HISTORY OF THE OIL-RECYCLE PROCESS

"+ WORK IN GERMANY

The first vil-recyela process for effecting the
Fischer-Tropsch synithesis was devaloped b
F. Duoftechinid, E. Licekh, wnd ¥, Winkier ({4,
15, 18, 1%y of L & TFarbenindustide A0
durin%mthe period 1934—43. Results of this
work firet becamn available in the Mnitw] States
in 1947 through s mport writes by 4, Foucher
it the cuggestien of Dr. W. F. Farsgher,
formerly. ehlaf of the Senien of Zymthelic
Ludiricants and Combustibles of Field Informe.-
tion Agency Tochnicel {503,

'After profiimnary small-srale investigabions,
Drufischmid constructed ‘a pilod plant with 8
ropotor 0,2 meter in diameter, § meters in
height sud 200 Liters (about 7 cu, f1.) in volume.
0l was “cirenleted :ﬂw&tﬂ eocurrently with
synthesis gas; »s in of Duftachmida units,
most of the fieat of rcection wes temoved by
veporization of the ofl; Initial Gperstion,
during 1956 and 1837, was conducted et high
pressure ({0 stmospheres); later work wus

done et medium pressurs (15 to 20 a res)
in ‘& two-aisga operation. As might be Bx-
pected, the oxyzen contenl of “the produet
inpressed, with pressurs.  In penersl, Gar-

mens did net consider use of high pressis
(L0 atmospheres) seonomical becsuse af -the
increased eosts ' for eompreseors. and  other
Bgu%?m&ﬂt-,. gren thongl (he space-tirne Field
of {L- hydrocarbons was mereased from OB

t53,800 kg. por day per m.” of catalyst.

A lerger palot planl with & 1,500-liter (sbous
Si-git. T} converter was put into operatiom in
tuss, The reactor height was ofill O metels,
but the dismster was enlareed to G0 metar, -
" Fased iron oxide {Fedl) waa nsed both
ilot plants becsuwse of the nesd for a hard,
Sumh a catalyst.. It wea prepersd similezly Lo
the gynthetie ammonia-type, fusad-lron catalyst
by melting metalliv iron o 3 atresm of oxygen
and adding promoters.. Compron promulun
were silicont, BHzali mmnganese, snd tikanium
dioxide, - The most frequently used esialyst
{No, 997} had the following proporions: . -
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After fuzion the cocled pig wes crushed Lo i
to ineh particles that wera reduced in 5 seps-
¢

Tale umii with vy bydrogen flowing et an
hourly space veloaty of 500 to 730, For the
riedinm pressure avnthesis, rediction waa con-
dueted at 476° to 500° C. for 6 to 8 days; for
high-pressure operstion (100 to 200 stmos-
Eherus} reduetion temperalare was §50° O,

il tuneh less time was requirsd.  The reduend,
cooiod catalvet was stored under chrbon diexids
until ready for wse. A earbon monexide-rich
syhihesis pas, 0.8H.4- 100, woe used in most
of the exporiments. A series of tests at mediym
pressure showed s shift in_product dissribution
toward lower boling hydroesrboms, witl in-
¢repamg partial pressure of hydrogen:
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Although mo mention of tha C; plus C; Fields
was msds, probably they also inereaced wi
mereasny Ha(%) rutio i the foed gea. Tha
conversion figures in tha lask eolumn were not
given in the original paper but are dorived from
“he Hao('C matioe. Because of the difference in
sonversion betwsen the carbon moncxiderich
and hydrogen-rich gages, direst compsrison of
the specifts 7ields may oot be vahd. Binee
Dhoftzcnm’d stated that all of the teats were
mada under identical eonditions, the relaiively
hizh eonversion achieved with corbon monex-
idarich war should make it vac more economicul
toan that of hrdrogentich yma. A sulfur ron-
tant of abouh 1.0 to 2 Era.ins per b A en. T
was the maxirmuny found to be tolerasie.

