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BACKGROUND OF THE DI SCLOSURE Field of the Invention The

I nvention relates to a hydrocarbon synthesis process using reactor tail gas
for catal yst rejuvenation. Mdrre particularly, the invention relates to a
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bubbl ed up as a third phase through a slurry in a reactor in which the
slurry liquid conprises hydr ocar bon products of the synthesis reaction
and the di Sppfemthsq_%mdﬁd sol i ds conprise a suitable Fischer-Tropsch

type hydrocarbon synthesis catal yst. Reactors whi ch contain such a
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Background of the Invention

Shurry hydrocarbon synthesis (HCS) processes are known. In a slurry HCS
process a synthesis gas (syngas) comprising a mixture of‘ H; and CO is bubbled up as a
third phase through a slurry in a reactor in which the shurry liquid comprises
hydrocarbon products of the syntheéis reaction and the dispersed, suspended solids
comprise a suitable Fischer-Tropsch type hydrocarbon synthesis catalyst. Reactors
which contain such a three phase slurry are sometimes referred to as “bubble columns
as is disclosed in U.S. Patent 5,348,982. Irrespective of whether the slurry reactor is
operated as a dispersed or slumped bed, the mixing conditions in the slurry will typically
be somewhere between the two theoretical conditions of plug flow and back mixed.
Syngas made from hydrocarbon feedstocks which contain nitrogen (i.e., natural gas) or

nitrogen containing compounds (i.e., resids, coal, shale, coke, tar sands, etc.) invariably
contains HCN and/or NH3 which rapidly, but reversibly, deactivate the catalyst. Certain

oxygenates and carbonaceous compounds which are formed in the shurry as by-products

of the HCS reaction are also believed to cause rapid deactivation. Catalyst deactivation



2 by these species is reversible and catalytic activity is restored (the

catal yst ted) by contacting the deactivated cataly rogen
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intermttently or continuously rejuvenated by contacting the slurry W|th
hydrogen or a hydrogen containing gas to forma rej uvenated catal yst slurry
as is disclosed, for exanple, in U S. Patents 5, 260, 239; 5, 268, 344, and

5, 283, 216. Al so, UK Patent Publication GB 2, 299, 767A di scl oses cat alalst
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SUMMARY OF THE INVENTION

The invention relates to rejuvenating a reversibly deactivated hydrocarbon
synthesis (HCS) catalyst using a hydrogen containing catalyst rejuvenating gas
comprising HCS reactor tail gas. More particularly, the invention comprises a process
for rejuvenating a reversibly deactivated HCS catalyst by contacting the catalyst with a
rejuvenating gas comprising Hj and one or more diluents and in which, if CO is present,
the Hj to CO mole ratio is greater than 3:1 and the CO concentration is less than 10
mole %, wherein the rejuvenating gas comprises HCS reactor tail gas from which at

'least a portion and preferably most of the water vapor and liquid hydrocarbons have
been removed. By liquid hydrocarbons is meant hydrocarbons which are liquid at
standard conditions (e.g., 25°C and 1 atm.) of temperature and pressure. Since HCS
reactors are typically operated at less than 100 % CO conversion, the reactor tail gas
contains unreacted H; and CO. The amount of Hy present in the rejuvenating gas must
be greater than that required to consume CO in the gas and, in the case of a slurry HCS

process, any CO present in the slurry during the rejuvenation, to insure that sufficient H
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However, excessive amounts of inerts in the rejuvenation gas reduce the Hj partial

pressure in the gas and thereby the efficiency of the rejuvenation.

Tail gas from an HCS reactor, such as a slurry HCS reactor, typically contains
water vapor,COz, CHa, N3, unreacted syngas (H, and CO), hydrocarbon products
which are liquid at standard conditions of temperature and pressure, and C;-Cs

hydrocarbon products which are gas at these conditions, particularly methane. The
water vapor can comprise as much as 50 % of the tail gas. The rejuvenating gas used in
the process of the invention comprises HCS reactor tail gas from which at least a

portion and preferably most of the water vapor, liquid hydrocarbon products and,
optionally, a portion or all of the CO,, are removed, before it is used to rejuvenate the
catalyst in the slurry. With a stoichiometric ratio of Hj to CO in the syngas feed, the H;
to CO ratio in the tail gas exiting the reactor is also stoichiometric. In order to be useful

for catalyst rejuvenation, the H; to CO mole ratio must be greater than 3:1, preferably

greater than 4:1 and more preferably greater than 5:1. Tail gas having an H to CO
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contacting ghRipat al yst with a rejuvenating gas conprising HCS reactor tail
gas conprising Herr] and one or nore diluents and in which, if COis

present, the Herr] to COnpole ratio is greater than 3:1 and the CO
concentration is less than 1Q nole % Wth respect to a, hydrocarbon

synthesis proces dn ahrogd sgnse theinvention GPmprises a process for rejuvenating a reversibly
deactivated HCS catalyst by contacting the catalyst with a rejuvenating gas comprising

HCS reactor tail gas comprising H; and one or more diluents and in which, if CO is

present, the Hj to CO mole ratio is greater than 3:1 and the CO concentration is less
than 10 mole %. With respect to a hydrocarbon synthesis process not limited to a slurry
process, the invention comprises reacting a synthesis gas comprising a mixture of Hy and
CO in the presence of a hydrocarbon synthesis catalyst and one or more catalyst
deactivating species, at reaction conditions effective to form hydrecarbons from the gas

