- 1 - Mtor fuel conpositions conprising renewable raw

materials The present invention relates to fue
~conpositions 5 which conprise renewable raw materi al s,

to the use of ester-conprising polynmers in fue

conposi tions, and to the processes for operating
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i nvention. 10 Fuel s are nowadays gener al tal ne
fronrfossrl sources. However ! these resources are

limted, Iacenents are ,bei ng sought..
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materi al s which can be usedetrdapsoduce fuels. A very

interesting replacement is in 15 particular biodiesel

fuels. The termbiodiesel is in many cases understood
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vegetable oils (i.e. glycerides) such as rapeseed

oils, 25 sunflower oils, soya oils, ‘palmoils, coconut
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methyl esters (FAMEs), w1th chain lengths of the fatty
20 acid fraction of 14 to 24 carbon atoms with 0 to 3
double bonds. The higher the carbon number and the
fewer double bonds are present, the higher is the
melting point of the FAME. Typical raw materials are
vegetable oils (i.e. glycerides) such as rapeseed oils,
25 sunflower oils, soya oils, palm oils, coconut oils and,
in isolated cases, even used vegetable oils. These are
converted to the corresponding FAMES by
transesterification, usually with methanol under basic
catalysis.
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In contrast to rapeseed oil methyl ester (RME), which
is frequently used in Europe and typically contains
approx. 5% C16:0+Cl8:0-FAME, palm o0il methyl ester
(PME) contains approx. 50% C16:0+C18.0-FAME. A similar
35 high C16:0+C18:0 FAME content is also possessed by the
analogous derivatives of animal tallows, for example
beef tallow. Such a high wax content can baiely' be

influenced by polymeric flow improvers, which are



2 - typically added with an addition rate of up to 2%
In conparison to rapeseed oil, palmoil can be
obtained with nore than three tinmes as high a crop
yield per hectare. This gives rise to i nmense economc
5 advant ages. However, a disadvantage is the high pour
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adjusted specifically to fossil diesel fuel, problems
can therefore occur as a result of altered combustion
characteristics. In particular, the development of
economical and high-performance diesel engines which
are optimized for the use of fossil fuels has thus to
date been a hindrance for the use of pure biodiesel

fuel.

In addition to the wutilization of 100% biodiesel
(usually RME) in Europe, mixtures of fogsil diesel,
i.eﬁ the middle distillate of crude oil distillation,
and biodiesel are therefore also of interest owing to
-improved low-temperature properties and the better
combustion properties. Even as a blend, tax advantages
for the renewable raw material can be passed through to
the end user. In addition to these economic advantages,

the advantageous ecological balance for the renewable
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raw mat erial biodiesel should of course also be

nmentioned. For instance, 5% bl ends of bi odiesel
(usually RVME) with fossil diesel are being discussed
in Europe, and in Asia (South Korea, India, Indonesia,
5 I\/Ial aysi a, Thai I and, Philippines) and Australia even
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particul ar preparation which inparts exceptiona
properties to these polyners. However, there is a |l ack
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or else as pour point improwv rs or vegetable

01ls (US 5 696 066 to Rohm & Haas Company), have been

established and described for some time. Use of these
polymers in fuel compositions which comprise at least

one diesel fuel of mineral origin and at least one

biodiesel fuel is, however, not described.

Moreover, the publication WO 01/40334 (RohMax Additives
GmbH) describes polyalkyl (meth)acrylates which can be
used in biodiesel fuels. This publication relates to
the particular preparation which imparts exceptional
properties to these polymers. However, there is -a lack
of examples herein which relate to biodiesel fuels. In
addition,'the advantageousness of polymers which have a
high content of certain ester-comprising repeat units
is not detailed. Furthermore, the low-temperature
properties achievable 'in lubricant oil by adding

additives are not necessarily applicable to mineral



10

15

- 4 - diesel fuels, since their boiling behaviour,

their viscosity and hence their conposition of
hydrocarbons is different. M xtures which conprise

m neral diesel fuel and biodiesel are not described in
WD 01/40334. 5 FurtheLnore, hydroxy-functional PAMAs
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pol y(dodecyl nethacrylate) and from 100 to 200 ppm of
et hyl ene-vinyl acetate copolyner 35 (EVA). However,
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the examples, only ethylene-vinyl acetate copolymers
(EVA) and copolymers which contain Ci2/Cis-alkyl
fumarate and vinyl acetate units are described. There
is no comprehensive and unambiguous description of
particular ester-comprising polymers in WO 94/10267.

In addition, a series of optimized EVA copolymers for
diesel-biodiesel mixtures have also become known (EP
1 541 662 to 664). For instance, EP 1 541 663 details
-mixtures comprising 75% by volume of diesel fuel of
mineral origin and 25% by volume of biodiesel, which
comprise 150 ppm of poly(dodecyi methacrylate) and from
100 to 200 ppm of ethylene-vinyl acetate copolymer
(EVA) . However, the use of EVA is described herein as
obligatory. EVA is, however, quite an expensive
-additive. Accordingly, alternatives in which the use of

EVA can be dispensed with are desirable. There is no



EVA can be dispensed with are desirable. There is no
indication itn EP 1 541 663 to the advant ageousness of
particul ar ester-conprising polynmers. In view of the
prior art, it is thus an object of the 5 present
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This object and further objects which are not stated
" explicitly but are immediately derivable or discernible
from the connections discussed herein by way of
introduction, are achieved by a fuel composition having
all features of Claim 1. Appropriate modifications of
the inventive fuel composition are protected in
subclaims. With regard to the process for operating a
diesel engine and to the use of ester-comprising
polymers as flow improvers, Claims 24 and 25 constitute

a solution to the problem.

By virtue of a fuel compdsition containing 20% by
weight of diesel fuel of mineral origin and from 0.05
to 5% by weight of at least one ester—éomprising
polymer which comprises repeat units which are derived

from ester monomers having 16 to 40 carbon atoms in the



al cohol radical, and repeat units which are derived

fromester nononers having 7 to 15 carbon atons in the

al cohol radical, it is surprisingly possible to

provide a fuel conposition which conprises at |east

one diesel 5 fuel of mneral origin and at |east one
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materials. 10 At the sane tine, the inventive fuel
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having a high proportion of long-chain saturated fatty
25 acids. In addition, the present invention is ained
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the engine, 30 which can lead to a | ow overal

performance of the engine. Mreover, very high
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control having to be altered.

Preferred fuel compositions of the present invention
have a particularly high cetane number which can be
improved in particular by the use of biodiesel fuels
having a high proportion of long-chain saturated fatty

acids.

In addition, the present invention is aimed at the use
of very oxidation-stable biodiesel fuels. This allows
reduction of the formation of deposits in the engine,
which can lead to a low overall performance of the

engine.

Moreover, very high fractions of palm oil alkyl esters
can be used in the fuels. For ecological'and economic
reasons, palm o0il is _preferred over the customarily
used rapeseed 0il. For instance, the crop vield in the
production of palm o0il is significantly higher than

that of rapeseed oil. Moreover, to. obtain rape, very



conpositions, are used. At the same tinme, rape is not

sel f-conpati ble in production and has to be cultivated
crop rotation system in which case cultivation of in

the same field is possible only every 3 to 5 For this

reason a further increase in rape production is
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The fuel composition of the present invention comprises
diesel fuel of mineral origin, i.e. diesel, gas o0il or
diesel o0il. Mineral diesel fuel is widely known per se
and is commercially available. This is understood to
25 mean a mixture of different hydrocarbons which is
suitable as a fuel for a diesel engine. Diesel can be
obtained as a middle distillate, 1in particular by
distillation of crude oil. The main constituents of the
diesel fuel preferably include alkanes, cycloalkanes‘
30 and aromatic hydrocarbons having about 10 to 22 carbon

atoms per molecule.

Preferred diesel fuels of mineral origin boil in the
range of 120 to 450°C, more preferably 170 and 390°C.
35 Preference is given to using those middle distillates
which contain 0.05% by weight of sulphur and less, more
preferably less than 350 ppm of sulphur, in particular
less than 200 ppm of sulphur and in spedial cases less
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than 50 ppm of sul phur, for exanple |ess than 10 ppm
of sul phur. They are preferably those m ddle :

di stillates which have been subjected to refining
under hydrogenating conditions, and which therefore
contain 5 only small proportions of polyaromatic and
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an oil, which is obtained fromvegetable or aninm
material or both, or a derivative 30 thereof which can
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3Q0 My prefierably 12 to 24 carbon atons, and
nonohydri ¢ al cohols having 1 to 4 carbon atons. In

many cases, sone of the fatty acids mmy contain one,
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| ngl ude deh oAt Walgnet hanglaratchanel atpnepanokoang,,
bld}ee:}_g?ll n:%g:‘te] gxo'rlstbfygl nagt prféa?srt! ed50° by weight, more
preferably at least 70% by weight and most preferably
at least 80% by weight of diesel fuels of mineral

origin.

In addition, the present fuel composition comprises at
least one biodiesel fuel component. Biodiesel fﬁel is a
substance, especially an oil, which is obtained from
vegetable or animal material or both, or a derivative
thereof which can be used in principle as a replacement

for mineral diesel fuel.

In a preferred embodiment, the biodiesel fuel, which is
frequently also referred to as "biodiesel® or "biofuel"
comprigses fatty acid alkyl esters formed £from fatty
acids having preferably 6 to 30, more preferably 12 to
24 carbon atoms, and monohydric alcbhols having 1 to 4

carbon atoms. In many cases, some of the fatty acids



Exanpl es of oils which derive from animl or vegetable
mat eri al and which can be used in accordance with the

invention are palmoil, rapeseed oil, coriander oil
soya oil, cottonseed oil, sunflower oil, castor oil,
10 olive oil, groundnut oil, corn oil, alnond oil
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esters_of palmtic acid and stearic
sterilized and pressed. Owing to thelr hlgh carotene

content, fruits and oils have an orange-red colour
which is removed in the refining. The o0il may contain

up to 80% Cl8:0-glyceride.

Particularly suitable biodiesel fuels are lower alkyl
esters of fatty acids. Useful examples here are
commercial mixtures of the ethyl, propyl, butyl and
especially methyl esters of fatty acids having 6 to 30,
preferably 12 to 24, more preferably 14 to 22 carbon
atoms, for example of caprylic acid, capric acid,
lauric acid, myristic acid, palmitic acid, margaric'



For reasons of cost, these fatty acid esters are _
generally used as a m xture. Biodiesel fuels usable in
accordance with the invention preferably have an
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In general, the fuel compositions of the present

invention may comprise at least 0.5% by weight, in
particular at least 3% by weight, preferably at least
5% by weight and more preferably at least 15% by weight
of biodiesel fuel. '

In addition, the fuel composition of the present

invention comprises 0.05 to 5% by weight, preferably
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ﬁf?\?ﬁ rm‘?\ét et )ﬂ“m(ﬁ@gﬁacryqtaﬁe n- propyl

(met h) acr yI at e i sopropyl (neth)acrylate, n-butyl
(makh) ageyl @t @ity polymers contain repeat units
which are derived from ester monomers having 16 to 40
carbon atoms in the alcohol radical, and repeat units
which are derived from ester monomers having 7 to 15

carbon atoms in the alcohol radical.

The term "repeat unit® is widely known in the technical
field. The present ester-comprising polymers may
preferably be obtained via free-radical polymerization
of monomers, the ATRP, RAFT and - NMP processes which
will be detailed later being included in the free-
radical processes in the context of the invention,
without any intention that this should impose a
restriction. In the polymerization, double bonds are
_opened up to form covalent bonds. Accordingly, the

repeat unit is formed from the monomers used.



