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FRETARCE AND DEVELOPMERT, SYNTHES1S-CAS LAEORATORIES AND PILOT FLANTS,
MORCANTOWH, W. VA., AWD FIELD TESIZ, GORGAS, ATA.

Ezporlmertal Development of Frocssscs for Producing SmtheslB Gad

There 12 an aver-ilncreaning appreciation of the fact that tho now daval-
opiente In coal gagificatlon are of wajor importancs :n datermiring tke cowbt
of synthetic liguid fuels. The cest n® aynthesis gay ia £0 to 70 percent of
the total cost of pRacline produced fram acel hy the 28 gynthasls prucesa,
Intenslve work hed boen cenduzted on the pxperlmental developmsnt of pulver-
tzad zonl gasif icatlon with oxygen and B§ieAm at Morgantown, W. VE. Fisld-
semle experimentatlon in undergrounid gasilicatlon of cozl haa centlmied at
Gorgas, Ala,

Tnring the peast yoar plarming of improved facilitics for procass develop=
ment work inocoal gealfizetlon was continned 1n connectlen with ihe new EBurean
atatlon at Morgantown tnat has been epproved by Cemgress.

leverizeﬂ-[]ml-'&&ai.[‘ic&tinn Flloct Flanta,
Morgan hown, W. VA.

Inrlng Lhe pazt year experiments have been crrricd on Jn three typed of
gagification arits. The rssulta of work om the smelleRt it are contalned
In & raport;'; recent'y ‘saued. 1T thtg unit akeut 20 ponnds of powisred co&al
1a gaaifled per hour, and 1%a operatinon hasz reanlted in a bether unAsratanding
of the conditlens under which a given ccal cBI e gaaified with meaxinum ef{i-
clency.=f Thie apporatus proved to te comvenlent aleo faor evalupting the sese
wltr welchk various typss of coel can be geellied.

Atmoarherilc Tregaurs Gaalfier

deacr inedd/4/ was remodsled to peduce the interior dlameter 5o tkat, with tie
auzilinry equirment availabls, runy could be neds more nearly ab capazlty.
During the year eight more test runs were made tn this urnlt, whiash then wWa3
atgmant ed to meke roum for & newly designed amospherle-preazare gaalifler.

The lﬂr%n:: ‘500 Ib. roal/hour) strospheric proofire generater, Trevictaly
W

_L? SebEAtlan, 4. J. S., Bdeburn, P. «., ponar, ¥., Sonitiecld, L. W., and
8ecymidt, L. Do, Laboratory-Saals Work on firntheaia-Gas Productica:
furean of Mines Rept. of Trreaptlpations 4757, 1931, bl vp.

2/ BSebsstimn, John . S., Ertact of Verisbleos 'n Powdered Coal nasif leutlon:
frogented vefore the Ges and Fus> Diviailom of The fmorican Chemical
Society, Dismond Jukilee Meeting, New York, B, T., Sedt. T, 1951,

3/ Symihetlc Liquid Fuels Armual Retart of the Secretary of the Irterior for
1050¢, rbart T. - 011 from Geogsl: Eureal of Mlnea Fept. of Investigatlone
w70, 1951, pp. 51-59.

L/ strimbeck, G. B., Holdsn, . H., Rockenbach, L. P., Cordiner, ¢, ., Jr.,

apd Schmldt, L. D., Filot-Fiant naz ficatien of Pulverized Ceal with

oxyyen and Eighly Sunerheated Steam: PBureal of Mines Rept. of

[mveatigations 4733, 1550, WLoap.
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This new unit gasifies about 500 pounds of coal per hour. It was designed
in cooperation with the Babcock & Wilcox Co., which also fabricated the unit.
This gasifier, shown in figure 4L, was designed to determine the physical con-
struction that would be necessary in a larger-scale apparatus; that is, it can
be considered the prototype of & large-scale gasifier. OStudles will be made of
(1) slag tapping and (2) the behavior of slag on water-cooled tubes, which can
be installed to simulate a waste-heat boiler. The unit is constructed so that
individual sections (that is, the slag pot, primary reacticn zone, secondary
reaction zZone, and gas-cooling zone) may be changed or revised wlthout changing
other sections. The reactants, coal and oxygen at atmospheric temperature and
steam at 1,000° F,, are introduced at the top of the primary reaction zone.

The two coal and oxygen nozzles are directed downward in such & way as to 1m-
pinge on the pool of liquid slag at the bottom of the gasifier and, at the

same time, impart a spin to the reactants in the gaoifier. Ample mrovision
also has been made for introducing reactants at other locations 1n the reactor.

