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This invéhtiﬁhfréléieg to the afhtheaié of
nofmally 1liguid products :rom;cdrbon ﬁonoiidé and hydrogen
and 1t pertalns morq'particﬁlarly to an improvad method
for producing liquid hydrocarbons and oxyg;natea organic
compounds with aynthesls cata}ysts, particularly with
catalyst of the iron t&pe.

An object of the invention is to provide a
method and means whereby the synthesis reactlon is
directed toward the formation of desired products.

With methane as a raw material it is desirabls that the
oxygen content of the cafbon monoxide be converted into
water instead of into carbon dioxidé. For most purposes
1t ig desirable to obtaln normally liquid or condensible
hydrocarbon products instead of methene. An oblect of
the lnvention is to px-oaug"e the maximum yield of
hydrocarbons higher boiling than methane along with a
certaln amount of oxygenated compounds while minimizing
excesslve carbonaceocus deposits on the synthesis
catalyst and minimizing conversion of carbon monoxide

to carbon dloxide,

A further object of the invention pertalns
particularly to synthesls with fluldized catalyst of
amall particle silze. Many difficulties have been
encountered 1n . fluldlzed catalyst syntheslis on account
of catalyst defluldization, catalyst agglomeration, and
decreasen in catalytlec activity. 4n object of my
invention ig to overcome such dlfflculties. A further
object 1s to provide a method and means whereby
ayﬁthesis of normally liguld products may be effected at
a - substantlglly constant high conversion level for a
long period of time with the amount of synthesls gas

introduced remaining substantially constant and the
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i to the main synthesis step, Other objects will be apparent as the

i is formed and there is a serious tendency toward ecatalyst defluidization

1 of ahout 2-6:1:1-3 and the carbon monoxide content is kent belou about
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load on the fractionation and product reéovery systen iikewise being
substantially constant, i.e., not being meterially affected by any change
which inevitably takes place in the activity of the catalyst employed.

A further object is to provide a now and improved mesns for

conditioning freshly prepared or activated synthesislcatalyst and for

simultaneously controlling the carbon monoxide content of pas charped

detailed description of the invention proceeds.

¥ith cobelt synthesis catalyst it has been found that the

oxygen conhent of reacting synthesis gas iz converted largely to water,
that the synthesis producia (other than water) are larrely hydfocarbons
with no appreciable amounts of oxygenated ﬁompounds and that best !
results are obtained by inltially conditioning the catalyst wibh gas Af
low carbon monoxide content., With iron type catalysts and with charging !
stocks consisting essentially}of a 2:1 hydrogen—csrbon monoxide mixture,
the product distribution is quite different in that a large amount of the
oxygen ig converted into carbon dioxids, a more highly olefinic hydro-

carbon product is produced, a much larger proporiion of oxygensted product

after a very short time on-stream, It has been found that by diluting the
synthesis gas charge with a pas rich in carbon dioxide and/or hydrogen

80 that the Hz:00:C0p ratio 1s approximately 3:1:2 or within the range

15% and preferably of the order of about 10 to 12% by volume, the
tendency toward defluidization is minimized and the reaction is directed
toward the production of desired products. However, e {reshly prepared
or freshly reactiveted iron catalyst which is highly sctive carmot be

placed on stream with the optimum gas charge under the desired conversion

conditions beesuse the eatalyct will tend to "wox uph (become coeted

with carbonaceous matter}, applonerate and/or defluidize, It has there-

e
-
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+ fore been necessary to employ a long start-up procedure for condibioning

| the eatalyst, nsing a charge gas initially oImost free of carbon monoxide .
and gradually increasing the carbon monoxide content while temperatures
and prescures are likewiso increased and brought up to eonversion con-
5 ! ditions. This procedure of conditioning a fresh active catalyst has been
i highly disadventageous in that it has required days and weels of time
during which the system dees not function at designed capacity.

