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'This mventmn relates to the synthesis of hy-
drocarboris by the reduction of .an oxide of ‘car-
bon with hydrogen. " In.one of its‘more- specific
aspects it relates to the synthesis of hydrocar-

bons by the reduction of carbon monoxide with -

hydrogen in a ﬁuldized ﬁxed bed conversmn
chamber.
In the process of synthesizing hydrocarbons,

which process is known to the petroleum industry

as Fischer-Tropsch’ synthe51s, an oxide of car-
bon, e. g, ‘carbon ‘monoxide; and: hydrogen are
reacted together at suitable. elevated tempera-
tures in the presence of a ‘selected catalyst to
yield higher boiling organic compounds, includ-
ing hydrocarbons ranging from light gaseous
methane to heavy liquids or waxes. Catalysts
commoniy ‘used for this synthesis are sintered
iron, and' compounds or compositions comprising
cobalt, nickel, and/or ruthenium. These cata-
lysts . may be promoted-with such materials as
alkali metals, alkaline-earths, or their .oxides,
or with thoria or various other promoters. 'The
catalysts may be utilized in either a static fixed
bed or in a fluidized bed. In- fixed bed opera-
tions it is common practice: to-support the cata-
lyst on an inert supporting material such as
kieselguhr or the like.  Such support materials
may be crushed to any desired mesh size. It is
common practice to dissolve the catalyst mate-
rial and the promoters in a‘ ‘suitable * liquid
solvent which mixture is then mixed with the
support material and the promoter and cata-
lyst materials are precipitated from their solu-
tion by means of an:alkaline solution. - When
utilizing the fluidized catalyst modification of
this synthesis, in which g eatalyst in the form of
a freely flowing powder is' normally suspended
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in the gaseous material passing through the re-

action zone, the promoter material is usually
fused into the catalyst and the resulting hard
mass is ground to a relatively hard abrasion-
resistant powder.

When synthesizing hydrocarbons utilizmg a
static fixed catalyst -bed it has been necessary to
operate at relatively low space velocities, such
as between about 100 and about 300, and the
rate of production of hydrocarbons heavier than
ethane has been undesirably low. It has re-
cently been found that when fluidized fixed-bed

operation .is applied to the - Fischer-Tropsch

process space velocities and -consequently the
production rate can be greatly increased.  Thus,
whereas in static fixed-bed: operation, space ve-
locities of .about 100 to about 300 are used, in
fluidized fixed-bed operations, space velocities as
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high as 5000 may be used and a correspondingly
increased rate of" productmn -of “hydrocarbons
heavier than ethane may be obtamed In fluid-
ized fixed-bed operation, the synthe51s gas, which

‘comprises carbon monoxide and’ hydrogen in a

molar ratio of from about 1:2 to 2:3,1s contacted

‘with ‘s finély ground catalyst ‘at such a linear

velocity that the catalyst is’ contmually agitated
and umformly distrlbuted but is ot substantially
carried out of the reactor

Although fluidized ﬁxed—bed operatlon permits .
increased space VEIOCltleS, it also. entails certain
probléems. One problem is that of maintaining
the linear velocity of the synthesis gas sufficiently
high throughout the length of the reactor to -
maintain catalyst ﬂuidization ‘and, at. the same
time, sufficiently low to prevent undesirably high
yields of light' hydrocarbons such as methane and
also to” prevent undesnably high temperatures
near the inlet-of the reactor.” This problem is
accentuated in the Fischer-Tropsch process, since
as g result of the union of ‘carbon’ monoxide with
hydrogen to form normally liguid.” products, the’
gas volume contmuously decreases durmg passage
through the reactor. oo

" An object of the present mventmn isto plOVlde :
an improved reactor for the synthes1s ‘of hydro-
carbons by the reduction of carbon ‘onoxide

with hydrogen.  Another object is to provide an-

improved reactor for such synthesis in which
fluidization of the" catalyst is facilitated. . An-
other object is to prov1de an 1mproved reactor for

-such synthesis in’ which the removal of heat of

reaction is facilitated.:" Another object is to pro-
vide a- method Jof: conductmg the ‘synthesis of
hydrocarbons by catalytic reduction of ecarbon
monoxide and hydrogen usmg “the ifproved re-
actor of the present invention.. Another object
is ‘to' provide 'a method for ma1nta1mng linear
velocities through g reactor "Angther obJect is
to: prevent undesirably high temperatures near
the inlet of a réactor. " Other snd further obJects
will be apparent’ to those skilled in the art ‘upon
study of the accompanying descrrption and draw-
ings.

