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CLAY AND CLAY PRODUCTS
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Clay and Clay Products - Technologic Trends in the lroduction and Utilization

of Nineral Froducts.
F. L. Steinhoff, Editor, Brick and Clay Record, Chicago.

Mineral Composition of Clays as Seen under the liicroscope. .
R. E. Grim, Sedim. Petrol., I1l. State Geol. ©urvey.
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Separation of Clay Minerals by the Supercentrifuce.

W. F. Bradley, Ill. State Geol. Survey. ‘“‘9**“ﬁ

;

Illinois Novaculite as a Refractory.
A Light leight Structural Material Frepared from Illinois Clays.
I1linois Fluorspar as a Fottery Flux.
C. W, Parmelee, W, R. lorgan, C. G, Harman, Dept. of Cer. Eng. and
State eol. Survey.
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Saturday, May 18

Trends in the Development and the Use of lNew Units and Materials for

Building Construction.
F, M, Lescher, Assit. Frof. of Arch., Univ. of Ill.

Reinforced “rick lkasonry for Fermanence (a motion ptcture — - - )
Hugo Iilippi, Gen. Super., I1l., Brick Co., Chicago; Consulting Eng.

Brick Houses - Cheaper and Better (illustrated).
A, W, Luse, Secr-lingr., Cnicago Fice Brick Bureau, Chicago.

Hecent findings on the Relation of the Constitution of Clays and Shales
to Their Ceraric Properties.
R. BE. Grim, Seci. Fetrol,, Ill. State Geol. Survey.

Report of Progrees in the Study of Illinois Face Brick.
C. W. Farmelee, fHead, Uept. of Cer. Eng., Univ. of Ill.

Report of frogress in the Study of Light weight Aggregates.
C. W. Farmelee, nead, Dept. of Cer. Eng., Univ. of Ill.
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Table

line 123 - "@hat fewer measurements could be
made, etc.," suggest this be amplified.

"Soluble salts." Why mention this if nothing is to
be reported?

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

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

6. - Suggest that "lMost probeble® values be defined.

Suggest that "Veriation in dimensions" values be
defined.

Suggest that each flgure carries a descriptive
notation assisting in its interpretation. Iy , )
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Dr. John W. Finch

Did his undergraduate work at Colgate University
and received his Doctor's (D. 8c.) degree from the Univer-
sity of Chicago. He specialized in geology and mining
engineering and has had wide experience in mineral explora-
tion as well a8 in tesching. He has served as mining con-
sultant in South Africa; Turkey and the NHear East, and in
the Orient; was nrofessor Economic Geology at the Colorado
School of ¥ines and Dean of the School of ¥ines at the Uni-
versity of Idaho. Before taking his present position he
was Director of the Idahe 2t¢ate Bureau of Mining and CGeology
{since 1930).
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Six years of depression have not been without their effect on the clzy
products industry. The economic uphesval caused by the almost total cessation
of building has tended to develop in the mind of +the cley products menufacturer
& different conception of hi§ possibilities. During the building boom of the
previous decade meny menufacturers eegedbyewmd vigorously pursued two tendencies
in the dﬂelopnmt of their business.——saese-wese — one, specizlization to e
high degree and - the theory of expanding trading arsas through low cost
nass production. 2 £se two tendencles did not work out wesy well widkh—dive
"exceptiaa Z@{fﬁm or three concentrated consuming areaqy for the following reasons:

Clay of good quality is not scerce. High shipping costs effectively define
mavkets.  Efficient plants of moderate size cem produce just as checply as plants
of huge capacity. As the depression closed down upon the industry these focts
becane epparent end elecy plents found themselves once agein restricted largely to
their natural treding ereas in which they enjoyed & commercisl advant&ge due to
oronmﬁzy end lower shipping costs.

As & result menufacturers have put more intensive thought on their two primery
assets, their clgy pitfand their clay plent) in order to expleit to the utmost
their possibilities in the production of wares which can be competitively sold
within so-celled local markets. The idea of mass production & single item is
rapidly giving way to efficient production o% 8 diversified products.

Perhaps this is not strietly in line with my subject of techmologic trends
but it is essential to have this picture in order to understend the motivating
forces behind the technologic trends W discuss¢d. These motivating forces
can be grouped under six major heads: hie ;

(1) Economic influences (freight rates, genersl buaineas, ete.)

(2) Competition

B4 Desire for additional proﬁt

4! Lebor conditions

(5) Governmental sctions (NRA restrictions on weges end hours, ete.)
(60 Naturel desire to progress

11 of these forces have %ffaeted gnd will in the future force important
chemges in the elay 1ndustry = it : 3 i o

‘ﬁ«vvw ! tw«u trends 'hﬂ have not as yet uanifested thmsalves beeemse of the extrenely lov
" P operating retio of this industry but Wcarbainﬁ}ﬂ&- come to light
with return to more nearly normel activity as & msult of ‘rocts elready sprouted.

.Undoubtedly other spezkers at this conference will deal more comprehensively
with the sbove factors,and perhaps others,becsuse severzl or all of these affect

8 almost every branch of the mineral industry. They should, however, be kept in
SN aind as the motiveting fowes behind teehnolagic developments or trends.

'
¢ BAA. UActamados

- Technologie dwelopmmts naturally group themselvaa wmder three genersl headst:

(1) HNew equipment and processes

(23 HNew products
(30 HNew uses{ht old products.

zy,
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X —Undoubtedly the major development in mew equipment is the prineiple of de-
eiring. It is perhaps the outstanding development of the century in the utiliza-

“ tion of clay. De-airing removes air from s plastic clay mass by meens of & vecumm
pump applied to the barrel of the suger machine just preceding the formation of
the bar or column. ;

The application of de-airing has made possible an improved body structure
enabling better products to be made; development of new and formerly unusable elay
deposits; and the production of products heretofore impossible from certain types
of clayse. Some 200 de-ziring units hove been installed in the clsy industyy. It
has inereased market possibilities of clgy plents becsuse it mekes possible &
greater diversification of products and therefore e grecter utiligzetion of existing
clays and plant equipment. A

)lew high-intensity seperators give promise of solving the priblem of eliminat-
ing such impurities as pyrites, mica, and other fecbly magnetic substances. For
eertain Illinois clays this development may mske it possible te produce higher
‘refractoriness, and better color. This principle might be employed upon Illinois
keoling, stonewere clays end fire clays used in refractories, sewer pipe, end face
brick production. :

Higher freight rates - a govermmental or economic influence as you might choose
to call it - now makes it possible to spend asdditioncl money to further refine
Illinois c¢lays. By this I mean that repeated percentage increases in freight rates
heve increased the differential between castern Chio end western Pemnsylvaniz brick
end Illineis brick thus permitting the Illinois msmufacturer to utilize this
increased differential in product improvement. To & certein extent this also

. applies to other clay products such as refractories, stonewere, and terra cotta.

A prominent refractories memufecturer in the EBsst is at present working with a
magnetic separator in the expectation of utilizing & cley which cannot be used [
unless impurities are removed.

. This is a comparatively new development similer to & rotary dryer in principle
but claimed to be & cheaper and less ponderous machine. ' One instellotion (on en
Illinois plant) is for the purpose of removing sulphur from fire eley and for
rendering frozen or excessively moisture laden cley more éasily hemdled. ' The elay
is heated to approximetely 1000°degd F. which destroys part of the plastiecity,
reduces shrinkage and permits quicker processing in drying and firing. It isstill
experinental but indicates a new line of thought. The device costs little to build
and to operate. ; ‘

uf .
“allach thought has been put on the matter of shipping clay products in packaged
units for handling by crane or other mechenicel devices at the plant, enroute, or
at the job. High handling costs after the product hes been menufactured is one of
the chief problems in this business. Therefore methods for lowering eosts in this
direction are looked upon with greut faver. Package units being experimented with
inelude crating with wood or paper plus metal strips. A mechemicsl brick-grab using
the principle of ice tongs is also being marketed. :
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R & ) From England comes aa idea #vmprmg the texture, eolar,and quality of a
. brick made of clays of otherwise restricted utility. OSeversl mechines, one in
this state, have been instelled for the utilization of this ides. It involves
the impregpating or imbedding of colored sand or other minerals and materials
into the surface of 2 clsy column as it issues from the die. Claims made for
this machine are that it meakes possible the utilizstion of clays for the menufac-
ture of products considerably greater in value then otherwise possible.

I night mention here that = chesp sand or other mineral that would produce
novel and beautiful colors when finely ground end fired to brick temperatures
would find & ready merket in the production of such = brick.

If I might be permitted & prediction /I should like to incluie under equipment
trends the very great possibility of the utilization of the effieient, relatively
inexpensive small tumnel kilns which heve been so successful in the vhitewere
industry. Because of their smeller cepecity these kilns are more flexible then
their la.rge progenitors.  is an exsmple of what I mean I might cite as & possibility
their use for the production of clear shedes of feece brick, leeving the flashing .
still to be done in perioedic kilns, :

Another, and perheps somewhat more remote; possibility is the control of colors
by ertificisl means rather then the more or less haphazard method of depending
upon natural colors developed by flashing. Hudson River manufecturers hawve for
years produced darker colors with the aid of hematite end colers in clay roofiang

: granules are well controlled. The adventeges in reduction of inventories slone
are cbvious. : {

As I have stated, the trend is distincRly -towerd the fullest utilization of
the raw materials and equipment availeable. “Plants todsy are msking & more diver-
sified line than ever before. This ic not so apparent 2s it will be with the
retum of business volume becsuse nany of the products that have been developed
have had very little merket. The tendency, however, is to develop products which
will increase sales possibilities in loecal markets.

Q1) moaTAR MIX . —
\\ In Iowa some fifteem or more cloy products menufocturers sre utilizing their
dryer waste and grinding it to produce what they c&ll mortar mix. The dryer waste
is ground so t m@passas thru & 200-wesh sieve. It is recomuended for '
supplanting of the cement in a moriter mixture of three parts sand to ome
part ceament. Hconomy, bebter working propertios and equivelent bond strength
are the clalas for it, Hundreds of thousands of bags of this former dryer waste '
are being sold to building material dezlers in Iowe with & nige profit to the
clay products menufacturers.

Similarly, ground clay hes been appuedtobulkmnmbemrkandam 8.
\]/ & bullw issued on this subject.

b ] As far as I know no Illinois menufecturer hes utiliszed his dryer weste for
; such purposes. It would seem well worth while investigating., Host of the Illimois
clays are of the type thaet will produceé satisfactory mortar ntx

Incidentally this is an excellent subject for research on the part of our
ceramic schools.

\/ % #Clay in Conerete® D. A, Parsons, Burmu of Standards Write Superintendent of
Documents, Washington, D. C. (5¢).




/fﬁ GRANULES . —
\Mannfac‘mms of asphalt mfing aend siding use lerge quzntitles of fired clay
granules as & coating and to give color to their produet. Ground brick bats were

formerly used but new processes for the manufocture of gremules from rew cley give
a much better and more unifora product.

CHW

There hes been developed at Iowe State College & mew pzroduct of clay - a sewage
fﬂterringsimﬂartothe Raschig ring used in the chemicel industry. .

(mesearamllhollowquinders cfburnedclavabwtlﬁﬁtmterandlw
long for use es the filter materisl in sewsge disposel plants.  Due to the larger
exposed areas they are said to be much more efficient then the ermhedqwartuto
commonly used. Work is now in progress to dewvelop =n economicsl method of producing
these rings.

A So-called light~weight products, made porous either by & bloating process or
by the introduction of chemicals or combustibles vhich are driven out in firing,
open up an entirely new market. In the refractories field these products ere used
to meke insulating refractories which cem, in many cases, be used on wells exposed
to heat with materizl savings in fuels.

In the construction field light-weight brick or tile offer opportunities es a
~ backing up material inm non~load bearing wells. In structursl steel buildings they
lighten the load es well as acting as fireproofing and insulation.

Brick are being maode with &g many as 60 smell holes, reducing weight 25 to 30@
and yet retaining ample s ; for ordinary building purposes. The holes &re so
smell that mortar will pemetrate only enough to give keying effect similer to thot
obteined with metsl lath. The brick being lighter can be shipped nore cheuaply,
thereby overcoming some of the loss due to increased freight ro tes.

q gg;g PRODUCTS .
Time does 0t pem't wore then a fe“# reference to other treads in the develop-

nent of new clasy products to meet competition, high lsbor costs, increnced freight
rates, or other influeneing factors.
fu—v(

prick Vancer. - are thin brick developed for vemeering qld homes, ete.
They cen be ship am econonicelly aad because of their lichter welght require
less expense in foundation construction.

Do - These are hollow units teking the plece of two brick plus a |
nortar Joint. for backing up and facing purposes ,ﬁaves as much os 17f)in
lebor laying cost. Hoin, annto ?

- Irregularly shaped slebs of fired clay resembling slate or colored
stone ﬂagging used for walks, porches, floors, patios, etc. Color possibilities are
even grect beczuse of wide range of firved clsy colors. _
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but heving the adventsge of & wider renge of caun ﬂmnzr:mlblt to obtain in
notural stone.

W - This is ¢ dm, lmpervious product for fsctory flooring to replace
cement or wood. &t is in demand bty pecking houses, food products plemts, shemicsl
plents, breweries, ote., vhere senitetion snd cleemliness are importent.

Sxick Slsbe -~ These are th!.n brick sttached by means of = binder to a wall
boerd bese in groups of comvenient handling size. These prnelld :re then nsiled to
a wall giving the effect of & brick wall sppeercnce. Yther designs provide for the
applisetion of the individuszl slebe te o wall by aedams of stuples, rods and other
devices. They heve been devaloped for ecomoulcal veneering of exterior and laterior
walls, . . 3

s U ~ How designs for hollow tile which mecke for fesber laying by
providing & better sortar bed end « hend hold for the moson so that he can speed
up the laying in the =ell huve been developed for low cos$ housing use. These tile
are designed to be the caﬁxglete well requiring no f‘urthm- exterior or interior
tr%mm.

\;?m-hapa the outstending trend in the utilizetioa of clay products is the devalap—
ment in reinforced brick masonry. £ men who has plogyed 2 mejor pert in the enginecer-
ing nd prosotion of this development is 2 spesker on this progrem. I recommend
that you listen to his instructive end interesting messcge.

feinforced firick Jlasonry will undoubtedly stimulete its om trend in its use for
engineering structares and in the fora of slebs Tor low cost housiag constroction. __[
These important subjects I understend are to e covered by other speckers who ore
| prouinent in their developments. I may say this, however, ’&Iarge scele use of the ~
principles of reinforced brick mesonry mizht very possibly mean simply rqadiﬁcaﬁanﬂ 2
in our oresent products to bring out the utmost in eccoumony snd utility. For those
' who sre unfesilice with reinferced .rick meseary, I might Briefly setTve it s o
slab, ber or columa conteining reinforcin; rods imbedded in morter joints to give
the construction rigidity, temsile strength, end other properties not unlike re-
inforced cpncrete. :

\“‘")éﬁ trend has been diatimﬂy defined in the rejuvenation of old pevements by i
regurfacing thea with peviang brick. There are nmeny vhoe predict thet with the return }
of norasl business, amd attendsomt incrcrsed motor freight traffic, the need for brick
surfaced highways to withstond the incressed wesr and tear of the traffic will be
imperative. M

Improveseats in brick rocd construction have beem notebles . for instence, the
use of colelum chloride for surplus Tiller removel; improved fillers with reduction
in aliypery cenditions; de-aired brick for stronger surfecing; «nd inprovements in 4
bzse design. |

liethods have been foumd to reduce the cost of o glazed swiluced brick or blbdk.
-claanmg, highly reflective, full. e»m renge product io ﬁnﬁing in‘xrmad

Y
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_ ~411 ¢ products are finding a larger scceptancé for interior use. Homes with
brick wall interiors are finding faver. Brick floors in homes, Tacteries and offices
ere new trends. It is said that & reinforced brick slsb leid on metel laths =s the
form end sucport will cemstruct & floor costing but $40 more them wood construction

in an ordinary size home. Glazed well units of large size fr :
«-e another development, W 2t o

<9

~ LI wonld fail in my mission vere I to neglect to point out one significant trend
at present somewheti obscure due to the low cbb of activity in the,field.
%) Ty ‘mevt'ﬂ‘
I refer to the increased use of production control methods. I believe that we
/}""ﬂ@ see a distinct forwerd movement im processing control and in the sbsorption |
) in the industry of technically trained men who can men this x?‘brol processing.
; v Q.E/J—!)"’ A
 One other thing. Strenge as it mey seem, I believe,\w’e are sbe not very far
removed from a sroblem of dire lobor shortage and of hicher priced lsbor. [Millions
of men now idle are, I fully believe, permeanently disqualified for work. The disin-
tegrating effect on the moral fibre of protracted idleness and opea-honded relief
has greatly increased our permant zrmy of wnemployables. So I am venturing @« pre-
diction -~ a prediction of a trend in cley products menufacturing thst will be
distinetly more mechanical than it is today.

ot !

Brick plant labor was always heavy, burdensome lsbor. It is going to be diffi-
cilt to find enough men who will willingly perform this kind of labor. 8o when ;
production increases snd clay plents hire new men to fulfill their cpmplement - wivbw Géate
look for difficult in organizing crews who will work smoothly together end who can
be molded into an efficient production machine. Loock for further mechenization -

a future trend in the technologicel utikizstion of clsy and clay products.,
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TRENDS IN THE DEVELOPMENT AND USE OF

NEW UNITS FOR BUILDING CONSTRUCTION

By FranK M, Lescher
Assistant Rofessor of Architect ure, University of lllinois, Urbanas

It is extremely dangerous to prophesy what is likely

to happen, even in the immediate future, when changes of
all kinds are as imminent in every business as they are at
the present timej; snd more especially when an old, established,
and tradition~bound industry such as building shakes off the
draperies of its traditions, and steps forth in the freedom
of what we call modernity, but what might perhaps more justly
be called architectursl nudism.

In my belief, this danger to accurate prophecy,as
far as building is concerned, lies prinecipally in two things.
The one ig the fact that so many scientiiic investigators
are carrying on experiments which wmay result, intentionally
or accidentally, in the production of new materials suitable
in some respect or other for building work, -—£g§63¥;é§%ivn
that is being ecarried on quietly, or even under cover - 8o
thet some unususl product or products may change many of our
ideas as to the suitability or fitness of some of our present
materials to the purposes which they have been serving in
buildings; especially as the new products may serve those
purposes more directly, more accurately, or more cheaply.
Similarly, new uses for, or changed appearance of, old
nroducts may result in the obsolescence of these present

products or methods of production in favor of the new.
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The other danger to accurate prophecy lies in the
effort that is being made by so many men, not of scientific
status, but of the business world, to make building better
and eagier, not only from the viewpoint of craftsmanship,
but also from that of finance. There is an earnest group of
believers in the theoxry that building, especially the
building of houses, has in the past taken far too large a
portion of the little man's income, whether it be paid for
the direct purchase of & house, or whether it be paid in the
- form of rent; and this same group, together with many others,
is as firmly convinced that far too large a portion of the
little man's investment in a house is destroyed, or we might
better say, deflated, by poor materials, or more particularly,
by poor workmanship. The noﬁi%redictable efforts of this
group of men in their entirel;‘laudable endeavors to make a
profit by bettering this situation, constitute the second
danger to an accurate foretelling of the trends in the use
of building materials.

"I think it may fairly be said that the building in-
dustry is still the only large scale business %n t@e country,
or even in the world, which is still conducted?g;ﬂtge basis,
at-least—fLor-the -most-part, of hand preparation of the

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

-

Factory preparation of mart of the bmterial is a commoniplace

g
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to most of this generation of the building industry;
nevertheless, wgﬂstill gee most of our mortar and plaster
mixed by hand ifour bricka\laid one by one in their places
in the building - the lumber ocut to fit in its place as it
is used - and all the other hand processes of our present-
day building carried on as they have been from the time
the first cave man decided to improve his cave by rolling
a few stones across the entrance to mske his dwelling more
commodious, and gﬂ%@ protected from the weather.

We are seeing » trend away from thie situation, and
I think that this trend, which leads more and more toward
greater utilization of larger factory-prervared or preé
fabricated wmmite is pointing the way toward the high-road
of fﬁture building, espeeially in the vast field of the
smaller house. Many architects are, either wilfully ox
ignorantly, keeping their eyves turned away from this signboard
of the building times, believing that by so doing they are
putting off the evil day when they will have to work in
materials of a new kind or a different form. Sey—toe; the
cr&ftsqgﬁ of the bq}lding t;adee, equally blind to their own
intexéats, not sgﬂsing thﬁ current setting toward tha PTG

du,e’timn of nre—d’abrioa,téd units, a,re inclined to figﬂ, the
xnew rath&r tn&n adapt themaalvegfto it, and gain the benefits
to come from greater amploymenf on larger scale, lower priced

work.
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Many observers of this trend are inclined to feel
that building, taking the same road as the automobile
industry, will develop a mass-production produect, to be
used for a few years, and then turned in on a new unit,
or else thrown on the junk-heap. Another group, which
includes many architects, takes the fearful view that this
gort of development sounds the knell of residential archi-
tectural practice; that the architect, if he survives at
all, will be but the minor adjunct of the building factory.

I cannot agree with the first group. We do not live
in our automobiles, much a8 we use them, and the very fact
of living msakes, within a short time, a vital difference in
our viewpoint toward the place in which we live. We Americans
have been accused of being a nomadiec people, especially of
recent years, because of the peculiarly transient nature
(as far as employees are concerned) of many of our large
scale businesses, more especially the chain store and multiple
factory groups. Nevertheless, in the mass, our people are
home~loving, and, given the chance, we take root, little ine
clined by nature to move about constantly. Consequently, I
believe firmly that the constant changing from one house to
another that is an innate part of thie first group's theory
would so shock the natural home-loving instinct of the great
body of the American people, that such a method of home-
building or home~owning would never become truly popular

in this country, even though the love of the new would
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become much stronger fhan it is at present. Natural ob-
solescence and depreciation take a sufficient toll, even
of our present types of buildings, without developing a
type which invites quick obsolescence.

With the second group I am equally at variance. We
have at the present time in many of our industrial com-
munities, a peculiarly atrocious type of mass-production
suall house which mever-kmew-what-am archivect-was;—and, I
fea®r, was never even in contact with a really competent
builder. The proposed mags-production types of small
houges which have so far been poposed, are so far superior
to the usual type of industrial housing that no comparison
can be drawn; so that even an "adjunct" architect may be of
value in housing under the new thought.

The trend with which I am most concerned, however,
leads directly from the idea of mase production, and that is
the trend toward lower cost and consequently, toward greatly
increased home ownership, with all that home ownership implies
in stability, thrift, good citizenship, and an enlightened,
liveral and reasonable conservatism. As people concerned,
at least in part, with the production.and use of building
materials, we should do everything in our power to accelerate
the trend toward lower-priced, substantial building. This
implies a study of the subsidiary trsnds in the development
of lower-priced building materials, and of methods of handling
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those materials so that labor costs may be lowered in the
building itself.

The steel and lumber industries are moving rapidly
into the arena of such comstruction with thelr large unit,
quickly assembled buildings. The mineral industries are not
far behind, and in many respects are abreast of these others,
and by virtue of the many excellent qualities of their
materials, should soon take the lead in many respects. It
is my hope, modestly, to give an idea of what the architect
thinks may be accomplished by the use of these materials.

Brick, by virtue of its many varied colors and color
combinations, its textures, and its durability under all
sorts of weather conditions, has long been a favorite build-

ing material, even in areas far distant from the natural bB%} :
i gt o be I,

of clay and shale from which it is made. However, the-fadt <ol el

tha%mitwis"awsmaliwuni@mpwaduatumxaquixingﬂhighmpriced
skilled labor for lts use under- the ‘same: Qldmfashimned ‘hand
methods -that have bgan in-use- ever sinaa the material was
first developed; <has militated against its wide use in the
very places where its excellent qualities of durability,
slow depreciation, and low upkeep cost are most desirable -
in the dwellings of the people whoee finances make them
think first of first cost, and not of the continuing cost

of the building.
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The brick industry has taken two progressive steps
in the direction of remedying this situation. The one, as
is well known, involves the use of reinforcement in con-
nection with brick, to give it the same sort of resistance
to bending that we have in connection with reinforced con-
crete. The other, of recent development also, involves the
uge of pre-fabricated brick panels, cast either on the ground
at the site, or at a factory under factory conditionsj -in-
either-case; using lower priced; less-highly.skilled laboxr.
‘than is .the case where the individusl units are placed one.
by.one in the.walle These panels, then, are placed on, and
~ attached to, a structural framework which formes the wall
support.

To me, these two developments comwbine intd the germ
of a possible structural scheme which need not necessarily
require the gtructural framework for the wall. It seems
possible %o cast these brick-faced panels in wall-high, or
at least in story-high units, of sufficient width to contain
an ordinary door or window, and with intermediate units of
the same width, so as to become interchangeable with thenm.
The backing could be, instead of concrete or mortar, some one
of the insulaiting plasters, changed in chemical composition
to gain strength and binding power, and made extremely porous
to give additional insulating value, so that no other insula-

tion need be used. +the inside surface of the plaster could
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be troweled or floated émooth, go that no further treatment,
other than decoration, would be required.

As for the interior walls, a modification of the
seine scheme could be followed, e@pec;ally for the bearing
walls, whereby reinforced brick pansels of the same helght
as those in the outer wall could be cast with a thin layer
of plaster on each side, of such size that all units, either
blank or with openings, could be interchanged as desired.
FMloor aznd roof panels could be similarly designed, taking
into account the pogsibility of designing the edges of the
pre-cast slabs as beams reinforced to take care of the
stresses which would develop. By leaving the brick floor
surfaces exposed, a dursble, easily cleaned floor would result.

Following a similar scheme, it seems possible to me
that terra cotta face units could be used to give an outer
surface to pre-cast slabe that would have all the beauty of
color, texture and ornament inherent in fterra cotte, while
cbtaining at the same time the lower cost values of larger
gize, Tactory-fabricated units which can be handled and set
in place by machin% methods. Such terrs cotta units would
have in addition the ability %o show ornamental interior
faces where desired, especially in such rooms as bath rooms
and kitchens, where an easily cleaned surface is especially
desirable.

Such ideas may seem whkmwdy fantastic to many of us,

but in view of the many things now going on about us and
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accepted as a matter of course by everyone -~ things which
only a few years ago were not even considered within the
bounds of the most fervid imegination - I do not believe we
¢an approach any idea with the thought that it representes the
imposgsible. _

Glass is another of the materials which no stretch
of the imagination could have shown as reaching the amp-
litude of building use to which it is at present falling
heir. Long in use as a means of admitting light to bulld-
ing interiors, glass has, in the last few years, attained
to many other building uses which before then seemed almost
impossible. Glass roofing tile have come into use, glass
bricks and building blocks have become entirely practical,
and structural sheet glass as an interior and exterior
facing for other materials is seen on every side.

I cannot help but feel, however, that glass in build-
ing has but started its race. The developments already at-
tained and pending in the manufacture of stronger, more
elastic, and more heat-resisting glass open vistas to the
imagination that seem to have no closure. Too, the types
of glass that admit the more health-giving rays of the sun
to the interiors of buildings have but started on their
careers of usefulness. The moulding, etching, engraving,
and sand#élasting of glass as a wall surfacing are proving

it to be an aesthetic aid %o building of the first class.



I see no reason why glass cannot be used as the beautifully
decorated containing envelope of electrical lighting and
heating panels which will bring about a2 new era in this
class of building work. TPFurther, it would seem entirely
probable, that if glass can be so made as to pass certain
light rays to the ingide of the structure, while at the
same time with%£elding others, it could also be made %o
keep heat raygwéutside of the building, thus solving one
of the serious problems that confront the air-conditioning
engineers. I confidently expect this discovery to be
made, and brought to a commercial basis.

Light, porous insulating aggregate for concrete, made
of brick shales, has been on the market for some years, and
has bsen proved‘a success7ﬂboth for blocks and as an aggregate
for poured concrete. Why is it not possible to make a dif-
ferent developument of this materisl, so that by admixture
with some waterproof plastic compound which will become hard
without being heavy, large structural units of the factory-
fabricated type may be manufactured; light and easy to handle,
gsufficiently strong to carry ordinary residential wall loads,
and by it e own character, so full of minute air spaces as to
be self-insulating. This, too, by careful design of rein-
forcement could be made at least as successful a floor and
roof material as our present nailing concretes, and lile them,

would not require furring or dther means of holding other
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materials in place where required to be held by nailing.

OQur building material investigators have been
particularly successful in their efforts to develop insula-
tion materials which really accomplish their purpose
efficiently. Rock wool and glass wool have achieved =a
well-earned triumph in the field of insulation and have
taken the lead as a fire- and vermin-proof material for
the purpose. For many years hollow clay wall tile were
advertisedf(ﬁdne too truthfully, I am afraid) as having a
very considerable insulating value because of the dead air
contained in the hollows of the tile. This was, of course,
only relatively true; but nevertheless, these hollow tile
formed a handy, light weight unit, sufficiently strong for
most types of ordinary building, upon the inside surface of
which, when used for outside walls, plaster could be directly
applied.

If it is desired that a small well unit such as this
be continued in use, it might be possible to combine with
the tile » very considerable insulating value, by packing
the hollows with rock wool or glase wecol, sezling it in place
by an asphaltic diaphragm to keep out the daupness which
tende to cause too great packing and settlement in the wool,
and thus obtain a cowbined unit which might have a very dis-
tinct value in certain types of work for exterior walls, or
for interior walls or partitions which should have scund-
proofing qualities, as in hospitals, doctors! or dentists'

offices, or in music studios.
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The steel enameling industry has made excellent use
of its product in building by the development of the steel
enameled tile and siding which attracted soc much attention
at the World's Fair during the two years of its operation.

It would seem that there is a possibility that the use of
this material might be extended to larger units by enameling
the frameless steel wall units themselves instead of the
smaller units of the outer covering. There has been such an
advance in the art of enameling that it is entirely possible
that large surfaces such as are constantly used in the type
of construction just mentioned could be properly enameled
without difficulty, thus giving a beautifully colored, smooth,
weatherproof, rustproof surface without the addition of the
outer covering which is now required. Not only would this
serve for the exterior of the building, but, as in the case
of the terra cotts unite spoken of before, could be applied
to the inside of such units as would be best served by such
treatment.

As I reecall the various trends which seem to me to be
logically indicated, or the developments in materisls which
have been suggested, the latter, especially, masy seem somewhat
fantastic, as I have said before, and perhape beyond our
pregsent vision of probability, or even of possibility; never-
theless, stranger thinge have happened in the building 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 has nothing to do with building
materials themgelves, yet is vitally necessary to them, and
to the building industry as a whole. The trend to which I
refer is one toward some different practices in the social and
financial aspects of building, and particularly of asmall
residential building. The social aspects Hteowhieoh—i-refer
are better control of zoning and planning in residential
districts, and better inspection of small building projects
for the protection of the owner himself, even againet hie
will. The financial aspects refer to lowering building
financing costs by the elimination of certzin bonus and
brokerage exactiors all too common among souwe private lending
agenciee -~ exactions which, in company with improper amorti-
zation figures, sometimes force the small owner, unfamiliar
with methode of financing, to pay what amounts 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 carried on against real and vital difficulties, and,
with a lively and inquiring epirit, carried on research to-

ward the production of better and more economical materials.
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REINFORCED BRICK MASONRY FOR PERMANENCE #J%égw

General jéferin Tenden?, /Ninois Brress (Z»./:m—:y, C’/;ica_g-u-Mww..Mw;f o

When the title of my paper was first suggested I was
reluctant to accept it. Mentally I balked at the use of ‘the
word "permanence“ but on further thought I conclgded that 1
weuid*ﬁe*e@mmii$ing'no'graveweff@rmﬂéﬂﬂgfghe wor%iwgﬁggW:££T§ed

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

lative sense.

In the past we have heard much of the slogan, "Concrete
for Permanence" and 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 everycne knows that the demon corrosion takes a staggering
toll in dollars each year. Wood construction may, in isolated
casés, last a2 hundred years or more,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 ground)and es=-

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

the word.

The trend ef—the~bimes 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 eeomstructieor par-
ticularly well adapted to wall construction because it has lent
itself so easily to architectural treatment?}nmause its color
possibilities are so vast ana satisfying and because of the dig-
nity and character of the finished work. An internationally
famous architect énce made this statement "All of the ingenuity

of man, through the ages, has failed to develop a substitute build-
ing unit which at once combines»in a Walliﬂutility, color, charac-

ter, charm and beauty."

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 beginning 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 éafely be used for
such representative structural members as beams, columns and floor
slabs and of course in walls, as well. Thus, in a single stroke,
the inherent weakness of plain brickwork in tension has been eli-
minated and 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



-3 -

to its responsibility to find new uses for its products and that
it ie keeping step with the trend of the times. Now, may I sug-
gest to you, that such an outstanding development<in the industry
and in the field of construction marks a distinct step forward and

presages for clay products a new era and a new realm of usefulness.