A small portion of the make gas 1s drawn down through the lower throat
into the slag pot and thence back to the main gas stream to help in attaining
adequate throat temperatures for slag tapping. The larger portion of the make
gas goes upward into the secondary zone; the purpose of this zone 1s to provide
cooling, so that the fly ash carried in the gas will not coat the cooling tubes.
From the cooling zone the gas goes to the dust-removal traln. The latter is
substantlally as described in Report of Investlgations h733,§/ except that the
cyclone dust collectors have been removed. Experience indicates that the res-
1dues removed in the dust train are high in ash content and consequently have
go little value that dry removal is unnecessary. In flgure 45 the lower part
of the unit, slag pot, and part of the primary reaction zone are shown. Figure
46 18 a view of the upper part of the unit. Test rune on this gasifier vere
begun in August 1951 and are continuing. Too few data have been obtalned to
permit drawing final conclusions, However, the unlt has functicned well mechan-
ically, and 1t has been shown that the gases can be handled in the cooling sectlor
without serious bulld-up of fly ash on the tubes, The present work is concen-
trated on reactant-nozzle design and placement.

Preasure Gagifier

Synthesis gas 1s almost always used at high pressures. The coat of com-
pressing synthesis gas to the pressure at which it 1s used is a mejor cost
item. Consequently, 1t 1s desirable to develop a gasifier that will operate
at preasures somewhat above that of the usage pressure. In the case of Flscher-
Tropsch plants for making synthetic liquid fuelsg, this usage pressure 1s about
30 atmospheres or approximately 450 p.s.i. The experimental pressure gasifier
built at Morgantown is designed for gasifying 500 pounds of powdered coal per
hour at an operating pressure of up to 30 atmospheres.é/ Figures 47 and 48
show the design of this pressure gasifier. Early test runs in this high-pres-
sure unit have been made at 100 p.s.l. pressure, using oxygen at atmospheric
temperatures and steam at l,OOOO F. Because of dlfficulty in obtaining proper
equipment, the oxygen has not been preheated. New equimment now on order will
permit work at high oxygen temperatures and higher gasifier pressures.

5/ See footnote 4.
6/ See footnote 3.
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21aRG 0 - 32 - 10

75




SEEEEELE
R

Figure 45, - Atmospheric-pressure gasifier (capacity, 500 pounds of coal per hour),
showing slag pot and primary and secondary reaction zones.




Figure 46, - Atmospheric-pressure gasifier (capacity, 500 pounds of coa per hour),
showing upper part of unit and dust-removal equipment.
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In the early runa, the reactants were Introduced through separate nozzleo.
Theme nozzles were in B horizemisl plane and tangent to Atout a 4 ~inch-diamster
circle. Harly teatz chowed that refraciary llnlngs could not be waintained in
the upper part of the generator under these cenditiena, A new rozzle {flg, 43)
was designed %o introducs all reactanis vertlcally dewrward througk the fop.
The coml - cerried by inert gas - enters through the center tube. Into the
gpace arcund thls tubw the czygen and steam are introducsd the mizture iz in-
jeevid Into the ceal stream through the gmall holes, Thla method of entry
results In excellent mixing of the reactants end prevants development of ex-
cenaive heat &t the top of the generator. Tals neozzle im alap used e & heat-
up burrcr. For that purpoee, natural gha 15 admitted through the coal tube,
cxygen through the meXt comcentrlc spece, and air through the next space,
Turing & run, a small amamt of lnert gas la admlitted <o the air space, This
providae seme insulating effect between the Jacket and the oxygen-stieam tube.
Teat ™ma with thls nozzle have shown very hlgh percentages of gaoificaticn
at low oxygen consumption and with ILittos refractory damags.

The criginal generator design mrovided for & suppert coll to carry tke
refractary lining. Tests showed that the tooling effect from this coll was
exceasive at the slag throat. Several turns have vesn remeved from bthe coil,
end the zgelfisr Internel diameter of the refractery liring ls new 12 Inches
along itz entire length.

[hroughputs of more than 115 pounds of coal por wabic foot of reactor
rolume per howr have been obtained at 100 p.a.l.gz. 1heas righ throughpuls
were even greater than antleipeted and promise 1ewer gasification costs than
sxrpected. Tabls 20 ghews the pericrmance of the pressure gasifler at this
high threughput rate. The high percentage of carbon gaeified, togsther with
the rather low reguirements of coal, uxygen, and ztstm per thowszend cuble feet
of hydrogen apd earbon momorlde produced, also promise lowel coata, Perform-
ance in B large-scale masifisr no deubt would he gtill bettsr becaure of da-
creased heat losz per pournd of coal gealfilsd, Severe sroslon of the refractory
Lining cocurred dwrlng the testa. Additienal teats wili he made to determine
whather operatior with & watsr-cooleld coil covered with a "atondy-otate"
thickness of elag ja feazible.

The projeched program for this unit calis for teat runs in the mressure
range 100 Lo 450 p.a.l.g., using supcrheated steanm, preheated oxyzen, and
prensated coal.

All of the pilot-plant, work has demonstrated that walverized coal can be
satiafactorlly groified under ash-alagging conditions, with eocnomical Conswaep-
tion of oEymern. The program 4s now projected eallas for inteneive testing and
squlmment develepment for both high- and low-preagurs gEpiTlcutlon.




