FUEL FORMULATIONS Field of the Invention This invention relates to

di esel fuel fornulations, their preparatilorand their use, and to the
use of certain materials in diesel fuel fornulations for new

5pur poses. Background to the Invention In the interests of the

environment, and to conply w th ipngteasimainastdydgent regul atory
demands, it is necessary to increase the amount of biofuels used in

10aut onoti ve fuels. Bi of uel s are conbustible fuels, typically
derived fromﬁiﬂ %%faéhéoi‘ﬂ&&?ti %i ch result in a reduction in

"wel | -to-whe i conbusti on) greenhouse gas

em ssions. In di esglid ueixaeﬁmrorus&]jartébﬁammlm%élorfda&niﬁdx@zﬂllaltgjo@l&s,
t he nost corrm)kil biofuels are fatré% cid alk esters (FAAES

particul ar fatt$Had FREIHCRS q"( é’é‘%‘% "-hﬁat hyl
ester and palé@ﬁalm&érwérﬁi@rmt@féseelarﬁ;éns%frﬁm@&% W ney

conventional diesel fuel conponents. 20Lower dial kyl carbonates, In
parti &ul ar digiEtsgesar bonate (DMC) and di et hyl carbonate (DEC), are

al so bi of uel sBﬁ: gg J}?&/% 6 r&ﬂg% gggﬁt Oei_len added to both gasoline and
di esel fuels stance as oxygenates, as

conbustion i rrpr ovars tard itrr SAeeadiics pold Winvdrdrenglts. adeveee fcondpher e
are a nunber 1_Bractl cal, constraints on the concentrations at which

DVC and DEG CRrEtbe TTRaaridti 1 St GHETH Y & SERIORclamange, it 15
particul ar, theldsdow fdasthPaldds enandhddit meﬁ%lﬁrgly dsE‘éaJCﬁfi

flash poi nts of bl ends containi ng them- tend to 30limt
concéft r at i ormutand s tHml 2% v/v and DEC concentrati ons to ar ound

3% v/v. As a resul é( on have r.eceived li.ttl.e
attention as fuel Bf:(?rrfglon n%ésreot rjloqaet %tu §t’| VR Geaw %egllved

FAVEs have muetvoshitghsrodi@sh Smlﬂ‘ttés t hmnd}ot&edﬂ\m‘z ainl aDEEédL&ﬂQlc&S i
result could potentiall y be bl ended 5Swith the dial kyl car bonat es in
order to increfyel THTWRSRET abt 19 t 5 S YR A &Y FRUPUS K

conponents. Hoveyal,uddere @ﬁ@&&éﬂurﬁqﬁaﬁsé’f %@f&sf%swé af,pd

with the use of FAMEs In diesel fuels, in particular at higher
concént r at i onsempieEs Hiddi tior bforn AVEIe dhl esst famtindOflorailalts on

raises its cIoud t.0, a ent, de n the FAME
concentrati orf: Eftfoagqt% arCaJIGSeri]?ﬁfe qed:%) {%ESHI ugdt Rl P Fois Y
of the fornulatidmetWyleweiersugrAMES hesudlc | i fsd @ mdd At idyt et
oils (triglycerides) during their manufacture, FAMES can 15cont ain
trace anount £ %lif%éﬂ]dé%ethw R 15Ul Hhesh rivd esad des bignds with

gl ycerides teng, Qo rg:gle & CEYSt a%lnl@ﬁfné}{.g before the FAMEs

t hemsel ves, and can cause fu filter ockages. These three effects
can &6énproni se t hé.cewird dwdimér qae:ﬁomatmmem rar2(RANEIT alite thividg

di esel fuel. can .t he re 1 fficult to faornmu di esel
el | FAVE. bi SIFEGIAS 0o rarevit e e e el oot ahaa oo
particularly blrbmmrwmldmaase FANES qmsﬁ heddn axddad i) gyaduct s

al so tend to 25accunulate in engine oil; this too has limted their
use gasoline and diesel fuels. They have been used for

instance as oxygenates, as combustion improvers and to
25 reduce pollution levels, However, there are a number of
practical constraints on the concentrations at which DMC
and DEC can be included in automotive diesel fuels. In
particular, their low flash points - and the consequently
reduced flash points of blends containing them - tend to
30 limit DMC concentrations to less than 2% v/v and DEC

concentrations to around 3% v/v. As a resgult, dialkyl



i n nodern FAVE/ di esel blends. At higher concentrations they can al so
cause fouling of fuel injectors. FAMES -are -al so nore expensive to
produce than ethanol (the biofuel nbst comonly included in gasoline
formul ations), and 30their world production |levels nmuch | ower.

It would be desidablad haRfed Uil RRWM @lctfﬂi% CRURANIRY A gsgly fuel
formul ati ons which could overcone or at least mtigate the a ove
probl ens. - GbmpqaanuanﬂﬂhenﬁthdnaaUnnahaUMvely lqmcd@wdﬂng to a

first aspect of t ent |nv |o e uel
fornul ation cont a?W& ?‘l ml“& ﬁg‘@&%ﬁgﬁ&’v\;@% Eg‘ﬁﬁygc’?ﬁ bgﬁat e
(DAC) 5 sel ecirell fHOMdideihW xeetgxﬂaﬁm:L(dDMa)uexﬂjlauw forzelisole:nz: 2 o
(DEC) _and m xt.ures thereof and i n- butyl carbonate (DBC).

The f6rmul at Y8ri-trdifeal qr}ait)eSar%na&afdtqroﬁéa ICESAS T (el
conponent. 1Q H18s; r n a ai

flash point 5%3#1 di eslzllttrﬂfouf'leolSLI E%r%u#gﬁlcﬁl%ic%rﬁ% tr(ﬁ ng D‘I;?%ntsr I%){E%etv%%
greater ext ertthetﬂeaman diet mmmhmmmmmmm@muadsmm ftlhas h

poi nt of 89C. rticul ar, ts fI poi nt_rai ef fect ap ears
Po be 15 of g iyl di giser FPIBC, I e IaRtiE H hat
of the sane ceRRRATRIHiQMOf ﬂf@a@mnm@rbloqdlaemﬁca;@anmtegeape:@%qd

mathél ester (RVE), despite the fact that the flash point of neat RME
(170&P is farfqafrrgﬂatltqﬁla#at%s dftﬂjgéo%mléltsurt@rlaéi Rt covery

al lows DEC t g ].lla%?pc e i di eI
fuel fornul at |e% or %%he pur pose o fn%{eal Si r%%{nhg%? %l as ﬁ&%%ss . %
wi t hout the ardwbacks grotodntdgrlrigy rasisaci (@tFed )wictth titee ﬂcmxiulmmnof a
FAMVE for the_sane purpose. .In di.esel fuels can he for t ed
W th b gher CCHEDTELY (oA SOl TR PTG uIThAR S AR oA (Hage

i npact on t heitriQuefcddi dds3s mpainy Tnelhe nafrlftsiterOf s PRGrean

help to bring a DMC- or DEC-contai ni ng di esel fuel within a desired
fl ashSpoi nt Seadiefine s amawicar 3oy cor igasi di @axkdiavd agher e
the fuel is r pr t_qi:nvention
is able to p&n%\li/’llo %’réoe{}é%c?\%?l n;nﬁ{seesgz’l r?gs{lo s&éo tferﬁ%rh.ll a %Olﬁge ted
bi of uel - cont amysrt@mjwloufwé:leﬁoo:renﬂm iF@mE',s n:memseélvesparam(i:tdaazr

sumer grade d| esel el partl cul ar chi eve target flash
poi Nt s. P Tl 8 L I Sy RGeS TS £¥he

concentrati O%dﬂfpr%g%é Rt Qﬂcﬁ.@'wéalt@ierf %’Sﬁf‘ﬁﬁ%ﬂa@%e oty only does
DEC have a | ower cloud point (-60C) and 36C) than FAMES, and

t hus2fhe abi |F|P@@mnt@\ml%éilcﬂs(ﬁld fpﬂ(ﬂlnt Iénd:aazmhemef@rméle

formul ation t i @%}E]o it

bi odegr adabl ﬁ%gﬁnec%usﬁgﬁq“ﬁﬁ%gédl ese SIsecif r}{{Blsélr ormu )aﬁtjt |Céor(?él‘(?}‘qddll§1 the
i ncrease t he rediesdarty aenerlgit cagntsericidfi dahd oy, mplaattiiemlasd v dig as
the DEC is derived from a biol ogical source, and in turn reduce the
gr eenhouse gé:?lé%‘ﬁ 5§10 t8Ssoci ated with the production and use of
the fuel, yet withabgweref thlégrd'b%‘i’ﬁﬁ%li%na§§%@u@5:§d athsbh t%'isﬂa' gher

FAVE concentratl ons. DEC can al so be produced from renewab
i ngrefdi ents (a@a:mm:iaﬂeomrxj@rmdlebmflbuttén@ oonbers Lls@dt:aﬁ dJI@eﬂ use

fuels,_it caqnb?no e%hemEﬁter at i IV ato tﬁt%e rmre trc%dlth_T Ilyon%sed

FAME bi of uel “Conponent S su nan e et
i nvention, thedyowemn rmlsﬁﬁldaai’sel\ﬂicﬁﬂtlr@GﬂJﬁLélj ririgie@ﬁ‘dzrsrrulmm alrs

DMC. Inanenbodlnent it is DEC ,
also more expensive to produce than ethanol {the biofuel
most commonly included in gasoline formulations), and

30 their world production levels much lower.
It would be desirable to provide new biofuel-
containing diesel fuel formulations which could overcome

or at least mitigate the above problems.



