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1

The present invention relates to the catalytic
conversion of carbon oxides with hydrogen to
form valuable hydrocarbons and oxygenated or-
ganic products. More particularly, the present in-
vention relates to an advantageous and novel
process for the recovery of uncondensed valuable
synthesis products from the hydrocarbon syn-
thesis tail gas.

One of the major problems in the economical
operation of hydrocarbon synthesis plants in-
volves the removal of uncondensed lower molec-
ular weight synthesis products from the effluent
gases of the reaction system. Compounds ranging
in carbon content of from one to nine atoms per
molecule are contained in the effluent, or tail gas,
in concentrations ranging from about 20-35% de-
pending upon the particular operating conditions
and yields. The more valuable Cz-}- constituents
amount to between 1.5 to 2.5 gallons per 1000
standard cubic feet of gas under the more usual
processing conditions, and of these constituents
a recovery of about 95% is desirable. Most re-
covery systems are desighed to recover all the
Cs+ materials together with about 80% of the Cs
compounds, To effect the necessary absorption
by the usual oil absorption technique requires
large volumes of circulating oil which necessitates
alternate heating and cooling in the cycle of ab-
sorbing and desorbing or stripping.

Furthermore, in the oil absorption unit of a
hydrocarbon synthesis plant, the characteristics
and specifications of the oil have to be particu-
larly considered in relation to the types of com-
pounds to be absorbed from the tail gas. Usually
a saturated oil of low molecular weight and low
viscosity is desired for this type of processing. In
those plants employing iron catalysts, hydro-
carbon synthesis products are produced ranging
from methane to high boiling waxes. The major-
ity of the compounds are also unsaturated and
therefore it is necessary to employ a close degree
of fractionation of the absorption oil to produce
an oil which may be satisfactorily employed as the
absorption medium. The presence of heavy ends
in the absorption medium is particularly unde-
sirable when refrigeration is to be employed in the
absorption system while on the other hand, the
initial boiling point of the absorption oil must be
sufficiently high to limit vaporization losses when
large volumes of gas are processed. Purthermore,
it is undesirable for the absorption oil to be re-
tained in the circulating system for any extended
period of time because of the tendency toward
polymerization with subsequent fouling of heat
exchange equipment and inefficiency of absorp-
tion,
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It is the principal object of the present inven-
tion to provide an effective and economic method
of recovery of valuable hydrocarbons from syn-
thesis tail gas without use of excessive quantities
of circulating absorber oil, which is subject to the
limitations enumerated above.

Another important object of the invention is to
utilize the refrigeration potentialities of the tail'
gas from a hydrocarbon synthesis plant.

Other objects and advantages of the invention
will become apparent from the description here-
inafter,

Processing according to the present invention
minimizes and overcomes to a great extent, the
difficulties inherent in the prior art process of
removing light hydrocarbons from tail gas by oil
absorption. According to the present invention,
the effluent or tail gases from a hydrocarbon syn-
thesis plant are cooled in a manner described more
fully below, the condensed material removed in
a high-pressure separator, and the gases con-
tacted with a finely divided adsorption medium,
such as activated charcoal, employing the fluid-
jzed solids technique. The adsorbed material is
then stripped from the adsorbent in a fluidized
solids stripping zone and the resulting vapors are
cooled and condensed hydrocarbons separated
out. The uncondensed gases are now very rich
in hydrocarbons and are passed to a small oil
absorption system of conventional design.

The scrubbed gas from the fluid solids adsorp-
tion unit, and which is at a pressure only slightly
lower than in the hydrocarbon synthesis reactor,
is advantageously passed through expansion ma-
chines in a manner known per se to obtain power
and refrigeration.  This refrigeration may be used
advantageously to ¢ool the absorbing oil and the
overhead from the fluid stripper, as well as the
overhead stream from the reaction chamber be~
fore it enters the scrubbing system. By cooling in
this way a larger amount of liquid is condensed out
of the overhead gas and the scrubbing require-
ments are correspondingly less.

