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NOVEL SYNTHETIC FUEL AND METHOD OF PREPARATION
THEREOF FIELD OF THE INVENTION This invention, in general, relates
to a field of fuel. More particularly, the invention provides a novel
synthetic diesel fuel having branched esters as an alternative to diesel
with |mproved 5 fuel T%:rﬁéﬁertles and the method of preparation thereof.

OB AR Lh BB MRA HON SHHEBEOF
energy used worIdW|de e Le transportation fuel,
however, it possess se £ dp%&%%%ﬁm@sources of crude

This ipwpdieunnaesrthed aan Buriipg of disseiatemgrissladisthe thwention provides

a nov@nykanmenialdazardain d 8arehlersiMore oyl digskisAdiesel with improved
non-renewable source of energy. Additionally, availability of crude

fuel pyswgeiet Andste Artes tof sepraratieadhsreré world. Consequently, oil
dependency of any nation on other nation poses a great threat for the
security of oil deficieaUaGRIsU RnecEforelEithovasy focecumvent these
MlnerQIQQ@@ﬁé%t%‘?ﬁ%ﬁx&ecﬂ‘?&% NP HRIRRSI fHel s CRRISIR NIBYE as a

been rompted to look into alternate synthetic diesel fugl. 15 Last ten
franspyga@ﬁa% SN RSELsHARSISESS BeYRRtsBrastimlegsy bksinkie sources of crude
petrol@ffaciivelfiwetsd afﬂcﬁﬁﬁlhagssﬂcﬁ@sE}lSﬁflﬁngrr@@s@hEtStheCd@gﬁ!dﬂ@bﬁfﬂ]ﬂ%ardous
clean natural t::Seﬂ/nthetlc dlesel |nds S\Ao atlons 'C&H‘CF{‘% diverse

prob]ems Qreover. 4 non-1en ar , availability of
ments. euseo synthetic esel In diesel en es res

crude @@bglan@aﬂsrwtfm@wt@fsgmmmfdk@cwm&qéi@aammﬂmn@kud@amncy of any
natiorPGEUAHIH G fRA RIS &R %ﬂéa?%%‘zg%q}%ss@c&]ﬁ?%f wel'a28cdal! Iﬁ%tlons Therefore,

conventional diesel fuel which is produced as fractional djstillate from
in 015310 AT S IS S BB BT R Rer PRSPEERFBr Saels fossil fuel,
scientivhieigin biemaesy fatiial gasiotocaalristgasifitetiodysdhgiit. gas and
subsequently quuified to produce synthetic diesel. Such processes are
called BI

uids (B .JTL) and Coal-t uid
Lost (e SRR TR Ly e R o ol e R BRle fels
procesfkaskdroTrBissber 28odishabclaphisatibativibizhscticananauratne. Bovshgtis diesel
finds HppYi@gcdesionediodperde hoth goodRnging, MEHAIMRNGRRDGn diesel engines

emission reductions. Use of S nthetlc diesel results in significant
results i RiRSFHEIHA ARHACHRSO frHBtRIRg RESKSAEP SR CAFAR MRS Ss kb particulate
mattegiasélifusissataehayacidezetuddy excellent properties, such as very high
cetane number and nil sulfur content. They can be 30 used in existing
Unhkdlggg er}%nglscw 165C P'TLIE? \fvdh @u%rg? ucela(e% \%,r etr ??%Flt %Qme;;[e(%roleum
iesels are even potentially SuitablR for aviatio s Wit
synthétasRisoits. m@g@@hﬁm@wﬁmpw@;}@q@herem blomass natural gas or coal

is gasified to synthetic gas and subsequently liquified to produce synthetic diesel. Such

processes are called Biomass-To-Liquids (BTL), Gas—to-Liquid (GTL) and Coal-to-Liquid
(CTL) respectively. Such synthetic diesels are sometimes called FTD (Fischer-Tropsch
diesel}.

Synthetic diesel fuels are attractive because they are designed to provide both good engine
performance and emission reductions. Use of synthetic diesel results in significant reductions
in emissions, including NOx and particulate matter. Synthetic diesel fuels are characterized
by excellent properties, such as very high cetane number and nil sulfur content. They can be
used in existing diesel engines without modifications or mixed with petro-diesel. Synthetic

diesels are even potentially suitable for aviation fuels with higher flashpoints.
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The processes of preparation of upgraded synthetic diesel fuels have
been treated as a serious scientific challenge. The prior art discloses
many conventional methods for preparation of synthetic and other diesel
fuels. 5 PCT Int. Appllcatlon No 2006069407 to David et al. discloses the
production of near zekE MBI SiRd the steps of catalytic
The 1%%@%’5%&5 fg Eishsh IF Ql% ché’dvsg{mtc 8 %gélsfﬁglg ﬂ@@%%%x{%ga@doélseé serious
a zeolite type catalyst at pressures of more than 50 bar, followed by one
SCleﬂtléiép?]@%ﬂlw@mtﬂé@tmthéer)E}‘lpﬁ@Gu@@fwmﬂémﬁtlﬂmélv@éhwbrﬁgeh@m@tlon of
nthe]nQ Qg&%ﬁlg{l@ﬁ&@@u@@mmlcs and finally collecting a hydrotreated fraction
boiling between about 180C to 360C. The cetane number is greater than
50 and total sulphur content of the fuel is 2 ppm. Low temperature
PCT IBPGA%Bl '5&&%@%48"‘2%66655%0?'%8 Bﬁhﬁ%ameﬁlgaﬂ@meopﬁ/&u%{on of near zero
aromatics and no detectable hydrocarbons. 15 PCT Int. Appl. N
aromapoO5esl coRpssis dkeastepth B ratakin cm@mlyfuﬁigh@m&eﬂw derived light
oleﬁng'ﬁpliﬂgﬁ}gfe%eﬁ@éﬁf B{%Lbie%ﬁ{g ga@zrt SR gv}%E@Q{fesTQ? RERESRIAN 50 bar,

comprises of the steps of convertlng syngas by a Fischer Tropsch

fOUOV‘{ﬂd)b&S@U&r’ﬁd@m ethéy tpdiopresdesin thermbuhendiveisdh igseilieg hydrogenating
both é?éﬂ%%ﬁ%ﬁﬁmeaﬂwﬁgfi?%ﬂéf a&ﬁﬁﬁﬁUf&ﬁ&?%ﬁa&ﬁ@ﬂ %gﬂlggooetween

and a I|qU|d hourly space velocity of greater than 0.25 hr-1 ;

about thQ G fectrekingha pripy pamdtenis, mrm@wwummmm of the
fuel i$13Y C}B%%C?}@\Qeté]ﬁﬂépﬁﬁﬁr E‘?ﬁﬁhﬂ? 1@0@.15\’\1'9@[ & '&W%@%Q%Wﬁ%@ contains

0 weight % unsaturates, which is less than 1 ppm sulfur, and
0.1% E/éfrémwfg%énﬁs‘@ﬁﬁﬂﬁeaﬁ}dﬁmﬁgmmﬁat less than 5 ppm. The distillate
fuel blend stock exhibits excellent combustion properties in diesel and jet
engines as a result of 25 the high paraffin content. PCT Int. Appl. No.

PCT %95041%%‘[}(4 &40 Miflsseloh disglases aahfﬂgfﬂyp‘;}'ﬁﬁ'gfﬁ'ﬁrcm ﬁféﬂé‘%‘?&y unsaturated

aromatic distillate fuel blend stock and process of preparation thereof,

distillgip ehisheliios m’foﬁéésblé@ﬁwpm@&sa@émf@ﬁﬁsg Hyaigak td. hemg@wmﬁtiﬁes of the
steps 9?”3@%@99@@%&’ gifasm%&r% Op%fa@séanawrﬂpa?%%sgmg the

the same at a temperature of 525-77 F a pressure of less than 100

Fischgssigonsih alftjiigd tf@@#ﬁ&%ba@e%é@ﬁm@r%ﬂ@réﬁtéﬁﬁwaﬁ@@weswe of less than
1000 &dﬁﬁﬁ igistdagfueLRlend isiqekof bisdefollowed Py:adding fFAMAtEcovering

lend to roduce a highly paraffinic, moderately aromatic distillate fuel

a highibéﬁ@r@ﬁ 1€ COWEAR Seeiatodamiatdbiw digh thry iagorataie ot gogreater than
60, w}’é@@m{’/%&ﬁﬁfﬁ@ée&d?ﬁé@ﬁ@%nﬁhﬁ) ghp%e&ﬁgﬁh%@"\%ﬁl&?%%@ﬂﬁm 1 ppm

5 number greater than 60, sulphur and nitrogen less than Ippm and
sulfural@qllmxa%e@ggcggsgrszm an amount such that less than 5 ppm. The distillate fuel

blend stock exhibits excellent combustion properties in diesel and jet engines as a result of

the high paraffin content.

