- 1 - FUEL FORMULATI ON CONTAI NI NG FATTY ACI D ALKYL ESTER AND DI ETHYL
CARBONATE Field of the Invention - Thi-s invention relates to

di esel fuel fornulations, their preparation and their use, and to the
use of certain materials in diesel fuel formul ations for new
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environment, and to conply wth 1ncreasing ringent regu
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derived from bi ol ogi cal sources, which result in a reduction in
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em ssions. | N diesel TU&s for use in 15conpression ignition engines,

t he nost common bilbfgeliavansipat g laced abkylesstlefse(FAAER):laitnons,

particular fatty acid t.hyl este FAVES) such, as r.apeseed t hyl
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esterification of oils (triglycerides) during their nmanufacture,
FAAEs®can com&R?SSSace anmounts of glycerides, in particul ar

monogl yceri d%%.ck'g}%%%cgIt%c%rgedq;%vte%q,ogon cooling, to crystallise out

before the F conprom se the cold weat her
operability of fuéh tbemih&eressscort ahri rgvEAAESEens], needt he comply
crystallised _glycerides can block .fuel filters. The nost, comon
monogl ycer | &S GUSTE AT PAKES (ArEANE SEOMIEEF YCEMS FCsal it o)
and C18: 0 (stRalds®hr30MRNagteelsdese e dmsatymaned (L3 4 n
(oleic) and - 2 - CI8:2 (linoleic) nonoglycerides. The ampunt of

eachl®f thes@uiemeftive gredént in a FAAE will depend on the nature of
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from biological sources, which result in a reduction in
“well-to-wheels” (i.e. from source to combustion)
greenhouse gas emissions. In diesel fuels for use in

15 compressicn ignition engines, the most common biofuels
are fatty acid alkyl esters (FAAEs), in particular fatty
acid methyl esters {FAMEs) such as rapeseed methyl ester
and palm oil methyl ester; these are used in blends with
conventional diesel fuel components.

20 Due to the incomplete esterification of oils
(triglycerides) during their manufacture, FAAEs can
contain trace amounts of glycerides, in particular
monoglycerides. These glycerides tend, on cooling, to
crystallise out before the FAAEs themselves. This can

25 compromise the cold weather operability of fuel
formulations containing FAAEs, since the crystallised
glycerides can block fuel filters.

The most common monoglycerides present in FAAEs are
the saturated C1l6:0 (palmitic) and C18:0 (stearic)

30 menoglycerides, and the unsaturated Cl18:1 (oleic) and



5whi ch appear to have the nost detrinental effect on cold weather
performance of FAAE-containing fuels, since they are | ess sol uble
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are typically requiréd to contain maxi nmim
nonogl ycer i desi1{yEN .242 4w, c narikdtyceuriviey ) cotedutidct mon2@¢Qgcérbhdeshe
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provi ded a di"ésel “Tuel fortul ati on-contai ni ng
point (CFPP), to an extent dependent on the FAAE
concentration. This too can compromise the cold weather
performance of the resultant blend. It can therefore be

20 difficult to formulate diesel fuel/FAAE blends within the
relevant regulatory specifications, particularly in
colder climates where specifications require maximum
cloud points and CFPPs to be lower than in more temperate
regions.

25 As a result, FAAEs are typically included in diesel
fuels, in particular winter grade fuels, at relatively
low concentrations. Moreover FAAEs for use in diesel
fuels need to be prepared to relatively stringent
specifications as regards their glyceride contents, thus

30 increasing the cost of their production. FAMEs for use in
current diesel fuels are typically recuired to contain a
maximum of 0.8% w/w monoglycerides (EN 14214); a market

survey conducted in 2006/7 by the European Biodiesel



(1) a fatty acid al kyl ester (FAAE), (ii) diethyl 10carbonate (DEC)
and (iii) an additional diesel fuel conponent. DEC has
surprisingly been found to stabilise gkyderides, in particular
nonogl yceri des, which are present in a diesel fuel formnulation

containi ng apcAds (laki. RARRRA $ri9 kRekRASenERehbs80hERkki-by Wi kRE-
formul ation, thus reducing their tendency to crystallise out at |ow
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can be of particular value where the fuel is for use_in a_cal der
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the formulation. In other words, DEC may 10be used not only to help
preveht, but T5l §BPRATEa$Es 1RETrEEFEr §Belgl peduPdditvyshakhEsation in a
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accordance wetih &5t hewi temperaturBEC Massaihowerncktandlpwient thehanold
FAAEs, filter plugging point (CFPP) of the formulation and
improve its performance and its storage and handling

20 characteristics at lower temperatures.

The present invention can thus make possible the use
of FAAEs containing higher concentrations of glycerides,
which are likely to be cheaper and more energy-efficient
to produce, without unduly compromising the cold weather

25 performance of the resultant diesel fuel formulations. It
can allow the use of a wider range of FAAEs in diesel
fuel formulations, and/or the use of higher
concentrations of FAAEs than would otherwise have been
feasible. The inclusion of the DEC can also help to bring

30 a FAAE-contailning diesel fuel within specification as
regards its CFPP and/or its general cold weather

performance; this can be of particular value where the

fuel is for use in a colder climate. Thus the present



and can thus |lower the cloud point of a fuel fornulation containing a
FAAE. So long as the DEC is derived froma biol ogical source, it can
al so increase the total bioenergy conten#d of the fornul ation, yet
with fewer of 20the drawbacks that can acconpany hi gher FAAE
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be prepared from used cooking oils, or by standard este ication
fatty acids. diesel ifmelhé oprederttiomnvent i on, the FAAE may be any
al kylated fatty agjd_or ure.af fatt i ds at aci d .
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30 carbon atons or from1l0 to 3
containing a FAAE. So long as the DEC is derived from a

biological source, it can also increase the total
bioenergy content of the formulation, yvet with fewer of

20 the drawbacks that can accompany higher FAAE
concentrations.

Dialkyl carbonates such as DEC also have low
toxicity and are biodegradable, and can be produced from
renewable ingredients (carbon dioxide and bio-alcchols).

25 In the invented formulation, the FAAE may be any
fatty acid alkyl ester (in particular a fatty acid methyl
ester) suitable for inclusion in a diesel fuel
formulation.

Fatty acid alkyl esters contain long chain

30 carboxylic acid molecules (generally from 10 to 22 carbon
atoms long), each having an alcohol-derived alkyl group
attached to one end. Organically derived olils such as

vegetable o0ils (including recycled vegetable oils) and



22 or from12 to 24 or from16 to 18 carbon atons, including the acid
group(s) -CO2H. A FAAE may conprise a mxture of different fatty acid
esters of different chain |lengths, depen@ing on its source. For

i nstance the 25commonly avail abl e rapeseed oil contains m xtures of

pal m tic aci dnli@bl) fa¥keanine1a@ithg( €i8h: o@heiCcahi Bl 8ipjakded to a
i nol enic acids (C18, wth one, two and three unsaturatea
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peanut oil, Itn:ﬂge.gdeirmdles caikkiinadoiih, taaf bhawetnebl iala@paaemdoil or
rice bran oil. It na¥.|n partlcular be_an ester of rapeseed, soy,
pal mor tal | 6RE6FE. and freenglyggEols byi £8BRyahieg thectazkyypCcid

ester, for e&eﬁgbeeathbhykheebEXE feeﬁpxhe£§uP&9EE¥oﬁsBBEQB%hé or

10buty| ester n an enbodinent, it Is a net or ethyl ester
partieul ar aFAeElylcassedso be @Eﬁpﬁﬁedeianplesbd sebkeh@doﬁﬁem1bheby

group COHSISE a%d%f g apese %ﬁng% §Fe9§t%r8angF% Iso known as rape

oi | et hyl ester OFr r ape e P-15ester (SME, al so

known as soybean mathue §ﬁé§éht pal-eneibnrethyl reat eha{ PEVEny coconut
nethyl ester in particular unrefined CVE,_ the refined Eroduct
i s based on & BY&eﬁeé ﬁéFtﬁh?ﬁléoﬁﬁ BixtHEChP§hERCENdardREr AFRyFatty
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15 source, for example a vegetable source. They may be

saturated or unsaturated; if the latter, they may have
one or more, for example up to 6, double bonds. They may
be linear or branched, cyclic or polycyeclic. In an
embodiment, they are non-cyclic. Suitably they will have

