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: 1

This invention relates to a method for effect-
ing the catalytic conversion of carbon monoxide
and hydrogen into desired compounds by con-
tact with catalyst particles disposed in a sta-
tionary mass.

In accordance with the method of the inven- '

tion, a mass of catalyst in particle form is dis-
tributed throughout g piurality of stages, each
stage comprising a bed of catalyst particles upon
which is superimposed a layer of non-catalytic
packing material. Carbon monoxide and hydro-
gen are converted into desired compounds by
passage through the successive stages. The tem-
perature is maintained within prescribed limits
by direct contact of the catalyst particles in each
stage with a cooling liquid. A substantial por-
tion of the cooling liquid is vaporizable under the
conversion .conditions of temperature and pres-
sure. Part of the non-vaporized cooling liquid
is continuously withdrawn from the lower sec-
tion of each stage. A fraction of the withdrawn
liquid coolant is introduced into a separate unit
for recovery of dissolved conversion products
" therefrom. Another portion of withdrawn liquid
coolant is cooled and returned to the. stage
whence it was withdrawn at a point above the
layer of non-catalytic packing material. The
efluent from each catalyst bed is subjected to
counter-current contact with recycled cooled
liquid in the layer, of non-catalytic material.
High boiling components of the: products and
vaporized constituents of the cooling liquid in
the efluent are condensed by this treatment and
" flow back to the catalyst bed.

The present invention provides an improved
method of maintaining the temperature within
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which is vaporizable under conversion conditions
advantageously is of relatively narrow boiling
point range so as to better confine the reaction
temperature within the prescribed limits. The
portion of coolant which is substantially non-
vaporizable under conversion conditions may
have a wide boiling point range. Part of the less
volatile coolant is continuously cooled and re-
cycled to effect scrubbing of the efluent from
each catalyst bed.

During operation, partial conversion of syn-
thesis gas into the desired products takes place
ih each stage. The heat liberated during such
partial conversion volatilizes that portion of the
liquid coolant which is vaporizable under con-
version conditions. The reaction temperature is
preserved within the desired limits by the ab-
sorption of reaction heat as the latent heat of .

- vaporization of the vaporized coolant and as the
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sensible heat of that portion of the coolant
which is not vaporized under conversion condi-
tions, .

An effluent issues from the catalyst bed of each
stage which comprises products of conversion,
unreacted synthesis gas and vaporized liquid
coolant. 'This effiuent passes into the layer of
non-catalytic packing material wherein it is sub-

~ Jected to countercurrent contact with a cooled -
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the desired limits by direct contact cooling in -

fixed bed conversion of synthesis gas.” The in-
vention allows the use of a liquid coolant of wide
boiling point range and combines direct contact
evaporative cooling and direct contact sensible
heat cooling in a commercially feasible operation.
Pressure drop throughout the reactor unit is of
a magnitude which is well within operable limits.
The amount of liquid circulation and the extent
of 'cooling surface area are reduced to a prac-
ticable level. : :

A gas oil fraction, which is obtained from the
products of synthesis gas conversion, serves ex-
cellently as the liquid coolant in the process of
the invention. In the selection of the gas oil

fraction to be used as coolant, consideration is.

glven to its boiling point range so that a substan-
tial portion thereof is vaporizable under conver-
sion conditions. The portion of the liquid coolant

recycled portion of the less volatile components
of the liquid coolant. A fraction of the less vola-
tile components of the cooled liquid is continu-
ously withdrawn from a trap tray situated in the
bottom portion of each stage. The less volatile

fraction of cooling liquid contains 'dissolved

therein a considéerable portion of the higher boil-

.ing constituents of the products of conversion

and therefore a portion is continuously diverted
to a unit wherein dissolved products are recov-

* ered from the liquid coolant. The greater por-
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tion of withdrawn fraction, however, is cooled
and is then returned to a point above the layer of
non-catalytic material. The cooled liquid flows

~ downwardly -through the layer of non-catalytic -
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packing material and scrubs the -effiuent from
each catalyst bed therein. Thorough and effi-
cient scrubbing of the effluent is effected by
countercurrent contact of cooled liquid with the
gaseous effluent in the layer of porous packing -
material. e
When conducting the conversion of carbon’”
monoxide and hydrogen in accordance with th
invention, there is effected a state of countercur
rent flow in the catalyst bed which prevents '
flooding of the catalyst particles and channeling .
of the reactant gases therethrough, Thereis a
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continuous upflow of reactants, products and
.vaporized cooling liquid which is opposed by the
continuous downflow of the circulating non-vola-
tile fraction of the cooling liquid. ]

Many advantages accrue from employing the
method ¢f this invention for the catalytic con-
version of carbon monoxide and hydrogen into
desired compounds, the most important of which
are summarized immediately hereafter. Many
more advantages will be apparent from the de-
tailed description which follows.