TABLE 20. - Typlcal performance of pressure gasifier operating at
100 pounds per square inch pressure cn pulverized,
Sewickley-bed coal

TUration OFf TUlle.eeoeseresosssrassnsnssssnssarasassensseesy JOUrE 10
RAW COBL PBEO .. v-nsensrasssassasssansrsnessssssasssansesslb./hr. 463
Stoam Inlet LEMPOrBIITe. . .evsversseoaasencasnocarnsasossanses B 931
Process oxygen inlet temperatiure........eseveevecsensssosasasdo. 60
Coal Inlet temMPErBtUre.csevensascessnrneransssrsascionsananessdOs 327
Oxygen input per pound COBL.....seeeseeeeessnssseseas8td.cuft. 9.2
Steam input per pound COBL....c.cccessavsnsncsnansesssveresaalds 0.3

Synthesis gas analysis (corrected far inert gas Introduced with
coal) percent:

B0 s ssesesanussnnasssstosesssanssssnssnsssvsnasnstsssanssn 7.1
I1IuminBnte. svieceeanns s sacscensassssssssasnsssasnnanssnns 5
D e eusuonnoannoannsnnsssesnsatossssnsssssncnsnssssssnaces 344
C0uuunanesosononssosoansosssansassssssasscesssnssasnnssss 55 4
Ho 4+ COuieevnvnnssannsanssssasasansseersesaaeBtdocu,ft. per hour 12,870
Total carbon gasifled....ccecesceasecnsasssssasacnssasss.porcent 88
Coal required per M.c.f, (Ho + COJuivvrernvrenansnncnasasnsesdbe 36
Oxygen required per M.c.f. (Ho + CO)evverrrirnnssness . 8td.cu.ft, 333
Process steam input per M.c.f. (Hp + CO)u.veersvassarasansssslb, 10.9

Auxiliary Experiments

Some small-scale experiments have been carried out on a gasifier that uses
pulsating £low. The obJjective of pulsating flow is to increase the rate of
transferring both heat and material to the carbon particles by moving the gas
surrounding the particle back and forth past the particle so that the carbon
continually comes In contact with more gasifying agent. The pulsations are
achieved by providing a gasifier with an exit too small to carry off immedlately
all the products of reaction. The resulting pressure rise causes a momentary
stop in the reactant supply, in turn causing the pressure to fall. The result-
ing pressure fluctuations cause waves to travel down the exit pipe, moving the
gas with respect to the carbon particle. Insufficient data are available to
draw firm conclusions as to the operating characteristics of this gasifier,
but pulsations have been achleved at about 100 cycles per secand, and through-
put rates of the order of 1,000 pound of coal per cubic foot of gmsifier volume
per hour have been cbtained. No data are available on the percentage gasifi-
cation of the coal at these high throughput rates. Severe erosion of the re-
fractory lining occurred, and the possibility of operation with a slag-covered,
water-cooled reactor wall is to be investigamted.

Since the gasification of powdered coal is, in general, a cocurrent proc-
ess, the exit gas leaves at a high temperature, carrying with it a considerable
amount of sensible heat., To utilize this senslible heat, it must be transferred
to the entering reactant streams. Hence, studies have been carried out on e~
heating of the entering coal. Powdered coal in dense phase flow from the feeder
(described in the two previous Annual Reports) is passed through a tube in the
form of a coil that is heated externally, Coal side-heat transfer coefficientd
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of the order of 40 D.t.u. per aquare Tooh per Loar per dsgres F. have teen
determired. It has been demonatrated thet coklng coel cun be heated to

700° F. In a emall-diameter tube (0.2 inch inside dlameter) wlthout build-up
of ary deposits on the tube wall., The usc of rreheated coal as foad o &
gaeif icatlon unlit w111 be tasted on the sma”l gasifler during the coming yeer,

Pregaurs Grop measuramsnts on the flow of denss coal-alr miztusee through
tubaﬁlf haye been carreolsted on an emplrical basls, Figure 50 shows {ﬁ-PﬁL}P
p.otted against “he mmas veloclty, vhere A4fp/L 1s the mressure drop iIn pounde
per square foot of length smd p 12 the averapgs depnaity of the coal-air miztirs
in poundas per cublc Cfuot. The curves L&y Le corsldered to consist of two
straight asgments, Pacausc the pointy o izflectlon 1lis on & gtraight line and
the lines [or the different dismetere are parallel, an smpirleal eguatlon that
represents the resulia with ar ACCUTAT) of ubout 5 percent ia given below,

For G(a po /1037 >1950, ppo/u = 0.z oelE 0

3.5 035 /m0.T2,

n

and for ¢lapf /L3250, ApP L

o ig the mass velocliy ln pounds per gecond ner squars foot, and D 1a the ln-
#1de djameter of the tube n feet.

