28 OCT 2004 W NTER DI ESEL FUEL PRODUCTI ON FROM A FI SCHER - TROPSCH WAX FI ELD
OF THE I NVENTION This invention relates to the production of fuels from
waxy, paraffinic hydrocarbons produced by the reaction of CQ BT BiBéir ogen,
via the Fischer- Tropsch hydrocarbon synthesis process. In particular, this

I nvention relates to a diesel fuel and a process for its production, useful
as a winter diesel fuel derived fromwax containing Fischer-Tropsch feeds
utilizing a multi-zone isonerization process to yield diesel fuels having
both excellent | ow tenperature properties and em ssions performance.
BACKGROUND OF THE | NVENQ R ERODIESELYSUERPRODUCERODUI ar di esel engi ne,

di esel fuels are known t‘ﬁmtﬁ] EEERAPROPECHNAAIKS, for exanple; solid

particulate matter (PM e —==as wer 1 as gaseous pollutants, e.g.,
unbur ned hydrocarbons (HC), carbon nonoxide (CO, and nitrogen oxides
(NOX). This is especially true during the wnter nonths, as em ssions
consi st nﬁ]}fﬂ})'ﬂ%&[ﬁ{@ﬁ'ﬂm”iw' ates are increased due to the cold
t enper at 3 , col d weat her operation places a greater strain
on the em ssions performance of the fuel, especially the cold-start and

snmoke performance. As a result, seasonal winter diesel fuels gre. required
in nuch of theTwarindention neatasas ¢he pradustionsdduels fmer Y% Haéfgf&l@éc and/ or

control emssions. In addition to incre enyi rronnent al , st rds, w nter
di esel f ukydroneshdne preducashiy ﬂleowa@té%@? ﬁﬂﬁ%‘i %NGW%?PoBb’rWJ??S%&or di ngly,
t here have been nunmerous gover nment and.i ndust : ' i nt er
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from wax containing Fischer-Tropsch feeds utilizing a multi-zone isomerization

process to yield diesel fuels having both excellent low temperature properties

and emissions performance.

BACKGROUND OF THE INVENTION

Upon combustion in a vehicular diesel engine, diesel fuels are known to
emit undesirable pollutants, for example; solid particulate matter (PM) e.g., soot,
as well as gaseous poliutants, €.8., unburned hydrocarbons (HC), carbon
monoxide (CO), and nitrogen oxides (NOx). This is especially true during the
winter months, as emissions consisting of HC, NOx, CO and particulates are
increased due to the cold temperatures. In addition, cold weather operation
places a greater strain on the emissions performance of the fuel, especially the
cold-start and smoke performance. As a result, seasonal winter diesel fuels are
required in much of the world during these cold periods in order to reduce and/or
control emissions. In addition to increased environmental standards, winter
diesel fuels need exceptional low temperature flow properties, Accordingly,
there have been numerous government and industry efforts to design winter fuels
for use in the mogas/diesel markets to address the winter emissions quandary.

The current results are winter diesel fuels which are traditionally blended with,




or consist essentially of kerosene and are characterized by inproved cold
flow properties. Fischer-Tropsch fuels are well known as hi gh cetane nunber
fuels. However, due to the highly paraffinic nature of Fisch?r-Erﬁ ch
fuels, these fuels generally possess nediocre to poor cold f g& 6 @Berties,
i.e., cloud point and cold filter plugging poi nt. The heaviest paraffin

nmol ecul es tend to crystallize as wax particles and precipitate above
certain tenperatures, resulting in high freeze point and/or cloud point.
This makes it difficult or even inpossible to use such products in many
envi r onnendrconkipesientially lof kepdstnt lapd arprhpacterizsd dfy intpreeed veldstlgener al |y

| eads to decreasing the cetane nunber as is the case with conventional
fuels. As propesiest, there is a need in the nogas/diesel markets for a high
cetane, low cloud/cold filter plugging point (CFPP) diesel which exhibits
em ssions performance better than that which would be expected fromthe

currently docunented govern t and |ndustr orrelations,fo uel effects
on enissions. 90 @Psqmg?'? RIGENWE OW%é&ghﬁé@quﬂb%f”@ﬁﬁoodi ment of
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cont ai ni “Qmﬁi &ﬂlt&@%ﬁg%ﬁﬂv%e }Eéﬂvﬁbs@%a_ﬁﬁh@ﬁﬁ rAbletille aémd fg action and

upgradi ng the fracti a~ “hydroi soneri zation and selective catalytic
devaxi ng tc@ysthRirecs \ﬁa)d'gmﬁ:llesf ated precipitateaisetd eartaih cemperapanestreseliipgoper t i es
and reduced em ssions. B OCT 2004 3 In particular, a 300 F+ (149 C+)
fraction dehiglefrebzopoittendicaiend prinspIbis makeet difficeereren nto a first
reaction zone, of two sequenti al

impossible to use such products in many environments. Improving the cold flow
properties of these fuels generally leads to decreasing the cetane number as is the
case with conventional fuels. As a result, there is a need in the mogas/diesel
markets for a high cetane, low cloud/cold filter plugging point (CFPP} diesel
which exhibits emissions performance better than that which would be expected
from the currently documented government and industry correlations for fuel

effects on emissions.

SUMMARY OF THE INVENTION

In accordance with an embodiment of this invention, is provided a novel
process for the production of a fuel, useful as a winter diesel fuel, derived from
Fischer-Tropsch products, which meets cold flow standards while
simultaneously providing superior emissions performance. The process
comprises separating the paraffinic, wax containing Fischer-Tropsch product
into a 300° F+ distillate fraction and upgrading the fraction via
hydroisomerization and selective catalytic dewaxing to produce a diesel fuel

with excellent low temperature properties and reduced emissions.
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| sonmeri zation reaction zones in a single reaction stage, the first reaction
zone conprising a first catalyst containing a suitable hydroisonerization
catalyst, to forma first zone effluent. At least a portion ofgf FZMtquid
product fromthe first zone effluent, preferably the entire |iquid product
fromthe first zone effluent, is passgg_into a second reaction zone,
conprising a second catal yst having a atal ytic dewaxing functionality, to
forma second zone effluent. In the alternative, the second reaction zone
may contain a mxture or conposite conprising both catalytic dewaxing and
hydr oi soner i zatlngpartieblarys360° Fhé¢1497 €t ) fmntion denindd fuom sherdischer-i n t he sane
or separate reaction vessels and preferably both zones are contained in the
sane reactTropsaiepsatess Fupassed intoraefifst reactigndone, oM@ RAUCEEE | on zone nay
conprise one or, nore catal yst beds.. The second zon ffluent conprises an
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both zones are contained in the same reaction vessel. Further, the first and/or

second reaction zone may comprise one or more catalyst beds. The second zone

effluent comprises an isomerized hydrocarbon product and can be fractionated

into desired liquid product fractions, e.g., a 320-700° F boiling fraction.

By 300° F+ fraction is meant the fraction of the hydrocarbons synthesized
by the Fischer-Tropsch process and boiling above a nominal 300° F boiling
point. At least a portion of the product of the second reaction zone is recovered
to produce a middle distillate boiling in the diesel fuel range, i.e., a 320-700° F
boiling fraction. Preferably, the process is conducted in the absence of
intermediate hydrotreating, and produces products with excellent cold flow
characteristics, i.e., cloud and freeze point, superior smoke point and better than
expected emissions characteristics. Such distillate products can be used as diesel
fuels or as blending components therefor. Preferably, this isomerized product of
the second zone effluent produces a fuel having a T95 (the temperature at which
most all the material has boiled off, leaving only 5% remaining in the distillation
pot) greater than or equal to 240° C (464° F) but less than or equal to 350° C
(662° F), preferably a T95 greater than or equal to 245° C (473° F) but less than



or equal to 340 C (644 F), nore preferably a T95 greater than or equal to
245 C (473 F) but less than or equal to 335 C (635 F) and having a cold
filter plugging point as determ ned by |P-309 bel ow about -33 §71 npre
preferably bel ow about -40 C and contains: paraffins sulfur nitrogen
aromati cs cetane nunber at |east 90+ wt%; preferably at |east 95+ W% nore
preferable at least 99+ wt% : 10 ppm (W), preferably < 5 ppm nost
preferably < | ppmS 10 ppm (wt), preferably < 5 ppm nost preferably < |
ppm< 1 % preferably < 0.1 %> 65, preferably > 70, nore preferably > 75 In
one enbodigieitual fe340VENG44h Ryomore presfernbly a difcr greatap shian omwraictaaﬂg?\
synthesis process, in which a synthesis gas conprising a mxture of H2 and
CO react @ 4T3feFpbesless thaf orequl taBB° € (6308 F) Tnd hevingw aplscilteon
synthesis catalyst, to forma hydrocarbon product wherein a 300 F +

di still at pluggingtpant anhdeteymt or a hydrogen containing gas is passed
into a first reaction zon aving a.first catalys risin ui tabl e
hydr oi somdPr3Q? belewe ab‘alll‘yéigb Kg m@r@rmpggrﬁl?lys}}eig\g r?b%g£ T‘ﬁﬁgﬁ fmé fd gfailéss't ot al
liquid product fromthe first zone effluent is passed into a second
reaction zone having a second catal yst containing either a catalytic

dewaxi ng cat al é’ﬁ&raﬂﬂ?#}ydm' SOMg[ et dROwEaL é’i%}alﬂf/ afldakXOSL vithaherf ., to
forma second zone effl uent congéi S|b2‘? @g | {vll‘Zoed hydr ocar bon product. A
middle distillate fuel, useful PHICLRDE ARSI M€ recovered fromthe

hydr ocar bon

sulfur < 10 ppm (wt), preferably < 5 ppm, most preferably
<1 ppm

nitrogen < 10 ppm (wt), preferably < 5 ppm, most preferably
<1 ppm

aromatics < 1%, preferably < 0.1%

cetane number > 65, preferably > 70, more preferably > 75

In one embodiment the invention comprises a Fischer-Tropsch
hydrocarbon synthesis process, in which a synthesis gas comprising a mixture of
H, and CO, react in the presence of a suitable Fischer-Tropsch hydrocarbon
synthesis catalyst, to form a hydrocarbon product wherein a 300° F + distillate
fraction and hydrogen or a hydrogen containing gas is passed into a first reaction
zone, having a first catalyst comprising a suitable hydroisomerization catalyst to
form a first zone effluent and the totat liquid product from the first zone effluent
is passed into a second reaction zone having a second catalyst containing either a
catalytic dewaxing catalyst, a hydroisomerization catalyst or a mixture thereof,
to form a second zone effluent comprising an isomerized hydrocarbon product.

