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1 OXI 6762 PCT Process for increasing the oxidation
stability of biodiesel The invention relates to a
process for increasing the 5 oxidation stability of

bi odi esel . Bi odi esel, which qonsists of nonoabkylé762 pCT
esters of vegetable oils, animal fats and al so used
cooking oils, is |ncreaS|neg becom ng an alternative
torconventlonal .10 dleseL

sbybéaesell or sunflomer 0|I, but also used cooklng
oils, wwth an alcohol in the presence of a catalyst.
15 Since the significance of biodiesel has in recent
t Thes ingentddnevealafrast e & gnidGeshcéoss iagreasing the

a&&saaaibﬂestgb§§§£%f89!bhadaegemptor vehicle sector,

t he production i odi esel has al so increased
correspondingly in the last few years. Biodiesel has
aphbg@he 66D} entyhath20 doisAtatat edlf ambyloamikg}leste%rt%rs of

whi ch il b d d
S Sahet 820 by vaBmal rehtar dpd ol W (R 115,

IEadlnoreasinglgnbandmlbgoaMa@dianmahywanuqntqnngni1onal
f [ .y ingr S f e

Sppets sad ea ey 6T SRR OB Bor e g oprying

t®l hs needoror e@mats onrapeabeli zed i odfeglepan oil or

AsGRE b RErt Qo itthe PRLIOr a@kb, ddey Qﬂkﬂﬁﬁﬁgaahu%XIdﬁﬂﬁh an
added to the bi'odi esel is referag¥%
Yooin order to

2 5Ceot et - Bue yPLASFRERYPHhRNGRTE
neet the oxidation stability required in the
andar 4214, Th
- Fare Shabyaaeen g EoRiRaR oss ak=5% |0X|Caeantt figmes
d@&me@edem/rt her daur op e asi grat Bhtan@P Oaa8931049alternatlve

'@f@é@l Ifhgl u§§r QBelgg%gE %,%I}chqlét gec%o%e)'?féqgé

i n anmounts of ppm as the
sehabbipdéeseh @@ﬁma&ﬁQKﬂn¢%@¥§e%cPéfﬁéﬁﬁypdlé§ﬂ§r§qﬁthe

thes€C12rGL8 {ahty. achdonapgeli shd@schi bed.ghr 2-content  of
unsaturated fatty acid esters which can readily be
oxidized by atmospheric oxygen. The products formed
(including acids, resins) can lead to corrosion and
blockages in injection pumps and/or feed lines. The
increasing use of the alternative biodiesel as an
automobile fuel leads to a need for oxidation-
stabilized biodiesel. According to the prior art, the
primary antioxidant added to the Dbiodiesel is
preferably 2,6-di-tert-butyl-4-methylphenol (BHT), in
order to meet the oxidation stability required in the
standard DIN EN 14214.

The use of 2,6-di-tert-butyl-4-methylphenol as an
antioxidant is described by the European patent
EP 0O 189 049. Herein, the use of 2,6-di-tert-butyl-4-
methylphenol in amounts of from 10 to 100 ppm as the
exclusive stabilizer in palm kernel fatty acid methyl

esters of the Ci,-Cig fatty acid range is described.
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DE 102 52 714 and WD 2004/ 044104, respectively, also
descri be a process for increasing the oxidation
stability of biodiesel by adding di-2,6-tert-butyl -
hydroxytol uene. A liquid stock solution which contalns
5 from 15 to 60% by wei ght of" nono- or

di al kyl hydr oxyt ol uene di ssolved in biodiesel is

r‘r%%erféi '5@0711? fakﬂ'do @%Oéﬁbép@l(ﬁ abk%bﬁ@@t§9e§9 dalso

concentration rom 0. 005 t'o 2% by wei ght nono-
odesgirabley| hy dr BX9E6FBend Baseth o HEnGvergp| oxidation

;gg%'quif&f ﬁ%@b@i%%ét@l praaaznéz c7ﬂ5b2 lcbé-S@éiﬂD&SJt@fl 4-

cess i ncreasing abil i

b@d@F€§€F°lHeﬁﬁlcﬁ*al}Qﬁﬂ$dS§ %82&Ppoﬁaéﬁﬁl$ontalns

g&&kﬁﬂns I50n115 to @wﬁﬁbbeEIQMblqht15 of mono- or

, rt.- but drox t.ol u di.ss d b| di

i glﬁg‘(ké(ﬁgl dr, fftxg eBI 0 |l(§ssé) g 621 gothgﬂl |§z%ed %p r[t%:)teéred

canmd:@nt ralhé on bofodfirsml0. 005 t@eZ% byalel ghedof UR 4-8p- 2@
%c%%%%%Q%ggoégteseﬁp% O@%S%% 013 Qﬁﬁx&é& Hﬂlof mono— or

ution 't was an object of
pﬁé@éﬁwl@ﬁ¢éﬁﬁwéﬁlP@nﬁnﬁﬂ%ﬁgzﬂﬂ F%%r@V@Gaéﬁoé§§§t98P of
| RGeAaLisRd .the oxidation stability of biodiesel; nore
particularly, it was an obj ect of the present
i nvention to provide an aging stabilizer 25 for
bipedi 232! 59hi7Tcld h@éscfi\b@@r ti Qaoesd npoovedcreasing the

ef f ect d t i adi .

o 2CLLUENESR COMPT o £, 20011 V55 (011 Q01e8gl seock
b wioy huttyi dino xwht D lue men t3@ nist mmznbéén'ﬁ@uﬁéotﬁai weight of
S%rarﬁi'%@r%hbﬁmﬁﬁ%hgﬁgnybﬁHEH@S dfggbfﬂéﬂ’5f¥3blodlesel

di'phenyl am nes typically used as _qzone
pret éttettamesi figita upberbbedhssest bpi b?z@@bﬂéﬂzed up to a

S%h'&%wt%altli%l ENtsr o fossi tof gel wlegrﬁf fectd vie-di-
fo he stabilization of bi dlese

t 35 ’
eﬁ#%&ibw@aé@gdgpxyﬁpgugaﬁpo ﬁ&egiégb tqﬁgrall solution
phenyiengdisam.nes is in many cases higher than that of

t he phenolic antioxidants used to date, while the
It was an object of the present invention to provide an
improved process for increasing the oxidation stability
of biodiesel; more particularly, it was an object of
the present invention to provide an aging stabilizer
for biodiesel which has, 1in particular, improved
effectiveness compared to additives for Dbiodiesel
according to the prior art, for example 2,6-di-tert-

butylhydroxytoluene.

It has been found that, surprisingly, phenylene-
diamines, and also the diphenylamines which are
typically used as ozone protectants for rubber or as
stabilizers for synthetic lubricants and fossil fuels,
are effective for the stabilization of biodiesel. The
effectiveness of this compound class of the
phenylenediamines is in many cases higher than that of
the phenolic antioxidants wused to date, while the

effectiveness of the diphenylamines is comparable with
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ef fecti veness of the di phenylamnes is conparable wth
- 3 the effectiveness of the phenolic antioxidants.
Onng to the distinctly higher effectiveness,
significantly smaller anmounts_can be additized in
order to achieve the sanme sftability of the biodiesel.
5 The present invention therefore provides a process

fQEe é%%yﬁgﬁéiﬁ 9%'qa@‘%%éﬂéﬂhd'EMtQéxbdQﬂthebw1ng

wWhi I'east one agi ng stabilizer of £ 1
S?Pudﬂbﬁ edpstmqglwé}@herR efﬁﬁa}:b‘é@ﬁesa k)ﬁlgnl icantly

agiﬁlsmyléﬁ Qiﬂ@m&l @élkomé 1a5c&ﬂi<ﬁ/iz’3éd/| ;na?ﬁcm%y%zl )achleve
cycl oa 0 r ar rou = or
-KﬁﬁRﬁaW%l F}aéh:r&i % o the el %??f ?BII) or (Bill),
where R1, R2, R3, B4, R5 and R6 = hydrogen, alkyl, 20
lrFE )falr salnkcy ){'lVeITH’,Il (‘}{(yth&_lgﬁglaé gﬂjr Hylal gylp’r&%%'so'for

y roxy or aryl group, e sane ofr ,

duhﬁeeeatngan@hehe»phéﬁykﬂbrSﬁébhﬂhyw spfuckifrdietmit 1D
B§Eﬁu8£uﬁ$a5t Bhi %ggn 5taPasioae, ofWeher st hi€eure I

s stituents of th , R4 and/or R5 type, 25 is added

to the biodiesel to be stabilized in an anbunt of

from5 to 20 000 ppm (ww). The pnvention further

provi des for the use of conmpound 30 of the structure

| as aging stabilizers for increzsing t he oxi dati on

stability of biodiesel. 4 \ nvegtion |ikew se

provi des oxi dation-gtabHii-zed| bi odi esel which

’,, (ww of at |east one
Cture I.

aging stabilizer of the s

where:

R = hydrogen, alkyl, alkenyl, alkynyl, alkoxy,
alkylaryl, arylalkyl, cycloalkyl, hydroxyl or
aryl group

A = Rs (AI) or -NR;jR; (AII) and

Ry
R4
B = Rg (BI), ‘BII), or ‘ (BIII),

where Ri;, R, Rz, Rg, Rs and Reg = hydrogen, alkyl,
alkenyl, alkynyl, alkoxy, alkylaryl, arylalkyl, cyclo-
alkyl, hydroxyl or aryl group, are the same oOr
different, and the phenyl or naphthyl structural unit
in structure I, BII and BIII has one, two or three

substituents of the Rz, Rs and/or Rs type,

is added to the biodiesel to be stabilized in an amount
of from 5 to 20 000 ppm (w/w).

The invention further provides for the use of compounds
of the structure I as aging stabilizers for increasing

the oxidation stability of biodiesel.
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5 1n the process according to the invention for

i ncreasing the oxidation stability of biodiesel, at

| east one aging stabilizer of the structure | RB A
10 where: R = hydrogen, alkyl _ alkenyl, alkynyl,

al koxy, alkylaryl, arylalkyl, cycloal kyl, hydroxyl or
15 aryl group A= R5 (Al) or -NRIR2 (All) and R3 R4 B
=R6 (Bl), (BIl), or \ I / (BIII) 20 mhere Rl, Rz,
R3, Ry, R5 and R6 = hydrogen, k enyl A
alkgnyinvankssy, %%K%W%ﬁ%l P%ﬁ%&45%quox Ien-ghapilized
hmbawlse@r wAk¥h @bApRisacertbp Same @0 0diof foerents/w) of

h t
SPPuLtare Pherdinfaohepy L h2sF o TRt B e RRae -
substltuents of the R3, R4 and/or R5 type, is added to

t Ee bl esgk %\N?Qe Stc?%# er gf%d ?r om tjgin\é%{l‘ig_{)gm 5for

ppnﬁ@ﬁﬁﬂmnendKM©reﬁﬁwtﬂéwébl?tﬁbé#ﬂido @6 Boodloped . at
(WMeWkt Bnel Bgthg BEosess-agcording tortbeuiavention,
preference |s given to using at | east one aging
stabilizer of the structure | where the substituent

of the Atype = Al 5 and that of the B type = BlIl or
BlIl, or the substituent of thefA type = All and that

of the Btype = Bl. In the procgass according to the

i nvention, preference 10 ' Ven"B 0 using at | east

one agi ng stabilizer of

where:
R = hydrogen, alkyl, alkenyl, alkynyl, alkoxy,
alkylaryl, arylalkyl, cycloalkyl, hydroxyl or

aryl group
A = Rs (AI) or -NR;R; (AII) and
Ry e
B = Rg (BI), (BII), or (BIII),
where R;, Ry, R3, R4, Rs and Rs = hydrogen, alkyl,

alkenyl, alkynyl, alkoxy, alkylaryl, arylalkyl, cyclo-
alkyl, hydroxyl or aryl group, are the same oOr
different, and the phenyl or naphthyl structural unit
in structure I, BII and BIII has one, two or three

substituents of the R3, Ry and/or Rs type,

is added to the biodiesel to be stabilized in an amount
of from 5 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). |
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structure Il R R Nfry \Re R22 Il where: 15 R Ri1,
R2 and R6 = hydrogen, alkyl, cycloal kyl and/or aryl
group, where the substituents of the R 'Rl, R2 and R6
type are the same or differgnt, 20 particular
preference to using at | east one aging stabilizer of
the structure Il1: RERS R-~-NR2 Il where: 25 R
R1, R2 and R6 = hydrogen, al kyl, cycloal kyl and/or
arylﬁ%foup, where the ubstltue sof the R R, R2
ahd %)ﬁﬁ?%ﬁ%?tﬁ%cgﬁﬁén%rt§ fFEV%ﬂ Topy, pgterence
piﬁcg?SFﬂCQ©r®Bm@qgaﬁf&eémwe@meomglmg ptabpbssebl eft ghe
use_at. | eas e agi A f e tr
PP e REngs MR b T et IR P e e
tgpe, ahkyl, Oéyctbal kw amﬁor—arWIgr@apsBIﬁaw n§ra the
”QHB§§19Be§grB ﬂ%oﬁsﬂybérg”ﬁﬁitéhgotha@rﬁfetﬁb|E type
from ydrogen. 10 The al kyl groups of the
stibBfituents of the R, Rl, R2 and R6 type may be
eiLher i near ?r branched. The al kyl groups of the
substituents of the R , R2 d Rt ,_are
pF@fé?ﬁbl@mﬁﬁ§ﬁbs?F?9Fga?gP§FiﬁgﬁFa?n§¥§$é?8hcgﬁ%§erence
ghgealb@nakbyhugﬁgppﬁ:sbéastednéragihgoptabyﬂizes of the
Ieth¥& sec-butyl, 1, 3-dinethylbutyl,

UC ure

11

where:
R, R;, R, and Rg = hydrogen, alkyl, cycloalkyl
and/or aryl group, where the substituents of
the R, Ri, Ry and Rg type are the same or
different,

particular preference to using at least one aging

stabilizer of the structure III:

=z

Py
[X)

I

where:
R, R;, Ry and Rg = hydrogen, alkyl, cycloalkyl
and/or aryl group, where the substituents of
the R, Ry, Ry and Re¢ type are the same or
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1, 4-di et hyl pentyl, 1-ethyl-3-nethyl pentyl and
1- met hyl heptyl group, as substituents of the RL Rl, R2
and R6 type. 20 A suitable cycloal kyl group is

"preferably the cyclohexyl _group for the substituents

of the R RlL, R2 and RG type. The aryl group of the
substituents of the R Rl, R2 and R6 type is

preferabl y; arpheny! . tolyl or napththyl group, these
aryl groups Eelng substltuted or 25 unsubstituted. In

particular, in the process according to the

I pyenthen, %cé@@Sta@é@rdﬁﬂi@g tsd akiHd zemwefntiley, it is
structure 111 where t bstltuent

E°F§b€£%r§ eattt h§lr s°Added; ré?%?én?éﬁgg 5t the
gs’dEﬁctareaddEngzham:haglarEg saabsubzétt@entﬁe0§t thet e Riv
I r t ubsti t yent an type; ar,
%%ha ?drdbeﬂ$pg %¥ﬁ%H§ub§¥?%%%g$§B %/%k 9 g%oups
ty991age aldenﬂxﬁalofBSC@@bﬁ@ SQ%QW$|Z%QS §€Wec%edto 20,

{\F%@%%‘ 9!:!5%'1 PoPhenybenediaphees, for exanple
11 SO

ropyl - p- phenylenedlan1ne
N, N -di - sec- butyl - p- phenyl enedi am ne 7 (44PD),

N@%les&h Agxgcb&@é h&fﬁ%ﬁby|s)ubkﬂmhﬁradtealﬂedfamheeR Ri, Ro
i s(1-et pept n

dF‘EFh ?F]lé %E@?’D‘)ﬂaﬁr% )éb%(ﬁ'e %éﬁy I)aln)%h%t&e &1 ky1

pbgﬁmbenedlmmgusuﬂﬂﬂﬂtumanaﬂqﬁﬂm®¢ ®rpﬁenyR2ﬁﬁKSE% type

diam nes,. far yC p

ari neeainA o Bt A Gkl PEERY G Proheef petee e

eganphe NN - @ﬂﬁﬁénylgppwm%nyl seEeditas nefrom  isopropyl,

'1k§n gh 9E¥h¥lp phenyl@@@%@m(ne and 1,3- dlmethylbutyl
na

wily B - éamﬁlguﬂaﬁnﬁyéféfengg 11gt fd# ?%%fé%%?gfo be &F

Sﬁaﬁbkhﬁv@ﬂebﬁyﬁh@r@u@)@e%ﬁs @ﬁb@tﬂtﬁl@nte pife thevedt i Bn. R
is alternatively possible in the process according
t 87hBsi WRAti on to add aging stabilizers of the

A suitable cycloalkyl group is preferably the
cyclohexyl group for the substituents of the R, Ri, R
and Rg type. The aryl group of the substituents of the
R, Ri, R, and Rg type is preferably a phenyl, tolyl or
napththyl group, these aryl groups being substituted or

unsubstituted.

