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We, Stuwnaxo 01n DEVELOPMENT (oL
pany, a Corporation duly orgemized and
existing under the laws of the State of
Delaware, United States of America, hav-
ing an office at Elizobeth, New Jeorsy,
Tnited States of America, do heraby
declare the invention, for which we pray
that & patent may be pranted io use, and
the method hy which it is to be performed,
to be partienlarly described in and by the
following statement:—

'he present invention relates to the
catalytie reaction between carbon mon-
pxide and hydrogen to foro valuable
liguid hydrocarbons. More purticularly.
the present invention is concerneq with
improvements in the reaction based own an
improved  vompoeition  of catulyat
emptoyed in _the reaction.

'he synthetic production of lignid
Liydroearbons from gas mixtures contain-
ing various proporilons of carbon mon-
oxide and hydrogen is a matter of record,
and numerons calalysts, usually contaiu-
ing an iron group metal, have been das-
cribed 'which are specifically welive in
promoting the desireg reactions al vertain
preferred operating eonditions. For
example, cobalt supported on an inert
carrier is nsed when relatively kow pres-
sures of ahout ! to 5 atmospheres and low
temperatures of about 300 to aboub 425°
T. are applied in the manufacture of a
gubatantiaily saturated hydrocarbon pro-
duct while at higher temperatures oi
450 —T50° F. and higher. pressures of
15—40 atmospheres required for the pro-
duction of unsaturated and branc ad
chain produets of high antiknock value,
iron type cailalysts are more guitable.

In hoth ecases, the reaction is strongly
exnthermie and the utility of the cafalyst
declines steadily in the course of the reac-
tion chiefly due to deposition of non-vols-
tile conversion products such as parafin
wax. carbon, and the like oxn the oatalyst.

The extremely exothermic characier
and high temperature semsitivity of the
gynthesis reaction and the relatively rapid
patalyst deactivation have led, in recent
yeard, to the application of the finid solids

[Price e

technique wherein the synthesiz gas is
contacied with a tnrhulent bed of finely
divided catalyst {luidized by the gaseouns
reactants and products. This techunigue
permits continuons catalysi repletement
and greatly improves heat dissipajion cnd
temperature control.

Ii is general practice in iron-catalysi
hydrocarhan  synthesis operafions to
réeyele tuil gas baok to the synthesis
vaactor im order to obtain high over-all
ronversion of syathesis gag componexnts.
However, the rec{-Lcle gas operation I
costly, both from the stundpoind of invest-
ment und operation hecause of the large
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amounts of pas whick must be handled’

in compressors and heat exchanpgers. In
addition, since the fluid veactors have
limitations with respect to gas veloeities,
the sdded gas volume, due to recyeling,
necessibotes greater reactor cross section
in order 1o say within proper velocity
Hmitations.

Tt would be highly desirable, therefore.
{c be able to operate a hydrocarbon syn-
thesis plant in o once-through operation
and to maintain the consumplion ratio
of the synthesis gas components the sane
as the feed ratic,  Depending upon the
souree of the synthesis gas, the H;/CO
ratla may vary considem%ly. Thus, when
synthesis gua 15 cbtained by the water gaz
reaction from conl, the I, {UO ratio of the
a5 18 close 1o 1 to 1. On the other hand.
when it is obtained from partial oxida
gi;:uil of methane, the ratio is closer to
Trurthermore, most procesges for sym-
thesis of hydrocarbons from gynihesis gas
obtainad from cual or natural gas involve
{ke production of relatively pure oxygen
for the partial cembustion of these raw
materials 1o form CC and ¥, which are
then reacted in o second step to form the
desired liydrocarboms. In arder to pro-
duce a highly unsaturated hydrocarbon
product of high velune value, it is gener-
ally vonsidered Adesirable to yperats the
synthesis reaction at high pressures of
about 400 psig..in the presence of an iron
catalyst. This, hawever, involves produe-
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Hon --of relatively pure oxygen, alse at
high pressures. Ii would be uneconcmic
{o omploy air ot high pressure rather {ban
cxygen, beoause the resyele Tequiremasata
5 associated with em ivon ocatalyst to obtain
high over-all comsumption of H, and €O
would result in the undesirnble recircula~
* tion of a gas containing an ever-increas-
ing amount of nitrogon, . .
10 “As indicated above, it would be Lighly
desirable o operaie a hydrocarbon syn-.
{hesis process by the fluid solids tech. .

