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The present invention relates to a method of obtaining
a highly active hydrocarbon synthesis catalyst and to a
process for the utilization of such a catalyst after it has
been prepared. More particularly, it pertains to a method
for preparing a highly active iron type hydrocarbon syn-
thesis catalyst under conditions normally considered to
be undesirable for overall optimum efficiency of the syn-
thesis system.

It has previously been taught that excessive carbon and
wax deposition on a hydrocarbon synthesis catalyst with
attendant fragmentation or attrition thereof while in the
form of a fluidized bed in the reaction zone is a condition
that should be avoided to as great an extent as possible.
One of the chief difficulties encountered in ordinary syn-
thesis procedures when wax or carbon deposition becomes
excessive resides in the fact that the density of the fluidized
catalyst bed decreases to such an extent that the percent-
age of synthesis gas transformed into useful products falls
below conversion levels at which it is economical to oper-
ate. Furthermore, such conditions result in an increased
tendency toward elutriation and in a decreased heat trans-
fer coefficient usually necessitating termination of the
run. .

It is an object of my invention to prepare a synthesis
catalyst from a standard high density catalyst by sub-
jecting the latter to conditions which favor excessive
deposition of carbon on the catalyst together with frag-
mentation of the resulting carbonized material. It is
a further object of my invention to employ the highly
active catalyst obtained in this manner in a separate syn-
thesis reactor operating in conjunction with a second re-
actor wherein the latter employs a standard high density
iron-type hydrocarbon synthesis catalyst and fresh syn-
thesis gas, while said separate synthesis reactor utilizes
as synthesis gas, the tail gas from said second reactor.

I have now discovered, contrary to prior belief, that a
hydrocarbon synthesis catalyst when treated under con-
ditions conducive to high wax and carbon deposition for
a sufficient length of time becomes extremely active and
that a catalyst so produced can be utilized in fluidized
form over extended periods with excellent results. In
carrying out the process of my invention, a standard iron
high density hydrocarbon synthesis catalyst is charged to
a fluid bed type synthesis reactor of conventional design
after which the reactor is operated under conditions which
favor high carbon deposition. Thus, in accomplishing
this object, synthesis is effected by operating at tempera-
tures of from about 550° to 700° F., low hydrogen partial
pressures which can be most conveniently secured by op-
erating at low total pressures, i. e., about 250 p. s. i. or
below, for example, 100 to 150 p. s. i, and low Ha:CO
ratios, i. e., a total feed having about three volumes of
hydrogen to one of carbon monoxide, or less. Linear
velocities of about 0.5 to about 2.0 ft./sec. and space
velocities of from about 4.0 to about 15 and preferably
from about 7.0 to 9.0 S. C. F. H. CO/Ib. Fe may be em-
ployed. As the deposition of carbon on the catalyst be-
comes apparent, as is generally the case after about 250
hours, relatively rapid fragmentation of the catalyst oc-
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curs and the resulting finely divided catalyst (a large por-
tion of which has an average particle size of from about 0
to about 20 microns) of high carbon content, i. e., the
catalyst may contain up to about 70 per cent carbon,
elutriates and is transferred to a second synthesis reactor.
It should be noted that maximum carbon deposition oc-
curs prior to maximum fragmentation of the catalyst and
that both of these phenomena generally occur before a
highly active catalyst is secured. Operation of the first
reactor is continued until substantially all of the catalyst
has disintegrated after which it is withdrawn from the unit
and conveyed to the second reactor. In this connection
it should be pointed out that I employ, in a preferred em-
bodiment of my invention, a second reactor which con-
tains only a few heat transfer tubes, thus necessitating the
preparation of the finely divided catalyst in the first or
primary reactor which is equipped to handle the heat
evolved during this step. Fresh standard iron-type high
density catalyst is then charged to the first reactor
and thereafter the two reactors are operated simulta-
neously, the second one employing as synthesis gas,
the effluent from the first or primary reactor. In the first
reactor, a major portion of the synthesis gas is generally
converted and, accordingly, most of the heat evolution oc-
curs therein. Conversion of synthesis gas to useful prod-
ucts in the first reactor, however, is preferably limited
to between about 50 and 75 per cent of that obtained
under customary conditions and, as a result, extended op-
eration of the unit is possible without excessive deposition
of carbon and wax. Also, by operating at reduced con-
versions in the first reactor, the life of the catalyst em-
ployed therein is greatly increased. Operation of the first
reactor at less than normal conversions may be effected
by increasing the space velocity to from about 13 to 20
S. C. F. H. CO/1b. Fe, or higher, depending on the degree
of conversion desired. In the second reactor, which con-
tains the highly active low density catalyst referred to
above, the remaining portion of the desired degree of con-
version can be effected. In this reactor, however, little
or no heat transfer is required since only a relatively
small portion of the conversion occurs therein and since
a large amount of effluent gases from the first reactor
which cortain, in addition to carbon monoxide and hy-
drogen, methane, ethane, carbon dioxide, propane, and
butane, serve to remove effectively the heat of reaction
as sensible heat. In addition, catalyst elutriation may,
if desired, be controlled by employing a second reactor
of greater diameter than the primary reactor thereby
lowering the gas velocity through the former. Alter-
natively, only a portion of the primary reactor effluent
gas may be sent to the second reactor, recycling the re-
mainder, after condensation of the primary product gases,
directly to the first reactor. By this expedient, a smaller
second reactor is required and therefore results in a
system which, under certain circumstances, may be gen-
erally more economical and desirable.

