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: 1

The present invention relates to catalytic syn-
thesis of hydrocarbons, oxygenated hydrocarbons
and the like, and is more specifically concerned
with the integrated production of predetermined
aldehydes, ketones and the like, concurrently
with the manufacture of desired hydrocarbon
fractions.

In particular, the invention contemplates the
continuous passage of a synthesis gas ‘compris-
ing hydrogen and carbon monoxide in contact
with a hydrocarbon synthesis catalyst, prefer-

- ‘ably of the iron-containing type, at an elevated

temperature and advantageously under a super-

atmospheric pressure at which the synthesis gas.

is: directly converted into predetermined hydro-
carbon fractions of predominantly olefinic char-
acter. ‘Thereafter, the reaction product is with-
drawn from contact with the catalyst and the
normally liquid fractions are separated .

If desired, all, or any predetermined portion of
the normally gaseous olefins is separated from
the normally gaseous fraction. The residual
normally gaseous fraction normally containg a
minor amount of carbon monoxide, together with
larger amounts of hydrogen, substantial propor-
tions of carbon dioxide, and also methane and
other light gaseous hydrocarbons. This mix-
ture, with a preselected fraction of olefins, is
passed through a second reaction zone in con-
tact with a. eatalyst comprising iron and/or
cobalt, at a substantially increased pressure and
usually at a somewhat lower temperature at
which the olefin fraction reacts with hydrogen
and carbon monoxide to form predetermined cor-
responding ketones, aldehydes or mixtures
thereof.

The charge gases to the second reaction zone
are  advantageously supplemented with carbon
monoxide in a proportion sufficient to facilitate
the desired conversion of the olefin into ketones
or aldehydes. By controlling the proportion of
reactants to the conversion zone and the condi-
tions of reaction, the product may be selectively
channeled into the production of specific carbonyl
compounds.

. Since the products of the olefin conversion

- consist, apart from the desired products, of es-

sentially unchanged, unreacted portions of the
original feed materials, it is possible to recycle
the normally gaseous products thereof back to
the inlet of the first or hydrocarbon conversion

Zome.. As a result, maximum conversion of the

15

20

25

30

36

40

45

50

(CL 260—449.6)

reactants fed to the conversion zone becomes
relatively less critical, and the process may be
operated continually with due’consideration for
maintenance of desired eatalyst condition and
catalyst life, minimization of free carbon forma-
tion and high yields of desired product.

Heretofore, it has usually been necessary to
exert every effort to effect maximum conversion
of the reactants in the olefin conversion or car-
bonylation zone by exhausting them to a low
level of concentration in the product gases from
the olefin conversion step in order to realize an
economical utilization of the feed materials. It
has been found that the resulting conditions are
unfavorable to maximum catalyst life and con-
dition. In accordance with the present inven-
tion, however, the inlet and outlet concentrations
of reactants may be maintained at levels more
appropriate for long periods of continuous oper-
ation because the resulting unreacted gases are
not wasted but on the contrary, form a more or
less ideal supplement for the normal fresh feed
for the hydrocarbon synthesis zone and thus
continuously contribute t6 both the hydrocarbon
yield and the supply of additiona] fresh reactant
feed to the olefin conversion zone.

In addition, this feature of operation is of par-
ticular advantage in that it has been discovered
that' the supposedly unreactive gases from the
hydrocarbon synthesis step, e. g. methane,
ethane, carbon dioxide, nitrogen and the like,
exert a surprising improvement as regards car-
bonylation of the olefin with the hydrogen and
carbon ‘monoxide, increasing the yield and ex-
tending catalyst life and activity.

