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b 10 Crude oil derived liquid fuels usually are not clean.
| They typically contain significant amounts of sulphur,

nitrogen and aromatics. Diesel fuels derived from crude
cil show relatiﬁely low cetane values. Clean distillate
fuels can be produced from petroleum based distillates

15 through {severe) hydrotreatment at great expense. For
diesel fuels, however, these treatments usually hardly
improve the cetane number.

Rnother source for distillate fuels, especially

middle distillates, i.e. kerosene and diesel, is the

20 Fischer-Tropsch process, especially using cobalt
catalysts. During the last two decades this process has
evolved as a key process fof the conversion of natural
gas into especially middle distillates of high quality.
In this process synthesis gas is converted in several

25 steps into middle distillates. First, natural gas in
converted into synthesis gas by means of a {catalytic)
partial oxidation process and/or steam reforming process.
In a second step the synthesis gas is converted into long

chain paraffins (the average Cg+ hydrocarbon usually

30 comprising 25 to 35 carbon atoms). In a third step the

long chain hydrocarbons are hydrocracked into molecules
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distidlate fuels. In this respect reference is made to EP 161 705, é% g%@
836, EP 532 116, WD 99/01218, US 4,857,559 and EP 1 004 746. Further

ref erence YR 0H@628% 0 HVH van Wechem and MVG Senden, 5 Conv&CSTERG2/62338at ur al
Gas to Transportation Fuels, Natural &as Conversion Il, HE Curry-Hyde and
RF Howe (editors), Elsevier Science B.V. pages 43-71. In general, the

qual ity of the of dihe désirédanbddlpreapatedllbyet beebbsschar tRiepgelggeess
is excellent. The. 10 maiply paraffinic groducts are free from sul phur,
nitrogen and ardnetfePeenpeuRase FReERelBieAld anBPdPB3eB36hak® 53Ce|llnt

conmbustion proppstee keppokNhecandge qCELANELN ) he.cold fl ow
properties neet the ;gg?ggén?gs%égF?fgg i%hg.ﬁ?ffzgggsgggy,F&E&%FFVes may be
15 used to neetreferemse SsrimadentocAMH hawispkeinf baat MMGS senkepaddi tion,

al so thg usual additives na¥ be added. In view of the continuously
i ncreasing requrPeHeRt Lo 0Pt Hath¥adl €2ai pi Franepprbpbicneduelkere i s a

need o furthaat s pveatheotaibeofl $ii | LAt euPEQRRLLECInLRreTRER ! 1Y the

cold flow properties of the mdd i STl 1T at és. ere‘is a ' meed for
m ddl e distill atediteksh, i Bpsevidri AtiensecBcUl dphibew pBeparties, i.e. these

properties are to be_ obtaine m% hout gsLng gng further treatnent of the
fuels (e.g. dewaxi ng) BT WFEhoutPEnBUAsET¥506 LhRymadale ddstildaiaed tion,
for the diesel gresaréa by the @esthed-ith 5 SRE AL heh 95
volt anount oﬁidﬁgsel bo?lingh Is 380 C §F5§§s§f5§§3%e?%bf%kgé%§ﬁ5ﬁxE %ss,
nmore pr8f er abl ynB3BOLY paragfinichprodentst prelfrep Shom cuiphdd) kg/ nB or

the ambunt of (0517 arantt i sEenBbRaco BB be ThRr Ko e Mo i,
found that hydriomvackkoglbgdtocombustion properties (smoke point and r
cetane number). The cold flow properties meet the
relevant specifications. If necessary, additives may be

15 used to meet the most stringent cold flow specifications.
In addition, also the usual additives may be added.

In view of the continuously incfeasing requirements
of the middle distillate properties, there is a need to
further improve the middle distillate properties,

20 especilally the cold flow properties of the middle
distillates. Thus, there is a need for middle distillates
with improved intrinsic cold flow properties, i.e. these
properties are to be obtained without using any further
treatment 6f the fuels (e.q. dewaxing) or without the use )

25 of any additives. In addition, for the diesel fraction it
is desired that T95, the temperature at which 95 vol%
amount of diesel boiling, is 380 °C or less, preferably

370 °C or less, more preferably 360 °C or less, the
density (15 °C) should be 840 kg/m3 or less, preferably
30 800 kg/m3 or less, more preferably 780 kg/m3 or less and

the amount of (poly)aromatic compounds should be zero.
It has now been found that hydrocracking/hydro-
isomerising a relatively heavy Fischer-Tropsch

hydrocarbon product (a Cg+ product, preferably a Cio+

35 product) at a relatively low conversion per pass rate,




“isomerising a relatively heavy Fischer-Tropsch hydrocarbon product (a C5+

produyct, preferably a ClO+ 35 product) at a relatively | ow conver dilodUp#i}
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"conversion of a fraction boiling abové a certain boiling point (e.g. 370 C

which is fed into the reactor into a fraction boiling below that boiling

poi nt, and subjegti ngsaoshaff sbhecoByersabnbeitl kngrabeyenSpbheiker ghdiesel
boiling range to a second, simlar hydrocracking/hydroisonerising reaction
foll owed by a areeythénobotihdngapaipsricod-t B0mater whLchoilki figdabote the

ker o/ di esel boj i t, h ki ngl - i ising. tion,
w15 i i aiPE GPEEFPRatBo10” CROGE G cRubi BrRELy Rpeba e BPd LGy
properties, makbhgt, agndf YubhektlihgahbBit oft ehknpaeeikhepeandnlyl aWove

properties) and/or the use of additives in principle superfluous. Conpared
wi th Fischer- TEbpskhrpr/ddeselwbodBingsrpags Keawry SeLoORdex &4PHdathe anmount of

