WD 01/ 83641 PCT/ US01/09903 -1 W NTER DI ESEL FUEL PRODUCTI ON FROM A

FI SCHER- TROPSCH WAX FI ELD OF THE | NVENTI ON This invention relates to the
producti | s fromwaxy, paraffinic hydrocarbons prﬂ,l@% t he
reactionog]f(p(f(lllosfsglﬁd hydr ogen, via the Fischer- Tropsch hydrocar g/g%?f/nt hesi s
process. In particular, this invention relates to a diesel fuel and a
process for its production, useful as aliinter diesel fuel derived from
wax containing Fischer-Tropsch feeds utilizing a nmulti-zone isonerization
process to yield diesel fuels having both excellent |ow tenperature
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numer ous governnent and i ndust r_¥ efforts to design winter fuels. .
diesel fuel and a process for its production, useful as'a winter diesel fuel derived

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 pollutants, e.g., 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,



for use in the nogas/diesel markets to address the wi nter em ssions
quandary. The current results are winter diesel fuels which are

traditi onﬁ,ld M/Bkgnded with, WO 01/83641 PCT/ US01/ 09903 - @ys9sdost
essentially of kerosene and are characterized by inproved co( flow
properties. Fischer-Tropsch fuels are well known as high cetane nunber
fuels. However, due to the highly paran‘?ﬁ nic nature of Fischer-Tropsch
fuels, these fuels generally possess nmediocre to poor cold flow
properties, i.e., cloud point and cold filter plugging point. The heavi est

par af fi n nok eonsissessenmihltyoof keénpsémd dnd areashav@tetdasd by iitpraved qolé €lopi t at e
above certain tenperatures, resulting in high freeze point and/or cloud
poi nt. Thi propeit@ies.it difficult or even inpossible to use such products in
many environnents. Inproving the cold flow properties of these fuels
generally |l eads to decreasing the cetane nunber as is the case with
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impossible to use such products in many envifonments. 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.



into a 300 F+ distillate fraction and upgrading the fraction via

hydr oi soneri zati on and sel ective catal ytic dewaxing to produce a diesel
fuel W t{Enagidient | ow tenperature properties and reducqd@dessédass. WO
01/ 83641 PCT/USO01/09903 -3 In particular, a 300 F+ (149 C+) fraction
derived fromthe Fischer- Tropsch process is passed into a first reaction
zone, of two sequential isonerization Teaction zones in a single reaction
stage, the first reaction zone conprising a first catalyst containing a
sui t abl e hydroi soneri zation catalyst, to forma first zone effluent. At

| east a porti on Infpattienlad, Ui’ FiHod4OC G-+ )oivactiom déniwad froonthedfi§¢heent ,
preferably the entire liquid product fromthe first zone effluent, is
passed i nt d rapsbdyRecssds Pese nima firslyisactian Aene of dwerkeduentialyst having a
catal ytic dewaxing. functionality. t e effluent. In the
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first and secon ones nay sahe or Separate reaction-’véssels and

pref er abl yforaohfirsonas éfeannAdleagta portidieos tirdidied product Fashehe fifur t her,
the first and/or second reaction zone nay conpri se one or nore catal yst

beds. The zenwefflucabprefarablydhe entinpligquidspraductsiooer the ditstzatreczfflubot ipr oduct
and can be fractionated into ,desired |iquid product fractjons, e.g., a
320- 700 F B#seelaBtiora spaongeagiomepnes cOMPASING A Speondecatalyshaingat i on of the

hydr ocar bop nt | Z - [ - TIr a oi I 1 ng above
a nom nal 36%%0‘%%?%Sg &lﬁ?%{qnqﬁttﬁl t§§§?ﬂ1aa %%Bﬁﬁs 288%8 ﬁﬁﬁez].t‘p ?Igggect of the
second r eagfd: QR3O e lsecoRFR4BTI6A zohe nﬁf@&ﬁ@inaa ﬂ?ﬁﬁﬁk@oﬁb&h@b&i@é e boiling
in the diesel tuel range, i.e., a 320-700 F boiling fraction. Preferably,
t he processomprisimgchoth edtalyti¢ dewakimgrarl lofdroisomerization catalysts. The first

and second zones may be in the same or separate reaction vessels and preferably

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



I nternmedi ate hydrotreating, and produces products with excellent cold flow
characteristics, i.e., cloud and freeze point, superior snoke point and
better th@@) gﬁcted em ssions characteristics. Such di stgdd@gesgoeduct s
can be used as diesel fuels or as blending conponents there{ .

Preferably, this isonerized product of {he second zone effluent produces a
fuel having a T95 (the tenperature at witth nost 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),

pref erabl yoped@d tor3d@ral (64 F) incre parbfetabl 4595 géeaferfthab ol eq@dso2Agh WO
01/83641 PCT/US01/09903 -4 or equal to 340 C (644 F), nore preferably a
T95 greatef (t4ﬂz3ﬁH)rbuédpmlthmomwam)@@ﬁé(rm@ﬁt )|amlshatvua@g1a@p kfiltat to 335 C
(635 F) and, hayin a cold filte pl uggi ng point as determ ned by | P-309
bel ow abouPluggsng-pointag dst W%LW bel ow about -40 C and contai ns:

paraffins S % erabl e
at least 9 3\?? % i%‘?%?% %%p‘h}g%ﬁﬂgergﬁg‘%ﬁéﬁl 3)%?%(%%%%8{1%5 Jéf erably
< 1 ppmnitrogen <_ 10 ppm (wt), preferably < 5 ppm nost preferably <1
ppmaromatics < 1 % preferably < 0.1 % cetane nunber > 65, preferably >
70, nore preferphtaffins 75 | n oneleasho0i v, préferably enleasn 956 Wik, anerea

Fi scher-Tropsch hydrocarbon s?éﬂg%léap[eggmwt% whi ch a synthesis gas
conprising a mxture of H2 an react in the presence of a suitable

Fi scher-T h hyd b
i scher-Tropsc Sy rocar bon < 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 total 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.



synthesis catalyst, to forma hydrocarbon product wherein a 300 F +
distillate fraction and hydrogen or a hydrogen containing gas is passed

into a fiwgforss8aGtion zone, having a first catalyst conprgiigiaosnsitable
hydr oi someri zation catalyst to forma first zone effluent and the total

liquid product fromthe first zone effluent is passed into a second
reaction zone having a second cat al yst -¢ont ai ni ng either a catalytic
dewaxi ng catal yst, a hydroisonerization catalyst or a mxture thereof, to
forma second zone effluent conprising an isonerized hydrocarbon product.

A nmiddl e distil Tatess), gosdsfields af distiliags field weth éxxellenonstd €bw r om t he
hydr ocarbon product of the second reaction zone. WO 01/ 83641
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recovered gxhubitinesumengeinisdans perfoanascecan be conbi ned or bl ended and
used as a winter diesel fuel. en used as a blend, the product of this

i nvention can be used in relative mnor anounts, e.g., 10%or nore, for
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fuel. When used as a blend, the product of this invention can be used in relative

minor amounts, 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 zirconium.
These processes include fixed bed, fluid bed and slurry hydrocarbon synthesis.

