28 OCT 2004 1 LOW SULFUR, LOW EM SSI ON BLENDS OF FI SCHER- TROPSCH AND
CONVENTI ONAL DI ESEL FUELS FIELD OF THE I NVENTION This invention relates to
bl ends of Fischer-Tropsch derived fuels and conventional; tqpﬁg*(g)jlgqeum fuels.
More particularly, this invention relates to a blended fuel, useful in a

di esel engine which is lowin sulfur and denonstrates better than predicted
em ssions characteristics. BACKGROUND Aleoncern for future diesel fuels is
the ability to produce higher quality and cleaner burning diesel fuels

wi t hout extensive and expensive reprocessing. Typical factors detrimental

to fuel quality,are oh S gh..densi.tve ARG » . J1g-and T95
points, (the i " iHhite rat R 50 'd of f,
| eavi ng only 5% remai ni PeEhe st At | BRERet ))-hizgky aromatic and

pol yaromati c contents. have a detri nent al
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 and 950251, and the European Programre on Em ssions,
Fuel s angEPg pgs Feghpol e EPEFE) study on light and heavy duty diesels
reported i—n—%g?pa'pwrgﬁgg%g‘,ﬁlgmom and 961075. In contrast, em ssions
nmeasurenments on Fi scher-Tropsch diesel fuels, which have virtually nil

sul fur, aromat g Qi dH e O IohHIERN BNERCHEIIRSICRI R BMRERRG em ssions
characteristics. A report by the Southwest Research Institute (SwRl)
entitled ‘tdheei@ndipegobfunriische MdreoRetbullgs elis invamofssayeofo a

blended fuel, useful in a diesel engine which 1s 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 matenal has
boiled off, leaving only 5% remaining in the distillation pot) high aromatic and
polyaromatic contents. These factors have been shown to have a detrimental
effect on emissions. For example, see the Coordinating Research Council
(CRC) study on heavy duty diesels in the United States reported in SAE papers
032735, 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 virtuaily 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



28 OCT 2004 Fuel Performance and Em ssions" by Jinell Erwin and Thomas W
Ryan, 111, NREL (National Renewabl e Energy Laboratory) Subcontract YZ-r-|
13215, Cctober 1993, details the advantage of Fischer-TTgﬁﬁﬁﬂzﬁyels for

| owering enissions when used neat, that is, use of pure Fi er-Tropsch
di esel fuels. Presently, there remains a need to develop an economc, |ow
sul fur 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 a high value prem umproduct. In particular, sulfur |evels,
em ssions_of solid particulate matter (PM, and nitrogen oxides (NOx) are
i npor t antFugl Eetformaneeand Eamgsionspbx danen wmmﬁaongg\'ﬂ'r%fﬁuanili Wiile it

has been discl gsed that Fischer-Trapsch fuels .can be bl-ended with

convent i ghgELf @tk‘?“az%&nme&’la%&x%%&’ L@%@toﬁg)t é‘rﬁ"?cqq(])r.d%?%i r\ﬁnﬁer ein

i ncorporated, b erence, the ability-10 fi el £l : such blends with
respect @Ctgh?gééﬁs‘feﬁ?g%/ﬁhaé@\&na%g%to&%é{&g{:('n)tﬁéﬁ'lb({:h fdggg\igﬁgg\agﬁﬁﬂ’he citations
of the seygral fRLERC b ) 86T TRopscZ 81w e 1.

Schi mer ?e\rfllgl,sﬁ&n§§§1§§%‘éﬁ%Jagtgéﬁg’n%ﬂﬁwglti n rBurrO ﬁ%r dt, "European
Programme on Em ssions, Fuels and Engi ne Technol ogi es-Statistical Design
and Anal ysis Techni ques", SAE paper 961069. M Signer, P. Heinze, R

Mer cogl i ano ar@redently, $herenreniaiw o peathtdPdogrhapae eoonoEnd.devondiurFuel s and

Engi ne Technol ogi es- Heavy Duty Diesel StudySAE paper 961074. D.J. Rickeard,
R Bonet tdistaliate Mheldilgnérsefu] at Eulienst fwclPrlogh dasdowaredsinssivhsiteEuel s and

965075, | KBDEHEG A0 LEFFRLH BHOR 1L DRSSO 9 PEUES) 67 S Blthne. Nuber
value premium product. In particular, sulfur levels, emissions of solid
particulate matter (PM), and nitrogen oxides (NOx) are important due to current
and proposed environmentai 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 abihity to further
improve such blends with respect to emissions provides a distinct eCOnomic

advantage.

The citations of the several SAE papers referenced herein arc:
P.J. Zemroch, P. Schimmering, G. Sado, C.T. Gray and Hans-Martn Burghardt,
"European Programme on Emissions, Fuels and Engine Technologies-Statistical
Design and Analysis Technigues"”, SAE paper 961069.
M. Signer, P. Heinze, R. Mercogliano and J.J. Stein, "European Programme on
Emissions, Fuels and Engine Technologies-Heavy Dury Diesel Study”, SAE
paper 961074
D.J. Rickeard, R. Bonetto and M. Signer, ", “European Progranime on
Emissions, Fuels and Engine Technologies-Comparison of Light and Heavy
Dury Diesels”, SAE paper 961075.
K.B. Spreen, T.L. Ullman and R.L. Mason, "Effects of Cetane Number,
Aromatics and Oxvgenates on Emissions from a 1994 Heavy-Dury Diesel Engine

with Exhaust Catalyst”, SAE paper 950250.



Aromatics and Oxygenates on Em ssions froma 1994 Heavy-Duty Di esel Engine
w th Exhaust Catalyst", SAE paper 95050. K. B. Spreen, T.L. Ul man and R L.