20 from 6 to 30 carbon atoms, or from 10 to 30 or from 10 to
22 or from 12 to 24 or from 16 to 18 carbon atoms,

including the acid group(s) -CO,H. A FAAE may comprise a

mixture of different fatty acid esters of different chain
lengths, depending on its source. For instance the

25 commonly available rapeseed o0il contains mixtures of
palmitic acid (Cl6); stearic acid (C18); oleic, linoleic
and linolenic acids (Cl8, with one, two and three
unsaturated carbon-carbon bonds respectively); and
sometimes also erucic acid (C22) - of these the oleic and

30 linoleic acids form the major proportion. Soybean oil
contains a mixture of palmitic, stearic, oleic, linoleic
and linolenic acids. Palm oll usually contains a mixture

of palmitic, stearic and linocleic acid components.



m xtures thereof. In general it may be either natural or synthetic,
refined or unrefined ("crude"). In an enbodi ment, the FAAE is
sel ected from RVE, SME, POVE and m xture$ thereof. |In an enbodi nent,
it is 25selected from RVE, POVE and m xtures thereof. |In another

enbodi ment, the FAAE kaaBVEsehnimetnanpiBgbnembadifenbn ﬁBf BAAE i's
POVE. The FAAE suitably - although this is not essential -

conforms to CREiFGdopaEsm Spagittiredt ifenteNcid214ofkointsanyge30adildw oil
t hyl t A I I a fl oi.n | P
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or greater, @bcohu5800ﬂ 6@uﬂﬁ16&emro&uenpéQmOblgre@behutaokﬁneﬂahséed
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EN | SO 3675); a water content 5(IF 386) of |ess than 500 ppny a
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according to IF 1%ﬁFo§AE é49§%k§¥? £$s, gh Iess g%% Qﬁr0|gor

nunber (1 F 139) o ess tTha or o

mgKOH/ g; andéaam@neiadmﬂah@ﬂUbEthqu gﬁbpgﬁ lieas tbbhagy 184320p9lL)0br
Iess han 12% | ess than 115, ans of iodine (12) per_100 g of
fuel t It may P4 ¥5 E8hELi n ey, © %Poﬁﬁﬁaneséttﬁénaom2¢@ﬁﬂmpéfeFP¥é

al cohol (e. gesfet-hangl harkessithan QePRYWewrl free glycerol and/or
greater than 96.5% w w esters. 15The concentration of the FAAE, in a

di esel fuel fornuIétM@n é@toﬁﬂam91EObeheeiﬁveﬂ@|5n9mna¥ebgr0u§®6v/v

or greater, 3 or 4W rea se or
5% v/ Vv or grea e%gtﬁﬁ concgﬁFFSFloWegéygbgs& téﬂg5@69ﬁ§° %POUB )
25 or 20 or taper oiQ%methyl2@fkerDEE wapd mBthyluektkennukati ABthyl
acco ding to the invention nmay be obtained fromany_suitable source,
ch man§S5fE 4v¥Er aBfe® %POWQnaﬁoF°§?§ﬁﬁl@eEEYbréﬁﬁﬁéd ppalm oil
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di met hyl carbonate wth ethano 250r it e generate
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bi ol ogi cal seuetfy. (typically the C6, C8, Cl0, Cl6 and C18)

20 components removed), tallow oil methyl ester (TME), and
mixtures thereof. In general 1t may be either natural or
synthetic, refined or unrefined (“crude”).

In an embodiment, the FAAE is selected from RME,
SME, POME and mixtures thereof. In an embodiment, it is

25 selected from RME, POME and mixtures thereof. In another
embodiment, the FAAE is RME. In yet another embodiment,
the FAAE is POME.

The FAAE suiltably - although this is not essential -
conforms to the European specification EN 14214 for fatty

30 acid methyl esters for use as diesel fuels. It may have a
flash point (IP 34) of greater than 101°C; a measured
cetane number (ASTM D613} of 55 or greater, or of 58 or

60 or 65 or even 70 or greater; a kinematic viscosity at



30l n an enbodinent, it nay be preferred for the DEC not to have been
synt hesi sed usi ng phosgene (C0Cl2), as this may introduce undesirable
i npurities such as chlorides or carbonechileridic acid derivatives.
Such - 8 - inpurities may contribute to deposit, stability and

corrosion prapleeny 1ipn 72 forelsnt aisubatisgnorTheogoncentkaki gn of the
DEC, in a diesel fuel formulation according to the invention, may be
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viv, or up tdTPd 85169 @ﬁ@ %PV§WHVP€ fre %gbugﬁ g@ﬁiggépgth@t E?
to the DEC IHI@hQ6BQFEm|aEDOQEE@B ber einskange7Be ;f bomERel Lenteld,
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1:5, or from(@P138§)10F lesst thar2500 ormila IOSndfhe tempegpture at
appr oxi mat el y; Q%C£ 95% of | Rf2 %llgggleg ggggteael %ggggggrgcgbkalng

may be any fu conponent suita IR a di ese
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ignition (diese & i_ne. typicallly be a |iquid hydrocarbon
middl e disti 33? i&@ 0&; S IR Ja BEFOHVg 'nBy Bé eSS than

kerosene fuelp, gomgﬁ@ﬁnb bhdrey Eﬁ a%ﬁ&abeaﬁmggklwgé 8&lt%En§bggekﬁan
it may be 20synthetic: for instance it may be the product of
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w || suitabl pyhave)aleeasthet Oeténe/w of free alcohol (e.g.
methanol), less than 0.02% w/w of free glycerol and/or
greater than 96.5% w/w esters.

15 The concentration of the FAAE, in a diesel fuel
formulation according to the invention, may be 0.5% v/v
or greater, or 1 or 2 or 3 or 4% v/v or greater, or in
cases 4.5 or 5% v/v or greater. Its concentration may be
up to 30% v/v, or up to 25 or 20 or 15 or 10% v/v.

20 The DEC used in a fuel formulation according to the
invention may be obtained from any suitable source, of
which many are available. It can for example be prepared
by oxidative carbonylation of ethanol, or by
transesterification of dimethyl carbonate with ethanol,

25 or it may be generated as a co-product in the synthesis
of monoethylene glycol from ethylene oxide and carbon
dioxide via ethylene carbonate. The ethanol used in such
processes may be bio-ethanol (i.e. ethanol derived from a
biological source).

30 In an embodiment, 1t may be preferred for the DEC
not to have been synthesised using phosgene (C0Cljy), as

this may introduce undesirable impurities such as

chlorides or carbonochloridic acid derivatives. Such



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

m xture of two or nore additional diesel 8 ael 30conponents (iii).

The concentration of the conmponent(s) (iii) in the fornulation may

suitably be EQ%%MﬁMﬂQ@ Qkﬁﬁkﬁﬁmtﬂﬁbﬁyé Qb %Qp%%l%S%b%%blqﬁth%ﬁher or
90 or 92 or 95%v/v or - - greater. It may be up to 98%v/v, or up
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will typical lfpriezesen ddedddnanes thel Q0%enibuel g rml at.senv /v
according to the |nvent|on sui tably has a CFPP (IP 309 or EN 116) of
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or -30 or -35 or -44C or lower. It Suitably has a cloud point (ASTM

D5773) of OCupr tloowd®, vdiv ofor- 5p0¢0-102©r0ﬂ0IOWeB ogr 58f v/¥2 or -15

or -20 or -25 or r Iomer S has fl 0

15( ASTM D92 or m§§%0r0 Fe<of aﬁFShS? Yhe Bpds088 Bup' BROSRR Bhe

hi gher. forhe lfbarim abhoEoef itkeandeehl romhoylld the 1sist, abke fiem
use |n a conpressron | nition (diesel) internal conbustion enaine.