nigue whercin the synthesis gas is pre~ -

pared at lower pressures by air instead .
of by oxygen ab high pressures, amd
wherein the synthesis itself is carried out
ol moderate instead of at high pressures,
wherein o valuable alefinic motor fuel is.
obtained, and wherein tail gas is
not recycled. The art shows wany
attempts im  this direclon in fixed
bed processes. Thus, it has been
attempled o prepare high octans motor
fuel 1sing a thoria-promoted cobalt caia-
iyst on a silica gel eatalyst, However, 1t
was found that when the variables were
adjusted in an effort to improve the liguid
yield aud the quality of the product, the
yield of hguid products inereased some-
what with pressure when the tempera-
ture is held constant, but the yield of wax
inersased also, This is quite undesirehle
becouse wox formation renders it
extremely diffioult to maintain a fluidized
bad in the renctor. On the other hand, if
the presaure is held constant in the rela-
tively low pressure arcas where cobalt.
- catalyst functions well, that is, in the
regivn of 15 to about 75 psig., the olefin-
content of the product is low, and
attempts fo incresse the olefinjotty by-
increasing the {emperature cause 2
decrease in liguid product yicld und an
increage in gas formation. N
45  On the vther hand, expsrience has indi-
cated that operation with a conventional
iron catalyst at the lower presstires 1s.
usually accompaniod by severe carboniza-
tion of the catalyst as well as heavy fox-
mation of wax, hoth making the mamnten-
ance of a fluid catalyst bed a very great
difficulty.  Carbonizadion further dauses .
mpiure of iren catalysts resulti::ﬁ ix for-
mation, of fines which eventually muke
impossible the maintenance of fluidiza-
tion and temperaturs control. '
Tt is the principal cbject of the present
invention to provide an improved and
flexible Lydrcearhon synthesia process
whersin reevele of tail gas is avoidad and

(2  8nH,+3nC0——3>2(CH,)
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The (G0, thut vecurs along with the pro-

dncts of the synthesis reaction, as in (2)
above, may be a resuli of (he reversible
125 water gas shift reaclion

wherein the H,/CQ consumption rafic
withiy the reactor is substanitially the
sawme 88 the rotic in which II, and CO are
present in the synthesis gas feed, irres-
peetive of the source. )
Tt is also an object of the present inven-
tion to provide an improyed hydruearbon
gynthesis proeess operable at moderate
. pressures wherein high yields of valuable
Jiguid #ynthesis products having a high 70
degree of unsaturation are ohiainable and -

6K

. wherciz wax formation is minimized.

Other objects of the inveniion will in
part be obvious and will in part appesr
herainafter.

- In the synthesis of hydrocarhons from
_cprbon monczide and hydrogen, particu-
Aarly wherein the synihesis gas contains
large yuanbitics of nitrogen, it is obviouns

that a once-through operation is most 80

desirable, because otherwise large guan-

tities of 1nert material would be rseyeled,
markedly decressing the capacity of the

“plant and the opération. Such nitrogen
ig present when the synthesiz gas ig pre-
pared by parfiul combustion of natural
gag with air at moderale pressuves, which
is of marked economic advaniage over
preparing the same by combmstion with
pure nxygen uader pressure.  Farther- 90
more, i the synthesis of hydrocarbons
from €Q and H, employing = once-
fhrough operation, it is apparent fhat the
opiimum consuption ratio of the reae-
tants should be the same as their ratio iu
the synthesig feed gas, to avoid losses of
unrescted H, ang CO,

.- Fox example, in the production of syn-

- thesis pras by partial oxidation of methane
and natural gas with air, hydrogen snd 100
(0 are produced at a 2/1 ratin, When
guch o gas is used as & feed to the syn-
thegjs reuctor, the eliminutivn of oxygen
in the form of water rather than carbon
dioxide iz easential for an appraximately 105
2/1 H, CO consumption ratio, in mecord-
anne with the reaotion:— ’
(1) 2nH,+n00 —2(CH ) + 00,
This is essentially the course of the reac-
iton when eobalt is employed as a syn- 110
thesis catalyst-ing cobalt'is thus ideally
suited-faf s omee-through operation when
the gynthegis fecd gas has an M,/ CO rafio
of 2/1. However, as indicated ahove and
as 1z well kmown, eobalt catalyst is mot 115
eonducive to formation of olefnie Lydro-
ogrbons valudble as motor fuel. On the
viher-hand, when an iron ‘eaialyst is
employed, the overall reaction ran he
. Inora nearly-represented by :—

o+ 1H,0 + n0i,.