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



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The Fi scher-Tropsch
process is well known to those skilled in the art, see for exanple, U S

Pat ent Nog.o R/s38& 982 and 5, 545,674 herein incorporated bypc@fshsnse:
Typically the Fischer-Tropsch process involves the reaction of a synthesis

gas feed conprising hydrogen and car bonlf{mnoxi de fed into a hydrocarbon
synthesis reactor in the presence of a R 3cher-Tropsch catalyst, generally
a supported or unsupported Goup VIII, non-noble netal e.g., Fe, N, Ru,
Co and with or without a pronoter e.g., ruthenium rhenium and zirconium
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pr ef er abl ywhikrdirdhi: COrhreupredenttn amatie gfrat ieasabboutll.7 Sprieferabky. atFRemr dl ess of
the catal yst or conditions enployed however; the high proportion of nornal
par af fi ns abodtHe7 HrmotepreferatilicbdShy 25e Fi scher-Tropsch process nust be
converted from wax containing hydrocarbon feeds into nore useable
products, such as transportation fuels. Thus, conversion is acconplished
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product | Spﬁ)‘ﬁ%‘fi‘&ﬂ 6Fndh 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 Cqo+, more preferably
Cpo+ materials, a substantial portion of which are normal paraffins. A typical

product slate is shown below.



suitable catalyst in the presence of hydrogen to isonerize the fraction by
converting the nol ecular structure of at |east a portion of the hydrocarbon

materi al {ygyps3enmel paraffins to branched iso-paraffins tgfoMdds
desired product, as is known to those skilled in the art. Neverthel ess,

the feedstock for this invention can be described as a wax contai ning

Fi scher-Tropsch product, and this prodJc‘t can contain C5+ materials,
preferably Cl10+, nore preferably C20+ materials, a substantial portion of
whi ch are normal paraffins. A typical product slate is shown bel ow. WO
01/83641 PCT/ US01/ 09903 ypidallprodaet slptedfiot F/A1 proeedsrlaquidd:T process | i qui ds:
W% IBP - 320 F. 13 320 - 5000 F. 23 500 - 700 F. 19 700 - 1050 F. 34
1050 F.+ 11 100 In accordance with an enbodi M¥it%of the invention, a wax
containing paraffin feed stocKHBfer330®d.fromth8 Fi scher-Tropsch process is
separated, usually by fractionation, into a 300 F+ distillate fraction.
The feed also conprises nore tﬂQnWonaraffl @ hydrocarbons, nost of

whi ch are nornmal paraffins. %%dg) the feed preferably has
negligi ble anobunts of sulfur a q en conﬂgunds with | ess than 2000

wppm preferably less than 100 ) nore preferably | ess than 500
wppm of oxygen in the form of g)?%ﬁ@tey EL
1050° E.+ 11

100

In accordance with 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 parallel 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
least 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 hydroisomerized
hydrocarbon product. Preferably, the entire liquid product existing under the

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



Preferably, the 300 F+ Fischer-Tropsch derived fraction is then upgraded
via a single stage isonerization process, i.e., the liquid product of the

first reaefdi@eqone is passed directly into the second rqgql e,
conprising hydroisonerization followed by sel ective catal yt |ﬂ(]:§6?(ggv\§/g§i ng.

The single stage reduces product |oss and avoids the need for two parall el
reactions stages. In particular, the 360 F+ distillate fraction is passed
into a first reaction zone, conprising a hydroisonerization catalyst to
forma first zone effluent wherein at |east a portion of the liquid

product of Hovgeviltht faenzoms éfflent may diascaeiptine Hight gaes and naphthiai on zone,
conprising a catalyst having a catal ytic dewaxing function, to forma
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Preferably, the entire liquid product existing.under the congditiaqns of the
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compr so FgIeERAcE BiaeriphHE Shrobn” PattEt Bl bl RS, o0
n an alt | ‘o ' . |
Soparat ed BATTERREIE, infelEd bR papdny WO AEBI PRIt B0AS B0 100 °°

reaction zgpesecbhd tétionagbtiet i onal hydrogen or other quench gases may be
i njected before passing the effluent of the first zone into the second

reaction zone. The Fischer-Tropsch derived wax containing feed is subjected
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hydr ocar bofsq 68BN @bh&fnihg gas, to convert a portion of the normal paraffins to

isoparaffins. The degree of hydroisomerization is measured by the amount of

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 preférably below -40° C is achieved. Using standard

distillation techniques, a 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



700 F- hydrocarbons. Foll ow ng hydroi sonerization in the first zone, at

| east a portion of the liquid product fromthe first zone effluent is
passed i @ @/s36G0Nd reaction zone containing a dewaxing woYBdo03 @

hydr oi someri zation catalyst or a mxture thereof, designed to mnimze
boi l i ng point conversion while inproving cold flow cloud point properties
by reacting at |east a portion of the r-&wining n- paraffins contained in
the first zone effluent to further isonerize the n-paraffins to

i soparaffins or crack |arger chain paraffins to smaller chain paraffins
whi ch aregr b@ruzu%@45P@(¢73°2F)Obdtqess&ﬁaﬂ;@feﬁﬁam 5o (633 FEl TheEqak the
n-paraffins. The dewaxing reaction within the second reaction zone is
conduct ed flotw dndiemidsion ptapertiespdiithgiregulting wistillate fied aseexcallengnraldhfl uent
at or below about -35 C, nore preferably below -40 Cis achieved. In the
al t er nat i véie produgiewsefihas a warter diesehiglbe conducted until a cl oud point
for the second zone effluent at or below about -35 C, nore preferably

bel ow -40 C is achieved. Using standard distillation techniques, a

hydr ocar bon proijgga; ] . q&% ving a
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may be enploy
bed reactor comprising a first and second reaction zone wherein a

hydroisomerization catalyst and catalytic dewaxing catalyst operate to convert
10-80% of the 700° F+ materials to 700° F- materials 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 redistribution
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.
Howeyver, 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



either a single stage or dual reactor system depending on the desired
catalysts wutilized for each reaction zone. In another enbodi nent of the
present iw%pﬂ, hydr oi sonmeri zation and catal ytic dewagdjgRihedeenduct ed
in a single stage, fixed bed reactor conprising a first and second

reacti on zone wherein a hydroisonerization catalyst and catal yti c dewaxi ng
catal yst operate to convert 10-80% of -le 700 F+ materials to 700 F-
materials and selectively dewax the feed to achieve a cold filter plugging
poi nt bel ow about -35 C. The first reaction zone preferably conprises a
first catakysiltdd®ve, GOMiAAirBAREr Systétndhay BeRRpIéHEd Bcsmfurt yst while the
second reaction zone conprises a second " catalyst |ayer containing a

catal yti c Hedevisomerizdtanyaid catahytief davedriyg oo separatienngactorsyicehngatedin

