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Field of the Invention The invention relates to a
hydr ocar bon synthesis process with I ncrdased catalyst |ife. Mre
particularly, the invention relates to a slurry catal yti c hydrocarbon
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Background of the Inventlon Slurry hydrocarbon synt hesi s
(HCS) processes are known. In a slurry HCS process a synthesis gas
(syngas) comyi h i's bubbled up as a third
phase throug* : H T the slurry i quid conprises
hydr ocar bon products of the syntheS|s reactlon and the di sper sed,
suspended solBield afithe Ingentiowui t abl e Fi scher-Tropsch type hydro- car bon

synt hesi s catal yst. Reactors which contain such a three phase sluriy are
sonetines referred to as "bubble colums", as is disclosed in U S. Patent

, , : f. whet.h h I d
G porsed | or o umpe R iVeRHaaelate . i dGREOT %mtﬁg?@%&?%%smwﬁb

typically be; g@g&é VRS tp[%g:t, Pﬂ{ﬁﬁ}e pl ug

fl ow and baclﬁé}ngg #alyl“jtsﬁgﬁt SO © o%’gflﬁ{a | scﬁ ?@;ﬁ)gsscﬂﬁo‘??gg;y

catal ysts usehtdlyti®hydficarbsh Syifth P? sfenfployingta §|¥W¢&é@b&lﬁﬁie@w but
reversibly deactlvated by certaln ni {rogenous species in t he syngas
feed, parti cehtalyst ihi@highdatdlystirhalf lifyisgasrenssed byrusingudyngas feed containing

f eedst ocks whi ch contain nitrogen (i.e., natural gas) or nitrogen
contai ning less than fifty parts per billion of nitrogenous, catalyst deactivating species.

Background of the Invention

Slurry hydrocarbon synthesis (HCS) processes are known. In a
shury 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 slurry
liquid comprises hydrocarbon products of the synthesis reaction and the
dispersed, suspended solids comprise a suitable Fischer-Tropsch type hydro-
carbon 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. It is also
known that Fischer-Tropsch type catalysts useful for forming hydrocarbons from
a syngas are rapidly, but reversibly deactivated by certain nitrogenous species in
the syngas feed, particularly HCN and NH;. 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



compounds (i.e., resids, coal, shale, coke, tar sands, etc.) invariably
cont ai ns -2-  HCN ang, err]
whi ch cont ¥ $8%48% he reactive slurry and deactivate the cat AP0 ain>
oxygenat es and car bonaceous conmpounds which are formed in the slurry as

by- products of the HCS reaction are al so beljeved to cause rapid
deactivation. Deactivation of such catal yst's®by HCN and NH3 nmay be reversed
and catalytic activity restored (rejuvenated) by contacting the deactivated

catalyst with Bes aeN] whilll €bRaffin@the réactiveosdant sididennivangtigacitalyst.
Deactivation of such catalysts by these species is.reversible and catalytic

activity is reStasiatoxygenatstadycirborddeoes goatounydscuhichare fgrmed in the slurry
deactivated catalyst with hydrogen either conti nuo_uslg or inter n(Lt tently. as
i s disclosed, dsby-pradmitsofitheJGS reaction aresalsebehigved to oauseapid dgactivation.
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prefer- by catalytic hydrolysis (U.S. 4,769,224) and chemical scrubbing (U.S.
5,068,254), it has now been found that even as little as 100 vppb of a combined
total of HCN and NHj in the syngas will result in a catalyst half life of only four
days for the case of a supported Co metal catalyst in an HCS slurry. It has now
been found that reducing the level of the HCN and NH; catalyst poisons in the
syngas below 50 ppb produces increased catalyst life and requires less catalyst
rejuvenation. A method for achieving such low levels has also been found and is
disclosed in copending US patent application Serial Numbers 08/512,734,
08/636,425 and 08/797,368, respectively filed on August 8, 1995, April 23, 1996

and February 7, 1997.
SUMMARY OF THE INVENTION

The present invention relates to a sharry hydrocarbon synthesis' ”
(HCS) process employing a supported cobalt metal catalyst in which the short
term catalyst half life is at least 10 days, preferably at least 30 and more prefer-
ably at least 40 or more days. By short term half life is meant that the catalytic

activity caused by reversible deactivation of the catalyst is 50% that of fresh



ably at least 40 or nore days. By short termhalf life is neant that the
catal ytic R caused by reversible deactivation of the catalyst is 50%
t hat of fr§7g§9¥/§&4¥7 PC§’U¥9¥”<§§%{4 yst
and that this loss is substantially restored (the catal yst rejuvenated) by
contacting the deactivated catal yst with a rejuvenating gas conpri sing
Herr]. Catalyst activity is defined in ternms of the CO conversion to

hydr ocarbons. Thus, if under a given set of HCS conditions fresh catal yst
produces a COcafiilystrandtRaOthiSlbssts Substahtisily réstoded (thé chtalystaejuvenard) byd
when the conversion drops to 40% as a result of contact wth the

