · in pro . oting w te .. : ._ 1roulat1on. It at . ~d con.nect1 
and below 

'.nlppl o 1ta · qu1valent e e to be pl ,e.ed oloae t ~h H er line, 

t 00 14 Ci.PU.lat V pidl tram the et1on r -oe1v-1 ,. the '" oat 

then , 

at to d rom th .· ·ot1ons rl.ch hav cool tr sar:f ce , . t a.tr e-

ate Improvement 1n er£1c1enoy of h ·at absorption and ln • ~ct1on 

of the prl·t and ;foaming to which OJAat t~on boilt.~s oo··e ao subject , . 
~ 

ch an improv ment 1111M b rei'l .ote . t vox-allly ~ th ·_ :ru. l onau.."nl) 1on. 
-~--- ·~ J\ ' 

. v appeare . , 

ea.at iron bo1J.er=s tl co ca ion 

kt v l"'Y r ~c ntly sectional 

om Be t1on to JGt1on ch. a 

·th.1rd nippl , otl.lers · 

b7 lncra.a. -·1 ·the ,dtam~ t ·er of the uppo,r nlp11le so thn it is bal.f sub­

rsed. 

piped ·-n .:fx-om out.· 1de h - tate· 01,. is ot t e by- product va 1 :y . 

ndE1l'tul convenlenoe a.nd ol anl1ne s of gas for 

~a.ting il.1 C ... o~go have oee.n v ·•.z,y effeetiv 17 advertise·d . ere are,, 

of .ourse, lso t d lno ances in ·_ 1oh a can be us d 1n conversion 

burne_ a fuel east a.pp oaohin~ o~ v n eclipai . the oo t 0£ he.n . 

t.,1 ed eo 1. .fy o home ln Ch1•oa.ge burns coal 1n a round cas - .iron 

hous • ba to~e.ed circulation hot 

. ter b · ttng. Th eoal co t er· svason 1 about \1110 .oo. 1 eo·ent 
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Ylth t wat 
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du.st probl• 1n the ba: .. tmi·.nt t_ er has neve been a part1eular lUJ.'d.• 

fe tation oi' 1ut in the UiPP r tone•· cf y house due to tlie tu 1 
from dust which enters ' 

1:no e major houaeol an1~ pro·bl• appew to be'/\1 t e d.ndows• 

which foi- the sleeping room.a are open all night rvery n1 t. 

A sex-iou ~t ti •xl t · tb e.ffiet,ent ga burnl 

heat~ , hie ._ 1 . pr ·· a nt only to a sllt0',htel' ext nt dth o.11 'buln1, 

heater· • in h t th p1od c·ts of· co bu tton ar heevt.ly l ·.d d .d.th 

ater vapor , Thi: · cone en o in h , ohimne:y, e .- -c1ally tn the . e,r, 
of the chimney. wall s 

f\abOve the aI"l::IE!d o! t 1 hmW . , · d egn11. te ny porous 

. terlal such . .. tmlined naaom.- , _ ~1th moi~sture .. I t the plant oper•atea. 

lnter.mittontly m in mtah 

ey to pit.: Oe· · 

Ba. ~d on th.t exp r1enoe .l ·· F is ·wt.rt lways to bav a 

no.n~eor]N) 1 va .met .l llnlng to'J!' all. chimneys ·,h1 e. serve gas '.bttrn1ng 

apparatus . In rq o-wn home·, in wh!eh the r ls.t1ve hlJ.?,1d1t7 1 . a!Jber 

h1$h in ·wtnt ·r-, tbere . · e ·several old cl:llntneys vtl:J.1ch s rve f'1re plaoes, 

and which ax,e no 111etal lined. The mo~ ar and sand absorbs 10J:st'1:lf' 

from t1e at:r p.as 1ng up t ' se chimneys le.rt open for ven .11• '"i na ])'Ur-' 

po ·. -,s, eonden es and .treeaeu1 and after .av 17 t aw the san and ortar 

.n1.r·· sts 1t e·lf , th ~· ottont in m.irpr1s . ly l ge quant1w1es . 

Thi.a h• -enon _ s onl'f an ind1t · o · ppl1c t.io to 

teohnoloc;y o:t fu,els, but 1 very dir~Gtly 
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THE VIEW POINT OF SCIENCE IN THE 

PRODUCTION AND .UTILIZATION OF COAL* /1iscel/11.Ne~1ts /,/9: ~'111 

F. If, &ed. z 
By Frank H. Reed llllJNQ , 1 TE . 

GEOJLOSlCA.t, SU °'lfEY .. 

As far as science is concerned, problems in the production 

and utilization of coal resolve themselves into the questions: 

Can research do anything to aid in the production and utilization 

of coal? And if so, what direction should the work take? 

Before answering these questions, it is necessary that 

we define our understanding of research., get an idea of what it 

has done in this and other fields, learn how this has been accom­

plished, take inventory of our present state of knowledge in 

regard to the production and utilization of coal, and then see 

what course is suggested. 

Research is of two kinds--scientific and applied. 

Scientific research is the orderly method by which the physical 

and chemical laws of the universe are learned. Industrially, 

research is the unbiased method of applying fundamental scientific 

information to the solution of purely utilitarian problems. In 

the words of the president of one of our largest research 

laboratories, applied research nmust of necessity concern itself 

essentially in cultivating for profit those regions discovered 

and mapped out by the academic experiments in the fields of 

fundamental sciences." Applied research either creates a new 

product or enhances the value of the old one. 

* Presented at the Third Annual Mineral Industries Conference 
of Illinois at Urbana on May 17, 1935. 
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'l'hat industrial research pays is amply demonstrated by 

the experience of those organizations which have invested in it 

intelligently. However, it must be borne in mind that even a s 

an army crawls on its stomach and can proceed no faster tl1an its 

food supply can be obtained and transported, so the application 

of industrial research crawls on the foundation of scientific 

facts accumulated by fundamental research and proceeds no faster 

than these scientific facts can be discovered and applied. While 

considering industrial research, one must remember that the success 

of any program of procedure is dependent entirely upon the ability 

of the executive personnel to select the right projects and 

research workers, provide adequate facilities and supervision, 

prosecute each project to a definite conclusion, coordinate the 

efforts of the various graaps, and present the accumulated 

information in a manner intelligible to those responsible for its 

commercial acceptance and exploitation. 

A word of caution is necessary in regard to research. 

It cannot be operated on the basis of a slot machine in which a 

coin is deposited, a lever pressed, and a piece of cake with the 

desired flavor of frosting is delivered to the customer. As one 

research director points out, direction from a corporation 

executive to a research worker must come from an intelligent and 

sympathetic interest in the problem assigned. He cannot expect 

satisfactory results if he merely sets up a rocky cave, so to 

speak, and says to his researcher, (quoting this chemical director), 

11 crawl in there and think, and when you have solved the problems 

which you ought to know exist in my business (but which I have 
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neither the time nor the inclination to outline for you) come 

out and tell me about it. In the meantime, I don't want to be 

bothered about how you are getting on, and--whatever you do in 

there--be quick about it. 11 

Let us now consider the tremendous strides tha t have 

been made since the beginning of the present century in the use 

of raw coal as a fuel. This progress is well illustrated in the 

production of electric power from coal. In 1902 the average 

consumption of coal per kilowatt-hour was about 6.6 pounds; 

by 1917 this figure had been reduced to 3.3 pounds; by 1927 

the figure was reduced to 1.84 pounds; and in 1934 we consumed 

an average of only 1.45 pounds of coal to produce 1 kilowatt-
"';t;_ hour of electrical power. It is interesting~ to ·study the 

overall efficiency which the above figures represent on the 

established basis that l kilowatt-hour is equivalent to 3415 

B.t.u.•s. If we assume that the coal consumed had an average 

value of 13500 B.t.u. per pound, then the overall efficiency 

becomes as shown in Table 1. J t ~G...r.l ~~ ~ 

~°'-~ ~ · a.._ ~ <TV-R-t 3 o ~ 1 ~ ~ 
~ v<-~ t. ~er tta.-t ;;t w-'JJR, , 95dl/ , ,~ 
~ ~ ,f-~ ~ M. ~~ fa; 

£"D<:J?o, 



-4-

TABLE NO. I. 
1/ 

Production of Electrical .Power from Coal 

Pounds of coal con- y 
sumed per kilowatt- Efficiency 

in% Year hour 

1902 6.6 3.8 

1917 3.3 7.6 

1927 1.86 13.6 

1934 1.45 17.4 

? 1.00 25.3 

1/ Figures taken from reports by u. s. Bureau 
of Mines. 

Y Assuming 13500 B.t.u./pound of coal; using 
3415 B.t.u. 1 s as equivalent to l kilowatt-hour, 

e.g. 1~!~~ = 25.3%. 

This shows considerable progr·ess over the l ast 30 years and also 

indicates that we are approaching a limit to the amount of 

electrical energy which may be produced from a pound of coal. 

Although certain plants have produced electrical power by 

consuming slightly less than 1 pound of coal per kilowatt- hour, 

it is not probable tha t the average will be lower than this 

figure in the near future. 

While reviewing the progress that has been made in the 

production of electrical energy from coal, we cannot keep from 
~ _,;,_J. . 

asking wha t has made this progress possible, how it was accomplished, 

and what is suggested therefore in the solution of other coal 

utilization problems. 



-5-

First of all it is highly significant that this development 

has been simultaneous with as notable advances in practically all 

fields -of applied science. However, the application of scientific 

information to the solution of industrial problems cannot proceed 

faster than the accumulation of the scientific information upon 

which the applications are based. In fact, it is well known 

that there is a necessary lag between the establishment of 

scientific facts and their application to industrial enterprises. 

As industrialists and scientists have become better acquainted, 

and learned to appreciate the value of each to the other, this 

lag has become less and less until in many fields the industrialist 

is literally pushing the scientist for basic information upon 

which advances in industrial technique may be made. Probably one 

of the best illustrations of close cooperation between science 

and industry is that of the development of the synthetic organic 

chemical industry in this country. It is one of our most technical 

industries. Before the World War it -was practically unknown; today, 

its annual sales exceed 100 million dollars. In order to reduce 

to a minimum the time lag between the discovery of basic scientific 

information and its industrial application, the abler companies 

in this industry maintain their own laboratories and scientific 

research workers, and some consider it a good investment to 

appropriate as much as five per cent of their gross sales to the 

maintenance of their scientific research activities. 

17.ess than seventy years ago, there were no aniline dyes 

or synthetic organic coloring materials or synthesized fibers; 

today we can command any color of the rainbow on either natural 



I~ 

-6-

or so-called artificial fibers, and obtain it at a price within 

reach of all. The chief instrument in this great chang~ has been 

research. First, we experienced haphazard type of experimentation, 

and later a more scientific type of planned research directed 

toward the accumulation of fundamental information upon which to 

build our processes and industries. 

For the promotion of a closer ~elationship between pure 

science and industry we owe much to Dr. Robert Kennedy Duncan. 

In 1906, while in Europe gathering material for chemicai studies, 

he conceived the idea of the Industrial Fellowship Plan whereby 

either large or small manufacturers could receive the benefits of 

industrial research on specific problems, under adequate scientific 

guidance, at a nominal cost without assuming the responsibilities 

of manning and equipping a research laboratory. Dr. Duncan 

established his first industrial fellowship at the University of 

Kansas in 1907. In 1911 he was asked to establish his system in 

_'1' 

a department of industrial research at the University of Pittsburgh. 

The practical success of this experiment resulted in the 

establishement of the Mellon Institute of Industrial Research in 

1913. The remarkable success . and contributions of Mellon Institute 

in the solution of industrial scientific problems is too well 

known to need amplification here. This industrial fellowship 

plan has spread to most of our qualified institutions of higher 

learning and has contributed largely to a better and closer 

relationship between science and industry. 
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The last quarter century has also seen an increase in the 

establishment of federal and state laboratories to aid private 

industry by accumulating fundamental scientific data and aiding 

in the solution of problems of national and state importance. Also, 

cooperation within various industries has resulted in the formation 

of many trade associations for the purpose of financially sponsoring 

industrial research for the solution of problems peculiar to the 

particular industry. A well known example of such a trade 

association is the American Gas Association, which bas spent as 

much as $200,000 in a single year on fundamental research, develop­

ment of new uses for gas, overcoming difficulties, and technical 

service to customers. Within the last few months, Bituminous 

Research Incorporated has been organized to attack certain phases 

of research on bituminous coals. 

In the United States today, 30,000 scientists are employed 

by American industry, and 1600 research laboratories are con­

tributing to the advancement of science in satisfying our human 

needs. Is it, then, a:ny wonder tnat during the past quarter 

of a century t here has been a demand for and there has been 

produced more mineral products than in all previous world history1 

In taking inventory of our present state of knowledge in 

regard to coal, we wish, first, to call attention to the fact 

that coal has been produced .and used principally as a source of 

fuel. Due to the extensive and widely scattered deposits of 

coal throughout the world and to their ready availability, coal 

has secured and maintained first place as a source of energy for 

heat and power, which place it will probably hold for centuries 
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to come. It seems highly probable, with our present limited in­

fqrmation, . that coal's chief use will continue to be as a fuel, 

either in the raw state as a lump or powdered fuel or as a raw 

material to produce coke, briquettes, and liquid or gaseous fuels, 

and certain by-products. 

In Illinois the location, thickness, quantity, and approximate 

quality . of . the various coal beds is fairly well known. In fact, 
So 

the quality of the coal is~well recognized that the thick seam of 

Franklin County has received so much attention that it is due for 

early extinction, leaving available the thinner coals of the State. 

The coals have been chemically analyzed and duly classified in 

accordance with the l atest scheme of classification by rank and 

grade, now being used by the code authorities. Yet the fact 

remains that considerable foreig)l/coal is being imported into 

Illinois, where the largest coal reserves in the country are 

available. Illinois coal also suffers from the competition of 

natural gas and oil. That this outside competition is actual and 

serious needs no elaboration. However, what can be done about it? 

~o the scientist there is only one answer to this question, and 

that is by research, first obtaining the basic fundamental data 

and then finding its practical application. 

In this discussion we are purposely omitting such items· , 

as wages, freight rates, etc.,because these may not be so relevant 

after/some researches are completed. 

Now, instead of talking in generalities, let us consider 

specific cases where more information will lead to constructive 

suggestions and eventual solution of some of our problems. 
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Coal is frequently considered and treated as a homogeneous 

substance. We kn0w that this is not literally true and that coal 

is a very complex and heterogeneous mixture of many substances. 

In the laboratory we have been able to separate coals into four 
~. 

groups based upon physical -appeaPanoe. These four groups have 

been designated as (1) Vitrain, recognized on account of its 

vitreous lustre; (2) Clarain or bright coal; (3) Dura.in or dull 

coal, commonly called splint coal; and (4) Fusain -·or mineral 

charcoal. Fusa1n is largely responsible for the sooty smudge 

which makes bituminous coal so dirty to handle. Certain preparation·. 

plants are now removing about 85 per cent of the fusa1n content 

of the coal by simple dedusting processes, due, of course, to the 

friable nature of fusa.in and its accumulation in the finer sizes. 

Figure 2 shows the distribution, ash and specific gravity of the 

physical components of one of our coals. Note that vitrain and 

clarain have a low specific gravity--1.30 and 1.35 respectively-­

and a low ash content, 1.5 and 4.6 respectively. The mineral 

matter is concentrated in the higher gravity durain and fusain. 

Note also tha t vitrain and clarain comprise 82 per cent of the 

total coal. 

Distribution 
- . 6/.. 
Ash in '" 

TABLE NO. II. 

Banded ·· Ingredients 
Washipgton C9unty, Illinois, Coal 

Vitrain Clarain Dµrain 

in% 13. 69. 15. 

1.5 4.6 31.5 

Specific grav1 ty 1.3 1.35 1.59 

Fusain 

3. 

17.5 

1.sa 
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We are immediately led to a.sk -if there is a possibility of 

commercially separating the light 82 per cent from the heavy 18 

per cent, and obtaining a coal having an ash content of around 

3 to 5 per cent and being practically free from the dirty fusain. 

Would not such a product he.ve considerable sales appeal in meeting 

the competition of coals outside of the State? Another question: 

If we separate the vitrain and clarain and obtain a coal producing 

from 3 to 5 per cent of ash, have we largely eliminated the 

troublesome clinkering problem? Again--would such a product be 

of premium value as a source for powdered fuel, thereby reducing 

the amount of fly ash? It is evident that such questions would 

never occur to us unless the fundamental scientific information 

in regard to the physical components of coal were called to our 

attention. To answer these and other similar questions, it is 

necessary that we obtain bas·1c information i n regard to physical 

and chemical properties, burning characteristics, etc., for each 

of the banded constituents. This fundamental information can then 

be applied to the solution of problems in design of equipment 

for mechanical beneficiation, combustion, etc. 

The coal shown in Table 2 was purposely chosen because 

it is one of the few in Illinois containing appreciable quantities 

of durain or splint coal~ Most Illino·is coals do not contain much 

splint coal, and the vitrain plus clarain content would be higher 

than the 82 per cent shown, ranging upward to 96, per cent. 

One of the nuisances in the burning of high volatile 

bituminous coals is the production of large quantities of smoke. 

What do we know about the chemistry of combustion of solid 
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particles of fuel under the conditions existing in fuel beds, 

either in our industrial plants or domestic furnaces? It appears 

to us that fundamental information on this point 1s lacking. If 

we had this information we might get some new ideas which would 

lead to a change in the design of our combustion chambers. I 

wonder if you would feel safe in making the statement that it is 

impossible to bur~ a domestic furnace a properly prepared high 

volatile IllinoisAwithout the smoke nuisance? When we purchase 

oil or gas for domestic heating, we are required -to install 

equipment especially designed for the purpose, and are furnished 

directions for its suitable operation. If auxiliary air, special 

drafts, an electric blower, and specially designed combustion 

chambers are necessary for burning oil and gas, does it not suggest 

that some combination of these could be found which would give our 

properly prepared coal a chance to compete as a clean, desirable, 

and economical fuel? It certainly has no chance today when it is 

usually burned in a cracked iron pot which is leaky at every joint 

and receives a minimum of attention from all concerned. 

Illinois coal may also be marketed as a clean domestic fuel 

in the form of coke. Probably the greatest contribution to the 

coking of Illinois coal was made by the late Professor Parr. 

Although his process is not in actual use, the only low temperature 

coking process in commercial use in the United States today--the 

Wisner proeess-- is similar in principle to~ Parrs~PQeoso in that 

it is a two-stage process in which the coal is preheated before 

coking. Mention should here be made of the Knowles ovens, operated 

by the Radiant Fuel Corporation at West Frankfort, which have been 
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producing domestic coke since December, 1933. In the production 

of coke by any process there is a question of the by-products 

formed. One of the problems is to remove the hydrocarbons from 

the hot oven as quickly as possible to prevent cracking of the 

hydrocarbons. So we ask the question as to whether or not there 

is an opportunity to improve the design of coke ovens for this 

particular purpose. Incidentally, the vertical coke ovens were 

first designed in this country for Eastern coals, which present 

less difficulty in coking than do the high volatile bituminous 

coals of Illinois. The Knowles ovens were originally designed 

for coking petroleum. Both types of ovens have been used in an 

effort to adapt Illinois coals to them. Is it not possible that 

better results would be obtained if a coke oven were designed to 

adapt itself to Illinois coals? May not the separation and 

scrutiny of the physical components have some bearing on this 

matter also? 

Another field in which we do -not believe that all is 

known is in regard to the chemical action of the various solids, 

liquids, and gases which come in contact with fire brick and 

furnace linings. While glibly stated, this would result in a 

whole series of problems of a fundamental research character 

which would require time and money, but which would probably 

lead to worth while results • 

While oil and natural gas are now serious cornpetit~ of 

coal, it does not require a very active imagination to visualize 

a time in the not far distant future when these fuels will no 

longer compete with coal. It is probable, that coal in some form 
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will then serve as the raw material from which oil is produced 

by hydrogenation as it is being done by experimental plants in 

Europe today. Again, we may find that closer study of the banded 

ingredients will prove profitable. Possibly by that time we will 

gasify our coal completely for domestic fuel. Who knows? The 

answer cannot be given today. One tlu,1s absolutely certain, and 

that is that research will lead the way by supplying the fundamental 

information upon which our industrial applications are made. 
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Ctr acAL ENGi r EERING · ROBLtr11 S m~LA I ·JG 

TO THE tJE!RAL RESOURCES OF THE STATE 

Head of Division 

State constitutes one of the most important fields of 

activity for the chemical engineer. Coal and petroleum 

are the two resources that seem to offer the greatest 

chance for industrial development . 

The Ch~n!:cal Engineering Di vi sio 1 of the U 11 versi ty 

of' Illinois has al-.;ays been interested in the State •s 

resources and has sp~it many thou.sands of dollars in an 

attempt to lay a foundation f .or their grea:te.r utilization. 

It would. seem worthwhile to rev1evl' briefly not only the 

work that has been done in the last few years by this 

div1s1on, but ~o point out specific problems which should 

b, profitable.. The subject wi11 be treated under tour 

head.1.ngs : coal , petroleum, stone, · and sil.10.a . 

- ,.... > - - - ,.... - · - -: ..... - .... --

/ I f I I 
ld'.uetrie . Conference" at 
t 1935. 
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is well knom1 that Illir ois 

ooal when burned 1n furnaces for the :pro·duct1on of pow-e.r .and 

f'or dome.stio heat1ng1 is apt to show a low eftiaienoy of oom1;. 

buation due to certain onemietl and phys1o.al aharaoterls.ties . 

Slag t.onnat1on o,n boiler·, eaonomizer and preheater tu.i:Has is 

an example 0£ ~is inetf1eienoy, This 1s disti nctly & oh·em-

1oal problem 1.n that 1 t has been shown that the character 

of ·the ash and the slag oa.n be materially changed bye. Qhem-

1eal treatment of the coal before c.ombus.tion. 

A thorough so.1.ent1f1o study of the o.omple.x s.111ca tes. 

tha.t are f .o.rmed 1n the slag will. undoubtedly 1nd1ca·te what 

cat be done to prervent- the· form at .ion of widesirable material 

villi oh adheres to the h.eat.ing surfaces . 

It shoul-d be remembe.red in do cestie heating tha t .,. o,wing 

to the high volatility of Illinois eoitl,, th.er~ is a tendency 

to lose an t:1ppreciabl-e portion of the fuel up the s.ta,ok and~ 

a marked :iner·ease in the ef'fio1ency of combustion would pre­

vent 6h1s los s . Anything that ea.n be done to improve the 

e-0mbustion aharacter1st1cs .of lllinois eo.al will materially 

increase the val.ue of the product . 

One of the 1.mpurit1.es in Ill1no-1s coal 1s sulfur, 

which is present to -the eA~ent of l to 6 per o.ent . 'fhe . 

. sulfur- dioxide fo.rmed by combustion is an irritating gae 

that 1s corrosive when. present 1n a humid atmo-sphere. Th,e 
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removal of sulfur from Illinois ·ooal would mean much 1:n 

the prevention of air pollution in the cities and t -owns. 

We ve spent eonaide· able tin e 1n ah e""--deavor to . 

devi se some methoc, of sufur .... emoval front tl1e ccn-,..l . Our 

exp,eriments indicate that a. comb1natio-n of a coking and 

hydrogenatio-n proe:eas may prove f .e:as1ble. At th-e present 

time certain coals, can be washed by a standard commercial 

process and ove.r half of the sulfur r ·emoved., but 1t 1s 

highly desirable that a process be developed that 'Oall be 

ut1-lized t·o1~ the remo·val of sulfur tr, n all c·o l s marketed 

within the State. Tlun:"'e 1a no quest.ion 'but what th1s is 

an outs..;;.a.nding research problem, because it most of the 

sultu1 could be removed tlle val e of the coal would, ma:t erial­

l y 1 . crease . Furth . 1-,nore, if the sulfur could be· removed in 

a uaabl.e form and at a pri.oe e:uoh that it could eompe~e in 

the present market., 11111..:ois would have a ·new m1ner·a.1 re­

s-ou.1"ce in a "'ua1ltity suffieient t:o make it a factor 1n the 

v1orl.d ~1ark~t . 

- C-ons1derable work .has be-en done , 

es,peoia.11.y in Europe, on the hyd!ogenation of c-oal to 

produce oil ·and motor fuel. It i s our opinion that coal 

could be first oxidized and then hydrogena:ted to produce 

a superior product, possibly solvents o;r intermediates 

.for the synthesis of organic chemicals . W-e do not 



- 4 -

'Wish to give the impression t hat t11e problem oould be 

solved sat1sfao·~oI'i.l y i n a hort time, bu.t undoubtedly 

the trans .orma-Uon o:t· aoal. 11to li q_Uicl pro.duota ls well· 

wor'-th the eon.s1derat1on ot our min,eral in ustrt es . 

Be·e1 d.e the oxida tion and r ,eduction of 00.a.1. we should 

also consider the destructive ~hlorinailon of ooal a.11d coal 

~:erh to produce •aluab.l e oie5·Ulic chlo-ri des and m~t.~l.1e 

clllorides; su~.:. as a.lurttil'lurn ohl01"1.de . fhis ,i.s a fiel-d that 

has not been investigated, but is an excellent example of 

the poss1.ble· formation o:f new compounds whJ:eit oe~e. t,e, .. .. ueea: 

- - baserl on a ch . ioal tt---e-atment ot coal . 

The O.hern.ioal Engineerl.ng 

~ i vision has do1te oonsid·erable wo1 ... k on the oh.lo1~1 natlo.11 of 

m t,hane - one of tha pr1ne1pal by-products formed in .· the 

ooki ·. ;:) of ooa.1 . The ohlonnated hydrooarbon has a possible 

US.9 a a eolv.ent for olean1ng text11.es . One eori1nerci:tl 

00\1-0.ern 1 s co11t1nu.1ng the development of t.hi s -procea.e. at the 

px esent t1n1e . FU:i.~ther fundamental work a.long this line would 

be desi1"'able . 

Benzol and tar, formed in the coking of coal, have long 

been use-d tor ra,r rnateriala tor- t h.e produ tion of dyes , med­

ical products, and a great many synthetle organic chem.lea.ls . 

At the present· time considerable interest 1s being shown i n 

uti.1.iz~i ng theae raw materi als ·for the manufacture of anti-
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oxidants to be used in rubber m.anutaeture and the stabil-

1 za.tion o'f moto:t"' :fuels . 

Caroon · 1onoxid-e, w.t11oh can eas-ily be produced by th -

parti.al oombust1on of coal or eoke, ,can be made the souro.e 

for t: e sy1·_thes1s of acet.io a.aid. Considerable tlrtte and 

money have been spent by t h e Chen1ical Eng'1nee-ring Division 

on tne 1--eaetion bet reen carbon man.oxide and methyl aleohol 

to pr.oduee U11s product. Thi.a operation t alc .s place under 

high nressu1~e i .n the pre·senoe of oert'tain catalysts . Acetic 

ac1d t 1.. turn;t i s the .. ost w1.dely used o-rganio acid and 18 

one .of the ·ohief raw n1aterials fo r the mr.i11uf·¼e·ture of a rti­

f1oia1 s1.lk. . 1.fh1s p.~rt1o.ular product is growing i n. popu­

l ari.ty and if ac-etio acid eou.ld oe produe.ed t a lo "er oost, 

1 · ou~ t ed1y 1 t,s t1liza·r,1on, ?1ot 1l y fo1-- t his purpose bu~ 

fr;,. t he manufacture of non-io:fla..mmable f1l:m, plast:tcs,; eto., 

,.ould tn;:; .. te:r1tlly increase.. Th.:re is probably no single 

orgam.c ohemie at t.he- moment which -as a more att:Fa,ct1 Vl) 

future than ~eet.10 a.e1d. 

Bes de ace·tlo ao1d., benzaldellyde haa be·td1l ro de in our 

h1 reesure labo1~awry by 'the action of· oa:rbon monoxide 

on be-- zol. 

r"t ... :chem monoxide will react with hy~o - eL, p rod' eed 

in ··ne ~oking proeess, to fo:r-m the h.1gher aloonols so 

comruo ly use . i n l.acque.1. f l at1 · for vai,'1ous sol ve.ut purposes . 
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Tlle Ohem1oa.1 Engineering Division ha.a stu.died the. 

reaot,.i on betw~en oarbo1~ dionde·,. another eombustlon product 

o-r c:oal , and be11zol to produce benzoic acid. The sodium 

salt, known a s sodiutn benioa.te, is- a oomrnon produot used 
I a 

i n out~ f'ood industries . 

Carbon dioxi-de and beta.-naphthol react to· produce 

bet.a-hydroxy naphth.01-o acid,, a produo-t and a prooess that, 

is now of c.ontmero1.al s.1gnifl.oa.nee. This product is the 

1ntermed1at-e in the manufac1iure of many of our red d3ea . 

The production of· urea by the interaction -of ·oarb.on 

dioxide ·with Bm?non1a is now a oommere.1al auooess . This 

pro-duct can be made at a pri-oe so that. it is attractive 

as a fertilizer . 

We have spent over ;.60 , 00-0 du ~1ng the last six yeaJ•s 

studying the reeovery ot: · ulfur dioxide. from flue gas , a.rid . 

the present 111d1.eationa are that we will be. able to produce. 

11qu1 sulfur on ,· e at a. price far below lts pres,ent. Va.Lue. 

The qucuiti ty of sulfw.") d1ox1de produ:e:e.d by this pro·o .ss in 

Chicago will be suft1o1ent to meet the demands o-f that area . 

lie hope, I""·urthe·rm•ore, t, . be able to produo·e th.is :produ-ot 

at a ·price that- will perm1 t, 1 ts eonve:rslon into tree sulfur 

and , s .ell 1 t ln eompeti tion w1 tll the sulfur produced. 1n 
" 

Louisiana, Tex.c.:zs, and elsewhere . 
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Sulfur 1s one of the greatest raw materials for the 

produotlon of .sulfuric ao1d, whieh 1s the ohief aeid us.ed 

throughout t.he world . It has often been aa.id that the 

1ndustria.l pro.ape.r1ty of the Unite States is .indicated 

y the amount ot su.lfu;r1c acid consumed. I:f 1 t were possible, 

as we hope 1.t will be, to decrease th.e cost of this universal 

ohe1 ical, we ill be able to oreate for the· State of' ,Ill1no.1s 

a new mineral industry ot huge proportions and one that will 

have an effect on "the eo-onomio structure of t, ~e industries 

withi n the State. 

The l.mportanc~ of sulfur in agr1oul'tiure should 11:0:t~ be 

unde;r-e:s ti mated. 

available .supply ot oil from our producing 

fie.las 1s being rapidly depleted:- Several chemical pro·e.esses 

have been proposed to make available o.tl tvhich cannot be 

profit-ably extracted at the mon1ent . llost ot these treatments 

involve. the utilization of some ao1•d . One of the chief· d1f­

f1o.ul tie.a of these processes is the exce.ss1 ve corrosion ot 

.:netal equ1pn1ent, . a-esearch 1s now be1ng done 1n several or.­

ga11izations to produce organic 1nh1b1tors to prevent this 

001.rroslon • 

.Another soheme tor recovery ot oil that 1s not now 

availabl·e is known as •repressur1ng" . · Gas is pumped into 
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the ground and dissolves in the oil. Before the feas­

ibility of this process. can be determined, it will be 

necessary to- know the solub111 ty of gases in the oil 

under very hlg.h pressures . Work of this kind has been 

done• by the Che:m1oal .Engineering D1vis1on. 

- Considerable interest 1s now being shown 

by our ref1ner1es 1n the polymer1zatlon of gases produced 

in the, cr.acking process ·tor the produc.tion of bo-th motor 

fuels and lubr1oat1ng oils . 

The greatest organic solvent in the United St,atee 

from the standpoint ot production and utilization 1s ethyl 

alcohol . ':?he present methods of production ot thi·s produet 

are largely confined to the t -ermentation of as;r1oultural 

products., especially black st.rap mola·s-s-es import,ed trom 

Cuba, Po.r'to Rioo, and Hawaiian Islands . One of the large 

chemic.al eornpanl.es has recently built a plant at Whiting, 

Indiana, tor the production of alcohol .from wast.e gases 

purchased trom the petroleum re:riner1es . le have. done 

con·slderable funda111ental work on an improved method for 

the production o.f -alcohol 1n wh1oh eth.yl.ene gii.s is allow·ed 

to react w1 th water in the presence of a catalyst . It has 

bee;n_ a.tseover.ea.. that the equilibrium for this rea.et1on 1s 

f'avo.rable at low temperat-ures . A C:atalyst which would 

operatre under these· condi t1ons would solve the. problem. 
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Acetaldehyde ha s been produced by a -special air 

oxidation o~ petroleum and is· easily recoverable. Thia 

product can be oxidized further by a co,mmero1al and standard­

ized process to produce acetic ao1d, which has been ment1on,ed 

above . It .1,s thought by some of us that this will Wldoubted­

ly be one of· the chief sources of acetio acid in ·this country. 