C30+ is e.g. 1 0 %v. | ess I . r rtis r i CFPP)
may be 5 or evgx%fsCéaggﬁpgphyﬁﬁoagggﬁﬁ%%&h$9%ggggﬁgﬁt&Qﬂgﬁﬁgﬁbg%Qfaronatic
content sati sf yetheleangeshas matenipaened fahbee mathe iplotedd ing pibefer abl y

carried out in _a continuous _way. 20 The present invention thus relates to a
i
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process as dg§@ﬁi$§6q/ﬁ¥ﬂﬁﬁhan 1TRg BRBGEsSCof YL TG N eii%n
results in mqdlaediithind AR dia Neuaent ionglildaianed ald Jdaw

properties. Thése excel ow properties could 25 perhaps be
expl aibhed by tlshowdnat iexelgpthiogia iyt igwod solbfiteaiv ardpespecisal Imakineg
relatively high amgunt ,of . di- and/or, tri,nethyl ounds._..Nevert hel ess, the
cetane nunber a&fyn&i‘?ét&eé-sé:lrefar%qton(tios lﬁ’é’rréx’t%gﬁ“r%@gcfé%owat val ues far
exceeding 60, ¢flpRMaldES Hd/Mr AhdWsR ¥ additives in principle

| superfluous. Compared with Fischer-Tropsch product which

is less heavy (for example the amount of Cap+ is e.q.

15 10 %wt less) the cold flow properties (pour point, CFPP)
may be 5 or even 10 °C better. In addition, T95, density
and (poly)aromatic content satisfy the ranges as
mentioned above. The process is preferably carried out in
a continuous way.

20 The present invention thus relates to a process as
described in claim 1.

The process of the present invention results in
middle distillates having exceptionally good cold flow
) properties. These excellent cold flow properties could

25 perhaps be explained by the relatively high ratio
iso/normal and especially the relatively high amount of
di- and/or trimethyl compounds. Nevertheless, the cetane
number of the diesel fraction is more than excellent at
values far exceeding 60, often values of 70 or more are

30 obtained. In addition, the sulphur content is extremely
low, always less than 50 ppmw, usually less than 5 ppmw
and in most case the sulphur content is zero. Further,

the density of especially the diesel fraction is less
than 800 kg/m3, in most cases a density is observed

35 between 765 and 790 kg/m3, usually around 780 kg/m3 (the
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conver si on of

the process is extrenely high. This holds for the carbon

conversion as wel | Ehﬁfpmocbestherdabc:mhedrabone TBSultaernm¢dﬂl%rSIOn for
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pour point is usually below -18 °C, often below —24 °C.

Due to the relatively heavy Fischer-Tropsch product
which is used in the process, the overall convérsion of
the process is extremely high. This holds for the carbon
conversion as well as for the thermal conversion. The
carbon conversion for the Fischer-Tropsch process and the
hydrocracking/hydro-isomerising reaction is above 80%,
preferably above 85%, more preferably above 90%. The
thermal conversion for the process will be above 70%,

preferably is above 75%, more preferably is above 80%. It

is an extremely advantageous situation that such high

conversions can be coupled with the extremely good - )

product properties. In addition, the selectivity to Cgy

hydrocarbon is usually above 85 wt%, preferably above
90 wt%, of all hydrocarbons made in the Fischer-Tropsch
process. | _

The kero/diesel boiling range in general may vary
slightly, depending on local conditions, availability of
specific feed streams and specific practices in
refineries, all well known to the man skilled in the art.
For the purposes of this specification the kero/diesel
boiling range suitably has an initial boiling point

between 110 and 130 °C, preferably at least 140, more



90 wt% of all hydrocarbons made in the Fischer-Tropsch process. Th@ jui 2005

kero/diesel boiling range in general may vary 30 slightly, degendlh? on
. l'ocal con¥Q 9248628 3vail ability of specific feed streans

practices in refineries, all well known to the man skilled in the art. For
t he purposes of this specification the kero/diesel boiling range suitably
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150 C, still nor@Yr et atfty } Bobling mRlRt nEPT hohe i PYTROTRE Por

the purposes 0&hf§“%§éﬁ¥? éé@f&ﬁOﬁsl§u§teﬁpplye@w%eee@oéOQnen@161®cC
preferably at nost C, nore preferably at™ nost 375 C, still nore

preferably at rmosife36hbly ahenesid 390 the m@1©3@n%fbnablmgatamgetnay be up
to 270 usua to 2 C but 0 be u o] even .20

The start of {1t i dvel SHOF i TTT aRER %ﬁ%@i& FEest 3600t e T6RE Bt ey
al so be 190 C afhevadrodénabeyel 208 £én§ gbéeﬁ@V@beg7oeﬂ@er@§ua@19f the
diesel fraction is preferably between 255 and 315 preferab ly between

260 and 300 C lmbﬁeJpQ%@er%bl?UbrmaMdaksﬁ e Upttﬂnﬁﬁobecagpreﬁﬁated t hat

the one or y. o] I C e av 15
suitable is a ﬁ%?? q%hsgﬁ% FF%%E ﬁ%t&ieg%h B%%gégglg rgﬁgeggs defi ned
above, but al soly@ric, sustabhalnrytylbe f gobfit ambkiyoad soobe meol P @goirn etvied

di esel range t he other boiling in the kerosene range, In addhtlon three
or nor 40 ract | GHESVE 0 0P natantBeas9 E§P8§§ﬁ§dfF§@P?6ﬁtU£elPﬁhF gegsel

fraction and a f?é&yloﬂ'§§eFrEEé95bQQ b@EMeQﬁ 988shdar edsasca gea&%&%&a
attractive option. In princtple, the nunb of fractions and the boil ing

ranges will be heteeannédObyndpéﬂ@tr6mamore preferably around 285 °C.-
! It will be appreciated that the one or more
hydrocarbon fuel products of the present invention

15 suitable is a full range boiling product in the
diesel/kero range as defined above, but also very
suitably may be two fractions, one boiling in the diesel
range, the other boiling in the kerosene range. In
addition, three or more fractions, for instance a

20 kerosene fraction, a light diesel fraction and a heavy
diesel fraction, may be considered as a commercially
attractive option. In principle, the number of fractions
and the bolling ranges will be determined by operational

} and commercial conditions.

