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This invention relates to an improved method and means for ef-

. fecting ‘the s:}nthesia of hydrocarbons from oarbon menexide and hydrogen

in aouorda.nce with the following equatlonsa

ngo + (2n+ 1)H2 PR cmHEM p  +DHO

‘ nco + 2nK2 e nH2 + nH20

Tha presen‘h invention provides a process of obtaining synthesis
products ‘by reaution of ocarbon monoxide and hydrogen wherein a zas mix-
ture compri-si‘ng carbon monoxide and hyd.rogen is contaoted with aynthesis
catalyst under synthesis conditions, whioh ocomprises employing synthesis
eat';-alyat in finely divided form, maintaining ssid synthesis catalyst in
suspended dense phase liquid-like condition in the syntheais zone by
introducing the carbon monoxide-hydrogen mixture at the base of sald zone
and passing gases upwardly therein at a low velocity, separating unreacted
gases and reaction products from said suspended catalyst and removing un-
reaocted BaBes and light normally gaseous produats from the heavier reaction
produo\ts. - '_ '

Heretot‘ore & major problem in this synthesis has bsen that of

heat removal and temperature sontrol. Tha synthesis is catalytio and it

has been necessary to have each catalyst particle immediately adjacent a

heat exehange surface, i.e., within & fow millimeters thersof. Prior

synthesis resctors have, therefors, been extremaly complicated and ex=
pensive and it has been most difficult to obtain aocess to the iﬁnar part
of a synthesis :ra'actor for the purpose of repair or for replading catalyst
material. An‘-@ib;jéot 'oi' our invention is to provide a sys'-tgnj,wtlleréin heat
exohé.nge surfa'o.e.a may be entirely eliminated from the sym;hééis Zone and

whorein the heat developed by the synthesis may be removed in a separate

“zone., A further object is to provide a system wherein the synthesis tem-

perature may be controlled and maintained within very oclose limits. A
further object is to provide a simple and relatively inexpensive gynthesis
reaotor which is more effisient in operation thsn the expensive and com=

plicated reaotora herstofore employed.
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The catalyst employed for effecting the synthesis is expensive
and 1t is assential that catalyst losses be maintainad at an absolute
minimum An object of our 1nvantion is to provida 1mprovad methoda and .
means for preventing catalyst losses from s&nthesia ‘reactoras

The synthesis has heretofore been effected in fixed oatalyst
beds so that the catalyst in oﬂe portion of the bed became spent sooner
than the catalyst in another portion of the bed. The carbon monoxide-
hydrogen mixture was rapidly converted in the initial portion of the
catalyst bed but thersafter the reaction was materially slowed down be-
cause of the presence of roaction products, some of which products
diluted the carbon monoxide‘nﬁy;gydrogen mixture and some of which pquucts
coated the catalyst and ﬁéd;.it less effsctive. An objeot of our invention
is to provide a system wherein the incoming carbon monoxide and hydrogen:
mixture always oontacts a catalyst which has been stripped from resction
produots, wherein the catelyst activity is substantially uniform through-~
out the reaotion zone and wherein the oxtent and nature of the conversion
may be more closely controlled than in any prior process. A further object is
to provide a aystem which is flexible in operation so that it may be em-
ployed under atmospheric or superatmospieric oconditions and so that it may
selectively produce a large preponderance of hydrocarbons of the motor
fuel boiling range, or the lubricating oil 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 as ﬁatural gas into normally
1iquid or normally sclid hydrocarbons and to utilize in this system the
methane and ethane which is produced in the system ltself. A further
object 1s to improve the efficiency and ta decrease the expense of the
system for obtaining a two to one hydrogen-carbon monoxide mixtura‘from
normally gaseous hydroearbons, particularly mothane and ethane. A further
objeot is to provide an improved method and means for purging the system

of nitrogen.
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A further object of the invention is to avoid or minimize the
se;a.raj_:ion of waxy oil drips from the reaction zone and to provide an
improved method and means for stripping reaction products from the
catalyst at very short intervals thereby decreasing or eliminating the
tondency of reaction products to accumulate in the oatalyst mass. Other
objects will be apparent as the detailed deacription of the invention
proceeds. .

- “f_:rﬁ“_practioing our invention we may employ normally gaseous hydro-
oarb;:na_ fr"c;m;any souros whatscever but we prefer to employ natural gas
which consists ohiefly of methane since it is extremely difficult to
sonvert this partisular gas into high molecular weight hydrocarbons by
any other prosess. The natural gas 1s first freed. from hydrogen sulfide
and organie sulfur compounds by serubbing with a suitable solvent such as
monoethanolamipe, tristhanolamine, or the like followod, if necessary,
by sorubbing with a strong caustic solutlon. The desulfurized gas is then
mixed with such proportions of carbon dioxide and steam as to give a gas
mixture having an atomic hydrogenaca:;bon: oxygen ratio of about Lilil. This
mixture is then contacted with a reforming catalyst, praferably an VIIIth
group metal oxide which 1s either unsupported or supported on olay,
Kieselguhr, silica gel, alumina, etc. Such a catalyst, for instance, may
be a mixture of the oxides of nickel, iron and maganese with the pra=
portiens 1:110.5+ The nickel or other VIIIth group metal oxide catalyst
my- be promoted by oxides of aluminum, magnesium, calcium, uranium,
chromium, molyb&enum, vanadium, etce.