Various research organ1za.t.1ons 1n our refineries are 

producing anti-knock material from petroleum. Our own 

t,hought· in the matter .1.s that elth,er °'Y an oxidation process, 

referred to above, or by a dehydrogenat.1on utilizing certain 

aerogel catalysts which have been developed in our d1v1s1on, 

we mi ght. be able to produce compounds in the product of high 

anti-lmoe·k ve.lue . 

Acetylene, the sou.roe of many synthet1e compounds and · 

the gas v,h1eh is used for outt,1ng steel and for various 

ot er purposes, is now being produced by passing refinery 

gases through an electric are . One well known organio 

ohemist made th-e sta t,ement. some years ago tha t aeety.lene 

will be the chief souroe -of raw ma .. ter1al for a gigantic 

Qhend,cal industry . 

There are many other problems that .a.re wort-h consider-

1ng for .research 1.n connection with the ut1lizat1oll -of 

petroleum. We wi11 mentsion only a fe·w: synthetic resins, 

for use in our new lacquers, varnishes,. en&,els, etc.; 

synth-e·t1e. rubbe.r'; and tatty aeids formed by the ox1dat1on 
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of kerosene and paraffin wax to be used in the compound­

ing c,f rubber and in the preparation of special soa:p:s, etc. 

fi,ynthetio Stone 
<> 

The Ohem1eal Engineering D1 vision of' Purdue Un1-

vers1 ty has ti-rea.ted the nat.1 ve sha.1.es with llme and water 

Qnde.r pressu1--e to produce a truly syntheti ·o stone of unusual 

.merit- . This 1s one ot the most interesting devel:opments 1n 

the .field tha~ has o-ocurred in maJlJf ye-a.rs . The State or 
Illinois ha.a ava.1.lable in enonnous quantities r aw material 

f ;o,r thla type of prodn·ct_, and it is eas11y eonce.1vable that 

further work along these lines will me.an the production ot 

a superior stone. 

There have been deV'eJ.oped in the Chemical Engineer­

ing Di v1s1011 here e."t: the University of Illinois -e·xtremely 

porous materials known as aerogels made from mineral materials . 

The s111oa aerogel h.ate been reported by out-side organizations 

to be OJle of' the finest heat insula~ors ever pro-duoed. Un­

doubtedly this product, which can be easily made from mineral 

reaou.rQ.es w1 thin the .State, should b.e studi ,ed thoroughly in 

order to d.etermine 1 ts pziact1cal feaa.1 bi.11 ty. 
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·These aerogels are being 1nvest1gat,ed by us as 

catalyst;•· • Owing ta their enormous sur:raoe,. they bring 

about a. ma..1~ked acc«,lerat1on of many gas reactions . 

The solution. of all problems involving the utiliza­

tion of our mineral resources. depends on the sueo·esei'ul 

ap.p.11-oat101:1 or ehemistr-y, pbysics, and ma.thematics.. The 

a.pplioa..t-10· . of thebe s.clence-s to industrial. problerns 1s 

the ba sis 01 loi-•k in {':hemical Engineering. 



.. J . Pier.·ol . 

MINERAL RESOURCE 
RECORDS DIVISION 
. Miue/la.,,e~u..s Ms, 7'/1} 1 
1 f.J. Mersol 

ILLINOI5 ST A TE .. 
GEOLOGICAL SURVEY 



Int :r~o,C'l -uo t ion 
..... · - -

oo l . .: -oCfHl.c, ,1r su<:t.1 0. : 1 1'l eot woul be o:t 1m o t r:~.noe q .. oo 

t h n. t 

sl eet oo~l t k y be 



t ,Q of hr · q_u . t 3 _ 

1r1 , rut) 1 c 

show ;::rt· ·1'1'! · ,..; , ~ 
i...:Jo. ~ · , i,.,.4,Y 





·- 4-

voln .. t.a le 

oor J. . 



- 5-

t 'h I ,t.. ·{ (~ ) r ... i:"", t; ' .. ¢,... 

(o) 



C) 
z 
a: 0 

~ 
::> w u ..J a: r;::i u < ::, 
0 0 C) z 

u w 
>- LA.. u 
_J la.. 
_J 0 a: 
< 0 w a:: )( 

ct) Q. 
:::, w L-.J 
t- 0 
< z w z .J 

LL. w t-
0 ~ < 

0 _J 

.,_ ~ 
0 0 

z 
(\J > <fl 

::> z 0 
~ 0 

< ' w ' 
u.. J \ 

\ 

0 t- ' < ' 0 
\ 

t- _J \ 

u 0 ' w > \ 

LL 
\ 

\ 
~ \ 
w \ 

\ 

' ' \ 

0009 ooov 000£ oooz 0001 

X 3 0 NI 3 '>1 0 ~ S 



0 
0 
an 
N 

)( 0 
w 0 
0 0 
z C\I 

w 
~ 0 0 0 
~ I() 

<fl 

0 
0 
0 

0 
0 

'° 

EFFECT OF AMOUNT OF 

PREVOLATILIZATION ON SMOKE 

INDEX OF WILL COUNTY 

BRIQUETS 

Fl G URE 2 

0 
I 

I 

I 

0 0' 
I 

10 20 30 40 

VOLATILE [PER CENT] 

VOLATILE 

V CONTENT OF 
COAL 

50 



0 
0 
an 
N 

0 
0 
0 
N 

X 
w 

0 0 0 z Ill 

w 
~ 
0 0 
:l 0 
<ll Q 

EFFECT Or AMOUNT OF PREVOLAilLIZATION 

ON SMOKE INDEX OF FRANKLIN COUNTY ·BRIQUETS 

I 
I 
I 
I 
I 
I 
VVOLATILE CONTENT 

Or COAL 

10 20 30 40 50 

VOLA1ILE [PER CENT] 



a 
VOLATILE CONTENT OF WILL COUNTY BR(QUETS 

AS AFFECTED BY VOLATILIZATION TEMPERATURE 

------o- 7-----0--<>-o ----------------------------------------
r;:i o i 0 z ~ 0 0 
~ VOLATILE CONTENT OF COAL cP 

Ill 
w 
..J 

t- 0 
<( C\I 
..J 
0 
> 

~ 

~ 

~ 
(!] 

~ 

PREHEATING PERIOD OF 5 MINUTE S 

r fGURE 4 

I I I I I r --r - ,-----.-- -7 

370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 

TEMPERATURE [ 0 c] 





0 
~ 

r-, 
~ 

z 
w 0 u rt) 

a: 
w 
a. 

LJ 
0 
C\I w 

..J -t-
< 
_J 

0 0 -> 

VOLATILE CONTENT OF FRANKLIN COUNTY BRlQUETS 

AS AFFECTED BY VOLATILlZATION TEMPERATURE 

----7-------- 0 --------- 0 ------------ ---------------- -----

VOLATILE CONTENT 

Of COAL 

PREHEATING PERIOD OF 10 MINUTES 

I I I I I 

~ 

~ (!] 

FrGURE 6 

400 405 410 415 420 42 5 430 435 440 445 450 455 460 465 470 475 -480 485 

TEM PERATURE [ 0 c] 



t-

1/1 
~ 

z 0 
w "' u 
a: 
bl 
a. 

L.......J 
II') 

C/1 
Cl) 

0 
_J 

~ 0 
z 
...J 

~ 

t- ll') 

MECHANICAL STRENGTH OF WILL COUNTY 

BRIQUETS AS AFFECTED BY VOLATILE CONTENl" 

VOLATILE CONTENT 

OF COAL 

LA.I 
~ 
0 
a: 
al 

00 

15 20 25 30 

VOLATILE G0 ER CENT] 

00 
0 

~ 

35 

0 
0 

LiO 

I 
I 
I 

I 
I 
I 
I 

0 I 
I 

0 

45 



lJ... 
0 

I 
r 
l? 
z 
w 
a:: 
t-
en 
..J 
<( 
u 
z 
< 
:i: 
0 
w 
~ 

LaJ 
_j I- _J -z 
t-<Cw<C = o 
~ 0 'q' 

_J z u 
00 
>u 

------ - - - ----- - - - - - --- ----------~~---~ 
= &I') cq 

= o 
rt) 

= '° N 

---------~-----------------------------~ 
9Nl70~nl. NJ ]>10 ~@ = ·o 

C\i 
(/) 

t-
w 
::> 
d 
a: t-z 
cc >- lJ co 

~ 

= '° 
()) 

>- z 
t- 0 0 z w u 
::> .._ 
0 u w w u lA.. 

_J -

w 
a: 
::> 

-, 0 (.!) 

~ 

La... ~ z <( <( 
J ..J 
~ en 0 z <( 
<( > 
a: 
la.. 

ll lJ lJ lJ u 

~z oz ~I 01 s-
[ l.H3:> H3d J 5S07 9Nl78~n.1. 

,--, 
f-z 
w 
u 
It: 

~ 
L...J 

w 
_J 

f-
<( 
_J 

0 
> 



""!'I 
u 

(/) 

w 

I 

5 ~ TIME-TEMPERATURE C U RVE 

z l FO R OPT IMUM VOLATILE LOSS 
~ FOR WILL COUNTY BRIQUETS 

0 
0 °-i 0 - ~ 
a: 
UJ 
~ 

z 0 
0 rt) -._ 
< 
N -
...J 0 

~ N I 0 
< 
...J 

~ I FIGURE 10 O 
w 0 

[ I O 

400 • II I 

430 440 450 - II R 
TEMPERATURE [ 0 c] 



, 'b-;· l 
f 

L 



f 

l 

THE ECONOWICS OF COAL B:EThi111FICI.ATION WITH SPECI 

REFERE1WE mo THE PROBLEMS OF lHE SMALL OPERATO~ 

7?. J. £a.. '-1/7 
lji,be/'T.S and Jc~a,e/er Cmea~., CA.ie~c 

It is an accepted fact that coal1 to command the best u lace on the 

ma_xket,must fulfill a certain standard of purity as regards ash and 

s 
marke~ demand reasonably low ash content and a certain 

minim-~'11 sulphur percentage; -.- other5- ~ .1ulus are satisfied with a com­

paratively high sulphur content and de!'!lMd the absence of only visible 

ash producing i~purities. 1" 

/'Th; present :;;;ic~:~ti tude of t he O'l~ring public is due to their 

better knowledge of the fuel which they have to burn. Their increased 

2' ;,,\/[Y 

l n te i-:ofl~. ·. of c ourse is streng thened by t he competition offered coal from oil 

and gas fuel. 

s a result of the necessity of producing . a more merchandisable fuel, 

many of the leading Illinois coa.l operators have built, or are building, quite 

complete and efficient /leaning fiants, and many other o. era.tors are in­

vestigating and planning to build such p lants as additions to their present 

screening and hand-pick ing facilities. "'-

So it is 1:leli~t't-1~~1he coal industry in Illinoi.s is thoroughly alive 

to the present day needs regar c ing fuel, and we believe that the bulk of 

the demand in t he future will be fulfilled. with a well prepared product. 

~ ihis staterr.ent applies especially to the large and also the modera.te 

capacity mining operations_, 

annual out ut of coal. The 

number of smalle• mtn2s 

~ 
aati lheee p roduce perhap s nine-tenths of the 

remaining {enth ~ \lw HM is p roduced. by an equal 

small shipping mines,..... The smaller s1:a,_{'ing afie. J.I~eB miftM are of importance to the 

~ mmuni 11){° 'lllll.are Ute;; ap e1 ai '1'in -providing a livelihood for their emp 1 oyes. . 
.I 

·' 
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The small wagon mine that opera tes usu.all /\ during the cold weather 

~, and that sells its product as ri:.m-of-mine coal or after a crude screening, 
. b-~1 · 

will seldom have to face the problem of mechanical cleaning, but the Ai small tonnage 
IS 

e.~el'e.:to~ ~-• shipping mine that produces about 100,000/\tons a yearr .._or pa•• 

~~Sr.Bl9-!!t-S~BAa.ile~ff!Rllii*&t-l"-.~i's"""~rr:-:~~wwi,s- ...,..._ ,~ will have to face this p roblem .. he w4:H 
I\ 

&eme~ ·-n,t~ competi~ with the product f rom the larger mines. A ca.rload of coal is 
I\ 

judged only by its quttli ty and !)rice, reg•3,!'dless of whether it is produced by a 

small operator or comes f rom a splendidly equipped mine. 

( \fe are ass~ing that) goal ben•eficiation is more difficult for the 

small tonn_age operator than for the larger one. There are many reasons why 

this is so. The large operator has or is served by an organized sales force 

or selling agency which has advertised the superior product and u• is in a osition 

to make good, large sized tonnage contracts · for a steady sup ly of coal of a uniform 
t"t ~. ~ 

cannot furnish a sufficiMt ar"11ount of one size 

" 
of washed 

market . 
The present trends in coal preparation and cleaning are to produce 

closer sizing, or 1 ore sizes of the complete product. In the large operation 

the amount of each size will be sufficient to supply some sp ecjal use, but for the 

small producer the amount of each size, or grade of coal, is insuffici,ent to sell 

to advantage to an industry. 

As a result the small operator, if compelled to clean his coal, 

never extends the size above say a h H ■ e sf tla.a le»ga;: Qjerdione- , 

of the"Illinois mines are "was 
~~ Y'. 

ng or planning to wash~ up to 6~ 

~~~~j~u~,c:•~e; ~ ~ ,.~~'f ~ ~ ~w ~ # ~~~, 

~ ,ca-sdx..~Qt::-pr.eox;dJom houw.,x~ .• ,o:amx:-thec~pd~:m~:Dt,. t'ii. Oti. l 



I 



,, 

As is true , i th most industrial operations, commercial washing 

and cleaning 1.mits have been develo~ed for average capacities for which 

t hey are most likely to be used. The unit capacities for the different 

sizes for the small mines would t~be much smaller than would be 

:P. ropria.te for the commercial cleaning units. A. mine pr oducing 100, 000 

tons per year would have an average daily p rodL1ction of about 500 tons, t)"lJ 

i!'!:is uou.i::\i not k over 90 tons p er hour . I f the s i zes below 

treated the capacity ould amount to about bO tons n er hour. It is perfectly 

feasible to obtain a ~Miinli.; ·unit to t reat this comp aratively small nount 

of coal, but if this 3 x O,)coal were to be washed in two sizes, and also 

two more of t e sualler sizes were to be treated with 

in many of the la.r 0 e onerations, the amount of these smaller divisions 

would be less t han 15 tons er hour, •hich is an extremely small amount f or 

a cleaning u11it. 

·: e are not now di s "'ll.fH3ill the c~dvi sability or inadvisability of 

cleaning coal U.'1Sized or separate:J"h into several parts, but cleaning coal in 
QI 

~ small size rai.""lge has become very nrev lent and this fact must e111_9hasize 
A 

the difficulty of treating small tonnages of coal economically . 

There are also1 many mines p roducing less th1:11 500 tons per day for 
~- .. . _r.;.t 

which the 1:> roblem of cleaning co~ l becomes increasihgly )difficult be ca.use 

of the construction of the pla.nt . In the foregoing we have ~ been 

consid.ering "the installa tion cost of a clea..""l ing plant , ~1. Hillir&P',- the 

expense of ope r a tion is anot her burden on the small operator. Two men 

w . 
can. attend a plant}.. hand1~ 200 or 300 tons per hour , v:hile one handling only 

50 tons ner hour would req_uire a t least J the a ttention o~ one man which vrould, 

of course,increase the c st of operation per ton. 

" 

.) 
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Also, if the snall coal o-perator is reqllired to construct a. simpler p lant 

to clean hi s coal than the l arge operator, it is likely that he will not 

clean his coal as wel d Will probabl y have greater losses. If e does not 

clean his coal as efficiently, the return on his investment will be less. 

I n connection with the cleaning of coal t here are a number 

of things which ~re app rop ri at e to a, l a r g e . la:nt, but which would be a 

burden to a very sm~11 lant . One of these items is t he heat drying of small 

sizes of washed coal ·which is quite often a, necessity in our climate. The 

o.r-.1ing install tion would be p ractically impossibl e f or a small operator . 

~Vhen/;nd if coal beneficiation becomes a gener al practice 

in our coal i ndustry
1 
it will become apparent that certain coals, while of 

excellent ouality , a r e difficult t o trea t . Neither coal washing nor air 

cleaning are exa.ct sciences and many p l ants are -;>ut into opera.ti on with a 

knowl edg e tha t their methods m· y have to be changed. Such a chang e would 

have to be brought about by some sort of a technical i nvest i gati on. Lar ge 

cleaning oper ations usual l y employ a Test Engineer a s . ell as a laboratory 

and chemist, or combination of t he two . Keep i ng a check by means of an 

anal ysis on the product is ab solutel y ne cessary for the s elling of the coal 

as ~ell as a necessary method of ~ untaining the efficiency of the cl0aning plait. 

The small coal o er ator ould be unable to afford the expense 

of a test laboratory or test engineer to enefit t he o eration of his 

clee...ning plant. He can, of course , obtain consultation service and use 

a commercial laboratory, but in t his respect he is at a decided disadvantage 

to t h~ larg e operator with his own t esting faciU ties .. 

i hile · e are pointing out t he economic difficulty of operating 

small capacity pl?..nts, there is, of course, a brighter side to the pi cture. 

A man with sufficient initia tive and a.bili t y to operate a small mine 

successfully, might al so combine in himself t he job of superintend-snt , 
salesman ,constructor and Preparation Engi~eer-in fact some men are doing 

all these things . 
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Those of us aei mllJ in t he us:i.ness of building Preuaration 

~ 
Plants do not alw~,s ta.1.~~e t he tir.:ie to cla.ss:J.fy the plants ~ have built. 

My attention h as been drawn to the fact recently, that wh:ne there are 

:nany very small cleaning vlants, most of them have been built at good 
¥:e confined to tre ating one size of coal only . 

size mines and usually .tu :sm~l.1 .u '.>z~ :&n~-larl~:tl-<§l\ ttt:i-! ~e!l1\e!' -!!nA-l:J!f' 

~iut~n -<S~ ~M~~- ~ The-re are very few cleaning p lants at mines 

producing less than from 500 to 1000 tons per dey . 

One solution for cleaning pl~nt s for small mines is to build 

a central plant to prep are the coal to be cleaned from a number of small 

mines. This solution of the p roblem has been tried many times in the past, 

usually by companies owning a n-urnber of small mines and on the theory 

that it would be cheaper to build and operate a central cleaning plant t han 

several small ones . In t heory this solut ion is correct, but in . ractice 

it has never ' o:r :ed out very well . There are several seriou s objections 

central 
to t h~cleaning . l a"l"). t _, some of the most i mportant of which are the degraa.a-

tion of the coal by the extra handling; t he a dditional cost due to trans ferritg 

the coal _rom s.ev:ral sr::iall mines to one central p l ant "' and t h~ o~ 1ng Mr-f' 
/\. 

a constant and uni form sup.; ly of coal from several mines .. h a, eeatpa,;J. ll lflfl t T 

Therefore , when all t ninb s ave b een consi der·ed, our co1 any has usually 

advised against building a central p l ant. m,we1.·@,; _§Orne of our clients 

~ , 
have;_tn 1;:1e 1,~sie~ decided in favor of this method of solving t heir :problems 

and we have built central plants~ 

result ef e-ael< ~••;"'""":t'Z, has usu.ally been that~ ]'l .... ts 

ere finally abandoned for one re son or another . 
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In addition to the objections p ointed out above , we think there 
✓.;:JJJJ ;.,._, 

Would be ~ further difii cul ty 'Id i !)pl y i ng this solu tion to a n-wnber of 
" · .... .:.t -

small mines with different ownership . to arrange 

onerating schedules under such conditions to give a regular and continuous 

tonnage to the central cleaning plant. We therefore do not believe that 

this method. will be successfully applied to · small mines of different ownership. 

To an swer more definitely the ca~acity limitation in reg ard to 

the building of cleaning pls.nts at small mines, I believe that unless a 

mine p roduces from 150,000 to 200 , 000 tons of coal p er year , the cost of 

building and operating a coal- cleaning lant will meet all the difficulties 

which have been mentioned above o 

I mi ght p oint out that there are some interesting exceptions to tne 

conclusions drawn from the discussion of this subject. One of the most 

noted exceptions is t he Birmingha.i'11 JI'ield of .Alabama -hich is unique in 

havi ng coal cleaning plants at ~ many small mines . 

From the report of the Coal I nspection Department of this State for 

the year 1929, the p roduc tion for tha t year was 18,11.15,000 tons. Of this 

total production some 7456 was washed. This 74% was co~osed of the 

fol lowing roducts : 
Run-of-mine Goal 4o -o 

Nut and E(,.g Coal b~o 
Slack Coal 28% 

The total prod:uction (18 , 415 , 000 tons) was produced by 214 mines of which 

75 had operating washeries. Of' these 75 ·asheries , one plant wa.s rated at 

60 tons er day ; 7 p lants a t 200 tons per day, and the other 66 at 300 or more 

tons per day . Of the 75 mines opera.ting washeries, 25 produced less than 

100,000 tons per year, and the product washed consisted entirely 

of slack coal • 
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It is i mportant to consider the reasons why these small asheries 

in the Birmingham District of Alabama have been successfully operated f or 

many years , and · hy such pl~"'lt s ~10-uld be unsuccessfu.J. in any northern state• · 
I 

Due to the climatic conditi ons in the Birmingham District these small washing 

plants have ractically no housing and therefore const~action cost is almost 

entirely eliminated. Also , the coal being washed a t these smal l plants 

is for specia l pur· oses end is consumed · i thin the rather small radius 

around Birraingham. Therefore the success of these s,. all cleaning plants in 

that district or other similar Sput hern districts does not aoply in Illinois 

or other Northern states . 

Anot ner important Tactor th.at has bearing on the necessity for 

cleaning lants is that many , if not most of the larger mines , have reduced 

thei r mining cost by the installation of mechanical loading in some form 

a.'11.d ther eby have been P...b le to operate at 

nrices . 

urofit during the time of low 

J echanical loading makes necessary t he bette.r cleaning of the coal 

on the surface. l\Jecha..~ized mines have therefore had to add to their 

clea."ling methods above ground, either by i mp roved facilities for hand p icking 

t he l arger s izes or by hand: -o icking th·e lump only a..r:td install ing mechanical 

cleaning plants .1.or t: e bal ance of' ..,he product . To hat extent the smaller 

mines of tbe s tate haee utilized mechanical loading I do not kno , but 

in all p robab ility not to any g reat extent . 

Having discussed even thus brief y t he si tu....-=i.tion of t he operator of 

small mines, it remains to offer any suggestions which till be helpful ana_ 

enable hi m to retain his p lace in the industry . There are t wo or three 

methods a;p·91icable to his situa tion any one of which we believe is practical 

of adoption and with intellignet installation and careful operation 

would be successful . 



• 

--8-

For t he proper a-µplication of the methods to be sug~ested it is necessary 

to make first some general division of the small mines i nto classification according 

to daily and annual capacity . ·· e ould sug_ est t hree general , but not arbitrary, 

divisions, namely; 1st, tle urely local mine, making deliveries mostly , i f not 

entirel y, by Y1ag on and truck.. 2nd, the s:..iallest class oi s hi puing mines , say 

having a daily ca:paci t y of 5 0 to 1000 tons _ er day ; and, la.stly , t he next larger 

cla ssi fication based on daily canacity , say rolilghly f rom 1000 to 1500 tons ~er day . 

Even t he l atter a r e small mines t he evera,ge dail y ca acity of the l ar ger 

" TJ ro ducing mines of t he sta te . Referring now to t he firs t cl assification, or the 

p urely local mi ne s , a s has ·been ointecl out above , these wil l not be consi ered in 

offer ing -suggestions f or repar at ion over and above simp le ~re arat ion by 

' an c_ met: ods . Even t his, however, could considerably imp rove t he u roduct of 

these mi r.es . 

Referring now to t h e sec nd cl as sification of small shipp ing mines , 

with a daily p ro d. ction of say 500 to 1000 tons : 

espe cially adapta,b _e to thi s class of mi nes: 

There a re two methods 

FI'RST METHOD: ( a ) A number of su ch mi nes in the same general locality- not, however, 

restricted to a. smal 1 area, could be combined -wider a h olding company composed 

enUrely of the owners of thee consolidated mines . Suci1 a group i ng of these 

small mi nes wou.ld overcome many of their di ff iculties not only as _to a bility to 

finance coal prep u-ation ·pl ants , but would. great l y facilitate and e conomize in 

t }1e operation of such i nes ; and, l a s tly and very i mportant , enable t hem to r each 

more diversified a11d continuo s markets . I n other words , t hey oul a be placed 

more nearly on a p ar iVi th l ar ge op r ating mine s . Suc·:1 a consoli dation of smal l , 
'1i ghly 

i ndi vi dua.lly owned ·oro ;,erties is en ti rely practical and would b~1beneficia l 

tot · a o ners of su ch p roperti e s • 
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There is amp1 e praceden t f or t he above statements as such consolidations 

have been made in t he ·past but usually by outside parties who assumed entire 

resp onsibility fo r the consol1dation ·and t he operation of the mines; the selling 

of t heir p roduct and fu.rnishi r..s t he f inancial backing necessary for the im-

p rovement of t he properties, etc. However, this method of g rouping •ines, 

just referred to, has been more benefici~,l to the outside parties who ta-1-ce 

over the operation and contro of these p rop erties, than t o t he orig inal owners. 

It is for this reason that ;r;-e suggest t he method of consolidation t hrough a 

grouoing of' su ch mi nes with the ovmership ; nd cont rol to remain entirely in the 

ha..nds of t t1e p resent owners of the pro. arty. 

For the successful carry ing out of such a combination of small mines, 

and to be a ss-ured of obtaining the necessary f inancial assistance .:'or the im­

p roveme.nts required to p lace t h em on a competitive ba. ts with larg er mines, 

it is ab solutely necessary that the owners of any mines to be so g rouped, 

should app roach some lilc gineering CoI11:pany with the facilities a."1.d experience to­

first command t he confidence of the owners of the individuo.l properties--so that 

each would have confidence t '.1at only mines hich would add to the ultimate success 

of the combina tion , woul d be included in the consolidation. Also, that a .:9 roper 

and unureJu.diced va.lua:t ion would be put on each roperty entering into t h e 

consolidat i on, according· to its merit and val ue in the combination. Su ch a method 

of pr ocedure will assure t h o tners, entering into su.ch a consolidation, of 

se cL1ring the p rop er basic asse t s · ~txx essential to t heir success in competing 

with the larger mi nes and l ar_ger ·oroducing compani es • 
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Having completed t he consolidation of such a g rouo of mines , the nex, 

step is for their engineers , above referred t o , to make a careful study of each 

and all t he mines . included in the grou_p and recomn: end t- e improvements necessary 

to p l ace each . ine on a competitive b sis on the market , and to reduce its 

cost of production, etc., and also an estimated cost of such i n~rovements. 

Such report wou1 also incl de the classification of each mine in t he group , 

as to the 9ua,li ty of coal it would uroduce in relation to the other mines i .n the 

group and co- ordinate all these f or a unified sales nroposi tion; t hereby enabling 

t hem to reach the largest possi bl .e i vers i ty of markets . 

---( c) The first two ste· s having been :9roperly accomplished, t he sa.rne rep orts 

. repared by the Engineers, i l l com.11and t ne confidence 01 Finance Companies 

which ill enable such a consoli dat ion to make the necessary i mp overnents ·h i ch 

is the final object of the consolidation . 

:iere is p lenty of precedent tn the consolidation of small plants 

in ma..~y industries to convince anyone that with intelligent and experienced 

di.rection , such a combination of small properties would be highly beneficial 

to owners o:f such sr all mines . 

Vie ill now consider anot _1er method of :procedure which 

woul d apnly ore part· c larly to the next classification or mi nes , say f rom 

1000 to 1500 tons dai.ly -production, but whi ch can also be ap lied to some of the 

larger mi nes in the classificat:on above discussed. 

We ish to remark in passing th~.t t ~e abov·e method of consolidation 

for the SL all mi nes into grou-ps would a_so a:opl y to the somewhat larger mi nes 

oft e group now being discussed. However , the mines in this group now ·being 

discussed, having somewhat larger daily caoaci ty, lend themselves more readily to 

individual beneficiation than the • ines of smaller , daily caoacity . 
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Mines in this g roup, having a daily capacity of 1000 to 1500 tons, 

per da¥ can very readily be equinped with coal cleariing p lants designed 

for and using equipment developed especially for mines of sm8ll daily 

capacity. 

The company with which I have t e honor of being associated for the 

yast t_hirty years, has been very successful in building Coal Pre-oaration 

Plants, either by the Wet or Dry Process, or the combination of both £or medium 

s 1all mines. We wish, therefore, to p oint out to the oper ~fors of such mines 

that their problem is within the practical apnlica.tion of present day equipment 

and design, which are giving eminent satisfaction to operators of many small 

capacity mines. 

In closing, we wish to exnrass our apnreciation to this Conference, 

and esp ecially t o Mr. Leighton, who p resented us t ,his opportunity of offering 

encouragement to the owners for t he small mines of Illinois rege.rd.ing their 

p roblems in coal prm:aration . 

May S, 1935• 

J ) ) 
E . G. La~7, L 
Co tractr,~. Engin er, Roberts an ~ Schaefer C9mpany , 

10 rigley Bldg., Chicago, Il inois. / 
I / C 
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':P◊ss1 bilitiea ot 11xrproving and Ex'tend.ing 
the Use of Illinois Coals ·thr.;u g_h the 

Study or 'fheir Gonst1 tution 

By Gilbert H. Gady 
S en,'tn- Gee(o t; i .s7 a '!,,ct h'et1.d (Jr ;,l~e Coal Z);v/sJt>n 

/1//;,"i.s s-t .. te qeo lo } cal Su"":~, _f! bahAJ 1///J?#iS 

Al though the purpose of S'c1ent1f i c investigation 

of Illinois coals is the discovery of fac'ts1 the im.med.iate 

hope of such unde.rtaJcing.s i s that t he f'a.cts discovered r,111 

lo.ad to some means of improvi ng the eompeti t i ve position 

of these coals i n the murket . 

'rhe :prospect that the ,efforts expenda.d in researoh 

\Vill be re,"1J.-a.r:ded with discoveries are bes t of' course in 

those fields that have been little ,exJ)lor·ed and ye·t . are .suf­

ficient l y large to excite the imagination .. On-e does not 

equip an A.ntarct.1 c expedi t1on to explore, l\ antueket . 'l'here 

is a desire also and .above a.11 to direct res,earch toward 

fund.a..Til.e:nt.al considerations upon whi ch rest the procedures 

or coal production and utilization. 

The:t·e v'Wil.1 probably ·be no general agreement on 

what cons ti tuteus fundamenta l :researe•h .in ·the us,e of eoal, 

because the problem vr111 be regard-ed from variotrn points or· 
vi-e1v . Indeed, there -may be several vari eties of fund.a.mental 

research , but two at least are of' outstanding importance •. 

One: line of re.sear:eh undoubtedly conce.r ns the, :principles and. 

:proc:esses imrolve,1 in th.e conversion of coal i n to usable 
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fo1,:ns of energy afte,r it has reached the devices o:f oon­

ve.-rsi on. ':these principles and processes are commonly in-­

<LLUded under ·tha general term, u . ilization. Another line 

.ot' investigation of funda:mental importance· eonc,erns the 

nature of the. energy resource itself. A s.omewhat ,subor­

d!.nate line of research con,cerns. proc'ess.es and pri.ncipl,es 

involved in the removal ot the eoal from 1 ts 'bed and i.t.s 

p:t"e·paration. for use• that is, producftion. m1doubtedly the 

:res:ea.rch into the prine iples. and p.rocesses of eri,ergy eon-­

v-ers.ion is of outstanding iraportance and has so been reeog­

n1z,ed. vn tne ot'her hand. the importance o:f invest!. .at ions 

of the· 'OO•a.l material itself has never,, at leas·t un.,Gil re­

cently• at-t;racted the i'magination of et ther :practical men or 

seientlsts 1n spite of the tact that one wo ld na'turally sup• 

pose that the tunc1am.en.·tal posi ti n of coal in t he energy pic ­

·ture vmuld attract consid:eration oit its character. :.i1here ap­

pe,ar to :me t0 be two possible reason.a for ·this.. 

<Yoal has 'been prevailing~regarde·d a.s an .e·-ssentially 

uniform homof?eJ1eous substance . Its ,c. on1ple.xi ty of '.chemical 

·eompositi.o:n has he.en :.t"'eal1zed • but in general it has been 

regarded. ::'ts mate1-ial co1upo.s,ed throughout ot f'airly similar 

compl ex n1ole.eules,. poss:ibly ~ietured as. coal molecules . This 

material varies el'i -rhtly f r om place to :place. but i s eseen­

ti.ally the same. v,ithin the giV'en area s,uoh as ·a mine exoe1>,t 

for t'.h·e .minoral impurities wi ·th wh1ch i t ls ndxed . 

This e;enoralized conceptton '-'I' b!te nahlan, or ooal 

conforrns with and is sustained by the prevailing method of 
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ch·emioal ·descri·ption . 'rhe :proximate form of analysis is a 

g ~' e1~11zed me·thod of de•scribin,g coal as a material eon­

sist1n_ of volatile· matter-. moisture,, non vola·t ile> com• ._,,. 

bus ti ble matter or fixed ~arbon~ and a residue m1lled ash . 

T"1is, of ·Cour·i~e ., provides no picture, of' coal rat all as· :a 

definite sub-stanee but pictures it entirely in terms of 

factors involved in it.a ut111zat1on. 

The calor1tie determ:ination.s have the same et:teet •. 

The B ... t . u .• value as determined in the laboratory repres·ents 

essentially the total hea energy available by combustion 

from th.e avatlabl e· ·earbon nd hydrog·en in the eoal . 1I1he ex­

perimental determination corresponds very closely vri th 

theoretical values so that presumably essent,i ally com:plete 

c0111bus~ion ~akeH pl.arce i n the ealori.meter .. It obviously 

n1ak.e:s no difference llow the l1ydroge n a.nd ca r bon are ,combi.ned 

or occur in the coal in regard to the· potential energy of 

combustion a"ftailable. 'l'he enterprise ope.rat;i.ng an incin­

erating plant a s a s ource of ener.~y 1s uriconc.er·ned whether 

the raw mate.rial fed into the furnace is nva :1 1.av 1 j • c -r'l on 

and hydrogen in tbe shape of discarded lilies or .of the re­

mains ot the ally serenader . 'f he sa.m.e lo t7ical attitude ts 

. adoptea. towar·d coa.1 consi dered as a source of available· car• 

bon and ~n. 

is generalized conception ot coal has resulted 

in a very characteristic attitude in regard to- its pro·- , 

duetion and utilization. Since its constitution is of little 

concern, preparat ion for its u.tiliz"a tion other than removal 
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from the bed invol ,rns simply removal of' €ts much foreign 

material as· possiole and adjustment or size such a s i s re­

quired by the devtc,es p,erf ectea. for the combusti on proces,s . 
in 

It i s quite obvious that/adopting this po.int of v iev1 the 

.major fiel ,d or tnvestiga t ion is :that ·. of combustion, 

and once the principles of' perfect combustion are understood 

there is nothing further t o be ac,c10.mplished by research ex• 

cept t ,h.e per:fection of me~hods for prepari. ng the coal for 

use under such c.0,ndl tio-ns. It ·se.ems t ,o b e a very reasonable 

point of view on the basis of t he :-- pre~i se~.-; upon which it 

has proc:eded . and a-eo.ounts r or a general lack of· interest i n -- t ....., 

inves t i gations. conc:e·rni,ng the na.ture, of -coal. 

VI.hat it is my desire to do at this time i s to bri ng 

t o your attention t he inadequacy o:r the c-onvent i onat atti tude 

toward coal and to indicate- the i mplicat i ons \Vith respec-:t; to 

preparation and utt l1za:t 1on residing 1n a mor ·e naturalistic 

ooneeption of" coal. 

First it woul,d be ·well to explain what is meant by 

a naturalist,ic attitude ., 

From the, standpoint at t he naturalist , particularly 

the geologist and hotani,at, coal is _ a rock .,. or aggregate of 

materials whi ch the botanist is able to ident ify as origin­

ally derived from plants . It is composed of these orig inal 

plant :par·1;s, ,.jus t as mo ·st other rocks are mineral aggregates , 

m.1Jred it1i th certain and. varyi ng amounts of minere.l materials . 

It i s consistent to call t he 1->l ant parts i n t he coal 

phyteralffe just .a.s the component par ts of' other rooks are 
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oalled m1:nerals .. Itrom ·the naturalist:tc. point of· view, the-n, 

coal is an a ggregate of l)hyte:rals ., not simply a geueralizv,d 

combination of moisture , ash ~ volatile matter and fixecl 

car bon , Ol" carbon and availabl<:3 hydrog en mixed with a lot of 

inert materia,ls. This constitutes the naturali ·sttc attitude . 

The same at.ti tude. to.ward t ,lle ash r-esidual from 

the combustion of coal :finds 1 t . neo,e .ssar"/ to consider min­

eral matt·er trum whi ch the ash was derived and the nature of 

its <JC>-CUrrenae i n coal . 

From. th.e nat.ur·a.listic point of view the conventional 

methods of constder1ng and ,d·escribing (,oal are tlntire.ly in•• 

adequate; from the convent,ional polnt of view the naturalis­

tic attitude is unnecessarily complica:t.ed and impractical . 

The truth probably lie·s somewher·e betwe.,en these t1vo points 

of view. 

From the standpoint of t he combustion technolo.gi s·t 

ooal under conditions v1here· complete combust ion talces place 

is simply tfltailable carbon. and hydrogEm :mi xed with inert· 

m.at eri aL.., !The c.on version of the hoa t of this comb us ti on 

1nt•o usable form of energy (t1 at i s ,, steam pressure} has 

reeched a surpris i ng degree of e:ffieie.1ey in som.e operstion..~. 

Similar etticieno.y i s generally i mposs i ble for all opera• 

ttons , and i ndeed. i s proba1)ly not to be expected in most. 

opa.;ration.s. It is a practical impossib111 ty . The 001nbus­

tion teob.nologist. may gnash hia teeth over this condition 

ou·t the fa.ct ot the inefficiency of mos't combus"tion appara­

tuses must be faced~ which .means obviou i::::ly tha-t possibil1-
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devic.,e :e ·tru"':'ougb pt'1 s s 1ble ad ,ju-s.tmento i n the chara(!ter of tlle 

fuel must be considered., So f ar as th.a ccal indus try of 

111ino1:s is c oncerned it is of l i ttle impor tance to tlle mar­

keting ·conc.\1 t 1on or· thes e coals tht1t -cer tai n steam g•En1e1/4ating 

installa tions presumably burning eastern coal , since they are 

loeated 1n the market area of~ those coals • achieve an effi­

ciency o-f 90 per cent r11ore 01 .. less. The· adaptabi.li ty of 

Illinois ·coal to the, particular type of equipment is op,en to 

demonstration hut \7hat is more to the point is t .hat thi.s par­

t icular type of .ef:t 'ieient equi pmertt is ent1rely . out of pos­

si bil'i ty of use by probably 90 per cerrt of users of Ill1no1 s 

.coal or other fuel Vi 1 t h.i n t ,he Illinois coal ta.arket area . Th e 

probl er,~ i s one of modifying Illi11.ois coal to make m.ot"'e ef:ti­

ciently utilization possi ble b-y t.hese i nef1'")iei.ent types ot 

,equipmen't . 

rrhe general point I ;r ,i. ..., h to make i s th ·t there are 

de.finJ . .t.e 11:mittS,t.ions to the possioili t ,i es of benefi t to the 

c ;a l i11d:ustry i n the convent i onal general · zed att itude tovrn.rd 

co~l as· a materi.al consisting s imply of t~arbon avaii.a.ble hy­

drogen and. i nert materi als I and t-hat. when th.i s limit is 

r eached th•ere will be a. tendency to search the possi blli .ti es. 

of rel.ief residing in the naturalistic conce])ti.on of coal . 

Indeed this is abo ut . th·e onl sourc,e· of· enlarged poss1btli ties 

of usefulnes s left, onee the conventional J?rocedure atta1:n.s 

an etfic.ieney of 90 t o ·95 pe.r eant when conditi ons are, f'ervor­

able .. I arn. not for a-et t ing , however , the p oss i btli ty o:f re-
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·/· I 

that the s-e sta te:ment .s in r ·e " a.rd to t ·he conventional genera.l­

ogy cwneeption carry the implication th~t I believe no fur-­

ther progre,ss can be made by 1nvest1giition along stich line.s,, 

or that ·the Survey has abandoned assembling information that 

may relate t -o slich utilization. neither im:plieation woUld 

be correct fo.r .muah i mprovement o.n utiliz.ation o:f Illinois 

coal in the small industrial end domes.tic plant is possible , 

end the Coal Section of t .he- Surv,e.y -deyotEls three-four ths or 

mor\e of its time on matte·r ·s relating to the conventi·on.al 

conception ot coal. This pap,er, ho~tever, concerns the sig-

11ificane,e of' st.u·dies of the eonsti tutio:n or coals. a...11.d neoe-s­

sarily th.at part ot our· studies is emphasized. •. 
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11e.f tha·t resi de-s- in prooes.sing the· ·coal by heat, and brt ... 

quattin""" to provide manuf aetured tuels. 

It 1s now pel'"t-in(>nt ~e 1ie9 •~-..en• to -call at,-

te' t -ion more specifically to the meaning, of the naturalis-­

tie oo-nsideration of coal , and to ind.icate the pos..sib1l1-

tie.s of modi"fying the character of coal or of employing 1 t 

for special uses that reside in its constitutional ehara-ct-er .• 

, Coal mu.s.t be consid-ered as a rock mat.erial if 

Viewed f'rom a m1tur.alistio point of view. It 1s cOm'!)Osed of 

more o.r less coali:tied plant materials or phyterals .• m.1.ne-ral 

ehar·e·oal ·(or fuss.in), and varying quantities of' mineral 

matter. some of tvhioh is fore-ign mineral matter washed or 

blown int.a the be-d and .som.e 01\~anic mineral matter. As a 

rock Illinois coal possesses the usual litholo-gi o character­

istics of no.rmal handed bi .tundn.ous ·-coal to ,vhioh type of' coal 

it belongs . One of t he first- eharacteristi -c.s of .Illinois 

coal that. one· observes ?tilfl- .;.~~ ~~~~~~ee 
_ _. 

is its handed character,+,It"tigtt~-tt;'~t!"Ot titat ·"~~ 

indiea·ti;;f that it is -composed of' several sorts 
" 

of material. In Illinois coal three varieties of material, 

et:h,h distributed in t,hin lenses, produce the btmd-ed ap,pear-­

an,ee on the faces of the coal in the bed and on broken blocks . 

very definite , d1stingu1-shable, and s ,epa.rable portions of the 

coal bed. 'l'here are .four such ingredients in normal bitum­

inous coals as a group , namely !vitra1n, or the brilliant jet 

bla·ok -coal;, clarain, the b-ri ghtt laminated coal wh1eh makes 
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up the b, k or Qttr Illino1$ ooi1l e<la: · lie i. tr1oral ,cha.r ,coal J 

or xusai:t ' ,· nc oc,oa~:tonally a:plin•t; ooal 101.►- du1,.ai n . tfh1:s. 

l ·· er 1e o dull v.er1 ~t.y . r noal . , s~un >lin.g clnra1n. "n ~er• 

er·" l s ~r · oture trn<l textur·e .. u,;. distin·ctly dull i n .lu.nter . It 

ts ra.re in Ill'inois coal~ b · t 1.s :oc·cao1onally .1. oun<l, ·part1e ... 

ularl 111 ·lerrt _, .Jo , 6 o al b , · 1-· south r n Illinois• in 

thin l yers r-ar·eL ·a.s much as. inch a 1 · thtclrnass . 

0ry caau l i ns-.ec·tio sbould be enough to ,convi nce ~ 

--••@~ that : .~rne ingr.ed1 n ts are present in Illinois 

con ls nnd they h, ve suf tei entl · different .en- al. a. ear·-

ce- ~o t ,at di.~ie ene in ehe.aio,··1 ,c.harncteristies and. b· ­

ha. io · under .:>1. iL:: r oond1tions 1:tl~ht re· ,aonfrtbly he ·expected. 

Furtha11111ore ·ex mination or one .ooa1 bed in sout.hern Illinois 

h • snoim hat he . l' portion o t -e~;,e in{! .ed1ents in "he 

ec di . fe: s eon~,.iderably- t .rom lace to plnce (" -i f , •. 2) . 

, at t~he phys 1oal di t'iSi · 11ari ty of t .. e ba11de . 1:n­

,µ:,ed.ien't; s of Illinois co.: 1 i s a:tLlled b. dis~trd,ler'i t-:r of 

cha . .:t · 1l o araetur,, e.iren ,nen •·X...;re-ssed in tha goner lized 

t i:.:r s J. t . .e' · r i1:1ata an ·ult1. ·f: . · e· tln.-: J.:rsts, is india . ed 

... , si:-~t. t: ruuyses . ore or le•s ) th.at have b .en made 0.1 tbe.se· 

ing;1~, · 1e11t ,. separ-- te , l)y hand. 1 ro·n various Illinois 1 0, l ,s . 

v, :.r·. •detini:te ch rd ml d.1. ·terences amox _, the- in• · 

(' "'i ; • • } hat ar,e eon:a1 etant f'rom co l to o 
' 

but u~e not o· tb sa1ne i, I port ,·nee in all. coals . It 1.s no't.e•• 

ror ·11.y t at in gen .. 1'"'01 d1fte1--e,1ce bet . eEUl ingredients in 

t . ?'"'.us of th'1 · ro,..;i ·ote valu .;; «le re ,.se ·.ri t h the ra. ': of ~11. 

e · . ' , so ·t.i.l • tl1; 1 :}ler ..,6 •. e r • n o..: t · o ooi l t a lass the 
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w l'J1, . 

"',l:1e importanc e of the vnria:ti ons in the t/~m.otmt of the in-

gredients. fn the coal -. 

It is possibly needless to say that evaluation or 
the ,charao·ter of t~1e ingred l .:.nts in the terms at sueh a gen ... 

er liz,ed form of analysis as th·e -proximate analysis i,s eX<• 

cee·dingly uns-atisfactory for it provides no ba.s.:ls for deter­

mination of ·the r ~~a.1 dift-erences that exi st . All differences 

a.re e-xp:ressed 1n ·the terms used i n evaluating coal 1;-.rith re­

spect to i.ts aV*· ilabl .e energy in co nbu.stion • that is in te·rms 

of availabl·e carbon and hydrogen. s·~mie other basis .of com-

_Not onl., 'do the banded 1:ngredlents 'O:oss,ess indi vid- · 

ua.11 t:y in gen·eral ap~H1ranee and che~! ical ollar.aoter a .s re­

vealed. by the :prox 1.mate ana:lys1 s but they poss-ess. indi vidllill 

physical eharact.eristie·s so that they a re -d1ffe.rently atf'eeted 

by the mining and preparation prooe·sses . 

1l1he ef':f'eet of blasting.,_ handling , s izing , and 

gravt ty se.paration upon the proportion of the ing redients in 

diff.erent portions. of the prepared coal has be·e n under in­

vest.lt; ation _ry ] '1r •. Louis C. McC:aba of t.be Sta t ie Geologic · 
i ,)J.Q~.., .. \~ 

Survey }1n coopera tion with the,._E~:ineering Experiment Statiop. 

and. the Departxne1 t 0-f I 1ininr and cfo tallurgy ) for s ome tv,e . 
One re,port on this .sub jeet has recently been published ey 1'he 