The present invention prov1des a solution for
the problem of ‘maintaining lihear veloclty of the
synthesis gas throughout the length of'4 fluidized
fixed-bed reactor, Understanding 6% the inven-
tion will be facilitated by reference to the accom-
panying dragrammatlc drawings.’ Figure 1.0f the
drawing is a cross section view 'of ‘a. Fischer-
Tropsch reactor: de51gned in accordance with this
invention. ' The reactor comprises a plurahty of
unobstructed reactmn chambers (g, 119, Iic and




' -tially vertical series. _ >

. connected by unobstructed conduit means, such-

.. +as throats 12a, 12b and 12¢.. - The internal diam-
! eter of throats 12a, b and ¢ is of such size as to

| ld whieh are 'breferabiy disposed in -a-substan-
The reaction chambers are

~ allow thHe’ flow. of synthesis gas- and catalyst
therethrouvgh but is préferably of a cross sectional

area not. greater than one-fourth of the maxi-,
mum cross sectional area of the reaction cham-" "~
The shape of the reaction chambers:and:
throats is not critical but: they: are preferably’
cylindrical and have extending conical members.-

bers.

closing each end of said chambers. The conical
shaped members substantially reduce: dead areas
within the chambers.
duit 13-1s provided to convey synthesis gas from
a synthesis gas supply into the lower portion. of
reaction chamber fla enclosing a reaction zone
therein. - Outlet means, such as conduit {4 is
provided to convey the efiuent from the upper
portion of reaction chamher (id.  Outer cham-
ber 5 surrounds the. plurality of reaction. cham-
bers ancI connectmg conduits and forms a.cooling
zone in the- space’ bétween  the outer. chamber
and: the reaction’ chambers arid connecting ¢on-
dUItS ‘Coolarit. inlet means; such as conduit. 16
is- provided in the. upper portron of the outer
chamber for the purpose of conveying a.cooling
fluid mto tHe cooling zone.: _Coelaiit 6utlet. means,
such as eonduit 1, is provided in. the lower -por-
tion of the outer chamber for: fthe purpose of
removing cooling fluid therefroi. Cooling fluid

8 may be water. a heavy 011 :OF any other coolant‘

heat from & reégction Zone by 1nd1rect heat ex-
‘change.,\Particulate or. powdered- catalyst 19 is
preferabI contamed within the resdcfion. cham—
‘ber; e, ¢, the lower two reacﬁion Zones may be
filled’ w1th catalyst hefore the start~up and will
be-distributed to the remammg reaction zones by
the'flow of synthesis gas. The, catalyst. may be
any ong’ of the catalysts suitable for: Fischer-
: Tropsch synthesxs It is preferred, however, 1o
use @ cataIyst prepared. by fusing iron. oxide,
coohng and grinding thé fused material to. a size

mesh and reducing’. the ground matenal thh

’hydrogen Alkaline promoters, such. as- potas-
sfum “carbonate or barium hydroxide, may be
ad‘ded it desired.

- Y T the' operation of the reactor shown in Fzgure
1, synthesis, gas’ containing. hydrogen and ¢arbon

monoxide in & molar ratio of about.3:2 and- an
mert diluent such as nitrogen.is introduced-into.

the reactiolr zones through inlet 13. When.cata-
lyst material has been precharged to the. reaction
zones; only sufficient’ amoints of the particulate
catalyst are added with the synthesis gas to make
up the logs of catalyst through outlet conduit {4.

If catalyst material is hot. precharged to the reac-
tion zZones, sufficient catalyst is féd to the reactor:

withthe synthesis gas to get the desired reaction.
The synthesrs gas entfers thé reaction chamber
through “inlet. {3 at g relatively high. velocity,
whichr velocity decreases within the reaction zone.
With such velocity, however, the catalyst con-
tained in 'the reaction zone of chamber g is
substantially entirely fluidized, A portion of the
carbon monoxide and hydrogén will coact therein
to form Hydrocarbons in the reaction zone,
synthesis gas, reaction products. and .a portlon
of the catalyst then pass through communicating
conduit. 12¢ at.an increased. velocity which . sub-
' stantially fluidizes the catalyst contained in the
reactlon zone of chamber £1b.

