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'The present invention relates to the synthesis of hydro-
carbons by the reduction of carbon monoxide with-hydro-
gen in the presence of a fluidized iron-type catalyst.
More particularly, it pertains to a method for preparing
a catalyst of the aforesaid type having improved fluidiza-
tion properties, ability to produce relatively high yields of
desired oxygenated products, and increased resistance to
fragmentation.

One of the chief problems in adapting the Fischer--
Tropsch synthesis to fluid bed technique has been  the
difficulty experienced in providing conditions favorable to
the maintenance of a substantially uniform catalyst bed
over extended periods. Generally, after a relatively short
time under synthesis conditions, it was found that ex-
cessive guantities of carbon formed on the catalyst and
that the latter subsequently disintegrated into particles
of much smaller diameter. The original mass of iron
particles which once possessed good fluidization charac-
teristics became difficultly fluidizable and passed on out of
the reactor system causing the synthesis operation to be
discontinued. In an effort to overcome this mechanical
difficulty, it has been suggested that sand, dolomite,
alumina, silica gel, etc., of suitable particle size, be
mixed with the iron catalyst in order to maintajn constant
the essential fluidization characteristics of the catalyst bed.
Such conditions, however, brought about classification
of particles of catalyst and of inert material in the
fluidized bed and, moreover, this procedure did not solve
the fundamental problem of carbon deposition on the
catalyst. It has also been proposed to circulate the cata-
Iyst from the reactor to a “stripping” vessel where treat-
ment with hydrogen or synthesis gas at lower pressures
and higher temperatures would remove higher boiling
material from the catalyst surface and thus increase its
useful life. Numerous other procedures have likewise
been proposed, either for the prevention of carbon depo-
sition or for regenerating the catalyst in useful form; but
so far as I am aware, they have all possessed one or
more material defects which have made them com-
mercially unattractive. An additional problem in con-
nection with the profitable operation of the Fischer-
Tropsch synthesis has been the selection of a catalyst
which will not only give high total feed carbon monoxide
conversions, but which will produce good yields of oxy-
genated. chemicals having a2 high proportion of the class
or classes of chemicals most desired. :

Accordingly, it is an object of my invention to provide
a hydrocarbon synthesis catalyst having improved op-
erating characteristics, including resistance to fragmenta-
tion and carbon deposition, high total feed carbon mon-
oxide conversions and high selectively to the desired class
or classes of water- and oil-soluble chemicals, by sub-
jecting said catalyst, prior to the standard reduction treat-
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ment, to oxidizing conditions such that at least about 60
weight per cent of the iron present therein is in the form
of FesCa.

In accordance with my invention I have found the iron-
type hydrocarbon synthesis catalyst such as, for example,

" iron mill scale, which contains from about 60 to about

65 weight per cent FeO and from about 35 to about 40
weight per cent FesOs prior to reduction, can be con-
verted into a catalyst having highly desirable characteris-
tics if the unreduced material from which the catalyst
is normally prepared is first oxidized under conditions
such that the FezOs content thereof is increased to a
total of at least 60 weight per cent. The desired catalyst
is then obtained by reduction of the highly oxidized
material with a suitable reducing gas such as hydrogen,

In carrying out a preferred embodiment of my inven-

tion, ordinary iron mill scale is first ground and screened,

20

25

after which a selected portion from the aforesaid grinding
and screening operation is impregnated with a suitable
alkali metal promoter such as, for example, potassium, in -
the form of an aqueous solution of potassium carbonate
to give a concentration on the catalyst of from about 0.5
to about 2.0 per cent as the alkali. metal oxide. - Oxida-
tion of the resulting impregnated iron oxide to'a prodiict
which is predominantly Fe:QO4 is effected by subjecting

. said impregnated oxide to the action of air or equivalent
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oxidizing medium under pressures of from about 100 to
about. 555 p. s. i, preferably from 200 to 300 p. s. i. and
at temperatures of from about 500° to about 800° F.,
preferably from 650° to 750° F. Oxidation is contirued

