TABLE 9. - Comparison of contents of verlous components in 509 - 150° €, euts
of ligquid- &nd wvapor-phoce gesolins from Rock Springs cosl

Poumds per toh of coal
Components in Vapor-phase
50° - 150° ¢uks Liquid phase] Yapor phase | cet. aromat!zedt
Paraffina, total .iiiieiiicanis 27.6 k3,5 98.8
Naphthenes, totBl ..ieervniiners TL.4 3840 g91.2
chlDPEn‘t&n—e B B F I 41 FEIA®1IFTILPF Oi3 2-6 2;1 '
MethyleyelopentBhe suvvnasnss 1.6 o4 6 7.9
CyoloheXANE . .ovene st vnrs 10,8 26,6 5.1
Dimethylcyclopentanas ..., k.5 £3.2 20,6
Methyleve oheXBNe ,...vveanan 120 52,7 6.8
E‘bl’l}’lcyclomn‘tm h 4 4 B B B EERAN h-a 38'9 1I-Itl-
Ca - Hﬂphth.ETlEE:l ORI B O R N Y ] l'?.-f’ T8|3 1219
Cg - Naphthenesa)] ,....... ceae 15.5 a7.2
Aromatic, totAl sieaiiaininennrs 33.9 208.7 k12,0
BCHZEIE 4 rsuvsrrnatastreannns 2.5 h&1 B&.8
ToOlUETS & riamsrrrnesanssasemns 1.0 3.3 155.3
Bthylhenzene ...... Cerrerean 11.6 23,7 L.k
Iﬂ_"P-KF:LEnE s Fr v d e pg FANI EEEENFER 5!3 LSQB g5-8
n-XF’lEDE e s BAaEEFFAY R bE R AR E-? B!E' 22-9
Oleting, totAl ...evsearernanns 15.2 8.3 13.7
Tﬂt-ﬂ.l 'Y EEE P EEEEENERE N AN ] l-lI'TlT Thh"'ﬁ 61”"-9
Honhydracarbore, tofal v.ooua. 1li.3 10,6

1/ Prohatle yiclde ned the vapor-paase cub been sublected bo catalytic
arometizatior., Fatimetes based by the Bureau on results obtained by
the Standard ¢il Cu. of Indimne upon hydéroforming of vepor-phase gass-
1ime tkrough m cooperatlve agreement. Full results of cooperative work
will be pubiisioed later.

fjas-Synthesis Demonstration Flant

foal Gasification

Instelletion of tht new Moreantown-type vertical oxygen-coal gasifier
{(fig. 14}, deccribed 1n the 1950 Annuel Report, has heen campleted. A flow
dimgram of thiz system, which employs a new melbod of feeding prehested steam-
conl miztures, is shown as figure 15, Exlstlng equipment was used as far as
possible In the hook-up.

The cenl-fereding system consicts of ascumulator metering tanks for cosl
and weter, which dump periodically into & shurry-mix Lerk a5 additlional na-
terial iz required in the letter, This tank I5 equipped with two high-speed,
propeller-type egitators and iz of 1,000 gailons capacity, large coocugh to
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Figure 14. - Conl-Gasification Unit,
ta tall wosher-cogler is Morguni

On right is Kerpely coke gasification unit, on feft noxt

owrnetype vertical gasifisr and steom superheoter
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provide gaveral noara' operation apd minimize rny changea in coneentration
owing to Lotsrmlttsnt gumping. The discrargs 1lino From thls tank 15 gboub &
+nehes &bove the bothom of ths tank arnd is conpecsed to the auctien of & re-

ol pracating puE, motor-griven through a varlable-apesd il gear. The pump
dischargs enterd the top of a fired coil in which the water igp veperized, end
the resulting stesm-coal mizture la eaperkested to 500% to 1,000°F. The coll
oopints o & preheater sscilom of meveral turns of 3 /l-inch pips, Followed oy
an ovaporating ssctlon of Z-inch pipc, which, In turn, leads luto the upar-
wasting wection, made of 3-inch, L-& chrome Labing., The tranefer line from