- (@) -CO+H.0 00,4+ H,
© Thns, in the synthesia reaction aceord-
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" ing to (1) above, the consumplion ratic of
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drogen to carbon monoxide is 2{1.

awever, since some of the waler formed
in (1} may react with some unaonverted
CO in acenrdamce with (3) hydrogen is
formed and CO iy consumed which in
effect lowers the H,{CO consumption
ratio, Carried to its limit, the uitimate
effact of this reaction would be for all of
the H,O formed to react rapidly and
irreversibly witl CO in which case the
neb synthesis reaction counld be written as

(4) nH, + 27100——*——}(0]1;)11 +n00,
giving an H,/CO consumption ratio of
0.5{1. From the above it may be seen
that, starting with 2 2/1 H, [CO feed gas,
the H,/COQ consumpiion ratio may vary
about 2/1 1o almost 0.6/1 depending vpon
the degree tc which the water gas sbift
reaction takes plate.

During the normal synthesis with an
iron catalyvst, and iron is considered to be
and excelfent shift vaialyst, the water

{CO,) (H,)

(GO) ,(Ezo;)
the gos concentrations in the reacter are
only 60-—95% of the known water-gas
equilibrium constants at temperatures in
the range of 560°—#50° F. The known
values for K at 550° F. and at 650° ¥.
are about 50 and 23 reapectively, The low
calealoted values imdicate that the
amounls of CQ, aud H, present are
inadequate fully to satisfy the water gas
shift cquilibrinm and that the reaction of
(0 and H,0 is slower than the syntheusis
renction,

Summarizing, therefore, the removal
of oxygen in the synthesis reaction when
eohalt is employed as catalyst, appears to
he accomplished by its elimimation as
watcr, ang the reaction is accompanied
by an IL,/CO consumption zaiiv of ebout
2ty 1. However, the olefinity of the pro-
duet is low and the reaction 1s accom-
panied by signifieant wax formation. On
the ather hand, when an iron liydrocarbon
syntlesis catalyst is employed, vxygen is
eliminaled mainiy in the form of CO;,
which latter must be recycled to the reac-
tor in order to maintain high aver-all con-
vorsion of O, and CO. Becanse of the
water gas shift reaction, the overall
H,/C0O consumption is subsiantially less
then the H,/CO ratio in the feed.

Tt has now been found that it is possible
to operate a once-through hydrocarbon
synthesis process and obtain high yields
ot olefinic hydrocarbons while maintain-
ing H,/CO consamption ratios substanti-
ally the same as H,/CO fresh feed ratios
by employing in the resction zona a cala~
lytic mixture comprising a special sup-
ported vobalt catalyst wherein part of the
cobalt hus beer replaced by ivon, together

conatants K== , caleulated from

with a supported or msupported alkali
metal salt prometed iron type synthesis
cptalyst, The first-mentioned iron-cohalt
cataylst, though more than 0% af the
eobalt may be réplaced by iron, not only
produess excellent yiclds ol olefinic pro-

3
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ducts and substantially minimizes wax 70

formation, bul slso consumes H, and CO
as though there were no iron present, i.e,
appears tn eliminate oxygen us water and
operates at an- H,/C0 consumption
rabic uwp to abeut 2/1.
known modifications of iron synthesis
catalyst were associated with H,/CO con-
gﬁl_nptiﬂn ratios comsiderably swaller than
ihis,

Since il is desirable to utilize the
special cubali-iron supportad catalyst in a
once-through operation wherein the syn-
thesis gag H,/CO composition is about

2/1, the moaximum uhility of this eata-

Previgus 70

lyst is not realised when the H,{CO 85

ratio is less than this value, ag about 1f1
when eoal or water gas is the source of
synthesis gas, Thus, when operabing at
whout 75 psig. end af H00° F. with a feed
@ag of 1.°15 H,[CO ratic with this catu-
lyst, 2 CO-rich tail gas is obtainad with
an H,/CO consumption ratio of sbout
1.72—1.8%. - i