Conveying and Feeding Towdered Conl Under Predsure

48 the hlgh cost of corpreazing gyntienis gas favers gagifying coal at
elevated rresaures, 1t wAs recesgary to develop & method for continuoiely con-
verlng and eharging finely powdered coal into & prasaurized gas genarator.
Exjerimental work st pressBures up to 150 pounds per sguare Inch has besr. carrled
cut in the apparatus shown fn Figars Sl

|

The investigatinnaif showed th=at powdered coal cun be conveyad pneummtic-
8lly, in a dense rhase, from & fluidized bed and diacharged at a congiAnt rats,
Wity sther conditions equal, the discharge rale was found to he solely a func-
tisn of the pressure differentlsl across & copveving line of ziven dimenslons,
irrespentive of the magnitude of ihe operating progeurs. As the alfferencs in
presoure between the fluldizer and receiver 1s increased, the coal feed rate
Incresssa. The amourt of coml conveyed per unit velume of gus, redaured at the
exlating pressure, 1z virtuelly conetent 2t all pperallirg pressures, an geen
fron the dingram i figure 53. For the tyde (high-velatile West Virginia bitu-
minous!} and perticle size (3.5 percenl Lhrough 200-moel) conl conveyed bF
ritrogenh throuzn ccpper tuhlnmg (12 feet long, 3/L6-1nct inatde dlamelor), and
+he type of upright funnel inist deed, thia vatis was 25.7 pounia per cuble
foet of conveying ges. However, the welght of poel carried per unit woight
«f corvering gas, repregerted by the uppsr curve, is ssen to decresss rapldly
with increesalme coeratlng ore3aursi,

77 Alorigtt, O. W., Helden, J. H., Simena, H.o P, and Sckmidw, L. ., Pressure
Jrop in Flow of Dense Coal-Alr Mizxtursa: Ind. Eng. Chem., vol. 43, 1951,
pp. 1837-1840.

&/ Ierxer, X. R., Sebazilan, J. J. 8., Schnids, L. D,., end Simona, H. F..
Prompure Feeder for Powdered Coal or @ther Finely Divlded Solida; Ind.
Eng. Chem,, vol. 43, May 1951, pP. L2oh-1200.
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Gas Purlfication

Development of Analytical Methods

During 1951, satlsfactory procedures were established for determining
nitric oxide, naphthalene, iron carbonyl, and solid and liquid impurdties in
crude and alsc in highly purified synthesls gas.,

In connection with laboratory experiments on the catalytic removal of
oxygen fram synthesis gas, an analytical method was studied for determining
low concentrations of oxygen in gas. The method adopted was a colorimetric
one, which is described in the literature, but this laboratory increased the
accuracy of the method by measuring the color intensity with a spectropho-
tometer rather than by visual comparison using Nessler tubes. The sensitiv-
ity of the method can be noted from the calibration curve shown in flgure 53.

Bench-Scale Experiments

Bench-scale experiments were conducted to study the perfarmance of a
copper-chromium-vanadium catalyst at elevated temperatures and pressures for
removing similtaneously the hydrogen sulfide and organic sulfur compounds
from synthesis gas. Earlier work with thils catalyst at atmospheric pressure
has been described in the Annual Report for 1950, The pressure at which the
operation is carrled out has a considerable effect, both irn the efficlency
of sulfur removal and in the total amount of sulfur abscrbed before regener-
ation 1s necessary., ZEmploylng two catalyst beds in series operating at a
pressure of 300 p.s.i.g. and temperatures of 450° and 300° C., the total
sulfur content of raw synthesis gas containing 540 grains of HoS and 33
graing of organic sulfur per 100 cu. ft. was reduced to less than 0.1 grain
per 100 cu. ft. Indeed, the total sulfur outlet generally ranged from 0.00
to 0.02 grain per 100 cu. ft. Before regeneration was requlred, the catalyst
absorbed about 15 percent of its welght in sulfur - about 40 percent more
than at atmospheric pressure.

Flgure 54 shows the bench-scale apparatus used in catalytic removal of
gulfur at elevated pressures. Construction 1s underway on three catalyst
reactors for use in the purification pilot plant.

At the request of the Demonstration Plant, a limited number of experi-
ments were made to study the catalytic removal of small amounts of oxygen
from synthesis gas. The tests were made at 575° F. and 300 p.s.l.g., using
copper turnings as the catalyst. Employlng space velocitles as high as
20,000 standard cubic feet per cubic foot of reactor volume per hour, the
oxygen content of the gas was reduced from 0.9 percent to less than 0.1
percent, In view of the fact that in plant practice the copper catalyst
would be subJjected to traces of sulfur, experiments were performed to study
the catalytic activity of heavily sulfided copper. Results indicated that
sulfided copper effects the removal of oxygen as efficlently as unsulfided
copper. This catalytic activity of copper sulfide is important, as 1t elimi-

nates the need of regenerating the copper catalyst when 1t becomes fouled
with sulfur,
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Figure 37, - Effect of steom used for regeneration on hydrogen solfide concentration

in lean trietlhanclamine splytion,



Operation of Pllot FPlant

The gaa-purification research program at Morgantown always contemplated
the necesslty of ilnelvding sulfur recovery as a feature of the ges-purifica-
ticn system in any large commsrciel plent., This wap besed not only on the
impertant eredite resulting from the sale of byproduct anlfur, but oo the
asaumption tkat venbirg sappreciable emounts of sulfur in cne form or another
could not he tolerated. In wlew of the critlcal supply eiltustion of sulfur
today, tae need for sulfur recavery ls evident,

