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Improvements relating to the Catalytic Synthesis of Hydrocarbons

communication from Srawparn O
DevELoruENT CoMPANY, u corporation
daly arganised and existing under the
laws of the State of Delaware, United
Btates of Americo, haviag un office at
Tinden, New Jersev, Tnited Stales of
America.)
¥, Conman Arworp, a British subject, of
29, Southampton Buildings, Chancery
Lane, Tondon, 7.C.2, do hereby declare
the nature of this invention and in what
manner the same is ta be performed, to
be particnlarly descrihed and ascertained
in and by the following statcment: —
The present inventivn relates to 1m-
prevements in the synthesis of hydrecar-
bons, and in particular, it relaies o
methods of lmproving the %Jield of hydro-
earhbons formed when carbon monoxide
gnd hydrogen are reacted together in the
presence u% u suitable catalyst. ]
1t wus known prior to the present in-
vention that liguid hydrecarbons could be
synthesized from a misture of carbon
monoxide and kydrogen by contaciing the
same with a 1Mscher-Tropsch synihesis
catalyst, usually a metal selected from
Group VIIT of the Periodic System. The
mosi commonty used catalysts are prob-
ahly cobalt, nickel and iron. At first, the
synthesis was carried out in o reactor con-
teining one or more fixed or stationary
beds of catelyst, but more recenily, al
least in experimental units, the synthesis
Las been carried out emwploying the so-
called fluid solids technique, m which the
metallic catalyst in powdered form is sus-
pended in the reactamts in {he reactlon
zone during the synthesis process.
Whether the process is carried ouf em-
ploying a statlonary hed of catalyst con-
tained in a case, or whether the reaction
is ecarried out employing a flnidized
catalyst, the ratin of hydrogen to carbon
monoxide in fho fresh feed is an im-
portant consideration and prior invesliy-
aturs have realized this fact. If the
hydrogen to carbon monexide ratio is guch
that there are 2 mols of hydrogen per mol
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uf carbon monoxide, in the prior practics 50

the gasoline and gus oil fractions ocom-
tained in the product have uvsually been
parailinic espeeially when coball ealulysts
are employedl.  On the other hand, it the
molal ratic nf hydrogen to
monoxide is about 1 1o 1 then the gasoline
and gus oil fraetions formed in the pro-
dust ure more unsafurated.  From the
standpuint of manufacluring gasoline of
goud gquality with cobalt catalysts, it ia,
theretore, desirable tn employ, if possible,
a 1 to 1 hydrogen to earbon wonoxide
rukio in ile feed gas, lor the olefinic char-
acter of the product resulting from this
Eype of operatinn provides a produet of
goorl anti-detonation qualities which is
more euitable for use as an aulomolive
fuel thun the mure paraffinic preduct pro-
duced from a synthesis feed gas contain-
ing 2 mols of hydrogen per mol of carbon
monoxide, (On the other hand, if the low
rativ vf lydrogen (o carbon munexide he
employed 1n ths feed gasz (say 1 o0 1) with
cobult catalyst, the hydrogen is utsed up
long hefore the carben monoxide is eon-
sumed, and therefore, the gas issuing
from the reaction zoue will alwuys con-
tain a high percentage of unreanted ear-
bon monoxide, which means that the cars
bon monoxide will have (o be revyeled to
the reaction zone. Briefly siated, the pre-
sent improvements provide means wheve-
by lhere wre obtained the advantages of
wsing a 1 to 1 Lydrogen to ciazbon
monoxide ratio in the synthesis feed pas
but at the same time additional means are
provided wherehy: the consumpiion of
carhon mwonoxide -in iis passage through
the renctidn zona'i more complets than
in the prier practide, and consequently the
need Jor vecycling unreacted ecarbon
monoxide {rom the produet gases or
Tapors to the rewction zone is subslunti-
ally deereased. It will he appreciated by
those familiar with chemical reactions
performed on a cupumercial seale that it is
always mare desirable to carry out such a
process on & nnb‘eft_hrough type of process
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rother fhan to be required te recyele a

large nuantity uf unreacted material for.

tlie Teason, wmong others, that, the eapa-
¢ity of the installation is greatly en-
honesd the eloser one approaches The onees
{hrough operation. o

A provers has alrcady heen suggested
fur the rynthesls of nnsaturated lydro-
carbons, from carbon  monoxide and
10 Lydrogen utilizing a statiopary hed of
catalyst. Tn tlis process a ratio of less
than 2 purts and preferably 0.9—1.6 parts
Ty volume of hydrogen for each part by
vnlume of carbon monexide is maintainad
in the reacrtion zone by adding hydrogen
at a plurality of places in snch zone, How-
ever in such a process, the malntenancs of
4 uniform rafic of cathon monoxide to
nydrogen, by the addition of hydrogen is
dependent on the rate of diffusion of the
gases through the fxed catalyst bed.

