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 COMPLETE SPECIFICATION

Improvements in or relating to a Process of Synthesizing
Hydrocarbons

We, Sranpans Om CoMraxy, a cor-
poration organized under the laws of the
State of Indiana, TUnited Sfates of
America, of 910, South Michigan Avenue,

5 Chicago, Tllinois, Umited States of
Smeries, (Assignees of EvVErzrT AmpERs
Jomrxgorw), do hereby declare the nature
ot this invention and io what mauner the
sams is to be performed, to be partienlarly

IV deseribed amri7 ascertained in und by the
fullowing statement:— )

This tnvention relates to main’mi:ﬁuﬁ
the activity of finely divided or supporte
metal catalysts wﬁich are employed in

15 hydrocarboun synthesis from Lydrogen and
curbon monoxide and in desulphurizipg-
gas streanms. More particularly the in-
vention relates to o fluidised solids system
wherein contact of metul catalysts of

20 small porticle size with gasiform fluids
is effected and the eatalysts subsequently
are subjected to oxidation followed by ve-
duetion before the metal catalysts with
additionul quantities of gasiform Auids.

20 TIn aceordance with the present imven-
lion there is provided a process for effect-
ing a rcarbon mopoxi e-hydrogen syn-
thesis reuction which eomprisey contact-
ing a carbon monoxide-hydrogen mixture

30 under synthesis conditions with an iron
calalyst of small particle size by pussing
said mixture upwardly in contact with a
mass of said cafalyst at sueh veloeity as
to maintain a dense turbulent suspended

30 catalyst phase superimpused by o light
dispersed phase, withdrawing synthesis
products from the light dispersed phase.
withdrawing s portion of ths irem catalysi
25 a downwordly moving eolumn directly

40 from the densa phase and introdueing said
downwardly withdeawn catalyst to an
vzidizing zone, passiog an oxidizing gas
upwardly ip said oxidizing zone at sueh
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velocity ay to waintain catalyst therein
10 suspended dense turbulent phase vader 45
candlitions for effecting oxidaiion, remov-
ing a gaseuus giream frow the upper paxrt
of said oxidizing mone, separaiely remov-
ing catalyst from the dense phase in the
exidizing zone as o downwardly moving &0
column, reducing the catzlyet removed
from the oxidimng zene ang employing
seld reduced catalsyt for effecting further
synthesis in said contacting step.

. Turther in accordance with the pressnt 55
Iuvention there is provided a process of
synthesizing hydrocarkons from hydrogen
and ecarbon monoxide which comprises
contacting a hydrogen-carhon monoxide
mixtare in a synthesis zone under syn. @0
thesis conditions with a luidized powdered
ivon catalyst maintained as a demse tur-
bulent suspended phase, vontinuonshy
withdrawing a porfion of sajd catalyst
from the synlhesis zome to an oxidizing 66
zone, passing the iron catalyst through
said oxidizing mone couvdercurrent to ay
oxifizing medium in s2id oxidizing zone,
withdrowing cafalyst from anid ozidizing
sone, pessing said catalyst through said 70
reducing sone countercurrent to » reduce
ing medivm, withdrawin catalyst from
the reducing zone {o » cooling zone, coul-
ing the catagiyst to a tempergiure not sub-
stantially higher than the temperature in 75
the synthesis zome and returning said
cooled catalyst o said synthesis zowe.

In the process of produci hydro-
carbous  from carben 1nonoxide and
hydrogen it has heretofore been reguired g
that 513 sulfnr content of the syntheais
feed gas he reduced below ahout .5 gruing
and preferably helow about .2 grains per
100 cubiv feet of gas. To effect this dagree
of desnlfurization it has been neccesary 85
to employ expensive equipment in a pre-

75|
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liminary desulfurizing operafion. It is
an, ohject of this invention to avuid sach
independent desulfurizing operation and
to effect desultnrization with the aynthesis

§ catalyst iiself. Amother object of our in- -

vention is to provide a system wherein

feed guses of relatively high sulfur con-

teut can be econvmically empluyed in the
oatalytio reduction of carbon oxides in the
produciion of hydrocarhons.

A further object of this invention is
{0 maintain en iron calalyst in a high
state of activity o that it may rerve its
intended function more eliectively and
for a lomger period of time than pre-
viously possible,

841l znother objeet is to aveid undue
accumulation of eulfur or sulfur com-
pounds in iron catalysts and fo provide
improved methud and means for remnving
sulfur compounds and for restoring the
catalyst to o high state of activity. A
specifie object of our invention is to pro-
vide melhod ond mesns for removing
25 sulfnr compounds from CO—H, mixtures

and hydrocerbon vapors. .

The invention .finds particular utility
in providing an economical method and
means for the conversion of sulfur-con-

30 faining gases by the eatalyfic reduction
of carhon ovides. Therefore, it 1s another

ohject of this invention te provide an im-

proved method aud means for infer-

wittently or continnously removing
36 sulfur from the synthesis eatalysts, restor-
ing the activity of the calelysts awnd re-

employing the reactivated calalysis in a

synthesis step. Other objevts will liecame
apparent to those skilled in the art as the
40 delailed  deseviption of owr ineention

proceeds. - .

