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Compgricon shows that neither countercarrent
il eesaLtien b IPinli-la—"1jw LIRS 2 Ly A lTeeded
conversion w3 hizh, or geseous bydrocsrbon
production as kw, ss w-bed operslinns,
The uc-mpmt-wely close” approach of the
usege ratio 1o a value of 2.0, ideal for the ayn-

theria Teaction ceialymed by cobelt, ¥ a good -

indiration of feverabie product distribution,
that is, preponderanes of Hguids and =olids.
High '_'?i de o1 methape would bave resulted in
a =R ritio cloger to 5.0, No direci measare-
meants of liguids and solids production wers
undertakeen for tila serica, boenvas carly in the
work it becamns evident that the troteduress for
separating eoolnnt froem prodnet wou'd be too
lborious and complex to be juatifed at this
of wpersbion,

Tha data in table 2 mdicats s sizht but
poattive pdvantame, with respect to’ controlling
the production &% [’nw—mnlr-mﬂn.r-wmgiﬂ hydro-
carhona, when zos How wad cocurrent with tha
hquid. When operatad in this manner tha
ln:pm] ettt 1(jpu.. wee sbout 10 times he
q_uﬂ.nt.ltj roguared in countercurrant operation,
since there wus virusily oo Equid relus,

In general, process performance obtained in

SOTiCE of c¥poriments et expectations
mlber wall, Coder countercurrent flow eondi-
tions, operation was continuous and trouble
free.  Badial temperature cradients were negli-
gibla, und lonpitudingl graodiente did not cxoeed
5 ¢, Cocnrrent operation was nsrally diff eult
to comntrn] ; alight varistione in either coolant or
ges flow initisted wide fluctuaticns In tempera-~
tury, and coneequasntly fingranvions in @ns
cuLy Bsiuit

CUstalyet ifs wae apperently not adversely
aTected. either chemnically or pﬁj‘ilﬁﬂ]f}' by tha

A W e ?fferm ihroarh Higasd-metroren drare an thel pne +na drnaly L:Lla{r@d:m.a:tms

compasativaly severs treatanent Inherent to the
proveds.  ¥When discharged, tha pelleta wara
fouad to be intoct

PILOT PLANTS'

TI—IREE—D\IGH-DJ_AL{ETEH REACTOR

COA[ECTIVE

T inves stizata “he prineiple of diract Internal
cooling onoa lwger scale and male o fadrly
somplete provess etady, & pilod plant with a
G-inch-diemeter reactor and -an allewable bed
depth of B feer was butlt.” Tf was completad iz
hlarch 1943, It waz desigmed for operation
wills enunferearrenl or cocurcene fow. The 5
foot bed would permit a meore comglete, ac-
vurate study of the longiondingl tempersture
oradicnts then the 1.foot bed thet had leen
used prerioualy.
eogram {ollowod in the pilot plants can
b dieided ok tlimees parts that fcw sepuratel ¥
reviewod In the remaining portion of thas
report.

1, Toexle-flow cxperimontad, Thin gromp eompoices
experitpents 1 40 5N, ctplovine pelieta] oobali
Eﬂ-‘fﬂ-l st and caperirents T 2o B, emphoyiog (el

nbed g,

2. Bahmerged flxed-bed erpariments,

(c] Prel'mirarr testd, comprising 2 ceetg meds with
peue—ed cubnlt {erperiments 5 b and 8 and L with

T"tha: I, lrrnr.:awcn:ﬂ wHy.ed by A T, Forney, B AL, JImssor,
H Rms]t'ﬁ IP E h:r.:h 3, H, inrm"liaﬂ'mlmnﬂm ﬂ_l;_,:t:_m-
I.IJE all n LT 11
Juh.u-m:d.le'ﬁ‘%s’ml&ﬂ!ad.b:.rw e e AT
Chemivel wowlvies wom Tarformlal l.h..-. s of Lhe muw:.l
CERewrraley Hesinm o b By ntlese r Aggrarch Eroneh ander shs
supereidan of T, T'. HInkrl, %1. K u:m-.mqr amid WK IHoergp,  S-ray
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12 DEVELOFAENT OF THE FISCHER-TROPFECH OIL-RECYCLE TROCESS

rreoipiteded Dou (eaperiocent 200, AT of those teats
wera bl i
(i Wrperimenss 10 ta 18, ampkepiog ihe dynthenic
AMIgIia-type iron cabalyst.
%, Ezpanded-hed sxpercltientd comprlsing rune 19 4o
26, albg smploying tha spnshetic swmmognis-type om
satabyat,

