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4194484
SPECIFICATION

TO_WHOM IT MAY CONCERN:

a Unlted 3tates cltlzen,
BE IT KNOWN that I, Robert ¢, Guaness,/engineer, of Hutchison

Road, Flossmoor, Illinois, Unlted Spates of America, having made an

invention sntitled Hydrocerbon Synthesis, the followlng is a full,
nature. of the sald inventlon and of the

clear and exact disclosure of the/Dest mode of realizing the advan--

tages thereof;

. This invention relates to an improved method and means for
effecﬁing‘the synthesis of'hydrocarbogs from mixtures of carbon monoxide
and hydrogen 1in acéordance with thé following eguations:
Cpflanse + nHg0

NCO + 2nHy % CpHoy + nHpO

080 + {2n + 1)H

Heretofore & major problem in this syathesis has been that off
heat removal and temperature control of the sxothermic remetion. Tha
synthesis is oatalytlc and it has been necessary to have each catalyst
particle immediately adjacent & heat exchange surface, l.e., within a
few millimeters thereef, Prior synthesls reacﬁora have, therefore,
been extremely complicated and expensive and it has Deen most difficult
ﬁo obtaln access to the imner part of a synthesis reactor for the
purpose of repalr or for replacing catalyst material. An object of
my invention is to provide a system wherein heat exchange surfaces may

ba entirely eliminated from the synthesis zene And wherein the heat

H

developed by the synthesis may be removed in a separate 2one. A furthg
object 1s to provide a system whereln the synthesis temperaturs: may be
controlled and maintained within very close limlts. A further object
is to érovide 2 simple-and relatively inexpensive synihesis reactor
which is more afficient in operation than the expensive and compllcated
rvenctors heretofore employed,

The catalyst employed for effecting the synthesis 1s szpensiy

@

and it is essential that catalyst lossez be maintalned at an absolute
ninimum. An object of my invention is to provide lmproved methods and

means for preventing catalyst lossea from synthesis reactors,
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The'synthesis hag herstofore been effected in flxed catalyst
beds so that the catalyst in ons portlon of the bed became spgnt goonsar
than the catelyss in another portion of the bed. The carbon monoxide-
hydrogen mixture was rapidly vonverted in the initial portion of the
catalyst bed but thereafter the reaétion vas meterially slnwe@ down be-
cause of the presence of reaction products, some of which products
diluted the carbon monoxide and hydrogen mixture mnd some of which pro-
ducta coated the catalyst and made it less effective. An objeét of my
invention is to provide a system wherein the 1ncoming carbon monoxide
and hydrogen mixture alweys contacts s oatalyst which has been stripped
of.reaction products, wharein the catalyst sctivity 1s gubdtantially
uniform throughout the ?eaction zone and whersin the extent anﬁ pature
of the conversion may be more clogely controlled than 1n any prior
process, A further obqect ig to provide a system which 1g flexible
in operation so that 1t may be employed under atmoapheric or super-
atmoapheric conditions and so thgt }y yﬁy_sé;quiygly produce a large

preponderance of hydrocerbons of-the:motor fuel boiling renge, or the

lubricating o1l boiling range or any other desired boiling range.

A further object of the invention is to provide an improved

system for converting hydrocarbon gases such Az natural gas into nor-

. welXy liguid or normally solid hydrocarbons and to utilize “in this

system the methene and ethmne which is produced in the systen itself.

A further object s to improve the efficlency and to decreass:ths
expense of the aystem for obtaining a two to cone hydrogen-carbon
monoxide mixturs from normally gasscus hydrocarbons, particularly
methane and ethane. A further objJect is to provide an improved method
ant memns for purging tha system of nltrogen.

Anothar object of the invention is to Avold or minimize ths
eraration of Xy o1l drips from the reamction zone and to provide an

improved method and means for atripping reaction products from the
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. hydrogen to produce an active reforming catalyst. It 1is also contem—
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catalyst at very snort iniervals thereby decreasing or eliminating any
tendency of reaction products to accumulate in the catalyet mess,
Other objscts will be mpparent as the detailsd descriptlon of the
invention proceeds.

In practicing my invention I may employ normally gmsecus
hydrocarbons from any source whatsoever but I prefer to employ natural
gas vhich consists chlefly of methane since 1t 1s extremely difficult to
convert this particuler gas into high m&lecular welght hydrscarbons by
any other process. The natural ges is first freed from hydrogen sulfhdg
and organic sulfur compounds by serubbing with a suitable aolﬁent such
as monpethanolamine, triethanolamine, or ths like followed, 1if necessary
by scrubbing with a strong caustic sclution. The desulfurized:gas is
then mixed with such proportions of carbon dioxide and steam as to give
a ga® mixture having an atomic hydrogen:carbon;oxygen ratio of about
4:1:1, This mixture is then- contacted with a reforming catalyst, pre-
ferably an VII1Ith group metal which is elther unsupported or supported
on qlay, Kiéaelguhr, silibé éel. alumine, etc. Such a catalyat, for
instance, may be a mixture of the oxides of nickel, irea and manganese
with the proportions 1:1:0,5. If desired the metal oxide may be glven

a pretreat with synthesis gns, other gas rich in hydrogen or pure

plated that the catalyst may be pariodically‘calcined and treated
with the hydrogen-cobtaining gas. The nickel or‘other VIIIth .group
metal oxids eatalyst may be promoted by oxldes of aluminum, magnesium,
ealeiun, uranium, chromium, melybdenum, vanadiam, etc.

The space velocity through the gas reforming catalyst should
be gufficient to give = contact time of about 2 to 60, preferably abou;
10 to 30 seconds, The temperature of thls operation is preferably
1,400 to 1,650°F. and the pressure way be about atmosphsric to 150

pounds per sguare inch or higher, This reforming operation converts

—dee
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~introduced lnto the tower I may control the amount of eatalyst in the
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the wethane-carbon dioxide-steam mixture into a gas consisting chilefly
of hydrogen and carbon monoxide in the proportions 2:1. This gas mix-
ture will be hereinafter referred to as "make® gas or Hgynthesls" gas,
A conslderable amount of heat must be supplied for the gas
reforming operation. This heat is preferably produced by barning a
part of the desulfurized gas admixed with & part of recycled gas from
the‘system; A considerabla amount of the heat conteined in the flue
gng from the gas reformer burner may te used for preheating air which
18 to be charged to the burner. Water is then separated from the cooled

fiue gas and the flue gas is scrubbed with suitable solvent such as

- monoethanolamine for absorbing carbon dioxlde therefrom, The undissolved

nitrogen is expelled from the system. The carbon dioxlde is recovered
and” employed along with desulfurized gas and steam for the production
of make or aynthesis gas as hereinahova described.

