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*Go00R* * LATI ON OF DI PHENYLAM NE W TH POLYI SOB

mmmmmmm | NVENTION 5 This invention rel ates tgnmmmwmwu)r
preparation of «g@hdspl ated di phenylanm ne that is liquid at room tegppgature.
More specifically, this invention relates to a , process for al kylation of
di phenyl am ne (DPA) with polyisobutylene (PIB) oligoners having a
mol ecul ar wei ght ALKYLDATION OF DIPHENYLAMNBE WMITNROLWSOBUTYLENE
met hyl vi nyl i dene content of at |east 25% Preferably, the reactionis
carried out in the presence of a cl HLIGOMERS but other types of
catal ysts can be used. The al kyl ated di phenyl am ne prepared by the
di scl osed process exhibits excellent antioxidant characteristics in
lubricating oil formulations. FI5 BATKGREUNYERTIMHE | NVENTI ON Al kyl at ed
di aryl am nes, such as al kyl ated di phenyl am ne, are well known in the art
to be effective stabilizers or antioxidants in a wde variety of 20
organi c materi al sThisNGlvehtioe. ralaRiad tét Beprodedanier PréSdraliba . ofMl dIRylatedoi |
derived lubricants and synthetic lubricants. In this use, |ight colored,
liquid (at dipbenylao@)e ﬁg@blm:thgudr et deeny f@nperatiirea Adeise speeifipallyctthisal

reasons. Al : | di,aryl anl.nes dj | am | of i ns
in the pr eseﬁ%é%éﬁgﬁﬁ%ﬁ)l@ %{H?%%ﬁeﬁ (f)on'sga g‘lﬁégté'pp%ﬁgr@ﬁgv\w I_Il)'&ln) t 1@ art.
For exanpl e, polgobuler@aPIBNoligom&rshahliy & ragletililapveight n tracinge of 1200 step
process whereb al kyl at1on of di phenylamne with rel ati veIF}/ funreact Il ve

ol ef i ns, 10 ucly GRO agdbamingry mathuwsyliqens content of atlgast 26%. Rreferablyothed by
an al kyl ati o t:d - VM ' j

v oact ed d SResof is i Bl FPie PRAGHEY ey idy CatbERUNARE. bR of
clay as an atdwlyats manr dectised. catlad yaikylat&dB@!iMylaminehgreiméd ebly | thght
;ﬁldorz' aE geﬁeﬁgélgﬁgg'pg'gc%aﬁt g%pgggégglf%ﬁtegf%xn Ant %hgrac?é:rks(?icgliﬁ%bn'@ga In% and

oil formulations.
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BACKGROUND OF THE INVENTION

Alkylated diarylamines, such as alkylated diphenylamine, are well
known in the art to be effective stabilizers or antioxidants in a wide variety of
20 organic materials, including, among other organic materials, mineral oil
derived lubricants and synthetic lubricants. In this use, light colored, liquid (at
about 20°C) products are desirable for a number of practical reasons.
Alkylation of diarylamines, such as diphenylamine, with olefins in the
presence of suitable alkylation catalysts is well known in the art. For example,
25 U.S. Pat. No. 2,943,112 (Popoff et al.) teaches a two step process whereby
alkylation of diphenylamine with relatively unreactive olefins, such as
secondary alkenes (column 4, line 9-23), is followed by an alkylation reaction
with more reactive olefins to scavenge the unreacted diphenylamine. Popoft
also teaches the use of acid activated clay as an alkylation reaction catalyst to
30 achieve the desired light color. (See also, U.S. Patent No. 3,452,056 wherein
acid clay, AlCl3 and ZnCl; are mentioned as suitable catalysts).
Similarly, Franklin, U.S. Patent No. 4,824,601, (column 1, lines 26-67),
teaches the use of acidic clay catalysts to alkylate diphenylamine and further
1



Simlarly, Franklin, U'S. Patent No. 4,824,601, (colum 1, lines 26-67),
teaches the use of acidic clay catalysts to al kyl ate di phenyl am ne and

- further 1 teaches that a light colored, liquid product may be prepared by
process conprising reacting the alkylation reactants within certain nolar
ratios and tenperature ranges for a time sufficient to ensure the

al kyl ated product contains |ess t han 25% di al kyl at ed di phenyl am ne. This

| ow proporti eshcplesStHit 34 Hnghawbréuplnqaml de"'L@t lrﬁaﬁ't&‘é'ﬁ?é@é’reasbﬁ'%@ééﬁy to
avoid the formation of crystallized, so &:o ucts, which are not
advant ageous CPMPrigings reﬂctteastaeoalkylah@m |rea@jan withiso cerainomolast wtiegeanthd

i ncorporati Oﬂeerhéér%n‘il%e %’f@%t S ﬁr?lebgufﬁﬁfeﬂp th! 5%{1rewg{ eﬂ!@@%%é%l’oduct

addressing t ane pro I'S, “preparing an

ant i oxi dant tootaird lﬂsenﬂiaarmﬁ% titaﬂtylatedIdnguemylahmeooﬁﬁm@rmm;abpnmon bhi in
U S Pat._Nos, 5,672,752 (Lai . and 5,750, 787 (Lai , te ches rochses
for al kyl®ti H@'W'@iﬁérﬂlmﬁﬁ wet'ﬁ disglesad as pREeTHAEY F‘?@V?'Q eflprraiipn o

di i sobutyl en S S ses,
25 i scl osederafzsel ol PIBREES RRER Ble Aot adari A eI I e B Pt e
15 di phenyl ahandlirg)drandponations sfooage @ndomcuw@naiﬂn inlo dbiedsytistraye don bee
and/ or di suba(t9 L.t ut.ed or pol ysubstituted di phenyl am nes. These patents
further dis€ é'gefjhat to obtain the desired liquid product, the ratio of

olefin to di phenyicral eehtly,! H&dressingi e BameUpbléRdehAESs, Vprbbaﬁ@qiri on
tenperature and tine is inportant to give a product mxture wth [ess than

25% 20 di®ct ¢ffactieeapliordant fromsdiphaay|aming mﬁtéadtqym @t paemy teamperatuiad
Oheone” o PaDaP 1A VRO oSSl Y A, 4 nerkiaad ! b
6, 204, 412 (Lprociébséalfmda&qlamanglpBén)ammtdeewnthriwd alpiia aldfinsafliand ) and
conpr i e a ESRRIBNARLAGH 1HEP TPECTGE b CRUSHIVE: opies BESSRaoBIAN i n | s
oo o an RS SIRE ROTHE 0130 FLRCEIVREIOR 0 dhisaRiNEre,
anmount 0of5 undphengldming ramdya dowerepiiopottion @fr wnubistitdedvdiphdnylaminerahd/ari 2,
disubstituted or polysubstituted diphenylamines. These patents further
disclose that to obtain the desired liquid product, the ratio of olefin to
diphenylamine in the reaction mixture, together with reaction temperature and
time is important to give a product mixture with less than 25%

20 dioctyldiphenylamine, less than 25% unreacted diphenylamine and greater
than 50% by weight monooctyldiphenylamine based on the total weight of the
diphenylamine and alkylated DPA.

In U.S. Patent No. 6,204,412 (Lai 3) Lai discloses yet another method
of alkylating diphenylamine to obtain a light colored, liquid product, which

25 comprises a two step method wherein, in the second step, a second olefin is
added to the reaction mixture containing diphenylamine and diisobutylene
(and/or an alpha-olefin of the disclosed formula) to scavenge or reduce the
amount of unreacted diphenylamine in the product As with Lai 1 and Lai 2,
specific mole ratio ranges, reaction temperatures and reaction times are

30 disclosed as important to obtain the desired alkylated diphenylamine that is

liquid at room temperature.



