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BLENDS OF Fl SCHER- TROPSCH AND CONVENTI ONAL DI ESEL FUELS Fl ELD OF THE

| NVENTI ON Thjs | tion relates to blends of Fischer-Tropggiydgyi ved fuels

" and convent ,I’H@M@mﬁﬁwmwum fuels. More particularly, this invention
relates to a useful in a diesel engine which is lowin

sul fur and denonYtseat es better than préedicted em ssions characteristics.

BACKGROUND A concern for future diesel fuels is the ability to produce

hi gher quality and cleaner burni ng di esel fuel S W t hout extensive and

expensi ve regre& e
hi gh sul fur, = E__f_fRJ@R_@P'i sCH y

tenperature at whi ch mosomw CGN'VEWFI@NALMESHDDFU&S)H IeaV| ng only 5%
remaining in the distillatiton pot) high aromatic and pol yaromati . ;
contents. These factors have been shown to have a detrinental effect on

em ssions. For exanple, see the Coordinating Research Council (CRC) study
on heavy duty diesels in the United States reported in SAE papers 932735,
950250 an¢TEhPPEOF THRINWENDIQNNean Programme on Emi ssions, Fuels and

Engi ne Technol ogi es (EPEFE) study on |ight and heavy duty di esel s reported
I n SAE papers 961069, 961074 and 961075. In contrast, em ssions

measur ement s oS m:&muoiirmbﬂcmajb]esdis of Fascher-Tuhpsth ﬂ@m@edxfuqlaanﬂy ni |

sul fur, aromatic and | yar g contents denmonst.r at e orahl e em ssions
char act er cenyenrtional ,pggg}qur@,§g&ﬁe aﬁﬁg éﬂx[sdﬁventlon re \ﬁ {esq

blended fuel, useful in a diesel engine wh1ch is low in sulfur and demonstrates

) better than predicted emissions characteristics.

BACKGROUND

A concern for future diesel fuels is the ability to produce higher quality

and cleaner burning diesel fuels without extensive and expensive reprocessing.
‘Typical factors detrimental to fuel quality are high sulfur, high density, high end
boiling and T95 points, (the temperature at which most all the materjal has
boiled off, leaving only 5% remaining in the distillation pot) high aromatic and
polyaromati:: contents. These factors have been shown to have a detriraental

j effect on emissions. For example, see the Coordinating Research Council

.. (CRC) study on heavy duty diesels in the United States reported in SAE papers
932735, 950250 and 950251, and the European Programme on Emissions, Fuels
and Engine Technologies (EPEFE) study on light and heavy duty diesels
reported in SAE papers 961069, 961074 and 961075.

In contrast, emissions measurements on Fischer-Tropsch diesel fuels,
which have virtually nil sulfur, aromatic and polyaromatic contents demonstrate
favorable emissions characteristics. A report by the Southwest Research

Institute (SWRI) entitled "The Standing of Fischer-Tropsch Diesel in an Assay of
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Institute (SWRI) entitled "The Standing of Fischer-Tropsch Diesel in an
Assay of 280CT2004 2 Fuel Performance and Em ssions” by Jinell Erwin and
Thomas W Ryan, 111, NREL (National Renewabl e Energy Lab BRCI") 0
Subcontract YZ-2-113215, Cctober 1993, details the advan?age og

Fi scher-Tropsch fuels for lowering emssions when used neat, that is, use
of pure Fischer-Tropsch diesel fuels._presently, there remains a need1to
devel op an econonic, low sulfur distillate fuel blend useful as a diesel
fuel which has | owered em ssions after conbustion and allows a greater

portion of the distillate to be used as i gh val.ue prgmi r ct. |
pa[t i cul dfuel Egrfp?man@%né Ergissions o RY JH’Peﬁtﬁ}l“gn aﬂgﬁt‘l?%g%tag‘ Iﬁg%rgel?ﬁl(]PM gnd
ni trogen e NOX re i npogt g ’
envi ¢ onavEr @@mr?% Fone il Folfly febrhfef) ShEM @ A R pesESS,
| seher - BARBEN1 $0'F R ARG RaRMERLAKiLha OTNPALR el foripwerimpe f or
exanpl e -E?jﬂg ‘llga%erit. l\% , 689, Oga%%hereli n i ncorporated by ref e%nce, t he
abi | ity tepniksiohferhen weadarat sthahispusnds puiet FischapErapsch deesied §8@lhs provi des
a distinct econonmic advantage. The citations of the several SAE papers
Ir_lgf ercl\a/gctepl th’EI E a(rje: P.J. Zemroch, P. Schimering, G Sado, C.T. Gay and
ns-Martin Burghardt, "European Progr on Em ssions, . Fuel '
'é'g(lzggtg)l ogi es- SrEseRAlY.dhere Wﬁﬁaé’ﬁﬂggﬁ’lg%f)g ape%%oaxagslqw albgggr =nat ne
) . n P. i NZ8,..R i | ] %ﬁd] ' o ean
Pr ogragw%lﬁtﬁﬁ%ﬁﬁlglsl?lgﬂg?ls?ﬁglass%a%lgs éé;fg?ln‘l’e” iec no %g#%%%ﬁ?“h%?pg esel
§E3?gpeéné§§or O%ﬁr f%)‘?lez[namm %%Wh Fedter PortkrotitheRiisBmettd deasedMs LShigher, ",
) value premium product. In particular, sulfur levels, emissions of solid
P
particulate matter (PM), and nitrogen oxides (NOx) are important due to current
and proposed environmental regulations. While it has been disclosed that
Fischer-Tropsch fuels can be blended with conventional fuels, see for example
U.S. Patent No. 5,689,031 herein incorporated by reference, the ability to further
improve such blends with respect to emissions provides a distinct economic

advantage.

The citations of the several SAE papers referenced herein are:

P.J. Zemroch, P. Schimmering, G. Sado, C.T. Gray and Hans-Martin Burghardt,
) - "European Programme on Emissions, Fuels and Engine Technologies-Statistical

Design and Analysis Techniques", SAE paper 961069.

M. Signer, P. Heinze, R. Mercogliano and J.J. Stein, "European Programme on

Emissions, Fuels and Engine Technologies-Heavy Duty Diesel Study", SAE

paper 961074.

D.J. Rickeard, R. Bonetto and M. Signer, ", "European Programme on

Emissions, Fuels and Engine Technologies-Comparison of Light and Heavy

Duty Diesels", SAE paper 961075.

K.B. Spreen, T.L. Ullman and R.L. Mason, "Effects of Cetane Number,

Aromatics and Oxygenates on Emissions from a 1994 Heavy-Duty Diesel Engine

with Exhaust Catalyst”, SAE paper 950250.