The catalyst utilized in carrying out my invention may
be any of those known to the art such as iron pyrites,
fused iron oxide, various high purity iron ores, bloom
scale, and mill scale. In the majority of instances, how-
ever, I prefer to employ mill scale. This material is
generally preferably ground so that it has a particle size
distribution of about 25%—100 mesh, 25%—140 mesh,
25%—200 mesh, and 25%—325 mesh, after which it is
impregnated with a solution of potassium carbonate in an
amount sufficient to deposit about 0.5 per cent potassium
oxide (iron-basis) thereon. The material thus prepared
is then charged to a suitable synthesis reactor (fluid bed
type) and reduced with hydrogen under the following typ-
ical conditions:

Pressure -. 150 p. 8. 1. g.
TemperatUre——o .. __..__ 700°

Linear velocity.. - 0.71 ft:/sec.
Space veloCity oo 24,7 8. C. F. H, Hy/1b. Fe.
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After production of water can no longer be detected, re-
duction is considered to be complete and the catalyst thus
prepared is ready for use.

The process of my invention may be further illustrated
by reference to the accompanying flow diagram wherein
fresh hydrocarbon synthesis catalyst is first charged to
primary reactor 2 after which catalyst in the form of a
fluid bed is contacted with fresh synthesis gas introduced
through line 4. The conditions employed initially in
this reactor are those which are known to be favorable
to high wax and carbon deposition and have been noted
above. Product gases emanate from the top of primary
reactor 2 through line 6 are sent to cyclone separator 8
together with entrained catalyst fragments which are with-
drawn through line 10 to catalyst storage 11 and later
sent to secondary reactor 12 via line 14. The effluent
gases are withdrawn from separator 8 through line 16
and cooler 18 and thereafter introduced into separator
20 where the resulting condensate separates into two
layers, the organic and water layers being withdrawn
through lines 22 and 24, respectively, for further process-
ing outside the scope of this invention, The uncon-
densed gases during this period of preparing catalyst for
reactor 12 are withdrawn from separator 20 through line
26 and returned to primary reactor 2 via line 4 until
substantially all of the catalyst initially charged is con-
verted into a finely divided material of high carbon con-
tent. After the latter has been removed from primary
reactor 2, fresh high density catalyst is charged thereto
and hydrocarbon synthesis is effected therein under con-
ditions favorable to long catalyst life and high fluid bed
density, i. e., temperatures in the neighborhood of about
600° F., a fresh feed containing hydrogen and carbon
monoxide in a ratio of from about 1.8:1 to about 2.6:1,
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the increase in catalyst activity with increasing carbon
content and attrition thereof.

