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COMPLETE SPECIFICATION,

Hydrocarben Synthesis.

We, Staxpary O Deverormest Com-
PaNY, 3 Corporation duly organised and
exigting under the laws of the State of
Delaware, United States of Americz, having
an office at Elizabeth, New Jevsey, United
States of America, do herchy declave fhe
nature of this invention and in what manner
the same is to be performed, to be partien-
larly deseribed and aseertained in and by the
following statement :——

This invention relates to tha catalytic con-
version of oerbon oxides with hydrogen Lo
form valuable synthetic products. The in-
vention is more partieularly concerned with
an improved method of employing and
reconditioning finely divided eatalysts huving
a high activity and selectivity for the
formation of normally liquid hydrocarbons
in the catalytic conversion of cerbon mon.
oxide with hydrogen employimg the sn-
oalled fluid solids technique.

The synthetic production of ligrid hydro-
earbons from gas mixtures containing various
proportions of carhon monoxide and hydro-
gen 1s already known and numerons cutalysts
usually containing an iron group metal, have
heen deseribed. which are specificaliv active
in promoting the desired reastions at certain
preforvod operatiog conditions. For example,
cobalt supported on an inert carrier is wsed
when relatively iow pressures (atmospherio
to about & atmospheres) and low tem-
peratures (aboub 876°—225° F.) are applied
in the manufacture of a substantially
saturated hydrosarbon producet while at the
higher femperatuves (about 450°—750° P.)
and higher pressures {aboui H—-23 afinos-
pheres and higher] required for the
duetion of unsaturated and branched-chain
products of high anti-knock value, iron-type
catalysts are more suitable.

Tn both cases, the reaction is strongly
cxpthermic and the utility of the catalyss
declines steadily in the course of the reaction
due In part at least to the deposition of
non-volatile eonversion products sneh as

[Price 8-}

T

carbon, parafin wax, and the like, on the
cabalyst.

The extremely exothermic charaster and
high temperature sensitivity of the synthesis
reaction and the relatively rapid catulyst
deactivation hiave led, in recent years, to the
appliecation of the so-called fluid solids
technique wherein the synihesis gas is con-
tacted with a turbulent bed of finely divided
eatalyst finidized by the gaseous rcactants
and produots. This technique permils con-
tinnous catalyst replacement and greatly
tmproved heat dissipation and temperature
oontrol.

However, the aduptation of the hydro-
carbon synthesis to the fluid solids tech-
nique has encountered serious difficulties,
partioularly with respect to catalyss deposits
and their detrimental effests on the fluidiza-
tion characteristies and mechanieal sirength
of the eatalyss,

As stated above, ong of the most important
madifleations of the hydrocarbon synthesis
requires the use of irom-type catalysts.
These catalysts are the outstanding repre-
sentatives of a group of eatalysts whieh
ecomihine a high synthesizing activity and
sclestivity toward normally liquid products
with a strong tendency to carbonize during
the synthesis reaction, that is, to form fixed
carbon or ocoke-like eatelyst deposits which
can not be readily removed by conventinmal
methods of synthesis catalyst regeneration
such as extraction, reduotion, or the like.

These eavbon deposits, when allowed fo
avcumulate, weaken the catalyst strueturve
which leads to rapid catalyst disintegrution,
particelarly in fluid operation. The re-
guction of the true density of the eatalyet
resulting from its high content uf low-
density carbon coupled with the rapid dis-
integration of the catalyst partlelss causes
the fuidized catalyst bed $o expand, thereby
raducing its soncentration of eatalyst and
ultimately resulting in the loss of the catalyst
hed bhecause it beeomes impoassible to hold

651,559

350

80

66

70

75

B0

8h

0o



651,558

ia

20

25

a0t

45

50

60

65

the catalyst in o dense phase at otherwise
similer Awidization conditions. With thesc
chunges in fluid hed charaeteristion, the heat
transfer from and thronghout the bed de-
oreases markedly, favoring fuarther carbomiza-
tion and acealerating the doterioration of the
fmidity characteristios of the bed.

Prior to the present invention, it has been
suggested to reduce the carbon content of the
catalyst of this type hy withdruwing the
cuzbonized materinl from the symthesis
reactor and subjecting it either Lo a destrue-
tive hydrogeastion treatment or to 2 com-
hustion treatment with free oxywen-vun-
{uining gares to remuve carbon either in the
form of volatile hydrogenation produets ov of
cavbon oxmides. These treatments have
vavious disadvantages. Destructive hydro-
genation requives lazge amounts of expensive
high pressure hydrogen. Removal of the
carbon by combustion with free oxygen-
containing gases wmay either excessively
oxidize the catalyst or lead to undesired
physical changes, such us agglomeration due
to sintering. Alsa, the combustion terapera-
tures and oxygen rbgnirements wee usually
cxoessive if ﬁst&ntiaﬂy eomplete carbon
removal is desired.

