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Use of Amthracite in Cokg-Oven Mixes. —

A study was made of the ef ects on .quallty of cocke produced,frqm'cckq1l
aven mixes, in which a part of the low-volatile bituminous coal, ox, ina . ..
ﬁé’;instances; g part of the high-volatile pituminous «coal was replaced by . |
dhthracite fines.  Results of. research study end of operating experiences
o1 b&product'glants producing blast furnace, foundry, and demestic cokes

“ipublishediz_jf Several plants reported.ipcreased.prodnction-of fouvndry
e by use of anthracibe fines, OF the 21 plents, favorable results were .
eported in 10 plants, neutwal.or indeterminate results.in-7, and unfavor- ..
results in-4, At the:time the report was prepared, & plants were using.
fhracite Tines in regular production-of blast=furnace- coke,. and .5 in rogu-
production of foundry coke., Study of test data and of operating experi-
1 indicated that the éffects of additions of anthrecite fines to.coking
Ytures vary considerably-with' the nature of the bituminous coals used -and. =
perating conditions at tho'plant.. In general, a larger, blockier coke
produced that showed a bolbier shatter. index (percent of: coke retained -
2-inch screen after the A.S,T.M, drop shatter tcst) end a poorer hard-
index {cwmlative percpnt of coke on g 1/h-inch screen afier tho A.S.T.
mpler test). A few plants successfully used 4 to 5 percent of anthra-
Tines in their mixes for making'blastefurnace coke; and it is indicated
Heny plants can substitute 3 to 5 percent of anthracite fines for the
ercentage of low-volatile Pocghontas ccal without any serious effects. -
st-furnace opveration. Thus far, it appears that low-volatile enthra-
s preferable to high~volatile; this. observetion needs further study.
_febt of the addition of anthracite may vary with the rank, field, or
of 211 the coals used in the coke~oven mix, Preliminary tests of various
ires are of cconsiderable value -in determining the best combination of .
LS » Probably the best procedure is to start with the lawest practieal -
entage of anthracite fines. and gradually increase this, meking such .
nges in the percentages of high= and low~volatile bituminous coals as. the
9lts indicate desirable.- - S . . -

Control of Bulk Densities of Coke-Oven Charges .

Studies were made on the controk of bulk density of the coke-oven . -
and results of d.etaiig} studies of . the coals used at three byproduchs
nts w-ere-pu‘oil_:‘l.slw.eci.-T This report surmsrizes operating difficul-

ceable to fluctuations in moisture content of the coal and describes
of ‘measuring bulk density. The -A.S.T.M. standard method of test
‘employed for this measurement yielded.lower results than thoge.

=1y ecountered in coke ovens. A-modified meothod, called the dropped=

Hod, was developed which gave results that agreed with the.average

Symour, Wm., end Scmmidt, L. D., Utilization of Anthracite Fines in the
fanufacture of Byproduct Coke: Bureau of Mines Rept. of Investigations
3808, 1g9L5,.23 pp.. Sce also footnote reference 66, ' ‘
nNders, Vi 8., Schridt, L. D., and Seymour, Wm., ‘Controy 6f Bulk Den-:
Sities in Coke Ovens:. Studics on Coal Used at Three Byproduct=Coke

Plants:. Burceu of Mines Rept. of Invostigations 3807, 1943, 22 2.
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"density of the coal in the coke oven as caleulated from the welght of ¢
ani oven volume., Comparison of bulk-density measurements were mede on g
coal hefore and aficr treatment with 0.2 to 0.5 gallon e
coal. The major effects of the addition of oll to the