In particular, in the process according to the
invention, at least one aging stabilizer of the
structure III where the substituents of the R and R;
type are each hydrogen is added; preference is given to
adding an aging stabilizer of the structure III where
the substituents of the R and R; type are each hydrogen
and the substituents of the R, and Re¢ type are

identical.

Aging stabilizers selected from N,N’-dialkyl-
p-phenylenediamines, for example N, N’ -diisopropyl-p-
phenylenediamine, N, N’ -di-sec-butyl-p-phenylenediamine
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15 structure |11l where the substituents of the R and
Rl type here too are each hydrogen, but the two
substituents of the R2 and R6 type are different from
one another. Preference is g5ven here to using aging
stabilizers selected fromN-isopropyl-N -phenyl-p 20
phenyl enedi am ne (1 PPD), N (1, 3-dinethylbutyl)-N -

pb%?ﬂ%%?h&hﬁnlkﬁ%q% @nﬁﬁﬁeQﬁgagkntyl -p- phenylenedlamlne

I"et h enedi
N (7Rt hyl Pepl y SN~ 5he y|3-ﬁteﬁﬁé1¥hpﬁ@ﬁé(& aRrRBenylene-
&%&gﬁghgw | ﬁd@@ﬁnyl | Por pﬂen‘N: @me@%amlnmethylheptyl) ~p-
N pnhenyl - p- phe ne

hP¢@n¥ﬁ%ﬁ®¥ iphm%nylenedlaﬁvﬁy géFV& nhn%|ﬁﬂ%nylene"
FEM&mfhéév eﬂbedléﬁampﬁe tMeNpP@aes$l@@@@ydr@gph@nyﬂﬁ@e—
i nvention L 1i,zers

aﬁﬁ%&ﬁ?%’thegﬁaodlgs | T£6%6& s P %H? ?E%H%&E%ﬁéheére for
sw@&ﬁplmemNOqupbeAyﬁypepheAylanad@ﬁmn@f tha' Bdtlys yl-
%lgrk%r@gi E&Ma pa”' G r, agmnga'&tdatwdpmhs—z ~y1) -p-

rom enylmnne MI<Iate
dbpherye el EEing hege U GRSpSPBR: EHELBheRpeTorence

structp aly, ik isSse pardd cuar gt aviingd ram 1 the 1@rocess
carbon atons, 35 preferaply from4 to 9 carbon atons,

aﬁ90%¥?¥%%aﬁ%dth%|b%%%??h nes are used here. The

aglgg stabilizers of the structure | to Ill may be - 8
used.in t ocess, accordi t n
attai ﬁag]pé I%Eftr‘ljg S][ abPPsze]Irgg%r qash&lé é?BEEQQ eidd8ding

dit bf etleeat tovpouhds ofo staditt Lasng tsFahilizmpns, @fe the
PLOFESS, ACC R, a:g fkghépe”& ol NVENH Bedtls addi tiren Rt and R,

aglng l1zers o the structures | to Il
.tsyaeSoh@agas. bteot oawse A%l | BUIEPERAry dtl or tP he'  two

Ssﬁegg%é{eﬁ@&' Q%f' daid SR, agna MYyr &y@ébsaﬁ@camfeasm from
m xture of different gélnary and sec%ndary

aRRPORATPERSE - | REERRT AT Xt of LTH s 'PAvent? ouSlng aging
pétﬂBiylzéBEIOXsQB@&Se@re:ﬂnﬂersﬂba&dgranyﬁr&kmmvﬂndsp*
able of |ng f r

deFHMg?P%ﬂl? 4B%i ons' %y chaln rﬁ%g%ﬁﬁfﬁxéﬁytyl)
aphtngé-paghealylenediamine (6PPD N-(l-methylethyl)-N’-
phenyl-p-phenylenediamine, N- (1-methylheptyl)-N"-
phenyl-p-phenylenediamine, N-isopropyl-N’-phenyl-p-
phenylenediamine, N-cyclohexyl-N’ -phenyl-p-phenylene-

diamine and N,N’-diaryl-p-phenylenediamine derivatives.

In a particular embodiment in the process according to
the invention, aging stabilizers of the structure I are
added to the biodiesel to be stabilized, where the
substituent of the A type = AI and that of the B type =
BII or BIII. In particular, aging stabilizers selected
from diphenylamine, alkylated diphenylamines, these
alkyl groups on the phenyl structural units
particularly having from 1 to 10 carbon atoms,
preferably from 4 to 9 carbon atoms, and styrenated

diphenylamines are used here.

The aging stabilizers of the structure I to III may be
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scavengers. 15 The primary antioxidants added to the
bi odi esel to be stabilized in the process according
to the invention may be sterically hindered phenols,
preferably selected from 20,- al kyl ated nonophenol s,
preferably 2-butyl -4, 6- dlneﬁhylphenol,
2,6-di-tert-butyl -4- ethylpheno

blﬁe#j ﬁel&Eeb%@qC eno%)(%%hgm?oko 2l dln\;éﬂ'ﬂlon either

i SO- cycl openty
&mtmquan@d@ am rr@ftlﬁiﬂléyléleéheféﬂ)a& esazsmlxture of

& et dpd Rhenglp ot & d o Edr I refs ety Inzirenol |
2,4, 6- trlcyclohexylphenol 2,6-di-tert-butyl -

4- met hoxymet hyl phenol , nonylphenols where the nonyl
ghﬁuﬂhﬁayrbgeésn@@bo@ﬂlbgamehamefIHv&nquﬂe in addition

& b ht e e PSS s neite SRR edR Fvo 11T, i
41 aTet hypohepdaeleced’ -y phenotalded- dpmsmﬁw- and/or
% 1N%Ehgy5nkﬁb§§8aht yl)§@e 0|$Ifé'sh%%%ance or as a

| S ecl aI -tert bu%y heno
dmlxieutlte but yDprhendll§feé§b§0| al PEATE LY d Beconaary

t§ﬂ€1§%§ ydphenot, &,e- anﬁ@iﬁ @Etfhﬂgeﬂﬂbeneléndlprlmary

tert phenol, di-tert- | met h henol s

e%%%%@%ﬂ xS - Rt EHAGH - B0 dBeRy| pGHgHTds which are
. fbléebfhgﬁ ﬁbiﬁFW&gmﬁﬁﬂuﬂmﬁal4dé©rbdati®n rBactions
y met hy eno i-tert-butyl-3 hyl 0

t Hﬁ? I’F;% N ospE&i AT %31/152 ?g%tyb@?%/%- radical

4s®@¢@w¢@m$nol 6- tert butyl 2- net hyl phenol ,

4-tert-butyl-2-nmethyl phenol, 6-tert-butyl-3-methyl 5

phenol, tert- butyldlnethylphencls eci al |

Mher prbusyy- 2néidxhsEmsp Raisd Boté?’ iegel to be

s@éﬂ% fyé@hgﬂolthéeb&bg%%£|'gcébﬁﬂ hibpmﬁﬂ9|1nventlon
tert-butyl phenol s, especi al

AR Be bRECF BRRADY  BARGSERILEPETBREnoP LY SoAERY, pPLected

from

- alkylated monophenols, preferably 2-butyl-4, 6-
dimethylphenol, 2,6-di-tert-butyl-4-ethylphenol,
2,6-di-tert-butyl-4-n-butylphenol, 2,6-di-tert-
butyl-4-iso-butylphenol, 2,6-dicyclopentyl-
4-methylphenol, 2-(a-methylcyclohexyl)-4,6~
dimethylphenol, 2,6-dioctadecyl-4-methylphenol,
2,4,6-tricyclohexylphenol, 2,6-di-tert-butyl-
4-methoxymethylphenol, nonylphenols where the nonyl
group may be linear or branched, for example
2,6-dinonyl-4-methylphenol, 2,4-dimethyl-
6- (1’ -methyl-undec-1’-yl)phenol, 2,4-dimethyl-
6- (1’ -methyl-heptadec-1’-yl)phenol, 2,4-dimethyl-
6- (1’ -methyl-tridec-1’-yl)phenol, tri-tert-
butylphenols, especially 2,4,6-tri-tert-butyl-
phenol, di-tert-butylphenols, especially 2,4-di-
tert-butylphenol, 2,5-di-tert-butylphenol, 2,6-di-
tert-butylphenol, di-tert-butylmethylphenols,
especially 2,5-di-tert-butyl-4-methylphenol,
2,6-di-tert-butyl-4-methylphenol, 4,6-di-tert-
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10 phenols, especially 2-sec-butyl phenol, 2-sec-butyl -
4-tert-butyl phenol, 4-sec-butyl-2,6-di-tert-butyl-
phenol , tert-anyl phenols, especially 2-tert- anyl-
phenol, di-tert-anyl phenols, gespecially 2, 4-di
tert-anyl phenol, 2- |sopropylphenol 4- octylphenol 15
4- nonyl phenol s, especially 2, 6- d|-tert but yl -

4- non%kﬁg§n9Lmeéh999§8MbPheHQLteQEL@@€§Yl@h@@@$ylphenol
al kyl t henol s r ef er abl C hb
et by EC6T BEEYBRECRBHRRBRO L8, 1SR SCL I E i SrELhpTEEyL-
GhWBtFyhBEﬁpm bheRo#; Fsecéyttﬁubﬁﬁ%hVMeﬁhﬁlﬁwén@D,
pheno e t 4
hydroéuFﬁ62 g gﬁg g w§F§¥gEﬁ y%rbqgfg%%g2§89%l et e me%?¥l_
2, 6- dphtabt ; bueyk-dutel itmgphehphenodst -especially
buty'ﬂ!%g QguLnone- éTgfgageﬁﬁgfghghby 265e kel ity

yl -hydroqur ndne - hyd rqu|none 25
2, 5- d27ﬂedumaﬁyv1nyaﬁ@éuuﬁ@ﬁé bgtﬁld?pﬁe%ymeﬁ pLpaenol,

decyl%é%Qh%GQ poHBMh@te@sﬁééi@lY?”ES@b@t{ﬁ%@@lphenol
especial ly I -tert-but dro g n|5f
R e e R

gu:y: %e%b%é?x¥§b@6yhl$pganée bhtg{Bhsadi;t 2rse86butyl-
uty ydr ox e adi, pat C er, ol

prefe#a g ¥9gpﬂg9g10r g ?8085%@?0 g@ %9 ?ert bgfyl_
- hyd a&mb&tedethkadympbayblsthessecpaéierabtyrt amyl-

2,2 el Aionu obanol e, LoLgbis Bt o1 -
4- hydﬁﬁMth@nyppedpéul2rd§0pnonylphﬁ69ﬂs[é P@Fylphenol

but yl 453 )
anprﬁengﬁ%l¥heB%m ﬁ?88?3?1?%2r?bb%%éiﬁtdktsﬁﬁtyl

phenoﬂrn0¢y4phﬁﬁpéb|éréoﬁéFvlﬁﬂ?QP 3- ﬁEFﬁgg iHBFFOl;
alkyl aty 1@h§@ﬁ@ﬁﬁ&§ h@h@ﬂ@rabkyfgrabigtBynkdénetylthlo—

SRRt e e MR TS
butyl6@@@&hw§bﬁeﬁodbn@thydpbengﬂrhlgmzthmérﬁyﬁéhﬁl“
phenol, 2,6-didodecylthiomethyl-4-nonylphenol;

- hydroquinones and alkylated hydrogquinones,
preferably 2,6-di-tert-butyl-4-methoxyphenol, tert-
butylhydroguinone (TBHQ), especially 2,5-di-tert-
butyl-hydroquinone, 2,6-di-tert-butyl-hydrogquinone,
2,5-di-tert-amyl-hydroquinone, 2,6-diphenyl-4-octa-
decyloxyphenol, butylated hydroxyanisole (BHA),
especially 2,5-di-tert-butyl-4-hydroxyanisole,
3,5-di-tert-butyl-4-hydroxyanisole, 3,5-di-tert-
butyl-4-hydroxyphenyl stearate, bis(3,5-di-tert-
butyl-4-hydroxyphenyl) adipate;

- tocopherols, preferably a-, B-, y- or d-tocopherols
(vitamin E);

- hydroxylated thiodiphenyl ethers, preferably
2,2"-thiobis[4~octylphenol], 2,2’ -thiobis[6-tert-
butyl—4—methylphenol], 4,4’ -bis[2,6-dimethyl-
4-hydroxyphenyl] disulfide, 4,4’-thiobis[2-tert-
butyl-5-methylphenol], 4,4’-thiobis[3,6-di-sec-
amylphenol], 4,4’ -thiobis[6-tert-butyl-2-methyl-
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bi s[4, 6-di-tert-butyl phenol], 2,2'-nethyl enebi s-

[ 4- met hyl - 6- (a- net hyl cycl ohexyl ) phenol ],

2, 2' - net hyl enebi s[ 4- net hyl - 6- cycl ohexyl phenol ],

2, 2' - et hyl enebi s[ 4- net hyl - -@qpylphenol], 10

2,2' -met hyl enebi s[ 6-(a, (x'-di et hyl benzyl ) - 4-nonyl -
phenol ], 2,2'-nethyl enebis[6-(a-nethyl benzyl) -
4'”°”§h?ﬂ§ﬂ?']f 342thﬂ€£b¥k@D§Qk§L@n€¥El9h@éwE lphenoll;