Em ssions, Fuels and Engi ne Technol ogi es- Conpari son of Light and

Puty D esel s", SAE paper 961075. K B. SpreeT T.L. Ul mangand R Lﬁes\égon
Effects of Cetane Nunber, Aromatics and Oxygenates on 'Eﬂ%ps froma
1994 Heavy-Duty Di esel Engine wth Exhaust Catalyst ", E&E paper 950250.
280CT2004 3 K.B. Spreen, T.L. Ulmn and R L. Mson, "Effects of Cetane
Nunmber on Enissions froma Prototype -I998 heavy Duty Diesel Engine", SAE
paper 950251. Thonas Ryan IIl and Jinell Erwin, "Diesel Fuel Corrposition
Effect on Ignition and Em ssions”, SAE paper 932735. M Hublin, P.G Gadd,

D.E: Hal | .P. Schi.ndl " a r ] ' el s and
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. dNVE'\E}nﬁk'io%gﬁM Bwo&)orgﬁe 9008 GeBPRDLeY Dibied Brpirat,iSAEipaper ovi ded a
ended fuel, userul as a i esel fuel’, wherein the fuel blend contai hs an
under cut gsgpsantional diesel fuel, blended with a Fischer-Tropsch derived
di esel fuel, such that the blend denpnstrates better tﬁg&.ex ecte
ect

eni ssi onsThomtas Rysiuldbdng Jimel Ervineiese] huglformpasiion ”19%" an

asymmetric diesel fuel blend c Ll sing a Fischer- Tropsch derived
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SUMMARY OF THE INVENTION

According to an embodiment of this invention is provided a blended fuel,
useful as a diesel fuel, wherein the fuel blend contains an undercut conventional
diesel fuel, blended with a Fischer-Tropsch derived diesel fuel, such that the

“blend demonstrates better than expected emissions and a reduced sulfur content.
In particular, the blend is an asymmetric diesel fuel blend comprising a Fischer-
Tropsch derived hydrocarbon distillate having a T95 of at least 600° F (316° C),
preferably at least 650° F (343° C), more preferably at least 700-750° F (371° C-
399° C), blended with a petroleum derived hydrocarbon distiliate having an
initial boiling point and a T95 no greater than 640° F (378° C), preferably a T95
no greater than 600° F (316° C) wherein the blend has a sulfur content of less
than 500 wppm. The resultant diesel fuel blend is characterized by an initial
boiling point ranging from at least 280° F+ (138 ° C+), preferably at least 300°
F+ (149° C+), more preferably 320° F+ (160° C+) and a T95 up to about 700° F
(371° C), preferably up to about 680° F (360° C), even more preferably up to
about 660° F (349° C), still more preferably up to about 640° F (378° C) and

contains:



than 500 wopm The resultant diesel fuel blend is characterized by an
" initial boiling point ranging fromat |east 280 F+ (138 C+), preferably
at least 300 F+ (149 C+), nore preferably 320F+ (160 C+Z) Wlﬂﬁi» T95 up to
. about 700F (371 C), preferably up to about 680 F (360 Cg even nore
» preferably up to about 660 F (349 C), still nore preferably up to about
640 F (378 C) and contains: 280CT200444 Sul fur < 500 wppm preferably <
150 wopm nore preferably < 50 wppm even nore preferably < 30 wopm
Pol yaromatics < 11 w % preferably <wt 5 % nore preferably <1 w%

Cet ane nunber > 50, preferably > 55 nore preferablog > sity from
about 0.79 to BH&E 0.85 wher & fﬁﬁW@Pﬁl&%ﬁ ?if’]reyo%?c%) %?gml are G ri ses
5-90 vol. %of the blended dpefetablyied 50 pyrires esmymere BEEfGHDLY 6 Uy e

preferably 30-80 vol. % A typippah, diesel fuel boils in the range of about
320-700 F. However, sulfur levels generally increase with boiling point,

i.e., heavier di.esel derived f ' [ cont ent
than |ighter -%lgé{qmgré%s Ji meN fg%\n ﬁ’%%gwﬁl@éﬁ?ﬁ% P?we}é'lﬁk]% St andi ng

of Fischer-Tropsch Diesel in & “ssay of Fuel Performance and Eni ssions",
NREL (National Renewabl e Energy Laboratory) Subcontract YZ-2-113215,

Cct ober 1993. dbenklmirgbaf t he 50,preferably sp66yintes peeferably k8l ng r educed
sul fur levels and em ssions levels |ower than those predicted by standard

correl ations, g.g... European Brogr i ssi Fuel s and Engi ne
Technol ogi es, éﬁ%‘%per 96107&&%};}3@?%735?}%%\190%5

wherein the Fischer-Tropsch distillate comprises 5-90 vol. % of the blended

diesel fuel, preferably 20-80 vol. %, more preferably 30-80 vol. %.

A typical diesel fuel boils in the range of about 320-700° F. However,
sulfur levels generally increase with boiling point, i.e., heavier diesel derived
from crude oil has a higher sulfur content than lighter diesel. See Jimell Erwin,
Thomas W. Ryan, III, "The Standing of Fischer-Tropsch Diesel in an Assay of
Fuel Performance and Emissions”, NREL (National Renewable Energy
Laboratory) Subcontract YZ-2-1132135, October 1993, The blend of the
invention provides a fuel having reduced sulfur levels and emissions levels
lower than those predicted by standard correlations, e.g., European Program on

) Emissions Fuels and Engine Technologies, SAE Paper 961073, by eliminating
the heavy end of the conventional diesel fuel and replacing the heavy end with a
Jow sulfur Fischer-Tropsch derived diesel fuel boiling above the range of a
normal diesel fuel. In addition to reducing sulfur levels, the diesel fuel blend of

this invention outperforms predicted emissions levels, especially in emissions of

nitrous oxides.




t he heavy end of the conventional diesel fuel and replacing the heavy end
“wth a |lowsulfur Fischer-Tropsch derived diesel fuel boiling above the
range of a nornal diesel fuel. In addition to reducing sul 28r00Ted® s, the
.diesel fuel blend of this invention outperforns predicted em ssions

" levels, especially in emssions of nitrous oxides. 280CT7004 5 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The Fi scher-Tropsch process is well known to
those skilled in the art, see for exanple, 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 conprising hydrogen
and car bdEfTadbEIR®OESJRI ORyHAEINWEN MY hesi s reactor in the
presence 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

W thout . pr onph et S b ASIONELs (SRE0) Kb aAdoahbEONEN in Tear, icesses

I ncl ude fi xed _ urry ocarbon synthesis. A preferred
Fi scher - FoppR &ty ﬁé,qg‘f.@wa'te‘htm.tst@ts,ysi hhd 83546, 6Ph hehdif ihegposdtatlpyt , such
as cobal t or rUtheni um or m xt ur &s thereof, preferably cobalt, and

pr ef er ablrgfaencandypitatighht Fischee Toopsalt procbes inyotvescidsiraastinn phani um
preferably rhenium Such catalysts are well known and .a preferred catal yst

i s descreybdsingas Sedmomprising hygrogsm @EEC%FQOMPPH%MEJB%%%" Patent 0 266

898. Th t hesi feed d.jnth ' ' ' f H2
and CO  uneFaroRR. wohess eeent thapiepals BF §Eisty LiopSey Saiiipty ¢ ©

f bl idl f
il R PR o b e o
pay af f i nsRhChh@dPvRR ¢k witicutucsdniotes B, Ausitdidnmil rhesiaim 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,
such as cobalt or ruthenium or mixtures thereof, preferably cobalt, and
preferably a promoted cobalt, the prbmoter being zirconium or rhenium,
preferably rhenium. Such catalysts are well known and a preferred catalyst is
‘described in U.S. Patent No. 4,568,663 as well as European Patent 0 266 898.
‘The synthesis gas feed used in the process comprises a mixture of H, and CO

wherein Hy:CO are present in a ratio of at least about 1.7, preferably at least -

about 1.75, more preferably 1.75 to 2.5.