The space veleoity through the gas reforming catalyst should be
sufficlent to give a contact Vtime of about £ to 60, preferably about 10
to 30 seconds. The temperature of this operation is prefarably 1,400 to
1,650°F. and the prossure may be about atmoapheris to 150 pounda per
square inch or higher. This reforming operation oonverts the methane-
carbon dioxide-steam mixture into a gas consisting ohiefly of hydrogen and

carbon monoxide in the proportions 2;1. Thia gas mixture will be herein~
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after referred to as "make" gas or "synthesis" gas. o

A oongiderable amount of heat must he's;pﬁlied for the gas re-
forming operation. This heat is preferably produced by burning a part of
the desulfurized gas admixed with a part of recycled gas from the systema.
A cpnaiderably amount of the heat contained in the flue gas from the gas
reformer burner may be used for preheating air whioh ia to be charged teo
the burner. Water 1s then separated from the eooled flue gas and the flue
gas is sorubbed with suitable solvent suoh as moncethanclamine for
absorbing carbon dioxide therafrom. The undissolved nitrogen is expelled
from the system. The carbon dioxide 1s recoversd and employed along with
desulfurized gas and steam for the production of mike or synthesis gas as
herainabgve described. .

aﬁn synthesis resctor is preferably a vertidgl_tbwerlwhieh oon-
tains no hahf axchange surfacbs’therein. Catalyst is éuspended in this
tower by the up-flowing make gas. By properly controlling the upward
veloonty of the make gas in the tower and the amount of powdered catalyst
introduoed into the tower we mey control the amount of oatalyst in the tower
and the synthesis gas residence time in the tower, thus obtaining the
oontaot of a given guantity of synthaais gas with any desired quantity of
catalyst for any desired timea;

With a aatalyat bdlﬁ density of about 10 to L0 pounds per cubiec
foot and with a uniformly small particle msizo the vertical gas velocity
of the make gas will usually be within the range of about .1 %o 10 fdot
per seocond - in most odses about 5 to 1.5 feet per seoond but it will
depend, of course, on the density, particle size and character of the
prtioular catalyst which is employed as well as upon desired conversion
and reaction conditions, such as temperature, pressure, etc. The bulk
density of catalyst in the reactor is usually at least about 2 to 10
pounds per cubio foot lower than the bulk density of sottled catalyst but
the bulk density of catalyst in the reactor should be sufficiently great

so that the suspended catalyst mixture will behave as a ligquid and ex~
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hibit such turbulence that thero will be intimate and uniform mixing of

the oatalyst throughout the reaction zone. The gas veloeity should be
low enough to obtain and maintain a dense opaque phase of suspended
catalyst, It should be high enough to prevent the catalyst from actually
settling out of the gases and caking and to continucusly carry a sub=--
stantial amount of the oatalyst to an upper settling zone so that it may
be coocled and recycled for tomperature control. ’

The temperature of the synthesis step is uwsually within the
rangs of about 225 to L25°F., the lower temperatures tending toward the
produotion of heavier hydroocarbons such as waxes and the higher temper-
atures tending toward the production of lighter hydroocarbons such as gases.
With ordinary oatalysts the synthesis should be effected within a rel=
atively close temperature range of about 325 te 395°F. Maximum liquid
yields msre obtained at these temperatures with a minimum produstion of
lighter and heavier hydrocarbonss

Temperatures ocontrol is effected by cooling either catalyst
material or incoming gases or both in a zone or zones oppgide?or the
aynthesis zone.: Heretofors it has always beon deemed e;;en#idl‘that‘the
entering gases should be at synthesis temperature and £h$£ heat exchange
surfaces be provided within a few millimeters of each cat;lyst rarticle
in the :yntheﬁis reactor. By maintaining the tdrbg;éqt-gas suspension of
catalyst particles in thg'ragotor as hereinabove:dé;c}ibed we have dias=-
coverad that the temparqéﬁr;"ﬁ;ﬂsubstantially the' same in all parts of the
réaoﬁbr. Thus instead -O.f én;gldiipg the heat of synthesis for boiling

_:ﬂﬁﬁq}:in the synthasis qug}:g$éiﬁ previous proceaéas, wa employ the heat
) ,%éﬁ;&nthssis for bringing}#&kéﬁgaées.anﬂ introduced catalyéﬁato reaotion
‘ifée;perature. k — L
Since remotion tompergéﬁka.is reached substaﬁ&iﬁlly instant-
aneously we maintain the raaqtiéﬁ}%amperature withih‘éib;er limits than

was possible in the ocumbersome heat reactors herstofore employeds In

other words, the relatively ébol satalyst which is contaantly being in-
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Al “ F
jeoted into the reactor 1is instantansously dispersed throughout the

[

reactor and each particle of such catalyst is in intimate contaot with

catalyst particles at -the surfage of which heat is being liberated. Since

each particle of ecatalyst ls surroundsd by a gas envelope and ia in
intimate contact with other catalyst particles there is no possibility of
the developmsnt of hot spots or overheating.‘ An important feature of our

3

invention is ‘this ramarkably efficient and effectiva means of obtaining
temperature oontr;I-ln the synthesis reactore ; .- -

