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One'ofybasprovisions of b Syoohelic Liguid Fusls Act of 1424 [Public Lnw
200 antherized the Burean of Mines to desicn, consiroct, and operote piloo
planks for the produclon ol syoihetic gwd fuels from materials sueh 22 caud,
oll dhale, and agrionlmral and forestry produets. Tnesrbointies sonserning tha
svallabiity of forsign ponvess of permelenm in intarnations] cclees snd dhe
procyech of decreeaing reserves witnip continenta] United States wers atrong
arrurnents favaring thiz technolngie indertaking.

This .bull=rin descrthes nhe development of en olicecrels process or &
eniall, pilot-plest seals for conduclicg bhe Flscher-zrosech syothests ol hydre-
eaThons from earhbon monexide and apdrogen miztores (avTilbesle pas). A
though evuthesie zus can bo rooddy produced from vetural ges, epal or cocllike
anbatsaons wonld hawe to be considered the basio Taw matorials for & large-anale,
syithetie-hisls indnstry, amee thy nnm;risﬁ over B85 percent af the foasil fosi-
euergy FuseTvad of contimenta] Taited States. Several otoec vpelzols wl tous
process are bunp byvestorated by the Burean of Mo and by orivale lwdusloy,
with privete induascer particularly attive in developine Huidized-bed proessses,
aueh ‘a2 that emply in o 6,600-barrel per oy plant st Brownsville, Tex,
As the cosr of 2ynthesis era ropresents & mejor portion of tho forol ecuat of
producing synthetic fuels, high converzion of ta's 2as to the moel valunn fae,
grdnire, & of timast importanes. A sound procese cvalnation can be hased
voly oo esperimental data ceocerned with atilisaiion of the gynthesis cas,
Jdi=tributioa of produets, and oparabiit> of the process. The p am of stnzlyr
for tha vil-cirmlglion process, carried oub by the Gas Syothesis Section of Lhe
Srnthotic Fucle Braoch st Pigtshurgh and Bruceton, Fa., has been pursied
accordingly., The experimental results prescuted herein cover anm & Foar

erind, 1843-51, during which sime reporia nn portions of the worcl nawe
&c:n. puibdished. ’
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DEVELOPMENT OF THE FISCHER.-TROPSCH
OIL-RECYCLE PROCESS!

By
B. E. Berson,* 1. H. Field 3 by D. Bisnatoci,r RiiRHNm.l P W. Brunnt, C. 0. Howk? J. H. Crowsll and

Summary
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FEASIBILITY of removing the heat of regetion from the tatalrst br g
L conling il wes first demonetrated in Bench-scele tests. A& flow of odl wag
irickled through the bed, end the beut evolved wea dissipated by vapori-
zatiom of the ml  This typoe of operation was wed o eurly piloi-plant tests
with cobali end precipitated-ivon eatalyete. Bestor tampsra.tpnre control was
achieved when the catalyat was camplelely submerged in the cooling medinm E
rather thau being only wotted. Use of cobalt was diseoniinued becausa of
rte high cost and relative scuccity, when considered for large-seale operaticar, - - -
: submgrged-bod operation, precipitated-irnn vabalysie disintegrated toc .
repidly and were replaced by fused catnlysts of gremfer physical alrength.
Synthagls tempersture and prusmure ware miade indspendent of each other by-
using nonevaporative cooling Instond of evaporative cooli ... which dapen.cg
upen vaporiZatiom of nil, ublefree oparstion and cxeollent temparature.:
contrel were obigined with noneraporative sooling of submerged beds of fiapd.
irom, Tlowever, s wradugl jnereses in the- preamme drop aeresa ihe Fred bed -
ocerrred beeause the catglyst particles bevame spplomnerated. This led to & -
further modification, “expanded-catalyst-hed” operation, in whirh the velosity .
of the cooling oil, flowing upward tarongh the rencior, was rajssd enough Lo
and tho optalyst bed about 5 to 50 percent above its sotiled height, Not
only waa conentetion svoided, but the upm-at.ixtnﬁ temperatine waa radiueed
10° o 16° 2. by nsing smaller cidulyst particles with high surfaes areas. Lower
bernperatures contribute to sttainment of longer catalystlife.  The gas throngh-
put was more than twice that of & fized bod, baced on the settlad wolume or
waight of the eatalyst. - S S .
Sevarsl. expanmente wore conducted bo study the effecty of Impertent - - .
variables upom eotversion of synthecia pas, Ficld of products, and catalys: . -
MHe. Resnlts of these studies, details of the vazians TPheeen of the pilet-plant .
-developient, and the charnsteristics of the synthesia products are daseribed - - .
I this reporf, Of the products made in ihe latter part of thiz study, e - -
blanded gascling {with 2 oo of tetracthy lead) had e research octans rating . -
of 83.8, and the dissel 0il had & ectans rating from 70 fo- 80 : C
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41 248 T




.

