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Cux Pre;sent invention is fully disclosed in the following specifioca-
tion end claims read in comnecticn with the acc mpanying drawing. |

Tt ia a main obJect of our present invention to effect the aynthesls
::>f' hydrocarbons from carbon monoxide and hydroget: in the presence of a flul-
dized catalyst ﬁnder operating conditions and emp loyed .means dirqbt.ed _toward .
effecting increased efficiency. A

It s = speoific cbject of this invention to maintaln a fluldized
mags of catalyst in a high state of activity and as an ald thereto removing
ﬁaxy and oily meterlial therefrom either continuously or 1ntem.1tbent.1ys

In the aceompanying drawing, we have shown L'iagt'amnatically an

,a]:paratus layout in which a prefarred modification of ur invention may be

carried intc effect.
In the sfﬂﬁhea;a of hydrocarbons from. carbon mmoxide and hydrogen
performed in the presence of a fluldized mase of catalyst, 1t 18 necessary to

1imit the amount of wax onj:;{}iquid 01l carried on the catalrst to a value below

. thiat at which the fluidiz.ing characterietics of the 'catnlyst become adveraely

affeqteﬂ‘. To accompllah this result a pdrtidn of the caetal; st is withdrawn

"oontinuously .from the reactiocn zone-,"or withd_rawnlintemittantly and aubjlected:

to & de-waxing or de-olling tree.at.maﬁt and then rs_aturned to the reactﬁr. The
oleanging ui_' the catalyst ig accomplished by heating to volab‘ilize andl remove
oily and/or waxy material therefrom. \

. ‘ Bhe removal of oll or wax from the catalyst can be accomplighed by
me'an:s ‘of Bolvanps ov by vaporization. As previously indicated, our present
invention relates ta the removal of olly and waxy material from the catalyst
by means of volatilization. ‘
. . In carrying our inveﬂtion into practical effegt we propoes to gonduct
thewésrﬁthasia re‘ac{:ion and the 511 or wax removal st?ep in two or ﬁxora atages.

For purposes of 11lustrating our invention, a two-atage operation will be

desoribed.
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Referring to thé drawing (1) and (1A) represent a palr
of vertical cylindrical reactors of the type commonly used in fiul
ecatalyst systems. In general thease reactorf are cylindrical in
their maln portion but have conlcal bases and crown pleces and
also carry a screen or grid located in thé bottom thereof, through
whilch the gaslform material passes as it enters the mass of
fluidized catalyst. In the drawing the syntheslis gas comprising
a mixture of CO and Hp in which the ratio of Hp and CO is about
two to one by volume, enters the system via line (2), passes throy
a heater {5) ( if a heater 1s necessary) and then enters at the
pottom of reactor (1) as shown in the drawing. These reactors
nave been described in prior disclosures and since the form and
gtructure of the said reactors do not go to the heart of our
present lnvention, 1t wlll not be necessary to describe them
nerein. The reactors (1) and (lA) are operated so that the maln
bulk of catalyst 18 withdrawn from the bottom through lines (3)
and (34) from reactors (1) and {14) respectively, and the hot
catalyst 1s passed through coolers (4) and (4a) respectively to
remove a portion of the exothermic heat which is released in the
said reactors. It 1s within the purview of our inventlen to
dispose the cooling means within the reactor and in this case
there would be no outside circulation as shown through coolers (4)
and (4A). The fluldlzed state of the catalyst in the reactors (1)
and (1A) 1s maintained, as is known, by controlling the net
upward velocity of the gases or vapors in the range of from 1/2 t4
5 ft. per second, preferaﬁly from 1-1/2 to 3 £t. per second where
the catalyst has a particle size of from 100 to 400 mesh. This
flow rate results in the formatlon of a dense phase suspension
having an upper level which level depends on the amount of
catalyst left in the reactor. Above this dense phase upper level|
the concentration of catalyst in the gases drops sharply 8o that
the reactlon gases w}thdrawﬁ from the reactors through 1ines {6)
and (64) conﬁains only a relatively small guantity of catalyst.
it is preferable to pass the gases 1n (6} anda (6A) through dust
ecollectors such as centrifugal separators or electrical '

precipitators to remove the last traces of catalyst.

-
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The reactlon products are condensed in coolers (7) and (7A) end collected in n
recelving drums (10) and (104).