My synthasla reactor- ia prefarably a verticdl tower which cond
tzins no neat exchange surfaces therein., Catalyst is shgpended in this
towér by the up—flowihg make gas. DBy properly controlling the upward

velocity of the make gng in the tower mnd the amount of powdered catalyst

tower and the synthesls gas residence time in the tower, thus obtaining
the contact of a given guantity of synthesls gas with any desired
quantity of catalyst for any désired time,

#ith = catalyst bulk density of about 10 to 40 pounds' per
cubic foot and with a uniferwly small particle size the vertical gas
veloeity of ¥he make gas will usually be within the rangs of adbout .1 to
10 feet per second - in most cases About .5 to 1,5 feet per second but
1t will dapa;d. of course, on the denslty, particle size and character

of the particular catalyst which is employed as well as upon desired
conversion and reaction condltions, such as temperature, prassure, atc.

The bulk density of catalyst in the reactor is usually at lemst ebout
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2 to 10 pounds per cuble foot lower than the bulk density of settled
catalyst but the bulk density of catalyst in the reactor should be

sufficiently great so that the suspended catalyst mixture will bebave

as & liguid and exhibit such turbulence that there will be intimate

veloecity should be low enongh to obtain and nmaintain a dense opague
phase of suspended catalyst. In at least one embodiment it should be
hizh enough to prevent the catalyst from actually settling out of the
gases and caking and Eo continuously carry e substantlal amount of the
catalyst to an uppsr settling zone so that it may be cooled and re-
ocycled for temperature control,

The synthesls teﬁperature can be batween about 225 mnd about
425°F, and even higher, for sxample, as high as about 650°F. in the
cage of iron catalyst, Temperatures batween about 325 and aﬁout 3950F, |
and in squ instances as high as about 450°F,, can be used for com~
mercially avellabls catalyst of the cobalt or nickel type. In these
temperature ranges maximum liquid yields are obtained with a minimmam
production of lighter and heavier hydroearbons, In the presence of &
glven catélyst the lower temperatures tend toward the production of
heavler hydrocarbons such as waxes and the higher temperatura§gn§§.
toward the groduction of lighter hydrocarbons such as gases. d;ainérily
higher pressures are beneficialkwith the iron type of catalysfl

Temperature contrdl is offected by cooling eilther catalyst
material or incoming goses or both in a zone or zones outside of the
syntnesls zone, Herotofore it has always been deemed essentiml that
the entering gnges should be at synthesis temperature and that heat
exchange surfaces be provided within a few millimqﬁers of eacth catalyat
particle in the aynthesis reactor. By malntaining the turbulent gas
suspension of catalyst particles in the reactor sg hereinabove demeribefl

I have dlacovered that the temperature is substantially the same in all

—fh=




404484 j

parts of the remctor. Thus inatead of employing the heat of aynthésis
for boiling water in the synthesis zone, as in previous processes, I
employ the heat of synthesls for bringing meke gases and lntroduced
catalyast to reaction temperature.

5 Since reaction temperature is reached substantlally instant-
aneously I maintain the reaction temperature within closer limlts than
was possible in the cumbersoma heat reactors heretofors employed. In
other worde, the relatively cool catalyst which is constantly being in-
jected into the resctor is instanimneously disperased throughout the
hles reactor and esch particle of such catalyst is in intimate contact with
catalyst particles a8t the surface of which heat is being 1iberatad.

i
¥

‘kce sach particle of catalyst is surrounded by a gos envelope and 1s

in intimate contact with ofher catalyst particles there is no possl-
bility of the development of hot spots or overheating. Ap impartant . o

15 feature of my invention is this remarkabdly efficient and effective

mears of obtaining temperature control in the synthasis reactor.

' Another feature of my invenbion is a method and means fof

obtaining complete separation of catmlyst from gases and vapors and the
recycling of this catalyst through suitable coolers to tha synﬁhesis
20 reagtor. I provide aﬁ snlarged settling zone above the reactor snd
within this settling zona I way provide a plurality of centrifugal
geparators. Thne settled catalyst is intimately mixed with centri-
fugally'saparaﬁed catalyst'mnd this mixture of catalyst is atripped

with hot gas before it is cooled for reintroduction irnto the syntheais

25 zons . in order .to prevent the accumulatlon on the catalyst particles of
heavy Temction products such as oils or waxes, Thus while 1n_prior ‘
processes the initial mekes gas originelly contacted a catalyst which
was wet with reection products, I have provided a process whereln the
initial make gas contacts & catalyst which has been freed from reaction

30 '
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Alternatively the steam for stiripping may be obtained by flashing the

. othane and ethylene, is usually split, a part of it being sent tn the
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The reaction products are cooled for the meparation of water
and any traces of catalyst not removed by cyclone separators (or by
electrostatic precipltators if such are employed) may be recovered with

the condensed water and reworked for the preparation of new catalyst.

aqueous catalyst slurry se that the stripping ateam will reintroduce
this catalyst into the bddy of catalyst which 1s being recirculated
éhrough the cooler to the resctor. (Carbon dioxide may likewise be used
ap the stripoing gas and then carried with recycled methane, etc. to th
gas reforming step for the preparation of synthesls gasz,
The reactlon products may be fractionated in any conventional
manner but I prefer to employ an absorption system for aaparating 03
and G4 hydroearbons from unreacted make ganses, methane, ethane and
ethylens. The‘OB and Cy hydrocarbons. are rich in olefins and may be
converted by polymerization, alkylation, gas reversion or other known
processes into high quality motor fuels or heavier oils, The stream

of separated make gos, which contains considerable amounts of methans,

gae reformer and & part to the burnmer of the ges reformer, the size
of the latber stream being sufficiontly large to keep the system 230~
stantially purged from nitrogen.

The inventlon will be more clearly understood from the fol-
lowing ‘detailed desecription read in conjunction.with the accompanying
drewings which form a part of the specificatlon and in whioh;

" Figure 1 is a schematic flow diasgram of my entire system;
UFigure 2 ig a detlled section illusirating the elements in
the lower pert of the reactor in Figure 1;

Flgure 3 is a vertleal sectlon of the lower part of a reactoq

gimllar to the reactor shown in Plgure 1 but offering certain additionsl

advantages;

~B=
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Figure 4 1s a vertlcal sectlon of modified reactor and cataly

" cooling And recycling means; and

Figure 5 is a vertleel section of another modlfied reactor an
catalyst cooling and recycling means.

