I  Method of increasing the oxidation stability of

bi odi esel The invention relates to a nmethod of

i ncreasing the oxidation stability of biodiesel. An
alternative to conventional diesel fuel which is being
used to an increasing extent today is biodiesel,

whi ch conpri ses nonoal kyl esters of vegetable oils,
animal fats and al so used cdoking fats. Biodiesel is
obt ai ned by transesterification of oils, for exanple
rapeseed oil, soybean oil or sunflower oil and al so
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alternative diesel fuel for passenger cars has been
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correspondi ng extent in recent years. Biodiesel has a
hi gh content of unsaturated fatty acid esters which
Angidiarnativsd ﬂowoueen@nn@ldzeé@l fivgl whinl tsteans @E@Wmmcremmg extent today is

b10§1oeﬁ, ucthl %orr]ng[aenb? %1? éxji]jéql Q88 %% Q?getgb?g ! rls) alﬁmgl/ é also used

odion In1njec

codkiipe fats. Biedieser ﬁea&mﬁgd lb?&raﬁﬁestdﬂﬁcﬁidnedimaiﬁs \fer bxa@qjlesqieseed oil,
S auionnblle f u has led to a need for

soMg3tH PoFHsloRst P 2@8&1@? Sefdetoaking Qdlsov ik AR 2leghelra th prgsence of a

cat@fdy, Ppreference is given to adding 2, 6-di-
tert-butyl-4-nethyl phenol (BHT) as primary antioxi dant
to the biodiesel in order to neet the oxidation
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ppm as exclusive stabilizer in methyl esters of palm kernel oil having from 12 to 18 carbon

atoms in the fatty acid is described.

DE 102 52 714 and WO 2004/044104, too, describe a method of increasing the oxidation
stability of biodiesel by addition of di-2,6-tert-butyl-4-hydroxytoluene. A liquid stock solution
containing from 15 to 60% by weight of monoalkylhydroxytoluene or dialkylhydroxytoluene
dissolved in biodiesel is added to the biodiesel to be stabilized to give a concentration of 0.005
to 2% by weight of monoalkylhydroxytoluene or dialkylhydroxytoluene, based on the total

solution in biodiesel.



DE 102 52 715 describes a nethod of increasing the
storage stability of biodiesel, in which a liquid
stock solution containing from15 to 60% by wei ght of
2,4-di-tert-butyl hydroxytol uene dissolved in

bi odi esel is added to the biodiesel to be stabilized
to give a concentration of fram 0.005 to 2% by wei ght
of 2,4-di-tert-butyl hydroxytol uene, based on the total
solution in biodiesel. It is an object of the present
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can be dispense and, secondly, th ppresent methoé) shows that a product mixture from the

manufacturing process of substituted alkylphenols can be used without complicated separation
and purification steps. A further advantage of the method of the invention is that the production
of the oxidation-stabilized biodiesel can be carried out at low temperatures and within a
relatively short time. The method of the invention thus makes it possible to improve the
economics of the production of oxidation-stabilized biodiesel. The active content of the liquid
primary antioxidant used according to the present invention is 100% compared to 20% of the

liquid primary antioxidants according to the prior art, since the liquid generally contains only



econom cs of the production of oxidation-stabilized
bi odi esel . The active content of the liquid primary
anti oxi dant used according to the present invention is
100% conpared to 20% of the liquid primry
anti oxi dants according to the prior art, since the
liquid generally contains onlé 3 about 20% by wei ght
of the active ingredient antiéxidant. The use of a
liquid primary antioxidant according to the nethod of
the_invention |ikew se enabl es transport and storage
b s?Wotky meeighhndothesactive dagrediensf antioridantghactsevel a liquid primary
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the oxidation stability of biodiesel, conpr
CIEHIYGS-a pri mary anti oxi dant having a nelting point of

| ess than or equal to 40C to the biodiesel to be

stabilized in an amount of from 10 to 20 000 ppm
The wrespnt inkention tivevider & mesthodast inorasiag the oxipiticeqatality of biodiesel,
th?‘%%t ane ¢ ound hawﬁ%gitjhe structure OH R4 R where:
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.atom af the aromatic ring system R3, R5 = hydrogen, "a
pri|pry anfoxidn comprses 2hlsast ABe sqppaurd havingthe sirpivreat ons,

R4 r hydrogen, a linear al kyl group having froml to

40 carbon atons, where both the substituents of the

type R and R2 and those,of th@Htype R3 and R5 are in

each case identical a nt. The invention

further provides for th iRmary anti oxi dant

whi ch has a nelting point

Ry 1

where: _
Ri, Ro = hydrogen, a linear alkyl group having from 1 to 20 carbon atoms or
Ra
Ry
R5>|\ .
. Where * is a carbon atom of the aromatic ring system,

Rs, Rs = hydrogen, a linear alkyl group having from 1 to 20 carbon atoms,

R4 = hydrogen, a linear alkyl group having from 1 to 40 carbon atoms,
where both the substituents of the type R; and R, and those of the type Rs and Rs are in each

case identical or different.

The invention further provides for the use of a primary antioxidant which has a melting point

of less than or equal to 40°C and comprises at least one compound having the structure



of less than or equal to 40C and conprises at | east
one conpound having the structure 4 CH where: Rl, R2
= hydrogen, a linear alkyl group having from1 to 20
carbon atonms or R3 R R *, where * is a carbon atom
of the aromatic ring system R3, R5 = hydrogen, a
l'inear al kyl group having frogm1l to 20 carbon atons,

= hydrogen, a linear al kyl group having from1l to
40 carbon atons, where both the substituents of the
type R and R2 and those of thgytype R3 and R5 are in
each case identical or égi.ffergnt, for increasing the
oxi dation stability ofR4ilodi esgl. The.invention
i kewi se provides an oRsdalieh-S i11'zed bi odi ese
conprising from10 to 20 O (ww of a primry
anti oxi dant which has a nel poi Nt of [ ess than or
equal to 40C and conprises a Feast _one compound
having the structure OHR4 R where:"2 RL, R2 =
hydrogen, a linear alkyl group having from1 to 20
carbon atons or R4 R R3 , where * is a carbon atom of
tdtgr@romatic. ring system R3, R5 = hydrogen, a Iinear
al kyl group having from1 to 20 carbon_at ons,
hydﬁaglgzn = BYCFIPSF‘@ara Lingy| algylogrgum g Fewnd 1t0t%0 zeerbon atoms or
carbomaatons 5

Ry

Rg

*, where * is a carbon atom of the aromatic ring system,
Rs, Rs =hydrogen, a linear alkyl group having from 1 to 20 carbon atoms,
R4 =hydrogen, a linear alkyl group having from 1 to 40 carbon atoms,
where both the substituents of the type R; and R, and those of the type R3 and Rs are in each

case identical or different, for increasing the oxidation stability of biodiesel.

