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INTRODUCTION.

A commercial-geale pilot plant for gasification of 1i
by the Bureeu of Mines at Grang Forke, N. Dak., early in 1945 as an extensioy
of work on gasification of low-rank coals initiated in a smaller pilot plapt 5
&t Goldeny,Golo., during 1943. ..The .development work on this plant wag part -
of a program to make reducing gases from lignite for beneficiation of low=
grade iron.oxgs. .The.background-of:tnia-pr@jeet.has.been deScribed in = bre
vicus repQrt«*[.;The‘presentrreportudescribes the major features of the laprgs'
pilot plant, .a.record of .experimental aperating datae during five runs total- -
ing abouy 1,800 hours, and results of exporimental work on the smsll pilot
plent at Golden during 1945, R : ' ' : :

énite was completey

This project has created  considerable interest because heretofore there
has been 1little success .in several .attempts .to gasify American lignites. '
Furthermore, the method employed is-a departure frem conventional processes.
Natural lignite is fed continuously into an externally hsated annular retort
and is converted into water gas by heat conducted through alloy metal walls
Because of the high thermsl conductivity of wmetal, the rate of gasification
is.severql.timﬁshgraatsrwthan.can be obtained when employing refractory wa;ié
The ‘process has bsen developed to g point that leaves one melor gucstion wn
enswersé - YHow long will the zlloy retort last under Practical operating -
conditions?" < and this guestion has. aronsed the interest of the Coal Divisio
of the Buresu of Mines in this new development., ' T

Owing to 'the high reactivity of the lower-rank fucls, the water-gas re
actlons proceed rapidly st medium temperaturss of 1,650°F. to 1,800°F, These
temperatures can be attained in e reacticn zone hested by external means when

 the temperature of the reLory does. not- sxvesd 1,900°F. while transferring  °
from 6,000rﬁ0A?g000 B.t.u. per hour per square foot. Such rates cre ssveral
times greater than can be attained through refractory walls as employed in -
the Didier-Bubaigl{/. anad the-Ahrens-processesz/ Therefore, the investment
coat of the gas gencrator Per unit of capzcity will be considerably lower »
for the hignerrcapacity trocees.. . However,- the maintensnce ¢0sT of metal vea-
Sels will.he-higher-thunxthat-Of-refractory rotorts, and this emphasizes the
importance;of-large-scale.operation to determine the life of an elloy retort”
wmnder practical operating conditions. - -
It is reasonsble $o assume. that.sa suitable. alloy retort will cost about -
60 cents a pound, or ebout $15'a square foot and will have & useful life of | :
10,000 to 20,000 hours. -¥hen transferring hest.at.s rate of 6,000 B,t.u. per”
bour per squere £00%,.80 10.90 cubic feet of water g28 will be made per hour +

6/ Parry, V. ¥., Gernes, D. C., Goodmen, J. B., Wegnor, E. O., Koth, A, W.,
Patty, w.‘L.,.and;Ye&gsr,.Eu.CT,uGasificatiQm.of Lignite and. Subbitu~
minous Coal, Progress Report for 194k: Burean of Mines Rept. of In-
vestigations 3501, 1946, 59 pp.

7/ Coke and Smokeless-Fusl Age, Complete Gasiflcation: Vol. 4, May 1ghkz,
b. 103,

Coles end Emokeless-Fuel Age, Clmplete Gasifieatian: Vol. 4, June 1942,
B. 127.
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. DlArcey, John M. Coke, and Howard L. McMchan in the preparation of the -
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The coopercticn of the Colov-ado School of Minés R Ben H. Purker, pveesid'
and the University of North Dakotz, John C, West, prabidmt, in i‘um:s.shing
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. BUMMARY ASSTRACT

This report prosents details of the design, constiwuction, =nd -operation
of two pilot planta for gesification of low-rank fuels that employ cxternally
heated retorts. & small pilot plant heving & capacity. of @boutb, 3,000 cubi
foot of water ge2 per hour was opa.ra ted several hundréd hours at Golden 3
.Calo. to obtoin data for design of o lurﬂ'f, plent,

