WO 2011/035947PCT/EP2010/060518 A composition to improve cold flow properties of fuel oils The
present application relates to a composition to improve cold flow properties of fuel oils. Furthermore
the present invention describes a use of the present compositions. Fuels are nowadays generally
obtained from¥@38l1488¢ks. However, these resources are limited, so thaRGEFRIaMSHEEare being
sought. Therefore, interest is rising in renewable raw materials which can be used to produce fuels. A
very interesting replacement is in particular biodiesel fuels. The term biodiesel is in many cases
understood to mean a mixture of fatty acid esters, usually fatty acid methyl esters (FAMES), with chain
lengths of the fatty 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 matdrigrmaesidgernblecoiignproysy ceritidst sovh pranpetded off, dwslowdrlsils, soya
oils, palm oils, coconut oils and, in isolated cases, even used vegetable oils. These are converted to
the corresponding FAMES by transesterificat on, usually with methanol under basic catalysis. The

FAME content alsg aftectsthe calthflow prapedies.ofdhe feedsioak, Hie lower the cagbon umber and

the higher the double bonds are present in the fatty acid chains, the better is the c ow property of

the feedstock. Fite €ofmrtin BiethoHS 16 vafuate the cold floWigudlity afe: poure 2 poss(FP) test as

mentioned in ASTIM POT, filtecabilitydimit yia,cald fiter plugging point(CERR) test measured to DIN EN
116 or ASTM D6371, and cloud point (CD) test as described in ASTM D2500. Currently rapeseed oil
methyl ester (RME) is the preferred stock for biodiesel production in Europe as rapeseed produces

more oil per unitwf lanc: area compayed te vtheridikselrces nHowever Withsthe1highpricsedevel of RME,

mixtures of RME _with other, fgedstock such as soybean (SME) or palm methyl ester (PME), have been
exploited as we Wi ggéftio% t%stﬁeIuetl‘?icz}gtllﬁé):rel3 of ?Lj(g%%fi szlrb}d?eesgél, r“ﬁgxth?éastof[ %%zﬁ%?eseerl\f/,!ci.s)e. the
middle distillatezgfecroderdd| distiidtion, Hieldsiddiesel are alsosof interestsowingito the improved

low-temperature praperies and, better. compustian characterjstics. In view of the declining ecological

quality and decreasing world crude oil reserves, the use of pure biodiesel (B100) has been an
important targetin’ mahy ' CouintAes FBwETBE ARaRFTSsueS, tandiAg Trohs differehP Edmbristion
characteristic tg garrgsion of seal materials, have been reported as hindrances to the use of biodiesel
as a replacement for fossil diesel. Another major obstacle is the flow behavior of biodiesel at low
temperature. For example, RME has a Cold Filter Plugging Point (CFPP) in the range of -13 to -16C,
which cannot bé&ldirectlyusedtdimeet theswintemdieget reguirementintCentrakEurope @.e. CFPP

value of -20C or below). The issue s marg challenging.when feegstocks contaiping; higher amount
esters (FAMEs), with chain lengths of the fatty acid
fraction of 14 to 24 carpon atoms with 0 to 3 double bonds.
The higher the carbon number and the fewer doukle 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, sunflower oils, soya oils, palm
0ils, coconui ¢lls and, in isclated cases, even used
vegetable oils. These are converted to the corresponding
FAMEs by transesterification, usually with methancl under

basic catalvsis.

The FAME content also affects the cold flow properties of
the feedstock. The lower the carbon number and the higher
the double bonds are present in the fatty acid chains, the
better is the cold flow property of the feedstock. The

common methods to evaluate the cold flow guality are: pour



3 saturated carbon chains, such as SME, PME or tallow methyl ester (TME), are used either as pure
B100 or mixture with RME. Therefore, prior art teaches the use of additives to improve the cold flow
properties. Polyalkyl(meth)acrylates PA(M)A with the presence of M(M)A (e.g. Rohm & Haas Co's
patent: US 589288488 vithout the presence of M(M)A (e.g. Shell Oil's pBEaHRPYISBBES, 396) as flow
improvers for mineral oil have been widely established. The use of hydroxyfunctional-containing
PA(M)A as biodiesel cold flow improver (CFl) can also be found in the literature (e.g. RohMax
Additives GmbH patent: EP 103260). Also US 2009/0064568 discloses a composition of biodiesel fuel,
particularly PME, containing PA(M)A as flow improver. WO 2009/047786 (Dai-ichi Karkaria Ltd)
discloses esterification and polymerization process to synthesize PA(M)A copolymer from alcohol
blend containing1-8% k{drocaton ZFheebpalyntel isusktd™s pélr péibt depréssaht for fuel oil and
biodiesel. WO 20Q8/454558 &6@@@@1@%%@'@§§§ﬁ@egf&\ﬁ%ioﬂ@@lfylﬂgﬁhmw&Q@Ck

e

copolymers or homopolymers, synthesized by a controlled free radical process and the use as cold

flow modifiers iﬁ%i&ﬁ&s@%ﬁ&ﬁe??ﬁg@&%n?ﬁ&éy 1T dsleET iFethifenEdinytacétats (EVA)
copolymer as disctasedirdU S5 7481928 (Exxon Chemicals), US 7,276,264 (Clariant GmbH). US
6,565,616 (Clariant GmbH) discloses an additive for improving the cold flow properties containing
blend of EVA and copolymers 4 containing maleic anhydride or alkyl acrylates. EP 406684 (Rohm
GmbH) disclos&s: arffovit irkiprovet sfetitivel comtaining misture of BFA copolymerarnd PAM)A. US

4,932,980 and EP.496684.(hoth.of Rehm GmbH) discloss flaw improyers based on a graft polymer
consisting of 80- 20% EVA copolymer asthe backbone and 20-80% alkyl (meth)acrylate as the

grafting mononfErC o860 HOAB1755 @Fariamiltdpfoctaes crithe GSEBRESA-§raff(RiEtR)acrylate as

flow improvers fgrimineratand bin-fusls. The patentdapplication) also mentiops theg@ddition of
co-additives. The known ~|gIlz)olxgmer%bsho an acceptable efficiency as cold flow improvers. However,

jettd mentioned dbdVe: a further improveni&nt of thetdid foRSropertied s an

based on the ogjec S’mentione
enduring challenger Someref thel additives ngelitionethabove improvelthecsld flowsproperties at a very

specific amount i {he; fugl ol gweyer.neloyr.abave that very. spedific amaunt, the.cold flow
properties are significant lower. The commercially available fuel olls are standardized in Some aspects
such as flow prépéfties, offtstistioh Isehdviér dridithe orlgintefithetfaebdil. However: biodiesel fuel oils

are not standardized: regasding the-corapaesition of the fatty, acid psters. Eurthermore, recgnt engines
may use fossil fuel oils and biodiesel fuel oils in different amounts. Based on the prices and availability

of the fuel oils, tHe cudidhrarsListilly TR fUER bliS froRt BffeFéntsoureds @dhipising diverse cold flow
improvers. Thetefare, s ditutian et the-fuel ol Beditive cannot be avoided such that the efficiency of the

In view of the declining ecclogical gquality and decreasing
world crude oil reserves, the use of pure bicdiesel (B100)
has been an important target in many countries. Howsver,
many issues, ranging from different combustion
characteristic to corrosion of sesal materials, have been
reported as hindrances to the use of bhiodiesel as a
replacement for fossil diesel. Another major obstacle is

the flow behavior of biodiesel at low temperature.

For example, RME has a Cold Filter Plugging Point (CEPP) in
the range of =13 to -16°C, which cannot be directly used to
meet the winter diesel reguirement in Central EBurcope (i.e.
CFPP? value of -20°C or below). The issue is more

challenging when feedstocks containing higher amount



5 additive is lowered. Therefore, although these additives show an acceptable efficiency at very
specific contents the overall efficiency should be improved. Furthermore, some of the additives may
have an acceptable efficiency regarding a very special type of fuel oil such as rapeseed oil methyl
ester (RME). ¥Hb#al&#5 9 other fuel oils such as diesel fuel of mineral origh¢ SEBaRY it HHethyl ester
(PME) these additives show a low performance. As mentioned above, mixing of fuel oils by the
customers cannot be avoided. Therefore, the additives should be useful in very different fuel oil
compositions. Furthermore, the additives should be pEoducible in a simple and inexpensive manner,
and especially commercially available components should be used. In this context, they should be
producible on the industrial scale without new plants or plants of complicated construction being
required for thi$ ptiHioses T heseshje€l3artF alsouGrRhas oBjéets Wilich aretrot.statarekplicitly but are

immediately desivable argissernible framdhe connectigns.discussed hereinsby-way of introduction are
achieved by compositions having all features of claim |. Appropriate modifications to the inventive
compositions aie protectetfihthe cl&ims fefdfring A ES cibith 12 $Fith fegafitolthesmethod, claim 20
provides a solutimn:io-the tindetlying problemr &okara fiest . aspect, there is provided a composition
comprising at least one polyalkyl(meth)acrylate polymer having a number average molecular weight
Mn of from 1000 to 10000 g/mol and a polydispersity Mw/Mn of from 1 to 8 and at least one ethylene
vinyl acetate cdpolyimer coriprising anits beiry dérivbd-froptat ldast one edikytgnmeth}adilate having 1

to 30 carbon atems;in theralkyl residue:in a second.aspect, hers is;provided the method of using a

composition comprising at lent one ponaIkyI(meth)acryIate, polymer having a number average
molecular weight Mifafffom 18061t6 10808+ Shell 0il’s patent: U3 3,869,396)

as flow improvers for mineral oil have been widely
established. The use of hydroxyfunctional-containing PA (M)A
as bicdiesel cold flow improver (CFI) can also be found in
the literature (e.g. RohMax Additives GmbH patent: EP
103260). Alsc US 2009%/0064568 discloses a composition of
biodiesel fuel, particularly PME, containing PA(M)A as flow

improver.

WO 2008/047786 (Dai-ichi Karkaria Ltd) discloses
esterifiicaticon and polymerization process to synthesize

PA (M)A copolymer from alcohol blend containing 1-6%
hydrocarbon. The copolymer 1s used as pour point depressant
for fuel o¢il and biodiesel. WO 2008/154558 (Arkema Inc)
discloses the invention of alkyl (meth)acrylic block
copoelymers cor homopolymers, synthesized by a controlled
free radical procesgs and the use as cold flow modifiers in

biofuels.

Another ingredient widely used asg CFI ig ethylene vinyl
acetate (EVA) copolymer as disclosed in US 5,743,923 (Exxon
Chemicals), US 7,276,264 (Clariant GmbH). US 6,565,616
(Clariant GmbH) discloses an additive for improving the

cold flow properties containing blend of EVA and copolymers



g/mol and a polydispersity Mw/Mn of from 1 to 8 and at least one ethylene vinyl acetate copolymer
comprising units being derived from at least one alkyl (meth)acrylate having 1 to 30 carbon atoms in
the alkyl residue as flow improvers in fuel compositions. The present compositions provide a high
efficiency as ¥@dM&RPdrovers over a large concentration range. At the 8&HERM&IHE fventive
polymers allow a series of further advantages to be achieved. These include: The compositions of the
present disclosure improve the cold flow properties of very different fuel oil compositions. The present
additive composition provides outstanding efficiency &s cold flow improvers. Furthermore, these
improvements are achieved by applying low or high amounts of the composition to the fuel oil. The

compositions of the present disclosure can be prepared in a particularly easy and simple mariner. It is
possible to use@stcrhany didhfal Scale prahtsie 68 THel Rvéentve Eorpositici cdmpfiSés at least

one polyalkyl(m@tbmrﬁatﬁapowﬂg@;@%\@@gaa number ayergermolecular,weight Mn of from 1000 to

10000 g/mol and a poly dlspersnx Mw/Mn of from 110 8. 7
mixture of copolymer and PA (M)A,

Us 4,832,980 and EP 406684 (both of Réhm GmbH) disclose
flow Improvers based on a graft polymer consisting of 80-
20% EVA copolymer as the backbone and 20-80% alkyl
(meth)acrylate as the grafiing monomer. US 20487/0161755
{Clariant Ltd) focuses on the use of EVA-graft-
(methacrylate as flow improvers for mineral and bio-fuels.
The patent {application) also mentions the addition of co-

additives.

The known polymers show an acceptable efficiency as cold
flow improvers. However, based on the objects mentioned
above, a further improvement of the cold flow properties is
an enduring challenge. Some of the additives mentioned
above lmprove the cold flow properties at a very specific
amount in the fuel oil. However, below or above that very
specific amount, the cold flow properties are significant
lower., The commercially available fuel oils are
standardized in some aspects such as flow properties,
combustion behavior and the origin of the fuel oil.
However, biodiesel fuel oils are not standardized regarding
the composition of the fatty acid esters. Furthermore,
recent engines may use fossil fuel cils and bicdiesel fuel
oils in different amounts. Based on the prices and
avallability of the fuel o0ils, the customers usually use
fuel oils from different sources comprising diverse cold
flow improvers. Thersfore, a dilution of the fuel oil

additive cannot be avoided such that the efficiency of the



PonaIkyI(meth)acryI'ate polymers are polymers comprising units being derived from
alkyl(meth)acrylate monomers. The term (meth)acrylates includes methacrylates and acrylates as well
as mixtures thereof. These monomers are well known in the art. The alkyl residue of the ester

compounds ¢&R HEYHES cyclic or branched. Usually, the alkyl residue mB§¢BRbIEEOF ) 40,

preferably 5 to 30 and more preferably 7 to 15 carbon atoms. The monomers can be used individually
or as mixtures of different alkyl(meth)acrylate monomers to obtain the polyalkyl(meth)acrylate
polymers useful for the present disclosure. Usually the polyalkyl (meth) acrylate polymers comprise at
least 50 % by weight, preferably at least 70 % by weight and more preferably at least 90 % by weight
alkyl(meth)acrylate monomers having 7 to 15 carbon atoms in the alkyl residue. According to a
preferred embGHiiteht BRtHS presdht @iscldstive Stier Folyatkyitricth) dcifiate pBRMersafseful for the

present inventien may: e0RpHse tHlitsheing dervedsfram anerer mese alkyl(netaerylatemaonomers
of formula (I) where Ris h¥(%rogen or met@{! | means a Iineétr), branched or cyclic alkyl residue with
1 to 6 carbon a?grﬁg,aéspgcialfy 1 %6 ar pre eré]r()%lyimt%ré)gg jon atoms. Examples of monomers
according to formula (I) are, among others, (meth)acrylates which derived from saturated alcohols

such as methv'ﬁmﬁmﬂ%'@é)e, esﬂax'e(na%th%%%rygacﬁ%i@:%Fge,y'n@lﬁt%%y'@nk;i Qaopy B

(meth)acrylate, n-butyl (meth)acrylate, tert-butyl - (meth)acrylate, pentyl acrylate and hexyl
(meth)acrylate;&yelcaIRYI FrStRYERFASS, fikBTyel cpettyld methRiergiatd and eloHexgh
-(meth)acrylate, Preferably. the,palymerncomprises-unitsibeingderived-from,. methyl methacrylate.
The polyalkyl(meth)acrylate polymers useful for the present disclosure may comprise 0 to 40% by

weight, preferaBiy'C.13%6°30% -Gfght i partitular 675 T 2086 By WéighPaf-tinits derived from one
or more alkyl(meth}acrylate- monorears affformutaifd). based ontthe tatal sweight-afthespalymer.

