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'ThIS invention relates to -a method of regen-
erating solid synthesis catalysts, partlcularly o
solid synthesis catalyst' disposed in & fixed bed
which has been employed in the syfthes P of Biy-.
drocarbons by the reactioh: between carben mon-
oxide and hydrogen:

Several metheds for:carrying out. thé: reactxon
between carbon monoxide’ afid hydrogen in the
presence of .a solid synthesis catdlyst have besn:

propesed, including: methods involving: the: use: 1¢ i

of a fixed bed of synthesis' catalyst in which tém=
perature:control is accomplished by nieans of in-

direct heat éxchange elements; methods i which

the: synthesis ‘gas: mixture is’ contacted with-the

catalyst disposed: in“a: fluidizeéd Bed; and methods 1
operated on.the: gdiabati¢ principle wherein:the

necessary. temperature control. is effected by:
controlling the- composmon and rate of flow” o;
the synthesis gas-mixture: .

Fixed bed processes operatmg on’ the achabanc
principle are advantageous- because: the- invest-
ment costs are. relatively:low. In-otder for such
processes to be competitive; however; it- is im-
portant that the catalyst be:capable of effective:

use over long periods-of time: ascatalyst-changes:

represent a-substantial-part of-the:cest. of-opera=

tion. The usual eycleof: opera.tmn of an-adia~

batic-fixed bed process comprises;: essentially;-al~
ternate on-stream periods during: which hydro~
carbons are produced with-some lay-down of-car-
bonaceous material-on the catalyst-and-regenerg-
tion perlods -during: wh1ch the-carbonaceous ma-~
terial is burned off;:
flushing. Jperiods- and periods-for reduction:of: the

catalyst. It has been-recognized-that ‘total-time-

durlng which a- catalyst-may: be'employed-is de~

pendentupon the pressure drop acrossthe catalyst:

bed. When this pressure drop becomes-exeessive;

catalyst change is required. Anether~ impertant-

factor affecting thé time during. whlch -the -cata-
lyst may be employed i the’ maximum tempera—

ture t6 whicH the catalyst is- subJected dunng;

regeneration.  If" this” temperatureé i
to go too high both“the physical and

catalyst which'ha‘si‘bee‘n?eihpl"oyéd__- o}
on-stream. operation. . Prior-to- making:
covery upon which the present invention‘is:based,

we had considered' the problein of regenerating:

the. catalyst as-one primarily of effecting: tem=

perature control: while subjecting:the catalyst'bed’
to a relatively low rate-of flow" of regéneration:

The cycle may also include:
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- panied by loss:of :detivity:

(CL 252-:419)

and an: oxygen-ce itaxmn gas

low a temperature as could be employed‘ and yet
a:ccomphsh burhing off &f thé catalyst depos1t
m thls way controlhng the' 7a,x1mum tempéra-

di‘d];‘) is indida’ti?é‘ 6f -‘p’hyéic’a‘i -deter 0
the catalyst, ahd may or may: 1ot be acco
Whether: of 7ot the'
actwlty ‘of- thé ca‘talyst is'reduced;: suﬁcfent in<’
crease’in :pressure” drop:requires:catalyst change
because " operation  of: the' process: bécomes: in=
économical: due to excessive’ costs of forcing:an:

o adequate quantity of charge through- the reactor

at-the hlgh resistance toflow:

We were theh of the oplmon that an iricreasé’
in- this'pressure drop-was a':necessary. concomi="
tant to' regenerating: a-fixed-bed. of : synthesis’
catalyst'and that the reduction:in: the total time
that-a:citalyst-could be-employéd:caused by pres=’
stirer drop’increasés-durihg-regeneration permdsf
was-4 basic-characteristic-of thistype-of process.’