reversi bl y dezontactingnhe deactivated catatystovith ainejuvenatingtgas comprising $pngas)
feed. By reversibly deactivating nitrogenqus species is meant HCN, NH err]
and i xture t Keatalybt agtivitysisdefinednindeppaofthe Q%? copxersin tosBydrocarhons.
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term activity loss cannot be restored (the catalytic activity cannot be rejuvenated)

by contacting the deactivated catalyst with H, or a H, containing rejuvenating
gas. Thus, by long term half life is meant the time it takes the catalyst to have
only half the activity of fresh catalyst and that this activity loss, while reversible,
is not restored by a rejuvenation process in which the deactivated catalyst is
contacted with H; or an H, containing gas. Instead, the catalyst has to be
separated from the sluny and regenerated by processes that include oxidation or
burning, rereduction of the catalytic metai(s) and, optionally, passivation in CO
and/or syngas. Thus, long term loss of catalyst activity in the context of the
invention is regenerable, but not rejuvenable with Hé. Further, regenerable
activity loss is different from irreversible catalyst activity loss due to, for
example, sulfur poisoning, which requires catalyst replacement. The relatively
long short term and long term catalyst life in the practice of the invention is

achieved by using a syngas feed in which the total level of the catalyst deactivat-



achi eved by using a syngas feed in which the total level of the catal yst

deacti vat - -4- ing
ni trogenoudV@PHEMBE HCN, NH3 and mixture thereof is |ess tharPCIIUSISOB6S7
(volume parts per billion), preferably |less than 20 vppb, and still nore

preferably | ess than 10 vppb. A slurry HCS catal yst useful in the practice
of the invention conprises a catalytically-#tive cobalt conponent
di spersed and supported on a particulate inorganic refractory oxide carrier
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of catalyst per hour. Ina furthef enbodi mént, the catal yst enployed in the
process of thecomprsesi ocatalyiticalipaetive mebaltroonspinent idispgeysef and: suppdreed 60 a
mol e % and preferably |ess than 5 nole % This nmeans that | ess than 10% of
the CO conver tpasticelatsinorganig reractory axide carrignor sup pr Aas
conprises catalytically ef.fective anounts pof Co,and one or re Re. Ru,
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products are divty dnesincthelstariard yohime of COaionverted pepvohume of chtabyst pend
illustrative, but nonlimting exanples may be found, Tor exanple, in U'S.

Patents 4,568 1888; In acfietheosmbodiment, the catadyst aymploxnd i thet pracess ofithe:
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effective amounts of Co and one or more of Re, Ru, Fe, Ni, Th, Zr, Hf, U, Mg
and La on a suitable inorganic support material, and preferably one which
comprises one or more refractory metal oxides. Preferred supports for Co
containing catalysts comprise titania and titania-silica composites, particularly
when employing a slurry HCS process in which higher molecular weight,
primarily paraffinic liquid hydrocarbon products are desired. Useful catalysts
and their preparation are known and illustrative, but nonlimiting examples may
be found, for example, in U.S. Patents 4,568,663; 4,663,305; 4,542,122,
4,621,072 and 5,545,674, with those disclosed in U.S. 5,545,674 being

particularly preferred.

An HCS slurry process of the invention comprises reacting a
syngas which contains HCN, HNj; or mixture thereof in the presence of a solid,
particulate HCS catalyst in a slurry which comprises the catalyst and gas bubbles
in a hydrocarbon shurry liquid, at reaction conditions effective to produce hydro-

carbons from the syngas, wherein the total amount of HCN, HNj; or mixture




carbons fromthe syngas, wherein the total anount of HCN, HN3 or m xture _
- 5 - thayeek;sbds7t he syngas is | ess than 50 vppb, preferabl %‘é{ﬁﬁ%’é@ 20

vppb and nmbre preferably | ess that 10 vppb to achi eve a shor erm al yst
half |life greater than 10 days, preferably greater than 30 days and nore
preferably greater than 40 days, and with aslong termcatalyst half life .
greater than 100 and preferably greater than 200 days. Those skilled in the.
art will appreciate the unusually large difference in catalyst half life E

resul ting frdheecofdnahe syngassisdess than 36 wpin prefeseblycless thano20 yppb aadiore

Crown  nat ek 65 e voih i e St iy hip it oeler
' HON NH3j |

T arence 1 nit deh pRefitebly afppbr i 50 0858 abB ol b lBBA7 gl Bah B0C.