The invention will best be understood by re-
ferring to the accompanying diagrammatic rep-
resentation of one modification of the present in-
vention, wherein are presented suitable equipment
and flow of material for carrying out a preferred
embodiment of the present invention.

Referring now in detail to the drawing, which
represents schematically a fluid solids hydrocar-
bon synthesis system and the combination fluid-
ized solid and liquid absorption systems, 2 is a
fluid solids synthesis reactor, containing a cata-
lyst of a type suitable for the production of lig-
uid hydrocarbons and oxygenated hydrocarbons
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from carbon monoxide and hydrogen. Iron cat-
alysts as for example, reduced sintered pyrites
ash or reduced sintered -precipitated red iron
oxide, promoted with oxides, carbonates or hal-
ides of alkali or alkaline earth metals may be
used for the purpose.

Synthesis gas comprising hydrogen and car-
bon monoxide in the approximate ratio of 0.5-3
to 1 is introduced into reactor 2 through line 4.
The reaction conditions within reactor 2 are
those known for iron catalysts and may include
temperatures of from about 550°-750° F. and
pressures of about 250-750 p. 5. 1. g.

The total synthesis product and unreacted
gynthesis gases are withdrawn from reactor 2
through line 6 and passed through cooler 8 to
separator 10 wherein the separation of liquids
and gases, and of a hydrocarbon layer from an
aqueous layer containing oxygenated materials
ig accomplished by settling. Cooling may be fur-
nished in part as a result of the expansion of a
portion of the tail gas as detailed more fully
below. The liquid product may be withdrawn
through line 2 for further processing in the
liquid products recovery system in a manner
known per se. The liquid products comprise the
bulk of the Ci- material produced in the syn-
thesis reaction, as well as most of the water and
oxygenated organic products. Cooler 8 is prefer-
ably maintained at such temperature levels that
the condensation of hydrocarbons in the tail gas
is at an economically feasible maximum. In ac-
cordance with the present invention, wherein
part of the cooling in the system is supplied by
the expansion of tail gas as described below, the
temperature in cooler 8 and separator 10 is in
the range of about 40° to 100° F.

From high pressure separator {0 the uncon-
densed gases are withdrawn through line (4 and
that portion desired for recycle in reactor 2
passed via line 16 and booster {1 to feed gas
line 4. The balance of this tail gas Is passed into
the lower conical portion of fluidized adsorption
vessel 16. The latter is preferably in the form
of & vertical cylinder with a conical base, having
& grid or screen 18 to support the bed of fluidized
adsorption medium and to provide suitable dis-
tribution for the gasiform fluidizing medium,
here the tail gas. ‘The vessel also may have an
upper expanded section to aid in fines separa-
tion,

Within adsorber 8.a mass of finely subdivided
solid adsorbent such as activated charcoal, hav-
ing a particle size distribution such that the bulk
of the particles pass through a 100 mesh screen
and are in the range of 200-400 mesh, is main-
tained in the form of a dense turbulent mass,
having a well-defined upper level 20. This ad-
sorbent is supplied to an upper portion of vessel
18 from stripper vessel 26 through line 22 and

cooler 24. In order to provide a countercurrent

action between the adsorbent charcoal and the
upflowing gasiform fluidizing medium, adsorber
16 preferably contains trays or packing material
such as ceramic rings, or other inert material
known in the art. The superficial, velocity of
the gas within adsorber 16 is preferably in the
range of 0.5 to 3.0 feet/second, and is such as
to maintain the finely divided adsorbent in a
fluidized condition. The pressure within {6 is
of the same order of magnitude or only slightly
lower than that maintained in hydrocarbons syn-
thesis reactor 2. To maintain as low a tempera-
ture as economically feasible within adsorber 16,
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‘
tlon process, not only is the incoming gas cooled
in cooler 8, but also the stripped charcoal, as
detailed more clearly below, prior to entering the
top of adsorber 16 is preferably cooled in cooler
24, and the upper part of the adsorber may be
employed as a cooler utilizing the heat carrying
capacity of the scrubbed gases passing out of
adsorber 6.