Numerous pilot-plant rime have besn made, with the primery object of
atudying ths effectivensse of varlous eolaticns ln selectively removing hydro-
gon anlfide from & gas czontasiming & relatively large smount of carbon dloxide.
Among the abacrbente stbdisd have been triethanclamine, sodium carbomats,
potasaium carbonate, and tipotassium phosphate. It wag desireble alao to
obtain engugh data po that coat sstimates could be mAde on the mriflcation
of gases baving various compositions, A atudy wae made of the effecy af veri-
oug concentratitns of esluticne, the affect of varying concentratlicma of carpon
diczide end hydrogen sulfide in the raw gmas on the mate of circulatlon of the
golutlon, the effect of organic sulfur compounds cn the purifylng sclutlon,
tho offect of sarubbing rates on residual hydrogen sulfide In the gas, and the
foaming sherecteristics of the scrubbing medlum.

Deta from 37 runa In which triethapclamins was ussd have baen correlated
and the dats are presented graphieally in flgures 55, 56,snd 57.

Flgure 55 showe the effect of carhon dloxide concentreflon 1n the rew g=8
on tristhanclamine scrubbing rates, Flgure 56 shows the effect of scrubbing
rates of 20, 30, and 50 percent triethanclumine on the rempval of carbon dioxids.
Although the curves 1n flgure 5¢ mra for & raw ges containing 15 percent carbon
dfoxlde, they have been found to be accurate encugh through the reange of 5 to
25 parcent carbon dlozide if the abecilses {carbon dicxlds removed} 1z Increased
b7y 0.1 percent for sach addltlon=l 1.0 parcent carbon dicxide 1n the raw gma.

As the atesm used In regenerating fouled abearbenta canatitutes the great-
5t part of hydrogen aulflde removel coate, pilot-plant dats were cbtadnsd com
the emount of stesm required to glve varilous concentrations of hydrogern sulflde
in & lean 35-percent triethancismine solutien. During these pllet-plart runa,
the ligquid:gas ratic was held conatant, so that & correlation could be obtalned
betwean the hyirogen aulflde content of the lean solution and the hydrogen
gulfide content of the puriflied gaw leaving the ebsorber. Theae data, plctied
in figure 57, were cbtalned during the initial rune with trietheanclamine when
the reactivator wae cperated at a prossure of 20 p.6.i.g. Although the steam
consumption and hydrogen sulfide content of the lean solubtion will vary with
reactivator preesure, the relaticnshlp between hydrogen sulfide 1o soluticn
and hydrogen su~fide In the parlfisd gms will hold true.

The potassium phosphate process for selsctive remgval of hydrogen sulflde
13 belng studled at present in the pilot plant, When uslng triethanclamine
and a raw gas contrining 350 gralna of hydrogen sulfide per 100 cu. 1, and
15 percent carbon dioxzide, an acld gee contalning about 1O percent hydrogen
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sulfide was obtained. Data thus far obtained on the phosphate process indi-
cate that, using this stme gas, an acid gas having a hydrogen sulflde content
of about 20 percent can be obtalned.

Under 8 cooperative agreement with the Southern Fatural Gas Co., pilot-
plant runs were made to study removal of carbon dioxide from gas using
diethenolamine. Data from these runs are plotted in figure 58. These curves
show the reduction in the carbon dloxide content of 2 gas when varicus solu-
tion rates of 20, 30, and 4O percent diethanclamine are used.

In addition to the removal of hydrogen sulfide and carbon dloxide, pilot-
plant runs have been made in which the organic sulfur campounds have been
removed from rav synthesis gas with "GW" activated carbon. Results from
bench-gcale experiments using this carbon were reported in the Annual Report
for 1950. The results obtained in the pilot plant, as well as those in the
Demcnstration Plant, corrobcrated those obtained in the laboratory.

By first removing selectively the bulk of the hydrogen sulfide from raw
synthesis gas, removing the residual hydrogen sulfide with iron oxide, and
finally removing all the orgemic sulfwr with activated carbon, it has been
poesible in the pilot plant to reduce the sulfur content of synthesis gas to
less than 0.1 grain per 100 cubic feet. In fact, during most of the pllot-
plant runs, the sulfur content of the purified gas has been less than 0.05
grain per 100 cublc feet.

Underground Gasification Project, Gorgas, Ala,

The Bureau of Mines and the Alabams Power Co. have Jointly conducted
field-scale experimentaticn on the underground gasification of coal at Gorges,
Ala., since 1946. Until February 1951 the program Included the construction
and operation of two field-scale experiments, the first of 50 days continuous
operation and the second of 22 months continucus operation. A third experiment
was started in the latter part of Jume 1951 and 1s being continued at resent.

By underground gasification of coal it may be feasibls to produce cheap
gas for the production of synthetic liquid fuels or for the generation of
power. It may be possible by this means also to exploit coal deposits that
are not now mined because of thinness of beds, presence of mineral impurities,
or difficult mining conditlions.