A middle distillate fuel, useful as a diesel fuel is recovered from the hydrocarbon

product of the second reaction zone.



product of the second reaction zone. 28 OCT 2004 5 In this way, good yields
of distillate fuels with excellent cold flow properties are produced from
wax containing paraffins derived fromthe Fischer- Tropsch proceés ho
produce a full boiling range diesel fuel, preferably a 320- 7008 0H 10 kction,
wi th the uni que conbi nati on of high cetane nunber, very low cloud and cold
filter plugging point (CFPP) performance and full boiling range cut

exhi biting superior em ssions perfornmance. Optionally, all or part of the
hydr ocar bon product recovered fromthe second reaction zone can be conbi ned
or bl ended and J4shi} waydoddnfieldsdfesistllate fotls witteexeediedt asldaflbvend, t he
product of this invention can be used in relative mnor anounts, e.g., 10%
or nore, patigniafé provtucyd ifrom exaxngprtiiaiig paiaffimederdved fpasdie Psehmict .
DESCRI PTI OF THE DRAWNGS Figure 1 is an illustration of Hheﬁf@mnt al
react or udwdpsah prosdsecto preduce afph beilingrangsidiesed fuelppraferably a as

described_in the exanpl es.. DETAI LED DES PTI ON OF THE PREFERRED, ENBODI MENTS
The Fi sché‘rﬁwmw%mﬁ%@uwouﬁmam%% ‘feﬁ%‘?emgﬁlgﬂ’é’&r}' OVROUE +  see
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hydr ocar b S Tea e présence of a Fischer-Tropsch catal yst,
generally a supported or unsupported G oup VIII, non-noble netal e.g., Fe,
Ni, Ru, Co and with or without a pronoter e.g., ruthenium rhenium and

zi rconi um  The3sreabsalies pancofutie Hyidrechrben préducit dedmeredhfrost ther y
hydrocarbon synthesis. A preferred Fischer-Tropsch process is_ _one that
utilizes aectmi shactiohzgne sambgsomiggedorbkogdad and used as a winter diesel

fuel. When used as a blend, the product of this invention can be used in relative

minor amouats, e.g., 10% or more, for significantly improving the final blended

diesel product.

DESCRIPTION OF THE DRAWINGS

Figure 1 is an illustration of the experimental reactor used to produce the

comparative test fuels of this invention as described in the examples.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The Fischer-Tropsch process is well known to those skilled in the art, see
for example, U.S. Patent Nos. 5,348,982 and 5,545,674 herein incorporated by
reference. Typically the Fischer-Tropsch process involves the reaction of a
synthesis gas feed comprising hydrogen and carbon monoxide fed into a
hydrocarbon synthesis reactor in the presence of a Fischer-Tropsch catalyst,
generally a supported or unsupported Group VIII, non-noble metal e.g., Fe, Ni,
Ru, Co and with or without a promoter e.g., ruthenium, rhenium and zirconiurm.
These processes include fixed bed, fluid bed and slurry hydrocarbon synthesis.

A preferred Fischer-Tropsch process is one that utilizes a non-shifting catalyst,



6 such as cobalt or rutheniumor mxtures thereof, preferably cobalt, and
preferably a pronoted cobalt, the pronoter being zirconiumor rhenium
preferably rhenium Such catalysts are well known and a prefggred gt al yst
is described in U S Patent No. 4,568,663 as wel| as European Patent 0 266
898. The synthesis gas feed used in thg process conprises a mxture of H2
and CO wherein H2: CO are present in aratio of at |east about 1.7,
preferably at |east about 1.75, nore preferably 1.75 to 2.5. Regardl ess of
the catal yst or conditions enpl oyed however, the high proportion of norma

par af f i ns sh¢h hdeopalpat althpriey of thikyured theresf peefefabdpsobalt mkess nust be
converted from wax containing hydrocarbon feeds into nore wuseable products,

such as t peefspubly atpromdted tebalfithe promoterrtsiing zircompooapihegiadt, primarily by
hydrogen treatnments invol ving hydrotreating, hydrojsonerization, . and
hydr ocr acrefgrably wherdhma Such eathlysts atetwelh kspwnrandyn preierred sa@bytitt ed wit h
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cont ai ni ng product, s produ can contaln Co5+
materi al s re ably C10+ I rably C20+ materials, a substanti al
portion o?b&!’ﬁ Lﬁgaﬁfﬁ%BFﬁ%ﬁF’bﬁg#;ﬂOﬁg&A typical product slate is shown
below 2 8 0 Cf 2006 -7 Typical product slate fromFIT process |iquids :
W% IBP - 320 F.13 320 - 500 F.23

Regardless of the catalyst or conditions employed however, the high
proportion of normal paraffins in the product produced by the Fischer-Tropsch
process must be converted from wax containing hydrocarbon feeds into more
useable products, such as transportation fuels. Thus, conversion is accomplished
primarily by hydrogen treatments involving hydrotreating, hydroisomerization,
and hydrocracking in which a suitable fraction of the product is contacted with a
suitable catalyst in the presence of hydrogen to isomerize the fraction by
converting the molecular structure of at least a portion of the hydrocarbon
material from normal paraffins to branched iso-paraffins to form the desired
product, as is known to those skilled in the art. Nevertheless, the feedstock for
this invention can be described as a wax containing Fischer-Tropsch product,

and this product can contain C5+ materials, preferably Cjg+, more preferably
Cpo+ materials, a substantial portion of which are normal paraffins. A typical

product slate is shown below.



500 - 700 F.19 700 - 1050 F.34 1050 F.+11 100 In accordance with an
enbodi nent of the invention, a wax containing paraffin feed stock derived
fromthe Fischer-Tropsch process is separated, usually by fragtjgnag on,
into a 300 F+ distillate fraction. The feed also conprises nore than 90%
paraffinic hydrocarbons, nost of which _are normal paraffins. In addition,
the feed preferably has negligible anounts of sulfur and nitrogen conpounds
with less than 2000 wpopm preferably | ess than 1000 wopm and nore
preferably | ess than 500 wppm of oxygen in the form of oxygenates.
Preferably, the 300 F+T{HisghsiodherslaehfreerFesiocesacliquidsi s t hen upgraded
via a single stage iso izatron process, 1.e., the liquid product of the
first reaction zone is passed directly i nto Wte%second reaction zone,
conprising hydroisonerizationgel ypyee by selgrtive catal ytic dewaxing. The
single stage reduces product oss and avoids the need for two parallel
reactions stages. In particul3p-$¢¢ BO0 F+ di>tillate fraction is passed
into a first reaction zone, conprising a hydroisonerization catalyst to
forma first zone effluent whes(§l n7GA°F.| east al%ortion of the liquid product
of the first zone effluent is passed into a second reaction zone,

conprising a catalyst having aQﬂﬂlﬂ@ﬁlﬁ;demaxyhg function, to forma
second zone effluent conprisin Eydr0|soner ed hydrocarbon product .
Preferably, the entire liquid ﬂxﬁh t eX|st|ngfhnder the conditions of the
first reaction zone pass directly into the se d reaction zone. 2 8 0 CT
2004 8 However, the first zone effluent may al'so conprise |ight gases and
napht ha which pass into the second reaction zone. In an alternate

enbodi ment, the light gas and/or naphtha fractions may be separated before

the first zoneghtés@ahcé Sith an embodiment of the invention, a wax containing

paraffin feed stock derived from the Fischer-Tropsch process is separated,
usually by fractionation, into a 300° F+ distillate fraction. The feed also
comprises more than 90% paraffinic hydrocarbons, most of which are normal
paraffins. In addition, the feed preferably has negligible amounts of sulfur and
nitrogen compounds with less than 2000 wppm, preferably less than 1000 wppm

and more preferably less than 500 wppm of oxygen in the form of oxygenates.

Preferably, the 300° F+ Fischer-Tropsch derived fraction is then upgraded
via a single stage isomerization process, i.e., the liquid product of the first
reaction zone is passed directly into the second reaction zone, comprising
hydroisomerization followed by selective catalytic dewaxing. The single stage
reduces product loss and avoids the need for two parailel reactions stages. In
particular, the 300° F+ distillate fraction is passed into a first reaction zone,
comprising a hydroisomerization catalyst to form a first zone effluent wherein at
Jeast a portion of the liquid product of the first zone effluent is passed into a
second reaction zone, comprising a catalyst having a catalytic dewaxing
function, to form a second zone effluent comprising a hydroisomenzed
hydrocarbon product. Preferably, the entire liquid product existing under the

conditions of the first reaction zone pass directly into the second reaction zone.




transferred to the second reaction zone. Further, additional hydrogen or

ot her quench gases may be injected before passing the effluent of the first
zone into the second reaction zone. The Fi scher-Tropsch derived wax
containing feed is subjected to hydroisonerization in the fir&0Ct Pkt i on
zone in the presence of hydrogen, or a ,hydrogen containing gas, to convert
a portion of the normal paraffins to T%()paraffi ns. The degree of

hydr oi sonmeri zation is neasured by the amount of boiling point conversion,
i.e., the anount of 700 F+ hydrocarbons converted to 700'F- hydrocarbons.
Fol | owi ng Hywewiirs eefifst abn@ Bffluerit meayf dlsstconmprise lightigasss ard ngphthaon of the
liquid product fromthe first zone effluent is passed into a second
reaction mdrieh pasy Ritoitngsecondweadtign raneal bsan abemptr onbedwnentathedighiat al yst
or a mxture thereof, designed to mnimze boiling fOi nt copyersion while

i npr ovi ng gas ahdvoi maphthadfractpaisrmap besepetated before Hie: firsg Zape PHANLES port i on
of the remaining n- E{araffi ns contai ned Ln the é'.r.stﬂfﬁn(% effl ue te to
further | tenserces (e sqsandAEaGion Zqne. s%ﬁ'&tl‘qf'f‘ Liogal RYHORER 8F §8F°Tchai n
paraffins to smaller chain _paraffins which r ' ol i zed to

i so- par af APRRCIHBAIS|TBRY PGS No{%aﬁl%qlgfef?p}%éﬂ[ %@ fﬁéﬁ%ﬁ%’ﬁeact i on
within thg second .r ' one is conducted until a cold filter plugging
poi nt for %%ecg’é@d-ﬁg&g%%gg%%’fl uent at or bel ow about -35 C, nore preferably
below -40 Cis achieved. In the alternative, the dewaxing reaction may be

conducted until a cloud point for the second zone effluent at or bel ow
about -35 C, nune Pkehiar Tipschelenwed 4xCormaimitg faedds subjeatedstoandar d
distillation techniques, a hydrocarbon product is recovered fromthe second
zone ef f hydrdisdvaeringtion 19 thegfizsé reactionzongin dagipreseBeoabhydiogen. ®a put | ess
than or equal to 350 C (662 F), preferablﬁ ? T95 ql[l at efr,rglh n or equal to
245 C (47Bydmgepgontasing gas 19 COBYEAR RAstR ST &g RoH %par Pgalﬁr eferably a
T95 greater th 28 2004 -1.9. 24 han or
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equal to
boiling point conversion, i.e., the amount of 700° F+ hydrocarbons converted to

