A perlodicel local sliippage of ash deposits followed by scounulstion st Cleaned
ureas might explein some of the veriations in the ssh. This is substontlated by the
ohservation thet the thickness of the ash deposits and the welghit of ash reccvereg
from the tube walls after rune 11, 12, and 13 did nes vary eppreclably with the 1e

of runs end total weight of esh cherged. This is shown in tahle 21 where the lengty 4 ful {
of the ring ranged from 438 to 730 hours and the welght of ash charged to the retort maﬂi
changed from 13,000 te 20,000 pounds, whoress the weight of asi collested effer the the
ru varied from 50.5 ta 59.5 poumds, This slso indicates thul with the 210-slloy

retort tube under normal experimental conditions, no difficulty woauld he CHCOUNLtereq .
due to asf hulldup. it we

TABLE 21, - Welpht of ash deposits collected from irrer wall of
310-alloy tube

- Approximate weight of Ash collecteq
Run zeh red Lo retor:, Total hours of from tube
numter pounds;/ operation wall, pounds
L . 20,000 Cou 39.5
1 et 13,000 h38 5C.5
S 1g 500 730 53.0

;f Bused on lignite fed to retort and rercentegs of asn in Pecd.

The preliminary information obtained from investigation o the bekavior of the
sulfur during the gasification process nay be pummarized as:

1., The sulfur content oaf the producl gas iz low, being only 35 to 14y
grains per 100 e.f, of whick 1.5 to 2.3 gralns per 100 o
orgaric sulfur.

BT o)
Froc
tha

= .
= Sa
ek ow LS

2. The gercentage of the sulfur charzed prescnt in the rroduct gus is
dirsctly proportional to the fraction of unreacted stoem.

3. The percentage of sullur charged present in the product gus increases

uniformly when only the steem rete to the char zone ls progressively
inoreased,

Sulfur balances are cocasionally erratic because of the difficulty of
obtaining char samples corresponiing te the gas samples used for
sutfur determination,

SUMMARY AND CONCLUSIONS

From January 1949 to the end of the “iscsl year June 3C, 1950, the Grand Forks
Pilot Plant wus operated 1,915 hours with e nominal 3-1/h-inch-wide annulus, during
which 20 mlllion cubic feck, BGC, of product ges st hydrogen-carben moroxide ratios
verying frem 1.85 to 6.50 was produced in gaelifying soue 428 tons of natursl and
stesm-dried Pekota Star lignite during 4 runs, Gas-productkion rotes ranged from 7.9
to 16,k M c.f., 8GC, per hour, end the heat-trapsfer rates through tre alloy-tube
wall werc from 2,100 to 4,400 B.t,u. per sguure foobt per hour of surface, The hydro-
gen Lo curbon moroxide retio of 1.85 was 1lhe lowest ratlo, and 16,4 M c.f., 8GC, of

Product g=e per hour was the highest rate yet resched. Both of these were obtained
with dried lignite,

A centrifugelly cast reaction tube of HE alloy cracked along the horizental weld
seam after 53 hours of erratic operation. Fyeminstion off the broken sections indi-
cated that the Pailure wes dus to improper fusioen of the weld snd unsatisfactory f%t'
ting of the two separately cast sections of the tube, No evidence of corroslion was
observed aftar 151 hours of wperation,

[l
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= lemgih A 310-slloy, rolled-plate tube vas operated 1,862 hours without incident. Care-
lengiib ful imspection and measurements after easch run indiceted that corrosicn is no longer
retort a major problem but that the Aeformation or creep at operating temperature might be
v tha the limiting factor in the tube life,

)

ﬂtZQGd Trom the dats of run 11, in which the lignite feed rate was the only variable,

it was found thet:
1. The percentuge of carbon gasified varied Inversely with the feed rate,

2. The gas yield per ton of neatural lignite decreased with an increase in
the lignite feed rate.

=

:S 3. The temperatures of the I-mer tube, measured at approximetely 1 foot

—_ and % feet sbove the gas of'ftake, decreased with increasing feed rate.
As the aversge reaction temperature is related to the inner tube tem-
peratures, this temperature should also decrease,

4. The hydrogen-carbon menoxide ratio of the gas and the amount of unde-
couposed steam per M c.f. of gas generally increased with increasing

»f the feed rute. FHowever, at the higher ratilos the change was small.

