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caluulaueﬂ for any burner tube from a knowledge of only two constents
yhich are specific for the gas mixture and which represent critical
graalﬂnts ¢t gas ve1001uj at the streem boundary. Flames of natu:al gas
d air, of hydrogem with air and cxygen, and of acetylene with oxygen.
; vaecti*ated. The 1at+er'arﬁ emcong the hot+est and fastest-burning

bu:nlrﬂ “91001 ies r"'he data extend over an extreme range of- condltlon%
tthe existence of two critical boundary velocity gradients has been
ve fied For ell cases, In addition, the relationships that govern the
formation of tilted flemes, such as the flame &hown in figure 6, have been
frvestigated: TFlames of th1s tyre ars ﬂharacterized‘by ynamic asymmetry
f the effluent gas stream and consequent distortion of the flow pattern,
permititing partial entrance of the dombusticn zone into the burner tube..
Since such flames are generally unstable, their formation places a further
limitation on the renge of usable flames, A generally applicable equation
ay been Tound which permits caloulation of the range of gas flow over whxch
PIET ‘_1umpq tend to become *—Ltad
-The fechenism of flame propagaticn has been clarified;fand.a difficulty
-lohg stending concérning the stsbility of a cozbustion zone in a gas
Pream has been resolved, The dynemics of the ther@al expansion of the
in burner Ilameg hag been develcoped. - The quantitative relation between
the presture of the: gas stréam in the burner tube, the burhing velocity,
gag density has been verified exper¢men+allj. Finally, it has been
nsirated that quantitetive relations exist between the criticsal boundary
élbéity'.“adlﬂnt for flash-back, the limiting tube diameter for flame propa-
pation and the Ilimiting ‘electrodé distance for electric spark'ﬁgnlu1on.
hese relations have been dsrived from congideration of the dcpth of
netr@tﬁon of the quenchﬁng of explosive reachions by sclid surfaces,.

Carbonivation and Gasification: -

'mhe ma;n uﬁ’ertives cf’ Tthe work ;or tbe ?1scal yea: were: Proving,of

u51ng avgllaole coals, estlmatﬂng the storage D“oper+1es of CCalS, and
determining the ylelds or tar oils with a view to posgible increased utili-
zation of the neutral cils as fuel and the tar acids in the manufacturs of

"Coals received for complete series of tests weresr (1) Haglé-bed
itumlpous cogl from Kenawha County, W, Va., (2) Powellton-bed bituminous
coal from the same 1ocatlon, (3) ‘Elxhorn No.’3-bed bituminous coal from
Floyd County, Ky., (4) Monarch-bed subbituminous coal from Sheridan County,
WYO and (5) Velva mine lignite froem Ward Ccunty, N, D. The Eagle-,
OWellton-, end-Flkhorn-bed coals rank ag high-volatile coklng ‘Goalg; Elk-
Horn coal has a dry, vclatLle matter content of 39,6 percent and would also
be classiricd az & gas,coal. All thres coals ceontain low sulfur and low
Sh-and are satist actory in this respect for making coke and gas. The Fagle
¢ Powellton coals arc hoisted from the same ghaft snd loaded at the same
,}ipple; Tests of these two coals showed-that they counld be mixed at the
Mine, and the mixbure used for coking purposes,. The main objective in the
tests of Elkhorn-bed coal was to determine whether e more readily avallable
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Beckley-bed, low-volatile bituminous coal could be substituted for the
Pocahontes No, 3-bed, low-volatile pituminous coal regularly used in
blends with the Elkhorn. coal, Because the Beckley-bed coal varies in
expanding properties, depending upon its location in the various mines,
the expanding proverties of 17 different samples of Beckley-bed coal were
-determined. The Monarch-bed. subbituminous coéal produced char on carbon-
- ization, instead of coke. Howevér, the ash apd sulfur contents wereilow,
end the char ghould be satisfactory in metallurgical processes whers a
true coke is not required. - This char has been proposed for use in the
mamiffecture of sponge iron, - The ash content of the Velva lignite on the
~dry ‘basis was 11.9 percent end thaet of its char 15,0 percents The sulfur
-content was only 0.3 percent. It was proposed to Process this lignite for
prediiction of sclid fuel and tar oils, - E