Scientific research during the past 30 years establishes
that the principles of reinforced brick masonry design are the same
as those commonly accepted for reinforced concrete and that the
same design formulas may be used. Today several hundred struc-
tures, such as buildings, bridges, trestles, retaining walls,
storage bins, stadia, etc., have been built wholly or in part of
reinforced brick masonry and the list continues to grow almost
daily. It has particularly found an interesting and valuable
field of application in residential construction wherein pre-
buiit slabs have been used in wall construction, as exemplified
in the liodel Farm House at A Century of Progressf}and in pre-
built floor slab constructicn of which several examples are be-
ing built at the moment. And again, entire residences have
been built, using this new system, as exemplified by the Exhibit
Building of the Brick lianufacturers' Association at the World's

Fair and by nearly 30 residences in the California earthquake

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 permit. The motion pictures which are to follow will
demonstrate visually to you the integrity of this system of con-
struction in a dramatic manner and'far more effectively than I

. could do soOe.
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You will see a structure that carried the weight of
2 million people - a building, the floors of which were tested to
more than twice the design load with resulting insignificant de-
flections and stresses - a construction which, while under the
test loads, was subjected to a two 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 cf iron swung from a
60-foot boon, the partial wrecking of the supporting walls 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 the reinforced brick masonry building

P

A g AN
which you will now see wreekreé¢ in motion pictures, and offers

A
indisputable proof of the structural integrity of reinforced

brick masonry construction and marksa new trend in the utiliza-

tion of the ceramic products of our great State.
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"BRICK HOUSES--CHEAPER AND BETTER"

Illustrating
Century of Progress Model Face Brick House
of Reinforced Brick Masonry Panels
Load-Bearing, of 4-Inch Thickness

e _> ‘‘‘‘ 3
"Brick Houses—-Cheaper and Betterﬂqﬁéz

( These are not my words, but those of Mr. Thomas H., Beck, Chairman of the
1}4" g;t rtian Cornmniaaiins 4
Boardg;Crowell Publishing Compenv,—wheymee~ycv~kncw* ~zre-Pd Tehersof-Womentg Hoe

=

Compenion,.The. Amerlcan-Mag%fggggjﬂeikfepLsm$heﬁNabren&l«Week%y,~&nd “The-Country

,,,,,,

/

//g;lsman & Holsmen, Architects,
Lot vobertle
Eub&&eh&ngweomvanyg for the 1954d§§ntury of Progress, a Model Farm House, under—the

\;; ausplces of their ountgx Home Aag;;I;EE)that'sgtié be low in cost, low in upkeep,

Se——

> 953 PN PSR S

and practlcally fireproof. HSin@;apﬂ&ang“éxp -commission, & small house
ng«in’cﬂstywlowmin«upkaepywprac@ical%ywﬁireproaﬁmuto/K%chitects, who, in the past,
had been designers of cooperative apartments waich housed as high as 25, or more,
families.

When the/ﬁ%use was completed and turned over to the Crowell people, MNr.
Beck remark?qitk

/ﬁ"You have shown the people how to build houses cheaper and better. Both

of these things must be done in America. I have no greater ambition than to spend
my declining years trying to help the people accomplish it.” I-don't- have to work
for-meney any -more"

/1 trust thepe are so/p here +oday who can matgh Mr, Beck's last reﬂarﬁ.
Probably some of u§fshould bg’ln the Publlshlng bu51n¢ss, and not allied wlta the

/
Coqstructlon and Materlal bu51neps, if tq1s is to bé 50.
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Wedds so much for the origin of the/ﬁ}ick/ﬁguse in which we are interested
today.

This important question arises—fﬂgygyas Architect Holsmen limited, in his
éommission, to three basic things——low cost, low upkeep, and practically a fireproof
house? Most certainly, with more freedom in spending money, the/A?chitect could have
still secured low upkeep and fireproof. But there is a need today for houses meetiﬁg
these three basic requirements. It is more then & need; it is & dire necessity, if
thousands of our citizens are ever to own the roofs over their hesads.

Using Illinois figures oﬁly, the Illinois net incomes for 1932, as released
by the Treasury Department last December, 1934, on income taxes paid, give us these
illuminating figures, in round numbers:

bty
of & 5,000. and less

s nsmise

; » 5,000.-10,000.
S, ew v, 10,000.-20,000. e
ik n. A  20,000,-40,000. -- 2,000 -—* G- 2
- - mooeMt above 40,000. -- small percentages

Incomes above these figures, in the various brackets, are in small percentages, and
really do not enter into our discussion now. You will see from these figures that
reaily the $5,000?oand less incomes--including the $10,000{--give us the potential
new home owners. It is from this group we will expect the volume.

Even with all the impetus given to/ﬁ;me/ﬁﬁildingfarecently through F. H. A.,
and other kindred methods, including new financing plans for homes, covering 10, 15,

and 20 years, either Government or Insurance Companies loans, the problem with us is

still to construct low cost housging. A man cannot acquire an expensive home--entire-

ly out of proportion to his yeerly income-—-even through 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 learn that there ere 10,500,000 urben
&ﬁA ,&U%MA
homes--farm houses not included--in the U Si¢?22a_are priced from $5,000Q'to ?5,000§;

pecet
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21% are priced from $5,000! to §7,500. In other words, ﬂ$¥5-45 of the homes now in
existence, run from %5,000?nto $7,500. Homes above these values, to the @l0,000(g
7
homes, amount to lO%;"and the percentage dwindles to 5%?f~as we reach the $20,000(9

homes.
I think from these two sets of figures—-one giving the latest incomes re-

X

vorted in Illinois; and the other giving 45ﬂwgf homegﬂprices between QS,OOO?qand
$7,5007ﬂin the U (Sjé%;e show conclusively that low cost housing is the problem in
the home field today.

It has been said that previous to the é%arténg—ef—bhe depression--1923 and
1930--no particular attention had been given to solv%wzge problem of real low cost
housing for the masses. It was because the/ﬁontractors and‘ﬂ%me }évelopers could
meke greater profit on the better class of homes, costing more money.

Probaebly Ex-President Hoover's Home Conferences was the beginning of a

period giving serious thought to)ﬁmm‘ﬂhilding in general. From that time on, and

especially during the last two years, it has been a major problem in the/#ress,/ﬁélls

of Yegislation, and conomic’f%therings. Housing has come into its ownfvas a subject
of talk, but not as‘a reality,. '

In the two-year periodfprevious to the opening of the 1933 Century of
Progress, the/éress carried columns, and almost pages, of copy about the types of
homes with cost reductions?qwhich would be developaed and displayed at the Century of
Progress. The public was all keyed up, expecting to see home prices shattered.

Publicity writers stressed most stronglyj?the wall construction. We would
have steel sheets, steel panels, fabricated wood panels--something entirely new and
at greatly reduced costs. It was intimated that 20 perﬁznt of the totel cost of the
house would be saved, and in most cases it would come out of the cost of the walls{{
because ;f the new type of construction. It was perfectly absurd, because if this
were the case, the walls of the house would be entirely eliminated on this basis.

However, the public was led to believe this.
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We made an exhaustive study of alllthe homes at the 1933 Century of Prog-
ress, and we did not find that this was frue. In fact, we found jﬁst the opposite--—
no home on display, including those of sheet steel, also wood panels, costise less
than $7,000?\to $7,500?: and othersxgﬁzve this price. Thus the price was quite be-
yond the salaries of many that we have enumersted in the list of today's potentisal
buyers.

In the light of what we have just sét forth, we believe that Mr. Beck of
the Crowell Publishing Company, did a wise thing in specifying e low cost house at
the 1934 Century of Progress.

Thus you have the why of the low cost Prick home, which is under discussion
today .

There may be some here todasy who visited our)ﬂouse. The location of it, on
Leif Ericson Drivejqat the extreme south end of the g%ounds, slowed down attendance
gsomewhat. However, this is an interesting fact. By actual count, more people passed
through ourkﬂguse than would fill six Yale Athletic Bowls--that is to say, over 475,000

A i TR
people. We believe the people were thoroughly interested, for over 10,000 descriptive
booklets at lOi”each, were sold. Some 75 to 80 working plens and specifications were
purchased. Hundreds of thousands of pieces of descriptive literature were distributed
gratis. One house &t Huntingburg, Indiana1was erected 1ast.fall, duplicating our
Century House. thdregs and hundreds of reauests have been received concerning some
part of the house.
: NIPOTR. 'S ot

While ﬂéinforced)@rick ﬂgsonry is over a century old, as fer as 1 can ascer-
tain this is the first two-story house actually erected, using single, 4-inch thick,
load-bearing RFeinforced y&ick/Mésonry}fgnels, with IPan)ferro,ﬂéncrete floors. The
house is built around the two basic idess--4-inch Reinforced ﬁ;ick Mgsonry)f;nels,
and ﬂ%eel IPans for floors and roof. 3

Probebly I should have said from the outset that this method of construction

needs an)}Qchitect at el11 times. It is an/ﬂ%chitect's proposition, for it follows his
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blue prints and specifications. Panels are accurately specified, numbered, and fall
into the construction plan sutomatically. You are building withléteel,‘ﬁfick,
jﬂément, with little need for the saw, hammer, and plane, in constructing the walls
and partitions.

A1l of our publicity and effort has put the‘}échitect into the picture.

We believe it would be very detrimental to the success of ﬁ%inforced/ﬁfick Mgsonry
/ﬁénel Jonstruction to have the public assume that anyone can erect such a house with-
out plans and specifications.

The plans and specifications, covering the engineering requirements, were
most carefully drawm, and necessarily so, to meet the eapeééiﬁscrutiny of the/ﬁngi—
neering gtaff of the Century of Progress, also the Chicago South Park Commissioners.
They required a 100-pound load?i&ﬁ;tresistance to an 85-mile per hour gale. They
approved our data, showing it capable of resisting at least a 100-mile gale. a

I~&m«p&e&sedw%@«&dvisemthatﬁﬁr. Filippi, our previouslgbeaker, was the/ﬁbn—
sulting)ﬁhgineer in working out the problems of our Century House.

I oo
In this connection we might éﬁgiae that under date of April 11, 1935, we
~
have the Federal Housing Administration approval of this type of construction—7ﬂéin—
forced rlckdﬁgsonry/PaneWs——two—utory houses, utilizing Government insured loans.
Mr. Miles L. Colean, Technical Director, F. H. A., and his ;&afff/were very crltlcalf% 1L9

of our plans and specifications. They requested us to submit technicel data answer-

ing their requirements. They specifically mentioned that this was a new type of con-

struction, and there were no reference data. There were, however, R-B-M data, but not

in the use of upright Pemetsy 4-inch, load—beeringarﬂn ﬂo,
Being an‘ﬂdvertlslng énd/f;omotlon man, and not an,;gglneer Qr }éch1+ect;%
) A
aSwgouwhaﬁéwpmath;vwdaaee@neﬂwbeﬁsmewﬁhgﬂg—b&% trulv interested in both, maybe I am A 4Q

/

priv1legé; to say that the,é;glneers ng1ng the approvaltcxnﬂd nqt rely on preyiouﬁ/<4yq o’

data, as they are wont to do. Such data were non—exlsteqt.
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tles rernazv:edj?w’A

books out the window "

Englneerlng requlrements of safety, maybe you

- -

% It wes rather amusing, when in Washlngtap ladt}éﬂl bringing/this type of

constru@tlon to the attention'of P. W. A., one of the;higher p601flcatlon/fﬁthor1-

\
e

C "WhV, Luse, 1P what you are telling me is true, we Will have to throw our

I rnmarke%f?

< "If the type of construction we are proﬁoting meets all/ﬁg;ﬁiﬁectural and
£ i)
will have to." 5

A
/' They wanted to see a 4-story structure of this type of conotructioﬁx\

\ N
N

I further advised hlm that there had to be a P1rbtzﬁuspens1on/ﬂfldge. N

It is sometimes amu51ng?’1n the course of my occupation, mingling w1th/E;éir

neers and K;chltec ts, to get thé réaction from the different propessions. The/}échi—

\

\$ect remerks that if thefﬂggineer de51g@s the house, it will have to be teken downj

\

and the‘ﬁhglneer counfers that if tne/ﬂéchltect builds it, it willugome dowmn. I

don't know Just how much truth there is in thls.

\

Most certalnl everyone is 1n+eres+e in Architecture with pleasing llnea
T s

%,
>"

and of safe construcfion. The two must go hand 1n\hand to meke a finished plcture.

Comlhg back to the construction of the Cenﬁﬁ(g House, as nrnv1ously’stated

evenythlnv is worked out from the Architects' blue prwnts\end speolflcdflans. Panels

e N
are,ﬁade and numberedkto fit into a pre-conceived plen, as\gbu%é be cqt)é%one coming

oﬁ;o a job.

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

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

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

ouse. Some of the colored slides vividly portrayed the colorful red Prickwork.

It is an 1ll-room house, two stories, including two baths, double garage,

with a combination pitched and deck roof. The count does not include heater and fuel

rooms.

L
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The dimensions of the/ﬂéuse ares

First f&oor, ;gcluding srage gﬁver %11) 55121 long; 26'6" wide
Second {Rl-ov ogr1p" n  ogtgn m

There is no basement, because it is believed chezper to build above ground
than below.

Where skilled labor is not over §1.00 per hour, it is estimeted the house
can be duplicated for £5,000. This includes a good grade of plumbing, heating, and
lighting—-ready for the occupant to move in,

The/grick anels were made at the building site, of Indiana-Illinois Red
Colonial Brick, costing $26.00 per M, delivered. Psanel molds were made of 2 x 4's,
with holes on 8%-inch centers, for %—inch deformedféteellﬂods to be inserted. Thus
the openings between the}ﬂods for the placement of the}érick are 8% inches on centers.
The sand bed is screeded smooth under the frame, forming a perfect plane surface for
the face of the/ﬂ;ick. This sand bed absorbs any grout which would run through to
the feace of the)ﬁrick. In the mortar joints threaded bolts are placed, in the upper
part of the‘fénels, which permit the use of & plate later in raising theifénels to

i
the walls. These bolts also project through the floor IPans, thus aiding in anchor-

ing thexéénels. 'Plthé

A thin grout ofjﬂﬁick ardening/f;rtland ﬁ%ment ——&-wap%4&
' Hydrated Lime, MM 8 ‘?
)dlean/ﬁharp ?@nd

«

(fé poured over the buck of the ﬁ}lck in the‘f%nel. ThlS is a2 very particular opera-

tion. The ﬁ%ment, lee, and and is well mixed dry; then slightly wetted and mixed
and allowed to stend not less than half hour)kor more than one hour. Then it is mixed
with water to the thickness of thick cream[——total water not more than 7 gallons to a
bag of cement. x |

A perfect bonding is an absolute necessity, and this operation must be

rigidly adhered to, as it relates to the mortar content and the way of mixing.
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The/ﬂ;inforced lods are perfectly embedded in this menner of using the
grout. It is possible to use a d?SEEEEF;g;é'than 4 inches.

When the }%nel is being made, Haydite morter mix may be poured on, to the
thickness required, thus giving a thicker well, and at the seme time providing for
insulation. Panels as large as 7'4"——floor height--and 6'6" wide, were raised from
the floor, using a single 20-foot pole derrick, operated by man power.

It is interesting to note that there was no failure of a single/ganel
during the entire construction. Panels containing approximately 240xﬁrick, weigh-
ing over 1,200 or 1,300 pounds, were set in the walls in the one}?gnel in one opera-
tion. Two men at the wall, one at the derrick--three all told--easily handled the
/fgnels, erectingyand plumbing. Corner)gwnels are dove-teiled, and fit perfectly
with just the mortar joint openings.

Interior partitions were also made of/érick anels, in the same manner as
we have described for the outer walls. However, instead of placing the‘ﬁrick in the
f#;nel forms on edge, they were placed bed-side, thus making our walls approximately
2% inches thick. %Etﬁ}ick are figured to the square foot when placed on edge; 4)§rick
to the square foot when bedwise. Interior partitions for the first floor were placed
in position by men power alone, and anchored.

In ke commencing g this job, the masons had never worked on a house of
a similar type, and they were very much of the opinion that they could work faster
by trowel than our type of Penel making. In order to check this, several interior
){énels were laid up with trowel. There was no comparison in guality of workmanship,
time and cost--everything being in favor of the molded/éanel.

Steel IPans were pleced over the first floor walls, both exterior and in-
terior. They were securely anchored and then filled with light weight fement aggre-
gate. The IPans were of 12—guage/éteel, 4 inches deep, 18 inches wide. In some in-

stances, as over the garage, they had a span of 15 feet.



A A
oo
Finishing off the cement fill of the Pﬁﬁs made them ready for a mastic
covering, in preparation for a wood floor Oﬂ linoleun covering, éﬁzé%e%—have~yonv
The one operation of placing the IPan and filling it with/ﬁément aggregate, made
a second floor and an under-ceiling at once. s

Second story walls were put in position in a{izgiigr manneilto théxfirst
flooxrs The/gfeel beems of the roof freming are securely bolted at the ridge pole,
with a beam extending to each corner, and in turn securely bolted to the channel
plate. Over this ﬁ%eel roof frame are placed l4-guage %teel IPans. These are not
filled with alﬂgncrete mix, but with Thermax glabs. We thus have a fireproof and
thoroughly insulated roof. Over.  the Thermax fill was placed an asbestos shingle
roof, attached in the regulation manner.

Corner fenestration was used, because it geve more window openings than
in the aversge house-—there being some 8 feet in each room. It also permits cross
circulation and a better arrangement of interior furniture.

The deck roof over the double gerage 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-
tion in several places--the doorways and the porch. Because of the use of the IPans
and the lighter weight retaining walls, it is possible for the/A?chitect to use
cantilever construction. Furthermore, the position of the first floor outer walls
does'not set the position of the second story walls.

Our labor costs, per Chicago Union Scele, were Masons—-$1.50 per hour

Carpenters—— 1,31+ " o
Laborers-- .82z " 4
Even with these labor costs, and being an experimental job all the way through, we
struck an average of approximately 4O¢V§er square foot for the walls, including labor,
materialyand installation. We ere qugke confident that such costs on an organized
job could be cut to 55¢’§2r square foot, or less, depending upon the price of Brick

N

and other mesonry materials, lebor costs, together with the contractor's knowledge

of this type of construction.
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There are at least 15 advantages of this type of 4-inch load-beering,/iéin-
forced Brick Wésonryyyélls of/fénels:

(1) Freedom of design.

(2 Variety—-not stereotyped.

(5) Centilever construction.

(¢) Roof--pitched, deck, or combination of both.

(5) No factory fabrication.

(6) No mechinery investment.

(7) Mo mass production.to reduce costs.

(8) Panels cast at building site.

(9) Local labor and materisls used.

(10) Speedﬁ%&onsﬁruction.
) (11) Monolithic--rigid, permanent.
(12) Wide color palette.
(15) No painting exteriof panels.,
;w‘&) Voel
(14) Rust—?’Termite—PﬁggreE?roof.
(15) Less material, low cost, low upkeep.

There was no wet plaster used in the home. Various wallboards and wall
coverings--linoleum, etc.--covered the walls. It is proposed in this type of well,
that it have insulation and be treated as an ordinary wall.

Undoubtedly the question of leaskage of 4-inch Panels comes to mind. We are
pleased to advise that/ﬁanels were left exposed in certain places in the house, so
thet examinations could be made to see if there was any leakage. We found no leakage
of the joints whatever, either of the individuallﬁrick, or the vertical joints with
the mastic fill.

The house is of monolithic construction, as mentioned. by lr. f. J. C.
Dresser in charge of Chicago Housing, when he exsmined the photos and specifications

in his office in Washington. It is strong and durable.
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As high as 8,000 visitors passed through the house in a 10-hour day. This
was an average of about 12 persons per minute, almost in lock step--a continuous pro—
cession, upstairs and downstairs, with the exit over the garage deck roof. The Atten-
dants on the lower floor advised that they could feel no vibration of the house,
neither was there any sound of footsteps overhead, even with this vest number passing
through.

The savings in construction cost come partially from the fact that one en-
tire course of back-up Brick is eliminated from en ordinary 8-inch solid masonry wall
in all the outer walls. With Prick ¥eneer over wood studding type of construction,
the entire studding, both upstairs and downstairs, is eliminated. In both cases,
the 4-inch Reinforced Brick Mgsonry anel is load-bearing, cerrying the entire struc-
ture. Thus the cost of at least one-half the amount of Prick, plus the cost of in-
stallation, is eliminated. Rate of construction is also speeded up.

| During the last few months, we have proved by alternate estimates on several
houses that are semi-fireproof, low upkeep, that houses can be built on this method
as low, or lower, in cost then in using all frame construction. With thelﬁrick Yanel
interior partitions, the garege is built in, fireproofed.

Carrying this cost figure a point farther, over a 10-year period of upkeep,
consisting of two or fhree paint jobs, depreciation, etc., the advantege is even more
in favor of /ﬁrick.

The cost figure for reproducing this 1ll-room house, is $S,OOOTZ where
skilled labor is not over £1.00 per hour. This includes a good grade of plumbing,
heating, and lighting fixtures. Thelﬁeinforcedz#rick %;sonry anel}ﬁouse thet we
have just described to you, was the only house at the Century of Progress that could
be built for §5,000. AS/A;chitects develop their plans, and as/Zgntractors and their
workmen become more familiar with this type of construction, it is believed that costs
can be{?égzged. Contractors will come to the job with the needed equipment, and will

be able to eliminate a2ll lost motion, organizing their job from the very beginning.
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Our Century House wes built without a basement. It isvcontended that 1t
is cheaper to build ebove ground than below. However, where basements are desired,
the first floor can be built of einforced'ﬂrick anels, the same as we have described.
They can be on 24", 26", or.desired centers, in units if 5;t 426 Sff‘and 6{’§£ngths,
supported on/é%eel Junior I.Beams, or/ﬁ¥e7¢£stv einforced oncrete/f;ists, or'ﬁéin—
forced/érick eams. Further, it is expected that such rick‘?;nels will become a
standard item of the/M@terial ealer.

C7°\\\__‘L*¥ Reinforcedlﬁrick‘ziabs, of'2%—inch thickness/%and 5-foot length, will carry
an ultimate load of 200 pounds per square foot, and & safe load of 50 pounds per
square foot. A 33-inch einforced}érick ?iab, 8-foot length, will carry an ultimate
load of 300 pounds per square foot, end a safe load of 75 pounds per square foot. -

A)ﬁ%inforced/é}ick/ﬁ&ab 62-inches thick will carry a 100 pound load per s.;quére’f‘oot.al<

When our work sheets now show that the entire exterior wells--R23 fénels,
604 square feet--of the second story, were erected, completely, in 9 hours and 5
minutes, there is every reason to believe that/#re- ast "rick’fanels can be placed,
as a first floor in any ordinary sized house, in less than a day's time. Such con-
struction gives a fireproof basementigand should be used in the all lumber house,
end the/ﬁ}ick/%;neer over wood studding, as well as in the all/ﬁrick house. As a
method of fireproofing the basement, where statistics show that most of‘the fires
originate,‘ﬂ%inforced rick/fioor[fénels would be a God-send in eliminating wood
joists,

Where there is no basement, the over-zll cement floor foundation makes an
admirable place for the casting of the wall and partition/fénels at the building
site. The bed of sand gives you the levelling eleﬁent.

Where a bzsement is required, the/#refﬂgst ﬁ}ick‘iloor4fgnels can be placed
in position on the/éteellﬁ%ams, and thus a place is made ready at no extra cost

whatever, for the making of the wall and partition fanels.

Qﬂ(FTom Brick Engineering, Volume III.



< -

S . S

There is much to be said in favor of this type of construction. Architects
advise that because of the lighter exterior wall load of einforced.ﬁrick yénels,
they have more freedom in placing the second floor Wall,fanels, both in cantilever
eand other construction. They do not require the heavy supporting wall beneath. .

Centilever type of construction wes used in our Century House/gwithout any
additional cost, because of the/gteel IPans in the second story floors.

In a word, thelﬁginforced/é}ick/M;sonry anel is thefﬂ}ickman's answer to
)W;bricated omes. It is truly remerkeble that one of the oldest building materials
known to men, today, is used in the most advanced type of construction.

The small-home field is a large one, as we attempted to show through our
two tebles of statistics--the one giving incomes, and the present census of low-cost
homes already in existence.

It is verified in the recent General Electric Home Competition, with its
2,000 competing designs. Class A @lone, the smell house for the North, had 1,000
entrants, which is approximately half the ezﬁ%re number of competitive plans sub-
mitted. It is also reporteaf;gobably 75%F6f the plansquhowed a trend toward the
modern type--meny with deck roof. _

Reinforced rick:}%nels are most admirably adapted to the type of construc-
tion shown in the Generél Flectric pbmpetition, the very latest home design competi-
tion in this country, awards just having been made.

"Cheaper and Better Homes" can be built with/éeinforced rick Masonry

/f;nels. The coming Architect will undoubtedly brush aside the cobwebs of tradition

S

end strike out boldly, developing new ideas in the method of utilizing construction
meterials, thereby giving us homes at a lower price, fireproof, with low upkeep cost,

end within reach of the masses.
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CLAYS AND SHALES TO THEIR CERALIC PROPERTIES

Ralph E. Grim

Sstimendery Petrographer, Illinois State Geological Survey,
Urbana

Introduction ¥ ce o o~
AAAA ) reveq /Unlver81ty of Illi-

The Illinois State Geological Survey for the past several Tznqéi

in cooperation with the Department of Ceramic Engineering of th
yearsphas been investigating the minersl compositionh of Illinois'

clays and shales in an endeavor to obtain a better understanding

of the factors which control their ceramic properties. This

% “!/) L ILEL AN {? b

research is leading to the accumulation of a body ofylnforuetion

on Illinois' raw materials for ceramic purpose’ which should be
#
RALANNS
of vealue in 1mproving{%roaucts in solving certain processing

problems, and in developing new products. At the Second Annugl —/
. 1
lineral Industries Conference held last year, a preliminary report

1/
Grim, R. E., Clays and shales: Report of the Second Annual Mineral
Industries Conference on Home Building in Illinois, pp. 101-109

(1934).

of this work was given. ©Ouwr—resezrchnes 10 thIs direction—heve
been—sontinved;~but—ore-not-yet-comptreteds The present paper is
a progress report in which it 1is intended to present some results
of our further work on this problem.

These results can be presented best under the heading of
the following general varisble factors of constitution which
exert an importantvinfluence on cereamic properties, (a) variations
in particle size, (b) variation in mineral composition, and (c)
varistions in the base-exchange capacity and the identity of

/‘rm
exchangeable fene. It is not considered that these are the only
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constitutional fectors influencing ceramic properties although

)%MC%’

they are among the most important.,

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 materisls has been recognized and studied for
some time. In investigating Illinois clays and shales a slightly
different epproach to the problem has been used, and specific
data for these materials have been obtained. These destz are
importent, not only for their own inherent value, but because the
influence other factors of constitution exert on ceramic properties
cannot be evaluated without them, i.e., unless the varistions
due to particle size sre taken into consideration.

To study this problem, a series of Pennsylvanisn shales
used in brick meking were selected, all of which contain the

3/
cseme mineral components, i.e., they are all composed essentially

=

Grim, R. E., Petrology of Pennsylvanian shales and non-calcareous
underclays assocliated 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
by differences in the identity of the mineral components cculd
be largely eliminated. The content of maeterial existing in
particles less than 2 microns in dilameter, plus larger clay

ardhodh edh Vs

minerel particles, broken down to this size on working, was

A

determined for each shale of the series by microscopic and



sedimentation analyses. Likewise, the content of material coarser
than 2 microns and not broken down to a smaller size was debermined
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 mm) 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

tire following figuresl,&,ziww£ 3-
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sedimeyéetion anelﬁses. Likewise tne content of ‘material coarser « B

than 8 microns /And not broken a@wn to a smeller size was dekermlned i/
!' R
% each member of the oerles. The forner fractlon was des1gnated

r‘

for convenience ao frdctiop A, the lat teﬁ’as fraction,E Gerumic

tests wgre ma 'on eaanMember of the %eries, and the determinations
1'

of ¢ values for varifus ceramic p opertles weregplotted against
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Fi%. 1. Curve showing the relation between amount ,/¥C?V/GC
of fraction A and modulus of rupture without

added sand for & series of PennsyIVanien

A ibﬂxd | sheles. / The locations of samples used in
[ # constructing this and the Feolkowias figuresglwﬁﬂ5
3o W0 can be determined by reference to the sample C’.fv
| C r AL

numbers and the appendix £¥ the author's
previous paper in Bull, Am. Cer. Soc., vol.
14, No. 5 (1935),

F>

Fig. 3. Curve showing the relation between the amOunt\(~V ag
MAA~  of fraction A and voluwe drying shrinkage /
for a series of Pennsylvanian shales.

i
? Fig. 3. Curve showing the relation between the amount ) Oy ¢
| ANes of fraction A and volume burning shrinksge for v

a series of Pennsylvanian ohales.
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Figures 1, 2, and 3 showf%%e modulus of rupture, the drying
shrinkage, and the burning shrinksge 3 decrease with decreasing
amounts of fraction A. The decrease in modulus of rupture (Fig. 1)
is most rapid in shales ranging from 100 per cent to about 70
per cent fraction A, As shown in figure 2, the decrease in volume
drying shrinkage becomes increaesingly less as the amount of

fraction B increases. The burning shrinkage, as shown by figure 3,
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appears to decrease gradually as the amount of fraction A
decreases., There is a suggestion that the rate of déorease is
more rapid with less than 60 per cent fraction A (Fig. 3) but the
date are not conclusive on this point.

An inspection of the figures 1 to 3 shows that the velues
for certain of the shales are not close to the curves drawn gpprox-
imately through average values., Thus, shales number 241, 237, 339, 379
exhibit distinctly higher or lower vsluss, as the case may be, for
nodulus of rupture and drying shrinkage than the average values
for shales of similar fraction A content. Petrographic analyses
of—the=anedes show that textural characteristics are usually
responsible for these variations. In general a shale possessing
values below the average 1s found to contaln aggregates and
minersl particles which break down only with difficulty to
particles as small as those in frasction A, i.,e., 38 microns or
less., Ordinary working processes do not reduce these aggregates
and particles aslthough they can be broken down to this size,
and the designated content of fraction A has been determined on
the latter basis. Since they are not broken down during worki')
the samgle exhibits the properties of & shale with a smaller
amount of fraction A. The cause of this difficulty in disaggre-
gation is commonly a slight silicification. Similariy samples
possessing values gbove the average are usually those very easily
disaggregated and consequently on working an unusually large
number of particles ere reduced to the size limit of fraction A

causing the sample to possess values characteristic of the
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average for shales of larger fraction A content., ©Shales that have
been exposed to surface weathering conditions commonly exhibit

this exceptional ease of disaggregation,

Influence of variations in mineral >/ {dl}v

composition on ceramic properties

"It has been recognized in recent years that all clays are
not composed dominantly of ksasolinite or a kaolinite-like mineral,
but that they may contain any one or more of a group of minerals
known as clay minerals, In this group are to be found such
minerals as kaolinite, anauxite, halloysite, allophane, beidelllite,
montmorillonite, nontronite, a sericite-like mineral, and perheaps
others., The ceramic properties of a given clay or shale will in
part depend upon which of these minerels are present and their
relative abundance.

The noq’calcareous underclays occurring beneath the coals

S

in Illinois are composed 7f a mixture of kaolinite, the sericite-
3
like mineral and quartz. As already indicated, the shales

3/
Grim, B, L., lden.

associated with the same coals are composed of the sericite-like
mineral and quartz. Thus by comparing the ceramic properties

of these shales and clays in such a way thaet the influence of
particle sizeT}and texture are held constant, the influence of
kzolinite and the sericite-like clay mineral on these properties

can be investigated. This has been done by determining the
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relative abundance of fraction A and fraction B for a group of
underclays, by obtaining determinations of values for the ceramic
properties for each member of the group, and by plotting the
ceramic values against the content of fraction A, A comparison
of curves (Figs. 4, 5, and 8) based on such plottings for similar
properties for shales and underclays 1s in effect a comparison
of the average ceramic velues for shales and underclays of the
same fraction A content., In this way’the influence of particle
size and texture can be eliminated and the influence of mineral

composition studied.

Fig. 4. Curves showing the relation between \

ANA~~, gmount of fraction A and modulus of  Ctrt
rupture without added sand for a series
of Pennsylvanian shales( and non-
calcareous underclays (- - - =).

(éxh Fig. 5. Curves showing the relation between \ Ponec
rAn~ agmount of fraction A and volume drying + @
shrinkage for a series of Pennsylvanian |
\ shales % and non-cealcareous under- /
eleys -~ - =),

Fig. 6. Curves showing the relation between \ Cffxy@
PN~  gmount of fraction A and volume burning
shrinksge for a series of Pennsylvanian
shales % and non-calcareous under-
clays (- - - =).

o

Figure 4 shows the values for modulus of rupture to be higher
for the underclays than for the shales., This difference is great-
est when the content of fraction A is large, and least when it

is small,
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As shown by figure 5, the underclays possess a higher
drying shrinkage than the shales, The curves show further that
the difference is greatest in materisl rich in fraction A, and
thet the rate of decrease of drying shrinkage with increasing
eamounts of fraction B is different for the underclays and for
the clays.

Figure 6 shows the underclays to possess a lower burning
shrinkage than the shales. As in the case of the drying shrinkege
the rate of decrease of firing shrinkage with increasing amounts
of fraction B is not the same for the underclays and shales.

The relative abundance of kaolinite and the sericite-like
mineral is not the same in all underclays. In the underclays
investigated, 871 and 333 contain the most kaolinite, 348, 235, and
356 the least. In the green properties, there is no close cor-
relation between the relative amounts of these minerals and the
values for these properties, From this it can be concluded either
that in materials of this kind a minimum smount of kaolinite
is ample to cause the differences in green properties shown in
figures 4 and 5 with larger gquantitles exerting little additional
influence, or that the divergence of values possessed by the
shales and underclays are caused in part by factors which have
not yet been analyzed. The solution of this problem is a task
for the future.

As shown by figure 6, there is a relationship between the
ebundance of sericite-like minersl and kaolinite and;burning
shrinkage. Underclays 2356, 225, and 248 with the highest amount
of sericite-like mineral possess values close to those of shales

in ﬁhich this mineral is the dominant chstituent. Other data
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not here presented further emphasize a falrly close relationship
between mimersi=identisyr—end—5% proper :

A petrographic analysis providing data on the relative
abundance of fractions A and B in a given shale or underclay,
and on the identity of the essentisl mineral éomponents can be
made in a comparatively short time. Using these determinations
together with data similar to that presented above permits a
rapid and fairly accurate estimation of the ceramic properties
without detailed ceramic analyses.
Influence of variations in the base-exchange <Td?*‘6L
capacity and of the identity of exchangeable
+ens on ceramic properties
It has been recognized for some time that meny clays possess
certain amounts of various alkalies which they willl exchenge
under certain conditions for other alkalies., This 1s the
phenomena of base-exchange made use of in zeolite water softeners
in which the mineral zeolite exchanges 1ts sodium for the lime
of the hard water.,
Different clays may possess the capaclty to exchange
different amounts of alkalies, Likewise, the specific identity
of the exchangeable base 1s not the same in all clays. Recent

4/
work by Endell, Hoffman, and Wilm has shown that there is a
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Endell, N., Hoffman, U., Wilm, D,, R8ntgenographische und
kolloidchemische Untersuchungen #ber 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 base-exchange capacity in-
creases, i.e.,, the higher the capaclty possessed by a given clay,
the higher its plasticity and drying shrinkage will be. Within
a given type of clay, such as kaolin, the breaking strength
also increases as the exchange capmcity increases.