Tt will be noted that the catalyst withdraun from regctor.(l)
after.paasing through a cooler (4) is in part passed through a llne (123,
carrying a flow-control valve (13), into llne {2) where it is mixed with the
incoming gas formed into a suspension in ling (2) end then carried tack to
the reﬁctor. Howaver, another portlon of the oétéxyst pasaes via line (14)
after it is admixed with gaseous material from line {15) and formsd‘ikto a
suspension, thrOugh a heater (20) and therice via ]1na (1) into reactor (1a).
Tt should be pointed ocut that the uncondenﬁed vapora in line {15) may contain
quantities of carbon dioxide, and since this 18 & diluent it may be advlsable

to pase tha conled vapors through a scrubber (s) containing an aqueous solu-

_tlon of, say, sodium hydroxide or some other lnown matorial in which carbon

dloxlde 18 soluble for the purpose of removing the sald sarbon dioxlde.

| It 1s also pointed out that in a large installatlon heater (20)
may nﬁt be required ond ‘therefore lie uge is‘optional depending upon conditions.
Raactor (1A) operatea as both a gyntheeis reactor on tho unconverted CO and
HE coming from reactor (1) and 0g a atripper for the wax and oll .deposited
on tho catalyst. The gao leaving (1) ie nooled to condense out the heavy
conatituontﬂ go that 1t ¢an revaporize heavy componenta from the catalyst
removed fyom reacter (1) and ie aided in effecting thls _vaporization by operat-
ing reactor (lAi at a lower proaaure and ggﬂigher temporaturs than used in (1},
The stripping of olly and waxy maferial from the 2atalyst in reactor (1A} ia
furthor aided by withdrawing a portion of the aaoeous material from (10A)

through line (22}, pumping it by pump (23) through a heater (eh) and thence

'&1ﬂcharging it by line (25) to regctor {(1A). The material in 11ne {25).

carries in auspension catalyat recovored from cooler (hA) via line (26)

odrrying_n_flcw;cqntrol valfa {27) which permite the withdrawal of catalyst

' fram the cooler (4A) and 1a dlscharged into the gasiform material in line (22}

where it 1s formed into a suspension. Another portion of the catalyst cooled

b
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in (I;A) is w'ithdrawn Ith.rough a pipe (30) carrying flow-control valve (31}
and delivered into said gas llne (2) where 1t is foymed into a gugpension i
and carried into reactor (1) in the mammer indicated in the draving.
Referring again to raceiving drum {104) into which the product
from veactor (1a) is firat delivered, 1t will be noted from the drawing that
a pipe (40) projects. from. ti:e’ top of the receiving drum {104), pﬁases through
a cooler (41) and by thie conduit hesna gasiform material in (10A) may be
withdrawn from the lat.ter thrcugh (40), cooled and condanaed in (k1) end {
ctllected 1n & aacond receiving drum (10B) which 1s maintained at a tempera- Il
tuxe of about 100°F. Tho m..\t.er and product formed in the process is with- ' l
drawn from (10), (10A) and (108). Water is withirawn through lines (49),
(494) and (hQB) and the crude product from 1ines (50}, (50A) and (50]3]

A8 to operating corditions, we prefer to ‘operate in the fclloving

1ngredienta. The Co-Mg catelyst ccnt.nins cobalt, the active componont, mdg--:-‘"

nesium as a pramotar and kieselguhr ns t.ha carrier. For oxample, the eatalyst o

may. oontgin 32% cobalt., 63% }cleaelguhr and 5% magnesium by weight, Tha iron

oatalyst is over hﬁ% iron with possibly 5% of alkall metals, bopper or - ]‘ :

aluminum,.’
I co . .
o . Broad Renge Proferred Range
Catalyst - Co-g B _g&-‘gg R Fe
1. Tempsraturo °F, -  375-b50. 450-700 390425 550- 650
2, Prossure p.e.l.@. 10-150  50-500, 15105 200-300
3. Fresh Food Rate ¥ol, ~ .  59-300  50-1000 100-300  200-700
CO+H2/Vol cat./hr, o ' -
4. CGonversion of O % 50.90  .50-90  60-75 . 60-T5
5. Ratlo EpfcO 2 1tols5 2 1Lt
. N R i I T
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REACTOR II
Broad Range Preferred Range
Catalyst ‘ Co-Mg Fe Co-Mg Fe
-1, Temperature, °F. 5-100 5-250 10-50 10-100

"Higher than Reactor 1

2. Pressure p.s.i.g. lower 10-150 5KO0-500 15-105 100-300

+

than Reactor 1

~---Gas from Reactor 1 ------=w=--
within space veloelty limlts
indicated for Reactor I

3. Feed Rate

4: Total Conversion CO % 65-100 65-100 79-95  75-95

5. Recycle Gas Vol/Vol. 0.5-10 0.5-10 1-5 1-5
Feed Gas

Another‘important aspect of our invention 1s that the
reactor (14) 1s of smﬁller volume than (1) and preferably has a
slze of about one-thilrd that of the larger reactor. While we
have descrived 1n detall a two-stage operatlion for synthesiziﬁg
hydrocarbons from €O and Hp, it 1s to'be distinctly undarstsod
that we may use three or more stages to accomplish this result

To recapitulate briefly, our present invention is

.boptomed on the proposition that hydrocarbons mey be syntheslzed

.- from {0 and Hp continuously using the so-called fluid catalyst

tjpe'of operation, which wé haﬁe hereinbefore described. In this
type of operation materlals which are liquid under operating
conditions interfére with and impede good o)eration of the system
because they lnterfere wlth the fluldization of the catalyst.
Therefpre, in order to correct this insufficlency we provide a
prpbass whereln the catalyst 1s continuouslylor at rélatively
short intefvalé withdrawn from the reaction zone and stripped-of