o Table b gives the yields of carbonization rroducts at 900° C., ob-.
-i-tained on the as-carbonized bagis by Bureau of Mines - fmerican Gas Assgoci
ation (BM-AGA) 18-inch retort tests, for high-volatile A bituminous Eagle-
bed and Elkhorn No. 3-bed cozls, and for blends of these coals with low-
“volatile bitumincus. Poéshonbas Ko, 3=bed coal, for a 50:50 blend of high-
volatile Fagle-&nd Powellton-bed cosl, for subbituminous Monarch-bed coal
and for Velva lignite. The vclatile matter, ‘onvthe as-carbonized pasis, -
‘was 32,7 .vercent for the Eagle coal and 38,5 percent for the Elkhorn coal,
The borresponding ash contente were 7.4 and 3,0 percent, respectively.
Therefore, Bagle should yield more. coke and less volatile products than
“Eikhorn ccal;’ as is shown in - table b, . When the Fagle coal was blended withi
-an equal duantity:of Powellton cosl, which contzined 33,1 percent volatile g
. ratter and 2,0 percent ash on the as-carbonized basis, the yleld of gas wa
raised from 10,500 to 11,000 cubic feet per ton, the yield of tar was in-
creased Trom 15,6 to 13.6 galicrs per -ton, anhd the yield of coke was de- -
creased from T2.1 to 7l.1 percent. The Menarch subbituminous coal yielded
somewhat less coke and.considerable more ter then wére obteined in a simil
sarlier test of Puriten mine subbituminoils coal from Weld County, Colo. Ti
Velva @sg-rsceived lignite contained 37:+0 yercent moisgturc: Before it coulds
be carbenized at 90O” €, in the 18-inch retort, it was necessary to dry the
lignite to a moisture content of 10 Percent, The yields of carbonization
-products shown in table L are on that basis.,  The vields of tar end light :
oil from the dried product are very low, and the volume ¥leld of gas is
guite high, The high yield of gas resulte from reacticn of the moisture re
maining in the coal with the char being produced, and perhaps also with the
tar products, to form water gas., Table 5 shows the yields of carbonization
Dproducts obtained a2t 5000 C. in 13-retort tests fronm the original lignite
and from two dried producte..- At 500° ¢, the water-gas reaction is not ap .
. preciablé, Ths advantege of drying the lignite before carbonization is sho
by the increased yields of valuable products, such as ccke, gas, tar, and
- lightoil, t 1s believed that these yields represent approximately those’
to be expected by batch cerbonization of dried lignite at low temperatures.

Table -6 gives the analyses of the cokes and chars. The granular char .
from the lignite is high in ash and probably would reguire briguetting for:
satisfactory use as domestic.fhel. '~ Both the lignite and subbituminous coal
chars are high'in velatile watter,’ The fatt thet the cokes and chars all
-~ have about the same hydrogen ‘and toteal’ carbon contents, if expressed on a
 dry, ash-free basls, indlcates that the excess volatile matter in the chars
contains but little combustible carbén, -
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Table 7 shows the physical properties of the cokes, The chars from
the lignite and subbituminous coal were not fused, so that the usual
stendard tests for physical characteristics could not be made. The fresh
lignite cher was very sensitive to spontaneous heating., Comparsd with
the more significant indexes of the measurable physical properties that
have been averaged for cckes produced from 25 high-volatile coals pre-
viously tested, the Eagle coal shows an average 1 l/?-;nch shatter index,
lower l-inch and l/h inch tumbler 1naexe;3 and higher apparent specific
gravity., The 50:50 blend of Eagle and Powellton coals produced & weaker
coke of higher apparent specific gravity, and coke from the Elkhorn coal
is inferior by all 1ndexes, as comnared.W1th the average indexes of the
25 cokes, -

Table 8 shows the phy51cal and chnmloal propertﬂes of the gas, dJudged
by the yield ol gas expressed in terms of British thermal units per pourd-
of coal carbonized, the yields of gas from Eagle codl and from the five
blends contalnlng low-volaulle Pocahontas No, 3 coal are about normal, The
yield of gas rrom Elkhorn ie higher and is characteristic of other Elkhorn.
coals testa&. The high CO content in the gas from the lignite and the sub-
bituminous coal resulting from the water~gas reaction at the 900° C. carbon
izaticn temperature accounts for the- seemingly high B.t.u. per pound of -

coal values for the gases - from.these low—rank coals. -

Teble 9 gives.analyses-of-the tar—ﬁistillates and light oils. The gom
position of the tars end light oils from the two high-volatile coals and
theilr blends is normal- for coals of their ranks, The lignite and subbitumi
nous coal are cnaracterized by high-ter acid content, - The high-toluens and
low-benzene contents of the light oil frcm.the lignite is noteworthy; ap-
parently the toluens wag protected from.decompos;tion by the presence of
excegs molisture and water gaS. - -