Compariscn of the gesiflcation in rum 12 of natural Dakote Ster lignite of ap-
proximately 37 percent moisture with Dakota Star lignite dried by the Fleissner
Process to 12 to 15 percent moisture undex equivalent experimental conditions showed
that dried lignite was a superior gasification material because:

1. A grester gas-preoducticn rate could be regched using drled lignite zas

a feed at normal combustion space temperatures.

8 2. A considerably higher amount of moisture- and ash-free ligmite originat-
ing from dried lignite could be fed to the retordt and a2 high percentage
of gasification maintained.

H 3, With equal feed rates of molsture- and ash-free lignite, the percentage
of carbon gesified, 2nd comsequently the gas vigld per ton of molsture-
and ash-free lignite, were substentlally higher when dried lignite was
gagifica,

i 4, The hydrogen-carbon monexide ratio of the product gas wes lower and the

Forks pcreentage steam Secomposivion nlghcr when dried lignite was gssified.

Auring :

ratios 5, The heat consumption per cubic foot of product ges wae decreased when

and .8 dry lignite was gasified,

TCo .

tube £. The average reaction temperature and the portion of the reaction space

= ﬂFd§°' actually uscd for gesification were incressed with dried lignite as the

GG, o Leed.

teined

7. The average particle size of the residue was larger and the pressure

1 drop through the anmulus was less whem dried lignite was uged.
tal we
indi- T4 wess found during run 12, in addition to the comparison of steam-dried with
ory Tit- nutural lignite reported shove, that:
on was
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Correlati
combustion-gpsa
natural Dakols

1. With egusl smounts of wa
ash-Tree lignite,
carbor gasified were highe

steam

2. With egqual smounte of
san-free lignite, the
product ges wae not
Invroduction exeept

3. Egual

gasification and g3s yiclds per ton o
lignite when admithed 1o the upper re

4. Extrepolation of the Plotted results in
addition of any steam, 1 ton of nutural Dakot
37 percent molsture and 5,5 percent ssh wolild
53 percent of the avallable carbon gusified in

32,000
ratio,

cxcept

Materisl balances Tor the streams ert

within the usual engineering standards, the aceo
103,00 percent of the input

Hest requirements for the

between 2L ,6 and 32.) percent ol the total heat in the ent

actuagl percentuge as y function of the hydrogen-
‘the moisture comtent of the limite used,
is related to the percentage og
renge of 49,1 to 65.5 percent of the ke
char and dust to thut in the gzas i
Products of
of 83.6 perc

S5L81

. Steam-driea lignite
hydrogen-~carbon monoxide ratic of
combustion space temperatures,

2, Redustion of the Teed siz
to 1-1/2 by 1/16 4inch
rzecovered after Screening from a
8nd causzd no diffisulty in the

3. Under comparable experimental corditi
carbon gasified increased 51
nonoxide ratie gf the Product gas decreass
sized feed was gasifizag,

BEfficient utiliz

ent heat recovered in the products of
reached, Radiation, conveclionr,
Also, it was poticed that g}
sengible and lstent heast in
gss,

could be used to produce a £35 with s

1.85 without using exceasive

€ of the charge from 1-1/2 py 3/8 iuch
lncreased the portion of the dried lignite
prroxinetely L5 to 93 percent
operation o the retort,

oug, the percentage ¢#
ightly and the hydrogen-carban
d wihen the smaller

on and analysis of the data votained during ruy 13, in which
ce tempersatures grd en averaga fesd rate of
Btar lignite were used, may he summarizod s

constant
470 pounds per hour of
g follows:

ler available per ton of meisture- and
the gas yield per ton snd the percantage of

r when abv least part of the live
was admitied to the uprer reaction zone.

water availsble per tan of moisture- and
hydrogen-carbon nonoxide ratis of the
influenced grestly by the locatior of sicem
gt very high stesm rates to the char zone,
Inerererts of live steam resulted in higher percentages of
f moisture- aud ash-fres
action zone.

dicated thas, witheut

a Star 11mite of

heve approximately
the production of

cubic feel of gas ut 2.0:2.1 hydrogen-csrbon Tonoxide

ation af the lowar reaction zone does not osceur
al very high steanm sdditions to thet zore,

ering end lcaving the anrular space were
wited for muterisl being oL.7 to

.