(1) Reduction of the Filuctuations .in buik density with changes in the HHoig
ture conbent- of the coal; (2) significent reduction in rahge of bulk 4
in & given coke oven; (3) increesc in tulk density, oxcept for coal of
moisture content; (&) reduction of the excessively high and dangerous -
Geneity for coal ab low moiSture content; and (5) lovwering the angle.of
pose ‘of the coal, except ‘at very low molsture contents, The-benefits
wmiform pull density of the coal charged to COXe OVORS arc immediatel;
evident through smoother plant operation and more uniform ccke.
needs'for;maximum:productibh of uniform~-guality coke and the inabili
coke~oven operators to obtain regalarly coal of desired purity :
phasized the immense value of careful bulk dengity control, Increascd
production of coke from existifg coke ovens end avoidence of dengerous
expanding pressures due o oxcessively high bulk densitics have been T

direct result of a@ﬁlicgtion“pf'thesé Bureaw of ‘Mines studics.,

Coke for Western Steel Production
" ‘The second most important, if not indeed the outstanding, rav nater

for ma¥ing pig iron and stecl is coal. -Deficiencies in westorn coking o
for the production of high-gquality blagh~furnace coke and lack of marke
for coke=-cven byproducts have always been serious handicaps to tochnical
progress in stoel production in the West. A report discussing the prob
incident to production of steel in'western steel plants was issued. :

' During the period 1890-19%0 the population of the 1i Western Stetes (AT
Ceiifornia, Colorado, Idsho, Montana, New Mexice, INovida, Oregon, Uteh
Washington, and Wyoming) increased noarly 240 percent, whercas that of the

other %7 States rose only 6l percent. - Accompanying this rapid gedin In
pojulation was an increasc in steel production and conswmtion in the
ern States. - Bocause the war has added considerably both to population
increased migration of war workers to the Wost and to wostorn sbeel-producs
tion capacity, the question as to the putlook,fér cantinucd use of thé g
panded capacity in the postwar years bocomes of vrgent importance. Bef
tho war the West had plants capsble of producing 2,109,000 nct tons of ingo;
steel poer yoar and afforded s marikct for steel products squivalent to aps
proximately 3,500,000 tons of ingdis, a Substantial'part of which was SUD
plicd by plants in the Central and Eastern States,  War expansion increase
production capacity to 4,655,000 tons. Postwar operations of the new planid
will depend upon the attainment of ‘geverasl c¢hjectives that involve serion
problems in recapitalization, markeling, type of steel products, adjusis
in freight-rate structure, and technical progress in- supply and improver
of raw materials, Careful anslysis of the yarious factors involved indl~
cates. thet the problems, while serious, are nov jnsurmountable barriers::

postvar operation of the new western stesl plants at 2 reasonably
. . . - N X e
71/ Bein, H. F., A Pattern for Westérn Steel FProduction: Bureau of Mines
© Inf. Circ. 7315, 1945, 35 pp.; Western Steel Problems. - Present In-
stallabions Not Viewed as Postwar Wnite Elephants: Min. and Mets,
vol. 26, 1945, pp. 329-330. ' :
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satisfactory raté._ The technical aspects of western steel-plant operation

are thorOughly ¢onsidered. FProgress in-the’ -Amprovement. of coals Trom Colo-
rado, Ttah, and Weshington for oclke - ‘mamufacture befdre and durlng the war,

and suggestlons for QOSuVaf copszderatlon are dlscussed in detail,

uontrol of Cembustlon i Beehlve-Coxe Ovens

As 2 result of tethnical stvales by Bureau eng_peers on tne oontrol of
combustzon in beehive-coke ovens, the "burning™:of coal in these ovens has
een changed from an art to a science, Th1s new information enables opers-
ors with a moderats amount of teehnical training to.determine by means of
& few gimple analytical tests and approprizte: ca?culat¢ons whether a bee-
“hive oven iz getting too 1 ttle or too much air and. whether the coal is.
eing consumed by burnlpg oris being proverly ccked, - AL repid expan51on
f the beehive~coking Andustry should ever again become necessary, there
ow need be no fear that the art. of "burning” beehive ovens. world, be: lost._
A recent pa e 'coveflng this information end other salient findings vas .
ubllshud. " Tecknical” Burveys znd asssistance znd demonstratlons of scix.
ntific control were contlnued at beehive plants during the year, glthough .
0 . aecrea31ng extont as the production of beehive coke decaned._ One. L
nt," which has been in contlnuous operation for more: than 50 years, has }
“ted a lOng-range inprovement Program based on. the findings and recam-'
endatlons of Bureau of Mincs engineers. R