Perhaps of grester importance is the further recent finding
that the properties of the raw material vary elso with the
identity of the exchangeable base. It is now known that a given
clay will have a slightly different plasticity and drying shrink-
age depending on whether sodium or lime 1s the exchangeable com-
ponent., Specifically as lime 1s exchanged for sodium, the
plasticity is increased, and the drying shrinkege 1s decreased.
Clays as they occur in nature usually carry calcium as the
exchangeable base rather than sodium .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 the influence generally of other beses
such as potash and magnesium, are problems for future research.

The importance of this approach to clay and shale research
is obvious when it 1s recognized that these data on base-
exchange caé%ity and exchangeable constituents mey hold Ege'key
to the control and improvement of the ceramic properties of a
given clay. This problem of the improvement of a clay is not
as simple nor as unrelated to other factors as may be concluded
from the foregoing statements. Thus, different clay minerals
possess different baée-exchange capacities, e.g., the base-

exchange capacity for kaolinite is nil or very low, whereas
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for beidellite and montmorillonite it is very high. Therefore,
a clay so constituted that its exchange capacity is low can
have its properties changed very little by varylng its exchangeable
base., However, this difficulty probebly can be surmounted by
blending in another clay with high exchange capacity thereby
increasing the possibility of varying the ceramic properties
by varying the exchangeable constituent.

Various constituents of many clays such as free ferric hydroxide
and free silica probably tend to reduce the base-exchange dapacity
of a given clay and consequently influendiag—the ceramic propefties.
Also, there is evidence that the base-exchange ability of a given
clay mineral varies with 1ts particle size, Therefore; the
problem of improving properties of clays from this point of
aporoach may involve a consideration of the removal of certain

constituents or a change in the size of the constituent particles.
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C.W.Farmelee

A Progress Report on an Investigation
ILLINOIS STATE

of Face Brick

By C. W. Parmelee
Head, Department of Ceramic Engineering
Universlity of Illinois

Introduc tion

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 brick 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. he 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 Paul S. Dear, Bulletin No. 6,
Engineering Experiment Station of Virginia Polytechnic Inst.

Physical Properties of Common and Face Brick Manufaectured in
Oklahoma, by L. F. Sheerar, Publication No. 8, Engineering
Experiment Station, Oklahoma Agricultural & Mechanical College.



from the stock of dealers representing the out-of-state manu-

facturers in the Chicago area,
Description of Tests >"tﬁadv CZ

Variations in size.frfhniformity of size should give,
in some measure, an 1dea as to the amount of control exercised
O TR LN UM 1 in'addi‘cior} to the technical value
of uniformity, makes the test worth*@ié“é&m. The test, as
pérformed on Illinois brick, consisted of measuring -the length
of one hundred brick and dividing the sum by that number toc ob-
tain the average, The variation from the avg?;égughélééu;é by
measuring the individual length and subtractingafrqm 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:=-

average variation y 199
per cent variation = gyergge length

The same computations were made for width and thickness.

It was observed, while conducting the variation of
dimension tests on the Illinois brick, that fewer measurements

ﬁt Matedln ok Gilh S8 Cually i Nlbdtl gslti

could be made andAstlll«gst tha.samewnuman&ea&&malugs ‘ There-
fore, in obtaining the variation data for out-of-state brick,
thirty specimens of each brand were used,

Wag;aﬁe.:ﬂwWarpage measurements were made by laying
a straight-edge along the length of a brick and estimating the

warpage to the nearest 1/16 inch., One hundred specimens of



each brand of Illinois brick and thirty specimens of each out-
of-state brick were measured.

Comgressive strength.ff/;he 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 of
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.

Transverse strength. The transvg;se strepgth was
determined on not less than five Whoié %i;ck©é;cording to
A.8,T.M. test designation C. 67=-31., Each brick was placed flat-
wise on knife edges épaced seven inches apart and the load was
applied uniformly at mid-spen. 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,

Absorption.- The absorption velues were found by al=-
lowing five brick of each brand to set in distilled water until
constant weight was reached. This procedure varied from the test
recommended by the A.S.T.M,, épecification Ce 67=31, in which a
definite five-hour saturation period in boiling water is speci=-
fied. The standard formula

sat. Wt. e DI’Y Wt.
per «cent absorption = Dry Wt. i

was used to obtain the wvalues,



A/

{¥ Rate of absorgtion.-ﬂ Some indication of the per-

meability of a face brick may be obtained by the rate at.which
it will absorb water at room temperature. TFive samples from
each brand were weighed with the accuracy of iQ:5 per cent,
pléced in distilled water, and weighed again at one hour in-
tervals until the weights became constant. The rate of ab-
sorption in per cent was computed from the hourly value,

é Bulk densitz.- The bulk density values were ob=-

4 Q tained from an average of five samples determinmed by the sus-

s
{ V’
b

pended weight method, The specimens were first weighed with

an accuracy of 40,5 per cent, and immersed in distilled water
ugutif{ saturatﬁggf the saturated end suspended weights were

then determined., The density was computed from the formulsa:-

Saturated-Wt. - ouspended Wi,

Brinell hardness.- Five specimens from each brand
T k were taken for a Brinell hardness test and one surface of each
sample was smoothly ground on a revolving steel disc with 200=-
mesh carborundum as the abrasive, The hardness was determined
cn a standard Brinell machine with a constant bearing load of
500 or 1000 Kg. The different loads were used flue to extreme
differences in hardness; soft and extremely vitrified brick
breaking under the 1000 Kg. load. Carbon paper, interposed
between the sample and ball, was used to more‘clearly define
the mark of the steel ball., The diameter of the indentation

was measured with a megnifying instrument. The Brinell index



=k

was obtained from the diameter by the equation given by
MeBurney, Jour, Am, Cer, Soc, 1930, 823.

The Brinell hardness 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
mind that if the ?}ick were homogeneous throughout there
should be a definite torrelaetion between Brinell hardness and
the compressive strength.: However, the condition is not fully
realized. Therefore, the Brinell index data might be said to
give the strength or hardness of a practically uniform portion
of the brick in the region of contact with the ball. The com-
pressive or transverse strength, on the other_hand, gives‘the
strength of the brick as a structural unit. |

Soluble salts.- A qualitative test for the presence
of séluble salts was made by half immersing the brick samples
in a pan of distilled water. After evaporation was complete,
the surfaces were examined for evidence of scumming and the
resulting eppearance recorded. These results are not reported
at this time.

gg;gg:- 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 according to hue, value,
and chroma, This 1s a very satisfactory method if too many

tests are not conducted at one time since then the eyes of

the operator become fatigued.



Results ) %J)' ¢
P =
o 4ol 73,

)
The accompanying tableiand Qharts summan.ze the re-~

p—

sults thus far obtained relating to the stendard brands of
Tace brick menufactured in tPe State es—a—untt. The tests
showed the deetded supeﬁESr;tﬁ bf Illinois brick as a group
in nearly all physical properties. The limited emount of data AVAxLAY
for direct comparison shows an apparent inferiority of southern
and western brick compared to mid-western brick.

Although the varistion 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 is the indistinct boundary
between the indentation and the surrounding surface; possibly
some better method can be found to determine this property.

j,,(tf ol 4 ‘

The following chartmghows some of the more interest=-

ing values obtained.

¥ L.
vv“ 4».* &

sy Further stebistical treptment of brick data would be
/

f beneficial to both manufacturer and consumer.



Table 1.~ Summary of Data

4 ‘5 Illincis
%6)\( | Ave. compressive strength =-=---ce-m— - 11,320
| Max, compressive strength ~=eceaccccocaca- 17,800
Most probable compressive strength ==-== - 12,000
! Ave, Transverse strength =---c-rcec-cccec- 1,720
? Max. transverse strength =—eemececccecewa- 2,860
% Most probable transverse strength —=----=- 1,600
% Ave, absorption =ses=cacccccacana. ——————— 3.65%
2 Max, absorption =eeceermeceocmom ccacme——— - 9.5%
% Most probable absorption ==memcemeecccecca- 5%
§ Ave, variation in dimensions ===er=weeee- 2,72%
EMbst probable variation in dimensions =-- 2 e2%
§Most probable maximum Warpage =me==e=em== .0625"
§ AvVe, Warpage =-—=ecccmcmcmcceccrcnanscnnnen .0159"
| Max, Brinell hardness index =em-ecmcmcw=- - 174
i Min, Brinell hardness index ==esmcemcccoc= 34

'

i *Most probable veal ues for all brick

Others

8,800
16,200
10, 900%
1,390
3,140
1, 300%
7 «58%
13.2%
5%%*
3.06%
2.2%
.0625"
L0269
193
56



A Discussion of the Figures

Note on Frequency Scales

The frequency scales shown on Figures 1, 2, 3, 4,
and 5 are those for Illinois brick; the frequency scale for
g1l brick" may be had by multiplying the glven scale by

the factors listed below.

Transverse Strength - - - %?
Compressive Strength - - 2
Warpage = - -~ - =~ = = 6
-
Absorption = = = = = - = %%
20
13

Variation of Dimensions -

Since there were forty brands of out-of-state brick considered
as against twenty-two from Illinols,the two sets of curves
were adjusted to secure an easler 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. s

The number of brands of brick and the intervals infiéim

measurements for each graph for Illinols brick are listed below.

Number Intervals
of Brands on the Graphs
Properties Tested (approx.
Transverse Strength - - - 23 300 1lb. per sq. in.
Compressive Strength - - 23 2,000 1b. per sq. in.
Warpage — = = = = = = = = 33 1/16 inch
Absorption - - - - - - - 23 1.5%

Varistion in Dimensions - 33 1.%



D

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.
In testing such heterogeneous materlal as & face brick, it
is to be expected that there 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 value
unless a very large number of samples is tested. %g;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 Illinois brick) was about 1300 pounds per square
inch, whlch is the Most Probable Value, whereas the wesd

Aréicnkte

£naqaeﬁ% valugifor transverse strength of the Illinois brick
was nearly 1600 pounds per square inch. PFurther, 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 bricke.



=10=-

The summary of the data shows that the brand of brick having
the highest transverse strength of this investigation is manu-
factured outside the state of Illinols, yet the frequency
diagram indicates the probability of a brand of brick being
manufactured in Illinois having this strength is greater than
the probabllity of it being manufactured in "alL‘ stateg\con-
sidered.

It should be noted that this part of the Illinois
frequency curve is extrapolated and, therefore, gives the
probable distribution in this range. Further, the next
highest value for transverse strength for out-of-state brick
is 2400 pounds per square inch. This value 1s 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 Illinols 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 conditions. Some of the data
f&ﬁzhdicated on the 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



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, shows that the Illinois brick
a8 a unit show a somewhat 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 Distrlibution 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
absorption for brick other than Illinoi; is higher. The
maximum for Illinois brick is less than the maximum for all
brick and there 1is less probability that the Illinoils 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 probable 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 they are

“"more uniform than out-of-state brick tested or of which we

have data.



-12-~

The Distribution of Compressive Strength, Fig. 5,
shows that the average of the Illinois brick is considerably
higher than the average of other brick, also that the Most
Probable Value for the Illinols brick is greater than for

all brick studied.
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Face brick studies - fouplirdtrirg

No soalevis given for frequency on any charts.

On the graph "Variations of dimension" it is not shown what
the so0lid and dashed lines respectively represent.,

It is not evident how the graph "Variations in dimension'
relates to any item given in "Summary of data."

The data given on warpage in "Summary of data" appears to
be discordant with the date presented in the graph
titled "Distribution of meximum warpage."

The heading "Description of tests" at the top of page 3
should be made continuous with the last paragraph on
pege 1, as they deal with the same subject.,

The heading "ﬁescription of tests" should be inserted as a

center heading Jjust before the last paragraph on page 1.

Page 3, second paragraph. This paragreph should be started
with the word YAbsorption -" to denote the nature of the
test.

Page 3, last paragreph. This paragraph should be started with
the words'“Bulk density -" to denote the nature of the
test.

Page 5, paragraph 3 - the word "Results" should be a center
heading.

; e

Pagegg?; The heading "Fgce brick investigations" should

be deleted.,



™

Comments on "Face Brick Studies®

P. 1. - Should there not be a footnote reference to the publications
mentioned in lines 7 and 11.

p. 8. - Line 15, starting "warpage" should be a new paragraph.

p. 4. - First paragreph on p. 4 should begin with the title
"Brinell Hardness" which has been crossed off.

p. 5. - Would suggest the section titled "Results" be changed some-
what as follows and that the statement regarding the
limitations of the Brinell hardness method be transferred to

the discussion of that test on p. 43

Results

The ac¢companying table and charts summarize the results thus
far obtained relating to the standard brands of face brick manufacture/
in the State as a unit., The tests show the decided superiority of
Illinois brick as a group in nearly all physical properties. The limited
amount of datae for comparison show an epparent inferiority of southern
and western brick compered to mid-western brick.

p. 6. - Delete "Face brick investigations" and give a table number.
Pe 3. - It is not clear how the rate of absorption is calculated.
This involves (1) time, and (3) amount of water absorbed.

Chart “veriations in dimensions" 1s missing. Presumably 1t
has been deleted.
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A Progress Report on the Use of Peat with % aylLLINO
!
e

in the Production of Porous Brick

By C. W, Parmelee
Head, Department of CGeramic Engineering,

University of Illinois, Urbana
The puﬁéése'éf;%ﬁié'IﬁiééfIﬁ%tIﬁﬁ"ﬁﬁdertaken Jointly by the

Ceramic; De;zgégggzyof the Univergity of Illinois and the Illinois

"" .y Z{ v ‘s‘\«&«j

State Geologlical Survey, was to attempt the production of highly
porous brick sultable for insulation purposes. The introduction of
organic material such as peat, straw, sswdust, coal, etc., in clay
mixtures is an old practice which haos been successfully employed at
various times in the production of specisl products.

The raw materials used were peat obtalned from near Elgin,
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Illinois,~£iréfélay from- theﬂbhicago Retort and Firebrick Gompeny
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efOttawa; till or surface clay from the pit of the National’ Brick

Sp——
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Company-et lserfield; shale from the Herrick Clay lManufsaec turingﬂcomp&ny

of Ottawa. Some tests have been made with the last named material
but less completely so because of difficultles encountered in
burning.

The peat and clays were mixed in vearying proportions and the
mass brought to a workable condition with the addition of water.
Test pileces were formed by extrusion through dles.

These test pleces were burned at several different temperatures
according to the nature of the clay. OSpeclal care was needed in
order to accomplish burning successfully without damcge by bloating.
Using the experience gained with the small test pleces, full size
bricks were made in the plastic condition by hand molding and
repressing., These were burned to cone Ol and the following results

were obtained:
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£3444‘*zbf74 Absorption<7u~aM{) Spef§??§e§;avit;Mh<

Till - 100% 10.7%, 1.70 '
90 till + 10% peat 30.9 1.41

80 " +a204 "  42.3 1.19

7 & +30 * 57.8 0.98
Fireclay 100%_9 13.3 2.05
Ség'fireclay 10% peat 18.8 1.68

80 o 2094 3l.1 1.35

70 " 30 " 50,1 0,997

The brick were of good color and appearance., The very high

absorptions and low gspecific gravities attained as well as the

excellent color and appearance are very fazvorable indications

of the possibility of producing brick of good Iinsulating properties.
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Friday, May 17
COAL RESEARCH

Elec. Eng. duditorium

Fuels. - Developments in the Technology of Illinois fuel.
Samuel R. Lewis, Consluting kech. Eng., Chicago.

Production and Utilization of Coal.
G. H. Cady, Senior Geol. and Head of Coal Sect., Ill., Geol. Surv,
F. H. Reed, Chief Chemist, I11l, State Geol. Survey.

Chemical Engineering Problems Relating to the Mineral Resources of the State,
D. B. Kkeyes, Head of Chem. Eng. Uiv,, University of Illinois.

Urganic and Mineral Comppnents of Coal as Seen under the Microscope.
W. S, McCabe and C, G, Ball, I1l. State Geol. Survey. S oy,
{

Separability of Coal Components in Coal Fines.

L, C. McCabe, I11l, State Geol, Survey. f*~%w:x?
Coking and Gas-Making Properties of Illinois Coals.

Gilbert Thiessen. o

Smokeless Briquets Made by Impact Process.
R. J. fiersol, Il1l., State Geol. Survey.

Saturday, May 18

Illinois Coal as a Solid fuel - Fossibilities of Improving Its Competitive
Position.
The Economics of Coal Beneficiation, with Special #eference to the Problems
of Smaller OUperators.

k. J. Lawry, Contr. Eng., Roberts and Schaefer Co., Chicasgo.

Fossibilities of Improving and #xtending the Use of Ill. Coal through a
Study of its Constituents.
G. H, Cady, Senior Geol. and Head of the Coal Div, State Geol. Survey.

Utilization of Coal lMine Vlaste.
C. M, Smith, Res. Assist. Prof. of ing. Eng., Univ. of Ill.

Furthering the Utilization of I1l. Coal Through Proper Equipment Design.
H. Kreisinger, Hes. Eng., Combustion £ng, Co., New York City.

I11. Coal as a Source of Gaseous and Liquid Fuel - Looking to the Not Far
Distant Future.
From the Viewpoint of a Technical Man in Industry.
M. D, Curran, Pres., Hadiant Fuel Corp., St. Louis, lio., and West
Frankfort, Illinois.

From the Viewpoint of a Research Coal Cherist.,
Gilbert Thiessen, Assoc. Chem.,, I11. State Geol. Survey.
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Memorandum

To: Dr, M, M, Leighton
From: F, H, Reed
Date: September 5, 1935

Re: Publication of papers in coal (Minersl Industries Conference)

Genersl comments

Dr. Cady has suggested that these articles should not
be published, Before such a decision is resched, I believe it would
be well to consult C, J., Sandoe and others in industry in regard to
thelr 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 hasving coples of the papers, particularly Mr.
Kreisinger's. Since this one 1is already published, it is possible
that the abstracts now being distributed 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.

Detalled comments’

Developments in the Technology of Illinois Fuel, by
Samuel R, Lewis

pP. 4, 24 paragraph, lines 17-30, incl., ©Scntence requires rewriting.

The Selection and Design of Equipment for Burning
11linois Coal, by Henry Kreisinger

P. 13, lines 1-7, incl, This parsgraph should be rewritten in a
manner similar to that 1n the abstract of this article,

Illinois 6oal as a Source of Gsseous and Liquid
Fuels, by Gilbert Thiesgen

p.v14, lines 9-11, I suggest the deletion of this éentence.

The article by Mr. Kreisinger was published in "Combustion"
June, 1935,

The article by Prof. Keyes was published in "Chemical
Industries," July, 1935,



W\P ILLINOIS STATE GEOLOGICAL SURVEY

Date Stamped AUG. 20

s

ITEM Papers in COAL (Mineral Industries Conference)

Initials Date Received Date Passed On

Please have in mind that these are‘being_gybli§hed under the auspices

State Geological Survey and yvou should therefore look out for

points that might be questioned by producers, thus involving the

Survey, and that ean just as well be avoided. MML
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MINERAL INDUSTRIES CONFERENCE

No. pp No. illus

Leighton

.¥ Lewis

.V 8teinhoff

.¥ Rockwood

. v Reed

. v Parmelee & Lamar

. v Keyes

8.v Lawry & Roberts

10.
11.
12.
13.

. v Cady

v Smith

v Kreisinger
Curran

v Thiessen

I11s.

14.
15.
16.
e
18.

19
iv

20.
al.
23 .
33.
24 .
25.
26.

v’ Lescher
vV Filippi
v Lyse
v Grim

v Parmelee (Brick)

.V Parmelee (Aggregate)

Lamar

Coghi1l ( p=")
Goldbeck

Trainor

Fryling and Wnite

Parmelee (Novaculite)

13
14
12
13
13

.
% 3

18

13
12
19

13

12
10

18

Miller & Breerwood(rk&?

10
10

107

1q 2
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130z
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3 DEVELOPMENTS IN THE TECHNOLOGY A L
~ OF ILLINOIS FUEL Sos i S

-

By Samuel R. 'Lewis e Gl 34‘ SN

The outstanding development in the preparation
of Illinois coal seems to be in the improvements by the producers
and dealers. f
\ Bhaus pradneers are sending the coal through a jet
of alr to remove all the loose dust, -arjﬁwasring it with water to
remove all soluble material,and a;jieoating it with a film of dis-

tillate to keep it from powdering.

Illinols producers of coal, under the present economie
necessity, apparentiy have decided to deliver better fuel and not te
leave most of the task of protecting an Illinois industry, as in the
past, to the man who builds equipment to facilitate the burning, that
i1s to say, to the bullder of the stoker or furnace.

This delivery of better fuel involves erushing and
sereening and sorting so as to remo#e incombustibles and dust. Most
of the dust,'@umumnnﬁﬁrw%Mw§amﬁno~b¥“ﬁﬁﬁh§6%iy now ¥¥ being thrown
away, butahhiamdnatfyrobably willyﬁecame a profitable by—produet,
just as the pyrites now picked from the sorting tables aro being

absorbed by the chemical industry, whereas formerly %ﬁgghwbao wasted,

' Washing coal with water bemoves not only the dust,
but carries away also the particles of mineral heavier than coal.
Washing may become nearly universal, for tremendous investments have
been made to facilitate it at some mines.
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Recent large scale testqﬂin actual practice Rave

’

shown-thas<blre water washing gave an improvement ef~i5*»in ﬁhe burning

o A (,(/v\xo vﬂi’:ﬁ“; A’, VHEA APy »'L\&":ti‘\') Ao k—i-t 0L, A 2 A% &

%EE’)% T vy &'}C Casrandie {/ {‘ﬁ WJ-,
efficlency of the coal, thie-being.made-up- for-an-inerease-of 7%MA IRIYIPY.

dons Lht B0k nrplonas v Tha %«& e arans X g, et N «Q«Utvi/vﬁa«» B e et guo Ths Lot B it
_inrhhzwaﬁa“pnrahdsedéperwé@l&arwefmfue%waegt~andwgﬁuu;q»aae%~inarwnn;r1

. -of-8f in the amount of steam produezg er do%&nm—ﬁgwﬁuol costy (Hea«el K
0/ ,&ll ‘}.14:’4:..‘.2‘6.{ .(,_/x.-u(h “y el whe. £ LZ_, ‘[fsu.”i" conlaf L& Btorvesf A 1ot boo &ﬂw‘j;f.«wu.“(,é R

Pae—to-procvessing with-otl—the particles of coalnae g
Iy 7 4 =
‘they-bura- seem tqaceke without fusing together into comparatively
large masses, as gawmx does some kinds of untreated cosl., The treated
coal does not hold as much occluded water and so does not eling to
the sides of stoker hoppers or arch over above the ream or the screw,
one of the weaknesses of wet, untreated coal having a considerable
proportion of ultrae fine particles when used in underfeed stokers.
w’i"% To ;?a,.w‘f Fie /’lnnt.‘-?f';m zi/ \4
+he processéd coals also appear: to reduce the tendeney - I~
E I\ s .n“' b P AA/MA '
topermit blcocw holes through the fuel bed*ﬁgqlarge stokergx 3ince
such blow holes,with the extremely high temperatures in the fuel around

their e¢dges, are responsible for excessive ash fuslon and stoker main-

?
tonance,the processed fuel brings sbout a considerable lmprovement.

One large producer predicts that due to the super
f processing of Illianols coal, the present standard method of coal
f consumers Bt

; purchasing by large Zamsumdzrs on a Bfu baslis will be modified to

allow properly for the inereased burning efficlency.

The alternating side-firing manual method of burning
Illinois bituminous ceoal has met with considerable favor. j?;

s, P ————— S ——",

( It involves the maintaining of
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The recently developed oil-coating technique bilds
fair to supersede the airlhe*dnsting process, and far surpasses
the older calcium chloride process which may become obsolete. The
warmed oilgis blown through the coal at high pressure forming a mist,

( sometimes . s an emulsion with waffipﬁand the o1l coating (easily|is| )
*applied by the dealer at nis local yard or dock as well as by the 'K
producer at the mine tipple. :

The o1l must possess vor;rdﬁfinite characteristiss'ﬂjWMLud=&¢ |
of low surface-tension, sc as to spread all around every perticle of [
coal and so as to attract and hold and cover each dust particle. It /
must not be odorous and must not evaporate and disappear or wash off. \
There must not, of course, be enough o0ll to cause the larger particles -
of coal to cohere each to the other, or to impede alr distribution.

Q{ | in instance has beén olted in which the dealer added
a small amount of oll of cedar to the distillate which was spplied
te the coal, with the result that the basement tec which it was delivered
acquired an interesting seent of the North woods.

This super-processing applied te Illinols coal costs
.iéﬁééé 10 cents per ton for removing the dust with air, a small amount
more per ton for water washing,and from 7 to 13 cents per ton for the
0il treatment, A small portable ailr compressor, a tank of the coating

fre o Hecalvwerf X
and an atomizer cemprise the duﬂl“fﬂ‘ necessary oquipment. ~

— |
e rmamicona

e 911 precessed coal can be thrown inteo the a:!.r, as with

a sh@val,without any dust appearing and still gives no visible evidence
of the oil. ; 4

SMbaitiutuajmnypikwjﬁ’ . |



a bed of ashes above the grates and when time for introduction of

green fuel arrives this coal is placed in a triangular pi}a against
one side of the furnace in a bed prepared by first havin&ﬁarkﬁd the
incandescent fuel into a similar pile against the opposite side of

=
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the furnace. Thus there remains in the center) of the furnace a

deep valley with one hill side red hot ready to ignite the volatiles
and with the other hill side carried on ashes and ready to be heated
from the top down, As the cooler hili:side thus 1s heated gradually,
the volatiles are burned and efficient and smokeless combustion re-
sults., ;

Faé nlmosﬁi&l new large coal burning installations,
mechanical feeding of the fuel inte the fire, coupled with control
of the excess alr both above and below the fuel bed is employed.

The underfeed forced draft sutomatic stoker has proved its ability
to burn Illinois coal efficiently and amokelessly, in domestie
epplications as well as in iargs power plants.

{Z«- e Q&b:;tar understanding of the furnace volume required
so-thet the chemloal processes of aoMbustiankprop@rly may be carried
out is eviaenbjalmnat univarsa#}x)xand}thmva is by long odds a smaller
muber of unsétisr;etory installations being made., Improvements have
been made in the distribution of the ceal}thraughaut the length of
the retort by refinements of the screw 1; éh;zﬂéy;:’ar underfeed atekar.
and by auxiliary pushers in the ram type of underfeed stoker.

A dead plate behind the retort when the stoker 1s fed
from the boller front no longer is necessary, due to improved dis-
tribution throughout the length of the retort, and as a result of

the omission of a dead plate there is much less difficulty with recent
~4m



underfeed meodels ?A in renvoving eclinkers.
Experience has demonstrated to manmufacturers and
salesmen of the Ww sized stokers Q:’m%j (despite expense and
tmubl@i ﬁl@jmiéﬁ-&d ;;;113:'3 i\m;;th:'émve; adequate furnace volume, o
and 1t has become a mach easier task to induce owners ‘either to ex-
cavate for deeper pits or to elevate the boilers.
In a great many instancesz high pressure salesmen hw{t
yalu 2l

made such extravagant claime for inecreased output due to s tokers
that tut one stoker has been installed in one of the bollery where
A

.

b gerapunt

" there were two bollers, +wc cosdd
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Hfwm enough eoal to fulfill the demand, the results, as to smoke and as to
" and on the fireman,
xgiinkarxznd wear and taar on the bonw)\ to say mthing of waste of

heat up the chimney, m deplorable wmmu@apwmpn ummm
total fusl input compared with that for hand firing, was achieved.
It is obvious to the initisted that a self contained firebox boiler,
for instance, so overloaded that the doors at the back end are red
not could not be absorbing anything like the proportion of heat which
it 1s mabh of salvaging.
| There is & definite tendency to correct this too en-
timgiastic request from boilers used for hestingwkxkesskg by in-
stalling additional stokers, with the result almost slways demonstrated
that the boller efficlency incresses remarkably, xsmd<hxexekimxesa
“akoapposryesnd the puint remains on the back end doors,and vhed the
insulation, 1f any, on the breeching no longer is being cooked.

4 it followe SP-dowwaay that with a reduced heat z»el&ase

PRRN 7 YR S )\/

there iz a reduced demand for furnsce volume and (an lmprovement) in the /-
 atepiill Sves sarven seatbeved syt the naly There 1s
mum?“awmmzamamammmm.

v o few heating installations Sumsedsh the
beoilers are over-gize, but such cases are not common., As & general
thing the boilers for heating systems are selected intelligently
on the basis of their highest efficiency at the load’ demend, and
when these boilers are stimilated far beyond their efficient point by
foreing the release of excess heat the boilers fail M salvage a good

Y -6~




part of the heal and there mast be an eventual unhappy reaction
on all parts concerned.
Hany yesrs ago a very simple type of coal stoker

which batted the eoal out above the fire bed like a spray, without
mmmmmmmmmmmmmmm-mﬂmmn
lumps evenly inm (such) umuunt;?is&::; not toe rapidly or uuddnnli)
duce the furnace tmamﬁii#ofﬁs well kmown,

\M‘mmmawth:!.ttm, though it suffered
an eclipse for some time., It was radically different in principle
mthoprmu:g::itgrﬁﬁmmumthtmmW
downward heating of tm,\mrm furnace, This anclent nuhm/\hlu
had a regcent revival, almost parallel with the recrudescence of the
equally ancient underfeeé idea, popularized by hesvy sdvertising, The
power demand for the spreader type of stoker is small and the
mechaniam ig simple,

d@ Y
W this type of stoker ilubdes the
fire bed mtg:wﬁ?eumu thin, since vhen the fire is thiek
elinkers menifest-theuseives, The exceedingly high temperatures obe
tained i::g to a considerable deposit of slag on the furnace walls
and even In the beller itself., CSpreader type stokers are far better
adapted to contimwous steady moderate loads than to intermitten' opera-
tion or to rapid fluetuations in demand.
may be

Many of the mmaller particles of ml/gn burned in suspension
and it may be that the this type was suggested
%n :gmmr type stomah\ Thair mi'nlﬂ'fmwwxmmmx
y the
BEXENS great success of pulverized coal burning apparatus.
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Pulverized coal has proved satisfactory and efficient,
and the fly ash problem is never as serious as proponents of other
methods of burning coal would have their friends believe,

There has been obssmwed a tendency to substitute plastie
refractory materlal for the conventional standard firebrick shapes
in gtk high-temperature rurnneua,evon though the basic materisl may
be essentially the same, This may be due to the difficulties in se-
curing the desired quality of workmanship in laying the firebrick and
in inability to fuse the fire clay to the brick so as to present an
unbroken barrier to the heat.

There 18 an interesting situation in Chleszo econcerning
distribution of coal in the metropolitan district. The Illinois Tunnel
Company during many years delivered coal to most of the large plants
in hotels and office bulldings, being equipped with efficient machinery
for receipt of the coal from standard gauge cars above the surface,
and with dumps and conveyors in the sub-basements of the buildings,
3 amount of heavy

The tunnel thus relieved the streets of a |
traffic.

During recent years, however, the eenl,diatrihutars,
equipped as they must be wlth motor trucks for delivery of coal to
outlying districts and to buildings which do not have tunnel service,
have taken the coal traffic almost all away from the tunnel. They are
able to do this with the heavy duty modern self-dumping trucks now
avallable and the dealers probably iﬁii::; more profit from the transe-
portation imerement—in—the money-which—they-oelicet-fors coal than they

can achieve in|the narrow range of possible profit in the value/of the

Qi e
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commodity itself. P

NSt ¢The Illinois Tumnel, therefore, has its traffic

YV FPTSOrS
1imited to hauling guh;%"tnd to an insignificant volume of package

Recently there has appeared propaganda in favor of
utilizing the Illinois tunnel for central station heating, filling
it with high pressure steam pipes fiom a .cj large, efficient and
costly steam plant to be built nesr one corner of the metropolitan
district, - :

birp bililgo wille
- &ince there are several ,\moam boller plants ba=doep
sddddaws now standing idle because of the block service system of
the Illiancis Maintenance Company, this new super power plant may be
delayed in materializing.

The Illinois Maintenance Company contracte with build-
ing owners to furnish owners the steam at less cost or trouble than
that for which the owner could make hls cwn steam, and by lmproved
efficiency in operating key plants often holds in reserve, unfired,
thousands of horsepower in leas favorable buildings. It sppears
reasonable te arvgue that all things considered these idle boilers
and chimneys ought to be put to work, using the tunnel for inter-
commnication if necessary,before pouring millions of dollars inte a
new plant so close to the loop as practlecally to be in 1it,

The smaller sized domestic stokers of the worm-{eecd

type can now be provided with arrangenents for receiving the coal

-



directly from the delivery truck in lots of from one to four tons
at & time. The coal can be delivered autematically by mesns of
an extended unnm,R;eadmd,direotly into the heater. These extended
conveyors can be furnished in any length up to 28 feet, and they
do away entirely with any manual handling of the coal within the
house. '

In many cases it is practicable to have the conveyor
enter the firepot from the side or rear, leaving the stoking and ash
doors freely accessible. This arrangement 1s a great improvement

over the earlier installations feeding from the front, with a short
cnnrsyer¢/&&WW“



with which the bandling of ashes and clinker was difficult.

