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This invention re¢lates to a method for cfi:cting
at elevated pressures and low temperatures catalytic conver-
sions in which carbon monoxide is one of the reactants and
the catalyst comtains a member of the iron group as an
active constituent,

When a reaction mixture containing a substantial
percentage of carbon monoxide is tontacted at elevated pres-
sures and comparatively low temperatures with a catalyst
containing a member of the iron Broup comprising iron, cobalt
and nickel, there is formed a volatile carbonyl ol Lhe metal
or metals of the iron group present in the catalyst, Thus,
there may be formed nickel tetracarbonyl, gNi(Uﬁ)h;, cobalt
tetracarbonyl, §CO(C0)A; and irbﬁ pentacarbonyl fFe{CO)5g,
all of which are volatile under the conditions of reaction
generally employed; the melting points of these carbonyl
compounds are -13°, 124° angd -6°F., respectively at atmos-
pheric pressure, The péoduct from such a catalytic conver- {
sion contains a substantial amount of the volatilc motal
carbonyl and the presence of metal carbonyl in the viFluent
product creates a serious problem. Removal oi metal from the
reaction zone in the form of a carbenyl not oniy entails a
serious loss of expensive catalyst, but also creates g serious
operating problem., The decomposition of the metal carbonyl
to form carbon monoxide and wetal during the isolation and
recovery of the products eventually requires a shut-down of
the recovery unit in order to remove deposited metal from
pipes, stills and fractionators.

This invention affords a method of continuous
operation of a high pressure-low temperature conversion in
which carbon monoxide is reuacted over a catalyst cnntainiﬁg

a metal of the iron group. The invention thus finds applica-
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tion when the reaction zone is maintained at a tump:rature
below about 400°F. and at a pressure over about 150 pounds
per square inch, the precise temperature and pressures em-
ployed being consonant with the predetermined optimum condi-
tions for the desired reaction. For example, temperatures
may be in the range of about 150 to LCO°F, and pressures in
the range 150 to 2,000 pounds or more pér square inch.

In accordance with the invention, reactauts con-
taining carbon monoxide are passed into a reaction zone main-
tained at a pressure over about 150 pounds per square inch an
at a temperature below about AOO°F.; and are contacted 1in the
reaction zone with a catalyst coﬁtaining a member of the iron
group as an active constituent, Substantial conversion of
the reactions into the desired products is eflected in this
primary reaction zone., The ¢ffluent comprising produets of
conversion aid unreacted reactants contains a substantial
quantity of metal carbonyl; for-example, when a cobalt cata-
lyst 1s employed, the cobalt carbonyl content of the erflueét
may amount-to as much as from two to three weight per cent.
The effluent is then passcd into a secondary zone in which
the pressure is maintained below about 100 poundslpur square
inch. Advantageously, the secondary zone is maintained at
a temperature substantially higher than that prevailing in
the primary zone as decomposition of the metal carbonyl is
accelerated at elevated temperature., In the secondary zone,
the metal carbonyl present in the effluent decomposes under
the conditions of tewmperature and pressure existing therein
to form carbon monoxide and metal which latter deposits
therein,

As the reaction continues, increasing quantities of
catalyst metal accumulate in the seccndary vone as the metal

carbonyl in the effluent is decomposed in the secondary
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zone, The secondary zone is of such constructien that it can
withstand the elevated pressures required to effect the high
pressure-low temperature reaction of carbon menoxide. when
a substantial quantity of metal is accumulated in the second-
ary zone, the flow of reactants is reversed amd the secondary
zone is used as the reaction zone while the nrimary zone
serves as the decomposition zone for the metal carbonyl. The
secondary zone is adjusted to that temperature bulow about
LOO°F, and that pressure above 150 pounds per square inch
which are conducive to effect the desired reaction. The ef-
fluent from the secondary zone during this steve ot the oper-
ations is introduced inte the primary zone vhich is now main-
tained at a pressure below about 100 pounds per sauare inch
and at a temperature substantially above that required for
the reaction. The metal carbonyl content in the product
affluent is now decompeosed in the primary zonc under the
conditions prevailing therein so that catalyst maetal is
returned to the primary zone as the metal corbonyl decompos%s
therein. By periodically reversing the flow of raactanﬁs and
changing the conditions of temperature and pressurc prevaii-
ing within the two zones, it is possible to conduct a contin-
uous low temperature-high presgsure conversion of ctrbon
monoxide-containing reactants,

The secondary decomposition zone advanlapcously
contains a surface-active material or a spent catalyst s0 as
to provide a surface upon which the metal formed by the de~
composition of the metal carbonyl may deposit. Uor:over,
the presence of surface-active material acceuluerates the de-
composition of the metal carbonyl to carbon monoxide and

metal.