10 butyl (neth)acrylate and pentyl (neth)acrylate,
hexyl (nmeth)acryl ate; _
cycl oal kyl (et h) acryl at essuchascycl opent yl

(et h)acrylate, cyclohexyl (meth)acryl ate;

(et h)acryl ates which derive from unsaturated

al ﬁ@h?b&/)[l o3uch as 2-propynyl (meth) @ewré@zm/@lslmlsl
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15 In addition, the ester-comprising polymer may contain
0.1 to 30% by weight, preferably 0.5 to 20% by weight,
of repeat units which are derived from ester monomers
having 1 to 6 carbon atomg in the alcohol radical.

20 The ester-comprising polymer comprises preferably at
least 40% by weight, more preferably at least 60% by
weight, especially preferably at least 80% by weight
and most preferably at least 95% by weight of repeat

units which are derived from ester monomers.

25
Mixtures from which the inventive ester-comprising

polymers are obtainable may contain 0 to 40% by weight,
preferably 0.1 to 30% by weight, in particular 0.5 to
20% by weight, of one or more ethylenically unsaturated

30 ester compounds of the formula (I)
‘ R
R3 1
W/%’/OR

RZ 0O (1)

in which R is hydrogen or methyl, R' is a linear or



2-met hyl dodecyl (neth)acryl ate, tridecyl (nmeth)- 10 ,
acrylate, 5-nethyltridecyl (neth)acrylate, tetradecyl

~(nmeth)acryl ate, pentadecyl (meth)acryl ate;

(meth)acryl ates which derive from unsat urat ed
al cohol s, for exanple oleyl (nmeth)acrylate;

' Cy%oébbyhﬂ'@jé") acryl ates such as 3-vippy) gyed @Ne¥the1

5 (neth)acryl at e, bornyl (et h) acryl at e; andt he

correspondlng fumar at es and lFeates. I n addition,
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{meth)acrylates, fumarates and maleates which derive
from saturated alcohols, such as methyl {meth)acrylate,
ethyl - (meth)acrylate, n-propyl (meth)acrylate,
isopropyl (meth)acrylate, n-butyl (meth)acrylate, tert-
butyl (meth)acrylate and pentyl (meth)acrylate, hexyl

(méth)acrylate;

cycloalkyl (meth)acrylates such as cyclopentyl
(meth)acrylate, cyclohexyl (meth)acrylate;

(meth)acrylates which derive from unsaturated alcohols,
‘such as 2-propynyl (meth)acrylate, allyl (meth)acrylate

and vinyl (meth)acrylate.

The compositions to be polymerized preferably contain
10 to 98% by weight, in particular 20 to 95% by weight,
of one Or more ethylenically unsaturated ester

compounds of the formula (II)

R

R6
\T%J\WF/ORA | - (TI)

RS O

in which R is hydrogen or methyl, R?! is a linear or
branched alkyl radical having 7 to 15 carbon atoms, R’
and R® are each independently hydrogen or a Jgroup 6f
the formula -COOR" in which R" is hydrogen or an alkyl

"group having 7 to 15 carbon atoms.



- 15 - I's hydrogen or an al kyl group having 16
to 40, preferably 16 to 30, carbon atons. Exanpl es

of conponent (I11) include (nmeth)acrylates 5 which
derive from saturated al cohols, such as hexadecyl

(et h) acryl ate, 2- met hyl hexadecyl (net h)acryl ate,

he I acryl ate, 5-i sopropyl he
(n@?ﬁ%gg?§ﬁg$%#§4-tert-butyloctadecyl Enetﬁ?gg?§4%3%361
5- et hyl oct adecyl (neth)acryl® e, 3-isopropyl octadecyl
10 gbapbhdacs ¥ algoRetadesy! s Aomidy.acryl ate, nonadecy

(meth)acrylate, eicosyl (nmeth)acrylate, cetyleicosyl
(MRERYACLYAE SheSt el AL EOSY hnEMBIN)AGY afies 110898V e
(rmeth)acrylate and/or eicosyltetratriacontyl (neth)-
acEypPat e; sagugfddal Idlicohadeh) aceydtat esucF-gshylhexyl
3’ 3métfu§ bety Rty - 3h\éb%¥gcy0:? S%(ﬂ)'heséﬂﬁta{&)eé‘“y' Qt—gezﬁt-é—-

,4,5-tetrat-butyl cyCl ohexy net'’h)acryl ate; and t
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i PRORSE. charB o PLRrEY ST Gnol s SOMRPER gendiat T ocgy Take:
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25_varj ous | @ng-chain al cohol radicals.. These fatt
RS P e T | (RO s o e B deenn
Al codich (adrylade, Peotddlenhiol (eaxh]l260y14Atépl (r) 610,

Al fol (r) 810, Lial(r) 125 and Nafol (r) types (Sasol);
Al phatrtolgary12@efl GhichEpat{rg Hiih ancaEpabEed Sldohols,
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cycloalkyl (meth)acrylates such as 3-vinylcyclohexyl
(meth) aérylate ; bornyl (meth)acrylate; and the

corresponding fumarates and maleates.

In addition, preferred monomer compositions contain 0.1
to 80% by weight, preferably 0.5 to _60% by weight, more
preferably 2 to 50% by weight and most preferably 5 to
20% by weight of one or more ethylenically unsaturated

ester c‘ompounds_ of the formula (III)

R

RO 7

R8 O

in which R is hydrogen or methyl, R’ is a linear or
branched alkyl radical having 16 to 40, preferably 16
to 30, carbon atoms, R® and R’ are each independently

hydrogen or a group of the formula -COOR’’‘' in which
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30 911 and Neodol (r) 25E (Shell AG; Dehydad(r), .
Hydrenol (r) and Lorol (r) types (Cognis); Acropol(r) 35
and Exxal (r) 10 (Exxon Chem cal s); Kal col 2465 (Kao
Cheni cal s). WD 2007/ 113035PCT/ EP2007/ 051361 - 16 -
Anong the ethylenically unsaturated ester conpounds,
paghi spd-Arq R8ker ence is given to the {(pgif) Y103t 881
over t e'@é]eates and fumarates, i.e. ﬁg?yRégﬁgg, Eg§
R8 and R9 of the fornmulae (R, -(I1) and (Il11) are each
5 hydrogen_ in particularly preferred epbodi nents. The
wefght &t PEI5PERt &F MOhOREFL. oFT PR PovHf alll /P 4%
t herefémbliyodénmers30f d¢dwodrommwha. (111) may be within
a wide range. The ratio of ester conpounds of 10 the
fopmila ddl | b eWniGRo GANLAI N1E7§0 o eboramatﬁpgcmafée%
al cohol radical to the ester conpounds of the fornula
( Ivh)chwisiegtiveodrainnsasurated) aladbon sat epshi astiexadecyl

i" M)a&:@%&@% s lp%/gf:n%E NexddtctDe ranq%e?%)%&égiatf%,

, nmore-preferab e range-of 10:
espagiaglclcy lpr ef efradiih) Brylavel: 1. Coffpopenby(haftadecyl
conpt.i i rtigular, ethyl.enically.unsat t ed
o e R® o SbeSs S YHER-SRst e | n R Al e,
etindtdyiloakbgeansat (matlethestleteconpetndsropyidmtadecyl

20f ornul_ae. (| (r1)..and/or (L1L),
OB B8Pt &t or PYERRERE cciBRMATEREe,  nonadecyd
poimenen) bzayilave accot chsgl t o(ndih) pregtate nvesity o cakse 1
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(meth)acrylate and/or eicosyltetratriacontyl (meth)-
acrylate;

cycloalkyl (meth)acrylates such as 2,4,5-tri-t-butyl-
3-vinylcyclohexyl (meth)acrylate, 2,3,4,5-tetra-
t-butylcyclohexyl {(meth)acrylate;

and the corresponding fumarates and maleates.

The ester compounds having a long-chain alcohol
radical, especially the components (II) and (III), can
be obtained, for example, by reacting (meth)acrylates,
fumarates, maleates and/or the corresponding acids with
long-chain fatty aicohols, which generally gives a
mixture of esters, for example (meth)acrylates with
various long-chain alcohol radicals. ‘These fatty
alcohols include Oxo Alcohol® 7911 and Oxo Alcohol®
7900, Oxo Alcohol® 1100; Alfol® 610, Alfol® 810, Lial®
125 and Nafol® types (Sasol); Alphanol® 79 (ICI);
Epal® 610 and Epal® 810 (Afton); Linevol® 79, Linévol@
911 and Neodol® 25E (Shell AG); Dehydad®, Hydrenol®

and Lorol® types (Cognis); Acropol® 35 and Exxal® 10

(Exxon Chemicals); Kalcol 2465 (Kao Chemicals).
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in which R and R2* are each independently sel ected

fromthe group consisting of hydrogen, hal ogens, CN,

i near or branched al kyl groups having 1 to 20, 30

preferably 1 to 6 and nore preferably 1 to 4, carbon

WO 2007/ 113035PCT/ EP2007/ 051361 - 17 - atorrs whi ch may

bewpubght fitLAsPy 1 to (2n+1) hal ogen 2(\/@179

is the nu;rrber of carbon atoms of the a Eg);roup/ro?flgr61

exanpl e CF3), a,-unsaturatedf inear or br anched

al kebyy e %t‘?ﬁ(z‘i)éhn.%@ygsuﬁ‘?é/ﬂd}%t%dt Qsllr SonpRigisably

2 to 6 and nore prefera , carbon atons which

mapabel it iprgtfegepge1ig ogﬂ(‘zerﬂrL tr RAkodeathkasmylates

preber a@Aey nrehle%geeanarhsrrﬁafaee% the nua@eerf 53" RQN

atons of the al kyl group, for exan‘p CH2=CC1-

cy‘{‘ii3 ok i gfotps Faviwmips 1 .8 (@) band at BHE wmechanhy
t| t a

pre cgrr(z %rﬁgﬁgxl%ﬁgé&%&eﬁegﬁ%ﬁ%e@% car bon

at ons of the cycl oal kyl group; C( Y*)R5*

m@bi)rﬁg%hgreggﬁm%fﬁ%% ORI BRS 200 S SRS (TT)

NI tRB*@aMas&hrnmyn@eemat%rﬂhez gdrmalh aNT IS5 redd bk onaI

R'. ..ar. eteroc cl roup, ere Y* S
orwjo&%lr efergﬁl VR |gra%n aPﬁhT"sEﬁ ucpor?%’\lflnﬁﬁ f’Fom
1 tlee ZEbrcarilaomIaI onmclamcﬁitlayht Mi Bo hBwideykbrt atdfis in

car,bon at , 5 (R15 i.s hydrogen or aIk
o PR SRR AT (i 0% BPEBR SPB o R or 20
heﬁcej‘n@ﬁyacl(yl]:mxywhﬂﬁf atalRn aseteacdn d:a[}ﬂﬁﬁﬁﬁ(ﬂemsl yn

or.an rou hav 20 carbo
D Lae R el e X SRRt e T RO er L
grmmﬁ Bﬁvr ngre ;B:ceﬁe%rarm@f ghabhy Zaddge n%&argbontagmnsbl
in I G aset or 3 0. 8- menbere preferably
3-estpc?céa %ﬂ% ?ﬁg idl R8* is hydrogen,
| i near or branched aIkyI or aryl groups having 1 to 20
car bon ato RP and R4* are inde endently sel ect ed
CSHPCRE™G: bHp CoTERSEeAg 1B PRy Srapogencally
(mlmfacnaawd frhdsfnidies @hiehl eshney ,C@Jdﬂlemeg&e@aswhaw ng
1to 6 carbon atonms and 30 COOR' in which R' is
hydEoGERY L G I unata abpd afs Wk ACTRHRAShaki Hee 1
tqoﬁ-glu@aébpﬁ) atos, a8k6/BP angrR4* together may forma
group of the fornmula (CH2)., which may be substituted
by 1 to 2n hal ogen atons or 0 to C4 WO
20076 443035PCTLEP200LL 051364 us eable - akkkbnOHOMPS, 9br
formthe fotwil a C(—OZ *-C(=0) where n" is 2 to 6,
pPefEnapli gatgiey &cC ng ¥® & ed@rﬁﬁ@atab@ventam are
Wﬁ&ge%hi&?%r%e%%ohaetglth u§% and R4* radicals
are -hydrogen or halogen. 5 he preferred cononomners
(I'V) include hydroxyal kyl (nmeth)acrylates such as
3- hydr oxypr opyl rret%agryl ath‘=