- under these conditions preferably until 80 to about 90
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weight per cent of the mass is composed of FezOs.
Thereafter the system in which the oxidation occurs is
flushed ocut under pressures of 150 to 400 p. s. 1. with
a suitable inert gas such as nitrogen, after which the Jatter
is purged by the use of hydrogen under similar pressure
conditions. After all of the nitrogen is removed in this
manner, the oxidized mass is reduced preferably with
hydrogen at temperatures ranging from about 200° to
about 800° F., preferably from about 600° io about
700° F. and at pressures from about 200 to about 500
p. s. i. Completion of the reduction step is evidenced
by the absence of water in the tail gas; however, it is
generally desirable to continue treatment of the catalyst
with hydrogen under the above-mentioned conditions for
a period of from -about two to ten hours after the pres-
ence of water can no longer be detected. :

If desired, the catalyst may thereafter be subjected
to an additional pretreatment or conditioning step involv-
ing fluidization of the catalyst particles in the reactor
at a pressure of from about 350 to about 450 p. 8. i. and
at a temperature of from about 575° to about 700° F.
The hydrogen and carbon monoxide present in the treat-
ing gas are in a ratio of about 2:1, the recycle ratio is
from about 1.5 to 2.0, the space velocity may be from
about 4.0 to about 8.0 S. C. F. H. CO (fresh feed)/Ib.
iron, and the linear velocity should be from about 0.5
to about 0.9 ft./sec. Treatment of this type, which may
continue for a period of from about 15 to 25 hours, is
generally carried out in all runs to insure the procure-
ment in each instance of a catalyst having uniform per-
formance characteristics. Hydrocarbon synthesis is then
conducted under known conditions,

The advantages of using a catalyst prepared in accord-
ance with my invention over conventional catalysts in hy-
drocarbon synthesis are specifically shown by the follow-
ing example.
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EXAMPLE I

Twenty-one pounds cf iron mill scale containing ap-
proximately fifteen pounds of iron as the free metal, im-
pregnated with 0.5 weight per cent K20, were charged to
a hydrocarbon syathesis reactor, 2" L. D., having a reac-
tion zone about 20 feet long. The reactor was then placed
under an air pressure of 150 p. s. i. g., and over a period
of 12 hours the temperature of the catalyst bed was in-
creased from 100° to 600° F., and from 600° to 700° F.

in the next 12 hours by circulating preheated air. When
the temperature reached 700° F., the pressure was in-
creased to 250 p. s. i. g. The operating conditions em-
ployed for oxidation of the catalyst were as follows:

Hours on gtream. . 0-12 12-24 24-72
Catalyst Temperature, °F _| 100-600 | 600-700 700
Reactor pressure, p.s. . g - 150 150 250
Total Feed, SOFH .. _ 280 280 450

Recyle, SCTH ____..

. Total Total Total
Linear velocity, ft./sec. - ocooaeoaaoas .75 .75 .75

Samples of catalyst were periodically withdrawn from the
system and analyzed for FeO, Fe3Os and Fe. The com-
position of the catalyst at various stages of the oxidation
is indicated below.
Table 1
Time, Hrs, Percent | Percent | Percent

FeO FesOs | Total Fo
Start.. 55 25 73.65
62. - 23
86 .
110 B I
130 . 14
After 130 hours oxidation was discontinued, the tempera-
ture decreased to 250° F., and the system flushed with
pitrogento remove all oxygen therefrom. Nitrogen was
then purged from the system (under 250 p. s. i. g) with
hydrogen by employing a flow rate of 450 S. C. F. H.
After all nitrogen had been removed, the oxidized mass
was subjected to reduction with hydrogen for a total of
61 hours under the conditions listed below.
Hours on stream - oouoocaaeamonns 0 1-12 1 12-24 24-61
Catalyst Temperature, °TF' - 250 600 700 650
Reactor pressure, D. s. 1. g . 250 250 250 400
Total Feed, S.C. F.H_.... o 450 450 450 540
Reeyele, 8. C. F. H ... ..| Total | Total | Total Total
Linear velocity, ft./s€¢- - eoce om0 .43 .68 .75 .55