When a cobalt catalyst is employed to effect the
low temperature-high pressure conversion, the prosence of a
surface-active material such as uncalcined diatomaccous earth,
gilica-stabilized alumina, etc,, in the decomposition zone
results in the formation of a supported catalyst therein,
which is advantageous since supported caﬁalysts have proven
among the most active of the cobalt catalysts for this type
of conversion, .

The invention has particular application when the
catalyst in the low temperature-high pressure convursion
contains cobalt since cobalt is widely used as a cutalyst
in this type of conversion. Supported or unsupported cobalt
catalysts are generally employéd to effect low temperature-
high pressure conversions inﬁblving carbon monoxide. Conser.
quently, in further description of the invention, a cobalt
catalyst will be referred to in illustrating the mcthod of |,
the invention but it is to be understood that no limitapion{
or exclusion of nickel or iron type catalysts from the scope
of the inventicn is thereby intended.

The reaction of an olefin with carbon monoxide and
hydrogen in the presence of a cobalt catalyst to produce
substantial quantities of specific oxygen-containing compoundh
is 11llustrative of the low temperature-high vressure conver-
sions to which this invention is applicable. Tn order to
effect the reaction of an olefin with carbon monoxide and
hydrogen to form specific oxygen-contalning compounds, it is
usually necessary to keep the pressure in the reaction zone
in excess of about 150 pounds per square inch and maintain
the temperature below about 250°F. when a cobalt catalyst is:
employed, As illustrative of the type of reaction in ques-

tion, there may be cited the reaction of ethylene with carbon
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monoxide and hydrogen to form a product mixture comprising
mainly propionaldehyde and diethylketone. In jurthur descript
tion of the invention, this specifie reaction will bhe used to
illustrate the process ol the invention.

Important features of this invention are these:
first, a method is provided for removing metal curbonyl from
the effluent from a low temperature-high pressure conversion
involving carbon monoxide and emplofing a catalyst contal n-
ing a metal of the iron group as a constituent thercof;
secondly, a method is provided for continuously effecting
such a low temperature-high pressure conversion by merely
reversing the flow of resctants and switching the conditions
of temperature and pressule preévailing in the primary and
secondary zones of the proceés.

It has been found that an active catalysi. is formed
by passing the effluent liquid product containing nobélb
carbonyl over a spent supported -cobalt catalvst at 200°E. {
and atmospheric pressure, together with a slow stream of -
hydrogen. The catalyst [ormed in this fashion, thit is, by
the decomposition of cobult carbonyl present in the eflluent
product, was evaluated using an ethylene, carbon munoxide
and hydrogen mixture and proved to be only slightly less
active than a fresh catalyst with liquid yield in grams per
cubic meter of gaseous rcactants being the weasure of
activity.

In order that the invention may bu more rully
described, reference will now be made to thu sccompunying
figure in which a flow diapram of the method of th. inven-

tion is presented.
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In describing the method of the invention, thé reac
tion of ethylene with carbon monoxide and hydrogen in contact
with a cobalt catalyst to form a product mixture cowprising
nainly diethylketone and propionaldehyde will serve to illus;
trate the process of the invention. This reaction requires
a pressure in excess of 200 pounds per square inch in order
to effect substantial conversion of the desired products, I
Temperatures in the rangc of 100°F.. to 300°F. may be employed
with 125°F. to 225°F, constituting the usual operaling
temperatﬁre. A catalyst comprising about 32 waiht per cent
cobalt, about 64 weight per cent uncalcined distomuceous
earth, about 3 weight per cent magnesia and about 1} weight
per 'cent thoria has proven to be an effective catalyst for
this reaction.

