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1

This invention relates to the catalytic conver-
sion of synthcsis gas comprising carbon monox-
ide and hydrogen into hydrocarbons, oxygen-con-
taining compounds and the like and more par-
ticularly to an improved method for effecting
such conversion employing direct contact evapo-
rative cooling.

The inventicn contemplates contacting synthe-
sis gas with g catalyst in a conversion zone where-
in the temperature is maintained within the de-
sired range by direct contact evaporative cooling.
An effluent is discharged from the conversion zone
and is split into two streams. One stream is di-
verted to a product recovery system. The other
stream from which the recycle streams are de-
rived is further sub-divided into two portions.
One portion is contacted with a cooling liquid,

which advantageously is a selective absorbent for.

water or carbon dioxide, to effect at least partial
condensation and removal of the normally liquid
components present therein as well as removal
of carbon dioxide when desired. The cooled un-
condensed gas from this treatment is combined
with the remaining portion so as to effect con-
densation of higher boiling constituents thereof
in the form of a fog uniformly dispersed through-
out a body of uncondensed gas. A stream com-
prising this resulting mixture of gas and highly
atomized liquid is recycled to the conversion zone
where the atomized liquid components serve as
an evaporative coolant.

This invention prevents association of coolant
with catalyst particles which interferes with the
essential funchions of reactant adsorption and
product desorption from the catalyst active cen-
ters. It is particularly applicable with a fluidized
solid catalyst operation wherein “muddying” or
slurrying of the catalyst is to be avoided. The
pre-atomization of the evaporative coolant elimi-
nates the presence of large globules of liquid in
the reaction zone which would result in mudding
and agglomeration of a powdered or finely di-
vided catalyst.

As a matter of fact, such an improvement is
wrought in evaporative cooling technique by this
invention that its use results in more uniform
fluidization of catalyst in fluid operations. The
volume decrease accompanying the conversion of
hydrogen and carbon monoxide into hydrocar-
bons is offset by the vaporization of pre-atom-
ized coolant.

The aforesaid liquid which is used to cool one:

of the recycle streams is advantageously an ab-
sorbent for water.

to effect cooling of the recycle stream. The liguid
coolant should have a relatively high boiling point
so as to minimize carry-over of its vapor with
non-condensed recycle gas. Propylene glycol, tri-

Ethylene glycol is an exam-
ple of a liquid which may advantageously be used.
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ethylene glycol and glycerine may also be used
as liquid coolants.

Reduction of the water concentration in the
recycle stream by the use of a selective absorb-
ent for water such as ethylene glycol minimizes
carbon dioxide formation in the conversion. Re-
duction of carbon dioxide formation in the con-
version allows greater production of valuable hy-
drocarbon per unit of carbon introduced into
the reactor.

As previously indicated the liquid which is used
to cool the recycle stream may be a selective
absorbent for carbon dioxide. The use of a car-
bon dicxide absorbent such as monoethanolamine
may replace the use of a water absorbent for the
cooling of the recycle stream. Alternatively, the
recycle stream may be subjected to countercur-
rent contact with an absorbent for carbon diox-
ide in addition to the contact with a selective
absorbent for water. . : .

The removal of carbon dioxide from the re-
cycle stream provides a hydrogen-rich recycle
gas which is advantageous under reaction condi-
tions for the suppression of coke and wax forma-
tion.

A recycle ratio expressed as volume of recycle
gas per volume of fresh feed may be employed
within the limits of about 0.5:1 to 4:1. Nor-
mally a 1:1 or 2:1 ratio is employed.

Reference will now be made to the accompany-
ing drawing in order to present a fuller exposi-
tion of the method of the invention. The draw-
ing presents the method of the invention dia-
grammatically since it is thought that the in-
vention may be completely understood without
reference to a more detailed sketch.

Synthesis gas comprising carbon monoxide is
obtained from a source not shown through a con-
duit 1. Synthesis gas may be prepared by a
number of well-known methods such as the water.
gas reaction or the oxidation of methane with
a limited quantity of oxygen. The synthesis gas
may be obtained at the desired temperature and
pressure levels through the use of conventional

5 heaters and compressors which are not shown.

Recycle gas, obtained from sources which will
be described in detail later, combines with fresh
synthesis gas in the conduit {. A total reactor
feed comprising fresh synthesis gas, recycle gas
and evaporative coolant dispersed in the form of
a fog is introduced into the reactor 4 through
the conduit |. Provision is made for multiple
injection of the total reactor feed; a manifold:
pipe 5 connects with the conduit | and a desired
portion of total reactor feed may be diverted
through the manifold pipe § and introduced into
the reactor 4 at successive points along the ver-
tical dimensions of the reactor & through pipes
8, 1, 8 and 9. Multiple injection of reactor feed
containing atomized coolant insures uniform re-
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moval of heat of reaction throughout the reac-
tor 4.