hydroi soneri zation and catal yti c dewaxi n% catal ysts. |In addition, each

reacti on zsericshaychohat thetosaldigidpseduct ot Ahe Sirstiyeacior Hepisi diresdydpw e  nore
t al t i d t i t i nt t | i.qui d.
Fedi st i bulGasHOREORGOL IR SErondaaciops d he areisred TeactoR sondifontieon zone wi |

nor mal |y ben SSRRRCERN pHARY A% Ach00%erb) APIGIREE RRCiAGES. When

operating Ina sing reactor, 1t is préferred to uti

hydr oi soneeﬁl%,fd}ieqqn@a@hqgé@byti c dewaxing catalysts which have simlar
activity for tHe conversion and cracking of the n- paraffin containing

hydr ocar bon feeds under anal ogous operating conditions, i.e., simlar or
over | apping reaction conditions such as tenperature and_pressure. However,
activity bal ancPurig Iseirasemsrzation of the wag qomeaigug paafipic fe¢thcent rati on

of each of the catal.ysts h& i ngl e reacto r..the ree an
concent r at FYNEEHOR Of iﬁ%lz(}gt F %I ffqﬁrﬂﬂmgtomfeg{ﬁ §Pﬂ}rkgala‘%|8§’nt%}so%élg& cat al yst
bed. In 3 - ' r
0o, o USSR EEHLROAAI0-008, b 0% Sttty
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 0.25-4.0 05-25

The hydroisomerization is achieved by reacting the wax containing 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 components, 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



hydr oi soneri zati on and catal yti c dewaxing in separate reactors, connected

in series, such that the total liquid product of the first reactor flows
directly (M A/s5b8 reaction zone of the second reactor. Thepi®hssdsd
reactor conditions, i.e., tenperature and pressure for each reactor, may

depend on the catalysts enployed in each reactor. During

hydr oi soneri zation of the wax containi nglparaffinic feed, conversion of
the 700 F+ fraction to a material boiling belowthis range (700 F-) will
range from about 10-80% preferably 30-70% and nore preferably 30-60%

b d : | : bl
ased on acRBAs yr%gr @fr.asgdg ée.;?],?/%fr, éygsmhe%ﬁﬁ&y,%gbbﬁea%% £idieqhietal Tabl e

1 below Ilist rred condi tions for hydroisonerization

i n accor dapgRlewubpoiiite givetlss caalystboli alteydrogénatitpl ambdelsydroyanitionn. TABLE
1 CONDI TI ON BROAD RANGE PREFERRED RANGE Tenperature 400 - 750 OF 600 - 750
OF Pr essur &nativinfop agGegtinthellpaocapansgedh an aeisk fungtien feCsoReszatiano0

1000- 2000 HSV 0.25-4.0 0.5-2.5 The hydr.oi.soner.izatjon.is achieved b
reacting t Wﬁr’dtﬁ%lﬁmﬁtﬁ% IPdecP hyﬁpggwwlég%t‘icﬁﬂ'irheatﬂ%@énce of a Y

sui tabl e hydoi s [ ' . ' C

sati sfact OYWQE%E{E?W éﬁikﬁg,tﬁgg%{%iéaet%}é@g{eg f|c§)(53nr§ %jrem et géﬁs'%ggg?%er s and
are prefer psgle halCH2M! d PRPThE @ﬂfa%@ ineyesls 6 eohat Qi TBz@kiadn

catal yst conprises one or nore G oup | nobl e or non- noble netal

conponent ssuchnak cigipendisghpdroageaolyscuppressantdi FTheocrackimgeanar nor e
non-nobl e netals such as Co, N and Fe, which ma[\; or may, not al so_include
WD 01/ 8364hydrogenmioam actovigy of the catalyst is determined by its specific composition.

The metal Groups referred to herein are those found in the Sargent-Welch

Periodic Table of the Elements, copyright 1968.

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 maintaining
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.

o 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



-11 Goup VIB netal (e.g., Mo, W oxide pronoters, supported on an acidic
nmetal oxide support to give the catalyst both a hydrogenation and
dehydroge?@dl%@”functi on for activating the hydrocarbons gRg;@0éves d
function tor 1somerization. However, noble netals reduce hydrogenol ysis,
particularly at lower tenperatures and will therefore be preferred for
sone applications. Preferred noble netdls are Pt and Pd. The catal yst may
also contain a Goup IB netal, such as copper, as a hydrogenol ysis
suppressant. The cracking and hydrogenation activity of the catalyst is
det er m neduQyq, ishigh 2R AedKel ﬁit%t@})&?déiet Qftrate DP S tHERaAcShPSFIEbIeREr ed to
herein are those found 1 n the Sargent-Wlch Periodic Table of the

El ements, Poglieratgitthe 36&alsTdre cocinghregmatpgd onto fhersuppertratbiwing doemtinadte on
catalyst is preferably an anorphous silica-alumna where the silica is
present i ncentaahbetwsenithe SronpVIlkmetal agd the Grpup ABraetabl fpr sxgoplgs the nore

f bly _10-20 wt_ 9% Additi | I .th il - al um t
Cont ai n_ RGO OLRARUE SLBHeFe e AT raieL S pelis eR YRR @ur  ng i gh
; t _ g Cat ST ATHERarEEY Bur
al uni na,  cPuERph R B 1BOR 3G TloWR i balc BRI sl R HBoRIEE D, o o

cl ays, mgpﬁ@iﬁ%fﬁfrﬁ aboW 0155091 SpRferabBy $50°e850°10,, sotieftahébliynoal uni na,
C

silica, or zitrconia, nost preferably alum'na. Binders, when present in the
cat al yst cexgessiveiloss ofmiréacemradonpore Feltimey wei ght of the support,
preferably 5-35% by weight, nore preferably 20-30% by wei ght.
Characteristics of the support preferably include surface areas of 200-500

ng / BET t hpd f bl t 250-400, n? | f

Tess than 1 i/ bipus VAECmRH Salic B itinns AT ERRAR bR 17 B8 P Bhf PR

range of  ghoul (FcdtuyR, PreferbBMMbdutd-12 Yt B/ mdké Bferably 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 % 2.5-35
Cu, wt % 0.25-0.35
Al O; - Si0, 65-75
Al,O5 (binder) 25-35
Surface Area, m” /g 290-325
Total Pore Violume (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.