Morl of the experimcnta wers mads 8t 2
minimutn temperature of 230° tu 241° C. st the
bestom of the converter arnd wich & fived tem-
perature ditferential of 50° C., so that the Lum-

eratirs ot the comverter exit waa 280° to 280°
& Diufteclirid predicted more efficicnt opsra-
tion with a lower tgmperature dulerendial, sines
ha achiered suly shont one-fifth of the conver-

oL, in the lowe: helf of the bed, but apparentiy-

tha unit wag never operated in sucl A manner.
In most of his tesls anly S0-percent conversion
wEE ﬂ.q;,.]'!j_ﬁ‘?ﬁd. it o mngls atame, -
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Bacagsn Duftachmid believed that greater
productivily was obtained by cvaporative cool
g, & recyele ol eontaining eomponents that
evaporated wvndgr the gperating couditions was
marrd, 4 dypical boiling rangs for racyile il
for eymthess at 25 atmospheres was:
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A apecifie yield of 145 fo 150 grama of total
product par cubic mater of sonverted EL2 WA
reported for a S.stame overation at medium
presaute, with an overall sonversion of 75 per-
cent—5{) percent in each stage. Distribution
end elnfiv contenl of the prodficts were:
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The ramaining 22 pereent of the product prab-
ably was Gﬁlua Us hyrracurbons emd oxy-
geraled compounds. The prim gasnlina had
& research octene minuler of 55; the diesel ail a
cetans nomber of 73 t6 TS,

When World War 1T giarted, further develop-
meng of the oil-racyele procevs in Germeny was

curtailed.  Although soms improvemenis over -

the fixed-Lied process had bean achieved, notably

in tempersture control, efficient utilization of
the syntheai= poe had not been realized.

WORK OF THE FEDFRAL
BUREAU OF MINES

Lindil preveees development was started Iate in
1343, tke Fiacher-Tropseh T program by
thy Federnl Bureaw of Mincs was roncerned
chiefly with developing and testing catalysts in
narrow-tube, ﬁxad-be]ﬁ Tesctors, juckated for
heat ramuyul. Bafore tho oilrecycla prossy
could be sbudisd, the effert Al uonlj.:ﬁ' oil on the
gyathesis had to be determined: avatlable infor
mation was rather megger., dD]lE-Eq'llﬂItﬂjl in
Soptamber 143 tosbe warr mada o Celermiinn
wheldier tricklirg a liguid breérocarbon into the
regebor diring synthesis affected the sotivity of

a pelleted, m'halt-tboria,-magnesinﬁ]:iesalguhr
extalyet.  Acotivitles were messyred daring
vperalivn under the same sonditiors with wnd
without the liguid. The temparature was con-
trolled, not by the liqmd B by the haat-
fichange mediom in the resctor jacket. The
reanlts indicaterd a slighy losa of setivity when
the [igtid was preapnt.

A emall, internally eooled wnit was bl in
November 1945 for atidy of the eynthoeais at
atmuospneric pressure with the asme pobalt
catalyst. The iwaction eharnber eonajstad of am
I8-inoh length of 1.5-inch pipe filled with cata.
Egat to 2 depth of 12 inchea.” Tha keat o renn-
flon was to he dissipated largely by the latent
hest of Taporization of the liquid. Te observe
the calalrtic sctivity as & funetion nf tempars-
fars during a trickls Aow of ml, the reastor was
kept adisbadie, with elsctric heal baluneing the
beat lost through the insulation. During The-
comber 19045 a test Iasting approximataly 150
hours was made with gas and oil fowing enmur-
reatly dowmwerd et verions retee ot stmospheric
pressure,  Becawe tha temperature was de-
pendent upon tha boiling ranga of the nil in thisg
constant-popssire syulen, operati condiHons
wars essantially fixed by tha mm;?'r%itiun of the
oil used.  Erratic temperature control mmads a
studf' of the catalyet artivity hnpomsibie. -