In order to: sliminate recycling of gas
to the reactor and thereby operaie on 2
once-through feed gos busis wherein high
eonversion of both CO and H, to products

147

of high saturation: are obinined, in aceord- .

ance with the presen{ invention, an alkal;
premoted iron-type catalyst having speci-
ficity for unsatmrated produci formation
and which is characterized by o high
degree of Q) conversion when emplayed
in synthesis operation iz mixzed with a
eobult-iron-thorin catalyst supported on
silica gel, which calulysi is alsu specific
ta formation of olefmc products but is
further characterized in that it promotes
Ligh hydrogen rather than high (0 con-

100

106

version in the syathesis reaction. These 110

mixtures are suitably adjusted in com-
position so that, when employed in a onee-
through synthesis operation with syo-
thesis gas (H;fC0 ratle ranging from
about (.G to abont 2.0% which has heen
prepared Irom mnateral gas or ear-

naceous solids by oxygen, air, or steam
the H,{CO consumption ratic within the
reactor is substaniially tle same as that
in the systhesis pas feed,

The improved.catalyst of the invention
comprises a plysical mixture of an alkali
metal salt promoted iron catalyst and a
finely divided _support, such suppori
carrying as gotive componeni a mixture
ol eobalt and iron promoted with a minor
amount of thoria. The preferred catalyst
mixfure of the present invention comsists

11
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essentially of an alkali metal salt pro-
moted iron-type hydrocarbon synthesis
eatalyst ond a cobali-iron catalyst pre-
moted by thoria and supporled on a
silicenus carrier, preferably silica gel.
The total cobali +iron content of the sup-
ported catalysi mey va

portion of the calulysl, and the ratio of

cobalt to iron an the supported satalyst

may vary from about 101 +o 1/6:

The invention will best he understoed
by referring fo the wccompanying diac
grammatic representation of one of the
modifications of the present inveniion,
where suitable egnipment and fow of
material ere shown for carrying out one
epbodiment of {he inmvention. In this
embodiment synthesiz gas oblained by
partial oxidation of natoral gas is
amployed, though it will be undersicud
thot any source of synthesis gas having
any desired H,CO ratio within the limits
of abowt 0.5 to 2.0 may be employed.

Referring now in defail to the drawing,
natural gas from any convenient source
prelieated in preheater 4 is Bpassod to sym-
thesis gag producer vesgel B, which com-
prises a catalytic oxidation sone. Simul-
taneously, air is passed through line 18
into ocompressex 20, wherem it
moderately compressed. bo aboubt 50—
100 peig. and the compressed material is

passed through lina 22 and prebeater 16, .

wherein it is preheated to about 1200° I,
and introduced into symthesis generation
plant 6. In generator G, partial oxidation
mainky to GO and I, ti&s place, The
temperatura in the oxidation zone may be
of the order of 2000—2500° 1"., the lower
portion 8 of generator € may compriee a
catalytic reformer hbed, containing a
reforming catalyst guch os mickel or
vopper on magnesia, and sany OO0, and
K.0 formed as a result of combustion in
the upper part of the generator will
reform munreacied methane produce
further quantitiss of H, and CO.

The hot synthesis gases lsaving gener-
ator 6, which are at & temperature of
ghout 1600—1800° I, are passcd through
line 10 and are preferably employed %o

nreheat the ineoming natural gas and zir-

in preheaters 4 and 18, respectively, the
synthesis gag stream heing diwvided for
this purpose to pass through lines 12 and
14, and thruugﬁ _ g

raunited synthesis gas siream, which has
been cooled ag indicated to about 450°—
850° F., and may be further sooled, if
desired. is fuss.ed to the bottom of hydro-
cathon synthesis reacior 28. The later is
meferab{;rn in the form of a vertical
eylinder with a ronical hase and an upper
expanded seetion, and has a grid or

from 5—85% of
the total weight of the siliea gel supported. -

15 .

lines 26 and 20, Thse

sereen loepted in the lower section to
efleet pood ges distribution.