~~~-.. i;.11:~,&\tt•~e:t1:-e,rr~""ff . • -... ,,.~~er1W<>t i~ »1;1•'tflre'i; 
' ,\I, J . ' ' 

"' ~ Banded Ingredients of No . 6 Coal and 1rh.eir He~ti~np.: Values ~~--/ ·~ . . 
_a!3 _ elated _ t 2.J,~~lt~l?!l~,t.Y Characteristics~ft( in .,thi·s - in~ 

............... ,. OQ'I ...... ..,_~."~ •• ~ • • .•, , .,,, ... -~. r•1;,'>~ ,pt_, ... "."'i'V•!· ..... ,,.~ . .,. .• ?\c ;,..c, 'J -~ ... \'."""'·•:,Uli 11:, ... ,..4. -.. ~ - .. ~...,;• ... I 

vestigation the segregation or the different band inr redients 
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in the d iffere.nt; g ravi t .y frao tions of ·the ooal -wa.s very 

def 1.ni te·ly demons-tratfHl t~t'l"g;il ::tr~ ) -~ 

At t}:1.-e present time an lnvestigation is umle·rway 

i·n1ioh involves: the ·colle-et-ion o sample,s of soreenil'li;s· from 

ten mines, serean,, and Tloat-and-,sink analyses and a large 

runount of C!hemica1 ~mrk, and also physical analysis of the 

ingred1•ent.s i .n eae.h frac-tion of coal. Th1:s will result in an 

enormous amount of 1nto::rma1don concerning the segregat.ton of 

the ingredients i n the difter-ent spoe1r1e gr·av! ty fract:tons 

by screen size that shoald be extren1ely 1llum.in ting a..s t -o 

the et:eeet upon coal of nreparation :prOC09Sr~nd. the . :potential 

possibllitte.s of se .::,reg at;ion and b lending. 

Whe .• segrega tion of the ".neredients takes place 

th·e e:rfec·t 1s tumall.y shorJn in at 1-eae t thr ee ways . There 

i s a general tendency tor co.ncentra:tion of fusai n in the 

dust. This is. now generally re.c q;nized tn dedust:lng ·teeh-

ni _ue .. Thi,s particular tec rmique , by the way., has d one much. 

to attracrt interest to the .segre~ati1w; etf.ect of the clea11-

ing process,. Segregation. ot vi trt in takes plaee in light. 

tractions o-f coal of f'ine size , al though someil 11at coarser than 

the f'ract ions. in ·wf1ich fusn in ls the preva111ng ingredient. 

The ece.rs-er and. heavier fractions ·~ary in oharact 1er from 

olarain .(F'i~- -..,·5 ')w1t-h low ash content to (;larr1.in with h'igh 

ash conter1t, bony c oal ., and finally pure mineral matter . 

( :?i '-~ . 5) •· 
\ 

Knowledge of the phys! cal characteristi ·c:s of th.a 

banded ingredients vrill. me.ke it pos.sible to devis-e procedures 
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of mechanical separation whi~h may be fitted into th.e· present 

scheme of separation without ~eat difficulty. Fusain is the 

mo.st easily pulverized o'f the ·three most common i .ngr ·eliients , 

hence asp1ra➔.;ed material is large ly t'us.ain as has been pre­

v'iously no'ted. Vi train is brittle. and :t'esiliant 8nd g ener,... 

ally ·charae,terized by fine cracks which tend to cause i t ,s 

segrega"tlon in Ure mediu.,1n fine sizes-. Glarain 1s. relatively 

tough and not ~penetrat.ed by crack:s as ls vi train a nd hence 

i s less likely ·to brea} down to s:mall sizes tJ.1an vi t!'a. in · .r 

.fusain .• 

of segregating a.nd blending banded ingredients to supply 
..-•- ,...,..----

d,e:f'ini te bl-ente-d typ,es o: w........,-,.,_,.. prac'\,:(cru.""· vatii . H-
~......,:..,t~~-... -....,,o,,.~~..r.:,,,.,.,....,,,,. 

ir.a,;,os:~1.Dle~ roret~.. "-l e know that the characteristics o:f 
A 

the differen·t ingredients dif f .er gr ·eatly . Vi train is ehar-

acteri zed by an e-xceed ingly low ash con tent and a. tende11ey to 

sv.rell greatly upon heating .. 1Pus8.in is oons icuously high in 

fixed carbon, about. 80 to 85 per cent i n the dry condition, 

aM it is ,cor11111only very inert under e-arbonizi:m?; conditions, 

and it possesses no b1ndine; properties suoh as are -essential 

for the format i on of ~ ood in1paction bri,quets. Added to coal 

with much vitrain a l i ttl.e fusain imp.roves the qual1ty o-f 

coke over that produced from the raw coal . Bo th vi train and 

olarain have positive coking reaet·1.on but apparently in some 

cases addi t;ion of vi'tratn to a n tural coal i mproves the 

s-trength ot the eoke ( :li , "8). ·n th only the cri ter1a o up-

\' lied by the G'.eneralized type of analytical data ava ilal1le 
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for evaluattng or indicating the nature of the ingr,edients 

there is a liJni•t~id nurnber of variable possi blli t i es of 

design~ .. tion , hut •even on this bas.is 1 t is apparent that it 

ls quite posstble t •o produce eo·al material of' widely .dif­

ferent charac ter on the one hand o r a ,c~oal of ve·ry un1for:nr 

cha;rwacter o,n the othe·r by systenntic; segregat ion a:nd. ble:ndi .ng 

procedure . '?he1 a b111 ty to eon trol the na tur-e of o:o•al r e·aCh• 

tng ·the· :n arket. is of significance because ; 

1 . It perm1 ts ·close, control over coking mixture,s; 

·2 . It perm1t .s segregation of those parts of the coal 

·best suited· for the prod:uetio11 of manufactnr .• d lic1u1d and 

gaseous fuels; 

3 . It permits bl ending to produce particular bur:_· 11·-' 

charaot.eristics-; and 

4 . It permits 1s,o1ation of easily pulverized i ngredtent.s 

for u.se as :p0111dered fuel . 

The, poasi biliti.e·s of variabili ·ty in the eoal re­

siding in its banded constitution .ives only pa1"'t of the pic­

ture pro11i Ce by t;he naturalistic consideration of coal . 

Th.e ehara.c-ter of each of t'he hanaed ingredients 

varies from that of the other three in the nature of tb,.e 

phyte.ra:ls of which 1 t 1.s composed .. rrhat is to say, vi trai n 

(Fi _ ~-'i) is c-oali.f ied woody material ,. and as such ha.s, been 
4 

na:tne•d anthraxy1on by R. 'Thiessen. Clara.in )' ls at~ 

trttal 111at,erial, representing all lctn.ds of plant d·e·bris , .. wo.od 

shreds , pollen, resins , spor·e exines , cuticml ar residues, and 

a.11 the spi'ndrif"t of the co.al measure forest . l?usain 
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is et ther fHZtually fossil charcoal or carbonized wood pr:o­

ducad by some other a gency oth er t han ll,"" fire . In 1:seneral 

is carbon.I zed r -a·.., her than coalifi ed. 

Clarain is aha.raotar.tzed by gre.at variation 1n the 

ehat•aet er of '1 ts pb.yter'al .s . Smne clara in con ta tns a gre-a t , 
' .,,..,, 

many spore exines~tf :tg._M~;" others onl y a little . Vitrain 

l!kewi seJ not. uneo:mmonly :c:ont,ains a great quanti ty of resin 

~ al though other Vi train may show none . \~ -:- '-'·~x. --~ lf .. " • t 
' . ~~"'l,t,,M,,,>'!!ll,J 

Unlos:s th-e proc.e,s,s o:r coal:f.fl ·ea tion l we~s en the 

orieJna\l di:f"ferenoe,s that must h.av:e e-xisted ar.iong th·e plant 

parts enmeshed in the coal s,v1amp i it seems al together prob• 

abl-e that ·there are ·dif:t'-erenees 111 the phytera.ls ►. partieu.la.rly 

as so ma.rly of them appear to retain much. o-1' t he·ir o:?'1g1nal 

appe.arane~t.. S:pores can be isola t ;ed :in.ta.et (F ... 0 •. 12'), crushed 

flat it ~s t .rue b · ·t o,·therwise with their original charaoter­

ist ics prese-rve.d . Cuticles (Fig . 1!3) can be isolated from 

the -eoal b y the ,exerc·is,e· ot some o·ar·e,. r-etain1ng m.any of" their 

original ehe.racteri .sti cs a nd struct.ural fea-'Gures .. (F'ig . 14, 

out). ~Resins (Fi g . 15 l have us;'ually bee·n somewh.-at carbonized 

but; a1"'e readily recognized . 

Obse:rva.tiori of the phyt-erals found in the· ooal im•· 

pres;ses tha ob.merver ivith t ho p1 .. ohability that ·t'he different 

ent·i ties 00Im11only still retain some ot: their original in-

di vtduali t .y. Ii') ~this is the case it is qui t -e: apparent that 

vi train wtll vary in character a ,s· 1 t contains much or li tt.le 

resinous matt.er ., and that a eo1rsid-e,rable range of V"ariat·fon 
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~ ,,v.....,...... 

in t he, eora1)osi t i on of cla.rain 1 s poss i hle, depend i n<J. ;\whether 

~'() 0 11'i"''f ,p~agm· on ->. C' ·c·"l·1"'• .,t· ff>; - 1 ,e., r 'U · '°"""'"" s· "11 · . 1.. J· .f, Ji. . ·• •. ,., · (., , .l J · \. t.t·J. .., ,..., ,:;.,, f!/ c~ ~::;.U .. ·j res1.nr-=' , or other materi,als 

,except the information provi.ded by analy-

of wood.y ori gin, and ·that clara:.i.n co1nmonly c.~nt.eins a much 

hitther am.mn1t or vraxy con..qti tuents than is found in t"he· 

pa .~tedly been sta'·ted , pr ovi{ie.s a v~ecy unsatisfactory basi .s 

:for <iifte.r·ent:tati.on . beeause as has bee,n repeatedly pointed 

out• -Ute whole purpo ~3 e of these anaJ.yses 1.s to tnd.1-ca te the 

compasi tiot1 ot 4:- he e oal in terms or· its com.bus t i· i.l ity.. On 

the o·ther ha nd if we a otooll1r f ind resins , 1rvaxes, and htt.111.ie 

ma teri "ls in t~tc; coal ~ ~ - he highly desirous to 

rega:ra. t . coal in t ~~r nm of i 'l;s actual comp-osition f ather than 

tts eom.)ust1bil1ty) if a +-rue pict ure of' its chara.·eter i s- d.e­

s i red. 

1:rhat kn.ovrl,edg-e f the i "'umediate cons-t i tnt ion of· the 

ccal will eventually prov of L.ro·at ~\; r:act ica1 V E1.. _u e .i n .: ... lanning 

ttse.s for coal either thr-ough the P, os.~" i btli t.y of segregation 

of eoal of paculie:r cht ract e.rt s tics sui·table for s pecial ses 

At any t"ate this nat.ur• 
a 

a11s tio concep-tton of coal op ens. up/new field of speculation 

and ~~~ r-imental invastigat i.011,11 Bit I believe much. depends 

on the developnient or a much mor e daf ini t a oono.eption of the 

· .. , ... 
,. 1, 
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i nnne,di,ate chemical character of the coal than is supplied. 

by anal yses whi ch indicate t he. -combustibility characteris­

tics and nothing el se . 

Before closi ng i t 1 impo r tant that ,some r ·eferenc·e 

be 11ad.e to the i nvesti gation:-i of the mineral matter· of coal 

that are being carrted f orVlard in eon!)ee'tion wi th other i n­

.. vest:L 0 ations of the immediate constitution of coal ,, since 

these· investt _ ations are qu i t e diffe:rent from the usual 1n­

estigations of coal a-sh . 

1;, uoh or the mi neral matter i n coal i s extraneous 

in character , that i s , 1 t is not or an i c mineral matter . •S 

a. matter of :fact the amount of· organic mineral matter i s 

probably relatively small, so that the source of' most of the 

.aterial that is lfift as a r esi .due from combusti on is present 

in the coal as .... lflt!ifl<A I t has been our · 

biief that the only satisfaetor:r method of understanding the 

nature,. occurrence of ash, and its behav,i or dur·i ng combustion 

was, through a study or· the mineral matter present in th,e coal 

and. a.apable o:r ident i f i cation and t o a. certai n ext,ent of 

actual i solation b,· physical means . 

In the strength of this belief a colrun.n ot Herri n 

No . 6 coal collected i n t he I ew Orient mine at We,st ".rank­

fort , representing the entire bed , was. subjected to detailed 

study, to determine the nature of the mi nera ls th."3.t could be 

i sol ated by precise ~ravi ty s epara t i on technique . As a re­

sult of study and ~;he· analysis o coal residues :from which 

all possi ble mineral ma tte·r had been re1~0 ved
1 

t he character 



of the- .minerals and their dis'.tributton in the bed vrns de­

t .ermi ned with great deta il ( -i r: . lo Diagram ) • 1r he- re-
~ t. ~ 

sults of this investi ation :a&J/8 aQe t»lHHJR. published . ~ 

~~'!l:!\Wi,,t~M~~i.!~~4~ They f!. i ve irrefu tab 1 e evi-

dence that the mineral rnat,ter in that partic-ular bed of 

coal c onsists t o at least 98 p,er cent of the :tour .minerals _, 

calci t ,e, kaolinite, kaolinite a s claY, and ·· yri te ., All other 

minerals, t aces or quite a va3:iety being fo und, amounting 

t o not more· than two per cent of the t otal mineral matter, 

not of the coal. A eonside·rable portion of thi.s 2- per cent 

oonsi 0 t s or si lica,. These data. i ndicate very defini t ely 

that the behavior of ash in the fire box., that is
1 
its fusion 

eha ractertstics, is determined · y- the variations in t he 
Iii,, 

amount of,._relatively small number of mi nerals . This, of' course , 

makes t he control of the fus i on temperatur e a m.uch simpler 

problem than if a large number of rai n er a ls were :i.mr o lved, it 

also explains very definitely why variations in t he softentng 

·t emp r a ture of the ash have een observed as a resul t of· 

P1echani.c 0 1 cleaning or the coal ,s i ne by such practice selec­

t ive 'eliminati on of t he minerals take·s place, resulting ,i n 

the concentration of' certain minerals i n c.ertain grades of 

coal ,; i th the- resul t ing change of the softeni n ,, temperature 

of the ash. 

Since ·thi s invest-i ga t .ion was completed microscop.ic 

study of thin sections prepared from t he smne and. other 

co lumns of iJo . 6 coal in southern Illinois has been made to 

determine the nature of occurrence o:f the mineral ma t ter in 
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~ -the ooal. It has been J:Pe1r~ (tefini t .ely shovm that oavi.• 

as \'v-ere present in r ·usain and the desicati.on eracks in 

v1train cavities in resin ro r.lets, etc .• a.re commonly filled 

wit'h kaolinite (Ii'lig •. 17) . Calcite may also be presEmt in 

sueh c.avities btit 1 t is usually or later origin (Ft.g . 18). 

Th:1s d,is.semina t ·ed material, beca:use of 1 ts intimate associa-

re:rnove . A great deal of 

the pyri•te is d1ssemtnated through the coal (Fig . 19) •· but. 
-rt.JO~ 

it is mnc1:t more co,mmonly found in segregated masses" rela• 

tiveiy easv to r ·emove. . In g eneral the cleaning process prob­

ably tends ,to greater loss of' t .he minera ls th.at are effective 

the coal in that respect •. 

These studies ·that have be·em earried on in the 

.nature .and d.istr1bution of mi.n:eral ma.tt;.er in Illinois c.osl 

are the initial studies- of the kind s.o far a .s is kno,n1. I 

bEll.1.evf~ ·t llat they ~1111 'be of great practi eal value in remov­

ing trorn the fl eld of .s·peculat1on ma.ny of the elem0nts in­

volved 1u an understanding of the var"iations in the behavior 

of the a:sh of I llinois •cos.ls under l1igh ternperatures . In 

speaking in •commendation of this work crec11 t for earrying it 

for1t1ard should hEl 0 i'V'en to my colleague, Dr. c . G. Ball.. 

