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The DI esent lnvention 1s directed to an Improved
ﬁroqess for producing valuable liquid products from gas
-ﬁiﬁtﬁres compoged predominantly of carboﬁ nmonoxlde and
hydrogen. lore specifically, 1t is directed %o the synthegls
* commonly Enctin a8 the Fischer Synuheg}s for proOucinn hydro-
 car0ons and oxvgenatei 1iquid conpounds from cerbon monoxide
.and hydrogen.
| In the Fiécher gynthesis a mixtwre predominantly
composed of carbon monoxide and hydrogen 1s contached with a
catalyst, such ad a metal of the iron group, particulqur
iron, at a temperature in she range of 350 %o 750°F., partlicu-
Aerly betweon nbout HB00 and TOO°F., to produce liquiﬂ products.
In rocent yonors thils gynthesls hes ho on lnoroved by uslng the
entolyst in the Torm of finoly divided par ticles walch aro
moalntalned in susapension by the recctlon gnecs pnssing through
the rooctlon zenc. The catalyst ls presont in tho roretlon
sone in the form of prrticlses whlch ore, in goneral, smoller
than 10 moesh mnd the bulk of ﬁhich wngg 100 mceh, the body
a8 o whole ineluding prrticles of varlous sizoa rnnging Trom
cbout 5 mlcrons wpwerdly.  The nelntonanee of o wlde pnriicle
slze digtribuilon ig importemt to Yhe proner fluldizasion of
tha cotolyst in the rongiion zone in o sultebly densc Suspen—
sion. With o given particle slzc dlstribution and with

glven gns flow through the recetor, the density of the suspen-

gion 1n the reactor can be falrly closcly controlled.
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Congiderable difficulty has been encountered by

reason of the formatlon of carbon in the reaotion. This
carbon hasg an effect quite diffcrent froir and in eddision
to corbon which 1s dépbsitcd in the ordlnery fixed bed
opcratlon. In thé fluidized solld operatlion the deposition
of carbon causcs a further subdivision of the catalyst
particlcs with o consequent dulld-up of the oxtremely smell
partleles. This disturbs the cnitire peprtlele slze élsiribu-
tlon and conscquently ronders impossible closc control of the
denslty of the suspension in the rcactor sinee the pnriicle
slzc distribution is continunlly changing. Furthermoro, the
oxtromoly finc particlos nro Jifficult teo retoin in tho
reaction zone when thor are preacns in the ontilre moss in o
proponderenee.  The formetion of corbon rlso couscs an
cxprnglon of the Tluldiwed nmaess vhlch in issclf leade to
departure of eatrlrpst from Mo rorchtlon zonc.
Varlous ottempts hove ocon made to ninimlze this
corbon Tormatlon, Its climinetlon ls lmportant not onley
- from the pelnt of view of control but from the polnt of viow
of cfficloncy, 1% Doing obvious thrt Theo more corben in the
foed goo vhich goos to the Formntlon of clomentnl corbon. tho
less volueble liquid products ore producoed,

-~ %

', Pac prosont Invention, in one ombodiment, is hnsod
CL oees on tho élseovery, cmpiriecl in najurc, thrt, if wntor ig fed

In%o %he renctlon gzone, the formetlon of crrbon 1s greoasly

minimized. This dlgcovery i chnrneterized cs cmplriecnl
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boeause the exact mechanism by which the carbon ls formed 1s

not clearly understood: Thereforc, thore were avallable no
Tacts from whlch one could reason that the addition of watoer b
would have & bonoficial cffect.- -