The present invention overcomes the afore-
mentioned diffieulties and affords various
additional advuntages. These advaniuages,
the nature of the invention and the manner
in which it 3 sarried out will be fully under-
stood from the following deseription thercof
read with reference to the aceompanying
drawings.

Tn accordance with the present invention,
catalyst carbonized in the synthesis of
hydrocarbons from CO and H, 15 subjected
0 an oxidizing freetment with an oxidizing
pas gt conditions permitting smhstantially
complete removal of the vurbonaceous de-
posit withoot undesirable effects on the
aclive catalyst component, particularly irou.
T4 has been found that it is possible to effect
the oxidation of coke with such vxidizing
gases as air, oxygen, steam, carbon dioxide
or mixtures of these gases, without oxidizing
the iron or even with an apprecisble redue-
tion of any iron oxide present in: the catalyst.

This invention is based on the discovery
that the uitimate state of oxidation of the
iron, coke and hydrogem present in the
systern may be controlled by 2 suitable
control of pressure, temperabure wud rate and
composition of the oxidizing gas. The yystem
may be operated at pressures ranging from
olose to vacuum to 100 atmospheTes or more
and temperatures varying from 800°—2000°
¥, provided temperatures, pressies and gas
feed ure properly correlated. However, rela-
tively low pressures of, say. aboub atmos-

heric and high temperatures of above
300° F. geuwaJiv favor the desired reuctions.

The reactions cneountered in this proeess

may be swnpwrized briefiy as follows :

20-0,=2C0 {2}
FeO-+H,=Fe-+H,O i3
H,0+C--00-+H, {4}
CO+-HO0=00.+~H, i3]
O+ C=2C0 {6)
1Fo0,~H,=3}Fe-H.O {

At any given temperature and presswe of
the svstem, the ultimate resnlts obtained
depend on the total pressuce of the earben
oxides and the ratio of partial pressures of
garhon dioxide and ecarbon monoxide present.
Whether ar not the iron is left unnffected,
oxidized. or rednsed depends on the partial
pressure rutiv C0./CO within the reacting
atmosphere. The fluid technique resalts in
the gas eomposition throoghout the reaetor
tending to be essentially the same as the exit

composition. There are different ratios
of C0. 'CO at which the state of the iron will
nnt be affected. These ration ave slightly
dependent on the temperature but indepen-
dent of the pressure of the operation. There
alsa exists & cerbuin zatia of carbon dioxide
to catbon monoxide partial pressures above
which carbon will be oxidized by the gas
phase or below whieh carhon will be deposited
from the gas phase. The ratin iz dependent
an'Both temperaturc and carbon oxides
partial preseure. Thos, ut & given tempera-
tare and C0. /00 ratio, a decrease in. the sum
of partial pressures of fhe carhnn axides
allows for easier oxidation uf earhon and
vice: vorsn. For a definite temperature and
(3, /C0 rutiv there exists a definite partial
pressure of carbon monoxide above which
carbon will be deposited and below which
garbon will be oxidized.

The present invention is based on the
discovery of the practical conditions which
will permit the treatinent of the coked iron
catolyst with an oxidizing gas ko as to
remove the roke deposit but lewve the irou
unchanyed, or even so as to reduce the ivon.
In sffact, the provéss of the invention consists
in an oxidation of the earbonaceous deposit
with a predetermined gnantity of oxidizing
gos snder these condilions of temperature
and pressure #o that the flue yns formed will
hot burn irow.

The following tabulation shows the partial
pressures of carhon monoxide plus carbon
diozide heluw which our process ean be made
ta aperate at different temperatures.

Tempersture, ¥, 1100 1200 1500 1472
Peo--Pco,, Atm, 0.132 0,42 1.32 4.14
Poo. fPeo 0,84 0,74 0.65 0.52
Minimum.

"PooaPeo 0.30 0.3 038 0.39
Oxide Type FeQ TFed Be(  Feld

At these conditions, the ratio Pro, Peo is
such that the gas phase Is just In equilibrium
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with solid earbon and also with both Fe and
FeO. Practical operation will preferably
ba condueted et a pressure sufficiently low
go that the value of Peo+-Peo, is lower than
indicated for the resiecbive regeneration
temperatmre given in the above tabulation,
Under these conditions, the ratio Poo, Peo
may be taken from the tabulation at the
temperature chosen for operation in whish
casc the iron oxide will remain nneltered
but the earbon will tend to be removed.
A lower ratio may be chosen in which ease
some iron will be reduced. The ratio,
however, should not be lower than required
for colke oxidation, The minimem ratios
which must be excesded for coke oxidation
atan operatin% ressure such that Peo--Peo,
is, for example. I the value indicated ave
likewise given in the above tabulation.

