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‘ 1
The present invention relates to the synthesls ‘

of hydrocarbons from carbon oxides and hydro-
gen in the presence of a suitable catalyst. The
invention relates more particularly to a process
for obtaining high yields of normally liquid hy-
drocarbons boiling within the gasoline and gas
ofl range and concomitantly retarding excessive
catalyst fouling and disintegration.

Tt is known tthat mixtures of CO and H2 when
brought into intimate contact with suitable cata-
lysts under suitable conditions of temperature
and pressure and other variables are converted
into hydrocarbons and oxygenated hydrocarbons.
It has also been suggested, prior to the present
invention, to. select reaction conditions of tem-
perature, pressure, contact time, feed gas ratio,
etc., as well as the nature of the catalyst as a
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function of the specific type of product desired. -

Thus cobalt catalysts have been used at relatively
low temperatures of about 350°-450° F. and at
relatively low pressures of about 15-150 p, s. 1. g.
to produce predominantly saturated paraffinic
liquids and solid hydrocarbons from which highly
valuable Diesel fuel and lubricants, but only low
octane motor fuels may be obtained. Iron cata-
lysts in combination with higher temperatures of
450°-650° F. and at higher pressure, up to about
650 p. s. 1. g. have been employed where a pre-
dominantly unsaturated product is desired from
which a valuable motor fuel having relatively
high octane rating may be recovered. These
iron-type catalysts are usually promoted with
alkali metal compounds, such as the carbonates,
halides, etc. of sodium or potassium, and generally
lower H2/CO ratios are used with iron catalysts
than with the cobalt type.

‘While it has thus been possible to obtain high
octane motor fuels in good yields by this process,
it has also been found that operating under con-
ditions that favor good yields of useful (. e.
Cs+ ofl) products are accompanied by excessive

deposition of carbon and carbonaceous material.

upon the catalyst. .. This carbon deposition is &
serious problem, particularly when the catalytic
operation is carried out by the fluid- catalyst
technique, which latter, because of better heat
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ticles to disintegrate, as a result of carbon forma-
tion and deposition. Carbon deposition and
catalyst disintegration not only cut down prod-
uct yleld through poor fluidization of the catalyst,
excessive fines formation and catalyst agglomer-
ation, but may produce  conditions requiring
shutdown of the plant,

Unfortunately, desirable as it is to keep carbon
formation at a low rate and useful product yield
high, it has been found hitherto in general, that
those factors favoring low rate of carbon forma=-
tion also tend to keep down the ylelds of useful
synthesis products and, conversely, those oper-
ating conditions which favor high yields of Ce+
hydrocarbons also favor formation of excessive
amounts of carbon. Thus when the hydrogen
partial pressure in the synthesis feed gas is rela-
tively high, say above 200 p. 8. 1., by raising the
ratio of hydrogen in the feed, carbon deposition
is held at a low figure, but selectivity to liquid
hydrocarbons of the gasoline range is low. Sim-
ilarly, if the catalyst is an active one, or if the
ratio of Ha/Ha4-CO-4-COa is low, the selectivity
to useful products is high but the rate of carbon .
formation is also excessive, Similarly, fresh
catalyst 1s highly reactive, but it also 1s contam-
inated with carbonaceous deposits at high rates.
Yields of C«+ product in hydrocarbon synthesis
re;ctlons may be approximately classified as
follows:

Over 190 cc./cubic meter of CO+Ha

consumed Very good

" 170-190 cc./m.? of CO-+Ha consumed__ Good
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distribution, transfer, and control and because of -

the more intimate mixing and contact of the cat-
alyst with the reactants, is considered far superior
to fixed bed processes for effecting the catalytic
synthesis of hydrocarbons. However, two prob-
lems that arise in conjunction with the fluid solids
type of operation when synthesizing hydrocar-
bons are the fouling of the catalyst by carbon
deposition, and the tendency of the catalyst par-
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140-170 cc./m.3 of CO-+-Hs consumed... Normal
Less than 120 cc./m.? of CO+-Hza con-

sumed ' Poor

It is, therefore, the principal object of the pres~
ent invention to provide an improved process for
the conversion of CO and Hz to form high yields
of normally liquid hydrocarbons without forming
excessive amounts of carbon during the con-
version, and without excessive fragmentation of
the catalyst.

Other and more specific objects and advantages
of the invention will appear hereinafter.

