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The powderei-ccal weaiflier work Invelved attampts to imurove the degres of ra-

sotlon nonisved between carbemt and sieam. Tae m#ans tried thus far ere ms follows.
"

1, Inreaned flacnesz of ceal fewd, Coul ueed in the first experiments was
relatively coerss (about 55 paresnt through 200-meeh eoreen). The operation of the
r:lverizer was altersd fo parmis the produetien of coal of almost 90 porcent Trrough
2C0-noch acpesn wite vory “Zitle noticesble improvement fn oneraliom, Hewever, a
Turthier alierstton thet resulted 1o the oroduction of goal that was aubatentially sll
shrough Z00-mesh &G sbhout V5 percent througn 325 -mesh gersen 34d result ‘n e defipd
imperovemons in Shz oporailin,  Gomparicon of tiis »un with others wder simdlar cune

itlers showsd that azzroxinets’; 7 zsresnt uore coal was gaaified, and the raw-
En-eria ] refiircesnts for 2 2fvern jmn producilon were reducod corpearondingly. Tow-
cver, the very “ine 2ol cevaed Alffisulties in the coal-fesding aystoem that TrEvente
cuotoinel onsretlon withoud complade rovialon of tho zretem, This revialon wee dee
cerrsd w1l other methods for inprovirg oreraticn had besen sxplored.

=+ A atudy of whe offect of varying ccal-turner acesle lengths wes trosdensd
te lnelude ome nwrter nerile tast extended through the gone to the main barrel =il
the gusifier, ZIifttle I7 acy improvemest inm operse~iaon was chaerved, Bnd several
mactaniesl AlST!znlties were snociiorad,

Te Dirat rins vers wade witik cosl nogzles flugh with the cuthosrd and of tie
gazilier cone, some of which ssemed %o give letter romulte thar were achicved Laoter,
For tnle reason the flusk burnsrs were relnolalled, Soms Adight Inmeovement in ra-
HULe wue Lhialaed, but tle earller AXficulty with slag depesition recurred o the
extent 1Al <hlu cperation way dssmed fradvisatie,

s IT thz previorn work ihe oxygen:ccal ratic had basen varlied from 7.0 o 4.9
gidoc.f. of oXyren por polnd of ooz, One vun wus mada 5t 8 ratic of 10.£ ou, £,
Der pouni, im walch the tempsrsturc in the mgzifisr reachsd E’TDCI':' F, Carbum gun-
verntun wis Ingreazgeld, tut ths hlgnar rield of sme obbtalined Dor pound of ecal wae
mars thao offset 3y the deorcage lo gas rroduetion zer wi't of oxygen. Furthar,
temporaiires waro tao high for continusas eoperation.

. r vearicus runs, satorated stear had bean added throogh the burner nozzle
or thromgh larecz 1: %e tody of the guaifier with littla Improvedent, It waa he-
1toved that ths whilling alffect of the low-temperaturs steam may have offset any
mdvantage tiat ite additlon might have creatsd. & 2mall steam suvorhenter wma con-
Atrieved, and atesm et shout 1,400° . wme added through = Flpe n the center of the
burnar rozzis, The result of lhis run egread quite cloasly with thoss of proceding
rurnd in which ne suxiliary atsem wos acded,

Te Asterming wiether the cddition o auxilisry atean wonld be mope elflfect! ve
Lit were wemised with the coal, a small amount of moderstoly superhemted n<esm
Wea ddded 4o eack of the cxyger-poal pipes Juat before the hirner aorxla, Thig
refulted ‘oo oomevkat errat’c overaticn, and in no cose was any algn Ticunt
improvomert noted irc the reoults,

2« Tke affect of Increased time of residence in e gasiller waa exploved in
a run o in which the oxygen, coal, und steem flow rates were denreesed by about cme-
bhird w2in othar opsrating conditione gukatantially normel, This resulbted In an
‘ngrease in the calculated time of residence frem nhout the useal 2+1/2 cecunds up
te ' ascenis Por is rum. No ‘mirovemsnt was Acted,
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T dstermine tha mechan’ cal performaces of the vnit on ovotained cpsratior, cne
p— of 11 days was made . There wera verlous interrupticons, wanally of short dquratkionm,

of the totel siapsed time of ahout 264 howrs, there wore 104 houre of cperatlen

with gix pwmers, 27 hours of operatlon with flve buraers, elmost B4 hourse of opera-