PCT Int. Appl. No. 2004113474 to Miller et al. discloses a highly paraffinic, moderately
aromatic distillate fuel blend stock and process of preparation thereof, wherein the process
comprises converting syngas to a Fischer Tropsch derived feedstock by a Fischer Tropsch
process, and hydroprocessing the same at a temperature of 525-775°F, a pressure of less than
1000 psig, and a liquid hourly space velocity of greater than 0.25 hour to produce a distillate
fuel blend stock. This is followed by adding aromatic blend to produce a highly paraffinic,
moderately aromatic distillate fuel blend stock containing between 2 and 20 weight %
aromatics and 80 weight % or greater paraffins. The diesel or jet fuel obtained has cetane

number greater than 60, sulphur and nitrogen less than Ippm and aromatics as less as 3
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weight %. PCT Int. Appl. No. 2004106467 to Johnson et al. discloses low
pour point syncrude products like a low-pour-point diesel fuel and
synthetic lubricating base oils having an initial boiling 5 point above 120C
and process of preparation thereof, wherein the process comprises from a
weightPischer-Tropsch plant which involves de-waxing the recovered C5 plus
hydrocarbon feedstock in a hydroisomerization zone by contacting the C5

PCT Iﬁl.uﬁﬁﬁnﬁg.dﬁ)fﬁﬁ%%"(twmhﬂs&y 95‘2&?&1@9&%@%&6&? it 'é%'ig:gggf products

supported on an intermediate-pore silicoaluminophosphate (SA

like a ovthewapaipsdiRstdlied sydrRambinms hihgcabee ey arsfhisierprodigidoiling
point ﬁ&%?ﬁw@%@ &c%ggy&jfr B@Q%ﬂéﬂu@eg&ﬁ)b%%paﬂ’tﬂé‘@%@@ss %XHI’BE&ES from a

_ diesel, having alowered pour point and a lubricating base olil fraction. PCT
Fischeiiragssh Ndamoo4osB5 i3 /gy ateavatistodhs ateovesxicifys plus hydrocarbon

feedstﬁﬁjﬁqgeiﬁ}yﬂ)ﬁg&ﬁgﬁﬁti%ﬂimg B%é?ﬁal!ﬁﬂgd{ﬁé% eﬁﬂi@%@%&%&@t&k with a

preparation thereof. Fractions of'the 15 Fischer-‘ljropsch derived-fuel
hydrogpitidiare thetdxid effscts of the ipterriétiata beaiteg frattionatThugteymediate-pore

silicoa%ﬁ'iﬁﬁﬁiﬂ@sﬂ?ﬁt@ro(@qﬁgg O&IhEeBiﬂQ%Qei@@a f%@f&%cﬁ%%ﬁ’&f&ﬁﬁ}shing, The

fraction boiling above about 750F, the toxicity of the overall composition,
hydro{gl@i@@ﬂfi@a@dhyctéqm@é@am_élﬁﬁaicﬁlbdmgoam 869;1 ig4sardeagaeR, naphtha,
syntheBREINE, RFARHY GINSIBR IBIHY AR QR SAMPOSISR. Fielon.

compositions of the present invention generally have 95 weight 20 percent
point of the boiling range distribution higher than the 95 weight percent

PCT 1BPIRLH Ihe, boiing 1an0e @isliptenal canventionabdiens! rRURIO RS sch fuels

__unique properties of Fischer- Tropsch fuel compositions disclosed in the
suitableisritiess, tReafubipsdf eneisaidnsarenthed Kuitampargiqiséhiiqgibskractions of the

Fischd? NG HCHRTIEL RS hit ARWO A FAR G IS B HRNWBEHRIIRCH3 YR fhetion.

% pointis at 570F and the 95 wt.% point is 680F, a kinematic viscosity at
Thus hpansreasingc dic agentivelofidisoiebetekeitngnagnE pspegsipAhat fraction

boilind AN Gl dRPESER FMHELFATRASHIARA JieseLeRANESi ING Ity reduced.

composition comprises 0.1-99 % by weight of a component or-a mixture of
The frastipohetisgprbaveddhdnisorastslirtawitestbraibrigfyatig thenrplaktsof the
overaltRHBHARBAISFRARAQSHSR BTN ! GRUPPSHIRAEHMRIRESIN- 22V 0 weight

components containing oxygen.Both components are mixed with diesel

perceriginpbrdits hassreaange 4GP ahenorgheiBig thsnd Feiail pessagpoint of the
boilinp"RERRSdikRfL BRI N0 Bland cantains a1 higherBaiaffinit a0 S RARAIBEVE Fischer-

content, higher cetane No., and lower aromatic hydrocarbon content than
Tropseheivghroarsdinge dftlossoirir NOREMistBREATOTdasd mipetppguitable

for us&RPENG: 20RA00QK 32 (R IHRel phalofincIRaes RIOGasR: 0k RFBRRIAURD Phieight %
point is at 570°F and the 95 wt.% point is 680°F, a kinematic viscosity at 40°C of <5.5 ¢St
and a cloud point of less than -18°C.

EP 1398364 to Jakkula er al. discloses a fuel composition for diesel engines. The fuel
composition comprises 0.1-99 % by weight of a component or a mixture of components
produced from biological raw material originating from plants and/or animals and/or fish.
The fuel composition comprises 0-20 % of components containing oxygen.Both components
are mixed with diesel components based on crude oil and/or fractions from Fischer-Tropsch
process. The resulting blend contains a higher paraffinic and naphthenic content, higher
cetane No., and lower aromatic hydrocarbon content than standard diesel fuel and soot and

NOx emissions are reduced.
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microcrystalline waxes and high-cetane-value middle distillates from
high-molecular-weight waxes from Fischer-Tropsch reaction by initial
hydrocracking-hydroisomerization of the 5 product waxes, followed by one
or more distillation steps to obtain a middle distillate fuel fraction and a
microcrystalline wax having an initial boiling point of between 500 and
PCT BoO@pAiteNae JiMGiAENaie ablartorel dé-ofiiswdosasp peodosse @b gisemirration of
. ) : ¢ 1 g ) '
micro R bl e TS AL o eyl i
waxeshfrdrochitsbrs- irrahechaticad @1 2by. Thisipr dgultoenickoneyby dvaiesieizetivg of the

roceron e AR i) -
proc N S O O BN O S R A s
fractiopyymdduetcmictiligatiiodtaresinzing aiosidbadoe, rivlovdbebireo PHDEIH00°C.
Afier %%L%Tl%lxgEl@%%&ﬁ%?&é%ﬂ%&%%*a% Ah8 'fgfwa&da%?mggﬁé&%em of

Fischer-Tropsch middle ates recovered have extremeély goo

betwegn it flowpbpeitbs Gnd Maveraingosaratimperitiesd sl andaipthbgatip of Ceo

hydroé?lﬁ%ﬁsatr(? o %!%Vyl};ﬁ?oc]a%gﬁgqﬁtitﬂg LS, e ?.?ﬁ%ﬁ%@@{l}h{’cmg{?{m};es have
sulphur and 1 ppm for nlgrogen. US Patent. No. 6274029 to Witteribrink, et
an inighl dretliogepaindiSiatdUsafal eengcsyinthevirdiosd?Stldl orrels & ripeisitigal index

(acco}glﬁ@%?@%aé? 4ahhaying g high %@%&ﬁ%ﬁl&ﬁﬁxﬁﬁ%@&ﬂ%@?%@é a T 5 of

reparing the distillate. The distillate Is prepared from a Fischer-Tropsc

3600%&19%@@%(& 200 amadistifibin phwigingspaiialisHedvierdhanlgasbife and a
cetaneZﬁlgg}pgpgf FRAPE ml?ﬁfp%l?%?@cﬁte Ao fér&;%%@nq%éeéﬁ}emely good

out 70, more preferably at'least about 74, is produced, from a

cold ﬂlnrs’qﬁ@perﬁ@p@@id wane e@m@mgdmms%M%t} WH@@FM %ﬁﬁf@lﬁ gsedsiow the
detectIRHMONGT B SPALAMIADS gggf&f_ QAN R NGAUIBST %H%&?”d a

lighter fraction. The nominal ration’is at about 700F, and the heavier
fraction contains primarily 700F+ and the 25 lighter fraction contains