In the course of investigating means whereby
the yields of valuable liquid hydrocarbons may
be increased in the hydrocarbon synthesis with-
out the concomitant increase in carbon forma-
tion and the undesirable effects associated there-
with, in the past several expedients have been
tried. Thus previous Investigations have found
that adding ethylene to the synthesis reactor,
using a cobalt catalyst, caused definite increase
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_in yield of higher hydrocarbon synthesls product

of low octane rating typical of cobalt catalyst.

The addition of ethylene to a synthesis reaction .

mixture in the presence of an iron catalyst, how-

ever, was not found to have any particular effect.

The surprising discovery has now been

that the addition of acetylene to the synthesis

feed gas to a reactor containing an iron type syn-
thesis catalyst increases substantially the yleld
of valuable high octane hydrocarbons without
the increase in carbon formation usually asso-
ciated with increases in Cst yields. Thus
. though previous  investigators have found the
addition of monoolefins fo synthesis gas mix-
" tures of CO and H: toincrease liquid product
yields in the synthesis *reactions ‘where 'cobalt

was employed as catalyst and to have no effect.

when iron was employed, the present inventors
have. found that acetylene gives substantial in-

creases in liquid products when added to syn-

S | . )
distribution such that less than 20% of the par-
ticles have diameters 0-20 microns and less than
60% of the particles have diameters larger than
80 microns. This catalyst, which is preferably

promoted with an alkalli metal compound, such.

as 0.5-1.5% KaCOs, Na:COs, KF, NaPF, etc., may
be supplied to_reactor 2 from catalyst hopper §

‘The linear inlet velocity of the gases to re- -

actor 2 is maintained within the approximate
range of 0.3 to 3.0 feet per second, preferably
with an upper limit of 1.5 feet per second. Under

" these conditions the catalyst in reactor 2 as-

sumes the form of a dense, turbulent mass, re-
sembling a boiling liquid, with a more or less

‘well-defined . upper -level {2, and an apparent

' density of about 25-75 Ibs./cu. ft. depending

thesis gas in a synthesis reactor employing fron
catalysts. Furthermore, under heat treatment

it is known that acefylene polymerizes readily
to form a solid product, cuprene, which cannot
be dissolved by solvents and acts like a car-
bonaceous deposit. However, when acetylene 1s
added to synthesis gas in accordance with the
present invention, not only is the liquid product
yield higher than when no acetylene is added.
but also the amount of solid carbonaceous ma-
. terial formed and deposited on the catalyst is no
- greater and in some cases even less, than if no
acetylene had been added. Furthermore, it has

been found that the presence of a relatively.

small amount of oxygen impurity in the syn-
thesis gas ‘is conducive to cuprene formation
even in the presence of agetylene. Synthesis
gas should therefore be pretreated to reduce the
oxygen concentration to a low value, for ex-
ample, to 0.01 to 0.1%. - - )
The process of the present invention may bz

‘'upon the fluidization conditions, the lower ap-

rarent densities being associated with the higher
velocities. ' The amount of synthesis gas and
acetylene supplied to reactor 2 is so controlled
that about 4 to about 80 normal cubic feet'of the
gas mixture enters reactor 2 per pound iron cata-

Within reactor 2, the total pressure is main-

tained in the range of 50 to 700 p. s. i. g., prefer-

ably 200 to 650 p. s. i. g., and the reaction tem-
perature is controlled by any convenient means,
such as by & cooling jacket or coil (not shown)
inside or outside reactor 2. A suitable tempera-
ture is in the range from about 400° to about
750° ¥., for example, 550° to 650° P.

“When entering the enlarged section of reactor
2, the gas velocity iz sufficiently ‘decreased so
that the gases will no longer support any sub-
stantial quantity of catalyst, and most of the

. catalyst particles entrained in the gas stream

~carried out in any conventional equipment -

adapted to the fluid catalyst operation. A sys-
tem suitable for this purpose is shown semi-dia-
grammatically in the accompanying drawing
which is used to describe in greater detail, the
operation of the present invention. . :

" Referring now to Figure 1, numeral 2 repre-
sents a reactor which is preferably in the form
of a vertical cylinder having a lower conical sec-
tion and an upper expanded section. A syn-
thesis feed gas mixture of hydrogen and carbon
monoxide in the ratio of about 0.5-2.0 mols H;
to 1 mol CO is introduced into reactor 2 through
line 4 and flows upward through a screen or grid
18 to effect good gas distribution.

