XSS L ALE
PATENT SPECIFICATION

No. 21690,/48.

BT 2.880

Date of Application and filing Complate Specification: Aug. 17, (948,

Application made in United States of America on Sept. 13, 1947,
Complete Specification Published: May 28, 252,

o 265

Index at acceptance:— Class 2(ift), (3u3e, U3alda(1h: 8a).

COMPLETE SPRCIFICATION

10

16

35

40

Improvements in or relating to Catalytic Conversions Using
Carbon Monoxide

We, ‘Ursace Diviroruest CorroRa-
Ttox, o Corporativn organised uader the
laws of 1he Slate of Delaware, Tnited
Slates of Awmericn, of 185, Fust 42nd
Btreet, New York. 17, Xew York, United
States of America, (sssignees of Fruwk
Hexny linewer), do hereby declare the
maiure of this invention sud in what
manner the same is to be performed, to ba
particularly described and gscertained in
and by the following statement:—

This inventivn relates to g method for
effecting at elevated pressures and low
temperatures  catelytic conversions in
which carbon mouoxide is one of the
reactants and the catalyst containg a
member of the iron group as an activs
coustitnent.

When @ reaction misture containing a
substantial perceniage of carbon mon-
oxide is conincted at elevated pressures
and ecomparatively low temperatures with
a catalyst condaining a member of the
Tron group eomnrising iron, cebalt and
nickel, there is formed n volatile carbonyl
of the metal or metals of the ivon group
present in the eatalyst. Thus, there may
be  formed  nickel tetracarbonyl,
[NI(COY, ), vohalt  tetracarbonyl, [Co
(Co}, ] uud ivan pentacarhony], {Fa(0),],
all of which are volatile under the condi-
tions of reaction generally emploved ; the
melting points uf these carbon¥l com-
pounds are —13° 124° and L8° R,
respectively af atmospherie pressure. The
product from sueh a eatalytic eonversion
cantaing a substantial amount of the vola-
tile metal carbont! nnd the pressnce of
metal carbonyl in the effnent product
erenfes a serions problem, Removal of
motyl from the reaction zone in the form
of a earhonyl not only enfails a seraus
loss of expensive vcutalvst. hut also
creates a.serions opernting problemy, The
decomposition of the metnl carbonyl to
form esvbon moneside and mefal during

[FPrice 2/8]

the isolation and recovery of the products
eventually requires a shut-down of the
recovery uhit in order to remove deposifed
wetal from pipes, siills and fractionators. 60

This invention affords a method of con.
tinvous operation of a high pressure-low
temperature conversion in which carbhon
monoxide 1s reacted over a catalyst con-
taining u wmetal of the irog group. 'Che 55
inveution thus finds application when the
reaction zone iz maintained at g temnera-
ture helow 400° F. and at a pressure over
150 poufids per square inch, the precise
temperature and pressures  employed 60
being contonant with the predetermined
optimum conditions for the desired reae-
tiva. For example, tempearatures may be
in the range of about 150 to 400° F. snd
Dressures in the range 150 0 2,000 pounds €5
0T MOTe [Er square Inch,

According to the present invention
there is-‘provided a method for the conver-
sion .uf: carbon monoxide-containing
reactants at elevated pressure and tem- 70
perature by contact with a catalyst of the
tron group, which comprises passing
reactants containing carbon moncxide
through a reaetion zone eontaining a
calalyst of an iron group metal, main- 75
taining said reaction mone at a tempera-
ture below 400° F. and at a4 pressure
zbove 150 pounds per square inc y Torm-
ing metal carbonyl during passage of
reacfants through said reaction zone, #Q
effecting conversion of reactants in the
presence of said cetalyst and said metgl
cerbonyl, hassing un efiinent confaining
products of couversion and gaid weta]
earbonyl from said reaction sone into n 85
secondary  gone, mainteining  said
recondary zone af a femperature approxi-
wately 40 to 160° P. above that of tha
reaction zome and a pressure below 100
pounds per square inch to decomposs said 90
metal carbonyl in said gecondary zome,
removing said secondary zome a praduet
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stream  substantially free from metal
earhonyl, and pericdically reversing flow
of snid resctants and suid efflvent with
respect o said reactiom zope amnd said

b secondary zone.