As intimated above, the invention Hag particu-
lar application to the selective conversion of nor-
mally gaseous olefins into corresponding ketones
and/or aldehydes which are readily convertible
to corresponding alcohols and esters. For ex-
ample, using a cobalt catalyst at a temperature
of 150° F. and & pressure of 300 p. 8. i, and sup-~
plying as. a feed, a carbon monoxide-supple-
mented gaseous effluent from liquid hydrocarbon
synthesis by an iron catalyst from which all
olefins ‘except ethylene have been removed, it is
possible to produce selectively a liquid product
containing upwardly of 80 per cent diethyl ke-
tone, with a conversion of up to 50 per cent, on
the basis of the theoretical combining mixture
charged. ‘

Advantageously, such process: is carried out
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with proper control of the relative proportions
of hydrogen, carbon monoxide and ethylene, and
under proper reaction conditions, in accordance
with the teachings of copending application,
Serial No. 773,938, filed September 13, 1947, now
abandoned, to which reference is made in respect
to details. Conversely, by variation of the con-
ditions indicated therein, the production of
propionaldehyde may be favored.

Similarly, by selective inclusion of the propylene
or butylene product fractions in the olefin con-
version feed, a carbonylation product comprising
predominantly the complementary  ketones or
aldehydes can be realized. Likewise, prede-
termined mixtures of any of the said olefins will
selectively yield desired complex ketones, e. g.
ethyl propyl ketone, ethyl-butyl ketone and the
like. :

normally gaseous olefines, the higher olefines,
such as, for example, the Cs, Cs or Cv olefin cuts
may be reintroduced or recombined with the car-
bonylation feed. Alternatively, the lower gaseous
olefins may be retained for production of desired
combination ketones, as above. ' Preferably, how-
ever, the invention contemplates the selective
carbonylation of the normally gaseous fractions,
such as the ethylene mentioned above, propylene
or butylene fractions, either individually or-in
combination. .

The invention additionally invelves controlling
the hydrocarbon synthesis reaction so asto main-
tain optimum supply of feed to the olefin con-
version zone. Thus, as is known, the relative

proportion of hydrogen and carbon dioxide in the -

normally gaseous products of the hydrocarbon
synthesis reaction, is subject to wide variation,
in accordance with such things as the rate at
which ‘the gaseous product of this zone is re-
cycied thereto, the operating temperature there~
in, and the extent of conversion effected. In gen-
eral, increase in the value of any of the fore-
going variables favors decrease in the amount
of hydrogen and carbon dioxide in the synthesis

product ‘gas.. This is particularly true where °
~iron<containing catalysts are used in hydrocarbon

synthesis, and for this reason the invention "is
particularly applicable to synthesis operations,
employing such - catalysts. Similarly, produc-

fion of ethylene or kindred light hydrocarbon *

gases is variable within relatively wide limits
by one skilled in the art, in accordance with ré-
action temperatures and the like. For example,
increase in temperature results in increase in the
gaseous olefin product. ~ In all, therefore, the
composition of the second step feed is continu-
ously controllable. '

While, as indicated above, the carbon mon-
oxide requirement for olefin carbonylation is
usually met by supplemental addition, the inven-
tion provides, where desired, for adjustment of
the composition of the effluent gases of hydro-
carbon synthesis so as to obviate or limit the
requirement for additional carbon monoxide. . To
this end, the effiuent products of hydrocarbon
synthesis, after condensation and separation of
the contained water vapor and Hquid hydro-
carbon fractions is subjected to so-called water-
gas - shifting - at elevated temperature and pres-
sure at which hydrogen and carbon dioxide con-
tained therein are converted into water vapor and
¢arbon monoxide in accordance with the follow-
ing equation:

He4-CO2=CO-H20

Instead of being limited to carbonylation of
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The gaseous products of hydrocarbon synthesis,
particularly in the case where iron catalyst is
employed, while usually low in carbon monoxide,
as previously indicated, usually contain relatively
substantial proportions of unreacted hydrogen
and carbon dioxide. The water-gas shift re-
action occurs readily at temperatures in the range
of from about 600 to 1500° F., for example, pref-
erably in the absence of more than a minimum
vapor pressure of steam, and in the presence of an
iron oxide or nicke] oxide catalyst. The ultimate
composition of the shift gas depends upon the
temperature of contact, increase in temperature
within the foregoing range favoring the consump-
tion of hydrogen and carbon dioxide in the forma-
tion of carbon monoxide. Accordingly, by selec-
tion of the proper temperature, the resulting gas
mixture may. be adjusted to any predetermined
equilibrium composition wherein the reactants,
hydrogen, carbon monoxide and ethylene, are in

