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Improved Process for the Catalytic Synthesis of Hydrocarbons

(A communication from Srtaxparp OIL
DEvELoPMENT COMPANY, a corporation
duly organised and existing under the
laws of the State of Delaware, United

b  States of America, having an office at
Linden, New Jersey, United States of
America).

I, Conrap ARNOLD, a British subject, of

29,  Southampton Buildings, Chancery

10 Lane, London, W.C.2, do hereby declare
the nature of this invention and in what
manner the same is to be performed, to
be particularly described and ascertained
in any by the following statement:—

16 The present invention relates to an im-
provement in the methods of carrying out
the catalytic union of carbon monoxide
and hydrogen to produce hydrocarbons of
more than two carbon atoms and oxygen-

20 ated derivatives thereof and more especi-
ally the invention relates to the method
of conducting the reaction with catalysts
in fluidized form and fo such catalysts
themselves. The invention will be more

25 fully understood from the following
description and attached accompanying
drawing.

The drawing is a semi-diagrammatic
view in sectional elevation showing an

30 apparatus for the reduction of carbon
monoxide with hydrogen in which the
catalyst is employed in a fluidized form.

During the past few years much atten-
tion has been directed to an improved

35 method for conducting chemical reactions
in the gas phase with catalysts in fluidized

- form, by which it is meant that a finely

divided “catalyst is dispersed throughout
the reacting gas mixture to form a dense

40 suspension which flows through the
apparatus like a liquid, showing both
dynamic and static heads. Such a
system has been successfully applied on a
large scale to the cracking of hydro-

45 carbon oils and to other reactions as well.

It is of great importance to maintain
the catalyst in the reactor in a good con-
dition of fluidization since this insures
uniformity of temperature and pressure
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throughout as well as constant conditions 50
which lead to improved yield and
efficiency in the operation.

In attempting to apply the system 1o
the synthesis of hydrocarbons and oxy-
genated derivatives by the reduction of 55
carbon monoxide with hydrogen, it has
been found that certain unexpected diffi-
culties have arisen which appear to be
peculiar to this particular reaction,
especially when attempted on a large60
scale by which it is meant of a commer-
cial size and considerably larger than
would ordinarily be performed in the
laboratory.

To illustrate the types of difficulties 65
which are found, it may be stated that
the size distribution of the catalyst
particles has been found to be of great
significance where it appears to be much
less important in other reactions. In 70
certain carefully controlled experiments,

a suitable synthesis catalyst was duly
fluidized in a synthesis gas at room tem-
perature, that is to say below the tem-
perature suitable for reaction. When 75
the fluidization was satisfactorily accom-
plished, the temperature of the gas fed
was gradually raised to reach the reacticn
range and to induce the synthesis of
hydrocarbons and oxygenated deriva- 80
tives. When, however, the reaction tem-
perature was reached, fluidization became
extremely poor with slugging and bump-
ing. In other experiments it was found
that hydrogen alone or CO alone could gp
be employed to fluidize the catalyst even
at the normal reacting temperatures, but
on addition of the other reactant, CO or
hydrogen as the case might be, fluidiza-
tion suddenly stopped or became ex- 90
tremely poor in the zone of the reaction.
Tt was finally found that in these par-
ticular reactions the process was much
more sensitive than any others that had
been previously studied and that it wasa 95
peculiarity of the reaction, not of the
material being fluidized. The actual
reasons and physical explanation of this
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are still obscure. It was found that the
catalyst size distribution was of great
importance and in this distinguished
very sharply from the results obtained in
the cracking of hydrocarbons and in other
reactions. It was finally found that good
fluidization could be insured in a stable
condition throughout the operating tem-
perature range by the selection of a proper
balance of the size and amounts of the

catalyst particles present in the reactor.