In carrying out thé process of the present invention,
the preforred catalyst is lvon. This iron may be obtaincd
from lnnumoreblc sources. For cxample, a valuaﬁlc iron cata-
lyst 1s obtalned by rcduction of iron pyritcs ash at toapora-
twes of the ordor of 950°F: with hﬁdrogcn. In 1ike marnor
o usceful cebelyst is obtalned by rcduclng rod iron gxide undor
gimileor condltlons., ZReduccd ucnatite also constitutos on
cifoetive cetalyot. I3 is %o be undorstood thnt the reduction
is not neccesarily ocorxlcd to the point of purc lron. The
eatelyst may Do promoved by vorlous suhstances, sﬁoh as olkall
metal oxides or cnﬁbonntos, or fluorides, ng well ag by other

noetel oxldes, suel, ns chromium, alumlnn, magnesla, nnd the

.1llke, Promotling ﬁéonts 0T the 1qttcr type ove useful, olso,.
in 1mproving.tho:flﬁidizing chnrnctorlstles of thw ontnlyst..
A porticulorly wsceful catelyst 1ls onc obbrincd by fuslﬁg'
npsural magnetite with Bﬁ A1305 nndll.Bﬁ K20 »nd roducing the
fhsion product s heratofors- doseribad. .

The cmount of stenm employed in accordoncc with the

Iy

: prosent inventlon moy vary from 0.05-to 0.8 poar®s by volume
. - ' / .
- N P .
e ’ of steam per port of hydrogen in the tetel feeds The hydrogen,

on the other hand, will usunily very from 0.5 $0.10 pnris per

part of corbon moroxlde in tho total.fded.  An cflfectlve range
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of ratlos in the total feed gas 1s 1 %o 5 parts of hyirogen
per part of carbon monoxide, and in the fresh feed from 1

to 2 parts of hydrogen per part of cerbon monoxide with the
steam bolng proportioﬁed to the hydrogén in the retlos
gpecified, The actual amount of steam cmployed may be lesa
than the lower limit above montioned sc long as 1t iz suffi-
clent to provide an oxidlzlng atmosphore at the inle$ fo the
recactor,

Another way to fix the amount of steam adde@ to the
feed ig on the basis of the oxygon content of catalyst in the
reactory Dosirablc operation has beon promoted by malntalne-
ing an oxygon content of the entelyst betwoon about 5 and 0%
by welght, particularly ot loast 10%. For tals purposc the
steam need not be addod coniinuously but may be added inter
ﬁittcntly in suivelle emounta To mainteln the desired oxygen
contont in the catalyst.

7 {%@lso embracod within the present invention is the
'discqvéry?fhnt, providing o portlicular criticel prosswuce
rﬁngc i3 cmployed while opcratlng under othor vrodetermined
and fixed condltions, uncxpcctod desiroble results e
obtained cven ﬁhcnﬁstoam is not omplorced, s horoctofore
outlined. The combined Omploymont‘of dteom cnd high pressure,
such e8 progsurcs nbove 400 1lba./3q.1in., is indicnted $o he
pnrticulariy advantngeous in minlimlzlng the fomction of
énrbon. In gbnornl, the pressurc to e amployod-with or

without steem 1s above 350 Ibe./sq.in., prefornbly sbove hoo

lba./cq.in.
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I% has herctofore Deen knowit that synthesls reactlons
could he carrlicd out without losing substantiel activity of tho
cafalyst and wlthout securing any substantisl carbon formatlon
on %he catalyst. {owovor,.whcn conducting operations of this
character, the selectivity of the product was relatively low,
tga woll ag, tho ylclds. On the other hand, if oporating con-

ditlons wore adjusted to sccure high yiclds and hig

sclectivities, undesirgble carbon formatlon occurred foildwod
by doterloration of the cabtalyst. Huch time and o ffort have
hoen spent nttompting. to solve this partleular problem, that
is, hovw to sceure hirh gsolectivitles and bigh yiclds(wvithout
incurring carbon forﬁation_cnd decompoaitlon of the catalyst.