The invention likewise provides an oxidation-stabilized biodiesel comprising from 10 to
20 000 ppm (w/w) of a primary antioxidant which has a melting point of less than or equal to

40°C and comprises at least one compound having the structure

OH

where:
Ri, Ry = hydrogen, a linear alkyl group having from 1 to 20 carbon atoms or
R
Ra] >
, Where * is a carbon atom of the aromatic ring system,

R3, Rs = hydrogen, a linear alkyl group having from 1 to 20 carbon atoms,
R4 =hydrogen, a linear alkyl group having from 1 to 40 carbon atoms,



where both the substituents of the type Rl and R2 and
those of the type R3 and R5 are in each case
identical or different. The inventive nethod of

i ncreasing the oxidation stability of biodiese
conprises adding a primary antioxidant having a
melting point or less than or_equal to 40C to the

bi odi esel to be stabilized ih an amount of from 10 to
20 000 ppm (WM w), where the primary anti oxi dant
conprises at |east one conpound having the structure

wherg ith fhogybytisuentsrof thetype Rnyiad Bgeand these phidigrtynel Kayand Rs are in each
,cmgﬁ&&ﬁcQQ¥hﬁﬁxéﬁon1l to 20 carbon atonms or R3 R4 R *,

wher e I's a carbon atom of the aromatic ring system

R3, R5 = hydrogen, a linear alkyl group having from1

to 20..carban . atons, .R4_= hydr.ogen,.a |inear al kyl |, ]
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degradation reactions in the biodiesel caused by
oxygen. The node of action of gpnese primary
antioxidants in the biodRgsel |s described in the
fol l owi ng reaction scHami, whefe R apd R are each an
organi ¢ radi cal and AOR{i s™3 beETY anti oxi dant used
in the nethod of the inventi Chain initiation 6
R-HR-H+ 02

Ry

where:
Ri, Ry = hydrogen, a linear alkyl group having from 1 to 20 carbon atoms or
R .
R >
T
, where * is a carbon atom of the aromatic ring system,

R3, Rs =hydrogen, a linear alkyl group having from 1 to 20 carbon atoms,

R4 = hydrogen, a linear alkyl group having from 1 to 40 carbon atoms,
where both the substituents of the type R; and R; and those of the type R; and Rs are in each

case identical or different.

For the purposes of the present invention, primary antioxidants are compounds or mixtures of
compounds which inhibit or prevent undesirable degradation reactions in the biodiesel caused
by oxygen. The mode of action of these primary antioxidants in the biodiesel is described in
the following reaction scheme, where R and R' are each an organic radical and AOH is a

primary antioxidant used in the method of the invention.

1. Chain initiation



2. Chain propagation R + H R + H02' R + 02 RO2 RO2
"+ R -HROOH + R' 3. Chain termnation RO2' + ACH 5
ROOH + AO AO + R AOR Apart fromthe abovenenti oned
reactions, it is also possible for reactions on the
doubl e bonds of the alkyl esters of fatty acids,
whi ch can |ikew se be initiatgd by oxygen, to occur.
Here, the carbon-hydrogen bond which is located in
the allyl position relative to the double bond is
preferentially attacked by the oxygen: H H The primary
anti oxi dant useg, in . he nethod ok-the invgntion
conprises neither organic solvents, for exanple
al cohol s, nor, biodiesel, as is the case, for exanple,
when a nast efGat h*isgzenployﬁd.RThe*priﬁE?y
anti oxi dant used therefore preferably conprises

2. @haih ppy@ltipgn al kyl phenol s and/ or substituted
al kyl phenols. In particular, a m xture conprising
various substig.uted gnd/ or_unsubstdd ut ed
al kyl phenol s, preferabe a mxture c&hprising fromO0.1
to 99.9% by weight, preferably from50 to 99% by
wei ght and pa&Q4' cut arby—pr eferabl yROOIWM 5B -to  90% by
wei ght, of one or nore conmpounds having the structure

3.¢¢gﬁ§méﬁ§€m9s primary antioxidant in the method of

e rnvention. Particular preference is given to using

a mxture cqgg;ising excl usi vel y conpounds having the
structure | "pti M ant ToxirdanROPH ttheA®et hod of
the invention. This m xture has the advantage that it
conpri ses exclusively conmpounds having the structure |
whi ch al | % ah Bii dati'o“n-—ﬁabiﬁ%"%i ng action on
bi odi esel. In the nethod of the invention, preference
is given to using a primary antioxi dant conprising at

| east one, conmpound .havi.n e structure Il .
Apeu? &3 BE aboverr}rl%ntlijoned reactlorgs, }t qs also poss}b&le I%l’ reactions on the double bonds
of the alkyl esters of fatty acids, which can likewise be initiated by oxygen, to occur. Here, the
carbon-hydrogen bond which is located in the allyl position relative to the double bond is

preferentially attacked by the oxygen:

H H
T e

The primary antioxidant used in the method of the invention comprises neither organic
solvents, for example alcohols, nor biodiesel, as is the case, for example, when a masterbatch is
employed. The primary antioxidant used therefore preferably comprises exclusively
alkylphenols and/or substituted alkylphenols. In particular, a mixture comprising various
substituted and/or unsubstituted alkylphenols, preferably a mixture comprising from 0.1 to
99.9% by weight, preferably from 50 to 99% by weight and particularly preferably from 55 to
90% by weight, of one or more compounds having the structure I, is used as primary

antioxidant in the method of the invention.



OHR4 R Il where: Rl, R2 = hydrogen, a linear alKkyl
group having from1l to 4 carbon atons or R3 R4 R *,
where * is a carbon atomof the aromatic ring system
R3, R5 = hydrogen, a linear alkyl group having from1
to 4 carbon atons, R4 = hydrogen, a linear alkyl
group having from1 to 4 carb®n atons, where both the
substituents of the type RL and R2 and those of the
type R3 and R5 are in each case identical or

Pagtiduf pRsférenderie fioEe RORireS @ixNeB chiip@itt HAhRivEF WWRIpYunds having the
ant i oxi dant conpr. sSi ng% at | east one conpound having
strpgfares| 2§ grippasy | qopioxidant | in the mefodyio dhe dwstention. t Fhis mixture has the

adVRERARA it LhGpdidaY %58&1&&%@ §% n?&inid& gkx%g B{eeiu%%?ecg 'bfch all have an

Iven to addihg a prinmar I oxI dant® conprirsin
ox|datien-stebidizing eetprounmchitdiesehg t he structure |V OH (H3C) 3C
CH3 CH3 IV to the biodiesel in the nethod of the
i nventi on.
In the method of the invention, preference is given to using a primary antioxidant comprising

at least one compound having the structure IT

OH

where:
Ri, Ry = hydrogen, a linear alkyl group having from ! to 4 carbon atoms or
< ,
Ry’
R5>I\ . X
, where * is a carbon atom of the aromatic ring system,

R3, Rs = hydrogen, a linear alky! group having from 1 to 4 carbon atoms,

R4 = hydrogen, a linear alkyl group having from 1 to 4 carbon atoms,
where both the substituents of the type R, and R, and those of the type R; and Rs are in each

case identical or different.

Preference is given to adding a primary antioxidant comprising at least one compound having

the structure T11
OH

(H3C)sC C(CH3)3

I

to the biodiesel in the method of the invention.



Furthernore, the primary antioxi dant used in the
nmet hod of the invention can conprise exclusively
compounds sel ected fromanong - tri-tert-butyl phenol s,
in particular 2,4,6-tri-text-butyl phenol, -
di -tert-butyl phenols, in partlcular
2,4-di-tert-butyl phenol, 2,5-&i-tert-butyl phenol, 2, 6-
di -tert-butyl phenol, - d|-tert butylnethylphenols in
particular 2,5-di-tert-butyl-4-nethyl phenol,
Paﬁl,cﬁladiprbferdnee butgendtoreddiyg pherimlary antioxidant comprising at least one

ert-but - 2- et hyl phenol ,
coﬁ?°?¥i¥“?%ﬁ C‘?r‘é‘%ﬁg‘sphenol, -

tert- butylnethylphenols in particular
2-tert-butyl -4-net hyl phenol, 6-tert-butyl-
met hyl phenol , 4-tert-butyl - 2-§®t hyl phenol ,

6-tort-butyl -3-met hyl phenol ,
tert-butyl di met hyl p(%'éﬁ)é‘s i ‘¢t ar
4-tert-butyl-2,6-di nethylp 6-tent-butyl -