The ratio of Peo, Poo and the value of
Poo |-Peo, allained, are functions of the
relative rates of oxidizing gas to eoke and the
operation of the process is dependent on
praper eantrol of these rates, Perfect control
is not accessary, since coneiderahle latitude
is possible while still maintaining the desired
conditions. ' For example, if at 1472° ¥.
the combined carbon oxides partial pressure
iz maintained at 6.14 atmosphercs in the
reactor autlet, no reaction will oceccur on
either the iron or coke in the system provid-
ing the COy /CO ratio is heid at 0.52, How-
ever, if at thiz temperature the combined
carhon oxides partial presware is reduced o 1
atmosphere nnd the CO,/C0 ratio is main-
twined at ©.52. the iron will not be affected
while the soke will be vxidized. Tn other
words, at 1 atmosphere partial pressure of
the combined carbon oxides, if the €O, /CO
rafio is permitied to o below 1.52 the iron
will be reduced while coke will continue fo
be oxidized unless the €O, CO rativ drops
to (.12 at which puint no change will peenr
in the coke. However. if the (0,00 ratio
is permitted to fall below 0.13, coke will
tend to he deposited. At 1472° F., if the
combined carbon oxzides partial pressure iz
wllowed fo rise above 6.74 atmospheres and
if the ratin of 00,00 is perzitbed to rise
above 0.52 hoth the coke and the iron will
tend to change to the oxidized state.

The eanditions of eperation for the removal
of the carbon from the catalyst withous
uxidation of the eatalyst are that the rativ of
he partial pressure of carbon dioxide to the
partial prossure of earbon momnxide must
not exceed a valne given by

1,176 1730

r==10 (— i 4_160)

where - represents the ratin of the partial
pressures and ¢ is the temperature of opera-
tion in degrees Fahrenheit,

The sum of the partial pressuces must nut

cxceed the value given by the equation

s 9.25 - 16170)
——=px 10 t~-460

I+

where 5 iz the anm of the partial pressures
axpressed in atmospheres, and » has the value
obteined from the fiest squation.

Similar results may obtained twhen
using steam as the oxidizing pas in place of
free oxyygen or carbon dioxide. Instead of
using the combined purtial pressures of
oarbon oxides uud the ratio of carbon dioxide
o carbon: monoxide as the factors controlling
the oxidation condifions, the reaction with
steam may be governed in the direction of
curbon removal without iron exidution by
controlling the sleam quantity so as to
establish the proper H,0 [H, ratio and the
proper partial pressure ratio

Peo+PH,

FH,O
in the system., In this reackion, carbon
oxides will likewise be present in the gus
phase and the relationships owtlined above
also hold in fhe casc of using steam as the
oxidizing gus.

A paortieular advantage in using steam
ingtead of free oxygen in the form of air is
the fact that the exit repenerator gases are
sutbable for use in the hydrocarbon synthesis

. process sineé they do not contain nitrogen

which would be present had air been ased as
the oxidizing agent.

Free oxypen, carbon dioxide and steam
have been treated above as oxidizing pases
substantislly equivalent for the purpuses
of the invintion. While thia is trme as far
as the readtion mechanism Is concerned
which determines the degree of oxidation
in the iron-ivon oxide-carbon-varbon oxides-
hydrogen-steaan system, the heat effects of
the regctions invelved are basteally differcat.
The oxidation with free oxygen is strongly
exothermie, those with carbon diexide and
steam are endothermie. Oxidation with free
oxygen in the form of air, mixtures of air
with oxygen, or pure OXygen, reguires,
therefore, the provision of stﬁta,bleq heut
withdrawal means which may have the form
of conventional couling equipment or of a
preferably continmous solids oyole from the
combustion Zome through u cooling zome
back to the combustion zone. Oxidation
with steam or earbon dioxide, on the other
hand, demands the addition of heat which
may he aeeomplished by installing a firetube
heating coil, or the like within the reactor
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any desived temperature,

However, it haz also besn found that the
process of the invention may be earried out
substantially adishatieslly when steam or
carbon dioxide are used as the principal
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oxidizing gases by the addition of snitable
quantities of ajr or oxygen te the oxidizing
gases.