' 'An up:péoclatmﬁ advantage of domestic stokers using
bituminous coal over the usual oil or gas burning equipment Xiwsmxk'
lies in the heat storage characteristics of a c¢oal fire, miah permits
long intervals of reduced heat production dodoe hw&%ﬂwﬁ that

the heater and pipes and radiators are not m:bjwm to sudden intense
heat reception as when the oil burner starts after stopplng, or as when
the gas burning rate suddenly is inereased in response to s thermostat.
Serious expansion and contraction strains, difficulties with alr vent=
ing and with condensation return thus are reduced greatly when the
fuel iz of the solid type. ,

Considering fuel oll, there seem Lo be fewer illusions
than there were formerly, and the most nearly prosperous oil burner
mamufacturers are those with wmechanisms for handling heavy oil such
ag the type which requires heated tanks and comparatively high temperature
preheating close te the bwrner. As much as one third the price per
gellon of the oil thus can be saved.

~ There is menifest a reduction in the nuuber of new and
not thoroughly developed oil burners which for a time &d# beset the wne
wary. The intricacies of secondsry air and excess draft and adequate
furnace volume are better understood, and zum' of the early installations
which smoked and popped back and leaked o1l on the floor and which pere
fumed the basements have been ecorrected,

In modern efficlent plants the routine minimm sutomatic
mtzml comprises dampers for the secondary air, valves for the oil
flow, barometrie draft control at the chimney, arrangements te stop

=B ex -1l-



and shut off everything if the water line becomes unduly low or
Af the flame fails,and antisyphon devices in ecase the oil tank is
higher than the boller room floor. |

Changes from light oll to hesvier grades of ¢1l in
many ceses have made sufficient savings teo justify serapping of
uxfnor and far Irom outworn cqug.mm. There has been such progress
that heavy oll in some cases 1ndeed, 13 operating large heatin: plants
without smoke at less cost for fuel than was required with the hand
firod. coal formerly used.

This statement of course should be qualified by mention-
ing other ecases in whieh, as in one large hotel, the saving by install~
ing automatic stokers with coal over the cost of oil formerly burned

m for the stokers in less than one year,

A compasratively new umguim%nﬁtzﬁ consists of
a water tenk having & cylindricsl interior furnsee, inte which the
0il flame is introduced. The water occuples the annular space between
the furnace and the tank drum, The oll flame 1s controllel thermow
statically. It is practicable $o use & near-by fan-equipped conveetor
with this deviee for heating a room or a garage or a shop in a very
economical and simple manner, '

Anyone who has studled the performance of modern power
steam bollers knows that %o a very great measure the high efficlency
of such boilers 48 due to the carefully arranged and thorough eircu=
lation of the weter agsinst snd away from the heat absorbing surfaces.
: 411 of the conventional cast iron sectional boilers ig-
nore this studled and refined oirculation except within each individusl

#Pxxx ~-12-



section, since there are only two conneeting nipples, one above

the water line snd ome below the water line, ¥With only one small
wmactmnf down at the bottom where the water is comparatively ecold,
there 18 a very limited eirculation of water from section to section,
The upper connecting nipple, above the water line in the steem space,
is of ne value in promoting water eirculation. If a third conneeting
nipple or its equivalent were to be placed close *f: ;itlf: 1:awtar line, then -
water could eirculate rapidly from the seetions reocelving the most
heat to and from the seetions which have cooler surfaces, with an imme-
diate lmprovement in efficleney of heat absorption and in reduction
of the priming and foaming te which cast iron boilers are so m;!ect;(.

m m Wrovcmt W be reflected favorsbly in the fuel consumption.

B
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| 'There have appeared in the msrket very recently sectional
east iron wuaw with conneetions from seetion teo secetion such as
allow this favorable water eirculation, some by a third nipple, others
by inereasing the d&met;kr of the upper nipple so that it is half sube
merged,

Goneeradng e, gms'b of the gas we know in Illinois is
piped in from outside the Stat.;' or is of the by-product variety.
L_ ~ The wonderful convenience and cleanliness of gas for

residence hmats.ng cannot be denied. The sevings by gas for space

' heating in Chicago have been very effectively advertised. There are,

of course, isolated instances in which gas can be used in conversion

burners at a fuel cost approaching or even eclipsing the cost of hand

fired coal, My own home in Chicage burns cosl in a round cast iren

boiler, with hand firing. The w house has forced eirculation hot

water heating. The coal cost per secason is sbout (160,00, 4 recent
xf%x —-13-



inspection was made and an estimate was developed for conversion
gas heating by the Publie Service Corporation, The fuel cost per
nﬁ&&ﬁig be more than double the cost for coal.

With hot water heating, Wﬁmﬂ is & cosl and ash
dust problem in the baamtﬁt there has never been any particular mani-
featation of dust in the upper stories of mgoﬁ::tﬁ%lg% te:%ei;gal
since the major housecleaning problem asppears to bo’\via the windows,
wideh for the sleeping rooms are open all night every night,

A serious situstion exists with efficlent ges burning
heaters, which is present only to a slighter extent with oil burning
heaters, in that the products of combustion sre heavily loaded with
water vapor, This condenses in the chimney, especially in the perts

of the chimney walls
sbove the warmed pambs of the house, and lmpregnates any porous
materisl such as unlined masonry, with meoiasture. I the plant cperam.
intermittently or in such menner that freezing of this moisture can
occur, nature tears the aMey to pleces with astonishing rapidity.
Based on this experience it is wise always to have s
non-corrosive metal lining for all chimmeys which serve gas burning
spparatus, In my own home, in which the relstive humidity is rather
high in winter, there are several old chimneys which serve fire places,
and which are not metal lined. The mortar and sand sbsorbs molsture
from the air passing up these chimmeys left open for ventilating pure
poses, condenses and freezes, and after every thaw the sand and mortar
manifests 1tself at the bottom in Wumgly large quantitiea.

This phenomenon has only an indirect application to
technology of fuels, but is very direetly a sign pointing to kkxhmk

%fbex -14-



tighter and better chimney construction and to closely fitted jointas
betwecen sections of flue lining, and to something better than ordinary
sand-lime mortar to fill these joints. A cement which resists both
water penetration and moderately high temperature seems to be necded,
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THE VIEW POINT OF SCIENCE IN THE | MINERAL RESOURCE]
RECORDS DIVISION
PRODUCTION AND UTILIZATION OF COAL* | Misceluescs to. 794

. Fb, Ceea Z
By Frank H. Reed ILLINOIS STATE
GEOLOGICAL SURVEY |

As far as science 1s 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, 1t 1s necessary that
we define our understanding of research, get an 1dea of what it
has done in tﬁis 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 1is suggested.

Research is of two kinds--scientific and applied,
Scientific research is the orderly method by which the physical
and chemiczl laws of the universe are learned. Industrially,
research is the unblased method of applylng fundamental scientific
information to the solution of purely utiliterian problems. In
the words of the-president of one of our largest research
laboratories, applied research "must of necessity concern itself
essentlially 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 kMay 17, 1935,
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Thaet 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 thet even as
an army crawls on its stomach and can proceed no faster than 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 graups, and present the accumulated
informatlion in a manner intelligible to those responsible for its
commercial acceptance and exploitation.

A word of caution is necessery 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 plece of ceke with the
desired flavor of frosting is delivered to the customer, As one
research director points out, direction from a corporeation
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),
"erawl 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 sbout it. In the meantime, I don't want to be
bothered about how you sre getting on, and--whatever you do in
there--be quick about it,"

Let us now consider the tremendous strides that 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 aversge
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 invl934 we consumed
an average of only 1l.45 pounds of coal to produce 1 kilowatt-
hour of electrical power., It is interesting new to-§%§E§-the
overall efficiency which the above figures represent on the
established basis that 1 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, bp*'~2~ava Y oo o an~
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TABLE NO., I.
| 1/
Production of Electrical Power from Coal

Pounds of coal con- 3/
sumed per kilowatt- Efficiency
Year hour in %
1902 6.6 3.8
1917 3e3 7.6
1937 1.86 13.6
1934 1.45 17.4
? 1,00 2543

;/ Figures taken from reports by U, S, Bureau
of liines.,

23/ Assuming 13500 B.t.u./pound of coal; using
3415 B.t.u.'s as equivalent to 1 kilowatt-hour,

. JEE . n s

This shows considerable progress over the last 30 years and also
indicates thet we are agpproaching 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
consuning slightly less than 1 pound of coal per kilowatt-hour,
it is not probable that 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
asking what has made this progress possible, how Egi%;;‘accomplished,
and what 1s suggested therefore in the solution of other coal

utilization problems,
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First of all it is highly significant that this development
has been simultaneous with as notable advences in practically all
fields of applied science. However, the application of scientific
information to the solution of industrial problems cannot proceed
fester than the accumulation of the scientific ihformation upon
which the applications are based. In fact, it is well known
that there is a necessary lag between the establishment of
scilentific facts znd their application to industrial enterprisés.
As industrialists and sclentists 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 thet of the development of the synthetic organic
chemical industry in this country. It is one of our most technical
industries, Before the World Wer it was practlcally unknown; today,
its annuel sales exceed 100 million dollers, 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 meintzin their own lsboratorles and scientific
research workers, and some consider 1t a good investment to
appropriate as much as five per cent of their gross sales tb the
maintenance of their scientific research activities,

Less 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 natursl
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or so-called artificial fibers, and obtaln it at a price within
reach of all, The chief instrument in this great change 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 relationship between pure
science and industry we owe much to Dr. Robert Kennedy Duncan.,
In 1906, while in Europe gathering material for chemical studies,
he conceived the idea of the Industrisl Fellowship Plan whereby
either large or small manufacturers could receive the benefits of
industrial research on specific problems, under adequate scientific
guidance, at a nomingl cost without assuming the responsibilities
of manning and equipping a research laboratory. Dr. Duncan
established his first industriel fellowship at the University of
Kansas in 1207, In 1911 he was asked to establish his system in
a department of industrial research at the University of Pittsburgh,
The practical success of this experiment resulted in the
establishement of the Mellon Ipstitute of Industrial Research in
1913, The remerkable 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 spreed 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 ald private
industry by accumulating fundamental scientific dats and aiding
in the solution of problems of national and state importance. Also,
cooperation within various industries has resulted in the formaetion
of many trade assocletions for the purpose of finenclally sponsoring
industrizl research for the solution of problems peculiar to the
particular industry. A well known example of such a trade
agssoclation is the American Ggs Association, which has spent as
much as $300,000 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 mohths, Bituminous
Research Incorporated has been organized to attack certain phases
of reseaerch on bituminous coels.

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 humen
needs, Is it, then, any wonder that during the past quarter
of a century there has been a demand for and there has been
produced more minerasl products th;n in all previoug world history?

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 probebly hold for centuries
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to come, It seems highly probable, with our present limited in-
formation, that coal's chief use will continue to be as a fuel,
elther in the raw state as a lump or powdered fuel or as a raw
materisl to produce coke, briguettes, and liquld or gaseous fuels,
and certain by-products.

In Illinois the location, thickness, quantity, and approximste
quality of the various coal beds is fairly well known, In fact,
the quality of the coal i;:%ell recognized that the thick seam of
Franklin County has received so much attention that it is due for
early extinction, leaving availeble the thinner coals of the State,
The coals have been chemically analyzed and duly classified in
accordance with the latest scheme of classification by rank and
grade, now being used by the code authorities. Yet the fact
remains that considerzsble foreigh/coal 1s 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 elasboration. However, what can be done gbout 1t?
4o the scientist there is only one answer to this question, and
that 1s by research, first obtaining the basic fundamentel 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 informetion will lead to constructive

suggestions and eventual solution of some of our problens,
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Coal is frequently considered and treated as a homogeneous
substance., We know 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
groupsrbased upon physical appe&pancé. These four groups have
been designated as (1) Vitrain, recognized on account of its
vitreous lustre; (3) Clarain or bright coal; (3) Durain or dull
coal, commonly called splint coal; and (4) Fusain or minerasl
charcoal, Fusain is largely responsiblé for the sooty smudge
which makes bituminous coel so dirty to handle., Certain preparation
plants are now removing about 85 per cent of the fusain content
of the coel by simple dedusting processes, due, of course, to the
frisble nature of fusein 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--1.20 and 1,325 respectively--
and a low ash content, 1.5 and 4.6 respectively. The mineral
matter is concentrated in the higher gresvity durain and fusain,
Note also that vitraln and claralin comprise 82 per cent of the
total coal.

TABLE NO, IT.

Banded Ingredients
Washington County, Illinois, Coal

Vitrain Clarain Durain Fusain

Distribution in % 3% 69, 15, %
Ash in % 1.5 4,6 31.5 17,5

Specific gravity 1.3 1.35 1.59 1,62
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We are immediately led to ask if there 1s a possibility of
commercially separeting the light 82 per cent from the heavy 18
per cent, and obtalning 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 have considerable sales appeal in meeting
the competition of coals outside of the State? Another question:
If we separate the vitrain and clarain end obtaln 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 similaer questions, it is
necessary that we obtain basic informatlon in 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 Tgble 2 was purposely chosen because
1t is one of the few in Illinols containing appreciable quantities
of durain or splint coal. Most Illinois 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 fundsmental information on this point is 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 burn a domestic furnace a properly prepered high
volatlle IllinoisAwithout the smoke nuisance? When we purchase
0il or gas for domestic heating, we are required -to install
equipment especially designed for the purpose, and are furpished
directions for its suitable operation., If auxiliary air, special
draefts, en electric blower, and specially designed combustion
chambers are necessary for burning oil and gas, does 1t not suggest
thet some combination of these could be found which would give our
properly prepared coal & chance to compete as a clean, desirable,
and economical fuel? It certainly has no chance today when it is
usuglly burned in a crecked iron pot which is lesky at every Jjoint
and receives a minimum of gttention 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 process--is similar in principle to #ke Parrsproeesse in that
it is & two-stage process in which the coal is preheated before
coking. liention should here be made of the Knowles ovens, operated

by the Rediant 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 1s 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 Illinols., 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 1t not possible that
better results would be obtalned if a coke oven were designed to
adapt itself to Illinois coals? lMay 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 fundaméntal research cheaereccter
which would require time and money, but which would probably
lead to worth while results,

While 01l and natural gas are now serious competitq&é of
coael, 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 0il is produced
by hydrogenation as it 1s being done by experimental plants in
Europe today. Again, we may find that closer study of the banded
ingredients will prove profitsble. Possibly by that time we will
gasify our coal completely for domestic fuel. Who knows? The
answer cannot be given today. One thiﬁ}is absolutely certain, and
that 1s that research will lead the way by supplying the fundamental

information upon which our industrial gpplications are made,



CHEMICAL ENGINEERING PROBLEMS RELATING
TO THE MINERAL RESQURCES OF THE STATE

B e

By D. B. Keyes
Head of the Chemical neering Division
Unlversity of Illinois

-

The utilization of the mineral resources of
State constitutes one of the most important fleld
activity for the chemlcal englneer.
are the two resources that seem to offer the grea

chance for industrial development.
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The Chemical Engineering Division of the University

of Illinoie has always been interested in the Sia

resources and has spent many thousands of dollars

te's

in an

attempt to lay a foundation for thelr greater utilization.

It would seem worthwhile to review briefly not only the

work that has been done in the last few years by

this

division, but to point out specific problems which should

be profitable.

The subject will be treated under four

headings: coal, petroleum, stone, and silica.
e B ——
Lﬁuatriep Gonference~at
r 1935,/
Yl s R mpr o 74
(AT
' t,
4 £, Cee \M“’““’ f” sife

)&,Lw,c((‘“}{/ iu'\/h“ s

e ™



o B Cj‘%

kﬁ {q% ;ggrovemgnt of ;g g duet.-w-It is well known thaet Illinois

coal, when burned in furnaces for the production of power and
for domestlc heating,is apt to show a low efflclency of com-
bustion due to certain cnemical and physical characterlistics.
Slag formation on boiler, economizer and preheater tubes is
an example of this inefficiency. This is distinectly & chem-
ical problem in that it has been shown that the character

of the ash and the slag can be materially changed by & chem-
ical treatment of the coal before combustion.

A thorough selentific study of the complex sillcates
that are formed in the slag will undoubtedly indlcate what
can be done to prevent the formation of undesirable material
which adheres to the heating surfaces.

It should be remembered in domestic heating that, owing
to the high volatility of Illinois coal, there is a tendency
to lose an appreciable portion of the fuel up the stack and fl.f
a marked increase in the efficiency of combustion would pre-
vent this loss. Anything that can be done to improve the
combustion characteristics of Illinois coal will materially
incresse the value of the product.

One of the impurities in Illinois coal is sulfur,
which is present to the extent of 1 to 6 per cent. The
sulfur dioxide formed by combustion is an irritating gas

that is corrosive when present in a humid atmosphere. The
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removal of sulfur from Illinois coal would mean much in
the prevention of alyr pollution in the clties and towns.

We have spent considerable time in an endeavor io
devise some method of sulfur removal from the cosl. Our
experiments indicate that a cowbination of a coking and
hydrogenation process may prove feasible. At the present
time certain coals can be wsshed by a standard commercial
process and over half of the sulfur removed, but it is
highly desirable that a process be developed that can be
utilized for the removal of sulfur from all coals marketed
within the State. There 18 no question but what this is
an outstanding research problem, because if most of the
sulfur could be removed the value of the coal would material-
ly increase. Purthermore, 1if the sulfur could be removed in
a usable form and at & price such that it could compete in
the present market, Illinols would have & new mineral re-
source in & quantity sufficient to make it a factor in the

world market.

Upilization of goal. ~ Considersble work has been done,

especlally in Europe, on ihe hydrogenation of coal to
produce o0il and motor fuel., It is our opinion that coal
could be first oxidized and then hydrogenated to produce
a superior product, possibly solvents or intermediates

for the synthesis of organic chemicals. We do not
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wish to glve the impression that the problem could be
solved satisfactorily in a short time, but undoubtedly
the trsnsformation of coal into liquid products is well
worth the consideration of our mineral lndustries.

Beslde the oxidatlon and reduction of coal, we should
also consider the destructive chlorination of coal and coal
ash to produce valuable organic chlorides and metallic
gchlerides, such as aluminum chloride, This is & fleld that
has not been investigated, but is an excellent example of
the possible formation of new compounds whieh—eouldbe-used
dn-tire-industry, based on a chemical treatment of coal,

methane - one of the prineipal by-products formed in the

coking of coal. The chlorinated hydrocarbon has a possible
use a3 a solvent for cleaning textiles. One commercizl
concern is continulng the development of this process at the
present time. PFurther fundamental work along this line would
be desirable,

Benzol and tar, formed in the coking of coal, have long
been used for raw materials for the produétion of dyes, med-
ical products, and a great many synthetic organic che@icals.
At the present time conslderable interest 1s being shown in

utilizing these raw materials for the manufacture of anti-
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oxidants to be used in rubber manufacture and the stabil-
ization of motor fuels.

Qarbon monoxide, which can easily be produced by the
partial combustlion of coal or coke, can be made the source
Tor the synthesls of acetic acid. Considerable time and
money have been spent by the Chemical Engineering Division
on the reaction between carbon monoxide and methyl alcohol
to produce thlis produet. This operation tzkes place under
high pressure in the presence of certain catalysts. Acetle
acld, in turn, is the most widely used organic acid and is
one of the chief raw materlals for the manufacture of arti-~
ficlal silk. This particular product is growing in popu-
larity and 1if acetic aeld could be produced at a lower cost,
undoubtedly its utilization, not only for this purpose but
for the manufacture of non-inflammable film, plasties, ete.,
would materially increase., There is probably no single
organiec chemical at the moment which has a more attractive
future than scetlc aeld.

Beside acetlc aeld, benzaldehyde has been made in our
high pressure laboratory by the action of carbon monoxide
on benzol.

Carbon monoxide will react with hydrogen, produced
in the coking process, to form the higher alecohols so

commonly used in lacquers and for various solvent purposes.
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The Chemical Engineering Division has studled the
reaction between carbon dioxide, another combustion product
of coal, and benzol to produce benzolc acid. The sodium
salt, known as sodium benzoate, is a common product used
in our food industries.

Carbon dloxide and beta-naphthol react to produce
beta~hydroxy naphthoie aeld, a product and a proceses that
is now of commerciasl significance. This product is the
intermedliate in the manufacture of many of our red dyes.

The production of ures by the interaction of carbon
dloxide with ammonia is now a commercial success., This
product can be made at a price so that it is attractive
as a fertilizer.

We have spent over {60,000 during the last six years
studying the recovery of sulfur dioxide from flue gas, and
the present 1ndiéations are that we will be able to produce
liquid sulfur dioxide at a price far below its present value,
The quantity of sulfur dioxide produced by this procgess in
Chicago will be sufficient to meet the demands of that area.
We hope, furthermore, to be able to produce this product
at a price that will permit its conversion into free sulfur
an&fgell it in competition with the sulfur produced in

Loulsiana, Texas, and elsewhere.
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Sulfur is one of the greatest raw materials for the
production of sulfuric acid, which is the chief asecld used
throughout the world. It has often been said that the
industrial prosperity of the United States is indicated

. by the amount of sulfuric aclid consumed. If 1t were possible,
as we hope it will be, to decrease the cost of this universal
chemical, we will be able to create for the State of Illinois
a new mineral industry of huge proportions and one that will
have an effect on the economic structure of the industries
within the State.

The 1mportance of sulfur in agriculture should not be

under-estimated,

‘ 0
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<Qf gradgﬁgign.-»fhe available supply of oil from our producing
fields 1s being rapldly depleted. Several chemlcal processes
have been proposed to make avallable oll which cannot be
profitably extracted at the moment., MNost of these treatments
involve the utilization of some acid. One of the chlef dif-
ficulties of these processes 1s the excesslve corrosion of
metal egquipment. Research 1s now beling done in several or-
ganizstions to produce organic inhibitors to prevent thie
corrosion.
Another scheme for recovery of oil that is not now

available is known as "repressuring®".  Gas 1is pumped into
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the ground and dissolvee in the oll. Before the feas-
ibility of this process can be determined, it will be
necesgary to know the solubllity of gases in the oil
under very high pressures. Work of this kind has been
done by the Cheﬁical Engineering Division.

j } Cﬁ'g;;;ization. - Conslderable interest 1s now belng shown
J¥
j

by our refineries in the polymerization of gases produced
in the cracking process for the production of both moteor
fuels and lubricating oils,

The greatest organic solvent in the United States
from the standpoint of production and utilization is ethyl
alcochol. The present methods of production of this product
are largely confined to the fermentation of agricultural
products, especially black strap molasses imported from
Cuba, Porto Rico, and Hawallan Islands. One of the large
chemical companies has recently bullt a plant at Whiting,
Indiana, for the production of alcohol from waste gases
purchased from the petroleum refineries. We have done
considerable fundamental work on an improved method for
the production of alcohol in which ethylene gas 1s allowed
to react with water in the presence of a catalyst. It has
been discovered that the equilibrium for this reaction is
favorable at low temperatures. A catalyst which would

operate under these conditions would solve the problenm.
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Acetaldehyde has been produced by a special air
oxidation of petroleum and is easily recoverable. This
product can be oxidized further by a commerciasl and standard-
ized process to produce acetic acid, which has been mentioned
above. It is thought by some of us that this will undoubteé-
1y be one of the chief sources of acetic acid in this country.

Various research organizations in our refinerlies are
producing asnti-knock material from petroleum. Our own
thought in the matter is that elther by an oxidation process,
referred to asbove, or by a dehydrogenation utilizing certain
aerogel catalyste which have been developed in our division,
we might be able to produce compounde in the product of high
anti-knoek value.

Acetylene, the source of many synthetie compounds and
the gas which is used for cutting steel and for various
other purposes, is now belng produced by passing refinery
gases through an elecirlc arc. One well known organie
chemist made the statement some years ago that ascetylene
will be the chief source of raw meaterial for a gigantic
chemical industry.

There are many other problems that are worth consider-
ing for research in connection with the utilization of
petroleum. We will mention only a few: synthetic resins,
for use in our new lacquers, varnlshes, enamels, etec.;

synthetic rubber; and fatty aclide formed by the oxldation
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of kerosene and paraffin wax to be used in the compound-

ing of rubber and in the preparation of special socaps, etec.
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The Chemical Englineering Division of Purdue Uni-
versity has treated the native shales with lime and water
under pressure to produce a truly synthetic stone of unusual
merit., This is one of the most interesting developments in
the fleld that has cccurred in many yesrs. The State of
Illinois has availsble in enormous quantities raw material
for this type of product, and it is easlly conceilvable that
further work along these lines will mean the production of

a superlor stone.
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There have been developed in the Chemical Engineer-

A
<
v

ing Division here at the University of Illinois extremely
porous materials known as aerogels made from mineral materials,
The silica aerogel has been reported by outside organlzations
to be one of the finest heat insulators ever produced. Un-
doubtedly this product, which can be easily made from mineral
resources within the State, should be studied thoroughly in
order to determine its practical feasibility.
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These aerogels are belng investigated by us as
catalysts. Owling to thelr enormous surface, they bring

about a marked acceleration of many gae reactions.

The solution of all problems involving the utilizg-
tion of our mineral resources depends on the successful
application of chemistry, physics, and mathematics. The
application of these sciences to industrial problems is

the baslis of work in Chemical Engineering.
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Introduction

Three and one-half years ago, in plamning a resgearch
program on the increased utilizatlon of Illincls cosl, one problem
which presented i1tself was the processing of slack coal into a
product which would command s price comparastive to that of lump
coal. Success is such & proJect would be of importance since
approximetely one half of the sized coal produced in Illinols is
alnok coal (less than 2 inches),

Three years ago, an experimental investlgation wes initiated,
the method of attack being the briquetting of slsck coal without
2 binder - binder not only being expensive (sbout 70 cents per ton
of briquets) but also adding the smokiness of the resultant fuel.

Preliminary sattempts to brigquet without binder by &
stendy pressure did not show promise of commercinl success, but
excellent hricuets were formed in ths laboratory by impact without
binder as the result of a2 gystemetlic investigation of the combined
effect of tempersture and impact blow,

It wag fortunate thsat the original method of ﬁtﬁack was
without binder because 1t was discovered, subsequently, that this
game process could be used in making gsmokeless briguets without
binder from a coal product from which the amoke had been renoved.
If the binder method had besn used in the briguetting of the smokeleas
product, the resultant briguet would not be smokelesas. :

The discovery thaet Illinols slack coal may be impacted into
hriquets {(either ordinary or smokeless) is protected by U, ©,

Patent Application Serial Ho. 714,760 filed on March 8, 1834,
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Eatimated energy consumption
It requires 23000 foot-pounds (the blow of s 500~-pound hammer

dropping 4 feet) to make a briguet weighing O.1 pounds), or 30,000
Toot-pounds per pound of briguets, or 40,000,000 foot-pounds per
ton of bricuets. This ig equivalent to 30 horsepower-hours per
ton of briguets,

The fuel consumption for prehenting the coal (2350°C, for
ordinary briguets and from 400° to 500°C, for smokeless brigusts)
ig from 50 to 100 pounds of coal per ton of briquets, depending
upon the type of briguet produced.

The shrinkage of coal in sroducing a ton of ordinary
brigquets is equal %o the percentages moigture in the cosl, all
molsture belin: removed, The corresponding shrinkage for smolkeless
briguets isg the percentage molisture plus 15 per cent, which 1is
the amount of volatile removed in order to produce smokelessness,

Propaerties of ordinary briguets

Tumbling tests on impacted uriguets show that they with-

Thies is due in & large degree to the fact that briguets have a
homogeneous structure, with no parting planes.

Both accelercted slacking tests and out door exposure tests
show thot impucted briquets do not ﬁstariarata appreciably from
waathering, whereas lumps of the corresponding natural cosls
westher very rapidly under similar conditions. This is due primsrily
to decreased pore zpace resulting from the incressed density of the

briguet - weathering belng acoelerated by abaorbed molsture.
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The ignition and malintenance temperatures of lmpucted
briguets cre the game as thosge of corresponding natursl dry lump
conl. The rate of bturning is less due to thelr greater density,
the burning being from thelr outer surfaces inwardly. There g a
minimum of swelling and cracking during combustion.

Properties of gsmokeless briguets

In the demonatration Just witnessed, smolkeless brlquets were

prepared from a B0-gram sample of 4-mesh 5t, Clair County coal,
prevolatilized for o S-nminute period to a coal tenpersture of

515°C. (with 15 per cent volatile loss), thereby resulting in a
gmokeless product, This was cooled for 5 minutss to an spproximste
temperature of 350%C. and briquetted in a die at 300°C. by the impso
blow of the L00-pound hammer, dropped from o 4-fo0t helpght.

Figure 1 shows the effect of amount of naturally occurring
volatile on smoke index of cosl - smoke index being an zcourate
quantitative mecsure of the total guantity of smoke libersted in
the combustion of 2 unit quanilty of coal under controlled
laboratory conditions of fixed alr supply and tempersture of
burning. The top point represents a high volatile = 44 per cent =
Illinoie coal; the next lower point, a2 lower volatile - J& per cent
= Illinocis cosl; and the two lowest points, Vest Virginis Poocahontas
goals - 16 and 17 per cent volatiles - referred to in trade literatw
as "smokeless coal.," Attentlion is called to the straight line
relationshlp between smokiness snd volatile, the amount of smoke
not decressing ag rapldly as tﬁﬂ decrease in volatile; secondly,
thet these sowcalled smokeless covale contaln 40 per cent ss much
smoke a8 the higher volstile Illinols coanls and B0 per cent

of that of the lower volatile Illinois coals.
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Figure 2 shows the affect for higher voletile Illincis coal
of the remsining volstile matter after successive removals of the
low temperature fractions of the volatiles on the resultant
gmokiness of the product. Agaln there 1s 2 stralght line relation-
ship, but the reduction in smoke is far more rapld than the reduction
in volatile, thereby showling that the smoky portion of the volatile
has been rencved and the amokél@gs portion retained, The briguet,
containing 28 per cent volstile, has less than one-third the amount
of amoke ns Focahontas cosl, 16 per cent volatile,

Flpure 3 slows simllszr results for lower velstile Illinois
coal,

Pigure 4 records the percentoge of remalning volatile matter
in higher volatile Illinols cosl prevelatilized for a S-minute
period at various tempsrotures, showing o stralght line relationship.
Figure B is & graph for the same coal, using a l0-minute preheating
period. PFigure § shows simllar results for & lower wvolatile
Illinois coel,

Pigure 7 presents the results of the mechanical strength,
in terms of tumbling logs, of smokeless briguets made from s higher
volatile Illinois coal, thereby showing smokeless briquets of
sxcellent strength. Filgure § shows similar results for the strength
of smokeless briquets made from lower volatile Illinols coal,

Figure 9 shows that the optimum percentage (15 per cent)
removal of the smoke producing volatile fractiona, may be s egured
by o wide range (10 to 40 minutes) of preheating periods with a

gorresponding wide range of preheating tempsrotures (420° to 480°C
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Commercial develooment

In the Illinols coal srea, adlacent to the 8%, Louls murket,
a ocooperstive organizntion has been formed te monufacture and
merchaindise smokeless briguets. It is plenned to adupt o present
commerclial machine which is belng used té'impaat brigquets with
binder, each unit producing 250 tons per 2A4-hour day.

In the Illincis coal zrea, cdjacent to Chicago, a large
gtripping organlization is carrying on development on the manufscture
of ordinary briguets. This coal possesses & high calorific value;
iz remsrkably low in ash; but, due to its high molaturs, necegsitating
immediste marketing., Therefore, the problem of this company is
processlng thelr conl in off sesson into a form whilich will withstand

weantharing.

In summary, i1t has been discovered that (a) Illinois slack
coal moy be impacted into briguets without binder, (b) Illincis
coal may be transformed into » smokeless product by the removal
of a emall amount of low temperature fractions of the volatile
matter, and (¢) this product muy be impeocted into smokeless briquets
without binder.

Demonstrotions

A demonstration will be shown of the smokelessness of
amokeless briguets as compoared to corresponding natural coals,
There is an exhiblit of 4-inch ordinary brigquets,

The tumbling berrel, used for testing the mechanical

gtrength of the briquets, may be inspected,
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THE ECONOMICS CF CCAL BENEFICIATION WITH SPECI .§L

REFERENCE TC THE PROELEMS OF THE SMALL OPERA"I‘OE@;» g
(',,hfmfat,-,\,/q Lnginees, foberts and Jckaeter ampa_/y, CHicage

It is an accepted fact that coal,to command the best nlace on the
market,muSt fulfill a certain standard of purity as regards ash and
sulphur content.

G loies dt _

Ar-pwt—of—-the markeg\ demand$ reasonably low ash content and a certain
minimum sulphur percentage; ewt other; madeewvs are sa,tisfied with a com~
paratively high sulphur content and demand the absence of only visible
ash producing impurities. ~

‘The present criﬁicai attitude of the buying public is due to their

better mowledze of the fuel which they have to burn. Their increased
interest . of course is strengthened by the competition offered coal from oil
and gas fuel.

As a result of the nscessity of vproducing a more merchandisable fuel,
many of the leading Illinois coal operators have built, or are building, quite
complete and efficient fleaning /P{la.nts, and many other operators are in-
vestigating and planning to build such plants as additions tc their present
screening and hand-picking facilities.. -~

So—-i’c-*is—be}iﬂved-mb/gie coal industry in Illinois is thoroughly alive
to the present day needs regarding fuel, and we believe that the bulk of
the demand in the future will be fulfilled with a well prepared product.

