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The present invention relates to the synthesis
of hydrocarbons, oxygenated hydrocarbons and
mixtures thereof by the ecatalytic reduction of
carbon monoxide with hydrogen.

The invention more particularly involves plac-
ing and maintaining a synthesis catalyst in a con-
dition favorable to realization of new and im-
proved yields of desired products. It contem-
plates the continuous production of desired prod-
ucts with the catalyst in an improved state of
conditioning, while spent catalyst is withdrawn
in the form of extreme fines and the catalyst bed
is continuously or periodically supplemented by
addition of corresponding quantities of fresh cat-
alyst.

In accordance with the present ifvention, it has
been discovered that hydrocarbon synthesis cata-
lysts containing iron may be caused to exert
materially improved catalytic activity for the
conversion of hydrogen and carbon monoxide di-
rectly into normally liquid hydrocarbons, oxy-
genated hydrocarbons and mixtures ‘thereof,
when so conditioned that from about 60 to 85 per
cent of the catalyst particles in the reaction zone
are within the size range of from 10 to 80 microns
and have an average particle density of about 2.5
to 4.5, and a surface adsorptivity of about 20 to 45
milliliters of NH3 per gram of catalyst.

Preferably, the optimum proportion of particles

within the 10 to 80 micron size range is from -

about 65 to 75 per cent of the total mass of cata~-
lyst particles in the reaction zone. Moreover,
the preferred catalyst particle density is in the
range from about 3.0 to 4.0, and the surface ad-
sorptivity from 30 to 45, on the foregoing basis.

As intimated above, the invention is concerned

. with-iron-containing synthesis catalyst produced

by the reduction and condltlomng of an iroch com-
pound, such as one of the iron oxides, for exam-
ple, Fe:03, FesOq4, FeO, mill scale, pyrltes ash, or
the iron ores such as magnetite, hematite or
limonite, susceptible of being reduced to the me=
tallic state in a stream of hydrogen at an elevated
temperature.

Reduction is usually carried out at a témpera- -

ture in the range of about 500-1000° F. with con-
tinual return of a dry recycle stream of unreacted
hydrogen, until reduction is partially or fully
completed, as desired.

Thereafter, a" period of so-called  carbiding
places the catalyst in a-condition of activity.
Carbiding may be effected by passage of synthesis
gas under synthesis conditions, or by treatment
with synthesis gas  at temperatures which are
slowly increased to the normal operating level.
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By such treatment the catalyst is rendered both
chemically and physically effective for the direct
conversion of a mixture of hydrogen and carbon
monoxide into hydrocarbons, oxygenated - hydro-
carbons and mixtures thereof under suitable con-
ditions of temperature and pressure. For exam-~
ple, normally liguid hydrocarbons are produced
at a suitable temperature in the range of 550-700°
F., usually between about 600° F. and 650° P.,
under superatmospheric pressure, for instance
150 to 450 pounds per square-inch gauge.

However, the chemical and possibly physmal
changes effectuated during such catalyst prepa-
ration tend to result in a catalyst state which is
inappropriate for maximum yield of desired liquid
products.

In accordance with the present invention, it has
been further- discovered that the desired catalyst
state, as evidenced by proper particle size: dis-
tribution, average particle density and surface
adsorption properties, may be established by reg-
ulated disintegration of the reduced, and prefer-
ably carbided, catalyst in the presence of a stream
of synthesis gas, at an' elevdted . temperature,
within a critical range substantially above normal
synthesis temperature at which the catalyst, a
typical reduced catalyst powder, the major por-
tion of which comprises particles larger than 80
microns, is caused.to disintegrate, spall, flake or
otherwise break up at a relatively rapid rate, pro-
gressively approaching a condition where aboub
65 to 75 per cent. of the particles are in the 10 to
80 micron size range, the average particle density
i5'3.0 to 4.0 and the catalyst surface adsorbs 30 to
45 milljliters of ammonia per gram.

The temperature of catalyst conditioning - or
disintegration may vary somewhat with the spe-
cific catalyst, but is usually from about 50 to 109°
F. above operating temperature for optimum yield
of liquid hydrocarbons; that is to say, above about
700° ¥, and usually about 725° F. -Its incidence
is characterized by the phenomenon of a rela-
tively sharp, progressive and continusl decrease
in. catalyst particle size to the foregoing. eritical
range of size distribution readily recognizable by
periodic screen or other particle size analysis of
catalyst samples. 'The above-mentioned corre-
sponding decrease in average parbicle density of
the catalyst and a sharp increase in adsorptive
surface occur simultaneously with partlcle dlsm-
tegration.

It is to be emphasized that while some fines
formation may tend to occur at lesser temper-
atures, neither the required critical size' distri-
bution nor the desired surface adsorptivity will
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be realized. For example, after running for a
period of from eight to ten days at a temper-
ature above about 640° F. but not over 670° F,,
the density of the powdered catalyst will drop

to about 3.0, but only about 40 per cent of the

catalyst particles are in the 10-80 micron size
range, the surface adsorptivity is under 10 milli-
liters of ammonia per gram of catalyst, and the
liguid hydrocarbon yield is not substantially over
half of that realizable after conditioning at the
aforementioned critical temperature range.
Advantageously, such conditioning is carried
out under superatmospheric operating pressure.