EXAMPLE I

A hydrocarbon synthesis catalyst was prepared from
mill scale in accordance with the procedure described
above. After the reduction step in the initial treatment
of the catalyst appeared to be complete, the temperaure
was lowered to 600° F. Synthesis gas containing hydro-
gen and carbon monoxide in a ratio of 2.6:1 was next
introduced after which the following operating conditions
were maintained throughout a period of 118 hours.

PresstrC. . o cooe e cccem e 250 p. s, i. g,
Temperature..._.__.__ ... 600° F.
o 0.79 ft./sec

Linear velocity.-......- .
Space velocity__. - 5_00S. C. ¥. H. CO (fresh feed)/Ib. Fe,
3l

Recycle ratio........ .-~ 180,
Fresh feed composition__._..._.. ggg zg%gﬁg R‘C‘;gt\gltt gé)

Following this period, the fresh feed gas Hz2:CO ratio
was lowered to 1.77, the pressure was decreased to 150
p. s. i. g., and the fresh feed velocity was held constant.
The following average conditions were then maintained
throughout the run which lasted 446 hours.

Pressure. - .occ oo 150 p. s. i. g,
Temperature........._._. --. 600°-660° F.
Linear veloeity. ..o . 0.80 ft./sec.

Space veloeity .. ... 7.2-21,2 8. C. F. H. CO (total feed)/1h.

Recycleratio. .o i iiiaa %08 ) u
e ' .2 volume percent Haz.
Fresh feed composition. ... . {32.7 volume percent CO,

The results obtained by operating under these conditions
are indicated in the table below.

Table 1
Average age of run, hours.____..._. 38 134 184 232 277} 324 374
Average temperature, ° F____._.... 600 600 600 620 | 640 | 640 | 660
Pounds of original iron charge
fluidized.- .. oo 197.8 | 138.1| 126.0 | 100.7 | 81.2 | 66.3 | 57.4
Conversion CO (total feed)......... 63.7 68.6 64.2 63.9 | 67.9 | 76.0 | 84.7
Percent CO converted to:
15.7 22,1 23.4 19.7 1 23.9 | 17.9 | 16.2
217 13.2 12.5 13.4112.9| 13.1 | 17.6
18.6 15. 4 14.3 13.7 1 13.7 | 12.1 | 13.3
4.0 2.6 3.0 29f 20| 56( 49
30.8 40.2 41.0 44,8 | 41.6 | 45.0 | 42.4
Water soluble chemicals. 9.1 6.4 5.9 54| 59| 63| 57
Catalyst age, hours.. .. cooaoeo 2 54 83 154 | 202 | 2501 321
Analysis of catalyst, wt. percent:
Fe, total v 73.5 81.5 83.1(79.8|77.8(61.0|45.8|33.8| 344
C.__ - 8.0 10.2 | 10.1 | 13.3 | 25.4 | 36.5 | 41.6 | 41.2
WaX emee 1.4 2.7 84) 655|126 14.5|16.6 | 21.9
K0 0.49 | 0.45 [cemuomer]ommmmm e emencc e |t e el
a recycle gas containing hydrogen and carbon monoxide EXAMPLE 11

in a ratio of from about 4:1 to about 25:1, a linear ve-
locity of from about 0.5 to about 2.0 ft./sec., a space
velocity of from about 13 to 20 S. C. F. H. CO/1b. Fe,
and a pressure of from about 350 to about 550 p. s. i. g.
Catalyst for reactor 12 is withdrawn from temporary cata-
lyst storage unit 11 and sent through line 10 to line 14
where it is mixed with tail gas from separator 20 and
synthesis effected in reactor 12 under the following ap-
proximate conditions:

PresSure. oo oeeccc e cam e 350-550 p. 8. 1. g,

Temperature. ... .. 560°-680° F.