Us Pd%j{r{]?%ﬁ\! dPRhodhe Winialipipoianed dasal leash AR aighi%s Q’a}&%ﬁﬁ@ﬁc diesel

with an iso to normal ratio of about 0.3 to 3.0. The nitrogen and sulphur
fuel orgnteficot! tis!fhiand feektnmirgpletiantoiss Pgprstans rapbat 49 the process for

prepartns 102 aii MY o AISEIRRES SSIES,Rf SRS e YAl G REINIG £S5 8 erein a

30 diesters and mixtures thereof useful as additives in fuels, lubricating
clean disirifitisitien Wtes whsldnhestisrsleasaptidiRe s basew astetanepumber of at least

sbow B0 BRAIANS SRtusecbDalmerlERd alainty beililedy SHERIN A6EIANR, from a

mono or polyhydric aliphatic alcohols or aromatic compounds like phenols

Fischegnbropgsth otk anaing ubtesig-damperhatsinb/sthaveeseirs Hie prepafedlty involves
separBHETHEANAR, WhEERIR &Y IenRAhcOkisRACRH WL SHESTUISR SUGHRIGominal

anhydride or’succinic acid or succinic 4 acid halide. US Patent. No.

NNy« K : , aten
separalimg1 808 tahDUn AR Bt andidbtobeavienifasiradeoNaisyniinatsse8dck and the
lighter fraction contains primarily 700°F. The distallate obtained has at least 95 weight%

paraffin with an iso to normal ratio of about 0.3 to 3.0. The nitrogen and sulphur content of

the fuel is less than or equal to 50 ppm.

US Patent. No. 3381022 to William discloses esters or ester derivatives like acidic esters,
diesters and mixtures thereof useful as additives in fuels, lubricating composition etc, wherein
esters essentially comprises esters of substantially saturated polymerized olefin- substituted
succinic acid and mono or polyhydric aliphatic alcohols or aromatic compounds like phenols
and napthols having upto 40 carbon atoms. The esters are prepared by esterification, wherein

ethylene glycol is reacted with substituted succinic anhydride or succinic acid or succinic
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comprising the reaction product of a branched or linear alcohol and mixed
acids and about 20 5 to 70 molar %, more preferably about 35 to 55 mole
%, of at least one branched acid having a carbon number in the range
between about C5 to C13, wherein the ester exhibits the following

acid hgrdperties like at least 60% biodegradation, a pour point of less than -25C
a viscosity of less than 7500 cps at 25C and oxidative stability of up to 45
minutes The biodegradable synthetic ester prepared from branched or

Us Pm@ar%&ﬁﬁémt@n&ﬁmm%m Withiq@gimabll@%nthetic base stock
comp%%%etgg%gp&%f EP‘BEEmWJS‘Pé%%QﬁJ&'%9%%9%96‘??61‘3&88 eades RRURH ellbout 20

either component alone. US Patent No. 5689031 to Berlowitz, et al.

to 70 widelodesnardiptitiatetilet i teianneplsdimet ikécateser, ikredd seithbaving a
carbord hRFARA RCOY ACEESSLOMUIRIRY the SteRadlsena aiig-Nn o i@ iowing

product of a Fischer-Tropsch process into a heavier fraction containing

proper7ige ke ghttastighitebiracttiledpaming Io0Rt %%Fﬂﬂér%@oﬁér&wﬁng of less
than TEIHELILaGNI08°AMG,A1 ISAHLIVG [AGIRPSVRGIGE P0G, TACHIN GO coradable

primary C12-C24 alcohols followed by hydroisomerizing and blending a

synthgsassteppitiness tharrdsavdred prdager. aitrhdlstirnelsptaively Hasblended with
other, qg@%@oh@r%zﬂﬁ@@sﬁ%&f &%&%ﬂa%@@l@&d@&'ﬁ?&é&@ WS@%?%?@B%&E@P%& either
The 20 content of sulphur and nitrogen is less than 50 ppm. US Patent
compyenicBeLBE37 to Curtis, et al is related a lubricant for use in diesel engine
comprising synthetic base oil, viscosity modifier and detergent. Synthetic
base oils can be selected from hydrocarbon oils, alkylene oxide polymers

US Pajprsshbrs WBdEH o it ewitzantabslisdess madéstridate dselchenzer than gasoline
like dPQROGHRONYIC AL gpgpéﬁoﬂﬁf aﬁg@«?&@'é&ﬂﬁ?fﬁn 0 @i@&t Blpseparating the

6458176 to Yeh, et al. discloses a fuel composition for use in internal

waxy @mﬁbqsﬁﬁﬁ Eﬁgh%éfmﬁ@riﬁmg@é&ﬁeﬁ@ram&m bpatisaseonieining 90’ F+ and a
1ightelg%@18§ E&%‘iﬁéhﬂ%oﬁpa%ﬁ M@p@pgfa‘%iﬁ NEANREHG BN MI W east two

by weight of esters e.g., the ortho esters of 30 formic and acetic acid,
fractiosthershelgitolsopolyBRYENY leprIifol TS ahddsterdispijgerépliowed by
hydroRBhEAIIANIGACIHIERIEES R MEh A SALRFEBALP M OY LGSR PARGHLAN TR distillate

total composition of an oxygenate selected from the group consisting of a

obtaingdthpsteefentiphatielnab ey @fic’ dleBAcionavmtbiran dversiydtronparaslins. The
contertQ FEMAAIRT S QPP TREGHIRI0SRpaving on an average 5 to 25

carbons, and mixturés of the alcohol(s) and ketone(s). 5 US Patent No.
5004478 to Vogel, et at discloses a motor fuel for internal combustion

US PERAINES CORIHNY @ I amppuntief RILAIIUMRIGRMANISINGRe in diesel engine
conventional amino or amido containing detergent for cleaning, a base oil

comprigiRe e RRetisnbastepibl WHHICEIHRcB PetsiesiBoxyihstiel basg ais can be
select@a0A] 85 RQYALINS RAIGIEASTIS BAVINGI 2 HURIMUBMSGOSHarboxylic acid and

those made from Cs to Cip monocarboxylic acid and polyols and polyols ethers.

US Patent No 6458176 to Yeh , et al. discloses a fuel composition for use in internal
combustion engines comprising a major amount of a base fuel which contains no more than
10 % by weight of olefins and no more than 10% by weight of esters e.g., the ortho esters of
formic and acetic acid, ethers, glycols, polyoxyalkylene glycols, ethers and esters of glycerol,
and carbonic acid esters., and greater than 5% by weight based on the total composition of an
oxygenate selected from the group consisting of a saturated, aliphatic monohydric alcohol
having on an average from 8 to 20 carbon atoms, one or more ketones having on an average 5

to 25 carbons, and mixtures of the alcohol(s) and ketone(s).
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5 of 2 mm2/s at 100C and the esters used are of aromatic di-, tri- and

tetracarboxylic acids with long-chain aliphatic alcohols composed solely

of carbon, hydrogen and oxygen, wherein the total number of carbon

atoms of the esters is 22 or more and the molecular weight being from
US Pa3ag tdia.50004pté8etab¥ofreim «4 14.t0l:0000es Proferabldusstéos arsmdipated;ustion
engine%hégl?tlﬁg g'gggﬂ%%{%ﬁﬁﬁﬁf %@%&Wﬁ%&ﬁ%&@fﬁﬁ l%t(%gc?e%fﬁ(}i%l ino or amido

iIsooctanol;isononanol, isodecanol and isotridecahiol and mixtures thereof.
contaiP@F daterppl. iNocRB2B855 blisclosem kituagl dtid emmyiposifio mupmeribimgy lic or

less. dispe iSi ' ound; -

poly e R Mo Bcosicy
of 2 mmd/meid HHE frodtizetosBosombbaratdmrs matialie- alcohl lerswnkosy ina@ds with

rovides an impr t] Iubgcity.of ' -
s L L e A ek em e
total BN ENTIOMNEs 103l priacipal3bjeniabthel phesentdenientisigts being from
370 proviqjg anovell5 ’thetic f%%f&égl?rther j)%gt of the Aplrgsentin\(gntion 1200,

to provide this fuel as an alternate diesel fuel. It is further object of the
Preferpbbsenteinvelstiotipotproplibadatesy abeyirdacfudtrephthralintesaidusinigllitates of