Conclusion 

It is my hope tht1t in presenting this explanation 

of ;the work on the consti tu.tion of coal being carried on by 
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t he St ,ate C-eol og,ic a l Survey ,, I have g i -ren you a ·correc t idea 

of t he :pos si bilities re s idi ng in the naturalistic eoneeption 

of ooal as eorap.ared With the tr·adi tto1'eonception based. upon 
A 

·the generalized picture of coal. · Without s~ a naturali.,s.-

t1 -c· oouaeption or coa l I can see no hope of expansion ln 

utll l ze.tion except as it may be disc,overed by aeoi-dental 

me 'l..ns or undirected e:xperiment. The ·traditional att 1 tude 

tcnv:xrd coal :t.. proh1bi d.ve. df imaginative c ons i deration -of . 
v.rl . 

the possibilities . of expanded utilization ,,so t ·ar as they r -e-

s i c e! in the coal 1 tsalf. It - l .s my thesis that a new at.titude 

to,vard ,eoal must be adopted and the adoption of such an at­

ti . ,de is pos.sible only through reo ogni t -ion or resources of" 

dl s,covery residi.ng i n the naturali st 1c viewpoint . 
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UTILIZATION OF COAL MINE WASTES /.f:.:,ce//(l_ne()u.-.. /,.fr,.194 J 0 
511,Jft,., <!. N. 

I I:\/ 3 ST. ·.TC: 

Within the past two or three years so many inquiries as 
to the possibility of procuring pyrite suitable for the manufacture 
of sulphuric acid from coal mine wastes were directed by acid manUM 
facturers to the Engineering Experiment Statien or members of its 
staff that it seemed advisable for the Experiment Station to look 
into the feasibility of utilizing such waste! for that or other 
purposeso For thia reason the pr0blem was g ven a proJect nwnber 
in the Engineering Experiment Station and a preliminary field exa.m--
1nation was made a year ago. 

This examination was not encouraging from . the standpoint 
of pyrite recovery but it did indicate that much good coal is going 
onto the dump in the form of table pickings at many of our mines, 
and that a thorough investigation of coal mine wastes was warranted 
from the ·standpoint of possible coal. recovery, alone. Current pro .. 
duction of waste includes not only the material that goes on the 
surface dumps, but a~ considerable additional tonnage whioh is 
broken down but left underground in hand loading. All told• it is 
probable that as much as two million tons of waste material are de-. 
veloped at Illinois mines• annually 

Only one major phase of the problem of utilizing, auch ma­
terial has been studied as yet. That is the characteristics of table 
pickings. These are all hand~eeleeted material•• the criterion goverl);!, 
ing the rejection of a piece from a stream of coal as it flows over a 
picking table being a content of visible impurity. Presumablyt every 
piece which includes a considerable amount of visible impurity goes 

, into the reject (pickings) regardless of how much of it 1~ coal. 
r)J .. lcf ... -v "'Y~-e an attempt is made to salvage the coal which adheres to t:be iinM 

purities in the largest pieces of pickings, most of it goes to the 
dump~ where it constitutes not only a direct loss but in many cases 
a serious nuisance as well, due to spontaneous combustion. 

Pickings are highly heterogeneous both as to the size of 
particles and their composition. Tiny particles ef coal are inter­
mingled with huge pieces af rock• and all gradations of size and 
composition between these extremes are encountered in a mass of piok--t 
ings. 

This makes it extremely difficult to take a sample, and 
recourse was had to samples of large volume taken by small increments 
at frequent intervals, over a day's run. Where 6-ineh or larger ma­
terial was involved, as it frequently was, a ton or more of material 
was taken, with smaller sizes beins sampleJ in proportion. 
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9,.,.,/he typical tipple arrangement ie ,J;; the pickings from 
the lwnp, egg and nut coals to go onto individual conveyors. each 
of which diseharges onto a cross-conveyorfwhich carries all of the 
pickings to a dump receptacle. Wherever feasible, the stream of com­
bined pickings was sampledjby cleaning off the material on a single 
flight of the last pickings conveyor_, at regular intervals of a few 
minutes, throughout the working day. The material so chosen was 
sacked and shipped to the laboratory of the Department of Mining and 
Metallurgical Engineering at Urbana. 

In some cases it was not possible to sample the main stream 
of rejected pickings, and separate samples had to be taken of the 
lwnp, egg and nut pickings. These were iested separately but an 
estimated composite sample was constructed by combining the results 
in the proportions of the estimated tonnages of lwnp, egg,and nut 
pickings, respectivelyo 

-->"\!,dgc~'¼J}dt.:Tes~i3' ~t . ~a~p~e!)- -.r-,-

Clrcumstances were such that it was necessary to store 
most of the material a few weeks~before it could be reduced and 
tested. One sample which was stored six weeks lost less than 2.5~ ~ 
of its weight, presumably in moisture. None of them uaxl4 showed 
appreciable signs of slacking or other deterioration as a resuli ot 
storage. 

Since, as has been indicated• much of the material con8 
si~ted of mixtures of coal and rock, the samples were crushed te 
minus lt-inch, both to liberate the coal from the rock and to faeili¥ 
tate testi~ 

While coal-mine products are commonly crushed in roll 
crushers, the abundance of ls.rge IJOdules of pyrite in some samples 
and of rook in all samples id: led to the use of a heavy~duty gyratory 
orushero 

~ :P-,------
The AHH low sheet _whieh wae followed in reducing and 

teeti~ the samples is sown i~ig. l)whioh is self-explanatory. 

Testing each sized product at two specific gravities 
(l.60 and 1.40) divided it into three products: 1.60-sink, 6r 
refuse; 1.4-0.-1.60-middlings, and l.J+O"float or clean coal. The 

· latter should be marketable in all sizes tested, and the middlings 
should be usable at the mine• either as boiler fuel or for heating 
the surface plant and wash water. For this reason it will be re• 
ferred to as boiler fuel. Any recoverable pyrite goes into the lo60-. 
sink or refuse fraction. 

Three sizes of clean eoal were produced by the tests,the 
l½x;-inch corresponding with commercial small-nut, and the ix3/l~ 
inch with stoker coal. If produced in sufficient volume1 as at a 
custom eleaning plant• the 3/l6ainoh x 65"mesh fines eould be sold to pul~ 
verizing plants. Otherwise it could be mixed in with the larger sizes. 
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The minus 6~mesh eoal is not oonsidered • aei.:l of 

value, although it could be sent to pulverizing plants if ash 
requirements were not too rigid. This size constituted only a 
few per cent of each crushed sample, and it was not tested by 
float-and•sink methods. 

{ Result. of Float.-and .. Si_!lk _T,eat.a 

The results of float-and-sink tests on screen samples 
of pickings are reviewed in Table l which includes estimates of the 
yield of coal and boiler fuel to be expected at eac·h mine represented• 
were an efficient cleaning unit to be installed to treat ite table 
pickings. 

Roughly, one half the crushed pickings are small nut in . 
size, 40© of them are stoker size, while the rest are fines 0 With­
out exception, the quality improves as the size decreaseso - However, 
there are marked variations in the per cent of clean coal in a giv~ 
size, from sample to sampl~~'1". For. the nut size, this ranges from 17\e_) 
clean -coal in Sample l to ~in Sample 6. For the fines the cor~ 
responding range is from 35 to 6~ clean coal. · · 

Considering the composite dust"free samples . their total 
content of clean coal ranges from 24()(sample 2} to 5]$)(sample 6) 
the mean for the seve~amples represented in Table l being 3$ In 
addition, more than 1 of the material tested is suitable for local 
use as boiler fuel or or heating purposes. .~ 

While Table l indieates that oaly a comparatively small 
tonnage of coal migh\ be recovered from the pickings at a given mine, 
it is clear that, in the aggregate, very large tonnages of clean 
ooal are now being wasted in this state. If no more than one 
million tons of table pickings are being developed annually a\ 
present, the indications are that aboui one~third of this• or sa:y 
300,000 tons could be recovered as clean coal. If pickings could be 

·- treated .at i cos o~ton or less, including all charges, either 
in individual units at each mine, or in larger custom plants serving 
the various producing districts, a net saving would result to the· 
industry if the salvaged coal could be sold for as little as $1.00 
per ton, at the cleaning plant. Since an appreoiably higher average@ 
realization could reasonably be expected it appears that most of the Il 
coal which ie now being wasted in table pickings might be conserved 
at a profit. 

tel{!-~~~-of ~~.s~ ~rg$~sW------
comp1ete analyses of the test products are not available, 

but Table 2 gives the results for one o~~e more pyr_itic samples, 
which contained more than 4-3@ash and 1~ sulphur. Just as Table l 
showed the quality of the sized products to improve with decrease 
in size, Table 2 shows that the same tendency holds as to the quality 
of the coal and boiler fuel fractions, i.e. each shows a decrease in 
ash and sulphur content, with decrease in size. 



This probably means that the cleaner the coal the more frj able it -•,· 
and the more it tends to appear in the smaller sizes. Ash in the clean 
coa.b rang_ect from 5.1~ in ~he fines to g.g~ in the small nut, averaging 
7.gf& Si il~l:lY sulphur 1n this product ranged from 3.6 to 4

0
1

1 ave:Aging 4.~ In the boiler fuel sulphur averaged 6.e,@and aah 
22.3'Y- The greatest concentration of sulphur (27.~) as in the 
refuse (1.6o~aink) fr~ the small nut size . The composite refuse from 
Sample 3 averaged 23. rif!) sulphur and 63 0 ~ ash. 

Reeove 

Any pyrite to be recovered would come from the refuse or 
l~~O-sink fraction of the pickings. Inasmuch as pur~ayrite is 
5~ sulphur, the refuse of Sample 3 must have been 4~,pyrite if all 
its sulphur were pyritic. With proper crushing a concentration of 
pyrite, which has a specific gravity of 5oO, should be readily sep­
arable from the much lighter shales and residues with which it ia 
associ•ted in the refuse fraction from the sink-and~float tests. 
It is planned to determine the pyrite content of eome of the more 
promis.ing 1.60-sink fractions by retesting them in acetylene tetra­
bromide which has a specific gravity of nearly 3o0o The sink from 
this test should be nearly pure pyri te • 

. ~.l though the indications are clear that considerable 
tonnage s of pyrite could be ·recovered from Illinois picking.-.ta.ble 
ref ee the economic feasibility of doing so in the near future is 
i n doubt because the co paratively hi&h cost ·of producing and shipping 
a pyritic concentrate of sufficient purity to meet the propo ed speci­
fioatione would hardly be covered by the quoted prices of only a few 
dollar per ton of concentrate, delivered at the acid plant. However, 
as the inve stigation proceeds better data will be developed for gag­
ing the feasibility of marketing pyrite from Illinois coal mine wastes o 

Summarizingtthe results of ~he investigation to date 
indicate that it woul - be technically possible to produce eubetan" 
tial tonnages of pyritic concentrate from the table p1ckir.igs at many 
Illinois coe.l mines but the econowic fea.sibili t,y of d.oing so under 
present market condt ions i s highly doubtful. 

However, the investigation has shown the.t thousands of 
tons of clean coal are being wasted annually in the pickings from 
Illinois coal. It is apparent that most of this valuable waste 
could, under efficien procedure, be r ecovered at.a profito 
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over Q _ .~ • t one end, burns t o ash as i t moves across the 

urn t t he other end of t he movin gr te into an ash pit. 

. he tr velin 00 "r te to er is illustrated in igu.re l . he coal 

flo s by ... r vity f rom th sm 11 hopper onto t e g r .te nd with it m ve through 

the furnace . Air t v rious is surpli d through tl e om art ent s under 

t h e r t tb 0 time the c 1 ha reeched the 

re r end o t e furnace .r . t~ J ( lly 11 o th . omhu~tibl.e is urne o nd only 

h re: a in • h sh is drop e ov r the en of t he to er into th · a sh it , 

from •; ich it i removed t ro h the 

it a Y . I t he illustrat ion is shown 

h pit door into the car hicl hauls 

device for return.in t h ci" d r. c u ht 

in the t o hop . r furn· ce 
~ 

of these cind9r .ti.opp.rs is ,...... 

mptied thr ugh the rch of the furn ce and the oth r through the rea r all . 

_he natural hardness of the co 1 kee sit com':Jare.tively ree f rom 

excessive f ines.. Thi comparative r edom ive f ms makes the 

r si t ~ ce of th uel bed to the lo of ir e rl:v uniform over the ent-ir 
IA)l,,•~ I,, ;,,· Tu.rn 

results in uni · onn f : ow 0 ,.,ir .U@,,il.. 

and freedom f rom burn out le~ j I thB f11p.l bP. . rt also 

pr events tent sh rt long fi re 0 exi ti ;;;;;, t the 8.Gle t. 

• 

Owin0 to the f ree burning ro erty. t e indi vidual piec ~ f co 1 burn 

tebr . ith ut using together into large ~ ses of i - coke . the · i r i 
s 

n e rly unifo l y di tribuLC. ov r th~nd the co 1 burns evenl)T over the 

ull i · h of th 

r; r· t do -?:er coal . 

r te . .his is the p ri ,.c i 1 r oui ite of a. g ood traveling 

he oppo i te of ree burning co l is c ing co 1 . t"'u.ch 

co -1s illb n burned on/\tr v lin g r a te beco e _asty and fuse into larg 1 bs of 
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emi- o e . he e 

not t h rough t he center rt of the 

, ith th r s lt th t the 1 bs of e i - coke o not burn comp l t el y by 

0..., 

the i r e t e~ r e ch the end of t he g r a te , d thus/\ 1 rge ercen t a.ge o the 

combu~tible a tter is was t ed i th J.he ashes . 

~he com aratively hi ha c ontent of t he I llinois co l is another 

✓ re"'ui s ite o g ood tr vel'n 
0

r ·e vt o~er ue l . h burned out an on t he 

re r rart of the t ker s bst ti 1 cover over t he ;;, r ate and rot ~c t 
Because of 

th latter a i i S h e ref ec t he t "'ror t he e..r ... h . / t1 :'.le f t.ct t iat d rin · t h e 

~ (: so of the coal throu'",;h ~he ·furn ce t· e .c-.el ed is not i t ta , the s 

i not lifted into t ot fi re · 1 used into har clinker. Any c 1:.n ,r t h t 

i~ 'for-: .. Le , I f t d 1 s not de tri ent. 1 to the op r -.ti on of the 

toker. 

'he coki ~ coal ·re u r n d n teer te the uel bed ust be 

a g it te to b r eak t 1. r g ~ ~ o se i - coke. -uc agit ation lifts the 
/\ 

ash 'nto th , burnin uel 1d the as has lo elting temper. ture 
, --£Z" 

is fused i nto ~t~ ckv clinker• he e c-tero c als .re caki ng coal ; t .... y are 

burned on u lt i le ret rt under ed 
~ 

to ~e:rs hie M designed fo r 
I\ 

i 1 tion o '' the f uel bed 110 br ak the lar e a ses o:- semi - o e . J.he e st rn 

,v.P' / coalcl , : ow ver, have ash ith o .u· a r a tivelv high meltin tem ratur • 
/ ~ 

11 
/ he gases ric::!ing f r th fue l bed on t he f ro t .art of the ;./ ·~ -· rate 

~, 0. V : toker cont in~high pe centage· of cot .bus ible which ust ·b mixed with " ir and 

~\ -I ,-1 burne before it leaves the funi ,ce, otherwise smoke is p roduced . .he furnace 

the g rat e must be designed to facilitate this mixing and combustion • 

. he rear rch urnace desi6-"tl hown in i£'Ure 1 g ives ver:, good results in t h is 

r espect . _he rear· rch · 1rects the ir flo ing into the furn.B ee around the rear 

end and through · the r ear part of the to cer int o the stream of combu tible 

gas rising f r an the ront part of the toker. he t wo streams a re mixed hile 
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pac. inn- through the com r-i r £~t i velv narrow t,1roat bet een the no e of the rch 

a.l,.ove, 
d t e f r ont all ~ and the co. bustibl b rn in th co nbustion p ce setmeea the 

igu.re 2 , hows nat L likely to ba.ppen in a badl:v d i ne furnace 

showr i n outline i the lo• e r pa.rt of th fi ure,. h up er rt of t e f 1. ,.. re 

contain t o charts ; the chart on the 1 ft g i V6~ t h compoc:, i tion of g ses ising 

-!he 
fro the fuel bed of It r v lin • r · .te to1 ... er. i . he chart on the r i ·ht give . the 

s composition at the .. ct ion h re the urnacc a •ee en er the boil r . mhe 

uel 
w~s tJ,t!' a>1a.ly.vs d/ ya.s 

bv 1 :tJ. 4 s ~ 111•1.g com O-iti n of the gases 
co //e(.-td 

risin~ rom t e ~;d. ~ obtained 
~ I\ 

2 inche 
II I\ s ples b ve t top of t1 e 4:'ue l sd t vari.. ut oint. 

. a.1t&lyre,-, 
ind ic ted in the fi ·ure y the s:n 11 circle • heM e im,lH were ,... . ' 

t'l,e sa-p/,· ... !/' p~;,,,-t; 
"'tni~-N~1Wr.il~"°\lotte on the chart d irectly bove "~~ ... o sition of furnace 

6/ · -c.,,l/~ct-f r, 
g,a e enterin t he boiLr vere obtaine liiA'f'!~~~~ gas ain ... lee" bove t h9 fir t 

row of boiler tubes '='t t h e r,oint in ic•' tEL by t e <"!:f 11 circl ..:,h o in the 

figure . he chart under the grate gives the rr ssures in the various air 

com artments un ~er the g rate . The ase t point~ 1 t o 5 inclur-i ve cont .in~ 

lar· e percent :,e of co bu ti"ble and e~ lltt]c or 0 oxygen to bu th·~ 

c ombu;;.i ti ble . The ase · t oi.nts 6 to 7a · n hrni ve c . t in no nbutti bl , 

but v ry l a r e perc ntag1 o free oxygen . 

desi ··ned th co. u tible 1:;,a w snot . ixed 1it . ., t h e .e 'r'ee x3rrren, and tte two 

st r eams lowed s P' r a tel;r into the ·boiler. s indic . ted b~ the analy is f 

g ses in t 1e f irst pa,..s the t o ooint on the .-,ft of the second ch rt 0 how very 
~i_tl, · c4•M>1r ,,. • .,~x1t!le., 

hi h o rb n ioxide conte t.,~ n r act · c llv n , fre~ o _ n , whereai t e t rvo 

oints ne~r t e rear wall 
(),J 

how /\verv low ercent ~ge OT c rbon 

high percentag of oxygen. • he urn ce smo. ed badlv even at rn der ate r tings 

a:1d t e /moke /nspe·ctor threatened to sh~t do n the l ant • 

.?i gure 3 shows t he s ame . furnace s · igure 2 n:.odified to eliminate the 
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moke. he modif ica tion con i -t s of provi tonal rear rch l ~ced clos ver 

th g r t . ~hi s rch dir cted t air ; sing . rourid the e d Rnd through the 

r r rt of he rte into. the s tr am 0 combustibl gas . !he t·O streams 

ere irly ell i x.ea by ., a s ing ~ t he thro t "ormed bv the rear nd 
A 

ront ·re • Jo· t of the com u . ti l eg burned efo r it entere the boi l e r . 

h c po i t ion of t g ses i t e r ·r t · s ne, .rly un ifo a ero : ·the 

hol sis indicted y the to curve · n the ch rt bov the re ,r part 

of t h furnace. 

t i th 1u1i orm bed of burning -fu 1 no f ree oxv n pa e t h r ougl 

t e f uel 
:.VO . 

11 t he ox,_r en,, co., i carbon · ther as c a r )On n ono de o r 

er rbon ioxi • 1ree oxyo-en u t iHe ov r t fuel bed __ 111ixed ith 

e . in order tat he co. bust· .,, y be burned. 7" i t a tr ... v linb q, r te 

tok r such ree oxv e ent"r t 1 f rna ce .. ~r ~n t e end and throu h t.i. e re r 
..s~ ~ ~ k~~ ~_....◄ ..,.L Jw.~~~ ~. 

pa t of the '"'to r. " he urn e iu .. b desi d to ro uce mi in of the 

t st r eam.· of g,, 

n t - e _p lace. 

nd o busti~ s nac st be r vid d ~o t h t co .bu tion 
I'\ 

t rn ..., e ug• e t ed th. t th co buc·, tible r· sin fro th 

~ 
uel b d .; .I• O tl .. ,.. vol t . le 

co t n the ol tile 1 -tter 

fuel be un o bined. 

. i u.re 

atter of the co l 

the oxv n 1.g t po 

and t t if t_ 

ibl~, work it 

uel id ot 

·h r o ,c,h the 

b d of burn fuel 

cont in rge ercent 
" 0 

co busti.ple even thou h he fuel l coke _nd t e 

fu l b d onl y 6 inch $ t hick. e 

combu tion in t ... e uel bed of bu.mi 

urea of ine ne rly t ntv vea r ... 

rt 0 g ving t · v eompo$ition o· 

five di e t r . tes of co ustion . 

com u tion of 20 pounds of coke e . 

re ults of a st y of 

tudy 91 s a. 8 a t t e 

o., h figure i . 
C bination of ive 

6 .-inch fuel bed o burning coke t 

he to ch rt represents th r te of 

u re foot of g r te er h ur , the econd 
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ch rt belo · re r s nt _ r .te o co~ ustion of 8 oun s, t third a.r belo 

r . te r represent~ a.te of com ustion o 5 pou.ndti. t e fourth cha.rt t 

co 'bu ti n of 71 pound • an th b t to ch rt t r te of cornbusUon o 106 

n the t the or in te o th ~h rt ercenta e~ f ch 

onst · tue.t o ' th .a ~es. the ordin~ e on th- right ve the te p ra ure _ 

tho -"1.1 1 b d . h . cis ives t' e hei ht bove th rate in inche . ~he 

u l ed as 6 · nch s t ick · n . Dl of' s ere collected 1! i 3. ~ 

~nd te in the fu l bed. , l 0 t e u.rfa e of the uel 

b the to of t e t 1 be • It is i t 0 rest · :.::, to ot tha.t 

in every re s no fre 0 en t t . in f•;\ct 

st _1f t oxy 4} 
~ 

i Ve the rat • r~ e f 

tai ed 0 e ir hrou h t e uel bed. ·1
1or e ple , 

in t -•:.t ? ith t rat .... bu ti 10 . e ig o· air ;:<upplied 

t r o ~~h t p u 1 bed as 51- t es. t of i r SUJ_ lied i te t 8 h~vin 

r te 0 comb ·tion of only 2 01.mds . Thi ea.n tha t.}1 ox:,.rg n ftH .. o~ ines 

itrl he car n s t ·..., i i uppli d. . d th co r i io o"' g~ e in t_ e 

fuel b ,re it pr ctic l y .e s -.or all t of Cvir u pl 

~d ate ora ustion. I t ill be ted th t tl e (, t_ to of 

th f el ed i"' a~ou.t 16 t) r cent ith 11 r tes of 

~i c-u.r . ..., 5 sho C a .r veli - er te to r in t .11- tion ll ler --- bent 

tube 

1 r e 

't r- ooled 

tubes in the 

tube 

ide 

furn c _ · ch ~. r cteri ed re r rch narrow 

.ce ab ve the thro t for burn n.c~, corubu. tible &se - . .!f!-he 

nigh Both ar he 

ter-c led e ~- e all above 

n e ch ... ide of the urn.ace just ,._ .bove the rate. he-e 

lls revent the ash f r o stickin to the si 11 nd 

a.., 
d r ag i o" th ·uel bed long the 11s. . o r I llinois coa.l '" ter- cooled 



• 
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furn i ry de i ble . It g re tl~ re ce th mai t 
~te...,_~ 

c ~ o~ the un~ce . 

The inct 11 tion~ ho in .. i . ur s 1 d ar ell d.apte for burning 

Illinois co l ithout o e . 

he r velin ·r te tyje of to er ed f r uni v r;ving in ize 

ndi' to 10,0 'Oto 00 , 000 poun f te per h ur. F r srn 11 r 

~to er or the a- called pre~di, g sto er ar use with 

tisfac rv r ... ults . In uch ca e the "l ... ction of t e ui ·1ent is - de 

ra-e 1., ,o t h a. o lo t r -ther h 1 on the ~xc llence oer'o:nn c • 

or units 1 r er t ban 100 , 00 

tok r cro~es too 1~rge un 

iU . o · st p r hour the tra vi0li.o. ty e of 

co tly oth in ·· ·rt ost ain t e1 a.nee • 

Lr e s to ars u t b uilt very vy to reve t ist rt ion b;v dri vin 

ec ani m or de o +ioI v he t an the st llin -p o he toker. J.he 

difficultv o e in uni . on len~tr off re incr a e ith 1 ~i th of 

the st k r · the ~ider th to r t h gr t r t 1 e h-m.ce o h ving lon n " 

hort ir t the ar.1 ti e . 

_t oes not men th t all ·nata 1 tins 1th te~min c acity of 

10,00 t 100, 00 ounds of teao re t be t k ers an bove 

100 . 0 ou.nds o st ' er h ur 11 to b po dared c l . '1 here are y 

po Ar coal int llation ith a tin the a over- e . UC 

ulverized e -1 inst llation a r put i n o . . ~ecia l local a vrn 

per 01 -1 li1tings, or s e peculiar lo · condi t on f vorin.cr ul veri · e coal. 

It ean"' • however • th t in this ran > o ize 10. 000 to 100 . 00 pound f 

st , test ke artisan ha nt i hi f V r. 

ith l rge t , gener ti g unit it ie di icult to 7 et n eno · 

r te area t ·ive th re ired hi h '"'t •::i out ut . · he ap city of the ste 

g n_,r t.in unit incre e the ube oft e liner di en ion , he r~as the 

gre t area increG e only s u re • hep lveri ed c 1 furnMc • o ver , 



incre · es ~ 1(:!o a. the au.be of th li e r imen ion . h . lar e 
~ 

team er er ting 
~ 

units of tod v are f ire &'!f pulveri z d coal..---r=l½+=v-P.""'4--9.fa~-et:~ 
A, 

h s num e r of 
/\ 

d v nt ,.r es ~ ppealf'tt manv ng i ears . 
)\ . 

pulverized coal p l t can u any 

coa th·t i a vail-ble n tl e a ket n t us e irrlepmiert of t ~ -1 s p ly. 

lant burn fuel oil or .atural gas in tr e .... n rurnace , " act , C n 

witl ·he Saf.1e burner.5 s · .verized coal; J herefore , th_ ch, 11 f ro one 
A 

to the other Cc n be • a.de on v ry . hort notice · i thout ny tructural 

es . ~he operating ther~al eff cienc: of pulverized-coal i u ·ually hiuh r 

it · s 7lith s t er p l .Ant . 1his hi ·h t I · l ef icie cy i , b aine ec. use 

o_ lo ,er ~&h pit lose~ and ve e_.._ ~11 . r n ... b- nkin losse ·"' • 

volatile 

v . at ve 

I llinoi 

tt r co 

loiv "a.te o 

ul veri zed co 1 i 11.ng. . 1 
lle high 

uick y, a d t · bl "'ire is maintai:nea. 

tu.r 1 h :rdn es · is 

k- b 0 c~ P- i t r uces th out ut o the ulve.rizer , n incre se the ower 

consumi tion er ton o c ~1 

is =lso s0m hat h" her 

.lverized. h ~ inten ce of t he lverizer;;i, 

it i. itb th sot e~st rn cal . r ver , ith 

rcent , e o . , eh an its low 11 d n 

t ... eratur ar-.- a lso one hat ~F .in t h co 1~ he igher ash co ""ent incre ses 

th cost of pul veri. 2> ion and i ca se reQ.ter dust nuisa ce r eC'lulting 

rom 1 e l""'t: "' e au.~tity of a b inv d " charg d with the es rom the t· ck., 
t~ --u.-e. ~ .A4 ~ ~ ~ ~~ ... 

Tbe low u ion t era ture is an adv nt ve it 1-- tap f rn ces)\ 'it i l~o ~: 

di~adv~nt· ~e ec use mo]ten ash 1~ e~rried into the boiler d 1ay _b 

d on th boi 1 r tubes tbus clo ., _, i.ng the a .. p-u,ss_ 1• an n~cessit ting 

force s ut dov.rn . hi is a.rticularl; truv o lag tap furnace • . owever, 

ith prop rd sign o th stem ene ratin~ unit~including the bo iler , he 

f urn c 1 d tea h 'i. pos~ 1 y.tem , the ,lt dr -wb-c 

and lo fus io 1 temper tu.re can be nullified. 

due to high ~sh conte ts 



i th pulverited coal iring
1

the entir e process of combustion takes 

~ 
place in thel\s ce~ 1th to r fi r i n pprox1 · tely ha.If of the combustion 

takes p lace in the fuel bed nd the other h.9,lf in the co bu tion space. his 

eans th t ·the combustion space of t he pulveri zed coal urnace u t be at 

le t double the size of the combustion pace of a sto er fired urnace. 1he 

usual rte of c u tion of Illinois co l hen burned in ulveri zed form is 

one t to pounds of co 1 er cubic foot of "'urnace volume pe r hour. In a 

ew in t a l lations the rte of com u ion r ache 2~ poun er cubic foot and 

in still ·ewer inst·llations to 3 ounds of coal per cu ic ·oot . hese high 

r ,. te of c ·bust ion re usually o-f" hart uration eing u.se only urin6 t e 

peak loads. he rate of c bustion i larg elv <1etennined y t e desi of the 

urn ce and t e ~election of aterial u ed in it con truction. J. f the furn ce 

i lined ith ref r actorie the r a te of co bust ion i lw -:v-
I under l a pounds of 

co 1 er cu· ic f oot, and correspond o e here to a hea t release of 14 ,000 to 

~ 
16 , 0 · . t . u . per c hie foo t of f urnace vol· e pe r hour. If in t°N.esii ~ur ces 

~1-
hi her/\heat rele·- e ~ are used, the refra.ctorv lining is r apidlv waste aw y 

by the olten particle of sh that re sp r aye d on it bv the pulverized coal 

fl e . ~uch wasting w·v of re ~r-ctory lining result in fre ent shut own 

of the unit an h · gh co t of .:n intenanc~. Ther·_ f ore , ref r ct o:r'I lined ... rnace 

shoul be e ign d it' ample co bustion pace. Th urners choul b e o 

desi .·ned and loc ted in the urn ce, a not to c use l ame i pingement a inst 

the refractory lined furnace alls. 

I 

ju ti f ied. 

rater cooled f u.rnac~ should be used herever ~ can be econo ic lly 

=at er-coo le ·urnace; permi tr higher rates of hec:1,t liberation and 

0 rea.tly lo err the furn ce maintena.nc , b si es permittin the uni ts to e in 

service f or long ' eriods of time. They are indispensable ·or lar e steam 

er~tin~ units bee u e it w~ ld 8e very difficult if not 1m ossible to uild 

ano maint in in ervice wide and high refractorv ~a lls. 
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!n ter ... cooled ur aces the ,;:,lls si l y consi t of ~. ro of e.• t el 

tubes throu h v:rhich .-:. t e r cir ulates ,_ jne ·t,ube of e walls ~ onnRcLd into 

t , oi er v.r. ter circula ion . In ·ot er or · s, the boiler i s extended d built 

ro,.md the fur ce. "h tubes - ·--., b;:; ei ther bare or covered i th re. r ;;-ctory 

or •:i ;J iro ·bl c s . The re tube urn~ce ,all ar ~hea_er, h VP. later 

.n int n(,tnc and the co'. bu~ti n f co 1 in the ba, ... e tube furnc c•e CP 

a-ood =1.s in c,..,urn e '1 ith re r ~ct ory or e t a l blo k cov red ate r 

e ade just 

s a 

r of f c:: ct the bare tube urn ce a l doe not ta~ b~ r , it becomes covered 

;it ash or s l .. larg pa.rt sch ace· ul tion o ah ' s las drop off 

-·hen the f urn e i~ oo l d . lflh cov ring on he ref r ctorv or et,.,,l covered 

ater "'.lls .~ tes a,\'le,y nd re uire. re lacement ., Such rey.l.acement J.<:!: co...,tly and 

i11 any a es t1 e co t f ve ri ~.,, · ..td it ~ 1 e & ce i not justi· ied. 

· i gure 5 sh .... , detail o construction f a 

h u. e a.re to inches outsi•e riamet rand re so spaced that 

'u>"about 2 inc e " s.-paee "eo h;e . ..11 ~"a.a;i.i. h ~ space bet ee the tubes · s closed y 
,'\ 

t ·o te 1 stri.ps about 1 i n vid , ea.ch strip in " 1 ed to one tube. .4Jhe e 

strips n i::lded onto the ube res ble a fin n £. fish and hertf re a f r 11ace 

11 of this design is called ... in tube furn ce all • . his des i u of ,t r-

G ol d ~ 11 as many advant es . 'l h tub0
" r e P. sily rep laced. The c...lls are 

li~ht and a re g enerally s s_ end d fr steel r ame . y cutti t tbe f in 

in ny one s ot a eat .e hole for ob ervi t e fire 1.S easily obt 

later-cooled 11 are st rongbr r ecom-n,1d or urn i ng Illinoi coal,. 