In the first two experiments, the principles of the "stream method" of
underground gasification were utilized wherein air (or oxygen) and steam flow
past 8 coal face and make contact with 1t. The exposed face is the full thick-
ness of the coal bed; and, as the carbonaceous materlal 1s gasified, the face
rocedes. Successful operation of the U-shaped and straight-line passages,
which were employed, depended upon proper roof action, wherein the roof would
fuse and slump in front of the reacting coke face and force contact between it
and the ges-making fluids. The obJectives were to determine the quantity of
coal that can be gesified in & given initial combustlon zone; to sacertain the
quality and quantity of the product gases generated; to obtain information
regarding the effect of heat on the overlylng strata; and to develop fundamental
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technical and sconcmlic Information with regard to the chelce of plant altes,
insatallation, and operating proceduree.

Muring the mecend sxperiment, 10,500 tens of molsture-and ash-free coal
vae consumed undarlying an aresa of approximetely 2 acres ad jJacent to the orilp-
inal 1,450 foct entry. Up to the time trhe project was ddsceotirmed, no difFfl-
culty had beer exzperierced In melntaining cambustion, 2nd no abaglute Limit
hed paen determined ma to the guantity of coal that cou.d he gaslfisd from
the criginal opsning. It was pert of the originel p.an of this second sxperi-
mant to extend gesification to cover & lsrge erea of coal bed by providing new
inlats and cutlets through drilling boreholes off the llne of the original
entry and tangent to the perimster of the turmed-out Area, This was deme 1n
the courss of the sxperiment, mnd it wus found that the geeification sres could
ba sxtondsd. It appears that there is no definlte limit to the area of ceal i
bed that mey be expleited ln thls manner. :

During much of the opermticm, the energy of the coal waa trought out of |
the ground &3 gemeible heat in the product geses. At lntervale drring the |
o0 montha of operatlon, & combustlble gas waa obtained. When boraholes were ;
drilled tangent to the perimster ol the twrned-out aren, subeequont operatlion
resulted in proinetion of gas rarging from 90 to 150 H.t.u. per cu. £+, Gas :
of this quallty was cbtained for short pericds, following which free oXrygen
mppeared in the effluent ges, snd the keating valuen diminished to 30 B.t.u.
per cu, .

Threughout the entire experiment, 1t was evidenti that efficient contéct
between 81r and the cosl faces was required to rroduce good-quality gaa, In
caongequence , tueh of the experimental affort wag directed toward ‘mproving
efficlensy of cantact, Dry sand fluldized with alr end injlscted into volda
near the criginel entries wa3 partly succeseful. Comstruction of new bore-
holes tapgert to the coml fages, &5 noted above, resulted in excellant con-
tact for short periods, Operatlon with incremsed area of coeal face, achieved
by use of double entries or by lengthening of the passage traversed underground,
tndicated only slight Improvement of contact efflclency.

Fxperiments werc conducted to datarmins optimur ratea of air Input in the
erigting syatem. Little variation in gaa quality was obkaerved in the range
4,000 to 7,500 ¢.f.4.; but, at lower ratas, steam generated from grouni water
appoared 1n increased concentratlon, Vhe Inttial effect of the ateam was to -
Increras the calorific value of the gas by preductlon ¢f hydrogen and carbon
moncxids, Following thip, the gemeration of steam and its reactlion with tae
incandescent carbom brought about cocling of the underground system and re-
sulted iu stemdy detericratiom of gas-making conditiens. In vlew of the
mplature effects, therefurs, rates of &ir input for a given systen miat be
maintained at a lewvel at which the melmture concentration ls not harmful.
The m'nimum heat loga underground was sxperisnced when blsating was dore in
the psame direction for long pericds mt kigk rates of alr lnput.

lLeainge frae the underground systen incremsed with time and with enlargos-
mant of the aree of ccal consumed. The mechanism of the lenkage 18 not Inown.
No appreciable gae outflows were found at the purface, Tests made boward the
snd of the experlment ahowed trat leakage waz sllght from the youngar agetions
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but was very serlous from the older, where the coal had been consumed over &
wide area.

After the experiments were completed, the fire was extinguished and the
underground area cooled by flooding with water. At the end of 7 weeks of
flooding, 4.4 million gallons of water had been pumped underground; of thls
amount, 2.4 million gallons had been dlscharged as steam, The steam was
accompanied by approximately 10 percent of its volume of gas, conslsting
mostly of products of the reaction between steam snd hot carbon. Ten million
gallons of water were put underground in 14,5 weeks, and the elevaticn of
water recorded in the boreholes was sufficient to cover the coal bed over the
active combustion area. Measurements in various boreholes and test holes in-
dicated that the average temperature near the coal-bed horizon was 200° F.

