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A pamcular alkyla‘ted arylamine, nonylated dlphenylamlne is used as an additive for

stabilizing organic products that are subject to oxidative degradation. Nonenes are reacted
with diphenylamine to synthesize nonylated diphenylamine. Nonenes, sometimes referred to
as tripropylene, is a mixture of isomeric C9 olefins. It reacts with diphenylamine to form a
mixture of substitution products, namely mono-, di- and tri-alkylated diphenylamine, which
remains in solution with any unreacted diphenylamine. Oftentimes, one particular
substitution product is desired as is the case with nonylated diphenylamine. The di-alkylated
arylamine is desired.

[0004] A number of methods of preparing alkylated arylamines are known, most involve

reacting alkenes with an arylamine in the presence of a catalyst, attempting to maximize both
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détbrntifed its reactivity. For example, in a mixture of vinylic (2,2 di-substituted) type and

1,2,3-trisubstituted type olefins, the vinylic olefin is expected to react much faster with the
arylamines. Since the alkylene feedstock is charged in excess, the unreacted portion of the
alkylene feed will have a higher concentration of the less reactive 1,2,3-trisubstituted type
olefins than the fresh feedstock. Thus, when the excess alkylene is collected for recycle, its
lower reactivity will require longer reaction times that result in an increase in undesirable

substitution products.
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described herein may be employed in the alkylation of other arylamines, such as anilines and
other similar compounds.

[0012] A general reaction scheme for the alkylation of diphenylamine is represented in
Scheme 1, showing reaction of diphenylamine with an alkylating agent (alkylene) to yield
alkylated diphenylamine upon the addition of a trialkyl aluminum compound and HCIL. The

catalyst system and processes of the present invention lead to predominant formation of 4,4'-
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[0014] In general, alkylated diphenylamine is prepared by reacting diphenylamine and an
alkylating agent (alkylene) upon the addition of a trialkyl aluminum and hydrogen chloride,
in which the molar ratio of chloride to aluminum is at least about 3:1 and preferably at least
about 4:1. The molar ratio of alkylating agent to diphenylamine can also vary but is

preferably between about 2:1 and about 4:1. The molar ratio of Al(alkyl)s to diphenylamine



Di phenyl am ne conversion of greater than about 95%is

observed w thin about one hour of reaction tine at
wahost131600C. As the concentration of the di-abkkyluab®d020528

product increases, the reaction to the tri-alkylated

pr oduct t ff ' I
B e e e e s LA el gl o
R’ ta% ” ﬁﬂ? be En}eilﬁe\éﬁ&MaﬁcﬁMk}ﬂthuﬁS‘prefélgﬁlﬂz Bhviks4 &d 28 @fbon atoms

ove, when oyi ng an al kyl ati ng agent conprisin
cotspondingeis %p Iy 8Q3YRE$ @%F %I?IKX}PWge g‘he recycl ed )

[mﬁktithéf RECHAS Ao BHEabIfWBbwEE &S kvt bermad 40BE$00°C and 180°C.

duce a greater anount of undesirable substitution
Dlwreomlamtr@ c@u@rs@ phereatgniar abosh 83% dhobserved wathiy ghout one hour of

a%ﬁgﬁjﬁrﬁégfgb%ﬁt f%s@sﬁﬂﬁé doRbentiitftl Jf Alei-aRQ RYRI RO i 1ncreases the

to ensure that proper product speC| ficati on?1
reavomttai Hed trx@mlateécymd@@t abmrysten arorar effgstiesler yish ythe depleted

d1phe15%§rﬁq q %QPMES e‘gge@aﬂlfy Ft@@hvg Vi@l tinfd dﬁwo%l@vd‘t&ﬁgmp&:ﬁtﬁres

enes are"allowed to react with the
[0%6bhsmydtmmebwh@r emplgting i o nelisflatingeacepicedmpgisiog kol fresh and

reqygfgé aﬁ\éayen% & AL ?(ﬂ%f élﬁyl%%g‘%s/ia%ggﬁ rl&v%il rbdtili gﬂ&{d hdsho Hhfluce a

‘'ve 0 e pre erred enbodi nent
gr@fer tahﬁumadfainyissuralsly stistittion phidagte due toytha defigagreaction times and/or

trgpasgy el TR B Ao S TR R bur Rna proper product

spidriﬂé@hkl)d arélhﬂiﬁtzfina? &rerrpwal&dfa]lciqyljznch ph erefirably Hwitad iq ahout 40% of
erm

the. tof Pt}g%na gereﬁvg'ﬁ] cgcle& Hic§Ibes Gle alwg (ijo pelagt%nlgﬂb qQ gihgﬁylamme

ar e generate tu conpri
be@IR€ additiciDé fath® fredbhatkladek,alis vgry Sheabmstic ;tingjs:forced to react w1th the

Al (al 2 Al (al kyl)2d, Al 2(al kyl)2d 4,
ICS[SA?BGBY%‘KJ% de 3]\ [ Al 2(al kyl )2C| s] , [Al3(alkyl)3d7]"
[o64™ (%n@t'@fi@}r&y bbb dinknt TdTethe bﬁsl@ﬂC@'steﬂl is hobtairediby ajdowi @ trialkyl
accel erate t
almmpmcqﬂnmoﬁvir g lg;ﬁsgg']b{ gl&:g i éhp ny griﬁllggg %V\éassgglglf%lt % bubbled
th1to|ﬂ§h ARAMA ﬁﬁ@ﬁuﬁmﬁipemadna dlﬁﬁéﬁﬂhrﬁmb nhiktutdereating ahiegotherm.
mechani sm ™ nmono- and/o Ocleggatélﬁs hal i de al um

Inceieplo UritRst q-}l@s} 03]19“@%1”69’% ajet ggpﬂgt?fl\%sli]uocomprlsmg one or
mbrel 3 Kk %nbwlﬁgl eé;iémoumgh,l nATNey 1Y, aLA‘I(Slksz(SI e (alkyl),Cl,

[%@B@’Béa emgﬁé‘gﬁlﬂy 9(%1?}]}’1@4%733?%4 Lﬁ}}z lﬂgl%@lﬁejgt ige presence of the

1oglcpﬁ>%9i¥§ %&eﬁh@atgso%gﬂlon-r?ﬁe 9agihafiing TR&EVWadigityasirtulagedin the
nitrogen before use and the reaction was run

presedier ohproesgBRl. Tieaigertr ApovAUSET PR HEARPoLY gy the reaction
mech?ims&,g nBE@‘ anc%oﬁ&alk?ﬁﬁth@@%lum@urﬁEbzmpounds may be employed as an

alternative to trialkyl aluminum compounds in the catalyst system.

EXAMPLES

Example 1.
[0018] The following general procedure was employed to preparation nonylated

diphenylamine.