2, 4- di et hyl phenol , tert-bl | 5-di net hyl phenol , -
tert-butyl phenols, in partity 2-tort-butyl phenol,
4-tert-butyl phenol, - di-secfbutyl phenols, -
sec-butyl phenols, in particul®&; 2-sec-butyl phenol,
2-sec-butyl-4-tert-butyl pheno 2 4-sec-1V
butyl-2,6-di-tert- butylphenol, - tert-anyl phenols, in
particular 2-tert- aqz phenol, - di-tert-anyl phenols,
to he birgiasplon thermethad ofi the wiventiomy | phenol , -
2-isopropyl phenol, 4-octyl phenol, 4- nonylphenol,
2,6-di-tort-butyl-4-nony|phenol, 4- dodecyl pheno
Fugthatiore, dbe¢ aaliewyy phtiexidant anetl i el methodf off tesmvention can comprise

o) unds, with. t rlnar ‘anti oxi dant having a

exﬁ%#ﬁﬁ%&”ﬂ%ﬂﬂgs%ﬂ“$g' or equal to 40C. 9 Pure
subgi- wmcmylpnenmsxﬁwaﬁ&uwaam @i ertditydsH¥RGl se conmpounds
haV|n9 the structures | to and have a ne

pOI u@fl@}ﬂt@ls hpAstige 2&? él‘@ktcl?%@a?np} oM fllh‘r@rt%utylphenol 2,6-

pr egeRk-HuMpthbon. The primary antioxi dant used in the
met hod of 't I nvention has .a melting point of < 40C,

pr eﬂbﬁeﬁthuy}’hn&hm@@&ﬁd ipaarticslar 23-gi-fort dphgthxdpB@al, 2,6-di-tert-
Sec?ﬂgﬁ‘l nvg{r}{ill&hgﬁéldfgtﬁ tr%?{(‘lhﬁ{?l fﬁa@th?ﬁ)h ?gdﬁgﬁré b§1-5%i B phenol,
pr efegraiylinetwlpbetcdy fin oparam.’mg 2- tert-butyl 4-methylphenol, 6-tert-butyl-2-
methylphenol, 4-tert-butyl-2-methylphenol, 6-tert-butyl-3~methylphenol,
tert-butyldimethylphenols, in particular 4-tert-butyl-2,6-dimethylphenol, 6-tert-butyl-
2,4-dimethylphenol, tert-butyl-2,5-dimethylphenol,
tert-butylphenols, in particular 2-tert-butylphenol, 4-tert-butylphenol,
di-sec-butylphenols,
sec-butylphenols, in particular 2-sec-butylphenol, 2-sec-butyl-4-tert-butylphenol, 4-sec-
butyl-2,6-di-tert-butylphenol,
tert-amylphenols, in particular 2-tert-amylphenol,
di-tert-amylphenols, in particular 2,4-di-tert-amylphenol,
2-isopropylphenol, 4-octylphenol, 4-nonylphenol, 2,6-di-tért-butyl-4-nonylphenol, 4-
dodecylphenol and/or octadecylphenol,

and mixtures of these compounds, with this primary antioxidant having a melting point of less

than or equal to 40°C.



i ((octylthio)methyl)-6-tert-butyl phenol, -
(octyl thio)nethyl)-6-nethyl phenol, -
(octyl thi o) net hyl)-6-et hyl phenol and -
(dodecyl t hi 0) met hyl ) - 4- nonyl phenol
roxyl ated di phenyl thioethers, preferably selected
om anong - 9

2,2' -thiobis[6-tert-butyl -4-nethyl phenol], -

2,2' -t hiobi s[4-octyl phenol ], -

I I

Pufe s‘lalbgttafliﬁgg Fg%gtru{’eg B}%ﬁlf{ﬂ‘&r}é orl;gé)lﬁigh%:y «Ié&lgn ??ﬂﬂélg havitk fhe structures I to IV
andlhmve-at hélting pist &-griates dianal@NS larsenlord ﬁ«mj the present invention.

4, 4' -bi s[ 2, 6-di net hyl - 4- hydr oxyphenyl ] di i sul fide,

phosphites or phosphonites, preferably selected from
Thalpnn:glry antfoxidahemel ipHasmbihbé of thedinpdition hagh ydlting point of < 40°C,

pre AR Ao and e B e a8 TP e o7 Dosphi t e,

trioctadecyl phosphite, distearyl pentaerythrityl
di phosphite, tris[2,4-di-tert-butylphenyl] phosphite,

Se onqws %ﬂg&ﬂhm@@ n‘&ﬁl@fl yEeﬂ{ 'ﬁey | usd PhOSRb hﬂ% thod of the invention are

I'S I -tert-butyl phenyl] pentaerythrityl
a&dﬁbbm@ﬂwhmamﬁspﬁm3Wﬁdedmaiﬁmmahmmgl-4 met hyl phenyl ]

B':E gedie}/?% %//)Im gf’@ﬁ%i%ﬁ%"l@ph - bi s[i sodecyl oxy]

blSQaﬂﬁ«&uyMQéﬁndnﬂ)@qﬂahﬁymmﬁMphenyI] pentaerythrityl
hite, tri-tert-butyl phenyl]

di phaos
pegt?ééﬁgf?%ﬂﬂ?%ne&}yﬁh%?ﬁﬁwgm lagd i stearyl sorbitol
tri @BQﬁ@@d(fe@yltlu0)methy1)—4—nony1phenol,

hydroxylated diphenyl thicethers, preferably selected from among
- 2,2’-thiobis{6-tert-butyl-4-methylphenol],
- 2,2°-thiobis[4-octylphenol],
- 4,4 -thiobis[6-tert-butyl-3-methylphenol],
- 4,4’-thiobis[6-tert-butyl-2-methylphenol],
- 4,4’-thiobis[3,6-di-sec-amylphenol] and
- 4,4’-bis[2,6-dimethyl-4-hydroxyphenyl]disulfide,

4-d
- di (
- di (
- di (

phosphites or phosphonites, preferably selected from among
- triphenyl phosphite,
- diphenyl alkyl phosphites,
- pheny1 dialkyl phosphites,
- tris[nonylphenyl] phosphite,
- trilauryl phosphite,
- tﬁoctadecyl phosphite,
- distearyl pentaerythrityl diphosphite,
- tris[2,4~di-tert-butylphenyl] phosphite,
- diisodecyl pentaerythrity! diphosphite,
- bis[2,4-di-tert-butylphenyl] pentaerythrityl diphosphite,
-~ bis[2,6-di-tert-butyl-4-methylphenyl] pentaerythrityl diphosphite,
- bis[isodecyloxy] pentaerythrityl diphosphite,



tetrakis[2,4-di-tert-butyl phenyl]