The netals may be incorporated onto the support by any suitable nethod,
and the incipient wetness technique is preferred. Suitable netal solutions

may be WRyld1&3641 PCT/ US01/ 09903 -12 used, such as ni ckglofiidoh@édds copper
nitrate or other aqueous soluble salts. Preferably, the net'ﬁf}:ls are
co-inpregnated onto the support allow n? for intimate contact between the
Goup VIII netal and the Group IB met at 13for exanple, the formation of
bimetallic clusters. The inpregnated support is then dried, e.g., over
ni ght at about 100-150 C., followed by calcination in air at tenperatures
rangi ng from about 200-550 C., preferably 350-550 C., so that there is no
excessive | oss of surface area or pore volune. Goup VIII netal
concentrations (hatdlgts deharirehhas ad ftswhjédtives e remdval af a poeiigrhof tfe
catal yst, preferably about 1-12 wt % nore preferably about 1-10 wt 9% can
be enpl oyetemainingstoaight chainnparmtfingswhighcontabute: tojyndesisally high glaud and
may range from aghput .a 1:2 to about a 1:20 ratjo.respecting.t.he.Goup VIII
motal - Sonop anule winzzing Be Leking oL biachd SEIRIHPAREENS el o
2.5-3.5 . %0.:25-0 -35. Al S z i) 2B, 35
Surt ace i pYbiSpSdation R ParticPd i eilp rofb o BRI pe by
Conpact ed Byhdr doRRively bitaRinglthdr-ParBfindifle sEialiStoRcuRiRgldwet-Boiling.

liquids or converting some of the remaining n-paraffins to isoparaffins, while

leaving the more branched chain iso-paraffins in the process stream. Catalytic

dewaxing processes commonly employ zeolite dewaxing catalysts with a high

degree of shape selectivity so that only linear (or almost liner) paraffins can

enter the internal structure of the zeolite where they undergo cracking to effect

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 ferrierite.

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 4.2 A and
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



Loss on Ignition 3.0 max. (1 hour @550C. ), %w. Abrasion loss @0.5 hr,
w % 2.0 max. Fines, wt % through 20 nmesh 1.0 max. WO 01/ 83641

PCT/ USO1/ Q@364 13 Catal ytic dewaxing, has as its objectipgyydopBedosmoval
of a portion of the remaining straight chain n-paraffins which contribute
to undesirably high cloud point while mnimzing the cracking of the
branched chain iso-paraffins fornmed dud#rg hydroi sonerization. In
particular, this step renoves the n-paraffins by either selectively
breaking the n-paraffins into snmall nol ecules, lower-boiling |iquids or

converti ngﬁﬁ#@%&&{ﬂ%ﬁé@&@{}@ﬁ R§ 5"wPaY 3h fe_’}ﬁeféi‘aﬂ)l?%ﬁ@bfli 053 WY 108 at

| eaving the ain iso-paraffi'ns in the process stream
Catal ytic ]shevexé Grolp OCBEARSalC bly £apbRyGz®y VIE el thol cat al ysts
with a high degree of shape selectivity so that only linear (or al nost
| i ner) par pféferably ptatiremn er palledium.er nal structure of the zeolite where
t hey undergo cracking to effect their renoval. Sone preferred dewaxing
catal ysts include SAPO 11, SAPO 41, ZSM 22, ZSM 23, ZSM 35, ZSM 48,

ZSM 57, SSZ- 31, 1R34s Sderiradod compotentot BB Lohfidsite chiafyst EAR beahd! ofthé S)
grizaton LAY

contained in the second reaction*zone havl ng catalytic ewax

functi onal {ypicdlBYomeiRalioe caaBatsd sith 6s tHRROMTistag alryfhctosy medlwxedef a
catal yti c dewaxi ng catal yst and a hydroi sonmeri zati on catal yst or a

conposi t e suppdrtbasen@.g, ahinaing; siticalalvaninag zindniny ttapiwoneici)zu whichchasal yst

conponent. In the alternative, |ayered catalysf{ _beds conprising.catalytic
dewaxi ng chee gepositgddy @ﬂia]ﬁ{?ﬁ'flg}' %%\éﬁ mesal S@f?%%i fropsthe gt PS@n@gﬁW%?gdyi n

the s econddrggrc): 1'\}10@, Group VII B, Group VIII metals and mixtures thereof, preferably
Group VIII, more preferably noble Group VIII, most preferably Pt or Pd and

optionally including a promoter or dopant such as halogen, phosphorus, boron,
yttria, magnesia, etc. preferably halogen, yttria or magnesia, most preferably
fluorine. The catalytically active metals are present in the range 0.1 to 5 wt %,
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.



zone. Preferably, the dewaxing catal yst conprises a conposite pellet
conprising both a hydroi sonerization catal yst and catal yti c dewaxi ng

cat al yst . wir@afsgseabl y, the dewaxi ng conponent of the cat al Wdreu@denwsws ng
catal yst conprises a 10-nenber ring unidirectional, inorganic oxide,

nol ecul ar sieve having generally oval 1-D pores having a mnor axis

bet ween about 4.2 A and about 4.8 A and5a mmj.or axis between about 5.4 A
and about 7.0 A as determ ned by X-ray crystall ography. The nol ecul ar sieve
is preferably WO 01/83641 PCT/US01/09903 -14 inpregnated with fromO0.1 to

5w % nore pr qfr@r&ﬁh%osa&%ata@stlcélpc&nm the @hdigidual pawidefstEcdmhpoiienyd | |

netal, preferably a noble Goup VIII netal, nost preferably platinumor

pal | adi um wiliieh insakeeit bpdhiachroad mxtdm Fttuso thet coempompus carbe presepsin than be any
of the typical isonerization catalysts, such as those conprising a

ref r act or y I#tée in thexiagge 1sl(hor mopx x10Q o morg) Linprgerably §:340 8t him na,
zirconia, titanium etc.) on which has been deposited a catalytically
active nmetal selected fromthe group consisting of Goup VI B, Goup VII

B, Goup VIII -1 : : r I nor e
preferably nobIrTgjE @%ﬁ?@ 1{9|d)ﬁe‘r§r%1§ u{’)’??? ggg%?{/gr@;&olﬁggéegn QH%E)I I c}hgl ly

i ncl udi ng %M@{}@@mpﬁimant such as hal ogen, phosphorus, boron, yttria, .
magnesi a, etc. preferably hal ogen, yttria or magnesia, nost preferably
fluorine. The catalytically active netals are present in the range 0.1 to 5

w % preferably 0.1 to 3w % nore_preferably 0.1 to.2 wW_ % st
preferably 0.1 tlovacompanativexagiepet @CL%%&R?&g@éné{F@d&%t@@tﬁ@ bnt r ol

the acidity of the %c';soimljéza_ti on catal yst. Thus, when the isonerization
catal yst emSTOPEPAEHER IO, rial such as alunina, acidity is inparted to

{

the catal yst by addition of a

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+



hal ogen, preferably fluorine. Wen a halogen is used, preferably fluorine,
it is present in an anount in the range 0.1 to 10 Wt % preferably 0.1 to
3w % maigyyspeAaferably 0.1 to 2 w % nost preferably 0. pdraushifoodns %
Simlarly, if silica- alumna is used as the base material, acidity can be
controlled by adjusting the ratio of silica to alumna or by adding a
dopant such as yttria or nagnesia whi chl6reduces the aci dity of the
silica-alum na base material as taught in U S. Pat. No. 5,254,518, Simlar
to the dewaxi ng catal yst, one or nore isonerization catalysts can be

pul ver i zed n@digri HRVID0C E- apd Hew B G iﬂﬂ@ughﬁzsﬁﬁmﬂef@ﬂbwﬂldrﬁoiﬂ!f t he
conposite pellet catalyst. WO 01/83641 PCT/USO1/ 09903 -15 The conposite
cat al yst chelowabaitn36h€. i Tk isothexmah oeesttorerbnditigrsneatesas folliowts: Hhke it up
in a broad ratio. Thus, the conponents can he nt_in the ratio in the
range 1:100sigs 1680 SGHSBbbbydiogesteeat 1ate FQ@ME@%@@ @ demperatye of o
detail ed descriptio b Jhis invention may be had through the follow ng
conpari son&PP E'i‘}rrl]ﬁbg gt ve exanpl es of Fischer-Tropsch derived distillate
fuels were prepared as follows: As illustrated in Figure 1, the

mul ti-stage isonerization process was carried out in an isothermal sand

bath (2) contai Pradhidt\@stHbbtion éhshtavi iioWablexEBelohe dTwoaditssl SuelR{Fadldl R2,
connected in series where the total |iquid product of the first reactor