Low—Temperaturo Carbdnlzatlon of Alaskan Coals

Increa31ng demamd 4n ‘Alaska f0“ llquld Iucls and lublrcants for both
and industrial- Durnoscs arcised concern regarding the supply of peuro-
priig products. A goneral’ survey of the physical‘and chemical propeftles of
epresentatlve Alaskan coals was conducted to ascertagin their potentlal

S a source ofg}¢quﬂd fucl that might suppiemont rresent imports of pe~
loum products.f2L . :Thesc i1k coals. game: from 5. mines end. one prospoect in
stricta. The location, nature of fleoor and rocf, and partings of the

eds are given for cach. of the mines,  The 1k Samples included 1 hlgh~
1ot A bltumlnous coal and 1 high~volatile B bituminous coal from ube
a8ka digtrict; 1 subbituminous Bicosl from the Broad Pags dlstrlct,
{}tumlnous C coaT from the Fortymilo. district; and 6 suoblttmlnous B
cand k- subbluumlnous ¢’ coals from the Nenana dlstrlct Ylelds of car-
ation” pro&ucna on the ag-received basis, as obtained at 5000 C by “the
f Mines modifisd Fischer low—temperauure agsay, of the hlga—wolatllﬂ'
B bituminous coals were (2) 68.8 and 72.7 percent of coke, (b} 40.9 '
;8 8 gal¢01s of tar and light oll ber ton of coal, {c) 9 and lO percent
Ty and (d) 970 and 840 B.tou. in 8as Der pound of coal, respectivel
suboltuﬂlﬂous coals teste& jgelded (a) 47 8 t0 55.9 percent of char,'

IR i ———

. .

Elley, g, A., Manuxacuure of meehive CoVe- Proc BlaSU Fhrnace and Raw
Materlala Committee, Am, Inst, Min. and Met., - Eng., vol. i, 19LL DD
6-42; dlscu551on, oo 42-ks,
elv1g,'W A.; Ode; W. H., and’ Dav1s, J.‘ D., Low-temperature Carbonlza—
ion of Alaskan Coals:; Bureau of  Mines Tech. Paper 668 19&& 16 pp.
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(b} 9. 7 to 373 gallons of tur and, llgnt 011 per ton of coal (c) 25 3 £
36,4 percent of water, and (d) 510 to 650 Batolte in gas,per‘pound of o
Of"the subbituminous coals, the subbituminous B coal frop' the Né: € bed
0ld Suntrans mine, was second in importance to the high-volatile 4’ bltuml
nous, Eskd mine, coal as a potential scurce of fuel oil; it yielded ne e
a8 much tar and light oil -~ 37,3 compared o k0. 9 gallons - bub consideriy
. T&ss earbonized- residwe ~ 47,8 compared to..68,8 percent. = and only 6LQig
' parea to 970 B t.u. in gas per pound of coal.

, A tlnple Sample of No. 4-bed coal frqm Suntrana mine Was caxt
500° dhd 600° C. by the BM-AGA metiod, and yields and guality of parboni
tion products were determined. . Data for a similar subbltuﬁlnous‘coal fr
Weld County, Cole., cbtained by the Buresu -of Minss in 1939, wers ¢ncluded
for comparison, Yields, on.the ‘as4carboniged basis), of cax uonlzatlon.p;n
ucts of the Suntrana coal.at 500° and 6009 C., respeciively, were (a)
48,8 and %k .8 percent of char; (b) 11,8 and O o6 gallons of ter and ligh
oil per ton of-coal; (¢) 52.7 and 32,3 percent of. liguor, and (d} 910 an
1, o B, t.u. in ga.s ‘per -pound of ‘coal, | The co”respondnﬁg yiclds for th
same products fram the Colorado coal were (a) 56. 7 and 51.8, (p})'1l.1 an
8. 7;, (c) ,0.5 and 29.1 and (&) 810 and 1,490, . The yleld of tar and 1ig
“oil from the® Suntrana coal Was aDDr661aDly lower snd that of B, t.u. in the
gas con51derab¢y’h1gher than ‘corregponding’ values found by tho Flscker
‘8ay tests on three samples from thls same coal. These difforchces” are dy
to the-long time. requirved for heating in batch in the BM-AGA retort at 1oy
temperatures which cause extonsive cracklng Sf the llauld products. In
" trial methods whick heat intornally by the genaible heat in inert gases
where the rate of heating is high are more practlcahle for lar ge-scal
. duction, and the llqulds can then be. removed before ﬁucn crack;ng ca“,
' place.. - :