A mixture of' ethylene, carbon monoxide and hydrogen
in a molecular ratioc of albout 2 parts of ethyleno to i parﬁ'
of carbon monoxide to 1 part of hydrogen is obtained frgm a{
source not shown through a pipe 1; this ratio is not static
and may be varied from about 3:1:1 to 1:1:2, with the reac=
tants being in the same order as above., In the compressor 2,
the reaction mixture is raised to that pressure which has
proven most effective in directing the reaction of ethylene,
carbon monoxide and hydrogen towards the production of the
desired product which may be either diethyllketone or propion-
aldehyde, as the situation may demand. Fbr purposes of
1llustration, it will be assumed that the reactaut wixture
is raised to a pressure of about 700 pounds per square inch
in the compressor 2. The reactant mixture leaves Lhe com-
pressor 2 through a pipe 3 and is introduced iato preheater

4 wherein it is raised to the temperature which has been
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found to be most suitable for the reaction; in this instance,
it will be assumed that the reactant mixture is healed to a
temperature of about 150°F. in the preheater i,

The reactant mixture leaves the preheater 4 through
a pipe 5 and 1s diverted therefrom through a branch pipe 6
and is introduced into a primary reaction zone 12. 'The reac-
tion zone is maintained at a pressure of about 700 pounds per
square inch and at a temperature of about 150°F. Uooling
elements, such as tubular pipes through which heat nxchange.
medium flows, are used to preserve the temperature it the
proper level in the reaction unit 12; these cooling elements
were not shown since there ara.many conventional types which
serve adequately. The reactor 12 is designed so that it may
withstand pressures up to about 2,000 pounds por square inch.
There are well-known methods of constructing reactors to
withstand pressures of this magnitude. .

The reaction zone 12 is filled with :supported'.
cobalt catalyst of a composition whidh has been described
previously, namely about 32 wgight per cent cobalt, about 64
weight per cent uncalcined diatomaceous earth, about 3 weight
per cent magnesia and about L weight per cent thoria. The
mixture of ethylene, carbon monoxide and hydrogpen is substan-
tially converted into a product mixture comprising mainly
diethylketone and propionaldehyde by contact with a cobalt
catalyst of this nature. Carbon monoxide simultancously
reacts with cobalt to form a small amount of coball tetra-
carbonyl 200(00)43. Cobalt carbonyl is a crystalline sub-
stance of low melting point, namely about 124°F, and is solu-
ble in organic compounds, such as the preducts ol reaction,

diethylketone and propionaldehyde.

2.
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About an 80 per cent conversion of ethylene to
liquid products is effected in the reaction zone 12 so that
the effluent from the reactor 12 comprises unreacted ethylenel,
carbon monoxide and hydrogen, diethylketone, propionaldehyde,
other products of conversion and in addition penerally con-
tains about 1.5 to 4 per cent cobalt carbonyl. The effluent
leaves the reactor 12 through a pipe 13 and is advantageously
introduced through a pipe 14 into a heater 15 wherein the
total effluent is raised to a temperature about 50-100°F,
above the reaction temperature maintained in the primafy zone
12, viz., in this instance to about 200-250°F. This temper-
ature rise in the heater 1% is not sufficient. to canse de=
composition of the cobalt carboﬁ&l at the pressure existing
therein which is equivalent tn-the reaction pressus., 150
pounds per square inch, in this instance.

The effluent at =» temperaturs 50-100°F, alove re- :
action temperatures leaves tho heater 15 through o conduit \
16 and is therethrough introduced into a secondary zone 22,
Advantageously downflow ol reactants through both pbimary
and secondary zones is effucted as illustrated in the drawing

Provision is made for introducing the eflluent into
the secondary zone at a plurality of points throurh inlet
pipes 17, 18 and 19. Introduction of the effluent into the
secondary zone at a plurality of points aids in distributing
the metallic cobalt formed by the decomﬁosition of the cobalt
carbonyl uniformly throurhout the secondary zonae 22.

The secondary zone 22 is maintained at about 200.to
250°F, and is maintained at a pressure lower than 100 pounds
per‘square inch and preferably at about atmospheric pressure,

This secondary zone is constructed so that i1 can withsband
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elevated pressures up to about 2,000 pounds per square inch
because this secondary zone 22 serves as the reaction zone
when the flow of reactants is reversed. Morcover, Lhe
secondary zone 22 advantageously contains surface-active
material such as uncalcined diatomaceous earth.

