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COMTLETE SPECITICATION *

Improvements in or relating to the Catalytic Synthesis of
' Hydrocarbons '

We, Nrannasn Ot Deverorment Co-
paNy, & vorporation duly organised amd
existing under the luws of fhe Btate of
Delaware, United States of America,

& having an office at Iinden, New Jersey,
Urnited Btates of America, and 100, West
10th Street, Wilmington, Delawazre, both
in the United States of America, do
hereby declare the nature of this inven-

10 tiom and in whad manner the same is fo
‘he performed, to be particularly described
and ascerfained in and by the following
statement ; — .

The present imvention relales o the

|5 mannfasturs of valuahle products hy the
catalytic conversive of earbon oxides with
hydrogan, . .

The gynthetic production of liquid
hydrocarbons from gas mixdures vontain-

20 ing various properfions of ecarbon
monoxide end hydroger is already known
and: numerous cotelysts, usually contain-
ing an iron group metal, have been

deseribed which are spetifically active in

25 promoting the desired remctions at cerbain
preferred” operating condifions. For
example, vobalt supporied on -an inert
carrier s nsed when relatively low pres-
sures (atmospherio fo 5 atmospheres) and

30 low temperatures (3757 to 425° F.) are
applied in the manufacturs of a substan-
tially saturated hydrocarbon product
whils at the higher temperatures (450°
to 750° F.) und higher pressures (5 to RS

86 atmospheres and higher) required fur the
production of unsaturated and branched-
shain products of high aniikuock velue,

- irou-base catalysts are wore suitgble. Tn
both cases the activity of the catalyst

40 declines.steadily during the course of the
resctiun chicfly die to the deposition of
non-vglatile conversion products, such a8
earhen, parafin wak and the lke, on the

catalyst, as well us due to o cliange in the
45 degres of gxidation of thd active com-_

punent. .
vy I Price )21 . -

The . prescub -invention is conocerncd’
with & continnous process for the syn-
thesis of normally liguid hydrocarhons
using @ finely  divided iron catalyst 50
wharein the catalyst contemipated in the
course of the synthssis operation is con-
tinvously or intermittently regenerated
in g simple and evonomical mannar,

There have heem & nuwmber of prioxr 55
guggestions relating to continuous pro-
cesses for the contacting of a finely
divided ecaialyst with reactant gases
which beoadly Involve passing 2 suspen-
ston of the catalyst in the reaciant gases 60
upwardly through a treating zons mwnder
reaction conditions and. withdrawing
overhead a gaseous suspensiuu, the cata-
lyst in this withdrawn suapension being -
thereafier separated and subjected to a 65
regeneration treatment prior to hein
racireulated to -the freating zome. Suck
u process is generally applicable to a
wide variefy of eatalytic reachions such
ag debydrogenation, ¢cravkdng, reforming 70
aromatization and orgenic reactions in
generat such as the synihesis of hydro-
carhors  from - carbon - monoxide amd .
hydrogen. ‘The regeneration trewbment
way comprise contacking the eatalyst 7B
separated from the overhead products
froro. the trealing wone with a regener-
ating gas by forming 2 suspension of the |
cafalyst in such gas and passing it
through a regeneration zons wnder suii. B0
able conditions. Atter passage through
the regengration zome the catalyst is
separated and veturned directly to the
treating zone, for further .use. Tor
exsmple in dehvdroganation or eracking 85
operations the Topemerating gas may be
oxygen or air which is caused to burn oft
the carhonasceons depasits formed on the
catalyst during the reavlion treatment,

In _this.type of process the precise 90
regemeration {restment will. naturally

. vary according. to the catalyst used and
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the mature of the eatalyst contaminants.
In the case of hydrocarbon synthesis
catalysts, contaminanta may be removed
by +freatmeni with hydrogen, sulvent

5 extraction andfor combustion with an
oxygen-containing gas. Thus one prior
propesal hag heen to superfieially oxidizc
a fouled Lydrooarbon synthesis catalyst,
particulerly a cobalt cotalyst, and then

10 reactive it in a prolonged batchwise
treatment with hydrogen. This lotter
propusal involvad u separate hydrogena-
tion stage and thus added to the expense
of the regeneration freaiment.