Mason, "Effects of Cetane Nunmber on Em ssions froma Pr.of otyype 1998 heavy
Duty Di esel Engine ", SAE paper 950251. Thomas Ryan |11t ahd Iiel | Er wi n,
"Di esel Fuel Conposition Effect on Ignition and Em ssions", SAE paper
932735. M Hublin, P.G Gadd, D.E. Hally- K P. Schindler, "European Progranme
on Em ssions, Fuels and Engi ne Technol ogi es-Light Duty Diesel Study", SAE

paper 961073. SUMVARY OF THE | NVENTI ON According to an enbodi nent of this

i nvention_ i rovid | ended el useful as a.diesal fuel, wherein the
fuel bl enﬁ-@oﬁ@rﬁeﬁs%ﬁna{dﬁ%’ﬂldﬂ‘c‘i %H'n\%lﬁf(?‘bn ~~-’IC‘ gi”e(g(e‘lI”flhg\i”,mfé‘lre‘ﬁlded with a
Fi scher - Tr.opsch derived, di esel ;fyel u t hat. t ke . bl-end rderpnstrat es
better thaR EXpeet’ 84" ¢ 'rgé(f‘ 'n%jé%ghswfs}e [’}Q’e "Gl ur“r'gohfg’rﬁ .Ew”?n particul ar.
t he bl enok):gcpswﬂn asymmetric diesel fuel blend conprising a Fischer- Tropsch
derived hydrocarbon distillate having a T95 of at |east 600 F (316 C).

pr ef er abl -y, & ak §8sin BEAnd HR4B FSvin TOviesdirfaf abhyo dtioh éfgicr #00:T&0OnF (371"
C 399 O, blended with a petrol eum derived hydrocarbon distillate having an
initial bgid Epgsponnt, SO papdO83hitdgreater than 640" F (378 C), preferably a
T95 no greater than 600 F (316 Cﬁ wherein the blend has a sul fur content of
| ess t haMl. 300 hwp(G. Thasld. &bttt KaPeSehintlipsl “byasmwgand rogadaeteett zed by an

initial boiling point ranging fromat |egst, 280 F+. (1 F) e 1 preferably at
| east 300Emipions dgiedsynd ’@%T@?*@Wiﬁg’ﬁs%ﬂ”ﬁ“@léﬁ“éfrgr”gfc’n;d‘ %’\%ﬁmﬁb to
about 700" 371 C), preferably up to about 680 F (360 C), even nore

preferabl?l6 ‘o0 about 660 F (349 O, still nore preferably up to about 640
F (37S C) and

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 T9S of at least 600° F (3167 ).
preferably at least 650° F (343° C), more preferably at least 700-750% F (371° C-
399° (), blended with a petroleum derived hydrocarbon distillate 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 3007
F+ (149° C+), more preferably 320° F+ (160° C+) and a T95 up to about 700" I
(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:



contains: 00 2 8 [T -4 Sulfur < 500 wppm preferably < 150 wppm nore
preferably < 50 wopm even nore preferably < 30 wppm Polyaromatics < 11 w
% preferably < w 5%), nore preferably <1 w % Cbta?q[ﬂgnm@r > 50,
preferably > 55, nore preferably >60. Density from about '0.79 to about 0.85
wherein the Fischer-Tropsch distillate conprises 5-90 vol. % of the bl ended
di esel fuel, preferably 20-80 vol. % -nore preferably 30-80 vol. % A

typi cal diesel fuel boils in the range of about 320-700 F. However, sulfur
| evel s generally increase with boiling point, i.e., heavier diesel derived

fromcrude oil_has a higher sulf content .than lighter diesel. See Jinell
Er wi n, Thonass‘\‘/\?UTRyan, I, ﬁ%@f‘?ﬁ&ﬂ*ﬁﬁe@fr?@?’ﬁHgb-“ﬁ%rﬁsg}?rf)i esel in an
Assay of Fuel Perfornance andrefmiabsi onhsl) wioNRELe vVENanpwree®Rehlewablle Ener gy
Laboratory) Subcontract YZ-2- 343415, COctober 1993. The blend of the

i nvention provides a fuel having reduced sul fur levels and em ssions |evels
| ower than thoge predicted by standard correl ations, e.g. Ur ope Program
on Eni ssions FORREORAUCENgi n& %WH%IHGF%%&3§EI dﬁerpog%fiﬁggdgg\ygq
elimnating the heavy end of vtlfe, conventional diesel fuel and replacing the
heavy end with a |ow sulfur Fischer-Tropsch derived diesel fuel boiling

above the ran mal di - 85 addid b e Py eduici ng sul fur
| evel s, the d?ggfe%}%;e]ﬂl&erﬁ?@%rl endgoﬁ%'ltr%iegﬂi]%vent’i on o%t perrfgr ns predicted

em ssions |levels, especially in em ssions of
Density from about 0.79 to about 0.85

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. Sce Jimell Erwin,
Thomas W. Ryan, IIl, "The Standing of Fischer-Tropsch Diesel in an Assay of
Fuel Performance and Emissions”. NREL (National Renewable Energy
Laboratory) Subcontract YZ-2-113215, 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
low 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.



ni trous oxides. -5 DETAILED 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

Pat ent Nos. 5,348,982 and 5, 545,674 herein incorporated by ;gdfériénce.
Typically the Fischer-Tropsch process involves the reaction of a synthesis
gas feed conprising hydrogen and carbon nonoxide fed into a hydrocarbon
synthesis reactor in the presence of acFischer-Tropsch catalyst, generally
a supported or unsupported Goup VIII, non-noble netal e.g., Fe, Ni, Ru, Co
and with or without a pronoter e.g., ruthenium rhenium and zirconium