Linear velocity.. ---- 0.10-0.70 ft./sec.

Space velocity - oo Zboﬁgboos' G1 F. H. CO/ng.ge.
iys .0-50.0 volume percent Hz.

Fresh feed composition...—.. { 5.0-12.0 volume percent CO.

During synthesis, under conditions given immediately
above, product gases from reactor 12 are withdrawn
through line 28 and cooler 30 and the condensate thus
obtained returned to separator 20. The uncondensed
gases in the separator are withdrawn through line 26
and, if desired, all of them may be returned to reactor
12 via line 14 or the stream may be split and a portion
of the gases recycled to reactor 2. Periodically, un-
1c_ondseznsed gases may be vented to the atmosphere through
ine 32.

The examples which follow serve to further illustrate
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After a preliminary treatment similar to that described
in Example I, the resulting mill scale catalyst was sub-
jected to the following conditions for 120 hours to insure
the procurement of a catalyst having uniform properties.

Pressure . 246p.s.i.g.

Temperature. _ 600° T,

Linear velocit - 0.75 ft.[sec.

Space velocity.. - 5.08. C. F. H. CO (fresh fced})/lb. Fe.
Recycle ratio..oooccmeens .- 18

1.8.
{69,4 volume percent Hj.
27.0 volume percent CO.

Fresh feed composition...._..__.
Thereafter the fresh feed Hz2:CO ratio was lowered to
1.9. The superficial linear velocity was lowered to 0.63
ft./se_c: by reducing the fresh feed rate. The following
conditions were then maintained for the duration of the

run which lasted 995 hours.
3 {75501 | ¢ T 240-248 p. 8. 1. g.
Temperature... ... 560°-683° F.
Linear veloeity_..........._____ 0.59-0.65 ft./sec.
Space veloeity .. cooooeooaeaoo 7.4-12.4 8, C. F. H. CO (total [eed)/1b,
e,
Recyeleratio. oo coans 1,76-1.85. ;
i 63.8-65.7 volume percent Hy.
Fresh feed composition.......... {32.8—34.6 volume percent CO-.