700° F- hydrocarbons. Following hydroisomerization in the first zone, at least a
portion of the liquid product from the first zone effluent is passed into a second
reaction zone containing a dewaxing catalyst, a hydroisomerization catalyst or a
mixture thereof, designed to minimize boiling point conversion while improving
cold flow/cloud point properties by reacting at least a portion of the remaining n-
paraffins contained in the first zone effluent to further isomerize the n-paraffins
to isoparaffins or crack larger chain paraffins to smaller chain paraffins which
are, in turn, isomerized to iso-paraffins or selectively crack the n-paraffins. The
dewaxing reaction within the second reaction zone is conducted until a cold filter
plugging point for the second zone effluent at or below about -35° C, more
preferably below -40° C is achieved. In the alternative, the dewaxing reaction
may be conducted until a cloud point for the second zone effluent at or below
about -35° C, more preferably below -40° C is achieved. Using standard
distillation techniques, 2 hydrocarbon product is recovered from the second zone
effluent having a T95 greater than or equal to 240° C (464° F) but less than or
equal to 350° C (662° F), preferably a T95 greater than or equal to 245° C (473°
F) but less than or equal to 340° C (644° F), more preferably a T95 greater than



flow and em ssion properties of the resulting distillate fuel are excellent,
maki ng the product useful as a winter diesel fuel. Hydroi sonerization and
hydrocracking are well known processes for upgradi ng hydrocarp@m{symhesi s
products and the conditions enployed can vary w dely. Accordingly,
applicants' isonerization process nmay be enployed in either a single stage
or dual reactor system dependi ng on t he9desi red catalysts utilized for each
reaction zone. In another enbodi ment of the present invention,

hydr oi someri zati on and catal yti c dewaxi ng are conducted in a single stage,

fixed Dbedyreach gy 2#80mpr (4mRg)dut K8k (RAiflopegendo 588U (6352 GMe Theeraliln

hydr oi soneri zati on catal yst a catal ytic dewaxi ng catal yst operate to

convert Jﬁ?@%otimfsaﬁm@@p&ﬁmfahé ammm% aD0i11Ge fuel erd alcellant madtiagt i vel y
dewax the eed to achieve a cold filter plugging point bel ow about -35 C

The first thegredictrusefuleaspr wimendieyeldorbri ses a first catalyst Iayer
containing a hydroisonerization catalyst while the second reaction zone
conprises a second catalyst layer containing a catal ytic dewaxi ng catal yst

or preferably containing a .mxture of hydroisonerization an lytic
dewaxi ng cat al yHWdIOISWBGﬂ@%ﬁI}E E’@W‘ﬁ%’&% P%WEB#QOMP@Sﬁg%EﬁE’gne or nore
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Fovever , dpdroisophdriizsmoncndga s e SRHBYEE B AN F RGBSR aed
Concent r atbeSregFas CORERYIE 4o SPPRATF Rl BTN Jone or catalyat
bed. In 2 }?ydrggmge%f%ition catalyst and catalytic dewaxing catalyst operate to convert

10-80% of the 700° F+ materials to 700° F- matertals and selectively dewax the

feed to achieve a cold filter plugging point below about -35° C. The first

reaction zone preferably comprises a first catalyst layer containing a

hydroisomerization catalyst while the second reaction zone comprises a second

catalyst layer containing a catalytic dewaxing catalyst or preferably containing a

mixture of hydroisomerization and catalytic dewaxing catalysts. In addition,

each reaction zone may contain one or more catalyst beds comprising one or

more catalysts in order to incorporate interstage quench or liquid redistnbution

between beds. Catalyst activity for each reaction zone will normally be

dependent upon variations in operating conditions. When operating in a single

reactor, it is preferred to utilize hydroisomerization and catalytic dewaxing

catalysts which have similar activity for the conversion and cracking of the n-

paraffin containing hydrocarbon feeds under analogous operating conditions,

i.e., similar or overlapping reaction conditions such as temperature and pressure.

However, activity balance may be achieved by varying the degree and

concentration of each of the catalysts in a single reactor or the degree and

concentration of a catalyst within a particular reaction zone or catalyst bed. In



1 0 the alternative, a dual reactor system nmay be enpl oyed to conduct

hydr oi soneri zation and catalytic dewaxing in separate reactors, connected
in series, such that the total liquid product of the first riquﬂr @!OWS
directly into the reaction zone of the second reactor. The pre r@

reactor conditions, i.e., tenperature and pressure for each reactor, may
depend on the catalysts enployed in ed®h reactor. Duri ng hydroi soneri zation
of the wax containing paraffinic feed, conversion of the 700 F+ fraction to
a material boiling belowthis range (700 F-) will range from about 10-80%

prefer abl i3 flafi f0ch ERIG LRS! SybivmaF e Aifiblogeeto eonduance through pass

of the fee roug e reaction” zone. “Table 1 below |ists sone broad and
preferredy %ﬁédﬁeﬂﬁaﬁ&i and Y Sabj1ROf@Y A zak inBepintaraogoanscted ithe
preferred odi nent of applicants invention. TABLE | CONDI TI ONBROAD
RANGEPREFRisDs indiNiat Teerpsta bliquiedit0duct/athexfistreacos Glaors directdyiingo the

psi g0- 2000500- 1200 Hydrogen treat rate, SCFB 500-400010Q0-2000

LHSVO. 25- readfiohi-Zong ofithe sgchmsl reantori A praferred reapios voadPSehe+i ng t he wax
containing feed wth hydrogen in the presence of ,a suit bee

hydoi sonetemperaie aadqrgssure fon ¢ach reaeipTJRaY dgpeRd Hﬁ&h%ﬁﬁg StSfactory for
this step, sone catalysts performbetter than others and are preferred. For
exanpl e, ﬁ%‘ﬁ‘?leéjrﬁnse#e@éﬂ%éd hydr oi someri zati on catal yst conprises one or
nmore G oup VIII noble or non- noble nmetal conponents, and depending on the
reaction conditions, one or nore non-noble netals such as Co, Ni and Fe,

which may or My, AHY h@dRsdmEizdorsl hewa0ebntainkdg paraffinic feed,
conversion of the 700° F+ fraction to a material boiling below this range
(700° F-) will range from about 10-80%, preferably 30-70% and more preferably
30-60% based on a once through pass of the feed through the reaction zone.
Table 1 below lists some broad and preferred conditions for hydroisomerization

in accordance with the preferred embodiment of applicants invention.

TABLE 1
CONDITION BROAD RANGE PREFERRED RANGE
Temperature 400 - 750 °F 600 - 750 °F
Pressure, psig 0-2000 500-1200
Hydrogen treat rate, SCF/B 500-4000 1000-2000
LHSV 025-4.0 0.5-25

The hydroisomerization is achieved by reacting the wax cox_ltaining feed
with hydrogen in the presence of a suitable hydoisomerization catalyst. While
many catalysts may be satisfactory for this step, some catalysts perférm better
than others and are preferred. For example, applicants preferred
hydroisomerization catalyst comprises one or more Group VIII noble or non-
noble metal componeﬁts, and depending on the reaction conditions, one or more

non-noble metals such as Co, Ni and Fe, which may or may not also include



Goup VIB netal (e.g., Mo, W oxide pronoters, supported on an acidic netal
oxi de support to give the catalyst both a hydrogenati on and dehydrogenati on
function for activating the hydrocarbons and an acid funCti(”‘ﬁgﬂCTZWL
I sonmeri zation. However, noble netals reduce hydrogenolysis, particularly at
| ower tenperatures and will therefore be preferred for sone applications.
Preferred noble netals are Pt and Pd: l¥he catalyst may al so contain a G oup
I B metal, such as copper, as a hydrogenol ysis suppressant. The cracki ng and
hydr ogenati on activity of the catalyst is determned by its specific

conposi ti ! oqw A RoidteIeT Qippofted drimsecitimumdtal n t he
Sar gent - 8Hp{g?rf|}§eg@c(e%’b e’g?)a{”ﬁie Elﬁigments, g(i)bpyri ght 1968. The acidic

support fgg; \thnsﬁrt@i £08%8Hd eahlyenbethtahydrogesatjporeard dbhydragenatisr phous
silica-alumna where the silica is present in amounts of |ess than about 30
w % prefgicivnyfop-advatingtheiydroparbbas abd yn Boid lingtiosfONFOMETHRIIONY, 1 he
silica-alum na support may contain anounts.  of a bi nggr f or mai ntaining

catal yst Huvemyeriyohlemetglsmieghce bygroganelysis, RACUAEE 8UOYEEr ocesses. Typi cal
bi nders include silica, alumna, Goup |VA.netal oxi,de . S Lrconi a,
titania, teraperapues ppdsvidtherefgre bw&ﬁ%@‘ﬁf@f&’@‘? al%thF“ﬁW?-u?éesfe‘zorF&t he

f or egoi ng, ef er abl al um.na,m sil | ' ' ably

al um na. BPE gt Q/\ﬁ‘érptp‘?'r&g%‘flrt Thy Cataﬁgstggé}éﬁfg’é%%ggﬁnpgm t nll,y ﬁngegel’ up about
5-50% by wej,gh h YnP-BRYefa¢ki siid . nore preferably
20- 30% bywa%f(%%%agsa%#&?lfgséepggggglﬁfe gupport pre%ciénrzgabl y include surface

ar eas of P0RAfdR atVicy B BANALis dinetheinedlby iabspecifRScompositian/ gm - and
pore vol u o] Fess than"1l m I gm "as determ ned by water adsorption,

pr ef er abl ThiemétakGrangeraferedoherein 2 thos® f@ind lgjlrti/l? Sargent-Weldy ni/gm . The
metals may be incorporated onto the support by any suitable nethod, and the
i nci pi ent PesibdiesEabletithe Flementsy eamatgdd 1968i t abl e netal sol utions may be 28
0CT 2001 -1 2

The acidic support for the hydroisomerization catalyst is preferably an
amorphous silica-alumina where the silica is present in amounts of less than
about 30 wt %, preferably 5-30 wt %, more preferably 10-20 wt %. Additionally,
the silica-alumina support may contain amounts of a binder for matntaining
catalyst integrity during high temperature, high pressure processes. Typical
binders include silica, alumina, Group IVA metal oxides, e.g., zirconia, titania,
various types of clays, magnesia, etc., and mixtures of the foregoing, preferably
alumina, silica, or zirconia, most preferably alumina. Binders, when present in
the catalyst composition, make up about 5-50% by weight of the support,
preferably 5-35% by weight, more preferably 20-30% by weight.

