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ation _ :
any . - Burning Characteristics of Fuels

. in : e -

dng: A8 a result of requestd for ihformation on the suitability .of vaious

A% _fiels for domestic heating, laboratory apparatus was installed which per-~

er- tted closely controlled . tests of the burning.characteristics of a wide vari-

ese., 4y of fuels. Based on a conventional cast-iron, sectional, hot-water boller,.

m. of his equipment'permits'msasurements.of‘the quantity of smoke produced, the -
ng-of te of heat absorption, composition and temperature of the flue gas, pres-

be- e drop through the fuel bed, rate of burning, and eificlency. Equipped

of with a natural-draft chirney, mounted entirely inside the laboratory so. that

hes - 18 wnaffected by winds or other variables; tesis can be made in which the L
nal: fuel itself determines.its rate of burning. Automatic control equipment has

ndi- Heen provided so that the.rate of air supply can be varied in proportion to

Ll demands of the burning fuel, or can be maintained at a fixed value. The
FVRE L Svision of a special firing door comtaining protected windows allows in-

a into Spection’ of the fire'at any time or photographing the- fuel bed without inter-
erence with the test., DEither standard procedures or time-lapse motion pic-
Fares to accentuate actions cccurring in the fuel bed are used., Tests have
n'made with this equipment of .packaged fuel made from enthracite fines _
¢ with verying smounts of bituminous coal, of char made From high-volatile 3

uminous coal; and of lignitc briguets prepared experimentally from waste

sizes of fuel.

;Stabilityhénd_Sﬁrucfure.of Burner Flames

TR

‘The work described in lagh year's report oniihe structure and stability
"lamed has been.publigheduéa/ Further experiments were conducted on the

3Oai£:
v, witd ir-éntrainment in Dunsen burners. . Several series of data have been obtained
ect OF yatematic chenges of the ges flow, of the gas-orifice diameter,'and of '

ing analyzed and a series of

‘length of the burmer tube, The data are be k
11 complete the o _

P L, . TR ] c 5
nHULe; O %?ermﬂnts on Venturi-type burmers now in Drogress wi
ition: B vestigation. : '

CARBOR;ZATIQH
Special studies were made of the carbonlzation proverties of new low-
id: hedium—volatile bitwzinous coels that might be used to increase the =
ation's supply of coal of proved ¢oking properties whose reserves are being
Papidly depleted. Studies were also made of two Chile coals to assist the

ilesn Government in ectablishing an iron-smelting industry. . .

Smail-Scale Iaboratory Tests of Coking Coals

;In.conﬁection”with the Buresu dfiMines-American Gas Association (BM—AGA)i
rvey of gas- and coke-mzking properties of American coals, small-gcale

+ion tests were made of cogls from various States to de- -
The tests included the A

fatory-carboniZa
ine their suitability for the preduction of coke.

s of the Structure and

Yon Elbe, G., and Menbser; M., Further Studie
19]4'5; PP. 89"

Stebility of Burner Flames: Jour. Chem, Phys,, vol, 13,
100- . ) )
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the Fischer low-temperature Carbonlzatlon assay, the United States Steal®
Corp. high-temperature distillstion’ assay, and the Buréan of Mines
agglutlnatlng—valle test, Coals tesied were {rom the following sources
ached coal from Hill bea, Hickey -No. 1, mine, Fort Payne, Cherckee County
Aluo, o5 Block bed, Ho. 5 mins,. Montcoal Haleigh County, W. Va.; and
cahontas No. 6-ved, Birdseye mine, Sewell, Fayebte County, W. Va. In agaid
- tion, ‘kRigh-temperature caroonlzatlon tests were made of a blast-?urnace
composed of-80 percent Feirmont-rand 20 percent Beckley-bed cozls and o
foundry-ccke ‘mix consisting of. 53 percent Pittsburgh~bed coal, L3 percent
Beckley-bed coal an& L pe cent No o buchheat -~gize anthraclte. Resu

bovated»ln fechnicsl pano . published or prénared for publ 1cat10n durlng,
year.: {S¢e Exploration of Coal D39051ts, D. -25and Carbonlzatlon Prope
of Amerluan Goals, Ds 81) T

. Txe coals were: frow the. LOllOWlng sources.