'Fi gure 7 show s t am g en e r .: t in;,- nit ith at er-cool d urn ce 

walls on three side 

bee use it contai 

into re · ra.ct ory w~.11 t h n into a t er- cooled w 11. ...he . l a."nP. S ove a ... y f rom 

the burner wall an t her fo re do not i m Jinge on i t,. nere a.re six of these 

burners p laced in t ~o r ows ~ t hree Mt each.~ The l ong fl me travel f rom 
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C,rd. ◄ •-<a e a...1 
t he burn ers t o t he t u b s of t he boiler rroul-h i~ co let e c mbu tion .- d 

reat1y r educes t he ch a..-ric es of a sh e ing eno it ed o t he boiler t ubes , d 

c lo ing the gas a s e ~ __ h sh on it long t h thro o-h t he ~ter .. cooled 

fu r n -ce i coole ))elo 1 it s tic y t emper t r e n LO s not -d r E; to th 

oi ler tub Js . h t h:- t a~ be d · :posit on · t h t ub o· t h r t b .K: 

~-& 
~ ~. il disl o~ ·eu wi th d 1- c e i ns ert ed h ro1 h eep h ole ir ~h e t p 

p rt of t rear ·al l .. e a sh . r . .rinO' to t he b ot o.:n f t .t e u ~ce . $ es 

t h ruu~n a w ter- ool d C een over t bott of th .L U na ~e , i ool d d n 

I.) 1 i LS. t·ckv tem ri t 1 r e • an r oved ron th s b r er i n g r anul r 

f or .ca. .. h is un i t .as a ma x i.,n y of 3. • 0 • ounds of te :r h our end 

is i m~t <: lled ill n in u t i a l p l a t . h ila r unit<'t ca.n b b i t in V'"" ri u si es 

5 , OC p ounds to 500 , 00 p ou 0 ~c: m J • r hour . i . . unit 

~l. mirr: b l r ~u · t ed to bu rn i n · I llinoL c oal . mhe • c: i n point, of e rit re the 

m te r - co 1 u :rn .. ce _ the loc "' t · on. o t e burn er unl'f ,.. r th O 'fl r t:l!"'J.m ;;, the 

boil r, t e l org an e tr~v 1 · r m the bur er t o t h 0 fir t ban1 .. of boil 0 r t ubes, 

a: d t he easy- cce ... · of the · 1 r t b ~nk of b ile r tubo , -f' r ~~ ova l f s. -:..~ thi1t 

r A be <' e t, s i ted on t he bo i er tube s or n l e ~u rhe ter. Th ... un ·t i 

-u t:1- ied ith c o 1 b t ir ee pu lve r izin mill s l oc , .. t ed d irectl; i n f r on · o the 

urnace. h e.: e id h i 0 sp . d v __ • a r cc , a.e t on r equir mall 

S .1: C f r t he ir i s t a ll tio .1 • 1 er t., p of mi l s o good d s ign cou ~ b 

u -~ or t h s e pu rpos e. 

~-· i.gure 8 i oth r stea. 

co 1 . hA furn ce i s comp e tel.. --t 

oil r is of tie ~ection l e de r typ 

is fi r ed i t h e i ght hori zontal b rne r 

ene r ~t i g unit 
~ 

11 ad !:'•t d f er/\ llinoi , 

c oo led 1 clu i n,I)' t e bur er w 11. 1.he 

ith n i n t e rde k su erh ~_ter. e unit 

l ced into r ws one _ ove the other. 

o~l i s plie f r ulver ed c Ml sto e bin loc ·.ted in dj cent 1 .... - to 

b nildi • T · .. i o-ca ll te of f iring . ·he coal p .. e~ rom the 

r w co 1 bunKer to the pulv ,rizing ill here it is dried an pulverize . he 
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ulv r ize coal i than enos it ed in tbe pulverized col bin f rom which it i 

ed bv feeder to the f urnace as the coal is needed. ttention is called to 

th '~ct that 11 the f eedin col de liv rin appar ~tus is under the boiler 

o era tin · lo r so that to the observer on t e o era.t · g floo r th re is nothing 

to s ·et the ~resenee of pulveri2ed co 1. The burners re of uch des ign that 

either ulverized c a l or fuel oil c n be burned.. Tbe c nge over f rom one f uel 

to the other can be de one burner at a t ie i tho t chan es in t te load on t he 

oiler. The unit :vas desi ed or ,. enerating 55 , 000 · ounds of t eam per 1 ur 

a t 75 pounds pr sure . ti int led in a centr~l t tion . The ah 

deposi ted. at the bot to of tl e furnace is remove in 

w ter slice. Units on thi e gn can be uilt in 

gr ular 6 o through a 

t eaming ca city of 5 .ooo 

to 60 per hour. 

b i g-ure 9 shows another po red coal i nst 11 t ion with completely w ter-

cooled urn ce wall ad pted to b rn Illinois coal . r.L1l1e pulverized coal is 

su lie rom a pulverize co 1 tor e in to eight urn rs t o of · hi eh are 

loc ted in each of t e our orners o t he furn-.ce. h tr s of mi ture of 

c o 1 L air ro these burn r are t ent to circle in the center o f the 

urnaee. .i h ref ore , t i 

irin o- pul v ri zed coal. 'l1h 

or.n of irin i 1own as t he t get 1 etho of 

h de osited o the botto o t e urnace i$ 

h eat ed b "r the clo e p roxi ity of tne tur 11.lent f l mes to hi h tem err ture and 

is removed il li ui tate through slag pout located i one of the -i -

tle r the. bottom of t . e urn ca. In a.11 c s .J wh re the eh is removed in 

li uid state it is absol utelv nee s ry that the fur c:e be com letely w ter 

coole , 't e high t per tu.re m i n t ined in the urnace would damage any 

11 

r e r -- ct orv. ·rhis unit is designed for 1400 ounds p res ure an ha a capacitv 

o 3 O, O O ound~ of steam er hour. It can be built in nv size ranging f rom 

'75,00 to 750 , 000 pound s of team per hour. 



Illin is coal i e h~ re.. P.l a. has a. high sh c n-'-ent . ·hese r ·--ert · es 

e i t so:-newt .t ard to uJ.ve i ze . .he ca - ci tv o type$ of rizing . 
...<4J 

ill~ 1r, ill &a lo er n the nee i gh r ,,.,, · th l inoL co· l tl 

t of th ea t rn co 1 • mai - t en· ce is 

h r trpe ill than ith lo~~ pee rol r or ill . , er er· ~11 

p akL he lo r-sDeed ill hou.ld be iven p reference ,he ~el ,cti., c.1i ls 

I 



i gu.re 1 

igu.re 2 

. igure 3 

; i gure 4 

i ur 5 

F i re 6 

i re 7 

. i ure 8 

T' ie;ure 9 

ILLUST TI ONS 

'tynica.1 r velin g rat s tmc r inst 11~ tion ith rear arch f rnace 
des i well suited to burning llinois coal . 

om osit ion of a a 1s1 g f r t e ·uel bed of a r velin 
sto er fmd t he r esults of t h , la.ck of mizi g in . oorly desi 
4:'u rna ce • 

, rovi sional re r rch to r duce mixin o ai r _ i th combustible ses 
i a ·~ oorlv de£: i "ne 

Composition of g ~es i n a bed of burning coke; fuel bed six inches 
t hick - n r ate of ca stion 20 , 38, 51 , 71 - d 1 6 po s of co e 
per hour er s quare f oot of . r · te . 

:i r - velin6 t pe of sto, er u der a bent tu e .,o i ler. rches 
walL a re w ter cooled. The re is c l so w ter cooling ~n th 
walls at t he 1 vel of t he st ~ r . 

d. ..., i e 
ide 

eta il of construction of bare tube wa.ter a ll known as in tu.be 
if"ter a ll. 

lver ized co l "'ired· w ter cooled furn· ce . ·a.ter cooling is on 
tr re l:\ id.es ; t 1.Le ' u r r Wall i •na e 0 r efractory becc: '-'e of 
sim li f ied ech ic 1 construction. r ner are loca ted ""mlder 
he lower drm 0 the boiler ivin the furnace a long e tr• vel. 

Conpl t l y w ter cool e fu r nace or bur i pulv rized coal or ~uel 
oil . . sh o coal .is r ' ov d in 1 ranula.r f~.r.n thr u.c-,h sh1ic ~ 

Com l etely 
i -r.uo ve i 

ter cool d furn ce f or urn ing u.lv~rhed co 1. 
li u.id t a te . a e1 i a l ne t od of f iri ~• 

s 
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ILLINOIS COAL AS SOURCE G SEOUS m LI urn FUEL 

LOOKIJG TO THE iOT-FAR- DI ST T FUTURE 

htJ h'I IJ,e Vew,1>~/>77 t>T a '?echnical /ltan i>? /4duJ-l'l 

by M~~ President ., 
A Radiant Fuel Corporation., 

West Frankfor t , Illinois 

The production of gas and oil from coal i n the United States 

has ·gener ally resul ted from the destructive di stillation of coal used 

in the metall gical industr · es . The steel industr y has been l ar gel y 

responsible fo the deve opment of by- product coking of coal , because 

their requirements of coke have been greater than al l other metallur gi cal 

operations combined . The coal gas and tar oil produced have been con­

sidered as b -pr ductsf for which markets had to be developed in order 

to permit expansion of by-product cokin t o meet increasing demands of 

the ation for iron and steeJ. . 

Up to the present time the markets for llino·s coa ave 

been almost ent i r ely confi ned to its use for generation of steam and 

electricity, railroad fuel , industrial heating and domestic or house 

heating During the lat twenty-fie ears man efforts have been ma.de 
• 

to use it in the manufacture of metall rgical coke for the stee indus r . 

In more recent years it has found a sma 1 and growing market in t he gas 

i ndustr , both for making oducer and wate gas . 

U til rather recent ly, artifi ial gas pl ants throu hout the 

Illinois coal trade territory used coke as a sou ce of blue gas, but 

during the war ye rs and for a short period thereafter, gas compan · es, 

be ·ng able to secure adjustments of thei rates in proportion tote 

exceptionall, high cost of coke , were forced to devise vra.ys and means 
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b which they coul d substitute coa fo coke in the water- gas operat ion . 

s far as Illinois ·s concerned, this c ange as been of some 

hep to the coa industry int at it permit t ed the sal e of the prepare 

s i zes of I linois coal to gas utilities i n ·ts natu al trade territory 

where co e , made fro standa d coking coals of ot er states , had 

theretofore enjoyed the business . 

The incre sed us:e of producer as i various -b'JPeS of i ndustries 

as created increasin markets f or nut sizes of Illinois coal . ' i l e this 

has ~ot been a l arge outl et, it has been a substantial one and of con­

siderable importance to the coal industr o t e State. of T:!_liaei@, 

Du ing recent yeas, however, 

t e manufacture of industri producer as has been replaced by natu a 

gas . 

bri ef s atemenv with re ard to l, e efforts made to use 

Illinois coa n by-procuct coking ovens for the man. 1fac u e of bl st 

furnac e coke r is ittin and proper . this discussion. We have reas o 

to ;lfonde · w t e large steel-~ ~in o eratio sin t e C icago district· 

ha.ve been forced to import coal s from otter states for the me.1mfacture 

I llinois has sue a:n a undant suppl of coal 

so close to the cent r of the s eel operations . The stee i du tr · has• 

spent man mill i ons of dollars tr i g to u stitu e lino · E co for 

Eas em coal , but hast us fa fa'led to devel o ways and means to do s o 

econo ica 1 • While it is enerall understood by thos e ic.entified d -h 

t e in ustr that Illinois coe. s have m c lover cokin ' index than 

certain gra es of Eastern coal, the effect of this lower coking index 

on the usa il i ty of coke i the bl ast furnac e , r ic_ as made from 

Illi noi s coals ., may no v be ui te so genera 1 understood . Erief'l-:;.- , it 
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ma be said tLat t e physica strength of the coke produced in standard 

b -pr duct cokin operations fro Illino·s coa.l is consiaerab y les s 

than that obt · e int e coa s f hi her co in · i dex . However , tis 

lack of strength can be , and is , offset to a satisfactory extent when 

Illinois coals are mixed with the low vela.tile coals of Wes Virgi ia. 

Te atural structure , however, of coke made from Illinois coal is such 

that this coke, wen used · the blast furnace ~ s stains e ere loss 

b t e solven act · on of carbon dioxide gas int e stoc: column. In 

ot er wo ds., a part of the car on · n t e coke is con erted into carbon 

monoxide gas and i s los it1 the gases leaving the furnace ., so that 

the expected mou t of carbon does not reach t e smelting zone were it 

is to be used. Consequent_y , a hig er constmption of coke is required ~o 

ke a ton o pi iron than is t e case were the 

coke withstand~ the attack of carbon dioxide as in the 

stock cohunn. 

In b -p odu t coking ple.nts in common use today, Illinois co 1 

gives lower y·el ds of gas and by-products , due tote high percentages 

of mois ure nd o - en contained, and rhen tis l ower y-produ t recovery 

is comb· ed with the ower alue of coke in the blast furnace operation 

of the steel industry, it has been found t aJ greater eco omy could be had · 

by us ing coals of hig er coking i dex , even at additional cost. 
; 

It is therefore proper to say that up tot e present time there 

has been only l i ited use of I llinois coals for production of s a_ d oils, 

and that such use has been restricted to producer and water- gas oper ation 

where complete gasification takes place with little or no recovery of oils . 

cco ding to the Minerals Year ook of the United State Bureau of lfi es , 

there ere some 36 illi n tons of coal produced ·n the ~tate in 1933, of 

which on ~r 318 tons were reported used in the coking · ndustr • 
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By-product ovens , opera ing in connection with the steel 

i dustry, have been the lar ·est consumer of coal for carbonization. 

0 the four lar est coa producing states of the -union - Wes Virginia, 

Pennsylvania , Illi oi s7 and Kentucky - Illinois alone has been unable to 

participate in the vast tonna es re uired in by-product; coking opera i ons , 

due to the peculiar cokin characteristics of its co 1 . 

Mean1~hile , our present da social order is undergoin· changes 

quite revolutionary in character . --eoples throughout the Western World 

are developing a ne perspective of life. Predictions are made tat the 

beginnin of a new social order is at hand . In our own country people 

living in rural communities and on fans are demanding the many conven­

iences of life now common to city dwe lers . On the other hand, Jar e 

centers of popul ation are determined to find a way to make available to 

the_r citizens some of the advantages common to rural life. Civic groups 

in our larger cities have been giving increasing a.mounts of time and 

effort to a study of means to improve their societ, . Te have concluded 

that ways and means must be fou11d to provide their citizens and the·r 

children with sunshine and a clean atmosphere in winter as well as summer . 

Political leaders have accepted their conclusions and are actively en­

gaged in finding a solution. The most p actical answer available at this 

time , in this section of the countr, , is the use of smokeless fuel , such 

as gas , oil, and coke 6 and the gr eater use of automat i c stokers . It woul d 

be a mistake for the coal industry of this state to di s regard this chang­

in sentiment . 

ortunately for Illinois , the coking characteristics of er coal, 

which have prohibited its use i n the steel industry, have been found to be 

desirabl e in the manufacture of coke for do estic~ use. ' ile it is true 

t hat a new coking process had to be developed by w ich greater use of the 
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natural cokin prope ·ties of the coal could be obtained during carbon­

ization, it has been found that combustion characteristics have been 

developed by the use of this pro ess which are considered a fundamental 

requirement in coke to be used for household purposes . 

During the course of our many years of study, certain rather 

definite ideas have crystallized., upon v.nich our most recent deve opment 

is based . We now believe that any large scale development in the manu­

facttre of a low cost smokeles s domestic fue1 by carbonizing Illinoi 

coal will reckon with the follow·ng considerations: 

( l l The high moisture content of our coal must be disposed of pri or 

to carbonization, if satisfactory coking efficiency is developed . 

{2) Clinkering troubles in burning coke made from coals having low 

fusing ash are much more severe than when burning the coal itself. This 

is accounted for by the higher fire box temperature generated with the 

' use of coke. While the fusion point of ash in our coal varies over a con-

siderable range, the whole range is sufficiently low to provide a major 

obstacle in marketing coke made therefrom. These difficulties will be ove -

come onl when carbonization takes place in such a manner as to produce 

combustion characteristics in the coke vvhich permit i t to burn freely at 

temperatures well below the softening temperature of the ash . In other 

words, the coke shoulci have combustion qualities similar to the coal from 

which it was made . 

l3} Any successful coking proces developed must be of such a type 

and character that it can be used at the mines and operated in connection 

with mining operations in such a way as to utilize s izes of coal normall 

hard to dispose of and at the same time provide for carbonization before 

the coal becomes too highly oxidized . s the demand for stoker s·ze coal 
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increases there will be a corresponding increase in fines produced by 

crushing. These fines are subject to more rapid oxidation than larger 

sizes of coa, due to greater surface exposed, and contain a larger per­

centage of inert /usain substance due to concentration of this substance 

in the fines . Thus, it is necessary to carbonize the most highly non­

coking part of the coal seam, if the mine operator shall be enabled to 

market his producti on to the greatest advantage . 

( 5) The coking process must be sufficiently flexible ~ to meet the 

fluctuating demands of the domestic consumer . Therefore, the apparatus 

used must be able to dthstand heat shocks sustained by intermittent and 

irregu ar operation. 

(6) Capital invested in processing apparatus must be limited to 

an amount which will not be burdensome to the processing coe-t , and which 

·will be withi the means of the mine operator to provide . 

(7J market for gas at its reasonable value must be provided . The 

natural one is the large centers of population within piping distance of 

coal fields . 

' 1 fhen these considerations are co plied ith ., it will be found 

that an entirely new product will have been created . smokeless product 

from Illinois coal., d1ich., while resembling coke in appearance ., wHl have 

cha acteristics entirely different those common to by- product coke 

and combustion qualiti es simila.r to those of coal . It will also be found 

that a new industry is created forte tate ; identified 

wit~ coal mining communit' es ., a.nd "9+--~ will provide a base for additional 
I\ 

industrial development in those c~mmunities by making available coal gas 

an coal tar oils for rectification and industrial use . 

It has been demonstrated by the operation of a commercial plant 

MM±ie:s at Wes t Frankfort, Illinois ., duri ng a period of one and one- alf 
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years, that a process has been developed which complies with the con­

siderations set forth above . This plant uses the Curran-Knowles Process 

and is carbonizing 5/16" screenings , commonly sold as carbon size coal , 

and produces from this coal a new smokeless fuel which has been we 1 

accepted by the consuming public in a great many cities and to'Vlms through­

out the natura trade territory of Illinois coal fields . Briefly, this 

process uses the Knowles Sole Flue Coking Oven, which operates with 

f l ue temperatures of about 2500° F. The yield of surplus coal gas runs 

about 3 , 000 to 4 , 000 cubic feet , and the yield of tar oil runs about 

9 gallons per ton of coal charged . The gas has an average heating value 

of 500 Bj•/• 's per cubic foot, and the tar runs unusually low in free , 

carbon and pitch . At the same time this tar has characteristic high 

te perature qualities, but differs from standard by-product coke oven ­

tar in that it contains a much higher percentage of valuable tar acid 

In the design and construction of this pilot plant, special 

effort was made to reduce capital cost of not only the carbonizing chambers , 

but the auxiliary equipment as well . The power required for individua 

loa.ds has been worked out to permit · handling with small internal combust ion 

engines using coal gas or benzol dr:Lps as the source of power. The surplus 

gas, which is sold to the Utility System supplying gas service to cities 

and tovms in this coal field, is pumped into this system under fifty 

pounds pressure by gs engine oper ted compressors . 

The carbonizing chambers are built entirely of fire brick, except 

the combustion flues and floor , where either ca borundum, alumina or silica 

brick can be used. The coal to be processed is placed on the floor of 

the chamber in a la er 10 to 12 inches thick and heated by flues located 

beneath the floor . The products of distille.tion pass up through the coal . 

The gases le aving the carbon·zing chambers have a temperature of 5500to 650° F. , 



-8-

which is about 1. 000 degrees lower than :i.e, the ea~~ in standard by-product 

coking operations using similar flue temperatures . The regenerative heat 

recovery provided beneath the combustion f lues reduces the temperature 

of the waste gases to 450° F to 500° F • ., as they enter the stack. This 

results in greater thermal efficiency in carbonizing, and also perrnits 

considerable savings in gas handling and by- product equipment. The work 

to be performed in cooling the gas is materially lessened to the extent 

that the cooling water required is within the l imited amounts usually 

available in coal mining districtso 

This pl ant uses 100 tons of 5/16" screenings per day., or about 

3., 000 tons per month . Of special significance is the fact that it has 

demonstrated the practicab .lity of by- product carbonization at the mines of 

small t onnages at a manufacturing cost well within the scope of mar ket 

requirements in the Illinois trade territory . Of equal importance is the 

f ct that carbon size coal ., containing very limited coking properties, 
/ 

and suscept ibl e of rapid oxidation., can be carbonized to fcrm a sturdy 

coke substance . 

ithout going further into detail , it ma be ~afe],;r said that a 

basis for the manufacture of a new smokeless fuel from Illinois coal has 

been established by means of which the mining industry of the State can 

look forvrard to expanding its markets through a channel heretofore closed 

to it . 

Considering the competiti ve si-tuation of the producers int e 

llinois coal field, i t wil l be found that a large tonnage of coal from 

other states is imported into our natural trade territory. If an 

analysis be ro.ade to determine the reason for this situation, many con­

tributing factors will be found to be responsible ., among whic is the 

preference of people for using smokeless coal and coke, regardless of 
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the additional cost . This personal preference has been responsible for 

a large importation of smokeless coal. Furthermore, increased efficiencies 

developed in combustion appa atus used in power plants have resulted in 

reduced sales of screenings, due to the lower ash fusin
0 

temperature of 

our coal . ~Vb.ere forced draft stokers are used., the dust particles in 

the screeni ngs are carried along with the products of combustion and often 

forrn slag deposits on the boiler tubes , causing a reduction in efficiency. 

If these smaller particles are removed from the screeni gs used for this 

purpose, this handicap is r emoved. It, therefore, appears that any process 

which will utilize dust or carbon size coal will permit the . coal industry 

to recover at least a part of this class of business . 

With the changing socia sentirr1ent ., one of two things will 

happen; namely, there will be either an increased importation of mokeless 

fuels, including ~as and oil ., or the mining industr of this State wi l l 

process a portion of its coal in such a way that it will merit the domestic 

business. The coal indus.try needs two sourc.es of help in order to under­

take the development of this new t rade outlet : 

U) It needs capital; and 

(2 It needs anr adequate outlet for the gas which 

it will produce in the processing of its coal . 

s to the first requirement ., the industry is., generally speaking ., 

unable to help itself with' i ts present means. This new soci 1 demand has · 

come at a time in the life of the industry when it is., pe haps ., least able 

to finance ne undertakings. f this new step in the marketing of coa is 

undertaken, financial help from without the industry must be provided . 

Unless and until money for new undertakings becomes easier to get through 

private channels., or Federal assistance is given., the progress of this 

deve pment may be rather s or. 
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s to the second equirement., i t will be entirely practical to 

rim gas lines from the coal fields to the nearest large centers of popu-

la-t:;ion ., where the gas produced can be sol e. at p · ces e ua o, or l ess 

tlan the present costs of producing gas int ose communities. Isa quite 

fran ly that if these l a e communities want smokeless fuel fo eating 

t he i homes they must assume the obl igation of consuming the as produced 

in the production of smokeless solid fuel . 'frihile it wi 11 undou tedl r be 

found that the Utilities serving t hese communities have adequate producti on 

capac i ty., and certain obligat i ons and commitments , which might temporarily 

prevent them from taking lar -e quantities of gas from t .is new source ., it 

is safe to st e at there is ikel to be an equ ilibrium established 

bet~veen t he ate of growth of this new industry and the annua increment 

i n gas re uiremen s , which wil l permi absorption of this addi tion gas 

without an great disadvanta e to these Utilities . Furthermore such 

additiona amounts of gas made avai lable at low cost should pennit better 

gas service t o the citiz ens of the larger communities at a r educed cost . 

The use of stokers for smokeless and economical burning of coal 

will natura ly increas e , whee citi es enforce smo e el imination. I\Jhile 

a _reat variety of stokers a r e now availab e , we may presume that t ere 

wi 1 be improvements made in me c ani cal devi ces w1ich will result in a 

decrease in the cost of such equipment. s far as econom is concerned., 

all la ·er buildin ~s shoulc. be equipped wit sto ers; particu arly where 

attendants are availa le to an e the operation . I t e case of ·ndivid-

ual home owne s ., e capital e quired fo such appa. at s ma, well .be beyond 

the means oft e i ndividua , and in a reat man cases were houses are 

occupi d by tenants , it seems quite v.nli*e that a stoker investment 

woul d be justified* 

In order that the coal i ndustryl\more fu 1 r meet t ese e uire 
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mens., its ould be capab e of fu nishing a smoke ess fue o those who 

must have it at a reasonable p ice, and this, we believe, can be done 

if it processes he ost unsa a e port · on of its 0 tion in manner 

whi ,. wi 1 ermit it to se 1 t es o~e ess odu tat a out t es e 

price it obtai s fo the better gr ades of domestic coa. 

For many years coa mini ng operations in parts oft e Ap a chian 

Fie w re carrie on direct yin conjunction wit manufac uring bee ive 

co e forte stee ind1 st This ., most ineffic "ent coking operation., 

necessa i was eph.ced o s, stems w_ ic recove ed b - p oduc s " The tee 

industr found that it was very often able top oduce coke bette uited 

to its particular nee s b blending va ious coals ., and herefore the -rowth 

of lar Te b -procuct cok · , establis_men~s has deve plants 

located at t e po'nt of eek cons tion. As ar a do esti coke is 

concerned, t ere is o reason to bel · eve t at blendL g · s i th, necess a y 

or adv' a _ e ,. T ere fore., , -produ ·l:; coking operat:ions des i
0
ned to manu­

facture do· es tic coke in connection · th mining operations i 1 e 

t o oughl r practica p ovi ed the appa a.tu ... use does t e wor :. efficient 

n ,., e p , an is in ce ping; wit re u · reme ts of the m'ning i dust 

I n vie ~; of the demands now being made for smoke e imi at ion, it would 

seem t at t e s c .. ologica t ·me . as arrived to p ocee -wit the manufacture, 

of a smokeless pro uct fo house old use . 

Recent esea ch and developments int e 1Tdro6enat ion of coal 

tar oils indic ate their successful utilization · t e manufacture o 

plasti ,s . ile it ·s u·te i mpossible to vi ua ize t_e extent to · ch 

t _ is new development mig t stimulate manufa tu.ring indust ies, ·tis 

believer t1 ta ne c em · c l i dustr of national scope d ' mpor tance s 

·n the process of deve opment. Such a new outlet for ar wou d natu 

eit er improve ·ts market va ue or perm · t largerquantities to be d"sposed 

of at prevail ' ng p ces. 

/ 
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Coal min:ng communities oft e State are afflicted wit s 

great , or gr0ate , anemplo ent r obl ems as the lar er indust·"'i. 1 cente s . 

T ere is little do bt b t ta Ill i ois can inc ease its production by a 

very s · stanti 1 tonnabe if it will pro ess a nortion of its coa to meet 

t e smokel es requi rements oft e domest i c consumers in i ts natural trade 

t e· ri 1..01· • B so oing it ma provide employment -to man of t· e unemp oyed 

he coal fie l ds , , d pay for thei services rom the savings to be had 

from the recovery of coa as 1d tar , oi s fro the coal proces sed. 



ILLINOIS COAL AS A SOURCE OF GASEOUS AND LIQUID 

LOOKING TO THE NOT-FAR-DISTANT FUTURE 

From the Viewpoint of a Research Coal Chemist 

BY . 

Gilbert Thiessen 
Associate Chemist> 

Illinois State Geolo ical Survey 

Gaseous and liquid fuels have come to be an 1ndes­

pensable part of our life. Fuel gas offers the great 

advantages of furnishing heat in an instantly available 

and accurately controllable form, in which respect it 

falls only slightly short of electricity. Much as we 

rely on gas, we could get along without it much more con­

veniently than we could. without gasoline or liquid fuel 

substitutes for gasoline. !he importance of gasoline in 

our life today is of particular interest when considered 

historically. Manufactured gas was introduced first in 

London 1n the year 1800. The natural gas industry dates 

from about 1850. Although the use of gas is widespread, 

there are many parts of this country, and the rest of the 

world, where gas is not available. In contrast, there is 

hardly a place on the globe where men live that gasoline 

has not been an influence. As a matter of fact, gasoline 

has been of the greatest relative influence in those iso­

lated places to which gas will probably never come. The 
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reason for gasoline's importance is, of course, the 

internal combustion engine, which dates from 1g77 and 

which really only started to assume its present impor­

tance as a part of the automobile after 1900. 

pre e ent e a- -chart or t-h1rprolilfflt1.-on 

United States. The rapid rise in the production of pe-

Q-9 the great 

decrease in price which has occurred since the early days 
OA..(.,,,o~...:.-.. :?c~ c.- 1, 

of the industry~ The gasoline engine, especially as used 

in the automobile, is of course responsible for the de­

mand which has 1 e:i to this phenomenal growth in petroleum 

production. It also seems that we shall continue to need 

large quantities of gasoline with which to carry on, and 

at the same time ±et ~s eet ioPget ~he 

lubricating oils. Competing with gasoline as internal com­

bustion engine fuel are diesel engine fuel oil and kero­

sene, both of growing importance because of economic 

factors and to be included. in the s a.me category of "indis­

pensable ma~rials" as gasoline. 

The heavier oils are also widely used as fuels in 

boiler and industrial furnaces. In some cases where oil 

is cheap and eoal or gas expensive, oil is used because of 

the savingf involved. In most cases fuel oil is used be­

cause of convenience, controllability, cleanliness, and 

space economy. Especially 1s this true in the field of 
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modern marine engineering. The design of the modern ocean 

liner or battleship is built around oil as the fuel. The 

dependence of the modern navy on oil fuel is, as you all 

know, responsible for such things as "oil imperialism" and 

the frantic effort of those countries without oil to pro­

duce liquid fuels somehow, regardless of expense. 

This naturally leads us to ask, "why are gaseous and 

liquid :fuels modern necessities?" Fuel gas, as•• ;r,rw» 

iaua.,,- mentioned, need not be considered indispensable to 

our life, yet the many conveniences it offers and the fact 

that its use at present permits us to use more efficiently 

and profitably our energies in constructive endeavor, does 

make it essential to a high order of technically efficient 

civilization. Neglecting price, gas crpuld be replaced by 

electricity i n pr actically all its applications, or for 

domestic heat by centrally generated steam, with an in­

crease in convenience. Not so with liquid fuels used in 

transportation. The automobile, which has so indispensably 

entered our lives and changed our mode of transportation, 

is dependent upon gasoline . fer i~e e:itieteRe&. ,'l'he nearest 

competition to the gasoline engine for automotive serivce 

is thedl.esel engine which also is dependent upon a liquid 

fuel . Solid fuels are at a great disadvantage because of 

their lack of convenience and flexibility, gaseous fuels 

because of their great volume per unit of energy. On ship­

board., liquid fuels have the advantaget over solid fuels of 
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ease of storage and control, and the elimination of ashes. 

Sweating, heaving coal handlers are replaced by tiny steel 

tubes. All of the modern luxury liners and almost all the 

ships of the great navies of the world are dependent for 

their operation on liquid fuel. Electricity centrally 

generated in stationary power plants is of course unavail­

able for these motile uses until the problem of transmitting 

power without the intervening wire conductor is solved, a 

problem which many are inclined to view as insolvable. 

Apparently then, unless drastic changes are to be made 

in the mechanical phases of our civilization, we must have 

a continuing supply of fuel oil and, let us not forget, a 

supply of lubricating oil. ,fuat are our present supplies 

and why do we need to feel that they will not continue to 

meet our needs? 

our present sources of gas ,.,-,l Ree£ . ne'IJ™.:1'eM 1tr,,_._, are 

from natural gas fields and from gas manufacturing plants. 

Natural gas is a wasting asset and will some day become only 

a memory in most parts of the United States. Manufactured 

gas, on the other hand, ➔ fe@l will lris•e &a increas~ im-
1\. 

portance. There seems to be no critical condition with re-

spect to gas. Developments in gas manufacture will cane as 

a result of trends towards a more comfortable way of living. 

