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COMPLETE SELECGIPFICATION
An Improved Synthesis of Hydrocarbons

(A Communicalion from STaNxpagp O
Duverorument CoMPARY, 8 Corporation
duly organised and exisfing nnder the
Laws of the Sitate of Delaware, Tnited

5 States of America, having on office af

Tinden, New Jersey, United Stales of

America). . .

T. CoNRAD AnauLb, n British Subject,
of 29, Southampten Buildings, Chancery

10 Tane, Twndon, W.C.2, do hereby declare
the nature of this invention, and in what
manner the same is to be performed, 10 be
purticularly described and ascertained in
and by the following stufement:—

15 Thé present invention relates to the
synthesis of hydrecarbons including ner-
mally liquid hydrocarbons frum carben
monoxide and hydrogen. Broadly speak-
ing, this synthesis is a matier ol record.

20 There are, of course, {wo general methods
for carrving ont such a synthesis from the
slandpoint of equipment used and they
are, first, the use of a staticnary bed of
catalyst und, second, the. go~catled fluid

25 ratalyst techniqus wherein- the cafalyst
nsed in the proeess is suspended in the
vapors during the reaction. The improve-
ments relata to the latier type of opera-
tion, and in brief compass they involve

80 maintuining a Iarge ratio of cuialyst fo
synihesls gases in the reaction zone. To
gupport the catalyst ta give the high
loading required steam is employed as
dilnent gas which is easily condensablc

88 and separable frum the produet.

When employing the stationary hbed
process it has been proposed to dilute
the synthesis misture of aarbon_monoxide
and hydrogen with steam. Tt will be

40 appreciated that in such a process the rate
of flow of the synthesis mixture 15 1 no
way dependent on the mmouni of catalyst
resent, but may be varied u$ will depend-
ing on the requirements of the system.

46 As indicated previonsly, in cerfain
processss invulving the synthesis of higher:

hydracarbons frem earbon monoxide and |
hydrogen using the so-called * flwid '

cetaiyst  technique, high raties of

§0 catalyst to syunthesis gas charged to the

[Prive 2{]

reaction zone must be wsed, Difficulty is
sometimes encountered in maintainin%'
the large quantity of catalyst materia
required suspended and/or fully fluidized
in the reastion gases. If has been pro- 85
Eused to inercage the volume of the gas

v the addition of non condensable inerd
gases which, while possible 28 a means of
improving the suspension of the eatalyst,
is not desirahle because of the increased 60
nanount of gas which must be handled in
the gystem for reeovering tlhe liquid
hydrocarbon -producis from unused syn-
thesie gas and inert material.

As indieated, it has been found that 68
these difficultiess may he advantageously
overcome and the equipment for coarrying
ou} the process considerably simplificd by
using ke readily. condensable gas, steam,
to supplement the synthesis gas-as an aid T4
in maintaining the catalyst in suspension
in the reaction zone. In ordinary practice
the synthesin gas s produced af high
temperatures, then is cooled and the water
vapor content condensed and removed 7D
before charging the synthesis gases fo the
reaction some.

The present invention accordingly com-
prises a process for the synthesis of
hydrocarbons from a mixture of earhon 80
monoxide and hydrogen by passing the
mixture throwgh o fnidized bed of
Ttscher synthesis catalyst under reaction
conditions of temperature and pressure,
whereln the said mixture is diluted with &3
sheam. - o

Broadly speaking, the improvements
involve in the preparation of the synihe-
wis grases the step of cooling the same afler -
thelr formation (forexample, by treating 90
methune with steam}, but in which the
formed synthesis gas is cooled only to the
temparature of the synthesis operation,

© say shaut 400 to 600° F. The cooling of
:the synthesis goscs may be uccomplished 95
by direct introdaction pf a water spray -

into the hot synthesis gases tharehy

Horming steam, which operation may be

easily carried omt by injeetion of the
wnier into the {ramsfer line conuecting 100
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the Synthesis gas generator and the syn.
thesis reactor. If this means is employed