TRICELE FLOYW S{FERTMENTS
APPARATUS

The eonvertor congisted of 4 Lid-inch langth
of seamless, §-iuch, Schedule 40 pipe with 300-
poand vingJaint flanges ok each end (G, B).
Twenty-two thernoeouplss ih ¥- by B-itch
pipe slong the lengih of the resctor wers spaced
are thermoepuple jurctioca
extecding to Sifferent peinte along the Tadics
of the Led enteewl porm made presscre-tizhb

Gas from gos saturator

by mackated Mucgm. A& O G-inch plabe, perfo-
ra::rt.ed with %-inch holaa, at the bettom of the
resctor pupported the eatelys: chavge and
Alnxaie packing.  {lns and lignid apirce woro
gmvide-d In the top &l bottom heads as showa,
eesgs Bho undt was plenoed loe servics Up
HIU p.os i g, welded conneciiobs wore citc-
ployed where prastical. To compenvsais [or
heat losses br radietion, the cooverter wos
wound with Nichrome wire thet sllowed a
maximaul beed onpuk of 2 kiowatts.

The sehematic flowshert of the pilot plant
for the initiel opeculicn in M 1946 ig
ghown in figure 4. Swvees] changes in the
gysteln wiTe made a3 required. Experiments
2-E 0 &K and T to 9—% were conduuted i
the eocnrrent downwesd Inanner shown in
fipure 4, while cxperments 1 and -4 & 2-D
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were operated with the was sotering at the
hottowmx of the rescter and leaving a4 the top.
To operate o cemurent downward flow both
gan i coolenl liguid were infrodiced at the
top of the converter. As shown on the Howe-
sheot, the was etream (et opereimp progeure)
peased firsd thenmgh tha gas watlurelor, where it
wis both preheated and equilibrated with the
vapor of the ecolant, then into the converter.
(Fages leaving the converter wore couducted fo
abrnoaphere vig a water-conled nomdeneer, op-
erated at gbout 40° C., a refrigoreicd con-
deuser spersted st whout 3° C., a back-pressure
regilator, and an fotivated-charcoal towea
enviar, higher bofling producta of tha svh-
thesis, along with eny exerss of vvling ligaid,
flowed by grawiiy beck to the gas aaturator
which was maiolzined st constent lave] by
pericdic withdrawalz of the oil. Water, con-
densed cooling fluid, and part of tho produsts

of synthesis collected in the docauter. The
aquecls frietion wes continudusly Tetmowved
through & foatecontrolled valva. The oil that
sollected in this part of the grstem was rernovad
s requitad, and the remainecr returned by
gravily to the eonverter Huoegh the ironlat-
ing oil precheater, Toward the end of run 5 8
pump was irstalled in this il Lnc to msgre o
poeitive flow al ol Limes. Further recovory
of the tooling fluid and lighter, Juwer boiling
products was effsated in the refrieerated enm-
denzer. These products wers withdrown regn-
Turly, AN © and O hydrocarbona at-d swch of
fha higher roleccler woight products as re-
meined in the pas slream after it had pessad
through the refrigesied condanser wers re-
covered m the chareoal fower For eounter-
current operation (empariments 1. 2-4, 2-B,
2=, =11} the cooling oil fow wer fhe samhe o
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14 PEYELOPMERT o7 THE THOEER TROPSCH WL-ATETRLE FLOCHES

yast describerd, Tt gas waa soni from the
sgrurator E the bottem of ihe reacle

RAW METERIALS

ETHTEESIS 343

dynthesls gas a8 produend as reporled
under Bench-Seale, Toiokle-Flow Tnvestiga-
tiohs (- 91
CATALYET

Cabalysta employed o this phase of the
developmeant were gither prumotod and kiesel-

hr-supported eoball, formed mio 1 by k-
nch pellets, oF wnpromated and unsppeTed
iwom, preparcd by previpiiation as the bhydrated
axide, anit el as granunkes or ua K. by ¥adnelr
pelleis.

CoalAG o

Cuts of & commercially obininable ouguiha,
APCO thinner tAnderenn-Frilchard €6.), woTe

fsed g4 the fresh coclant A fraetion boiling |

ot 122° ly 133° 11 was used for the eobinlt,
Tutt B enk with & higher baoiling reage 190 to

o05® C.} was requiral-for the iren catalysts Tau-.

eanse the operating LeDLpCratil=es ware kigher.
Thesa vila were not dewlfirized, as tho oils
provipusly used m the bench-scala trickleflow
mvestigation had been.  They contagned 0.018
weight-peroent sullur, bot this amoont of
milfnr did not appear fo have any datriirnsntal
et upon the eatalysi.