eastern Alabama and northwestern Georgia;

nison Cownty, .Colo,; Durango field in La Plata Counuy Colo., Georges Cre
field of western Maryland; Coaldale field in Esmeralda County ; Nev.; Deep
River field in Chatham County, N. C,; Northern field in Anuerson County,
and the New River field .in Vest Virginia.  Agglutinating values of drill:
samples from the Lookout Mbuntaln ficld in Alabama ranged from 6.5 to 8.5
kilograms and those of mine samples from O, 7 %o 7.0 kilograms, These ¢
agglutln&tlng-value résults, cbiained at a 15:1-ratio of silicon carbid
coal, indicate that meny of the coals are strongly coking. ILow values s
some of the mine samples are probably due 0 oxidation of the coal since
samples were collected from abandoned mines, - The agglutinating values of
Lockout Mountain coals of Georgia ranged from 4,8 to 8,7 kilograms, which
considered setisfactory for coking coal. The agglutinating veluss of .the
Georges Creek coals in Marylend ranged from 0. 6 to 10,6 kilograms; the 1oW
values probably were due to O tidatiol of the coal, In Lolorade, the La.t
County coals examined are probebly fair-coking, and the Paonia coals rang
from neaVly;noncoalnr to fair-coking, The North Carclina, Tennessee, "
West Virginia coais have agglutingti ng values that would classify then ‘as
fair- to gooa-coclng. ' : T

Agglutinating values are an approximate messure of the extent of coal
oxidation and therefore are of value in following the changes in the cokln
quality of coals during storage. In connection with a survey of storing
gquality of coals, .the aggiutinating values of 65 coal samples were aeter?ln
during theﬁyear. The coals examined were from the following sources: .
and Mary Lec beds of Alabama; Gunnison, La Plata, and Mesa Counties, Col

.'5 and No. 6 beds of Tilinois; Wo. 5 and No. 5 beds of Indiana; Eliho
NO- 3, Kentucky No. 11, and Kentici ky No, 1k beds of Kentucky; Bevier and
Walker béds of MlSSOurl, Rdaton bed ‘of New Mexico; No. 6 bed of Chio; McAl
bed of Oklahoma Plttsaurgh bed of Pennsylvan;a, Roslyn Bo. 5- bed of Nas

Vlfglnla, Finch bed of Uyoglng,iand Lota and Scnwager areas 0¢-Ch119~
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The free-swelling index by the A.S.T.M, Tentative Method of Test for
Free-Swelllng -Index' of Coal was. determined, for 10 samples of . coal from strip- .
ping operatlons in Bedferd and Clinton Countles, Pa;, znd in Garrett County, -
Md.s -in- contiection with the.potential,use. _of "these coals ag rallroad locomo-f:f
tive fuels, ' The 1esults showed that some of the' coals wers nonswelllng and .
nearly noncaXing and Hence would be unsatls¢actory for locomotive use, since |
the "staock losqeﬁ"vwould be hlgn because of-coal blown off the grates.Q' '

In connection Wlth a survey of carbonzvlng propﬁ“tles of coals of” Chll@

de at the request &f the Chilean Government, agglutinating-value itests
were made of 17 gamnles of ‘coals and coal blenas from the Lota and the Schwager
m¢n1ng areas. ”he values at the 1531 silicon. carbide:coal ratio. renged from -
7 to 5.5 kilograms and-show thet mbst of the coals examlned are of only fair
bOKlng quality, One coal tested from the Province of Va*dlv1a anu two near
the Stralts of Magellan were noncoklng.

_:fFiee swelllnb 1ndexes and aggl utlnatlng vglues were determlned on. ll
amples of coal Trom the Ferig and Lung mines at Pelpay near Chungklng
Szebhwan Prov1nce, China,” These. tests were mads at “the. request of the For~“
gg Economic. Administration, which is assisting the Chinese Goverrment in
dévelopment of 4its coal rescurces, . The agglutlnatlng values ranged from
.9 to 8.4 kilograms and the free- swelllng indexes from 1.5 to over 9. The
agglutlnatlng values and free-swelling results show that some of the coals

strongly coki ng. The:ash content of the .coals on a dry-coal ‘basis. ranged
from 10.7 to. 32,6 vercent. It is possible that. their coking properties, cen;
: 1mproved b removal ot extraneous ash oy coal-wasnlna methods.A

