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to Speclficatlon No. 664346,

THE FATERT COFFICE,
Ath October, 1982

LD HNTHoval  TReLhclds Qid angans or
effecting such conversion with fluidized
ratalyst of the iron fype.

The present invention provides a pro-
vess of effecting synthesis of hividrocarhons
snd oxvgenated componnds with a fluid-
fzed iron ealalyst having o particle size
chiefly within the range of about 1 to
200 microns in whick process a synihesis
gns charge containing hvdrogen, rarhon
monoxide and carbon diozide I jrassed
upwardly throurh a reaction zene eon-
taining o large amount of said catalyst
at sueh a rate as to maintain the ecatnlyst
in deose phase fluidized condition ai o
synthesix temperature of at least shont
850° . and a synfhesis pressure higher
thau 150 pouads per square inch. which
comprited emploving o feerll gas composi-
tion in which the FL,: €0:C0. ratio in
the total synthesiz gas charge is in the
range of 2—6:1:1—3 and fhe guolient
of mol. per cent. H., multiplied by mel
ner cent. 00, and divided by the squure
of {he mol. per cent. (0 In the total syn-
thesiz gas charge iz a value in the range
of aboul 3 to 9. the feed zos compoaition
thus being sufficiently dilute in earbon
monoxide conrentration wad sufficiently
rich in hydrogen and carhon dioxide fn
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turbulence ' or become defluidized amil
no variation in wertical gas velocity
could reestghlish the desired tuthulent

fuidized condition. Tha catalyst particles.

in sach cases appeared to “ get ** and Hhe
npwardly fowing gas to chammel. An
importunt ohject of this invenHon is to
provide a method and means for prevent-
ing thi= loss of fluidization,

A very important prohlem was that of

Abrecting the synthel reaction feward the

formation of desired products. An ohjert
of this invention iz to provide methods
and wesns for preventing conversion of
earbon. monuxide to earhen dioxide. for
prometing the formation of water as m
oxreenafed product instead of C0,. for
obiaining Yiquid or condensible hydro-
earhon products instead of methane, and
for uvoiding exressive earbonacecus de-
posits on the catalysi. A further ohicet s
to rnreduce from o given amount of
methane (natural gas) maxzimonm wields
of ansolinre components and maferials
readily convertible to high quality gaso-
Hne by known auxiliaxy processes such
az_polymerization, alkylation, eatalstie
refining. ste.
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We, Sravornman Q. ann Gas Coupany,

“a corporation organised undez the laws of :

the State of Delaware, Tnited States of izetion.

America, of City of Tulsa, State of Okla-
5 homa, United States of America, do

herehy declare the nature of this inven-

tion snd in what manner the same is lo
" be performed, ta be parbicutarly desoribed
sad ascerfained in and by the following
gtaternent: —

Thiy invention relates to synthol con-
version, i.e., to the reaction of hydrogen
with earbon monoxide to produce hydro-
carhons and usygenated organic com-
15 pounds, and it perfains more paxticularly .
to improved methods and wmaans for catalyst during s run was found to ¢ lose
effeoting such conversion ‘with fuidized
walalyst of the irom fype. ] .

The present invenbion provides a pro- could reestablish fthe
coss of efecting synthesis of hydrocarbons
and oxygenated compounds with & Suid-
ized irom ostalyst having a particle size
chiefiy within the renge of about 1 te
200 microns in which process a syathesis
gas charge containing hydrogen, carhon
monoxide and carbon dioxide is passcd
upwardly through a reacfion zoma con-
taining a large amount of seid catolyst
wt yuch & rate as to maintain the catalyst
in dense phase fluidized condition at a
synthesis femperature of at leest aboub
550° F. und a synthesis pressurs higher
than 150 pounds per square inch, which
vomprises emploving o feed gas composi-
fion in which the H,:00:C0, ratio in
the total synthesis gas charpe is in the
range of 2—6:1:1—3 and the geotient
of mol. per cent. H, multiplied by wmol.
per cent. (00, and divided by the square
of the mol. per cent. 0O iz the fobal syn-
thesls gas charge iz o value in the range
of ahont 3 10 9, the feed zes composition
thus being snfficiently diluts in carbon ‘
monoxide voncenlration and sufficiently refining, sto.
rich in hydrogen and carbon dioxide o

[Price 2]-1 .

#7  COMPLETE SPLCIFICATFON

Imiprovements in or relating to the Synthesis of Hydrocarbons
and Oxygenated Organic Compounds

enable continuous operation over a long
parisd of time without cutalyst defluid-

Tt ie known that when hydrogen-vazbon
monoxide pas mixtures ove contacted with 50
fluidized iron catalysts ut temperabures in
the range of 580675 F, and pressures
in the range of 150 {c 3560 pounds per
square ineh,. hydrooarbons of more than

two carbon atoms per molecule may be 55

synthesized along witk a certain smount
v -uxygeasted erganic compounds, Many
problems, hawever, have stood in the way
of the commereial feanibility of such pro-
cesses, Tor some nnexplainabie reason the 80

turbulence ¥ or become defiuidined and
no varistion in vertieal gar velocity
desived turbulent
fluidized cundition. The eatalyst particles.65
in such cases appeared to °“ set *’ and the
upwardly flowing gas to channel. An
importani object .pf this invention is fo
provide z method and means for prevent-
ing this loss of Anidization,

A very important problem was thal of
directing the synthel reaction toward the
formation of desired producis. An object
of this inventbion:is to provide methods
and means for preventing conversion of T8
earben ammoxids to carbon dioxide, for
prometing the formation of water as an
oxygenated produet instead of (0,, for
obaining lignid. or condensible hydro-
carbon products, ingtead of methane, and B0
for avolding exoessive carbonaceous de- -
nosits on the catalyst, A further object is
to mroduce from a giver amount wof
methane (natoral gas) mazximuom yields
of gagoline components and maferials 85
readily convertibie fo high guality gaso-
line by known asuxiliary processes such
as polymerization, alkylation, catalytia