~and wherein the deactivating species at least paftially reversibly deactivate the catalyst
during the synthesis reaction, followed by contacting the reversibly deactivated catalyst
with a catalyst rejuvenating gas comprising hydrocarbon synthesis reactor tail gas to at
least partially rejuvenate the catalyst, wherein the rejuvenating gas comprises hydrogen
and at least one diluent, and in which the mole ratio of H to CO in said gas is greater
than 3:1 and the CO concentration is less than 10 mole %. In a more specific

‘embodiment with particular reference to a sturry HCS process the invention comprises
the steps of:



process, the invention conprises reacting a synthesis gas conprising a

m xture oWolso48s and CO in the presence of a hydrocarbon sBCE/LIS898/08685

catal yst and one or nore catal yst deactivating species, at reaction
conditions effective to form hydrocarbons fromthe gas and wherein the
deactivating species at |east partially reversibly deactivate the catal yst
during the synthesis reaction, followed by contacting the reversibly
deactivated catalyst with a catal yst rejuvenati ng gas conpri sing

hydr ocarbon synthesis reactor tail gas to at |least partially rejuvenate the
cat al yst, wher ei ifa) reacting a symbesis'gas gomprisingrai mixture piHagad CO ih thte preseate one
diluent, and in which the nole ratio of Herr] to COin said gas is_greater
than 3: 1 andf toine oomare satalyst dgactivating species andmhydyoeasben synthesiscatalystina
specific enmhodi nent with ctic . reference to.a shkurry.HCS cess, the
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occurs. Wi sEeaterdhan3 and theponeentratiop of €0 isdessahaml@molg. shift reacti on

wi || depend somewhat on the HCS ' _

It is preferred in the practice of the invention that the catalyst rejuvenation occur under
non-shifting conditions in which little or no w;ter gas shift reaction occurs. While the
conditions for suppressing a water gas shift reaction will depend somewhat on the HCS
catalyst being rejuvenated, in general these conditions include a temperature less than
about 250°C and the presence of at least 5 mole %, and preferably at least 10 mole %

CO; in the rejuvenating gas, if CO is also present in the gas. By a CO concentration of
less than 10 mole % is meant to include no CO in the gas, as well as CO present in the
gas in an. amount of less than 10 mole %. The water gas shift reaction to form CO will

not occur in the absence of CO. Thus, in yet another embodiment, the invention relates

to a process for reducing and preferably pfeventing a water gas shift reaction during the
catalyst rejuvenation process, by conducting the rejuvenation in the presence of CO; in

an amount sufficient to suppress the water gas shift reaction.



catal yst being rejuvenated, in general these conditions include a
tenperature | ess than about 250[err]C and the presence of at |least 5 nole
% and pr MBS at | east 10 mole % Cerr] in the rej uverBEYVHIPSYEBS i 1. co
is also present in the gas. By a CO concentration of less than 10 nole %is
meant to include no COin the gas, as wel]l as CO present in the gas in an.
amount of less than 10 nole % The water gas shift reaction to form C( err]
"will not occur in the absence of CO Thus, in yet another enbodi nent, the
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wat er gas shift reaction during the catal yst rejuvenati on process, by
conducting the rejuvenation in the presence of CJerr] in an anount
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bl ock di agr aynthésisprooess sising¢hesprocess df yisls ineentionrin swhivhhtait gas isusedfor slugryng t he
process of the invention in which tail gas is used for slurry catal yst

rej uvenat i ofatalyst [SRIVENStIRN. DESCRI PTI ON In a Fischer-Tropsch HCS
process, a syngas conprising a mxture of H2 and COis catalytically
converted into hydrocarbons and preferably |iquid hydrocarbons. The nole
rati o of the hydrogen to the carbon nonoxi de nay broadly range from about
0.5 to 4, but which is nore typically within the range of fromabout 0.7 to
2.75 and prgﬂm@mﬁégbj to 2.5. The stoichionetric nole ratio
for a Fischer-Tropsch HCS reaction is 2.0, but there are many reasons for
using other than a stoichionetric ratio as those skilled in the art know
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a slurry HCS process the nole ratio of the s typically about

2.1/ 1. Sl ur iscatidyiqaily coneerted intothydracarhany andprefirahly tqywid lydrogasbons. hEhe
catal yst and desire rqducts. Twpical conditions effective to form
hydr ocar bon§‘°g%m°| %l ﬁﬁ%m t%‘??"%ﬁ'l‘?’?#&fm’( gm@sﬁ' r@[‘@ré m@g%‘lltr(ﬁ and
preferably ¢o lehitlvaciRisithére typiCally within the range of from about 0.7 to 2.75 and
preferably from about 0.7 to 2.5. The stoichiometric mole ratio for a Fischer-Tropsch

"HCS reaction is 2.0, but there are many reasons for using other than a stoichiometric
ratio as those skilled in the art know and a discussion of which is beyond the scope of
the present invention. In a slurry HCS process the mole ratio of the H; to CO is
typically about 2.1/1. Slurry HCS process conditions vary somewhat depending on the
catalyst and desired products. Typical conditions effective to form hydrocarbons
comprising mostly Cs+ paraffins, (e.g., Cs+-Caoo) and preferably Cyo+ paraffins, in a
slurry HCS process employing a catalyst comprising a supported cobalt component
include, for example, temperatures, pressures and hourly gas space velocities in the
range of from about 320-600°F, 80-600 psi and 100-40,000 V/hr/V, expressed as
standard volumes of the gaseous CO and Hj mixture (0°C, 1 atm) per hour per volume

of catalyst, respectively. Slurry catalyst rejuvenation conditions of temperature and
pressure are similar to those for hydrocarbon synthesis and are disclosed in the prior art.
The syngas may be formed by various means known to those skilled in the art and need
not be further explained. Irrespective of the source, syngas typically contains catalyst
deactivating species such as NH3 and HCN. As the prior art teaches, deactivation by

these species is reversible and the catalyst can be rejuvenated by contacting it with
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N3, CH; and the like, serve as a lift gas for the rejuvenation to insure slurry circulation

through the rejuvenation zone (such as a tube, Iift pipe, or other means), without having

to rely only on costly hydrogen.