A laggrer Teantor was aonatot marly in 1944,
ﬁfg&i_u, eab waa raluoved by evaporative cooling
ol oil, .;llmbu greater range In lemperstura wig
attamad by i OpErabing e,
Since the ﬁms%u of Lhe reactor wﬁﬂut
4 limes greater (3-inch atandard pipe) than thet
of the smaller umit, the radial ternperatira
ﬁdient atross the bed coodd be massored,

th eocurrent and coumtorpirrent gas gmd odl
Hows through & 12-inch dopth of palleted cobalt
catalyst were cmployed during 18 weelks of
cparation frow, May 1944 to April 1943, LG T
temperature regtfation, wilh neg%ip;il:f.c radial
vr longituding] gradients, was obtained with
eoucteroirrrent flow at snitable proseurss, The
nressire renitired fo aldain 4 given tomperstupe
depended tpon the befling renge of (e cooling
Liquid. Satislnetory temperature control durin
cocurrenf downflow operalion was not achievs
beennge the prehrating zone for the gas-liquid
miztire wias nol adequute, Conscquently, the
upper portion of the bed {entry) beeams over-
oboled ; insyfficient reflusing of L oeenered,
ond excessive femparstura varistions resulted.

Linough ovidence was nlituined to show thas
neithar Bhe vataletic Lctivity nor the dislribig-
tion of producis was sporeciablr alkerad by the
presence of cooling liquid.  Also, the iriekling
and refuzing of the LEquid vaused no erosion or
aklrition of tho sutalyst pallats. The prectics.-
bilily ol tomperature contpo] of the 3T Lesnis by
internal couling seemed to be established, and
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1] DEVELOPRTNT ©F THEF FISCHTR-TROPECHE DIL-ERITCLE PROCEIR

lremr #cals axperimentaltion appeared deseahile.
Constroction of the firey ﬂi}i}h plont wues
complated o Moarcle 1845, The resetor wase 3
inchea in disgeter ymel § feck io height, Im-
provetnenta in the preheafing sestions wero
wwlded b e wedl, so Lhab procise emoera-
fure. eantenl conld bo meindsined with co-
cnrvant dgwn flew.  Counterowrrent Goete wess
made, bt bocsuse of hich wields of ges socl
Ikypding diffeuinis at gos space velosiiies shove
anC, thia mede of actacl was abandonad afger
2 s¥perimrnta, .
. Several tests wore mada hetween Aprl! 1546
ard May 1947 with cobalt eatalysis and co-
ayrrent dewmwerd geaodl Arw. - Gond troom-
perpimee condrol was Inaintained along the
Hoot ralel 72l bed, exoepl thot & hot spob st
the gas-end lqud entry nenr the top of the
bed wha eapemally feoubleanmo et spoes weloo-
Aaee alpgve 200, To elinnroie thiy difficoitr
the il waa returoed from the overhead rcon-
denper o ke top of the rosctor by means of o
pump rather thao Ly gravity flow; thes more
or lass mifprm datriboticn wes forcibly of-
farded ovor the cross soction. With Lds war-
rgngement o sproe Telocity of 450 waa fouwnd to
be the marmum rate tolerabls i single-poss
oporetion. The apace-lirs 3ield of C;-i-hygrn
carbo:s was shoul 00 b per ¥ of cacalyas
Fobomg par dey. AL lﬂ.ﬁf&t throughpote comm-
Flaka Fipineticn of the hot apot wus Dot
Brhiaved,
. Tha Bnal experiment, with eobalt w43 made
in April 1947, with the bed vowplsiely zub-
mnerged b cooling Temtiom rather vhan joss
~petted, T7pward: conurrent dow was employed
with the sos and bigaid Fed Inbe the Lallam of
tha Tepcior, Abott the ame catalyst anm'vitﬁ
waa ohtained with this tyoe of aperstion es ha
hesy, chapryed wikh ke wetted crtaivat bed.
As amugh informaation. on the p-arrfm'mqn':n
of robalt e the presence of a Jiguid medimm
hod pow boen obtained, invesligalioe of this