. desired proportion.
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The resulting gas is advisably subjected to con-
densation and separation for the removal of water
vapor. and the products supplied directly to the
olefin conversion zone.

Tn order to more specifically describe the present
invention, reference is had to the attached draw-
ing wherein one preferred émbodiment of the in-
vention is outlined more or less diagrammatically.
Therein the reference numeral 10 indicates a con-
duit receiving a fresh feed synthesis gas com-
prising essentially hydrogen and carbon mon-
oxide in about a 2:1 molar ratio.

The gas is introduced upwardly into the in-
terior of reactor 12, containing a dense phas¢ -
fluid mass of catalyst particles 13 which im-
merses an indirect tubular exchanger, indicated
more or less symbolically by the reference numeral
{4, carrying a stream of a coolant such as Dow-
therm, water or the like, introduced through
inlet {5 and withdrawn at 6. Numera] {7 in-
dicates g refractory filter or any other suitable
form of separator, such as a cyclone, electrostatic
or electromagnetic separating means, through
which the effluent, gasiform products of reaction
pass to outlet pipe 19. In condenser 20 and
separator 2f, the liquid fractions are segregated,
the oil layer being removed for further treat~
ment and/or use as at 22, and the water layer
being removed at 23.

The reaction zone comprising the -catalyst
phase 13 is maintained at a temperature within
the range of from about 400 to 700° F.; in the
case of iron catalyst, between 550 and 700° P, and
usually between 600-650° F. Superatmospheric
pressures from 150 to 400 p. s. i. are advisable
where the catalyst contains iron.

Under preferred operation, the major desired
product is the liguid hydrocarbon fraction deliv-
ered through pipe 22, predominantly composed
of hydrocarbons in the motor gasoline boiling
range. The aqueous layer, recovered through
pipe 23, predominantly by-product water, inher-
ently containg small but substantial proportions
of oxygenated hydrocarbons, primarily alcohols
and most frequently comprising ethyl alcohol.

The residual, normally sgaseous fraction from
the hydrocarbon synthesis zone is withdrawn
overhead from the separator as at 25 and may be
passed -to .a - fractionation or absorption system
28, where the stream is adjusted as regards ole-
fin content. In view of the number of forms
which. this separating system may assume, the
unit is advisedly disclosed in diagrammatic form. .

In accordance with one embodiment of the gas
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Separation system 26, there is a selective removal -

of the entire olefin content by fractionation or
absorption. Alternatively, selective separation of
propylene and butylene may be effected, the
ethylene fraction being retained. The separated
olefins in any case are discharged vis outlet pipe
28 and the residual gas is passed into pipe 29.

Valved branch pipe 26 serves to by-pass all,
or any desired portion of the effluent, normally
gaseous product of the hydrocarbon synthesis re-
action, and discharges through recycle line 3f
into.the lower portion of an olefin conversion re-
actor 33, as will be hereinafter mentioned in
greater detail.

As intimated above, provision is made for ad-
Jjusting the relative proportions of hydrogen, car-
bon dioxide and carbon monoxide content of the
gaseous stream to the range appropriate for ole-
fin carbonylation.  To this end, the product
stream in pipe 29, including any desired portion
of the stream in pipe 39, may be passed through
heat exchanger 34 into shift reactor 35, contain-
ing a mass of water-gas shift catalyst at a tem-
perature of from about 600 to 1200° F.