By operating under the above specified conditions, the
results obtained are indicated in the table below.
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Table 11
Percent CO Analysis of Catalyst,
Average Pounds of | Conver- | converted to— wt, percent
Aversgeageof | GvorE® | original | sion OO Oatalyst
run, hrs. P irgnigl.large (ftofia)l rand O age, hrs, N
* 111126 ee 3and Uy 8
GOz | “otefins tota] | O | Wex | KiO
605 146.0 64.6 | 117 17.3 0| 9.1
599 142.5 67.8 | 118 18.2 6] 80| 75| 0.6
602 133.5 69.5 | 14.2 17.2 64| 8.7| 7.8 0.8
620 1217 7431 154 18,4 136{ 8.5| 89| L3
641 115.5 741 141 15.8 208 | 8.7]10.3! 17
660 110. 5 76.1| 13.2 13.8 232 | 830]10.4| 20
683 104.9 76.7| 146 16.6 304| 8L9|123| 2.3
601 90.3 744 17.2 14.8 36| 79.9|140( 26
582 94.0 69.4| 104 16.3 48| 76.6 | 17.6| 3.0
561 85,9 65.6] 20.6 15.0 520| 73.0|17.6| 4.9
561 78.9 59.4| 19.7 14.2 602| 734(19.0| 52
560 72.8 52.5{ 229 13.1 650 | 72.2|17.8| 6.0
561 67.4 5.6 241 13.8 723| 70.2|16.6| 7.1
564 69.5 7351 17 14.8 79¢ | 70.91185| 7.8 | - 1.
562 68.8 740 180 17.4 86| 68.2)17.7] 9.8 | ...
562 65.4 79.7| 13.5 18,7 899 | 67.9)17.2 {117 |.-221
559 61.5 8.9 | 13.7 .7 964 |onnannnn 18112200
995 | 66.6 | 18.7 | 11,7 |-__.__
In both of the foregoing examples it will be seen that Table 111
under conditions which favor excessive carbon deposi-
tion, a catalyst of increased activity is obtampd. Thus, —
for example, in Table I, it is shown that an increase of 30 . Ib m%?g%ygtcggglt%— S 10t
conversion of about 9 per cent is realized at 640° F. with Percent S?artxﬁle .
an increase in carbon content of from 10.1 per cent at carbon céﬁﬁ—z%z
277 hours to 13.3 per cent at 324 hours. It is also to br, Xl&ﬁ&;ﬁ&iﬁ?‘“ co
be noted that at the termination of the run (446 hours),
with 41.2 per cent of the catalyst consisting of carbon, 35 L
a carbon monoxide conversion of 82.3 per cent is obtained 8.9 .1 12
at only 600° F. and with only 39.3 Ibs. of catalyst fluid- 314 278 4.8
ized in the reactor or 19.8 per cent of the original cata- 24.3 22.; g. ég
Iyst charge. These results compare most favorably with 181 %o 52
a carbon monoxide conversion of 84.7 per cent obtained 40 15.9 1 8. 69
at 660° F. after 374 hours where 57.4 1bs, of catalyst %g-g ig g. Zg
remained fluidized but contained only about 36.5 per cent 159 ] o
carbon., Similarly, it is to be noted that in Table II at 12,3 L0 7.95
temperatures in the neighborhood of 560° F., the carbon ﬁ% ii; g gg
monoxide conversion increased from 51.6 per cent at 45 hs 57 42
869 hours to 73.5 per cent at 904 hours. The last three 10.9 2.9 4.66
test periods indicated in the table showed even higher g-g H g ég
percentage conversions with the last test period indicat- 0.8 33 383
ing a carbon monoxide conversion of 80.9 per cent. It 50

is significant to note that the sudden substantial increase
in carbon monoxide conversion between the fourth and
fifth test periods before the end of the run occurred
when a maximum percentage of both carbon and cata-
lyst fragments (fines ranging in particle size from about
0 to about 20 microns) were present in the reactor. It
is likewise important to note that in Example I the in-
crease in catalyst activity occurred much more rapidly
than in Example II owing to the fact that the conditions
employed in Example I favored higher carbon deposi-
tion rates, namely, lower pressures and a lower ratio of
hydrogen to carbon monoxide in the fresh feed.

The data in the table below also support the teachings
of the foregoing examples to the effect that catalyst ac-
tivity increases with increasing carbon content. This in-
formation further indicates that the activity of hydro-
carbon synthesis catalyst prepared in accordance with my
invention varies directly with the particle size of the cata-
lyst. In securing these data, eighteen catalyst samples
were selected from eleven different runs. )

The following table summarizes the results of chemical
and particle size analyses on the eighteen samples referred
to above together with the corresponding activities of
the catalyst expressed as 1b. moles carbon monoxide con-
verted/hr.-1b. Fe-log mean carbon monoxide partial pres-
sure, p. s. i. It must be emphasized that no completely
satisfactory criterion of catalyst activity independent of
all operating variables has so far been found; however,
the one employed here, i. e., Ib. moles carbon monoxide
converted/hr.-1b. Fe-log mean carbon monoxide partial
pressure, p. S. i., is, from my observations, the best avail-
able. The data in the table illustrate a general increase
in catalyst activity with increasing carbon content and
increasing content of 0-20 micron material, and, espe-
cially, unusually high activities when the carbon content
is about 30 per cent or above.
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It will be apparent from the above data that highly
active catalysts are produced when the carbon content
of the catalyst ranges from at least about 25 weight per
cent to about 70 weight per cent and that such catalysts
are characterized by relatively high percentages of low
average particle size material, i. e., 0-20 micron parti-
cles. Generally, I have found that catalyst produced in
the manner herein disclosed, having a carbon content
not subsiantially less than 30 per cent, preferably from
about 30 weight per cent to about 60 weight per cent,
and having present therein at least about 25 to 30 per
cent of 0-20 micron catalyst particles, are capable of
converting carbon monoxide and hydrogen to useful
products in high yields over extended periods of time.