(IV)
in which R and R?* are each independently selected
from the group consisting of hydrogen, halogens, CN,
linear or branched alkyl groups having 1 to 20,

preferably 1 to 6 and more preferably 1 to 4,  carbon
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2-SORY ox§eRRyl GRRAcT PRAE:

3, 4-di hydr oxybut yl net hacryl at e, 2- hydr oxyet hyl ,

nmet hacryl at e, 2- hydr oxypr opyl net hacryl ate, 2,5- 10

di .net hyl - 1, 6- hexanedi ol (meth)acryl ate, 1, 10- decanedi ol
(et h)acryl ate; am noal kyl (meth)acryl ates such as

N( 3- di met hyl am nopr opyl ) net hacryl am de,

3-die 'gﬁﬁﬁntyl nmet hacryl at e,

3-@?b8?§?§£§no exadecyl (neth)acrylate?cﬁ(%E? %%!%%;361
(nmeth)acrylic acid and 15 otl¥er nitrogen-cont ai ni ng
meLbant YAt 8, m8YCBe@8ubstituted by 1 fo (2n+l) halogen
N( met hacryl oyl oxyet hyl ) di i sobutyl Keti m ne, N

(methmer yivbyprex ety | e havaberyrketcagne, mdoms of the

cr am doacetonitril e, 2- hacryl,oyl oxyet hyl hyl -
ey EH AErBYRn Py TIRSER S i 0.0 Bryn 5y Tt dved e e
(nﬁﬁhbaﬁilﬁyh@d ealBWﬂvm has:;] bzemzy&?ym%ftaq;rsylr&tﬁn@r 2ﬁhﬁnyio,
nmet hacrylate in ich the aryl radicals y eac e
unBEBSETPuted” oFPuf % IS Uit 'elregia; 2”4 Sarbon
Cagbeny | whk Ot ahdy NBe MBLBAE! M td®SHFUChE@S (2n-1) halogen
2-carboxyeth¥I netha%%YIate, car boxynet hyl :
et haRT v BY &L eDT ok aFlol Aty | etAS it AlcrpPariber of
N- £ 4B Hacl Ydry | OXYihe fOTIRIM HesuAc etndx Bt Backyl@te,,
N- et hacr yl oyl nor phol i ne, ‘
N- FEE HRRe M loyaroppsy PREEPEI Aoite, SNepgbon atoms which may
megbagiyd oph@eyebhyh) £ 8- pyhr o) inlinepe, aNohd: nptbackal Ty
oyloxypyopyl)-z-pyr[ol|d|none,N-(2-nethacryf- 30
oyt kit -addeyr) n2isy thel rarreRe R F3TRRR MRlkIMA -of the
oyl-pxydientadegybls 2- RY{L0o) R NORELy'ghRER™  vic(=Y")R",
di et hacryl ates such as 1 4-b%tane9|ol methacryl afe,_,
R ePRoxyel ioky Rerhyl PR 2,
mephacky| @t e, grethomyelhyl, et Bacrylatdmized with an
met hacryl ates WO 2007/ 113035PCT/ EP2007/ 051361 - 19 -
ofadditdiongilc Aol frydchrabeserapyelndf wiroypy| where Y may
agryl ate, vinyl o hyl. hacryl.at
Tt honyot hoxy et hol ReChacey a7 T but oxgar %@ﬂ group
metehaicoy Iface, 11taek AytaxDonyiatydmsxy pat Byky el hadiapiage 1

oyl ohexyl axyret byl megpacrylate, RLhgTRLhoxy el ;

20

25

30

acrylate, benzyloxynethyl nmethacrylate, ury
nmetetsdny| at ko3~ baf oxyetdyl2Onretddery| atens 2- aryloxy or

et.hoxyet ha thyl met hacryl afe, 2-eth th
TR PR ETET Y1yt iyl ot hatey| Sehy. Ligependently
etyakyplehy brmet hatkyl afmequprétadvixgnét hyl 2 et dndeary leetoms ,

1- et hgxyet hyl t hacryl at e, et haoxynet hyl thacryl at e;
mihaby Yl &0ds Tor (AESGBREL Al SORT < s alRvASEs gt
ditardmepropyl 7 rephetsndidte,2 £dbsoraphenyhtoms, in which

t hacryl at e, |
1550, Chesr 625 pRopy! et AaBPYPETel 2 B hsallyl 3=t 6

membered, ring, and R® is hydrogen, linear or branched
alkyl or aryl groups having 1 to 20 carbon atoms;

R¥ and RY are independently selected from the group
consisting of hydrogen, halogen (preferably fluorine.or
chlorine), alkyl groups having 1 to 6 carbon atoms and
COOR’" in which R®" is hydrogen, an_aikali metallor an
alkyl group having 1 to 40 carbon atoms, or R* and RY
together may form a group of the formula (CH3)n which

may be substituted by 1 to 2n' halogen atoms or Ci; to C4
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chl oronet hyl net hacryl ate; oxiranyl nethacryl ates such
as 2, 3-epoxybutyl met hacryl at e, 3, 4- epoxybut yl

nmet hacryl ate, 10, 11-epoxyundecyl nethacrylate, 10,11-
epoxyhexadecyl net hacryl at e, 2, 3- epoxycyclohexyl 20

"%8""56%?&:71%03%' yci dyl methacryl ate; gb7/051361
on

or “Si l'i con-cont ai ni ng nethacry es suc
2- (di met hyl phosphat o) propyl l@ethacryl at e,

2- gﬁ%yl%ﬁﬁﬁgﬁswt IQTI(OMA E@E %Iyé@ICﬁ’—Y25C( =0) where

di net osphi nonet net hacryl at e,
dlnéthylahospﬁonpeeﬁyramhxhhc©yléteand Y" is as defined

| [ et h 4
o dYe e e e TR B P ety 4P

SOradiacaltmtayrleehEd:e@m rod dnglleglenl bor at e,

nmet hyl di et hoxynet hacryl oyl et hoxysi | ane, WD

2007/ 113035PCT/ EP2007/ 051361 - 20 -

di Bidy | predepiratio et:biylbnasméﬂfmc rytat e;inviloge haydces;alfkgrl

xpmLS L ochl aride, vt vl Lhuorides i YLIdENS oce
hes er-aniysiirefypabyBer Y| atemaighas?, (1-  2-hydroxyethyl

2 RSO Py ) SRV CRBETOREHy1 afeehgiyiace  2,5-

1-di2ndBi/Nacy yLMﬁéuﬁJdl- 2- (ytR)Qldrdilzere ], VO nydcasdaog

such as vin acetate; styrene,substituted styrenes
halAstd é‘ﬁré{%(ﬂ*;?? 16m%ﬁB§f1F¥Lerﬂf“eF]ﬁ )R qFE cﬂ}é‘?}h agoN-

exﬁﬁﬁhﬁe@hﬁﬁéﬁyﬁopropyl)methacrylamlde, 3-diethylamino-
pentyl methacrylate, 3-dibutylaminohexadecyl
(meth)acrylate; mnitriles of (meth)acrylic acid and
other nitrogen-containing methacrylates, such as N-
(methacryloylbxyethyl)diisobutyl ketimine, N-
" (methacryloyloxyethyl)dihexadecyl ketimine, meth-
cryloylamidoacetonitrile, 2-methacryloyloxyethylmethyl-
cyanamide; cyanomethyl methacrylate; aryl
(meth)acrylates such as benzyl methacrylate or phenyl
methacrylate in which the aryl radicals Amay each Dbe
uhsubstituted or up to tetrasubstituted; carbonyl-
containing methacrylates such as 2-carboxyethyl
methacrylate, carboxymethyl methacrylate,
oxazolidinylethyl methacrylate, N- (methacryloyloxy) -
formamide, acetonyl methacrylate, N-methacryl-
oylmorpholine, N-methacryloyl-2-pyrrolidinone, N-(2-
methécryloyloxyethyl)—2—pyrrolidinone, N- (3-methacryl-

oyloxypropyl)—2—pyrrolidinone, N- (2-methacryl-
oyloxypentadecyl) -2-pyrrolidinone, N- (3-methacryl-
oylokyheptadecyl)~2~pyrrolidinone; glycol dimeth-
acrylates such as 1,4-butanediol methacrylate, 2-
butoxyethyl " methacrylate, 2—ethoxyethomeethyl

methacrylate, 2—ethoxyethyl methacrylate; methacrylates
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~styrene and a-ethyl styrene, substituted styrenes

havi ng an al kyl substituent on the ring, such as
vi nyl t ol uene and p-net hyl styrene, hal ogenat ed
styrenes, for exanpl e nonochl orostyrenes,

di chl orostyrenes, tribronostyrenes 15 and

te&ga@g&ggﬁﬁ%g nes; heterocyclic V'”y'p&PﬂHQHRQ§o§M§E1
vi nyl pyridi ne, 3-vinylpyridine,

2-net hyl - 5-vi nyl pyri di ne, =318t hyl 4- vi nyl pyri di ne,
2, §fd|ﬂ§ﬂﬂgﬁ 5aﬁbBﬁEE¥r'd' h‘”'EQ py%b%Eghpgrofurfuryl

V|nylp|per|d|ne 9-'vi nyl carbazol e, 3-vi nyl -
cam@%hﬁﬂnylaﬂeV|nyIcanbﬂkQWXEthpxmeﬁ9Yﬂn1dazmﬁébacrylate,

dazol yrrolido
2- VIIQ%%§?P§#?§ vfﬁ§1%%¥#a%k§|ne, 3988t oxypropyl
3- mﬁthdqrwﬂaobbdllﬁmeﬂﬂyllNykvapythuManhyl methacrylate,

|. but rolac onolane V|n furan
RIAMAEAASAN | I Aane, VLA ceve e
hyﬂﬁﬂgenaﬂedeylnyémtyrnxymexhyalnybohaznybst@nd furfuryl

hydr.Qgena Vi nyl | es and
(ﬂ%?éﬁé ngg?c aci§%%W%oﬁ§F5P% C|dnﬁg a&%??@%% 2-
chédhmm@ﬁthﬁkpmétMpse nmeniheoRecryinder, (1), fiédhanedthyl
111 exanpl e leic.a h dride, nethyl mleic

( H%Ian18g9yﬂg¥ eYn1d§3 H%E €acid 1-
anﬂjﬁiﬂg&ﬁtglacnétukaﬁyuateyeSméhﬁdxymamhy1vmmethacry1ate,
2007/%13035P | EP 007/851361 - 21 - ﬁ g