There have been in the past various
proposals as to the suitable catalyst
size range distribution in a process of this
type. Tor instance it has been proposed
to use a catalyst having the following

size distribution: :

Micron Diameter Percent
0—45 75
45—T75 14
50—150 11

It has now been discovered that the par-
ticle size distribution of the catalyst is
even more critical than had been sug-
gested by these prior art proposals, and
the present invention has for its object
the definition of the proper range of size
distribution for successful operation of a
Fisher-Tropsch synthesis process using
the fluidized solids technique. :

Referring to the drawing, numeral 1
denotes a reaction vessel which is gener-
ally in the form of an upright cylinder
with a conical base 2. A grid or sereen
3 is located in the lower part of the
cylinder so as to effect good gas distribu-
tion and in the upper portion of the
cylinder a dust separator 4 is generally
indicated. The separator is preferably
of the type operating on centrifugal prin-
ciples and "the dust so separated is re-
turned to the fluidized mass by the pipe
5 while the gas and vapor misture is
taken out by the pipe 6 to a serubber con-
denser 7, fed with water by a pipe 8. The
gas from which liquid products and final
traces of catalyst have been removed is

. withdrawn by a pipe 9 and the liquid is

50

separated in the vessel 10, water being
withdrawn at the bottom by 11 and the
hydrocarbon produet by the pipe 12.
‘Within the reactor 1 it will be under-
stood that the catalyst particles are dis-
tributed throughout the reacting gases in
the form of a dense suspension, which
comprises a denser phase below and a

. lighter phase above which are separated

by a so-called interface or level which is

indicated generally at 13. Within the

" 80 denser phase cooling pipes 14 are located

bhut it will be understoed that they may
be arranged in any preferred manner,

not necessarily as shown.

Within this reactor the suspension is in
vigorous motion which insures efficient
utilization of the catalyst and aceurate
temperature control from top to bottom.

65

The gaseous feed consisting of the g

mixture preferably of two parts of hydro-
gen to one of CO 1s supplied by the pipe
15 through a heater 16 which is employed
until the apparatus has been raised fo
reaction -temperature. Thereafter the
gas is preferably directed, or at least a
part of it is directed, around the heater
by means of a pipe 16a.
understood that the reaction itself nor-
mally produces sufficient heat to maintain
itself and, in fact, cooling by the-pipes
14 is required. S

At intervals a portion of the catalyst
may be withdrawn by a pipe 17 as indi-
cated and the catalyst may be separated
from the carrying gas and regenerated or
reworked as desired. Fresh catalyst may
be supplied by the pipe 18, preferably in
a carrier gas which may be a portion of
the feed gas. o )

(onsiderable variation may he made in
the apparatus for carrying ouf the reac-
tion but in general that shown -in the
drawing is suitable.  In any case, it
should consist of an enlarged vertical
reaction. vessel provided with cooling
means, fed with the reactant gases af the
bottom. The- catalyst is preferably
separated from the gas within the reac-
tion shell so as to maintain the bulk of
the ‘catalyst always within the reactor
and to withdraw product vapors. - After
the separation of the liguid product from
the gas, the latter may be recirculated to

0

75

It will be

80

85 -

90

100

the reaction chamber, usually after a- -

suitable adjustment of ifs composition.
“In order to understand more fully the
operation of the present process, it should
be noted that the gas veloeity upwardly
in the reactor space is adjusted so as to
maintain the distribution of the catalyst
particles throughout the- gas in a dense
suspension.  The velocity is preferably

of the range of 0.2 to 1.0 feet per second,

105

110

measured on the overall cross section of

" the vessel, although it may be as high

as 10 ft. per second and will usually be 115

between .5 and b ff. per second. When
the pressure is elevated, say above 10
atmospheres, somewhat lower velocities
are employed.
sufficient to maintain the catalyst in sus-

pension. - There is a‘considerable slip also -
between the catalyst and the gas, that is

to say the catalyst particles rise consider-
ably slower than the gas in which they

This upward: velocity is.