The hydrogen-carbon mopozide mix- 90
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i.e., tha so-called synthesis gas or °* make
gas,” way be produced in a wide varicty
of ways from a wide variefy source of
matericls. An object of this nvention i
to provide an improved correlation ve-
tween the synthesis was preparation and
the synthesis operation per se whereby
masinvem atilization cen be obtained oi
10 both the hydrogen and carbon monoxidu
contents of the synthesis gos. With
methene as & source of the cazhan com-
povent, the objeet is to react it with ox7-
gen to produce a maximum yisld of
18 hydrogen and carhon monoxide n aboui
a 1.8:1 ta 2:1 ratio and tn utilize this
charge substantially guantifafively in
the aynthol conversion step. |
In praciicing the invention wundue
%0 yaounts of nitrogen in the synthesis gas

=]

may be avoided hy using relatively pure

oxygen instead of air for effecting the

synthesis gas production. By separately

the oxygen and mefhanc
25 streams to at leash about 1000° F. and
. then effecting dirert partial combustion
under o pressure in the range of about 200

0 about 800 p.si. and ab a temperature

of at least about 2200° F., and by using

80 ahowt 1074 excess oxygen in the combus-
Hon sten a svnthesis ges can be obtained

of which 90 to 959 consists of hydrogen
and earbon monoxide in the ratio of about
1.8:1 to 2:1, the balance, exciusive of

35 pitrogen, being  chiefly unconverted
mathane and carbon dioxide (the water
formed heing removed from the symthesis

gas by a serubbing operation). The syn-
thesis gay can of course be obtained from

40 Lpown rveformer operations ox by any
other kpown processes employing such
ragw materials as earhnn, carbon dioxyie,
bydrucarbons, steam, and other materinls
containing earbon and for oxygen. ..

45 i hag been found fthat if synthesis gas
containing about 30 to 359% carbon mon-
axide is charged to the symthesis step as
produced, an active syuthesis catalyst be-
comes deflnidized and the process Is Ten-

60 dared practieally inoperative. Umnex-
pectedly it hes been discovored that by
properly limiting the catbon monoexide
content of the gas charged ta the syu-
thesis step, the catalyst does not beecome

85 defloidized but on the conirary remalns
remarkably effective for long perinds of
time in producing the desired results. The
limiting. of the carbon monoxide content

is bost effected by admizing with the

80 inake gas certain amounts of ame o7 more
inert gas diluents, preferably by re-
eyeling nertain materinls snch as tail gas
recovered from other parts of the system.

_ The total gas charge introduced al the
83 Jase of tha aynthol reactor shonld not cun-

._ preheaating

ture employed for syathol conversion, |

fain more than 15 mel, per cent. and pre-
ferably not more than sbout 12 mol. per
cent. of carbon monoxide during normal
operaticn. When starting up with very
aetive catalyst it is essential that the per 0
vent. uf carbon monoxide in the total inlet
gas be relatively small; for such entalyst
it is best to start with a gas confaining
cely about 29 of carbon monoxide end
then fo pradually increase the carbon T
monoxide sontent over a perind of
bours uniil the limifing valoe of
about 1U% is reached althongh this
limiting value in some cases may be
us low as about 8 or 99 and in other cuses 80
may be as high asg 15%. When starting
up with a relatively inactive caialyst the
full amount of earbon monoxide may be
used in the svnihesis gas from the very
heginning.

he nagture of the diluent sas is alse
of great imporiance. For optimum eon-
version the synthesis reaction should he
sabstantially :

aCD + 2nH,—>(CH,)n 4 nH,0 80

In other words, production of G0, should
ba eliminated as far as pnsaifﬂe. Tt
appears thai the relation befween CO, H.,
(0, and H,0 from tha synthesis reactor
15 diclated by the water gas equilibrizm: §i

Hg + COQF)CO + ]Izo
(C0) (Hy)
A g
(CO) (H.0)

Thus, with a2 given conversion of CO and
a corresponding necessary elimination of
vxygen as 00, or Hy0, the addition of 10t
excess U0, or H, in the reactor feed will
favour the production of H,0 over CU,,
such thai no net eonversion of (10 to !36’ﬂ
wilt result.

The best sonres for such excess 0, or 10

=ca 25

JH, is the tail gas from fthe synthesis reae-

tion and whether or not such tail gas pre-
dominaies in H, or CO, depends ta a con-
sidarable extent on the nalure of the syn-
thesls gas op make gas employed. With 11(
optimum wake gas containing an H,: 0O
ratin of shont L.8:1 to 2:1, the diluent
gas is chiefly carbon diaxide which is
preferable as a diluenl beenuse exees-
sively lorge amounis of hydrogen in thellb
synthesis reactor tend to promote the
formation of methane at the expense of
higher hoiling hydrocarhons.

For optimum synthesis conversion it is
important to maintain in the reactor 12
charge a rather closely _ defined
H:C0:C0, ratio. This ratio sheuld be
approximately 8$:1:2 although it may
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vary within the zange 2—8:1:1—8.

10

i

30

35

45

When the amount of hgélmgen ig rela-
tively large the amount of carbon dioxida
may be relofively small and wice verse
and the relationship between snch
amounts and the amount of carbon
monexide may be expressed by the egua-
tion

() (005
©0yr

where ¥ has a numeriral value of abont
8, i.e., within the rangc of about 3 to 9.
T uther words, the mol. ar volume per
cent. of H,, C0 and 0O, in the fotal feed
gos entering the syuthesis reactor should
Be in the ratio of 2-—6:1:2:1—8 and the
amounts should also be such as to give a
value for Z of -approximstely 8 1n the
abnva equation. As above indicated, the
volume or mal. per cent. of OO in the
gynthesis reactor charge shonld ba mnot
more than 159 and prefecably not more
than sbout 129% and with only a small
amount of nitrogen present may be of the
order of aboub 10%. The 8:1:2 ratio will
thus mean that the charge should contain
approximately 30% hydrogen, 10% car-
hon monoxide and 209 corbon dioxide
giving a % number of about 6. If She
charge containe 609 hydrogen and 10%
carbun mmonoxide it meed only conlain
ahout 10% rarbon dioxide for the same
% pumber. If the charge condains only
259%: hydrogen and 109 carbon monoxide
it will have to contain about 24% oarbon.
dioxide for » Z number of 6. As above
gtated. the 7 number for optimaum opera-
tons should be within tha range of about
3 to 9. The balance of the make gas may
be ulfrogen, methane, sthane, bud such
make gas should be substantiaily fres
from water, :