These first two experiments required underground mining operations in
preparing the "U”-shaped and straight-line passages employed. This is both
expensive and time consuming. Therefore, the investigation of other methods
for preparing the underground system ls warranted. For several years the
Sinclalr Coal Co. and the Missocuri School of Mines have been experimenting at
Hume, Mo., in connecting pairs of borsholes at the level of & coal bed by in-
gerting electrodes in the coal and passing a current between them. The object
was to establish ah electrical connection and then carbonize enough coal elec-
trically to permit the flow of air ar other gas-making fluilds through the
system. These experiments have indicated that i1t 1s possible to make such a
cannection,

The ma jor difficulty encountered at Gorgas during the second experiment
was Inability to enforce contact between gas-making flulds and the coml faces,
For these reasons it was declded to develop & new system using electrolinking
(see figure 61) as a method of preparing the underground workings and, as the
system between two commected boreholes deteriorates during operation, to add
more sectlons, each having a asmall cross-sectional area, to the original
system and thus ellminate underground mining and maintain good contact,

Figure 59 shows a vertical section of the system that was constructed to
utilize these principles. The alr compressors and piping already at Gorgas
were modified for use in the new experiment. The electrical equipment, con-
8lsting primarily of a 500 kv.-a. autotransformer fitted with variable voltage
taps in 100-volt steps from 200 to 1,800 volts, previously used by the Sinclair
Coal Co. at Hume, Mo,, was obtained under a cooperative agreement between the
Bureau and the company and installed at Gorgas. Additional substation capa-
city also was provided.

The electrolinking experimentatim was performed in the American coal bed
rather than the Pratt which had been employed in all mrevious work at Gorgas.
This bed lay under almost 50 feet of additional cover, which Included fire
clay and sandstone, and 1t was belleved that 1t would permlt the installation
of & tighter system. The American bed at this location, as ghown in figure 59,
SPpears thicker than the Pratt bed. However, thls 1s due to the presence of
Tire clay and carbonaceous shale partings. Actually the American coal is
8l1ghtly thinner than the Pratt.
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Figure &0, - installation of electrode in coal bed.
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Figure 60 shows o typlcal electrode inatallation in the coal bed. 4 lo-
inch-dlamedor borehole was drilled from the surface to the 4op of the hed.
S1x-inch steel pipe casing was placed, & water gpray line and a thermaconple
well were Installed,and the annulus betwsen the casming and the strats wes
fi1lled with cement grout wnder pressure to seel cracka and crevices in the
atrata. The coal bed was cored with an NX dlamond bit te locats partings and
then cored with a h-inch dlamcnd b1t to seat the 4-lpch-diamster slectroda,
At the top of the elecirode, the k-inch hole was reamed to 5-1/2 inches to
rermlt paseage of gases formed during the electrolinking, The elecirods stex
was encaged 1n trenalte pipes to ineunlate 1t From the walle of the hole.

femstructlion of the installatlon wes completed 1n June, and electrolink-
ing was hegun on the 2Bth. A potentian! wag applied on the elactrodss in bore-

holes IX =nd X.

8% bareboles VIIT mnd XI.

On the feollowing day, & potential was applisd cn elsekspdas
Table 21 glves the results obisined.

At the snd

of ithe perioés given In taple 21, mrcing vecurred betwsan the electrode tems

end the caaslng of the boreholes.

continmed for apmroximately 2 veaks.

underground reslotance to fluld flow to 8 good oparating lavel,

Current flow betwesn paira of slsctrodes was

Arcing prevsnted offipcient application
of cwrrent over an interval long encugh to carbonize enough coal to reduce the

Hewatar '

electrolitking did Incresse the permeabllity of ths coal bed, and paths were

eatabllghed betweer. boreholes VILT and IX &nd boreholes I and XI.

Some In-

crease n permesbllity was obiained between bareholes IX and X, but this was
not encugh to davelop the system In thie aection furthsr,

TARIE 21. - Rlectrolipking of borsholes

Time, hours | Potentisal, volte | Current, emperes | Resistance, chme
Elesctrodes In bhoreholss IX apd X
¥ 1,800 0 - 110 -

5 1,9£0 120 15.3

1.0 1,9€0 115 16,6

2.0 2,520 210 12.0

h.0 to 16.0 1,380 - 1,840 290 - 350 .7 - 5.6
16,5 1,280 b0 2.8
17.5 1,280 480 2.7
Elecirodes In boreholea VITT and XI

0.5 1,960 70 3.7

.75 1,960 o0 20,2

1.25 1,960 1ol 158.6
3.75 2,500 155 6.7
L.75 2,500 150 13.0
3.T5 2,500 215 1.7
0,75 2,500 2hi3 3.8
£.73 2,480 263 T2
373 2,480 2ge 8.1
10.75 1,620 275 6.5
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Bereholess IX and X are 67 feet, center to center, while boreholes VIII
end XTI are 200 Fest, Table 21 showe that lsngth has llttle effeci oo the
difficulty of eatsblishing an slectrical path 1n the coal bed. Di=tance
doee Increass the slectricel reculrements of the arystem, for more power 1s
raguired Lo carbenize the incressed gquantlity of coal. Apmosimatelr 7,500
kw, -hr. wore roquired %o reduce the reglstance between IX and X from en
initial value of 32 oimms to 2,7 chms snd 5,000 kw.-hr. to reduce the re-
agletance bvetween VIII and XI from &b ohms to 6,5 ohma. The power factor for
the system varied between 0.9%5 and 1,00 diring thie phess of the work.