+ton with less than five, and sbout L0 hors down time, This glves & flgurs of

taly 75 percent of bthe total elapesd tlmo for oparation with five or a'x
DUTNATE qut & fev relatively aimple improvemartn sho’d conslderably Imprve the
opgtresn s, Approzimately o070 tons of asal, 4,160,900 puble Izet of Ccxyaen,

-and kg2 000 pourds of atesm were 188d to Eoduce sbout 15,700,000 std, r. T, of make
gad, of whish Al peraent, or 12,700,000 cuble Ieet, was pArbon mononlds pluec hydro-

. ger. Om “hiz taals, the producilen of 1,000 atd.c.f. cf cerbor mcnozide pivs =ydro-
ger. Tequirss 322 cuble Fest of oxygoen and 42,5 pownds of nonl. Teeae f1gurss do not
necesmarily rerresent the optimun condlilon, for the reason thed the ruin waa ourpoeelr
pade with = meal-rich mztnss 1o order o aotrol temperntures beatber.

Ma jor cpereting difflenition during the run included the fol owing:

1, PRap-d asesmulation of & coal refuse, wilch perhaps was lsss readily wsllalle
apd harder Lo hendle thern 3hat chtalred in most of the rreviena operetlons. In eny
pams, the gmount procuced was mors thean pould be lemdled by the pronoemt slulece and
ayerflow water system on A continuele basis.

o, Accumigstlon of a visccus or semlesild slag temding te geal off the top of
the neh legd, Tn oame Instmcces this was smpoasitle to remove by rodddng from above,
end 1t was neceseary to cut &o cpening into the ash 1leg to pormlt 1% remaval.

3. tegraveticr of the slag zecumulaticn and rafractory ercelon revions.y ncled

Bl

in both theo ocones, “he norih cone lp more merloid affestzd, ana tre pouth cote Is
L

affanted to oome 2Xtent.

L, Mechenieal troubles with the rosl gerew drive mecharlama end e rel=tivelr
ghort i2fe w’ Lhe radintion pyronoter tubes,

Heeulte mekisved during the various zortlsrse of tnls rim agres very clzasly
wlth lha resunlta of the =hcrs cxporimsntal rins mads previcaelr urndor conparable
gperating comdisicma, The vowdsred-cuoal weaifler was ahat down om Appil 27, 1950,
and tra mricoeork was a_lowed to 3ccl wder conirolled condlticna Ter wooka,  hw
interior wes inepectod thorvaghly, and messurements and tnotngeapne wers teiken of
the sreacn of <he relrecsiary, deposlis of elsg, and ciher portinont items. Lriasfly,
this inapeetlen showed <he mein berrsl of the gmeifisr to bo In quite salisfacuary
condftions execept for depozita of slag on and sroind the azz-leg evenling3. The
Vriekwork in the comes #.cwed appreciasble stoack, oome of whica ia ke o ke 06
to direct impingement of the cxygen-coca_ fleme during cne rerlsd of speraticn, Tke
rest may be coanaidersd normal £eor oparationg mich 88 Wers wdertaksr fring this
first yesr of sxperimental servico.

This Koppers coalednst gesifier Za she Jirat undt of 1te slze ever oullt for
suepended coa’, ganification, slthough small-pon’e cxzerimsnial wnl<s have hesan Oper-
aied in this gountey snd in Germany. The entdcipotoed cperating of fleisncy kas nnt
Yet been reached, dut it ls zomstdarsd tc e en seecmrpliarmernt thut cerhbon-gasiflce-
tloh effic’enclea cxeseding o0 jersent wars sttained without ekeesslve consunption
of weygen, Fuarther sxperimentel work Is Decessnt’y o inprove the efflclencr ol
gagificatlion by inereesing the reaction tetween carbon and wleam to form zerbon
Momoxda and hydrogen. An eltermats mathod of removing aleg “noa liewld [orn weonld
bear coneldsratlor,

hodg - 19 -




& 8 part of the geaifier opsratlonz, And aa A aid 4o analrygiz end interpre- ;
taticra of 1Fe resilta, varlous femtures 1n the aysteom were atud’ed. The arcunt aid
maraer o tre logs of heat from the gasifier vroosl WeTe Asturmined, az this iz B8
matder of accreiderable ‘mptetErce In determin wg the efficlency end in gurrelating
£l pemniiz with the theoretlical atadisa, 1

