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TABLE 1., - Proximate and ultimate analyses of tcst anthracites

Chegtnut Buckwheat No, 1 and Rice {mixed)
Dry, bry,
Dry, ash-free basis, Dry, ash-free basis,
percent percent percent percent
Proximate:
Volatile c.cescsses 5.9 8.0 5.7 7.0
Fixed carbon .vausa 67.7 92,0 75.86 931.0
AsSh secuamncenconas 26-4 - 18.7 -
Ultimate:
Hydrogen saseasssas 2.1 2.9 2.2 2.7
Carbon .asesssasass 67.3 91.4 75.5 92,9
NitTogen eeessavecas .8 1.1 o8 1.0
OXYEED sooacesoence 2.3 3.1 L.9 2.3
SULiur .s.oicessanesas 1.1 1.5 -9 L.l
Ash sseccesavosscns 26.4 - 18.7 -
Heating value,,.,B,t.u. | 10,815 14,695 12,060 14,835
TABLE 2. = Screen analyses of test anthracites
Scereen size Chestnutlf Buckwheat No. 1 and Rice'ﬂmixedjgf
(round holes) , Direct, | Cumulative, Direct, Cumulative,
inches percent percent percent percent
Plus-1-5/8 (.ciieneoans 30.6 30.6 - -
-1-5/8, + 13/16 ...... 68.3 98.9 - -
-13/16, + 9/16 ....... -3 99.4 3.2 3.2
=9/16, + 5/16 cevaenns o2 99.6 60.2 63.4
-5/16, + 3/16 ..ueenn. ot 99.7 29.2 92,6
-3/16, + 3/32 Liiiii.n «3 100.0 5.3 97.9
=3/32, + 3/64 (iisens. - - 1.1 99.0
Minus~3/64 iieeanovaan - - 1.0 100.0

1/ Bulk density, 56.16 1b,/cu.ft,
2/ Bulk density, 55.26 lb./cu.ft.

DISCUSSION OF RESULTS

The operating test data for the larger, higher asfi coal are summarized in takle
3 and for the smaller coal in table 4, In additien to the hourly arithmetic averages
for each run, averages for each test were also calculated. The length of the runs
was governed by the gquantity of coal that could be delivered to the plant conveyor
when the railroad facilities were not being used for other purposes. A period was
terminated when it was estimated that only one ¢oal charge remained in the storage
hopper, The coal charged was weighed in carload lots and kept separate for each
period,

Information was expected from the tests regarding the extent to whieh the steam:
oxygen ratio might be reduced without adversely affecting the operation, as excess
steam is the greatest source of inefficiency in the Lurgi process. With anthracite
having high fusion-point ash, presumably less steam would be required to prevent
clinkering, However, the effect of lower steam:oxygen ratios could not be studied,
gince, despite the experimental nature of the work, it was necessary for the producer
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ta be maintained in normal operating condition. Tables 5 and 6 show that 51 to 50
pounds of steam was supplied to the generator per M cubic feet of raw gas produced
from dry Chestnut and 53 to 56 pounds for the dry Rice~Buckwheat mixture., Dccompo-
‘sition of steam was 36 to 29 percent with the Chestnut coal and 38 to 35 percent with
the Buckwhecat-Rice mixture, As the stcam:oxygen ratios were not varied extensivelw,

- the influence of this variable was not wholly determinable,

TABLE 3. - Queraling data for test Alf

"RuR NO. ceavuvuvunnvusnsnusaaavcas wae| A=L A=2 A-3 A-4 A=5 |Average
"DAte ivivscsscaessaarsisosrassnsaneas |0f25-26|6/26-2716/27-28 (6/28-2916/29-30|6/25-30
Duration of rYun ...cesoesseassas DTS, 26,33 24,67 22,75 26.00 22,00 24,35
Coal (dry) .iiiicecacanonnccan « Ib./hr.| 12,427) 16,731 16,437 | 16,720 15,419| 15,547
Coal (dry and ash-free) ..... 1b./hr. 9,04%} 12,191} 12,0061 12,187 | 11,221| 11,329
Oxygen (100 percent pure)Z/ ..... e

...................... cu. fr.o/hr.) 72,326| 82,302 83,0471 79,548 80,329 79,310
High-pressure stear3/ ....... 1b./hr. 20,165 23,948 24,282} 24,540| 25,183| 23,627
Gas (TAW) ..vevsnensavess cll. FE /Ry, 1393,5321471,963 442,370 (428,672 |416,6111430,629
Gas (COz-free) ,,..uvewa. cu. Lt./hr.(290,427|353,972(326,469 (316,789(305,376|318,607
Hy + CO suievnsnceraannsre CU. ft./hr,|262,092{320,463 (294,618 |285,067|277,4631287,94L

Gas composition, perccnt:

CO2 tenevncrasorsssnsnsasssasrnnns 26,2 25.0 26,2 26.1 26.7 26.0
CoHp cmvsennnnnns reimaasaas sesmnon .3 .2 .2 o2 2 .2

Ceeserrsseresasse et st abany 26.2 27.5 26.5 25.7 25.3 26.3
Hy vvesesnnsnrarsosoonsanssncnsoes 40.4 40.4 40.1 41,8 41.3 40.6
CGHy vennne raceases tassimcraaanso van 5.4 5.1 5.4 5.7 5.4 5.4
Ny tecsacencronsneseasssansoscsnes 1.5 1.8 1.6 1.5 1.1 1.5
HoS cavunersncn grains/1G0 cu, ft. 258 272 267 299 276 274

Cross heating value:

BAW cuvcnnvaraveses Bob,ufeu, ft, 278 276 275 278 275 276
COgp-free ......evounnwss DOL Ly, 376 369 373 376 376 374

Steam decomposition ..ae.euss percent 35.9 36.2 32.9 30.7 28,9 32.9
Carbon CONVELrSION cvewewews vors DO 87.3 77.2 74.3 70.1 73.7 76.5

Temperatures, ° F.:

High-pressure steam ...veccsecssras 588 586 592 295 595 581
OXYEEN vcavnsmosnsnnnsns wedwnavens 273 275 277 300 304 286
Generator oXift .soseasnssscascrnsas 1,116} 1,033 991 954 988 1,016
Water-cooler exit .yiorvvesnanesas 367 369 372 370 363 368
Waste-heat-boiler eXit (cuisvsnnses 313 313 324 313 313 313
Primary-heat-exchanger exit ...... 202 267 267 214 216 233

1/ A1l data ar 60° F, and 30 inches Hg.
2/ Calculated. Actual 02 ranged from 92.3 to 96.8 percent purity.
3/ Total steam: Includes that from powerplant and from producer jacket,

The test resulls alsc indicated the influence of oxygen:coal ratios upon the per-
centages of carbon converted into raw gas. The highest conversion, calculated on the
basis of carbou in the product gas, was obtained in periods A-1 and B-2, when the
oxygen:coal ratios were highest, Consumption of oxygen per M cuble feet of raw gas
averaged 185 cubic feet for dry GChestnut-size anthracite and 167 cubic feet for the
dry Rice-Buckwheat mixture.
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TABLE 4, - Operating data for test Bif
Ruml NO, seunueovsuocasrssessavannane] B-l B~2 B-3 B-4 B-5 Avef;g;
DBLE sevsesoecsvsscrsoressssoonnanna]0/30-7/1 T/l=2y 7/2-3| 7/3-4| 7/4-6|6/30-7/6
Duration Of Ul sesscssasnsness DTS, 22,83 16,33 31.33 22.67 36,42 25,92
Coal (ArY) «vessnrassaveases Lbo/hr.| 14,661 | 14,579 15,038 16,358{ 15,099 15,147
Coal (dry and ash-free) .... lb./hr.| 11,873 11,812 12,124 13,192 12,180 12,236
Oxygen (100 percent pure)gf cooranwe ?
searesesavesresaasane . fEL/hrl| 78,878 | 84,051 84,796 84,0151 86,322 83,612
High-pressure steam3/ ...... ib./hr.| 25,882 | 28,102] 27,485 27,046 26,336 26:970
Gas (X¥aw) .osesaancessss CU. Lt./hr, [464,667 | 526,2731505,725]505,949 499,323 500,387
Gas (C0p-free sswsssees cu, ft,/hr,|348,500 | 393,652{379,294380,474(377,488 375,882
Hy + CO vevonnveenreeres e, ££./hr,|314,580 | 354,182 340,859 1340,353 (340,039 338,003
Gas composition, percent:
CO2 +vsvcernoannsavanseararsrnons 25.0 25,2 25,0 24,8 24,4 24,9
CoHp setaracnacsrasrcscaniananansa W1 .2 2 .1 £ 2 .2
CO LR BB BB R IR IR B R BB B B B B BRI BN 26.9 26‘6 26!9 26-7 27-5 26.9
Hy vevevnncrrvvoorsnsrenncnsrncas 4G.8 40,7 40,5 40,6 40.6 40.6
CHyf sovsasecnnscanaaracsncsacnnns 5.6 5.7 5.9 6.1 5.9 5.8
Nz LI BB I B B BRI BN IR BB B BN BN BE BB BL K BB 1.6 l‘6 105 1‘7 1.4 1.6
HyS .evevonon. grains/10G cu. ft. 208 165 179 184 184 184
Gross heating value:
RAW .escwoesanrsws Bo.t.u,fou, ft, 278 280 283 282 285 282
COy-free .veeoenvsssens DOL wenn 371 375 378 374 379 375
Steam decomposition .,....s. percent 34,6 38.1 35,5 35.6 33.1 35.8
Carbon CONVErSiOn ...asssvccse DOs o 76.8 88.0 82,4 75.1 81,0 80,7
Temperatures, ° F,:
High-pressure SLEAM .sscssvoenvos 597 593 600 599 390 596
Oxygen SR N BN AP I IR A AN BRI N D 300 289 280 284 267 284
Generator exit ..ccecuwssvavcncces| 1,009 1,006 1,074 1,052 1,036 1,035
Water-cooler exit ..scosssseassso 374 374 368 368 368 370 L 5
Waste-heat-boiler eXit iasessnsas 327 340 340 336 334 335 3}
Primary-heat-exchanger exif .,,s. 234 257 255 255 255 251