The gasiform fluidizing medium, which has
now been scrubbed substantially free of hydro-
carbons containing 3 or more carbon atoms, as
well as of substantial quantities of its Cz con-
tent, is now withdrawn upward from above the
disperse phase above level 20 in adsorber §5.
Adsorbent fines entrained by the upflowing ges
stream are substantially removed in the expand-
ed section of adsorber (6, where the gas velocity
is sufficiently decreased so that the gas will no
longer support any significant quantity of solids,
and most of the entrained particles drop beaciz
into the fluidized mass below level 28. The
scrubbed tail gas, which comprises unreactsd
synthesis gases, CO2, HaO, N2 and hydrocarbons,
primarily C: and C3, is passed through gas-solids
separating equipment, such as cyclone 28 equip-
ped with dip-pipe 31 for returning fines to the
solids bed. Final traces of solids may be removed,
if desired, by a water scrubber (not shown) and
the scrubbed gas may then be processed as de-
tailed more fully below.

A stream of charcoal wherein are adsorbed
hydrocarbons scrubbed from the tail gas may be
continuously withdrawn from adsorber (6 through
line 29, which extends into the fluid bed above
grid 18. The solids are picked up by a stream of
steam in line 30 and are conveyed via heater 32
to an upper portion of stripper vessel 26, which
is preferably located in a position elevated in re-
spect to adsorber 16. To aid in the conveyance
of the solid through the lines, aeration fluid, such
as for example, steam may be supplied through
aeration taps 34.

Stripping vessel 26 is g tower of design similar
to adsorber (6, comprising a lower conical and
an upper expanded section, and supplied with dis-
tribution grid 36 and similarly containing trays
or packing material to effect countercurrent flow
of the solid material with respect to the strip-
ping steam admitted through line 39. In strip-
per 26 fluidized condifions are maintained by
maintaining an upward flow of the stripping me-
dium at the superficial rate of about 0.5 to 3.0
feet/second, and stripping of the adsorbed hy-
drocarbons from the adsorption medium occurs
while the latter is in the form of a dense fluid-
ized bed. The pressure in stripper 28 is of the
same order of magnitude as in adsorber 16, and
the temperature such that substantially all of
the adsorbed hydrocarbon material is desorbed by
the steam. If desired, additional heat'may be
supplied to stripper 26 through external or in-
ternal steam coils (not shown).

Finely divided desorbed carbon particles are
continuously withdrawn from the fluidized bed
in stripper 26 through line 22, passed through
cooler 24, and then to the upper section of ad-
sorber 16 for further adsorption of hydrocar-
bons from hydrocarbon synthesis tail gas. The
cooling in 24 and the heating in 32 may be ac-
complished in part by passing the respective
stream in countercurrent heat exchange rela-
tionship.

From above the dense bed in stripper 26 steam
and desorbed hydrocarbons are passed through

in view of the exothermic nature of the adsorp- 78 & gas-solids separator, such as cylone 38 and
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thence the vapors are passed through line 40
and cooler 42 wherein condensation of steam and
of relatively higher boiling hydrocarbons occurs.
The mixture of liquids and uncondensed gases is
then separated in separator 44, The lower
aqueous layer may be withdrawn through line
46 and discarded, or, if desired, processed for

recovery of oxygenated material it may contain,

.and the hydrocarbon layer passed via line 48 to
the hydrocarbon recovery system for further
processing, such as distillation, ete., in g manner
known per se.

