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HYDROCARBONS FROM GASEOUS HYDROCARBONACEOUS FEED The present wﬂx?erNﬂVdBﬂﬁ
_relates towd @heeRss for the production of hydrocarbons fr

hydr ocar bonaceous feed. This process gonprises in general t e converS|on of
a 5 hydrocarbonaceous feed by partial oxidation using an oxygen containing
gas into synthesis gas. Subsequently, this synthesis gas is catalytically

converted into hygllﬁ@@@é§°é‘°(§RU§}'ﬂ§'9Pﬁ05U§@f§ﬁ aﬁoﬁ?ﬁﬁoéﬁﬁﬁbﬁét FROM

US- A- 4, 046, 829 di scl oses a nethod for producing 10 hydrocarbons from coal
using an iron based Fi scheGASEOSSs ¢TY DROCHRBINACESAIS iIFEEfasi fied and
synthesis gas forned is gas scrubbed and subsequently subjected to partial
oxi dation with oxygen. After the Fischer-Tropsch conversion of synthesis

gas | ow hydrocarbells @Fé&sdm SEPRAAE £6h FELYELed-and ﬁf&@és@fBP”tHéOX' de

removal mixed with synthesis gas prior to the partial oxidation.

US- A- 4, 433, 065raiisct beesof pydcessripans pf oduciase tysrbgdrboasbbnanecoal
using a cobahéﬁgised Fi scher- Tropsch catal yst. After renoval of |iquid
hydr ocar bons he gas phase is subject to carbon dioxide renoval. After

separation a hydrpges SeieEdSi d@nst 1 £38N 18 §EEYEAE0hO cbheepaibhabs 2
oxi dation process, a light hydrocarbons conprising streamis recycled to

t he cbal ga5|hY@%@¢%Wb0¢ﬁQ%Q%% ferd Ry cpabohahopokideieonpeisgngnstreamis
20 oubl oot o0 Lo, SRIOUL B Lot elSclite’ Ly, BROEIat Lo ol By, 350
Fi scher - Tr opsighi €ad ghdisdsid ngadi ©h b€ DeRI HON] ¢ 0D b & Pgd Jastbs subj ect ed
to steam O 7 NOV 2006
hydrocarbons using a Fischer-Tropsch catalyst.
US~-A-4,046,829 discloses a method for producing
10 hydrocarbons from cocal using an iron based Fischer-
Tropsch catalyst. Coal is gasified and synthesis gas
formed is gas scrubbed and subsequently subjected to
partial oxidation with oxygen. After the Fischer-Tropsch
conversion of synthesis gas low hydrocarbons are
15 separated, recycied and after carbon dicoxide removal
mixed with synthesis éas prior to the partial oxidation.
US-A-4,433,065 discloses a process for producing
hydrocarbons from coal using a cobalt based Fischer-
Tropsch catalyst. After removal of liquid hydrocarbons
20 the gas phase is subject to carben dioxide removal. After
separation a hydrogen comprising stream is recycled to
the partial oxidation process, a light hydrocarbons
compriSing stream is recycled to the coal gasification
process, and a cérbon monoxide comprising stream is
25 subjected to combustion for electricity generation.
US-A-5,324,335 discloses a process for producing
hydrocarbons using an iron-based Fischer-Tropsch catalyst

in which hydreccarbon containing gas is subjected to steam
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val the synthesis gas is subjected to the 7 NOV 2006

Fi scher - Tr gag6inoassaver sion. Light hydrocarbons are separat egrpasyeked and
m xed with the synthesis gas. 5 The present invention has for its object to
provide a process for the production of relatively high hydrocarbons using
a cobalt Fi schefefmnbpgchioeapabyatingVeyethastiscyaar.l Wi tidre daweni i on
concernns a cobalt, ¢ esp

10 favorabl e FoPXEABALEFAYEL FBPaPYREIPSEGe a0t SOPIAFEDIR B in the

Cl10-C14
Cl10-C14

r angeFQEEhQF

hydr ocar bons

at al yst ecially a cobalt-zirconia catalyst, which is
%ﬁ%J

—@rbbEBB?Eof}O@ri\ioB‘?aYJig;gltfr ARl Javor for
I hydr

, especially unsaturat ocar bons, results however

in a higher pepdnetedn oécptlgdsanbemicenpariéedh wiheh synitecess ds which is

opti mal

for the prod

eav paraffinic _products., |n nodern

uction of  the st
concept plant desfd® Pﬁ?%?an?ﬁﬁﬁnggﬁnngﬁsb OFI&FédF%GFqnsqﬂaﬂﬁ9 Br
reprocessed. Jhe.psesept tnaggibeac@&% 6%8&1%%%194%&% his 20 problem

with the process for the pro

ction of hydrocarbons™from gaseous

hydr ocar bonackepdsotaedonsonpingi agcthe 1$t s chier-Tr opercthi alatedisdet i on
on of the gasepus. hydrocarbonacegus feed and oxygen nt ai ni ng gas
at 25 el evatidare }ﬁri ﬁﬁ 2 §§P%i

conversi on of .syRI P61 Se8p8cPh13yeR cbbatislng e fakaldsthasad Fiaphal -ilg opsch

conver Si

cat al yst

into a hyd
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catal ytica

rocarbons conprising stream iii) separating the

hydr 8€ar bons fevnprakiagistrrenedetingOastrepatiiye dtegdg kydnodardfons product

stream and a‘£§§¥8é§rbons in tﬁgdc10~clq range beside a lighter and a

15

20

25

30

heavier

especia

stream

fraction. This favor for Cyp~Cy4 hydrocarbons,

11y unsaturated hydrocarbons, results however in a

higher production of offgas when compared with a process

which i

s optimal for the production of the most heavy

paraffinic products. In modern concept plant design this

offgas may not be flared but is to be used or

reprocessed.

