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CATALYST ACTI VATI ON AND REJUVENATI ON PROCESS The present

i nvent’ion relates to a process for the activation or rejuvenation
of; a catalyst, in particular a hydr ocar bon synthesis catalyst, with
a hydrogen- woemnasmt ai ning gas in the presence of a hydr cRGERIF8Tui d.
5 Hydr ocarbon synthesis catal ysts, that is catal ysts

capabl e of catal ysing synthesis of hydrocarbons from hydr ogen and
car bon nonoxi de (e.g. Fischer-Tropsch - 1 -synthesis), typically
conprise a Goup VIIl netal, supported on a catal yst carrier. The
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catal ysts are kn ropean
synthesis), typ:.cally comprise a Group VIII metal,

supported on a catalyst carrier. The Group VIII metal is

10 preferably chosen from iron, nickel, cobalt and/or
ruthenium, more preferably iron or cobalt, especially
cobalt. The catalyst carrier is preferably an inorganic
refractory oxide, more preferably alumina, silica,
titania, zirconia or mixtures thereof.

15 The Group VIII metal which is typically present in
the hydrocarbon synthesis catalyst, in particular
catalysts comprising iron, cobalt, nickel and/or
ruthenium, should at least partly be in the metallic
étate in order to be active in catalysing the synthesis

20 of hydrocarbons from carbon monoxide and hydrogen. Thus,
prior to use, the catalyst is subjected to one or more
reduction, activation, step(s) in the presence of
hydrogen.

Various ways to activate hydrocarbon synthesis

25 catalysts are known in the art. Thus, European patent
application publication No. 0 533 227 describes a process
for the activation of a Fischer-Tropsch catalyst by
contact with a hydrogen-containing gas, wherein the
hydrogen concentration and the space velocity of the gas

30 increase step-wise or continuously during the activation.
European patent application publication No. 0 533 228
describes a process for the activation of a Fischer-



application publication No. 0 533 227 descri bes a process for the

activation of a Fischer-T+epseh catal yst by contact with a

hydr ogen- cont ai ni ng gas, wherein the hydr ogen concentrati on and the
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typically a hydrocarbhe process flarmuaictivaehng dntdmpesrbohbsmstidsidk ogen and
car bon catalysts may be performed ex-situ, but can alsoc be
performed in-situ in the reactor just prior to start-up,

15 particularly for fixed bed units.

' Hydrocarbon synthesis processes may be carried out in
a number of catalyst bed types, such as fluidized beds,
fixed beds, moving beds, ebullating beds and slurry beds.
In ebullating and slurry beds in operation, the catalyst

20 is kept dispersed in a liquid, typically a hydrocarbon
liquid. Reactant gas bubbles (hydrogen and carbon
monoxide) flow upwardly (usually) or downwardly through
the catalyst-containing liquid.

It will be appreciated that it would be desirable to

25 be able to activate the catalyst in the presence of the
hydrocarbon liquid. This would in particular be desirable
for slurry and ebullatihg catalyst beds. '

A major problem however, is the occurrence of
hydrogenoclysis of the hydrocarbon liquid, which is

30 catalysed by the (partly) activated hydrocarbon synthesis
catalyst. Hydrogenolysis of the hydrocarbon liquid may
result in undesired methane formation and adiabatic
temperature increase. Further, coke may form, affecting
catalyst life and activity. The problem of hydrogenolysis

35 especially applies to hydrocarbon synthesis catalysts
comprising more than one metal. For instance, from
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15 vated, but still reduced, catalyst is subjected to a
rejuvenation treatment in the presence of a hydrocarbon
ligquid.

Activation, as used herein, is a process in which
fresh catalyst is treated with hydrogen to reduce

20 (oxidic) metal compounds to catalytically active metals,
thereby activating the catalyst. Usually, the catalyst is
calcined by reaction with an oxygen containing gas at
elevated temperatures before reduction.

Rejuvenation, as used herein, is a process in which

25 spent catalyst is treated with hydrogen to restore at
least part of the initial activity of an activated fresh
catalyst. Without wishing to be bound by a particular
theory, it would appear that, inter alia, the following
processes occur during rejuvenation; coke precursor

30 removal, removal of metal-carrier compounds and reduction
of metal compounds.

It would be desirable to be able to fully activate or
rejuvenate catalyst, in particular a hydrocarbon
synthesis catalyst, in the presence of a hydrocarbon

35 liquid, whilst avoiding hydrogenolysis and/or coke
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hydr ogen- cont ai rnegeRes of ﬂhpgarq¢ﬁ;bon liquid which catalyst comprises

a Group Ib, VIIb or VIII metal compound, by contacting
the catalyst with a hydrogen-containing gas at a hydrogen
partial pressure of at least 15 bar abs.

15 For the purpose of this specification, a hydrogen-
containing gas is a gas containing hydrogen and,
optionally, one or more inert gas components like
nitrogen. A synthesis gas mixture, comprising hydrogen
and (substantial amounts of] carbon monoxide, is not

20 included in the term hydrogen-containing gas as used
herein.

Preferably, the hydrogen partial pressure is at least
20 bar abs., more preferably at least 30 bar abs.
Typically, the hydrogen partial pressure is at most

25 200 bar abs., preferably at most 100 bar abs. Most
preferably, the hydrogen partial pressure is kept in the
range from 50 to 60 bar abs.

A preferred catalyst to be activated or rejuvenated
according to the process of the present invention

30 comprises a Group VIII metal compound. The term "metal
compound" includes beside metal oxides, hydroxides,
carbides etc. also the metal itself, especially in the
case of rejuvenation. More preferably, cobalt, nickel or
ruthenium metal compound or mixtures thereof. Most

35 preferably, the catalyst comprises a cobalt metal
compound, in particular a cobalt oxide. The preferred
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15 compound of the catalytically active metal in the
presence of a liquid, most conveniently in the form of a
solution of the metal compound. The compound of the
active metal may be inorganic or organic, with inorganic
compounds being preferred, in particular nitrates. The

20 liquid employed may also be either organic or inorganic.
Water is a most convenient liquid. It will be
appreciated that the water wmay, at least partly, be
derived from crystal water which is liberated from the
metal compound upon impregnation at elevated temperature.

25 The amount of catalytically active metal present on
the carrier is typically in the range of from 1 to
100 parts by weight, preferably 10 to 50 parts by weight,
per 100 parts by weight of carrier material.

The catalytically active metal may be present in the

30 catalyst together with one or more metal promoters or co-
catalysts. The promoters may be present as metals or as
the metal oxide, depending upon the particular promoter
concerned. Suitable promoters include oxides of metals
from Groups IIA, IIIB, IVB, VB, VIB and/or VIIB of the

35 Periodic Table, oxides of the lanthanides and/or the
actinides. Preferably, the catalyst comprises at least
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pronoters may be present tals or the metal oxide, depending
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actini des. Pref erabl atal yst conprilses at
welght preferably from 0.5 to 40 parts by weight, per
100 parts by weight of carrier material. It will however
be appreciated that the optimum amount of promoter may

20 vary for the respective elements which act as promoter.
If the catalyst comprises cobalt as the catalytically
active metal and manganese and/or vanadium as promoter,
the cobalt : (manganese + vanadium) atomic ratio is
advantageously at least 12:1.

25 The hydrocarbon liguid to be used in the process of
the present invention is most suitably a product of a
hydrocarbon synthesis process, in particular a process as
described herein. Alternatively, (refined) crude oil
fractions or iiquid polyoclefins may be used. Preferably,

30 the hydrocarbon liquid is highly paraffinic. Typically, a

: highly paraffinic hydrocarbon liquid contains at least
70% by weight, preferably 80% by weight, and more
preferably 90% by weight of paraffinic hydrocarbons.

The process is typically carried out at a temperature

35 in the range from 180 to 400 °C, preferably from 200 to
350 °C,.more preferably from 220 to 320 °C. A most
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15 partial hydrogen pressure may be used.

Usually the partial hydrogen pressures will be more
than 75% of the final pressure, especially 50% or more,
more especially 25% or more for the above indicated
temperatures. At temperatures below 180 °C, especially

20 below 160 °C, the hydrogen partial pressures may be even
lower, e.g. 50% or more, especially 25% or more of the
final partial hydrogen pressure. Thus, a programmed
hydrogen pressure increase/temperature increase profile
may be used to reach the final reaction conditions.

25 During these initial reaction stages already part of
the reduction reaction may occur, e.g. up to 40% of the
final reduction reaction, preferably up to 20%, more
preferably up to 10%.

The activation process according to the present

30 invention is suitably carried out at a constant
temperature level or in a programmed way as described
above. In a preferred embodiment the activation process
is carried out as follows.

Fresh catalyst, in admixture with hydrocarbon liquid,

35 is first heated to an initial temperature, typically in
the range from 150 to 180 or even 200 °C, preferably in
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15 kept at the final temperature level for a period
sufficient to substantially activate the catalyst,
typically for at least 0.25 hours, preferably at least
2 hours. If desired, the temperature of the mixture is
then incrementally or continuously decreased at a rate in
20 the range from 0.1 to 10 °C/min to an end temperature
which, for safety reasons, is at least 10 °C lower than
the envisaged hydrocarbon synthesis step temperature.

