I  Method of increasing the oxidation stability of

bi odi esel The invention relates to a nethod of

i ncreasing the oxidation stability of biodiesel. 5 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 cooking fats. Biodiesel is
obt ai ned by transesterificatian of oils, for exanple
rapeseed oil, soybean oil or sunflower oil and al so
used cooking oils, with an alcohol in the presence of

a M%B@Lmémsﬂtﬁ Jkﬁﬁu&i‘&f_ﬁ%@%ﬂﬁ&ﬁ&i of bi odiesel as
an alternati ve di ese ger cars has been
continually increasing in inportance in recent tines,
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The use of 2,6-di-tert-butyl-4-methylphenol as anﬁoxidant is described in the European patent
EP 0189 049, Here, the use of 2,6-di-tert-i§utyl-4—méthylphenoi in amounts of from 10 to 100
ppm as exclusive stabilizer in methyl esters of palm kemel 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 monoa]kylinydmxytoluene 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.
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di ssolved in biodiesel is added to the biodiesel to be
stabilized to give a concentration of 0.005 30 to 2%
by wei ght of nonoal kyi hydr oxyt ol uene or

di al kyl hydr oxyt ol uene, based on the total solution in
bi odiesel. 2 DE 102 52 715 descri bes 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-RButylhydroxytol uene

di ssolved in biodiesel is added to the biodiesel to be
stablllzed t ive a concentratlon of from 0.005 to
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i mprove the processability of the primary antioxidant
i n biodiesel and thus inprove the econom cs or the use
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25  preparation of solutions or masterbatches comprising the active ingredient primary antioxidant
can be dispensed with and, secondly, the present method 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
30 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




25 preparation of solutions or nasterbatches

conprising the active ingredient primary anti oxi dant

can be dispensed with and, secondly, the present

nmet hod shows that a product. m xture fromthe

manuf acturi ng process of substituted al kyl phenol s can
be used w thout conplicated separation and
purification steps. A further advantage of the nethod

of the invention is that the p#oduction of the

oxi dation stabilized biodiesel can be carried out at

| ow tenperatures and within a 30 relatively short
ti ARout 39é hyevright off the ladtivie ringspriond putioxidsutndhe gsq of a liquid primary
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20%mipyratwss.ght of the active ingredi ent antioxidant.
The use of a liquid primary antioxidant according to
the nethod of the invention |ikew se enables transport =
andhespresenigaventions pravifles ymethed efjingreasiper the gridatign sibilityrafdiodiesel,
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bi odi esel or in plant conponents at |ow tenperatures
The present invention provides a nmethod of increasing
the oxidation stability of biod®sel, - which conprises
adding a primary antioxRrggit haying a_melting point of

| ess than or equal to 1R 26CA B he Bi odi esel to be
stabilized in an anmount of f J to 20 000 ppm

(ww, where the primry ant Xbgant conpri ses at

| east one conpound havi ng the ru re OH R3 aRl1
R2 is where: Rn, R2 = hydrogen, a |inedr. alkyl group
having from|l to 20 carbon atons or

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

R
'R43

*, 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,
20 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
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R4 R3 -j where * is a carbon atomof the aromatic ring
system R3, R3 = hydrogen, a l|inear al kyl group having
froml to 20 carbon atons, R4 = hydrogen, a linear

al kyl group having from1 to 40 carbon atons, 20 where
both the substituents of the type Rl and Rz and those
of the type R3 and Rs are in each case identical or
different. The invention further provides for the use
of a primary antioxi dant whicl has a nelting point of
| ess than or equal to 40C and conprises at |east one
conpound having the structure 4 OH RR3 4 R R5 R2
where; R, R2 = hydrogen, ca |irfghr alkyl group having
froml to 20 carbon atOﬁm H Ra R_s ', where * is
a carbon atom of the ar® C 0
hydr ogen, a linear alkyl gro ing froml to 20

carbon atonms, R4 = hydrogen dlnear al kyl group

havi ng fron1| to 40 carbon at os, where both the
substituents of the type R and R2 arfd! t hose of the

type R3 and Its are in each case identical or

diffg%ent for increasing the oxidation stability of

bi odl 85eL 10 The invention |ikew se provi des an

oxi datRipiRs st hyirdgen.ed lipeap dillod egroup dmping sfrang 1f 10020 ¢6bdnoatoms or

20 000 pgm (ww) of a primary antioxidant which has a

neltlﬁbghgggt of | ess than or equal to 40C and

conprlg Jegst pne oung havi n the structure
*15a om of the aroma

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

R4 = hydrogen, & 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
Rs
R R1
Ry 1
where:
R;, Rz = hydrogen, a linear alkyl group having from 1 to 20 carbon atoms or
Ra

p
*, where * is a carbon atom of the aromatic ring system,
R3, Rs =hydrogen, 2 linear alkyl group having from 1 to 20 carbon atoms,

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



RBRA R R15 R2 where: R, R2 = hydrogen, a linear

al kyl group having froml to 20 carbon atons or R3

where t is a carbon atomof the aromatic ring system

20 R3, Rs =hydrogen, a linear alkyl group having from

1 to 20 carbon atons, R4 - hydrogen, a |inear alkyl

group having from1l to 40 carbon atons, 5 where both

the substituents of the type RL and R2 and t hose of

the type R3 and R5 are in each® case identical or
different. The inventive nethod of increasing the
oxidation stability of biodiesel conprises adding a 5.

pr Whee boththe pubghituentn of thetypecRianérBe endithosp of the tipe Rs @ndsRs are in each
t haie Iéntied badiffdrent 40C t 0 t he_bi odi esel to be

stabilized in an anount of from 10 to 20 000 ppm

(wWw, where the primary antioxi dant conprises at
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c astébdizedh tnom ghounh ef &om it to20r000 gpmy (G RNWHRS, théxprimary antioxidant
Y QB0 1 8o B poid i ing kWY N9 from 1 to 20

car
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where:
Rj, Rz = hydrogen, a linear alkyl group having from 1 to 20 carbon atoms or
R3

RF;?’\
¥, where * is a carbon atom of the aromatic ring system,
R3, Rs = hydrogen, a linear alkyl group having from 1 to 20 carbon atoms,
15 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

20 compounds which inhibit or prevent undesirable degradation reactions in the biodiesel caused
by oxygen. The mode of action of these primary 'antioxidagts 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.