4, 4" - bi phenyl enedi phosphoni te,

6-i sooctyl oxy-2,4,8,10-tetra-tert-butyl --

12H-di benzo[ d, g] - 1, 3, 2- di oxaphosphoci ne,

6-fl uoro-2, 4,

8,10-tetra- tert-butyl-lZ-netHﬁldibenzo[d,g]-1,3,2-diox
aphosphoci ne, bis[2,4-di-tert-butyl-6-nmethyl phenyl]
met hyl phosphite and

b S di-tert-butyl met hyl phenyl ] et hyl phosphite,
T BB o MBS YV Bp kP ezl bt ed

fro Eahﬁ%,p £ acid,

pr e?]eri%agnttﬁﬁﬁ\hg% l]ét earyl, ldlémjs@ﬂr or tridecyl

est @nstearylsn@utoblppMpMa,m dazole, - the zinc salt of

2-mer.c obenzi mi ol 5.zl nc . .
gﬁwﬁ@f%‘?ﬁs@m&gﬁ&e@ 4 4@*)8?599%%91?}18%@% de and -

p-enﬁélﬁfokéi Wyt2/4,8,10-tetra-tert-butyl-12H- -dibenzo[d,g]-1,3,2-dioxaphosphocine,

tetrakis %I - dodecyl mer capt o] pr opi onat e, of m xtures

of tﬂ}@@' Gripdoigta terEtylt Remgihy e@[é,g]-ﬂﬁ@ -¢iprapbpgphocine,
all the
ot S 28k ST OB TG ENIRIRRRRER S | {10,
aci 63[2 4—d1-;ear11u|t)d{6|-1aeﬂmbhdsrwﬂ} ethryl phdwphitest ers of fatty
aci d whi ch can be, us carri ers. For the
or B P de iy o B e el S R e 11 or &
i nckdgle ob@-ttﬂiio&ialﬁpﬁmfbsacw Bfe‘f&%l?ﬁhehﬁlﬁ{d st %%S@i@ﬁrll §r tridecyl ester,

heating material, and fuels for power i ng veh| cles,
f-or MEICARLS @Zﬂﬁﬁml | es, goods vehicles, ships or

ai fﬁ{e%ﬁcsaThﬁzmef&gg)%l bk a%\‘fl ch the nethod of the

invention 1's app eferably a biodi esel which
i-s msodibutylditiidcetbeshatender the nane bi odi esel for use

as t onobj l.e el. . In particular, the biodiesel to
gﬁ g%%‘ﬁ%‘ge the invention is applied
Gonﬁérﬁz&eﬁ hi6i PeEds aioﬁh’cy@ﬁélda Isdpidesteer s, preferably
Cl2-C24 fatty aci d[B esptaéé?spor Cl2- C24 fatty

Or%&“&e%?m?seé’%‘é?@ S‘V\:hl ch can be present in pure form
or as a mxture. In addition, the biodiesel to which
the method of the invention is applied can further
Forc thieypuirwsesabl theustssnminyemtobdi thevtesn é)dmiilesa]Sers:emq)aEéeEr yil the saturated

an Bt BRSO BES o B g ey it
whith mlm Béluded ab e@elyeetierd oA HEShrhdsedf tHe PRED IR emita, Qﬂergy carriers

glﬁl mal ﬁ’&i s by a process_of transesterification W t h
inclyde botholigls, asiouices abhspt: e ehaRRIF b@?-w@t maisepl, and fuels for powering

RIS 1 LBt TS0 g B 000 v
me&l@dpﬁhs iinugntiorain spidteém ﬁne&aetbilsomblpdmw ethéchd§ usalle smedted under the
nante Lzodz%?ey l(ilor use as automobile fuel. In particular, the biodiesel to which the method of
the invention is applied comprises Ci5-Cy4 fatty acid alkyl esters, preferably Cj,-Cay4 fatty acid
methyl esters or Cy2-Cy4 fatty acid ethyl esters, which can be present in pure form or as a
mixture. In addition, the biodiesel to which the method of the invention is applied can further
comprise all customary additives such as secondary antioxidants, antifoams, low-temperature
flow improvers. The method of the invention is preferably applied to biodiesel produced from
vegetable and/or animal oils by a process of transesterification with an alcohol, preferably

methanol or ethanol, particularly preferably methanol. The method of the invention is more

preferably applied to biodiesel comprising transesterification products of rapeseed oil, soybean



11 oil, sunflower oil, palmkernel oil, coconut oil
jatropha oil, cotton seed oil, peanut oil, maize ol
and/ or used cooking oils. However, particular
preference is given to using biodiesel which is
obt ai ned from rapeseed oil qnflomer oi | or soybean
oil by neans of the abovenentﬁoned
transesterification. The nmethod of the invention can
al so be applied to m xtures of the trans-

olle&in®lowet 6i8iHaf kFROSIE D csut YA fa ngb'@ Vcﬁ% f;l}?l t?ﬁgg%%?%agat oil, maize

animal oils. In a particul ar
oil gpdiopusedppeking oHs. \a(ftvm, e)srtlcubf pw&trwcatle divam ¢ ﬂsfmg biodiesel which

is mﬁﬁé&lﬁ%ﬁg és%éc{ Xll ?ﬁv‘?{e JaPest vﬂ bg |nllelag$J I g r‘ggmentloned

carrrers, 1of exaﬁp

tramsebteri ficatioheThismethas obiledinestioh . caﬁ’ @Isb |b‘élﬂp9ﬁed9foelfnﬁ{tﬁ€§ Bf the trans-
ven to usjng a mxture of mneral diesel fuel

es*%%f‘?%ﬂﬁoéuqs 9%Va9@usa%g§§abl¢@md/ﬁemnmal @b ticular from?2
to 10% by volunme and preferably from3 to 5% by

In ¥hiitor iRt HER' SR 116004 PR YRGS, TR A0k Grated andor

esters n a subsequen

hleatem @@Wtwrﬂﬁlkylimtemﬂhﬂlqmd eaélgblchjrﬁfs;i forbixaghpRSBinefal Qiesel fuel
1 to 99.9% by vol une,

or igeeatmg%ﬁie ganl Q\r §efi &% 50 %f.egé’ a{}gre[f ce %r%\fegrtamsylg a mixture of
mirferal meaezt fael 166 fhym 0l 1619, B0 @y WBTueneD i@ﬁﬁ-ﬁé&hbﬂ&“ﬂrﬁ 23 0% by volume

d
aﬂdf%{?‘??ﬂé& %?Igﬁﬂ tﬂé/aﬁy H?lgg’léi okt gq%{u?%ﬁu%tqd fattnadithelkyl esters.
In agibee et stdSf thd WM IIOSE thd Hﬁreﬂidn,nﬁ{eyoﬂ(?}fuoﬁ X183k | 'bﬁ)dietsel can be

preferably added directly, in particular in an ano
addgd i %W&@ttoé frpg Bddo Qaﬁf’/( b wplumey iaf partidular ffano mt6 Q0 oby volume,

prefe2abBORorARM 10% W) vadiide RS ﬁo@rp?éf%ﬁ’lplfbﬁn{ ] QJ%‘%Q}% YoRnfO90:

hug(r gYWVa%H For the purposes of the present venti on,

I & Pt Bitipe e ainerrbdiessbfuglas peatiagiodn of a |
solution or a masterbatch of the primary anti oxidant

has been carried out in a preceding step. In this

In the epeths® odntariyvendod,i M Iﬁﬁﬂz&? @ﬁtﬂxﬁhﬁolsbﬁem allfled@Birectly, in ‘
ampunt of from 20 000 , preferably from

partiglay in 31 agygpn (tw(i&,)to &H&’OB IPEF-‘e HD 2Prefeablyl fom: 3 e0ol000 ppm
(wrppand Word prefé@alherdh Q8D 88 Bo0o Tk P.{n’waf*‘%( ﬁ@:%u?%dsgsagf the present

IS preferabl{ di ssol ved in thé biodi ése tir
invegfion, digsghaddifion meany that am Preration6efGr seivtien por ef maﬂbrbytch of the

pnﬂa&@'ﬂnﬁ@ﬁdi& ﬂa‘gcbeeﬁh@aﬁgd %‘i antﬂf V%Q.l%ﬁ ﬁtr Qv dﬁ@‘ﬁ@ﬁ’g secondary

use of primary anti oxi
ann@@dms Ca@falt‘bé@saddﬂhm agrameyubdf fram 40@ ad dO@:ppm r(wﬁ;eﬁ pifferably from

50 t$ 2%?66% : n&&{%ﬁ%ﬁ&gldeé h Ig%%g{ {;@ %b@j& St gWé’@r todhe¢ biodiesel.

Particul ar preference is given to using a m xture

ri si.ng. excl usi ve| ounds havi ng the
The pmr:lT'P ogldant 18 preferab%/z d1ssgi%ed in the blOdleS%I with stirring at a temperature

of from 18°C to 60°C, more preferably from 20°C to 40°C.