Regérdl_ess 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 frdm waxy hydrocarbon feeds into more useable
products, such as transportation fuels. Thus, conversion is accomplished
primarily by hydrogen treatments ihvolving hydrotreating, hydroisomerization,
and hydrocracking in which a suitable fraction of the product is contacted with a
suitable catalyst in the presenée 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.



process nust be converted from waxy hydrocarbon feeds into nore useabl e
" products, such as transportation fuels. Thus, conversion is acconplished
primarily by hydrogen treatnents involving hydrotreating, 8 0CT 2004
- hydroi soneri zation, and hydrocracking in which a suitable raé%ion of the
product is contacted with a suitable catalyst in the presence of hydrogen
to isonerize the fraction by converti.gg. the nol ecul ar structure of at

| east a portion of the hydrocarbon material fromnornmal paraffins to

branched iso-paraffins to formthe desired . product, as is known to those
skilled in the art 2 8 OCT 2004 6 Hydroi sonmeri zation and hydrocracking are
wel | known processes for upgradi ng hydrocarbon synthesis products and
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reacting the presence of a suitable

hydoi somgé;a&in%gmafcﬁ ééﬂb%h-sg\é\pkés?s iRl thiScaTRitibes cavisf widedyy for

this step,”Sone alysts performbetter than others and are preferred.

For exanpHedraigdinesiamion ¥ iesvelbyyeaoingahe waat faed with dlydsegenciantbei ses
one or nore Group VIII noble or non-noble netal_conponents, ~and a%gg)eendi ng

on the repesémre abasiitiedydorsemerization caalyslobVallesmany catalysty o Ni

d Fe, which | t also includ | B | ., Mo,
ox e pr oTRSERODs TR . s caehareperEoap opprtha JRbR i e The

t al t _beoth d [ s : | ti ti
The DyarBetiBets Sk SR RerAAPRQE e libiiéd pRalBt ac LRG0

metal s r@(grﬂﬁﬁséé’ ?ﬁ@gleﬁﬁir&‘ EiroupP@IIl heBleadd Nordhoblveietdlevpepatentsandnd wi | |
therefore be” preferred for sone applications. Preferred noble netals are

Pt) and Pddepéiling ahahy s¢actiay cinsliti o, oaeranGreougn-peblesmgtals se@hassOcopper,

as @ hydrﬁ?gggl es, iWshich may or may not also include a Group VIB metal (e.g., Mo, W)
oxide promoters, supported on an acidic metal oxide support to give the catalyst
both a hydrogenation and dehydrogenation function for activating the
hydrocarbons and an acid function for isomerization. However, noble metals
reduce hydi"ogenolysis, particularly at lower temperatures and will therefore be

‘i'i)referrcd for some applications. Preferred noble metals are Pt and Pd. The
catalyst may also contain a Group IB metal, such as copper, as a hydrogenolysis
suppressant. The cracking and hydrogenating activity of the catalyst 1s
determined by its specific composition. The metal Groups refesred to herein are
those found in the Sargent-Welch Periodic Table of the Elements, copyright

1968.

The acidic support 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
corntain 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



suppressant. The cracki ng and hydrogenating activity of the catalyst is

" determned by its specific conposition. The netal G oups referred to herein
are those found in the Sargent-Wl ch Periodic Table of thﬁ%&bﬁp?ﬁis’
.copyright 1968. The acidic support is preferably an anorp

- silica-alum na where the silica is present in amounts of |ess than about

30 wt % preferably 5-30 wt % nore preferably 10-20 wt % Additionally,

the silica-alumna support may contain anounts of a binder for maintaining

catalyst integrity during high tenperature, high pressure processes.

Typi cal binders include silica, alumna, u net al .oxi des, e.g.,
zi r coni a, abautnp8% bwmmeaglt @fyheSuppor) agﬁé?r%gbgéiﬁ\@by WEENG WO ni xt ures of

t he foregoing, . pr rab alum na, silica, or zirconia, nost preferably
al um na. BWBE%@P& E&ﬁ?@r(" b?g'e@@rgtht'i n the catal yst conposition, make up
280CT2004 7 about 5-50% by wei ght of the support, preferably 5-35% by

wei ght, nore preferably 20-30% by wei ght. Characteristics of the support

preferably inctmdeacsetristasefaheaappbrt 20febdily in@udgsufREF aneashafd)00-500 -
preferably about 250-400 n2 /gm and pore vol uggéof |l ess than 1 m_/gm as

g
det er mi neth’igmMBET metbodptpreferalplyestbonaB69-400 mhégmaage pore VABBIE 08, 35 t o
0.8 mMgm e.qg., 0. 57 MIrﬁge{‘n The netal s rr& be. incoqrxgor ted .onto th
support biess LimligmesHstersaned Hydwalkcs 2f pRIpPH08n PT {Wi%énlt%%mgﬁ& i's
preferred., Sui |l e tal solutjo be wused, such as nickel nitrate,
copper ni ??Oal{téf-ggt%P{gﬁ%ﬁ’u&ﬁjsbsﬁH%sm ts. Preferably, the netals are
co-i npregnated onto the support allowng for intinmate contact between the

Goup VIII nmetal and the Goup IB netal, for exanple, the formation of
biyretal l'ic cl ughersetaBwayheriagogiozatesippo the sisppdre by dmiyehitableggmethod,

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 metals are co-impregnated onto the support allowing for intimate
contact between the Group VIII metal and the Group IB metal, for example, the
formation of bimetallic clusters. The impregnated support is then dried, e.g.,
‘over night at about 100°-150° C., followed by calcination in air at temperatures
ranging from about 2OO°—5505 C., preferably 350°-550° C., so that there is 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 p_referably 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.