120

are suspended. - The temperature of re-125

action. depends on other factors, prin-
cipally the catalyst, but it is in the range
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of from about 350° fo 675° F. With
catalysts, the active element of which is
iron, the preferred temperature is from
550° to 650° F., while with cobalt a lower

5 temperature range from about 375° to
475° F. is preferred. With the iron
catalyst it is preferable to use a pressure
of 10 to 30 atmospheres where hydrocar-
bon production is to be emphasized and

10 even higher pressures can be used if it is
desired to increase the yield of oxygenated
derivatives at the expense of the hydro-
carbons.  With cobalt-containing cata-
lysts, atmospheric pressure can be con-

15 veniently used, although it is preferable
to run from 5 to 15 atmospheres.

In regard to the catalyst size distribu-
tion, it has now been found that satisfac-
tory operations, in which the fluidization

20 is good and can be maintained stable,
exist only wunder a relatively narrow
range. This is not to say that no opera-

tion. whatever can be maintained outside
of these conditions but such operation is

not smooth and it is subject to erratic 25 .

periods in which the catalyst appears to
rush upward through the apparatus in
slugs and large bubbles or channels of gas .
pass through the dense catalyst mixture
without adequate contact with it. The 30
specification of the catalyst used in the
present invention is as follows, it being
understood that a uniform moderate
spread of catalyst sizes is better than an
extremely narrow range on the one hand 35
and an extremely wide spread on the
other. The entire catalyst is finely
divided, including the one portion desig-
nated below as being over 80 microns, and
contains particles as small as 5 microns 40
or less. The larger particles above 80
microns will be predominantly smaller
than 150 microns and will contain no part-
ticles larger than 1650 microns.

45 Catalyst Diameter Percent Preferred
0 to 20 microns - - - - - Less than 25:% 5 to 256i%
20to 80 ,, S 30 to 86% 30 to 85%
Above 80 microns but still charac- '
terized as finely divided - - - Less than 45% 5 to 36:%
50 The catalyst may be produced in mqny catalyst throughout the gas and more
ways, first, for example, by grinding efficient temperature control. 85
larger lumps of the catalytic material to Examrere I.

approximately the proper size and then

adjusting within the limits above men-
55 tioned by the addition of fines or coarse

particles as required. Rough separations

of ground catalyst may be made by air

flotation or by other mechanical means

and these rough fractions may be blended
60 to give the desired distribution.

Catalysts in substantially spherical
form can be made by forming a sol of the
catalytic or carrier material, dispersing it

‘in droplets in an inert gas or immiscible
65 liquid, for example by emulsification, and
maintaining it in this condition until the
ol has set into a gel. It will be under-
stood that the particles of sol are brought
into spherical form under the influence of
70 interfacial tension. If carriers are used

such as silica gel, or mixed gels, they .

can be impregnated with the catalytic
elements.
Catalysts of the above specification can
75 be readily fluidized in a stable condition
which is not subject to sudden erratic
bumping and slugging, and the hydro-
carbon synthesis process may be carried
out smoothly and efficiently® Catalyst
80 loss is not excessive; the vields of liquid
product are greater than obtained during
unsatisfactory fluidization, presumably
because of the better distribution of the

The apparatus employed-in the present -
example was quite similar to that illus-
trated above. The reaction vessel was
about 15” in diameter and 40’ in height. 90
Cooling was effected by 8 vertical cooling
pipes connected at top and bottom by ring
manifolds, each tube being 30’ long and
2” in diameter, placed in the lower part
of the reaction vessel and fed with the 95
cooling fluid. . -

