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Improvements in or relating to the Synthesis of Hydrocarbons and Oxygenatcd
Derivatives.

We, Szanpagp O Deverorment Com-
PANY, a corporation duly orgenised and ex-
isting under the laws of the Btate of Dela-~
ware, United States of Amerien, having an

Soffice at Elizabelk, New Jersey, Uniled
Htates of Ameriea, do hereby declare the
nature of this invention and in what man-
ner the same is to be performed, to be parti-
cudarly deseribed and ascertained io and

L0 by the following statement :—

This invention relates fo the hydrogena-
tion af the oxides of earbon and in parti-
eular, to two-stage processing involving
first, the formation af oxygenated hydro-

15 carbons and secondly, the formation of
hydroearbons snitable for use as moior
frale.

The eontacting under various tempera-
tures and pressures of the oxides of earbon,

20 particnlarly carbon monoxide, with hydro-
gen in the presencs of eatalyst is the means
by which & varicty of hydrocarhon and
oxygenated hydroearbnn compounds may he
prepared. The temporatures and pressures

25 employed in the processing vary widely and
depend wpon faetors such as the type of
catalyst the nature of the feed, and final
produets desired. The eatalyst employed
usually consists of a large pereentage of

30 either iron, cobalt, or nickel with minor
amounts of xelivaling substances such as
alumina and potassium, TIn order o obtain
high efficicncics, particular reaction condi-
tions, Hmited stage operations and re-

85 eyeling features are commonly employed.

The present invention is an Inprovement
over prior art processing in that it effects a
better uiilizetion of catalyst mnasses and
prevents their deteriovation by eontrolling

40 the character and velume of the feed stock.
Within the aims of the invention iz the
prevention of the formation of carbon de-
posits on the catalyst by using a relatively
high percentage of water in gynthesis opexr-

45 ations for the preparation of oxygenated
organic componuds.

Broadly the invention provides a two
slage process employing in- the first stage

& feed gag mixture containing earbon mon-
oxide and hydrogen together with 2—8% 50
by volnme of water based on the combined
volume of carbon monoxide and hydrogen.
This feed gar mixture is contacted with an
iron group catalvst under synthesis eondi-
tions condusive to the formation of oxy- 55
genated hydrocarbons, which are thereafter
separated in a conventional manner. The
wneonverted gases from the firsi stage are
then eontacted in a second stage with pre-
vionsly nsed eatelyst from the first stage 60
under conditions eondueive to the forms-
tion of normally liquid hydrocarbens parti-
cularly for use as motor fuel.

The preferred. catalyst comprises a
ma;jor proportion of iren promoted with a 55
minor proportion, praferably from 1—8%
of an alluli compound. As promoters,
potassinm eompounds ave preferred, parti-
culayly potassinm carbonate or finpride.
The preferred water vapour content of the 70
feed gases to the first stage iz from 3—5%. |
The catalyst is preferably sintered or pre-
treated with carbon monoxide or a mixtnre
thereof with hydrogen so as fo contain from
110 3% carbon as eprbide. The procedures 75
which may be used for this pretreatment
are not part of the present invention.

When operating in the above manner re-
duetion of earbon deposition on the catalyst
and the sclectivily of the processing for 80
the formation of ox'ygenated organic com-
pounds in the first reactor is improved by
the presence of the water. The nsed eata-
lyst from. this first reactor is thus suitable
for further use in the seeond stage of 85
hydroearhon synthesis,

Processing aceording to the invention
nsmally involves G0 o 80% conversion of
the hydrogen-carbon monoxide mixture in
the first stage. Iligh yiclds of light oxy- 60
genated organic componnds arve obtained
from the water layer of the reaction pro-
duet from the first stage of the processing.
Thus, when prosessing with an iron eata-
Iyst and a synthesis gas containing hydro- 85
gen and earbon moncexide in a molecular
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proportion from about 1 {o 9 to 1, prefera-
By a mol ratio of 1.8, at a temperature
from ahont 850°F. to zbout 600°F. prefer-
ably from abont 45008, 1o about 550°F.,
54 pressure from about 200 to ahout 700
pounds per sq. inck preferably from about
450 to about 550 pounds per sq. ineh, & feed
vate of between about 2 and about 30, and

