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WO 2004/ 089870 PCT/ US2004/ 010417 DI PHENYLAM NE
ALKYLATED W TH OLEFI N M XTURES CONTAI NI NG FRACTI ONS
WOLODH0R8RY1 NG DEGREES OF ACTIVITY | cl ai mthe penesion4/010417

under Title 35, United States Code, 120 to U. S.

Provisional 5 Application Nunmber 60/459,973, filed

April 4, 2003, entitled D PHENYLAM NE ALKYLATED W TH

OLEFI N.M XTURES CONTAIL NI NG FRACTI ONS W TH _VARYI NG

DEGREPEP BENYIFAYENE ABIYEAGEH WH H GLEKDENIXRURES

1 CONEAINENGIRRACHTIONS YA TH Y AR CBNGIDE QRIS OW ACTIVITY

relates to a m xture of al kyl ated di phenylam nes, to a

process for the preparation of that m xture, and to

t hq cliiif thedenofit mider Tifle85) Ukiged Statést @bdé, |§212|09:0CU 8aPi-dvisional

Appwc mmxﬁmtso%@ @gbﬁﬁatmut@ 2003 %&ﬁma aDIIPliﬁEN‘Y AMINE

RS CONTAR GEIORS wirn

R R o MGGt

fluids, netal -working fluids, fuels, or polyners, to
|rrprovethe|r per f or mance oertles 2. Description

of Rel ated Art BAGKGROEND EWENE'I@@SCH bes

anti-oxidants fromthe group of t he al kyl at ed

1. di iedd\f dé hinentimt are prepared by reaction of
di phenyl am ne with al kenes in the presence of 20

m Fi@l'é?lres@&' 1ﬁl§enﬁeﬁj rdAEOR AMpdlrelrak rafedacﬁp&ngdlaﬂmfes &% a process for
catal ysts y ation of the di phenyl amne wth

the Q?r:egzﬁgﬁ(?n éﬁﬁ% ermx‘ﬂge, taﬁg gqr eite HlerbBNQan fal@(%tl?é fcﬁlsﬁ% hgfn%q)rgamc

oceéss, rel
quantities of the startin eri al aInyrom6

prodigistha e prRseyaciRi dridatiye. aherfigh apdlGe inhised Aegracaiions

the anti-oxidative efficacy of the al kyI ated
The dilditives/daarvendded toemdwrous orginic progusth widely ufeddh gugjesering, for

and inparts undesirable toxic properties to the
exarpledubicant3eBedrindié fluids, metal-working fluids, fuels, or polymers, to improve their
performance properties.
2. Description of Related Art

U.S. Patent No. 2,943,112 describes anti-oxidants from the group of the alkylated

diphenylamines that are prepared by reaction of diphenylamine with alkenes in the presence of
mineral acids and large quantities of acid clays as catalysts. Alkylation of the diphenylamine
with alkenes results in mixtures of mono- and di-alkylated diphenylamine. In that process,
relatively large quantities of the starting material, generally from 6 to 12% diphenylamine, are
not reacted, which reduces the anti-oxidative efficacy of the alkylated diphenylamines, leads to
the deposition of sludge, and imparts undesirable toxic properties to the product. Reaction

with additional alkenes is proposed as an alternative to the distillative separation of the starting

material from the products.
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25 with additional al kenes is proposed as an

alternative to the distillative separation of the
wat@rsssg nmaterial fromthe products. 1 WO 20241/088984010417

PCT/ US2004/ 010417 U.S. Patent No. 3,496, 230 descri bes

the preparation of a m xture of 80%

di nonyl di phenyl am ne and 15% nonyl di phenyl am ne in the

e of _Fr.i edel atal ysts of the al um num
DS e ifo 5 02300 eecr e At o qmigiare of 80%
di phenyl ami ne content of 2% (see Exanple 2 of the
dinopyltliphenylantige hiads 1 194 exongdiphenyilamite B, theateserice g Friedel-Crafis catalysts
6, 315,925, the preparation 5 of that mxture is
of thesfesinah|cilogids agheabitabaanisnse BilEhdsta dishepPRATE ddateRf ob% (see
traces of chlorine, metal conpounds, and undesirable

Exalg le@r&QFé:h]ﬁentz gf [hla\%' g%eéﬁh?\&ﬁ ﬁ'soﬁfnﬁ{é}{{ ﬂg‘ 6§85 9?9 the preparation

phenyl am ne - and po§ ons

is black in colo ver .
or e iy 35 @6 SAy @éﬁ%&@ggegua Sipte i Fingeg by et shlorine,
of a liquid  antioxidant conposition by reaction of
metad compenndsnindandesinble tysspdiesss, et Nt {eémrdlemémﬁeﬁ gnd
10 di phenylam ne with diisobutylene in a nolar ratio
dipherdyldmioen dkylated irothd 22 afd 2ngbsitions, heblpelemeaote, afd innedocistous.
activated earth catalyst, while ensuring that the

CORCE NMaAdH: N 4324 F0i SpRIYsYd @p%gﬁs%gg B8 prodbsdRBt 4 ﬁdla

const ant throughout the reac |o at a reac

antlot)cﬁyl%? %ﬁéﬁqsg}o%]; al céf%% é)trfldgggw]ag[u % éth(r: liso %ﬁgxbefb c%m;%smg reacting

4' - di octyl.di h nyl.am n reacti on mass
dlph%gyéarlma? Wétily Foly %S(, fr}/e ina nggproqﬁlg Q%BVI Lkl éﬂtl :2.3Ap in the presence of
removi ng catal yst and 15 unreacted diisobutyl ene. The
an a¢id ectpfatadhdasthpataliist; twhils easusingtihdtithecorcantrasiogafidgsobutylene remains
mat eri al agai nst oxidative degradation is al so

substhinfigilyos@etantthfpughadehé rd\d@tlolﬁfé’rﬂo@ , 8 3Fedbtivh k&ﬁ]ﬁﬁ’at@re of at least 160°
m xture of nonylated di phenyl am nes, espeC|aI y

C, tH d’@&@%h"%ﬁ e@e&gﬁﬁﬁo? gérllocﬁfﬂgt t%etcgé:l%ﬂt' (%:ﬁl )ﬁloctyldlphenylarmne in

vant ageotls met process
the rgﬁ‘gpar 2 I%%?(Fl?l{'llgé Qgtzﬂ,yg )}(F}t;gﬁw 23’7 Syluxgggﬁcégd r%zrar}o%it%ésctafc’alylrs? and
unreacted diisobutylene. The use of this product as a stabilizer for organic material against
oxidative degradation is also disclosed.