In the reactor 4, there is maintained a fluidized
mass of solid catalyst particles. The constitution

of the catalyst and the nature of the desired prod-

ucts determines the temperature at which the

conversion takes place in the reactor 4. “In gen-
eral, temperatures between about 250° P, -and
700° I'. are employed for the:hydrogenation of
carbon monoxide.

A space velocity which is defined as the volume

of gas per volume of fluidized. catalyst per hour
is employed which lies between about 500 and
3000. Ordinarily a space velocity of 1060 or 1500

is used to maintain the. catalyst in dense phase 1

fiuidization -without substantial entrainment of
catalyst particles in the gaseous efluent from the
reactor.

Synthesis .gas is converted .into desired com-
pounds by contact with a suitable catalyst in the
reactor #. Iron, cobalt and nickel are usually
the active metals from which supported or un-
supported catalysts are prepared. Promoters
such as the oxides of magnesium, thorium,
vanadium, manganese, etc., are employed to im-
prove the efficiency of the eatalyst. An example
of .a catalyst which serves well for a conversion
performed in accordance with the fluid tech-
nique is.an unsupported iron catalyst whose.con-
stitution may approximately be represented as
follows: 94 to 97 per cent iron, 2 to 5 per cent alu-
mina and 0.to 2 per cent alkali metal ocxide such
as.potassia.

The heat liberated during the catalytic conver-
sion is mainly absorbed as the latent heat of
vaporization of evaporative coolant which is in-
troduced into the reactor 4 in an atomized state.
Further temperature control is provided by the
absorption of heat of reaction as the sensible heat
of three components, namely recycle gas, fresh
synthesis gas and atomized liquid cooclant.

A high percentage conversion of synthesis gas
per pass is obtained making possible the attain-
ment of high space-time yields which are essen-
tial for successful commercial cperaticn. 90 per
per cent and better conversions of carbon mon-
oxide are obtained per pass.

An efiluent stream leaves the reactor 4 through
a pipe I2. This efluent comprises products of
conversion, a small percentage of unreacted syn-
thesis gas and vaporized liquid coolant. - A por-
tion of the efluent is diverted from the pipe 12
throughapipe {3through which it isledtoa produch
recovery system which contains the .conventional
units of fractionation, stabilization, ete.” In the
product recovery system, the normally gaseous
components of the effluent are separated from the
normally liguid constituents which are then fur-
ther separated into gasoline, gas oil, fuel oil, ete.

Another portion of the efluent from which the
recycle streams are to be obtained, is diverted into
a pipe 14 through which it is introduced into a
vessel |5 which serves as a combination serubber
and cooler.

In the ftwo-function vessel I5, this portion of
the efffuent is subjected tc counter-current con-
tact with a cooling liquid which is advantageously
an absorbent for water. The liguid coolant ad-

vantageously is introduced inte the vessel 15 at

about 100 to 200° P. in the form of a spray
through a nozzle 1§ situated. in the upper por-
tion of the vessel {§. The higher boiling eompo-
nents of the effluent are condensed by this treat-
ment and water vapor is removed substantially
from the efluent by condensation and preferen-
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tial solution in the selzctive absorbent which is
employed as a liquid coolant. Further cooling
may be effected in the vessel (5if desired by in-
serting therein a coil through which a ccoling

;medium is passed; this coil is not shown in the

drawing.
Liquid -coolant -and condensed components of

-the effiuent leave the vessel 15 through a pipe 7.
.Further freatment. of this liquid phase will be
described in detail later.

A gas stream comprising mainly the normally

.gaseous products of conversion, carbon dioxide,

unreacted carbon monoxide and hydrogen issues
from the vessel 15 through a pipe {8 at a tem-
perature 200-4006° F. below the temperature at
which the.stream of products is introduced into
the vessel 156, This gas stream may be treated to
remove carbon dioxide therefrom in a separate
vessel or it may be used directly to effect con-
densation of the other recycle stream in the form
of a fog.

If the gas stream issuing from the vessel {5 is
to be used directly to effect condensation of the
higher boiling compenents of the recycle gas

. Stream, it is diverted from the pipe {8 along a

pipe {8 which leads tc a pump 20. From the
pump 28 the cool gas stream proceeds along the
pipe 21 until it combines with the other portion
of the effluent from the reactor 4 which is used
as a recycle stream.