. preferably between about 5 and shout 20

10 cu. ft./1b. eatalyst/hr, and a reeyele of 1
ta 2 relative to the initial teed gas, vields
of the order of 40 to T8 ce. of light oxygen-
ated orgenic compounds in the aguneous
layer of the reaetion produet per enbic

15 meter of mixture of hydroyen and earbon
monoxide consumption gre ohtained, while
in the corresponding oil layer, from 25%%
to 506 yicld of alcohols of the Cs to Cis
range are obtained.

90 'The desired ratio of oxygenated produets
in the water and oil layers controls the
operating conditions. Tn the oxygenated

* produets about 0% of the comhined oXy-
gen is found in the ofl layer when the

95 lemperature is about, 450°F ., to about 40%
when the tempersture is about 5b0°F.
Thus, fhe temperature may he vavied fo
give the optimum type of produet.

The unveacted hydrogen and earhon

80 monoxide from the oxygenated hydrocar-
hon synthesis mmit is then pagsed to &
hydroearbon synthesis zone wherein the
hydrogen and carbon monoxide are reacted
to form hydreocarbons, predominantly shove

A5 the U range. In this geeond renction zone,
due to the high hydrogen eontent of the gas
from the first reactor and the catalyst
characteristies, the earbon deposition on
the egtalyst is low.

40  Tn the sceond reaction stare the prosess-
ing conditions may be about the same a8
those given above for the first rezetion
stae.  The temperatare, however, com-
monly cmployed Is between ahout 550°F,

45 gnd about TH0°F., and the pressure from
500 {6 500 lhs. per sgmare inch and the
space veloeity from 10 to 74 cenbie feet of
feed gases per 1b. of eatalvst per hour.
Within these rangesof operating eopnditions,

50it ig preferable to aperaic between about
§959T. and ehout 875°F.. a pressure trom
about 350 ta about 450 Ihs, per square inch
and at a space velocity of befween about
15 and about 40 cubie feet of synthesis gas

55per Th. of eatalyst per honr. These pre-
ferable temiperature and Pressure eondi-
Hions are advantageous with the recyele

rgtio from about 2 to B.
fn the frst stape of the process

G0the wse of temperatures in the lower
portion of the operzting range iz
advantageous for
higher molecular weight oxygenated hydra-
carhons. Im the second stage of the process

£5 the higher the temperature. the lower the

the produeiion of the

nolecttlar weight and the more umsatnrated
are the reaction produets. In genaral, the
lower reaction temperatures in the fArsd
glage of the process are eoupled with the
higher tcmperatures in the second stage of 70
{he process. SQimilarly, a high resetion tem-
parature in the first staae of the proress s
usually eowpled with a temperature it the
lower portion of ihe operating range in the
seeond siage of the proeess. In Lotn reav- 75
tion stages a low temperature of operation
s uswally coupled with » low pressure
operation and a high temperature ol aper-
afion is coupled with a high pressure
opergtion. By these interrelationships of 80
‘the lemperatnrves of the regetions in the
tiwo stages, high averall conversion uf the
feed stoelt oecurs while the nature ol the
reaction produets ean thus e varied as
desived. 85

Iy order that the invention may be more
f£ully understood, the following deseription
of a particular embodiment is presented.
Tu the accompanying drawing, 2 flow dia-
ovam is presemted of processing aepording 80
fo a partieniar embodiment.