Branch pipe 36 extending between pipes 29
and 39 permits either the treatment of the un-
altered, normally gaseous stream of pipe 30, or
by-passing of the shift reactor by any desired
portion of respective streams. Accordingly, wide
control is afforded of the final gas composition,

Equilibrium is reached. in the reactor 35 in a
brief period, e. g., 1-10 seconds, and the product,
withdrawn through pipe 37, passes through con-
denser 38 into separator 39, from which water is
continuously withdrawn as at 40. The overhead
gases with the relative proportion of hydrogen,
carbon monoxide and olefin now appropriately
adjusted, pass overhead through recycie line 42,
which joins with line 31 as indicated.

The aforementioned olefin carbonylation reac-
tion zone 33, referred to above, is accordingly
continuously supplied with a gaseous stream con-
taining substantial proportions of hydrogen and
carben monoxide together with g predetermined
olefin fraction. Supplemental addition of carbon
monoxide, if necessary, is effected via branch
pipe 44, supplied from any suitable source, not
shown.

- The reactor 23, as indicated, may take the same
form as the previously described reactor 12 con-
taining a carbonylation catalyst, as for example,
a metal of the VIII group of the periodic system,
such as irom, cobalt or nickel, as a preferably
dense fluid phase 45. A tubular system 48, ag
before, provides temperature control in the range
of, for example, 100 to 350° I, and pressures are
above 100 p. s. i., preferably in the range of about
300 p. s. i. upwardly to 1000 p. 8. i. or more,

The reaction between the olefin (e g., ethyl-
ene), carbon monoxide and hydrogen to produce
predominantly diethyl ketone, is effected at pres-
sures preferably between 250 and 700 p. 8. i. and
at a temperature below 300° B, advantageously
in the range of from about 125 to 200° F., in the
presence of a catalyst containing a metal of the
iron group. Highly selective yields of diethyl
ketone may be realized by maintaining the rela-
tionship of the reactants such that the molar
ratio of ethylene to carbon monoxide is at least
1.5:1 and the molar ratio of ethylene to hydrogen
is at least 0.67:1. ‘

Under these exemplary conditions, the gaseous
efluent withdrawn through separator 47 to outlet
pipe 48 contains relatively large proportions of
the desired carbonyl compound, which are con-
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densed at 49 and recovered from separator 50
by outlet pipe 5i. The gaseous residue compris-
ing unreacted hydrogen, carbon moncxide and
the like, is recycled through pipe 52 to the first
stage or hydrocarbon synthesis reactor, as in~
dicated.

Referring, now, to the aqueous condensate re-
covered in separator 21, the stream thereof in
pipe 23 may be raised in temperature in a heat
exchanger 54 and subjected to distillation as at
56 for the recovery of a preferably concentrated
fraction of ethyl or any desired higher alcohol.
The alcohol distillate is withdrawn through pipe
51, continuously heated in exchanger 58, and
passed, at a temperature of 360° F., for example,
through a dehydration zone 60. The catalyst
in zone 69 may comprise any typical aleohol de-
hydration catalyst, as for example, activated
alumina, bauxite, aluminum phosphate, or coke
impregnated with glacial phosphoric acid. Con-
tact temperature may vary widely between about
100 and 400° C., depending upon the alcohol
fraction treated.

The product of dehydration is essentially an

‘olefin fraction, corresponding to the alcohol

treated, together with a corresponding molar con-
tent of water vapor. The water vapor is removed
by passage through condenser 861 and separator
62, and is continuously withdrawn as a liquid
stream from pipe 63. As indicated, the overhead
olefin, as for example, ethylene, passes through
pipe 64 into aforementioned recycle line 3.
Hence the stream .made available provides for
additionally supplementing or adjusting olefin
feed to the conversion zone at the expense of
undesired alcohols produced in the process.