" specific nole ratio ranges, reaction tenperatures and reaction tines are 30
di scl osed as inportant to obtain the desired al kyl ated di phenyl am ne t hat
*is liquid at roomtenperature. 2 SUMVARY OF THE | NVENTI ON The present

i nvention relates to the preparation of al kylated di phenylam ne and ot her
al kyl ated aromatic am ne anti oxi dant conpositions 5 using highly reactive
pol yi sobutyl enes as the al kyl ating reagent. Hi ghly reactive

pol yi sobutyl enes (HR PI B) ar eSUMMARY OF T4$E INVENTEONubri cati ng oil
additive industry and are comrercially produced in the chem cal industry.
These val ued HR PI B poI ynmers are characteri zed by t he presence of

signi ficant anopunt h

10 a PIB residue, Tg‘nd pr7es fec%lbébmmdel Pﬁ?@s era an??Lé}T?aaﬁge \[aqe(gout
500 to 5000 dlﬂlm‘rylzﬂnmtmd oty aldﬂa&edoatqmstubamynceneﬂomdant gpmpatitipns

prepared uysing. baqr tr|f .uoride catal ysis. The ep ration of sugc

Dol o1 sobubyl diting Mgtk tsactive oideaitiietiss: a6 SkVBRNG cifiGetts  Kiahiyh

per cent age Ofreé&ﬁletﬁ IglsoBh éﬁés (}mmmgtar@nvanéediqépns@qﬂ the Ibrcati’y 8iMt

Nos. 4,152,499 and 4, 605, 808, i scl osures of which are I ncorporated
herein by ref@ddweemdustrygrybﬁee aaqnynemauy bsodune@ensﬂhuel chemioal tindusint t hat
t he COhTTEI’CI rocess descr enerates a.HR
DB et | oSy xpbgdHRE e HRNhaR: e fERSRERTCedo0 cinks PrbdER 3
ol i goners (a\sq]rﬂmnt GhAdIAS of OLinbtiinflidepedsombas, Ime%)temew&@qa is

nmol ecul ar _wei ght of about 200 20 and, (iii) contains 2-nethylvi ni/l i dene in

t he anouiP ofa alB residye, ansha molegularmyeight glefamblicin the r@eggmf apoyt PP de e
b duct , |
e Pirtl e vajog0. 25BN 2Smby A RbEhe pRAiEHIAIChed SltydiRI FrepBRANEINGT,

exists in thé)oa:dxemfhmlnderuahalysiy tTmedmeelacqinoa ofvzajchqmlyaisubldyfemuestlhevhrﬂw PI B
distillate b rodU@ i{ s the object .of the present, 25 | entlﬁ @nmeet
This need by 10F GO8Buiimlidsas oo badbrises agfigaiaroruadaron!

al kyl ated di RgipdstEn R @8ddrBsHAANY. 3. "Bhteht Nosa4i 1522499 R 4, 6051BOB2 S ©
(about 20C) using the HR PIB distillate byproduct, or fractions thereof.
For pur pd8es difclasiires phwbichi ara mmdtpomaéedrhe;mmpysafbmr;ueene refers to

It is generally known by those skilled in the art that the commercial HR

PIB production process described above generates a HR PIB distillate
byproduct that; (i) contains mostly CgHqs to CogHsg oligomers (average
C14H2g), (ii) exhibits a relatively low average molecular weight of about 200
20 and, (iii) contains 2-methylvinylidene in the amount of at least about 25%.
This low molecular weight distillate byproduct, which amounts to several
percent of total HR PIB production, has little value and is typically sold as a
waste product. Thus, a need exists in the chemical industry to develop a
valuable use for the HR PIB distillate byproduct. It is the object of the present
25 invention to meet this need by providing a novel process for preparation of a
valuable alkylated diphenylamine antioxidant that is liquid at room
temperature (about 20°C) using the HR PIB distillate byproduct, or fractions
thereof. For purposes of this invention, the term “polyisobutylehe" refers to
the HR PIB distillate byproduct and is further defined as comprising a mixture
30 of highly reactive polyisobutylene oligomers, said mixture containing mostly
CgH1s to CogHsg oligomers (average Ci4Hag), exhibiting a molecular weight in
the range of about 120 to about 600 (an average of about 200), containing a
2-methylvinylidene amount of at least about 25% and containing diisobutylene
3



the HR PIB distillate byproduct and is further defined as conprising a

m xture 30 of highly reactive polyisobutylene oligoners, said m xture

- containing nostly CBHL6 to C28H56 ol i goners (average Cl4H28), exhibiting a
nol ecul ar weight in the range of about 120 to about 600 (an average of
about 200), containing a 2-nethylvinylidene anount of at |east about 25%
and containing diisobutylene 3 (C8) in a fractional anmount ranging from 0%
to about 50%(Cghierefractiorsabaaiouint sahgimg froas0%otousbouy 500 present |y enpl oyed

pol yi sobutyl ene ol_igoners to al kyl at e di phenyl ami ne,_and ot her aronmati
ani nes, incl udi ng,ﬁ%é? @%n‘iﬂ"@."'ﬁ( V?Wé‘gﬁﬁk@/ a¥$189 theadireeentyareraeioyad r i ed

out 5 at ele ah nggr r ; LR 1 '
utilizing a @Wﬁ&%ﬁggﬁ%ué &ﬁmg*sét gg ?Iggiggoﬁéﬁéﬁvﬁ?rg&%la{}ﬁcﬁ?t@%ﬂ@aﬁr?rgggc of
speci fi ¢ car Eoninesuimbladirig, ot exarmplea (i) theualkkylatios eeactiazdcan det carnedmut nost
desirably_ us f th total, unfractionated HR PI I.sti.llate byproduct,
weh or uBt nateeaed semBprad ol eSSyt (2 igbittn dEnd R peH | on
reaction can ghevieasly westedt feddsldtk; avisith Védry He0wBmprieBREsREPEEIfic ddtben
because of the greater reactivity afforded by the presence of

2- et hyl vi nyIf fractignssa mixtyre pheelgciedifiactioas o mastdesiraply. msef|thel

e ) =S t ; ! .
B sobut yT endoth dhiracionaitd, AP I diblald Bebraslier Wiel WY fival of (o
enpl oyed to doert rsolveint 8% td A0PON (3 )L hehatigtationgleactibm eapr bs aarriedoehtat on

provi des novel., one-step, process  for the preparation of alkylated

G ohenyt 4 nsRikeowusHErrdralieacuhich begpise al Maroretdh BRCPIVATER 11 ene
in the prese f ' X ;i kY St ' ation
reaction tenpér gf.e rrgse?re\ﬁsefsé‘%gr}]&g)ng? ﬁ%ég%cf&%&ﬁleryéi'lﬁaisda?lgﬂgﬁosﬁso?gﬁ gel’{ééne
cont ai ns at Ineasolidapaduct 55 isf usual n dew Hempiengturel seactionsnwith Dedvemtinal n t he

nunmber avera l.ecul ar. wei ght . ai ol vi,sobutvl.ene is,|.n the range of
Cbout 1201t o iSRS ENE it WAL raler. Tk SeBPe 4Ry KeasRRseliulifot Sl ene

to said di phesmyplepeditd E6ntidl fidgmemagsh.of 1.0:1.0 to 4.0:1.0 and form ng an
al kyl at ed _di phenyl am ne product wherein _said al kyl ated di phenyl am ne

product 118 Ii qui d Ascordinaly: theprriesent iavantipn providesna mievel. ongrderupocess
for the preparation of alkylated diphenylamine, which comprises reacting

diphenylamine with polyisobutylene in the presence of a suitable alkylation
catalyst at a suitable alkylation reaction temperature less than about 200°C,
wherein said polyisobutylene contains at least about 25% of a
20 methylvinylidene isomer and wherein the number average molecular weight of
said polyisobutylene is in the range of about 120 to about 600 and wherein
the mole ratio of said polyisobutylene to said diphenylamine is in the range of
1.0:1.0 to 4.0:1.0 and forming an alkylated diphenylamine product wherein
said alkylated diphenylamine product is liquid at room temperature and
25 atmospheric pressure.