As A specific embodiment of my invention I will describe a

¢ system for handling about 40,000,000 éuhic feet per day of -a natural

gas which conslists essentially of methane. The application of the in-
’vqntioh @o.otﬁer charging stock and to plants of various sizes will be

apparent' to those skilled in the art from the following description.
A~ -

' ':The charging stock from line 10 is first desulfurized in any

.

conventional system 11. When the gas contains no organic sulfur com-

pounds , this desulfurization mey be sifected in a.conveﬁtianai Girdler

process wherein the gre is scrubbed with monoethanslaming or triethanc)
amine. Hydrogen sulfide mey likewise be removed by"the Koppers process
or by the so-called phosphate process wherein the gas ls countercurrent
scrubbed in & packed ﬁower'with a two mol sqlﬁtion‘of potasslum phospha
If orgﬁnic auifuf is pfesent 1t may be neceésary ﬁaméﬁpplem@nf tha ex~

traction process with a concentrated caustic wash. The hydrogen sulfid
content‘ahould ba reduced to at least about .00l grains per cubic foot

and this désulfurizatlion may be effected in any known manner, The de-

sulfurization atep per se forms-no part of the present invention and it
will not be described in further detail.

The atream of desulfurized gas from treating system 11 is
split, about 11,000,000 cublc feet per dry being introduced through
lines 12 and 13 to the burner for heatlng gms reformer coils or chamber
14, and the remaining 2%,000,000 cubic fest per day being passed throug
lines 15 and 16 for passage through said reformer coils or chambers 14
togeather with steam introduced through line 17, carbon dioxide intro-
duced through line 18 and rescycled gas introduced through line 19. The

daily charge to the reformer colls may be substantially as followa;

bt

¥
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Methape {from line 15%) 29,000,000 cubic feet per day
Carbon dioxide 9,000,000 cubic feet per day
Steam 25,000,000 cubic feet per day
Recycle gas 40,000,000 cublc feet per day
This ges mixture is passed through catalyst chamber or coil 14 at a
pressure of about atmospheric to 150 pounds per square inch or more, for]

example, at about 15 pounds per square inch and at & temperature of

about 1400 to 16500F., for exemple, about 1500 to 1550°F. at =such space

_veloeity as to glve a contact time of about 2 to 60 seconds, for exampi#{
about 10 to 30 seconds, If desifed a moving bed of heat carrier materisl
can be used in a regenerative cycle wherein some of the gas to be reformed
is burned.

As above stated, the catalyst when used for this reformer step

may be one or mwore VIIIth group metal oxides, such as nicke) or iren or

a mixture of nickel oxide and iren oxide. The catalyst may be promoted

: by other metal orxrldes, such as aluminum, magnesium, manganese, calcium,
15

urﬁnium, chromium, molyhdenum. vapadium, etc., and it may be supported
on any sultable support such as clay, Kieselguhr, silica gel, alumina,
ete. A catalyst, for example, may be a mixture of the oxides of nickel |

iron and manganese with the matals in the proportion 1:1:0.5. Wo

20 invention is claimed in the catalyst per se and since such catalysts
are well known in the art further deteiled description is unnecessary.
The heat required for the gas reforming step in this parti-
cular example 1a about 6}5,@00,000 B.t,u; per nour. A conslderable
amount.of heat from ?he flue gases leaving the gés roformer fﬁrn&ca
25 through line 20 may be utilized for preheatigg air in heat exchanger 21
the ailr being introduced by line 22 to support combugtion in the gas
raformer furnace, Flue gases which have been partially cooled in heat
gxchanger 21 may bé further cooled in heat exchanger 23 to a tempergtuft
sufficiently low to permlt condensation of water which may be saparafed'

36 from the cooled flue gases in trap 24 and withdrawn through line 25.

o N ™™
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which 1s provided with heating means ﬁ; at 1ts base. This scrubblug

. gas or synthesis gas of about 2 parts hydrogen to 1 part carbon monoxlde.

The remaining gas mixture mey be introduced through iine 26 into the
bage of absorption towsr 27 whereln it is serabbed with cool monoethanolr
amine or other sultable scrubbing liguid iniroduced tnrough line 28, The
nitrogen is not absorbed in the scrubbing liguid and is removed from
the top of .the tower through line 29,

The rich serubbing liquid contelning carbon dloxide is purped

through line 30 and heat exchanger 31 to the top of stripping tower 32

liquid is withdrawn from the base of the tower through line 24 and
pumpsd through heat exchanger 31 and cooler 35\back to the top of ab-
sorber toﬁer 21, .

The carbon dloxide removed from the top of tower 32 may be
cooled in heat exchanger 36 and passed through trap 37 from which any
condenssd water may be withdrawn thrOughlline 38. The zas frdm the
top of trap 37 passas-through cépprassok 39 to line 18 f&f the pre--
parétion of rake gas chorge to the gas reformer,

The tasic equatiéns for fhe gas reforming operation may be
sﬁmewhat ag follows;

tog + CHy —_— = 200+ 2Hp

20Hy + 2Hp0 —= 200 + 6Hp

C0p + 3CH4 + 2Hp0 —— 400 + 8Hs

The cycle gas, of course, contains ethane and ethylens aa ﬁel]

as methane and unraﬁcted.m;kelgas but the reactlon of these nydrocarbons
13 similar to that hereilnabovda indicated. The proportions of carbon

dioxlde and steam should in any -case be so adjusted as to give a malkce

The hot make gas 18 ecooled in cooler 40 to about room temperar
ture or lower and passed tnrough trap 41 from which condensed water may
be withdrawn through line-42. The gases are then passed by comprasser

43 fhrough line 44 to the base of synthesis reactor 45, In the example
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.amount of thorium oxide or magnesium oxide or with a mixture of thorium
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herein set forth aboutrl30,000.000 cubic fest per day or ﬂbout[S,400,00C
cubic feet per hour or nbou?}Q0,000 cublc feet per minute of makKe gas
i3 thus charged to the synthesis reactor.

The catalyst for the syntheels step may be metsllic cobalt
or nickel or a mixture of cobalt and nickel on a suitable carrier such
as Xieselguhr, silica gel, alumins, etc, with one or mere promoting
oxides such as oxldes of magnesium, thorlum, manganese, aluminum, eéc.
?of‘instance. about one part by weight of cobalt may be supported on

about two parts by weight of Kieselguhr and promoted with a small

éﬁd magnesium oxides. A& mixture of oxides, for example, copper and
nickal oxides, can be calcined to give a good synthesis catalyst,
ﬁuthenium also has been found to be &n excellent synthasis catalyst.
Anothef type of catalyst comprises 1ronﬁ The synthesis reaction with
such a catalyst, howsever, s fundamentally different since the oxygen
ip eliminated largely as cerbon dioxlde and the feed gas comprises
hydrogen and carbon mopnxido ina 1:1 ratlo. These catalysts ﬁ;&‘be
prepared by a variety of methods which include the ignition of an iron
galt, fusion of iron oxide or sintering of finely divided elemental
iron, The fused o; sintered materlal ordinarily is treated with an
oxygen-containing gas to enhance the éatalytic activity. A fluidizedle
co£&1t—on—3upe; Filtrol catalyst or & fused iron oxide, smmonia type,
catalyst can be used. Cetnlysts per se for sffecting the synthesis
renction are well known in the art and are described in numerous patentp
and publications. Since no invention is claimed in the catalyst ver se
as a further description of catalyat composition 18 unnecessary.