My overseax correspondents Lave now
studiad data

15

20

ohtained from the experi-
mental operation of hydrocarbon svn-
thesis units employing a fiuidized ratalyst
and have fonnd ﬂ{at it is possible to em-
ploy in such u type of operation a substan-
tinily 1 to 1 hydrogen o carbon monoxide

%

molol ratia in (he original feed gas and .

80 at the some time secure the benefits of
high carbon mnuoxide conversion during
a single passage through a reactien zonc
by subsequent addition of hydrogen at
spaced poinds progressively removed from
ihe original entrance pomnt of the syn-
thesis gas mixture to the reactlon zone,
Tt Tius been found that by the use of ihe

45

Awid solids technigue, close coutrol over ..

the prupurtion of carbon __monuxide to
hydrogen through the rcaction zone may
bhe maintained. . .
Accordingly the present invention con-
siofe of v method of synthesizing hydro-
carbons from hydrogen and carbon
munoxide which vomprises foreing a mix-
ture of lydrogen snd earbon monoxide
praportioned in the Tativ of from 0.7 to
1.3 mols of hydrogen per mol of carbon
jonoxide onee through a dense finidized
50 imass of powdered synthesis eatalyst in n
" sipgle stage reactlon zone maintained
under Fischer synihesis conditions of tem-
perature and pressuze, perntitting the re-
actants to remain in contast with the

#)

f6 cvolalyst for a :
affect o carbon monoxide
approaching 100% of the amgunt fed to
cnid Teaciion zone, adding suhstantially
pure supplementary, hydrogen ak s?qc_ed.
points to the regetion Zone in sufhc_mnt
antity io maintain the hydrogen to car-
%oﬁ manoxide ratio substantially within
the range of frem 0.7 fo 1.3 mols bf
hydroges per mol of carbon monoxide
85 throughout the remction zone, and revov-
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guificient period of time to
conversion -

ering [rom said reurtion zene o product
contpining normally Liquid hydrocarbons,

In the necompanying drawing there is
shown dingrammatically o fragment of o
hydrovarbon «ynthesis apparatus serving

Cto illustrate a preferred modification of

“ liis invention, omitting for the purpos¢
uvf clarity nearly all nceessory apparatus
conventionally used in o process of the
eharacter described.

Leferring in detail to the drawing, I
represents a synthesis reacting vessel con-
sisting esventially of a cylindeieal shell
hiving a convex erown and a conical base,
and having disposed therein o grid or
sereen (G through which gases are foreed,
the screen tending to promote goud dis-
tribution. A mixture of carhon monoxida
in the ratio of ubout 1 mol of hydrogen
per mol of carbon monoxide enters the
system threagh line 10, and is forced wp-
wardly through said sereen G+ into a Huid-
ized mass of powdered catalyst, which
catalyst may De enmposed of eobalt pro-
moted with a relatively small ameunt of
thorin and 3u1)]£orted on o guitable spacing
agent suck ns kieselguhr. The calalyst iy
maintained in the fluidized state by con-
izelling the upward velocity of the pas
within the range of from say, .25 to 3§

- feet.per second, whereupon a dense jurbu-
-Jent suspension of cafalgst in gas i3
fortned. Depending upon the actual
“miass of catalyst in the reaciion xzone
fhe (ense smspension will have an
upper level at sowme poing L. above which
‘there is a diluie phase, or in other words,
the reacting vessel in this type of opera-
“Hon is usnally not completely filled with
‘g denwe phase for it is desirable to effect 105
as nearly as possible separation of vapors
from catalyst before the former is with-
drawn from the reaction zome, all of
which was knewn and appreciated prior
to the present inveniion. The reactants 110
remain resident in the reaction zone for
a sufficient period of time fn effect the
desired conversion, the temperafure and
ressure  being adjusted according fo

iown methods, and eventually the 115
ggpors isue through line 14, Tt s also
conventional to dispose in the upper pavt
uf reacling vessel I a plurality of solids-
‘gas cunlacling devices, such as vewlri-
fugal separators, to separate catalyst fnes
.ond entrained cvarse pariicles from the