1/ All data at 60° F, and 30 inches Hg,
2/ Calculated. Actual 0y ranged from 92,3 to 96,8 percent purity.
3/ Total steam: Includes that from powerplant and from producer jacket.

The capacity of the gasifier was not determined when operating with American
anthracites because of the restrictions imposed upon operating conditions by the
necessity of producing gas for the grid and the limited supply of oxygen available
for each gasifier, The highest throughput of coal (273 pounds on a dry basis per
square foot of reaction zone area per hour, or 199 pounds (dry, ash-free) ) was
obtained during periods A-2 and A~4. The results show,however, that the lowest rate
of carbon conversion was in period A-4; hence, it is assumed that the carbomn losses
were highest in this period. In test B-4 the throughput of coal was 267 pounds on 2
dry basis per square foot or 215 pounds on a dry, ash~free basis; the carbon conver-
sion was only 75.1 percent, the lowest of any of the tests of the Rice~Buckwheat
mixture, Therefore, with the limited oxygen available, the throughput rate was in-
creased at the expense of increased unburned carbon in the ash. Comparison of these
results with data reported on the use of anthracite in the Bureau of Mines experimﬂntal
Turgi gasifier shows that the steam:oxysen ratlos are similar, 0.325 to 0,287 pound
of steam per cubic foot of oxygen for the Bureau's experimental unit and 0.33 to
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0.28 pound for the commercial-size gasifier. The steam:coal ratio for the Bureau's
experimental Lurgi unit was 2,78 pounds of steam per pound ef coal (dry, ash-free),

whereas the steam:coal ratioc was only 2,09 pounds of steam per pound of coal (dry, !
ash-free) in test A and 2.21 pounds in test B. In caleulating the weight of coal on
a dry basis the moisture content determined in the Steinkohlengas laboratorles was
used, since it was believed that the moisture determination made by the Bureau of
Mines before the coal was shipped would not represent the cocal as charged. However,
the Bureau's analysis of the ash content was used, because the ash determinations
made in the Steinkohlengas laboratories were higher in all tests than those showvm
by the Bureau's regular ASTM procedures. These differences are believed to have
been due to variations 1in sampling.

TABLE 5, - Process components calculated on unit basis for test All

A-1 (A-2 | A-3 | A-4 | A-5 {Averape

Ratios per pound fuel {(dry):

OXYEET tivoevnsavannsssnsnsannsn cubic feet | 5,82 | 4,92 | 4,96 [ 4,76 5,21 5.13
SLCAMl vivevenuonnasaaanasnananarans pounds 1.6211.43 ) 1.48 | 1.47| 1.63 1.53
Gas produced ...i..essssecsssssa cuble feet | 31,71 28,21 26,9 | 25.6! 27.07 27.9
Gas (CO2-fTee) vviverserenanenncnns Do, .. | 23.4|21.2| 19.9| 19.0| 19.81 20.7
CO + Hy tivivrnnrrronrsnnnnornsronses Do. .. { 2L.1( 19,2} 17,9 | 17.1| 18.0] 18.7
Ratios per pound fuel {dry, ash-free):
OEYEEDL mvenncrerncnnes Gesnbusanann. Do. 8,00f6.751 6,921 6,53| 7.16| 7.07
SEEAM suvesrensssronnrovarrsoasnanea pounds 2.23 11,91 2.0212.0L] 2.24) 2.09
3as produced ...... rrecenreunea cuble feet | 43,5 38,7 36.9 | 35,2 37.1] 38,3
Gazg (COz-free} ...i.uiierecrancnnacas Do. .. 32.1| 29.0! 27.2126.01 27.21 28.3
CO+Hy sevvnvareans Cesasaersans veo Do L. | 29,0 26,3 24.5] 23,41 24.7] 25.6

Ratios per cubic feet pure oxXygen:

Gas produced ....viivevnnnaansassas Doy oy | 3,44 5,741 5,331 5,39] 5,19 5.42 :
Gas (COP~EEEe) .euenranarssnnrennn. Do. .. | 4.02) 4,30/ 3.93] 3,98} 3.80{ 4.01 %
CO +Hy tevnrrrnnrsnnaranss vesnaraa Do. .. | 3.62: 3.89| 3.55| 3,58 3.45| 3.62 i
SEEAM 4einvravonssrnsassnsonnsasrna PGUndS 28 .29 .3G 31 31 30
Fuel (dry) cuvevvurenenenssnornonsess Do. .17 W20 .20 AT .19 .19
Fuel (dry, ash-free) civisenisnananss Do. .13 .15 .15 .15 .14 14

. Ratios per M cubic feet gas produced:

A Fuel (dry) crrenreinie e ivananannass Bo. | 31.6| 35.5| 37,2 | 39,0{ 37.0] 36.1

3 Fuel (dry, ash-free) ,.eeeeveserrrans Do, ! 23.0| 25.8| 27.1| 28.4| 26.9! 26.2
SERAM wusurnivensntncnrorarasaserssass DO, 51.2| 50,7 | 54.9 | 57.3| 60.5] 34.9

. OAVEEIL vevaurannronmrecaunsnans cubic feet 184 174 188 | 186 193 185

F Ratics per M cubic feet gas (COp-free):

; Fuel (drF¥) cevecvssavaranss vesesave pounds | 42,8} 47.31 50.1} 52.8 50.5| 48.7 !

¥ Fuel (dry, ash-free) ......uuss ereass Doo | 31,1} 34,41 36,87 38,5| 36,7 35.5 E
Steam Luivesssevsnrosancnsasatnansana Do. | 69.4} 67.7[ 74.4] 82.5| 74.3| 73.7 i
CAFEBIL vuvvvmeannsnsserasnerass Cubic feet 2491 233 254 251] 263 250 !

. Ratios per hour per square feet, reaction i
' zone cross-section:

Gag produced .v.eacvrrsnranarsreans «» Do, ., | 0,421|7,701|7,218 |6,994(6,797| 7,026
Gag (CO2-free) .ieieesennsnsennenns Do. 4,73915,775 15,327 (5,169 (4,383| 5,199
Fuel {dry) vevevieenresanas erar e pounds 203 273 268 273 252 254
Fuel (dry, ash-free) iiiiienceinnnven Do. 148 189 196 199 183 185
Ratios per M cubic feet CO + Ho:2/
Fuel (dry) couierocececnencnanonnnens Bo. 47,41 52,2 55.8) 58,7 55.6 53,9
Fuel (dry, ash-free) ..viiesesnaiensss Do, 34.5] 38.0| 40.7} 42.8| 40,4 39.3
SEEAM 4 ivennacasansonemarnnncrsnrnass Do. 77.3] 74,5 84,6 8B4,.5! 89.9 82.6
OXVEEBN .,y esvasenrvesssrsnssans Cubic feal 276 257 282 279 290 277
1/ All volumes are at 60° F. and 30 inches Hg., dry,
- 2/ TFigures uncorrected for CH; in gas. : :
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TABIL.E 6. - Process components calculated on unit basis for test Bl{

B-1 B-2 B-3 B-4 B-5 | Average

Ratios per pound fuel (dry):
OxygEH ssensanresernnavsss Clubic feet 5.38 J.77 5.64 5.14 5.72 5.53
Stegrﬂ LR B IR B R - LN BN B BN N B N N N W] Pounds ll?? 1!93 1'83 1'65 1‘74 1.78

Gas produced ...i.i.a... +.. cubic feet| 3l.7 | 36,1! 33.6} 30.91 33.1 33.1
Gas (Coz"fre-E) LR I RN N N N A Do. .. 23-8 2?.0 25.2 23.3 25.0 24-9
CO+ H2 AL B B B BRI B RN B B B B R DOI L ] 2]--5 24.3 22.7 20'8 22.5 22-4 ?

Ratics per pound fuel (dry, ash-free);
OXYEEIL svosassosasansssascnno DO .. 6.64 7.12 6.9% ] 6,371 7.09 6.8%4
Bteam sessesasesrsnnsonravacasas pounds| 2.18 | 2.38] 2.,27] 2,05} 2.16 2.21
Gas produced ......cevse2e cubic feet| 39,1 | 45.6| 41.7] 38.4 | 41,0 41.2
Gas (COp~free) ..uveieasnavass DO oo 29.4 | 33,3 31.3( 28.8 | 3l1.0 30.8
CO + H2 evavssaenanntnsosennns DOs oo 26.5 30.0 28.1 25,8 27.9 27.7