In practicing our invention we employ

o finely divided iron catalyst which may

be *f fluidized ’ or maintained iz dense
45 turbulent phase suspemsion in upflowing
gases or vapors. Such ealelys iy em-
pluyed in & reaction zone romprising a
hydrocarbon synthesis eonversion zome.
Before the cafalytic effectiveness of the
eatalvst is wnduly reduced by xulfnr
accumulotions the catalyst i: inter-
mittently or vonlinuously confacted with
oxygen or an oxidizing gas while sus-
pended in said oxidizing gas as a demw
turbulent pbase at a tcmperature above
700° T and preferably within the range
of 1000 1o 2000° F. Tnder surh condi-
tions the catalyst is oxidized, the sulfur

it

20

&0

L]

is removed as sulfur dioxide and any.

60 rarhonaceous deposits nre removed us
oxides of carhon. The oxidized ratalyst
14 then reduced with hwirozen or other
suitable reducing gas, ulso at Ligh tem-
perature. of substantially fhe same order
66 nz iy employed in the oxidizing slep as

tiguously veeycle a substantial part of the

eveling eatalyst_therefrom te a heal ex-
“changer and back to said dense phuse bul

~oxidation snd reduction swsfems iz the

will De described more compleiely hevein-
after, sp that the ivon oxide is eonverted
ouve more to o lower stale of oxidation
and in mest eases substantially completely
to metallic fron. For ohtaining maximum
catalyst activity we may alternately
oxidize snd rednce the catalysi = number
of iimes hefore again suspending it in
the reaction goas stream or we may eon-

Ht

i3]
reduced vcatalyst back tv the oxidizing
zone while returning the remainder of
the reduced catalyst to the reaction mone.
Tikewise the catalyst en route fo the
oxidation step can be emplayed to de-
sulfurize the feed gusez 1v the hydro-
carhon conversion,

Since the temperature of a earbon mon-
oxide-hydrogen reaction zone is usually in
the general vicinity of aboul 400 to 650°
TF. and the tempersiure in the oxidation
and reduction zones i3 ahova TO0" T, pre-
ferably within the approximate range of
1000 to 2000° T, the problem presented
is of wiilizing heat most effectively, Heat
exchangers may be emploved in each of
the dense phase turbulent catalysi sus-
pensions or the temperalures of each
dense phase may he eonfrolled Dby re-

80

90

9

in the exidntion and reduetion steps con-
siderable advaniage is obtained by em-
ployving a multi-stage-countercurrent sys-
tem wherein the catalvet flaws down-100
vwardly from dense phase to dense phase
countercurrent to wpflowing geses. Thus

the eatalvst 1tself mav enter the fop of

the oxidizing zone ot o femmneratire of
only about 4007 F. ur even less and as
it proceeds from stage to stage in the
oxidizer it becemes heated by {he
exotlhermic healing reaction so fhet if
wil} Teave the base of the uxidizing some
af g tempereture of about 1400 to 1800°
T. This hot catalyst similarly pasres in
stages downwardly {hrough o rounier-
current  reduciion  zens  countercur-
rent to a epld reduweing pas indrodueed
at Hs base vo that a minimum amount 118
of cooling is required hefure the re-

ducerd ecatalyst is reintrodnced inty tha

conversion Zone. Any nct nroduclion of

Tieat in the oxidation zone max be removed

by beat exchangers in the varions dense 120
phases or by the nze of sufficient inert gos

10¢

10

“alone with the oxyzen to carry away the

exvesy heet,

© Another feature of the rounfereurrent: 12
more cliicient wiilization of the oxidizine
v peduring gases rospecilvely.  Rince
cazes must he passed npwardly throuwrh
dentse phase cotalvst at o rvather eritieal
velacitr in order fa mainfain #lie desired 130
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dense phase conditions, the gas cannot be
complately utilized in a single passage
theough the denmse phase, Where single
-stage oxidalivn or redection is employed,

9 a substantial portion of the gases leaving
tha top of the respective sone may be re-
eyeled $o the base of sald zone by a suit-
abla cirenlating fan designed {0 with-
stand the high temperaltres and erosive

10 effecis of any entrained catalyst particles,

- However, by emplnying the muolti-stage-
romntercurrent system a sufielent pum-
ber of stages may be smplayed to effac-
tively ntilize most of the oxidizing and

15 roducing gases respectively therehy alimi-
nating the necessity of mas reeyeling.

The invention +wiil be more clearly
wnderstood from the following detailed
description of specific examples thereof

20 yeud 1o conjunchon with the accompany-
ing drawings which form a part of the
specificgtion and in which

Figure 1 is o schematic flow diagram

e 0f a bydrocarbon synthesis system em-

€ ploying onr invention for catalyst re-
activabion .

Figure 2 iz o schematic flow diagram
vf a countercurrent system for effecting
oxidation and reduction.

