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COMPLETE SPECIFICATION.

Improved Hydroearbon Synthesis,

We, Smawnarn Om DuveELcoemeNT Com-
PANT, & corporation duly orgonised and
existing under the laws of the Slate of
Delaware, United States of Americs, having
an office ot Blzabeth, New Jersey, United
States of America, do hereby declare the
natura of this invension, and in whut manner
the same is o he performed, to be par-
ticularly described snd uscerbained in and by
the following statement :—

This invention relates to improvements in
the reduction with hydrogen of ocarbon
monoxide, to form hydrocarbons including
normally liquid Iydrocarbons, and ozy-
genated hydroenrbons, in o catalytie process
etoploying a fluidized mass of promoted
powdered iron catalyst. In particular, it
relates to operabting” the said process under
conditions which tend %o suppress the
physical disintegration or fragmentution of
the iron entalyst, or af least to yetard such
fragmentation, so as o pregerve the oatalyst:
average particle size such that it in adapted
for good fAuidization.

By “ fuidized™ calalyst, 3 meant a
¥henomsnon. wherein the catalyst in powder
orm js prooarfed, in the presence of an
upflowing ggs or vapor, in a confined zone,
in the form of & dense, turbulent, ehullient
mags or hed. -

In the sccompanying drawing, an appara-

" tus hazs been shown diagrammatically in
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which a preferred modificwtion of this inven-
tion may be earried info effect.

It is well known in the art to conduet
hydrocarbon synthesis reactions by con-
tacting hydrogen and oxides of vacben with
catalysts un.(Fer: various temperature and
pressure conditions. 'The catalysts employed,
are ususlly selected from the irom group
metals,- namely, iron, cobalt and nickel
They are utilized either alone or on snitable
carriers, sach as kieselguhr, distomscecus
earth, pumice, synihetic pgels, silica and
aluminy. Fromoters such a3 the earbonates
halides or oxides of potessium, chromium,
zine, aluminum, magmesium and the rare
[Price 2/-]

curth metals are used with the ivon gromp
metals.

The old art dealt with fixed or stationary
bod type of operstion. When it was
attempted to operate the hydrocarbon syn-
thesis prooess in the presence of a fluidized
bed of iron catalyss, difficultles were en-
countered in thet carbonacecns deposits on
the catalyst caused the latter to undergo
physical disintegrafion o an exfent such
that it would no longer be sabisbuctorily
fluidized.

There have been a number of broad prior
disclosures ag to the operabing conditions in
a hydrocarbon’ gynthesis process using o
fluidized fron catalyst. For example, Speci-
fication No. 583,040 refers to a gynihesis
temperature zange of 875--700° F., prefer-
ably 475—625° F., pressure conditions of
up to 800 pounds per square inch, and a
hydrogen to eerhon moenoxide ratio of be-
tween about 0.5:1 and about 5:1, pre-
ferably bebween about 1:1 and about
2,5 ;1. 'The mange of operating sonditions
suppested heretofors have however been for
too indefinite to yield a fully satisfactory
process. .

It has been rccognized that synthesis
reaetions coumld be vamicd oub withoub
losing substantial activity of the catalyst
and withoub securing any suhbstantial scarbon
farmation on the catalyst. However, when
conducting operations of this character,
desired produet visld was low. On the
other hand, if operating conditions were
adjusted to secure high yields amd high
solectivities, undesirable carbon formadion
oceurred followed by disintegration or frag-
mentation of the catalyst. Much time and
cffort have been spent attempting to solve
this particulsr problem, thet is, how to
serure high ‘selectivities and high yields
without incurring carbon fermation and
physical disintegration of the catalysé and
it bug now been found that if the total
pressure in the reaction zone, and with it the
hydrogen partial pressure, is relatively high,
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2 656,686
the tendency of carhonaceous deposits to of butane and higher boiling eonstituents are
form on the vutalyst is repressed. secured by maintaining a temperature of

In accordance with this inveution opera- reaction of 650° F. to 725° F. The volumes 48

ting conditions to secure high yields und high  of feed gases (measured in cu. ft. at standard
5 selootivities are maintained and concurrently conditions), per hour per pound of carbon
physical breskdown to nonflmidizable free catalyst are consistent with cafalyst
patalyst fines by carbon formation is sup-  activity $o give high conversion of CO and H,.

pressed. by maintaining in the synthess The eatalvet employed may be any suit- 50
reaction zone o hydrogen partial pressure of able iron base Fissher synthesis catalyst such

10 150 o 275 pounds per squsre inch absalute, - as a synthetic ammonia catalyst. a pyrites
jneluding the total hydrogen content of the ash catalyst, reduced red iron vxide, and the
fresh and recyeled gases, ab the peint where like. -
the reactanis cnter the reaction =zone, a The composition of the fresh feed gaves to 55
total pressure of above 350 pounds per square  the reaction zone is preferably about 1 nol

15 inch but helow 80N pounds per syuare inch, of earhon monoxide per mol of hydrogen.