Cobalt carbonyl decomposes in the secondary zone
under the conditions of temperature and pressure prevailing
therein. ‘The metallic cobalt formed by the decomposition
deposits upon the surface-active material contained therein.
A material comprising about o4 parts uncalcined diatomaceous
earth, about J parts mapgnesia and about 1 part thoria serves
admirably as the decomposition surface; spent supported
cobalt catalyst also can be used as the decompesition surface
As cobalt concentration in the secondary zone 22 builds up
by the continuous decomposition of cobalt carbonyl therein,
an active catalyst is forned whose composition approacﬁes
that of the active catalyst employed in the resacticn zone l%l
Moreover, the presence of the surface-active material in- .
creases the rate of decomposition of the cobult carbonyl in’
the secondary zone 22, '

Advantageously a slow stream of hydrogen is passed
through the secondary zone 22 together with the cffluent from
the primary zone 12, The presence of a small amount of
hydrogen dﬁring the decomposition of cobalt carbonyl under
the conditions prevailiny in the secondary zone 22 improves
‘the catalytic activity ol the cobalt catalyst thercby formed.
Hydrogen for this purpose is obtained throurh the pipe 52
and is introduced into the sccondary zone 22 throuch pipes

53 and 16,

=10~
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In certain cases, it is possible to omit the
heater 15 which is used to raise the effluent i'rom Lhe reac-
tion zone to a high temperature before its introduction into
a secondary zone 22, This heating step may be omitted when
the reduction in pressure in the secondary zone 22 is suffi-
cient to cause decomposition of the cobalt carbonyl present
in the effluent. However, in the ordinary instance, it is
advisable to employ the heatur 16 to raise the elflucnt to a
temperature 50~100°F. above reaction temperature prior to
its introduction into the secondary zoné because more complet
removal of cobalt carbonyl is thereby effected; the efficienc
of removal can be ascertained from the amount of cobalt
carbonyl in the effluent from ﬁﬁa secondary zone.

The effluent which leaves the secondary uone 22
contains unreacted ethylene, carbon monoxide and hydrogen
and the products of conversion, but has a cobalt carbonyl
content of less than 0.2 per cent, as contrasted with the 1{5
to 4 per cent concentration in the effluent leaving the' reac-
tion zone 12, The effluent leaves the secondary gbne 22
through a pipe 24 and flows into a conduit 26 which leads to
the product recovery system, The effluent Ilows turough the
conduit 26 into an exchanger 28 wherein it is coolud to about
atmospheric temperature which causes the condensation of the
normally liquid products oif conversion. The total effluent
then passes through a pipe 29 into a separator 32,

In the separator 32, the condensed prodncts of
conversion are separated from the normally gausecus products
and unreacted ethyléne, carbon monoxide and hydrosen. A gas
phase comprising mainly unreacted ethylene, carbon monoxide

and hydrogen leaves the separator'BE through a pipe 34 and

W
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is then recycled either in whole or in part to the reaction
zone. To this end, the pas phase flows through the vipe 34
into the pipe 3 wherein it combines with the fresh leed of
reactants. The unrecycled portion of the gas phasc may be
removed from the recycle line through the vent 35.

The water produced in the reaction which ordinarily
is of limited amount is withdrawn from the saeparator 32
through a pipe 36.

The organic products of conversion leave the sepa-~
rator 32 through a pipe 37 and are introduced into a fraction
ating column 40, Therein the organic preoducts ol conversion
are fractionated into individual components. ‘Thi: major
products of conversion, namely’ propionaldehvde and diethyl-
ketone, are taken off ovnrheéd in separate fractious through
a pipe 41 ; the propionaldehyde fraction distills OVer.between
about 117 to 124°F,; the dicthylketone fraction distills over
between about 210 to 217°F. The high boiling resione is wigh
drawn from the fractionating column 40 through a pipe 42;