1 . . - A

GaSIfngthn of Sanbltumlnous Coal and ngnlte

A small pilot plant -Was oneratcd for aoout 1,000 houru at Goldep
Colo., to study the tochnology of gasifying low-ranf fiels” in en cxternall
hoated retort. A large pilot plant of the Sane gcn““@l design was bullt i
Grend Forks, N. Dak., and prclimirary tests wore. made.’ Tho Drocoss was
veloped in conncehion with Bureau of Mines 1nveut1gabloqs on faW'materl
-regources for steel production as e means to suple reducing gas for’ “edu
" tion of iron ore. A report of this 1nvestigat10n was prepared.ﬁg/ :

Flgure 18 teken from tnls report shows ‘the desxgn of the smal+ pllot
plant, An alloy returt is suspanded in a comnustlon chamber snec lly

wS
9

- 80/ Parry, V. F., Gernes, b. C., Goodmar, 7D .5 Wagnef, E, Ou, Koth A
Patty, W, L., and Yeager, E. C.,- Ga51flcat10n of Ligmite and Squl
‘mirious Coal Progress Report .for 19LL (I) Carbonization end Casific
tion of Lignite in Laboratory. Reﬁort5° (II) Gasiflcatlon of Lignit
in Glover-Hest Retorts; (IIT) G631 catlon of ngpl te Char Briguel
1h a Water-Gas Machine; (IV) Gasification. ‘of Subbitiminous Cosl an
Lignite in the Golden, Colo,, Pilot Plant' Buréau of Mines Rept. ©
Investigations (in press)..
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built to connect with a’ recuperator*“ d -1 fan whlch rec;rculates produﬂts.’
of combustlon. Preheated air mixed” w1th about 3 volumes™ of pro&ucts of
combustion is passed back into the fuiriace and joins the heating gas at
~the burnmer ports, A lcw—tamnerature £I8me swirls arcund ‘the metal tube and
- produces a uniform source of heat fox the retort Lignite Cr subbituminons
coal passes through the retort in an‘annuIar spaoe ‘aboit ' 1nches wide, and
the products of gasification are’ drawn'fram the system tnrough the center

. of the charge. Products of dlsﬁil_atl_ 3 con51st*ng of bed m01sture, water
from decomposition’ of thé coal, tar, and hydrocarbon gases and vapors, are
forced to l€ave the system through the hottest sectica of the retort, They
undergo decomp051t10n ‘and” reactlon & form.varlous grades of water gas, de~-
pending upon “the temperature of ﬁhe tem and the concentratlon of steam.
Carbon redidués not gasified in the upper annulus pass downward into a "ldier
cannalus, where they comtact steam snd ave ga51fied ‘The process is contin-
uous; and gesification is carried 19 a point where the carbon regidue, vhen
further gasified to make produccr gas, w*ll fufnish enough hea% to keep the
-systcm in balancé, Under these cond;tlons ‘the niet y1e1d of water gas from
. Faw. subbltumlnous coal ig 48,000 to ‘52, OOO cubic feet per tcn, and, the nét
yleld fram raw llgnlte 15 95,000 to 36'000 cublc feet per ton. f¢_,

<
ST

Gases of the 10110W1ng compos;tlon in percent were made from raw o

,.‘ COE ‘0.- t.co;;n—;;.;oc 2608 . l, ) 8-8 ‘/
‘ Illamlnants EETTTYPRENT S B
CO ooa;npcllqao'oco 809 o 55'8
H2 .“Oo-cli........tr 58 6 5501‘1'
CH]_I_,-ooqaocoolooa-- 1}. 2 .
CEH6 ..."l..-....'x_ s .