The di al kyl carbonates used in a fuel formnulation according to the
invention (DMC and/or DEC, and DEC) may 25be obtai ned from any known
source, of which many are avail able. They can for exanple be

synt hesi sed fromthe correspondi ng al cohol (s): nethanol nmay be used
as a startingdmterdals for tdpn of DMC, ethanol for the
production o roducti on of 30DEC. Such

al cohol s may therr@e:IOmes'llbleJ dtenrlavédrfsrtomsmealtoglfcah&s@mest invenbAGs.

can al so be ared b i ve, car ion of al.cohols ,
Crancester: f ER Ak, Dechind | A F O BE SRt Eshirednict
they may be ganeratiesveas nc:qdzmductvﬁe:.lghtt ke S Riih esirh dfa tON@RId)Y | ene
egcoI from et hyl ene. oxi de and carbon di oxi de vi a etﬁélene car bonat e.

I'n" anSenmbodi MSHeCcHSd FpmhElimaarly é%iirfl%ﬂnattﬁé (DM 5Bte thy 1h spepasrk e
synt hesi sed usjgyg Fé!}ﬁf u(r(&mt%) '% % )i gldg:g%ﬂ”%%%'ﬂo%%'t%

impurities such as es or car onoch ori |c acl vatives
Such inpuriti @80y contrl bute to deposit, stability and corr05| on

roblens in a fue forrrul a 10The oncentratl o]
D Omt et ur ot her 6ofhel TORTiHLE2aPTT DB PURLFAI o addaddl A6 FCHHEoNal

i nventi on, wé&lO.ﬁfélvldbr@forgg‘rﬁat er, or 1 or 2 or 3% vVv/v or
greater, or in cases 3.5 or 4 or 4.5 or 5% v/v or greater. Its

concéftration may IEeh@E BYTROYSIPgLYoPegp fousdishat PBCoCan0wRipe.
The_concent a4 ool e DFS Idk LRI B 190,80 58,8 Yot b

greater, or 1 or or greater, or in cases
or 5% v/v or IQICEaIrerDEG A T cengardatan eaxueyt danp ntxgk&Q Haver Heror

98% v/ v, to 95 _or 90% v/yv, to.80 ar r Oor 50 or
30 o1 35 o SRS IARSY G5t Ot Gl aERrAnt of 85H U urre
ratio of thedowslcumlreculy fMRiahtpde WHalidid féﬁff@%@ Pﬁedr@_ tﬁ&ﬁbe

formulation may for instance be up to 25:1, or up to
2:1.1%he rat |S@qm5flzwetly mqﬂe@r@e\:t@ny (ﬁl@rgg:q;#ceg?té@ctéron,orth@ngo

or great er C'Erhf‘é: PAss ocr ocl)a%fezﬁr: OCel%rl‘l %rfeq:th;e?r Bjérr&r!(:%?é’l%%ljés%ﬁ or

greater, ea
appr oxi mat eI )Coiltpbne-fh:e rmﬂ:tﬁstaamadetdiye'ls@stfaxel mmmommupl(tiei ithe if’ract

30present, may he an uel, conpane sui tabl e Juse |n dles
fuel formul ath ﬁﬁyt%ﬁé‘f%r’f%r&i %Q{% of%ﬁr
ignition (diesgly @rE & ddcw il typi caIIy be a |IC]UId hydrocarbon
mddle distillate fuel, - 6 - nore typically a gas oil. It may be

pet rdPeum deri vedThig ﬁwfpb‘ésgﬁlgc@msé}loweéwk@ﬂ—és)@fﬁeDﬁ@elt%@@p@ﬁ@ﬁﬁt as a

Al ternativel rfﬁ% et )], Jihe product
of a Fischer )é'Flmg)ps tgg)r%}eﬂr%@;t |dorgl DE{C? ma ﬁﬂ%% 5§er| ved T om a
bi ol ogi cal sduwreeildti oy, tfe:mrthmqjmﬂmsa:n ofX teanRdirey dish ras lash

al cohol (in partlcular a to C4 _or to C3 aliphatic alcohol, nore
parti cul ar | y Rl Ut Wlt%ﬁl"ad:d?ei dd:@éﬁbarcﬁ%? %%bﬁr?@rﬁ Y ia99esdiated

typically boiy;dmn ttﬂaze rr@lgﬁsﬁdrprafl%il FvEL )t 136 Qe ASIMIRE orrn1 OEN

| SO 3405) It will suitably have a neasured cetane
turn, diesel fuels can be formulated with higher

concentrations of DMC and DEC, without or without undue
impact on their overall flash points. The inclusion of
the DBC can help to bring a DMC- or DEC-contalning diesel
fuel within a desired flash point specification; this can

30 be of particular value where the fuel is for use in a
warmer climate. Thus the present invention is able to
provide more optimised methods for formulating

bicfuel-containing diesel fuel formulations, in



nunber (ASTM D613) of from40 to 70 or from40 to 65 or from51 to 65
or 70. A formul ation according to-tHe- nvention nmay contain a

m xture of two or nore additional diesel fuel 15conponents (iii)

The concentration of the conmponent (s) (iii) in the formulation,

present, rray Q1 2 tmﬁ‘%_{o Brfadiere, Al Zan_,r é’r‘i v
or greater. I'n e%’o Iments o \qte(%ivention ruiet may 9 e%% Célg ly
20 70% v/ v ortcgra&zttme drar?jetorfl&&mipc&m.wlv or greater or 90 or 92
or 95%v/v or gre t09%v/v or 92 or

ot
00 or ot ur Chosh uinelre adTBE 30 nilied OF aichngahe R cb0 i ResthsR o

The conponentdty ddrident¥t I@PrEsenicd e @Jcﬁresmr tFuefl tdgdieltion.
formul ation: after 25inclusion of the | ower nol ecul ar wei ght DAC (i),

the DBC (ii Ny RS AR Havea aaddi“telrvé‘éoq%é’cééhﬁp Jmdt°@3) and
(1) my thenefore f@Rnessnl, Hgnhal A sl Q9% Milaraatiyvelyeet he
fuel fornul ation may corrpri se the ecular weig the
DBC, opti onaldhe m]tdudSanmtoram’bmm asiela el 1 afchdmtul\aets,orblﬂo Wit kwduu t
any additional_ diese|_fuel, c nt s A f.uel of nul ati on
according to tthe§ 'ori”'s efsﬁ%i&"% tﬂ’%@r’rtﬁmaﬁt (ASTM D92 or
D93, or IP 34)i egradhble38Gd R iorPrirmfa 4ﬁé¥el45ﬁé-lr ﬂ&ixﬂh}ﬂra,tl@h
of 50 or 55 or in cases 60 or 65 or 70 or 75C or higher.