The concentration of hydrogen in the tail gas was main-
tained above 90 per cent, and the catalyst was allowed to
remain in contact with hydrogen for 8 hours after water
evolution had ceased. The reduced catalyst thus obtained
contained 96.5 weight per cent iron as the free metal.
This catalyst was next subjected to an activation or con-
ditioning treatment for a period of 15 hours employing
the following conditions:

HOULS e e e 0-15
Fresh feed composition, Hz2:CO ratio —..___ 1.85-1.90
Catalyst temperature, °F_____________.____ 600
Systern exit pressure, 1b./sq. 0o 400
Fresh feed rate, S. C. F. Ho o ___ 225
Recycle ratio .o 1.8
Recycle rate, S. C. F. Ho 405
Space velocity, S. C. F. H. CO (FF)/1b. Fe

INVentory oo e 5.4
Linear velocity, ft./S€C oo 0.6

At tl}e. end of the above-mentioned activation period, the
conditions indicated below were employed until the run
was discontinued.

EXAMPLE I

_A second run in the same reactor was made employing
mill scale catalyst under identical reduction, wactivation
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and synthesis conditions; however, the catalyst that was
used had not been carried to a high level state of oxida-
tion prior to reduction as was done in the preceding ex-
ample (Run No. 1). The results obtained by synthesis
with the two differently treated catalysts are listed in the
table below:

Table 11
RUN No. 1
Tost Period- o coeocoeccc e 1 2 3 4
Age, Hours. - ccooomomennn 69 143 190
Total Feed CO Convers . 93.6 92.2 93.1
Selectivity to Caal 61.1 63.7 65.2
Selectivity to:
Water-Soluble Chemicals__...... f 7.38 6. 69 7.03
0il-Soluble Chemicals. . ... - .87 6. 64 7.36 7.7
Total Chemicals. oo o ocacmmenoun 3 14.02 1 14.05 14.74
Distribution of Chemicals:
Water-Soluble—
28.0 29.4 23.8 2
54.6 b5.2 57.1 57.6
17.4 15.4 19.1 1
37.5 35.2 35.9 35.8
38.4 40.7 40.6 41.0
19.8 0.0 19.2 19.1
RUN No. 2
1 2 3 4
18 40 64 90
01,8 01.8 93.1 91.6
Selectivity to Cast 55.9 54.2 53.1 51.0
Selectivity to:
Water-Soluble Chemicals. ... 3.1 3.8 3.4 3.4
0il-Soluble Chemicals..- - .7 9.6 7.8 8.2
Total Chemicals. e ocummmromun- 10.8 13.4 11.2 11.6
Distribution of Chemieals:
‘Water-Soluble—
32.8 30.4 25.3 27.9
39.0 42.9 46,1 45.6
28.2 26.1 28.6 26.5
52.2 40.1 37.2 40.3
14.5 24.2 29.1 25.9
33.3 35.7 33.6 33.8
1 Includes hydrocarbons and all chemicals.
While it is to be noted from the data in the above table

that the total chemicals obtained in Run No. 1 averaged
about 2 per cent higher than that obtained in Run No.
2, the striking difference in the two runs is found in the
distribution of these chemicals. Thus, in Run No. 1, the
water-soluble alcohols were obtained in yields approxi-
mately 10 to 12 per cent higher than those obtained in
Run No. 2, while the vields of oil-soluble alcohols in Run
No. 1 averaged about 15 per cent higher than those se-
cured in Run No. 2. It also is to be noted that the se-
lectivity to Ca+ products was from about 7 to 14 per cent
higher in Run No. 1 than in Run No. 2. This fact is
particularly surprising since catalysts from the source
which the mill scale in Run No. 2 was obtained normally
give selectivities averaging from 1 to 2 per cent higher
than mill scale catalyst from the source which that in
Run No. 1 was secured.