Suchl@n engi #e In&p Be 2ei-t R&r THOFVY :dr tooli gl d&t PavThe fEorukati 6

may in partrqularcge Skt 3hle Jf0x . @seoesfegmagtqngbrwe di gsel, &u
In an enbodi ment, the formilation’is suitable and/ or &apted Fbr use
as a "mrnterlgﬂa@e'a@@t@ﬁnnﬁmelwlésél fuel, for use in colder

cLimat 2o such ‘a5, gyt 0:25Eu: gtea (FREk | ubharunPoaudh o) or
any fuel component sultable for use in a diesel fuel
15 formulation and therefore for combustion within a
compression ignition {diesel) engine. It will typically
be a liquid hydrocarbon middle distillate fuel, more
typically a gas oil. It may be a kerosene fuel component.
It may be petroleum derived. Alternatively it may be
20 synthetic: for instance it may be the product of a
Fischer-Tropsch condensation. It may be derived from a
biological source.
An additicnal fuel component (iii) will typically
boil in the range from 150 or 180 to 360°C (ASTM D86 or
25 EN ISO 3405). It will suitably have a measured cetane
number (ASTM D613) of from 40 to 70 or from 40 to 65 or
from 51 to 65 or 70,
A formulation according to the invention may contailn
a mixture of two or more additional diesel fuel
30 components (1ii).
The concentration of the component(s) (iii) in the
formulation may suitably be 70% v/v or greater, or 75 or

80 or 85% v/v or greater, or 90 or 92 or 95% v/v or



particularly extrene climates such as in northern Scandinavia. In
further enbodi ments the formul ati on may be 30sui tabl e and/ or adapted
for use as an industrial gas oil, or as & donestic heating oil.

The formulation will suitably conply with applicable current standard

di esel fuel %ﬁ@étférc.atﬁtoﬁ‘r(a%) BEIGh &% 0@ v/v10 or &AMy §5ENS98 Choko
Europe) or ASTM D975 (for the USA). By way of exanple, the overall
fornul ati on rdy GPave $0tensivty Ty @arg2@lt 0 i84%ikg/ mepaesesC CASTMRjor

D4052 or EN | 36.5),;. .8 19 i int ( : r. S5EN 3
of 3602 o 1R0L o nbh i dRiabl sy AERbTiR R o By T Pk
greater; a Ki{dgmatdhe OESCOSii)y aald 406 OASEMN44F eyl BNJi$@v@EQ4 ) hier om
2 to 4.5 centistokes; a .sulphur. content (ASTM D2622 or EN_I SO 20846)
of 50°ng/ kg GPTREENGHdAG FPd P o &FaresSise thrdico Oatsacs to
(PAR) contentyosF 391(nod)) of less than 11% w w. Rel evant
specifications may however differ fromcountry to country and from
year to year, andAméyedepemdudntibe arcendédouse ohet heviothohati on.

Moreover a fqrmyl_ation _accordi invent i may. ¢Qnt ai_n.fuel
15corrponents%vl\ﬁnl‘lttr‘?%r)l o%lg%t iaesdyg{}tgs(i et3r061‘c§ toﬁe?é\]t r@%{jesfxS (sé”l E:tcec’rt HEWET -
properties oforamfovealdr Dend may &iff far orof-i@vcsiognilfoweant Iy, xbrom
those of its _individual constituents. The rel ative

conceft rati ofE€VEF & R Fomforrdm s @1 LoweE i ioF Ry B8 *hé¥edomsT, or
achi eve desi 1gd _propgr Ues 40 3tche20ker gy atiisen as qé)){);égl_e,z for
or

exanpl e a desired maxi num CFPP and/ or cloud point, an a desired
m ni num f | aslsuddiaitly Hass a ld ovel @ciivg dSSTRhD5A730n fwidoC alrsdower,

Components. | SBAuG 8 mital B Sekbrd 58 €6 THE Phvent: 6 may o

contai n standasd druel3goic af iRear addl ishites bl thisale fRushaplod nfror

use in diesel fuels. Many such additives are_known and commercially

avai Fapl e. (ASTM D92 oxr D93) of 40°C or higher, or of 45 or 50 oxr
55°C or higher.

The formulation of the invention should be suitable
for use in a compression ignition (diesgel) internal
combustion engine. Such an engine may be either heavy or

20 light duty. The formulation may in particular be suitable
for use as an automotive diesel fuel.

In an embodiment, the formulation is suitable and/or
adapted for use as a “winter grade” automotive diesel
fuel, for use in colder climates such as in northern

25 Europe {(particularly Scandinavia) or North America. It
may be a so-called “arctic grade” fuel, for use in
particularly extreme climates such as in northern
Scandinavia.

In further embodiments the formulation may be

30 suitable and/or adapted for use as an industrial gas oil,
or as a domestic heating oil.

The formulation will suitably comply with applicable

current standard diesel fuel specification(s) such as for



According to a second aspect of the present 30invention, there is
provi ded a di esel fuel supplenent for use in a diesel fuel
formul ati on, the supplenent containing (19 a FAAE and (ii) DEC. Thus,
the FAAE may be prem xed with DEC and then added to one or nore

diesel fuel 5 ﬁeg@ﬁ@mﬁeg@uq&o%sE%rgggpog%nhﬁ&yhgpvgf %B t¥RCysa) .

descri bed above, in order to prepare a diese ornu ati1on.
Accor di ng toBa‘mﬁwr@fa§g@@pleLh@b@ oveprdti dedmalbpriovessyf bavehe
preparation of a diesel fuel fornmnul atlon whi ch 8rocess i nvol ves

bl endi ng t ogEERE Ty FIRTERAS tOi i#fi5DkE/BRdati i-PfCondSEM REPE2 or

addi tional digselsof 4el5GOMRORERL $05ARKORRL Ly %@s@M059606rﬂvre fuel
additives. The process may be used to produce at least 1,000 litres

100f P he fueEMN dSRpuB4libonofoB 68t2C| easiles5s008 mea$credocetaﬂé 800ber

litres, or at,l 0 3 00 _or 100,

enbodi nent O#Afﬁgé%ﬁ?r ggpgct &t SR8 TRV efit 8ﬁemF%écFXA§C8ﬁ8tﬁE@gare
premi xed in amoctSapgreppiate oroENNeE SpaBilo4 ) afigdoinhe gbxture then

bl ended with the additional fuel conponent% ) (iii%. The FAAE/ DEC

m xture may for CRECAREEXES ibPefdd®Wrt ROPKENEOHPSAYNPEER2(PEI) at a

concentrat|ogNo&s@pzb@4@Q%5§/gob %ZQgOBrtﬁ%sE gﬂayg3us' é?&@?k%?bon

or at a concentration of to 20 or 40 or % v
to 2B0or 25 eror2térc 2@@¥wﬁaxbonsoﬂ93ﬁ t gotiSent 10% B3PL.(mbtl) mayfbéess

bl ended at a onc ration 1W i .ea n the pr.o
For mit at on. TPof 13 By 5B LevEhteapary e P o ThnRar Yo o EReBs P 6
or 7 or 8 Orf&oﬁfcb@%tt&vt@rc@ﬁ@@&?fana5ﬁﬂdmngeébetBE§ébQ taﬁdFﬁéﬁ
can, by stabilising the glycerides present in the FAAE, hel

i nprove its AEREPOnGRakBCsEBLEHEeEr 9F6r Pifesnei AOPRILPEHPES @prBQVﬁr a
tenperatUresfoémLQHEEBnaée%BEdQEgtQ% LpwenLi, HtEBHVh%?San%E&HOquQOf

operating an internal nbusti on~engi ne, and ave ichrs
dri vEn by anCpmpenﬂatscwmbbspropeehgeaepumhudb mét bbdskenvehges, since

| ntroduc ng Lo, goconbusti on ghamher. 9l e gnghgeatsdhesehelug
significantly, from those of its individual constituents.