It may be curtailed at any time by reduction -

in temperature below the critical range stated.
Moreover, brief repetition of such freatment may
be used to improve a catalyst which, in the
course of use, has, for any reason, accumulated
undesired proportions of particles larger than 80
microns and of heavier density than 4.0, or has
fallen below the aforesaid range of ammonia
adsorptivity.

Accordingly, the present invention contem-
plates subjecting a powdered, reduced and pref-
erably partially carbided iron-containing catalyst
containing approximately 70 to 80 per cent iron
carbide, advantageously in dense fluid phase
condition, to passage of synthesis gas, at a tem-
perature above the normal operating range, in
the vicinity of 725° F. at which the particles.
become progressively. adjusted to the desired
size distribution in the 10 to 80 mieron size range,
density decrease, and increase in surface ad-
sorptivity, continuing operation at such tem-
perature level until the desired particle size dis-
tribution, density and adsorptive surface have
been established and the yield. of liguid products
sharply increased, and thereaffer lowering the
temperature to a reduced operating range at
which the high yield of liquid hydrocarbons
continues at moderate: rate of catalyst disin-
tegration for a prolonged period of on-stream
operation. Continuation of the desired high
yield is promoted by withdrawing from the re-
action zone the ultimate fines, that is, catalyst
particles in the 0-10g range, formed by such
disintegration. In order to compensate for such
catalyst withdrawsal, the reaction zone is sup-
plemented with complementary additions of
fresh reduced catalyst.

It is important in: lowering the temperature
from the range of rapid disintegration to effect
the change at a gradual rate since too rapid
a.drop in temperature may cause the production
of desired liquid fractions to diminish. appre-
ciably.

Usually the temperature may be rapidly low-~
ered to about 700° F., if thereafter the:rate of
temperature decrease is lowered, for example, 5°
F. every two hours: If a decrease in oil yield
is encountered due to too rapid cooling, it is
possible to regain the desired yield by raising
the temperature. slightly, for example, 10 to 20°
P., after which the slow decrease in temperature
may be resumed as before.

It is believed significant. that when decrease
in. oil yield is encountered during cooling, the
catalyst adsorptivity, as determined on the basis
of withdrawn samples, ranges below 20 milli-
liters of ammonia per gram. When maximum
oil yield is regained, as above, adsorptivity re-
turns . to- the range of 30 to- 45 milliliters- of
ammoniz. per: gram. Accordingly; a condition
of normal continuous operation. is. ultimately

reached: with the. catalyst in.an optimum. state
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of particle size distribution, density and ad-
sorptive surface.

It is particularly important to note that con-
tinuous maintenance of this optimum catalyst
state requires careful selection of the normal or
on-stream operating temperature. Presumably,
with the catalyst disclosed above, and at proper
operating temperature, a continual sloughing off
of minute surface layers occurs in such a way
as to remove finally spent layers as particles
smaller than 10 microns, hereinafter. called

" ultimate fines, and thus expose fresh active sur-

M
D
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faces.. Conversely, at lower temperatures, the
spent surface layers remain in situ and impair

- contact of the reactant gases (Hz and CO) with

fresh active catalyst surfaces.

This observation is borne out by, first, the
fact that the rate of formation of ultimate fines
decreases with reaction temperature, second, the
fact that at and below a critical temperature
tand corresponding rate of fines formation)
liquid hydrocarbon yield is sharply impaired, and.
third, the resulting decrease in surface activity
which is experienced at and below said critical
temperature. ¥or example, actual. laboraftory
control measurements of catalyst surface activity
by the ammonia method exhibit continuously
an adsorptivity in the range of about 20-45
milliliters of ammonia per gram sample of cata-

¢ lyst when the process is operated above the said

critical temperature under the continuing high
vield induced by conditioning in accordance with
the present invention. Below such critical tem-
perature where substantial loss of yield is en-
countered, the adsorptivity progressively falls
below 10 milliliters N3 per gram.

In any event, it has been discovered that the
optimum high yield of liquid products will con-
tinue only where the operating temperature is
above a value corresponding to a critical rate
of formation of ultimate fines, namely, catalyst
particles less than about 10 microns. At lower
temperatures, the rate at which ultimate fines
are formed decreases and oil yield becomes pro-
gressively lower.

In g catalyst conditioned as above, the critical
temperature for constant product yield usually
oceurs ab about 640 to 670° P. While some varia-
tion may be encountered depending on the start-
ing catalyst material and the modifying agents
employed, appreciably lower temperatures mean
progressive loss of yield. Higher temperatures,
as-high as 700° F. may be used, but are objection-
able insofar as the rate of loss of catalyst through
the formation of fines tends to hecome excessive.
Accordingly, the invention advantageously con-
templates continuous operation, preferably with-
in the range up to 50° . above, but not: below,
the lowest temperature at which oil yield remains
approximately undiminished.