We- have  now discovefed, -howevef,: that~ by
heating  a-mixturé of an: inert gastand ‘an: oxy-
gen-containing gas- such! gst gir: to- a* relatl :
high-temperature: prior: to - contacting: the g
mixture -with' the bed of used synthésis catalys’c"
and: controlling~the compdsition and raté ot A6w’
of-this-gas mixture So-that’ the: maximoii fem~"
perature: difference-iri- the catalyst: bed: at: guy-
time-during regenérationis: Tess: than:300° fad*
preferably: less ‘than: 2602 F.; éffective” ‘regériera
tion-of-the catalyst-can be-aceomplistied with' no’
or very-little:increase’in the-pressure-drop:across’
the -catalyst bed: -This-makes possikle the-use:
of the catalyst over longer -periods of tlme than"
had formerly been poss1b1e
g thy

the catalyst bed 4§ ramedﬂ at’any”tim
* gerleration’eycle should not be’ ghove about
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F. and preferably should be between about 900°.

and ahout 1000° F.

To maintain these temperature conditions, the
composition of the regeneration gas mixture and
the rate of flow of this mixture are mutually con-
trolled so that the desired maximum tempera-
ture is not exceeded and the temperature differ-

ence between the inlet temperature and the max- -

imum temperature is less than 300° F. Since
the time required for the regeneration is a facfor
affecting the economics of the process, we pre-
fer to operate so that the temperature difference
referred to is not less than. 100°. F, Especially
valuable results are obtained by preheating the
regeneration gas mixture to a temperature be-

tween about 700° and about 800° F. and con-.
trolling the composition and rate of flow of this.

mixfure so that the maximum temperature
reached at any point in the catalyst bed at any
time during the regeneration does not exceed
1000° F. and preferably lies within the range of
about 900° to 1000° F., and the temperature
difference between the preheat temperature and
the maximum temperature is between about 170°
and about 260° F : )

In practicing the present process in sccord-
ance with a preferred manner of proceeding, the
regeneration is started by initially flowing in
contact with the catalyst bed a gas consisting
entirely or substantially entirely of inert con-
stituents preheated to a temperature of about
700° to about 800° .. When the catalyst bed has
been heated to- about the temperature of this
initial gas mixture, air is added to the gas at a
rate such that the maximum temperature in
the catalyst bed. does not exceed 1000° F. The
amount of air in the regeneration gas mixture
is increased as the regeneration proceeds so as
to burn off the less easily combustible portions of
the earbonaceous deposit. Thus, while the re-
generation gas in the early stages of regenera-
fion will consist very largely of inert. constitu-
ents, towards the end of the regeneration the re-
generation gas may consist solely of air, The
velocity of the regenération gas through the bed,
or, stated in another way, the total volume of
regeneration gas passed through the bed per unit
time, is controlled so as to maintain the tem-
perature of the bed. This control may take the
form of maintaining the velocity constant while
adjusting the composition so as to obtain the
desired  temperature conditions, or the velocity
may be varied so as to assist positively in the
temperature control. For example, the velocity
of regeneration gas through the bed is prefer-
ably greater during the middle portion of the re-
generation period when maximum burning is
being accomplished than at the beginning or end
of this periocd. The regeneration is considered
to have been completed when the temperature
of the catalyst bed approaches the preheat tem-
perature of the regeneration gas.

The present process is applicable to the re-
generation of the solid synthesis catalysts as a
class but we have found that especially effective
results are obtained when the catalyst is an iron
catalyst. A suitable type of iron catalyst is one
prepared by precipitation of iron oxide and is
employed in the form of pellets. This catalyst
Is especially effective in certain types of synthe-
sis processes when in the reduced or partially re-
duced state. When a reduced or partially re-
duced -catalyst is employed, the regeneration op-~
eration will he followed by a stage wherein the
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catalyst is réduced to the desired extent by con~
taet with hydrogen.

The invention will be understood more fully
by reference to the following specific example.
The catalyst. employed was. prepared as a pre-
cipitated iron oxide which analysis indicated to
be Fe203 with only traces of other metals. The

- catalyst had been formed in a compression pel-
leting machine into cylindrical pellets about %
ingh in diameter and Y% inch in height.