The relative concentrations of the components (i) to

{(iii) may be chosen to achieve desired properties for the

20 formulation as a whole, for example a desired maximum
CFPP and/or cloud point, and/or a desired minimum flash
point. Thus the relative concentrations will also depend
on the physicochemical properties of the individual
components.

25 A fuel formulation according to the invention may
contain standard fuel or refinery additives which are
suitable for use in diesel fuels. Many such additives are
known and commercially available.

According to a second aspect of the present

30 invention, there is provided a diesel fuel sup@lement for
use in a diesel fuel formulation, the supplement
containing (i) a FAAE and (ii) DEC. Thus, the FAAE may be

premixed with DEC and then added to one or more diesel



- 12 - to the first aspect of the invention or a diesel fuel

suppl ement according to the second aspect. The engine is suitably a
conpression ignition (diesel) engine. Suth a diesel engine my be of
the direct injection type, for 5exanple of the rotary punp, in-line
punp, unit puRRl RlBRIRME, U@utc]d rarseet Q-ron@bn%mqlla}' lo £t AR ¢

the indirect injection type. It may be a heavy or a light duty diesel
engi ne. The ﬁbﬁ%ﬂﬁl§§be@KW@L tiffe dndeantticoprapes cerbdessl fuel

10i ntroducin Q%ﬁ Q8 reservoir which contains a FAAE-cont ai ni ng
di esel fuel formnu |on prior to introduction of the resultant
mxture into a Conbusﬁrd@ngCh@nbelthQﬁrdt bepengi nehekd 8thproweAads, at he
di esel fuel fornulation of the invention may be prepared insituin a
15r es@rvoi r PFOGSHT dRT e PEepadatics &F encdessl dysdudorsnlation,

engi ne. whG C8f giﬂaﬂzets% alnfv'ofl%sa%fi%?hl?ifg tt'&f?;e%"e%‘eﬁtl )l BVERRIEON, (45 )
there is provided the use DEC, in a dieSel fuel tornulation

cont ai ni ng aEEﬁAEndfdﬁiﬂhecEMHpnsem@E 2@ﬂn¢a@a@ﬂn@leﬁ@lsﬁabﬂl|ty of
one or nore g} %%bdee pr zent % ornul ation asi ng
the stability 0 gl veertae ey Ph@%lveopgdﬁgrW@rthuFenﬁ &§1V§F
any given tempes @tmrce,sst e Wit @lgldds & cotroafuclene of akaricatli, oo Nt chay
therefore 25i nvol ve |ncreasrn%.the solubility of the cerrde at

any gPven tempetBeufaeli forReladdmm atroRt ﬂ@aﬁ§y5w@§§lpriﬁ0aooo or
| owering of the O%P'il%fretshe frorg':gll%teﬂs%n50 000 &t H83%l00Re gfoot,*é%o

gl ycerides may be a nonoglyceri in particular a’saturat
monogl yceri déi3@ssch as a C16:0 or a C18:0 nnnoglycerrde In an

mbodi ment, at |east the gl d d C18
monogl yeor | do, suth 48 STEPE-1SRUnbGl yEe FRETa ashace SECRer

stability of iavehygen, denen raffuehd oRmukatl ofrciB%keliorn BSt ance be
assessed by neasuring the concentration of dissalved glyceride in the

formiPati on BEPEOREEGLE ¥ivduge g@tdopr saet éhm REFtPESE saresf blesdage

with the additional fuel component{s) (iii). The FAAE/DEC

mixture may for instance be blended with the component(s)
{iii) at a concentration of up to 50% v/v based on the
product fuel formulation, or at a concentration of up to

20 45 or 40 or 35 or 30% v/v, or of up to 28 or 25 or 22 or
20% v/v, or of up to 15 or 10% v/v. It may be blended at
a concentration of 1% v/v or greater based on the product
formulation, or of 2 or 3 or 4 or 5% v/v or greater, or
in cases of 6 or 7 or 8 or 9 or 10% v/v or greater.

25 Adding the DEC to the FAAE can, by stabilising the
glycerideg present in the FAAE, help to improve its
handling and storage properties, in particular at low
temperatures.

A fourth aspect of the invention provides a method

30 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



5and/ or use. The storage and/or use nay take place at a reduced
tenperature, for exanple -15 or -20C or |lower. The greater the
reduction in concentration of the dissollzd glyceride during the test
period, the nore of it has crystallised out of the formulation and
hence the 10lwemnd S SitaRidddat AN HHRCHERSS tiRnsStabial idivcwl lruel
therefore result in a higher concentration of dissolved glyceride
after any gi vewntlisanenseasprddmdl dro ithea sgicpad mispianim Jdbisc enoiac of
of dissol ved gl. Al i sent, r..a_| r ri Of ti

151 n the conf%&%ﬁg?&?%%Qﬁﬁﬁ%ﬁgégﬁgbﬁé%gtﬁ%g ﬂ%ggﬁﬁﬁ n? ﬁ%edigggp 2
fuel fornmul atdienamerednicainayome: @f mbice dddeicti dmglectiieseltyipgel for
conponents in addiition to the FAAE. It may i.n particular be a winter

gr ade~di esel FEFHP I HUIERS FPLathe BHEE mey* LorS RS Rice e F¥ER t o

i ncrease 20t he ldlydild Yurlife RS QN r0lorMichindly ¢alidRS R, lWot the
tenperatures, for instance -20C or below, or -25C or below, or -30C
or bel ow. indifest nvemdtornrdyrse Jdedao beclai épevanprdéglaghyf

i ncrease in the stlpilhﬁ%ﬂptrfhe gl yceride(s), and/or any 25degree of
i ncrease in the¥o tﬁ?ﬁitygoj’f She gl yceride(s) in the fornulation. It

may be used for theepdopest efkpachi e rieaigheaetode adkabielhbirycand/ or
solubility which is at or above a desired target, value. It may be

usedPo achi eVETAHPIaGr EEGHIEFe HFTTR 1EhEFIEEPP G HEs &
30f or mul at i o @Y F10f1 AN RTPOFR AN RHIAUNGB PR aleor bel ow

a desired target value. The C-PP of a fuel fornulation can be '
assessed usi ngtarcstardard dfegtharetdsod teuch rasctENM el Igiter & RgPRstion] 4

- Accordi.ng.to a sixth aspect t inventd on there is.provided
the use of DECFRHE IQA'ES\AIJ—_; orel}q??élep'ugﬁlos?le%%oefr & E4si R (hE Sse"tlabtf%l@’llty
of one or nor@@WcATicieD Presenmvdhdite MMAEb Agaiparddcireasing ithe
stability of a glyceride may involve reducing its tendency, at any

gi vehSt enper atasaEvaiy dmpt ahide iRl 9 Gt BRAR G tIRE-SEARR DEC

mxture. It ey lMe dpeigasing the solubility of the glyceride,
at any given terrpdég\r%our e,ﬂblcln the FAAE or the 10FAAE/ DEC m xture. It
may result in a | éGwenindgngf tiche CEPRhofspleetFAAELhet pygerifus be used

(o0 2 0ve | el QUL SIPRELIL S LISl I e i g, dpes
for instance dysla fiwagladiugl doimaimitips FAAE, for the purpose of
20 increasing the stability of one or more glycerides
present in the formulation.