isooct&mtqgsﬁ@mExs*aaz{gaé%%%s iz halefinaRd geresulphur

content. It is yet another object of the present invention to provide a novel
synthetic fuel, wherein said 25 fuel is characterized by having rich oxygen
PCT buntémphntiavithoidiptdhedisolastsnipe ralditey o pesptiesifikedoighes iogtsame ashless
disper RS IRERVES Jubriclty and exidatian siability The.800YE-aNdONeLn ester of
15be oﬂ}gct_s} fﬁre_} at%a%%dbﬁ accﬁgaﬁ%%é Wiﬁt%e present invent oncwher’ettlt}l ester o
the catfyerelis pravised Fol™eihgl evhbrsdiniks ts:ih dwe Vet Retolé8ceisbdn atoms and the
alcon S BROAIREAS B EIRANSTaitnld BERAARASMIIRGESHACRBHBIACHESuel ois
and the invention is not restricted to the 30 particular embodiments.”6 In
and exjubdrdansevwithadwoiliieripigtetvebiodmbodiment of the present invention,
there is provided a novel synthetic diesel fuel, wherein said fuel is
chemically branched esters having a compound of formula 1. In
accordance with other preferred embodiment of the present invention,
there is provided a-paavehynRis Bipest fugl Wogielprsaid fuel is
chemically branched esters having beta branching. Tn"accordance with
further embodiment of the present invention there is provided a novel
Tt is 2SYHRRNE igsalovhrrpilsaid fuahin e miselle W ancbed ARISHS AN 1t is further
whereln said ester is prepared by a process comprising dimerizing an
objectaikyha kol UsiabtGueree vedictiontus! as an alternate diesel fuel.

It is further object of the present invention to provide a novel synthetic fuel, wherein said fuel

is characterized by having zero aromatic, zero olefin and zero sulphur content.

It is yet another object of the present invention to provide a novel synthetic fuel, wherein said
fuel is characterized by having rich oxygen content and with improved low temperature

properties like higher cetane number, improved lubricity and oxidation stability.

The above and other objects are atiained in accordance with the present invention wherein
there is provided following embodiments, however, the described embodiments hereinafter is
in accordance with the best mode of practice and the invention is not restricted to the

particular embodiments.
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10 produce branched alcohol, oxidizing the resultant branched alcohols to
obtain branched acids, esterifying the resultant branched acids (Guerbet
acids) in the presence of acidic catalyst to produce branched esters,
wherein the resultant ester is characterized by having improved diesel
In accfudipropéttiescliBlputenedarnbodithehirtiahe pisoditisneof ehetheesénprovided
ipvention. th eLs dis herej odu t a .
= o e A Hine o
compannsre§épmaubf hicohol and the acid catalyst so as to convert the
regiospecific branched acid portion of the said acid into the esters,
he resultan S.PrOVi lowv. temperature rties. :
o T e AP viced o
novel ayothetiedibadineht shiheipresdntinl entidwithcat yshprovited estnsyvdhving beta
brancl?% ;hetic diesel, wherein, the resultant ester is capable of being used as
100 % substitute of high speed diesel or as blend of 1-99 % with
conventional diesel or biodiesel. DETAILED DESCRIPTION OF THE
In acaordamier oM WiHibertsinspdoifioatidriico poledasinitnictaitisparsiquiarnded a novel
synthé%l%l%i@&f%@giglgﬁﬁﬁcﬁgelzé8 Imfpﬁirshggm\@’éﬂg 'e%t%?%@ﬁ?%ﬁ‘éréﬂ? said ester 1
iInvention, it is anticipated that the invention can be more readily
prepangddeystoptbehse upmpeidinggdinectotioping aldtplilebbeledcripiieg Gbthtbet reaction to
: : d : et i ton | .
produ%ﬁ%%%ggﬁméﬁpﬁﬁ%q (L.“ %%gl%?ml?ﬁiegg?cgigléi% 5%%& kRhed acids,

ith improved properties w IS achieved

esterifyyngrgucsing trb hoirstiass teid a fueribs tTtedsy nthéticrdisset cofnpridingatalyst to

t jall high.c r ur, iCS,
PR L A O R0 ST MIRNEG roved

diesel ghspertiperties an effort to find new alternative diesel fuel, an improved

process for the production of 5 biodiesel was developed (US Pat Appl.

No. US 2006/0094890), which is basically an alkyl ester of fatty acids

In acdeadangetive thalisdre nernbretsnertinl troprGast T8 cThenusecofsbivtlibisdbisd herein
duE¥EIHenA L ineg feRilisdn suRptaptalledughon Ahun-BWtG ation of
ocofEAICIAAEE SRR ARSI Wi
branclesheiésanl prewmtean fleitad irdabaknidstatolystlshes incerovralicsegidspecific

branclt?&f E?cl?@ %}iﬂ%%q B‘flﬁig‘ QXY9Eth \M%C Iﬂ’l'@eé%l%ﬂg ,@h%ﬁf‘ﬂﬂéld Jé&%t%ﬂ@@l%?s provide

Cetane er |mproves.the |gn|t|pn qua |ty (?yen In blends W! )
exceligptioupmitivaene Hopeves svhixidrobiesrbiidyeoé ottt divag-

straight chain fatty acids esters (biodiesel) like the poor low temperature

In accB?ﬁQ%@%tﬁQgggﬁoggﬁ%%%%%ﬁ%%ﬁtgﬂﬂy&)@s B0 Urere is proY(ijded a novel

commercia , ItIS very desira le, to Improve the co

synthegmperatu mhqy?@pethfeseadéammwé staphity oS deisgorsee ahislif orbstitute of
high sﬁg&? HRESEPHCINNSd BEI8B', with conventional diesel or biodiesel.

DETAILED DESCRIPTION OF THE INVENTION

While this specification concludes with claims particularly pointing out and distinetly

claiming that, which is regarded as the invention, it is anticipated that the invention can be
more readily understood through reading the following detailed description of the invention

and study of the included examples.

The subject invention is aimed to find a diesel fuel with improved properties which is

achieved by producing branched esters as fuels. The synthetic diesel comprising esters
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15 many possible structural variations, which can impact upon the

performance of esters. According to the present invention, it is disclosed

that the presence of a specific beta branching in the fatty esters side of

the molecule results in improved properties. Accordingly, the present
essentiphie e higlovidess annmber syptsatisidisgairfuaitivhiok igeieminglipved oxidative

o Ich i and with improved low

stab111%%?&%%%}%{;}%?%&%&%?)({%‘?gﬁr%%%o number and improved oxidation

stability. The synthesis of synthetic diesel fuel can be achieved by any

In an %%?Pt% RIOSERS! @ﬂ&%ﬁ{%ﬂﬁ?@@f%ﬁi%h&%f@l @?489&8@&81@ the production of

! _ &
Iotechnological and Is not restricted to a single process, wherein

biodieprbparcdesylnpresticléficBel iSruteMiudiiy BRARHRYESE, wiokliivkygerly an alky!
ester é‘i"fét&?ta%%?'ﬂ%‘ﬂg‘t%@%éﬁﬂ %ﬁ?ﬁﬁﬁ%@%ﬁ{?%ﬁpéﬁ%ﬁé’ AN CEFMGdicsel in

nl_meer_and |mp_roved oxidation stabi e esters according to present
conveiiignalidiced rengingsegsalinsnswstahel bidngsonith nrirfarait bidlsetdrbany, carbon

mono%?gg 9&1%? CBA‘?&‘Q.Ea%E%aﬁeM'éf&&f@é@?i&&%@&&%ﬁ‘%@QXIQ&H%@%@% -ﬁggsalmost no

branched fatty ester Is prepared by the reaction of branched fatty acid

Sulph%ithéaiﬁ@hgrﬁ@ﬁth@ph@&@h@étol‘%i&uiﬁdmw%mhwh@ukql@mﬁeﬁ@ﬂwél fully. Its
highexa@gtﬁgq{ﬁiﬁgeﬁ)qhﬂ)trm%st%ﬁ%p AWEE aﬁaﬁ%ﬂ&%}& E}é%?%ﬁ?&%f%zm diesel.

according to the present invention for Use as diesel fuel in compressed
Howekgnitiome ngiidelsproda cagoisiaredisssisuriebhbasingter beetictsgers (biodiesel)

like t&cigﬁsrﬁw @@rﬂl)ﬂgﬂtd}e%ﬁ%ﬂ%‘?tfyse%eﬂes HP%H@%@%&%?%%@ process of

carbon number from 3 to 16. These alcohols on dimererization using

commgg@iatiancioniotitinte Guerberalcshonliso-compr)withsh enid temperature
propefiédatian igliawed yasterification qauahe;desiied silers: LHSalAYIRGere are

reaction scheme is further explained the steps involved in the process:

many (SHHOHTCHN RICHBIEMR) Wi HEAD BMPacHBP@HEINPOEPONRCO I esters.
Accor(@q:%écﬂz?ﬁ@ Cp\kég’cgy)&ggl@gﬁ,qqu %ﬁ@r&%&'%&%%@é@&t‘%ﬁ% KEific beta

“H-C-OR O'wherein R. is sciecteu from the group comprising methyf, .
branclgty/inghspttystseepreids vithyimetetideessicermueycd propsstiareAccordingly,

the prln!%@ﬁ%%mgﬁﬁl%?%eﬁé%é}%ﬁﬁ@ﬁ@ &@§éf)f§&9w§1%iscc§@m§%{iiy branched
bronze, 230U C, IOh, 8M
ester, rich in oxygen content and with improved low temperature properties, higher cetane

number and improved oxidation stability.

