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INTRODUCTION o

3 The pagt’ fulk¥ year of war has 1nereaeed greatly the demand ;or v1rtu~
ally all'kinds of fuel, and the" Pureau of Mines résearch’ an& service fa- -
cilities have been- extended o meet theee unprecedented requirements, 3/
Liguid: fuels, such ag ev1at10n and’ mo+or gaeolines, are fundahental to .
rodern warfare, B1+um1noue coak end anthre01te are. neeled, not only 10
serve the expanded 1nduetr1el nrogrem.for wnlch coal normally is used but.
"also- to replace natural gas, wherever poeelble, &nd fuel oil in the East-
~ern Stateg, New England, and the Pacific Korthwest. Railroad transpor-
tation Wlth energy derlved from.coel ie repla01ng mucn “of the motor vehicle
Palverized coal has been Tound to be a satlsfac orJ ‘and cheaper eubetltute
ifor fuel oil in metallurgical heatlng ”ufracee.' Culleidel fuel - a mixture
of doal’ dust and oil --may’offer a partial subst titution for certain coel-
burnirg equipment,. - Several industrial experiments have been made with this
“type of fuel., The expansion of the steel industry in connestion with the
war program.hue requlred a correspondlng increase in the prcductlon ef _
. metallurglcal coke ‘and its assocla ed byproducts - light oil, tar, emmonlum
“sulfate, and surplus gas., If the wer is of long duratron and neW reserves
of - petrolewn are not dlscevered Wertime Trends from.fuel 011 to coal '
;probablg Will not be reversed

. f'Rengarvinepectlon service wae meintalned for Federal agencles, w1th a
-lerge increéase in analytical snd testlng work on coal samples: rom many

2 sectlone of the country. Concultlng service wasg’ repdered the Government

* and.- 1nduetry ori types and changes in equlpment develonlng substitute fuels
. to meet present shortages, and recommending methode for Increasi ing the
tefficlency of power-plant operation. A% the request of the War Department
the Bureau hag conducted a program cof ceoal sampling and’ “training of Army
_ﬁereonnel in sampling at Army posts. Work on boller fesdwater was tripled
- over 1943 to Drotect the vital boller plents in the numeroue camps

. establlehed

- Coal areas were explored to determine minable den081ts that could be
deVeloped as additional sources of coking cecal, to relieve the present
critical fuel situation, and te provide a continhed supply of coal in the

- peace era to follow. Mining practices were improved in the interest of

- efficiency, conservation, and safety. The inflammability and explosibility
- of powdered metals, military pyrotechnicg, and materials used In and pro-
duced by the plastics industry received concentrated attention, The possi-
,7b111t1ee of 1ncreaeing the charges of permiselble explosives 1n coal blast-
-1ing were studied,

Improvements in methods of preparation and cleaning have yielded coals
‘of higher quality and resulted in the conversion of cdéals, Tormerly rejected
as waste, intc usable fuel. Mothods have been developed for safely storing
coal at isoclated Army poste and cther places fer removed from the source of
- supply. Combustlon gtudies haVe been 301nted toward preventlng eerlous loes

57 Fleldner, R, C., Recent Deovelopments in fuel Supply and Demend: dJOur,
-, West, Soc. EIng., vol. 48, part 1, February 19435 pp. 127-147; Buréau’
#7 ‘of ‘Mimes Inf. Circ. 7261, 1943, 2? pp; ebs. Chem. and Eng. hews,‘vol"
21, July, 1943, p. 1067.
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of steaming capacity from the external corrosion of furnace-wall. tubes., An
inveetlgatron hag been condu”ued on. the eatlefectory utlllzatlon of small-
sizes of enthra01te for dor +1 “fuel... ‘To maintain supplies of eulteble
cokrng coaly needed by industry,'carbonizatlon tests Wwere completed on
several a&dltlonel coals of the United Statee. The Coke Production. Survey
has made oontact w1th th entzre _coke’ 1ndustry, and technicel assistsnce .
has been renderea operators 1n the production of better blast-furnace fTuel,