1400
ce. of this catalyst weighing about 2700 grams
were charged to 2 reactor about 3 inches in di-
ameter forming a fixed bed about 11 inches in
height. The reactor was designed for adiabatic
operation since it consisted simply of a reactor
shell, a bottom foraminous catalyst support, and
means for preventing heat loss from the cata-

"~ lyst bed to the atmosphere.
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" of air.

The catalyst was then dried by passing inert
gas, specifically hydrogen, over it at a drying
temperature; for example, a temperature of the
order of. 220° t0-250° F. . The dried catalyst was
then partially reduced by passing heated hydro-
gen into contact with it until the amount of wa-
ter formed indicated that the desired extent of
reduction had been attained; in this case 10.9
percent reduced from the oxide.  The catalyst
was then employed in the synthesis of hydrocar-
bons in a process comprising charging to the
reactor maintained at a pressure of about 150
pounds per square inch’'a reactor feed consist-
ing of a fresh feed gas composed of hydrogen.
and carbon monoxide in & mol ratio of gbout,
3.2:1:and a recycled gas obtained by subjecting:
the reaction products to condensation at a tem-
perature of about 40° F. and the reactor pres-
sure, the portion of the reaction products re~
maining in vapor form at this temperature con-
stituting the recycled gas. The volume ratio of
recycled gas to: fresh::feed was maintained at
about 9:1.. This catalyst was employed in three
cycles consisting of a cycle I which comprised an
on-stream period (time when the catalyst is con-
tacted with synthesis -gas) :of 97 hours and a
regeneration "period in which the regeneration
was carried out in accordance with the procedure
described herein, a eycle II which comprised an

on-stream period ‘of 496.7 hours and g regenera~
tion period, a cyclé IIT which comprised an on-
stream period of 307 ‘hours and a regeneration
period, and a final on-stream period of 330 hours
after which the test operation was discontinued
because adequdte data. had bheen obtained.

To illustrate the speclﬂc manner of carrying
out the regeneration, the third regeneration pe-
riod will be deseribéd moré in detail. ‘Throughout
regeneration the- régeneration’ gas' introduced
into the catalyst bed Was preheated to a temper-
ature of about 755° F. The regeneration was be-

‘sun by introducing a gas consisting of nitrogen

and a very small amount of air and .the rela-
tive amount of air to nitrogen was increased
throughout the regeneration period until at the
end of the period the regeneration gas consisted
At the end of 25 hours the regeneration
had been completed and the catalyst bed was
ready for partial. reductmn The changes made
in the composition of the regeneratmn gas and
the maximum temperature of the catalyst bed
are given in- the. following table. It will be
understood that the maximum temperature of
the catalyst bed will'be the temperature of the
hottest zone in the bed, which is convenmonally
refeired o as a “hot spot.” = - ’



2,800,345

5

-Table: I.
“Hot
. Alr, Nltrogen, Spot”
Time, Hours eu, ft./hr cu. ft./hr. | Temper-
| S.T.P. SCTUER, - agure,
0.1 87.51: 750
3.5, 87.5 1 945
3.5 87.5 990
3.5 87.5 970 19
3.9 87.5 909
5.7 875 - 910
©.12:0. 87.5; 922
28.4 80.0 866
v 264 87.0- 870
26.4 7.0} 888
.. 32,2 . 0.0 840
CR%L 0.0 785 15

Under these  conditions the pressure drop
through the cata,lyst bed was increased so little
during the regeneration period that it was barely
detectable. It will be noted that the maximum 20
temperature of the catalyst bed in this case was
§90° F. and therefore the temperature difference
between the inlet temperature and this maxi-
mum temperature was 235° F. In the other
regeneration periods on this catalyst the results 25
obtained were similar to those described. Thus,
in the first regeneration period the inlet temper-
ature was 765° PF., the maximum catalyst bed
temperature during the regeneration was 960° ¥.,
giving a temperature difference of 195° F'. In the 30
second regeneration period the inlet temperature
was 760° F., the maximum catalyst bed temper-
ature was 975° F. and the temperature difference
was 215° F. In each case the pressure drop in-
crease across the ca.talyst bed was barely detect- 35
able.