Within reactor 28, » magy of the cata-
lyst described below is maintuined in the
torm of a finely divided powder having a
particle size distribution from ahbout

.. 1{0-—400 mesh, preferably in the range of

ahont 190—250 mesh. Theeatalystmixfure
is supplied from catalysthoppers 37 und 34
through lines 39 and 36 respectively. The

atalyst supplied from hoppers 37 may be

any iron-type supported or wusupported
by ocar];:gn santJZEcsis catalyst, su];]a. a8
pyrites ash, mill seale ot reduced iron sup-
ported on an active carbon support, suit-
ably promoted with alkali wmetal salt
promoter such as sodium or potmssinm
choride or carboneie, The catelyst aulp~
lied from hopper 34 is & mixed ceball-
iran catalysi supported on siliea gel pro-
moted with thora and which may have
& total iron plus cobalt cowbent of 5 to
35%. Thus, for illustrative purposes, the
supported partion of the eatalyst supplied
io reactor 28 from hopper 34 may have an
iron ocontent of about 2—25%, a cobalt
conteat of & fu 30%, thuria eguivalent to
152, thorium, and silica of from 60 to

. B9%. The catalyst supplied from hopper

37 may be a.reduced iron catalyst sup-
ported on active carbon, promoied with

- 1ot legs thun 0.4% and not more than 1%

E,CO,, the weight of iron hainp prefer-
a-_bn}y 10—20% of the folal catalyst, By
suitable adjnstment of valves 35 and B3,
the amounis of the two catalysis may be
proportioned o provide calalyst mixbures
within 28 having the property of sffecting
sbstantially complete H, and €O
sonsumption.

The synthesis gas mixture, having a
malar ratia of 11,/CO of 2 or less, flows
upwardly through grid 380. The linear
velocity of the gus within the reavior is
kept within the approximaie Tangs- of
0,1—3.0 feet per--sévond, preferably
about 0.4—1.6 feet per second so as to
maintain the catalyst in the form of 2
dense, highly furbulent #uidized mass

70
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110

having a well defined upper level 38 and iz

an appareut_depsity of-froni-about 80—
160 lbe.per eu. ft., depending npon the

fuidization conditions.

The invention is partienlarly applicable
for production of olefinic hydrosarbous at
low pressures, and {he pressure within

reactor 28 is kept within the limits of

. 50—100 psig., thuugh, if desired, the pro-
- tess- may be applied fo the more vonven-

lipnal pressnres assoeiated with irom sym-
thesis eatalysts up to 400—-500 psig. Tha
temperature ie  maintained  constent
within the limits of shont 450°.—650° T,
Surplus heat from the exothermic reac-
ticn may be withdrawn by any conven-

12
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tional means, gneh as cooling ooil 32.

Only a minor portion of the calalyst is
ca.rrieg inte the disengaging section of
the reactor abave level 38, and these cata-
Lyst parlicles are separated from the reac-
tion products in o conventional gus-solids
separator, such as eyclone 40 and returned
{0 the dense bed via dip pipe 42. The
rate of gas throughput is 1n the range
of 2.—20 velumes of synthesis gas per
weipht of cﬂtalysifer hounr. There are no
provigions for tail gas recycle, as in
accordance with the invention, this cosily
process 1s no longer necessary. As indi-
cated below, under certain circnmsianees
it may be desirable to omit eyelone 40 and
1o romove the catalyst fines overhead with
the produet gas stream.

Product vapor and gases are withdrawn
overhead from reactor 28 and are passed
through line 44 and condenser 46 te liguid
preduets separator 48, wherein liquid pro-
duots ore separated from guses. The liguid
products, containing high yiebds of olefing
with little or ne wax may be withdrawn

" ihrongh line 52 te further processing,

ot

35

such as fractionation, cracking of the gus
oif fractiom, isomeriszation and poly-
merization, all in s manner Enown. per se.

The uncondensed gases, comprising
lower molecuiar weight hydrocarbons as
woll as znreacied synibesis gas and nitre-
gon, are preferably pussed through line
a0 to a fluidized solids active carbon
adsorption plant, wherein light hydro-
oarhong may be removed ang recovered by
desorption at lower pressures; this repre-
gents a considerably more ecunomical pro-
cess than {he conventional oil adserption
of tail gas.