D
I‘ig..-....-...:...-.". 5
N S 1m0

ater gas of uhe guality de51gnated a3 gas A maj e useful for the produc-

on of industrial hydrogen by scrubbing out. the 002 and CO and the gas in-
dicated as gas- B might be used for dirsct beneflclatlon of 1r0n ore or for
he manufacture of synthetic liguid fuels. ﬂ'

Table 16 gives a Drle summary of the scope of tests conducued in the
Small pllot plant durlng 1945, Dependlng upon coenditions of operatlon, the
uallty of waler gas from elther subbltumlnous coal or llgnlte farles con—

iderably,
Set of wate z 3 fog _ 106 DY . The gas con-
cax In other -

‘The experimental work
sunnorts the follow1ng general conclusions:

1. Subbltumlnous coal or 11gn1te can be gasified to any degrec up to
sut 92 percent by'roacﬁlon with steam at relatlvely low tcmperatureS._ In
he prosent system, gases containing Ho: CO ranging from 1,6:1 to 12,01 were
€ by adjusting tho _congentration of stcam when the retort Was heated ovar

¢ Temporature range of 1 , 1509 to 2,0500 F,

S
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2. Subbituminous coals, because of thein bette?' vhysical and chemj_cal
properties are sllgntly easier:to. gas:Lfy ;than the Jlignites.  However, th
is Jittle difference between the two fuels if, drled to the same molsture™
contenit, Steam-dried lignite contairing-about 10.percent moisture appear
to have better gas:.f:.ca‘h.on pro_perties than raw. sub ituminous coal.

'j. The maXimum capac:nt’y obtalnecl was, 66 cupa.c feeu of gas per sana
foot of heated retort-suriece, This capac:.ty WES reached when opera
the retort at an ave rage furnace temperature of. 1,7200 ". while pro

conditioris the rate of 'I:ra.nsfer of ha,at througn theawal_‘l.s of thc retor'b 3ids
a‘DproJClma"Gely 4,500 Botens por. hour: pey Square. foot . It is indicated

higher rates can be.gtiained by adjustment.of the w:ulth of’ the annulus e
by be‘& or dlstrlbutlo'l of tampcrature in ‘tho furn.a. Ca

lL Altnough aboa.t 02 Derccnu 01 completc gamf:.catlon can be atiains
in a single pass tnrough the retort, it is not advisable to carry out ‘gas
fication to-that extent -bgceuse of roubles - with -fine. ash and resistance ’
from the fuel bed, In commercial operatlon, it would bé desirabic to remove
‘enough carbon or char residue for subscguent gasification in a producér to"
furnish- hoat for the oxternally hoated rotort, L this werc dene, it can
be shown theoretically.that abouf 10 pounds 04 Q,sh-fvee residue, having
potential heating value of about, 1h0,000 B t.u. 1. should be extracted for’

each 1,000 cubic feot of-walcr g@s produced.‘ Undor those COIld.l‘thnS the
net meld of water gas, II‘Om

llg_rnte w:Lll be 33, OOO to 56 OOO cublc feet per “ton,

“rras ke

5. When ga.sifying raw 1ignite with steam, the net heat paseing througi
the walls of the refort to. effect gasification.is 89 t0.85 B,t.u. per cubl
foot of gas generated, ‘if sthe products of gaSlJ.lca'thIl leave the retort at
1,000° ¥, This is the theoretical net heet req_uu'ed for the reaction. Th

’ heat requlred for gasificstion changes lzttle, even though the Hp:CO. ra“t:l.
may range from 2:1 to 9:1, becavse the heat carried away in the excesg’
steanm increases with this E,:00 ratic, whersas the heat of reaciion de- -
creates. In the Golden, Colo., pilot plant, the heating efficiency was .
11-5 "bo 50 percent,; requiring 16& to 19C B, t.u. £0. mal«:e 1 cubic foot of wa
gas. In a large plant .where heat. losses can be minimized, the heating e
fleiency should .be about 65 percent, and the net hear, required for gasifie
tion of raw lignite. should be between 120 to 130 B t.u. per cupic foo’c. of
gas madc. .