These processes include fixed bed, fluid bed and slurry hydrocarbon

synt hesi SRETA IbAdD dpir eGREPEERA OF HPEJANYENIEN | s one that utilizes a
non-shifting catalyst, such as cobalt or rutheniumor mxtures thereof,
preferably cobalt, and preferably a pronoted cobalt, the pronoter being

 oreterred ool Fithes g iPptetsns e Do BBl TR N el BebBhocior!
Eur opean dat.e - 46% %%genérll\éyg(e:as% LHesh 5 %%53—1 f el hhe Rl peess

conprises a mXxture of erern are present' in a ratio of at

| east abqiferdnde. ’E’Rf?fc%ﬂgtihé’l:%tchleﬁ%éps botdkcds i0901viRMEe RERE®hARY 1.75 to
2.5. Regardless of "the Catalyst or conditions enpl oyed however, the high

proport i asyndiesiopapfecaoadprivsisg hpdidienpmedue bopmostiucade byd irhe a

Fi scher-Tropsch process nust be converted from waxy hydrocarbon feeds into
nor e useadbideocboduynthessuchctas it thmpesenett dlom Figbbs Trapaed, caddivler si on i s
acconpl i shed rimarily by hydrogen treatnents invol ving hydro%re ting,

hydr oi sorsmeraty asupparied Ry HrgtPsteddgraup Wk chomnebla BisHd g -atti ]gh of the

MqSt .in the.presence of hydrogen
enium, rhenivum and zircomuny,

product i.s cantacted with a suitable catal
bo 1 somerked 0 RBAT b £ gHitipt  profioicr €27

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 promoter 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 §98.
The synthesis gas feed used in the process comprises a mixture of H, and CO

wherein H7:CO are present in a ratio of at least about 1.7, preferably at least

about 1.75, more preferably 1.75 10 2.5.

Regardless of the catalyst or conditions employed however, the high
proportion of normal paraffins in the product produced by the Fischer-Tropsch
process must be converted from waxy hydrocarbon feeds into more uscable
products, such as transportation fuels. Thus, conversion 1s accomplished
primarily by hydrogen treatments involving hydrotreating, hydroisomerization.
and hyvdrocracking in which a suitable fraction of the product is contacted with a
suitable catalyst in the presence of hvdrogen to isomenze the fraction by
converting the molecular structure of at least a portion of the hydrocarbon

material from normal paraffins to branched 1so-paraffins to form the desired

product. as is known to those skilled in the art.




converting the nol ecul ar structure of at |east a portion of the hydrocarbon
material fromnormal paraffins to branched iso-paraffins to formthe desired
product, as is known to those skilled in the art. 28 OCT 202% EQZ[
Hydr oi someri zati on and hydrocracking are well known process q upgrading
hydr ocar bon synthesis products and their conditions can vary mndely.

Hydr oi sonmeri zation is achi eved by reactd ng the waxy feed with hydrogen in
the presence of a suitable hydoi sonerization catalyst. Wile many catal ysts
may be satisfactory for this step, sone catal ysts performbetter than
others and are preferred. For exanple, applicants preferred

hydr oi soneri zation catal yst conprises one or nore Goup VIII noble or

non- nobl e net al @)ﬁgpnents and . de endlﬂi on th eactl on conJ i ons, one
or more non- nobl Ticd178HeR 4p¢ GTOCTRE hdﬂ‘ffé‘ WRFERM RESSBFSY not  al so

i ncl ude a ( ﬁﬂ% UpR on an
acidic rrefl%ﬁld%lﬁe suppor[{ Ste‘o g?s\l/%/B]{%d?C(t:Sa@ﬁ %rer ot Sl %ﬁj} ogce)\%ltz(ajt@ﬂon and
dehydr Oge?gftdr&@ofr}é'?ﬁralﬁﬂ if ¢nigedd ¥akbnGinkhee wmdr I(é%é}r\ﬁ%‘ﬁv@ﬂﬂ*eﬁﬁn algd d
function i sonerization. However, noble netal’s reduce” hydrogenol ysis,

parti cul aptesente bﬂm{utﬁlﬂ@ﬂ@ﬂ@iwm@@uz&mldmvmaltdlvtthéN%ﬁlerrﬁaﬂn-ewtphaisemnedbef or sone
applications. Preferred noble netals are Pt and Pd. The catalyst may al so
cont ai n as@igaporBforetha stepucmasatebpspepsriasn at?h@/rdtﬁl@gémhﬁrysmd arguppr essant .
The cracking and hydr ogenatl ng activity of the catalyst %et erm ned by
its speci PraiegedposP SEmpIThaPnhaRals e Fb‘ﬁ@ﬂ%@lﬁlﬂ@“ﬁ’é‘r‘éﬁ‘ Yeke those

R
silica i S aPp&ERARL SnthBTOHR ndi§SSs, biedr AR o30ndb1e e BlEfghaklyo 5- 30 wt
Ni and Fe, which 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 hydrogenolysis, particularly at lower temperatures and will thercfore be
preferred 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 referred 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
contain amounts of a binder for maintaining catalyst integrity during high
temperature, high pressure processes. Typical binders include silica, alumina,
Group IV A metal oxides, e.g., zirconia, titania, various types of clays, magnesia,
etc., and mixtures of the foregoing, preferably alununa, silica, or zirconia, most

preferably alumina. Binders, when present in the catalyst composition, make up




nore preferably 10-20 wt % Additionally, the silica-alum na support may
contain anounts of a binder for maintaining catalyst integrity during high

tenperature, high pressure processes. Typical binders include,sil.ca,
iy

alumna, Goup |IVA netal oxides, e.g., zirconia, titania, ARPT bk types of

cl ays, magnesia, etc., and m xtures of the foregoing, preferably alum na,
silica, or zirconia, nost preferably aumna. Binders, when present in the
catal yst conposition, make up 28 OCT 2004 -7 about 5-50 "c by weight of the
support, preferably 5-35% by weight, nore preferably 20-30% by wei ght.
Characteristics_of fhe support preferably include syrface areas of 200-500
m /gm (BEhom-ﬁﬁa?),prEég%f%lbw HBBUTL PEGTA00 ﬁg*“/é?%\ Whigpdre Yol une of
less than | .l fgmias deternmned by water adsorption, preferably in the range
of aboutp5i§§bﬁ6“g?§’ﬁf@h?e‘&ﬁ:, 0. 57 mMi/gm The netals may be