(R) was fend@fuek2) wyrd prepatddefronea 800hF+ ischot-Tropsabefeced disingdbeor (R2) .
R contained 80 cc (44.7 gns) O co rcially avail able

hydr oi soneProcsss defadad abgye. ﬁlﬁr‘[&eas"l’ P ?@eatb%rﬁacw gygfqgeEé‘ngl% na
support 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.



containing nomnally 20 wt % al um na/ 80 wt % silica and 30 wt % al um na

bi nder. R2 contained a catalyst blend containing 29 cc (16.2 gns) of a
comer ci alWoyo1@g@sil abl e dewaxi ng catal yst conprising 0.5 wporiiso@0omn
extrudate containing Theta-1 zeolite (TON) and 51 cc (27.5 gnms) of the
hydr oi sonmeri zati on catal yst contained in RlL. The extrudate was crushed and
the -8, +20 nesh used to load a portloh of the fixed bed reactor. There
was no treatnent or interstage stripping of the hydroisonerized product of
R prior to feeding into R2. A 300 F+ Fischer-Tropsch derived wax
containing feed (4) was run throughTRIBBE onditions that resulted in
about 50% conversion of the 700 F+ WD 01783641 PCT/ US01/ 09903 -16 materi al
to 700F- and dewaxi ng was run through R2 to achieve a cloud point bel ow
about -35 C. The isothermal reactor conditions were as_follows: EUéi psi g,
1650 SCF/ Bbl RR@EEREY:reat raFbFdi10. 854UBEB2 and aFUEpdr at ur 4

appr oxi metely—606—+F—-Product ei-strtbdti or—+s—strown r—Tabte 2 betow—Two

di esel fughénsityudlssk) and Fuel Zj68rere prepged from a34®0 F+ 854

Fi scher-Tropsch feed using the process detailed above. The feed was

obt ai ned ?ﬁ '%g% anc?msﬂr ogen angy CO over @ Fischer q be@sch cat ghys

conpri sin eniumon a ti tanl a support n particul ar, Fuel 1
conprised _a 2§ 700 F nom nal t fuel r Fuel npri sed 300- 700F
nom nal cdBP T&@ﬁ%@e&é& enpl oyg@‘% n the ngﬁpl e sho boi | i ng r1§|4f

product distributions characterized by hi %h sel ectivi t9y to 300/700 F with

| ow gas afkh0, AGmAsTd Dessdduct i on.252 57 294 288

T95, °C (ASTM D-86) 330 332 339 345
Cetane (ASTM D-613) 70.0 71.8 53.0 50.1
Aromatics, total % 0 0 279 © o 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 (P-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 nil 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



TABLE 2 BO LI NG RANGE YI ELD, W% FUEL 1 FUEL 2 [|BP - 280F 10.492 No No
280- 300F 2. 744 Yes No 300-700F 53.599 Yes Yes 700-800F 10.016 No No

800F+ 23. -;],,g,% @g shlo For emissions testing, the two fuels ofpdfigsoiyRet i on,
as produc ov were conpared with two conventional petroleumU. S. #2

| ow sul fur di esel fuel s (ASTM D975-98b) referred to hence as Fuel 3 and
Fuel 4. Table 3 provides a conparison-é8-the relevant characteristics for
Fuels 1 to 4. WD 01/83641 PCT/US01/ 09903 -17 TABLE 3 PROPERTY FUEL 1 FUEL
2 FUEL 3 FUEL 4 Density (I1P-365) .768 .772 .846 .854 Sulfur, % (RD 86/10)

0 0 0.04% 1Qp%2 Bk b@o(vﬁ&'@\ﬂlé?ecﬁﬁﬁlejlﬁﬁltéaﬁ {HeiB sl B thoBE Gho@n(AITWIOIBE) 252
257 294 288 T95, C (ASTM D-86) 330 332 339 345 Cetane (ASTM D-613) 70.0

71.8 53.0 50.1 Aromahcs total %0 0 27.9 26.7 (I1P-391) Polyaronmatics, %
007.16.4 (IP-391)

Although there is not standard specific temperature requirement for cloud
point, or cold filter plugging point, all fuels must meet the low temperature
requirements for the markets in which they are sold. These fequirements not
only differ from region to region, but are also seasonally dependent. The tenth
percentile minimum temperatures are listed in the ASTM Standard Specification
for Diesel Fuel Oils D-975 in Figures X4.1-X4.12. These ambient air
temperatures were derived from an analysis of historical hourly temperature
readings recorded over a period of 15 to 21 years from 345 weather stations
across the United States. The tenth percentile minimum ambient air temperature
is defined as the lowest ambient air temperature which will not go lower 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.



Coud Point, C- 36 - 47 -6 -5 (ASTM D-5771) CFPP, C (IP-309) - 46 - 46
-7 - 18 Concentrations listed as "0" correspond to concentrations bel ow
the det eﬁf(ﬁfi%s@dli mts of the test procedures delineated igprfiaddhiBosds Each
standard anal ytical technique used to determ ne the conponents of Fuels
1-4 is showmn in parentheses. By virtue of using the Fischer-Tropsch
process, the recovered distillate has-#®F sulfur and nitrogen. Further,
the process does not nmke aromatics and polyaromatics, or as usually
operated, virtually no aromatics are produced. Accordingly, the

concentr at % piEstEdPINGar omati cs and pol yaromatics for Fuels WO 01/83641
PCT/ US01/ 0 - and 2 were below the detectable limts of the test
nmet hods shown in Table 3. Although there is not standard specific
tenperature requirenment for cloud point, or cold filter plugging point,

3}1 | fuels nust Feecomparisony thedsoher-Tirepsahelgigls elnbstivension Gaclsel RRds i n
ich th ld. T i t t ly dif f i on t
g on. DUl BeES SoBpRYRARE gonuiehpotrak B el THE AR i mum
t t l.j ' TM. - inf heat i o i esel  Fuel
T oL UL S B S el oS L RN RIS A Al PBesdithBiesel Fue
derived frpEhan@D@hiSichsOlerd Iﬁbésrdré?@auﬁﬁg hbo¥-sta@MRafigént &ycldsemdi ngs

recorded over a period of 15 to 21 years from 345 weat her stations across
t he Uni t edeffissi@s of ThedtomatorsaiHE) catbtonmonoxide {660))e nitr@isroxiderM¥Oxhure i s
defined as the | owest anbient air tenperature which will not go | ower on
aver age nofed pagiculatogarttar{EM) were mgagwed, [hgpregylts ?Ff‘eS‘HEma?Zﬁ‘i? H %ﬁh%e

anbi ent 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 km/h. The data is based on the
combined emissions of the ECE and EUDC cycles expressed in g/km. 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).