According to one embodiment, the hydrogen-containing

gas can then be replaced by a synthesis gas mixture
25 comprising hydrogen and carbon monoxide to start the
hydrocarbon synthesis step.

According to another embodiment, the hydrogen-
containing gas is first replaced by an inert gas, such as
nitrogen, and subsequently, the inert gas is replaced by

30 a synthesis gas mixture to start the hydrocarbon
synthesis step. It has been found that in the latter case
it is beneficial that the temperature cf the mixture of
catalyst and hydrocarbon liquid is lower than the
temperature at which substantial hydrogenolysis starts to

35 occur, when contacted with the inert gas. Preferably the
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preferably up to 10% The activation process according to the
present 30 invention is suitably carrigd out at a constant

tenperature level or in a progranmed way as descri bed above. In a
preferred enmbodi remperatunetisydpven prafecd® °C, morej prefeyakdy oudowes

fol | ows. than fdesr.catalyst, in adm xture wth hydrocarbon |iquid,

35 is first heafed initial t [ s C in t he
range from 150 to 1%%#@\?%':506 %%ir‘ﬁ % ag*ﬁg’} g’r’%ﬁﬁ%&% Shddaibne, che WO
97/ 17137 rate of temperature increase is gdepeppggram the t he

presence gf an if@d\{l]c%l&%l L(id&iﬂ'hltﬁ.ﬁﬂﬁhraﬁ\p&:ﬂihﬁhz can be moﬂitidhzieai by
tenperature is reached, the catalyst is contacte th a

hydr ogen- cont ai nFRg ﬂ%%?ntatOftcl’ﬁ’g%S%p?’&%‘if%‘izeon' tPﬁf“S?Hi a"lr%epr essure. The
tenperature is i activatnicn iy Cersped Sut in ajoomrrodlednvanudisis, ither eased

at a rate in the 48008 water (stefH) Opdodittidbr Q% kepll Beidw a fddidlain
tenperature, typ

| cal . (O t 24 C, f bly at | t 250
Lerr TG but wi ¢ pifoel? mis deyel paf™dcndi® of Wk bR iyst Hathdl o)
will be 10 antivaterh @anth gani bet detexminada iy ot ine cexpamidenta-

incremental |y, tpgoRbopsy tiipplal afal Pe¥ S aprdsdngehesslica- to the
rate during periods, of .terrperat.uretl ngrease and - : nt(:)t tho. thhe aver age
tenperature i ncr BRI FAFREER “en¢ to be sensitive to too hig

quantities of steam present during activation. Thus, if a
catalyst is to be activated comprising a silica- _
15 containing carrier, the quantity of steam present in the
hydrogen-containing offgas is preferably less than
4000 ppmv, more preferably less than 3000 ppmv. For
titania or zirconia-containing catalysts, the guantity of
steam in the hydrogen-containing offgas may suitably be
20 higher, for example in the range from 0.4 to 10% by
volume. For the latter catalysts it may even be desirable
to add additional steam during the activation step.

Suitably, the rejuvenation process is carried out
using the same temperature program as typically applied

25 during the activation step. However, it will be
appreciated that in the rejuvenation process the spent
catalyst is normally already at elevated temperature,
typically between hydrocarbon synthesis temperature and
an up to 100 °C lower temperature. Thus, a temperature

30 increase program may not be necessary.

The rejuvenation step may be carried out batch-wise
or continuously. In a batch-wise mode of operation
normally the complete catalyst inventory of a hydrocarbon
synthesis reactor vessel is subjected to a rejuvenation

35 treatment. Preferably, the rejuvenation treatment is
carriedsout in-situ. The hydrocarbon synthesis process is



initial and final tenperature. The m xture of catal yst and

hydrocarbon liquid is 15 . —.kept at the final tenperature |level for a
peri od sufficient to substantially activate the catal yst,

typically for at least 0.25 hours, preferably at |east 2 hours.
desired, the tenperature of the mxture is then i ncr or
contlnuously dWO9AYdY at a rate in 20 t he range fron10$§§@%a%B¥m
[err]Cmn to an éend tenperature whi ch, for safety reasons, is at

| east 10 [err] C | ower than t he en\zjosaged hydr ocar bon synthesis step

t enperat ure. (o] 5;%)9]
hydrogen-contalﬁeﬁﬁora‘nlf\éagé?é@gbTy ﬁBESB q+ace% S%thgﬁh? SIS gas
m xture 25 SUPRPYi SRAG Wqﬁg@ﬂnanbvéa?m qﬁs}wwaegt gadt ingo thhe
hydrocarbon syntBgetsrsteP.a continuous méceomfhdn;ﬁanlaﬁotbeémsnbodlnent

t he hydrogen- pﬁﬁ%gncggtgg%ll 935 biff,a{é&,hfﬁ%@ R a@BCAP&Fﬁ gas,

such as gen, séquen ner I'S replaced by 30
a synthesis gasswnkhaﬁéstﬁﬁ%ﬁ%ﬂﬁ aFﬁerﬁ9HY6%%§%§win a separ§9ﬂthe5|s step. It

has been found Ebgﬁvéﬁatb@:ﬂ@éém .cdgewill be appredcdiatedethstaltti@t the
t enperature of t g n1ég$é Eﬂ w1thdfa%a?8%¥ dn 2k @$q%9ﬁgébgg liquidis

| ower than the ure a Botanta rogenol ysi s
starts to 35 batohculseWWykidﬁhﬁﬁ@?@@lﬂﬂth the inert gas. Preferably the

Wg 97/ 17137 The rejuvenatlon step BS preferd¥Il/ EQQ@&Q&83%? atla

-9- erature is |over rd G odTQr rably, | ower

t han 18§£Terr]ggempera ure ra dﬂ¥@ﬁ %gofggéaéf:égﬁhﬁ g%gferred

enbodi nent , thehydrocaerEI%yﬁﬁhQﬁaﬁp@P&FéFéngn%?@ﬁﬁﬁ?qg§edéﬁeﬁﬂaﬁ€ upon the

5 reduct | OBpbaet kKat hpdodaiton Wynehesss DempEmitrecdbly still
within the broad temperature range as indicated above.

The temperature can be incrementally or continuously

15 increased or decreased to the desired rejuvenation
temperature at a rate in the range from 0.5 to 20 °C/min.
The temperature is kept at the desired rejuvenation
temperature level for a period sufficient to sub-
stantially rejuvenate the catalyst, typically for at

20 least 10 minutes, preferably at least 30 minutes, more
.preferably at least 1 hour.

If desired, the temperature is then incrementally or
continuously decreased or increased to the desired end
temperature at a rate in the range from 0.5 to 20 °C/min,

25 which for safety reasons, is at least 10 °C lower than
the envisaged hydrocarbon synthesis step temperature.

It will be appreciated that the synthesis gas supply
to the catalyst to be rejuvenated may simply be replaced
by a hydrogen-containing gas, and the hydrogen-containing

30 gas may simply be replaced by a supply of synthesis gas,
following the rejuvenation step. It may, however, be
desired to replace the synthesis gas and/or the hydrogen-
containing gas supply as the case may be, first with a
supply of an inert gas such as nitrogen, followed by

35 replacing the inert gas with hydrogen-containing gas or
synthesis gas. In that case, it is beneficial that the



t he amount of water production. Preferably, the activation is

carried out in a controlled way. Thus, the rate of water (steam
produetion is kept below a certain | evel. This |level may depend on
t he catal yst being 10 activated and can be determ ned by routine
experi nenta- woemT¥ri on. For exanple catal ysts conprising XCIEPPGA4ST
containing carrier tend to be sensitive to too high quantities of
steam present during activation. Thus, if catalyst is to be
activated conprising a silica- 15 containing carrier, the quantity of
st eam present | memperature of h;hg ogxnurenthi ¢RERL VAL gad hgdp@@agpqm y less
than 40QQ40p8Vis ”Pcs@eﬂor@i‘a@ar %BEYtéﬁéériﬁ'tﬁd‘h %QOthaHvSuE@rrantlal

titania or zirconia cont nj ng_.catal sts theq nti steamin
t he hydrogen- co?fﬁ’gi"ﬁgﬁﬁ° %W&{F Pt SBFYF n%’ pr\és%flﬁﬁerf 8% exanpl e
in the range frdme®tigas. ln%itstably the vmm@atm isndowart eRamat al ysts it

Ty even e desppgbbe, more prafexdyaddbhéenalarstmnedyring the activation
step.

