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This invention relates to a catalyst for the
synthesls of hydrocarbons from carbon monoxide and
hydrogen. Mcre particularly 1t relates to a new form of
iron catalyst especlally adapted for use in fiuidized
form in the synthel procese in whlch a streem of carbon
monoxide and hydrogen is passed upwardly thru a turbulent
mags of & finely divided catelyst under controlled
temperature conditions.

The present lnventlon provides a process of
converting carbon monoxide and hydrogen into higher
molecular welght products which comprises contacting a
mixture of hydrogen and carbon monoxide 1n a volumetric
retio of about 2.0 to 5.0 at a temperature of about
550 to ?OOOF. and & pressure of about 100 to 600 pounds
per square inch with a filnely dlvided fluldized iromn
cetalyst maintained in turbulent state in a reaction
zone by paesing sald gas streamupwardly therethru, said
catalyst : having been prepared by the reduction of mill
soale.

The present inventilon further provides a method
of making a catalyst sultable for the synthesls of
hydrocarbona from carbon monoxide and hydrogen in
accordance with the synthol process which comprises
exposing masslve lron objects to alr at a temperature
above red heat, thereby forming a film of irom oxlde om
the surface thereof, commonly known as "mill gcale’,
removing sald 1ron oxide film from the metallle iron

surface, and subjecting the resulting lron oxide
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platelets to the metion of a reducing atmosphere at am

elevated temperature sufficient to substantially convert

it into metallic iron suiltable for use as synf.,hol catalyst.
The present invention also provides an iron

catalyst for conwversion of carbon monoxlde end hydrogen

to higher moleculer welght products wnder synthesls

conditions which comprises finely dilvided plate-~llke

iron particles.

‘ In the so=called synthol process employing
fluldized iron cetalyst, considerable difficulty has
been eno&untered with defluildization of the ocatalyst
which has resulted in "balling up" of the catalyst into
messes which elther adhers to the interlor walls of the
reactor or drop to the bottom‘of £he reactor, allowlng
the reaction gases to by-paes the catalyst and pass thru
inoompletely converted or substentlally unochanged. The
cause of this phenomenon 1s obscure but 18 thought to be
the result of deposition on the catalyst of non-velatile
reaotlon products having a binding action on the particles.

Another difficulty encountered in conducting
the synthol resction with fluldlzed iron catelyst has

been."fluffing" or excesslve carbonlzatlion resulting

- from &n undésirable product distribution which leads

to the formation of carbon or highly carbonaceous products
which serve to disintegrate the patalyst in some obscure
marmmer end bto carry the catalyst out of the reactor with
the reaction product gases snd vapors. Fluffing is

accompenled by reduction in spparent density of the
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fluidized catalyst mass.

Numerous attempts have been made to overcome
these difficulties by proper selection and preparatioh
of the iron cabtalyst which is usually prepared by
reduction of the oxide in the preesence of hydrogen.

We have now found that the above difficulties can be

overcome to a large extent by preparing the catalyst from

a magnetle oxide of iron in laminar form as 1t is
produced on the gurface of metallic iron which is

sub jected to hot milling operations &s in hot rolling,
forging or drawing operatlons eubh as in the manufacture
of iron sheets, rods, tubes, ralls, and rolled shapes.
This oxlde 1s commonly known as "geale® or "mill scale®.
When obtained from blooming mills 1t 1s also called
"wioom scale". In these processes, the lron 1s generally
in the form of steel containing C.l1 to 1 per cent of
carbon and varying emounts of other alloylng or modi fying
elements, usually less than 1 per pent, such as cobalt,
cbpper, nickel, manganese, venadium, chromium, molybdenum,
silicon, sluminum snd titenlum, and traces of impurities
such as sulfur =nd phosphorus. In the case of cobalt,
the smount may be as much as 10 to 25 per cent, 1f a
cobalt~type catalyst 1s deslred.

The metal 1s passed thru sulteble rolling end
shaping mechinery at a temperature above red heat, for
example 1000 to 1300°C. Under these conditions the
surface of the metal is oxidized with the formation of

a dense film or layer of en oxide whose composition
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oonforms ;argely to that represented by the formula
1’-‘!.-,3(."}+ but with varying amounts ofcther-;rbn ok;des in
8011d solution. The thickness of the film or layer of
oxide or "mlll scale" varies with the temperature and

time of exposure to the alr or oxygen and usually varles

-froh about 20 to 300 microns. It is separated from the

metal during hot or cold working or by hammering, rolling,
seraping or brughing, and it is usually avallable 1in
the form of dense platelets.