Similar provision is made for selectively re-
introducing any. desired higher koiling  fraction
of olefin contained in the liquid hydrocarbon
product of synthesis. To this end, the liquid
hydrocarbon stream in pipe 22 is heated to an
elevated temperature in exchanger 66 and con-
tinuously supplied to a fractionation system in-
dicated symbolically as 67T, from which desired
fractions are recovered continuously from tap-off
lines 68, 69 and 19, and either withdrawn from
the system or selectively returned to the recycle
line 81 by way of valved branch pipes 71, 12
and 73.

In addition to continuous recycle of effluent
gases from olefin carbonylation step to the hydro-
carbon synthesis reaction zone, it is usually ad-
vantageous to carry out simultaneously the con~
tinuous reeycle of a portion of the normaliy gase-
ous products through the respective reaction
zones. Accordingly, a branch pipe 74 continu-
ously refurns a portion of the gaseous fraction
from the hydrocarbon synthesis zone to the re-
cycle line 52 for recycle to that zone. Similarly,
a branch pipe 15 connects the outlet pipe 48 of
the olefin carbonylation zone 22 to the inlet pipe
21 thereof.

Instead of providing the reactors 2 and 33
with independent catalyst masses, where a com-
mon catalyst is employed in the hydrocarbon
synthesis and olefin carbonylation zones, it has
been found advantageous, from the standpoint
of improving catalyst life and activity, to effect
a continuous cyclic circulation of the catalyst
between the two zones. This may be effected
in a fluid system by continuously withdrawing
a portion of the catalyst from reactor 33 by way
of standpipe 716 controlled by mechanical feeder
T1, and continuously discharging the withdrawn
particles of cafalyst into recycle line 52, where
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they ate picked vp and transported into the re-
actor (2. Simultaneously, a corresponding por-

tion of catalyst is withdrawn from standpipe 18 .

by mechanical feeder T8 and returned directly
to the reactor 383. INumerous other arrangements
affording continuous catalyst circulation between
the two stages will be apparent in light of the
foregoing. :

In accordance with one example, a synthesis
gas comprising essentially hydrogen and carbon
monoxide in approximately 2:1 molar ratio is
continuously passed upwardly through a mass
of catalyst comprising redueed iron oxide par-
ticles of about 200--400 mesh, containing about
1 per cent alumina and about 1.5 per cent potas-
sium oxide (K:0), at a temperature of aboul
650° . and & pressure of about 250 p. 5. 1. The
effluent products of reaction are withdrawn from
contact with the catalyst, and condensed at about
70-80° F.  The water layer is discarded and the
liquid hydrocarbons recovered for use as a motor
gasoline.

The residual normally gaseous fraction is
treated for the removal and separation of con-
tained propylene, butylene and the entire residue
mixed with a supplement of carbon monoxide
such that the resulting mixture contains ethylene,
carbon monoxide and hydrogen in a molar ratio
of 2.4/1.0/1.1. These are introduced continuously
at a space velocity of about 93 volumes of re-
actant mixture per velume of catalyst, into a
carbonylation zone containing a supported coball
catalyst comprising 32 per cent cobalt, 64 per
cent uncalcined diatomaceous earth, 3 per cent
magnesia and 1 per cent thoria. The catalyst,
previously reduced at 660° F., is'in the form of
particles of about 10-20 mesh. Contact is effected
at a temperature of about 150° . and a pressure
of about 300 p. s. 1. The product from the re-
action. zone .is condensed, yielding about 635
grams of liquid product per standard cubie meter
of combined ethylene, carbon monoxide and hy-
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drogen in the. feed. The liquid- contains about-.

78 per cent diethyl ketone and 3 per cent pro-
pionaldehyde. :

The residual gases are continuously recycled
to the first reaction zone in admixture with the
fresh: feed.

As indicated above, the carbonylation catalyst

shown may be identical with that used in the ., ponyiation catalyst in a carbonylation zone at a

hydrocarbon synthesis reactor in which case the
temperature and pressure of the carbonylation.
zone are advantagecusly varied somewhat within
the ranges disclosed until the best conditions of
operation are realized.

