IESREARCE AND DEVELOPMEFT, SYNTHESIS-GAS LARCDATORIES AND PILOT
PLANTS, MCRGARTOWN, W. ¥A,, AND GORGAT, ATA,

Exrerimental Work un Synthopig-fas Productlon

Advancs satlmetes of the costs of produeing symthetlce “dquld fusls frar coal
emphaslze the impoartance of further experlmental dsvelomment ond Imptovemsnt of the
gechnologr of coel geelificaticn. Experlmentation in coal gualiieatlon hes contimued
orl Pj]_.;;t.._pla.nt opate A Morgantowr, W. Va., and the field-acals sxperimantation in
mésrzround gaslflcatien Tae continued at Gargea, Als, During the paat year,
cemgrass autborized the conetruction at Margantom af dmprovsl facilitien Tar proc-
epe develomuent work in coal gralfleatian.

The work at (erpas 18 done Ir cocperation with the Alabeme Power Co.; that at
Morgentown ir pcopsration with West Virginia Undveraity, The Scuthern Hatoral Goa
no. walntaire 8 residert ongincor at Morgantown who doge ogepsrative work. The
work cn pressurs gAsifigation 1s bhalng dome 1n pocperaticn wlth che Baboocs & Wiloox

Co.

Fulverized Coal Geaiffcatlon Pllot Flunt,
Mopoantowrs, W. Va,

Inring the past year experdmentnl work hae contloued oo the pilot ?lEmL du-
aerlbed 2n the A-npeeal Report of the Secrotary of the Interlior for lgh';ﬂ-. and meie
cempletaly 1w Report of Inveatigatioms h733.%

Early ir the yaar, conatruetion of & new dust remcvel aystem wee compleoted,
Poot yrang hove demonstroted thet the gao can be zade oleen erncueh for aymthozia ras
et reramable coobs and with stands~d squlipmsnt, The max uom Lhroughpotb o oazaclty
of the generator waz fourd to be larger ilon that of svsllabls materiels nondling
equipmant, so tho Iaterior volume of the generslor wma veduced fo obtein hetter dete.
The «ffur i for the peat few months has boon comcentratsd < daveloping w mrechkieonl
mathod for contimuecus tapplzg of the alsg mads. The work now Za on determining
'caracjdt;,r ralatirnshipe med detr on reactart retlos using gbean at 3I00Y Foomnd
1,200% F,

A Beport of Ioveshigetlona covering the superibestine of stosm to Ligh femoero-
turas In thz Boyoter pebble hemtere 1z !n procesa of preperaticon.

&,f ureau of Mines, Synthetic Liguld Fuelsz, Awmual Repoart of fhe Sscretary of the
Intarior for 1644, Part 1 - 01} from Qosl: Rept. of Investigaticne 46TL,
1550, 3. L9,

Ef Strimteck, &. E,, Holden, §. H., Rockenbach, L. P., Cordiner, J. B., Jr,, and
Schmidt, L, D., Pllot Flant Gaasifisstion of Priverlzed Coal wlith Ozygen ard
Highly Supsrheated Stesm: Buresu of Mines Report of ‘nveatigaticne 5733,
Fovember 1350, L1 pp.

hofgy -

L
[
t



Taklea 1& tc 18 present the srmantial dsta cbiained For the first 31 rune,
The very conglderable reducticom In czygen requirements cbisined by the use of the
highly supsrheated atesm 1p clsarly damensireted, In figura 47 the calculated
effect of nalng nteam at 2LOY P, on the oxygen requiremsny is ahown by the aolid
line. Tha experimontsl date from runme 15 A tc 25 B are shown by the clrcles.
Circles above the line indicets sasiflcaticn percentages lesws than 90 percent.
Figtrs U5 ghows the effect of the steam:ccel retlo on the Lydrogen:carton mMOnOE-
1de ratics in the synthoslo gan, Flgure 49 ahows, far the various steam tampers.
tures and ratio’ of steam to vosl, tie slflect on the carbm. ddoxlde content of +the
gue. Taksn together, they illustrats the flexibility of the mrocese in confrolling
the hydrogen:corbon Momox!ds retics., Thia flaxibllity, taken with the fact that
the process cen 1ge widely different ccals, ind cates that 1t 1s appliceble to a .
vide varlety of aimthesle, Work to be reported later haa ehown tiat by substltiting
gir heated to ebout 2,500° F, far oxygen, &nd w!ih superheated steem, & gas sultabla
Tfor amnunis symllieale van e made.

Figurs 50 thows the ingrease in the steam dacomnoaltion per pound of cosl with
an 1neraeaase in the stean:ooal ratico. 4 mey be asen that the steom decompebltliom
variss linesrly, and that ths rate of ineresge correspends to e Bteam deecoposl ticn
of 95 peresnt for all thres rengss of gteem temperaturs. It 1a probeble that the
seme relatioship would oot be found If stomm Yemperature and oxyeen:ooal ratlo wers
kept constant, The valie for ptessm dscomposlition foumd agress wlth thet obtalned by
8 heat balance. Thus, 1n ths high-teapereturs stsam ruas, 3 pounds of eteam 1s used
1o pupply heat Por the resotlion per pound of the steam telkdng pert lo the reacstion,

if it 13 azmmed that only thres reectlors take placs in the gererstor, natsly,
the rescticn of carbon with cxygen to form cexbon moncwlda, that of earbon with stadl:
to form carbon menoxide and hydrogen, and the water gas skift reastlom, then it is
poagibls to satimate the ameount of steam actually reacting with carbom - tha+ 18,
separately from that tadng part in the abitt, Thua, the mols of ateam derapoaed Y-
the shift are egual to the mols of carbon diczide formed, With thoss aseampiionn,
the mols of hydrogen in the ges minuz the mels of perbon dioride are squel to the
ncls of etesm rascting vith cerbon of the ccal 4o prodvucs carbon mensxids and hypdro-
gon, Thea, 1t le pogslule, by thic rather over-olmplif-ed methed of anelywic, to
estimste the fraction of the stesm decompossd that ectuslly preduses csrbon mopaxide
srd hydrogen. This frastlon of zteam decamposed, averagel for the hi! gh-temperature
gteam rurs, ls approzimatsly 0.4, On the sbove baals, for sech pound of coal gesl-
fled the pounds of steam rescting with carbeon %e produce syntheals gume sre aboub 0.3
pound grester for the high-tomperaturs stesk rune than for the lov-temperature phelll

rana,

Qparation -f ths HoFeter etoves in the early runs had shown thad 11 wenld e
adripable <o movs ths pelbble tede perlodleslly. Jonesgquently, the siores were retuil
a8 shown in figwre 5B, The hed couid be dropped a Few ‘nekes by uslng the pebbile
outlet unit, snd new pebbiss could be added throuwh the side opening, Whlle thesd
chingon were holng made 1n the oboves, s bemporary oteeam superhesater, shown 1in £1gured
f2 and 5%, w24 used to @repare pteam at about EJDDGD F, Mor runs 264 through 31B.
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CURVE A) CALCULATED Qs REQUIREMENT
FOR HEﬂT LOSS UF LOQO BTUFLB. OF
500 GUAL _ WITH 50% GAREON GASIFICATION
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Figure 47. - Effect of steami¢oal ratie on oxy-
gen requirement for low-temperature

steam runs.
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LB. STEAM DEGOMPOSED PER LB. COAL

0.8
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Figure 50, - Effect of steamicoal ratio on steam decomposition.
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Figure 51, — Roystar stove, design 2.
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TAPIE 16. - Prliagipal results on pllet-plant runs, uning high-tsmperature ateam (runs -1k}
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MHELE 25. - Pringipml results on pllot-plant rime, using intermsdlats-tempereturs oteam {rune 26A-31E)
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Tha fipst ettampss 4o tep 2lag pontinuvonsly were not succeasftl, bacaude thae
alag tube waz too long to be kept hot throuwghout 1is length, The generetcr bass ¢
atrtotion wes modified ae sghown in figure Sk, A chember 4e hold atout & to 7 cubip
feet of sleg wag build irte the side of the generator. A alag tube of Corbofrax
refrachory was pleced 4o dredn the alsg from the gererator fleor irbe this apass,
A vent or ga= cutlet wam errangsd ac that a small portlien of the hot gases could ba
taken cut.with the slag to keep the slag tube and sdlacent wall werm,