Another feature of our invention is a methad and means for
cbtaining oomplete soparation of catalyst from gases ‘and vnpors and the
recycling of this catalyst through suitable ooolers to the synthesis
reactor. We provide an enlarged settling zone above ths ggagtor and within
this settling zone we may provide a plurality of centriﬂggal Separators.
The settled catalyst is intimately mixgd with centrifugalij_separated
satalyst and this mixture of catalyst is stripped with hot gas before it
is sooled for reintroduction into the synthesis zone in order to prevent
the acecumulation on the cata}yst particles of heavy reaction producta
suoh as olls or waxes. Thus while in prior processes the initial make gas
originally sontacted a catalyst which was webt with reaction produots, we
hnwe _provided a prooess wherein the initial make gas oontacts a catalyst
whiqh has been freed from reasction products.

Thé reaction products are cooled for the separation of water
and any traces of catalyst not removed by cyolone separators (or by
electrostatic praoipitators.if such are employed) may be recovered with
the oondensed water and reworked for the preparation of new catalyst.
Alternatively the steam for stripping may be obtained by flashing the
agueous catalyst slurry so that the stripping steam will reintroduce
this catalyst into the body of catalyst which ia being recirculated
through the cooler to the reactor. Carbon, dioxide may likewise be used as
the stripping gas and then carried with rasycled methane, ete. to the gas
reforming step for the preparation of syntheais gEase

The reaction products may be fraotionated in any oonventional

-7 -
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manner but we prefer. to employ an ‘/abaorption system for separating G; and
Cj, hydrocarbons from unreacted "n';ake gases, methane, sthane and ethylens.
The 05 and éh hydrocarbons are rich in olefins and may be oonverted by
polyn\narization. alkylation, gas reversion or other kmown procsases into
high éuality motor fusls or heavier oils. The stream of separated make gas,
which contains oconsiderable amounts of methans, ethans and ethylene, is
usually split-. & part of it blaing sent to the gas reformer and a part to
the burner of the gas reformer, the sire of the latter stream being suf-
ficiently large to keep the system substantially purged from nitrogen.

The iiwantion will be more clearly understood from the follow-
ing detadled deseription read in conjunction with the acaomp;nying draw=

,
ings which ijopn a part’of,‘ the specification and in whishs -
'F:lgure 1 i3 a sochematic flow diegram of our j%m‘b%lr& aystem}

Figu.r'é 2 18 n detailed sestion illustrating “tlfl;O elements in the
lower part of the reastor in Figure 1;

Figure % is a vertical sectioﬂ of the lower part of a reactor
aimilar to the reactor shown in Figure 1} but offering certain additicnal
advantages, and

Figure L, is a vertioal seotion of modified reactor and catalysf
cooling and ';eqyoling means. )

f,;’ﬁ 2 speoific embodiment of our invqntioii‘u‘r}a .wi—];-].\_desoribe a
system fdrlh;andling about 40,000,000 cubic feet psr dﬁy_ of é. mtur'&l
ga8 which conslsts essentially of methane. The application of the ine-
vention to other charging stock and to plants of various aices will be
apparent to thoss skilled in the art from the following desoription.

The charging stock from line 10 is first desulfurized in eny
oconventional system 11. When the gas contains ne organie sulfur compounds,
this desulfurization may ba effected in a conventional Girdler proceas
wherein the gae is sorubbed with moncethanclamine or tristhanclamine.
Hydrogen sulfide may likewise be remcved by the Koppers prooasa or by the
so-called phosphats process wherein the gas is apunterourrently serubbed

in a packed tower with a two mel zolution of potassium phosphate. If

-8 -
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organic sulfur is present it may be necessary to supplement the oxtraction
process with a concentrated caustic wash. The hydrogen sulfide content
should be reduced to at least about .00l grains per cubio foot and this
desulfurization may be effectsd in any known manner. The desulfurization
step per se forms no part of the present invention and it will not be
desoribed in further detail.

The stream of desulfurized gas from treating system 11 1is split,
about 11,000,000 cubic feet per day being introduced through lines 12 and
13 to the burner for heating gas reformer coils or chambers 1L, and the
remaining 29,000,000 cubic feet per day belng passed through lines 15 and
16 for passage through said reformer soils or chambers 1L together with )
ateam introduced through liﬁe 17, oarbon dioxide introduced through line
18 and recycled gas introduced through line 19. The daily okarge to the

reformer coils may be substantially as follows:

Methane (from line 15) 29,000,000 oubis feet per day
Carbon diocxide 9,000,000 subio feet per day
Steam 25,000,000 cubis feet per day
Reoyocle gas 10,000,000 oubic feet per day