Nevertheless, the Fischer-Tropsch derived distillates that may be used in
the blends of this invention .inc]ude distillates recovered from the Fischer-
Tropsch reactor, whethér or not hydrotreated, i.e., hydrogen treatments in the
presence of a suitable catalyst, including but not limited to, one or more of

hydrotreating, hydroisomerization, dewaxing and hydrocracking, as well as




,over night at about 100-150 C., followed by calcination in air at

" tenperatures ranging from about 200-550 C., preferably 350-550 C., so that
there is no excessive |oss of surface area or pore vol une. ﬁ@\”ﬂ]ﬂh\/' I

- metal concentrations of |ess than about 15 wt % based on th'ta wel ght of
catal yst, preferably about 1-12 wt % nore preferably about 1-10 wt % can
be enployed. The Goup IB netal is usuglly present in | esser anmounts and
may range fromabout a 1:2 to about a 1:20 ratio respecting the Goup VIII
metal . Neverthel ess, the Fischer-Tropsch derived distillates that nay be

used in the blends of this jnventi.on include distill I ed from
the Fi schstillatgsgssenered, é?l@rfl,ra%f&aﬂé‘g tb?“f?d&c arore 82‘5‘2%?‘ f?&g&ﬁé hydr ogen-

the Fi sofisi S BaVeY t
[ mited FschBRd TP Rk “RGHRs b B R Hos Ve e S i ng and

hydrocr ag -cﬂgr—Tﬁﬁpg\ﬁi bedve 28RN ar00nSriskssa tistiales fraction desided from
ng the

fractionatl t wax contalning product fromthe Fischer-Tropsch reactor,
whet her ghy hgtrbigdnerizedtveak coinmaimirg Fischer-diropsdufeed; willng prydeatier i ved
distillate conprises a distillate fraction derived.from any.

hydr oi sohydi(ﬁemmaizabomcataﬂﬁ’sigmldﬁé&‘lﬂéiﬂafﬁrbx)ffgf@l*ﬁqrﬁ%‘azad’cq“l ‘?%cﬁﬂo%y sui tabl e
hydr oi soneri zatj on catal yst under standard hydroi sonerization conditions
commonl| ycgmnhyw%%n%@e Bleferably, the Fischer-Tropsch derived
hydrocarbon distillate has a T95 of at |east 600F, nore preferably the

Fi scher-Tropsch derived distillate has an initial boiling point of at

| east 300 F anslepe 78, fhe BischepTrofieBdertiedmydroearbonedisti Hiteyhagra TA9 t i al

boiling point of at I'east 320F and a T95 of at |east 700-750 F and

cont ai nsof at least 600°F, more preferably the Fischer-Tropsch derived distillate has an
initial boiling point of at least 300° F and a T95 of at legst 650°F, even more
preferably an initial boiling point of at least 320°F and a T95 of at least 700-750°

F and contains:

Sulfur, nitrogen < 10 wppm, preferably < 5 wppm, more
preferably < 1 wppm,

Aromatics < 1 wt %, preferably < 0.1 wt.-%, more preferably
undetectable by ASTM D-5292

Cetane number > 65, preferably = 70,

The conventional petroleum derived fuel may be any conventional low
sulfur diesel fuel, i.e., low sulfur No. 2-D diesel fuel as speciﬁed_in ASTM D-
975-98b, which may be derived from crude oil by conventional petroleum
processing or from slack wax or from other feed stocks, and is characterized as
an undercut diesel fuel, that is, a fuel that has a final cut point below the boiling
range of a typical diesel fuel. Preferably, the undercut conventional blend stock
of this invention has a T95 no greater than 640°F, preferably a T95 below 600°
F. However, because sulfur level increases with boiling point, cut points may be

varied, i.e., decreased, to achieve desired sulfur levels in the conventional blend



Sul fur, nitrogen < 10 wpopm preferably < 5 wppm nore preferably < 1 wpm
" Aromatics < 1w % preferably < 0.1 w. % nore preferably undetectable
by ASTM D-5292 Cetane nunber >_ 65, preferably ? 70, The ?ggl\tirs}@d onal
. petrol eum derived fuel may be any conventional |ow sulfu i bt uel ,
+i.e., lowsulfur No. 2-D diesel fuel as specified in ASTM D- 975-98b, which
may be derived fromcrude oil by convemti onal petrol eum processing or from
sl ack wax or fromother feed stocks, and is characterized as an undercut
di esel fuel, that is, a fuel that has a final cut point below the boiling
range of a typjcal. diesel. fuel..Pr r-abhy; QN ignal bl.end
- stock ofSt?‘H{sir} ﬁyémqyoﬁulﬁ%%gelpgge ‘hg 8}%&§g%¢$§ﬁ§%%%g?dpref§égbﬁ a T95
bel ow 600, F | hAGEeases Wi th boiling point,
cut poi nt@e%‘f‘%@?ﬁ%ﬂ}pﬁ@‘?&@@“ fg% ggagtqul%le?g%achi eve desired sul fur
| evel s in the conventional blend 280CT2004 9 stock. In this way, sulfur
| evel s of the final blend may be controlled based on.. the final cut point
of the convent Aometerdllastedtiddl efbegireferredrembodiments|af shisanyention Maye:
preferred enbodi nents of this invention nmay Dbe had by the follow ng
conpar i sdrshahbyskafpllewingcemparsons ald G18RISias prepared by conbining an
under cut conventional |ow sulfur No. 2-D diesel fuel (ASTM D975-98b) with
a Fischer-Tropsch derived diesel fuel blend stock. The Fi scher-Tropsch

distillate blends r 2831 HPLhasnind A0enderchi sahentitnapsch
derived wax coh %%%%e@%g%\gﬁsﬁéﬁg t hr o%)gh twonéo. 5 in. up-flow fixed bed
react or s, 1Rl safgr Rd. 2cDniesd) €deli (ASEVI B974+88b) with a Fischer-Tropsch

h derived diesel fuel blend stock.
The Fischer-Tropsch distillate blend stock was prepared as follows:

A 300° F+ Fischer-Tropsch derived wax containing feed was run through
two 0.5 in. up-flow fixed bed reactors, R1 and R2, connected in series and
contained within an isothermal sand bath where the 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 2 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.



contained within an isothermal sand bath where the product of the first

" reactor (Rl) was fed directly into the reaction zone of the second reactor
(R2). Rl contained 80 cc (44.7 gnms) of. a commercially avail ab@