It ahould be polnted out that in accordance with the pre;ant
invention the catalyat snould preferably be rether finely divided and
of falrly unlform particle slze. For exnmnle, I may employ caialysts

having a particle size of from about 100 to 400 mesh or smaller but

-12-
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_Delow the maks gas inlet and & sump may be provided below this screen
.80 tnat

#hen my process is operated for the production of relatively light
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it ghould be undersinod that larger catalyst particle slze may be used
if pas velocities, reactor designs, etc., are correspondingly modified.
The bulk denslty of the catalyst in gsettled state may be about 10 to
40 pounds per cubliec foot.

My synthesis reactor may consist of one or more vertical
towera whish may range from about 8 to 40 feet or more in diameter and
from about 20 to 50 feet or more in height. The base of the reactor
ray be provided with an inclinad'conical hopper or funnel-shaped botitom
46 with & slope of about G0 degrees or more se that there will be a
suspenaton of the-catalyst wnen the make gases are introduced at tihe
bage of this fuhnel-shaped reactor Dottom. Alternatively distributing
means may be provided at the base of the reactor for insuring uniform
distribution of meke gnges throughoui the reactor chamber and for main-

tazining the datalyst in a suspension. A screen 47 may be provided

sccumulated waxy oils may be withdrawn through line 48.

liguild hydrocarbons and the catalyst 1s effectively stripped, this
sereen, sunp and drawoff will usually be unnecessary snd the make
geses may be introduced directly at the base of the reactor as 1llus-
treted 1n.the drawings.

The top of the reactor may likewise be funnel-ansped as
shown in the drawings and it'may terminate in pipe 49 which extends
upwardly in an enlarged settling chamber 50. A baffle 51 may be
mounted above the plpe 4% to defleect suspended catalyst particles and
uniformly distribute the products and catalyst in the ssttling'spacs.

A plurality of centrifugnl separators may be mounted in the
upper part of the settling chamber. Tor example, one or mors primary
cyclone separators 52 may plek up, through inlet 53, gnses and vaporsg

fpom which the bulk of Ehe catalyst bas been setiled out. Additional
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cotalyst removed from ine gases and vapors in the primary centrifugal
separator may be raturned tc a point well balow the surfece of settled
catalyst by means of dip leg 54, the head of gottled catalyst in the
dip leg balancing the difference between the pressure in the settling
chamber and the pressure in the primary cyclone asparator,

Gases mnd vapors from the primary separator may be introducsd
by llne 55 inte one or more secondary cyclone separators 56 which are
provided with dip lege 57. Here again the head of catalyst irn the dip
leg will balence the dgfference between the pressure in the settler and
the pressure in the cyclone separator. Rach dip log may be provided
with an extérnally operated velve and with'steam connections above and
below the Qalve so that if eny dip leg becomes clogged, it may be freed
of clogging materlal by closing the valve and bloﬁing both ways wlth
steam, -Any numbef of stages of cyclone separatlon may be employed and,
if necessary or desired, an electrostatic precipitator, such as a
Cottrell precipitatdr, may bve amployeﬁ for the recovery of catalyst
fines.

The recovered catalyst settles in ths anmular space between
pipe 4% and the walls of chamber 50, thls space serving as & hopper for
recovered catalyst and a storage tank into which fresh catalyat may be
charged . nt the beginning of an operation or introduced from time %o
time during the operation for the purpose of making up any catalyst
losses: The settled‘catalyst'in this upper hopper iz malntained in an
sarated and fluent condition by the introduction of & not stripping
gas such as steam, hydrocarbon gases, or carbon dioxide through line 58
The stripping gas woy, for e*ample, comprise a recycle gas mixturs, A
number of such pipes may be employed at spaced polnts around the base
of the hopper or a perforated annular pipe 59 may be placed at the
base of tne hopper end supplied with stripping gma through line 58.

The stripping gas not only serves to maintain the catalyst in fluent

-14—
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or liguid-like form, but 1% serves the very important function of re-
moving reaction products from the settled catalyst and {hus prevents
an aceumulation of hydrocarbon liquids on the catalyst which might
impair catalyst activity or interfere with proper handling of the
fluidized catalyst suspensien,

The catalyst flows from the base of the upper hopper through
a plurallty of cooling tubes 60 Minilch are surrounded by Jjeckets 68
containing & hest exchange fluld such as water. These tubes dischargse
the catalyst into the lower part of the resctor.

The cooling system may be of various modiflcations. I may
withdraw catalyst from the hopper in one or more large condults, pass
the ecatalyst through the tubes of 2 tubular heat exchanger and then
return the catalyst to tha reactor chamber. I may simply surround the
tubes with wmater jacket coolers as 1llustrated in Figure 2. I may
surround the synthesis remctor with an annular chamber containing a
larze nmumber of vertical tubes and I may pass the catalyst from the
hopper through these tubes to the lower part of the reactor while
circulating a cooling fluid around the tubes in the annular.chamber
as illustrated in Figure 3. With regard to the catalyst cooler ver se,
1t is preferrsd that &f a tubular heat exchanger is employed that the
catalyst be pagsed throﬁgh the inside of the tubes and that the ends
of the tubes be suitably designed and streamlined to provide uwniform
entalyst distribution and t6 avoid demd spots.

The systems diagremmatically illustrated in the drawings
offer the advantage of 2 gravity syphen effect since the catalyst in
the synthesis remctor has a density sbout 2 to 10 pounds per cuble
foot lighter than the denslty of merated catalyst ia tubes 60, This
denser catalyst will flow downwardly without the necessity of employing

injection gases or mechanical 1lunjection devices,
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~synthesis reactor is surrounded by en annular ¢hamber contalning a largg
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In the catalyst return system {1lustrated in Pigures 1 and 2,
it may be desirsble to disperse the returned catalyst in the upflowlng
gns atream and it may also be desirable to malntein a slight aeration
of the catalyst in the cocling leg in order to insure ite fluent pro-
perties. To accomplish this purpose I may provide a closure member &1
which is preferably conically-shaped and which is carried by & hollow
shaft or stem 62 extending through the reaétor wall to external oper-
ating means 63. Hydrogen, methane, steam or other inert gas may be
{introduced througn line é4 through the hollow stem and discharged
through laterally inclined porte 65 in closure member 1. Alternatively,
Some ér all of this gas may be vented from the center of the closure
member through port 66 for supplying aeration gas in pipe 60. Closure
61 is preferadly conically shaped so that it acts to deflect and dis-
trib?te the returned catalyst into the upflowing gases introduced through
line, 44, The distribution of the catalyst in the gases is augmented
by the gases discharged frﬁm lateral pa?ts 65,

