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- Thermovouplo si,atlons 3., 2, 3, and 4 were the mein points uged 1 ‘estab- "
-lishihg the tempem.turo of the system. For run &, two additional points be- |
low points 1 znd 2, ‘respecilvely, as. shown in flgure 21, were attached o
‘controllers thet sounded an alarm vhen t.emperutures exceeded. eoteblished may.
imum values. Thé 'cemperature of the inner retort was determined by seversl
thermocouples attached to ‘the metal end located zbout as shown in Tigures 9
and 21, The location of ‘bhese Anterior thcmocouples was changed slightly
ag aifferent inner retorts were teated. They were considerel o8 research in-.\,
fermation, and only o few of the data obtc.med from Lhese poin‘bs are prcsented
in this.. rcporu. o . . ,

Tha heating vulue of gages made w&s ;neasured 'by a *Ihomas record.ing calor
imeter, which received ges from the lins after leoving the scrubbing system,
This instrument gives & continuous record-of the heating valus of the ges
The G0, content end the specific gravity of the cleaned gas olso were d.oter-
nined %y Republic ond Rancrex recording instruments. Ihese ins_tnmlents vere

‘ugeful in indlcating operating conditions, but the physical end chemical
‘properties of the gases also wore determined by direct smclysis., The . Fischer
precision gos-gnolysis apporotus snd the Burrell Orgot asnelyzer were used in
determining the composition of the gad, | Organic and inorgonie sulfur were
deternined by standard mﬂthod.s i1/

A speociel dcvzce was built to indic;.‘cc the, L.mount of undecomposed Steanm
in the moke gas. Mixed meke ges emerging from the retort and geses from the
upper znd lower onnuli were cooled., and the condengcd moisture was measured
The amount of moisture carried by the gag wes caleuylated from mca.surcments
of: the temperature angd ths; volume of gzs. : :

The tempercture of the outer wall. of the metel retort tube wos Sbscrved
by on opticul pyrometer frdm severel. ports opening through the furnace wall.:
- These ports are oan two sides of the furnace znd at several elevations, as

shown in figure 9, o

The Steom Drying Unit

A steam-drying pilot-—plant unit was built 1n conjunction with the gasuf
cation plaht to furnish dried fuel for gasificetion: A comercial. plant sams
distence from lignite mines probobly would use steam-dried lignite because of

- the considereble soving in freight by removing the moistiure ot the mine. Furs
thermore, it hos been demonatrated in the gmoll Pilot pient that steam-drieds
ligaite performs better then the nmetural fuel ocnd is & moro cfficient fuel f9
gasification purposea owing to its lcn-rcr moisture content znd better physical
prop\.rtles. - :

"The PllOu plan‘b for stcc.m-arylnc lle;nite was erected. in ‘che retort build
ing adjacent to the gaeificotion plent. Figure 19 shows the design of this
wnit with cozl. services commecting to the moin scurcc of fuel for the gas
plant and figure 20 is .2 picture of pert of the drying plent. The conveyor
delivers dried coal to the welgh belt above the retort, as.shown in Figare 18

11/ Gas Enginecrs™. He_nd.book. McGraw-Hill Book Co,, New York, 1934, pp. _501
506. . : I . T
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Figure 19. - Pilot plant for steam-drying subbituminous coal and
lignite, Grand Forks, N. Dak,
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This plant was designed afte' experience with_a smaller pilet plent,
which hasa been described in previous pualicatwonsmi_ - It hes a designed
capacity of 3,000 pounds per hour. Up to the tiue of writing this report,
the plant had not been operated; excert for short test runs, because the
fiights in the conveying system wers not adspbed te the phys;cal propsrties
oft 1ignite and fuel could not be handled mechanically. Figure 20 shows the
nteamrdrving unit as 1nsualled In one comer of the maein retort building

+

UESCRTPTIDN OF THEE GCLDELN PILOT PLANT

The basic fea?;res of the small pillot plant have been described in a
previous reporn. 2/ After yun 9, revisionz were made to & tudy the affect of
.decreaaing the width of the annular reactlon zone, and new ideas on methods
of charging and discharging materiels were tested. Previcus experiencs had
-shown “that much dust was. carried over with the gas through the 6~inch center
'tube and that the volume of the combustion charber was greater then neces-
_Sary.' A new steel retort 16 inches in dlameter was instslled, and the plant
wes revised to corz ect certain tvoub1es in the cooling and Sﬂrubb_ng sysiems

Figure 22 shows ths arrhngumhnt of the Ul@nb as it was operabed during
(1945-36, The dlameter of the retort was changed from 12 to 16 inchss, and
the width of the zpnular reaction zone was reduced Trom. 2. T5 to .2 inches.
Figure 23 shows the three basic designs of the retort, 1nuludlna the first
system tested during 1944, The thermocouples uvssd in measuring tempsratures -
at variouns places are described in figure 2%, A1l cxperimental work com-
ducted in the small piant up to December 15:5 used a water seal ab the base