The total make gas is passed upwardly
{brough & fuidized mass of iron cotalyst
at n temperature in the range of 550 to

675° T*., prafarably of at least B50° F..

ab a pressure in the range of 150 fo 350
n.s.i., preferably at least 250 p.si. and
at & space veloeity equivalent to charging
about 5 to 15, ¢.g., about 10 cubic feel of

50 carbon menoxide per hour per pound of

iron celalyst in the synthesis nwn?ersion
gona, Throughout this specification all
ong volumes ave those measured ot atmo-
spheric pressure end 60° F. and all ges
percentages nnless otherwise specified are
on a mol. or volame per cent. basis.

The synthesiz reaction is highly exe-
thermic and it ie imporéant that the fem-
peraturs within the reaction zome be held
within rather narrow Limits, Vertical heat
exchange tubes may be employed Zor

remuving the bulk of the heat of reaction
provided thet the tnube surfaces be spaced
irom each other by about at least 2 or 3
inches (to avoid interference with cata-
lyst fluidization and necossary {uchbu-
lence) and provided fhat the minimum
temperalure of the tnbe sarfaces be of
the order of 300" F. At least a portion
of the cooling wmay be effected by contact-
Ing a portion of the catalyst with incom-
ing feed goses in order o prehest them
to u conversion femperature. A portion
uf the cooling ‘may be effected by intro-
ducing o relatively cool imert gas ut
plurality of points in & synthesis one or
by spraying inte said zome a vaporizable
uid sueh as a hydrocarbon produet
eomponent which boils below convedsion
femyperuture prevailing in the syunthesis
zone, If ench liquid is employed it should
be sprayed inte the fiwidired catalyst in
very finely divided forme so that minunte
droplets may be suspended in the upfow-
ing was siream in much the seme way as
catalyst particles are suspended therain;
the calalyst purticlas guiekly collide with
and are partially weited by the liquid
droplets and thers should not be o sulli-
clent mass of liguid at eny point fo eause
catalyst agglomeration by sn unduc
wetting of the catalyst particles.
Catalyst particles are separated from
the gases and vapours in the upper purh
of the synthesis. reaction zone and the
substantially - ceatalyst-free gases and
vapours are then cooled tu effect at least
partial condensation of product fractions
which are smbetantially higher boiling
than water., The wncondensed poriHon of
the reactor sffluent stream may then be
fractionated in any conventional manner
fo separate aqueoms from hydrocarbon
prodwets and 0 remove unreacted hydru-
gen, carbon dioxide, methane, ste, as a
tail gas, a portion of which is vented for
effecting a nitrogen purge and another
portion of which (substantially free from
water) is preferably recycled to form a
eomponent of the tofal synthesie gas
charged to the synthesis conversion zone.
The optimum amouent of gas thus recyeled
may he about twice the amount of fresh
gynthesis gas produced by partial oxida-

tion of methane with pure oxygen as 1

heveinabove deseribed.

The invenbion will be more clearly
nnderstood from the following deseription
ol o specific example thereof read in con-
junciion with thes accompanying draw-
ings which form a part of this specifica-
{ion and in which :

Tigure 1 is.a graph illustrating pos-
sible reactions in the methans oxidation
step and the eguilibrivm product com-
posttion ohtained;
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Figure 2 is o graph showing the nef
production or comsumplion of GO, as a
funetion of the CU content of a fotal syn-
thesizs gus feed, said CO content heiny

veried by adjusting the recycle ratic of

tail gas {(conbgining H,, CO, aond
methane) to fresh feed gas;

Figure 8 is a schematic How dingram
ot o commereial synthol plant for produc-
ing approximately 4000 to 5000 barrels
per day of lignid and condensible hydzo-
carbons. . :

Referring first {o Figure 1, the graph
thereby presented shows the correlution
hetwean the per cent., conversion of
methane and the ratin of oxygen and
methane in the feed gases to a combustion
chamber.
shown thai the primary reactior in the
combustion is that iHusirated by curve 11
und that oxygen reacts prefereatislly
with methune in the presencs of hydrogen
and earhon monoxide. Complete combus-
tion indicated by curve 12 is substantiaily
avoided by effecting the combmstion with

an gmount of oxzygen which is only "
slightly, e.g., about 10%, in ezcess of
that required to produce only carhon’
‘monoxide and hydrogen as shown In cueve

13. By effecting the combustion af a tam-
peraiure of the order of 2800° F. some of
ile water produced by the reaction of
curve 11 evidently remcls with n}ethane
to give vne mol, of carbon monoxide and
3 mols. of hydrogen, From equilibrimm
curve 14 it wiil ha seen thet for meximum
methane cenversion to H, and €O without
unduly increasing the proportion of oxy-
gen, the oxygen methane feed ratio
should he from about 0.5 to about 0.6 so
that for practical purposes a ratio of
about .55 5110111(1 he used, this ecrrespond-
ing to about 55 mols. of vxygen per 100
mals. of maethame, The resulting parbial

vxiGation products affer removing water

will constitute about 90 to 359, hydrogen
and carbon monoxide o the ratio of abont
1.8:Tto 2:1. o

In Figure 2 the reletionship is shown
between the mol. per eent. of carbon man-

axidle in fotsl synthesis gas feed and the -
net conswmpiion or production of earhon -

divxide, The fresh feed eomponent of the
total feed in the esample illustrated by
Figure 2 was produced by reforming
meathane with sicom and earhon dioxide
and it contained about 5% CO0,, 17% CO.
71% H,, 5% CH4 end 2% N.. Tt is krowa
that with & high mol. per cent. of cathon
monoxide in the totel feed, e.g., an