CHFERATION & -

The lwo kypes of eotalysts behavel gk
Jiffarently durng eythesis ond required dif-
farent proliminury frestients o BeCUT? maxi-
mum  prowductivity. Precipitsled ivon was
madjl‘i' activated fo- the mynthesia by con-
trolled trestinent with synthesis zas. Clolialt
requimed earabully condurted premsinction with
hydrogen, Iollowed by an eqlalir n%:d gchod-
1l af nduction with sFothesis gaa. detatloo
deseription of tha operniiurs with cobalt will
be given frst, thet the modifieations required
for iran will be explpined.

To mimimise breskage of the relatively soft
collt-leseignhr pellets snd pravens oteed-
mively dampe pucking, a special method of ¢horg-
ng tie vatalys: was cmplos Aflera 4—5:051
lavez of 2- 50 4-mosh Aloxiia waa depoeited on
the poriorated suppett plate that wag coversd
with w 12-mesh soreen, catalyst erpiivalent o
o 4-meh bhod haight weas gently lowered mnto
place. A chromel-alumeal  thermoecuple was
Tneorted (hrough the well in the reactor wall.
Thie process Was repested antil the hed helght
wae 00 inchea,  Finally, & 1-nch layer of 4- ila
Bernesh Aloxibe was pleced ou lop of the satalrat,
A metal carzridge 24 icches leng snd goCtaining
16 inches of d- to G-mesh Alexite Lo halp dis-

biele The Bguid was suspended from the tap
cf the converter.

The reduction procediro was couducted at
simoaphers prostra. Lo begm the redueiion
the temperature was raised lo 2607 € e
rapil'y as passible, whila a hydeogen How ol
nbout 10 ow ft. per hoar wais rasintained. At
380° O s Row of hydroger was inersured to
200 b 400 co. fi. per hotr, zquivalent ta An
hourly space velocdty ol 500 to 1,000, and toesa
pondiléons wern mauntained for 4 hours. The
Auve was then reduced to about 5 ew fh por
o asd the temperalie to Ead” C

Bafore synthesis the storage tans Jor fresh
i1, the gas saturetor, snd the preheater for the
recyeled oil were fillad to propet levels wilh
{resh erolmg o, Hydrogen was raplared by
nitroren [owibg st about 20 cu. i, per hr,
with tha keckpressme regulater adjusled fo
mujutain a pressare of sbout 40 p. = i.z. To
caturate the catalyst, [resh oil was pumped to
the eonverter at 8 Taie of about i to 2 gul. por
hr. [or a6 east 1 hour. At the s time heat
was applhied to she gas saiTator gt converter
to Zeep she syetern at 150° C. In voeirrent
aperations tho fow of nitrogun and tie elevated
tomperature were snfficient to cEuULe parl of
the o1l Ly vaporize and pasg to the coldenser
with theoitregen.  The condenzate figwed Tom
theze to the dueanter and returned through Ihe
rellux rotameter to the top of tha convertel
Aa bhe systam was now g%uj];ibmted, aitrogen
wes poplnesd by 2H.T1 gz Howing ab an
hoarly space veloeity od 100, Decause of the
eersitivity of the freshly reduced gatalyul
operating conditions during Lhe initial oT im{u.c—
tion period of the synthesia weors sorefutly con-
grolled. Tha temperaturs was dlowly Taisetl
#ram 16509 O by inereasing the pressure in
amell incremenls by sdjustng tho hack-pres-
aure reanletor. . Umally the tempernairs wad
mnintamed Below 175° C., with the gas con-
tracticn beld to & maximum of 50 perccul fat
Ihe first 48 honrs. & 5° C. vise to 1307 (. was
perunittad during the next 24 hovre, after which
incuclion was: congidored complate, and the
tRNPEEALTITE WAA adjusted ws required to secoro
mexzimum produetivity, By this time neces-
sary adjustments bad been meds in the heal
input to the eatyrator end reartor wells and in
tha reate ot which the fresh oil was pumped ko
insure stesdy-ssnte thermal condilions 16 the
eystem, Lighte and hea il products wers
dincharged periodically and disti el bwlelies.
The portion boiling in the range of tha cooling
ol was added to the vil-atarage tank. -