A ‘cammercinl~size unit about’ ij times the capacity of the small planf'-'
was build by the Bureau of Mines on the campus.of the Univers:.ty of North
Dekota and was operated zbout 1,800 hours during 1945-4%6, This plant makes
water gos with o heating valuc of 300 B.t.u. per cubic foot from naturel lig
nite. The results of four tcsts on the large plunt, covermc the effects of
meny vawiables , arc tobulated in the report. ‘

It was proved that the COmpOulthIl of water gases dérived Trém low-renk
fuels cen be varied over a wide rengs. By changing the concentration of
steam and the temperature around the externally hected retort, water gases
having K,./0Q ratics of 2 .15 to 5.43% were obtalned in the large plent. In the
emell plant, H,/CO ratios of 10.0 have been cbteined. Operating problems in
creagse with the H, /CO ratio because of the greuter mass of steem reguired to
producs the high—ﬁydrogeﬁ wvater gases. No tar is produced in this process, ;
but the combined hydrogen ordinarily associzted with the prod.ucts of carbon
ization appear as nyﬁrocarbon gases, : :

The Dehavior of the alloy steel retort with respect to its Iife and -
cost iz an :importmt objective in the operaticn of the lorge pilot plant.
- The retort is % Tcet in dirmeter and 20 feet in length and is of clad slloy
The imner mild-stccl section is "sandwiched" between integral l/&inch.thick;_
layors of 28 percent chromiuvm heat-resisting alloy steel, It is suspended.
in a vertical fuimace thot generates tempsratures of 1,500°F, to 2,050°F. b
combustion of o mixture of gss with prehected air and’ products of ccmbumi
Thus far, during 1,300 hours of operation at 2,000°F, maxilzmm temperature,
the alloy-clad retort shows no ovidence of - fmlwﬂe. Tt 'is belleveﬂ. that. the
retort will lasi ssveral thousand hours under mild hecting conditions. - The
alloy retert tube transwiis heat ot rotes of 5,000 to 6,000 B.t.u. psr hour
per sguare foot o moke 65 to 80 cubic feet of water g2s per hour per squers
foot from natursl lignite.
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The invebtigﬂtlons hnwc dcmon%trSUed the vulua of nilot -plant stcps in
thae development of o process. The smell plant incorporated the major fea-
gures of the commercial-size plont on o reduced scale. The experionce gained
from its operation wes useiul in desigping the lorge unit, which has oporated
with few troubles. The cupncity of the units 1s in the ratio of aboul 1 to -
6. The opercting charccieristics of ecch plent arc ebout the seme, and the
experimental results obtained on coals tested in the smald unit compare well
w1th those obtained in the lur < unit. : : .

CONCLUSIONS

Experimental dmta developed as a2 1'=esult: of oneratlon of the commercial-
sizc pilot plont for 1,800 hours and the-opsration of a small pilot plant
for cbhout 2,000 hoars conflrm.prevlous conclugiong drown from operation of the
- small pluntg suppert the following additional conclusions. with respect
to larpe~sculn oneratlan' R o :

l. Vorious ﬁrdd“ﬂ of water gns hoving nefCO retios of 2.1 o 5.4 wero
mode readily from natural lignité in thg commeércial-scale externally heated
retort By adjustment of temperature - and concentratiorn of steam, These
gases were mede at rates ronging Ifrom 65 to 80 cubic feet per hour Per sguars
foot of heated surfoce’ whon epploying a reaction zone 3. inches wide. In the
gmall plent, meses heving HQ/CO ratios uwp t¢ 10 have been meds. Operat¢ng
problenms increase about in-propertion to the HQ/CO ratie or the mass rate -
through the gas OfF take porta OCpuHSL of the 1n°rcascd caucon ration of
s8tesm requ*r 1 38 . ‘

Kl

3

- 2s- The rate of vas Iormwtluq or, thc rate of neat urhnsfbv 1n the annular
retort is ﬂpproxlm“tely inversely, proporilionel to the widih of the reaction
Zohe, In the brand Forks plunt, the maxiwmum rate of heat tranufer attained
was 5,800 B.t,u, per hour per Square 1oob when cmploying a 3~inch. wide ro-
aftion zone. At this rate 75 cubic foel of water gas wag made per hour per
Sguare foot of surface. Waen using & h-inch reaction zone under eimilar con-

'*ions the maximum rhte attained wos 50 cubic feet per hour per ﬁquqré-fod£.