It is. believed surprising that, operating &s
above, the catalyst lost in the form of particles
helow about 10 microns may be made up without
impairment in yield by continual or periodic ad-
dition of ordinary reduced- catalyst powder,; the
major portion of which comprises particles
greater than 80 microns in diameter. This fol-
lows, first, from the fact that. a typical, reduced
and powdered catalyst will not upset the im-
proved. yield provided that the necessary pro-
portion of particles in the 10 to 80 micron size
range is preseni, and, second, because in the
presence. of g large- predominance of the condi-
tioned- particles, the added catalyst tends to as-
sume a corresponding state, possibly by transfer

.
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of the coke (carbon) present in the particles of
preconditioned catalyst to the newly added, re-
duced catalyst. In other words, the added cata-

‘lyst rapidly assumes the ‘desired density and par-
~ ticle size, and an adsorptive surface of 20 to 45

milliliters of ammoma adsorbed per gram. .of
catalyst

“Accordingly, the invention contemplates limit-
ing the addition of make-up catalyst such that
the resulting admixture of fresh and used cata-

lyst never contains less than about 65 per cent.

of particles in the 10 to 80 micron size range.
In short, each incremental addition of fresh
make-up catalyst, the major portion of which
consists of particles larger than 80 microns, must
be restricted such that the 10 to 80 micron frac-
tion of the resulting mixture is maintained with-
in 65 to 85 per cent and preferably 65 to 75 per
cent of the total. It will be apparent that this
affords an additional reason for holding the rate
of fines formation to as low a value as is con-
sistent with optimum product yield, and thus
permits continuous operation without regard to
catalyst loss as fines, and without shutdown for
catalyst regeneration, reconditioning or replace-
ment.

Advantageously, therefore operatmg tempera-

10

ture is adjusted just above that at which liquid -

“oil production remains substantially uncurtailed,

with a minimum rate of catalyst loss. There-
after, the losses are made up by addition of ordi-

- nary powdered, reduced catalyst, so added that

the resulting- proportion of particles larger than
80 ‘microns never exceeds 40 per cent and pref-

erably 35 per cent, and is never less than 15 per :

cent.

39

- size range is most advantageous.
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Where, for ex-
ample, excessive proportions of this fraction, as
for example, 50 per cent thereof, are below 20
microns in diameter, there is an inevitable tend~
ency for undesired carryover of particles with the
product gas and a similarly high loss of catalyst

.Irom the system. However, when associated

with' a more uniform distribution of larger par-
ticles within the 10 to 80 micron fange, loss from -
this source may be reduced to a low value. Pref-

- erably, therefore, not more than 30 per cent and

preferably not more than 15 to 20 per cent of

.the 10 to 8¢ micron fraction is in the 10 to 20

micron size range. ,

In order to more clearly illustrate the practice
of the present invention, reference is hereinafter
had to one specific embodiment thereof. )

A reaction chamber, comprising .a. cylindrical
vessel about ten inches in internal diameter.and

provided with three equally spaced, vertically ex-

tending, two-inch. cooling tubes, is provided with,
2 charge of dry powdered iron.oxide particles.
The cooling tubes are provided internally with
water under controlled pressure such that: the

5 temperature of the catalyst mass may be regu-

lated within desired narrow limits.

- The powdered charge of catalyst has a com-
positic»n equivalent to equal parts of magnetized
PesOq and ferric oxide (Fe203), with about five
per cent of inert solids and is, in physical form,

. Inore or less representative of an iron oxide pow-

The 1nvent1on has particular application to A

the synthesis of hydrocarbons through the agency
of unsupported iron catalyst, as contrasted with

a catalyst formed by depositing an active mate- !

rial upon an inert carrier. It is broadly appli-

"cable to fixed or moving bed operations, but is

particularly advantageous where the catalyst is
held in a dense fluid phase by the upflow of
reactants. Preferably, the linear velocity of the
gases may be adjusted to that value in the neigh-
borhood of about one foot per second, at which
particles substantially greater than ‘about 10
microns in diameter tend to remain in the re-
action zone and spent particles substantially finer

‘than 10 microns are carried out by entrainment

in the effluent product gases. ]

Any particles larger than 106 microns entrained
at higher gas flows can be separated from the
product gases by cyclone, filter, electrostatic or
other. conventional separating means and re-
turned to the reaction zone while fines smaller
than 10 mlcrons are permitted to pass out of the
system.

In either case, the continual discarding of the
ultimate fines is advantageous because, as indi-
cated above, they comprise essentially that por-
tion of the catalyst which is exhausted and no
longer of any benefit in the present process.
Thus, the catalyst remaining in the reaction zone
is free from the usual requirements for catalyst

“revivification, regeneration or reconditioning.