4- et K - et hyl eneb |s%6
4= et hyl pHeAbEY, bQSEheﬁ%%ﬁyIEﬁ%g?gf Ye?t bu?Egyﬁédene‘
4- ”EtHYE@@eioﬁlrtérﬂ bhty Ypheeoeh) sp2t esthplt génebis-

et Dyl pnenol Ly 8. 4 i TS VL eneRs] 2, O 0 Lot
2- nEthtpmedehkblé (4, 6+dbmebpylpdenebﬂphénbf—methylene-

but an 55 46 ShrLaoY &5 PupUTORELeS ”Eﬁhf‘“ﬁ§§¥%%§?9b18'
benzyl[ - menhyhyEphenmethquyglphegy 1peepoblityl -

4- hydko ~el
but v 54§%y§$g§ ?%hﬁg?QYh)HHEﬁ €-6 c}c@bﬁéﬁFlﬁhénol

nercaﬁtébuﬂﬁﬁéyléﬂﬁ9F§ié “BEY %Bl BlgPQYg %ggoéé
é3sig§rb‘?ﬂbfh ﬂenBMQEQEymﬂeayLﬁbmFyﬁglbhnzyl ~-4-nonyl-
i er

pent aBPERE} éf% (§¥g§¥i¥nﬁﬁ 5 &h§§¥L&958¥%§95—

? nem?%bhgmphbhoﬁitth2bumythglﬁaehybbﬁeﬂyb}ohexyl—
erep a i1 S(3,D -
pheny )B taﬁﬁphﬁh% g S% %l-thXh%gl§¥gL9é¥tﬁggt¥l
phenyK)-prbpapbengl2, besls- m@thybaﬂ§bla ﬁyé?é%ybutyl

2- et d b -
11 SQ%bggﬁpiéhénelggr@?%UEBBEQQEQQHEBﬂg [2-tert-butyl

phenyﬁrm@ﬁbaﬁéheasll 04; 4N-mﬁﬁBYéeB@Hi§ﬂgcggég%ké§t'
grgfgb@Q Yphenol]l, 4, 4’-met2yﬁen§bﬁsé6 tert-butyl-
ot her 2-EEHALEPF T8y dLody ™ 3 8P HP R YL DEaLE oL
nercapLQab&BaBetetmkdatyﬁ -4-hydroxy-3;Betihytlehenyllt
butyl%%@% n%t%QBEQQ%QEQE%LbEEbﬁL%hﬁéghyﬁeﬁthydroxy—
benzyl)-4-methylphenol, 1,1,3-tris(5-tert-butyl-
4-hydroxy-2-methylphenyl)butane, 1,1l-bis(5-tert-
butyl-4-hydroxy-2-methylphenyl)-3-n-dodecyl-
mercaptobutane, ethylene glycol bis[3,3-bis-
(3’ -tert-butyl-4’-hydroxyphenyl)butyrate],
bis (3-tert-butyl-4-hydroxy-5-methylphenyl)dicyclo-
pentadiene, bis[2-(3'-tert-butyl-2’-hydroxy-
5’ -methylbenzyl) -6-tert-butyl-4-methylphenyl]
terephthalate, 1,1-bis(3,5-dimethyl-2-hydroxy-
phenyl)butane, 2,2-bis (3,5~-di-tert-butyl-4-hydroxy-
phenyl)propane, 2,2-bis(5-tert-butyl-4-hydroxy-
2-methylphenyl) 4-n-dodecylmercaptobutane,
1,1,5,5-tetrakis (5-tert-butyl-4-hydroxy-2-methyl-
phenyl) pentane;

- O0-, N- and S-benzyl compounds, preferably
3,5,3",5" -tetra-tert-butyl-4, 4’ -dihydroxydibenzyl
ether, octadecyl—44hydroxy—3,5—dimethylbenzyl
mercaptoacetate, tridecyl-4-hydroxy-3,5-di-tert-
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but yl - 4- hydr oxybenzyl ) am ne, bis(4-tert-butyl-

3- hydr oxy- 2, 6- di net hyl benzyl) dithi oterephthal ate,
bi s(3,5-di-tert-butyl-4-hydroxybenzyl) sulfide, 5
i so-octyl -3,5-di-tert-butyl-4-hydroxybenzyl

mer capt oacet at e; hydroxybenzyl at ed nmal onat es,
preferably dioctadecyl

2,2-hi \%é;iq'se S té Ul c?etfbyc@’ 0%@1@'5)4@%@,

di octa ert - butyl hydrox - 5- met h q
benzmwwaﬂéircmmw FerEa r%yw effz%mtéf -

83[2 3(11{; Y@ dx ; %/d cﬂmtygdqlrb )r?I ielrdnratesephthalate,
[ -tetra ut enyl - i S-¢

(3, 5-RfiS ¢ rgt Bt yF L - yqx))%nozrz?’a%e;@uiflde’
hydr ow&m@mbmdr&emm%rhy@@ﬁhﬁ@ylw
(3,5-di-tert- butggt4-hydroxybenzyl) 2,4,6-tri -

netth%%hfmoac 2-%i is(3,5-di-tert-butyl-4-hydrox
benzmdﬁq@k&rezyleﬂmmr@ﬁ%n@ ef ex .%loctadecyl

(3 S- Q'ZIB%@ (?Lgyclil 4t'§‘.z}’td-r lg) enzyll)mazdmee,
5-tris q}

nmpounds,” preferabl
(3 "B @5 |221£?v1yfb%§< TPV e e

iygnggirt[ieﬂﬁméléhaﬂ@‘,;;%i%ﬁd@c%l hﬁ@gﬂw EZW])%Z So-bis-
1 y-

oyl B S G S TS SR g T

! snéd?a;‘i;?gwmwwm o 2t

enz S -

o by o T ok iy Py T el ol POt

(3, 5- Mydlmybmmam@ﬁmhm%ﬁalb]ﬂ 3434 27 S -

2,4- b sogtyl n@gg?pg@%}ﬁ;i&@&foi BBt Y2, 4, 6-tri-

4- hyd ox ani I i no triazine, 2- oct Inerca
4, 6, DRt Boeh 2eent - b L ALy STSKy A FIHORLL Ly droxy-

tl 3t S%érgi 7) @,325 oglwémmpmerﬁzmémmm ~tris-
er U

dr oxyphen 3..5-1tri
acylah%n%ﬁﬁ%n%%ﬁt ¥€¥%‘£€¥¥d%¢¥XQﬁQ%%ﬁ% J&%ﬁ?%ide,
4- hydt@i(g(ﬁi@@rw@cmdzeds,oqblyéfé@é(ﬁhﬁ Hid3tertrbetyl - 35

?3h¥3r§X%p gg%i%§$§§fnylﬁ rox §H€¥§y isocyanurate,

,3,5-tris (3, 5~-di-tert-butyl-4-hydroxybenzyl) iso-
cyanurate, 1,3,5-tris(3,5-di-tert- butyl-4-hydroxy-
phenylpropionyl)—hexahydro—l,3,5-triazine,
1,3,5—tris(4—tert—butyl—3—hydroxy—2,6—dimethyl—
benzyl) isocyanurate, 2,4,6-tris(3,5-di~tert-butyl-
4-hydroxyphenylethyl)-1,3,5-triazine, 2,4,6-tris~
(3,5—di—tert—butyl—hydroxyphenoxy)—1,2,3—triazine,
2,4-bisoctylmercapto-6-(3,5-di-tert-butyl-
4-hydroxyanilino)-1,3,5-triazine, 2-octylmercapto-
4,6—bis(3,5—di—tert—butyl—4—hydroxyanilino)—
1,3,5-triazine, 2-octylmercapto-4, 6-bis (3, 5-di-
tert-butyl-4-hydroxyphenoxy)-1,3,5-triazine;

- acylaminophenols, preferably 4-hydroxylauranilide,
4-hydroxystearanilide, octyl N-(3,5-di-tert-butyl-
4-hydroxyphenyl) carbamate;

- esters of B-(3,5-di-tert-butyl-4-hydroxyphenyl)-
propionic acid, B- (5—-tert-butyl-4-hydroxy-3-methyl-
phenyl)propionic acid, P-(3,5-dicyclohexyl-
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propionic acid, (3-(5-tert-butyl-4-hydroxy-3-nethyl -
phenyl ) propi onic acid, (3-(3,5-dicyclohexyl 12 -

4- hydr oxyphenyl ) propi onic acid and/or 3,5-di-tert-
butyl - 4- hydr oxyphenyl acetic acid, where the al coho
conmponent may in each case de nethanol et hanol
n-oct anol, iso-octanol, octadecanol, 5 1, 6- hexanedim

1, 9- di |

neopg ?§¥§ I§¥Qﬂen |é¥§h§h\ eﬁ%ﬂl}éﬁgg%gpgpeth et
gl ycabyt ¢+ 4thwd eneygiiggol acepzam m'lyi,hml'taj:]e the

trl S(%M%xﬁ&feé&é{ c)rhérﬁ? l*hrr?teeach case be methanolio

ydr oxyet am de, 3-thiaundecano
3 t hi %‘Lp@arncaldecramﬂtartqlr 'neitwcrfé‘a@é?%]du fctadecanol,

trimefh l@éﬂr@é@f@h, 4 Py cH spartert il - Ietrmpls‘ep{ea-gl&c@ql
7- trloxablcyclo[Z 2]octan

(3- (3L R HERATE P Y W%%rﬁﬁé’rﬁﬁe‘l) Q%Poopcilethé/lene
acid, gI@chE)(aﬁJéiﬁlﬂé\ﬁe b]]S}(C&?E, dirterityledf glycol,

butyi 4 bydioxpheny! propl vl hexanes | e danae,

?gegymm@mmmydmmwbmmmm, N¢higupdecanol,
i-de dr

hydr ag nlré éé%r%%é%%}%yc %W amn &m@])

penta@rym¢¢hY%@lH¥QHQﬂ@éﬂ%rqiﬁEﬁ%MmQ§ﬂXlTﬁﬁ%ﬂos?ha‘

4-hyds ¢ O@Y”Ph@w&mwy@m{@]z (4 ﬁ%@)@ 1010),

2 hy BGHheny ot b St G R R e EnenY L) -

zt Eyl ﬁ@pb(bﬁ:(@xa/@idl,ylﬁdme)eﬁ@ﬁ& (06-N’etthid(d yd~-di-tert-
-ny

7 i b el R Ao SR M Rpten e |

| nvendlm;nesecm),rw’afms 89, and i oixeé dariet vk e unddretwod

h o%l‘i‘ iﬁg?&‘gg‘f'én y € 11%191 £apa gn e dagnediygos -
ydr ero ro

irectl MAth reductlon w t hout
RERR M) ~

free f&d5t@istQ%¢TkP¢Y#T&RP Fyphempel
ant i oxy,@agt snaised in the process

- ascorbic acid (vitamin C);

- pentaerythrityl tetrakis[3-(3,5-di-tert-butyl-
4-hydroxyphenyl)propionate] (IRGANOX 1010),
N, N’ -hexane-1, 6-diyl-bis[3~-(3,5-di-tert-butyl-
4-hydroxyphenylpropionamide)] (IRGANOX 1098),
ethylene—bis(oxyethylene)—bis[3—(5—tert—butyl-
4-hydroxy-m-tolyl)propionate (IRGANOX 245)

and mixtures of these compounds.

In the context of this invention, secondary
antioxidants are understood to mean compounds which are

capable of degrading hydroperoxide groups directly with

reduction, without free radicals being formed again.

The secondary antioxidants wused in the process

according to the invention may be alkylthiomethyl-

phenols, preferably selected from:
- 2,4-di-((octylthio)methyl)-6-tert-butylphenol,
- 2,4-di-((octylthio)methyl)-6-methylphenol,
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35 according to the invention may be al kyl t hi onet hyl -
phenol s, preferably selected from -
2,4-di-((octylthio)nmethyl)-6-tert-butyl phenol, -
2,4-di -((octylthio)nmethyl)- ?pejhylphenol, - 13 -
2,4-di -((octyl thio)nethyl)-6-ethyl phenol or -

2, 6-di - ((dodecyl t hi 0) net hyl ) - 4- nonyl phenol ,

hydr y d S0 e d
0% J}atgf %ﬁgjbl s[ 6- teﬁﬁgzﬁyléﬁﬁl tkﬁng %%Ioﬁ]a © -
2 2 -2 hfubl sf tdeRa gy PEIgethy 1y -4- QUL RER

4hﬂdr5§@£$%§$61ﬁﬁkkh%%.hbi3 BEh@ybrﬁmpKHﬂerably selected
4f4 -thi obi s[6-tert-butyl-2-nmet hyl phenol], -
4241t hi obi s[ 3, 6-di -sec-anyl phenol] or 10 -

4, 4 -bj 3{ QtﬁleEWeﬁt*mdwmv@hmM}]l@@mlf ide,

phos % osph ferably selected from
- tri h% ?hl 64% %ﬂé§H§f§?;)éfﬁ al kyl phosphites, -

pheny4, 4l a’tﬂwapﬁb@pttﬁlﬂésbutnls— -ne iy M PHenyl |

phosphi §e.tpidpid P@I&ér@%ﬂm—tﬁvmetﬁ*l Srdrastecy|
phosphite, di st ear pentaerythrit di hosphlte -
tris[®, 4- d?h%%F%Sb%téT PHeIsF 12 -

di i soglegyly, pent peryimet iyl - wrp}wﬁcp;hymeenyu dlsulflde,
bi s[ 2, 4-di-tert- bUtéh hen I] aer hr|t

dP%ﬁ%%%hF?% or RPRUPBNGFE ?@r % TR r%ﬁ%j?z eny
peniaﬁf¥%ﬁéh?¥lpﬂ¢@?@3@h4te 25 - bis[isodecyl oxy]

pen ri [ e _:

bls[2§hg%? Y ?%%%?yggggéé%%i?bhenyl] pentaerythrityl
di phospénye diblky?, mhesphitewrt - butyl phenyl ]
penta€£¥%?5bﬁyiphgﬁ§fps§@é§§hlgg - tristearyl sorbityl

trlphos
trllauryl phosphite,

- trioctadecyl phosphite,

- distearyl pentaerythrityl diphosphite,

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

- diisodecyl pentaerythrityl diphosphite,

- bis[2,4-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,

- tristearyl sorbityl trlphosphlte,

- tetrakis[2,4-di-tert-butylphenyl]-4,4’-biphenylene
diphosphonite,

- 6-isooctyloxy-2,4,8,10-tetra-tert-butyl-12H-
dibenz[d, g]-1, 3,2-dioxaphosphocine,

- 6-fluoro-2,4,8,10-tetra-tert-butyl-12-methyl-
dibenz[d, g]l-1, 3,2-dioxaphosphocine,

- bis[2,4-di-tert-butyl-6-methylphenyl]methyl
phosphite or
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- tetrakis[2,4-di-tert-butyl phenyl]-4,4"-biphenyl ene
di phosphoni te, -