25 1, Chain initiation



IS R4 = hydrogen, a linear alkyl group having from!|
to 40 carbon atonms, where both the substituents of the
type RL and R2 and those of the type R3 and Rs are in
each case identical or different For the purposes of
the present invention, primary antioxidants are

.conpounds or m xtures of 20 conpounds whi ch inhibit

or prevent undesirabl e degradation reactions in the
bi odi esel caused by oxygen. %he node of action of
these primary antioxidants in the biodiesel is
described in the followi ng reaction schene, where R
and R are each an organic radical and AQHis a
primary antioxi daRt—ted iTTte KetHod of' 't he
invention. 25 1. Chain initiation 6 RH--s- R + H
R--H + 02 R B103-*2Ccharmpr dpaght i diP2R- + 2 Ro2-
R02- + R-HROOH + R* 3. Chain termnation R02 + ACH
R@CHhain ppagatiy + R -~- AOR 5 Apart fromthe
abovenentioned reactions, it is also possible for
reacti ons on theRdoubl @:bonds—ef R al kyl esters of
fatty acids, which can Iikew se be initiated by
oxygen, to occrp,- Hgrg.the__carbopduydr ggen bond
which is Iocated in the allyl position relative to the
le.bond.is to preferentially attacked by the
ox&%@ﬁ a?F?P Fhe primary antioxidant used in the method
of the |nventF§p conprlses nei t her organlc sol vent s,
for exanpl e alcehdl s,AHbr biodred®OH & A8 the case,
for exanple, when a nasterbatch IS |s enployed The
primary anti opodapt msed thereforedw ef erably

s conpri ses ‘excl usively

i¢

15

20

Apart from the abovementioned reactions, it is also possible for 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 ’
— fa—"

The primary ahﬁoxidant 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.
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al kyi phenol s and/or substituted al kyl phenols. In
particular, a m xture conprising various substituted
and/ or unsubstituted al kyl phenols, preferably a

m xture conprising fromO0.1 to 99.9% by wei ght,
preferably from50 to 99% by wei ght and particularly
preferably from55 to 90% by wei ght, of one or nore
compounds having the structure I, is used as primry
20 antioxidant in the nmethod ¢f the invention. 7
Particular preference is given to using a m xture
conprising exclusively conpounds having the structure
|- Pagsicydaripredarencein givenioasing a iixtiré) eompeisihg ekclnbivélineompounds having the

X3 . t i
Icgﬁré%?%ésggs g@“ﬁs%é’f’%ﬁéﬂ%%u% swhgﬁgggévt%%%n's%c e lfas the

whdERragel thet ifrpmprses exdkisivalyicompaméshaving ithegtragtere & whish all bave an

biosiglities Sihbilisngl dridot biBRIG® Of the invention,

preference is given to using a prinmary anti oxi dant
conprising at |east one conpound having the structure

IZI.Iu tBmethad chtthe ientién, p&&rﬁhﬁffs @iven fd usinld p*'mngl)ydhﬁkgﬁﬁnt @@mprising
' ro rLQu avin om1l to 4 carbon atons or
%ﬁgﬁémgkkémﬁgm%égﬁ%ﬁgd&ﬁ a carbon atom of the
aromatic ring system R3, Rs - hydrogen, a linear

al kyl group having from | teg carbon atons, is Ra =
hydrogen, a |i near k grgqup .having froml to 4

carbon atons, where subsRituents of the type
R and R2 and those 0 R3 and Rs are in each

R, i g

where:

R;, R = hydrogen, a linear alkyl group having from 1 to 4 carbon atoms or
Rj ;

R4
AP~
, Where * is a carbon atom of the aromatic ring system,
R;, Rs = hydrogen, a linear alkyl 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 Ry and Rz 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 IX

OH

(H5C)sC C{CH3)s

to the biodiesel in the method of the invention.
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case identical or different. Preference is given to
adding a primary antioxi dant conprising at |east one
compound having .20 the structure IIl OH (H3C)3C\
C(CH3)3 Il to the biodiesel in the nmethod of the
invention. 8 Particular preference is given to adding
a primary antioxidant conprising at |east one

compound having the structure IV OH (H3C)3C CH3 H3
IV to the biodiesel in the ngthod of the invention.
Furthernore, the primary antioxi dant used in the

nmet hod of the invention can conprise exclusively
c@arpicm&ndwemoeds egilvefi rto naddimp reg ptimary antioxidant comprising at least one

t I, gﬁﬁa&l in particul ar
2, 4 tr|-t%rt utylphenol di -tert-butyl phenols, in
partlcular 2, 4- d|-tertbutylphenol,

2,5-di -tertbutyl phenol, 2,6- ah-tert-butylphenol,

di -tart-butyhnet hyl phenol s,
2,5-di -tert-butyl - 4-(HED4%

but yl -

4, 6-di -text-butyl -2-nmethyl |
di -tert-butyl - 3- net hyl pheno

tert-

2-tertbutyl - 4- net hyl phenol , 8

parti cul ar
SHE-di -tert -

4- met hyl phenol ,

but yhnet hyl phenol s, in particul ar
Hser t - bujy! - 2-

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

t @rihdHiddydsel inRé MsthddvE malissvention, parti cul ar
4-tert-butyl -2, 6-di met hydphenol, 6-tert-butyl -

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

t Burthedootey thehprintks autioridpatrasedc inl the Rethah of thetigtepliaanesn, comprise

e,&ﬁglbap&%mg&%ﬁmggmg di - sec- butyl phenol s,

tri-tert-butylphenols, in particular 2,4, 6-tn-tert—buty1phenol

di-tert-butylphenols, in particular 2,4-di-tert-butylphenol, 2,5-di-tert-butylphenol, 2,6-
di-tert-butylphenol,

di-tert-butylmethylphenols, in particular 2 5—d1—tex1—butyl—4—methylphenol 2,0-di-tert-
butyl-4-methylphenol, 4,6-di-tert-butyl-2-methylphenol, di-tert-butyl-3-methylphenol,
tert-butylmethylphenols, in particular 2-tert-butyl~4-methylphenol, 6-tert-butyl-2-
methylphenol, 4-tert-butyl-2-methylphenol, 6-tert-butyi-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-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,
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- sec-butyl phenols, in particular 2-sec-butyl phenol,
2-sec-butyl -4-tert butyl phenol, 4-sec-
butyl-2,6-di-tart-butyl phenol, - tert-anyl phenols, in
particul ar 2-tert-anyi phenol, di-tert-anylphenols, in
particul ar 2,4di-tert-anyl phenol, 25 .