From separator 44 the uncondensed gases, now

rich in hydrocarbons are withdrawn overhead

through line 50 and passed to a small oil absorp-
tion system of conventional design. The gas may
be passed through line 50 to a lower section of
oil absorption tower 52, wherein it flows counter-
currently to circulating lean oil previously
stripped of absorbed hydrocarbons, which oil en-
ters at the top of absorber 52. The latter may
be equipped with bell-caps, baffles, or other con-
tacting devices to aid in the contacting of the gas
with the liquid absorbent. The fat oil compris-
ing ‘absorbed hydrocarbons is withdrawn from
the bottom of absorber 52 through line 54, passed
through exchanger 56 and heater 58 into strip-
ping vessel 60 and the residual gas from which
C3 and higher hydrocarbons have substantially
peen scrubbed is withdrawn overhead from 52
and may be passed through line €2 to be added
_to the scrubbed gas from the solid adsorber 16
for further processing as below.

Through line 64 stripping steam is admitted to
stripping vessel 60. Heat may be added at the
bottom of vessel 60 by means of steam coils (not
shown). Stripped hydrocarbon materials pass
upward and together with steam are passed over-
head from stripper 60 through line 66 to cooler
68, where steam -and any higher boiling hydro-
earbon constituents are condensed and are al-
lowed to separate in separator 70. Water may
be withdrawn through line 72 and discarded. The
upper layer, comprising condensed hydrocarbons
and any vaporized absorption oil may, if desired,
be recycled in part to oil stripper 60 via line 74
and/or may be sent to the hydrocarbon proces-
sing system via lines 16 and 78 for further work-
up, as stabilizing, etc., in a manner known per se.
Hydrocarbon gases uncondensed in cooler 68 may
be further cooled in cooler 17 and separated in
19 and the condensate also be sent to the hydro-
carbon processing system via line 718. Uncon-
densed gas is withdrawn via line 81 and may be
used in any way desired, as for fuel or formation
of synthesis gas by oxidation or reforming, etc.

From the lower portion of tower 86 lean oil is
withdrawn through line 80 and passed via line 88,
circulating pump 84, exchanger §6, and cooler 88
to oil absorber 52. Make-up or fiushing oil may
be admitted to the system if desired, through line
90 or absorption oil may be withdrawn from the
system at this point.

To return to the scrubbed tail gas withdrawn
from fluid solids adsorption unit {6, the gas is at
only a slightly lower pressure than that which
obtains in the hydrocarbon synthesis reactor 2.
Thus if the synthesis reaction is carried out at
about 400 p. 5. 1. g., the scrubbed gas passing over-
head from adsorber 6 is at a pressure of about
385 p. s. 1. g. In accordance with the present in-
vention, the refrigerating potentialities of the
serubbed tail gas are utilized by passing at least
a portion of the latter through expansion ma-
chines or turbines of conventional design. A
portion of the scrubbed gases from absorbers {6
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and 82 is passed through lines 82 and 94 to tur-
bine expander 86, where the pressure in the gas
is reduced sufficiently to effect a high degree of
cooling of the gas without reaching the point
where water freezes. Depending upon initial
pressures this may involve the use of several ex-
pansion stages with intermediate heat exchange.
This cooled gas then may be passed through line
98 to cooler 42, whereby, in passing in heat ex-
change relationship with the overhead product
from the fluidized stripper 26, the products are
condensed and separated in separator 44. Sim-
ilarly, all or a portion of the cooled expanded
gas stream may be passed in heat exchange rela-
tion with (@) the stripped fluidized adsorbent
passing through line 22 from fluidized stripper
26 to fluidized adsorber 15; (b) the oil stream
from oil stripper 60 to oil absorber 52; (c) the
vapor stream leaving oil separator 10; (d) the
overhead from synthesis reactor 2. The gas after
heat exchange may then be utilized in any de-
sired fashion, as recycle to the gas generation
unit, reforming with steam and COz, or fuel. The
gas may be used as outlined or it may be heat
exchanged at essentially one location with a fluid
and the cooled fluid circulated to the points in-
dicated. .