Hydrogen and earbon monoxide in
volums ratio of 1.8 are passed through line
9. imie reaction unii 10. ‘Water vapuur n
the amount of 496 by volume of the hydro- 95
gen znd earbon monoxide misture is passed
From Hine 8 into line 9. The vatalyst s
passed into the regetion unit from storage
vassel 5 throngh Jine 6. Tn general, the
gravity of ihe Anidized mags admitted 100
through line 6 is ahomt 100-130 1bs. per
eabie it. 'The rezction umit 10 eomgists,
in this particular embodiment, of & eylin-

drieal portion 11 capped by a dome portion

hase 13, Within the ve- 105
aption vessel near the jumetion of the
e¥lindrieal portion 11 and the conleal hase
13 is & porous plate or grid 14, The unit
10 has 2 catalyst withdrawal line 15 and
an overhead Jine 16 at the nppermost por-
tion of the dome section 13. In the dome
portion 12, ouc or more ¢velone separating
anits as indieated by the refevence ninmeral
$7 ars located. From the eyclone separ-
ator 17 is the dip pipe 18 for the rejurniny
of catalyst material from the cyclone.

In the reaction wunit 10, the eatalyst
material is maintained in a highly Auld-
ized condition s a result of the fnely
divided material of the eatalyst and the
npward nassage of the gaveous muterfals

12 ynd a conieal

110

116

120

from the base of the tower through the dis-

tributing grid 14, Within the unit 10, the
Amidized mass presents a general appear-
anes of a bolting liuid with a peneral 125
level I; at some point in the vessel some
Jistance below the dome portion of the
vesgel. Tn thig partienlar cmhodiment, the
catalyst has a composition of TT% iron, 5%
0, less than 1096 oxyeen. the remainder 130



€28,9158 3

Deing giliea, alumina and other minor con-
stiteents. The reaciion conditions within
the unit inciude a temperature of hatween
abont 350-600°F., preferably between 450-
5550°F,, & pressure of 450 peig. and a re-
eyale ratio of 1 to 2 of recycle to fresk feed
gas. The recyele gag is passed into unit
10 through line 19. The partiele size of the
eatalyst i in the range from 10 to 80
10 mierons of which abount 65% is between
abont 20 fo 40 mieron size, the remaining
portion distribuied in the range between 10
to 20 mierons and to 80 mierons, The
superficial veloeity of the gases passed up-
15 wards through ihe reaction urit 10 is us-
nafly 1.5 1. per second and in this embedi-
ment is mairtained about 1 ££. per second.
The space veloeity iz maintained hetween
ahout 2 to ghomt 30 and preferably about
20 10 eubie ft. of H; and CO fresh faed at
standard eonditions per lb. of catalyst per
howr. Under these conditions, the catalyst
helght ig about 5 1o 20 feet.
Under the conditions of processing asg
25 specifisally stated, & predominantly gasecus
phage separation in (he dome portion of the
reaction unit passes through the oyolone
= separator 17 and thenee thryugh line 16
into treatihgy equipment 20. TInder the
- 80 processing eonditions in the unit 10 ahout
15-80% of the hydrogen-carbon menoxide
" mixfure is converted to oxygenated hydro-
carbong.
In the recovery unmit 20, cooling of the
33 produets ocewrs, Algo in the recovery unit
20, separaiion iz effesied between the
gaseous and liguid phase produets and also
phase separation hetween the water-solnble
and tha oil soluble produets. The gaseons
40 produets are removed through ling 21, the
aquecns praduets fhrough line 22 and the
oil produets through line 23, A portion
of the guseous product is recyeled through
lina 19 to the resetion tnit 10. The agueous
45 produects removed through line 22 are re-
moved from the system by further process-
ing and separation of the desired constita-
ents.  Sitnilarly, the oil soluble prodnets
removed through line 23 are removed from
50 the system fur the desired preoducts. The
remainder of the gaseous produets are
passed through line 24 into the reaclion
unit 30. Also additional supply of the feed
H, and CO mixture may be added to this
55 feed to the unit 30 throungh line 25. The
catalyst removed from the wnit 10 {hrough
line 15 also passes into the mmit 30. Flui-
dizing mar may he injected into the Hine 15
as desired. -
60 The unit 30 iz similar in design to nnit
H). [t consists of & eylindrical section 31,
8, dome section 32 and a conieal base section
33, Similarly mear the junetion of the
eylindriaal section 51 and conienl buse see-
65 tion 33 ig the grid or vapour distributing

plate 34, The unit is similarly equipped
with a catalyst withdrawal line 35, an nvéx-
head lne 36, a cyclone separating equip-
ment 47 and a catalyst fines return line 38.
Similarly, in the unit 30 o lovel P at 2 70
point some distance, usnally about 2/3 of

the height of the cylindrieal portion is
maintained.