In the sscondary zone, the metal
carbonyl present in the efiluent deeom-
poses under the conditions of temperature
wnd pressure existing therein to form

10 corbun wonoxdde and metal which latler
deposits therein.

As the reaction conbinues, uwreasing
quantities of catalyst meta]l aceummlate
in the secondury sone as the metal

18 carbonyl in the effiwent is deromposed in
the secondary zone, The secondary zone
iz af suech constrnetion that it can with-
stand the elevated pressures regquired to
effect the high pressure-low temwperaiure

20 reaction of carbon mopoxide. When a
substantial quantity of metal is secumu-
lated in the secondary zoume, the How of
reartants is reversed and the secondary
zone 1s used ag the reaction zene while the

23 primary zone serves as the decompesition
sone for the metal catbonyl, Ths
seeandary zone is adjusted to {hat fem-
perature helow: 400° T, and that pressure
above 150 pounds per sguare ingl which

30 aye conducive to effect the desired reac-
tion. The effluent from the accoudary
zove during this stage of thie operations is
introduced mfo the primary zone which iy
naw maintained at a pressure below 100

35 pounds per square inch and ab o tempera-

ture approsimately 650—100° F. ahove

that reguired for the reaction. The metal
carhonyl content in the product efinent is
now decomposed in the primary zone
under the eonditions prevailing therein =0
that getalyst metal iz retwrned to the
primary zone as the metal carbanyl
decomposes therain, DBy pericdieaily
reversing the Sow of reactants and chang-
4b ing the conditions of temparainre and
pressure prevailing within {he fwe zones,
1t is possible {o conduet a continuous low
temperatnrve-high pressure conversion of
r':u'hi)n—munoxi(?e-coufaining reactants,

80 The serondary decomposition zone
advantggeously contoins a surface-active
maferial or a spent catnlyst so us to
provide a surface upon which the metal
formed by the decomposition of the metal

b5 carbonyl may deposit, Moreover, the
presence  of surface-aclive material
accelerates the decomposition of (he metal
corhonyl to carbon monoside and metal.

When a cobalt eatalrst is emploved to

68 effect the low temperature-high pressure
conversion., the presence of a surface-
active material such as unealoined di-
atomaeceous earth, or silica-siuhilized
alumina. in the decomposition zone

66 results im the formation of a supported

40

catalpst therein, which is advantageouna
siee supported catalysls have proven
ameng the most aetive of the cobalt
catalysts for this type of conversion.

The invention bas parteular applice- 70
flon when the weatalyst in the low
temperature ~ high  pressure conversion
contnins. cobalt sinee cobalt is widely
used a2 n catalyet in this type of con-
veraime.  Bupported or unsupporied cobult
calalysix wrs penerally emploved to effact
low temperatnve-high pressure  conver-
slons iuvelviug rarbon monoxide, Con-
sequently, in further description of the
Imvention, a cobalt catalvst will be 80
referred io.in lustrating the method of
the invention but it Is to be understond
that no Hmitation or exclusion of nickel
or fron type catalysts {rom the scopa of
the invention is thereby intended, 85

The reaction of un olefin with earbon
monaxide and hiydvogen in the presence
of u cobalt extelyst o produce substantial
guautities of apetific axygen-containing
compouids is  illuztrative of {he low 890
temperature-ligh pressure conversions to
which this invention is applicable. In
order to effect the reaction of an olefin
with carbon menoxide and hydrogen lo
form specific oxygen-containing com- 95
pounds, it is nsually necessary to Jeep the
pressure. in the reaction zone in excess of
150 pounds per square ineh and mainiain
iha femperature below about 250° T
when a cobalt eatalyst is emplayed. As 100
illustrative of the type of reaclion in
question, there may be cited the reaction
of ethylene withk corbon mounovide and
b¥drogen to form a product mixtuze
comprising mainly propionaldehyde and
diethylketone, In furfﬁer deseription of
the invention, this specific reaction will
be used to illustrate the process of the
inventiou.