. In occordonce with tho preseht invention, opor ating
conditicns %o ggcurc high ylolds mnd hilgh sclootlvitlos are
anintolned ~nd concurvently deterlorntion of the cetalrst by
corbon formatlon ls prevented by malntrlning the presswe ih.
the ronctlon zone chove 350 Lba./ad.in., proforably ebove Yoo
to 500 1iba./sqg.in. The moximum proscurce allowable may roango
up to 1000 1bs./sg.in. to 1200 1bs,/sq.in. ond higher. Howover,
iﬁ:gcnorul, it 1lg proferrced o meinteln thac ol mum Presswre
"ﬁglow rbout 800 lbs. /og.in.

OPcrnting condltiona nre conbtrolled to five minimuﬁ

yioids of lébjécu of butance and hilghcer Bdiling obnatitucntd,
or minimum yiclda of 250 cec. of propanc cnd highor bolling
.ponqtituonts per cuble metor of orrbon monoxlée and hydrogen

congumed, Preforred operstlng conditions e modntolned to : P




glve & minimum yleld of at Least 200 ce. of butane and highor

bolling conctltuents per cuble meter of carbon monoxide and

. Aydrogen consumed,

’ In employing thege critlical preszures in conjunction
';'with other operating conditlons designed to produce the high
ylelda and selectivities specified, 1t 1a to bs uwnderatood

that these lattor conditlons are interrelated and that their g
actual value 1s a function of one another.
Howewer, 1n general, these eritlenl cleveted prossurces
nre cmployed mnd, within aspcecified rnnges, the charsctor md
compesltlon of the focd gascs, the Tempernture: of tho reeoo-
tion ond the volumcs of food grscs por houvr por pound of
enrtalyat pre controllod.
If yields and sclectlviiics of et lenat 190 co. of
;i-! butano snd highor bdlling conatltuonts arc o be seceureod, 1% -
| is] casontlol Ehnt the tomperatwres of the recotlon be ohove
. :
rbout 57%°F,, proforebly in vho reonge from 550°F. o 725°R,
It is algo desireble thet the volumes of Teed gascs, (mcoouwrcd
in cu.Tt, ~% stondord conditions), por hour per pound of
cawrben free entnlyst be sbove 70, profornply in the range Ifrom
90 to 200 end cboveiy |
L
As in@ic&;éq neoretofore, the cntnlyst is cmploycd !
in o finoly di%idqd-g%htc hnd 1n'charactcr120d by.ﬁ,wido |
diatribﬁtion éf particlo sizcs ronglng from about H microng
to not grontcﬁﬂ%hnn 10 mesh with o prodominant porilon pooocing

100 mesh, "With thio type of ontolyat the reaction gnsce &xc

kY




'fi passed through the reactlon zone at a superflclal veloclty

"ibetween soout .3 and § f%./second, particularly betwoen about

" 0. 5 and 2.0 £%./second. In this range of velocltles, the

'v.ﬂ uatalyst in the resction zone 1s in the form of a donsc sus-

V:pcnslon-in which the solld constitutes at leest 7% by volume.
:VIt 1a proferaAbly of the order of 15 to 20% and may be higher,
' up to‘hboﬁt FO%. The individual partleles in thils suspension
travoi at a hlgh voloclity in a toriuous crratlc poth. This
results in the most exvreordinory mizlng which provides for
uniform temperaturc and un*forn roactlon ratc throughout the
roactlon zonc., In order to meintoln $hé temperoture o o
fixod level, internal hent oxchenge cquipment mey be utllizod
ne, Tor exemple, 1n thc‘forﬁ of & tubo bundlc in vhileh o '
fluld hent tronsfor moﬁium 13 ngcul wed. Thc cfficioncv of
the hent trnnsfcr ig grcntl* 1mp“ovod by the turbulcnt motlion
of the fincly divided solid cround the heai cxchongo equipment.
The naturce of the preacent iaventlon moy be more

clonriy undcretood from the following detniled deseription of
the accomprnying drawing in which the single Flgurc is o front
clevoetion in dlngrommntic form of one type of unlt sultople for
the practicc of the presont invention.