' of the retort., This opereted very well, but it was a nuisance to handle

the wet char rssidues, Purthermorc, it was planned to use the char residues
for experimentation In making producsr ges for heeting the retory; therefore,
the discherging system was.cha enged to provide a dry char. ThesSe changes are
88cribed in f¢5ulb 25 wnich ghows the design of the gystem az of February

l9h6

- OBJECTIVE AND DESCRIPTION COF TESTS

. In the dsvelopment of a process for comtinuous gasification of coel in
extcrnally heated alloy retori, meny provlems not encountered in other
gasirication processes must e solved. In order that the drocess be suc~
seeasful, it must operatc at efficiencies higher thrany for avorage processes,

d becavse of relatively low capacity, the operation must be a3 simple as -
agoasihle to reduce labor costa., New materials for constructlon must be in-
sn¥estigated. Operational prectice must be developed. to insure safe heating
‘the alloy—st el retort. :

Harrington, 1. G., Serty, V.. F., and {oth, Artnur, Technical and Beo-
nomic Study of Drying Lignite end Subbituminous Coal by the Flsis-
sner Proccss: 3Buresu of Mines Tech. TPaper 633, 19k2, &b pp.

~ Parvy, v, T., harrington, L. C., end Koth, Arthur, The Preparation of
Stable Nenzlacking Fuel by Steam-Drying Subbituminous Uoal and Lig-
nite: Trens., Am. Soc. Mech, Eng., Vol. &k, 1942, pp. 177-183.
Work cited in footnote 8.
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R. I. k128

American lignites and subbituminous coals have not been used For com~ st
mercial gas droduction; therefore, much has to be learned about them with ; aays
respect to thelr treatment and handling fpr gas-making purposes, Knowledge ch
of the mechanism of gasification of these fuels must be obtained by experi« . of b
nentation in several pilot-plant steps before Gesign and construction of Sin

the final costly commercial-size plant, The Properties of the gases angd
the eclid residues obtained during the course.of gasification must be studieg
to provide mechanical meens 1o move them miformly through the retort ang -
appurtenant equipment. The low-rank fuels have natural tendencies to de-
greade Into fine dusts, which must be separated from gases. Thls creates
roblems in operation.

In making the various tests on the pilot plants, the object was not e
only to-make gas and to measure heat and materisl balances, but principally
to find out how 'to make gss efficiently at a marimm rate. It was important
to determine operating conditidns for the menufacture of various grades of
gas, &8s well as to measure the propertiscs of the gases, such as composition
and sulfur content, and of other minor constitusnts., It was well-known be-
Tore development work was started that gas could be made from low-rank fuels .
by heating them in externally heated rstorts. Thercfore, the main phase of
the development program was to Find out how to do it at & reasonable cost,

As proviously noted, the major veriables that affect yicld and quality
of gases and the efficlency and rete of gasification by this process are: .

1, Temperaturc of ths rotort. This depends on the rate of heat re~
lezse end the distribution of the heating gases ang products of combustion.

2. The width of thc aﬁnular reaction zones,

5. The relative length of top and bottom resction zones,

b, The amount of steem introduced in cech reaction zone.

5. The rate of char removel, which controls the Percentage of gasifi-
cation.

ol fi
ated
triz

6, The physical and chemical propertles of the coel, particularly its
molsture and ash content. The size of the fuel is o minor varisble 1Y it
contains no excessive finc dust and is smell encugh to move into the narrow
annulus., ) o . |
~ Teeat
The
were
warg
Wit
35t

eret

In operating the pilot plants, it was necessary to develop information
on the continuous handling of materials, on the pressures required to move
steam through the reaction zones, on the characteristics of the heating sys-
tem, and on the properties of waste materidls.

Because of the many varizbles that reguired study, the plant operators
wore tempied Lo investigate several fuctors as quickly as possible. In the
small pilet plant, a working knowledge of the effect of any varlable could
‘be Sbtained after & or 10 hours' operaticn, but ot least 24 hours were

1773 - 16 - 1775



required to determine the offect upen the large plent. Tests of severel
daya' duration aro cdvisehblc for a complete heat and materials baluncs, but
gach ‘tests were not frasible during the reletively short operciing periods
of the large plant, -end R4-hour testing rericds wore set up in order to
gadn more nowledge oFf the cffcovs of differasnt condlitions.

. A% Grand Porits, a 2i-hour testing period waa precaded by o fhzhour ad-
justment period. Generally, only one wijor varicble wss changed, but in

gome cases Lwo Oor more were changed, snd the plant was thercafiter .oberaied
for k8 hours, A belenced cquilidbrivm rats was resched within €4 houwrs aofter
a chenge in operabing conditions, snd then o 2i-hour testing poriod was main-
tained, during which tine no changes wers mede except In the rogalation of
temperctures, At the beglmning of the testing period or run, tho weight or
volume of moasurcble matcrials was deteimincd. Thercafier, hourly records
werce made of the flow of gas, cir, steam, md weter and of temperstures ot
'varioug places in the plemt. Periodicelly, special measurenents were mode

ion for ithe resgarch record. The averages of those mnetsurcneonts are reported
e e8 representing the Cpereting conditien.. Durding the 15th to 20th hour of
uels operatior, gog samples were procurcd for cnolysis, cnd thooe were considsred
of a8 representctive of the cntire 2h-hour tost period. & log wos kept of the
t operation of tho plent during the testing poviod. '