f or miPat i on ¢fan HEOquaAsR i@ §3htﬁ;iﬂd e ananmbleortrentu e jthe

e O okl O3] h dolf SN A SURFDUSL I N FronBliel an
engi ne may be éither eavy or ut orrru ation may in
particul ar béistlidcaliea fmmse, mdarlxalntmmMeﬁmat eded gnEnhouse gaisn
an enbodi nent, the fornul ati,on Sui td%I e an adapt for

a "sunmer gr &S AT SR 1@ sk W iie Ut?é:é'qnnaiﬁéiri’egre &5

such as Aust riylasi & AaNQHQMh | fewWsds By a@&%badksa@s@&q@mmw ls
sui tabl e and/ or adapt ed for high tenperature use such as at 302C or

hi ghéb. | n fdvicher SAYEYiqasmentnaia drst miBat iasm r?éys%é)elm@%de from

and/ or adapte se , qﬂﬁ%
heating oil. rdene%a %I?réu}i a%}ig}o? (ié%l %tq%%l;g corrp y W|t Hocl
appl i cabl e Cmﬁaﬂtuﬁchmdardiechﬂseﬂuefml Js:penan‘ ieatd a{esgdpesich as for
exanpl e EN 59Q (for Europ r ASTM D975, (f.or the USA), 20By way. of
exanpl e, the Ve qtﬂfvarﬁﬁatqieoﬁnm tﬁﬂﬁé%%@i&%w% FRE) 5 s
kg/ m8 at 15C {ASIM A5 % o BN 196 3675); a T95 boiling point (ASTM

D86 or EN | SO 3405) of 3602C or less; a neasured cetane nunber (ASTM
D613200f 51 or grédat em; exbioidigemt @fwté!@os}i-fwﬂatmzl54¢®e( ASWRD445 or

EN |1 SO 3104) froquzl to W@yq(hcte C]sté)A( 25118 S %q_x uG_L%E ent (A IMt

or EN I SO 20 ess? and/or a 1 ¢ "aronna

hydr ocar bons {PANbatinted, (1P 3Ofrod) ) of | ess than 11% w w.
Rel evant specifications may _however differ 30from courlt rfy to_coyntry
and from year to g@@”d¥%ﬂqﬂafarbonates used in ormulation

according to the invention (DMC and/or DEC, and DBC} may
25 be obtained from any known source, of which many are

available. They can for example be synthesised from the

corresponding alcohol {s): methanol may be used as a

starting material for the production of DMC, ethanol for

the production of DEC, and butanol for the production of
30 DBC. Such alcohols may themselves be derived from

biological sources.

DACs can also be prepared by oxidative carbonylation

of alcohols, or by transesterification of dimethyl



depend on the intended use of the formulation. Mreover a fornulation
according to the invention nmay contain - &el- conponents with
properties outside of these ranges, since - 8 - the properties of an
overal | bIend nay differ, often significantly, fromthose of its

i ndi vi dual rel tra f
conponents (i g to %I i1 ?ﬂlrrri%/ 1C olssgnacillo\%ﬁﬁp Spé{emdre ﬁ?cc%}er%l es
for the 5for md-adrartuass almlrtdiee syfrﬂ:rhemaﬂmm rentauimdrerce j1ves If |fasi

poi nt. Thus t rel ative, oncetralons w |l _ also de d on th

physi cocheni c%%yﬂredb:ercl’f t‘?ﬂi} g ecd’r?ﬁor?éﬁlyglef@uﬁaégﬁo@ate
concentrations ”H)Inb%tnC@nﬁiélcﬁfnf%gltby iPRlaY @ ?Q%E%E*r'e@t ¢kl endi BAcs
rules to the 10properties (in partl cular the flash points, but also

potenbi al |y G?e%rt%rltﬁp@ thesn W%@%&%m@m E§CAns , as
nunbers) of t nd| Vi dual Cﬁ'}‘F onents rra be vi sual i sed using a
two- or thr eet r%l%’( esA'L 14tli%h SHEord ng to

the inventi orbﬂmﬂe@sor&aldaﬁcﬁm&ﬂ%xfﬂﬁlc %r01rdefdé3:%.rxbé1ﬁ%st' @i ch
are suitable for use in diesel fuels. Many such additives are known

and conmmrer ci alMoprEVEHigsamay, contrifgdey dinganesd tsesowdidsipactanst t he
present i nvergo lot}le giébslegr{sovljndead A, A %O%%%la]ocrlotnhe 20pr epar ati on

of a diesel fue or uFAT T on, WHi ch process i Vol Ves bl endi ng

togetiber (i) a | omere mhwﬂtafatmmgh:tf RAC seieched oromikoereDEC and
m xt ures thereof and (ii) DBC, optlonally wiith (ii1i) one or nore

addi ti onal di eqfyel i GhsbiRsiRls, Fuld f@&ﬂﬂ&ﬁéﬂ%ﬁqw%gort%#@

fuel 25additi¥Ren ke PLHRGETS: RSP Msed IR dfieduce,aty lgast 1, 000
litres of the fuel formulation, or at |east 5,000 ‘or 10, 000 or 25, 000

litres, or at3¥ east CBI).@OWW:?S)RDO@ araskEg0 300300Ir| th ey 4.9 axr 5% v/v

enbodi nent of__the s cond ect of .th 30i nven ion the
nol ecul ar wei ghtgrﬁE% r?oct%nc%a 1')p dql% an 2lé%ip Vc{prl ate®

vol ume rati o,tcand idr rlaceﬁ:sar% ther.m xture then bl ended with one or
nore additional fuel conponents (iii). The DAC mi xture may for -

i nstance be bl end@@WCORCERETEEHHENETt L8P PRCI jinathe é@ﬁ&@%ﬁﬁé@%ﬁ‘a&f
up to 30% v/, Dhased Qv he RReduct- fugl f ormyl ali oy (Of, @) %reater}:dy

concentration of up to 25 or 20%v/v, or up to 15 or 0%v/v
be bl ended atora i%corcEs r3at5 @r of or%4./5v cor 5 edtverorh aswehtay .t Hes

pr oduct forrrul atio r. or._3 or 4 % v/ \, Or ter, or_in
cases of 6 orf°f'S (ﬁrﬂ:ga%;%j BV 6% VR, %rggr g’atO r\é9 %gn‘%% e pBE Wi Th
the bower nolecwsanwaioghty MAC Gamp bi)b e g0 tox fdady pu iy Jelaxr

to inprove its handling 10and storage properties. A third aspect
of the inventdoRTrd des a FetlodOfl 0T dtd BF dP% M/etrnal

combustion engi ”eTh%n%‘ihm% ‘F’]c‘égl%' & PMLEN 110800 &n%?t'éc%ia%n Wbt 3 c

conbusti on engi ne, which net i nvol ves introducing into a
conmbusti on chanbero afhel StHE @Engi ner it dxaimflizedidrommay dtdmoninstance

according to.the first pect of the.i vent| The .engi
Ui tabl y a CHRESSIDRS g HomR Aol efgrie: SBuct 1 diss e iy Y
may be of thedir.acty igy estdaied YR f.09 exagiea iy t g rotey wpunp,
in-line punp, unit punp, el ectronic
greater, or 1:75 or greater, or 1:50 or greater. It may
be 1:25 or greater, or 1:10 or 1:5 or 1:2 or greater. It
may be 1:1 or approximately 1:1.
The additional diesel fuel component (iii), if
30 present, may be any fuel component suitable for use in a
diesel fuel formulation and therefore for combustion

within a compression ignition (diesel) engine. It will

typically be a liguid hydrocarbon middle distillate fuel,



20unit injector or comon rail type, or of the indirect injection
type. It may be a heavy or a |light duty & esel engine. The third
aspect of the invention also enbraces introducing DBC into a
reservoir which contains a DMC- 25and/ or DEC-cont ai ni ng di esel fuel

formul ati on, r f ot t a
conbusti on char#oEp ¢ deﬂ'e 1}(;(r?lipg|Cgtna!esoQ)Il(r? otIl% n{aﬁg%&%&hﬁ% es?lérgt‘]%ld 1t
formul ati on ofayt hee |qweJm1tcmrrr&y Herquesearfeckli mosiptomeant .a reservoi r
fromwhich fuel is fed inta an internal anmbu n_engine. .