The invention further provides for the use of a primary antioxidant which has a melting point
_ of less than or equal to 40°C and comprises at least one compound having the structure I for

increasing the oxidation stab111ty of biodiesel.

Particular preference is given to using a mixture comprising exclusively compounds having the
structure I as primary antioxidant. This mixture has the advantage that it comprises exclusively




structure | as primary antioxidant. This m xture has

t he advantage that it conprises exclusively 12
conmpounds having the structure I which all have an

oxi dati on-stabilizing action on biodiesel. Preference
IS given to using a primary antioxi dant conprising at

| east one conpound having tH& structure H However,
greater preference is given to using a prinary
anti oxi dant conprising at | east one conpound havi ng

coinpéurils deibp tige dthicturd B kvhi Ul ieiave lag foldafiee sthisiligihy @BtidnCon biodiesel.
using a primary antioxi dant conprising at |east one

Prefenepesuis & yeip ingHerr&nany @ptiexidany coppriting pinisase onp comgound having
thd @ﬁﬁét&leellt OHYw&veR g'afép g%f@féh&@’% gt ﬁP’EQﬁlgSé Nimary antioxidant

excl usi vel y conpdu ected from anong
compiising at lebsitonk papots] havingothe tstrocthrer L Particular preference is given to

us%%lﬁip%g %?ﬁt]%&%ialgtué iﬁlgﬁ?l%g %{ IC?SI-B ngé n%rotung Ha\Xné) Re Qt%llC%L'll’e &{}
2,5-di-tert- butylphenol 2, 6- di-tert but yl phenol , -
tert-butyl y henols in partlcular
“ﬁii%ﬁ{?r% b P‘B’?PS{FI 05 PRANHB A Pxidant cogpripiggexclusively compounds

selbét&d’froﬁh ARiRY! phenol ,
4,6-di-tert- butYI-Z neth pheno
5

di - tretert-piylpheng sr@tmythylﬁé ﬁdlﬁ tri-tert-butylphenol,

;e[ Eehr_ butwegx @FME%}E eno 41?1256{1'4 lﬁt&lgﬁ%no} 3,5-di-tert-butylphenol, 2,6-

netﬂywﬁﬁnmﬂphlitert but yl - 2- nethylpheno

r | phenol
Cor ATt i ) otopler 2l teirgpyi-4-methyiphenol, 2,6-dictert
4- tbﬁt’gz}-bmieﬁiﬂlﬂleﬁoldn GRli-fyt- Bﬂ?ppkneﬂ@aﬁlﬁﬁal cﬁLﬂiﬂJbutyI- 3-methylphenol,
2, 4 dlne ﬂg@ tert-hbutyl - thylp
ter Tt xlp% "olS,i in aaricRlE o3 f@zﬂt 4"6‘6 ﬁ%mﬁ tert-butyl-2-
4- tﬁe&y%%ﬂélmmuw1 zihleﬁ;%hbﬁalyd féﬁed?l@ﬁf&-meth Iphenol,

sec-butyl phenols, in particular 2-sec-b eno
2- steettpiiylgimethyiphepolsy iy ppiedal 4-tart-begl-2, 6 unethylphenol 6-tert-butyl-

but yl, it t-anyl phenol s, in
par?léﬁF' Q%htergmgﬂa¥ E%%ﬁﬁghy%h&?%rt gzyfphenols in
par terrduitjdph@,ola ahi partmita: argrt-pigipbenol 2-iegdpitydphanphenol |

4- oGt 4- nonyl phenol ,
2,6§" E@ﬁﬁﬂ? - 4- nonylphenol, 4- dodecyl pheno
an déd&rbuqﬂﬂ&ﬂelsyxh@hﬁfd:ﬁiar 2 3adbutydphetoh 2-@b-buh@gaert-butylphenol, 4-sec-

co with thijs primary antioxidant having a
ngﬁﬁggéékﬂ¥tUFYP%§§E than or equal to 40C.
- tert-amylphenols, in particular 2-tert-amylphenol,

di-tert-amylphenols, in particular 2,4-di-tert-amylphenol,
2-isopropylphenol, 4-octylphenol, 4-nonylphenol, 2,6-di-tert-butyl-4-nonylphenol, 4-
dodecylphenol and/or octadecylphenol,

and mixtures of these compounds, with this primary antioxidant having a melting point of less

than or equal to 40°C.,

Pure substances or mixtures which are or comprise compounds having the structures I to IV

and have a melting point of greater than 40°C are excluded from the present invention.

The oxidation-stabilized biodiesel of the invention comprises from 10 to 20 000 ppm (w/w),

preferably from 50 to 12 000 ppm (w/w) and more preferably from 100 to 8000 ppm (w/w), of



Pure substances or m xtures which are or conprise
conpounds having the structures | to IV and have a
nmel ting point of greater than 40C are excluded from
the present invention. The oxidation-stabilized

bi odi esel of the. invention conprises from10 to 20
000 ppm (ww), preferably frrgm50 to 12 000 ppm (W w)
and nore preferably from 100 to 8000 ppm (ww), of 13
a primary antioxidant which has a nelting point of

I . 40C and | | .
L e —
leastndre@sm@aunid afinghiee @xcthed I.on- st abi | i zed bi odi esel of

the invention therefore preferably conprises
‘excl usi vely al kyphenol s and/ or substituted

ThgI pth&Y enfbRidattNo P bGidhAbn-sthtifzedOBiodREd O5F ﬁfeamfvlsriltfo%d therefore

i'odi esel of the invention conprises a mxture o
prafesably gemprites exelugiedly alkyiheoels andobwsibititutee dikaiphgriofth émparscular, the
. O i IRy QX : .bi od] | of .the present :
ox AR 5% (KI5 SLGIRL Tkl BESEERG sbse
and/omunsubstigteflr akyiphdnolso a® prifarpyantiexighit, TheDbiediesel of the present

. preferably. from50 to.99% by wei ght and rticul arl ]

i BRIt GBS 4 B ot GHTITAGE iR O 10 41986 by weight,

moE® PREHIS thay 50Go 10be, B} fkétdht hed Elartim@ﬂ? pRdEeBI9! fr@h s5N8 99% by
y

[ nvention particularly prefera conprises a mxture _
welehh i Qenty Bk CRIPRABNYS Bevips thedgmisars Ag The diodigseluek theanvention
partic@&lP ﬁai‘émyly%ﬁﬁéésdg%xm}r@ %oﬁ%@ﬁh? %ﬁélusq‘];eli' S mpound having the

i nvention preferably conprises prinmary an ioxXt dant
strgcoip I pspiiaraantieddamt. one conpound having the structure

H. The bi odi esel of the invention nore preferably

conprises a primary antioxi dant conprising at |east
Thobedeestpd tirdinharion gréftrablytdouplisdsea prithary ahliexibin®db@pBding at least

on EPTRTAA T, Mo AT G Dl | nodEd aistie GEER By dPrefessbly
coniitite @ prifRirys bfitRidAhe cdnVprisill 4tN84sPBAhE cothPRmB 'lﬁdi'n? s8d s@lcture IIL

the jnvention can conprise a primary antioxi dant o
The dinsiessl /g theiaysipy ebajtiedaro nrrferabls| eammsties momTimephgatioxidant

corbprd 'ir%eaﬂ AR Wn¥ LRAERR Savin B #RAG L EGH 1B
fff, -tﬁa-tert-bﬁgglgﬁghgl, i-tert-butyi phenols, in
particular 2,4-di-tert-butyl phenol,
- di - hent: - I n 6- di-tert-butyl phenol. . .
ruherpite; B BRI RERE Bheyn o Sombfb bty 450 ident comprisng
excRisbelyi cotmpptinds stlgtted fromtdmonghenol , 2, 6-di-tert-