As menticned above, mixing of fual oils by the customers
cannot be avoided. Therefore, the additives should be

useful in very different fuel oil compositicns.

Furthermore, the additives should be producible in a simple
and inexpensive manner, and especially commercially
available components should be used. In this context, they
should be producible on the industrial scale without new
plants or plants of complicated construction being reguired

for this purpose.

These objects and also further cbjects which are not stated
explicitly but are immediately derivable or discernible
from the connections discussed herein by way of
introduction are achieved by compositions having all
features of claim 1. Appropriate modifications to the
inventive compositicns are protected in the claims
referring back to c¢laim 1. With regard to the method, claim

20 provides a solution to the underlying problem.



The polyalkyl(meth)acrylate polymer may be obtained preferably by free-radical polymerization.
Accordingly the weight fraction of the units of the polyalkyl(meth)acrylate polymer as mentioned in the
present application is a result of the weight fractions of corresponding monomers that are used for
preparing the inventive polymer. Preferably, the polyalkyl(meth)acrylate polymer comprises units of
one or more alkyl(meth)acrylate monomers of formula (1) where R is hydrogen or methyl, R2 means a
linear, branched or cyclic alkyl residue with 7 to 15 carbon atoms. Examples of component (Il) include
(meth)acrylates that derive from saturated alcohols, Such as.2-ethylhexyl (meth)acrylate, heptyl
(meth)acrylate, 2- - tert-butylheptyl (meth)acrylate, n-octyl (meth)acrylate, 3- isopropylheptyl
(meth)acrylate, nonyl -(meth)acrylate .(%e | . (meth)acrylate, undecyl (meth)acrylate, 5-methylundecyl
(meth)acrylatel,ﬂn&-Pol>sléiggc,p3ﬁc E’rﬁ%’éetrﬁ)}lggﬁ? a 5‘%9%%?ﬁ§’/lltéf)éldecyl (meth)acrylate, tridecyl (meth)acrylate,
5-methyltridecylcfrrathjacrylate, n-tetradecyl (meth)acrylate, pentadecyl (meth)acrylate;

(meth)acrylates.whi rive_from-unsaturated alcohols, for example oleyl (meth)acrylate;- cycloalkyl
(meth)ac:ryIate%:s.ulc:éf;lgaszCe c&ﬁ%h%?y %%n"é%ﬁ)%&:rpﬁg@ ﬁg&lﬁé g ggé@tﬁﬁeﬁﬁﬁF(Q%ﬁbutylcyclohexyl
(meth)acrylate”&fer &ma iAo iesd/k (meéth) aoryiata t bimyb fméth)acrytate and isobomyl

(meth)acrylateg;I}h@lp(glxalkgl(y@i@@g%@@sg@¥% %feé%bI;f §8mmriri5§5 aBt Iea&t 10 % by weight,

especially at least 20 % by weight of units derived from one or more alky?(metﬁfacrylates of formula
(I1), based on fHe totaSheihtof G eY LAgdoraRf) ot praferirembodineni of the present

disclosure, thexpolymercorgprsas preferably,abeut; 25 1o 100% by )@geigh&“glagg Qé?ge{%l%lé’ about 70 to -
)

99 % by weight of units_derived from monomers according to formula (l1).
heving 1 to 30 carbon atoms in the alkyl residue.

_ In a second aspect, there is provided the method of using a composition comprising at east
one polyalkyl (meth)acrylate polymer having a number
average molecular weight'Mn of from 1000 to 10000

g/mol and a polydispersity Mw/Mn of from 1 to 8 and at
least one ethylene vinyl acetate copolymer comprising
units being derived from at least one alkyl
(meth)acrylate haﬁing 1 to 30 carbon atoms in the

“alkyl residue as flow improvers in fuel compositions.

The present compeositions provide a high efficiency as cold

flow improvers over a large concentration range.

At the same time, the inventive polymers allow a series of

further advantages to be achieved. These inciude:

- The compositions of the present disclosure improve the cold

flow properties of very different fuel oil compositions..
The present additive composition provides outstanding
efficiency as cold flow improvers. Fuerthermore, these
improvemen:s are achieved by applying low or high amounts
of the composition to the fuel 0il. The compositions of.the

present disclosure can be prepared in a particularly eqasy

and simple manner. It is possible to use customary

industrial scale plants.



Furthermore, the the polyalkyl(meth)acrylate polymers useful for the present disclosure may comprise
units being derived from one or more alkyl(meth)acrylate monomers of formula (lll): 10 where R is
hydrogen or methyl, R3 means a linear, branched or cyclic alkyl residue with 16-40 carbon atoms,
preferably 16 to 30 carbon atoms. Examples of%mponent (11N include (meth)acrylates which derive
from saturated alcohols, such as hexadecyl (meth)acrylate, 2-methylhexadecyl (meth)acrylate,

heptadecy! W%@gl(a%rxh@é%t -isoptopyiheptadecyLimethacrylate, 44er-butylactadecyl (meth)acrylate,
cy

5- ethyloctade meth)acrylate, 3-isopropyloctadecyl (meth)acrylate, octadecyl (meth)acrylate,
nonadecy! (metvagniiel fresy) aretiad§iate Laiei oS Metn)acRRAE, SiEardRitosy
(meth)acrylate ;dacasy] (meth)agrylateangforgisasyltetrattiacantyt (methacrytate; eycloalkyl
(meth)acrylates such as 2,4,5-tri-t-buty1-3- vinylcyclohexyl (meth)acrylate, :
2,3,4,5-tetra-tbHRASFEISHSRT HhBthEEHateT The Polyalkyi(feth)acrylate polymers useful for the
present invention may comprise 0 to 40% by weight, preferably 0.1 to 30% by weight, in particular 0.5
to 20% by weight of units'derived from one or more alkyl(meth)acrylate monomers of formula (11)
based on the total weight of the polymer. According to a special embodiment of the present disclosure,
the weight ratio of ester compounds of the formula (Il) which contain 7 to 15 carbon atoms in the
alcohol radical to the ester compounds of the formula (IIl) which contain 16 to 40 11



carbon atoms in the alcohol radical is preferably in the range of 100:1 to 1:1, more preferably in the
range of 50:1 to 2:1, especially preferably 10:1 to 5:1. The ester compounds with a long-chain alcohol
residue, especially monomers according to formulae (II) and (lll), can be obtained, for example, by

- reacting (meth)acrylates and/or the corresponding acids with long chain fatty alcohols, where in
general a mixture of esters such as (meth)acrylates with different long chain alcohol residues results.
These fatty alcohols include, among others, Oxo Alcghol(r) 7911 and Oxo Alcohol ,0 7900, Oxo _
AlcOnhol(r) 1100 (Monsanto); Alphanolt0 79 (ICI); Nafz)l(r) 1620, Alfol(r) 610 and Alfol(r) 810 (Sasol);
Epal(r) 610 and Epal(r) 810 (Ethyl Corporation); Linevol(r) 79, Linevol(r) 911 and Dobano10 25L (Shell

AG); Lial 125 (Sasgl); Dehydact and D ad(r) and Lorole (Cognis). The polymer. may contain units
derived from cé%afo%%ﬂmgrgyénseghi%% G?aljlfgléqt)em %ggﬁgﬁegé%oﬁ%%“rﬁé:rss iﬁ(?ﬁ‘f%lhsy Sxyalkyl
(meth)acrylatestike 3-hydroxypeopyt ¢mefineoryatey B (4ditlydeoxyblsyd ¢meth)acedate, Pakydroxyethyl

(meth)acry'atetéx_—iayqMH[%MM*QQCM%&%%@%M%%h;eé‘s";lgﬁég' dpethiacndate,

1,10-decanediol (meth)acrylate; aminoalkyl (meth)acrylates and aminoa meth)acrylamides like
N-(3-dimethyla#finGptapyimetraeRiamnide S adiéthyRimpepeantineth)acslatell known
3-dibutylaminohexaggcyl.(methyacrylajgi WQ20414035942RC TER2010/060518:12 nitrile2 of

(meth)acrylic acid and other nitrogen-containing_(meth)acrylates like

N(methacryloyloxyetfyl) Fsobufy Iktimmne? Ritffethdy Ry foky eBiVR) dindiatietsikeétitfngiay
(meth)acryloylamigedcetonitrle, 20methacrylataxyethymethyleyanamide, gyaramethy, 7
.(meth)acrylate; ar E(met acrylates like henzyl meth%acrglate or pheny| (meth)acrylate, where the

acryl residue i 8ach cadE" i Be Yhsubstitttdd 5 ETB&itaEd GiF td oty tifes: Carbigryt-€ontaining
(meth)acrylatesike 2-parboxyethyd fmeétH)aendate, akyoxymethylz(meth}acsylate,; axazelidinylethyl
(meth)acrylate, N-methyacryloyloxy)for ide, acetonyl (meth)acrylate, Nmethacryloylmorpholine,
N-methacryloy%%—%??r%%ﬁloﬁ%f %%%n%i??%%%%%%gé%%f%%%\éﬁﬁoﬁg ,eNPE{?- rorYthe
methacryloyloxyprapyisespyrrblittiones relyatkyh énvlderyidstoxypentadecyl(-2-pyrrolidinone, N-(3-

methacryloyloxyheptadecyls2-nyrealidinong; dmeth)aceylates, of ether algahals like tetrabydrofurfury
(meth)acrylate, méthoxyethoxyethyl (meth)acrylate, 1- butoxypropyl (méth)acrylate; cyclohexyloxyethyl

(meth)acrylatel BAsoxyRtHosR e i FSth Ry RS Densslsgatmyy (msth)aesTat8 iy

(meth)acrylates2: butoxyetiiyl (methpeptates 2eethoxyr-ethoxyethyh(meth)agrylats,on

2-methoxy-2-eth(é>% ropyl (meth)acrylate, elg%éylated (meth)acrylates, 1-ethoxybutyl (meth)acrylate,
methoxyethyl (‘?ﬁ ;

acrlate S22 -2 5thoE2-

According to a preferred embodiment of the present disclosure,

the polyalkyl (meth)acrylate polymers useful for the present
invention may comprise units being derived from one or more

alkyl {(meth)acrylate monomers of formula (I)

R

H - 1 '
Pz OR (I),

H

where R is hydrogen or methyl, R® means a linear, branched
or cyclic alkyl residue with 1 to 6 carbon atoms,

especially 1 tce 5 and preferably 1 to 3 carbon atoms.

Examples of monomers according to formula (I) are, among
others, {(meth)acrylates which derived from saturated
alcohols such as methyl (meth)acrylate, ethyl

(meth)acrylate, n-propyl (meth)acrylate, isopropyl



13 ethoxyethyl (meth)acrylate, esters of (meth)acrylic acid and methoxy polyethylene glycols;
(meth)acrylates of halogenated alcohols like 2,3- dibromopropyl (meth)acrylate, 4-bromophenyl
(meth)acrylate, 1,3-dichloror2-propyl (meth)acrylate, 2-bromoethyl (meth)acrylate, 2-iodoethyl
(meth)acrylate, chloromethyl (meth)acrylate; oxiranyl (meth)acrylate like 2, 3-epoxybutyl
(meth)acrylate, 3,4-epoxybutyl (meth)acrylate, 10,11 epoxyundecyl (meth)acrylate,
2,3-epoxycyclohexyl (meth)acrylate, oxiranyl (meth)acrylates such as 10,11- epoxyhexadecyl
(meth)acrylate, glycidyl (meth)acrylate; phosphorus-, boron- and/or silicon-containing (meth)acrylates
like 2-(dimethylphosphato)propyl (meth)acrylate, 2-(ethylphosphito)propyl. (meth)acrylate, 2-
dimethylphosphinomethyl (meth)acrylate, dimethylphosphonoethyl (meth)acrylate, diethylmethacryloyl

phosphonate, dpsopylaeshasiyoyl pbgsehate 2y iphesphonaletiyl (mefacriate, 2.3-

butylenemethacryloylethyl borate, methyldiethoxymethacryloylethoxysiliane, diethylphosphatoethy!
(meth)acrylate;(B&FGrlEGtArYG (MREDBER IS Tike 2Kyl Salkay A | kmerdacrylate,

- 4-thiocyanatobutd{meth)agryate, ethysylanyethyh@petiacrylate thiocyapatomethyl (meth)acrylate,
methylsulfinylmethgtlg}%\meth)acr late, bis(methacryloyloxyethyl) sulfide; 14 heterocyclic (meth)acrylates

like 2-(1-imidaZOIFHEEYT theth)AE iR 5 (AThBrEHoTngNGthyRtidth) A8t idte anay 12 te -

1-(2-methacrypyloxyethyl)y2-pyteolidobermaleieasict ard maleieagid degvaties,suchrasmono- and
diesters of malej %cig, m%lgic anhydride, methylmaleic anhydride, maleinimide, methylmaleinimide;
. . Hﬁ L.me ﬁfarymate. _ . . -

fumaric acid and fumaric acid dervatives such as, for example, mono- and diesters of fumaric acid;

vinyl halides such as, for example, vinyl chloride, vinyl fluoride, vinylidene chloride and vinylidene

fluoride; The polyalkyl (meth)acrylate polymers useful for the present
disclosure may comprise 0 to 40% by weight, preferably 0.1

- to 30% by weight, -in particular 0.5 to 20% by weight of
units derived from one or more alkyl (meth)acrylate monomers

of formula (I) based on the total weight of the polymer.

The polyalkyl (meth)acrylate polymer may be obtained
preferably by free-radical pelymerization. Accordingly the
weight fraction of the units of the polyalkyl (meth)acrylate |
polymer as mentioned in the present application is a-résult
of the weight fractions of corresponding monomers that are

used for preparing thée inventive polymer.