© pators o Engl

The Yisener-Tropsch synthesis of ligmid
hydrocarhoms by ratalyiie conversion of carboen
TMROF wdzogar ia o strongly-aeatheroic
rewction, With about 7,200 B. b o, avelved per
pound of product. For tnis resson, and be-

S L NET T S

canse of tha relatively narrow rangs of allow.

abla ternporatore geaciewl, e eactor musk
permit cfficient heat transfar.

Hinee tmt.hcsis was first diecloged by thae
Badiache Anilin-
in 1918, many fypes of reactars have heon

investigated, verymg chiefly. in their orrange-

ments for retnoval of heat. Following Tande- -
inenlal  lahoratory sbudies by . Fiacher and -

Tropach in Gerteany (4} and by other investi-
e wud (19, 20, France {7, Japun
{25), snd the .United Slatce (24, 473, Rubr-
chemie constructed & fixed-bed pilot plent al
Oberhensen-Holler, Germany, - 1933, Sob-
sequently, several plaats with n total capacity
of 300,000 tona per year wers Luill in (rermany;

und Hoda-Fahrik (5, 84 2817

that & soiupwhal greater over-all beat-transfer
coafficient waa attained, In this reactor the
pd worsienlr—parellel to thezas
flow. Bach “tube’ unit was made up of two
concentric bubaes, with the estalyst packad in
ez anndes bedwesy (e,

[ subsequent developeent congiderable mad-
ifioationa wers made in reactor designa and in
modes of operation, primarly lu aHain hebter
temperature conteol end o improva heat re-
moval. Z4orch and assoeiates (44) have di=-

. cvadsd many ol Bhess vurioud s:]'hﬂ'aems rocenscs

end listed them according to bhe iollowing

. gengral categoriedt N

1, Prossesse in which fivcd bed3 of granular vr pelelisl

" gatalymts ars ceoled By indicest hemt erchmnpe, With
- and withoot teoyoling of the tail gas.

wud thess were operated, during Weorld War 1T, -

chiefly with & Clo-ThO;MgO-kesalpuihr enta—

Iyt at oither wlnospherie or mediam: preasnee

f10 atmospheres). Lo obisin the necessary
heat franafer in these fized-hed reactors, a large .

cooling-surfwce- arsa -hed to be provided, and

the marimum distages of eny catelyet particle .

from & metallic heat-Gissipating suwrface coukd
nnt exeeed 10 millimeters. ‘[he reacticn hest

evolved flowed through the raeral wall fo a .

HILTTTI ALY cochiug medinm, uwenally wator
beiling under pressure. Theas Tenetors were
complicated and expensive. The smell gas
through:put, hourly space velocities of 100
volumes ¢f S.-T. P. {pee Gloceary, p. 70 feald

&3 pér hour per volume of catalyst, nacessary . . In. the ihs
T 3 tal i meacliva g dirertly Temoverd as sensibie hess b

o Hmdt the Tate.of evolution of heot ond thus
mwaintain the lowtemprrature gradisnts Tog-
wisite for acceptable yislds ineressed the cost
of aperating “the -plonts.. A typical resstor
opetating af atinespharic pressee oonaisted
of horizoolal boiler tubes passing t.hruu%h
woctical sheets (g modification of the "fin-fube

principle™ and had a total cooling surface -:rE

- tribtion by recycling 1 to 5 vol
‘yms. [er volume . of fresh gas, concomitantly

A= previously astatad, the fized-bod reactors
ware complex and Bmited in capaeity. Low-
temperabure gradents at high conversions wars
difficult to atigin aod to mainkain, bosi of

“tha reaction ool place in thoge parte of the bed
Tarthest removad frotm the heat-tranafer sor-

face; comsequently,. that is whoe most of the
heat of repction was Bhersted “alsn, wnder
vonditiors that fawored localized high tempera-
tures and poor conversion to Hgmid procacts
{43, -455'];), prel (489, and later Tuarchemie
(47, .obtamed more wrcform domy 'emturucfs d_fﬂ—

pye

atthining g hizhar olefin content in the prodict
and significanily improving.its quality.