Inlet mieans, such as con-

The

Upon passing into:
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reaction chamber I1b, the velocity of the gas
once more diminishes. These steps are repeated

-in the passage:of the synthesis gas, products, and

a small portion of the catalyst through the. re-

- mainder of he communijcating. conduits and re-
: action:zone

ss The diluent-of; the synthesis gas
is of a suﬂiment volumié fo furmsh the desired

_velocity in’ pdssing .from one  reaction zone

107

“through the communicating zone into the suc-

ceeding reaction zone. By this combination of

Cu restncted camnmninication zones and larger reac~
i fion zones together with the use of a diluent gas,

the linear velocity is substantially maintained

_throughout: the entire length of the reactor, and
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“'chanheling is obviated, or at least greatly mini-

mized. Separation means (not.shown), such as
a cyclone separator or a Cottrell electric precipi-
tator, may be provided in conduit 14 for the pur-
pose: of separating enftrained catalyst from the
reactor efluent stream. ' The diluent gas may also
be separated from the efluent stream. at substan-
ually ‘the samé:point.. The eatalyst and- diluent
gag may, ‘then he recycIed'to inlet- condulb 13 and
retised in- the synthesis process

A suitableé cooling, fluid sueh as- Water heavy
011 of 'ally ‘other conventional coolant fluid is
injected intd theé cooling zone through- coelant
inlet 16 and is. caused to pass countercurrently
0. the direction of, ﬂow of: the synthesm gas within
the reaction and commumcating zones and is re-
moved’ from the .coolant. zone- threugh coolant
ouflet: In the devme of. this invention; the
temperafure- of reaction»is much meore: easily con-
trolled. by the ‘increased. coolmg surfaee; since
more compléte indirect eontact. between: the: syn-
theésis gasés and.the cooling fluid iy obtained. A
portion of the- heat is. removed while the gas is
still in the reaction Zone- and an-additional por=
tion is rémoved. as.the gases: pass: through: the
smaller commumcatmg conduits:

SuxtabIe reaction conditions -in: & Fiseher=
Tropsch. process usmg a-reactor. of the present
invention afe a. temperature within-the range:of
bétween: about. 300.. and: about 320° -C., & pressure
between. aboult 10.and. alaoui'r 20 a,tmospheres and
an’ overall space. Velocity between about 1500 and
abott. 5000 volumes (STP)- of synthesis gas per

volume of. catalysn per: hour.

Figure 2.is a sectional view of g preferred modi~
fication, of the.reactor of.the: present; invention.
The Teaction. chambers 2(a, 21b; 21¢ and 2td; en~
cIosmg reactlon .zones:--therein; are-similar- to

ibe .c:arid.d, shown in Figure 1, with
at. the .chambers- decrease: ify
la-to: 21d. ' Communicating con~
duit means 2%2d, b, ahd.c.are similgr to communi~
catiig conduits. lZa, b, and-e. - The eross sectionat
areas of conduit means 22a;-b, and ¢ should. be:
no. greater than. one-fourth of the-eross sectional
aréa of the. larger ar lower of the.reac¢tion cliam~
ber's- between. which each- communieates. * Syn=
thesis gas is introduced into resction-chamber
21a through inlet- means,; such: as-conduit: 23 at
+t0: flutdize:thé-eatalyst.either
contained: m tion’ zone: of - carried. into
the: reactlon zone by the synthesis gas.  Iit the:
reaction:zone the velacity-decreases: -substahtially:
as a result of. volume decrease: - The-gas thers
passes through .communicating - condurt 23 gt a
suﬁimently increased velocity : to substaftiglly
fluidize the-catalyst: in: the smaller reaction: zone
21b and similar steps:are carried om throughout:
the. length of :the: series: of reactioi: zdnes and:
commumcatmg -eonduits. - Ther efluent from: re=
actlon zone 2ld.is removed through-outlet means;-
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such as conduiti24... Any conventional separation
means ;(not- shown) may-be provided in- ‘conduit
24 to separate entrained catalyst from the efluent
stream... This"separated catalyst is recycled to
inlet condu1t 23 ‘and is reused in the synthesis
process. . Outer chamber 25 surrounds the series
of_reaction chambers and:communicating con-
duits and may-be: of any desired shape. It is
necessary only that the outer chamber-be large
enough to provide sufficlent space therein for the
coolant which is used in indirect heat exchange
relation. with- the. materials within the reaction
and communicating: zones. . The- -outer .chamber
25 is provided in-its upper portion with a coolant
inlet means, such.as conduit 26 and in its lower
portion with a coolant outlet means, such as con-
duit 2T.