Unlike gas, at present we have for all practical pur­

poses only a natural source of liquid fuel, petroleum; and 

it, like natural gas, is also a wasting asset. F~om the 
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daily news one gathers the impression that there is an 

·oversupply of oil, but this, it turns out, is the result 

of uncontrolled production. The actual reserves of oil 

known to be in the ground are not any too plentiful, if 

one is ,to believe the conclusions of the men in the oil 

industry. News from within the industry reveals a story 

of a frantic search for oil by all of the major companies, 

using the most modern of scientific equipment. The sit-
~ 

uation also is summed up in Tabl_e 1', which was taken from 
fT y 

the _O~l .a~4 ~a~ ~ou~nal for May 2, 1935. 

1/ Pratt, W. E., 011 production - analysis of its develop­
ment and stabilization; 011 & Gas Journal .11 (50), 17-
1g (May 2, 1935). . . 

1 
_ TABLE J. .-

,_· ANALYSES OF PRODUCTION AND DISCOVERY EXPERIENCE OF THE ,,,, 
.AµER.ICAN OIL P~OD~C~NG INDUSTRY BY P~IOD~ 

i Ratio Ratio of Ratio I 
! of 

Average Average :accumulated av. annual average 
I 

Annual Annual production prod. to annual 
Proo.uction Discoveries ! to accum. av. armual disc. to 

PERIOD Millions Millions 
I 

discover- total dis-ld1s~over1es 
of Bbls. of Bbls; . ies coveries 

1g59-1900 25 go 0.3 0.3 0.003 

1901-1905 105 340 0.3 0~3 0.01 

1906-1910 175 275 o.4 o.6 0.01 

1911-1915 250 500 o.4 o.5 0.02 

1916-1920 370 5g5 0.5 o.6 0.02 

1921-1925 650 g20 o.6 o.s 0.03 

1926-1930 g95 1990 0.5 o.4 0.07 

1931-1934 g70 5So o.6 1.5 0.02 
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Attention is called to the fact that in the four­

year period, 1931-1934, there were produced and consumed 

approximately 35 times as much petroleum as during the 

forty year period 1g59-1900. ~ Also, that while e¥e!' four 
J\ 

times as much petroleum was produced in the five- year per­

iod, 1901-1905, this was less than one-eighth of the 

amount produced in the four years, 1931-1934. 

Not only is new oil increasingly difficult to find, 

but it is more expensive to produce, due to deeper wells 

and more troublesome strata. Continued production fran 

existing pools is also becoming more expensive because of' 

increasing pumping costs and the costs of special pro­

duction methods such as air drives and water flooding. 

The ultimate effect will, of' course, be a rise in the 

price of those finished products which are in least com­

petition, and a withdrawal of' oil products from the more 

competitive markets. For example., we present the rapid 

growth of the importance of the cracking process for in­

creasing the amount of gasoline obtainable from crude pe­

~roleum shown graphically in figure 2. This will be a 

temporary measure only. It is conceivable that we will 

have either to look for new sources of liquid fuels than. 

natural petroleums, or to change our power units for our 

automotive vehicles. At the present, it seems easier to 

do the former. 
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Our other sources of 11qu1d fuels can be the fossil 

·solid fuels, i.e., coals of any or all ranks and types, 

oil shales, or agricultural products. It has been shown 

many times that agriculture cannot begin to furnish suffic­

ient liquid fuel to meet our present demands. The pro­

duction of oil from shale involves a high handling charge 

which makes that source unattractive when compared to coal, 

which is our other alternative. our reserves of coal are 

enormous when compared to our reserves of oil and gas. The 

position of Illinois with respect to these reserves is in­

deed fortunate. Of the estimated three and one-half millions 

of millions of tons of reserves, Illinois is estimated to 

have two thousand millions of tons. Geographically, Illinois 

is one large coal reserve. 
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Table ll 

Proven Reserves · of Mineral Fuels in United States* 

Coal 
(Million 
. net tons) 

Natural 
Gas 

(Trillion 
cu.ft.) 

~ 

Petrolewn 

(Barrels) 

1934 production 390 
91 

1,633 910,051,000 
Pl 

Total production to e.nd of 1934 

Proven reserves at end of 1934 

21,300 

3,414,550 

30,310 16,600,419,000 
sJ 

40,000 13,000,000,000 

* 

Does not include some one-half trillion feet blown into the air 
~nd wasted in 1934. 
Does not include some 8 trillion feet blown into the air and 
~asted from beginning. . 
Includes some 10 trillion feet that will be wasted if production 
methods continue as at present and if the 11 la.w of capture'' is not 
superceded or intelligently modified. 
Does not include some 9 billion tons left in the mines or· · 
otherwise wasted. 

Garfias, V. R., Survey of Proven Reserves of Mineral Fuels in 
United States: 011 t Gas Journal M, (43) 17 (3-14-35). 

~"-{ 
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From the standpoint of technology and pure science there 

is no question that liquid fuels of suitable quality and in sufficient 

quantity, judged by present standards, can be made from coal. The 

questi on .is, at present, one of economics to which in ~any European 

countries must be added that of a desire for an autonomous economy. 

As a matter of fact, in the period 1830 to 1859, oil from coal and 

shale largely repla ced sperm and whale oil as illuminating oil. 

These oils were, in turn, replaced by petroleum oils made cheap by 

the introduction of the petroleum well by Drake in 1859. 

Liquid fuels may be made from coal by three basic processe,s 

which are: (1) recovery and refinement of the products of either . the 

so~nalled high or low temperature carbonizat19n processes; (2) by 

destructive hydrogenation and refinement of the resulting products; 

and (3) by synthesis of hydrocarbon or alcohol mixtures from c arbon 

monoxide and hy4rogen obtained in the complete or partial gasification 

of solid fuel. All three processes are in commercial or semi-commercial 

use at the present time. Because of our abundant supplies of 

·petroleum, the economic urge to develop these processes in t h is 

country has been small. Conequently, we find tha t development has 

been carried furthest in those countries which have no national supply 

of petroleum, who have a highly developed industrial civiliza tion 

and a highly nationalistic spirit, as Germany, England, France, 

Japan and Italy. 
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Oil from coal carbonization 

Normally one may expect to recover 9 gallons of tar and 3 

gallons of light oils per ton of coal carbonized in a standard by­

product coke oven (Fi(PH'6 3µ By certain oven constructions, the. 

yield of light oils can be increased, at the expense of course of the 

gases and heavier tars. Low temperature coal carbonization, as is 

well known, results in a much higher yield of light oils and tar, 

say 3 and 25 gallons respectively, but the economic and mechanical 

difficulties ordinarily make-low temperature carbonization of coal 

unprofitable. The liquid fuel which could be obtained from coal 

carbonized at the present ti me is only a small fraction of our total 

requirement. In 1933, for example, there were produced approximately 360 

millon gallons of coke oven tar and approximately 100 million gallons 

of light oil, in contrast to a total motor fuel consumption in 1933 

of almost 16,000 million gallons. According to Dr. A. C. Fieldner 

in the hearings during the recent Federal petroleum investigation, 

if all of the U.S. coal production were subjected to high temperature 

coking, the motor benzol produced would amount to only 12 per cent of 

the gasoline produced. Carbonization processes can supply only an 

insignifiJant part of our national liquid fuel needs since liquid 

fuels from these processes are only by- or minor-products. The major 

problem of the coke oven opera tor is the disposal of his c·oke. Figure 

4 graphically shows certain trends in the coke market of which the 

steady growth of the domestic market for coke should be of especial 

interest to Illinois coal operators. Illinois coals cannot truthfully 

be said to be well suited for the production of metallurgical coke 

by present methods. An excellent domestic fuel coke can and is 

being made from southern Illinois coals. 
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Some · interesting experiments on the coking of tar-coal and 

petroleum-coal mixtures in Knowles type ovens have recently been 

reported from England.~ These ovens a.re the same type as those 

Fisher, A., Processing of hydrocarbons with reference to develop­
ments at Corby: Colliery Guardian 150, 657-60, 706-8 (4-12,18-35). 

operated by the Radiant Fuel Corporation at West Frankfort, to coke 

Illinois slack coal. The Knowles type oven was originally designed 

to produce petroleum coke from petroleum refinery residues, for 

which purpose a large number of installations in this country and 

in foreign countries are in use. The plant at Corby England is of 

that type. Experiments a:t this plant have shown that mixtures of 

coal tar or coal tar pitch and either coking or non-coking coals 

yield excellent cokes when treated in these ovens. At the same time 

large yields of light oils are obtained as the result of cracking 

of the heavy oils during the coking. To produce good coke from 

petroleum residues and non-coking coal, the coal had to be quite 

finely ground and dispersed in the oil. ~re-6---rl--ittStra:tie·s- 1ihr- -,.,. ... i 
pr..Q,c.ess · e.s a~ f:h:)W"-shee-: . . !!'he . light oils in the gases from the oven 

~re separated by means of a fractionating column, the heavy oils 

being recycled. Advantages claimed are an increased yield of the 

more valuable light oils, a decreased ash content in the coke due 

to the admixture of pitch coke to the coal coke and the possibility 

of using cheap non-coking slacks. In a complete installation only 

a few ovens would be required for t~eating the tar produced in the 

remaining ovens of the installation. This process is reported as 

still experimental. 
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Coal is composed largely of unsaturated aromatic compounds 

of great molecular weight and complexity. Under proper conditions, 

unsaturated organic compounds take up hydrogen to form saturated 

compounds of similar molecular structure in which behavior coal is no 

exception. Hydro_genated coal is, however, not much more valuable than 

is the raw coal. A large proportion, 50 percent or mere, is soluble 

in organic solvents and the material has great swelling and caking 

power. In the course of hydrogenation, some small amount of liquid 

material· is formed, the amount being insignificant up to temperatures 

of 350° and increasing from there with increasing temperature of hydro­

genation. This procedure for producing coking coal from a non-coking 

coal has been patented in Great Britain by the British Fuel Research 

Board as B.P. 301720 (12/28). If the temperature of hydrogenation is 

increased to about 450°C. and the pres.sure of hydrogen to 200 

atmospheres, bituminous coals may yield 30 to 40 per cent of a tarry 

material. This, we must remember, is the result of treating coal 

alone with hydrogen. If, however, the coal is dispersed in a liquid 

and then treated with hydrogen at 450°C. and 200 atmospheres pressure, 

a conversion to liquid products of from 85 to 95 per cent may be 

obtained. T'nis- is the Bergius coal liquefaction or Berginization 

process on which Germany and Great Britain today base their hopes 

for oil independence. 

The dispersing oil apparently dissolves the partially 

hydrogenated coal and permits further action of the hydrogen. The 

dispersing oil is itself acted upon during the process, furnishing 

an additional yield of light products. In commercial practice, -
(1·½--~)~ 

therefore, heavy oil from the process is continuously recycled~ The 
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oil also serves the mechanical purpose of facilitation, the introduction 

of the coal into the converters in the form of a paste. Figure ~ ; 

diagrammatically shows the complete, continuous process as commerciall y 

developed. The liquid products which ~ irs!J form may be distilled 

from the solid residue and refined, but since the purpose of the 

process is the production of a gasoline substitute, it is usual to 

treat ~1e heayy oil fractions from the primary hydrogenation by a 

second destructive hydrogenation in the vapor phase. -Figure B. 

Catalysts are used in both stages. In the fir~ t stage they are / 

added in finely divided condition to -the coal-r oil paste; in the 

second stage the catalyst is supported in the reaction chamber on a 
A/..V 

suitable material. The nature of the catalyst~ an important part 
I\ 

of the process and the subject of innumerable patents and much 

literature. 

In the destructive hydrogencmtion process, two reactions are 
t ~ '" . 

proceeding simultaneously and~ for material. One reaction 1s 

pyrolitic decomp0sition, the other is hydrogenation. It is the function 

of the catalyst to increase the hydrogenation process at the expense 

of the decomposition process. These catalysts must be inert to the 

poisoning influence of the coal components, especially to that of 

sulfur. Iron oxide is added to the coal-oil base to absorb sulfur 

and to prevent its appearance in the finished gasoline, Naturally, 

increasing sulfur content of the coal increases the expense involved 

in its elimination • 
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The mechanical engineer will at once appreciate the 

difficulties involved in the construction of the equipment for this 

process. In addition to the high pressures and elevated temperatures 

involved, the steel is subjected to the action of both hydrogen and 

carbonaceous ma terial, under which conditions the steel rapidly 

becomes brittle and loses its strength. A solution of this 

problem as incorporated in the new plant of the I.C.I. at Billingham, 

England, consists in constructing· the converters with two walls--the 

inner one being an electrically heated, thin-walled tube in which the 

reaction is c arried on; and an outer, t h ick-walled, pressure-resisting 

tube. The space between the two walls is filled with insulation so 

that the temperature of the outer tube does not exa:eed 150°0. The 

working pressu7e pf h1,drogen is maintained on both sides of the inner 

tube. Figures~ and -Jjlf show the large size of the units used and 

the elaborate precautions taken to guard the rest of the plant from 
11'. .n J"C. ~ J\d ~ ~ 

~1...,.. o.P.Po.~+o n..P .p,.. .C., ,,._..., ,...p +l...,-. ._""',,..,.,,+~ ,,.....,. •u•c,,...._ ........ ,... i 

These views of the I. G. Hydrogenation Plant in Germany, were 
furnished through the courtesy of Dr. A. W. Gauger of the 
Pemsylvania State College School of mineral industries who 
obtained them from the Standard 011 Development Company. 

whleh .:ts , is estimated to cost $11,000,000 and is 

designed to produce 37,000,000 gallons of gasoline annually from about 

1100 tons of coal per day. About 440 tons of coal per day are 

hydrogenated, the remainder being used for power, steam, and hydrogen 

production. About 40-45 per cent of the heat put into the plant in 

the form of coal 1s recovered as liquid motor fuel. The cost at the 

plant of a gallon of motor fuel, ma.de from coal at $3.10 per ton, 

1s estimated at from 11 to 12 cents. The thermal "efficiency of hydro­

genation plants is about 45 per cent, that 1s, 45 percent of the 

heat entering the plant in the form of coal is recovered as 

gasoline. 
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The plant ean operate in competition to petroleum refineries, 

because of government guarantee of a preferen~e tax which amounts 

to a bout 13 cents per gallon for the next 4 1/2 years; or, if the 

company wishes, to one-half this amount for the next nine years. 

The economic picture is not promising for the process in the United 

States at this time. What the future may bring--who knows? If we 

should have to turn to such a process, Illinois coals are suitable 

as a raw material for the process. ( The_:_ 1 h sulfur and ash content 

of Illinois coal will, as in most other applications of these coals, 

have to be taken into account in calculating costs. 

As mentioned above, the oil used to suspend the coal, and 

the heavy oils produced in the first stage, are hydrogena ted by this 

process more easily than is the coal when proper catalysts are 

employed. As a result, the process has actually found a wider 

use in the production of gasoline from petroleum and coal tars than 

it has from coal itself. As crude oil and gasoline prices rise, we 

may expect to see a much wider application of hydrogenation to 

petroleum before it is applied to coal. 

Synthesis from carbon monoxide 
and hydrogen 

The t hird way in which liquid fuels may be obtained from 

solid fuels involves the formation of carbon monoxide and hydrogen 

and the reaction of these gases to form either mixtures of alcohols, 

mixtures of hydrocarbons, or both. Sabatier had shown as early as 

1902 that methane could be formed by passing a mixture of carbon 

monoxide and three times as much hydrogen over a nickel catalyst 
( 

at 3oo 0 c. Sabatier, it turns out, chose those conditions which 

favored the formation of methane. Further research, culminating 
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in that of F. Fischer and H. Tropsch, showed that, by varying the 

tempera ture, gas, composition, pres sure, and catalyst, mixtures of 

alcohols, aldehydes, and acids could be obtained from carbon monoxide 

and hydrogen. 

The German I.G. in the meantime was working upon the 

synthesis of meth anol from these gases. They found that by using 

zinc oxide as the catalyst and working at pressunes over 130 atmospheres 

and temperatures below 400°C. the reduction of carbon monoxide stops 

at the methyl alcohol stage. This process is now in large scale use 

all over the world. The mixture of oxygenated organic compounds 

was termed 11 synthol 11 by its inventors. Synthol was not a very 

satisfactory motor fuel, so researches were continued to attempt 

a complete reduction to the hydrocarbons. This was finally accomplished, 

the product being termed synthin, and later products 11 Kogasin." 

The synthesis may take place at low pressures or at high pressures, 

Dr. Fischer preferring to work at low pressures. The technical 

difficulties which had to be overcome were many. The catalysts were 

easily poisoned by sulfur compounds, which meant that the gases had 

to be thoroughly freed from sulfur--the reaction gives off much heat 

which had to be dissipated, which problem was solved in the design of , 
q 

the contact chamber. Figure Jft gives a diagrammatic scheme of a 

Kogasin synthesis unit. Water gas is produced, purified, and passed 

through the reaction chamber. The heat generated in the reaction 

chamber is removed by circulating oil passing through cooling coils 

embedded in the catalyst. The higher boiling products e.re condensed, 

the lower boiling ones removed by absorption. The process is re­

markable for the variety of products which form and the dependence of 

the composition of the product upon catalyst and gas composition. 
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Table 3 shows the composition of a typical product, and Table 4 

shows t he variation in composition of the product upon ca t alyst 

and gas composition. This process is not yet in large scale 

commercia l opera tion, but large scale experimental units h ave 

produced enough motor fuel for very extensive practical tests. 

Table 3 ~ 
.. ' . j 

Composition of primary product 

Product Boiling range 
oF. 

Spirit Under 86° 

Gasoline 86° - 390° 

011 Over 390° 

Solid Melting 
paraffin: point: 

From oil 120° 

From catalyst 160-
1800 

and over 

Kogasin ,.,, 

Amt. Present 
Wgt. o/o 

4 

62 

23 

7 

4 

Olet;ine content 
Volume % 

50 

30 

10 

I' 

* Koch, H., Die Benzinsynthese aus Kohlen oxyd und Wasserst g,,t---t bei 
gew8hnlichem _Druck nach dem Verfahren von F. Fischer und Tropsch 
Glftckauf 71: 85-90 (1-26-35). 

Fischer-,-Franz, Die Synthese der Treibstoffe (Kogasin) und 
Schmier8le aus Kohienoxyd und Wasserstoff bei gew8hnlichen Druck, 
~rennstoff Chemie.!§.: 1-11 (1-1-35). 
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Table 4 

Dependence of olefine content on catalyst 
and gas composition 

lefines ins when usin 
Water gas racked gas 
100:lH l00:3H2 
vol. vol. 

55 35 12 

35 16 5 

Mention was made that Dr. Fischer prefers to work at 

low pressures. This entails the handling of large volumes of gas, 

but the equipment required is light and relatively inexpensive. The 

I.G. in attacking this problem favor high pressures, under which 

conditions the volumes of ga s handled in the system are small, but 

the equipment, while smaller, must be constructed to withstand the 

high pressures. In the absence of actual operating fi gures, no 

choice can be made as to which is the most economical method of 

working. 

Lubricants 

In countries desiring complete freedom from dependence _on 

outside sources for essential materials, the question of lubricants 

is just as important as the question of a liquid fuel supply. It 

has been shown to be tec.hnically possible to produce satisfactory 

lubricants from coal through hydrogenation of coal tar, · or by 

synthesis from carbon monoxide and hydrogen. In this country it is 

probable tha t there always will be sufficient petroleum to meet 

the country's needs for lubricating oil. Even so, the importance 

of the type of petroleum from which lubricating oil 1s made 1s 

becoming less, as more highly developed methods of producing 



-18-

tne lubricants are used. In modern oil refining processes using 

hydrogenation, aluminum chloride treatment, or differential solvent 

extraction, the character of the oil produced bears little resemblance 

t0 the raw stoek. 

Gas manufacture 
~ 

So far, this discussion has been concerned with the future 

of liquid fuel production. It is the author's opinion that the 

possibilities of manufactured gas are enormous compared to present 
/0 , 

developments. Fig~e~ shows the growing importance of gas supplied 'd / r 
through mains, as compared with industrial uses. Several factors 

have worked against the further expansion of the gas industry. Gas 

was originally introduced as a means for furnishing light, and many 

of the statutory regulations set up for the regulation of gas 

supplies date from the days when light was produced by burning 

gas 1n bats wing burners or jets, which required a luminous flame. 

The introduction of the incandescent mantle obviated the necessity 

for the presence of illuminants in the gas. In the United States 

gas may be considered an obsolete source of light. Its present 

day importance is as as ource of heat. ~t is wanted, therefore, 

is a gas which will deliver potential heat to our business at as 

low a cost as 1s possible by the medium employed. We can, therefore, 

ask the question, 11 Is the manufactured gas now supplied by public 

service gas companies the most desirable gas from the consumer's point 

of view'?u The answer will not always be the same, since conditions 

vary. It 1s the author's opinion that heat can in many cases be 

delivered at a lower cost through the medium of a lower quality, 

but more cheaply prepa red gas than is now the case. An important 

development in the manufactured gas industry has been the long distance, 
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high pressure transporta tion by which the excess gas produced by coke 

ovens in industrial centers or a t coal mines is made available in 

cities. The increa sing importance to the coke oven operator of 

revenue from gas is shown in figure,k( 'f I ~ J 'b 
The exi:ansion of the use of gas for domestic heating can 

well be to the advantage of the coal producer. A cheap producer 

gas would be just as valuable for this purpose as would a very high 

grade gas. The poor load factor at present associa ted with this 

type of service, due to seasonal de mand, will, I feel, be ironed 

out through the increased use of air conditioning equipment in the 

summer. 

An interesting side light on the problem of cheaply producing 

a f uel gas is the suggestion tha t coal be gasified in situ. In 

Italy and Russia this suggestion ha s been tried out on a modera te 

scale, not with any striking success however. Those of you who 

may have had to do with mine fires can appreciate the situation which 

is set up. The difficulties are not apparently so much in the 

regula tion of the gasification as with roof falls, choking of gas 

passages through the swelling of the coal, and the form ation of 

cracks in adjoining coal which cause dangerous leakages. 

The expansion of the market for gas will always be affected 

by the competition of other 11 pipedu fuels such as e·lectrici ty and, 

in congested districts, steam. It should not matter to the . coal 

industry which one domina tes, since all have their ultima te source 

in coal. The coal producer should, however, be actively interested 

in the growth of the various industries, since the incre ased develop­

ment of any or all of these utilities - gas, electricity, or public 

utility steam - will be to his advantage. 
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ru:~~ t dri a l e . Co s e ., uently, no - 0:1 ,i i · 1 t 1 oes,... c.ry tht: t collect on 

h t 

e l o-;n. lo 

: 1 d 1 hy _ ic.~i l ~spec t ~ of t!'i c: t c;;.c te I fJ non nv t r~llic re our-ee: to t ~ -
end of ch--~r .. nc 
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~iool ocz:, t r t 

cher~1 c.s..l 
I\ 

r·,. )1.e to loo. te f ~ ve ~n. j or depo a 1 t s or . .,oolr ock, 

·_ ourc of woolroc ·'." . I ; t h ~s c:,rm ction J.. t is of i 1: t vreet ..., o -Late 

r a.11.'1 , r e·vioug_y bten consie: .. red. o . .' 11 ttle v r::.lu .... . 



o · r k owl of t he 

or cla_y produc t .... an is b e. 1-c t o t e i L.pro-ver.ent of e-,.1!::tlnt, r r c..u cts 



co 11 

to ~eet t e ee n ~i c sitr ~tio 
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\ SOM.E crri RS I N 'l'BE EV ' I.OPifEN· 

MI NE . L vYOOL I NDUSTRY ;Jt 
GEGLOClC/1 

:f Published with the permission of the \Chief, I ltinois \ 
State Geological Survey, Urb.ana, Illin o i s. M~'te?ie:3: I 

$ r1esented ·at the ... hird Annual Mineral . Indu S<tries Co n -"'., 
ference of · I llin ois f Urbana, , L ay .,18 , 1935. \ ,• 

I \ I 

by 

1/ 
Charles • Fr7 ling-

1/Chemist. Non- Fuels Divisi.on , Illinois State Ge olog ical 
- survey ." 

and 

2/ 
Orval White-

2/Presid-ent, ]V ineral In.sula ti on Cm pany, Ch ica :o Ridg e., 
- Illtnois. 

Abstr act 

Fe.ctors which are re sp onsible for the p opularity of 
mineral woo l for h ome insulati on are · enu.rneratcd. . e be ginnings 
of t he rock wool indu str in Indiana, t o ··e t he with p res __.nt 
plant practices a.re described . S .lgestions bas e a on similari­
ties i n the manufacture of rock wool and portland cement are 
advance i f o r 011erco:ming production difficulties at present 

:('E 

enco :mtere :t. .., or e semi - plant sea.l e devel opment vrn:c>k is advocated •. 
E conomic fa.c tors of i mportance are: (a) There a r e approxi mately 
t hir t r plants, ei cht in nd iana, the 1,,emainde r scattered fro: 
Ve rmont to Califor nia; (b ) frei .;ht rates are hig -, exceedin , in 
s ome ca ... es., ~i:::50 .oo per ton ; ( c );J.t. i: o olrock ~Stl?s ½t s . a.re ,rdde sp "ead; 
s ome r1ave re cently been found inA 'r):tar:tcf,5 , , Aee~••ine!i.!e; 
( d) patents on b lovn ng insu lation i nto dwelling s are he l d j oi ntl y 
by six. comp anies; (e) an estimated cost of a t ·o-cupola p lant, 
e.xc lusi 'Ve of' land and quany equ i pment, is .'p38, 000; (f) i t s h ou l 
be p ossible to p:J.-,oduce r ock vmol at !~f;20 .oo or less per ton. 



Mineral wool is a l i ght-weis h t rna·t eria compos e d of thin, 

glassy fibers . .Phe raw ma t erial f rom whlch ·· t i s produced 

consists either of sedimentar y r ock s which appea r to be mix-· 

tu.res of aha.le a nd lime s tone l aid down simul t aneously , or of 

various t ypes o f metallurgical slag. In orde:P to secure a 

material which can be me lred and b lown int o wool, i t is neces -

sary that i t a acidi •r; a nd. basic c ons ti t ue :nts be fa i.rl · even ly 

balan ced. 

Ch emica.lly , r ock wool, wl1i ·cb. can be d1ef i ned as min1::;ral 

wool obtained f r om naturally occurri ng r ocks , consists of 

silica, alumina., lime, a nd magnes ia in co nb i na t i ,:m . The com-

1/ 
p osition limits have been 1..~e t e r r.:i i n e d e.xperimen tally.- One 

1/ Il-l"in ois State ¾eolo ;ical Survey Bulle tin .r o . 61, "Rock 
Wool from Illin ois Mineral Resources," Urbana , Illinois , 
1934. 

impor t ant point revea l e d. by this study is t hat the properties 

of r o·c k wool are def lni t ely determined by comp osition .and 

b lcnving condi t ions . '11h e r•efo:r>e, provided the compositi on i s 
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correct , 1 t 1 s i mmaterial Vl!hether the wool is produced f rom 

a si ngl e ro ck , a mixtux·e of rock s , or from some other ma te rial 

such a s sl ag., Slag wool and rock wool of the same chemical 

compo si ti on , and b lown under t he same condition s, v ould be 

1n dis t 1n u.ishable . However, i t mu s t be reme mb ered that many 

sle.g wools are produced having comp os itions which are quite 

d i f ferent from t h ose yielded by rocks, and t ne difference s in 

s 
the produc\ may be quite marked . 

The most i mp ortant use f o1~ mineral wool is a s a heat · 

i n su l ating material. The tang led mass of fibers of whi ch the 

material is composed serves t o entrap a l a r ge number of s mall 

ai r p ockets whi ch, in turn, impart the property of low heat 

conductivity to the aggregate. fl.1fi nera.l wool has man advantage s 

c ompa red with other heat insul ati ng materials. Among these may 

be mentioned: 

(1} On the basi s of i t s coefficient of' heat transfer, 

ineral wool ranks among the b e s t commonly ·available 

2/ 
hea. t insul ating materi als . -

y Loe . c i t . pp . 237- 39 . 



(2] Deterioration is practically nil. It is quite usual 

to find it uni:mpair·ed after .25 years or more of 

service. 

✓ 
(3) In contrast with certa.ln organic ma ter-ials, 1 t is 

inert toward moisture , and consequently its 

insulating prope rties show less t endeno · to 

fluctuate with chan -;ing we.ath"'r conditions . 

(4 ) It is thoroughly fire - proof an- v ermin- proof . 1I'his 

should b e of importance from the standpoint>{ of 

h eal t h and insur•anc.e re. t;es. 

(5J I t can be fab1 ... ice.ted in f'or·m.s convenient for use 

in the buil i ng 

loose fill, J?igid board, and quilts. 

(6) It is an excellent acoustical insulation mate1~ial. 

In th:i.s connectlon, it is int er1esting t o r ecall 

that it · ras used to insulate the broadcasting 

studios of Radio City . 

✓ ( 7 J It is relatively inexpensi·ve, and tl1e indications are 

that it can be produced more cheaply than it is 

at present . 
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Al t h ou gh findinrt considerable use in industry, there is 

:1,,.,, I 
much t o indicate t hat mineral wool will f i nd its wides t ~ 

i n the insula. t io oi buil -ings . It can be expec t ed ·o con-

tribute towards better J:1ealth by equali zation of r1oom t empera-

tures , eliminat ion of drafts, i ncreased comfort i n both smn:me,r 

and winter~, and ~eduction of ver i -1 and ·1 r e hazards,~ ~Phat it 

contributes materially towards t he economical u s e of fue ls is 

3/ 
v.rel l J.-rnown.. A recent publication- g i ves the calcula ted heat 

~/ Sheet metal wor ker 26: 41-2 , Ja.t}.)'f35 

los ses through 1 ,..000 square feet of wall. The wall c onsisted 

:::t. /4 
of clapboard on s heathing vvi t h bui lding paper betwee n , iit--'"1'j ''~ 

" 
studs set at 16-in c h interva l s ., and an inner wall of wire lath 

and p l aster., The ca l cula tion wa · made f or a 15 - mile per h our 

wi nd ve locity, 200 days hea tin .; s eason, 30 degrees average 

temperature d i fference, and 24-hour load , wi t h the following 

r~esu l ts : 



*I• 

Heat Los s 

Mo i nsul ation 38,000,000 B. t .u . 

1 inch of rock wool, 18 , 700 ,ooo n 

3 5/8 inch " ft s, 600,.000 

*I 
Equivalent~ 

Tons Coal 

1.6 

o.a 

o.4 

The coal equivalence was calculated l1y us on the basis 
,o,:f 12,000 B .t.u. per lb . of coal. 

II. lVIANUFACr:LltJRI NG P~OCES_S 

·
1he production of minera l wool f rom s.lag has been practiced 

for ab out 60 years. The no st .impo:r tant t mp r overrents, however , 

were made ab out 35 years a go b y C. C. Ha.11 , who e s tablis h e d a 

p lant for the production of rock wool a t Alexandria, Indiana . 

Incidentally, t he rock wool industry was born during the de ... 

pression of 1896 . nr. Fall, wh o h ad been operating a. s teel 

mill at Alexandria, tried local s t one to find a more ine.'.lt:pensive 

fluxing agent . He f ound that the sla.g p1--od11ced by the local 

s t one readily blew into fibers whe n struck by the air b las t of 

the smelter. He experimented f u.rt.her t o satisfy his curiosity . 

After the steel mill h a d been close , he investigated t he 
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poss11Jili t""y of us.ing chee.p natu ral gas., t he n a·v·ailable , to 

make f ire - p:v·oof i nsula.tion ou.t of t he sel f - fl 1J . .xing ston e ( 

that h e had di scovered. He erected his first p lan t wi t h out 

further experimentation. 'lne picture (Fig. 1) shows Mr . Rall, 

the fir st plant , the fir s t car--load of mineral wool shippe d 

from Alexandria,. and the first m.en. employed in the roek wool 

industry . 

The first mel t in ,. eq·uipm.ent is also visible . This was 

simp l y a brick puddling furnace employing natural g as fuel. 

It ·was cons tantly g i v ing trouble b ecause of r efr actory co1,, .. 

ro sion . Under t'hese inaus.picious condi tions , the roek wool 

industry s tar tecl. To Mr . Hall , t he i nd.us t r y owes a tribute 

for thirty y ears of b ard work put f orth i n its behalf . 