Pirst, maximum heat removal is effected with
a minimum amount of liquid circulation and
smallest practicable cooling surface area. Sec-
ondly, the magnitude of the pressure drop
through the reactor unit is maintained at an op-
erable level. Thirdly, the present invention
makes it feasible to use a liquid fraction of wide
boiling point range to effect temperature control
by direct contact of coolant with catalyst.
Fourthly, channeling and flooding of the catalyst
bed are eiiminated. Fifthly, both the efluent
stream from each stage and the catalyst surface
are thoroughly scrubbed by recycled liquid cool-
ant thereby removing higher. boiling products
therefrom.

Reredeice will now be made to the accompany-
ing arawing from which a more detailed under-
standing ot the invention may be obtained.

Syntuesis gas comprising carbon monoxide and
Lydrogen ai a predetermuned ratio which may
vary from about 2:1 to 1:4, but which is usually
ahout 1:2 is obtained from a source not shown
through g pipe I.

Synthesis gas is introduced into a reactor 4
which may be maintained at pressures ranging
irom atmospheric to 1,000 lbs. per square inch and
at temperatures ranging from about 250 to 750°
F. The magnitude of the pressure and temper-
ature employed depends upon the catalyst that is
used and the nature of the products that are ex-
pecied from the conversion,

For the purposes of illustration, conversion in
the present description will be directed towards
the production of liquid hydrocarbons in the gaso-
line range employing a cobalt catalyst. Temper-
atures in the range of 375° to 450° ¥. and atmos-
pheric pressure have proven to be advantageous
operating conditions for the conversion of syn-
thesis gas into liquid hydrocarbons in the gaso-
line range using a cobalt catalyst,

The reactor 4 is divided into two stages. It is
contemplated that the reaction unit may be di-
vided into more than two stages, but only two are
actually shown for the sake of simplicity. Each
stage contains a catalyst bed which is desighated
by the numerals 6 and 7T in the stages shown.
:Superimposed upon each bed of catalyst is a lay-
er of non-catalytic packing material which is des-
ignated by the numerals 10 and {1 in the respec-
tive stages. The conduit 13 provides fluid com-
miunication between the stages. There is posi-

- tioned within the bottom of each stage a trap tray
which is designated in the respective stages by the
numerals 16 and 11,

Synthesis gas is converted into the desired
products by contact with a cobalt catalyst in the
bed 6. A-substantial quantity of heat is liberated
during this conversion. There is present in the
catalyst bed 6 a quantity of cooling liquid. The
portion of this cooling liquid which is vaporizable
under the conditions of reaction advantageously
boils within a narrow range so as to better con-

“fine the reaction. temperature within prescribed
Hmits.
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4

The composition of a suitable coolant for a con-
version employing a cobalt catalyst may be as
follows; the volatile fraction comprising about 25
to 40 per cent of the total liquid coolant is a heavy
gasoline fraction distilling in g narrow range de-
fined by the temperatures of about 390 and about
415° F; the non-volatile fraction comprising
about 60 to 75 of total coolant is a gas oil fraction
distilling between 500 and 650° F. It is to be un-
derstood that the boiling point ranges of the vola-
tile and non-volatile fractions of the cooling liq-
uid will vary as conversion conditions of tem-
perature and pressure change.

The more volatile portion of the cooling liquid
is vaporized during the conversion of the gaseous
reactants and issues from the catalyst bed to-
gether with unreacted synthesis gas and products
of conversion. The less volatile fraction of the
cooeling liquid flows downwardly through the cata-
lyst bed 6 and collects in the trap tray (6.

The less volatile fraction of the cooling liquid
in the trap tray 16 contains higher boiling com-
ponents of the products of conversion which are
washed from the surface of the catalyst particles
in the bed 6 and condensed from the gaseous efflu-
ent from each catalyst bed in the layer {0 by re-
cycled coolant, The less volatile fraction of the
cooling liquid and the conversion products dis-
solved therein are continuously withdrawn from
the trap tray 16 through a pipe 22, A portion of
this withdrawn liquid is continuously diverted
through a pipe 23 to a product recovery system,
which will be described later.