% r uvenat#ogxcfrocess IS c rrleci_l

using the sane terrp@lf"atﬁ? ““EJ"‘r 5896y XPIFHPrEFSD t e?Jlurl ng the
activation stephyleogesrcontaining gas may varppprtwsent eddehdimitst he
rejuvenation pr‘l?gﬁéa‘iﬁ? SQ%}‘drogen con‘ééiﬁiﬂétgé.ss 1’&0'&Hﬁhb¥e&| ready at

el evat ed t enpera |ca et wee ey rocar bon synt hesi s

t enper at ure andCOmPnsmﬁnf{RJ“t%sD é?‘r?& Y%Q\‘E? t E®fs, a

t enperatize 30 econommcreaa@orm.og:h@nhurdyogen-wtrmaéssagys preferably The

rej uvenation Stgemgﬁxsés f@érﬁ'e%i Rt oBat 8- W)f@me of hydr@éeﬁor‘ééﬂémus' y. In
a batch-wi se no t.he, co ete cat al yst

i nventory of a W’&lfﬁ?fégglﬂnso to 100%; by NBiP‘ger%%&y&m\? is subjected to
a rejuvenation 35 The hyéedgmriconadhéngbyys r_tmeheejdwénadl Bron rlaxtwrent i s

carriedout in-sigtu,-Ihe BYPrACAL RORAPYRENSRE Pudd Of ielilcited hydrogen

15 manufacturing facility and a tail gas from a hydrocarbon
synthesis process. The tail gas to be used in the
activation and rejuvenation process typically comprises
hydrogen, carbon dioxide, carbon monoxide, gaseous
hydrocarbon products and water. Optionally, the tail gas

20 is treated to remove gaseous hydrocarbon products, carbon
dioxide and/or water. The amount of carbon monoxide
should be less than 5% by volume, preferably, less than
2% by volume. If the tail gas contains more carbon
monoxide, the tail gas is first led to a means capable of

25 separating a hydrogen-rich, carbon monoxide-depleted gas
from the tail gas. An example of such means is a Pressure
Swing Adsorber.

The process is typically carried out for a period

sufficient to activate or rejuvenate the catalyst. It

30 will be appreciated that this period may vary, depending
on the composition of the catalyst, the average reaction
temperature and hydrogen partial pressure. Typically, the
catalyst is contacted with the hydrogen-containing'gas
for 0.5 to 48 hours, preferably for 6 to 36 hours.

35 According to a preferred embodiment, the catalyst is
contacted with the hydrogen-containing'gas until at least



g
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- 10 - tenporarily—stopped by interrupting the synthesis gas.
supply, and introduci ng hydrogen-containing gas into the reactor.
In a continuous node of operation, a small portion of catalyst is
wi t hdrawn fromthe hydrocarbon 5 synt hesi s reactor and 'Wed I n
a separate  WOYNRY yvenation vessel. It will be appreci at'éédmf: at it is
al so possible to withdraw portions of catalyst in a bat ch-w se node
of operation. The rejuvenationgat-ep is preferably carried out

at a 10 te rature, range Il ch, ks fro [l 1C bel, th
hydr ocar bon synlgﬁgsgg %‘E’e?’é i r?&\gggﬁﬁgpgt ﬁ%ef%éog%c?et{%e]rbﬁ %elgi%' 'ﬁoﬁ%ove t he
hydr ocar bon synplre§esabbypat siaass, 894t byt weight, of thg metalt aempewnd

tenperature rangg 2aa)Rddced athedh@t@llic state.  The tenperature can be
i ncrenmental ly or ' '

continuously 15 | ncreased or reased o the desired
rej uvenation Th?e%%’?%{‘i}'r EEafthg P‘Sggfi %O'P%%m}cgﬁ:z’?%f ?‘Sﬁ 8%t 0 20
[err] T nis. reducétie tampsrittanly be kepitared ey dessuvagmenfruenati on
tenperature |evelhnl9ht fveehdth YHdduet8Bh §@rsh®-the processtadthat!y
rejuvenate the catal yst t%}?l calt:%]; or kahzg . | east .lolm nut es,
preferably at | ®5Podg kpown &° g 8sxilie b?e‘f]?ﬁaﬁﬁstylé‘f: P88st 1 hour.
| f desired, theTherpegatvineisic fealiysiscandt Béhgexature Prograwmednuousl|y

decreased or ingLadsed,;r0 the desired end tenperature at a rate in
saf.ety reasons, is

the range fromO0.5to 20 [err]C/ mn,. 25, whi ch for
at |eastl®0 [err]C F‘Bﬁe?céh‘é#mn and rERUVendt Ly SF IS0 B %Bﬁ synt hesi s
step tenper at ur presence of hyditdcasbdn Bdqupgseis aesneciledilyt he synt hesis gas
supply Qv aG8bEbLY Rdxr hibd G HydYBEaLESh TBYhtHidBilsy pheckaBbaced
by a hydrogen-contai ni g as, and the_h drogen-c]c_)lgllt_fau néan%TlS gas may
sinply be repl a¥&dchy°R §gb‘bl‘§l{}? %Lki}ﬁtlﬁééf‘g GhsSiurry catalgBroReAF -t he
rej uvenati on step. Ebulhgtihgpvendrglurey catalystldeads=ecreo wedpl Boewn heo
synthesigs; gas ang(gl EE§1h¥éfm%e art. containing gas supply as the
ol Lowed by 35 TrcpPRLMAEEEhAThEEFEAobRRE nih ARERE Bant Boni ng gas. or
synthesi s gas. loatihlystcasckept dispsemeld dhah lhawidhetypically a

hydrocarbon liguid. Reactant gas bubbles (hydrogen and

carbon monoxide) flow (usually) upwardly through the

20 catalyst-containing liquid.

According to a preferred embodiment, in the process
for activation/rejuvenation of slurry or ebullating bed
catalyst, the catalyst is Kept dispersed in the hydro-
carbon liquid. The process is exothermic. By keeping the

25 catalyst dispersed in the liquid, heat transfer is
facilitated.

The catalyst can be kept dispersed in the hydrocarbon
liquid by maintaining a high upward superficial velocity
of the hydrocarbon liquid, and/or by injection of '

30 hydrogen-containing gas at a sufficiently high
superficial gas velocity. '

It may be preferred to operate with a low liquid
velocity along the slurry bubble column, that is a low
superficial velocity of the hydrocarbon liquid, as this

35 may reduce or obviate the need for a liquid, slurry,
recycle. This may reduce the complexity of operating
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tenperature of the m xture of catal yst and hydrocarbon liquidis

| ower~-than the tenperature at which substanti al hydr ogenol ysi s
starts to occur in the presence of the inert gas. Preferably the
tenperature i s WO®ATIYhan 5 200 [err]C, nore preferably, PGTAEREHBTI, N
185 [err]C The vol une percentage of hydrogen present in the
hydr ogen- contai ning gas may vary between wi.de linmts. Typically, a
hydr ogen- contai ning gas i s enpl oyed Conprising from25 to 100% by
vol une of hydr ogprnocgdures of the:aegsterranddrry nddaceyepegewmirdang ni ng
gas preferably capitalC&gpendasider.om 50 to 100% by vol une of hydrogen

nor e prefera y 80 t0. 100% by .vo of hydrogen,
hydr ogen- cont ai ni ng {él %e rpvéé #%%‘? nod“'\/\%%r' O ORBTATR S 1t§llat abI e
exanpl es |ncludehaQUe@¥QB} vedatisyealesg the miliumyc bybbhg totumn  yThied a

tail gas fgoma {%aglraéam@rbase if ltsstat aesiﬁedarw@&@arzae L8higas to be
used in the i va nd.re ati,on ¢8ss t¥p| ally conprises

hydr ogen, carbonpﬁ?QQF% eﬁﬁ) Y&hn ﬁ% € g% tﬁ?c o, & ocar bon
products and matexamﬁberohé]i%ulﬂl@ssuaﬁﬁ gascqntanOUSQy reyuremhts)Uh@ane

gaseous hydrocarggaapygngas% gealiale vessel,. di Oxide and/or water. The
amount of carbon non

i d han 5% olune
preferably, |less tha £'has bee%ﬂ;qﬂﬁgv8fﬁﬁ%1aifa q#?ﬁﬂﬁﬁﬁeﬁﬁ it ai ns nor e
carbon 10 noabaluet s t¢amnriidingasilici rgtadtddate sheeaatakygabie of 25

separating a hydgeggnihi ehe LSHdter RRBAZLde- depl eted gas fromthe

tail gas. An exanpl e of su:ﬁh m%;%.e superffcr:fasfqlquld veloc:.tyn:lgs A]‘gespotr ber
the range from 0.05 to 4.0 cm/sec. It will be appreciated
that the preferred range may depend on the preferred mode

15 of operation, as discussed above.

If it is desired to operate at a low superficial
liquid velocity, the wvelocity is preferably kept in the
range from 0.05 up to 1.0 cm/sec, more preferably from
0.2 to 0.8 cm/sec.

20 If it is desired to operate at a high superficial
liquid velocity, the velocity is preferably kept in the
range from 0.5 to 4.0 cm/sec, depending inter alia on the
size and density of the catalyst particles, more
preferably from 1.0 to 3.0 cm/sec.