The various operations described here-
inbelow were carried out in the reactor
with from 200 to 1,000 pounds of catalyst
comprising cohalt on an inert carrier and 100
at atmospheric pressure or up to 20 1bs.
gage. The temperature ranged in dif- .
ferent portions of the runs from about 380
to 410° F. The synthesis gas was made
up of about two volumes of hydrogen to 103
one of CO and contained some CO, and at
times it was diluted with additional
hydrogen. Temperature measurements
were taken at several levels in the reactor
and pressure manometers were also 110
placed along the reactor at different.
levels. From the manometer readings,
the height of the dense layer of catalyst
could be:readily determined as well as
the total amount of catalyst in the re- 115
actor. The "total run covered several
weeks of operation and is divided into
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several periods wherein different sized
catalysts were used under various condi-
tions and different attempts were made to
obtain good fluidization. 1 was found that
when hydrogen alone was used, the size of
the catalyst had little or no importance
and operation could be carried out even at
reaction temperature, but as CO or syn-
thesis gas was added there came a time
when fluidization would become ex-
tremely poor. 1In these runsone measure
of the degree of the success of the par-
ticular operation was the amount of
synthesis gas (2 H,+1 CO) which could
be employed and still obtain good
fluidization. A wholly successful run
from the point of view of fluidization
would therefore be an operation in which
pure synthesis gas, that is 2 volumes of
hydrogen to one volume of CO, was em-
ployed under smooth operating condi-
tions. Poor runs were those in which a
large volume of extraneous hydrogen had
to be added to the synthesis gas in order
to obtain fluidization if it was obtained
at all. Different sections of the runs will
be considered carefully:

A. The operation began with hydrogen
alone and 895 pounds of catalyst in the
reactor which was maintained at 350° F.
and about 16 pounds per square inch pres-
sure. The velocity was 0.23 feet per
second and when the operation was stabi-
lized, fluidization was good as indicated
by the uniformity of temperature within
the reactor. The manometer pressures
at each point were stable during the

period. The catalyst size distribution at
this time was: -
(0—20p 21.3%
20—40p 5.8
40—830u 9.7
80+ p 63.2

B. After an hour of steady operation
under the conditions described above,
synthesis gas was added to the stream to
the extent of about 60%. The velocity
was now 0.52 feet per second, the tempera-
ture went up to 406° T., indicating that
reaction had begun, and very poor
fluidization was immediately evident by
an immediate drop in the Ap over the re-
actor (difference between the top and
bottom manometer readings) and very
rapid surging of the level up and down
from 8 to 9.5, whereas in the steady
operation under the conditions of “A.”
the level remained substantially constant
at 11". The temperature during the
previous sectional run had not varied
more than about 5° F. overall, but under
the present conditions wide and rapid
variations at 55* F. maximum were

“and

found. It was observed that catalyst
was being lost from the top of the reactor
in excessive amounts, In an attempt to
improve the operation, 1000% of the syn-
thesis gas was employed, that is without
any extraneous hydrogen, but this gave
no improvement nor did a change of the
veloeity to 0.73 per second give any im-
provement, However, at this point pure
hydrogen was again cut in and the steady
operating conditions found during period
“A” were immediately established.
Some catalyst had been lost but the con-
ditions became uniform immediately and
fluidization became extremely good
again. It was found that about 65
pounds of catalyst had been lost. The
velocit;lr was run, up to 1.5 feet per second
the
Product was made during the synthesis
period but yield was low and appeared to
vary from time to time. .

C. Switching immediately to 100%
synthesis gas, brought an immediate
upset of the entire conditions a second
time with exactly the same resulis as re-
ferred to before. At this time a portion
of catalyst was withdrawn. and was found

to have the following analysis:
. 0—20p 13.4%
20—40u 6.2
40—S80u 12.7
80+ - n 7.7

D. At this time the amount of catalyst
remaining in the reactor was about 230
pounds go that 500 pounds were added and
the operation was resumed on pure hydro-
gen. Fluidization was extremely good
and the conditions were about the same as
in period *“ A’ Synthesis gas was now
slowly added and the amount increased
so that it was found that a fair result
could be obtained with 42% of synthesis
gas and 58% of additional hydrogen. It
will be noted that in this case the reactor
was operating at only 42% of its nominal
capacity.  Subsequently continuing the
same type of operation showed that the
percent of synthesis gas that could he
tolerated slowly declined to about 20%
and an analysis of the catalyst showed the
following :

0—20s  6.9%
20—40x 13.8
40—80p  23.2
80+ o 56.1

®
It was apparent that the conditions
naintaining at this time was not satis-
factory and fluidization was progressively
becoming poorer.
E. At this point a further volume of

65

70

75

conditions’ remained good. 80

85

90

95

100

110

120
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catalyst considerably smaller in size than
that originally used was added and the
analysis now showed :

0—20x 24.4%
5 20—40x  18.1
40—80x 23.0
80+ u 845

F. After the addition of the catalyst

mentioned above, the operation immedi-

10 ately smoothed out without any other

changes in temperature and pressure

conditions which became quite constant.