Acoor di gt o AL R Vb Gt G R (RAC t e 18 O did TeNe D
use of DBC, ithe ghaRlt fdfela frorgBH ST N dichdRghsd diwer T khRGUlsar

wei ght DAC selected from - 10 - DMC, DEC and m xtures thereof, for
the plrpose SeHIVERIHWY at rtewrlt%lwadmsmume t A& ﬂ@meatqlbr%nClUde an

The flash poigy, @ng&term giserf" 1%110% the, (l;j-%[ &1%[90%{ Ure & or

whi ch, under a test SCon ions he appllcatlon
of an ignitidl saurdse aiaqﬂm:ﬂdﬁea]tca:nmlr atmmeepammmﬂlardfy tdthanol )

formulation to ignite dthefla pagat e .across.the sur
of the liquid. It*&af r &4 “?Pgncﬁérlﬁ 1@?@&85‘23
as ASTM D92 @493 |t|?1e34rar@’e @'}cﬁna.'m%s 17RE hed 3@01;08(w§1@43|r%6 or

procedure is described in Exanple 1 bel ow. The i nvention nmay be
usedlfo achi @b Teﬁ%/ Hddriee 167 Widdr easidalin h@‘ﬁel & megsiumeofcatihae

formul ati on. rt fla

point at or é(bove a %em rg%]tagr ge a%g%s O\?&? gftlrlogrgé% 1 %% &

i nventi on maytdeen Usedd &4 rer edse the flash p0| nt of the forrrul atl on
by at least 0.2%aof its | ye ( edanIV|n ri,or to addition
of the DEC. of byAafoFERIAtG08 GHeoTE9MT DY iGng TGy LHRGPLD

in cases eveny by .2 gl %prtt% QU HDTa IS 0r20) 'alte'&,%lccﬂieﬂ__Xt of the
fourth aspect of the invention, the diesel fuel formulation nmay

cont 4Pn one crommemEerdddi tiignal di esel fuel conponents (ii i) in
addition to the | r I |ar, t C. nypartigular a
summer grade di esgﬁp{%f ﬁ%?’ %gllrérru tétéj?lo%& 5’% CO}“E)E%&( Ila(;} hg l?l tRE
flash point, farinerdudaddiid grafertthe dBCheMt er iS5 droviers tWam otrhat

of the DEC al one (i.e. which is |ower than 89C). It _has been
found that DEERHFTb&Bst0 tHe ¥4 &h 496 M/ 00T THBLAT 1

for mul at i on- el e DUE AKY o A0REGn Aha k16, d lost e oul d

be expected if conventional blending rules applied, that is to say if
t he R8vel of HJ%st’ paimtgdesteey cuat’ed dyy &er&ﬁ%natv Ry tdreddexsh or

poi nt i ndex cogr%)et#tel nzn?dn\é'%%lﬁ’ .vo[ﬁzroggern%asceracc&r Crirha 1o 4 h%d“gé{%%}/‘ on

of each conp enomenon s 8 nunber

potential uses: Jp rsdl9s dit mmxalgmwsxt s aghisemeent. afn addghar may
flash point than was preV| ous|y thought possi bl e, for anqyse)gl ven

Sconcentrat i 61 o BEC,7 q rPJ’a E5[§]V[§’r atit oF/ "DEGREO rACHIRANRT (o s el 1 ide may
formulation. ,Secondly, g@c} W Do aghl eVRIEHL Gy 13 dahets fdash

poi nt using a [ower than pre |cted concentration of DEC. This in turn
can BRBduce t hHevdostionwmifchihe dhiwdie maslsanilate arasight e alddi ¢ itdre GIBC

10DEC to the Olr mjlnadt Iany ophzla.roq'{aYI ft}elca dﬂ.ltll%vésl hechueseco%ponent {(g)
(iii} may therefore represent the balance to 100%.
Alternatively, the fuel formulation may comprise the
lower molecular weight DAC and the DBC, optionally with
30 one or more diesel fuel additives, but without any
additional diesel fuel components.
A fuel formulation according to the invention

suitably has a flash point (ASTM D92 or D93, or IP 34) of



a higher DMC and/or DEC concentration than woul d have been predicted
to be feasible, whilst still maintaining7he flash point of the
overall fornulation at or above a desired target value; this in turn
can boost the 15bi oenergy content of the formulation, as well as

xanpt o 1 oduct anch 1R R K oo (CrR. CEsur TGS e r e

used to repl &®,cratirl easdtepadd it 165 ca FAABLWYSET waulbd gdidrer wi se

have been 20included in the fqornulation i,n order to_ingrease its
flash point. e @rEIatdRy o ther AAVRTELABCETBRI0nES RYSREPR,
there is proviged,& nBl ROt dRir dNGIRASIGY ik AL 401 AntQfridi esel

fuel formulation which contains a |ower 25nolecul ar wei ght DAC
sel ecbed fromdDMEsDED @nbimisdt usd wirereasfing maor drsr eid-heghibepeva or

target m ni nmum fl.as i , i h ri i ta. 1.
formul at i onn;ilcgcl)r{nt%é‘hnutts};'t ir&z)hnexcfoo ‘%%&rz%\%%g%éf %’}%’ plas%l%'c?\?\lggrg%aen uﬁg%ble
m ni mum concefur aidedras s0f dCnwuicte tdieasrel aidld 30predi ct needed to
be added to the faorrmulation jn order to achieve flash point X The

theoretical DEC cdfic&ft FAOCORIRT, {Ay E@ray{lé&PQpe&su§m§a§p§ and/or
surtanl e flasupaidd Rleildtd Wl & summel? grdde M deiod iial aie e

cal cul ated as follows, nmaking use of the ckey-Chittenden flash
poi nfLlOnodel . fuel, T fussshrpofanmemdedmsites usid esf Ausdirad@gignent s

(in this case_of, the | ower | ecul ar i_ght DA .he C. any

addi ti onal diaélsépfloj? uet V‘anrrrrnpeg??lesn?qssog}se‘;\gﬂﬁ? )ar} sengjﬁ%%qeal%gd lgciqgsonbi ni ng
the flash poigifitamlieemdfod haidywntl fomtingn tterase ra thutec isen safch as
their volunme fractions in the blend: |ndexblend = 2vl |Indexi where Vi
i s the vol umé% r3t1G &F FiHsHponent i and Indexi 10is the flash point

i ndex for conponenty iryreher Eiddideihd2ol Mhd Fe%wN@N 1 8RC hagomRONENt
can be cal cul ated using the Wckey-Chittenden nodel (Wckey R O and

Chi t &nden D.skiitaidy coattmon Riamessiiny, WX 6)s a06enduBirgg)das sgllo

(Index i ) = -6.1188 + 2414 uatdon 1), FP + 230. 5556 15where FP is
the flash poicﬁrt %t %Hﬂeor%%ﬁ}}:dbégﬂ?a.atlng OJ\;Wen usi ng equation (1), the

bl endi ng flash poimde EorbMIats drakdn 1t @uie 00y arthplliawiah BES1iEaBCe
These figures take account of C{)otenti al m smatches in Hansen

sol ubi | ity pafEmanr < BBtaRch FIREBAG Y SRRFHyifdddabon ideias for
conponents pr Te EN \ﬁdﬁ\ég/%cﬁlﬁﬂét%tmﬁ Ishs poide ddersdor

the overall blend, the ittenden equation (1) nay be used to
cal c@bat e badk tvwey fdfastkapmlne, fore theeddlehdoByuliaisiant imay sl e

val ues into these equations, it is 25possjble to work back froma
target flash GBSt frpm 820 to 845 Kg/m? at 15°C (ASTM D4052 or

EN ISO 3675); a T95 boiling point (ASTM D86 or
EN ISO 3405) of 3602C or less; a measured cetane number
(ASTM D613) of 51 or greater; a kinematic viscosity at
25 40°C (ASTM D445 or EN ISO 3104} from 2 to 4.5
centistokes; a sulphur content (ASTM D2622 or
EN ISO 20846) of 50 mg/kg or less; and/or a polycyclic
aromatic hydrocarbons (PAH} content (IP 391 (mod)) of less
than 11% w/w. Relevant specifications may however differ
30 from country to country and from year to year, and may
depend on the intended use of the formulation. Moreover a
formulation according to the invention may contain fuel

components with properties outside of these ranges, since



determ ne the volune fraction or concentration c¢' (of DBC) which
woul d be required to achieve X. - 13 — 8 - In enbodinents of the
fifth aspect of the invention, the actual DEC concentration c nay be
at least 0.5%v/v lower than the predicted concentrati on c¢c', or at

| east 1 or 2 s r i 5 0 5or
75% v/ v | owertq{e %J?O\gfrél%ﬁ dégsgé{e%t&%aaﬁ'h I nventl &n]dglr%/elgdes?%{thgl use
of DEC, at a «<igncefitdaatdilon Erom thalesd ifwselidddrmdwatl aondiicients .
contains a | ower | ecul_ar wei ght DAC sel ected fr

ni xt ures t her eof , rﬁ%@%ﬁ@p@@cﬁqtf@ltﬁepéa& n&gtené?ofr‘lpé’é‘lﬁnﬁél gtl ) of©
the formul ati ﬂrﬁ.lbjy iy AP WHoen WIETRIN ovd SIHiSAE LA dihg fdAashne

poi nt increase x which theory would predict would résult from addi ng
DEC t6 the foﬁqmtdtatdmlata&@m@mkea,t ifor exanpd & keoriatimngm desired