This gas mixture is passed through e catalyst chamber or coil 1 at a
pressurs of about atmospheric to 150 pounds per square inch or meres for
example, at about 15 pounds per sguare inch and at a temperature of

about 100 to 1650°F., for example about 1500 to 1550°F. at such space
velosity as to give a oomtact tims of about 2 to 60 seconds, for example
about 10 to 30 seconds. As above stated, the catalyst for this conversion
step may be one or more VIIIth group metal oxides, such as nickel or'iron
or a mixture of niokel oxide and iren oxide. The catalyst may be promoted
by other meatl oxides, such aa aluminum, magnesium, mangenasse, calelum,
wranium, chromium, molybdenum, vanadium, ete. and it may be supported on
any suitable support such as clay, Kieselguhr, silica gel, alumina, etos
A oatalyst, for example, may be a mixture of the oxides of nickel, iron
and manganese with the metals in the proportion 1:110.5. Yo invention is
claimad in the ocatalyst per se and since such catalysts ars well known

in the art further detailed description is ummecessarys
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The heat required for the gas reforming step in this particular
oexample is about 625,000,000 B.t.u. per hour. A considerable amount of heat
from the flue gases leaving the gas reformor furnace through lire 20 may
be utilized for preheating air in heat exchanger 21, the air being intro=
duced by line 22 to support combustion in the gas reformer furnaua.b . Flue
gasos which have been partially cooled in heat exchanger 21 may be further
cooled in heat exohenger 2% to a temperature aufficlently low to permitl;
eondensﬂ.tion. of water which may be separated from the ccoled flue gases
in trap 24 and withdrawn through line 25. The remining ges mixture may
be introduced through line 26 into the base of absorptien towsr 27 wherein
it is scrubbed with cool moncethanolamine or other suitable serubbing
liquid introduced through lins 28. The nitrogen is not absorbed in the
sorubbing liquid and is removed from the top of the tower through line 29.

The rich scrubbing liquid conteining carbon dioxide is pumped
through lins 30 and heat exchangsr 31 to the top of stripping tower %2
which is provided with heating meens 33 at its base. This scrubbing
liquid is withdrawn from the base of the tower through line 34 and pumped
through heat exchanger 31 and cooler 35 back to the top of absorber tower
27. 7

The carbon dioxide removed from the top of tower 32 may e
cooled in heat exchanger 36 and passed through trap 37 from which any
condensed water may be withdrawn through line 38. The gas from the top
of trap 37 passes through compressor 39 to line 18 for the preparation of
make gas charge to the gas reformer.. : .

The basic equations for the gas reforming operation may be some«
what as followss

co, + CHh ————— 200 + 2H
20%_‘ t 200 ———— 200+ 6H2

co, + 3031*3 2}{2\9‘———————71;00 + 8L,

- 10 -
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The oycle gas, of oourse, contains ethane and othylene as well
as methans and unreacted make gas but the reaction of these hydrocarbons
is similar to that hereinabove indicated. The proportions of earbon dioxide
end steﬁm should in any case be so adjusted as to give a make gas or
synthasis gas of about 2 parts hydrogen to 1 part carbon monoxidee

' -‘The hot make gas 1s cooled in cooler 40 to about room temperature
or lower and passed through trap L1 from which condensed wa/ter may be
withdrawn through line L2. The gasss are then pagsad by compressor L3
through line L4 to the base of synthesis reactor L5. In the example herein=-
8ot forth about 130,000,000 subic feet per day or about 5,400,000 cubio
fest per hour or about 90,000 cublc feet per minuta of maka gas is thus
charged to the synthesis reactors )

The catalyst for the synthesis step may be metallxc cobalt or
nickel on a suitable carrier such as Kieselguhr, silioa gel, alumina, etb.
with one or more promoting oxides such as oxides of magnesium, thorlum,
manganese, aluminum, ets. For instance, about one part by weight of oobalt
may be supported on about two parts by woight of Kieselguhr and promoted
with a small amount of thorium oxide or magnesium oxide or with a nixture
of thorium and magnesium oxides. A mixzture of nickel and coppar oxides
suitably calsined gives a good synthesis catalyst. Ruthenium has also been
found to be an exoellent synthesils oatalyst. The oatalyst per se" for
effeoting the synthesis reection are well knewn in the art snd are des~
eribed in numerous patents and publications. Since no invention is
olaimed in the ocatalyst per se a further deseription of ortalyst!vom-
position is unneoessa;y.

It should be pointed out that in acocordance with the present
invantion the oatalyst should preferably be rather finely divided and of
faifly_uniform particle size, For example, we may employ catalysts having
a particle size of from about 100 to! LOO mesh or smaller but it should be

understood that larger catalyst particle size may be used if gas

-11 =
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velocities, remotor designa, atc. are correspondingly modified. The bulk
density of l‘bhe catalyat‘: in settled state may be about 10 to 44O pounds
por oubio f‘oot‘, R . .

', Our synthesis reactor may oonsist of om;; or more vertical towers

a "
which may range from about B to L0 feet or more in diametar and from
about 20 to 50 fest or more in height. The base of the remotor may be
provided with an inclined conteal hopper or funnel-shaped bottom L6 with
& slope of about 60 degress or more soc that there will be no tendency for
the catalyst to settle out when the make gases are introduced at the base
of this funnel-shaped reactor bottom, Alternatively distributing means
may be provided at the baso of the reactor for insuring uniform distri-
bution of make gases throughout the reactor chamber and for preventing the
oatalyst from dropping out of suspension. 4 screen L7 may be provided
below the make gas inlet and a sump may be prov\lid.e’gd below this soreen so
that any accumulated waxy oils may be withdrawn 'ti_xrough line 4B. When our
process is ope,lf‘ei‘_tq'd.‘i‘or the production of rala}i%ly light liquid hydro~
carbons and the ca.'t:alyst is ef‘\f‘ectively stripped, this screen, sump and
draw=off will usually be unnecessary and the make gases may be intreoduced
directly at the bass ‘of the reactor.