U.S. Patent No. 6,315,925 discloses a mixture of nonylated diphenylamines, especially
dinonylated diphenylamines, and a technically advantageous methodological process for the
preparation of that mixture by using acid catalysts in small quantities. The mixture is used as
an additive for stabilizing organic products that are subjected to oxidative, thermal, and/or

light-induced degradation.
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20 an additive for stabilizing organic products that
are subjected to oxidative, thermal, and/or
wo c@hsismduced degradation. 2 WO 2004/ 089870 PCT/US2004/010417
PCT/ US2004/ 010417 U.S. Patent No. 6, 355,839 discl oses
a process for the preparation of alkyl ated
di phenyl am ne antioxi dants that conprises al kyl ati ng
di | am.ne with a polyisobutylene in the, presence
of Qgggﬁ‘%ﬂ@ﬁ?-ﬂ%&%?%@ﬁ&k&eﬁa préeﬁotgpr@d)@maﬂt@@@fwa@lw
average nol ecul ar weight in the range of 120 to 600
diphenydamine aatioxidints that sanswises sikdatingodipheniylamist witlkeapbly&ddutylene in
5 met hyl vi nyl i dene isomer. The disclosures of the

the presepg@bNgclay eatalyst) inberedt the pbBisebityleie haf B KBfa@e ifblecular weight in
their entirety. SUWMMARY OF THE INVENTION It I's an

. R o _ . e of
the Lt ORI S et B8 Pofyi PRI cBr BN A T
tand/cird €ro&%lene oligomers. 10 It is another object of
methYIyidgieBPMSh t o provide a novel process for
obtaining the nove] mxture. It is another object to
pr d\e gisc ur,ep,ﬁf ﬁlszé"gregplgg @gq:,mq:Q;pmatqdyheaqm hy reference in their entirety.
di phenyl am ne with m xtures of ol efins having
fractions that aSEMMARY ©QETHEINVENTIONtO the ot her
fractions of the mxture. 15 It is still another

obr6i6 an b8jeBl hHSnveRBoMo frbliBe 80fel liRfuk & éf‘&i})l?éi@iamily& alkylated
effective for inparting antioxidant properties’to a

o P L.eatl il fuel c si.tion. or rubber
Wlthf%gr%%b{i%{ei O(ﬁ;%?glelﬁhagg@?gﬁ%%g% ggirlé%rgTrg‘ct s are achi eved by
the present invention, which is related to a process
f oft ib B0 FrePasCAOf HS BYeNtion £ REAYIdeRnve] Riesess figi obipiaing the novel
~derived fromthe al kylation of a diarylam ne,
mixtpreef er abl y di phenyl am ne, by adding to said
di aryl am ne ol efin m xtures
It is another object to provide an improved process for alkylating diphenylamine with
mixtures of olefins having fractions that are more reactive relative to the other fractions of the
mixture.
It is still another object to provide the mixture as a lubricant additive effective for
imparting antioxidant properties to a lubricating oil, fuel composition, or rubber formulation.
These and other objects are achieved by the present invention, which is related to a
process for the preparation of lubricant additives that are derived from the alkylation of a
diarylamine, preferably diphenylamine, by adding to said diarylamine olefin mixtures
containing highly reactive fractions, as well as fractions exhibiting a relatively lower chemical
reactivity, in the presence of an acidic clay catalyst at a temperature low enough to prevent

substantial deactivation of the catalyst until the addition is complete and then increasing the

temperature to increase the alkylation rate of the less reactive fractions. The alkylated
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20 containing highly reactive fractions, as well as
fractions exhibiting a relatively | ower chem ca

WO e@asas7a y, in the presence of an acidic cl ayPCHUS1094010417
at a tenperature | ow enough to prevent substantia
deactivation of the catalyst until the addition is
conplete and then increasing the tenperature to

. .increase the_al kylation rate of the |ess reactive

diphegylampingyare ?‘ﬁ%ed%@P geBsRl SompTE004/ 089870
PCT/ US2004/ 010417 di phenyl am nes are defined by the
general formula: Rl R3 5 H R4 wherein RL, R2, R3, and
R4 are independent| R selected fromthe, group
consi sting of hydroge ol i goner s.of 1sobutyl ene, and
ol i goners of propyl g Xy OVi deg at | east one of
Rl, R2, R3, and R4 10 This process
produces a mxture G
di phenyl am nes, that y
ol i goners of isobuti}ene orZ%IigonerSR f propyl ene
that are shown to have beneficial perfornmance and
physi cal properties. Mre particularly, the present
invention is directed to a process for producing

wheirkR |, &, £Rl;, dn¢ Re ayd iadepradent s¢lbaed)foerthb gfaupnonsistidbbofidrogen,
R3 R2 HR4 20 wherein Rl, R2, R3, and R4 are

oligdré}€ BERERRYlede, 98l @G EGHerk 0P ffﬂotpPl%néj ROAdELMEE silitRBoRf of R, R,, R,
hydr ogen, "“oligoners of isobutylene, and oligoners of

'andg%§9¥$ﬁﬂ§0%§{0VidEd that at | east one of Rl, R2, R3,

hydr ogen, wherein the process conprises

add] to a di phenyl am ne m, xt.ure of
Thlr;gprocess prodﬁces ayrmegture of cal'iarylamines, e.g., diphenylamines, that have been

alkylated with oligomers of isobutylene or oligomers of propylene that are shown to have

beneficial performance and physical properties.
More particularly, the present invention is directed to a process for producing

alkylated diphenylamines of the general formula:

R, R,

R H R

wherein R, R,, R, and R, are independently selected from the group consisting of hydrogen,
oligomers of isobutylene, and oligomers of propylene, provided that at least one of R;, R,, R,
and R, is not hydrogen, wherein the process comprises adding to a diphenylamine a mixture of

oligomers of isobutylene or a mixture of oligomers of propylene in which said mixtures
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ol i goners of isobutylene or a m xture of oligoners of
propyl ene in which said m xtures 4 WO 2004/ 089870
wWEOIAOBRIO4/ 010417 conprise highly reactive fPE/USING010417

as well as fractions having | esser reactivity, in the
presence of an acidic clay catalyst at a tenperature
| ow enough to prevent substantial deactivation of the
catal.yst until .the addition js.conplete and then .

oo Wty serotHe e iR R S B8 Tesne redftyy i i presence
rate of the |less reactive fractions. 5 In another

of ap ggidictclaytdatalyst atsetemperaiera 9w anoughdp peeveridsubstantial deactivation of
al kyl ated di phenyl ami ne of the general fornmula: Rl R3

the ddfaliz? uhtiRfe wiiditien i3 dainpldfPandiBen Mdtkaldg eCtemperature to increase the
i ndependently selected fromthe group consisting of

lky[2Yi6h P4€ Bf theQbds FUTRYS fiddtidng OPUL VI ene, and ol i gomers of
akyprlopy ene, eprcsivi&gigd trﬁa% ngt | east one of Rl, R2, RS,

and R4 is not drogen,. prepared b rocess . .. .
cop AT tess e PSS nRbRBR Fitari o B AkVifed cishegytamine o the
ol i goners of isobutylene or a m xture of oligoners of
gﬂ“ﬁﬂd%?ﬂéﬁe in which said mxtures conprise highly
reactive fractions, as well as fractions having | esser
reactivity, in the presence of an acidic clay
catalyst at a tenperature | ow enougp to prevent
substanti al deactiwation of the cat’alyst until the
addition is conpl et phACKeasi ng t he
tenperature to ing Htion rate of the
| ess reactive frad > | anot her aspect,
the present inventio®¥is 0 a conposition
conprising: A) ag organi GdIproduct sel ected fromthe
group consi sting of Iubricants, hydréaul i ¢ fl uids,
nmet al -working fluids, fuels, and polyners; and

wherein R;, R,, R, and R, are independently selected from the group consisting of hydrogen,
oligomers of isobutylene, and oligomers of propylene, provided that at least one of R;, R,, R,
and R, is not hydrogen, prepared by a process comprising adding to a diphenylamine a mixture
of oligomers of isobutylene or a mixture of oligomers of propylene in which said mixtures
comprise highly reactive fractions, as well as fractions having lesser reactivity, in the presence
of an acidic clay catalyst at a temperature low enough to prevent substantial deactivation of
the catalyst until the addition is complete and then increasing the temperature to increase the
alkylation rate of the less reactive fractions.