25 Typically, the superficial gas velocity of the
hydrogen-containing gas ranges from 0.5 to 50 cm/sec,
preferably from 0.5 to 40 cm/sec, more preferably from
1 to 30 cm/sec, still more preferably from 1 to
15 cm/sec.

30 According to a further aspect, the present invention
relates to a hydrocarbon synthesis process which
comprigses activating or rejuvenating a hydrocarbon
synthesis catalyst in the presence of a hydrocarbon
liquid by contacting the catalyst with a hydrogen-

35 containing gas at a hydrogen partial pressure of at least
15 bar a&bs., and, subsequently, contacting the catalyst



The process is typically carried out for a period sufficient to

activate or rejuvenate the-catalyst. It 30 w Il be appreciated that
this period may vary, depending on the conposition of the catalyst,
t he average reaction tenperature and hydrogen partial pressure.
Typically, th catalyst is contacted with the hydro - 1Ni Ng
gas f&oﬂ.ngl'?o 48 hours, preferably for 6 to 36 hou%gﬁmg’gawgn
According to a preferred enbodi nent, the catalyst is contacted with
t he hydrogen-contai ning gas until at |east4 - WO 97/ 17137

PCT/EP96/O4879 with a mixture of hydrogen and carboh ménéxide at 25% by
wei ght, pref erﬂg\lfa/{ at l.east 5 preferably at |east

% by weight, nore.. .
80% by wei ght , %%Fyﬁgﬁ%ﬁ%ﬁdreg&mn iCOPALEEORT- t o the netal lic
st ate. THee hydaptarbonf symcherdts lprocapsunsg tymitcadidy been 5

reduced, can suidablas RRicMRRI LOE&HpOYatTBAS UL VRB! rRhge from 128UYY ative
wat er production durl n%&j %e hods known to those

cess., O he net
skilled Pn the 3% TG1cRF& exsbly 20919 %fg‘ir avi-nEDRi RTessHER itypically
Tenper at ure Progrgeedrom 5 to Redvar iabs.,l@referably fiiwm & iteati on and
rejuvenati on prasass ighg.he presence of hydrocarbon liquids is
especially agvantageogs for use in _hydrocarbon synthesis processes
whi ch operate with S0 AgQoF2EPR WP {pYpRhesis ‘gas) is
Ebul [ ati ng and tsjpirgallgatfedysb bkelspeseesseldt knmobatordthio in ttheose skill ed
in the t. bull at & ng ds..i at o t he
catal ys E)i S keprancﬁe fron .?nEE ?[%Ui ﬁ%yﬁ%%%rgg émﬂmghiq‘%gﬁ:y(ﬁ’rfog'zliirebon

sper se a , Y. a
li qui d. React arRYSERCAFROH SYNLRGAL B RFPSERF, the hydrogen to carbon

monoxide molar ratio is in the range from 1.0 to 2.5,
especially 1.5 to 2.5.
The gas hourly space velocity may vary within wide
15 ranges and is typically in the range from 400 to
14000 h™1, e.g. 400 to 4000 h-1.

The process for the preparation of hydrocarbons may
be conducted using a variety of reactor types and
reaction regimes, for example a fixed bed regime, a

20 slurry phase regime or an ebullating bed regime. It will
be appreciated that the size of the catalyst particles
may vary depending on the reaction regime they are
intended for. It belongs to the skill of the skilled
person to select the most appropriate catalyst particle

25" size for a given reaction regime.

Further, it will be understood that the skilled
person is capable to select the most appropriate
conditions for a specific reactor configuration and
reaction regime. For example, the preferred gas hourly

30 space velocity may depend upon the type of reaction
regime that is being applied. Thus, if it is desired to
operate the hydrocarbon synthesis process with a fixed
bed regime, preferably the gas hourly space velocity is
chosen in the range from 500 to 2500 N1/1/h. If it is

35 desired to operate the hydrocarbon synthesis process with
a slurry phase regime, preferably the gas hourly space



carbon nonoxi de) flow (usually) upwardly through the 20

catal yst-containing |iquid. According to a preferred
enbodi ment, in the process for activation/rejuvenation of slurry or
ebul I ating bed catal yst, the catalyst is kept dispersed in the

hydro- wow7aes?l i qui d. The process is exothermc.
catal yst dispersed in the liquid, heat transfer is

The catal yst can be kept dispersed in the fydrocarbon
mai nt ai ning a high upward superficjial velocity

liquid, and/or t¥elagidat |1§an

sufficiently hi idspecially $upariottd alo gEDovarécity.

preferred to operat %f@ftel}raﬂm}'owulé qwrcﬂ-ocar on. sﬁﬂ%ﬁé’

bubbl e col um, t hat superficia ocCl

psep in t %fapageﬁr%r&%%mg 838&

By PEEEPINENe 25

facilitated.
i quid by
he édiocarbon

It may be
sac'eg,nqst Bersidary

hydfocarbon | i queuk igs aphiebuddating %f%&'éfcgaB? mll%ﬁ% im&hgeed for a
liquid, skurry, presence loCyChedrddarbom\iigaddceAt hkeaxtmaurinty thé

operati ng
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hydrocarbaﬁosgzéﬁééﬁg step, the catalys%gzs kept

procedur es

of the reactor akieRrEpecedicEhephydxesaybond liquid. PrefanallyexsbAditure.
It may al so be pA{fAydishrepredisparaptidardéng theaactwatlonhbgh liquid

vel ooty om0 (D R BUROLS G0k Wbcolhe Syccoriboytbtcgsse 1 1

is desired to s uct an e the
reactor, 18r, forstep. exanple, if i t | S desired to cont| nuousl y
rejuvenate the Prefeiladllyst the supaffiicdbd wasSedélocity of the It has

been Tound espech abinedd/ GEa48OLR (AL Adge rrof® Vel SEUHLE, "ok | o2

to activate the

preferably in the range from 5 to 35 cm/sec.

Typically, the superficial liquid velocity is kept in
15 the range from 0.05 to 4.0 cm/sec. It will be appreciated
that the preferred range may depend on the preferred mode

of operation, as discussed above with respect to the

activation/rejuvenation step.

If it is desired to operate at a low superficial

20 liquid velocity, the velocity is preferably kept in the
range from 0.05 up to 1.0 cm/sec, more preferably from

0.2 to 0.8 cm/sec.
If it is desired to operate at a high

superficial

liquid velocity, the velocity is preferably kept in the

25 range from 0.5 to 4.0 cm/sec, depending inter alia on the

size and density of the catalyst particles, more

preferably from 1.0 to 3.0 cm/sec.

According to one embodiment of the invention, the

activation and/or rejuvenation and hydrocarbon synthesis

30 steps are carried out in the same reactor vessel, more

preferably in the same catalyst bed.

According to another embodiment of the invention, the

activation and/or rejuvenation and hydrocarbon synthesis

steps are carried out in separate vessels, that is a
35 reactor vessel for the hydrocarbon synthesis step and a



situ in the reactor vessel. Typically, the superficial liquid

velocity is kept in the range fromO0.05 to 4.0 cmsec. It wll be
appr eci at ed that the preferred range nmay depend on the preferred
npde 15 of operation, as discussed above. If it is desired
to operate at a | ow superficial liquid velocity, the ' S
preferably kep¥O1Hfk range from0.05 up to 1.0 cnigégﬁﬂﬁgggg
preferably from 0.2 to 0.8 cnisec. 20 ~ If it is desired to
operate at a high superficial | iquied -vel ocity, the velocity is

preferably kept L1 06 activati%%?ggg{z{reﬂwic?n LRebed ,CBESEEpasignendi ng
inter alia on the ) . sl ze and nsity of the catalyst particles, nore
preferably fronpetivagion @ndyreduvepation vessels, i cally, the superficial

gas velocity of theThus, catuldsegen- bantejwrenatass isangds togetiflers to 50

cm sec, - s tq 40.C Hag ol r ?Qg m
1to 30 cnl sec,Béﬁxl 9%0%’%%% g'rlggﬁg'fgco)m éf‘%ct:.%t‘ioﬂ{gfaiﬁ se%'?{%rg
Accordin§ to a TePsekrondgRlvenatdop, geafel t%oR it bydrocarbemaies to a
hydr ocar bon synghrthéss ot Whiatld rejuvenatedatadysact tugether Giith
rejuvenating a s ia oS hgsi t ' resence of a
hydr ocar bon H¥g£8§%€é|}g ]blyquclgntl gc%?ﬁf? }g %gttg.{eyy?&d\?mﬂf %ggoﬁydrogen- 35
cont ai ni ng gas 8YnBhegis tRFEartial pressure of at | east 15 bar

abs., and, subsequepiésh MR BG bBCaéRivadsd is introduced int thd 17137
PCT/ EP96/ 04879 wiih a

mi xt ur e ¥0f hydr85Eﬁvﬁﬁﬁp?éﬁ?ﬁﬁY%%gﬁgfpdgegfel or theliﬁéggggg gnvg§% 'esi s

reaction condit aBn@isactivated catalyst is led with hydrocarbon liquid to
the hydrocarbon synthesis vessel. Preferably, the
hydrocarbon ligquid comprises a product of the hydrocarbon
synthesis step.