G:A (catalyst) = -3.3-3.5. [0020] To a 500 niL
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fresh olefin (total 78g, -0.62 nol). The flask was

transferred into .a h 850 S
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stirring bass | /Rermogoupl emamhovx13canme=azucej2/tso 4/20 4/21

EpelrgcoRgeNsE3.a 98231 30 PE X It ey |30 3310332

nol /AI ratfio ~ 9./3) was charged jover, 10| m n| and an
Coég'(otiql 1360C) Mas lohserved., Heati g-Wag—$e 1t41151038
0C. W‘l/eﬁ‘ 1 &2t 98n| Yendé at it e PebltRad iﬂ%(b i olatill e

anal[y&% & i| adl Catoelb346795 460V ep3i pH2aft2OpAt o5& nft|fré
of ekl 'y [BonpznomA dized [mat €8+ af 3.3 N6t rlidsal kyl pted 36

£

s odeest—was T Usaetis [14 |13 |13 [10 |09 |10 [09 |16 |12

React. MONO 279 | 214 | 217 | 213 [ 213 [ 191 | 184 | 183 | 182 | 212 | 19.9
Comp. DI 646 | 711 | 716 | 70.8 | 71.0 | 721 | 722 | 724 | 728 | 71.7 | 71.0
(area %) | TRI 4.2 6.1 6.3 6.5 6.4 7.8 8.5 8.4 8.0 52 7.7
Final c9 348 | 3.8 1.8 1.9 0.2 0.3 0.2 0.2 0.3 0.3 0.7 0.3
Prod DPA 0.8 3.1 1.2 1.3 12 1.2 0.9 0.9 0.9 0.8 1.4 1.1
Comp; MONO 12.0 | 268 | 20.0 | 206 | 200 [ 203 [ 185 | 178 | 17.5 | 164 | 20.7 | 1838
(area %) | DI 473 | 621 | 701 | 697 | 712 | 710 | 720 [ 717 | 719 | 734 | 704 | 711
TRI 4.6 4.1 6.7 6.3 7.1 7.0 8.2 9.1 9.0 8.8 5.6 8.5
Viscosity (cSt) n/a 220 | 315 | 300 | 483 | 482 | n/a n/a n/a n/a n/a 529
Color (Gardner) nfa |n/a |nfa {nfa |32 |[na |na |[na na |na |na 3.8

MONO = monononylated diphenylamine
DI = dinonylated diphenylamine

TRI = trinonylated diphenylamine

DPA = diphenylamine

C9 = nonenes



[0024] The bal ance of the required 2.9 equival ent of

nonenes (105 g fresh olefins, 0.83 nol, -183 g total
woheregadiononenes, -2.9 equival ents) was then adgdeasenen20528

17 min while heating at 1500C. After 1 h of adding al

nonenes, GC anal ysis showed -98% conversi on of the DPA

to products. After 2 h of heating, the DPA conversion
Exghﬂgbtly increased to -98.4% and heating was

di scontinued. [0025] The reaction t hed
[0033] poardmidosy @EM@@] g G988 ol év% B totos Syt it Boam, flask
COl‘P[Elgﬁl%I £ nRER V0 §aPaBaheld ~26 t"/@ rof $&ﬂkﬂeﬂ@rew BMEMSE by recycled

t he aqueous sal ution and th S 3nsferre

nonanewand 42-012 (LU0 SETtMe N delRl T88riked a1 o b g wps fnsterred
mtggﬁlo%{j}%&’ PRl (\8'5 by, 8.50 hﬁ&lm‘&@h{ﬂ&ﬁ Al d MR BRkd CwBild Bubbligk HCI

The crude mXture was eated radual | y for about
un@er5: itrogeB@UT)sPhere THRHSatI WASIFARIPPYy VI HiTTIBE bffe ermocouple and

\w¥%§M%&£gga&EH@%&mﬂQ?mEXCGSS nonenes and the reS|dua

dri ed nonenes Ng
[0e23] IA@ptosdnatfriy BAg Ié(c‘ly(O;Séen@oel/ébratle cel-Yeyas CP%Q‘B]’V‘?THQ min and

an ex?fﬁ‘er\{)ﬁa 8t\9e{s%%séw&ie He¥ 13%“%59 dé@f' bi Bolel vaKs rrea%@oxg tefperature

asi um num oxi to obtain 172 g of
reDRA1565Ca A gielyshsr ipdicatod 1-67%i eanyeyeian o AMRAs ites agpixfypp AL mostly

d %
mig e b SP RLO Rl B R 2 gﬁalsyggd/bg/
[0623] Thbéalpncechiclie qutﬂtedﬂtﬁﬁqumalenhofﬁwbbrws $105rmfeshidiedins, 0.83 mol,
ngi} %tt%tm %%% S(gr}eg s 225 alekgl%l%éentsg as en? aﬁ&% Svat ﬁ 1¥1§1twhlle heating at

I nventi on
1sefml Afad. Watideing all Gthednsy Iq&zimlyeirs shandato8%h q@nvmimlt of the DPA to

pr?cmcg 1&&‘@3; 80%8 a%gg,ttgﬁ)?g cg&\% S on s]rl p dm?:re%(%& to7~ A?ﬁ £0ind heating

watdidcb@inued.ner nocoupl e, and coollng condenser)
contalnln 120, nonenes

5
063 e pelnadniafimbarer GuEROUA PR ORBT HEATE 410 Peoe Y caust
sofultieh Yhé/\&ﬁalﬁé pHa"s@Qaél‘Jépdtr@te@ afda Ishakih gHGEoraustiewitiatha |aqlleogewlutlon

at nosphere. [0029] pr |natel 11.7
anithet wasdfanaetzob g a N Cownargen ororpee] 1 airives aby fipipped
wftl’? HRREAbHuple YRS maBhetidstid Q)@r e @ndd niinge ivasl h@\ﬁd@adually for
88% DPA conversion to_products |g | ess than 2 hour s

atiowia iy (159H) b eanscff H: Mo e SV O RN (15 excess
ndn8nestaAl %ﬁe 8l wakd AdRt beaGkidasd @csreﬁése(wﬁgsm; was collected in the

moni tored and summari zed as shown Table 3.
dry ice cooled receiver.

[0026] The NDPA was filtered under vacuum while hot over 20 g of active basic aluminum
oxide bed to obtain 172 g of NDPA as a light brown oil. Nitrogen analysis of NDPA
(nonylated diphenyamine) was determined to be 3.86 % by weight.