In addition to diphenylamine, other aromatic amines are subject to
alkylation by the disclosed process. Such other aromatic amines include, for
example:  N-phenyl-1-naphthylamine, N-phenyl-2-naphthylamine, p,p'-
phenylenediamine, phenothiazine, phenoxazine, p-amino-diphenylamine, p-

30 methylamino-diphenylamine and p-isopropylamino-diphenylamine.



In addition to di phenyl am ne, other aromatic am nes are subject to

al kyl ati on by the disclosed process. Such other aromatic am nes i ncl ude,

- for exanple: N-phenyl-1 -naphthylam ne, N phenyl-2-naphthyl anm ne, p,p'-

" phenyl enedi am ne, phenot hi azi ne, phenoxazi ne, p-am no-di phenyl am ne, p- 30
met hyl am no- di phenyl am ne and p-isopropyl am no-di phenyl am ne. 4 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON As noted above, the present invention provides
a liquid alkylated di ppETAIREDBESGRIPTION GF TefH AMVENFI@Nt i oxi dant, by a
process conprising 5 alkylating di phenylamne wth a polyisobutyl ene

ol i gonmer under suitable al kylation reaction conditions in the presence of a
sui tabl e al kyl ati e I e a
nunber average no?gécq\%g@ V\zit%ov %Q I%lb % ﬁ%}ﬁ% 6?0(ﬁaﬁ 'Il! Iég??!

t he range of ditwrnyldrbibet (wraUmus aftﬂ@ﬁectmﬂ amtmmdanteflw abb;ooelsstd:mnpaslgg of

about 160_to about 280 and.,a 10 neihyl vi nylidene content of af | east,,about
259 pr of Br ARG, UPHGINAMER VAo s PRBIBRRTIEDG: CGIenHEies: SHEALIBI y | n
the range of Forﬂﬁaébil&n%BﬁH&lonQWGthé‘BFbs%\ﬁéé ot Suikibié al tbbn' éhtél §t.range
of about 60%t0 about 90% Diisobutylene (C8) nay be presént in

pol yi sobut yl| éseneraliy theamlylamtwtyleaewﬂthavar@|nug\ber<ﬂneoage oncieeular wei@hénd

preferably fr ab 0%to 0%,, The use, of s_,.cat
Phe al kyl ati Oh SBRUC 2Rdn abhil 640, @BRbal g Mg Plond G aB8U 200 o "
whi ch descri kgl witﬁealpkefbaéblpnmofthe diaplgenyf aapdie %ohtoalaﬁmtrrzs@ybﬁd yaene
and related olefins with clai/eas the catalyst. In U S Patent No.

2, 943, 1130andnethyiinyhiders captentfagt leash@bept Bé%aer%ahwrhg\%é%mwf
advant ages | %@HF B8k tof 4 @%@P'moreg plefédb W tﬂa r5F§ Qﬁaﬂf 3 181 t%lu\“ ng
re ct, (% er e

i ghter colo pro ease of " renov | on
reacti on and 9533, and e@ven nhegs emeﬁefablplm dhecnahge ofnalbdnﬁ @ﬂ%yloaabwt P0%duct

As a catalys and ther W S Aci s AlCl 3 or, BF3_are
qoner arl y 3 adlisobaYIEE (GeX Fra B ppisant o o pobiadbuind \poa Eakbnabss
and 5, 672, 75?an?6urﬁq|aNgr'ﬁg fer Q%Gt@%oﬁt)lw"/} an'd”préé’k'aﬁﬁ» froRPRB6LUL YBbYIo More
recently, U 72,752; 5,750,787 and 412 identify certain
15 about 50%. .
The use of clay as catalyst in the alkylation of diphenylamine is
disclosed in U.S. Pat. No. 3,452,056, which describes the alkylation of

diphenylamine with alpha-methylstyrene and related olefins with clay as the

catalyst. In U.S. Patent No. 2,943,112 and other prior art, clay is described as
20 having several advantages including, for example: (1) as having the
advantage of giving lighter colored product, (2) ease of removal by filtration
after the reaction and (3) a lower degree of yellow color in the alkylated
product . As a catalyst, clay and other Lewis Acids, such as AICl; or BF; are
generally taught as being interchangeable.(See, U.S. Pat. Nos. 3,452,056
and 5,672,752 at col. 3, In. 3-6 and col. 1, In. 33-41, respectively). More
recently, U.S. Pat. No. 5,672,752; 5,750,787 and 6,204,412 identify certain
commercially available clay catalysts, including; Filtro™ and Retrol™
available from Engelhard; Fulcat™ 14, Fulmont™ 700C, Fulmont™ 237, and
Fulcat™ 22B available from Laporte Industries; and Katalysator™ K10
30 available from Sud-Chemi. These clays may include acid activated or acid
leached clays. The clay catalysts may contain some water as received.
Removal of the water prior to use results in a lighter colored reaction product.

Therefore, it is desirable to use clay with low water content or remove the

5



- commercially available clay catalysts, including; Filtrol TM and Retrol TM
avai |l abl e from Engel hard; Ful cat TM 14, Ful nont TM 700C, Ful nont TM 237, and
- Ful cat TM 22B avail abl e from Laporte Industries; and Katal ysator TM K10 30
“avail abl e from Sud-Chem . These clays nmay include acid activated or acid
| eached cl ays. The clay catalysts may contain sone water as received.
Renoval of the water prior to use results in a lighter colored reaction

product. TheyRé0bY. héétinigstﬂéeélia?amtﬁf d QitksgRnCSwEep driwltRWataLsT seppit or
renove the 5 water by heating the clay with a nitrogen sweep or with

vacuum st ri pgidigyactivated claysiare peefeaedyBoweernn Lewis Aeids stehasaeAICli @i, Aci ds

such as Al Cl r aBF B I [ . ef h :

i ncludi ng m X n@r%%’ t% Hrenrpi%& Svmgfﬁfewgﬁgﬁtﬁw i ngiéqh@é/@m?snﬁetweg %?é%fu\fv%ses
of this i nvemjaiyonogltlellaenﬁe];ﬁ aed/v.éll.ca*c'@il petplosas mfetrfklr M\lrmdiohotﬂgpfefe??@arﬁ
F-24 acid-activated cla arnerly Iltrol's Retrol clays),. ra t he
reaction f’errﬁé‘Fansdr‘@a? G%térﬁ?énggwlbﬁ EBﬂeﬁ@é%tﬁ:l'g 3pidac \&?a C'@hZ@é’"@flg’/about
125C to aboutrj{8pCReRbeéigysp! vy in the range of about 135C to about 175C,

and nore prefer abgﬂl n the range of about 155C to about 10 165C. When using
honbgeneous aci d nergityt the eeaction tempeataturce: for ¢he alltylation reaction @ilhhe ibe

sequent i al | y raoge fif fBGFRSELln St fasl. Breridin bR BReBatabotkiiss e up
to about 250 psihqpf 1'759@,6?nd R6RS gg&@#ﬁ;u{)g{ %0?%@5_ of%BoHF '1 55@@%"%6032