15 According to one embodiment of the invention, the
activation/rejuvenation or rejuvenation step is combined
with a hydrogenation step in which hydrocarbon liquid is
hydrogenated and hydrogenated product is obtained.

Embodiments of the invention will now be described in

20 more detail with reference to Figures 1 to 3. It will,
however, be readily appreciated by those skilled in the
art that various alternative embodiments are possible,
without departing from the scope of the invention.

Figure 1 schematically depicts an embodiment in which

25 the catalyst is activated and/or rejuvenated in-situ in a
reactor vessel comprising a slurry or ebullating catalyst
bed.

Figure 2 schematically depicts an embodiment in which
a concentrated catalyst slurry is activated and

30 rejuvenated.

Figure 3 schematically depicts an embodiment in which
at least a part of a catalyst slurry together with
hydrocarbon-containing product is led to a hydrogenation
reactor to simultaneocusly hydrogenate the hydrocarbon-

35 containing product and to rejuvenate the catalyst.



The hydrocarbon synthesis process is typically carried out at a

tenperature in the range from125 to 5 350 [err]C, preferably 200 to
275 [err]C. The pressure typically ranges from5 to 80 bar abs.
preferably from20 to 60 bar abs. Hydr ogen and car bon
monoxi de (synt WYTEIS) i s typically fed to the profEIEPIO4EIp| or
ratio in the 10 range from0.4 to 2.5. In a preferred enbodi nent of

t he , hydrocarbon synthesis process, 4 he hydrogen to carbon

nonoxi de nolar ratio |s in the range from1.0 to espeC|aIIy
1.5 to 2.5. With FRECFERCE SOy FYILpgce: V%I’Eﬁﬁ‘ﬁ?rrré@WS}y within wde
15 ranges asthpristipgi 8aslyriyn crhebuddgtihg dedi@X tcatalyst and 4000

hlerr], e.g. 40Qm%§6§§0gegﬁgrfﬂot shown) % 3J95%$£3ﬁ§§§ Bgrlﬁfgt

preparation of h ons usi g a varrety of
reactor types amans an r%%%t?‘t?ﬂ-erteg‘?ﬁﬁ§ 3f of e CaRRAlYsE Preeenbetfiregi ne,
a 20 s sl urr yhephaeactogi vessel amayeholl bei act beated girmeejlutvenatéd by

be appreciated that ty pglﬁbzg ﬁiﬁgéq% C%Eﬂk¥§£1351§é§”é¥saagaoFrla y vary

dependi ng on thé™réacton re t bel ongs
to the skill of Gmél;*rRPPPeélnw reacmﬁe?‘@&ﬁe%ol selagagq Helebsheappraprd at e
catal yst particlkasdous effhuast [ womprdsiag urechverted @iydeogen, inert

Further, it wll s%sugg§r§£ %ﬁitfggﬁe%h%ggkgg%gfgr essel gggsggllgugﬁgable

to sel ect the mo&t approp T ons T c reac
configurdion amg¢ans 3 reaction regi me. For exarrpl e the preferred gas
hourly 30 spac@olabwing yadtmiyvatdpandrupefutdreatiyie off theacatalyst,

regime that s horadedRalLed: fSerkulbby! IS HRLEO vesaes 1 gpErALE (he

hydr ocar bon synt i'S_proce g erably
the gas hourly $8&cén}efompays . Due to tEﬁoEbQ‘P@?‘Q%%ﬁQEYf? 890 to
2500 N /1/h. |f Hydrogazbon syntiesiiscaehetdpr] atlee tdiartydoecabhidbasismg hesi s

process With . ¢a1,8rShUa" Ve RATR,R89 Be BT €L LN So088 BRYL!Y Space
the envisaged reaction temperature, more preferably at
least 10 °C below the envisaged reaction temperature
before synthesis gas is introduced into the reactor
vessel 1.

20 A catalyst slurry comprising hydrocarbon product is
led through line 4 and pump 9 to separation means 5.
Catalyst-free hydrocarbon product is discharged through
line 6, and a concentrated catalyst slurry is led from
separation means 5, through lines 7 and 8 back to reactor

25 vessel 1.

Spent catalyst can be discharged through line 10 and,
if desired, can be regenerated or rejuvenated in means
not shown or rejuvenated in activation vessel 16, to be
discussed hereinafter, and thereafter led back to reactor

30 vessel 1.

If desired, part or all of the separation means 5 may
be integrated into the reactor vessel 1. Further, line 10
may be omitted if the reactor vessel further comprises a
catalyst outlet means. This is particularly desired if

35 separation means 5 is integrated into reactor vessel 1.
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velocity is chosen in the range from 1500 to 8000 h[err], especially
from 3000 to 3500 h[err]. Preferably, the hydrocarbon synthesis
step is carried out in an ebullating or slurry catalyst bed in the 5
presence of a bon liquid. At |east during the rcﬂ'ﬁ bon
synt hesi s st ep%s?{gﬁ%;t al yst is kept di spersed in the %kocar bon
liquid. Preferably, the catal yst is kept dispersed during the
activation or rejuvenation step ari during the hydrocarbon
synthesis 10 step £ d e hehab! yredie a%{P gf,gi

vel ocity of the Eﬁagre %exé?semz]ios% Fs 1|r1n reran e romggé‘t: r

cmsec, nore 18 1“%?@?@?%&‘}”9 rFePr?é""FaH@%sﬂ d‘n%“t“b sgpagpfeec.
Typically, the m&ﬁr&tﬁ:bﬂl vésswl dieelretitrat isn kegeseln 1‘55compr1§é§ gadge

from0.05to 4. rﬁ@kSﬁga Ly léaﬁﬁpﬁﬁfé@trﬁ&?s 14 and B3k bhELRLE o1 od

range may depend on t scussed
above with respé@?nﬁol§heA°t1"ated éi,at"—la‘}é(PFoh?r%?%\)‘éirﬁaﬂll@ﬁ é?eﬁr v1a |
If it is desiredine apeanades ainto |msctvpevéssénll 2Qctivathibguifd vel ocity,

the velocity ' S rgfegr i‘gl ¥s k@%lé:ﬂ]y]g:afr%ed oxétlf airﬁgetﬂer %’Pegegéeugft OI ]} 0

cnlsec, nore er a it

is desired to owﬁapéaaboa HW%W’-FPCFQP be deriveqd iyop Lénecftyndt he
velocity is prefigtablyck@pintd ¥dssed5 16 togethge withndatalyetdvacnl sec,

dependi |nter al i I ze and density of the catal yst
particl es] cata‘a"ygg E.Hf?t m%arns fﬁom 1.0 to 3.0 cni sec.

According to one enﬁéd?’hgﬁtb%faﬁmq%ﬁt EBat imean alternagivevati on and/ or
rejuvenation an%ﬁhbdﬁﬁl&ﬁtboﬁeﬁﬁfle&i&e?ﬁl is nét emedarﬁxcae&hedtwﬁ in the

same reactor vessele;Mkfiacion of dHeREINY: 'ﬂuéme%scaamﬁ%agxgt .

According to anot hér of the inv
and/ or rej uvenatfioBn hyAFCRFEPSR FRIhasi S hE‘éF@ in the embodiment

15 discussed above, fresh catalyst is activated in
activation vessel 16 and introduced into reactor vessel 1
via lines 12 or 13 and 8, and spent catalyst is
discharged through line 10. It will be appreciated that
upon start-up, fresh catalyst is activated in batches in

20 activation vessel 16. Activated catalyst batches may then
be introduced into the reactor vessel where the catalyst
is kept under conditions which avoid coke formation
and/or hydrogenolysis, that is at a low temperature,
preferably below 185 °C, and/or in the presence of a

25 hydrogen-containing gas at a hydrogen-partial pressure of
at least 15 bar abs., preferably at least 20 or at least
30 bar abs.

With reference to Figure 2 and 3, reference numbers

which correspond with numbers in Figure 1, have the same
30 meaning as in Figure 1.