The

problem

present invention provides a solution to this

with the process for the production of

hydrocarbons from gaseous hydrocarbonaceous feed

comprising the steps of:

1)

partial oxidation conversion of the gaseous

hydrocarbonaceous feediénd oxygen containing gas at

elevated temperature and pressure into synthesis gas;

ii)

catalytical conversion of synthesis gas of step

i) using a cobalt based Fischer-Tropsch catalyst into a

hydrocarbons comprising stream;

iii)

separating the hydrocarbons comprising stream of

step ii) inteo a hydrocarbons product stream and a recycle

stream;

ang

J—



0 7 NOvV 2006 WO 03/104355 PCT/ EP03/05962 3 iv) renoving carbon dioxide
fromthe recycle stream and recycle of carbon di oxide depl eted e QVQMB
stream to woep/1dpss According to the process of the inventi gdhifsame
hydr ocar bons conprising streamis separgted in a hydrocarbons produc
stream and a recycle stream Carbon dioxide is renoved fromthe recycle
stream and t hgvpar bonregdooxhdecdepbet edokeaycteomt tRamresyusedsaseant eed for
the partial oxidation_conversion. Preferably at |east 10_70 vol. % of carbon
di oxi de i s reWdVelSCHBie piefBrRBNydaPXipBagdEraetes reryeden skEEETAEr er abl y
at | east 90 V&eg’ : )The recycl e stream conprises predom nantly hydrogen,

car bon nonoxi de, d’to c3 hydrocarbon, in sone cases also C4 and m nor
amounts of C5+ hydtosadbny aondthaepiscasslbfntheogenenabba gasses. A
reprocessing of the recycle streamw thout prior carbon di oxide renoval

woul d >have reBVFFeAATACEYNCABRF S5 98sShatRRgia PERAMALED f8t Po which is
| nappr opri at %§;§£ﬂ§g§so§qe bRBafiLecletadhOBARN,CABKIELILORLOLRY LGS, 9as 20

for the objecte rocarbons. Direct use of the recycle streamin
partial oxi dadioridenuersepnvedufdopr bhedeecsyithesirsagasnv thea cioddn gh

I | of i ._R | bon. di oxi d d t t tial
oxi dat fon | CORRFOBNAGPLFCPRGAERITAE. PEUERTOF S| REPES Sonat RE°95 SognHEsi s

gas produced.pilseiff bRedealBANcEhoXdeondepletedabegyehkeiskhceamin turn
results in the use of |ess oxygen in the partial oxidation conversion. The

recydlle stream?oppinkzes chebearBoaxaflei sFenePovRdl heorgr pEedsrablivs atn its

turn increases the pher Oyl s 30.6LE1 6L enCY QhotDB1 0" 38050 BY! Ly Removal of
car bon PR .%.
{ The recycle stream comprises predominantly hydrogen,

carbon monoxide, Cq7 to C3 hydrocarbon, in some cases also
C4 and minor amounts of Cgy hydrocarbon and inerts as

15 nitrogen noble gasses.
A reprocessing of the recycle stream without prior
carbon dioxide removal would have resulted in'synthesis

gas having a low Hp/CO ratio which is inappropriate for

use in the Fischer-Tropsch conversion of synthesis gas

20 for the objected hydrocarbons. Direct use of the recycle
stream in the partial oxidation conversion would provide
synthesis gas with a tooAhigh level of inerts. Removal of
carbog dioxide prior tec use in the partial oxidation
conversion will reduce.ihe level of inerts in the

25 - synthesis gas produced. Use of the carbon dioxide
depleted recycle stream in turn results in the use of
less oxygen in the partial oxidation conversion. The
recycle stream optimizes the carbon efficiency of the
process. This in its turn increases the thermal

30 efficiency of the process. Finally, removal of carbon

dioxide reguires less costs than a conversion of carbon

dioxide in carbon monoxide.



di oxide requires |less costs than a conversion of carbon dioxide in carbon
nonoxi de. 0 WO 03/104355 3 NO V6 PCT/ EP03/0596 2 4 According t 7t 7
invention twe opneesss of the invention allows the use of alquﬁp g%