RISt I Gk P)teanﬁt}(‘?’fﬂethk’ e USFOROT Y HrF fof
C alBsymaBRy Satdy) o@anh@Bog@{d&&i depesigh 1), oukhe dise2and

prq ert rofile of the 5 pol yner. eneral , this
COBEPEBRORGY Tilar Bra e ande T PR GUsktiRy =Y 12 te.

vve_l ghaicnx@f@mk;lmﬁymom 0. e HQ%cby Wei ghibrandelBie
referablﬁifronlo to 10% by weight. OM ng to the
c BREBEETBHE It opetr i WO AR 1 oReERRF B 2 ré§§6ﬁ§meFﬁ¥l

PeREREFPIa Y ; (8 AERRONREEhddryhitely Golpr kg€ aromatic
groups, heteroaromatic groups, nitrogen-containing

gRQUPERPoRRSRAON US- CORethAbRY1GEOUPS and 3, 4-epoxybutyl
sulghur contalnlngé%roups shoul d be ninimized. The

BREFOIRIA t HdsdlnBRomerdect ( ReFleerelae, 10,11

r 8pbil ke LldR,11% bynueh gty 1due, partigud ak <2 ¥nBYy1
V?ht and preferably_ O. Of@bby wei ght . Tﬁgiggﬁﬁnone¥§
(W

hagey kaie ‘e SHLEFLABRoRRFRAGTY YA€ f or mul ae (1), (11)

and (111) can each be used individually or as
np&@a?%ggus— boron- and/or silicon-containing meth-

acrylates such as -
2-(dimethylphosphato)propyl methacrylate,
2- (ethylenephosphito)propyl methacrylate,
dimethylphosphinomethyl methacrylate,
"dimethylphosphonoethyl methacrylate,
diethylmethadryloyl phosphonate,

dipropylmethacryloyl phosphate, 2-(dibutylphosphono)-
ethyl methacrylate,

2,3—butylenemethacryloylethylvborate,

‘methyldiethoxymethacryloylethoxysilane,
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better activity in mxtures of mneral diesel fuel and
bi odi esel fuel which conprise nerely a small

proportion, if any, of units which are derived from 25
hydr oxyl - cont ai ni ng nononmers. This is especially true

of . hi gd] I s which have a high p j
sawgr g?gg?ﬂa?’t({z'y%eaci ds whi ch have at Ieg)g?%[%b@@r%%%l
atons in the acid radical .- Afcerdi ngly,

€S L QI HHIQ RhYEL S A0 A/ Jsed W th preference
In ue

in the entive m xtures preferably contain

at & 59 ig pr |y S 9 wei
nD‘rng%% eflg%g%?%{/gs'at hJ‘!Enc{)rst %}?@%\Aﬂivgkl? Hgngh%%? de, mel
pr élernbly, atinydstiefe10hbyrime gimd gfinuhideneiloterade;
derived from hydroxyl -contai ni ng nononers. These

i nbeteheoc 12007/ X18OBSRPCHY ERXG07/ 05536k - 2as- 2-(1-

h I h : j I . T
SRR, B AGE) RLEL AN v U oot e
est{metitlamilsitag pol yaeds havela(betd@rackydokyethyl 12—

m xt ur € idc_gLfnornrierJer al diesel fuel and biodi esel fuel
Whi € conprise‘only a small proportion, if any, of

re&f&l_ WYL$ WAL G ?&g%ﬁzl‘; r.Qu Tpponers having

oxydg containing alc adical's’of the fornula

10 wh . i s hy or hyl , i's

al ‘ié tadi ca%rng F%ﬁgi‘%él S EEc,jgbs,?ql%tsut eg“;(kfgxén %‘}gr oaﬁlgtyl
anshihas theh@ 20, cetidosiabomhainl, avral deaylad ed-methyl-
radi cal of the formula (V) RI3 R14 -F CH - CH0+; RS

205%F SRIT GRIRA-aREY RIBYEERS e P tidESeAdBRYF ey dioaw
OradBiiy)y JRhacituBArogeanar 2hqdl kibn' 20! 6k, NN

1 to 20 carbon atons, and n is an integer of 1 to ,
RfandhriermRthyletyaenei nbepeadenitsd sjpregen ofom gHeomi e

0ﬁm&dB%hﬁ%EHytéréﬁ%g??”aibﬂl%@E&Py£§5e§,S Q¥9598ﬁ65évfenes

and tetrabromostyrenes;

heterocyclic vinyl compounds such as 2-vinylpyridine,
3-vinylpyridine, 2-methyl-5-vinylpyridine, 3-ethyl-
4-vinylpyridine, 2,3-dimethyl-5-vinylpyridine, vinyl-
pyrimidine, vinylpiperidine, 9-vinylcarbazole, 3-vinyl-
carbazole, d-vinylcarbazole, l-vinylimidazole,
2—methyl—l—vinylimidazolé, N-vinylpyrrolidone, Z—Qinyl—
pyrrolidone, N-vinylpyrrolidine, 3-vinylpyrrolidine,
N-vinylcaprolactam, .N—vinylbutyrolactam, vinyloxolane,
vinylfuran, vinylthiophene, vinylthiolane, vinyl-
thiazoles and  Thydrogenated vinylthiazoles, vinyl-
oxazoles and hydrogenated vinyloxazoles;

vinyl and isoprenyl ethers;

maleic acid and maleic acid derivatives different from
those mentioned under (I), (II) and (III), for example
maleic anhydride, methylmaleic anhydride, maleimide,
methylmaleimide;

fumaric acid and fumaric acid derivatives different
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25 an al kyl radical which is substituted by an OH
group and has 2 to 20 carbon atons, or an al koxyl ated
radical - 23 - of the foimula (V) R3 Rl4 1 --ECH -
CH0-37, R15 (v), 5 in which R13 and Rfl are each

i ndependently hydrogen Or nethyl, R15 is hydrogen or

aan' ?%ﬁﬁg%"%%l having 1 to 20 car bonp%gﬁz&@%S%iﬁ

an I'nteger to 30. Ester-conprising p to be
used with preference 10 havela-t hi ckening efficiency

TE [ e 4 o 50 S refenably 7.5
to%ggmnﬁbc% H{F%ggtgﬁ?%k%%c?%% (elf’f’i g?gé]c?/n‘?TEflod) is
determined at 100C in a 150N reference oil (KV100 =

5. [ 40 = 31.6 nd, M, = ) sing 5%
by%ﬁgi ¥§%?rl%{61%yneoff. ﬁ%é“%ﬂ%ggi gr%[}”l oné%vl%%_a@n%le&
KVdépeesiorg bent heh&i nesmt iandvi prosetyy ofpricfé lei | ot the
100C and 40C respecti.vely to ASTM D445, the :
abB?CJeWea’i [ ognVIg%)nf%a\}i’sc%%ﬁ ypffﬂ]acé%laoe PR ndtF t 5 ASTHG
D 22§ 26bnlhe testEry agnprdigihng pekyaraisly ofben usdd ito
accordance with the inventio eperal |y have.a,

mof GEuPRr “REPBht 9T FREST &AGE DRPE0067 0D 2 506°006% P¥
g; \H@%ghtp.(rj ebeiahl yed nthbe @@ tabn2508fk#tG 8002000 for
g/ nol_and nore preferably in the range qof 40 000 to
608C DTGP0l TO8S ANy mﬁ’%é pP§f’8?5‘b’r‘V9 i r?%t h&gFarf&‘énoé‘fers
60,9006k t @orddd RO AmmE - Wrblipdt aBYelBiediha it tddups,
this should inpose a restriction. These_ val ues are |
badir WFFE R GHRY aver EF R0l ecuPRPSREPHE ~ KR G HRe
podysligeper s8apol yBitid-RohRei 80APOSidricRds ThiBould be
par aneter can be 30 determ nedol%y GPC. - 24 - The
pri&fEiHEE e o p ARPe R RAEEROBan WBe  dESehed Ppmers  can

POl pRIFoZeNBelRGatWh at 8d €5t e Bpnpeuges, plefsdabldtiar
have a pol ydi spersity MV Mh_in the range of 1 to 10, 5

noft © % 0T BeaBlhy andrRed a1 dng - FbStOp i@l y 1.2 to
5.0. This paranmeter can be determ ned by GPC. The
architecture of the ester-conprising polyners is not
criks caPmppenesmhy (ANpl i 2l oFS afdtef opercmess of the

formulae (I), (II) and (ITIT) can each be used

‘individually or as mixtures.

Surprisingly, ester-comprising polymers have a better
activity in mixtures of mineral diesvel fuel and
biodiesel fuel which comprise merely a small
proportion, if any, of units which are derived from
hydroxyl-containing monomers. This is especiaily true
of biodiesel fuels which have a high proportion of
saturated fatty acids which have at least 16 carbon
atoms in the acid radical. Accordingly, -ester-
comprising polymers to be used with preferencé in the
inventive fuel mixtures preferably contain at most 5%
by weight, preferably at most 3% by wei'ght, more
"preferably at most 1% by weight and most preferably at
most 0.1% by weight of units which .are derived from -

hydroxyl-containing monomers. These - include
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10 Accordingly, the ester-conprising polymers may be
random copol yners, gradi ent copol yners, bl ock

copol ymers and/or graft copolynmers. Bl ock copol yners
and gradi ent copol yners can be 15 obtained, for
exanpl e; by altering the nononmer conposition

di scont ] during the chain grow
de%ﬁvgéb?r%ﬁggé%er compounds of the fo?ﬁ%?%é?éqé?ﬂgéﬁﬁﬁ
and/or (lI11) preferably havézat- | east 30 nononer

unj The p [ t pal k S

 niv el i8R, PIERAI Ao aTaPle  AaPILUPL MO BRLELS HhaM
Thusnonéres chiapw eensdebnt bed alitcaiened i n particul ar by
free-radical polynerization and rel ated processes, for
exanpl e ATRP 25 (= Atom Transfer Radica

Pobymetlarziat,i orss ter-Rakdr { silev erslivileesAdtateona better
Fra ntation Chain Transfer). .Customary free-radica
DR T e B TEuReR bed | mirsrell T aret i U Tl e
Encysdppedi afwafl lwidust rdoadpr3@eCbhany str gma bl Xphoportion,
Edi%ion. In general, a polynerization.initjiator_and a
o n anst br PEPCaFe LT {87 Thi SoRiFpodd OrrEoHomeTs
uSEd £nd Ni bkpd@i-cdmelitdagt helazbol ni thadtieassw @&l y the
known in the technical field, such as Al BN and

1, 5959445 scycl ohexanecarbonitrile, and also WD

2007/ 113035PCT/ EP2007/ 051361 - 25 - peroxy compounds
such as nethyl ethyl ketone peroxide, acetyl acetone
peroxi de, @I auryl  peroxide, tert-butyl

per - t hyl fhexano , ketone peroxide, tert-butyl

per o%%?t @Ra{(fsobutyl ket one peroxide, 5y

cycl ohexphoneilper oxi de, di benzoyl peroxide, tegt-ghtyl
per oxybehzpat tert-butyl peroxyisopropyl carbonate,