Increasing the stability of a glyceride may involve
reducing its tendency, at any given temperature, to
crystallise out of the formulation. It may therefore

25 involve increasing the scolubility of the glyceride, at
any given temperature, in the formulation. It may result
in a lowering of the CFPP of the formulation.

At least one of the glycerides may be a
monoglyceride, in particular a saturated monoglyceride

30 such as a Cl16:0 or a Cl18:0 monoglyceride. In an
embodiment, at least one of the glycerides is an
unsaturated C18 monoglyceride, such as a C18:1

monoglyceride.



15The invention may be used to achi eve any degree of increase in the
stability of the glyceride(s) in the FAAE, and/or any degree of
increase in their solubility, and/or ferl3he purpose of achieving a
glyceride stability and/or solubility (in the FAAE) which is at or

above a 20desirednar %%tab‘i@i'%%i: lglft a@iygr%r?ﬁ%d i%lo 2a¢hi-gve o%%%l%l%%ﬁe

of reduction in the relevant P, and or the purpose o
achi evi ng a GRERP fatr dmdisie daesigess adabyemessius noA tdevent h aspect

of the inventjon provides t se 250f C_in di esel fuel .
Cormirat on cotfbeiba Aok, (e &AM Focdhdh SR, otptation
concentr at i omhdath el lddd ahane g cddidrinie dd gdie Joiotulsaloree

Si nce DEC can i n/‘prove the stability of FAAE-containing diesel fuel
f or muPat i ons 2% dFapsSfak o FhBlage REUSE o9 Fr tadierdiespRtsdeh

addi tives, Wﬁé&&%@%ﬁi&ré&l‘@&g%dﬂ RGOS NG hd QB or 10WRr.

stability-enhancing additive nmay be any additive which is able to, or
i nt ended t o, Thpoeattdre Steahiddugtion % covfcerteraftdromulod itdre, | n
particular its |lowte ratur.e, stability. A stability-gnhancin

DG 5 ve ray BB RS (s S o ok JRearty
included in ditesgls fdiglsdfarmyeat icans dMm tfed o rn LAY &ridh@idnce the
Sperfornmance, and generally their stability, at |ower tenperatures.

Many18uch addidares W & tadovi:t-hd! iHETRES S ot Siakdile by atiild
distillate fl i v |.S) ]QQ“- Y
(WASAs) such tgl\sgf(ﬂ e%;e%\ﬁlﬁrgge?%%g&;o y- (ﬁrxz:?fé#léﬂé‘?éar%gfﬁfés‘bq%ed
pol yam des amdyslesfiide Higsireamo pdlweretsimeSyetriadli tndeomey ke given

included in a.di.esel fuel formulati 0 as _to i nprove the |l.ow
tenper at ur o JRSHIN (AP GAR T AT SRS £ RS B ng on
the formul at igRscerdmy herdde wiad dan o daind .0 reduce the anount
of filter plugging caused by the 15fornulation during its use in

col déf climates. In thencoméessnodxther fifit sepesthodspder igvepfdon,
Invention, thet ?ii@slgle%féln%h]e r; uc;%t§1| %{r%x"rray t%.%.nOfOI’{eeQHSCtHL%EIO% of

i ncluding reduction to zero. or 1 nstance
nore of the @addimana20siisdxdli tfirednanvgiongeraidiiti \e@iddanicenttraattiben, or

25 or 50 or 75 aor 90% or nore. The reduction may be as conpared t
fhe concent r S0P dft SHYbi 1 ARG Bt PR W Ao L tuel

ot herwi se have,/heamdingor pelatest iniho fdie iladr B aldan dd) iHdR¥ase
to achi eve the properties and 25perfornmance required and/or desired
of i20in the dontsbability of the one or more glycerides at low
temperatures, for instance -20°C or below, or -25°C or
below, or -30°C or below.
The invention may be used to achieve any degree of
increase in the stability of the glyceride(s), and/or any
25 degree of increasge in the solubility of the glyceride(s)
in the formulation. It may be used for the purpose of
achieving a glyceride stability and/or solubility which
is at or above a desired target value. It may be used to
achieve any degree of reduction in the CFPP of the
30 formulation, and/or for the purpose of achieving a CFPP
at or below a desired target value. The CFPP of a fuel

formulation can be agsessed uging a standard test method

such as EN 116 or IP 309.



of its intended use. This may for instance be the concentration of
stability-enhancing additive which was present in the fornulation
prior to the realisation that DEC could be used in the way provided
by the present 30i nvention, and/or which was present in an otherw se

anal ogous fuel foppakl 't'&t %”%%S’ctﬁeagpe%r ket edl Eg(reﬂw'i?oh”tﬁgﬁg

anal ogous context, prior dding DEC'to it in accordance wth t
i nvention. -isl@rovided T.Hnea ruamaﬁ GEJ nins eaBAAR foenmeaciprmgrp@ddzi pifve

concentration_may _be _as . compar concentration

Stabi 11 1y enMETEERS AT & AT Bodid B BredPerod Vo B dFecessary
to achi eve apdesigred imanget rArewel of | ow Stenperature stability

and/ or performance, and/or a desired target CFPP, for the formulation

in the absence of AORéNPEENCACESEAUNG E0SEADEL§kYhOAsBedlycerdde may
i nvention proyidesd hess g iEC diadhe P Ep%§§'%EV%EdX%E@%F%@Ere,

10concentration of a stability-enhancing-additive in
particul ar a tRANEYsSiadillise cormrerdt shapplipE ort he &#NBECDESS mikeure.

i nventi on as t he .sevent h .aspe rt| ar,,. .t he
stability- enﬁ%ngiaﬁ’g NG |ev€fnr?%fa§é‘n§ 5 (ibl\l%? dddt e FR5A ninth
aspect of th@l@@@ﬁﬂddﬁhﬂﬂ@thgﬁy@&Et@&@thtQEQ, lih and eselr beekne

fornmul ati on contai ning a FAAE, to reduce the anount of gl yceride
prectPi t at es FPAE/| ﬁ@cf ﬁF'-PﬁEluétei ot THiYs ressldedsr Bhd@wsEeve, OBEChenfFBER

used 1o resolybi sAt easly B B Vsetlicatides ieh hgve

20al ready crystalll sed ouft containin l"'at i'on
be used to rM@rea:ata:trel eastrager tiral/loy, hhh'nﬂlllmg tcémnalcatecmestlcs of

per f or mance r pertl es .of the formul ati on where they have been
Corpr om sed By REMRy BEa PF ol Bt CaTEsALIE S BERSGTRrES BFEsent

in the formiliakit@hce in AL FsRAcCtroRIRYLEeSn he use of DEC, in a
FAAE, to reduce the anount of glyceride precipitates in the FAAE