Fi scher- Tropsch catal yst, especially a4cobalt on zirconia catalyst mhlch
is favorable for the production of 5 C10-Cl4, hydrocarbons whereas the

of f gas produced dbesorﬁéngrbguthelnnae@%ﬂ@ﬁsthé Eﬁ@%@%ﬁ%<ﬁﬁ1ﬁbsts and t he
amount of carbon d oxi de

b d ¢
hydrocarbonac%’&vgn &8l & mﬁﬁgﬁse %F@ég Oﬁsg Eﬁﬁg_g) 5%?51 '%%Sbgn Jaseots

di oxi de. 10 T'b@o?é@Be&ét@ﬂ.yé@?)’@bp&@:ﬂaﬂ@.ycérl@@fﬁ)ad.ltO)@rﬂ&J_Mﬂa?d recycle
streamis sinplified if this carbon dioxide depleted recycle streamis

first conpresSetalubkedwhieh igadavesakier do4r Béa
subse%uently |nt&oduc ?d%gcgggoggrhb%rﬁgélq%gl%&. ggy%5§xﬁﬂ%Q§uﬂg315 oxygen

cont aini ng gas Léf de 0 avol up of process, it

is preferred M@@nlf»ega £OLnt Bocheeyelostneamn al ot epdid Jand the bet neen S

and 50 vol.% preferably between vol of the tota strean1 is
used as 20 fuemohntsbéauarbbnrdungldb gas@&uxemanmambanmmmnksduﬁxtofor

produci ng hydrogen sup | ement fo nt hesi s gas of ep.i.). Accor ngly,

i nerts such aéh al'Bbn 3i8§?88uanﬁyd§ CES Qﬁagﬁguﬁeﬁﬁ$¥H qb‘?:ess
after conbustiﬁnaa§es§ tbugcgasnand thenbndpagsn . hydrogen ri ch synt hesi s
gas produced in th NFFprocess may be used for adjusting the H2/COratio

of tA® synthesis @hs.prﬁeeaﬁdbﬁgreayalﬁngthéﬁ prabenr ed cetitsiedidegritefpad t  of
recycle stream is simplified if this carbon dioxide
depleted recycle stream is first compressed, mixed with
gaseous hydrocarbonaceous feed and subsequently
introduced in the partial oxidation conversion using
15 oxXygen containing gas.

In order to avoid a build-up of inerts in the
process, it is preferred when part of the recycle stream
of stéep iii), e.g. between 5 and 50 vol.%, preferably
between 10 and 40 vol.%, of the total stream, is used as

20 fuel in steam reforming of gaseous hydrocarbonaceous feed
for producing hydrogen supplement for synthesis gaé of
step 1i}. |

Accordingly, inerts such as carbon dioxide and
nitrogen are removed from the process after combustion as

25 flue gas and the hydroéén or hydrogen rich synthesis gas
produced in the SMR process may be used for adjusting the
Ho/CO ratio of the synthesis gas.

According to a further preferred embodiment part of

the recycle stream of step iii) or step iv) is used as
30 fuel for power generation. '
Finally, it is preferred that the hydrocarbons

product stream is subjected to catalytic hydrocracking.



the recycle streamof step iii) or step iv) is used as 30 fuel for power

generation. Finally, it is preferred that the hydrocarbons prod t(ﬁtﬁﬁﬁn1
i s subj ect aflph9148tal yti c hydrocracking. 0 7 NOV 2006 WO O%kﬁﬂﬂgg 5062

'PCT/ EP03/ 05962 5 Accordingly, the nolegul ar weight distribution o
hydr ocar bons produced nay be adjusted as desired. The hydrocarbonaceous feed
suitably is natbhameéinghgi uthk gadecadsocivatiethtgal sdridout duref of Cl-4 5

hydr ocar bons.  The feed conprises nainl i.e,. re.than, 90 v/v% especially
more than 9405 YBECFAREARGCRFBENEST BBl e A% Tt AR Tkt 60 v/ v
percent methane, TReehoRABEY rBbnkae@%us’TRY cNicat Bl & PredEially 90
percent. Very suitably natural gas or associated gas is 10 used. Suitably,

any sul phur inatheaflegdst oglesosiagesy gds ofhe Micvtvadd yod iQuigd or solid)
hydr ocar bons produced in the process and nentioned in the present
descridption &vEreGREABNY - C3hE0d 9P CORPBEES, Mg Youik adi ynaze eohan

hydr ocar bons, ggsgokal Lx,C5.49 10 ra6AtaRs o 30T 2,15 GRRECIAL L0060, 20

hydr ocar bons, xture ere hesé “hydrdcar s “or ures’ t her eof

are liquid or [ r: r : 1 specially
at 20 C (1 bgré?!e'cgra\lg&a’sggl ;?/Cl%%g %} gﬁa}%iegogf@r?gtp}%eﬁgr(%i eﬁat‘}?og'to 30 wt %

preferably upprefesanly, atf leitster? 52@ealcefiitns ror eoppgeieatagel x ofpounds may be
present. . The Ear ia oxidati%%lof seous feedstocks, wﬁro uci ng, m xtures
of especi al | yPEAFEB- mifidYi a8+ &A%-h %ﬁﬁﬁﬂ;9@§thé@§ﬁﬂ9ﬁ:t? 9% bXi dati on
uni t jgecordi ngsel0 ¥akkaps yestal! issheg i aGe SRS rdefA di Ci ASr MBbte@s 25

non-catal ytic processes may be Used. These processes include the Shel
Gasification Procé&s. (AosmaApAghdAginig or solid) hydrocarbons produced

{ in the process and mentioned in the present description

are suitably C3_710Q hydrocarbons, more suitably Cg_gq
hydrocarbons, especially Cs_40 hydrocarbons, more
15 especially Cg.og hydrocarbons, or mixtures thereof. These

hydrocarbons or mixtures thereof are liguid or solid at

temperatures between 5 and 30 °C (1 bar), especially at

20 °C (1 bar), and usually are paraffinic of nature,

while up to 30 wt%, preferably up to 15 wt%, of either
20 clefins or oxygenated compounds may be present.