i ncorporated onto the support by any suitable nmethod, and the incipient

wet ness technique is preferred. Suitable nmetal solutions nmay he used, such

as ni ckel nitrat@raGORARYS dTithe ALiBp&i préelh] AGMaaYs ssThibdhe 1§l 080-500
Preferably, the netals are co-inpregnated onto the support allow ng for

intimte nﬁdgltrﬁ(CBEbeﬁa!ﬁeﬂ),tmefe@ilﬁiypab\éht B 5 oretOni mév‘gdnt hed Goouipoluthaef al , for
exanple, the formation of binetallic clusters. The inpregnated support is
t hen dri etiss éhan bvedfgmiaghietetmiabddty ¥ 0Gr mSmrQLipnfpﬂle@\r;gw bytheatisigati on in
air at tenperatures ranging fromabqut 200-550 C., preferably 350-550 C ,
so that tRAePE G354 0-LndedsEve P-oxsMfEyur f ace area or pore vol ume. G oup
VIIl netal concentrations of |ess than about 15 wt % based on total weight
of catalyst, preferably about 1-12 wt % nore preferably about 1-10 wt can

be enployed. Thee GAUR hBy BRlidlolporitBY nty afr &3k b¥ahfSERILRTRUALE. and

and the incipient wetness technique 1s 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 V11l metal and the Group IB metal, for example. the
formation of bimetallic clusters. The impregnated support is then dried, ¢.g.,
over night at about 100°-150° C., followed by calcination in air at temperatures
ranging from about 200°-550° C., preferably 350°-550° C., so that there 1s no

excessive loss of surface area or pore volume.

Group VIII metal concentrations of less than about 15 wt % based on total
weight of catalyst, preferably about 1-12 wt %, more preferably about 1-10 wt %
can be employed. The Group IB metal is usually present in lesser amounts and
may range from about a 1:2 to about a 1:20 ratio respectng the Group VIII

metal.

Nevertheless, the Fischer-Tropsch derived distillates that may be used 1n
the blends of this invention include distillates recovered from the Fischer-
Tropsch reactor, whether or not hvdrotreated, 1.e., hydrogen treatments in the

presence of a suitable catalyst, including but not limited to, one or more of

hvdrotreating, hydroisomerization, dewaxing and hydrocracking, as well as




may range fromabout a 1:2 to about a 1:20 ratio respecting the Goup VIII

nmetal . Neverthel ess, the Fischer-Tropsch derived distillates that nay be

used in the blends of this invention include distillates rz% erﬁd fromthe
ALY

Fi scher- Tropsch reactor, whether or not hydrotreated, i. 'ogen

treatments in the presence of a suitable catalyst, including but not

limted to, one or nore of hydrotreatgng, hydroisonerization, dewaxing and

hydrocracking, as well as 28 OCT 2004 distillates recovered from

IMrwaCthl onating the wax containing product fromthe Fischer-Tropsch reactor,
et her or not hydrotreated._ However, preferred. Fischer-Tropsch derived

di sti | | adestdbngy fesey creddire) TITP%Eﬂ@mﬁlrn&dg? SIS TS P ’“%Fﬁ?“ﬁ@?ﬁ oi soneri zed

wax cont ai.ni [ -T h feed utili.zi i tabl Foers

pydr o Iso%sf‘éh%% TGRSRt T Srhhasr e D B PDah S Eshat ¢ ons
comonl y kngwn 1 : i s : i

hydr ocar Eﬁ%&ﬁg@ﬁgﬁg%g@ g{sﬁglg[@%(#rxg?g%gias Sﬁgg%rgrgﬁogﬁggég? ‘gtﬁajrrggfljy t he

Fi scher - gﬁmgﬁﬁﬂi‘o&%h&e\fﬁz‘éd%ﬁ Ebhi@lBn H&sscRRr- Tropddhalecheiili; g 20 Biitefle at | east

300 F an 95 of at least 650F, even nore preferably an initial boiling

poi nt of natirbieasierizdQbn andhl vt T¥Pepftaatandeasirokotherb@tiok canditgont ai ns:

Sul fur, nitrogen < 10 wppm preferably < 5 wppm nore preferably < 1 wppm
Ar omat i csosthonly Rhownehéhalmity < 0.1 w % nore preferably undetectable by
ASTM D- 5292 Cet ane nunber ? 65, preferably > 70, The conventional petroleum
derived fuel may be any conventional low sulfur diesel fuel, i.e., |low

sul f No. 2- [ : i fi i . e
ur 2 %r%lfgr%giy, fllllje? 131s%ﬁers-"??gﬂsfch%f;len'\-‘@d%?'-crirl\é}c%rbon distillate has a T95
of at least 600°F, more preferably the Fischer-Tropsch derived distllate has an
initial boiling point of at least 300° F and a T95 of at least 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, morc
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, 1.e., low sulfur No. 2-D diesel fuel as specified in ASTM D-
975-98h, 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

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




975-98b, which may be derived fromcrude oil by conventional petrol eum
processing or fromslack wax or fromother feed stocks, and is characterized
as an undercut diesel fuel, that is, a fuel that has a f%gaﬁl T(WI poi nt

bel ow the boiling range of a typical diesel fuel. Prefer 3'; “he under cut
conventional blend stock of this invention has a T95 no greater than 640F,
preferably a T95 bel ow 600 F. However,9 because sul fur |evel increases with

boiling point, cut points may be varied, i.e., decreased, to achieve
desired sulfur levels in the conventional blend 28 OCT 2004 -9 stock. In
this way,

I | h
final cut® 188* nrn ngﬁg’séﬁhyéﬂ%w&n%ﬂhﬁﬁl&ag%l Wg'%sto%{nod,&i %qt#%%q on the
i1l ustraty h%%?d th)oﬂ{ﬁ& ShE el SURRALIBNKS: Glenkithsyd nvention my - be had by

the follown risons and exanp esel fuel blend was prepared by
conmbi ni ng an under cut conventi onal Iow sul fur No. 2-D diesel fuel (ASTM
D975-98b) with a Fischer-Tropsch derived diesel fuel blend stock. The