Agai b5 the DEC na?hseluyéat@@nr@§albﬁ|usgé togachegye pavt fgbrge- of
gl ycer | des whiehawe 19 kel A0anusLALl sed oul Ol 1ae MG (bt my

be used to restore, east partial terrperature
per f or mance adeDramﬂaperbmgsd@@r@heoEAAEcwhase timey hiedve shéebility,
and/or for the purpose of achieving a glyvceride stability
and/or solubllity {(in the FRAAE) which is at or above a
20 desired target value. It may be used to achieve any
degree of reduction in the relevant CFPP, and/or for the
purpose of achieving a CFPP at or below a desired target
value.
A seventh aspect of the invention provides the use
25 of DEC, in a diesel fuel formulation containing a FAAE,
for the purpose of reducing the concentration of a
stability-enhancing additive in the formulation. Since
DEC can improve the stability of FAAE-containing diesel
fuel formulations, it may make possible the use of lower
30 levels of such additives, with conseguent savings in
processing and cost.
A stability-enhancing additive may be any additive

which is able to, or intended to, improve the stability



- 17 - conprom sed by the crystallisation of glyceride inpurities
present init. In the context of the present invention, "use"
of DEC in a diesel fuel fornulation or-ihsa FAAE neans 5i ncorporating
the DEC into the forrulation or FAAE, typically as a blend (ie a

physi cal  m XtgH @QnMiddhRN 1Qlor01e Yhen dihesel dhuel,comarents. The

DEC wi Il conveniently be incorporated before the fornulation or FAAE
i s i ntroduced tiaftid idny .eAgistreldrl igyhemhsystien whiddlr i@ satyo bee ar aowldn

the fornul atign, ar f.ore t AAE i s incorporated.in a.diesel _ .
f uel fornulagﬁ5Wfal %3§§’OP&?&%§HE?PFOW%ﬁﬁé &§e%8Pl EﬁﬁéﬁnFﬁV elh
runni ng a fueliee@sidlg feyshemcibyRi Gal byrder kbt empabveorBstd on

engi ne, on a diesel fuel formulation contaLning the DEC, 15typically
by i nProduci RETEIREMP&ICRuI &8ico 9ensrg 1d Yo brsdst SéAPdRAfer a6 1gwer

engi ne. temde s Ofr HECHR ! 1 MRUSE gdeS Glelsbad 2RAYE TR

enbr ace supplf?%% FherDEC tgggihef m%td ?ngﬁfuggfo%§$gg? %F%§Eggcﬁﬁd§
di esel fuel fformexampde, moddle aliBAARlatte f20wadhibeveectke (PDFReseaall

of any of the fifth.to the.ninth aspects he invention, faqr

i nstance to SBAbiFitdes kgﬁ&Pg 13PY@§rﬁ§%§%§§ £HE ﬁé!eFBVﬁﬁpﬁtion
or the FAAE. vinyl bReitheeGoploaxt-oakrtihe csheeRt i 8B1vans eV iaRd cdefin
desired target prope;%% al so enbraces - and in an 25enbodi ment

i nvolles - i RFE6F FEPERYERE S eFaFinaddatdaes Tays bPoinicAstgac anDEC

may be used {39 RLqd a f farmul atl [ a.CEP |l ow a
desired targsteggﬁug%%%rﬁﬁﬁﬁb a%%%#b?%sgg g@tﬁ@nggﬁdtgFoaoge
performance ¢empeabituirey opkaaba ldeyi pédat aygebm 30¥bicadliout teaicle)

description and _cl ai ns this speci.fication, the words_"conprise"
and "containIu§ﬁ&n9éPFa%%8ngo Fmﬁﬁglﬁﬁrd?,eVbPaXXQEpPECiBéﬁgPF§iHﬁder
and "conprises’ red®el theChudung Byt fAQtekl BLLEEGihe" cadBdad®y thd8 -

not exclude other noieties, additives, conponents, integers or steps.
Mor ebVer t he forRgdR&d osnSorpassasst Heeplitr goldaresd imhéesont ext

otherwi se requiress tRePAbhtedtabe LHELCsLOEALAIZELALECRM LhE! @ TS

1 invention, the term “reducing” embraces any degree of
reduction, including reduction to zero. The reduction may
for instance be 10% or more of the original

20 stability-enhancing additive concentration, or 25 or 50
or 75 or 90% or more. The reduction may be as compared to
the concentration of stability-enhancing additive which
would otherwise have been incorporated into the fuel
formulation in order to achieve the properties and

25 performance required and/or desired of it in the context
of its intended use. This may for instance be the
concentration of stability-enhancing additive which was
present in the formulation prior to the realisation that
DEC could be used in the way provided by the present

30 invention, and/or which was present in an otherwise
analogous fuel formulation intended (e.g. marketed) for
use in an analogous context, prior to adding DEC to it in

accordance with the invention.
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ex. ADM and peluneoitharemyuntesifergliederilfat gmedegdttailess in the
formulation. Thus, as described above, DEC may be used to
resolubilise - at least partially - glycerides which have
20 already crystallised out of a FAAE-containing
formulation. It may be used to restore, at least
partially, the low temperature performance and/or
properties of the formulation where they have been
compromised by the crystallisation of glyceride
25 impurities present in the formulation.
A tenth aspect provides the use of DEC, in a FAAE,
to reduce the amount of glyceride precipitates in the
FAAE. Again, the DEC may be used to resolubilise - at
least partially - glycerides which have already
30 crystallised out of the FAAE. It may be used to restore,
at least partially, the low temperature performance

and/or properties of the FAAE where they have been



Ol Co, Ltd, Thailand). Their specifications are shown in Table 1

bel ow. Table 1 Property Test nethod RME POVE Ester content (% w w)
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compromised by the crystallisation of glyceride
impurities present in it.

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

“Use” of DEC in the ways described above may also
embrace supplying the DEC together with instructions for
its use in a diesel fuel formulation, or in a FAAE, to
achieve the purpose(s) of any of the fifth to the ninth
aspects of the invention, for instance to stabilise one
or more glycerides in the fuel formulation or the FAAR.

In the context of the invention, “achieving” a
desired target property also embraces — and in an
embodiment involves - improving on the relevant target.
Thus for instance DEC may be used to produce a fuel
formulation which has a CFPP below a desired target
value, or which exhibits a better cold flow performance
or stability than a desired target.

Throughout the description and claims of this
specification, the words “comprise” and “contain” and
variations of the words, for example “comprising” and

“*comprises”, mean “including but not limited to”, and do



161.5 Water content (ng/kg) UK 3367 215 395 Total contam nation
(particulates)(nmg/kg) IP 440 1.6 57.7 Oxidation stability

(Ranci matm, 1102C (hours) EN 14112 8.9-1Pg5-Acid value (ng KOH g) 139
0.16 0.33 lodine value (g/100g) IP 84

neot exclude other moieties, additives, components,
integers or steps. Moreover the singular encompasses the
plural unless the context otherwise requires: 1n
particular, where the indefinite article is used, the
5 specification is to be understood as contemplating
plurality as well as singularity, unless the context
requires otherwise.
Preferred features of each aspect cof the invention
may be as described in connection with any of the other
10 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
15 drawings)}. Thus features, integers, characteristics,
compounds, chemical moieties or groups described in
conjunction with a particular aspect, embodiment oxr
example of the invention are to be understood to be
applicable to any other aspect, embodiment or example
20 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 purpose,
The present invention will now be further described
25 with reference to the following non-limiting examples.
Example 1
The monoglyceride (MG) contents of two FAMEs were
measured using the standard test method EN 14105:2003.
This European standard specifies a method to determine
30 the free glycerol and residual mono-, di- and
triglyceride contents in FAMEs intended for addition to
mineral oils. The total glycerol content is then

calculated from the results obtained.



EN 14111 117 52 Linolenic acid nethyl ester(018:3)(% ww EN 14103
9.82 0.15 Methanol content (% ww CEN 14106 <0.01 <0.01 15The MG
contents of the FAMEs are shown in Tablel®2 below, for total Mss,
saturated M (C16:0 + 018:0), unsaturated Ms (C18:1 + 018:2 +

C18: 3),

FAME Tot al
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MG cont ent

glycerol and of the mono- and diglycerides intc more
volatile silvlated derivatives in the presence of
pyridine and of N-methyl-N-
trimethylsilyltrifluorcacetamide (MSTFA). The silylated
derivatives are analysed by gas chromatography on a short
capillary column with thin f£ilm thickness, with an
on-column injector or equivalent device, and flame
ionisation detection.

The method used was correct to 0.01% w/w.

The FAMEs tested were rapeseed methyl ester (RME,
ex. ADM) and palm oil methyl ester {(ex. Patum Vegetable
0il Co, Ltd, Thailand). Their specificationg are shown in
Table 1 below.