preferably in the range orf about nert gas, suc

ni t r ogeny0can 65eCuswiehuging hoirbgensbdaiacincathlysts) du iveerdempegatueasiicion,
but nostly to allow operation at higher tenperatures wth the |ower

boi | i ng ol i g@%ef2-108°Gi Mmayges usedot Hde reagtiongean dercapiast eut iah a shrgle ast
to air, suppg e ' 0, activate the clay
catalyst. O ﬁgﬁag%r%%% CféQ(éﬁ@éﬁtﬁﬂg'g%n&%g%ggLeﬁg's(%}%?:"frgg'e hi gher rates of

react i (ﬁn, I 20 shor The remﬁnbhogr%sjsm,caaﬂdamgdﬂaﬂﬁﬁld él@djmt?Qsolanif Pdilﬁbkefﬂ, ﬁt ed
DPA. The |l atter s, achi eve reventing t oss. of volatiles to_the
at nosphere. PRerRA Pefoyy ?90%2%58% §83d?9’?eelﬁ"§?‘%@b{¥i iBHBRRARGE R aPQULER mal | y

ilnzg _h<19 ,1819% 9003 UiInert Bad, SuidrPad nitrobe, cBh Hetistt Yo hinikiife bRidgGoRbr about

products during reaction, but mostly to allow operation at higher temperatures
with the lower boiling oligomers. A nitrogen or other inert gas atmosphere, in
contrast to air, suppresses the formation of products that deactivate the clay
catalyst. Other benefits of nitrogen pressure include higher rates of reaction,

20 shorter reaction times, and enhanced formation of dialkylated DPA. The latter
was achieved by preventing the loss of volatiles to the atmosphere.

The molar ratio of polyisobutylene to diphenylamine is normally in the
range of about 1.0:1.0 to 4.0:1.0, preferably in the range of about 1.25:1.0 to
3.0:1.0, and more preferably in the range of about 1.5:1.0 to 2.8:1.0. Tables 1

25 - 3 in the Examples set forth the mole ratios of polyisobutylene to
diphenylamine chosen for Examples 1-18. Other mole ratios may be chosen.
The mole ratio chosen for the reaction will affect the degree of DPA
conversion to alkylate. When diisobutylene is present in the polyisobutylene,
preferably in the range of about 10 percent to about 50 percent, the mole ratio

30 of diisobutylene:diphenylamine is less that about 0.6:1, preferably less than
about 0.55:1 and more preferably less than about 0.45:1.

In practice it is difficult to take the reaction to the extinction of DPA



3.0:1.0, and nore preferably in the range of about 1.5:1.0 to 2.8:1.0.
Tables 1 25 - 3 in the Exanples set forth the nole ratios of

- pol yi sobutyl ene to di phenylam ne chosen for Exanples 1-18. O her nole
rati os may be chosen. The nole ratio chosen for the reaction wll affect

t he degree of DPA conversion to al kylate. Wen diisobutylene is present in
t he pol yi sobutylene, preferably in the range of about 10 percent to about

50 percent, bBgaidd §s tRé Ir@aéibrp&orqimﬁe@bmbyéc%@nﬂhﬁ&ewIré@&taﬁtsl éinhmgﬁeé hat
about 0.6:1, preferably Iess than about 0.55:1 and npre preferably |ess

than about 0ang:the rateshesomeceenyisiow. @Genaraly,dessothand%: padreere: typisally t he

Xt nCtt On Ofesion SRIIASR 18R I8-EBATHIAD of AL AR "y BRRGSHbRE 00 O

reactants di ecorre Y, her a 'I'eéss’ t han

5% and nor erdgigiial Arhounts ©f dipheaylahinBRan b@obt@iﬁemb}? eentimuied stnpbmgmrpduct
m xture. |f desired, |lower residual anmounts of di phenytam ne can

obt ai ned By abietatively. Hyr sepanegny treatment i@ Rarg, 'Wt'ﬁ%c%ﬂ%rsychr%t nent
with a nore fog pyné/ﬁe %?f réH&h a%arefe%gaytyhgé; dggrto t O Bhehimr Ak

t he pol yi sobut ne shoul d I ncrenent e react ron m xt ure
to control antd:ramentadiynaddmi tdether eelactemcmwhmre etop eoatrolr andnchairdaim theri ze
premature Pl EP at on to . non actlve ol e | Ng on

the desired Feadip pvetatyfs Aad 18 hipitfizs ety S sBiesalal fa,n T

to the react hgR-rEhetiver Blefihs. Foweed, debeAdingV&i the dRSIred Wredddtanixtie it
reaction tenperature. |f desired, the reaction can be carried out in a

neutral %@ vemry b@@nnaﬁmakﬁwc&l—f%ﬂlB eligamer e the Fgaptionambduresall geance but

generally no is a very flexible
reaction par sﬁét'%v? a ﬁeég@g@ﬁ%%e %% We%é%gtqrgﬁ tenperature, nole
rati o of reactant § dudiredatial pezictionrnPbe sattied. outGanehalirsl sdlventr Kbt aon
wll be carried out over a period of about 2 to 30 or nore hours,

preferably oVé?efé' gk o5 A fingl ohiydrocahop, splygpl | b @ensrally BPeF@'P’&B‘i ¥S over
a period of r\ to 16 hours. 20 Upon conpletion of the reaction, the
desired al kyl at eds di'phenyl ami ne products can be isol ated using

convent i thal techRiegatian tisecdh aaeerytfleibie repction parameter and is dependent on

the reaction temperature, mole ratio of reactants and catalysts and pressure.
Generally, the reaction will be carried out over a period of about 2 to 30 or
more hours, preferably over a period of about 5§ to 24 hours, and more
preferably over a period of about 6 to 16 hours.

20 Upon completion of the reaction, the desired alkylated diphenylamine
products can be isolated using conventional techniques, such as stripping
under vacuum or separation by elution with hexane using column
chromatography. Depending upon the particular reaction conditions selected
the amount of monoalkylated DPA to dialkylated DPA in the product mixture

25 can typically range from 34 to 68 mole % for the monoalkylate to 32 to 66
mole % for the dialkylate; however, under certain conditions the product
mixture can be either predominantly monoalkylate or predominantly dialkylate.
For example, in Example No. 13 shown in Table 2 below, the molar % ratio of
monoalkylate to dialkylate was 44 to 56; in Example No. 3 shown in Table 1,

30 Dbelow, the molar % ratio was 85 percent mono isomer and 15 percent
dialkylated isomer; and in Example No. 1 shown in Table 1 the product
contained exclusively mono isomer and a small amount of unreacted DPA. In

all Examples 1-18 the alkylated products were liquid at room temperature

7



under vacuum or separation by elution with hexane using colum

chromat ogr aphy. Dependi ng upon the particular reaction conditions selected
- the anmount of nonoal kyl ated DPA to dial kylated DPA in the product m xture
25 can typically range from34 to 68 nole % for the nonoal kylate to 32 to
66 nole %for the dial kyl ate; however, under certain conditions the

product mxture can be either predom nantly nonoal kyl ate or predom nantly
di al kyl ate. (Jgyut 9830PA hbidntares&irdo. 13 shown in Table 2 below, the
nmol ar %ratig my rmadlz}(;al ?i@t’e ngBdsfhaP‘ﬁyl ate was 44 to 56; in Exanple No. 3

shown in Tabl e 1, TBE fallwivimg exbmplas ane reseanted todlkisgateeetaintempodimestarer
and 15 percent . .di.al kyl ated,i sonmer,;. and in anple Na,. 1.shown in Table |
the product  OLdhit dnyeTicBy BN ATBengt RE TSTRPoay aind R Rt e

unr eact ed DPfwehfion.@2l | Exanples 1-18 the al kyl ated products were |iquid at
roomtenperature 7 (about 20C) and anbi ent pressure. The foll ow ng

exanpl es fare presented to illustrate certain enbodi nents

of this invention

and are not to be construed as Iim't%ée gcope of the

EXAMPLES Representative experinents
I n
10 determ ne the scope of the al kylation