‘amount pf the order of 20 to 30%. almnst

as mueh of the carhen monoxide Is con-

Txtensive investigation has -

" for maxinium eonversion to hyidroearhems,

menoxide in the tofal synthesis gns feed

verted {o curbon dioxide us is converied

" into useful products. As tha maol. per cent,

of carbon monoxide is decreased from
ahout 17% dawn to about 129 by recyele
of more and more tail gas containing
large amounts of H, aud CO, but rele-
tively small amounts of CO and H,0, the
convarsinn of CQ to €0, in the synthesis
zole decreases from about 229 to 0%
wiilh o corresponding increase in the von-
varsion of CO 1o hygror;arhuns. ‘When the
carbon monoxide content of the total syn-
thesis reactor feed is still further lowered,
there is actuwal conversion of CO, te
hydroearbons. Cenversion of CO, is nnde-
sirable because of its unduly hizh heat of
reaction and ifs excessive cousumplion of
hydrogen, Conversion of GO 1o GO, i
nndesirable because it Jeercases the total
yield of hydrocarbons from a given syn-

“ihesiy was containing H, and CO iw .

ratio of at least about 2:1.

In general the optimmm eondifions
include (1) the use in the total synthesis
gas feed of an amount of carbon
monoxide sufficiently small fo prevent
defluidization difficulties and to provide

(2) an H,:00:C0O, ratio of aboul 3:1:2
or within the range of 2—6:1:1—3 and
(3} u Z number of approximately G, i.e.,
within the range of about 8 to &. The
precise amonnt of. carbon monoxide in the
total synthesis gas for opiimum condi-
tions will depend to a considerable extent
on the nature of the fresh feed gas or
make gas which is svailable. If such fresh

-

]

70y

80

a6

feed gas contains . and €0 in a ratio (00

below about 1.8:1 so that there iz an
actual hydrogen deficieney for maximum
couversion to lydrocarboms, then the
optimum mol. per eent. of carhon

maxr he somewhat greater than 12%, e.z.,
ashout 18 to 15%. If such fresh feed gas
conbains H. and C0 iz a ralio of 4:1 or
more so that there is a deficleney of (0

for maximum conversion to hydrecarbon 1
products, then {ke oplimom mol. per
‘cént, of carbon monoxide in the fotal syn.

thesis gas feed mav be lower than 129
and even as low as B to 109%. (Generally
speaking, however, the three reymire-
menfs hereinabove specified define fhe
optimum fotal charging stock composi-
tion.

As examples of how such fotal feed gas
can be oblained by reeyeling #ail gas 1
operations employing reformer fresh feed
and partiel combustion fresh feed respan.
tively, (nszuming ahsence of nifrosen?.
the following tables ure illustrative:
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Operation. with Ho— Rich Reformar Fresh Feed

Total Feed
(1.2:1
Fresh Feed Tail Gias Reecyele  rooyele)
» 5 ™ - - = 88 5? 62
GO - - - - 20 3 104
o, - - - . 7 15 11
CH, eto. - - - b 25 17
H,:C0:00, ratin 3.4:1:0,35 18:1:5 6:1:1
Z number - - 1.2 25 6.3
Operation With DPartial Combustion Fresh Heed
_ Total Feed
_ Hresh Feed Tail Gas (2:1 recycle)
.L[g - - - - 62 24 3‘7
co - - - - 33 3 13
Gog " = - - 3 30 24
CH, elc. -~ - - 2 33 26
H,:00:C0, ratio 1.9:1:0.1 8:1:12 5:1:2
Z nuwmber - - 0.17 04 5

Vigure 8 schematically shows a flow
diagram of a synthol unit designed to
produce about 4000 to 5000 barrels per
day of liguid and condemsible hydro-
carbon product. In this system the raw
materials are natural gas from sourece 20
and air from source 21. About 175,000,000
enhie fest per day of air is compressed by
compressor 22 to about 75 pounds per
square Inch and passed through aw exygen

roduetion system 28 of the modified
:Einde-Fraukl type for producing aboui
28,000,000 subic feat per day of relatively
Pure oxygen, the nitrogen being vented
fram the system through line 24. Briefly,
the air ig passed throu%h a heat exchanger
ani nnnlaé to about —276* F. by indirect
countoreurrent contact with eold product
gases. Abont four-fifths of this cold eir is
efficiently fractionated at very low tem-
Perature fo separwte oxygen irom mnitro-
gen, the reflux or cooling nacessary for
elfecting this fractionation being supplied
hy expanding about one-fifth of the co]:d
air af low pressure through an efficient air
exvhanger, The final oxygen product
stream as wall as nitrogen and expanded
air are used in the inifial countercurrent
heat exchanger for effecling the regenera-
tion and the direction of fow through the
heat exchanger is periodically reversed so
that any impurities which might condense
out on exchanger tubes are hlown out with
nifrogen and exit gases. By this means
about 28,000,000 cubic feet per day of
%:ure oxygen can be produced. It should

a undersiood that this relatively pure
oxygen may be produced by sny other
Tknown process and since this step per se
forma no part of the present invention it

. pregsor will raise 1t to such pressure.

will not be described in further detfail.
The 28,000,000 cubic feef per day of
oxygen is  passed by compressor 23
through preheater coils ¥5 in furnace 27
t0 nozzle 28 which may be jacketed at its
dischurge emd or made of refractory
material in combustion chamber 29,
Similurly about 50,000,008 cubic fest per
day of methane is introduced by line 30
through preheating coils 31 fo nozzle 82
which extends into combustion gome 29
adjacent nozzle 28 and which is likewise
jooketed ab ils discharge end or con-
gtructed of refractory material. The
methane, when oblained us a natural gas,