To terminnbs &n sxpecinent the pas flow was
shopped, snd viriually sll heat input to the
aystem was ent off, The presmite waa redused
to atmospherie, hydmgen was pasced through
at & low rate to Mush the lines, and all liquida
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r EXPEHIMENTAT WORK 15

were drained after the reacior feraperatnre had
:hﬂdpgcd balow 150° C. When the temperaturo
hed drapped below 100° . afier several hours
of additional fiushing with hydrogen, the system
wa? flooded witk an inert gaa (%:r'bnn dioxida
or nitrogen; smd, in lustarees where another
run wae planned with the same cacalyst cherpe,
the aystein woe mainteined ot o =light poaitive
gage pressure to peeverl leakuys of o 1o the
eotalrat.  1f the catalwst wers ta he discarded
or gtored it was discharged into gaasisht con-
b ey en%mppeﬂ for maintairing & positive
pressure ol an mert zas.  Lhscharge to fhe plant
atmoephers would have baen hazardous because
of the pyrophoric ealery of Lhe material.
Esporiments 7, & 94, and $-B were con-
dneted with precipitated iren; cocurrent, trickle-
type aparation was ned.  Delleted or granalar
iron wee chargad In fhe maoner described for
cobalt. No prereduction was woquired, but
tnduectior wez oerried onl with 1F,+100 4
an honHy apice welociiy of 104 for 24 hours.

Dhuring imsducliun the temperstore genarally
varied from 2407 10 2307 (_{F and sonmdrestion:
wae rether arbitrarily limited to s mazimuem of
40 perecnt. The operating pressure required
t0 obhainh & given temperature depended upos
the boilicg range of the eonling oil,

Aller inluction, temperatare and pressa
were adjusted to achieve g desired conversior.
Froeeduras for oparetion, sloitdown, and cate-
Ivst discharge weore similar 1o thoes degerthed
for srnthesia with cobelt.

RESTILTS

Crocrating and wield dats for sslected periods
during experiments 1 i 5—F  with ocobalt
setalyzts erc given in table 3. Ponods were
solevted lu represent cortain typas of oporstion.
Far ezample, 2—A and 2-T) were coculercurrent
mung, the former an induction and the latter a
wroduston ron ai an hourly spaes velocity of
shoat 100,

Tasrm & —Pilatpland erperimeals wilh cohelt
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Wone of the trickle-flow esperimants affer 2T}
waa made with counterererent gee-oil How.
Except for direction of grs~oil flosy, experituent
21 wus made under ernditiing eompareble
with 2-D. " Parts B, , E, and (¢ of experiment
3 llustrate operation at spacs velocities varving
[ronr. 83 1o 281; mms 5B, O, and D st homly

apace valocitizs of 102 and 438 under olherwiss - 1
scile onit, the early experinente of the pilat

smilar conditione,

Tvpical induetions for pelleted and granular
precipitated Iron ace ludtrsted by the dals
from exzperiments -4 snd B-A m teble 4,
Tl trformation o crperfiments I and (2 35
typice] for stcady-state operslion in o drickle-
flow wrsbean al an bouwrly apaee veloeily of 160,
Rear'ts from ezpermoents V-0 and v-E, 8-,
ard B4 and 2B are mot shown, a3 stcady

cordifions wers uot msinluined during thess
testn either because stndies of aperating vasi-
gbles were heimg conducted or bepause of
opwrwling difieulvies,

DISCUSSION _
Contra.ry to the peaformence of the bench-

plant demonstroted guile positively shat, in
irigkla-fow operation, tha Prtied) was con-
irolled more casily wacn gnn and coolant
Howed cocarrently dusymward rether than when
ther fowed countercmrantly. Thus, io experi-
menl 2=F {inhle 37 the activity was cescrtinlly
the same &5 in 2-0), bt the spedfic weld of O
plus C; deemoneed sienificantly, This result
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confirmed tzends observed in the beuch-scale
work. . Compsrizon of the pressure d=ore
through (he estalyst bed in these experiments
shows the substentinl decranse brought about

i 2-F by this chapgs i Qow. Probably tho
mowh signifoant sdvantage gainod was elimi-
nation of the feading thai hed occarzed of
relutively loww Quw rates (am hourly spac:
volocity alightly escesding 290} m colnter-
current. operation, and thab had ceusad hok
epots ab Lhe bottom of the bed near the ges
enlIy.

