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The present invention relates to the catalytic
conversion of carbon oxides with hydrogen to
form valuable hydrocarbons and oxygenated or-
ganic products. More parficularly, the present
invention relates to a process for conditioning
the off gases from this synthesis prior to their
recirculation to the process.

The production of valuable hydrocarbons and
oxygenated hydrocarhons from mixtures of hy-
drogen and oxides of carbon in the presence of
eatalyst of the iron group and under well-defined
conditions of temperature, pressure, and contact
time is well known in the art. The products
obtained usually are a function of the above con-
ditions, and vary in type, vield, configuration, and
molecular weight. Liguid paraffinic and olefinic
hydrocarbons and oxygenated organic compounds
are the usual products obtained in reactions of
this type, but higher beiling hydrocarhons snd
waxes may also be produced. Secondary reaction
and by-products consist mainly of water, carbon
dioxide, gaseous hydrocarbons of varying degrees
of unsaturation, and carbonaceous solid material,
such as coke and fixed earbon.

The catalytic conversion of CO and Ha can be ;

carried out in fixed bed, moving bed, slurry, and
fluidized catalyst types of operation. The advan-
tages of the latter, such as Improved heat distribu-
tion, transfer, and control, snd intimate mixing
and contact of the catalyst with the ractants are
well known. In these operations it has also been
found that a promoted iron catalyst at somewhat
more severe reaction conditions than those used
with a cobalt catalyst will give a product of con-
siderably higher olefinic content and greater suit-
ahility for use as & motor fuel than the product
obtained with a cobalt catalyst. Two problems
thet arise in all types of operation employing an
jron eatalyst, but particularly in conjunction with
the fluid solids type of operation, are the fouling
and consequent inactivation of the catalyst by
deposition of ecarboneceous material, and the
tendeney of the catalyst pariicles to disintegrate,
presumably because of sald deposition.

The carbonaceous material deposited on the
surface of such iron-base catalysts appear to be
formed as a result of disassociation of CO and
of unstable hydrocarbons formed during the syn-
thesis operation. This contamination of the cata-
lyst occurs mainly when the synthesis reaction
is productive of good yields of high octane hy-
drocarbons, ‘The corresponding reaction condi-
tions are for example, temperatures of about 600°
P. and ahove, and feed gas molar ratios of about
0.8:1 to 2:1 of Ha to CO, and pressures of 260-600
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p. & 1. g. These are generally considered severe
reaction conditions.

Also, during the hydrecarbon synthesis proc-
ess, the CO, Hz, and unhstable gases present in
the synthesis gas not only contact the external
surface of the iron catalyst but apparently pene-
trate the interior of the individual particles and,
a3 the process proceeds, carbonacecus deposits
and elementary carben form and are deposited
within the catalyst, usually along the lines of
structural weakness, causing a weakening of the
catalyst so that, as the synthesis operation pro-
ceeds, the catalyst physically disintegrates into
particles of such small size that eventually fluid-
ization becomes difficult, that is, it becomes dif-
ficult to maintain the particles in a dense, tur-
bulent ebullient mass by means of a gasiform
fluidizing agent, here the synthesis feed gases.
A satistactory fluidized catalyst mass for the hy-
drocarbon synthesis reaction generally comprises
particles of sizes from about 10 to 200 microns,
and a particle size distribution in which up to
about 30% of the particles are below 20 microns
and up to about 40% are greater than 80 microns.
Such a fluldized mass under severe synthesis con-
ditions tends to undergo fragmentation with the
production of fines and as a result of poor fluid-
ization behavior of the fines, and also excesslve
accumulation of carbon and carbonaceous mate-
rial on the catalyst, both uniformity of fiuidiza-
tion and activity of the catalyst fall off. This
decline in activity and catalyst deterforation oc-
curs not only in fluid but also in moving and
fixed bed types of operation.

As has been mentioned above, one of the
sources of this carbon formation is the presence
of relatively unstable organic compounds in the
synthesis reactor. These products, such as acet-
ylenes, low molecular weight aldehydes, diolefins,
and other deleterlous substances are formed in
the synthesis or possibly result as secondary reac-
tion products from the production of synthesis
gas. They pass in part out of the synthesis reac-
tor ajong with the other vaporous reaction prod-
ucts, but are not condensed or absorbed or other-~
wise removed in the plant liquid-product recovery
systems, and are thus recycled to the synthesls
reactor as a constituent of the tamil gas, or re-
cycle gas. Within the reactor these producis
interact to form the carbonaceous deposits men-
tioned above and shorten the life of the catalyst.