Bup jc-_:his ststement applies especially to the large and also the moderate
capacity mining operations, Mﬁe produce perhans nine-~tenths of the

annual output of coal. The remaining Zéfa/nth of—fhe—goer is produced by an equal

number of smﬂlmmmmﬁwwmmw wagon and
small shipping mnes,——?he—sma};enshwmﬂw are of importance to tae

commun b#ﬂ‘b.em_ﬂaer—w?m providing a livelihood for their employes.
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The small wagon mine that operates‘éﬁgﬁafi_@/\during the cold weather

»dady, and that sells its product as run-of-mine coal or after a crude screening,

vll)la\.ai&r\) mk.
will seldom have to face the problem of mechenical cleaning, but the"small tonnage
th 150,000
overetor-of-the- shipping mine that nroduces about IOO,OOOAtSns a year ,-or-popm—
{recomat
hene—as-much 88 150, 000-tons—a-yean, Will have to face this problem ee he wild bl
~

eome-into compatif:?en- with the product from the larger mines. A carload of cozl is
Judged only by its quality and price, regardless of whether it is nroduced by a
small operator or comes from a splendidly equipped mine.
./‘ e are assuming that\] coal beneficiation is more difficult for the N
small tonnage 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 =xE is in s;position
to make good, large sized tonnage contracts for a steady supply of coal of a uniform

) _~1.0‘“'T'?JS o TG
CoviAd CRALO N ens X
ash content, whide the smzll mine cannot)\furnish a suffitetent amount of one size
el v Yaadina
of washed or cleaned coal se—thet—he-will-heave—be-depend on selling it on the open

market.
The present trends in coal preparation and cleaning are to produce

closer sizing, or more sizes of the complete product. In the large operation
the amount of each size will be sufficient to supply some special use, but for the

small producer the amount of each size, or grade of coal, is insufficient to sell

to advantaze to an industry. ]
As a result the small operator, if compelled to clean his coal,

never extends the size above say a 34"’@5.);9. In-eneewet tis Ierser operations |
Lorap sdnsoeliyr s g ;j: okl

elrsedy some of the,Illinocis mines areAWasYiflng or planning to wash'\up to GV
T inddded oost of < xSeandng Pluxt  decusunddyr aerressed xiucdollars
Hexx ok rovr-forcexanle, b Bhant U OletEiN oouls 4% WK rate 6K JUTXXFonsK e o,

RS o aadoSi 0 perx -dor hourorcGE0000:dorthet plamx incopera ti on .






As is true with most industrial operations,commercial washing
and cleaning units have been developed for average capacities for which
they are most likely to be used. The unit capacities for the different
sizes for the small mines wouldaiiﬂgi;?be much smaller than would be

appropriate for the commercisl cleaning units. A mine producing 100,000

tons per year would have an averaze daily production of about 50C tOHS,UﬂJ

Pats-woudrd not e over 90 tons vper hour. If the sizes below ;S'Qggi:to be

treated the capacity would amount to about b0 tons per hour. It is perfectly

feasible to obtain = #eaning unit to treat this comparatively small amount

of coal, but if this 3 x O”>coal were to be washed in two sizes, and also

two more of the smaller sizes were to be treated with air, eeea as is btue—eeee
A

in many of the larse onerations, the amount of these smaller divisions

would be less than 15 tons per hour, which is an extremely small amount for

a cleaning unit.

We are not now discussivng the advisability or inadvisability of
cleaning coal unsized or separateﬂb into several parts, but cleaning coal in
(oY)

g%e small size range has become very prevalent and this fact must emphasize X
the difficulty of treating small tonnages of coal economically.

There are also many mines producing less than 500 tons per day for A

A7 L Pl A
which the nroblem of cleaning coallbecomes increasihgly?difficaltirbecause
of the construction of the plant. In the forezoing we have ewds been
RSPPIR - SRIRT t of a cleaning plant,td the
considering the ins ation cost of a cleaning plant, Beﬂovoa,r
expense of operation is another burden on the small operator. Two men

. e | ‘ :
can attend a plant nandl&%g 200 or 300 tons per hour,while one handling only

A
50 tons per hour would require |at leastjtﬁé attention ofjone man which would,

\

of course,increase the cost of operation per ton.

I—
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Also, if the small coal operator is required to construct a simpler plant

to clean his coal than the large operator, it is likely that he will not
clean his coal as weliz;d will probably have greater losses. If he does not
clean his coal as efficiently, the return on his investment will be less,
In connection with the cleaning of coal there are a number
of things which are appropriate to a large plant, but which would be a
burdsn to a very small plant. One of these items is the heat drying of small

sizes of washed coal which is quite often a necessity in our climate. The

drying installation would be practically impossible for a small operator.

o 2
When/and if/ coal beneficiation becomes a general practice

in our coal industn% it will become a=pparent that certain coals, while of
excellent quality, are difficult to treat. IWNeither coal washing nor air
cleaning are exact sciences and many plants are put into operation with a
knowledge that their methods may have to be changed. Such a change would
have to be brought about by some sort of a technical investigation. Large
cleaning operations usually employ a Test Engineer as well as a laboratory
and chemist, or combination of the two. Keeping a check by means of an
analysis on the product is absolutely necessary for the selling of the coal
as well as a necessary method of maintaining the efficiency of the cleaning plant.
The small coal operator would be unable to afford the expense
of a test laboratory or test engineer to benefit the operation of his
cleaning plant. He can, of course, obtain consultation service and use
a commercial laboratory, but in this respect he is at a decided disadvantage
to the large operator with his own testing facilities.

While we are pointing out the economic difficulty of operating
small capacity plants, there is, of course, a brighter side to the picture.
A man with sufficient initiative and ability to operate a small mine
successfully, might also combine in himself the Jjob of superintendent,

salesman,constructor and Preparation Engineeryin fact some men are doing

s all these things,
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Those of us aetwsddw in the business of building Preparation
Plants do not always ta-e the time to classify the plants 53:; have built.
My attention has been drawn to the fact recently, that while there are
many very small cleaning plants, most of them have been built at good

are confined bo treating one size of coal only.
size mines and usually the SmAll $1%5 LNELAITETIGR ¥ITT BEX cLENEF PRatty

abandsned 5% Bni1A¥E88, There are very few cleaning plents at mines
producing less than from 500 to 1000 tons per day.

One solution for cleaning plants for small mines is to build
a central plant to prepare the coal to be cleaned from a number of small
mines. This solution of the problem has been tried many times in the past,
usually by companies owning a number of small mines and on the theory
that it would be cheaper to build and operate a central cleaning plant than
several small onesS. In theory this solution is correct, but in practice
it has never worked out very well. There are several serious objections

central

to thgjbleanlnb plant, some of the most important of which are the degrada-

tion of the coal by the extra handling; the additional cost due to transferring
ci« tf.u’ )
b

1,
the coal from several small mines to one central plant, and tnerbtalnlng o&s

a constant and uniform supply of cozl from several mines.be—e—eontred—planiq. e
Therefore, when all things have been considered, our company has usually
advised against building a central plant., Howewer, some of our clients
) W, h L i
have,,éa—%he—pasﬁgpdecided in favor of this method of solving their problems
and we have built central plants, <L A&
(>1he result eﬁ—e&eh—axpe*émentﬁ}has usually been that—gzzgg—plan:a

were finally abandoned for one reason or another.



In addition to the objections vpointed out above, we think there
would be gﬁiﬁ further difficulty é?gapnlying Fhis solution to a number of
small mines with different ownershipfv&igjgbuld be difficult to arrange
operating schedules under such conditions to give a rezular and continuous
tonnage to the central cleaning plant. We therefore do not believe that
this method will be successfully epplied to small mines of different ownership.

To answer more definitely the capacity limitation in regard to
the building of cleaning plants at small mines, I believe that unless a
mine produces from 150,000 to 200,000 tons of coal per year, the cost of
building and operating a coal cleaning plant will meet all the difficulties
which have been mentioned above,

I might point out that there are some interesting exceptions to the
conclusions drawn from the discussion of this subject. Une of the most
noted exceptions is the Birminghem Pield of Alabama which is unique in
having coal cleaning plants at sxX many small mines.

From the report of the Coal Inspection Department of this State for
the year 1929, the oroduction for that year was 18,415,000 tons. Of this

total production some 74% was washed. This 74% was composed of the

following products:

Run-of-mine Coal L%
Nut and Egg Coal 6%
Slack Coal 28%

The total production (18,&15,000 tons) was produced by 214 mines of which

75 had operating washeries. Of these 7H washeries, one plant was rated at

60 tons per day; 7 vlants at 200 tons per day, and the other 66 at 300 or more
tons per dsy. Of the 75 mines operating washeries, 25 produced less than
100,000 tons per year, and the product washed consisted entirely

of slack coal.



It is important to consider the reasons why these small washeries
in the Birmingham District of Alabama have been successfully operated for
many years, and why such plants would be unsuccessful in any northern state:w.
Due to the ciimatic conditions in the Birminghem District these small washing
plants have practically no housing and therefore construction cost is almost
entirely eliminated. Also, the coal being washed at these small plants
is for specisl purposes and is consumed within the rather small radius
eround Birmingham. Therefore the success of these Sg&ll cleaning plants in
that district or other similar Sputhern districts does not anply in Illinois
or other Northern states.

Another important factor thét has bearing on the necessity for
cleaning plants is that many, if not most of the larger mines, have reduced
their mining cost by the installation of mechanical loading in some form
and thereby have been zble to operate at a profit during the time of low
prices. |

Mechanical loading makes necessary the better cleaning of the coal
on the surface. lechanized mines have therefore had to add to their
cleaning methods above ground, either by improved facilities for hand picking
the larger sizes or by hand »nicking the lump only and installing mechanical
cleaning plants for the balance of the product. To what extent the smaller
mines of the state hawe utilized mechanical loading I do not know, but
in all probability not to any great extent.

Having discussed even thus briefly the situation of the operator of
small mines, it remains to offer any suggestions which will be helpful and
enable him to retain his place in the industry. There are two or three
methods applicable to his situation any one of which we believe is practical
of adoption and with intellignet installation and careful operation

would be successful.
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For the proper application of the methods to be suggested it is necessary
to make first some general division of the small mines into classification according
to daily and annual capacity. We would suggest three general, but not arbitrary,
divisions, namely; lst, the purely local mine, making deliveries mostly, if not
entirely, by wagon and truck. 2nd, the smallest class of shipping mines, say
having a daily capacity of 500 to 1000 tons per day; and, lastly, the next larger
classification based on daily capacity, say roibghly from 1000 to 1500 tons per day.
Even the latter are small ﬁines %;ESZ:;;FEZe averaze daily capacity of the larger
nroducing mines of the state. Referring now to the first classification, or the
purely local mines, as has been pointed out above, these will not be considered in
offering suggestions for preparation over and above simple preparation by
nand methods. Even this, however, could considerably improve the product of
these mines.

Referring now to the second classification of small shipping mines,
with a daily production of say 500 to 1000‘tons: There are two methods
especially adaptable to this class of mines:

FIRST METHOD: (2) A number of such mines in the same general locality- not, however,

restricted to a small area, could be combined under a holding company composed
entirely of the owners of these consolidated minss. Such a grouping of these
small mines would overcome many of their difficulties not only as to ability to
finance coal preparation plants, but would greatly facilitate and economize in
the operation of such mines; and, lastly and very important, enable them to reach
more diversified and continuous markets, In other words, they would be placed
more nearly on a par with large operating mines. Such a conso}?diiion of small,
individually owned properties is entirely practical and would b;?%eanicial

to the owners of such properiies,
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There is ample précedent for the above statements as such consolidations
have been made in the past but usually by ocutside parties who assumed entire
responsibility for the consodlidation and the operation of the mines; the selling
of their product and furnishinz the financial backing necessary for the im-
provement of the properties, etc. However, this method of grouping mines,
Just referred to, has been more beneficial to the outside parties who take
over the operation and control of these properties, than to the original owners.
It is for this reason that we suggest the method of consolidation through a
grouping of such mines with the ownership; 2nd control to remain entirely in the
hands of the present owners of the property.

For the successful carrying out of such a combination of small mines,
and to be assured of obtaining the necessary financial assistance for the im-
provements required to place them on a competitive basis with larger mines,
it is atsolutely necessary that the owners of any mines to be so grouped,
should approach some Erngineering Company with the facilities and experience to-
first command the confidence of the owners of the individual properties--so that
each would have confidence that only mines which would add to the ultimate success
of the combination, would be included in the consolidation. Also, that a proper
and unprejudiced valuation would be put on each property entering into the
consolidation, according to its merit and value in the combination. Such a method
of procedure will assure the owners, entering into such a consolidation, of
securing the proper basic assets xxx essSential to their success in competing

with the larger mines and larger producing companies.
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(b)\, Having completed the consolidation of such a group of mines, the nexy
step is for their engineers, above referred to, to make a careful study of each
and 211 the mines included in the group and recommend the improvements necessary
to place each mine on a competitive basis on the market, and to reduce its
cost of production, etc., and also an estimated cost of such improvements.
Such report would also include the classification of each mine in the growp,
as to the quality of coal it would produce in relation to the other mines in the
group and co-ordinate all these for a unified sales nroposition; thereby enabling
them to reach the largest possible diversity of markets.
(c)‘f/ The first two steps having been oroperly accomplished, the same reports
prepared by the Engineers, will command the confidence of Finance Companies
which will enable such a consolidation to make the necessary improvements which
is the final object of the consolidation.

There is plenty of precedent in the consolidstion of small plants
in many industries to convince anyone that with intelligent and experienced
direction, such a combination of small properties would be highly beneficial
to owners of such small mines.

SECOND METHOD: We will now consider another method of procedure which

would apply more particularly to the next classification of mines, say from
1000 to 1500 tons daily oreduction, but which can also be applied to some of the
larger mines in the classification above discussed.

We wish to remark in passing that the above method of consolidation
for the small mines into groups would also apply to the somewhat larger mines
of the group now being discussed. However, the mines in this group now being
discussed, having somewhat larger daily capacity, lend themselves more readily to

individual beneficiation than the mines of smaller, daily capacity.
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Mines in this group, having a daily capacity of 1OOQ te 1500 tonms,
per day can very readily be equipned with coal cleaning plants &esigned
for and using equipment developed especially for mines of small daily
capacitye. ;

The company with which I have the honor of being associated for the
vast thirty years, has been very successful in building Coal Preparation
Plants, either by the Wet or Dry Process, or the combination of both for medium
small mines. We wish, therefore, tc point out to the operators of such mines
that their problem is within the practical application of present day equipment
and design, which are giving eminent satisfaction to operators of many small
capacity mines.,

In closing, we wish to express our appreciation to this Conference,
and especinlly to Mr. Leighton, who presented us this opportunity of offering
encouragement to the owneré for the small mines of Illinois regarding their

problens in coal preparation.

May 8, 1935.

)

R+ G4 Lawry, ) ,
Co;tractiig Engineer, Roberts and Schaefer Company,
1110 Wrigley Bldg., Chicago, Illinois.
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of Illinois coals is the discovery of fact

of these c¢nals in the market.

ficiently large to excite the imagination.

of ccal production and utilization,

Although the purpose of scientific investigation
s, the immediate
hope of such undertakings is that the facts discovered will

lead to some means of improving the competitive position

The prospect that the efforts @xpendad in research
will be rewarded with discoveries are best of course in
those fields that have been little explored and yet are suf-
One does not
equip an Antarctic expedition to explore Nantucket, There
is a desire also and above all to direct research toward

fundamental considerations upcon which rest the procedures

There will probably be no genersal agreement on
what constitutes fundamental research in the use of coal,
because the problem will be regarded from various points of
Indeed, there may be several varieties of fundamental
research, but two at least are éf outstanding importance.

One line of research undoubtedly concerns the principles and

processes lnvolved in the conversion of coal into usable



forms of energy after it has reached the devices of con=
version, These principles and processes are commonly in-
cluded under the general term, utilization. Another line

of investigation of fundamental importance concerns the
nature of the energy resource itself, A somewhat subore
dinate line of research concerns processes and principles
involved in the removal of the coal from its bed and its
preparation for use, that is, production, Undoubtedly the
research into the principles and processes of energy con=
version is of outstanding importance and has so been recog-
nized, On the other hand the importance of investigations

of the coal material itself has never, at least until re-
cently, attracted the imagination of either practical men or
scientists in spite of the fact that one would naturally sup=-
pose that the fundamental position of coal in the energy pic-
ture would attract consideration of its character., 7There ap=-
pear to me %o be Ttwo possible reasons for this,

Coal has been prevailingyregarded as an essentially
uniform homogeneous substance, Its complexity of chemical
composition hes been realized, but in general it has been
regarded as material composed throughout of Tairly similar
complex molecules, possibly pictured as coal molecules, This
material varies slightly from place to place but is essen-
tially the same within the given area such as a mine except
for the mineral impurities with which it is mixed,

This generalized conception ef-eirermatere of coal
conforms with and is sustained by the prevailing method of



chemicel deseription, The proximate form of analysis is a
generalized method of deseribing coal as a material con-
sisting of wvolatile matter, moisture, ncgggoiatile, COm-
bustible matter or fixed carbon, and a residue called ash.
This, of eourse, provides no picture of coal at all as a
definite substance but pictures it entirely in terms of
factors involved in its utilization.
The celorific determinations have the same effect.

The B.t,u, valueyas determined in the laboratory represents
essentially the total heal energy available by combustion
from the available carbon and hydrogen in the coal, The ex-
pefimental determination corresponds very closely with
theoretical values so that presumably essentially complete
combustion takes place in the calorimeter. It obviously
makes no difference how the hydrogen and carbon are combined
or occur in the coal in regard to the potential energy of
combustion available., The enterprise operating an incin-
erating plant as a source of energy is unconcerned whether
the raw material fed into the furnace is available carbon
and hydrogen in the shape of discarded lilies or of the ree-
mains of the ally serenader. The same logical attitude is
adopted toward coal considered as a source of available car-
bon and hydrogen.

" This generalized conception of coal has resulted
in a very characteristic attitude in regard tomd its pro-
duction and utilization. Since its constitution is of little

concern, preparation for its utilizetion other than removal



from the bed involves simply removal of as much foreign
material as possible and adjustment of size such as is re-
quired by the devices perfected for the combustion process,
It is quite obvious that/ggopting this point of view the
major field of investigation is that of combustion, o4 &
and once the principles of perfect combustion are understood
there is nothing further to be accomplished by research ex-
cept the perfection of methods for preparing the coal for
use under such conditions, It seems to be a very reasonable
point of view on the basis of the - premises: upon which it
has proceded, and accounts for a general lack of interest in
investigations concerning the nature of coal.

What it is my desire to do at this time is to bring
to your attention the inadequacy of the conventiommattitude
toward coal and to indicate the implications with respect to
preparation and utilization residing in a more naturalistic
conception of coal, V

First it would be well to explain what is meant by
a naturalistic attitude,

From the standpoint of the naturalist, particularly
the geologist and botanist, coal is a rock, cor aggregate of
materials which the botanist is able to identify as origin-
ally derived from plants, It is composed of these original
plant parts, just as most other rocks are mineral aggregates,
mixed with certain and varying amounts of minersl materials.
It is consistent to eall the plant parts in the coal
phyterals just as the component parts of other rocks are



called minerals, From the naturalistic point of view, then,
coal is an aggregate of phyterals, not simply a generalized
combination of moisture, ash, volatile matter and fixed
carbon, or carbon and available hydrogen mixed with a lot of
inert materiasls. This constitutes the naturalistic'attitude.

The same attitude toward the ash residual from
the combustion of coal finds it necessary to consider mine
eral matter from which the ash was derived and the nature of
its occurrence in coal,

Frém the naturalistic point of view the conventional
methods of considering and deseribing coal are eniirely in-
adequate; from the conventional peint of view the naturalise
tic attitude is unnecessarily complicated and impractical.
The truth probably lies somewhere between these two points
of view,

From the stendpoint of the combustion ftechnologist
coal under conditions where complete ccmbustion takes place
is simply available carbon and hydrogen mized with inert
material, The conversion of the heat of this combustion
into usable form of energy (that is, steam pressure) has
reached a surprising degree of efficiency in some operations.
Similar efficiency is generally impossible for all opera=
tions, and indeed is probably not to be expected in most
operstions., It is a practicsl impossibility. The combus=~
ticn technalogist may gnash his teeth over this condition
but the fact of the inefficiency of most combustion sppara-
tuses must be £ aced, which means obviously that possibili-



ties of improvement of the combustion performance of such
devices through possible adjustments in the character of the
fuel must be considered., So far as the ccal industry of
Illinois is concerned it is of little importance to the mar-
keting condition of these coals that certain steam generating
instasllations presumably burning eastern coal, since they are
located in the market areas of those coals, achieve an effi-
ciency of 9C per cent more or less. The adaptability of
I1lincis coal %o thé particular type of equipment is open to
demonstration but what is more to the peint is that this par-
ticular type of efficient equipment is entirely out of pos-
sibility of use by probebly 90 per cent of users Qf Illinois
coal or cther fuel within the Illinois coal market area. The
problem is one of modifying Illinois coal to make more effie-
ciently utilization possible by these inefficient types of
equipment.

The general point I wish Yo mske is thset there are
definite limitations fto the possibilities of benefit to the
coal industry in the conventional generalized attitude tayard
coal as a material consisting simply of earbon available“g}n
drogen and inert materials, and that when this limit is
reached there will be a tendency to search the possibilities
of relief residing in the naturslistic conception of coal,
Indeed this is about the only source of enlarged possibilities
of usefulness left, onee the conventional procedure attains
an efficiency of 90 to 95 per cent when conditions are favor-

able., I am not forgetting, however, the possibility of re-
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Y I would regret being misunderstood to the extent

that these statements in regard to the conventional general-
ogy conception carry the implication that I believe no fur-
ther progress can be made by investigetion along such lines,
or that the Survey has abandoned assembling information that
may relate to such utilization. Neither implication would
be correct for much improvement on utilization of Illinois
coal in the small industrial and domestic plant is possible,
and the Coal Section of the Survey devotes three-~fourtiis or
more of its time on matters relating to the conventional
conception of cosl. This paper, however, concerns the sige
nificance of studies of the constitution of coals and neces-

sarily that part of our studies is emphasized.



lief that resides in processing the coal by heat and bri-
quatting to provide manufactured fuels,

It is now pertinent Je~bhe~apsgumens to call at-
tention more specifically to the meaning of the naturalis-
tic consideration of coal, and to indicate the possibili=-
ties of mcdifyihg the character of coal or of employing it
for special uses that reside in its constitutional character,

Coal must be considered as a rock material if
viewed from a naturalistic point of view, It is composed of
more or less coalified plant materials or phyterals, mineral
charcoal (or fnsain),and varying quantities of mineral
matter, some of which is foreign mineral matter washed or
blown into the bed)and some organic mineral matter, As a
rock Illinois coal possesses the usual litheclogic character-
istics of normal banded bituminous coal to which t ype of coal
it belongs., One of the first characteristi ¢s of Illinois

coal that one observes in-viewing-ti-as -y -naturet-substance
is its banded character,LF&gurami41“m?he%ﬁuu%~¢hat"ttmtsﬂ
Landed—is—an indicati§;~that it is eomposed of several sorts
of material, In Illinois coal three varieties of material,
each distributed in thin 1enses,produce the banded appear=-
ance on the faces of the coal in the bed and on broken blocks.
The se=oeddeé banded ingredients ol-iiiinods-eoad represent
very definite, distinguishable,and separable portions of the
coal bed, There are four such ingredients in normal bitum-

inous coals as & group,namely'vitrain, or the brilliant jet

black coaly clarain, the bright, laminated coal which makes



up the bulk of our Illincis coal beds, the mineral charcoal
or fusain; and occasionally splint coal\or durain. lTnia
latter is a dull variety of cosl resembling elarain‘in Zene
eral structure and texture but distinetly dull in luster. It
is rare in Illinois coals but is occasionally found, partic=
ularly in Herrin No, 6 coal bed in southern Illinois, in
thin layers rarely as much as two inches in thickness,

Vary‘oasual inspection should be enough to convince ovi
wesdb-~amyerme that these ingredients are present in Illinois
coals, and they have sufficiently different general appear=
ance sc that difference in chemical characteristics and be-
havior under similar conditions might reasonably be expected,
Furthormore examination of one coal bed in southern Illinois
has shown that the proportion of these ingredients in the
bed differs considerably from place to place (Fig. 2).

That the physical dissimilarity of the banded ine
gredients of Illinois coal is paralled by dissimilarity of
chemical character, even when expressed in the generalized
terms of the proximate and ultimete analysis,is indicated
by sizty anslyses more or less that have been made of these
ingredientse .separated by hand from various Illinois coals,
There are very definite chemical differences among the ine
gredients (Fig. 3) that are consistent from coal to coal,
but are not of the same importance in all coals., It is notee
worthy that in general differences between ingredients in
terms of the proximate values decresse with the rank of the

coal, s0 that the higher the rank of the coal the less the
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the importance of the variations in thaAamount of the in-

graéients in the coal,

It is possibly needless to say thdt evaluation of
the character of the ingredients in the terms of such a gen-
eralized form of analysis as the proximate analysis is ex-
ceedingly unsatisfactory for it provides no basis for deter-
mination of the real differences that exist, All differences
are expressed in the %erms used in evaluating coal with re-
spect to its available energy in combustion, that is in terms
of available carbon and hydrogeﬁ; Some other basis of com=-
parison is desirable,

Hot only do the banded ingredients possess individ-
uality in general appesrance and chemical character as re-~

vealed by the proximate analysis but they possess indi vidual

physical characteristics so that they are differently affected

by the mining and preparation processes.

The effect of blasting, hendling, sizing, and
gravity separation upon the proportion of the ingredients in
different porticns of the prepared coal has been under in-

vestigation by Mr. Louis C, McCabe of the State Geologicel
Mwmﬁz.i U;& S Ml

Survey in cooperation with the, Engineering Experiment Station

/
and the Department of Hining and Metallnrgy}for some ?iye.

)ne report on this subject has recently been published by—ﬁhzw

"w%ua0e%&guﬁ%ﬁﬁ%MKvwmﬁiwmanéermﬁMBWtTVTU*

as Related to Washability Characteristicséil In this ine-
vestigation the segregation of the different band ingredients

he3d4, )
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vin the different gravity fractions of the coal was very
definitely demonstrated‘tﬁﬁg%w& )

At the present time an investigation is underway
which involves the collection of samples of sereenings from
ten mines, sereen, and float-and-gink analyses and a large
amount of chemical work, and also physiéal analysis of the
ingredients in each fraction of coal., This will result in an
enormous amount of information concerning the segregation of
the ingredients in the different specifiec gravity fractions
by sereen size that should be extremely illuminating as to
the effect upon coal of preparation procasgf;nd the potential
possibilities of segregation and blending,

#hen segregation of the ingredients takes place
the effect is usually shown in at least three ways. There
is a general tendeney Tor concentration of fusain in the
dust. This is now generally recognized in dedusting tech-
nique. This particular technique, by the way, has done much
to attract interest to the segregating effect of the clean~
ing process, Segregation of wvitrain takes plsce in light
fractions of coal of fine size, although somewhai{ coarser than
the fractions in which fusain is the prevailing ingredient.
The coarser and heavier fractions vary in character from
clarain {Figa"ﬁjwwith low ash content to clarain with high
ash content, bony coal, and finally pure mineral matter.
(Fige 5).

| Knowledge of the physical characteristics of the

banded ingredients will meke it possible to devise procedures



of mechanical separation which may be fitted into the present
scheme of separation without great difficulty. Fusain is the
most easily pulverized of the three most common ingredients,
hence aspirated material is largely fusain as has been pre-
viously noted, Vitrain is brittle and resiliant and gener~
ally characterized by fine eracks which tend to cause its
segregation in the medium fine sizes. Clarain is relatively
tough and not penetrated by cracks as is vitrain and hence
is less likely to break down to small sizes than vitrain or
fusain,

The o

(L pessibmlik&'qk\

of segregating and blending banded ingredlents to supply )

o

v, et
definite blended types of coal w&i&*ba—ofigfgotical valna}#a'

i@ forat%gi. We know that the characteristics of
the different ingredients differ greatly. Vitrain is char-
acterized by an exceedingly low ash content and a tendency to
swell greatly upon heating. Fusain is conspicuously high in
fixed carbon, about 80 to 85 per cent in the dry condition,
emé it is commonly very inert under carbonizing conditions,
and it possesses no binding properties such as are essential
for the formation of good impaction briquets, Added to coal
with much vitrain a little fusain improves the quality of
coke over that produced from the raw coal. Both vitrain and
¢larain have positive coking reaction but apparently in some
cases addition of vitrain to a natural coal improves the
strength of the coke (F%gffé). With only the ecriteria sup-
nlied by the generalized type of analytical data available



for evaluating or indicating the nature of the ingredients
there is a limited number of variable possibilities of
designation, but even on this basis it is apparent that it
is quite possible to produce coal material of widely dif-
ferent character on the one hand or a coal of very uniform
character on the other by systematic segregation and blending
froeadure. The ability to control the nature of coal reach-
ing the market is of significance because:

l. It permits elose control over e¢oking mixtures;

2e¢ It permits segregation of those parts of the coal
best suited for the production of manufactured licuid and
gaseous fuels;

3« It permits blending to produce particular buraing
characteristics; and

4, I¥ permits isolation of easily pulverized ingredients
for use as powdered fuel.

The possibilities of wvariability in the coal re-
siding in its banded constitution gives only part of the pic-
ture provided by the naturalistic consideration of coal.

The character of each of the banded ingredients
varies from that of the other three in the nature of the
phyterals of which it is composed, That is to say, vitrain
{Fﬁ@;’?) is coalified woody material, and as such has been
named anthraxylon by R, Thiessen. Clarain (Figl{éj is at-
trital material, representing all kinds of plant’debris, wood
shreds, pollen, resins, spore exines, cuticular residues, and

all the spindrift of the coal measure forest. Fusain (Eﬁg{”§‘



is eiﬁhef actually fossil charcoal or carbonized wood pro=
duced by some other agency other than Dy fire., In general
it is derived from the same sort of material as vitrain but
is carbonized rather than coalified.

Clarain is characterized by great variation in the
character of its phyterals. Some elarain contains a great
meny spore exines, 6?ﬂfgf“&0$5 others only a little, Vitrain
likewise not uncommonly contalins a great quantity of resin
{Pi@y-#Py although other vitrain may show none,

N dinisiakinne

Unless the process of coalification ewedrs—eff Lhe
oripginal differences that must have existed among the plant
parts enmeshed in the coal swamp, it seems altogether prob=
able that there are differences in the phyterals, particularly
as 50 many of them appear to retain much of their original
appearﬁneaél Spores can be isclated intact (Fig. 12), crushed
flat it is true but otherwise with their original characterw
istics preserved, Cubticles (Fig. 13) can be isolated from
the coal by the exercise of some care, retaining many of their
original characteristi ¢s and structural features. (Fig. 14,
out). Regins (Fig. 15) have usually been somewhat carbonized
but are readily recognized.,

Ubservation of the phyterals found in the coal im-
presses the observer with ithe probability that the different
entities commonly still retain some of thelr original in-
dividuality. If this is the case it is quite apparent that
vitrain will vary in character as it contains much or little

resinous matter, and that a considerable range of variation
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in the composition of clarain is possible, deyendinghyhether
woody Tragments, cutiectler waxes, resins, or other materials
are present. The affect upon the character of the coal be=
cause of variations in its phyteral composition can only bde
inferred, There is as yet nc information in regard to what
this elffect may be except the information provided by analy=-
ses of the banded ingredients. Ve know that the vitrain is
of wud&y origin, and that clarain commonly ccntains a mmch
higher amount of waxy constitusents than is found in the
vitrain, 7The proximate or ultimate analysis, as.haa Te-
peatedly been stated, provides a very unsatisfactory basis
for differentiation, because as has been repeatedly pointed
cut, the whole purpose of these analyses is to indicate the
composition of the coal in terms of its combustibility. On
the other hand if we actually find resins, waxes, and humic
materials in the coel it wopd seerf to be highly desirous to
regard Epg’eeal in terms of 1ts actual camposition’rather than
its combus%ibility;if a true pieture of its character is de=
sired.

That knowledge of the immediate constitution of the
coal will eventually prove of great practical value in planning
uses for ccoal either through the possibility of segregation
of coal of peculiar characteristics suiteble for special uses
seems to She speaker inevitable. = A% any}rate‘this natur-
alistic conception of coal opens up/iew field of speculation

ané crrerimental investigation. But I believe much depends

on the development or a much more definite concepiion of the



immediate chemical character of the coal than is supplied
by analyses which indicate the combustibility characteris~
tiecs and nothing else.