Provision is preferably made for uniform tem-
perature control in the reaction zone, as for ex-
ample, by the arrangement of adequate, well dis-

tributed cooling surfaces:in contact with the

catalyst.
From the standpoint of economy -in catalyst

consumption, an approx1mately uniform distribu-
tion of catalyst particles:in the 10 to .80 micron

50
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der. produced by conventional grinding. methods,
having a screen analysis substantially as follows:

. Per cent
Retained on 35 mesh (420 microns) _.___ 15.0
Retained on 100 mesh (419-149 microns) ~__ 18.0
Retained on 150 mesh (148-105 microns)-__ 17.0
Retained on 200 mesh (104-74 microns) -.___ 11.0

Retained on 250 mesh (73-62 microns) ____ 3.0
Retained on 325 mesh (61-44 microns) _____ 6.0
Passing thru 325 mesh (43-0 mierons) - ___ - 30.0

Only slightly over 40 per cent of the catalyst
comprises- particles less than:80 microns in size.

Reduction of the powder is effected by passing
substantially pure hydrogen upwardly through
the bed of particles at a temperature from about
750 to-850° ., and g linear velocity of about .45
to 1.5 standard -feet per second, sufficient to
aerate the particles into a state of dense phase
fluidization. Pressure is held between 200 and 400
pounds per square inch gauge.

The efluent gas is withdrawn, cooled to about
70° F. to. condense moisture, the condensate -is
separated and the residue recycled continuously.
After reduction of the oxide, which is usually sub-
stantially completed within about 24 hours, the
catalyst has a density of -about 7.0 to 7.3.

Particle densities referred to herein are deter-
mined by a pycnometer, using carbon tetrachlo-

‘ride as the liquid medium, after first re11evmg the

particle surfaces of adsorbed gas.

After reduction, the hydrogen fiow is termi-
nated, the catalyst bed is allowed to ¢ool to 600°
F., and carbiding initiated by introducing a fresh
feed of synthesis gas, preferably containing es-
sentially hydrogen: and carbon monomde 1n aoout
the molar ratio of 2:1. .

For exambple, nllth ‘e fresh feed co-ntammg hy--
drogen and carbon monexide in the ratio of 1.7:1,
the gas is passed upwardly at-a pressure of from
about 200 to 400 pounds per square inch gauge,
with recyclé of the normally gaseous products of
reaction to the reactor inlet ai the approximate
relative volume ratio of 1.5 voliimes of reeycle
per volu ne fresh syntheais gas.: rFhe hnear veloc-
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_phase.. ..
out at an ¥ mpma—

e"ploduc-
“tion, of hquld hydrocarbons and oxyg 3 ated hy-

,;urs from 600 to 650° F at whlch

_idrocarbons occuis.ab a stant1a1 ‘rate. As -
.dicated abave, the eﬁluent gasrform reactlon {
ets withdrawn from ‘the catalyst are condensed
‘and separated at for example ki to 100°, ., ‘the
des1red llqurd ‘hy drocarbons and assoc1ated LOXy~
“sendted pydro.,ar onis, if 'any, bemg ‘Tedavered
.as an oil la;er with* part ‘of the oxygenated hy-
drocarbons in the water layer the res1dual nor-
mally gaseous stream becoming available for’ re—
cche ‘as.'indicated.

" The carbided catalyst is uhereafter subJected to
| n'dltlorunfr such that the normal yleld of the
“so~ called oil layer is substant1ally 1ncreased
_To this end, the density of the catalyst and
“{he particle : size dxstrlbutlon are adJUSted by con-
trolled high temperature disintegration, ‘For, ex-
ample, a typlcal size dlstrxbutwn of the above
carbided catalyst is as follows:

o : S . Per cent
Retained on 35 mesh (420+ microns) ____- 3.0
Retained on 100 mesh (419-149 microns) . -15.0
Retained on 150 mesh (148-105 microns) __. 18.0

.Retained on 200 mesh (104-74 microns) .- 19.0
Retamed on 250 mesh (73-62.microns) ._._.. - 4.0
‘Retained on 325 mesh (61-44 microns) .- 15.0
Passing thru 325 mesh (4320 microns) _____ 26.0

) An analys1s by the “sedlmentatlon raethod”
shows that about 48 per cefib of the pa icles
fall within the size range of from 10 to 80 micr ons.
This may vary widely depending on the start-
'ing powder and the type of grinding employed.
For example, the 10 to 80 micron range of par-
ticle size frequéntly includes 20 to 40 .per. cent
Gf the total mass of particles with.those larger
‘than 80 microns amounting to at. least 60 to 80
Per cent of the total. Typical particle. density
of the thus carbided catalyst is about.5.5. .. .

To condition the catalyst, the carbided mass is

raised gradually above .700° F., other operating |,

conditions keing maintained as above, preferably
with a recycle rate of about 1.5:1 and. the parti-
cles uniformly in a dense fluid phase under uni-
form temperature control.. At .or about. 725°.F.,

particle disintegration fakes place.with progres-
sive redistribution. into the particle. size range
covering approximately. from .10 o 80. microns.
Usually, the desired distribution, namely, with
abiout 65 to 75 per.cent of the particles in the. 10
10 .80 micton sizé range, is realized, with a freshly
carbided catalyst, in about 48 hours and seldom
in -excess of 72 hours.