Carbonizing Propertles of Amsf1c Coals

Studies of the c_rbonlz,ng properties, plastlﬁluy, expan51on, effect of
oxidation, and deterioration -in storage of bituminous coking coals were
continued, The work of the survey of carbonizing properties of -American
coals from its inception in 19285 through 194k has besn briefly outlined in
a recent report,fc/ This report brings the index of coals tested by the
Bureau of M_nes-Amerlcan Gas Assoclatlon,{BMrAGA) method up to date, dis-
cusses the development of auxiliary tests, and cutlines the uses to- whlch
the methods have been put in promoting the war program, Up uniil 19k2 the-
test methods developed with the advice of the Advisory Committee of the
American Gzs_Association had been applied to 66 coals. The prosent paper
glves the gowurces and anslyses of 20 additional coals, ’ d o

72/ Davig, J. D., and Reynolds, D. A,,_Work of the Survey of Carbonizing
Properties of American Coals: Bureau of Mines Rept. of Investigation
3760, 194k, 17 _‘PP.O» ' '
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The carbonizing Properties and petrographic co
bed coal from Harmar minel’/ were determined.
scopic studies and ‘the 3,000-pound sample for ‘
from the same part of the mine, where the bed was 85.5 inches thick., From both |
of these samples, 13.5 inches of roof -coal, which was not being mined because 0
its high-sulfur content, and 12.5 inches of bony coal dividing the two bencheg:
vere excluded. The columar sample contained 96 vercent bright coal and 3,0
bercent fusaing enthraxylous componernts predominated.
contained 35.3 percent volatile matter, 2.8 perbent'moisture, 6.3 percent ash,
and 1.2 percent sulfur upen  the, as—carbonized basis and 61.7 percent fized car
bon upon the dry, mineralématternfreé baais._ The heating value was 14,260
Bebau. per pound on the moist, mineral-matter-free basis.

mposition of Thick Freeportd
The columnar sample for nicro-

The carbonization sampla’

The coal theérefore
renks as high volatile 4 bituminous. ' The .ash softened 2t 2,300° F.  The fria-
bility of the coal, as represented by;jhafbarbonizing sample, was 32.3 per-
cent and the agglutinating value index was 7.1 for the 15:1 ratio of silicon
carbide to coal. The maximum fluidity, 300 dial divisions per minute by the
Gieseler plastometer test, was -low-for ‘a high-volatile A bituminous cozl. The
vields of carbonizationﬂproducts-Were?hor@al"for & coal of this rank. Blending
with 20 and 30 percent of Low-volatile Nou l-bed coal increased the yield of
coke and decrsased ‘the yields oFf gas, tar, and light oil but did not affect
the yield of ammonium sulfate.appreciably;*fThe;strength of the
increased by blending. Similar trends were obtaired by blending with 25 per-
cent of loWHvolatile,Pocahontas:Ed;~34bed;coal and

nont _ ‘ with 20 percent of low-
volatile Zureka coal from the Lower Kittanning bed, Thick Freepori-bed coal

contracted 6.1 percent in the Sblééheé%éﬁibven*&uring;carbonization_at an -
average calculated bulk dencity of 555 pounds per cubic foot. Coal from the
top bench in the mine contracted 11.8 ‘percent, and that from the bettom bench
expanded 0.6 percent, Oxidation of “Thick Freéport cosl in air at 99.3° 6. for:
4.0, 9.1, 13.0, and 22,1 days ﬁrbgreSéivelyﬁlowkredthe vield of tar-at 200° C
but &id not affect the strensth of coke until the period of oxidation exceeded
Jel days. The proportien of aromatic ‘constituents in the neutral tar oil was i
increased and those of paraffins and naphthénes were decreased; simultaneously,
the propertion of 1ight -0il was increased. . : s

cokes was also

Region Interior Province_gnd'certain_blends of these coals were investigated,zgf
These coals include&:nﬂénryettaibédiﬂtlas NO.Qnﬁne;OkmulgeeCdunty,Oklad_
Bevier be&,No.IS.miné,CherokeeCounty;Kans.;MCAlestérBed,DowBb.fu)am&Bérnarq
mines, Pittsburg County, Okia.; Stigler bed, Barland mine, Hagkell County, Okla.; =
Harishorne Bed, Great Western and Qua;ityvmines,Sebastian.County,Ark.;Ndi17nﬁne
LeFlore County, Okla.; and Hartshérne ‘bed, San BoisHo. Limine, Haskell County, °
Okle. -Tha Hartshorns beds-were not identified es Upper or Lower Hartshorne