60

G5

70

may already be at the desired pressurc of 76

about 250 to 300 p.e.i., otherwise a com-
Ii
the methane contains substantial amounts
of sulphur il may be pretreated by known
means for sulphorremoval, In the prehent-
ing step both the methane and the oxygen
are raised fo a temperature of approxi-
mately 1000 F. or more, i.e., tn tem-
peratures sy high as ara fersible in aveil-
able equipment without fmpairing either
the charge mnaterials or the squipment,
The combustion zene 20 may be a
hollow vessel provided with a refractory
lining of xirconia or other suitable
muterial heavily insulated and preferably
water-jacketed. Partial combustion of the
methane with the nxygen takes place in
the upper portion of $he combustion mone
and in the lower portion thereof, below
baflles 88, heat exchange tubes 34 may be
employed for converfing water into hizh
bressure sleam or for any other purpose,
Ii combustion chamber 29 is hegted for
sxample by electrical mesns to maintain

80
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the lemperature therein above 2200° F.,
and preferably at least abowt 2300° F. no
prebeating of -the gases will be requized
but it is important in the absence of cata-
Iyst that the combustion be effected uf o
temperature of ui least 2200° F. in order
to obtain the desired HH, : CO ratio and fo
avold furnsiion of carbon or coke. The
temperature of the parkial combustion
gonc 28 mey he materially lowered by
employing suituble catalysts in the com-
Lustion zome and although many such
caialysts are konown fo the arf, such as
nickel monnted on firebrick, expericnee
15 has shown thet they sre pabject fo fouling
by carhon deposits or otherwise so that
the themal proecess now appeurs mosh
_advontareous. The vompositicn of the
aescous stream leaving combusiion cham-
ber 29 muy be approximately as follows

16

ficles whieh may be enfrained in the gas. 35
The net water productlon iz removed
through line 33 and water is continnonsly
recyeled by pump 89 in cooler 40 back o
the top of the tower. Tf the charging stock
for the vombustion zone was not substan- 4f
tially free from sulphur the dried gases
may be desulphurized at this stage in the
process by any known means for sulphur
removal.

The vaw synibesis gas from the top of 45
sernbber 36 is passed by iine 41 tn zeactor
feed line 42 and into the rcactor feed line
a ddilnent pas is inivadused through
eifher line 48 or line 44. In starting up
the process with a very aclive cafalyst the 50
total feed gosshould have a very low con-
gentration of carbon monoxide, for ox-
ample, ahout 1 to 53%. This low concen-
tration may be obtained by changing

20
on a2 volums or mol. per cenb. basis conditions in combustion zone 29 to make 35
(exeluding nitrogen and affer condensa- gas of low carbon monoxide content
fion, of water): . gnd high CO. content or by adding &
_ dilnent ras, such as carbon dioxide, from
Unreacted methane: - 2% . such externnl point as line 44. The carhon
25 Carbom diowida - - 8% monoxide content of the total reacior 60
" - - - - 8% charge may be gradually inereased from
a0 - - - - 389 about 2% to about 129 over a period of
H.CO ratio -~ - 159 2 to 20 hours or more, During nprmal
- operation, however, the synthesis gas step
The yasv synthesis gas is then passed by is  operated wnder conditions above 6
30 line 35 {o scrubber 306 wherein it is. described and approximately 2 volumes
scrubbed by water introduced ithrough of diluent gas is nfroduced by recyele in
lize 87 for vondensing and removing the #he synthol system per se. The toial
water produced in the partial combustion  reactor vharge will thus be approximaiely
step and for removing any carbon par- as follews on 2 nitragen-free basis: T
Mol, percent. in:
Tatal
Component Fresh Feed Recyele Synthesis Fped
Hydroearbon - - 3 38 26
75 2 - - 3 2 35 24
' H - - - - 6 24 37
¢ - - - - 33 3 18
This total synthesis feed is passed up-  bonate, heat the mixture to o temperature
wardly through a fuidized dense-phase above 1:000° C., i.e., fo effect imcipient 9€

80 turbulent mass of finely divided Iron cata-
lyst particles in reactor 46. The iron cata-
iyst may be prepared in any lmown
mgnuer, for example, pure iron may be

bnreed in a stream of oxygen, the oxide -

85 (Fe,0,) may be fused, ground to desired
parficle size, reduced and used as such.
Pramoters may be added to the mass
undergoing fusinn such, for example, os
a amull amoeunt of silicon, alumina,

90 fHitania, or alkali metal,

A preferred method of catalyst pre-
paratten is 1o admix hematite (Fe,0.)
with about 2% or more potassivm eaz-

fusing or sinfering, and to eonvert the
irnn oxide to Fe,0,, exiracl exvess polus-
sium [rom the sintered mass with water

so thet only about 1 to 29, e.g., ahout

- .5% potassinm will remain, reduce the 1y
Fe, (0, coniuiming the residual potassinm
_ by treatment with hydregen for a period
of hours at & temperature of shout 600 e
about 1000* T. and grind the reduced
particles to desired purticle size. Alter-
netively, the grinding step may precede
the redurtion step and the reduciion may
be effecfed while the solids are flnidized
in an wpllowing hydrogen stream buf in

i
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this case the veduciion bemperature
should not exceed about 700 to 800° Y.
and for sufficient rednetion it may require
a period of 10 to 80 hours or more. Ii s
& unnecess that the ecatelyst he com-
plelely reduced and in fact complete ve-
duetion or long contact with hydrogen
appears to resulb in chemically adsorbed
hydrogen which renders the catalyst ex-
10 tremely active and which malkes if even
more meeessary to initiate the reaction
with u low carbow monoxide content in the
entering gas stream. Although the pre-
cige chemical nature of the catalyst par-
18 ticles cannut be defined with precision i%
appears to he o mixture of reduced Fe and
e awl in the gynthesis wone a portion
thereof is converted to Fe,C. Polassinm
stabilizes the state of reduetion of the iron
20 and may be initially added as a carbonate
aa phove deseribed or as a fluoride ar other
galt or uxide such, for example, as KF,
When sodium is employed instead of
potassium as g stabilizer it should be used
25 In much smaller amounts, usually about
1/10 o5 mueh as in the case of potassium.
Small amounts of vther materials or mefal
oxides may be employed with the catalyst
in manners and for purposes well kmown