Provlaleon for prehsating the slag spece was meds by lneeriing a btwrner theough
tha elag-chamber docr. The coel and cxymer !rlet snters the senerator et an angle
af 15 degress upward frat harilzsntel, the coel belng fed with the tmevmetic Foedsr
described letsyr in thie repart, The main generatnr “warm-up’ burner i Ineorted im
ths fube aa Indicated, To cbtein edditlcnal keat releads ne&r the generator bago
santrance to the aleg tuba, an Rz liary oxyger nozile wie ineertsd as shown. Part of
the oxygen for the reection ia introduced through this wubs and the balance with the
eoal, Telpng “his arrancement, Tuns have Teen made with etesm a7t 300" F. Coal rates
up to 70O prunda per hour have tesn reached wlth the percent carhom gasifled sbout
nO percent, The grs mals hea sontalnad about 1l +5 15 parcent carkon dioxlds,

The indleatlows ars that the Carboiraz lining in the generator willl give a
reagonablea esrvice 11fe.

The work o date has dsmonsfreted that avitable refrectories for heatlng staan
to 3,5!3[]” 7. ara ayal lahla; that the slag forred in the overatlon can be tapped acco-

L

tiucusiy; and thet a satisfactery dost-removsl syster con be mads from otandserd
sqilpment,

The study of agquoons srdoethonelmine selutions for the eeleotive removal of
hydrogen atlfide in the [reeence of carbon dicxide is belng com'dnued, Rune were
made ot 300 p.s.l.g., with Inert gae containing about ik vercemt carton dioxide.
Hydrogen sulflde In consensraticns of 300 to LOO gradne per 100 cuble feet wms
added to the gua.

Experimental reaulta hus fer lndicete that s S0-percent scolutiom 13 ro more
efficlient than a 30-perzent, z2nd, owirg to foaming Alfficulties, tre maziwm Hmugh-
it 13 decresssd, Emplsylng 2 3C-percent solution and & liduid:gas ratio (gallom of
cizculating molution pee 1,000 BOF gae) of 17.4, the hydrogen aulfide was reduced
from 100 gralos zer 100 cublc feet to 20 grain=, and the cerban dioxids from 11 mel
merpent Lo 7 mol percent. Steam consvmptlon for reactificaticn averaged atont L3
1b. per gallon of elrculsting sclutdon.

The uge of Z-athyl heoxencl hes been effective in reducing fosming of amine solu-
tiore. However, It was found that en sapprecigbls quantity of the aptifeeam agent ved
atripped fram the sclution in the actifier, snd that freguent additions were neced
Othur antifcam agents with lowsr vapor mreagires are belng lovestiguted,

Substartially comvlete removai of both hydrogen sulf'ide and sarbon dicxide from
Ayntheele gas with dicthanolemine solut'ons hes beenn conflrmed. Tmploying SG'PEI"’Bnt
dAdethanclenines and & 1iguid:ges ratiz of 4.7, ithe hydrogsn sulfide concentration wod
reduced from 350 graine per 100 cubie feet to 1 grain, and the carkon dlexide froll
26 mol pervent to 2 pepcent. Steam ponsumption averaged 1,1 puund per galiom of ¢17
culative aglution,

Frelininary dats Indlcate that dlethanolamins solutloms remove appreclabile
amernts of orgenic sulfwr frar the raw synthesle gas, At least a partion of this
crganic Aulfur ls not relsaped during the regemsration of the fouled solutlom.
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Fludd=zsd goal-Feedlns Unit

The fluidized faaﬁerif.lt/ developed at Morgantown to supsly palverized coal et
a gtosdy rate to the gesnerutor bas now Teeo Lo Gberallon for wkout 2 pears, wxtop-
aive teats have demonstrated ite reliebllity. Exzperierce with tho fesler in opera-
$iop has ghewn that tho average bourly rate of coel Mlow Jeviates an aversge of
about 1 perceat. Ths materlals that wave besn fed sucoessfully anulud.@ Q-persen.
shrough-£00=-meozh coal, 1C0-percert-through-10-mash coal, sand .2/ mlverized imes-one,
and En‘.uinn.é Thae feeder ahovld be applleshle o any broken solid that can o FIuid-
jped, The vooumstrlic percentags of so0lid in ths mlxture of solid and guwo Dlowirg
through the delivery tube s about 20 arnd 1s esaentially lrdependent of preaswre,
at Isact between 1 and 10 atmostherasz.

4 Aiegrem of the feeder row in 188 at the Morgantowr: pllot plant 13 ghowre In
flgure 5. The fesder romalsts egsentlally of 8 finldlzed ted of cosal srd A conl
felivery twbe, tho cnirance to which ic roar the betitom of the bed. A fuimal thet
- Porpa the enitrance permlta partisl settling of ths mizhore, producsing & unifoem
- petia of coal t9 alr. The mizxtwre flows through the delivery tube at akout ane
* rolme of ocal to four of gaz, As the miztore flowe ms & fIuid, the rate of goal
" delivery to the gualf'sr wlll be comatact ZF the prescure drop cansing £flow idg oone
gtapt and if the ratlo of coal o pra iz cometant, Congfeancy >f areasire drop oem
b paintained by sultable inatrumentaticn. Meesvrements of the coal:e’‘r retio w'th
an Ineptrunent deve _oped for thas pur_n::caai&."f"_f have shcvn that the standard deviation
frem the averege per Sacond Tats of coel flow is 1 parcent. Tag effact of pressure
varletions in the greiffer m the rate of ceal delivery iz minim'eed by havizg a ra-
lntively hlgh presswe drov in the ceal-dalivery line as coopared tc the mrasgsare
variatien In the gaelfier, A5 the flowing m=turs hag e high walgh® eetlo of coal
to pag, the dllutlon of the meks gea by tie convweylng gea de regligihle; and ma
thare are no mevlng perte to wanr, coretancey of calibtration 1s meIntelred,

TR T O T T

Teats on the feeder, using S0-percent-throigh-200-masl coal and a ds’iwvary tuhe
60 faet long, have sucwn that the ophimum feed rets for a O,35-irgh I.D. tubs o 100
to 300 pounds of coal per Lowr; for & 0,33-loch I,D, *ube, 200 to 60C; apd for a
C.aid-inch I.D, tube, 500 tc 1,500. The lower Ziwit of ueefulness dsjends o & mind-
‘mm velocdty In the feed 1ine, and the upper lim'+t o the point &t which o lerge ‘r-
creede In mreesurs differertial makes s mmal’ inerease in feed ratse, The sugerfioial
lingar veloclty trough the Fluldized ted ree=ges betwesr 0,05 oot per sscond and .3
foot per mecord. Eeloe the lower valus, the Flaw tarough the soa’-dslivery lins he-
cecwaz unatoady, Aand above the urper value the juantdity of entrained dust bacacss

_3_.?" Bureay of Mines, Srothet’s ILiquld Pusls, Armual Repcrt of the Secretsry of the
Intericr for 1945, TFard I - 02 fram Ccal: Rept. of IrvestigmiZons 4555,
1950, pr. 5l-Sk.

%/ Holden, J, H., and Alhright, 0. W,, Tha Momgantown Fluid zed Ieadar: Amaerieer
Gen Apgeclaticn Tech, Tapsr IC-50-10, Mar 1950, 8 po,

.E.-f See p, b9 of reference clted in Footnate 3.