80 Our iron catalyst may be prepared by
ipniting iron wmitrate with optionally
allded premoters and in the presence or
absenee of u carrier. An irom nitrate solu-
tion which mav contain up to about 25%

306 copner (based on the iron) may hs pre-
cipitated onig 2eid treated colay ench as
Super ‘ Filirol ”’ (the word * Filtwol 7
is a TNepisterad Trade Mark), Kieselguhr
or other carrier by alkell carbonates, then

40 Jried apd Impregnated with sbout .5 to
abouf 3% of potassinm carbonate. After
ignition the catalyst thus prepared mey
be infroduced directly into & enrbon mon-
oxide svnihesis renctor and redured wilh

48 hydrngen to metallic iron, Tinless the
eatalyst is  substantially completely ra-
duced the synthesis reactivn may produce

methane to the execlusion of desired,

produsts.

60 © The iron cutalyst may De_of the ype
employed for ammonia syathesis. Pure
iron may he burned in a stream of
oxygen, the vxide (Fe.0,) fused, and the

__ fused mass broken or ground up and used

85 ng such. Promoters may he added to the
fused mass such, for example, as 2.5%
silicon, 2.5% titanla, and 5% potassium
permanpanate, ete, {(all percenvage by
weight based on irom).

86 As snother example, cafalyst may be
prepered by decomposing iron carbont]
to form iron powder, addivg 1% sedium
carbonate or sahout 5% of aluminn to
gerve as a promofer, then welleting the

86 powder with the added promoter. sinter-

lug the pellets for about four hours at
whout 1550 to 1650° F. and finally reduc-
1y the sintered pellets af about 15507 .
with o reducing mas such as hydrogen.
Calalyst perticles propured by grinding 79
up such pellets may have o hulk density

of about 120 to 150 pounds per cubic font.

_ The catalyst referred o in the follow-
ing examples is cne in which the iron is
deposited on a finely divided carrier such 75
as acid treated elay (Super *° Filtrol,”;

¢ Oelif-e,” {the word * Celite >’ is also

a Registered Trade Mark), Kieselguhr,
or the like. The iron muy be deposited .
on  the carrier as iron nitrate, subse- 80
guently ignited and reduced, or it may
be deposited in the carrier by iron
carhonyl decomposition tharein, The
activily of the finaly divided jiron en-
trapped in or earried by the carrier may 85
be modified by the addition of alleall .
metal eompounds andfor compounds such

ws the axides, hydroxides, varbonates, or
halides of cerium, chromium, copper,
manganese, molybdennm, thorium, %0
titanium, zireonivm, end the Like. Such
compound or compounds may be added

ta the reduced iron cadalvst in'the aquenus

or dry sfate either before or after redue-
tiom, Likewise, vaporizable carbonyls of 95
cobalt, nickel or ruthenium may he de-
composed so that the corresponding metal
may be deposited in or on the iron cata-
lyst or its carrier, preferably in the pre-
gence of a reducing gas.

The iron cutalyst nTepaved by the above
methods or b¥ any couventional methed
showld he of smnll particle size, i.c.
shoull bave o partiele size chiefly within
the approximate range of 10 to 200 106
microns or prefersbly shout 20 1o 100
microns. When the eatalyst is in such
@ fine state of subdivision it may be
“ fuidized by an upflowing gas stream
aud the vertical ges veloeity for such 110
fuidization shanld be such as to decrease
the bulk densitv or ineremse the bulk
volnme se that the ratalyst particles will
be sepapated from each other by a filn
of gas and thns suspended in a dense hut 110
highly turbualent liquid-like phase which
ia superimposed by a dilute or dispersed
catalvst phase of very low density. The
density of the fAuidized turbmlent demse
eatalvst phase may e about 30 fo 90%,120
usually in the general vieinily of 50 to
0% of the density of settled eatalvat
material. Such densify is obisined by
employing thé. proper vertical pas
velocities; with iron catulyst supported 125
on finelv divided Super ©° Mltrol ** guch
velocities may he within the approximate
range of .4 te 4, e.p, about 1 to 2 foef per
second. With heaviar iron catalyst par-
tieles higher velueities may be necessary. 130
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Figure 1 showz one furm of our im-
Erm-ed hydrocarbon synthesis process, 3.

ydrocurbon gns, such as matural gas
(which may he chiefly methane) is intro-

9 duced throngh line 10 fo synthesis gas

preparatian unit 1] and partially buraed
with oxymen or air from line 12 under
conditions to produce & gas mixture con-
sisting essentially of earbun mozoxide
10 and hydrogen, The synthesis gas pre-
paration may be effecied at o temperainre
in the approximate range of 1800 in 2200°
¥, in the absence of eatalyst or at lowered
. temperatures in the presenve of ecaalywst.
15 Coarbon diexide andfor steam may Iike-
wise be ulilized in the synthesis gas pre-
paration unit and the various gases may
be employed in such proportions as to
vield any desired ratio of Lydrvogen tfe
earbon. monoxide. While 1:1 carben
monoxide-hydrogen ratie can be used we
prefer fo prepare a synthesia gas with
about a 1:2 earbon monoxide-hydrogen
retio, Any unreacted gases from ths
synthesis step may bhe reoyeled eithar

20

25

directly to the synthesis reaclor ovr the

synthesis gas preparation =nit,  Since

nu invention is cleimed in the syuthesis’

gas preparailon step per s¢ this slep re-
quires, no detailed description. .