a0 to the axt,
It iz immportant not only that the cata-
Yyst be of proper chemical composition
sud struelure hut also that it be of a
physieal form  which will enable
a5 fimdigsation. The particle size of the
catalyst should be chisfly in the ramge of
about 1 {o 200 microos and preferably in
the range of shout 2 $o 1({) microns and
for optiwym, results the partioles should
40 be of indeseriminate or different sizes
rather then uniformly sized, The bulk
density of the compacted catalyst par-
ticles may he about 100} to 160 pounds par
eubic foot bub when fluidized by the up-
45 wurd passage of gases at the rate of about
1 to 3 feet per sscond, preferably 1% to 2
foet per second, the fluidized densily is
helew about 90 pounds per cubie fopt and
mey range from shout 25 to 76 pounds or
50 of the crder of 50 pounds per cubic foot.
With extended use the cstalyst particles
appear to pick up earbon or carbonacecus
deposits which markedly deerease their
dengity. In expressing space velocilies,
hH the fterm °° eatelyst *? is uwsed fo refer tn
{he iron vonbact thereof regardless of any
earhon  deposits that may be earried
therehy. Tnder properly eontrolled com-
ditions o calalysl mov be operated for
60 long neriods of time without regeneration
but if and when the catalyst beeomes in-
active or becomes coated with exzcessive
amounts of earbonaceous material it may
be regenerated by oxidation o remove the
65 majer poriion of the carbonacsous

walerial followed by hydrogenation to
reconverk cotalyst to its original
state. Such regeneration may he affected
continurusly or inlermitiently either in
the venctor itself (by interrupling charg- 70
ing stock flow) or in exbernal vessels pro-
vided for this purpose.

The reaclor itself muy be of varioms
designs but in this case i consists of o
cylindrical vessel sbout 24 feet in 75
diameter and about 40 to 50 feet in height,
the upper portion. thereof being prefer-

ably enlarged (o expedile the settling of

catalyst particles from ascending gases.
To provide for heat removel S-inch owit- R0
side diameter tubes 47 may he secured at
their npper ends in header plate 48, the
tubes being closed ab their lowar end and
upen a} their npper end, These tubes may
be geometrically arranged throughout the 83
ercas-sectional.. area of the reacior on
centers of af lcast 6 inches so that the
tube surfaces will be abont 8 inches apart;
if heat exchange surfaces arc oo closely
spaced proper fluidizufion and turbulence 80
iz inferfered with and difficultics are
encouniarsd in proper operation of the
unit. Tubes 49 may be about Ll-inch ID
and they extend econcentrically down-
wardly in fubes 47 to a point udjacent the 95
cloged cnds thersof, e upper ends of
tubes 49 are securad Ity welding or other-
wige to header plate 50 and the top 51 of
the reaction vessel forms with header
plate 50 a distributing veservoir for cool- 100
ing fluid which passes downwardly
throngh tubes 49, then upwardly throngh
tubes 47 (and around tubes 48) to the
gpace between headers 48 and E0 and
thence through line 52 to vesssl 53. Thae 106
cooling fluid may be a lquid such as that
Tnown by the Hegistered Trade Mark
* Dowtherm * which vaporizes at o tem-
perature halow but within 50* of the de-
sirad conversion temperalure but it is
preferved fo simply introduce water under
confrolled pressare for the generation of
steam. Water may be preheated by
reactor effuent and introduced through
line 54 fo vessel 58. Hot water pasgesild
through line 55 to various portions of the
reservoir bebween hender 50 and wveasel top
21, Meam is discharged through line 8.
Tt should be understood, of course, that
other methods of removing heat may be 120
employed without deparfing from the
invention.

A distribufor grid 57 may be empleyed
at the hase of fhe reuctor sufficiently
belotw the bottoms of tubes 47 to allow for 125
thermal expansion and this distributor
erid may be provided with openings of
sueh size and shape as fo prevent the
catalyst particles from passing down-
wardly thercthrough against the wpfow- 130

110
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ing gases, Baflles 58 may be employed in
addifion to the grid for effecting gas dis-
fribution. Aliernatively the disizibutor
grid may be omitted, the cooling tubes
may extend fo approximalely the base of
the reavtor and llie incoming pases may
ba introdeced af spreed points ot the hase
of the reactor for ohizining proper distri-
huiion.

The synthesis remelion in fhis par

ticular ease is efiented 2t a temperature

of about G0U° T, aml a pressurc of about
250 pounds per square mch, To handle
about 400,000,000 cubie feet por day of
total gas chorged this reactor may have a
dipmeter of approximately 24 feel so that
it will have & cross-seciivnal area of about
140} square feet which allowing ahout 200%
for rooling tube area, gives an cifective
eross-seetional sxen of about 360 sguare
feet. Tnder couversion conditions this
will give a vertical gas velecily to the

-reuctor of about 1.8 fast per secand ; the

amount of catalyst in the reactor based

on iron comtent should he cne pound of
iron catalyst for each 5 to 15, e.g., ahout

10 cubic feet per honr of earbon monoxide
charged so that in this oase the reactor
will econtain approximately 200,000 to
230,000 vounds of catalyst. The flvidized
density of the eatalyst may be about 55
ponnds per cubie feet so thet the depth
of the dense phase finidized bed may he
approximately 10 feet. Initaliy the
Huidized suspended dense catalysi mass
may only he 7 or 8 feet in depth and after
the eatalyst has decreased in demsity be-
eause of carhomaceous acenmulations
thereon the depth of the fluidized dense
Phase vafalyst may be 15 or even 20 feet
or maore, the important considerations
being that culalyst ut all fimes remain in
o demse phasa furhulent fluidized condi-
tior and that the smount of iron catalyst
Leing within the ranga above specified.
Yt a Hguid is used for a cooling or
diluent eftect, it should ha sprayed into
the demse phase as very small droplets
which may he suspended in tha upfowing
ases In mieh the same way as cotalyst is
suspended therein and which almoust
wstantanevusly cause a partial wetting of

the particles and a cooling thereof by

vaporization therefrom. Introduction of
a Targe mass of liguid af one point should
he aveided sinve this will lead tp an undus
wetting of the eatalyst particles which in
turn may disrupt the fluidization by caus-
ing agglomeration. Hydroearhon liguid
meay be intreduced through eny one or
more of lines 59—55Y through distri-
butors 60007 the amount introduced
at any point being determined by the
relative umonnt of renction and eonse-
quent gaz shrinkage at that point, An

eyclone 65 and dip leg 66.