-~

Aﬂ a1 pllot plant for’gaelzying eubbltumlneus coal and lignite was
succesvhully ‘operated im l9hE‘Q'It was Found that’ this method can bs ef- ..
fectivel; emnley'd to produce gas for_ the reduc tren of ~lron ore and for the
syntheele Ox‘Oll or gasolrne Prom coal, §A larger pllot plant for the Pro-
auctlon of 700 OOO cubic feet oz gaw pér'day is. under conetruetlon at Grand
Forﬁ N. D,_;‘ﬁf' . Co , "
“on Aprll 5, 19hh “the Congreee passed an act (Publle Law 290 78th
Congress) authorlzlnc the Bureau ofinhn 3 “to’ construct and -operate demon-
'stration Dlants to produce eynthetlc 11q11d fuels from.coel, oil sbalee,
agrlct_tural and forestry eroducts, end other subs+ancee, in order to aid
the progecution”of the war, t0 conserve and indrease the . ;oil.resources of
the Nation, and for other purposes. Further development work was comnleted
in the laboratory-size plant at Pltteburgh Pa., in the production of fuel
oil and- gaoollne from coal. In’ “the synthe51e of 11q41d fuels .from hydrogen
and carbon monoxide, methode for_ the preparatlen of actzve Airon catalysts
Were 1nreet1gated, and . englneerlng teete Were made on new preceaures for
raplle remev1ng the heat of the re -

The D“esent report is the ninth 1n a serlee of annual reporue 04 re-
eearch dnd technologic Work on coal enﬁ ‘covers. the perlo& from u13 l 1943,
to “dune - %O 19hkk, References are given to publlcations of the Bureau that
cover these 1nveet1gat10ne More completely. Much of the Bureau's work re-
mains confidential, and details cannot be disclosed during the national
emergency; but they will be made avallable to both industry and consuers
when we_ reetrlctlons are remeveﬂ., L :

'AcmquLEbdﬁmfrs

Thle report 1nrludee work done under the technlﬂel di rectlon.of the
follow1nb members .of the stazf;of the Bureau of Mlnes:

FUELS AND EXPLOSIVES BRANCH

A. C, Fieldner, chief
W. C. Schroeder, aeeletant chlef

Coal Division

Barl ley*, euperv1elng englneer, Fuel Economy Service Sectlon.
Cooper, supervieing chemlst, Coal Analysis Section. "
Dav1s, eupervzsing chemist, Coal Carbonlzatlon Sectlon. L
| Greenwald, supérintendent, Central Experiment’ Stat1on, and superV1elng
erigineer,” Experlmental Coal Mineé and Dust Exp1081one Sectlon._
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V: Fe Parry, supervising engineey r, Subbituminous Ceoal and Lignite Section,
LW T- Reid, supervising enSlPQQ“, Combusiion Research Section.
W. A. Selvig, supervising chemist, Constitution of Coal and Miscellaneous

*  Teats Sectiocn,
. H. Snyder, supervising Bngnneer, Tuel Inapection Section.
H. H. Storch¥¥, supervising chemiet, Physical Chemistry and Physics Section,
‘A, L, Toenges, supervising eﬂamneer, Coal Mining Section.

~ ¥Also Chief, Sclid Fuels Utiilzation Tor War Divis'oh.
#%Algo Chief, Research and Dexvwleopment, Office of Synthetic Liguid Fuels.

Solid Fuels USilization for Wer Divigion

¥, Barkley*, chief of diviaion.

C. Cheaslﬂy, supervising eggineer, Wational Fuel Efficiency Program,
P, Fraser, engineer in charge, Coal Preparation Section.

. D, Schmidt, engineer in Ch&rge, Coke Production Survey.

*¥Also Supervising Engineer, Fuel Foonomy Service Section, Coal Division. '

Office of Synthetic'iiquid Fuels

. Schfoeder, acting chief, Offide of Synthetic Liguid Fuels,
“J, Kraemer, engineer in Ch&rge of 0il Shale Investigaticns.
W. Odell, engineer in charge of Synthesis Gas Production.

‘3- StOWCh*: engineer in charge of Researoh and Development.

léo_Supervising Chemist, Physical Chemistry and Physics Section, Coal
Division.

3 Explosives Division

_J. Huff, consulting expiosives chemist, )

M. A, ElllOtt supervising engineer, Explosives Research, Explcsives Control,
. and Diesel Engines Sectiongz, '

G. W, Jones, supervising chemigt, Gegeous Explosions Section,

IJ.MU. Tiffany, supervising englneer, Explosives Testing Section.

HEALTH AND SAFETY BRANCH
D, Harrzngton, chisfl
' 7. Forbes, -chief, Mineral Production Securlty Division.