-

uarbon1z1ng Properﬁles of Amsr1cun Coals .
Studles or the carbonﬁzlng frcnortleb, plastlcﬂty, expan81on, end oxz—;\
ation of coal were. con'lnued . Co=zls recoived Tor- complete geries of tests
he.BM AGA mothod tcrmlnlng 288, COKC-, und byproduct maklng Prop--
were: - (1) Hlll bed, Hﬂcxcy mine, Fort Pagne, Cherckee County, Ala.;
5 Block bed, No, 5 zihe, Iontcoal Releigh County W..Va.,.(§) Poca-
,@}as No, 6.bed, Blrascje ming, Soweil, Fayotte:County, - . Va.i; (4) a 50:50,
Ipositc of Wo., 3 bed, Sen Joge mine, and of To. 5 bed, San. Podro Sy ming,
ho- Schweger arce Chlle, and (5) a 4:45:25:25 vom.por=1+e of Alta bed
faue Mueve mine), A*ta bed (quue Grande ming), Chica bod (Pigue Grandc
, and’ Arriba ood {Pigue Grande mlro} 1"eupcct.ufcl‘y', in’ the Lota min- -
ron, The Alebars coal and the two Weat Virginia coals wore studicd as
T an cetablished progran ta 1nc”oase the supply of domcstlc coking -
“Schwager. and Lota coals were testcd .to detcrmlne théir ‘suitebility,
ly or in bleqas, for thc manufuctufo of mytaTlarglcul coko 1n Cﬂllc.

3 No. 5 Blocx ccal 1"emke:cl ag- hlgh vol@tlée A bvtum*nous und contulnod
reont: ask and 0.8 porcent sulfur. Modium-voletile bituminous Pocahontas
bed coal contained 15.9 porcont ash and 1.0 pc;cont suliur oand Drobably
have to be washed to compote with other high-rank coals uscd in blends-

ancd commcreially. The composites of Schwoger coals and of Loia coals
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also ranked as high-vglaﬁile'A,bitﬁminous.but jower in that classification
then Ho. 5 Block-~bed Goal.  The ary, wineral-matter-free, fixed-carvon co
ténts of tthe'thrée ganples were SH.0y 30¢L; and 63.4 percent, respectivel
The Schwager oompdsite_cohiained‘Y»E percent ash and 1.2 percent Sulfur, 1
the Iota cqmpdéité contained T.k percent ash and 2,1 percent suliur, on th
as—carboﬁiggafbasisd these Chilésh cezls are somewhet similar in chenical

properties Lo the Ttah coiing ¢oals of the.United States.

Fiupaile 8 gives the yields of carponization products obtained on the
carbonlzed basis by the BH-AGA method at $00° C. in 18-inch retort tests on
ihe cosls end coal blends named. Medium-volatile bituminous Mill- and Poca
hortas Mo, 6-bed coals gave characteristic ow yields of volatile products

and high_yieldswof'qj""_Ag would be expected from. tiel:s respective ranks
~the high~volatiie & bituminous Nos D Block-bed coal yielided lsss coxe and '
more gas, tar, ight oil, end ammonia than the medium-volatile bituminous

cosls. .The high~yolatile A bituminous Schwager and Lote coals, being lowe
in rank than_ﬁhe_ﬁq.ﬂ5fBld¢kﬂbed coal; yiélded considerably leds coke and .
_ moﬁe"gas.;nXieliéfoﬁ carbinization products Fyom the various coal blends, .

- whoge compositions are given in table 8, differed from those of their con=
stituent -cdals in accordance, with changes in rank resulting from blending.

