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< The novel features of thls invention are disclosed in the
followlng specificetlon and claims reed in connectlon with the

accompanying drawlng.

The present invention has to do wilth the synthesls of
hydrocarbone from carbon monoxide and hydrogen. BEroadly speaking;
i thie synthesias is a matter of record. There are, of course, two E
| general methods Dr carrylng ocut such a synthesis from the stand- E
point of equlpment used and they are, firet, the use of &z station%ry
bed of catalyst and, second, the so-called fluid catalyst techniqée
wherein the catalyst used ln the process 1s suspended in the
, vapors during the reaction. These improvements relate to the
. latter type of operation, and in brief compass they involve
1 maintalning a large ratio of catalyst to synthesls gases in the
reactlion zone. To support the catalyst to glve the high lomding
required, we employ a diluent gas, preferably one which 1s easily
| condensable from the product, such as steam, all of which will
i subsequently nnd more fully appear hereilnatter, '

The maln object of this present invention has to do with
* lmprovements 1ln tﬁe gynthesls of hydrocarboﬁs from carbon monoxide
and hydrogen resulting in the productlon of hormally liquid

!\ hydrocarbong cantaining substantial quantltles of branch-chein
EE paraffinag,

.; Another oblect of the invention is to effect the conversion
| of carbon monoxlde and hydrogen employing e cetelyst which 1s
suspended ln concentrated state in the reactants during the course

of reaction.

A s8till further ob)ect of the inventlon is to effect the

! gynthesls of normally liquild hydrocarbons containing substantlal
| i

'i !; quantities of branch-~chain paraffine in the crude product under
! ]
| condltionag such thet the catalyst whilch 18 1n powdered form is

sugpended in the reactants during the course of reaction and

|
I} ' maintaining a relatively large welght ratlc of
| !
1
i

—— |
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catalyst to reactants in the suspenslon by empleoyling an easlly

condensable diluent gas which may be removed without difflculty

from the product, to meinteln a dense Buspension in the reaction
zene in relatively large guentlty with reaspect to the reactants.

| 'As indlcated previously, in certaln processes lnvolving
the aynthesls of higher hydrocarbone from carbon monoxide and
hydrogen using the so-called "fluid catalyst" technique, high
ratlice of caﬁalyst to synthesis gas charged to the reaction zone
must be used. Difficulty is sometlimes encountered in maintainingi
the large quantlty of catalyst material redquired suspended and/orE
fully fluidlzed in the reaction gases. It has been proposed %0 s
increase the volume of the gas by the addition of inert gases
5 which, while possible as a means of lmproving the suspenaion of
the catalyst, 18 not deslrable bhecause of the lncressed amount of
gas which must be handled in the aystem for recovering the liquid
'!1 hydroecarbon preduecta from unused synthesls gas and inert material,

! Ap indloated, we have found that theas difflcultles may
be advantageoualy overcome and the equipment for carrylng out thei
process constderably slmplified by using o readlly condensable
. gas, stch ag atean, whlch is used to supplement the gynthesis gas
*i ag an aid in malntalning the catalyst in susgpenslon in the resction
i; zone. In ordinary practice the syntheals gas 18 produced at high
temperatures, then 1ls cooled and the water vapor content condensed
and removed before charging the synthesis gases to the reaction zone.

Broadly aﬁeaking, these improvements invelve 1n the pre-

" paratlon of the synthesls gases the atep of cooling the same afteq
: thelr formation {for exsmple, by treating methane with steam), bu€
in which the formed eynthesis gas 18 cooled only to the temperature
; of the eynthesle operatlon, say sbout 400 to 600°F. The cooling
of the syntheele gases may be accomplished by direct introduction|
of a water apray into the hot synthesls geses thereby |

I forming steam, whlch operation may be easily carried

3
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out by injectlon of the water into the transfer line connecting the
aynthesis gas gensrator and the synthesis reactor. If this means is
employed the necessity of a separate plecs of egquipment to cool to
gtmospheric tempsrature 1s theroby eliminated and the amount of water
necessary for cooling io reduced to o very low fraction of that formerly
uaed.