catal yst rej akhJ : ' mg){g Eé}gt’ n,
whi | e mai n- %ﬁ%f %@g‘ggggglr’%%% g?t?%zgglg se eé??gef%ﬁ'g g@Plrba@ﬁg% y r'Xgar bon
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HCS process in which the syngas is bubbled up throu a three phase HCS

sl urry conpr idiffegenidecineatalysthalf ¢ife aesulting from agredatively isaall differegel imcar bon
slurry liquid, and in which the catal yst conprised, a catalytically active
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practice of the invention. These include catalytic hydrolysis of the HCN to
NH3, fol | owedehwenatiohrequiremehtsvatdconcomitaschydrogen cohsurhpionwhile main-
optionally, the use of guard_ beds containing one or nore solid adsorbents,
pref erabl y adnining goodpreduetivity apdselestivigytediquid hydrecarbon paedudts.o lde.
This process is disclosed in,copen in&:; US apg_l | C tltﬁn er i ahdgo 08/ 797, 368
referred to JAY9GESS HBvenLgn, has beert demonstrated with a slurry process in

which the syngas is bubbled up through a three phase HCS slurry comprising the

particulate catalyst and gas bubbles in a hydrocarbon shurry liquid, and in which
the catalyst comprised a catalytically active cobalt component dispersed and
supported on a particulate inorganic refractory oxide carrier or support, as a thin
catalytically active surface layer which met the above requirements for
productivity and methane make. This catalyst was of the type disclosed and

claimed in the ‘674 patent referred to above.

A number of methods have been found to achieve the low
concentration of the HCN to NHj in the syngas useful in the practice of the
~ invention. These include catalytic hydrolysis of the HCN to NHj, followed by
scrubbing with water to dissolve out the NH; and, optionally, the use of guard
beds containing one or more solid adsorbents, preferably acidic, to adsorb any
HCN and NH; that may break through. This process is disclosed in copending
US application Serial No. 08/797,368 referred to above. Another method

comprises cryogenic separation of nitrogen from natural gas used as a syngas




conprises cryogenic separation of nitrogen fromnatural gas used as a
syngas -6- feed, so that
not enough WPHOFEHBA is present in the natural gas to produce PEBUSSHSSST,
deactivating species in the syngas generating unit. In this process too,
solid adsorbent beds will be placed between the syngas generation and the
HCS reactor(s), in the event of a nitrogen BPéak through upstream of the
syngas generating unit and result in increasing the concentration of the
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of a slurry HCS ptocess, the rrses reacting-a sy esl's gas
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thereof, in the presence of a hydrocarbon” synthesis catalyst in‘a slurry
conpri si ng. sai solochadsorbenttbetsgwill be ipbdced betweeh\the syngisogenserationy ahd ghe HCS

under reaction condié! anh;ef fective .to form hydrocarbons from said syngas,

sai d catal yst Fesstr(s)i . mPitaimapggnﬁealvﬁveB&w&m&féhc Syngafer sed
SUppor i as = Eferafi hnfhandeshltin HiGessg hESoRtsnPn et of e eatalyd avi ng
a productivit : ) [ a 0 ke
f rgm sai d syn?ﬁ%ﬁ@&ggﬁﬁgﬁléé%g%%éaﬁerlgré)ﬁ%? € gﬁ%ﬁ%“ﬁiﬁ%@?r&%{ﬁur e
Egre;neg; D esenHOYprieless, 1€ invertRnScdmpse reagiRg a0syiithésis gs&b@m riding P ¢
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conpri ses hydr mistupe of pl,cid-CO aid tostabiing AN, INH, ohintixturechereod] ih the t he

reaction conditions and a portion is continuously or intermttently
wi t hdrawn f r onpresencs of a hydasarbonr symthesis| catalyskint s slunpieerprisingssasd eatalystg

produced. The hydrocarhan Liqyid, withdraw from.the reactot conpt.i.ses
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at least partially, and preferaply substantially conpl et el_ly, restores the
catal ytic actilayes saidcatalyst bavingaiproduchiityrofoat lgast k56l r antd less than 5 mole

% methane make from said synthesis gas, and wherein the amount of said HCN,
NHj or mixture thereof present in said gas is less than 50 vppb so as to achieve a
short term catalyst half life of at least 10 days. The hydrocarbon slurry liquid
comprises hydrocarbon products of the HCS reaction which are liquid at the
reaction conditions and a portion is continuously or intermittently withdrawn
from the slurry HCS reactor as long as the hydrocarbons are being produced.
The hydrocarbon liquid withdrawn from the reactor comprises Cs., primarily
paraffinic hydrocarbons and is typically upgraded into more valuable products
by one or more conversion operations, or sold neat. As the HCS reaction
progresses, the catalyst loses activity due to the presence of the HCN, NH; or
mixture thereof in the syngas and must be either continuously or intermittently
rejuvenated by bubbling H, or an H; containing gas up through the slurry in
which it contacts the catalyst and at least partially, and preferably substantially

completely, restores the catalytic activity, as is disclosed in the prior art referred