The partial oxidation of gaseous feedstocks,
producing mixtures of especially carbon monoxide and
hydrogen, can take place in the oxidation unit according
to various established processes. Catalytic as well as

25 non-catalytic processes may be used. These processes
include the Shell Gasification Process. A comprehensive
survey of this process can be found in the 0il and Gas
Journal, September €, 1971, pp 86-90. The partial
oxidation process may be carried out in combination with

30 a reforming process, e.g. in the form of an autothermal
reforming process.

The oxygen containing gas is air (containing about 21

percent of oxygen), or oxygen enriched air, suitably



survey of this process can be found in the oil and Gas Journal, Septenber
6, 1971, pp 86-90. The partial oxidation process nay be carriedwymgwgmﬁ

conbi nat i oRyhifngzs30 a reform ng process, e.g. in the form 9&:]‘%{)%5'-{995 her mal
reform ng process. The oxygen containing gas is air (containing about 21

percent of oxygen), or oxygen enriched air, suitably 0 7 NOV 2006 WO

03/ 104355 PCT¢ &P 0596 2up 6t coh0ai pengenp bd daYgeer, cerie fafraiygen,
preferably containing at |east 6Q vol une percent oxygen, nore. preferably
at least 80 vePRfRLIpERGedt, 18Pk pPeValyBryP8t CEBAsCXYgSal R Sercent of

oxygen. &ygﬁ)j‘r@ﬂéf gg ﬁic/r1e§sﬁaﬁob€ogﬁﬁguﬁ@9c\é%,C‘.En)é’)‘i}%e?itx%ﬁe%*ﬂarli ugs. but

is preferab pr oduc a nenbrane based process, he process as
descri bed i n Wa£3/9604dluiie peroshtt hé bRYGENr abxkygen Eheisheghsircar bon
dioxige and/ or stean1na¥ i ntroduced into thgﬁpartial 10 .oxi dati on

be
proceSs. PrefBady Rp°EECedodv8I GRECBEReE bARCPRE AFSunPYSr Syngas,

preferably ugpf@f@f/alyp;{,ulsf@dﬁeés bPr &f RERABLYNEPLEG AYLVRlWR:, & £ they
carbon dioxide or steamis added to the feed. As a suitable steam source,

wat er produceprécesheahydescaibed ianﬁesBéOﬁéﬂlbe used. 15 As a suitable

car bon di oxi de squrce .ca{bon dj oy'&e from 'thf ef fl uent gasses of the
expandi ng/ combust O Bt nkye %% G el ¥Rl PpFED PAPEESof SBFE°Syngas i s

i tabl bet . 1.5 ) Ly, L. d,2. 1. _If. ired,
Cami 1) addi 1S iR P Rl bE o B L UEE ek B s kemsidne |

refonm ng, preteiablyniprocosbi natedarublh tpetvaties sbhilline eackidorn Any
carbon nonoxi de and carbon di oxi de produced together with the hydrogen may
be used in tHhArGERE boh SyReAssi Breferably up to 8% volume, more

preferably up to 4% volume, of either carbon dioxide or
steam is added to the feed. As a suitable steam source,
water produced in the hydrocarbon synthesis may be used.
15 As a suitable carbon dioxide source, carbon dioxide from
the effluent gasses of the expanding/combustion step may

be used. The Hy/CO ratio of the syngas is suitably

between 1.5 and 2.3, preferably between 1.8 and 2.1. If
desired/ {small) additional amounts of hydrogen may be

éO made by steam methane reforming, preferably in ‘ A
compbination with the water shift reaction. Any carbon
monoxide and carbon dioxide prodﬁced together with the
hydrogen may be used in the hydrocarbon synthesis
reaction or recycled téjincrease the carbon efficiency.

25 The percentage of hjdrocarbonaceous feed which is
converted in the firgt step of the process of the
invention is suitably 50-99% by weight and preferably
80-98% by weight, more preferably 85-96% by weight.