It will be readily appreciated by those skilled in"
the art that preferred or alternative embodiments
discussed in relation to Figure 1 may, where appropriate,
be applied in the process line-up schematically depicted

35 in either of Figures 2 or 3 or in further alternative
process: line-ups.



steps are carried out in separate vessels, that is a 35 react or vessel

for the hydrocarbon synthesis step and a WO 97/ 17137

PCT/ ER96/ 04879 - 16 - conbi ned
activation/rejuvenation vessel, or separate activation and

rej uvenati on vegee/ensr Thus, catalyst to be rejuventEHEPIREIL(
t oget her wi th hydrocarbon liquid, to the activation/rejuvenation 5
vessel or rejuvenation vessel, fromthe h_yqrgogar bon synt hesi s
vessel, and rejuvenated cat al yst toget her "With gdr ocarbon |iquid
is led back to the hym@cﬂchematlca%wt%%Ji%ts/@@s@mbo iment in whighogh

catalyst to be agti yaked psrd Bf adeentehtiftédecadtdlyst slurry in line 7.
activation/rej uvena&g Pg%e%ww%{?&tﬁgéga%es'?ﬁ o} V%S‘ch?)drogen ?%ntfir}g_ng

activated catal y¢f rbon TTquid fo
hydrocarbon synt gesi $svissedduqacefiatabvyssehe20 via 11%8@00%W4¥%|

conpri ses 4 prod%&sﬁf cad_f@l}wlr Q&ii'&:hofhay have beéai idaatily skepullp
According to one_enb of the_i

activation/rej uvéﬁ’éﬂ’ﬁﬁe r"r? éﬁf\?@ngﬂ 0 lé mentrﬁ?duc&d into vesgel,
hydr ogenati on st@p vhawhiné Md@oe‘&nb@‘ﬁnﬁt |%Ia¢%1y8t slurryy e otedhat ed and

hydrogenat ed pro‘éﬂgbuéﬁ Phi&i AP dnd pump 25 to Eéﬁ&dsmtssemfn he invention

wi Il now be descri det ai e to Figures 1 to
3 e GaaeyncsEr Luant - FHUPFI SRR WATNAT S PROCROSR| | AT 0 he
art that amariousgakesr andi seeanbddiavest thareepsskidfl ovia gas outdgt hout
departing fromtpgsgcopg,. of the i nvent i on. Figure 1
schematical |y depicts,an enbodi.nme 25, e.catalyst is
activated and/or rej %Eﬁﬁ?’%’ﬂl‘{%ys’l Pb‘ Pnyg L Giictea dn® e8! 8ba:

centrated catalyst slurry of higher density than the
catalyst slurry in reactor vessel 1, is led back into the
15 reactor vessel by gravity.

Figure 3 schematically depicts an embodiment in which
at least part of a slurry of catalyst and hydrocarbon-
containing product is led through line 4, pump 30 and
line 31 to a hydrogenation reactor 33 to simultaneocusly

20 ‘hydrogenate the hydrocarbon-containing product and to
rejuvenate the catalyst. Hydrogen-containing gas is
introduced in reactor 33 via line 32. Gaseous effluent
leaves the reactor 33 via line 34. '

Optionally, the reactor 33 is also used to

25 simultaneously activate fresh catalyst, which is
introduced into reactor 33 as make-up for any withdrawn
spent catalyst. The fresh catalyst is kept in vessel 36,
which is equipped with catalyst slurry inlet means 38,
and optionally with gas inlet means 37 and outlet means

30 39 to enable at least partly pre-reducing the catalyst
prior to introduction into vessel 33. Fresh, optionally
partly or fully activated, catalyst is led from vessel 36
through line 35 and pump 46 to vessel 33. It will be
appreciated that according to an alternative embodiment,

35 fully activated catalyst from vessel 36 is led directly
to slurry bubble column via means not shown.



reactor vessel conprising a slurry or ebullating catal yst bed.

Figure 2 schematically depicts an enbodi nent in which : a
concentrated catalyst slurry is activated and 30 rej uvenat ed.

Figure 3 schematically depicts an enbodi ment in which at least a
part of a catalyst slurry together with . hydrocar bon- L]
product is | ed™PI"A™ Y dr ogenati on reactor to simul taﬁg‘g}&wm
hydr ogenat e t he hydrocarbon- 35 cont ai ni ng product and to rejuvenate
the catal yst. WO 97/ 17137 20 - _
PCT/EP96/O4879. T?g slurgy effluent Fram reactor'33110hprisin%. With
reference to Figure 1, @ redctqr vesse conprftsing slurry or

ebul | ati ng bed seivuensted Gakplyst and hygresgpakethhvdsecaghenn) is

equi pped Wi th gasntaifing productdanied abd Lhse a1l latid peaps43.tdhe

catal yst present _in . r.ea achl r

rej uvenat ed by gepau':"—"él?rﬁt“r“?)cf{l}aiiqnlg' 3&%58%%3%%%0 dzfl% %:%‘ﬁ%gaaggg{%rg%gpri ate
condi ti ofs i nt opreductrleaves|the Hepagasipn| Beanfefis via Aine 42. Agaseous

leffl uent,h conpr Eshasnﬂﬂs?éw&éﬁﬂrémd@agea:aoim tslurry is gagegoand steam
eaves the reactor vessel via .0as .oytlet r@ﬁ_@ .

Fol | owi ng activﬁFF8.°5rv?%§%€éhgﬁfb§aé ?%é %%ﬁ%ﬁys ,§y%t can g?ﬁ%?ﬁ} S
gas, is introdubedwibhdrawckxam rhgsagecyclevia lines g4sornBt nmeans 2. Due
to the high exotherghei iweritidiE will now By ddeserixed Tyrthesi Byrheqd on,

t he sl url{?y or ebgl kﬁt ingglinging t%xga%ﬁégs.t bed is preferably at a

t enperatidre | owd Isaged reaction tenperature, nore
preferably at EXAMBLE|2ast 10 [err] C bel ow t he envi saged reaction

tenperature Thef 86 E1sWitdRSiperdasnt§ dethdrastiiend ithkOethect g€t Or
hydrogen partial pressure on hydrogenclysis activity of a
fully activated catalyst comprising 22% by weight of

15 cobalt on a zirconia-silica carrier.

In the experiments, a microflow unit was loaded with
9.5 ml of catalyst. The catalyst was activated in the
absence of hydrocarbons at a temperature of 290 °C and a
hydrogen partial pressure of 3 bar.

20 Subsequently, n-hexadecane was led through the
catalyst bed at elevated temperature and in the presence
of hydrogen. Hydrogenolysis activity was determined by
measuring the amount of methane in the offgas. Results
are summarised in Table I.

25 As can be seen in Table I, the hydrogenolysis
activity at high hydrogen partial pressures is much lower
than the activity at lower hydrogen partial pressures.

Table I
No. 1 2 3 4 5 6
T (°C) 255 273 260 270 250 274
n-C1g 3.1 3.1 3.2 3.4 3.4 3.4
GHSV 1.7 1.7 1.7 1.2 1.2 1.2
p(Hy)  29.0 29.5 11.3 7.0 38.7 38.9

CHy 0.6 2.0 4.6 12.6 0.3 1.5



vessel 1. 20 A catal yst slurry conprising hydrocarbon product is

| ed through line 4 and punp 9 to separation neans 5. Catal yst-free
hydr ocar bon product is discharged through line 6, and a
concentrated catalyst slurry is led from separation nmeans 5,

t hrough |ines 7wosdn®i3back to reactor 25 vessel 1. PCT/EP96/03873 Nt
catal yst can be discharged through |ine 10 and, I f desired, can be
regenerated or rejuvenated in nmeans ot shown or reJuvenated in
activation vessel 16, to be di scuss€d hereinafter, and thereafter

| ed back to reactor 30 vessel 1. | f de5|red, part or al

of the separationdends 5 nay be integrated into the reactor vessel

1. Further, line_ 1 orgstted.i he reactor vessel further
neCyg Py BeaNe e ik o/l

conprises a neans Sis éﬁgtlcularly desired if
35 separ at i G¥SYe&an &35 H§“¥H( tpageeelpcoty ebit .

WO 97/ 17137 _ p(Hz) = Hydrogen partial pressure BCTHRP6/ 04879
- 18- - _ CH4 prs 8&&@ éﬁﬂ{ dhgggt fresh, activated catal yst
rea fr

is introduced in vesse omse arate activation vesse
16. Activation vessel 16 conprises gas I nl et means 11, catal yst
inlet means 14 a@gmgggngglet 5 neans 15. Activated catalyst is |led
via line 12 or Lato_react or Actlﬂgtlon