! In accordance wvith my invention I employ at lesst two separate |

regactors and I condition freshly prepared or activated catalyst in one of;

$O | these reactors with resldusl pges from the nroduet recovery system, I may;
: employ the off gases from this conditioning reactor as a diluent for the |
: incoming synthesis gas streay for regulating the carbon monoxide content
l and the H2:00:C02 ratio, Thus when the properly diluted charge pasces

through the.main on-strean reactor under convercion conditlens, assuming

18 | that the catalyst in said reactor haos been properily conditioned, siub-

stentinlly complete conversion of carbon monoxide is effected and the
residual gas from the product recovery system, after removal of water,
\‘

{will be fairly rich in hydrogen but will contain only absut 13 of carben

monoxide. A portion of this residual sas streem is ideal for conditioning

20 rfreshly nrepared or reactivated catalyst. The conditioning is sccomplished

B . . , \
ilin the other reaction chember and the off rases from saild other chomber

]

Hi e = 1 .
imgy Torm the dilvent for the externally introduced synbheslc gas stream,

There is a tendency for the activily of the synthesis catalyst

|
i
‘to decrease with bime on stream so that the residual gas from the vroduch

!

25 lrecovery systen will at first be substantially Iree from corbon nonoxide

fand then will rreduslly centain more and more carbon monoxide. By employ-

iing this residual pgae for conditioning active ceatalyst, the highly active
|

Jcatalyst is first treated with a ras of very lov carbon monoxide content
i

4 ] .
lend it is thus rendered capable of handiing more and more carbon monoxide

i
30 H

as the carbon monoxide content of the residusl esas increases, By tune time

E . 4=
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the main gymthesis catalyst recuires reactivation, the eonditioned

i eatalyst is ready for use in the main symithesis step go thed the rrocess

nay be carried out continuously with a subotantially constant load on
i
the various parts of the system.

In some cases, particularly with cobalt catalyst, the effluent

| from the conditioning step mey be discharged from the system and

utilized for fuel or other purposes. Vhen iron catalyst is employed and '
particularly when such catalyst is used in o fluidized condition, offl gas%s
from the conditioning stef are used as a diluent for the incoming ;
synthesis gas stream because the conditioning step effects conversion of S
the gradually increasing amounts of carbon moncride and it thus enables
the diluent gas to be employed at a substantially constant ratis without !
increasing the carbon monoxide content of the total synthesis gas charge E
above the des@red smount which, as above stated, may be of the order of
sbout 124, Thus the conditioqing gtep helps to control the ccmpositien o%
gages entering the synthesis step at the same time thot it is preparing f
eatalyst for use in the synthesis step, f

The invention will be more clearly uwnderstood from the follcwi$g
detailed desccription of a specific example thereof read in conjunction
with the aceempanying drawing which is a schematic flow sheet diagran-~
matically illustrating the invention,

Althourh certain aspeets of the invention sre useful and
beneficlal in substentially all types of hydrogen-cerbon monoxide

1,

syntheses with any and all types of synthesie catalysts and with any and

F
fluidized solids operations, etc.) the invention is rerticularly applicabi

and useful in synthesis operations employing iron tyre catalysts in
fluidized condition. No novelty is claimed in catalyst compositions per
se or in methods of contacting or temperature comtrol or in methods of
synthesis gas preparation or in methods‘of rroduct separation; all of

i
i
|
|
these are now well mown to those skilled in the art and they require no !
1
further detailed desgeription. |
]
i
i
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I prefer to obtaln the fresh synthesis gas charge by partial !
combustion of methane (natural gae) with relatively pure oxygen at an
oublet temperature of about 2200 to 2500°F, or more, using about .6
volume .of oxygen per volume of methane whereby a gas charge can be obtained
containing about 62% hydrogen and 33% carbon momoxide, the remainder
(after water removal) being essentially carbon dioxide, methsne, and
nitrogen, The synthesis charge may however be produced by any known
partial combuation or reforming methods and/or it may be produced frem
coal or other carbonacecus materlal by the water gas reaction or by any
other method known to the art,