The syuthesis gas mizfure contains at
1sast 1 mol and prefemably cbout 2 mels
of hydrogen per mul of carbor monoxide
along with uneveidable diluents such as
nitroger apd carbon dioxide, These
diluents are relatively imert und ave un-
objecHonable when present only in small
smounts but if they are allowed io
arcwmaulate in any apprecisble quantity
the effecHve caparcity of the reactor will
be greatly reduced, The partial conibus-
tion of methane with oxygen yields o
gynthesis gas containing spproximately 2
mols of hydrogen per mol of carhon mon-
oxide which gas mixfure ig passed by line
13 to a synthesis reactor 14 at o fempera-
ture of approsimately 400° ., a eom-
pressor 15 heing employed when prepare-

a0

85

40

43

tion unit 11 is operated at & lower pres--

gure than reactor 14. The actnal
hydrogen : earbon. monoside ratio in {otel
gases entering the reector may he eom-
siderably higher than 2:1 beesause of high
hydrosen concentration In recycled gos
az will be lereinafter pointed ok,
Peactvr 14 mey operate under a pres:
sure within the approximate range of 50
tv 500 pounds or more per sguure inck,
e.x. about 75 pounds per square ineh and
60 ot x tempersture within the approximate
range of 450 to 650° F., a.z. about 5507
F. A commerein] plant for producing
approximately 4000 barrels per day of
hvdrocarhon ~ synthesis product, liquid
85 (including butancs) may, when nperating

648,317

at 4 or 5 atmospheres pressure, reynuire

a reactor af least about 30 feet in dinmeler
and 66 feet high and the retention in the
reacior of 2 to 3 million pounds or more

of eatalyst material (including catalyst TU
support). Ileactors of smaller diamneter
but Inereused height will be reguired at
higher pressarss. 1Vith the supported
iron ratalyst the reactor may be designed
for an upflow gus velucity of upproxi- 78
wately 11 feed per second. From these -
genevul prineiples the zreactor sizes,
shapes, ete., may be determined for other
iron catalysfs and operating eomditions.

The synthesis gas charge rate may Le 80
in the general vicinity of 6,000,000 cubic
fevt per hour {all ghs volumes heing at
i0° I'. and atmospheric pressure), In this
specific example the synthesiz gius is in-
troduced at g pressure of about 3 atmo-
spheres through a distributing plate or
gridl 16 above which is the dense sus-
pended Auidized mass of eatalyst cousist-
ing of about 10% hy weighf of finely
divided iron earried by acid treated clay 90
such us Super ** Filteol ¥ haviag «
partiele size ranging from ahout 1 ta 100
mierons, chiefly about 16 to 80 mierons.
Tewperature conlrol may be effected by
snitable lieat exchangars mounted withic 95
the reactor itself and in which case the
dinmeter of the reactor will be increased
ta compensate for the cross-sectional area
of the verilenl heat exchange clemends.
Alernatively femperature control may 104
he efferted by withdrawing fAuidized
solids therefrom. passing said solids
through & covler and relurning them io
the reactor. Temperature econirol may
be cffected by injecting u vaporizable 106
Liguid, such as water or a lydrocarbon
fraction dirertly inta the fluidized eatfa-
lyst mass. In the drawing any such {em-
perature control means is  diagram-
matically illustrated by cooling coil 17.118

To prevent entrained calalyst particles
from being ecarried out of the top of the
renctor with the efffuent mas stream we
may employ cyelone sepuration means 18,
the cyelone dip legs in this case extend- 118
ing dirctly info the dense phase in the
reacior. Altermaofively we may employ
reramic filters or any other known means
of separating finely divided solids from
gases. The space veloelly in the renetor
may be in the general vicinity of 50 o
500 or more volumes of gas per hour per
volume of spaee cecupied by the dense
entalyst phose in the reactor, e.g. shout
150 cubie feet per hour per cubic foot of 128
dense calalyst phase.

The efffuent stream may Be passed
through condenser 19 whieh may be of
the tube bumadle ivpe or counlercurrent
liquid scrubbing txpe for effecting the 180