1
n vessel 167 £765B; EFRE S idgoBed-FREFR AtediRE. Broine
hydrocarbon | i quis¥erasiechaztikche sfas widabrom £9 nems ward activatedi inr oduced

into vessel 16 tegeuhah W bluesy Bubidle/icdllfin of 16 admldiseBreinneREs 14.
It wil be5 appre%ir%ts%gctehg&‘ th%}oaclatr%ro%a&ii&'ﬁid. The slurry of hydro-
carbon liquid and catalyst contained 30% by volume of
catalyst.
The catalyst was suspended in a commercially
available start-up hydrocarbon oil, marketed by Shell
10 Companies under the tradename ONDINA-68, and dried under
nitrogen at 3 bar abs. and a superficial gas velocity Ug
of 6 cm/sec. The temperature was continuously increased
from 20 °C to 180 °C at a rate of 5 °C/h.
At 180 °C, the slurry bubble column was pressurised
15 to 60 bar abs. and nitrogen was replaced by hydrogen
(100% by volume) in once-through operation. The
temperature was increased by 5 °C/h to 260 °C. The
catalyst slurry was kept at this temperature for 2 hours.
If necessary, the temperature was temporarily kept
20 consgstant or was decreased to keep the steam concentration
in the off-gas below 4000 ppmv.
Hydrogenclysis was monitored by on-line analysis of
CHy in off-gas. At a temperature of 260 °C a maximum CHy
content of 0.05% by volume was observed in the off-gas.
25 Following activation, the temperature was reduced to
180 °C, and the pressure was reduced to 40 bar abs.
Synthesis gas was introduced at a superficial gas
velocity Ug of 10 cm/sec. The H3/CO ratio at the inlet of
the slurry bubble column was 1.1 (v/v). The temperature



enbodi nent, reactor vessel 1 is not used for activation or

rejuvenation of the catal yst- but is continuously used for

hydr ocar bon synthesis. Like in the enbodi nent 15 di scussed above,
fresh catalyst is activated in activation vessel 16 and introduced
into reactor vessel via lines 12 or 13 and 8, and i@ yst
S disEﬁHV@@ 7through line 10. It wll be appreciateg tﬁﬁg Y
upon start-up, fresh catalyst is activated in batches in 20 activation
vessel 16. Activated catal yst batches nmay then be introduced into

the reactor vessgleWihaddin €3 3hyShc ana the SLEEPbUDHRL GONid (A

whi ch avoi d coke formation enolysis, that 1s at a | ow
t emperat ure, alloweg &1 LdfPry OBE| 59\? 1‘885 ]'[%’rrrs] -CA 8ATPEr OTIEY HEAYS esence of

a 25 hydr ogetnsdatitaict g 1gamodt cmxkg/m&aﬂgm p!akgl ahtalps:swr o H,

at |east 15 bar abs f y r 30 bar
abs. t?P‘%eﬁe%%gg F%Eh ure %%C% g,}'t erence nunber s
whi ch cor Bespond mntRpruﬂﬂMEﬁgthvﬁl©%¥29§§54u§h§ ﬁﬁ@esaﬁﬁakﬂﬁt was neani ng as

in Figure 1. activated liln Whel abseheadbf V1 ijuaide biyaredabyondone sskilled in
e er LAt P el oLl b kBBl UR:E N IR in gas olECUSRES |1

relation to Flgu Wiére a propria 1955 he
process |ine-up sbrm#sh|qngnayleép et detgmnine ltﬁn1§FFhE$l©fa¢¢§mﬂés 2 or 3

or in further alg¢gitaidVvexcluding BAPCESSrdipgtiRie mass transfer WO
97/ 17137 PCT/ EP96/ 04879

- 19 - 10 1imdtakdPnP s hematical Iy depicts an enbodiment in which
at least part of a chetciaratigmedasararysed uly @ 2nbpknabg. total js |ed to

a rejuvenati on VEssehu2D, Aikgla08Pars§et miiitien gas mixture at a GHSV
of 2600 N1/1/h and 260 °C. The water concentration was
kept below 4000 ppmv by varying the hydrogen partial

15 pressure of the gas mixture. After 3 hours, the gas
mixture was replaced by 100% hydrogen gas. The catalyst
was kept at this condition for 16 hours.

Subsequently, the temperature was lowered to 180 °C,
and synthesis gas was introduced at 800 Nl1/1/h. The H,/CO

20 ratio at the inlet of the microflow unit was 1.1 (v/v).
The temperature was increased to 210 °C and the system
was lined out for 48 hrs.

A first order reaction rate constant of 0.10 mol
converted €O / kg catalyst / bar H2 was obtained for

25 Fischer-Tropsch synthesis.

Accordingly, the catalyst activated in the presence
of hydrocarbon liguid has about the same activity as the
catalyst activated in the absence of hydrocarbon liquid.

The hydrogenolysis activity during activation in the

30 presence of hydrocarbon liquid was negligible.



gas is introduced into vessel 20 via line 21. Optionally, 5 fresh

catal yst, which nay have b Vl }ML activated in neans not
shown, is introduced into am“m“l“ ““(“m | ia line 22. A rejuvenated
catalyst slurry is led * tChrbugH | #ne” 23 and punp 25 to reactor vessel
1. A gaeeem1arf f | uent, conprising unconverted hydr ogiCT/EMEP487)0
gases and steam | eaves the vessel 20 via gas outlet means 24.

Al ternatively, punp 25 is omtted and the con- centrated catal yst
slurry of higher density than the - 28atal yst slurry in reactor vessel
1, is led back into the 15 reactor vessel by gravity.

Figure 3 schematically depicts an enbgdig&g{ ig whi ch at | east part
of a slurry of catal yst and hydrocar cont ai ning product is |led
through line 4, punp 30 and line 31 to a hydrogenation reactor 33

to si mul taneous&y 2§ gyéjrf%qegﬂgeaé@gvgyfgrp(ar l}ggugglq;@i&i Qgg Ry oduct and

to rej uvenat & he catal dr ogen- cont ai gl ng. g
i ntroduced in rEababysgaiy the | 8939" &k quld wWhiches the

reactor 33 via baﬂ&lﬁdt comprlses a Gfpmp(ﬁhulqﬁIh:be V@attwet®B i s al so used
to 25 si muj f@dn\{:ﬁkelﬁﬁeéﬂe C@é@i])ﬂ/’%tt’ MhCQ hydrogen-

i nt roduced |nto re ctor as nake-u J@é spent
cat al yst 5 The fFeRRaLBing 338 @& RoPYOT 99%9%%?‘: pressure hizh jeast
equi pped Wi th casabgstalssurry inl et nmeans 38, and optionally with
gas inl et means,37 ﬁ;ﬁ:&é@éétamamé& in c:,éi% 40 GRARLEnatnd SRRIrdYYL | Y

pre-reducing the caf rior to 1 ntrodu t|on I nto vessel™ 33.
Fresh, optional pgrtial Pre?ﬂ’r”ﬁ ﬁ'soPtf 128t R4 iRAR &PS-catalyst is led from

vessel 36 3. thrpng&eés s @3admeld plmpeMtint @ ,vebseeifl3the thywirdgene
appreci gtged tha aée fﬁb%éﬁea&sagtewmvaao YHO0UEPEha 46 most fUllY
acti vat ec? cat al vessel 36 is led directly to slurry bubble

colum vi a nean
' 4. A process as claimed in any one of the preceding

claims, wherein the catalyst is a hydrocarbon synthesis
catalyst.

15 5. A process as claimed in claim 4, wherein the catalyst
comprises a cobalt compound and a carrier selected from
alumina, silica, titania, zirconia or mixtures thereof.
6. A process as claimed in any one of the preceding
claims, wherein the temperature is kept in the range from

20 180 to 400 °C.

7. A process as claimed in any one of the preceding
claims, wherein the superficial gas velocity of the
hydrogen-containing gas is from 0.5 to 30 cm/sec and the
hydrogen-containing gas is employed comprising from 25 to

25 100% by volume of hydrogen.

8. A process as claimed in any one of the preceding
claims, wherein the catalyst is contacted with the
hydrogen or hydrogen-containing gas for 0.5 to 48 hours.
9. A hydrocarbon synthesis process which comprises
activating a hydrocarbon synthesis catalyst in the
presence of a hydrocarbon liquid by contacting the
catalyst with a hydrogen-containing gas at a hydrogen

This Sheet Has Been R THIS SHEET HAS BEEN |

T REPACED
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- 20 - The s‘ mm‘lu“ﬂjmmuuom reactor 33 conprising
rej uvenat ed catal yst and lu g8 ocar bon- cont ai ni ng
bunp £7 to

pr.oduct i-s led via line 40 ahd pu separation neans 41.

Hydr ogenat ed ﬁr on-containing 5 product |eaves t ration
means 41 via Ihalo Q%EQS‘PA concentrated rejuvenated cat ?’g@fﬁéry IS
led to reactor vessel 1 via line 43. Spent catal yst can suitably

be withdrawn fromthe recycle via |lines 4420r- 45. The invention

wi |l now be descrli f L @Yo dTEAN f the follow ng Exanpl es.
EXAMPLE | %a'r%ngﬁ%%]%ﬁ%vﬁ ng e?ﬁérgitn%ﬁtggﬁe%%%s'traﬁde the effect of

hydr ogen parti alSuppegugarelyn eoRkastfdnd Fiescatalyst witth & mixtyre 6fil |y
activated catal wylir6ganr had NgaEdh WonXidat aef hi@rocarbdiPRhtnelid _
zirconia-sili ca earther. . ditions In the experinents, a mcroflow unit
was | oaded with 5%d:htf- Ool” catal yst. The catal yst was activated in
t he 5 absdfceAoproagesscas bhasimed dnt ekpéma® urwhaxrei2O8hkerr] C and a
hydrogen parti ahyBr8es¥bén Of iguil whAQh compriseSUDSE PIRIAICY: o8- PExadecane

¥
was | ed through;the cat.al st bed at eleyated tenperature and in the
presence hygfoﬁﬁﬁkr’%zée%).m%e J‘osgeslr%gpysﬁg %ﬁ%{i%ﬁ?@/ %S%H'Q'F@Fﬁ}’h%‘él by
measuring the aswbhhesisnetemrio ithe irejuvegatioRestep s in which atep
sunmari sed in TahkehidrdBarbon 1liquiks i@ARyBLo§ERE:dd aﬂiﬁ@'h%&ogéﬂéted

S

hydr oge ysi s activit) .hi gh hydrogen partial presSures Is nuch
| ower n‘lcg tﬁ’ﬁﬁ’d{‘ﬁg é%t?]?/‘i-’?%}’%‘ | ower hydrogen partial pressures.

