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COMPUETE SPECIFICATION o
Improvements in or relating to the Synthesis of qu,uid .

Hydrecarbons -

We, Sranpann Q1 DEverorsENe Cox-
PANY, o corporation duly organised and
existing under the laws of the State of
Deluware, United Btates of Aieries,

& having an office at Linden, New Jersey,
Tni; Siates of Amcriez, do hereb
declpre the nature of this invention and
in what manner the same is to_be per-
formed, to be particularly described tnd

10 asce'itamed in and by the following stafe-
mend:—.

Thé present invention relates to the
:lls_‘ise_lae&'-'.[‘ropséh synthesis of normally
i

15051?113 and hydrogen.

Harstofore and prior to the present
invention others have effected the syn-
thesis of hydrocarbon cils by reacting CO

~and hydrogen properly proportioned

20 stoichiometrically in the prestnce of
suitable catalyst under known conditions
of temperature, pressure and feed rates.
The present invention has to do with
improvements in this' fype_of -synthesis

25 where 1t is corried out employing the so-
colled fluid catalyst technigue ox, in othar
words, where the catalyst in the form of
o powder iz suspended in the reaction
gases during the reaction.

30~ In o fluid hydrecarbon synthesis reactor
-operating in o commercial plant where
the production. rate should be maintained
at a maximum consisbent with the overall

 srmipment design, it is desirable fo havé
35 some means of compensating for Huetna-
tion in the tate of reachion,
Tt con be_ assumed that the fofal feed
zate of synthesis gas will be maintained
approximately congtant and that the laval
40 of catalyst in the fluid reactor will alse
b maintained approximately constant in
onder {0 take advantage of optimum use of
cooling surface in the reactor and in or
to avoid cases where high catalyst levels
46 might cause undue entrainmen$ of ecata-
Iyst in hydrocarbon vapers issu'mﬁ from
{he reactor. On the other hand, the
natural . aging of catalyst with time would
tend to give léss conversion for a3 d

50 oatalyst level ard fized feed rate. like-
wise, finctuations in the composition of
the syuthesis gas may ceunse the reaction

(Price 2]}

hydrocarbons from carbon anon-~

Tate eithey fo increase or to deczense, A
deczesse in catalyst selizity can be com-
pensated for to some sxtent by iniireaai::% i3
the temperature level of.operation, bu

this is in general unsatisfactory from .s
standpoing of produch distribution. The
present method renders the reaction rate
congtani without having recoumse to in- g0
vreases or decreases in the iemperature
level, This method is fo control ‘the
reaction rate by eonfrolling the aebivi

of the catalyst, which is accomplished -
either by dfortifying fthe catalyst with ¢p
more aclive material (whicl mey -he the
dctive componert without o carrier, or - - .
inay be a carrier more highily inmpregnated. .
with the active component) or by weaken- .
iui the eatalyst by adding a solid diluent 70
{which may he the material that ie vsed
as a catalyst bese).

_ In order to provide » better understand-
ing of the inveniion, fhe accompanying.
drawing . shows: dingrammatically a suit- 75
able apparatus which may he used in :
carrying these improvements info effeet.

. arringr to.the dvawing, s mixture of
hydrogen and carbon monoxide in. the
approximate molar ratio of 2 to 1 and 80
preferably -cuntaini%g less than 1095 imedt
Tanterials such as N, or OH, oy (0, is -
introduced imio fthe system through lins
(16} to a synthesis reactor (12).  This
reactor containsia body of fluidized cata-
lyst which is in the form of a powder
having o parficle size of from 30 to 400
mesh,  The catalyst may be. Co promoted
with Mg® or ThO, supported vn kiesel-
guhr, clays, vr synthetic gel bases, snch 90
as siliea gel. Other catalysts, such as
those confalning irom, may also -be used.
The reactoy is provided with s foraminous
member & through which the incoming
mases pass, the foraminous member alding
in the uniform distribution of the mas
throughout the catalyst. The reactor is
also ﬁmvidbd with coolig tobes immersed
in the fuidized’ catalyst mass, whereby
heat of resction ds remioved and the tern.
perature of the catalyst bed is controlled
and maintained at the desired Yevel. This
removal of heat:1s aceomplished by boil-
ing some: luid; mich as water, within the
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cooling tubes. By confrolling the linear
velooity of the gas within the limits of,
say, 0.2 fo & Ff.[sceond, preferably 1/2
to 1-1/2 11, fsecond, a demse suspension of