6-isooctyl oxy-2,4,8,10-tetra-tert-butyl -12H

di benz[d, g] -1, 3, 2- di oxaphosphpci ne, 35 -
6-fluoro-2,4,8,10-tetra-tert-butyl -12-nethyl

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

b'SIZbls@Q aeai PHEYLb@t 1@¥&@®§ﬁ¥% %hyéth@hosphite

or s[2 di-tert- utyI 6- met hyl phenyl ] et hyl

phospﬁhPéPtheperOX|de dest royi ng conpounds,

phef a5y &8l dedetby fi@mcbmpoestier s pfeferably selected

ng thlodlproplonlc acid, preferably lauryl, stearyl,
FP8tyl or tridecyl ester, - nercaptoben2|n1dazole

- zinessakt of B- nhmcappnbpnqmn¢d@29de preferaely

di but yl i o ogcta S e -
pentaér@%%?ft§?égggﬁék?ég itg%dg%y?ﬁgéggg%o%%£ég o
propi baaceptobenekiifegose, t hese conpounds. 15 In the

Conleéﬁnefsgmtsofnﬁeﬁékeﬁptbb@ﬂkEﬁ@hatéleUnderStOOd to
mean all saturated and/or unsaturated fatty acid

alkylZé§€e?ébH§§%ﬁét5§°6ﬁEP@WaE%urces especial ly
fattygqascdafethyl destigesderofatty acid ethyl esters.

nvenprBrarRet a6ethor oroars Ll RRaPTkrarer al  ane

fueISpEop;oﬁateexanple aut onobi | es, trucks, ships or

Lt Crally, L0 BQGthegeéam?SEHaglng to the invention,

pPeference S a biodiesel which is
typically supplled under the name Bi odi esel in Gernmany

25 foreise asnfdxaut grobidig § uel nydheibhpdi eseldiesed is
in the process according to_the |nvent| rises
ﬁndﬁaﬁﬁpeelaFocf%ﬁéz4éﬂgtt§aaeFa Sﬁkyﬁn§2?£rs nsaturated

pEﬁEQ&abbﬁld alkyl esters usable as energy sources,
especially fatty acid methyl esters or fatty acid ethyl
esters. Examples of energy sources in the context of
this invention include both fuels as heating material
and fuels for, for example, automobiles, trucks, ships
or aircraft. In the process according to the invention,
preference 1s given to using a biodiesel which 1is
typically supplied under the name Biodiesel in Germany
for use as an automobile fuel. The biodiesel used in
the process according to the invention comprises in
particular Ci2-Cps fatty acid alkyl esters, preferably
Ci2~Cos fatty acid methyl esters or Ci2-Ca fatty acid
ethyl esters, which may be present in pure form or else
as a mixture. The biodiesel wused 1in the process
according to the invention may additionally contain all
customary additives, for example primary and/or
secondary antioxidants, antifoams, cold flow improvers.
In the process according to the invention, preference
is given to using biodiesel which 1is produced from
vegetable and/or animal oils by a transesterification
process with an alcohol, preferably methanol or

ethanol, more preferably methanol. 1In the process



10

15

20

25

30

35

Cl2-C24 fatty acid nethyl esters or Cl2-C24 fatty acid
ethyl esters, which may be present in pure formor

el se 30 as a m xture. The bi odiesel used in the
process according to the inyention may additionally
contain all customary additives, for exanple primary
and/ or secondary anti oxi dants, antlfoans cold flow

| OREBYEE g L& tﬁﬁéFﬂfﬂﬁeﬁilﬁﬁﬁorgk@gekentbe Lﬁve@dven1 to
preference 35 is given tqQ using bi seI s,
pEédtited Q%Qgﬁe%%getéﬁpéléﬁ&Pgr dﬁ?wa qeqsee;erl ication

tpaaaaagﬁﬂdﬁcxﬁp@@ee®ro¢e$ssmyﬂe&n1edbohsmnflower oil,
pref erahl.y nethan ang f I
BTN GT L qu?ﬂ% EFSCSSS%} Ao '@ b1 E] eﬁ%Qﬁ%pha oil,

acco Ing to
i ppehbhenedpraflar epeeniis giden ﬁ@rnagﬁﬁgCHHod?é§éPr used

nggkﬁhgn #ﬁ trﬁg§@§é§r'&b&%ﬁc@ﬁaﬂ”é%%@%é%ﬁ%e 1s given

rapesee soybean of |, sunflower oi al,m of
pabPm keshed oipiodkRemut 3hich at A6phal %Fﬁlg Y the

C‘EEEQ@%%%@JCQEhcaEQ@ﬁUtm&iﬂmorﬁ‘éﬁ ngeefl Qidpeyeddr oided palm

Ki . Ho
Blbst HEBF SaVECe o ani | STBERMoATRy (A Lie ¥ Bbess
té?@&@&&?Fl&thMﬁthﬁﬁﬁﬁIwmw itonerameee@@aﬂuhquﬂqnuse
Ol sun owe
a@&éF&Fﬁa to fhguﬂﬁ%en%%%%%%@t%&&fl%ﬁt&%ﬁ PfgfsaécéQ of

tion ossible to use
nﬁxﬁmeeenmfvebetabéﬂsesdépmfacamaénopﬂéducts of
di fferent vegetable and/or animal oils. In a

particul ar enbodi nent of the process according to 15
t B iane@aithiomlaheempodinert ofedRAaprREssistdreyrding to

ﬁ%@%?&?ﬁ?ggafﬁf Q%@n4§§xﬁk¥ﬁﬂi%ﬁﬁkﬁdﬁ@ﬂﬂiﬁ?lxtures (also

a a sters, in ch

t FEOKEL 3P é&“ﬂ“ﬁ%ky é@FEFét yaggggrbénﬁFgggﬁQ%gg fatty
Fbéﬁ@g%lﬁylﬂééﬁéﬁﬁt 1ﬁamm¢dMHdh&dkyhee§ae¢y agiitch alkyl
i qui d_ener gy_sour ges, a al_ di

fl?_(el‘l%,erﬁeé?af}g g? ePa?]fl cuﬁ?{ g)ére er]eg{égf%s Og]?v(g%ﬁerent

usiang va acxdurdkofl estersi diissel l¥weld ag@emoym BoUrces,

t%o%g 9é§g%gygluqﬁ TéP?lpthkﬁﬂhar feem, 1 tae20¥mByY oil.

ol"unme an refera rom 2 H)25%by\mlmm of
séﬂtamtap@dagmp:@ef%%@réﬁecglven to using a mixture of

mineral diesel fuel and from 0.1 to 99.9% by volume, in
particular from 1 to 50% by volume and preferably from
2 to 25% by volume of saturated and/or unsaturated
fatty acid alkyl esters. In a downstream process step
of the process according to the invention, the
oxidation-stabilized biodiesel may be added to a liquid
energy source, especially mineral diesel fuel or
heating oil, in an amount of from 0.1 to 99.9% by
volume, in particular from 1 to 50% by volume and

preferably from 2 to 25% by volume.

The aging stabilizer may be added to the biodiesel as a
solid or as a liguid in the process according to the
invention in an amount of from 5 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). In this process
step, it 1is also possible to add primary and/or
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25 fatty acid alkyl esters. In a downstream process
step of the process according to the invention, the
oxi dation-stabilized biodiesel may be added to a
liquid energy source, especjgally mneral diesel fuel
or heating oil, in an anmount of fromO0.1 to 99. 9% by
30 volune, in particular from1l to 50% by vol une and

p%@%&lﬁ@@ﬂl éﬁ@%zlﬁgré’gg%:BYtM@ lgﬁreglérhelagnngn amount of
stabilizer ma ed to e, bi odi esel [

of PR & |i'qu éo ﬁO% Pocégz e Bt it era?g§t &@ 5 o
Imze@®®oppmn am/annuandofmbrenm§reée26b®90 §p@m(mﬂ@ﬁ to
pégégrably fr 50 to 12 000 ppm (W w) and nore

r%%IFy‘? i 100 to 8000 ppm (Ww) . In this
process step, it is also possible to add primary

apfL or, glﬁ Ssecfa%%fz)éﬁ“twwéﬁaaﬁsé tpﬁcetsJ&thMI Q@@hdl Form

an anount of rom5 to 20 000
f 2bm BT} otemﬁegéﬁuﬁﬁmo?Ww)p%r%Wé’ V\%égé‘f’ \{ ¥%mthe

109049 s8900 PPRLEW YhocSds d hen cagi vy rst abbl i Ziee s iwhiegttion
resent .in solid form at,  room

are e at
pWéFErﬁﬁﬁfrdF§édeea|H?W9ﬁ§aﬁﬂcxhesegggk't é%%?ES 80°C,
apeefdrsnglyo ftroer | 20/t Lon 35MQ.h qurmqu agaktlazers whlch

“gerat d ge%tOflI{ rgﬁ#&% £8r Wﬁ\ 10, ef &hgBL Y h£8MnAQChe

i'ng sta izers are present in liquid
fmnneatth@mﬁm@@p@ﬂatGW% ﬁﬁyrbéngnﬁﬁéé-Hﬁﬁbg@ﬁ@§&§§?l to

b%esgtéﬁifgz%t HitheuPi 9diesgtriurbei stabhkbzed

hout a tenperature increase. 15 In a particul ar
enbodlnent of the process according to the invention,

the agigg-tStaliald Ze@szdcﬁlnﬁ?&rﬁts%f/eﬂhenprbbedsesaezlcd_milng to

producge a nmasterbatch before th ddj tjion t
bFBSl YeQﬁkﬂﬁw g%&rcﬁgl%%r ?%qDQLJ¥3BSéS %ré g%g%?y in
fbmﬂd2e39199%>@¢oquyna paefereatclal bgfbremt2@ 1Bidigion

Wg% E\fh }? L g 0DLE p%§%§§?b|y01lﬁf 20-40 W@y urpose,

|gh e agi ng |rst di ssol ve
bpmdlfesablyTIﬁnfsmrTast@r Bt Ioyc e itoiin R I i Y e Trom

15 to 70% by weight, more preferably from 20 to 60% by
weight of the aging stabilizer is first dissolved in
biodiesel. This masterbatch can then be added to the
biodiesel energy source, preferably with stirring at a
temperature of from 18°C to 80°C, preferentially at
from 20°C to 35°C.

In a further embodiment of the process according to the
invention, the aging stabilizer, when it is in solid
form at room temperature, before the addition to the
biodiesel, is dissolved in an organic solvent,
preferably in an alcohol or in an aromatic. For this
purpose, preferably from 10 to 60% Dby weight,
preferentially from 15 to 50% Dby weight, more
preferably from 20 to 40% by weight of the aging
stabilizer is first dissolved in an alcohol, especially
ethanol, n- or isopropanol, n- or isobutanol, or in an
aromatic, especially toluene, =xylene. The solution of

the aging stabilizer can then be added to the biodiesel
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bi odi esel energy source, preferably with stirring at a
tenperature of from18C to 80C, preferentially at 25
from20C to 35C. In a further enbodi nent of the
process according to the _nRvwention, the aging

stabilizer, when it is in solid format room
terrperature before the addition to the 30 biodiesel,

%n % ol V%Mb an @'x%ér‘ébi@i VeRtith preferabhy i naan a
al'co in an aromatjc, t

p?@ﬁ%?%@%?r% 167 0% 6](§J/ocby%®e ggtc' ;ﬂeef%zerreen & ]1lyy at
froem 15010 6O% P wei ght, nore preferably from 20 to
40% by wei ght of the aging 35 stabilizer is first

di ssolved in an al cohol, especially ethanol, n-
lsmewanothenagongu stbiidAgler o= rb%\nad@?‘énﬁ{iF€Ctly in

efﬁ% F?EE%SEOl 1@?‘%&? thBe i$Qlkutiion afherd h€hagiaRdng

i Zer can added to the biodiesel - 17 c
enerlgyl 5oe cés Grﬂefjelf%b’rf_\}/ #PER sESPECAG Y g0 an amoun

tgpperature 0f HpogndH8Gdn &Gf&v ) pr gfrerentibalyl yemim 50 to

from20C to 35C. 5Hovve er, 26 agggitabl | er cag o

bb2 aplde PR r edtWY)i n 2the BFEEEEETAEESI i nd TT" t he

| pyeot bon Wmthedagle@g stidbicibrerbésngn unctfmsjiood to

f n an 0

(RF3), CEREr bhabty Fr B B0obar=1 3 B0Be pamePar s cand o 2

pm&éeee}natehl yofr ctlheloagttﬁglOSB@D@leﬁif(V\#f\}v) a duprr@&edlng
55%8? bgkgg ung rs%ﬁﬁ%t‘br&@%@bth§£eﬁger9rh&a&9 and

eparalono a solution or of a nasterbat ho%the g
ageagndeapi lantéoxigaatsr deai AgSOopratEss Ep Y | et made
FBC%%% 318141 R 1MBY #Ndam&a6endar Y et I@xtdam)s 008y ppm
al so addltlonall)_(L be added 1 to th b|O |esel Q/ap and
akBUn - o HeiGHhas 66™p 3{7)2 @ effet abl
ffv@@fé@eh@lAZlQOprﬁmxﬁMM *aod80©®eppmehw/ml by of
from 100 to 8000 ppm (ww). The aging stabilizer is

preferably dissolved in the 20 biodiesel with
STherlarmua; sthbriperatur &sofpfefamasly désggeved in the

pB? 8£§QEX %EHH1§Ef¥¥Eﬁé)§QCa temperature of from 18°C

to 80°C, preferably at from 20°C to 40°C.

The invention further provides for the use of compounds

of the structure I

where:

R = hydrogen, alkyl, alkenyl, alkynyl, alkoxy,
alkylaryl, arylalkyl, cycloalkyl, hydroxyl or
aryl group

A = Rs (AI) or -NR;R, (AII) and
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The invention further provides for the use of
conpounds of the structure | 25 RB A where: R =
hydr ogen, -al kyl, al kenyl, al kynyl, al koxy, alkylaryl,
aryl al kyl, cycl oal kyl , hydeQ%L_or 30 aryl group A =
R5 (Al) or -NRLIR2 (All) and R3RA B=R6 (Bl), /
(BI1), or 4(BIll), where R, R2, R3, R4, R5 and R6 =
hydr ogen, al kyl, al kenyl, al kynyl, al koxy, alkylaryl,
aryl al kyl, cyc I, hydroxyl or HQUp, are
the same or 5 di fit—Rand t he phen) $ Ryl
structural_unit st ruct Bl | has
t Ro=or Re h'R% + subs tuents%giIihe R3; and?or R5&HaI)’
type, as aging stabilizers for increasing the
oxhdagi o, 1sttdth|Ryr E%bl@@ﬁegbl‘ﬂr@f¢ﬁ9ﬁﬁ%me§§kyl
agi%ﬁgmg K{ylﬂ‘_%/l' nventd.qn, PIRYEALPCE ak§18l¥eN, t@:yclo—
| eas

usi ng oné agi ng st.abil1zer of the tructure
| ahliEte t RYdSOBILi t ®8nt BTt heS 0 4Rmpe ar%l t8%and°ffat ©

Oﬁltagrgntyp%na thaobﬁghylf<ﬁﬁ ﬁi@htﬁwbssttrenrrei unit
t he type = at o typ t
i ﬁUen??l%/)'E: UEeE gl’e;%%négd ’g. Vento cgréeh %WO gﬁ Wiree

| eapktoneeAgbnNgrstabi Ri zeR, a@mdpgtﬁﬂgtppephenylene-
diam nes of the structure Il R R R6 N

as aging stabilizers for increasing the oxidation

stability of biodiesel.

