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Gases from Carbonization Tagts

The large number and varied rank of coals carbonized in the EM-AGA Sy
vey of AmeY¥ican Cozls since 1528 afford sbundant data for correlating Drope
ties of coal with those of carbonization nroducts. From correlation of tha

ields arna characteristics of gases§§ -cbitained from 79 coals at 9009.0.,
the-féildwiﬁg conclusions were drawn; :

1. Yields orf gas Trom low-, medium-, and high-velatile A coais vary
with rank of cozl on a rercentage-by-weight but net on & volume hasis.

‘2. The rank of coal indicates the physical and chemical Properiies
of gas from iow-, medium-, and high-voligtile A coals: (z) Specific Eravity
increases with decrease.in renk, (b) heating- value increases with decreass .
in rank, and (c)'chemicaiicOMposition changes with decrease. in rank - carbonp
diozide, illuminants, carbon menaxide, methane, and ethane increase while
hydrogen decreases. ‘ AR o S S

3." The rank of coal is unrelated to the hyirogen sulfide content of
the gas. .- : , . ‘

"Eigh-B.t.u. Gas from Solid Fuels

" "In.a sistement brepared. for the ratural-gas -studies of the Federal Power
Gommission, the manufacture cf-high-B.t.u._gasAfrqm s0lid fuels was considered
in some detail.z7 It was pointed cut that exhaustion of petreleums angd

with time and the Ever-possible threat of war clegrly
dictate a national reserach and development rolicy looking to the reelization
of . suitable processes for the manufacture of high-B.t,.u. dases from solid .
cfuels at levels cconomically sttainable. The paper summarizes very briefly
cognate British and Furope Vel including. the synthesis of methane
the direct hyérogenstion of coal or coke to g high-B.t.u. gas, and the dirsct
manufacture of a high-B,%.u. gas in g steam-oxygen pressure producsr. The
paper concludes‘with_the following recemmendations . -

To implement a policy looking to the manufacture of high-B.t.u..
gas from soliqd fuels, the Tellowing topics are suggested for resesrch
and development .

(1) The conversion of low-cost, caking American cosls into
noncaking fuels suitahtle for water-gas production. This
conversion must be mede by processes showing high capa-
cities and low investmeat and low operating costs,

Wolfson, ©. E., and Reynolds, D. A., Yields ana Properties of Gases
from BM-AGA Carbonization Tests at 900° (.. Bureau orf Mines Tech,
Paper .93, 19h6, 12 pp. ' o

Huff, v, J., The Manufacturs of Tigh-B.t.u, Cas from So0lid Fuels:
Federal Power Commission, Netural Ges Investigations Docket G580,
Hearings 8, pp. 5€18-9641 June 19, 1945, pp, 9508-9924, June 21, 1946.
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Tha develo orment of vater-gas processes of the hlgh capacit
lcw-velc ity type capable of handling light, small fuels,

As subdivisions undef this *opic are % the examination of
{a) continucus cxygen producers and (b) contlnuoas pro-
ducers of the revolving gas type. o
-ersion'of blue water gas toc a hlgn—B t.n. methane .
s in (a) the oxyzth-pressure producer; (b)
i talvtlc synthes®s of hethane; \c) the direct-pres-
sure hydrogenation of solﬂ& fusls.

these the first

s
\

, (2}, appéars to warrant nriority.

Gasivication of Buckvhéat Anth;athe

. In coopsration with the Anthracite Instituie, who financed the teqts,
vhich were planned by the Division of Fael Technolaby, The Permsylvania State
00116?6, a study was made on the gasification of Buckwheat No. 2 Rice) and
ckwheat No. 3 (Barlej) sizes of anthracite by means of oxygen.5t The
ests were conducted at Trail, British Columbia, in the plant of the Con-
solidated Mining & Smelting Co. of Canada, Ltd,, during September 1947,
8ix cars of Fennyslvania anthracite were ga sified, and the test pro-.
ure 1011ﬁwed was substantlailv the A 5.M.E. Test Code for Gas Producers.