Characteristics of the support preferably include surface areas of 200-500
m’ /gm (BET method), preferably about 250-400 m” /gm; and pore volume of
less than 1 ml/gm as determined by water adsorption, preferably in the range of

about 0.35 to 0.8 m/gm, e.g., 0. 57 ml/gm. |

The metals may be incorporated onto the support by any suitable method,

and the incipient wetness technique is preferred. Suitable metal solutions may be



used, such as nickel nitrate, copper nitrate or other aqueous soluble salts.
Preferably, the netals are co-inpregnated onto the support allow ng for
intimate contact between the Group VIII nmetal and the Goup | B netal, for
exanple, the formation of binmetallic clusters. The inpregnat280§upPert is
then dried, e.g., over night at about 100-150 C., followed by cal cination
In air at tenperatures ranging from addut 200-550 C., preferably 350-550
C., so that there is no excessive |oss of surface area or pore vol une.
Goup VIII nmetal concentrations of |ess than about 15 wt % based on total
wei ght  of t h SPHetini M6th8e adiomspobftde ahlty, about 1-10
w % canugga’?#%ﬁgﬁgg‘glgé‘llﬁ%ﬁ%egﬁp IBng?%foi S usuqz;‘lﬁlry present in | esser

anount s apgefer@bly! RGAefalPifealeithprghadiontaliveituppdrt 20owatg torispete i ng t he
Goup VIII netal. Sonme preferred catal yst characteristics are shown bel ow

Ni, W % cbnficbbOweentthe@@upOvHS meralomd thei@mag T metalp bor(axample) ths- 35
Surface Area, n? /82_90-325 Total Pore Vol unme éHg), rmg . 35-0. 45 Conpact ed
Bul k Densifoymatigmbhbasetallzscingigrs. Ghesmmegpagd S8PRORH hepglried; €-8.gni t i on3. 0

max. (1 hour 550 C ), %w._2. . asion | oss. @.0, % Fi nes,
w0t hr ogyh aighias Ao YO 156 Fetlomghby 2altinartifin i atepertfured
ranging from about 200°-550° C., preferably 350°-550° C., so that there 18 no

excessive loss of surface area or pore volume.

Group VIII metal concentrations of less than about 15 wt % based on total
weight of catalyst, preferably about 1-12 wt %, more preferably about 1-10 wt %
can be employed. The Group IB metal is usually present in lesser amounts and

may range from about a 1:2 to about a 1:20 ratio respecting the Group VIII

metal.

Some preferred catalyst characteristics are shown below:

Ni, wt % 2.5-3.5
Cu, wt % 0.25-0.35
Al,Os - Si0, 65-75
Al,O; (binder) 25-35
Surface Area, m* /g 290-325
Total Pore Volume (Hg), ml/g 0.35-0.45
Compacted Bulk Density, g/ml 0.58-0.68
Avg. Crush Strength 3.0 min.
Loss on Ignition 3.0 max.
(1 hour @ 550° C.), % wt.

Abrasion loss @ 0.5 hr, wt % 2.0 max.

Fines, wt % through 20 mesh 1.0 max.




Catal ytic dewaxing, has as its objective, the renoval of a portion of the
remai ni ng strai ght chain n-paraffins which contribute to undesirably high
cloud point while mnimzing the cracking of the branched ch&ig(T 2004

i so-paraffins formed during hydroisonerization. In particular, this step
renoves the n-paraffins by either selectively breaking the n-paraffins into
smal | nol ecul es, | ower-boiling quuidsl%r converting sone of the remaining
n-paraffins to isoparaffins, while |eaving the nore branched chain

i so-paraffins in the process stream Catalytic dewaxing processes comonly
enpl oy zeolite dewaxing catalysts with a high degree of shape selectivity
so that only linear (or alnost liner) paraffins can enter the internal

structure of thearapht tewshizioe habiay itvoBfcioce thedteimyal of efpioeton of thei r
renmoval . Sonme preferred dewaxi ng catal ysts include SAPO 11, SAPO 41,

ZSM 22, ZSMn@dninSapht @Rk 4Sparzfiasdhicksmdbuesz-weiesisayugh siopd 43 and
ferrierite. The catal yst(s) contained in the second ,reactioag zoge hadvi ng a
catal yti c pelanhilgninimizingtheicrackiag of grpbrasehed ehain ijR-PRraiBRS PTRF
catalyst, a mxture of a catalytic dewaxjng catalyst and

hydr oi sonedurizg hydrasemenisation. B%Bgt@sg USRI R ﬁ?%’iﬁ#&f‘? &Y devaxi ng
and hydroi soneri zati o at al yst conpongent ; natd, Menaii:ayer ed
catal yst EdTasisERHGeaRing e sraaian Hbamdl oy i tboliny

hydr oi songy.i zati on S 1 het AFhffinacwhidd zone.
Pr ef erabrilflq‘_f'ﬁé Oﬁgﬁégéﬁ%&%@%ﬁgﬁgﬁﬁl s?s gh?g%lgs??g@pel et conpri si ng
both a_hydfql mbiirhstd SraneRiRLNEh iah ganatiab ¥ itfe piovess supacat Ghiatytic
Preferably, t ewaxi ng conponent of "the catal ytic dewaxing catal yst
conpri ses geviOxifeHotesses gommatilyemplopakplitendavganing cosalyss Wit @bifhar si eve
havi ng generally oval 1-D pores having a m nor aﬁ)r(li s .bet ween Pbout 4.2 A and
about 4.8 degreel of shaposelaxtiwithee Weasonky boearyof ajmasdings ) parasiips 4an

G e X Vero) Sttt S PR e i wiRleS 8l UndBl o Erak ik B1effeRP! ¥ 28
their removal. Some preferred dewaxing catalysts include SAPO-11, SAPO-41,
ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-57, SSZ-31, SSZ-32, SSZ-41, SSZ-

43 and fernernte.

The catalyst(s) contained in the second reaction zone having a catalytic
dewaxing functionality may comprise a catalytic dewaxing catalyst, a mixture of
a catalytic dewaxing catalyst and a hydroisomerization catalyst or a composite
containing a catalytic dewaxing and hydroisomerization catalyst component. In
the alternative, layered catalyst beds comprising catalytic dewaxing catalyst
and/or hydroisomerization catalysts may be employed in the second reaction
zone. Preferably, the dewaxing catalyst comprises a composite pellet

comprising both a hydroisomerization catalyst and catalytic dewaxing catalyst.

Preferably, the dewaxing component of the catalytic dewaxing catalyst
comprises a 10-member ring unidirectional, inorganic oxide, molecular sieve
having generally oval 1-D pores having a minor axis between about 42 Aand
about 4.8 A and a major axis between about 5.4 A and about 7.0 A as

determined by X-ray crystallography. The molecular sieve is preferably



I npregnated with fromO0.1 to 5w % nore preferably about 0.1 to 3 wt % of
at least one Goup VIII netal, preferably a noble Goup VIII netal, nost
preferably platinumor palladium The isonerization conponent b8 0fhé;
conposite catal yst can be any of the typical isonerization catalysts, such
as those conprising a refractory nmetal oxide support base (e.g., alum na,
silica-alunina, zirconia, titanium ettc!d-on which has been deposited a
catalytically active netal selected fromthe group consisting of Goup VI
B, Goup VII B, Goup VIIl netals and m xtures thereof, preferably G oup

VLT, or e Bleb SlaRlyiah A oF Q49 wHidhl moFe prefRfalPaBoUn0.Fito® whdh afidt

optionallﬂ ng a pronoter or dopant such as hal ogen, phosphorus,

boron, yfLkd ﬂﬂﬁﬁVﬂI 1Rt@al, ReRTaHIgh YollalGwap, VI tnetal, arostagnesi a, nost
pr ef er abl ;Eégft?)t?g??ne. The cat alﬁgtical ?y active rrgt als are present in the

range O. 1ﬁr@fe§amyﬂraﬁnﬁﬁﬁ@epamc&mﬁ. 1to3w % nore preferably 0.1 to 2 wt
% nost preferably 0.1 to 1 w % The pronoters and dopants are used to

control the acidity of the isomerization catalyst. Thus, when the

i somerization catalyst enpl oys a bas terial .su ] pdity is
i nparted to thel BRISYIZ “a"dﬁfll?‘?llﬁﬁl?tf?f @3 C%PBE;‘Z%&}%&%% g%rgg}a y%’1 4 Idgglrl?ney
When a hal ogen,is used,. pref I i Pi ' Ahaunt in
the range t@f8¥a'} gome%dq%% W@&gga%lf{pl 36;?({10? %cgh‘%ﬂs%g ﬁ)ﬁﬁﬁp’?e@ee?gbl ;/ 0.1to
2wt % nmost, prefieranl iPcabhluthin®l Pirdctihytitahfuns) dtc 9@n whivh e i s

¢ miif?
used as t epg’gse mat e%g"gq],é acill’(]i‘;llty can be controlled by adjusting the ratio

of silica gy sitad alcabilyaealy actvedopeantse oot framythergraupconsighng ioh whi ch
reduces the acidity of the silica-alunm na base material as taught iln U. S.
Pat. No. GraptVEs .Gisiup VH B Groum ViBwsiakgandmaxipses thereofo protsrably

the. secondGummpuilintacas prefvsgy BB GevseNID makt Argerony PR S0k ° 15"