In the process according to the invention, preference
is given to using at least one aging stabilizer of the
structure I where the substituent of the A type = Al
and that of the B type = BII or BIII, or the
substituent of the A type = AII and that of the B type
= BI.

In the inventive use, preference is given to using at
least one aging stabilizer consisting of phenylene-

diamines of the structure II

I

where:
R, R;, Rz and Re¢ = hydrogen, alkyl, cycloalkyl
and/or aryl group, where the substituents of
the R, R;, R, and Rg type are the same or
different,

particular preference to wusing at least one aging
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R2z H where: 25 R Rl, R2 and R6 = hydrogen, alkyl,
cycl oal kyl and/or aryl group, where the substituents
of the R, Rl, R2 and R6 type are the sane or
different, 30 particular Qrﬁfegence to using at | east
one aging 19 - stabilizer of the structure Il1l: R R6
RI~-N R2 Ill where: 5 R Rl, R2 and R6 = hydrogen,

. and/ roup, where the
ggu%%% ]tlﬁ%e% ?éolgtme Rﬁﬁlﬁxgg%nd R6 type are the
same or different. 10 In the use according to the
invention, it is possible to usg at |east one aging
stabilizer of the structure |I1Il [which has, as
substituents of the R Rl, R?2 ang4 R6 type, alkyl,
cycl oal kyl and/or aryl ravi & number of
carbon atons of from1 t preferably from 15 1 to
10, or hydrogen. ghe alk jups of the substituents
of the R Rl, R2 AngFG may be either |inear or
branched. The al kyl |groups of the substituents of the
R Rl, R2 and R6 tyquZO are preferably, unsubstituted.
Particul ar preference is given to aIQé‘ gr oups
sel ectgd. f£om i sopropyl, 1- nethylethyl sec- butyl,
1, 3-di et hyl butyl, 1, 4-dineth ent
1- et hyl - RmeRhyl BentPf &id= 8 ?ﬁﬁ%@p?yrygfochloalkyl
substituemis/of tHhe/1R gE?&upRZ wizreaanthR6 sylpetituents of

sui table cyclqalky group is pgefgrahlyathe eg! Game or

different.

0)

In the use according to the invention, it 1is possible
to use at least one aging stabilizer of the structure
IITI which has, as substituents of the R, Ry, R, and Rg
type, alkyl, cycloalkyl and/or aryl groups having a
number of carbon atoms of from 1 to 20, preferably from

1 to 10, or hydrogen.

The alkyl groups of the substituents of the R, Ri, Ro
and R¢ type may be either linear or branched. The alkyl
groups of the substituents of the R, Ri, Ry, and Rg¢ type
are preferably unsubstituted. Particular preference 1is
given to alkyl groups selected from isopropyl,
l-methylethyl, sec-butyl, 1,3-dimethylbutyl,
1,4-dimethylpentyl, l-ethyl-3-methylpentyl and
1-methylheptyl group, as substituents of the R, Ri, R:
and Rg type.

A suitable cycloalkyl group 1is preferably the cyclo-
hexyl group for the substituents of the R, Ry, Ry and Re
type. The aryl group of the substituents of the R, Ry,
R, and Rg type 1is preferably a phenyl, tolyl or
napththyl group, these aryl groups being substituted or

unsubstituted.
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hexyl group for the substituents of the R Rl, R2 and
R6 type. The aryl group of the substituents of the R
R1, 30 R2 and R6 type is preferably a phenyl, tolyl or
napt ht hyl group, these ary 2¢reups being substituted
or unsubstituted. 20 |In particular, in the use
according to the invention, at |east one aging
stabilizer of the structure Il where the

.Sﬂpsééggiagﬁf‘?a %Re t%@ngsgl ak¥Bedahg @’c htk5e hydtegenon,

is a tot |od|ese t.Q be sta

prief dregride pgequ 0 SAddiirg Z&% a@?ngt}%? at?tlﬁufetrur& Il
tﬂ?e% VHEEUfs(%JHsHlt\Mé%Pc% tchﬁ substd t aeat &, ofc yioke &r@ndach

Rl type are each dro d.th
R e Ro LBy B FRoRtical i T0° S nd s tAhi P 28i4- 2o
St €£d Bshdd ofrsN,dY veti atk&yladdpqgweauyl egedicans sl lfzgr of
ﬁémgpl ru%%rﬁgl&ig v&ﬁ%nypth@hgﬂﬁgﬁﬂ€g%ﬁﬁbn%f the R and

at yI | enedi am ne

'\Rthyma(alr%-eehq’mtﬂmmﬁryla)ndp tﬁi@e@%@ﬁé&%% off5 the Ro
(JXE% t'}lggp Hies (Lre8lchWan3- met hyl pentyl ) - p- phenyl ene-
B) or N, N -bis(l-nethyl heptyl)-p-
phenyl ened| am ne, N, N -dicycl oal kyl - p- phenyl ene-
gfﬁgfrglggs, ft%‘bl@i@@ilse N, gbieﬁew ohezwydr p- pNeNyI—elnelkyl—
an ry en nedi ,
eRaPr]‘b?%ij\?rF\Fde"i‘rbﬂ%ﬁd %Bﬁe W{@ﬁggl amlNﬁgl 0831 5eRroby1-p-
hbnﬁlé@é&iamﬂn@henwb@ﬂe@uwmamebam@le phenylenediamine
ap
pé#?#&ﬂia?f re&gé—%p%@%ﬁ &ggg a?%é%%*@%é@ﬂ&&lne
st aBPDbj zed |I\h I\t’h@l@s(é mlm&rgletﬂwlpﬁ@tyﬁoe—mjpé}@n@@ne‘

alternat )Y pos ble i rh GoRrdi t
t%leéllﬁnv%antl oﬁ(dtdg%add ag?%g st é\]glNltl ?élréi(q—% PR ) -

sphepylerediamingere the sdbdt yh'e PRESRYREDS™
typembges, t@@rar%x%ﬁ hehYQIQ@@ﬂtui%dldH@iﬁLMp phenylene-

?52;&%%%?2L2F%ért % 3 g%aryq -p- p%%%%l%%%dq R %%%Ut for
example N,N’- ~diphenyl-p-phenylenediamine, N,N’-ditolyl-
p-phenylenediamine and N, N’ -di (naphth-2-y1l) -p-
phenylenediamine are added with particular preference
to the biodiesel to be stabilized in the use according

to the invention.

It is alternatively possible in the use according to
the invention to add aging stabilizers of the structure
III where the substituents of the R and Ry type here
too are each hydrogen, but the two substituents of the
R, and Rg type are different from one another.
Preference is given here to using aging stabilizers

selected from N—isopropyl—N’—phenyl—p—phenylenediamine

(IPPD), N—(1,3—dimethylbutyl)—N’—phenyl—p—phenylene—
diamine (6PPD), N- (l-methylethyl)-N’-phenyl-p-
phenylenediamine, N- (1-methylheptyl)-N’-phenyl-p-
phenylenediamine, N-isopropyl-N’-phenyl-p-phenylene-

diamine, N—cyclohexyl—N’—phenyl—p—phenylenediamine and

N, N’ ~-diaryl-p-phenylenediamine derivatives.



Preference is given here to using aging stabilizers

sel ected from N-isopropyl -N -phenyl - p- phenyl enedi am ne
(I1PPD), N-(1,3-dinethylbutyl)-N -phenyl -p-phenyl ene--

di am ne (6PPD), N (1-nethyl etithyl)-'N -phenyl-p 35

phenyl enedi am ne, N-(1-nethyl heptyl)-N -phenyl -p-

phenyl enedi am ne, N-isopropyl -N -phenyl - p- phenyl ene-

di am ne, N-cycl ohexyl -N -phenyl - p- phenyl enedi an ne and

N, N -di aryl.- hen edlan1 V, % n
p%?t?cﬁ?§¥18ﬁ%8 lmephquggﬁg%éﬁg%lgécog&l%é t8 the
| tveaht bon, agigighost ababniezgréf q@the téer u%’ﬁla\a@tlllr%ré[ are

Sd% ?dtQI;h%gg oﬁigéféséP Q§>Sbéb'étéﬁgllﬂggrevhﬁﬁx5 the

i tuent and that of thg )EE)/ _
5 =sulpstibremt|¢L Uﬁep%r{}/EﬁlarAIa@Pﬂg t8ehpPLi 28fs B TYPe =

sgteched pfiromg| pheryi amae, @@kﬂ@abedblllzers selected
di phenyl am nes, _parti cul arI ]S (§| kyI

t BECBheny|diRbEnYdEmiae uni ts m1 £ nga%%lnes’
aﬁ@ﬁ’elc&@amyfer@t&ye fr ami4 1t o @roapbon @’uorrg;haand phenyl

t ed d [
SELERPTBrS ofitig SHTURT e 1o 11 iy beo aebd dio™”

10 tpEeﬁSEalastyorﬁjﬂang to ttdhe i rm@rh@rbnaépmﬁer aRd g stygenated
i{lrghgnas o?né agi,%légédo}ge@é a mxture of different

oun rucfures | to I1l. The invention
I i kewi se provides oxidation-stabilized biodiesel

whi gh 260RBT 389 ifhoms toF &m@o&mmv@ toZGIII may be

preferably from50 to 12 000 év/ww\)’ a@ OOLE. ;. s a
pReedr aB| )Fh{er OTRCLRF IS %‘grﬁrﬁ% BF-ar™ 8 oné

15 agmglét aakgﬂﬂgzegt@mm@est puctas eal 1ﬁxt¢\112—:5 wlﬁerob,lfmrfnt
dr oge n y al koxy, al kylaryl,
aiXVW‘BgR?PS gc?‘é}é’fﬁg\lrgﬁyaﬂééyfi aryl group A = R5

(Al') or -NRLIR2 (AlI'l) and

The invention likewise provides oxidation-stabilized

biodiesel which comprises from 5 to 20 000 ppm (w/w),

20 preferably from 50 to 12 000 ppm (w/w) and more

preferably from 100 to 8000 ppm (w/w) of at least one

aging stabilizer of the structure I

25 where:

R = hydrogen, alkyl, alkenyl, alkynyl, alkoxy,
alkylaryl, arylalkyl, cycloalkyl, hydroxyl or
aryl group

A = Rs (AI) or -NR;R, (AII) and

\©_R3
Ry
B = Re (BI), (BII), or (BIII),

where R;, R, Rs, Rsq, Rs and Rg = hydrogen, alkyl,

30
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R3RA B=R6 (Bl), (BIl), or (BIll), 30 where R1,
R2, R3, R4, R5 and R6 = hydrogen, alkyl, 22 alkenyl,
al kynyl , al koxy, al kylaryl, arylalkyl, cyclo- alkyl,
hydroxyl or aryl group, are t e sane or different,
and t he phenyl or naphthyl™ uctural unit in
structure I, BII and BIII has one, two or three 5

L1t em type,1dbgy1 lo-
|ﬁgg?ﬁl¥ é’sél pre W%nﬁ% ses 4t |eust “ane.
aglhngtabVHr@eylofOﬁhe&ﬂMﬁuﬁQﬁQﬂHrmh@?% tﬁ@e same  oOr

A S LR O b ok erpens

e =
ALD #idugtigte of .t REB F?Be 2 e PHventiVe YO Three

biediesehept &f 6Fabhy ROMK, €8 /ak Reasypeone agi ng
stabilizer of the structure Il 15 R R ERG NR2/ Il

where: R, Rl, R2 and R6 hydr ogen, al kyl, cycl oal kyl
amdéorlrazreyitlgzreoukmod\mel t beeSebsbilyuemmpmifsaheat 20 east

R1l, R2 and 1Y r h a erentypnddd s
bP88I es%%n%orset%gnr e]flngea Iy %ft %hél gggggtcg}lggstfon%hé the

aguhgtstabntlzértbﬁ ﬁh§Y§?ruc rénd thrtret Rhe BFRe =
F 8Fe§FIIR’o?lthgzsﬁBgtRﬁuenEy@EOQ%@,Aﬁh&ﬂ@ = AII and
c cloa

that of the B type = BI.

The inventive biodiesel preferably comprises at least

one aging stabilizer of the structure II

R 1

where:
R, Ri, Ry and Re¢ = hydrogen,- alkyl, cycloalkyl
and/or aryl group, where the substituents of the

R, Ri, Rz and Rg type are the same or different:

this biodiesel more preferably comprises at least one

aging stabilizer of the structure III

Rz 11

where:
R, R;, Ry and Rg = hydrogen, alkyl, cycloalkyl
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and/or aryl group, where the substituents of the R
Rl, R2 and R6 type are the sane or different. The
i nventive biodiesel nay conprise at |east one aging 5

stabilizer of the structure I which has, as
substituents of the R, Rl,” B2 and R6 type, alkyl,
cycLoaIkyI and/ or aryI groups havi ng a nunber of

carbon feJir @ 0 depeetgpabl yuehtkrem kn
to 10, 9E§d% l hg%%{g] groups of t ©

substitﬁenﬁs,othdnﬁlﬁe PeRﬁreaﬁaeRGaW§p€rnﬁgfﬁ@rent

ei ther |inear or branched The aIkyI groups of the
substituents of the R : %
p?bﬁe#ﬁﬁ??taﬁ§uﬁépﬁﬂ8§§é mPXrF FﬁFéFepﬁgféF ong fging
ggygﬁlygzgkkykngroupe s@uxndﬂtﬁqonitiopmhgdh has, as

1-nethyleth utyI 1, 3-di pet hyl ,

1SHb8F¥EPﬁ9¥Ben?§I CHE oty Fac ne?ﬁy?%%n?%l phypes  alkyls

1cgeubynhemtyhdgomupryasg$0996|ﬁ@@nﬂg Gf b eR gf) caghon
gPerato)fp e Cyc}?&;' bable eyl oal k1 9roEPsiém 1 to 10,

ny hexy roup for the substituents
obrthngDng R2 and R6 type. The aryl group of the
substituents of the R Rl, R2 and R6 type IS

preferably a phenyl, tonI or h ar. t hgs

afhe grldiids %@@h@sseﬁsﬁqﬁniﬁp% tﬂﬂéﬁ%s?ﬁ 6?§P]R KPS
P@hﬁ{@g|§§petﬁ§ylB%e@Ft%%rbud@ee&ebﬂxhnxnchﬁﬁzﬂThe alkyl
east one a g st l.zer uctur eyl
SQrPHESsGﬁe k%ﬁt%9ﬂ§ﬁQ %nd prg ar o e%% ¢ type
hﬁdéO@@@fdﬂﬁ?ﬂﬁn@M$@Be¢1mmEé®raBEytecnbﬁts@§%ﬂeﬂQﬁ%ﬁ is

an.a |ng abi ro t ryct I

8868 n, é%s S?Jéﬁé &rggﬁ dotded |1 sebgre tdepropyl,

uen R an ;zpe are each hydr g en,
addmethylstbylit uents 6PCrhEtRR, and R6 ypedipetiylbutyl,
IQeqt Sﬁ%th?%péﬂ% Stab'|RZ§£§y§eBeﬁé§Hyipéﬁtyl and

I
NleﬁéhW§6696§% q;oggfﬂgglggkggitueQES %m%h R, Ri, R2
and Re type.