2, 5- bi s(2- et hyl hexanoyl per oxy) - 2, 5- di net hyl hexane,
tert-butyl peroxy-2-ethyl hexanoate, tert-butyl

per oxy3, 5, 5-tri met hyl hexanoat e, dicunyl peroxide, 1,1-
10 bgégtert-butylperoxy)cyclohexane, v
1, f%ls(tertbutylperoxy)-3,3,5-trinethylcyclohexane,

c Ry s hywtiepemo xird ege therlt, - Bt yis hydraperloxiatiical which
bi.s(4-tert.hutylcycl ohexyl) peroxydicarbopate, .m xtures
of* % vxsoubosrterBEC oY% (K& afbr ]?r%u i%rﬁccﬁadg%%n%oh:ﬁds?wwct Hioon
onrgcaikOt ber an 151 lewd, lnibadutrediohl t b tafeorfementaonen
compounds wi th conmpounds whi ch have not been nentioned
but can likewise formfree radicals. Suitable chain

_ R13 R14
§ !
~fCH - CH-O4 RS V),

in which R'® and R are each independently hydrogen or
methyl, RY® is hydrogen or an alkyl radical having 1 to
20 carbon atoms, and n is an integer of 1 to 30,

R and R!? are each independently hydrogen or a group
of the formula -COOR’’’'’ in which R’’‘’ is hydrogen or
an alkyl radical which is substituted by an OH group

and has 2 to 20 carbon atoms, . or an alkoxylated radical



transferrers are in particular oil-soluble nercaptans,
for exanpl e dodecyl nercaptan or 2-nercaptoethanol, or
20 el se chain transferrers fromthe class of the

terpenes, for exanple terpineols. The ATRP'process i's

known per se is -assunmed that it is a "living"
fr Iynerlzatlon W t hout FERRY 881361
tH@? ti?y d restrict the descrlptg%n)of 25/ E

mechani sm In these processég, —a transition netal
cogpound d-sfeacted with a conpound which has a
transferable atom group. This transfers the
transferable atomgroup to the transition netal
compound, whi ch oxidizes the netal. This reaction
forns 3a pddi cal which adds onto ethyl enic groups.
Howeve the transfer of the atomgroup to the
tran%l@ po (ELh jc_o @find is reversible, so that (‘v{é,
atom-group Is trdansferred back to the grow ng pol yner
chain, which - 26 - forns a controlled

»vpolyner|zat|on system The structure of the polyner,
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t he nol ecul ar wei ght and the nDIecuIar melght

di stri bution,can, be,controll rres Thi s
RO SRt | aqarPopaERatPHEn SHF o Tfnghes” o
almethl, ARt® GReMyd®egen ¥l anldTkyD. r&bHild15GEYind995)k0
by Mty %aszemskl Macr onol ecul es, vol ﬁ?, p

7é6h CREPER (1GYEY. ANY Zddft PBniPtEEED&Terdt E8ppPi cat i ons
WD 96/ 30421, WD 97/47661, WO 97/18247, WD 98/40415 and

WO 99/ 10387 di sclose_variants qof the ATRP explalned 10
aFSFET - FANBERF 1D nPoL KB T fivéRt iR PRRY nBr&ndF aference

'ol?ltaalenad,th&ekeﬁx@@péﬁfl@ié&wl@l%FEnmléo&&ngEhbs 4.0

process is presented in detail, for exanple, in

o8P0 PA7TE AT \RISESTH8Y/ 383169, 2t90f%/%h Thet éﬁhéﬁéénﬁgg

nedeiexphigi k1607 tike Qurdasesofadi sobosune. a 150y
addi tion, the_ inventive polyners are_al so obtai nabl g

b?eﬂWPeEF%c@ééeéKFﬁp?rcxﬁﬁéznéHWéFedKHépyneﬁ z§§|&ﬁ)/s
2@ whigh Ls descri hedng '@t/erb:@' ight U3 4]§§ﬂ34fé’eqf The

These net hods partlcular with Nhtyjazemskl
PEE ABRA b KVMI0c handf dFet e dgiSsERBeurigie éﬁl@ematlc

d@§§559§9y C@ﬁ%@@e@ﬂ vgé Y1069k fiid hegod efes %@%@%ly o

inter alia, Davi s, Handbook of di cal
WABEYM IR sci:bﬁcei}bhﬁﬁf)f(}l@éﬁozoo\@} ttdie] svhgesity index

exnlLehidde f alshf BUBP9geES Of

The ester-comprising polymers to be used in accordance
with the invention may generally have a molecular
Weight in the range of 1000 to 1 000 000 g/mol,
preferably in the range of 25 000 to 700 000 g/mol and
more preferably in the range of 40 000 to 600 000 g/mol
and most preferably in the range of 60 000 to 300
000.-g/mol, without any inteﬁtion that this should
impose a restriction. Theée values are based on the
weight-average molecular weight M, of the polydispersé
polymers in the composition.' This parameter can be

determined by GPC.



The polynerization may be carried out at standard 30
pressure, reduced pressure or elevated pressure. The
pol yneri zation tenperature too is uncritical. However
it is generally in the range of -20 200C, preferably O
- 130C and nore preferably 60 - 120C. - 27 - The

po ] ' y be carried out with |
soh%ggpb;g%%9¥§$ﬁ1solvent is to be undggg(§%%6§ﬁgq;%3ﬁl
a broad sense. 5 The pol ynerd4ation is preferably
carried out in a nonpolar solvent. These include

hydr ocar bon sol vents, for exanple aromatic solvents
suBheasprofaraes) bengéymenhd whjiicBnecasathg atodgained by
hy o] f cy X an
i B L o e B s
pr bgeat ai pddivadnehedsi oy mi./Mhesia: sohe enesgemytbd uxedlo,
i ndivi dual d as I xture.  Particul ar r
sofUhht bEardr A A5 B L i el sl s e o 12 o
or bgd n, Thniad wraalameeget advh ebantk tanimialkedoby sGP®I odi esel
fuels and synthetic oils (e.g. 15 ester oils such as

di nonyl adi pate), and al so mi xtures thereof. Anong

t helse, avehytpatiieubdr fitef eseacecdiprdisiey tlvimeesalis -
oi | s, and m.neral .di esel fuels..The.inventive

. fuel ..
compbsi i Ry E8Fpriey f l?]ppﬁéf:aﬁboﬁ%ldiainid\/egrgﬁeﬁjdeesr'

10 t on@eddivrrisnecithec sitdr-epspt Os pi@bl eobymeesenay be
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addi tives include dispersantg, for exa e wax block
di 51Ut sCARA L Per san?E2F o pol afoP tdnces,” °¢

desab Sl riedfsS andeboaged St ddpdliyiety . addi ti ves,
anti oxi dants, cetane nunber inprovers, 25
det er gent s, dyes, corrosi oni nhi bi t or sand/ or odour ants.

Fo#1 @xanpdepo T dsnvesd vegfatel ertonpasidliv@ier8BY can  be
conpri se ethyl ene cogg% mers_which are descri bed, for

3PkbERRe, | PEP- BFATRUY 668Y THESE Pyl dif  monomer
C OREIPHERRS ofBYd Ltrad iuBuk @y 2 1aumiln ot h&nerak nMy®owth .
vi nyl and/or (nmeth)acrylic esters and 79 to 92%b
weiightolorckst Agraned Paotietftelr Srererdnceti Ehyi Ylge
et iyl engereppRlnEyRES contjai BiragetObip 18vEDI andast 30
especially 12 :

monomer units.

The preparation of the polyalkyl esters from the above-
described compositions is known per se. Thus, these
polymers can be obtained in particular by free-radical
polymerization and related processes, for example ATRP
(= Atom Transfer Radical Polymerization) or RAFT (=

Reversible Addition Fragmentation Chain Transfer).

Customary free-radical polymerization is described,
inter alia, in Ulimann's Encyclopedia of Industrial
Chemistry,'sixth Edition. InAgeneral, a polymerization
initiator and a chain transferrer are used for this
purpose. The usable initiators include the azo
initiaﬁors widely known in the technical field, such as

AIBN and 1,1l-azobiscyclohexanecarbonitrile, and also
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WD 2007/ 113035PCT/ EP2007/ 051361 - 28 - to 16 nol % of

at least one vinyl ester. Suitable vinyl esters derive
fromfatty acids having |inear or branched al kyl
groups having 1 to 30 carbon atons. Exanpl es include
vinyl acetate, vinyl propionate, vinyl 5 butyrate,

V'ﬁd'zn’f@%ﬂﬁ%@%% vinyl ‘heptanoate, vinybrAeta193061361

Vi nyl urate and vinyl stearate, and al so esters of
V|nyI al cohol based on branéRed fatty acids, such as

}Eé’ S AUIHBLAES, sYERYA s ere\@llyét 8thyl! nlyelztcgfe peroxide,
y

| hexanoate, vinyl isononanoate, vin
e%ﬁ\%%dfﬁ?@tt@nelEeV?Mené%é@@a”ﬁéaP@r%%ﬁ/% A t-butyl
%@%%&%&ém@é@é‘oﬁ&f&n\@hb%?oﬁi&e,' 'tjifr"ﬁ—%%tg‘ﬂ' table

are esters of acrylic acid and nethacrylic al
r arireitoateet Mpbly Y| biabutyd kebohy apeydsids,
( cr
(BRSPS, POERENGT hBhBov ] BLObRGIY Fhle ey
zaxuambﬁwnapans,itﬁxﬂﬁbumyihpasonrt$@@rqnn&ﬂ#x@9n§t@te,

etd'] yg b‘is‘?BY tﬁ%g:);aarggﬁp%tr%xﬂ] 2a§ iﬁqullﬂ}lxilexane,

tert-butyl peroxy-2-ethylhexanoate, tert-butyl peroxy-
3,5,5-trimethylhexanocate, dicumyl peroxide, 1,1-

bis (tert-butylperoxy)cyclohexane, 1,l-bis(tert-
butylperoxy) -3, 3,5-trimethylcyclohexane, cﬁmyl
hydroperoxide, tert-butyl hydroperoxide, bis(4-tert-
butyleyclohexyl) peroxydicarbonate, mixtures of two or.
more of the aforementioned compounds with one another,
and mixtures of the aforementioned compounds with
compounds which have not been mentioned but can
likewise form free radicals. Suitable chain
transferrers are in particular oil-soluble mercaptans,
for example dodecyl mercaptan or 2-mercaptoethanocl, or

else chain transferrers from the class of the terpenes,

for example terpineols.