b catalyst in gas is formed. By confrolling
the amount of catalyst which is present
in the reactor and the upward velosity of
the gas, the dense phess will have an
upper level at I, say 10 feet ubove the
Werid G, As previously mdicated, in a
commercial plant it 1= desirable to nain-
tain the upper level L more or less con-
afant. But, as previously indicuted, as
the reaction period progresses, the rate W
16 reaction and thereiore the formation of
the desived product tends fo decrease (due

to a falling off in the aclivity of the
catalyst. (lonsequently, means are pn-
vided for inereasing the activite of the
20 catalyst by confinvously feeding fthereto
from a supply hopper (13) through pipe
{14} a quaniily 0% the artive vomrponent
of the eatalyst. Thws, suppiose that the
eatalyst is cobalr activated with thoria
25 und earried on a bhase, Phere may then
be added cobalt in powdey form., or cobali-
and thoriz, or cobalt amd magnesia, or
other active metl suwitable for cutulyzing
the synthesiz reaction from storage hopper
30 (13) by Tine (14), The powdered eatalyst

G0 )
'ft!mperarm'ia - - - - - -
Pregaure - = A e e = -
Residenre Time in Heactor - - -
Cotalyst - - = e e - -
66 Molar Ratio H. te O - - -

Under  the . conditions stafed, the
reaction products issue throngh a line (201
and are delivered fo & purification, cons

densation and recovery systein iudiealed .

0 at (223, The method of recovering hydro-

carbon oil boiling within the naphtha and

gas oll range does not go to the heart of
the invention. and fhe vxpert in this art
will understand that the oil in Jine (20}
.7 will require affer-treatment. such s
aromatization, reforming, catalytic erack-
ing, and the like, to provide 2 finished
gasoline of good quality. Tt iz also
pointed ovut that good practice Tequires
80 the use of s0lid separating devices either
in the top of the reactor (12) ov dispose]
in the Iline (20} to recover eatalyst, ond
alse serebbing of the vapors with heavy
lignid oii fo free the oil vepors of en-
g§ trained eatalyst.  These meihads of
recovering the dast traces of catulvst from
the crude produet vapors are cooventional
and need nok be deserihed at length herein
becanse they o nof go fo the Beart of the
a0 invention,
It shaull

fhis cannection, that the vapors 1o the

redotor {12).

Broad Rauge
370—R50° F.

atmos.—i 3 i,

Ja

he poinfed oui, however, in

added may he either in the form of pure
metal aud metal oxide or in the conven-
tional form of a supporfed catalyst
wherein the meta)l and meta] oxide aee
supported in a velatively higher concea- 35
tration on sueh materials as kiesalguhr,
elrys, or synthelic gel buses. The rate of
addition of the fresh ecatulviic material
through line (14) will depend npen muny
factors, such. as the percentage or concen-
tration of aetive metal and metal oxide
promoter in the added ratalyst, and ulsn
upon.  the conditions maintained in
Thus, in general, whers
highed rutes of jroductivn and  higher 46
temperatires are mainfained, increased
patalyst replavement rates will bis required
14 maintaix uniform activity, "The aver-
age range of the rate of adidition of fresh
eatalyst will be from. abowt (.05 fo 1.0% b@
of the cotalyst invenmfory per day. In
order to maintain a fixed level of fluidized
eatalyst in the reaclor, it will be neces-
sary as herelnafter described {o remove an
amonnt of nsed catalyst eguivalent 1o thal
intfodues] througl line (4.

Now, referring again to the general
ronditinns in the reactor, the preferred
reaction ronditions ave the following:

40

65

Preferred Rangs
360—450° F,
wtmaos,—125 rsige.

10—30 sec, ’

lkisselguhr ete. halanee

I1.00--2.10

a—I0( =ec.
Ca: 3% Th:

- 0

gpuie’ S above level T, in reactor (12) earry
ouly minor samuounts of catalyst, Thay s
to sy, wheve the density of tle suspension
hetween grid G and level I. in the veacrtor
may be frem 13 fo 30 lbsfen. £, the
density of the vapors Issuing from the 1op
of thé reaciion gume may be of ihe order
of 0.0025 {o 0.0030 Ibs. [eu. ft,