Cexiting gos. In arder to secure substan-
‘tially comuplete zemoval of catalyst from
the vapors or gas the vepors ooy be forced
through hlters or through one or more
-glartrieal precipitators fo remove, insolfar
‘s possible, the last traces of eatalyst from
“the vipors, whersupon the lotter are then
“delivered to “conventional feaetional dis-
#illation equipment {not shuwn} to recover 130
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the gasoline, gus il and other products.
Since the hydrovurbon synthesis reaction
is exvthermic, it is usually necessary to
provide means for abstracting heat from
fhe wvencting vessel and numerous pro-
posuls have been made previously for
necomplishing this result,  Since, how-
over, this phase of the operation is nat
jovolved in the prescnt invention, there
10 haa also been eliminated a showing in the
drawing of conventional cooling means
employed in conuection with the reacting
vessel, And in this same connectlon, aa
previcusly indicated, there has  been
16 omitted a showing of pumps, flow meters,
volves and other acressory apparaius and
equipment in order to fouus attention on
the novel featurs of the invention aud fo
present the some in 2 simple and under-
20 standable manner. Up to_this point the
description of the process which has been
given oniains only features which were
Ynown snd practiesd prior to the preseut
improvement,
25 With respect to the improvements, the
game are directed to obialning maximum

]

conversion of carbon monoxide to desired
products in spite of the fuct that the
vriginal synthesis gos entering through
line 10 contains substentially equal molal 80
proportions of carbon monoxide and
Lydrogen, In order to shew the in
sufficiencies in prior practice there iy set
forth Telow the results of two runs wmade
ander substautinlly the some vonditions 39
except for the fact {hat in one of the runs
designuted Itun A, the ratio of carbon
meonoxide and hydrogen in the gas snier-
ing through line 10 1s 1 to 1, wiereas, in
the run, designated Run B, the ratio of
carbon monoxide to hydrogen in the feed
gus entering through line 10 was. about
9 1mols of hydrogen per mol of carbon
monoxide, and the additional fael that
Run A was performed at a femperature
some 85" abuve that employed in Run B.
The results set forth in the tabulation be-
low are arranged %o indicate what
oecurred in  diffeient sections of the
cotaiyst bed as the synthesis gas passed a0
{berethrough as well as to illusirate the
overall restlt: -

* How A
A40° T —102 ‘Vj' Y[ Hr.
55 - Beleclivity
Tunlet ] af (O Converted
% of ¥, GO o €D to Tiguid Product,
Cutalyst Bed Retio Convergion Mols per 10§ Mols
0320 0.8 30 51i)
g0 on—-27 0.6 — —
275l 0.4 - —_
51—10{ 8.2 —_ —
O—100 0.9 86 67
' Rcx B o
66 395° F.—101 V{V/Hr. =
| © Belectivity
Inlet = : of CO Couverted
o of H,/CO % COr #° fo Liguid Product,
Cant lyst Bed Ratlo Conversion * -¢ Maols per 100 Mols
70 0—18 2.0 7 5
- 1826 2.1 — —
26—H0 2.0 — —
50—100 2.0 — —
N—100 R0 99 T2
v5 1t will be noted from the foregoing Tuns noted, hawever. that in Ttun A where the
that in the frst 18—208%; ot the hed, that feed was contains eyual mols of hydrogen

{s to say, during passage of the reactany
through the first ffth oi tha bed the con-
version of carbon monoxide and fhe
80 selectivity of carbon monoxide conversion
to liquid product were substentially the
game in both rums, 1% will further be

and carbon monoxide the (O conversion 83
dropped _sharply beyond the fixst fifth of
{le catalyst bed whereas, in Run B where
fhe ratio of hydrogen io carbon munoxide
was 2 10 1 the conversion was maintained
throughout the length uf the reactor and 90
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of the total wmount of carbon monoxide

fed fo the reacting vessel, 9% was con- .

verted as against merely 569 in Ruxn A.