Preferably, the polyalkyl (meth)acrylate polymer comprises.
units of one or more alkyl(meth)acrylate monomers of
formula (II)

R

H A OR I,

H

where R is hydrogen or methyl, R means a lingear, branched

or cyclic alkyl residue with 7 to 15 carbon atoms.



vinyl esters like vinyl acetate; vinyl monomers containing aromatic groups like styrene, substituted
styrenes with an alkyl substituent in the side chain, such as a-methylstyrene and a-ethylstyrene,
substituted styrenes with an alkyl substituent on the ring such as vinyltoluene and p-methylstyrene,
halogenated styrenes such as monochlorostyrenes, dichlorostyrenes, tribromostyrenes and
tetrabromostyrenes; heterocyclic vinyl compounds like 2-vinylpyridine, 3- vinylpyridine,
2-methyl-5-vinylpyridine, 3-ethy1-4- vinylpvridine, 2,3-dimethy1-5-vinylpyridine, vinylpyrimidine,
vinylpiperidine, 9-vinylcarbazole, 3- vinylcarbazole, 4-yinylcarbazole, 1-vinylimidazole, 2-
~methyl-l-vinylimidazole, N-vinylpyrrolidone, 2- vinylpyrrolidone, N-vinylpyrrolidine, 3-vinylpyrrolidine,
15 N-vinylcaprolactam, N-vinylbutyrolactam, vinyloxolane, vinylfuran, vinylthiophene, vinylthiolane,
vinylthiazoles ane:hydregenatesbyipyltaiazolesyinyloxazeakes and hydrogenated vinyloxazoles; vinyl
and isoprenyl e}hersk;l?ethagglic aci%agdgcjéylic acgd. The comonomers_and the ester monomers of

the formulae (1), (M) and (5 can sach BE uSed ndividually oF Rs ixiires - TRE PSporfidhiibf |
comonomers caf be-eatad depehdifgeorh treecusd and property profite of thecpelyees, Iregeneral, this.
proportion may, he.in_the, tar m G 12 60%, ight, prefer bI)J(_ from 0.01 to 20% by weight and
more preferably from 0.1 %o 10%/E£%y v(\}e%f?t. ()vk\%\%\%qt%é c%m%cl;% ion I?%gg tiav'\é%'a?f?LOI’;‘1 f()%’ecglogical
reasons, the propeRIGIP o tRPIohofifErSTWIRIER CoRiptiseraroniationgroups chretescaromztygroups,

nitrogen-contaiping.gioups, phospharusseqntaining gsoups,and sulphurcontaining grayps should be

minimized. The proportion of these monomers can therefore be restricted to 1% by weight, in particular
0.5% by weight' 3R& préRFALE (§ 0196 Bf Wrsight. PrSfeRay rtheapGlyalkymaEtassaepolymer

comprises units gletxge from yelfoxd-cestaining-menoRiers andlor (meth)acpratesfgther alcohols.
According to a preferred aspect of the gresenii invention, the polyalkyl(meth)acrylate polymer

preferably comprges T s F6- 30 % by waiyiE SspetTatiy™ 558 9% by welght AR Mdre preferably 2

- to 10 % by weightathydroxykcentaining moriomer and/or (meth)acrylates of ether alcohols based on

e eI e B epar s Pyl (et
example oleyl (meth)acrylate;:
cycloalkyl (meth)acrylates such as cyclohexyl
(meth)acrylaté having a ring substituent, like tert-
butylcyclohexyl (meth)acrylate and'tximethylcyclohexyl
{methyacryiate, bornyl (méth)acxylate and isobornyl

(meth)acrylate.

The poiyalkyl(meth)acrylate‘polymer preferably cdmpxises at
least 10 % by weight, especially at least 20 % by wéight of
units derived from one or more alkyl (meth)acrylates of
formula (II), based on the total weight of the polymer.
According to a preferred embodiment of the present disclosure,

the polymer comprises preferably about 25 to 100% by
weight, more préferébly about 70 to 9% % by weight of units

derived from monomers according to formula (II).

Furthermore, the the polvalkyl (meth)acrylate polymers
useful for the present disclosure may comprise units being
derived from one or more alkyl (meth)acrylate monomers of

formula (III)



The polyalkyl(meth)acrylate polymers to be used in accordance with the invention have a number
average molecular weight Mn in the range of 1000 to 10 000 g/mol, preferably in the range of 2000 to
7000 g/mol and more preferably in the range of 3000 to 6000 g/mol. The polydispersity Mw/M, of the
polyalkyl(meth)acrylate polymers is in the range from of 1 to 8, preferably from 1.05 to 6.0, more
preferably from 1.1 to 5.0 and most preferably from 1.3 to 2.5. The weight average molecular weight
Mw, the number average molecular weight M, and the polydispersity Mw/M, can be determined by
GPO using a methyl methacrylate polymer as standard. The architecture of the polyalkyl(meth)acrylate
polymers is not critical for many applications and propérties. Accordingly, these polymers may be
random copolymers, gradient copolymers, block quolymers and/or graft copolymers. Block
copolymers and gradient copolymers can tgga obtained, for example, by altering the monomer
composition discontinuously during the chaingr  JF @?eparation of the polyalkyl(meth)axTylate

- polymers from the above-described monomers|is kngwn per se. Thus, 17 these polymers can be
obtained in particular by free radical polymerizition dad related processes, for example ATRP (=Atom
Transfer Radical Polymerization), RAFT (=Reversible Addition Fragmentation Chain Transfer) or NMP
processes (nitroXidesmBdiated palyrasization)citradditisi therts, these polymetstanecalsd available
by anionic polymerisation. Cuisjomanyfieercadical polygesizatian iy desarined, inter alia. jp (Jimann's
Encyclopedia of Industrial Chemistry, Sixth Edition. In general, a polymerization‘initiator is used for this
purpose. The usAblefinftfatGrERER e 4PESazo initiators widely known in the technical field, such as
2,2'-azo-bis-isobutyronitrile (AIBN), 2,2'-azo-bis-(2- methylbutyronitrile) (AMEN) and 1,1- '
azobiscyclohexanecarbonitrile, and also peroxy compounds such as methyl ethyl ketone peroxide,
acetylacetone &é‘r%%d}eﬁ?%ilﬁﬁrﬁ%@?@ﬂﬁ@ﬁe@ﬁ&t&l PEFOXY PR aldte HetERa B fky P-efiy Ihexanoate,
tert-amyl peroxy<2-iethylhexaneate, ketene peroxide, dertudy pesoeteateidngthyl isobutyl ketone
peroxide, cyclohgxanane peroxide, dibenzoyl.peroxide, te t-;u_t | peroxybenzoate, tert-butyl
peroxyisopropy%}ﬁfj8?1gt%?%éb%(Z%etﬁ%h%é;i%%ﬁ%g%&%;— Igg&l%ea[ﬁ R&2&Te, tert-butyl
peroxy-2-ethylHexahoates; tert{dmayhperoxy-3; 5 S-trimethythexanoatey ticisayl jperoxide,
1,1-bis(tert-buty; ! ne, 1,1-.bis EIE@' t Xy)=3,3.5-trimethylcyclohexane, cumyl
hydroperoxide, ggﬁ%@%@%‘%ﬁgoﬁdg‘gﬁ&%ﬁr %?ﬁﬁ%ﬁl fylfftﬁlgﬁ%%l(ilaicé%?’goantaﬁé, Snixtures of two
or more of the &foremhertiBABE CbmFsindsewitl brecancthés antanidwresastziw Bforementioned
compounds withreompauads zk8which:have-net hegh mentioped.hut q@@ﬂgggv&qform free radicals.

Furthermore a chain transfer agents can be used. Suitable chain transfer agents are in particular

oil-soluble merdAtans 2for Ex@nTile HoTREYEmEFEAItaR OF 2L #iércaptisit&naIo6r élse chain transfer

~ agents from the(class of ¢he terpenes: forexaaiple sempineplsri raferably 4he pohwaers can be
achieved by USiGQ%@QJ] amo ntcseof iggiﬁtq:r aenld Iosvv ’i\@eotunts of chain transfer agents. Especially, the
mixture to obtain thé '

(ﬁ%lﬁyﬁmetﬁ)acrﬁate pgl?/nr%r useﬁﬂ%ﬁﬁ‘n%%%% nt invention may comprise 1
to 15 8 by weightgsreierablyl2te 10 % by weight and more preferable 4 to 8 % by weight initiator

based on the ag}]ri’(’% of menomers; T, oupt of.chain transfer nts can.be used,in an amount of
0 to 2 % by weight, preférfgz;qbly@.m t% 1 % by weight and more pré ereéglé £8§1‘%0:6*.1 % by weight :
based on the aHiotint &f PAGRGHErs, (neth) acrylate, 2,3,4,5-tetra-t~

butylcyclohexyl (meth)acryiaie.

The polyalkyl (meth)acrylate polymers useful for the present
invention may comprise 0 to 40% by weight, preferably 0.1
to 30% by weight, in particular (.5 to 20% by weight of
units derived from one or more alkyl (meth)acrvlate monomers

of formula (III) based on the total weight of the polymer.

According to a special embodiment of the present disclosure, the
weight ratic of ester compounds of the formula (II) which
contain 7 to 15 carbon atoms in the alcohol radical to the

ester compounds of the formula (IIT) which contain 16 to 40



The ATRP process is known per se, It is assumed that it is a "living" free-radical polymerization,
without any intention that this should restrict the description of the mechanism. In these processes, a
transition metal compound is reacted with a compound which has a transferable atom group. This
transfers the Wariéfdi45f atom group to the transition metal compound, wRfCHESRUYEYTHE metal. This
reaction forms a radical which adds onto ethylenic groups. However, the transfer of the atom group to
the transition metal compound is reversible, so that the atom group is transferred back to the growing
polymer chain, which forms a controlled polymerizatioh system. The structure of the 19 polymer, the
molecular weight and the molecular weight distribution can be controlled correspondingly. This
reaction is described, for example, by J S. Wang, et al., J. Am. Chem. Soc., vol. 117, p. 5614-5615
(1995), by MatyjasR&iisia FRiag romoldtdiléd; k28, 15 g0t 79 £0 PESISIE 37 atlditfont #e patent
applications W@:96{30421,1\M0 9747661, W 9¢/18247. WQ198/40415 ang:WE2 99£.038. disclose
variants of the @TR; xplained ab Ve Pref%rabl% lcatallgt_ié chain5t(ansfer processes using cobalt (II)
chelates complegé cah e GSE( To %reﬁ’al%rt eeﬁoﬁym%rs usefut for th%‘present invention as disclosed in
US 4,694,054 (Du Pont Co) or US 4,526,945 (SCM Co). The documents US 4,694,054 (Du Pont Co)
filed with the United States P. Trademark Office Jary. 27, 6 under,the Application
number 821,32%@%?%%%,5%%%5? %Sg(%MQ%B%qfi edp\?v;i} tégggr%tea §?§1t%% P%Btggtd and Trademark
Office March 2£3P984 eirder the Applicatiotrumbed 502,804 atelancléséd heréin Byl feference. In
addition, the inventive-pelymers gy beohtained; for example. alsoviaRAET 4pethods. This process
is presented in detaljl, for example, in WO 98/01478 and WO 2004/083169, to which reference is made
explicitly for thé Blirpuses Bt disdiosdR M Hifditior He Polyalkyifdethiadryidte otymers are also
obtainable by NMPprotesses:fitcoxidesmediated pahymerizationy), which-is desetibed, inter alia, in
U.S. Pat. No. 4,581,429. 20.These metho re described comprehensively, in particular with further
references, inte?rzlﬁ]%ﬁnalﬁi.rwaat%j%%e%léﬁtﬁ 1%%?%5\%2,%%%8%08 %fﬁa%gﬁ%o yr%ee?i%gﬁgﬁ , Wiley
Interscience, Hobekert 20020 tswhich tefererceis Inade ekplieitly forthe purposes obdisclosure. The
anionic polymeisation, isswel kpownindhe art apd dessribedginter,alia, in Hlimann's Encyclopedia of
Industrial Chemistry, Sixth Edition. According to a preferred aspect of the present invention, the
polyalkyl(meth)&ERfaR POy mer Ganae oBtaifed Aecordifig i aGnéfioty désdribddl inlUsa1656,559
(Rohm & HaasQa)diled with thezUpited StatessPatent and Trademark ©Office:Qatober 23, 1974 under
the Application?umber 551“7’3 6. Ihe doct|£1 t U% 4,056,559 iilenclb§ed erein by reference.
Particularly, potassium hiathokide 25iTtion canBe Used A% IRitiator. polyATeriZati6n thay be carried
out at standard {gresdureitéduded: pressurd o efdvatedpressute. The polymendatiamtemperature too
is uncritical. Howevey gt i&zg%ggr ly in the range of -200 C to 200 C, especially 0 C to 190C, preferably
60 C to 180 C and more preferably 120 C to 170 'C. Higher temperatures are especially preferred in
free radical polymerizations using high amounts of initiators. The polymerization may be carried out

with or without sglvept, Fhe-terprsolvent isite he understoqd bgre-ina read.senses zs an

optional component.