For example, it is pussible to control both
temperature and selectivity of coke exidation
and jor ron oxidation by the use of praper
mixtures of air and steam. The ratio of air
to steam vequired depends en the tempera-
ture and presswre of the uperaifon as well
as the composition of the eoke to be burned
in order adiabatically {0 control the process.
However, it may be stated that the de-
carhonization of an fron catalyst contuinin
in the neighbarhood of 15% of earbon a-ng
19, of H,, withowt affecting the state of
oxidation of the iron, may require wboub
0.03 b, mols of air and about 0.0} Ih. mols
of steam for sach pound of catalyst to he
regenerated. The temperature in this modi-
fication of the process may conveniently be
comtrolled by regnlating air preheat, which
is most readily accomplished by heat
exchange of the aix with the exit regenerator
gases, Lhe nee of steam, in addition
to making the aperation adiabatic, has the
further advantage of diluting the earbon
oxides in the system wherehy it is possible
tn operate the system at higher total pressure
ab & given temperature than without the
steam addition, since the purtial pressure of
carbon oxide is reduced. |

Adiabatic operation of the process may
also be aoccorsplished when using earhon
dioxide as the principal oxidizing ges, by
the addition of Elee oxygen, for instance in
the form of air, to the system in guantities
that depend on the guantily and eomposition
of the coke to be removed, in a manner
similar to that outlined in connection with
the use of steam.

Tustead of adding air alone to {he steam
oxidation system, mixtures of free oxygen,
such as air, with goseous or liquid hydro-
carbong or hydrogen may be used in propor-
tions adequata to balance the heat require-
merte of the system, by the excthermic
combustion of the hydrocarbons or hydrogen
with the free oxygen added. This modifica-
tion is pa-rﬁcular%y beneficial when there is
insufficient coke on the carbonized catalyst
o supply the required heat for maintaining
the degired reactor temperature. Suiteble

opertions sre, for exsmple, 8200 lb. jhr.
of iron, 11.2%, of coke on Iroxn, the coke con-
taiming 94.5% C. and 5.5%, H,, & {empera-
ture of 1400° F., a maximum pressure of
140 p.sia., and & supply of 26 Th. mols /hr.
of CH,, 52 Tb, molsfhr. of O, aud 81.9 Ih.
mols fbr. of stean. :

A similar procedure may he followed when
carbon dioxide is uzed as the principal oxidiz-
ing gas. Thus, it has been found that by

. charging a mixture of methane and free

oxypen contaiming gas, such as air, to the
steam oxidation systern either internaily or

externally from the colie-bmming reactor
it is pussible to operate the system ndia-
batically. In all cases, there will he a
definite ratin of carbon diexide, free oxygen
and hydrocbon required for adiabatic
decarbonization, depending on the type of
hydrocarbon used, the amount and com-
position of the coke ta be burned and the
tempersiure and pressure of the operation.

Instead of using a hydroearbon as described
above, hydropen may be added to the system
fo render the operation adiabatic. It has
baen found that this may be accomplished
hy charging a mixture of hydrogen and
oXygen in a ratio of about 2 : 1 along with
the steam. The amownt of hydrogen
required for this fype of oporation again
depends on the temperature and pressure
of the operation as well as the enmpasition
and quantity of the ecke to he burned. In
general, the oxygen is fed in a ratio such
that it sapplics the heat requirement of the
system and has the smne effect on the system
ug the steam which it replaces. By way of
example, vperating conditions suitable for
this embndiment of the invention may he
given as follows : 8200 Th. hr. of vatalyse
expressed as ivon, 11.2% of ecke on iron,
thé éoke containing 94,59, C. and 5.5% H,,
temperature 14007 F.. maximum prossure
180 p.s.la.. supply of about 85.4 lh. mols /he.
of steam, 71.8 [b. mols 'hy, of H, and 36 i,
muols jhr. of Oy,

Now, it has been further found that the
process may he operated at any pressure
desired for anv given temperature when an
inert gas, such as nitrogen, is added to the
system in suitable amounts. In this manner,
the tatal pressure of the system may be ralsed
without affecting the wratio and relative
partiv]l pressires of the earben oxides.
By the same meens it beenmes possible to
operate at lower temperabures, if it is desired
to aporate at a definite pressure. For cs-
ample, when using pure axygen. the maxi-
i ‘pressure may he, say, about 50 p.sia.
to produce 190 mnls of inert-free outlet gas.
By adding 100 mols of inerts such as nitro-
gen to the gas feed, the process may be
operated ot o maximim pressure of about
160 p.sia. Thus, in this case. the maximnm
allgwable pressure is doubled by a dilution
of .the aetive pas comstituents with an
equivalent quantity of inerts,

I+ will be readily understood that this
medifieation of the invention hay siynificant
advantages sinee it facilitates operstion of
the catalyst regencration system at the
pressure of the svnthesis proecss and at
temperntures more closely approaching those
of the synthesis process,

Having set forth its objects uwmd general
nature, the invention deseribed above will be
best widvrsiood from the more detailed
deseription hereinafter in which reference
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will be made to the ascoompanying drawings
wherein :

Figure I is o semi-dingrammaticel view ef a
system suitable for carrying out the re-
generation of iron-type synthesis catalyst:
in an exorthermie or endothermie reaction in
secordunce with the present invention .