The present inyvention admits of

- numerous modificalions apparent to those

44,
0
bb
115

120

gkilled in the ari. Thus, instead of pro-
ducing synthesis gas from partial com-
bustion of nutural gas or methane by air
ab low pressures, syuthesis gas may also
be prepared by the water gas reaction
from. coal., In such oase, dapending upon
how heat is furnished to the prucess,
cither by direct combusfion of coke or
coal within the water pus gencrator with
alr or by reoyeling of hot combustion
salids from a burner vessel, the synikesia
gas may or may nol confain appreciable
%uantitles of nitrogen. The ratio of 1]

0 in synthesis gas prepared from coal 18

Cutalyst - - -
Temperature * I, -
Pressure 1bs/sg.in. gauge
Feed gas ratio, H,/CO -
CO conversion, % cutpu*
H, conversivn, % output* :
H,/CO consumption ratio - -
C,+yield, cefm8 H.+C0 eonsrmed
Eslimated unsaturation** - -

| I R T I B
L T 1 b 1

| W S R T I R B S |

about 1/1, and such a synthesis gas may

be passed through a shift sonverfer to
increase the feed ‘gas rstio from 11 to
about 2/1 or any intermediate values. In G0
such system, also, a sulfur removal siep
would be intreduced, such as by passing
the synthesia gases through speni sym-
thesis eatalyst to remove sulfur.

TFurthermore, particularly when operat- 65
ing with low ﬁ2 {CO feed gas, it may be
desirable to dispense with cyclone 40.
Particularly in the case of iron cvatalysi,
low H,/CO feed gas ratins combined with
low synthesis reactor pressures are severa 0
conditions, resuliing m substantial cata-
lyst disintegration, and it may be desir-
able to takc overhead fines formed within
synthesis reactor 28.

As for the vatalyst, various modifica- 75
tiomg of the ebove typecatalystsshowsimi-
laz eud further improvement in the syn-
thesis reaction.

The following comparative examples
represeut DLxed bed laboratory date, 8O
Txample ITT being illustrative of o cata-
lyst according fo -the invention.

o Bxauerm L

The eobalt-iron’ silica catalyst may be
prepared in the following manner. 85

Cobalt, fron sud thorimm, all as their
hydrated niirate salts, were mulled in &
Shnpson Mixer  with silica (as silica
hydrogel containing aboud 18% solids)
and the wet mixture passed through a 90
colloid mill {a Simpson Mizer is a pad
with eircular walls and s cover. A roller
is mounted on the bottom portiom or 1plsu‘c-
form und crushes the ingredients placed
within the wizer, Serapers are alfo pro- 95
vide] to remove ingredients alhering to
the inside of the mizer). The ahove com-
posite was dried at about 250° F., then
further heated for 48 hours at 420° ¥, and
for an additional 5 to & hours at 550° ¥. 100
to complete the decomposition of the
nitrates, The resulting dricd material wag
then ground to a suitable size und reduced
with hydrvogen ut-700° 1. at atmos heric
pressure, The catalyst thus prepared con- 105
fained 25.2% Co,'2.8% Fe, 4.4% Th and
87.8% Bi0,. - 7 -

Exsmere IN,

The following examples illusirate the
relptionship of fhe H%L{}O consampticn 110
ratic to the mature of the synthesis cata-
lyatz— -

A B,.. G D
300 500 600 600
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*Lhese figures represent the percentage The. ﬁatn1yﬁe misture was prepared 28 86
of OO which reacts and are calenlzted on  follows:— - : o

an owtput basis as follows: The output

gases are weighed and converfed to the-

B corregponding weight of B0 ; lilewise the
carbon and the liguid products are
welghed and converted io ihe correspond-
ing-weights of 00, The sumn of these fwo
converted weights whick niay be called

J10 f g ** will represent the tofal weight of
CO converted. If ““ g7 is divided by
sum of ““ peqg” where ‘““p’’ I3 the
weight of nneonverted €O, the perceniage
conversion baged om outpwi is obtained.
The ‘percentags Ff; conversion hased cn
oufput is calculated in an analogous
manuer, extept of course thaj the carhon
need not be taken into conviderstion.

18

#**Tirpressed as percentage by weight of -

the ligmid product boiling wp to 400° ¥,
In: the above table, @atalgair A has the

following composition: 25.2% Co, 2.8%

Fe, 4£.4% Tk, wnd 67.6% 8i0,. It is pre-

20

in Fxample L, -

25 LT )
Cntalyst B is a nonventional cobalt cata-

lyst, consdgting-of 30% Co, 1% ThO,, 3% -

Mg(O- and 669%*8i0,,” promoted with 2%
Na ¢as Na,£0;; based on Coj. .