The gaseous mixture, comprises predominantly

30 hydrogen, carbon monoxide and opticnally nitrogen, is
contacted with a suitable catalyst in the catalytic
conversion stage, in which the normally ligquid

hydro—carbons are formed. Suitably at least 70 v/v% of



reaction or recycled to increase the carbon efficiency. 25 The percentage of

hydr ocar bonaceous feed which is converted in the first step of f @ ess
of the inweNpiQilssks suitably 50-99% by wei ght and preferabpy Si(ga%eé? 6
S

‘weight, nore preferably 85-96% by wei ghf. The gaseous m xture, conprise
predom nantly 30 hydrogen, carbon nonoxi de and optionally nitrogen, is
contacted wi tbha suhyabl éscabakystednwiha taktalkptiat ystonyaresicaratsihages, in
which the normally liquid hydro-carbons are formed. Suitably at |east 70
VIvoof 0 7 NEPZBOBOVO BSFE0RISEPEriEPIs1a5965 Pt F&ynd¥s s cont act ed

with the catalysterphelenabl ynat syhgast 80% nore preferably at |east 90,
still nore preferably all the syngas. The catal ysts used for the catalytic.:

conversi on of 5 tReentatalgstenpeesi Agrhydeogetadyd icarchorvearmsiox ad& i nto
hydr ocar bons e kno in _the art an re usually referred tq as,

Fi schet - Tr opsgﬁe c%%_ﬁ%@EFs CORRELEa sl 3&’5% O9egy afpge AKX _"ﬁ%ﬂ&e- s ch
hydrocarbon syptheshsnoRE0688S KASHR! HaeShedd riNaneakbaley tistallly, active
conponent 10 tobalt. The catalytically active cobalt is preférably
supported on aepervad tar eseFisTherpdropschacerited visay .bdhesalagetlodtfy om any

f th itab f t t al Id il icat mbi nat i
Cher oot knoan™eh TRE SRt *H15 ¢ hAFLPE T APEERATEYEE CoR ShrEl EOPRR oo

carriers incl ggecesk! beaprakbli Nas thtaBb@alzkheaniny, aeeivd @alddr@rand
m xtures thereof, especially silica and titani.a. Thé anount of catalytically
acti Vi cobal tcopathe carrier is preferably in the range of from3 to 300

pbw 20 per 100 ppy of n€af [ LT8LCLERE ve MREBaRECT & 3Rk 10

( supported on a porous carrier. The porous carrier may be

| selected from any of the suitable refractory metal, oxides
or silicates or combinations thereof known in the art.

15 Particular examples of preferred porous carriers include
silica, alumina, titania, zirconia, ceria, gallia and
mixtures thereof, especially silica and titania.

The amount of catalytically active cobalt on the
carrier is preferably in the range of from 3 to 300 pbw

20 per 100 pbw of carrier material, more preferably from 10

| to 80 pbw, especially from 20 to 60 pbw.
1f desired, the cobalt based Fischer-Tropsch catalyst
ma& also comprise one or more metals or metal oxides as
promoters. Suitable metal oxide promoters may be selected

25 from Groups IIA, IIIB, IVB, VB and VIB of the Periodic
Table of Elements, or the actinides and lanthanides. In
particular, oxides of magnesium, calcium, strontium,
pbarium, scandium, yttrium, lanthanum, cerium, titanium,
zirconium, hafnium, thorium, uranium, vanadium, chromium

30 and manganese are most suitable promoters. Particularly
preferred metal oxide promoters for the catalyst used to
prepare the waxes for use in the present invention are

manganese and zirconium oxide. Suitable metal promoters



to 80 pbw, especially from20 to 60 pbw. If desired, the cobalt based

Fi scher-Tropsch catalyst may al so conprise one or nore netals or netal

oxi des as “pronotqgs. Sui tabl e netal oxide pronoters may be sdl7eiiVetll25 from
Groups |1 AMQ¥¥H435\B VB and VIB of the Periodic Table of PETERBHN962 or t he
actinides and lanthanides. In particul®r, oxides of magnesium cal cium

strontium £§{“B”é ggﬂeeicg@ Ay bEBhg'sa g&%”%@ Vi e g'%uiet AU MM g5

zi rconi um harnf um orrum urani um vanadi um “chrom um and TEnganese
are nost sui tBebeepr RHHEUK. aRdr CireubaviIYI poblier med aIet alrepxi de pronoters
for the catal yst used to are the waxes for use in the present invention

are nanganes%aEBHCE@FEéMig%&%%bé@! githaplatisig amcmatldrdinny 006 WO
03/104355 PCILEF03L 09 902pB0BY e SALCGHEANL! OF EOURS off I clena/{d of the
€. enl an I

Periodic Tab oup nobl'e nmetal's are articularly

sui tabsl e, withhel astabysandspal:badblum hei npe eapee alfl f marefieroledo Thed
amount of pronpter present_in 5 the catalyst is suitably_in the range of
from0.01 to BP0 BbRLCpRELEr Ablyte. 40y omRge REPESFEEHST bl ¥& P20 pbw, |
per 100 pbw of . faffhefpy B¢ gg%gkg}[cally active cobalt and the pronoter, if
present, nmay be deposited on the carrier material by any 10 suitable
treatment, such aBhénpaeghatioallikneatinmg andaégxt ensi dhe Artomotedeposifi on of

the cobalt and, if _appropriate, the pronoter on the carrier, erial, the
| oaded carri GPEERCRY oI BaY| §eoHBPRE bRt BRChPEl RATFORTaMek T aHpETAtIE of

Proma50 t o S0 o The. Ter FachCor PR 5 ol Rrran ok nosrdid” GPROT e
crystal wat eextrosteconpbtervotptilieidecofipbbit cokagrodnct s idnd

appropriate, the promoter on the carrier material, the
loaded carrier is typically subjected to calcination at a
temperature of generally from 350 to 750 °C, preferably a

15 temperature in the range of from 450 to 550 c;C. The
effect of the calcination treatment is to remove crystal
water, to decompose volatile decomposition products and
to convert organic and inorganic compounds to their
respective oxides. After calcination, the resulting

20 catalyst may be activated by contacting the catalyst with
hydrogen or a hydrogen-containing gés, typically at
temperatures of about 200 to 350 °C.