It is an object of the invention to economically
treat and beneficiate tail gas from the hydro-
carbon synthesis process and to remove sub-
stances deleterlous to the catalyst therefrom prior
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to recirculating said tail gas to the hydrocarbon
synthesis reactor.

Anpther object of this invention is to convart
simultaneously & substantial portion of the COs
which may be present in the tail gas to carbon
moenoxide and hydrogen.

Other objects of the invention will appear from
the subsequent description thereof.

In accordance with the invention, synthesis
gas containing g hydrogen to carbon monoxide

- molar ratio of about 0.8-2 to 1 is fed to a hydro-

carbon synthesis reactor, containing a bed of
fluidized iron catalyst. After the desired con-
version has taken place, the total overhead from
the synthesis reapctor is cooled and iiquid re-
action products are separated from the tail gas.
The latter gas is then subjected to contact witn
hof, finely divided solids fowing countercurrently
while said solids and gas are flowing through
a pebble stove. The solids are at a temperature
within the range of 1200°-2200° P,, but preferably
1600°-1800° P., and the time of contact is ad-
justed to promote the desired beneficial effect
upon the tail gas, i. e., decomposing and remov-
ing aldehydes, acetylenic compounds, diclefins
and other gum {ormers and deleterious sub-
" stances which shorten the life of the catalyst.
Furthermeoere, an additional advantage is achieved
when the hot solids are carbonsceous, such as
coke. In the latter case, some of the COa pres-
ent in the tail gas will be reduced to CO and
thus increase the concentration of that con-
stituent In the recycle gas to the synthesis re-
actor. Also, by sultable control of temperature,
the gaseous hydrocarbons in‘the tail gas may be
reformed to CO and Hy all to be more fully
detailed below.

The hot circulating solids after conditioning
the tail gas and imparting some of thelr sensible
heat thereto, and thereby partly cooled, are then
recirculated to a regenerating or heating sec-
tion, and then recycled to the system, and the
tail gas, now substantially free of deleterious sub-
stances, is recycled to the synthesis reactor and
may he, if desired, mixed with the cooler fresh
feed before the whole is Introduced inte the
hydrocarbon synthesis reactor.

Having set forth the general nature, advan-
tages, and objects of the invention, the latter

will best be understood from the more detailed :

description hereinafter, in which reference will
be made to the accompanying drawing which is
a diggrammatic representation of a system suit-
able for carrying out a preferred emhodiment
of the invention.

Referring now in detail $o the drawing, 2 is a
fluid catalyst hydrocarbon synthesis reactor,
preferably in the form or a vertical cylinder
with a conical base and having a screen or grid
4 located in the lower section to effect good gas
distribution. Within reactor 2 there is present
finely divided iron type hydrocarbon synthesis
‘catalyst of any suitahle composition known in the
art and having a particle size ranging from about
10-200 microns. Fresh synthesls gas mixture
comprising CO and Hz2 from any suitable source
and under any desired superatmospheric pres-
sure is passed through line 6 into reactor 2.
Recycle tail gas, treated in a manner described
more fully below is passed into reactor 2 via lines
-8 and 6. The gas mixture entering 2, composed
of fresh and recycle gas in any desired ratio,
-such as recycle to tail gas ratios of 2-3 to 1, has
a molecular ratio of Hz/CO varying, as desired,
‘hetween 0.8-2.5 to 1, preferably 15-1.8 to 1.-
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The gas enters reactor 2 below grid 4, and catalyst
may be passed from hopper I0 into reactor 2
through line 132.