2-1sopropyl phenol, 4-octyl phenol, 4-nonyl phenol,
2,6-di-tert-butyl -4-nonyl phenOl, 4- dodecyl pheno
and/ or oct adecyl phenol, and mi &tures of these
conpounds, with this primary antioxi dant having a
neltln oint of less than or equal to 40C. 9 Pure

Ceg Of FRiIxRITe vEtich ¢ etrcompascoompenndt hayime dnfyucimgs I to IV -
h aiﬁkﬂﬁv& DRelfhd it b Satet tHaP40°F are%ﬂ&iu&@‘ﬁ%m@he’ﬁ‘&&dt Hention. '
poi nt of greater than 40C are excluded fromthe
present invention. The primary antioxi dant used in the

rremophméxy hxlitfbxi'dmi QI 110 thehasthod offletihveBtidQiadlh nRfting poifléE < 40°C,

riic ly preferably :S
SS%ePe?%{ flndaPﬁgﬂc Fo‘ﬁ%?rgbl?f\h#kﬁ{ can be used in the
net hod of the i nvention are al kylthionet hyl phenol s,
preferably selected from anong -

2 &wmd@{m@pmxud@tg >yhich mah) b6 - usedtmbl!hcylupﬁreﬁopf thq gnvention are

?% g5k Avbphenol , -
2 4-di (oc It1|o)nehé¥l) 6 ethylphenol and -
2, 6-i #elay| phenol ,

mhydroxyMaﬁ@gnmmﬁﬁﬁﬂﬁb4ghagggﬁﬁﬂs preferably sel ected

fron1a
| phenol], 15 -

¢ R gt spitinmety e inbern emdy
2 2 -t thQﬂKﬂ?yiﬁﬁ&)?ﬂe%hmbﬂ}ﬂphe?o% oo,

i obL.s er u pheno -

Lt e T e e
4 4' —thﬂGﬁm&bﬂ}@ﬁtﬁqﬁﬁmuﬂwhﬁqmﬂhnoI] and -
54 4 bbifémﬁwﬂhggéﬁ 4 hydr oxyphenyl ] di sul fide, 20
pnho

phospbltes or rtes preferably selected from
anong 4.4’ -thlobxs[6-tcrt—buty1-3-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,

20 phosphites or phosphonites, preferably selected from among

30

- triphenyl phosphite,

- diphenyl alkyl phosphites,

- phenyl dialkyl phosphites,

- tris[nonylphenyl] phosphite,

- trilauryl phosphite,

- trioctadecyl phosphite,

- distearyl pentaerythrityl diphosphite,

- tris[2,4-di-tert-butylphenyl] phosphite,

- diisodecyl pentaerythrityl diphosphite, |

- bis[2,4-di-tert-butylphenyl] pentaerythrity] diphosphite,

- bis[2,6-di-tert-butyl-4-methylphenyl] pentaerythrityl diphosphite,
- bisfisodecyloxy] pentaerythrityl diphosphite, '



- tiphenyl phosphite, - diphenyl alkyl phosphites, -
phenyl dial kyl phosphites, - tris[nonyl phenyl]
phosphite, 25 - trilaunyi phosphite, - trioctadecyl
phosphite, - distearyl pentaerythrityl diphosphite, -
tris[2,4-di-tert-butyl phenyl] phosphite, - diisodecyl
pent aerytbrityl di phosphite, 30 -
bis[2,4-di-tert-butylphenyl] pentaerytbrityl

di phosphite, - bis[2,6-di-te2tigbutyl -4-nethyl phenyl ]
pentaerythrityl diphosphite, - bis[isodeeyloxy]
pentaerythrityl diphosphite,

S

pent ae rh}dqﬁ,ﬁﬂymtutﬂh@sﬂhpm@emhntw dlshcenhlﬁy,l sor bi t ol

t phosphjik&r ﬂ&ﬁﬁﬁﬁﬂ&ﬁﬂ 4-di -tert-butyl phenyl ]
4, 4' -blpﬁgﬁ'a%nedlphos onlte 5 - 6-isoocty

f oxy - 2, el M-@ffrbatytpbwll Bedi-hiphepgippediphrspbosite,
{d, g}- krl&o&yﬁ*%@ mﬁﬁzﬁﬁﬁlbﬁ%l-uﬂ-dxﬁéxfzb[ﬁ,%] £3 3.dtbx hosphocme
x

| O-tetr ert but% - et hyl dj benzo

hospho e SAS e bl AR IR A oMb R
met hyl bpfm&[ihdrt-lﬁnﬁ-ﬁ{ﬁxethylphenyl] methyl phosphite and

or *per SHAES TR R R IS Eels o abi o) bt ea

fr®n¢@ndﬁgwm&mgumnmmn&mﬁﬁﬁﬁwhﬂaﬂﬂmmmﬁmmgc acid

mg;fg ﬁr ahlyo r@ 1¥1ch g,ggaqb ly Wlﬁ&ﬂtwrm}r{s*yp&g%&ecyl ester,

20
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30

rcap en2| nc sa

2-nerc&$$ﬁ&&ﬁ?ﬁw¢§@ ole, - zinc |
di but y iz P iRCPS DRIB benimidbRfEl adecyl di sul fide and
- zinc dibutyldithiocarbamate,
- dioctadecyl disulfide and
- pentaerythrityl tetrakis[B-dodecylmercapto]propionate,
or mixtures of these compounds.

For the purposes of the present invention, the term biodiesel encompasses all the saturated
and/or unsafurated alkyl esters of fatty acids, in particular methyl or ethyl esters of fatty acids,
which can be used as energy carriers. For the purposes of the present invention, energy carriers
include both fucls as sources of heat, for example heating material, and fuels for powering
vehicles, for example automobiles, goods vehicles, ships or aircraft. The biodiesel to which the
method of the invention is applied is preferably a biodiesel which is usually marketed under the
name biodiesel for use as autombbile fuel. In particular, the biodiesel to which the method of
the invention is applied comprises C)2-Cys fatty acid alkyl esters, preferably Ciz-Cas fatty acid
methyl esters or Ci-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/ér animal oils by a process of transesterification with an alcohol, preferably
methanol or ethanol, particularly preferably methanol. The method of the invention is more
pfeferably applied to biodiesel comprising transesterification products of rapeseed oil, soybean



15 - pentaerytbrityl

t et raki s(P-dodeeyhner captol | ropi onate, or m xtures of

t hese conpounds. For the purposes of the present

i nvention, the term bi odi esel enconpasses all the

saturated and/or unsaturated al kyl esters of fatty

acids, in particular nethyl or ethyl esters of fatty

acids, 20 which can be used as energy carriers. For

t he purposes of the present invention, energy carriers

i ncl ude both fuels as sourcesilof heat, for exanpl e

heating material, and fuels for powering vehicles,

for exanpl e autonobil es, goods vehicles, ships or

aioilcsuaflewer Fihepaloi keriebsik lcodogutweil; jatrophineil, cominlyedl @, péahe oil, maize

i hi adi esel i .