It was found that synthesis gas can be “Toduced from these two sizes of
anthracite having the fo’luw1ng typical analyses, in percent:

Constituent Buckwheat Neo. 2 Buckwheat No. 3
Coz ;C.JO 17.29Q
02 .20
Iy 41.00 37.55
Co “holoo 2z Lo
CH), C L85 T3
No ‘ 1.50 1.80

ght, C. C., and Newman, L. L., The Oxygen Gasification of Anthracite
“in the Wellman-Calusha rrrduce Fresented at Joint Conference of
“the Production and Chemical Commlttees of the American Gas Associa-

tlﬁn New York, June b, 1947. Abridgsd ih Chem. and Mct. Eng., June
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The salient dperating figures are givan below:

. o T : - Buckwheat No. 2 Buckwheat No, 3:
Buraticn of test . . Y o o 25. iz T
Fuel, as fired w.v.ivevarsiaennn....1b. 63,280 15,919
Gas produced ....... . o o0 Mou. £5. . 2,987 £1h
Fuel gasified ..........1b./hr./sg. ft. 33 17
Fuel gasified .i.e.eue v.v.e....1b./hr. 2,771
Gas .per lb. Fuel’ Jivi. ol ivoo, o, L3z
Fuel per M. cu. ft. gas ............1b. 23.2
Oz per M cu. ft. 235 ... ... ucll, FH 201
02 per Ib. fuel (uveiinner vivenne.do. - BB
Steam used per 1b. fuel ...vuv.en....1b. 1.40
Steam used per M. cu. fi. gas .......d0. 32,5
Steam decomposed per 1b. fuel ......do. 0.7
Carbon in dry refuse .......,...percent 2.4
Gagification efficiency .uve.uvn....do. 82.8
Gross heating value of A5 +.viveveenes
B.t.u, per cu. ft. S 271

Considersble information was cbtained relative to operating technigue,
particularly with respect to the importance of maintaining uniform speed of
rotation of. the grate to meintain uniform fire conditions. As waes expected,
the depth of the fire zone was very thin when the Buckwheat No. 3 anthracite
was used, with. the result that the clinker was denser, and difficulty was
-experienced with the fire reaching the grate even when it operated at the
slowest rates of rotation. '

Gasification of Bubbituminous Coal and Lignite

Research and development work on gasifjcation of lignite and subbitumi-
nous coal in externslly hezted retorts was continued In the small pilot plant
at Golden, Colc., and in the large piict plant at Grand Forks, N. Dak. Im- -
proved coal-handling facilities were installed in the large plant. After ome
test in this plant it was obssrved that the welded seams in the Pluramelt
alloy retort had failed. Examination revealed that the welds contained cnly
20.9 percent chromium, which was insufficient o withstand the cperating
temperatures of 1,900 to 2,000° ¥, The alley retort was repaired and made
ready to operate, but no Further tests were completed in the large plant
during the year because of limitesd perscnnsl and funds.

At Golden, Colo., several tesis were made in the small plant to deter-
mine the optimum width of +he anrmular reaction zone. A summary report of
investigations29/ was rublished which deseribed the development of the large
rlent and all experimental data obtained thereon, with results of work done
on the small pilot plant during 1945-L6. : =