In still another aspect, the present invention is directed to a composition comprising:
A) an organic product selected from the group consisting of lubricants, hydraulic fluids,
metal-working fluids, fuels, and polymers; and

B) a stabilizing amount of an alkylated diphenylamine of the general formula:
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B) a stabilizing amount of an al kyl ated di phenyl am ne
of the general formula: 5 WO 2004/089870
wEIAOSRMO4/ 010417 RL R3 HR4 5 wherein Rl, R2I/URBN4/010417
and R4 are independently selected fromthe group
consi sting of hydrogen, oligoners of isobutylene, and
ol i goners of propyl ene, provided that at |east one of
Rl1, R2, R3, and R4 is not hydrogen, prepared by a
process conprising adding to a di phenylam ne a m xture
of oligonmers of iBpbutylene or a mRture of oligoners
of propylene in whi\ch_said m xtuges 10 conprise highly
reactive fractions
reactivity, in th%
catal yst at a tenpe y oygh to prevent
substanti al deactiyation @gf the’c
addition is conpll®te and tHhen i ncre@sing the
tenperature to increase the alkylation rate of the
| ess reactive fractions. In a preferred enbodi nent, Rl
IS isobutyl, diisobutyl, triisobutyl, tetraisobutyl,
wherpin Ro foaRs and Ry pre indspgndestly selpcted Epmahe gmupydonsigting of hydrogen,
ot her polyi sobutyl group, or an oligoner of
oliggmarppf Bokytylams) alR? pligtaneranfipidpylane provdéquethaieattieagt one of R,, R, R,
sel ected fromthe group consisting of hydrogen,
and RyRMeE lﬂrdrogéﬂ, pRBbEtN by of frbbe® Bdth¥isind ﬁtd'il% P8P Ndnylamine a mixture
pent ai sobutyl, hexai Sobutyl, heptaisobutyl, or Other
| vi r ' . ne, .. Suc oy
of oSt BOStyie ¥ orl Rl SEBliaches LR B in B it

h conpo

compite REtLy TeatiiefinsBpnap bl ¢ Rriass Mgk s rare) ity presence
rubber products in the garnent and carpet industries.

of amgacidic clay catalyst at a temperature low enough to prevent substantial deactivation of

the catalyst until the addition is complete and then increasing the temperature to increase the

alkylation rate of the less reactive fractions.

In a preferred embodiment, R, is isobutyl, diisobutyl, triisobutyl, tetraisobutyl,
pentaisobutyl, hexaisobutyl, heptaisobutyl, or other polyisobutyl group, or an oligomer of
propylene, and R,, R;, and R, are independently selected from the group consisting of
hydrogen, isobutyl, diisobutyl, triisobutyl, tetraisobutyl, pentaisobutyl, hexaisobutyl,
heptaisobutyl, or other polyisobutyl, or an oligomer of propylene.

Such compounds may be useful as antioxidants in compounded tires, polyols, plastics,

urethanes, greases, motor oils, rubber belts, cables, gaskets, seals, and rubber products in the

garment and carpet industries.
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WD 2004/ 089870 PCT/ US2004/ 010417 DESCRI PTION OF THE

DRAW NGS Figure 1 is a graph showing the O in nole
w@ergesas7®l B for the feed minus the neasured POGI/ES2004/010417

percent DIB as a function of reaction tinme at a

reaction tenperature of 130 C  Figure 2 is a graph

showing the L. in nole percent DI B for the feed m nus

the 5 neasured as_a |on of

reaction tine aﬁﬁég‘;&gﬁégoﬁé‘%@ 8145 C.

Figure 3 is a graph showing the 0 in rmle percent DI B

f oFigune 1 iscegraph sheving the Arisemoleqdraent BIB fordbe feedinBnussthe

function of reaction tinme at a reaction tenperature of
measkél fiolePebéant BIB @Na @mclibl oPFaEiRRe EVBfatidxNERpeFaeure of 130° C.

olefin mxture enployed in the practice of this

. nwfga&é onk d %aﬁh giaow\l(g MHetA ahmsle peil&n; PAPH yth@?e%d mlslus the

ol I goners: 15 Diisobutylene (DB
tr fer control Ied r at o
mealyEHyher iy B8 e b oA S8 S Ll rBfe or145° .
hi gher §n>2) ol igoners do not. Since DIB reacts

{ a&iEre § Fingrepl SHPHaE g foneleeraeneDB} fajghefeed minus the

distribution is deficient in C8 in the reaction pot
measue¢dimbleeper@nt BEB fae e durdiist of trattiontimd hi srexet@orstetiperature of 160° C.
ol igoner distribution during a sem -continuous

addi ti OPESCRIPTIORVRTHE PRIFERREDEMBODIVENTS
activity as a function of time 20 during a reaction,

ST BfE ofld trfﬁ%d;gé‘{aﬁh%%c} %%é t{ila(:é{c &QHQ %f\re@f rf SRl oAb

dur Ing t
tripution will increase as a functlon of tinme.

ISOb‘ﬁV OF 84801y and 3 are three graphs showing the delta
(0) in nole percent DIB for the feed mnus the
nmeasured nole percent DIB as a function of reaction
time at reaction tenperatures of 130 C, 145 C, and
160 C, respectively. At 130 & the t. remins
rel atively Ca

N2

Diisobutylene (DIB, n=2) reacts at or near the mass transfer controlled rate over the
temperature range 130° C to 160° C while the higher (n>2) oligomers do not. Since DIB
reacts faster than the other oligomers, the oligomer distribution is deficient in Cy in the
reaction pot relative to the feed distribution. This means the oligomer distribution during a
semi-continuous addition can be used as a gauge of the catalyst activity as a function of time
during a reaction, since if the catalyst activity changes by deactivation during the addition, the
C; component of the distribution will increase as a function of time.,

Figures 1, 2, and 3 are three graphs showing the delta (A) in mole percent DIB for the
feed minus the measured mole percent DIB as a function of reaction time at reaction

temperatures of 130° C, 145° C, and 160° C, respectively. At 130° C, the A remains relatively

7
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7 WO 2004/ 089870 PCT/ US2004/ 010417 constant and shows

no correlation with reaction tine. At 145 C, the A
waelo@s/0gwsro el ate with reaction tine, with the BCT/US2004/010417

decreasing at |onger reaction tinmes. At 160 C, the

same effect is observed as at 145 C, but to a nuch

greater degree. The explanation for this behavior is

that the catal yst, deactivates and the deactivation is
congtaigad él@qwsen%ﬁé%amwthm%tzoni et {13 de-dle 4 dogprefrglate with

at 160 C, less so at 145 C, and practically not at al
reaction ti®@, @ith thkoA daerastrigzas dnger tdactionsities. yArhd° & alngpiame effect is

1) The C8 reacts at the mass transfer controlled rate

obsedwelr astdf @ 45egpRItad ditich af@erdepfbe € The expladdi®n for this behavior is that
tenperature dependence of the rate of mass transfer

the ér?gaf%s?] g%}cﬁg%g %r?(f‘@e k%%‘ 1??#{1)(}% i§ @%@%&tﬁ%&&p&%ﬁgﬁy’gl{ms, it deactivates
I RO e P

propyl ene: 1) The al pha olefin fractions in the
i %%wu@mﬁrqu fosehe isabutmene eampleai gher rate relative to
the rate for other propylene oligonmers with interna
1) dolhek €;benvtisat tR) mEattenyfet calradled vae boer thatenpesature range studied.
strongly tenperature dependent. 15 For both