8b
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condensation of water formed in the
syathesis step. The cooled products are
introduced inte separator 20 from which
an aqueous liquid, i.e. the water together
9 with water soluble products is withdrawn
through line 21. Gases are introduced
by compressor 22 to the base of absorber
23 and serubbed with absorber oil intro-
duced throggh line 24 for recovering con-
W) densible hydrocarboms. The umabaorbed
gases leaving the fop of the absorber
through line 25 may he reeyoled through
lins 28 to reactor 14, introduced by lines
27 and 28 back to synthesis zas prepaze-
tion unit 11 or vented through line 29.
At Jeast a part of the gases must b vented
to prevend nitrogen bmld-up in the system
and it should be wnderstood that snitalile
means wmay be employed for sepavating
nitrogen from gases to be recyeled in the
system, The reeyoled gases may have a
bigher bydrogen:carbun monoxide ratio
than the prepared synthesis gas mixture
so that In tlt)m reactor itself such rafio
may be appreciably higher than 2:1.
The riek absorber oil passes thromgh
heat ¢xchanger 80 to still 31 provided
with heater 32, the overhead from the
still passing by lines 88 and 84 to frac-
80 tionator 85 and tha bottoms from the ghill
being returned by line 836 through heat
exchonger 30, cooler 87 and lina 24 hask
to the top of the ahsorber.
Liguid hydroesrbons from separator 20
35 pasa %y lings 88 and 24 to fractionator 35
and & portion of the liquid from line 36
may be introdueed into the frachionator
through lines 89, 38 and 34.
The fraetiomation systern iz dizgram-
40 matically illustrated as a single column
from which fixed gases ave returmed to
the synthesis gas preparation unit by line
28, a normally gaseous Tuydrocesbon
streamn. is withdrawn through YHne 40,
4D gosoline stream thromgh line 41, heavier
%y{lmcarbﬂn stream through line 42 and
residual siream through Iine 43. I3
should he nnderstond that sny Imown type
of fractionation and product recovery
80 means may be employed and sueh mesns
are contemplatad by the schematic repre-
sentation hereinabove seb forth. .
The catalyst in reactor 14 gradually
loses its effectivemess particelarly when
bb the charging stock conteins appreciable
amounts of suliur, Tz order to maintain
the ocatalyst at substanfially constant
activity we continnously er intermittently
withdrew cotalyst solids  directly from
the dense phase in the reactor by means
of standpipe 44 which preferably extends
upwardly into the dense phame and may
be integrally assoeiated with the reactor
wall. Catalyst in this standpipe is main-
65 {ained in fuidized condition by the in-

156
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troduction of an seration gas through
Iine 45 which gas may be a portion of
the synthesis gas, reeycled gas or the like.
Catzﬁy;stt is’ dispersed from the base of
standpipe 44 in amounts regulated by
valye 46 into econduit 47 through which
it is introdueed inty oxidizing chamber
43 by oxygen, alr, steam or other oxirdiz-
ing gas Intreduced from somree 49,
Oxidizer 48 may be relatively small in
size as compared with the reactor amd
may, for example, be o cylindrieal vessel
about 1 o 5 feet in diameter by about &
to_15 feet in height. The upward gas
velocity in chamber 48 should be con-
trolled to majniain the catalyst therein
88 o dense turbulent suspended phase, i.e.
in this particular case should be of the
order of about 1 to 2 feet per second.
Singe the oxygen cannot be completely
utilized in g single puss through the
oxidizing chomber at least a part of the
gas leaving the top of the oxidizer through
line 50 may be recycled by blower 51
ond line 2. At leagt & part of the gas
including  libersled sulphur dioxide,
carbon. oxides, ete. are vented from the
siatem through line 53. The oxidizer
should be operafed at a temperature with-
in the range of 700 to 2000° F., prefer-
ably about 1000 to 1300 or for example
about 1200° F.' and at a pressure which
is subgtantially the sume as that employed
in reactor 14. Cozsiderable heat is
svolved in the oxidalion of the eatalyst 10D
and sueh heat may be removed hy heat
exchanger diagramatically ilustrated by
cooling enil 84, Tfrom a practical stand-
point ordinary head exchangers are not
suituble for such high temperatures ang 105
it may be more desirable to abtain the
temperature control by withdrawing
densc phase catalyst throngh a refractory
vonduit, eooling the withdrawn catalyst

by dircet o indirect contact with waier 110
or gther cooling Aluid and relurning the
couled catalyst” to the oxidizing zome.
The oxidalion is preferably continued
nntil substanitally =l of the sulfur has
been removed as sulfur dioxide and the 115
iron in the catalyst composition has been
eonverted info ferrie oxide.

The oxidized . datalyst muy be with-
drawn from the dense catalyst phase and
oxidizer 48 through standpipe 55 at the 120
base of which zeration gas is introduced
through line 56 to maintain the catalyst
in fluidized condition. The oxidized cale-
Lyst may then be transterred throvgh coz-
duit: 57 to reduocing chamber 58 by hydro- 125
gen or o hydrogen-rich gag introdnced
Trom source 59, 'Here agoin the upward
gns velorities arfe mainiained at such
rate as ¢ keep the datalyst in dense phase
turbnlent snapended condition and to 180

70
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effect mavimum wutilization of the redu-

ing gas & subsluntial porlion of it may-
be recycled by blower 39 and line 60

. while the remainder, consisting essen-
6 fially of steam, hydrogen, ete. iz vented
through line 61. The yeducing step will
be affected at substantiolly the same {em-
Perature amd pressure as the oxidizing
step and if zecessary or desirable the
10 temperature in the reducing chember
may he eonirolled by the use of a heai
exc{m-ng'r:r or catelyst recyele or by re-
cyeling  catalyst fhrough an  cxternsl
. heater,
i5 When ihe catalyst has been reduced to
the desived Inwer state of oxidation, pre-

ferably with the iron reduced to metallic
downwardly withdrawsn .