15 Tha present imvention is conoerned
with the utilization. and subsequent

_ regeneration of an iron catalyst in a eon-

ventional hydrocarbon synthesis process
and invelves two treating zones; viz. a
a9g synthesis zane and a fegeneration zone, in
oach of which zoyies finely divided iron
eatalyst is maintained inthe form of a
deuse fluidized hed having a well defined
uppar Jevel and wherein withdrowal of
95 solids is effected downwardly and that of
graseous products upwardly. Fouled cato-
Tyst is withdrawn from the synthesis zone
and” pessed to the regeneration zone
wherefrom, it is recirculated to the syn-
90 thesis zone. The employment of dense
finidized beds and downward draw-off of
solids us opposed to the overhead with-
drawal of & gaseous suspension which
necessitates subsequent ga?:{ solids separa-
35 fiom, facilitates the controlled cireulation
of solids between zones. BRegeneration is
effected by treating the fouled catalyst in
the regeneration zune with an oxygen-
containing gos under conditions adapted
40 to burn off the catalyst contaminants end
oxidize the metal component thereof and
jt-has been discovered that the reactiva-
lion of the oxidized eatalyst may be
effected by simply returning the oxidized
45 atalyst fo the synthesis zone wherein it
undergves the remuisile hydrogenation,
thus obviating the veguirement for a
separate hydrogenation slage.
The characteristics and conditions of
50 many conventional methods for reacii-
~vating hydrotarbon synthesis catalyst are
determined by the desire io recover sub-
stantially unchanged the highly valuable
parefin wax deposited on the deactivated
55 ‘natalyst. It has been.fouad thet the
deposits which deactivate fron-base cata~
Lysts contain preponderating proportions
of practically worthless coke - like
materials and only very little, if auy,
60 valuzble compounds; such az perafiin
wax, whose loss or renovery dges not
appreciably affect tha economic balance
- of the synthesis process. Thus the pre-
sent improved Tegencration treatment
5 fnvolves no economic losy In this Tespect.

Tn, the oxidizing step, the amount of
deactivating  deposits  which  form
volafile oxidatien products, such as
coke, tar, resins, puraffin  wax,
subfur compounds, etc., - iz reduced T0
to a desired extent by oxidaiion
gr cowbustion to form mainly carbon
ozides and small smounis of water. A
temperature Tange of frow B00° to 1500°
. has been found most suitabls for this 78
step of the present process, The oxida-
tion treatment is earried to a poiut at
which oxidation of the metal compenents
of the cutulyst takes place, Tt is preferred
to conduct the recondilioning- process in 80
A continuon: manner in covperaticn with
o continuonsly operated synthesis pro-
cess, applying the principles and condi-
tions of the flnid solids technique, as will
appear mure cleatly heveinatfier. 85

The accompanying drawing which
forms a part of the Mmstant specification
and which iz ta be read in conjunction
therewitk is a diagrammatic view of one
farm of apparatus eapable of carrying onl 80
the proeess of this invention. Mere par-
ticularly referring now to the drawing,
synthesis reactor I contains finely-divided
iron-hoase synthesiz catalyst of any swit-
ahle composition known in the art of the 95
hydrecarbon synthesis and having a par-
ticle gize of from 100 fo 400 mesh, pre-
ferahly about 200 mesh. The synthesis
gas misture from any source judicated
menerally at 2, baving a molar rativ of 108
hydrogen to carbon monoxide varying
between +the approsimate lmis of
0.5—3:1, is fed Dy compressor 3 through
line 4 to the catalyst zone of reactor 1
and enters the latter through o distribu- 106
tion plate 5 at a velocity eontrolled within
the limits of from § to 10 #. per second
50 as to maintain the catalyst in the form
of a dense, highly turbulent, finidized
mass having a well-defined upper level 110
I,, which is determined by the amount
and specific gravity of the catalyst pre-
sent in {he reactor and the speed and vis-
cosity of tha synthesis gus. The pressure
within reactor 1 is maintained within the 119
approximate limits of 5 to 50 atmospheres,
preferably between 10 and 20 aimo-
sphares. Due to the phenomenon of
hindered settling of catalyst parficles,
only 2 small proportion of the powdered 120
eatalyst is earried into the zone above the
level Iy, which serves as o catalyst dis-
engaging zome. For imstance, the
fluidized catalyst in the caialyst zome
fetow the level I, may have o density of 126
15-to 100 Ihs. per cu. ., while the cota~
Tyst densitvy 2hove the level 1r, may be as
low as .05 Ths. per cu. £ft. The catalyst
particles rearhing the disengaging zone
are separnted from the reacted gas in 130



647,052 8

separator & which may be a centrifagal or

eleciric typc separator, and the gas irg.e&

of catalyst leaves reactor 1 through line

7 and 1s passed through line 8 to 2 con-

5 ventional recovery system 8:. A porfion
of the gas leaving rcactor L through line

7 may be reeycled either at or about ihe
teactor outlet temperature or at a lowar

* temperature through line 3 fo line 4 and
10 {y the reaciion zone in ovder fo assist n
the flnidization of ihe calalyst and/or the
jemperature conirel of the reaction zene,

As 5 result; of the excelleal heai-transier
choracteristics of the flnidized catalyst

15 mass contained wilthin rcactor 1, the
reaction {emperature may be easily kepd
amstatit within s few degrees I'. at the
desired temperaturve level which for the
case of iron-base cabalysts lies between
20 the approximate limits of 4607 and 800
F., preferably betweon 500 and 650° F.
Surplus heat of the exothermic reaction
muy be withdrawn, and heat required
for atarting wp the process may he

26 snpplied by any conventional means (not

shown).