Ratios per cubic feet pure oxygen:
Gas produced ....eveeccassrnse DOs s 5.8% 6.26 5.%6 6.02 5.78 5.98
Gas (CGOp-free} cocesvevvanones Doo oo | 442 | A.68| 4,47 | &.53 | 4.37 4.49
CO 4+ Ho vesnvasnnsannnsnanasas Doo o, 3.99 | 4.21 | 4.02] 4,05 3.9 4,04

Steam O N N POUDdS .33 .33 .32 .32 .31 .32
Fue:l- (dry) L N N RO RO N NI Ry DO. 119 |1?I .18 020 ¢18 .].8
Fuel (dry, ash-free) ....... vees Do, .15 14 .14 .16 .14 .15

Ratios per M cubic feei gas produced:
Fuel (dry) 1RSI E R P E YIRS N O DO; 31-6 27-7 29-7 32-3 30.2 30.3

Fuel (dry, ash-£fre€) ....soss »ss Do, 25,6 | 22,0, 24.,0] 26.1) 24.4 24,4
SLeAM cevwccrsanancnsaa L A A Do, 55-? 53-4 5404 53.5 520? 53-9
OXYZEN +assarcosssssaannae Clble feet 176 150 168 166 173 167

Ratios per M cubic feet gas (COy-free):
Fuel (dry} coesessssscenssesss pounds| 42,1 37,0 39,7 | 43.0| 40.0 40.4
Fuel (dry, ash-free) .....saevsos Do.| 34.1 | 30.0| 32.0| 34,7 32.3 32.6
Steam ......... cevasrra evesseses Do 74,31 71.4% 72,5 1.1 70,0 71.9
OXYZON wanescanns sessrasss cubic feet 226 214 224 221 229 223

Ratios per hour per square feet,
reaction zone cross-sectlon:

Gas produced ..i.ivvvrereos enes DO, .. | 7,581 | 8,587 | 8,251 | 8,255 | 8,147 8,164
Gas (CO9-Free) suvevssnsanannn Do. ..| 5,686 | 6,423 | 6,189 6,208 | 6,159 | 6,133
Fuel (dry) L N AN NN pounds 235 238 245 267 246 247
Fuel (dry, ash-free) ....... veeo Do, 154 193 198 215 199 200

Ratios per M cubic feet CO + szgj

Fuel (dry) ersnsssrossenrcanasae DO 46.6 41.2 441 48.1 44 .4 44.9
Fuel (dry, ash-free) ......s20.. Do.| 37,7 | 33.3] 35.6| 38.81 35.8 36,2
SLCAMm tuaasenucasusssasrcuensngs DO, 82.8 78,5 79.9| 79.0 78.7 73.8
Oxygen cosssssssresrsenara Cubic fEet_ 251 238 249 247 254 248
1/ All volumes are at 60° F. and 30 inches Hg., dry.
2/ These figures are uncorrected for CH,, in gas,

No data are presented for the quantity of residual ash or for the combustible
material remaining in the ash. It was not practicable to obtain this information
because of the method used in dispesing of the ash. The ash discharged from the
gasifier dropped onteo a helt conveyor which was used to remove ash from all the units
in the plant. Although analyses were made for combustible matter in the ash, the
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results did not répresent the actual operation of the gasifier, because the lighter,
low=carbon portion of the ash was carried away in the wash water used to flush the
ash onto the conveyor.

The oxygen for the tests was supplied by Linde-Frankl air-separation plants de-
signed to produce oxygen of 95 percent purity; however, the oxygen actually used
ranged from 93.2 to 96.8 percent purity. The oxygen data shown in tables 3 and & have
been adjusted to a 100-percent-purity basis. As already pointed out, most of the
tests probably were conducted under less than optimum oxygen conditions, as the supply
was determined by the amount available rather than by the quantity considered neces-
sary. The oxygen-metering aquipment had certain limitations, and at various times
the oxygen supply to the gasifier appeared to fluctuate. The reasons for these fluc-
tuations could not be determined; however, the tests indicated that they are inhexent
in the oxygen system rather than in the gasification process,

Gas analyses were run on an hourly basis with a conventional fuel-gas apparatus.
Attempts were made to limit the carbon dioxide in the gas to 24-26 percent, since
this was indicated as a satisfactory range for the coal repularly used in the gas
producer, No attempt was made to vary the gas composition beyond this range.
Calorific values of the gas were calculated to a COq-free basis.

Table 7 was prepared to show operating data from various Fixzed-hed generators
burning anthracite, The table indicates that the highest gasification rate {cubic
feet/square foot/hour) was obtained in the tests conducted at Doxsten, Germany.
The quantity of coal gasified per square foot of reaction zone was two or more
times that reported for the other gasifiers.