2 Provesses i wliic fived Leda of grannlar ar pellated
catalyste ane intemmally cenled by direr hest azelangs:
for, mmpla, ]‘_H:t-!ﬂﬁ-m‘l]"ﬂ]ﬂ and pil-rerrela PronewdsTes

Tn. the hot-pas-pecyie system, tha hest of
the circulating mas. - This process woa develcped

. in Germesny by Michuel (6, 50), who ueed 2 gin-

43000 &q. £5. Tis G¥er-all wasble wolume was. .

about, 660 o, ft., sod jie production ebout
18 barrele of oil par day. In ihis vesstor the
cairlyen was packed outside the tubes, in the
spaces between the 'fina.” A double-tube pres-
gura Tewckor af bhe same cutput capacity
required epprozimately the sams reaction vol-
ume bud laae ecooling surface; the indication iz

T tu paruilisees far 6o Jleac o e bibliogrgy
&t tha and of chin apors
2

terad-iron. catalyst o & Telanively simple con-
verter without mtarnal coclers. in the reacton
space. A longitudinsl tempersows goadiend of
sbout. 107 O, was meintained sleng ihe bed by
reereling: 400 valumes of tail gog par volume
of feed yus. The heat was reenvered by zener-
ation of steam in an exteranl ket cxehengor,
Despite th%thiifh ag flow, the control of ternper-
alizrs was di 6. An unesen pattern of poa

finw over the eross scetion of tho bed eontrib-
utad to developmant of hot gpota that ceused
exiuas) ve feposition of cexbon apd ranid deberi-
pration of the catalyst. In addition, oewer
rernirernents fur cirenlating the lags quantitiea
of Teuyole zoa were unevoidebly IligEH

-, Develop-
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INTEOLTOTION 3

ment of {his procese never progressed beyond &
fnrze pilod plaot.

Dvicect, internal heat removal i3 also sccom-
El‘lshad in the oilreeyals process, which was

5, invesigated by Duttschmid (74). The
beat of Temclion iz absorbed a3 sensibla heat
and;or hent of vaporization by oil cireulating
throuet . the submenred or welled ratalyst.
Alplion o this process have been crade o the
Tnited Statca by the Suandard Oil Develop-
raent Co. (353, The Toxa Compeny (3, 155
wn] the Faderal Brreen of Mines (9, 13).

- 4. Provessed in whick fncly divided ratalysts ae
yzed in amgcr_m‘qn, a8 in & lignid slurry or in the #AR
phage in & Ho'dised bed,

Srnihesis in the sluery prarsss iz conducied
hy '1:hhﬁn4fz zoa brough a slurry or suspension
of the catalyst in ma]mgh oil. The hesi of ve-
rerction s rerrcrved  either Dy bayonet head
exchangersin the reachion sone or by cirenlatiou
of the siurry through exlerns] heat exchangars.
Fiarly slory ezperlments by Germen investi-

tors at Rheinpreussen, Ruhrehernis, and T
%..Fu’t}&ﬂiﬂ.d.l‘-.s‘..ric wern eharactorized by, rela-
tively =hnrt csialyst Life, asttling diffculties,
and low spsss-time vislds besed on surry awd
comverter . volume.  Flowever, it more. recent
eZperimenta by Kalkel 135 of Rbainpraussen
and by the Faderal Bureauy of Mines, high pro-
duclivity, low grs Fields, favorahle prodoet
distribution, end long catalyst lifs have been
pehieved.