59/ Parry, V. F., Gernes, D. C,, Wagner, E..C., Goodran, J. B., and Koth,
A. W., Gesification of Lignite and Subbituminous Coal, Progress Report
for 1545-46: Bureasu of Mines Rept. of Investigations 4128, 1oLy,
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Figure 37. - Mechanism of gasification of natural lignite in
externally heated annular retort.
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Figure 38. - Mechanism of gasification of natural subbituminous
coal in externally heated annular retort.
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The probable mechanism of gasification of lignite and subbitumincus
coal in the externally heated annular retort.varying amcunts of stesm is
illustrated in figures 37 and 38 which show the theoretical balance of ma-
terials when 100 pounds of matural ccel is passed through the retert while
converting 80 percent of the carbon to gas. ' Coal eatering the upper anmulus
moves downward continually into hotter zenes., The products of thermsl de-
cempesition (water, tar, gas, and cher) form in the dpoer section and move
into the reaction zeng, where they corbine t¢ form water gas. - The char not
- consumed moves into the ldwer annulus, where it reacts with steam moving up-
ward toward the common central ges offtake. The various grades. of gss illus-
trated In figure 39 can be made by changing the temperature and steam flow.
In order to make gases having low Hp:CO retios, the ccncentration of steam
must be low and the temperature relatively high, "It has been found that
annuli 2.0 to 2.5 inches wide regquire maximum temperatures of 1,850° to
1,900O F. in the combusticn zédme to-make watebr gases ﬁaﬁing H2:00 ratics
cf 1.9:2,2. Reduced températures produte gases having higher Hp:CO ratiocs.

During the year severzl cosls were gasified in the small pilct plant,
and natural lignite was gasified at low temperstures in the large nilos
plent. Table 24 summarizes the results cf two tests at Golden on subbitumi-
ncus coal. The heat Lalance of run 15 in the small pilot nlant at Geolden
“is illustrated‘in_figure Lo, It should be ncted that runs 15A and 15B check
quite well with the theoretical date illnstrated in figure 33, and that the
maximum temperatures developed in the combusiion zone are in the range of
1,800° to 1,815 7, T SR :

The heat balance obteined during run UH on thé Iarge pilot plant at
Grand Forks, when gas having a Hp:CO ratio of 3.29 was made, is illustrated
in figure 41. ThHe analysis of the gas from this. run-is in fair agreement
with the thecretical date nf figure 39, except that the illuminants and
retharne are lower. The small pilct. plant (shown in fig. b0} has a 1.75-inch
anmulus, whereas the large pilet plant has a 3-inch annulns.. It should be
‘oted that a maximum temperature of 1,815° F. in %hé combustion zone outside
the annulus was required o make a low-Ho:(0 ratiec gag in the small pilot
plant, wvhile =z higher temperature was reguired tc make 2 similar gas in the
large plant because of the increased width of “the annulus.

s A sample of subbituminous A coal from Hyderabad-Deccan, India, was gasi-
Tied in the small plant with results given in tahle 25, and ‘the results of
low-temperature exporimentation on matural lignite in the large plant arc
Tven in table 26. The analyses of the coals gasified during the several
VStS herein reported are given in table 27y and the analyses of the gases
Bede are given in table 28. . . : : S '
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TABLE 2k, - Sunmery data on gasification of Colorado subbituminous B
ccel in the Golden, Colo,,pilot plant

RUN AND PERIOD NUMBER . (1)1713-A [ 13-C T35-2 [ 15C
te, September 10k 10:11 i1-12 13:1h
Duration e 2k Lo2h 15

€56 1 1015
23.56
5.5
T1.8
k.5

COAL. CEARGED treessaraiena.. 1D DET hOUT.
Moisture as charzed . ». perceant
Ash as charged
Gasified ...
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TARLE 25. - Summary data on- ga51f1catlon of SLbbltUﬂlnouS A coal from
Hvyderabad-Deccan, India, in uolden, Colo. ,pilot rlant

1&-A 1h-¢
17-18
1L
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TABLE 26,7 - Summarv gata on ‘gadification of Dakota Star Lignite
T ©in the -CGrand’ For{s, N, Eak.,D1lOu plant

]

52 ] 5-8 ] 5-C.
52181 2p-22) 23-25%
2,757 45.831 k9.25

—
[wr)

PUT ASD TERIOD NUMGER
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This

TARLE 28. - Anzlyses of gases Trom Cclorado subbituminous B ceal,
subbituminous A coal from Hyderabad-Deccan,. India,
and North Dakote lignitel/ R