A suitable cycloalkyl group 1is preferably the cyclo-
hexyl group for the substituents of the R, Ri;, Ry and Rs
type. The aryl group of the substituents of the R, Ry,
R, and Rg¢ type is preferably a phenyl, tolyl or naphthyl
group, these aryl groups being substituted or

unsubstituted.

In particular, the inventive biodiesel comprises at
least one aging stabilizer of the structure III where
the substituents of the R and Ry type are each
hydrogen; this biodiesel preferably comprises at least
an aging stabilizer of the structure III where the
substituents of the R and R; type are each hydrogen and
the substituents of the R, and R¢ type are identical.

Aging stabilizers selected from N,N’ ~dialkyl-
p-phenylenediamines, for example N, N’ -diisopropyl-p-
phenylenediamine, N,N’-di-sec-butyl-p- phenylenediamine
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phenyl enedi am ne, N, N -di-sec-butyl -p-

phenyl enedi am ne 24 (44PD),

N, N - bi s(1, 4-di net hyl pentyl ) - p- phenyl enedi am ne
(77PD), N, N -bis(1l-ethyl- n; hyl pentyl ) - p- phenyl ene-
di ami ne (DOPD) or N, N -bi s(1=fet hyl heptyl)-p-

phenyl enedi am ne, N, N -dicycl oal kyl - p- phenyl ene 5

di
! %Pﬁzs arfaq qﬁ'@@l e4l>!?l%etg{h§glnyl enegl am ne r%r&amlne

eiéﬁﬁpé N, NTLdipﬁéhyq “p- S%enylene—
“hh%mgh%olthgﬁamﬁenyleeedlannnawa&ds (1 methylheptyl) -p-
L (na

enedi a Jare fmne
pP@ﬁéVéBP?déﬁ%PFsed in thgp%ho |ve Y Sadsay tenes
| Hibmiakber n@birvelakqugasd bl N'Ofdztdle:hqhaenth—\pephenylene—

bi.odi esel t bi I

Stf8ettEe 11 PR Gher o the A B R b TR e TOr
16xtypéeher, &’ tmmymmyd@ﬁdlﬁwnﬁhe NARD dltolyl-
oﬁbﬁhgh Qhédj?,%m&ﬂ@ R2 ang, 6 typey ale i fif fieH-4rom-p-

e ano e i nventive biodiesel pr ef er ab)
cohpnivsescdypmgnst 3id | PeFe SaIederéd iy ocfﬁrwlfjs%?ﬁ] op{l -the
N; npBgarykepprpbgnykenedi anmne (I1PPD), N (1,3 20
di met hyl butyl ) - N - phenyl - p- phenyl enedi am ne (6PPD), N-
(1- et hyl et hyl ) - N - phenyl - p- phenyl enedi am ne, N-(1-
methyl in@pt i xeNnapheryly- p- pbesybeaedifan nefhdk inventive

I SQpPr.0 heny]| henyl am h | -
ESSRIIN pherygsatany| goed amasy Shouelonop - cne
ph@:mytlc@n@dl ei'rﬁIr]eWUereva:tha/esubﬂihl‘éu@IaW| @él a‘q;he R and Ry

th nveptd ve, bigdi esel oNnprises agheg t
st %I i Zer's. ofgthe st réuctﬁrg I %grrgg%t he substltgu gt e

obublss iAueppe =1 thadRehandofRea HeyRS 38F ¢y pe = eBieR torfrom
Bbhk- | 8npakdicul afme t ha niveventieve bbb@ﬂé@éel preferably

conprises aging stabiljzers select

dCPReRYEER REITE kST la%fheﬁﬁrcf ﬁ%s%moﬁﬂ N- lsoprOpyl—
p?:r't-p@@h@n, —bhe&glélnleyihaguineps on théPﬁDbnyl -(1,3-
st r.uc s..hav fro t

R R e %PPD -
StyrmeahgdedhphéﬁyVa@hﬁegl p- phenylenedlamlne, -(1-
methylheptyl) -N’ -phenyl-p- phenylenediamine, N-

isopropyl-N’-phenyl-p-phenylenediamine, N-cyclohexyl-
N’ -phenyl-p-phenylenediamine and N,N’-diaryl-p-

phenylenediamine derivatives.

In a particular embodiment, the inventive biodiesel
comprises aging stabilizers of the structure I where
the substituent of the A type = AI and that of the B
type = BII or BIII. In particular, the inventive
biodiesel comprises aging stabilizers selected from
diphenylamine; alkylated diphenylamines, 1in particular,
these alkyl groups on the phenyl structural units have
from 1 to 10 carbon atoms, preferably from 4 to 9

carbon atoms, and styrenated diphenylamines.

The 1inventive Dbiodiesel may comprise either the

compounds of the structures I to III as a pure
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The inventive biodiesel may conprise either the

conpounds of the structures | to IlIl as a pure - 25
substance or as a mxture of different conpounds of
the structures IF to Ill as .aging stabilizers. The

i nventive biodiesel conprises’in particular Cl12-C24 5
fatty acid al kyl esters, preferably Cl2-C24 fatty acid

aﬁﬁg%kaﬁggeé§ 9% gl%lg%ﬁrgagkydﬁ%&@r@EQYboﬁﬁbﬁhﬁs of the

present in pure formor as a mxture. In
aaarupbnreﬁhé Fﬁv§ﬁ¥|@§ %Gbﬂge§E?bh£§Z%6ﬁprlse al
customary additives, for exanple prlnary and/or 10

secondary antioxidants, antifoams, co

i FBPOVESNt1Tke ki’%ﬂi%rﬁsf% BPRF LGP ijefparr Cular Cra=Caa
Cﬂla'@tys%fcld ransest esitkireat |pm'emmsd1ﬂc>t sCof- Crzapésew acid
Oi yb 0|I un I nel |I, ;
CBERIL GHTor ) £ SpaCHh | Lo ot 1 3rede e b T Soangt hich
oiky cbenspmmb&mt ]ihzﬂpﬂnﬁ' @@éﬁlc@éklﬁg ot | uigHere. In

| nyant | ye b'Qgéesfﬁvgﬁﬁfvepr@f§£§@§§lCQﬂﬂé'%%%@rlse all

tFansestefifrcat product s are tained b
t hestransgst e2ddichtedn off Fape§SEHP LG | PHEIATBI |, %and/or

SB@EBQ@@Ey°bthBx§@$Q@@” %hklf@@ﬁsII@dﬂﬂlﬂMbdNKMbﬁﬁnﬂrs
al so Conprise mxtures of_th

t?éﬁsestéPVPPEhY?on PP ALEESE b d|9?%§%ﬁﬁb%%get£§%§rlses
andhaiseanierBliohtsonApydutry afit i mepaksdd, ofihe soybean

i nyentive odi esel y nt a I d

pRé olssuﬁgg?g?ﬁblngES %e?ect%%r %%L{&P%ﬂi §565E¥63 oil,
ngaamb@ha|$1uxeﬁqnuunqesﬂtmny1-nesnuau@éﬂhymﬂﬁaﬂﬂed oil
agdZOrt%%e%; éqké%éi{%%§Pgﬁgﬁolnventlve biodiesel more

“tert 2,6-di-tert-
bpryﬁe¢abéa-@@mngﬁ@ﬁowrapa§a£qaﬁﬁaﬁﬁ§ﬂgﬂ pgpducts which

A et hyL.phened (%ﬂﬁptE!bﬁ!@b@@@&fhbaé16n of rapeseed
di net hyl phenol , 6- dlg t adecyl - 4- net hyl phenol , _.
20416-t PR&Jc| Bhixyl PRB iPweE 69%F -t ®F t - %§¥ gan’ oil. The

41&&%&&&%&E&ﬁwdﬂuﬁuﬂ mmpnﬁusbemﬂmpNWEﬁemiheuneaybf the
%%%SGS%GrlfHEQ %Enorpro%ﬁ%Q%d’ Qpr &?%yggéht vegetable

and/or animal oils.

As primary antioxidants, the inventive biodiesel may
contain sterically hindered phenols, preferably
selected from
- alkylated monophenols, preferably 2-butyl-4, 6~
dimethylphenol, 2,6-di-tert-butyl-4-ethylphenol,
2,6-di-tert-butyl-4-n-butylphenol, 2,6-di-tert-
butyl-4-iso-butylphenol, 2,6-dicyclopentyl-
4-methylphenol, 2-(a-methylcyclohexyl)-4,6-
dimethylphenol, 2,6-dioctadecyl-4-methylphenol,
2,4,6-tricyclohexylphenol, 2,6-di-tert-butyl-
4-methoxymethylphenol, nonylphenols where the nonyl
group may be linear or branched, for example
2, 6-dinonyl-4-methylphenol, 2,4-dimethyl-
6~ (1’ -methyl-undec-1’-yl)phenol, 2,4-dimethyl-
6- (1’ -methyl-heptadec-1’-yl)phenol, 2,4-dimethyl-
6- (1’ -methyl-tridec-1’~-yl)phenol, tri-tert-
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25 5,6 di nonyl - 4- met hyl phenol , 2, 4-di net hyl -
6-
6-

( nmet hyl -undec-1' -yl ) phenol, 2, 4-di net hyl -
g nethyl-heptadec-l'-yI)phenoI, 2, 4-di met hyl -
butyl phenol s, especially 2

nethyl-tridec-l'-yl)pgﬁp tri-tert - 26 :
b-tri-tert- butyl - phenol,
?g;:ert but yl phenol s, especially 2, 4-di
tort BUryTEnERalS &r R erio b %”%Wﬁﬂ‘é%%f?@;ﬂ*‘
espechaenglp, @ldteféT?u%M%Qmegp%%th i ?Eﬁﬁi y 2,4-di-
guf Ftikﬁé%%@ t ﬁeﬂ?ﬂﬁtQY$P@Bnﬂért4b@tﬁlpm@m¢l 2,6-di-
- eno

tert- 5@??T9@¥K§P$ﬁ%%%{sdl EH%T¥¥1§?€§$?5% ng&
2 ?et@ypeheabny B; iedi bary+b@tmh¢hymgh@ﬁbpheUQﬂ,

er h | 3 =
phenof 1 ST OF T EBEE P AThot fy T ERER o o S ehent STy ores
4-t erbubyt yR= meahulm@englph@hotere-@@gy bﬁf@?t@ylthHOl
4-di 59 lBE@g?*etﬁﬁiﬁhQH5Y£ 2@§pQ¢ﬂE1Dy|@h€@Qt butyl—
tert g eci al | ert butg eno
4-terds maﬁ Y pRRABPL  d §@€tb%P9Y%h%n%?E gggeBﬂiy|
phenol s espsat al L ¥-Re8BG1 pubNbDhe6oter2-setybudyhethyl-
4-tert - but | phenol 9 -tg ULyl
phenoPRepgty - 5ﬁprﬂgEx?§lm%§§§iP§?Po 26 % ¥ Y
?hepoh tétﬁpentyanyl5hemméshyé§penoétl§ 2e¢tdbu2ml-
er en h
4 nongn%hgﬁgﬁghylgh%§8gFFgg%g Sgeyl 4- 998¥h99399bhenol
4- nonybphehutylpheoqéeylpﬁpﬁ@naléytadééyﬁp%éﬁaﬂphenol

a'ky'hhggggﬁgﬁggﬁgﬁehél Da§ﬁ§éébet§1ﬂhdh@mbylbbbebutyl—

nmet hyl eno 2, 4-dio Ith
6- neth?ﬁﬁﬁéﬁeleSEe@léﬂéEt?rFﬁFoﬁE%ﬁ 8n8hhy %SnB gyl'

2, 6- dud%@%%ybhhygﬁﬁbhbh 44n@a¢LpheymL2 6-di- tert putyl-
hydrqu|nones and a

| K hydr
2, 6- dPDEBPL hEEYIE: ﬁm%iPﬁ8Q§§ﬁZn8F8“'”°?§§ 2-RLeherabhy
bUty|bhéh@qulﬁﬁﬂee¢f8bﬁWlpbspe¢salbypzcsaaayt@pg do-

butyl 1hydrg %hB%”%bl? 6-4% ob?%by?ﬂhghoﬁydQog%kQQﬁﬁenol,
4-nonylphenols, especially 2,6-di-tert-butyl-
4-nonylphenol, 4-dodecylphenol, octadecylphenol;

- alkylthiomethylphenols, preferably 2,4-dioctylthio-
methyl-6-tert-butylphenol, 2,4-dioctylthiomethyl-
6-methylphenol, 2,4-dioctylthiomethyl-6-ethyl-
phenol, 2, 6-didodecylthiomethyl-4-nonylphenol;

- hydroguinones and alkylated hydroquinones,
preferably 2,6-di-tert-butyl-4-methoxyphenol, tert-
butylhydroquinone (TBHQ), especially 2,5-di-tert-
butyl-hydroquinone, 2,6-di~tert-butyl-hydroquinone,
2,5-di-tert-amyl-hydroguinone, 2,6-diphenyl-4-octa-
decyloxyphenol, butylated hydroxyanisole (BHA),
especially 2,5-di-tert-butyl-4-hydroxyanisole,
3,5-di-tert-butyl-4-hydroxyanisole, 3,5-di-tert-
butyl-4-hydroxyphenyl stearate, bis(3,5~-di-tert-
butyl-4-hydroxyphenyl) adipate;

- tocopherols, preferably a-, B-, y- or d8-tocopherols

(vitamin E);
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4-non cl ohe
4- netﬁyEbhmﬂbhylezeblsﬁérﬁ?FBMébﬁsFEC %P?XBE¥bFn§b

4-eth h h
4 net% F epeth 18n8b1B¢h Mégn§ppg;ﬁoh§Ephbﬁbyu

2,5-di-tert-anyl - hydroqui none, 2, 6-di phenyl -4-oct a-
decyl oxyphenol , butyl ated hydroxyani sol e (BHA)
especially 2,5-di-tert-butyl-4-hydroxyani sol e,
3,5-di-tert-butyl -4-hydroxyani sole, 3,5-di-tert 35
butyl - 4- hydr oxyphenyl stearate, bis(3,5-di-tert-
but yl - 4- hydr oxyphenyl ) adi pate; - tocopherols,

prefe}‘i b Y atéé‘ thn\/cdp;?1 h&n$ Dcophers) sordsetamin E);

ate hi odi

h
oS et | D od phenil ot her o prel s ably core-
butbeAtyELMym@@ﬁﬁp¢&enélﬂ, b)STQbfbtﬁxﬁﬁ¢wm@thyl‘