-7- to above and nore preferably after all or at |least a portion of the CO
has been rﬁ@)ﬁ%ﬂ J7rom the slurry. DETAI LED DESCRI PTI ON PCT/US98/08687 I n
a Fischer- .ropsc‘f‘n slurry HCS process, a syngas conprising a mx{Uure 013
Herr] and COis bubbled up into a reactive slurry in which it is
catalytically converted into hydrocarbons agd preferably liquid
hydrocarbons. The nole ratio of the hydrogén to the carbon nonoxi de may
broadly range fromabout 0.5 to 4, but which is nore typically within the
range of fro f Riott oPthe Rasobeethe
stoi chi onetr in%:@rm ee %{%&F@Zf;@&ﬁﬁaﬁg ggg?ﬁﬁﬁ%praeact?g% iggz. 0, but

t here are manyerheoedfiont the slai other than a stoichionetric ratio as those
skilled in the art know and a di scussion of which is beyond the scope of
the present invention. In a slurry HCS process the nole ratio of the H2 to

CO is typical lﬁ about 2.1/ i il grrﬁ HCS process condi- tions vary sonmewhat
dependi ng on T S ed products. Typical conditions
effective to form hydrocarbons conprising nostly Cerr] paraffins, and
preferably CJerr] paraffins (e.g., (Jerr]-Clerr]), in a slurry HCS 'process
enpl oying a catal yst coriprd fj A r | Aroe8450Q at 66 ing 8"
h'd Piseﬂeﬁﬁgﬁ%gﬁl f 08! process ’lg(i}% s B6mprRing

exanpl e, tenperatures, pressures an gas space vel ocities In the

range of fromfRAlE o073, S0P ICO i3 bubBRdARPints ia reactiV® Stuffy OWhiCHitiY,
expressed as standard vol umes of the gaseous CO and H2 m xture éO[err]C, 1
atm per hour caﬁﬂdyﬁwmwermdtiatqhydrambmm anck preferably liguidhydsocarbons.
rejuvenation conditjions of tenperature and pressure afe sim/lar _to those
for hydrocar bdhesnoleragioof msngydmgeg@dbe &arbon mnem@ maybroadly rapge Feom
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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 condi-
tions vary somewhat depending on the catalyst and desired products. Typical
conditions effective to form hydrocarbons comprising mostly Cs. paraffins, and
preferably C)o. paraffins (e.g., Cs.-Caoo), 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 H, 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, including contacting a
hot carbonaceous material such as coke or coal, with steam, or from a feed
comprising methane. A feed comprising methane is preferred for convenience,
cleanliness and because it does not leave large quantities of ash to be handled

and disposed of. The methane containing gas feed is obtained from natural gas




-8 - or by burning coal, tar, liquid hydrocarbons and the like and is fed
into a syngﬁi enerator. The production of syngas from nethane by either
partial ox"HAPFWMB7 st eam reforning or a combination thereof PETEIPOREED W -
as is disclosed, for exanple, in U S. Patent 4,888,131. In many cases it is
preferred to catalytically partially oxidize and steamreformthe nethane

in a fluid bed syngas generating unit (FBSG?'as I s disclosed, for exanple,

in US. Patents 4,888,131 and 5, 160, 456. Irrespective of the source of the
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deactivate a Fischer-Tropsch HCS catal yst, particularly those conprising Co
as the cat al ysteannefaimingsort dicombirmationr theresftisasell Rrawhi asasidisclosed, fose
species is reversible and the catal yst can be rejuvenated by contacting it
wi t h hydr ogenexample, ind1.5r Rateoh 4888, htl.c In mamy cases it isiprofesredotorcagalytically

ool osca:  cpadlfypindael HESmRasin e Sdbind YT Sonis oruine
Lot m catal ys: SCFESOLASH WSaba Tot Sxigle ih 175 Baletts 45,13 Cpa ™7 O
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the syngas beihg fed into an HCS react or ess t preterably

l'ess than 20 wmairﬁﬂ? coRipounids fapé present 26 the ivethahe compkiningogadfd inketighor t

termor H2 rejuvenable catalyst half life will be at |east 10 di?/s_,
preferably at symgastgederatansomeiofiwhieclparef ecorvertedanto Dy anh HE slusing ther

the long termcatalyst half |ife tQ he at |east, 100 days apn referably at
| east 200 day§ynges tighe d hesevwill deaciivates Fisehar-Tropssh Jr?ﬁg cp@iyﬁat al yst

of the type disclose nd clainmed in,U S, Patent. 5 545 G74.,in a reactiye
s ol urty. BB RikseomTAnE L a5 ths Cateltic Tuefalis A tedhrfor it fapskies,
syngas resul t 3.4 4: | |
V1o s moant SrRANRERNT Bokf bodds Dircieible td Sl odh B 1ot by
50% in 4 daysconfactifi itwith Hﬁh‘@%exﬂfTﬁi)%dsﬁorhﬁbmdﬂth@Bﬂﬁmm adtivity bf aneans
that the productivity of the catalyst (and, conconmitantly the reactor),
measured in reversibly deactivated catalyst is referred to as catalyst rejuvenation and is
disclosed, for example, in the 5,260,239; 5,268,344 and 5,283,216 patents