maieris] wes disccirsnesd: and ckeaper snd

more sbrhdeat iron ratalysta wore thon 1o-
yeetipabed.  Higlwe peodactivily end more
Invorable product distributions were reportad.
From - Jume to September 1047 ezpatiments
‘were made swith pelleicd snd groacisr, pre-
cipitadad-loon ok }rsts_r and 1H,+1C0 feed
paa. PBolh the wicke-flow, wetbed bad and the
corplebely submerord bed were vsed.  Flesk
raw rempoved mesty by veporization of the o,
Althougk activitics and tomperators comivel
wore sotisfencory, euea of theee isets lazfed
¢nl¥ a3 fewr wezk: horane: of exvessive pressure
drops yesulting from disintegration smd ag-
glomeration of the catalyat.

Fuged, symthode prpmonis-type  radolyets
wera nevk mond fnoths aynthes’s heeanze they
kre hard and have hiph regetancs to crushing.

Al tests with Eheazs catalysts wers mads in mmb-
mergad beds,  The smanthess opirhuon. wis
atbicred when the boai wee cemeweld, pe-
maridy ad sensitle heat by s ceeulaticg e
strezammn . Svachesia gas snd recpels il were ol
voviTontly inte ble bodom of ihe remalur;
theor towed upward and ladt througa an aver-
flow pips thetalled abaont 2 fest abowe the catee
Iset jevcl. An extremely imporcant edvantage
of this methyd over svgporcidve cooling be-
came evident af once, namcly, that pressmra
and temperstioe wern Hulr mads eesenlmdly
mdegendent f wsek wber, apd opersiion pe-
came more Hagipla

Zevernl  cxvorimenta wees mede At 300
powmds por squers ioch .gwee {peon LB
presstyre. mnd et anurly speoe velocites.of 100
to 300, with 1H;+1C0 feed ges, hoth with
pad wifhas gas oecyelinz. A pmgrm?vuly
Dnereaelny presauts drop sleng the bed Ioder-
farad witt fow of reaycla ol and nevear ihed
abrtdewns sfter 1 to 3 menths of operation,
When the ecnvesier was gpetwed, the cwinlyss
particles were fopnd  t3 have receined thel=
origianl  eize.  Howewver, toey hed .been
cemnonzad {ogether Hightly'ard could he'rermaved
only by drﬂ]aujsjf Zubsannent attemphs to
prevent thia offact in the fixed-bad fajled,
although Bhe rabe of ceuwnlatien Wwis roourded
congiderably when & hydrogenrich gas was
naxl

Cementatinn was climineted . April 1944
by the use of oo expandad bed of catalyst, i
she expacded-bed aystemn, s - oadnlest
partiates and higher Nnesr volovtes of oil
warg used wn b che Axed bed, The eale of
unwand flow of n«.grﬂa ol through the camalyst
wna adjuetzd so that the Sed was expsoded
sbonk 23 70 3% percoat. Ilente, the parbdsa
wern kepk in mation Bt eeoflmed wicthin the
meactor. Expasded-bed operabiumy wivh syn-
theldc-anenarie  cndglyeis  wees  eonducted
peFaThl - monkha witbont noteble joorezze in
Teanlute  grop or evidenen of comensobium.
%"th writhesis pas compositons 1H—1C0,
1.3H 41080, am%; 2,4+ 1CC, loas of earalyat
by suwTyuver fram ins converter to the oil-
erenfe Imez was negligihfe, aven afer 4
mwcnths of operition, eltconzn meve snslyses
showed that sore sttrition of the catalyat bad
tokon plece. With w vashon weavside-rich
a8 [TH:+100), howawer, sevare cubalyst
oeses oconkren after B few montha sn several
experinenbs, nufeauinge thoab clhaniend epvimm-
ment s well a8 mechanicel ercsiin inthusticed
ihe rate of cataiyat deromposiiion. Bvern, with
thig mas, oparetion for more than 1,600 hours
way powsilie when the esrbon dinxide waos
cemmored from the Fas that wad -énpoled té the
corceerter,  Zxpanded-led operstions In two
3-inch redetcrs durng the paied fom Mey
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FISIORY OF UHE OI-RECTCLI PEOCERS 7