[0027] The isolated product was analyzed by GC. The product distribution in Table 2 shows
the high-degree of para-alkylation when the catalyst system and processes of the present

invention are employed.



total of fifteen hours of heating, after addition of
all nonenes, was necessary for > 99% DPA conver si on.
wpQOBOB04PRe crude reacti on mass was poured sl oRCY/USY®6/020528
125 g gf 25 W]tc| % caustic solution, in a separate 1-L
roun ottomf] a | pped with nechanical stirrer
Tahﬁ& fesARAlys b dRo f drﬂqﬁ’(cgfgp(SZO rpm 25 nin) and the two
s&Genider € al T owe[dAké %eparate (30 mn). [0031] The
OI‘CI nic phase was transferred into a 1-1 round bottom
DRAesk equi pped withl@3magnetic stirrer, and a short

condet ecteffyhy dry-1ce coofl ed|receiver. The
(Wiﬁ?ﬁ aigﬁgﬁ%ﬁ?eactl bn_nmass_was heate

pyma@b;akylyteﬂ dDPJé\SOOC

@hder

15 mMm Hg VaCl

heati ng mant| e)
jum f or about 0.5

oO_reanm\vie.
L IIC C/\

%‘LP}“EBSW?‘FPE% (43)

P9 of d

of dried (MyS(

fr¢ residual water.
D4) nonenes were

CaLlRgkesDPaDl € 3.
QC Reaction tine 9%

Beasti on progress

GC area W @125

1957 4097.97

tgg__lllgqugi]@@f\z [0032] 77e NDPA was filtéred under vacuum
white ot~ (1300C) over active basic al um num oxi de (20

g) to renove trace solid salts. The isolated NDPA (179
Exgplea® anal yzeg by GC, the results of which are shovvn

0

b LG8 o b MBI Ry caiord v
makineti¢ #tirPRAhSTogoupks, anl deotbrzrcondenser) seRitiaing 124 g (%] meh:gonenes.
S(§l1|d 19&/9 885% b 45mRd %@%ﬂd@&'ﬁ{ 8 HorleRt/PEA rlixfuft i tRO§E@vas stirred

al ni ng
while bubbling HCI under a nitrogen atmosphere

[0029] Approximately 11.7 g HCI (0.32 mol, CI/Al ratio ~ 5. 2) was charged over 15 min and

heating temperature was set at 125°C. GC analysis indicated 88% DPA conversion to

products in less than 2 hours of heating. The third equivalent of nonenes was added (61g,
total 181g) and the reaction progress was monitored and summarized as shown Table 3. A
total of fifteen hours of heating, after addition of all nonenes, was necessary for > 99% DPA
conversion.

[0030] The crude reaction mass was poured slowly over 125 g of 25 wt. % caustic solution,
in a separate 1-L round bottom flask equipped with mechanical stirrer and was vigorously
mixed (320 rpm, 25 min) and the two phases were allowed to separate (30 min).

[0031] The organic phase was transferred into a 1-1 round bottom flask equipped with a
magnetic stirrer, and a short condenser connected to dry-ice cooled receiver. The light brown
reaction mass was heated (heating mantle) gradually to 150°C under 15 mm Hg vacuum for
about 0.5 h to remove the excess nonenes and the residual water. Fourty three (43) grams of

dried (MgSO4) nonenes were collected.



(0.55 nol) distilled recycled nonenes. DPA (85 g, 0.50

nol ) was added and the slurry was stirred under a
waoi2boengens at nosphere. The reactor was equi ppedParitis2006/020528

stirring bar, thernocouple and was connected to a

coaql i ng .condensey . [0034 oximately 17.0 g HC
Ta?16.3'4%8a°%‘11PrOSIeF%A{Gq'é[??%)b@%%;3 was bubbl ed into the

sl urry..over...22-m-n--and an exot herm (1010C) was

obsgrved. Heatppg was initially set at 1500C for 0.5 h

to i1nsure recycled olefin reaction. Addition of fresh

nonenes M 13d°™°6I°4l of 183g ol efins) was then

f ol l-ewed--over—-t4--fr—-t-0 the gently refl uxing reaction

m xture. GC agal ysis indicates 92. 1% DPA conversi on

[ mrgdi ately af,the end of nonenes addition.[0035]

Heating was inirediately set at 1250C and the reaction

prodgress was ®dnitored by GC, as in the above exanpl e,

theisesults of92which are shown in Table 5. A total of

fifteen hours. of beating after addition of all nonenes

was necessary for greater than 99% DPA conversi on.

Tabl e 5: Reaction Progress (GC area 0/8 Reaction time %,
[0ERA TEBONTHHY wes filleredwgier yacgurg svhile dot @80°F) ggeraetivs bagig alpminum

0 WD r the

G430 by 1GuSIgis LIRCU TnEES RTINS Sudulto Rl oc.
resultsl nfiwhiob tershéwagklablpui. pped Wit h nmechanical stirrer

d. Vi gof ousk Ixed (320 rpm 40 min). The two
T%%a@ﬁ’?ﬁée g"é\?#}%\%%oéﬂﬁoﬁst and 30 m n before separation.
--}0034]---Fhe--organte-phase was transferred into a 1-1

round bottom flask gqui pped with a nmagnetic stirrer,
CORPRENE hor ¢ c%‘hd% & connected to dry-ice cool ed
--Lreceiver . -The--r-eactien mss was heated gradually to

1500C under 1ﬁ gm Hg vacuum for about 0.5 h to renove

e excess nohéfes and the residual water. Forty three
médb3k-Ppreyrs of 151gi ed (MgSO4) nonenes were col | ect ed.

di-alk-DPA 77.9
tri-alk-DPA 5.4

Example 4:

[0033] TEA (7.0 g, 61 mmol) was charged into 1-1 round bottom flask containing 70.0 g
(0.55 mol) distilled recycled nonenes. DPA (85 g, 0.50 mol) was added and the slurry was
stired under a nitrogen atmosphere. The reactor was equipped with stirring bar,
thermocouple and was connected to a cooling condenser.

[0034] Approximately 17.0 g HCI (0.466 mol, CI/Al ratio ~ 7.6) was bubbled into the slurry
over 22 min and an exotherm (101°C) was observed. Heating was initially set at 150°C for
0.5 h to insure recycled olefin reaction. Addition of fresh nonenes (113g, total of 183g
olefins) was then followed over 14 min to the gently refluxing reaction mixture. GC analysis

indicates 92.1% DPA conversion immediately at the end of nonenes addition.