Prese nt - day prac ti ce follows very closely that f i nally 

established by ~1r . Hall . Cupolas, about 5 feet i n diameter and 

8 f eet high are u sed (F16 , 2 .. ) A mixture of rock, or slag , 

and. coke, is fed i n to the top of the cupola, and mol ten material 

f low out at t he bottom in a steady stream. Combustion is 

h-. 
supp orted by a b las t of air fed i nto the bottom of • cupola.\ 
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-wh1 eh· :l n tteme--Pe B pe o-t-s--'eof""'equipi'nen:t-i:rs-e'd:"'· 

~-me.l~~s,.ll)t.-it4~ A tempe:re;tur e of about 1,500° e:egJ?ooe--f 

Cent.igr1ade is attained, and cooling is effected. ·by a water 

jacket. A stearn blast., issuing from a t ,rough- shaped nozzle 

e.t a pressure of ab.out. 100 pounds per square inch, is directed 

at approximately a ri ght a.ngle to the stream of fl0,wing material. 

This is broken up in t o i nnumerable small dropl~ts which are 

prop<?lled into a collecting chamber. During its fli ght t :b.rough 

the a.1.r, each little droplet drag s out a small t h read of mate.rial 

wh.ich solidif:les before falling . 

Cupola capacity is rated at 1.,000 pounds of vrool pe:r hour, 

bu t 500 pound s per h our has been considered. satt.sf:actory . rrhe 

raw material mu.st no t be ·so fine t ha.t it blows ou t of the cupola 

or· plugs. 1 t 1:tp. It i s co nsidered advisable to use an asso1-.tment 

of clefinltely sized materials in order ta prevent excessive, 

ch anneling vd thl n t he cupola . The object o.f the melting opera-

t ion ia to secur e a steady stream of molten r:ne.tei~ia.l of homo -

geneous che mical composi t ion at t he proper blowing temperature . 
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Th e wool may be co llected on an endless be l t i n a charnbe1'"1 

about six feet wide and f ox~ty feet lo · • A s mall runount of 

oil i ,s usually added t o the s team us ed fo 1'l blowirp · in order to 

redu ce dust , to secure better cohe.sion, and to produce a more 

water-resistant pro duet. 

The crude wool can be fabricated i nto the variou s .forms 

requi r ed by t r a de . It .can be treated i n spec i al e quipment in 

order to produce a refined product f or b l owing be tween walls; 

it can b e loosely compriessed into b l ankets, inserted into 

r ea.dy- bui l t f orms,. s ewed up betvvcen paper or wil-»,e nettin g to 

f orm quilts, or fabricated i nto plasters , brick s, and other 

forms. One difficul ty encounte red i n fabric ating mineral wool 

is slow dryi ng , a co nsequence o f its low heat conductivity . 

For -th.is reason" i t ls es sentia l to keep the wool fairly dry 

duri · the b lowing proc·ess. 

III. IMPHOVEMEN 1rs oss BLE I } ROCK HOOL PJODUCTION ------- ------ -- ·- --- ------ f:-ij~ ~• •~ WV~ CfJ · ~)!__-c1~rPresent t JiZ!L .O:f._2 ~ n_:: .-
/ 

' It seems probable that most mineral wool plants now i n 

operation are antiquated . Chief d i fficulties e ncountered are 
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high and v ariable fuel consmnption, wide variation in quality 

of product, and inab ility to maintain c ontinuou s operation . 

These d ifficul t ies can be l argely a ·t1<)ibute d to t he 

empiri c a l na tu:r~e of the p1"'esen t manufac turing procedur e . Little 

effort t o establish control o f t he raw ma terials has been 

attemp t ed. Rocks which are a ssurned to be of the proper com-

position are used, and temperatur e is controlled according to 

~ 
the ·whi m of the opera tor .. I t is therefore -B€1Ce SSeI!Y . t o p1.,ovide 

•· ·•!· 

z 
I 

/ e'I,, -i;t., • ~.-(. •~ 

some de t~ree of chemic al co n t rol . I·nethods ~ to those 

used in the ceme nt industry wou l d be ideal, but the p ossib il ity 

of i n t roducing suc h compl ete control at the present time appea~s 

to be too ,re a t an a dvance to bring about immediately . It is 

{ therefore suge,ested t hat a ca . bon dioxide determinat ion mi ght 

V 
be used to advantage. rrhe v1,re i ~·ht of carbon dioxide in naturally 

_!:U ~-~ J/J · 2:u--~2 9 . 
occurring r ocks i s a fail, l y accurate rreasure of t he basici ty of' 

t h e r elt . The data ·wo ulc .. be u sed to proportion the charge s:o 

that 1 t .s average car bon dioxide co ntent would be some specified 

value, say, 28 per cent. It is evident t hat t hi. s method can 

I 
r~) 

only be applied as a control .in the production of -Pe-Gk wool/\ 
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and is not applicable in t;he case o f ~ woo11' 

It is possible to su , ge ,st certain ways in which the effi ... 

ciency of the present type of equipment might be improved; but 

before these are undertaken, an accurate heat balance for the 

process should be secured . Apparently, the cupolas have not 

been designed 1rd th an eye to heat economy, f or the rock can be 

melted much faster than it can be blown . It wou l d not seem 

impossible, h owever , to b low t-wo or three streams simultaneously 

fr om the same cupol a.. At the same time, the possibility of re"" 

claimin waste heat from the cupola and stack should not be · 

overlooked . The U. G. I. producer )'as 0 Emera to1,, according to 

~/ 
.J as l am and Ru ssell,- uti lizes the water coole rl f or the generation 

54,-7 Haslam and Russe ll, "Fuels and thei r combustion," McGraw- Hill 
- Book Company , 1 926 , p. 587. 

of steam.. The possibility of effecting a similar economy should 

be investigated by a competent engineer . 

A means of followin g the ternpe·ra ture of the slag stream 

should be provided. Adequa t e equipment shoul d be provide d to 

eliminate op erating ba zards. 
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f 

{ It is quite evident t hat pr1 esent methods are rather limited 

"-
.e:,J- regard~f\the range of compositions which can be emp lo ye d, the 

type and size of raw ma teria.l., and the extent to which mixtures 

of raw materials can be accommodated. A method allowing the use 

of mixtures, say of limestone and sha l e, would enjoy the fol low ... 

ing · advantages: 

(1) It wou l d b e possible to pro duce a p r oduct of pre -

determined composition. 

(2) The location of the plant vmuld be ind.ependent of the 

ocetirr,ence of woolrocks and could be decided entirely 

on economic conslderations. 

Some industrial attempts have been made to produce mineral 

'!/ 
wool by adr.uixture of silica sandstone and limestone. 1~11.e 

{, J:./ Tho enen, J . R . -- "Mineral Wool.'' I nformation Circular No. 
'6142, u. s . Dept. of Commerce., Bur . of Hnes, June, 1929 . 

literature does not .indicate what success has attended the se 

efforts. 

We wish to suggest pre -sinter1ng of pulverized ra.vv materials 
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in a rotary kiln a.s a. suitable method for- prod.uc tion of c linker 

of con.trolled composition for subsequent melting in a cupola. 

tHneral wool could then · e made from suitab le mixtures of' the 

following materials: homogeneous or non-homogeneous ~. oolrocks , 

sandstone, shale, sub-wo~~rocks, slag , cinders, cement rock, 
,', 

clay, sand, gravel, loess, ·, ~_J.11, limestone, uo lomite, oyster, 

she 11 s , e tc . 

On t .. e basis of data presented before congressional 

hearing s on the tariff (Schedu le 15., 1 929 ) rega.rdlng th.e cost 

1 ' 1 t ' t ,, I 

of port land cer en t production..> ~e e$! • ~ has e stlma ted t h at the 

cost of grinding, mixin~, and pre-s i n terin' should be from 

?j;l .. 50 to ,1~2.so pe1,, t on o f clinkered ma.te:r~ial. This added cost 

should be or.1f-se t, i n part or i toto ., by tb.e folloding economies 

in cupola operat:lon: 

{1) I eductio n of flu t ua ' ions in output of the cupolas. 

(2) Red'·wtion i n f el consumptio n for the cupola ope r•ati on. 

(3) 'I1he cb.eapest .rarv 1aterial available at any given time, 

from the lis t ju.st presented , could e used. 
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(4) 0 Mineral wool cullet'' oould be used over by put ting 

i t t h r ow;h the sinteri.ng p1.,ocess. It would con ... 

s titute the very chea est form of r aw mat:a ria.l 

i:.·/ 
possible .-

i~/ In the production of' gra.nula ted wool, an., other finl .shed 
p:rodlicts,, tr..e 1.,e is a large loss due to sifting out of shot, 
large fibe r s, and other coar se material. At present, this 
los s may amount to 50 p-er cent by weight of t h e wool pro ­
duced. 

1'.I.'he se possibilities for improvement in the production of 

ro ck ivool indicate th.at the cost of production c,a. 1 be ma.teri.ally 

decree.sad. 

Fina lly, unless one has had actual operating experience . 

a nd is tLorou,ghl y f amiliar with the process , it would be rash 

to build a full sized plant . In the de,relopment of any industry 

from re search, several step s are desi1~a.ble before -:he process 

can begin profitably to produce for the market. A small scale 

plant should be built an operated successfully in order to 

obtain the eng ineerln data necessar, for the design of the 

full scale plant . The nucle.u.s of a sales force must evaluate 

the product of the plant and determine in what manner it can 
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bes t be rr.a rke te d. 

IV. ECONOMIC FACrroRS 

At the present time, there are approximatel thirty 

producers of mineral wool .. tl1}1i s includes the producers of 

both sla · wool and rock wool, as well as at least one firm 

which produces a mlneral wool using soda-- lime glass as the 

raw :material. I t is apparen t t hat the number of producers 

is increasing . There a re three o:r four plants operating in 

the vieini ty of Los Angeles, el e:·h t in Indiana, flnd p lants are 

9- :v , 
either in operation or a.1:--e bein ., establishec i ln/\Texas, Ohio, 

New Jersey/\ Vermont,. anel. Ill±noie,~ 

F or many y -ears the industry 1Vas largel y centered around 

Ale xandria, Indiana, but the general trend a pre sen t seems 

to be toward decentraliz a ti on i n order to supply local needs 

more economically. The factors which favor this decentr alization, 

as we ll as those whic_ are temporar ily hindering it, are sig -

nificant. 

,iii 

/ 
The large volume _'Jj-,pi.ila lii;,; a ton of mineral wool limits 

" / 
the amount of material that c an be loade d into a b ox car. The 
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bulk den s ity of t...h.e mate r ial is abou t ten p ounds per cubic f oot , 

and only approximately 12 tons c an be loaded per car. Therefo r e, 

the f reight rate is high . The freight rate on r ock wool from 

Alexandria to various p oints. is as f ollows: 

FRE IGHT RA 1rEs . PER TON ON ROCK WOOL 
I?ROM ALEXAJ• DRIA, . I NDIA NA 

Chicago 
Cleveland 
st . Louis 
Baltimore 
Philadelphia 
New York 

~$ 4 .BO 
5.80 
6.00 
9.oo 
9.40 

10.00 

Kansas City 
M1nneapoll.s 
Bir mingham 
New Orleans 
San Francisco 

:f:10 .40 
' 11.20 
15.00 
19.40 
52.80 

Another f ac t or favoring decentralization of the industry 

has been the dis covery of woolrocks in various p lace s . 1u thin 

t h e pa.st four y ears , t h e di scove r y of vrno l rocks has been recorded 

i n geological report.s 

~ Developments a r~e now unde r way whi ch in icate tha t pre -

mixture of limes t one and s hale is feasible.. If s u ccess ful, 

this will make the industry independent of the location of 

woolrock deposits and will accelerate the dece:atralization 

process. 

There are several facto r·s, h o-weve r , whi c h h ave retarded 

rapid decentralizat ion of the rock wool ind.us try . Among these 
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h a s been t h e Rock and Sla.0 Wool Code. 

~{?,~ 

re tai 1 pr·i c e of about ~j;;so pe r ton --!±as::.-he en ma in tained t hroughout 

the United States f or minera l wo ol in bul k , and the rice or the 

material refined for blowing i nto houses ~a0 Qr~r@H't approximately 

.-i 70 . Thi s unif o ,..m pri ce made i t; d ifflcu l t to start u p i n a new 

locality and secu r e the bulk of' the; rnar·ce t b , cutting prices by 

an amount eq tJ..al to the frei ght dif.ferentlal. 

-... he pa tent situ ation is a l so a factor in de,la in complete 

decentralization. Six of t he larger producers are reporte d to 

c ontPol the patents f or blowl ng r efined I"ock wool in to the wal l s 

of dwelli ng s v1hich h ave a lready b een bui l t . This makes it 

difficult for newc omers to break into what may be t he most 

lucrative )hase of .;he h ouse i nsu l ation bu siness. i ftJIJ~e,rer , it-
\';'., . ~· ·~'1;• 

~
0 
~y~~, ~ eo-u;;J eoz, ~/4n~ •· 

~j l:ik th0:t -tM se- pa 1-en ts .. ·· } J :b-e .in Siiten. Wfi'en-:~.~t~·· 

Increased u se of automob ile tru.ck i n .> h as h elped the 

i ndustry to overcome , t o some e xten t , the unfavo r ab l e frei.ght 

r ates, thus .de l aying th.e n ecessity of de centralization. Since 



./ 
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only one handling is involved, paper bags in place of hu.r l ap 

bags can be used. 'fhis difference in cost a.mounts to about 

$6 .00 per ton. 

The tardy recognition of the value of insulation in homes 

has been a serious drawback to the industry. It b.as taken the 

public some years to discover the merits of the various types 

of insula ti.on available. Minera l wool :t1a.s no structural proper-

ties; it is used solely for its heat retarding qualities. At 

the present time , mineral wool for house insulation rne·ets 

practically no sales resista.nce , and i t is possible to look 

forward with confid·ence to a widespread increase in its use. 

Other impo.rtant considerations f or the prospectiv,e pro-

ducer· of mineral wool are the following: 
") 

probable market 

v 
plant cost production co-st fuel cost. In the discussion 

of thes·e, it should be realized that accurate figures can be 

obtained only from complete cost data. Furthermore, it must 

be remembered that such figur·es will vary from plant to plant, 

and from time to time. Nevertheless, ·v., i th these limitations, 

we think that the estimates which vre are able to present will 

be of value . 
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Pi"obable Market 

In ·931, the American Builde r and Building A 1e published. 

a serie s of aTti0les attempting to evaluate the future market 

for L.'11.aulating mater is.ls. rrhe rnateria.l tor these articles 

was collected from the building indust:ries b y the publication . 

On tb.e basis of the number of buildin gs which could be profi.t-

ably modernized, and the probable n ew construction, it w°"s 

estimated 'tha. t there was an annual market for 11, 700,0001 000 

square feet of in~u1atin0 material s . At the time, it was 

t hat mineral wool could capture at least 

--- · 
50 per) cen t of t h i -s market, and it was estimated tl at the 

p1~ooable rutur"'e m.a.t.·ket for 11Jiner·a.l wool could be plac-ed at 

$100,000,000. 

Now that t he economic trand seems to be upward , it is 

i nteresting to re --e.xami r e t1ie se figures . Appa ".len;Lly mineral 

wool h s capt .1red at least half,. if not more , o:f the building 

insulation business . Subsequent to 1933, the mineral wool 

bus 1:n·ess has vri tnessed renewed activity , and has expanded be-

y ond its pre-depres.sion high. Three mill.ion dollars :ts be-
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lieved to be a. conservative estimate of the present annual 

business; and, considering t he delayed housing constr uction, 

i t does not s eem_ unwar ranted to e xpect the $100,.000,000 per 

annum figure to be attained wl thin a f ew years. 

Oost of Plant 

The following estimate is based on the u se of new 

materials. The capacity of t he plant is rated at 1,000 

pounds of mineral wool per hour . Again, it should be remem. 

bered that local conditions may affe c t the cos t one way or 

the other from the figures presented. 

ESTIMATE OF COST OF A TWO -CUPOIA 
ROCK WOOL PLANT 

Cupolas ( 2) • • • • • • • • • • • • • • • • $ 
Blowers • • • .• • • • • • .. .. .. • • .. .. • 
Ste~ .b•oiler., pip~~~.· va l ves., and stack •• 
Collecting belts {GJ~ • •••••• • • •• 
Shredding mach inery • • • • • • • • • • • • 
Dryer, wool compresso.r, e tc ., ..... .... . 
Buildin · materials, • .. • • • • • • • .. • • 
Labor • • • • • 
Power and water 
Miscellaneous • 

. . . . . . . ,. . . . . . . 
• • • • • • • • • • • • • • 

· • · • ., • 11 "' • • • • • • • • 

1,500 
1,400 
3,000 
1,600 

500 
5,000 

10 ,000 
a,ooo 
1,000 
6,000 

TOTAL • • • • • $ 38,000 

A.n opera. ting plant, with qua. r1ry and l and, should t he·re -

fore cost from -$50,000 to $75,000. This makas no allowance 
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fo r pilot-plant development, or t h e d-evelopment of' a n adequate 

sales orga.niza ti on . 

Fuel and Production Costs. 

The cost of fuel will vary with the location . It is 

reported that coke is ob·tainable in the Chica.go area at from 

\.4 t H 5 t ~ o ~ . per on. Approximately one ton of' coke is r1equired 

per ton of wool produced. With the present t y pe of equipment, 

it s h ou ld be possible to produce wool a.t a fi gure under 1~20.00 

per ton , figuring all costs. 



F igure 1 .- F!rst Rock Wool Plant . Courtesy - Mr . c . c. Hall . 

(lfk ~ 9 1 ·· 7 · ~ ,I VII • , I 



Figure 2 . Rock wool Cupola in course of constructi n . 
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All construction materials, when exposed to the elements, undergo 

change; this is a matter of common observation. Alteration in the original 

structure of the rock is brought about by physical or che:rnical effects or 

both . All of the well -known natural phenomena which are so effective in 

breaking dovrn even the most durable of rocks as they occur in na.tu~e are 

equally effective in their action against these same rocks when they are 

used as structural materials • 

. Durability is a relative term. A comparatively non-durable material, 

considered from the standpoint of the geologist , may still be a useful and 

durable structural rr~terial for the particular kind of structure or the 

particular ki nd of exposure condition under consideration. _fonument a l 

structur e s are buil t with the hope they will last for centuries; office 

buildings with the pra.ctice.l certainty that obsolescence will govern their 

ueefu.l life; highway s have an even shorter life , controlled to a. varying 

degree by weathering effects and by the physical effects of traffic. The 

various structures . in which stone and gravel a.re used are subjected to 

different degrees and kinds of exposure. Thus , an interior column may be 

continuously dry and not exposed to any great change in temperature. The 

footings of those same columns may have to combat the leaching action of 

continuous moisture. Outside exposure in a wet , cold climate will be far 
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more severe than similar exposure · in a dry , warm climate. Aggre gates 
suitable for one condition may not be suitable for another. 

In considering the rna ter ials for use in any structure, quite 

obviously the durability of those waterials for the component parts of 

the structure with their different exposure conditions should be con­

sidered just as carefully as the stress-resisting properties of those 

materials . Sometimes mineral aggregates are used uncombined with 

cementing media, for illustration, as in sewage disposal trickling filters, 

but most commonly they are used in the form of concrete aP..d when so used, 

it is pertinent to inquire regarding the exposure to which the concrete 

will be subjected, for the severity of the exposure condition influences 

the rapidity of disintegration. 

Unsound aggregates have a diff erent effect on the durability of 

concrete depending upon t he kind of disintegration which takes place in the 

aggrege,te upon exposure to the weather and also upon the percentage of 

unsound aggregate present in the concrete. There are t wo general types of 

concrete failure due to unsound aggregates, namely, upi t t ingtt and tt spalling", 

but pitting of the concrete surface is much more common t han spalling . 

Pitting is caused by the disintegration of weak, porous stone when subjected 

to the action of frost or water and such disintegration takes place with 

very little volume change of the aggregate. On the other hand, spalling 

of the concrete is produced when unsound aggregates of another class 

disintegrate; under the action of freezing and thawing. Such aggregates are 

generally rather hard and strong initially, a lthough they rnay be badly seamed. 

~f\Jllen they take up water and freeze, they expand with considerable force, 
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thus producing either surface cracking in the concrete or ultimately 

they spall the concrete and form craters in the surface. 

Typical of the first class of unsound aggregates are the argillaoeous 

limestones and sandstones, shales, soft, friable, porous sandstone, etc. 

The failure of such aggregates is most likely to cause pits in the surface 

of the concrete which do not extend very deep and which lead to no parti­

cular harm. Naturally, if such fragments are present in high percentages, 

a general weakening of the concrete will occur, although there is evidence 

that coarse aggregates in concrete are protected to a considerable extent 

by their surrounding layer of mortar, assuming, or course, that the 

mortar is resistant to the weather. 

Perhaps the principal offender in the second class of unsound 

~ 
naterials which producES spalling of the concrete is chert, althouglil\all 

cherts da se~ behave in the same manner, for some of them are entirely 

sound. Certain laminated rocks rns.y cause spalling when sound material is 

interlaid with unsound material. For illustration, limestone may be 

laminated with layers of shale which upon taking up moisture and' freezing, 

may cause expansion of the concrete and spalling. If this type of unsound 

material is present in the concrete in a high percentage, something more 

than mere surface spalling will take place. The concrete may suffer 

complete disintegration, particularly if it is subjected to severe 

exposure conditions and if the mortar is not highly resistant. Such 

aggregate is dangerous and capable of causing a great deal of trouble. 

Certain improperly made blast furnace slags containing partially 

burnf11meatone, which in some •y has gone through the blast f'ur?l8.ce without 
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complete· combination with the silicious material in the iron ore] has been 

a source of s pa lled concrete. Such materis.l is hard to detect by any 

form of accelerated soundness test , largely because of the dif ficulty of 

obtaining a sample containing the dangerous material. 

The so-called 11 chocolate-bars 11 of Iowa and Minnesota which occur in 

some of t he gravels in those States are a lso sources of spalling in concrete. 

These are ferr-uginous ~~ forming hard and firm fragments with a 

soft cor e which is said to be usually composed of clay. Chocolate - bars 

likewise have caused disru:9t ion of concrete . Certe.i n i so lated examp le s of 

unsound a ggregates have been reported from time to time , one of them being 

composed of a feldspathic t ype of material which caused serious disinte­

gration of the concrete. 

A.l though unsound aggregates a r e knovm to be possible sources of troub le 

in concrete, it will be we ll to remember tbat the disintegrat ion of concrete 

due to the presence of unsound aggrega tes is the exception rathe r t han the 

rule . 'I1he durability of concrete, for the most part, is controlled by the 

dur ability of the mortar and , in general , most la ck of durability can be 

t r aced to t he presence of too much water in the concrete before it has 

hardened. This defect may be caused b either t he use of too much mixing 

water or by so-called water-gain due to the heavier portions of the co ncrete 

displacing the excess water to the surface during the depositing operat ion. 

Aggrege.tes do at times cause troub le, however, and in recogniti on of 

this f a ct accelerated methods for <ie tecting unso und. a ggr egates have been 

devised . It is att empted by the use of a ccelerated tests to determine in a 

short time whether the aggregates ·wi 11 remain sound over a period of years. 

The tests most commonly eraployed are the Sodium ulfate Soundness Test or 
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the Magnesium Sulfate Test and in a number of laboratories :freezing and 

thawing tests are also made. Experiments likewise have been conducted 

on the use of boiling and also with the use of an aut:'cla.ve in which the ...__. 

aggregates are steamed under pressure and that pressure is suddenly 

released. 

The sodium sulfate soundness test or the Test for Soundness of 

Coarse .Aggregate by the Use of Sodium Sulfate, C89-32T, is now a tentative 

standard of the Amerioan Society for Testing Materials and it would seem 

fitting to discuss this test for the purpose of pointing out its seeming 

weaknesses and its applicability in the detection of unsound aggregates. 

Briefly, the method consists first in the preparation of a 

saturated solution of sodium. sulfate. This is done by dissolving either 

anhydrous sodium sulfate, Na2so4 , or crystalline sodium sulfate, Na2S04-:toH2o~ 

in water at a temperature of 24°to 27°C. (75°to ao°F.), additional salt 

being used as may be necessary to insure saturation. The solution is 

allowed to cool to a temperature of 21°±1° 0. ( 7o0 ±2F.). State:1. a.mounts of 

designated sizes of coarse aggregates comprise the sample which is immersed 

in the solution for a period of 18 hours during which time it is supposed to 

be kept at a temperature of 70°F. ±2°F. .A.fter 18 hours of i mmersion, the 

saraple is removed from the solution and is put in a drying oven, previously 

brought to a temperature of 105° to 110°c. {221°to 230°F.), where it is dried 

to constant weight. Then it is allowed to cool to within the range of 

temp,rature specified for the solution, that is, to within 68°to 70°F. 

when it is again immersed. Unless otherwise specified, .five cycles of 
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this tre at ment constitutes a t est . Finally, after t he last cycl,en the 

sample has cooled , it is washed free of sodium sulfate ; tne s amp le is 

dried to co nst nt weight and screened over the same sieve on whi ch it wa s 

retai~1ed before t: e t est . The rrateria l p9.ss i nf; t his screen is considered 

as lost becaus e of unsoundness of t he sto e or gravel. Cr ystal l ization of 

the sodium sulfate within the rock is intended to simulate the disrupting 

action of t he frost . 

There are several weak points in t he tes t which is now a tentative 7' 

of the ' . S . T. ]i~ . Solubility curves for s odium sul.Late show that , at the 

temi?e r ature required by the test , the rate of solubility changes rapidly and 

if particul=r pains are not taken to see that the required range of temper ­

ature is not axceeded during the i mmers i on of the specimen, crystallization 

of the salt may t e.ke place owing to a sli ght fall in temperature . It is 

highl y important that t he temperature be kept practically constant during 

the period of i nnnersion. 1 nother serious objection to the A. S . T. M. test 

is the ma nner of determining tne .percent a ge of loss of the i ndividua l 

f ractions. It will be noted t hat the same sizes of sieves are used for 

determining the los s of each f r action a s ,.,,1-ere emoloyed i n the pr eparation of 

that fraction of t he s ample . It may wel l happen t hat fr-- gments which ar e j ust 

retained on that sieve in preparing the sample are slightly chipped a s a 

result of the sodium sul f ate test and in consequence ther~of t hey pas s t hrough 

the sieve at t he conc lusi on of the tes t and are the~by r ecorded a s being 

unsound . Had these same f r agments been j ust a little bit lar ger, they 

would have been retained on the sieve a t the conclusion of the test and 

would , accor ding l y , be recorded a s sound ; It frequently happens t hat 
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a ggreg tes are so graded that one sample may have a high percentage of 

its fra gments in a given fraction just above the minimum size sieve used 

in the preparation of t hat fraction . On the other hand , another sample 

may have the bulk of its fr agments ve r y much l a r ger t han the minimum size 

sieve used for preparing the fraction . The first sample would have a h igh 
(.) 

percent age of loss and t he second sar!lple A a of loss even 

though both samples were composed of identica l .materials . It is obvious 

that this is a serious defect in the method of making the test and t he 

r emedy would be to desi n tea sm ller s ieve for determining t he per cent age 

of loss than was used in t he pr eparation of t 11 e sample. It would seem t hat 

t he sodium sulfate test is not suff iciently definite t o lend itself to 

qucntita tive determination of loss in t he above manner . It may well be that 

some of t he fragments , although badly cracked and split due to the a ct ion of 

the t e st , s ti ll are retained on t he sieve . They obviously are unsound , 

but are not so recorded . 

Other methods of making the sodium sulfate t est , notab ly t ha t of t he 

Ame.,ican Soc ie t y of Civil Engi neers Committee on Filtering Materia ls employs 

a somewhat less definite method for det ✓rmining t he percent age of loss i n 

a qu t-,_ntitative way . '.:'_'l_,' 

The ess e:nti c 1 fea-L-ures of t h e A. s . C. E. ~nethod are a s fo llows. The 

sample is composed of 10 to 20 fra gments of s t one , of ab out the same size . 

The sodium sulfa te solution is pre pared by the use of anhydrous sodium 

sulf,. te disso l ved in vve.ter heated to 85° to 90° F. t o make a sa tur a ted solution 

1tvh ich is coo led befoi~e using . Tl e samp l e is soaked i n t he sod i um sulfate 

solution for 19 hours and t he pi eces removed one oy one and careful l y 

examined for any signs of f a ilure . Then t he entire sample is placed in 
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shallow pans i n a previously heated oven and maintained a t lOcf to 105°G . 

'-
for hours . The s ample is t he n r emoved from the oven and a llowed to 

~ 
cool for A hour after which it is re-immersed. YJhen applied to material 

for use in trickling filters the test consists of 20 cycles. The rating 

of the specimen is computed as follows: .,,,... pl;, 

(al Each of the fragme nts in- the sample is a llotted a 
/ 

percentage equal to tM proportion~ of the tota l 
sample. For illustration, one piece would be 5 per cent 
of a 20-piece sample . 

Lb} An individual specimen breaking into 3 or more pieces , or 
which is so cracked that such breaking is obvious , is 
considered to have f a iled , provided each portion is more 
than 10 per cent of the original weight of tne piece. 

(cJ The percentage by weight of chips , spalls
1 

and flakes from 
t he remaining pieces pass i ng the 1/2 inch No. 2 mesh sieve 
is used for determining the percentage of loss. 

(dl The rating of the sample is 100 minus .the percentage of 
l os t material , including the pieces which haye completely 
f a iled. 

/'\,I 

This method is at leB.st fr ee ~ t he obje ction cited against the 
I\ 

A~s .T.M. method, name ly, the use of the same size sieve for determi ning 

loss as wa s used in the preparation of the sample. It has a further point 

in its favor, namely, the mater i a l which is considered a s being lost is more 

definitely the mat eria l vvhich has f a iled, al though the r e is still some doubt 

whether a fr agment of stone which merely splits into 3 pieces should 

arbitrarily be designated as an unsound fragment of stone. Perhaps this 

would be so for sewage d i sposa l work , but there is considerable doubt as 

to whether such a fragment would cause any trouble whatsoever i n concrete. 

The sodium sulfate accelerated soundness test is an artificial way of 

simulating the expansion force due to the formation 0f ice within the pores 
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of the aggregate s and the question naturally ar ises, why a direct freezing 

and t hawing test will not more nearly simulate the freezing action which 

takes pl a ce when stone is exposed. to t he -vve a t her. A nu1 ber of labor a tories 

have experimented wi t h freezing and thawing tests, but thus far no 

standard method has been devised. In brief , there are three general 

methods empl oyed for conducting freezing t ests and many variations of these 

tvN'1J..f ~ ..I. 
are possible. A .,Method~ .l'he sample of stone is water-soaked and is then 

subjected to freezing in a freezing room; /he sample may be totally 

immersed in water , partially i mmersed , or placed in the air during freezing . 
q -(t,J 
f~ )!ethod ~ fe sample is placed in a freezing cabi net , such as an ice cream 

cabinet, in a can which is i1m .ersed in alcohol cont ained in the compartment 

of the freezing cabinet. The purpose of the alcohol is to corrvey heat a.way 

from the specimens r apidly and thus produce rapid freezing. In this case 

the specimens may be tota lly i mmersed , partially i1mnersed, or merely placed 
~ &.,,~ 

in the air after having been water soaked. -G:l;ill Se- third method calls for 

the i mmer sion of a saturated sample in the calcium chloride brine solution. 

This brings abou t extremely r ap id freezing . 

The severity of t hese three tests 
1,t 1~>-1 

freezing. takes p1M&. .llethod ~ is · 
.. I\ r· ..i, t; ·~· fj r 

~o ~~ 
/\ intermediate severity) and"-)'fethod ~To , &,.is 

seems to depend upon the r ate 
- /.£.J_ Afl,e,Ar"' 

l enst severe; method ~J:e 2 ef 
/\ 

extremely severe in its action. 