4- hy d h l fid
B S LB

butyl sec-
any| pb@ﬂpl}b} meuhylmmmszs 4 et =Pt g il Feengi=sec-

Phenoldy1fndnot 1t OB 21 8ch 5&@;1@%@&%@9/1@@%@&&:;1—

al kyla i'sp r - et
bi s[ 4pBeniplieré, ﬂ)ut’ylllb‘g]@g%% atgré*bléw%g %&Yﬁp%r‘o” ’

[6 tFI%Egg%?§d4bi§§pgﬁal@hEQQéferQbe 2 spt-ethylidene-

bls[4b65&ﬂ ?e%% Eﬁf§+%ﬁég ?Qﬁgf& %ﬁ%hy?gﬁ%g¥&gH§bls_
242”EEE¥Ee@tﬁgg?zlhyL@S@b@thyhé@@bhpl? 27 —iso-

_RRE Ry EReRP S b nEr e R LR g2 hecAPLene-
2 2 BﬁkhyléﬂdbeEﬁtfhutxlpUen@lhyl%eazym§tQYh@ﬁ?PlS“
b hsmrGy "B M ﬁ@@ﬁkﬂggci@hgﬁgmyws%y

eno nebi s

henol 4 ylid
5- netﬁypph@ﬁghyleaeglszéfﬁgLgﬁe ?é?%%gﬁgen5¥ﬂ§¥4 nonyl-
bUty'EH@ﬂ@h], 2’-m€thylenebns[6 -f{ermebbyybenzyl) -

2- met

1 I pALeRn gnggag§r PRrePY L 4a0BaLpBeRoL) RSy -

butane métﬁybphéﬁoﬂévt2bafymeshyé§h§bl§iﬁy@@é%ybutyl—
4-ethylphenol], 2,2'-methylenebis[6-tert- butyl-
4-methylphenol], 4,4’ -putylidenebis[2-tert-butyl-
5-methylphenol], 4,4’ -methylenebis[2,6-di-tert-
butylphenol], 4,4’—methylenebis[6—tert—butyl—
2-methylphenol], 4,4' -isopropylidenediphenol,
l,1—bis(5—tert—butyl—4—hydroxy—Z—methylphenyl)—
butane, 2,6—bis(3—tert—butyl—S—methyl—Z—hydroxy—
benzyl)-4-methylphenol, 1,1,3-tris(5-tert-butyl-
4-hydroxy-2-methylphenyl)butane, 1,1-bis(5-tert-
butyl—4-hydroxy—Z—methylphenyl)—3—n—dodecyl—
mercaptobutane, ethylene glycol bis[3,3-bis-
(3’—tert—butyl—4’—hydroxyphenyl)butyrate],
bis(3—tert—butyl—4—hydroxy—S—methylphenyl)dicyclo—
pentadiene, bis[2- (3’ -tert-butyl-2’-hydroxy-
5’—methylbenzyl)—6—tert—butyl—4—methylphenyl]
terephthalate, 1,1-bis(3,5-dimethyl-2-hydroxy-
phenyl)butane, 2,2-bis(3,5-di~tert-butyl-4-hydroxy-
phenyl)propane, 2,2-bis (5-tert-butyl-4-hydroxy-
2-methylphenyl) 4-n-dodecylmercaptobutane,
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benzyl ) - 4- met hyl phenol, 1,1,3-tris(5-tert-butyl-

4- hydr oxy- 2- et hyl phenyl ) but ane, 1, 1-bis(5-tert-

but yl - 4- hydr oxy- 2- net hyl phenyl ) - 3- n- dodecyl 30

mer capt obut ane, et hyl ene ¢l ygol- bi s[ 3, 3-bi s-

(3" -tert-butyl-4"-hydroxyphenyl)butyrate],

bi s(3-tent-butyl -4-hydroxy-5- nethylphenyl)dlcyclo-
pent au) B,n@,,S—knst[l%}(ﬂé F-erarthinyd v 12 Aoy -2 -methyl -

6%%%%?5@;%{9a :fert-butyl-4-methyl phenyl] 35

~'bi s( 3, 5-di met hyl - 2- hydr oxy-
phenyq)-),bLN-arﬂ;'ld E-hai a3, B AU /- BASHSTATYdr oxy -

ghﬁgty y%ggﬁﬁleﬁ@tn@%g%ezé@uwﬁwmedawmwlbenzyl
5- t et PEKFS( 5eed 2Bty %—’%ag{/qﬁb @ﬁﬂgﬁ%ﬂyzl%enzyl’
phe?Y&éiﬁﬁ@iﬁ&tei&teI*tfﬂdbd?lxﬂﬁnydnaxMKﬁHﬁHQL tert-
pre a

%’ f%%ﬁ%%%t%ﬁﬁcﬁﬁﬁoﬁc a}11_'6’ci|tr1rlt:ﬁoxyd| eH?? 5
et herbumla@ewdrwm@nww@@% ri@tsh%mmbutyl-
mer Ca%t lﬁg&[%%ée? éL rcﬂﬂﬁé“%’ﬂ¥ﬂoé}yg§ﬂxyd:&lﬁ&Héﬂie%fﬁthalate,

but r'capt oacet a tris(3,5-di-tert-
but yI bils h%divj(ybwyﬂgu%T-fb—h}ﬁ;lg(()gyk%eé}qylaut%}{lflde,

3- hydigéyogtﬁzﬂ?s et byl bepzybt @i thivierepiided vt e, 10
bi s(3 “tert-butyl - 4-hydr oxybenzyl ) sul fide,
i so- o@??@aﬁﬁgﬁ%ﬁtﬁ%ﬁt but yl - 4- hydr oxybenzyl

ner?ap Y OBELYI5¢ 81y T a bydr mxydeazys Atk frat gy edjoctadecyl
prefe

di
D - b ?’39415 bFer ﬁ%recgﬁf [TRSENY of YRS el onat e e
15 di acdatedytyP- 28(3eterbtﬂvly¢yh-4w1@tr®5@x§5‘5r§ﬁ¢ﬁylpyi_
benzy d _
PSR PO R e e s
di [4- (3,37 ®lsteétr1@wey yﬂb@ft’%"? eyl malgpate,

(3, 5-dirheqi-bugyh- ée@ygrh@wpw@wﬂnmww 2720D-bis-

hydr oxybenzyl aromati cs rab
(3, 5- @B« Podi- B@’F(}Tbﬁtlﬁ}/d? \}%néyh %a{?nate'
nEthyh?&ﬁ@ﬁﬁ@eniyﬂabbﬁé815sdlpf@fér@@lyl1A3h§ﬂtnxy=

(3,5—di—tert—butyl—4—hydroxybenzyl)—2,4,6—tri—
methylbenzene, 1,4-bis(3,5-di-tert-butyl-4-hydroxy-
benzyl)-2, 3,5, 6-tetramethylbenzene, 2,4,6-tris-
(3,5-di-tert-butyl-4-hydroxybenzyl)phenol;

- triazine compounds, preferably 1,3,5-tris-
(3, 5-dicyclohexyl-4-hydroxybenzyl) isocyanurate,
1,3,5—tris(3,5—di—tert—butyl—4—hydroxybenzyl) iso-
cyanurate, 1,3,5-tris(3,5-di-tert-butyl-4-hydroxy-
phenylpropionyl)—hexahydro—l,3,5—triazine,
1,3,5—tris(4—tert—butyl—3—hydroxy—2,6—dimethyl—
benzyl) isocyanurate, 2,4,6-tris(3,5-di-tert-butyl-
4-hydroxyphenylethyl)-1,3,5-triazine, 2,4,6-tris-
(3,5—di—tert—butyl—hydroxyphenoxy)—1,2,3—triazine,
2,4—bisoctylmercapto—6—(3,5—di—tert—butyl—
4-hydroxyanilino)-1,3,5-triazine, 2-octylmercapto-
4,6-bis(3,5-di-tert-butyl-4~hydroxyanilino) -
1,3,5-triazine, 2-octylmercapto-4, 6-bis(3,5-di-
tert—butyl—4—hydroxyphenoxy)—1,3,5—triazine;
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benzyl)-2, 3,5, 6-tetranet hyl benzene, 2,4,6-tris-
(3,5-di-tert-butyl -4-hydroxybenzyl ) phenol; 25 -
triazi ne conpounds, preferably 1,3,5-tris- - '

(3, 5-di cycl ohexyl - 4- hydr oxybeqnzyl ) isocyanurate,
1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl) iso-
cyanurate, 1,3,5-tris(3,5-di-tert-butyl-4-hydroxy-
pheny5999QmQbehehsxghygféférsbﬁyt4+@ydfwxyfﬁhranlllde,

1,3,5-tris(4-tert- hyd d
benzyﬂyh&§68§&§£?af@nxé dee ?5€§¥3§5?%15?§+t¥% HEypatyL
? hydqon¥§h?ﬂybﬁéhy%)d&aﬁbématea2|ne 2,4, 6- trls-

er
(3 oL ALt cpuY s DY XV DRENGKY) 1 dy T el LA BN 1) -
A- hydpmmpannhcnayid 3ﬁ5(5rt@itn@utzﬂtﬁﬂ@&@ﬁﬁ%ﬁﬁﬁtﬁethyl-

i S E ﬁEOESBEé?“%¥5d4 B¥@E°5¥@£¢§¢I6aex 1-

mer capt o- 4 %
tert- Buhyﬁr@XM95?6Y9bﬁéﬁE%??li 3cid t??i Phe3- gdl tert-

acylth@9@h@nﬁyaroﬁy§B@ﬁgmlacétmyda@xajammeﬁeltme
4- hydr oxystearani |l i de, octy

5-d b
4- hydPa%9BRoNGPTPEAFBANREE: Vipleain gpbe SEnlthYlsL,
(3- é3egfdhOUth Edt¥h04 Eydbeﬂyphenyl)o@t@d@pa@qlc

aci tert 4 t .

pheny iy St BBrORFELALY oL P3hC BBLdr eyl rekyTe sLyeol
4- hydﬂoiyphepyhppnop»onsopantmlagay@@la shipdietpylene

bUtylﬁ&ﬁ%%grOéXQ@ﬁgXEnQCQEyEoﬁc'gr1@@§§§6559g1§b69h0|

be fethanol, 10 efhano
n- oct@ﬁ@ﬁaeﬁgéhéétﬁﬁmltrééﬂﬁd@éaﬁﬁﬁthyi 6L RRRUARLFBF S

1,9- nﬂn@ne@hglhy@&@&b@ﬁﬁygbbﬁéﬂamlan BFﬁnaaﬁddetanol
neopentyl .giyco col Fethylene

thio
o yooR-thad el parEaptTeok T e bRy HEPYERE S
trlS(hkdm@t%gﬂbybkopSQeyanuhgdepxyﬁethyl 1-phospha-

3 thi dpeint SA6Har Y PLASRor AGRSREare]

t ki meemildelspodpéné 3, 8- Hydt@xynbvhyl f-hl@spHEPhongl) -

7- trl%&%@l Gl-0L22, 2lreet @8R8mple N,N’-bis(3,5-di-tert-
butyl—4—hydroxyphenylpropionyl)hexamethylene—
diamine, N,N’-bis(3,5-di-tert-butyl-4-hydroxy-
phenylpropionyl) trimethylenediamine, N,N’-bis-
(3,5-di-tert-butyl-4-hydroxyphenylpropionyl) -
hydrazine;

- ascorbic acid (vitamin C);

- pentaerythrityl tetrakis[3-(3,5-di-tert-butyl-
4-hydroxyphenyl)propionate] (IRGANOX 1010},
N,N’—hexane—l,6—diylbis[3—(3,5—di—tert—butyl—
4-hydroxyphenylpropionamide)] (IRGANOX 1098),
ethylenebis (oxyethylene) bis[3-(5-tert-butyl-
4-hydroxy-m-tolyl)propionate (IRGANOX 245)

and mixtures of these compounds.

As secondary antioxidants, the inventive biodiesel may
comprise alkylthiomethylphenols, preferably selected
from:

- 2,4—di—((octylthio)methyl)—6—tert—butylphenol,
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- am des of (3-(3,5-di-tert-butyl-4-hydroxyphenyl)- 20
propionic acid, for exanple N,N -bis(3,5-di-tert-
but yl - 4- hydr oxyphenyl pr opi onyl ) hexanet hyl ene- di am ne,
N, N -bi s(3,5-di-tert-butyl-4dydroxy- phenyl propi onyl)
trimet hyl enedi ami ne, N, N -bis-
(3,5-di-tert-butyl -4-hydroxyphenyl propi onyl)- 25
%%%Wﬁlaﬁﬁm%ww“¥?“m@ﬂm““
[i etrakis t.er

ey s oy BhehY P B bPr LRSI (| ReaRe oo o
E EldBSXaae 1(?ede¢ybtbi6}mémﬁyh =4 eron plryengn,

- r X eny

TR R R B e By 1oLy setecced
A£hydr oxy- n}tolyl)proplonate (1 RGANOX 245) and

m xtupe °£h£5@§§[§99@9‘&ml§’§t%3354 Aﬁe'@l@ymd@rwl

14
ant i oxf gant S he 1 nventive i esel may corrprl se

al kyl 2hRbnERhYPhREADPSTY BPRFRYEDI y sel ected from -
2, 4: di; @(oﬁhYbbbsP%nﬁébNLbuﬁyleBtmbumleMGMQl1 30 -

2 G b1 SEN b AT AL B T PR e ot
2, 6-di; é(deHECyisth§ﬁ®ihyé¢ dmnopyephehody
T L
2pRosphiibbesp4- Dh@?bbh@hb@?; preferably selected rom
P EE&@E E §ﬁ55p99£¥|-3 met hyl phenol ], -
ert- uty 2- et hyl phenol ], 10 -
4 4& ghpBBREL 326Xyl - BRESBAYFpRenol | or -
hospEP%E%lGdQEMEymybhéstﬂt@xyPhen%:] dlfulf|de
D BheayROpHOSPRNYS) PRAPBRGRST al kyl phosphites.
15 - pheaybrdiapbkygkphhosphites,
- trioctadecyl phosphite,
- distearyl pentaerythrityl diphosphite,
- tris[2,4-di-tert-butylphenyl] phosphite,
- diisodecyl pentaerythrityl diphosphite,
- bis[2,4-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,
- tristearyl sorbityl triphosphite,
- tetrakis[2,4-di-tert-butylphenyl]-4,4’-biphenylene
diphosphonite,
- 6-isooctyloxy-2,4,8,10-tetra~tert-butyl-12H-
dibenz[d,gl-1,3,2-dioxaphosphocine,
- 6-fluoro-2,4,8,10-tetra-tert-butyl-12-methyl-
dibenz[d, g]l-1, 3, 2-dioxaphosphocine,
- bis[2,4-di-tert-butyl-6-methylphenyl]lmethyl
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- tris[nonyl phenyl] phosphite, - trilauryl phosphite,
- trioctadecyl phosphite, - distearyl pentaerythrityl
di phosphite, 20 - tris[2,4-di-tert-butylphenyl|
phosphite, - diisodecyl pegtaerythrityl diphosphite,
- bis[2,4-di-tert-butyl phenyl] pentaerythrityl
ggphosphltetQ; bif[g,Ghdi-tert-butyl-4-nethy|phenyl]

p [ i phosphite - bis[i
pentg%r ?ﬁﬁft ey p p bi s[i sodecyl oxy]

di sph
bls[@l@-gv quﬁfaﬂ ?hﬂﬁ&ﬁgﬁﬁbfnyléntaé}ythr|tyI

dlpP h dre te,bis[2,4,6-tri-tert-butyl phenyl]

ent aer t i

B ReEbkihs, UL 530, 9HBNOSR S Bhnas, ¢ HRireaiar 08l bitked
tﬁmﬁﬁkIS[Z 4-di -tert-butyl phenyl]-4, 41-bi phenyl ene

dlphO
hiodipropionic acid, referabl
6- i s00C 3¥%xy E é‘ 5 eg}a tert- bu%yp Y

dubedzﬂdndp-ﬁt?qpx% i@@ﬁ&§§ﬁoaq1 ri ester,

6-f.l yor t%ggﬁg}ﬂfaggbﬁéwt butyl 12- et hyl -
dlbenz[d gl -1, 3, 2- di oxa hos hoci.ne,

bi S[chdls-aclé?tOfblﬁ)}‘l‘e rkﬁfé‘ﬁ‘yqa] Jﬁiyl 31 -

Ehﬂﬁm1665deutyldlthlocarbamate
IS rt-b t hyl phenyl ] et hyl hosphi t e,
q@eé % éf/ng co y Lty PhosP

npound referably sel ected
5 frqmntaam_\,eﬂsrnfyb -ttt ok iy i dnfiec ek CHR et et abl y
| aury]l 4, nmyristyl or tridecyl ester, -
nercé”% enZ|n1dazoIe - Z|nc salt of

bmm’@tmr&f i RS QUPAENAS 7 ne
di butyl di t hi ocarbamate - dioctadecyl disulfide or