The tests with Pennsylvania anthracite in Germany indicated that certain changes
are necessary in the mechanical grate of the Lurgi gasifier. The German plant was
designed to gasify a mildly caking coal containing ash of a character different from
that of the anthracite. As a result, the ash-discharge mechanism was unsatisfactory
for the anthracite tests. Although the grate was designed for water-cooled opera-
tions, it is being operated without water, because the cooling effect of the steam
feed is considered sufficilent to protect the grate.

PROCESS EVALUATION

Cost estimates have been made by Alberts, Gumz, and otherség-llf on the produc~
tion of gaseous fuels from solid fuels, employing the Lurgi gasification techaique.,
However, most of the data used in these estimates were extrapolated from bench-scale
and pilot~plant investigations. Gasification of the specially prepared anthracite
in Germany provides operating data that is used to evaluate the overall economics of
a proposed process for producing a high~B.t.u. gas. A flowsheet of a complete proc-
esg based on these date, which includes shift conversion, purification, and methana-
tion, is shown in figure 6. Composition of the gases at various steps of the process
are also shown. The projected plant theoretically would be completely integrated
with a mining operation and designed to produce daily 90 million standard cubic feet
of a synthetic pipeline gas. Calculations for methanation are based fo some extent

10/ Alberts, L. W., Bardin, J. S., Beery, D. W., Jones, H. R., and Vidt, E. J.,
FProduction of Methane From Coal; Chem. Eng. Prog., vol, &8, No. 10,
Qctober 1952, pp. 486-493,

i1l/ Gumz, W., and Foster, J. J., A Critical Survey of Methods of Making a High
B.t.u. Gas From Coal; Gas Production Res. Comnmittee, Am. Gas Assoc. Res.
Bull, 6, July 1953, 88 pp.
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pn operational datalgf frorn laboratory experimentation, Although the Bureau feelg
that the assumptions mads for this plaent are sound, it recognizes that further ex-
perimental work is necessary on hot-dust removal, shifting gases containing large

proportions of steam, and methanation bto verify the assumptions made in connection
with this proposad process.

A5 the Steinkohlengas, A. C., gasifier was desigued primarily for a mildly-
caking ecoal, it appsars that the final determination of the economics of producing
high-3.t,u. gas from anthraclie would require not only a complete engineering study
of the major units comprising the Lurgi process, followed by a detailed investiga-
tion of the capital investment involved, but the ercction of a prototype installa-
tion designed to take full advantage of the special characteristics of anthracite,
For those reasons, only the raw-material costs developed in the German tests have
been given in this report.

The proposed process (ses fig. 6) begins at the coal-preparation plant, where
the run-of-mine coal is processed into z waterial suitable for gasification. The
desinn of the preparation plant would depend, of course, an the type, size, and
carbon and ash content of the carbonaceous material that would give optimum operat-
ing results, Therefore, the final desipgn of a preparation plant must await further
studies on the entire gasification process.

The [eed selccted is transferred to a storage bin and fed through a lock hopper
into the gasification umit, The plant would have 19 gasificrs (l2-foot 1.d,) if
rouszh=cleaned Chestnut anthraclite werc used; however, the gasification plant would
have cighleen 12-fool gasificrs for a washed and screened Rice-Buclwheat mixture,
Rasad on carbon conversions of 80.7 and 76.5 percent obtained in the tests for the
Buckwheat-Rice mixture and Cheslnut, respectively, the feed to the gasifiers would
be 217 tons per hour of coal, 107 tone per hour of ouxygen (95 percent), and 773,000
pound per hour of steam for the Rice-Buckwheat mix and 267 tons per hour of coal,
122 tons per hour of oxygen (95 percent), and 814,000 pound per hour of steam for
Chestnut.

The raw Lurgi gas leaving the generators would pass through a heat-recovery
system consisting ol waste-heat boilers and heat exchangers. It is calculated that
in the waste-heat boilers 15%,300 pound per hour of steam would be produced at 345
p. 6. L, and BOO° F.

To provide enough oxygen (95 percent pure) for the process, a 2,600-ton oxygen
plant would be required for gasifying Chestnut and a 2,400-ton oxygen plant fox the
Buckwheat-Rice wmixturc. The oxygen would be fed inte the gas generators at a pres-
surc of about 360 p, s, i,

In the gas leaving Lhe hcat-rccovery system a certain amount of dust is en-
Lrained, which, it is proposed, should be ramoved hot before it reaches the shift
converter. (The Lurgi pasifiers require excess steam to prevent climkers and
protect the grate, since they are not designed to handle hard clinkers; therefore,
the steam decomposition of only 32.9 and 35.8 percent for the Chestnut and Buckwheat-
Rice gasified resulted in large quantities of unyeacted stcam in the raw gas.) The
dust-removal system should remove the dust at temperatures high enmough to allow the
unreacted steam to pass into the shift converter with thes gas. The dedusted gas
would enter the shift-couversien unit at about 700° ¥. and 330 p. s. i.