Important features of this invention 110
are these: first. a method is provided for
removing metal  earbonyl from  the
eflluent from a low temperature-high
pressure  conversion involving earhon
monoxide and emploving a catalyst 115
contaming a metel of the iron group as o
coustituent thereof; secondly, a method
13 provided for continuously effecting snok
u low_temperature-high pressure conves-
sion. by marely reversing the flow of 120
reantants and -swilching the conditions of
temperalure: and pressure prevailing in
the primary. and secondary zomes of the
nrocess,

It has been found {hat an active 126
entalyst ig formed by passing the effluent
liquid produet containing cobalt rathonyl
over 2 spent supperted cobalt eatalyst ot
260" T, i.c. approximately 50-100° F.
sbove the reactiopn temperature, and 180

i
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atmospheric pressuve, together with a
slow stream of hydrogen. The catalyst
formed in this feshien, thai is, by the
decomposition of cobalt carbonyl present
in the effluent producl, was evalumied
using an ethylene, earbon monoxide and
hydrogen mixturs and proved o be only
sliphély less aetive than a fresh catalyst
with, liguid yield in grams per cubic
meler of geseous roactands being the
measure of achivity.

In order that the invention may ba
mers fully described, reference will now
be mede to the aceompanying figzure in
which a flow dispram of the method of
the imvention is presented.

In describing the method of the
invention, the reaction of ethylena with
carbon monoxide and hydrogen in contact
with o cobalt eatalyst to form a product
mixinre comprising mainly diethylkeione
and propionaldehyde will serve to ilus-
trate the process of the invention, This
reaction requires o pressure in excvess of

2b 200 pounds per square inch in order to

35

46

80

59

60

i)

effect substantial conversion of the desired
producis. Tcm]igratures in the range of
100° T to 800° F. mey be employed with
125° F.-to 225° . oconstituting the usual
operating temperature. A catalyst com-
prising about 32 weight per cent. vobalt,
ahout 84 weight per cent. nnealeined di-
atomaceous earth, aboup 3 weight per
cent. magnesia and about 1 weight per
cent, thoria has proven o be an effective
catalyst for this reaction.

A mixture of ethylene, earbon men-
oxide and hydrogen in & molecular ratio
of about 2 parte of sthylene {o 1 part of
earbon monoxide to 1 part of hydrogen
is obtained from o source not shewn
through a pipe I; this ralio is nob static
and mey be varied from zbout 3:1:1 1o
1:4:2, with the reaclants being in the
same order as above. In the compressor
2, the reaction mixture is raised o thab
pressure which has proven most cifcetive
iu directing the reaction of ethylene,
enrbon monnxide and hydrogen towards
the production of the desired product
which may be either diethylketome or
propionaldehyde, as the sitvation may
demand. For purposes of illustradion, it
will be mssumed that the reactant mixtare
iz raised to 2 pressure of about 700 pounds
per square inch in the compressor 2. The
reactant misture leaves the compressor 2
throngh a pipe 2 and 1s jnfroduced into a
prelieater 4 wherein it ig raised io the
temperature which has been found to be
most suitable for the reaclion; in this
instancs, it will be sssumed that the
reactant mixtere is heated to a tem-
perature of about 150° F. in the preheater
4.