Tables 1 and 2. These exanpl es are exploratory in nature,

i nvention. 5
PI B oligoners are sumari zed
designed to

and do not necess

{ . reaction, rily
represent opti nuniEBIRRENtalive qwr'medﬁwﬂnﬁgréﬂbp&mmfﬁﬁemew n
conposi tion. r i T din 0 bB&
ordor . ui th PPESCIZ (%o PR skoRitfos 6 ToRGBRNT flaflibokebalo |
W thin edth determivesithér scapeorof thee alkylaticnr aeattimn sandardpechadcoecelisagivt o
reaction 15 tenperature, wth the |ower tepperature bei.ng liste i [st.
Ecanpl o5 1 -TOPLORRTILy ORI oPSRgilSnt Y PSR AE BATIRAbSBivELet o
Pressure 20 dap6sifiodEFleé riaesint Tgblepecand 0 ablattaidedninrchrehdlogicaPofder] ons

of Exanples 1 - 11. Generally, each exanple was run according to the
with the Cy, oligomers being listed first, followed by Cys, efc. ithin each

oligomer fraction, the runs are also arranged according to reaction

15 temperature, with the lower temperature being listed first.

Examples 1 - 11

Alkylation of DPA with PIB Oligomers at Atmospheric Pressure

20 Table 1 describes the specific alkylation reaction conditions of

Examples 1 — 11. Generally, each example was run according to the
following procedure: Diphenylamine and F-24 (Engelhard) catalyst were
added to a 300-mL, three-necked, round-bottom flask fitted with a mechanical
stirrer, heating mantle, thermometer, condenser, nitrogen purge and an

25

addition funnel. While stirring, the flask contents were heated to the

temperatures shown in Table 1. When the indicated temperature was
reached, PIB oligomer was incrementally added to the mixture over the times
shown in Table 1 to control and maintain the desired reaction temperature.
Following oligomer addition the reaction was continued at the temperatures
30 and for the times shown in Table 1. Thereafter, the reaction product was
cooled, then filtered over Celite under vacuum to separate the spent catalyst.
The filtrate was analyzed, using GLC and 'H NMR, for DPA, monoalkylated
DPA, dialkylated DPA and the distribution of individual isomers.

8

In certain



foll owi ng procedure: D phenylam ne and F-24 (Engel hard) catal yst were

added to a 300-nL, three-necked, round-bottomflask fitted with a

- mechanical stirrer, heating mantle, thernoneter, condenser, nitrogen purge
and an 25 addition funnel. Wile stirring, the flask contents were heated
to the tenperatures shown in Table 1. Wen the indicated tenperature was
reached, PIB oligomer was incrementally added to the m xture over the tines

h Tabl ' :
shoun |10 Tablesadés OBl a8 da02LibBe LhGeCSaLIGN 6 BHAR WrRsial o

Fol | ow ng ol igo he reaction was con atures
30 and for tlwgbnmalzimgv\mth sorhelRALl. Thereafter, the reactlon product was

l ed, th filt d Cel t th t
catalyst. The fi ReISERcHais dﬁ%ﬁs?z‘g?g%exémvpicu@cﬁgdﬁeﬁﬁ' VA, oa BpAdifi
nonoal kyl at ec}epr@%énta@.bﬁldﬁhéta%vgpp?omfé hg Wisséxdrapiel giwoiso fhMé usd

isomers. In certain 8 exanples, the filtrate was stripped under vacuumto
renove un5eaa1aéaiystoq1|299n€ngeﬂnlaaﬂ1)gwm& hestadetOPA0°QRah e ghass flaskyesatel PEB

or ocedure. 1 Aeeamer dsIabl BBl FEMR,fmalsiPle el et 25 wes
Engel har d) W%rd%eﬂet%t i 103 hﬁxt&?@%vleﬂﬁ flimntesf | 7RE readibrPWast 8bhtAHIRId {drlH)
(199.3 g) [CMR (nole PIB tetramer/nmol e DPA) = 2.50] was added to the

m xt ure over ho8rsi eeeled. tOTﬁ@me@anfﬂttwasaQSbrYﬁpthf keredgovernGielite.chbag ed t o

et pped by itidte e KRRBEE by WoBHG RIBF 1 Laduurd 1.2 i 18K B Hiver, o
PIB tet ramer ubnehcted | BRAtratrer gindesame DRA atr:otgm al palalaintmérodqorﬁ prodaéd.
136.5 3,57% N; TBN/ N 3%2 AM)J%@ 3%/[1 3% Céb DPA,
19. 2% A%Na 1366 neg KQhg; 387 4N & %%lS@ycﬁL@pRPP&é-?i 1H
NVR: | k d
DPA 22?5’ PRI, TEBREICUbRYC R, CSPAC o ApBIGo, akkepated
2 and 11 t he DR/Act2. Cb% whs NAMRB] 6E5emprnd>Nidy marmaﬂeydaed rlEDA,e@ﬁs%&,r&m ppm

troav iz, SaByie R Png, S8 Atk S0prm i N, of DAt RAEK 1. 4% vas
used Wt hgut renp\Gimilafy,aMOEkampPldy 2Ca5¢ BIOtheERéaction was subjected to two
temperature regimens. Specifically, in Example 11 a commercial PIB distillate
(95% purity, C8, 17.4%; C12, 39.8%; C16, 24.4%; C20, 12.9%; C24, 4.1%,;
and C28, 1.4%) was used without removal of about 5% process solvent.
Diphenylamine (60 g) and F-24 catalyst (12 g, Engelhard) were added into a
20 300-mL, three-necked, round-bottomed flask fitted with a mechanical stirrer,
heating mantle, thermometer, condenser, nitrogen purge, and addition funnel.
The mixture was heated to 145°C and PIB distillate (117.2 g) [CMR (mole PIB
olig/mole DPA) = 1.61] was added over 135 minutes and thereafter the
reaction was continued for 90 min. A small amount of volatiles (~ 5 mL) was
25 then removed using a Dean-Stark trap and reaction was continued for four
hours at a temperature of 170°C. Finally, the reaction mixture was cooled to
room temperature and vacuum filtered over Celite. Part of the filtrate (55 g)
was eluted with hexane through a silica gel column to vyield after
rotaevaporation 18.6 g of unreacted olefin. The amine product was desorbed
30 with hexane/ethyl ether (4:1), followed by ether, to give after rotaevaporation
30.9 g of a pale amber, liquid product (90% recovery). Analysis by GLC
showed the following composition: DPA (18.2%), C4-DPA (28.2%), C8-DPA



D phenyl am ne (60 g) and F-24 catalyst (12 g, Engel hard) were added into a
20 300-nmL, three-necked, round-bottonmed flask fitted with a mechani cal

. stirrer, heating mantle, thernoneter, condenser, nitrogen purge, and
addition funnel. The m xture was heated to 145C and PIB distillate (117.2
g) [CWR (nole PIB olig/nole DPA) = 1.61] was added over 135 m nutes and
thereafter the reaction was continued for 90 mn. A small anount of