The data given in the following Table II show
the. advantages of the present process as com-
pared with the practice involving introducing the
regeneration gas at g relatively low temperature. 40-
In each case givén in the table, the catalyst was
a partially reduced iron oxide catalyst and the re~
generation gas comprised an inert gas and air as
described. Catalyst D of Table II is the catalyst

6.
the regeneration in cycle III on catalyst C in-
volved.- too. high & temperature gradient and
therefore' caused: an increase in pressure drop,
the. other regenerations were carried out under

5. satisfactory conditions so-that the life of the

catalyst was extended. In the.case of catalyst
D, as previously-indicated,. the run. was discon~
tlnued because sufﬁcxent information ‘had been
obtained,

By proceeding.as described effective regenera-
tion of other synthesis catalysts-can be accom-
plished. “While, as previously stated, the process
is especially satisfactory when employed for the
regeneration of iron synthesis catalysts, which
may be promoted or unpromoted, it also may be
employed: with advantage ‘for ‘the regeneration
of other. synthesis . catalysts: such as nickel and
cobalt or ‘their oxides, - :

It will ‘be understood- by - those skﬂled in the

- art that any gas which is-inert.to the catalyst can

be employed for admixture with the oxygen-
containing: gas- {o .form ‘the -regeneration gas.
Flue gas, for example, is suitable ‘and the flue
gas used may be that-produced in the regeners-
tion. In this case, the off gases from the re--
genieration are cooled: to the desired ‘inlet tem=
perature, and then: recycled to -the reactor. -
The term- “adiabatic” as employed herein has
its ¢ustomary meaning when applied to fixed bed
catalytic processes. ‘Thus, the heat used in the
process is either supphed in. the gases charged.
to the reactor or created by the exothermic re-
action taking place, and, aside from small and
usually inconsequential heat losses through the
wall of the reactor, the heat removed from the
reactor is removed in the exit gases. A fixed bed
reactor operated ‘under adiabatic conditions is
dxstmgmshed from a, fixed bed reactor provided

 with ‘heat exchange tubes or the like in that in

the latter type reactor heat is both supplied and
removed by the heat exchange elements;
Cbviously many modifications and variations
of the invention as hereinabove set forth may
be made without departing from the spirit and

of the example given above. 45 scope thereof and therefore only such limitations
Table IT
Quantity of
Maximum Pressure Drop Through Catalyst Bed (p. s.1.)| Regeneration
Iéiegexgra- Bcéat%]yst Tempera- Gas 311:) Maxi~
on Gas |Bed Temp. ure mum Pressure
Catalyst | Cycle T Inlet r °F. ]}%ur- Difge;\ence Mo omst I]?rop Duz.ing
emp.°F.| ing Re- . Prior to Re-| Maximum | On-stream |y, 1. | Regeneration
generatmn During Re-| after Re- (cu. ft./br,
generation | oonoration | generation | C°8%¢ | S, T, P
1,050 540 0.15 0.40 0.30 0.15 68.4
1,040 570 1.00 104- [© TR P 45.9
1,065 615 0.0 0.20 0.10 0.10 73.4
1,020 560 0.15 1.80 1.20 1.05 78.4
[ N [ 11 PR PRSI IO ET RS
30 260 0.0+ 0.05 | . 0.04{ 0.0 101.7
1,000 170 0. 04~ 0.1— 0.05 0.0+ 99.2
1,140 385 0.10 0.30 0.20 0.1 146.8
1,000 250 0.20 0.45 [ TR PO, 7.7
60 105 0.00 0.15 0.0+ 0.0+ 86.7
975 215 0.0+ 0.05 0.05 0.04- 80.9
990 235 0.1~ 0.30 0.10 0. 04 87.6