In connection with the activity of hydrocarbon syn-
thesis catalysts, in general, I have observed that catalyst
which is in the process of achieving equilibrium with the
synthesis gas is not as effective as one already in equi-
librium therewith. For example, in normal synthesis op-
eration, the fresh synthesis gas charged to the reactor is
a more reducing gas than that found in the upper por-
tion of the synthesis unit. Accordingly, fresh catalyst
functions most efficiently when it comes in contact with
fresh or reducing synthesis gas; however, gas as it travels
up the reactor becomes more of an oxidizing gas owing
to the presence of increasing amounts of water therein
and hence the catalyst with which said gas comes in
contact is converted into a less reduced state and is there-
fore more nearly in equilibrium with the oxidizing gas
surrounding it. In the conventional hydrocarbon syn-
thesis reactor system, longitudinal mixing of the cata-
lyst occurs to a considerable extent; and, under such
conditions, it will be apparent that the less oxidized, or
fresh synthesis gas, contacts the less reduced catalyst and
the oxidizing gas contacts highly reduced catalyst, a con-
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dition which I have found should be avoided in so far
as possible. One of the particularly outstanding features
of my invention, therefore, resides in the fact that the
highly active catalyst produced in accordance therewith,
being in a less reduced state than that originally charged
to the reactor, is more nearly in equilibrium with the
gas in the upper portion thereof. Thus, by conducting
the tail gas, or the gas present in the upper zone of the
reactor to a second reactor containing omnly finely divided
catalyst prepared in accordance with my invention, or
otherwise contacting said tail gas with said finely divided
catalyst, substantially ideal conditions are provided for
optimum conversion of such gas. .

The expression “synthesis gas” as used herein is in-
tended to mean gas containing predominating amounts
of hydrogen and carbon monoxide and also is intended
to refer to total feed. The percetage of carbon on the
catalyst as referred to in the present description means
elementary carbon and hence, unless otherwise indicated,
includes that derived from wax as well as free carbon.

The process of my invention is susceptible of numer-
ous modifications without departing from the scope there-
of. Thus, in some instances, it may prove desirable to
prepare the catalyst employed herein in a manner differ-
ent from that specifically set forth in the present descrip-
tion to obtain a material of similar activity. In general,
it may be said that my invention is directed to a process
for the synthesis of hydrocarbons from carbon monoxide
and hydrogen wherein a catalyst is employed which has
been prepared by subjecting any of the conventional
iron-type hydrocarbon synthesis catalysts to conditions
favorable to excessive carbon and wax formation fol-
lowed by attrition thereof and thereafter obtaining a
highly active finely divided low density catalyst there-
from.

I claim: .

1. In a process for the synthesis of valuable organic
products by reacting carbon monoxide with hydrogen in
the presence of a finely divided fluidized iron catalyst in
a reaction zone, the improvement which comprises con-
tacting catalyst with a synthesis gas (total feed) having
a H2:CO ratio not substantially in excess of 3:1 at tem-
peratures of from about 550° to about 700° F., and at
reactor pressures below about 250 p. s. i, continuing
synthesis in said reaction zone under the aforesaid con-
ditions until substantially the entire quantity of the origi-
nal catalyst charged to said zone has substantially com-
pletely disintegrated into a product of much smaller par-
ticle size having deposited thereon from about 25 to
about 70 per cent of carbon, conveying the resulting
low density highly active catalyst to a second reaction
zone, charging fresh high density iron catalyst to said
first reaction zone and effecting synthesis therein by con-
tacting said catalyst with synthesis gas (fresh feed) hav-
ing a Hz2:CO ratio of from about 1.8:1 to about 2.6:1
at synthesis temperatures, at a reactor pressure of from
about 350 to about 550 p. s. 1. at a space velocity suffi-
cient to convert not more than about 75% of the total
feed CO, and withdrawing tail gas from said first re-
action zone and introducing said tail gas into said second
reaction zone where it contacts a fluidized bed of said
finely divided highly active low density catalyst at tem-
peratures of from about 560° to about 680° F. and under
other normal synthesis conditions to convert essentially
all the carbon monoxide present in said tail gas to useful
organic products.