When particle size analy51s of w1thdrawn
samples indicates the establishment of the de-
sired size distribution and an. average catalyst
particle density within the range of about 2.5 to
4.5, the temperature of the catalytic mass is im-
mediately lowered to about 700° F., and.there-
after cooling is effected at a regulated rate such
that oil yield is not materially. impaired. The
catalyst now has an adsorptive surface activity of

20 to 45 milliliters of ammonia per gram of cata-

lyst, and the yield of liquid hydrocarbons is ma-
terially in excess of that which would prevail in
the case of ordinary carbided. catalyst... :

As indicated above, a temperature decrease of

8.

iabout 5° F every two hours IS usually sultable
_In this’ manner, the. catalyst bed temperature is

gradually Worked ‘down to about 640 to 660° F
without loss of y1e1d

. As noted above, the ﬁnal temperature of oper-
“ation may vary to some extent with the specific
catalyst. employed, but is preferably held. at.the
Jowest. level at. which the, optimum. yield. 1s con-

tmuously mamtalned Such. temperature . level
10 -

in.any event may be determined. in practice. by
Observing. that temperature at Wthh a.ftendency
towards decreasmg yreld is. first. ‘experienced.
Thereafter operation may .be indefinitely..con-~
tinued - under. slightly. higher. temperature,. at

_whlch the, y1eld remains constant . With an ap-
_propmate linear. veloc1ty .of reactant flow.in the

range mentloned above, the. ultrmate fines less

. than 10. mrcrons in dlameter are contmuously en-

- .tramed in. the efflyent products of reactmn and
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are withdrawn from the reactlon zone Whﬂe
larger partlcles remam in the dense, flu1d phase
catalytlc mass The W1thdrawn paltlcles are
separated by a sultable cylone or other means
and drscarded T

Operating as above the rate of loss w1th an
.approximately 300,to0 400 pound charge of catalyst
-may. amount to. about.10.t0.15 ‘pounds -every .24
hours. . By adding correspondmg amounts .of the
reduced catalyst, to. replace the removed “ﬁnes”
as 1ndlcated above the desu‘ed 1nventory of effec-
tive catalyst is. mamtalned at continuing . hxgh
rate of yield over prolonged perlods of: on-stream
operatlon Jasting . several .weeks. .or - longer -pro=-

,vrdmg the 80+, partrcles are. mamtamed between

15 and 40 peér cent of the reactor bed.

Preferably, therefore, addition. .of.. uncond1-
t1oned ‘make-1 ~up. catalyst is. hmrted to 10 per cent
of the. catalyst mass in. any 24-hour perlod and
is.made.in, lnmted 1ncrements such that the Ter
sultmd mixture always remains- wrthln the range
‘of size chstnbutlon atb Whlch approx1matelyr65fto
15, per cent of the total partlcles in the. 18 to 80
micron size range As a result the contact mass
contrnually retams an. average partlcle den51ty of
approximately.3.0.t0 4.0 and an average adsorptive
surface. (ammonia, method) of 20 to 45 mllhhters
of ammonia per gramof catalyst :

The followmg table. compares the results of a
srze dlstmbutron of cond1t1oned partmles of Iron
catalyst with partmular reference to. the‘percent-
age falling within the. 10 10.80 micron size- range,
the average partlcle dens1ty of the- catalyst - the
surfage, adsorptlon (as measured.by the ammoma
method) and:the contmuous -yield -of hquld oil

ed

Run..___. I o |mrfoviv.yvL

Percent 10 80 m. partlcles ......... -:;1'0 7 VS.O 40 véO .

Cat. Density .. ________________ 2,713.04.7|4.8]47 372

Adsorpt;ve Sélria;:e (ml, Am— : ’ : : v
moniafgram Cat).i_ oo - 30 40 7

Yield (Gals. Oil/Hr.) (Basxsﬁ 000 - 8 ¥ 4'0
5.C.F.H. Fresh Feed)_____.r._ 4.8 49129129124 50

- In each case the ﬁgures are based upon a fresh
feed synthesrs gas of about 6,000 standard cublc
feet per hour, contalnmg hydrogen and.. calbon
monoxide in the molar ratio of about 1.7:1 and
containing in .addition. about 2 per cent carbon
dioxide, about 2 per-cent-of methane and about 1.5
per cent of nitrogen. In the runs I to VI, the

. reaction was-carried out dt.a pressure of approxi-

15

mately 200 p. s..i.g. and-a-reactor.- temperature

" of .approximately 640-660° F.. The pressure dur-

ing run VI was about 313p.s.i. g.
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A recycle of the normally gaseous fraction of
the efluent products of the reaction zone was
maintained to the inlet thereof, in each case,.at
a volume ratio basis. The reaction zone con-
tained 250 to 300 pounds of catalyst. The cata-
lyst used in runs I, IT and VI resulted from pre-
conditioning at 725° F. in accordance with the
procedure described in the foregoing example. It
is' important to note that the particle size 'dis-
tribution, average particle density and the surface
adsorption - fall within the critical ranges for
maximum oil yield, and correspond to actual
yields of about 5 gallons per hour. -

In contrast, runs III, IV and V, all character-
ized by low oil yield of less than 3 gals./hr., fall
outside the ecritical ranges of particle size dis-
tribution, density and surface adsorption. The
catalyst used in these runs was identica] in origin
and treatment with that of runs I, IT and VI ex-
cept that the “preconditioning period” at 725° .
was omitted and running instituted between 640
to 670° F. reactor temperature.