Tabl e | No. 1 2 3 4 5

6 T ([err]C) 255 273 260 270 250 274

n-Clerr] 3.1 3.1 3.2 3.4 3.4 3.4



GHSV 1.7 1.7 1.7

1.2 1.2 1.2
P(H err]) 29.0 29.5 11.3 7.0 38.7 38.9 CH err]
0.6 * 2.0 4.6 12. 6 0.3 1.5 WO 97/ 17137
PCT/ EP96/ 04879 - 21 - Legend:
n- Cl6 = n- hexadsoanernst ow in g/ | GHSV = Gas Hourly SpBCHERSSI04IYt v
in Nnferr]/1/h. p(Herr]) Fwdrogen partial pressure in barg
CH err] = CHerr] production in nnDI/ EXAMPLE 1 | A
fresh cobalt on zirconia-silica catal yst, having an aver age
particle size of about 40 [err]m was activated i n- situin a
slurry bubble colum of 10 cn1dia Jg in the presence of a
hydrocarbon |iquid. The slurry of hydro- carbon | iquid and cat al yst
cont ai ned 30% by vol une of catal yst. The catal yst was
suspended in a comercially avai | abl e start-up hydrocarbon oil,

mar ket ed by Shell 10
dri ed under nit

onpani es under the tradenane ONDI NA-68, and

n at 3 bar abs. and a superficial gas velocity
Ug of 6 cm sec. e tenperature was conti nuouslgy i ncreased
from20 [err]C to 180 arate of 5 [err]Ch

[err]C, the slurry bu was pressurised 15

ni trogen was repl acediby hyghtdpen (100% by JEI
operation. The N

At 180
to 60 bar abs. and
me) in once-through

—

on
[




tenperature was increased by 5 {err]C h to 260 [err]C. The cat al yst

slurry was kept at this tenperature for 2 hours. | f necessary, the
tenperiature was tenporarily kept 20 constant or was decreased to keep
t he steam concentration in the off-gas bel ow 4000 ppnv.

Hydr ogenol ysi s wesimmatt ored by on-1ine anal ysis of CPAT/EPI6#879 gas .
At a tenperature of 260 [err]C a maxi mum CH err] content of 0.05%
by vol une was observed in the off-gas. 25 Fol | owi ng activati on,
the tenperature was reduced to 180 [err]C, and the pressure was
reduced to 40 bar abs. Synt hesis gas was introduced at a
superficial gas - vel ocity Ug of 8cn15ec. The Herr]/COratio at
the inlet of the slurry bubbleﬁ lumm was 1.1 (v/v). The

t enperature WO 97/ 17137

PCT/ EP96/ 04879 - 22 - was
increased to 210 [err]C and the sl uPlez col utMm was allowed to
line out for 48 hours. A first ordem®r . constant of 0.11 nol
converted CO/ kg catalygt / bar Herr] was obt ai ned for

Fi scher-Tropsch synthesigg. 5 For conparative purposes, the sane

cat al yst was act Qat ed in the absence of Ii
fixed bed m crofl ow uniidg
operation to deter pfie

[err] C. The water
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kept bel ow 4000 ppnv by varying the hydrogen partial 15 pressure of
the gas m xture. After 3 hours, the gas m xture was repl aced by
100% khydr ogen gas. The catal yst was kept at this condition for 16
hour s. Subsequently, the tenperature was |owered to 180,04E,$”]C’
and synthesis oe@omas’i ntroduced at 800 N /I/h. The H[ err]/ CECIEPI6OBIY 5t | o
at the inlet of the mcroflowunit was 1.1 (v/v). The tenperature
was increased to 210 [err]C and the system was |ined out for 48
hrs. A first order reaction rate constant of 0.10 nol
converted CO:/ kg catalyst / bar H2 s obtained for 25

Fi scher - Tropsch synt hesi s. :I]Va Accordingly, the catalyst activated
in the presence of hydrocarbon liquid r\a\? gbout the sane activity
as the catal yst activated in the absean.o hydr ocar bon |i qui d.
The hydrogenolysis activity during activati On st presence of

hydr ocarbon |iquid was negligible. 37

PCT/ EP96/ 04879 1 |
CLAI MS 1. A process for the ac rej Wenation of a
catalyst in the presenceypf a hydrocarbon IiKJ . cat al yst
conprises a Goup |Ib, Vighgor VIII netal - onpoufld,§ by contacting
the catalyst with a hydrodgn- cont aﬂli gas at §a jhydrogen parti al

pressure of at le 3 Dbs. bee®ockss as clained in
claim1l1, whereint ydr ogen ™ partial presgure is pt | east 20 bar

abs. 3. 4l cess(Qf claigpped 1 n claim2ygherein §he hydrogen
o~
qo o1 [
<
A [
V.
3 \ oy
™
™ ™
o
< ~
o 3 S
O =
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10 partiél pressure is at |east 30 bar abs and at nost 200 bar

abs. w04) Q’n Jrocess as clained in any one of the precegrhSosndgTo
cl ai ns, mhereln e catal yst is a hydrocarbon synthesis catal'yst.

15 -—5——A—pipeeess—&s—cla| med in claim4, wherein the catal yst

i ses alt co and a carr| er_selected from al um na,
SI I i ca(“'lmlﬂu “‘ ﬂll ﬁLa or m xtures thé?eof 6. A process as :
cl ai e e preceding cl aims, wherein the tenperature

is kept in the range f'rom 20 1 tq [err] C 7. A process
as claimed in any one of the precedi clainms, wherein the

superficial gas velocity of the hydr ogen-containing gas is fromO0.5

to 30 cnsec an_dﬁrﬁrocess foxh}tdfé)%%l%l@rﬁ'd}g r%%v'e%a% oygd jconpri si ng
from25 to 25 OO%ety vol une of process as

dro
claimed in afRoHe’®h B REsfsRse o %Yaréﬁcr?ﬁb%éf‘&“ﬁdt h&@bdghal yst is
contacted wi td%attahlﬁ{st comprltaéb’ Gy @rcp mbirogemmnt\mm m@taa.s for 0.5 to

48 hours. th whi cO rlses
activating or OFQOL}I\Perfatl ngéogqc%%&o%ékgion%zafsﬂl&rgy s?”'cﬁ & ld %p
preserice of adnrdriguiardh@as iatuiad hysdmetra@tamgatlh@ressure ofataal y.ehswl th a

hydr ogen- cont.aj Rl gas. at a hydrogen
AVENDED SHEE% WD 97/ 17137 '
PCT/ EP96/ 048729 A process as claimed in claim 1, wherein the hydrogen

partial pressure is at least 20 bar abs.

3. A process as claimed in claim 2, wherein the hydrdgen
10 partial pressure is at least 30 bar abs and at most

200 bar abs.

4. A process as claimed in any one of the pfeceding

claims, wherein the catalyst is a hydrocarbon synthesis J
. catalyst.
15 5. A process as claimed in claim 4, wherein the catalyst

. T comprises a cobalt compound and a carrier selected from
alumina, silica, titania, zirconia or mixtures thereof.
6. A process as claimed in any one of the préceding
claims, wherein the temperature is kept in the range from
20 180 to 400 °C. ' '
7. A process as claimed in any one of the preceding
claims, wherein the superficial gas velocity of the
hydrogen-containing gas is from 0.5 to 30 cm/sec and the
. hydrogen-containing gas is employed comprising from 25 to
25 100% by volume of hydrogen. '
8. A process as claimed in any one of the preceding
claims, wherein the catalyst is contacted with the
hydrogen or hydrogen-containing gas for 0.5 to 48 ‘hours.
9. A hydrocarbon synthe51s process which comprises
act;vatlngf_ hydrocarbon synthe51s catalyst in the
presence of a hydrocarbon liquid by contacting the
catalyst with a hydrogen-containing gas at a hydrogen

r or ﬁEjLL&JZwﬂcuLivlj
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(57) Abstract

The present invention relates to a process for the activation or rejuvenation of a catalyst in the presence of a hydrocarbon liquid,
which catalyst comprises a Group Ib, VIIb or VIIl metal compound, by contacting the catalyst with a hydrogen-containing gas at a hydrogen
partial pressure of at least 15 bar abs. The present invention further relates to a hydrocarbon synthesis process which comprises activating or
rejuvenating a hydrocarbon synthesis catalyst in the presence of a hydrocarbon liquid by contacting the catalyst with a hydrogen-containing
gas at a hydrogen partial pressure of at least 15 bar abs., and, subsequently, contacting the catalyst with a mixture of hydrogen and carbon

monoxide at hydrocarbon synthesis reaction conditions,