The reactant mixture leaves thé pre-
heuter 4 through @ pipe § and is diverted
therefram through o hranch pipe 6 and is
introduced into a primary reaction zene
1%, The reaction zone is maititained at a 70
pressure of about 700 pounds per square
inch amd at o temperature of about 150°
¥, Cooling elements, such as fubulax
pipes threough whiek Theat exchange
medium flows, are used to preserve the 7B
temperature af the proper level in the
reactivr unit 12; these conling elements
were not shown since there are many con-
ventional types ‘which serve adequately.
The reactor 12 is designed so thal it may 88
withstand pressares up to about 2,000
pounds per square inch, There are well-
known, methods of constructing reactors
to withstand pressures of thiz magnitude,

The reaction zove 12 is filled with 85
supported cobalt catalyst of o compesition
which has heen deseribed previocusly,
namely about 33 weight per cent. cobalt,
about 64 weighi per cent. wncalcined di-
atomaceous earth, ahout 3 weipht per 90
cent., magnesia and about 1 wei;{lht per
cent. thoria, The mixture of athyleme,
carbon moenoxide and hydrogen Is aub-
stantinlly converted inte a produch
mixiure comprising mainly diefhylketone 96
and propicnaldehyds by contact with a
cobalt catelyst of this nature. Carbon
monoxide simultaneously weaets with
cobalg te form a small amouni of eohalt
totracarbonyl ['ODs(EED),,]. Cohalt carbonyl1l00
is g erystalline substance of low meliing
poin, namety about 124° F. and is
solnhle in organic compornds, such ae the
products. of ‘Teaction, diethylitetome and
propignuldehyde. 105

About an 80 per cent. conversion of
ethylene o liquid products is cffected in
the reaction zome 13 so that the effluent
from the reactor 12 comprises unvépched
ethylenc, carbon monoxide snd hydrogen, 110
disthylkdatone, propionaldehyde, 0%21
products of conversion and in addition
generally contains about 1.5 to 4 par eent.
cohalt carbonﬁrzlt.’ The effluent leaves the -
reactor 12 through a pipe 18 and islld
advanfageously infrodueed through a pipe
14 indo a heater 15 wherein the tofal
efffluent is raised to a lemperature about
50—100° F. whove the reaction lem-
perature maintpined in the primary zonei¥0
12, viz., in this instance to about 200—
250" F. 'This {emperaturs rige in the
heater 15 is not suffielent fo cauge de-
eomposition of the cobalt carbonyl at the
pressufe existing there which iz eguiv- 120
alent to the recction pressure, about 700
pounds per square ineh, in this instenec,

The efffuent =t o temperature §0=100°
F. abuve réaction temperaturess Jeavos the
heater 15 fhrough o ¢onduit 16 -and is 130
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1herefhrough: titroduced into o gecondary
wong 22, . Advaniageously downfow of
reactants through both primary and
- secondary zones is effecled. as llustrated
5 in {he drawing: | .
-~ Provision: is made for introducing the
efffuent into the  secondary zome 2t 4
pluarality of points through inlet pipes 17,
18 and 19. Tniroduction of the effinent
10 iufo the secondary sone at'e plurelity of
puints aids in distribuling the metallis
cobalt formed by the decompesition of the
cobalt carbonyl unpiformly throughaut
the secondary zone 22, .
15 The zecom zone 22 iz maintaiwed af
ahout 200 to 250" F. and iz maintained
at & pressure lower than 100 pounds per
square inch and preferably at aboub atmo-
spheric pressure. This secondary zome is
eonstruetad so that it ecan withsispd
clevaled - pressures up to about 2,000
pounds per saguarc ineh because this
secondary zome 32 serves us the Teaclion
zuone when the flow of reactants is
reversed. Maoreover, the secondary zune
22 advanfapecusly contains surface-antive
matarial gueh as nnenleined distomaccous
earth.

Cobalt carbunyl depemposes in the
secondary rone under the conditiony of
temperature and predisure prevailing
therein. The metallfc cobalt formed by
the decomposition deposits wupon  the
surface-active material contained thevein.