As was mentioned previously, the efluent from
the reactor & from which the recycle streams are
derived is divided into two portions. Treatment
of one of these portions has just been described.
The other portion is diverted from the pipe 2
to-a pipe 22 threugh which it is intreduced into
a -separator 23 wherein entrained lquid and
waxy components are -separated from the gas
stream. The separated liquid and waxy compo-
nents flow from the separator 23 to a pipe 24 into
the pipe 13 which leads to the product recovery
system which has been alluded to previously.

A gas stream leaves the separator 23 through
a pipe 25 at a temperature which is substantially
eduivalent to that maintained in the rsactor 4.
This gas stream proceeds through a pump 26 and
a pipe 27 to the conduit ! through which fresh
synthesis gas is ‘introduced inio the reactor 4.
The other recycle gas stream which is at a tem-
perature substantially below conversion tempera-
ture also combines with the fresh synthesis gas
in the conduit 1 to give g reactor feed comprising
fresh synthesis gas and recycle gas.

The merging of the hot recycle gas stream with
cool fresh synthesis gas and with the cool recycle
gas stream results in the condensation of the
higher boiling components of the hot recycle
stream in a finely dispersed form. These atom-
ized constituents of the conversion product are
substantially vaporizable undeér the conversion
conditions and serve excellently as a liquid evap-
orative coolant in the reactor 4.

Thus the total reactor feed introduced into the
reactor 4 comprises fresh synthesis gas, recycle
gas and entrained atomized evaporative coolant.

Returning - to the liquid phase comprising
liquid coolant such as ethylene glycol and con-
densed -components of the effluent which leaves
the vessel I8 through the pipe 17, it is introduced
into a separator 38. In the separator 30, a hy-
drocarbon phase is separated from the heavier
liquid abserbent and is led to a product recovery
system through a pipe 3. This product recovery
system is similar to that which has been alluded
to in connection with the treatment of the por-
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tion of the effluent from the reactor 4 which is
introduced into a product recovery system
through the pipe 13.

The liquid coolant containing water and a
major portion of the alcohols produced in the
conversion leaves the separator 38 through a pipe
32 and is introduced into a fractionating column
34. In the fractionating column 34, alcohol-
water azeotropes are distilled from the liquid ab-
sorbent and leaves the column 34 through a pipe
35. Water is distilled and removed from the
column 34 through a pipe 36.

The high-boiling absorbent leaves the column
34 through a pipe 37 through which it is intro-
duced into an exchanger 38 in which it is
brought to the desired temperature. The coolant
at the desired temperature leaves the exchanger
38 through a pipe 39 through which it is intro-
duced into the vessel i5. The nozzle 16 is used
to effect the introduction of the liquid absorbent
in a finely divided form.

As indicated previously the gas stream issuing
from the vessel 15 may be subjected to treatment
with a selective absorbent for carbon dioxide:
If this procedure is followed the gas stream is
diverted from the pipe 18 through & pipe 40 into
a tower 41. In the tower 41 the gas stream is
subject to countercurrent contact with a cool
liguid such as monoethanolamine which is a
selective absorbent for carbon dioxide. By this
treatment carbon dioxide is removed from the
zas stream and a hydrogen-rich gas stream issues
from the tower 41 through a pipe 42. This hydro-
gen-rich gas stream is then introduced into the
pipe 19 through which it is introduced in succes-
sion through the pump 20 and the pipe 2{ into the
conduit {. This cool hydrogen-rich gas stream
serves the same function in the conduit | as has
been described previously for the recycle stream

which was only subjected to cooling and scrub- ¢

bing with an absorbent for water; namely, it aids
in the condensation of the higher boiling com-
ponents of the hot recycle stream in the form of
a fog.

The liquid absorbent containing absorbed car-
bon dioxide leaves the tower 41 through a pipe 43
which leads to a stripper 44. In the stripper 44

carbon dioxide is driven off from the liquid ab- .

sorbent and a gaseous stream of carbon dioxide

is discharged from the stripper 44 through a &5

pipe 45.

Stripped absorbent leaves the stripper 44
through a pipe 46, is cooled in the exchanger 47
and is then introduced into the tower 41 through
a pipe 48 and a spray nozzle 49.

By way of example, fresh synthesis gas con-
taining carbon monoxide and hydrogen in the
molecular ratio of about 1:2 is passed into o
reactor 4 containing an iron catalyst of the type
previously described. The iron catalyst is main-
tained in a fluidized state in the reactor 4.

A recycle gas containing atomized condensed
constituents of the products is combined with
fresh synthesis gas in the conduit 1 in the propor-
tion of about two volumes of recycle gas to one
volume of fresh synthesis gas.