In the anit 30, a temperature of G75°F,,

a pressure of 400 psig., a superficial vele- 76
city of gases passed tpwards of about 1 £t
per seevntd, a space veloeily belween 10 and

30 and preferably 25 cubie . of gas per
hour per I, of catalvst ave maintained.
Under such conditions of processing, a sub- 80
sfantially eapeons phage separation oeeurs

in the top of the unit 80. This gas eon-
taining minor amounnts of entrained catalyst
particles passes through the eyclone separ-
ator and thenee through line 36 to treating 83
cguipment 40. In eyuipment 48, separa-
tion and purification of the desired produets

is cffected and passed from the system
through line 41. The gaseous products are
removed from equipment 40 throngh line 90
42 and passed into line 24, The eatalyst
withdrawn through Hne 35 is passed io
reagtivating eqnipment as desived.

Ag an example of such processing from
the reaetivn unnit 10, 150-160 ea. of hydrs- 95
narhons beavier than propane and propy-
lene and the low moleenlar weicht alechols
wers obtained in an amount of 40-50 ce. per
vubie meter of hydrogen and earbon mon-
oxide consumption. In the oil layer of the 100
reection preduct from wvessel 10, 35% of
product mainly aleohols in the (s to Cis
range were obteined. From the reaetion
unit 30, the fallowing yield products ave
obtained per cubic meter of H; and €O 105
consumed, 180 ee. of hydracarhoms hegvier
than propane and propylene and only 20
ce, of water seluble axygenated compounds,
The nxygenatsd. hydvoearbon in the oil
layer was 20% of these hydroearhbons. The 110
composition of the water soluhle oxygen-
ated compounds were shout 60% ethanol
and mnormal propanal with traees of
methanol, buianol and higher alechols. 0Of
the remaining 409, abont 209% was acetie 115
and higher acids, 109 aldehvdes and 10%
ketones. .

The overall conversion of H. and CO in
the two reactors was above 939%. The -
selectivity of the reacted CO to carbon in 120
reactor 10 way less than 0.29 whils that
in the second reactdr 30 was legs then 0.5%,
Should this degrec of Hs and CO conversion
be atlempted 102 single reactor with suffi-
eiently revere.:operating conditions the 128
rield of water soluble oxygenated com-
pounds would be from 25 to 30 CC/M* of
H: and CO consumed snd the selestivity
of CO tw eurbon would be above 0.5%
which would have required a layge replace- 130

.
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ment of catalyst to maintain the necessary
catalyst size 1o give satisfactory Huidiza-
tion in the resctor.
_ As will be appreciated from the foregy-
5 ing desoription the preferred catalyst is
iron, but other hydrocarbon synihesis eata-
Iysts of the iron proup may also he nsed iu
the process of the inventicn and when this
is so, the optimum synthesis operating con-
10 (Jitions may be determined smpirieally.
Having now partienlarly deseribed and
ascertained the nature of our suid inven-

Lion, and in what manuer the same is to he -
_performed, we declave that what we claim

153g:...

1. A Lwo stage process for the synthesis’

of hydroearbons and oxygenated hydrocar-
hons which comprises eontzcling in a frst

stuge a gas Dixture containing garbon

0 monoxide and hydrogen together with
289 by volume of water vapm based on
the eombined volume of varbon menoxide
and hydrogen with gz ivon gronp catalyst
nnder synthesis conditions eondueive to ihe

25 formation of vxveenated hydrocarbons, se-
paraling the oxygenaled produsts thus
formed, conlacting the uneonvericd gases
in a vecond stage with previeusty used
eatalyst from the fivst stage nonder synthesis

30 eguditions eonducive to the formation of
nostally liguid hydvocarbons and separat-
ing said normally liqnid hydroearbons.