While certain aspects of the invention are beneficial with
cobalt synthesis catalysts and in fact any and all synthesls catalysts
lmovn to the art, the invention is particularly directed to the uss of
iron type synthesis catalysts, The iren ca.ta]’ysll- may be prepared in any
known manner, For example, pure iron may ba burned in a strean of oxygen,
the oxide (Fe304) may be fused, gromd to desired particle size,
roduced and used as such, Fromoters may be added to the nass undergoing
fusion such for example as a small amownt of silica, alumina, titania
or alkall metal, Iron catalyst of the type comnmercially used in the
gyntheslp of ammenia has been found to bs suitable for hydrocarbon
gyntheals from carbon menoxide and hydrogen, A relatively inexpensive
catalyst may be prepared by admixing hematite (F0203) with about 2% or
more of potassium carbonate, heating the mixture to a temperature upwards
of 1000°C, to effeot inciplent fusing or sintering and to convert the
iron oxide to F0304, extracting excess potassiim from the sintered mass
with water so that only about .1 to 2%, e.g. about .5% of potassiwm will
remain and reducing the Fe30; containing the residual potassium by
treatment with hydrogen for a pericd of hours at a temperature of about

600 to 1200°F, Elther after or before reduction the particles sheuld be
|!g:ro1mc3 to desired partlcle size and when the catalyst ia reduced after
1}gr:!.nding it may be desirable to subject the catalyst to a sintering step
| ~-
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1 to 2 feet; per second, the fluldized demsity is balow 90 pounds per
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in a hydrogen almosphere at a temperature in the range Voi’ about 1100
to 3300°F, It appeers that the active catalyst 1o a mixture of Fe and
FeO and that in the conditioning step a portion thereof 1s converted
to FesC.

Whon the catalyst 1s used in & fluidized solids system itas
particle size ahould be chiefly in the range of 1 to 200 microns and
shiould preferably be in the range of 2 to 100 microns, For optimm resulth
the particles should be of indeseriminate or different sizess rather than
unifornly sized. The bulk demsity of the compact catalyst perticles msy be
from 100 to 150 pounds per cubic foot but when fluidized by the upward
passage of gases at the rate of ubout .5 to 3 feet per second, preferably

cuble foot and miy range from sbout 25 to 75 or of the order of about 50
pounds per cubls foot.

About 28,000,000 oubic feet per day of oxygem may be employed
to effect partial cmbustion of about 50,000,000 cubic feet per d.vor
methane (natural gas) to produce about Jés,ooo,ooo cublc foet per day of
synthesis gas containing about 62% of hydrogem and 33% carbon monoxide.
This gas after watar scrubbing is introduced intoe the aystem through line
10 and admixed with a diluent gas from line 11 the composition of which
may be about 20% hydrogen, 1% carben monoxide, 35¢ carbon dloxide and the
balance methane and higher boiling hydrocarbons along with unavoidabie
smounts of nitrogen, After dilution the total synthesis gas stream charged
to synthepis reactor 12 may be approximately 400,000,000 cubic feet per
day and 1its composition may be approximately 34% hydrogen, 12% carbon
menoxide, 24% carbon dioxide and the balance methane (and higher hydro-
carbons) with unavoidable smounts of hitrogen, etc, Generally speaking,
the Hp:CO:C02 ratio should be about 2-6:1:1-3 and the product of mol per
cent hydrogen multiplied by mo) per cent carbom dioxide and divided by
the square of mol per cent carbon monoxide should be in the range of
about 3 to 9,

I
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The reactor may be a cylindrical vessel approxinately 25 feolb :lfn
| ddemeter and sbout 40 to 50 fest in height containing approximately 120 |
tons of iren catalyst. The reactor may be provided for internal cooling

by heat exchange surfaces and/or the reaction temperature mey be controlled

8 || in any other mamner known to the art. The gaseous charge passes upwardly
through the reactor at about 1 to 2 feet per second, e.g. about 1.5 feot

per second under -synthesis conversion conditions such for example as a
temperature in the range of about 550 to 700°F. end a pressure in the
range of about 150 to about 450 pounds per square inch, there being about
1 pound of iron catalyst (which has previously been conditioned) in the
reagtor for each 5 1o 15 cublc feet per hour of carbon monoxide charged
thereto, The catalyst is preferably retained in the reactor in suspended
turbulent denss phase condition and internal cyclones may be smployed

for knooking back catalyst from the superimposed dilute phase or settling
18 || zone,