The quantity of condensed atomized compo-
nents in the recycle gas is regulated so that 0.2
barrel of liquid is introduced into the reactor in
every thousand cubic feet of mixed synthesis gas
and recycle vapor.

The total reactor feed is charged to the reactor
4 at a rate of about 1,000 cubic feet (measured at
standard conditions) per cubic feet of fluidized
catalyst per hour. The temperature within the
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reactor is maintained at about 600° F. The tem-
perature of the reactor feed as it is introduced
into the reactor 4 is about 350° to 375° F

The yield of Cs and heavier hydrocarbons sep~
arated from the effiuent of a fluid operation con-
ducted in this manner amounts to approximately
one gallon of hydrocarbons per thousand cubic
feet of fresh synthesis gas.

In the description of the invention, condensa-
tion in the form of a fog of the higher boiling
components of the hot recycle gas has been
effected by addition thereto of a cool gas stream
consisting of the lower boiling products of con-
version. It is contemplated that the aforesaid
fog formation may be effected by injecting a cool
gas or refrigerant, such as liquid pentane,
through a pipe 50 into the hot recycle stream in
an amount sufficient to reduce the temperature
of the stream below the dew point of a portion
of the higher boiling constituents of the stream.

It is contemplated that the invention may be
adapted to conversions in which a plurality of
stages connected in series is used. In this in-
stance, a portion of the effluent from each stage
may be withdrawn, contacted with a cooled selec-
tive absorbent for water vapor and then the
cooled -non-condensed components of the with-
drawn effiuent combined with the reactor feed to
the next stage. The introduction of cool gas into
the efluent from one stage as it passes to the
next succeeding stage causes condensation of the
higher boiling components therecf in a finely
dispersed state. The condensed higher boiling
components then serve as an evaporative coclant
for the succeeding stage. This operation is re-
peated between each stage, thereby providing for
atomized liquid coclant for each stage.

Obviously many modifications and variations
of the invention, as hereinbefore set forth, may
be made without departing from the spirit and
scope thereof and, therefore, only such limita-
tions should be imposed as are indicated in the
appended claims.

Iclaim:

1. In the catalytic conversion of synthesis gas
comprising carbon monoxide and hydrozen into
hydrocarbons, oxygen-containing compounds and
the like wherein heat of reaction is removed by
evaporation of a finely dispersed coolant in direct
contact with the catalyst, the method which
comprises contacting synthesis gas in a conver-
sion zone with a catalyst under suitable condi-
tions to effect conversion into desired compounds,
removing an effluent comprising normally gaseous
and normally liquid products of conversion from
said conversion zone, diverting a portion of said
efluent to a product recovery system, dividing
another portion of said effluent into twe streams,
cooling one of said streams to remove normally
liquid constituents, combinng cooled uncon-
densed gas from said cooling treatment with hot
gases containing higher boiling compcnents of
the other of said streams so as to effect conden-
sation of higher boiling components of said other

5 stream in the form of a fog, recycling said com-

bined stream retaining fog therein to said con-
version zone to supply said coolant, and retain-
ing a recycle ratio of reeycle gas fto fresh feed
between 0.5 to 1 and 4 to 1.

2. In the catalytic conversion of synthesis gas
comprising carbon monoxide and hydregen into
hydrocarhons, oxygen~containing compounds and
the like wherein heat of reaction is removed hy
evaporation of a finely dispersed ccolant in direct
contact with the catalyst, the method which
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eomprises contacting synthesis gas in a conver:
sion zone with a catalyst under suitable condi=
tions to éfféct convérsion into deésired compodunds,
removing an effluent comprising fiofmally gaséous
and normally liquid produects of conversion from
said conversion zone, diverting a portion of said
effluent to a ‘broduct recovery System, cooling
another portion of said effuent by introduction
therein of a vaporizable Lquid hydrodcarbon so
as to €ffect condensation-of higher boiling coni-
ponénts 6f said stream in the form of a fog, re-
cycling ‘said  treated stream which retains said
fog therein to said coehversion zone to supply
coolant, ‘and retaining a recycle ratio of recycle
gas to frésh feed bétween 0.5 to 1 and 4 to 1.

3. In the catalytic conversion of synthesis gas
comprising carbon monoxidé and hydrogen into
hydrocarbons, oxygen-containing ¢ompotinds and
the like wherein heat of reaction is removed by
evaporation of a finely dispersed coolant in di-
rect contact with the catalyst, the method which
comprises contacting synthesis gas in a conver-
sion zone with a catalyst under suitable condi-
tions to effect conversion into desired compounds,
removing an efluent compris’ ng hormially gas-
eous and normally liquid products of €onversion
from said conversion zene, diverting g porticn
of said effluent to a product recovery system,
cooling another portion of said effluent by the
injection of liquid pentane therein §o as to effect
condensation of higher boiling compongits of
said stream if the foim of a fog and recycling
$aid cooled stream which retains said fog therein
0 said conversion Zone.