In prepering fluildized synthol catalyst from
the oxide seale, 1t is first ground to about 100 mesh

or finer, a typleal screen amalyslis being as follows:

20% 40-100 mesh
67% 100~325 "
13% thru 325 "

After grinding to the desired partlcle Blze,
the oxide 1s preferably impregnated with an alkall metal
salt ae a promoter - usually sbout 0.5 to 2 per ocent
béaed on the alkall metal oxide is effective. The
promoter may be added in the form of a solutlon of a
carbonate, nitrate or other suitable salt, for exemple
choj, KF, NaNOB, eto.

After applylng the promoter, the oxlde is
subjected to reduction at an elevated temperature In the
presence of hydrogen, to convert it, at least 1in part,
to metallic iron. The tempersture of the reduction
may vary over a conslderable range, for example 600 to

1000°F., the preferred temperature beilng sbout 700 to
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800°F. The reduction usually requires sbout 48 to 72
houres at the preferred temperature, higher temperatures
requiring less time. If deslred, the promoter can be
added after the reduction step and the scale can also be
reduced before grinding, but these procedures arc less
preferred. In grading the cataljst to size, use may be
made of 1ts magnetic propertles by employing z magnetlo
f1eld for the purpose.

Following the reduction sep, it 1s sometimes
desirable to subject the catalyst to a high temperature
stabllizatlon treatment or "sintering" by heating in the
presence of hydrogen for a ghort time, usually 2-12
hours, at a tempefature of sbout 1200 to 1400°F. By thnis
treatment the density of the finer particles is Increased
end the resulting catalyst resists disintegration somewhat
better than 1f employed directly after the reduction atep.
This step may be dlspensed with, however.

In a typleal example, 100 pounda of mill scale
wére ground to pass a 100 mesh screen end then lmpregnated
with 1.5 pounds of K20 in the form of a water solutlon of
potesgium carbonate., After drylng, the catalyst was
reduced In h&drogen at a temperature of about ?BSOF.. the
hydrogen pressure being maintained at about 100 p.g.1l.

No addltional sintering step was applied to this lot of
catalyst. Contact of the catalyst with oxygen was
avolded in handling.

15 pounds of the catalyst were charged to the

é&nthol reactor which wae a part of the process leboratory
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. unlt. The resctor had an internal dismeter of two

inches end a helght of about twenty feet. A feed gas

—

mixture was then passed thru the reactor for a period

. of 350 hours {(Bun 12). The gas mixture had the following

_conmpositlon:
' H, 30% by volume
co log v v
CO,. i?% LI
Ny 23 *
cHf =0 v *

The reactor was maintained st a temperature of approximately
600°F, thruout the run. The pressure was maintalned at
ebout 200 p.s.i. At the begirning of the rum, the
conversion of CC to hydrocarbons, COp and products of
higher molecular weight was about $3% but this increased
gradually until st the end of the rum the converslon was
B85%. The rate of gas input was 80 oublc feet of gas per
nour per pound of catalyst (VHW) ba?ed on the volume of
gas calculated at normal temperature and pfessure. The
density of the catalyst bed remslned high thruout the
run, belng above 100 pounds per cublo foot inltially,
andidpopping to 30 pounds per cublc foot after 400 hours.
The loss of catalyst from the reactor by dlsintegration
and dispersion in the product gases was very slight -
much less than catalyst previously prepared from other
forme of lron oxide.

The reaction product geses were treated in the

usual way for the recovery of valuable products by cooling
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and absorptlon to recover hydrodarbons end other products
including oxygenated compounds, alcohols, aclds, aldehydes
and ketones.

During the experimental operatlon Just described,
no trouble was encountered with defluidizatlon of the
catalyst and this 1s ascribed to the plate~like structure
of the oatalyat particles which retaln their laﬁxnar
structure even after grinding. Altho the mlll scale
oxlde is not a product of fusion, its ruggednese suggestis
that the unique maxmer by which the oxlde 1s formed on
the surface of the metal ln progresslve layers le a
factor affecting 1ts behavior as a catalyst. The oxide
ig formed on the surface of the metal beneath the film
of oxide which 1s already present, = mechanism suggestive ~
of the growth of integument on certaln plents. This
method of formetion of oxlde from which the catalyst 1s
produced appears to result in successive leyers which
give to the ground catalyst a laminar strucﬁure, siding
fluldizaetion in the synthol reactor. Mloroscoplc
examination of the ground scale clearly shows the laminar
structure, the major axis usually belng aboub three to
ten times the thlckness,