cooling fluid 18. Particulate catalyst 29 may be

any conventional Fischer-Tropsch catalyst. The'

cooling fluid, as in the reactor shown in Figure 1,
is caused to pass countercurrently, within the
outer chamber, to the direction of flow of the
synthesis gas within the reaction and:commu-
‘nicating zones. In the operation of the device
of the reactor shown in Figure 2, & diluent may be
used as part of the synthesis gas. | A part of its
purpose is,:however, replaced by the reaction
chambers of diminishing volume through the re-
actor. As the volume of the synthesis gas dimin-
ishes . because. of ‘the reduction of the carbon
monoxide and hydrogen, the gas is passed into a
reaction zone having a smaller volume than the
next preceding reaction zone thus allowing the

synthesis gas and reaction products to maintain
fluidizing linear velocity through the reactor and-

a corresponding space velocity is maintained at
corresponding positions in the reaction zones.

Cooling fluid 28 may be the same as

6
catalyst, fluldization of- the: catalyst throughout
the reactor-is-difficult to maintain.: ‘Under reac-
t1on conditions of an injtial inlet-temperature of
315° C.,-a pressure of 10 atmospheres and space -

velocity of 2500 volumes of. :synthesis gas per vol-. :

ume of: catalyst: per hour, the: catalyst near the

inlet. is satisfactorily: fluidized, but the.catalyst :"

further downstream:is not.:-The result is that

" - synthesis gases further downstream are substan-
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The reactor of Figure 2 is therefore preferred

for synthesis gas containing substantially no
diluents or relatively small proportions of dilu-
ents. ‘

Figure 3 is a cross section horizontal view taken
along line 3—3 of Figure 1. Figure 4 is a cross

40

section horizontal view taken along line 4—4 of .

Figure 2.

Although each of the reactors.shown in the
drawing discloses the use of four reaction.cham-
bers, the invention is not limited to any spe-

45

cific number of such chambers. It is necessary -

only that a sufficient reactor length be provided

50

to secure the desired reaction of the synthesis -

gas.
Temperatures in- a Frscher—Tropsch process

- must be confined within relatively narrow ranges, -

depending upon the catalyst used. These tem-

peratures, for the specific . catalysts, are well.

known to those skilled in the art. One of the ad-
ditional advantages of a reactor constructed in
accordance with this invention as compared with
conventional cylindrical reactors is that increased
efficiency is obtained in the removal of heat of
reaction produced by the reaction of the carbon
moncxide with the hydrogen The increased ef-
ficiency of heat removal is a result of the rela-
tively large chamber surface exposed to the cool-
ant and also of the greater amounts of synthesis
- gas caused to contact the cool surface.

Example

In a Fischer-Tropsch reactor in which hydro-,
carbons are synthesized by passing & synthesis

gas containing about 20.mol per cent nitrogen,
50 mol per cent hydrogen and 30 mol per cent
carbon monoxide through a vertical cylindrical
reactor containing 65 to 100 mesh reducing iron
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unobstructed reaction zone;

tially: unreacted... Increasing: the overall - space
velocity suﬁiciently to fluidize all of -the catalyst
results in an. undesirably high temperature at the

.reactor inlet, and an undesirably -high propor-

tion of. the. unreacted carbon monoxide is- con-
verted.to methane. : :

Whena reactor similar to that m Figure/l com-
prismg four. eylindrical . catalyst chambers -each
2'7.in. diameter-and connected-in:series by %a’’
dlameter seylindrical conduits: is; substituted - for
the. .previously: mentioned: cylindrical. reactor;
satisfactory :fluidization of the catalyst is readily
maintained throughout the:reactor and satis-
factory. yields -of. liquld hydrocarbons are ob—\
tained.: :

.Other embodlments of the 1nventlon may:also
be .constructed; : for example, several separate
series of reaction chambers of .the types shown
in Figures :1..and 2:may: be operated in parallel
inside..a single .cooling :jacket. -Another desir-
able modiflcation is to reverse: the flow of fluid
through:the cooling: chamber, injecting & liquid
through conduit {71 or 21, cooling the reactant
material by vaporizing the liquid and removing
the vapor through conduit 16 or 26.