The synthesis of synthetic diesel fuel can be achieved by any suitable process including
chemical, biochemical, biological or biotechnological and is not restricted to a single process,
wherein the prepared synthetic diesel is chemically branched ester, rich in oxygen content

and with improved low temperature properties, higher cetane number and improved oxidation

stability.

The esters according to present invention can be used as neat or in the blends with mineral
diesel from 1 to 99 % blends. This is fully mixable with diesel in any proportions. This
branched fatty ester is prepared by the reaction of branched fatty acid with alcohol in the
presence of acidic catalyst at the reflux temperature and is carried out at the temperature of
60-100°C. |
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i) Jones reagent, acetone, r.t., 6h, 70%; iii) .Plcohol, acid, reflux, 20h,
75%. The alcohols employed in the preparation of synthetic diesel
comprising branched esters 10 include the primary, secondary or tertiary
like methanol, ethanol, propanol, iso-propanol, butanol, iso-butanol and
Furthetertierg dietanotoldiegatidivatalgsing mpleyiéehifth@ssrepaliatidniotisymitretipressed
... diesel comprising hranched.esters, includes.sulfuric aci . . .
et e S T S B B acidy, Apsernatively,
can begaepiystd zbuliteszo elegholsthevimpmbinatimnsb@heoguantitiés Teewt afcohols on
. tal re-0.1.5.0 % eight. of t ranc id. Pr .
dimer S R (o R R eraletid, which on
oxidatggniphsimedrinveltbrdehed gridstardespedifistbista-hednbhend ecoeteorpeheme is
; chain i ted t eta position to the carboxylic
ﬁmheg??é%?%égtcﬁnﬂ %ﬁ%&%ﬁ%&%%ﬁé@?ﬁhches could be similar in length or
different. Preferably, the carbon numbers of one chain is two carbons
higher than the other chain. The esterification reaction foﬁ@@ﬁ%@@” of
novel esters for the synthesisﬁ f synthetic diesel 5 can be carried out
alc{@wi orepntipyously. in“gny of the k nreacti stemsH|
CbJ%eneral @ﬁéhﬁ% oEIBLiFsQused in a 10% to 300 % egégézﬁr the H-oH
stoichiometric quantity required for the esterification reactions. The
esterification reaction is carried out with
Suitable catalysts for esterifi&tion ingtdde any acid catalyst particularly
sulfuric acid and p-toluenesulphg#ic acid. 10 The synthetic diesel fuel
produced has s kinematic viscosity at 40 C as measured by ASTM D445
(may be) below about 5.6°cSt but not lower than 2.0 cSt as measured at
40 C. The kinematic viscosity plays a role in the diesel fL{ I m%ﬁlity
as well as thé et irdjectors a%l'ty to efficiently inject fuel. &ﬁgﬁ@ OBty
fuels negatfively influence the el atomisatign 15 R essél]' iting the
CHztorrfdtibm firiéareprets’fhat lead to podr ai?" & g Wi H]Wl —OR
combustion chamber (cylinder) resulting in turn in incomplete cémbustion
_accompanied by-loss of power and economy. Exces:sivq%}ow Viscosities
whee el BT TEKRAGE B ECt HisterTig SR tHE Fdbiliy 16 the fine
atomised spray to penetrate the length of the combustion chamber and

Scheypip-dedineaiposr Eompistionandin i résih nnsssrer potbet-20Und ™ e
i} JogepnogyntAaviscosityt bétwéeth2 0 hht: 6:0!c 8t dsrtdistadt By, ASTM D445 at
40C is preferred. The synthetic diesel of the present invention comprises

of branched esters which has
The alcohols employed in the preparation of synthetic diesel comprising branched esters

include the primary, secondary or tertiary like methanol, ethanol, propanol, iso-propanol,

butanol, iso-butanol and tertiary butanol.

The acid catalyst employed in the preparation of synthetic diesel comprising branched esters
includes sulfuric acid, p-toluenesulphonic acid, sulphated zircona, heterogeneous acid
catalyst, zeolites and clay or their combinations. The quantities used of the catalyst are 0.1-
5.0 % by weight of the branched acid. Preferred catalyst quantities are from about 1-3% by
weight. |

Synthetic diesel comprising novel branched acids are specific beta-branched, i.e one

hydrocarbon chain is connected to the beta position to the carboxylic group. Both of these
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improved cloud point. The cloud point is the temperature at which a cloud

of wax crystals 25 first appears in a fuel sample that is cooled under

conditions described by ASTM D2500. The pour point is the lowest

temperature at which movement of the fuel sample can be determined
hydroggtiem thiersdismptewdrieisierier tinddngl sratiffereThd mbprabdyu shessghisntngmbers
of oneSaRE St\§90r égleo gg%@&lmag he %‘ﬁ'f@xﬁ m)flst be cooled following the

proce ure descrlb ASTM D97 d filter plugging point is

determined as defined by International Petroleum Standard 30 IP-309 and

The eﬁé%@oﬁ%%zﬁv%ﬁ %@%&%ﬁﬁ’ﬁ? ShiDE AVEIABIRS %ﬁ‘ér?yiﬁ‘{ﬂ SR 4P %ﬁt‘ﬁ%ﬁc diesel

ue can be 5-micron screen in 60 seconds with
can beneatofdarer Priol kPw) of sedinwensip Thermynthéhic biesel otahdopressisms. In

generdPVE{%t'Qﬁ&%P% '$10g; BIAACHEE, SRtersNas AlsaMprayel QXSEH|BMher trje quantity

stability and the same was carried out using Rancimat equipment mo
requirgd Jers thie styitseldchymNegaetions TREvxslatidisatias inehstiot by pasdhdg et with

SubstaﬁﬁgﬂyEﬁﬂsydirdﬂg%gghﬁ trﬁnf%?e%%@a@yﬁﬁof@@é@ﬁcmﬁlp li?lglﬁég l ?j@a!?cataiyst

kept at constant temperature. 5 The vapors release
partw@i@rlmgukfsmmaiu@ndmﬁebweﬁ@éj@hhemmmhe air, are passed into the
flask containing 60 ml of water which has been demineralized or distilled
and contains an electrode for measuring the conduct|V|ty The electrode

The syoibstinsiesd el medseadnpankineourding wevibeal tiofc atcrenseaddbof ASTM
D445 1iffdl g‘ aft%%fbﬂﬁé%i’v?ﬁrbﬁ]%ﬁpﬁgﬁféw}’ g% RSN SASRIARIAY 4T NIS: | The

acc ed increase is caused by the dissociation of volatile carboxylic 10
kinematipl g igeositicetntisidrmg thinchivl diisa! phesd ansrematabisorp stcth ahdhw el injectors

abﬂlty\AL/(;1 thU‘&nBPHﬁé‘&“f‘G&Y @f1gﬂ§/f§l%§ﬁ§rmgl§ﬁlégﬁﬂréﬁfr ﬁﬁ%g&% the fuel atomisation

continuously, an oxidationcurve is obtained whoseé point of inflection Is
procestnbvitiag the iftusiom WhicHiprodisldbahéicashipapoerisiic feglianipingevithin the

combﬁ)gf gﬁt@&ﬁ?& HEth-EB@rJ'% fnt%ﬁﬁﬁ ‘1&@8&%8[&{9 Egiﬁb{ﬁﬁmpgc%ﬁnpamed by

hours minimum. 15 Theé synthetic fuel properties according to the present
loss Oﬁmﬁﬁbwﬁm@mw%é@ﬁéw@ﬁdm@téﬁg@@éwﬁ@aéﬁ@pf@ﬁiegmlé%l@aat@@porrect

meteriﬁ %‘iﬂPQHéoﬂxé{Bﬁ‘t@qgfeﬁ?é et lsirated iy r '@EJQQ{%W{HQ 1EADIE lof the

Fuel properties of synthetic fuel vis-a-vis b|o iesel

combw@aﬁé@ndm aohivyiassBiodieser coaIproparhag icttiod ternitsMetsyet power
and egt}mfw.emyéiéeogﬁ?]between 2.0 and 6.0 ¢St as tested by ASTM D445 at 40°C is

preferred.