13/ Davis, J. D., ‘Reynolds, B.VA.,Tﬁprunk,iG.'G., Holmes, C. R., and McCartney;

' J. T., Carbonizing Properties and Petrographic Composition of Thick Free
port-Bed GCoal from Harmar.Mine,}Harmarville. Allegheny County, Pa., and
the Effect of -Blending Tris Coal Witk Pocahiontas No. 3% and Wo. L4—Bed

: . Coals! Bureau 6f Mines Tech. Paper 655, 1943, U5 ppe :

74/ Davis, J. D., Reynolds, D. A., Elder, J. L., Ode, W. H., Holmes, C. R.,
and McCartney, J. 7., Carbonizing Properties of Western Region Interior
Province Coals and Certain Blends of Thess Coals: Bureau of Mines Tech.

Paper 667,_19u¥; 138 pp. :
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s, becausé the information available did not warrant positive identifi-
ion at the mines. The first three of these coals were carbonized at 5000

Prbiidaatt

G
it

T

ort— 00°, 70C°, 8009, 900°, and 1,000° ¢, McAlester (Bernardi mine), Stigler;
0 and. Bartshorne (San Bois o, 14 mine) coals were carbenized at 900° and = %
1 500° C. . Carbonization tests also were made at 900° G, of.80:20 and 70:3%0 0
sth ends of coal from (1) Atlas No,: 2 and Great Wegtern mines, (2) Atlas No, .
se of nd Guality mines, (3) Bevier-bed and low-volatile Pocahcontas No. 3-bed g
Tes Buckeye Nc. 5 mine, Raleigh County, W, Va,), (1) Bevier-Bed and Guelity 3
) dne’ coals, end (5) MoAlester-bed; Dow No., 10 mine, and Hertshorne-bed,
Tole No, 17 mire coals, In addition, carbonization tests wers mads both ap_
sh, 5009 2nd. 1,000° C, on 40:60, 50:50, and 60:40 blends of MeAlester-bed,
rar— pernardl mine, and Hartshorne-bed, San Bois No. 1% mine coals; on a 60:40
nd of this MoAlester coal -and Stigler bed, Garland mine coal; and.on a
e 20125325 tlend of Bernardi, San Bois No, 14, and Garland mine coals,
la— o _ A : : . o .
- -The Henryetta coal is Algh-volatile B; the Bevier and ths two McAlester
1 lg are high-volatile A; the Stigler bed and Hartshorne bed, San Bois No.
; mine coals are medium-volatile: and the other three Hertshorne hed coals
1e . low-volatile bituminous in rank, The chemical composition of the nine
ng 9. is normal for coals of their respective ranks. Henryetta, Bevier, and
R two MeAlester coals from Dow No. 10 and Bérnardi mines contained 12,7,
10.9, and 9,6 percent oxygen, on the as-carbonized basis, The Henryetin
£s0 Coal.also contained relatively high moisture and sulfur, namely, 6,8 and 2.1
- ﬁm”geﬁt; and Bevier coal has a sulfur content of 2,4 percent on the as-
%m%bonized begis, jPetrographic énalyses showed that Henryetta, Beviler, and
McAlester (Dow No. 10 mine) were 100 percent bright coal and contained 3 to
roent fusaln; Hartshorne (No. 17 mine) contained 98 percent bright coal,
8 ercent semisplint, @nd 5 percent fusain, Mineral matter was well-dis-
h buted uniformly in all coals except Bevier, which contained a 2-inch layer
o of high-ash coal at the top of tho bed, Agglutinating values for the 15:1
G, io of silicon carbide to cosl weres Henryetta, L4,5; McAlester, (1) Dow
ed 10. mine, 5.k, and (2) Bernardi mine, 7.0; Hartshorne, (1) Great Western
8 5%7, (2) Wo, 17 mire, 7.0, (3) Quality mine, 10.1, 2nd (1) San Bois
1y, b mine, 9.8; Stigler, 9.4: and Bevier, 8.7. Bovicr coal was highly
: ¢; it attained a maximum fluidity of 1,140 dial divisions per minute
atyholo ¢, in the Gieseler test, whereas the fluidity of the other three
™

olatile coals was less than four dial divisions per minute, Yields

arbonization products from the high-volatile coals varied according to
composition and plastic properties. The two McAlester coals contained

gher Tixed carbon and yielded more coke at GO0 C, and more gas at all
onizing tempsratures than were obtained from the highly fluid Bevier

y which yiclded more tar and light oill than the McAlester coalg,

.Tho high moisture content of Hemryette coal accounted for its high
& of liguor, Biending with low- or medium-volatile coals increased the