air tenperature would, on average, not be expected to go below the nonthly
tenth percentile mnimmanbient air tenperature nore than three days for a
30 day nQpifdissséfl accordance with this listing, all requi giendsedes the
continental United States from sunmer through October (Fig. X4. 1) are met
with a target of -15 C cloud point. (i.e. a sumer diesel). A wnter
diesel with the cloud point of -35 C n2kts 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

Fi scher-Tropsch derived fuels of this invention have cloud points bel ow
-35 C, thereby qualifying as a winter diesel fuel. WO 01/83641

PCT/ US01/ 09903 -19- ENG NE TESTI NG E&BkEBrpari son, the Fi scher-Tropsch
fuels of the invention (Fuels 1 and 2) were conpared with the conventi onal

petroleumfuels. T fue@e_tgle g{_)éal L!Béﬁ:‘g gg;a Peyggot 419151 I nobéﬁzgt

Injection (ID) Ii ngitme.— Re ate m SSiors

measured during hot-start tr nsi e a dr bons
(HC), car bBrelfbno %P (c8p-2 |tpégi oﬂddg%( N&és ﬁ[?%ntl@@?gy

(PM were neasured. The results are summarized in TabI e 4 bel ow. Test data
i s represeRteld® as 0t0%d abs$dllge e 0AHBe 1B.8f HE-308 whiSd 4% s 00311 owed1%y t he
percent change for each em ssion val ue verses the base, Fuel 4; a

conventi onpl.pet r @l gam dijgsel foeha AlBdopel D.g%re nuwss hroegh t he sepnbi ned
Urban Drive Ck/cl e and Extra Urban Drive Cycle (comonly known as ECE- EUDC

respectivepy ot (3id coldslest oREg OBl I N Y T s N 807 RNdoBlAed

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 NOx; see SAE
961074 and 961075. Decreasing one variable will normally result in increasing
the other variable. 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 (i.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



design. The |ight duty European test cycle is perforned in two parts: ECE:
this urban cycle represents inner city driving conditions after a cold
start W t{{AiBgi;um speed of 50 kmih, and EUDC. the extr gc4idanoshosVi Ng
cycle is typical of suburban and open road driving behavior and I ncl udes
speeds up to 120 kmh. The data is based on the conbined em ssions of the
ECE and EUDC cycl es expressed in g/km -8e SAE Papers 961073 and 961068.
Fuel 4 was used as the reference and therefore run in triplicate; al

others were run in duplicate. The data represents the average val ues from
the combi ﬁ?él;gagg&hﬁ%aﬁd EREsGHRCHLQM 0PV ASAIEE BEdénsiQTRERRE nEREeEYRE
reporting nethod). 01/83641 PCT/ US01/ 09903 -20 TABLE 4 HC Delta NOx

Del ta CO Dgosa SAE Papen96 HUES, TatleddS throtigh 6% Thékeft hddll dolufndhdicabes. 9%
0.029 -62.6% Fuel 2 0.051 -57.1%0.543 -18.8%0.358 -51.4%0.031 -59.1%
Fuel 3 0. 10the vy pollatasts4(pagticidaie. matter- and wixogen paides) shangruih the 0. 118 basi s
0. 669 basis, 0. 736 basis 0.077.basis data reveal ed significantly | ower
em ssi ons ﬁh@kﬁ?ééﬂag$@H%%‘BF§S%1§ g’ﬁ%?&ﬂ%ﬁﬁ‘#&%%@h%& s than observed

with eithegpg,of 1h 0 [ ly .dli F In
particul ar ,E%dBﬁ{elag%@?’gl@égPp %89085%253%&#\@% %dgse%%hﬁ)ﬁﬁ%@ﬁgg_‘%% decrease in
hydr ocar boggaraSikridfe <8RR L tHe topBTIRE cORMGNY. CBhe dfiskibn ERATZRARE g/Hip-
nitrogen oxi des and 62. 6% decrease in particulate matter as

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) (350
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 propefties 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.



conpared to the base conventional diesel fuel. However, a closer review of
the data shows that the fuels of this invention have a substanti al

advant agewigy 8@t i cul ates and nitrogen oxides em ssions ghqygolfdos Whi ch
woul d norrmal |y be expected. In this regard, it is well known in the art
that the nost critical emssions paraneter for a diesel fuel is the PM NOx
trade-off, i.e., there is a known inve28e relationship between particul ate
matter and NOx; see SAE 961074 and 961075. Decreasing one variable wll
normally result in increasing the other variable. The fuels of this

i nvention provide substantially reduqe@B%@ues of both PM and NOx

em ssions. Table 5 bel ow details the Icted changes for light duty

(i.e., passenger car) diesel engines according to.the well recognized

Eur opean Program on  Em ssions, Fuels Hel %ngi ne TM@I ogi es (]E%é) st udy
i n Europe undgrtaken by the governnent uto and ol l gonpanies jo,define
the rel ati ongf?ﬂlbl%d‘gt ween WO 01/ 83641 PCF/ %501/ 09903“““-‘51 f uel pr‘}gpérti es
and en ssi oNns based on variables in density, cetane nunber and T195. SAE
Paper 961073, Tables 3 through 6. The left hand colum indicates the two
pol lutants (mafitulatd ate Pedfeetedand nitrHgen oxi des}5nllgng with -5h8%changes
in absolute em ssions in g/ Hp-hr and percent change (% i ncrease(positive)
or % decrease(negative)) Xaualeach of theS%ur fuel -5Ch%r act eri s62&J shown
at the top of the colums. The em ssion change (in g/Hp- hr and percent) is
based on a deviation of one of the four fuel characteristics as shown in
par ent hesi s..,gor exanmpl ey i f e T95 ower ed by. C, the icul ate
em ssi ons u&é decreasePB?/Je {_e Yo wWhi | \é\qts%% NOx vvoul%*%i@%crease bgag%f 6%

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



TABLE 5 Density Polyaromatics Cetane T95 (-0.027) (-7% (+8 nunbers)

(-55C) Particulate g/Hp-hr -0.012 -0.003 0.003 -0.004 %-19.4%-5.2%5.2%
-6. 9% 1 r 0,008 -0.019 -0.001 0.026 % 1.4% - 3. 4%10y<dS %

Tabl e GN%(%{W%JS} produced by conbi ning the published results %{m%gl e 5,
with the properties nmeasured in Table 3 and the em ssions results of Table
4. The resulting test data indicates tR&-expected change in enissions as
projected by the EPEFE equations versus the actual changes neasured during
em ssions testing on each of the fuels listed in Table 3. Again, all
results ar ﬁgﬂ?&cﬁf&ﬁf&ﬁi%fbﬂs'ﬂh@in #d dcbleRARMms W perfénttd 8dhd the four

PCT/ US01/ 09903 -22 TABLE 6 Fuel 3 Fuel 2 Fuel 1" Pollutant vs. 4 vs. 4
vs. 4 Par tomipaediiverue]seftomdl alde 3% Flibrebbits are R0 ale Tabelow. 5% - 59. 1% - 62. 6%
NOx Projected 1.2%2.2% 1.8% Actual -3.4%-18.8%-19. 1% Fuel 3 shows very
cl ose agreenment with the predictions differing by

TABLE 7
Fuel 1: 0
Fuel 2: 0
Fuel 3: 2.02
Fuel 4: 2.07

)

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.J. 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 Duty
Diesel Studies", SAE Paper 961075.