Before closing it is important that some reference
be made to the investigationsof the mineral matter of coal
that are being carried forward in connection with other in-
vestigations of the immediate constitution of coal, since
these investigations are quite different from the usual in-
vestigations of coal ash;

Much of the mineral matter in coal is extraneous
in character, that is, it is not organic mineral matter. As
a matter of faet the amount of organic mineral matter is
probably relatively small, so that the source of most of the
material that is left as a residue from combustion is present
in the coal as éi;ggii; mineral particles. It has been our
bdief that the only satisfactory method of understanding the
nature, occurrence of ash ,and ite behavior during combustion
was through a study of the mineral matter present in the coal
and aapable of identification and to a certain extent of
actual isolation by physical means,

In the strength of this belief a column of Herrin
No., 6 coal collected in the Hew Orient mine at West FPrank-
fort, representing the entire bed, was subjected to detailed
study, to determine the nature of the minerals that could be
isoclated by precise gravity separation technique. As a re-
sult of study and:ﬁhe analysis of coal residues from which

all possible mineral matter had been ramoved)tha character
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of the minerasls and their distribution in the bed was de-

termined with great detail (Fig. 16 Diagram ). mh?/ge-
sults of this investigation hsxn—ﬁuazlhean published, o
wll-appear-within a-few-4e

dence that the mineral matter in that particular bed of

They give irrefutable evi-

coal consists to at least 98 per cent of the four minerals,
célcite, kaolinite, kaolinite as clay, and pyrite. All other
minerals, traces of quite a variety being fTound, amounting
to not more than two per cent of the total mineral matter,
not of the coal, A considerable portion of this 2-per cent
consists of silica. These data indicate very definitely
that the behavior of ash in the fire box, that is its fusion

- characteristics, is determined by the variations in the

amount of:ielatively small number of minerals. This, of course,
makes the control of the fusion temperature a much simpler
problem than if a large number of minerals were involved, it
also explains very definitaiy why variations in the softening
temperature of the ash have been observed as a result of
mechanical cleaning of the coal,since by such practice selec=-
tive ‘elimination of the minerals takes place, resulting in
the concentration of certsin minerals in certain grades of
coal with the resulting change of the softening temperature
of the ash,

Since this investigation was completed microscopic
study of thin sections prepared from the same and other
columns of Wo, 6 coal in southern Illinois has heen made to

determine the nature of occcurrence of the mineral matter in
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the coals It has ﬁeen ;:3%$§ definitely shown that cavie
ties rarely exist in the coal, The original cavities such
as were present in fusain and the desication eracks in
vitrain cavities in resin roilets, etec., are commonly filled
with kaolinite (Pig. 17). Calcite may also be present in
such cavifies but it is usually of later origin {(Fig. 18);
Tﬁis disseminated material,because of its intimate associa=-
tion with the coal, is difficult to remove. A great deal of

)

the pyrite is disseminated through the coal (Fig. 19), but
it is much more commonly found in sagregated massesﬂré§;~
tively easy to remove., In general the cleaning process prob=-
ably tends %o greater loss of the minerals that are effective
in lowering the ash softening temperature, thereby improving
the coal in that respeetf

These studies that have been carried on in the
nature and distribution of mineral matter in Illinois coal
are the initial studies of the kind so far as is known, 1
believe that they will be of great practical value in remove
ing from the field of speculation many of the elements ine-
volved in an understanding of the variations in the behavior
of the ash of Illinocis coals under high temperatures, In
speaking in commendation of this work credit for carrying it

forward should be given to my colleague, Dr. C, G, Ball,

Conclusion
It is my hope that in presenting this explanstion

of the work on the constitution of coal being carried on by



the State Geclogical Survey, I have given you a correct idea
of the possibilities residing in the naturalistic conception
of coal as compared with the traditicnfbmnception based upon
the generalized picture of eoal. Without sheh a naturalis-
tic conception of coal I can see no hope of expansion in
utilization except as it may be discovered by accidental
me=ns or undirected experiment, The traditional attitude
toward coal ho-prohibitisena? imaginative'considaration of
the possibilities of expanded utilization:go far as they re~
side in the coal itself, It is my thesis that a new attitude
toward coal must be adopted and the adoption of such an at-
titude is possible only through recognition of rescwr ces of

discovery residing in the naturalistic viewpoint.
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Introduction}

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 manu=
facturers to the Engineering Experiment Station or members of its
etaff that it seemed advisable for the Experiment Station to look
into the feasibility of utilizing such waste, for that or other
purposes, For this reason the problem was 3iven a project number
in the Engineering Experiment Station and a preliminary field exame
ination was made a year ago.

o o~

Thies examinetion wae 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 tkorough 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 wesy considerable additional tonnege which is
broken down but left underground in hand loading. All told, it is
probable that as much as two million tons of waste materisl are dee
veloped [at Illinois mines, (annually}

Only one major phase of the problem of utilizing such maw
terial has been studied as yet, That is the characteristics of table
pickings, These are all hand-~selected materials, the criterion govern-
ing the rejection of a piece from a stream of coal as it flows over a
picking table being a content of visible impurity. Presumably, every
piece which includes a coneidersble amount of visible impurity goes
into the reject (pickings) regardless of how much of it is coal,

‘?yfiwwﬁm%iie an attempt is made to salvage the coal which adheres to the ime

‘J{:;
-

purities in the largest piecee 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,

Zamplire. »

Pickings are highly heterogeneous both as to the size of
particles and their composition., Tiny particles of coal are inter-
mingled with huge pieces of rock, and all gradations of size and
composition between these extremes are encountered in a mass of picke

ings,

Thie makes it extremely difficult to take a sample, and
recourse was hed to samples of large volume taken by small increments
at frequent intervals, over a day's run, Where é-inch or larger ma=
terial was involved, ae it frequently was, a ton or more of material
was taken, with smaller sizes being sampled in proportion.
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wa%e typical tipple arrangement ie—#gl.the pickings from
the lump, egg and nut coals to go onto individual conveyors, each
of which discharges onto a cross-conveyory’which carries all of the
pickings to a dump receptacle., Wherever Teasible, the stream of com-
bined pickings was sampledﬁ“by cleaning off the material on a single
flight of the last pickings conveyor, at reguler 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
lump, egg and nut pickings., These were tested separately but an
estimated composite sample was constructed by combining the results
in the proportions of the estimsted tonnages of lump, egg,and nut
pickings, respectively.

of Sam les
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Reduction and Tesﬁi
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Circumstances were such that it was necessary to store
most of the material a few weeksy“before it could be reduced and
tested. One sample which was stored six weeks lost less than 2.5ﬂ@&~uwt
of ite weight, presumably in moisture., None of them xkami& showed
appreciable signa of slacking or other deterioration as & result of
storage,

Since, as has been indicated, much of the material cone-
sleted of mixtures of coal and rock, the samples were crushed to
minus li=inch, both to liberate the cosal from the rock and to facilie

tate testi?§:>

While coalemine products are commonly crushed in roll
crushers, the abundance of large modules of pyrite in some samples
and of rcck in all samples ¥t led to the use of a heavy=duty gyratory
crusher, ’

TheAfu}lﬁiigﬁAéﬁééﬁgwh+0h~wae followed in reducing and
testing the samples is shown i@%?ig. ;)which is selfeexplanatory,

Testing each sized product at two specific gravities
(1,60 and 1,40) divided it into three products: l.60=sink, or
refuse; 1,40-1,60-middlings, end 1l,40-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 1.60=

sink or refuse fraction.

Three sizes of clean coal were produced by the tests, the
13xg-inch corresponding with commercial small-nut, and the §x3/16-
inch with stoker coal, If produced in sufficient volume, as at a
custom cleaning plant, the 3/16einch x 65~mesh fines could be sold to pul-
verizing plants, Otherwise it could be mixed in with the larger sizes,
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The minus 65-mesh coal is not considered atnheéaé 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,

e ,/Rssult of Float-and-3ink Testgj — >
T 1» — e v —

‘Zg The results of float-and-sink tests on screen samples
of pickings are reviewed in Table 1 which includes estimates of the
yield of coal and boiler fuel to be expected at each mine represented,

weére an efficient cleaning unit to be installed to treat its table
pickings,

X Roughly, one half the crushed pickings are small nut in
- size, MOQDof them are stoker size, while the rest are fines, Withw

Ef“ out exception, the quality improves as the esize decreases., However,
* there are marked variations in the per cent of clean coal in a give
size, from sample to sample, _ For the nut size, this renges from 1
- clean coal in Sample 1 to in Sample 6, For the fines the cor=
A responding range is from 35 to 61@ clean coal,

Considering the composite dustefree samples, their total
content of clean coal ranges from 24)(Sample 2) to 5M$D(Sample 6)

the mean for the seven gamples represented in Table 1 being 37% In
addition, more than 1(@50:’ the material tested is suitable for local

use as boiler fuel or for heating purposes,

While Table 1 indicates that only a comparatively small
tonnage of coal might be recovered from the pickings at a given mine,
it 18 clear that, in the aggregate, very large tonnages of clean
coal are now being wasted in this state. If no more than one
million tons of table pickings are being developed annually at
present, the indications are that about one~third of this, or say

;iﬁﬁyﬂ 300,000 tons could be recovered as clean coal. If pickings could be

e U treated at a cost of 30#fton 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 #f the salvaged coal could be sold for as little as $1,00
per ton, at the cleaning plant, 8Since an appreciably higher average
realization could reasonably be expected it appears that most of the(::zp
coal which is now being wasted in table pickings might be conserved

at a profit.

Anea

ses of Test Pro@ucta e o

> O e —

L Complete analyses of the test products are not available,
but Table 2 gives the results for one of the more pyritic samples,
which contained more than 43fb)ash and légasulphur. Just as Table 1
ghowed 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,
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This probably meane that the cleaner the coal the more friable it %s
and the more it tende to appear in the smeller sizes, Ash in the clean
coal ranged from 5.1@ in the fines to 8.8@ in the emall nut, averaging
7.8 Similarly sulphur in this product renged from 3.6 to 4,1,
ave;éfing 4, In the boiler fuel sulphur averaged 6,00) and ash

22. The grestest concentration of sulphur (27.4%) was in the

refuse (1,60~sink) from the small nut size, The composite refuse from
Semple 3 averaged 23.7‘ sulphur and 63.% ash,

&4, P;rite Recove;g}« T —————

Any pyrite to be rescovered would come from the refuse or
lo,60«sink fraction of the pickings, Inasmuch as pure yrite is
54 sulphur, the refuse of Sample 3 must have been 44§ pyrite if all
its eulphur were pyritic, With proper crushing a concentration of
pyrite, which has a specific gravity of 5.0, should be readily sepe
arable from the much lighter shales and residues with which it is
associated in the refuse fraction from the sink~and-=float tests,
It ie planned to determine the pyrite content of some of the more
promising 1,60-sink fractions by retesting them in acetylene tetrae
bromide which has a specific gravity of nearly 3.0, The sink from
this test should be nearly pure pyrite,

Although the indications are clear that considerable
tonnages of pyrite could be recovered from Illincie picking-tsable
refusee the economic feasibility of doing so in the near future is
in doubt becazuse the comparatively high cost of producing and shipping
a pyritic concentrate of sufficient purity to meet the proposed speci-
fications would hardly be covered by the quoted prices of only a few
dollars per ton of concentrate, delivered at the acid plant., However,
es the investigation proceeds better data will be developed for gag-
ing the feasibility of marketing pyrite from Illinois cocal mine wastes,

Summarys W -

Summarizing,the results of the investigation to date
indilcecate that it would be technically possible to produce substan=
tial tonnages of pyritic concentrate from the table plckinge at many
Illinois coel mines but the economic feasibility of doing so under
present market conditions ie highly doubtful,

However, the investigstion has shown that thousands of
tons of clean coal are being waeted annually in the pickings from
Illinois coal, It ies apparent that most of this valuablg waste
could, under efficient procedure, be recovered at a profit,
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The subject of this paper ig the selection and the design of equipment

for burning Illinoie coal, 2nd the paper limites iteelf to the use of Illinoie

coal as fuel for making steem,

the burning of coal can be briefly stated as follows,

The physical and chemical properties that affect

Illinois coal is herd; it is generally harder thar the impurities that

it contains, T¥or this reason lump coal usuallvy has lower ash content than slack,

The coal is of laminar structure consisting of thin layers of shiny black

material alternating with dull brownish substance,
end at right angles to the lavers,

somewhat cubical shspes,

exceseive breskage,

Tt breaks along the lavers
Thig tendency of fracture gives the lumps

Owing to its hardnees the coal stands handling without

Compared to eastern coa@?the Illinois coal containe high percentage

of ash and sulphur, and the ash fuses at low temperature,

"he coal is free

" burning, that ies it does not soften and fuse into large massen of semi=coke,

but the 1ndividnal pieces keep their shape and remain separate vntil completely

rned, When the coal is hested a large part of the combugtible is driven off

as gas, and when improperly burned produces dense black smoke,

In storsge the

coal is inclined to spontaneous combustion and therefore does not store well,

Of the different types of mechanical stokers now on the market the

1 { traveling grate stoker is the best suited for burning Illincis coal, Traveling

ol
-grate stoker is a mechanical device for continuaddw feeding coal into the
A

furnace snd also continually removing the ash remaining on the grate after the

coal has burned off, The moving grate is in the form of an endless belt running

over two pulleve and located at the bottom of the furnace,

As the grate moves
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over the pullevs coal comes in at one end, burns to ash as it moves across the

the ash
furnace and/drops off at the other end of the moving grate into an ash pit,

The traveling grate stoker is illusfrated in Figure 1, The coal

)

f"o\ flows by gravity from the small hopper onto the grate and with it moves through
the furnace, Air at various ﬁressures is supplied through the Ecmpartmentsunder
the grate,ss—showmr—in—the—ittustratien,. By the time the coal has resched the
rear end of the furnace praétically 2all of the combustible is burned off and only
ash remaine, The ash is dropped over the end of the stoker into the ash pit,
from which it is removed through the ash pit door into the car which hauls
it away, In the illustration is shown 2 device for retumingothe einders caught
in the two hoppers h-i-inﬁé_gégiigiggééj ,“”;’éf these-cinﬂo:-hoppe:s is

£ emptied through the arch of the furnace and the other through the rear wall,

s The natural hardness of the coal keeps it compératively free from

Y excesgive fines, This comparative freedom from exceesive fines makes the

L registance of the fuel bed to the flow of air nearly miform over the entire

l’r which in Turn
\i gratey—This neariv-wriformresisienee results in a vniform flow of air ases

M
rlf
the—entive—prabe and freedom from burned-out holes in the fnel bed, It also

prevents to 2 large extent short and long fires existing at the same timeg%s-xhn
reagr-of-the—stokes,

uﬁ Owing to the free burning property, the individual pieces of coal buran
separatelv without fusing together into large masses of semi-coke, tne air is
nearly uniformly distributed over the and the coal burne evenly over the
- full width of the grate, This is the principal requisite of a good traveling

grate =toker coal, The opposite of free burning coal is caking coal, Such

o
coals when burned onAtraveling grate become pasty and fuse into large slabs of
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semi-coke, These slabs crack in few plsces and the air supslisd-threugh-the-
zrete flows only through the cracks and not through the center parts of the
slabs, with the result that these slabs of semi-coke do not burn completely by

o
large percentszge of the

the time they reach the end of the grate,and thus/\

combustible matter is wasted with the ashes,

| The comparatively high zsh content of the Illinoisg coal ie another

\;Z),/requisite of a good traveling grate stoker fuel, The burned out ash on the

G/’/ rear part of the stoker forms a substantisl cover over the grate and protects
Because of

the latter agaiust the reflected heat from the arch, / the fact that during the

| passage of the coal through the furnace the fuel bed is not agitated,the agh

1Y

M‘Mﬂ is not lifted into the hot fire and fused inte hard clinker, Any clinker that

m is formed is soft and spongy and is not detrimental to the operztion of the

gtoker,

When coking coals sre burned on the grate the fuel bed must be

«

* QJ“’MJ‘ agitated to break the 1argem/of semi=coke, Such agitation 1ifts the
.'/‘; A e $
Y A AL
M NE‘A agsh into the burning fuel and 4 the ash has low melting temperature the-ash
is fused into sticky clinkers, The eastern coals are caking coals; they are

<+l
&,a‘“‘” generally burned on multiple retort underfeed stokers which ‘i?"designed for

Mlagi’oation of the fuel bed Lo break the largze masses of semi-coke, The eastern

/ coals, however, have ash with cowparatively high melting teumperature,

»

The gases rising from the fuel bed on the front part of the iha&a grate

. ’Vstoker cmtaini’high percentage of combustible which must be mixed with air and
(‘&] . burned before it leaves the furnace, otherwise smoke is produced, The fumaéo
above the grate must be designed to facilitate this mixing and combustion,
The rear arch furnace design shown in Figure 1 gives very good resulte in this
‘Rﬁy respect, The rear arch directs the air flowing into the furnsce around the rear

end and through the rear part of the stoker into the stream of combustible

¥

gas rising from the front part of the stoker, The two streams are mixed while

e
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paesing through the compsratively narrow throat between the nose of the arch
and the front wall, and the combustible burns in the combustion space é:ﬁ:::; the
throatesand wedwe-the-boiter,—

Figure 2 shows what ie likely to happen in a badly designed furhace
shown in outline in the lower part of the figure, The upper part of the figure
contains two charts; the chart on the left gives the composition of gases rising
from the fuel bed of :’eﬁravenng grate stoker, The chart on the right gives the
gae composition at the section where the furnace gaces enter the boiler, The

Yhe analysss a/'jds

compozition of the gases vising from the fuel b: .4 %e2= obtained by oai&get:ug
collected

" samples 2£-gaseaﬂz inches above the top of the Tuel bhsd at various points

. analyses S
indicated in the figure by the small circles, whe.o:;ugpiop vere sasleped-and-

The SQMP/IO" ,oo:n?“
oe-resudies plotted on the chart directly above‘N The compositian of furnace
T'he analysis Y - colfec 7“(
gases entering the boiler vere obtained by-egi&ec#&ng gas samples above the first

row of boiler tubes at the points indicsted by the small ecircles shown in the
figure, The chart under the grate gives the pressures in the wvarious air
compartments under the grate, The gases at points 1 to 5 inclusive contain o
larze percentage of combustible and very littls or no oxygen to burn this‘
combustible, The gases at points 6 to 7a inclusive contain no combustible

but veryv large percentagsgof free oxyvgen, Beczuse the furnace wag poorly
designed the combustible gas was not mixed with the free oxyvgen, and the twé
streams flowed separately into the boiler, As indicated by the analysis of
gases in the first pase the two pointe on the l=ft of the second chart show very

A«_,A cerkow monpxide,
high carbon dioxide content, and practically no free oxvgen, whereas the two

ap
points near the rear wall show,yery low percentzge of carbon dioxide andAvery
high percentage of oxygen, The furnace smoked badly even at moderate ratings
and the/ﬂ&oke nspector threatened to shut down the plant,

Pigure 3 shows the ssme furnace as Migure 2 modified to eliminate the
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wbe
smoke, The modification consists of a provisional rear arch placed close over
the grate, This arch directed the air paseing around the end and through the
rear part of the grate info the stre.am of combustible gas, The two gtreams
were fairly well mixed by passing m the throat formed by the rear and
front arch, Most of the combustible gas burned before it entered the boiler,
The composition of the gases in the first .pass was nearly vniform ascross the
whole pasg, as is indicated by the two curves in the chart above the rear part
of the furnace,

#ith & uniform bed of burning fuel no free oxygen passes through
the fuel bed; all the oxygen;’;ombine*»with carbon either as carbon monoxide or
carbon dioxide, Free oxygen must be admitted over the fuel bed and mixed with
the gases in order that the combustible may be burned, With a traveling grate
stoker such free oxvgen enters the furnace around the end sznd through the rear

Serne i oy Be ales acppliich Uhivngl hileoin lhe aclioas
part of the stoker, The furnace wust be designed to produce mixing of the
two streams of gases, and combustifgre space must be provided so that combustion
can take place, It mav be suggested that the combustible rising from the
fuel bed is mostlyf%rtlatile matter of the coal and that if the fuel did not
contzin the volatile matter the o:?ygen might possibly work its way through tho‘
fuel bed uncombinad,

Figure 4 shows that the gases rising from a &wel bed of burning fuel
contain large percentage}\ of combustible even though the \fuel is coke and the
fuel bed only 6 inches thick, The figure gives the results of a study of
combustion in the fuel bed of a burning coko,wgﬁk% study was made at the
Bureau of Mines nearly twenty years ago, The figure is a combination of five
charts giving the composition of gases in a 6-inch fuel bed of burning coke at
five different rates of combustion, The top chart represents the rate of

combustion of 20 pounds of coke per sguare foot of grate per hour, the second

N
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chart below represents rate of combustion of 38 pounds, the third chart below
reéresents rate of combustion of 51 pounds, the fourth chart the rate of
combustion of 71 pounds, and the bottom chart the rate of combustion of 106
pounds, On the left the ordinates of the charts give the percentages of each
constituent of the gases, the ordinates on the right give the temperature in
the fuel bed, The abscissa gives the height above the grate in inches, The
fuel bed was 6 inches thick and samples of gas were collected 13 induﬂ ingf=o
and 4! ing’above the grate in the fuel bed, aleo at the surface of the fuel
bed and 1} inMrom the top of the fuel bed, It is interesting to note that
in every case thers was no free oxvgen at the top of the fuel bed, in fact
most of the free oxygen disappeared 4 inﬂdgbove the grate.lg} rate of
combustioh wag obtained by forcing more air through the fuel bed, ¥or example,
in test 42 with the rate of.combustion 106 pounde the weight of air supplied
through the fuel bed was 5! times the weight of air supplied in test 48 having
rate of combustion of only 20 pounde, This mesns that the oxygen w43t combines
with the carbon as fast as it is supplied, and the composition of gasee in the
fuel bed and sbove it remains practically the same for all ratee of air supply
and rates of combustion, It will be noted that the combustible at the top of
the fuel bed is ahout 16 per cent with all rates of combustion,

Pigure 5 showe » traveling grate stoker installstion under s bent
tube boiler’ Thigs furnace is characterized bv rear arch narrow throat and

large combustion)space above the throat for burning combustible gases, Fhe

ﬂu:aaco—wusggfsigned for burning high volatile Kansas coal. Both arches of~

$he-dfvrnmre—of-Rigure—& are made of water-cooled tubes, The gide walls above
the throat are also water coolod.aTaeeLéco—thie—'atcr-eooitng-there is a

water-cooled tube on each side of the furnace just above the grate, These

tubes in the side walls prevent the ash from sticking to the side walls and

dragging of the fuel bed along the walls, For Illinois coaIJwater.coolod
N
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furnace is very desirable, It greatly reduces the maintenance of the Turnace,
The installations shown in FPigures 1 and 5 are well adapted for burning
- Iliinois coal without smoke,
Aza’qu‘ The traveling grate type of stoker is used for units varving in size
M

orresponding to 10,000 to 100,000 pounds of steam per hour, Tor smaller

boilers type § stoker or the so-called spreading stoker are used with
}yugg’ satisfactory results, In such casee the selection of the equipment is made
’1ﬂ1’ . largely on the basis of low cogt rather than on the excellence of performance,
! :
gijkor units larger than 100,000 pounds of steam per hour the traveling type of
stoker bequmes too large and costly both in first cost and maintenance,
Large stokers must be built very heavy to prevent distortion by driving
mechenism or deformation by heat and the stalling of the stoker, The

difficulty of keeping & uniform length of fire increases with the width of

‘\the stoker; the wider the stoker the greater the chance of having long and
halﬂvk short fires at the same time,
It doss not mean that all installations with steaming capacity of
10,000 to 100,000 pounds of steam are to be traveling grate stokers and above
100,000 pounds of steam per hour all to be powdered coal, There are many
powdered coal installations with a steam output in the above range, Such
pulverized coal installations are put in because of special local advantages,
personal likings, or some peculiar load conditione favoring pulverized coal,
It means, however, that in this range of sizesg 10,000 to 100,000 pounds of
steam, the stoker partisan has rg;i’argument in his favor,
With large steam generating units it is difficult to get in enough
grate area to give the required high stean cutput, The capacity of the steam
» generating unit increases as the cube of the linear dimension, whersas the

great area incresses only as a sguare, The pulverized coal furnace, however,



- en

increases also as the cube of the linear dimension, The large steam generating
with Bl o
unite of today are fired by pulverized coal,—Fulveriged—coal has number of

. sdvantagzes whieb appea]/.\/?g many engineers, A pulverigzed coal plant can use any
cozl that is available on the market and thus be irdepedert of the coal supply.
The plant can burn fuel oil or natural gas in the same furnace, and in fact,

@ D’rA even with the same burnerf as pulverized coalj }‘herefore, the change from one

.

/?ali’ fuel to the other can be made on very short notice without any structural

g mchwgen. The operating thermal efficiency of pulverized coal is usually higher

M\

than it is with stoker plent, This high termal efficiency is obtained because
/ of lower ash pit losses and very small or no banking losses,

e

Tllinois coal is well suited to pullverized coal firing, The high
volatile matier content eees—it ignite quickly, and stable fire is maintained

_ T&a
fL\e'\mn at very low rate of working, %s natural hardness is somewhat againstmcmﬁ
»

~Lp%' &% because it rsduces the output of the pulverigzer, and increases the power

9” U}"’l consumption per ton of cosl ;iulverized. The maintenance of the pulverizers

»

T?' proper selection of r mills.usedfor pulverization, thies disadvantage due to

tle
ite hardness is negligible, The high percentage of ash and its low fusion

Qf is also somewhat higher than it is with the soft eastern coals, However, with

temperature are alsoc somewhat against the coal, The higher ash content increases
the cost of pulverization and is apt to cause greater dust nuisance resulting

from the large guantity of ash being diescharged with the gases from the stack,
E !‘t:u @ Mgﬂazw'/a 4;,,,‘,1.,1,._1..9(%%4%
L}ﬁ}\ The low fusion temperature is an advantage with slag tap fumacos)\ t is aleo !

4

t

a disadvantage becauge molten ash is carried into the boiler and may be
;,ggk:"’g:epor,ited on the boiler tubes thus clogging the gas passages and necessitating
(}g},}} a forced shut down, This is particularly true of slag tap furnaces, However,
| -with a proper design of the steam generating unit,including the boiler, the

»

furnace, and the ash disposal system, thef¢ drawbacks due to high ash contents

and low fusion temperature can be nullified,
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With pul'verized coal firing’ the entire process of combustion takes
place in theAspace. with stoker firing approximmtely half of the combustion
takes place in the fuel bed and the other half in the combustion space, This
means that the combustion space of the pulverized coal furnace must be at
least double the size of the combustion space of a stoker fired furnace, The
usual rate of combustion of Illinois coal when burned in pulverized form is
one to two pounds of coal per cubiec foot of furnace volume per hour, In a
few installations the rate of combustion reaches 2} pounds per cubic foot and
in still fewer installations to 3 pounds of coal per cubic foot, These high p
rates of combustion are usually of short duration being used only during the
peak loads, The rate of combustion is largely determined by the design of the
furnace and the selection of material used in ite construction, If the furnace
ie lined with refractories the rate of combustion is always under v 3 poundg of
coal per cubic f‘oot, and corresponds somewhere t0 a heat release of 14,000 to
16,000 B,te.u, per cubic foot of furnace volume per hour, If in m furnaces
higher heat release ¥etes are used ).the refractory lining is rapidly wasted away
by the molten particles of ash that are spraved on it by the pulverized coal
fleme, Such wasting away of refractory lining results in frequent shut down
of the uﬁit and high cost of maintenance, Therefore, refractory lined f‘urnacen
should be degigned with ample combustion space, The burners chould be so
designed and located in the furnace, as not to cause flame impingement against
the refractorv lined furnace walls,

The =?s:.ter-cmoled furnacef should be used wherever%can be economically
Justified, %he gater-cooled t‘urnacef permitrhigher rates of heat liberation and
greatly lowerr' the furnsce maintenance,besides permitting the units to be in
service for long ;;eriods of time, They are indispensable for large steam

generating units because it we)ﬁfl-&-be very difficult if not impossible 0 build

and maintain in service wide and high refractory walls,
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In water_cooled furnaces the walls simply consist of a row of steel
tubes through which water circulates, lﬁhe tubes of the walls é:;?Zonnected into
the boiler water circulation, In other words, the boiler is extended and built
around the furnace. The tubes may be either bare or covered with refractory
or cast iron blocks, The bare tube furnace walls are cheaper, have loyer
maintenance and the combustion of coal in the bare tube furnace can be made just
as good as in:?urnace with refractory or metasl block covered water walls, As a
matter of fact the bare tube furnace wall does not stay'bare, it becomes covered
with ash or slag, A large part of such accumulation of ash a2nd slag drops off
when the furnace ig cooled, The covering on the refractory or metal covered
water walls ?astes away and regquires replacement, Such replacement is costly and
in many cases the cost of covering and its maintenance is not justified,

Pigure 6 shows detalls of construction of a bare tube water wall,

T
The tubes are 3 to 4 incheg outside diameter and sre so spaced that theve is

wides -
L%Pbout 2 incheshspaee—between—ﬁhem. Th?? space between the tubes is closed by

two steel strips about 1 inch widebeach strip being welded to one tube, “These
strips vhen welded onto the tube resemble a fin on o fish and therefore a furnace
wall of this design is called fin tube furnace wall, This design of water-
cooled wall has many advantages, The tubes are easily replaced, The walls.are
light and are generally suspended from a steel frame, By cutting out the fins
in any one spot a neat peep hole for observing the fires is easily obtained,
Water-cooled walls are strongly recommended for burning Illinois coal,

Figure 7 shows a steam generating unit with water-cooled furnace
walle on three sides of the furnace, The fourth wall is made of refractory

pwbicd. ons ote. 2aall oy s Y/

because it contains the‘burners e

into a refractory wall than into » water-cooled wall, The flames move away from
the burner wall and therefore do not impinge on it, There are six of these

burners placed in two rows sﬁk three in each.»aw, The long flame travel from
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the burners to the tubes of the boiler rééﬁiiiﬁén complete combustion 2nd
greatly reduces the chances of ash being deposited on the boiler tubes, and
clogging the gas passages, The ash on its long path through the water-cooled
furnace is cooled below its sticky temperature and does not adhere to the
boiler tubes, Anyv ash that may be deposited among the tubes of the first bank
can be ‘
¥ easily dislodged with a hand lance inserted through peep holes in the top
part of the rear wall, The ash dropping to the bottom of the furnzce pagses
through a water-cooled screen over the bottom of the furnace, is cooled down
below its sticky tempersture, and removed from the ash hopper in a granular
form, This unit has a maximum capacity of 300,000 poundg of steam per hour and
ie installed in an industrial plant, Similar unite can be built in various siges
ranging from 50,000 pounds to 500,000 pounds of steam per hour, It is a unit
aldmirably suited to burning Illinois cozl, The main points of merit are the
water-cooled furnace, the location of the burner under the lower drums of the
boiler, the long flame.travel from the burner to the first bank of boiler tubes,
and the easy access of the first bank of boiler tubes for removal of sleg that
may be deposited on the boiler tubes or on the superheaier. The unit is
supplied with coal by three pulverizing mills located directly in front of the
furnace, These mille are of the high speed type, are compzet and require small
space for their installation, Other types of mills of good design could be
used for the same purpose,

Figure 8 is snother steam generating unit well adapted for, Illinois
coal, The furnace is completely water cooled including the burner wall, The
boiler is of the sectional header type with an interdeck superheater, The unit
is fired with eight horizontal burners placed in two rows one above the other,
Coal is supplied from pulverized coal storage bin located in an adjacenf lean-to

building, Ths ig so-called storage svstem of firing, The coal passes from the

raw coal bunker to the pulverizing mill where it is dried and pulverized, The
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pulverized coal ie then deposited in the pulverized coal bin from which it is
fed by feeders to the furnace as the coal is needed, Attention is called to
the fact that all the feeding and coal delivering apparatus is under the boiler
operating floor so that to the observer on the operating floor there is nothing
to suggest the presence of pulverigzed coal, The burners are of such design that
either pulverized coal or fuel oil can be burned, The change over from one fuel
to the other can be made one burner at a time without changes in the load on the
boiler, The unit was designed for generating 550,000 pounds of steam per hour
at 750 pounds pressure, It is installed in a central station, The ash
deposited at the bottom of the furnace is removed in a granular form through a
water sluice, Units of this design can be built in steaming capacity of 50,000
to 600,000 pounds per hour,

¥igure 9 showe another powdered coal installation with completely water-
cooled furnace wall adapted to burn Illinois coal, The pulverized coal is
supplied from a pulverized coal storage bin to eight burners two of which are

located in each of the four corners of the furnace, The streams of mixture of

«

coal and air from these burners are tangent to a circle in thg center of the
furnace, Therefore, this form of firing is known as the tangential method of
firing pulverized coal, The ash deposited on the bottom of the furnace ie
heated bv the close proximity of the turbulent flames to high temperature and
is removed in liquid state through a2 slag spout located in one of the side walls
near the bottom of the furnace, In 21l cases where the ash is removed in
liquid =tate it is absolutely necessary that the furnace be completely water
cooled, the high temperature maintained in the furnace would damsge any
refractory, Thig unit is designed for 1400 pounds pressure and has a capacity
of 300,000 pounds of steam per hour, It can be built in any size ranging from

75,000 to 750,000 pounds of steam per hour,
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Illinois coal is hard and has a high ash content, These properties
make it somewhat hard to pulverize, The capacity of all types of pulverizing
mills wiiz:%e lower and the maintenance higher with Illinois coal than with
most of the eastern coals, The maintenance is always higher with high-gpeed
hammer type mill than with low-speed roller or ball type_mill. Generally
spéaking the low-speed mills should be given preference when selecting mills

for pulverizing Illincis coal,

-



Figure 1

Pigure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

ILLUSTRATION

Twpical traveling grate stoker installation with rear arch furnace
design well suited to burning Illineis coal,

Compogition of gases rising from the fuel bed of a traveling grate
stoker and the results of the lack of mixing in a poorly designed
furnace,

Provisional rear arch to produce mixing of air with combustible gases
in a poorly designed furnace, '

Composition of gases in a bed of burning coke; fuel bed six inches
thick and rates of combustion 20, 38, 51, 71 and 1C6 pounds of coke
per hour per square foot of grate,

Traveling type of stoker under a bent tube boiler, Arches and side
walls are water cooled, There is also water cooling on the side
walls at the level of the stoker,

Detail of conetruction of bare tube water wall known as fin tube
water wall,

Pulverized coal fired water cooled furnace, Water cooling is on
three sides; the burner wall is made of refractory becszuse of
simplified mechanical construction, Burners are located wnder

the lower drum of the boiler giving the furnace a long flame travel,

Completely water cooled furnace for burning pulverigzed coal or fuel
0il, Ash from coal is removed in granular form through sluice,

Completely water cooled furnace for burning pulverized coal., Ash
is removed in liguid state., Tangential method of firing,
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WRST SIDE BOILZR KO 4-11

(13) SAKPLE AT 3COROMIZER OUTLET
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co: 0.9
2w, 333°P.
DATB: Aug. 17, 1922. = & e 0

TIME OF SAKPLING: 20 min.
COAL BURHED: West. Ky.
THICKNESS OF FUEL BED: 6% in.
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DRAPT IN FURNACE; 0.10
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ILLINO!S STATE

GEOLOGICAL Suavry

IILINOIS COAL AS A SOURCE OF GASEOUS AND LIQUID FUEL

‘YLOOKING TO THE NOT-FAR-DISTANT FUTURE
Fromm rthe l//t.’w/'oal'hf o;’a 7564nica./ AMan i /’7d"";/’]

by M. \D.‘purra.nT President,
5& RadiantnFﬁéi/Eorporation,
West Frankfort, I1linois.s

The production of gas and oil from coal in the United States
has generally resulted from the destructive distillation of coal used -
in the metallurgical industries. The steel industry has been largely
responsible for the development of by-product coking of coal, because -
their requirements of coke ha;e been greater than all other metallﬁrgical
operations combined, The coal gas and tar oil produced have been con-
sidered as by—productsjhfor which markets had to be developed in order
to permit expansion of by-product coking to meet increasing demands of
the Nation for iron and steel.