1iquid or waxy material by volatilizing off the sald olly or waxy

- material and returning the catalyst in substantially dry condltior

to ‘the reaction zone where it 1s better adapted to be fluldized,
. Having explained the nature and purpose of our
invention and the utllity thereof, it is our purpose to c¢laim the

features digﬁigéééfherein, except those exgluded by the terms of

the abandoned clalms.

|
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THE EMBODIMENTS OF THE INVENTION IN WHICH A SPECIAL PROPERTY OR
PRIVILEGE IS CLAIMEDP ARE DEFINED AS FOLLOWS:

1. The method of operating a hydrocafbon synthesls
plant contlnuously, which comprises.pfoviding at least two
reaction zones containing flﬁiéized masses of powdered catalyst,
charging a gaseous mixture containing-co and. hydrogen to the
#ald reaction zones, permitting the CO and hydrogen to contact
the catalyst in the reactilon éones at feaction temperature for
a suffleient period of time to effeﬁt a eonversion of CO with
hydrogen 1nto nydrocaruvons and maintaining the catalyat in the
first of sald znnes Bubs%éﬁtially free of cily and waxy materilal
by continuously withdrawing catalyst from sald first reaction
gone and charglng it to a second one of said reaction zones,
subjecting the catalyst in said second reaction zone to a higher
temperature than that prevailing in the f;rst zone whareby olly arn
waxy materlals are removed by volatilization, sald converslon
taking place simultaneously in sald second zone; diécharging
volatile hydrocarbons into sald second zone for the purﬁose of
augmenting the veolatilizatlon taking place, and thereafter

wlthdrawing the cleansed catalyst and returning it to the flrat-

named zone.
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2. The methed set forth 1in claim 1 in which the

temperature in sald second zone 1s from 10° to 100°F. higher

i
gﬁ than 1n said first zone.

3. The method get forth in c¢laim 1 in which the

pressure in sald second zone ls lower than in said first zone. i

L. The method 'set forth in claim 1 in which the ”

catalyst is essentially metallic iron.

5. The metnod of qpefating a hydrocarbon synthesls
plant continucusly, whlchQOﬁhriﬂes providing at least two
reactlion zones containing fiu;dized masses of powdered
catalyst, charging a gaseous mixture containlng CO and hydrogen
‘to the sald reactlon zones, permitting the Cco and hydrogen to i

sontact the catalyst in the reaction zones aft’ reaction

B ke

temperature for a sufficient pertod of time to effect a
oonversion of GO with hydrogen 1nto hydrocarbons and maintalning
the catalyst in the first of saild zones gubstantially free of
olly and waxy materlal by continuously withdrawing catalyst
ffom sald first reaction.zone and charging 1t to & gecond one
of sald reaction zones, subjecting the catalyst In sald second
reaction zone to & higher temperature than that prevailing 1in
the first zone Whereby cily and waxy materials are removed by
volatillzatlion, aaid conversion taking place simunaneously in
said second zone,iwithdrawing reaction product from sald first
zone, cooling sald withdrawn reactlon product to form a liquid
product”énd a éeeeous‘prodgct, gseparating the two products,
discharging Ehe'gaaeous proguct with catalyst into sald second
Lreactlon zone,,and thereafter withdrawing cleansed catalyst

v

fromsaid second reaction zone and returning it to said first

reactlion zone. _ g
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6. The method of operating a hydrocarbon synthesis
plant continuously, which comprises providing at least two

reaction zZones containing fluidized masses of powdered catalyst,

charging a gaseous mixture contalning CO and hydrogen to the
sald reaction zones, permitting the CC and hydrogen te contact
the ecatalyst in the reaction zones at reaction temperature for
a sufficient perlod of time to effect a converalon of CO with
hydrogen into hydrocarbons and malntaining the catalyst in the
firat of sald zones substantially free of oily and waxy
material by continuously withdrawlng catalyst from said firast
reaoction zone and charging 1t to a second one of sald reactlon
zones, subjecting the catalyst 1n sald second reactlon zone

;‘ to a higher temperature than that prevalling 1n the first zone

whereby oily and waxy materlals are removed by volatilization,

e e

sald conversion taking place simultaneously in saild second

zone, wilthdrawlng reaction product from sald first reaction
zone, cooling product to condense a liquid product, separating
uncondensed vapors from sald liquid pfoduct, sc¢rubblng said
vapors to remove ¢arbon dioxide, conducting sald scrubbed
vapors to said second reactlon zone, and thereafter withdrawing
¢leanged catalyst from sald second reaction zone and returning

1t to sald flrst reaction zecne.
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Certified to be the drawings referred to /éM

in the specification hereunto annexed.
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