'8/ Longhouse, A. D,, Erown, B, P., Simcna, 3, F,, Lltright, O, W., The Application
of Fluidizablon to Jonveying Grain, Scieal!fic Paper Ko, L20, Weat Vieginis
Agriculture Exzperimentel Station, Morgentown, W. Va., July 1350, p. 349,

1/ Detaon, 4. M., Holden, J. 3., Seibert, 0, 3., Simene, X, P, snd Sekmldt, L. 2.,
Row Mathod Meaaurss ths Solid:Gms Ratls 1n Tigh-Solzd Flow: Chem. ng,,
vel. SG, 1845, pp. 126-130,

i
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excenzive. The velecity that avpears Lo glve the smootagat operetlon 15 in the logpp
zart of <he range. In the teste the mixture Fiswlng threugh the ccal-deldvery tuhe
had 5 coal:alr ratio that ranged between 100 and 350 pounds of ccal par pound of aie,
Paing & 10-inch I.D. colutrm, the ratic of Fluidicing sir to conveying air renged frog
1071 to 230/1.

Bowvults of mracame-drep meapurements oo the coal-delivesry bube are shown In
Pilpire S4. L e 57 shewn a poseibls methed of correleting these reaulis, The ex-
preselon AL Ay 18 the ratlo of the measutsd pressure drsD to that of =ir £lowipg
at the sams averaogs rrosswrs lsvel and ot ths amme velos!ty ac that of tha mizturs,
Tha elfeet of lnsrsamping partiecle size i8 Lo canse a2 greater presgurs drop Bt the
same rate of goAal flow, FRund made with coal crushed to pods & 10=-meah =creon ghowed
ke presgure drop to be about three timss what .ging JC-peyosnt-through-200-moah
geal. Some luvesbizaclons bave Leeo mede al hlpler presourss, showine that the TLulg
flow wroperties ars the same as thoee at the lower presmures; that 1e, the atmes ratlp
of 1 velums of soal to b of asonveying gas flowe throagh the delivery tubs, and apmroz-
imataly the sames MTuldizing veloclty iz regunired.

Figna =8 shows s bateh fe=der demipnsd Tor usze At 30 atmoapherss; 1t ia bo ba
wesd at ko Morgsntown otation for Tosding o fee’fler cwsratizg at this pressure.
The major 1fferences between this fesder snd the Zow-pressire feeder Are the design
to withnetand hizh presaurca and the recypels comrroscor. The recyels conpressor 1s
nasecoary teo kozp tho powor comsumitlon of the Tocdor ot o roasonabls level.

Uzge of the foeder other tian thoze onmumerated Zave net feen inveatigated ex-
tend lvely, but e following sppasr femaible: To deliver sclide teo resctors for
helerorossous rescblons, partleularly whers wiSorm adiltion of the aclid with
relpect to tine die desfred; to propartlion andl mix cne egalld vith snother zoldid; ta
Wiz g nol’'d wth A gre In the desired proporitions: in tranaferring heat to a Plowing
strean of sclid and gas inside of @ tube; and fxn the puevmstic conveying of m wide
variaTy of molids, When predavres s near atmcagheris, the power consumpfion ia 1o

ae (reatirg Aand Teating

Jocurrenss & Orgar! e Snlfvr Cempounda in 3yntheals Jas

Sulfar apalysce on the g8 mede 1o the Morgantown pulverized-soal geoifior indi-
cated that the orgsn’c aulfur concentretlon 1n the gea 1s not necseserdly proportlmal
to the svlfirr cantont of the conl gesifisd., Teble 19 glves the culfur contenta of 948
produced during ecme high-temperaturs steam runs,

It sen be noted that, with 8 glven coal, gonorally lower cegaric oulfur sonoen-
trativng result from higher atesm:cral ratica. Thie la undcubtedly dus to hydrolysie
and destructive kydrogenation of the organilc sulfar canpounda.

&n axperimenl in wh'lch bydrated Nme wus added tc che coad fe=d of the amall
lataretory gasifier shewed that the addition of 0.038 pound of 1me per pound of
cotl lowered the cemanis sulfur conternt of the see tut had no offect on ths hydrogen
culflde concsntralivn, Doubling thla ratle of Z2me to gosl further reducsd “he col-

E&;ﬂt'ﬂ.tic:-n of organls gulfar apd redocsd the concertration of hydrepern sulflde in
g8 g8a8.
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TARTE 14, - Bulfur 1o gag from coel garifiar

il - T -

X Cralines /100
S !'n eoal,| Steam:ccal| Bz In gas,| Senerator cu, Fi,

Conl unsd peresnt retio percent | temp,, °F. [ Eog | Ore. o

——— — -+ -

yeot Firginia bltumincus 2.9 2,71 IlLF‘:.'T 2,200 327 1i.5
= 2.9 .05 43.0 =,150 L7 1 134

DOw svvneranes 2.4 .92 3643 2,115 31 | 28,2

DOy wamensmnen R 1.1=2 7.4 2,235 220 | 1a.F

DO, vasarnassa 24 3 32,6 2,358 355 | 20,1

DOy wvwannairs 2.0 1,28 U, 2,37y 502 | B0

Wyoplng Bituminoug...... 1.1 1.10 38.1 2,536 =0 | 13,0
DOy weewvanans 1.1 1.08 37.7 2,465 157 ) 2l.a

o attenpt was meds to Zdenkify the types of orgenic aulfur compoamids, ofhar
than tiicrhems s fur, 1n *he gus made in the Morgantowe asllliera,. Beoultzs Jron
gegte ir which ke leatin methcod was waed showed that thers wee no thicophone Zn “ba
. pyntheals g=20. Fauoae B0 givas the eallbratlcn curres uped with the iertin tsat as
geve_cped st this station B/ '

Benon-Senle Purifioation Txperima—is

Pench-gcalc oxperiments en the removal of hydregen sutlfide and orgaric sultur
from gaa were conducted. Thess wtudles iraleded catArlytic conwrral on exJerimerns
- god sativated sarbon adeorption tests.2

Althougn coas eztimntes Zndieate <hat an alkalized irom wocedz Tor ramovong
weanic sulfur froaw gas o mare expscalve tian one employing @ low-cust astivated
serbon, 18/ this procoss was invesetigated becawse 1t is includad in ths parificatlon
traln of the Baresu's demonntration plant ot Loulslans, Mo,

An slmllzed-iran ca*alyst containlng 25 perceal sudlum cerbonate succesgllly
Imered the organic-sulfur esontent of o a2imulaved synthoaia maa to lesaa wdar Cul
grain of pulfur per 100 cuble feet until 6§ percent of tho carbomats hed baen 2an-
Yerted %o sudiur sulfate, Samewhst hilgher sumvirsivn of ihe oerbonate to the sulfate
{7 percent) waz obteined whenever 100 percent soda anh wee used, Experimentsa wiil
~ thede allcall getalyats wers run &t 2507 300% o, and 200 #.a.7 5., empleying linesr

Telocikies up to TED fest por howr at 20 atmoerhersa red space volcsitdiew uy to
T,000 =td,eu,ft, fou, FL, for.

Invontigation of & gopper-chromium-veradlum catalyst for remeving both Myircgen

sull' d= and crganic sulfur from gaes al glapspheric preasurs was condlnued. The

cata’yat, after mdsorbing 10 percent of its woight in anlfur, i3 revivified wisr &air

Bnd stamm, Table 20 glvea data for zeveral gucceasite runs.

3 VWainwright, §, W., acd Laskert, G, I., & Colorimetric Mothod for the Datormlra-
tiom of Teiopherme :n Synthesls Ges; “urean of Yines Ropt. of Investigrtlons
Y743, Nov. 1951, 11 op.