The catalytic conversion process may be performed‘in |

the conversion unit under conventional synthesis |

25 conditions known in the art. Typically, the catalytic
conversion may be effected at a temperature in the range
of 150 to 350 °C, preferably from 180 to 270 °C. Typical
total pressures for the catalytic conversion process are
in the range cof from 1 to 200 bar absolute, more

30 preferably from 10 to 70 bar absolute. In the catalytic

conversion process preferably {(at least 50 wt% of Cg+,

preferably 70 wt%} Cg-o(p hydrocarbons are formed.



to convert organic and inorganic conpounds to their respective oxides.

After calcination, the resulting 20 catal yst nay be actlvated cting
the catal ysfo w/idissshydrogen or a hydrogen-contai ni ng gas, ‘r% Pg @%
tenperatures of about 200 to 350 C. The catal ytic conversi on process my be
performed in the conversion unit under conventional synthesis 25 condltlons
known in the art. Theypginealdty oft [t patal WHicch conwelséonl yrajobee@f {gcted at a
tenperature in the range of 150 to 350 C, preferably from 180 to 270 C

Typi cal t ot alsgmpessilr esf fore tﬁI@GﬁEaU;ﬁ i s icoatviey sﬁ:eﬂmepe:mc?ezsaadeﬂi ntEhe

range of from to 200 bar_ absal ute rmre 30 fro 70 bar
absol ut e. tgjft 5/t iRF© egrtﬁec?ﬁ“'pr %?Jg\" %1 We,ex%gi I%’é t 50 W%
of Co5+, pref % 70 ) ydr.o arbon o} o h[N 2006 WO
03/ 104355 PCT%EaOJ@ 05%%\“ ]%f h:LL}'nt 0 e(?ﬂ)%(f? icﬂEWt “di elafgy f ormed
in step ii) ehde ar@maﬁwlat@bine 12:@@1@!185 %% ohlthbe Co+
product stream preferably between 17 and nore preferably between 22

and 27 wt % Alhplcsdaimoit. is preferred as the ClO Cl4 fraction is a val ued
LDF feedstock. The avera e ASF vaI u or the Co5+_ product streamof the step

ii) of the procesd&c@dh 5 B @ thefert iRPTECs T EEBFR Bet ween
0. 95 d 0. 80, f o] 92 d 0,82 f bl 0.90
and 0. 85.  H GHEr Ay ymoﬁ btﬁ“esﬁ’i%%? o | B U RTFe o 1o

fraction, | O\A@hv\éaitli%iq wid Isuyiasitite igkthedues Gn&. d@. 0 Odiﬂﬁéﬁeréi\@l?h
products have a | owvalue. The ASF value can be optim zed changin

react1®n condivstewsen 05 Bsped 182 HE @GS erab ky drelt wesme? a?@.rr@ndb@rtsél SO
GHSV and

i

Higher values will result in a relative low amount of

C109-C14 fraction, lower values will result in too much
C1-C4 products, which products have a low value. The ASF

value can be optimiéed by changing reaction conditions,

15 especially Hp/CO ratio and temperature, but alsc GHSV and

pressure, and by a suitable choice of the catalyst.
Especially a cobalt on zirconia carrier is suitable. The
relative low ASF value (when compared with Fischer
Tropsch processes directed to wax production) result in a

20 relative large gas fraction to be_recycled. COy removal

is especially suitable under those conditions.
The process according to the present invention is
especially suitable for Fischer Tropsch plants which use
a two or three stage Fiecher_Tropsch process. The
25 relative low ASF values not only directly result in a

large amount of Cq-C4 products, but these large amounts
of éas also result {keeping any other variables the same)
in an indirect increase of the C1-Cy fraction in the
second and third stage (HZ/CO ratio and GHSV).

30 The cobalt.based Fischer-Tropsch catalyst used,
yields substantial quantities of paraffins, more

preferably substantially unbranched paraffins. A part may



pressure, and by a suitable choice of the catalyst. Especially a cobalt on
zirconia carrier is suitable. The relative |ow ASF val ue (wher TRppaed

wi th Fi scheyo osHogsch processes directed to wax production) P&’?f%ﬁ*bifﬂ?f& a 20
relative large gas fraction to be recyghed. CO2 renoval is especially

sui tabl e under those conditions. The process according to the present
i nvention is bespeesbakkytbei babllénfopokingc remdhr offsdneplsantcsadtedh use a

two or three st Fi,sc e Tro sc Pr cess" The,.25 elatlve Iqm/ASF val ues
not only dire@ﬁagiﬁegﬂlﬁg 91‘35 E(}j' ﬁﬁﬂ‘nt“ﬁfﬂe é ¥ bR these
l'arge amount s;;sgh aa;%e@hsolrseau&tef@&@%@en&oawd}tdwrb\@{ Iﬁ%@ﬁé@%fam) in
an indirect increase of the CI-C4 fraction in the second and third st age