Figure 2 is a similar illustration of a
gystom soitable for the regoncration of the
same catalyet in an adiabatic operation:
while

Tigure 8 iBustrates the cese of indiveet
heat sopply to the system.

Referring now in detail to Fignre I, the
gystem illugirated thercin esscutigily com-
prises a synthesis reactor (10) and a catalyst
regemerator {30}, whose funetions and co-
operation will be forthwith explained.

In operation, synthesis reactor {1 con-
faing a dense, turbulent, fluidized mass of
iron catalyst such as sintered pyrites ash
promoted with about 1.5%, of potassium
carbonate. - Bynthesis foed gas cantaining
about 0.8—-3.0 volumes of H, per volame of
€0 is supplied from line (1) to reactor {19)
af a suitable synthesis presture of 5—30
atmospheres, preferably 20—40 stmosphores.
The synthesis temperature may be main-
tained between the approximate Hmits of
500°—800° .. preferably hetesen sbout
550° and ‘700" ¥. by conventional methods of
heat removal (not shown), Detalis of the
operation of fluid synthesis reactors using
ron, eatalyst are well known and need not be
further specified here.

As stated hefore, oarbom deposits form om
the catalyst in resctor (10) and in aboub
100 hours as much as 50 lbs. of carbon may
be deposited on each 100 Ihs. of oatalyst,
This will tend 1o diminish the sctivity of the
catalyst and also canse its physical dis.
integration so that finos in excessive quanti-
ties will be formed. If this condition is nob
earracted, tha density of the catalyst phase
will drop rapidly and the entive catalyst will
be eventually blown out of reactor {10).
The present invention corrects this difSeulty
by subjecting the carbonized ecatalyst o &
continmous regeneration in regemerator (30)
at the conditions of the invention as will
appear more clearly hereinafter,

v wuy of exmmple, it ia assumed that
8200 Ihs, per hour of eatalyst (axpressed as-
weight of pure iron} containing 11.29] coke
on iron is to be regenerated without affecting
the state of oxidation of the iren, The coke
contains 94,5%, C,, .69, H, The carbonized
catalyst iz withdrawn downwardly through a
system of lock hoppers (12) wherein the
preseare may be vedueed tu atmospherie at
which the catalvst may be charged through
line (13} to regensrator (30} which may have
a. diameter of about 10-—12 fb. and & hej ht
of about 256—40 ft. A is supplied
blower (17) through lines {19) and {21) to '{;he

bottom of regenerator (30) which it enfers
through a distributing means, such as geid
(22), al a velocity of abrut 0.5—5 ft. per
second to regenerato and convert the cafelyst
within regenerator (201) into a denze fluidized
mass having an upper Jevel (Lgg). Abort
1,620 normal eu. fi. of nir per minute s
suitable for this purpose at the conditions
indieated,

The regeneration resction Is exothermic
and about 3.5 million BTU per hour must be
removed from the eatalyst mass to maintain
it at a temperature of about I400° ¥, At
these condifions. the combined carbon oxides
partind pregsures equal 0,24 admospheres and

Pog2
the ratin —— equals .58, and the iron will
Pea
leave the regenerator with the same oxygen
coneentration as it enters the rerenerator.

However, in order to assure © non-
oxidizing atmosphere with respect 4o iron
thronghout regenerator (30), i is desirable
to cirenlate fine gas from the top of re-
generator. (30) to the regenerator inlet.
For this purpose, the fiue gas leaving level
(Ligq) overhend may be passed through u
conventional gas-solids separation system
{25) which may inolude oyelones, preeipi-
tators andjor flters and from which
separated . catalyst fines may be returned
throngh line (27} to regemeratar {30), or
disoarded fhrough line (28}, The gas now
subgtantinlly free of erdrained solids muy be
passed throogh line (31) and a cooling means
such as & waste heat exchanger (33) over
a recycle blower {85) and line {87) hack to
air feed line (21). The proportion of pas
recycled thrangh Hne {37) preferably amounts
to sbout 2—S8 times the guantity of flue gas
produced in regemerator (30}, Excess flue
gas may be vented through line (59).