3, cefre PR AT 2 BerigdligA gy butyiphenl,

di -digért-bixyiphbnos, T8 tpaiticBRAL DA di-tert-butylphenol, 2,5-di-tert-butylphenol, 2,6-
di-tert-butylphenol,
di-tert-butylmethylphenols, in particular 2,5-di-tert-butyl-4-methylphenol, 2,6-di-tert-
butyl-4-methylphenol, 4,6-di-tert-butyl-2-methylphenol, d1'~te1’£-buty1—3-methylphendl,
tert-butylmethylphenols, in particular 2-tert-butyl-4-methylphenol, 6-tert-butyi-2-
methylphenol, 4-tert-butyl-2-methylphenol, 6-tert-butyl-3-methylphenol,
tert-butyldimethylphenols, in particular 4-tert-butyl-2,6-dimethylphenol, 6-tert-butyl-
2,4-dimethylphenol, tert-butyi-2,5-dimethylphenol,
tert-butylphenols, in particular 2-tert-butylphenol, 4-tert-butylphenol,
di-sec-butylphenols,



tert-butyl met hyl phenols, in particul ar
2-tert-butyl -4-nmethyl phenol, 6-tert-butyl -

nmet hyl phenol, 4-tert-butyl-2-nethyl phenol,
6-tert-butyl - 3- met hyl phenol

tert-butyl di met hyl phenol s, in particul ar
4-tert-butyl -2, 6- dlnethylpheﬂﬂl 6-tert-butyl -

2, 4-di et hyl phenol , tert-butyl - 2 5- di et hyl phenol ,

tert-butyl phenols, in particular 2-tert-butyl phenol,
4- t ssctbupiphenplscinglarticuldk 2seebgyiphenphentst dutyl4-tert-butylphenol, 4-sec-

sec 1eno articular 2-sec-butyl phenol,

2- s%c- 2I%J%P?ﬁ&%hg;‘d%ﬂ-l‘gluF’yIphenol, 4-sec-

but tekt-a2yyipitinels gin tpattictipt p@tahyiphenotl,- any| phenol s, in

part.icul ar rt.- amyl phenol tert-anyl phenols, in

par ﬁtEﬁTaH}ylé’cﬂ‘ﬁﬁrlmPalf"ﬁ%‘{;?ﬂh?ﬁtoqm Ipheng propyl phenol ,

4- Oﬁ%bﬂﬁﬂpﬁlmol 4416@@16@1?&” ql-non?llphenol 2,6-di-tert-butyl-4-nonylphenol, 4-

2,6-di-tert-butyl -4- noni/ heno 4- "dodecyl phenol
and?‘QﬂeCﬂE]?eé'ﬁb@W%ﬁ’é‘iﬂéw PhsePli xt ures of these
and-RRQY ular, the biodiesel of the
mvent%]gﬁh%sgr%@?{sﬁedggmz C24 fatty acid al kyl esters,
preferably Cl12-C24 fatty acid nmethyl esters or
Cl2-C24 fatty acid ethyl esters, which can be present

In pantiquidrethe bivdivselrof dse iavenitish db@prided C@Qdﬁﬁh‘t@%md £1Ryl esters, preferably

odj esel . of e invention _can further co rise all
Clzc%g S SRR O e tsH VBich gaihbapresent in pure

for@Nd Esoﬁriﬁzxtl.frr@ embidstices fhe Blodleh® dfMWEBEVeRRon @&?fgg‘g%plc}fmpnse all

conprises transesterification products of rape
cusgsimpary géityecsrsuel hs Segwmﬁnomomiﬂms mpﬁ}amSkTéhm@bdmeﬂ of the invention

preﬁeﬁzﬁa?%% Igﬁ e%:g ltllaﬁ%es%ﬁggat%hl rg Uc oSnOfpra ?slg%(ﬁ ?? ksllongean (:»11S sunflower oil,
palan kdraeladil, ycocompraik qstrdiphan(ﬁeaﬁ(ﬂb]t ubeglatdolingp ity Ute Sbiodiesel of the
.__obt ai ned %Hom r%p .0i |, sunf| ower 0|J or . soyhean
IVEHOnRITHCPIHY PLERY "8’5’??16‘?% trapseatepifigRon SERAUGIE Opifited Trom rapeseed
oil, I sONREWdr QN FaBytiaR Qil YR &LiBhtdUTRS bBHiesel of the invention can also

transesterification products of various vegetable
coTEiSF BHX TS phfranspsterifiqafomproiustoef varipes mggf@blegeﬂ/ommmhl@ﬂs

i nvention can further conprise all customary additives

such as secondary antioxidants, antifoans,
In dddiﬁon,eﬂhp biodieselef ftheoimvéntion @meﬁﬁtheﬁamqméaau cadibrharyiadaifives such as
h can(ﬁs pre ent i.n the biodigsel. of the_invention

Bt éﬂ%ﬁ%mpﬁs?%#eﬁ%|191Pr0§'stiseé?°@a #¥ gftoxidants

whi@lifﬁﬁgbe pl%séht Ghy ﬁfe%’i&d&bsfeh bOIRBAtidn Gret MmN BIRAGK, preferably
selected from among

- 2,4-di((octylthio)methyl)-6-tert-butylphenol,

- 2,4-di{(octylthio)methyl)-6-methylphenol,

- 2,4-di({octylthio)methyl)-6-ethylphenol and

- 2,6-di((dodecylthio)methyl)-4-nonylphenol,

sec

hydroxylated diphenyl thioethers, preferably selected from among
- 2,2’-thiobis[6-tert-butyl-4-methylphenol],
- 2,2’-thiobis{4-octylphenol],
- 4,4’-thiobis[6-tert-butyl-3-methylphenol],
- 4,4°-thiobis[6-tert-butyl-2-methylphenol],
- 4,4’-thiobis[3,6-di-sec-amylphenol] and



- 2,4-di ((octyl thio)nmethyl)-6-nethyl phenol, -

2,4-di ((octylthio)nethyl)-6-etyl phenol and -

2, 6-di ((dodecyl t hi o) met hyl ) - 4- nonyl phenol

hydr oxyl at ed di phenyl thioethers, preferably sel ected
from anong - '