" Tt i3 alsn pointed out that during the
syitfhibsis reaction heavy oils and/or wax
materials are formad on the eatalest and
thevefore it ix desirable to withdraw this
efdlysl  eontinvously through a stanl-
pipe (133 und subject it to wa<hing with.
say, a4 hydracarban oil in a zone which is
dicated i {38) for the purpose of yearti-
vating wud purifying the catulyst, affer
which washing ireatment the ealulyst
may be refurned to the rezetion zome, An
amount of eofalvst, withdrown  through
standpipe (15), maxy he permauvently re-
muvn:*(]l from the system tn compensate for
the smount of fresh cafalys<t  added 115
through  loe (14} Aliepualively or
Amulfaneansly, a portion of eatalyst pe-
covarad from the overhead <westemr (22

B permanently refocted.
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The flexibility of the inveniion also
provides agaings the contingency of muin-
faining a eonstant catalyst activily whers
operating conditions favor an ineresse in

9 catalyst activity.  Such is the case in
transition pericds of opevation, wherein.
for example, the temperature of' resction
iy being inereased: In this case, an insrt
powder, such us wuimpregnated kiesel.

10 guhr or clay or u synthetic pel, may he

added through line (14).

To smnmarize briefly, the invention
comprises maintennnce of uniform activity
of the antalyst employed in the synthesis
of hydrocorbous from u gaseous mixtuze
of hydregen sndl carbon monoxide. Caiu-
Lyats for this reartion comsist of un active
mefal, w metallic oxide promofer, and a
suitable support, Pluctuations in the zate
of reaction are rompensated in the pro-
posed procedure by addition ok frosh conin
potienis af the eafalyst mixtroe. Catalyst
in the reaction sone may he fortified hy
adding catalyfically nctlve metal and oy
the oxide yromoter contimuously or at
Ire-dafined intervels. If, at any tHwme,
abnormally high comversions should be
nbtained, auother modification of he
invenbion comprises addition uf o selid
diluent, such as the catolyst support.

Having now partieulurly deseribed and
sacertained the nafure of war said inven-
ton and in what manner the same ix o he
performed, we declare that what we elaim
in:—

LA provess for the preparation of
ligmid hydroearbons from  carbon mon-
oxide and hydrogen, wherein i mixfure
of carbon monexide and hydrogen s
passed Hoough a renction zone contain-
g fluidised eatalyst eomprising
Tizeher Tropsch liydrogenation vatalvsi
on an inert support, the rescton zone
being mainfained nmder veacon con-
ditions of temperature and pressure. and
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tion cutalyst i+ cobalt

the eatalytic activity being mainfained
substantiolly constant by adding fresh
hydrogenation eatalyst a:nd&or' catalyst
promoter or a solid inert diluent to the
raaction #one, to inerease or decrense the 50
eatalyst activity as required.

2. A proves according to Claim 1,
wherein the fresh czfalyst added 1o fthe
zeaction zone.is substan$ially pure hydro-
genation’ eatalyst, or is hydrogenation
vatalyst on a garrier in a higher concen-
tration than that of the catalyst already
present in the. reaciion zoiis,

3. A process accerding to Olaim |,
wherain the inert diluent is the same as 6l
the sald inert support.

4, A procesi according to any of the
Preceding claims, wherein the hydrogena-
romoted with
lagnesia or thoria and the support is
Kiegalguhr, olay or a syniketic’gel sucl
ax silica gel.

5. A process according to any of the
preceding claims, wherein contaminpted
catalyst 1¢ contimwously +withdraws from
the -reaction zone, washed with a hydro-
carben il and reeyoled to the reaction
zrme. )

G, A provess according fe any of fhe

Itreceding claims, whersin an amount of 76
vatalyst 15 withdrawn from the resciion
zonw, corresponding to the amount of
fresh catalystior inert diluent added, the
tefal quantity of eatalyst in the reaction
zone heing maintained substantinlly. con-
stant,
7. A process secording to- any of the
preceding  claims, whereln .ihe reaction
fonditions and -catalyst compositions are
those hereinhefors spacified.

Dated this 18th day of June, 1945,

D.-YOUNG & CO.,
29, Southampion Buildings,
{haneery Lane, Tondon, W%O 2,
Agents-for the Applicants,
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London : Printed for His Majesty’s Stationery Office, by Gharles & Read 144, — 1950, Published st

The Palent Offies, 25, Southampton Buildings, London,

W.C.2, from which aopies,

price 23, 0d. each (inland) 2s. 1d. {abroad) may be ohtained,
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