The top of the resotor may likewise be funnel-shaped as shown
in the drawings and it may terminate in pipe 49 whioh extends upwardly in
an enlarged settling chamber 50. A baffle 51 may be mounted above the
pipe L9 to derlsot suspended catalyst particles and uniformly distribute
the produote and catalyst in the settling spaces

A plurality of centrifugal separators may be mounted in the
upper part of the =ettling ohamber. For example, one or more primary
oyclone separators 52 may piok wp, through inlet 53 , gases and vaporas
from whioh the bulk of the catalyst has been settled out. Additional
catalyst removed from the gases and vapors in the primary centrifugal

seperator may be returned to a point well below the surface of settled

- 12 -
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catalyst by means of dip leg 5, the head of settled catalyst in the dlp
leg balancing the difference between the pressure in the spettling chamber
and the preasure in the primary oyoclone separator.

ases and vapors from the primary separator may be introduced by
line 55 into one or more secondary oyclonms separators 56 which are provided
with dip lege 57. Here again the head of catalyst in the dip leg will
balance the difference between the pressure in the settler and the pres-
sure in the oyclone separator. Baoh dip leg msy be provided with an exter-
nally operated valve and with steam connestions above and balow the valve
so that if any dip leg becomes clogred, it may be freed of clogging
material by c}osing the valve and blowing both ways with steam. Any
number of stages of cyclone separation may he employed and, if pecessary
or desired, an electrostatic preoipitator, such ag a Cottrell precipitator,
may be employed for the recovery of catalyst fines.

The recovered oatalyst settles in the ammular spacs batween
pipe 49 und the walls of chamber 50, this space serving as a hopper for
regoversd satalyst and a storage tank into which fresh catalyst may be
charged at the beginning of an operation or introduced from time to time
during the operaticn for the purpose of making up any ecatalyst lossess
The settled catalyst in this upper hepper is maintained in an asratsd
and fluent condition by the introduction of a hot stripping gas such as
steam, hydrocarbon gases, or carbon dioxide through line 58. A number of
sugh pipes may be employed at spaced points around the bvase of the hopper
or a perforated annular pipe 59 may be placed at the base of the hopper
and supplied with stripping gas through iine 58. The stripping gas not
only serves to maintain the catalyst in fluent or liguid-like form but it
serves the very important function of removing reaction products froam the
settled catalyst and thus prevents an accwnulation of hydrooarbon liquids
on the catalyst whioh might impair catalyst activity or interfare with

propsr catalyst suspension in the reaotor.

-13—
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The catalyst flows from the base of the upper hopper threugh a
plurality of cooling tubes 60 which are surrounded by jackets 68 contain~
ing a heat exchange fluid such as water. These tubes discharge the cat=
alyst into the lower part of the reactor.

The ooolingjsiatbm may be of various medificationa. We may with=
draw oatalyst from ﬁﬁéonpper‘in one or more large aoﬂduits. pass the
catalyst thLough tﬁe’p;bes of a tubular heat exohanger and then return
the eﬁtalyst‘fo the réﬁgtor chamber. We may simply surround the tubes with
water jacket ooolers\;s~illuetfated in Figure 2. We may surround the
synthesis rﬁ%otor with an annular chamber containing a large number of
vertioal tubes and we may pass ﬁhb eatalyst from the hopper through these
tubes to the lower part of the‘reaotor while girculating a cooling fluid
around the tubes in the annuler chamber as illustrated in Figure 3. With
regard to the catalyst ocoler per se, it ias preferred that if a tubular
heat exchanger is employed that the catalyst be passed through the inside
of the tubes and that the ends of the tubes be suitably designed and
stream-lined to provide uniform catalyst distribution and to aveid dead
apots. .

The aystems dlagramatically illustrated in Figures 1, B'aﬁd‘é'
offer the advantage of a gravity syphon effact since the catalyst in the
syntheals reaotor has a density about 2 to 10 pounds per cubie foot
lighter than the density of merated catalyst in tubes 6C. This denser
catalyst will flow downwardly without the necessity of employing inject-
ion gasea or mechanical injection devices.

In the catalyst return system illustrated in Figures 1 and 2,
it may be desirable to disperse the returned ecatalyst in the up-flowing
gas stream and it may also be desirable to maintain a slight aeration of
the catalyst in the cooeling leg in ordaf to inai#p its fluent proparﬁies.
To gépoﬁpliah this purpose wé way provide .a uldsp?a méﬁber 61 which is

preférably conioally-shaped and whish is carried by a hollow shaft or
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atem 62 extending through the reactor wall to external operating moans 63,
Hydrogen, mothane, steam or other inert gas may be introduced through line
6, through the hollow stem and dishoarged through laterally inolined portsa
€5 in closure member 61, Alternatively, some or all of this gas may be
vented from the. center of the olosure member through port 66 for supplying
aeration gas in pipe 60. Closure 61 is preferably conically shaped so that
1t aots to deflect and distribute the returned oatalyst into the up-flow-
ing gases introduced thréugh line LLj» The distribution of the catalyst in
the gases "is augmented by the gases @ischarged from late_u:a};-parta 654