25 The synthesis gas to be used for the Fischer-Tropsch
reaction is made from a hydrocarbonaceous feed,
especially by partial oxidation and/or steam/methane
reforming. The hydrocarbonaceous feed is suitably

methane, natural gas, associated gas or a mixture of Cj-g4

30 hydrocarbons, especially natural gas.
To adjust the H3/CO ratio in the syngas, carbon
dioxide and/or steam may be introduced into the partial

oxidation process. The Hp/CO ratio of the syngas is

suitably between 1.3 and 2.3, preferably between 1.6 and
35 2.1. If desired, (small) additional amounts of hydrogen



and comrercial conditions. 25 The synthesis gas to be used for the

F| scher-Tropsch reaction is nade from a hydrocarbonaceous feed, eé&eéplampfy
by parti aW@fa6i8on and/ or steant nethane reform ng. The lﬁ'ﬁmﬂmaﬂi‘d@ﬁaceous
feed is suitably nethane, natural gas¢§ associated gas or a mxture of Cl1 4
30 hydrocarbons, especially natural gas. To adjust the H2/COratio in the

syngas, car bonma ¢ Byl g@d@n%/gorst@agpm%r@e Ilé]_ctd’ﬁg_ Lﬁliga%ﬁlﬁlefaﬁl al

oxi dation procesS. The H2/ ratio of the syngas Is ween 1.3
and 2.3, preferapbinsgtiweewitht tdued wB e yad fshdedi rxmhct(ml |'I)h€addl tional

anounts of hydr n.l2 U 2005 WD 02/.070628 PCT/ P02/0 336 may be nmade
by steam net haﬁgg?gfl&nr?\ glycﬁro@feélrm W3 qr? éﬁrﬁ'} Wt%%%%/%?sgas
shift reactlone @hehy@dg@ctﬁamn&ydrogen may al so be used i n other

pr ocesses idr ocr acki ng. I n anot her enbodi nent the H2/ CO ratio of
the syngyas obt ai néa ﬁﬁloﬁiﬂ?@rc@tﬂ&lloﬂlm@@xﬁdm ik Gt eptiey e therrsaspas by

renoval of hydrggen fromthe syn as. This can be done by conventional

techni ques as f Yige o tyldgbrﬁT@H)rI’%ﬁﬂést%%sdeW%@%ﬁ?‘érred .

option is a separ aakdt '1O%qu'ﬁ%% l.pq:{;gg %ﬂ{boal g r fi,d h
hydrogen may bg ug'ed |an t he O?ér acking ste esgpglg?g éa bé cEeaw est
hydr ocar bon fr &gt comvehttilpmaii slrermdfml‘lfzmasca”ﬁ prmﬁumzn swirey sa/dﬂdsmtsogas
obtained in the Aay. as described 15 a ov sual ﬁi\[” ng.a te erature

bet ween 900 and® 4GRS RFGIFTY SRR et ehS D05 a”500 C,
suitably bet weenohS®aard ﬁpn@nt&raﬁfeer@é&%oﬂﬁj%ﬂe%ﬁpooﬁ%é’f%@ro gen

preferably under the sinultaneous generation power I n the form of
steam Further M2y &olUsegl tig tidipdretnness Pt ve st e cafmdem@lby etbeabl y

heaviest hydrocarbon fraction of the Fischer-Tropsch
reaction.
The synthesis gas obtained in the way as described
15 above, usually having a temperature between 900 and
1400 °C, is cooled to a temperature between 100 and
500 °C, suitably between 150 and 450 °C, preferably
between 300 and 400 °C,‘preferably under the simultaneous
generation of power, e.g. in the form of steam. Further
20 cooling to temperatures between 40 and 130 °C, preferably
between 50 and 100 °C, is done in a conventional heat
exchanger, especially a tubular heat exchanger. To remove
any impurities from the syngas, a guard bed may be used.

Especially to remove all traces of HCN and/or NH3 )

25 specific catalysts may be used. Trace amounts of sulphur
may be removed by an- absorption process using iron and/or
zinc oxide. |

The purified gaseous mixture, comprising pre-
dominantly hydrogen, carbon monoxide and optionally

30 nitrogen, is contacted with a suitable catalyst in the
catalytic conversion stage, in which the normally liguid
hydrocarbons are formed.

The catalysts used for the catalytic conversion of
the mixture comprising hydrogen and carbon monoxide into

35 hydrocarbons are known in the art and are usually




"between 50 and 100 C, is done in a conventional heat exchanger, P?af ﬁ%
a tuhul ar heat exchanger. To renbve any inpurities fromthe syngas, Ugd d
Bed may beWQ9@7062€special |y to renove all traces of HCON aRETEPONIB36 25
specific catalysts may be used. Trace anmounts of sul phur nay be renoved by
an absorption process using iron and/or zinc oxide. The purified gaseous

m xture, conprisefigrpee- tdomsn@iskhenydropenh catbmysnenomdel@@d50m6r0n8||y
30 nitrogen, is contactsd with a suitable %Etal iin the catalytic

conversion st agh5€i ARwADAR PFECRSFNEFEIUER Vdcoﬁ§6ﬂ§8arﬁén§h§re formed. The
catal ysts used EQ%ai@%l%%HQJY%h%19ﬁnﬁ%h§bﬁ@n9f at REtANX YRR GOURL $iriY

hydr ogen and car bon fronoxidé into 35 hy rocarbons are known in the art and
are usually 12 @@LtBGOEeﬁN@iEd0?0628oECEﬂEﬁGEtG239@rtlcuéherred to as

Fi sch h | yst Cat I ts f Ln thi f tl
Compr S5 a6t nG3 CEAPEREIA P CAaE, BBV TpoReREdca e PaR oo &eblp VI |

of the Periodicchpahe ehdEramxelis. cBaslitcykan Bre#ealkl @%ltlaﬁy%%a\aqymt al s
i'nclude ruthenium iron, cobalt and nickel. Cobalt is a preférred

catalytical ly aective metal il viiew of the heavy Fischer-Tropsch
h whi f
o bom o Hy BB IR s b S GO BB AR B o ML HRY e ese

hydr ocar bonaceou s are na ural gas or asSsociat
feedstocks usuaptﬁfeesehtmydrocapmbhe$E®uga§ehdmlﬂgeH&hGGnaﬂlgaQSdﬁ about