The synthetic diesel of the present invention comprises of branched esters which has
improved cloud point. The cloud point is the temperature at which a cloud of wax crystals
first appears in a fuel sample that is cooled under conditions described by ASTM D2500. The
pour point is the lowest temperature at which movement of the fuel sample can be determined
when the sample container is tilted to 45° angle. The apparatus used is the same as for the
cloud point. The sample must be cooled following the procedure described in ASTM D97.
The cold filter plugging point is determined as defined by International Petroleum Standard
IP-309 and ASTM D 6371-99. It determines the lowest temperature where 20 ml of fuel can
be drawn through a 45-micron screen in 60 seconds with 200 mm of water {(1.96 kPa) of

vacutim.

10
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07 ester ester ester (C16) C16 (C24) 1 Cetane number, Min D613 47

62.3 62.5 63.3 2 Water and sediments, % D2709 0.05 nil nil nil vol, max

3 Cloud Point (C), Max D2500 Report -39 <-51 17 4 Phosphorus Content,

(% D4951 0.001 nil nil nil mass), Max 5 Sulphur, (% mass), Max D5453
The sgnogts diesdd nif BCoppen striprarmosion{Siiy] Boukbed ddters Nas sl ithproved

Max |st|IIat|on % v/v.D1160 360 360 360 423 recovered

oxidatg R S R i BTG Rl ST 00 743 as
descertbat’fﬁﬂdé‘l’itb?]tT(% (E{Niﬁl@mﬁmﬁImduveﬂ)bm;aasﬂmgﬂ)sﬁea[ﬂ)aﬁ(p(lmmﬂ air at the

e T T .
The vEYe64 ﬁlSdﬁﬁ@Zd@l(Dﬁg&l@QogldﬁuMamd&@QRg%wt)wﬂﬂ%%lD %3&@@5&1’(0 the
v QL30T SR R B AT B30 s

electrodaxtd’” ivetivaingl tontemt 86 &EN. OTRaikisitride/of), mra»edidd]t@ B8rkraeiring and
recorcﬂx%cgéﬁtgyit m%ﬁa)i’[ %15®8é1n8 8%2 81@ L1|n l1'015“ &%wd when the conductivity begins to
increase rapidly. This accelerated increase is caused by the dissociation of volatile carboxylic
acids produced during the oxidation process and absorbed in the water. When the
conductivity of this measuring solution is recorded continuously, an oxidation curve is
obtained whose point of inflection is known as the induction; which provides the
characteristic value for the oxidation stability. The limit as per the specification in this

method is 6 hours minimum.

The synthetic fuel properties according to the present invention have shown better
characteristics. The properties are evaluated in comparison with biediesel and illustrated in

Table | as following:

Table 1
Fuel properties of synthetic fuel vis-a-vis biodiesel
S. No. | Specifications (Unit) Test Biodiesel | Fuel properties
method | Limits xS il | Mothyl
D 6751-
07 ester ester ester
(C16) (C16) | (C24)
1 Cetane number, Min D613 47 62.3 62.5 63.3
2 Water and sediments, % D2709 0.05 nil nil nil
vol, max
3 Cloud Point (°C), Max D2500 | Report -39 <51 17
Phosphorus Content, (% | D4951 0.001 nil nil nil
mass), Max
5 Sulphur, (% mass), Max | D5453 0.0015 nil nil ni}
6 Copper strip corrosion, (3 | D130 No. 3 No.1 | No.1 | No.!l
hrs (@ 40 °C), Max
7 Distillation % v/v D1160 360 360 360 423
recovered @)
(360 °C), Max
8 Flash point, ("C), Min. D93 130 60.8 64.0 | 71.0

11



19 Total glycerin (% mass), D6584 0.24 nil nil nil max Further, the
synthetic fuel properties according to the present invention are evaluated
in comparison with petroleum diesel, wherein said synthetic fuel is used

as 10% blend with conventional diesel and the results are illustrated in
9 TaYRshnd eolcemingYs TableEN Fuel pldperties of syiithetic fuil blendsil

(199%) magiesel S. No. Specifithtdns (Unit) Test Limits Fuel properties
10 melivdd @nmMesy| Ethyl MENYHI3B 1460 ester esteriéster (@il6) (C18il
T

@MQ@(@'@) (10% in (10 )/Emzﬂqzﬁesejr)sdiesel) diesehill Cetamng Indexnil
12 'RU@@% 2£cR)-> O 4457 OUf POIIEE (), [Mag395975210V) - 9

al, NED71 A N\AN D 1.Q(C) Tatal

5 AT CREREE L £b1826 (ke mak 5 Clconolgh, § "

16 Nao-l-Na-14-NbH-1--100-C av 6 NDict |I tion-046 sy 1SOR ‘Iﬂl:

14 rg@é@” 55551 618557, D50 360 oM. 12 MEIEsh pAITE (©), B%0

SIS 3 _Min_8 Water: (mgike)-lax-+S06206-200 pil-Ail-il-0-K. V. @
15 i iyl (el g 3 58403 2 10 Density @15 C, (Rg DAGED

,;gp;nf, 844.0.842.7-1m3) 845

O

[*

16 | Sulphated ash (% mass), | D874 | 0.02 0.01 0.01 0.01
max

17 Methanol content, (% EN 0.2 nil nil nil
vol), max 14110

18 Free glycerin, (% mass), | D6584 0.020 nil nil nil
max

19 Total glycerin (% mass), | D6584 0.24 nil nil nil
max

Further, the synthetic fuel properties according to the present invention are evaluated in
comparison with petroleum diesel, wherein said synthetic fuel is used as 10% blend with

conventional diesel and the results are illustrated in Table II as following:

Table 1
Fuel properties of synthetic fuel blends (10%) in diesel

S. No. | Specifications (Unit) | Test Limits | Fuel properties
method E-111 .
1S-1460 Methyl Ethyl Methyl
ester ester ester
(C16) (C16) (C24)
(10% in (10%in | (10%in
diesel) diesel) | diesel)
1 Cetane Index, min D4737 46 51.8 51.5 514
2 Pour point ("C), max | D5949 3 (W) -6 -6 -6
15 (S)
3 CFPP, (°C), max D6371 6 (W) -2 -3 -3
18 (8)
4 Total contaminant, EN12662 |24 20 18 16
(mg/kg) max
5 Cu corrosion, 3 hrs 1S0O2160 No. 1 No.1 No.1 No.1
@100 °C, max
6 Distillation % v/v [S03405
recovered 90% @ 95 97.0 92.0 90
360 "C, Min.