referred to above. It has also been found that both the short term and long term

catalyst half life of a Co containing slurry HCS catalyst are unacceptably short
unless the combined amount of the HCN and NHj present in the syngas being
fed into an HCS reactor is less than 50 vppb, preferably less than 20 vppb and
more preferably less than 10 vppb, so that the short term or H; rejuvenable
catalyst half life will be at least 10 days, preferably at least 30 days and more
preferably at least 40 days and for the Iong term catalyst half life to be at least
100 days and preferably at least 200 days. As mentioned above, with a Co metal
containing HCS catalyst of the type disclosed and claimed in U.S. Patent
5,545,674 in a reactive HCS slurry, 100 vppb of a combined total of HCN and
NH; present in the syngas results in the catalyst having a half life of only 4 days.
By half life is meant that the overall activity of the catalyst body is reduced by
50% in 4 days. An activity level of 50% is totally unacceptable. It means that

the productivity of the catalyst (and, concomitantly the reactor), measured in



-9-d ternms of COcolnve][sion, Is only 50% of what it should be in 4 days. A
produc- ti of at least 90%is desired. This neans ftpggys lic
or bat chwi ?g%ﬁéjogg\?:nation, the reactor is taken off-line for one-sagigf‘ttgr of
each day to naintain the activity level at no |ess than about 90% during
which tinme the catalyst in the reactor is rguvenated with hydrogen. As a
practical matter, the reactor is off- line nore than one-quarter of each
day, due to the time it takes to purge out the syngas, pass in the hydrogen
or hydrogen cestiti of CO converyion, iepnlyesis ofpwhatit shaukdemin 4 days. A peoducs
reaction. This results in a continuous, average 25% 1 o0ss of Xdrg%flr ban
]

pr;)dijctj[og fr:i!viuy{‘levele?f:aﬂﬁaﬁe?ﬂgﬁ isidepired; dVsmeans thatin cyghc 15¢
catal ys eac t . it ' .
G ops. resul 1 AGUVENRtioR R TSAStoR 1 G HHTUIne 0% PhEHUAEiEE OF sAch e 1o fhinfal
i ncrease in h . . t hvel | is
const ant despi %g&ﬁgtxEfvﬂ?tpsggﬁﬁ%@&ﬁogggaﬁrmﬁﬁgﬁ F%Zﬁxrgggg[]g%t'lﬁ%é’
tenperature, %Ectb{isgxe@‘fv?éﬂa&éd Wigﬂaq%@ﬂgg%.v o ¢/a pfidital RatRASHeirsactoF IOOH-

e n i dul

make and consequen rease | product "nmake. At a conbi ned 'HCN and

NH err] level |ipfe mbfdthatCondrgiarter bﬂ&dyd?q&inet tocthe dime jtstakesatof purige ot $he0
days. This neans that about every fourth day the catalyst has . to b

o uvenat e, syng, s mths kg g somping ARl e aring s
o wvenatfon a3 For the cope gRRve, 0l 10 a0 Svet e BLeduElL oo beaeI
il Wi i e Pl B S
a producti vi t@%%ﬁ@}g& Ak 9‘5? O%Wgﬁc%@tg%di%ﬁs lihd @oﬁ%xéiléﬁtkvao

days when the anounts. 0 out 13-17 vppb. In the

case of a sl ”rdrﬁgi"gé 8§ 8 delchéase dh dguid hydrddaeben wiake s bmaliihtrease in
continuously rejuvenated wth the reactor remaining on-line using the

met hods di scl qaethahs maks. Ritermdtively,26Mmvesdoncdn bededd selatively constant despite
the case of a catalyst half life of only 4 days will still consune five .
ti mes more hydhegetalyssjdeastivation, bjainoredsing the rracton tancr%&é*t %s ts in

dt ti i i
and ten times atrhe?at?\r;elw qgrgreeiﬂgl"éa%g itfl e ane n{jai% A c]:conls}:al‘fent decrease in liquid
product make. Ata combined HCN and NH; level of about 20 vppb in the
syngas, the catalyst half life is 20 days. This means that about every fourth day

the catalyst has to be rejuvenated, using the same amount of time and hydrogena-
tion for the rejuvenation as for the case above, yielding an average production
loss of only about 6%. At about 40-50 vppb, it is about 15%. At a combined
level of about 10-12 vppb, the catalyst half life is about 40 days and the catalyst
has to be rejuvenated for one-quarter of a day only every 8 days, yielding a
productivity loss of 'only about 3%. The catalyst half life is about 30 days when
the combined amounts of HCN and NHj is about 13-17 vppb. In the case of a
slurry HCS process, the catalyst in the slurry can be either continuously
rejuvenated with the reactor remaining on-line using the methods disclosed in
U.S. Patents 5,260,239 and 5,268,344, Nevertheless, the case of a catalyst half
life of only 4 days will still consume five times more hydrogen rejuvenation gas
than if the half life were 20 days, and ten times the amount required for a 40 day
half life.