QG E. McElroy, supervising engineer, Mine Ventilation Sect tion, Health

Divislon, '

L. C. Ilsley, SUPGTV1SlnS engineer, Blectrical Section, Safetv Divisicn,
EAS”ERA RMCTON

Paul TJler, reglona1 engineer .

« H. Coghill, supervising engineer, Southern Exveriment Station.
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WESTERN REGICH
S. R. Zimmerley, regional engineer
H. F. Yancey, supérvising engineer, Northwest Eﬁperimeﬁt Statiomn.

Acknowledgment is'madé,~also, of the cooperation of the following
institutions and organizations:

“American Society of Mechanicel Engineers.
American Soclety for Testing Materials,
Colorado School .of Mines. :
Combustion Engineering Co.

Koppers Co, N :

* University of Alabama;
University of North Dakota, -
University of Washington, -

ORIGIN, COMPOSITION, AND PROPERTIES OF COAL

Ingpection, Sampling, and Analysis

At the request of the War Department, the Fuel Inspection Section in-
stituted a sampling program for coals delivered at Army posts and instructed
Army persormel in proper methods of sampling, In all, 2,15k visits were
made to Army posts, and 1,544 samples were collected. To assist the Sclid
Fuels Administration for War in improving the quality of enthracitic: coal
as shlpped, to save manpower and transportation facilities, and to improve
burning efficiency, 252 visite wére made to 125 breakers and 985 samples
were collected, For the general use of the Government in making coal pur-
chases and for public information, 668 samples of bituminous cosl were
collected in 9 States - 6 from California, 1bk from Colerado, 20 from
Kentucky, 3 from Maryland, 92 from New Mexico, 138 from Ohio, 4 from Oregonm,
L2 from Pennsylvania, and 219 from West Virginia, Coal ‘purchases by Federal
agencies during the fiscal year 19hk amounted to approximately 11,500,000
tong. In connection with contracts for furnishing this coal, 9,005 reports
of coal analyses were issued to Federal agercies, To asgist research sec-
tions of the Bureauw in finding coals suitable for the use of war industries
in certain localities, 68 samples were collected for carbonization tests,
16 for hydreogenation assays, and 5 for oxidation and spontaneous heating
studies, The carbonization samples repregented 3 from California, Lo from
Colorade, end 16 from New Mexice, The coals for hydrogenation included 6
colum samples for microscopic studies and 10 face samples from western
Kentucky for analysis. For studies of oxidizing and sponteneous heating

o characteristics of coal 1 ssmple was collected in Colorado, 2 in western

Kentucky, and 2 in New Mexico. -

In connection with the inspection of coal purchased by Federsl agencies,
the Coal Analysis Section analyzed 6,532 samples, more than 80 percent for
posts and stations of the War and Havy Departments and for the Solid Fuels
Administration for War. In addition, 3,381 samples were analyzed Tor
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;'ccfrelgtion'with regearches by various sections of the Buresu of Mines and
other Government agencies on the utilization of codl by carbomization,

combustion, end liquefaction, and in studies of special properties, such

as the explcsibility of coal duct, _ :

Teddval cosl-mine inepectors submitted 10,704 samples of dusts taken
‘from the ribs, roofs, and floors in 1,304 of the larger commercial rines
in 2% ctates. The analyses of these’ duste gave data Tor determining the
gusceptibility of these mines %o dust explosions and Tor formiiating recom-
mendations o appropriate mine operators concerning possible hazards.,

-Faﬁééﬂéhtélé of Coal SamPliﬂS_

(wf‘fArrecent‘investigationé/ on the principles governing the establishment
of vigcrous specifications for the sarmpling of cozl showed that mathematical
‘probability ccwld be applied and that the fundemental varisbles of ash
distribubion in coal cculd be studied by similar_methods{ Fnowing the
Cyariability ir ash content of increments of a spoocified wedght of coel, it
wag found that their nurber can be computed to yield a sample of pro-
ageigned accuracy. Mathematical developments vewe mede to cover both’
random. sampling and increments taken in an orderly way over the entire lot’
of coal campled, : ' S o

A%aly es of Kentucky Coals.