Ih Figare 3 I have illustrated the modificstion wherein the

nawber of vertical tubes. In this modification the outer wall of the
annular chamber may ve extendéd to antirely surround the bottom of the
resctor., For exﬁmple. conical bottom 46a may act ms a reservolr for
introducing serated catalyst lnto the remctor through ths open end of
the ronically shaped reactor bottom 45. In thls case screen 47 nay be
mounted in the base of conical botiom 46a and an serating gas may be
introduced through line 64a to meintain the catalyst in aerated and
fluent form not only in the bottom chamber 46a but in the cooling tubes
66.13Aér§ting fluid may be introduced at spaced polnts around the Dottop
46a and also at spaced vertical poinis so as to preveni any settling
of the catalyst on 46a and to oprovide the dasired aeration within the

tubes 60. Since the catalyst in the reservolr in 46m is in fluent or

Y-
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“va1d% or star fae%er 69. Cooled catalyst discharged through valve 69

+ from the bape of this standpipe is picked up by make gases from line 44
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liguid~like form, it will flow ﬁpwardly into the base of the resctor
and will be ﬁfcked up and suspended és a dense phase in the reactor by
synthasis gas introduced }hrnugh line 44, The rate of flow inte the
synthesls reactor may be controlled by an iris dlaphragm valve 6la
operated by rod 62a exte;ding through wall 46m to external operating
means 63a. It will be ﬁnderstood, of course, that instead of employlng

en iris diaphragm valve I may employ a simple slide Yalve with opposed

V-shaped. openings or any other valve means for controlling the flow'of

e

the fluent catalyst lnto the reactor,

My invention'is not limited to a gravity return of cooled
cataly;t and in Figures 4 and 5 I have illustrated systems whereln the
éatalyst is externally cooled and then returned to the reactor by means
of a auépending gas.

In the embodiment illustrated in Figure 4 catelyst mﬁy‘bé d1s+

cooler diagrammatically represented by standpipe 67 surrounded by coolly
" Jacket 58, The catalyst in this pipe may be nerated by an inert gas
introdﬁbedlihrough line 70, When 1t 1s desired to restrict the flow

‘thereffom_tha stagdpipe may be provided at its bese with sultable slide

andAdiapBrSed therewith directly lnto the base 46 of reactor 45.

- Iqsteéd of injectlng the cooled cutalyst withiincohing make
_Aases I may recycle the catmlyst from the upper hopper through pipe 71
to heat sxchanger 72 and thence to a standplpe 73 which ney bo nerated
by gas introduced througﬁ line 74. Catalyst from the bass ofrthia
standplpe may pe plcked up by en inert gas from line 75 and carried
thereby through line 76 for introduction at spmced points aleng the
reactor tiirough any'ona or more of the lines 77. The net flow of

eatalyst in thie system 1s upward,

17

.z




0

15

20

25

30

494484

Figure 5 illustrates a aimple modifieation of my invention
which includes & reamctor wherein a fiuldized dense catalyst phase ls
maintained, a stripoing gectlon associated with the remctor, and means
for introducing reacting and stripping fluids respectively. The gas
or vapors are passed upwerdly through the renctor a% such a vertlcal
veloclty that a lower mass of fluldized denge phase catalyst is main-
tained therein. A conduii means is provided for withdrawing the re-
action products, unreacted gases and stripping fiuld from an upper
part of the reactor where the catalyst is in a very dilute phase, A
catalyst drewoff conduit leads from the base of the stripping zona to
a catalyst cooler ond means ls provided for distributing the cooled
catalyst throughout the remctor. The fluidized dense phase catalyst
is withdrawn'at a rate sufficient to maintain a anbstantially catalyst-
free zone in the upper part of the reactor and to permit the desired
extraction of heat, Supplemental caialyst recovery means such asg
cycléna separators can be provided tn remove additional amounts of
catalyst from the subsiantially eatalyst-frea vapors snd geses in the
upper part of the contacting zone. More particularly amy system illug-
trated in Figure 5 for sffecting exothermic reactions employs a vertica
cylindrical reactor 105. iine 106 supplies a bydrogen-carben monoxide
feed to a low part of the reactor by means of distributor 107. The
upward velocity of the gases oT VApOrs ordiparily will be between about
0,1 and 10 feet per‘second'iﬁ the reaction zone. Lines 108 and 129
remove vepors and gases, substantially free of catalyst, from the
upper part of the reactor which are pasged through cooler 130 into
product separatlon system 121,

Communicating with the reactor 105 is a eatalyst siripping
means 109 illustrated ms being a lower section of amaller cross-
sectlonal area than ﬁhe reactor proper. A stripping fluid is supplied

by line 110 to dlstributor 112 and ssrves to remove heavier reaction

1
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"line 118 for distribution at spaced points in thp fea;tor through any

products. If desired the stripping section 109 can include & plurality
of vertically disposed vanes for providing a plurality of substantially
parallel chennels. Such venes avolid material turbulence within the
stripping section and assure nositive contact with the withdrawn catalys
by the stripping fluid. A draweff condult 113 directs catnlyst from
stripping section 109 into & catalyst cooler 114 which 1s dlegrammatical
represented as comprising a jacket about standpipe 113, means being

provided for pmssing a heat exchange medium such ag water through the
jacket.l The water can be recovered from ths product streem and the

steam produced can be supplied rs at least 5 part of the gtrlpping fluld
in 112, Stand?ipe 113 {s adapted to trensfer catalyst from the co&ler
114 and can be provided with a slide valve or star feeder 116 to contro]
the flow of the catalyst therefrom. An inert fluidizing medium can be-
introduced into standpipe 113 by line 115, A cerrier gas suppliled by

line 117 or 124 picks up the catalyst and ecerries 1t through transfer

one or more of the lines lié; the catalyst preferably being in the dis~
persed phase in transfer lines 118 and 119. Line 118 may be provided
with a jacket 120 to supplement or to replace the catalyst cooler 114.
In ons embodiment the gag supplied to line 118 may comprise a portion
of & recycle gas fraction from the products separation system diagram-
maticeally illustrated at 121. For this purpose & more reactive fraction
such a8 that recovered from separsator B0 or absorber 8% of the products
geparation system of Flgure 2 can be used to effect a high ges recycle
through the synthesis zone. Thus the gas may be recycled from the
separatlon sysiem by line 122, punp 123 and line 124 to transfer condult
118 for the dual purpose of cerrying the stripped and cooled catalyst
intc the remction zZone and for affecting a rac&cle of the unreacted
portions of the said gas. A cooler 128 can be providdd on line 124 to

to extract heat from the recycled gas. Ancther, and usuelly less

~19-
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‘molecule which can, for axamnle b derived frnm the syntnasia product.

bulk density {in settled condlition) and of about 100 to 400 mesh partic]