2

30

35 A material comprising about ¢4 parts un--

calcingd diatomacegus earth, ahont J
parts magnesia and about 1| pard thoria
zerves admirably -as the decomiposition
surface; spent supported cohalt eatalyst
alse can be 'used as the -décompusifion
surface. As cobalt eomeentration in the
© seeondary zone 22 builds up by the con-
tinmous decompazition of cgbalt earhonyl
therein, an eclive catalyét iz formed
whose composition approaches that of the
active catalyst employed in the rosetion
zone 12, Moreover, the presemce of the
. surface-active material {noreases the rate
of decomposttion of the. eobalt carbonyl

80 in the secondary zome-22. ' :
Advantageously a slow stream - of
hydrogen is passed through- the sccondary
zone 22 together with the -efflnent from
the primary zone 12, The presence of &
small amount of Lydrogen during thae
decomposition of eobalt earbonyl under
the conditions prevsiling in the secimdary
- zune 22 Improves fhe catalytic delivity of
the oobalt catelyst thereby formed.
60 Hydrogen for- this purpose ¢ ohtaimed
through the pipe 52 and is introduced into
the secondary zone 22 through pipss 53

and 76, - s '
Tn cerfain ceses, i s possible to omit

45

55

65 ihe heater I&.whic})i-iai used -tolvaise the -

efflnent from the reaction zone tq a high
tempernture before ils iufroduefion into
a secondary gone 2. This hepting sten
anay. .be omitted when the zedustion in
pressure. in the secondary: zope .92 is
syfficient to cause decomposition of the
cobult carbonyl preseni in the efflnent.
Howaver, in the ordinary instance, it is
aﬁ:isable tv employ the heater 16 to raise
the effluant to o tempersture 50-2100° F. 76
above reaction temperature prier fo its
introduetion into the secondary zome
beeavse more cowplele removal. of cobalt
carhonyl is thereby offected ; the efficiency

of removal cun he ascertained from the 89
amonnt of cobalt carbonyl in the efluent
from the secondary zone.

The efftuent which leaves the secondary
zone 22 coalains unreacted sthylene,
carbon monoxide and liydrogen and the 86
produsts of conversion, but has a cobalt
carbonyl contant of 1ess than (.2 per cent.,

45 pontrasted with the-1.5 1o 4 per ceat,

7o

‘copcenbration in the effment leaving the -

rezction zone 12, The efffuend lewves the 90
seoondary zone 22 through a pipe 24 and
Hlows inte 2 condnit 26 which leads to tha
product recovery system. The efftuent
Hows through fhe conduit 25 into an
exchanger 28 wherein it is cooled to alhout
atmnspheric femperatvre which eauses the
condensation of the wnormally liguid
preducts of conversion. The fofal efluent
then passes through s pipe 2 into a
sepirator 89, -

In ike separator 32, the condensed
prodnets of conversion are separated from
the-normally massous products and -un-
reacted ethylemé, earbon monoxide and
bydrogen. A gas phase- comprising 106
mainly unressted ethylene, carbon mon-
oxide and hydrogen leaves the separator
82 through a pipa 34 and is then recycled
sither in whole or in part to the reaction
gone, To this and, the gas phase flows 110
through the pipe 34 inio "&-e. pipe 3
wherein it combines with the fresh feed
of reaectants. The unrecyeled portion of
the gas phase may be removed from the
resyele line through the vent 5.
=Tha water prodused in the reaction
whickh ordinarily is of Hmited amount is
withdrawn from the separator 32 through
3 pipe 36. . -

The ofmanin’ products of comveraion 12§
leave the sepaxator 82 through a pipe 37
and are introdneed- into o ffactionnting
eolumn 4. Therein the organie products
of conversion” ate ~fracHonsted inta
individwal | componénts; - The wmajor 125
products of conversion, hamely propion-
aldehyde and dethvikefone, are taken off
overhead fn Beparate fractons throush- o
pipe- 41; the propicnaldelyde -fraction
distills over between ahoubi 17 fo 124 T . 130

15

129

114
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the diethylketone fractiom distills over
hetween about 210 to 217° F. The high
boiling residue is withdrawn from the
fractiouating column 40 threugh a pipe