Acetylene from any convenient source, such
as a carbide plant, methane cracking plant, or
any desired type of acetylene generation unit, is
passed into reactor 2 through line 3. The quan-

tity of acetylene in the total synthesis gas feed-

may be varied over a wide range, for example,
from about 4 to about 100 mols Hz--CO per mol
C2Hz. - .

It is, of course, desirable to remove sulfur com-
pounds from the synthesis gases prior to intro-
duction into the synthesis reacfor, and this may
be. accomplished by any of the processes well

. known in the art. .

Within reactor 2 a mass of iron catalyst, such
as sintered reduced pyrites ash, red iron cxide,
ammonia synthesis catalyst (fused reduced high
purity magnetite containing a smail quantity of
alumina and potassium promoter) is maintain>d
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drop back into the fluidized mass.

Volatile reaction products, containing only
small quantities of entrained catalyst, are passed
through a gas-solids separator i4, such as &

.cyclone, filter, etc. This removes all but traces

of entrained fines, and the catalyst and fines thus

removed may be returned through Hne 16 to the

ﬂmdizedbegii_nreactorz. :
Product vapor and gases may be withdrawn

through line I8 and recovered through methods

well known in the art, such as ofl scrubbing,
absorption of uncondensible gases on active sur-
faces, compression, distillation, etc. From time

to time catalyst may be withdrawn through line *

28 and new or regenerated catalyst added through
Hne 8. Tall gas, comprising unreacted Hi, CO,
C;Hz, as well as COz formed in the reactor, is
preferably recycled to reactor 2 through line 22.

. The ratlo of recycle tail gas to fresh feed is

preferably in the range of 1.5-3.5 volumes tafl

. gas per volume fresh feed.

The embodiment of the invention as shown in
the drawing permits. of many modifications.
Thus instead of pure acetylene, an acetylene-
containing gas may be employed as diluent for

the synthesis gas feed. Homologs of acetylene

may alsc be employed.

The invention will be further fllustrated by the

following specific examples, o
A series of hydrocarbon laboratory runs was

carried cut under varying experimental condt-
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tions, and the effect of adding acetylene to the
synthesis as mixture was compared with results
obtained when no acetylene was added under
otherwise parallel synthesis conditions. The

catalyst employed consisted of 99% FeiO: (by -

in the form of a powder having a particle siz= 15 weight) and 1% KF, and prior to use in the syn-
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thesis reaction, was reduced in a stream of hy-
drogen at about 900° F

Effect of CaHa addition to synthesis feed gas

RUN...oiiiormnnaan 1A { 1B 2A | 2B | 3A | 3B
Hours on stream_____... 15 60| 40| 40 40 34
Tewp.,° F... ........ 585 | 550-650 | -650 | 680 600 000
Prees.,p.8. 1. g....._..| 250 20| 250 | 250 250 250
Weight Per Cent C;H: : .

mfeed.. ...ooceonn.ao -0 1.1 0] LS 0 1.7
Hy/CO ratio in feed... .. 1 0,95 11| 1.1] 1.1| 0.85| 0.80
Yood rate, v./v./hr_._._. 200 200 | 200 { 200 { 1,000 | 1,000
CO cony, Per Cent__... 9.3 971.0 ™" 3 9%
Yield, C4+4 products.
cc./m3 Hy+CO con-

sumed .. . . ... 208 2211 160 | 188 190 217
Cubonnhctivi (Per

Cent CO conv.

atbm) ............... 3.18 1L14|214}|1901| 133} 1.3

of hydrocarbon la;
g X st oo
mmme 0., ¢. g. 8./ce
Per Cent'C.oo .. 82.7
Per Cent H. . ene 13.4

_The above results show that when acetylene
is added to synthesis gas in accordance with the
present invention, and then passed into a syn-
thesis reactor containing a promoted iron cata-
1yst, substantial increase in valuable lquid (Cey)
product ranging from 6 to 22% or more is ob-
tained, depending upon such variables as re-
action temperature, throughput rates, etc. Fur-
thermore, such addition of acetylene does not in-
crease the formation of solid carbonaceous ma-
terial over that normally formed without the
acetylene addition. The hydrocarbon product
analysis also indicates that the products ob-
tained with or without acetylene addition are
physically and chemically related.