The major portion of the liquid withdrawn from
the trap tray 16 is introduced into an exchanger
25 through a pipe 24. In the exchanger 25, the
temperature of the liquid is reduced to a tem-
perature of about 50 to 150° F. below conversion
temperature. From the exchanger 25, the coolant
is returned through a pipe 26 to the stage from
which it was withdrawn at a point above the
layer 18 of non-catalytic packing material. A
distributor 27 is used to insure even apportion-
ment of the cooling liquid along the horizontal di-
mensions of the layer 10. A pump 28 inserted in
the line 26 is used to circulate the cooling liquid.

In the non-catalytic layer {0, the gaseous ef-
fluent from the catalyst bed 6 comprising vapor-
ized components of the cooling liquid, products of
conversion and unreacted carbon monoxide and
hydrogen is subjected to counter-current contact
with the cooled recycled high boiling liquid cool-
ant. The layer of non-catalytic packing material
provides means of efficient scrubbing of the ef-
fluent from the catalyst bed 6. Vaporized com-
ponents of the cooling liquid and higher boiling
products of conversion are condensed by counter-
current contact of the effluent with the cooled re-
cycled fraction of the liquid coolant,

There continuously flows from the layer (0
cnto the catalyst bed 6 a liquid which comprises
recycled higher boiling fraction of the cooling
liquid, more volatile components of the cooling
liquid and high boiling conversion products, both
of the latter two having been condensed from the
effluent of the catalyst bed 6 by the counter-cur-
rent contact with cooling liquid. In the catalyst
bed 0 the more volatile components of the lig-
uid coolant are re-vaporized, thereby absorbing
further heat of reaction. The high boiling frac-
tion of the liquid coolant and condensed high
boiling components of the products flow down-
wardly through the catalyst bed 6. A two-fold
function is effected by this downward flow of lig-
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5 .
uld; first, additional heat of reaction is absorbed
as the sensible heat of the downflowing liquid;
secondly, waxy conversion products which tend to
accumulate on the surface of the catalyst are con-
tinuously washed therefrom.

From the catalyst bed 8, thts downflowing liq-
uid passes into the trap tray 16. Ifs treatment
thereafter has been described in detail previously.

The efluent from the layer 18, which has been
thoroughly scrubbed by countercurrent contact
with the recycled cooling liquid, passes into the
second stage of the reactor 4 through a conduit
13. This gas stream comprises unreacted synthe-
sis gas and the lower boiling products of conver-
sion which constitute, for example, hydrocarbon
boiling below about 375° F,

In the second stage, further conversion of syn-
thesis gas is effected. The temperature is main-
tained within the desired limiig by direct contact
with a liqguid coolant, as has been described in
detail for the first stage.

High boiling liquid -coolant, together with the
dissolved products of conversion,-is removed from
the trap tray 7T through a pipe 30. A portion
of this withdrawn coolant is led to a product re-
covery system through a pipe 31{. A major por-
tion is introduced through a pipe 32 into an ex-
changer 34 wherein the temperature is reduced
to about 100° F. below. conversion temperature.
'The cooled liquid is returned to the second stage
through a pipe 36, a pump 36 and a distributor
31. The efluent from the catalyst bed T is
scrubbed by countercurrent contact with the re-
cycled liquid coolant in the layer of non-catalytic
packing material i 1.

An effluent comprising mainly products of con-
version including carbon dioxide and a small per-
centage of unreacted synthesis gas leaves the
reactor 4 through a pipe 40. The pipe 40 leads
‘to & condenser 41 in which normally liquid com-
ponents of the effluent are condensed. Condensed
‘and uncondensed components of the efluent flow
into a gas-liquid- separator 44 through a pipe 43.