,v?oinlatiODE/ of .analyses of Kentucky. coals made: by the Bureau of

‘vas publighed as the seccnd paper on Kentucky coal and is another in
the "geries of papers describing coels of individual prodﬁcing_states{ The .
nggef‘tha vwestern and eagtern coal Tields, methodz of mining and prepe- -

ion, econcmica of production, distribet ion, uses, and therrelationship'
ssed, - Descripticns of miney

of mine samples to commercial ghipments are discu

tipple, and delivered samples include chemical anslyses, celorific values,

laggificatlon by renk, agglomerating index, fusibility of agh, true specific

ravity, sulfur forms, thickness of heds, nature of flocr and roof, eamd 7 -
tings in the bed. "Kentucky ranked fourth in coal produstion in the

nited States for 1922 to 1941, except for the 2 years 1927 and 1932, when

t wag in third place.

b

?'lléndry, B. A.; Fundamentals of Coal Sampling:l_Buféauﬁongi;bs Bulle.

41*511'; 19k4, 127 ppe : )
Fieldner, A. C.,; McFarlan, AJ C., Toenges, AJ L., Maize, E« Ry, Fraser,
“Tt;'Crépt;i,wg;L;;‘Andersotg-R.,L., Bell, G,; He.,. Snyder,: Ne H. Cooper,
H. M., Aberpethy, R. F., Tarpley, . O/, Swingle, R« J., end Hartner,
_ F, Buy Analyses.cof Kenbuchy Coals: " Bureau of Mines Tech. Paper 852,

. 19!""'5'2 5.25 PP* ’ : R
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A ‘-papler_‘_?i/ giving analyses and gimilar descrip_t-ions,of_‘firg;iz;ia coals
ag indicated in the preceeding p_aragrap}_affor Kentucky ¢oals was .pﬁblishéd.
Original reserves of anthracitic (semianthracite) -coal in Virginia have
been estimated as 500 billion net tons and those of bituminous coal as

21,140 billion net tons, Production of semlanthracite and bitumineus coal
in 19kL. amounted to 18,L41,000 tons from 155 mines of commsrcial size,

Anzlyses of Permsylvanis Anthracitic Cioals

' A_.puhli.oatioﬁ/ -describing mine, breaker, ‘e.nd‘deligrere'd gamples and
showing their analyses » With brief descriptions of the anthracite fieids
of Pennsylvania, methods of mining and preparation, and important economic
data on the Industry was issued. At the close of 1942 tHe esbimeted re- - :
serve was 14,431,250,000 long tons in the four main Permsylvenis enthracite
districts,  Froduction in 1942 for the entire State totaled 69,327,729 net .
tons,. S : , S :

'-Cbnstituti.bn, Analytical Methods , end Standardizetion

The Coal Constitution Leboratory has investigated the constitution of
a nunber: of coals whose mining, .carbonization, and liguefaction ‘properties
are being studled by other sectioms of the Bureaw of Mines. Core-drill =
samples from exploration projects in Wyoming, Colorado, Nevada, Cregon, and
Alebama were examined, and measurements and locations of different kinds of

material in the drill column were recorded. ter separation of the coal
cores and associated rock, samples .of .the cores were prepared for proximate

and ultimate analyses, agglutinzting-velue tests, and microscopic examinati
The. procedures of -petrographic enalysis were studied with particular refer-
<ence to:coordination of megascopic -and microscopic methods of petrologic |
intsgration, . A number of.coals were investigated to Getermine the relation

- of their petrographic composition to special chemical and physical
charecteristics, L o :

-An glectron microscope was instelled late ir tho Fiscal year at the
Central Experiment Stetion, Pittsburgh; Fa, Tt iz hoped that with this hew
tool of resesrch many of the baffling problems encountered in coal Tedearch
m2y be explained, particularly from observations of the detalled gtructiurs
of material made at high megnification. ot ' : -

B Eﬁscélla;ﬁééﬁé".a'ila'Iyti[c’.é.l‘jfo'x_"k_fb‘i' Varlous sections of the Burean-of -
Mines included snalyses of 486 samples of coal and miscelléhecus materials)

. . EENEN
. W oo . R P [ "

o L

8/ Flcldner, ke C., Eby, d B, Cempbell, M. Ry, Toenges, -A. L., Fréser, T
Crentz, Y. L., Anderson, R, L., Bell, C, H., Snydcr, N, HJ, Codper, H
M,, Abornethy, R.. F., Tarpley, E, C., and Swingle, R. J.; Andlydes of