B T e

ads emmmm x@permé loil, sunflqyesr pil @ubaybean pﬂ: @y Ipieardi of el abpgmentioned

WhiafdstrliRat¥R T ndRtod %§tﬂeh§vebtfb\ﬂecﬂﬁ !ﬂQﬁbc‘ aZ;Fl?e‘&R %um f the trens-
preferably

conprises Clz-C/4 fatty acid est

e

5 Cpsterifipation pradyctyefivariougigsiphle Oéﬁemehoﬂmz C24 fatty
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is given to using a _mxture of to

acid ethyl esters, which can be present in pure form
Offn Qspaﬁxcxﬂm &hbbdenend 6f A6 dhdiiodnof thd) Bivktineli iR Rkes T dditatel) and/or

E&ﬁﬁ?F@g of , tge |nvenilﬁ?w*vgggpl|ed£§%gg£ %therl&amrﬁd

amwt hmﬁgllantcm beasted ﬁmmﬁesell Bartidubapeefepdnty i givieh eonusing a mixture of

a%ﬁgﬁ?&(‘)ﬁ% |esletﬁdt6gggt/h§d.o rom &Spgl% veg et?ornﬁ%gorg)%%‘mme

an:pdrmfer@bly §rom>3 tey 5%51by velyme,off squvretpég@{oemsmr@@d ifasty agifl alkyl esters:
afy AhbekdRdnt stEH S B8hoa of TR {1RRGd, Bk oRkRARabilized biodiesel can be
particularly referabég nmet hanol .. The ne hog %%;F "

i Aldethiniag ﬁmwglt?ﬁﬁoe 0.Lto@p &7edyVolumpyin paif “{abé“iﬁ‘ {7 2KRpy votume,
@z@ﬁfabﬁrlﬂ%gz 7t 209 @5 Y &irhd dr@aidrOftefablg Boh S tS% velpms eeslliquid

L SO0 . pal mkernel oil,
CEe STt PP e g el Pk o1 | peanut

oil, maize oil and/or used cooki ng oils. However,
P& {h'é CHRId & BE SEveRfoR, 1R FHRP adedxidait pkr&éiﬂyeaﬁed duecﬂy,
whi IS obtained fromrapeseed oil, sunfl

B%%‘éﬂﬁ iy oyt 29w 1050 2 800, B, (it PFeRoly S50 % 12 8% ppm
! (2% @ Bbde préTaHHL from [106 (TBOGUFno v/ Fot Giecpipones fato present

Zlg‘?%ﬁug?eﬂ ‘@‘% ﬁgfﬂ' :glgsqyaglfﬁa%heofffae&ogﬁn%l% a_masterbatch of the
apiimay apfidxddant has hmwanﬁmdumannemhmdﬁmgnkmoﬂnﬂh@ stept Isesgndary
O&ug%lﬁanﬁwﬂ% l?e%d@ﬁ%&l{xﬁcﬁmfg ﬁ%ﬁlt 10t 95@&12% C? , preferably from

unsat urated acl esters ener gy
cEtpil2pay ppndwv/@@aﬂrme@ramywnal 00 ¢t 808@ ppmt (Yeiv)s tq)'ihe hiediesehg
oil, can be used as biodiesel. Particul ar preference

) neral__diesel el
T i Bt S reiopthy egIaris o oREPT I Ao b fperate
t 6F fLRPHSY todPC|Rore 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 cormprises at least one compound having the structure I for
increasing the oxidation stability of biodiesel.

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



and preferably from3 to 5% by vol une, of saturated
and/ or unsaturated fatty acid al kyl esters. 1In a
subsequent step of the nethod of the invention, the
oxi dati on-stabilized biodiesel can be added in an
amount of fromO0.1 to 99.9% by volunme, in particul ar
froml to 20% by volune, preferably from2 to 10% by
vol une and nore preferably from3 "to 5% volune, to a
liquid energy carrier, in panicular mneral diesel
fuel or heating oil. In the nethod of the invention,
the primary antioxidant is preferably added directly,

( conRtiids @?Mgtg? &?ﬁhﬁlﬁggﬁ% almlavé %xg%ﬁxdhgoﬂ—ﬁaba%n%(h@hdﬁmﬂ biodiesel.
W, ng. rerera rom Q QR W
f’%@f* o 1St Sppgound heving

8 SR § TR R P BUEE it
puthe osresture f X1t hiawp\reesgmteer-eWQntsl given ¢hi nsag aapkiihdry cantioxidant

e e

nag%;%’“%ﬁ? Exhlg&% 9‘{ ‘Bg I ?Tlag‘fﬂg) %gtsﬁg%(‘#%gg?a%m& %reference is given to
T apsiigacdrggty anhpxadaptrcememngt lsastgne cpmpauind bavingdhe structure IV.
secondary antioxidants can al so be added in an anount

of from10 to 20_000 ppm (W w), preferably fro 50 to
12FEHermgFit uPhidiera “ﬁ"r &PERZY | tirdsph ogwrisieg %B%Wf}ps (fpmpounds
( Wetkted frém bdiéngbi odi esel . 25 The pri rrary antioxidant is
preferab dissol ved in i e W t.h stirring at
at ehpg?'%@i”é'ﬁ’gﬁq&éf?é’?ﬁmﬂaés 4? 'ﬁgﬁt E‘\ﬁ%} W%t of er abl y

1of r om 20Bett-buigipiznolEhia particalart 2,4di-teubutsiphenply 8)5iditest-tutyiphenol, 2,6-
the usg; of l.gpry antioxidant which has a nelting
poi nt [?Itlg?@ﬁénﬁgn or equal to 40C and conprises at
| east dfert-bebisstiniphemaly ingpartiralas 2 Scli-tegrhuti-4mshylphenol, 2,6-di-tert-
i ncr ea’éﬁtﬂ@-ﬁa@tﬁylﬁﬁéh&iai 6-@erSb@Pid-bidylpHendl] @@rﬁﬁ@,h.s.methylphcnol

ot | SRR Rty ying arRIGH S DR PRIy oot 2
151 as pmemaipyenmnumd/amnemmhmonsmmymasemmml
advant bh@aetaeh%h%& % Jruag Y,gu 6 Hifmet Y RTRRY "8 fert-butyl-

haV|ng

oxi dat Zﬁmhm%tﬂ@%é@ﬁmqhﬁme@dd esel . Preference

is gl Vﬁﬁ-bh@lﬁﬂéioﬁ%n%mﬂ&hd}éft&t &R}lb&ﬁbldﬁ%-bﬁetmédoﬁl ng at
| east one conpound having the structure However,

gr eat efi-sgr-BHEPEAR® i s given to using a pr| mary
2oaﬂt | OX sed Biafylph€olFih b&hﬁ&r?tw&-ﬁﬁﬁ?h&ﬁﬁﬁ-%ﬁﬂ@%ﬂ:ﬁ%ﬂpﬁ@ml, 4-sec-
t he st rticular preference is given to 5
usi ng é&@ﬁuﬁ%%@ ant conprising at |east one
' conpouted—ahalphaglshh paramlana{tm-anylphenou Furthernore, it
IS posgi |HP§ i conpri si ng
excl usclii 'ij gm{élgheg&e “g%am ¥l al%lb%glt
, - 2 lsopropylpheuol 4-octylphenol, 4-nonylphenol, 2 6-d1-tert-buty1—4—-nonylphenol 4-
25 dodecylphenol and/or octadecyiphenol,
and mixtures of these compounds, with this primary antioxidant having a melting point of less

than or egual to 40°C.