9/ Sards, 4. F., Walmeright, H. W,, acd Egleocn, ¢, U,, Urganic Sulfur io Syntassia
Gaz: Docurrence, Debterrination, and Kemowval: Dureal of Mines REepf, of

. Inveat!gations 4039, July 1950, -1 po.
10/ Sands, A, ., and Sehmidt, L. D., The Recovery cof Bullur Irom Oynthesis Geo;
Tnd. Eng. Chrm., Wovembsr 1950, pp. “E77-2237.
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TARTA 20, - Sullur ramuvusl wlbh & Cu-Cr-V cglalyal

%3 drg. &, a3

gr, /100 o, ar, 3100 cu, £t. abaorbed
Bun 2p. wel., HEIIIU"R"&.J_; Remerrrl, IeT rem
o, hr.-1 I= | Cut percent o | tut | peroent cat., g,

o 2,000 R [ BLO[ 0,00 05,09 1.2

= T 1,6@0 355 | 2.5 GGG 35 05 59.86 1.7

a,: = 000 =30 | 2,5 0 L5 60 | .10 | uu.83 1.6

a0, e 2, 0G0 o | 25 G5 Lo 05 | 90,88 1.6

EE TR oL ENE 250 | 2.2 99,0 10 L05 95,83 1.7

Ay e taraaaa, 2,800 2801 2.9 Fi, 1 51 .3 59,90 1.5

_'f-_'l BEEFEFEE LR E,Ql:l[} “-5':' 3.':' 9913 EG ;':r'r 99-?2 1.8

The algve date were chtained from rusa made at 4507 . At n lower tamperatnre
of 300" C., Wie mrifled gae cvortalned lsaa than 0,07 graln of eulfur as Lydrogen
srltide per LUO cublc tfeet, out the argunic anltur comveroilon was somawhat leas Lhen
*hat at the higher tempersature, averaging 52,5 percent, This irdiestea thet, to
meet purliicaticr specificatiorns for synthesls guz, two aeparate catalyat beds would
te requirsc, oterated at LitTeromt tomperaturen.,

Humsrcue bonsh-cou’s taatn wsre made to otudy the mracticatilidy of removing
carboryl 2nl1f1ds from synthesls mas oy mesns of wobivated carborn wut 300 pos.l.g.
Althoush no determination of ‘adividpsl crgumde =olfur compounds [oiher then thio-
pheme) has becn mede <r thc Buaresmn's oyntiesie fma, 1t ie quite 17kely that carbenyl
qulride predorlizaten, I the removal of ooganle sauliwe from saynthesis zaa by uwchbli-
vated curbcn, the removal of earboryl srdfide would be confrolling, and therefare
tosts wore mnde with thin gas,

The rezulbs of theese tegts, 1T confirmed 1o the pilod plaat end demenstraticn
nlart, ‘rdleate a very greet gaving o the cost of pemoving orgenle sulfur comnounda
when compsred wits the het alk=llized iron procecs that was atandsard in the Germen
gyrthetis 19quid fusl plastes, Compared with tie cost ot purificaiion by alkmlized
iron, tke woe of the ralat’vely chosp grade of activated carhon tested (15 censa pett
povnd) shonld effect = aaving of $17,999 a year in the Furesu's demorstration lach
and more thaz $2,200,000 o year ln e 12,000-barrsl-per-dar cammereial aynthstic
Wauid £l zlant. Alkselized iron, walssh wea l-eluded Ir the deelgn of the demon-
stration pluact, will be rotsined primar’ly ao lnouracce woth o very low (_f nn;f}
comsumniion of fhe allmiised iron. It 13 anti-ipated that the demonatration plant
will ho akla to pecve that akalised iron nesd not be ineloded v eommercdial planta.

Flgore 50 zrathicsily prescntd data obtedined from teate in which an inexoendlve
ctlveted carton waz uveed for removing carbonyl sulfide fron & similated aymthssiz
gan,

The prssence of carbom dloxide *n the gaa greatly dscreases the capaeity of the
axiivated carbor Jor carbenyl aulfide adacrptiom.

It ia interestirs to note thet the service time @ the carbom, that ia, ths
lengzh of the adedrphizr porisd before regenerstion ie necesesry, ig the pams withln

-

locite of arganle sulfur coutenl Lulweun 16 and 30 wrains psr 100 cukic feet when

the “inear velocity 13 Tetween 100 end 2,000 Teet psr aour, For eoncentretions abd™®

LIHG .
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30 gralns per 100 oublo feet, and aleo when the Llinesr weloclty Lo below 100 Taess per
hour, the pervice time l1s affscted by chenges lo coeceniration and velocity.

Parch-acale *sots are in wrogress for etudylcyg the removal of bothk bydrogen sil-
rigs and orgemlec sulfur by amemns of acblvated carbon at slovated rresmmes, ‘fThe
pydrogar sWlflde concentration In tne gas being beated ls approximately the mems =z
that in the ges leaving tha hydrogen sulfide-removel system (shout 25 grainn por 13C
cubic feet). Data from & fow proiiminary tests indloate that activated cerbon woll
pemeve at least 25 gralns of hydroger. suwlfide without redvcing the capaclty of the
cgrbon for carbonyl sulfilds edearption, The effect on thie operatlon of mmell
apcunta of uxFEen in the synihesis gag 18 being lovestlgated,

Prezawrs Cangif‘ecatlion

Qapificaticn at & pressure of 450 p.e.1l.g., 18 believed to offer zreat posslbil-
1#ies 1w reducing the coet of ecal gasificaticon when the gme produced is 4o be used
at thla or hilghcr preaconren.

¥or exemyple, consider & commeralal plent gepereting 159,000,000 std.cu.ft, per
howr of raw gag, which would produce apmrozimetaly 10,000 Larrsls of product par
ptream duy, We cen asgume lhat thla gas would be 85 percent S0 + Ho end that bhe
crygen requiremsnts would ba 320 cubde feet of ozygen par M.c.f, of O3 + Ha.

Ay comercial centrifugel compreseors wlth an efficlency of 75 percect are now
ave®lahle, the esimate ig bazed on th's type of machine. If the 14,000,000
gtd.cu.ft,. per hour of syntheeis gea lo oommresesed to L5 p.a.d.2. with 0,74 eff -
clency, the snergy of compreasslon beccass 107,000 horespower.

If the symthesle gms 1z generated at 450 p.z.i.g. presdurs, an'y 500,000
gtd, v, %, per bour of oxygen need be compregssd to 0D p.s.i.g. The soeorgy -
gulred 13 30,000 horgenower. The net saving In energy 1a 107,000 minus 30,000 which
emounta to 77,000 horsspower,

In eddltich to comperving ensergy, thera 18 the pogglkility that the gaeifice-
tien throvwghpot ner cubic foot of generator srace will he greatly innoreased at eleie-
ted wressures, savins lebor and materlal through greatly reduclng the mumber of rnlta.

To take advantsme of thesa potentirl pAvinga by prasmure gasTfisatdon, a wllot
plant (fig, €1} has bheen dssigned and 1% =mdor construction st Morgantown to gas’ly
coal ak 450 p,9.1,2, This plant la now B0 pereent ccmplote. The wark cn gealfication
Wider ressers is baing dme 1n cooperetion with the Bebroock & Wllecox COo. , which maln-
talng & residemt enginesr st Morgentown,

The mrecaure-gaeificstlen unilt Is decsigned Tor 500 pounds of coel per Lour, with
Yrevielon to vary the coal feed from 200 to 700 pounda per howr. The deaign fipuvs
@ oxygen I3 5,000 atd,en. 3. per howr, with proviasion to go to 7,000 gstd.ou,fh. per

- hour, The deaign figures on eteem le 300 pounds per hour, with proviaico t0 go to

1,000 pommde per hmoe,
Deperiptlon off Frooees

Coal 1s pulverized to TC percent througk 200-mesh in & otandsrd ball mill, 7t
iz tten canveyed 4o the fluidized Feeder, The feeder Lolds %,000 pouids of ceal, or

- kB - 6L -
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anctgh fo &n #-hour xun,  The focier 1z then rreasurlized, and the flhiadizing ges 1
rocyolcd.,  Trrcagh tihe draw-olf tube, the Dulverlzed ool cun be Led Lo tha gancerator
The coal entera +i= memerotor redially and cuts scross the ocxysen and ateam diresms,

The proceas aleasl ‘o weusraled 1n e apeclal high-pressure boiler st 600 p.s.l.g,
TPollowing the o7 ler fe o superhsatsr sactlon, irn which the temperatura 18 ralscd 1o
LY PL Toe suzerrested stesm is then crrveysd to the gasifler, wicre 1% 13 Intre.
duced *tnrsontinlly.