Fi scher - Tr opsch, gésdriillbstreidl shthegirefrratasmpoéipaeed ofshikohvousn Mago0 F+

Fi scher-Tropsch derived wax containing feed was run through two 0.5 in.
up-f | ow f bxbdd bedhedabowing cRupansbiRandcotmmepleed in series and contai ned
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). Ri

tai ned 80 7 N bI lizati
catalyst compr fstiigeoral BlepdeutuRt g resode PR A s R RE g "
11y;,20 o 7
ng gf‘neglcgw sty 1/ ik @ géz‘? (OASSTMC[%B‘??@S?}? VYRI{WM&;&%O Lagg:mm Aty

ainin
avai | abl edgqv@(af@epﬁje@byéﬁ GerPrising 0.5 w% Pt on an

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 . 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 a stlica-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
comumercially available dewaxing catalyst comprising 0.5 wt% Pton 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 RZ2.



extrudate containing Theta-1 zeolite (TON) and 51 cc (27.5 gns) of the

hydr oi soneri zati on catal yst contained in RL. The extrudate was crushed and

+20 mesh used to load a portion of the fixed bed \react@,é. There was
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TABLE 1 BO LI NG RANGEYI ELD, WI%-UEL | |BP - 280F10. 492No

1

280- 300F2at7An 48 L3I0V 700F5 8599 Yese pOQpBOOFLIIOI®VES F800F+23. 149No By virtue

of using

the Fi scher-Tropsch process, the Fischer-Tropsch

Product distribution from the process detailed above 1s 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 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

distiliate fraction.

JABLE 1
BOILING RANGE YIELD, WT% FUEL ]
IBP - 280°F 10.492 No
280-300°F 27744 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 docs
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 Fischer-Tropsch denved
distillate is less than 10 vol %, more preferably less than 5 vol %, even more

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



derived distillate has essentially nil sulfur and nitrogen. Further, the
process does not nmake aromatics and pol yaromatics, or as usually operated,
virtually no aromatics are produced. Sone ol efins and oxypgpg#e@; may be
produced since one of the pathways for the production of ‘paraffins is
through an olefinic internediate. Preferably, olefin concentration in the
Fi scher-Tropsch derived distillate isjkess than 10 vol % nore preferably

| ess than 5 vol Vic, even nore preferably less than 1 vol 170 (ASTM
D-2710). Nevertheless, olefin and 28 OCT 2004 -11 oxygenate concentration
are relatively | ow, and essenti all l.y nil after hydrotreatmnment. The undercut
convent i offaY 2138% BPRESRRIAIRE e Tlagvelydows apd caig ‘u*ﬁ]f’d]rl ddf'esel fuel (ASTM
D975-98b). In particular, the conventional diesel fuel conprised an

under cut m‘€§é|“¥1881“-m ch has a nominal boiling range of about 320-640 F
and is indicated as Fuel 2. Sulfur levels listed in Table 2 were determ ned
usi ng ASTM D-2622. TABLE 2 BO LI NG RANGEYI ELD, WI'%-UEL 2Sul fur, wppm I BP -
600F61. 43Yes 221600 RREMmt LoABNath238i6ebfi840RE. NB8YR 68526406 50H3r 81No1054
650- 660F4. 44No1632 660- 675F9. 69N0o1834 The entire conventi onal diesel

(1 BP-675 @esejuialel f ASTMDX I-98b s ulnf purticaiaestdb conventjontdbeissel fuel | evel s are <

0.05% of the total fuel by weight, as ) L .
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 6835
640-650°F 3.81 No 1054
650-660°F 4.44 No 1632
660-675°F 5.69 No 1834

The entire conventional diesel (IBP-675° F) qualifies as a low sulfur
diesel, 1.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, whercas the
undercut diesel (IBP-640° F), Fuel 2, contains only 104 wppm. Thus, as
illustrated 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

2
.



designated in ASTM D975-98b and contains 417 wppm of sul fur, whereas the
undercut diesel (I1BP-640 F), Fuel 2, contains only 104 wopm Thus, as
illustrated fromthe fractions contained in Table 2, sulfu{plﬁY m,increases
with boiling range. A 50/50 blend of the heavy Fischer-Trobsg z*ésel (Fuel
1) and the undercut conventional diesel (Fuel 2) was prepared for engine
testing and is indicated as Fuel J. 28|©CT 2004 -12 For em ssions testing,

t he conbi ned fuel blend was conpared with two conventional petrol eum di esel
fuels referred to hereafter as Fuel 4 and Fuel Fuel 4 was a U.S. No 2-D

5
I | di | fuel (ASTM D975-98h). Fuel E L Sul f
At omot 1 ve di GEeT STUSABE) 125 Ths o SopRIBe I SUTHEY A aBEE SO 0 che
| t ch terjsti for. Fuel s. 3-5. TABLE 3 PROPERTYFU 3 4FUEL 5
Donsi 1y (GPrsaEPTELB0T S1aTeEa Il e o (R BT b 100, DA BEoe | 8P, C
(ASTM D 80 PIAT18 T30 26 ATTIIEN 800 20334386 9901 S RASTNY P 805 355339345

Cet ane (AS omatics, total 9%4.627.926.7 (1P-391)
Pol yar omagie S E @ pBdn 18wASEERr A%dmotive diesel (LSADO). Table 3 below

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

TABLE 3

PROPERTY FUEL 3 FUEL 4 FUEL 5
Density (IP-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) 230 294 288
T95, °C (ASTM D-86) 355 339 345
Cetane (ASTM D-613) 61.5 53.0 50.1
Aromatics, total % 14.6 279 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