These comoncmers include hydroxvalkyl (meth)acrylates like
3-hydreoxypropyl {meth)acryvlate, 3,4-dihvdroxybutyl
(meth)acrylate, Z-hydroxzyethyl {(methlacrylate, 2-
hydroxypropyl (meth)acryvlate, 2,5-dimethyl-1l, 6-hexanediol

(meth)acrylate, 1,10-decanediol {(meth)acrvlate;

aminoalkyl (meth)acrylates and aminoalkyl (meth)acrylamides
like N-{3-dimethylaminopropyl)methacrylamide, 3-
diethylaminopentyl (meth)acrylate, 3-dibutyiaminchexadecyl

(meth)acrylate;



21 The polymerization is preferably carried out in a nonpolar solvent. These include hydrocarbon
solvents, for example aromatic solvents such as toluene, benzene and xylene, saturated
hydrocarbons, for example cyclohexane, heptane, octane, nonane, decane, dodecane, which may
also be presé? HBYEREMEd form. These solvents may be used individuall§/ P aY YWiSdRire.
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 prefefénce is given to mineral oils and mineral diesel
fuels. In addition to the polyalkyl(meth)acrylate polymer as described above, the composition of the
present invention comprises at least one ethylene vinyl acetate copolymer comprising units being
derived from atié&storie afkyl (‘rﬁ%ﬂﬁééﬁﬂfé(tjeii?a\ﬁﬁ@% 730 eafboR atbRiSHEhe alkyl residue. As

mentioned abovenalse:thepolyalkyl(meth)agndatepalymer may comprise units being derived from
ethylene and vinI¥I Q%etate as Comonorgetsk.%oweyerdl tq[%eth‘yle,ne vinl%/l_ acetate copolymer differs
from the polyalkyI{mafijagniate Coponmat ESpaciaiy’ e anioutits of ethylene and/ or vinyl acetate
in the ethylene Vit lazetaté copolymehnare Higher thian in thetpolyakkyl(meth)acrylate polymer.
Therefore the presentcom %iy?grgg&%@%ecsoﬁtilggﬂg\’/o polymers being different in their ethylene
and/or vinyl acetate proportion.” 22 1 to 30 carbon atoms in the alkyl residue can be obtained by the
polymerisation B E6Fre5F6AdIRG¥HBRBMERCOMPBESIAORS IRhylepecasdginyY dcetate are commercially
available from a;pumperafsuppliers. Alkyl (meth)acrylates having 1 to 30 carbon atoms in the alkyl
residue are described above and reference is made thereto. These ethylene vinyl acetate copolymers
may contain 1 to 60 weight%, particularly 5 to 40 weight%, preferably 10 to 20 weight% of units being
derived from ethylehe (hased an the tatakof thesrepeating upits: Pastictlas peefetenseds given to
ethylene vinyl acetate, copolymers containing. preferably 0,5 to 60 weight %, especially 2 to 30 weight
% and more pre(cf(éer% Ii/aBé)fﬂS %\’/aéigwg’% of v?r%% a%%@’tg brz;\eésejdécs?ne thle‘%o?glcgf t %Sr%pggﬁng Tnits.
Preferably, the amsolasttof talkyl {nveth yacrylaiés:havdingol too30 carbdn atoms in the alkyl residue is in
the range of from 10 weight % to 90 weight %, especially in the range of from 30 to 80 weight% and
more preferably in the range of from 60 to 80 weight% based on the total of the repeating units.
According to a SpaEIaI Enibotfithehf o the! preseht fiehtioh 5 the' &thyferie vinga€etate: copolymers
preferably compsise firoim 30110120, weight%: merepreferably: fron-6040 80 weight% of units being
derived from at least (zn%alkgl é:pet a?orrkllathe havin% 7 to 15 carbon atoms in the alkyl residue.
Preferably, the PAGIAY Tatio BF athylene t0 viny! Acetaté b the ethylene vinyl acetate copolymer could be
in the range of 1601 tor 212y miorelpreferbblynithécarange«of 2071 tar23 2)k wespecially preferably 10:1
fo 1. The molak taio ol.alkyl (methiasryiates bhaying, 143 00-carbon aloms, Bt aliy) rgsidue to vinyl
acetate of the ethylene Vvinyl acetate copolymer is preferably in the range of 50:1 to 1:2, more
preferably in théFafg§ébfaosy ie 1y sespetially preferabi s:dito2:¢, PHrtickitarly, the molar ratio of
ethylene to alkyldmeth)acryates:havipg L to-30,carben atoms e thesalkylresidue of the ethylene vinyl
acetate copolymer is preferably in the range of 10:1 to 1:20, more preferably Eglhe range of 2:1 to

1:10, especially'pretéfatiy 19 t¢ fgpentadecyl {(~2-pyrrolidinone, N=
methacryloyloxvheptadecyl-Z-pyrrcliidinone;

(meth)acrylates of ether alcchels like tetrahvdrofurfuryl
(meth)acrylate, methoxyethoxvethyl {(meth)acrvlate, 1-
butoxypropyl {(meth)acryvlate, cyclohexyloxvethyl
{meth)acryiate, propoxyethoxyethyvl (meth)acrvliate,
benzyloxyethyl (meth)acrylate, furfuryl (meth)acryviate, 2=
butexyethyl (meth)acrylate, Z2-ethoxy-Z-ethoxyethyl
{meth)acrylate, Z-methoxy-2~-ethoxvypropyl (meth)acrylate,
ethoxylated (meth)écrylates, l-ethoxybuiyl (meth)acrylate,
methoxyethyl {(methj)acrvlate, Z-ethoxy-Z-ethoxy~2-



In addition to the monomers mentioned above, the ethylene vinyl acetate copolymer may contain
further comonomers. These monomers are mentioned above and reference is made thereto.
Especially preferred are vinyl esters and olefins. Suitable vinyl esters derive from fatty acids having
linear or brantRe*al3i°dfoups having 2 to 30 carbon atoms. Examples inBftidBR3H§I#dISionate, vinyl
butyrate, vinyl hexanoate, vinyl heptanoate, vinyl octanoate, vinyl laurate and vinyl stearate, and also
esters of vinyl alcohol based on branched fatty acids, such as vinyl isobutyrate, vinyl pivalate, vinyl
2-ethylhexanoate, vinyl isononanoate, vinyl neononahdate, vinyl neodecanoate and vinyl
neoundecanoate. Suitable olefins include propene, butene, isobutylene, hexene, 4-methylpentene,
octene, diisobutylene and/or norbornene. Particularly, ethylene vinyl acetate copolymer may comprise

from 0 to 20 weiGho%s Eehmbre Bréfar &5y fromt 1 to°E0 fvefglitds dFaHRts Bemgldérivéd fom

comonomers. 24d hesarchitecture of the ethydene yinyl acetate copolymers is not critical for many
applications and properties. Accordingly, the ester-comprising polymers may be random copolymers,
gradient copolymers, block copolymers and/or graft copolymers. According to a special aspect of the
present inventidmeethyteneviaykacetétehedpalynrersds algraficbpolymer Baving an ethylene vinyl

acetate copolymer as,grafthse and analk (meth)aciviale havipg Lo 30.carhon gtoms n the alky

residue as graft layer. Preferably, the weight ratio of graft base to graft layeris in tﬁgy}ange’of from 1:1
to 1:8 more preferatiy 372 - 0767 Thiesthyleffediikylacatatetcopalymers e baUsed in accordance with

the invention preferably bave a-pymper avgrage,moleculan weight Ma in the range.ef,1600 to 120 000
g/mol, especially in the range of 5000 to 90 000 g/mol and more preferably in the range of 20 000 to

70 000 g/mol. PAFictlaty" thé bBlydispersity KIM,: of the ethylene vinyl acetate copolymers may be in
the range from of 1 to 8, preferably from 1.05 to 6.0 and most preferably from 1.2 to 5.0. The weight-
average molecular V\éeni ?Dt h{lﬁ,etpﬁ)réucmﬂbﬁrag\éera%({e m Iecylar weight Mr}and the polydispersity Mw/Mn

can be determiﬁéérby O using’a methyl ' me acery ate paﬁl?ﬁé{ 4s standard. The ethylene vinyl

acetate copolyrmiets o beuisedtin actofdamcewiththé inveritiorecary betprepafed by the free radical
polymerization method.meptioned.abayg @pﬁrg{%rpng%y\égg)%%%%?fﬁTlEPZOlO/OGOSlS 25

{meth)acrylate, oxiranyl {meth)acrylates such as 10,11-

epoxyhexadecyl (meth)acrylate, glycidyl (meth)acrylate;

phosphorus-, boron- and/or silicon~containing
(meth)acrylates like Z-(dimethylphosphato}propyl
(meth)acrvlate, 2—(ethylphosphito)propyl'(meth)acryiate, 2=
dimethylphosphinomethyl {meth)acrvlate,
dimethylphosphonoethyl (meth)acrylate, diethylmethacryloyl
phesphenate, dipropylmethacrvloyl phosphate,
Z-(dibutylphosphonolethyl {(meth)acrvlate, 2,3-
butvlenemethacrylovlethyl borate,

- methyvldiethexymethacryvlovlethoxysiliane,
diethylphosphatoethyl (meth)acrvlate;

sulfur-containing {meth)acrylates like ethylsulfinylethyl
(meth)acrylate, 4~thiocyanatobutyl (meth)acrylate,
ethylsulfonvlethyl (meth)acrvlate, thiccyanatomethyl
{meth)acryvliate, methylsulfinylmethyl (meth)acrvlate,
bis(methacryvloyloxyvethyl) sulfide;



is made thereto. Preferably, the ethylene vinyl acetate copolymers can be manufactured according to
the method described in EP-A 406684 filed with the European Patent Office June 27, 1990 under the
Application number 90112229.1, to which reference is made explicitly for the purposes of disclosure.
‘According to"3DreIEER Aspect of the present invention, the ethylene vinylGCERAB XSS mer is a

. graft copolymer having an ethylene vinyl acetate copolymer as graft base. The ethylene vinyl acetate
copolymer useful as graft base preferably have a number average molecular weight M, in the range of
1000 to 100 000 g/mol, especially in the range of 5008 to 80 000 g/mol and more preferably in the
range of 10 000 to 50 000 g/mol. The composition of the present invention comprises at least one
ethylene vinyl acetate copolymer and at least one polyalkyl(meth)acrylate polymer. The weight ratio of
both polymers RfySH6 iy 8 Witle raR§E.) Preferabif Stheligight fatiot BE-fezpdlyalk§iiieth)acrylate
polymer havingagumberaverage molegutas weight Mm offrar1100Q-10,1009Q giwel and a
polydispersity Mw/Mn of from 1 to 8 to the eth Jen% vinﬁyl géggtate copolymer comprising units being

derived from atleast B AR/ ¥ %%H‘)%Kﬁ&f?e%f&\ﬁ gt C&fBBH atoms in the alkyl residue is in the

range of from 40:1 to 1:10, particularly 20:1 to 1:2, especially 15:1 to 1:1, more preferably 10:1 to 3:1
and most preferahy £:1 1o 1. 24 Freferably, (e comagsition, accarding Lo the present jpvention can
be prepared by mixing the polymers mentioned above. Diluting ol can be used for accomplishing the
mixing. Preferréd eflufiig ols Hevesd flasly pointebbvec 8000 &rpdar paiat belbw LEBE (according to
ASTM D97) and.sulphurseontgnt below.20 Ppmh-Such diluting, oils gan be achieved by dewaxing a
mineral oil. The mixture achieved can be used as an additive composition. Preferably, an additive
composition comprises at most 70 % by weight, especially 50 % by weight and more preferably 30 %
by weight of dilgting oilc The icorapesitiomot the presentdivientionis tisefidfor kmprmying the cold flow
properties of fueeLoiI cgmpositi%n_s. a&Jms a(gxgugle(%il c%@pgsitigps cogngr@e at least 70 % by weight,
more preferably At Teast '90%}onby weight And Most preferé)tr)riy at Tedst 98 % by weight fuel oil. Useful
fuel oils include diesel fuel of mineral origin and biodiesel fuel oil. These fuel oils can be used
individually or as, mixtuge.The. fuel.compaositign, of @%B@f&!‘t M@FOQH‘@% ggg]pr{&%gjgsel fuel of
mineral origin, i.e. diesel, gas oil or diesel oil. Mineral diesel fuel is widely known per se and is
commercially avai@BledFhisiisiindersivbdiofiéana miktuie- b ditféperit Rydibéafsons which is
suitable as a fuel for a diesel engine. Diesel can be obtained as a middle distillate, in particular by
distillation of crude ail. The main constituents of the diesel fuel preferably include alkanes,
cycloalkanes and’&roniaticHydracarbons havidg abbuf 10 to 22 carbon atoms per molecule. 27
Preferred diesel fuels of mineral origin boil in the range of 120 C to 450 C, more preferably 170 C and
390C. Preferenge. IS giyen 19,using those midgd g‘f&ﬁ}l&%@%&"’@%@&ﬁé‘taﬂﬁ@ 03% g%é{‘ée,'ght of sulphur
and less, more preferably less than 350 ppm of sulphur, in particular less than 200 ppm of sulphur and
in special case$ fess thants0! pphy 6ESGIPhUL For eRample lessthan 10:ppin ofsuipiur Tey are
preferably thosgyniddle distillates whighhavesheen subjected,to refining yndge hydrogenating
conditions, and which therefgre contain only small proportions of polyaromatic and polar compounds.
They are prefefadiy thost-fritddi& digtiated whick Hade 859 aRHAIGH PO befdW F75°E, in
particular belove 350 G andiinspecial casesbelowB330h¢1 Synthetie furls] agohiaimable, for example,
by the Fischer-TrC(ngeleepsros():gcs:Ts1 orgas (;[Qoliggid ;f)(r)ocresse(zegl e(gBTLgi%BelaIJ?ossCuitggj% as diesel fuels of
mineral origin. The kinematic viscosity of diesel Tuels of minefal Grigin to be used with preference is in
the range of 0.5 td 81nmiZ/s ymore préferalily Uroo3 anmm2ls) amdeaspecially preferably 1.5 to 3 mm2/s,
measured at 40 C to ASTM 5 445.

heterocyclic vinyl compounds like 2-vinylpvridine, 3-
vinylpyridine,.Z-methyl—5-vinylpyridine, 3-ethyl-4-
vinylpyridine, 2,3-dimethyl-53-vinylpyridine,
vinylpyrimidine, vinvlpiperidine, 9%-vinylicarbazole, 3-
vinvlcarbazole, 4-vinylcarbazole, l-vinylimidazole, 2-
methyl-l-vinvlimidazole, N-vinyipvrrolidone, 2-

vinylpyvrrolidone, N-vinylpyrrolidine, 3-vinylpyrrolidine,



The fuel compositions of the present invention may comprise at least 20% by weight, in particular at
least 30% by weight, preferably at least 50% by weight, more preferably at least 70% by weight and
most preferably at least 80% by weight of diesel fuels of mineral origin. Furthermore, the present fuel
composition MAEBHMEE at least one biodiesel fuel component. BiodiesBFEP1E/ 45 tance,
especially a oil, which is obtained from 28 vegetable or animalmaterial 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" comprises fatty acid alkyl
esters formed from fatty acids having preferably 6 to 30, more preferably 12 to 24 carbon atoms, and
monohydric alcohols having 1 to 4 carbon atoms. In many cases, some of the fatty acids may contain

one, two or thré& douBleads. arte ondnydhe altbhols ifchidélin Fatichfarmhatianol, ethanol,