Up to the present time the markets for Illinois coal have
been almost entirely confined to its use for generation of steam and
electricity, railroad fuel, industrial heating and domestic or house
heating, During the last twenty-five years many efforts have been made
to use it in the manufacture of metallurgical coke for the steel industry.
In more recent years it has found a small and growing market in the gas
industry, both for making producer and water gas.

Until rather recently, artificial gas plants throughout the
Illinois coal trade territory used coke as a source of blue gas, but
during the war years and for a short period thereafter, gas companies,
being unable to secure adjustments of their rates in proportion to the

exceptionally high cost of coke, were forced to devise ways and means
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by which they could substitute coal for coke in the water-gas operation.

As far as Illinois is concerned, this change has been of some
help to the coal industry in that it permitted the sale of the prepared
éizes of Illinois coal to gas utilities in its natural trade territory
where coke, made from standard coking coals of other states, had
theretofore enjoyed the business,

The increased use of producer gas in various types of industries
has created increasing markets for nut sizes of Illinois coal., While this
has not been a large outlet, it has been a substan}ial one and of con-
siderable importance to the coal industry of the State.efIllineis
During recent years, however, ;:::i;%&erah}e-p&nt of the coal used in
the manufacture of industrial producer gas has been replaced by natural(l
gas.

A brief statement}kwiﬁh regard to the efforts made to use
Il1linois coal in by=-product coking ovens for the manufacture of blast
furnsce cokej1is fitting and proper in this discussion. We have reason
to wonder why the large steel-making operations in the Chicago district
have been forced to import coals from other states for the menufacture -
of coke when the—sbebe—es Illinois has such an abundant supply of coal
so close to the center of the steel operations. The steel industry has.
spent many millions of dollars trying to substitute Illinois coal for
" Bastern coal, but has thus far failed to develop ways and means to do so
economically. While it is generally understood by those identified with
the industry that Illinois coels have a much lower coking index than
certain grades of Eastern coal, the effect of this lower coking index
on the usability of coke in the blast furnace, which was made from

Illinois coals, may not be quite so generally understood. BEriefly, it
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may be said that the physical strength of the coke produced in standard
by=-product coking operations from Illinois coal is considerably less
than that obtained in the coals of higher coking index. However, this
lack of stremgth can be, and is,offset to a satisfactory extent when
Illinois coals are mixed with the low volatile coals of West Virginia.
The natural structure, however, of coke made from Illinois coal is such
that this coke, when used in the blast furnace, sustains severe loss

by the solvent action of carbon dioxide gas in the stock column., In
other words, a part of the carbon in the coke is converted into carbon
monoxide gas and is lost with the gases leaving the furnace, so that

the expected amount of carbon does not reach the smelting zone where it
is to be used. Consequently, a higher consumption of coke is required to
make a ton of pig iron than is the case where the ockereeberisties—ef~—the
coke ape—swelrze—be withstandithe attack of carbon dioxide gas in the
stock column.

In by=-product coking plents in common use today, Illinois coal
gives lower yields of gas and by-products, due to the high percentages
of moisture and oxygen contained, and when this lower by-procduct recovery
is combined with the lower value of coke in the blast furnace operation
of the steel industry, it has been found that greater economy could be had -
by using coals of higher coking index, even at additional cost.

It is therefore proper to say that up to the present time there
has been only limited use of Illinois coals for production of gas and oils,
and that such use has been restricted to producer and water-gas operation
where complete gasification takes place with little or no recovery of oils.
According to the Minerals Yearbook of the United States Bureau of lines,

there were some %6 million tons of coal produced in the State in 1933, of

which only 318 tons were reported used in the coking industry.
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By-product ovens, operating in connection with the steel
industry, have been the largest consumer of coal for carbonization.

Of the four largest coal producing states of the Union - West Virginia,
Pennsylvania, Illinois,and Kentucky - Illinois alone has been unable to
participate in the vast tonnages required in by-product coking operations,
due to the peculiar coking characteristics of its coal,

Meanwhile, our present day social order is undergoing changes
guite revolutionary in character. Peoples throughout the Western World
are developing a new perspective of life. Predictions are made that the
beginning of a new social order is at hand. In our own country people
living in rural communities and on farms are demanding the many conven-
iences of life now common to city dwellers. On the other hand, large
centers of population are determined to find a way to make available to
their citizens some of the advantages common to rural life., Civie groups
in our larger cities have been giving increasing amounts of time and !
effort to a study of means to improve their society. They have concluded
that ways and means must be found to provide their citizemns and their
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 practical answer available at this
time, in this section of the country, is the use of smokeless fuels, such
as gas, oil, and coke, and the greater use of automatic stokers. It would
be a mistake for the coal industry of this state to disregard this chang-
ing sentiment,

Fortunately for Illinois, the coking characteristics of hér coal,
Which have prohibited its use in the steel industry, have been found to be

desirable in the manufacture of coke for domestic use. While it is true

that a new coking process had to be developed by which greater use of the
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natural coking properties of the coal could be obtained during carbon-
ization, it has been found that combustion characteristics have been
developed by the use of this process 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 crysbtallized, upon which our most recent development
is based. We now believe that any large scale development in the manu~
facture of a low cost smokeless domestic fuel by carbonizing Illinois
coal will reckon with the following considerations:

(1) The high moisture content of our coal must be disposed of prior
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 gemerated with the
use of coke. While the fusion point of ash in our coal varies over a Lon-
siderable range, the whole range is sufficiently low to provide a major
obstacle in marketing coke made therefrom, These difficulties will be over-
come only when carbonization tekes place in such a manner as to produce
combustion characteristics in the coke which permit it to burn freely at
temperatures well below the softening temperature of the ash, In other
words, the coke should have combustion qualities similer to the coal from
which it was made.

(3) Any successful coking process 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 sizes of coal normally
hard to dispose of and at the same time provide for carbonization before

the coal becomes too highly oxidized. As the demand for stoker size 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 coal, due to greater surface exposed, and contain a larger per-
centage of inert Fusain 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 production to the greatest advantagee

(5) The coking process must be sufficiently flexiblei:; to meet the
fluctuating demands of the domestic consumer., Therefore, the apparatus
used must be able to withstand heat shocks sustained by intermittent and
irregular operation.

(6) Capital invested in processing apparatus must be limited to
an amount which will not be burdensome to the processing coet, and which
will be within the means of the mine operator to provide.

(7) A 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,

When these considerations are complied with, it will be found
that an entirely new product will have been created., A smokeless product
from Illinois coal, which, while resembling coke in appearance, will have
characteristics entirely differentjﬁg;gﬂfhose common to by=-product coke,
and combustion qualities similar to those of coal., It will also be found
that a new industry is created for the State; g%;ﬁh will be identified
with coal mining communities, and ééggi'will pfﬁvide a base for additional
industrial develocpment in those communities by‘making available coal gas
and coal tar oils for rectification and industrial use.

It has been demonstrated by the operation of a commercial plant/g

teeeted at West Frankfort, Illinois, during a period of one and one-half

e
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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 well
accepted by the consuming public in a great many cities and towns through-
out the natural trade territory of Illinois coal fields. Briefly, this
process uses the Knowles Sole Flue Coking Oven, which operates with

flue 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 rums about

9 gallons per ton of coal charged. The gas has an average heating value
of 500 B;fvﬁl's per cubic foot, and the tar runs unusually low in free ,
carbon and pitch., At the same time this tar has charsascteristic high
temperature qualities, but differs from standard by-product coke oven -
tar in that it contains a much higher percentage of valuable tar acids.

In the design and construction of this pilot plant, special
effort was made to reduce capital cost of not énly the carbonizing chambers,
but the auxiliary equipment as wells The power required for individual
loads has been worked out to permit handling with small internal combustion
engines using coal gas or benzol drips as the source of power. The surplus
gas, which is sold to the Utility System supplying gas service to cities
and towns in this coal field, is pumped into this system under fifty
pounds pressure by gas engine operated compressors.

The carbonizing chambers are built entirely of fire brick, except
the combustion flues and floor, where either carborundum, alﬁmina or silieca
brick can be used. The coal to be processed is placed on the floor of
the chamber in a layer 10 to 12 inches thick end heated by flues located

beneath the floor. The products of distilletion pass up through the coal,

The gases leaving the carbonizing chambers have a temperature of 550°to 650° F.,
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which is about 1,000 degrees lower than ie—bke—eese in standard by-product
coking operations using similar flue temperatures. The regenerative heat
recovery provided beneath the combustion flues reduces the temperature

of the weste gases to L450° F to 500° F., as they enter the stack. This
results in greater thermal efficiency in carbonizing, and also permits
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 waber required is within the limited amounts usually
available in coal mining districts,

This plant 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 practicability of by=-product carbonization at the mines of
small tonnages at a manufacturing cost well within the scope of market
requirements in the Illinois trade territory. Of equal importance is the
fact that carbon size coal, containing very limited coking properties, -
and susceptible of rapid oxidation, can be c;;bonized to farm a sturdy
coke substance.

Without going further into detail, it may be sefedy said that a
basis for the manufacture of a new smokeless fuel from Illinois coal has
been esteblished by mesns of which the mining industry of the State can
look forward to expanding its markets through a channel heretofore closed
to it

Considering the competitive situation of the producers in the
Illinois coal field, it will be found that a large tomnage of coal from
other states is imported inbto our natural trade territory. If an 3
analysis be made to determine the reason for this situation, many con=-

tributing factors will be found to be responsible, among which 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 apparatus used in power plants have resulted in
reduced sales of screenings, due to the lower ash fusing temperature of

our coal. Where forced draft stokers are used, the dust particles in

the screenings are carried along With the products of combustion and often
form slag deposits on the boiler tubes, causing a reduction in efficiency.
If these smaller particles are removed from the screenings used for this
purpose, this handicap is removed. 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 social sentiment, one of two things will
happen; namely, there will be either an increased importation of smokeless
fuels, including gas and oil, or the mining industry of this State will
process a portion of its coal in such a way that it will merit the domestic
busiﬁess. The coal industry needs two sources of help in order to under=-
take the development of this new trade outlet:

) It needs capitals and
(2) It needs anc adequate outlet for the gas which
it will produce in the érocessing of its coal,

As to the first requirement, the industry is, generally speaking,
unable to help itself with its present means. This new social demandrhas
come at a time in the 1life of the industry when it is, perhaps, least able .
to finance new undertekings. If this new step in the marketing of coal 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

development may be rather slow,

et B s Ky o RO .
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As to the second requirement, it will be entirely practical +to
run gas lines from the coal fields to the nearest large centers of popu=-
lation, where the gas produced can be sold at prices equal to, or less
then the present costs of producing gas in those communities. I say quite
frankly that if these large communities want smokeless fuel for heating
their homes, they must assume the obligation of consuming the gas produced
in the production of smokeless solid fuel. While it will undoubtedly be
found that the Utilities serving these communities have adequate production
capacity, and certain obligations and commitments, which might temporarily
prevent them from taking large quantities of gas from this new source, it
is safe to assume that there is likely to be an equilibrium esteblished
between the ratelof growth of this new industry and the annual increment
in gas requirements, which will permit absorption of this additional gas
without any great disadvantage to these Utilities. Furthermore, such
additioﬁal amounts of gas made available at low cost should permit better
gas service to the citizens of the larger communities at a reduced coste

The use of stokers for smokeless and economical burning of coal
will naturally increase, where cities enforce smoke elimination. While
a great variety of stokers are now available, we may presume that there
will be improvements made in mechanical devices which will result in a
decrease in the cost of such equipment. As far as economy is concerned,
all larger buildings should be equipped with stokers; particularly where
attendants are available to handle the operation. In the case of individ-
ual home owners, the capital required for such apparatus may well be beyond
the means of the individual, and in a great many cases where houses are
occupied by tenants, it seems quite unliKely that a stoker investment
would be justified. '

In order that the coal industrXAmore fully meet these require-
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ments, it should be capable of furnishing a smokeless fuel to those who
must have it at a reasonable price, and this, we believe, can be done
if it processes the most unsalable portion of its production in a ﬁanner
which will permit it to sell the smokeless product at about the same
price it obtains for the better grades of domestic coal,

For many years, coal mining operatiomns in parts of the Appalachian
Field were carried on directly in conjunction with manufacturing beehive
coke for the steel industry. This, a most inefficient coking operation,
necessarily was replaced by systems which recovered by-products. The steel
industry found that it was very often able to produce coke better suited
to its particular needs by blending various coals, and therefore the growth
of large by-product coking establishments has developed with the plants
located at the point of coke consumption. As far as a domestic coke is
concerned, there is no reason to believe that blending is either necessary
or advisable. Therefore, by-product coking operations designed to manu=-
facture domestic coke in connection with mining operations will be
thoroughly practical provided the apparatus used does the work efficiently
and cheaply, and is in keeping with requirements of the mining industry.
In view of the demands now being made for smoke elimination, it would
seem that the psychological time has arrived to proceed with the manufacture.
of a smokeless product for household use.

Recent research and developmenbs in the hydrogenation of coal
tar oils indicate their successful ubilization in the manufacture of
plastics, While it is quite impossible to visualize the extent to which
this new development might stimulate manufacturing industries, it is
believed that a new chemical industry of national scope and impoytence is
in the process of development. Such a new outlet for tar would naturally
either improve its market valﬁe or permit largerquantities to be disposed

of at prevailing prices.
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Coal mining communities of the State are afflicted with as
great, or greater, unemployment problems as the larger industrial centers,
There is 1little doubt but that Illinois can increase its production by a
very substantial tomnage if it will process a portion of its coal to meet
the smokeless requirements of the domestic consumers in its natural trade
territory. By so doing, it may provide employment to many of the unemployed
in the coal fields, and pay for their services from.the savings to be had

from the recovery of coal gas and tar’oils from the coal processed.
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Gaseous and liquid fuels have come to be an indes-
pensable part of our life. Fuel gas offers the great
advantages of furnishing heat in an 1instantly avallable
and accurately controllable form, in which respect 1t
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. The importance of gasoline in
our life today is of particular interest when considered
historicaelly. Manufactured gas was introduced first in
London in 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 1s not avallable. 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 1s, of course, the
internal combustion engine, which dates from 1877 and
which really only started to assume its present impor-
tance as a part of the automoblle after 1900. F—igu;!&li
presente—a—chart of the production 6T petroleum in-the-
United—States. The rapld rise in the production of pe-

o \a"wf(o
troleum since 1900 is-guibe—evident;ae-is-alse the great
decrease 1in price which h?s occurred since the early days
Qs /;g"t‘.‘('.,. e ¢‘:~:—'?“<ﬂ (e

of the 1ndustrxa The gasoline engine, especlally as used
in the automobile, is of course responsible for the de-
mand which has 1led to this phenomenal growth in petroleum
production. It also seems that we shall continue to need
large quentities of gasoline with which to carry on, and
at the same time let—us—net—ferget—that-we-shall-aleso-need
lubricating oils. Competing with gasoline as internal com-
bustion engine fuel are dlesel engine fuel oll and kero-

s ene, both of growlng importance because of economic
factors and to be included in the same category of "indis-
pensable makrials" as gasoline.

The heavier olls are also widely used as fuels in
boller and industrial furnaces. In some cases where oil
is cheap and coal or gas expenslve, o0ll is used because of
the saving$ involved. 1In most cases fuel oll 1is used be-
cause of convenience, controllability, cleanliness, and

space economy. Especially is this true in the field of
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modern marine engineering. The design of the modern ocean
liner or battleship 1s buillt around oil as the fuel. The
dependence of the modern navy on oil fuel 1is, 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 éas, 88 Wes=prevs
jeuwsd¥y mentioned, need not be considered indispensable to
our life, yet the many convenlences it offers and the fact
that 1ts use at present permits us to use more efficiently
and profitably our energles in constructive endeavor, does
make it essential to a high order of technically efficient
civilization. Neglecting price, gas could be replaced by
electricity in practically 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—ites—existenee. The nearest
competition to the gasoline engline for automotive serivce
is the desel engine which also 1is dependent upon a liquid
fuel. B8o0lid fuels are at a great disadvantage because of
their lack of convenlence and flexibility, gaseous fuels
because of thelr great volume per unit of energy. On ship-

board, liquid fuels have the advantageg’over so0lid 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
thelr operation on liquid fuel. Electriclity centrally
generated in stationary power plants is of course unavall-
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 oll and, let us not forget, a
supply of lubricating oil. What 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,-f-need-not-tell youy are
from natural gas fields and from gas manufacturing plants.
Natural gas 1s a wasting asset and will some day become only
a memory in most parts of the United States. Manufactured
gas, on the other hand, -F-feed will bhaxe-an 1ncreasﬁ§érlm-
portance. There seems to be no critical condition with re-
spect to gas. Developments in gas manufacture will come 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, 1s also a wasting asset. Fpom the
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daily news one gathers the impression that there 1s an
oversupply of oil, but this, it turns out, is the result
of uncontrolled production. The actual reserves of oil
knoﬁn to be in the ground are not any too plentiful, if
one 1s to believe the conclusions of the men in the oill
industry. News from within the industry reveals a story
of a frantic search for oil by all of the majJor companies,

using the most modern of scientiflc equipment. The sit-

1
uation also 1s summed up in Table As whif? was taken from
1
the 011 and Gas Journal for May 2, 1935.
\y?‘i l/ Pratt, W. E., 01l production - analysis of its develop-
'\ | = ment and stabilization; Oil & Gas Journal 33 (50), 17-
* 18 (May 2, 1935).
1
l TABLE .
i . ANALYSES OF PRODUCTION AND DISCOVERY EXPERIENCE OF THE
§ i AMERICAN OIL PRODUCING INDUSTRY BY PERIODS
; L B0 I e 1, R - e S ———— ro~e e “‘ - s e e e i ?Z’["“:T._JJ':,’.‘"; e e e en T’"""““"""w"" e i~
| Ratio - Ratlo of  Ratilo of
| Average Average accunmulated @ av. annual average
| - Annual Annual production prod. to annual
| Production Discoveries to accum. av. annual disc. to
PERIOD Millions Milllons discoveries @ discover- | total dis-
, of Bbls., | of Bbls, ies . coveries
1859-1900 25 &0 0.3 0.3 0.003
| 1901-1905 105 340 0.3 0.3 0.01
| 1906-1910 3175 275 0.4 0.6 0.01
| 1911-1915 250 500 0.l 0.5 0.02
i
§1916-1920 370 585 0.5 0.6 0.02
i \
11921-1925 650 820 0.6 0.8 0.03
11926-1930 895 1990 0.5 0.4 0.07
g70 580 0.6 1.5 0.02

§1931-193u
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Attention 1s called to the fact that in the four-
year period, 1931-193l4, there were produced and consumed
epproximately 35 times as much petroleum as during ?he
forty year period 1859-1900. Also, that while 3%;;»;;ur
times as much petroleum was produced in the five-year per-
iod, 1901-1905, thls was less than one-eighth of the
amount produced in the four years, 1931-193L.

Not only 1s new 01l increasingly difficult to find,
but 1t is more expensive to produce, due to deeper wells
and more troublesome strata. Continued production from
exlsting pools 1s 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 thé importance of the cracking process for in-
creasing the amount of gasoline obtainable from crude pe-
troleum 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 11quid fuels than
natural petroleums, or to change our power units for our
automotive vehicles. At the present, 1t seems easier to

do the former.
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Our other sources of liquld fuels can be the fossil
s0lid fuels, i.e., coels of any or all ranks and types,
0ll 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 o0il from shale involves a high handling charge
which makes that source unattractive when compared to coal,
which 1s our other alternative. Our reserves of coal are
enormous when compared to our reserves of oll and gas. The
position of Illinois with respect to these reserves 1s in-
deed fortunate. Of the estimated three and one-half mil%ions
of milliions of tons of reserves, Illinols 1s estimated to
have two thousand millions of tons. Geographically, Illinois

is one large coal reserve.



sl
2 I
Table II

« Proven Reserves of lMinerzl Fuels in United States¥®

— s
| Natural
Coal } Gas | Petroleum
(Million | (Trillion |
S . __net tons) | cu.ft.) | (Barrels)
| &/
| 1934 production 390 P 1,633 910,051,000
‘ d b
Total production to end of 1934 31,300 30,310 16,600,419,000
C
Proven reserves at end of 1934 3,414,550 40,000 13,000,000,000

2/ Does not include some one-half trillion feet blown into the air
and wasted in 1934.

b/ Does not include some 8 trillion feet blown into the air and
wasted from beginning.

¢/ Includes some 10 trillion feet that will be wasted if production
methods continue as at present and if the "law of capture" is not
superceded or intelligently modified.

d/ Does not include some 9 billion tons left in the mines or

otherwise wasted,

—
Garfias, V. R., Survey of Proven Reserves of kineral Fuels in
United States: Oil & Gas Journal 33 (43) 17 (3-14-35),
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From the standpoint of technology and pﬁ}e science there
is no question that liquid fuels of suitable quality and in sufficient
quantity, Judged by presént standaerds, cen be made from coal. The
question 1s, at present, one of economics to which in many European
countries must be added that of a desire for an sutonomous economy.

As a matter of fact, in the period 1830 to 1859, oil from coal and
shele largely replaced sperm and whale oil as illuminating oil.
These oils were, in turn, replaped by petroleum oils msde cheap by
the introduction of the petroleum well by Drske in 1859,

Liquid fuels may be made from éoal by three baslic processes
which are: (1) recovery and refinement of the products of either the
so-cslled high or low tempersture carbonization processes; (2) by
destructive hydrogenation and refinement of the resulting pfoducts;
and (3) by synthesis of hydrocarbon or alcohol mixtures from c arbon
monoxide and hydrogen obtained in the complete or partial gasification
of solid fuel., All three processes are in commercial or semi-commercisl
use at the present time, Beceause of our ebundant supplies'of
petroleum, the economic urge to develop these processes in this
country has been small. Conequently, we find that development heas
been carried furthest in those countries which have no nationsal supply
of petroleum, who have a highly developed industrisl eivilization
and a highly netionalistic spirit, as Germeny, England, France,

Japan and Italy.
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0il from coal carbonizatien
Normally one may expect to recover 9 gallons of tar and 3

gallons of light oils per ton of coal cserbonized in a standerd by- [i
product coke ovenj\éﬁigéie @. By certein oven constructions, the "
yield of light olls cen be increased, at the expense of course of the
gases and heavier tars, Low temperature coal cerbonization, as is
well known, results in a much higher yield of light oils and tar,
say 3 and 235 gallons respectively, but the economic and medhanical
difficulties ordinsarily make low temperature carbonization of coal
unprofitable, The liquid fuel which could be obtained from coal
carbonized at the present time is only a small fraction of our total
requirement. In 1933, for example, there were produced approximately 360
millon gallons of coke oven tar end approximately 100 million gallons
of light oil, in contrast to a total motor fuel consumption in 1933
of almost 16,000 million gallons. Accoréing 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
insignifidant part of our national liquid fuel needs since liquid
fuels from these processes are only by~ or minor-products., The mzjor
problem of the coke oven operator 1s the disposal of his coke, Figure
4 graphically shows certain trends in the coke merket of which the ?7
steady growth of the domestic market for coke should be of especial
interest to Illinois coal operators, Illinois coals cannot truthfully
be sald to be well suited for the production of metallurgical coke

by present methods., An excellent domestic fuel coke can and is

being masde from southern Illinois coals.



=10~
Some interesting experiments on the coking of tar-coal and
petroleun-coal mixtures 1in Knowles type ovens have recently been

A
reported from England)‘/ These ovens are the same type as those

2/ =
2/ Fisher, A,, Processing of hydrocarbons with reference to develop-
ments at Corby: Colliery Guardian 150, 657-80, 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 pro@uce 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 at this plant have shown that mixtures of
coal tar or coel tar pitch and elther coking or non-coking coals
yield excellent cokes when treated in these ovens, At the same time
large yilelds of 1light oils are obtained as the result of cracking
of the heavy oils during the coking., To produce good coke from
petroleun residues and non-coking coal, the coal had to be guilte
finely ground and dispersed in the oil. Fignre“emillus%rates~thiS‘"‘“;g
.process-eas a flow-sheet, The light oils in the geses from the oven
gre separated by means of a fractionating column, the heavy olls
being récycled. Advantages claimed are an increased yield of the
more valuable 1light 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
e few ovens would be required for treating the tar produced in the
remaining ovens of the installation. This process 1is 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,
unseaturated organic compounds take up hydrogen to form saturated
compounds of similar molecular structure in which behavior coal is no
exception, Hydrogenated coal 1s, however, not much more valuable than
is the raw coal. A large proportion, 50 per cent or mare, 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 (13/38). If the temperature of hydrogenation is
increased to sbout 450°C. and the pressure 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 cosl
alone with hydrogen. If, however, the coal 1s dispersed in a liquid
and then treated with hydrogen at 450°C. and 300 atmospheres pressure,
a conversion to liquid products of from 85 to 95 per cent may be
obtained. This is the Bergius coal liquefaction or Berginization
process on which Germany and Great Britain today base their hopes
for oil independence,

The dispersing o0il apparently dissolves the partially
hydrogenated coal and permits further action of the hydrogen. The
dispersing oll is itself acted upon during the process, furnishing
an additional yield of light products. In commercial practice,

"};,1.5). 7
therefore, heavy oll from the process 1is continuously recycledA The é;?
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0il 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 commercially
developed., The liquid products which fifgt;fbrggmay be distilled
from the solid residue and refined, but since the purpose of the
process is the‘production of a gasoline substitute, it is usuzl to
treat the heavy o0il fractions from the primery hydrogenation by a
second destructive hydrogenation in the vapor phase. Figure 8,
Catalysts are used in both stages. In the first stage they are /9
added in finely divided condition to the coal-?}il paste; in the
second‘stage the catalyst is supported in the regction chamber on a
suitable material, The nature of the catalyst é%? an important part
of the process and the subject of innumeraeble patents and much

literature,

In the destructive hydrogen%;ion process, two reactions are
proceeding simultaneouslyf#and %;gngtfor material, One feaction is
pyrolitic decomposition, the other is hydrogenation., It 1is 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 coel components, especially to thet 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 material, under which conditions the steel rgpidly
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 carried on; and an outer, tnick-walled, pressure-resisting
tube. The space between the two walls is filled with insulation so
that the tempersture of the outer tube does not exceed 150°C, The ﬁtf\
working pressure of hxgrogen is maintained on both sides of the inner
tube. Filgures é and lﬁ'show the large size of the units used and

the elaborate precautions taken to guard the rest of the plant from

y
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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 01l Development Company.

whichts—given-in-Lfigure-1l, 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 is recovered as liquid motor fuel, The cost at the
plant of a gellon of motor fuel, msde from coal at $3.10 per ton,

is estimated at from 11 to 12 cents. The thermal efficiency of hydro-
gengtion plants is sbout 45 per cent, that 1s, 45 per c ent of the
heat entering the plant in the form of coal is recovered as

gasoline.
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The plant can operate in competition to petroleum refineries,
because of government guarantee of a preference tax which amounts |
to about 13 cents per gallon for the next 4 1/3 years; or, if the
company wishes, to one-half this emount 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 sultable
as a raw material for the process, {&he/high sulfur and ash content
of Illinois coal will, as in most other applications of these coals,
have to be taken into account in calculating oosts.>

As mentioned sbove, the oil used to suspend the coal, and
the heavy olls produced in the first stage, are hydrogenated by this
process more easily then 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 hes from coal itself, As crude oll 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 third way in which liquid fuels may be obtained from
s0lid fuels involves the formation of carbon monoxide and hydrogen
and the reaction of these gases to form elither mixtures of alcohols,
mixtures of hydrocarbons, or both, Sgbatier had shown as early as
1902 theat methane could be formed by passing a mixture of carbon
monoxide and three times as much hydrogen over & nickel catglyst

at 300°C. Sabatier, it turns out, chose those conditions which

favored the formstion of methane, Further research, culminating
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in that of F. Fischer and H. Tropsch, showed that, by varying the
temperesture, gas, composition, pressure, 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 methanol from these gases. They found that by using
zinc oxide as the catalyst and working at pressumes 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 "synthol" 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 sccomplished,
the product being termed synthin, and later products "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 polisoned by sulfur compounds, which meant that the gases had
to be thoroughly freed from sulfur--the reaction gives off much hect
which had to be dissipated, w%ich problem was solved in the design of
the contact chamber., Figure &é gives a diagrammatic scheme of a : ;ﬁéff
Kogasin synthesis unit, Water gas is produced, purified, and passed
through the reaction chamber., The heat generated in the reaction
chamber is removed by circéulating oil passing through cooling coils
embedded in the catalyst. The higher boiling products are condensed,
the lower boiling ones removed by absorption, The process is re-
merkeble for the variety of products which form snd the dependence of

the composition of the product upon cetalyst and gas composition.
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Teble 3 shows the composition of a typical product, end Tgble 4 ) 2
shows the variation in composition of the product upon cztalyst ey
and gas composition. This process is not yet in large scale
commercial operation, but large scale experimental units have

produced enough motor fuel for very extensive practical tests.,

-~ Table 3 (%)

A Composition of primary product
Kogasinr

Product Boi%ing renge Amt. Present Olefine content

F. Wet., % Volume %
Spirit Under 86° 4 50
Gasoline 86° - 390° 82 30
0il Over 390° 23 10
Solid lelting
paraffin: point:
From oil 120° 7
From catalyst 160- 4

180°

and over

&4
* Koch, H.,, Die Benzinsynthese aus Kohlen oxyd und Wasserstaft bei
gew8hnlichem Druck nach dem Verfehren von F. Fischer und Tropsch
Gl#icksuf 71: 85-90 (1-236-35).
Fischer, Franz, Die Synthese der Treibstoffe (Kogasin) und
Schmier8le aus Kohlenoxyd und Wasserstoff bei gewdhnlichewm Druck,

Brennstoff Chemie 16: 1-11 (1-1-35),
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Table 4

Dependence of olefine content on catalyst
and gas composition

Catalyst Olefines in synthetic gasoline when using
base Water gas | Mixed gas Cracked gas \
metal 100:1H \ 100:2H 1003 3H, \
vol. vol, & vol. %
Cobalt 556 35 12
‘Nickel 35 16 5

llention was made that Dr. Fischer prefers to work at
low pressures. This entalls the handling of large volumes of gas,
but the equipment required is light and relatively inexpensive, The
I.G. in attacking this problemTzfavor high pressures, under which
conditions the volumes of gas handled in the system are smgll, but
the equipment, while smaller, must be constructed to withstand the
high pressures. In the absence of actual operating figures, no
choice can be made as to which 1s the most economical method of
working.

Lubricants

In countries desiring complete freedom from dependence on
outside sources for essential materisls, the question of lubricants
is Just as important as the question of a liquid fuel supply. It
has been shown to be technically possible to produce satisfactory
lubricants from coal through hydrogenation of coal tar, or by
synthesis from cerbon monoxide and hydrogen. In this country it is
probeble thet there alwgys 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 is
becoming less, as more highly developed methods of producing
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the lubricants are used. In modern oil refining processes using
hydrogenation, aluminum chloride treatment, or differential solvent
extraction, the character of the oll produced bears little resemblance
to the raw stock.
So far, this discussion has been concerned with the future
of 1iquid fuel production. It is the author's opinion that the Pl

&
Ko

possibilities of manﬁgactured ges are enormous compared to present i
developments, Figure,%ﬁ shows the growing importance of gas supplied]??
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 in bats wing burners or Jjets, 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 1s as a source of heat. Wﬁat 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, "Is the manufactured gas now supplied by public
service gas companies the most desirable gas from the consumer's point
of view?" The answer will not always be the same, since conditions
vary. It is 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 prepsred gas than is now the cese. An important

development in the manufactured gas industry has been the long distance,
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high pressure transportation by which the excess gas produced by coke
ovens in industrisl centers or at coal mines is made available in
cities. The increasing importance toc the coke oven operator of K
revenue from gas is shown in figurel@iil‘ Tiqfwi;ﬁj/" !ﬁp

The expension 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 valugble for this purpose as would a very high
grade gas. The poor load fabtor at present associated with this
type of service, due to seasonal demand, will, I feel, be ironed
out through the increased use of zir conditioning equipment in the
summer,

An interesting side light on the problem of cheaply producing
a fuvel gas 1s the suggestion thet coal be gasified in situ. In
Italy and Russiz this suggestion has been tried out on a moderate
scale, not with any striking success however, Those of ycu who
may have haed to do with mine fires can appreciate the situation which
is set up. The difficulties are not apparently so much in the
regulation of the gasification as with roof falls, choking of gas
passages through the swelling of the coal, and the formetion of
cracks in adjoining coal which czuse dangerous leakages.

The expansion of the market for gas will always be affected
by the competition of other "piped" fuels such as electricity and,
in congested districts, steam. It should not matter to the coal
industry which one dominates, since all have thelir ultimate source
in coal. The coal producer should, however, be actively interested
in the growth of the various industries, since the increesed develop-
ment of any or all of these utilities - gas, electricity, or public

utility steam - will be to his edvantage.
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ROCK AND ROCK PRODUCTS

Elec. bkng. auditorium

Rock and Rock froducts - Technologic irends in the Froduction and Utilization
o f Mineral Froducts.
N, C. Rockwood, fres., Rock Froducts, Chicago.

The Viewpoint of Science Hegarding - froduction and Utilization of the
Non-iletallics.

C. W. Farmelée, He.d, Dept. of Cer. ing., Univ. of Ill.

J. L., Lamar, Head of the Non-Fueld Div., Ill. State Geol. Survey.

Blowing of Rock Wool from lllinois Hock. .
C. F. Fryling, Ill. State Geol. Survey. Missing Yrone series

The Building Stone FPossibilities of Illinois Limestones. Filed in Mg Gile
J, E. Lamar, Geol. and Head, Non-Fuels Div., I11l. State Geol. burvey. '

F.ctors in the Levelopment of a Rock Jool Industry.
C. F. Fryling, assoc, Chem., I1l. S*ate Geol. Survey.
Orval vhite, Pres., Mineral lnsulation Co., Chicago Ridge.