The  compostl @ gt iattning 3 brodittd! &t ddpant Sl he!tiabg b s BHoARTBBRA] ! S
yttria, magnesia, etc. preferably halogen, yttria or magnesia, most preferably
fluorine. The catalytically active metals are present in the range 0.1to 5wt %,
preferably 0.1 to 3 wt %, more preferably 0.1 to 2 wt %, most preferably 0.1 to 1
wt %. The promoters and dopants are used to control the acidity of the
isomerization catalyst. Thus, when the isomerization catalyst employs a base
material such as alumina, acidity is imparted to the catalyst by addition of a
halogen, preferably fluorine. When a halogen is used, preferably fluorine, it is
present in an amount in the range 0.1 to 10 wt %, preferably 0.1 to 3 wt %, more
preferably 0.1 to 2 wt % most preferably 0.5 to 1.5 wt %. Similarly, if silica-
alumina is used as the base material, acidity can be controlled by adjusting the
ratio of silica to alumina or by adding a dopant such as yttria or magnesia which
reduces the acidity of the silica-alumina base material as taught in U.S. Pat. No.
5,254,518. Similar to the dewaxing catalyst, one or more isomerization catalysts

can be pulverized and powdered, and mixed producing the second component of

the composite pellet catalyst.




which make it up in a broad ratio. Thus, the conmponents can be present in
the ratio in the range 1:100 or nore to 100 or nore: 1, preferably 1:3 to
3:1. Anore detailed description of this invention may be had t hrough the
fol |l owi ng conparisons. Two conparative exanples of Fischer-Trd8ddi Hri ved
distillate fuels were prepared as follows: As illustrated in Figure 1, the
mul ti-stage isonerization process was -tarried out in an isothernal sand
bath (2) containing two 0.5 inch up-flow fixed bed reactors, Rl and R2,
connected in series where the total liquid product of the first reactor

(RI) was fed di mg&b}ﬁ%@n&? Ctgtg?)égt%ﬁﬁtcbﬁ{hiﬁ@lﬂ@ixﬁﬁvﬁih@l ?%Odﬂ@drc@mpmfents( R2). R

contained 80 cc comercially avail ab hydr oi soneri zati on

cat al yst C@gi%i SR8 iCuPith Yr&eH Bitioa Thuk] hie-camponeatsseanpos presentinehei ng
nomnally 20 wt % alum na/80 wt% silica and 30 wt % al umi na binder. R2
cont ai ned ratipdhahy #indd en00aThaieionHPer morg: 116 prefgrably di3 i Jdormerci al | y
avai | abl e dewaxi ng catal yst conprising 0.5 wt% Pt on an extrudate
containing Theta-1 zeolite (TON) and 51 cc (27.5 gns) of the

hydr oi sonmeri zati on catal yst contained_ in RL. The extyuda shed and
t%e -8, +20 mé@@é@de&aﬁeﬂdﬁép@t&??f%s H}Vepﬁgn@&%hegg‘g?@f\éggpgby There was

no treat rﬁnt aor interstage stripping of the hydroi sonerized product of Rl
prior to 1R GOMRATRENS:A 300 F+ Fi scher-Tropsch derived wax cont ai ni ng
feed (4) was run through Rl at conditions that resulted in about 50%

conversion of the 700 F+ 28 OCT 2004 -16 material to 7000 F- and dewaxi ng

was run through ¥ exAmplQUsF PRthdr-Thlsolvdehioed distila@ fukhe
i sot her nal reac?t?r% {::(E)hr}gl&% onsx\;\ig‘rﬁe as foll ovvs@?lS psi g, 1650 SCFBbl

hydr ogen t wead prephtedis folRiws: LHSV and a tenperature of

As illustrated in Figure 1, the multi-stage isomerization process was
carried out in an isothermal sand bath (2) containing two 0.5 inch up-flow fixed
bed reactors, R1 and R2, connected in series where the total liquid product of the

first reactor (R1) was fed directly into the reaction zone of the second reactor

(R2).

R1 contained 80 cc (44.7 gms) of a commercially available
hydroisomerization catalyst comprising 0.5 wt% Pd on a silica-alumina support
containing nominally 20 wt % alumina/80 wt% silica and 30 wt% alumina
binder. R2 contained a catalyst blend containing 29 cc (16.2 gms) of a
commercially available dewaxing catalyst comprising 0.5 wt% Pt on an
extrudate containing Theta-1 zeolite (TON) and 51 cc (27.5 gms) of the
hydroisomerization catalyst contained in R1. The extrudate was crushed and the
-8, +20 mesh used to load a portion of the fixed bed reactor. There was no

treatment or interstage stripping of the hydroisomerized product of R1 prior to

feeding into R2.

A 300° F+ Fischer-Tropsch derived wax containing feed (4) was run

through R1 at conditions that resulted in about 50% conversion of the 700° F+



approximately 606 F. Product distribution is show in Table 2 bel ow. Two
di esel fuels (Fuel | and Fuel 2) were prepared froma 300 F+

Fi scher-Tropsch feed using the process detail ed above. The f@d(iNagili

obt ai ned by reacting hydrogen and CO over a Fischer-Tropsch catal yst
conprising cobalt and rheniumon a titania support. In particular, Fuel |
conprised a 280- 700F nom nal cut fuel "whereas Fuel 2 conprised a 300-700F
nom nal cut. The process enployed in the exanple showed boiling range
product distributions characterized by high selectivity to 300/ 700 F with
| ow gas agg t {%gpm#@ow.oﬁwaé@m@w‘s&u& BEBLIING RANCHENVELD; Jowd pRTUEL | FUEL
2 I1BP - %E 0. 492NoNo 280- 300F2.744YesNo 300- 700F53. 599YesYes

700- 800F1GhefhfMbbaT STFIRF-2The 4aihdindlaeactor sonditions e 8§ folawst W f uel s of
the invention, as produced above, were conpared with two convent%onal

pet r ol eumpsigs.1650 SGH/BhliHydroghineeat miceat0.8pAEHW M.EQ@B}PGIP@F%P ed to
hence as Fuel 3 and Fuel 4. Table 3 provides a conparison of the rel evant
char act er iappreximately¥°$.1 to 4. 28 OCT 2004 -17- TABLE 3 PROPERTYFUEL

| FUEL 2FUEL 3FUEL 4 Density (1P-365).768.772.846.854 Sul fur, % (RD

86/ 10) 000. 04% 05% | BP, C (ASTM D-86) 136173197184

Product distribution is shown in Table 2 below. Two diesel fuels (Fuel 1
and Fuel 2) were prepared from a 300° F+ Fischer-Tropsch feed using the
process detailed above. The feed was obtained by reacting hydrogen and CO
over a Fischer-Tropsch catalyst comprising cobalt and rhenium on a titania
support. In particular, Fuel 1 comprised a 280-700° F nominal cut fuel whereas

Fuel 2 comprised a 300-700° F nominal cut.

The process employed in the example showed boiling range product

distributions characterized by high selectivity to 300/700° F with low gas and

-

naphtha production.
TABLE 2
BOILING RANGE YIELD, WT% FUEL 1 FUEL 2
IBP - 280°F 10.492 No No
280-300°F 2.744 Yes No
300-700°F 53.599 Yes Yes
700-800°F 10.016 No No
800°F+ 23.149 No No

For emissions testing, the two fuels of the invention, as produced above,
were compared with two conventional petroleum U.S. #2 low sulfur diesel fuels
(ASTM D975-98b) referred to hence as Fuel 3 and Fuel 4. Table 3 provides a

comparison of the relevant characteristics for Fuels 1 to 4.



T50, C (ASTM D- 86) 252257294288 T95, C (ASTM D- 86) 330332339345 Cetane (ASTM
D-613)70.071. 853.050.1 Aromatics, total 9%9©027.926.7 (1P-391) Pol yaromati cs,
%907.16.4 (1 P-391) Coud Point, C 36- 47-6-5 (ASTM D-5771) - 46- 46-7- 18
CFPP, C (M 309) Concentrations |listed as "0" correspond to édnfdrfiat i ons
bel ow the detectable Iimts of the test procedures delineated in Table 3.
Each standard analytical technique usdd-to detern ne the conponents of
Fuels 1-4 is shown in parentheses. By virtue of using the Fischer-Tropsch
process, the recovered distillate has nil sulfur and nitrogen. Further, the
process does not make aromatics and omatics, or as usually operated,
virtually no aromatics are produced.TR bf:“'ai&’di ngly, the concentration of

sul fur, aromatics and pol yaromatics for Fuels 28 OCT 2004 - 18 | and 2 were
bel ow the detectable Iimts of the test methods shown in Table 3. Although
there i s not pRIGPERTY speci fi FUENMer at uFYElequi r endfWEL® cl oddJEIpdi nt, or
cold filter plugging point, all fuels nust neet the low tenperature

require ts.for the markets in ich they. e sol d. se requi nts not
only dif fe¢NHHoR-F9i on to regi'gﬁgI but ar 97? o) seaso‘;gg'ﬁly deperigg‘ﬁ‘ta. The

tenth percentile mninumtenperatures are |isted in_the ASTM St(%l}z%ard
Speci fi c&hilfur, % ®p Bmsel Fuel @1s D975 ith Fi guresO4%- xa. 12 -0kese

anbient air

IBP, °C (ASTM D-86) 136 173 197 184
T50, °C (ASTM D-86) 252 257 294 288
T935, °C (ASTM D-86) 330 332 339 345
Cetane (ASTM D-613) 70.0 71.8 530 50.1
Aromatics, total % 0 0 279 26.7
(IP-391)

Polyaromatics, % 0 0 7.1 6.4

(IP-391)

Cloud Point, °C - 36 -47 -6 -5

(ASTM D-5771)

CFPP, ° C (1P-309) - 46 - 46 -7 -18

Concentrations listed as "0" correspond to concentrations below the
detectable limits of the test procedures delineated in Table 3. Each standard

analytical technique used to determine the components of Fuels 1-4 is shown in

parentheses.

By virtue of using the Fischer-Tropsch process, the recovered distillate
has ni} sulfur and nitrogen. Further, the process does not make aromatics and
polyaromatics, or as usually operated, virtually no aromatics are produced.