Feacti on was (BTIPHGIFPRA (20! RERFEPA B B AREOBPATASER. “2 a1

the reaction mxture was cooled to roomtenperature and vacuumfiltered

over Celite. Part of the filtrate (55 g)Iablesk el uted with hexane through a
silica gel col yrm to Akydtdn@k DPA withQire@Ban RoalersOdt AlRofoHarie PresdiRact ed
ol efin. The anine product was desorbe Wt exane/ ethyl ether (4:1),

190 Rt

foll owed by ether, to|give aftefr rotaeyaporietion 30.9({g of a pale anb
| i qui d product | E38%ble gdUB Eraghion Ahahpy 8¢ $ Adgn. Gin@ | Birolimd |t heCHBI | owi BRA
conposi tion: DPA Na8. 3% [(%WY) DPA (28.29%) ., wi8- DPA _9r (18. PIB/OPE] 2| Formv.
(12.7%, Cl16-DPA (8. 7%, CH{0)C2D- DRA (13.57. [TabR@ 1.| Al Ry%atijon78f PPA
with HR PI B A fgomersjat Cﬁ(@fp BHol(¢70FTESSPE € B3 (2FXqNpl 8471 B |FTagti pn
Tenp. C Addn. [neRxd.-Tine CVR DPA Not (9AM) nin-hr PIUB/DRA Uggny.__ 1
C12(40) 135 70{20 2. 79 78'%@)cip( 43 150 (3%0) p2 1%(2) 2.4%° 00 B El6(b3)
135 35 20 1.90{67 44 (16C68$3)150 31B022|1.53075 |5 €46(63) 15D 50 2252. 0 93

6 C16(63) 170 #6682 Ho-86- 2 Elt6(H3) 17555615386 BEL6(63) 485 B0 6
1.57 88 9 Cl2icle] 53)61%6‘338 6l 2.30 o 'Dlsﬁctz)ofzgé‘ég)o 175100 6 2§§o%r93

r,

C16(63) 170 46 2.50
7 C16(63) 175 55 6 157 88
8 C16(63) 185 30 6 157 88
9 C12/C16(53) 175 96 6 2.31 91
10 C20-28°(82) 175 100 6 2.60 93
11 C8-28(75) | 145(170) 135 15 (4) 161 82

*C20, 66.7%; C24, 23.1%; C28, 7.5%; C32, 2.7%
**C8, 17.4%; C12, 39.8%; C16, 24.4%; C20, 12.9%; C24, 4.1%, C28, 1.4%; in 5% process solvent.

Examples 12-18
5 Alkvylation of DPA with HR PIB Oligomers under Nitrogen Pressure

Generally, Examples 12 — 18 as shown in Table 2 were carried out
under nitrogen pressure in a 2-L, 316-stainless steel, mechanically stirred
autoclave (Autoclave Engineers, Inc., Erie, PA). The autoclave was equipped

10 with a heating mantle, cooling coil and a thermocouple. In a typical
procedure, DPA and sulfuric acid-activated catalyst (F-24, Engelhardt) were
charged to the autoclave, the autoclave was flushed and pressured with Na,
and heated to desired temperature under the reaction conditions set forth in
Table 2. After PIB oligomer was added (Milroy mini pump), the reaction was

15 continued for 24 h or less. The course of the reaction was monitored by GLC.
After the reaction was completed the autoclave was cooled and its content
filtered over Celite under vacuum to separate product from the catalyst. The

filtrate was stripped by heating under high vacuum (1-2 mm Hg) to remove

10



11 C8-28(75)'" 145(170) 135 1.5 (4) 1.61 82 'C20, 66.7% C24. 23.1% (C28,
7.5% C32, 2.7%"C8, 17.4% Cl2, 39.8% Cl6, 24.4% C20, 12.9% C24, 4.1%
- C28, 1.4% in 5% process solvent. Exanples 12-18 5 Al kylation of DPA with
HR PIB digoners under Nitrogen Pressure GCenerally, Exanples 12 - 18 as
shown in Table 2 were carried out wunder nitrogen pressure in a 2-L,
316-stainless steel, nechanically stirred autoclave (Autoclave Engi neers,
Inc., Erie, RAdstcFie %Fé?ﬂéd/@hg@ﬁet%cﬂﬂmﬁemm\“h a heating mantle,

cool i ng coil and a thernocoupl In a typical procedure, DPA and sulfuric
aci d-acti vat ed catbxayeple( #824s @ﬂg@emiaé@ wertbe shegifiednitiogeRe PAesSIEE ave,

t he autocl av S a d
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ol i goner vvas (43(@)(1 rﬁﬂkb@em;pumgesd praspliredt vdthr amog'eontowse pS amhtheated thor 24

h or |ess, e caourse, of the reaction was_mnitored GC. _ After the
reaction Was 1<,6(§n§} eYeing: : Miltay Geiphpumpa £1B sistiiate, (361 ésg Ohbenpurity; CBer ed

over Celite e $ T
filtrate was st r| p g W‘%eatu ng %il%é’? gﬁ{Q/géuu ‘? 436}{ aé@bztsoﬁfg
10 nost of tHEMRr(eade etdtraineg’mrﬂe SDRA) %dnﬁ2]DWés inceaméntally added to the

representative of the s fi.c nitrogen sure rocedures.. The autocl ave
was charged A4OF! @F%’(?’p ﬁﬁé,yn'aw@sﬂoﬁné@f ang dpaintain thy reagtiondgampesaiuRd,

d t
o b g i o 1etE09Mk EactBnRRas Bikredfsr € Egﬂti@e% R C R ﬁfméﬁ%m "
25.0% C20, 1MenHlow@sd, todcabl. %ngrcfjdzﬁ&t \Albso%cuc.{nﬂﬂrte(ed)beelt eeg?rmnanet
DPA) = 1.62 t e 0 aut oc 0 m s to
Dot o g lFSle WY SEReE by heBRG diner bith el (BEa AR feanE (o
thereafter cenbf au@%tamﬂé%ﬁaarpr%@ub@wmam 91%# *P@H@ |98 KO TBAON, The

product was vacuumfiltered over Celite and iltrate was stripped by

heat i ng undeB9-gAnalysisiw GLC2 DRAHYY % @@ppé\ A475%; C§-BPA261gb; @ﬁﬂer
l 0 Boe 3 % | ac
DIPquJI 2. 704 35515&8 Cap: %%%@%ﬁ:ﬂ%é’: f_%goﬁ"blﬁ%'\"H NMR® 5,88 Bphs (SnBY

15 monoalkylated DPA, 34%), 5.50 ppm (>NH, dialkylated DPA, 66%), and 5.67
ppm (>NH, free DPA, < 1%).

Table 2.
Alkylation of DPA with HR PIB Oligomers under 50 psi N,
PIB
Example PIB Fraction Temp. °C Addn Rxn time CMR DPA

No. (%MV) Time/min hr PIB/DPA % conv
12 C12(40) 150 70 6 1.75 83
13 C12(40) 170 73 24 1.75 97
14 C12(40) 185(200) 60 4.5 (0.5) 1.76 99
15 C8/C12(50) 165 160 16 2.03 93
16 C8/C12(50) 175 100 6 2.0 89
17 C8/C12/C16(63) 165 120 16 1.90 94
18 C8-28(75) 165 105 16 1.62 95

Additional reaction conditions for Examples 1-18 are found in Table 3.

Oxidation studies of the products of selected Examples were carried out in a

20 bulk oil oxidation bench test as described by E.S. Yamaguchi et al. in
Tribology Transactions, Vol. 42(4), 895-901 (1999). In this test the rate of
oxygen uptake at constant pressure by a given weight of oil was monitored.