This was well demonstrated by a series of cooperative t ests conducted 

several years ago betvveen the~ e.- A. /~ortland Cement Association, the 

University of 1ifinnesota,and the National Crushed stone Association. YH thout 

going i nto the details of the t est , it was noted that f thod No . 1 seemed to 
~ ,· ~\L 

be ~~ertty-tm-~ ·a~~1'¥6 that 500 cycles of freezing and 

thawing produced very little f a ilure even on mortars containing shale as a 
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fine a ggregate. Method No. 3 produced pr actica lly complete disintegr a tion 
"'1t.,, 

with less than 1/10 the number of cycles,whereas f ethod No. 2, ~ not as 

rapid as /et hod No . 3 , ~ gave r esults in a ~11HUl8M8.iill:r · sher-tr period of 

time ~"""We~ l:e the t est in the c1a. ss of accelerated methods. Method 

No. 2 is the method now used in the laboratory of the r ational Crushed Stone 
r"I 

Association and except for the fact that we now use complete i mmersion, 

t he method described i n t he July , 1929 , Crus hed Stone Jour,nal is a n a ccura te 

description. 

Other methods of freezing and thawing have been used and dry ice lends 

itself to the performance of this t ype of test. 

Thus far, the discussion on the tvm main accelerated soundness tests 

would seem to lead to conclusions as follows: 

vary: 

(il Tba t the results obtained in the sodium sulfate soundness test m~y 

la) Because of the use of the same sieve for preparing the 
sample as for measuring the percentage of loss. 

UJJ Due to slight variations in tempera ture of the solution 
or to other unexplained varia tions in the method. 

\,2) The freezing and the.wing acceler ated soundness tests will give 

dif ferent percentages of loss for a given nmnber of cycles, depend i ng 

evidently upon the r a te at which freezing take s place . I t thus is insuf­

ficient to know t hat a sample has withstood a given number of cycles of 

freezing a nd thawing unless t he exact procedure for making the test is knmm 

also . 

An accelera ted soundness test does not with certainty determine the 

soundness of an aggregate unless it is known that the results of that test 

agree with service behavior. The results obtained with the sodium sulfate 
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test and the freezing and thawing test are only in· f a ir agreement -with one 

another, and t-her e have been some notable examples of lack of agreement. 

In the following table is shovvn the relation of freezing and t hawing 

tests and sodium sulfate tests :ma.de on s amples of stone, g:r,avel and Portland 

cenl:mt mortar . It will be noted that in nine cases, freezing and. t hawing 

caused more disintegr ation than sodium sulfate and there are four cases in 

which the sodium sulfa te test caused more loss than freezing and thawing . 

. 

Relation of Freezing and Thavdng Test and 
Sodium Sulfate Test 

Sample Per Cent Loss · 
No. Freezing Sodium Sulfate 

50 cycles 20 cycles 

2 6 38 
5 0 0 
7 30 25 
9 0 85 

13 7 18 
23 0 0 
27 0 0 
32 0 0 
35 31 5 
17 0 0 
24 13 4 
31 0 0 

I 0 0 
II 34 0 

III 100 44 
IV 71 40 
V 6 0 

VI 100 19 
VII 27 2 

51 0 ·2 
Note: Samples I to VII are Portland cement mortars and "tiie 
remaining samples are stone and gravel. 

The question may properly be asked , Does it necessarily follow,~ 

if a specimen fails in an accelerated soundness test, that the concrete will 

al so f idl when subjected to t he wea t her? 
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The answer to this question cannot be given with certainty. 

In the first place, the severity of exposure has much to do with the 

possible failure of the concrete. It the concrete remains dry and the 

temperature is above freezing. there seems little likelihood of failure 

even though the aggregate used is unsound as shown by accelerated sound­

ness tests. On the other hand, it '11.'B.Y well be that serious failure of 

the concrete will take place, even though sound aggregates are used as 

revealed, not only by acoelerated tests. but by the behavior of the 

material in the ledge. As has been previously pointed out, failure ot 

the aggregate is not the only kind or failure which takes place in 

concrete and failure of the mortar. due to excess mixing water, is a 

much more prolific source of failure than that due to the aggregate. 

The above table whieh is discussed more fully in the July,1929. 

issue or the Crushed Stone Journal, is rather enlightening in showing the 

effect or excess moisture, particularly when viewed in the light of the 

information given in the table which follows: 

Quantities of Materials Used in Mortar Tests 
Combined F¥ee 

No. : Mix : Ce- : .• • :Flow : Water- Water. Water 
by :ment :Sand:Water(l/2" : Cement : lbs. : lbs. 

I 
II 

III 
IV 
V 

VI 
VII 

: Wt. :lbs. :lbs.: lbs.:drop}: :(estimated} :(estimated) 

1:1 
1:2 
1:3 
1:4 
1:2 
1:2 
1:2 

55.0 
36.5 
27.5 
22.0 
36.6 
36.6 
36.6 

55.0 19.4 
73.2 21.6 
82.5 22.2 
88.0 22.9 
73.2 19.2 
73.2 29.0 
73.2 23.3 

163 
165 
176 
164 
169 
300+ 
205 

0.53 
o.89 
1.22 
1.57 
0.79 
1.19 
0.96 

6.9 
5.1 
4.8 
4.2 
5.1 
5.1 
5.1 

12.5 
16.S 
17.4 
17.7 
14.1 
23.9 
17.2 
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It will be noted in the above tables that the extent or 

failure or the different mortar specimens goes more or less hand in 

hand with the amount of free water present in the respective mixtures. 

The free or uncombined water. upon evaporation. leaves pore spaces which 

give access to the inf'iltration ot water which may subsequently freeze 

and start disrupting action. It is interesting to note that the 

resistance to freezing and thawing of the mortar seems to bear moredefinite 

relation to the f'ree water than to the 11ater-cement ratio. 

Tests show that sometimes stol.18 which will :tail in an accelerated 

soundness test will not fail when used in concrete• even a:rter it has been 

exposed due to the failure of the mortar. A case in point might be of 

interest. Five different limestones were subjected to ten cycles of 

freezing and thawing in acoordance with the National Crushed stone 

Association methods. These various stones showed failure, varying from 

approximately 30 to 50 per oent of the total weight of the original sample. 

They were used in concrete of 1:2:3½ proportions and when the concrete 

specimens were subjected to 85 cycles of freezing and thawing the only 

effect was on the mortar which seemed to be softened and so disintegrated 

as to expose the coarse aggregate. This is a rather clear indication that 

it does not necessarily follow. because a coarse aggregate:t:hen subjected to 

a treezing and thawing test/~shows rather bad tailure 9 that the concrete 

from whieh it is nade will also show failure. A similar freezing test was 

nade on four samples of concrete. three of' them containing coarse aggregate 

which wa.s open to some question when judged by the sodium sulfate test 

alone. The fourth sample of aggregate would be considered sound when 

judged by this test; yet these four samples of concrete when exposed to 
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75 alternations of the freezing and th.a.Wing test showed an external 

apperance about alike in all cases. In all of these samples the mortar 

had disappeared from the surface and had exposed the coarse aggregate. 

One of these aggregate5Jn.s from Illinois and this particular sample gave 

rather poor results in the sodium sulfate test. The concrete was of 1:2:3½ 

proportions by loose volume, with water-cement ratios varying from 0.80 

to o.sa. 

At the Eleventh Annual lleeting of the Highway Research Board or 
the National Research Council held in Washington in December, 1931, a 

report was submitted by Mr. Verne Mccown £or the Mineral Aggregates Co:mnti ttee 

in which were summarized reports from.various institutions bearing on the 

subject, "The Significance of the Sodi~ Sulfate and Freezing and Thawing 

Tests on Mineral Aggregates." It will be impossible in the present report 

~o summarize the various conclusions drawn by the authorities quoted, 

but the following statements excerpted from the above report bear particularly 

on the significance- of accelerated soundness tests as applied to aggregate. 

In Illinois the samples which have given the most trouble are of 

argillaoeous limestone or of chert. Apparently, certain of the argillaoeous 

limest0nes which fail badly in both the sodium sulfate test and the freezing 

and thawing; test, have given poor results in service. On the other hand, 
~ ,, - ~ -

&&eiilleF sample of argillaceous limestone shewiag, failure~ sodium S'Ulfate 
~ J..,....')4) +-

tests to-ne"& eo marked .,.,) tM other samples does not give poor 
I\ 

results in service. A sample of chert which is not much affected by the 

sodium sulfate test, but breaks doVlll in a few cycles of the freezing and 

thawing test, has shown bad results in service. 
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The Iowa tests cite a sample of oherty limestone. not much 

affected by the sodium sulfate test, but showing extensive subdivision 

under the freezing and thawing test. This material contains from 0.5 

to 10 per cent of chert and when used in pavement construction produces 

some surface spalling but no further disintegration. Apparently, in the 

Io'WB. laboratory, 16 cycles of freezing and thawing are considered equal 

to 5 cycles of the sodium sulfate test. 

In the Tennessee report, it is stated that the presence 0£ shale 

in coarse aggregate did not naterially influence the transverse strength 

of concrete beams in amounts up to ten per cent of shale. There tts some 

reduction, however, in compressive strength. Greater variation in strengths 

occurs among specimens of the same series caused by different methods of 

curing than was apparently due to the different percentages of shale used. 

In Pennsylvania, 5 cycles of the sodium sulfate test are consid­

ered adequate for determining the soundness of coarse aggregate using the 

American Association of State Highway Officials method. One case is cited 

of a bad concrete failure, but in this case the aggregate would have £ailed 

within a few cycles of the sodium sulfate test. 

In New York it is specified that in the sodium sulfate test. 

using 5 cycles, the stone shall lose not more than 15 per cent by weight. 

One of the important conclusions from the National Crushed Stone 

Association tests is that coarse aggregate, even though in some cases •. 

unsound, does not necessarily make for unsoundness 1n concrete. The unsound 

stone tested did not crack the col'.lCrete, nor did the stone leave the concrete 

or cause pitting. Only after the mortar had failed did the stone fail by 

continuous chipping. 
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The conclusions drawn trom the Wisconsin tests are based on a 

sample from ea.oh of 21 quarries representing f'our types of Wisconsin 

limestones. Weatherir.Lg tests eonsisting of 80 or more reversals of 

treezi11g and thawing of continuously immersed samples occasioned relative ,,, 
disintegration comparable with~ fhich might have been expected from field 

inspection. 

A part of the Minnesota. conclusions reads, "A relationship 
.. 

ex~sts between the durability of coarse aggregate and the durability of 

concrete nade therefrom. A cement paste of concrete specimens used in 

freezing and thawing tests intended to reveal the durability of the 

aggregate should be of such c.pality at time of test that disintegration 

will depend more on aggregate quality than paste quality." 

Kansas suggests that tests of aggregates should include tests in 

concrete before any source is condemned. Alternate free1ing and thawing is 

a valuable method of studying the durability of conorete and concrete 

aggregates. The durability of concrete is greatly affected by the quality 

of the cement paste. A water-cement ratio of 0.8 or more is not likely 

to give concrete of adequate durability under severe exposure conditions. 

The use of unsound aggregate produces unsound concrete, the resistance of 

the mortar being only slightly effective in protecting the aggregate. Axq 

aggregate containing absorptive chert should not be used until after careful 

investigation. The character cf failure of aggregate is fully as important 

as the .extent of the failure, - material which breaks into a few pieoes 

with disruptive force, as chert, being much more detrimental than material 

which completely disintegrates, but not with such expansive force. 
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The Committee on Mineral Aggregates in eonunenting on the 

material from the various authorit ies quot ed, points out the following 

indicationsa 

( 1~ Certain argillaoeous rocks and non-durable materials 
and some oherts cause failure of concrete in "Which 
they are used when exposed to i'reezing and thawing 
i n the presence of moisture. 

{ 2) The extent and rate or failure probably depend upon the 
',llD.OUnt of the unsoUlld material in the concrete. This 
amount is still open to question. 

Failures of concrete when due to ooa.rse aggregate, seem 
to be of two general types, - one where the aggregat& 
disintegrates without much volume change and, the other, 
where the aggregate undergoes sufficient volume change 
to disrupt the concrete. 

(4} Data on failure of concrete caused by unsound fine 
aggregates are somewhat conflicting and inconclusive. 

(s) Extensive investigations indicate that an accelerated 
.freezing and thawing test is valuable for the study or 
durability of concrete and aggregates. 

(6) There is a conflict of opinion as to the value of the 
sodium sulfate soundness test. 

{7) The use or present day soundness tests of aggregates as 
acceptance tests is questionable owing to lack of 
correlation with service conditions. 

l 8\ All investigators agree. assuming the freezing and thawing 
test is a measure of durability, that the quality or the 
mortar or cement paste is probably the most important 
influence on the durability. High quality of mortar with 
low water-content makes concrete very resistant to freezing 
and thawing, even when aggregates eonsidered unsound are 
used. 

( 9) Further investigations of soundness and durability are 
needed, both in the laboratory and in the field. 

Certain well-known mticnal specifications recognize the un­

certainty of acoelerated soundness tests and the greater certainty of 

service behavi or as a criterion of soundness. For illustration. the 
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Federal Specifications Board specification which governs purchases by 

the Federal government rea~ as fol lows: 

"E-2c. Soundness and resistance to abrasion. 
"E-2c (1). Grade A crushed stone and gravel shall be considered 

to have met the requirements for soundness and resistance to abrasion 
provided evidence satisfactory to the Government can be furnished showing 
that the material has proved satisfactory as coarse aggregate in conot ete 
which has been subjected for a period of at least 5 years to essentially 
the same conditions of service and exposure as the structure in which the 
material is to be used. 

"E-2c (2). Grade A crushed stone tailing to meet the requirement 
given in section E-2c (1) shall be subjected to the standard Deval abrasion 
test for stone and to the accelerated sodium sulphate soundness test and 
shall meet the following requirements: 

Percentage or wear, not more than------------­
Loss in sodium sulphate test, not more than ---

Per cent 
7 

15 

"E-2c (3). Grade A gravel failing to meet the requirement given 
in section_E-2c (1) shall be subjected to the modified Deval abrasion test 
for gravel and to the accelerated sodium sulphat e soundness test and shall 
meet the following requirements: 

Percentage of -wear, not more than-------------­
Loss in sodium sulphate test, not more than----

Per cent 
15 
15 " 

In conclusion, I shall not attempt to improve on the comments 

made by the Mineral Aggregates Committee of the Highway Research Board. 

I think the question of the significance of accelerated soundness tests on 

aggregates can best be summed up by saying that when an aggregate tails in 

accelerated soundness tests, it should be looked upon 'With suspicion, but 

that before it is condemned the service record of that aggregate should 

be thoroughly investigated. Accelerated tests are not infallible and 

their relation to service behavior is not definitely established. 
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PRELIMINARY REPORT OF TESTS 011 SMALL SPEOIMEN f~tt NLRAL RESOURCE 

SILICA REFRACTORIES FROM NOVACULITE 

By C. W. Parmelee 
Head De artment of Ceramic Engineering, University 

Intr oduction 
~ ·~--.__.JII" 

d ... , ._. \D n~ 1"\IlTTCTf"\l\.T 

Mls~l/4,,eous ~,. 7911 8 
e_ W. f?cr•elee 

, r,r.½1~§ STATE 
IC t- f_ Ji OG !CAL SURVEY : _________ .....,_,.. 

In the uplands of Alexander and Union counties of extreme 

southern Illinois are large, thick deposits of silica which assume 

several different forms. One f th , , known commercially as nova­

culite, is found in solid beds,more or less white in color1 and as a 

gravel of novaculite fragments and red clay. Much of the materia1 

from the former deposits is of high silica content as is also some 

of the gravel when washed free of clay. The novaculite gravel has 

been used in large amounts for road surfacing but neither it nor the 

novaoulite from the solid beds have found their way extensively into 

channels of commerce for the manufacture of refractories. The Cera­

mics Department of the University of Illinois in cooperation with the 

Illinoi s state Geological Survey has undertaken the studies here de­

scribed in order to broaden the uses for these materials and thereby 

to increase their consuTI1ption. This discussion is intended to present 

an outline of the problems encountered in the development of this 

material fo r silica refractories, a description of the methods used 

and the work done. 

Work on Si ·c~ Bri~k 

A publication of the Geophysical Laboratory of the Carnegie 

Inst itut ion (Amer. Jour . sci. 39, .January, 1915) serves as an excellent 
1/ 

summary of the work on t he silica minerals to that date. McDowell abou t 

1. J. Spotts McDowell, A study of the Silica Refractories, Amer. Inst. 
Min. Eng. Bull. 119. 
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three years later summarized the previously published data on manu­

factured silica brick. Numerous other i nve stigators have contributed 

to our knowledge. 

Taken as a whole, more accurate tests have been made and 

more is now known of the proper manufacture and application of silica 

refractories t han any other common refractory. 

The temporary and the permanent volume changes which silica 

undergoes upon heating are now· well understood, largely through the 

work of Fenne¥. Their significance to the manufacturer has been ade-

2. o. N. Fenner ·, Stability Relations of the Silica Minerals , Amer. 
Jour. Sci. 36:339. 

quately explained by LeCbatelier, McDowell, Ross, Sosman and others. 

On the other hand, the rates of these changes are not so well known. 

The rate of transformation of quartz to cristobalite and to tridymite 

are dependent upon the specific r aw material, its grain size and the 

nature and the amount of impurities present. 

In the choice of raw materials for silica refractories, the 

main points considered are chemical purity, size of grain obtainable, 

and the "magnitude of increase in volume upon heatingn. 

The natural rock should contain at least 97 per cent of 

silica and not ydeld too fine a powder upon crushing. According to 

many writers the order o~ merit of the natural forms of silica is given 

as chalcedony, old quartzites and vein quartz . Quartz schists, sand­

stone and sand are considered unsuitable, the first two on account of 

their structure and the presence of many impurities in the form of in­

clusions; the latter two on account of their variability in composition 

and their excessive fineness a.fter grinding. 
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The novaculite, under consideration here, is composed of 

that type of silica sometimes broadly classed as chalcedony which 

is known to invert more rapidly (at a given temperature) to oristo-

bali te than the coarser grained varieties . 

to Material, Manufacture and Uses 

Nature of Silica Refractories.- Silica refractories act 

primarily as does silica. The stability relations , as determined by 

the Geophysical Laboratory may be briefly summarized as follows: 

Inversion* 
z. :z, Alpha-quart~ to beta-quart 

Beta-quartz to tridymite 
Tridymite to cristobalite 

Temperature 

573°* 1°0 
87Q0- lQ0 Q 

1410°± 10° c 

Rate 

Rapid 
Sluggish 
Sluggish 

* For complete discussion see Properties of Silica, by 
R. B. Sosman, Chem. Cat. Co., 1927. 

In practice alpha-quartz always changes to beta-quart, sharply 

and quickly at 573°0. on heating and vice versa 572°0 on cooling. But 

beta-quartz upon heating changes t o .beta-cristobalite instead of 

directly to tridymite. This change is possible as low as 870°0. The 

temperature at which this change takes place r~pidly enough to be of 

commercial interest depends upon the nature of the silica, upon the im­

purities present, and upon the size of grain. In certain oases of fin~ 

powder, c r istobalite has been produced in two or three days at 950°0. 

The cristobalite, after forming, then inverts to tridymite, more slowly 

than the inversion of quartz to cristobalite. Figure 1 shows how the 

density of the various silica minerals varie s with temperatur e. 

Thus the density of quartz at 573°0. changes from about 2. 56 

to 2.53, representing an increase in volµme of about one per cent. 

Quartz at 1200°0. has a density of about 2.55, while cristobalite at 
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the same temperature has a density of about 2.2. 
). 

An inversion th,_n 

at, say 1200°C, will cause an increase in volume of about 15.9 per 

cent and the change fro cristobaJ..ite to tridymite is less than 1 per 

cent. 

These are the volume changes that occur during heating. In 

cooling, if there is any untransformed quartz at 573°0., it will con­

tract the same amount as it expanded. Over the range of about 20000 

to 250°0 cristobali te changes, in cooling , from a density of 2. ·225 to 

2.29, a volume change of about 3 per cent. There are two inversion 

points _in tridymite, at 117°0 and at 163°0. The volume changes here 

are a fraction of a per cent . 

Silica brick expands permanently during burnin due to the 

chang o quartz to cristobalite and tridymite. The volume change 

can a.mount to as much as 15 per cent, but rarely reaches that figure. 

As therefore would be expected , the specific gravities of silica brick 

are a good criterion by which to jug het_er the brick has had 

proper heat treatment. Th specific gravities of the three major modi­

fications of silica are as follows: quartz 2.65; cristobalite 2.33; and 

tri ymite 2. 27 . As only 70 to 80 per cent of the quartz is converted 

to cristobalit and 5 to 10 per cent to tridymite in a commercial burn , 

a bricl with a specific gravity of less than 2. 40 is considered satis­

factory. Much of the ware on the market has a specific gravity of 2.30 

and 2.35 and is decidedly superior to the ware of higher specific gra-

vity . 

Industr ies. 
✓ 

Silica refractories are useful mainly 

because of their rigidity at temperatures at which ordinary fireclay ...__ 

brick soften, also the silica -Orick expand slightly when heated instead 

of contracting. 



Nature of Novaoulite 

Novaculite is a hard, wh ite, compact r ock of almost pure 

silica. It i s cryptocrystalline, being composed of individual crystals 

of a mean diameter of about 0.05 micron to 0.10 micron. Probably a 

small amount of it is opaline. Quartz crystals are frequently found 

admixed with the finer novaculite grains . 

In some deposits the novaculite occurs in fragments associ­

ated with red clay which may be easily removed by washing if necessary. 

some deposits or parts of them are clay-free . 

Less is knovm of these cryptocrystalline varieties of silica 

than of the other varieties. It is known, however, that they invert 

to c r istobalite more rapidly, at a given temperature, than do the coarse 

grained varieties of quartz. Some observers have noted a lower density 

in the resulting cristobalite . 

~ Ross (Op. /it. ) tested a material (Indiana chert) that would 

seem to be similar to the mater ial under consideration, in that it was 

cryptocrystalline. He stated that this raw Indiana chert is Gf interest 

because its density is lower than that of quartz, being 2. 585, and that 

the resultant br ick had a den sity of 2.273, which seems t o i ndicate a 

ve r hieh content of t r idymite. 

The density of Illinois novaculite is found to be as follows: 

Tiler Mesh Densitl 

Through 8 on 10 .. 2 . 54 
tr 10 fl 14 2. ·54 
" 14 " 28 2 . 63 
" 28 n 48 2. :s3 
fl i8 If 100 2.64 
" 100 " 200 2.64 
It 200-e~.::.l.--- - 2. 64 

These figures show clearly that the novaculite has a porosity of approxi­

mately 3 per oent . Ross reports the pmrosity of the Indiana chert as 1 . 83 

per cent . · 



- 6 -

In every case where chert has been compared with quartz and 

given the same heat treatment, the chert has always inverted more rapidly. 

ellor repeatedly heated chert and finally obtained a product which 

had a density of 2.22, a value even lower than that of vitreous silica. 

This material had a density of 2.61 before heating. This view regard­

ing the rate of inversion of chert is also borne out by the work of 
y 

Rieke and Endell. 

3. Donald w. Ross, Silica Refractories, Teoh. Papers of Bur. of standards 
No. 116. 

Nearly all the silica refractories manufactured in the United 

States a re made of quartzite . Br icks have been manufactured from 

cryptocrystalline silica, for example bricks made from southe~n Illinois 

ganister , a material havin roughly the texture of corn meal and com­

prised of chert fragments Be-t silica grains. It is reported that nova­

culit has also been used. 

Since the grain size distribution is 

of major importanee in this type of refractory , the packing character­

istics of the novaculite were determined. This was done by placing 

mixtures of different proportions of different sizes of the grains in 

a c_.psule and subjecting these mixtures to repeated impacts until the 

volume attained a minimum value. The results of mixtures of three 

sieved sises are given in Figure 2. 

The three grain si zes used are indicated on the figure and were: 

Ooarse - Through 8-mesh on 10-mesh 
Medium - Through 28-mesh on 48-mesh 
Fine - Through 200-mesh 

The degree of packing has been shown on the figure as the 
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ratio of the bulk packed volume to the true volume of the solids . In 

this way, unity be~omes the maximum possible density of packing. Lines 

are drawn on this graph to show mixtures paclcing with equal voids . As 

another grain size is mixed with a uniform grain size, the volume of 

the mixture is decreased until a minimum is reached. Further additions 

increase the volume . The maximum density mix for the materials used 

here was 50 per cent coarse, 25 per cent medium , and 25 per cent fine . 

More complex mixtures, novaculite mixed with varying propor­

tions of southern Illinois tripoli, were studied by placing the mix­

ture s of grains in a mold , applying pressure , and measuring the height 

of the piston at various pressures. 

Figure 3 shows how the volumes of mijtures of grain sizes 

vary with pressure and gra in size distribution. The screen analysis 
i 

of the mixtures used varied as is shown in Table; . In these mixes, 

tripoli finer than 200-mesh was added at the expense of the coarsest 

fractions. In each of the e mixtures , the cumulat i ve weight per cent 

of grains retained on any screen is a linear function of the logarithm 

of the width of t he screen opening. The minimum po i nts i n Figure 3 

show the pr ope r amounts of finest and coarsest mate rial which give the 

densest packing mixture of the group . 

T~ble .1. -

Throu h 6 on 8 
Through 8 on 10 

! Through 10 on 14 
Through 14 on 20 
Through 20 on 28 
Through 28 on 48 
Through 48 on 100 
Through 100 on 200 
ovaculi t e < 200 

T ipoli < 200 

23 
7 
7 
6 
7 

13 
13 
14 
10 

No . 

15 
7 
7 
6 
7 

13 
13 
14 
10 

8 

U e~ in Packi~$ Experiment (Fig . 3) 

14 7 
7 7 7 
7 7 7 
6 6 6 
7 7 7 

13 13 13 
13 13 13 
14 14 14 
10 10 10 

9 16 23 
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material may be reduced in a 

jaw crusher to sizes about right to introduce in a wet pan for the com­

pletion of grinding. When r educed in t h is manner it takes about 15 

minutes i n a wet pant obtain t he correct part icle size distribution. 

screen analyses were made periodically during the grinding • 

. ... (a) 1 ethod of Determination. The study ~~~---....,..--~------., 
of i nversion rates was made with a dif fere ntial thermal expansion ap-

Y 
paratus (Fig. 4). The specLrnn S was inserted in the tube and re sted 

on t he shelf B. An alundum tube , PR, rests on top of the specimen and 

4. J. H. Ohesters and a. Vl . Parmelee, The Measurement of Reaction Rates 
at High Tempe r atures , Jour . .Amer. Cer. Soc. 17:50. 

was used as a push rod to transmit volume changes to the gage G, which 

wa s ensitive to 1 of an i nch displacement. A mol ybdenum wire 
10,000 

wound furnace was used for heating. 

When making a test, the tenperature wa s raised r apidly to 

so e predete ined point and maintained there unt il the i nvers i on as 

complete or until it was desired to terminate the test . 

(b ) Effec t of grain size on the rate of i nvers i on to cristo­

balite. Various grain size mixture were studied. In figure 5, ex­

pansion has been plotted a s a function of time. I n these t ests, the 

temper a ture rose at an approxi ately linear r ate so that in 60 minutes 

the tempera ture was a t 1400°C. The expansion that occurred after the 

first 60 minutes did so a t a o tant te p r a tu e (that is 14000 0) . 

The i .itial pan ion is due t o the normal heating effect and the quartz 

i nversion. The decrease whi h follows is soon changed t o a rapid ex­

pansion due in part to the i nversion to cristobalite, and upon co ple­

tion of the change the curve flattens. 
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Aside from showing that the rate of inversion decreases 

with i nOEB asing grain size, these curves show that with rapid inver­

sion there is considerable shattering of the grains . The sample com­

pose of grains all finer t han 200-mesh was almost completely inverted 

to cristobalite. Values higher than this show porosity increase which 

is due in part to shattering. This shattering becomes more pronounced 

a s the grains become larger. Thus is developed one of the majo r prob­

lems, the determination of a rate of heating such that the rate of in­

version will be accompanied by a minimum of shattering of the larger 

grains . 

(c) study of the effect oft· e composition of the bond on 

the rate of inversion to cristobalite. The study was carried out ac­

cording to the method described above and the particle .grading used 

wa s that of the three grain sizes giving maximum density. It was 

found that the composition of the bond greatly affects the temperature 

and the rate of i version of quartz to cristobalite . Figure 6 serves 

to illustrate the type of data obtained. 

As in Figure , expansions occurring after the first 60 

minutes were measured at constant temperature. The first 60 minute s 

was the heating-up period, during which tie the temperature was raised 

at a uniform r a te to 1400°0 . 

The expansion was rapid until the alpha quartz had inverted 

to beta quartz, af'ter which a shrinkage occurred. This shrinkage was 

thought to be a_~ example of a solid state reaction, either rith the 

bond or with the impur ities present in the silica. 

The curve labeled 1-5 in the figure rep resents material 

bonded with 2 per cent CaO. The porosity of the fired specimen was the 
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same as the po ro sity of the same sample before firing. This is in 

contrast with Curve 1-A, which showed a lar ge increase in porosity 

afte r firing. It is plain that one of the functions of CaO as a bond 

i s to hold the grains of silica i n place firmly during firing. 

The sample containing t he CaO had almost reached equilibrium 

in one hour at 1400°0, while the unbonded sample was still changing 

after 5 1/2 houre .. . ,.,-h A, .. ; ~ f e-t~ t-e~ts._,,,,,.,, ~J .. ~ (; .... 

( " ffe~ of_ the ~m~rature, time 2f burning, composition , ~ 

,i\ < amount of bond upon the mechanical strength and degree of inversion of ,iii 

I (p l novaculitep. ;~~ee ~~~Piie are in progress. Until we have completed 

f them and ha.JTe made Sure .. of; :their accur acy, it is felt that it would 

be best not to be too specific about the results . 

The test pieces for compression have been made by the regu­

lar wet mold nethod with Oa(OH) a and some other materials for bonds. 

The specimens have been 1 1/4 inches by 11/4 inches by 2 1/2 inches. 

some full sized b~icks have also been made . The burns have been from 

48 hours to 96 hours in duration and the finishing temperature cone 14 

(1375°C)was recorded. The major part of the time of burning has been 

between 1100° 0 and 1260°0. 

The small burned specimens are of good strength and some have 

the "ring" of commercial silica bricks when struck. 

The problem seems to be to fire the aterial at a suitable 

temperature for a sufficiently long time to develop a sound product. 

Summary 
~ 

The Illinois deposits are large enough to supply all the 

r aw material that would be needed f or many years and are easily ac­

cessible . 
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This particular raw material has never been used extensively 

for the manufacture of refractories, insofar as we know. Chalcedonic 

silica has been successfully used, but may be a slightly different 

material . 

Novaculite inverts to cristobalite more rapidly and at a 
~ 

much lower temperatureAquartzite, the inversion being more complete, 

under the sa..~e circumstances. 

Novaculite must be inverted very slowly at a low temperature 

to prevent shattering of the grains. This material is very susceptiele 

to the influence of various oxides as is manifest by marked changes 

in t he rate of inversion to cristobali te. Lime made from southern 

Illinois lime s tone has been used successfully as a bond. 

Other things being equal, the rate of inversion is a fw1c­

tion of the temperature . The 200-mesh material, in the presence of 

2 per cent CaO will invert to about 95 per cent cristobalite in one 

hour at 1400°0. This rate is, however, too fast to fire silica re­

fractories, since the inversion must proceed very slowly. In the 

presence of certain fluxes, the inversion has been observed to proceed 

at a reasonable speed below 1000°0. 

Proper grading of the grain sizes is of prime importance, 

both from the standpoint of manufacture and use. Novaculite will 

easily crush to the proper grade. The larger grains must be heated 

more slowly, otherwise the shattering becomes troublesome. 

Trial specimens have been made which have the same compres­

s ive strength as commercial silica brick. These specimens were l 1/4 x 

11/4x21/2 inches. No full size brick have as yet been tested. 
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p.l, line 4, etc. Suggest change to "One of these, known 
comme rciaUy as novaculi te, is found as fragment al material assoc1at ed 
with red clay and also as solid beds more or less white in color. 
The latter deposits and the fragmental material when freed of clay are 
of high silica content." 

References incomplete. Also give no date, or page numbers. 

p.2, last paragraph. Suggest change to 11 The nova.culite, under 
consideration here, is composed of that type of silica ••••• 11 etc. 

< 1 It might be of value to briefly define chalcedony -
also to define chert. 

p.5, line 7 •1 Suggest Hof sedimentary origin and is know:h1 
technically as chert 1 be deleted. 

p.5, line 12, etc. Suggest change to 1 In some deposits the 
novaculite occurs in -~ fragments associated with red clay, etc. 11 

p.6, line 23. Might a definition of ganister be of value? 

p.7a, line 19. What is the cor~ect particle size distribution? 
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