To maintain the activity of the cafalyst
at a high level, fluidized eatalyst is with-
drawn from veactor 1 at a point above dix-

30 fribution plate 5 through line 10 which
may have tlie form of a standpipe whose
conbents gxert a psendo-hydrostatic pres-
sura on the base of pipe 10 leading into
line 11 wherein the catalyst is miwed

85 with a carrier gas, prefersbly an
oxidizing gag such as air or air enriched
with oxygen supplied by pump 11* from
ling 13 ; steam o an inert fimidization gas
may be added from Line 22' o chtain the

40 desired degren of fuidization. The gusin
Line 11 may be preheated to any desired
temperature belween the aﬁpmxmate
Iimits of Y00°—1200° . The catelyst
suspended in tlie carrier pas is passed

45 from lina 1. -into oxidation resctor 12
which. although substantially smaller is
gimilar in construciion fo s]l'nthem
reaetor 1, having o distribution plate 12
and a gas-solids separator 14. The cata-

B0 lyst within oxzidation reactor 12 furmg
under thé action of the gos supplied
thrgagh line 11 and the combustion gases
:Eqrme%, a dense, highly turbulent,
Huidized mass similar fo that in reacior

g5 1 forming am upper level Ti.. 'I.‘he
oxidizing portion of the gases supplied
through line 11 iss0 controiled as to cause
the desired combustion of the carbon-
aveosus deposits on the catalyst at fewm-

B0 peratures which may vary befween ahout
T000° and 2000° F. Combustion fﬂse&
leave reactor 12 through geparator 14 and
line 18 o bs mused in the system as
flnidizing gas or for heal resovery or to

68 ba disposad of as desived; they may also

be passed to an additional eatalyst
seperation zome (nut shown) fo recover
any eafalyst fines carried by the pom-
bustion gases.

In mogh cases the amcunt of earhon- 70
soeous deposit on the catalyst is sufli-
ciently large to generpte more heat by
combustion of the amount of carbon te be
removed than - is vequired fo maintain
oxidation zeacior 12 st the desired tem- YO
peratura. In order to prevent undesired
overhcating in these cases, we provide for
a catalyst circulation from reactor 12
downwardly through line 19 to o cooler 20
and from there through line 21 back to 80
reastor 12. A preferahly inert carrier gos
such us steam, flus gas, eic., is introduneed
through line 22 inta line 21 to oarry «
dilule suspension of cooled catalyst
upwardly to reactor 12. Tt will be under- 85
stood that the temperatures of cooler 20
and the amount of catalyst passed there-
through may be readily conlzolled so us
to maintain any desired constant com-
bustion temperature in reactor 12. If the 90
amount of carbonaceous catalyst deposit
in insufficient . 4o separate the heat
required in reactor 12, o combustiblc gas
sach as natural gas, synthesis feed or tail
gas, o tle like, may be supplied to 9
reachor 12 through line 18* o generate
additional heat of comhustion,

Adber the desired amounié of carbon-
aceous deposit has heen removed from the
catalyst in oxidation reactor 12, the 100
fluidized ecatalyst is withdrawn down-
wardly through line 23 and passed
through a stripping zone 15 wherein any
oxidizing gas adhering fo ihe catalyst
may be remuved by an 1uerd steipping gag 105
guch as steam, flue gas, ete., supplie
from lme 22. The eatolyst leaving the
siripping zone 15 through line 28* is
passed into line 4 where it is picked np -
by the synthesis feed gas and recycled to 110
the reactor 1. The hne 23 through the
stripping zone is designed as a stendpipe
so that the catalyst therein is fed under
its own pseudohydrostatic pressure inte
the gas feed line 4 and is returned to the
reactor 1 as o sugpension eatalyst in the
synthesis gas, . -

It should be. understood {hat the
reconditioning reactor 12 may be con-
veniently opérated under the same pres- 120
sure ds synthesis reactor 1. However, if
desired, either higher or lower pressures
may be applied thereid using such means
swell known in the fluid solidy technique
as pressurized "oy depressurized cetalyst 120
teed hoppers. ..

In order to, further illustrate +his
invention, the following example is given
which ghonld not Be comstrued as Hmiting
the same in sy menner whetsoover,

115

130
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. . BExaympLE.