2, cob a very Fi scher - Tropsc aly as the user ratio for
this t%@ of caP&sy %esd A3 doirese %l?@%é iy%.U@m YadGsHe bt s
preferably 15 suppeHerd Oy MAAKY Q—l?r/rdCﬁrrat-me SPYOUDRA ercdf?sYlipe.Ls
sel ected fromany of the suitable refractory netal oxides or silicates or

conbi nati ons t her eefrkr@yd iFiddieraTiropsch catalyst as the user ratio
| for this type of catalysts is also about 2.
The catalytically active metal is preferably

15 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.
Particular examples of preferred porous carriers include
siliéa, alumina, titania, zirconia, ceria, gallia and

20 mixtures thereof, especially silica, alumina and titania.

The amount of catalytically active metal on the
carrier is preferably in the range of from 3 to 300 pbw
per 100 pbw of carrier material, more preferably frbm 10
) to 80 pbw, especially from 20 to 60 pbw.

25 If desired, the catalyst may also comprise one or
more metals or metal oxides as promoters. Suitable metal
oxide promoters may be selected from Groups ITIA, IIIB,
IVB, VB and VIB of the Periodic Table of Elements, or the
actinides and lanthanides. In particular, oxides of

30 magnesium, calcium, strontium, barium, scandium, yttrium,
lanthanum, cerium, titanium, zirconium, hafnium, thorium,
uranium, vanadium, chromium and manganese are very
suitable promoters. Particularly preferred metal oxide
promoters for the catalyst used to prepare the waxes for

35 use in the present invention are manganese and zirconium
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appropriate, the promoter on the carrier material, the

15 loaded carrier is typically subjected to calcination. 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 gas, typically at
temperatures of about 200 to 350 °C. Other processes for
the preparation of Fischer-Tropsch catalysts comprise
kneading/mulling, often followed by extrusion, ')

25 drying/calcination and activation. '

The catalytic conversion process may be performed
under conventional synthesis conditions known in the art.
Typically, the catalytic conversion may be effected at a
temperature in the range of from 150 to 300 °C,

30 preferably from 180 to 260 °C. Typical total pressures
' for the catalytic conversion process are in the range of
from 1 to 200 bar absolute, more preferably from 10 to
70 bar absolute. In the catalytic conversion process

especially more than 75 wt% of Cg+, preferably more than

35 B5 wt% Cg+ hydrocarbons are formed. Depending on the
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Fi scher-TropscE:f eactio [ - such, cgpditipons that the ASE-al pha val ue
(Ander son- Sch I;qcﬁ‘fét%@q%%glgﬁggr%gmiﬁa?gc?grSz?rg&o f‘ﬁgmgbt Atnéd iea&
0.925, preferably at least 0.9%35, more preferably at
least 0.945, even more preferably at least 0.955.
15 Preferably the Fischer-Tropsch hydrocarbons stream

comprises at least 40 wt% C3g+, preferably 50 wt%, more
preferably 55 wt%, and the weight ratio Cgp+/C3g+ is at
least 0.35, preferably 0.45, more preferably 0.55.

Preferably, a Fischer-Tropsch catalyst is used, which -

20 yields substantial quantities of paraffins, more pre-
ferably substantially unbranched paraffins. A most
suitable catalyst for this purpose is a cobalt-containing
Fischer-Tropsch catalyst. Such catalysts are described in
the literature, see e.g. AU 698392 and WO 99/34917.

25 The Fischer-Tropsch process may be a slurry FT
process or a fixed bed FT process, especially a
multitubular fixed bed. |

The term "middle distillates"™, as used herein, is a
reference to hydrocarbon mixtures of which the boiling

30 point range corresponds substantially to that of kerosene
and diesel fractions obtained in a conventional
atmospheric distillation of crude mineral oil.

Any normally liquid Fischer-Tropsch hydrocarbons

mentioned in the present description are in general Cs.1g
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Any heavy FiSChﬁiéJﬂQP§fPo$@éhC898£B§§§bghg Q¥Qr%ﬁaE%°E% hydrocarbons,
although small amounts of Cg+ may be present.

The Fiécher—Tropsch step of the present process is

15 followed by a step in which at least part of the heavy
paraffins~containing hydrecarbon mixture produced in the
first step is hydrocracked and hydroisomerized. In this
step a catalyst is used which preferably contains a
catalytically active metal component as well as an acidic

20 function. The metal component can be deposited on any
acid carrier having cracking and isomerisation activity,
for example a halogenated (e.g. fluorided or chlorided)
alumina or zeolitic carrier or an amorphous
silica/alumina carrier.

25 The catalyst used in the hydrocracking/hydro-
isomerising step of the process according to the
invention may contain as catalytically active metal
components one or more metals selected from Groups VIB,
VIIB and/or VIII of the Periodic System. Examples of such

30 metals are molybdenum, tungsten, rhenium, the metals of
the iron group and the metals of the platinum and
palladium groups. Catalysts with a noble metal as
catalytically active metal component generally contain
0.05-5 parts by weight and preferably 0.1-2 parts by

35 weight of metal per 100 parts by weight of carrier
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parts by weight 5 of netal ‘or conbination of netals per 100 parts by wei ght

of carrier natddmiicukrylyusuibilel aiytrivel seilninations are combinations

| of nickel and/or cobalt with tungsten and/or molybdenum
and/or rhenium. Likewise very suitable as hydrocracking
15 catalysts are catalysts which contain 0.1-35 parts by

weight and in particular 1-15 parts by weight of nickel
per 100 parts by weight of carrier material.