' Roforrlng %o the drowing 1n deiall, numeral (1)
desipanntes o ronctor provided with intornol cooling ﬁoans
- indleoted symbollcally by coll (2}, The feod contolning

' errbon- mono cdde pnd-hydrogen- 1g” “Introddced into the bo%tom

of the reactor through lino (3). This reoctor 1s provided
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with o bottom grid or grato (%) nbove which 18 maintainod
& fluldlzed mncs of catelyst prrticles (5). The upper port
of the vessel is »rovided wiih o cyeclonc seperntor (6) for
returning ortelyst cntrained in vapore leaving the renctor
through linc {7) to the donse guspension of cotnlysct Ain tho
reactor. Steonm 1s ndded vo the feod line (3) throuwgh bronch
line (8), The cmount of stoom ndded will bo in the range
herctofore specificd, IF desired, storm may be injeeted ot
verlous points clong the reactor dirce$ly into the Tluidized
golld.

The product in overhoad line (7) is crrricd thereby
Tirst through o condenser (9) ond thon through o scitlor (L0)
in which ronadily condensible products cre cceprrnted snd drewn
off through line (ll). In the ovent th~t octnlyst Tincs nro
not cntircly romoved by the coyclone scparstor (6), these fines
wlll be cusponded in the confonsnate in soprredor (10). A
pertion of thic condensate mny be contlnuclly returncd to the
rencter or the fincs moy be {iltered ous thorofrom and
raturned to the reactor oo a glurry in woter, if deosired,
or inp vpert of the liguid product.

The nermally gnscous ernstitucnbs orc drawm of 7
from scperetor (10) through line (12). Any desired proportlan
of.thcac gnocs may be rooycled to” the foed line {3) through

linc {13).
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In order to demonstrate the effect of the addiflon
of water in accordance with the present lnvention, reference
may be had to the following comparison of results from two
laboratory runs (in a 2-liter catalyst capaclty unit) made
with the same type catalyst and under the same operatlng
conditions except for addition of steam. The catalysts used
in both these runs were prepared by fuslng natural magnetite'
wiﬁh 3. 0% Al;04 and 1.5% Kp0. Operation wag at 650°F. and
Moo.psig. with a frosh feed contalnlng Ho and CO in the ratio
of 2/1 ot a fresh feed rate of 1200-1700 V/V/Hr. The
centelysts were. roduoed with Hy to substantially 0% 02 before

syntheals operntion wae startod,

?TOooss Data
co/m. 2 Hp+CO Cons,
Eded 3+ v e
Run No. Houva Qonv. 20 +7EtOH + EtOH B£0H
37 5780 98 O 25k 209 29
129-152 98 ) 270 226 39
01-224 97 0 25% 221 39
39 56~79 98 3o 287 2kl 53
' 128151 97 340 27% 223% &0
200211 97 3o 278 221 71
Catolyst Data
Synfhesls B/D g./cc. ¥icrons
Run Ne. Hours o Free 0-20 20-50 080 LD+ 40
37 0 1.8 1 1 7 9L  ——
387 0.9 52 2 w2k 3
39 0 1,8 3 1 5 AL e
1.5 26 8 13 5% 11

33

T 10

R
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Another catalyst used in Run 3% under different
operating coenditicns without added steam showed still more
catalyst dlsintegration and higher carbon formation. This
catalyst was prepared by impregnating roasted iron pyrites ore
{substantially all 5'5320:5 * Fe301,r) with 1% XF, and was
completely reduced. Operation was at 600°F. and 250 psig.

“with 1/1 Ho/CO ratio in the fresh feed. Catalyst data ave

glven below,

Bynthesis B/D g./cc. Miorona
Run No. Hours Oxddized 0-20 20-T0 "TO-80 &0+ %0
34 0 1.9 16 hs 25 -
297 o.a 96 T &0

The mechanism wheroby added stoam Suppresses carbon
formation 1s not clearly kriown, nor is the opbtlmum amount of
ateam notessarily that whioh was added in Run 39. The amount

of addod steam may be swoh that the mole ratlo of Hp/H0 in

the totel fead covers the range of 100/L to 5/1 but mefenably . .-

the ratio should be that to give an oxldizing atmosphore ot
the recctor inlot. Tho range of operating conditions and
rroferable conditions ore tobulabed below.