The drr-Tuidized-bed technicue, so Foncess-
ful in the fleld of catelytis ar&cmﬂli' uf’Fetmlc—
tm, hay beeo a,}ﬂpli.ad to the Fischer-Tmpwl
syothesis ehisfly by Amwcicans (5, 29, 87, 30, 34,
&% 88 824 45Y, Recertly, semo Huidized-bed
studies have been cenducted by Hall in Eng-
land (#%). . Lu the fluidized system, fresh and
mepeled pase upward through & bed of
fine eskalyet perticies suepended in the gas
girearn,  The EHLT. of molids Lbeheees a3 a flud,
wod ilie eatalyst particles cireulste to the eenl-
ing surfaces 20 that comparatively high heat-
trasfer rales ave attained, Either fead-fuid-
ired or expenced-fuidized beds (dilute phasa)
may ba cmplayed, . Most reactors have baed of
tha fixed-Judized fype, with temporafure con-
trol achieved either by hagunet heat exchungers
in the top eection of the reaclor or, when small
reactors are wsed, by jacketing the entize reac-
iion zone. . Althongh kigh epace-time yiekly and
fororable prodnet distrbulion with high Ficlda
of easoline are attained n tais type of operation,
the catalvat Efs 13 genoralle short, and yielda of
nodeeirabls mas (L. plus %) may be hign.

El

Tnifoem Fuidization 1= difienlt to maintain in°

large-diamoter reactors, std heat bransfor may
not be rapld eoungh.

When the gessynthesin program of Lhe
Furcan of Mines was {ocoandated lake I 1943,

virtually no published jrocess dots wers avail-
able. A few detadls of the German dry-fized-bed
operstions with esbalt cafelyste were knowm,
and the sesmingly nnavaidabie disadvanteges of
low throughput and high steel requirernents lad
to rejeetion. of this operstion. The hot-gas-
req:_?-uiu process waz mmied onf beranse of poor
latoperature control and hizh power reguire-
ments.” Capabis iuvestizators in privats indws-
try in the Tnited States were stndying the d,?-
Auidized-bed procees, sod evaluation and ‘des
Tiﬂlﬁp]héﬂ‘ﬁ of this puth of ailack wers laft <o
1w, ’

From ihe engineerine point of view, proo-
pegas emploving Lhe calelyse in direci contach
with a conoling il appeared aa attractive as tha
dry-Anidized-bed approseh and offered nssur-
snce of improved bempersiure control, easily
sonstricted squipment, and comparatively low
stesl  requirements. United Siates patents
(1936-42) granted to the Standard Dl Develop-
ment Co. snd to the 1. G, Farbeninduatiia
A .-G, although senting ocoly prelminery
veslts snd few deta (14 15, 14, 17, &3), sup-
parted the erpuments that aynthesis t ge
q‘;"lac:amb]e n the presence wof & Jigoid medim.,

s thiz type of process was selscted. for
inveaigntion by the Buresn of Minee. Jo-
itially, Wlw ailzeryila process was stindied;
penehzcale arudics of the slerry process ware
hegun later. '

This report om the development of the oil-
Teyole pToceEe COTRUSD

1. Review of the work in Germany on the
first oil-cireulation process.

%, Work by the Durean of bines, Umsed
States Department of the Interior. :

iy Prefiminars erients ot & aborndory Bands,
enrgirping of urlaninuica tesis and bench-soalo operatios
empl?}-ir.g & Lfaot hed of eaizlyat in u il i eler
vegel, :

{i} Uperation of 2 pilat plants with a 4 or S-Foaot hed
of calelyat in - 2-meh dismeter redetore. TUp o 3
eallons Of Ch-|- hycrocerbore wae produced per dey,
in ewech of theee E. . B

[cj l::ipreraﬁﬂn of & b&ﬂtl-]jﬁ?—dly Fﬂﬂt ]:l]hﬂ.t- with &5

Bfoat Teed af estabrst iaan S-ingh-dinmeter Tesetor |
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 HISTORY OF THE OIL-RECYCLE PROCESS

" WORK IN GERMANY

" The firgt cilrperele process For effscting the
Figcher-Tropsch synthezs was developed Ly
B Dnaftachuid, B Linekh, aod F. Wiuﬁer {1,
15, I8, I7) of L. G. Ferbeminduatreis AT
during the pericd 193443, Resnlts of this
work first, hecnme available in the TUo'ted 3uales
in 1847 through a report written by J, Foucher
it the cuprestion of Dr. W. ¥ Faraghor,
formmerly clued of the. Bection "of Jyndlwliv
Lubricands ahd Combustibles of Field [nforma-
tion Amency Technical (£, . -