T-a "pabhle neator” or 2loam gaperhsater 1z a piecs oF squizment oui In cradnayy
wae 1m dndudiry in thic country and ie of imtevrant te those conecerned wlth the Iro-
Guatimn of #apsIrentcd sheww atb 1,600 o 2,506 F. The porformance of thia aris WRE
Tollowss quite closcly, and dctorz’nations were made cf the tharmal sfficlencled,
creratirg l7mitetions, and rete of lnas of the msbbles Ty stiritien, Atfer a fairly
extensiTe perioé of ovwspallon, the pevble chorgo wea Zount to be in m comditlior un-
putisfarsiry for eontizued oparoticn, Throcgh o guorerative agreement with the
Alumtum 9z, of dmoriea, & new supnly of vetilesz of high-purlfty alemine woa abfalned,
and ~ee techknloel masistanaes of the comrany's onginsard was mrovided, Operating
charnetaristles and wesr retes of the twWo tyoes of melhtles were comnared carefully.
e respliz of thia smtadry Porm the zemia for a Report of Investigations.

Pappr——

The tharmodiynamic #t1dies of cual gasiflcation, whigh wrigloslly were undartaken
o vrewide aogutds for the firet ozcraticns of the Eooeera urdt, have Lbesn condnued
ené extonaed to provldo mesrs Cer the =tndy of ccal gasilleation In guspersicn unier |
= vide vEricty of sporeting coodt tlors,  Farte of thilo stady have been mresentod he-
Fore tie fmeetcan Cherom) Soclely and puilished ir Dduetrlsl acd Ergineering
(hemietry, Tefa metlod of caleuw’atiom haa becn naafil ‘n camparing the resulta :
actally sehleved w2 li Licos thsoretlcully attainsble, ‘r paking economic studice of !
Frovazed altornzse mothoda of cporation, Aand in MAling crocead velmulaticns [ de-
olpn prrpoaai,

Eerp=ly “rofuicss

AT lmr the panizler sooled, work wez pierted immadistsly oo preparations for the
cpernt’on ot the Eerpel; prodscer. TRIS 25 A standard, T-foot diamster, filxzed-ted
predncor thst had Toen uzed T tme EL. loufz rlant of the Zaclede Qua Light Co. Far
sovoral yesarz, Tao grete wan mzdilied alisvtly, ard a variabls apsed drive wad in-
gtalled o~ the ash 7an, o cther rol’figations ware mnde,

Corperative agreemcnts had heern conelnded belweer the Bureaun of Mines and the
fraricen Oa@ 4nnoo-ailun for stady of the beaswvior of two 2ites of i gh-terperature
coto in this antt, and with the Eoppers Go,, me., for o atuly of the “Digec” low-

tomporatira ghar,

“nats weore mage with a’r and with s0, 79, and 90 percent cxygen mlzturoa,
“urinz theie sests the producer was operated elmcet contlmucuely Tor mors than b
waske, f tetal of gboul 500 tons of ths varicuns fypes of goke wAp coraumed, about
4 militor cubls feet of oxyeen wes used, snd sprroxlmsiely 30 mtlldicn cukle feet of
£A0 WAg Irofusef, Measursmensd were tAaken on the fead =nd product gkreams and tre
speratlng verlatles, and the resu-ta word ntudisd carsful’y to eva_uate the operation
s opobentiel powrcs of synthssis ges for thila plant, o compare -t wlth aiaiisr
cperatione maviouely veported, ani fo develop i-formetion useful to-those interesled
‘n the pommarsiul aeplioatlom of this proccno,

e mops interesting of the relatimmebips develcped wers those thet wers 4
turetion of the chengs 12 oxygen concentratlon. Flgare 14 shewm the changs iz noind3
af coke requived to oredace L,C00 std,o.f. of carlor mencxide plus hydrogen as the
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Figure |5 = Relation between steam requirement and oxygen content
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Figure 16. = Relation between oxygen reguirement and oxygen content
of dry blast.




content of tihe "11get" mizture la insressed fram 21 percent [etmomrheris sir)

E. ercent. It will De seen thet on alr operatlon about 30-1/2 pownds of coke is

s to 90 Pd mhis dropas to about 25 peunide vhan the cxygen content Ie lnecreased to 50