The amount of gas to be expanded and used for
refrigeration purposes depends upon the setup
and scheme of operation of any particular syn-
thesis plant. Thus if synthesis gas is prepared
by methane or natural gas reformation, it may
be desirable to expand about 80% of the gases
from the absorbers down to a pressure low
enough to cool the gases to about 34° F. The
other 209 may be passed, if desired, to the CO2
scrubbing equipment in order to obtain the ad-
vantage of high pressure in the removal of COz.
After removal of CO:z this stream could also be
expanded to obtain refrigeration. It is desirable
in ecertain situations to recompress the scrubbed
tail gas leaving the scrubber for reuse in the
production of synthesis gas. However, any gas
which must be purged to fuel in order to prevent
the build-up of undesirable constituents, such as
nitrogen, in the reaction system, is available for
refrigeration.

Thus in accordance with this modification of
the invention wherein g portion of the scrubbed
tail gases is expanded and its refrigeration poten-
tiglities utilized, not only are large savings real-
ized in the quantities of cooling -water require-
ments, which may be dispensed with, but alsc by
cooling in accordance with the present invention,
& larger amount of liquid is condensed out of the
overhead gases, markedly decreasing the char-
coal and the oil scrubbing requirements.

The system illustrated by the drawing permits
of many modifications obvious to those skilled in
the art without deviating from the spirit of the
invention. Thus in the embodiment of the in-
vention described, only one fluid solids adsorp-
tion vessel 6 is shown. Additional _adsorbers
“may be used in series or in parallel depending

* upon the requirements of the plant, the volumes
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of gas treated, etc. The processed gas may be
used to move the activated carbon between the
several fluidized adsorption towers if so desired.
Also, tail gas expansion may be carried out in
stages, with the partially expanded gas passing
through heat exchangers between expansion
stages. Also, other solid adsorbents, such as
silica gel, may be employed in place of activated
carbon in the fluid solids adsorption stage.
Furthermore, it may be desirable from time to
time to withdraw charcoal or other adsorbenf
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material from the fluidized adsorption unit for
regeneration or reactivation purposes. Thus
spent carbon may be withdrawn from the ad~
sorption system through line 23. It may ke re-
activated by any process known in the art such
as by treatment at elevated temperatures with
oxidizing gases, etc., and the hot reactivated
finely divided material may be returned to the
system through line 271. Also, if desired, fresh
finely divided activated carbon may be added
through line 25.

It may also, under certain circumstances, be
desirable to treat the desorbed activated carbon
particles in line 22 prior to cooling in cooler 24
with an inert dehydrating gas from any econven-
ient source in the system in order to decrease to
any desired low value, the adsorbed water con-
tent of the carbon particles to be used in fluidized
adsorber 16.

It is also to be understood that in the embodi-
ment of the present invention wherein at least
a portion of the cooling requirements of the sys-
tem is furnished by the refrigeration obtained
by expanding the scrubbed synthesis tail gases,
such cooling is preferably supplementary to cool-
ing by cenventional means, such as by circulat-
ing water, etc. Thus when the expanded tail
gases are employed for instance to furnish part
of the cooling requirements for the total over-
head from synthesis reactor 2 or from desorber
26, in cooling units 8 and 26 respectively, the hy-
drocarbon product is first cooled by conventional
means and then subcooled by the expanded tail
gas or by the refrigerated liquid produced there-

from, without an intermedlate liquid product

separation stage.

Thus by the process of the present invention,
wherein a fluidized solids adsorption system is in-
corporated to aid in the removal of hydrocarbon
material from - synthesis tail gas, a decrease up
to 90% or more of the normally required oil
scrubbing requirements may be attained.