In a particular embodiment of the inventive biodiesel,
it may comprise mixtures (also known as blends) of
saturated and/or unsaturated fatty acid alkyl esters,
which may also be present as a mixture of different
fatty acid alkyl esters, with ligquid energy sources,
for example mineral diesel fuel, heating oil. The
inventive biodiesel more preferably comprises a mixture
of mineral diesel fuel and from 0.1 to 99.9% by volume,
especially from 1 to 50% by volume and preferably from
2 to 25% by volume of saturated and/or unsaturated

fatty acid alkyl esters.

The inventive biodiesel comprises the aging stabilizer
in an amount of from 5 to 20 000 ppm (w/w), preferably
of from 50 to 12 000 ppm (w/w) and more preferably of
from 100 to 8000 ppm (w/w). In addition, the inventive
piodiesel may also comprise primary and/or secondary
antioxidants in an amount of from 5 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) .

The inventive biodiesel is preferably produced by the

process according to the invention.
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20

- pentaerythrityl tetrakis[(3-dodecyl mercapto] -
propi onate, or m xtures of these conpounds. 15 In a
parti cul ar enbodi ment of the inventive biodiesel, it

-may conprise mxtures (al so Qwn as bl ends) of

saturated and/or unsaturated fatty acid al kyl esters,

whi ch may al so be present as a m xture of different 20
fatty acid al kyl esters, with quuid ener gy sources,

for exanple mneral die fuel ti Th
|?N%n€3§@pﬁﬁédﬂg§€ﬂlnSPiEBWeF??EbF9%88§%9|ses fustrate

'ﬂh@lﬂpiodgsdnTﬁﬁdﬂrdﬂmﬁehxfUEHmﬁnanE@mn©nl tlo 99ed%il,

by, v I
&ﬁﬁ@ﬁ%&l§n¥r8 %ot ?:%ﬁ%u) ey @a?gfgggquCted
amﬂ/mm1$uemquzmamt fatty acid aIkyI esters. The

i nventive biodiesel conprises the aging stabilizer in
an amount of from5 to 20 000 ppm (wWw), preferably
Foxaip ke on 5P P AR Fin (R w2 Sror e pref erably

ofnfrénnbggﬁs&o 806Q p@gLﬁQJWAtabrﬂme&tlxy1 dﬂnsolved in
i nventive biodies Q conprise, priay I
ettt éﬁil%ﬁ Saﬁf.%?n zﬁrﬁﬁﬁﬁht ngfron1 % ing
O&%@Mecﬁ Wt il pref evahltyi drr om0 dbd ali2e@l0 ribm aging
( nd nor e 5 preferab 0 80 p h
%&%@ %r?nVSEg 6§u§ eéé ?gg%%e?%ra fgg%oggggdt ©
bquaﬂnelt@tmessam:@@r dq:wg be talken nfﬂéﬁ?ﬁ\l%?b 82l- The
exanpl es which follow are intended to illustrate the

process according to the invention in detail wi t hout
abyanptent | DNPE AEOTIARCE UEBNERBNt BBt IBsti¢dted 5 to

thhs enhedisentrofxagnl einl £xBhpeparati aaref ¢hemined for
sanples I'n a beaker he .aging,stabilizer ,is di d
CENPLT oG o SGE AR S | B g tReC s TSR of
1@1@0®tmug@lcegmaaﬂ1ca sbthttba tssobhatned. DMeEl&glﬁng
stabilizers used and the bi odi esel used, and al so the

Example 3 - Results of the test method



quantitative rati os,
Exanple 2 -

can be taken from Table 1.
Perf ormance of the test nethod 15 The

sanpl es prepared in Exanple 1 were examnmined for their
oxidation stability at a tesiztenperature of - 110C-in
accordance with the test nethod DIN EN 14112. Exanple
3 - Results of the test nmethod 20 - 33 - Table 1:
A@gyné of aglng oxi dation Aging stabilizer stabilizer
tabr ity [Th ppm [N at 110 Bi.odl psel d
cooking oils and fats RT ﬁg-ﬁﬁéﬁ? buty P&EQ%ES%E
7.4 Agiwgostdtilzee (1, B- Exaeahglizgntyl -N sphbhynty
1500 31.6 henyl enedi am ne 6 : °
L(1 Met h\/lpa'lphyl)y N P'\Ienyl [ I_Q L@g%l 25~ L[ll‘l h at 110 C]
oheny|enedpauesel(ﬁeam)usaﬂxpepbleg giifpepBdt fats

LN -diaryl-p 1500 30.7| phenyl enedi am ngs (DAPB)7 1
Fhe agHng—st abttt+zer—hag—the—fottow g (,.)HpOSI tTom
50; 66D4 byeweirght yofpiN- (1, 4- di %gglpheny )
NéiBQSTV'BHT henylenedlanine -40% by wei ght of

\ ; drrethytbutyl )=

-(1, 3 Dimethyl-

butyl)—N’—phenyl~ 1500 31.6
p-phenylenediamine

{6PPD)

- (1-Methylethyl) -

N’ -phenyl-p- 1500 25 9
phenylenediamine

(IPPD)

Mixture of different

N,N’-diaryl-p- 1500 30.7
phenylenediamines

(DAPD)*!

! The aging stabilizer had the following composition:

50-60% by weight of

30-40% by weight of

0-3%
0-1%
0-1

by weight of
by weight of

oe

by weight of

-(1,4-dimethylphenyl) -

N’ -phenyl-p-phenylenediamine

~ (1, 3-dimethylbutyl) -

N’ -phenyl-p-phenylenediamine

N-phenyl-p-phenylenediamine

diphenylamines

- (1l-methylethyl)

~N’ -phenyl-

p-phenylenediamine
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N - phenyl - p- phenyl enedi am ne 0- 3% by wei ght of

N- phenyl - p- phenyl enedi am ne 0-1% by wei ght of

di phenyl am nes 0-1% by wei ght of

N- (I -nmethyl ethyl)-N -phenyl -340-phenyl enedramine 5 34

- Clainms: 1. A process for increasing the oxidation
stability of biodiesel, 5 characterized in that at

| east one aging stabilizeclaimshe structure R B A
where: 10 R = hydrogen, alkyl, al kenyl, alkynyl,

al koxy, alkylaryl, arylalkyl, cycloalkyl, hydroxyl or
aryl orowroBessREEGAl jnoreabiRAR2 tha | pxadit R3nRstB2 11ty

R6 ( B.L).(Bll).,or \ / 4(BIIl), 15 where Rl, R2,
R3, R4?£d§lé‘§ﬁe%%l& hydrogen, al kyl, alkenyl, alkynyl,

al koxy¢charkgtarytedaryl blhi&yl, cycloal kyl, hydroxyl or
aryl grpup.,afe.fhe,san® seindifierent, ciandsthecpheayl
or nap thy? structural "unit in structure I, BlIl and
BIll has 20 one, two or three substituents of the R3,
R4 and/or R5 type, is added to the biodiesel to be
stabilized in an anount of fron15 to 20 000 ppm
(wWw). 25 2. A process accqrdingyto claiml,
characterized in that t Ttegt of the A type =
Al and that of the p

where:

R = hydrogen, alkyl, alkenyl, alkynyl, alkoxy,
alkylaryl, arylalkyl, cycloalkyl, hydroxyl or
aryl group

A = Rs (AI) or -NR;R, (AII) and

Ry
R4
B = Rg (BI), (BII), or (BIII),

where Ri, Rz, Ris, R4, Rs and R¢ = hydrogen, alkyl,
alkenyl, alkynyl, alkoxy, alkylaryl, arylalkyl,
cycloalkyl, hydroxyl or aryl group, are the same
or different, and the ©phenyl or naphthyl
structural unit in structure I, BII and BIII has
one, two or three substituents of the R;, Ry

and/or Rs type,

is added to the biodiesel to be stabilized in an

amount of from 5 to 20 000 ppm (w/w).

2. A process according to claim 1,
characterized in that
the substituent of the A type = AI and that of the
B type = BII or BIII, or the substituent of the A
type = AII and that of the B type = BI.



B type = Bll or Blll, or the substituent of the A 30
type = All and that of the Btype = Bl. - 35 3. A
process according to claim?2, characterized in that
the substituent of the A typg = Al and that of the B

type = Bll or Blll. 5 4. A process according to claim

2, characterized in that at |east one aging

m%ab'|A2§509£s§h§c§éf&£ﬁ@r@b Raf\2R6 NR2/ 1l 10
ere: hydr ogen, al kyl, cycl oal kyl

R2
and/orc%?§¥06?6hﬁedmh%r%h?5e substituents of the R
Rl, R2tR8ds@Bstypeeareof hehsahetype $5Adi phdr heti 9F the
used. roc ng to claim4, 20
char ac eFYQ%d |%f§ha§0§¥g*éast one agi ng stabilizer of
5 the structure R R6 RLRIIl where: 25 R Rl, R2
apd R6 eDcc8LEyh EMC&pﬁlrkyi and/ or aryl
oup,Amﬂg¥gégﬁeQ§ﬁgstlt%ents of the R Rl, R2 and R6
type acbarpeteanecdrin 8Bat different

at least one aging stabilizer of the structure

R
N
R1 \ \Rs
//N
Re I
10
where:
R, Ri;, Ry and Rg = hydrogen, alkyl, cycloalkyl
and/or aryl group, where the substituents of
the R, Ri, Ry and Rg type are the same or
15 different
is used.
5. A process according to claim 4,
20 characterized in that
at least one aging stabilizer of the structure
R
N
~
Re
R4
\\N
Rz 11|
where:
25 R, Ri, Ry and R¢ = hydrogen, alkyl, cycloalkyl

and/or aryl group, where the substituents of

the R, Ri;, Ry and Rg type are the same or
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is used. 6. A process according to any one of clains 1
to 5, 5 characterized in that the aging stabilizer
used is a mxture of different conpounds of
structures | to Ill. 7. The3zgse of conpounds of the
structure 10 R N B A where: R = hydrogen, alkyl,

al kenyl, al kynyl, al koxy, alkylaryl, arylal kyl,

cycl oal kyli fraydnexyl or 15 aryl group A = R5 (Al) or
-NR1R2 (All), and Rg R4 B =R6 (BlI), / (BIl), or \ |

| 4(BAS P5€%here R1, R2, R3, R4, R5 and R6 =

hydr ogen, al kyl, al kenyl, al kynyl, al koxy, alkylaryl,

yl al,ky] cyclQaldkyl, thydngxyheobracyk igsoapioabe
%%e sfﬁértgég L%%é?%ﬁt,gand thg phenyl or napht hyl
st r uctalveglaapeint ziegt &y ¢&@bre |, BIl and Bl Il has one,

two or fhr egysubst kkupatszek thesdB, R4 and/iurxtREe of
type, 25 as aging stabilizers . for .incregsing ririe
oxi datQ#erﬁ“ng%Ht%P DT oAt

oxi dation-stabilized biodiesel, characterized in that

30 the_ bi odi ' W
of: at e‘q}belag{slegf? cco%:%ordsri%gssbic{f P> 41312320 ppm (W w)

agi i zer of the structure: 37
R A

where:

R = hydrogen, alkyl, alkenyl, alkynyl, alkoxy,
alkylaryl, arylalkyl, cycloalkyl, hydroxyl or
aryl group

A = Rg (AI) or -NR;R; (AII) and

Ry Re

B = Re (BI), (BII), or (BIII),

where R;, Rz, Rs, R4, Rs and Rg = hydrogen, alkyl,
alkenyl, alkynyl, alkoxy, alkylaryl, arylalkyl,
cycloalkyl, hydroxyl or aryl group, are the same
or different, and the phenyl or naphthyl
structural unit in structure I, BII and BIII has
one, two or three substituents of the Rj;, Ry
and/or Rs type,

as aging stabilizers for increasing the oxidation

stability of biodiesel.

8. An oxidation-stabilized biodiesel,
characterized in that
the biodiesel comprises from 5 to 20 000 ppm (w/w)

of at least one aging stabilizer of the structure:



where: R = hydrogen, alkyl, alkenyl, alkynyl, alkoxy,
5 al kylaryl, arylal kyl, cycloal kyl, hydroxyl or aryl
group A =R5 (Al) or -NRIR2 (All) and RB Ry B = R6
(Bl), (BIl), or (BIll), where-Rl, R2, R3, R4, R5 and
R6 = hydrogen, alkyl, 10 al kenyl, al kynyl, al koxy,

al kyl aryl, arylal kyl, cycloal kyl, hydroxyl or aryl
group, are the same or different, and the phenyl or
napht hyl structural unit in structure I, Bll and BII
has one, two or three substituﬁ%ts of the R3, R4 15
and/or R5 type. !

g

where:

R = hydrogen, alkyl, alkenyl, alkynyl, alkoxy,
alkylaryl, arylalkyl, cycloalkyl, hydroxyl or
aryl group

A = Rs (AI) or -NR;R; (AII) and

Ry
R4
B = Rg (BI), (BII), or (BIII),

where Ri, Rz, Rs3, Rs, Rs and Re¢ = hydrogen, alkyl,
alkenyl, alkynyl, alkoxy, alkylaryl, arylalkyl,
cycloalkyl, hydroxyl or aryl group, are the same
or different, and the phenyl or naphthyl
structural unit in structure I, BII and BIIIL has
one, two or three substituents of the Ri3, Ry

and/or Rs type.