: rgqlﬂl': ‘ard. then decreases ly elightly, to sbout 27-1/2 pownds, on 98 percent

. per el The =olld pointe shown mbove Lhe curve represent the tests on the Diecc

.-Wﬁ;'ﬂemms svar, Here the requirements ars relatively highser heceuse of the

. i::er earbon coobend of the fuel,

Figmrs 15 ahows +he verietlion in atsam reguirementa with charge In oxygen cdn-
9o prevent fuslen of the ash in the nosl, wilth conpequent formation of

ame clinkers, 1t 18 neceseary to use highor otoam ratep with the jurer czymen

The excoas otean helpe to remove the dnereased hest of combuatlidn end to mein-

B tain the dpaired tempsrature 1n the fire zene, The steam, vhich iz decompeasd Lo

B form eyntheslis o8, incranocs from B low of spout 1% zoumde per M of, of cerbon mom-

¥ cxide and hydrogen oo air operation to about 29 pounde with the higher parlty oxzgygen.

..' m‘t-
P -u-ol:lhlErE

tlact.

In figure 16 s shown the chenge in oxymen reguiremsnt per M ¢,f. of carbon mon-
E oxlds and Lydrogen w:th change in ozymgen ounlbenl «f the blast, On air oparation,
¢ approximataly 317 cubic feet of mmre cEygen is required for each 1,000 cutle Past of
. gynthesis gos mroduged, This dreua to 250 cubie feat when 50 perceant oXygen is ussd
| and to sbout 240 cuble feeb when 90 percent axygem is unaed.

. The ecmposltlon and heating value of the ges made, of aoarea, changs markedly
B . gs the cxygen conconaration in the blast ip ingressed., Fraom slr opereilon, a gas
e Containng mers than SO percent nltrogesn witl a heallog valae of 130 3.4.u. par

- eubic Foot 1a obtained. The nltrogen ccntent decressss emd the hsatlng valus in-
':_graa.aas. regularly with incremzing oxyzen aontent 1n tke bleast, Frow operoticngd on
I atraight rocesa oxygen, & ges containing only 1 percent nitrogen with & heating

¥ value of 250 B.t.1. par guble foot 1s obteined,

] Work had bess reporbed in a few lnatances on oxpgen-tlown producers, Howevar,
¥ no results had been published on wevious operations cn the small sizes of high-

E temperature colke o the low-{emperature char thrt wara 1asd Tn aame of thema toota,
E No work bhad besp reporled in this country on the use of oxygen-enriched air.

¥ It wan found that operatiores oo small ooks elzes at retea up to the limit of
E. the produser suxlliaries @ of the cxygen plant wero ontirely feanible aid not

;. greatly different trom operatlons with the lerger coke siies, T4 la probable thet
- 8 sanevhat higher ratic of eteam to coke 15 required for the mmall coke.

Llvge pperetlicng preaented more diffigulties, Thls partloulsr Cusl had been

k 2tered in the cwnem for sbout & year pricr to 1te uvs2 and hed dlaintegrated scmewi=t
"~ 1n weathering, It 18 probable that the largs amount of finss meesent contributed
appreclably to the operating diffigultles, Fresh cher, proper_y haodled Lo avoid
_hraakaga, coild he ueed without undoe orsreting difficultlez, It had hesn antici-

i, pated that deposite of tear from this faal in the equimment and pfplrg might he
Bericug socugh to interfars with proper operstion, This d14 not ccswr, for no
appreciabla depoplts werae found anywhere In this syatem, Ansirtdcel detsrminatd ons
g of the dust and tar in the merke gas showed that sonorentratisne probably weres foo low
E. 10 cange Aiffisultlien 1n aucteinod cperations.

# i85 tha EKerpely producser wesz Installed to jrovide en slternste soares of synthe-
% 8ls gas in event of any Qifficiity with the opermtion of the ocoel geeifisr, 1t was

E Decekoary o fraipn plask personnel Lo iis opseation, ao Lhel 1L oowld be ut "om

¥ atreem” on relatlvely short notice. The teat “rogran carrlsd out last summer pro-
 ¥ided thia treining,

E Lofo e



Fecauge of the 1lm tod capacity of the ocxygen plent wund Timitatfooe of cartoin
of tre produger fszilih’ea, 1% wes not poasible to dstermine the mexiesmm caTspl®y
ol too produgsr iSsalld, Tuns werd mode cn toth oir and prosesa cxygen o whick
more thee 100,000 suniz feet of gam ner Dour wae produced.