‘After praliminary smrall-seala incraligations,

© . Puftdiehrid constructad 3 piloe plant with &

meactor 0.2, meter in diminecer; § meters in
beight and 200 liters (abonut 7 cn. {6} in wolume,
Qil swag cipculeted liﬁward eoenrrenthy with
synthesis pee: a= in of Dufrechmid's units,
mogt 'of the heet of reaction was removed by
vaporiration of the ol Initial™ o%mmtinn,
during 1856 and 1937, was conduwnfa] al high
prézsaute (100 -at.mnnpie-reﬂ; later work® was
done at medinm pressure (15 to 20 atmug;g:aree.}
in a two-gtage opexakion. As m:'ght e &x-
pected, the oxygen content of the produet
weressed with pressure.: In generel, the Ger-
mens dif net eonsider wse of high preseure
({100 atmosphersa) economical becanse of -the
incressed costs for compressors- and  other
equipment, even though tho epaca-time yicld
of Cy+ hydrocarbons was ineressed fromy GO
wa 3,500 ke, por day per m.? of catelrat.

4 larger palot plant with a 1,500-Hter {about
=, b} conwertar was put inho cperation in
1938, The reactor height waas atll 6 meters,
but the diemeter wos to (.5 mater.

Tused fron oxide (Fey0,) was used in both
gﬂut plante because of the need for 8 herd,

wable catalyst.. It waa prepared cimilady Lo
the synthetic am_tnnniu-—t.;rpa, tsed-itnn catalyat
by malting metallic iron in 4 atream of oxymen
and ‘adding  premodaes. Carmman pratoba
were silicon, alsali, menganess, and titaninm,
dioxida, The most frequently used eatalyst
(No. 897) hed the followmg proportions:

. . Frams
Iron powder . e ememe mmemamiaaaa mmmmm—ca 1,000
Blicon powder e . 2k
Tiramzim disaidr. o or - nemecis cimemm e 25
Potaminm permanzanate_ . oo s e e cmemne 54
Wetae ______ o ___ 5n

Aﬂar‘ fugion tha conled I”E waa cruzhed to ¥-
fo #-ineh particles thet wore reduced in o scpa-
3 .

rate unit with dry hrdrogen flowing &t an
hourly wpmee velocity of 300 b0 750, For
mediurn-pressurs synthesis, reduction was con-
dueted at 470 to 300° C. for & to 8 days; for
high-pressire opersiiun (100 to 200 Atmos-
ID)ELGI'E_J reduction temperature was 350° O,

ut mech lesa time was required. Tha reduced,
euvled calal yst wuas siored under eaclom dinxide
until ready for use. A carbon momexzids-rich
eynthesis gos, 0.8H,+4- 100, wes used in mosd
of Lhe experiments, A series of tests ot nedinm
pressure ahowed a shift in product distribution
toward lower boiling hydrocarbors, with in-
cruzeing partial pressure of hydrogen:

IE: GOl Pertaal of tocgd | Gomrer
DMK LAt oD of
Teat M - — =
Ermb | Timen | Tuf | Coboy {1800 0.0 penwal
Fmal et 1] .
LN iH AN 4 1] 3.4
1 Ak . M 41 12 g
1= -] N H 12 A
iy A 1. 45 A2 A aa
. i -] 1p E. -] iL%

Although no mention of the € plas €; rields
wis mede, probably they slso inereased with
increasing U400 ratio in the feed gas.  Tha
comversion fgures in the Isat sclumn wera oot
wiven i (ha miginel paper but are derived from
the Hz:{O0 raticg,  Bocanac of the difforence in
eonversion between the earbon monoxide-tich
ard hvdrcgen-rich gmaes, direct comparison’ of
tho specife yields may not be valid Sicce
Dhiftaghonid scated that all of Che lesls wers
tnade under identical conditioms, tae relatively
high conyersich ackiered with earbon monox-
ida-rivk geq sbiovdd male its nse more sccnomi

than that of hydropentich goa. A sulfur con-

tent of about 1.5 to 2 grains ger 1O en. ft.
was the amnsimum foend w be tolorable,
bast of the sxperiments were made ut a
winithnm iemperature of 230° to 2407 U, at the
baottor of the convarser and with a fized tem-
perstume differerlial of 507 (., o that the tem-
ereture ab the converter exit was 380% to 200
. Dufischiid predicted more sficient opers-
fion with & loseer temmperature differential . since
he achiered only aboud enedfth of the conver
gion in the lowar haif of tha bed, but apperently
tha unit was never operabed i sucl & menner.
In moat of his testa only B0-persent eonversion
was ecbdered lu a single vlape. S