yha coll dlucharge to the gaspifler was kent a3 short ad vupslble ard 1o hauvily
insulated. The heated ateam-ceal mixlure wWed 1ntreduced Into the pgaaifisr
anout 1-1/2 feet aruve the Tobtom end tangsnt to & clrele of elipghtly smaller
alameter then the gasifier 1+3all, O=yegoen 1o brozght in througr. ancthst noznle
at the sams level end tangesnt to the s&me anner circle. The gagificl proDEY
ecmnlgta of & vertlcal reTruclory-lined cy-inder, & reet, % lochen, inzide
dlanster and approximatsly 20 feet 1n helght. Proviglon was mede TCT weRaur ing
temperatures and preisuced threaghout the length of the anit. The refractory ls
nigh-purity slhmlnu oxide thet was cem-packed apaingt inalds forms gnd Tired 1ln
place to profuce = wrnolithic linlng. Thts materlal has the siventags of hlgher
melting point and mmuch highar rgaiatance to thertal shock than the ailiea brick
nsed in the prevloue wnit. Tf testae hers ghow that the menolithic lining 18
patlefactory, tmportant sconomies in constroctlion coata My regult, Under &
gnoperatlve agresment, the Alvminum Go. of Awerles a1pplied much valuahle tach-
nical agsistance and the molor pert of the patarial,

Froductas from the paaif ier pass out the top and into hoe same waste-heat
boller and gaa-hardling gyeten that were used witn the previous gagifler - that
is, a cyclone gust -~etcher, zas-washer cooler, electrostatic dust precipitators
and x4 exhruster.

To tuat operation of the coal alurry-leed syshem jpdependent of the gasi-
fler operation, the eorpmecsion between the slurry preaealer prd gaelfiger wad
removed oo thet the meterial lesving %ae pronester coll would digcnarge into
the air and its cnaracteristics sauld bhe whaerved. On the first tests, there
was gome trouble with plugglmg of the coll; and the dlscharge shream was 4uite
erratic, alternetely blowing mlmoet cledrl steoam and very denege cloudp of coal
dust, An orifice then was installed in the dischATEs 1ine to held a back
presswre of shout 1% pounds on the vcoll, and tke wniformity of diacharge
appmed detinttely improved bub =+11l unsstisfactaTy. & poaller orilicec was
spptelled, which gave & nack pressurs of about 4] pounds, and 2 [urther im-
provemsnt was noted, although it wag felt that tho streamd abrnl was not unl-
form enough Lo werrant use &E O gasifier foed . Further locreascs in pressure
aguld not he made o0 this coil withouS excoeding its ga”e working pregsure ab
the temperatures encountersd.

Funplng Aifflcultien accaeionslly nAd heen encoumtered and 1n every 1in-

gtence m small ameunt of very coarse cdal purticles Was round under the punb

valves. To eliminate this, & wiprating "ocalper’ SCrEEn WAS ipetailed io the
coal-pulverizing sysheh Lo remove the +30-resh material,
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At this paint the neczsgity for determining the operabil Ity of the gasi-
filer proper led top the decisign to postpone further work on the slurry feed and
adapt one set of Koppers screw feeders o use on this rew unit., The slurry
fesd hester was uSed 38 3 stesam generator and superheater,

The =Turry methoad of feeling, 1T successful, would hawve ihs greatest ad-
vantswe in comnection with a gasification umit gperating under elsveted pres-
sures. Flant are now in progreed for a new coll designed to operale st appre-
elnbly highor ddscherge pressures, If this higher pressare makes the gperatiom
smtistectory, the unit ag comsiructed will be sultabile for use when & demon-
stration-scale pressare-gRSiTiceation wnit 78 installed.,  Intil dhat time it
can b uzed ag Feed for & sasifier operating at atmospheric pressure.