[0038] The NDPA was filtered under vacuum whil e hot

(125C) over active basic alum numoxide (20 g) to
woeomvisofgace solid salts. The isol ated NDPA ( 282/U§2006/020528

was anal yzed by GC and the data is shown in Table 6

bel ow. Tabl e 6: GC Area% ysi,s, of NDPA Conponent s .
(00RB L Bcuprnc s S A DR 14,9 et DR R phonitred by
GG, Tab 1@hs 2B Samiplex BRIERIS of WhBAe shthn (id Takle §, A tdlal of fifteen
mmol ) was char%ed into 1-1 round bottom fl ask

hoveréqufi) hepléng it Addition g eall Rongaes yas, neegsSER fPnSieaizpIEn il DPA
cofvef®8. 1 ng condenser) and contained 6 1 g (0.48 nol)
nonenes. DPA (85 g, 0.50 nol) was added to the
nonene/ TEA m xture and stirred whil e bubbling gaseous
A ' a nitrogen at nosphere. [0040]
Ta &%%ﬁ%?lé%"yg%%%*%c%@%) (0.32 nol, A/A ratio ~ 3.7)
was -irnttiatty-chargedTover 30 nmin. Heating tenperature
was Reetiontitié t i1 @bPy at 1500C and heated for about 11 min
at that genpesaldiog. A second equival ent of nonenes
(61 g, total 122 g) was added over 10 m n and heati ng
confinued tor 1 h at 1500C. The total HC added at
thi§ point wa¥!13.5 g, (/A -4.2). GC anal ysis of
t hejcrude reagstoi on m xture indi cated -94% DPA
conyersion. The third nonenes portion (61g, total
183g) was added qui ckly and tenperature was reset at
1403C and heat®®d for 1 h. GC analysis indicated -98.1%
convérsi on w tHB3f ormati on of m nor anounts of
tri-alkylated DPA__Heating continued for a second hour
at 1400C whi |l e bubbling an additional 2.1 g HO (total
15.6, /A -4.9) and the DPA conversjion_ipcregsed to . .
[0035] G%s chugie4gdctiqhmassvastieuEsA glomhs pver das 8O 2p 8ttt %%dﬁf}“%@l““on’

in %d%sgr.?% 6l1 JourdobMon bk SquippedBRitle GlébnaalcaNétiver @@ kvad vigorously

e reaction tenperature was reset at 1300C and
mixed (326 rpros 4Cabisyt Thewyotnbeses weis allqweckla s59d6 @ By fale grparation.

i f . i al if with a
[OE)T%'@ %%eté}ge[h? PE%TQ wald ec?a&né@ﬁ%d glfi_;(p gélzll\ioﬁﬂ@ bofMH FlakR GHipRIA with

S Was~ pou over . .% caust | C. .
msgeti¢ istmer, il & sharp soralerser] canneasesht drtiecosAcfadaiggeiver. The reaction

mgﬁ%S»iéag REde ;grtaﬁua'ﬁ? GO BYoEAnad b HANMLNE For bR 2318 kd/ remove the

excess nonenes and the residual water. Forty three (43) grams of dried (MgSO4) nonenes

were collected.
[0038] The NDPA was filtered under vacuum while hot (125°C) over active basic aluminum
oxide (20 g) to remove trace solid salts. The isolated NDPA (182 g) was analyzed by GC and

the data is shown in Table 6 below.
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(320 rpm 30 mn). The two phases were allowed to
separate. The organic phase was transferred into a 1-1
woawsi3boest om fl ask equi pped with a magneti c SPCTAUSL006/020528
and a short condenser connected to dry-ice cool ed
receiver. rown reaction mass was heated

Ta?]ﬁéa@pn‘ﬁe l@%lsafﬁl?gé ly to 1500C under 11 nm Hg
vacuum for ahout.. Q.5 h to renove the excess nonenes
and the residual water.[0044] The crude NDPA was

Copjppraded und&fC d&3Am whil e hot (850C) over active
basic_alunmnumoxide (20 g) to renpve trace solid
salts. The isolated NDPA (178 g) was anal yzed by GC

DPfhe DPA concdh& ation was 0.49 wt. % and the

m(%.{g a}ll@f)bxl at edsBPA concentration was 9.56% Exanple 6:

85 g of diphenylam ne (DPA, 0.50 nol), 210 g of
di-pkdpBh ene tetPahrer (Cl2 olefins) (-1.25 nol), 80 m of
tnjaikoDM\TEA sol ytf on in heptane (0.08 nol) was charged

into a three neck flask under nitrogen atnosphere. HC
~--gas-{6g;--6:-16-nol-r--was bubbled into the m xture and

the reaction mass was heated for 4 hours at 150 OC.

Approxi mately 90 % DPA conversi on was determ ned by GC
Examaleysi s. Addi ti onal HC (4 g, 0.11 nol) was bubbl ed

e o] f a

Of S A EA G BB e e T L Sl P EAAOR e with
maﬂgﬁetgp gfireexc dwEnqmouply) @der @c@tlnan@m«em@ and retaingg 6 1ge(0.48 mol)
no?ﬂ}étéugﬁé% he@ E(? 9102)0&1%9 aJ&ch othe %Ré&ﬁﬂl@}rﬁhﬁresaﬁﬁosftlrred while

per si e-reactron m xture.
bubBi#bdascbine HOR itdrinittentipsslenasitrggarrthesphérg. pouri ng t he

o e AR LA A0 e g overs

min® He@ﬂiﬂgV@rr@BﬂaﬁireJ was séteipitialhe anhsD°@rohdeheeted Soohlefui A1 byin at that

tegg{ar‘éqlu?? rge%grllj ?qlﬁlwﬁegk% %8%}%8 %der tGISI%% g? ﬁ,'agr %ﬁ%‘;@r ltO min and

hedtsd J:dﬁuhgaaoﬁoed byt ni(mgl rrge tdisl }ermmfeld at ﬂ’lfls( ﬁggﬁt 0G) 13 g,h(Cl/Al
st eam under v a

AR el YA B LN U268 55008, 8 oe i

ndReAdSipBrtidsi(FLE, Wéltl%!’aéﬂvﬁﬁs ali@ctjuiglynandpem JenaruiDRvas wesst at 140°C and

collécted with the condensed st eam i ce .cool ed
heated dpry} hg GG analysist caﬁ% p%;;f le(h gontvglis],oar}%l& %ﬁﬁ of nnor amounts

ofaﬁ]fgzilwﬂﬁgd D3 ACCHRRAGhd Béhtiftdddafor & &beidnhdud af aBo€ th@ lbobtaling an
G&C Area% Anal ysi s_of pr ngl ene tetraner - PP& 0

additional 2.1 g HCI (total 15.6, CI/Al ~4.9) and the conversion increased 6%.

[0041] The fourth and last nonenes portion was added (61 g, total 244 g, ~3.86 equivalents)

over 8 min. The reaction temperature was reset at 130°C and heated for about two hours to
exceed 99% conversion (less than 6 h of heating).

[0042] The crude reaction mass was poured over 125 g of 25 wt. % caustic solution, in a
separate 1-L round bottom flask equipped with mechanical stirrer and was vigorously mixed
(320 rpm, 30 min). The two phases were allowed to separate. The organic phase was
transferred into a 1-1 round bottom flask equipped with a magnetic stirrer, and a short
condenser connected to dry-ice cooled receiver.