Table 9. shows the physical and chemical properiies. of the gas. The heal
ing-velues.of gas from Pocshontas To. 6 cosls are low, both on the pasis of
B.t.u, per cuoic 260t and as B.t.u. per pound; however, 16w heating values
sre . characteristics of tne high-temperature gases from medium-volatile'bi%u
minous_coals.' Mo, % Block coal ranka gs high-volatile A bituminous,‘but‘the
yield of gas as B.t.u, per pound was only 2,990; coals of this rank veually
yield 3,100 to 3,400 B.t.n. per pound, ‘Thé Chilean coals were petter gas .
coels, Schvager and Lota composites yielding 3,650 to 3,480 B.t.u. PeT pourid;
respectively. In blending, heating values in gas generally were lowered her
the rank of coal was raised, and raised vhen the ranx was lowersC. The gas
from Hill and Pocahontas No. 6 goals did not contgin excessive proportions’
hydrogen  sulfide. Washing the Hill coal decreased ihe content ;of hydrogen
i-sqlfideAfrcm'EBOgto 140 grains per 100 cubic feet. Gases from Schwager end
Leta coals contained 670 to 520 grains per 100 cubic feel, respeotively;"

Tables 10 and 11, respectively, show the physical properties of cokes
from thé domestic and Chilean coals, .The shatter and tumbler indexes of the;
Hill coke were satisfactorily high; they were icwered by plending with
Pitteburgh-bed coal fram the Warden mine. The coke from the unwashed sample
was more abradable than that From the washed sample. No. 5.Block coke re-
aigted shattering more than she average coke from high-volatile A coals; 1t8
1/4~inch tumbler index (60,7) was relatively Low, indicating high abradablld
Rlending with 2C and 50 percent Pocahontes No. 3 coal improved this coke ab-
_preciably.--ﬁpcahpniaé No. 6 coke resisted shattering well but did not resisk
gbrasion in turbhling; reduction of the ash content of this coal probably woul
Jower the abradability of its coke. Blending with Pittsburgh cozl raised thE
1/4-inch tumbler index apprecizbly but lowered the 2- and 1-1/2~inch shatter
dindexes. ' . - - . - ;
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T.C. 7552

The cokes from Chilean coaslg were tested. by méthods develonsd by the
olumbia Steel 0o, Tor testing cokes rade from Utah coals; These metncds
ve less severe than Bi{-~ACA methods: Results for both the shatter and tumb-
“r tests generally are higher for Lota coke, indicating that it forms a
‘Hpronger coke than Schwager coal, either singly or in blendy with 10 percent
ahontas Ko, 3 coal or with 10 pexcent low~temperature char. <The average
atter and tumbler indexes for g00° C, cokes from three gamples of Lower
g@ﬁnysiie wed coal from the Columbila mine were, regpectively, as follows:
w:-_:}_/E-inch,_ 30 end €; l-inch, 69 and :6; % /4=inch, 82 and 05; and 1/2-inch,
givanﬁ-TB; * Lota and Schwager: cozls, ‘thersfore, yielded wesker ccke than was
g?'ained from Lower Surnyside coal when carbonized under identical conditims.
Blending either of these Chilean coals with 10 percent Poczhorntes Ne. 3 coal
?%p;oved the physical properties of their cckes endugh to make -them somewhat
nger than. the, Sunnyside coke. The low-temperature char, which wes made
‘Schwager coal, improved Schwager coke but had virtually no effect when
ended’in this szme propGrtion.(lO percent)on the strength of Lota coke.

Table 12 shows the' ahalysis of the tar and light oil, The properties
the tars generally are normal ‘for the carbonlzing temperature and ranks
coal tested, The ter distillates spom the Chilean coals cartained higher
oporticns of neutral oils, - Similar results were obtained from tests of
e Surinyside coal, which is of similar renk, The compositlon of light
Prom Hill coal differed markedly from that of the iight oils from the
er coals, including Pocahontas No. 6, waich is of similar rank, Hill coal
1zht oil (from the washed semple} contained 53.3 percent benzene, whereas
¥ '0thers .cantained more than [0 percent. The proporticons of the other
Hitee constituents, toluene, paraifins, and ‘solvent naphtha, were higher in
ozl light oil; this differénce was especially large for solvent naph-~
. However, Hill coal is not excepbional in this re&pect because other
im-volatile coals have yielded light cils low in benzene, -The:percentage
Smposition of the .900% €, light oil from mediwm-volatile Bakerstown coal,
0 example, was benzene; 59.5; soluene, 24.6; paraffins, 4.0; and solvent