494484

renciive, portion of a recycle ges can be sent by lines 124 and 125 to
gorve &8 all or a part of the stripping fluld introduced into siripping
section 109 by means of distributor 112, In some instances 1t will be
desirable %o neat the stripping fluld and heater 126 on line 125 can

be provided for this purpose. It is also contemplated than an extranaoy
zas caﬁ e introduced by lins 127 to replace/or supplement the recycled
gas. Waen the carrier gas ls steam 1t can bde supplied from heat ex-
changer 114, The extraneous gas may, for example, also serve to regen-
srate or actlvate the recycled catalyst. Ammonia and hydrogen are usefy
for such purposes, A guantity of the catalyst mﬁy be removed inter-
mittently or continuously et & selected point for reworking and/or
activation vefore recycle. The above embodiments are only a few examplg
of the many modifications of systems for stripping the eatalyst, cooling

the stripped catalyst in an sxternal zone and returning the catalyst

for syntinesis temperature control. Oooling may be effected by contactidg

withdrewn catelyst direetly with a volatile normally liquid hydrocarbon

or hydrocarbon fraction having between about 6 and 10 carbon atoms per

O

With ordinary catalyst of about 10 to 40 pounds per cubic foot

size the vertical vapor veloclty in the reactor may be from ebout 0.1
to 10 feet per second, usuelly 0.5 to 1,5 feet per second, Aeration gas
in standpipe should have's cohsiderably lower verticel velocity, for
example, .005 to .1 or more feet per second,

The actual amount of catalyst in the réactor at any given timg
will depend upon the ectivity. of the particular catalyst and the parti-
cular conversion which is deptired, With catelysts of the type of
cobal$ on Kieselguhr promoted by thorium oxide and with the size of
plant herein described, I may reguirs as much 8s 30,000 cublc feet of

eatalyst in tne reactor, i.e., about 150 tn 200 tona of catalyst, If a

~20-
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single reactor is employed it may be as much as 60 feet high and about
25 to 30 feet in diameter. I may, however, use a number of smaller
reactors in parallel since 1t may be advantegeous to use reactors
about 15 to 20 feet in dlameter and about 30 to 50 feet high. The

5 settling zone may be approximetely the same dlameter as the resctor

or even smaller since there is & marked contraction in the synthesis
e ‘ reaction gas volume, BReactors, settling chambers, ete., may bLe made

of various shapes and sizes without departing from the invéntion.

In starting up the system I first charge the upper hoppers

10 with catalyst material and charge a heating fluid such as steam to the

jackets around pipe 60 so that thig catalyst is heated to a temperature
of, for example, 380°F, The make gas stream is introduced at the base

of the reactor so that it will have a vertical velocity of about 1 foot

ver second and the powdered catalyst is dispersed and suspended in thnls
15 upflowing gas until the reactor ig f1lled with & dense vhase of suspended
catalyst. After 2 preliminary soaking period the synthesis.reamction lg

initiated and as soon as tnsré is @ temperature riae in the reactor the
steam around standplps 60 1is replaced by water, The temperaturs of thi
woter is controlled by maintaining s regulated pressure on the stsam

20 which 1s produced by its vaporization. Temperatura in the reactor may
be held with;n very close 1imits.by regulating the amount of cooling

in tﬁé‘tubéé'or the amount of recycled catalyst, or both. When equil-
1brium hes been established the system functlons smoothly and continuously

at the chosen temperature which, in this case, way be 380°F.

25 Liquid reaction products are stripped out of sattled catalyst
in the upper hopper by stripping gases introduced by lines 58 through
diatributor 59. The stripped products together with reactlon products
ére taken overhead tnrough linas 78, through conler 7% to sevarafor 80
wnerein water separates as a lower layer, oll as an intermediate layer |

30 )

and gases as an upper layer. The water is withdrawn through line 8 ta
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88 to absorver tower B9 through whieh an absorber oil, such as naphtha,

494484

e catalyst recovery system B2. Catalyst may be sedimented or filiered
from the water and worked up into fresh catalyst. Alternafively the
catalyst-laden water may be flashed to form steam contalning suspended
catalyst particles and this steam may be introduced through line 58 so
that the catalyst s returned te the upper hopper simultaneously with
the stripping of hydrocarbons from catalyst in sald kopper.

0il from the intermediate 1ay§r in settler 80 is withdrawn
through line 83 to fractlonation asystem B4 which is diagrammatically
ghown as A single golumn but which, in actual practice, would conslst
of two or more columns, the gasolire and lighter fractions being ta%en
overhead from the first column, the gasoline being stabilized in the
second column, ete. S$Since no invention i3 claimed in this frﬁctionatinn
system it 1s diagrammatically illustrated as a column from which gases
are taken overhead through lins 85, gasoline is withdrawn as & side
stream through line 86, and heavy oils are. withdrawn from the bottom
through line 87.

Gases from the top of separétor 80 are introduced through ling

is introduced through line 90. Unabaorbed hydrogen, carbon monoxide,
methinne, ethans and ethylene are taken overhead from tower 88 througn
line 93. A part of this stream, for example, as much as 5%, is peased
by line 19 to the gaé reformer 14 for the production of further quanti-
ties of make gas. Another part of the stréam from line 91 can be passef
by line 92 to line 1% and burned Ln the gas reformer furnace for sup-
plying heat and carbon dioxide for the gas reforming step. A portion
of the recycle gas can be sent by lines 91, 111 and 100 to serve as the
stripping fluid introduced by 59 and ultimately rocycled to the burner
or reformér.
_Rich oil from the base of tower BY 1s pumped through line 23
to the top of stripper tower 94 and the light zzsoline fractiens to-

ether with C; and, (, hydrocarbons are teken overhead from this tower
£ 3 Y4
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through line 95 to the fractionstion system 84, The denuded acrubber
01l is then pumped back through line 96, neat exchenger 37, and cooler
98 to the top of absorber tower 89,

The gas from line §5 mey be withdrawn from the system through
line 99 and charged to any sultable conversion process such as poly-
merization, alkylation, gms reverslon, etc. for the preparation of
valuable motor fuels, lubricating oils, etec. Alternatively some of
these gases may be passed through line 100, neater 101 and thence
fhrough line S8 to bs used as 2 stripping medium in the upper hopper.
The temperaturs of these gases in line 5B should be sufficiently high
to effect the vaporization and stripping of any liguwid hydrocarbons
deposited on the catalyst. Instead of employing hydrocarbon gases for
this stripping I may, of course, simply use steam from line 102; If
steam is to be employed it mey be desirable to flash the catalyst coﬁ-
taining water from recovery system Bé and to return the steam so.pro~
duced together with suspended catalyst solids through line 1b3. Carben
ﬁioxide from 1llne 104 nay ﬁe used as the stripping gzae, since this gas
is eventually recycled to the gas reforming step for the production of
further awounts of synthesls gog.