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



only a slight ambunt with particulate em ssions 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, t\We® a@stqgiast fromFuel 4 is quite different and urmpexpemieehos! n bot h
cases, the Fischer-Tropsch derived fuels of this invention exceeded the
performance predicted for particulate em ssions while at the sanme tine
dramatically decreasing NOx em ssions: 2‘Accord| ng to these projections, an
i nprovement in particulate enmissions is expected for Fuels 1 and 2 and t he
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

fuel s resuCiedM®: a substantial decrease in the NOx em ssions. Thus, the
di esel fuels of this invention sinultaneously result in both |arge NOx and
particul ate em ssions reducti ons Such results are unexpect ed and directly

contradictory to the well re o ed cor at i ons.

Fi scher-Tr opsch?derl {elrOCEsy 0 Y188 arﬁ,lgingqrggngpgdzo as%wf%&ﬂusual ly
good snoke results. A standard BOSCH snoke test (BOSCH T100 free

accel er at i compriving 4 860°) F£ bischbaledpssht dersiedrfragsicmyahdieadriogen enissi ons and
WO 01/83641 PCT/ US01/09903 -23 hydrocar bon em ssions during hard

accel erati ueI s from Tabl e 3.
The 1 sl ¢ 5 LB Bl RRER% AN0A ririErenelibn ZERTBRNBLNHE 1% O Tuel 3.
2.02 Fuel 4: 2.07
hydroisomerization catalyst to form a first zone effluent and contacting at least a
portion of the liquid product from the first zone effluent with a second reaction

zone comprising a catalytic dewaxing catalyst to form a second zone effluent

comprising an isomerized hydrocarbon product.

2. The process of claim 1 further comprising 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. :



For the Fischer-Tropsch derived fuels of this invention, the snoke |evel
was bel ow the detectable anmount. The citations of the several SAE papers
ref erenceqdg@rsgési are: P. Gadd, K P. Schindler, D. Hall, "Pcurgseasnos
Programme on Em ssions, Fuels and Engi ne Technol ogi es (EPEFE)-Li ght Duty
D esel Study" SAE Paper 961073. H J. Stein, NG Elliot, J.P. Pochic,
"Eur opean Programme on Enissions, Fuel s25and Engi ne Technol ogi es
(EPEFE) - Vehi cl e and Engi ne Testing Procedures” SAE Paper 961068. D.J.

Ri ckeard, R Bonetto, M Signer, "European Programe on Em ssions, Fuels

and Engi ne Technpl ogi'Bige pigebERf daim arwhaip§aillisebéndigictien vunfilistherDl esel
Studi es”, SAE Paper 961075. M Singer, P. Heinze, R Mercogliano, HJ.

Stein, " European Programme an _.Em sshons, Fuel s and Engi ne Technol ogi es
( EPEFE) - He &€ a[&&%ﬂsogleﬁﬁﬁﬁon%@ﬁéper 961074. WO 01/ 83641

PCT/ US01/ 09903 -24- CLAIMS: 1. A process for producing a fuel conprising
contacting a feed conprising a 300 F+ Fischer-Tropsch derived fraction and
hydrogen or a hydrogen containing gas with a first reaction zone

compri'sing a hyg of soffey baLilt AakANNSherkh LAH TydIfdd AwaRRE dbijgent and

contacting at |east a rerron o e lrquid produ rom-t rst zone
effluent with a second reactign zone conprising a catalytic, devva>ii ng
catal yst t 6OMprises asosnasiie pelckeatplysheompasing shydromemamationLaalyst
hydr ocar bon product.

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 catalytic dewaxing catalyst or a mixture thereof.

8. A process according to claim 1 wherein said first reaction zone

comprises at least one catalyst bed comprising a hydroisomerization catalyst.

0. The process of claim 2 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 -35° C.

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



2. The process of claim1l further conprising recovering a mddle
distillate product boiling in the range of a diesel fuel fromsaid second
zone ef fiwganisze4sd. The process of claim2 wherein said m diteu@isddob! at e
product is wuseful as a wnter diesel fuel or a blending conponent
therefor. 4. The process of claim3 wherein said mddle distillate boils in
the range of 320-700F. WO 01/83641 PCTR®)SO1/09903 - 25 5. The process of
claiml1l wherein said second reaction zone further conprises a

hydr oi someri zati on catal yst. 6. The process of claim1l wherein said

catal ytic ggHashiabyticalld! dwaxes P piciRet of ERMRRS réLtidAldoak t6 Aldddd point
conprising a hydroi sonérization catalyst and a catalytic dewaxing

catalyst. 7,.,A pfocess a dei ng to claimb5 wherein said second reaction
zone furtﬂ@eségﬁﬁ‘)‘}gé%‘%t‘gﬁ east one catal yst bed conprising a
hydr oi soneri zation catalyst, a catal ytic dewaxing catalyst or a m xture

thereof. 8. A process according to claim1l wherein said first reaction zone
conprises at |east one catal yst bed conprising a hydroi sonmerization

catalyst. 9. Thegqpro | & 7 IR I : i

converts 10- 803%1'0f ?S%SIE@E%%? od(%lr \gﬁ@%@ﬁ@@b@hﬁ@ﬁ%ﬁ@%&t he
second reaction zone catal ytically dewaxes the product of the first
reaction z68«0% o4 7000 kd }}%ﬁ'ﬁ@afb@ﬁs te Q0 FraltydigesbonSs5 ¢ 10. The process

of claim2 wherein the first reaction zone converts 30- 70% of 700 F+
hydr ocarbons to 700 F- hydrocarbons and the second reaction

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/Bbl.

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.