If the present hydrocracking catalysts contain a
non-noble metal or combination of non-noble metals as

20 catalytically active metal component, they are preferably
used in their sulphidic form. The conversion of the
hydrocracking catalysts to their sulphidic form can very
suitably be carried out by contacting the catalysts at a

) temperature below 500 °C with a mixture of hydrogen and

25 hydrogen sulphide in a volume ratio of 5:1 to 15:1. The
conversion of the catalysts into the sulphidic form may
also be carried out by adding to the feed, under reaction
conditions, sulphur compounds in a quantity of from 10
ppmw to 5% by weight and in particular in a quantity of

30 from 100 ppmw to 2.5% by weight.

The isomerisation/hydrdcracking step (2) oxr (5) of
the present process may be carried out using a catalyst
comprising a zeolite having a pore diameter in the range
from 0.5 to 1.5 A. The silica:alumina ratic of the

35 zeolite is preferably in the range from 5 to 200. A very
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the 35 zeolite Loipteferanly, bo Lhechange,  komedstq 300 AgitsladUl 2005
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SiIiCa/alumna'powde‘r. The zeolites may be shaped into particles of
larger dimensions, for example, by compression and

15 extrusion. During shaping the zeolite may, if desired, be
combined with an inorganic matrix or binder. Examples of
suitable matrices oxr binders are natural clays and
synthetic inorganic oxides.

Suitable conditions foi the hydrocracking/iso-

20 merisation step (1) of the heavy paraffins-containing
hydrocarbon mixture according to the process according to
the invention are a temperature of 280-400 °C, preferably
290~-375 °C, more preferably 300-350 °C, a pressure
between 15 and 200 bar, preferably 20-80 bar, more '}

25 preferably between 20-530 bar, an hourly space velocity of
0.2-20 kg of hydrocarbon feed per kg of catalyst per
hour, preferably between 0.5 and 3 kg/h, more preferably
between 1 and 2.5 kg/h, and a hydrogen/hydrocarbon feed
molar ratio of 1-50.

30 The hydrocracking/isomerisation step (1) is
preferably carried out in such a way that the conversion
per pass of the material boiling above 370 °C (feed plus
recycle) into material boiling below 370 °C is between 30
and 70 wt%, preferably between 40 and 60 wt%, more

35 preferably about 50 wt%.
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boiling above the kero/diesel boiling range, but
preferably also the components boiling in the kero/diesel

15 boiling range, as this improves the properties,
especially the cold flow properties, of the product.
Depending on the use of the product boiling below the
kero/diesel boiling range, it may be advantageous or not
to have it incorporated in the heavy Fischer-Tropsch

20 stream. For instance, when it is the intention to use it
as a component for gasoline, it is breferred to give it a
hydrocracking/hydroisomerisation treatment to improve the
octane number. In the case that it is to be used as

) ethylene cracker feedstock, it is preferred to aveid any

25 hydrocracking/hydroisomerisation.

Advantageously at least part of the effluent of the
isomerisation/hydrocracking step is passed to a
separation step in which a hydrogen-containing gas and a
hydrocarbon effluent are separated from each other.

30 Suitably, in this separation step a hydrogen-containing
gas and a hydrocarbon effluent are separated off by flash
distillation. Suitably the flash distillation is carried
out at a temperature between -20 and 100 °C, and a
pressure between 1 and 50 bar. Suitably the hydrocarbon

35 fraction is separated into a fraction boiling above
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fraction boilings aboveoduced into the second step.

15 The conditions (catalyst, temperature, pressure, WHSV
etc.) of the second hydrocracking/hydroisomerisation
reaction are suitably similar to the first reaction,
although this is not necessarily the case. The conditions
and the preferred conditions are described above for the

20 first reaction. In a preferred situation the conditions
in the first and the second hydrocracking/hydro-
isomerisation are the same.

Work-up of the products of the second
hydrocracking/hydroisomerisation reaction is suitably )

25 similar to the first reaction (see above}, although this ’
is not necessarily the case. In a preferred embodiment
steps (2) and (4) are combined, i.e. the same
distillation unit is used to produce the fuel products
boiling in the kero/diesel range produced in steps (1)

30 and (3).

At least part of the heavy fraction obtained in the
second hydrocracking/hydroisomerisation reaction is
introduced in the first or second hydrocracking/hydro-
isomerisation reaction. Suitably at least 30 wt% of the

35 fraction boiling above 370 °C is introduced into the
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370 Cis introduged i3ne 1hgI1Sacath AR o AGH YWD 1 | satignystep,
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(catalyst, te r-at ne e V.. etc.) .of the second
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reaction is
} part of the fraction boiling above 370 °C is recycled to
the combined hydrocracking/hydroisomerisation step,
15 suitably at least 30 wt%, preferably at least 60 wt%,
more preferably at least 90 wt%. The conversion per pass
(of the fraction boiling above 370 °C (feed plus
recycle)) is suitably between 30 and 70 wt%, preferably
between 40 andh65 wt% (based on total feed supplied to
20 the hydrocracking/hydroisomerisation step).
In a preferred embodiment of the present invention,
the amount of heavy fraction obtained in step 2 which is
used in step (3) or used in step {3) and recycled to
) step (1), is at least 70 wt%, preferably 85 wt%, more
25 preferably 95 wt% of the total heavy fraction (i.e.
boiling above 370 °C). In another preferred embodiment
the amount of heavy fraction obtained in step (4) which
is used for step (1) and/or step (3), is at least 70 wt%,
preferably 85 wt %, more preferably 95 wt% of the total
30 heavy fraction.
The inventlion further relates to hydrocarbon products
boiling on the kero/diesel boiling range obtainable by a
process as defined above. The invention especially
relates to a hydrocarbon fuel prodﬁct, which has not been

35 subjected to an additional dewaxing treatment, boiling in
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are 10 conbi ne8uiheslyngpr &&cBi0on Ot €yenThips toeH@,t staorfrabmly i e

schene, «conpris ya@racracki ng/li soner.i.sat.i n aration
step onls;cl I n th tgwgggea 3 aggsfllb rstpegflatlr}é’ h‘%&'ﬁ ejgolia i’od@‘gr%m C
is recycled to esbecmtmynb@tw@momr agld 159/ MHY Gl icRneb-stap, 15
suitably at |east 30 wt% preferably at | east 60 w% nore preferably at

| east 90 wt % Tﬁ@mESH@€FsP@ﬁnﬁe@tp&§§St( a’f Mes RSP bhdi Py RERVECB70 C
(feed plus recgghgﬁ}lgl gnsuy fealli 25}%57%]%1_{? 5 efef abl y, o bet veen