The process of the invention may be conducted under shifting or non-shifting

conditions in the rejuvenation zone, although non-shifting conditions are preferred.
Shifting will occur if CO is present in the rejuvenating gas and if the amount of CO;
present is less than 5-10 mole %. By shifting is meant a water gas shift reaction in
which CO reacts with water vapor to produce H; and CO,. While the conditions for

suppressing a water gas shift reaction will depend somewhat on the particular HCS

catalyst being rejuvenated, in general these conditions include (i) a temperature of no
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gas shift faplaqecs h{dlél% wmoﬁeumﬁy 3L M5inble % 0B unktks €6k Yetb@] prior to
tenperatures (e.g., > 500[err] F). A commerci al slurry HCS reactor wi ||

typical ly bbydocarbonsynthéseeis praiced,rafthbugh thisis astallytnot ecatiomiedleThewi t h
tenperatures and reactant concentrations varying fromtop to bottom It is
not a backnPresenceyofithismushiG(d: wilk generally preveafiTwater gas shift from occurring over Co

catalysts, except at very high temperatures (e.g., > 500°F). A commercial slurry HCS

reactor will typically be 20 or more feet high and 5 or more feet in diameter, with
temperatures and reactant concentrations varying from top to bottom. It isnota
backmixed system to the extent of a CSTR.

UK Patent Publication GB 2,299,767A discloses a periodic batch rejuvenation
process in a CSTR laboratory reactor, in which the amount of hydrogen in the synthesis
gas is slightly increased from an Hj to CO ratio of 2:1 or 2:1, up to 2.15:1 and the
syngas flow into the reactor is decreased, so that all of the CO is consumed. In contrast

‘and by way of an illustrative, but nonlimiting example, for a slurry HCS reactor
containing a suppoﬁed Co metal catalyst in a hydrocarbon slurry liquid, the
stoichiometric H; to CO mole ratio is 2.1:1. Even at a mole ratio of, e.g., 2.2, 2.5 or
2.9:1, all of the CO is not consumed by the HCS reaction in a commercial size reactor,
unless the feed flow rate of synthesis gas is very low; the temperature is very high,

and/or substantial water gas shift reaction occurs to consume CO while producing H,.

Therefore, gas having these low Hj to CO mole ratios cannot be used for catalyst

rejuvenation in a commercial size reactor. Further, the fully backmixed conditions in a



UK Pat ent Publication GB 2,299, 767A di scl oses a periodic batch rejuvenation
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teachi ng of tbmsner&hlestie BOBIrkgcdés ON IS not applicable to either the process
of the present invention or a comercial size HCS reactor. The

Figure is a schematic bl ock diagramof a two-stage slurry hydrocarbon
synthesi s process .according tqg on di.ment qof the. invention which
enpl oys syngas haﬁ?&gﬁweﬂ_gaf‘g’%%ﬁ%?‘rdﬁgﬁm m&ﬂﬁg?a‘ﬁ’@{ g‘fd&?ﬁ%ﬁ&ﬂ ric,
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cool ed to condense and

having an H; to CO mole ratio greater than stoichiometric, in which H; and CO

containing tail gas from the second stage HCS reactor is cooled to condense and

separate water and Cs+ hydrocarbons from the gas, which is then recycled back to the

first stage reactor as a rejuvenation gas. The first stage slurry reactor 10 comprises a
cylindrical vessel 12 which contains an HCS slurry (not shown) within. A syngas feed
line 14 passes a syngas comprising a mixture of H, and CO into the bottom of the
reactor from where it is injected up into the bottom of the slurry as bubbles by suitable
gas injection means (not shown) and reacts in the presence of the solid catalyst particles
in the shurry liquid to form hydrocarbons, at least a portion of which are liquid at the
reaction conditions. The liquid hydrocarbons are separated from the slurry by suitable
means, such as one or more filters either in the slurry in the reactor or in an outboard
filtration vessel, as is known to those skilled in the art. In this particular embodiment,

one or more liquid filters briefly illustrated as box 16 are immersed in the reactive shurry



separate water and Cerr] hydrocarbons fromthe gas, which is then recycled
back to t ' stage reactor as a rejuvenation gas. The {J e
slurry regg}%drgoi%" conprises a cylindrical vessel 12 which c%#@%%z&g% HCS -
slurry (not shown) within. A syngas feed |line 14 passes a syngas conpri sing
a mxture of Herr] and COinto the bottom of the reactor fromwhere it is
injected up into the bottomof the slurry™as bubbles by suitable gas