From the foregoing it-is apparent that in the
case of the catalyst selected by way of example,
the yield of liquid oil fractions is materially and
surprisingly improved to a range of approximate-
ly five gallons per hour as compared with the
maximum yield of less than three gallons per
hour, on the same basis, realized with uncondi-
tioned catalyst. ‘

It is important to emphasize that the observed
results tabulated above with respect to runs I~VI
represent - settled operation maintainable con-
tinuously without material variation. A decrease

in operating temperature of 10~20° F. below that 2

indicated is immediately followed by a decrease
in yield to the range represented by runs III, 1V
and V. However, at the actual operating range,
settled operation is continued indefinitely by con-
tinuously supplementing the catalyst mass with
additional, fresh reduced catalyst corresponding
in amount to the fines carried out of the reac-
tion zone in the product stream.

By way of illustrating the effect of variation in
continuous operating temperature of the fore-

going- catalyst, the following table indicates ap-

proximately the rate of loss of ultimate fines
(less than about 10 microns) encountered in runs
I, IT. and VI from a fluidized mass of about 300
pounds of catalyst, conditioned as above, at dif-
ferent temperatures during continuous opera-
tion. .

%atallygt
. Tempera-: arrie
Operation 5 . Overin,
ture, © F. 24 Hours,
© lbs.
640-650 : 10
655-665 25
670-680 43

Typical particle size distribution of each of the
respective eatalysts listed in the foregoing table,
will, after settled operation, be as follows:

Weight Percent of Total
‘Catalyst

Microns

0-10 10;20 2040 | 40-80 | 804

5 10 20 40 25
5 20 40 10 25
5 45 20 5 25

It is accordingly profitable to operate at tem-

<X

—

0

[
<

0

e

45

50

55

60

65

70

75

o ~ 10
peratures not substantially greater than the 640
to: 660° .F. temperature range, at which loss -of
catalyst is ‘minimized and continuous operation
with maximum oil yield is made possible. -

In general, the optimum range of particle size
distribution is as follows: : :

L : Per cent
Total (10-20 micron particles) _..______._ 10-20’
65 to 75 : 20~40 micron particles______.___ 20-30
Per'cent (40-80 micron particles) ___.____ 25-35

It is important to point out that from 15 to 25
per cent coarse particles larger than 80 microns
is necessary-from the standpoint of maintaining’
a desirable uniform dense phase of catalyst par-
ticles which will be retained in the reaction zone:

In addition, excessive disintegration beyond -
the ranges indicated above tends to result in g
reduction in catalyst density to. a value below
2.5, at which catalyst consumption reaches an
uneconocmical rate when the reaction tempera-
ture is sufficiently high to give the desired oil
yield. Below the minimum critical temperature
of good oil yield (. e, substantially below 640°
F.) catalyst consumption is alleviated only with a
substantial sacrifice of ‘desired liquid hydrocar-
bons. :

The -present invention contemplates incorpo-
ration in the catalyst of any of the conventional
activators and promoters, as for example; alkali
metal or alkaline earth metal oxides, alumina,

thoria, titania, zirconia and others of which these - -

are typical. The extent of their addition is usu-
ally 0.5 to 5.0 per cent. Thesé may be incorpo=
rated in the original oxide in any desired manner
or may be added during the course of manu-
facture, for example, by impregnating the pow=
der with a suitable aqueous solution and there-
after drying. i S

As above intimated, the novel, improved high’
vields of liquid hydrocarbons; by the use of a
catalyst. preconditioned as above, at a tempera-
ture above approximately 725° F., may decrease
as the result of (1) too rapid decrease in tem-
perature from the elevated temperature of pre-
conditioning to the normal operating range above
apbout 640° F. so that high surface adsorptivity
of the catalyst is decreased, .(2) - introduction of
fresh catalyst at an excessive rate such that the
foregoing critical conditions of operation are ex-
ceeded, (3) a decrease in reactive temperature
substantially below about 640° F. at which cata-
lyst disintegration is insufficient to maintain ade-
quate fresh adsorptive surfaces, or (4) combina-
tions of any of the foregoing. .