The ATRP process is known per se. It is assumed that it
is a “living” free-radical polymerization, without any
iﬁtention that this should restrict the description of
the mechanism. In these processes, a transition metal
compound 1is reacted with a compound which has a
transferable atom group. This transfers the
transferable atom group to the transition metal
compound, which oxidizes the metal. This feaétion forms
a radical which adds onto ethylehic groups. However,
the transfer of the atom group to the transition metal
compound 1is reversible, so that the atom group is

transferred back to the growing polymer. chain, which



hexyl (et h) acryl at e, oct yl

2- et hyl hexyl (net h) acryl at e, decyl

dodecyl (et h) acryl ate, tetradecyl hexadecyl
(rmeth)acrylate, octadecyl and al so m xtures of two,

three or four these conononers. Particularly
prebesbefl derpal ymers of vinyl 2- et hybhexapos-ensahe:
vi nyl neononanoate and of vinyl neodecanoate contain,
apart fromethylene, prefer@sly 25 3.5 to 20 nol% in
pa&gkﬁg|§fcéhgf$j¥é'ﬂyo gmg£1¥éE96n.%§%&%%p 3d Qrlulure

nmol % in particular O.

papflcbeapolzmgriﬁﬁh¢1Kﬁlﬁﬂuhggt@ﬁlghheaﬂétéhec@ﬁ%¢ﬁwﬁﬁr

n 9 r
pofbeghe D10 AEIPEST Befld Kbl SR g0bbnainoiy.
combiynee@ctgunzmsmdaa¢ra®edt|énrtexemmy¢eh@yahd88 Wang,
5 18I0 OF 1 Ml OSLELS: BL8O 0-3l 0 19Ol Ober .61

oIe i NS 'sSuch” as pr opéne; bu éhe, 1'sobi ;Ieﬁé exene
4 (h@melpbptHaEyj@@zQWEklcﬂM&nﬁmmq@benéeandNoﬂ 28, p.

rofBpTDEG 0,007 LEISECT ECRORLOYSE 1 2. o

V\ewcghm/mnh awar r9e75/mr6<&1t OWOEBU /¥B834DSi WO €58 44 04140Gnd

wPie SRATRRLc AP o8D (o006 s . FRe Aot o8 B a1

10 bransid .ng dete|n1ned by means of 1H NMR spectroscopy
are preferably between 1 and 9 CH3/100 CH2 groups, in
particul ar between 2 and-6 CH3/100 CH2 groups, for
exgipbed2ebori,0 Eh&€HIALRAL G @bﬂ!yﬂﬁérs Wiagh 0 diota iSteein
fromthe co 10 Such eth ene co olyners are
dekr i BRI P degiﬁ? Vit A BT ?é] 3% p3og98s 1is
El:bx%&an%@& 9843eER: B; OE&S%:%&&J,leEF’lﬁ (5)0495/(2174318 EPrBw0
463 518, EP-B-0 493,769, EP-0 778 875, DE-A-196 %

15 1140044983188 56 VECHngeERrenes Alg mpge 1ggplicitly for

Prigfenrressks @f V@ikdIbddies context to ethyl ene-vinyl
acetate copol yners and terpolyners which, in addition

In addition, the inventive polymers are also obtainable
by NMP processes (nitroxide-mediated polymerization),

20 which‘is described, inter alia, in US 4581429.

These methods are described comprehensively, in
particular with further references, inter alia, in K.
Matyjazewski, T.P. Davis, Handbook of Radical
25 Polymerization, Wiley Interscience, Hoboken 2002, to
which reference is made explicitly for the purposes of

disclosure.

The polymerization may be carried out at standard‘
30 pressure, reduced pressure or elevated pressure. The
polymerization temperature too is uncritical. However,
it 1is generally in the range of -20° - 200°C,
preferably 0° - 130°C and more preferably 60° - 120°C.
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to ethylene and vinyl acetate repeat units, also have
20 repeat (nmeth)acrylic ester units. These polyners
may be structured, for exanple, as random copol yners,
as bl ock copolynmers or as graft copol yners. In a
preferred enbodi nent, the inventive fuel 25

0S}) 1. conprise 0.0005 to 2% §Q Y7
e?g@?cﬂﬁﬂ%¥ to 0.5% by wei ght, of e%%y$¥ /051361
copol yners. For reasons of- @jst, however, a proportlon

of -f,0e gyﬂé’fﬁﬁa&%%” Jgﬁ%eeté; r;lbxe%% GRRO! YIEBI S0P Dot

dlspen her ment, 1 n which case

t hesevéniel ﬂhﬁnmmsmtsohsemktiﬁnﬂozbeﬂUQ@ﬁﬁseaﬁ@ here in a

r ggr |ég£é%= et hyl ene copol yners have out st andi ng
iI'es n this specific enbodi nent, the

proportion of ethylene - 30 - copolyners may

pr ef er abl at nost 0.05% prefer Iy
Tﬁ%st‘ﬂxﬁﬁf BV ghit éﬁﬁgﬁ%ggi%réFg?é %'_5 %?
O ORI Ay M&lxgértt 5TJE’d§:eé eliﬁeﬁucﬁeuehyqu:mﬂmdn oskslvents,
conS|st of - 20.0 t0.,97.95% b gg artlc lar 70
51 SHFRsaF Eﬁg

?HZ ene

79ar9<5% Ry 1eBEght sdthirpaet CLHyﬁTroEa@bbﬂs 29. %% byexample
ght, of biodiesel fuel, 10 0.05 to g' % @?
pa?¥?%ﬁﬂ%%aq§ 15EBT396 by Gkt DGR st 8PCR ﬁpré H e,
polyyey @R¢ also be present in branched form. These
solvents may be used individually and as a mixture.
Particularly preferred solvents are mineral oils,
diesel fuels of mineral origin, natural vegetable and
animal oils, biodiesel fuels and synthetic oils (e.g.
ester oils such as dinonyl adipate), and also mixtures
thereof. Among these, very particular preference is

given to mineral oils and mineral diesel fuels.

The inventive fuel composition may comprise further
additives in order to achieve specific solutions to
problems. These additives include dispersants, for

example wax dispersants and dispersants for polar

substances, demulsifiers, defoamers, lubricity
additives, antioxidants, cetane number  improvers,
"detergents, dyes, corrosion inhibitors and/or
odourants.

For example, the inventive fuel <composition may

comprise ethylene copolymers which are described, for
example, in EP-A-1 541 663. These ethylene copolymers
may'contain 8 to 21 mol% of one or more vinyl and/or
(meth)acrylic esters and 79 to 92% by weight of
ethylene. Particular preference is given to ethYlene

copolymers containing 10 to 18 mol% and especially 12



0 to 60.% by wejght, in particular 0.1 to 10% by
wei ght, of additives. 15 The inventive fue
conmpositions preferably have an iodi ne nunber of at
nost 30, nore preferably at nost 20 and nost
preferably at nost 10. 20 In addition, the inventive
fugh eappesiidns have outstanding | owpkenpes @ 1361
properties. In particular, the pour point (PP) to ASTM
D97 preferably has val ues of28 ess than or equal to 0C,
prefengbly1hess LpaneQ&t egudl v10,1 S @d MRRable vinyl
preferably | ess than or equal to 25 -10C, The_ |imt of
fi EEEPEDI | feYiVR ol Tra |t uFsiing pdeNingCrppyear or
megsyneted 0 APkl ENLLE, d ShbEh&T abl ¥o atomsd e ABERs .
preferably at nost” -5C and nore preferably at nost
- 18gempbr oVt ludeheiobdudcpbphe. (CR)YY PIRTENRBRSOOV HRY L
pr fuel, nMPQsiLi nay. S S :
A L o e
eqoatantert&sC any Inotaugatef ezl yihebsstérrptn, eaphlatwp
-1 - -, at 5 j rti.cul a S
andehes OF oF il AL dn e A Rk LB P P
. pr esent akuerimgal posobuoyrsatrmy béngl wirtivedabew dényl 2-
range,-..and this can_be ad] d 1.0 the int
eSS nliE cQingT SPPHSHERARy, BT RROAR MRace,
10 sevaeyl ngeddeeabioadeesatl frielys veotmeqanvetal dPmsmpmers
fuels.. In additian, the viscosity can be varj b £
arfﬁe{ﬁjn?h f t e 158 ualrta\%gfagﬁltr Sof St% he” 18¥ LEERLY A
esaed -muadrsilag polgneasinged. td e kardpat etoms in the

Vi Scosj t f eferred fuel ¢ osi.tions of -the
pr%@‘é‘a]lt %ﬁ\%éﬁ%bn 596 n"’themertgX ge é?e%l)taocrf&a%grﬂ/ grhyl
no(mwetH)efarabky, 2ptropdl Mmikeshaadrebpec ab4 yapt ef esaldyl
2.5 tq 4 /s, measured at 40C t o ASTM D445. 15 Th
15,usgm%%)€§tn%&9g8npri si Agpol yrer & )@ﬁrgggrrﬁ?I se reopcgté'il
unirestcigerdryed ey omamsainlmaked estesichhaviyngtéd, t o déoyl
carbon ato in the cohol radjcal and repeat units
o AP e ERsat TR lost GRS RS 6 L o 5Bt DAieeyL
cafrkeih)aleRBat 8, t heecahaebol 1 agiceal atpyBattOncent taldBi
of 0.05 to 5% by weight as a flow inprover in fue

ORI AEBHI AT PG kT oIS O GHE: dFBEes Frifour

20 OfoMdIQieako@bi GF Ncdlsk alorl@@sderane bi odi esel fuel
accordingly provides fuel conmpositions with

exceptional 25 properties, as a result of which known

digsal; 8AgFN6S G MEQREN atedpblyfesd NPlbg andiny1l  2-
I nexpensi ve manner. The invention will be il lustrated
i retdetldiekaneree nafafer WA r BPER@PRICAES eRBfpl €5 aHdwd

CYRRAIRALLYE EXIRLE1n30 a‘ﬁda&lﬁo%rcﬁmye.ﬁ@@ﬂé‘ ONptd@trapy
this should inpose a restriction. Exanples and .
25 Compart i %@ B | 88 particular 8 to 15 mol3%, of wvinyl

acetate and 0.1 to 12 mol%, in particular 0.2 to 5
mol%, of the particular long-chain wvinyl ester, the
total comonomer content being between 8 and 21 mol$%,
preferably between‘ 12 and 18 mol%. Further preferred
30 copolymers contain, in addition to ethylene and 8 to 18
mol% of vinyl esters, also 0.5 to 10 mol% of olefins
such as propene, butene, isobutylene, hexene, 4-

methylpentene, octene, diisobutylene and/or norbornene.



10

15

20

25

30

35 Ceneral nethod for the preparation of the polyners
600 g of nononer conposition according to the
conposition detailed in each case in Table 1 and
ndodecyl nercaptan (20 g to 2 g dependi ng on the
desired - 32 - nolecular weight) are mxed. 44.4 g of

thigs Zgb“?ﬂfﬂos\rsegu' ator mxture are Ch%&@?ﬁpi&ﬁﬁﬁo@%m

with of carrier oil (e.g. 100N m neral ol
synt hetic di nonyl adi pate or2%egetable oil) into the 2

1 pgactbenyilask oo 1Al aPPaalrdswhih sabte sbi&&elar
condenser, thernoneter, feed pu and N2 feed |ine.

Thweagb%ﬁ* avhisch scprerIRonst tmdmebiat EESERSHDTE Vit hi4HE
fOff]?zS}? 0'2'0 baph. 1 Jhe gEmaipaisng .@HDLBHrtq ufi%?gﬁ%g ofo

nononer egul ator mxture is adn1xed W th
t eb00BHUNBds ldnPeesotvatldy \WMenta he0GH xrere. | Fhe hdegrees

reaet I N 0

0 B8 LAl IR (IR hBNTEY B LETREE S hmo epdPRfoscony
ofarehepneﬁmyy regulestror) i andi &t 6 M &Q uFE: yraveans in
of _a is started sinultaneo The..ad |s
ef¥3C uﬁl?orﬁ?yaoveréaqge#?8§l§% g?@ %F%hgg
10@famﬁl_é1 afd ero theCiend 00f Cligedrogps andtimr do 2ay oftem
tert-but Icperoctoate are added and the m xture is
st FFPRBE P

BOEFot°a further 2 h. A 60% cl ear
concentrate i s obtained. 20 The mass-average nol ecul ar

wej, ght nd the di sper si PDl .0

e LR R T R R R e

V\/&{haéffﬁﬁt ed- An3net43awm ofmmcatz(%ﬁ(:sagai EP-Ba0 254

th h ate_calibratiqn ryve _c 0

o240 ¥ AT 2k, B pEB) Gher Sefandii-iso SRy, o

orEsz ymes dyahorat-aries) 20Whose Mpeaki v@s2ai Sty idwnd -
in a laggarithmcally uniform manner over the range of

5106 +6 28302 g/ mol . A conbi nation of six colums

(Pol ymer 30 Standards SDV 100A / 2xSDV LXL / 2xSDV

100A / Shodex KF-800D), was used. To record the signa
ar?rpafeer@flset &F (HFiFent® 19065 Serrbdft Wil GERY erRmpeY?