In secordunce with & preferred embodi-
ment of the invention, the recyele gas is
subjected to o partial combustion in an
auxiliary burner {40} by the process air
suppifed through line (T9). In this manner,
substantially all the oxyger of the air is
converted to carbom oxides outeide the
regenerator;” which facilitates the main-
tenanee of the desived oxidation conditions
n TEgenerator (30} so a3 to avoid undesired
oxidatian of iron, As a result of the high
flue gas reeyele ratio, all the oxygen in the
air is converted into carbon oxides and water
vapor while still maintaining a desirable ratio
of CO,: CO. Jo the feed gas to regenerator
{30). Rince; in this case substantially no
exothermic reaction takes plare in regenera-
tor {30} itself, no cooling of the regencrator
is required, the heat needed to support the
endothermie reachion In regenerator (30)
being generated in burner (40) which is
preferably opsrated ot a temperature of
about 1800” to 3000° ¥
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In this maneer, the temperature of re-
generator (80} may be readily controlled.
In cases requiring heat removal from re-
generator (30). any additional heai with-
drawal means such ag eooling eoils or javkets
(not shown] may be provided. It is pre-
ferred, however, to accomplish any nevessary
additional cooling by means of catalyst
circulated from regenerator {30} through a
cooling meens stch as a waste heat cxchanger
42} back through line (21) to regeuerstor
(30}.

PDecarbonized catalyst is withdrawn down-
wardly through bettom drawoff line (45) and
cooler (47} to be cocled to about 400°-m
600° F. and to be passed via a lock hopper
system (49) to synthesis gas feed e (1).
The catalyst suspended in the symthesis gas
is returned to synthesis reaetor (10} for
Te-use.

The system iHustraied by fhe drawing
permits of -varjous modificativns. For ex.
ample, certain iron catalysts tend to sinter
under the above deseribed deearbonization
ennditions, whick ivterferes with o proper
fluidization of the catalyst in regenerator
(30). In these cases, regenerator (30) may
have the form of & rofary kiln to which the
oxidizing gas is charged, Tron oxidation
may be substantially eliminated by passing
solfde and gases conourrently through the
rotary Idiln, because aithough iron may tend
to be wxidizer] in the foed portion of the kiln,
the gas composition ju the remadining partion
of the kiln is such as will reduve any iron
which may have heen previously uxidized.
Fhie pas regyce substantiolly as deseribed
abhove may be used fo suppress iron oxida-
tion in the case of elther eoncurrent or
counteremrent flow of catalyst and pases.
Heat may be removed by reeyding a eooled
portion of the flue gases to the kiln,

The regenetation may alse be carried ouf
as elevated pressures. il dvsired, partienlarly
in the presence of inert gases so thut pressure
reduction on the ¢catajyst fiowing from the
synthesis reactor to the regenerator may be
substantially minimized. For example. ab
the conditions speeified ahove for the
operation of the gystem of Figure 1. pressures
up to about 222 Ib. per sg. in. abs. muy he
nsed. Operation at higher temperafures
permits the use of higher pressurcs.  Either
one or both of the lock hopper systems {12}
and (48 may e replaced by standpipes or
machanfeal conveywrs, if the prevailing
pressure conditions permit.

As u result of the high temperature em-
ployed in the regeneratinn stage. snbstantial
proportions of the aflenli mefal promoter
content of the eatalyvst may be lowt. This
promoter may be advantageonsly replaced
at any point of the system after the cafalyst
has besn eompletely regenerated. For ex-
ample, a snitable promouter solution sach as

an ugucous solution of a potessinmw
hydroxide. carbonmate or halide may he
imgected through line (51) intc calalyst
withdrawal pipe {45), A eonventional
steama-separating zone (uot shuwn) may then
be provided ahove line (51).  Addition of the
promoter at this or a shniler point rather
than in the synthesis reactor is of advantage
sineé the catalyst at this point is free of oil
and eoke and the promoter may thns pene-
trate the catalyst much more effectively than
i€ it v added to the catalyst in the synthesis
reactor.

It may also be desirable to subject the
regenerated catalyst to a carbiding treaf-
ment prior to its return to the synthesis
stage. This may be advantageosusly accom-
plished by contaoting the regenerated catu-
iyst. preferubly after reduetion, with CO-
containing gases at relatively low CO-
partial pressures, of preferably less ihan 1
atm. and temperatures of about 500°—
800° ¥.  Conditions should be so eontrolled
that the atmnsphere in contact with the
catelyst is non-oxidizing with respect to iron
and fts carbides and that abeut 20—507,
of the iron is converted to iron carbides,

Referring now to Figmre 2. the system
ilustrated  therein is similar to that of
Tignre 1, like reference characters identitying
like elements, However. the regeneration
of the cutulyst is earried out adiabatically in
the.case of Figure 2. u suitable mizture of
free oxygen awd steam being used ax the
oxidizing gas.