_ Virginia Coals: Bureau of Mines Tech, Paper 656, 19k4, 159 pp,

9/ Fieldner, A. C,, Ashley, G, H., Toenges, 4, L., McElroy, G. E., van
Siclen, M., Buch, J. W,, Snyder, N, H., Ccoper, H..M., Abernethy, R.
F,, Tarpley, E. C., and Swingle, R. J., Analyses of Pennsylvania
Anthracitic Coals: Bureau of Mines Tech, Paper 659, 194L, 271 pp,
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~mhese analyses lIncluded determinaticns of the agglutinating value and gas-
and coke-malking properties of coals; the compecsition of beiler-water com-
boiler scales, gludges, deposits, and rock dusts; the percentagss
enerated Trom calcium carbide; and chemical

and slag depozita, clays, coal savers, shales,

pounds,
of phogphine in acetylene g
. apalyses of coal-ash slags
and other miscellanesous materials,

- Ta cormection with the swrvey of the coking properties of Amerlcan coalg,
emall-scale laboratory carbonization tests were made of ccals of the United
gtates and Aleska to determine their suitability for the production of coke
cr char, These tests included the Iacher low-temperature carbenization
assay, the U. 8, Steel Corpore*ion high-temperature digtillation test, and .-
the Bureau cf Mines agzlutinating-valus test. Results of thess tests on
several coals wore incorporated in publications cited later. {See Carbon-

ization end Gasificatlon, p. 41.)
oved valuable‘for measuwrinzg the

ed with fresh coal, in studles of
coals Trom new sources

. . The agglutinating-value test has pr
extent of oxidation of stored cocal compar
‘the storing qualities of coale now in ise, and of
‘now belng explored. ' - '
Purnaces in the West for the production of
“stesl hag created a demand for western ccals c¢f satisfactory coliing quality.
mall-scale colding and egglutinating-value tegta have been useful to ccke-

- oven operators and other users of western coals. ' S

Construction of new blast

‘Rare and Uncommon Chemical Elements in Coal

o A review surmerizing available published inTormation concerning the
ogourrence of rare and UNCCImon chemical clements in ccals of tae United
Stetes and cther countries was prepared.ig? 4lthough more then half of the
‘kniown elemsntz have been reported as occurring in zoal, the percentagss are
apparently too low to warrant their industrial recovery. Flue dusts from
dertain gas works in England ars potential sources of germenivm and gallium,

Yields of Primary Tar and Light 0il from Coals of
Verious Renks and Types o

empcrature yields of primary

A method was developed for pfedicting low-t
anks and

tar and light oil from chemical analyses of coals of verious r
types.il/ The corbined percentage of tar and light cil wag found to sgqual
0.697X +f9.005lX2 - 6.k, where X equals the volatile matter minus 1.3 times
the oxygen. ZXquations relating ter and light-oll yields with the hydrogen
Contents of cormon banded {bright), eplint, and .cannel coals were derived.
These linear oquaticons have two consbants whoss values differ slightly for

coals of different types.

10/ Gitson, F. H., and Selvig, W. A., Rere and Uncommon CHemical Elements
in Coal: - Bureau of Mines Tech. Peper 669, 19hk, 23 pp.

-E}/ 0de, W. Ho, and Selvig, W. A., Low-Temperature Digtiliaticn Yields of
Primary Ter and Light Cil svem Coals of Varicus Renks and Types:
Burean of Mines Rept. of Investigations 3748, 194k, 10.pr.
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Comparison of Standard Test Sieves

In analyzing and testing powdered materiazls there ig frequent need of a
ready means of comparing the data of sieve analyses as determined by one
series of test sieves with those of a series more Familiar to the user. To
meet this need a tabular comparison end discussion of its significance were
made of the fine-geries, s%yarermEShewire test sieves currently used in
Tour different countries,i2/ The.sizes of openinge, in millimeters, for
the standard series of sieves uged in Great Britain, the United States,
Germany, and France were compared, The openings for all sleves, expressed
on the game horizontal line of %hé“table,:are within the permissible vari-
ations of the average opening of the corresponding U, S, Standard sieve.

The “"mesh-pumber" designations commonly used are included in parentheses in
the tebles In a technical sense the work "mesh" is meaningless, unless the
diamster of the wire size uged in the sieve is alsc specified, so that the
size of the opening can be determined, The use of the ternm "mesh" should
be "discouraged, unless the particular Corresponding'naﬂm of the sleve ig
stated; thus, U, ., Standard No. 35, or 500~-micron, sleve,

. Application of the Rosin—Rammlér‘iawzfdf'Scfeeﬁing Coal

It is sometimes desirable to know what_changés in sizing characteristic
would appear in screened coals if screenms of different-size openings than
those employed had been used, A study was made of ,the application of the
Rogin-Remmler law as a solution to'this'problemali[ S I