WO 01/83641 PCT/ US01/ 09903 -26 zone catalytically dewaxes the product of
the first reaction zone to a cloud point of |less than about -40 C. 11. The
process olvocd1@369110 wherein the first reaction zone convergca/ush90608% of 700
F+ hydrocarbons to 700 F- hydrocarbons. 12. The process of claim 1l wherein
the first reaction zone and the second reaction zone are contained in the
sanme reactor vessel such that the totat27tiquid product fromthe first zone
effluent is passed into the second reaction zone. 13. The process of claim
12 wherein the reactor conditions conprise a tenperature of about 400 F to

about 750 F, pr?§ﬁur%eﬁfroé&stdfc@éiﬁﬂl wHP8innheE Gydrapeserived aicedtylyef inrnbout
0.25 to about 4.0 LHSV and a hydrogen gas treat rate of about 500-4000

SCF/ Bbl . 14. Th racess of claim12 erein.t a r it

conpri se aﬁletfé’igéézﬁﬁﬁpéow C&Hmﬂse%iﬁs\@%a ‘H‘Huﬁe ‘7&% ‘ﬁféﬁqui’ggﬁ:[éé&gﬁ about
500 to about 1200 psig, space velocity of about 0.5 to about 2.5 LHSV and
a hydr ogencgapon¢ntéitbased endhe sdialiwveighd 0f Be0catags! 8id a Guoup IBE3Bup

PCT/ US01/ 09903 -27 15. The process of claim1 wherein the

about 15w ahcal B G 1ERS 12 0EphbAal chARANAPIERTSIRATMSE, oot of

the catal yst and a G .oup IB:Groug VIl nmetal ratig of |less than 1:
suppor t ed” eaitighhavisggawsuhasabpab3@ Wik silicacie crgierhayingasedacs aga Apout 30

w%silica, the 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-35, ZSM-48, ZSM-57, SSZ-31, SSZ-32,

SSZ-41, SSZ-43 and ferrierite.

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

non-shifting process comprising a cobalt catalyst.

19. A fuel comprising a Fischer-Tropsch derived hydrocarbon
distillate having 240° C < T95 < 350° C and a cold filter plugging point below

about -35° C.



greater than about 200n2/gm and a pore volune of |ess than about 1.0 m/gm
16. The process of claim 15 wherein said Goup VIII netal conponent

consi sts g @akéadi um (Pd.), platinum (Pt) or a m xture thermaedor1/0de6s The
process of claimb5 wherein the catalytic dewaxing catalyst in the second

reaction zone is selected fromthe groug consi sting of SAPO 11, SAPO- 41,
ZSM 22, ZSM 23, ZSM 35, ZSM 48, ZSM 57;28Sz7-31, SSZ-32, SSZ-41, SSZ-43 and
ferrierite. 18. The process of claim1l wherein said Fischer-Tropsch process
is a non-shifting process conprising a cobalt catalyst. 19. A fuel

conprising a Fi sgher AThRpeempiRing & Fidther Jeapsetideriiedttiydret¢abbavi ng 240 C
< T95 < 350 C and a cold filter plugging point below about -35 C. WO

01/ 83641 PCT/.\JS01/ 0990 = onpri sj a K scher-Tr ch
der i ved hySisblaRDEATIREI45° G 5 LR PG Saaen eolbied: BB EEagntbahmy
filter plugging point below about -35 C. 21. A fuel conprising a
Fi scher - Tr gpsgh3geid ved hydrocarbon distillate having 245 C < T95 _< 335 C
and a cold filter plugging point below about -35 C 22. A fuel according
to clainms 19, 20, or 21 having a cold filter plugging point bel ow about
-40 C. 23. A fuel according to clainms 19, 20, or 21 wherein the fuel
contains; <_ 10 wppm sul fur S 10 wppm ni trogen

21. A fuel comprising a Fischer-Tropsch derived hydrocarbon

distillate having 245° C < T95 < 335° C and a cold filter plugging point below

about -35° C.

22. A fuel according to claims 19, 20, or 21 having a cold filter

plugging point below about -40° C.

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

< 10 wppm sulfur
< 10 wppm nitrogen
< 10 wt % aromatics

and has a cetane number 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.



< 10 wt % aromatics and has a cetane nunber greater than about 65. 24. A
fuel according to clains 19, 20, or 21 wherein the fuel contains; < 1 wpm
sul fur < wb owsgani t rogen < 0.1 w %aromatics and has a:cqﬁq@m/eggogmber
greater than about 70. WD 01/83641 PCT/US01/ 09903 -29 25. A process for
produci ng a fuel useful as a diesel fuel which process is conduced in a
singl e reaction vessel conprising two r@8ction zones conprising: (a)
contacting in a first reaction zone a feed conprising a 300 F+

Fi scher-Tropsch derived distillate fraction and hydrogen or a hydrogen
containing gas with a first catal yst conprising a hydroisonerization
catalyst to forma first zone effluent, and (b) passing said total first
zone effluent i econd r.eacti.on. zon |S|n cessi ng
catal yst sel ect o‘inp Qresy fRrodBRes f"r‘?éuﬁ? ﬁ§/ar‘ﬂ%ﬁﬂé£‘iﬁqﬁgﬂ8§t al yst,
hydr oi soneri zat i on catal yst and m xtures thereof, to forma second zone

ef fl uent conpedss isgoratuced amarsizgld rbaalromx:msbdrcqmpdmng twlGeadtiom mesess of
claim 25 further conprising recovering a mddle distillate product boiling
in the rang g)fn éjl esel fuel fromsaid second zone effluent. 27. A
process accor Ng%o claim26 wherein said mddle distillate boils in the

range of 320-700F.
(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, to

form a second zone effluent comprising an isomerized hydrocarbon product.

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 distillate

boils in the range of 320-700° F.



WO 01/83641 PCT/ US01/ 09903 -30 28. The process of claim 26 wherein the
first zone converts 10-80% of 700 F+ hydrocarbons to 700 F- hydrocarbons
and the se@on@dsgane catal ytically dewaxes the product of pgdyegdoiosdps zone to
a cloud point of less than about -35 C. 29. The process of claim 28 wherein
the first zone converts 30-70% of 700 F+ hydrocarbons to 700 F-

hydr ocarbons and the second zone catal yBPcally dewaxes the product of the
first zone to a cloud point of |less than about -40 C. 30. The process of
claim?29 wherein the first zone converts 40-60% of 700 F+ hydrocarbons to

700 F- hydrocar bgns. Tk probéssiifocRem 26 whelimnESivi eoae Bosvdrts 10-8dVeof
distillate is blended wth a conventional petroleumderived fuel and

wher ei n saj iddle distill ate. .o rises,at |least 10% of the blend,, 32.
The pr ocesgﬂg%ﬁﬂg‘fiﬁ?%ﬁm efqp %r%'dé@%?r 0§ A eoﬁcpgg&gp?\%@.\ﬁ}qag% a

Fi scher-Tropsch hydrocarbon synthesis, in which a synthesis gas conprising
a mxture déwhiResthe peoduetanft the firstheonertesecioad point of Uessahhe aboyict38P C. Tr opsch
hydr ocarbon synthesis catalyst to forma hydrocarbon product. 33. The

process of claim32 wherein said Fischer-Tropsch process is a non-shifting
Fi scher-Tropsch process conprising a cobalt catalyst..

29.  The process of claim 28 wherein the first zone converts 30-70% of
700° F+ hydrocarbons to 700° F- hydrocarbons and the second zone catalytically

dewaxes the product of the first zone to a cloud point of less than about -40° C.

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

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

31.  The process of claim 26 wherein said middle distillate is blended
with a conventional petroleum 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 product.

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

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