Usuelly 2 single synthesls stage with the recycling herein-
above deseribed is sufficient to obtain excellent ¥ields. I may,
however, charge the gases from separaﬁof 80 to a second syﬁtheaia stegze
which mey he similar in design but smaller in aize than the stage .
hereinabove described, With the single stage and recyeling as herein-
above deserlbed, the following ylelds of the followlng products may

be obtained;

Light naphtha 1,500 barrels
Heavy naphtha 1,500 barrels
Gas oil 1,100 barrels
Wax 500 barrels
2%
Bt e L L T R F O 1 N
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The exact yleld of various products will, of course, depend upon the

particular temperature selected, the nature of the catalyat employed,

o

tha time of contact between cetalyst and make gas, the amount of catalyd
contacted by make gas, the pressufa; stc. Generally speaking, the time
of contact may be about 5 to 60 seconds or more, usually at laast‘about
10 to 20 seconds. Space velocitles of between aboui 100 and 10C0Ovolumed
of gas‘per volums of catalyst(per hour can be uged =t pressures of be-
tween about atmospheric or lower and 300 pounds per squars inch and evel
higher. By volume of catalyst I mean that volume which the dense phase
fluidized catalyst normally occupies mt rest in the settled state, In
general for a‘givan temperature level lower pressurs and lower space
velocities can be used with cobalt than with fused irom oxide catalysts
The gascline or naphtha produged by this vrocess is neually
characterized by & faifly low knock rating and I may subjec#iit to a
catelytic reforﬁing process of the type 1in which its vapofsfayg—contactad
with a clay type catalystqdf iﬁe silica-alumine type £t a temperature o]
about 850 to 1000°F., a pressure of about atmospheric to 50 pounds per
square inch and a space'féigzzzyﬂof about 4 to 40 volumes qf 1iquid
feed per vulume.of catalyst gpaca per hour. Alternatively the vaporized
naphtha may be contacted Bt & temperature of about 850 to 1050°F.,
usually sbout 925 to 959°E.,’at a pressure of about 50 to 600 pounds
per square lnch, preferably ﬁbout 200 to 300 pounds per square inch,
at ; gpace veloclty of about 0.2 to 2,0 volumes of liguld feed per.
volume of catalyst space per hour, preferably about 0.5 to 1.0 v/v/hr.
with an on-stream time of about 1 to 12 hours, preferabdly about )
hours and with a catalyst comprising molybdenum oxide or chromlum
oxlde supported on active alumina or the like, In this catalytie
reforming‘process I prefer to employ sbout 1000 to 5000, preferebly
about 2500, cublc feet of recycle éas {containing about 40% to 75%
hydrogen) per barrel of stock charged. 7Thls catalytic reforming of the
synthesls gasoline produces large yields of isomerized and aromatized
hydrocarbone ¢f very high knoclc rating.
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The nephthe may, of course, be sublected to 8 gas reverslon
proceass together with Oy and ¢4 hydrocarbons. I% may be freed fron
olefins as, for exemple, by alkylation and the paraffinic residue may ;
be.isomarizaﬂ with aluminun chloride or an aluminum chloride complai.
5 Heavy product fractlons may be subjected %o catalytic eracking for
which 1t constitutes an excellent charging stock.

The waxes profuced by my procesa zre valuable by-products
per se and by emmloying relatively low synthesis temperatures andfor

nigh synthesis préssures, I may markedly incTease the heavy oill and

10 wax ylelds. By employing relatively high temperatures, such as about
400 to 4250F,, I may produce large quentities of light liquid hydro-
carbons and normally gaseous hydrocarbons which may be particplarly
valuable as charging stocks for polymerization, alkylation, gas reversipn,
or other refining or ayﬁihesis processes. All of the products are val-
15 ugble for chemicel svnthesis because of their strictly aliphatic: char-_
acter and thelir freedom - from naphthenic and aromatic hydrocarhona .

(which normslly cccur 1n patroleum products and which are s difficult

to separata from aliphatic hydrocarbons of aimilar boiling points)
While I have dé;cribed in detall preferred embodiments of my
20 invention and have given an example of operating conditions, it should
be understood that the invention 1s not ﬁecessarily limited to any of
1
the datalls hereinabove set forth. TFor example, it is contemplated Eij

that lower contmcting times 6f the order of 1 to 4 seconds cgn be,

nsed, giving an overall range of not more than about 60 seconds. fﬁ

25 Likewise cooled catalyst can be introduced upwardly or downwardly at
a plurality of horizontally spaced polnts, This cen be accomplished if;‘R

by means of & plurelity of inlets such as provided by & perforated

taffle, & manifolded distridutor, ore plurality of conduits extending
into the catalyst phase. These and other operating conditions and :
30 apparatus modifications will becoma apparent to those skilled in the

art from the above description,
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Having regard to the foregoing dleclogure, tha pateat of
vhich this specification forms a part, confers, subject te the condi-
tiona presoribed in the Patent Act, 1935, the exclusive right, priv-
1lege and liberty of meking, construetlng, using and vending to others
S to be used, the Anvention ap defined in olalms submitted by the pat—
entee as followa:

1. A process for carrying out synthesis reactionad mixed
gages which comprises pesslog a fluidized mass of éolid partiecles of
small partlole size in mixed gases upwardly through a sonfined pesaageway
10 | formed by heat exchange surfaces arranged and terminating within &
large enclosed scne, passing spolid partlcles and mixed gases upwardly

from said pasangeway inte a apace of larger oross-sectional area than
sald passageway so that some of the particles settle cut of the mixed
gases, passing sa:ld'settied partioles downwardly in contect with heat
15 || sxohange surfaces in said large encloped zone to ¢ool the solid particles
mixing the cooled particles with additional mixed gases, and passing the
last named mixturs of coolsd particles s a fluidized mass through the
said papsageway. e

2. A method of controlling the synthesis resotion of mixmd
20 gases temperature in an excthermic resiction which compriges passing a
fluldized mass of finely dlvidad solid partloles in mixed games con-
“taining a reactant gas upwardly through a confined passagewsy formed
with a heat exchange surface So that some of the heat 1iberated by the
reactlon 18 absorbsd by the heat exohangs aurface, reduoing the vél_ooity
=8 of the fluidized mass as 1t leaves the top of the passageway to saﬁmte
soms of the finely divided solld partioles from tha fluidized mass,
dropping the ssparated particles over other heat exchange surfmeaes to
cool the particles and returning the peparated cooled s0lid particles