. The equation for the Rosin%Ramﬁlér_laﬁ is

=lOQe ( g j. ]

vhero R 1s the "residue", or percentege of oversize after particles of di--
amster X and smaller are screensd out. X and n are constants (for a given
coal), and ¢ is the base of the Napierian logerithms, Tho law appears

- to describe satisfactorily the size distribution in cosls., The validity of
the law is discussed and calculations %o compute. the "missing sizes" in
coal arec shown, Thig generel subJect 1s also discussed by Bsrirand A,

L. . »

12/ Brower, Re E., Comparison of Fine-Beries, Square-Mesh-Wire Test Sieves
of Different Countries: Bureau of Mines Rept. of Investigations 3766,
19k, 5 pp, ) . | '

13/ S8cott; G,'S,, Application of the Rosin-Rammler Lew to ihe UMissing -
Sizes” in Screened Cosl: Buread of Mines Rept. of Invéstigations 3732,
1953, 9.pp, .. ' T " :

i/ - Landry, B. A., See footnote 6, p, 5, ° -

.
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. A gtotistical study:d/ dealing with errcrs of analysis in the volatile-
tter determination for anthracite, low-termperature coke, and subbltuminous
d of a oal wag made at the regquest of ”ommlttee D-5 on Coal and Coke of the American.

ne ) oclety for Testing Matev1als. The in¢estlgatlon waz baszed on duplicate
- To B sterminations of 100 samples of each of thesge three materials and showed
i were Het the present A.S.T.M, permissidle differences of 0.2, 0.2, and 0.5 per-
AL ent, respectively, were too stringent. It was recommended thet the A.S5.T.M
o ‘permissible Gifferences between duplicate determinations of volatile matter
'z the game laboratcry be revized to permlt 0.3 percent for anthracite, 0.5
’Ss?@ Fcent Tor low-temperature ccke, and percent for subbituminous coal,
‘ari- i : .
O : anderdization of Proximate Analysié'
es n : T e B T B - .
8 the ‘Polnts of difference in the standard procedures of the British Standards
’ th? ituticn and of the American Soclety for Testing Meterials for determining
?ld tile matfer in coal were discussed.l®/ The latter method, which is used
18 §* the Bureau of Mines, specifies a temperature of 95G° C., compared with
259 C,., as specified by the British standard. In the United States little
is mzde of the "air-dried" analysis in comparing coals, because the
or-rank coals, which contgln reWatlvely large gquantities of bed molsture,
. would be unduly Iavored
rlgtiec o
i;n | peratlve TnVﬂstlgatlon on ﬁu81011¢ty of Coal Ash
e -
St A cooperative investigatlpn by 16 p 1"131(:3.138.‘51r1g Jaboratories in’the
*nited States and Canada showed thab Turngce atmosphere is the most importart
factor in the ash fusion determination,li/ These laboratories, ueing 5
ypes of gas~ and 2 types of electric-furneces with 5 kinds of atmospheres,
rovided 23 fwrnace-type and. furnace- a+mospbere comblna ions. Results ob-
:talneu were within the permissible tolerances of A,5.7.M. method D271-40
Or the coal-ash samples tested., In'general, softening temperatures ob-
) _ rved with natural gas were higher than those with the manufactured gas or
Idl*' gas of* constant comp051tlon Whlch was used in the eleciric zurnace.
iven _ ,
: COAL MINING
ty of -
1 Experimental Mine'and Tust Explosions
Studies of Coal-Mine Roof
i -  The mechenical properties and behavior of roof ‘rocks in the Midland mine
LGYEZ -the Pittsburgh Coal Co, wers studied to determine the causes of the partial
370
i5/ ‘Selvig, Wa A., Precision of-the Volatile-Matter Determination for
3 Anthracltb, Low-Temperature Coke, and Subbituninots Coa : Bureaun of
3 3732 Mines Rept. of Investigations 5759, lG‘+9, 6 pps .

__/ Fieldner, A. C., and Selv1g, W. A., Discussicn of "The Proximate
Analysis of Coal" by Joseph Brown and Alan S Beani dJour. Inst. Fuel,
vel. 16, August 1943, p. 182.

17/ Cooper, E, M., and Abefnethy, Ri F., Cooperative Investigation of the
Effect of Furnace Type and Atmogphere on Fuslbility ¢f Coal Ash:
Bureau of Mines Rept. of Investigations 372k, 1943, L3 pp.
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