Coud Point, C 19- 6- 5 (ASTM D-5771) - 26-7- is CFPP. C (I1P-309) 28 OCT
2004 - 13 Each standard anal ytical technique used to determ ne the
conponents of Fuels 3-5 is shown in parentheses. Table 3;j¢ﬂw bJates t hat
the blend of the invention has significantly |lower sulfur fevéls as
conpared to each of the conventional fuels. ENG NE TESTI NG For conpari son,

t he bl ended diesel fuel of the inventildn (Fuel 3) was conpared with the
conventional petroleumfuels. The fuels were evaluated with a Peugeot 405
Indirect Injection (1D) light duty diesel engine. Regulated em ssions were

measured duri ' @1041%&&3?@6)1151’\%% ?er&tnnﬁﬁx% &{QS ﬁ‘%% Feg}%gﬁé 993'5@(9{1 Zoffk gear bons

(HO) , carbon ‘nitrous o partlcu ate mtter (PM

wer e meagty.ed Eeshb%%#'t M@ﬁﬁc%mwﬂl@eduh%iﬁ@?%&lh@al@w offigst data is
representeg as t%e absol Ut e val ue in gnf Hp-hr which is followed by the

percent ghaidpo B4s GagifiRmtisSbaer valfuelevelssssdnerbase cadfuef the;, a

conventi onal petroleun1d|esel fuel. Al fuels were run through the conbi ned
Ur ban Driceavelyceth® fand. Extra Urban Drive Cycle (comonly known as ECE- EUDC.
respectively) hot and cold test protocols in duplicate in a random zed
design. The |ight duty European test cycle is perforned in two parts: ECE:
this urb el nts inner city driving conditions after a cold

start mﬁ§§i§i§§¥zﬁggi§@§ed of 50 knm h, and EUDC. the extra-urban driving
cycle is typical of suburban and open road

For comparison, the blended diesel fuel of the invention (Fuel 3) was
compared 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 (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:

FECE: this urban cvcle 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 1s based on the
combined emissions of the ECE and EUDC cycles expressed in g/km. See SAE
Papers 961073 and 961065.



driving behavior and includes 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 See
SAE Papers 961073 and 961068. 28 OCT 2004 Fuel 5 was used: as] tjpe reference
and therefore run in triplicate., all other fuels were run in duplicate.

The data represents the average vaI ues fromthe conbination of the ECE- EUDC
test procedures (''conbined ECE-EUDC'- 1+eporting nmethod). TABLE 4

HCDel t aNOxDel t aCODel t aPMDel t a Fuel

30. 05- 55, 8%®. 58-13. 199. 43-41. 8%0. 045- 41. 3% Fuel

40. 103- 12. 5%0). 3. 49%0). 1. 606) 076- %
50. 118basi sO. 6%@%&%?"@6 u?%%ﬁéi]?csﬁ %'?’?B%é{?%ﬁjl‘ﬁ Podztitrgnrl%\l/ré el gni ¥ cant | y
| over e Ssishw %dl G Lcrd%n ?thldﬁiax@gfes ’llL.ILﬁ?el\? fuely blendymhuel 3, than

obser ved W er 0 & convent i on I ese uél's (Fuels 4 and 5). In
particul a(fomﬁﬁ% hbGaittfe @@%Uﬁ@les@pr@&@@lu@e@ @msﬁaeawﬁscmubca 55. 8%
decr ease drocarbons, 41.8% decrease in carbon nonoxide, 13.1 %
decrease jeRoRitg AgLRodXI des and 41.3% decrease in particul ate matter as
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
advantage in particul ates and nitro%eg éx_i des em ssions above that which
woul d be expected. See SAE 961074 75. In this regard, it is well
known in the art that the nost critical em ssions paraneter for a diesel
fuel is the PM NOgt r adeyeofsf 'N@x Dbriie | £@ kndWitd nvePd® relafiaonshi p
bet ween particul ate matter and . See SAE 961074 and 961075. ThL{ in
regard toFeal3si o8> dedPedsi nd) Phe vhti%bl e0-4di | | ~Hot'fral (G0 ¥esut’t

Increasing Lhe otfify, vanhaple. gy 349 0650 -116% 0076 -15%

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 diese] 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. Sce
SAE 961074 and 961075, Thus, in regard to emissions, decreasing one variable

will normaily result in increasing the other variable.

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

bv the sovernment, auto and oil companies to define the relationship between



Table 5 below details the predicted changes for light duty (i.e.. passenger
car) diesel engines according to the well recognized Euroa&gm qugranlon

Em ssions, Fuels and Engi ne Technol ogi es (EPEFE) study in d#&p llunder t aken
by the government, auto and oil conpanies to define the relationship between
28 OCT 2004 - 15 fuel properties and em ssions based on variables in
density, cetane nunber and T95; see SAE- Paper 961073, Tables 3 through 6.
The left hand colum indicates the two pollutants (particulate matter and

nitrogen oxides) along with the changes in absolute em ssions in g/Hp-hr

and percent change (% . increase(positive) or % decrease(negatiyve)) for each
of the 1 oaiel PG T iEh AR ETEI QR EOeeHU M EhE PR SF Crae coPUiah drhe

em SSi on ange (i | Ho hr-and. "6 1 ohSe D .0n, _:dgy' ii n-of.,one of
the four | e erse hdrair o0 ae MR ST S SRE Ry EEHLERLARE AL 7S, P

T95 was | [ LSO S SkQNS ) WRIHO eGrease by 6. 9%
while t he%%@?‘g%?ﬁgpggg@l%e%%&%‘%@Tﬁgﬁgg%ﬂ&%i t yPol ;/ar omat i csCet aneT95

(-0.027) (cHifget 8n @.BE@@EdﬁéIﬁ%ﬁ@nsRﬂrnggLﬁrairﬁl p&cOdein@a30: 003- 0. 004 g/ Hp- hr
-19.4%5. 295.2% 6. 9% NOx 0.008-0.019-0.0010. 026 g/ Hp- hr

increase(positive) or % decrease(negative)) for each of the four fuel

characteristics shown at the top of the columns. The emission change (in g/Hp-

hr and percent) is based on a deviation of one of the four fuel characteristics as

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

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

4.6%.
TABLE S

Density Polyaromatics Cetane T95

(-0.027) (-7%) (+8 numbers) (55C)
Particulate
g/Hp-hr -0.012 -0.003 0.003 -0.004
% -19.4% -52% 5.2% -6.9%
NOx
g/Hp-hr 0.008 -0.019 -0.001 0.026
To 1.4% -3.4% -0.2% 4.0%

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 acrual 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.