40 and 65 w % ( base ntota fee supple
hydr ocr acki ng/ hpdedesailyi Sati8od ,stcdgud Ipmantprtm‘lmw ed.enbodipeanfendbl he

present, 4 nvent I 0 he .amount _of, heayy fractd 0 in step.2 which is
used in dstep (3) Qgr & 3&“1 FEIEEF L 3P g?d —ragfi c,cﬂ &oﬂ &%p ‘(lji(?l s“at | east
70 wt % pref erabh:&éf%&.am% bRy 2% goreef e(rlablgéxﬁe&avm %apfrd heqd ot@] psavy
fraction (i.e. bagiling above 370 C). In another preferred enbodi nent the

amount of heavyPPIl%t P& Sbtailied G ngt gFgiBratmivbeler used2f of §iBp (1)

and/or step (3) geheral hBAYo LhoMAY) . RIALARLYy, 8hdtnhr SDABH8F °hebRRLY 95

as described above in which the amount of dimethyl
15 'compounds is between 23 and 28 wt% (based on total
product boiling in the diesel range). The products
obtained in step (4) of the process according to the
present invention are preferred, as these products show
extremely good cold flow properties, i.e. cloud points
20 below -26 °C, CFPP below —-30 °C and pour points below
-24 °C. B
The invention is illustrated by the following non-
limiting example.
Example 1 )
25 A Fischer-Tropsch product was prepared in a process |
similar to the process as described in Example VII of
WO-R-9834817, using the catalyst of Example III of
WO-A-9934917. The Cg+ fraction of the product thus

obtained was continuously fed to a hydrocracking step
30 (step (a2}). The Cg+ fraction contained about 60 wt%

C3pg+ product. The ratio Cgqp+/C3p+ was about 0.55. In the
hydrocracking step the fraction was contacted with a
hydrocracking catalyst of Example 1 of EP-A-532118. The

effluent of step (a) was continuously distilled under

35 - vacuum to give light products, fuels and a residue "R"



30 heavy fraction. The invention further relates to hydrocarbon prodlu?t_@ 2005

boi I i'ng on the kero/diesel boiling range obtainable by a rocess as derrned
. above. Th&'Q AP on especially relates to a hydrocarbon f /EW%{?&, whi ch
has not been 35 subjected to an addi fional dewaxing treatment, boiling in

)
12 JUL 2005 02/.070628 P RO2/ 02336 16 the diesel boiling range
(defined above) Cﬁé\ﬁ% %“%%)CFI Eﬂ'ﬁf ertieyt Tt'te He [ east 50,
preferably at | 5ash &0 pdf dhPrdicsabin e | aasd &?&duc%llts@ibll%gmaépa@& or

even up to 90, iso/normal ratio 5 between 2.5 and 10, especial Iy between 3.5
and 6, nore eshEkidl IMashdratenaem dndBl Therdodhe ofesihies iR waRpounds

being at |east 70 wW.% e t al 0 . (i 0t I range),
preferably 75 vﬁ-%%y%erébca%r%%]a{ﬁqy‘ %?%B%R%%tolg%{époﬁt&g%l%Sﬁgﬁ%klﬁg

Er Ief er aggycl? - ((ai)ln wenes al mgro £l Cﬁ)ei@FﬂDEiclhﬂfbyv Sﬁ@ccéi,Vemei?y ablb ?/
el ow - in general _up to -44 pour _ point below -_15 and. preferably
bel ow - 22 C (i MiYEnthIV ) ¥/ 1 4b Gecysis eredd YWHRE N df O%alf%g%-lbr oduct
as described a ' i a.ngﬂm | et £O0PQHLds | ween
23 and 28 wt % ?%lfredodéom%%la%g@%ro uctO gié)llﬁ% %‘i?%gp di eselyélr anag% l.pgil'he
products obtaiamell 4 resaepox 4jemfetdteupe oebs33@ctor didy 16 ohe34PreSenk
invention are preferred, as thlg%e roducts. show extéerrﬁ?lhg Jefele colg fl ow
properties, i SORRHU Yoi pF L™ ebeﬁ'%m‘fg%l%f? %ﬁ’lyb }Ilo >30°¢t Jﬁ‘aPpSBr

poi ntsilgel ow -Rikdridhemadyenitiona i sobdltptintenibysibechothond pgtnas-
limting exanple. Exanple, 1 25 A Fischer-Tr opschtgroduct waf prepared in a
process sim | afeseriped pincERs448242s85 i BBJCPRIELARPP eS UL LaF tO the

conditions as described above. The Cg+ fraction contained
about 30 wt% C3g+ product, the ratio Cgg+/C3zg+ was 0.19.

The properties of the diesel fuel fractions are

15 summarised in the Table. Experiments I, II and III are
according to the invention, Experiments IV and V are
comparison experiments. The temperatures mentioned in the
Table are the temperatures of the hydrocracking step.
Cloud point, Pour point and CFPP were determined by

20 ASTM D2500, ASTM D97 and IP 309-96. Establishment of the
Cg+, C3p+ and Cgpt fractions were done by gas

chromatography.
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12 JUL 2005 WD 02/070628 PCT/ EP02/ 02336 18 TABLE Experinent | 11 ILh.kX?%S_
Tenperature 330 335 340 330 335 Coud Point -13 -20 <-24 +1 -2 CFPP"-

.-21 -28 Ow@orbeyss Point -18 <-24 <-24 0 -6 Normals (w % p@yxkpozatssd 19. 9
50.4 41.2 Iso's (wt% 72.4 78.7 80.1149.6 58.8 Mono-nethyl 37.3 39.5 39.5
29.2 32.2 Di-nethyl 21.7 25.5 26.7 13.9 18.1 Ohers 13.4 13.8 14.1 6.4 8.5