The time required (induction time) to take-up 250mL O, per 25 g sample was

11



27.4% C16, 20.0% C20, 7.9% and C24, 1.5% 1H NVR 5.56 ppm (>NH, 15
nmonoal kyl at ed DPA, 34%, 5.50 ppm (>NH, dial kylated DPA, 66%, and 5.67
-ppm (>NH, free DPA, <1 % . Table 2. A kylation of DPAwith HR PIB

A igoners under 50 psi N2 PIB Exanple PIB Fraction Tenp. C Addn Rxn tine
CVMR DPA No. (%wW) Tinme/mn hr PIB/ DPA %cony 12 Cl12(40) 150 70 6 1.75 83
13 C12(40) 170 73 24 1.75 97 14 C12(40) 185(200) 60 4.5 (0.5) 1.76 99 15

C8/ C12(50) 1 7.

ol G121 C1b( e3P Teee BBV, G5us S seutatbs e 10 02 WiefE pd 100

Addi tional r saoiplen dbwedinetalss abdded Easngil mldblé8naplﬂhénaﬁ&d corrésporel 3o

Oxi dation studies  of th ducts, of se | e re.carried_out in
= 50, bul K olMOtS ovd i afe iFre Bise StEte BRSO I SPae st L0 n
in Tribol 0g%eldciéts BLiHRAGE beNeh test #é<tiits a?@ﬁn@é@ntéé%?éble'tﬂ this test the
rate of oxygen uptake at constant pressure by a given weight of oil was
nonitored. The tine required (induction tine) to take-up 250nm 02 per 25 ¢
sanple was 11 neasured, however results are reported as time for 1L 02
upt ake per 100-g sanple. The netal s added as oil sol ubl e napht henates
correspond to anmounts found in the crankcase after the Sequence IIIE

engine test. The selected oxidation bench test results are presented in
Table 4. 12 QNTr N111111CYN11111NDUO0OO rn
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Sample ID | Base TBN %N [ TBN/N | RDPA | mono/di hr to 1L.
oil | mgKOH/g wt% ratio? 02 uptake®
Reference | Grp 2 - - - none none 6.4
Irgam‘)x Grp 2 181.6 463 1 39.2 0.10 52/48 13.8
L57
Naugalé:be Grp 2 175.9 458 | 384 0.10 55/45 13.9
640
DPA Grp 2 331.0 8.28 | 40.0 0.10 none 9.8
Example 13 | Grp 2 172.7 467 | 37.0 0.10 44/56 164
Example5 | Grp 2 136.5 3.57 | 38.2 0.10 68/32 12.8
Example 10 | Grp 2 90.6 244 ;1 37.2 0.10 57/43 10.3
Example 18 | Grp 2 156.3 3.95 | 396 0.10 34/66 15.6
Example 19 | Grp 2 157.2 3.97 | 39.6 0.10 58/42 13.2
Reference | Grp 1 - - - none none 3.8
Irganox Gmp 1 181.6 463 | 392 0.10 52/48 54
L57
Naugalube | Grp 1 175.9 458 | 384 0.10 55/45 5.1
640
Example 13 | Grp 1 172.7 467 | 37.0 0.10 44/56 5.3
Example 5 | Grp 1 136.5 3.57 | 38.2 0.10 68/32 4.7
Example 18 | Gmp 1 1566.3 395 | 39.6 0.10 34/66 4.7
Example 19 | Grp 1 157.2 3.97 | 39.6 0.10 58/42 4.9

Test conditions: Temp.171°C; Pressure, 1.0 atm O; Stirrer, 1000 rev/min:

5 'Catalyst: Fe/Cu, 50/5 ppm; Results: + 0.5 h. %by N or '"H NMR. 3Screening
formulation: [13 mM P/kg] ZnDTP, 6.0 % Succinimide, [25] overbased Sulfonate,
and [25] Calcium phenate in Group 1 or 2 base oil.

“Irganox® L57 is available commerically from Ciba-Geigy.

SNaugalube® 640 is available commercially from Crompton.
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d O r NM"t to (D1- 000) ONco Nt LO(D1,- OOETr rrrrrrr WwHX
w 13 Table 4 Oxidation AO Bench Test Results Sanple ID Base TBN %N\ TBN N
RDPA mono/di hr to 1 L. oil mKOH w%ratio 02 uptake 3 Reference Gp 2
- - - none none 6.4 lrganox Gp 2 181.6 4.63 39.2 0.10 52/48 13.8 L574
Naugal ube G p 2 175.9 4.58 38.4 0.10 55/45 13.9 6405 DPA Gp 2 331.0 8.28
40.0 0.10 none 9.8 Exanple 13 Gp 2 172.7 4.67 37.0 0.10 44/56 15.4
Exanmple 5 G 2 136.5 3.57 38.2 0.10 68/32 12.8 Exanple 10 Gp 2 90.6 2.44
37.2 0.10 57/43 10.3 Exanple 18 G p 2 156.3 3.95 39.6 0.10 34/66 15.6
Exanple 19 Gp 2 157.2 3.97 39.6 0.10 58/42 13.2 Reference Gp 1 - - -
none none 3.8 Iégglg@g Gp 1l 181.6 4.63 39.2 0.10 52/48 5.4 L57 Naugal ube
Gp 1l 175.9 4. .4 0.10 55/45 5.1 640 Exanple 13 Gp 1 172.7 4.67 37.0
0.10 44/56 5.3 Exanple 5 Gp 1 136.5 3.57 38.2 0.10 68/32 4.7 Exanple 18
G 1 156.3 3-9.5A3|9ro‘ée93?c9aﬂ(&ﬁéiﬁg"diﬁherﬁ%@ﬁﬁb?cd‘rﬁpr@rﬁb:l 157.2 3.97 39.6 0.10
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in one step reacting diphenylamine with a polyisobutylene in the presence of

5 a suitable alkylation catalyst at a suitable alkylation reaction temperature less
than about 200°C, wherein said polyisobutylene contains at least about 25%
of a methylvinylidene isomer and wherein the number average molecular
weight of said polyisobutylene is in the range of about 120 to about 600 and
wherein the mole ratio of said polyisobutylene to said diphenylamine is in the

10 range of 1.0:1.0 t0 4.0:1.0 and

forming an alkylated diphenylamine product wherein said alkylated
diphenylamine product is liquid at room temperature and atmospheric

pressure.
15
2. The process of claim 1 wherein the methylvinylidene content of the
polyisobutylene is in the range of about 25% to about 95%.
3. The process of claim 1 or 2 wherein the methylvinylidene content of the
20 polyisobutylene is in the range of about 40% to about 95%.

4. The process of claim 1 or 2 wherein the methylvinylidene content of the

polyisobutylene is in the range of about 60% to about 90%.

25 5. The process of claim 1 wherein said alkylation catalyst is an acid activated *

clay catalyst.

6. The process of claim 1 wherein said reaction temperature is from about
125°C to about 195°C.
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Test conditions: Tenp. 171 C, Pressure, 1.0 atm02; Stirrer, 1000 rev/m n:
5 '"Catal yst: Fe/Cu, 50/5 ppm Results: 0.5 h. 2by 15N or 'H NWVR
3Screening formulation: [13 mM P/ kg] ZnDTP, 6.0 % Succi ni m de, [25]

over based Sul fonate, and [25] Cal cium phenate in Goup 1 or 2 base oil.