When the cobalt concentration in the secvndary zone
22 has reached a substantial level, the I'low ot renctants may
be reversed so that the secondary zone 22 acts as Liie reactio
zone and the primary zonu 12 acts as the cobalt carbonvl de-
compesition zone., A rowsh estimate of the awount o cobalt

that is deposited in the secondary zone 22 way be unde by

weighing the liguid product cbtained including propionaldehydg
1

diethylketone, water and high boiling residuum and multiply-
ing by 0.02, which 1s the approximate fractional concentratio
of Co(GD)h in the effluent leaving the primary reaction zone.
Another means of determining when the flow of reactants

should be reversed is when the cobalt carbonyl content of the

=
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effluent leaving the secondary zone 22 starts to risc consid-
erably above a level of about 0.3 weight per cent,

The reversal of the direction of flow is readily
effected; the reactants, instea& of being diverted from pipe
5 through the pipe 6 into the primary zone 12, flow past the
branch pipe 6 and are introduced into the secondary wone 22
through a pipe 9, The secondary zone 22 is now maintained at
about 150°F, and at a pressure of 700 pounds per square inch
and the exothermic heat of reaction is absorbed by muans of
heat exchange elements which are not shown. wuthylenc, carbon
monoxide and hydrogen are substantially converted into a
product mixture comprising mainly propionaldehyde anci diethyl -
ketone by contact with the catal&st present tlierein, which is
formed by the decomposition orlcobalt carbonyl to metallic
cobalt upon the surface of the mixture of uncalcined diatoma-
teous earth, magnesia and thoria bresent thercin, :

An effluent comprising ﬁnconvertea reactants, - \
products of conversion and cobalt carbonyl leaves th: second-
ary zone 22 through the pipe 24 and, instead of flowing there-
through to the product recovery system, 1s diverted therefrom
through a pipe 45. The effluent is then introduced into a -

heater 46 wherein it is raised to a temperature 50° to 100°F,

above reaction temperaturc. ‘hereafter the efifluent is intro-

duced into the primary zon« 12 through a pipe 47; wnrovision
is made for introduction ol the effluent inte the primary
zone at a plurality of points_through pipes A, L9 and 50,
A slow streah of hydrogen is advantageously introduced
through pipes 52, 54 and 47 into the primary sone 1z, together
with the effluent. The primary zone is now maintain.d at a

pressure below 100 pounds per sguare inch and preferably at
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atmospheric pressure. 7The cobalt carbonyl present in the
effluent separates therefrom by decomposing under the condi-
tions prevailing within the primary zone 12 to form carbon
menoxide and cobalt which deposits upon the supporting mater-
ial and supported catalyst still present in the primary zone
12,

The products of conversion and unconverted reactant$
leave the primary zone 12 through a pipe 13 and {low into the
conduit 26, The products and unconverted reactants Llow
through the conduit 26 to the condenser 28 and tlhe rest of
the separating and fractionating system, which has been pre-
viously described.

It is contemplated that the catalyst in both the
zones may be regenerated by treatment with hydrogen at eleva-
ted temperature. By this treatment, a catalyst whose activitv
has decreasad with continued use may be restored to a high 1
degree of actlivity,

The invention has bLeen described in detail in}con-
nection with the reaction ol ethylene with carbon monoxide
end hydrogen in contact with a cobalt catalyst to produce a
mixture comprising mainly diethylketone and propionaldehyde,

£ is reiterated at this point that the invention is applic-
able and useful in any reaction involving carbon monoxide and
a catalyst containing a metal of the iron group in which low
temperatures and high pressures are prerequisite operating
conditions, There is included within the scope of the inven-
tion the reaction of carbon monéxide‘at elevated pressure

and low temperature with compounds'other than olefins such as /
aldehydes, nitriles, ketones, etc., when a catalyst containing
a metal of the iron group is used to effect the desired con-

version.
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Despite the fact that the invention has been
described in connection with the fixed bed type of conversion
in both the primary and secondary zones, it is contemplated
that the invention is applicable to a conversion in which the
catalyst in the reaction zone and the material whilich acts as
a decomposition surface in the decomposition zone are main-
tained in a state of fluidization, Primary attention has
been directed towards the fixed bed type of operation because
the low temperatures which are a necessary condition for the
application of the method of this invention usually preclude
the use of high space velocities which are associated with
most types of fluidization., However, it is conceivable that
both the reaction zone and the decomposition zone may be
maintained in a state of fluidization by mechanical means
similar to that which has been disclosed in U, 8, patents
2,501,695, dated March 28, 1950, and 2,562,993, dated |
August 7, 1951, _ }