2) di gheikdpdrante @pelen8OBhE ratd bt mAiGPnkfer BRfEH Y&ctions is small
fractions are consuned while the catalyst is fresh,

(Em.fg %:@?&g%gg&%gﬁg §E§ i(?agprforégt ures) the less reactive

are ct under conditions where
the, catal yst's. effectiveness has been significantly

f
3) di AR deactiwiian Fe iSotiongly SPIBRYANIG FRASAESTEN, t he
reaction conditions are arranged so that, during
ad8inpilagky, fofr niikteresithdtiare oligomerseof mapdenest deact i vati on
is kept to a mninmum and the reaction rate 20 for the

1) hi ghé ¥iphe akffih e.clis@Gh tRmixfiréivilPbe BAROMENEt 4 RigRerGhte relative to
mass transfer. Once the addition is conplete, reaction

the ftaféf}Q} B’ﬂ.hgpéro;)?l@n@&ri%n{e% &fh E]r{terﬁal' dduBleSddids t he
enperature) ' to Ircrease the
2) Catalyst deactivation rate is strongly temperature dependent.

For both distributions of oligomers, all highly reactive fractions are consumed while
the catalyst is fresh, then (at elevated temperatures) the less reactive fractions are left to react
under conditions where the catalyst's effectiveness has been significantly diminished.

According to the present invention, the reaction conditions are arranged so that, during
addition of the olefin mixture, catalyst deactivation is kept to a minimum and the reaction rate
for the highly reactive fraction is at or near the rate of mass transfer. Once the addition is
complete, reaction conditions can be altered (i.e., raising the temperature) to increase the

alkylation rate for the other fractions. In this way, one gains most of the benefit of the rapid

alkylation rate of the highly reactive fraction while prolonging the catalyst deactivation and
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al kyl ation rate for the other fractions. In this way,
one gains nost of the benefit of the rapid alkylation
WO 2108/08487¢ he hi ghly reactive fraction while prpCDH§I0g010417
the catal yst deactivation and 8 WD 2004/089870
PCT/ US2004/ 010417 thereby inproving the overall
reaction rate. Through this process very high
conversi ons of @he DPA, to_<1% i dual can be
therehytBRPFAENG the Sverab e ?@Flo?) Ete- o Hhiopsh f pmﬁ\%1 YS9 H’ﬁhl%?n"er sions of
ol i goners of isobutylene are knomn to undergo
the DEAatokf 14 tesiduabeandesebtaingeinaishoderepasiodof tigeuni t s of
i sobutyl ene break away fromthe oligonmer chain. This

0 C QUildftioRallyy) Gl orBérs Gif ob@idhé hiRGodvh t6ual@Eedcracking", a process
tenperatures. In any process for alkylating

whefgbg %ﬁ?%{' ﬁl@r@&ﬂl svﬂftlgbbﬁ I)}legng R ang ?l'ﬁg)ﬂpﬂ%ﬂh 1i']chainy This occurs

ene VVI | nva uce

artici in at i on to oduce ten . .
und 3k 3m°ﬁaa*aﬂav  Bneantiey ndng it ﬁ@yl}é i fiphgylamine
V\,hl ch can have a negative inpact on product and/or
withmdigpmersent dwobutylangcisehutdenccwill ipyariablyhg producedrwliels map participate
the present invention, these two species can be
in alkylntidred grodddeeerfribotyd H'Epﬁertydietminé and diderrFutyl kigphendamine, both of
the oligoners of isobutylene react slowy and

whlchcd'aﬂ%ﬁbé‘gnegaﬁvé’ﬂlllﬁﬁc?o§ baRuEd &M eft@ﬁﬁﬁ{ce @Bar@ét@fﬁfc? dBy using the
tenperatures, the average chain I engt of

t ed teria control S
procif BE sy b en, e R SRR b fimide 13935 U R
raising the tenperature to increase the rate of both
FurtherasiReeriye Oligeraers b ispbyivlene £sagh Sowlrigd nerapkipgiels onlya %*&mﬁcant
that have yet to react) and al kylation of the |ess
factorest eteivated fenameratores, the BveFhgeaoeigin lehgth ab theallplaedssterihlecan be
nol ecul ar wei ght distribution of the product can be

contP@RU Y| cahffhiad theAdst e tvd Raction® hea REVRATPREEEYand then raising the
conposition as described. Mst beneficial is a

B R e B AP YR P Rl v o

e T

oct acosenﬁ DPA and <2% pol yi sobut yl
Through the above process the molecular weight dlstrlbutlon of the product can be

manipulated and narrowed to a more advantageous composition as described. Most beneficial
is a mixture comprised of 0.1 to 1% diphenylamine (DPA), <10% tert-butyl DPA, <10% di-
tert-butyl DPA, <10% mono-octyl DPA, >20% dodecyl DPA, >15% hexadecyl DPA, <10%
eicosenyl DPA, <7% tetracosenyl DPA, < 4% octacosenyl DPA and <2% polyisobutyl DPA.
Additionally, not more that 27% of the total reaction mixture can be comprised of C,
alkylation or less, and no more than 15% of the total reaction mixture can be comprised of C,,
alkylation or more. This mixture may also contain up to about 5% unreacted olefin once

stripping has been completed.
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20 Additionally, not nore that 27% of the total

reaction m xture can be conprised of Cg alkylation or
wo eqg/08®wmal no nore than 15% of the total reactPONUS2004/010417

m xture can be conprised of C24 al kylation or nore.

This m xture may al so contain up to about 5% unreacted

ol efin once stri ppi ng has been conpl et ed. 9 WO

20 4/8 9870 2004/ 8“%2417 ln_addition

(ia)P‘é‘H% %’P’ 8% P PTQ?‘%%aHE‘?S&F%S‘@lP&} fxlkylgtion by the

alkylatlon by the process of the present invention.
pro@ecof the hegsend iyieations Sudhraskeri angrhaditegmifiesrineudenfbmexample: N-phenyl-

N- phenyl - 1 -napht hyl am ne, N phenyl -2-napht hyl am ne,
-nd@hﬂlyl-aﬂh&ﬂN 9i-mplﬁhyl@xhih€01§ ﬁLga?ehplenedlaaﬁiﬁ@ Pheddthzine,

-am no- di phenyl am ne, p-nethyl am no-di phenyl am ne,

Phe@f*gé“é%f?ﬂﬁ‘gﬁ?é%ﬁﬂg‘?‘a% ﬂ&“*‘%?ﬁ"dﬁm’t e R oprogyiamine-

dip t .IS an effective antioxidant by a process
lhé |ng al kyl atlng di phenyl ami ne with an
i sobutyl ene or  propyl ene ollgoner under suitable

al @W&tth%ﬁreﬁ%@weﬁ‘hmb@ﬁéﬂdﬁ ainalkylated diphsmdaaing dhasfis apeffective
acidic clay alkylation catalyst. 10 Cenerally, the

antic>Sddntiby h pneresd ¢oggnisingvalkyllating\déphenyl annine rwithvar iagieitylene or propylene
nol ecul ar wei ght of about 120 to about 600,

olighth&f BidaPdutable alkyfitioARERteH caRitidns 1P thetPesRBOULT AHARidiAAE

nor e preferably in the range of about 160 to about

met hyl vi nyl i dene content of at |east about
alkyég&l% 1é’?t'erably in the range of about 25%to about

950/ refer th nge of about 40%t
Siengl P RaSusiene altencs il Bivhn e AHE g HgsCghr weight of

about 60% to about 15 90% Di i sobutyl ene (C8) may be
aboysri@8dmabout 60Acpnptsrabilisivishe sange ef ahoud 15¢ tecatiouh 400, samd wvire

ranging from 0% to about 50% and preferably from
prefaiablitin M3 Yahge cHhaboiit F0%o abhe 289andth mdtiylviaglideas abntedt ofat least

the al kyl ati on of diphenylamne is disclosed in U'S

abod:t)%%] tpreferably in the range of about 25% to about 95%, more preferably in the range
of about 40% to about 95%, and even more preferably in the range of about 60% to about
90%. Diisobutylene (Cg) may be present in the polyisobutylene in a fractional amount ranging
from 0% to about 50% and preferably from about 10% to about 50%.