Operabion of the gazifissticr pilot plazmt at tws Morgansoel gtatior kad 1adi-
~etai 4nnt perhuos thero were fandwrs: lal differences betwren the resulta acilsved
o8 vortieal, htanwentially Cirsd gratfier end =hoss schisved wn the Koppsre antu,
which 1o herisuntal and firsd Lomgltudinelly frrm anch end, To exp-ore thls molnt
and extrn ool e Lhe Morguniown results to demorotratlicn plant scalc, there hes oasn
w1ilt ot Loufaiara 8 urtt e fig, L) simiiar to tie Morgantown pllol plant and
danizmed to coporste w'th o maFimm inpat of ajzproximstely 3,000 psunde of coal el

N

4 smreful atuiy vua made of rofrectories avltable for the jroponed gervize, &nd
Sipgh-wizigy alominm cxide refractory ma—erfel, iratallec as o +ernlithic Liniog,
sur pe_scbsd as the mest dsalrakle, A svoporelive agrsemont wae congiudsd heotwesn
s Tupens o Miman ard 4o & pminam Do, of Amerlen, whien peovidsd for osupelying 8
vortain pars oF the nosccenry material, technlea’? supervisicn, and coneultatlicn on
<to presration, iaelallalics, @=d Firizg of the lining. The ceoperator's anglneers
cwidencad @ very hish degres of intersst ‘¢ the rrojsct end condrituted suld Lantially
- the camniction of the work, Tra liclrg 1s "nstalied ard fired, tke Tarious 8UR1l-
ferloa e Lne mew gnaifier bavo besnm Inatelled, and the preliminnrlaem to artal cper-
2tio- witr eoul wrd onggun 8re now fnoprogresa, It ig epdlelpated thet operation af
<aimonuil, Yosldes wrovidine a gapoly of gas for the syminesie wnlt, will Fisld much

= R

¢ e

fnPoreakion ok ooy we to fastora affecting the resulte of the mralfticeticn step bt _

evn e b Lhe hohavior ool charecteristica of the refroactoricn,
Moag-Purificetion Unit

L10 treparaticrs hevs teen compieted Jor Initial uperalion of the zas-pirifica-
Lo upds (ees Plg, 18}, Or the tasls of stud”ce made at Loulelsana ard et teoe
Z:mthesiz Ses Froduct o Trwamch of Yorgsntowr, W. Ta,, final choleea were male of
41l mordfying meterinls, Z.e,, Iro- oxide, allmnlized iron ca’de, apd agtive carbor,
frolimi-ary testins of 1inas and eiuimment and the eca ibratlon amd trial of the
i trmey s elso sre virtnelly gompleted, and & perfod of duomy sparation 'a planmed,
sz imert gaa instead of symthsals gao, 1n order 4o meke m final toet of the whale
amit urdsw sparacing condltions end provide opportw by for final Sraining cf the
cpareting nerscmmel, In thin conmection, the cimireszorz heve hean servined snd are
relne tendad for cpereiion urder load,

I atudryizg the hehavior of werlong aztlve cArkomA for rensyal of crzpnic
EIlSur, T wal estAblishcd tat the presence of carben dicx!de in the gec had a
nerked ia7iuencs on Hle sapenlty of the active carbon, Ag removal of tre carboc
flunds la of temc?it o tre smymthecis, en Investigation fa ‘v progress to detormine
e oo Lhe Teralfts to be dorlived in both the puriflentios and cymthesle unita wilt
Juztify slteraticn of the 3vzlem *c perm’t eubztantislily canplets removal of carfon
floxids in gorutting for kydrogsn aulfide removrl.

Analyses mads during the early operation of e gmalfler oo a lov-sulfur Rock
Zrrimwa coml have indicated orpanic sulfir gontembts oF ehout 2C graine per 100 gubla
¥eet, Toin oan he especied to increase as higher-swlfur soslo sre wged 1n tre gaol-
tization star, Iowever, studies carried cut atf the Synthesis Gas FProductlon Branch
at Mrrgantoun, W, Ve, have indiestsd thas ke Anlet cmcantration of argenle sulfur
doss 1234 at'fect the perlormanzs of “he sctive carbon apmreciobly.
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