‘propanol and butanel rmethgnal hieing prefened: Examples f gils which:dgrive from animal or
vegetable material‘agd hich can be used in accordance with the invention are palm oil, rapeseed oil,
coriander oil, sOVA 0|r,yé§gi?§1esréae%e8ﬂ,‘%ﬁhﬂ%mjr.aoﬂ%%t’or%ﬁf‘%ﬂ\%Bﬁ,OdT%ﬁnaﬂ t oil, corn oil, almond
oil, palm kernelhoitj cogenateif, mistardseed d#seils which are derived from animal tallow, especially
beef tallow, bone oil, fish oils and used cooking oils. Further examples include oils which derive from
cereal, wheat, jute, sesame, rice husks, jatropha, arachis oil and linseed oil. The fatty acid alkyl esters
to be used with'preferene magbessbtairee-fgm/these oils by processes known in the prior art.
Preference is given in accordance with the Invention to highly 016:0/C18:0-glyceride-containing oils,
such as palm oils and oils which are derived from animal tallow, and also derivatives thereof,
especially the pYITGiF&ikyF 2FELr&WhiGT are" d&riféd from monohydric alcohols. Palm oil (also:
palm fat) is obtained from the fruit flesh of the palm fruits. The fruits are sterilized and pressed. Owing
to their high caﬁq%n%ggn}%%éguits and o%ils réasvtee%n o(g%n%e-rr%d g]?lot rw '8hi%s emowii in the
refining. The oil may contain up fo %88}0 6 §:0-g|yceri8e. Barticular y suitabl§ biot |%§el(fu [s are lower
alkyl esters of fafty acidsi USeflll exampteschiefecaressommrercial chixtlikes of-thesethyl, propyl, butyl and
especially methy] gsters 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, paimitic acid,
margaric acid, stearic acid, arachic acid, behenic acid, lighoceric acid, cerotic acid, palmitoleic acid,
stearic acid, oleie acid; @laigdic agid, petroselicacid: riciwleie agid; alacogtgarie acid, dinoleis acid,
linolenic acid, eicosanoc'ﬁc acid, gadoleic acid, docosanoic acid or erucic acid. In a particular aspect of
the present invehtion: & biodiesal fueFis Usettwhich ‘dbmpBrises pleferdbly &F fezist 1096 by weight,
more preferably avieast 3086 by weight andimostapreterabbmattieast 40% by weightaf saturated fatty
acid esters whi ived e andlor.ethanol. Especially, these ester. ve at least 16
carbon atoms i%%t%%{ﬂ%égidgrﬁég .'%n%in%?uodﬁ gg%%ﬁ%r%ﬁg epé?é:rg (%gfrpea#r%ﬁ?(?) ggid and stearic
acid. from 0.1 to 10% by weight. Owing to the combustion

properties and for ecclogical reasons, the proportion of
the monomers which comprise aromatic groups, hetercaromatic
groups, nitrogen-containing groups, phosphorus-containing
groups and sulphur-containing groups should be minimized.
The proportion of these monomers can therefore be
restricted to 1% by weight, in particular (0.53% by weight
and preferably 0.01% by weight.

Preferably, the polyvalkyl (meth)acrylate polymer comprisses
units derived from hydroxyl-containing moncmers and/or
(meth)acrylates of ether alcohols. According to a preferred
aspect of the present invention, the

polvalkyl {meth)acrvlate polymer preferably comprises 0,1 to



WO 2011/035947PC T/EP2M 0/060518 30 For reasons of cost, these fatty acid esters are generally
used as a mixture. B odiesel fuels usable in accordance with the invention preferably have an iodine
number of at most 150, in particular at most 125, more preferably at most 70 and most E)referably at
most 60. TheYGARE Atnifder is a measure known per se for the content in ZHEBF Y 6P itisaturated
compounds, which can be determined to DIN 53241-1. As a result of this, the fuel compositions of the
present invention form a particularly low level of deposits in the diesel engines. Moreover, these fuel
compositions have particularly high cetane numbers .l 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 ‘150/? by weight of biodiesel fuel. According to a further
aspect of the present MefftioA™ the gt eonipositions6f the pref8nt'mvdhtiod PrafEdmprise at least
80 % by weight, ragre-preferably:at least 9% $o-byiwaight of hiagiess} fuel, Preferably, the total amount
of at least one polyalkyl(meth)acrylate polymer having a number average molecular weight Mn of from
1000 to 10000 %?rrgl{gfnagﬁd %np?of?éisgfé‘?’s?@!ﬁ%vﬂ%ao E'fror%r}f 08 and" ;Ltc?éﬁé(s)t%n%%ﬁ?y er?ger:1 vinyl acetate
copolymer comptisingednits: beihgtderived. fromrat [€ast be atkyy Imeth)agiylatechavingrdetos30 carbon

atoms in the alky sesidue,camtises OO (g5 pyaweioht, especialy. 008 19 4.1y weigh,

preferably 0.1 to 0.5 and more preferably 0.2 to 0.4 % by weight of the fuel composition of the present
invention. 31 THeSiRGeRVERTE TOMPEsitcT thay-comprise fafthécadditive® v 8rder to achieve
specific solutions to problems. These additives include dispersants, for example wax dispersants and
dispersants for polar suébstz%nnc S der%ulsifie@ defoamers, lubricity additives, antioxidants, cetane

% et

number improvers, deterge orvosiortinRibitors Antfor Sadirahis By Virtue of a fuel
composition coataining=atdeasti2000thye weightrof diesel fwel af mingsakorigiaratkeast 3 % by weight

biodiesel fuel aﬂglfro 0,05 19 59 yl\){veggrpt% compasition e present invention, -t is surprisingly
possible to provideeaé%éf “cogr%lp]bgé%(ﬁ)n \'7vh“|ch,tw'i%1 gagr%%eﬁ?/ plféé :ae Vl\_lﬁijﬁ%il C\!/@léy gﬁ"ﬁ%}’to that of
mineral diesel &k tomprisesia vent high propoftich bf rérewadsie rawnaterials iPlieése compositions

comprising at least 20%1by.weight of diesel fuel of mipgral origin and atleast 3 % by weight biodiesel
fuel can be used in conventional diesel engines without the seal materials used customarily being
attacked. Furthermore, modern diesel engines can be operated with the fuel of the present invention

without the engime: controthavingda be aliered.-Rrefered duel=compasitions sonsisk o
polymers is in the range from of 1 to 8, preferably from
1.05 to 6.0, more preferably from 1.1 to 5.0 and mcst
preferably from 1.3 to 2.5. The weight average molecular
weight M,, the number average molecular weight M, and the
polydispersity M,/M, can be determined by GPC using a

methyl methacrvlate polymer as standard.

The architecture of the polyalkyl (meth)acryvlate polvmers is
not critical for many applications and properties.
Accordingly, these polymers may be random copolymers,
gradient copolymers, block copolymers and/or graft
copolymers. Block copolvmers and gradient copolymers can be
obtained, for example, by altering the monomer composition

discontinuously during the chain growth.

The preparation of the polvalkyl{meth)acrvlate polymers

from the above-described monomers ig known per se. Thus,



20.0 to 97.95% by weight, in particular JO 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, 32 0.05 to 5% by weight, in
particular 0.1 to 1% by weight, of polyalkyl(meth)acrylate polymer and ethylene vinyl acetate
copolymer coMib#EiHePHits being derived from at least one alkyl (meth)acPEEPREiHEPI0 30 carbon
atoms in the alkyl residue and 0 to 60% by weight, in 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 invéntive fuel compositions have outstanding
low-temperature properties. In particular, the pour point (PP) to ASTM D97 preferably has values of
less than or equal to 0 00, preferably less than or equal to - 5.0 C and more preferably less than or
equal to -10.0 GIERE liRftoTTateTability (ol@ikéd pr@giiy peint ICFPP) meaduredto DIN EN 116 is

preferably at mest) 09; mare preferably: atmest-5-C1and mare preferably atynost.» 10 & Moreover,
the cloud point Cg)ge% to ASTM 02500 of preferred fuel compositions may assume values of less than or

equal to 0 00, aliy1E68 tHaF OF e§lial -5 larfeP e préfetan les€4Han or equal to -10 C.
The octane numberte=RIN 1514 78finventive tueheompositionsis preferablyrat-least-5@more

preferably at least 53,.in particular at least 55 and most preferahly at least 58, 33 The viscosity of the
present fuel cogb%gﬁi%snegsmetﬁjb%erv%ﬁﬁf%a% e %r?é%,pa%dy {his %exa%%g can Et%maﬂggtleﬁlt%nthe intended

use. This adjusthentcan beleffected forexaniple, by selecting the biodigselfuefsior the mineral
diesel fuels. In additign,-the, yisggsity can be varied by the amount and the molecular weight of the
ester-comprising polymers used. The kinematic viscosity of preferred fuel compositions of the present
invention is in the range of 1 to 10 mm2/s, more preferably 2 to 5 mm2/s and especially preferably 2.5

to 4 mm2/s, measurechat 40:C de ASEVIR445.cThenyse of polyalky(meth)acrylate polymer having a
number average molecular vs(r-lii%ht Mfl of from 1000 to 100Q0 g/mol and a polydispersity Mw/Mn of

from 1 to 8 and-eth§len& inyl ac%?gtescgﬁlﬁy%%e?%%ﬂfﬁris%g gﬂﬁg Being' deriVed Hrdht &t least one alkyl
(meth)acrylate having Etb 30carbdn atemsiia the alkyt iesidue iz aiconcentrationef 0i@5 to 5% by

weight as a floy imgrovar indyel compasitions whigh comprise.digsel fuel of mineral efigin and/or

biodiesel fuel accordingly provides fuel compositions with
azo initiators widely known in the technical field, such as
2,2"-azo-bis-iscbutyronitrile (AIBN), 2,2’ -azo-bis-{(2-
methylbutyronitrile) (AMBN) &and 1,1-
azobiscyclohexanecarbonitrile, and also peroxy compounds
such as methyl ethyl ketone peroxide, acetvylacetone
peroxide, dilauryl peroxide, tert-butyl peroxypivalate,
tert-butyl reroxy-Z-ethylhexancate, tert-amyl peroxy-2-
ethylhexanoate, ketone peroxide, tert-butyl peroctoate,
methyl isobutyl ketone peroxide, cyclohexanone peroxide,
diberzoyl peroxide, tert-butyl percxybenzoate, tert-butyl
peroxyisopropylcarbenate, 2,5~bis(Z-ethylhexanoylperoxy) -
2, 5-dimethylhexane, tert-butyvl peroxv-Z-ethylhexanocate,
tert-butyl peroxy-3,5, 5-trimethylhexancate, dicumyl
percoxide, 1,I1-bis(tert-butylperoxy)cyclohexane, 1,1-
bis(tert-butylperoxy)~3,3,5-trimethylcyclchexane, cumyl
hydroperoxide, tert-butyl hvdroperoxide, bis(d-tert-
butvlcyclohexyl) peroxydicarbonate, mixtures of two or more
of the aforementioned compounds with one another, and

mixtures of the afcremenitioned compounds with compounds



exceptional properties. The invention will be illustrated in detail hereinafter with reference to examples
and comparative examples, without any intention that this should impose a restriction. Unless
otherwise specified, the percentages are weight percent. 34 Preparation of PAMA-1 A

polyalkyl(meth thERAREBdlymer has been prepared using anionic polymefsatBitHEtabd%s disclosed
in US 4,056,559. A mixture containing 346.50 gram of dodecyl pentadecyl methacrylate (DPMA), 3.50
gram of methyl methacrylate (MMA) and 38.90 gram of dilution oil was charged in 1 L 4-neck reactor
under dry nitrogen. The stirred solution was heated t6%60C. 1.75 gram of potassium methoxide solution
(32% by weight solution in methanol) was added. The color of the mixture turned to orange. The
mixture was further heated up to 93C. After the temperature reached 75-80C, the temperature
increased to adBut A1 0PEI6CH aR BRBtHE ic PESciont ThetRatlish WakSholdrat 93¢E By stirring the
mixture for an additienals3. heurs: Thembduee wascooted dewwnto-60G .t Ehe BAMA palymer solution
containing CHSSOK g)gl%uecqgled with acpegor example HC1, acetic acid).to rem%v_e essentially all

1z in tra agents are in particdlar o
color. The color of the"mixttire changeél?rom ora%ge o colorless %ufﬁazy die t9°the presence of

potassi_um salt anél@all amota of nater ckhessolution wisistiryad If@rralmherzfsﬁzrnmutes. _
Approximately 1% welaht afshiperabsarbent Eauer $XM. 7900 suas added into,thg Ralymer mixture; the

mixture was stirred for another 10-15 minutes. The polymer solution was purified by using vacuum
filter with decalfte betl & filéCaitlc TReRslechifal \PeighPhas EHalZ&Pvia-gel permeation
chromatography (GPC) in tetrahydrofuran at 35C using a polymethyl methacrylate calibration curve
composed of a set of at Jeast 12 standards (Polymer Standards Service or WO

2011/035947PETTEP2610/060518 35 PONMEN Caboratorss) {htse Mpeak Was'dishibuted in a
logarithmically emifornt snarineroverdherange of dx186d40:2x4021/mol 1A combinatian of four columns

(Polymer Standgyds SDV 100 A2PRY IXLSPY. 100 wastsed;, ihe
pelyalkyl (meth)acrylate polymer useful for the present
inventiocn may comprise 1 to 15 % by weight, preferably 2 to
10 % by weight and more preferable 4 to 8 % by weight
initiator based on the amount of monomers. The amount of
chain transfer agents can be used in an amount of 0 to 2 %
by welght, preferably 0.01 to 1 % by weight and more
preferable 0.02 to 0.1 % by weight based on the amount of

Monomexrs.