. hydroi soneri zati on catal yst conprising 0.5 wt% Pd on a sil18 6@ ﬁ‘um’ na

+ support containing nomnally 20 wt % alumna/80 wt% silica and 30 wt %

alum.na binder. R2 contained a catalygj.blend containing 29 cc (16.2 gns)

of a comrercially avail abl e dewaxi ng catal yst conprising 0.5 wt% Pt on an

extrudate containing Theta-i zeolite (TON) and 51 cc (27.5 gns) of the

hydr oi someri zati on _cat al yst _caqnt ai ned

in The extrudate.. ushed and
the. 8. 520" AR ORGGR: N fred Bepom VB R oPaeat Sl PEBL AR Ther o
was no tregfnent or-dpterstage | PR oONB{d d8fapgneduct of
R1 pri oFei‘ﬂE 0 ‘ré}%%li‘trégd%rﬁ%w?g?oxbggW%ﬁh%gﬁ?ﬂ%}dg%o?ﬁ wax feed was
run thro ' £ondiet 4 ermdtdiht 166 i -307 @bTUE 166 ennalver si on
of the 7%@%@%2?2’?{% 700 F- and dewaxing was run through R2 to
achi eve gegdtofdoRditivhs vese dsifallowa07 05 pst 1i6SOtSEFMN] hydsagewiregond t i ons
were as follows: 715 psig, 1650 SCFBbl hydrogen treat rate at 0.854 LHSV
and a t emp&rSFAELE Y aadm texipeaatars of approXi ¥&06dEst ri bution fromthe
process detail ed above is shown in Table 1 below and the boiling point
cuts used in the Fischer-Tropsch blend stock are indicated as Fuel 1. The

feed was obtai %%EYQ%ﬁéﬁ%MWCQWdQQIQH%‘bo@e id El?&\bﬁ'in:]ifa%ﬂb%h

cat al yst conpr on a titania support. |

particul ' QUIRAE $Othtusd s DR thefFisehar Tropsph Glentbsioekdre
hydr ocar g:f)erllo@g]ﬁ'}&thel ate %?gcti on. TABLE 1 _ P

) indicated as Fuel 1. 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 300-800° F Fischer-Tropsch derived hydrocarbon

distillate fraction.

TABLE 1
BOILING RANGE YIELD, WT% FUEL 1
IBP - 280°F 10.492 No
280-300°F 2.744 No
300-700°F 53.599 Yes
) _ 700-800°F 10.016 Yes

800°F+ 23.149 No

By virtue of using the Fischer-Tropsch process, the Fischer-Tropsch
derived distillate has essentially nil sulfur and nitrogen. Further, the process does
not make aromatics and polyaromatics, or as usually operated, virtually no
aromatics are produced. Some olefins and oxygenates may be produced since
one of the pathways for the production of paraffins is through an olefinic
intermediate. Preferably, olefin concentration in the Fis_cher—Tropsch derived
distillate is less than 10 vol %, more preferably less than 5 vol %, even more

preferably less than 1 vol % (ASTM D-2710). Nevertheless, olefin and



BO LI NG RANCEYI ELD, WI%-UEL 1 | BP - 280F10. 492No 280- 300F2. 744No

- 300- 700F53. 599Yes 700- 800F10. 016Yes 800F+23. 149No By virtue of using the
Fi scher-Tropsch process, the Fischer-Tropsch derived di stz’ 8 bet eohas
.essentially nil sulfur and nitrogen. Further, the process does not nake

- aromatics and pol yaromatics, or as usually operated, virtually no

aromati cs are produced. Sone ol efi ns and- oxygenat es naybe produced since
one of the pathways for the production of paraffins is through an olefinic
intermedi ate. Preferably, olefin concentration in the Fischer-Tropsch

derived distillate is |ess than 10 .vgl % I . | ess than 5 vol
% even MYECNAICEUICEBITGLPR AEC {ﬁa‘iﬁveﬂy\%}”’ %@gé%&%ﬁﬁgﬁgghgﬁ\levert hel ess,

ol efin and 280CT1001 -11 oxygenate concentration are relatively |ow, and
essenti al yﬁﬂppag?? t  hydrotreatnent. The undercut conventional diesel
fuel was a U S. No. 2-D low sul fur diesel fuel (ASTM D975-98b). In
particul ar, the conventional diesel fuel conprised an undercut diesel fuel
whi ch has a noThsande@iut cogvemitgel diesabfuel wad20UsSANE. 3112 10w suhiircat ed as

Fuel 2. Sulfur levels listed in Table 2 wer det er m nqd.usi g_gL 1ASTM D-2622.
TABLE 2 BietdlNGeRMBEM B935-YbyUnparignianthe sopuepignal detstddehsyes 22

comprised an undercut diesel fuel which has a nominal boiling range of about
320-640° F and is indicated as Fuel 2. Sulfur levels listed in Table 2 were
determined using ASTM D-2622.

) TABLE 2 |
BOILING RANGE YIELD, WT% FUEL 2 Sulfur, wppm
IBP - 600°F 61.43 Yes 22
600-625°F 11.48 Yes 238
625-640°F 6.03 _ Yes 685
640-650°F 3.81 No 1054
650-660°F 444 . No 1632
660-675°F 0.69 No 1834

The entire conventional diesel (IBP-675° F) qualifies as a low sulfur
: ) diesel, i.e., the sulfur levels are < 0.05% of the total fuel by weight, as

designated in ASTM D975-98b and contains 417 wppm of sulfur, whereas the
undercut diesel (IBP-640° F), Fuel 2, contains only 104 wppm. Thus, as

~ i]lustrated from the fractions contained in Table 2, sulfur level increases with

boiling range.

A 50/50 blend of the heavy Fischer-Tropsch diesel (Fuel 1) and the undercut

conventional diesel (Fuel 2) was prepared for engine testing and is indicated as Fuel

3.
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* 650- 660F4. 44No1632 660- 675F9. 69N0o1834 The entire conventional diesel
(IBP-675 F) qualifies as a low sulfur diesel, i.e., the szb@gr h vel s are
. < 0.05%of the total fuel by weight, as designated in AST ;g- 8b and

» contains 417 wppm of sul fur, whereas the undercut diesel (IBP-640F), Fuel
2, contains only 104 wopm Thus, as ijjustrated fromthe fractions
contained in Table 2, sulfur level increases with boiling range. A 50/50
bl end of the heavy Fischer-Tropsch diesel (Fuel 1) and the undercut

.conventional diesel (Fuel 2) was prepared.for._engine test] i

“ndi cated as Fiel emisSITBOCTRBARS £0 Pegﬁ‘i‘f’gé’ﬂ%gwtaé§{)frﬂ’gafg‘?r@ﬁg8b i ned
fuel blend was conpared with t onyent i L el s
referred QO@V%P@B;&PE?U guﬁfgpséﬁgﬁg rgﬁﬁé%mﬁgﬁ%%v\ggmaﬂB.ﬁgsjuﬁgg?- D | ow
sul fur di.esel, fuel 1 3 5= SEN BOFSL and BuelSul f ur
Aut onot i \}‘:uegitlegé?a&éi%?ﬁg%ﬁﬁf‘ﬁgﬁgﬁqgﬁlgﬁ des a cor?pgg?i son of the

rel evant &gééﬁsgéﬁ i 6% S@FuFARtemative dTABLE.SAPROPERaVREDeBRMIEL 4FUEL 5
Density (1 P:365).8090.846.854 Sul fur, % (RD 86110)<0. 196. 049%9. 05%

provides a comparison of the relevant characteristics for Fuels 3-5.