Procong oxyeen 12 atored in s Saseads unit at preszures up to 2,000 p,8.1.4.
Prom tine ohorags wunit, the oxygen ie waken through a preheater, wherse 1in temperefure
in ruleed to L1,000° F, Ths prelisuted oxpmon e lhen lptroduged into the generasor
targentfally, censing the reastler @oducts to swirl,

Tonl, weywen, acd aleam resct in the gasifier o fam I, 0G, and €05, The
potisimatod roaecion temperatwrs 1a 2 2009 po ) altnough 2 higher tamperaturs mayry be
megairsd to chuge tke olAgr o remAain molten,

Cexoratod sasoes and slag, toezether with woreacted coal, flow dowrsard amd out
1o claz hole at tho wobtom of the reaction secticn. Hero the gmesa and slag on-
courtsr A water opesy, and tie olag oaresm 1o broken up into fragments that fall
“rle 3 zlaz pot D111 with weter.

The mme s ccolad by woker spesy andé is then conducted to the asrutber | whers
Stoieg woenod ard cooled,  Tr the presnent stuge ol dedign, he scrubbed and gooled
can 1z Tleresd,

Desorlptlor ol Saoclal Apperatnes

Tividizzd Feafmr

Tha Fluldlesd foedsr ‘2 a prassure vassel 3L fest high and 3 fest in diamster
with a desipgn progsure of 600 ooa.2.g. Floldlizing pra entars at the hobhbom and
flows spwerd throush a dletritmting plate canposzd of @heel wool enclosed in o nmstal
arid, 'The poal-gia mixture, o & -luidized atade, 13 drewn off in & 1/2-ingh tuba
and smreyed o th: gomeretor,

Bezgo.® Gamgrasacr

To wave compresoor hordepowsr, %he Floidiszing sas ie recyelsd, As the gasm 13
caotamlnated with zoal, & cen'rifiugal compressor off'ered the moat promias; however,
tis flows ware muck teo low and the static mressure too high for any commercial e
of eqiipment, Ales, & range of stetic pragsures from 60 p.a.l.g. to 500 p,a.l.8-
aad Lw be investlombed,

Ly g doirt effors with the Sowrer-Ba'lay Jorp., £ comirozacr wa3a designed and
rilt Lo utllisze e centrlfum] rricelpls with & variable-speed electric drive fo@
the zervico, FPreliwinary +esta of this congreescr show that 1t will aoperate at
atatle pressurez fecm 1 stmosphers sbooluate to GCC pounds per squere-inck gage.
The flow rate can sc varied from 157 6o 5,000 standard cubic fest per minute. &
Predinrs riee il X0 pouncd per ssuere-inci zage f8 poasible with BTE pounds per
sTigre inch-gzga Wnes messire, & change 2n gravity of the regyrels s from
C.3%7 ®o 1,7 ¢sr be hendled aatic®actorily,

aadt - f2 .
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Figure 62, - Reactor for pressure gasification.
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Figure 55. - Apparatus used for testing fuels for synthesis-gas production.
Lower floor, showing lawar part of S0-oound-per-hour gasifieran
pur|{flcation train.
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gasifier

The gasifisr im <he meoat oritieal piece of equiprent in the high-preasirs pilot
plant, for it muat be operated at & Treaaurs of L3I0 p.s.i.5, snd Ao intsrmel Lompurs-
ture of 7,500% F.

The greifier, ae desligned, {fig, 52) consiste of a ctesl shell 30 irakea In
glamater by ssproximately 12 fest dn lenmgth. Tae dsaign presaure ia 00 p.a.l.a.,
apd the warldng pressurs 45C p.a.i.g,

e Anside of the shell 1s ILined with & scotiouous coll of 1-Ingh tubdng,
through which water 18 clraulated. This afford: protection to the ghell in sase of
pefrastory fallere. The deslgn temperature on the ghell ls Er0% B,

The resction chamber propar i8 & refractory-12red sylinder 12 Inches In dismstsr
ard ¥ feet long., The reactants enter throngh nozzles 8t the ton. Staam end oxyger
arter teneentlel y snd the coal axially, The botiom of Lthe remacticon chamber 1=
pecked dowm by cosling enfls to provide = S-1nech 47 smeter slag tap, The bottom of
the resctur 1z 2 water~fllled contninor for aleo.,

Firture plans crll for continuous alsg renmcval, Eowever, for —be gresert the
rin will be terminatod when the slag pot 1 £illed,

trtimlpated completion date for the high-proasurs gaalfieation plart 12
December 31, L95d,

leboaratory-Scale Fowdorad-doal Geslfication

Tie develoment of e amall-scals dilst wedt for teating Meels for tkelr
utlN by in synthes s-gas prodogulon on = sommerclia: zsals hed b2en deserlbed 1a Lhu
ayminetic fusl reporta of the Jecveinry of the Irteriar for 1945 mnd 1980,

Madifications mRde zinge then Insluds the Zubztitution of o uwnoi Zarger contbin-
wenz fecdar f10-inch L.D. fiuidlaing ftower] Cor the former 4Y-inck dismetcr vesdzl
and the =we of & aingle totch focdst of the same dismeder, ac sbown in toe flow dia-
gram 1n TZgure &5, ihe dry msthod of vemoving dist frun lie oynthesin gle wme Po-
Plaaad by fwo officient scrusbera and & bafile chatber cagable of raccvarong the oulk
of the carbomgceous residun’ drot, foellowed by wn improved mlercmetal™n £11ter Tar
remgral of the lmat froces of residus.

Thooe immrovetments and insiallstlaon of sddizional antometlc emntrcla mpanltod
In & almple snd very sazily cwtrellsd down-dreds ewtraimment procses for the Fa.9i-
Pleation of powdaraed fuelws at feod rates up to 9 pounda per Lour. Tl sppatatus
fass Figa, &4 api €3) ia capabla of gasl®ying different types of Tuela snder
vErlounly chuswn operatizz concitlons st vmuasually high goal-througnztt and cocros-
ponding sea-cutpot rates,. Thesc and othsr operating resulta were Towd toe be [func-
ttona of the rank o the cral fAaaifisd and, pectably, thelr oxysen conterls and
ronztivitiss, Operating resultin ohtained with s West Vieginie L7 humirols soal, 4
Colorade susbituminons ooel, mnd a Penrnsylvania mnthraclls ars oomprred 1n Lteble Z1.
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TABLE £1. - Effect of trpe mand renk of coml gralfied '