i njection means (not shown) and reacts in the presence of the solid
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greater than stoichiometric without either adding Herr] "to the gas or
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pass up through the slurry into the top portion.of the reactor and are
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the Hj to the CO in the syngas feed, the mole ratio of the Hj to CO in the tail gas exiting
the first stage is greater than that in the syngas feed entering the reactor. In a two stage
hydrocarbon synthesis plant in which the tail gas from the first stage reactor(s)
comprises the feed gas to the second stage reactor(s), the amount of syngas fed into the
first stage reactor(s) and the CO conversion in the first stage must be such as to insure a
sufficient amount of unreacted syngas in the first stage tail gas to supply the syngas feed
requirements to the second stage, with little and preferably no syngas make-up from the
syngas plant. In the practice of the invention, adding make-up syngas from the plant

feeding the first stage to the second stage will lower the H; to CO ratio in the second

stage tail gas used for catalyst rejuvenation. This will reduce the H; to CO mole ratio in
the second stage tail gas. A slurry catalyst rejuvenation means 22, such as one or more
vertical rejuvenation tubes, is schematically shown inside reactor 10. The rejuvenation

tube has means (not shown) for injecting a combination catalyst rejuvenation and lift gas



the first stage is greater than that in the syngas feed entering the
reactor. MO 88/50485 st age hydrocarbon synthesis plant in whi clPQUEsI84BEsSgas
fromthe first stage reactor(s) conprises the feed gas to the second stage
reactor(s), the amount of syngas fed into the first stage reactor(s) and
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via line 26 ao@®uaticci the tdilygas ultimatalyffed ito the rfe@tpt herbjipenaticitigds0 Alhér most
syngas generatjon faciljty, 1n another enbodi nment (not shown), the
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as liquids. The mxture of condensed liquids and the Tenmaining gas is
passed vi a | iinto ssparatar34dia wehich the liguids mrevrenmuived fron thgbicttonavia line 36\sad the om

the bottomvia lLine 36 and t.he gas ved overhead via |ipe 38., The water
and hydr ocar F5H FFRAFEY <t aFlVbaa@‘er %Y"P?“Bm‘é E%&Pﬁ?‘bﬁm ﬁ‘ﬁcggﬁépﬁéd
through a segemdvePfrbmSepRART4 i¢ Bassed throligh 2 Seddid heat exchanger 40 via fine 38 in

which it is further cooled to condense and separate most of the remaining water and

heavier Cs+ hydrocarbons from the gas, which are removed as condensate via line 46,

with the water and Cs+ reduced tail gas fed into the bottom of second stage shurry HCS
reactor 50 via gas feed line 48, in which it is bubbled up through the bottom of the HCS

slurry (not shown) in the reactor, in a manner much the same as for the first stage
reactor. In reactor 50, the first stage tail gas comprising a mixture of H, and CO in
which the H, to CO mole ratio is at least stoichiometric, contacts the catalyst particles in

the slurry and at least a portion of the CO in the gas is converted into hydrocarbons, at
least a portion of which are liquid at the reaction conditions. The second stage slurry

reactor 50 also comprises a hollow outer shell 52 containing a three phase HCS slurry



which it is further cooled to condense and separate nost of the remaining

wat er andwoaaxesys Cl err] hydrocarbons fromthe gas, which af@r,ng as
condensate via line 46, wth the water and Clerr] reduced tall gas*ted °-

into the bottom of second stage slurry HCS reactor 50 via gas feed |ine 48,
in which it is bubbled up through the botjpmof the HCS slurry (not shown)
in the reactor, in a manner nuch the sane as for the first stage reactor.
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separ at or vimixhireds fassedfhomuhe first ooole 50 inte GFsb @eparatdti64dvid lnd 621aFhe liquid
conprising a mxture of Herr] and CO in which the H2 to COratio is
greater t harfondensate]s removed fegm thehpttom of thesepartor yiadine 6y i The water gul

st of 1 ho IDGRERFRToHSRES (AL ERS CAmBTTE A BEHEA B AR Or P IBEABHH Tho
gas and |1 du@ rficis'Yréater than that in the first stage tail gas, is passed via line 68 through a

second heat exchanger 70 to further cool the gas and condense out most of the

remaining water and higher molecular weight hydrocarbons. The gas and liquid mixture

is passed from second cooler 70 into second separator 74 via line 72, in which the

liquids settle out of the gas and liquid mixture and are removed via line 76. The water

and hydrocarbon reduced tail gas passes out of the separator 74 via line 78 and is passed
to line 80 which feeds it into line 24 and from there into the one or more catalyst
rejuvenation means 22 immersed in the first stage reactive slurry. The tail gas acts as
both a lift gas to insure slurry circulation up through the rejuvenation means by virtue of
the lifting action of the gas and as a catalyst rejuvenating gas. |