A -

In' Figure 3 we have illustrated the modification’wherein the
synthesls reactor is surrounded by an annular chamberlﬁonta;.ning a large
number of vertical tubes. In this modification the outer wall of the
annular ohamber may be oxtended to entirely surround the bottom of the
reactor. For example, conical bottom lba may act as a reserveir for in-
trodueing aerated catalyst into the reactor through the open end of the
conically shaped reaotor bottom L6. In this case soreen 47 may be mounted
in the base of conical bottom Lba and an aerating gas may be introduced
through line &la to maintain the oatalyst in asrated and fluent form not
only in the bottom chamber Lba but in the cooling tubes 60, Aerating
fluid may be introduced at spaced points arcund the bottom Lfa and also
at spaced vertical points so as to prevent any setiling of the catalyst
on Lba and to provide the desirsd meration within the tubes 60, Since the
oatalyst in the reservoir in Lfe is in fluent or liquid-like form, it will
flow upwardly into the base of the reactor and will be picked up and sus-=
pended as a dense phase in the reactor by synthesis gas introduced
through line Ll The rate of flow into the synthesis reactor may be
controlled by an iris diaphragn valve 6la operated by rod 62a extending
throvgh wall 4ba t'o ‘sxternal operating means 6%a. It will be undérstood
of course that ‘instead of employing an iris diaphragm valve ?we.._ma:y employ

a simple slide valve with opposed V-shaped openings or any other-valve

-15 -
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means for’ controlling the flow of the fluent catalyst into the reactor.

. Our inv;;tion is not llmited to a gravity return of sooled
catalyst xnd $n F1gura L, we have illﬁé%ratad a systdm wherein the catalyst
1s oxternally ooocled and then raturne@ to the reactor by means of a sus~

.

pending gass

In this case catalyst may be diacharged fram the hopper of on-
larged settling zonms 50 through s suitabla cooler diagramatic&lly
represented by standpipe 67 surrounded by covling jacket QB The ataﬁd-

pipe may be proyided at its baag with suitable slide valvs or star feedar

69. 'The oat&lyst in this plpe may be aerated by an inert gas introduced

“through line 70. Cooled catalyst dighearged through valve 69 from the base

of this standpipe is picked up by mike gases from line b@ gnd'diaperséd
therewith directly into the base L& of reastor 45e L l

Instend of injecting tha 6?919& oatalyst with'iﬁﬁbming make
gases we may recycle the catglyst'ﬁé&m the upper hoppef?thfough pipe T1
to heat exchanger 72 and thenoéiséha standpipe 7% which may be asrated
by gas introduced through line‘%ho Catalyst from the base of this stand=
pipe may be pioked up by an inert gas from lins 75 and carried thereby
through line 76 for introduction at spaced points along the reaoter
through any one or more of the lines 77. Thess are only a few examplas of
the many modifications of systems for cooling the. é;talyst in an external
zone and returning the coéled catalyst for temperaturs ocontrel in the ‘
éyntheais reactor.

With ordinary catelyst of about 10 to Lo pounds per cuble foot
bulk density {(in settled condition) and of about 100 t? 400 mesh partiscle
size the vertioal wapor velocity in the reaotgr may be from about C.l
to 10 feet per second, usually 0.5 to 1.5 feet per second. Aeration gas
in standpipe should have a considerably lewer vertical velooity, for

axample »005 to .1 or more feet per second.

The acutal amount of catalyst in the reactor at any glven time
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will depend upon the activity of the partiocular catalyst and the partioular
conversion which is desired. With the cobalt or Kieselguhr catalyst pro=,

moted by throiun oxideZand with the size of plant herein desorided we nay.
require as mach as 50.36b oubio feet of oatalyst in the reactor, i.a.;-‘"'
about 150 to 200 tons of catalyst. Iff e single reaotor is employed it may
be as much as 60 feet high and about 25 to 30 faetlin diameter. We may,
however, use a number’nf smaller reactors in parallel since it may be ad-
vantageous to usse raactors about 15 to 20 feet in diameter and about 30

to 50 feet high. The settling‘zone may be approximately the same diameter
as the reactor or even smaller since there is a marked contraction in the
synthesis reaction gas volume. Reactors, settling chambers, sto. may bs
made of various shapes and sizes without departing from the invention.

In starting up the system we first charge the upper hoppers with_
satalyst material and charge & heating fluid such as: steam to the jackets
around pipe 60 so that this catalyst is heated to a temperaturs of, for
oxampla, 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 per second
and the powdered catalyst is dispersed and suspended in this up-flowing
gas until the reaotor is filled with a dense phase of suspended oatalyste
After a preliminary soaking period the synthesis reaction is initiated and
as goon as there is a tomperaturs rise in the reactor the steam around
standpipe 60 is replaced by water. The temperature of this water is cone
trolled by maintaining s regulated pressure on the steam which is pro?uaad
by its waporization. Temperature in the reactor may be held within very
closa limits by regulating the amount of coolkng in the tubes or the amount
of recycled catalyst, or both. When equilibrium has been oatablished the
system funotions smoothly and continuously at the chosen temperature
which, in this case, may be 380°F.