inert cooling gas may he introduced
thrvugh iine t1. Catalyst may be recyeled
through standpipe 62 wi& Incoming
chiarge {o preheat said charge to approxi-
mately reaction temperaturc and to pro-
mate catalyst eirculation. If o large pro-
portion of the heat is thus employed for
preheating the charge gases, simple cal-
calation will show that large amonnts of
the ratalyst will have to be so circulated,

To minimize carry-over of eatalyst

. solids from the reactor the upper parl of

the reactor may be of layger diameter to
increase the effactivensss of gravity
settling and eyclone separators 62 may he
mounted in this upper enlarged portion to
knaek back the sepsrated solids through
dinp leg 64, Yo & reaclor designed tn
operate at super atmospheriec pressure con-
siderable savings may be effected hy
mounling the cyelones inside the reactor
and any number of such cyelones may be

-employed. Aliernatively or additionally,

Lowever, such eyclomes may be mounted
outside the resetor as illustrated by

. The effluent Treacior stream after
removul of eatalysts solids therefrom
passes by line 67 o a partial condensing

ruadensation may he cffected in a water
cnoled exchanger or in a scrubber wherein
the product stream s eountercurrenily
contacted with 2 cooled portivn of the
profaet or other relatively cool-serubbing
liguid. For effecting eondensation com-
ponents suhstantially higher boiling than
water this condensed hydroearbon {rae-
tion higher hoiling than water may be

70

7h

80

85

8o

sxstem 68 and separator 69, The partial 96

100

introduced through line 70 to a free-1p5

tionator 71, the henviest components mav
be withdrawn from ihe base of this frac-
tionator through line 72 and any catalyst
parlicles may be separated therefrom and
returned to the reactor by known means.
The overhead from the fractionator is
rondensed in conler ¥4 and introduced
into reeeiver 74, A part of the lgnid
from this receiver is returned by pump
75 {lirough line V6 #5p reflux in the frac-
fipnator. a porlion may ha withdrawn
through line 77 and a portien mavy Le
introdneed through line 78 ta ane or
more of lines 59—39' for injection jufa
the demse ratalyst phase as hereinahove
deseribed.,

- Pocundensed gases and vapours from
separator 69 pass by line 79 and conler 80
o serond separator 81 from which water
end watersoluble materials may be with-
dvawn throngh line 32 and condensed
hydrorarbons may be withdrawn through
line #3. TUncondensed gases and vapourz
fron thz top of this sepurator may be

ng

119

120

125

seriubbed with water in fower 84, with 130
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waler and water-recoverable materials

lieing withdrawn through line 85, Gases

from sernbber 84 pass eifher by lines 86

and 87 to compressor 88 which discharges
3 info recyele line 43 or by lines 36 aud 89
to absorber 9V, into the top of which
absorber oil is fntroduced through line 91.
Tnabsorbed guses leave the tfop of the
absorber through line 92 and o portion
of these gases is continuously or inter-
mittently  vented from the aystem
through line 93 as tuil pos, A portion of
the tail gns, however. muy he con-
tinnously recycled vin lines 92, 84, eom-
15 pressor B8 and line 43 to the reactor in
amounts controlled by valve 95,

Rich oil from the base of the absorber
is passed by pump 96, {although a pump
here may not be uecessary) heat ex-
changer 47 and heater 88 fo still 99 which
1z provided with a conventioual reboiler
100. Leon oil from the base of the still
may be returped by line 91, heat
exchanger 97, pump 96* and egoler 101
back to the top of the absorber 8. Any
conventional absorber oil may be
employed in this system the preferrad pil
Leing  thut actually produced in the
system sueh, for example, as hydro-
30 carbons frowm lines 77 or 83, or heavy

Lydrocurbor  eomponents  introduced
tharato through line 9.
The overhead from still Y9 passes by
line 102 fo condenser 103 and receiver
35 1U4, Gaoses from the fop of this receiver
may be reeyeled throush line 105 o
sbsorber S0, A portion of the condensate
from receiver lH is returned by pump
106 and line 107 to serve as veflux in still
40 99. The rest of the condenzats may e
withdrawn through line U8 or passed by
line 109 for admixture with hydro-
earhong from lines 77, 88, ete. The
above fractionation aystem las been
46 schematically illustrated and it shonld he
understood that azmy conventional frao-
fionatinn  systems may be employed.
Hydrocarbone boiling in the gasoline
Lotling range may be segregated in such
system (or later separated} and contacted
with a suifable catalyst sueh os silica
alumina eatalyst or hanxite at a tempera-
turc of about 200 to 1000° F.. at & pres-
sure of abont atmospherie to 90 pounds
55 per square inch and with o space veloeity
of about 2 to 20 liguid volumes per hour
per volume nf catalyst to improve the
octane number of the product and to ¢on-
vert any oxygen compounds contained in
a0 such froctione inte hydrocabome. Also
normuily waseous olefing from the system
may he polymerizad or alkviaiad hy
known means to still further angment
the ultimate yield of high qualily zaso-
65 line. The aqueous materiala withdrawn

16

20

g

through lines 82 and 87 contrin valuable
chemicals which may be separated by
known means or mesns now being
developed end whieh may sexrve as
valuable by-products of the synthol T0
aperation.

By operating in the wauner above de-
serilied the objects of the invention may
be accomplished. By mainfaining the
carbon menoxide content of the total ayn- 75
thesis gas feed to the reactor below 15%
and preferably not more than 12 mal. per
cent.,, by wainteining an H,:00:C0,
ratio in said total feed of about 3:1:2 or
within the range of 2—6:1:1—3, and by 80
mainteining .