TABLE 3
PROPERTY FUEL 3 FUEL 4 FUEL 5
) Density (P-365) 8090 846 854
Sulfur, % (RD 86/10) <0.1% 0.04% 0.05%
IBP, °C (ASTM D-86) 179 197 184
T50, °C (ASTM D-86) 280 294 288
T95, °C (ASTM D-86) 355 339 ' 345
Cetane (ASTM D-613) 61.5 53.0 50.1
Aromatics, total % - 14.6 27.9 26.7
(IP-391) '
Polyaromatics, % 0.8 7.1 6.4
(IP-391) _
Cloud Point, °C . - 19 -6 -5

(ASTM D-5771)
CFPP, °C (1p-309) -26 -7 -18



| BP, C (ASTM D-86) 179197184 T50, C (ASTM D- 86) 280294288 T95, C (ASTM

' D-86) 355339345 Cetane (ASTM D-613)61. 553. 050.1 Aromatics, total

%4.627.926.7 (IP-391) Polyaromatics, %).87.16.4 (IP- 391)2@%@0Foi nt, *C. -
. 19-6-5 (ASTM D-5771) - 26-7- 18 CFPP, C (I1P-309) 2 8 OC - 13 Each
standard anal ytical technique used to determ ne the conponents of Fuels
3-5 is shown in parentheses. Table 3-ilBl.ustrates that the blend of the

i nvention has significantly | ower sulfur |evels as conpared to each of the
conventional fuels. ENGA NE TESTI NG For conparison, the bl ended di esel fuel

f the i ' F . i - ' le
Puel o The® fubeh e niiical BERRIGE WchlonRfergay ok LoABonaRb R =M
(1D) 11 6t diine dh636] 11900t Afes B OprL Sdllnshesimashdiendoftier ed dur ing

hot - st ar ansi cyc em ssions of hydrocarbons (HC), carbon

monoxi de;jffeRtionMds QpaifRantl§ 16Nex sundlepalst dscudmparedirateach of 9 wer e
measured. The resultS are summrized in Table 4 below. Test data is

r epr esentegvanidiz fablsol ute value in gm Hp-hr which is foll owed by the

ENGINE TESTING

For comparison, the blended diesel fuetl of the invention (Fuel 3) was

) compafed with the conventional petroleum fuels. The fuels were evaluated with
a Peugeot 405 Indirect Injection (IDI) light duty diesel engine. Regulated
emissions were measured during hot-start transient cycles and emissions of
hydrocarbons (HC), carbon monoxide (CO), nitrous oxide (NOx) and particulate
matter (PM) were measured. The results are summarized 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 5; a conventional
petroleum diesel fuel. All fuels were run through the combined Urban Drive
Cycle and Extra Urban Drive Cycle (comnibnly 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.
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ntional petroleumdiesel fuel. Al fuels were run thro 1 '
Uban Drive Cycle and Extra Urban Drive Cycle (comnlyfggggztgeEgE?Eb$d
. respectively) hot and cold test protocols in duplicate in a random zed
design. The light duty European test cycle is performed in two parts: ECE
this urban cycle represents inner cityjgriving conditions after a coi d -
start with a maxi num 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 i.s b d [ 1 S§I

ECE OC_Ia_ggoEUDg:Afd%mllésWé&HP‘ié%% qrﬁlf%FRg?S a0 Hesy ereﬁgﬁgBlstﬂggﬁg%gglr? eigetshe
- uel 5 s used ' '

tripli caﬁB?ISaW‘Freo‘i“I?e‘P%"fp&@age'vﬁﬁ%hi‘;@n{eﬁ&ég{%ﬁﬁgZa?gﬁél’%ﬁﬁeﬁgg{ gorhggjrdegent s the

aver age val ues_f{: : :
average val ies{bRA I ECIRINES kamebedites FBoRbRRA BEE-BUBEHur es

HCDel t a ;I%qgagl,(; PMDel t a Fuel
30. 05- 5?%%#5 -13. 1‘%. 43-41. 8%9. 045- 41. 3% Fuel
40. 103-12. 5%0. 644- 3. 490. 650- 11. 6%0. 076- 1. 5% Fuel

50. 118basi s0. 669basi s0. 736basi s0. 07 1S, The data reveal ed signifi

Si s . . 0] significantl

| ower eni ssions produced fron1appllé§§§L£L§diesel fuel blend, guel 3, thén
observed with either of the conventional diesel fuels (Fuels 4 and 5). In

particular, applitants Derd, KOk 3 DebtducedC@ni ssDelis wilM a oekias

decrease in hydrocarbons, 41.89 ' i
Fuel3 005  -35.8% 8%.88CT 23394 N HUPON HPRYX U045 -41.3%

) Fuel 4 0.103 -12.5% 0.644 -3.4% 0.650 -11.6% 0.076 -1.5%
Fuel 5 0.118 basis 0.669 basis 0.736 basis 0.077 basis

The data revealed significantly lower emissions produced from applicants'
diesel fuel blend, Fuel 3, than observed with either of the conventional diesel
fuels (Fuels 4 and 5). In particular, applicants blend, Fuel 3 produced emissions
with a 55.8% decrease in hydrocarbons, 41.8% decrease in carbon monoxide,
13.1% decrease in nitrogen oxides and 41.3% 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 be expected.
See SAE 961074 and 961075. 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. Thus, in regard to emissions, decreasing one variable

will normally result in increasing the other variable.

Table 5 below details the predicted changes for light duty (i.e., passenger
car) diese] 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



13. 1% decrease in nitrogen oxides and 41.3% decrease in particulate matter

" as conpared to the base conventional diesel fuel. However b er review
of the data shows that the fuels of this-invention have J@agﬁ [ﬁf‘lti al

. advantage in particulates and nitrogen oxi des em ssions above that which
woul d be expected. See SAE 961074 and 961075. In this regard, it is well
known in the art that the nost criticak_em ssions paraneter for a diesel
fuel is the PMNOx trade-off, i.e., there is a known inverse relationship
between particulate matter and NOx. See SAE 961074 and 961075. Thus, in

regard to em ssions, decreasing one variable .w.ll| .nornall i n

i ncr easi el proRsTHES 20@ EMBILENS Bagdon VRRRRIGS b‘éfjgﬁlg"tc%ga%%%%ﬁgge%ﬂc hanges
for |ight ity (d.e. a r i eRgl i inadidakey wel |
recogni zﬁ%u%&p%@'ﬁ‘ %P%é?;iagﬁ’ T%@?E?i tgir'l(gl§ g'elﬁg]leggﬁ }%ﬁlg%dghi‘?’%clhnol ogi es

( EPEFE) ' d ARraRvanigedtaloagwdtiatie oi |

conpani e:&1?g%gﬁlﬁgﬁ?ﬁ:@?gﬁg{%%@ﬁ?gb%%t vveec%éZSOCq%ng4 -gI15 fuel properties
and em S%r&&%eb@s%s@mte@mﬁ@mx@im gHiehsahg percenanbanmgent®r and T95; see
SAE Paper 96I073, Tables 3 through 6. The |eft hand col ur;tn Lndi cates the
two pol | linardase(pumsitive)orafelatntasetnegativa)  ios gash 6% iterefourdiighg with the
changes in absol ute em ssions in g/ Hp-hr and rcent change (% _

i ncr ease(Qarheierisiics showa s e tan HelsGalwns s ghespiisin (Eiﬁ’é‘g%ﬁﬂ gHR;
characterjsti¢s sho t the to . JhenetEs hagge (in
g/ Hp- hr %rn%f“%BFEC& lsiabsf1S (gggaa gé)en‘géu%@@f%&k§m?foneugpblt%%lge%g%r f uel

char act er {igi \ 188iHe TIDwaeXowered by 550 Kk tHO5 was
charact b%/lﬁé}léﬁ%}?}?.ﬁexﬁﬁé’é’i@. Fbr BRADRIE) b

e particulate em ssions wuld decrease by 6.9% \gni | e
the NOX wpathidulateesmissiony woulddeTARISE Hy 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
%o - 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 5. Again, all results are referenced to

Fuel 4 as the base fuel.