.the mecessity of a separate piece of
aimospheric

equipment {0 cool  to _
§ tempernture is thereby eliminated and the
amonnt of water necessary for cooling is
reduced o a very low fraction of that
Lormerly used.
In the accompanying drawing, a flow
15 plan has been shown which will serve to
illustrate
invention.
Referring in detail fo the deawing, a
mixture of methane, steam end carbon

- 16 divxide is introduced into the present

© 30 dmty the synlhesis gus

system _through line (1), thence heated in
a firad coil (3) $0 a ‘temparature of
10007 F., whereupon the moderinls. are
withdrawn through liue %5) and cheuged
OITLINE Ieactor

(10} econtaining a catalyst (0} which may
be nickel on'a support sueh.ss kaolin
romoted £
egired in this synfhesis to Jorm CO and

25 hydrogen in substaniially one to two
volume.ratio. To accomplish this resulf
the proportion .of methane, steam and
00, in BHne (1) should bhe about
1:1:6:0.7. .The steam, methane .and
80 GO, are under 2 . pressure .ol. from
atmospheric to 200 Ibs. per square Tnch in
the. Teaction zone and are resident thersin
for ihe. .period resulting from the ireat-
ment .of .

85 methene (measured at standard. condi-

tions) per volume of cafelyst per hour.

The calulyst . témperature i3’ at’ ahout
16007 F. . - . oo o
- The product is withdrawn through &

- 40 foraminouns support {G) for thé catalyst

‘55 trolled by aflow valve {18}
- - fbo Hue (12), The standpipe.is provided

and an exit line (12) &t a temperature.of
aboub 1500° F." Lt is proposed to inject
wler vin line (13) info Tine (12) fo fbe
exlent that the gas is covled to 4 teinpera-

4b ture of between 200 and 600" E. where-
" upon the cooled gages are then diseharged

info » hydrocarbon synthesis reactor (15)°

containing .a suitable catalyst (0.}, as
follows: 'Lhe catalyst which may be, for
50 example, metallic. cobalt together with.a
suitable support, such as kieselguhr, and
prometer, such as thoria, in the.form bf

a, powder. is withdrawn from supply
hopper (17) through a standpipe, (18) con~
a.mip dischazged

with a-pluralily” of taps (1) Indo.which

u sldw current of steam may he injected

_ for the purpose of cansing the catalyst fo
80 How smoothly through the standpipe (18).
" The calalyst of course forms a suspension

in the synthesis gases In line (I12).and is
then comyeyed into the synthesls reactor .

(15)..

-maintaimed in ** fuidized » sfate, i.e., in

a  modification of | this'. in the redctor from {G,) o a.point {L;

y magnesia or The like. Ifds

_J'(:.ngsa&e tlreugh a ;
{13}, wuch : tr | 88 ) Glée~
o g ™ ine breals yoch as centrifugal separators, else
_substantially frée of eatalyst.

_ of a powder having a particle size-of from

50 to 400 mesh, but preferably having a
wizg of about 200 mesh for 90 per ocent.
or more of the same. ‘Che catalysy 3
70
the form of a'dense suspension by fowing -
the reactants upwardly through a grid

A&;) ot u rabe of from 4 to 5 ft. per

second; preferably at a rateof 15 t4 8 H. - -
per second. The density of the suspengion 75

is-from 10 fo 30 lbs. per eubic fvot, an

the mass of catalyst is in o hiphly turhu-
lent, mobile siate affording nmiormity
of temperature, and. thorough mixing
throughout the entire mass. T'he amount of
rafalyst with respect o say CU, should be
albout 1 1b. of cafalyst to 1 to [H cubic faet
of OO meusured at 60° F. and 1 atmo-
sphere pressure. Above (T.,) it will be

80°

-noted that.the reactor is expanded, which

resnlts in decrensing of the-velocily of the
gases .passing. into the expanded portion
(E) syfliciently low so that tha gas will
uot-support the catalyst with the result
that substantially all of the catalyst
remaing in the reactor al o poinl oot
higher than (L.}, ihe slresm ivsuing front
the reastor through (20} contuining very
little oatalyst. This catulyst ean, be
removed by asy known procedure smuch as
ane ar more separators -

o0
9.