It is important to emphasize that such & de-
crease in yield, in the case of a catalyst precon-
ditioned as above may be overcome and the opti~
mum. catalyst properties and maximum yield of
oil restored by raising the temperature suffi-
ciently in the range of 640-725° F. or above for
a brief period. Usually s temperature increase to
about 660° F. will be sufficient except in the case
where quite excessive additions of fresh reduced
catalyst have been made so that the catalyst size
distribution is substantially outside the critical
range disclosed above. In the latter event, higher
temperatures up to about the critical tempera~
ture above.700° F. may be required. After res-
toration of the required - active adsorptive sur-
faces the temperature may be slowly lowered to
the appropriate normal operating range. )

While recycle operation has been disclosed, and
is usually most advantageous, the invention con-
templates once through, staged, or any other de-
sired technique of contact. In general, the ex-



http://ww. Pat ent Gopher.com

11
amples given in the present specification are di-
rected. primarily t¢- the: productionof hydro-
carbons predominantly: in ‘the ‘motor : gasoline

boiling. -range -and. the. liquid- oil layer product

referred to -is composed prlmanly of- such frac-
tions. -

Obviously, many other spemﬁc mod1ﬁca,t10ns
and adaptations of the present invention, as here-
inbefore--set forth, may be ' made. without de-
parting -from' the spirit.and scope-thereof -and
therefore, only such limitations should -be im-
posed as are indicated in the appended claims.

I claim:

1. In the process of catalytically convertlng a -

synthesis gas comprising essentially hydrogen and
carbon monoxide into desired products of the

_class consisting of hydrocarbons, oxygenated hy-

drocarbons and mixtures thereof, the improve-
ment - which comprises substantially increasing

the yield of desired, normally liquid products by:

passing such synthesis gas through a reaction
zone in contact with a powdered, solid particle,
iron-containing synthesis catalyst effective for
the production of desired liquid products, the
major portion of which comprises particles larger
than 80 microus, continuing passage of said syn-
thesis gas in contact with the catalyst at an ele-
vated. conditioning temperature above 700° F.
and not.above about 800° F., at which the cata-
lyst particles experience a selective decrease in
density and. alteration of the particle size dis-
tribution toward fhe range of from 10 to 80
microns and an increase in surface adsorptivity,
continuing passage of the said synthesis gas at
said temperature of disintegration for a substan-
tial -period of time.until the average density of
said catalyst falls in the range of from about 2.5
to-about 4.5 density, and a particle size distribu-
tion has been established such that about 60 to
85, per cent- of the particles falls within the size
range of;from about 10 to 80 microns, and the

surface adsorptivity increases-into. a range of 20

to:.45 milliliters of ammonia per gram of cata-
lyst said conditions being accompanied by a sub-
stantially increased yield of said desired products

of. reaction, thereafter substantially lowering the

reaction temperature at a:rate at which the yield
of desired liquid products- is substantially unaf-
fected: to a: continuous -operating: temperature in
the. range.of ‘about .640-690°.F., and thereafter

continually recovering liquid products of reaction-

from the effluent reaction produets.:- . :
2.:The. method according:to ¢laim 1, wherem
the -said . elevated- condmomng temperature - is
about 725° F o
- 3. The: process accordlng to clalm 1 Wherem
said:-continuous.operating temperature is in ther
range of from about 640 to 670-F :

4..The .process -according to clalm 1 1nc1ud1ng
the subsequent.step.of withdrawing .fine, spent
catalyst.particles less-than about ten microns in:

diameter from the cafalyst mass, and replacing
the withdrawn catalyst by adding reduced cata-
1yst powder, the major portion of which comprises
particles-larger-than 80 microns in-diameter, the
replacement -catalyst. particles -being-:added in

limited inerements:sueh -that the resulling mix-
ture retains the. said partlcle s1ze d1str1butlon »

density and adsorptive surface.

5.:Inthe- process- of preparmg an 1mproved

eatalyst for the catalytic conversion of synthesis

gas comprising essentially hydrogen and carbon

monoxide into desired products-of the class con-
sisting of “hydrocarbons, oxygenated hydrocar=-
bons ‘and mixtures thereof, the steps which com-

2,616,442
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- 4,5; the particle size distribution comprises from-
about 60 to 85 per cent within the 10 to 80 micron’
size range, and the adsorptive surface is in the
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prise  subjecting an iron-containing synthesis
catalyst in the form of a powdei the major -por-
tion of which comprises particles larger: than 80
microns, to contact- with a Synthesis- gas at an

elevated temperature about 725° -F., at which’

catalyst is progressively disintegrated into parti-
cles of lesser densily, and greater surface ad-
sorptivity, maintaining said elevated temperature
of disintegration for a substantial period of time

~until about 65 to 75 per cent of the catalyst parti-
cles -are in the 10 fo 80 micron size range and

have an average particle density of approxi-
mately 3.0 and 4.0, and a surface adsorptivity in
the range of 30 to 40 milliliters of ammonia per
gram. of .catalyst said conditions being accom-
panied by a substantially increased yield of said

desired products of reaction, reducing the tem-

perature of said catalyst mass at a rate such that
the surface adsorptivity does not fall -below 20
milliliters  of ammonia per gram of catalyst and
the yield of desired liquid products is not ma-
terially impaired; to an operating temperature
substantially below -725° F. and above about
640° F. at which the yield of liquid hydrocarbons
experiences a substantial decrease; and thereafter
coniinuously maintaining said temperature with-
in said range with producfion of a matenally in-
creased yield of liquid hydrocarbons.