2,2' -thiobis[6-tert-butyl-4-ngthyl phenol], -

2,2' -t hiobis[4-octyl phenol], -
4,4' -t hiobi s[6-tert-butyl -3-net hyl phenol], -
4,4' -thi obi s[6-tert-butyl-2-nethyl phenol], -
4+ 4'4:4 Wighbshidethyldi-hgRoxyphylywlagamde, and 15 -
4, 4' -bis[ 2, 6-di et hyl -4-hydroxyphenyl ] di sul fide,
| phﬂﬁg%?rtf%gslgﬁon%oﬁrﬁ%&bm @éﬁeﬂr #aeng sel ected from
ano Bgkhhenvitohb gyl phosphite, - diphenyl alkyl
phog%%itégﬁ'ﬂmﬁphenyl di al kyl phosphites, -
t1i Siphery}lediybphydsphifshosphite, - trilauryl phosphite, -
tri | » Bho ite, - distearyl pentaerythrityl
di pg’g‘é’%g?’@é‘yl &Oﬁﬁﬁ,s%f’z, 4-di-tert-butyl phenyl ]
phosfidn®lphenyl fptosgidecy! pentaerythrityl di phosphite,
- bisé2,4-di-tert-butylphenyl] pent aerythrityl
di pHJeyml phosphitepi s[ 2, 6-di - tert - but yl - 4- met hyl phenyl |
penhﬁﬁﬁwkaﬂbhﬁkmﬂ;phOSphite, - bi s[isodecyl oxy]
pentaerythrity di phosphite, -
bi sfBtedrydiperttaarythiityt §ibh@phitt, hy| phenyl ] pentaerythrityl
di p lite, . - bis 6:1ri-tert-butyl phenyl]
penF%iggphﬁ%%@“ﬂgvﬁ&ﬁ?gﬂﬂ*ﬁf’- tristearyl sorbitol
t+ i piiedpdil bentaerythefyl dikh&spRited- di -tert - butyl phenyl ]
4, 4 ,-&ifgienyl enffdi phosphonite, )
- bisj2,4-di-tert-butylphenyl] pentaerythrityl diphosphite,
- bis[2,6-di-tert-butyl-4-methylphenyl] pentaerythrityl diphosphite,
-  bis[isodecyloxy] pentaerythrityl diphosphite,
- bis[2,4-di-tert-butyl-6-methylphenyl] pentaerythrityl diphosphite,
- bis[2,4,6-tri-tert-butylphenyl] pentaerythrityl diphosphite,
- tristear)_fl sorbitol triphosphite,
- ftetrakis{2,4-di-tert-butylphenyl] 4,4 -biphenylenediphosphonite,
- G-isooctyloxy-2,4,8,10-tetra-tert-butyl-12H-dibenzo[d,g]-1,3,2-dioxaphosphocine,
- 6-fluoro-2,4,8,10-tetra-tert-butyl-12-methyldibenzo[d,g}-1,3 ,2-dioxaphosphocine,
- bis[2,4-di-tert-butyl-6-methylphenyl] methyl phosphite and
- bis[2,4-di-tert-butyl-6-methylphenyl]ethyl phosphite,
or peroxide-destroying compounds, preferably selected from among
- esters of B-thiodipropionic acid, preferably the lauryl, stearyl, myristyl or tridecyl ester,
~ mercaptobenzimidazole,
- the zinc salt of 2-mercaptobenzimidazole,
- zinc dibutyldithiocarbamate,
- dioctadecyl disulfide and
- pentaerythrityl tetrakis[p-dodecylmercapto]propionate,

or mixtures of these compounds.



- 6-isooctyloxy-2,4, 8,10-tetra-tert-butyl-12H di benzo

[d,g]-1, 3, 2-di oxaphosphoci ne, -

6-fluoro-2,4,8,10-tetra-tert-butyl -12-net hyl di benzo[ d,

g] -1, 3, 2- di oxaphosphoci ne, -

bi s[2,4-di-tert-butyl -6-net hyl phenyl] nethyl phosphite

and - bis[2,4-di-tert-butyl-g§gnethyl phenyl] ethyl

phosphite, or peroxide- destroylng compounds,

preferably selected fromanong esters of

(3-thiodipropionic acid, preferably the lauryl,
Thedeeseotdarymatitiogidyhts @in bé beaY lin elshmbunt of ﬁ‘om 10 to 20 000 ppm (w/w),

rca t obenzi m dazole, - the zinc sal
Drogirigy Giopt Sbbnia SO ) o Her TR bATi168 & Blenee (W, in

theHiQRLRASEUL irtbibnf | de and - pentaerythrityl
tetraki s[[i-dodecyl rnercapt o] propi onate, or m xtures

of these conpounds. 16 These secondary anti oxi dants

Ry B AT o B S e e

nore preferably from 100 to 8000 ppm (wWw), in the

Thb FObineSEx adipldsiBustiaiand ineihod dhtie i Rali @5 Rith&t réd€eting the invention
invention is preferably produced using the nethod of

to thigeerphodiard™ton. The fol l owi ng exanples illustrate the
nmet hod of the invention wi thout restricting the
invention to.this enbodinment. Exanple 1- Production

Exgmplenle— Bendpbtem dfthesagipless beaker, the primary

is.di Lih . .
i BRSPS BRI bR A i siin, s
stirsiaf Ut i contimfed t el pr chemr yolﬂi‘dnl oK itebapitimary hlhfbxbiaﬁ(d iuﬁﬂﬁal biodiesel is

IS .ohtained. The i mary .antioxi.dants
obggh; ThE PGehy S S Tk B BPUeehons FRC bties e shown in
Tatkixanpl e 2 - Conposition of the primary antioxi dants

used Primary antioxidant 1 (procured from Degussa AG
under the trade nane 1ONOL 99): > 99.0% by wei ght of

Exdmpre® - E6mboRiYdRhERBhary antioxidants used
Primary antioxidant 1
(procured from Degussa AG under the trade name IONOL 99):
> 99.0% by weight  of 2,6-di-tert-butylphenol
<0.5% by weight  of 2-tert-butylphenol
<0.5% by weight  of 2,4-di-tert-butylphenol

Primary antioxidant 2

(procured from Degussa AG under the trade name IONOL K98):
> 98.5% by weight  of 6-tert-butyl-2,4-dimethylphenol
<1.5% by weight of 4-tert-butyl-2,6-dimethylphenol and di-tert-butylmethyl-
phenols

Primary antioxidant 3 _
(procured from Degussa AG under the trade name IONOL K65):
> 55% by weight  of 6-tert-butyl-2,4-dimethylphenol
> 15% by weight of 2,6-di-tert-butyl-4-methylphenol
18-22% by weight  of tert-butyl-2,5-dimethylphenol



< 0.5% by weight of 2-tert-butyl phenol <'0.5% by

wei ght of 2,4-di-tert-butyl phenol Primary anti oxi dant

2 (procured from Degussa AG under the trade name | ONOL

K98): > 98.5% by wei ght of

6-tent-butyl -2, 4-di rnet hyl phenol < 1.5% by wei ght of

4-tert-buty|-2,6-dinethylphqu and

di -tert-butyl methyl - phenols Primary anti oxi dant 3

(procured from Degussa AG under the trade nane | ONOL
... > 55% by wei ght of .

bt 5% BUBSIERD 4. it Aeling-bHehamets atsmsby wei ght of

2, 64 50 yl 2@6by wei ght of

tert@éﬂ?%PHmR%ﬁdlﬁggﬂghhﬁgﬁgﬁﬂ%mygﬁ%l Yo by wei ght <

3. 5%3b'§% I“{E]’fﬂht < 0% ZEWHWWQhﬁnaﬂiylphenol

4,6-di -tert-butyl -2-net hyl phenol of

di -tert-butyl - 3-nmet hyl phenol of

2,5-di-tert-butyl - 4-net hyl phenol Primary anti oxi dant 4
ocureglfron1Degussa AG under the trade nanme | ONCL

melght < 5% by weight < 0.5% by wei ght

(prScu?tg/d Bym\Wdoalth AFuddr Imé Rk Bhithe FONBLIY.DY Wwei ght of
, 6-di -tert-butyl phenol
> 75% by weight of 2,6-di-tert-butylphenol
< 5% by weight of 2-tert-butylphenol
<0.5% by weight  of 4-tert-butylphenol
< 3% by weight of 2,4-di-tert-butylphenol
< 1% by weight of 2,5-di-tert-butylphenol

<15.5% by weight  of 2,4,6-tri-tert-butylphenol

Example 3 — Testing procedure
The oxidation stability of the samples produced as described in Example 1 was examined at a

test temperature of 110°C in accordance with the test method DIN EN 14112.