I s passed from second cooler 70 into second separator 74 via line 72, in
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via li'ne 76. The water and hydrocarbon reduced tail gas passes out of the
separator 74 via line 78 and is passed to line 80 which feeds it into line
24 and fromthere into the one or nore cattlyst rejuvenation neans 22

i mrersed in the first stage reactive slurry. The tail gas acts as both a
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operated at a lower pressSure than the first stage, a conpressor (not shown) .
may be requicompressor (mot sliowen)trhay e reguinedctoinciease theipressare dfeheitpilfgad beimgo t he
first stage rejuvenation zone. In yet a further enbodj nent, err] renoval
means, such fedintorthedfirstcstagayeiuyenationzans. Jmyet afisther embedimsat, G4 removah t he
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second stage HCS reactors. This is optional and may not be required in sone
cases, i nasrembodasernti{rot shows),adicoraopdriion of the0©ris thegseaont Stageitail gas praydtei on

fromthe rest of e tai|l gas hetween the HCS reactor stages.resulfs in the
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This means little or, none of these species is, present |n the gas bging fed
into the semnslta&génayer&&isrreweéﬁa swpmawq%éaﬁ& two-stage cooling,

condensing and liquid separation from the rest of the tail gas between the HCS reactor

stages results in the catalyst deactivating species being removed from the gas. Such
species include NHj, perhaps HCN, oxygenates and the like, with the net result that
most or all of these condensable and/or water removable catalyst deactivating species
are removed from the gas in the gas-liquid separators. This means little or none of these
species is present in the gas being fed into the second stage reactor(s) and rejuvenating

means.

While this embodiment employs two stages of hydrocarbon syrthesis, the
invention is not intended to be limited to two stages, but may be practiced with one, two
- and more than two stages. The use of one, two and more than two stages is known and
appreciated by those skilled in the art. Using more than one stage permits greater

flexibility and more overall CO conversion than can be obtained with only in one stage.



VWil e this enbodi nent enpl oys two stages of hydrocarbon synthesis, the
i nvent i ongwiosogikghss Nt ended to be limted to two stages, but pay Q&,&Eégcticed
with one, two and nore than two stages. The use of one, two and nore than-
two stages is known and appreciated by those skilled in the art. Using nore
than one stage permts greater flexibility and nmore overall CO conversion
than can be obtained with only in one stage.
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catal yst rejuvenation can be control y I ndependently controlling the

sl urry tenpeaintenance and rapairs withouthaving tocshat dowe tiecattire HOS probesst Fimally,at ur e
of the nai nﬁggd O‘F} fs’{)urr. in the g}tgrr undi_.ng HCS reaction_zone. This
patent disc %éht | ?‘@rfﬁmpés RSBy HEStpracess, the avsptiomis nohintended | he s
s achi eved dye o fmled "Bt fnd} al ) Be Wrhcti AR HA MHd HEE HERBIGAEskdIe S! UM T
residence tinme In the zone, "so as to utilize e exothernmc nature of the

rejuvenation reactions, by insulating the rejuvenation tubes, by
' mediuminto the zone, by preheating the
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reaction zone. This patent discloses that temperature control in the rejuvenation zone or

tubes is achieved by one or more of either increasing or decreasing the slurry residence
time in the zone, so as to utilize the exothermic nature of the rejuvenation reactions, by
insulating the rejuvenation tubes, by introducing heat or a cooling medium into the zone,
by preheating the rejuvenating gas, etc. The ‘673 patent teaches that the temperature in
the rejuvenation zone should be high enough to remove CO and at least partially

rejuvenate the catalyst and low enough to minimize methane formation and wax (~Cao+

alkanes) hydrogenolysis. These teachings apply to the present invention also.

In an HCS process, liquid and gaseous hydrocarbon products are formed by
contacting a syngas comprising a mixture of H; and CO with a Fischer-Tropsch type of
HCS catalyst, under shifting or non-shifting conditions and preferably under non-shifting
conditions in which little or no water gas shift reaction occurs, particularly when the

catalytic metal comprises Co, Ru or mixture thereof. Suitable Fischer-Tropsch reaction



In an HCS_process, liquid and gaseous hydrocarbon products are fo by
contacti n 8 as conprising a mxture of H2 and COw th SCTIUS9£/H%QS

Fi scher - Tropsch type of HCS catal yst, under shifting or non-shifting :

conditions and preferably under non-shi fthﬂg conditions in which little or
no water gas shift reaction occurs, particCularly when the catal ytic netal

conprises Co, Ru or mxture thereof Sui tabl e Fi scher-Tropsch reaction
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produced by an H process accordl ng to the invention are typically

upgraded to andrtbexvnrmtﬂtlen preknows andilustnaives butmpnlimiting exampigsimaynbefounde
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processing (8.g., steam cracking), and catal ytic ‘processing (e.g., .
catalytic cracking) in which a fraction is contacted with a swtable
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f eeds, including hydrocarbon rlch I n par ustrative,
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catalyst. If hydrogen is present as a reactant, such process steps are typically referred to

as hydroconversion and include, for example, hydroisomerization, hydrocracking,
hydrodewaxing, hydrorefining and the more severe hydrorefining referred to as
hydrotreating, all conducted at conditions well known in the literature for
hydroconversion of hydrocarbon feeds, including hydrocarbon feeds rich in parafﬁns
Hlustrative, but nonlimiting examples of more valuable products formed by conversion
include one or more of a synthetic crude oil, liquid fuel, olefins, solvents, lubricating,
industrial or medicinal oil, waxy hydrocarbons, nitrogen and ox.ygen containing
compounds, and the like. Liquid fuel includes one or more of motor gasoline, diesel
fuel, jet fuel, and kerosene, while lubricating oil includes, for example, automotive, jet,
turbine and metal working oils. Industrial oil includes well drilling fluids, agricultural
oils, heat transfer fluids and the like.



fuel, jet fuel, and kerosene, while lubricating oil includes, for exanple,
aut onot | Wyo dgRbggst Ur bi ne and netal working oils. |ndustrialp@itisdgigégsdes
well drilling fluids, agricultural oils, heat transfer fluids and the 'like.
16 The invention will be further understood with respect to the -
exanpl es bel ow, each of which is based onét he two stage HCS reactor system
descri bed and shown in the Figure. EXAMPLES  Conparative Exanpl e