[0043] The brown reaction mass was heated (heating mantle) gradually to 150°C under 11

mm Hg vacuum for about 0.5 h to remove the excess nonenes and the residual water.
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Conmponents GC Area % DPA O 1 nono-al k- DPA 21. 35
di -al k-DPA 66.74 tri-al k- DPA 11. 88Exanpl e 7: [0048] 85

wq 20f6/1dogeRenyl am ne (DPA, 0.50 nol), 217 g propgrasen6/020528
tetraner, arﬁﬂumad Et2AlCl (50 nL of 1.0 M

sol ution t ane nd AlL.Cl 3 . .
100 gt THIPER o ofierc e bedit MR MU BT PPl basi
aldhiiRs BRRE €20 gYdo RIRAY erhcedsd deﬁ{s e The tholated INIVIYe (178 @ Waomalyzed,

m Xt ure_was eMedfortW)h
bygiC oD epnagas SO Qe o e i Rird ok BongBhiraticn was
g 4g@action nass was heated for a total of 9 hours at 150
0C. After caustic workup and renoval of the excess
olefln under vacuum the resulting oil was filtered
gkf@ celite. The results of the GC analysis of the
ul'ting brown oil are shown in Table 8, Table 8:
[0% &%gmfadlg@hslamfnepi%’ﬁy 0&Aanal 24 8 geatf prppx] %ﬁﬁ@m@h{‘égccﬁeﬁm)

il B e A, FPEEASLluiPf, Rl (lbs aldey PRV uiafled Toto o three

0049] The foregoi ng exanpl es are not
nelck Bt wgemmoan@tm@phqry HCI gest(peatl Apemel) Was pykhlpg into the mixture

anﬁStB? %tl&pql 'hgﬁz&f o104 hBﬁ‘x@ Rresent | AysokinRkly G084 DPA

e art readi |y appreciate that the
copvmuemvvas d@temmn@hby §Cvmablysisd Additignal o HEA(4 ¢ G m(°|19e""~'ﬂ‘~°' bubbled

an ?“%g%“i iofl m x%s‘?ﬁegte?I & a5 Qi hﬁﬂ% ASHEANG YRRy T MEICAHBE Soout 94%

ose I nher ent erein. Certaln
DP® d:bﬁ\tecﬂm o40sg aﬁd&ce@haewpyiwe setiainet was added e thg geisture was heated

ski n t.he 0 c
tof i gpPoEre b of Qe 192 PRBARE i tchclol B
Ot)hq ’?ie&béﬁoﬂ\h&tsl s inas qhanchalcbyi pouribg the messhawdr B@5% aqueous NaOH
at . n an.ne coppr |
B L e
maistayd, &Iepﬂé@ a@cB Iahd ek¢esaloleyih Y beuting rgralndl}hyﬁﬂ&gé(a under reduced
hal i de; % g{alkxl?ted aryl am ne.
pressure to obtaln brown oil.

[0047] The DPA was mostly removed by purging the heated oil (150 °C) with steam under

vacuum by a slow subsurface feeding of water (0.2 liter) to the heated oil at a rate of 0.5
ml/min using Masterflex feeding pump. The DPA was collected with the condensed steam in
a dry ice cooled receiving flask. The propylene tetramer-DPA was analyzed by GC and the
data is shown in Table 7 below.

Table 7: GC Area% Analysis of propylene tetramer-DPA

Components GC Area %
DPA <0.1
mono-alk-DPA 21.35
di-alk-DPA 66.74
tri-alk-DPA 11.88

12



2. The nethod of claim1, wherein the nolar ratio of
halide to alumnumis at |east about 3:1. 3. The
worbtendoos claim 1, wherein the nolar ratio of PCT/US2006/020528
al kyl ati ng agent to arylam ne is between about 2:1to
about 4:1. 4. The nethod of claim1, wherein the nolar
Exampled:of trial kyl aluminumto arylamine i s between

[00@‘]’ g5 é)opalpﬂeﬂyﬁnﬁﬁ@ mPA,. 6.50 Inolp 217'fgepxﬁpﬁlbmadte&ﬁmat ai mixture of

EAiCh6D B a1l M oo depiann dn Rob 369 AU 4ER® 005 oD ves

ché\{ggqy lroez[]ﬁrcl% ¥t Tasht uh@er%@trd‘g@ﬁ B@dsFHeRITENo frodddl Qvaﬁﬁétb@éﬂ when the

wherei n t he al kyl ati ng gentlsam E of d
reac@gmlxtgredy@fheﬁtgd ﬁq\,tpvﬁ(}ogrst d{@gaé b A 14 8n 38 golyas bubble

intTeho adxQfe efflld"JEhéT}eZictld‘m&lﬁﬁ' Wast ltb%te@'f&y 4 Arhing PPN af SSOa"C Afier

I soneric mxture of nonenes. The net hod of clajm8

caugtigrvedriup and repgiahaf the eﬁ@swlﬁﬁmmf%ﬁww the resyiiag il iy diltered
ng{ a G, "t ’resm§6ﬁh@GtQﬁal?§1§(é@ thdFeQHRSe ©tbwh BR atelshai i Table 8.
um num conpri se carbon atonms. 11. The net hod
of claim 10, V\herel n the trialkyl alumnumis triethyl

2 wherein the
Ta% ggnogen %élgygﬁs&ﬁ{/ogggggﬁugrh%@%e 13. A process
---f-e{---ak kyH-at+ng-af-yt-am ne conprising the steps of:
creatlng a reagt omass frommaterials conprising
C%H’ A z?\rrlﬁsne %&}I‘%?l ng agent, trialkyl alum num and
--hydr—egen-hahde----&H-ovm ng the reaction mass to bl end
Ny at | east ??gut one hour while heating to a
nper at ure b€t ween about 1000C to about 18Q00C,
mbedBIKiDRA esse2@.7&l |y all of the unreacted al kyl ating

and |s ing the resulting al kyl at ed
d‘a??%ﬂgﬁ ne 94 i#we process of claim 13, wherein the
tridd kP | ng age.mu is fresh, unreacted al kyl ene. 15. The

process of claim 14, wherein the trial kyl alum num and
aportion -of the total

[0049] The foregoing examples are not limiting and are merely illustrative of various aspects
and embodiments of the present invention. One skilled in the art will readily appreciate that
the present invention is well adapted to carry out the objects and obtain the ends and
advantages mentioned, as well as those inherent therein. Certain modifications and other
uses will occur to those skilled in the art, and are encompassed within the spirit of the

invention, as defined by the scope of the claims.
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anmount of al kylating agent are initially conbi ned

foll owed by the addition of arylam ne and subsequent
woubdlisegs of hydrogen halide through the react POWUS2006/020528

mass. 16. The process of claim 14, wherein the

arylamne is conbined with al kyl ati ng agent and the

trial kyl alum num foll owed by bubbling of hydrogen

ASihdyigugh the reaction mass. 17. The process of
\Nﬂ@hé gﬁ Wherein the reaction mass is heated to an