Pure substances or mixtures which are or comprise compounds having the structures I to IV
30 and bave 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 ppra (w/w),
preferably from 50 to 12 000 ppm (w/w) and more preferably from 100 to 8000 ppm (w/w), of



sel ected fromanong tri-tert-butyl phenols, in
particular 2,4,6-tri-tert-butyl phenol, 10 -

di -tert-butyl phenols, in particular

2,4-di-tert-butyl phenol, 2,5-di-tert-butyl phenol, 2, 6-
di -tert-butyl phenol, - di-tert-butyl nmethyl phenols, in
particular 2,5-di-tert-butyl -4-nethyl phenol,
2,6-di-tert- butyl-4-nethyl pbenol,

4, 6-di -tent-butyl -2-nmet hyl phengl ,

di -tert-butyl -3-net hyl phenol

tent but yl met hyl phenol s, in particul ar

ﬁx‘fxﬁ Mhivkiad WRich HisRRSRRL gonﬁt‘ 3584 mBAEYequat 10 408C and comprises at
enol, 4-terf- butyl nethylpheno

emmun
tert but yl di met hyl phenol s, | n particul ar
4-rert - outyl - di pet h en ert - Y,
4 S ol oF B G Rl SRR i st
-"t ePrbfelbblb' wmmxslpmvdw qﬂanphano,ls hrador Bublstitnted bl&ylyhcp@e rlloparhcular, the
(%ﬁ #ﬁbﬁjzgj‘%wesel of b m\?‘e%noﬂo U&ﬁ(ﬂrﬁ&e Misture 23F various substituted
sec enol

In particular 2-'sec-butyl pheng
o apdler stitued @ilvlpb@plﬂ fﬁhW aptiaxidant. The biodiesel of the present

b Uil%/dnu&l. &etelrgmtp Séxﬁpr@éﬂa&ﬂnﬂﬁ@&lﬁﬁomdagﬁcﬁithbns{%f@/ﬂtﬁh@ nel ssl.g% By weight,

particul.ar er heno | a 0 0

" oS PReFEA o o 5t W@ w%% ity RN ERS's3 16 99% by
102 waghnr diponk o exvod poxﬁpoumls;ﬂaph@ﬂxalmctum dny’hqahedledel of the invention

T A Y B W AR B ARG O haviog e

cm@maespnmwméanpn mary anti oxi dant having a
melting point of less than or equal to 40C. Pure
subst ances or m xtures _which are or .conpri se conpounds

halfie hipdiesrk ok the ifveRtion grefersbly qopprises a grigany Rytoxiiapteopprige at least

15P QB teofbou@itl GAtiag tt:ch@ﬂﬁxcéﬂeﬂﬁ%e evigdisgelesf fhe divehiid more preferably
pr esent inventio

o1 PR TEREY (R oBRuas B P R Wlenre m.
( Vifhe) hiodigsele b theeb inyerftion rpaﬁn@lﬂarb' m@fe@@ly pERTisey W)pw antioxidant
g?%& ry 5ﬁ%@%§%ﬁ£ﬁ?&%%?%ﬁ&§%s a neFﬁ}gglgaln?fogslegs
than or equal to 40C and conprises at |east one
20C CFYRREAR6keNBY ibfogiebd! ®f Selibkehtithecad .comprise a primary antioxidant comprising
exclusively compounds selected from among
tri-tert-butylphenols, in particular 2,4,6-tri-tert-butylphenol,
di-tert-butylphenols, in particular 2,4-di-tert-butylphenol, 2,5-di-tert-butylphenol, 2,6-
di-tert-butylphenol,

25 - di-tert-butylmethylphenols, in particular 2 S-dl-tel't-butyl-4~methyiphenol 2,6-di-tert-
butyl-4-methylphenol, 4,6-di-tert-butyl-2-methylphenol, di-tert-butyl-3-methylphenol,
tert-butylmethylphenols, in particular 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-

30 2,4-dimethylphenol, tert-butyl-2,5-dimethylphenol,
tert-butylphenols, in particular 2-tert-butylphenol, 4-tert-butylphenol,
di-sec-butylphenols,




The primary antioxidant of the oxidation-stabilized

bi odi esel of the invention therefore 5 preferably
conpri ses exclusively al kyphenol s and/ or substituted
al kypphenols. In particular, the oxidation-stabilized
bi odi esel of the invention conprises a m xture of
various substituted and/or unsubstituted al kypphenols
as primary antioxidant. The bi odi esel of the present
invention preferably conprisesiqa primary anti oxi dant
conprising fromO0.1 to 99.9% by wei ght, nore
preferably from50 to 99% by wei ght and particularly
pr ef er adet-hutflplawols 5n pati@BYRdssc-Hutylphenol [2tsec-bityletert-butylpixmel, 4-sec-
compou jucture I. The biodiesel of the
|nventp%§’ partlcdﬁﬁgﬁ&{preferably conprises a mxture
conprl§ﬂh@nﬂﬁewebﬂveﬁvmbeﬁﬁﬁuﬂu@mhmhlng the structure

| as prdﬂt@d’-&n ifRRicular MEdiRLRh fStRhotOf the
|nvent|on I$@§£ conpri ses a rlnar¥¢ﬁnt|OX|dan
tonpri t Hsnel 4BoRYIREERSY. Halrflirtert-byig-4-nonylphenol, 4-

structuh@a@bbaﬁhﬁﬁht&ﬁMa@ﬁhaﬁf the i nvention nore

g% ﬁonprlses a primary antioxidant conprising
eas one HﬁkhaV|ng the structure M The

blodlesel of the invention particularly preferably

conprlses %rlnary anti oxi dant conprising at |east
on I@Eﬂ%‘%ﬁ’@ iediesql gf theiavention comprisss Cit-Cap Gty agid lsyl geiers preferably

16 el prlitessd m@ﬁxyltééﬁm'oﬁéﬁlt&{ 1oy SR erfy? B, YBich i Bé}f&a‘m in pure
an I ox1 dant coq¥r|3|r%h exc uslve%y compounds gnmecte
dh G RS dp dgieny MhsHioditsd ofithe xPtiop (gamy further comprise all

2 dusOmbutyl addliftids stidht 8¢ s R1as anhadldah@)ﬁmfbbkhy ITRE Biodikss} ofi the invention