The carhouizel cotalyst iz transferred
from flnid synthesis reactar (10) 1o regenera-
tor {80} substantially as deseribed before.
Air i fed by blower (17) through line (21}
sl mixed with steam supplied through
Ine (22), The airsteam mixjure enters
the bottum of regeneraror (30) through
grid (23). in suitable propurtions and in
amounts suflieient to maintain a regenera-
fion temperature of about HUQ7 to 1500° I
withont the addition or withdrawal of heat
and a flue gas composition permitting sul-
stantiafly complete eoke removal without
affecting the sfate of oxidution of the iron

Tor example, when 3,660 1, per hour of
catalyst expressed as ivon containing 13.3%
of carbon anrd 6.9", of hydrogen on icon s
to be regenerated the air reyuired for
regeneration amounts to 168.6 1b. mols per
hour and the steam needed to establish the
desived heat balance amounts to 53.3 b
mols per hour. ’

The air may be preheated to whout 2009
b I000° T. in heat exchange with Huc gas
fowing through lines (31} and (37} and heat
exchanger (33). If desived, a portion of
the flue gas from line (27) may be reeyeled o
regencrwtor (30) substantially as described
above. The remainder mav he vented
through line {41). Pressures up to ahout
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210 lb. per sq. fin, abs. may be used at the
conditions specified ubove.  However,
higher pressures may be ueed at Ligher
temperatures. If the temperatures attain
or exceed the sinfering temperature of tha
catalyst, a rofary kiln may replaes fnid
rggenerator (50} substantinlly us described
in copnection with Figure I. Beturn of
decarbonized catalyst amd promoter restor-
ation, likewise, may take plave in the manmer
previonsly described.

In the system of Fgure 3. steam alone is
uged fo remove the coke it un enduthermic
rewction and heat mmst be supplied to
regenerator (30). Ffor this purpose, o bank
of fire tube heating coils (55) is weanged
within regenerator {30) below level {Lgy) of
the flnidized catalyst mass therein. Steam
in supplied through line (22). A combustion
mizxture of air and. paseons, lignid aor
powdered solid fuel is fod from Iines (57) and
{50, respeatively, through line (81) to coils
{53) wherein combustion takes place at a
temperature of about 1500° to 3I00° F. to
maintain the fluidized catalyst bed at a
suitable coke oxidation temperatnre of
about 1100°—1500° 17,

The amount of steam supplied is s0 con-
trotled thet conditivns non-oxidizing with
reference to iron are maintained. Suitable
operating eonditions may be chosen, [or
cxumple, a8 follows 1 8200 1b. ‘hr. of catalyst
as iron, 11.29, eoke on iron, the cole con-
taining $4.5%, C and 5.53°, H,, supply of
157.7 Ibmolsfhr. of stewm. temperature
1400° ¥., maximum pressure 189 p.s.ia.
At thess ronditions, about 9,000,000 BTU
per hour of heat must be transferred through
tubes {53). which requires a s?ply of about
40 Ib.mols hr, of methane and 380 lb.moly,
of ede to tubes {55) for heating,

All other steps are sgimilar to those sef
forth in connection with Figwres 1 and 2,
lke referenve characters identifying like
elements. The system of Ifignre 8 may be
used i a substantislly analogous manner CQ,
alune is employed as the oxidizing gas.
When it is desired to suppiy heat to regener-
afor (30) by burning a hydrocarbon or
hydrogen with free oxygen within reactor
{0}, suitable mixtures of air with hydrogen
and for hydroearbons muy be supplied through
lines (21} and for {32) in any of the systems
illugtrated in the drawing. Likewise, an
inert gas such us nitrogen may be supplied
through {hese lines whenever high pressure
operation or low temperature operation at
a definite pressure is desired.

I the vxygen rcontent of the catalyst
withdrawn from regenerator (30} through
line (45) in any of the systems deseribed is
higher than would be desiruble for an effiei.
ent operation of the hydrocarhon synthesis,
the regenerated catalyst may be subjecied
to a reducing treaiznent with a reducing gas,

preferably hydeogen, under conventional
conditions and, if desired, at temperatnres
and prossures approximating those of the
hydrocarhon synthesis.