By altering the composition of the feed to the ?

carbonylation zone so that either the molar ratio
of ethylene to carbon monoxide is below about
1.5:1, or the molar ratio of ethylene to hydrogen
is below 0.67:1, or by a combination of the two,
the products may be channeled into preduction
of predominantly propionaldehyde. As above
disclosed, the selective production of correspond-
ing ketones or aldehydes from any ether prede-
term_ined olefin fraction may be-similarly realized.
Obviously, many modifications and variations
of the invention as hereinabove set forth may be
made without departing from the spirit.and scope
thereof, and therefore only such Ilimitations
should be imposed as are indicated in the ap
pended claims. s
" ‘We-claim:

" 1. In the preparation of carbonylated hydro-

carbons ‘wherein a synthesis gas containing: es~
sentially hydrogen and carbonmonoxide is passed-

re

=

”

80
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5 -

‘in contact with a hydroearben synfhesis catalyst

in a synthesis zone under reaction conditions in-
cluding an elevated temperature at which the re~
actants are catalytically converted into desired
hydrocarbon fractions including substantial pro=
portions of desired olefins, the effluent product
stream is withdrawn from contact with the syn-
thesis eatalyst, the mixed, normally gaseous frac-
tion comtaining a substantial proportion - of
gaseous olefing is separated and the proportion
of hydrogen and carbon monoxide therein regu-
lated with respect to -the olefin content and
wherein the entire mixture thus formed is there-
after passed in contact with a carbonylation cata~
1yst containing a metal of the iron group in a
carbonylation zone at a pressure in the range of
about 250-1000 p. s: i- and a temperature in- the
range of about 100-350° F. at which direct car-
bonylation: of said olefin proceeds, the improve-
ment which comprises effecting said adjustment
of the proportion of hydrogen to carbon monox-
ide with respect to the olefin contained in the
feed stream to the carbonylation zone by steps
including subjecting said normally gaseous frac-
tion to water-gas shift reaction conditions at an
elevated temperature such that predetermined-
proportions of contained hydrogen and carbon
dioxide formed in the synthesis zone are con-
verted into earbon monoxide and water vapor,
and effecting separation of water vapor prior to
introduction of said gaseous stream into- said
carbonylation zone.

2. In the preparation of carbonylated hydro-
carbons wherein a synthesis gas containing essen-
tiaily hydrcgen and carbon monoxide is passed
in contact with a hydrecarbon synthesis catalyst
in a synthesis zone under reaction -¢onditions
including an elevated temperature at which the
reactants are eatalytically converted into desired
hydrocarbon fractions including substantial pro-
portions of desired olefins, the efffuent product
stream is withdrawn from contact with the syn-
thesis catalyst, the mixed, normally gaseous frac-
tion containing a substantial proportion =~ of

. gaseous olefins is separated and the proportion

of hydrogen and carbon monoxide therein regu-
lated with respect to the olefin content, and
wherein the entire mixture thus formed is there-
after passed in contact with an iron-type car-

pressure in the range of about 250-1000 p. s. i
and a temperature in the range of apbout 100-
350° F. at which direct carbonylation of said
olefin -proceeds, the improvement wherein the
same catalyst is employed in the synthesis zone
as a hydrocarbon synthesis catalyst and in the
carbonylation zone as a carbonylation catalyst,
and continuously circulating said catalyst alter-
riately between said synthesis and said carbonyla-
tion zones such that the eatalyst remains for a
substantial period of time in each zone, and
thereafter is withdrawn and transferred to the
other zone, thereby improving the life and activ-
ity of the catalyst for synthesis of hydrocarbons
and carbonylation of olefins.

3. The improvement . according to claim - 2
wherein said catalyst comprises iron.

4. Animprovement according to claim 2 where-
in said catalyst comprises cobalt.

ALFRED J. MILLENDORF.
ERNEST A. NARAGON.
JOSEPH H. VERGILIO.
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