form, it is ;
througl standpipe 62 which is provided
with a cooler 82 for cooling the reduced

20
catalyst back to o temperature of the

order of 403 to 500° F, Here again the.

vatalyst In the standpips is maintained
in aerated form by the inmtroduction of

26 aerabion gas througk line i+, Cutalyst is

returned from the bass of standpipe 62
to reactor 14 through eondnit 65 by means
of syathesis gas from Jine 60, Stondpipes
£5 and 82, like standpipe 44, ars pro-

A0 vided with suitable valves at their bases
for controliing cetalyst flow. We preler
to return catalyst to the reactor above dis-
iributvr plate 16 although suech catalyst

- may be introduced below the distzibutor

30 plate if the openings therein are suffi-
clently large {o permit distribation oy
catalyst as well as gases.  Ydstribntar
platas may likewise he employed in the
base of oxidizer 48 and reducer 58,

40 Ju sume cases it mav he desirable tn
return at least a portion of the redueed
eatalyst back to the oxidizer snd to nlter-
natively oxidize and reduce the catalyat
a humber of times hefore its relurn to

4p the reactor; this may be effected hy em-
roying a separate standpipe amd transfer
line or biy eftecting fransier from the base
of slandpipe 62 directly hack fa the hase
of oxidizer 48 through o conduit fmow

50 shown on Tigure 1) by meens of oxygun-

confaining gas, S
In the zystemn lereinabove deserihed in
connection with Figure 1 it will be scen
that the eatalysi is not only continuously

B9 or inftermittently freed from sulfur but
that it is likewise freed from any other
eatalyst poisons which are removahle
therefrom by cxidation and reduction af
Ligh temperatures. Turthermore, the
B0 activity of the eatalyst itself is enhanced
by the repeated oxidnfivn and reduction
steps. The rcontinwous or intermittent
regencration of a portion of the calalvst

. permits the_tpain reacior tn remain on
65 slreum for an indeflnite period of time

hs,

with a eatalysi of high wctivity. Since
the catalyst reactivetion effectively re-
moves suliur from the system i becomes
upnecessary to employ expensive de-
salfrelzation treatments of the hydro- 7
carbons introduced info the syuthesis gas
prepazeiive wnit or the synthesis gas
charged to the remefor.

In Figure 2 we bave illustrated an
oxilatioy-reduction system which can be
effactively wiilized ju place of oxidizer
18 and veducer 53 of Figure 1. Here the
deachivated, contaminated or sulfur-con-
talning iron eatalyst discharged from the
hase of stundpipe 44 through valve 4 iz 8
picked up Ly any suitable carvier sos.
steh ay air or gas vepted from line 2o
and eurried thereby through Hee 67 to
the upper zone of countereurrent oxidizes
The enlnrged upper part B4 of this &
exidizrer enables the disengagement of
the carrier mas from eatalvst partieles

-7

“ondl the carrier gas logether with spent

oxidizing gas, sulfur dioxide, cte. ave re-
moved through the fop of the oxidizer 8t
throngh line 70. Cyclons separators or
fillers_ure employed where necessary or
desirnble.

Fhe oxygen, nir or vaypen-vontoining
gas is in Lhis ease introduced throngh line 9
©1 at the base of the oxidizer and It passes
upwardly through Jisizibuter plates 72,
2, T2, 72e. elv. at sneh o velocity as
1o meintain dense suspended enfalyst
phases ahove each of these distributer 1€
plates,  The catalyst flows from the densa
phase above the tup distribufor plate o
the dense phase helow the top of tle dis-
tributor plate via downeomer 73 and
therenfter ik passes downwardly from zonel6
fo sone through downeomer 78a, Tih,
3¢, efe., the downenmer being nbuve an
fmperforate poriion of the distributor
nlate so that the downflowing dense phase

- eatalyst ix out of contact with (he hulk 1]
‘of the wupflowing oxidizing gas.

The
dowaromers extend ¢ substantinl distare
ahove the respeciive plufes to inare fhe
waintenanee of dense phaszes of substan-
tial depihs, The downcomer 78 and per- 11
forate plates 72 can be replaced by trays
of hmbble caps,

The eountercurrent system is parbien-
lurly advaniagenus in our procesz he-
eause it enables the preheating of incom- 12
ing catelyst from a teniperature of shout
390° F. t0 oxidation lemperature of abous
10 o 2080°, preferable ahout 13007
F, in the upper stages, the muximun
oxidation temperature Teing reached oue 1%
or twn stages ubove the hattom of the
tower. At the base of the tower the fem-
peraturs iz somewhat redueed hy the
relativelr cold  oxygen-confaining gos
stream bat The eatalyst iz =117 sefficientTy 13



Lot so that it may he introduced to the
top of the reducing tower at o tempera-
ture of about 1200 to 1300° I, Fwther-
uwre, the oxygen is ulilized =0 efficiently
in. $he countercurrent system that re-
cycling of the oxygenm-coniuining gas is
wsually unneeessary,