Tha crlginal plan of coperation called for develcomment of the sectlm
between borsholes IE and X, fellewed by gasiflcatlon with sir untll deterle-
ration cecurred., The essction between ¥IIT and I was %o be added to the
sysbem, alr injected at I and the products removed at VITITI, BSuch operatlon
would perwmit use of new coal and lnsure zood contact hetween reaciants., Tpem
daterioration of the aectlon between VITT and IX o when revergal of Flow wag
required, the ssction between I and IT wae to bte uped 1ln s simllar manner,

Iuring end follewing the applicaticn of slectrle power, alr mt presaures
up te LG0O p.e.l.g,. waz 1nJected at the varlous boreholse In order to start
gaelfying the coke formed underground., It was found that the mectlon between
TIII and IX was in the baet conditlon for opesratlon, and thia ssctlon waa used
for gaeiflication flrat. Arclilng of electrodes kad choked the ariginal horeholss
with debria, and it waz necestary to drlll new holes at the game Ingatioma,

In the Lhi-day poriod ending Avgnst 11, =ir injlaction ueing varions palrs
of toreholss waa abtempied, The icput alr varied from 95 to 355 c.f.m, at
preasuras of 32 to 100 p.a.i.g. The calorific valus of the offluent ghses
averaged 186 B.t.u. per cuble foot and generally varied from 50 to 300 B.t.u.
The high hesting velue waa ndually dus to methane from coal Adstillation prod-
nets, dut dirdng ecne 193-hour perticon of the perled the carbon mopoxide content
averaged 13.2 percenk, lndicatlog that gasification was taking place, During
this pardind, the velums of the affIunert shzez waa small, and e large fraction
of the alr pumped wndergrcund woe not accountsd for.

In the Zh-day peried fram August 11 to Soptember U, the sectlon betwsen
boreholes VIIT and IX wae operated with the alr irjected at vIIT and the out-
let at IX, Iuring the first € daya, the alr input averaged 199 o.f.m. at 45
P.0.1.g.; the calorific value of the effluert ghsen averaged 97 BE.t.u. per
cubic foot: and 24 percent of the entering ai™ sme accounted For In the prod-
ucta. During the next 10 dayo operatlon, the alr input averaged 301 o.f.m.
at 72 p.e.l.g,; the calorific ralue of the efflusnt ghses averaged 110 B.t.u.
per cuble foot: and L5 percemt of the input air was acpcunted fer in the
producta, In the finml & days of the perlod, the eir input averaged 306 c.f.m,
at 5l p.a.t.g.; the calorific value of the affluent gasem averaged 130 B.t.u.
rer cubic foot; and 93 percent aof the Input alr wag sccounted for In the rod-
ucta. The 2h-dny pericd was characterized Lty an opsning -ap of the mderground
ayatem, increaning temperature level, and good contact betwsen the reactants
resulting in the producticn cf 4 geood guality froduct, eepecially duwring the
atter part of the peried, The high pressurs drop was due In part to ths re-
slatance to fluid Tlow et the herlzon of the coal bed ard in part to the
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eemditicn of borehols VIII, which was partly choked with detris from slectro-
linking, HRorsehole IX at this time had besn redrilled, bub boreholes VIIT was
not yat repairad, During the First part of the pericd, air was lost by lesak-
age frem the mdergrcund system, and In the latter part ths undergrovnd system
hed cpenad vp encush to remedy thils offact.

On Septehber 4 the directian of flow was reversed becauss of the rieing
terpersture mt the outlet, and antll the 15tk the eystex was operated with the
vutlet at burehole VIII and the inlet at IX, The calorific value of the mrod-
uct gmaes averaged &7 3.t.u, per cablc foot, the aystem lepakage was Ligh ag a
rocult of the recistanse at borehole VIIY. From September 18 until Cctobsr 30,
tha syetem was operated by alterpating the directlion of flow. Durlng a total
of 17 days, the alr input waa at VIIT, with the ontput at TX. The calorific
value of the effluent games averaged éﬂ B.t.u. per cubic foot, and good camtact
hetween the reactsnte wes malntained. The pressure drop over the aystem 1n-
creazed, and paralleling tkie effect Lsalmge inersassd,

In the immediate future 1t 1a planned to npen np the system betwasn
bhorenclea I and X1 bty Inserting naw slectrodes and applylng the electrollnk-
1wg technique. The experiment ham shown that the slectrolinking technlque can
be employed and & ayatem set up for underground gasificatlon whereby mder-
ground mining can be sliminated, Further, where good resctant contact 12 malin-
talned good quallty gmascns products cen be produced. EBetter elpetrods Instal-
lation, 1t is believsd, will materlslly decrease the time required for development
and result in larger thronghputs then have bsen chiained.
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