Obviously many modifications and varlations oglthd
invention, as hereinbefore set forth, may be made without
departing from the spirit and scope thereof anc, therefore,
only such limitations should be imposed as are indicated in

the appended claims,

- 15 -
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The eumbodiments »¢ the invention in ulich o exelu-

sive property or privilesz. 15 claimed are defiacd i Lollows:

1. In conversions wh.rcin carbon monoxidu-cunl . ining
reactants are coatacted at olevated pressuve wani lou bewdera-
ture with a catalyst cont:.iaing a metal of th. irun “roup,
the method which couprise.. «ii'eeting substunti.l ¢ . .rsion
of the reactants in a priw.ay zone, maintaining ¢ ig crinary
zone at u pressure above 10 pounds per squar. inch .ad o
temperature below 4OU°F, wiiich are suitable for eif.uing
the desired conversion, rumiving a product stiwi... conprising
products of conversion, wiwonverted reactaunts nwi a4 .ignifi-
cant quantity of metal uwarcouyl, passing said prodacy stream
through a secondary zone mninhuihéd at a pres..uc: Lo 4 than
about 100 pounds per sguair.- iuch 86 as to effict the dacom-
position of metul carbonyl «itained in sald ;orodiuwel ctream
in saild secondary zone, rcawwving from said sec .iary none an '
effluent comprising mainly pruducﬁs of conver:-ioin wd uncon-ﬁ
verted reactants, conbtinuiug operation in the AIJPmeHtiOhEd
fashion until a substanti.l goantity of metal ol tih, iran
group is present in said .. coodary zone, then rover.ing the
reaction conditicns of bewrurature and pressui. ey i liag
within the primary and secoaclavy zones so that, the | imary
zone is @aintained at a prosonce less than 100 voume per
square inch and the seconl.iy zone is maintaincd ab o prossued
over 150 pounds per sgu.are inch and at a tempe. abuce of less
than LOOCF., introducins 1h.: rcaactants inteo s.o4d soo nddaryy
zone, effecting substanticl conversion of said oocl nwts in

sald secondary zone, rewoying 2 product stireawn iLhios fiowm and

L :
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.zone, effecting decoupoiiliog of metal carboayl ontulaed in
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introducing said product :itream into said priwmary =me where-
in decomposition of mcbtui curbonyl contained the.,e¢in i ef-
fected and removing an ciTlucnt from sald pri..ry cone com-
prising mainly products f c¢onversion and uncongverted re-
actants.

2. In conversions vherein carbosn moawxido-contain-
ing reactunts are contucicd at elevated pre..u.e and low
tewperature with a catal; I containing a welt .l o7 vhe iron
group, the method which vouwpiises effecting subsiauiial con-
version of the reactant:; in a primary zone, amintaiuing said
primary zone at a prossucs above 150 pounds poc wonae inch
and a temperature below LU0F, which are suil.ol: yor ¢f-
fecting the desired coav.. . ion,. removing a jredusl Gream
comprising products of conversion, unconverlod vesciants and
a significant quantity of wmotal carbonyl, pi:ing . .id pro-
duct stream through a secondary zone maintainil L o ﬁres—

.
sure less than about 100 pounds per squarve jach uwl at a :

temperature 50 to 100°F. above that prevailin i  .id primar

sald product stream in w..id secondary zoue, rwwovivg from
suld secondary zone aa oiflaent comprising woinl. - raducts

of conversion and unconv. obod reactants, contiauio operation
in the aforementioned f. .hion until a substuutial counbity

of metal of the iron graup 1s present in said sueoandalry zone,
then reversing the reuction conditions of t.wpor.l.ne and
prasuure prevalling withia the primary and oo adues, nones
s0 that said primary z..¢ is maintained at . Giwp cature

50 to 100°F, above that provailing in said ovocde oy vone at

<

a pressure less than 100 pounds per squace inch et Lhe secong.-

ary zone is maintained oL 4 pressure over 10 noani. mor sguaj

/7
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incﬁ and at a teuperatur: of less than 4U0°F., iubtr alucing
the reactants into said ...c.odary sone, effcclins abstantial
conversion of said react.unbs in sald secondary zon:, remov-
ing a product streawm theo.froam and introducing suld product
stream into. suid primar: wone wherein docovis . 1%d.n of

metal carbonyl contained th.orein is effected wuad r.woving

an effluent from said psf o1 zone comprising .aainly products
of couversion and unconvortod reactants.