12



11 Acidity, total, (mg P:2 To 0.06 nil nil KOH / gm), Max report 12 Acidity,
inorganic P:2 nil nil nil nil 13 CCR (% wt of 10 % 1S010370 0.30 0.20 0.10
0.10 Residue), 14 Sulphated ash (% 1S06245 0.01 < 0.01 <0.01 < 0.01

mass), max 15 Sulphur (%emass), D5433 350 nil nil nil_max 16 Lubricity,
7 Wiehipei@ (6012156 B6W 440 433425 60 C, f/max 547 PAH, 53
(Memass), max EN12916 11 nil nil nil 18 Oxidation stability, D22[74 25 16
8 ¥8a16, ghaldgmaxakunth®0Ghosyntiétic fuel properties sidcording#d the
9 present myentietare asaloatad in 2comparison wath petraleum digsed and
10 HEEHES @ed”‘drl?%a[%%:i ablel ighgs Tollowing > Tanig I § Fuelks 7
prlgpprtles of syn C fl_JeI vis-a-viggliesel S. No. Specifications (Unit)
11 IR gorop Efigs methqd S uro- MethypEthyl Mgthy 1S 5460 1
q5ify € ;35 agie (C1p) (Cl@) (IC%-‘}E-a%rEeta”e Number, min ISOp16 51
5 AR a0 2 oo () B ohor s s 15 3
13 %ﬂ% ‘fﬁ"rﬁﬁn/ﬁn norkg @m \350’ COI‘I‘O?I’ n, 3ihrs ZIL;SOZ 16 No. 1
1 r\ln 1 1{'\ mayv. N
14 éuip‘ﬁated ash (Yo~ PRS00 <0.01 |<0.01 <0.01
mass), max
15 Sulphur (Yemass), 5433 350 nil nil nil
max
16 Lubricity, wsd 1.4 @ | [SO12156 | 460 440 430 425
60° C, (1) max -1
17 PAH, (%mass), max | EN12916 | 11 nil nil nil
18 Oxidation stability, D2274 25 16 18 10
g/m’, max

Further, the synthetic fuel properties according to the present invention are evaluated in

comparison with petroleum diesel and the results are illustrated in Table III as following:

Table I11

Fuel properties of synthetic fuel vis-a-vis diesel

S. No. | Specifications (Unit) | Test Limits Fuel properties
;‘;‘f:;g IEI';TO- Methyl Ethyl Methyl
ester ester ester
(C16) (C16) (C24)
1 Cetane Number, min | ISO516 | 51 62.3 62.5 63.3
5
2 Pour point ('C), max | D5949 3 (W) -51 <-51 9
15(S)
3 CFPP, ('C), max D6371 6 (W) <-34 <-34 15
18 (S)
4 Total contaminan, EN1266 | 24 nil nil nil
(mg/kg) max 2
5 Cu corrosion, 3 hrs ISO216 | No. 1 No. | No. 1 No. 1
@100 °C, max 0
6 Distillation % v/v 1SO340
recovered 90% @ 5 95 360 360 423
360 °C, Min.
7 Flash point, ("C), P:20 35 60.8 64.0 71.0
Min.

13




6 Distillation % v/v 1S0340 recovered 90% @ 5 95 360 360 423 360 C,
Min. 7 Flash point, (C), P:20 35 60.8 64.0 71.0 Min. 13 8 Water, (mg/kg),
max 1S0629 200 nil nil nil 6 9 K. V. @ 40 C (cSt) 150310 2-4.5 4.32 4.14
9.79 4 10 Density @ 150C, (Kg D4052 820-845 862 856 855 /M 3) 11

8  Adiiter.tor/Kangrr2 TdS0629.0620002 KOH / gih), Maxiteport 1j2nil
Acidity, inorganic P:2 niltnil nil nil| 13 CCR (% wt of 10 % 150103 0.30
9 0.819/0@210.62(¢%esid LEJOB00L4 Seiphated asH (3 1S06R440.02 (0.9190.01
0.01 mass), max 5 15 Shlphur (%mass), D5433 350 nil nil nil max 16
10 LuDeigitty Wstb1(4 460120460 436529384301 60 89) ma856-1 17 BAH,
()/éméﬁs), max EN1291 11 nil nil nil 6 18 Oxidation stability, D2274 25 15
1T 14Adigym8tamexd-ollowrity examples further illigiPate théEresent 0.02
imkentohgmith®latklimiting the scopeapivthe invention. 5 Example 1/ The
12 syAtidiig, finekywascprepakedl by using a 1000 ml gidss readlor, providiéd
13 WithdRernasigt.| gnechames sliringzgampling gutlet, and gendenisation
syg@qﬂugptanol-l (30Qg)awas charged
14 Sulphated ash (% 180624 | 0.02 (.01 0.01 0.01
mass), max 5
15 Sulphur (%mass), 5433 350 nil nil nil
max
16 Lubricity, wsd 1.4 @ | ISO121 | 460 436 433 430
60" C, (1) max 56-1
17 PAH, (%mass), max | EN1291 | 11 nil nil nil
6
18 Oxidation stability, D2274 25 15 14 21
o/m’, max

Following examples further illustrate the present invention without limiting the scope of the
invention.

Example 1
The synthetic fuel was prepared by using a 1000 ml glass reactor, provided with thermostat,
mechanical stirring, sampling outlet, and condensation system. Octanol-1 (300g) was charged
to the reactor and ZnO (2g), KOH (6g), CaO (5g) and Cu Bronze (1.5g) were added. The
above reaction mixtare was heated at 200 °C for 8 hours to complete the reaction. The
reaction mixture was filtered and purified by distillation to get 2-hexyl-1-decanol (250g). 2-
Hexyl-1-decanol (250g) was reacted with Jones reagent (200ml) in acetone (200ml) to get 2-
hexyl-1-decanoic acid. 2-Hexyl-1-decanoic acid produced (200 g) was again charged to the
above reactor and subsequently, methanol (200 g) and sulfuric acid (6.0 g) were added slowly
to the reactor with stirring. The reaction mixture was refluxed till completion of the reaction.
The reaction mixture was passed through basic alumina to get rid of residual catalyst. The
catalyst free mixture was fractionated to separate un-reacted methanol and synthetic diesel.

Prepared synthetic fuel was evaluated for fuel properties and results were tabulated.

14
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to the reactor and ZnO (2g), KOH (6g), CaO (5g) and Cu Bronze (1.59)
were added. The 10 above reaction mixture was heated at 200 C for 8
hours to complete the reaction. The reaction mixture was filtered and
purified by distillation to get 2-hexyl-1-decanol (2509g). 2- Hexyl-1-decanol
(250g) was reacted with Jones es88M{200ml) in acetone (200m1) to get
To thelredEY/HsdR RCid- RdAek 966N Ri asis EOAHGRE (ERABLNATHO (2g),

again charged to the above reactor and subsequently, methanol (200 9)

KOH gha).stirtricatiand SugPirese ddded sewipddeto e raaete e Stimigure was
heated RETEROEORMBIUES WasJieflxed Whaasmpletionof i raactiae. wikefiltered and

__reaction mixture was passed through basic alumina to get rid of residual
purifieshtaiydistitiatiopatalgst ﬁe@wﬂtﬁ@dgﬁwwﬂa@ﬁﬂﬂate?dw@ebﬁ%éécanoi (250g) was

reacteé?%ﬁﬂfﬂ‘f@&%@sTﬁ@?ﬂ%@@&&ﬁ%@%ﬁ@@ﬁ!@ﬁﬁ%ﬁ@ﬂ%@{ i fiRbWRSe acid. 2-

evaluated for fuel properties and results were tabulated. 20 14 Example 2

Octyl-Fulgreqamitoicis (P E @ plegaiaebanend (GUDyearer andrgeiseaugly, methanol
200 JPANANAZR (@ gﬁ@&&@a&%@ﬁ%&% G BEPREe(LREN WMk reaction

added. The above reaction mixture was heated at 200 C for 6h to
mixtuggowqsleet uredrob cosipigtienrebibrorasticr e ReJsanHorE IBt & \Wes regegythrough
basic HSHIANIAR Q0820 AdRdacans RRODZAReHekdadecAN Q4L RABonated to

was reacted with Jones reagent (200ml) in acetone (200m1) to get

. nl)to g
separagegitylcrRefsd ceaenchansl symeeyc distdeBraneredispbeliy) dirsslayamevaluated
for fué]h;ﬁ ciiq the reagter.andgubsequently, methanol (200 g) and sulfuric

acid (6.0 g) were added slowly to the reactor with stirring. The reaction

mixture was refluxed till completion of the reaction. The reaction mixture
was passed through 10 basic algpi get rid of residual catalyst. The
catalyst free mixture was fractionated to separate un-reacted methanol

2-Hexid Sprihetic idsel0fe b prmares) Athiate Teale wad &y asifet Wik fikpmol (100g)
and pREPRSIILTADH CoRiS WeredahuatetEraein Rdon ek EeGRNPIE reaction

acid (100g) prepared as in Example-1, was reacted with ethanol (100g

. . : . )
mixtug i i tpiseeSupinhedeial Birfet msfudhnlimesbiiptetidnsbr the catalyst free
mixtuf€acHO AR RRgHIRN s%ﬁﬂ%@e wesRasseddiaughbasic.aluminaite et repared
ec

rid of residual catalyst. atalyst free mixture was fractionated to

synthefigdies@ vAsresttetehomBkbPEReSirtRiccadter ssrdpairkie&ynthetic
diesel was evaluated for fuel properties and results were tabulated. 20
Example 4 2-Octyl-lI-dodecanoic acid (100g) prepared as in Example-2
was reacted with ethanol (100g) Example 4

2-Octyl-1-dodecanoic acid (100g) prepared as in Example-2 was reacted with ethanol (100g)
and p-toluenesulphonic acids (5g) for reflux till the completion of the reaction. The reaction
mixture was passed through basic alumina to get rid of residual catalyst. The catalyst free
mixture was fractionated to separate un-reacted methanol and synthetic diesel. The synthetic

diesel prepared was evaluated for fuel properties and results were tabulated.