1.i ni i mbthed S ailyieting apdamaing pemprisineshn serf Antiegingoteagion mass
to ?rolnofgﬁft \Aﬁﬁa%ﬂlﬁ‘i‘sﬂge ARBIRhe Sikylkthg hBéhtP MBS Sal@hinum and

cl ai in the reaction mass Is heated to an
i ni hydbgandabide; end fosmineielieinied apdemien about 1400C and

p.abo Li-ﬁ'l e keiod bPclait £ vHRGERS rrR)flar ?Atﬁ)' dthdiie té“@ﬁﬁﬁiﬂ% {sRleast about

reac ron nass |Is subsequently cooled to a | ower
readtli.on tenperature between about 1200C and about

3.140Q4, mthochH?laQﬁe iy red{ th%lrg(h{tp thflo oPRRUBERY hdtat to arylamine is

arylan1ne I's am ne The protcess” of claim
20, bwm&emmwmthétmmmwtﬁilng agent is an isoneric

40h e?[@ o?%E)rl-ﬁsl gwﬁ&emm?em%f) CRD DL %flallf})l %idiﬁiﬂﬂlﬁn to arylamine is

roups o e trialkyl” al um num
conﬁtW&EnmmeOBS¢auﬁmnt@2bhs 23. The process of claim
e. trialk I I
aIu gﬁ&h% E‘ﬁg%%%g%o rﬁHgkdﬁg&&%ﬁ%Eéln t he

6.hyd m@eﬁbﬂr@u d>fdﬂa1msl witragdr dkylaingdgentds an Thkylepe bavdsg 4 to 28
of cl% m 13, wherein the al kylating agent conprises
f r e SAPORACESct ed al kyl ene and recycl ed al kyl ene. 26.

7. The 1k Qs @fclaihal, Whabin thielkelating dpent is iaahikipke aff isorherienalefins

and a portion of the total amount of al kyl ati ng agent
arehawpgi“é‘?%wé‘aﬁ?tﬁ%% foll owed by the addition of

g.ar yl g pemhed @f S eT) Uedreilh Uhb laikytatind  abard rio @enistradricdmixture of
through the reaction nmass. 27. The process of claim
25, BRA¥I&i n t he al kyl ati ng agent and the tri al kyl

9.2l unm%etwde)fean@wmm i saythsisiepteaylbaed by

bubbllng of drogen hal i de arou h %he r a&t*on MASS. e 1
1328, Tﬂ'ﬁén@hqgldggsgalrgf g/p%{plﬁt]tlz%al s At thy glaglgl Alugyinym comprise

the tB%t g}boﬁ‘%l—h'gt of alkylating agent initially

nbi ne rises recycled alk¥l
1 1 The method of claim 10, wherein the trialky alummum is triethyl aluminum.

12.  The method of claim 1, wherein the hydrogen halide is hydrogen chloride.

13. A process for alkylating arylamine comprising the steps of:
creating a reaction mass from materials comprising arylamine, alkylating
agent, trialkyl aluminum and hydrogen halide;
allowing the reaction mass to blend for at least about one hour while heating to
a temperature between about 100°C to about 180°C;
removing essentially all of the unreacted alkylating agent; and
isolating the resuiting alkylated arylamine.

14.  The process of claim 13, wherein the alkylating agent is fresh, unreacted alkylene.

15.  The process of claim 14, wherein the trialkyl aluminum and a portion of the total

amount of alkylating agent are initially combined followed by the addition of

arylamine and subsequent bubbling of hydrogen halide through the reaction mass.
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29. The process of claim 28, wherein the reaction nmass

is heated to an initial reaction tenperature upon the
woaodsiini4eg of recycl ed al kyl ene. 30. The proceBeTmi2006/020528

claim?29, wherein the reaction mass is heated to an

initial reaction erat ure pbetween ahou 4 and
16abodthe popie.of gigim ﬁgﬁlﬁ%’c & it iSPoged WY pgent and
fr ek widksBAGHBMmAIYWENBy bbbGAEBE RREoden Halide themgh ittreaction

mass subséquent to its heating to an initial reaction
ten@&Sdt ure. 32. The process of claim31l, wherein the

17 €agiyp ??odé?sS& USmC PR VAR rdiP R reABA nB8A G he@fRd to an initial reaction
t enperature upon the conbining of the fresh, unreacted

al ky¢reppsate® and pubsqspuetlyscoolsl ta:a oy 13octioffRapReraiiehe

18 ea%thiejﬂoéggss 4iginC PRIVARrdiD 1R LRWBh f8a8t he@Rd to an initial reaction
tenperdat ure between about 1200C and about 1400C. 34. A

coniesparatons beoyeer alwoat 1A0° G gnd #heubl8Y| ati on of aryl ami ne

19M t Rl Kyl @l deRBiR 98 \Wndrlln thel 1ERHbA RRss T8 SSbsedulftly cooled to a lower
conmposition conprising trialkyl alum num and Hydrogen
hal ireastio®BmpFilatirebaiessiabpwr 26°C and abewt 340°Cuher ei n t he

I rati ' i i S about

27" gt REIsiEL) Sl B UG STRALDLERAL Fro-

21no| dfher mbéass of claim A0k yherginuthie ralikilating saegitaifi aneisprgeric mixture of
bet ween about 0.05:1 to about 0.25:1. 37. The
conﬁlgg?lfels'on of claim 34, wherein the arylamne is

22i prERyreuesnet. cl38.13 Tivkereiortimoalkytligoovpe bf the diiiatkyd 4luminum comprise
wher ei g t he alk | groups of the trial kyl alum num
conpr PSP °§}étar bon atons. 39. The conposition of

23| aiTheIBocewdufckim 22 hvehetain the kydlkyd blnmimunmisitgethyl iabindigum.

[ um,num 40.. The.conposi ti on,of ¢l aim 34, wherein.the
2y i BTt ale LSy ok TR Rl BlarglhEl- R, 00
250 Y I B8 fecd®h ¥t Wan ABpdheeth thy atitydaing nger dospcibésafeshpesreacted

frommterials co i.sing aryl am ne, al kyl ating agent,
tri AlRYFreLn Fﬁcﬁ‘ﬁ?d@hdel}?ydr ogen halide, allowing the

26.eaCtHeOfto8Rms 8f bRinPeNahdrein tBd trialigs blualitu afdi@ gostih of the total

whil e heating to a tenperature betwee out 1000C t Q..
aboamorgh oF, Aledatingi 3pgnte aSe ALY | ‘S?%“Tegog’ﬂf’?{%d B rtglgcﬁdgﬁlon of

al Kyl ahinie -89 SibsequaitbubBiRledf hjtoddndali®@SttoliNGhe reaction mass.
al kyl ated aryl am ne m xture, the alkylated ar

21t Thechroesmbit GG SOMSEen e A RHEE Bt 31T UG abminum ar
ary| AfRRdCOIPoRRhBe HISI&I By WaBbIAkek harestn wilide RBrough the
mono- al kyl ated aryl am ne conponent Is
reaction mass.
28.  The process of claim 26, wherein the portion of the total amount of alkylating agent
initially combined comprises recycled alkylene.
29.  The process of claim 28, wherein the reaction mass is heated to an initial reaction
temperature upon the combining of recycled alkylene.
30. The process of claim 29, wherein the reaction mass is heated to an initial reaction
temperature between about 140°C and about 180°C.
31.  The process of claim 29, wherein the fresh, unreacted alkylene is combined to the
reaction mass subsequent to its heating to an initial reaction temperature.