(H2/ CO rati o whicHsbe. bgdlhe @@battrbagajdannﬁmwxﬂkomuﬂﬁtﬁntﬂqklyused
yi el ds. subst apt i uantities of paraffins prefer slantlally
unbra??ched pa gfﬂ-‘ﬁg % %EF?Sﬁﬁﬁ 8“71 REV 56&6 %Pﬁ4§%§:%@ﬁ% PO3/95962
10 boil abovechiienbebhklgapabBpheange dafstliing atawealdedrudeddimelist il ates.
The term"mddle distillates”, as wused herein, is a reference to

hydr ocar bon nPi ur 88eobOlWhnREhPPRa tharRNsg oéfommddrl@gielsédﬂrle@mﬁn
SUbSta”F'a"y%gnEQa%*ﬂ? 19ts ﬁ&ﬁﬁﬁgetﬁﬁdfr%g €19 faﬁo%;t]ci%so qht al %%LO! h a

conventi onal iono m ner ol |~ iling
poi nt range 036016dLe dlstlllates generally lies within the range of about
150 to about 360 C. 10 The hi gher boiling ran%e par aff| ni ¢ hydrocarbons, if

preséift, may be iZBEabéahandPeubiest 8NPk RATEPLIOAS h ngfunit to

a catal ytic hyfrocrackhng whi §loh3eclNaN BGh;RRtY e 3 tcpttl%lyale' d the

hydrocracking unit to a catalytlc hydrocracking which is
known per se in the art, to yield the desired middle |
distiilates. The catalytic hydro-cracking is carried out
15 by contacting the'paraffinic hydrocarbons at elevated
temperature and pressure and in the presence of hydrogen
with a catalyst containing one or more metals having
hydrogenation activity, and sup-ported on a carrier.
Suitable hydrocracking catalysts include catalysts
20 comprising metals selected from Groups VIB and VIII of
the Periodic Table of Elements. Preferably, the
hydrocracking catalysts contain one or more noble metals
from group VIII. Preferred noble metals are platinum,
palladium, rhodium, ruthenium, iridium and osmium. Most
25 preferred catalysts for use in the hydro-cracking stage
are those comprising_platinum.
The amount of catalytically active metal present in
the hydrocracking catalyst may vary within wide limits
. and is typically in the range of from about 0.05 to about
36 - 5 parts by weight per 100 parts By weight of the carrier
material. '
Suitable conditions for the optional catalytic

hydrocracking in a hydrocracking unit are known in the



-distillates. The catal ytic hydro-cracking is carried out 15 by contacting
the paraffinic hydrocarbons at elevated tenperature and pressuyeNandign the

presence ofyghHbpgen W th a catalyst containing one or norf(ffyﬁf,(gyoggéaavi ng
hydrogenation activity, and sup-ported;pn a carrier. Suitable hydrocracking

catal ysts include catal ysts 20 conprising netals selected from G oups VIB
and VII1 of tde Pdanjmidial Iabl eheofthdeoerdcskifky ef erabfyctédieat hgdr ocracki ng
catal ysts contain one or npre noble netals from(grou& VIII. Preferred noble

metal s are pl dATRIR2EH iU THOHR upd TRARePPUT 1P dbenf8Rd Gsmium
Most 25 pref ered Gal Ayl Sodorpdisesdn bhesbydeo-soackiagistage are those

conprising platinum THe anbunt™ of catalytically active netal present in

t he hydrocr acKiyvrmsatat sty reyosesy avwe him Wieerdnoetst fndmi $0typically in
t he ragge of f@n about 0.05 to about 30 5 parts by weight per 100 parts by
wei ght “of the H material. Suitable conditions.for the optional

catal ytic hydrocragKigibddl @ hr Qsiaoki d Ui dn@r £akamigbBus e Be7 NOV
2006 WO 03/ 104355 PCT/ EP03/ 0596 11 art. Typically, the hydrocracking is
effected at aonesmiEadtyr & iFeeyrle anere ofr fyone apougla 75ase medeC.  Typi cal

hydr ogen parti ressures .applied in the hydrocracki rocess.are in the
range of from ‘?Jd)r%oe %%%Qf.é%%l%r%ﬁe%%y nﬁ?/c%%ﬂ%eﬁfg%%“?ﬂaiﬁls

advant ageous| Y ihey1 ORRISE efbdd &1 IGEYEE CLHBUSr SEesd BoSHAJLEmPASStiPEey .
("once through") devoid of any recycle streans. This single pass node

al | owllfAg t he prigudss ans! bee kvlnpes bt | V& yca®t sinpl e and rel atively | ow cost.