(predicted) Uhash ROl | DHLEASS IO D sal sl Al ad 10 1 19 oo

equati ons above e acC I Nncrease X ance

be at | east Gdp@dighahd mdﬂmqlf@djdaledandwm xf tire at | east
1 or 1.5 or 22C higher, or in cases at, |east or 8 or 102C hi gher.
20Accor di ng tigH Wkt 1F FEsaan ot t%*ﬁ%tq%?erttﬁ@r e qns e d

the use of D@glazlaacgd:qg,ergﬂﬁyl% cap;; Bia@teesqhéﬂaﬁngf qrdwsataoorthe

whi ch contains a | ower nolecular weig C sel ected from DM,

and #Dxt ures nﬁm‘r@m‘xea‘ orint Héudumulrﬁn rtéﬁsﬁl@fsh mym| émtng‘ﬂéo
target mnlrrumfl 0|nt X faor the f.orml atian; ) |J_Qwi
ncronse 1 dRreinedt B i R A LR A O
| evel above tmmlﬁmmezmcam rieie amdi'viwhiedh ddementxl dipt edivcbe
30could be included in the fornul ation, after addition of the DEC at
concent rat i oV iEUAHHIRLUSIRIL @ A’ heT IR NGN MR HAA 1S on

bel ow the target n i mf%rmu‘la]tﬁon accor‘ﬁg.@lgntot hed Il?ﬁfé?ft'l%%l may

maxi mum concentrati on for the | ower nolecul ar wei ght DAC, may be
cal clibat ed usm:rg:at:he ﬁtmmlrd,llfésel lar mmm§MWa$ Whﬂ(si}uc&efeDva

and/or DEC in a |ese fuel for Iatl (o] unber an
exampl e to i r‘rg&lo ColtFS 1o &ueegt WfsoL}cf‘ri{llaacf(?gtn V&5 o
partl cul ar tq{r{@,&u%d t@nﬂ&t@lmmtamdllﬁl&FPP) and/ or to reduce
em ssions froma fuel -consunm ng system (typical an engi ne) running
on 10t he fornul at iASEOrTEHEDOILT & FERRFe L‘PS% RIRSitons

associ ated wiiR, N8 Od&%f@m@%cﬁgeqé& d %Jéggw'@af Ofhe and/ or to

i ncrease t he bi oenergy content of t ornmul-ation, and/or as a
conbast i on i npreyeeratidoweviera ididwesl baenl rfmmsla&t;qonn wineclpastocass

bal ance such 15b nefl,&g‘ﬁ]’&f‘l nst,_ t he .gener.al | undeS| rabl e reduct.i
in flash poi m™ ertb‘?ﬁ?'ﬁg?%ag% t1i2 °Z1n nweolfgq-frthe
DMC and/ or DEGc e abidd tird® mife) esse éﬂlﬁlxﬁlmtﬂ@ér@cﬁﬁ vdridhouti )
undue detriment to the flash point of the formulation_can therefore
provi de DBC, optionally with (iii) one or more additional diesel
fuel components, and optionally with one or more fuel
25 additives. The process may be used to produce at least
1,000 litres of the fuel formulation, or at least 5,000
or 10,000 or 25,000 litres, or at least 50,000 or 75,000
or 100,000 litres.
In an embodiment of the second aspect of the
30 invention, the lower molecular weight DAC (i) and the DBC
are premixed in an appropriate volume ratio, and if

necessary the mixture then blended with one or more

additional fuel components {(iii). The DAC mixture may for



20si gni ficant advantages. Cenerally speaking the present invention
can provide greater flexibility in fuel- forqul ation, allow ng a
target flash point to be achieved nore readily by altering the
concentration of the added DBC. 25An eighth aspect of the invention

provides the Jyss. %Bzg; [ ' I farmil at i cont.ai\ni a
| ower ol ecul’ar V\%cg t %%@eﬁ?@&% @r’ﬁ Iﬁl\%fp( utg%d rrqlxjta'}tu)réag:ga
t hereof, for ddregnimeEosieomfof el act 1Y% at/« dastedanr itdld nroaldcat tfpel

acid al kyl ester ((FAAE) which is or 30woul d .ot herw se have been
i ncl uded in té?émfuolrarﬁﬁ%t'i G, 2t 2 CORGETARS YR qér/mmu&’artﬂ &* be a

fatty acid metgwly gst &r (FPANB 15 toxmayod af/J Nstance, be Rendds MY a
have been included, or intended to be included, at |east - 15 -
part| ¢ for tHEGEPEERE M iderldasi/g thadeadsiy peisad om tthe Pvoduct
and/ or DEC- cqni qi [ r j oN. [ i.ght t
the invention, 't %a@éﬁag}%gﬁ gj]l%AEBgcegd:da{%g I%c?twe@re/vggg% te?'lzdt%le:gnO(J):f
than theory vioulchguedifLtt Hm beomecessd o rL0& detv tor antdases .a
target flash _point after redu.ctl’ibgzrh?(s)f t he ampunt of the FAAE in the

formul ati on. 9 (e BEC ey b s PNT AEHITRR2F Jredtidr Ak éfion
in the FAAE aancentdiald and iNddlidibgd oRsIes veAugrdie e o HaRiaatiban
theory would predict to be 10possible whilst still achieving the
targéf flash gl mtorage gypnewrtissntext of the present invention,

“use” of DEC in aAd't%%fsz Ta%gﬁcft%@'t & 90 TR0 %%%'%zﬁ <t 1.ng Lhe sDEE
into the fornulation, typic y as a bl én i€ a physical m xture)

W th one or rayexrezniiter i esejerdnsl ddwdommirentshgibles [BE(C Add la vehicle
conveniently he incorporated before the fornmulation is intr oduci\g{j
into an engi MEGH thet= (Rt & Wit G TS e S "8t Bh.
I nstead or i RyAGHA 11QR,d RIS 1 H o G ARV Y A VRulHYY ih &hamber of
fuel -consum ng system typically an internal conbustion 20engine, on
a di 85el fueltHeorengizmé on Tieasd Miugy thrMEGtigpiasHddsdigyg to the

i ntroduci ng the formulation. i,nto . ?[@% i ct@@% f .engi-ne.
"Use" of DEC ]':{}Lﬂ‘ﬁﬁ%eas\}v?a%/cst oPeﬁsci:rr}l“?belg»“’gt‘:"bov(Laéz'sr}rﬁat?/ﬂ1 al SO e %g'cseasrs?lulpp yl&géa
t he DEC t ogetdwiprwiddt drnstanicticans(dicrs 251 tengdses | BuctdizesEledalel
formul ation to achi eve the purpose(s) of any of the fifth to the

ei ght h aspect®HR] Y RRefti die (S §GfstHheE 10T fofRas £ PhEFTHF

poi nt of the JordRy atdQly THEPEG B dd $8kdp bQurSuPRMIgS asi dditortfc a
conposi tion which is suitable for and/or 30intended for use as a fuel

addi 0ve, i n whitc hroesetatheoDROwn e i hdhvmed dah sfudihe Igshiposition
for the purpase. of . nfluenci its effect. on the flash i f
for mul atroiretioh S Tt Ra F miloh & @ e, e afbser

fuel e i nven
“achi evi ng" arfsiged target property also enbraces - and in an
enbodi ment i nvolves - inproving on the relevant target. Thus for

i nstance the DSC féyf Bélush@sReGr Sudd e IS 518 mlsqt iFPLATTh has
a flash poi ntirgﬁg@%sﬁﬁﬁtfdiﬁ@a Getr Al MEoi r which QUG 4 e

description an i's specification, the words "conprise”
and 26éont ai n"araivbw HEGi¢on oiindaverels, fual Exanplat ooy shngro

oD 10 oD S TS L VLB el L] L 2l Dt
Moreover the SHAMBEAICENGNPASSES I M other words, the diesel fuel
formulation of the invention may be prepared in situ in a
reservoir from which fuel is fed into an internal
30 combustion engine.
According to a fourth aspect of the invention there
is provided the use of DBC, in a diesel fuel formulation

containing a lower molecular weight DAC selected from



plural unless the context otherwi se requires: in particular, where
the indefinite article is used, the 15spegcification is to be
understood as contenplating plurality as well as singularity, unless
t he context requires otherw se. Preferred features of each
aspect of the,jnventd {18y, i hed 4 n n ' wi t:h any of
t he ot her Zog)sﬁggfcts. %Q]her lﬁ%ﬁ‘}%fseg%cs)e?etoﬁz iflr?\feﬁ%?ll%o%%\t#ﬁ%@ é)gorre