(Ha) (COy)

(COy

at about 6 or within the range of 3 to 9,
the reaction is directed to substantially
eliminate conversion of carbon monaxide
o carhon dioxide in the conversion ste P
maximun production of desired products
is ohtained, and the problem of eatalyst
definidization is effectively solved. ('ata-
lyst life is enormously lengthened, vields
of valnable products are obtained far in
excess of those haretofore believaed to be
possible. The synthol process has been
made practicable for commercial use.
. While the invention hus heen deseribed 95
1n coanection with a specitfic cxample, it
should be understond that it is not Hwmited
thereto and that the example is merely
illustrative. Where the fresh make @as
contains relatively large amounts of 100
nitrogen, still larger amounts of nitrogen
may he recycled ang the sxmount of 0O in
the tofal synthesis feed gas may be rela-
tively low. Where a source of 00, is
available, it may be used as the fresh
synthesis mas dilueat (introduced throu el
Iine 44) and in this case np recyele of tail
gas may be necessary. This external ecap-
ban dioxide mayv be obiained from fue
gasen. from preheater 27 or from the ra-
generation of catalest employed for
frenting the hydraecarhon produet. Highly
artive iron cotalysts may require 2 some-
what lower ecarhon monoxide content
than less active catalysts but in mest 115
cases under mormal operating eonditions
the optimum total syathesis s feed will
be as hereinabove defined. If the dilucal
or recyeled mas vequired for ohtaining
the defined proportions is not sufficient o 120
maintain {he vertieal gas velorities in the
svnthesis zone at lenst ag great zs phout
1 doot per second, addifional oas or
vaporizahle linnid mav he introduced tnda
the dense ratalyst phase in order to Pre~ 125
vont defluidizaiion.

Tn the Bpecification of Letlers Patent
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No. 627,905 there is described and
claimed an improved process for the syn-
thesis of hydrooarbons containing 3 and
move earbon atoms in the molecule which
gomprises introduecing infe o syathesis
renction zone a feed mixture vomprising
corbon monoxide and bydrogen, sald feed
mixture being characterized in that the
ratio of hydrogen to carbon monoside is
not less than 3 mols. of hydrogen per niol.
of carbon nwouoxide, said feed snixiure
also being characterized in that the con-
centration of the carhon divxide is main-
tained at a relutively high level so that
the mol. ratio of hydrogen minus carbun
djoxide over carbon monoxide plus
curbon dioxide is mot in excess of 2, and
maintaining said reaction zone at a fem-
perature and pressure adopted to produce
the desired syothesls reaction.

Having now particularly deseribed and
uscertpined the natuze of our said inven-
tion amd in what manuer the same is to
be performed, we declave that what we
elaim is:—

1. A process of effecting synthesis of
hydrocarbons and osygenated ronepounds
with o fluidized iren catalyst having a
porticle size chiefly within the range of
ghout ¢ to 200 microns in which process
a synthesis gas charge confaining hydro-
gen, carbon monoxide und carbon diexide
is passed upwardly through a reaction
zone containing a lavge smonnt of seld
catalyst ab such o rate as o maintain the
catalyst in dense phase fuidized condi-
fiou ut a synthesis temperature of at least
ahont 530% F. and & synfhesis pressura
higher than 150 pounds per square inch,
which vomprises employing a feed gas
composition in which the H.:00:C0,
ratio in the total syuthesis gas charge is
in the vange of 2—8:1:1—3 and the
quotient of mol. per cent. H, multiplied
by mel. per cent. G0, and divided by the
square of the mol. per cenl. CO in the
total synthesis gas charge is = value In
the range of shout & to 9, the feed gas
composition thus being sefficiently dilutc
in enrhon monoxide coneentration and
sufficiently rich in hydrogen aud carbon
divxide t0 enable continuons operation
over a long period of time without eata-
lyst defluidization.

2, The process of claim 1 wherein the
amount of carbon 1nonoxide in the tofal

synthesis gag charge is within the 2ange
of shout 8 to 15 mol. per cent.

3., The prucess of either of the above
elaims wherein about 3 to 13 cubic feef
of carbon munoxide per hour (measured
al atmospheric pressure and 60° F.) Is
{ntroduced intv the reaction gzome per
pound of ivon calalyst contained therein.

4. The process of any of the above
claims which inciudes the step of re-
¢ycling a portion of the tail gas recoverad
from synthesis products in an amount
sufficient fo maintain the defined ratio of
I,:C0:C0, in the total synthesis gas
charge.

5. The process of any of the above
claims whevein the femperature is af least
850° F. and the pressure is at least 250
p.5.3. in the zone wherein thefluidized iron
catalyst is contacted with synthesis gas
charge,

6. The provess of any of the above
claims wherein the iron catalyst is pro-
dueed by heating an ivon oxide to 2 tem-
peratnre of ineipient fusion for convert-
ing it to Fe,0,, wherein the ecatalyst is
promoted with a small amount of potas-
sium and wherein the catalyst is reduced
with hydrogen before it is employed for
effecting synthesis.

7. The process of any of the ahove
¢laims which inelundes the step of with-
drawing Auidized eatalyst from the upper
part of the dense cufalyst phase in the
contacting zome and iniroducing seid
withdvawn catalyst with incoming syn-
thesis gas ab the base of the synthesis
ZONG.

8. The process of effecting synthesis of
hydrocarbons and oxygenated compounds
substantially as herein deseribed.

9. Hydrocarhons and vxygenated
prganic . compounds when  prepared

6l

70

78

50

85

80

according to the precess as set forth in 100

any of the preceding elaims or by ils
obvions chemical equivelents,

Dated the Tth day of January, 1948,

For: STANQLIND QIT. AND GAS
: COMPANY.

Stavens, Langner, Parry & Rollinson,
) Ghartered Patent Agents.
£/9, Quality Court, Chancery Tmns,
" Tondon, W.0.2, and at

120, Bast 41st Street, New Yark, 17,

New York, T.8.A.
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