Teata on Mew Gasificetion Tnit

Beveral rans have been made In the wethicsl grsifier, end the resultz of
four were reliable epough to warrant caicu.aticon. Best results were achleved
in a F-dey run with the unit on stream sbout 70 percent of the time, Owing to
difficulty with thet coal food derows, tho oxygen:conl ratlo was above thot
planned, and ranged betwecn 11 and 12 cublic feet of oxygen per pound, CJarbom
converiiosn was 97 to B9.% percent. All of the stsble operating periads and
the aversge of Lbhe whole run were appreciably boettoer than eny results obbaiued
onl the previous wnit, and the results of the best perlicd of operatiom ciopsely
approacn those achlieved n the Morgantown vertical pilot-plant unit on this

same coal,

Iring this run Lheres was evidence thal deposition of slag in frowot ol
the hurner norr.e deflected the oxygen-coal flame so that It Impinged directly
ot the linirg, As B redult of locul high tomperefurcs, o considereblc portlcon
of the sluminy was nme_ted gut, and the run was ended with 12 to 17 inches of
an extromely hord, nigh-melting mixture of aluminom oxide and coal =lag 1ln Zhe
bollom of the gasifier,

Atter this run, 2t wed felt thut a change in the oxygen-conl nerele Lo
naxe 1t tangent to = gmalier clircle would help provent the build-=up of slag
deposits fron the vall to the point whers it could black the oxypen-coal
etream. Exanination of the gasifier after the run indleated that Z“he maln
path of the suprrheated steam waz below Lhat of the oxygen-coal stream withlr
the gasifler and that better mixing wouwld he achieved if <he ztcearw wWore di-
rected slightly upward. A mew steam nozcle was Ipstalled to achleve Zhis,

The crater from which the slumina had been melted was patcohed with smuall, pre-
fired alumlng shapes, cewenteod In place by &N aluminm ram mix,

Do runs wers mpade sfber Lhese choanges; Lhe results were definitely Iin-
Tericr to those of the preceding run snd little 1f any supericr fo thoue
achieved on the Eeppers gasificr. Inepecticn of the unit after these runs
enowed no evidence of damage to the refracicery, elther from melting or ero-
tlon. Preseat efforte are directed toward further changes that will protect
aZalinet damege to ke relractory and stlll permlt the efficlert cperalion
rreviously achieved,
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Figure 16. . Pulverized-coal screw feeders and coal-transfer tubes in coal-gasification unit.
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Fartaer work on this ualt was postponsc to test mnd put into operstion
1he gas-purificatiaon section of the plant, in preparation ¥or the fortheaning
gynthcals run, In testing the purificstion unit, the Kerpely producer, using
oxyEell, coke, and steam, Was employed as a spurce of syuthesle gas and was
gperuted for several crhended perieds, EBetween May and November 19491, the

roducer was in operation for a totul af aboub 1,400 houra. Iuring this time
23,000 M standard eubln feet of process oxygen and 1,450 tems ot coke were
red, preducing 113,000 thousand stendard cubic feet (M etd, cu, ft.] of make
gas. The gms produced norma”ly ls of the following compasItisn:

CO5 veyvevansnnnaserriraaprses peroent 16
' B buvsnnsantnnenssartsrmmsaarnens G0, 16
OO vvervnearrrsrraiansnnssnrnnnnss GO0 hé
Aol ...... teves Erains per 100 cu, *t, 150

=

on on aver-all basis, These droeducticon ¥igures ipdicate a regquirement of 3C.8
powzde of ccke as charged end oli3 standard cvhic Peet of oxyger (100 percent)
per thousand cublc Zees of 00 Ho, Thiz comparss vory Povorably with thsa
plbliched reports of commercial oxygen-blows Troiuccrs,

In the operatiora during September and doteber 1901, gboul 49 million
pubic Teet of gac wae producsd and shout o pil¥dion cubic feet purified. A
gubstantial part of the purified gas produced during thzse latcr operating
poricds was used ss fest fov the Fischer-Tropsch synthesisz unit.

Operation af the producer and its auxllieries, a tnough uot entirely
troumnle-free, hac beer quite steady end rellshle, Uome troutrtle was encoum-
tered with deposits of very usavy tar in Lhe gas exhauster. As originelly in-
stelled, there werc two elechrostatic precipitators in series hetwecn the
eznaugtor snd Lhe gas compressors to remove dust from the compressdar fred gus.
Piping wes rhanged to put one of these precipitators in the gae 1llne leading
to the oxhaueter. This alnost completely eliminsted the tar deposlts in the
exhsuster, and the single precipitator in the cuwpresagr feed 1line wnz ade-
gquate to remove dust and tar.