3. The metlhod ~weording to elaim 1 10 «hich the
metal of the iren group !, coabalt.

L. In conversi us wherein carbon woeenid ~contain-
ing reactants are contasicd at elevated pre .uce sosi Low
temperature with a catal,.v ¢oﬁnaining a meial o ihe lron
group, tlie method which wadpLiséS'passing a o whool sbream
through a reaction zone ...intained at tewperabar~ olow
LO0°F. and pressure abov. 1 0 pounds per sguae iach, afféct
ing substantial conversi n of tﬁe reactanks i i ruactidh
zone, forming metal cariaayl during pass.ge ol |Ln'bau£3‘
through said reaction zooe, vemoving frow = id 1w wivn zone
a product stream comprining sroducts of con: ciwion, unconvert
ed reactants and a signilicint quantity of .oial o cbonyl,
passing said vroduct sticaw together with alad iriroven
through u sceondary zone, wcintaining suid o oondoey wone
at temperature and pressure conditions effective 7. the de-
composition of said wel 1 carbonyl,decomposia s id motal
carbonyl in said secondivy mone, removinzg oo sail Lucondary
zone an elfluent compri. ny wainly products o7 cw rrodion,
unconverted reactant: i odided hydrogen, pn’ o'l Llr chang-

ing the flow so that suid reactant strewa 3. bw o 1 Loto said

/)
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secondary zone ond the el Lucnt therefrom to.-.thie - 1Ll
added lhydropen is passed inloe the reaction Z oy, e sl tehe
ing the tewmperature and viwooure conditions e vt ing with-

in said zones so that saild sccondary zone is o ii6:n.ed at

predetermined conditions oy Lewlerature and jovi: v . coasonant

with the desired conversi-u wnd the reaction “und i . m.intain
ed at temperaﬁure and pre:icuce conditions efl'cotive ror the
decomposition of said wet.1 zurbonyl.

5. In the convesion of carbon wona.ide- intoin-
ing reactants at elevate.d pr.usure and teapc.w.ure Ly contact
with a catalyst of the iir..n rmeoup, the methed aicl couprises
passing reactants contaiulua carbon monoxide Ligwu -1 a reace
tion zone containing o ¢ Lalyst, of an iron neoun chal,
maintaining said reaction cone at a teupe ratiire welos A00°F,
and at a pressure above 1.0 pounds per squafb inch, forming
metal carbonyl during pua.. . e of reactants Linoush Laidd
reaction zone, cffectin: .version of reactanns iu Ghe: pre%-
ence &f said catalyst awd .id metal carbon: 1, n..ing gn
elfluent containing prodiwt.. of conversion i satu webal
carbonyl from said reacti.u zone into a secoadarys - one, main-

taining said sccondary @..ae ab temperatuie . wl LG U

conditions effcective for decomposition of s i et ) ¢ivebonyl,.
deconposing said metal covcboayl in sald HEC Y LnnE, re- .
woving from said second-v uone a prodﬁcu shocan sobstantiallly
free frow metal carbonyl, periodically reversins I'low of
said reactunts and said iTluent with respeet Lo @ id reaction
zone and said secondary vone.

6. A method occovding to claim 5 in wi.ich the

secondary zone contains i odsorptive maberial.
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" 7. A method ace.oading to elaim 5 In idel Lthe decond

'er zone contains solid oobualt catalyst.