The linear velocity of the gases within 2 is
maintained in this example within the approxi-
mate range of sbout 0.1-1.5 feet per second,
being in the upper portion of the range with
dense catalyst and minimum pressures and in
tne [ower portion of the range for high pressures
and/or with relatively low density catalyst.
Under these conditions the catalyst assumes the
form of a dense turbulent mass, having a well
defined upper level 14 and an apparent density
of about 30 to 150 pounds per cubic foot depend-
ing upon the fluidization conditions. The pres-
sure within reactor 2 is usually kept within the
approximate range of 150-700 p. s. i. g., prefer-
ably between 250 and 600 p. s. i. g., and the tem-
perature maintained within the reaction vessel
2 1s preferably kept between 450°-700° P

The heat transfer characteristics of the
fluidized mass permit the maintenance of rela-
tively uniform {emperature conditions through-
oui the fluidized system in reactor 2. Surplus
heat may be withdrawn and any heat required
for sterting up the process may be supnlied by
any coniventional means. Heat exchange means
are not shown in the figure since they are not
pertinent to this invention but it is understood
that it is essential in promoting synthesls re-
actions of this type that the exothermic heat
of reaction must be continuously removed from
the reactor.

Due fo the phenomenon of hindered setiling
of the catalyst particies, only g small portion of
the latter is carried into the zone above level
14, The portion of vessel 2 above 14 serves as
a catalyst disengaging zone. Catalyst particles
enter the disengaging zone and are separated
from the reaction vapors and unreacted syn-
thesis gases by passage through gas-solid sep-
arating equipment (6§ which may be a cyclone
or filter, etc. The separated solid particles are
returned to the dense bed by means of dip pipe I8,

Vaporous reaction products and unreacted
gases are withdrawn from reactor 2 through line
20, passed to cooler 22 and thence through line
24 to product recovery system 2§ wherein water
and the hulk of hydrocarbons and oxygenated
compounds centaining three or more carhon
atoms are substantially separated and removed
via line 28 for further processing in a manner
known per se.

Tail] gas, comprising unhreacted synthesis gas,
CQz, light hydrocarbon gases such as methane,
ethane, ethylene, acetylene, ¢te. and smaller pro-
portions of dienes, aldehydic and acetylenic
compouhnds, ete., is withdrawn from 28 and that
portion which is used for recirculation to re-
actor 2 is passed into the bottom section of peb-
ble stove 32 through line 30. The latter com-
prises a cylindrieal reaction vessel having upper
and lower conical portions, having a screen or
grid 34 disposed in a lower portion, and filled to
about 76% its height, say 10 to 40 feet deep, with
pebbles of much greater than fluidizable size, to
serve a&s heat transfer agents and means of
economizing heat. ‘The pebbles preferably have
average diameters of about 1 to 3 inches. With
fine size circulating solids and shallow pebble
beds. smaller pebbles are used then when larger
slze particles and very deep beds are employed.

Introduced into an upper portion of pebble
stove reactor 32 through line 3& is a stream of
finely divided solids, heated to a temperature
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in the range of 1200°-2200° ¥., preferably to
1600°-1800* F. These solids preferably com-
prise combustible cdérbon material, such a5 finely
divided coke, and they have a sultable particle
size to flow through the pebble bed, usually
within the range of from abouf 60 to 100 mesh
or smaller, The rate of solids flow into reactor
32 is adjusted so that the solids discharged at
the bottom of the stove have a femperature
usually of about 1100° to 1250° F., it depends
upon the temperature of the solids, heat to be
supplied by them and the temperature level de-
sired within the pebble mass. The temperature
of the outgoing solids is lower than thaf of the
feed solids,

The hot solids introduced into reactor 32
through line 36 and flowing downwardly are
fluidized by the tail gas Aowing upwardly through
grid 34 {o form a deep dense hed of fluidized
solids having an upper lever 37 above the level
of the pebbles within reactor 32. The superficial
velocity of the fluidizing medium is controlled
s0 that the solids are fluidized in the interstices
of the pebble msass and is usually in the range of
0.1 to 2.0 feet per second, preferably .1 to .4 foot
per second, and the contact time of the Auidizing
gas with the hot solids is greater than one sec-
ond and preferably 4 to 10 seconds.

The temperature level in said fluid contacting
zone is preferably between 1600°-1300° ¥, with a
prefershble meximum temperature approximately
1900° to 2000° ¥, The solids are heated externally
as deseribed more fully below bug, if desired,addi-
tional heat may be supplied by passing a rela-
tively small stream of combustion supporting gas,
such as air or oxygen into reactor 32 through
line 31 along with the tail gas and burning a
portion of the latter. This is particularly hene-
ficial when it i3 desired to reform a pertion of
the methane present in the tail gas and/or con-
vert at least a portion of the CQa present in the
tail gas to CO.