Five-ton traveling electric crane

A commefclal-31ze pllot plant about s.ux 'tlmes as large as ‘the flrst'
pilot plant was built and teosted during the’ fiscal year 1945 at Grand
Forks, Wi Dak.@-_/ The arrangement and schematic design of this plant is
showm,in figure 19. The purnose of 0111&. ng this larger plant was to- obtain
data dm pperaticn @_ﬂ_d_ cogts whichk could’ not be ascertained in the smzller’
unit. The plant deslgn was zbout the Sameé as the small unit, but improve- '
ments were made to increasc efficicncy and to strcemlﬁne ha.nul_m.b of mater
ials. Two 10-day tosts were made and theé results aré summarized in ua,ble’l.
81/ Chemical and Enginecring News, A Staff Report, Lignite Gasiflcation

° Plant Shown st Grand Forks, N, Dak.: Vol. 23, July 25, 1945, pp.
1oho-12hh,

Ohily ~ 98 -
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Golden, Golo.

TABIE 16, - Summary of ga51flcatlon tegts in the small

pilot plant,

; Temperaiure 6f furnace

GTS made g COal charged o
| MoCofs . |Ratio . i o - OF,
per .ton {Ratel/ H5:C0 <  Kind - % Eategf kbﬂlmumnf Ayerage&/
171,541 59.2 k.75 |Subbit. P 1.65 1,580 T 1,655
# ‘ 75.32 66,0 357 do. I 5 2,050 : ,720-
68,98 | 48,1 | 4,01 | do. b1.39 1,910 1,590
- 67.05 | L6.6 7.18 do. 1.39 1 850 1,540
84 .37 50.4 4,73 i8. Dak. ligey 1720 1,880 1,605 .
78.59 50,3 | 3.286 | do, - 1,28 1,895 1,650;"
S - 36,1 120 (Busbit. - 1,850 1,400 -
- 38,1 | 8,72 | do. P 1,355 1,b35 .
- 9.0 § b2 doe T L7 * 1,885 1,500 -
- 52,9 7.58 | do. P 1,355 1,510
5L.10 38,7 - § dc. 1.52° e
- Lo,6 | 6,851 do.. - .1 1,840 1,485 -
- 40,3 | .7 1 doe - - 1,860 1,430
- 38T 4 T3 doe - 1,840 1,he5
- 51,0 | 5.48 1 do. - - 1,860 " 1,&90.1
57.2- ] #0,3 | = - 0. 1.1 - '
58,91 1 k3.7 L 1L.T 1 do. - 148 21,885 5ooJ
25,311 36.8 | 6,56 ngn*te" 2.91 11,850 - | 1 heo
50,62 1 45,8 | k.10 {8, Dek. 1lig, 1.81. §. 1,860 1 5Lo-
56,85 1 40.8 | 1.4 1. dow . 1.k b 2,000 0 1,510_,;
B6LTH .| W7.9 ¢ L1974 4o. L CILbh 2,009 1,510 .
T5.00 1 39.2 | 245 1 Subbit. 11,05 1. . 2,000 1,660
55.05 | . 38.7 2,72 [ Lignite | L1k b 2,000 1,690
cto77.31 1 32.8 2,41 | Subbll. : LByt 22,000 . 1,720 .
oB. | 70.95 | L0.9  3.63 do. 1,05 |7 23,5950 1 1,705 -
9C | 6157 15,5 | 3450 do. T .G T 2,000 1,700 -
9D 61.78 50.3 | 3.041-idoas - 63 : :2,b00 " ,?oo -
~1f Cu. Tt. per nour per 5q. ¥ of .retort area (31. D 54 ft, ) '

g/ Pounds per hour per Sd. ft.-o; retort area.
§f At thermocouple T. . R ‘-
b A?eragp at thermpcouples i, -m, 5, ‘and ¥,

vestlgation. Figyre 20 is an external view of -the

LI

Photographs of “the small pliot Dlant at Golden, Colo., and.-the com-

. mercialesize unit-al Grand- Forks, . Dak., indicate‘thd scope ‘of this in-

Golden laboratory and

pilot plant, and figure 23, shows-the lower secﬁlon of the’pilot. plant with
auxiliary equipmert. Figure 22 is-a general. view of the Grand Forks plant,
3h0w1ug the retort building, the lsboratory,-and gas holders.’
is built adjacent to the powex plemt at the Univeraity of
3}eurc 2% is a top view of the generstor in the large nlant.

The plant
North Dakota.
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