Table 1
Property PTest method RME POME
Ester content (% w/w) EN 14103 99 99 .45
Density @ 152C (kg/m3) IP 365 883.3 875.7
Viscogity @ 40¢eC (mmZ/s) Ip 71 4.463 4.446
Flash point (=C) IP 34 i70 161.5
Water content (mg/kg) UK 3367 215 395
Total contamination IP 440 1.6 57.7
{particulates) {(mg/kg)
Oxidation stability EN 14112 8.9 12.5
{Rancimat™), 110eC
(hours)
Acid value {(mg KOH/g) 139 0.16 0.33
Iodine value (g/100g) I? 84 117 52
EN 14111
Linolenic acid methyl EN 14103 9.82 0.15
ester (Cl8:3) (% w/w)
Methanol content (% w/w) CEN 14106 <0.01 <{0.01

The MG contents of the FAMEs are shown in Table 2
below, for total MGs, saturated MGs (Cl6:0 + Cl18:0),
unsaturated MGs (Ci8:1 + Cl1l8:2 + C18:3), diglycerides
(DG) and triglycerides (TG).
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Table 2
FAME Total Saturated | Unsaturated DG TG
MG MG MG content | content
content content content (% w/w) | (% w/w)
(% w/w) (% w/w) (% w/w)
RME 0.76 0.049 0.6612 0.13 <0.01
POME 0.73 0.333 0.285 0.17 0.05

Diesel fuel formulations were then prepared by
blending these FAMEs with a diesel base fuel DBF. This
was a commercially available Swedish Class I diesel fuel
formulated for use in colder climates and containing a
relatively high concentration of aromatic hydrocarbons.
It had a density at 15°C (ASTM D4052) of 813.7 kg/m3, an
initial boiling point (ASTM D86) of 1812C, a T95 boiling
peoint (ASTM D86) of 286%C, a final boiling point
(ASTM D86) of 2942C, a measured cetane number (ASTM D613)
of 56.3 and a kinematic viscosity at 40°C (ASTM D445) of
1.96 mm?/s.

Further formulations, in accordance with the present
invention, were prepared by blending the FAMEs with both
diethyl carbonate (DEC) and DBF. Blends of DBF and DEC
alone were alsc prepared, as controls.

Saturated and unsaturated MG wvalues for the prepared
formulations were calculated based on the previously
measured values for the neat FAMEs, reduced in proportion
to their concentrations in the formulations.

The formulations and neat FAMEs were then stored at
-20°C for two weeks. At the end of the storage period, a
sample was taken from the supernatant of each of the
formulations/FAMEs and assessed for MG content, in the
same way as for the neat FAMEs at the start of the test.
The results are shown in Tables 3a and 3b below, for RME

and POME respectively.
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prepared by bl ending these FAMEsS with a di esel base fuel DBF. This
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for use in colder clinates and containing a 5re|ative|y hi gh

concentration of by Is C
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(ASTM D86) of 2942C, a neasured cetane nunber (ASTM D613) 10of 56.3
and a kinematic viscosity at 402C (ASTM D445) of 1.96 mmR/s.

Further fornulations, in accordance with the present invention, were
prepared by bl ending the FAMEs with both diethyl carbonate (DEC) and
DBF. Bl ends of DBF and DEC 15al one were al so prepared, as controls.
Sat urated and unsaturated MG val ues for the prepared formul ations
wer e cal cul ated based on the previously neasured val ues for the neat
FAMEs, reduced in proportion to their concentrations in the
formul ati ons. 20The formul ati ons and neat FAMES were then stored at
-20C for two weeks. At the end of the storage period, a sanple was
taken fromthe supernatant of each of the fornul ati ons/ FAVMES and
assessed for MG content, in the sane way as for the neat FAMES at the
start of the test. 25The results are shown in Tables 3a and 3b bel ow,
for RME and POMVE respectively. - 21 -
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have been possible by incorporating a FAAE al one at the sanme or even
a |l ower concentration. Using the DEC and the FAAE together in a

di esel fuel fornmulation makes it - 24--2gasier to tailor the
formulation to fit with relevant standards or to neet desired

speci fi cati on target %an! @)eo%rsts!uﬂéldar fa(?;r d‘ﬁ'if'%%%ren%re%d% ft\?'v%le‘?l gg?cgg -
face nore stringent specifications than sumer grade Fuels. afpl e
2 Thi sarek g te-ssihvowsyd M RECamhyradid cadded d @due cal dhe

FAAE- cont ai ni_ng di esel_.fuel | ation to restore t.he content in
t he super nat é)rﬁqacfl@éscat%oél r?éc;?”{(g]r"cer-ycs&iagss't d'{bfg A&y et T%Fﬁ? Fides@d
fuel formul ationsmorerehdy eparat reasdyee auding 110U/ \s iRME fitdhe

di esel base fuel (DBF) of Exanple 1. Both formulations were subjected
to twe weeks Ay G TS bR S RIVE te shvgdma a0lsh$ tagage . This

measur ed bot f r eir r nat
15l evel s of %ngs%% Sﬁaggq?\%slte%ﬁ%o{i’ + %ﬁi’%%# élé:th%) .ln&taq%%dgﬁﬁ??\) C
one of the fa@md atdrorent(xaasicgnateeghd ADLavao [téfat wit albehahMBrhiFost

the other ("B"') had -10% v/v of cold DEC added to it (whilst still
bei ng mai nt aieﬁggﬂn ©ra TSI S FOREAIEIH O/t | GHE* wtte "PoDen
subj ect ed t o shdwtid REIG WG RAK S eBIANRER ah : la-@é@itr Md naly e

concentrations, and supernatant unsaturated MG [evels, were recorded
at the end ofafilifr sdCrmgwvheiEes iThdheswnresacndsnemysdsitasi e 4

bel ow. Tabl e g 5FAHY 3 Uy ADRY WAL YR generally far less if

any reduction in MG levels - in particular unsaturated MG
levels - during storage. These formulations, containing
both DEC and a FAME in accordance with the invention,

15 would be likely to cause less fuel filter blocking at
lower temperatures, to have generally better low
temperature stabilities and to provide improved low
temperature engine performance.

Tables 3a and 3b thus show that DEC can reduce the

20 amount of MG precipitation from all of the
FAME-containing formulations, leaving the post-storage MG
levels much closer to those before storage. It therefore
appears to stabilise the MGs present in the FAMEs.

It can be seen from this experiment that DEC may be

25 used to stabilise FAAE-containing diesel fuel
formulations, even at FAAE concentrations of 10% v/v or
in cases greater. Thus the present invention can allow
the formulation of a diesel fuel which contains a
reasonable concentration of biofuel components, and vet

30 which has better low temperature properties than would
have been possible by incorporating a FAAE alone at the
same or even a lower concentration. Using the DEC and the

FAAE together in a diesel fuel formulation makes it
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easier to tailor the formulation to fit with relevant
standards or to meet desired specification targets, in
particular for winter grade fuels which face more
stringent specifications than summer grade fuels.
Example 2

This example shows that DEC may be added to a cold
FAAE-containing diesel fuel formulation to restore the MG
content in the supernatant fuel to a near pre-cold
storage level,

Two diesel fuel formulations were prepared, each
contalning 10% v/v RME in the diesel base fuel (DBF) of
Example 1. Both formulations were subjected to two weeks’
storage at —-202C. Thelr RME concentrations were measured
both before and after storage, as were their supernatant
levels of unsaturated MGs (C1l8:1 + C18:2 + C18:3).

At this point, one of the formulations (designated
“A*) was left untouched, whilst the other (*B”) had
~10% v/v of cold DEC added to it (whilst still being
maintained at a low temperature}. Both formulations were
then subjected to a further two weeks’ storage at -20¢C.
Their final RME concentrations, and supernatant
unsaturated MG levels, were recorded at the end of the
second two weeks.