-10- While prior art nmethods have included catal ytic

hydr ol ysi s I cal scrubbing for reducing the synthesis _gas H

cont ent to‘gangJ\}gﬂA) or 100 vppb, even 100 vppb of HCN in thé’%;mgg\lsq% an-
unacceptably high level. Further, HCN renoval by al kaline scrubbing and

wi th al kaline ferrous sul phate solutions is_hanpered by the presence of
other acidic materials in the syngas, part’ileul arly CJerr]. Washing with
wat er which contains chemicals is further disadvantaged by process

conpl exity, costly chem cal consunption, and waste di sposal demands. Al so,
while NH3 is water soluble, HCN is not soluble enough in water to be able

Lo remove 1t down Lo theyhly gt ahemeiho @ Seliachuded canllyiohg gk nliess

than 20 vppb and nore prefer | ess than 10 vppb requited to athieve

reasonabl e | egidmical scrabbingsforiradacihgfthe syinchesis gas HCMotontenttodd. 03 vet%ore
not sel ective enough to renove the HCN down to these | evels. Sonme prior art

AT s ang ohipsbeasiuatol gty pumloins pcgmact ok b
catsl ysts W g REMIER Siceaiue Egial st Ko Suil gk B0k R oceds 1o
3L Wl RS S Al A SN A
usef ul ope?at Pﬁgcglmrnggcp&' %gﬁﬂgﬁﬁﬁﬁ{#ﬁé}ﬁaﬂﬁé}]@%?f lgglrll@gﬁl; ration
to the desi redish&vaitggedrby dxe ¢ontplexity ssvitlychiehdcslogmmnidinigiana and twaste

applications referred to above are preferred for achieving the |ow |l evels

of HCN and NHdispesalidemanids: AlsocwhilielNHg is wiagertsoluble, HGN is not soluble enough
I I HCS di t h t) f the i tion, |iquid
and gaseous B o e A0I6Eeows & dosymEn s lovs el PRIFsh feghs0gbpb,

I Si ] f |_t,h Fi T h f _HGS
comrt 110 Bhebby Ry 2 Y5 et S IR, R e B
non- shiftingaQRped tdalBRable 1804IS 3flchialy &t HAIF 2. VEhERiA Sciibbidg pfoteksddthre

occurs,

not selective enough to remove the HCN down to these levels. Some prior art
catalytic conversion processes have employed relatively low activity catalysts
which require excessive catalyst volume and/or high processing temperatures.
Other processes have employed sulfided catalysts which will leak out sulfur and
irreversibly deactivate an HCS catalyst downstream. Processes which rely
primarily or solely on adsorption to remove the HCN and NH; require imprac-
ticably large quantities of adsorbent to achieve useful operating times to reduce
the combined HCN and NHj concentration to the desired levels. The methods
disclosed in the copending patent applications referred to above are preferred for
aéhieving the low levels of HCN and NH, required for acceptable catalyst half
life.

In a shurry HCS process according to the practice of the invention,
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,



-11- particularly when the catalytic netal conprises Co, Ru or m xture

t her eof SuiP&y) | scher-Tropsch reaction types of catalyst ' or

exanpl e, one orﬁﬁ@re Goup VIl catalytic nmetals such as Fe,wgégﬁssﬁu and

Re. Particularly preferred in the practice of the invention is a catalyst

in which the catalytic netal conprises a geit]a_l ytically active cobalt

conponent di spersed and supported on a particulate inorganic refractory

oxi de carrier or support, with the total thickness of the catalytically

active |ayer pditi_&ii'l@rl?&@ﬂ@n tie tatalptibMietal Toatistises 6 Ru or Mixtueheieof.

particles of a dianefer greater than these values, the netal wll be

i npr egnat ed SBuitablé Fischer<Txopsdhaxeaction typescaf catalysh comipsise afoyeexample, sonepar t

particles smaller than_the upper Iimt of this range, the catalytjc t al
g{;} e&baR mf

may be ei t hermorg Gsewp Viligatalytigmetalssushyaolie, Nh wiapddie.o Pagioudanly o g
t hi f I . Pargffinic, C. . b A
Sfe?fe; red QEBrsfee‘f%eéféﬁwaﬁ%%m REfheYeBtionis e cpialy R iR yaRSBAnB SR nitd

araffins. Pr . ‘

150 hr[orr] Aot (ALY KRl Coball i fort Wit tad ihd SfiEREofth
10% More sp icaRatd ihoi‘gﬂﬁé?eﬁﬁétoﬁ'g)ok'idé‘@%r dr%ﬁg?éﬁ,awﬁi theQotl thitkness
catalytically effective anounts of and one or e of Re, Ru, Fe, N,
Th, Zr, Hf, f tulyticalbnactivilayeb ire the rangervfdrommbout 5,20@mietonsaRo
pr ef e:abl y one 1\i/\«/haiegh'c'orrp?in?sles‘&(%)l'r?téret)rlermerﬂle r'e'?’jr ac?gr g metal- ogldeqsl,l.sa o