Densi t yPol yaromati csCet aneT95 (-0.027) (-7% (+8 nunbers) (- [

" -0.012-0.0030.003-0. 004 g/ Hp- hg % 19. Zl‘()/e 5/()2f(%5 2% 6. 9% %\IE)(SSC) Particdlate
0. 008-0. 019-0. 0010. 026 g/.Hp-hr 9%.4% 3. 4% 0. 2%l. 6% Tabl e. 6 bel ow was

- produced by conbining the published results of Table 57 8Qthilhe
properties neasured in Table 3 and the em ssions results of Table 4. The
resulting test data indicates the experded change in em ssions as projected
by the EPEFE equations versus the actual changes neasured during em ssions
testing on each of the fuels listed in Table 5. Again, all results are
referenced to Fuel 4 as the base fpel OCT ‘2004 -16- TABLE 6

Pol | ut ant Fuel 4 vs. 5Fuel 3 vs. 5 P, t eProj ect ed- 3. 9% 27. 7%

Actual - 1. 5% 43. 1% NOxPr oj ect edl. 2%4. 4% Act ual - 3. 4% 13. 1% Fuel 4, the
conventional fuel, shows very close agreenent with the predictions

differing bypaplya? S!ight amount withmelnivgubate Fuebsivans 2. 4%

Particulate Projected -3.9% -27.7%
Actual -1.5% -43.1%

NOx Projected 1.2% 1.4%
Actual -3.4% -13.1%

Fuel 4, the conventional fuel, 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%-"3.4%) better than
expected. For Fuel 3, the contrast from Fuel 5, the base fuel, is quite different
and unexpected. In fact, applicants' diesel fuel blend exceeded the performance
predicted for particulate emissions (55.6% above projection [(43.1%-
27.7%)/.277]) while at the same time dramatically decreasing NOx
emissions(1036% above projection [(1.4%-"13.1%)/.014). According to these
projections, an improvement in particulate emissions is expected for Fuel 3 and
the above data not only bears this prediction out but exceeds it. In addition, the -
EPEFE predictions predict a slight inéreése in NOx. However, in contrast to this
) prediction, the data reveals that applicants’ diesel fuels resulted in a substantial
reduction in the NOx emissions above the predicted value. Thus, applicants
diesel fuels simultaneously result in both large NOx and particulate emissions -

reductions. Such results are unexpected and directly contradictory to the well

recognized predictions.

In the claims hereinafter, sulfur is to be measured by x-ray fluorescence,
for example as described in ASTM D-2622; cetane is to be determined using

ASTM D-613; density is to be measured by D-4052; and T95 is to be determined
by ASTM D-86. '



('"3.9%"'1.5% worse than expected and NOx 4.6% (1.2%'3.4% better than
expected. For Fuel 3, the contrast from Fuel 5, the base fuel, is quite
different and unexpected. In fact, applicants' diesel fge} (][p]l Hpd exceeded
the performance predicted for partlculate em ssions (55.6% above
projection [(-43.1 % 27.7%/.277]) whi{£ at the same tinme dramatically
decreasi ng NOx em ssions(1036% above projection [(1.4%"'13.1%/.014).
According to these projections, an inprovenent in particulate em ssions is
expect ed gng5M% 3 and the above data not only bears this prediction out
but excee I'n addi tion, the EPEFE predictions predict a slight
increase in NOx. However, in contrast to this prediction, the data reveals
that applicants' diesel fuels resulted in a substantial reduction in the
NOx em ssi ons above Ahﬁeq@i Bkl btead cw&imﬁei.ngThus applicants diesel fuels

si mul t aneously result bat h | and artlculate em ssi ons
reductions. Such res"t‘:ﬂsﬁh%{r %ﬁ&k%‘é&teééwéwea PR destil ptedivinezail 23 of g to the
wel | recoeik gegh progi ctions. In the clainms hereinafter, sulfur is to be
measured by x-ray fluorescence, for exanple as described in ASTM D- 2622;
cetane is to be deteamtrréehmsdenged KTt dDb 6l Biisti et $ia iy g iaSTd5ond@es@asUr ed by
D 4052; n]i(‘j T%@ to be determned by ASTM D-86. 2 8 OCT 2004 17 CLAIMS :
1. A di eséf? bl end conprising a Fischer- Tropsch derived hydrocarbon

distillate having a Jﬁéeﬂfth@%leanﬁga sBR% &mten@ﬂg ?ggq'&fw deri ved

hydr ocarbon distillate having a no greater t
. 2. The fuel blend of claim 1 wherein the blend has an initial b011mg point
) of at least 280° F. and a T95 below about 700° F.
3. The fuel blend of claim 1 wherein the blend has an initial boiling point

of at least 300° F. and a T95 below about 680° F.

4, The fuel blend of claim 1 wherein the blend has an initial boiling point -

of at least 320° F. and a T95 below about 640° F.

5. The fuel blend of claim 1 wherein the Fischer-Tropsch derived
hydrocarbon distillate has an initial boiling point of at least 320°F. and a T95 of at
least 700° F.

6. The fuel blend of claim 1 wherein the petroleum derived hydrocarbon
has a T95 below 600°F. |

7. | The fuel blend of claim 1 wherein the blend has a sulfur content of less

than 150 wppm.