appar ent fromrdredsalrdowheg fbaaphesntCerfercald fospeakitigrt.he
i nventi on eXtendsa'thi%n ny novel, one, or _any novel _conbination, of the

features di scl osed™¥n RS BpEEitt Plafi SHEET hEFTEAGARY LacEORpaRYFAG
claims and 22 AWALY atl IS HEAMRS o PrRORe i RIACR IbF ikege

conpounds, chenical noieties or dgroups descCribed in conjunction wth
a par bi cul ar casysEdtionsnbddieneno lgrcadXanplod ef tilpe litriventsioon car eausele
under stood tq,he lLicable tq an t her pe e di nent_ aqr__.
xanp e 30 QEE PRI ERE (i CeRE o e, BPET TN LA 1h° RGPS Ger

unl ess st at eGir@l tieVfSemeanys eaidicatd seiresed they eur fae e repl aced
by an alternative feature serving the sane or a sim]lar_ purpose. -
17 - The-{5esentt § HFEEn RS MSHTIE SoWSEe S G SAERIGESE HigFdd MFEHERd

reference todhe ol LaweoRony inys i ie ewanplesn BraMi@Rul mdesel: a
fuel fornul ations were prepared by bl ending 5one or nore of diethyl
car bbfat e ( DEQ),tadilenpnptaddugay Henates DRSS dmd Exapedecd Mmetlopl. ester

(RVE) with a dies base fuel DBELl..The C,. DEC and RVE wer ch
Lol 1o the for mis: SRS ATOR HRYe B PEPLoooPBIRYPy Sivh SR Es Plel
was a commer giddasasavdid allee fzersth s thd dmitdve dieselItbase be
fuel, ex. Shell._ It had a flash point (IP 34) of 72.5C. It had a
density at 158€Y ASIMIBAORRRGSBAT. ¢ %R ifHastaPBat idtg 9oi nt

(ASTM D86) of il 22Gesd rEeep tl%&'df g, ANt (ASTM D86) of 3572C, a
final boiling point (ASTM D86) of 3632C, a l1l5neasured cetane nunber

(ASTMED613) of 55B%, way BZ5@x@mple23)thef ipgenCiandmay E850sEdPtd23)
of 89. 7C. ., The DEC.and . DEC wer.e so d from Sigm A.drich,, UK
ond the RVE ARSTHERSN CHe F1Re Hei Sh it G ol atieet st egis
were 20nmeasured Pt e Penskie Muxiaissdaosed Kurrimpt ked dd RaB4)ddiason

follows. A sanple of the fornul ation under test was placed in_the

test cup of &IPdiskyRlar BhPYaffarl@ars dhd WEatled o i WY &Tcdidtant
rate of tenpey gl W.e joncrease Wl GQpbi MoYs §tig Idng AN 1 'o::r' Hdre.

source was directed 25t hrough an opening”in the test cup lid a
regulRféir tenperatude ithiercvaltextwictth thiemflotartdoaspeateofuphicon of

stirring. The | owest tenperature at i th plication _qf .the

Nt 11 on sourdE RSBt WHE JHFRR. G AL Re PR (PR fae oF
flame to propagal eqmerdhe urdace ffell erpideitd (Wasi r eGorRd td%n
the flash point at the anbient baronmetric pressure. This val ue was

corrected to t€t difarveamespifsiilepreisite AC pdit mR34n parfgcular
Three readi N Vgers%n&r?é%e%xfa%e %%Eélorfﬂalatfoq:@aufarfion. It will

25 typically have a flash point, prior to addition of the
DBC, which is lower than that of the DBC alone {(i.e.
which is lower than 89°C).

It has been found that DBC can “boost” the flash
point of a diesel fuel formulation containing DMC and/or

30 DEC, above the level that would be expected if
conventional blending rules applied, that is to say if
the level of flash point is calculated by proportionating

the flash point index of the individual components



order to cal cul ate an average (nmean) flash point. The results are
shown in Table 1 below, together wth thelflash points for the neat
DEC, DEC and RME, which were 5obtained using the standard test nethod
| P 34. Table 1 also shows theoretical flash points for the

o 2, s b S \SiI G MK O B S e
% v/iv RVE % \U]AEIEEC‘]%M&I q@mrfdm@rpdiaﬂ A QuniPreadiccht g tfdrasimlpaisss .( C)
by WG Weasured | npr overent, el al] ve, Lo 5%y, DEC (O, Whastred.
point than was previously thought possible, for any given
5 concentration of DBC, in a DMC- and/or DEC-containing
diesel fuel formulation. Secondly, it can allow the
achievement of a target flash point using a lower than
predicted concentration of DBC. This in turn can reduce
the costs which might be associated with the addition of
10 DBC to the formulation. Thirdly, it can allow the use of
a higher DMC and/or DEC concentration than would have
been predicted to be feasible, whilst still maintaining
the flash point of the overall formulation at or above a
desired target value; this in turn can boost the
15 bioenergy content of the formulation, as well as
increasing the advantages associated with the DMC and/or
DEC, for example reductions in cloud point and CFPP.
Fourthly, the DBC may be used to replace, at least
partially, a FAAE which would otherwise have been
20 . included in the formulation in order to increase its
flash point.

Thus according to a fifth aspect of the invention,
there is provided a method for increasing the flash point
of a diesel fuel formulation which contains a lower

25 molecular weight DAC selected from DMC, DEC and mixtures
thereof, in order to achieve a target minimum flash point
X, which method comprises adding to the formulation a
concentration ¢ of DBC, wherein ¢ is lower than the
minimum concentration c¢' of DBC which theory would

30 predict needed to be added to the formulation in order to
achieve flash point X,

The theoretical DBC concentration, c¢', may be

calculated using any suitable flash point blending rule.



relative to that predicted by WC(C) 0 0 0 72.5 500 51 51.9
-0.95505352.0+42 +1.05 0 5 54.5 5219 3.5

It may for instance be calculated as follows, making use
0of the Wickey-Chittenden flash point model.

The flash point index of a blend of fuel components
(in this case of the lower molecular weight DAC, the DRC

5 and any additional diesel fuel components present) is

calculated by combining the flash point indices of the
blend components as a function of their volume fractions
in the blend:

Indexpiend = ZVi Index;
1

where V; is the volume fraction of component i and Indexj

10 is the flash point index for component i.
The flash point index for each component can be
calculated using the Wickey-Chittenden model (Wickey R.O.
and Chittenden D.H., Hydrocarbon Processing, 42(6), 1963:

157-158):
Logqg (Index; }) = —-6.1188 + 2414 (equation 1)
FP + 230.5556
15 where FP is the flash point of the component.

When using equation (1), the blending flash point of
DMC is taken to be 0°C, and that of DEC 17.7°C. These
figures take account of potential mismatches in Hansen
solubility parameters between the DAC and any hydrocarbon

20 fuel components present,

Having calculated the flash point index for the
overall blend, the Wickey-Chittenden equation (1) may be
used to calculate back the flash point for the bklend. By
inserting suitable values into these eguations, it is

25 possible to work back from a target flash point X to
determine the volume fraction or concentration c¢' (of

DBC) which would be required to achieve X.



+2.5 100 0 0 25 - O 100 O 170 0O 0 100 89 - - - 10It can be seen
fromTable 1 that the base fuel alone,-wikh-no dial kyl carbonate or
FAME present, has an average flash point of 72.5C. The addition of 5%
v/iv DEC (neat flash point only 25C) reduces this considerably, to

SIC. ISRUE has a_neat. (1 ash ROt Of LL70G Lar higher o 3. §00ko0t on,

t he base fuel. Yet he a I 'on o t'he bas

bl end rai ses tiHes ddtasdl pmmtcd:r;cmﬂx;atzm lon reontreastt, ltdas taddisty o' vof
5% v/ v DBC t the b se f yel / DEC buggﬂ i n accordance with the

i nventi on, heFarTobT FEHRHRA R B o By Aclenmits

i ncrease i 5 Rat td CdiJ 3594 ¥r SHMRAeH NGrSiiRc e dhe fdashaal nto f@r oxealr 5o
DEC is 89C, nuch |lower than that of neat RVE. It would therefore have

been &xpect edPnt Wat? RME Wewayr have - 19 -
A sixth aspect of the invention provides the use of
DBC, at a concentration ¢, in a diesel fuel formulation
which contains a lower molecular weight DAC selected fxrom
DMC, DEC and mixtures thereof, for the purpose of

10 increasing the flash point of the formulation by an
amount x, wherein x 1s greater than the flash point
increase x' which theory would predict would result from
adding DBC to the formulation at concentration c.