.- . - .
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©I,C, 7352, -

- A report giving results of a.study on the carbonizing properties of low=
olatile bituminous Pocahontas No. 3wbed cosl and of its 20:80 and 30:70
Mends with Pittsburgi-bed, Warden ming, coal was publiShed,IQ/ The investi--
ons of the Pocahontas No. 3 coal ihplud@@rchemical“analyses).agglutinat-.
and plasticity tests, BM-AGA carbonization tests at 5009, 600°, 7009,
, 900°, end 1,000° C., determinations of oxidizing and expanding, proper- -

»

, end high~ and low-temperature assay distillation tests, Oxidized sam-
‘of the coal were carbonized at 800° C.,.and the two blends with Pilttsburgh- -
coal at 900° C. The Pocahontas No, 3 coml sample contained 5.2 percent
and 0,7 percent sulfur on the-as-carbonized basis; which are well belcw
limits specified for the Dproduction of metalluigical cokes As was ex~
cted because of its high rank,.the coal gave an agglutinating value of .
):at a silicon carbide:coal ratio of 15:1, showed a low maximum Gieseler
ometer fluldity value of 2.7 dial divisions per minute at 481% Ci, and
anded: strongly during carbonization.” Yields' of carbonization products in
18-inch BM-AGA retort at 900° C. were: coke, 82,8 percent; and, on the
8.0 a ton of coal - gas 10,500 cybic feet; tar, 3.5 gallons; light oil
zas,y 1.52 gallons; gnd-ammonium sulfate, -11.6 pounds, The average charge
5. ves 49,6 pounds pen cubic foot, and the time of carbonization was . .
ours. The Soke Was' blocky, fine-grained,. and stable; the l-1/2-inch.
r index was 81.2, and the 1~ and 1/4-inch tumbler indexes were &k,
5.5, respectively.  The gas hed e specific gravity of 0,280 and a de~
ined heating value of 504 B.t.u. per cubic Toot; the heating value -of
8 per pound of coal was 2,650 B.t.,u. The content O hydrogen sulfide
0 grains per 100 cubic feet of gas. Blending the Pocahontas No. 3-bed
1 70-and 80 percent Pittsburgh-bed coal increased the charge.density 16
ounds pr cubic foot and decreased the Gaibonizing at 9002 0. to 10,8
The blends yielded less coke and more byproducts than were obtained
00 percent Pocahontas N6. 3 coal.. Oxldation im air-at 99.3° C, for-
¥.1 days had 1itsle effect- on the quality of coke produced at 800°
Xidation for 8.0 days lowered.the 1- and l/k-inch tumbler indexes but
braffect the 1-1/2-inch shatter index; oxidabtion for 16.1-days virtu- -
estroyed the coking preperty. Pocahontas No, 3 coal expanded ahough
Orm_the'BM=AGA rotorts at all carbonizing temperatures except 500° C.-
ded 18.9 percént in the sole-heated oven at a charge density of 53.0
-ber cubic foot, which is equivalent to 2.4 percent expansion et the
‘density of 55.5 pounds per cubic foot uscd as a standard for compari--
Iposes. S ST e -
per giving results of an investigation of the carbonizing propertics
Ographic composition of Hazard No. 4 bed, Columbus Ho. % mine, Allais,
unty, Ky., and of the high-temperature properties of Hazard No.. T
rdburiy nine, Hardburly, Perry and Knott Counties, Ky., was pub-.
I;/ The higli-volatile A bituminous Hazard Io. b coal was carbonized

Jﬁﬁis,'J. D., Reynolds, D. &, -Ode, W, H., and Holmes, C. R., Carboniz-
Propertics. of Pocahontas No. 3-Bed Ccal from Kifball, -McDowell
ty, Wy Vai,.and the Effect of Blending This Coal with Pittsburgh~
Coal: Buréau of Mines Tech. -Paper 670, 194k, 35 pp, .
-5, Jde D., Reynolds, D, A.,.0de, W, H., Holmes, C. ER., Elder, J. L.,
d Wilsen, -J. E., Cdrbonizing Properties and Petrographic Composition.
O Hazard No, & Coal from Columbus Wo. 4 Mine, dnd High~Temperature
bonizing Properties of Hazard No, 7 Coal from Herdburly Mine, Perry
"y, Ky.: Bureau of Mines Tech. Paper 672, 1945, 46 pp.
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