Supmory of Bums ot Grond Forks

In eddition to the preliminory trisl, which wey started on February 27,
1955, and izsted until Morsh T, Tour test rmms hove been made on the commer-
clal-zcale pileot plant. The preliminary rum wos o test to obgerve perform-
ance of cuxiliory cquipmeont, to dry out the systom, wnd Lo Tind the relatiom-
_éhip of the several controis. It wes chaerved that chongss were neccssary
in the char-reroving systom, the design of the cunter gas offtake, the
‘method of supplying steam to the char zonw, ond the heating a5 supply.
During the leat two dsys of this tricl, balonced emmditiona were attuined,
and the prelimincry trial test was considered successiul. The retort made
about 10,000 cubic feet of gue per hour at o rabte of about 50 cubic feot
Per hour per sgquore foot of heated retort surfoce.

Fursaer improvamchts were mode on the plont, ond on June 15 the first
Official run was started end extonded wntil the 20th.  The plent wes oper-
oled et lower temporatures thon these initiclly amploved in the preliminary

oW Iric) to study operating factors connected with molding woler gos of high
L 2002 content to yisld o high H, te CO ratle, A capocity of 10,000 cubic
a fest per hour wes ottained wilh o moaimun furnace temporniture of 1,8059F,
ylom The improvements in chor removel nd in supply of stecw to the chor zonc
V8. Were respensible for the bebter opcraticn during this run, but some troubles
sy&" Were experienced from dust snd char blown into tho center gos ofttoks., The
= Unit wes opercted for 192 hours under testing conditions, snd spproximately
o 23 tons of anturel lignite was gosified, This run reveeled the nced for
,ors. mprovement in thc dosign of the centor gas of ftoke, bui otherwiss the gon-

-Srator needed few altorations o prepare it for longer runs.




were sionderdized. After closing down the plent on Morch 25, provisions

1773 - 18 -
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From July to December 1545, extensive changes were mads to improve the
plant, The newv alloy retort tube had been delivered angd vas instelled wity
2 new stecl inner retort to provide a 3-inch snnuler reacticn zone insteag
of the #4-inch space previously tested. Tho ohar#ram0Val systoem wad reviseg
to provide mecans to uxtract chax Justs carried through the center gas off-
take. Expsrimental work wes conducted to study certsin factors cffecting
the carry-over of dust into the center offtake, end this led o a new de-
gign., The rotary ecropers in the char-extractor segtion were Iproved, ‘ang
z pneuwmatic system for handling the spent residues was insitslled, The coal -
hendling system was instolled, and the plent wes made ready to run on the
srrangement shown in fipure 18. T

The cbject of run 2 was to investigate the fectors influsncing gesifi-
cation capacity, Toe plant woe sterted up on December 6 and continued in
operction until the 16th. 8ix testing porilods werc established, and a mexi-
mum cepacity of 15,530 cubic feet of ges per hour wos obteined. It vwos ob- -
sorved that dust carried into the center-zone becams excesaive when the
gas-productlon rote exceeded 14,000 cubic feet of gus por hour. '

Following run 2, the totel opening of the center ges offtoke was on-
lorged from 2.56 to 4.0 squarc.feet, and some improvemente were made in the
cocl-charging systom. Tests were made oh the conl-handling systom, and it
vas found that exteonsive chenges would be nedessary to adept the new conw
voyor system to hondle lignite. The plont wes mede recdy for run 3, which
was sterted on March 6, 1946, : . S

The object of run 3 wes to study the production of low—COe water goges
and ot The some time to inveabigate the choracteristics of the new gas off~
teke, The plant.wes started on Morch 6 but had to be shub down on the 8th -
beceuse of leelks in the mild-ateel recuperztor tube nest. A new alloy stesl
recuperator was instelled, and the run continued for 265 hours until Morch
25, Six testing periods were egtablished, which produced dnte on the pro-"
duction of synthesis-iype woter gasec. By this time the pleat operated with
out difficultics, and the metheds of dbtuining and reporting operating data’

were node 0 start on extended test the following menth,

Run 4 wos storted on April 16 end contimied without  interruption until
Moy 16. The object was 1o atudy the production of wobter goses having H,/CO
ratios of 2,0 %o 3.0 and to find the moximm practical copacity without ex-
cessive blown-~over fuel undsr fixed temperature limitations, Exporimental
work was done on the gusification of lignlte. chor durlng two periods totaling
72 hours, but the moin part of the run wes on notural lignite, and 185 tons
vos gasified during 648 hours of operstion. RO

Table 1 summarizes the opernting periods of the Grand Forks plant. When
run 4 was completed, the plent had been operated 1,734 hours, During the =
four runs, 380 tons of lignite was gesifisd ond obout 16 million cubic feet
of water gas was made., A wmore detziled descripiion of each test is glven in
o following section entitled "Analyeis ond Discussion of Tests ond Exverimen~}
tal Data.”