The results are shown in Table 4 below.

Table 4
Formulation A Formulation B
Storage Pre 2 wks 4 wks Pre 2 wkse 4 wks
time point
% v/v RME 9.2 9.0 9.5 9.1 9.0 8.8
$ w/w 0.068 | 0.017 ¢.015 1 0.068 | 0.017 0.049
Cl8:1/2/3

As expected, the levels of supernatant MGs are
reduced during the initial two week storage period,

indicating that crystallisation has taken place. In



0.049 25As expected, the |levels of supernatant M are reduced
during the initial two week storage period, indicating that
crystallisation has taken place. In --2B5--fornmulation A this MG
crystallisation continues, resulting in a further reduction in

super nat ant Mg havelsi &y 4 heend wef 241 3198 G @ oiddes,

formul ati on B the qdditlon of the 5DEC after the first two weeks
appears to regsssldiiv tie d niudtdldy feghurad dvG ioy wsalimiate MG levels

super nat ant l.evel is r storeqh;o a level close to its pre-storage
val ue, even a etr%ea %nLijrstcff;rw % veeks' cold storage. These results

show t hat DEC nay Ipe cesedare!, dml ¥orewloraduce the kidkeliikaodrotnds
crystallisation occurring (i,.e. as a preventative) but also to
reverse crystt9 i&Ht8%0 i fd Sadv Meskf cenaated 1@ redigpodve the

restorative) . 5Qr5 BXAMH S dEGIRY-R& Addedy 0 s%p%?ﬁ%t%% ‘ﬂdﬂ]]%gfel is

di esel fuel formulation which has been 15found to er fromlow

t enper at ur e stealiidriad) tor ébllens:l andiser twhiidls Ipese-altcemdye suflfver, edvan
i mpairment of_Jdts |owt erature rformance or properties, in order
to restore t ﬁeftfeorr ful a”triecgerat e dS=ar tci%;(fft_todf_agedesi red

speci fication. |t megchecadded how EAAE- omat abpi be Lwel 20whicahyhas
been found to cause unexpected filter bl ockages, for exanple in

cool &P weat h&CBICT AR ldHA9% &f Mrarge/stedrl isrdderp AqsBEdnat he
DEC may be added, t *&eﬂf&}eﬁk% At R ah AN Shaged or to 1ts

conmbustion, for exanple™at the refinery, at the punp, i n 25the fuel
tank of a vehimseadrliisatdmn ofthieth hesemloigadyhicclrusup@l | @s e.haes a
formulation tr%s %riaq:tie‘,‘rrer}a.l Fpo%n%lﬁc%[n{p(ine,e%%!cn%ay be added to a
FAAFR-containing diesel fuel formulation which has been
i5 found to suffer from low temperature stability problems,
and/or which has already suffered an impairment of its
low temperature performance or properties, in order to
restore the formulation at least partially to a desired
specification. It may be added to a FAAE-containing fuel
20 which has been found to cause unexpected filter
blockages, for example in cooler weather or following a
filter change. For these purposes, the DEC may be added
to the fuel formulation at any stage prior to its
combustion, for example at the refinery, at the pump, in
25 the fuel tank of a vehicle or in any other reservoir

which supplies the formulation to an internal combustion

engine.



TS 7782 1784 - CLAIMS 1. A diesel fuel formulation containing (i) a
fatty acid al kyl ester (FAAE), (ii) diethyl carbonate (DEC) and (iii)
an additional diesel fuel conponent. - 26 - 2. A formulation
according to claim1l1, wherein the FAAE 5is a fatty acid nethyl ester
(FAME). 3. Aformulation according to claim?2, wherein the FAAE is
rapeseed nethyl ester (RVE). 4. A fornulation according to claim 2,
wherein the FAAE is palmoil nethyl edtdr I BOYF). 105. A fornul ation
according to any one of the preceding clainms, wherein the
concentration of the FAAE is fromO0.5 to 30% v/v. 6. A

fornmul ati on dccordidges@laﬁmednéommuﬂheipnecedtagnﬂh@iWEJ whérnecy t he

concentration of t Cis fromQ.5 15t 2% A fornulatlon
according t o 3 @H‘g( ([)EIfE e Tpr EddtiIng (diid; #bl t:h}( &%Wt\‘?ol i) and
rati o of the (HAAE gglgﬁmaﬂgggﬂdltdy%ggyWﬁyéy|dymﬁdﬁég&pn15 1 to 1:10.
8. A diesel fuel supplenent for use in a diesel fuel 20fornulation,

the suppl emerk- coRt APHIHG 2CiPra aEAAEdARE £Pi FLBREG, 1,9whargiocshs FAAE

the pgeparatign OEP?fgl%éﬁﬁtE%ﬁﬁPhpr l%Igg??FﬂhICh process invol ves

bl endi ng toget one or nore
addi tional dilesel A25buahleaipanenterdopti evakliyiwi 2h ahereinnohe fFaek
additives. 10. A nethod of }5grat|ng an_i nternal conbustion engine,

and/ or a vehi'd F3RESERS IHH Tartf%Per nal conmbustion engi ne,

whi ch met hod 4, nvth%rmntLa@i%I a&cb%%éoeocemaﬁﬁt bon&RaEbAT tata_ FRgE
engi ne a diesel fuel - - formulation according to any one of

clalns 1to lsopaéﬂdpééeﬂﬁﬂﬁéﬂ-§ﬁﬁ§ﬂeﬁ§@MEéocordlng to claim8. 11.
b f([))'rfct h'esn a E%Erﬁplaﬁl%n%%%%kdﬁ’ﬁ' ehoLiy! ahion sCentalnbng dyg
pur poSé o
claims, wherein the concentration of the FAAE is from 0.5
to 30% v/v.
6. A formulation according to any one of the preceding
claims, wherein the concentration of the DEC is from 0.5
15 to 15% wv/wv.
7. A formulation according to any one of the preceding
claims, wherein the volume ratic of the FAAE to the DEC

in the formulation is from 5:1 to 1:10.

8. A diesel fuel supplement for use in a diesel fuel
20 formulation, the supplement containing (i) a FAAE and

(ii) DEC.

9. A process for the preparation of a diesel fuel

formulation, which process involves blending together (i)

a FAAE, ({(ii} DEC and (iili) one or more additional diesel
25 fuel components, optionally with one or more fuel

additives.

10. 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

30 a combustion chamber of the engine a diesel fuel



5increasing the stability of one or nore glycerides present in the
FAAE. 12. Use of DEC, in a FAAE or in a diesel fuel fornulation
containing a FAAE, for the purpose of fedluctng the concentration of a
stability-enhancing 10additive in the FAAE or diesel fuel

formul ation. fokdw s Bf dEGrdih AR O & dhiesels fuel 7 or a

formul ation containing a FAAE, to reduce the anmount of glyceride
preci pi t at es dlestsHe TURAE sgrordieassit fagsloridgmeultat icd@im $14. Use

cccor 09 1030y 99 B 8 el Vgl Sep RSl Bupbbeaslyone of the
at | east one fofrmifie tgloyc erdrded nisiga as #ANFRt Edrmaheg byeekisde o f
5 increasing the stability of one or more glycerides
present in the FAAE.
12. Use of DEC, in a FAAE or in a diesel fuel
formulation containing a FAAE, for the purpose of
reducing the concentration of a stability-enhancing
10 additive in the FAAE or diesel fuel formulation.
13. Use of DEC, in a FAAE or in a diesel fuel
formulation containing a FAAE, to reduce the amouni of
glyceride precipitates in the FAAE or diesel fuel
formulation.
15 14. Use according to any one of claims 11 to 13, wherein
at least one of the glycerides 1s a monoglyceride.
15. Use according to claim 14, wherein at least one of

the glycerides is a saturated monoglyceride.