irical precipitators, so thaf the stream’ is

. . 100
.1t will be unnecessary o deseribe the = -
asual .method for condensing out the -
desired pormally Lguid hydrocarbons and
retuining unreactad 0O afd- hydrogen fo°
reacter (15} for further processing, wince 106 -
these defails have been disclosed.and are
Imown to others. The disclosure, there-
fore, will contain s¢-wuch of the prior ars’
as . will make the present improvements
understandable, for it is believed that this 119 .
will serve t«o.-cia'rify and emphasize this -
invention. ) Lo C
. In .order to give more information
regarding this inveniion, the following :
spacific working example 1s set forth. - 115
. 25,000,008 cublc feet per day of natuyal = -
gas are churged to line (1} together-with
2,000,000 1bs.” of steam .and 17,000,000
subic.feet.of carbon dioxide. This charge .
mixture is treated In vessel “ (10) at 199 -
1800° I, and .approximately 50 pounds.. -
gagg.%ressmﬁe_ o form about 100,000,000
erhic feel per day. of a synthesis gas comi-
posed mainly o Rydrogen and carhon- :
menoxide in 8 2: 1 H, to CO volume ratio- 195
An amount of water sullicient fo reducs . .

“the temperature of this stream to 400° i -

injacted hy ineans of line (18}. "'a necain-

“-plish this ahout 2,000,000—2, 500,000 1bs - -
- o H,0) per day will be required, the exast1¢-°
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amount depending on heat losses from the
equipment, and ihe iofal steam in the
stream thus cooled will amount to aboul
3,500,000 1hs, per day. It is desired to
5 treat the hydrogen-carbon monoxide mix-
ture and cause synthesis of hydrocarbon
oils in reactor (13) at 400° F. and
30 lbs,/eq. in., providing a catalyst bed
of such volume that 108 volumes of the
10 dry synthesis gas measured under stan-
dard condifions be conducted through the

reactor each hour for each volume of

eatalyst; furthermore, it is desired to
avoid actual superfieinl gas velooities
L5 based on inlet uantity lower than .73 feel
per second {while this is not {the lowest
linear velosity at which satisfactory
“ fuidizing ** of the catalyst Ded will
take place, some reduction in volume of
the renctants fakes place during conver-
giom, so that higher than minimum linear
velocity om inlet materiala must be
allowad for.}) If this syrthesis were fo he
carried out after removal of practieally
25 41l of the steum from the synthesis gas, o
vessal of nhout 27 feet -diameter and
72 feet height would he requirad to meet
the above conditions. The height of this
vessel i exnessive giving rise to nwmerons
80 .difficulties in design, eonsirurtion and
operation, and reduetion in height is
tesirable. 1f the synthesis gas containing
atenm as described above 13 run directly
to reactor (20), the required conditions
28 ean bs met using a reantor only 40 feel
high and having a diameter of 36 feet.
The product from reactor (20} eonsists of
gbout 3,000 barrels per day of normally
Tiquid and solid Lydrucarbons, togefher
40 with some unreacted carbon mounoxide
and hydrogen, and steam. The ocutlel
stream is run to a conler in which practi-
cally all of the steam is condensed by
means of cooling water, and a large por-
46 tion of the sywihetic hydrocarbons. The
tail gas may then be scrubbed te recover
ndditienal liquid hvdrecarbons, and muy
then be recycled in part {o vessel {IG)
wharsin it will replace an equivalent
50 amount of fresh charge gas. The remuin-
ing $ail gas may be hurned to supply fuel
requirements in the plant.
It is pointed out that the use of excess
steam In sypfhesis gas preparation is in ne
85 way undesirahle, the slight lncrease in
carbon dioxide coneentrafion in the syn-
thesis gns resulting therefrom heing
casily connteracted by an increase in
temperature of the renction. Ry fhis
(0 means hol syuthesls gas mised with o
volume of steam equfﬁ to {rom 26—100
er cent. the volume .of H. plus CO pro-
uced is made svailable. The hot
synthesis garn i cooled €a  synthesis
65 resotion temperature by introduction of

20

a water apray in‘‘the transfer line (18)h
thereby inereasing the amount of steam.