Concentration of Non-metallics by Tabling of Agglomerated Materials.
W. H, Coghill, Supervising Eng., liss. Vall. Station, U.S.Bureau of
liines, Holla, Mo, Fh%ﬁ“ﬁb L Bovies.

The Significance of Accelerated weathering Tests on Stone and Gravel.
A. T. Goldbeck, Dir., National Crushed Stone Association, Wash., D.C.

Progress Report on the Study of the Utilization of Wovaculite.
C. W. Parmelee, Head, Dept. of Cer. Eng., Univ. of I1l.

Trends in the utilization of Lime and Lire Products.
Lee S, Trainor, “hi#f Eng., National Lime Assoc., #ish., D. C,



Comments on papers on "Rock and Rock Products"

General

It seems desirable to me that at the front of this report the
following idea be expressed: -"Authors of the following papers are
responsible for the statements and data contained therein.

Specific
Rock and Rock Product Trends - N, C. Rockwood

p. 6 - General trends in the aggregate msrkets., Some of
the statements made are not complimentary to present public officials.

May possibly require toning down.

p. 9, line 10 - suggest change to "manufacture of many of the
v/ Amportant....."*

Significance of Accelerated Soundness Tests - A, T. Goldbeck

o’ p. 4, line 7 - suggest "secretions" be changed to "deposits."

v p. 5, 1line 3 - "autoclave" is one word.

, P. 14, part of the last paragraph needs editing badly.

v/ Suggest "On the other hand, one sample of argillaceous limestone
whose failure in the sodium sulfate test was less marked than that
of other samples does not give poor results in service."

| Papers missing on Flotation Processing of Limestone by
- B, L. Miller, and Concentration of Non-metallics by Tgbling of
Agglomerated Materials, by W. H. Coghill,

No illustrations or figures attached.
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Rock and Roek Products Trends in ILLINOIS STATE
Froduction and Utilization GEOLOGICAL SURVEY

By Kathan C. Rockwooed,
Fresident-Editor, Roek Products, Chicagoy <

. Jince the surface of the earth is ah uneven crust of rock, with
the wrinkles filled here and there with shallow deposits of soil, or nat-
urally disintegrated rock, all the output of the earth -- mineral, vege-
table and animal -~ might be termed "rock products".f ?;. We Stone, of the
Fennsylvania Geologieal Survey, once said that when we quarry limestone,
which is the fossil remeins of life, to put on the soil to feed plaﬁts,vand
ihe plants feed apimala and ourselves, we are actually exploiting the bones
of our ancestors;jL Bow;ver, the term rock products as used here is quite
limited and refers (1) to the commonm rocks, rock fragments, or ssdimants{g
vhich find uses and markets in industry with no more thanm mechanical or phin-
iecal processing; and (2) some of the common rock products manufactured by
both mechanical and ggquba%vofng chemicnl processing.

In the first group are crushed stome, oand and gravel, silica sands,
agricultural limestone, pulverized rock for various purposes, fluorspar, stc.

in the second group are lime, cement, gypsum, rock wool, vermiculite, etc.

tinning the Rew Naterial

-~

The first step in the proeess of producing and manufacturing all

these products is their removal from their nastural beds in the carthe there



the rock crust is intact, this meens drilling, blasting, loading and haul-
ing away. Most of these operatioms are conducted in open pitsy but under-

ground, or the roomvand-pilllr,mﬂthad/ of mining limestone and fluorspar

is not unusual.

in ﬁgiétpr&u-ny operation of quarries the trend is, and has been
for several years,; toward more flexible eguipment and aafer/high explosives. !
Many serious, unexplained accidents with nitreglycerine explosives have led
the explosive manufacturers in & constant search for safer ones, and, while
the secarch probably is a@t‘ended, much progress is being made.ﬁ in indication
of what is meant by more flexible oquipmeni is the nov universal use of full
revolving po@er shovels of modest size, probably an average of sbout 2-cu. yd.
dipper capacity, in place of the formér cumbersome, railway-type shovel, and
the use of motor trucks where femsible in place of industrial reilways. Such
equipment is mot omly more flexible in the quarry but more versuﬁile, since
it may be put to other use as wellj consequently it has a greater salvage value.

A greater salvage value is desirable because a commercial querry is
no longer considered a fixture, as it was tnngigwgn the days when its pfoduct
was hauled to market exclusively by railroad at ;pw freight rates. Markets
now are more localized and more temporary, as uéiziba’diacussed farther on in
‘this paperes

“here the earth's roek crust is already brokem up, 2s in the case
of sand and gravel, the methods of excavation and removal are more varioq‘éin-
cluding the use of powor shovels and draglines, dredges of the suction pump,
dipper, clamshell and ladder bucket types, scraper and cableway excavators.
There is ne particular trend or development in this part of sand and gravel

production, except, of course, the constant perfection of the standard pieces

of egquipment.



The most pronounged trend in sand and gravel production in this
section of the country, vhere deposita of good or fair materisl are relatively
- common, is toward smaller plants of a movable or portable character. Fer-
fection of mechenieal details in this type of equipment in recent years has
made possible the preparation of satisfactory materials on a smaller secale
thar hitherto had been deemed feasibles Of recent years, 100, the principal
markets for sand and gravel have been highway #onntruction jobs, where logal
materials, even if not so well prepared, were preferred to those brought from
considerable distances, on which the freight charges far exceeded the price
of the material itself. 'Thia trend will, of course, continue with still higher
freight rates so long as the market is chiefly isolated highway construction.
%ith a return of building comstruction in cities, the projected grade crossing
climination on trunk highways, widening and resur facing of main highways, clce,
it is probable that the so-called permanent plant will sgein find en increas-

ing market for its product.
Preparation of Aggregates

The first step in the mechanieal preparation of roek products is
the crushing of large fragments to smaller ones of commercial sizes =~ the
"making uf 1ittle ones out of big ones”, according to the newspapers & popu-
lar yﬁstime for jail birds. The larger fragments have & limited market for
river and harbor revetments, sez walls, breckﬁutera. ete« The smaller frag-
ments of roek or gravel have cxtensive markets for a great variety of purposes,
the most common being railway traek ballast, aggregates for eemert conerete
and bituminous comerete, highway surfacing, water purifieation and scuage
filter beds, etc.; in the case of limestomes for blast furmace and open hearth

furnsce flux.



For crushing the large fragments of rock or boulders to smaller
sizes, a wide variety of cruaher5typozﬁia useds « There have been many im-
rovements in dkese crushers in reeceni years, partiéularly in those designed
to make the smaller sizes of aggregate, or reduction crushers as they are
called as distinet from primary crushers. Inproiummnta in the design of the

bell and coneaves of the gyratery erusher result im larger crushing capacity
and less grinding metion. ioli type crushers are incressing in popularity
for the jroduction of smell size aggregates extensivelr used for top dressing
or surfacing of various iypes of highways. ihis market s expanding with the
construction of secomdary highways and the resurfaeing of older paved high-
wayse OCrushed roek was formerly used exclusively for this purposes but now
erushed gravel is also used.

The next step im the preparation of aggregates «fter erushing is
accurate sizing or sereeninge Crigimelly nll sereening was dome on flat
gravity type sereens or revolving cylindrical end coniaal'aereenq, These
types still are used extensively, especielly for the cearser separations,
but for the finer sizes the use -f vibrating sereens kas now become the umiversal
practice, except for aueh materials es require a thoreugh serubbing as well
ang sizinge % plant servimg » metropolitam building market is required to pro-
juce a surprising variety of siges and mixtures of various sizes to meet spe~
cifications for many purposes, ;uito meet the individusl whims of many en-
gincers ond architeets. thena temporary or movable plant produces for a
single highway, bridge oé dem job, the engineers are oftem very lemient in
the matter of specifiertionsy much to the annoyance of‘ppoduaa:s of fixed
plants, who take a just: pride-in the quality of their materials.

he third step in the preparation of rock for the aggregate market
is the making of fine aggregate or sande This is becoming a more and more

involved and intriecate proeese since it is being recognized that, next to
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the eement, the fine sggregnte has the most important bearing on the quality

of comerete. The first requisite is cleanliness, and the mext a proper grndi—
tion of sizes tg produce the densest mertar, ond a vorkable mortar ard con-
offteov A proper gradation requires a larger -proportion of elean, fine particles
: -C minua 30-mesh —ifthnn was the practice a few years ago, and to recover this
raterial, memy new types of hydraulic classifiers havi been introduced in the
last few years. In gemeral these utilize prineiples long available in mining
-practiee. | Sueh devices include jigs and concentrating tables, which are the
most recqn; additions to this industrye.
5and, or fine aggregate, is gemmlly thought of as the matural product

. of roek disintegration -- usuclly largely composed of silieca =~ but in‘r$cent
years the {iner fragments from rock crushing operatioms, vhen thoroughly
washed of all overburden and classified, are being more and more axtenaively
‘usede OSuch erusher sand or stome sand may be limestome, dolomite or eny other
rock suitable for aggregate. Vashing of coarse crushed stone aggregate 1s also
boing adopted to an incremsing oxtent in order to compete the better with wnahsﬂ
gravel and to eliminate the possibility of a contaminated material vhem operat-
ing a quarry in reiny weathere. / '

i A fourth end final step in the physicsl or mechanical proeessing
of rock for commereiml purposes is grinding it to powder. Fulveriged rock is
used for a great variety of purposes, such as a £iller in bituminous pavements,
a paint filler, for putty, ete., and, if a limestome, for inclusion in feed
mixtures for cattle and hogs.and for any number of industrial uses. The
largest tommage of pulverized limestone is used for appliention to the soil
as agricultural limestome. In Illinois this formerly.;i?by-;roduct in the

production of aggregates, being the material from 4-inchto dust. However, when
'specification required 3/16-inshdust, [ were established/

the rumerous plants specializing im this producy, where pulverizing
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" machinery is installed in addition to crushers. For very fine material,

tube or ball mills are employed, and in at least one plant in this state the

S
grinding is dome wet and the fineaiéapurateﬂ by hydraulic methods, and driedes
Gereral Trends in the Aggregate Markets

%e have alveady touched on yarket trends which gffect the business
of the aggregaie pré;uc:rg The most important of *ﬁ%ﬁdbhsve‘been induced by
the attitude of gover;mént of ficials -- natiomsl, state, and loecal -~ which
has tended to overlock the great investment in commercial plants and the years
of experience of commercisl producers in perfecting their operations and their
products and to turn to new local production of umtried and unproved quality,
using relief labor in wost instances. It is true, of course, that in the
evolution of the mineral aggregste industry looking tovard greater mechanical

perfection, fewer mem sre employed to produce the same tomnage as formerlys

Thiz is true of all industrye But it has maede toward better and more sconomical

materials, all things comsiderede. To revert week 10 hand methods of production
of doubtful waterials for no reasom other than that it gives employment with
the least effort on the part of the govermment officials is not sound. The
labor of these men could be better employed im making efficient and lasting
use of tested end proved materials commercially produced. And this would pre-
vent demoralization of ome of the state's most important mineral industriese.
The operation of the imdustry under its NRA code has tended to even
cut the costs of production between various plants, and this, in turn, has led
to more umiform prices, but these prices have been uniformly low and bgraly
enough for the stromgest companies to survive, and the competition has been

more keen under the code than ever before. Producers naturally insist, as a

matter of equity and as employers and as taxpayers, that govermmental authorities
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should not deprive them and their employss of their means of earning a

livelihood and of paying their taxes.

Giliea and Fluorspar

'Thrae of the state's most tn@dréant rogk produets, which, so far
as the producer is concermed, require only mﬁahabiaal preparation, are the
silieca of morthern Illinois, the silies of southerm Illimois, amd fluorapare
In morthern Illimois, silica is produced by julverizing quartzdand from the
Ste. Foter formation, with the industry centering chiefly in the viginity of
;ttawn.; The 3t« leter sandstone, whichfiﬁ»éﬁuréied here at several places,
requi;es very iittle or no crushinge It ig wﬁﬁhgd, clagsificd or sereemed,
dried and pulverized for a variety of i;dﬁatriél purposes. The sand from
the 5te Foter formation is so uniform inm graln characteristies that a cer-
tain carefully sereened grade has long been used us a standard in testing
cement e

This stete produces large amounts of steel molding sand from the
3te Peter formntion in the Uttawa distriet. Netural bonded molding sand
for irom foundries is also produced at numerous plaees. In the molding sand
fiels there has becn & trend toward a closer contrel of the nature of the
sani useds looking to the selection of sends having an optimum life and suit-
ability for their partiéulur uses. Specicl attention is being given to
mo ding sand bondsy their life or durability, bonding strength, etee Such
materials of superior quality are becoming inecreasingly important because of
the trend toward the use of washed sand with an ‘ftifiﬂinlly added bonde

Another form of silica, known commereially as amorphous siliea or

iripoli, is mined in Uniom and Alexander counties of extreme southern Illinois.

| Teca merd|
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This material is either dry or wet ground and is jroduced in water or air
floated grades of high puritye
The only cutstanding tremnd in the production of siliee products

of which 1 am aware is the increasing attentiom being paid to the elimina-
tion of the hagzards of ailicosia!)an,induatrial disease which has reeently
lattracted ratiomal attentiom. umiy very fire particles of siliea constitute
a hagard, and this may be lergely eliminated by enclosing all erushing,
grinding, sereening and conveying equipment and removing the dust by suction

fans through pipes or ducts to a dust collectérs The use of respirators by

the workmen is now required, as én additional safeguard. This industry is onme
of the most important mimeral industries of the state; its products are

shipped to all parts of the country, and it is highly desirable that its

e ——— T

| problems receive sympathetic understanding and treatment on the pert of the
public and of state officials.

.‘ The fluorspar industry is confined to the southern end of the
states This is = relatively rare rock product, which has many uses, chiefly
a3 o fluxing agent in metallurgy, ceramics, ete. Its possible uses are
probably many moree In this briefl pabﬂr it eon only be mentiomed as ome
of the most valuable mimeral resources of the state, which presents several
speeial problems in recovery, processing,and utilizations problems that

others here are much more familiar with than 1 ame



‘Tha‘chunieally Prepared Rock Products
£

¥£3-sec0nd group of rock products refersved-te—in-the.in-
teoduciion require chemieal as well as physical proeessing. The
pimplest of thaue to manufacture is lime. Lime is limestome heated,
or caleined, or "burned” to drive off the carbon dioxide, leaving cal-
cium oxide instead of the origimal calcium carbonate. There are possi-
‘bilities in the recovery and use of this carbon dioxide, now almost
universally wasted. While the burming process is essontially simple
and is so regarded by wany lime menufacturers, it is mot simple if the
calecining is 4f %}aﬂ &ii to produce desired qualities in the lime. Those
qualities are to & certain extent inheremt in the stome, bui it makes a
great deazl of differemce at what tampﬁraéura the stome is burned, how long
it is kept et burning temperatures, how cocled and how treated during the
cooling processi e«lso the kind and quuliéy of the fuel used are important.

¥ore and more attemtion is being Eaid t0 these details, and lime
producers are constantly recognizing that quality is much more under their
control than they used to ﬁelieve. | |

Lime has innumerable uses in industry. Al preseni its use in
construction is secondary to its use in metallurgy, in chemieal processes,
for water softening end purification, for scwage treatment and for agricul-

.uree | ihe state has inexhaustible deposits of both high-caleium and dolomitic

h@aam@ Wi W:fzéhi"
limestones§ which undoubtedly will find more and more uses. e
’ mmé, ffkgt-:m.ﬂ.}w.z/’

i g9 e
mesdam in dolamitejis already praduce§4in othaébzzzlaa auzfiirly extensive
a
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7,
thatfgmerciul processes will eventually be developed for re-

covering magnesim fron carbonates or oxides mersllirecilys The pogsibilities

of‘ﬁhe wﬂfx calcium (of which limestone,-ef-courses is tho carbonate) semem

Chsat®”
”-ii-y'have not been explored, but with the development of somﬁqcummerciul

po -

method of wixming ‘3 from limestone or lime, it would doubtless W.A/wvb ol
o seovarnic dtdnolioy
W our: :l ustzal metalse In these eases, in the perhaps
not too distent future, Illinois may become mn important meial producing gtate
as well as a normetallie mineral producer.

% el s
Lime is the sterting point in tHe menufaciure of M the

N

important comenting materials used in construetiom. For centuries probaebly

lime and sand mixtures were the only mortar end concrete materinlse The
possibilities of making special lime cements by sdmixture of active silica
and alumina ingredients have scarcely beem explored, and inm this field I
believe there is a great future. The comerete of the fomans, vhich has re-
sisted to this day sea water and other disintegrating forces of mature, was
rade of lime smd e silica and slumina pozzolanme A pozzolana is a naturally
active form of silies or alumina, but its action is too slow by modern stendards.
iesearch sould well be directed, physically and chemically, toward processing
silien and olumina to render them capable of rapid direct combimation with lime
end water to form hydraulic binders. In all these binders, when the solidify-
ing reactioms are over, apperently only simple ealcium silicates and sluminates

remain, vhich eould very likely be arrived at by some simple and direect means.

Fortland cement is, limestone enleined in the presence of about 30%» X

to "1nd§plent fusion".

OE—E"E silica and alumina/ A chemical combimation or a solid golution of di-

caleium and triealeium silicates and aluminmates results, which, after bsing
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ground to powder and mixed with water, has an end reaction resulting in
simple lime hydrate or caleium hydroxide and some simple calcium silicate
and aluminates UViealeium and tricaleium ailiﬂatas,.thelchief components of
portland cement, do not exist in nature and probably do not exist for any
lemgth of time in conerete.

Trends in the manufacture of portlard cement are distinetly toward
trucr chemigal control. @s in the case of lime manufacture, it was long con-
tended that perticular or peculiar properties in cements wore inherent in the
raw materials; that the combinstion of these raw materials within relatively
brosd limitations produced & "standard portland eement”. It is now recognized
thet varistion in the ratio of siliea to alumina srd irom has 'n important
bearing on meny of the qualities of portimnd cemente Too much alumins, for
oxample, raises the heat of hydration, vhich in large msss eoncretc is important
beczusc it causes changes of volume during the bﬂréening stuges, and hence
cracks in the masomry. Such knowledge has led to the\ﬁ. Se Govermment requiring
cement for large hydro-electric and irrigation‘dams‘tc meet chemical specifi-
cations as well as Qulfil the reﬁuirad physiesl testse

The desire onm the part of the cement manufaciurer {0 use limestones
which contained more than the allowable impurities led to experiments with
oil flotation to coneentrate the caleium carbonate content of these limestones,
and these results, in turm, have shown how any of the important mineral com-

‘ by well-known metallurgical processes,
ponenis of = cement raw mixture may be concentrsted or eliminatedy/as more ac-
~curate chemical formulas mey require. This opens up a broad vista not merely
of making speeial cemenis for special purposes but of making a really standard
portland cement - thet is standerd by chemical snalysis as well as measuring

up to certain standard requirements of physiesl strongtih, etee
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@hen limestomes contain too much silica, =lumine,and iron to make
lime or portland cement, or, in other words, when they flux toc essily, they
my be just the thing to meke rock wool. ifha progess of monufacture is es-
sentially the saﬁs except that in the heating or celeining of a rock wool
mineral mixture the caleination is carried to the point of actually fluxing
the material to a slag, which is blown into fibrejby am air or steam jei as
it is tapped from the furmace. Of gourse, artifieial mixturss of limestone
~ith the fluxing agents, siliea, alumina and irom okide, irineipally, may be
made vhere the proportions of these minerals in the origimsl limestome ure
not such as to make slagging or fluxing relatively easy.

| The markets for rock wool are mow chiefly comfirned to insulaiion
of various kinds, and this market, when developed, is a huge one. Noreover,
it would seem that muny other uses are possible. I ean see no reason why it
should mot be used for the many purposes of asbestos fibre. With lime or ¢e-
ment binder it could very likely be used for the manufacture of lightweight,
thin but stromg building units. The time is probsbly coming when fireproof
durable building units will be made and hardled and fashioned with the same
facility that lumber is today -- vwhich, incidentally, is the omly virtga

lumber hes as & building material im comparison with these new ones.

B S . * s

This has be;p a very sketehy buty I trust, frank d&scussion of soﬂl
of the trends and dyveiopmauts in the rop& produets 1ndua$éy. In view of tho
more detailed lapﬁrs and discussions ta follow, I ean qnly hope it uay p?ovo
provoestive of ihought and discusaiyh rether than reuily informntive to a

group of exports, which you have dome me the homor of 1nv1ting tq address.
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In thelr 2 many unszes of nonémetzllic minerals were

S—

probably fortultous, It 1s doubtful if the d;scoverer of lime,
whoever he was, definitely set out to produce calclium oxide from
cglcium carbonate., Rather 1t is probsble that the discovery regulted
from ohtservations associated with the use of limestone in early out-
door fireplaces and the effect of rain on the atone. Similarly the
discovery of the fact that clay can be hardened by fire was probably
accldental.

Up to the tiﬁe when experimental science began, man added
to hig knowledge of the Qses of no%%;etalllcs mostly by z more or
less blind procesgs of trial and error and by this method built up
a considerzble fund of useful information. With the advent of
modern science, however, a very different procedure is possible,

The development of new products or uses becones o process directed

towards specific ends,
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With such a backeround the overall viewpoint of science
regarding the production and utilization of nc#%%stallie minerals
may be concisely stated., There 1z no doubt that the future will
witness the contlinusnce of mogt of the existiﬁg uses for non-
metallle minerals in their raw state and as monufactured products.

There will be a continuocus development of new products and uses,

e

with increasing emphasis on the production of raw gmteri&ls or

vproducts having definite physical, chemieal, and minerslogicsl

cheracteristics gccomyanieﬁ by & graduel tightening of apecificatiana.
In the line of products for new uses, doubtless many will

result from variations of existing routines in manufscture. For

example, the crushed stone industry lis iﬂﬁerestad in the production

of stone sand as fine agpregate. This is a comporatively new use

for crushed stone but the manufacture of this product 1s chiefly a

matter of modification of exlsting stone crushing procedure. Similarly

the production of clay buillding units in new shapes involves largely

modification of exlsting methods of manufacture,
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The tightening of apecificet lons which non-metallic products
must meetl is already under way and results from the employment of
scientific research by minersl consumers who in their improvements

doaiindle oo loarn conovl of
of their products finﬂAe;eae? raw materisl,conteel deslep-hle, Ao
an example nay be cited the now common requirement that stone for
concrete roads pass an accelerated weathering test.

Fronm the}stan&point:of najor developments in the production
znd use of noﬁi;etallis minerals, science feels that progress will
result primarily not fron cﬁance but rather from the coordinated
efforts and knowledge of men trained in the various asciences =&
focuged on gpecific problems, The specific assignment of science is
to anticipate new needs or meet exlsting needs for non-metalllc
minersl products or processes on the basis of controlled and directed
studies, &= gpols for such work must gg:::;;zgaé-the newest
technique and apparatus including microscopes giving exceedingly

high magnification, X-rays, new thermsl, electrical,and mechanical

devices,and improved methods of annliysis and test.
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Considering the no%i;etallic mineral resources of Illinoils,
gcience finds that, excluding fuels and water, 1t desls basically
with six mejor chemiczl compounds, siliea, alumina, lime, magnesia,
carbon dloxide, and calcium fluoride, In general it may be sald
that the six compounds listed are the bagic building blocks of the

—~
nonzgetallic industry of Illinois.

These six compoun&s‘may seer to be & small foundation for
the extensive and varied non-metallic mineral industry of Illinots.
However, when it 1is eénsidereé that these compounds in various
combinations and in varying amounts offer gn exceedingly grest

ariety of combinstions, the existing industry 1s understandsble
and 1its future evidently by no means limited. Alumina and silica
in combination give rise to c¢lay; lime and carbon dioxide to
limestone; lime, magnesia and carbon dioxide to dolomite, znd
gilice alone comprises the dominant part of nany sands,

In the past, pircumatances have been such that science has
concerned itself primarilylwith the question of where materizls of

well recognized properties for known uses could be found in Illinois.

S0 far as Illinois is concerned, this queastion can now be answeréd
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for a considerzble portion of the State with reasonable detsil.
When, at present and in the future, science works with the natural
materisls of Illinols, it needs tc have more than general infornmation
regarding the chemical charscter and physical properties of these
meterisls, Consequently, not only is 1t necesscry that collection
of addlitionzl information go forward regarding the location and
genersl character of the nogi;&tallic mineral deposits of the State,
but also that their chemicsl, physical, ceramic and mineralogical
‘properties h@ known in detall,

It 13 clearly svident that in Illinois the future's challenge
to science is s three-fold one involving:

(a) Continued accumulation of data regarding the location
and physlcal aspects of the State's noﬁ%%et&llic regources to the
end of charting supplies for existing uses and for other uses as
they may appear.

(b) The securing of detalled chemical, physical, ceramic

and mineralopgical dsota regarding the State's nommetallic resources,
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(c) The use of these dnta for the development by resesrch
of new mineral products from Illincis materials and the improvement
of existing products,

Examples of the success of sclence in meeting 1ts challenge
by group research are numerous. Examples may be pilcked from researches
carried out on the mineral deposits of Illincis; witness the recently
completed studies on rock wool msking material. Foolrock, that is
the natursl rock from which rock wool 1s made, was sometines sald to Le
2 material peculisr to the ﬂ%a@e of Indisne. No specific, adequate
chemical information regording its-eomposition and thé§;§X%§b§;
composition pewmienthbie were availsbhle. However, chemical regearch
et the Survey was gble to accurately dslineante the composition of
woolrocks and with this information as a basis for fleld studiles,
geclogical research was able to locate five mnjor deposits of woolroek,
well distributed within Illinois and cap-ble of exploitation as a
gsource of woolrock. In this connection 1t is of intereﬁt to note

that the woolrocks discoversed were all materials not in commercial

ugse and had generally previously been considered of little value,



Other regsearches under way which 1llustrate the sclientific
G

viewpoint of the future of the nn@j%etallic induztries and the
potential results of studlies directed 1ln accordance with this view-
polint, are the current petrographlic, ceramic, and chemicel investiga-
ticons by the Survey :nd the Ceranles Department of the University

of Illincis on the clays of Illinois. Until comparatively recently,
our lmowledge of the nmineral composition of clays and shzales was
circumseribed by the sericus experimental difficulties associsted
with the micro-snalytical technigue, HNew methods and extensive
investigations of Illincis naterials are resulting in =2 better under-
gtanding of the true nature of these materlals. HNaturally, there

may be expected a correlatlon between the occurrence of certain
mineral forms and the physical properties of the clays. Information
of this nature points the way to an understanding of how Illinoils
¢cloys and shales can be used to the best advantage for the manufzcture

of clay products and 1s basic to the improvement of exlsting products

and the development of new ones.
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In answering inguiries concerning gources of raw materials,
the value of detalled data regerding the location of mineral deposits
and their physical, chenical snd mineraloszicel charscter, i1s coming
to be increasingly evident. Ingulirers sre not usually satisfiled
by generzlities but desire full information regarding the nature of
deposits snd of the materials avallsble,

Exomples could be multiplled., However, 1t seems c¢leor that
science foregees the future of the noéﬁ%&tailic industries as one

dependent on the results of research and thelr practical applicstion

to meet the economic situation of the times and the industry.
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Abstract

Factors which are responsible for the popularity of
mineral wool for home insulation are enumerated. The beginnings
of the rock wool industry in Indiana, together with present
plant practices, are described. Suggestions based on similari-
ties in the manufacture of rock wool and portland cement are
advanced for overcoming production difficultlies at present
encountered, More semi-plant scale development work is advocated.
Economic factors of importance are: (a) There are approximately
thirty plants, elght in Indiana, the remainder scattered from
Vermont to California; (b) freight rates are high exceeding, in
some cases, §:50.00 per ton; (c) oolroc %ts are widespread;
some have recently been found iﬁﬁﬁﬁﬁa " e koo
(d) patents on blowing insulatiof into dwellings are held jointly
by six companies; (e) an estimated cost of a two-cupola plant,
exclusive of land and quarry equipment, is $38,000; (f) it should
be possible to produce rock wool at {20.00 or less per ton.



I. PROPERTIES AND USES OF MINERAL WOOL

Mineral wool is & light-weight material composed of thin,
glassy fibers. The raw material from which it is produced
consists either of sedimentary rocksjwwhich appear to be mix-
tures of shale and limestone laid down simultaneously, or of
various types of metallurgical slag. In order to secure a
material which can be melted and blown into wool, it is neces-
sary that 1ts acidic and baslic constituents be fairly'evenly‘
balanced,

Chemlecally, rock wool, which can be defined as mineral
wool obtained from naturally occurring rocks, consists of
silica, alumina, lime, and magnesis in combination., The com=

1/
position 1limits have been determined experimentally. One

1/ I1linois State Geological Survey Bulletin No. 61, "Rock
Wool from Illinois Mineral Resources," Urbana, Illinois,
1934,

important point revealed by this study is that the properties
of rock wool are definitely determined by composition and

blowing conditlons. Therefore, provided the composition is



correct, i1t is immaterial whether the wool is produced from

a single rock, a mixture of rocks, or from some other material
such as slag, Slag wool and rock wool of the same chemical
composition, and blown under the same conditions, would be
indistinguishable. However, it must be remembered that many
sleg wools are produced having compositions which are quite
different from those yielded by rocks, and the differences in
the product/s\ may be cquite marked.

The most important use for mineral wool is as a heat
insulating material, The tangled mass of fibers of which the
material is composed serves to entrap a large number of small
air pockets which, in turn, impart the property of low heat
conductivity to the aggregate. WMineral wool has many advantages
compared with other heat insulating materlals, Among these may
be mentioned:

(l} On the basis of its coefficient of heat transfer,
mineral wool ranks among the best commonly available

2/
heat insulating materials.

2/ Loc. cit. pPp. Ro7=39.




(2) Deterioration is practically nil. It is quite usual
to find it unimpaired after 25 years or more of
service.

(3) In contrast with certain organic materials, it is
inert toward moisture, and consequently its
insulating properties show less tendency to
fluctuate with changing weather conditions.

(4) It is thoroughly fire-proof and vermin-proof. This
should be of importance from the standpoint¥ of
health and insurance rates.

(5) It can be fabricated in forms convenient for use
in the building industry, L RPORTORRENT:
loose fill, rigid board, and quilts.

(6) It is an excellent acoustical insulation material,
In this connection, it is interesting to recall
that it was used to insulate the broadcasting
studios of Radio City.

(7) 1t is relatively inexpensive, and the indications are

that it can be produced more cheaply than it is

at present.



Although finding considerable use in industry, there is
_] .

much to indicate that mineral wool will find its widestaéé;
in the insulation of buildings. It can be expected to con=-
tribute towards better health by equalization of room tempera-
tures, elimination of drafts, increased comfort in both swmer
and wintex, and reduction of vermin and Tire hazardsy That it
contributes materially towards the economical use of fuels is

3/
well Eknown. A recent publication gives the calculated heat

é/ Sheet metal worker 26: 41-2, Jaﬂ)?55.

losses through 1,000 square feet of wall. The wall consisted
2 XH
of clapboard on sheathing with building paper between, S=hy-g
A
studs set at 16-inch intervals, and an inner wall of wire l.xan’ch{”—-‘:a
and plaster. The calculation was made for a 1l5-mile per hour
wind velocity, 200 days heating season, 30 degrees average

temperature difference, and 24 -hour load, with the following

results:
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Equivalent
Heat Loss Tons Coal
No insulation 58,000,000 B.t.u. 1.6
1 inch of rock wool, 18,700,000 " 0.8
3 5/8 inch " " 8,600,000 " 0.4

f/>The coal equivalence was calculated by us on the basis
of 12,000 B.t,u. per 1lb, of coal.

I. MANUFACTURING PROCESS

The production of mineral wool from slag has been practiced
for about 60 years. The most important improvements, however,
were made about 35 years ago by C. C. Hall, who established a
plant for the production of rock wool at Alexandria, Indiana,
Incidentally, the rock wool industry was born during the de=-
pression of 1896. Mr. Hall, who had been operating a steel
mill at Alexandria, tried local stone to find a more inexpensive
fluxing agent. He found that the slag produced by the local
stone readily blew into fibers when struck by the air blast of
the smelter. He experimented further to satisfy his curiosity.

After the steel mill had been closed, he investigated the



possibility of using chesp natural gas, then avallable, to
make fire-proof insulation out of the self-fluxing stone

that he had discovered, He erected his first plant without
further experimentation., The picture (Fig. 1) shows Mr, Hall,
the first plant, the first car-load of mineral wool shipped
from Alexandria, and the first men employed in the rock wool
industry.

The first melting equipment is also visible. This was
simply a brick puddling furnace employing naturel gas fuel,
It was constantly giving trouble?f;ecause of refractory cor-
rosion, Under these inauspicious conditions, the rock wool
industry started. To Nr. Hall, the Industry owes a tribute
for thirty years of hard work put forth in its behalf,

Present-day practice follows very closely that finally
established by Mr. Hall, Cupolas@ about 5 feet in diameter and
8 feet high! are used. (Fig. 2.) A mixture of rock, or slag,
and coke, is fed into the top of the cupola, and molten material
flows out at the bottom in a steady stream. Combustion is

The
supported by a blast of air fed into the bottom of j cupola .



SLor.uwel ting.casi-ivron, A temperature of about l,500°éﬁg¥eﬂﬂ4

Centigrade is attained, and cooling 1s effected by a water
jacket., A steam blast, issuing from a trough-shaped nozzle

at a pressure of about 100 pounds per square inch, is directed

at approximately a right angle to the stream of flowing material,
This is broken up into innumerable small droplets which are
propelled into a collecting chamber, During its flight through
the alr, each little droplet drags out a small thread of material
which solidifles before falling.
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