In smother example, a catalyst made by grinding

bloom scale to 100 mesh or finer and impregnating with

‘;botassium carbonate was charged to a reactor 8 inches in

7 alametér and 30 feet high. The amount of catalyst charged

was 214 pounds, reduction of the catalyst belung carried

out wlthin the reactor at about 700-750°F. and 50 p.B.1.
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hydrogen pressurs for seventy hours. Analysls of the
catalyst showed 97.1% total iron and 95.5% metallic

iron with K,0 content - 0.38%. The screen analysis was:

On 100 mesh - 23 %
100-240 " - 32.8%
140200 M - 19.8%
200325 Y - 19,8%
325 up " - “}‘- 6%

The effect of varying the synthesls temperature
was studied by operating the reactor as follows:

P

600°F. for 4 days
it n

620°F, 2
640°F, " L
600°F, " 5

580°F. After 5 "
A11 operating variables except btemperature were
held constant as follows:

Linear veloclty 0.60-0.65 ft./82C.

. Pressure 250 p.s.1. absolute
\ Becyecle zas ratlo 1.7

Hz:co ratlo in fresh feed 2.6 to 1
Catalyst temperatures were controlled by
varying the preheat temperature on the feed and holding
rthe cooling jacket temperature on the reactor nearly

constent. The results are shown in the following table:
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Az indicated in the table, ralsing the
temperature from 600 to 6600F. in the first 300 hours
had no appreclable effect on €O converslon, rate of
catalyst density decline, rate of carbon depositlon, or
rate of fines production in the catalyst. = Average
combined yields of C3+ oll and oxygen compoun&s for
each temperature showed a slight decline from 67.4 to
64,5 per cent.

Subsequent operation at 600° and 580°F, showed
the catalyst to be more active for CO converslon than at
the start of the rm. Selectlvity to oil at 600° was
lower than that in the sarlier 600°F, -operation, but
operatioﬁ at7580° resulted in an increased seleotlvity
to oll from 56.9 to 58.5 per cent.

Oxygendted compound ylelds contimued to increase
a2t the lower temperatures, indicatlng that the yield of
these materials 1s a funotlon of the chenging character
of the catalyst with age. In contrast, the yleld ef C3+
o1l spparently is a functlon of both cabalyst age end
temperature, lower temperatures and fresh catalyst resulting
in improved ylelds.

(3as samples were taken from the resctor effluent
before and after leaving the fllters located at the top
of the reactof to prevent escepe of cafalyat. Analysls
of themse gas samples showed that the L.Y4 to 6,6 per
cent of the CO conversion ccocurred at the flltérs.

After prolonged operatlon of the reactor

results in lower catalyst actlvity, additional promoter
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such as powdered XK2C03 or other alkali metal compound
coan be added directly to the reactor prefer&biy in
powdered form and without lnterruption of the process.
When restoring activity in this maymer it is generally
desirable to add the promotér at invervals 1n incremnents

of 0.1 to 0.5 per cent as experlence indicates.
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The smbodimente of the inventlon in which an excluslve
property or privilege is claimed are defined as follows:

1. The process of converting carbon monoxide and
hydrogen into hlgher molecular weight products which comprises
contacting a mixture of hydrogen and carbon monoxide in &
volumetrio ®atio of about 2.0 to 5.0 at & temperature of
about 350 to 700°F. and a pressure of about 100 to 600 pounds
per sqﬁare 1nch with a finely divided fluldized lron catalyst
maintained 1n turbulent state in & reactlon zone by pagsing
said gas stresm upwardly therethru, said catalyst ﬁéving been
preparsd by the reductlon of mill scale.

2. In the process of converting carbon monoxlde
and hydrogen gases lnto hydrocarbons wherein & mixture of
gaid gages, in which the volumetric ratio of hydrogen to
carbon monoxlide is about 2 to 5, is contacted with a finely
divided fluldized iron catalyst at a temperature of about 550
to 700°F. and a pressure of about 100 to 600 pounds per square
inch, and sald catalyst has & tendency to defluidize or "ball
up¥, the improvement comprising employing 88 the catalyst Tor
aaid process & finely dlvided metallic iron in plate-like form
resulting from the reduction at elevated temperature of iron
oxide scale obtained ag a film on the surface of metalllc iron
exposed to air at a temperature above red heat,

3, The process of clalm 2 wherein sald finely divided
iron catalyst is promoted with sabout 0.5 to 2 per cent of an alkall
metal compound.

I, The process of claim 2 wherein eald plate-like hron
cataiyat 18 sublected to sintering 1n the pressnée of hydrogen at a
temperature of about 1200 to 1400°F. before contacting with seid

hydrogen-carbon monoxide gas mixture.