Ay previously indicated, this invention
congists ip the means for maintoining
larger quantity of catalyst in contact with 7§
the reactants in' the reaction zone than
would otherwise be possible, the cutalyst
being in powdered form.

It i3 necessary to use additional quan- :
tities of gas to maintain the fAunid-like 75
suspension required, and this additional
gas 13 supplied us added stean. The
densable does not imvolve a_ serious
steam, lLowever, since it is readily con-
problem in the purification and recovery
of the desired product.

Ttaving now particularly described and
ascertained {he nalurve of the suid inven-
iion, and In what manper the zame 1s o
be performed, as communicated to me by 85
my fm'ei%.n enrvespondents, [ deelare that
what I olaim dis:—

1. A continunons process for the produc-
tivu of hydroearbons, includiug normally
liquid hydrecarbons, by forming a syn-
thesis gug mixture of hydrogen and carbon
monoxide, and- subjecting this synthesis
gos mixture to & synthesis reaction in the
presence of u finely divided Fischer
synthesis catalyst materinl msintained in 95
finidized form by the passage of the gns
mixture therethrough, wherein a highar
weight ratic of chtalyst o reactant gas,
than can be obtained with & reactant gas
alone, is mainained by supplementing the 100

80

80

stenan und separibing the said steam from
the product by condensation.

2. A process aceording fo Claim 1
wherein the synthesis gas mixture Issuing 105
from the synthesis ges “gencealor an
comprising & mixture ol hydrogen,
varbon, mwonoxide and steam is cooled o g
terperuture above the boiling peint of
water before passing fo the synthesis 110
stage, whereby tlhe steam contained in- the
mixture is’ refained in {lre mixture and
serves as Part of fhe additionsl steam to
maintain the cofalyst in the fAnidized
form, IR

3. A process according to Claim 1 or 2,
whereln water. isi fed into the stream of
synthesis gas mixture leaving the genara-
tor hefore contacting the same with the
synthesis catalyst, whereby the symthesis 120
gas is cooled {0 the lemperature of the
synthesis reactiop. and the water is con-
verted into the additional steam required
to maintain fthe eatalyst in the fluidized
sfate, :

4. A process according {ov Claim 8
whetein sufficient waler 13 added fo the
synthesis gas Isswing from the symthesis
gus wenerator to eool the sams to a tem-
perature between-. 400° . and 800° ¥. 130

-reactant Eus with o sufficient quantity of

115

125
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before contacting with tle synthesis

cabalysd, :

. b. A process zecording to any of the

preceding claims, wherein the quanti:}? of

f§ stearn added amounts o from 25% o

100% of the volame ol the synthesis gas

mizbure of carbon monoxide an

hydrogen, )

- 8. .i. process” accerding to any of ths

10 preceding elaims, wherein the reaction is
carried ont undar pressure,

"7. A process for the synthesis uf hydro-

earbons  from - a  mixturs - of carbon
monexide and h{dro'gen hd:ywpaasiu the
mixture through a_ fluidized bed of 1§
Fischer synthesis calalyst in the synthesis
zone under reactlon conditions of tem- -

-perature and pressure, whersin the said
mixturs-is dilutad with steam. -

Tiated this 9th day of July, 1946.

: D, YOUNG & CQ.,. ~
- 2%, Southampton Buildings,
Chancery Lane, London, W.(.2.

Agents for the Applicant. -

Leamington Spa: Printed for His Majesty’s Statlonery Office by the Courier Press.— 1948
Published st The Patent Office, 25, Soutbarmpton Buildings, T.ondon, W.C.2, from whith -
eopies, price 2s. 0d. cach (inlend) 2s, 14. {dbrosd) may be ohtained.




[This Drawing is a reproduction of the Original on o reduced. .s*ca!e.;.?
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