! The gasiform effluent from the synthesis step leaves reactor
12 by conduit 13 which introduces it into a product recovery system 14.
¥o invention is claimed in the product recovery system per se and any
known means may be employsed for separating normally liquid oxygenated

20 compounds and hydrocarbons as well as most of the normally gaseous hydro-
cerbons higher boiling than methane from the residual gas stream. The
residual gas will contain only a suall amount of carbon moncxide which
may be less than 1% at the beginning of an operation but which mey increase
to 4 or 5% or more as the catalyst in reactor 12 becomes more and more
25 inactive,

In order to condition catalyst for use in ayntheais reactor 12
freshly prepared or reactivated catalyst of high activity ls introdueesd
into reactor 15 at about the same time that resctor 12 starts operation
with previcusly conditioned catalyst. 4 part of the residual gas which
%0 leaves the product recovery system through line 16 may be withdrawn from
the system through line 17, bub most or all of this residual gas is

G
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~;} be initlally about 50° to 100°F. lower but may gradually build up to the
i “temperature which prevails in reactor 12, which may be about 600°F.

TG
gas charged thereto will contain lees tham 3% and preferably less than

_|| m&y be employed without danger of defluidizetion., As the percentage of

i 15 as in synthesls reactor 12. The pressure will be substantially the
4 sgme or a little higher than that of resctor 12 and the tempersture may

w0 518323

introduced by 1ine 18 and compresser 19 into reactor 15 for conditioning -
the fresh, highly active catalyst, 1l.e. for forming the necessary amount
of iron carbide and otherwise modifying the catalyst so that it can be '

)| used withqut defluidization or other difficuliies with the type of ohargeé

Introduced into reactor 12 and under the condltions prevailling thersin, j

Reastor 15 may be substantially the seme size and shape as reactor 12
although it may be of mmaller dimensions, The vertical gas veloeities
for fluidization are substantially the same in the conditioning reactor

!
J
I
|
)
{
!

At the beginning of the conditioning reaction the residual

1§ of carbon monexide and may contain 20 to 308 of hydrogen so that it

catalyst activity in reactor 12, the catalyst in reactor 15 is capable
' of handling the increased carbon monoxlde content without becoming de-

fiuidized and tbhus the catalyst in reactor 15 gradually recelves a charge

contalning more and more ¢carbon momoxide so that when the catalyst in

| reactor 12 1s too inactive for effective use, the catalyst in reacter 15

|
is ready to go on=-stream with the reguler total synthesis gas charge

while another batch of fresh or reactivated catalyst of high activity
starts to be conditioned,

In the drawing the course of the catalyst is indicated by
i dotted lines, the catalyst from reactor 15 passing to reactor 12, that
deposits may be removed by oxidation followed by reductlion or by any
other known means) and then from the reactivation or preparation step
1 back to the condition step. The word "freah' as applied to the catelyst
.

i from reactor 12 passing to a remctivation step (whereln the carbonacecus

carbon monoxids in the residual gas gradually increases due to decreased ‘
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designates catalyst which has been freshly rrepared or reactivated to
guch an extent that it is highly active, Instead of physically
transferring the catalyst, it may remain In the same vessel and' the i
varlous streams may be rerouted to accamplish the same result, For
5 egample, in the two-reactor system illustrated the total diluted gas stremm
can be introduced into reactor 15 after ite catalyst i1s condifioned and
the effluent therefrom can be sent by line 13 to produet recovery (by

lines and connections not shown) while spent catalyst is removed from 5
]
|

reactor 12 and replaced by active catalyst., After the trief interval re- |

10 || quired for such physlosl transfer the residual ges stream from line 18

: d1lute the incoming gas charged to reactor 15 which during this cycle is

Jl will then pass through reactor 12 and the effluent from reactor 12 will
|
|
| the synthesis reactor, It should be understood that more than two

'l reactors may be employed and that various alternative pdping and valve
15 ‘1 means may be used for effecting substantially wninterrupted flow through
| the gystem so that the load on the synthesis gas preparation uvnit and the
load on the product recovery unit will remain substantlally constant.