I t h | , .. .. . . . . . t .

of the prior art THkdYn Sl BPRGHL kB leppdit i el bl vBGE,
catal ytic nmahe ofWhich id as6doR e twirstigd HCSiresilboesysteth despiibeéd £1d showa'in the
al um na support, the syngas entering the first stage slurry reactor 10

conpri ses aFsguteure of H2 and COin the stoichionetric nole ratio of 2.1:1
for this process. The slurry reactor operates at 80 % CO conversion. On-a
basis of 100 noles of syngas per unit of tinme fed into the reactor, the gas
conposition is 59 noles of H2, 28.1 noles of CO and 12.9 nol es of inerts.
The inerts conprise about 0.6 noles of water vapor, 5.4 noles of CJerr],
3.4 noles oEXAMBIES3. 5 noles of CHerr]. At an 80 % conversion |level, the
tail gas exiting the reactor has a conposition of 11.8 noles of Herr],
5.6 noles of CO and 37.2 noles of inerts, of which about 62 %is water

vapor resul %%{Ténﬂgs reaction. The tail gas is passed through a
first stage 0 which cools the streamto about 280[err]F and
condenses out nost of the water and C[err] hydrocarbons, wth the water and
hydr ocar bon reduced tail gas Lih n passed through the fiyst stage cold
condenser oper at i Mdhigexample, which is a comparative example illustrating the practice of the

prior art and which employs an HCS catalyst comprising Co as the catalytic metal which

is composited with titania and supported on an alumina support, the syngas enteﬁng the

first stage slurry reactor 10 comprises a mixture of H; and CO in the stoichiometric

mole ratio of 2.1:1 for this process. The slurry reactor operates at 80 % CO conversion.

On a basis of 100 moles of syngas per unit of time fed into the reactor, the gas

composition is 59 moles of H,, 28.1 moles of CO and 12.9 moles of inerts. The inerts
comprise about 0.6 moles of water vapor, 5.4 moles of CO,, 3.4 moles of N; and 3.5
moles of CH,. At an 80 % conversion level, the tail gas exiting the reactor has a

composition of 11.8 moles of Hs, 5.6 moles of CO and 37.2 moles of inerts, of which

about 62 % is water vapor resulting from the HCS reaction. The tail gas is passed -
through a first stage hot condenser 30 which cools the stream to about 280°F and
condenses out most of the water and Cs, hydrocarbons, with the water and hydrocarbon
reduced tail gas then passed through the first stage cold condenser operating at a
temperature of about 120°F to remove more water and other condensibles, leaving only
14 moles of inerts in the gas. This tail gas is passed into the second stage reactor 50
which also operates at 80 % conversion. The exiting tail gas is sequentially passed, via
lines 58, et. seq., through the hot and cold coolers and separators operating at the same
temperatures as for the first stage tail gas. As a result, the hydrocarbon and water

reduced tail gas available to be passed through lines 80 and 24 into the first stage



t enper at f about 120[err]F to renpve nore water and ot her conden5| bl es,
| eavi ng &H& §’ les of inerts in the gas. This tail gas |§cﬂy§g‘8é ?5nto_
the second stage reactor 50 which also operates at 80 % conversion. The :
exiting tail gas is sequentially passed, yyia lines 58, et. seq., through
the hot and cold coolers and separators operat| ng at the sane tenperatures
as for the first stage tail gas. As a result, the hydrocarbon and water
reduced t aidatalyst rejuvériatibh eneans 22, compsiscs 2 4rmolgh of Haek 1 suple of QQamhtld t he
first stage

catal yst r aholesofinents comprising primaghp€03 €z and Nl wthamua[ (:less]tkmm:i Yo mol e of
CO and 14 noles of inerts co ising primarily CJerr] err] and
Nerr], wi tqvmhmnsirtoeal)sg@owaﬁngnsb@r molesulas weiglit ayqroawbem mglegatip of
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hydrogen arg it 0 Thiis,qhe taﬁl gaslis soteRit ﬁﬂ' rejuvbialiig/the datalyst unless Thi s
exanpl e dennnstr es tthe effectiveness of the 1nvention. In this exanple,

t he react orsubstaptial amnunts of hydrogenare added toliy or if GQ is remonedhort , ever yt hi ng
but the nole ratio of the Herr] to the COin the syngas feed is identi cal
to that of the Conparative Exanple above, including the tenperatures of the
hot and colgy 1exchangers and separators. In this exanple, the ratio of
the Herr] 10 e COin the syngas fed into the first stage slurry reactor
10 is 2.2:1. On a basis of 100 noles of syngas feed per unit of tine fed
into the

This example demonstrates the effectiveness of the invention. In this example,
the reactor sizes, conversion levels, catalyst, etc., in short, everything but the mole ratio
of the H to the CO in the syngas feed is idenﬁcal to that of the Comparative Example
above, including the temperatures of the hot and cold heat exchangers and separators.