Tt was now found possible with the above

catalyst to operate with 1009 synthesis

16 ges and with a velocity of 1.14 feet per

gecond. The temperature had stabilized

at about 425° F. and there was practic-

ally no variation from point to point

through the reactor. Each of the pres-

20 sure manometer readings was also main-

tained substantially constant.  During

this period the product was collected con-

tinuously but due to the low activity of

the catalyst the conversion was only about

25 86%. It was also observed that there was

little loss of catalyst during any of this

period and that at the end of the period

the composition of the catalyst was about

* the same as before.. The unit was operat-

30 ing at its nominal capacity but as stated

the conversion was not as high as it should

be on account of the poor activity of the

catalyst. The operation was much

superior to that during any previous

3b period, in other words, the unit was found

to be operating mechanically perfectly

from the point of view of fluidization.

The previous periods had been marked by

rapid and wide variation in temperature

40 and pressure fluctuations' while in the

present period the operation was ex-
tremely smooth and quite satisfactory.

Examrere I1.

During the previous runs it had been

45 Jdetermined that the size of the catalyst

was one of the most important features of

the operation so that in the present run a

new and active catalyst was employed of

the following distribution range:

50 0—20p  13.9%
20—40p  39.9%
40—80p  37.4%
80+ p 8.8%

During this run the temperature was

55 held at approximately 400° F. by means
of a cooling jacket in place of the cooling
tubes used in the reactor in Example I,
with little or no variation from point to
point in the reactor and 100% of the syn-

60 thesis gas was fed. As before, this gas
comprises 2 volumes of hydrogen, one of

CO and a small amount of CO,. 'The
pressure was 10 pounds per square inch
and the velocity in the reactor was varied
from time to time from 0.56 to 0.70 feet 65
per second but without any substantial
effect on the reaction. During the period
measurements were continuously taken
over the reactor and the following yields
were obtained: 70

Conversion of CO - - - 86%
Yield cc/cubic meter of gas 162

Selectivity to (C, to C.) - 32%
Selectivity to C,+  (Liquid)  54%

From the above it will be seen that not 70
only was the reactor operating smoothly,
but the conversion was high, the yield
good and the selectivity fair.” The run
continued for some 67 hours and there
was - little loss of catalyst through the 80
entire period. At the 59th hour a sample -
of the catalyst was withdrawn and it was
found to be as follows: °

0—20p 13.6%
20—40u 38.8 86
40—80p  38.0 -
80+ w97

This "distribution of catalyst is sub-
stantially the same as that with whic
the run was commenced. - 90
Exasmpre 11T, :
Apparatus deseribed in Example IT was
operated with an iron catalyst which had
the following characteristics:

0—=20 microns 27.8% 95
20—40 ., 4.2
40—-80 ,, 7.6
80 + e 20.4

Afyer 120 hours reduction with sub-
stantially pure hydrogen, synthesis gas 100
was used. During synthesis operation
temperatures of about 600> F. and pres-
sures about 300 lbs. [sq. in were employed. -
The overall gas velocity was about 0.5 -
feet per second and operation was good. 105
After 119 hours of synthesis operation,
catalyst was drawn off and the analysis
showed : )