1 No on-stream period after regeneration.

3 No regeneration because of hlgh pressure drop prior to regeneration,

3 No regeneration.

The results given in the foregoing table are
indicative of those obtainable by practice of the
present process. The total on-stream time for
the catalysts was catalyst A, 765 hours; catalyst 70
B, 889 hours; catalyst C, 1362 hours; and catalyst
D, 1230 hours. ‘The methods of regeneration em-
ployed in the cases of catalysts A and B are
shown by the data to have limited the time dur-
ing which these catalysts could be used. While 75

should be imposed as are indicated in the ap-
pended claims, .

We claim:

1. The process of regenerating a fixed bed of
solid synthesis catalyst which is contaminated
with carbonaceous deposits from use in the syn=
thesis of hydrocarbons by the reaction between
carbon monoxide and hydrogen, under conditions
such that heat evolved in the regeneration is re-
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moved from the catalyst bed substantially only

with the exit gases, which comprises continuously

introducing into the bed of contaminated cata-
lyst a mixture of an inert gas and an oxygen-
containing gas at: an-inlet temperature of about
650° to about 850° F., flowing said mixture
through said catalyst bed whereby the carbo-
naceous deposit on said catalyst is burned off, and
limiting the maximum temperature attained in
the catalyst bed by controlling the ratio of inert
gas to oxygen and the rate-of flow of said.gaseous
mixture to maintain -a temperature difference
between said inlet temperature and the maxi-
mum temperature of the catalyst bed of less than
about 300°'F T

2. A process ‘in - accerdance with clalm 1in
which the maximum temperature during regen-
eration is between about 900° and about 1000° P

3. A process in sccordance with claim 1 in
which the synthes1s catalyst is'an 1ron synthesis
catalyst.

4. A process of regeneratmg a ﬁxed bed of iron
synthesm catalyst. which is contaminated with
carbonaceous deposits from use in the synthesis
of hydrocarbons by the reaction between carbon
monoxide and hydrogen, under conditions such
that heat evolved in the regeneration is removed
from the catalyst bed substantially only with the
exit gases, which comprises continuously intro-
ducing into the bed of contaminated catalyst a
mixture of an inert gas and air at a temperature

of about 650° to about 850° F. ,ﬁowing said mix-
ture through said catalyst bed whereby the car-
bonaceous deposit on said catalyst is burned off,
and limiting the maximum temperature attained
in the catalyst bed by controlhng the ratio of
inert gas to air and the rate of flow.of said
gaseous mixture -to maintain a temperature dif-
ference hetween said inlet temperature and the
maximum temperature of. the catalyst bed of
less than about 260° F

5. A process in accordance with claim 4 in

10
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which the composition and rate of flow of the
mixture of inert gas ang air are controlled to
produce a maximum temperature in the catalyst
bed during regeneration of between about 900°
and about 1000° F

6. A process of regenerating a fixed bed of iron
synthesis catalyst which is contaminated with
carbonaceous deposits from use in the synthesis
of hydrocarhons by the reaction between carbon
monoxide and hydrogen, under conditions such
that heat evolved in the regeneration is removed
from the catalyst bed substantially only with the
exit gases, which comprises continuously intro-
ducing into the bed of contaminated catalyst a
mixture of an inert gas and air at an inlet tem-~
perature within the range of about 700° to about
800° ¥., flowing said mixture through said cata-
lyst-bed whereby the carbonaceous deposit on
said catalyst is burned off, and limiting the maxi-
mum temperature attained in the catalyst bed
to between ghout 900° and 1000° F. by controlling
the ratio.of inert gas to air and the rate of flow
of said gaseous mixture to maintain a tempera-
ture difference between said inlet temperature
and the maximum temperature of fthe catalyst
bed of between about 100° and about 260° F

. JOSEPH C. EASLY
HUGH L. KELLNER.
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