Accordingly, the concentration of sulfur, aromatics and polyaromatics for Fuels




tenperatures were derived froman analysis of historical hourly tenperature
readi ngs recorded over a period of 15 to 21 years from 345 weat her stations
across the United States. The tenth percentile m ni mum anbi &rt0i 0k
tenperature is defined as the |owest anbient air tenperature which will not
go | ower on average nore than 10%of the tinme. In other words, the daily

m ni mum anbi ent air tenperature woul d,1 on average, not be expected to go
bel ow the nonthly tenth percentile m ninum anbient air tenperature nore
than three days for a 30 day nonth. In accordance with this listing, all

requi r ement 4 PhdrB et ithe apicatabidiiitd of Shates niethodssioven in Mablegh COct ober
(Fig. X4.1) are net with a target of -15 C cloud point. (i.e. a sunmer

diesel). Awinter diesel with the cloud point of -35 C neets all
requirements for the continental United States for January %Fi XA]@

i ncl udi ng the Suithdwegintheee isomotattaniaad kpeqifr demparatere regyuemy BE?‘Pract‘é‘ in
Tabl e 3, the Fischer-Tropsch, derived f eLss of this i]nvention have cl oud
poi nts belpomt, gscald ﬁlh@npl@ggwewmgsiﬂrk’g#ua mUs) Meet i RYEmRRRaNIc 5 g o c 1

2004 - 19 ENG@ NE TESTI NG F I .. .the FH - f th
vent i onTERHENTEIs 2R oS L St ivare Aolhel Tk rEdERachtia O 110
fuels. Th | | | ' t ' ' | DI
| ght dur o auger TEhe weBYeh KEkERo it aft H18Y deMondy depenaait, THu el on (151)
hot - start Wl@?ﬁnﬁﬁﬁhﬁ% atufel ASilRAS Bf theyAS TVRS bmdard BEcificationn

, nrtrous oxi (

nonoxi de NOx) and particulate matter (PM were
measur ed. fghPiéRs Fueb OilsDIsnarfigertsixXyd. TaX4d 2. Mmsecambigatairdata i s
represented as the absolute value in gm Hp-hr_ which is  followed by the
per cent chemgerdtareseeer derivediformaal analysis ekBistorecab hourlygmperature

conventional petroleumdi esel fuel. Al fuels re-run through.the combi ned
readilrolgs recorded over a period of 15 to 21 years flom 345 Weattict sgan:ér{l

across the United States. The tenth percentile minimum ambient air temperature
is defined as the lowest ambient air temperature which will not go Jower on
average more than 10% of the time. In other words, the daily minimum ambient
air temperature would, on average, not be expected to go below the monthly

tenth percentile minimum ambient air temperature more than three days for a 30

day month.

In accordance with this listing, all requirements for the continental United
States from summer through October (Fig. X4.1) are met with a target of -15° C
cloud point. (i.e. a summer diesel). A winter diesel with the cloud point of -35°
C meets all requirements for the continental United States for January (Fig X4.4)

including the Southern region of Alaska (Fig. X4.10).

As illustrated in Table 3, the Fischer-Tropsch derived fuels of this
invention have cloud points below -35° C, thereby qualifying as a winter diesel

fuel.



Urban Drive Cycle and Extra Urban Drive Cycle (comonly known as ECE- EUDC
respectively) hot and cold test protocols in duplicate in a random zed
desi gn. The light duty European test cycle is perforned in twh &l ECE:
this urban cycle represents inner city driving conditions after a cold
start with a maxi nrum speed of 50 km'h, and EUDC. the extra-urban driving
cycle is typical of suburban and open t¥ad driving behavi or and includes
speeds up to 120 knmh. The data is based on the conbined em ssions of the
ECE and EUDC cycl es expressed in g/km. See SAE Papers 961073 and 961068.
Fuel 4 wassNeSNEPESHE ference and therefore run in triplicate; all others
were run i-n—%Me data represents the average values fromthe
conbi nati on of the ECE-EUDC test procedures ("conbined ECE- EUDC
reporting nmethod). 28 OCT 2004 -20 TABLE 4 HCDel t aNOxDel t aCODel t aPMDel t a
Fuel 10. 055- 53. ESfcdmarison] ¥ie Bi¢hstTesgschfaels iahe Furntion (Fuels 1 and

20. 051-57. 196. 543- 18. 890. 358-51. 499. 031- 59. 1% Fuel

30. 103- 12.2%ere4ompares vas theicap@nopsalipgoelewa fuels. The fuels were

40. 118basi s0, 669basi s0._736basj s0, 077basi.s Th | ed_si gnificantl
ower ont SyRbRC PR BAUERD Aok esectiicahd) hehEHig fed lin "
b d with either. af th tipnal diesel fue d4). |
par 1 cul arteehgen&xtisSont derd S HrEARng b8P Snc! Wlien iR CTE L 11

hydr ocar boig.o ks A0 EEEEAML PHES EABOHIGbIGe (ED)!niollRHiEEER0N)

ni trogen & and ecrease’ In particulate mitter as conpared to the
base convepyi ppabulieapitef tBM) WidwaHedsured. dRsesultedieewminatized in Table

4 below. Test data is represented as the absolute value in gm/Hp-hr which is

followed by the percent change for each emission value verses the base, Fuel 4;
a conventional petroleum diesel fuel. All fuels were run through the combined
Urban Drive Cycle and Extra Urban Drive Cycle (commonly known as ECE-

EUDC respectively) hot and cold test protocols in duplicate in a randomized

design.
The light duty European test cycle is performed in two parts:

ECE: this urban cycle represents inner city driving conditions after a cold

start with a maximum speed of 50 km/h, and

EUDC: the extra-urban driving cycle is typical of suburban and open road
driving behavior and includes speeds up to 120 kmv/h. The data is based on the
combined emissions of the ECE and EUDC cycles expressed in g/lkm. See SAE
Papers 961073 and 961068.

Fuel 4 was used as the reference and therefore run in triplicate; all others
were run in duplicate. The data represents the average values from the
combination of the ECE-EUDC test procedures (“combined ECE-EUDC"

reporting method).




data shows that the fuels of this invention have a substantial advantage in
particul ates and nitrogen oxi des em ssions above that which would nornal |y
be expected. In this regard, it is well known in the art that ge ErD
critical emssions paraneter for a diesel fuel is the PM @[‘o

i.e., there is a known inverse rel atlaréhlp bet ween parti cul ate matter and
NOx; see SAE 961074 and 961075. Decré€d&sing one variable will normally
result in increasing the other variable. The fuels of this invention

provi de substantially reduced values of both PMand NOx em ssions. Table 5
bel ow details the predicted changes for |light duty (i.e., passenger car)

di esel engines according to the well recognized European Program on

Emi ssions, Fuel s and Engi ne Technol cBEABJK #PEFE) study i n Europe undertaken
by the governnment, auto and oil conpanies to define the relationship between

2 8 OCT 7004 -2 1 fuel erti and (¢}, ssi opg) bas n vajabl el
density, cetane n r gh TQS%E Ig-pm 96 3, %?es ?‘Throu_h_B The
| eft hand columm indicates the two pollutants (par | at tte

nitrogen Fxictids) @08hg whiH%t hed-#hangd? % aﬂéég‘ut egleg#"ss@ﬂg& /% - hr
and percent change (% ncrease(p05|t|ve) or % decrease( negatlve)) for each

of the foyyeftel peharacieifst iksashows. &% t BS580p -BI.4%he @03 LmMms39.1fhe
enm ssion change (in g/Hp- hr and percent) is based on a deviation of one of

the four %u\»gk éCha@ﬁ@ge“a%&S ads 48how 4N parept hesi gg, Fogosgami g i f the

T95 was | e par I cul at'e "'em ssirons woul d decrease by 6.9%
while the NOx would increase by 4.6% TABLE 5 nsi Lg Pol ya681?:?t| csCet aneT95
( 0.027) ( Fitf) 6+8 BldBer shasissC)0.668 ¢ | hwsiste 07 sis

The data revealed significantly lower emissions produced from applicants
Fischer-Tropsch fuels than observed with either of the conventional diesel fuels
(Fuels 3 and 4). In particular, applicants Fuel 1 produced emissions with a
53.9% decrease in hydrocarbons, 51.9% decrease in carbon monoxide, 19.1%
decrease in nitrogen oxides and 62.6% decrease in particulate matter as
compared to the base conventional diesel fuel. However, a closer review of the
data shows that the fuels of this invention have a substantial advantage in
particulates and nitrogen oxides emissions above that which would normally be
expected. In this regard, it is well known in the art that the most critical
emissions parameter for a diesel fuel is the PM-NOx trade-off, i.e., there is a
known inverse relationship between particulate matter and NOXx; see SAE
961074 and 961075. Decreasing one variable will normally result in increasing
the other varjable. The fuels of this invention provide substantially reduced

values of both PM and NOx emissions.

Table 5 below details the predicted changes for light duty (1.e., passenger
car) diesel engines according to the well recognized European Program on
Emissions, Fuels and Engine Technologies (EPEFE) study in Europe undertaken

by the government, auto and oil companies to define the relationship between



-0.012-0.0030.003-0.004 g./Hp-hr % 19.4%5. 295. 2% 6. 9% NOX
0. 008-0.019-0. 0010. 026 g/ Hp-hr %l. 4% 3. 4% 0. 2%}. 6% Tabl e 6 bel ow was
produced by conbining the published results of Table 5, witRB8tl{§ Myoperties
measured in Table 3 and the em ssions results of Table 4. The resulting
test data indicates the expected change,in em ssions as projected by the
EPEFE equati ons versus the actual chahgleé nmeasured during em ssions testing
on each of the fuels listed in Table 3. Again, all results are referenced to
Fuel 4 as the base fuel. 2 8 OCT 2004 -22 TABLE 6 Pol | utant Fuel 3 Fuel 2
Fuel | stueflgﬁ)peqfﬁﬁs afd Pafitdiend Baselran eatsdeSirdderity] eetane 3mber and
Actual -1. 5% 59.71% 62. 6% NOxPr oj ect edl. 292. 2%1. 8% Act ual - 3. 4% 18. 8% 19. 1%
Fuel 3 shpys Sely Papers®6 Hitediabigs ilirhughé. prlediett hansscalnimmeindicgtlasy  only a
slight anmount with particulate em ssions 2.4% (-39%-1.5%) V\ﬁl‘ se than
expect ed thadwi@oliutats((pagiculate magersad: mfrogpm Axidessa WitBth¢yel s 1 and 2,
the contrast from Fuel 4 is gui t,egcjjhffererg and u exBect ed. In both cases,

p P ange

t he changes in absolute emissions in -hr and percent ¢
(% increase(positive) or % decrease(negative)) for each of the four fuel
characteristics shown at the top of the columns. The emission change (in g/Hp-
hr and percent) is based on a deviation of one of the four fuel characteristics as

shown in parenthesis. For example, if the T95 was lowered by 55° C, the

particulate emissions would decrease by 6.9% while the NOx would increase by

4.6%.
TABLE 5

Density Polyaromatics Cetane T95

(-0.027) (-7%) (+8 numbers) (55C)
Particulate
g/Hp-hr -0.012 -0.003 0.003 -0.004
% -19.4% -5.2% 5.2% -6.9%
NOx
g/Hp-hr 0.008 -0.019 -0.001 0.026
% 1.4% -3.4% -0.2% 4.6%

Table 6 below was produced by combining the published results of Table
5, with the properties measured in Table 3 and the emissions results of Table 4.
The resulting test data indicates the expected change in emissions as projected
by the EPEFE equations versus the actual changes measured during emissions

testing on each of the fuels listed in Table 3. Again, all results are referenced to

Fuel 4 as the base fuel.