LT T W ———

di pdire rkemblibij;| cvedduy lofihjatraphs oili andfoa nted Caobldtig oils. The ‘biodiesel of the

15% u? ?%h%f P%z"ﬁg#%ﬁ @W&%ﬁbém&mécﬁoﬁ%m&u%& obtained from rapeseed

4, @L aiinfipwertoillnisgybea oiisiyHyiyshterifisationd The todidseltof Fite invention can also
et Mpﬁ@?ﬁﬂm‘e&of tra'.nsés%%caﬁbﬂ W Bﬁ"}aﬂ&%%ée%ble' aHd/or animal oils.

particul ar 2-tert-butyl-4-nethyl phenol,
6-tert-butyl - 2- nethylpheno

4" mta8difionDiht Ylodisdret By inpﬁﬁﬁﬂban further comprise all customary additives such as

20, PR SR Ty A LGty S frrovess. Secondary antoxidats

4-418¢H cab bk y}m&t 6r di BRtibyel phibhalentibn e ra&yﬂﬁ&ryéﬂlylp'ﬁgnols preferably
2, 4*Q | th enoI tert-butyl -2, 5-di net hyl phenol,
%ﬁ in particular 2-tert- butylpheno

4 tert2 M(gdcglthnhhqthyl)-ﬁ-tdnt-bmglphdnolt yl phenol s,

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

25 - 24-di((octylthio)methyl)-6-ethylphenol and
- 2,6-di((dodecylthio)methyl)-4-nonylphenol,

hydroxylated diphenyl thioethers, preferably selected from among

- 2,2’-thiobis[6-tert-butyl-4-methylphenol],
- 2,2’-thiobis[4-octylphenol],

30 - 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
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14 sec-butyl phenols, in particular 2-sec butyl phenol,
2-sec-butyl -4-tertbutyl phenol, 4-sec-

butyl -2, 6-di-tert-butyl phenol, - text-amnyl phenols, in
particul ar 2-tert-anyl pbenol, - di-tert-anyl phenols,
in particular 2,4-di-tert-anyl phenol, 5 -

2-1sopropyl phenol, 4-octyl phenol, 4-nonyl phenol,
2,6-di-tert-butyl -4-nonyl pbenol, 4- dodecyl pheno

and/ or octadecyl phenol, and misxtures of these
conmpounds. In particular, the biodiesel of the
invention conprises Cl2-C24 fatty acid al kyl esters,

pr efer ' C fat thyl esters or
C12-‘C2 %ﬂ%@gﬁ‘fﬁ% ’é@?wﬁaﬁ ch can be present
| bhidphies o:fpnamdmmaﬁe&amywwaa frobenstdlgli ti on, the

bi odi esel the invention can further conprise all

custon’ﬁ’??f“ﬁ@ﬁ??‘?“%s such as secondary anti oxi dants,
ant i-f oamnylilhﬂpbc)sphitee,sel of the invention preferably

conprl ﬁ(?sE &hfi cation products of rapeseed
0|I soy ean Oi flower oil, palmkernel oil,

coconumslmnbflpht}ﬂalﬂpwmfe,oi | and/or used cooking oils.
‘The _bi gghi:§Hdbsphite, t he 1s invention particularly
preferably ‘conprises transesterification products

obt ai rfE%Pt‘?dF“d’fﬁhP@Bé%eed oi |, sunflower oil or soybean

oi | -bdeiufa@B &sz?thhfyldiﬁﬂobﬂﬁle The bi odi esel of the

i nventi n can SO rise m xtures of

t r ansdgt %'?'FIHF‘E ?W@hmﬁﬁgigﬁﬁ@i‘tg of various vegetabl e
and/-ordiissdedybpentabrythrityl diptiogighite,i on, t he bi odi esel of the
[ nventl r,ther. compris I tomary additives
such a fﬁgﬂ % lgheﬂ'/l] Egé'rchlhflg'anf’s I(an‘tlfoams

| ow-t m@é&m@tﬂmmmmmwmwh@mmu oxi dant's
whi ch ?éﬁtﬁéq;d]&%; di esel of the invention
are al @i hi n%] hy en %hgferablz sel ected
frorf tbl%%wgert-butyl-ﬁ-methylphenyll pentaerythrityl diphosphite,

2, 4-digh P%-iﬁ-&@bﬁ? Fh&rmmai%u&smﬁheno -

2, 4-di (zoctyltm 0 E - 6- et hyl phenol 25 -

2, 4=ditp 1) - 6- et hyl phenol and -

2, 6= dité&aﬁi@[dwt&tmu@) YA 4 -bibheyTesbdiphosphénite,

REC TR O MR e M T

-  6-fluoro-2,4,8 1O-tetra-tert-butyl-l2-methyld1benzo[d,g] -1,3,2-dioxaphosphocine,
- bis[2,4-di-tert-butyl-6-methylphenyl] methyl phosphite and -
- bis[2,4-di-tert-butyl-6-methylphenyllethyl phosphite,

or peroxide-destroying compounds, preferably selected from among

- estersof B-thiodipropionic acid, preferably the lauryl, stearyl, myristyl or tridecyl ester,

- mercaptobenzimidazole, '
- the zinc salt of 2-mercaptobenzimidazole,
- zinc dibutyldithiocarbamate,
- dioctadecyl disulfide and
~  pentaerythrityl te&ahs[ﬁ-dodecylmercapto]propmnaie

or mixtures of these compounds.




- 2,2'-thiobis[4-octyi phenol], 30 -

4,4" -thiobis[6-tert-butyl-3-nethyl phenol], -

4,4" -t hi obi s[6-tertbutyl -2-nmethyl phenol ],

4, 4" -thiobis[3,6-di-sec-anyl phenol] and 15

4,4' -bi s[ 2, 6-di met hy] - 4- bydr oxyphenyl ) di sul fi de,
phosphites or phosphorites, preferably selected from
anong - tiphenyl phosphite, - diphenyl alkyl
pbosphites, s - phenyl dial kyg phosphites, -

tri s[nonyl phenyl] phosphite, - trilauryl phosphite, -
hioctadecylphosphite - distearyl pent aerythrityl

o 2 -tert |
phos peh‘%%10 phiy tl|°§uo é/af’%% 3?1‘?3’ #ny"}nﬁarﬂ° |°tf§°‘§ﬁ§ %J){)OO ppm (w/w),
bi mERrably 8omt5e ta lmwwrpwwh'}d pem péraplytfromt 100 to 8000 ppm (w/w), in

di gbashltes 6-di -tert-butyl -4-nethyl phenyl ]
pentaerythrF??Pagkphosphlte - bi s[isodecyl oxy]

pentaerythrityl diphosphite, is -

sDi BleBiodiesh ofity lﬁVeQﬁBn)ﬂi p cﬂﬁ??ﬁ’o‘d@&@ Rithg thP RO RIS e ekvlehtion.,
dlphosph|te - i-tert-butyl phenyl]

i h°§ Be i ot repb GNP HEFRFERS th imventon

4 té‘thadnqmﬁmydtenedl phosphonite, -
6-isoocty|oxy-2,4,8;10-tetra-tertbuty|;IZFLdibenzo[d,g