Colorado Wootk
aub- Virginia
hiteninous | bltuminous | Pexmeylvend s
Operating data ard rasults coal coal anthracy t
Bun mummter snd date. .., i ieees e nrnas vemereroan | TL 2/50 T¢ 150 €7 12/hg
Qreretirg coaditions;
Size of coel, percent through 200 mesb......... 83,0 8g.0 73.k
Twration of rur, hours...,...... L =7 L.se 4 00
Bate of coal feed, Tb./r.2/o.. . ootennnns.s 4,3 5e.2 ko,3
Cxyuon:ueal rat’u, 1b./1b. dry, agh-free ccell 0587 866 0.ER8
Steam:goal ratio, Ib./1b, dry, ash-fres coall 0,208 0.159 0,19%
Ghemm temperatire, SF. ..., .. TO ST5 297
Dperating reoulta:
Cutput of oyntheeis gms, std.va.fl.Arb/, ..., | 1,406 1,350 841
Aneplarsia off simthes’s cag;
B et o P A . 12.1 13,5 13,2
Forcemt Ho. sesrrantasnvanans coaannrssnrarnany 33 .0 33.1 31,0
:FGI'CED.t-GD-ln..-----i-u--u-u-un-r--t-ll-.llallt--.. _F;Dl'-ll' '?ﬁ-}'} k‘E‘Il
Ho /OO ratio. . oveiiano ... e N 0. &2 0. €4
Temperature of gaa made 8t outlet, UF.E!’ vavens | 1,835 1,93% 2,100
Dry resldee outmuet, 1bh. fir. ... .. et ee e aaan 1.3 12,4 88,2
Totml soh in rezidue, percent......... et asaraa 363 2g. b 242
Ceal inpat, 1o, Mec.fe CO 4 Houwr v nnsennnsras b7 w3 T B
Cxygen inpat, ~a.fh, Moe.f. €0+ Howovs s ra. 310 Loz Mers
Stemm frimt, 1b.Micufe; 00+ Eovvvnnenvennnnns 8,33 8.50 12,68
Curkbon gasified, 16, /100 1b. © If 0381, veearans &4 .3 TC.6 45,7
Therms]l effic’encr, heat of eombustion of gma..
per 100 B.t.1, 1o coal chorged......... T2 .8 56.0 4.9
tield of €0 + Hp, cu.ft,/1b. dry, sak-free goal 24,6 2ok 1.7
Coal throughput rata, lb. fea,ft, apacs/hr,. ... k1.5 ho.z 37.9
Gan onirut reate, ou,£4,C04Hz fou,ft. opagafar. ., g1h 505, 511
Total huat losses, B.t,./lb. of coal chergedd/ | 533 ry c26

1/ oo "ag-charged” (moizt) besia,

E/ Cunaists of owygen injected plus that ariginelly present in the dry coal.
i/ Cmalzte >f atoem InJeotsd plus thet orilginniing from moleture In coal,
I,.-" ALl gaa volumes refer 4o 6C° F., 30 in. Hg, éry.

2/ Meamsvred by high Teloetty thermocoupls,

&£/ Badiaticn snd uneccounted for loeses.

The cpsrating resulis were found te by clusely reproduclidle. As & ruls, guoifi-
cation ir ile 74 rune mads to dete was piroossly dlscomtinued after U 4o 5 howrs,
althcugh some runs of 30 hours' durstion have been mads mnd oould have besn pontlone
Indefinttely. Very littls slag Farmation wea ever observed un the ollicon ocarb:ds
—Inicg of the £-1nck Z.D, and 7-foot long generatcr tube.

The Taet 1% runo mude 1ncluded investigalions of the effects of a mmbher of
eperttlng veriables and such spacisl sxperiments ma tre addition of lims to the ook
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aificd. These, together wlth a ihermodyramlc ir&nslatlon of the operating results
'15;; comiltiore prevailing 1n the gagificrtlion m comerslal seale, will be daecribed
in & foptheaning publication,

Thderground Gasificetdon Project, Gorgas, fAla,

guccesefnl develomment of a process for underground gasifisation of coal would
g avadlable a astrca of enargy for alsctric-power generation and gassous [rodunts
 qultable for tha menufoeture of syonthetleo llgquid f:uals. It wAy mleo be posalble by
" ghia meane to explolt cosl deposita that are nod now mined becavee of Lhiiness of
‘ ped, mragence of minerel lnpurlities, o dIff{onlt wining conditions,

conetructlon and opsraticn of the umderground cosl gasificetion project st
gargas, 4la., waa plamned and smpsrvieed by Fureel of Mines engineers, Undsr a
pprefit contract with the Government, the Alabeme Power Co. provided thes peradnel
. and equimment necespary for zomstruction and operation, The Gorges slte, including
. ¢hp surface arsa and the undarlyling coal bed, wae provided br tte Alabhama Power (o,
without eset to the Govermment,

Thie experlment on underground gasification is being cenducted ln a lEC-acre
tract of the Fratt ccal bed fecleted from the mailn bedy of the bed by nators, [he
goal bed 13 42 inshes thick ard 4ipz =lightly to the southomst. The covar above tha
. axparimenlal syaten renges batween 125 feet and 150 feet. Mie uppor 23 fest of cover

ig aurfaca soll, clay, and woathered sandetone; bolow thla lle stratified, wweathered
. ghales and sandatonas, )

The underground develoment conalete of entries drdven In the coal from the out-
crop Aand comnsetad at Tntervals with the eurfece by means of lsrgs-dismeter veriical
borghelss. An entry snd sirgourss, omchk 10 foet wids asnd aseparated by s L0-foot
willar of cosl, wers driven 1,2k0 fest frae the northern outcrop, They wers dlrvcted
almeat tus soutn for G40 Fest and ther turned to tke sowtheast in order to remaln
- undar the greatest poasible sover, An additiomal 200 feet of single satry wed con-
gtructel, ma it was thought thal operational characterlotices would be mors cluarly
dafined in a alogle entry. Five large-dlumebter veriical bereholes wers trovlded es
- 8lr inlste and aae outlets and {ntersect the entrles at 300-foot intervala. An entry

peal wall was cons ucted _40 Feet fram the ocuberop to contaln the alr and gea and
to prevent fire from spraadipng Lo the octereop.

fperation of “he undsrground system wes starbed in March 1949 and os gontinued
. without interruption for 20 months, For the firet 14-1,2 manthe opsration wee maln-
taiped in +he saction betwssn boreholes I and II (ees flg. 06). The 3sotlion hetwesn
horaholes YT and TII wme opsrated for 4 monthe, after which time the ares between
boreholes TV and V2T wesg utilized. A gas twrbhine Installatiom wae cperated fur a
Bhort tims ot borshole ITT, utilizing the ensrgy of the hot efflusnt prssa to provids
adiitionel compressed air for injJection inte the urdergrourd sysfem. By Dacamber 31,
1949, approximately 3,900 tome of coal (mulsturs- and ash-free basie; had been ocon-
gmead in the gectlon hetwsen roreholse I and IT, ard the area burned was approximats ly
E?,ﬂﬂﬂl ad. ft. In Jamuary 1350, boreheole VI, was drdZled midway hetwean haresholes 1
8cd 1T and 4O fast vast of thae eonter line o the ariginal entry, Borakole VI pere-
ated a zone of Lov-temperature goke near the reaction fuce, =nd 1t was planmed <o
88t up & reaction zone 150 feet in lengsh bebween 1t and borshole II, UDsratids was
atartad by 1njosting 7,200 cible feet of sir per mirute inte borehole T and drawing
g8a off mt hareacle TI. No A1f71gulty was sncuunkered in in'tdeting flow in this
asction, and Guring the firet cycle the gas obtained et borskbols IT hal AL aversge
&nalyaias as Pollcowa:
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Averagze, percant

N T E T R ER TR 5.2
T1T, wevenn.. eeeian Chareererireiy 1
Cmutsisetananmrnmstantnsrnanamsmmnss 9
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rfter 8 hourn $7e Tlow wes reverzed, and epprox-meiely 3,000 cullu faet of alr
par minite wan Injected ab harshole [T, gas baing drevn off et vorghaols VI. The rate -
of flow wes 1l ted to this value as 2 mressure of npproximatsly 22 p.e.l.g. ¥8e re-
culred to foree tre flaldse threugh t1e syatem, The average gffluent gne aonlynlo was:

Average , percart

o R TR 3.3
0. ..., 13.0
Dy aaraanarinsancnnns 1.4
B L S R R LR R L R R R L TA.S
Heatlng value, B.t.u. par ci. It... 0

ATter 5 houra the Plow waa sgalin raversed, and 6,300 cutie faet of Alr per min-
whe wna blawn inbo borencle V7. Tae pack pregeure durlng thia cycle was malntained |
at ¢l p.o.i.=., ‘% contrast to 13.3 p.e.l.g. during the first cyole described. & _
partias tlockege had ccourred near the bogce of borehcle VI, Imring thla cycle o oci-|
poalte mag sample fad the followlng enalysla:

bwerswsa, parcent

Ill. T N S I R R ] .0
EE...-..;+; ..... TR arE R EERRL P ER Erg
c%.....-..l..-.----lurl.p-ii--l-lu-p'-'ll Fg
EHuq..-.....p.-+-..q1. ----- amm v 15