The use of clay as catalyst in the alkylation of diphenylamine is disclosed in U.S. Patent
No. 3,452,056, which describes the alkylation of diphenylamine with alpha-methylstyrene and
related olefins using clay as the catalyst. In U.S. Patent No. 2,943,112 and elsewhere, clay is
described as having several advantages including, for example: (1) it provides a lighter colored
product, (2) it can easily be removed by filtration after the reaction, and (3) it provides a lower

degree of yellow color in the alkylated product. As a catalyst, clay and other Lewis Acids,

such as AIC],; or BF,; are generally taught as being interchangeable. (See, U.S. Patent Nos.

10
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No. 3,452,056, which describes the al kylation of

di phenyl am ne wi th al pha-net hyl styrene and rel ated
wWob®@fiosss7usi ng clay as the catalyst. In U S Ret/@81004/010417

No. 2,943,112 and el sewhere, clay is 20 described as

havi ng several advantages including, for exanple: (1)

it provides a lighter colored product, (2) it can

ily be_r v by filtratiqn after reaction
3,455 336 ey 3250y e sworhie BS Faisie 05 5 726, sc00is: mnd
the al kyl ated product. As a catal yst, clay and other
6,208 iR ddentifiicsrtainsapoimersially eraialle cByatalystsgeecladiag] Kiltrol™ and
taught as being interchangeable. (See, U. S. Patent

Retrd0¥.avdiGib)dGroth G4 EBAA 7 Bul DA™ USAA0A6RTBF00C, Rulthort™8387, and
and 5,672,752). Mre recently, U S. Patent Nos.

T
R e e LT —

Ful cat TM 22B avai |l abl e from Laporte I ndustries; and
contigsamg st esas KeRiMgd a Remoxpl of the watespdorsomse resultTipeslighter colored
clays may include acid activated or acid | eached
reactidragrodudih & hetedyreciaisadegsatde trayse otayntidi lowswaer vattent oasemove the
recei ved. Renoval of the water prior to use results in

wateR bl h@HmRthe Sh Pl a HiR8EdH eep 0P Withtvaculhe Etﬁf)?ﬁlg; Adid Adtivated
desirabl’e to use clay with | ow water content or renove

. : : e h : .
claygo ir}g \B‘r%(fﬁfre\?/cf nB% PG LY Acgcfs s&%l?és )§10C{1% %rzgﬁéaaﬁdgﬁgggcﬁﬁ@%es of diethyl

acuum strippin

referred; hhowever, lewis Acids s as AlC13 or, BF3
ethelg@ erg];,g’ngg%g \gﬁ)ggreéﬁhqu t"H‘fh clgL}Oc%#(ﬁEq, us ﬁ%%pl’al circumstances

including mxtures thereof with clay could be used if
warrgptedi al circunstances warranted. The present

invention also relates to stabilizer-containing

COMAO pidsé NS/ eBOIDAlS tdldtes ©F Gabilizer-pogitk Tofbjiti6hs ¢otnprising
oxi dative, thermal, and/or |ight-induced degradation

s SOREL SR g P bl ion o
stabi‘iiger, t]h% ntliQt%réJ of éil?y%éc’teg ]cclip'ilgr?yleilrrlill\ﬂeesngsi RHied above and prepared according to
the process of the invention. |

A particular class of organic products subject to undesirable oxidative degradation for
which the mixtures of the present invention are valuable stabilizers is formed by lubricants and
operational fluids based on mineral oil or synthetic lubricants or operational fluids, e.g.,
carboxylic acid ester derivatives, that can be used at temperatures of 200° C and above.

The mixtures of the present invention can be used in concentrations of from about 0.05

to about 10.0 % by weight, based on the material to be stabilized. Preferred concentrations

are from 0.05 to 5.0 % by weight, especially from 0.1 to 2.5 % by weight.

11
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A particular class of organic products subject to
undesi rabl e oxi dative degradation for which the
worRoo08%30 of t he present invention are val uabl BCT/US2004/010417

stabilizers is formed by lubricants and operationa

fluids based on mneral oil or synthetic |ubricants or

operational fluids, e.g., carboxylic acid ester

derivatjves, that can be used at t enper at ur es _of 200 C

anMlingialand sorheilupncatE eils.d drbriqating greassss hydrapdin duils

can be used in concentrations of from about 0.05 to
elastaimetstimpEoy@dda ths menngh exhibis eenllent antroxidatien proipetties pehich become

stabilized. Preferred concentrations are fromO0.05 to

appaderld tBobyh Wetd@biedubiaeiaithd dgeidg’ thiehSmdnat exhibitdd %y ke parts being
wei ght. 11 WD 2004/089870 PCT/ US2004/ 010417 M ner al

protﬁﬂ%jr. IFI%IE&H géé@ﬁb&%f 'gf}g eSu:%'oé ecﬂly%g{r/%?ﬁeégegs glrlﬁlﬁ’?c%ﬁng oils, in

. xhlblt cellen anti-oxj.dati an erI
whlc\%ﬁﬁ%me étoadleexcealgag?lgh?m ﬁ}%@ﬂ anti é;pggflopg oqt fhe formation
t he agei ng phenonmena exhibited by the parts bel ng
of agid ox ghedged. The mi xtures described above are especially
advant ageous in lubricating oils, in 5 which they
ex Bxinplesof gmtetit tibticatirg oilssncilatei lobricants basd orc ardiesirofia
action without the formation of acid or sludge.

dlpr(ﬁéﬁi%kﬁswlﬂf a ﬁ%ﬁbl’i’ﬁfrﬂc QaléoHer b%agh'o 1 §Hblc1§até BEHHES adipate; a triester
[ ubricants based "on: di éster o |proton|c acid’

or it ki Bbs ey AL 2

a nmonoprotonic acid or,a mxture of such aci ds
tnm%hﬁg}olpr%nfs ERelATERNat QfrtbisaRTEate orpaixrefdhereat grtetraester of
tricaprylate or mxtures thereof, a tetraester of
pentparytheitel yithrd mohopmtolnicaactrbcvrqommtmioé sweahi agidey €.g. prengaegythritol
of such acids, e.g. pentaerythritol tetracaprylate;

tetra@zip afe® BPh E¥mpIsk 8stel0df HBHIPRGIOhi@ b Aip?btofichiciis SWithCpatgtydsic
pol yhydric alcohols, e.g., a conplex ester of

alcollci#lé, geé,rhr:%/ é@ﬁﬁé}? ?ﬁ%}re ggﬁlﬁ@t@m&%e{n% vﬁﬁ{jcafﬁ%ﬁ@%hﬁ s@falcfd 24d or of a
mixture thereof.