Ligquid reaction products are stripped out of settled catalyst in

the upper hopper by stripping gases introduced by lines 58 through
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distributor 59. The stripped products together with reaction products are
taken overhead through line 78, through cooler 79 to scparator 80 wherein
water separates as a lower layer, oil as an intermediate layer, and gases
as an upper layer. The water is withdrawn through line 81 to a oatalyst
recovery system 82. Catalyst may be sedimented or filtered from the water
and worked up into fresh catalyst. Alternatively the catalyst-laden water
may be flashed to form steam containing suspended catalyst particles and
this steam may be introduced through line 58 so that the cétalyst is re-
turned to the upper hopper simultanecusly with the stripping of hydro=
carbons from catalyst in said hopper.

0il from the intermedimte layer in settler 80 is withdrawn
through line B3 to fractionation system B4 which is diagrammatically shown
as a single column but which, in actual practics, would consist of two
or more columna, the gasoline and lighter fractions being taken overhead
from the first oolumn, the gesoline being stabilized in the second
solumn, etc. Sinee no invention is olaimed in this fractionation system
1t is diagrammatically illustrated as a column from whioh gases are taken
overhead through line 85, gadocline is withdrawn as a side stream through
line 86, and heavy oils are withdrawn from the bottom through line 87.

Gases from the top of separator 80 are introduced through line
88 to absorber tower 89 through which an absorber oil, such as naphtha,
is introduced through line 90. Unabsorbed hydrogen, carbon monoxide,
methane, ethane and sthylsne are taken overhead from tower 88 through
line 91. A part of this steam, for sxample about 75%, is passed by line
19 to the gus reformsr 14 for the production of further guantities of
make gas. The other part of the stream from line 91 is passed by line G2
toe line 13 and burned in the gas reformer furnace for supplying heat and
carbon dioxide for the gas reforming step.

Rich oil from the base of tower 89 is pumped threugh line 93 to

the top of stripper towsr 9l and the light gascline fractions together
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with (23 and ch hydrocarbons are taken overhead from this tower through
line 95 to the fractionation system 8l. The denuded scrubber oil is then
pumped back through line 94, heat exchanger 97, and cooler g8 to the top
of absorber tower B89. .

The gas from line BS may be withdrawn from the system through
line 99 and oharged to any suitable conversion proeesa such as polymeriz-
ation, alkylation, gas reversion, eto. for the preparation of valuable
motor fuels, lubrioating oils, sto. Altermatively some of these gases may
be passed through line 100, heater 101 and thence through line 58 {:o be
used as a strippiné medium in the upper hopper. The teﬁperatura of these
geses in line 58 ghould be sufficientl-y high to sffect i:he vaporization
and atripping of any liquid hydrocarbons deposited on the catalyst. In-
stead of employing hydrocarbon gases for this striﬁp-ihg we may, of course,
gimply use steam from l-i,nﬁ 102, . If steam is to be \.é;mployed it may be
desirable to flash the eé.'taiyst oontaining water from recovery system 02
and te return the steam ao.pro\ducod together with suspended catalyst
solide through line 103. Carbon diexide from line 104, may be used as the
stripping gas, since this gas in eventually reoyoled to the gas reform-
ing step for the prodt;ction of further amounts of synthesis gase

Usually a ,s:ingla aynthas.@-g gtafga with the reoycling hereinabovs
desoribed is sui_‘;‘ie'ie,nt to obtain.éx;élient yielda., We may, however,
charge the gaéés’ ‘:.‘.-‘rom separator 80-lto a second synthesis stage which may
be similar in'dé_ai’gn ‘-but smaller in size than the stage hereinabove des-
oribed. With the single stage and recyeling as hereinabove described, the

following yields of the following products may be obtained:

Light naphtha 1,500 barrels
Heavy naphtha 1,500 barrols
Gas o1l 1,1C0 barfels
Wax 500 barrels

The exact yisld of: various products will, of ocourse, depend upon the
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particulaf temperature solected, the nature of the catalyst employed, the
time of contact between catalyst and make gas, the amount of catalyst oon=-
tasted by make gas, ete. Generally speaking, the time of contact may be
about 5 to 40 seconds or mors, usually at loast about 10 to 20 seconds.

The gaso;ine or naphtha prg@ﬁced by this process ia usually
charauterizad_?y a fairly low knookfrd%iﬁg and we may subject it to a
catalytis rat@%g;ng\proaess of the %&ﬁe in whleh its vapors are sontacted
with & clay £&ﬁ§ pﬁtalyst of the silica-alumina type at a temperaturs of
about 850 to'idbooF., a pressure of about atmospheric to 50 pounds per
square inch and a space velooity of about l} to 4O volumes of liguid feed
per volume of catalyst space per hour. Alternatively the vaporized
naphtha may be contacted at a temperature of about 850 to 1050°F., usually
about 925 te 950°F., at a pressure of about 50 to 600 pounds per square
inch, preferably about 200 to 300 pounds per square inch, at a space
velooity of about 0.2 %o 2.0 volumes of liquid feed per volume of catalyst
space per hour, prefarably about 0.5 to 1.0 vy%y%r. with an on-gstream time
of about 1 to 12 hours, prefarably ébopt 6 hours and with‘a catalyst com~
prising molybdenum oxide or ohromiuﬁ uxide'gupportzd-on active alumina or
the like. 1In this c&talytic_reformiué‘prpc;sa we prefer to employ about
1000 to 50001 preferably about 2500, d;hic feet of recycle gas (contain=
ing aboutthK to’ 75% hydrogen) per barrel of stock charged. This ocatalytic
reforming ;f'the synthesis gasoline produees large yislds of isomerized
and aromatized hydrocarbons of wvery high lmock rating.

fhe naphtha may, of course, ﬁe subjeated to a gas reversion
prooess togethsr with 03 and Ch hydrooarbons. It may be freed from
olefins and 1ts paraffinie compoments may be isomerized with aluminum
chloride or an aluminum chloride complex.