After & mowrs' operatlon, lhe ddrectler of flow Hce more Was ravereed. A 8T
blagt of 7,500 eublc feet per mimwts wes spplied at borenols II, and gma 1sousd =%
popchels ¥I. Thig gaa ignited at the top of borehole VI soom after 1o cycle wad
zearted, tut 1t wes extingulshed in about 15 mimetes. After 2 hawre temparature TS89
sharply ir vorohole ¥I. This waz accempanied Ty flamg, melien rack, and eleg 1zsuing
atout 5C fast irts the alr Jrom the harencle. Alr Znput wea stooped, and aftsr 19
cutlet bed sooled °t was [oand thet it kad tocame £1llsd with slageed material to
within €0 Pset of the surfmoe, Lytempts to penetraie this material by chwrn irt-1ing
wers unElzcssatul, Opersatisr of *nia asction showed that 1t wea pogaibls o prodnsd
s canastible ges in lerge volume wien the outlet borehele intsraented the reactiné
faca, it wag frther demonstrated thas the horeholes uasd ng gaa oublote wepuld 8-
quirn additlomal protocH on sgnnedt the offects of hsat.
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In order to develop fursher the posslblilitics lndl cnted by opora¥ion of borseihole
¥, 1t wa2 danided to conztruct borehols V1I E\HEthf Forehole To o a Zine mormnl fo
the enbry end intersscting the reaction Tare, A G-Inch churn-dril® test kcle G5 Teet
punt nf borehole IT found coke st 1te Jmeticn with the coal bed. According’y, bharc-
pole VIT wed joemted 10 Fset farther from borehole IT, o TH feel frim lhe center llre
of the entries, Toal uneffected by hest, at 6 temperatire of about FOC° F., woz found
when driliing roached the coal bed, This hole waa drilied B ipehes ‘m Aismeteor Eroil
. yan stoaped after penetrating a fow inches 1nto the coal bad. A 12-inch-diamenar
gteel-plpe Uning waa planced 1n the hole te¢ withln L foot above the ccal bed, and the
gpacs betwesn the linilng and the wall of the hole was filled wi th cament and aspd
grout. The hols wea then extended throvugh the coal bed with & 12-1nech bit, Thic
cerptruetion insured againat air ar gAs entering the licls aove the level of the coal
pod., DBoreholes VII ard ITT were £1tted with watsr apraye 8t coal-bed leval to rrao-

" tgot them from the effects of high temperaiurss.

Turing the time regrived for conatruction of the berehcle, and whiloe the combna-
tion Tace advenced Lo the beotbiom of horeholo V11, ths section between bareholas T and
If was operated on a regular S-howr ayele wilth & nermal zlr lnpub of 7,200 cuble fast
- per mitmte. At this time ths maction had inereased in wldth to Y0 feet midwey betwsen
the borehicles and 130 feet opposlits the boreholes,

"he was coaspoEiticn aa of Jaymary 1, 1550, was erproximately s Followd:

Por cant
{.‘IDE....,..nirl--puqqu-i-th-l-lu-l-r-r-lql.l-i-l 6
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At the end of My, ehout the time thet cperaticn was endsd in = criginal ceno-
tiom, the gaa cmapoe ition reflected 2 Jarther losz of comtact katwecn air cnd ooel,
ne indicatad by the ilncreszed omygen conteat of tke afFluont mae.

Ferecnt
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The regiiar periosdlc reversal of flow £id, huwever, beord to comoentrate thn
nambustlon zone near the middle of the section and tius wroduce 2 vlzap-churped,
brned -ont =res,

Table 20 mummarizes ihe operation of the ash’on beiwsen bovehclew 1 and LI.
It may be noted tha< the heat of scmbustion of the efliuent pas reachod o mexlman
of 3h.1 per cent of the asat of combuctliou of the ool comaumed ernd aversecd b
Fer gent for the sntlrs periol.
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_ [n premarution fur establZehirg & sopluaflon zone befween Lorsholss ITL and
¥IT gand “1ln:dized with compressed air was Injected intc tie west Meading of the
,;,J_lal antriss hetween horeholsms IT and TTL. Tha oblect wea to concsntoate $re
plast 1o ohe hoad ng and te limit Sha resctior to & alngls face In #o far @3 wea
_ngi'gla_ Tiftry torp of sand waa injecoted before cperatlon in the ares was bedun,

The secticn betwesn horsholer ITT and VIZ was et ‘nfc operation eerly in Juns
1950, Adr at 7,200 cubfc feat per mimute and 12 p.s,l.g. preesurs vae introduced at
parehole VII, And tha gases were tmken off at berehole TII. After § hours, the Flow
A reveryed, sni for approximately 1 hows 2,000 cubie feet of alr per minuts was
gamitted at horshole ITT, and the gases were removed at VIL. For the Ciral 8 daye
cyeler of 5 heurs duraticn and 7,200 cunie feet ver mimte were maintainsd when
plewing in the dirpotion YII to IIT. When the dlrection of flow wos IIT &o VIE,
both the air-blest rats and the cyele tims ware Incresged gradually until, at ths
ord of B Azye, the ratss of flow and cyale lengths were equal in sach dirsctian,
These preliminary untealanced cyolse wars uged to elimloats excasnive tAampersSirar 1n
gr neer Fo, VIT horebole snd wlao to diatellute the sombustlon zone tetwsar ITI and
¥IT.

] Trrpedimtely wpom atartlng sombustlon in this aros, cend Injection on & 3-ahify
pasls was atarted, utilizlrng f-irch eharm-drill holes slong the linea of the under-
] ground pesaages. The purpase of th1a sand inlection waa to minimize hy-rasaing of
the gual faces by gsas-lwaking fluilds erd thus 4o insure max’mor contact of the re-
acterta, An the smeuzt of mand inlected was Increassd, the presoure ngcesaury fo
Perpe the alr blest underground wAa “hereased. During the next eeveral wecks s
tetzl of 236 tona of dry eand vme inloctad into the arsa, insluding the 50 tong 1n-
Jeoted befwrp cperstisn cf this fectlon was started,

In the Firat vack of cperation, ths efflusnt mas= =% borshole VII varisd in
beattrg value between 151 and 5% B.i,u. per ecublo foot, The elllucnl @22 81 hors-
hele TIT waried ‘n heating va_as Tror 45 to 21 B.t.u. per cubic foot, 41 e=ch
borehule e sumlity deeressced dumewhat witk dime, =nd the averape aAnalyants ol ow:

Averago 2, _porcent
Aopphc_a Lil _}iureho].a VIT

c':l‘a,.qqq.q.nn---.q.uu---q-v-u-a-l-t-it l:f-"'ltl' 13-1.'::-
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C'_qu__ T ettt maadnmieaanaarns l.?.‘ 1.=
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Teating vaiue, BE.t,u, per cu. ft.. 33 100

During thia perisd the ozyeen contant of tne etClusnt gaces at oltasc Lurshole
¥83 low end indicetsd thet hy-preaing of carbom Paces hod test minimized, The cosl
smsumptton for thia flrst week's operatlon ovaroged 15,8 fons of molatwre And ash-
Iree coml per day with an afy Zopat of 0,200 guhic fwet per pinile, which ia aprrox -
Mately Aonhle what had heen achleved Lol arc.

The sectior hetweer poreholen TTT ard VIT was cperated w2th cyeiles of 5 to &
hours for + montha, Tee oierailon wes cheractorized by gradual Increasing oaf@en
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ponten® of the eff_usnt gra, Ilndfcating detormlioration in the elflcleacy of contact
willh tms, Thio offsct was greater wien the dfrecztlon of flow wao from IZT to VIT,
Huring ths eatire U #onthe of opsreticn the rate of coml soumumptlon, when uslng en
alr hlaat of 7,200 cutic Foob per dey, averaged 259.6 tomna rsr 3sF.