Other synthetic lubricants are familiar to those skilled in the art and are described, for
example, in "Schmiermittel Taschenbuch" (Huthig-Verlag, Heidelberg, 1974). Especially
suitable, for example, are poly-c.-olefins, ester-based lubricants, phosphates, glycols,
polyglycols, and polyalkylene glycols.

Suitable elastomers are familiar to the person skilled in the art. Especially suitable are
natural and synthetic rubbers, for example, polymers of butadiene and copolymers thereof with

styrene or acrylonitrile, and isoprene or chloroprene polymers.

12
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15 O her synthetic lubricants are famliar to those
skilled in the art and are described, for exanple, in
wO Swafswron tt el Taschenbuch™ (Huthi g-Verlag, PCT/US2004/010417

Hei del berg, 1974). Especially suitable, for exanple,

are poly-a-olefins, ester-based |ubricants,

phosphates, glycols, polyglycols, and pol yal kyl ene

glycols. Suitable elastomers are fam liar to the .

peAsghes glaps @icpalyingrp o by proteetsdds formeq by polyspndensgtes, whirh can be

natural and synthetic rubbers, for exanple, polyners
protedtedfivmdixadativanod bglpahdured degradationfbotii intthe stateradilee condensed

acrylonitrile, and isoprene or chloroprene pol yners.

macrofnoffeufd? RAd PRAREPafAGR ARSRAE F theQ4W inolCiipiredigiit | s¥ngiaterials by

polymers to be protected is forned by pol ycondensates,

the SRR T RSB HASHERY KON T e ogpprcighy e
S T e B v e e

addi tion of the m xtures described hereinbefore. This
exangple gBe polypls dasviadpthey atelbpsedhe 5 pol yur et hanes, which

can be stabilized by the addition of

di mhewitiuplefyhapfestas inentiohaan aBa delatided fohraturall andlsgntetic

whi ch they are based. The m xtures of the present

orgahf %GBSt Ri2s AP ot C@‘S?e ?ﬁn@ﬁgﬁéﬂcd RABYE A RS ﬁiéfgd'ﬁ%ia Example,

organi ¢ substan at are pure nononeri c conpounds

. or, mxtures thereqf, .for exa m.neral oil
mingifh sy ripei i yaraBie i S 3R T gn 1. Sfeles, G Bty hased on
waxes, and fats based on 10 synthetic esters, e.g. )
synthsticieaiess €8, Pidhaltese adippies 9 s, Qrtripellitates, iav%bggés of synthetic
and bl ends of synthetic esters with mneral oils in
estera withdmsierad dilsuai apltdesizeti vosght asticay & ars @skd, farexemplephsespinning
as spinning preparations, and aqueous enul sions

prephfBb8Dfand 1ol ¥ililsR%s eerddfie present invention can be
added to natural and synthetic enul sions of natura

o TR %J&%%és %f 'ﬁgeboé(}g{ezl% iélgelgio'n ARG L Aed WA a1 3h $$ntRetic emulsions

| at exes of car

of natural or synthetic rubbers, e.g., natural rubber latex or latexes of carboxylated
styrene/butadiene copolymers.

The additives derived from this invention can be used as a complete or partial
replacement for commercially available antioxidants currently used in lubricant formulations.
The additives of this invention can be used in combination with other additives typically found
in lubricating oils, and such combinations may, in fact, provide synergistic effects toward
improving desired properties, such as improved deposit control, anti-wear, frictional,
antioxidant, low temperature, and like properties, to the lubricating oil. The typical additives
found in motor oils and fuels are dispersants, detergents, rust inhibitors, antioxidants, anti-

wear agents, anti-foamants, friction modifiers, seal swell agents, demulsifiers, viscosity index
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15 styrene/ but adi ene copol yners. The additives derived
fromthis invention can be used as a conplete or
w@aroniosds7o r epl acenent for commrercial ly avai | abP@r/US2004/010417

antioxidants currently used in lubricant formulations.
The additives of this invention can be used in
combi nation with other additives typically found in
lLubricating oils, and such co nat i ons _nay

(VI) pmprpvees, aiheausipoint depsessenis s SEpar exampls, %So%tﬁg 16! %498,809 for
desired properties, such as inproved deposit contro

a destniptiomefmsefifl lubrichthngéi] conspusitioniadditives, thenliscognes aﬂfwhieh is
and like properties, to the lubricating oil. The

incofpPdté@heraiMytrefeesnce Pty éhtirdty. "ot or oils and fuels are
i spersants, detergents, rust inhibitors,

angl {ﬂﬁblgégf sp A0t 1n¥1’§@t{ pﬁ%ﬁcﬁﬁyle&%hmﬁ éél?usobutylene

friction no |ers agents,

VISCOSIt |nd 04/08 870 ,PCT. US 04/
succt(n%e)es'feirl.?3 aa?ﬁ &Vlgm 81388rsm S &86 It}éesll n ge %égtrergents
exanple, U S Patent . 498,809 for a descrlptlon
includg Irwé%élﬂmﬁmd asblepalkyl rp@er@nws vistflissindiaslesssulfieried 1kyl phenates,
di scl osure of which is incorporated herein by
metallRf s @nlsless alkyil bsifamates métyllic Endinghiass albd] @lispses andtsllic and ashless
i ncl ude pol yi sobutyl ene succi ni m des, polyi sobutyl ene

sallgérnﬁﬁglqvﬁﬁgéé aggttﬁen;ke Manni ch Base ashl ess di spersants,
an t he |ke Exanp es of detergents include netallic

c..and a
S UFrPPSE AT afiop tapR A ol iphnglamﬁ'aesa@l%é%te% )

suI f onat es, rret allic and ashl ess al kyl sali c}yl/
phenylenedismines, irenyd 1-aaphthylaming @l atedephepdr ¢-narht ﬂwamﬁ,ﬁ@methyl

i ke. Exanpl es of antioxidants include al kyl ated
quindlinglarniydesiyldiegirodNimdlingd atdealigbthepb eombesigatisaterimabtherefrom,

phenyl - a- napht hyl ani ne, al kyl at ed
hind 888 PHénoficsl aRKAyd Bk &Pnndi‘lb Slﬂ'ﬂélx?/laﬁﬁd%ﬂﬁhipﬂ@l%al ethers,

trlnethyldlhydrqu|n i nes ‘and ol i gomeri ¢ conposi tions

alky]gcieegébl qle}l&g rtﬁfopﬁ@aona@s”ﬂ?{agqtdﬁ E?thﬁgte al kyl at ed

Ul norr enyF et hers,

1,3,4-dimercaptothiadiazole and derivatives, oil soluble copper compounds, and the like. The
following are exemplary of such additives and are commercially available from Crompton
Corporation: Naugalube® 438, Naugalube 438L, Naugalube 640, Naugalube 635, Naugalube
680, Naugalube AMS, Naugalube APAN, Naugard PANA, Naugalube TMQ, Naugalube 531,
Naugalube 43 1, Naugard® BHT, Naugalube 403, and Naugalube 420, among others.