A part of the effluent from the reactor whersin the catalyst

is being conditioned, e.g. reactor 15 as shown in the drawing, may be

20 continuously removed through line 20 for use as fuel gas, When coball

catalyst is employed, all of the gas may tlms be removed because the
i incoming synthesis gas does not require dilution for directing the con-

1

version toward desired product formation, The withdrewal of gas from

line 20 instead of from line 17 is highly advantageous because the gas
25 | | ithdrewn from line 20 is usually higher in methane and/or hydrocarbon
content and hence la characterized by a hlgher heating value. Carbon
monoxide and hydrogen have heating values below 400 B,T.U, while methane
has a heating value of approximately 1000 B,T.U., par 1000 cublc feet. |
Thus the gas withdrewn from line 20 even though 1t may contain appraciablg
=0 amcunta of nitrogen is characterized by a high heating value and low
toxlcity {due to its decreased carbon mohoxide content) and it may be

piped elsewhere and utilized as ordinary city gas. Alternatively the

=10~
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F; gas from line 20 may be sorubbed to remove carbon dioxdde and water and

HH

f| then used for effecting hydrogenation, e.g. for hydrogenating the product

(| fraction in the diesel fuel boiling range with such catalysts such as
ralladiym, nickel or the 1ike.

-] When employing ircn as the synthesls catalyst and particularly
when employing a fluldized iron catelyst system as herein described, the
carbon monoxide content of the total gas stream eﬂtering the synthesis

reactor should not exceed sbout 15% and should usually be about 8 to 12%,
| The externally produced synthesis gas must therefore be diluted and in

10 | accordance with my invention the effluent from the cenditioning step may

be employed as diluent gas. If the residus) gas wers employed as a !
dlluent without pessing through the conditioning step then the carbon |
monoxide content of the total mixbture wonld gradually increase with ‘

decrease In catalyst activity in the synthesis step. The conditioning
18 |l step, however, converts the gradually increasing smounts of carbon monoxid

in the residual gas so that the effluent from the conditloning step is

characterized by substantially constent and very low carbon memoxide
content which is uniquely sultable as a dlluent gae for the incoming gas
mixture from the gas preperation step, In the preferred example herein !
20 described, about 2 volumes of gas from reactor 15 is introduced by conduit

11 for _adlnjxhur_e with 1 volume of gas mixture introduced through line

‘[ 10 but depending on particular catalysts and operating conditions thia
i’ ratio may be varied from about 1:1 to 3:l.

The temperature in reactor 15, like that in reactor 12, may be
23 controlled by any known means such as heat exchange sumrfaces within the
reactor 1tself, the cydling of catalyst solida through external coolers on
the cooling of introduced fluids. Such details and the specific arrange- |
ménf; of plpes, valves, eompressors, etc. are not shoun in detall in the

drawing because such factors are wall known to those skilled in the art,

30

While I have disclosed a rreferred embodiment of my inventlion it should
-11~
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be understood that it is by way of example rather than Yimitation since 1
' various alternative arrangements and operating procedures and conditions i
will be apperent from the above description to those skilled in the art,

Having thus described my invention, what X cleim ia:

10

20 !