In the accompanying drawing, we havo shown o flow plan whilch
will serve to illustrate a modificapion of this invention.

| Referring in detaill to the drawing, a mixture of methane,

steam ond carvon dioxlide im Ilntroduced into the present system through
1ine (1), thence heated in a fired coll (3) to a temperaturs of 1000°F.,
wheroupon the materiala are withdrawvn throuwgh line (5) and charged Into
the synthesis ges forming veactor (10} contalnlng a catalyst (C) which
may be nlckel on a support auch as lkaoclin promotéd ty magneala or tho like.
TH 1w desired in this synthesis to Torm CO and hydrogen in substantially
ono to two volumo ratio, To accompllsh thlas result the proportlon of
mothane, oteam and COE in line (1) should be about 1:1.6:0.7, The stomm,
mnth&no and GOE nre undex o prossure of from ntmﬁsphmric to 200 1lbe.
por aguars inen in tho roactlon zonoﬁand aro rosldent theveln for the
porlod rosulting from the treatmont of fyom 50 to 400 volumes of mothans
{(menoursed at standard conditionsg) per volume of catalyst per houf. fhe
cntalyet bemperature ie at about 1500°F.

Tha product is withdrawn through o foraminous support (G) for
the catalyst and en exit line (12) at o semperaturc of about 1500 r.
We propose Lo lnject water vin line {13) into line {12) to the &xtcnt
that the gas is cooled to a temperature of batwean 400 ana ACO°T. whera-
upbn the ccoled gases ars then discharéed into & hydrccarbon aynthesin
roactor (15) contalnlng e suiteble catalyst (02), no followe:  Tho -
cotnlyst which mey be, for example, metnlllc cobalt together with a

gultablo support, euch as kleselguhr, and promoter, guch ag thoria, in

e
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the -form of a powder is withdrawn from supply hopper (17) through
s standpine (18) controlled by a flow valve (19) and discharged
into line (12}, The =tandpipe is vrovided with a plurallty of
taps {(21) into which = slow current of gasiform material, such
as steem, may be injected for the purpoee of causing the catalysti
to flow smoothly through the standpipe (18). The catalyst of ‘
course forms a suspenaioﬁ in the aynthesis gsees in line{12) and ]
18 then conveyed into the syntheeis reactor (15).
The catalyst, as stated, 1s in the form of a powder havin$

a particle size of from 50 to 400 mesh, but ovreferably having a

size'of about 200 meah for 90 per cent or more of the same. The
catolyst 1s maintained in "fluidized" state, 1l.e., 1n the form i
of s dense suspenalon by flowing the resctants upwardly through i
a grid (Gp) et s rate of from 1/2 to 5 ft. per second, preferably
at & rate of 1~1./2 to 3 ft. per second, The densliiy of the
suspension in the reactor from(@) to a point (L) is from 10 %o

30 lbs. per cublc foot, and the mass of catalyst ia in a highly
turbulent, moblle gtate affording uniformity of temperature and
thorough mlxlng throughout the entire mass., The amount of

catelyst-with respect to say CC, should be sbout 1 1b. of catalyst

to 1 to 15 cublc feet of CO measured at 60°F. end 1 atmosphere -
wessure., Above (L) 1t will be noted that the reactor 1ls expandeém
whnich results in decreseing of the veloclity of the geses passing L
inte the expanded portion (E) 1s suffliclently low so that the gas
will not support the catalyst with the result that substantlially :
all of the catelyst remaine in the reactor at a point not higher
than (L), the stream issulng from the reactor through (20)

contalning very little catalyst. This catelyst can be removed by

any known procedure such es passage through one or more separatorf

(8), such as centrifugal separatore, electrical precipltators, so

i
'

that the stream 1s substantlally free of catalyst.
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It will be unnecessary for us to describe the ueual method

! #r condensing out the deslred normally liquid hydrocarbons and

returning unreacted CO and hydrogen to reactor (15) for further
processing, since these details have been dlsclosed and are known‘
to othere. This dleclosure, therefore, wlll contaln so much of
the prior art as will make our own improvements understandable,
for 1t 18 our belief that this will serve to clarify and emphaaiz%
|

our own invention.

In order to give more information regarding the Invention,

e

we get Forth the following specific working example.

|
25,000,000 cublc feet per day of natural gas are cherged !

to line (1) together with 2,000,000 1lbe. of steam and 17,600,000
cublc feet of carbon dioxide., This charge mixture s treated in ;
vespel (10) at 1500°F. and sporoximately 50 pounds gage pressure
to form about 100,000,000 cuble feet per dey of a syntheasls gas
composed mainly of hydrogen and carbon-monoxide in a 2:1 Hé to