The ATRP process 1s known per se. It isg assumed that it is
a "living"™ free-radical polymerization, without any
intention that this should restrict the description of the
mechanism. In these processes, a Lransiticon metal compound
18 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
reaction forms a radical which adds onto ethylenic groups.
However, the transfer of the atom group tc the transition
metal compound is reversible, so.that the atom group is
transferred back to the growing polymer chain, which forms

a controlled polymerization system. The structure of the



The number average molecular weight was Mn = 4,000 Da; the weight average molecular weight was
Mw = 6,000 Da and polydispersity index was PDI- 1.50. In the following the polymer obtained is called
PAMA-1. Preparation of PAMA-2 A polyalkyl(meth)acrylate polymer has been prepared using catalytic
chain transfeWpAYH&HPATion method as disclosed in US 4,694,054 or USRS 5EZ1AG05PREE cobalt (11)
chelates complex catalyst bis(dimethylglyoxime borondifluoride)-cobalt (II) was prepared by the
method of A. Bakac et al., J. Am. Chem. Soc., 106, 5197-5202 (1984). A mixture containing 346.50
gram of dodecyl pentadecyl methacrylate (DPMA), 3130 gram of methyl methacrylate (MMA) and 55
ppm of cobalt (1) complex catalyst was charged in 1 L 4-neck reactor under dry nitrogen. The stirred
mixture was heated up to 95C. 19.25 gram of initiator solution containing 10% benzoyl peroxide
solution in THFARagMtFoduded forthededetoret constandlow: eate 6. e el Aroverihbcourse of 90

minutes. 36 Afterdbe addition,ofbintiatar, the, reactionwas stired fanangther 1B minutes at 75C. 7
gram of initiator (10% solution) is added. The mixture i's stirred for another 3 hours. The molecular

weight was andijZ&d vid gelhethiationcchrontio§rFy @PEY. The nulies avetage molecular
weight was Mfl= 3260 Dagthe weight avetage molegulasweighisuas Mve ¢ 5750:a and polydispersity

index was PSI IM,).1.45. In the following the polymer obtained is called.P. . Preparation of
PAMA-3 108.8%\%,%93)5 (ﬁ?ﬁ%’ﬁl biﬁﬁaa%'génénﬁ foaded ih a fﬁqL'4-gr]18§’ckDré:i§ogrlu %d%ir%gry nitrogen and
stirred at 160C.(AFAbhometr misttlire ‘contaibirg #45 5 dgranvol dodecylperifadééyl méthacrylate

(DPMA), 4.5 grgim gfmethyl meihaceylate, (MMA)and, 26 d.gram of di-jert-butylperexide had been

prepared. The monomer was fed at 160C for 5 hours to the dilution oil. The reaction was held for
another 75 mintiteSaPFE0C2TheMixNTE WAS cboRed GoWn IRe tsmpeFatiire to 110C. Thereafter, 4.5
gram of dilution oil containing 20% tbutylperoxy-2-ethyl-hexanoate was added over 15 minutes. The

mixture was stirred for a,B ther 90 mjnutes at. 110C. , )
Preferably, catalytic chain transfer processes using cobalt

(IT) chelates complex can be used to prepare the polymers
useful for the present invention as disclosed in US
4,694,054 {(Du Pont Coj or US 4,526,345 (SCM Co). The
documents US 4,684,054 (Du Pont Co) filed with the United
States Patent and Trademark Office January 27, 1986 under
the Application number 821,321 and US 4,526, 945 (SCM Co)
filed with the United States Patent and Tradeﬁark Office
March 21, 19%84 under the Application number 591,804 are

enclosed herein by reference.

In addition, the inventive polymers may be obtained, for

example, also via RAFT methods. Thig procesgs is presented
in detail, for example, in WO 28/01478 and WO 2004/08316%,
to which reference is made explicitly for the purposes of

disclosure.

In addition, the polyalkyl (meth)acrylate polymers are also
obtainable by NMP processes {(nitroxide-mediated
polymerization), which 1s described, inter alia, in U.S.

Fat. No. 4,581,429,



37 The molecular weight was analyzed via gel permeation chromatography (GPC). The number
average molecular weight was M, 7 4,800 Da; the weight average molecular weight was M, = 7,640 Da
and polydispersity index was PDI (M"/MJ = 1.58. In the following the polymer obtained is called
PAMA3. PrepdPatibhi8T#VA-1 20 gram of EVA copolymer comprising abdtft BERAERH®H§inyl acetate
and a number average molecular weight of Mn = 47,600 Da (commercially available under the trade
name Miravithen 33-025 from Innospec Leuna GmbH) have been solved in 150 gram dilution oil by
stirring the mixture at 10000 overnight. The temperatire was adjusted to 90C. Thereafter 80 gram of
dodecyl pentadecyl methacrylate (DPMA) containing 0.5% t-butylperoxy-2-ethyl-hexanoate have been
added to the EVA copolymer solution over 3.5 hours. The reaction was maintained by stirring the
‘mixture at 90C F&EafothaF 2HBuUrd TEheR D29 REUY BT 6RY-2uéthy hexanbaté e added and the

mixture was hold for anothee45 rainytes: Jdhe, number ayerage moleculasweightwas: M, =r53,000 Da;
the weight average_ molecular weight was M, = 124,000 Da and polydispersity index was PDI (M,/MJ =
233, In-the followmi e poR ST SHtdne (S 4IE8 EOR BIBbARRION G EUALI 50 gram of EVA

copolymer comprisingsabeut-28 etghi®swiny? a¢étate andra. numbef average moleeular weight of Mn =
33,200 Da (commercially available deg&@g Jrade name. §§1%V5§@@e 28-150 from Arkema Inc) have

been solved in 150 gram dilution oil by stirring the mixture at 100C overnight. The temperature was
adjusted to 90C. Thereafter 20 gram, of hexyl octyl decl methacrylate (HODMA) and 60 g of dodecyl

tetradecy! hexagiecykmethacrylate (LMA) gentaining 0,2%:t-bulylperoxy-2-ethyl-hexanoate have been
added to the EVA copalymer solution qver 3.5 hours. The reaction was maintained by stirring the

mixture at 90C 6°Shdther 2 HOUrS X TR B.296t-ButyTl5eroxy- =8y EhekaAdateWwas added and the
mixture was hola:forsanather 45 eningtes,; ,Theiaumbes average molecuanwetghtavas M, = 50,400 Da;

the weight average O|eCéJ|aI’ weight was IMI , =.111,000 Da and polydispersity index was ROI (Mw/M)
= 2.20. In the fdl o%v%él{ﬁe p%?)?rﬁer ol%gir?e ié)&:glf'eécp V%EZEDQPOTX e
polyalkyl (meth)acrylate polymer can be obtained according

to a method described in US 4,056,559 {(Rochm & Hzas Co)
filed with the United States Patent and Trademark Office
October 23, 1974 under the Application number 517,336. The
document US 4,056,552 is enclosed herein by reference.
Particularly, pctassium methoxide solution can be used as

initiator.

The polymerization may be carried out at standard pressurs,
reduced pressure or elevated pressure. The polymerization
temperature too is uncritical. However, it iz generally in
the range of -200 °C to 200 °C, especially 0 °C to 190°C,
preferably 60 °C to 180 °C and more preferably 120 °C to
170 °C. Higher temperatures are especially preferred in
free radical polymerizations using high amounts of

initiators.

The polymerization may be carried out with or without
solvent, The term solvent 1s to be understood here in a

broad sense.



Examples 1 to 6 and Comparative Examples 1 to 7 The polymers obtained according to the
Preparation Examples mentioned above had been used to prepare compositions of the present
invention. The polymers had been blended by stirring at 60-80C for minimum 1 hour. The colourless
mixtures had%gé 1588 7and had been used directly as fuel additives. FOPSRETSNHEHG tests RME
(2008/518) from ADM Hamburg AG with CFPP = -14C had been used as fuel oil. The Comparative
Example 6 has been performed according to US 2005/0183326. An additive mixture of EVA copolymer
containing about 27% by weight of vinyl acetate and#fialkyl maleate was used. The additive mixture
contained about 30% by weight of dialkyl maleate and 70 % by weight of EVA. The WO
2011/035947PCT/EP2010/060518 39 molecular weight of the polymer was about Mn = 4,350; Mw =
9,750 Da; PDI 2222 FHE Comparstive Exdtile™r has bedhperfernied atBording 16 €/5:5,743,923.

An additive mixturewef-fzVAopolymer containing 33% Mmeightef vinykacetate-and apout 10% weight of
016_18 phthalimide salt had g%en used. The molgcru‘,]l__ar weight of the polymer was about Mn = 2,200
Da; Mw = 8,300 DA PO = 69 “Fatie Tdes&bes theiprolEMent of i c SRS properties of RME

using the polymerswescrithed above: Thercold flow praperties of therfuet ails comaprising different
o oDt e e s, 48 e AT PO GEE L o
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 therecf. Among these, very particular preference

is given to mineral oils and mineral diesel fuels.

In addition to the polyalkyl (meth)acrylate polvmer as
described above, the composgition of the present invention
comprises at least one ethylene vinyl acetate copclymer
comprising units being derived from at least one alkyl
(meth)acrylaﬁe having 1 to 30 carbon atoms in the alkvl
residue. As mentioned above, also the
polyalkyl (meth)acrylate polymer may comprigse units being
derived from ethylene and vinyl acetate as comonomers.

| However, the ethylene vinyl acatate copolymer differs from
the polyalkyl (meth)acrylate copolymer. Especially, the
amounts of ethylene and/ or vinyl acetate in the ethylene
vinyl acetate copolymer are higher than in the
polyalkyl (meth)acrylate polymer. Therefore the present
compogition comprises at least two polymers being different

in their ethylene and/or vinyl acetate proporticn.

Polymers comprising units being derived from ethvlene,

vinyl acetate and at least one alkyl (meth)acrylate having



AdditiveCFPP treat rate [C] [% by weight] Comparative

WO 2011/035947 PCT/EP2010/066518

22

1 to 30 carbon atoms in the alkyl residue can be obtained
by the polymerisation of corresponding monomer
compositions. Ethylene and vinyl acetate are commercially
available from a number of suppliérs. Alkyl (meth)acrylates
having 1 tc 30 carbon atoms in the alkyl residue are

described above and reference is made thereto.

These ethvlene vinvl acetate copolymers may contain 1 to 60
weight%, particularly o to 40 weight%, preferably 10 to 20
weight® of units being derived from ethvlene based on the
total of the repeating units. Particular preference is
given to ethylene vinyl acetate copolymers containing
preferably 0,5 to 60 weight %, especially 2 to 30 weight %
and more preferably 5 to 10 weight% of vinvl acetate based
on the total of the repeating units. Preferably, the amount
of alkyl {meth)acrylates having 1 tfto 30 carbon atoms in the
alkyl residue is in the range of from 10 weight % to 90
weight %, especially in the range of from 30 to 80 weight$
and more preferably in the range of from 60 to 80 weight$

based on the total of the repeating units.

According to a special embodiment of the present invention,
the ethylene vinyl acetate copolymers preferably comprise
from 30 to 90 weight%, more preferably from 60 to 80
weight% of units being derived from at least one alkyl
(methyacrylate having 7 to 15 carbon atoms in the alkyl

residue.

Preferably, the molar ratio of ethyvlene to vinvl acstate of
the ethyvlene vinyl acetate copolymer could be in the range

of 100:1 to 1:2, more preferably in the range of 20:1 to



EVA-1 (100%) 0.10 -12 Example 1  0.20 -14
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2:1, especially preferably 10:1 to 3:1. The molar ratioc of
alkyl (meth)acrylates having 1 to 30 carbon atoms in the
alkyl residue to vinyl acetate of the ethylene vinyl
acetéte copolymer is preferably in the range of 50:1 to
1:2, more preferably in the range of 10:1 to 1:1,
espacially preferably 5:1 to 2:1. Particularly, the molar
ratio of ethylene to alkyl {meth)acrylates having 1 to 30
carbon atoms in the alkyl residue of the ethylene vinyl
acetate copoclymer 18 préferably in the range of 10:1 to
1:20, more preferably in the range of 2:1 to 1:10,

especially preferably 1:1 to 1:5.

In addition to the monomers mentioned above, the ethylene
vinyl acetate copolymer may ccentaln further comonomers.
These monomers are mentioned above and reference is made
thereto. Especially preferred are vinyl esters and clefins.
Suitable vinyl esters derive from fatty acids having linear
or branched alkyl groups having 2 to 30 carbon atoms.
Examples include vinyl propionate, vinvl butyrate, wvinyl
hexanoate, vinyl heptancate, vinyl octancate, vinyvl laurate
and vinyl stearate, and also esters of vinyl alcohol based
- . on branched fatty acids, such asg vinyl iscbutvrate, vinyl
pivalate, vinyl Z2-ethylhexanocate, vinyl iscnonancate, vinyl
neonconancate, vinyl necdecanocate and vinvl neoundecancate.
Suitakble olefins include propene, butene, isobutylene,
hexene, 4-methylpentene, octene, diisobutvlene and/or

norbornene.

Particularly, ethylens vinyl acetate copolymer may comprise
from 0 to 20 weight% and more preferably from 1 to 10

weight% of units bheing derived from comonomers.



0.50 -13 Comparative EVA-2 (100%) 0.10 -14 Example 2
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The architecture of the ethvlene vinvl acetate copoelymers
is not critical for many applications and properties.

Accordingly, the ester-comprising polymers may be random
copolymers, gradient copolymers, block copolymers and/or

graft copolymers.

Accerding to a special aspect of the present invention,
ethylene vinyl acetate copolymers is a graft copolymer
having an sthylene vinvl acetate copolymer as graft base
and an alkyl (methjacrylate having 1 to 30 carbon atoms in
the alkyl residue as graft layer. Preferably, the weight
ratio of graft base to graft layer is in the range of from

1:1 to 1:8 more preferably 1:2 to l:6.

The ethylene vinyl acetate copolymers to be used in
accerdance with the invention preferably have a number
average mclecular weight M, in the range of 1000 td 120 0600
g/mel, especially in the range of 5000 to 90 000 g/mol and
more preferably in the range of 20 000 to 70 000 g/mol.

Particularly, the polydispersity M.,/M, of the ethylene
vinyl acetate copolymers may be in the range from of 1 to
8, preferably from 1.05 to 6.0 and most preferably from 1.2
te 5.0. The weight average molsacular weight M., the number
average molecular weight M, and the polydispersity My/M, can
be determined by GPC using a methyl methacryvlate polymer as

standard.

The ethylene vinvl acetate copcelymers to be used in
accordance with the invention can be prepared by the free

radical polymerization method mentioned above and reference
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is made thereto. Preferably, the ethylene vinyl acetate
copolymers can be manufactured accecrding to ﬁhe method
described in EP-A 406684 filed with the Eurcpean Patent
Office June 27, 1990 under the Application number
90112229.1, to which reference is made explicitly for the

purpcses of disgclosure.

According fTo a preferred aspect of the present invention,
the ethylene vinvl acetate copolymer is a graft copolymer
having an ethylene vinyl acetate copolymer as graft base.
Tne ethylene vinyl acetate copolvmer useful as graft base
preferably have a number average molecular weight M, in the
range of 1000 to 100 000 g/mol, especially in the range of
5000 . to 80 000 g/mol and more preferably in the range of 10
000 to 50 000 g/mol.