4, In thn catalytic conversion of synthesis gas
comprising carhon monoxide ‘arid hydrogen into
hydrocarbonis, oxygen-c¢ontaining compounds and
the like wherein heaf of reaction is removed hy
evaporatlon of a finely dispersed coolant in direct
¢ontact with the catalyst, the method whlch eom-
prises contacting synthesis gas in a conversion
Zone with a catalyst under suitable conditions to
effect conversion into  desired compounds Te-
moving an efluent comprising normally gaseous
and nefmally liguid products of eonversion from
said conversion Zone, diverting a portion of said
effluent to a product recovery system, dividing
anotter portion of said efluent into two recycle
streams,; passing one of $aid recycle streams to
a cooling zone, effecting condensation thefein of
normally liquid constituents by direct contact
with a liquid abserbent for water, removing re=
sulting condensate from said ¢ondensation, com-
bining uncoridensed gas from said tréatment with
hot gases containing higher boil'nig components
of the other of said recycle streams so as to
éffect cendénsation of higher boiling components
of said other stream in the form of a fog, re-
cyeling said combined stream which retains said
fog therein to said conversion zone to supply
sa°d coolant, and refaining a recycle ratio of
recycle gas to fresh feed between 0.5 to 1 and
4t01.

5. The method according to claim 4 in which
the cooled liguid absorbent is g glycol.

6. In the catalytic conversion of synthesis gas
comprising carborn monoxide and hydrogen into
hydrocarbons, 6xygen-containing compounds and
the like wherein heat of reaction is removed by
evaporation of a finely dispersed coolant in di-~
rect contact with the catalyst, the method which
coniprises contacting synthesis gas in a conver-
sion Zone with a catalyst under suitable condi-
tions to effect conversion into desired compounds,
removing an effluent comprising normally gas-
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8

eous and normislly ligiiid products of conversion
from said conversion zone, diverting a portion of
said effluent to a product recovery system, divid-
ing another portioh of said effluent into two re-
¢ycle streams, passing one of said streams to a
¢ooling Zone, effecting condensation there'n of
normally liquid constitilents by direct contact
with & liquid absorbent for carbon dioxide, re-
moving resulting condensate from said conden-
sation, separating at about conversion tempers-
ture liqiiid and wakxy ¢omponénts from the other
of said recycle streams, coibining COs-free gas:
with said othér reecycle streams so as to effect
condensation of hlgher boiling components of
said other stream in the form of & fog, recycling
said combined sfresrm which reétains said fog
therein to said conversion Zone to supply said
coolant, and retainihz a recycle ratic of recycle
gas to fresh feéd between 0.5 to 1 and 4. t6 1.

7. The method according to claim 6 in which
the cooled ligquid absorbent is an alkkylol-amine,

8. In the catalytic conversion of synthesis gas
comprising ¢arbon menoxide and hydrogen into
hydrocarbons, 6xygen= containing compounds and
the like wherein heéat of reaction is removed by
evaporation of a firely dispersed coolant in direct
contact with the catalyst, the method which
comprises contacting synthesis gas in a conver-
sion zone with a catalyst under suitable condi-
tions to effect conversion into desired compounds,
removing an effluent coniprising normally gas-
ebus and normally Tiquid products of éenversion
from said conversion zoneg, diverting a portion
of said efftient inito two recycle streams, passing
one of said streams to 4 cooling zoue, effecting
coridensation therein of Hormally liguid constitu-
ents by direct contact with g ¢ool liquid absorh-
ent for water, removing resulting condensate
and watet, contacting the efiliéent from said con-
densation with an absorbent for carbon dioxide,
separating at about conversion temperature lig-
uid and waxy components from the other of said
streams, combining cool H20- and (Os-free gas
with said other recycle stream so as to effect
condensation of higher boiling compoénents of
said other stream in the form of a fog, recycling
said combined sftream which retains said fog
therein t6 said conversion zéne to supply said
coolant, and retaining a recycle ratio of recycle
gas to fresh feed between 0.5 to 1 and 4 to 1.

9. The method according to claim 8 in which
the cool liquid absorbent for water is a giycol.

10. The method accofding to cla‘m 8 in which
the cool liquid dbsorbent for carbon dioxide is
an alkylol-amine,
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