The gaseous components of the efluent com-
prising carbon dioxide, normally gaseous hydro-
carbons such as ethane, propane, buttane and un-
reacted carbon monoxide and hydrogen leave the
gas-liquid separator 44 through the pipe 45 and
are recycled therethrough at least in part to the
reactor 4. A vent 46 provides means of discharg-

' leading fo the fractionating tower 82 through a

pipe 84,

10

20

25

- From the fractionating tower 5§2, various frac-
tlons of conversion products are ohtained as well
as & fraction of wide boiling point range which
may be used to replenish cooling liquid in each
stage. Gasoline is withdrawn from the fraction-
ating tower through a pipe §5. Heavy residuum
is withdrawn from the tower through a pipe 88."
Gas oil is withdrawn from the tower through
a pipe §1. Part of this gas oil fraction is piped
to storage and a portion thereof is used to sup-
plement the liquid coolant employed in the re-
actor 4. Gas oil fraction used to replenish the
liquid coolant is diverted from the pipe §7 through
a8 pipe 58 and is returned therethrough to the
reactor 4. The pipe 58 serves as & manifold pipe
for introducing additional quantities of liquid
coolant into each stage through pipes 59 and 60.
A pump 862 is inserted in pipe 58 to aid in the
return of coolant to the reactor 4.

The volatile fraction of the coolant may be
replenished by separating from the gasoline frac-~
tion in a fractionating tower 63 a heavy gasoline-
fraction boiling between about 390° and 415° F.
through a manifold pipe 66, and introducing it
into the stages of the reactor 4:through pipes
68 and 69 which connect with manifold pipe §6.

- An exchanger 10 is inserted in pipe 66 to cool
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ing the unrecycled portfion of this gas stream. -

The portion of the gas stream discharged from
the vent 46 may be used as fuel or treated so as
to recover valuable constituents therefrom. The

portion of the gaseous products of conversion’

which is to be used as recycle gas is pumped along
the pipe 45 by means of a pump 47 and is intro-
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duced into the pipe | where it combines with the

fresh synthegis gas prior to introduction into the
reactor 4. ’

The condensed components of the effluent are
withdrawn from the gas-liquid separator. 44
through a pipe 48 and are introduced into another
separator 43. The separator 49 serves to separate
water from the liquid hydrocarbons. - Water is
discharged from the separator 48 through a pipe
50.

Liquid hydrocarbons are withdrawn from the

' separator 49 through a pipe 51 and are introduced
into a fractionating tower 52 wherein they are
separated into various valuable fractions.

60
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70

The cooling liquid, which is diverted from the ‘

recycled liquid coolant through the pipes 23 and
31 for.the recovery of dissolved products of con-
" version therefrom, is introduced into the pipe 51

({]

this gasoline fraction before its return to reac-
tor 4. A pump Tl is used to effect flow of this
gasoline fraction along pipe 66. Light gasoline
components are removed from the fractionating
tower through pipe 64 and bottoms are removed
through pipe 65.

It is possible to effect coohng of the recycled

‘less volatile components of the liquid coolant ac-

tually within the layers of non-catalytic packing
material 10 and tl by inserting- cooling coils
therein. In the drawing, cooling of the recycled
liquid coolanf is shown taking place in an ex-
changer which is external to the reactor 4. How-
ever, it is possible to effect cooling of this lig-
uld in the interior of the reactor 4 by inserting
cooling coils 62 and 63 in the layers of non-cata-
lytic packing material.

It is contemplated that catalysts other than
cobalt may be used to effect the conversion of
synthesis gas. Iron and nickel catalysts, which
may be either supported or unsupported, may also
be used to convert synthesis gas into hydrocar-
bons and oxygenated hydrocarbons. The cata-
lyst employed whose active hydrogenating metal
is either iron, nickel, cobalt or a mixture of these,
contains advantageously one or more promoters.
The oxides of thorium, magnesium, aluminum,
vanadium, potfassium, manganese and ' silicon
have proven to be useful promoters.

The invention has been described using g gaso-
line-gas-oil fraction derived from the products of
conversion as g liquid coolant. It should be
understood, however, that other liquid coolants
obtained from an external source may be em-
ployed. Specifications for a liquid to be used as
a coolant in the process of the invention are as
follows: first, the coolant should have a wide

. boiling point range so that a substantial portion

thereof is vaporizable under conversion conditions.

while the remainder is non-vaporizable; second-

ly, the vaporizable portion should be of relatively
narrow boiling point range; thirdly, the coolant -
should be stable under conversion conditions and
should not have g deleterious effect upon the cata-
lyst. An example of a coolant derived from an
external source is a mixture of cycle gas oil
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and of alkylate which boils at conversion condi- -

_tions within a relatively narrow boiling point
range.