Operation of Purificatlon Unlt

fhe problem of purifying synthesis gas 1a one Lhat hes been glver w great
deal of otudy. The tolerance of the Fischer-Tropsch catelyats for galfur com-
pourds is extremely low, gnd il had been hoped o producc a guEe corteining rot
rowe than 0 1 grein of sulZur per 10C cubic Tcet, Later, berch-ssele ard
T1lot-plant studles on Zoe synthecias i-diceted tret carbon dleoxids also should
be as low &S possikle. & ohotograpn and a flow diasgrac of the purification
system an origirally instelled are shown in flgures 17 eac 18, The cleaned
gae iz compressed to syuthezils operatlng prossure and gerubhed to rewmove car-
Lon dioxide end kydrogen sulfice with a 3%- to 45-percent soiution of dleothurel-
emire ip weler, “Jsed diethanolaznine ic expanded to asbout 12 pounds pressure
and eert to & reastivator wherein the combilned scblon of decremsed predsure,
hea, and watcr vapor ramoves thz mbsorbedl cathon dioxide and hydroger nulylde,
which then are vented to the Flare stack, The revivified diethano_amine ig
coolod and mmped back to the ebsorber, 3Jymbhesis gae leaving the absorber
conluing wnly sbout @ percent of carbon diexlde and 1 %o 7 graisns of hydroZen
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sulfide per 100 cubic feet. It 18 pasged downwa-d in series through +wo bede
af Lron oxide on wood shavings, which remove sompletely the residusl hydrogen
sulfide. To remove the organlc sulfur compounds, the gas rext is passzed dovr-
ward throign two beds in merles £11led with sctive cerbon, Thkis material has
+be property of Bdsorbing and retalnirg the orgasale sulfur compounds. Woen
the carboan i one bed becomes seturated, 1t 1= romoved frem the line and re-
generated by blowing with superheated steam. Then 1t 1s retwnad to eervice
ag the second bed,

Almost without exception, in German synthetie~fuel operations, beds of
not lrom oxide-spda ash mixture were employed as & flioul purificetion neasure,
This malerial decomposcd the organic sulfur compounds which passed the active
nrorhon and baorbed the hydrogen sullfide formed. Ac a precaution, eimilar
heds were ilncluded in the deslgn of the Louigiena purification syslex, Ih
shon d be noted, however, that the Corman purifiestion planis cperated under
cubstantially atmospheric pressure, In -he leboretory-scale purification work
at Morgantown, W, Va., 1t was feund that the active carbon woild remove arganic
aslfur cempletely when cperated 300 to AOC p.s.l., 2o thet it was generslly
felt that the Iror orilde-acda ash mizturea were not necessary, Also, scomomic
malculations asd shown that remowal of orgenie sulfur by active =arhon was very
mach chesper then hy the German aystem.

Mechenical operation of the purificaticon mit was tested, and the prelimi-
nary operstor tralning wes accompliched by "dumny” ruas In which inert gas was
uged instead of synthesis gas, After = short period of suck operatlen, the
purification unit was first put into service from May 29 to June £, 1351, on
gaa made In the Eerpely produger, There vere, of course, meny operating 4dirf-
ficultime and disappointments, but even du this firet pericd it wes rether
clearly demonssrated that she gas iltimstely could be purified to the degras
required for the synshesls unit., Bince this first trial, there have teer four
rojor pericds of operaticm, earh more rellable ard more satlefactory thar. the
preceding one., Darisg ore of the emrly operatiors, considersble trouble was
experienced with the iron oxlde-sode ach mixbures., It was found that, durling
gperation under thess elevated pressures, partisularly with traces of CEXyEsiL
precent in the gas, undesirable slde reactions were promoted that led to re-
Jesse of heat and very diffienlt temperature rontrel. In one instance this
resulted in overhesting until the vessel wall fa‘led, In wview of the substan-
tially corplete removal of orzanic sulfur by acllive cerbon under the operating
cendillons, it was deelded that the irem oride-goda msh mixture was unnecess
gary and undesirable, and the piping has heen changed ta eliminate It from
the syatom.