Fi scher-Tropsch derived fuels of this invention exceeded the performance
predicted for particulate em ssions while at the sane tinme dramatically
decreasi ng NOx emi ssions. According to these projections, an? B@6f@énent in
particul ate em ssions is expected for Fuels I and 2 and the above data not
only bears this prediction out but exceeds it. In addition, the EPEFE
predictions also predict a slight i ncééase in NOx. However, in contrast to
this prediction, the data reveals that applicants diesel fuels resulted in
a substantial decrease in the NOx em ssions. Thus, the diesel fuels of this
invention sinultaneously result in iBIL.EH & ge NOx and particul ate em ssions
reductions. Such results are unexpecte a and directly contradictory to the

wel | recogni zed correl ations. Lastly, Flscher sch derl Luels of
this invention also display unusuall ?‘J d sm)ke Its. Fﬁﬁ]d rd BOSCH
snoke test ﬁ) CH T100 free accelerat] oa snoke te§,£)4correl at

startup hydr& F%n eni ssions and 28 CGT72004 -23 hydr ocar bon em’ SSI ons

during hard—acceterati ons was perfofrmed Using the four conparative fuels
fromTable 3. The results are in Table 7 below. TABLE 7 Fuel 1:0 Fuel 2:0
Fuel 3:2.0 2.07 Fi sches gdg opsch degs vew fuels &f 3%i s

i nvention, %’aﬁg@ﬁlaﬁ}e I e\?e?? ec&éﬁ&‘: bel ow tze detect abl e anount. The citations
of the several SAE papersctasff erenced bef@ n are: P39.G8dd, K P.-63c#%ndl er, D.

Hal |, "European Progranme on Em ssions, Fuels and Engi ne Technol ogi es
(EPEFE) - Li ght Duty Di esel Study" SAE Paper 961073.
NOx Projected 1.2% 2.2% 1.8%
Actual -3.4% -18.8% -19.1%

Fuel 3 shows very close agreement with the predictions differing by
only a slight amount with particulate emissions 2.4% ("3.9%-"1.5%) worse than
expected and NOx 4.6% (1.2% -'4.3%) better than expected. For Fuels 1 and 2,
the contrast from Fuel 4 is quite different and unexpected. In both cases, the
Fischer-Tropsch derived fuels of this invention exceeded the performance
predicted for particulate emissions while at the same time dramatically
decreasing NOx emissions. According to these projections, an improvement in
particulate emissions is expected for Fuels 1 and 2 and the above data not only
bears this prediction out but exceeds it. In addition, the EPEFE predictions also
predict a slight increase in NOx. However, in contrast to this prediction, the data
reveals that applicants’ diesel fuels resulted in a substantial decrease in the NOx
emissions. Thus, the diesel fuels of this invention simultaneously result in both
large NOx and particulate emissions reductions. Such results are unexpected

and directly contradictory to the well recognized correlations.

Lastly, the Fischer-Tropsch derived fuels of this invention also display
unusually good smoke results. A standard BOSCH smoke test (BOSCH T100

free acceleration smoke test) correlated with startup hydrocarbon emissions and




HJ. Stein, NG Elliot, J.P. Pochic, "European Programe on Em ssions,

Fuel s and Engi ne Technol ogi es ( EPEFE) - Vehi cl e and Engi ne Testi ng
Procedures" SAE Paper 961068. D.J. Rickeard, R Bonetto, M 7% &M

"Eur opean Programme on Emi ssions, Fuels and Engi ne Technol ogi es

( EPEFE) - Conpari son of Light and Heavy Dyty Diesel Studies", SAE Paper
961075. M Singer, P. Heinze, R Mercdégtitano, H J. Stein, " European
Programme on Em ssions, Fuels and Engi ne Technol ogi es ( EPEFE) - Heavy Duty
D esel Study" SAE Paper 961074. 28 OCT 2004 -24 Clains 1. A process for

pr oduci Ngh3dfRRkbGPEMidsFbMRAIEMY B&ld Ageldfating was performed asingathe faurf eed
conprising”a 300 F+ Fischer-Tropsch derived fraction and hydrogen or a
hydrogen genipaiativegfugasfroit Tablefd. r She cesudts yas¢ i Gaplei Sbelgva hydr oi someri za-
tion catalyst to farma first zone effluent and contacting in a second
reaction zone at least a portion of the liquid product fromthe first zone
effluent with a second catal yst cor)PrI 2i Eg a catal yti c dewaxi ng nol ecul ar
sieve catal yst with nono di nensi onal | s containing 10 nmenber rings to
forma second zone effluent conprising an isonerized hydrocarbon product.
2. The process of claim1l, whereipgef e cat@ ytic dewaxing catalyst is

sel ected fromthe group consisting of SAPO 11, SAPO 41, ZSM 22, ZSM 23,

ZSM 48, ZSM 57, SSZ-3 |, SSz-32, Fgell241, akd SSz-43, and wherein the process
further conprises recovering a mg_,ddLg di stijAate product boiling in the
range of a diesel fuel from sai d%ec¢ond zgn effluent. 3. The process of
claim2 wherein said mddle distig,bpe prodgugt is useful as a winter diesel
fuel or a blending conponent therefor. 4. The process of claim3 wherein
sdid mddle distillate boils in the

For the Fischer-Tropsch derived fuels of this invention, the smoke level

was below the detectable amount.
The citations of the several SAE papers referenced herein are:

P. Gadd, K.P. Schindler, D. Hall, "European Programme on Emissions, Fuels
and Engine Technologies (EPEFE)-Light Duty Diesel Study” SAE Paper
961073.

H.1. Stein, N.G. Elliot, J.P. Pochic, "European Programme on Emissions, Fuels
and Engine Technologies (EPEFE)-Vehicle and Engine Testing Procedures"”
SAE Paper 961068.

D.J. Rickeard, R. Bonetto, M. Signer, "European Programme on Emissions,
Fuels and Engine Technologies (EPEFE)-Comparison of Light and Heavy Dury
Diesel Studies", SAE Paper 961075.

M. Singer, P. Heinze, R. Mercogliano, H.J. Stein, " European Programme on
Emissions, Fuels and Engine Technologies (EPEFE)-Heavy Dury Diesel Study”
SAE Paper 961074.




range of 320-700 F. 5. The process of claim1l wherein said second reaction
zone further conprises a hydroisonerization catalyst. 6. The process of
claiml wherein said catalytic dewaxing catalyst conprises g ggpp 1

pel l et catalyst conprising a hydroi sonerization catalyst and a catalytic
dewaxi ng catalyst. 7. A process according to claim5 wherein said second
reaction zone further conprises at |east one catal yst bed conprising a h
ydr oi soneri zation catalyst, a 28 OCT_3@Q4 -25 catalytic dewaxing catal yst
or a mxture thereof 8. A process according to claim1l wherein said first
reaction zone conprises at |east one catal yst bed conprising a

hydroi songjgation catalyst. 9. The process of claim2 wherein the first
reaction zone converts 10-80% of 700 F+ hydrocarbons to 700 F- hydrocarbons
and the second reaction zone catalytically dewaxes the product of the first
reaction zone to a cloud point of less than about -31 F. 10. The process of
claim 2 whedein the first reacti"\omozwﬁefor(pmdﬂmmgaf@el]ﬁﬁﬁmﬁsﬂ@@oﬁt’acﬂng in
hydrocarbons to 700 F- fh%:‘grocar.bons he second reaction zone

cat al yt PEHTEpCURR4QRE 2 COMBHSHE fb +fhisober-dsapschateriveddracion aidoud

poi nt y 40 .F. 11. he c ss of cl.aim10 wherein the
first re%g%?%%r;amrggﬁ%éw glmﬁggéﬁ)%lg'f ai’gﬁ YSIEOmRL BRs 4 hydroigemeriza-
ydroc r reip.the firs action e and
he ” cacte Bl it 1o Tolta ARG 2nO LTIt Ahd cBHERRR ol 3o b 38 coBF oL i e

the t o4 pbridroof the lﬁ’diwﬁd'—fﬂibdﬁé%ﬁxhﬁcfﬂﬁ@ﬁmﬁoéfﬁu%tf\Lv}tﬁr?atsécﬁnﬁ%ﬁ?a‘?ﬁ'st' nto the

second reaction zone The process of claim 12 wherein the reactor

condi t¢anprisingpr tatelytic deovpengmoleculfr sivoeitatdBRr ittomahodimdhorfal Pressures
of up to abput 2000 psig, gace
channeis contarning 10 member nngs to form a second zone effluent COmprising an

1somerized hydrocarbon product.

2. The process of claim 1, wherein the catalytic dewaxing
catalyst is selected from the group consisting of SAPO-11, SAPO-41, ZSM-22, ZSM-23,
ZSM-48, ZSM-57, SSZ-31, SSZ-32, $8Z-41, and $S$Z-43, and wherein the process
further comprises recovering a middle distillate product boiling in the range of a diesel

fuel from said second zone effluent.

3. . The process of claim 2 wherein said middle distillate product is

useful as a winter diesel fuel or a blending component therefor.

4. The process of claim 3 wherein said middle distillate boils in the
range of 320-700° F,

5. The process of claim 1 wherein said second reaction zone further

comprises a hydroisomerization catalyst.

6. The process of claim 1 wherein said catalytic dewaxing catalyst
comprises a composite pellet catalyst comprising a hydroisomerization catalyst and a

catalytic dewaxing catalyst.