4l rganox(r) L57 is available comerically from C ba-Geigy. 5Naugal ube(r)
640 is available commercially from Cronpton. 14 CLAIMS: 1. A process for
al kyl ati ng di phenyl am ne, conprising: in one step reacting di phenyl am ne
with a polyisobutylene in the presence of 5 a suitable alkylation catal yst
at a suitable alkylation reaction tenperature |ess than about 200C,

wher ei n sai d7.pdhg peasees 9f alaim tene whainsaid eastiom tepperatges is domaabout

met hyl vi nyl i de | SONe n erein the nunber average nol ecul ar wei ght of
sai d polyi sobuggpl’eczgo?éo'iﬁnﬁ@n\é@ range of about 120 to about 600 and wherein
the nole ratio of said polyisobutylene to said di phenylamne is in the 10
range of 1.0:1.0 to 4.0:1.0 and form ng an al kyl ated di phenyl am ne product
wher ei n sai dB-aiTkgl Brosass @f pHalAy 7a mhgeein rsadd) Feaction) temperatire ris dfiemeabitat ur e
and at nogpheri 4pkdr~2. The process of claim1l wherein the

met hyl vi adsl i deﬁgs%ﬁ§%§&01f6%t e polyisobutylene is in the range of about
25% to about 95% 3. The process of claim1l or 2 wherein the

met hyl vi nyl i depe content of fhe, .20 pol yisobutylene is . in the range af
Bbout 40 t S-anDB BIRESS. Fhe Gidteds WHEEPH nPador molanealin Bhe sad
net hyl vi nyl i degélyfs@% neldiph&®ylaMe)is FBRVADARAES: § to Abdites.0ange of about
60% to about 90% 25 5. The process of claim1l wherein said al kyl ati on

catalyst is an acid activated clay catalyst. 6. The process of claim!l
wher ei n ggai dig §RE! | BRde8EPeHAL Widim' S 1 I WRABAYU! sail2Shdi@ aRfl HPSGaid®

polyisobutylene:diphenylamine is from about 1.5:1 to about 2.8:1.

11.The process of claim 1 or 9 wherein said mole ratio of said

polyisobutylene is in the range of about 150 to about 400.

15
12. The process of claim 1 or 11 wherein the average molecular weight of said
polyisobutylene is in the range of about 160 to about 280.
13.The process of claim 1 wherein the reaction time is in the range of about five to
20 to 24 hours.

14.The process of claim 13 wherein said reaction time is in the range of about six
to 16 hours.

25 15.The process of claim 1 wherein said polyisobutylene has a diisobutylene
content in the range of about 10 percent to about 50 percent and wherein the
mole ratio of diisobutylene:diphenylamine is less than about 0.6:1 .

16.The process of claim 15 wherein said alkylation catalyst is an acid activated
30 clay catalyst.
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7. The process of claim1 or 6 wherein said reaction tenperature is from
about 135C to about 175C. 8. The process of claim7 wherein said reaction
tenperature is fromabout 5 155C to about 165C. 9. The process of claim1l
wherein said nole ratio of said polyisobutylene:di phenylamne is from
about 1.25:1 to about 3.0:1. 10 10. The process of claim1l wherein said nole
rati o of said polyisobutylene:di phenylamne is fromabout 1.5:1 to about
2.8:1. 11.The process of claiml1l or 9 wherein said nole ratio of said

pol yi sobutylene is in the range of about 150 to about 400. 15 12. The
process of claim1 or 11 wherein the average nol ecul ar wei ght of said

pol yi sobutylene is in the range of about 160 to about 280. 13. The process

of claiml r-ein _the reaction,ti is in the range of about five to . 20
Co 24 hours. Toanerpistess R baBT 1Bl el sRick FEcBl 3Pumeudlfy b5, rbiabfut o
the range of ab@stC3béaboto1As3chours. 25 15. The process of claim 1 wherein
sai d pol yi sobutyl ene has a diisobutylene content in the range of about 10
percent to about 50 percent and wherein the nole ratio of

di i sobut y& engnay i LS l1@s : f
Cl o m 15 o & 1o Bl o oaf a1, 1B nEien sl Hiackof empefdtut & RORESEFUE
catal yst. 16 1715bR€ tprboetst6a5C. cl ai m 16 wherein said reaction tenperature
is fromabout 135C to about 175C. 5 18. The process of claim 16 wherein
said reaction tenperature is fromabout 155C to about 165C. 19. The process
of clai m 15 whem® N prixsesol of 1 il OF15aivhersh SH! yheRe: daRiereyl agige i s
| ess than about 0.55:1. 10 20. The process of claim15 wherein the nole
rati o of said diisobutylene:diphenylamine is less than about 0.55:1.

10
20.The process of clam 15 wherein the mole ratio of said
diisobutylene:diphenylamine is less than about 0.45:1.
21.The process of claim 15 wherein said reaction time is in the range of about
15 five to 24 hours.

22.The process of claim 21 wherein said reaction time is in the range of about six
to 16 hours.

20 23.The process of claims 1 or 15 wherein said process forms a product mixture
having 15 or more mole percent dialkylated diphenylamine and 34 or more

mole percent monoalkylated diphenylamine.

24.A process for alkylating an aromatic amine, comprising:

25 in one step reacting an aromatic amine with a polyisobutylene in the presence
of a suitable alkylation catalyst at a suitable alkylation reaction temperature
less than about 200°C, wherein said polyisobutylene contains at least about
25% of a methylvinylidene isomer and wherein the number average molecular
weight of said polyisobutylene is in the range of about 120 to about 600 and

30 wherein the mole ratio of said polyisobutylene to said aromatic amine is in the
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di i sobut yl ene: di phenyl am ne is | ess than about 0.45:1. 21. The process of
claim15 wherein said reaction tine is in the range of about 15 five to 24
- hours. 22. The process of claim21 wherein said reaction tine is in the
range of about six to 16 hours. 20 23. The process of clains 1 or 15
wherein said process forns a product m xture having 15 or nore nole
percent dial kyl ated di phenyl am ne and 34 or nore nole percent
nonoal kyl at ed di phenyl am ne. 24. A process for alkylating an aromatic ani ne,
conprising: 25 in one step reacting an aromatic anmine with a

pol yi sobutyl ene in the presence of a suitable alkylation catalyst at a

sui t abl e al kyl sangeofre@dtd tord.Ocn®andt ure | ess than about 200C, wherein
sai d pol yi sobutyl ene contains at |east about 25% of a nethyl vinylidene

i soner and wherein the nunber average nol ecul ar weight of said

pol yi sobut yl enforiving Bntdiiglatad Grombtiebmite pAiducowhbmin seikalkyldtedOarohratiei n
the nole ratio of said poly |sobutélene to sald afomatic amne is in the 17

range of 1.0: 1amqu)pq)4ycﬁ|sdlqgwdatfr ?‘r‘i‘itﬁﬁ‘péF? afadn AERPSPNSHEPI’SSHf-ne pr oduct
wherein spid al kylated aromatic amne product is liquid at room
tenperature and atnospheric pressure. 5 25.The process of claim?24 wherein
sai d ar omat i 25.dherworesssef elgira 24 Wbﬁf&"héalfbﬁmma%ﬁml@ isngelgeted from the

N-phenyl - 1- napBP WBhSstin e(j\kd?hﬁ no {-Eﬁ%ﬁb’?\é}lﬁﬂh@?’N-pﬂeﬁyl-ﬁngmhﬁgﬁ\q{@m ne.

phenot hi azi ne, noxazi n
p- met hyl am nodpm'r@hgahylenemammé phenofiiamiyes, aphenacapine nptaminodipheylathinin

27 An’"al kyl af of TiF OHERTROURR PR P RoP BRI BI PPRO B PN ESe. of ol ai m
24. 1810

26.An alkylated diphenylamine produced according to the process of claim 1.

27.An alkylated aromatic amine produced according to the process of claim 24.
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