A"plot of cemperntury, conversion, ARG meth-
e yield along the converter during cocurrent
downfow oporniion in experitoent §-T> (fig. 5
shows that the upper 2 feel of the reactor servad
as o prelwating zone, Below this level the rane-
tion Tebe was teidy atesdy. Goud lemperaturs
conirol was mambwined slory the calalyet bed
exceph for & kot spat at the gos and liguid endry
near tkz tngi of the bed; thia diffisully was sspe-
aiplly eroullesorme atadaes velocibica ahove 300,
Retmrming the il from the overhead condensec
fo the tap of the reactor by means of a purap i
experiment 51, rather than m-are]}}' by gravity
How, improvad the distriboticn o liquitl aver
the mogs section snd gave better contrel of the
temperatu e of this arps. Conscquently, the
flow of fresn gos wee inercased to sa hunrl
spice velocity of aboul 440 in experiment 5
aud to 80N 10 experiment 55 (takle 5). Tem-
perslure Huctuations pear the lop of the hed
were again eueonntered, sspecially when the
Tty spaee velocity exeeeded 450, It appeared
thas this flow nid = space-time Fiald of L+
hydrosarhons of 600 kg por m® of cutalyst
per day weore the meximum for i trpe of
operaticr
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Yivrw 5—Conpersion of synthesla gas @5 @ _func-
ton of Rewrly space welocidly with eobel in
EXperitnen 8
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Allinegh cobalt was found durable in caperi.
mmenta 1 &0 5, Murther expavivienlatiog with this
material whs cot carried out, exeopd for a ghort
test {experiment 8), 4= in the div-hed axperi-
mentys wilh cobalt, the ligu'd products wepe
esun bially eormpletely snturaced, as shown by
toe dets of table 5. Thiv mewnl produetion of &
poor guality of gosoline with “a low octane
raling, The more importent and motiveting
redsone Tor dlscontmuing e wse of cobalt were
concernad with its high coat, the probibitive

amouris that woul T he required for large-seale

ﬂ}mrut,inn, and the potentiel searcity in & Gime
of national erncrgency. .

Tansw bh—INetribulion of products frors covtirrent
cosrdions with cobal?
{Wolght-ezeerit of botal bydmmrooas
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As shown by tha dnts ol ialile 4, procipitated-
iron catalvste required opersting temnperatures
A07 80" C. higher Lfmn ﬁnlt i ARl
coraparable productivity. Higher Luiling cnta
of ol hed %o be wazd o coolant. Drespile the
increased] tednperaluces, the specific yiclds of

) plus G (25 to 35 pro. per m %) ware almost:

slwaye less than those obteined with cobalb
{lalle 3). Wheress the usace end foed-zis

ratios a’ways wera similar In She vslmlt testa,

the usage ratlo now lageed comsiderably.
tlajor diffirulcies thai bl not bean enponntered
with eobodt wers disintesralion and asg omers-
Livee uf pelicted as wall ae cronular precipitated
tron; eventunlly s prohibilive prossure drop
aeooes the bed ersulisd,

Thesa experimerts led directly to the aben-
dosmens bath of previpdialed-iron catalysts snd
triekleddow cocling for the patnaisder of the
piot-planl, development, In all eubsequent
pxperiments to be Qizensszed the sulinerred-hed
principle was emoploved to elffect tamperatnre
roetred s oangd the calalysls woere prepared by
fueivn of irgn oxide, except In the preliminszy
toste, where both pelletea cobalt end procip.-
tated erapular iron were e,

SUBMERGED, FIXED-BED EXPERIMENTS -

FREITHTNARY TESTS

To deterrnive whether ternperature coatrol
eould be improved by completely submugin
ibe eatalyst in the cocling medine, severs
aubrretged-hed tests werw anade with the soma
appAratus, ond the sume tvpe of catalysts and
cinling ol as described for the Lriokicflow
experimonts,

e initinl teste (experiments £—F and 6) were
made with pelleled cobalt. The catalyst for
experiment 5 F had been used previcusly i
Lijekle-flow operation, whils that for exporithent
ti was a freah catalyss reduced with bjpdromen.
The mus soturstor was Lypassed during these
tosts, and the pas was fod ditectly at the bottom,
of the converter.  The apersling procediors wag
the sarne as that dascribed for trickls=-How op-
eratien.  The temperature was still controlled
by var¥ing pressare since wvapurelive cooling
wag cmployed.  Vapors and unreacted sas left
the resvwor overbead and flowed to the con-
denzer from which the condsnsats wes returned
te the resctor by o crceloting pump. In ez
Pexvipwnd 5-F the Hguid wus revarned to the
top of the reactor. while in experimant § i was
sent in mt the bottern. At mas rules lower than
a0 hourly space velocicy of 300, exeslent tem-
perarure eonttol was eitained ; sipnificently, the
aativity of the eatalyzt waa unimpaired.  How-
ever, When this gae rale vy exceeded, the mns
tendad to dry the catalyss st she erczanea of
the comyverter, a8 H had in wrickle-fow operation,
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