3. Tt 1s indicated, fram compariscn of operation of the small and large
Pilot plonts, that the capacity of the large pilot plant will increase to 90
cub¢c foet per hopr per aguare foot by reducing the width of the onmular re-

Guion ZONGS to 2.5 inches.

) 4;"“he indicoated over-zll = : ficiency of’ pﬂsific ticn is 72 pcvdeni wheh
% is nssumed that producer Fara¥] and_stuam for the process cmn be gensrated =zt
effiGiCHLlEb oft &0 and 85 Jpercent, rsspect*vei -




R. T. L4128

5. Fifty to 90 percent of the carbon in natural lignite can be converted
to water gos in a single pasz through +the externally heated retort. The opti-
muim percentage of gasification appsars to be 75 to 85 percent.

6‘--Operatiﬁg=ékﬁ ;iéhéé_thus far Andlcates thot improvements in the de-
i sign of the'ges off~-teke ports and in the cozl-charging mechanisms are neces-
. sary. When the hot gas.énd-steam issuing from the present ports exceeds a
: velocity of 4,7 feet per second, excessive guentities of char and fine dust
ere carried ovor with the ges. Gos and stenw pessing through the off-take ST
poris should not efcced 200 pounds per hour por squaieé foot of port opening.
in order Lo reduce the blown-over dusts +o.less than‘l;o.perqént of the weight
of the gos and steom. Coal must te charged at a constant rate to achieve. .-,
wnifornm opersztion, N S

DESCRIPTION OF THE GRAND FORKS PILOT PLANT

PR  Plant Site
o ~“The Greng Forks pilot-plont site wes selected because of the adventéges

offercd 2% ‘the University of North Dakota, where much experimentation on Tig- .
y nite utilization had been under way priocr to this investigation{ -Infaddition
i to 'the  teoimical adventoges from & university enviromment, the practicol ad-
' vantages of -existing power, gee, stoanm, coal-hendling, and shop equipment were
important in-‘the building ana operaticn of the pilot plant, ' R

Ihe eren “of Government preperty adjocent o the University power plant:".
shown'in Tigure 1. The University granted 0.681 acre of lend without. . -
arge to the Government ad en induccment to gréct the plant. Sats . buildings

the-lond were écnverted into loboratories) shops, storage space, znd . -
flees. A new Tirsproof retort building 25 by 50 feet at the base end 6o
ct high was erected near the existing power-plant coal bunkers. The plant
. ea wod planned $0 cocommodate futurs expmmsion end to permit eddition of
o purificition equipment. Figure 2 ia an oir view of the compus of the Tniver-~
B sity of North Dokotn, in the foreground of which iz the Government property
-adjocent 't the power plant, and figure 3 shows the plent site fram rzilroad ¢
~property Bdjcining the power plent. This property is adeguate for extensive

develdpment work on pilot plants for demonatration of new methods Tor utiliz-
“ing lignité. _ ' =

g8t

£J Hy 0
="

. r SR
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Progress of Construction of the Plant

A field oifice wes esteblishod ot the University of North, Dakota in May
1944, end part of the engineoring staff of the Subbituminous Coal and Lignite
Section vas trensierred from Golden to Greand Forks to take churge of construc-
o of the plant. The plent gite hod been designated and most of the detailed
cesigns for the -gesification wit were finished fram June I, but approval of
Wor Production Board pPriorities to begin construction of the piant vas. not re-
ceived until Juns 22, 15ki, Although the contract for erection of the retort
building was awarded in May, constyuction wed delayed: until-the latter pzrt
of September, when the land deeded to the Government by the University was
accepted by the Govornment, '

1773 . -8 -
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Figure 4. - Retort building February 1945, Grand Forks.

Figure 5. - Construction progress, December fauy,
Grand Forks.




Figure 6, - Retort building and gas piping, Grand
Forks, December 1944,

Figure 7. - Brickwork lining of the generator,
Grand Forks,
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