The theoretical (predicted) flash point increase x'

15 may be calculated using the equations above. The actual
flash point increase x may for instance be at least 0.52C
higher than the predicted increase x', or at least 1 or
1.5 or 2°C higher, or in cases at least 5 or 8 or 102C
higher.

20 According to a seventh aspect of the invention,
there is provided the use of DBC, at a concentration c,
in a diesel fuel formulation which contains a lower
molecular weight DAC selected from DMC, DEC and mixtures
thereof, for the dual purposes of:

25 a) achieving a target minimum flash point X for the

formulation; and

b) allowing an increase in the concentration of the
lower molecular weight DAC to a level above the
maximum concentration d' which theory would predict

30 could be included in the formulation, after addition

of the DBC at concentration c, without reducing the
flash point of the formulation below the target

minimum X.



a greater effect on the flash point of a DEC/ base fuel blend than
woul d the same volume of DEC. As can be s¢en fromthe fifth colum of
Table 1, the increase in flash point caused by the addition of 5%v/v
DEC to the 5DEC/ base fuel blend is in fact greater than the

W ckey- Chi tt enden I I redi | 155
suggest that theré%%g%é \ggllr%eg&%%%ggicﬁgeﬁg%gpgﬁl gg{l&%@‘;ﬁ?ﬁﬁgﬁ%&{% émgor
t he DBC, whi athd Savair predsentl shetwesierh tDEGCGNdhaRMbe HaExanplted? using
Exanple 1 was repe}'%tgefg, uﬁ{“ addi ng the DEC, DEC and RME to a second
di esel base fi¥ & THt5510% v/ v. DBF2 was a comercially avail able
zero sul phur aut ot e HeesrlsiRasa el ¥el inetuashemc. ahii/badpact Lash
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v/ v DBC Average flash point Predict | ash point Measured
i mpr éVenent r@leatfomyl@tion, and/or to reduce greenhouse gas

emissions associated with the production and use of the

formulation, and/or to increase the bioenergy content of
the formulation, and/or as a combustion improver. However
it has been necessary, in the past, to balance such

15 benefits against the generally undesirable reduction in
flash point which results from increasing the
concentration of the DMC and/or DEC. The ability to
increase their concentration without undue detriment to
the flash point of the formulation can therefore provide

20 significant advantages. Generally speaking the present
invention can provide greater flexibility in fuel
formulation, allowing a target flash point to be achieved
more readily by altering the concentration of the added
DBC.

25 An eighth aspect of the invention provides the use
of bBC in a diesel fuel formulation containing a lower
molecular weight DAC selected from DMC, DEC and mixtures
thereof, for the purpose of replacing, at least
partially, a fatty acid alkyl ester (FAAE) which is or

30 would otherwise have been included in the formulation.

The FAAE may in particular be a fatty acid methyl
ester (FAME). It may for instance be RME. It may have

been included, or intended to be included, at least
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partly for the purpose of increasing the flash point of
the DMC- and/or DEC-containing formulation. According to
the eighth aspect of the invention, the DBC may again be
used at a lower concentration than theory would predict
to be necessary in order to achieve a target flash point
after reduction of the amount of the FAAE in the
formulation. Thus, the DBC may be used to achieve a
greater reduction in the FAAE concentration (including in
cases reduction to zero} than theory would predict to be
possible whilst still achieving the target flash point.

In the context of the present invention, “use” of
DBC in a diesel fuel formulation means incorporating the
DBC into the formulation, typically as a blend (ie a
physical mixture) with one or more other diesel fuel
components. The DBC will conveniently be incorporated
before the formulation is introduced into an engine or
other system which is to be run on the formulatiomn.
Instead or in addition the use of DBC may involve running
a fuel-consuming system, typically an internal combustion
engine, on a diesel fuel formulation containing the DBC,
typically by introducing the formulation into a
combustion chamber of an engine.

“Use” of DBC in the ways described above may also
embrace supplying the DBC together with instructions for
its use in a diesel fuel formulation to achieve the
purpose(s) of any of the fifth to the eighth aspects of
the invention, for instance to increase the flash point
of the formulation. The DBC may itself be supplied as
part of a composition which is suitable for and/or
intended for use as a fuel additive, in which case the
DBC may be included in such a composition for the purpose
of influencing its effect on the flash point of a fuel

formulation.
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Here the addition of 10% v/v DEC reduceslt&he flash point of the base
fuel from65 to 44C. Adding 10% v/v RME to the DEC/ base fuel blend
increases its flash point by only 1C, whereas adding 10% v/v DBC to
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specification, the words “comprise” and “contain”’ and
variations of the words, for example “comprising” and

10 “comprises”, mean *including but not limited to”, and do
not exclude other moieties, additives, components,
integers or steps. Moreover the singular encompasses the
plural unless the context otherwise requires: in
particular, where the indefinite article is used, the

15 specification igs to be understood as contemplating
plurality as well as singularity, unless the context
requires otherwise.

Preferred features of each aspect of the invention

may be as described in connection with any of the other

20 aspects. Other features of the invention will become
apparent from the following examples. Generally speaking
the invention extends to any novel one, or any novel
combination, of the features disclosed in this
specification (including any accompanying claims and

25 drawings). Thus features, integers, characteristics,
compounds, chemical moieties or groups described in
conjunction with a particular aspect, embodiment or
example of the invention are to be understood to be
applicable to any other aspect, embodiment or example

30 described herein unless incompatible therewith. Moreover
unless stated otherwise, any feature disclosed herein may
be replaced by an alternative feature serving the same or

a similar purpcse.
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relative to that predicted by WC (C 00O

The present invention will now be further described
with reference to the following non-limiting examples.
Example 1

Diesel fuel formulations were prepared by blending
one or more of diethyl carbonate (DEC), di-n-butyl
carbonate {(DBC) and rapeseed methyl ester (RME) with a
diesel base fuel DBFl. The DEC, DBC and RME were each
added to the formulations at a concentration of 5% v/v.

The base fuel was a commercially available zero
sulphur automotive diesel base fuel, ex. Shell. It had a

flash point (IP 34) of 72.5°C. It had a density at 15°2C

(ASTM D4052) of 840.9 kg/m3, an initial boiling point
(ASTM D86) of 177.52C, a T95 boiling point (ASTM D86) of
3572C, a final boiling peint (ASTM DE6) of 3632C, a
measured cetane number (ASTM D613) of 55.4, an E250

(IP 123) of 22.4°C and an E350 (IP 123} of 89.7°C.

The DEC and DBC were sourced from Sigma Aldrich, UK
and the RME from ADM.

The flash points of the prepared formulations were
measured by the Pensky-Martens Closed Cup method (IP 34),
as follows. A sample of the formulation under test was
placed in the test cup of a Pensky-Martens apparatus and
heated to give a constant rate of temperature increase
with continuous stirring. An ignition source was directed
through an opening in the test cup lid at regular
temperature intervals, with simultaneous interruption of
stirring. The lowest temperature at which the application
of the ignitilon source caused the vapour of the sample to
ignite and the flame to propagate over the surface of the
liquid was recorded as the flash point at the ambient
barometric pressure. This value was corrected to standard

atmospheric pressure as per IP 34.
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Three readings were taken for each formulation, in
order to calculate an average (mean) flash point. The
results are shown in Table 1 below, together with the
flash points for the neat DEC, DBC and RME, which were
obtained using the standard test method IP 34.

Table 1 also shows theoretical flash points for the
formulations, calculated using the Wickey-Chittenden

equation above using a blending flash point of 17.7°C for

the DEC.
Table 1
% % % Average | Predicted Measured Measured
v/v | v/v | v/v flash flash improvement | improvement
DEC | RME | DBC point point relative to | relative to
{°C) (°C) 5% v/v DEC that
by W-C (°C) predicted
by W-C (°C)
0 0 0 72.5 - - -
5 0 0 51 51.9 - -0.9
5 5 0 53 52.0 +2 +1.0
5 0 5 54.5 52.0 +3.5 +2.5
100 0 0 25 - - -
0 100 0 170 - - -
0 0 100 89 - - -

It can be seen from Table 1 that the base fuel
alone, with no dialkyl carbonate or FAME present, has an
average flash point of 72.5°C. The addition of 5% v/v DEC
(neat flash point only 25°C) reduces this considerably,
to 51°C.