1 Reper tdg 19het-Be apal Ware1yseds WRich, in addition
20071113035PCT/EP2007/051361 - 33 - Polyner Monomer

ccﬁ?po%t'r yi]@zpe(\ﬁéngﬁfln@/tla@etate repeat units, also have

repeat (meth)acrylic ester units. These polymers may be
structured, for example, as random copolymers, as block

copolymers or as graft copolymers.

In a preferred embodiment, the inventive fuel
composition may comprise 0.0005 to 2% by weight,
preferabiy 0.01 to 0.5% by weight, of ethylene
copolymers.

For zreasons of cost, however,' a proportion of the
above-described ethylene copolymers can be dispensed
with in a further embodiment, in which case these fuel
compositions without a significant proportion of
ethylene copolymers have outstanding properties. In

this specific embodiment, the proportion of ethylene -
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Mv fg/ Mol ]. PDI (Mw Mh) TE 100 Exanple 1 DPMA- SVA- MVA
75.4-14.6-10 130 000 2.3 10.8 Exanpl e 2 DPMA- SMA 70- 30
490 000 3.5 24.6 Exanple 3 DPMA-SVA-, CA 60 000

WO 2007/113035 ‘PCT/EP2007/051361
- 30 -

copolymers may preferably be at most 0.05% by weight,

more preferably at most 0.001% by weight and most

preferably at most 0.0001% by weight.

Preferred fuel compositions consist of

20.0 to 97.95% by weight, in particular 70 to 94.95% by
weight, of mineral diesel fuel, ,

2.0 to 79.95% by weight, in particular 5.0 to 29.95% by

weight, of biodiesel fuel,

0.05 to 5% by weight, in particular 0.1 to 1% by
weight, of ester-comprising polymer

and

0 to 60% by weight,vin~particular 0.1 to 10% by weight,

of additives.

The inventive fuel compositions preferably have -an
iodine number of at most 30, more preferably at most 20

and most preferably at most 10.

In addition, the -inventive fuel compositions have
outstanding low-temperatufe properties. In particular,
the pour point (PP) to ASTM D97 preferably has values
of less than or equal to 0°C, preferably less than or
equal to -5°C and more preferably less than or equal to
-10°C. ThHe limit of filterability (cold filter plugging
point, CFPP) measured to DIN EN 116 is preferably at
most 0°C, more preferably at most -5°C and more
preferably at most -10°C. Moreover, the cloud point
(CP) to ASTM D2500 of preferred fuel compositions may
assume.values of less than or egqual to 0°C, preferably
less than or equal to -5°C and more preferably less

than or equal to -10°C.

The cetane number to DIN 51773 of inventive fuel

compositions is preferably at least 50, more preferably



2.2 8.65 Conparative Exanple 1 DPMA-MVA 99-1 60 ODO

2.2 8.54 DPMA: al kyl nethacrylate which has 12 to 15

carbon atons in the al kyl radical 5 SMA: al kyl

nmet hacryl ate which has 16 to 18 carbon atons in the

al kyl radi cal MVA: net hyl nethacryl ate Subsequently,the

po bt ai ned were 10 investi

80%?35%%{19@ %f m neral diesel/ biodi gg’gfgpilﬁﬂ)e ar?%aﬁl

of polymer used is shown im3Ttable 2. The mineral

di esel . used was a,summer di esel of Australi an origin

wi Bh al$5tr point 18f RAELNLFZ nRbi | Lsstthy 1P esf’“éi1 most

(PNEaafémhMycatoﬂepatnsm | raw material: 15 Ml aysi a)

havi ng a pour point of +12C was used as the bi odiesel.

An 80/20 m xture of mneral diesel/biodiesel exhibited

a PoBr VHBTIRitel D the PReeRY ghiel t MG HORSe MauRe

prxop*emin% wife patge20apai mhicPRhnt ®eASHMUIRédoftot the
n ft ' g e u

dePipurBdtegl mE " AR RS kah e AT Esciag, o T
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m ”era%d di,$Selc 204,800 Qg 28% Q% %890t OkiBLedLesehe
ester-comprising polymers used. The kinematic viscosity
of preferred fuel compositions of the present invention
is in the range of 1 to 10 mm?’/s, more preferably 2 to
5 mm?’/s and especially preferably 2.5 to 4 mm?/s,
measured at 40°C to ASTM D445.

The use of ester-comprising polymers which comprise
repeat units derived from unsaturated esters having 7
to 15 carbon atoms in the alcohol radical and repeat
units derived from unsaturated esters having 16 to 40
carbon atoms in the alcohol radical in a concentration
of 0.05 to 5% by weight as a flow improver in fuel
compositions which comprise at least one diesel fuel of
mineral origin and at least one biodiesel fuel
accordingly provides fuel compositions with exceptional
properties, as a result of which known diesel engines

can be operated in a simple and inexpensive manner.

The invention will be illustrated in detail hereinafter
with reference to examples and a comparative example,
without any intention that this should impose a

restriction.
Examples and Comparative Examples

General method for the preparation of the polymers

600 g of monomer <composition according to the
composition detailed in each case 1in Table 1 and n-
dodecyl mercaptan (20 g to 2 g depending on the desired



whi ch contain ester-conprising polynmers. WO,

2007/ 113035PCT/ EP2007/ 051361 - 34 - Pol ymer used
Proportion of the polyner in the mxture [% by w.]
Pour point to ASTM D97 of the 80/20 m xture 1C] Pour
point to ASTM D97 of the m neral diesel [(C] ’

unggdbbbZethzo3s 9 PCT/EP2007/051361
- 32 -

molecular weight) are mixed. 44.4 g of this monomer/
regulator mixture are charged together with 400 g of
carrier o0il (e.g. 100N mineral oil, synthetic dinonyl
adipate or vegetable o0il) into the 2 1 reaction flask
of an apparatus with sabre stirrer, condenser,
thermometer, feed pump and N; feed line. The apparatus
is inertized and heated to 100°C with the aid of an oil
bath. The remaining amount of 555.6 g of monomer/
regulator mixture is admixed with 1.4 g of tert-butyl
peroctoate. When the mixture in the reaction flask has
attained a temperature of 100°C, 0.25 g of tert-butyl
peroctoate is added, and the feed of the monomexr/
regulator/initiator mixture by means of a pump is
started simultaneously. The addition is effected
uniformly over a period of 210 min at 100°C. 2 h after
the end of feéding, another 1.2 g of tert-butyl
peroctoaté are added and the mixture is stirred at
100°C for a further 2 h. A 60% clear concentrate is

obtained.

The mass-average molecular weight My and the
polydispersity index PDI of the polymers were
determined by GPC. The measurements were effected in
tetrahydrofuran at 35°C against a polymethyl
methacrylate calibration curve composed of a set of 225
standards (Polymer Standards Service or Polymer
_ Labofatories), whose  Mpeax  Was distributed in a
logarithmically uniform manner over the range of 5x10°
to 2x10% g/mol. A combination of six columns (Polymer
Standards SDV 100A / 2xSDV LXL / 2xSDV 100A / Shodex
KF-800D) was used. To record the signal, an RI detector
(Agilent 1100 Series) was used.

" Table 1: Properties of the polymers used
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Exanple. 1 0.280 -6 Exanple 1 0.350 -12 -12 Exanple 1
0.420 -9 Exanmple 1 0.490 -9 Exanple 1 0.700 -9 -12

WO 2007/113035 PCT/EP2007/051361
- 33 -
Polymer Monomer Mw PDI TE 100
composition [g/mol] (Mw/Mn)

(weight ratio)

Example 1 DPMA-SMA-MMA 130 000 2.3 10.8
75.4-14,.6-10
Example 2 DPMA-SMA 490 000 3.5 24.6
70-30
Example 3 DPMA-SMA-MMA 60 000 2.2 8.65
Comparative DPMA-MMA 60 000 2.2 8.54
Example 1 99-1
DPMA: alkyl methacrylate which has 12 to 15 carbon
atoms in the alkyl radical
SMA:  alkyl methacrylate which has 16 to 18 carbon
atoms in the alkyl radical
MMA : methyl methacrylate
Subsequently, the polymers thus . obtained were

investigated in an 80/20 mixture of mineral diesel/
biodiesel. The amount of polymer used is shown in Table
2. The mineral diesel used was a summer diesel of
Australian origin with a pour point of -9°C. A palm oil
methyl ester (PME) (source of palm oil raw material:
Malaysia) having a pour point- of +12°C was used as the
biodiesel. An 80/20 mixture of mineral diesel/biodiesel

exhibited a pour point of 0°C.

To investigate the low-temperature propérties, the pour
point (PP) to ASTM D97 of the mixtures and of the
mineral diesel fuel was determined. The results

obtained are shown in Table 2.

Table 2: Properties of mineral diesel fuels and of the
mixtures comprising approx. 80% by weight of mineral
diesel and approx. 20% by weight of biodiesel, each of

which contain ester-comprising .polymers.
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Exanple 1 1.400 -6 -12 Exanple 2 0.350 -6 -9 Exanple 3
0.350 -6 -9 Conparative Exanple 1 0.350 -3 -9 The
exanpl es detail ed above show t hat ester-conpri sing
pol ynmers contai ning repeat units which are derived

from
WO 2007/113035 PCT/EP2007/051361
- 34 -
Polymer used Proportion of Pour point to | Pour point to
the polymer ASTM D97 of ASTM D97 of
in the the 80/20 the mineral
mixture mixture diesel [°C]
[% by wt.] [°C]
unadditized - - -9
Example 1 0.280 -6
Example 1 0.350 -12 -12
Example 1 0.420 -9
Example 1 0.490 -9
Example 1 0.700 -9 -12
Example 1 1.400 -6 -12
Example 2 0.350 -6 -9
Example 3 0.350 . -6 -9
Comparative 0.350 -3 -9
Example 1

The examples detailed above show that ester-comprising

polymers containing repeat units which are derived from

ester monomers having 16 to 40 carbon atoms

in the

alcohol  radical 1lead to significantly better low-
temperature properties of mixtures which comprise
biodiesel, especially palm oil esters, and mineral
diesgel.