12/ Greyson, M., Demeter, J. J., Schlesinger, M. D., Jehnson, G. E., Jonakin, J.,
and Myers, J. W., Synthesis of Mcthanc: Bureau of Mines Rept. of
Investigations 5137, 1955, 50 pp.
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The composition of the gas leaving the converter is calculated to be as follows:

Chestnut Rice=Buckwheat,
TLercent percent
COZ LRI I R I R R A R N TR | 32.5 31.8
CO tuvevocacvonnrstavrcnsvesanerscn 15.2 15.4
HY vevensacnsnanacorusseerorsosnen 45.8 46,0
0114 L B B B - BT R NN CRE R AR R RN R N RN R R, 5:0 5-2
Cn}lrn LB EE-EL I B N BN BN B R N A N N NN ] .l ¢2
Nz LN N R NN L N N N NFYTERER] 1-04 1.4

After leaving the converter, the gas passes through a heat-recovery systenm,
where 232,000 pounds per hour of steam is produced at 300 Ps S« L. and 550° F, The
temperature of the gas entering the purification train will depend on the process,
that is, ethanolamine, Rectisol, or hot carbonate. An ethanolamine system requires

- iron oxide and activated char to remcve residual Hy8 and organic sulfur, The gas is
purified at 100° ¥. and a pressure of 310 p. s. i.

The composition of the purified gas is as follows:

Chestnut, Rice=Buckwheat,
percent percent
Coz L N R - R e N N Y AR AR ] - -
Cn]{rﬂ AL L BB BB B RE- RN BN TR B R R Y 0.2 003
CO LR R Rl N N N E ] 22'5 22-5
N 68.0 674
CHp venannrersssancenecassvannsnes 7.3 7.7
No sacessrarsacaserssesssansnnvsrns 2,0 2.l

In the Rectisol process HpS, organic sulfur compounds, and COy are extracted at
low temperatures, The hot carbonate process, recently developed by the Bureau of
Mines,13/ removes C0p and H,8 at 200° F. and 310 p. s. 1,

Following the purification system, the gas enters the methanation unit, where a
product gas 1s made having the following comnstituents:

Chestnut, Rice-Buckwheat,
Dpercent percent
002 llt"ol.tlollltlt-.--.l.la.ﬂlolt.l. lvl 1.1
Cn}l-rn Icl‘lvtlﬁlolildll.l.ttal..ll.l.‘ll 15 09
CO b.-...II'II.III.lélill.lhll‘...l.'l'l I? t?
H2 L R R N T NN NN E R 6.0 5.8
CH4 LA R RN ARl Y N A N R R E] 85-7 85.4
N2 nnll.‘...'l..!e.lI.!.llﬂ..nla----!!. 6!0 6.1
Gross heating value, B.t.u,/cu, ft. ... 900,0 506.0

The temperature of the reacticn is controlled by a gas recycle stream, A third
waste-hcat recouvery system is used to produce 369,100 pounds of steam per hour at
300 p. 8. i. and 550° ¥,

13/ Benson, H. E., Field, J. H., and Haynes, W, P., Improved Process For COy
Absorption Uses Hot Carbonate Solutions: Chem, Fng. Prog., vol. 52, No. 16,
October 1956, pp. 433-438.
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According to the operating data obtained from the Lests performed in Germany 3
the following averave quantities of materials would ba needed to produce 1,000 cuéié
feet of high-B. t. u. gas from Chestnut anthracite containing 26 percent ash: Coal,
143 pounds; oxygen (95 percent pure), 769 standard cubic feet: and steam, 217 POund;
The data indicated that to produce the same guantity of gas from a Buclwheat-Rice
mixture containing L9 pereent ash would require 116 pounds of coal, 674 (95 percent
pure} cubic feet of oxygen and 200 pounds of stcam.

Although the material requirements enumerated in the preceding paragraph were
evolved directly from the German tests, which were cunducted under less than opt imum
conditions, they are used in figure 7 to delineate the cost of praducing 1,000 cubf
feet aof high-B., t., u, gas, the coust of the carbonaceous feed material being the Only
variable. The cost of oxygen and sream werc assumed to be $0,20 per M standard .
cubic fret and $0.40 per M pound, respectively,

With coal at $4 per ton, the cost of materials, calculatad on average test;re-
sults obtained with the Chestnut, would be about 52 cents per M cubic feet of high;
B. t. u, gas; for the Rice-Buckwhesat mixture at the same price, the cost would be ..
approximately 45 cents per M cubic feet, The material costs for the two periodsf
(A-1 and B-2) in which the highest carben conversions were cbtained are also used
to show what might be expected if the gasifier were operated under more favorable
conditions. With the price of coal at $4 per ton, raw-material costs, calculated o
Lest results obtained in periods A-1 and B-2, would be about 49 cents and 42 cents,
respectively. In equipmeni designed primarily for anthracite and opcrated under -
optimum conditions, a 93-percent carbon conversion might well be obtained, which :
would be even more favorable with respect to cost, ' '