8. The fuel blend of claim 1 wherein the blend has a sulfur content of Jess

than 50 wppm.



wherein the blend has a sul fur content |ess than 500 wopm 2. The fuel
blend of claiml wherein the blend has an initial boiling point of at

| east 280 F. and a T95 bel ow about 700 F. 3. The fuel bl end gaff gpai m |
wherein the blend has an initial boiling point of at |east 300 F. and a
T95 bel ow about 680 F. 4. The fuel blend of claim| wherein the blend has
an initial boiling point of at |east 30 F. and a T95 bel ow about 640 F.
5. The fuel blend of claim1l wherein the Fischer-Tropsch derived
hydrocarbon distillate has an initial boiling point of at |east 320 F. and
a T95 of at |east 70Q0eFuel Blenfihg cfaigl 1 Bherth ©F behaihas b sifer @ntent Bfless
petrol eum deri ved hydrocarbon has a T95 bel ow 6009 'F. 7. The fuel blend of
claim| wh&eaidA vmal-bl end has a sul fur content of less than 150 wppm 8.
The fuel blend of claim1 wherein the blend has a sulfur content of |ess
than 50 wppm 280CT2004 18 9. The fuel blend of claiml| wherein the blend
has a sul fur cong.ent Tht filefBRntilo@bla3® MWaRereinl@le Fisding-Trapéchdianthteof claim 1
wherein the Fischer-Tropsch distillate conprises 5-90 vol. % of the bl end
and the petdepagidiOstali Yok shebispd pa thegrirgleppy disulateeomprses 99y voli%. The
fuel blenqﬁq]egk?hn1l wherein the Fischer-Tropsch distillate conprises
20-80 vol. %o e blend and the petroleumdistillate conprises 80-20 vol.
% of the blend.

11, The fuel blend of claim 1 wherein the Fischer-Tropsch distillate
comprises 20-80 vol. % of the blend and the petroleum distillate comprises 80-20 vol.

% of the blend.

)

12. The fuel blend of claim ! wherein the Fischer-Tropsch distillate
comprises 30-80 vol. % of the blend and the petroleum distillate comprises §0-30 vol.
% of the blend.

13. The fuel blend of claim 1 wherein the blend contains less than or equal
to mis wt. % polyaromatics and a cetane number of at least 50.

14.  The fuel blend of claim 13 wherein the blend contains less than or
equal to 5 wt. % polyaromatics.

) 15.  The fuel blend of claim 14 wherein the blend contains less than or

equal to 1 wt. % polyaromatics.

16. The fuel blend of claim 13 wherein the blend has a density ranging

from about 0.79 to about 0.85.

17. A method of producing a low sulfur fuel useful as a diesel fuel with
Ion emissions after combustion from a petroleum derived hydrocarbon distillate
having a T95 no greater than 640° F., comprising blending said petroleum distillate
with a Fischer-Tropsch derived hydrocarbon distillate having a T95 of at least 600° F,,

wherein the Fischer-Tropsch distillate comprises 10-90 vol. % of the blend and the



12. The fuel blend of claiml wherein the Fischer-Tropsch distillate
conprises 30-80 vol. % of the blend and the petroleumdistillate conprises
80-30 vol. %of the blend. ] 3. The fuel blend of claiml}ghergyn the

bl end contains less than or equal to ms w. % polyaromatics and a cetane
nunber of at |east 50. 14. The fuel blend of claim 13 wherein the bl end
contains less than or equal to 5 wt. %po]yaromatics. 15. The fuel blend of
claim 14 wherein the blend contains |ess than or equal to 1 w. %

pol yaromatics. 16. The fuel blend of claim 13 wherein the blend has a
density r ' f _ t. 0,79 to ut 0.85. 17. A nethod of producing a
| ow sul fu?ﬁgllﬂd;ﬁaslfs%‘?ﬁl} %g@%%t %ﬁ]g%setfha? SQ(?W\RP% | ow em ssions after
conmbustion froma petrol eum derived hydrocarbon distillate having a T95 no
greater than 640 F., conprising blending said petroleumdistillate wth a
Fi scher - Tr opschl&er i Veeimigthtrdofadion] divberein the bldndviang sal{T0&oroéntatf ldseast 600
F., Wnerq'l]n E%? Fi scher-Tropsch distillate conprises 1.0-90 vol. % of the
bl end and ‘tHe 2 PB%C T 2004 19 blend has a sul fur content of Iess than
500 wopm 18. The method of claim 17 wherein the blend has a sul fur content
of less than 150 wppm 19. The nmethod of claim 18 wherein the blend has a
sul fur content &% | ebke methed Ealappl wherein the hiengdrah e duider edragnnof Eswher ei n

t he bl end }29’3 fur content of less than 30 wpopm 21. The nethod of
claim 17 A erseqa\rqlﬁpllr’?'e bl end has an initial boiling point

. 20. ‘The method of claim 19 wherein the blend has a sulfur content of less

than 30 wppm.

21. The method of claim 17 wherein the blend has an inijtial boiling point

of at Jeast 280° F. and a T95 below about 700° F.

22. The method of claim 17 wherein the blend has an initial boiling point

of at least 300° F. and a T95 below about 680°F.

23, The method of claim 17 wherein the blend has an initial boiling point

of at least 320° F. and a T9S below about 640° F.

24. The method of claim 17 wherein the Fischer-Tropsch derived

e

hydrocarbon distillate has an initial boiling point of at least 320° F. and a T95 of at

least 700° F.

25, The method of claim 17 wherein the Fischer-Tropsch distillate
comprises 5-90 vol. % of the blend and the petroleum distillate comprises 90-5 vol. %

of the blend.

26.  The method of claim 17 wherein the Fischer-Tropsch distillate
comprises 20-80 vol. % of the blend and the petroleum distillate comprises 80-20 vol.

% of the blend.



of at |least 280 F. and a T95 bel ow about 700 F. 22. The nethod of claim 17
wherein the blend has an initial boiling point of at least 300 F. and a
T95 bel ow about 680 F. 23. The nmethod of claim 17 wherei@ 80§ Jliend has an
initial boiling point of at |east 320 F. and a T95 bel ow about 640F. 24.
The nethod of claim 17 wherein the Fischer-Tropsch derived hydrocarbon
distillate has an initial boiling pointypof at |east 320 F. and a T95 of at

| east 700 F. 25. The method of claim 17 wherein the Fischer-Tropsch
distillate conprises 5-90 vol. % of the blend and the petroleumdistillate
conprises 90-5 . 9 f, lLend,, 26, T t of ¢l al 7 wherein the
Fi scher-Tr opsch%gi st iﬁ]F gleéﬁorbﬁ%%ﬁl{nsgswgﬂe g%ﬁsgfs'cﬂ%?gfo pfﬁ]eﬁgmean% and the

pet rol eum ghirshiidel 3DRCDNPNicFa5e BOnE IOk pet:Htetin diktgldMd edthrists 8030:612004 20
27. The nethod of claim 17 wherein the Fischer-Tropsch distillate

conpri ses @0fgbe blsnd. % of the blend and the petroleum distillate conprises
80-30 vol. %of the blend. 28. The nethod of claim17 wherein the blend
contains less than or equal to 11 w. % pol yaromati cs and a cetane nunber
of at |east 50.289. Them@eidiod ddimCl2vheréd thoBleat Rohiamshég Mighrc@ndqabins | ess
than or equal to 5 wt. % polyaromatics. 30. The nethod of claim?29 wherein
t he bl end leddtal ¥s pplyaroniatianawt 2 eeferd nurnker DI vk leash 3ol yar omat i cs.

29.  The method of claim 28 wherein the blend contains less than or equal

to 5 wt. % polyaromatics.

30.  The method of claim 29 wherein the blend contains less than or equal

to 1 wt. % polyaromatics.