Fr '?;ﬁir E;Si F:—Jc,a cost %?fgdﬁ?ﬂﬂljl rl ytﬂ&??@?ﬂﬁ@e?ﬁ?@@%&bir ocess
in which hi GHEIPTREREE o8 & Q@n gerface,fayieh np thickes thar ﬁa?mae_rt R swfatt -
a)r/e known angg #ﬁ%éﬁpgi{lﬁ/’ gﬁﬁtﬂl%d%ﬁﬁwttl %@g@%ﬁe‘g‘%ﬂ?@%ﬁ%’@ﬁtﬁgﬁ“@o@e

G 545, 674, witiiner SRRty fmphiliafelt hqhBRout e phaRlts bf depbyiedpod fCitn)

preferred.  surface layer. Pardffiniby0xphpdivvasben prodiets e prefarresd miid paferably
according to the invention are typically upgraded to nore val uabl e

products, by morg thani 50Y6afithe Csa hydradashons wil deqiaraffinshyRreferabhothe catalyst

fractionation /[ or conyersi,on, By convyer- . _ .
{ﬁ]gave a pro uctlsvlty in exycess of 150 hr! at 200°C and exhibit a methane

[

selectivity of less than 10%. More specifically and as set forth above, the
catalyst comprises catalytically effective amounts of Co and one or more of Re,
Ru, Fe, Ni, Th, Zr, Hf, U, Mg and La on a suitable inorganic support material,
and preferably one which comprises one or more refractory metal oxides.
Preferred supports for Co containing catalysts comprise titania and titania-silica
composites, particularly when employing a slurry HCS process in which higher
molecular weight, primarily Cs. paraffinic liquid hydrocarbon products are
desired. Useful catalysts and their preparation are known and illustrative, but
nonlimiting examples may be found, for example, in U.S. Patents 4,568,663;
4,663,305; 4,542,122; 4,621,072 and 5,545,674, with those disclosed in U.S.
5,545,674 being particularly preferred.

The hydrocarbons produced by an HCS process according to the
invention are typically upgraded to more valuable products, by subjecting all or a

portion of the Cs. hydrocarbons to fractionation and/or conversion. By conver-
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-12- sion is neant one or nore operations in which the nolecular structure
of at Ieas%wgggg&%}on of the hydrocarbon is changed and i ncl udes both .
noncat al yti ¢ process- ing (e.g., steamcracking), and cataly?FE"SPﬁ@gggrng-
(e.g., catalytic cracking) in which a fraction is contacted with a suitable
catalyst. If hydrogen is present as a reactgnt, such process steps are
typically referred to as hydroconversion an “i ncl ude, for exanple,

hydr oi someri zati on, hydrocracki ng, hydrodewaxi ng, hydrorefining and the

nore severe h ﬁﬁqg aidant Bde B?E;F(?ﬂt’ee erftiGis Wﬁh%{ﬁ@tﬁaﬁcuﬂrlshﬁg yglﬁfg!g A%Bn

conditions we known 1 n the ature tor roconversion o

feeds, i ncl uda pertioilop ey Bedrotadon isichinged and aidludées béthl nticaedlitie prévess-
nonlimting exanpl es of nore val uabl e products formed by conversion include
one or nore oing{esgnsteam eracking); amd catalytici protessing (d.g1 catalytic tracking) in

| ubricating, industrial, or, medicinal, oil, waxy hydroc ons, niitrogen and
oxygen cont ai Whigh 2 fiastionds contagted wi i%@!‘%‘%{ G?éij)fslﬁe ﬁlf ﬁ)‘@lﬂgﬁégs DFRSCBE as1dr o
of notor gasolin diesel fuel .  jet fuel, and.kerpsen ile lubricating
o1 1 Tl udes. TeRgfnt, SHRHIRIOCES, oA 15 YPlcally YeRR B 5" Ay s aRvesStia A of s
| ndustrial oi}..i 1 d: L1tk dS, L, ' t
transfer fluids Mz}ir?d ‘f?ﬁéx%tiee., ﬂ&&&lé&ﬂeﬁ%&i hﬁaééuﬁ%?'gg@odﬂﬁﬁé’vari ous

ot her enbodi NRydroréfikingneid the Fhoreevere hjd@roréfsinaGeféfed fifad H%’&*&Heﬁﬁngﬂ alt
be apparent to, and can be readily nmade by, those skilled in the art

wi t hout departomductedat ¢draliionpwelirichowm in theoliteritare forchydrooonfeersionbefi
above. Accordingly, it is not intended that the scope of the clains
appended her el arbon feeds,tincluding: hydrocarban fosds sichsiatparaffins. JMhlustrativet
rather that the cl

' . b t d i || t he feat f
patent- able BWIﬁifnnﬁkﬂgg??‘cq’O@n Fégﬁmﬁéﬁ’?@?‘& 2’2&‘?&%?‘?@%&1’3’ icfe?BVgﬁ%F‘#rbegllo
t he feat i i , . j th f
byt heoe. it 1 RIS LRI ofldl S ErulE oif SRS 630, BRinCSaVeds] e ©0

lubricating, industrial or medicinal oil, waxy hydrocarbons, nitrogen and oxygen

containing compounds, and the like. Li(juid 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.