Spent solids which have been cooled by thelr
contact with the tail gas, which in furn has ab-
sorbed heat from said solids, are continuously
withdravm from the fluidized solids béd in re-
actor 32 above grid 34, conveyed through line
40 and are picked up by a stream of oxidizing
gas such as air, admitted through line 43, pre-
heated in exchanger 42 and passed through line
41 and is introduced into the lower conlcal sec-
tion of combustion vesse] 44, Fuel gas, such as
tail gas in amounts sufficient to supply the de-
sired heat, is added through line 59, Vessel 44
is a conventional fuld solids reactor with a
sereen or grid 46 for insuring proper distribu-
tion of fluldized solids In the reactor., The
carbecnaceous solids from pebble stove reactor 32
are maintalned in the fluldized condition in 34
by the upflowing fluidizing gases initially com-
prising oxidizing gases with or without fuel gas,
and as a result of the combustion reactions there-
in, the solids are brought to a temperature pref-
erably in the range of 1600°-1800° F. Flue gases
from the combustion are withdrawn through line
48 and are passed through a waste heat boller
for steam generation. If desired, additional
oxidizing fluid, such as oxygen or other gas may
be admitted to 44 through Iine 52,

A stream of hot solids substantislly at the
temperature of the fluldized bed in combustion
vessel 44 is withdrawn continuously through
aerated standpipe 36 and is recycled to reactor
32, there to decompose products deleterious to
tlée hydrocarbon synthesis eatalyst as mentioned
above,
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Tail gas now substantially free from the un-
desired contaminants is withdrawn upwardly
from pebble stove reactor 32, passed through
dust separator 38, and through line 54, waste
heat boiler 63, and heal exchanger 42, wherein
it transfers sensible heat to the oxidizing medium
going to combustion vessel 44, and the tail gas
is then recycled to hydrocarbon synthesls re-
actor 2 through line 8. In case the pebble stove
is operated at lower pressures than the reactor,
the treated tail gas is compressed hefore recircu-
lating it to the reactor 2.

The system as described in the embodiment
admits of numercus modifications apparent to
those skilled in the art. Thus the temperature
in the pebble mass in reactor 32 may be con-
trolled at the desired level by regulating the
temperature of the hot solids cireulated, by
eontrolling the mass of the solids eirculated, and
by controlling the amount of oxidizing gas or
oxygen intreduced with {he tail gas. The quan-
tity of combustion-supporting fluid used with
the tail gas is no more than that which may
be rzquired to maintain suitable temperatures
in the reaction zone of the pebble stove; it may
be zero. Tt is understocod that the pebble-
stove may be operated at either high or at sub-
stantially atmospheric pressures. Also, if larger
guantities of sir are required to effect cooling
of the gases in exchanger 42 than are desired
to be ufilized in reactor 32, a portion of the
heated air may, if desired, be withdrawn from
the system through line 38.

The system provides many advantageous heat
exchange relationships which help make the
process of the invention economically attrac-
tive. Thus the hot discharging solids transmit
g portion of their sensible heat to the Incom-
ing gas feed stream, thus heating. the latter
streain and partly cooling the solids; also the
tall gas after removal of contaminants passes
in hest exchange relatlonship with the incom-
ing air or oxygen supplied to the solids heating
unit. Furthermoere, the hot recycle gas may be
blended with the fresh cold feed to the syn-
thesis reactor, economizing in preheating re-
guirements. .