2. In a process for the synthesis of valuable organic
products by reacting carbon monoxide with hydrogen
in the presence of a finely divided fluidized iron catalyst
in a reaction zone, the improvement which comprises
contacting catalyst with a synthesis gas (total feed) hav-
ing a H2:CO ratio not substantially in excess of 3:1 at
temperatures of from about 550° to about 700° F. and
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at reactor pressures of from about 100 to about 150
p. s. i., continuing synthesis in said reaction zone under
the aforesaid conditions until substantially the entire
quantity of the original catalyst charged to said zone
has substantially completely disintegrated into a product
of much smaller particle size having deposited thereon
from about 25 to about 70 per cent of carbon, conveying
the resulting low density highly active catalyst to a second
reaction zone, charging fresh high density iron catalyst
to said first reaction zone and effecting synthesis therein
by contacting said catalyst with synthesis gas (fresh
feed) having a Hz2:CO ratio of from about 1.8:1 to about
2.6:1 at synthesis temperatures, at a reactor pressure of
from about 350 to about 550 p. s. i. and at a hydrogen
partial pressure of at least about 100 p. s. i. at a space
velocity of from about 13 to about 20 S. C. F. H. CO/1b.
iron whereby only from about 50 to about 75% of the
total feed CO is converted, and withdrawing tail gas
from said first reaction zone and introducing said tail
gas into said second reaction zone where it contacts a
fluidized bed of said finely divided highly active low
density catalyst at temperatures of from about 560° to
about 680° F. and under other normal synthesis condi-
tions to convert essentially all the carbon monoxide
present in said tail gas to useful organic products.

3. In a process for the synthesis of valuable organic
products by reacting carbon monoxide with hydrogen
in the presence of a finely divided fluidized iron catalyst
in a reaction zone, the improvement which comprises con-
tacting said catalyst with a synthesis gas (total feed) hav-
ing a H2:CO ratio not substantially in excess of 3:1 at
temperatures of from about 550° to about 700° and at
reactor pressures below about 250 p. s. i., continuing
synthesis in said reaction zone under the aforesaid con-
ditions until substantially the entire quantity of the
original catalyst charged to said zone has substantially
completely disintegrated into a product comprised of par-
ticles at least about 30 weight per cent of which have an
average particle size of from about 0-20 microns and hav-
ing deposited thereon from about 25 to about 60 weight
per cent of carbon, conveying the resulting low-density
highly-active catalyst to a second reaction zone, charging
fresh high density iron catalyst to said first reaction zone
and effecting synthesis therein by contacting said catalyst
with synthesis gas (fresh feed) having a H2:CO ratio
of from about 1.8:1 to about 2.6:1 at synthesis tem-
peratures, at a reactor pressure of from about 350 to
about 550 p. s. i. and at a hydrogen partial pressure of
at least about 100 p. s. i. at a space velocity of from about
13 to about 20 S. C. F. H. CO/1b. iron whereby only from
about 50 to 75% of the total feed CO is converted, and
withdrawing tail gas from said first reaction zone and
introducing said tail gas into said second reaction zone
where it contacts a fluidized bed of said finely divided
highly active low density catalyst a temperature of from
about 560° to about 680° F. and under other normal
synthesis conditions to convert essentially all the carbon
monoxide present in said tail gas to useful organic prod-
ucts.

4. The process of claim 1 in which the hydrocarbon
synthesis catalyst employed is prepared from mill scale.

5. The process of claim 3 in which the hydrocarbon
synthesis catalyst employed is prepared from mill scale.
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