of 2-tert-butyl phenol
2,4-di-tert-butyl pheno
of 2,4,6-tri-tert-butyl phenol

of 4-tert-butyl phenol

of

of 2,5-di-tert-butyl pheno
Exanple 3 - Testing

procedure The oxidation stability of the sanples
produced as described in Exanple 1 was exam ned at a
test tenperature of 110C in accordance with the test

met hod DIN EN 14112. 18 Exanpf
test net hod Anpunt of
Ant i oxi dant ant i oxi dant

e 4 -

[in h at 110C

Results of the
liquid Oxidation stability
i n m Rapeseed

Eximpled t-tRasulgssafdhe testanethoti5006. 7 25006. 5 35006. 6 45006. 7

Baynox25007.1 Used cooki ng fat nethyl ester --4.0
1266697 %%Qi%%%hﬁr’t 3266691 Zo%n?bént of liquid Oxidation stability
anfioxidant [in hat 110°C]
[in ppm]
Rapeseed oil methyl ester
- - 5.1
1 500 6.7
2 500 6.5
3 500 6.6
4 500 67
Baynox - 2500 7.1
Used cooking fat methyf ester |
- - 4.0
1 2000 9.7
2 2000 9.5
3 2000 9.1
4 2000 9.4
Baynox 10 000 12.0
Soybean oil methyl ester
- - - 3.6
1 2000 7.3
2 - 2000 6.6
3 2000 6.3
2 72000 71
Baynox 10 000 8.8
Sunflower oil methyl ester
- - 1.6
1 4000 8.8
2 4000 7.8
3 4000 6.9
4 4000 8.0
Baynox 20 000 9.0




Baynox10 00012. 0 Soybean oil nethyl ester -3.6
120007. 3 220006. 6 320006. 3 420007.1 Baynox10 0008. 8
Sunfl ower oil nethyl ester --1.6 140008.8 240007.8
340006. 9 440008. 0 Baynox20 0009.0 19 * Baynox is an
anti oxi dant from Lanxess and is a solution of the
distilled, highly pure active1 ingredient in
bi odi esel . The active contentghas been set to 20% g/l ,
. so that 11 of Baynox(r) corresponds to 200 g of

£ ACtive in redtfnt. Anal ysi s showed that the active

gﬁpélroédﬁ AR, Antigxa agg?ggxleweqs gnd is a solution of the distilled, highly pure active

ingre@iest mt 9bdieR¥ UM A t : oAl B, & ®
- ingrofioft i’ BbdieRH' e %EQ%{%E&%% B R8E serf) S8 ey thiot £1 of Baymox
coprandss & 200 ghefc petivenipgiediest. aduilysts shopreinthatythe active ingredient in

B i hdant, having . a.nelting point of |ess than or
d%gﬁé?%ﬂg683?§w?%gwd%%gﬁhgg%I to be stabilized in an
amount of from 10 to 20 000 ppm (W w), where the

primary antioxidant conprises at |east one conpound
havi ng the structure OH



R4 R where: Rl, R2 = hydrogen, a linear alkyl group
having from1l to 20 carbon atons or R3 R4 R *, where
* is a carbon atom of the aromatic ring system R3, Rs
= hydrogen, a linear alkyl group having from1 to 20
carbon atons, R4 = hydrogen, a linear alkyl group
having from1 to 40 carbon atgns, where both the
substituents of the type R and R2 and those of the
type R3 and R5 are in each case identical or
Cifihdf erent. 2. The nethod as clainmed in claiml1,

ein a mxture conprising fromO0.1 to 99. 9% by

vvei ght of one or nore conpounds having the structure

rigary.antio ant. .3. The nmethod as
L gll%%é%gﬂl%qa‘gf %ﬂ%‘]&"@\’iﬁ%‘? %txtﬁﬂ DIQdESEL conpri si ng
@Viﬁ&hmnmisys conpounds having the structure | is used
a rimary antioxidant. 21 4. The nethod as cl ai ned
i adlgs 8| RESNATY GRd0dant haying a meléngpoinipllesy Hae loe egual mcaﬂg}”C to the
i QY hawi n ‘
struéﬁfldﬁéetﬁn%ﬁm%s%m"we*ﬁ@? 305 SEPRPHES A, Pl B primary
lagtigssidanh eorarises atileast dnet anti)pund/\lhm'n'@ the structure

OH

RQI

where:

Ri, Ry = hydrogen, a linear alkyl group having from 1 to 20 carbon atoms or

R
Ry’
R5>'\ .
, where * is a carbon atom of the aromatic ring system,

R3, Rs = hydrogen, a linear alkyl group having from 1 to 20 carbon atoms,

R4 =hydrogen, a linear alkyl group having from 1 to 40 carbon atoms,
where both the substituents of the type R; and R, and those of the type R; and Rs are in

each case identical or different.

2. The method as claimed in claim 1,
wherein
a mixture comprising from 0.1 to 99.9% by weight of ene or more compounds having the

structure I is used as primary antioxidant.

3. The method as claimed in claim 1,
‘wherein
a mixture comprising exclusively compounds having the structure I is used as primary

antioxidant.



the primary antioxi dant conprises at |east one
conpound having the structure CH3 CH3 IV. 6. The use
of a primary antioxidant which has a nelting point of
| ess than or equal to 40C and conprises at |east one
conmpound having the structure OH R4 R where: 22 R4 R
where * is a carbon atom of t aromatic ring system
R3, R5 = hydrogen, a linear k group having from1l
to 20 carbon atons, R4 = hydrogen a |inear alkyl
group haV|n% from1 to 40 carbon atonms, where both the
s%%meﬂ@éﬁﬁ clapgpedip at kegss enept chaigrs k20 And t hose of the
%P%e B3 and RS are in each case identical or
ditferent, for increasing the oxidation stability of
bthsgiriasey antivxidant coxiptiats ab teasitoab cbmp@md hiavid g @saitructure
conprising from10 to 20 000 ppm (ww) of a primry
anti oxi dant which has a nelting point of less than or
equal to 40C and conprlaes abHl east, one conpound
havi ng the structur
hydrogen, a linear 4
carbon atons or R4 H4C

III.

5. The method as claimed in at least one of claims 1 to 3,

wherein

the primary antioxi_dant comprises at least one compound having the structure

OH
CH,
H4C

HsC

CHa

CH, v

6. The use of a primary antioxidant which has a melting point of less than or equal to 40°C
and comprises at least one compound having the structure
OH
Rae]?

R¢ R

Ry |

where:



R', where * is a carbon atomof the aromatic ring
system R3, R5 = hydrogen, a |linear alkyl group having
from1l to 20 carbon atons, R4 = hydrogen, a linear

al kyl group having from1 to 40 carbon atons, where
both the substituents of the type Rl and R2 and those
of the type R3 and R5 are inzzeach case identical or
different. RlL, R2 = hydrogen,““a |inear al kyl group
having from1l to 20 carbon atons or R3 R3

R;, R; = hydrogen, a linear alkyl group having from 1 to 20 carbon atoms or
Rs

R4>I\
Rg

Rs3, Rs = hydrogen, a linear alkyl group having from 1 to 20 carbon atoms,

*, where * is a carbon atom of the aromatic ring system,

R4 = hydrogen, a linear alkyl group having from 1 to 40 carbon atoms,
where both the substituents of the type R, and R, and those of the type R3 and Rs are in

each case identical or different, for increasing the oxidation stability of biodiesel.

7. An oxidation-stabilized biodiesel,
comprising
- from 10 to 20 000 ppm (w/w) of a primary antioxidant which has a melting point of less

than or equal to 40°C and comprises at least one compound having the structure

OH

where:

Ri, R; = hydrogen, a linear alkyl group having from 1 to 20 carbon atoms or
R
Rad
R5>I\ "
» where * is a carbon atom of the aromatic ring system,

R3, Rs = hydrogen, a linear alkyl group having from 1 to 20 carbon atoms,

R4 = hydrogen, a linear alkyl group having from 1 to 40 carbon atoms,
where both the substituents of the type R; and R, and those of the type R; and Rs are in

each case identical or different.