‘While the invention has been described in con-
nection with the catalytic conversion of carbon
monoxide and hydrogen into hydrocarbons, oxy-
genated hydrocarbons and the like, it is contem-
plated that the invention can be readily adapted
to other conversions of gaseous reactants by con-
tact with a catalyst in solid particle form which
are accompanied by the liberation of substantial
exothermic heat of reaction and in which con-
versions it is imperative to maintain the catalyst
within a prescribed temperature range.

While the invention has been described with
the various stages of the process being incorpo-
rated in a single chamber, it should be under-
stood that the separate operations can take place
in separate and distinct chambers which are con-
nected by suitable conduits and pumps for the
fiow of fluid materials. Thus not only may each
stage comprising catalyst particles upon which is
superimposed a layer of non-catalytic packing
material constitute a separate chamber but it is
also possible for each bed of catalyst particles
and each layer of non-¢atalytic packing material
to be situated in a separate chamber. .

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 limitations
should be imposed as are indicated in the append-
ed claims.

Iclaim:

1. In exothermic conversions of gaseous react-

8
catalyst particles in each of said beds in direct
contact with a liquid coolant, said coolant being
partially vaporizable under the conditions pre-
vailing within said catalyst bed, passing an effiu-
ent comprising conversion products, unconverted
reactants and vaporized coolant from said lower
catalyst bed to said upper non-catalytic bed in

" each stage, continuously withdrawing from each
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ants by contact with a conversion catalyst in solid

" particle form within a predetermined tempera-
ture range, the method comprising passing gase-
ous reactants upwardly through a series of con-
version stages spaced apart within a reaction

zone, each stage comprising a lower bed of cata- -

lyst and an upper bed of non-catalytic contact
material in solid particle form, effecting partial
conversion of gasecus reactants in each stage,
maintaining catalyst particles in each of said beds
in direct contact with a liquid coolant, said
coolant being partially vaporizable under the con-
ditions prevailing within said catalyst bed, pass-
ing an effluent comprising conversion products,
unconverted reactants and vaporized coolant
from said lower catalyst bed to said upper non-
catalytic bed in each stage, continuously with-
drawing non-vaporized coolant from each stage,
continuously cooling said withdrawn non-vapor-
ized coolant, returning said cooled non-vaporized
coolant to each stage at a point above said upper
bed of non-catalytic contact material, passing
said non-vaporized coolant downwardly through
said upper bed in counter-current contact to the
effiuent from each catalyst bed rising there-
through so as to scrub said effluent from each of
said catalyst beds and condense the higher boiling
components of said efluent including vaporized
coolant and removing products of reaction from
the upper portion of said reaction zone. '

2. In exothermic conversions.of gaseous react-
ants by contact with a conversion catalyst in solid
particie form within a predetermined temperature
range, the method comprising passing gaseous re-
actants upwardly through a series of conversion
stages spaced apiart within a reaction zone, each
stage comprising a lower bed of catalyst and an
upper bed of non-catalytic contact material in
solid particle form, effecting partial conversion of
gaseous reactants in each stage, maintaining
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stage non-vaporized coolant containing dissolved
therein products of conversion, diverting part of
said withdrawn coolant to a product recovery sys-
tem for the separation of products therefrom,
continuously cooling the remainder of said with-
drawn coolant, returning said cooled non-vapor-
ized coolant to each stage at a point above said
upper bed of non-catalytic contact material, pass-
ing said non-vaporized coolant downwardly
through said upper bed in counter-current con-
tact to the effluent from each catalyst bed rising
therethrough so as to scrub the effluent from each
of said catalyst beds and condense the higher
boiling components of said efluent including va-
porized coolant and removing products of reaction
from the upper portion of said reaction zone.

3. In exothermic conversions of gaseous react-
ants by contact with a conversion catalyst in
solid particle form within a predetermined tem-
perature range, the method comprising passing
gaseous reactants upwardly through a series of
conversion stages spaced apart within a reaction
zone, each stage comprising a lower bed of cata-
lyst and an upper bed of non-catalytic contact
material in solid particle. form, effecting partial
conversion of gaseous reactants in each stage,
maintaining catalyst particles in each of said beds