30
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The embodiments of the inventlon in which an

i exclusive property or privilege 1s clailmed are defined

10

20

2%

30

» as followsi ‘

1, The method of effecting synthesis of normally liquid product:s
from cerbon monoxide and hydrogen which method comprises contacting a pre—i
vieusly conditioned synthesis catalyast in a synthesis step with a hydrogent
sarbon monoxide gae charge under synthepls conditicns, separating from

synthesis effluent both normally 1liquid products and a residual gas con-

sisting essentially of hydrogen, carbon dioxide and 1ilght normally gaseous
hydrocarbons with only a small amownt of carbon monoxide, contacting a
frosh asctive synthesis catalyst with at least a portion of sald resldual
gas st a temperature a.nd pressure for conditioning the catalyst, and
periodically changing tﬁe eontacting sequence by employing catelyst froem
the conditioning step in the synthesis step and adding other fresh active
catalyst to the conditioning step.

' 2. The method of Claim 1 which includes the step of withdrawing

|for external use at least a part of the effluent from the conditioning step.
i ' 3, The method of Claim 1 which includes the step of intreducing
Ea.‘t'. least & part of the effluent from the conditioning step as a diluent to
synthesis gas charged to the synmthesis step.

4e The method of Claim 1 in which the synthesis catalyst is an

‘;iran catalyst promoted by an alkall metal,
! 5. The method of Claim 4 wherein the iron catelyst is character-
!ized by a particle size in the range of 1 to 200 microns and whereln eald
.‘ca.taflyst 15 maintained in fluidized conditlon in the syntheslis and con-
iditioning steps by employing an upward gas ve_locity in sach step in the
range of .5 %o 2 feet per second.

6. The method of effecting synthesis of normally liquid productp
from carbon moncxdide and hydrogen which comprises continuously contasting
an incoming hydrogen-carbon monoxide gaa mixture diluted with a diluent
igas with a previcusly conditloned iron type synthesis catalyst under

gynthesis conditicps whereby the carbom monoxide is at first nearly all

| conswmed in the synthesis reaction but gradually increases in the product

-13=-

|
b
1
1
|
i
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.|{mol percemt carbon dicxide and divided by the square of the mol percent
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stream as the catalyst becomes less mctive, separating effluemt from the
synthesis step to obtain both normally liguid products end a residuel gas
conaistinglchieﬂ.y of hydrogen, carbon dioxide and light normally gasecus
hydrocarbene and which initially is substantially free from carbon monoxide
but which containe more and more carbon monoxide as the reaction rroceeds,
contacting a fresh sctive catalyst with sald residual gas under conditiona
of temperature and pressure to effect conditioning of said fresh catalyst
and for consuming substantlally all of the carbon monoxide content thereof],
and utilizing at least & portion of the gas from said conditioning atep as
said diluent wherely the carbon momoxide content of the total gas stream
entering the synthesis step ie substantially consbant regardless of in-
creasing carbon momoxide content of the reeidual gas stream.

7+ The method of Claim & whersin the synthesis is effected at
temperature in the range of about 550 to 700°F, under pressure in the
of about 150 to 450 pounds per square inch a.nd at a charge rate in the
renge of 5 to 15 ¢ubic feet of carbon monoxide per hour per pound of irom
catalyst anployed in the gymthesis step.

8, The method of Claim 6 wherein the amount of diluent is so
rroportioned as to give a totsl gas charge to the synthesis step contain-
ing hydrogen, carbon moncxide and carbon dioxide in the ratio of about
2-6t111-3, containing a volwme percent carbon monoxide in the range of
about 8% to 15% and containing such proportions of hydrogem, carbon A
monoxide and carbon dioxide that the mol percent hydrogen muitiplied by

carbon monoxide is within the range of about 3 to 9.
A 9. The m&bhod 61‘ offecting syntheals of normelly liguid products
fr"an carbon monoxide and hydrogen which comprises contacting a carben
monoxide~kydrogen gas charge with synthesis catalyst under synthesis con-
ditions, separating a gas consisting chiefly of hydrogen, carbon dioxide
and methane from synthesis conversion products, treating active catalyst
-.]_4-
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with said last-named gas while the synthesis step iz proceeding and
subssquently employing catalyst thus treated by residusl gas for
effecting synthesis in the synthesls step,

5
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