Particularly surprisingly, preferred mixtures which
" comprise certaln esgster-comprising polymers have an

improved pour point compared to the pure mineral diesel

fuel without additive,

this improved pour point also

being retained in the case of addition of biodiesel.
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ester nononers having 16 to 40 carbon atons in the 5
al cohol radical lead to significantly better

| ow-tenperature properties of mxtures which conprise
bi odi esel, especially palmoil esters, and mnera
diesel. 10 Particularly surprisingly, preferred

m xtures which conprise certain ester-conprising

pol yners have an inproved pour point conpared to the
pure m neral diesel fuel without additive, this

I mproved pour point also being retained in the case of

Chaltiisi on of biodiesel. 35 CLAIMS 1. Fuel conposition

conprising at | east one diesel fuel of mneral origin
and at | east one biodiesel 5 fuel, characterized in

lthatFeak fomipeoipowi t iconoitidias agt Least 209¢bydiesel

vei ghte Of o@i 5i8le fdiel oPigﬂhn%Ha' A EéQstatoneeaéio&Qs/él
by wel ght of biodiesel fuel and 0.05 to 5% by wei ght

of afu‘FJeastCh@tiFé‘Cé%@tréfZ%nﬁPl s'?l'r*fgt pdhEef Ui CCFPIPI%OSltlon
sel e@é@ﬂaiﬂi@ﬁhlo 1Rl tal Xy bsfetv&aa)laﬁftylafealélé’é&/mf)uel of
pol ya Lurmr ates and/or I k# at es ?‘

whi c:IFﬁl]i1 r% cl Q&i-9&ry cdtpos aa f% G oII Eﬁ'etlﬁ’ e
conpoiedissel Oflleloaﬂﬁo/@b95\l\$bg|51% <h>fy m@pfemt urfi tsst least
whi ¢ r e av,

40 céz;? gsgggn%b%{ﬁg%ﬁigg ggﬁgf“ |ca % éerh%é%ocg%%rom
wei ghelvdlkvbeat (meitths amm‘ytlratme deKPﬁMﬂSﬁ Fom eE%QJéfalkyl

”Unof@ﬁére!i‘@é’é ngnli/"o% %&ﬁy 913561“ Qﬁﬁe'a%e*she MEohelich is
radi cal, and 20 9 by \NEI r epeat

uni teXGhrehv et dé%qwerc% omOdst efh ﬁonoﬁ%}%o‘ﬁh‘{}‘i?ng three
to 1&ompsiemn:af ons in the al cohol radl cal 2.

Fuel t

Chat tho 81 bareoti ot el HeShh Sk Ebrinarticortpich dre
wei ght andemnbved prefoar a@i;'yeat rlogaste A0V by 1 ngi g]tﬁ ab 40
sat ur at ed ﬂg(lgly %ﬁ&g? Itle{ge:/\%igg gftVfag%%g ast 16

carbon ato Fuel
conpositi®nl akeoddF ngyt Ueéghﬁepfofrege@ltwsmltteﬁwwmwh are

charact ergzed;dd tfiaint fae%tkarod&r@%%lmefﬂéel hhoiderivedto o
frompalmoil or an anjnmal_tallo
carbon atoms in the alcohol radical, and
- 10.0 to 98% by weight of repeat units which
are derived from ester monomers having 7 to 15

carbon atoms in the alcohol radical.

Fuel composition according to Claim 1,
characterized in that the biodiesel fuel comprises
at least 30% by weight and more preferably at least
40% by weight of saturated fatty acid esters which
have at least 16 carbon atoms in the fatty acid

radical.

Fuel composition according to either of Claims 1
and 2, characterized in that the biodiesel fuel is

derived from palm oil or an animal tallow.



36 4. Fuel conposition according to at |east one of the
precedi ng clainms, characterized in that the ester-
conpri sing polymer is obtainable by polynerizing a
nmonomer m xture which conprises 0.1 to 30% by 5wei ght
of one or nore ethylenically unsaturated ester
conpounds of the fornmula (1) R3ORL R2 0 10in which R
is hydrogen or nmethyl, Rl i=°a |inear or branched
al kyl radical having 1 to 6 carbon atons, R2 and R3
are each independently hydrogen or a group of the
4t or nphal- G@@Boﬁﬂtﬂdﬁcﬁb&%rdﬁn@ydbogﬁﬂ beasn ahkylof the

group_havi,n Q.6 car on at.ons 10 tQ %0 _
meigﬁfeg?d6ﬁg ﬁa%g?é eTH i%h?%%}%jgunsatu%%té%x%s?%Fer
conpomeSleingh@ommmaﬂzﬂ%lobtalnabﬂﬁ Wyl gfplRmierizing a
hydfﬁQ{%Bﬁ@E ﬂm!zyhremwﬁcg | LBRBLiQEshrgnehedoal kyk 1y
radi ca avin carbon atons, Fe and R6 are
eachW?habben@gnﬂﬁyfhﬁﬂ?o@@ﬁeoreﬁhgﬁﬁﬂbCéﬁtheu$%?ﬁﬁF%ted
- CORs £ & %mgbuﬁ’dsl schydeogermanaan1al kyl group

haying 7 to 15 carbon atons, and 250.5 to 60% by

wei ght of one or nore ethylenically unsaturated ester
conpounds ofRthe fornmula (111)

R3 _A_ORI

RZ O

@

in which R is hydrogen or methyl, R' is a linear or
branched alkyl radical having 1 to 6 carbon atoms,
R? and R® are each independently hydrogen or a group
of the formula -COOR’ in which R’ is hydrogen or an
alkyl group having 1 to 6 carbon atoms,

10 to 98% by weight of one or more ethylenically

unsaturated ester compounds of the formula (II)

R

R6_ 4
AR (w,

RS O

in which R is hydrogen or methyl, R! is a linear or
branched alkyl radical having 7 to 15 carbon atoms,
R® and R® are each independently hydrogen or a group
of the formula -COOR" in which R" is hydrogen or an
alkyl group having 7 to 15 carbon atoms, and

0.5 to 60% by weight of one or more ethylenically

unsaturated ester compounds of the formula (III)
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RS 0 in which Ris hydrogen or nethyl, R7 is a linear

or branched al kyl radical having 16 to 40 carbon

atons, R8 and R9 are each independently hydrogen or a
group of the fornula -COOR"" in which R" is hydrogen

or an al kyl group having 16 to 40 carbon atons. Fue
conposition according to at |east one of the preceding ,
clains, characterized in tRdt the ester-conprising

pol ynmer has a nol ecul ar weight in the range of 40 000

to 600 000 g/nol. Fuel conposition according to at

| east one the preceding clains, characterized in

that gPe es er-gsgzrising pol ynmer has a thickening
efficieng asured at 100C in the (flilpge of 7.5

to 29 /'s. HBuel conposition according to at | east

one of tR& preé&ceding clainms, characterized in that the
di esg, {;HebnOR Misney roRididlidy hast 1y PO kT N POI Minédlr or
the range of 120C to 450C and a kinemati.c VISC? it
meashFegchedqoel kgl aSTRADEAS | RaVhBIr ahfe b 1 50 %arbon

mgﬂl §toﬁ§g! RéOHFQ_S'Rﬁ Qﬁﬁa‘é@@hdiingiddpb_raieﬂhtﬂqst%mm@én or

t he preceding i s, - charact er. ,,n that t P s

biod$e§%¥“¥he?gcgﬁﬁﬂ@ﬁﬁp?iét?Egégd est%?swaﬁfghz%re 1S
der i ngdrbgem monchydeikyal goools Hewimg 16t dod Lar banbon
atongt?H% conprises at | east 35% by wei ght of
saturated fatty acid esters which have at least 38 16
carbon atons in the fatty acid radical. 9.

5 Fuel pRaPoYi RaGa i NALOLh PhHV £ oChBr attgst Z8del of the
that the npnoester is a nethyl 5ester., 10. Fue
conpBEFELBRNEc E3adiiTy (I aka ¢t zohelbr WRE P e8P RGT ™
cl ai 8Bmpehaiagt g5d Zaek# Nhbkata t e lledell agonpesght oin  the
conprises at | ea ope i t.ihxe, ,and in that at | east
one ﬁaﬂg?iQt ﬁg éépegPegggréhptﬁémo 0 group of the
di spersants, demrulsifiers, defoaners, lubricity

63001 ELYES o ARUPUURN 2o cSLARNS RUMAL L OBLOVRES: of the
detergents, dyes, corrosion 1nhibitors and/or
odorahesediBsgltlafms, Bmpertisbhzedchpdithgtt kg ester-

| east.@pei 0f nihe pBnored NGoE aidrs, tikhakasi i z88fi Biency
that the fuel "conmpoSition conprjses at |east SOOoSy
wei gRELBP dieasiredeltof LAPnkr at? oG nTaBge1 Pt Flel® t©
conposi tindns according to at | east one of the preceding
claims, characterized in that the fuel conposition
contains 0.1 to 1% by wei ght of at |east one

7 est eFuebnpongiosg thalny necco281dg. tbuelt coapesti inen of the
accogQ%ggdgg akfa t,‘%ﬁ%#éc#@fi?égcgg!Q$d% HP®: diesel
characterrzed in that the fuel conposition consists o
20. 0fnel9pfogvingraki ghigdh diessed Padlisf Hoiéxtalin the
ori gi-Bngd0%:0 1909 8% wei ghl af bihesat fugkosity

measured at 40°C to ASTM D445 in the range of 1 to

5 mm?/s.

8. Fuel composition according to at least one of the
preceding claims, characterized in that the
biodiesel fuel comprises fatty acid esters which
are derived from monohydric alcohols having 1 to 4
carbon atoms and comprises at least 35% by weight

of saturated fatty acid esters which have at least
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0.05 to 5% by wei ght of ester-conprising polyner and O
to 60% by wei ght of additives. 39 14. Fue

conposition according to at |east one of the preceding
clainms, characterized in that the fuel conposition
conprises 0.01 to 0.5% by wei ght of ethylene

copol ynmer. 5 15. Fuel conposition according to at
| east one of the precedlng:%ﬂalns characterized in

that the fuel conposition conprises at nost 0.05% by

wei ght of ethylene copolyner. 10 16. Use of

est el 6coapbbsai agopsel ynetbewiathycenpdi sediepéat units
derived fromunsaturated esters having 7 to 15 carbon
atons in the al cohol radical, and repeat units derived
9t r onfuadat ureempo et PR ha\ﬁwrmn% t FU0 chABER 7y

gt Onéhwa&la@r%eeh%r agi3al £hkh RokOE§E8LT atd 08 Ohethyl

to 5% by weight as flow inprovers in fue

conp6§F?Fons whi ch conprise at |east one diesel fue

10f niFperLalcoaidogiin iand atcdbeasigone kitodiesst buel .o20the
17 Proce sforo

it PRSP R BorpueiH on CRECOTTAg 20t at i CALH" orft o L 1o!

C ai oemposdt1bni sompedses at least one additive, and in

11.

12.

13.

that at least one additive 1is selected from the
group of the dispersants, demulsifiers, defoamers,
lubricity additives, antioxidants, cetane number
improvers, detergents, dyes, corrosion inhibitors

and/or odorants.

Fuel composition according to at least one of the
preceding claims, characterized in that the fuel
composition comprises at least 80% by weight of

diesel fuel of mineral origin.

Fuel composition according to at least one of the
preceding claims, characterized in that the fuel
composition contains 0.1 to 1% by weight of at

least one ester-comprising polymer.

Fuel composition according to at least one of the
preceding claims, characterized in that the fuel
composition consists of

20.0 to 97.95% by weight of diesel fuel of mineral
origin,

2.0 to 79.95% by weight of biodiesel fuel,

0.05 to 5% by weight of ester-comprising polymer
and

0 to 60% by weight of additives.
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14.

15.

l6.

17.

39

Fuel composition according to at least one of the
preceding claims, characterized in that the fuel
composition comprises 0.01 to 0.5% by weight of

ethylene copolymer.

Fuel composition according to at least one of the
preceding claims, characterized in that the fuel
composition comprises at most 0.05% by weight of

ethylene copolymer.

Use of ester-comprising polymers which comprise
repeat units derived from unsaturated esters having
7 to 15 carbon atoms in the alcohol radical, and
repeat units derived from unsaturated esters having
16 to 40 carbon atoms in the alcohol radical, in a
concentration of 0.05 to 5% by weight as flow
improvers in fuel compositions which comprise at
least one diesel fuel of mineral origin and at

least one biodiesel fuel.

Process for operating a diesel engine,
characterized in that a fuel composition according

to at least one of Claims 1 to 15 is used.