¥

S¥ier coals with low-volatile Hartshorne ccal greatly increaged the
Bgth of the coke, and the content & sulfur vas reduced when Quality mine

ney, ¢ of coke and decrcased the yields of tar and light oil. Cokes from
oo~ r,l.(?O bercent charges of high-volatilé coals were weaker than cokes 0D~
i 80 from ropresentative eastein gas coals. McAlester-bed, Dow No, 10 i
o2l yiclded the weakest coke of all, but the Bernardi mine coal From 5
8%e bed gave much stronger coke. This difference in c¢oking power of i
two McAlester-bed coals reflects differences in their contents of :
T ygen, agglutinating values, and plastic properties, Blending Henryetta E
i
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coal wag used in the blend. Blends of Bevier with 20 and 30 percent Quality
mine coal yielded stronger coke than blends containing the same proporticns
of Pocehontas No., 3 ccal. McAlester coal from the Bernardl rine yielded
strong coke when blended with 40 and 50 percent medium-vnlaiile Hartshorne
coal and with L0 percent Stigler coal, Theze medium-vclatile coals yielded
strong coke when carbonized alons, but they expanded too strongly to be
used safely along in byproduct ovensg.

Tests in movable-wall ovens by the Koppers Co. and by the Bureau of
Mines indicated that a 50:50 blend of McAlester (Bernardi mine) and Hart-
shorne (San Bois No. 14 mine) can be carbonized without damege to oven
walls through expemgion. The 50:50 blend of McAlester (Bernardi mine) and
Stigler coals was judged ungafe by similar tests, and a 50:25:25 blend of
these MchAlester and Hartshorne coals and Stigler coal wae Jjudged safe.

The gases from all nine coals were relatively lean on the basis of ths
yield of 900O C. gases, expressed in British thermsl units per pound of
coal, & gases contained relatively large velumes of hydrogen sgulfide.
Wo rélgt:onshlp gould be established between the forms of sulfur in the
coal and thg distribution of sulfur in the gas and coke, Bevier coal
differed greatly from Henryetlta and McAlester coals in reapect to oxidizing
properties. It withstood the effecits of oxidation excepitionally well,
whereas Eenryetta and McAlester coals lost their coke-making jower rapldly
Stigler coal oxidized slowly; its’ characteristic rate of oxidation in air
at 100° ¢, was 0,255, waich is a_most as low &s the rate of 0.236 for
Pittaburgh-bed coal. Corresponding ‘rates for Hartshorne (San Bois No. 1k
mine), McAlester (Bernerdi mine), end McAlester (Dow Wo, 19 minc) coals
were 04335, O» 405, and ©,323, respectlvely. S o R

The results of an 1nvest1gatlon ‘of the composmtlor and carbenizing
properties of Pocahontge No. 3 coal from Kimball, MéDowell County, W, Va.,
have been published. 15/ Chemical analyses, agglutinating values, plastic”
characteristics, asgays at hlgh and low temperatures, expansion tests, and
Bureau of Mines-American Gas-Association carbonization teste at 500°; 6009,
700°, 8000, 900°, and 1,000° C, were made, Oxidized samples werc carbonlze
at 800 C., and blends w1th high-volatile Pittsburgh-bed coals at 900° C.
Pocahontas No. 3-bed coal ranks as a low-volatile “'tumlnous cozl. It con
tains 2,1 percent moisture, 16.6 percent volatile matier, 75.8 percent fixe
carbon, 5.2 percent ash, anq 0.7 percent sulfur on the as-carbonized bagis.
The ash softened at E,hOOO . The proporticns of ash and sulfur are well
below the limite specified for coals suitable for the production of metal-
lurgical coke, The agglutinating. value, at a silicon carbide-coal mixture
of 15:1, was 10,9 and the maximum plagticlty by the Glegeler plastometer
was 2.7 ¢ial divisions per minute at h81° C.

?5/ Dav1s, Js D., Reynolds, D. &,, Ode, W. H., and Holmes, C. R., Carbon-
izing Properties of Pocahontas No. 3-bed Coal from: ¥imball, McDowell
County, W. Va., and the Effect of Blendlng this Coal with Pittsburgh
bed Coal' Bureau of Mines Tech Paper 670, l9hh 35 Pp. -

22 -