]1-1, 3, 2- di oxaphosphoci ne, 20 -
106 Eﬂamnled—?r@ugi@@fﬁlesanmlqsert but yl - 12- et hyl di benzo[ d,

g]In 3, fﬁs HRPRRSRN bR 8ant is dlssolved in blodJesel at 20°C with stirring, and
bi s . dl-tent but’yl enyl] net yI phosphite

6- net hyl
arfEFrng iy qusimued otk 8 eabaqlwoneoifﬁ% YRE cRjedsahip the biodiesel is
plobGiRbd. tThe primary antioxidants. used, the biodiesel used and the ratios are shown in

Table 1.
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Example 2 — Composition of the primary antioxidants used
Pripary antioxidant 1 .
(procured from Degussa AG under the trade name IONOL 99):
> 99.0% by weight  of 2,6-di-tert-butylphenol
2 <0.5%byweight  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):
25 >98.5% by weight  of 6-tert-butyl-2,4-dimethylphenol
<1.5%bywéight of 4-tert-butyl-2,6-dimethylphenol and di-tert-butylmethyl-
- phenols -
Primary antioxidant 3

30 (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



or peroxi de-destroying conpounds, preferably sel ected
fromanong - esters of P-thiodipropionic acid,
preferably the lauryl, stearyl, nyristyl or tridecyl
ester, 25 - mercaptobenzi m dazole, - the.zinc salt of:
2- mer capt obenzi m dazole, - zinc

di butyi di t hi ocarbamate, - dioctadecyl disulfide and -
pentaerythrityl tetrakis(-dodec)!| nercapto] propionate,
30 or m xtures of these conpgynds. 16 These secondary
anti oxi dants can be present in an anmount of from 10 to
20 000 ppm (Ww), preferably from50 to 12 000 ppm

(W w) ﬁammd_ dhit plr eﬁ)ﬂ,@-ﬁi—ﬁéﬁ-ﬁ:ﬁ@m-ﬂ;%ylbﬁbnilgoobpp (rjn (W }N) »
In t odi e of .t he 1 nventi on. e biodiesel o
t he iﬁgeérg)‘tl?yo‘ﬁmé’g pPé‘?‘é?ﬁB‘F’a}ébtP qusi ng the nethod
of the3isevigntdighn. $h5-Hictett-duyirgmethplpidnels i [ | ustrate
the nethod of the invention without restricting the
invention to this enbodinent r o Exanple 1-

5 Production of the sanples In a glass beaker, the
PHiRRY ¥ntidRlinexi dant is dissolved in biodiesel at 20C
W th stirring, and stirring is tjnued until a
cipegyred By DegiisadiC per ?ﬁ?ﬁgw%ﬂg@xﬁam in the
bi odi 8989 by veightot abfrekdi-tétbbutplpherdl y ant i oxi dants.
used, bi odj esel the ratios are shown in
Table<%aﬁpgﬁﬁggnpl8f%§§gfgﬁgggrtion of the primary .

10 ant i oxi0datysvaighed oftfertibatylphenet i oxi dant 1 (procured
from qaééi un herbiodingame | ONOL 99): >

EEQ; |dﬁf;ofg§!%§gﬁh$

99. 0% %t C6-di -tefrt butyl phenol 20 < 0.5%
by werdHibyoreight  er of hutipershulphenel 0. 506 by wei ght of
2, 4- dic15.8%tby gt PBENMb-tri-tert-butylphenol

15 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,



Primary antioxidant 2 (procured from Degussa AG under
the trade nane IONOL 1(98): 25 > 98.5% by wei ght of
6-tert-butyl -2, 4-di met hyl phenol < 1.5% by wei ght of
4-tert-butyl -2, 6-di met hyl phenol and

di -tert-butyl nethyl - phenols Primary antioxi dant 3 30
(procured from Degussa AG under the trade nanme | ONOL
K65): > 55% by wei ght of

6-tert-butyl -2, 4di net hyl phenolg > 15% by wei ght of
2,6-di -test-butyl - 4-net hyl phenol 18-22% by wei ght of
tert-butyl-2,5-di nethyl phenol. 17 < 1% by wei ght of

4, Brafiprel4eHesiid by the #stiRidy | pbenol < 3.5% by wei ght of
di -tent but yl - 3- met hyl phenol < 3.5% by wei ght of

2 l: | j-gri- hut vl /I‘rrret h\l! nh ncl 5 DRy nnarag
aht i oxi dant Aﬂ“‘(’ﬁ‘(‘j‘ﬁured from De@'ﬂ%‘g‘é g&g“ﬁﬂwde Of[:ﬁ%;nl’;tgfgjny
tyade name | ONOL 75): > 75% by Joia l(t)f
2 F6th~test—buty yl pllcrlU '_n/ T f—2=tert
but yl phenol 10 < 0. 5‘%“‘8" "‘y'ﬁgﬁg#si tert-butvl phenol
<} 3% by wei ght -of 2,4-di-terf{ butyl phenol 4 1% by5.1
rght—of—2-5ditert=butytphpnot—<—45 5% by [wer ghtg Hf
214, 6-tri-tert-butyl phenol s Exanple 3 -Tdsting
p[ocedure The @&xidation stabjlity o$00t he sanples 65
produced as degcriped T EXaple I §is exanjned alg.é
tpst tenperature of 11 Q0C jinlaccor da,n_c_e_w__t_l:__t_h.e__t_gg.t__.____
method DIN EN #4112, 18 © 67
Baynox 2500 7.1
Used cooking fat methyl ester
R - 4.0
1 2000 9.7
2 2000 9.5
3 2000 9.1
4 2000 ‘ 94 ,
Baynox - " 10 000 12.0
Soybean oil methyl ester '
- - 3.6
1 2000 7.3
2 2000 T 66
.3 2000 : 6.3
4 2000 7.1
Baynox 10 000 8.8
Sunflower oil methyl ester
- : 1.6
1 4000 8.8
2 4000 7.8
3 4000 6.9
3 4000 8.0
Baynox 20 000 9.0




Exanple 4 - Results of the test method Anti oxi dant
Amount of liquid Oxidation stability antioxidant Cn h
at 110C] in ppm Rapeseed oil nmethyl ester 5.1 1 500
6.7 2 500 6.5 3500 6.6 4 500, - 6.7 Baynox 2500
7.1 Used cooking fat methyl ester 4.0 1 2000 9.7 2
2000 9.5 3 2000 9.1 4 2000 9.4 Baynox 10000 12.0
Soybean oil nethyl ester 3.6 1 2000 7.3 2 2000 6.6

3 2000 6.3 4 2000 7.1 Baynox'j910000 8.8 Sunfl ower

oil nethyl ester 1.6

* Baynox is an antioxidant from Lanxess and is a solution of the distilled, highly pure active
ingredient in biodiesel. The active content has been set to 20% g/l, so that 11 of Baynox®
cotresponds to 200 g of active ingredient. Analysis showed that the active ingredient in
Baynox® is 2,6-di-tert-butyl-4-hydroxytoluene.