The surprising fact that the addition of ace- '

tylene to synthesis gas increases yield, without
increasing cuprene formation and therefore,
without increasing catalyst disintegration, is
dramatically illustrated by the electron photo-
micrographs show in Figures 2 and 3. In these
pictures of iron catalyst which had been used for
60 hours, the large black objects are particles of
the Iron catalyst, and the small black objects are
fragments of disintegrated catalyst. Cuprene

appears in the form of fibers. The stability of-

the cuprene fibers is evident from the fact that
they undergo no noticeable change in appearance
on heating for 16 hours at 700° ¥, under a nitro-
gen atmosphere. In Figures 4 and 5 are shown
other electron photomicrographs of iron catalyst
which had been used in a hydrocarbon synthesis
pilot plant for different periods of time.

With reference to the upper panel of Figure 2,
it will be observed that when the feedstock con-
tains acetylene, very few cuprene fibers are
formed, and these are short and poorly developed.
Similar photomicrographs are obtained when the
catalyst has been employed on a feedstock which
is substantially free of oxygen. In other words
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the addition of acetylene, which is the monomer -

of cuprene, does not increase cuprene formation
and catalyst disintegration in hydrocarbon syn-
thesis.

The effect of oxygen in the feedstock is evident
from a comparison of the upper panel! with the
lower panel of Figure 2 and with Figure 3. When
oxygen glone, or when both acetylene and oxygen
are present, many well developed cuprene flbers
are formed. This is also evident from the elec-
tron photomicrographs shown in Figures 4 and 5,
of catalyst which was operated on a feedstock
which had not been pretreated to remove oxygen.
It should be noted that the effect of oxygen on

70

, 6 ‘
cuprene formation was not evident from data on
total carbonaceous deposits, but became obvious
from study of electron photomicrographs. The
photomicrographs also give a clue as to the mech-
anism of catalyst disintegration. In the photo-
micrograph of Figure 4, and also in the lower
panel of Figure 2, small particles of iron are
clearly shown imbedded in the cuprene fibers. It
would appear that during its formation, cuprene
actually tears these bits of iron from the crystal
structure of the catalyst particle.

‘While the foregoing description and exemplary
operations have served to illustrate specific appli-
cations and results of the invention, other modi-
fications obvious to those skilled in the art are
within its scope.

What is claimed is:

1. Animprovedproeeuforproducinsn!uable_
liquid hydrocarbons from synthesis gas mixtures
containing CO and Ha in proportions of from
about 0.5 to 2 mols of Ha per mol CO without
excessive deposition of solid carbonaceous mate-
rial which comprises feeding & synthesis gas mix-
ture containing Hi, CO and acetylene from an
external source in synthesis proportions into a
dense, fluidized bed of finely divided iron-con-
taining catalyst in a reaction zone, maintaining
said reaction zone at synthesis conditions of pres-
sure and temperature, contacting the reactants
with said catalyst for a sufficient period of time
to obtain the desired conversion, and recovering
a product containing substantial amounts of ole-
finic hydrocarbon products boilfng in the gasoline
range. ,

2, The process of claim 1 wherein said syn-
thesis gas mixture contains about 1 to 25 volume
percent of acetylene.

3. The process of claim 1 wherein said catalyst
is promoted with a minor proportion of an alkall

‘metal salt.

4. The process of. claim 1 wherein said syn-
thesis temperature is in the range of 550°-650° F".

5. The process of claim 1 wherein said syn-
thesis gas mixture is substantially free of free
oxygen. -

6. An improved process for producing valuable
liquid hydrocarbons from synthesis gas mixtures,
comprising CO and Hz: in proportions of from
about 0.5 to 2 mols of Hz per mol CO without ex-

. cessive deposition of solid carbonaceous material

which comiprises passing a synthesis gas mixture
comprising Hz and CO in synthesis proportions
and containing a minor admixture of oxygen
through an oxygen removal zone, substantially
removing oxygen from said gas mixture, adding
acetylene from an external source to said purified
synthesis gas mixture, feeding said mixture into
a dense, fluidized bed of finely divided iron con-
taining synthesis catalyst in a reaction zone,
maintaining said reaction zone at synthesis con-
ditions of pressure and temperature, contacting
the reactants with said catalyst for a sufficient
period of time to obtain the desired conversion,
and recovering a product containing substantial
quantities of olefinic hydrocarbon products boil-
ing in the gasoline range.

7. The process of claim 6 wherein the oxygen
content of said synthesis gas prior to conversion
in said synthesis zone has been reduced to the
range of from about 0.01 to 0.1% by volume.

ISIDOR KIRSHENBAUM.
RICHARD K. GROVER.
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