-in direct contact with a liquid coolant, said cool-

ant being partially vaporizable under conditions
prevailing within said catalyst bed, passing an
efluent comprising conversion products, uncon-
verted reactants and vaporized coolant from said
lower catalyst bed to said upper non-catalytic bed
in each stage, continuously withdrawing non-
vaporized coolant containing products of reaction
dissolved therein from each stage, diverting part
of said withdrawn coolant to a product recovery
system for the separation of products of conver-
sion therefrom, continuously restoring the con-
tent of non-vaporized coolant by recycling said
non-vaporized coolant from said product recovery
system, continuously cooling the remainder of
said ‘withdrawn coolant, returning said cooled
non-vaporized coolant to each stage at a point
above said upper bed of non-catalytic contact ma-
terial, passing said non-vaporized coolant down-
wardly through said upper bed in counter-current
contact to the efluent from each catalyst bed ris-
ing therethrough so as to effect scrubbing the
effluent from each of said catalyst beds and con-
dense the higher boiling components of said efflu-
ent including vaporized coolant and removing
products of reaction from the upper portion of
said reaction zone.

4. The method according to claim 1 in which
25 to 40 per cent of the coolant is vaporizable
under conditions prevailing within the catalyst
bed of each stage. )

5. In exothermic conversions of gaseous react-
ants by contact with a conversion catalyst in
solid particle form within a predetermined tem-
perature range, the method comprising passing
gaseous reactants upwardly through 2 series of
conversion stages spaced apart within a reaction
zone, each stage comprising a lower bed of cat-
alyst and an upper bed of non-catslvtic contact
material in solid particle form wherein means for
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effecting cooling are inserted, maintaining cat-

alyst particles.in each of said beds in direct con-~

tact with a liquid coolant, said coolant being
partially vaporizable under the conditions pre-
vailing within said catalyst bed, passing an ef-
fluent comprising conversion products uncon-
verted reactants and vaporized coolant- from
said lower catalyst bed to said upper non-cata-
Ivtic bed in each stage, continuously withdraw-
ing from each stage non-vaporized coolant con-
taining dissolved therein products of conversion,
diverting part of said withdrawn coolant to a

10

.product recovery system for the separation of

products therefrom, continuously cycling the re-
mainder of said withdrawn coolant to a point
above said upper bed of non-catalytic contact
material, passing said non-vaporized coolant
downwardly through said upper bed in counter-
current contact to the effluent from each catalyst
bed rising therethrough, cooling said non-vapor-
jzed coolant by contact with the cooling means
inserted within said bed of non-catalytic contact
material, scrubbing the efluent from each of said
catalyst beds and effecting condensation of the
higher boiling components of said effluent in-
cluding vaporized coolant during said counter-

" current.contact of non-vaporized coolant and ef-
fluent and removing products of reaction from
the upper portion of said reaction zone.

6. In exothermic conversions of gaseous react-
ants by contact with a conversion catalyst in solid
particle form within a predetermined tempera-
ture range, the method comprising passing gase-
ous reactants upwardly through a series of con-
version stages spaced apart within a reaction
zone, each stage comprising a lower bed of cat-
alyst and an upper bed of non-catalytic contact

material in solid particle form, effecting partial.

conversion of gaseous reactants in each stage,
maintaining catalyst particles in each of said
beds in direct contact with a liquid coolant, said
coolant being partially vaporizable under the con-
ditions prevailing within said catalyst bed, pass-
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spe.ced apart within a reaction zone, each stage
comprising a lower bed of catalyst-and an upper
bed of non-catalytic contact material in solid
particle form, effecting partial conversion of
gaseous reactants in each stage, maintaining
catalyst particles in each of said beds in direct
contact with a liquid coolant, said coolant being
partially vaporizable under the conditions pre-
vaillng within said catalyst bed, passing an ef-
fluent comprising conversion products, uncon-
verted reactants and vaporized coolant from said
lower catalyst bed to said upper non-catalytic
‘bed in each stage, continuously withdrawing non-
vaporized coolant from each stage, continuously
cooling said withdrawn non-vaporized coolant,

-returning said cooled non-vaporized coolant to

each stage at a point above said upper bed of
non-catalytic contact material, passing said non-
vaporized coolant downwardly through said up- -
per bed in counter-current contact to the effiu-
ent from each catalyst bed rising therethrough
so as to scrub said efluent from each of said cat-
alyst beds and condense the higher boiling com-
ponents of said efluent including vaporized cool-
ant and removing products of reaction from the
upper portion of said reaction zone.