Comparison of the results obrained in this study with those reported by Albert
et al. will show the economic merits of the Luxgi pressure gasification of anthraﬁi
Their report indicated that the synthesis gas for the plant described was produced
in 12-foot (f. d.) Lurgi units, The matexial requirements reported for the gasific
tion process were 90.1 pounds of fual, 4B8.5 cubic fect of 95 percent oxygen, and
2508 pounds of superheated stesm per M cubic feer of final pipeline gas. The fuel
consumption was based upon a noncaking fuel assumed to have a heating value of 13
B.t.u. per pound. The approximate compeosition of the raw gas reported by Alberts’
et al,, gas leaving the purification and methanation units, and the pipeline gas ar
shown in table 8. R

TABLE 8. ~ Gas analyses, percent

Gas leaving .
Raw Lurgi initial Gas leaving Pipeline
gas purification methanation gas_ |
}{ LN RN AR ENENERENENENENENN] 40 54‘8 * l
O a2 27.4 j 86 g
€02 veveossncsansncnsarasass 30 4.1 22.1 - L0
CHKI- R N N N N Y R R 5] 10.9 63.6 ) 80'9
Coly and illuminants ....... 1 ' 1.4 2,85 3‘5”
Ng eoasseoveresncascacansenss 1 1.4 2.85 3.1
VOLUMES wvvuevreensrnononas 100 73.0 35,0 27.3

The gas is then compressed to 1,000 p. s. i. for pipeline transmission. -Thgz
methane synthesized in the Lurgi gas generator is advantageous in the production £
high-B, t. u. gas; however, to makc a synthesis gas for manufacturing kydrogen E0 .
used in the direct reduction of iron ore or for the production of ammonia, the Lurg
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gencrator would have to he operated at a higher gasification rate or with a shallower
fuel hed. The higher gasilicatlon rate and shallower bed would dscrease the contact
time and result in a Lurgi gas containing less methane,.

The cost of reactants per M cubic fect of ¢0 + Hy, based on test resuits for
periods A-1 and B-2, is shown in figure & - with the price of coal the only wvariable
and 05 and steam at $0,20 per M standard cubic feel and $0.40 per M pound, respec-
tively. Since Lurgi gas contains methane, the CO + H, equivalent of the gas for
periods A-l apd B-2 was alse calculated, and the material costs, based on the calcu-
lations, are also shown in fipure 8. Assuming a price of $4.00 per ton, the fipure
shows that the material cousls per M cubic feet of CO + Hy would be about 18 cents for
period a-1l and 16 cents for period B-2Z, Based on the CO + Hp equivalent of the
Lurgi gas, the cost per M cubic feet of CO + Hy would be approximately l4 ceuts for
period A-l and 12 cenks for peried B-2,

Direct material costs per M cubic feel of high~B. t. u. gas, calculated on the
basis of the Dorsten test resulbs, indicate that Lurgi gasificatlon of anthracite
is also comparable with other processes proposed for high-B. t. u. gas manufacture,
as reported in the literature,l& 15 16 17/

CONCLUSIONS

The results of the tests of American anthracite in the commercial Lurgi gasifier
at Dorsten, Germany, show that the overall carbon and oxygen requirements for syn=-
thesis~gas production compare Favorably with any f£luid-bed or coal-suspension process
thueg far reported for any research or commercial operatiom,

The differences in the inherent characteristics of the coal used in this test
and that regularly gazified at Dorsten were reflected in the performance of the
equipment. Bureau of Mines engincers observing the tests agreed with the Lurgi
engineers that certain charges would have to be made in the gasifier to take advan-
tage of the high ach-fusion temperature of anthracite. The Bureau recognizes that
tha ultimate design of an econonic anthracite gasification process will require
further research and development to improve the various stages that comprise Lthe
coal-to-pipeline-gas process.

Work cited in footnote 11 (p. 15).
strimbeck, G, R., Holden, J. H., McGee, J. P., and Hirst, L. L., Recent Work by
the Bureau of Mines on the Gasification of Pulverized Coal: Proc. Am. Gas
Assoc,, 1955, pp., 1006-1037.
16/ Grossman, P. R., and Curtis, R. W., Pulverized-Coal-Fired Gasifier for Produc-
tion of Carbon Monoxide and Hydrogen: Trans. ASME, vol. 74, 1954, pp. 689-
695,
17/ ‘Totzek, F., Synthesis Gas From the Koppers-Tatzek Gasifiers: Chem. Eng. Prog.,
vol, 50, No., 4, 1934, pp. 182-187.
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