to the confined passageway with additional rsactant gas.
30
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3. The method of effecting synthesis which comprises iniro-
ducing hydrogen and carbon monoxide in synthesis proportiona at a low
level in a synthesis 2one containing a large mass of solld synthesls
catalyst particles from about 100 mesh to less than 400 mesh in particle
gize, meintaining an upward gas velocity in the synthesia zone in the
range of about 1 to 5 feet per second and sufficlent to meintain the
catalyst in suspended turbulent dense phase condition in the lower pari
of the synthasis zone, maintaining the synthesis zone under synthesis
conditions of temperature and pressure, gettling from the gasecus
stremu leaving the dense phase at least the major part of catalyst
perticles entrained therewith, effecting said settllng in an upper zone
which ia above and in direct communication with the synthesis zome with
1ts lover portion surrounding and in heat exchangs relationship with
the upper portion of the syﬁthasis zons, maintaining the settled catalyst
in dense phase fluent condition in the lower part of the uppef zone,
atripping‘hiéﬁ boiling synthesis producte from the dense phase‘fiuent
settled catalyat before cooling and while 1t is in dense phase conditdon,
cooling the stripped catalyst in a zone belew the upper zone laterally
adjacent the synthesis zone before 1t is commingled with introduced
hydrogen and carbon monoxide, end commingling the coolad catalyst ﬁith
catalyst in the synthesis zone for abeorbing at least a part of the

exothermic heat of synthesla.
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4. The method of effecting synthesis which comprises iﬁ‘tro—
ducing carbon monoxide and hydrogen at a low level in a sﬁthesis zone
which cohtains.a large mass of solid synthesis catalyst of small particle
gsize, passing the gas upwardly in the synthesis zone at a veloclty auf-
flclent to maintain the ca.télyst in suspended turbulent dense phase con~
dition in the lower pért of the synthesis zone under synthesis pregsure
and at synthesis temﬁerﬁture, withdrawing ascending gases conteining
largs amounta of entralned catalyst partieles from sald dense phase to a

superimposed separation zone the base of which is in heat exchange rela-

ticnship with the top of the synthesis zone, settling most of the catalyst

pvarticles from gases in the saﬁara.tion zone to form a dense phase masa of
settled catalyst 'in that portion of the separation zone which is in heat
exchange relationship with the synthesis zone, stripping the dense phase
mass of séttlad catalyst ‘for removing high bolling synthesis products
therefrom, cooling the é.tripped catalyst particles in a zone outside o
said synthedls zone before sald particles are commingled with introduced
hydrogen and carboﬁ' monoxide and returning at least a part of the cooled
catalyst particles back to said synthesis zone at a low level therein
and before sald cooled catalyst p_articles contact introduced hydrogen

and earbon monoxide.

28
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5. The method of effecting synthesis which comprises intro~
dueing hydrogen and carbon monoxide in synthesis proportions at a low
level in a aynthesis zone contg;ning 2 large mass of solid synthesis
catalyst particles from about ;00 mesh to less than 400 mesh in particle
| size, mainﬁaining an upward gas,velocity in the synthesis zone in the
rangs of about .1 to 5 faet per segond‘and sufficient to maintain the
cataiyst in sugpended turbulent dense phase condition in the lower part
of the synth;sis zons, maintaining the synthesis zone under synthesis con+
‘ditions of temperéture and pressure, effecting a net upward flow of
catalyst particles in the synthesis zone by continuously removing catalyst
from the top of sald zone and contlnuoualy introducing catalyst at sub-
stantially the base of sald zone, satﬁling catalyst withdrawn frﬁm the
top of said zone in a settling zone which is above and in direct communi-
cation and heat exchange relationship with the top of the synthesis zone
to form a llguld-like mass of asetiled catalyst, paseing an inert gas
upwardly thfough the settled mass of ligquid-like catalyst in amownts sufw-
ficient to abrip reaction products therefrom and to mainteln the solids
in liguid-like condition, flowing the catalyst while it remains in
liguid-l1ke condition from the base of the settling zone downwardly in
contact with heat exchenge surfaces in a cooling zone which surrounds
gaid synthesis zone, and withdrawing cooled ecatalyst from the base 6f the
cooling zone for the introductlon at substantially the base of the syn-

thesls zone.
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6. A method of effecting synthesis which comprisea introducing
hydrogen and carbon monoxide in synthesls proportions at a low level in
an imer synthesis zone contalning a lerge mass of solid synthesis catal-

ysb particles from about 100 mesh to less than 400 mesh in particle size,

5 maintaining an upward gas velocity in the immer synthesis zone in the
4 . . range of about .1 to 5 feet per second and sufficient to maintaln the

catalyst in suspended, turbulent, gense phase, 1iquid-like condition,

maintaining the synthesis zone under gynthesis conditions of tempsrature
and pressurs, continuously discharging gases containing large amounﬁs,of

10 || entrained catalyst particles from the upper part of said dense phase into i

a settling zone which 1s immediately above.the conversion zome and in |

open communication and heat exchange relationship therewith, separating
catalyst from sald stresm in asid sattling zone both centrifﬁgﬁlly and . by]
gravity to obtain a mass of séparatad catalyst in dense phase cohdition,

15 stripping the separated catalyst while it i1s in dense phase condition in

B

the lower part of said setiling zone for removing reaction products from
the settled catalyst, baaaing the stribﬁad catalyst through an outer
‘cooling zone which is below the upper settling zone and laterally adjacent
+he inner mynthesis zone and returning cooled catalysi to the iﬁner
-20 gynthesis zone before contacting it with introduced hydrogen and carbon
monoxide.

7. The method of Claim .6 which.includes the step of maintainming
‘a mass of cooled datalyst'ih;a!lowar zone which is beneath bolt the ‘inned
and outer zones, discharging catalyst from the outer zome o the lower

25
. zone, malntalning catalyst in fluent condition in the lower zone by passing

sn inert ges upwardly thfough the lower zone and passlng catalyst from

the lower zone directly into the inner zone.

ac
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8. A conversion apparatus for use in the process of Claim 1

which comprises a oylindriosl reactor having a bottom opening in its

bottom wall and a top opening in ite top wall, an annular chamber sur-—

rounding sald reactor, a large number of vertical tubes in said annular
S || chamber, a settling chamber superimposed above and in direot communica-.
tion with the upper opening in thes resctor and with connsctlons at its

" [ basa to sald vertical tubes, the top wall of the resctor forming a
bottom wall of the settling chamber, at least one cyclone separator

mounted in the upper part of sald settling chamber having & dip leg
10

extending to the lowsr part thereof, somnections for intfrducing strip-
ping gas at the base of said setiling ohamber, meane for passing a hé_at
sxchange fluid around sald reactor and around the vertical t-ubeh in said
annular chamber, a fluidized solids reservoir mounted at the base of

said reactor for supplying fluldized solids to the bottom opening thersef

15 ‘ .
and with its upper end in open communication with the lower ends of said

tubes, the bottom wall of the reactor forming an upper wall of sald

reservoir, an asration gas inlet for maintelning sclids in asrated con-
dition in ths ressrvelir and a separate conduit for introducing a charging |
stook stresm directly into the base of the reactor while said streem is '

20
out of contmct with selids entering the reactor from sald reservoir.
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Certified to be the drowings veferred to
in the apecification hereunto annexed,
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