& temperatura of 650° to 725° F. and a tatal However, when employing an iron type of
imas foed rato of fresh and recyoled gases of  » wynfhetic amronia eatalyst (a high pority
substantially 10 to 200 stundacd ew. ft. magnetite fused and promotell with an 60
per pound of catalyst per hour. The fotal . wlkuli malerial such as K U0, and aluming},

20 pressure in the synthesis zone is preferably  ibis preferred to usc 1 mol of cerbon monvxide
maintained above 400—500 pounds per per 2 mols of hydrogen. .
square inch. : ExaxyPLE,

QOpezating conditions are such as to give In order to demonsirate the effect of high 65
minimum yields of 180 ce. of butane and total and in particular high hydrogen pur-

25 -higher boiling constituents, or minimum tcia-{dpwassura, & number of operations were
yieds of 250 ce. of pro%ane and higher condueted wsing an iron type of synthetie
boiling constituents per cubie meter of oar- ammonia catalyst. The composition of the
bon monoxide and hydrogen consumed. fresh fead gases to the system and the 70

* Proferrod operating conditfons are such as to  Composition of the total feed gases to the

50 give a mizimum yield of at least 200 ce. of remction zone due to recyclo aveeaged as
butane and higher hoiling consitugnts per follows :i—
cubie meter of carhon monoxide and hydro- Gases Fal, S
gen consumed.

In employing these critical pressures in To Ep]

36 conjunetion with the other operating condi- Fresh  Reaction
tions, viz. reaotion temperature and total Feed = Zome
gas feed rate, designed to produce the high Hydrogen .. - 39.9 39.4
yielde and selectivities apecilied, it is to be Carbon Monoxide. . 249.1 A4 1
understood that these latter conditions are  Carbon Dioxide .. 7.4 26,2 80

40 interrelated and that their actual value is w Nitrogen . 1.2 1.5
funetion of one snother. Unsaturates . — 3.0

Yields and selectivitiez of at least 130 ec. Total Parafting .. L9 15.8
The resnlts of the various uperativns are summarized as follows ; Rams 1 and 2 being
85 ineluded for nomparative purposes : .
-Hydrogen Cerrbon
Tolal " Partial Inerease
: Presyuve  Pressure nnd
Bun Selectivify Pounds  IBs. fsq. in. Crduadyst
90 No, Per Sy, Fn.  (approw.) Tewmp. V [Hr [W. Breakdoron
g’i‘* g'i‘**
1 .- e 235 3240 96 6837 24,5 Yes
2 e 220 26F 404 181 i 93.8 XNo
3 . 180 214 35 44 B46 37.6 ,es
895 4 ' 197 287 401 161 676 84,3 No.
5 . 290 260 400 160 673 4.7 HNo
8 .- 214 256 -0} 160 676 05,0 Nuo
7 . 226 262 404 161 tad 4.9 XNo
8 . 219 238 399 149 670 93.7 No
100 *Cj':—.butane and heavier hydrocarbons.

**G'l' =propane and higher hydroearkons.
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The foregoing dute show the effect of high
lotel pressure and in particular high hydro-
gen partial presswre in retarding  eaxrbon ™
formation, and hence fragmentation of the

cntalyst, The term ™ carbon,” of course, -
relates_to the deposits, formed unavoidably .

in or on the catalyst during the process,
and is generally a material part of which iz
soluble in hydrocarbon solvents and partly
insoluble or “ fixed . Some of the earbon
may be in the form of iron carbide. The
date, show that a hiph hydrogen partiat
pressure, cven ab high femperatures and
fairly severe conditions represses osrbon
formation =0 that catalyst disintegration is
retmrded,

Subsequent tests showed that the hydrogen
parfial pressure range should be from 150
to 276 pounds per sguare inch absolute.
Even whore the teroperafurssy were high
fup to 700° F.} and the molecular ratio of
hydrogen to carbon monexide in the total
feed wes 1.4 to 1.7 {severe conditions con-
ducive to good yields of high guality gasaline),
earbon formation was repressed but the
hydrogen partial pressure had to be main-
tained in the upper portion of the foregoing
range. (Good yields of desized prodmats were

also ohtained (aronnd 200 ce. of GJ‘; hydzo-

carbons per standard cubic meter of hydro-
gen and carbon momoxide consumed).