It may be desirable to treat in accordance
with the process of the invention, only a por-
tion of the tail or off-gas from the hydrocar-
bon synthesis reactor, In the latter case, that
portion of the tail gas not to be treated in ac-
cordance with the invention is withdrawn
through line 29,

Although the freatment of tail gas is speci-
fically considered in this disclosure it will be
noted that, for example, motor fuel vapor ini-
tially containing undesirable gum-forming com-
pounds can be suceessfully heneficiated by pas-
sage through a stove as described but at a tem-
perature {in the pebble mass} of about 1000°-
1200° P, depending on the pressure. The fine
size solids circulated in this case may be cat-
alyst, absorbent, or both. The solids circula-
tion rate through the stove may be aypreciably
Iess In this example, and the ftemperature of
the heated solids fed to the top of said stove
from heater 44 should be of the order of about
12000 F. )

Thus by the process of this invention, tail
gas from the hydrocarbon synthesis plant is
prepared for recirculation by passing it in coun-
tereurrent contact with finely divided hot solids
while said solids and gas are flowing through

76 a pehble stove, and as & result of sald treat-
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ment, not only tail.gas constitutents deleterious
to hydrocarbon.synthesis: catalyst are destroyed;
hut also: carbon dioxide: is.reconverted to car-
bor monecxide, further adding to the economic
attractiveness of the process.

The invention.comprises: the novel use of a
pebble stove in & continuous ene-way fluid flow,
wherein. a gradient temperature Irom-a maxi-
muin at one end to a minimum at the opposite

end is continuously maintained- while promos- .

ing chemical- reactions in:a fluid stream- flow-
ing through and in contact: with a mass of the-
confined pebbles which pebbles are stationary,
by passing externally heated fine size solids at
an elevated temperature favorable for supply-
ing at least a large portion of the heat required
for successfully promoting said reactions. Peb-
ble stoves are usually operated in alternate up-
and-down cycles, without counter flow of fine
solids and fluidizing stream.

The foregoing description and exemplary op-
eration have been presented to show a spe-
cific application of this invention; other modi-
fications will be obvious to those skilied in the
art.

What is claimed is;

1. In the process of reacting CO with Hz and
making synthetic hydroearbons in which some of
the tail gas is recirculsted back to the reactor
along with the fresh feed (gas comprising essen-
tially CO++Ha2), the step of preparing the tail gas
for said recirculation by passing it as a stream
upwardly through and in contact with a down-
wardly fiowing deep mass of finely divided hot

solids while the temperature of said solids in at @

least 2 zone between the top and bottom of sald
mass in said reactor is between about 1200° F,
and 1800° F. at & rate adapted to maintain said
mass in said reactor in a fluidized state, at a con-

tact time greater than one second and sufficient «

substantially to decompose acetylenic compournds
thereby beneficiating said tail gas.

2, The process defined in claim 1 in which the
said solids comprise combustible carbon.

3. The process defined in claim 1 in which the
solids are finely divided coke.

4. The process defined in claim 1 in which the
said finely divided solids are continuously fed
into the upper portion of said reactor hot and
continuously withdrawn from adjacent the bot-
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tom of said reactor at a lower temperature, the
entering reactant gas stream absorbing heat from
the discharging solids in said reactor.

5. In the process of reacting CO with. Hz-and
producing hydrocarbons, in which a portion of
the tail gas comprising €Oz and light hydrocar-
bon gases is recirculated back to the reactor
along with the fresh feed, the steps of hene-
ficiating. the. tail gas prior to its'recirculation,
comprising, continuously passing a stream of
said tail gas along with a relatively small amount
of a combustion-supporting gas upwardly
through a mass' of non-catalytic: pebbles' of
greater than fluidizable size confined in a heat-

- ing zone, simultaneously introducing into-sald

last-named zone substantially continuously from
above said mass a stream of finely divided hot
sollds comprising combustible carbon, passing
these sollds- downwardly through said mass in

.contact with said pebbles and sald stream, con-
trolling the velocity of the stream of tall gas so

that said solids are fuidized in the interstices of
said mass, maintaining a contact time of said
tail gas with sald downwardly passing solids-of

. at least one second and for a period-of time sufi-

cient to decompose acetylenic compounds-in said
tail gas, passing said solids out of said heating
zone from beneath said mass in heat exchange
relation with the feed stream of fail gas mixture
thereby cooling said solids and heating the

“latter gas, burning a portion of the thus heated

tail gas in a middle zone of said mass consuming
the said combustion-supporting gas thereby rais-
ing the temperature of the solids in the latier
zone to about 1600° to 1800° F., causing the COz-

‘initially- present in-said tail gas to react with

carbon-of the thus heated solids forming CO, and -
removing the beneficlated gas stream from above--
said mass.

WILLIAM W. ODELL.
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