The curves presented in the figure where fluid density
is plotted versus per cent carbon and wax deposition
demonstrates the advantageous characteristic of iron hy-
drocarbon synthesis catalyst prepared in accordance with
my invention. With respect to resistance to carbon depo-
sition over extended periods of time, curve A is based on
the fluidization characteristics of an unoxidized mill scale
catalyst similar to the catalyst of Run No. 2 and employed
in a 2 reactor of the type used in that run under the
conditions similar to those of Run No. 2. Curve B is based
on data taken from a run in an 8’ I D. reactor having a
reaction zone 20 feet long, using unoxidized mill scale
catalyst. Normally for a given catalyst, better fluid-
ization is experienced in the 8" reactor than.in a.2"



http://ww. Pat ent Gopher.com

~ 2,762,828 -

o 5

reactor of equal length, owing to the greater rate of
catalyst contamination with carbon and wax which
occurs in. the 27 reactor because of higher conversion.
Thus, it may be seen from these curves that at equal
carbon and wax contents the fluid density of the catalyst
in the 2’ reactor is substantially lower than that prevail-
ing in the 8’ reactor under otherwise equivalent condi-
tions. Curve C, however, is based on data taken from
Run No. 1, reported above, in which the catalyst was
oxidized in accordance with the process of my invention
prior to the reduction step. From this curve it is seen
that not only is the carbon and wax deposition much
less than was experienced in the runs on which curves A
and B are based, but the fluid density of the catalyst is
substantially higher than that observed in either of the
previous runs. - For these separate runs in which synthesis
conditions were substantially identical, the fluidization
characteristics and resistance to carbon and wax deposition
exhibited by the catalyst prepared in accordance with
my invention (curve C) are considered to be highly
unexpected. Curves A and C are based on data taken
over a 150 hour period, the first analysis being at the
end of 50 hours. Curve B is based on data taken over
a 630 hour period, the first analysis being at the end of
120 hours. Catalyst treated in accordance with my
invention also exhibits a lesser tendency to elutriate than
catalyst that has not been so treated. Flutriation or
catalyst carry over is a phenomenon which occurs under
any conditions of synthesis in which the catalyt is
employed in the form of a fluidized bed. Generally,
however, the extent to which this phenomenon occurs is
directly dependent upon the amount of carbon deposition
on the catalyst during synthesis. I have observed that
regardless of the type of preliminary treatment given
the catalyst, the rate of elutriation becomes substantially
constant and reaches a minimum value after a period
of about 50 hours. I have found, however, that with
catalyst treated in accordance with my invention, the
extent to which elutriation occurs is much less than that
found in the case of catalysts prepared by prior art pro-
cedures. For example, in Run No. 2, discussed above,
after 150 hours on stream, catalyst elutriation occurred to
the extent of 25 weight per cent based on the catalyst
originally charged; whereas, in Run No. 1, which used
a catalyst prepared in accordance with the present inven-
tion, elutriation was found to have taken place only to
the extent of about 8.9 weight per cent, based on the
amount of the original charge, after 190 hours of opera-
tion. It is, of course, understood that during both of these
runs, catalyst samples were periodically withdrawn for
analysis, thus making the percentage elutriation high in
both cases; however, on a relative basis, these results
indicate that elutriation in the case of the catalyst not
treated in accordance with my invention occurred to a
much greater extent than that found in the run employ-
ing a catalyst which had been so treated.

While my invention has been described in connection
with the specific examples enumerated above, it should be
underseood that it is not limited thereto. The data
appearing in these examples clearly indicate that hydro-
carbon synthesis catalyst treated in accordance with the
process of my invention possesses extremely desirable
operating characteristics as well as the ability to give
high total feed carbon monoxide conversions with high
selectivities to the desired class or classes of oxygenated
chemicals. Likewise it will be appreciated that although
i have described the application of my invention to cat-
alysts derived from iron mill scale, it is of course under-
stood that my process is similarly applicable to the
preparation of iron hydrocarbon synthesis catalysts derived
from other sources. Moreover, the order in which oxida-
tion of the catalyst and impregnation of a promoter
thereon is not considered critical. Generally, however,
I prefer to carry out the preliminary oxidation step prior
to impregnating the catalyst with a promoter.
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I claim:

1. A process for the production of hydrocarbons by the
reduction of carbon monoxide with hydrogen in the pres-
ence of a bed of fluidized iron catalyst in accordance with
known conditions, said catalyst having been prepared by
first subjecting a mixture of finely divided iron mill scale
particles and from about 0.5 to about 2.0 weight per cent
of -alkali- metal oxide, a- major portion of said particles
being in the form of a lower iron oxide, to oxidation with
a gas containing free oxygen at a temperature of from
about 500° to about 800° F. and at pressures of from
about 100 to about 555 p. s. i. until the total FesO4 con-
tent of the resulting oxidized mass is at least about 60
weight per cent, and thereafter reducing said oxidized
mass with hydrogen at a temperature ranging from about
200° to about 800° F. and at pressures of from about 200
to about 555 p. s. i. until water is no longer formed in
the reduction step.

2. A process for the production of hydrocarbons by the
reduction of carbon monoxide with hydrogen in the pres-
ence of a bed of fluidized iron catalyst in accordance with
known conditions, said catalyst having been prepared by
first subjecting finely divided iron mill scale particles, a
major portion of said particles being in the form of a
lower iron oxide, to oxidation with a gas containing free
oxygen at a temperature of from about 500° to about
800° F. and at pressures of from about 100 to about
555 p. s. i. until the total FezOs content of the resulting
oxidized mass is at least about 60 weight per cent, im-
pregnating said mass with from about 0.5 to about 2.0
weight per cent of an alkali metal oxide, and thereafter
reducing said oxidized mass with hydrogen at a tempera-
ture ranging from about 200° to about 800° F. and at
pressures of from about 200 to about 500 p. s. i. until
water is no longer formed in the reduction step.

3. A catalyst for the synthesis of hydrocarbons from
carbon monoxide and hydrogen prepared by subjecting
finely divided iron mill scale particles, a major portion of
which is in the form of a lower iron oxide, to oxidation
with a gas containing free oxygen at a temperature of
from about 500° to about 800° F. and at pressures of from
about 100 to about 555 p. s. i. until the total FesOs con-
tent of the resulting oxidized mass is at least about 60
weight per cent, impregnating said mass with from about
0.5 to about 2.0 weight per cent of an alkali metal oxide,
and thereafter reducing said oxidized mass with hydrogen
at a temperature ranging from about 200° to about 800° F.
and at pressures of from about 200 to about 500 p. s 1.
until water is no longer formed in the reduction step.

4. A catalyst for the synthesis of hydrocarbons from
carbon monoxide and hydrogen prepared by subjecting
finely divided iron mill scale to oxidation with a gas con-
taining free oxygen at a temperature of from about 500°
to about 800° F. and at pressures of from about 100 to
555 p. s. i. until the total FesOs content of the resulting
oxidized mass is at least about 60 weight per cent, im-
pregnating said mill scale with from about 0.5 to about
2.0 weight per cent of an alkali metal, and thereafter re-
ducing said oxidized mass with hydrogen at a temperature
of from about 200° to about 800° F. and at a pressure
of from about 200 to about 500 p. s. i. until reduction
is substantially complete.

5. The catalyst of claim 4 in which the alkali metal
employed is potassium oxide.

6. A catalyst for the synthesis of hydrocarbons from
carbon monoxide and hydrogen prepared by subjecting
finely divided iron mill scale particles to oxidation with
a gas containing free oxygen at a temperature of from
about 500° to about 800° F. and at pressures of from
about 100 to about 555 p. s. i. until the total Fe304 con-
tent of the resulting oxidized mass is at least about 60
weight per cent, impregnating said mass with from about
0.5 to about 2.0 weight per cent of an alkali metal oxide,
and thereafter reducing said oxidized mass with hydrogen
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at a temperature ranging from about 200° to about 800° F. 2,462,861 GUINNESS v m Mar. 1, 1949

and at pressures of from about 200 to about 500 p. s. i 2,483,512 Voorhies, Jr., et al. .~ Oct. 4, 1949

until water is no longer formed in the reduction step. 2,530,344 WattS e Nov. 14, 1950
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