8. In the exothermic conversion of carbon
monoxide and hydrogen into hydrocarbons, oxy-
genated hydrocarbons and the like by contact
with & conversion catalyst in solid particle form

. within a predetermined temperature range, the

method comprising’ passing gaseous reactants
upwardly through a series of conversion stages .

_ spaced apart within a reaction zone, each stage

35
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ing an efilusnt comprising conversion products,

unconverted reactants and vaporized coolant
from said lower catalyst bed to said upper non-
catalytic bed in each stage, continuously with~
drawing from the lower portion of each stage
non-vaporized coolant -containing dissolved
therein products of conversion, diverting part
of said withdrawn coolant to a product recovery
system for the separation of products therefrom,
continuously cooling the remainder of said with-
drawn coolant, returning said cooled non-vapor-
ized coolant to each stage at a point above said
upper bed of non-catalytic contact material,
passing said non-vaporized coolant downwardly
through said upper bed in counter-current con-
tact to the effluent from each catalyst bed so as
to scrub the efluent from each of said catalyst
beds and condense the higher boiling components
of said effluent including vaporized coolant, pass-
ing condensed components of said effluent and
non-vaporized coolant downwardly through said
catalyst bed so as to effect further absorption
of heat of reaction and removing products of
reaction from the upper portion of said reac-
tion zone.

7. In the exothermic conversion of carbon
monoxide and hydrogen into hydrocarbons, oxy-

genated hydrocarbons and the like by contact

“with a conversion catalyst in solid particle form
within a predetermined temperature range, the
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comprising ‘a lower bed of catalyst and an upper
bed of non-catalytic contact material in solid
particle form, effecting partial conversion of
gaseous reactants in each stage, maintaining
catalyst particles in each of said beds in direct .
contact with a liquid coolant, said coolant being
partially vaporizable under the conditions pre-
valling A within said catalyst bed, passing an

‘effluent comprising conversion products, uncon-

verted reactants and vaporized coolant from said
lower- catalyst bed to saild upper non-catalytic
bed in each stage, continuously withdrawing from
each stage non-vaporized coolant contalning .
dissolved therein products of conversion, divert-
ing part of said withdrawn coolant to a product
recovery system for the separation of products
therefrom, continuously cooling the remainder of
said withdrawn coolant, returning said cooled
non-vaporized coolant to each stage at a point
above said upper bed of non-catalytic contact
material, passing said non-vaporized coolant

"~ downwardly through said tpper bed in counter-

current contact to the effluent from each cata-

~ lyst bed rising therethrough, so as to scrub the

60

effluent from each of said catalyst beds and
condense the higher boiling components of said
effluent including vaporized coolant and remov-
ing products of reaction from the upper portion

- .of said reaction zone.

85

70

method comprising passing gaseous reactants up- -

wardly through a series of conversion stages

75

9. In the exothermic conversion of _carbon
monoxide and hydrogen into hydrocarbons, oxy-
genated hydrocarbons and the like by contact
with a conversion catalyst in solid particle form -

' within a predetermined temperature range, the

method comprising passing gaseous reactants
upwardly through a serles of conversion stages
spaced apart within a reaction zone, each stage
comprising a lower bed of catalyst and an upper

.bed of non-catalytic contact material in solid

particle form, effecting partial conversion of
gaseous reactants in each stage, maintaining
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catalyst particles in each of sald beds in direct

contact with a liquid coolant, said coolant being.

partially vaporizable under conditions prevail-
ing within said catalyst bed, passing an effluent
comprising conversion products, unconverted
reactants and vaporized coolant from said lower

catalyst bed to said upper non-catalytic bed in -

each stage, continuously withdrawing non-va-
porized coolant containing products of reaction
dissolved therein from each stage, diverting part
of sald withdrawn coolant to a product recovery
system for the separation of products of con-
version therefrom, continuously restoring the
content of non-vaporized coolant by recycling
said non-vaporized coolant from said product
recovery system, continuously cooling the re-
mainder of said withdrawn' coolant, returning
said cooled non-vaporized coolant to each stage

10

18

at a point above said upper bed of nen-catalytic

contact material, passing said non-vaporized
coolant downwardly through said upper bed in

12

counter-current contact to the efluent from each
catalyst bed rising therethrough so as to effect
scrubbing the effluent from each of said catalyst
beds and condense the higher boiling components
of saild effluent including vaporized coolant and
removing products of reaction from the upper
portion of sald reaction zone,

HAROLD V. ATWELL.
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