Specific . Gross

Run - f . ' gravity |B.t.u. per cu,
and Analvs*o, pRrcent . “(air = 1.0); i :
veriod| COp [111.2/{0p | CO | Hp' |CHL [C2B6|Nz {calculated [ Obs. |- Calc.
13-A 2.2 0.K70.0[28.2155.613.310.010.3 | - 0.323 ., [30¢ 1. 307
13-¢ 12.5 31 .0(27.8156.013.31 .0 .1 _LBe2 1307 o307
15-A 12.7 2 W0]2T.3i58 2.9 L0F LS ] s WB2L 1297 L 1300
15-C 17.4 Lopowol2n.657.012.81 .00 L8 1 545 1288 1 287
1hea 13.4 2 #0125.1159.101.8 0 .1 .y w505 28y ] 292
k-3 | 13.41 .6 | .0123.8{38.5|3.01 .31 .k 516 . 308 . 310
1k-C 13.3 6 L023.9088.313.0 1 .31 L6 <5090 1305 - ‘309
ih-D 15.3 L0 Loir0.sis8 |k Lo .2 515 1 o 31k
5-4 23.6 2 0 JoillLTerie e e e b sk ety 273
5-B 2h .8 .2 .00 BuBiEL.Ei3.2 L 6.0 1 o 3he legs .27
5.0 5.4 2 oL Bi8iEaglez i 6 LT WBks.d2sT L 265
5-D | 23.61 .2 |..0012.060.1|3.31 .35 .51 ' .38 - jo70 i 272
l/ Puns 13-A, 13-0,-15-4 and: 15+C made on Colaraao sutbituminous B -coal -

Gold@n pilut ﬁlpuu. runs 14-A, 1hi B, 1h-C and 14-D. made ¢én subb¢tu—
inous A coal from Hyderabad-Deccan, India + Golden .pilet plant;
runs 5-A, 3-B, 5-C and 5~ B'made oq Loruh Dakota ngnlue - Gran¢
Forks i LlOt vlant. . R , ;
2/ Tlluminants as Cg 8156 R ;

The aevelopment of the annular re ort had reqalrea many changzee in tre
»ilot plants to find the best: ar”angewept of the reaction zone and 4o deter-
mine the optimum width cf the: annulus. Much of th?s work thas been done Jlth
mild-steel retoris because it:was necessar“ to maﬁe changas to study new con
diticns. It is now indicated:that the best arrangeﬁewt of - the ‘retort assew-
bly for the large plant is thet illustrdted in figure L2, which. 1ncorpcrates
suitable alloy parts- throughott."N terials to fabricate this assenbly were
ordered during 1947 and will Le installed and tested during 1948. A cast-

alloy retort having a 3/h*+nCﬁ wall thickness and’'a composition of 25 per-
cent chromium and 20 percent nickel has been procured for ‘testing. The Inner
retort parts will be Tade of type 4320 2liloy havi: 18 about 17 percent ‘chromium,
and the recuperstor will hs Ia%r“caued *rum tipe 309 aTloy COﬂtaTHan 25 per-
cent chromiuvm and 12 vercent n 1cLel

During the year it was dem“notr ted in the smaTl Hllot Ulant that heat-
ing the retort to = ngxi*am temperature  of 1 900 ‘F. resulted in a heat
transfer of appro ximate ely 6,000 B.t.u. per hour per square foot and a pro-
duction of 60 cubic Test oz(CO + Hp} per hour per :sguare foot. This impor-
tant demonstraticn clearly indicetes thet the cost of +he alloy for 10,000
hours of service will he about 1 cent per thousand cubic feet of (CO + Ha)
or anproximately ‘cne-fourth +be cost of oxygzen required to make the same
quantity of gas. - oy T ‘ '
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N. Dak., pilot plant.

Figure 42. - Proposed arrangement of retort assembly for Grand Forks,
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