32.  The process of claim 31, wherein the reaction mass is cooled to a lower reaction

temperature upon the combining of the fresh, unreacted alkylene.
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predominantly in the 4- position and the alkyl groups
of the di-alkylated arylam ne conponent is

wonewaseqegntly in the 4,4' - position. 42. The aCkyisaioed20528
arylamne mxture of claima4l, wherein the m)Iar ratio
of halide to alum [ reacti on mas

um A
33abodhe processqpaf clagpa IV%IS?P%‘E E}% LERSHOR 3YS 1§nc§ql%ﬂ? fo %flower Staction
floagérﬁy&ga%nﬁﬁg%éﬁbbbﬂm‘l% #1d dbaiiti 190TS. gl kyl at i ng agent
In e reaction nm t
Mo dbompastion T HADEAK IIEREN a7 YD HEV £ UG pecht in o
cl alm.Adn myliehe b&nﬁo@ﬁioﬂ”%rﬁﬁrlsﬁt@thﬂkﬂfaldnﬁlhﬁih lird h}air(bgﬁh tlkde.

to ar f}amneln he reaction mass 1s_between
350. o@h@_ compesitipntof 91a125341 Whessin tir molr kafiof Befidgrty Fa‘]élm“ﬁ‘él is at least
m xtyresof claima4l, wherein the arylamne is

di phenyl am ne. 46. The al k | ated aryl am ne mx e, of,
36c| ailime Aompapitieriof oldie k‘vy oxein rihe a‘@fiﬁt rafig ofpirig qu[/ aRpnum  to

hav' %galélng%l%ﬁwe%ﬁlﬁm?o QBQ%aboﬂ?G) 23:pe al kyl at ed

mne mxture of claim4l, wherein the alkylating
37ag e ﬂthe |csmgosm<mt0@ cleino 34, ivdereist the ardlaéflilmlé diphgmipaninet o 28

3¢ ar 390 at P 1t10n of U3 3l kWh ndth@ra‘ﬂl s Bethd balidfi aluminum
e

¢l ai ere n a1k ating a 'S an i soneric
m xtcumermﬁl todartes atodB, The al kyl at ed aryl am ne

f ¢l i
it pridngp Rheust Efiin LIS REIGTMLARAF ety algminum.
406 glg)Jr'HﬁtcoilhgosiDKOndﬁblam 34, tvtfﬁremtathe hpdiogan Hah@;hlts hydraganedloride.
e
u?q glgylg{ég E%?m%?mglﬁre grq(d%%e%png dgrea%{? aqgachgn Inia?s 1fr$rh' 'nﬁterlals

aryPam ne m xt
pr oclagPelsiby arylaatnb,n glkylan@cagermntmﬂefis aiununmrrmatnér h)edr%en halide,

conpri sing, aryl am ne age

al urﬁnﬂwmgatﬁa H?noglg# g aqli%/ngaitor gﬁegsq ﬁ%ut g hr%lélg%ﬂe heating to a

HHS ftelhﬁer{bﬂuﬁﬁﬂeti'&rn &oul €GBC tahwboiit BOEC hembvmglelssentlally all of the

eating to enperature . tvvee b bout .

Tk TR LTS B FElhe AASDARA ByR v

g: tYtlhé‘%tlkg&te@&?ﬂhmm@ﬁﬂixtuﬁ@b@ﬁprﬁ@gtﬂiﬁd’- ediyldntl ng-alkylated arylamlne
ated aryl am ne k

n X%/QWOBWK’Y qeﬁqgt ﬁﬁ% gr%&? ott tﬂ%ﬁ%}np%’ky&?%ﬂrgfyngﬁl@ c%mponent is

ar yl 3 A@n&RIFRR AR -SposHiBR a8l Ehet 416yl @kdiiph of HRUfl-allyldidtearylamine

mono- al kyl at éd aryl am ne conponent is predom nantly in
t he wpmpoaditds pproahrenilh i the R4/ PGFHRs of the d

4811 - ey hiigdd %Fy‘ﬂnﬁﬁé Rfixture of claim 41, wherein the molar ratio of halide to

aluminum in the reaction mass is at least about 3:1.

43.  The alkylated arylamine mixture of claim 41, wherein the molar ratio of alkylating
agent to arylamine in the reaction mass is between about 2:1 to about 4:1.

44.  The alkylated arylamine mixture of claim 41, wherein the molar ratio of trialkyl
aluminum to arylamine in the reaction mass is between about 0.05:1 to about 0.25:1.

45. The alkylated arylamine mixture of claim 41, wherein the arylamine is
diphenylamine.

46.  The alkylated arylamine mixture of claim 41, wherein the alkylating agent is an
alkylene having 4 to 28 carbon atoms.

47.  The alkylated arylamine mixture of claim 41, wherein the alkylating agent is a

mixture of isomeric olefins having 4 to 28 carbon atoms.
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conmponent is predomnantly in the 4,4 - position. 51.
The method of claim50, wherein the arylamne is
wdizpisanydosni ne. 52. The al kyl ated aryl am ne m RCUUS256/020528
claim50, wherein the alkylating agent is an al kyl ene
having 4 to 28 carbon.atons, 53. The al ky|ated . .
485 v ITh aHe/lated pylaming M ofsgam, AL, wheteip H‘Ee ﬁﬁ‘ﬂﬁf‘% PR 1s an
agegiorﬂe%c%lﬁmktdfh&eﬁés i soneric olefins having 4 to 28
carbon atons. 54. The al kyl ated aryl m Xxture o )
49| aiTheselkylarsr areming e aof ngl a‘é‘be%{ "@e‘?ﬁ‘ i Bwélp’xaﬁmne 1s
m XigWienRimpenenes. 55. The al kyl ated aryl am ne
m xture of ¢laimb54, wherein the arylamne is
50gli pHemyethodi efestabslizingaa dWith sadiiect & Oé‘é‘ﬁ‘b‘ier depgal and{oy light-induced
SUde%grngtR)noeﬁ i Qhe tsﬂ%ﬁrdfaéddﬂ&d{oomd i ta- surdbie efnount of an

degradation and an al kyl ated aryl anm ne m xture

pr oddledatedogrylaming i redused Br CrRAURS PrIGHATRRMeASE dfom materials
c on‘% ghﬁg wgrﬁﬂk NSlicy @ik badnk, nﬁhaﬂ@? "sﬁumxﬁﬁrh adnlYhydrogen halide,

alumn drogen halide, ‘all om ng the react’ion
mas ulpwing| they deap’mn mgss|t@é35},qndaﬁgb aft leagh @bois .pne \igpy while heating to a

h e a !aﬁ196r11t9mabJ‘(\@gg}ez’[b@ﬁtuI(ﬁ)"éﬁa a5 %ﬁﬂ @B@ t reﬂaQQQé? eEs%mﬁﬁ’l?uzﬁl of the

renovi ng essenti al t Re unreact ed
2l (yinesabteg, aligifing agamd dndGbolatingghe hesulips alkylagrg arylamine mixture,