8. TIn the conveision of carbon wonocide, nydrazen,
and olefin'into carbonylic products at elovatil pre sure and
temperature by contact wiih:w metal of tho irvon jrovap, tLhe
metiiod which comprises p. sing reactants cominisin carbon
wmonoxide, hydrogen and ol..f'lu through a reacLion zoas con-
taining a catalyst of an ir.n proup metal, miinb: laing sald
resction zone ab a pressw e above 150 pounds ror cipare inch
and at a temperature Lelu. 400°F,, forming mei. b «iouoyl
during passage of reactants through said reaction soue, ef-
Ffevting conversion of ronot.nts into carbunylic wiachs,
passing an elflluent conlaiaing products of ¢ veecaion and

said metal curbonyl from .uid reaction zone inco a ccondary

zone, maintaining said :.o¢acdary zone at ben . oawhi. and pres+¢

sure conditions effecciv. [ decomposition o[ s il aelal
+

carbonyl, decomposing suis wetal carbonyl 1o 4 vno”dary{
zone, removing [rom soid wcondary gene o prodact |vemg 3ub-
stantially free from mel. 1 carbonyl, periodic.lly }Lvevsing
flow of said reactants ol ..aild effluent wiih o .pv ot to said
reaction zone and secona 1y zone.

9. A method ac-wasling to claim 8 in dilvi Lhe
catalyst is cobalt.

10, A method ooocovding Lo clain 8 o vaioh Lhe
secondary zone is malatiinei at a temperature of ~onro cimatel]
100°F,. higher than reaction zone.

11. A wethod cooasiing to claim 8 in which Lhe

secondary zone contaias o curface-active sucpocting mwterial,

-

:"
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12, A method ace-nding to claim & in vwoaich the
secondary zone contains sponl cobalt catalyst,

13. In the coavu:s.:ion of ecarbon monuside, Lyderogen,
and olelin into carbonylic products as elevate.’ weoare and
temperature by contact with « metal of the ir... gooip, the
method which comprises pa-. inr reaclants Cumapr-iain o cebon
monoxide hydrogen and oleri. Lurough a reaction zoac conbtain-
ing a catalyst of an iron rioup metal, maintaiviaz o {1 re-
action gone at a preasure .uLove 150 pounds per .:qu.w. inch
and at o Lewperature below 400°F., forming meta)l ¢ irnonyl
during passage of reactuanl:. thrrough said rescti.. Gerig, i fa
fecting conversion of roaclants lato carbourylic o adiects,
passing an effluent contai.iu~ products of corve: wi. .. and

said metal carbvonyl [frou @ id veuwetion zonu torcthiae ith

added hydrogen into a secoaluvy zone, malntainiue ,.id secondd

ary zone at teaperature ai’ pressure conditions ivcvLive for
¥

decowposition of sald metal ¢ovbonyl, decowposin: .00 notal ‘

carbonyl in said secondury Soue, rewmoving fros il . coalary

zone a product stream sub..-.atially free from won b carbonyl
periodically reversing Clu. 7 said reactaubs TR af-
fluent with respect to suid roaction zone and Gls ool vy mone,
the In the conviesian of carbon nonaxide, wydrosen,
and olefin into carbonylic craducts at elevated oxi aire and
temperature by contact with o wmetal of the im . “vaus, the
wethod which cbmprises DA in reactants eompeisinr arcbon
wonoxide, hydrogen und oleuin through a renctizi =i containd
ing a catalyst ol an iron wrenpometal, maintai cing . id reag-

tion zone at a pressure al..ul 150 pounds per scueare §nch and

al a temperature bolow HO0CT., forming metnl i bonyl dering
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passage of reactants throu ‘b suid reaction zonc, Iubing
conversion of reactants into curbonylic producte, pouing

an effluent containing prodnets of converslon aiud siid metal
carbonyl from said reacti .. zine into a seconiliviy 2 .03,

maintaining a surface-acti+e cupporting material o g

secondary zone at temporatine and pressure coudibio.s eflectile

Tor decomposition of metal curbonyl decomposia« soid wetal
carbonyl in said secondary zoue, removing froa aid «~eondary
zone a product stream sub.tantially free from .t carbonyl,
periodically reversing Fl.uy ol said reactaats :uwd eid efa-
fluent with respeét to said ccuetdon gone and .oconid Ly zone.
15. A method acconling to elaim 14 in iich said
supporting material in the secondary sone compisvs Liainly

uncalcined dlatomaceous e:nth.
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Certified to be the drawings referred to

in the specification hereunto annexed. e f a a ':I 22/
Ottaws, Ontario, Caneda, July 26th, o948,
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