0—20 microns 8.5%. -
20—40 28.5 110
40—80 ,, 40.0
80+ L, 230

The height of the catalyst bed was between
20 and 25 feet and the temperatures of
the catalyst throughout this length varied 115
only about 10° F. The pressure mano-
meter readings were smooth and indicated
the true weight of catalyst in the reactor
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which was about 1140 lbs, The heat
transfer coefficient, which is a measure of
the fluidization, was 44 B.Th.U/hr. sq.
ft. °F.
5 When- the coarser iron catalyst was
tried in the same apparatus, this heat
transfer coefficient at otherwise compar-
able conditions was only 34 B.Th.U/hr.
sq. ft. "F.  Furthermore, temperatures
varied from point to point in the catalyst
bed by as much at 22 F. This coarser
type catalyst had the following particle

10

size:
0—20 microns 2.5%
15 2040 ,,  17.8
40-80 . 27.8
80+ s 51.9 .

This analysis was made after 82 hours of

synthesis operation. These data thus
20 indicate that this coarser catalyst was
markedly inferior.

Having now particularly described and
ascertained the nature of the said inven-
tion and in what manner the same is to
be performed, as communicated to me by
my foreign correspondents, I declare that
what I elaim is:—

1. A process for synthesizing hydro-
carbons from a gas mixture containing
carbon monoxide and hydrogen by pass-
ing the said mixture upwardly through
a reaction zone under suitable conditions
of temperature and pressure for the syn-
thesis reaction, and containing a body of
finely-divided solid Fischer synthesis
catalyst, at a velocity sufficient to main-
tain the said finely-divided catalyst in the
form of a dense, turbulent suspension in
the said gases, and subsequently separat-
ing the said catalyst material from the
reaction products wherein the finely-
divided solid catalyst material comprises
particles ranging upwardly in size from
5 microns or less, the larger particles over
46 80 microns being predominantly smaller

than 150 microns and containing no par-

ticles larger than 1650 microns and
having the following overall size distri-
bution : :

25

30

35

40

50 Micron Diameter Percent

0—20 less than 25
20—80 30—S85
greater than 80 less than. 45
2. A process as claimed in Claim 1
55 wherein the catalyst has the following

size distribution:

Micron Diameter

Percent
0—20 5—25
20—80 30—85
above 80 9—35

3. A process as claimed in Claim 1

“wherein the gases comprise a mixture of

carbon monoxide and hydrogen.

4. A process as claimed in any one of
Claims 1—3 wherein the gases are passed
upwardly at a velocity from (.2—10 feet
per second. :

5. A process as claimed in any one of
Claims 1—4 wherein the temperature in
the reaction zone is maintained between
350—675° T, ’

6. A process as claimed in any one of
Claims 1—4 wherein. the reaction zone is
maintained under super atmospheric
pressure.

7. A process as claimed in any one of
Claims 1—6 wherein a cooling medium is
passed in indirect heat exchange relation
with the said dense, turbulent suspension
of solids within the reaction zone to
extract heat therefrom and maintain the
said zone at the desired temperature.

8. A process as claimed in any of the
preceding claims wherein the catalyst
comprises iron or cobalt as the active in-
gredient.

9. An improved catalyst for the syn-
thesis of hydrocarbons from gas mixtures
containing carbon monoxide and hydro-
gen comprising a finely-divided mixture
of catalyst particles containing iron or
cobalt as the active ingredient, the said
particles ranging upwardly in size from
5 microns or less, the larger particles over
80 microns being predominantly smaller
than 150 mierons and containing no par-

ticles larger than 1650 microns™ and-

having an overall size frequency distri-
bution as follows:

Mieron Prefer-
Diameter Percent ably
0—=20 less than 25 5-—25%
20—80 30—85  30—85%
greater than 80  less than 456  5—385%

Dated this 28rd day of August, 1946.

D. YOUNG & CO.,
29, Southampton Buildings,
Chancery Lane,
London, W.C.2,
Agents for the Applicants.

Leamington Spa: Printed for His Majesty’s Stationei'y Office, by the Courier Press.—1949.
Published at The Patent Office, 25, Southampton Buildings, London, W.C.2, from which -
copies, price 2s. 0d. each (inland) 2s. 1d. (abroad) may be obtajned.
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