& 42 .
Wien the cobult concentration in the
secondary zome 22 lus reached a sub-
stontial level, the flow of reactants muy

he reversed so that the secondary zona 22

10 wacts us the reaction zone and the primary
gone 12 acts as {he cobull eurbonyl de-
composition zone, A rough estimule of
the amount of cobalt that 15 deposited in
the secondary zone 22 may be made by

15 weighing the liguid product obtuined
inciuding  propionaldehyde,  diethyl-
ketone, water and high boiling residunmn
and multiplying by L2, whick is the
roximate fractional concentration of

ap
20 Co(C0), in the efffuent leuving the
rimary reaction zone. Another means of

eiarmining when the flow of reactanis
should be reversed is when the cobalt
carbonyl vonlent of the efffinent leaving

25 the secondary zone 22 starts io rise con-
siderably above a level of about 0.8 weight
per cent. .

The reversal of the dircetion of fow 1
zeadily effected ; the reuvianls, instead of

30 being diverted from pipe 5 through the
pipe 8 into the primary zone 12, flow pasi
the branek pipe 6 and are introduced into
the secondary zoune 22 through & pipe 9.
The secondary zone 22 i3 now maintained

35 at abeab 160° F. sud al a pressure of 700

a per square inch and Ghe exo-
thermie hoat of reaction is absorbed by
means of heat exchangs clements which
are wob shown. Kthylene, earbon mon.

40 oxide and hydrogen are substautially
converted inte a product mixiure com-
prising mainly propicnaldehyde and
dietbylketons by contach with the ealalyst
present thevein, which is formed by the

45 decomposition. of ocobalt earbonyl io
metallic eobalt upon the surface of the
miziure of uncaleined distominceous
earth, magnesia and thoria present
therein.

5@ An effluent comprising uunconveried
resefants, products of conversion and
vobalt carbouyl leaves the secondary zone
22 thromgh the pipe 24 and, instead of
flowing therethrough to the produck

55 Tecovery system, is diverted therefrom
through n pipe 45. The effluent is then
introduead intn a heater 46 wherein 1f i3
raised to o femperafure 50° to 100~ Tt
abave reaction temperature. Thersafter

60 the efftuent is introduced into the
primary zome 12 through a pipe 47;
provision is made for introduction of the
efluent into the primary zome at =
plurality of points through pipes 48, 49

66 and 50. A slow stream of hydvogen is

advanbageously introduced through pipey
32, 54 and 47 into the primary zone 12,
togather with ihe eflacut. 'The primary
zone is now raainfained at g pressure
below 100 pounds per sguare inch and 70
preferably at aimospheric pressure, The
vobalt carboiy]l present in the effluent
separates ‘thierefrom by decomposing
under the condifions prevoiling within the
primary zone 12 te form carbon monoxide 75
and cobalt  which deposits wpon the
seppocling  metezial  and  supported
catalyst still preseny in the primary zone
19,
The produets of conversion und un- 80
converted reactants leave the primary
zone 12 throtigh u pipe 13 and flow into
the conduit 26. The products and un-
converted reactants fow through the
conduil 26 fo the condenser 28 and the rest. 35
of the aseparating and - fractionating
system, which has been proviously
desoribed.

I{ iy contemplated thet the catalyst in
both the zones may Le regenerated by S0
tregtment with hydrogen at elevaied
temperatare. Uy fhis freatment, o
catalyst whose aetivity has deereased with
vontinued use snay be restored o a high
depree of activity. 95

he invewtioh hus been described in
detail in conhiection with the reaction of
othylene with:! carhon mounoxide and
hydrogen in contact with 2 echalt catalyst
to produce n mixture comprising meinly 100
disthylkstone and propionsldehyde. Tt i
reitarated 2t this point that the invention
is applicable and useful in eny reaciion
involving carbon manoxide and. & eatalyst’
containing a metal of the irom, gmuﬁéﬁ 1ot

which low. ‘i{emperatures and
PTessures are: preraquisite operating
conditions.