The'composition of the present invention comprises at least
one ethylene vinyl acetate copolymer and at least one
polyalkvl (meth)acrvlate polymer. The weight ratio of both
polymers may be in a wide range. Preferably, the weight
ratio of the polyalkyli{meth)acrylate polymer having a
number average molecular welight Mn of from 1000 to 200060
g/mol and a polydispersity Mw/Mn of from 1 to 8 to the
ethylene vinyl acetate copclyvmer comprising units being
derived from at least one alkyl (methjacrylate having 1 to
30 carbon atems in the alkyl residue is in the range of
from 40:1 to 1:10, particularly 20:1 to 1:2, especially
15:1 to 1:1, more preferably 10:1 to 3:1 and most

preferably 6:1 to 5:1.
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Preferably, the composition according to the present
invention can be prepared by mizing the polymers mentioned
above. Diluting oil can be used for accomplishing the
mixing. Preferred diluting oils have a flash point above
180°C, a pour point below ~15°C (according to ASTM D97) and
sulphur conternt below 50 ppm. Such diluting cils can be
achieved by dewaxing a mineral oil. The mixture achieved
can be used as an additive composition. Preferably, an

]

additive composition comprises at most 70 % by weight,

especially 50 % by weight and more preferably 30 % by

weight of diluting oil.

The composition of the present invention 1s useful for
improving the cold flow properties of fuel oil
compositions. Usually fuel oil compositions comprise at
least 7¢ % by weight, more preferably at least 90 % by
welght and most preferably at.least 98 % by weight fuel
cil. Useful fuel oils include diesel fuel of mineral origin
and biodiesel fuel oil. These fuesl oils can be used

individually or as mixture.

The fuel composition cof the present invention may comprise
diesel fuel of mineral origin, i.e. diesgel, gas oill or
diesel oil. Mineral diesel fuel is widely known per ss and
iz commercially available. This is understood toc mean a
mixture of different hydrocarbong which is suitable as a
fuel for a diesel engine. Diesel can be obtained as a
middle distillate, in particular by distillation ¢of crude
oil. The main constituents of the diesel fuel preferably
include alkanes, cyclcalkanes and aromatic hydrocarbons

having abeout 10 to 22 carbon atoms per molecule.



-19 WO 2011/035947 40 Additive Additive PCT/EP2010/060518 CFPP treat rate [C1

WO 2011/035947 PCT/EP20610/660518

27

Preferred diesel fuels of mineral origin beil in the range
of 120 °C to 450 °C, more preferably 170 °C and 390°C.
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 Z00 ppm of sulphur and in special cases less than 50
pem of sulphur, foi example less than 10 ppm of sulphur.
They are preferably those middle distillates which have
been subjected to refining under hvydrogenzting conditions,
and which therefore contain only small proportions of
polyaromatic and polar compounds. They are preferably those
middle distillates which have 95% distillation points below
370 °C, in particular below 350 °C and in special cases
below 330 °C. Synthetic fuels, as ocbtainable, for example,
by the Fischer~Tropsch process or gas to liquid processes

(GTL), are also suitable as diesel fuels of mineral origin.

The kinematic viscosity of diesgel fuels of mineral origin
to be used with preferehce ig in the range of 0.5 to 8
mm?/s, more preferably 1 te 5 mm?/s, and especially

preferably 1.5 to 3 mm’/s, measured at 40 °C to ASTM D 445.

The fuel compositions of the present invention may comprise
at least 20% by weight, in particular at least 30% by

waight, preferably at least 50% by weight, more preferably
at least 70% by weight and most preferably at least B80% by

weight of diesel fuels of mineral origin.

Furthermore, the present fuel composition may comprise at
least one biodiesel fuel component. Bilodiesel fuel is a

substance, especially a o©il, which i1s obtained from
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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 "bicfuel™
comprises fatty acid alkyl esters formed from fatty acids
having preferably & to 30, more preferably 12 to 24 carbon
atoms, and monohydric alcohels having 1 to 4 carbon atoms.
In many cases, some of the fatty acids may contain one, Iwo
or three double bonds. The monohydric alcohols include in
particular methanol, ethancl, propancl and butanol,

methanol being preferred.

Examples of c¢ils which derive from animal or vegetable
material and which can be used in accordance with the
invention are palm oil, rapeseed 0il, coriander oil, sova
oll, cottonseed oil, sunflower oil, castor oil, clive o0il,
groundnut o¢ii, corn oil, almond oil, palm kernel oil,
coconut 0il, mustardseed ¢il, oils which are derived from
animal tallow, especilally beef tallow, bone oil, fish oils
and used cooking oils. Further examples include oils which
derive from cereal, wheat, jute, sesame, rice husks,
jatropha, arachis ©il and linseed cil. The fatty acid alkyl
egters to be used with preference may be obtained from

these oils by processes known in the prior art.

Preference is given in accordance with the invention to
highly Cl15:0/Cl8:0-glyceride-containing oils, such as palm
0ils and oils which are derived from animal tallow, and

also derivatives therecf, especially the palm oil alkyl
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esters which are derived from monchydric alcohols. Palm oil
{zlso: palm fat) is obtained from the fruit flesh of the
palm fiuits. The fruits are sterilized and pressed. Owing
te their high carotene content, fruits and oils have an
orange-red colour which is removed in the refining. The oil

may contain up to 80% Cl8:0-glvceride.

Particularly suitable biocdiesel 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 ¢ to 30, preferably 12 to 24,
more preferably 14 to 22 carbon atomsg, for example of
caprylic acid, capric acid, lauric acid, myristic acid,
palmitic acid, margaric acid, stearic acid, arachic acid,
behenic acid, lignoceric acid, cerotic acid, palmitoleic
acid, stearic acid, oleic acid, elaidic acid, petroselic
acid, ricinoleic acid, elaecstearic acid, linoleic acid,
linolenic acid, eicosancic acid, gadoleic acld, docosanoilc

acid or erucic acid.

In a particular aspect of the present invention, a
biodiesel fuel is used which comprises preferably at leést
10% by weight, more preferably at least 30% by weight and
most preferably at least 40% by weight of saturated fatty
acid esters which are derived from methancl and/or ethanol.
Especially, these esters have at least 16 carbon atoms in
the fatty acid radical. These include in particular the

esters of palmitic acid and stearic acid.
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For reasons of cost, these fatty acid esters are generally
used as a mixture. Blodiesel fuels usable in accordance
with the invention preferably have an iodine number of at
most 150, in particular at most 125, more preferably at
most 70 and most preferably at most 60. The iodine number
ig a measure known per se for the content in a fat or c¢il
of unsaturated compounds, which can be determined to DIN
53241-1. As a result of this, the fuel compositions of the
present inventlion form a particularly low level of deposits
in the diesel engines. Morecver, these fuel compositions

have particularly high cetane numbers.

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 bicdiesel fuel.
According to a further aspect of the present invention, the
fuel compositions of the present invention may comprise at
least 80 % by welght, more preferably at least 95 % by

weight of biodiesel fuel.

referzbly, the total amount of at least one
polvalkyvl (meth)acryvlate polymer having a number average
molecular weight Mn of from 1000 to 10000 g/mol and a
polyvdispersity Mw/Mn of from 1 to 8 and at least one
ethvlene vinyl acetate copolymer comprising units being
derived from at least one alkyl {(meth)acrvlate having 1 to
30 carbon atems in the alkyl residue comprises 0.01 to 5 %
by weight, especiélly 0.05 to 1 % by weight, preferably 0.1
to 0.5 and more preferably 0.2 to 0.4 % by weight of the

fuel composition of the present invention.
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The inventive fuel composition may comprise further
additives in order tc¢ achieve specific solutions to
problems. These additives include dispersanﬁs, for example
wax dispersants and dispersants for polar substances,
demulsifiers, defoamers, lubricity additives, antioxidants,
cetane number improvers, detergents, dves, corrosion

inhibitors and/or odourants.

By virtue of a fuel compositibn containing at least 20% by
welght of diesel fuel of mineral origin, at least 3 % by
welght blodiesel fuel and from 0.05 to 5% by weight of a
compositicon of the present invention, it is surprisingly
possible to provide a fuel composition which, with a
preperty profile which is very similar to that of mineral
diesel fuel, comprises a very high proportion of renewable

raw materials.

These compositions comprising at least 20% by weight of
diesel fuel of mineral origin and at least 3 % by weight
bicdisgel fuel can be used in conventional diesel engines

without the seal materials used customarily being attacked.

Furthermcre, modern diesel engines can be operated with the
fuel of the present invention without the engine control

having to be altered.

Preferred fuel compositions consist of

20.0 to 897.85% by weight, in particular 70 to 94.95% by
weight, of mineral diesel fuel,

2.0 to 7%.95% by weight, in particular 5.0 to 25.%5% by

welght, of biodiesel fuel,
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¢.05 tco 5% by weight, in particular 0.1 te 1% by weight, of
polyvalkyl (meth)acrylate polymer and ethylene vinvl acetate
copolymer comprising units being derived from at least one
alkyi (methlacrylate having 1 to 30 carbon atoms in the
alkyl residue and

0 to 60% by weight, in particular 0.1 to 10% by weight, of

additives.

The inventive fuel compositions preferably have an lodine
number of at most 34, more preferably at most 20 and most

preferably at most 10.

In addition, the inventive fuel compositiong have
cutstanding low-temperature properties. In particular, the
pour point (PP) toc ASTM D297 preferably has values of less
than or equal to 0 °C, preferably less than or egual to =-
5.0 °C and more preferably less than or egual to -10.0 °C.
The 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 equal to 0 °C, preferably less than or equal to -5 °C

and more preferably less than or equal te -10 °C.

The cetane number to DIN 51773 of inventive fuel
compositions is preferably at least 50, more preferably at
least 53, in particular at least 55 and most preferably at

least 58.
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The wviscosity of the present fuel compositions may be
within a2 wide range, and this feature can be adjusted tb
the intended use. This adijustment can be effected, for
example, by selecting the bicdiesel fuels or the mineral
diesel fuels. In addition, the viscogity can be varied by
the amount and the molecular weight of the sster-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 polvalkyl{meth)acrvlate polyvmer having a numbexr
average molecular weight ¥, of from 1000 to 10000 g/mol and
a polydispersity My/M, of from 1 to 8 and ethylene vinvyl
acetate copolymer comprising units being derived from at
least one alkyl {meth)acrylate having 1 to 30 carbon atoms
in thé alkyl residue in a concentration of 0.05 to 2% by
welght as a flow improver in fuel compositions which
comprise diesel fuel of mineral origin and/or biodiesel
fuel accordingly provides fuel compositions with

exceptional properties.

The invention will be illustrated in detail hereinafter

with reference to examples and comparative examples,

without any intention that this sheould impose a
-restrictien. Unless otherwise specified, the percentages

are welight percent.
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Preparation of PAMA-1

A polyalkyl (meth)acrylate polymer has bsen prepared using

anionic polymerization method as disclosed in US 4,056,559,

A mixture containing 346.50 gram of dodecyl pentadecyl
methacryiate (DPMA), 3.30 gram of methyl methacryvlate (MMA)
and 38.90 gram of dilution ©il was charged in 1 L 4d-neck
reactor under dry nitrogsn. The stirred solution was heated
to 60°C. 1.75 gram of potassium methoxide solution (32% by
weight solution in methanol) was added. The color of the
mixture turned to orange. The mixture was further heated up
to 93°C. After the temperature reached 75-80°C, the
temperature increased to about 110-120°C by an excothermic
reaction. The reaction was hold at 93°C by stirring the
mixture for an additional 3 hours. The mixture was cooled
down to 60°C., The PAMA polymer solution containingICHgoK
was quenched with acid (for example HCLl, acetic acid) to
remove essentially all color. The color of the mixture
changed from crange to colorless but hazy due to the
presence of potassium salt and small amount of water. The
solution was stirred for another 30 minutes. Approximately
% welght of superabscrbent Favor SXM 7500 was added into
the polymer mixture; the mixture was stirred for another
10-15 minutes. The polymer solution was purified by using
vacuum filter with decalite bed as filter aid. The
molecular weight was analyvzed via gel permeation
chromatography (GPC) ih tetrahydrofuran at 35°C using a
polymethyl methacrylate calibration curve composed of a set

f at least 12 standards (Polymer Standards Service or
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Polymer Laboratories), whose M., was distributed in a

logarithmically uniform manner over the range of 1x10° to

2x10% g/mol. A combination of four columns (Polymer

Standards SDV 100 A/2xSDV LXL/SDV 100 A) was used.

The number average molecular weight was M, = 4,000 Da; the
weight average molecular weight was M, = 6,000 Da and
polydispersity index was PDI (M,/M,) = 1.50. In the

following the polymer obtained is called BPAMA-1.
Preparation of PAMA-Z

A polyalkyl{meth)acrylate polymer has been prepared using
catalytic chain transfer polymerization method as disclosed

in US 4,694,054 or US 4,526,945,

The cchalt (II) chelates complex catalyst bis-
{dimethyiglyoxime borondifluoride)-cobalt (II) was prepared
by the method of A. Bakac et al., J. Am. Chem. 3Soc., 108,
5197-5202 (1984).

A mixture containing 346.50 gram of dodecyl pentadecyl
methacrylate (DPMA), 3.50 gram of methyl methacrylate (MMA)
and 55 ppm of cobalt (II) complex catalyst was charged in 1
I, 4-rneck reactor under dry nitrogen. The stirred mixture
was heated up to 95°C. 19.25 gram of initiator solution
containing 10% benzoyl peroxide solution in THF was
introduced to the reactor at constant flow rate 6.1 mL/h

over the course of 90 minutes.
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After the addition of intiator, the reaction was stirred
for another 15 minutes at 75°C. 7 ¢gram of initiator (10%
aolution) is added. The mixture is stirred for another 3

hours.

The molecular weight was analyrzed via gel permeation
chromatography (GPC). The number average molecular weight
was My, = 3,960 Da; the weight average molecular weight was
My = 5750 Da and pclvdispersity index was PDI (M,/M.) =
1.45, In the following the polymer obtained is called PAMA-
2.

Preparation of PAMA-3

108.8 gram of diluticn oil had been loaded in a 1 L 4-neck
reactor under dry nitrogen and stirred at 160°C. A monomer
mixture containing 445.5 gram of dodecyl pentadecyl
methacrylate (DPMA), 4.5 gram of methyl methacrvlate (MMA)
and 26.1 gram of di-tert-butvl-peroxide had been prepared.
The monomer was fed at 160°C for 5 heours to the dilution
0il. The reaction was held for another 75 minutes at 160°C,
The mixture was cooled down the temperature to 110°C.
Thereafter, 4.5 gram of dilution ¢il containing 20% t-
butylperoxy-Z-ethyl-hexancate was added over 15 minutes.