5, 4 proeess according to Claim 1,
wherein ihe eatalyst comprises a mojor pro-

35 portion of fron and a minor proporiien,
preferably from 1—8¢%. of an alkali eom-
pound as promoter.

5. A proeess for preparing hydroearbons
and oxvgenated lLydroearbons by the

40 hydrogenation of carhon mouoxide whieh -

compiises eontaeting in g Arst stage a guse-
ans mixtuee containing hydrogen and car-
hon monoxide in moleeniar proporiion from
aboat 1 4o 2 te 1 and water vapocr in ihe
45 ymount of © to 8% hy voluwe of the com-
bined volume of lirdrogen and carbon mon-
oxide with & eatalvst containing a major

amotnt of irun at a femperature from

850°F. to BUNCE., a pressure fram 200 lo

50 700 pounds per squave ineh, a wpace velo- -

eity from 2 to 30 colic It of gaseons miz-
ture per hour per Ih. of eatalrst, removing
the reaction producls, {veating the reaction
praducls to separate gaseous and lignid
55 oxreenated hydrovarbons, contacting the
nrneonverted gases in 2 second stage with a
portien of previously used eatalyst ot a
temperature from 550°F. t¢ T50°F., a pres-
sure from 200 to 500 pounds per square
B0 ineh and spaee velocity of 10 to 75 eubie
ft. of gas per hour per Ib. of eatalyst aml
recovering the hydrocarhons thus formed.

4. A proeess according o Claim 3,
wherein ihe synthesis conditions in the
first stase comprise a temperature from &3
150 to 550°F., a pressure from 450 to 550
lhs. per square inch and a space veloeity
frans 5-20 eubie £, of gasecus mixture per
hour per 1h. of catalyst,

5. A process aceording to Claim 3 or 4, 70
wherein the svothesis eondifions in the
second stage comprise a lemperature from
623 tn BT5°F.,-a pressurs from 350 to 440
lbs. per square ineh and a space veloeity .
from 15 to 40 euhie ft. of gas per hour per 79
Ih. of eatalyst.

-+ B. A proeess according tv any one of

{Maims 2—3, wherein the eatalyst is pro-

moted with a minor mmonnt, preferably

from 1—8%, of an alkali eompound.

7. A process aecordling to Claim &
wherein the catalyst is promoted with a
potassium ecmpound, preferably potassinm
earbonate or floride.

& A proeess according to any one of the 83

-preceding elaims, wherein the gaseouns mix-

fure in said fivst stage confaing from 3 to
3% by velume of water vapour hased on
the combined volwme of earbon monoxide
and hrdrogen in sald gas mixture. 20
9. A process for prepuring hrdroearbons
and oxvscoated bydrocarbuns by the
hydrogenation of carbon nignoxide whieh
comprises contacting a gasevus mixture con-
taining hydeogen and earhon moznocxide in 95
thie molecular ratio of 1.8 and water vapour
in the amount of 4% hy volume of said
combined mixture of hydrogen and earbon
monozide with a fnely divided eatalyst
containie T7¢z iron and 59 K,0 al a 100
temperature of about #50° to S60°F. and

g-pressare of 450 pounds per square incl

and a spaee velogity of 10 eubie it. of gase-
aus anivimre per 15, ol catalvst per hour
removing a portion of the uwsed eptalyst, 105
treating the resciion produeis to separate
wuscous and lquid oxygenated hydroear-
bons, contacting the uneonverted gases with
a portion of said aved eatalrst at a teruper-
atnre of G13°F., o pressre of 100 pounds 110
per squate ineh and o space veloeity ol Z3
enbie it of gas per hour per Ib, of eatalyst
and reeovering the hxdvoearhons ihus
formed.

i0. A proeess aecording to any one of the 115
preceding claims, wherein the catalyst i3
in finely divided form and is maintained
in o Huidized condition by the passage
thevethrough of the gaseous regetants,

“Dated this 19th day of Maz, 1948,

D. YOUXNGE & CO,
a9, Houthampton Buoildings
(haneery Lane, London, W.C.2
Agents far the Applicants.
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