While iron-type catalysts have bean speci-
fid by way of example in the preceding de-
seription. it will be understood by those
skilled in the art that the process of the

invention may be applied in a substantially

anzlogous manner to the devarbonization
of other spent synthesis eatalysts which are
sasocinted with carbon, such as obher metals,
for example nickel, cobals, molybdenum,
manganese, chromium or noble meals, or
their oxides, without affecting their state of
oxidation. Generully it may be stated that
the process of the invention may be suecess-
fully applied to carbonized metels or their
oxides which sfand in about the same or a
higher (nobler) position than iron, in the
eleetromotive serics, The nobler the metai
the broader may be the range of operative
ratios of (0, /00 partial pressures and the
lower may be the operating temperatures,

Having now purticulacly deseribed and
ascertained the nature of nur said invention
and in what manuner the same is to be per-
formcd, we declaie that what we cloim is :—

1. A msthod of removing cerbon deposits
from finely divided spent catalyst from the
eatelytic synthesls of hydrocurbons from
mixztures of earbon monoxide and hydrogen
without substantial oxzidation of the said
ootplysi compriving reacting the said spent
catalyst in the fuidized state with an
oxidizing pas atfa_'__tem%era.hlm betwaen 800
and 2000° F,, preferably sbove 10006° F.,
and ab u pressure bebween 0 and 100 atmos-
pheres, preferelily at % atmosphere, and so
adjusting the composition and guantity of
the oxidiving wus with reference to the
amount of catalyst and the carhonacecus
deposit thereon to produmce an atmospherc
wibhin the regemeration zeme containing
substantially no free oxygen and containing
carhen dioxide and carbon monoxzide in such
smounts that the rativ of the partial pressnrs
of carbon dioxide to carbon monoxide is
equal to or less than the value given by the

(~ 1.170-4 1730
equation r==10\- t-~460) where 7 is
the ratic of partial pressures of ocarbom
dioxide to carbor monoxide and ¢ is the
temperature in " T, and the sum of the
partial pressures of the carbon dioside and
earhon monexide is less than the value given
by the equation - .
9,25 - 16170
Ba{lmr) r 2 10 i-1-480

where § is the sum of the partial pressuves of
the carhon dioxide and esrbon monozide,
and ¢ and » are as wbove (7 having the value
obtained from the fivst equation).

2. A method as claimed in Claim 1 in
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which the oxidizing pas is oxygea, air
steam or earbon dioxide.

3. A method as claimed in Claim L or 2
in which air or oxygen is used as the oxidiz-

ing gas and means are provided to remove .

the heat of reaction io maintain the tem-
perature ab the desired level.

4, A method as claimed | Claim 1 or 2
wherein steam or carbon dioxide is used as
the oxidizing gas and means are provided to
supply the nevessary heat of reaction to
muintedn the tempersture at the desired
level.

5. A method as claimed in Chim 4
whevein earhon, dioxide or stean: is employed
2s the prineipal oxidizing sgent and sufticlent
afr is added to sn&:ﬂy the necessary heat of
reaction to make the reaction acdiabatie.

6. A method as claimed in Claim 3 in

~which liguid hydroearbens or hydrogen arc

added to the oxidizing gases in quantities
sufficient to balance the heat requirements
of the system by cxothermic reaction with
ab least part of the free oxygen present.

7. A method as claimed in any of the
proceding Olaims wherein an inert gas is
added to the regenerstion zone fo enable
the same to be operated at a higher pressure.

S. A method as cleimed in Claims 1—7

wherein flue gas from the top of the regenera-
tor is recycled to the oxidizing gas inlet of
{he regeneration zone.
9. A mothed as claimed in Claim § in
swhich the amouat of flue gas reeycled is frum
28 times the quantity of flue gas prodneed
in the reaction.

16. A method as claimed in Claims 8 and
9 wherein the flue gus is contacted with the

 oxidizing gns in & separale hurner chamber

wherehy all the oxygen is convered to earbon
oxides or water vapour before passing into
the regenerator and the czothermie reaction
in the regenerator is avoided and the heat
required for the endethermie reaction m the
regenerator iz produced in the said hnrner
and transferved as sensible heat of the gases
entering the regenerator.

Dated this 0th day of Angust, 1948,

DAVID T. CROSS,
Brettenham House,
Lancaster Place,
London, W.C.2.
Agent for the Applieants.

Abinsdon ; Printed for His Majesty’s St-a.t—ionarsr()ffiee, by Burgess & Son (Ahingdon], Lid.—1951.
Published at The Patent Office, 26, Southumpton Bufldings, London, W.(.2, from which
opies, price 24, per copy ; by pnst 2s. 1d, may he obieined,
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