The mixture was stirred for another 90 minutes at 110°C,
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The molecular weight was analyzed via gel permeation
chromatography (GPC).”The number average molecular weight
was My = 4,800 Da; the weight average molecular weight was
M, = 7,640 Da and polydispersity index was PDI (M,/M,) =
1.58. In the following the polymer obtained is called PAMA-
3.

reparation of EVA-1

- 20 gram of EVA copolymer comprising about 33 weight% vinyl
acetate and a number average molecular weight of Mn =
47,600 Da (commercially available under the trade name
Miravithen 33-025 from Innospec Leuna GmbH) have been
solved in 150 gram dilution oil by stirring the mixture at
100°C overnight. The temperature was adjusted to 90°C.
Thereafter 80 gram of dodecyl pentadecyl methacrylate
{(DPMA) containing 0.5% t-~butylperoxy-Z-ethyl-hexancate have
heen added to the EVA copolymer scluitlon over 3.5 hours.
The reaction was maintained by stirring the mixture at 20°C
for another 2 hourse. Then 0.2% t-butylperoxy-2-ethyl-
hexanoate was added and the mixture was hold for another 45
minutes. The number average molecular welghit was M, =
53,000 Da; the welight average molecular welght was M, =
124,000 Da and polvdispersity index was PDI  (M,/Mp)

2.33. In the following the polymer cbtained is called EVA-I

Preparation of EVA-2
20 gram of EVA copolymer comprising about 28 weight% wvinvl

acetate and a number average molecular weight of Mn =

33,200 Da {(commexrcially available under the trade name
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Evatane 28-150 from Arkema Inc) have been solved in 150
gram dilution ¢il by stirring the mixture at 100°C
cvernight. The temperature was adiusted to 90°C. Thereafter
29 gram of hexyl octyl decl methacrylate (HODMA) and 60 g
of dodecyl tetradecyl hexadecyl methacrylate (LIMA)
containing 0.5% t-butvliperoxy-Z-ethyl-hexancate have been
added to the EVA copolymer solution over 3.5 hours. The

reaction was maintained by stirring the mixture at 90°C for

another 2 hours. Then 0.2% t-butyvlperoxy-2-ethyl-hexanocate
was added and the mixture was hcld for another 45 minutes.
The number average molecular weight was M, = 50,400 Da; the
welght average molecular weight was M, = 111,000 Da and
polydispersity index was PDI {(M,/M,) = 2.20. In the
following the polymer obtained is called EVA-2.

Examples 1 to 6 and Comparative Examples 1 to 7

The polymers obtained according to the Preparation Examples
mentioned above had been used to prepare compositions of
the present invention. The polymers had been blended by
stirring at 60-80°C for minimum 1 hour. The colourless
mixtures had been stable and had been used directly as fuel
additives. For the following tests RME (2008/518) from ADM
Hamburg AG with CFPP = ~14°C had been used as fuel oil.

The Comparative Example 6 has been performed according to
US 2005/0183326. An additive mixture of EVA copolymer
containing about 27% by weight of wvinyl acetate and dialkvl
maleate was used. The additive mixture contained about 30%

by weight of dialkyl maleate and 70 % by weight cf EVA. The
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molecular weight of the polymer was about Mn = 4,350, Mw =
9,750 Da; PDI = 2.24.

The Comparative Example 7 has been performed according o
Us 5,743,923, An additive mixture of BVA copolymer
containing 33% welght of vinyl acgetate and about 10% waight
0f Cizoig phthalimide salt had been used. The molecular
welght of the polymer was about Mn = 2,200 Da; Mw = B, 300
Da; PPI = 3.69.

Table 1 describes the improvement of the cold flow

properties of RME usgsing the poelymers described above. The
cold flow properties of the fuel oils comprising different
amcunts cf polymers had been determined according the cold

filter plugging point (CFPP) test measured to ASTM DR371.

Table 1
Additive Additive CFPP
treat rate [°C]
[% by weight]

Comparative EVA~1 {100%) 0.10 ~12

Example 1 0.20 -1
0.50 -13

Comparative EVA-2 (100%) 0.10 -14
Example 2 0.25 -15
0.50 -15

Comparative PAMA-1 (100%) 0.10 : -17
Example 3 0.25 -21

0.50 -19
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Additive Additive CFPP
treat rate [°cs

[% by weight]

Comparative PAMA-2 (100%) 0.10 -17

Example 4 0.25 -22

0.50 ~21

Comparative PAMA-3 (100%) 0.18 -16

Example 5 0.25 -18

0.50 -21

Comparative EVA (T70%) 0.10 -14
Example 6 and 0.25

dialkyl maleate 0.50 w2

(30%) -13

Comparative EVA {30%) 0.10 -18

Example 7 and : 0.25 1g

phthalimide salt .50 _
(10%; . -13
Example 1 PEMB-1 (75%) 0.10 -19
and '

EVA-1 (25%) 0.2 e

0.50 -21

Example 2 PAMA-1 (85%) and 0.10 ~19

EVRA-1 (15%)
0.25 -23
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new composition provides a very low cold filter plugging point. The temperature of the cold filter
plugging point is much below the temperature of each of the components. Regarding that issue, the
EVA-I used WithaU 43 oadditive does not provide any improvement at FASEHBIF i E omparative
Example 1. The data also showed that the new additives give significant 42 benefit compared to
conventional PAMA-based or EVA-based additives. The prior art compositions provide only at very
specific concentration an acceptable low temperaturélperformance. Compared to conventional
additives, the working treat rate of the,agw.additives is muctywidey,,Eurthermore,-a-pijgh performance
can be achieved by using only small amounts of expensivgr%\a/é cgggéymers. 43 o

[%'by weight]

Example 3 PRMA-1 (30%) ' .10 -1%
and
0.25 ~22
EVA-1 (10%)
.50 -22
Example 4 PAMA-1 (75%) 0.10 -19
and
.25 -22
EVA-2 (25%;}
0.50 -21
Example 5 PAMA-Z (75%) 0.10 -19
and
0.25 ~22
EVA-1 (25%)
0.50 -23
Example & PAMA-3 {75%) g.10 -18
and
, 0.25 -21
EVA-1 (25%)
0.530 -22

The results clearly showed an obviocus advantage of using
the new cold flow improvers. The new composition provides a
very low cold filter plugging point. The temperature of the
cold filter plugging point is much below the temperature of
each of the components. Regarding that issue, the EVA-1
used without any coadditive does not provide any
improvement at all as shown in Comparative Example 1. The

data also showed that the new additives give significant



Patent claims 1. A composition comprising at least one polyalkyl(meth)acrylate polymer having a
number average molecular weight Mn of from 1000 to 10000 g/mol and a polydispersity Mw/Mn of
from 1 to 8 and at least one ethylene vinyl acetate copolymer comprising units being derived from at
least one alkYiCFEHRIAE 1ate having 1 to 30 carbon atoms in the alkyl reBfdtiEFP 1A ¥Smposition
according to claim 1 wherein said polyalkyl(meth)acrylate polymer comprises at least 50 % by weight
of units being derived from alkyl (meth)acrylates having 7 to 15 carbon atoms in the alkyl residue. 3.
The composition according to claim 1 or 2 wherein pobydispersity Mw/Mn of said

polyalkyl(meth)acrylate pelymer.is in the range.of-from.1. 10,5, 4, Thescompgsition.accerding to claim

1 wherein said polyalkyl(meth)acrylate polymer comprises units which are derived from
hydroxyl-contaf#fitig rioffomers“@nd/ot fret)acATARS O ethefalkkbhdis?S. Thevcchpdsifivn according
to at least one efthe: preceding:ehaims whereimsaidetbylepeiny.acetate-copalymer comprises from
2 to 30 weight% of vinyl acetate, WO 20%1/035947PCT/EP2010/060518 44

performance. Compared to conventional additives, the

working treat rate of the new additives is much wider.

Furthermere, a high performance can be achieved by using

only small amounts of expensive EVA copolymers.



6. The composition according to at least one of the preceding claims wherein said ethylene vinyl
acetate copolymer comprises from 30 to 80 weight% of units being derived from at least one alkyl
(meth)acrylate having 1 to 30 carbon atoms in the alkyl residue. 7. The composition according to at
least one of & BPELEHIH] claims wherein said ethylene vinyl acetate copdyRiEFEatIPHE8s from 5 to
40 weight% of units being derived from ethylene. 8. The composition according to at least one of the
preceding claims wherein said ethylene vinyl acetate copolymer comprises from 0 to 20 weight% of
units being derived from comonomers. 9. The compdsition according to at least one of the preceding
claims whereinsaid. ethylene yinyl acetate copolymer has a number average molecular weight Mn of
from 1000 to 120 000 g/mol. 10. The composition according to at least one of the preceding claims
wherein said ethylene vinyl acetate copolymer comprises from 30 to 90 weight% of units being derived
from at least ong, alkyh(maethyacriaterhaving ¥ ite:kh;carbon atoms in the alkyl residue. 45 11. The
composition accordin%to @t least one of tps p;ecedin%) claims wherein said ethylene vinyl acetate

o] e

copolymer is a graft copolyPi& havifigah ethyiehe VInyIaésthe: 8550l ey B graft biase and an alkyl
(meth)acrylate havingnl:te 80 carbon@tomslindhé atkytsesiduetas graftiayer. 120 Theccomposition

according to claim 11 wherein the weight ratio of graft base 1o graft layer is in-the range of,from 1:1 to
1:8. 13, The compositll”on accor w?g to at Ieas%ong c?f the précggdih‘ﬁ@gllm% w é%tllna%hgeceve%ght ratio of
said polyalkyl(meth)aé#ffate polymer to said ethylene vinyl acetate copolymer is in the range of from

15:1 to 1:1. 14. The cgmpasitign ggeording to-atleast one of the preceding glaims wherein said
composition is an additive composition comprising at most 70 % by weight of diluting oil. 15. The

composition according 8%t €a<t brie df'thePretadity didihs Widhei said tdmposticntisd fuel oil
composition comprisingiat ieast 7P1%ky weightdfuel et 30 carbon atoms in the E

alkyl resgidue.

2. The composition according to claim 1 wherein said
polvalkyl {meth)acrylate poclymer comprises at least 50
% by weight of units being derived from alkyl
(meth)acrylates having 7 to 15 carbon atoms in the

alkyl residue.

3. The composition according to c¢laim 1 or 2 wherein
polydispersity Mw/Mn of said polvalkyl (meth)acrylate

volymer is in the range of from 1.1 to 5.

4. The composition according to claim 1 wherein said
pelyvalkyl (meth)acrylate polymer comprises units which
are derived from hyvdroxyl-containing monomers and/or

(meth)acrvlates of ether alcohols.

5. The compcsition according to at least one of the
preceding claims wherein said ethylene vinyl acetate
copolymer comprises from 2 to 30 weight% of vinyl

acetate.



16. The composition according to claim 15 wherein said fuel oil comprises a mineral oil. 17. The
composition according to claim 15 or 16 wherein said fuel oil comprises b odiesel oil. 46 18. The
composition according to claim 17 wherein said biodiesel comprises fatty acid esters which are derived
from monohy¥ R8BI having 1 to 4 carbon atoms. 19. The compositidtfAGEF At 8laim 18
wherein said biodiesel comprises at least 10 % by weight of fatty acid esters which are derived from
methanol and/or ethanol and saturated fatty acids. 20. The method of using a composition comprising
at least one polyalkyl(meth)acrylate polymer having & humber average molecular weight Mn of from
1000 to 10000 g/mol and a polydispersity Mw/Mn of from 1 to 8 and at least one ethylene vinyl acetate

copolymer comprising units being derived from at least one alkyl (meth)acrylate having 1 to 30 carbon
atoms in the all§/ residi@ &PHEWIMpreverdGR felcsmpesifibnscast one of the

precedlng‘c+a1ms wherein said ethylene vinyl acetate
copolymer comprises from 30 to 80 weight$ of units
being derived from at least one alkyl {(meth)acrylate

having 1 to 30 carbon atoms in the alkyl residue.

7. The compesition according to at least one of the
preceding claims wherein sald ethylene vinyvl acetate
copolymer comprises from 5 to 40 weight% of units

being derived from ethylene.

8. The compositicn accerding to at least one of the
preceding claims wherein said ethylene vinyl acetate
copolymer comprises from 0 te 20 weight% of units

being derived from comonomers.

9. The compogition according to at least one of the
preceding claims wherein said ethylene vinyl acetate
copolymer has a number average molecular weight Mn of

from 1000 to 120 000 g/mol.

10. The composition according to at least one of the
preceding claims wherein salid ethylene vinyl acetate
copolymer comprises from 30 tc 90 weight% of units
being derived from at least one alkyl (meth)acrylate

having 7 to 15 carbon atoms in the alkyl residue.



WO 2011/035947 PCT/EPI010/060518

11.

12.

13,

14.

15.

16.

17.

The composition azccording to at least one of the
preceding claims wherein said ethylene wvinyl acetate
copolymer is a graft copolymer having an ethylene
vinyl acetate copolymer as graft base and an alkyl
(meth)acrylate having 1 to 30 carben atoms in the

alkyl residue as graft laver.

The compositicon according to claim 11 wherein the
weight ratio ¢of graft base to grafi laver is in the

range of from 1:1 to 1:8.

The composition according to at least one of the
preceding claims wherein the weight ratio of said
pelyvalkyl(meth)acrylate polymer to saild ethylene vinyl

acetate copolymer is in the range of from 15:1 to 1:1.

The compesition according to at least one of the
preceding claims wherein said composition is an
additive composition comprising at most 70 % by'weight

of diluting oil.

The composition accerding to at least one of the
preceding claims wherein said composition is a fuel
©il composition comprising at least 70 % by weight

fuel oil.

The composgition according to claim 15 wherein said

fuel o©il comprises a mineral cil.

The composition according to claim 15 or 16 wherein

said fuel oil comprises bilodiesel oil.
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18.

19.

20.

46

The composition according to claim 17 wherein saild
biodiesel comprises fatty acid esters which are
derived from monchydric alcohols having 1 te 4 carbon

atoms,.

The composition acceording to claim 18 wherein said
biodiesel comprises at least 10 % by weight of fatty
acid esters which are derived from methancl and/or

ethanol and saturated fatty acids.

The method of using a composition comprising at least
one polyalkyl (meth)acrylate polymer having a number
average molecular weight Mn of from 1000 to 10000
g/mol and a polvdispersity Mw/Mn of from 1 to 8 and at
leagst one ethylens vinyl acetate copolymer comprising
units being derived from at least one alkyl
{(meth}acrylate having 1 to 30 carbon atoms in the

alkyl residue as flow improvers in fuel compositions.