6. In the preparation of a catalyst eﬁectzve for
converting g synthesis gas comprising essentially
hydrogen and carbon monoxide into substan-
tially improved yields of products of the class

consisting of normally liquid hydrocarbons, oxy-

genated hydrocarbons and mixtures thereof, the
steps which comprise supplying a reaction zone
with g powdered iron compound capable of be-
ing reduced to metallic iron by hydrogen, reduc-
ing such compound with gaseous hydrogen at an
elevated temperature, forming - a product the

major portion of which comprises particles great-
er than 80 microns in diameter, thereafter pass-

ing said synthesis gas in'contact with said pow-
der at an elevated temperature about 725° F., at
which the catalyst experiences progressive reduc-
tion.in density and selective particle disintegra-
tion into particles less than about 80 microns and
increaséd surface adsorptivity, maintaining said:

elevated temperature of disintegration for a:sub- -

stantial period of time until the average catalyst
particle density is in the range of from 2.5 to

range of about 20 to 45 milliliters of ammonia per
gram .- of catalyst said conditions being accom-

. panied by a substantially increased yield of said

desired products of reaction, and thereafter re-
ducing the temperature to a normal operating
level of from about 640 to 690° F. af a rate such
that surface adsorptivity and liquid hydrocarbon

» yield is not substantially impaired while con-

tinuously maintaining the passage of said syn—
thesis gas in contact with the catalyst.
7..In the process of -catalytically convertmg

synthesis gas comprising essentially hydrogen and-

. carbon monoxide into desired products of the

70

class consisting of hydrocarbons, oxygenated hy-
drocarbons and mixtures thereof, the improve-
ment which comprises substantially inereasing
the yield of desired, normally liquid products by

" subjecting a solid particle, iron type synthesis

75

catalyst the major portion of which comprises
particles larger than 80 microns, to contact with
a synthesis gas at an elevated temperature sub-
stantially above 700° P. and not above about

P
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800° F. at which the catalyst progressively disin-
tegrates into particles of lesser density and in-
creased adsorptive surface, maintaining said ele-
vated temperature for a substantial period of
time until about 65 to 75 per cent of the cata-
lyst particles are in the 10 to 80 micron size range,
and have an average particle density of 3.0 to
4.0, and an adsorptive surface of 30 to 45 milli-
liters of ammonia per gram of catalyst said con-
ditions being accompanied by a substantially in-
creased yield of said desired products of reac-
tion, thereafter effecting contact between said
synthesis gas and said catalyst at a temperature
below about 700° F. but above about 640° F., at
which the surface adsorption remains between 20
and 45 milliliters of ammonia per gram of cata-
lyst during continuous operation, continuously
forming fine, spent catalyst particles less than
about 10 microns in diameter, withdrawing such
fine catalyst particles from the reaction zone and
supplementing the contact mass by adding there-
to reduced catalyst powder more than 40 per cent
of which comprises particles greater than 80
microns in diameter, said supplementary catalyst
additions being made in limited increments such
that the proportion of particles greater than 80
microns in the resulting mixture does not ex-
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ceed about 40 per cent, the density remains be- -

tween 3.0 and 4.0 and the surface adsorptivity
remains between 20 and 45 milliliters of ammonia
per gram of catalyst.

8. In the catalytic conversion of synthes1s gas
comprising hydrogen and carbon monoxide into
hydrocarbons, oxygenated hydrocarbons and
mixtures thereof, by contact with a solid parti-
cle, iron catalyst, the improvement which com-
prises substantially increasing the yield of de-
sired liquid products by continually passing said
synthesis gas in contact with said catalyst, the
major portion of which comprises particles larger
than 80 microns, effecting said contact at an ele-
vated conditioning temperature in the range of
about 725-800° F. at which the solid particles of
catalyst undergo an increased rate of disintegra-
tion, maintaining the temperature continuously
in the said range for a substantial period of time

30

40
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such that about 60-85% of catalyst particles fall
within the 10-80 micron size range, the particle
density is within the range of 2.5-4.5 and the sur-
face adsorptivity is in the range of :20-45 milli-
liters of ammonia per gram of catalyst, thereby

" realizing a substantially increased yield of said
" desired products of reaction and thereafter low-

ering the reaction temperature at g slow, gradual
rate such that said increased yield is maintained
at a continuous operating temperature in the
range of 640-690° B

9. The method accordlng to claim 8 wherem
said final operating temperature is in the range
of about 640-670° B

10. The method according to claim 8 wherein
said elevated conditioning temperature is main-
tained for a period of about 48 hours.

11. The method according to claim 8 wherein
said elevated conditioning temperature is main-
tained for a period of time such that 65-75%
of the catalyst particles reside in the 10-80
micron size range, the catalyst particle density
falls in the range of 3.0-4.0 and surface ad-
sorptivity is in thé range of 30-40 milliliters of

ammonia per gram of catalyst. -

12. The method according to claim 8 wherein
the lowering of said temperature is effected at
a, rate not substantially greater than about 5° F
every two hours
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