30
on ap active garboy carrier, If combains
14:99% iron emd is promoted with 0:5%
. K00, based on the tolal amount of the
eatalyst -carrier. .

35
%@e“ ash eatalyst, : promoted with

-

"Fhe abave data- clewrly -dudiesie the
high' H, conversions; relafively luw €O
conversions snd high: consumption Tatios
obfained with mbﬁt--m& mixed Co—l'e
vatalyst precipitated on a silica gel car-
rier, The daia also show that al the moder-
ate pressures employed, the conventionul
cobalt catalyst produces o product of low
viefinieity. Henee, though the consump-
tion, ratio iz high in botk ihe Co snd the
Co—Fe catalyst, the former 1s noir pazti-
cularly suitable for the production of
motor -Fuel in-accordance with the pre-

&1

45

sent invention., It will be noted-that in

the case of volalysis A an! B hydrogen
conversions were-high-and- GO conversion

h
Tow. On the uther iana,-i:u. the case -of .

66 catalysts 0 and -, hydrogen conversions
were low but Q- tonversiohs highs -- --

. Exswprm 11N
Mo illustrate the high hydrogen and

high sarboh monoxide conversion levels:

@0 obtainable by operating in aceordance
with the invention, o catalyet was pre-
_pared coneisting of about 509 of & KOl
promoted iron pyrites ash and 0% of o
mixed cobalt-ironsthoria silica catalyst.

the .

pared zaimila_r’ly as-the calalyst deseribed

Catalyst O 1 au iron catalyst supported .

Catalyst D is & reduced resintared iron

- 7 Thé pyrites component was prepared by
impregnating 99 parts of sintered irun
pyTites ash with 1 part of KClin the form
of an aqueons solution. The mized cobnlt-
iron estalyst compound was prepared
by multing the nitrates of cobalt, thorium

- angd irok with silice kydregel tollowed by

drying and heating to decompaose the

nitrates:  On a reduced basis, this com- 76
ponent conaisted of 25,2% Co, 2.8% Te; .
ﬁ./-i% Tk, and 67.6% 8i0,. The drisd and
Leated product last-named -was then
mixed in a ball mill with the fvsi-named
pyrites ash and efter mechanical mixing
the regultant powder was pilled ang
reduced with hydrogen at 700° F. for 4
Lhoars, The final catalyst contained about
gl.49 Fe, 0.5% KCI, 12.6% Co, 1.4%
Th, 23.8% 810,. - : :

. The catalyst thus prepared wes fested
in a fixed bad laboratory unit under syn-
thesis conditions including a temperatura

of 600° X., 79 psig. pressure and a 2f1  :
‘H,/CO feed. T
~J'emperature, * F. - - B00 :
T'ressure, psig. - * - - 5 L
© Iteed gas ratio, H, [ C0: - I
- Feed-rate, V}V{Hr. -~ - 1400
Co cenversiva, % ocutput - - 99.8 95
Hconversion, % ovatput - i
H./0 consumption ratic = 1.81

. O+ yeild, cojm® H,+00- - N
-consumed - = = 1B -

From tha above table, it may be seem 100
that the two-catelyst componentys-in the
reactnr- are proportiouned so thet practi-
cally complete conversion of the syuthesis |
gos constituents s obtained, thus making
Teusible o once-through synthesis opera~ 105
Hon. In general the: H,/CO consnmption
ratie in the - synthems zone may—be . .
adjasted-to he substantizlly the same as
the H;/ 00 .ratio in the feed gases-by
adjusting the ratie of iron eatelyst-to-smup- 110°
ported eatalyst -so that the higher the
T, 60 ratio in-the feed gases the-higher
the weight ratic ‘of cobalt-iron supporied
‘eatalyst o izon-ouiadysber e o .
<y in aceordance-with-the inventian, 315
hydrocizbon: - synthesis is carried out
wnder onee-through conditions with high
ponversions of M, and:- €0 with -mixdures
-of oatalysts possessing imdividually not
.ondy the characteristics of -eliminating 120
‘exyyen primerily as 0O or H,0, but also
the characterishic of producing with high
selectivity unsaturated products,