The foregoing runs were made in & fluid-
ized bed {ype of operation in an apparatus
which is fairly represcated in the accom-
panying drawing, .

Referring to tha drawing, | represents a
case or reactor hewving o grid or screen G-
T4 ocontaing a bed of Auidized powder iron
entalyst ©. The gastform reactants ember
the reactor at the hottom, the fresh feed
from line 2, the recycled mederial from line
8 nnd the total feed from line 4, as shown.
The gasiformn material passes upwardly
through the distributing grid G into the bed
of eatalyst and the dow rate of the gasiform
material is mainfained at¢ around say 0.6—1.
feet pex second ™ superficial * velocity (i.e.
assuming no catalyst in the reactor) where-
upon o dense, turhulent mass of powder in
gas or vapor s formed. This finidized bed
will have an upper dense phase level at zome
point 1: depending on the gas velodity and
the mumber of pounds of iron catalyst in the
reactor. Above L, there is a diluia phase
suspension and in the spaee between Lo and
the {op of the resctor the concentration of
catalyst in gas recedes gharply mpwards so
that the main, bulk of the catalyst is separated
from the gasiform waterial in the veastor. If
demired  solids-separation devices wuch as
“ gyclone " separators, may be positioned in
the upper portion of the resctor and the
gasiform material forced fhercthrough to

remove additional quantities of powdered
catalysb. The product vapors are with-
drawn through line 8, forced throngh one or
more solids separating deviees such as the

““gyclone * sepuirstor 7, shown in the draw-

ing, or an electrieal precipitator, & filter, ebe.

for the £ur%qse_af removing catalpst still

entraine he thus separsted catalyst may
be returned to the reactor through line 8.

6b
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The product substantially freed of catalyst is -

wereoved from separator 7 through line
and is then cooled o condense normally
liguid materials in cooler 10. The cooled
produet passes via line 11 into a separator
12 wherein uormally geseous material is
withdrawn through line 13 and recycled to
line 3, a portion of this material being with-
deawn from the system i desired via 14.
It may be desirable to scrub oub or other-
wise remove the COy hefore recycling this
guseous material through line 3, The liguid
vroduct consisting of an agucous phase and
an oil phase is removed from separator 12
through lne 15 and is collected in recejver 16.
These phases may be worked up to recover
gasoline, pgas oil, the oxygemated hydro-
carbons according to conventional methods
which necd zot be deseribed therein.

Having now particularly *described and
agcerfained the nafure of omr invention and
in what manner the same is to be performed,
we declare that what we clwim is :—

1. In a process for the synthesis of hydro-
oarbons by reacting earbon monoxide and
hydvogen in & reaction zone in eantact with
a flnidized bed of powdered. kon catalyst,
the improvement which comprises maintain-
ing in the synthesis reastion zone a hydrogen
pariial pressure of 160 to 276 pounds pur
square ineh absolute, inclnding the total
hydrogen content of the fresh and recyeled
zages, ad the point where the reactents onber
the reaction zone, a total pressure of above
8560 pounds per square inch but below 800
pounds per square inch, a temparature of
850° tv 725° F, and a total gas feed rate of

, fresh and recycled gases of substuntizlly 10

to 200 standard cubic fest per pound of
catelyst per hour, permibiing the reactants
to remain in comtach with said catalyst for »
suffiofent period of time o effect the desired
conversion, and recovering the desired pro.
duete from said reaction zone.

2, The process of Claim I in which said
total presgure ig above 400 pounds per square
inch.

3. The process of Claim 1 in which said
catalyst is a high purity magnetite fused and
promoted with-.an allzali promoter and
aluming, and carbon monoxide and hydra,
are meed in-a fresh feed mol ratic of sub-
stantialty 1 =2, =
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Dated this 16th day of February, 1948.

D. YOUNG & GO,
29, Bouthampton Buildings,
Chencery Lane, London, W.C.2.
Agents for the Appleants.

Abingdon : Printed for His Majesty’s Stationery Otfies, by Durgess & Son {Abingdon), Lid,—1951.

Pul_)]ishﬂﬁ ot The Patent Office, 25, Sowt]

‘hampton Buildinge, London, W.CL2, frore which

copies, pries 2. per copy ; by post 2. 1d. ma'y be obitained.




This Drawing is a reproduction. of the Uriginal on @ reduced, scale
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