Twa tenf runa, sach of 10 duya' duration, wero mads w1l roeduced atr Input 1g
irdcr ts determine the affect of varyng flow rates on the operaticn of ths under-
provnd syowem.  Durlng these tests, opereticn wae pontinued on s eyellz haata. The
firat Tun was mado At 2 nominal alr-Inrut rate of 4,000 guble fest per Elinute with
an averags cyqla length of £ howra. The secorgl test run was mode with a nominal siy
input of 1,700 cutic fesd nar mirudta, and the srels tims wae incressed to aprrosi.
masely PN houra.

Taring thess l0-day perlcds of operaticn, there wea Lithls differerce 1n oneras
tlng cond! ticno hotwoen the normal 7,800-cubic-foot-per -minute rets mnd the 4 ,0C0-
cublo-foch-per-minuts rafs; the quelity of the effluent gep wap canparalle uand did
not veEry greatly with tims, The dacrease in rete of ool consunpticm 4as apprezl -
woately propoptlonal e the dscrsase o a2y make, At the negloning of the 1,700-
cutilg=fost=-per-ninuets tests, a def.n’te looresse 1n quality of the effluent groes
wad noted over what 41ad been zbiatned when uaing 7,200 end 4,000 cudic feet per
minute., The oxygen concent of *he efflusnt gases wag lower and the heatlng valuve
highgr, At Bko ond of sho foct period, the heaiing walus deorsaged to apmroxzlmately
the zmme vulue an was chtained at the higher rataa, Tho rate of coal cochoumptlon
tor andt velume of alr ‘nput waz initially higher durleg the 1,700-cublo-feot-per-
wiaite toot, bab thia value dosroased with $ime and approached that vetminsd at the
Elghor veteoa. & gtudy of thoe amalzytlcs” datu shows St the lnclease o heallog
va_re durine the Inltial pers of tke 2,700=-gublc-Toodt=rer-minute run waz dus to &n
Incresszs in sontent of coal-&ist!lianbiom produsta and to the walsr-gac resction.

Teale 23 gurmar!ses the coeration of the sestlcon betwoszn bereholes VIT end
IT°. The averags rate of coal coneuwnphion and the percentage of the haat of crmhus-
tion of Lhe coel ag chenical hosl In Lhe preduct gas are 1,7 and 1,3 times as greah, -
reszestively, a2 for the cperation boetween hereholes T cnd IT.

TATIE 23, = Coal cooumad and heat Dalance oo operitlon of sectlon batwoon
boreheled L1l and vLD, June 1990 +¢ Qotgber 1990
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|_ Trna ot epal |Per cent of hoet of combueticn
i Toma of coad mmrmed ner of coml eomaimed
burned, calendsr day, TMect of
moizture- a1d molature- and [Sensible heat eompuation o
1950 agh-fras basiz sah-free baala| of dry ee product ghd
JULB. o vasainnnaanss Tl 3.0 12,7 32.3
JulF. o i e A0S i 21,5 1%.5 34,0
LATERR- S 571 j s7.0 12,2 26,0
Septomber. .v.vuirana., 556 ! 8.9 50,6 2.2
Volal or aversge..... T 20,4 12,6 31.53 _

Uperaticr of the sectlon, borehole ITT to VII, demcnstrated sgein that A leal
Froduser zas vould be ubtalned whesn very bot curbon was wcoesslbls to alr near the
vutlet borehole, However, when tne same borelole was uged as the air inlet, lesd
combuatible gan was roduced,
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When the Eyetem was operated witk relatively Long reverssl times, tke ealorific
valie of the ontlet gam gradually Tneressed during the cycls. This irerease ras
peen noted botk in sestlon T 4 I and TIT o VIL. Aa tke heating value approached
35 3.t.U. per std. ou, Tt. 2nd the outlet-gas temperature reachsd 300% 4o 90G° F,,
the @ad Lgn-ted upderground. Maverdal belarce calculations show that when 1zmition

cocmrred undsreround, coal condumptlon Ineesazed, and dresdure ragquired Ly Scroe
alr Intoc the eystem at a given refe alsg lncrsased,

During cperation of aachion TIL o VIT an adreraft-tyoe turbo-superchergor wos
jnstalled at borehols ITT, It was planned to vperate the wderground syaber under
prassurs apd to expand the Lol pgas lasulng from borehols ITI threugh the turbine,
neing the energy cbialned {o ¢ompreea alr, which would he added fo the wdmary air
supply. Several preliminary trials indlcated that a single Bmrbo-supsrcherger would
not deliver alr st the regquired presgurs, Oonasquently, twoe trbo-aupsrchargere
were iratelled, with tha turbines cperating ‘n parallal, and thelr atitoched compres-
gara 1 geries. To attain the gas tempersturss (1,000 to 1,L00° F.) necepsavy Iur
gpereticn of thlz installation, alr was inlected underground at borencle VIT, and
gag waa removed From borehole ITT for about 10 houra.  About this time the gas
1guitad, a2 described sbove, and tha furblnes were atertad, When the pressurs had
bullt up swtficiently, the discharge of the air conprsescr was added to that augp-
pled to the system, Four runa wera nade with thie inatelletion. It was found that
gr. equllitrim was estaklliahed when the inwut alr pressure wae about 18.C p.a.i,a.,
the gas outlet pressure sbout 12 poalt.g., and the total alr intut underground about
9,000 atd,e.f.m. A certein asoount of waisr was Iinlected into the pee, and its non-
~ verolon inte eissm hslzed to comirol the gan temroratwee in tho plaing ord the —ir-

biped, With the fxcreass 1n alr intet, the oxygen conternt of the efflient gas
denrsassd to zero, and the ra<a of coal conoumption ireremgel further. In three
later rmnz, comipustlble conastituents remsined in the gas aftar ik wae Algchargsd
fram the turhinea, and = flame was v1slble et bhe burbine diachargs, whers the hot
gad snoounbered the 2imosphere. The combusiible content of the turbine 2iochsarae
freranged 3lowly with time, Dbult wery high gos temperatures preventsd prolonging
the rune watll thera was no further lngresss,

Operation of the tirbo-supsrcherger installation demonetrated thet 45 19 nosal-
bls to recover & part of the smergy of coal burning in placs underground aa uasble
heat, An underground gesifZcation sy2bem Jdeslered to dellver gueesua producta of
rambustion to the surface in the tempersturs rangs 1,-00% to 2 ,LOCY F, rajquires
relatlvely Iittle underavsund dsvelomment, will operate undsr e wlds rangs of =ir.
ioprt rates, end will permit aperation st & megnituds thed way e allraclive Trom
&n Indugtrial viewzolnt, Sclutico of the problems of conteining aitr st high oree-
Buras and the construction of outlete to handle high-tomperatire gas will requlre
Yurthar expermer tatdan.

The ovperation at Gorgaz has demonshratel that:

1. The cambustion ¢f c¢oal wmderground san be AdveEnced over & relatively wids
&ran from 8 single yagsaweway 1n the coml bed.

2, A lerge percentages of the coal's hewt of combustlon san be obteinsd at the
Birface at a usatle temperature, This has been done during “he operatian of a small
fa-turtina Ingtsl ation for a short perlod.

J. FProduction of & combustible gee hes been obtained for shoet intervals, tut
by-pasaing of the carton faces has greasly decrsazed the oalarific valne of the
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offluant gas. Whera slr hasz contacted hot carbon faces, pood-guallty aws hao Lwen
rroduced undsreground. A large nercentmge of thls gas has been burned sy secondary
compuation due Lo alr by-sassing the corbon Tacses,

L. The wmajor mroblem 1n the auccesaful applicstion =f mderground gaeiflze-
tlem 1s the Ly-paseing of carton faces, By-passing is affected by the actlon of
Feat ani prespure on ths rock wverlylrg We ccal oed, A partlal contrel of by-
paaning has heen achleved by filling the openings underground with fluidirzed sand,
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