While the forepding desériphion - snd _
exemplary operation have served 16 illus- 125
“trate specific a?bﬁlicationa and results of
_the invention, other modifieations cbvieus
_to thoge slrlled in
_ReOpe.

the a:rt are within it
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What we claim is:—

1. An improved cafalyst for the syn-
thesie of normally liqﬁid hydrocarbons of
high olefinic content by the conversion ol
carbon monoxide and hydrogen which
comprises & physieal mixture of an alkali
metal salt promoted iron catalyst and a
finely divided support, said support
carrying as active component a mixture
10 of cobalt and iron promated with a minor

amount of thoria. .

2. A catalyst apeording to Claim 1,
wherein said finely divided support iz
silica gel.

1% 3. A catulyst aceording to Claim 2,
whervin said iron plus cobalt comprises
5 to 35% of the total weight of the silica
tgel—suppurted portion of tie catalysl mis-
ure.

20 4. A catalyst according to Claim 2,
wherein the silics gel-supported portion
of the eatalyst mixture compriscs substan-
tially 2 to 269% by weight of irem, 5 o
30% hy weight of eobalt, 1 to 5% ol

95 thorium, and 60 to 89% by weight of
gilica gel.

. 5. A cotelyst according o Claim 2,
wherein the ratio of cobalt to iron on said
support is in the approximate range of

30 frem 10 to L to 1 fo 6,

6. A catalyst according %o Claim 2,
wherein, the siliea gel-supperied portion
of the catalyst mixture consisis of sub-
stantially 25.2% cobalt, .8% iron, 4.4%

85 thorium, and 67.6% siliea by weight.

7. A catalyst acc\()rdinﬁ1 to any one of
the alpreeeding elaiths, wherein the iron

catalyst portion of said mixtuze is sup-
ported on active carbon.

40 8. A catalyst according to any one of
the preceding claims, wherein the iron
catilyst component cf said mixture is
reduced pyrites ash.

9. A cotalyst wmixinre according to

46 Claiz 2, ccnmﬁﬁngl of substamiially
51.4% Fe, 0.56% EKCl, 12.6% Co, 1.4%
Th end 33.8% Si0..

10. An improvad pracess for converbing
C0O and H, to normally liguid hydrocar-

50 bons of-high olefin content whereby high
conversion levels. of CO and T. are
attafined whick comprises contacting a

o

feed gas comprising CO and H, in syn-
thesis proportions at syathesis conditions
with a dense tubulent fluidized mass of 55
fnely divided synthesis ocatalyst s
¢laimed in any ome of ihe preceding
elaims.

11. A process according to Claim 10,
wherein seid synthesis conditions inolude 60
pressures in the approximate ralge of
50—500 psig, and temperatures in the
approximste vange of 460°—650° K.

12. A process according to Claim 10 or
11, wherein the H,/CO consumption ratto 66
in the synthesis zone is adjusted fo be
substantially the same as the I1,{CO ratlo
in the fecd gases, by adjusting the ratio
of iron tatafvst to supperted cobalt/iron.
eatalyst, so that the higher the H./0O 70
ratio in the feed gascs the higher the
weight ratio of cobali-iron supported
catalyst to iron eatalyst.

13. An Improved low pressure once-
through process for preparing bigh yields 76
of valuhle glefinic hydrocarhons from syn-
thesis gas containing appreciable quan-
tities of nitrogen which compriscs passing
0 and H, in synthesis proportions
diluted with nitrogen into a kydrocarbon 80
synthesis reaction zone, confacking said
gaseous mixturs with a dense tu mient
mass of finely divided synthesis cofalyst
consishing of & mixture of an alkali metal
salt promoted iron catalyst and a silica 85
gel support, sald support earrying, of
active components, a mixture of iron and
cobalt promoted .with minor amounts of
thoria, majntaining a pressure of about
50100 psig. end & temperature of ahout 09
450°—650° F. within said zome, and
withdrawing a product containing high

iel):?.s of iquid alefinic hydroearbon pro-
uet. : .

i4. A process according to Claim 13, 95
whersin szbstantially all fines entrained
from said fluidized catalyst bed are with-
drawn overhead from said reaction zone
along with the reaction products.
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