Examples of anti-wear additives that can be used in combination with the additives of
the present invention include organo-borates, organo-phosphites, organo-phosphates, organic
sulfur-containing compounds, sulfurized olefins, sulfurized fatty acid derivatives (esters),
chlorinated paraffins, zinc dialkyldithiophosphates, zinc diaryldithiophosphates,

phosphosulfurized hydrocarbons, and the like. The following are exemplary of such additives
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al kyl i denebi sphenol s, thiopropionates, netallic
di t hi ocarbamat es, 1, 3, 4-di ner capt ot hi adi azol e and
waleruwsasives, oil sol ubl e copper conpounds, anPCT/82004/010417
like. The 15 follow ng are exenplary of such
addi tives and are comercial ly avail able from Cronpton
Cor poration: Naugal ube(r) 438, Naugal ube 438L,
Naugal ube 640, al ube 6 gal ube _ 680,
and m&gm%@agwaﬂ%@ﬁg Nﬂo[\a%ma@aﬂen#mzomww@zol 1095,
TMQ Naugal ube 531, Naugalube 431, Naugard(r) BHT,
Lubiignl d 897 Herbaiagl, l%ﬁdLma@hllﬂ@eLnE@zol émﬂ;gmdtlhbnml 5604, among
Exanpl es of anti-wear additives that can be used in
otheg®nbi nation with the additives of 20 the present
i nvention include organo-borates, organo-phosphites,
or = ' f
comapis SFRIRpE hodBicaaRblide Rty alfe GRAS Al %Iﬁ‘?%sy ek
rivatives ste ted, paraffi zi nc
molhakpts PSS e e TaRH R SRR P ige v Ciato
phosphosul furi zed h drocarbons and the |ike. The
dlthlpbhqsﬁmtﬁ?g mglebdspameisaiide ori-wolyhdenyan elusierdiallgylighiocarbamates, non-
2004/ 089870 PCT/ US2004/ 010417 and are commercially
sulfiangolytatehemfcoopolins dndbhe likel Therfplioveing are edemiptary of such additives
677A, Lubrizol 1095, Lubrizol 1097, Lubrizol 1360,
and ﬁi‘éb:ﬁhﬁﬁrmﬂ-l%;)aaﬁalléﬂ!@frbm Statderbtandotphiiy, 280, BR8Aan {A%'M&yvan L,
y

ot hers. Exanp es of friction nDdlflers ‘include fa

Moty e ?1%53%%%2? MRSy Hdhi oty Rffpwing are

di t hi ophos bdenum di, s I fi ybdenum

also Exeraplan %Sﬁ&kﬁe ‘ieﬁ? aresamieEsally Ha % rpmrAsahl Denka Kogyo
nol ybdenum conpounds and the |ike. The follow ng are

K K e S&RKITRAYLGBESPOhS AKUIRA-LEBE bofg SAKIR ArEBEi 380] JAKURA-LUBE
avai l able from R T. Vanderbi |t Conpany, Inc.: Ml yvan

3103\, SARURVANUBE 3 M) ISAIUR AA BNy VSAK BREBL UBE 50G1$ ABA2R A-LUBE
Nblyvan 855, anong others. The followng are 10 al so

700 %ﬁﬁg é@llrléfs o?g%fbi?wﬁ%d%e hlﬁg E@gga@ of sEA IR R/e8 b are commercially

available from Akzo Nobel Chemicals GmbH: Ketjen-Ox 77M, Ketjen-Ox 77TS, among
others.

An example of an anti-foamant is polysiloxane, and the like. Examples of rust
inhibitors are polyoxyalkylene polyol, benzotriazole derivatives, and the like. Examples of VI

improvers include olefin copolymers and dispersant olefin copolymers, and the like. An

~ example of a pour point depressant is polymethacrylate, and the like.

As noted above, suitable anti-wear compounds include dialkyl dithiophosphates.
Preferably, the alkyl groups contain an average of at least 3 carbon atoms. Particularly useful
are metal salts of at least one dihydrocarbyl dithiophosphoric acid wherein the alkyl groups

contain an average of at least 3 carbon atoms.
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K. K. : SAKURA- LUBE 100, SAKURA-LUBE 165, SAKURA-LUBE
300, SAKURA-LUBE 310G SAKURA-LUBE 321, SAKURA-LUBE

WA 7004/088KURA- LUBE 600, SAKURA- LUBE 700, anpngPCL/lie2084/010417

The follow ng are al so exenplary of such additives and

are commercially available from Akzo Nobel Chem cals

GrbH: Ketjen-Ox 77M Ketjen-Ox 77TS, anong 15 ot hers.

An exanpl e of an ant] -foarrant i s pal ysil oxane, and the
like. Exanples of rulttbricant Gomppsitight ol yoxyal kyl ene

pol yol , benzotriazole derivatives, and the |ike.
Exé}mlp@smoﬁs When |tlnqo'r®umrsth|esmaddde'ealae¢ typicep bleydeelisto a base oil
and di spersant ol efin copolynmers, and the like. An

in arf¥@APieh @hat AndPdditivRe thdireifl @Y RSAVY tol frovide their normal attendant

pol yrret hacrylate, and the like. 20 As noted above,

funcéHH] Sﬁ%%p iy é"@ﬁ’éctlgg per aéf LGl H&'ﬁv aﬁ}a lﬂb@strated in the

groups
cont%bg an average of at Ieast 3 carbon atons.
t

arly useful are netal salts of at |east one

di hydrocarbyl dithiophosphoric acid wherein the al kyl

ar oubdditivent ai n_an Rrefexrpd Weight %eadtMgreRnefeored Weight. %

15 WD I#{pes/ed89870 PCT/ US2001/ 010417 |Lubri cany 4

szII}JUbI tTrons u.mprl lI Or1S, VVIICII lllcy contarn lIICbC

Soetresiandkmhibier t vipi cal |y B9kAded intd a basd-8i-l.5 in

a@ﬁﬁﬁﬁcﬁllﬁﬂfbﬁpﬁ hat| t he adqj M ges t her gi n are (5361‘ §Gt ive

LU pyruvruc tiietr 1 ITOT Ilbll att Ulludlll I Ullbll Ul1S.

Repridiseansant i ve efif ecti ve Gbdlnts of such addi®ives are

L{Lﬁé ﬁﬁﬁo@&ﬁﬂpﬂo%ﬁ he 5 fol I(p(y\fx Rg table. Addi t iQ’ﬁ],Sl 5

Lo \AL:

DetergeoyBustinkibitar 4 Cor r osi%®l-6nhi bi t of 0. 01- 309163- 1. 5

FIrercrTeu—verl ylri “/0 IVUI C FITCICcrIirIcu vel UIII. /U

Pour Point Depressant 0.01-1.5 0.01-0.5

Anti-foaming Agents 0.001-0.1 0.001-0.01
Anti-wear Agents 0.001-5 0.001-1.5
Seal Swell Agents 0.1-8 0.1-4
Friction Modifiers 0.01-3 0.01-1.5

Lubricating Base Oil Balance Balance

When other additives are employed, it may be desirable, although not necessary, to

prepare additive concentrates comprising concentrated solutions or dispersions of the subject
additives of this invention, together with one or more of the other additives (the concentrate
when constituting an additive mixture being referred to herein as an additive-package)
whereby several additives can be added simultaneously to the base oil to form the lubricating
oil composition. Dissolution of the additive concentrate into the lubricating oil can be
facilitated by solvents and by mixing accompanied by mild heating, but this is not essential.
The concentrate or additive-package will typically be formulated to contain the additives in

proper amounts to provide the desired concentration in the final formulation when the
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Oxidation Inhibitor 0.01-5 0.01-1.5 10 D spersant