7. A process according to claim 5 wherein said second reaction zone

further comprises at least one catalyst bed comprising a hydroisomerization catalyst, a




vel ocity of about 0.25 to about 4.0 LHSV and a hydrogen gas treat rate of
about 500-4000 SCF/Bbl . 14. The process of claim 12 wherein the reactor
conditions conprise a tenperature of about 600 F to about 750 F, pressures
of about 500 to about 1200 psig, space velocity of about 0.580061 dfbut 2.5
LHSV and a hydrogen gas treat rate of about 1000-2000 SCF/Bbl. 2 8 0 c |
2004 -26 15. The process of claim1l wherein the hydroisonerization catalyst
in the first reaction zone conprises jJsess than about 15 wt%of Goup Viii
nmetal conponent(s) based on the total weight of the catalyst and a G oup
IB:Goup VIII netal ratio of less than 1:2 supported on an anorphous
silica-alunmna carrier having |less than about 30 W% silica, the carrier
havi ngasalytic fdeyeaxang satflysjrosat rerxtoteathestodut  200n2/ gin and a pore vol une of
| ess than about 1.0 m/gm 16. The process of claim 15 wherein said G oup
VI1I nmetal gonponent consists of palladium (Pd.), platinum(Pt) or a

m xture theteof. 17. ThBIQHestacordnedoiams 1 whareinsaihEirgaeastan zontewaxi ng
catal yst _in etskéilisesiond reactioon, zone.i.s sel ected from.the oup consi sting

of SAPGMEIsEssRERst Pnealalyst befgamprisingy lgirosemenzatiangatalystssy. 32,
SSZ-41, and SSZ-43. 18. The process of claim1l wherein said Fischer-Tropsch

i -shifti ] i Si: bal talyst. 19. A fuel
Ronpr 191 ng & ‘Fi scher - Tr opach daFIRBH Ty HRR? SUiTaRdhr Fistoehan 20
¢ t on el i s . . 1
h;\e/?ng%zrllm FlgLSF%S : -67562 Fpgh’él a C%Q?i%%ﬁwgg%ﬁgongo@n E:aﬁ%g{;\l/l"ggout -31

F. 20.redctioebore optalaidadlyaddwsehehe proiee bf des fing dedtidhQoneah ofofl ?Eﬁﬂtl ate
that was treated, with at |east one of hydrotreating and hydroisoneriza-

ti on, didesnthanZdolts5 T95-38°644 F and a cold filter plugging point bel ow
about

10, ~ The process of claim 2 wherein the first reaction zone
converts 30-70% of 700° F+ hydrocarbons to 700° F- hydrocarbons and the second
reaction zone catalytically dewaxes the product of the first reaction zone to a cloud point

of less than about -40° F

11, The process of claim 10 wherein the first reaction zone converts

12. The process of claim 1 wherein the first reaction zone and the
second reaction zone are contained in the same reactor vessel such that the total liquid

product from the first zone effluent is passed into the second reaction zone.

13. The process of claim 12 wherein the reactor conditions comprise a
temperature of about 400° F to about 750° F, pressures of up to about 2000 psig, space
velocity of about 0.25 to about 4.0 LHSV and a hydrogen gas treat rate of about
500-4000 SCF/Bb). |

14. The process of claim 12 wherein the reactor conditions comprise a
temperature of about 600° F to about 750° F, pressures of about 500 to about 1200 psig,
space velocity of about 0.5 to about 2.5 LHSV and a hydrogen gas treat rate of about
1000-2000 SCF/BbL.



-31 F. 21- A fuel conprising a Fischer-Tropsch derived hydro- carbon
distillate that was treated with at |east one of hydrotr'eating and

hydr oi sonmeri za- tion, having 473 F S T95 < 635 F and a cold @htﬁﬁ FI uggi ng
poi nt bel ow about -31 F. 28 OCT 04 - 27 22. A fuel accordin W ms 19,
20, or 21 having a cold filter plugging point below about -40 F. 23. A fuel
according to clains 19, 20, or 21 wherein the fuel contains; :5 10 wppm

sul fur 10 wopmnitrogen < 10 wt % arogatics F and has a cetane nunber
greater than about 65. 24. A fuel according to clains 19, 20, or 21 wherein
the fuel contains; 1 wopmsulfur 1 wppmnitrogen < 0.1 w % aromatics and
has a cet an? nunber greater than about 70. 25. A process for producing a
fuel useful l8s a di esellheplocesheielandowhereinsthedinlieisamenization wgtadystaact i on

vessel ,coopri sing two reacti.on zones onprising; .(a) contacting in a first
react i G ﬁ%ﬁé‘ia&tﬁ’é‘e@%?ﬁi??@???g]eés g'@@ &@ﬂééﬂ%ﬁgof%@%&m&ﬁmed distillate
fracti and 1o ar.,a hydrogen containin S wWth first t al yst
compr i SO S BRER B 8 4B I EH Gk 2y R i a-Craenth Crie o el
and (by,RAsE] | g9t lyr At seaction _zone
conpr P])sal ng a]cg%;f/}g%og'rz oc so Fl;?g @aﬁ%@%ﬁgﬂségg e‘c"‘déﬂp1 lP{c:gxr‘ngltc %‘2&8:}%&%’ agcﬁgi?léaﬂ ng of
hydr ocatasiti30owes dli¥stthe carrier having a surface area of greater than about 200m*/gm and

a pore volume of less than about 1.0 ml/gm.

16. The process of claim 15 wherein said Group VIII metal component

consists of palladium (Pd.), platinum (Pt) or a mixture thereof.

17. The process of claim 5 wherein the catalytic dewaxing
catalyst in the second reaction zone is selected from the group consisting of SAPO-11,

SAPO-41, ZSM-22, ZSM-23, ZSM-48, ZSM-57, SSZ-31, SSZ-32, SSZ-41, and SSZ-43.

18. The process of claim 1 wherein said Fischer-Tropsch process is a

non-shifting process comprising a cobalt catalysrt,

19. A fuel comprising a Fischer-Tropsch derived
hydrocarbon distillate that was treated with at least one of hydrotreating and hydro-
isomerization, having 464° F < T95 < 662° F and a cold filter plugging point below about

-31°F.

20. A fuel comprising a Fischer-Tropsch denived hydro-
carbon distillate that was treated with at least one of hydrotreating and hydroisomeriza-
tion, having 473° F < T95 < 644° F and a cold filter plugging point below about
-31° F.

21 A fuel comprising a Fischer-Tropsch derived hydro-
carbon distillate that was treated with at least one of hydrotreating and hydroisomeriza-
tion, having 473° F < T95 < 635° F and a cold filter plugging point below about -
-31°F




hydr oi sorneri zation catalyst and m xtures thereof, wherein at |east one
hydr oprocessing catalyst is selected fromthe group consisting of SAPO | 1,
SAPO-4 1, ZSM 22, ZSM 23, ZSM 48, ZSM 57, SSzZ-31, SSz-32, SSZ-41, and
SSzZ-43, to forma second zone effluent conprising an is_orrerz' gﬁ? )

hydr ocarbon product. 2 8 OCT 2004 -28 26. The process of clai IZ%” {‘urther
conprising recovering a mddle distillate product boiling in the range of a
di esel fuel from said second zone efthgent. 27. A process according to claim
26 wherein said mddle distillate boils in the range of 320-700 F. 28. The
process of claim 26 wherein the first zone converts 10-80% of 700 F+

hydr ocar bons>to 700 F- hydrocar : second.zo | yticall
dewaxes the§%i oduct of the firs ?l;egr%@&b&]gfa @%Hn?)égn?&o?rcﬁgg%f‘ﬁé‘rf’oﬁout
-31 Fﬁ]t@pﬁilugrﬁ;%@?gﬁﬁ%lm abbat M 28 whgpegin the first zone converts 30-70%

of 700 F+ arbons to 700 F- hydrocarbons and the second zone
catal ytically dewaxes the product of the first zone to a cloud point of |ess

than about 2340 F. 30. Alfgelpicocrtisg &f clalimb 19280 viier ElReldif thé sl cé%fh‘“um
converts 40-60 % of 700 F+ hydrocarbons to 700 F- hydrocarbons. . THe

process of claim 26 i i jddle distillate is further blended with
a conventional pet ro%?}?a@pﬁ@g@l el and wherein said mddle distillate
conprises at |east 10% of the blend. 32. The process of claim 26 wherein

sai d 300 F+ fraction isl@ampmeairégesm a Fi scher-Tr opsch hydrocar bon
synthesis, in which a synthesis gas conprising a mxture of H2 and CO react
in the presence of a suloahl® drbmahes - Tropsch hydrocarbon synthesis
catalyst to form a hydrocarbon product.” 33. The process of claim 32 wherein

sai d Fi scher-TrogsghaR"0688% {ifnBer greater than about 65.

24, A fuel according to claims 19, 20, or 21 wherein the fuel contains;

|
< 1 wppm sulfur
<1 Wppm nitrogen
<0.1 wt % aromatics

and has a cetane number greater than about 70.

25. A process for producing a fuel useful as a diese] fuel
which process is conduced in a single yeaction vessel comprising two reaction zones

COmPprIsing:

(a) contacting in a first reaction zone a feed comprising a 300° F+ Fischer-
Tropsch derived distillate fraction and hydrogen or a hydrogen containing gas with a first

catalyst comprising a hydroisomerization catalyst to form a first zone effluent, and

(b) passing said total first zone effluent into a second reaction zone comprising a
hydroprocessing catalyst selected from the group consisting of hydrocracking catalyst,
hydroisomerization catalyst and mixtures thereof, wherein at least one hydroprocessing
catalyst is selected from the group consisting of SAPO-11, SAPO-4 1, ZSM-22, ZSM-23,
ZSM-48, ZSM-57, SSZ-31, §5Z-32, $SZ-41, and S8Z-43, to form a second zone effluent

comprising an isomerized hydrocarbon product.
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26. The process of claim 25 further comprising recovering a middle

distillate product boiling in the range of a diesel fuel from said second zone effluent.

27. A process according to claim 26 wherein said middle djstillate

boils in the range of 320-700° F,

28, The process of claim 26 wherein the first zone converts
10-80% of 700° F+ hydracarbons to 700° F- hydrocarbons and the second zone
catalytically dewaxes the product of the first zone to a cloud pomt of less than about

-31°F

29, The process of claim 28 wherein the first zone converts
30-70% of 700° F+ hydrocarbons to 700° E- hydrocarbons and the second zone
catalytically dewaxes the product of the first zone to a cloud point of Jess than about

-40° F

30. The process of claim 29 wherein the first zone converrs 40-60% of

700° F+ hydrocarbons to 700° F- hydrocarbons.

31. ' The process of claim 26 wherein said middle distillate
is further blended with a conventional peroleum derived fuel and wherein said middle

distillate comprises at least 10% of the blend.

32. The process of claim 26 wherein said 300 F+ fraction is derived
from a Fischer-Tropsch hydrocarbon synthesis, in which a synthesis gas comprising a
mixture of H, and CO react in the presence of a suitable Fischer-Tropsch hydrocarbon

synthesis catalyst to form a hydrocarbon produect,

33. The process of claim 32 wherein sajd Fischer-Tropsch process is a

non-shifting Fischer-Tropsch process comprising a cobalt catalyst.