%. 4% 3. 4% 0. 2%1. 690 Tabl e 6 bel ow was produced by conbi ning the published
results of Table 5, with the properties neasured in Table 3 and the

em ssions results of Table 4. The resulting test data indicates the erected
change in em ssions as projected by the EPEFE equations v@rsus, the act ual
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 fuel. 28
OCT 2004 -16- TABLE 6 Pol | utant Fuel 4 vs. 5Fuel 3 vs. 5

Particul at eProj ected-3.9% 27. 7% Actual -1.5% 43. 1' 7' 0 NOxProj ectedl. 2%. 4%
Actual -3.4% 13.1 "% Fuel 4, the coqy t'%nal fuel. shows very close
agreenent with the predictions dif#éﬁi%%—by only a slight anmount with
particulate emssions 2.4 /¢ (-3.9%-1.5% worse than expected and NOx 4. 6%
(1.2%-3.49% better than expected. For Fuel 3, the contrast from Fuel 5,

t he base fuelpolj!gargui te different andppexpacted. bkpefagt,sapplicants’
di esel fuel eeded the performance—predi ctedfor particul ate
em ssions (55.6% above projection [(-43.1 %- 27.7%/. %77{1) while at the

1
sane time dbaracilet |y déceisatidng NOx  end&sFons(1036%/ab6ve proj ection
[(1.4%-13.1%/.014). Ac¢andilng to these-1@m%;j ecti onsA3aifei nprovenent in
particul ate em ssions is expected for Fuel 3 and the above data not only
bears this ﬁ%@d’i ction out, but. exceeds it.‘}lh?% addi ti on,; 3‘!5%3 EPEFE

predi ctions predict a sli BWECISer ease in %, However, 'i]r}',,contrast to this
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% (1.29%-73.4%) better than
expected. For Fuel 3, the contrast from Fuel 5, the base fuel, 1s 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 1s expected for Fuel 3 and
the above data not only bears this prediction out but exceeds it. In additien, the
EPEFE predictions predict a slight increase in NOx. However, in contrast to this
prediction, the data reveals that applicants’ diesel fuels resulted 1 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 1s to be determined
by ASTM D-86.



prediction, the data reveals that applicants' diesel fuels resulted in a
substantial reduction in the NOXx em ssions above the predicted value. Thus,
applicants diesel fuels sinultaneously result in both Iqqg@rﬁﬁﬁ and
particul ate enmissions reductions. Such results are unexpected and directly
contradictory to the well recognized p{edictions. In the clains
hereinafter, sulfur is to be neasured by x-ray fluorescence, for exanple as
described in ASTM D-2622; cetane is to be determ ned using ASTM D 613;
density is,Lo,gg;neasured by D-4052; and T95 is to be determ ned by ASTM
D-86. 28 OCT-2004 20 | 1 diesel fuel blend conprising a 1 Fischer- tropsch
derived hydrocarbon distt.i having T95 A least 600" E, and a petrol eum
derived hydrocarhon distil late having a 1-05 no greater than 600 F wherein
the blend has aisul furdieentent,dess Var,,,X00 vvppm 2. The fuel Mend of
claiml wherein the blend has an initial "boiling point of at least 2 0 F.
and a TO5 bel ow about '780=1F]ropsc!iThe f-uékdbkendn ofiokainm ik .wherein-t he bl end
his an ini%ggkmpoking pointt of at |least 3000 F. and a T95 bel ow about
680" F. 4' “The fuel blend of claim1l wherein the blend has an initial
boiling point or at.heast,fhtiE and.a 195 bel ow about 6400 F. d. The fuel
bl end of claiml MherLiﬁ@%hén%fééhg}?Tfﬁggb““@‘gh““”Cb“}H§d‘dcthhon
distillatepas*@n.initial boiling point of at |east AFT. and a 105 An",

wherem the blend has a sulfur content less than 500 WppITL

2 The f0 Lafelaim | wherein the hie P ok
2 The fuel blend of claim | wherein the blend has an initial boiling pomri

cf et least 2809 F. and a T93 below about 700° £

R - N : ‘ L :
3. The fuel blend of claim 1 wherein the blend has an initial boiline ot
of at least 300° FLand 2 TGS below about 680° F.
. T Fg e .
. he fuel blend of claim 1 wherein the blend has an initia) botling pomn

ofatleast 320°F and a TS5 below about 620° .

Ay The fuel Blend of claim 1 wherein the Fischer-Tropsch derived
hydrocarbaon distillate has an nitia) boiling pomtofat least 320°F and a TOS of m

least 700°F.

6. The fuel blend of claim 1 wherein she petrolenm derived hvdrocio bon
has a 1793 below 6G0° F.

- o Fael W R et ) - -
The feel blend of clalm 1 wherein the Blead has o sulfur content of Jers

cn
than 130 wppm.

5. [ke fuel blend of claim 1 wherein the Blend hee a sulfur coment of less

then SO wppm,



| east 700 F. (I- The fusel blend of claim1 wherein the petrol eum derived
hydr ocarbon has a T95 below 60(i F. The IN blend of chain i wherein the
blend has a sulfur content of Iess than 150 wppm The fuef pbt end of claim]
wherein toe Mend has a sulfur content of less bran 50 wppm 28 OCT 2004
9. The fuel blend of clam 1 wherein the blend has a sul fur content of |ess
than 30 wppm 10. The fuel blend of clai®m 1 wherein the Fischer-Tropsch
distillate conprises 5-90 vol. % of the blend and the petroleumdistillate
conprises 90-5 vol % of the blend. 11. The fuel blend of claimI| wherein the
Fi scher - Tropsch”distrIJaLEbkﬁOnﬁrﬁses\aQ~8Q Vol 9%..0of  the bend . and the
petroleun1d|stlllate conprises 80-20 % ,'o of the 12 The fuel blend of
cl ai m 1 whefer n tfie: Fi scher- Tropsch distillate conprises 30--80 vol. H of
the blend and the petroleumdistillate conprises So of the blend. 13 Ile
fuel blend of claim | "herein the blend contains loss iliac cr ¢, to ms

. % pol yaromatics ang: accetaner punpen,of.at.Jgast, 50\m 34 i \T’@e fuel blend of
cIa|n113 wherein the blend contains |ess that or equal é
pol yar omattoggirses 5-90 vol. %¢ ol the biend and the petrolemn dishilaie con Iprises O0-5 van

of the hlend.