What is claimed is:

1. An improved process of economically recov-
ering valuable hydrocarbons from the tail gases
of the hydrocarbon synthesis reaction which com-
prises contacting carbon monoxide and hydrogen
at synthesis conditions including pressures of
from about 250 to 750 p. s. i. g. in synthesis pro-
portions in a fluidized catalyst synthesis zone with
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a catalyst promoting the formation of normaily

liquid reaction products, cooling efiuent gases
from said fluidized solids hydrocarbon synthesis
zone, passing cooled products to a gas-liquid
separation zone, withdrawing from said separa-
tion zone a gas comprising uncondensed hydro-
carbons normally liquid at atmospheric tempera-
ture, passing said gas to a fluidized solids adsorp-
tion zone, maintaining a pressure within said
zone of approximately the same order of magni-
ture as within the hydrocarbon synthesis zone,
scrubbing said gas with finely divided activated
carbon, withdrawing solids and adsorbed hydro-
carbons downwardly from said adsorption zone,
passing said material to a fluidized solids desorp-
tion zone, passing desorbed hydroecarbons to a
cooling zone, condensing relatively high boiling
hydrocarbons, passing uncondensed desorbed hy-
drocarbons to an oil absorption zone, absorbing
normally condensable hydrocarbons in said zone,
passing oil containing absorbed hydrocarbons to
a stripping zone, recovering low molecular weight
hydrocarbons from said zone, withdrawing
scrubbed tail gas at superatmospheric pressures
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8

from said fluidized solids adsorption zone, pass-
ing said gas through an expansion zone, whereby
said gas is expanded to atmospheric pressure and
undergoes substantial cooling, and passing at
least a portion of said cooled gas in heat exchange
relationship with the efluent gases from said
fluid solids desorption zone.

2. The process of claim 1 in which at least a
portion of said cooled gas is passed in heat ex-
change relationship with the absorbing oil pass-
ing from said oil stripping zone to said oil ab-
sorption zone.

3. The process of claim 1 wherein scrubbed
gases from said oil absorption zone are expanded,
cooled, and circulated as coolant to the system.

4. The process of claim 1 wherein finely di-
vided activated carbon particles flow downwardly
countercurrent to said tail gases in said fluidized
solids adsorption zone.

5. An improved process of economically recov-
ering valuable hydrocarbons from the tail gases
of the hydrocarbon synthesis reaction which com-
prises cooling efluent gases from a fluidized sol-
ids hydrocarbon synthesis zone, passing cooled
products to a gas-liquid separation zone, with-
drawing from said separation zone a gas com-
prising uncondensed hydrocarbons normally
liquid at atmospheric temperature, passing said
gas to a fluidized solids adsorption zone, main-
taining a pressure within said zone of approxi-
mately the same order of magnitude as within
the hydrocarbon synthesis zone, scrubbing said
gas with finely divided solids adapted to adsorb
hydrocarbon gases and vapors from gas streams,
withdrawing solids and adsorbed hydrocarbons
downwardly from said adsorption zone, passing
said madterial to a fluidized solids desorption zone,
passing desorbed hydrocarbons to a cooling zone,
condensing relatively high boiling hydrocarbons,
passmg uncondensed desorbed hydrocarbons to
an oil absorption zone, absorbing normally con-
densible hydrocarbons in said zone, passing oil
containing absorbed hydrocarbons to a stripping
zone, recovering low molecular weight hydro-
carbons from said zone, withdrawing scrubbed
tail gas at superatmospheric pressure from said
fluidized solids adsorption zone, passing said gas
through an expansion zone whereby said gas is
expanded and undergoes substantial cooling and
passing at least a portion of said cooled gas as
coolant to the system.

6. The process of claim 5 wherein at least =
portion of the cooling requirements of the hydro-
carbon synthesis recovery system is provided by
expanding scrubbed zases and circulating ex-
panded gases to the system.

7. The process of claim 5 in which the pres-
sures in the fluid solids adsorption zone and in
the oil absorption zone are of the same order of
magnitude as that obtaining in said hydrocarbon
synthesis reaction zone.

WALTER G. SCHARMANN.
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