Although this invention hasbeen described with
some particularity, it is clear that many modifi-
cations and changes may be made by those skilled
in the art without departing from the scope and
the intent of the invention.

I claim:

1. A fluidized fixed-bed method for synthesiz-
ing hydrocarbons by the reduction of hydrogen
and carbon monoxide which comprises the steps
of introducing all of a synthesis gas comprising
hydrogen and carbon monoxide into the lower
portion of & first unobstructed reaction zone of
a reaction chamber at a reaction temperature
and at a velocity sufficient to uniformly distribute
a particulate catalyst within and throughout said
passing said syn-
thesis gas and resulting reaction products through
anunobstructed constriction zone of said reaction
chamber into a second unohstructed reaction zone
of a smaller volume than said first reaction zone
with sufficient velocity to similarly uniformly dis- -
tribute particulate catalyst therein; similarly

passing said synthesis gas and reaction products

through at least one more unobstructed constric-
tion zone and at least one more unobstructed
reaction zone successively smaller than its im-
mediately preceding reaction zone of said re-
action chamber, the supplying of gas to the lower
portion of said first reaction zone being the sole -

-supply of gds to said reaction zones; maintaining
‘the overall space velocity through said reaction
zones &t between 1500 and 5000 volumes (STP) =’

of gas per volume of catalyst per hour so that-a -
corresponding space velocity is maintained at

corresponding positions in the reaction zones;
passing a coolant through a cooling zone sur-

rounding the length of said reaction zones and .

constriction zones of said reaction cliamber so as
to remove resulting heat of reaction at the periph-
ery of said zones from the materials within said
zone; removing said reaction products and a
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sialk portion: of: said‘éatalyst from-the lasﬁ stes
cessive zonie of - said réaction chHambet; sepa.ratmg
said resulting reaetion Pbroduets and said’ catalyst.

- andg.recycling said catalyst only bo said 'ﬁrst un-
obstructed. redction zone.: . .

:2. The method: of ¢laim 1, Wherema substa.n-
tially inert diluent gas is: suppiied to said reaction
zones:with said-synthesis gasu. " .

- 3. A fluidized fiXed-bed method for synthesiz-
ing :hydrocarbons: by the reéduction of hydrogen
and. earbon monoxide. which: comprises the Steps
of iIntroducing. dll-of ‘. syfithests: gas: ‘comprising
hydrogen: and "c¢arbon moenoxide .inté the: lower
portion of a first unobstructeéd résdetion: Zone o6f 4
reaction chamber at a reactions eemperature -and
at-a-vélocity sufficient to: unifoi'mly distribute’ a
particulate :catalyst within and throughoiit said
first reaction zore passinig sald synthesis gagand
resulting. reaction ‘prodiiets : thfough ‘an: ‘Unob~
strueted constriction zone of said reaction cham-
ber into a second unobstrueted reactioti Zone of
a-smaller volume than sald’first: regction Zohe
with sufficient velocity to similasly uniformiy:gis-
tripute particulate - catalyst therein; similarly

passing: said: Synthesis: gay and reaction produets 98

through at least one more unobstructed: constric-
tion zone and at least one more unohstructed re-
action Zone successively smiallér thaniits immedi-
ately ‘preceding regction Zone:of '§aid reaction
chamber; maintaining the-overall: space- velocity
through sazd reaction\ Zoney at between 1500 and

g
50600~ vélizrhes STP) 6f 548 per-voliittie of catalyst
pei: Hony: s thatra: corresponding: space ‘veloeity
5 ¢orresponding ‘positions inthe
reaction yones; Ppassing 4 eoolant through. & é6ol-

© 5 iHgene suFrodnding:the lensth.of said urob-

stFusted: redetion zones and: constiiction zones of

said: redctionchamber to Feémove: resulting heat

of Teactionciatithe: periphiery of: sdid zones from

thesmaterialsuwithin said zohes: removing §aid
jo redctici:prodiicty. and:d siiall portion of said
catalyst-fromctlie ldst successive zone of said re=
actionchantbery séparating said reaction produets
andsaity catalystyand reeyeling sald catalyst only
ta saict Arst nnabstructed:: ‘Teaction Zone:
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