In this example, the ratio of the Hp to the CO in the syngas fed into the first stage slurry
reactor 10 is 2.2:1. On a basis of 100 moles of syngas feed per unit of time fed into the
reactor, the amount of H; is 61.8 moles, the CO is 28.1 fnoles and the inerts are 12.9
and have the same composition as in the example above. The tail gas exiting the reactor
10 via line 28 contains 14.6 moles of Hy, along with 5.6 moles of CO and 37.2 moles of
the inerts identical to the example above. After passing through the two heat
exchangers 30 and 40 and respective separators 34 and 44, the gas is fed into the second
stage reactor SO which also operates at a conversion level of 80 %, for a total combined
conversion level of 96 %. This is the same as for the example above. However, in this
case, the tail gas passing out of separator 74 and into lines 78 and 80 contains 5.2 moles
of Hy and 1.1 moles of CO, along with 14 moles if inerts. Thus, the H, to CO mole
ratio in the tail gas fed to the catalyst rejuvenation means in the first stage reactor is
4.7:1. The composition of the inerts is identical to that of the example above. The 4.7:1

mole ratio of the H; to CO in the tail gas is sufficient to consume the CO in the



reactor, the anmpbunt of H2 is 61.8 noles, the COis 28.1 noles and the

i nerts arwolB/sp4ssand have the same conposition as in the expopusosasesse. The
tail gas exiting the reactor 10 via line 28 contains 14.6 noles of *H erf],
along with 5.6 noles of CO and 37.2 noles of the inerts identical to the-
exanpl e above. After passing through the #8wo heat exchangers 30 and 40 and
respective separators 34 and 44, the gas is fed into the second stage

react or 50 ' ' | 0,% for. a total
conbi ned con e@?@éﬁ?"e\%ﬁdg#?%ﬁ%@ &O@ﬁiﬂtggiés%bﬁgﬂ p%rﬂ PasInE WP
above. Howettgougli thelzons. Pagker, iH&g)réﬁhl:e 6fthe iRt ga3Jireed with réspe@itathy 74 and
into lines 78 and 80 contains 5.2 noles of Herr] and 1.1 noles of CO

al ong wit h fejuvesptian reactiop)yprovideysudficientgasiflowmpdntotiiesejuyenationzontre t ai |
gas fed to tég..cat yst rejuve atLg&emsans in the first stage reactor is
4.7:1. The ﬁ-ﬁm#ﬂ*bwaaﬁbﬁ%e Thithe second giage cesctor dail gasandrpassed intedhe! o
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18 rej uvenpéd refuited'ed auhitveliftl iR IRd reflehatfdn 20nk€] Uvenate the catalyst in the
slurry passing up through the zone." Further, the presence of the inert gas

(inert with respect to the rejuvenation reaction) provides sufficient gas
flow up into the | uvenat i zone..AddiﬁionaI H2 may pe m xed with the

second stage reaé‘% Rrafhicey %Wéfe?}!%’s"éd ‘FW@W&“F«PP&W‘?&W@SM vi a
lines 8[err hulined véiﬁvfi‘lﬁﬁfh@%t tf:ﬂaﬁhgﬁg%%‘mpﬂ%'éd Mbcﬁ%&@hgs

not required to achi eve In the rejuvendtion®zone.

practi ce of supperied\onrtitania and withl spetifie teferehye tovhe Figure,df4 syngasteed having a
outlined above in which the catalyst in each stage conprises Co as the
catal yti c nétoighiomespe ratiiotH: to COER. kil ds fidiintosthe firstistage eéastamieandcthe BO
Figure, if a syngas feed having a stoichionetric ratio of H2 to COof 2.1:1
i s fed i nt o” AktheiGQ s epnygred tombydsecarbonsnthetHiptog0O retioin thidaitgasisireamnver t ed

to hydrocarbons eam rempved fromt he

?ﬁe %Lo COratio in the tail,gas S_E.
first stagefmoveddfomthe tisshsfagereactor ¥ja line 8qis still gﬂF’s hig 24]: ole ragio; o
ti t o
Ca ! gas hacofities Sy e NEccd Wikge, Withiind Aiuft Bl vhe dedBhd bidfe PRIARRATHE0C

rati o of thsamemplesratiod Thetefotelitis necessary that the mole ratio of the syngas fed into the

first stage be greater than stoichiometric. By using a syngas feed having an H; to CO
ratio of 2.2:1, the H; to CO ratio in the first stage tail gas is a hydrogen rich 2.6/1 and
the H> plus CO comprises 35 % of the total tail gas composition. Passing the tail gas
through the heat exchanger and separator doesn’t change the 2.6:1 ratio in the tail gas,
but increases the concentration of the Hy and CO in the gas to 59 %. This hydrogen
rich tail gas, now reduced in water and hydrocarbons, is fed into the second stage
reactor which also _operafes at 80 % CO conversion, with the tail gas removed via line
58 having an Hj to CO ratio of 4.7:1. After condensing out most of the water and
hydrocarbons, a portion of this hydrogen rich tail gas is passed, via line 24 into the

rejuvenation zone 14 in the first stage reactor in which it rejuvenates the catalyst
activity.



first st reater than stoichionetric. By using a syng feed having
an H2 to 9%&8 So of 2.2:1, the Herr] to COratio in the ?ET@'{SQ?SQ tall
gas is a hydrogen rich 2.6/1 and the Herr] plus CO conprises 35 %of the
total tail gas conposition. Passing the tail gas through the heat exchanger
and separator doesn't change the 2.6:1 ratio in the tail gas, but

I ncreases the concentration of the H2 and COin the gas to 59 % This

hydr ogen ri &xample2 gas, now reduced in water and hydrocarbons, is fed into
t he second stage reactor which also operates at 80 % CO conversion, with
the tail gas renoved via line 58 having an Herr] to COratio of 4.7:1.