. Reactor 1. is operated at o dense phase
oapacity of abomt 10 en. ft. containing
ahont 600 1bs. of iron catalyst heving an
b oxygen content of ahout 10% and a
earbon content of about 20% in o Huidized
catalyst phase of about 50 lhs. per cu. ft.
density wkich is contacted by about
19,000 en. £t per hour of fresh synthesis
10 gas conteining 31.55% CO af a tempera-
ture of about 600° F. end a pressure of
about 15 atmospheres. At these condi-
tions, about 1.39% of the CO in the fresh
pas iz deeomposed to form ecarbon
15 depusifed on the eatalyst at & rate of
ahomg 1.8 Ibs. per hour, while the oxygen
content of the catalyst is inereased by

about 0.2 Ibs, per hour.

In order to maintain these uperating
eonditions, whboub 25 Ibs. of catalyst per
hour is cireunlated at about 600° F, from
rezctor ! to reactor 12 and about 220—230
cu. £t of air per hour is supplied to
reactor 12. To maintain a combustion
25 temperature of aboul 1000° F., about
400—450 Ibs. of catalyst per hour is
recycled through lines 19 and 21 throngh
conler 20 wherein the recvele caiulyst
stream iz adjusted to a temperature of
ahont 300° F. (atalyst contuining about
159, of carbon is withdrawn through line
2% at the rate of about 283—24 Ibs, per
hour. ‘The recondifioned eatalyst is
returned to rveactor 1 ai a temperature of
about 406° F.

It should be understood that tha rate
ai which the ratalyst is eirculafed
through the reconditioning Teactor
depends mainly on the amount of carbon
40 v Dbe removed per unit of catalyst and
time. Thus, at the conditions entlined in
the Jxample, if the carbon condent 15 to
be reduced fram 20% to shout (hG%,
about 30—10% of the catalyst charge is
cirenlaied per day through the reeondi-

20

Ju

i

tiening reactor. This figure rises to about-

60—i% if the cathon content iz fo be
reduced frow 20% to about 10% and may
exceed 1003% at the conditions of the
50 Bxample. In general, the catalyst civen-
Iution rate falls within the approximate
limits of 1 and 100% per day of the eata-
Irst charge of reactor 1. o
] The process of the present invention
55 may be widely varied; for instance k-
vators, such as alkaline earth and rare
eatth metal oxides may be edded to the
tron, cafalysts which may be supported on
inert carrier materials, such ay kiesel-
60 guhr, silica gel, and the like. The recon-

ditioning of the catalyst may also be con-
dueted miermittently rather than con-
{inuougly in full adaptation to the rate
of deactivation of the catalyst.. Spent
eatulyst may he withdrawn from the 65
system and fresh make-up catalyst may he
fed from hopper 50 through lines 52
andfor 54 to reactor 1. Pipes I3, 19, 23,
3% and 94 may be aerated in 2 maner
known per se to facilitate the downward 70
flow of solids. These and other changes
may be made in the detuils disclosed in

the foregoing specification without
departure from the invention or sseri-
firtng the advantages thereof. 73

Huving now partieularly deseribed and
aseertained the nature of the said inven-
lion snd in what manner the same is fo
be perforiced, we deelars that what we
elaim igs—

1. In a continvous process for the syn-
thesis of normally Yiguid hydrncarbons of
the tvpe in which a gas mixture contain-
ing carbon monoxide and hydrogen is
confacted in o reaction zone with o finely 85
divided iron eatalyst which becwiwes con-
taminated with dr.*ﬁosits during the eourse
of the reaction, the lmprovement which
comprises passing asid pas  mixture
upwardly through waid eatalyss fo main-
tain it in the form of a demse, turbulent
fluidized bed having a well defined wpper
level, removing reaction products over-
head, withdrawing a portion of con-
taminated catalyst downwardly from n 95
lower portion of the reaction zope and
passing it to a.regeneration zone, charg-
ing am oxygen-containing gas fo the
regeneration zore where if eontacts the
contaminated catalyst mointained in the 100
form of a dense fividized mass having a
well defined upper level, maintaining the
catalyst in soid regeneration zeme for a
time- suflicieat and under conditions
adapted to effect regeneration by burning 108
oif “the catalyst contaminanis and te
oxidize the iron component of {he catp-
lyst, withdrawing regenerated and oxi-

ized ecatalyst downwardly from said
regeneration zone and returning catalyst 110
so withdrawn to said reaction zone.

2. The process of €laim 1 in which said
regeneration zone is of subslantially
smaller capacity than said reaction zoue.

Dated this 23th day of August, 1846,
. D. YOUNG & CO.,
20, Soathamplon Duildings,

- Chanrery Lane, Londor, W.G.2,
Agents for the Applicants.
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[This Drawing is a reproducéion of the Original on o reduced scale]
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