While this invention has been described in detail with reference to certain preferred
embodiments, it should be appreciated that the present invention is not limited to those
precise embodiments rather, in view of the present disclosure, which describes the current
best mode for practicing the invention, many modifications and variations, would present
themselves to those skilled in the art without departing from the scope and spirit of this

invention.
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and p-toluenesulphonic acids (5g) for reflux till the completion of the
reaction. The reaction mixture was passed through basic alumina to get
rid of residual catalyst. The catalyst free 25 mixture was fractionated to
separate un-reacted methanol and synthetic diesel. The synthetic diesel
we CR[gpared was evaluated for fuel properties and results were tabulated.
While this invention has been described in detail with reference to certain
preferred embodiments, it should be appreciated that the present
inventior B! Rritastitoasblaviag presgeerdstdiranta kather, in view of
the present disclosure, which describes the current best mode for
practicing the invention, many modifications and variations, would present
themselves to those skilled in the art \Kﬁh‘@lmﬂcfé'ﬂarting from the scope and
spirit of this invention. 15 W Ia'm:s’(j%ﬁ nqvel synthetic fuel having a
compound of formula p%@ﬁ%ﬁ?‘éﬂ" T (€H2)ICH-1-OR )O5STR 1 2.
The fuel according to claim 1, wherein R is Selected from the group
comprising methyl, ethyl, propyl, iso-propyl,butyl, iso-butyl, tertiary-butyl
or a mixture thereof. 10 3. The fuel according to claim 1, wherein nis in a
range of 3 to 16. 4. The fuel. accordﬁ;'é“c} claim 1, wherein mis in a range
of 3to 16. 15 5. The fuel according to any of the claim 3 or 4, wherein m

and n valyes are same,.6. The fuel accordjng to any .of the clajm.3 or 4,

e M) VARG e DTG Do PR o) BocEIEAg o e, eroup
compiMéngrentiatine, syththetiedpidl issarpalignaienio, dieseld, Taaiebelyiuel a mixture
ther ccording to any of preceding claims, wherein the diesel fuel 25 is having

©O¢etane number of at least 45. 9. The diesel fuel according to any of
preceding claims, wherein the diesel fuel is

3. The fuel according to claim 1, wherein n 1s in a range of 3 to 16.

4. The fuel according to claim 1, wherein m is in a range of 3 to 16.

5. The fuel according to any of the claim 3 or 4, wherein m and n values are
same.

6. The fuel according to any of the claim 3 or 4, wherein m and n values are
different.

7. The fuel according to claim 1, where in the synthetic fuel is an alternate to
diesel.

8. The diesel fuel according to any of preceding claims, wherein the diesel fuel

is having cetane number of at least 45.

9. The diesel fuel according to any of preceding claims, wherein the diesel fuel is

oxygen rich and is having high oxidative stability.

16



oxygen rich and is having high oxidative stability. 16 10. The diesel fuel
according to any of preceding claims, wherein the diesel fuel is having
better low temperature properties. 11. The diesel fuel according to any of
preceding claims, wherein the diesel fuel is 5 having better combustion

ptBpertidgePesehéidiaserftiokdecurtipigPis eadnarqhransdiviprsiaiihs, diesel fuel is
haviné’ﬂ%?tre‘?i%W?eﬂl?&%'tﬁ&‘?bf%p@ﬁ‘@@.g zero sulphur content, zero aromatics

content and zero olefin content. 10 13. The diesel fuel according to claim

1, wherein said compound is capable of being 100 % substitute of high

speed didisediase] fusd asieditgdp asdortimgaesiagistaanyhdreipisdhg diesel fuel is
5 havingbetipoeer iy stapapistidiending in a range of 1-99 % with diesel. 15 15.

The diesel fuel according to claim 1, wherein said compound is capable of

bh"ﬁ?di”gﬂ‘ﬂe%{@s@gﬁ&fi&?&@%&ﬁ?@ﬁﬁ@&&ﬁ@&%ﬂ@%ﬁh&lﬁh%ﬁg%@ﬁag fuel is

to claim 1, wherein said compound i5 a branched 20 ester having beta
havingyrarchifiur ZontEFarery asparadics saTpeirh o ZRsemeldsn: cearmm CHs

CH3 (CH2)rCH-C-OR ; 0 STR 1 25 wherein said ester is an alternate fuel.

18. The ester according to claim 17, wherein R is selected from the group

10 chmprisibeeriéas)l fathypcqording, iscckwispyl; Brwacissadtgpmmeiig-Bugapadle of
being 96@%%&&&@6{{%@@ 19 Jihe.gster according to claim 17, wherein n is

in arange of 3to 16. 17 20. The ester according to claim 17, wherein m is
in a range of 3.to 16. 21. The ester according to any of the claim 19 or 20,

wherein- MRt OV ae I X ams AR A TEreRl-ag- i &ilfoARaCIPable of
to claim 17, wherein said ester is capable of being 100%
blending in a range of 1-99 % with diesel.

15

15.  The diesel fuel according to claim 1, wherein said compound is capable of

blending in a range of 1-99 % with biodiesel.

16.  The diesel fuel according to claim 1, wherein said compound is a branched

20 ester having beta branching.

17. A branch ester of compound of formula I:

(CH2)mCHs
CHSW(CHg)n_*CHmﬁmOR
o)

STR1

25 wherein said ester is an alternate fuel.

18.  The ester according to claim 17, wherein R is selected from the group
comprising methyl, ethyl, propyl, iso-propyl, butyl, iso-butyl, tertiary-butyl or a mixture
thereof.

30

19. The ester according to claim 17, wherein n is in a range of 3 to 16.
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substitute of high speed diesel fuel. 10 23. The ester according to claim
17, wherein said compound is capable of blending in a range of 1-99%
with diesel or biodiesel fuel. 24. A process of preparation of branched
ester according to any of the preceding claims comprising: 15 dimerizing
an alkyl alcohol, using Guerbet reaction to produce branched alcohol;

oydizingthe sesylianiancbedicPholk 16 LRalnbiaanBe d esidsie.

esterifying the resultant branched acids (Guerbet acids) in the presence of
acidic catalyst to produce branched esters. 20 25. The process as claimed

in claim-24, wherein Jne21eoRaL AeREMaR: BLEPPIRNWMRFARMHRAMA n values are

alcohol. 26. The process as claimed in claim 25, wherein the alcohols are
same qndtfiardl. 25 ethanol, propanol, iso-propanol, butanol, iso-butanol,

tertiary-butanol. 27. The process as claimed in claim 26, wherein the

alcohol is used alone or in the mixture of any number of alcohols, in any

pdportidhs. Sepaccrrdingdecdains Idanvhseens critheoiar Wivepaiiqrd being 100%

substit%%yﬁsﬁpgﬂ%-@S&scé{lPde acid or p-toluenesulphonic acid or sulphated
zircona or heterogeneous acid catalysts or combinations thereof. 18

23.  The ester according to claim 17, wherein said compound is capable of

blending in a range of 1-99% with diesel or biodiesel fuel.

24. A process of preparation of branched ester according to any of the preceding
claims comprising:
dimerizing an alkyl alcohol, using Guerbet reaction to produce branched
alcohol;
oxidizing the resultant branched alcohols to obtain branched acids;
esterifying the resultant branched acids (Guerbet acids) in the presence of

acidic catalyst to produce branched esters.

25. 'The process as claimed in claim 24, wherein the alcohol are primary,

secondary or tertiary alcohol.

26. The process as claimed in claim 25, wherein the alcohols are methanol,

ethanol, propanol, iso-propanol, butanol, iso-butanol, tertiary-butanol.

27.  The process as claimed in claim 26, wherein the alcohol is used alone or in the

mixture of any number of alcohols, in any proportions.
28.  The process as claimed in claim 24, wherein the catalyst comprises sulfuric

acid or p-toluenesulphonic acid or sulphated zircona or heterogeneous acid catalysts or

combinations thereof.

18