1949 %o Mareh 10561 are reported. Spmcc
velocities of 200 to 1,000, pressvres of 300 and
0 p, 4 i 2., 28S campodiiony vurving from
0.7H L 1CO 1o ZEA1C0, end gas convermions
of 71 to 50 percent wers invoetontod.

A l-barrel-per-dny pilot  plant with gn
Sanoh.digmatar peaster was plannd i'froﬁmﬂﬁou‘

n Marx 1481, The reactor ¥ WAl
dealamed b0 accoromodaie w l6-foot e af
calalyst for fivnd-hed operntion. Barsuse the
epaca-time Fiedd of G+ hydrocarbons hud been
coteiderpbly increased by sl an expandad
bed, only an &foot hoight of extalrst wae re-
gairsd for the barrel-per.doy production. Towns
Lot possible to employ & deeper bed of catalyst
Lecwss the supply of synthesin gas was limited.
‘Two runs ware m in this wnit, and the
temporddirs control along 1l bed was quite
sakis(eerory, 85 it hed been in the small 1mils,
No ditﬁmﬂm_s warn exeonotered In mechenion]
opergtice of the plant; howevar, the entalyst
was less active and gtable than at comparable
conditiors in the small piivt plants,

A ranga of t¥pieal opersiing conditions and
Tielda for ench stage of davelajﬁgmmh A given in
table 1. Tala wre included alsg for tests mads
m oraell dry-bed resctors with cobslt and
Precipiteted Teon satalyate.  These small testing
unita are partioularly svaluable for pssaying
cetalyete to mensure relative catalyei sciivity,
A, vomparative evalation aof the character and
distrihution of the products from these drp-bad

unita is valughle. However, liparstare con-~
trol under adisbatic conditions in the catalyut
teating raactor cannul, be studied, s the reaction
tube {0.625 inch inaide diameter) is surroundad
Ly u deth of beilicg Dowtherm to maintein o

- bonsteant  temmeywmiura. Procsss-devclopnment

and- operability studies wepe brincipal
goals of the pillot-plant teste. _Adequate re-
moval. and * transfer of hegt and - ptysical
problams related to vatelyets, sl as agglom-
eration,” cerbun deposition, ond disintesrativn,
bad to be investigated ov a piflot-plani seale.
A more charactenstic study of tha preducts
was made by eperation of the pilot plant,

- From the date in tabls- | some idea can ba
obtuined of the changes in oparation and pemlte
Wit oceurred -during the virious phases of e
mveztigation. A range of temperstures and
yields i= shown fure:!:;_ﬁ oDerabion to summariss

conditione that wers explored.’ As dis
tussed lafer (see Exzverimental Works . o o83,
the wield" wnd "distribution of products are
aflecled by many: variables auch as-ihe termpor-
ature end pressure of the catelvat, H,2(0 rafio
of the faed gaa, and posaibly the spuce valocity
of thy zas. Tty ars ?ven'fr;rr exparded-bed
experimonte ‘of several femd grs ratios becanse
chianga i the B, : CO ratio affectad the dirability
of the catalysr, as well us the produets, Stofilar
product yields and distribotion wers obrainad
mn tha 2-mch- and ‘S-inéa-diameter rescters for
the eame fead gas, . . s

Tasre L~Compariam of fypical operating conditions andtyields with cobali and iren Fischer-Tropsch
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