Density (kg/1l) 0.78 0.78 0.78 0.7B 0.78 Cetane (D976m 78 77 76 80 78
Cetane (D4737m) 87 85 86 90 85 T95 368 B6A 358 5 1 12 JUL 2005 WO

02/ 070628 PCTI EP02/02336 19 CL Al MS 1. A process for the preparation of
one or nmore hydrocarbon fuel products boiling in the kero/diesel range
froma stream ofy hydr S o] ed | Lhscher - TLOpSCc ocess, in

whi ch process sghthgs?EQSEEQSf?g gg%vgf%gggﬁﬁggﬁl?gngéhggrggg%bons, at

| east a part of hythechyidoocdubdnprodincitsgbabdiagt he kbéeokdireseliesaige,

conprising the foll ow steps. (1) hydracracking/ hydrai soner.i sing at | east
a part of the ﬁ?ggﬁng%Pbﬁséﬁrﬁégr8Eagg§ﬁ§c§fb8§ﬁlﬁ °§“€8Hvépsﬁon per 10
pass of at nost F8@che%-Tfrcblaehmptretiedls, bainl Whd cabprecdte ©yinthe siat efisal

boiling below 370 C, (2) separating the %roduct stream obtained in step él)
5 is converted into liquid hydrocarbons, at least a part o

the hydrocarbons boiling above the kero/diesel range,

comprising the following steps:
(1) hydrocracking/hydroisomerising at least a part of the
Fischer-Tropsch hYdrocarbons stream at a conversion per
10 pass of at most 80 wt% of the material boiling above
370 °C into material boiling below 370 °C,
(2} separating the product stream obtained in step (1)
into one or more light fractions boiling below the
kero/diesel boiling range, one or more fractions boiling
15 in the kero/diesel boiling range and a heavy fraction
boiling above the kero/diesel boiling range,
(3} hydrocracking/hydroisomerising the major part of the
heavy fraction obtained in step (2) at a conversion per
pass of at most B0 wt% of the material boiling above
20 370 °C into material boiling below 370 °C,
(4) separating the product stream obtained in step (3)
into one or more light fractions boiling below the
kero/diesel boiling range, one or more fractions boiling
in the kero/diesel boiling range and a heavy fraction
25 boiling above the kero/diesel boiling range,
{5) hydrocracking/hydroisomerising the major part of the
heavy fraction obtained in step (4} in the
hydrocracking/hydroisomerising process described in step
(1} and/or step (3),
30 in which process the Fischer-Tropsch hydrocarbons stream

comprises at least 35 wt% C3pt+ (based on total amount of



into one or nore light fractions boiling below the kero/diesel boﬁ”;q 7
range, one or nore fractions boiling 15 in the kero/diesel boiling'r 8@ @%d
a heavy fnagd@me2d00i | i ng above the kero/ di esel boiling rapgamidhise

hydr ocr acki ng/ hydr oi soneri sing the majgr part of the heavy fraction
obtained in step (2) at a conversion per pass of at nost 80 w % of the
material boi | i ngydheyer@én870n Cthet pigeher-akropethi RgdkeLawbdAd Gt rdh)
separating the product streamobtained in step (3) 1into one or nore |ight
fractions boil iGRf bl odhide skeeyndiBeerehshti Agtiangep+dheodr isors
fractions boHi#E% in tge kero/ di esel boiling range and a heavy fraction 25
boi I i ng above t Yerr 4t esel boili ng range, (5)

hydrocracki ng/ hydr oi sgrgEd sé ngst hesERiBEqPRRt c9hikhe, BgayKithaghizon
obtained in step (4) in the hydrocracking/ hydroisonerising process

descri bed in stipschay-hreposehshedrogarbgnsi atwhbnhipr obésdnekein a

Fischer-T . . . N 35 wt % C30+ (based
on tota  ampant Sy HEE LIPS FER 1R 05458 ° ph EBBoPBoSgRess e
hydr ocar bons i cateel fsscherefeppisth dydobaatbensasiyseashbmpaneiing whi ch

streamthe weight ratio 0+/ C30+ if at least 0.2. 2. A process as
described in clGAMAST| APANPRhIPARLLE BNSCREr MPEEpRERTRYGESc SERSHI ot ream i s

obtained in a ﬂ&ﬁh@aﬁga%ﬁ,chmgﬁgaﬁbge,uz%heaiaa,i EQQ&%E}i%ﬂlbglrﬁtcH catal yst,

preferably a cobalt catalyst conpfising a carrier and optionally one or
nore pA8noters mldetmed. from vanadi um nmanganese, rhenium zirconi umand 10

' : [ LE .of c| al [ whi.ch th
Fi Scher - Tr opsch nydh dRAPRBRS SFr CanTEoBRY afnglly bR £ etBendr OF Gpecit

reacti on whi ch wisigertbenedsohderTropsch hydrocarbons stream is obtained

in a Fischer-Tropsch reaction which is performed under
such conditions that the ASF-alpha value for the obtained
15 products having at least 20 carbon atoms is at least
0.925, preferably at least 0.935, more preferably at
least 0.945, even more preferably at least 0.955.
4. A process as described in any of the claims 1 to 3,
in which at least a part of the full product of the
20 Fischer-Tropsch reaction is separated into a light
product stream, preferably comprising all components
boiling below the kero/diesel boiling range, and a heavy
Fischer-Tropsch hydrocarbons stream, which stream is used
in step (1), preferably the light products stream )
25 comprising unreacted synthesis gas, carbon dioxide, inert

gasses as nitrogen and steam, and the C1-C4 hydrocarbons,
preferably the C1-Cyig hydrocarbons.