21 Kot bRGIsRUA-BIHAE il EhprsE RS AL Sfld HAh G Curylamine

m xt'ur e
ar y I campnmenmo mhenamths alkylheroe of the moabhwla@dwqdamﬁlemhmponent is

| at.ed r ' r }. ' .
t h e pj‘_ ga[ 1?/ dlﬁ I}OF]I?IOH %.ﬁ(p‘ﬁl mﬁgo%g? Ofﬁ‘lgrﬂl-%ﬁ&hllt% Ar?lamlne
th adokipbﬁdneﬂ; rﬁédﬁhﬂmfhﬁlndgéméh@miﬁd)m predoni nantly in
e 7. T co sition of claimb6,
S{aner e e prm A9 diierelt e SRERTRE fichheMlaind: C
SZOYTDDQI élkﬁlﬁ]te@far}dérﬂlhmnﬁﬁmrd/\bﬁbleinn sthehearkinythatallydpting eagent is an
fil ene ha%# t[o 28 carbon atonms. 59. The
n‘paglg/ e ‘”85 4L ‘f#%’é‘ #Qkfer ei n the al kyl ating agent
53 S art¥ ¥kyiaed Ghrylhhieahixtir®logfclaid Jawiheeeid theo aklatiag gt is a

atons, 60. The co ti.on, of _claimb56, wherein the
al kymixtyrs gf iserastic ol 1n3haq1%mr%8§a%oQ@@pg of nonenes.
5p1. ﬂ_ﬁéealﬁﬂﬁﬂ%@salr)tlérﬁlﬂe hix@tabMcRfln 50h@heieln thbellanatingragsst is an

I's di phenyl am ne,
isomeric mixture of nonenes.

55. The alkylated arylamine mixture of claim 54, wherein the arylamine is
diphenylamine.

56. A composition comprising a fluid subject to oxidative, thermal and/or light-induced
degradation and an alkylated arylamine mixture produced by creating a reaction mass
from materials comprising arylamine, alkylating agent, trialkyl aluminum and
hydrogen halide, allowing the reaction mass to blend for at least about one hour while
heating to a temperature between about 100°C to about 180°C, removing essentially
all of the unreacted alkylating agent; and isolating the resulting alkylated arylamine
mixture, the alkylated arylamine mixture comprising mono-, di-, and tri-alkylated
arylamine components, wherein the alkyl group of the mono-alkylated arylamine

component is predominantly in the 4- position and the alkyl groups of the di-alkylated

arylamine component is predominantly in the 4,4’- position.
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62. A nethod for nonyl ating di phenyl am ne conpri sing

the steps of: creating a reaction mass frommaterial s
woaoprideisng di phenyl am ne, nonenes, triethyl abPamiusws/020528

and hydrogen chloride, wherein the nolar ratio of

nonenes to di pheny] a en abqut 2:1 .t bout
574 1 The RempRstign oF ST P ETeTEh b Ca s ARppipine, * 0"

5gdi ph%ehébﬁﬁbéﬁ?onl o?ctaﬂﬁ\s/eanhea&iﬁme ﬂ(ﬂa'im@ abént aaudlkyferdhiading 4 to
and the nblar ratio of chloride to alum numis at

I eaé’fﬁ cayeuetoms1: and form ng nonyl ated di phenyl ami ne.

5903 -EQ %oﬁﬂgsém &f cléi}naﬂﬂ'hﬁﬁgneld"ﬂﬁ@ laflyPitihg) Bodh e Bk t@e &F isomeric
fre nes The method of claim 62, wherein the
noneﬂ@msb@)\f@‘i‘é’ezgfqa@%a@ﬁ@ recycl ed nonenes. 65. A

602" OGI%%%{)&BB&%”@@ Bith 8, FhOBRANE AR 1A CRRY ik 8h ROmEAe mixture of
Steps of:"creating a reaction mass frommaterial s
conprngiepg di phenyl ami ne, recycl ed nonenes, triethyl

laI u nf'h@lt’: r | ed?% rcﬁgf B0, SHeRdin A8 aryﬂ?ﬁﬁceis 'illﬁh@l?yléﬂi’ih@r

aloo umi num to di‘phenyl am ne is between
62abouk n@tieg:for n@yhibmmdlpberw@nmmamnnrﬁ@gﬁm sepsrft pigating a reaction

chl gl d ef $ Rl 9591}% &1@3 anﬁ{?eg YWonshed,: trfdtty P\Mtﬁgnum and

t he reac I on nass ast about one hour
whi llydivgent chdgridep whereinnthe nra;llarrrgtgcoﬁ memqgﬁ@érphpxmlaénme is between

bet é@g@t ?l?qmab%éfq)p @ n?cﬁ ulta’u&%@ﬁethﬂdﬁﬁrﬂElgﬁm:rglscglphenylamine is

non he fedaCtion nass

r at i @tvoden tabdal0. On'drte alesit 0.85:d |ap¢h ﬁnylhdanraiw ofshlogtiooluminum is at
abo

he reaction nass
f or Elsg?béjgéfl ?rmé%ﬂ%?ﬁp%d rg’la[r}%a%m ng the
63. eacrheoﬁbthmn'fetaaﬁ 62, evltenenbﬂlb\memmea:tre tieshl®@E€st o about
al |1 of
o SR 53 Tt B R ks s,
6511 phepycadiftienonylating diphenylamine comprising the steps of:

creating a reaction mass from materials comprising diphenylamine, recycled
nonenes, triethyl aluminum and hydrogen chloride, wherein the molar ratio of
triethyl aluminum to diphenylamine is between about 0.05:1 to about 0.25:1
and the molar ratio of chloride to aluminum is at least about 3:1;

allowing the reaction mass to blend for at least about one hour while heating to
an initial reaction temperature between about 140°C to about 180°C;

adding fresh nonenes to the reaction mass, such that the molar ratio of total
nonenes to diphenylamine is between about 2:1 to about 4:1, and blending the
reaction mass for at least about one hour while reducing the reaction
temperature to between about 120°C to about 140°C;

removing essentially all of the unreacted nonenes; and

isolating the resulting nonylated diphenylamine.
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