I The fuel blend of claim | wherein the Fischer-Tropsch disillate
comprises 20-80 vol. %% of the biend and the perroleum distillate comprises 8020 vl

%% of the hlend

IZ. The fuel blend of claim 1 wherein the Fischer-Tropseh disullae
comprises 30-80 vol. % of the blend and the petreleurn distillate comprises $0-30 vel

% of the blend.

T The fuel blend of claim 1 wherein the blend comame levs thor or conal

te mis wi % polvaromiatics and & cetane rumber of at least 50,

14 The fuel blend of claim 13 wherein the blend cortains fess thon or
equal 10 3 wi. %% pelyaromatics.

] The fuel blend of claim 14 wherein the blend comta‘ns less P o1

Ln

cqual o 1wl % polvaromatics.

16 The fuel blend of claim 12 wherein the blend has 2 density ranginge

from zbout 8.79 1o abour 0,85,

17, A method of producing a low sulfur fuel useful as o diesel fuel wih
fow emissions after combustion from a petroleum derived hvdrecarben distilate
Aeving a T9S no greater than 640°F . comprising blencing seid petraieum disillate

wiilr 2 Fusener-Tropsch derived hydrocerben distillate naving & 795 of ut Jeas 0007 |

whcrein Lae Frsehey-Tropsch aistillete comprises 10-G0 vol "0 ot ihe Blens s the




15, The fuel blend of dill. 14 wherein the blend contains |ess than equal
to 1 wt% o polyaromatics. 16. Tic fuel blend of claim 13 wherein he bl end
has a density mm" fromabout 0.79 to about 0.85. 17, i~ mgtgiod @f producing
a low sul fu ON useful us a OAN AN "411 |ow enissions after conbustion from
a petrol eam herded hydrocarbon distillate having a T95 no greater than 640
F. conmprising blending said petroleumdistillate vvith a Fischer Tropsch
derived hydrocarhon distillate having a T95 of at least 600 F with a
Fi scher-Tropsch distillate conprises 10-90 vol. %of the blend and the 28
OCT 2004 bheﬂthasqqtguLpg[!ggngep;‘gﬁwygsg t han 500 wppm 18. The net hod of
claim 17 wherein the bl'end has“a Sul fur “Eontent of |ess than 150 wppm 19
The met hod of claim 18 wherein the belnd has a sulfur content of |less than
50 wppm 20. The nmethod of claim 19 wherein the blend has a sul fur content
of less than 30Wwppm e me2td Thénmet hodhof nclabin:. 17 wher girnthe bliend has an
initial boiling, point of at least 280 F. and a T95 bel ow about 700 F. 22.
The net hod'df ‘¢l 4iM"17 wherein the bleed has an initial boiling point of at
| east 320 F. and a T95 bel ow about 680 F. 23. The nmethod of claim 17 wherein
the blend has an initial boiling point

19 The methed of claim 18 where'r, tie blend has a suliur comient of lees

than 20 wppm.
=0 The method of claim 19 wherein the biend has o sulfur content of less
than 20 wppm
21 The method of claim 17 wherein the blend has en initial boiine peint
o at least 280° FLoand a T92 kelow about 700° F.
IR - i - N — 1 . Al a . . . - .
22 TFe method of claim 17 wherein the blend Fus an initiz) borling point

of at least 3007 FLound a T9S below ahout 680° F

- R T U e o :
43 The method of claim 17 wherein the blend has an initial boiline Pl

ofat least 320° F and a T935 below about 620° F.

s the method of claim 17 wherein the Fischer-Tropseh derived
hvdrocarben distliate has an invial boiling point of at Jeast 32075 and & 195 of

Teast 700° F

]

23. The methed of claim 17 wherein the Frscher-Trepsch distiilate

(94

cermprises 2-90 val. 9% of the blend and the perreleum distllate comprises 90-3 val. 7,

of the hlend.

=0, The methed of clanm 17 wherein the Fischer-Tropsch distl oo
comprises 20-80 vel % of the blend and the petrojewm distiliale comprises 8070 vl

Gaoof the mlend,



of at least 20 F. and a T95 bel ow about 640 F. 24. The nethod of claim17
wherein the Fischer-Tropsch derived hydrocarbon distillate has an initial
boiling point of at least 320 F and a 195 of at |east 700{F; :25. The nethod
of claim 17 wherein the Fischer-Tropsch distillate conprises 5 90 vol. 77 of
the blend and the petroleumdistillate conprises 90-5 vol.% of the bl end.
26. The nmethod of claim 17 wherein the i scher Tropsch distillate conprises
20-80 vol. % of the blend and the petroleumdistillate conprises 80-20 vol %
of the blend. Irl-, I~1cKhh17,!:omn,}IcAnchtaiIqO

H . 1 (vav pcly, QI:L nt s.and a-<crol’'. : I, [1Ti}eT HJt 1"y sn. The
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NS The method ef elana 17 whererrn the Blend contaims Toss thie or coie!
o FDowt S pelvaromaties and a cetave namber of af Teast 50
S The method of cann 28 wherein the Blend comtmns leos T oF oot

o 5wt S polvaromaties.

AN The method of Sz 29 wierein the blend contins fers thus o oy

o LWt Tapoavaromanios,