The recycle stream obtained after separation of the
hydrocarbons may comprise normally gaseous hydrocarbons
produced in the synthesis process, nitrogen, unconverted
methane and othexr feedstock hydroccarbons, unconverted

15 carbon monoxide, carbon dioxide, hydrogen and water. The

normally gaseous hydrocarbons are suitably Cj_g
hydrocarbons, preferably Cij.4 hydrocarbons, more
preferably Cq1_3 hydrocarbons. These hydrocarbons, or

mixtures thereof, are gasecus at temperatures of 5-30 °C
20 (1 bar), especially at 20 °C (1 bar). Further, oxygenated
compounds, e.g. methanol, dimethylether, may be present.
For the removal of carbon dioxide any suitable
conventional process may be used, for instance adsorption
processes using amiﬁes, eépecially in combination with a
25 physical solvent, such és the ADIP process or the
SULFINOL process as described in inter alia GB 1,444,936;
GB 1,131,989; GB 965,358; GB 957260; and GB 972,140.
Sﬁitably‘at least 70 vol.% of the carbon dioxide present
is removed from the recycle stream, preferably 80 vol.%,
30 more preferably 90 vol.%. Suitably, between 50 and 90
vol.% of the recycle stream is recycled to step i) of the

process, preferably between 60 and 80 vol.%, in order to



The recycle stream obtained after separation of the hydrocarbons may
conprise normally gaseous hydrocarbons produced in the synthesi}§ §)vouess,
ni trogen, warRRkested nethane and ot her feedstock hydrocarpepgpoiae@nverted
15 carbon nonoxi de, carbon di oxi de, hygsfogen and water. The normally
gaseous hydrocarbons are suitably Cl1-5 hydrocarbons, preferably Cl_4

hydr ocar bons, afr @n mrdfigiabhalen e HalwRel sl ndhesrhgdr 88&F bons, or

m xtures thereqQf,. are € te ur f 5-30 C 20 (1 bar),
especially at%%BCE%FleggﬁfS%%ﬁg%ﬁgngg&%é%néiggva onmpounds, e.g. nethanol,
di nret hyl ether, may be present. For the renoval of carbon di oxi de any

sui tabl e conventional process nmay be used, for instance adsorption
processes using am nes, especially in conbination with a 25 physi cal

sol vent, such as the ADIP process or the SULFINOL process as described in
inter alia GB 1, 444,936; GB 1, 131,989; GB 965, 358; GB 957260; and GB
972,140. Suitably at least 70 vol.% of the carbon dioxide present 1is
removed fromthe recycle stream preferably 80 vol.% 30 nore preferably 90
vol . % Suitably, between 50 and 90 vol.% of the recycle streamis recycled
to step i) of the process, preferably between 60 and 80 vol.% in order to
0 7 NOV 2006 WD 03/104355 PCT/ EP03/05962 12 get an optinmum bal ance

bet ween opti mum carbon use, process efficiency and inert renoval. 0 7 NOV
2006 13 CL Al MS 1. Process for the production of hydrocarbons from
gaseous hydrocarbonaceous feed conprising the steps of: i) partial

oxi dati on conversion of the gaseous



hydr ocar bonaceous feed and oxygen containing gas at el evated tenperatur
and pressure into synthesis gas; 1) catalytical conversion of gﬁ%“ﬂ%?%ﬁ
gas of step i) wusing a cobalt on zirconia carrier based Fischer-Tropsch
catalyst into a hydrocarbons conprising stream iii) separating the

hydr ocar bons conprising streamof step ii) into a hydrocarbons product
streamand a recycle stream and iv) renoving carbon dioxide fromthe
recycle streamand recycle of carbon dioxide depleted recycle streamto
step i). 2. Process as clainmed in claim1, wherein the carbon dioxide
depleted recycle streamis prem xed wwth the gaseous hydrocarbonaceous
feed. 3. Process as clainmed in cl@im® ot & wherein part of the recycle
streamof step iii) is used as fuel in steam reform ng of gaseous

hydr ocar bonaceous feed for produci ng hydrogen supplenent for synthesis gas
of step i) 1.4. riRroeessoas tbkapredudinal aifnbydsgcanbeneifiropasesefus he

Gener at | onYERrReieke pelh ShRB{gthd SRLERCRE 4 the  hydr ocar bons
product strheam isasubjleckadatdonatahsensconhpdr obeagksems
hydrocarbonacecus feed and oxygen containing gas at
elevated temperature and pressure into synthesis gas;
ii) catalytical conversion of synthesis gas of step i)
using a cobalt on zirconia carrier based Fischer-Tropsch
catalyst into a hydrocarbons comprising stream;
iii) separating the hydrocarbons comprising stream of
step ii) into a hydrocarbons product stream and a recycle
stream; and
iv) removing carbon dioxide from the recycle stream and
recycle of carbon dioxide depleted recycle stream to step
i).
2. Process as claimed in claimil, wherein the carbon
dioxide depleted recycle stream is premixed with the
gaseous hydrocarbonaceous feed.
3. Process a8 claimed in claim 1 or 2, wherein part of the
recycle stream of step 1ii) is used as fuel in steam
reforming of gaseocus hydrocarbonacecus feed for producing
hydrogen supplement for synthesis gas of step i).
4. Process as claimed in claims 1-3, wherein part of the
recycle stream of step iii) or step iv) is used as fuel for
power generatiomn.
5. Process as ciaimed in ¢laim 1-4, wherein the
hydreecarbong product stream is subjected to catalytic

hydrocracking.