Catalyst irom the lowest stage in
oxidizer 68 iy withdrown by standpipe 74
10 while maintained in fluent form by aera-

tion gas introduced through line 75, The
catalyst is discharged through valve 76
and carried by a carrier gas {e.g. from
vent gas lina 29} through line 77 to the
15 tep of reducer 78 which is similar in con-
struction and operation to oxidizer 68 and
henee will require no detailed descrip-
tion, The carricr gus together with
steam, residual hydrogen, ete., is vented
20 through line 79. Hydrogen or hydrogen-
rich gas is introduced through line 80.
The reduction is effected in  counder-
current stages so that the hydrogen is
__ elfectively utilized and although the
25 catalyst is somewhat cooled as it passes
downwurdly from stege to stege throngh
column 78 it will still be at a tem-
perature uwpwards of 1000° as it
leaves the hase of this volumm throngh
80 standpipe 8l. Such  standpipe s
therefore provided with Leat removal
meons 82, e.g. the column may be
surrounded by o jacket for generation
of high pressure steam. The catalyst in
35 standpipe 81 is maintained in fuent con-
dition by ecration gas introduced through
line 88 and it may be discharzed from
the base of the standpipe through valve
84 into line 65 for return to reactor 14,
The reduced catalyst may alternatively
be recyeled via line 83 #n the top of the
oxidizer and thus he alfernatively
osidized and reduced a plurality of Hmes
before heing relurned to the reaclor.
43 Alternatively n part of the catulyst may
be continuously returned to the oxidizer
while another part Is returned to the
reactor.
While spectfic embodiments of our in-
30 vention have besn deseribed in detadl it
ghould be nndexstood {het these examples
are by way of illustration only and that,
for exampis, the oxidation and reduction
may be effected in the synihesis zone ilself
35 by interrupling synthesis gus flow and
providing suitab

&

ble heat exchange facili-
ties. The oxidation may be effecled by
the use of stesn ut high temperatures,
thus producing hydrogen for wmse in the

88 nrocess or elsewhere, The reduction may
be effected with methane or with hwdro-
gen produced by steam oxidation, The
system of TFigure 2 can be modified for
u3¢ In  éxothermic vr endothermir gas

65 preparation steps for the synthesis.
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Having now particularly deseribed and
ascertained the natoze of our said inven-
fion and in what manner the same is to
Le performed, we declare that what we
elaim jg:—

1. A process for cficefing a carbon
mwonoxide-hydrogen synthesis  reaction
which vomprises contacting g carbon mon-
vxida-hydrogen  mixture under synthesis
conditions with an iron eatalyst of small 75
pazlicle size hy passing said mixture nup-
wardly in comfnet with a mass of said
catalyst at such velocity as to meintain
a denss turbulent suspended catalyst
phase superimposed by a light dispersed
phase, withdrawing synthesis producls
irom  the light - dispersed phuse, withe
drawing o portion of the iron catalyst s
a downwardly moving columan directly
from the dense phase amd introducing 85
said downwardly withdrawn catalyst to
an oxidizing zome, passing an oxidizing
ges npwardly in sa1d oxidiziug zons at
such velocity as to aintain catalyst
therein in suspended dense turbulent
phase under conditions for effecting
oxidation, removing a gaseous stream
from the wppér part of said oxidizing
zoneg, separately removing cntalyst frow
the dense phase in the oxidizing zone as 95
& downwardly wroving columm, redmeing
the catalyst removed from the oxidizing
gone and employing said reduced catalyst
for effecting further synthesis in said con-
tacting step.

2. A proeess according to ¢laim 1,
wherein the cafalyst removed from the
oxidizing zone is introdneed into o redue-
ing zone, a reducing gas is passed up-
ward]y through the redueing zons at sach 105
veloetty as lu. maintain the eatalyst in
suspended dense phase twrbulent condi-
tion and at & fémperature effective for
redusing the catalyst to active condition.

8. A prucess apcording to claim 1, 110
which inelndes separately withdrawing a
partien of the iron catalyst directly from
the dense phase and introducing said
separately withdrawn catalyst {o a second
contacting zone, passing an oxidizing ges 115
apwardly in said second contacting zone
at such veloeity as to muintain catalyst
therein 1n suspendad dense furbulent
Phase ander eonditions for effecting cata-
lyst oxidation, then passing a reducing
gas upwardly through oxidized eatnlvst
material at low veloeity and ot o reducing
temperature for o time sufficient to con-
vert oxidized catelyst o active catalyst,
introducing said actve cafalyst 4o the 1%
firsb-named contacting step for replacing
catalvst withdrawn therefrom, and effect-
ing withdrawal of catalyet from and in-
troduction of active celalyst o said firsi-
named conteeting step at such & rate as 130