RME has a neat flash point of 170°C, far higher than
that of the base fuel. Yet the addition of 5% v/v RME to
the base fuel/DEC blend raises its flash point by only
2°C. In contrast, the addition of 5% v/v DBC to the base
fuel/DEC blend, in accordance with the invention, raises
the average flash point by 3.5°C, to 54.5°C. This
increase is particularly surprising since the flash point
for neat DBC is 89°C, much lower than that of neat RME,

It would therefore have been expected that RME would have
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RME to a second diesel base fuel, DBFZ, at 10% v/v. DBF2

was a commercially available zero sulphur automotive

diesel base fuel, ex. Shell., It had a flash point (IP 34)
15 of 65°C. It had a density at 152C (ASTM D4052) of

833 kg/m3, an initial boiling point (ASTM D86) of 1652C,
a T95 boiling point (ASTM D86} of 340°C, a final boiling
point (ASTM D86) of 3522C, a measured cetane number
(ASTM D613) of 54.1, an E250 (IP 123) of 28.2°C and an
20 E350 (IP 123) of 96.8°C

The flash point results are shown in Table 2 below.
Again, the table shows predicted flash points as
calculated using the Wickey-Chittenden equation, using a

DEC blending flash point of 17.7°C.

Table 2
% % % Average | Predicted Measured Measured
viv | v/v|v/v flash flash improvement | improvement
DEC | RME | DBC point point relative to | relative to
(°C) (°C) 10% v/v DEC that
by W-C {°C) predicted by
w-C (°C)
0 0 0 65 - -
10 0 0 44 44 .2 - -0.2
10 10 0 45 44 .4 +1 0.6
10 0 10 46 44.3 +2 +1.7
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Here the additicn of 10% v/v DEC reduces the flash point
of the base fuel from 65 to 44°C. Adding 10% wv/v RME to
the DEC/base fuel blend increases its flash point by only
l°C, whereas adding 10% v/v DBC to the blend increases
the flash point by 2°C., Again, the DBC unexpectedly has a
greater impact on the blend flash point than does the
RME, despite the fact that neat DBC has a much lower
flash point than neat RME. The DBC also increases the
blend flash point by more than would have been predicted
using the Wickey-Chittenden model.
Example 3

Example 1 was repeated, but using dimethyl carbonate
(DMC) instead of DEC, and the base fuel DBF2 as in
Example 2. The DMC was sourced from Sigma Aldrich, UK.

The flash point results are shown in Table 3 below.
The fifth column shows predicted flash points as
calculated using the Wickey-Chittenden equation, using a

blending flash point of 0°C for the DMC.

Table 3
% v/v % % Average | Predicted Measured Measured
DMC v/v /v flash flash improvement | lmprovemerl
RME DBC point point relative to | t relative
(ecC) (°c) 5% v/v DMC to that
by W-C {°C) predicted
by W-C
(°c)
0 0 0 65 - - -
5 0 0 30 31.5 - -1.5
5 5 0 31 31.6 +1 -0.6
5 0 5 66 31.6 +36 +34.4
100 0 0 16.5 - - -

DBC can be seen to have an even greater effect on
the flash point of a DMC/base fuel blend than on a
DEC/base fuel blend. Again, the addition of 5% wv/v of DBC
to a blend of 5% v/v DMC in the diesel base fuel causes a

far greater increase in the blend flash point than does
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combined flash points.

Example 4

Example 1 was repeated, but using dimethyl carbonate
(DMC) instead of DEC, and the base fuel DBF3. DBF3 was a
10 commercially available zero sulphur automotive diesel

base fuel, ex. Shell. It had a flash point (IP 34) of
65°C, Tt had a density at 152C (ASTM D4052) of 825 kg/m3,
an initial boiling point (ASTM D86) of 172°C, a T35
boiling point (ASTM D86} of 3299C, a final boiling point
15 (ASTM D86) of 342°C, a measured cetane number (ASTM D613)
of 53.8, an E250 (IP 123) of 57.5°C and no E350 (IP 123).
The DMC was sourced from Sigma Aldrich, UK.
The flash point results are shown in Table 4 below.
The fifth column shows predicted flash points as
20 calculated using the Wickey-Chittenden equation, using a
blending flash point of 0°C for the DMC and 835°C for the

DBC.
Table 4
% v/v DMC % v/v DBC Average Predicted Measured
flash point | flash point | improvement
(°C) {eC) relative to
by wW-C that
predicted
by W-C (°C)
0 0 65
10 0 19 23.8 -4.8
10 10 26 23.8 2.2
15 0 17.5 19.4 -1.9
15 10 25.5 19.4 6.1
20 0 18.5 16.3 2.2
20 10 23.5 16.3 7.2
20 20 25.5 16.3 9.2
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Tabl e 5

% v/v DEC % v/v DBC Average ft+azh point (C) Predicted flash

point (C) by WC Measured i nprovenent relative to that predicted by

WC(C) 0 0 65
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DBC can be seen to have an even greater effect on

the flash point of a DMC/base fuel blend than on a
DEC/base fuel blend. This increase is also significantly
greater than the Wickey-Chittenden model would have
predicted. Again there appears to be a synergistic
interaction between the DMC and the DBC as regards their
combined flash points.
Example 5
Example 1 was repeated, but using diethyl carbonate

(DEC) instead of DMC, and the base fuel DBF3 from Example
4. The DMC was sourced from Sigma Aldrich, UK.

The flash point results are shown in Table 5 below.
The fifth column shows predicted flash points as
calculated using the Wickey-Chittenden equation, using a

blending flash point of 17.7°C for the DEC and 89°C for

the DBC.
Table 5
% v/v DEC %$ v/v DBC Average Predicted Measured
flash point | £lash point | improvement
(°C) (°c) relative to
by W-C that
predicted
by W-C(°C)
0 0 65
10 0 42 43.1 -1.1
10 i0 49.5 43 .4 6.1
15 0 38.5 38.8 -0.3
15 10 45.5 39.0 6.5
20 0 36 35.6 0.4
20 10 43.5 35.7 7.8
20 20 45,5 35.9 9.6

Thig increase is also significantly greater than the

Wickey-Chittenden model would have predicted. Again there
appears to be a synergistic interaction between the DEC

and the DBC as regards their combined flash points.
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CLATMS

1. A diegel fuel formulation containing (i) a lower
molecular weight dialkyl carbonate (DAC) selected from
dimethyl carbonate (DMC), diethyl carbonate (DEC} and
mixtures thereof; and (ii) di-n-butyl carbonate (DBC).

2. A fuel formulation according to claim 1, which also
contains (iii) an additional diesel fuel component.

3. A fuel formulation according to claim 1 or claim 2,
wherein the lower molecular weight DAC is DEC.

4. A fuel formulation according to claim 1 or claim 2,
wherein the concentration of the lower molecular weight
DAC is from 0.5 to 20% v/v.

5. A fuel formulation according to any one of the
preceding claims, wherein the concentration of the DBC is
from 0.5 to 99%9.5% v/v.

6. A fuel formulation according to any one of the
preceding claims, wherein the volume ratio of the lower
molecular weight DAC to the DBC is 1:1.

7. A fuel formulation according to any one of the
preceding claims, wherein the flash point of the
formulation (ASTM D92 orxr D93) is 50°C or higher.

8. A process for the preparation of a diesel fuel
formulation, which process involves blending together (i)
a lower molecular weight DAC selected from DMC, DEC and
mixtures thereof; (ii) DBC; and optionally (iii) one or
more additional diesel fuel components.

9. A method of operating an internal combustion engine,
and/or a vehicle which is driven by an internal
combustion engine, which method involves introducing into
a combustion chamber of the engine a diesel fuel

formulation according to any one of claims 1 to 7.
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(ii) DBC, and optionally (iii) _one aqr, 25nos.e addit] | diesel, fuel
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selected from DMC, DEC and mixtures thereof, for the dual

purposes of:

a) achieving a target minimum flash point X for the
25 formulation; and
b) allowing an increase in the concentration of the

lower molecular weight DAC to a level above the
maximum concentration d' which theory would predict
could be included in the formulation, after addition
30 of the DBC at concentration ¢, without reducing the
flash point of the formulation below the target

minimum X.



pur pose of increasing the flash point of the foinulation by an anount
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in a diesel fuel fornulation containing a | ower nol ecul ar wei ght DAC
selected from DMC, DEC and m xtures thereof, for the purpose of
replacing, at least partially, a fatty acid al kyl ester (FAAE) which
is or Swoul d ot herwi se have been included in the formul ation.