Af t er cond,ens'ng,nﬂse,mxegfméﬂtwmatamﬁxmgreqcafd%,né: that fhed £ CON' S
hydrogen rich tail gas I's passed, via line 24" into the reJjuvenation zone 14
in the firstmolesatio mdbe syngas fedxﬁntn:thmﬁrstrs@gmremibes 231d, with dhe/resultithat thet v

19 Exanmple 2 This exanple is identical to that of Exanple 1
above, excetuil gasaxitingthereactor 1%“@@“?{35&0#@!“867 4 moles @}'hg&bﬂg@dth $60 the
first stage reactor is 2.3:1, th the result that the tail gas exitin the

reactor 10 vmeles pfeOzpd3T2 EME# Oﬁhelmﬁﬁﬁ identical tp theExamplaabove; Fhe Hyta€0y
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example, the tail gas contains sufficient Hy without the need for adding additional Hj to

it for catalyst rejuvenation.

It is understood that various other embodiments and modifications in the practice
of the invention will be apparent to, and can be readily made by, those skilled in the art
without departing from the scope and spirit of the invention described above.
Accordingly, it is not intended that the scope of the claims appended hereto be limited to
the exact description set forth above, but rather that the claims be construed as
encompassing all of the features of patentable novelty which reside in the present
invention, including all the features and embodiments which would be treated as

equivalents thereof by those skilled in the art to which the invention pertains.



It is understood that various other enbodi ments and nodifications in the

practice woogBgagsnvention will be apparent to, and can be re@gisdsosgade by,
those skilled in the art without departing fromthe scope and spirit of the

i nvention descri bed above. Accordingly, it is not intended that the scope
of the clains appended hereto be limted 20 the exact description—set—forth

above, but rather that the clains be construed as enconp
features of F’Wﬁ .abl e novelty which reside in the presemm“muﬁ!ﬂu)mlnrm
I ncl udi ng aF features and enbodi nents which woul d be*treatied®ass »
equi val ents thereof by those skilled in the art to which the invention
pertains. 20 CLAI VB

1. A process for lreﬁamfongemvmm5meysnblﬁdmtgateédhyd;qm‘cmmﬂ1esxs
th t |
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i s | ess thag lﬂc@lb{fféﬁx f:resent,thel-lﬁc}aaf‘ l Fht s%ﬁ%r Oglé%tl%ﬁ ieo whgrel n

said tail gas ntalr ns water vapor an ns Ieast

portion of vbadehtratien isdess\thdh 1Emele4 t |s used to rejuvenate said catal yst.
3. A process according to claim2 wherein said rejuvenation occurs under

nonshi fting conditions. 4. A process according to claim3 wher ei n
said gas contain errl in reater t, 5 nmol e. % of the tot
gas conpositi on. 2. %p rocess geco ‘%J E?[c)‘é g@@ﬁmﬁl F@E?@ gﬁsﬁf’maﬂ’s\wqem%ﬁ?
Herr] to CfyaE!tydfctattions Sat 2864 Bértion of which are removed before it is used to

rejuvenate said catalyst.

3. A process according to claim 2 wherein said rejuvenation occurs under
nonshifting conditions.

4. A process according to claim 3 wherein said gas contains CO; in an amount

greater than 5 mole % of the total gas compoﬁitiop.

5. A process according to claim 4 wherein said Hy to CO mole ratio is greater

than 4:1 and wherein said CO, concentration is greater than 10 mole %.

6. A process in accordance with any of claims 1-5 wherein the rejuvenation is
effected in conjunction with a slurry hydrocarbon synthesis process in the presence of a
non-shifting hydrocarbon synthesis catalyst.

7. A process according to claim 6 wherein said gas contains CO; in an amount -

greater than 5 mole % of the total gas composition and wherein the H to CO mole ratio
is greater than 4:1.



than 4:1 and wherei n—sard—COerr] concentration is greater than 10 nole %

s orPected in con on NNBINARMEANAN 5' 536 ocaroon cynt nest = orocecs |

t he presence of a non-shif%irng Mydfocar bg} synt hesi s catal yst. 7.
A process according to claim6 wherein sdi'd gas contains CJerr] in an
anount greater than 5 nole % of the total gas conposition and wherein the
H err] to CO nol 8. apiosesssacgondingdo claimni? wherein the H; to CO mole ratio is greater

21 . I OLes ccordi,ng. tq claimJg rein,the H to CO nole
ratio is gr'gﬁl‘gfpﬂéﬁ‘eg:.@%ﬂ?&ﬂf M&#“MWEW"On is greater than 10
nol e % 9. A process according to any of clains 6-8 wherein the

hydr ocar bons produced by the synthesis process include C[err] hydrocarbons,
at | east a porti 8n Aprocksszecomdingstognyofethims 66 whereini the hydraoarbdns produced

val uabl e prodycts. ] . 10. progess according to claimQ wherein the
conver si on Wa’@éé@ﬂ\eﬂél’mgs ‘Hé‘ﬂﬁ%éé’gh!&ofﬁbpﬂﬁﬂt 3 portion of pyhich ate ysef ul
as a diesel stﬁ'&ked to conversion to produce more valuable products. o

10. A process according to claim 9 wherein the conversion process includes

hydroisomerization to produce a product useful as a diesel fuel.