gasli'ication process were shown by heat balances to be

ering muterials, with the
carbon monoxide ratio of tha gag and

rhon gasified and the I
8% input.
nereased the percenéege of potential hest in the

.8 to B3.5 percent of the total neat inmub, The value
gasification wss the highest ever

iigher percentage of hest w

#8 removed from the retort as
the mnrescted stesm w

1th the production of g hizher ratio

« Lo -

The potential heat :n the product gss, which
i2-20 ratio of the gas, was in the
Additlon of the potentis! hest in the

snd unacsounted-for losses Tanged From 5 to 13 percent




Mumerous determinstions of the sulfur in the product gae showed the concentra-
tion to be low, in the renge of 35 to 140 grains per 100 c¢.f. of which 1,5 to 2.3
grains were organic sulfur. Sulfur in this concentration does net present any diffi-
culty in purification., The perceatuge of the original sulfur found in the product
gos was determined to be directly proportionsl to the fraction of unreacted stesm.

A better correlation was obtsined when only the steam rate to the lower reaction zone
was progressively increased, Sulfur belences occasionally were erratic due ta the
difficulty of obteining cher samples corresponding to the gas ssmples used for the
determination of sulfur,

BIBLIGGRATPHY

itant

o (1) PARRY, V.T., GERNES, D. C., GOODMAN, J. B., WACNER, E. O., KOTE, A. W., PAPIY,
W. L., and YEAGFR, E. ¢. Gasification of Lignite and Subbitiwminous Coal:
Progress Report Tor 1944. Bureau of Mines Rept. of Investigstions 3500,
1956, 50 ¢p.

(2} PARRY, V. F., GERNES, D. C., WAGNER, E, O., GOOTMAN, J. B., and KOTH, A, W.
Gasificatlon of Lignite and Subbituminous Coal: FProgress Report for
19h5-46. Buresu of Mines Rept. of Investigetions 4128, 1947, €9 pp.

(3) PAHRY, V. F., WAGNER, E. O., KOTH, A. W., and GOODMAN, J. B. Gasification of
Subbitwoinous Ceal and Lignite in Externelly Heated Hetorts., Tnd, Eng. Chem.,
vol. 40, 1948, pp. E27-641,

(%) BURR, A.C., BOLTZ, J. C., KOTH, A, W., and OPPELT, W. 0., Gasification of
Lignite in a Commercial-Scale Pilot Plamt: Progrees Report for 1947-L8,
Bureau of Mines Repl. of Investigations Loko, 1953, 28 pp.

(5) CHETRICK, M. H. Undeconposed steam in Limnite Gasification. Bureau of Mines
Rept. of Investigetioms 4738, 1950, 11 pp.

(6) HARRINGTON, L. C., PARRY, V. F,, and KOTH, A. Tecknical and Economic Study of
Drying Lignite and Subbitvminous Cozl by the Fleissner Process. Buresd of
Mines Tech, Paper 633, 1042, 84 pp,

(7) REYNOLDS, D. A., DAVIS, J. D., ODE, W, H,, WOLFSON, b, E., and BIRGE, 4. W.
Carborizing Properties of Velva Lignite from Ward County, W. Dsk., and Momarch
Coml from Skeridsn County, Wyo. Buresu of Mines Tech. Puper 495, 1546,
figure 1, p. 9.

APPENDFX

re A summary of thul porticn of the experimental deta und calculated results that

gre of primary interest are ineluded in the uppendix. Additicnal detsiled experimental

data and celeulated results frow runs 11 through 13, as listed below, are available

upon request from the Charles R. Robertson Lignite Reseurch Laboratory, Grand Forks,

N, Dak.

1. Analyses of product gas from natural snd steam-dried lignite,
Troximate and ultimate analyses of nalural and dried lignite tested.
. Bize coneist of lignite tested.
. FYroximate and ultimate anelyses of chers.

. Bize counslisl of chars.

. Static pressures, retort dimensione, and steam flow in resction zomes,
« Combustion zide temperatures of alloy tube.

3
n
3
6. B8ize consist of dust collected in steom chest.
=
8
9. Rate of heat transfer through alloy tube wall,
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