The heavy fractions may be subjected to catalytic craecking for
whioh it constltutes an excellent charging stooks . -

. The wexes produced by our procass &re“va1u§§le by=-produots per

P
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ae and by emploving relatively low synthesis temperatures and/or high

aynthasis pressures we may markedly 1ncreaaa the heavy oil and wax,yialds.

Byuemploying relatively high temperatures, such as about 40O to h25°F..

we may produce large quantities of light 11quid hydrooarbons‘a-_*

gaseocus hydrooarbons which may be pqxtioularly valuable as-pparglng stocks
for polymerization, alkylation, gas reversloen, or other refiﬁing of '

synthesis processes. All of the products are valuable for chemiocal
‘synthesis becayee of their etrictly aliphatic character and their freedam
from naphthenic and aromatie hydrocarbons (which normally oceur in
petfoleum prodqcts and which are so diffisult to separate from alipbatic
“hydrocarbons'bf'éiﬁilar boiliné pojnta).

While we have descrlbed in de%ail preferred embediments of our
invention and hava gjvan an-example of cperating econditions, it sheuld
be understood that “the 1nxention is not limited to any of the details
hereinabove set forth sinca numerous other operating nondltuons and
modifications will be apparent from the above deacription 1o those

e

skilled in the art. 'n;
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Having regard to the foregoing disclosure, the patent of

which this speci?ication forms a part, confers, subject to the condi-
tlons prescribed in the Patent Act, 1935, the exclusive right, priv-
ilege and liberty of making, constructing, using and vending to others
to be used, théiiQQention as deflned in claims submitted by the pat-
entee as fblleé? f

A mathod of converting low molecular weight hydrecarbon
gases into hydrocarbons of higher molecular weight which somprises mixing
said hydrocagbon gases with carbon dioxide, recycled gas from the synthe-

gais ptep hereinafter described and steam in such proportions as to pro-

vide an atomic proportien of hydrogen, earbon and oxygen of about 4:1:1,

contacting said mixture with a reforming catalyst at a sufficiently high
temperature and for a sufficient period of time to convert said mixture
chiefly into hydrogen and carbon monoxide whereby a make gas is produced
having a hydrogen to carbon monoxide ratio of about 2:1, suspending a
synthesis catalyst in said make gas, maintaining the temperature of said
catalyst suapension at a level in the approximate_range of 225 to 4R25%F.
and subatantially sonstant and uniform by directly admixing relatively
cool materials with the mixture in a synthesis zone, continuing said con-
tact of maké gas with suspended catalyst in said synthesis zone for a per-
iod of time sufficlent to effect synthesis, then separating suspended
catalyst from gases and reaction products, separating unreacted gases and
low moleculer weight hydrocarbon gases frem higher molecular weight
reaction products, and recycling sald unreacted gases and low molecular

weight hydrocarbon gases to sald mixing step.
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2. A method of converting low molecular weight hydroearbon
gases into hydrocarbons of higher molecular welight which compriges mixing
said hydrocarbon gmses with carbon dioxide, recycled gas from the synthegls
gtep hereinaf'ter described and steam in such péopqrtions as to provide
5 an atomic proportion of hydrogen, carbon and oXygen of about 41121, coﬁ-
tacting said mixture with a catalyst comprising an VIIIth group netal
oxide at a sufficiently high temperature and for a sufficient period of
time to convert said mixture chiefly into hydrogen and carbon monoxide
whereby a make gas is produced having a hydrogen to carbon monoxide ratid
10 | of about 2:1, suspending a synthesis catalyst as o dense phagse in said
meke gas, contacting said meke gas with seid suapended catalyst in a
synthesis zone at a sufficlently elevated temperature and for a sufficlent
period of time to effect aubstantial conversion of the make gas Into
hydrocarhons of higher molecular weight than methane, absorbing the heat
of conversion in suspended catalyst in the synthesls zome, saparating
gugpended catelyst from unreacted gases and reaction products, removing %ha
heat of conversion from the separated catalyst outside of the synthesis
zone, separating uareacted gases and low nolecular weight hydrocarbon
gases from higher molecular weight reactlon products, and recycling
20 said unreacted geses and low molecuiar weight hydrocarbon gases to said
mixing stép.

3. The method of Claim 2 which includes the further steps of
cooling the synthesls catalyst after it has been separated from gases
and reaction products and‘raintroducing said cooled catalyst for absorbiig
28 the heat of reaction in the synthesis step.

4. The method of Claim 1 which includes the step of introducing
& relatively cold make gas into a suspended synthasis catalyst mixture
whereby the he;t of the synthesis reaction brings the make gas to re-

action temperature.
30
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