0 volume ratlo. An amount of water sufficlent to reduce the
temperature of this stream to 400° is injected by means of line
{13). To accémplish thie sbout 2,000,000-~2,500,000 lbs., of HpO
per day will be required, the exact amount depending on heat
lopses from the equlpment, and the total atsam in the atream thus
cooled will amount to about 3,500,000 ibe, per day. It 1s deslirad
to treat the hydrogen~carbon monoxide mixture and cause ayntheﬂis‘
of hydrocarbon oils 1n reactor {15} at LOO®F. and 50 1lbs./sq. 1in.)
providing s catalyst bed of such volume that 100 volumes of the
dry synthesls gag measured under standard conditlons be conducted,
through the reactor each hour for each volume of catalyst;
furthermore, 1t 1s desired to avold actual superfiotal (i.e.
assuming there is no catalyst in the reactor), gas velocltles
based on inlet quantity lower than .75 feet per second (while
this is not the lowest linear veloelty at which matlsfactory
"£luidizing" of the catalyst bed will take place, some reduction

in volume of the reactants takee place during conversion, so that

o
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higher than minimum linear veloclity on inlet materials muat be

aiiowed for.) If thie synthesls were to be carried out after

remov&lvcf practically all of the steem from the synthesls gas,

o vesgel of sbout 27 feet diameter and 72 feet height would be
‘ required to meet the above conditione. .The helight of this vessel.
18 exceasive giving rise to numerous difficultles in design, |
construction and operatlion, and reduction in height 1z desirable.
.. If the synthesle gas contelnlng steam as deseribed above is run

directly to reactor (15), the required conditions can be met

using a reactor only 40 feet high and having a dlameter of 36 feet.

The product from reactor (15} consists of about 3,000 barrels per?
day of normally 1ligquld and solid hydrocarbons, %together wlth some}
unreacted cerbon monoxide and hydrogen, and steam. The outlet |
ptream is run to a cooler in which practically all of the steam
is coﬁdensed by mesns of edoling water, and a lsrge portion of :
. the synthetic hydrocarbons, The tall gas may then be scrubbed !
to recover addltional liquid hydrocarbone, and may then be re-

:é cycled in part to vessel (10) wherein 1t will replace an equlv.
I alent amount of fresh charge gas. The remeining tall gas may be
‘ burnsd to supply fuel requirements in the plant.

' We wish to point out that the use of excesg steam in

& syntheeis gas preparation is in no way undesirable, the slight

' incresse in carbon dloxlde concentration ln the synthesis gas i

resulting therefrom being easlly counteracted by an lncrease 1n

temperature of the reaction. By thls means hot synthesisjgaa |
| hixed with a volume of steam equal to from 2 5-100 per cent the
volume of Hp plus CO produced 1s made availeble, The hot i
?_ . gynthesls pag is cooled to synthesis resctlon temperaturs by '
?j i Antroduction of & water epray in the transfer line (13), thereby !
ﬁ} . increasing the amount of steam.

) As previoualy indlcated, the inventlon consista in the

! means for malntalning a larger quantity of catelyst in contact
with the reactants in the resection zone than would otherwlse be
possible, the catalyst being in powdered form,

-
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Tt is negeganry to use additiomal quantitles of gao fo main-
tain tho fluid-1ike suspension reguired, ond thio additlonal gow id
gupplled sp 2dded stoam. The stenm; however, since 1% 1s readlly
condenonble doel nob 1nvol§e a serious problem in the purification

and recovery of the desired product.
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Gertified to be the drawings referred to

in the specification hereunto annexed,

o
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What 18 clalmed: i

1. The method of syntheglzing normally liquild
hydrocarvone by resctling together carbon monoxlde and hydrogen

in a reaction zone in the presence of a powdered catalyst which

comprises forming, at temperaturea in excess of 1000°F. a gaseous

t
I
mixture containing carbon monexide, hydrogen and gteam by reactin$

p methane containing gas with a gasiform material contalining l

|

steam in & generation zone, withdrawing sald gaseous mixture from‘
|

!

generation zone, addlng water thereto in sufficlent amount to
cool the sald gaseous mixtureto temperatures of from about Loo®

to B00°F. and form steam, the total concentration of steam finally

present in the gaseous mixture amounting to from 25% to 100% by

volumg of the amount of carbon monoxide plue hydrogen nresent 1n
sald gaseous mixture, feeding #ald last.named gaseous mixture to
a reactlon zoné contalning a body of powdered cobalt catalyst
ha&lﬁg a particle size of from aboub 200-400 meah, cauelng eald
gaseous miiture to flow through saild reaction zone at a superflclg
velooclty of from about 1 1/? ft., to 3 ft. per second so that a
dense, turbulent suspension of catalyst in gasiform material,
having a dénaity of from about 10-30 1lba, per cu, ft. ls formed,
perhitting said gasiform materlal contalnlng carbon monoxide and
hydrogen to remaln in contact with smid catalyst for a period of
time sufflclent to effect the desired conversion and recovering
rrom seld resmction zone a product containlng normelly liguid

hydrocarbone,

P

11