Despite the fact that the invention has
heen deseribed in comncetion with a fixed 130
bed (ype of conversion in hoth the
primary and secondary zones, it iz con-
tetuplated that the invention is applicabla
to & eomversion in which the catalyei in
the renction zone and the material which 115
acts as a decompogition surface in the
decomposition zone sre maintained in a
state of fluidization. Trimary attention
has heen divected towards the fixed bed
{ype of operation becazuse the low tem- 120
peratures which.are a necessary condition
for the applicition of the method of this
invention nsually preclnde tlio use of high
space veloeitics which are ussuciated with
most types of fuidizetion. Howower, 1t 125
is conceivabls that both the reaction zome
and the decomposition zone may be
mpinteiped in & state of fAuidization by
mechaniral means stmilor to $hat which
has been disclosed iz United States18(




patent specification No, 2,501,695,

In Bpecification No, 637,380 there is
elaimed an improved process for the
production of oxygensted hydroearboms

& according to the oxo process wherein
olefins, carbon monexide and .hydrogen
are caused to flow through a sysbem com-
prising two zones in series, in the first of
which they are contaeted ‘with & supperted

B0 cobalt, mnickel or irom catplyst wunder
conditions to produce oxygenated hydro-
carhons whieh  flow {ogelher with

- enfreined varbonyl of the catalyst metal
to the secand somg also containing a
15 supported eobalt, nickel or irom . catalyst
where they are ireated. with hydrogen
wnder- conditions to decomposs the metal
carbonyl and cause deposition of the
catalyst metal in the said second zone,
wherein the flow through the system is
periodically reversed when deplefion of
the catalyst metal in tha first zone reachés

& predetermined amownd, and conditions

in the two zomes adjusted so .that the

?5 oxygenated hydrocarboms are produced in
the said second zone. and the engrained
metal carbonyl s decomposed in the said
first zone.. . < S

Having now particulsrly deseribed and

B0 ascertaimed the nebure of our said inven.
fion, and in what mammer the sarae is to
be performed, we declare that what we
claim is:— : :

1. A method for $he comversion of

8p carbon monoxide-containing vesctants at
elevated pressure and tewperaturs by
contaot with a catalyst of the iron group,
which comprises. Dassing reactaints con-
taining earhon monoxide throngh o
40 reaction zone containing a cetelyst of an
iron group metal, maintaining said
reaction zome at a2 famperoture hbelow
400° F. and at & pressure shove 150
pounds per square Inch, forming metal

45 carhonyl duringy pissage of reactants
thruugﬂ
version of reactanis in’ the presence of
said ecatalyst and said metal carbonyl,

said reaction -zone, effecting con-.

pessing an eflueni condaining products of
conversion and said metal earbony]l from §b
said reaction zone into o secondary szome,
maintaining said secondazry zoms at tem-
perplure appruximately 5 4o 100° T,
ahove that of the reaction zome and »
pressure below 100 ponnds per square B
inch to decompose suid mets] carbonyl in
said secondary zome, removing from said
secondary zone u product siresm sub-
stpalially fres from metal carbonyl, and
periodically revemsing #ow of  said g
reactants and suld effluent with vespeact to
said reuction zone and said secondary
zans,

2. A method according to claim 1, in
which the secondary zone scontains an 65
adsorplive maberial, ;

8. A method zecording fo eclafin I, in
whick the catolyst is vobalt. .
L4 A method aecording to elaim 1, in

‘which- the secondary zome sontains . a 70

surface-active sapporfing material.

5. A method according to claim 1, in
which the secondary zobe conteins spent
vohalt vatalyst,

6. A method according to any one of 75
the preceding elaima, wherein hydrogan is
added {o said secondary zome o improve
tha catalyiic aotivity of the ealalyst
formned by the decomposition of said metal
carhonyl. : 80

7. A mefhod according to claim 1, in
which said supporting raterial in the
scoopdary zome comprises mednly un-
caletned diatomaceous esrth.

8. The method for conversion-of earbon g
monwxide containing reactants suh-
stantially as hereinbefore deseribed.
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