70

80
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100

120
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o maintain & substantially constant eata-
Iyst activity therein.
4. A process of synthesizing bydro-
carbons from hydrogen and cerben mon-
5 oxide which comprises contacting a
bydrogen-carbun mounoxide mixture in a
synthesis zone under synthesis conditiuns
with o fluidized powdered iron catalyst
mupintained as g demss {urbulent sus-
10 pended phase, continnonsly withdrawing
n portion of swid catalyst from the sym-
thesis zone to an oxidizing zone, passing
the jron catalyst through seid oxidizing
zone  countercurent to 2o oxidizing
16 medivm in said oxidizing some, with-
Arawing catalyst from said oxidizing zone
t0 & reduecing zote, passing said catalyst
through said reducing zone counterenrrent
o a reducing medium, withdrawing eata-
20 lyst from the redueing zome te @ cooling
zone, cooling' the catalyst {o a iempera-
ture not substantiully higher than the
temperature in the synthesis =zome and
returning said cooled cotalyst to smid
25 synthesis zone. .
9. A prucess according to any of the
praceding elaims, wherein the oxidation
ip eifeoted in the presence of free vxygen

at a temperature within the rauge of 700

30 to 2000° F. and the reduciion is effected

ir, the presence of hydrogen within the

temperature range of said 700 fo 2000° F.

fi. A process accordiug v any of claimy

1 to 4, wherein the imon purticles have

85 Deen contaminated with sulfur prior to
the oxidizing step.

7. A process according to any of
clatms 1 4o 4, wherein the iron particles
have becn contamineted with carbon-
accons deposils  prior fo the oxidalion
step.

‘H. A& process according to claim 1 or
4, wherein the cefulyst 1s suspended from
the hase of a finidized eatolyst ecolumn
45 1n gasegus sbream, said ralalyst is eouns
veyed by said stream to the oxidizing zone
which is of relatively large cross-sectional
areg, an oxidizing gas Is passed upwardly
in said ozidizing zone at sueh velacity as
to. maintain the ocotalyst therein in
fluidized dense phase condition, g teme-
pezsture is muinleined In sald oxidizing

40

80

zone within the range of 1000 to 2000°

., filnidized catalyst is withdrawn from
9D geid oxidizing zome es a downwardly mov-

ingy fAuidized column, catalyst is suse.

pended from said column in a second
gaseous stream amd said catalest is con-
veyed by said gaseous stream #o n redue-
lng zone, a gas is passed upwardly
through said reducing =zome at such
veloeite as to maintain the rafalyst in
fluidized dense phase therein, a tempera-
tura is maintained in said reducing zone
65 within the approximate fange of 1000°

60

- gag.

to 2000° ¥, fluidized catalyst is with-
drawa frem the reducing zone as a down-
wardly moving aerated cataiyst coluwmn
and at least a part of said eatalyst is ve-

turned from (e base of said eolumm ta 70

“said oxidizing zome,

. A mrocess according o claim 1.
wherein the hydrogen-carbon monexide
miviure contuins sulfur and said mistare
i3 contaeted with the Auidised iron culn- 75
Iyst which 3s sulfaetive, in the deuse
turbulent suspended phase so as to depusit
sulfur remaved from said guses on said
catalyst, o portion of the sulfur-confain-
ing catalyst is continnously withdvawn 80
from said first dense turbulent suspended
phase, the withdrawn cefalyst iz con-
tacted with an oxidizine gus in a second
dense furbulent suspended phase wherveby
sulfur is removed from the eatalyst, and 85
tha desulfnrized eatalyst is fransferred to
a third dense turbulent suspended catalyst
phase aud centacted with the redueing

. 10, A proceses according to elaim I, 4 80
or 9, wherein the parficle size of the ivon
cotelyst is chiefly within the range of 10
to 20{} microns,

11. A process according to any of the

‘preceding elulms wherein gases are con- 85

tacted with an iron catalyst suppozrted vn

- n_varrier of small partiele size whiclh car-

rier likewise serves as a lesi relenfion
material and wherein considerable heat is
liherated by oxidation_of said cotalysr, 100
which vomprises infroducing cotalvst wt
the upper part of wa oxidizing zone, pass-
ing said catulyst downwardly from stape
to stage through said oxidizing zone
while maintaining said cafalyst in fluid- 105
ixed dense phuse condition, distributing
the npflowing oxidizing gas in, each stage
and passing said gas upwardly through
fidized dense phase catalyst in eack
stage whereby the oxidizing pas is effect- 110
tvely utilized wnd there is a temperature
difference from stage to stuge due to ab-
sarption of heat In the eatalyst and cor-
rier and iransfer of heat befween gases
and solids, withdrawing hol rcatalyst 115
from the lower poat of suid oxidizing
wone and infroducing it to the apper part
of # reduving zone, introduring a redue-
tug gas at a low level in the reduveing
zonle, passing eatelyst downwardly from 120
sfage tv slage In the reducing zoma in
fluidized dense phase eondition, distri-
huting the upflowing reducing gus and
gassing redueing gas fhrough fluidized
ense phase eatalyst in cach stage, and 123
withdrawing reduced catalyst from the
lower purt of said reducing zeme.

12. Processes for senthesizine hydro-
rarhons from earbon  monoxide and
hrydrogen substentially as hereia de- 180
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[This Drawing is a reproduction. of the Original on a reduced scale]
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