5. A process as described in any of claims 1 to 4, in
which the Fischer~Tropsch hydrocarbons stream comprises

30 at least 40 wt% C3g+ (based on total hydrocarbons

stream), preferably 50 wt%, more preferably 55 wt%, and
in which stream the weight ratio Cgp+/C3p+ is at least

0.35, preferably 0.45, more preferably 0.55.



such conditions that the ASF-al pha value for the obtained 15 prodqusQMQang
at |l east 20 carbon atons is at |east 0.925, preferably at |east 0.93 re
preferably at |east 0.945, even nore preferably at |east 0.955. 4. A
process as described in any of the clains 1 to 3, in which at |east a part
of the full product of the 20 Fi scher-2iropsch reaction is separated into a

| ight product stream preferably conprising all conponents boiling bel ow
the kerobdi eskl pbockbrgasardgecrabedaiheany ofi sthémsTilopec!s hyidr ocar bons
stream ich sfreamis used preferably the |ight products

st ream 2%0¢6 FP%lHﬁOGHFEaE’Pé&l§9nﬂﬁe§§"§ ksso/dirs6A Boddiiag Tamge  gasses
as ni {1 ogeg anso§1§ﬁ r8fide! Be cflnCinlyds Bgareﬁn 10, Peleladlgp the C1- C10

hydr ocar bons. oces escri I n~any cl ai s to 4, i'n which

t he Fiscpeeférab$thhyﬂincahbomangéreéHEQOHpCIaﬁﬂ 336 at,| emste 40 W % C30+

(based on total hydrocarbons stream, preferably 50 wt% nore preferably 55
W % andpr?geﬁﬁpéﬁ BEFWSATt A8 Ona LR rgﬁlo €60+/ C30+ is at |least O0.35,

pref erabhy. 0. 45-BRecPhe! BEaRklplsdTn b M ARIRe 3106, o Arocess as

described in an clalns h t he product b0|I|ng in the

ker o/ di eskrichothengonarsgeiohapea basbiﬂg sargpe Wthanth&-rangeﬁbthbio C and
400 C, referabl% within the range of 140 C and 375 C, nore_  preferably

bet ween T8BEEI3hPSBAIRT 2boKepBdless d8tQeBRErRdd i ROAdY G bGlo"s 1 to 6,

.| Wi clbhecCOBVALELRRPSH BASS TN BkePE Ll aRdLObct el dihandrateria

b0|I|ng above 3 nto material boilin tween 30 and 70
W % preterabky herweepmed@rabdy 6@0Wt%50ﬁﬁte preferably about 50 wt% 8. A
process as described in any of ¢lainmg 1 to 7, in which the first and the

second h§dr ocPaBkPREFRYBF0TCFSERBRAs AT BRYsPED CAPd MEarlr it8d outiTat a
tenperatHﬁ?cHeEH@eﬁlrst and the second hydrocracking/hydro-

igsomerisation step are carried out at a temperature between
290 and 375 °C, preferably between 310 and 350 °C, a
pressure between 15 and 200 bar, preferably between 20 and
80 bar, more preferably between 30 and 50 bar and a WHSV
between 0.5 and 3 kg/l/h, preferably between 1 and 2.5
kg/1l/h.

9. A process as described in claim 13, in which the first
and the second hydrocracking/hydroisomerisation step are
combined.

10. A process as described in any of claims 1 to 8, in
which the amount of heavy fraction obtained in step 2 which
is used in step (3) is at least 70 wt%, preferably at least
85 wt%, more preferably at least 95 wt% of the total heavy
fraction, and in which the amount of heavy fraction obtained
in step (4) which is used for step in step (1) and/or step
(3), is at least 70 wt%, preferably at least 85 wt%, more
preferably at least 95 wt% of the total heavy fraction.

11. A hydrocarbon product boiling on the kero/diesel
boiling range obtainable by a process as defined in any of

the claims 1 to 15.



290 and 375 C, preferably between 310 and 350 C, a pressure between 15 and
200 par, preferably between 20 and 80 bar, nore preferably betmep@‘®Qngd
50 bar and a WHSV between 0.5 and 3 kg/l/h preferably between 1 and 2.
kg/ 1/ h. 9. A process as described in claim 13, in which the first and the
second hydrocracki ng/ hydroi sonmeri sati @2 step are conbi ned. 10. A process as
described in any of clains 1 to 8, in which the anount of heavy fraction
obt ai ned1lZn sAe erQﬂachoniprgdsdthWQﬂep tay h@tabebeaﬁmbﬂ@cmMﬁbtwweferably
at Ieast % nF ref E glat | eas h95 mﬁ@b th 3 .t ot al heavy

fract ot SREtRRanPERePRERE o RRY ShohaByy iF: SLEPEY BBLAAS) Tardoar op (4)
whi ch lSh&ﬁﬁﬂgf@BeSféplbﬂlﬁéeﬂr6ékr€n€é0rcéEﬁHe (dnbelrS a2t 1l8ast 660 W %
preferably at | east 85 w% nore preferably at |east 95 wt % of the total
heavy frexefenably. 74, hjdrdoarbon pa@dacbebwebnng &nanke €ker o/ di esel

boi I'i ng rang e by r,0 as defined_.in any .of the clainms 1 to
15 1”9 SEeSRELTBR0uCeR ao AR s bERepRBAUEE. CfihMERON SN SOMBEHRCEUD] ect od
to a deyaxh§Uatreahgenys Qe iBdskn Bﬂetgtﬁiegrgahlc‘tn%oﬁqﬂgﬁ% ikaviag the
foll ow ng properties: cetane nunber at | east 60, preferabl i so/ nor nma
rati o betweeal 3b6idndg6rangspeciabhy betintehedomndls, °Chepawﬁ@amtdW'nDno i so

conpounds,. . being at |east 7 % on _t ot al oi li t he
dlgEe| bot i n H ?ﬁﬂﬁﬁ)pO&PBUg E%Wn(gg mﬁnfopéefﬁgégg Fg %% rabour
poi nt bei pw ﬂ5hﬁi%9a958ﬁebﬁgﬁﬁcergwc'lagmgd 1§a3c1é1hﬁ/<ir20€%b%1|@ﬁq0duct as
claimed in claim12, in which he anount of di nmethyl conpounds is between

23 and ZBhﬁw&mO@QSedfodlmethvlpcompoundelhsngebweehe2d|e$dl2Bomu%ng range.

based on total product beoiling on the diesel boiling range.