Ho/CO0 1n Frogh Feod
Temp.,°F, Paig,. Frogh Feed V/V/Hour .

Rango 450750, 100-1000 0.5-3.0 100~3000
Preferrod 550-700  350.50C 1.2 500-1500

In the forogoing runs the fresh feed rate wns in o

- Ireferred ronge. Thie fresh feed rate may vary from 100 to

"3000 V/V/Houf, the preferred range being 500-1500 V/V/Hour,

It will be understood, of course, that the othor conititions

.'.~.11 -
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of operatlon indicated in the particular example may be
varled wlthin the ranges for these condlilons heretofore
gpecified. This specific example ls not lntended to desecrlbe
any specific operating conditions but merely to illuptrate
the éffect of added steam on the operation., It is thought

to he evident that the added steam does sorve affectlively to
réduca carbon formatlon and to minimizo degradation of the
catalyst. It 1s o be borne in mind that this degradation

of the catalyst as herctofore explalned s of great importance

- becauae a very substantial change in the poartlolo slze

distribution of the catalyst results in a marked change in its

fluidlzablllty, o reduction in whilch 1s refleeted sherply 1n

éfrntio uncontroll@ble tompoeratures and reactlon rates.

Example 2.

In.order to demonstrate the efrfeot of pressure, a .'

~number of operatlons were conducted using an lron type of

syntho tic ammonia catalyst. The composition of the fresh feecd
gasesa to the asystem and the composition of the total food
gaaes t6 the reooetlon zone dus to reeycle averaged as followa:

Gasce Vol, &

FPresh To Reactlon

Feced Zone
Hydrogthh sesessesssssscssns 59.9 3 o)"'
Corbon MonoXxide sevesessnss 29.1 R
Cerbon D1oxide cevessssans 7.9 26,2
NItDOZEN sesasseesecsvcsnsesn 1.2 "1.5
Unaaturatof sessssssssvenss 3.0
Total Paraffing eevsssseses 109 15.&

The rosults of the various operations are summnrlzed

&8 followa:
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3 " Carbon
g Inorease
i . Seleotlvity Preasure Catalyst
Butane Propane Pounds/ Deterior-
Operatlon Plus Plug 89.In., Temp. V/Hr./W. tion
B | 179 225 2hg 637 2,5 Yes
2 207 oh3 Egu 659 77.1 No
R . 220 261 b 675 98.8 Ho
o 180 ol 235 646 31.6 Yes
- 2 197 zgg 4ol 676 4.3 No
- . 220 2 4oo 673 o, 7 No
MR ET B a1l 256 Yoo B76  95.9 No
e 8 226 262 Lok 66l 92.9 No
. .- 9 219 258 399 670 93,7 No
To. LT . The nature and objects of the pre gent inventilon

", " . having beern thus deseribed, what is clalmed@ as new and useful

and es desired to be secured by Letters Patent ia:

- 13 -




- THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
CR PRIVILEGE IS CLAIMED ARE DEFINED A3 FOLLOWS:

918486

1. 1In the production of valuable liquid products by
the interaction of carbon monoxilde aﬁd hydrogen in the presence
of a fluldized fineiy divided iron type catélyst:wgth which the
reactants are contécted at a temperature between abouf 500° and
700°F. and under a pressure of the order of 400-600 1bs./sq. in.,
the step of maintaining in the catalyst an oxygen Eontent
between about 5% and about 30% by weight by injecting into the

reactor: a quantify of steam ranging from about 0.05 to 0.8

part by volume of steam per part of hydrogen ln the total. feed.
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