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 patent-
able 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.



]: 13- y CLAI MS: 1. A slurry hydrocarbon synthesis process
or ma ing“,!g'#ﬂ' gs7 hydrocarbons froma synthesis gas mxture { ol -
Herr] and, |gh contains HCN, NH[err] or m xture thereoffgﬁgé mmess
conprising reacting said gas in the presence of a hydrocarbon synt heﬂ Si
catalyst in a slurry conprising said cat gllgs;t and gas bybkjeeias Be Repias®
hydr ocarbon slurry liquid, under reaction Conditions ef u“
hydr ocarbons from said synthesis gas, at |east a portionm\\ \%@i&
liquid at saidpngid: on conditions and wherein said slurr |

conprises said liquid hydrocarbons, said catal yst having a productivity of
at least 150 hr[err] and conprising a catalytically active cobalt conponent

on a particulate inorganic refractory oxide carrier, ang wherein, the total
amount of said HON, NHler Ajslurryrhydroearbonsyathesis prosgss for making W&esi s

is | h 5 . : . . . i Ng. '
Ea\zvnlafei Eszait R drpanthons dma sythesis gas BN} COTRINIE R ROV HISS  or )
a6 cat alyt i ctaips HEN, NEs or YoixfsR 16207, 838 BEGCRS cbifpricihd Teactiig sl d gns
and suppor t edipOheditesdicd YT fhm?%dﬂ Wﬁ? citdRAPI a slurry comprising said4. A

process according“to claim3 el n sdid catal yst has a net hane

sel ectivity Oéatbs@ﬁaﬁ@gﬂs Bubbles ifi@ hydrocarbon slurry ligaid, Aupterveactionceondi+ ng
to claim4 wherein said catalytically active cobalt conmponent is present on
sai d support tiensicffegtive tof fornmohydrozarbons from said synthesis gas, at least a portion of

which are liquid at said reaction conditions and wherein said slurry liquid
comprises said liquid hydrocarbons, said catalyst having a productivity of at least
150 hr'! and comprising a catalytically active cobalt component on a particulate
inorganic refractory oxide carrier, and wherein the total amount of said HCN,
NH; or mixture thereof present in said synthesis gas is less than 50 vppb to
achieve a short term catalyst half life of at least 10 days.

2. A process according to claim 1 wherein said hydrocarbon

liquid produced by said reaction comprises Cs. hydrocarbons.

3. A process according to claim 2 wherein said catalytically
active cobalt component of said catalyst is dispersed and supported on an

inorganic refractory oxide support.

4. A process according to claim 3 wherein said catalyst has a

methane selectivity of less than 5 mole %.

5. A process according to claim 4 wherein said catalytically
active cobalt component is present on said support as a layer of from 2-200

microns thick.
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rding to claim4 wherein said total anmount of said HCN,

6. A proce (o)
NH[ err] ori’?r?g@g%gthereof present in syngas is |ess than 20P&IAIS98/08687 .,

7. A process
hal f life of
days.

hydr ocar bons
according to
are upgraded
pr oduct s.
total anount
than 10 vppb
days.

according to claim6 wherein said catalyst has a long term

at |l east 100 days and a short termhalf life of at |east 30
8. A process accordl'r}é'to claim?7 wherein said (Jerr]

conprise primarily paraffins. 9. A process

claiml whey eWgﬁicek@ﬁééor&ir%th ¢18#tn 9 whévein @Lﬂrtplax fapsh‘ﬂﬁ%fbons

by one or nore tonversion operations to nore valuable _
said HCN, NH; ot thixturp theresf passent ifi Sitngas is lessthéh 20appbn sai d
of said HCN, NH3 or m xture thereof present in gas is |ess
to achieve a short termcatalyst half life of at |east 40

7. A process according to claim 6 wherein said catalyst has a long

term half life of at least 100 days and a short term half life of at least 30 days.

8. A process according to claim 7 wherein said Cs. hydrocarbons

comprise primarily paraffins.

9. A process according to claim 1 wherein at least a portion of
said Cs. hydrocarbons are upgraded by one or more conversion operations to

more valuable products.

10. A process according to claim 9 wherein said total amount of
said HCN, NH; or mixture thereof present in gas is less than 10 vppb to achieve
a short term catalyst half life of at least 40 days.
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