In the lmet two oeriode 40,000 thousand cublc eet of gas vas processed,
Auring & tetal operating time of 540 bours, Ir present operatioms, the Teed
aas to the syniiesis unit consistently cunbeins less than 2 percent .carbon
dioxide, ard the total aulfur content In general is well felow .07 grain per
100 eublc feet,

AS the gas from the Kerpelf producer 1g gimilar in composition and char-
scter of Impurities, 1t is telt that the present operation gives fu'l sssurance
that the gus from any hizh-temperature conl -gasification unit can he purilf ied
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o Lie evtent reguircd for the Fischer-Tropsck symthesin, Worw Io to be con-
tinucd on this urit te improve the sperating cfficiency and reduce the cost of
taz purificaticn step,

gEaratiﬂn of Oxyeon Flart

Tre cxyger plawt continued 1z ozerallon ws required [ur she coal-gasifi-
catlan e¥pe=inents and later Por the HKerpely producer, To hovember 1, the
~lart had operalcd 3,000 houre during the year and preduccd A million cunic
ot 30 Drodust orxygen. Only twiss have there been unplenned Inlorruptions
to Lhm oxygen-plant operation. In cne, s German motor on ike low-presgure
conpresser failed in the windlnes. A new motor was procured, and the German
potor was rewound to gerve ag & Spare, Leter 2 hearing ohb the new notar over-
awatsd badly, ard the reweimd Fermen motor was reinstalled, with a total inter-
ruption bo oxygen prodiction of only 10 Hwurs. Derding this time the purlfica-
tion nnd synbhesis plents opermted with reduced throughput from the etorage
aplder, so skat na shutdown was naceRsary.

gggoratical Stulien

The thermodynanic sbwdics of coal gaslfication mentloned in previmis re-
ports have been extonded to cover substantZaliy e11 probable operating cordl-
tions. Trheze studies determine whet theoretically mey be obtained frow a
given coal under specific conditions but do net give informllion =ag tu the
effect of time, temperaturs, snd preggur-e on the reletive speed and depgrae
of complotion of the various reactions involwed, Because of tre complex nature
af coml, the high temperatures invglived, end the lmportant effecs of hesb
losses an results, besle laboratory research on thie probles 1z exiremely
Jifficult,

It war felt that a mathematicsl attack on this preblem, using what fundz-
mental iafermatisn 1= availabie, and later comparicen of calculased witn actual
srerating results might be a8 more feasible approfci:,

After B atwly of published inforoesion, thoe basle accumptione were formu-
lated snd work started on e mothod of caloulatiosn, Each smwall-time increment
irwglves & change in the semperature:, somposition of the reactlen mixiure,
the parLicle aize of tae ccal, end mar-y cother factors, Because of the meny
verisbles and she complexity of the calculationms, it was found that about 4,00
eamputations ax»e reguirsd to solve & single caze involwing a gingle met of
opesuliey coodillions.

Fortunately thke squasions could ko cast in a form that wanld wmeke pos=ible
the use of tke Internaiilonsl Busluess Machine (I.B.¥.) seguence calculator ussi
by the Fxplosives and Frynical Scienced Tivision at Plttsburgh. Tnis machine
W11l maks t-e 61,000 calculaticns in © hours' operating time, The actual aom-
mulation work wasg bogun nesr the end off dbe yewr, Twenty casss will be calcu-
lated, covering warlatlions 1n cxyeen:coal and steam;coal raties at various
temperaturcs.

After tkie work 1s completed, it sheuld be possible to study the theorsti-
el effcet of thesc chanpec upon the progresz of the varicus reactiens invelwed.
. Lomtarison off theee rosults with thege of actual operation of Lix pgusiller al
I Loulsiene and others then should lead to a better urderstanding of <ne real
t Effent of these variablezs amd point the way to the moet efficlient coerstiom.
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