In Bun B,%the ratic of hydrogen to carbon -

o monoxide remained essentially constant at

10

15
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L2

a0

3h

40

50

about 2 to 1 as synthesis gas pasged’

throngh the reacting vessel whereas in the

cage of Iiwn A, the ratic decreased from

0.9 to the iolet o 0.2 af & point abouf

halfway through the reacting vessel. In

Ran B the overall or toial selectivity wos
72% as against 67 % in the case of Bun A.
It may be ¢bserved that in the first 209%
of the bed in Run A the conversion was
higher than in an equal portion of the bed

in Run T3] but this may be expecied from

the higher temperature emplayed in Run
A. However, the equal selectivity ob-
teined in the case of Run A for the first
fifth of the catalyst bed, to that obtained
in Run B is unexpected in view af the
high temperature in fun A and san only
be atiributed to the intrinsie desirability
of 1 to 1 hydrogen to carbon monexide
ratin in the feed gas.

To maintain the desirable earbon
monoxide conversion and seleetivily to

liguid products, aceording to the improve-

ntents it is-proposed to add hydragen in
stages to separated points in the bed and.

therefore. referring {o the drawing, sip-’
plementury hydrogen from line 14 is ine

jected into the bed at spaced points in the

dense suspension fhrough lines 15, 16 and’
17, Sufficient hydrogen is wdded 0 main-

$ain thronghout the dense suspension sub-~
stantially squimolal proportions of hydro-
gen to carhon monozide aznd by this means
the conversion of carbon monoxide and
hydrogen and alse the selectivity of ear-
hon moncxide vonverted o desired liguid
proeducts is maintained at a high level.

In the foregoing deseription the use of
a cobalt enfalyst in zeactor 1 ig referzed
to, but in so doing it is noi intended tu
impoge any limitation on the invention
and it is 16 be undersiood that instead of
cobalt any olher Tischer Tropseh syn-
thesis eatalyst such as iron or nickel may
De vsed. Tt will be undersiood by these
familiar with the art that as a matter of
comizercial-operation & cerfain-degree of

tolerance may be allowed with respect to
the rativ of carbon monoxide {0 hydroren

“in the iresh feed and in the reaction zone 66

and, therefore, good resulis are obtain-
ahle even though the ratio of hydrogen to .
eqrbon monoxide is not petually 1 to L, foz

"this ratio may very from 0.7/1 to 1.371.
- Having now partivalarly deseribed and 60
“-ascertained the nature of the said inven-

tion and in what manner the same is to
be performed, as communicaied to me by
my foreign correspondents, T declare thai
what T claim ig;— 63
1. The method of sypthesizing hyro-
carbony  fromx  hydrogen and varbon -

. monvxide which eomprises foreing o mix-

inre of lydrogen and carbon menoexide
roportioned jn  the watio of Irom ¥0
7T to 1.8 mels of hydsogen per mol
of earbon monexide once through a denge
fluidized mass of powdered synthesis
catalyst i a single stage renclion zone
maintained nnder Fischer synthesis con- 75
ditions cf temperature and pressure, per-
mitting the reactants to remain in conlact
with the catalyst for e sufficlent period of
time te elfect u curben monoxide conver-
sion approaching LO0% of the amount fed 80
to said reaction zome, adding subslap-
tially pure swupplementary bhydrogen at

-spaced points 10 the reactiom =zone in

sufficient quantity to maintain the hydro-
gen fo carbon monoxide ratio substan- 85
#Hally within the range of from 0.7 o 1.3
maols .of hydrogen per mwel of carbon
nwaoxide throvghout the reaction mons,
und recovering from said reaction zong a
product  eonfalning  normally  ligeid gp
hydrocarbons,

2. The method se} forth in (aim I in
which the railo of hydrogen to cathon
nonoxide maintained throughout the re-
action zone is I mel of hydrogen per mol 95
of corbon menoxide.

3. The method set forth in Claim 1 in
which the catalyst is metallic cobalt,

Dated this §lh duy of Septemher, 1046,
D. YOUNG & CO.,
29 Southampton Buildings
Chancery Lume, Loundon, .d.?,
Agents fop the Applicants.

Tesuington Spa: Printed for His Majosty's Sté.{iqnery Office, by the Cotrier Press.—1049.
Published at The Pateut Office, 25, Sowthampton Bufldings, Tondon, W.C.2, from whick
copies, price 2u. Od. each (inland) 24.714. (ahroad) may be obtained.
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[This Drawing is a reproduction of the Original on a reduced scalef
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