1 4000 8.8 2 4000 7.8 3 4000 6.9 4 4000 8.0 Baynox
20 000 9.0 19 s Baynox is an antioxidant from Lanxess
and is a solution of the distilled, highly pure active
ingredient in biodiesel. The active content has been
set to 20/u g/l, so that 11 of Baynoxm corresponds to
200 g of active ingredient. Analysis showed that the
active ingredient in Baynoxe is

2,6-di-tert-butyl -4-hydroxytolagene. 20 Cains: 1. A
met hod of increasing the oxidation stability of

bi odi esel, which conprises 5 adding a primary
andigmsg:dant having a nmelting point of |ess than or
equal to 40C to the biodiesel to be stabilized in an
amount of from 10 to 20 000 ppm (W w), where the
FHﬂfmﬂmdmwmﬁNMQEMQﬁamnﬁ#wm%ﬂ%ﬂxanQQﬁﬁ one compound

havi

iR :3 2@%&5{ 225%{1%? %?pgx@# 'u%iﬁg;ha' YA o OB Dbl UdeC 1o the

10

15

20

cture OH R4 3 RII R R2 1 to where:

biodiesel to be stabilized in an amount of from 10 to 20 000 ppm (w/w), where the primary
antioxidant comprises at least one compound having the structure

R OH
Red® .
R 1
Ry |
where:
R;, R» = hydrogen, a linear alkyl group having from 1 to 20 carbon atoms or
R3

Ry
R?\*, where * is a carbon atom of the aromatic ring system,
R, Rs = hydrogen, a linear alkyl group having from 1 to 20 cax’opn 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. ‘

The method as claimed in claim 1,

wherein

a mixture comprising from 0.1 to 99.9% by weight of one or more compounds having the
structure I is used as primary antioxidant.

. The method as claimed in claim 1,

wherein
a mixture comprising exclusively compounds having the structure I is used as primary
antioxidant.



Rs where is a carbon atomof the aromatic ring
system R3, Rs = hydrogen, a |inear al kyl group having
froml to 20 carbon atons, 15 R4 = hydrogen, a |linear
al kyl group having froml to 40 carbon atons, where
both the substituents of the type Rt and R2 and those
of the type R3 and R5 are in each case identical or
different. 2. The nethod as clained in claim1, 20
wherein a m xture conprising gfomO0.1 to 99. 9% by

wei ght of one or nore conpounds having the structure
| is used as primary antioxidant. 3. The nmethod as
cl 4i methétivd @ Aaitifedlin at 1365t se@f daims & ta3,xt ur e conpri si ng
excl usi vel y compounds having the structure | is used
as p ﬂ%?y antioxidant. 21 4. The nmethod as cl ai ned
i N athe pasy amioxidok caodpriseyst 1tast oneSpmponhdhaving thelseughrt nar vy
anti oxi dant conprises at |east one conpound having the
structure CHs OH CHs H3 CH3 H3C CH3 5. The net hod
as claimed in at |east epg oﬁ”tlaioasl to 3, wherein
the primary anti oxi d#sf ' 3

5, Thé method as claimed in at least one of claims 1 to 3,
wherein ' .
the primary antioxidant comprises at least one compound having the structure

CH
3
Hy

H3C

CHj

Hs Iv.

6. The use-of a primary antioxidant which has a melting point of less than or equal to 40°C
and comprises at Jeast one compound having the structure
' OH
R4R3

R
R 1

Rz 1

where:



H3 CHs H3C H3 IV. 6. The use of a primary anti oxi dant
which has a nelting point of |ess than or equal to 40C
and conprises at |east one conpound having the
structure OH RRs a R R 15 RZ where: 22 R, R =
hydrogen, a linear alkyl group having froml to 20
carbon atoms or R3 R-J °, where * is a carbon atom of
the aromatic ring system R3, RS = hydrogen, a linear
al kyl group having from1l to 29 carbon atons, R4 =
hydrogen, a linear alkyl group having from1 to 40
carbon atons, 5 where both the substituents of the

type Ry, a9 bNess akyit §6up ¥RfigRPonNdioRR0 @krBod Btoms or
each case identical or di ff'erent, for i ncreasing the

oxi dat R stability ofbiodiesel. 7. An
oxi dat |;%st@b| l'ized biodiesel, conprising 10 from 10
to 20 000 ppm me@opmomfﬁemmémmhl ch has
a nel tpng Dgy dIPJan a 105 Ryl RAD nVingTF A 1020 c4tiién B,

conpr i ses’at’ &ast one conpound havi ngothe structure
OH RaRg=Ipdrogen, a linear alkyl group having from 1 to 20 carbon atoms,

5 where both the substituents ofthetypeR; and R, and those of the type R; and Rs are in
each case identical or different, for increasing the oxidation stability of biodiesel.

7. An oxidation-stabilized biodiesel,
comprising
10 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

o OH
Rel’

R

15 where:
Ry, Ra = hydrogen, a linear alkyl group having from 1 to 20 carbon atoms or

R‘>‘\
, where * is a carbon atom of the aromatic ring system,
R, Rs = hydrogen, a linear alkyl group having from 1 to 20 carbon atoms,
R, = hydrogen, a linear aikyl group having from 1 to 40 carbon atoms,
20 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. . ' -

8. A method as claimed in any one of claims 1 to 5 substantially as herein described with

reference to Examples 1 to 4.



R R2 15 where: R, R2 = hydrogen, a linear alkyl
group having fromi to 20 carbon atons or R4 R~3 R

, Where * is a carbon atom of 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 froml to 40 carbon atons, 20 where
both the substituents of the type Rl and R2 and those
of the type R3 and Its are in, each case identical or
different. 8. A nethod as clained insany one of clains
1 to 5 substantially as herein described wth

reference to Exanples 1 to 4. 23 9. An oxidation .
st @bi | Asedddibwdibilised bigtiesellagélateeld invlaith Jiswhstntially as herein described
substantially as.herein described wth reference to
Exan”plglgh'ln %oExamp?esltof