0.1-10 0.1-5 Lube G| Flow Inprover 0.01-2 0.01-1.5
w®edoa/gmsmi / Rust | nhibitor 0.01-6 0.01-3 Pour ROI/0B2004/010417

Depressant 0.01-1.5 0.01-0.5 Anti-foam ng Agents

0.001-0.1 0.001-0.01 15 Anti-wear Agents 0.001-5

0.001-1.5 Seal Swell Agents 0.1-8 0.1-4 Friction

Modifiers, 0.01-3.0.01-1.5 Lubhricatin se O | Bal ance
T T rteg%%ma?dg%%m% 85@%&6 l‘i%rlcﬁﬁty Hws, the
desirabl e, al though not necessary, to 20 prepare
subjenti @flditives af s presanainysntdmnganibsiaddedormmtitansiuats of base oil or other
sol utions or dispersions of the subject additives of

compdtitde oMty dlony witl geeh @ésitabledifiCesoio foBH ddiivé-packasdyeiontaining
addi tives (the concentrate when constituting an

activgg%r{eai\éﬂs i ﬁfggtg‘sebaﬁ]&ﬁt{)?f @@fcﬁﬁ%}f&gg gl&ﬁh AR a%ﬁutb%o percent,

t1ve-pa ere ver trves ca

e e At TS B BB ek s 25 pren o

addi tive concentrate into the lubricating oil can be )
about §0fpgegens byaweighinddiyey krhe apprapsste groforiensceighibanerasinder being
by mld heating, but this is not essential. The
basemiin CEretfinal formnlatieldi dah vpigadie lkempioyvibblt T yp2Cakigit percent of the
formulated to contain the additives in proper anounts

addiﬁ%-pa&u'@@itﬁh@,@ﬁﬁina&%éa%%@bﬂ.ati on in the final
formul ati on when the 16 2004/ 089870

R B TR SOAATGID ot
on tigcuabs v <ieat (AT otisesoghE BES PO BE vaiB (ol weight of any
additive-package, or formulation, which will be the sum of the Al weight of each additive plus
the weight of total oil or diluent.

In general, the compositions of the invention contain the additives in a concentration
ranging from about 0.05 to about 30 weight percent. A concentration range for the additives
ranging from about 0.1 to about 10 weight percent based on the total weight of the oil
composition is preferred. A more preferred concentration range is from about 0.2 to about 5
weight percent. Oil concentrates of the additives can contain from about 1 to about 75 weight
percent of the additive reaction product in a carrier or diluent oil of lubricating oil viscosity.

In general, the additives of the present invention are useful in a variety of lubricating
oil base stocks. The lubricating oil base stock is any natural or synthetic lubricating oil base
stock fraction having a kinematic viscosity at 100° C of about 2 to about 200 ¢St, more

preferably about 3 to about 150 cSt, and most preferably about 3 to about 100 ¢St. The

lubricating oil base stock can be derived from natural lubricating oils, synthetic lubricating oils,
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conpati bl e solvents along wth other desirable
additives to form additive-packages containing active
WO pgrosisent s i n col |l ective anounts of, typi cal PgT/US200#010417
about 2.5 to about 90 percent, 5 preferably from about
15 to about 75 percent, and nore preferably from about
25 percent to about 60 percent by weight additives in
the appropriate proportions with the renainder bein
or mpgiuges gherebFriwitablR Wbricesing Mhease sockninclignbasssiopke ﬁlpﬂaiqmyd by
about 1 to 20 wei ght percent of the additive-package
isomgrizatianhef systhretiaratex atsbwarg abaeel asihyydrostackalfbasdstovkes btluced by
per cent ages expressed herein (unless otherw se

hydrobtickiag ¢dihed ttinkRaFest exh@ctiy) tiearafhii Snd PsCHnPdhettdof the
content of the additive, and/or upon the total weight

; Co . 0 Lation. . 7
crud Nelthal Bl RIPRERAS il o} WK AR, YeBloils (g canota
. weight..of total oil or . diluent. | eneral., the
oils, EBHQ PUOST offlepsiinlif Pl minstel.as 4 il deivad fsemicpal or
a concentration ranging fromabout 0.05 to about 30
shalgei ght percent. A concentration range for the
additives 15 ranging fromabout 0.1 to about 10
weiSghthetiesitsantludemisaidodarbdnhsls taad aklovwabgiiite® hydrid€arbbh oils, such as
conposition is preferred. A nore preferred

polyfRASEMldahieRIdlyAed bRAhE, %%-?&ﬁgﬁiggpti%g&@d 89 @}é.t:hé-Trog%ch

wei ght percent. O concentrate e additives c
ntaipn _from about 1 t 75 weight percent ..o
techfAGhE Sl S0P RSB B BT TR here PRYRRE syt sutides,
oj | qf. lubhricating oil viscosity. In general, the. )
as WS@ at f(i?e’sfé’?“tﬁt“’?ﬁ é‘ngf’%% SAmofags.cand; the liks. eSymshetiglubrigating oils also
variety of lubricating 20 oil base stocks. The
includa laikyteat ionige polynisss enterpolykieiss capotymers,uandldedvatsigs theeddf cwherein
| ubricating oil base stock fraction having a

the tkinfi@aT ifoxYl 605 Haye BtenldBdife®by 8R@ification, @iRPAAt0A0 k.
cSt, more preferably about 3 to about 150 cSt, and

ArofFB B E5E BB DR RSB O e i
w1th%§h%%§3g%h%ig§%g§ﬁg§%%fl %?1{: ioﬁérjl Exlisé1 1 cl%id!a %’Hos:eL Zna\cli\g)from Csto
C,, monocarboxylic acids and polyols and polyol ethers. Other esters useful as synthetic oils
include those made from copolymers of a-olefins and dicarboxylic acids which are esterified
with short or medium chain length alcohols. The following are exemplary of such additives
and are commercially available from Akzo Nobel Chemicals SpA: Ketjenlubes 115,
135,165,1300, 2300, 2700, 305, 445, 502, 522, and 6300, among others.

Silicon-based oils, such as the polyalkyl-, polyaryl-, polyalkoxy-, or polyaryloxy-
siloxane oils and silicate oils, comprise another useful class of synthetic lubricating oils. Other

synthetic lubricating oils include liquid esters of phosphorus-containing acids, polymeric

tetrahydrofurans, poly a-olefins, and the like.
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or m xtures thereof. Suitable lubricating oil base
st ocks include base stocks obtained by isonerization
wo@boogpsashet i c wax and wax, as well as hydrocr apRpUSivase 0417
st ocks produced by hydrocracking (rather than sol vent
extracting) the aromatic and pol ar conponents of the
crude. Natural Iubricating oils include animal oils,
suc lard aojl, vegetaQle oils anola 5 0|Is
Psﬁéﬁ%ng %ILWFY Badeve fiom u?féﬁm B TEgenerils . mixtures
0|Is and oils derived fromcoal or shale. Synthetic
theresif] &nirefipied 9ds mechbtadeadoadirecdy fromesentiral spuseehatsynthegalsource (e.g.,
hydrocarbon oils, such as polynerized and

coal] shbR! poday aRd bmeﬂenc) mehionsfurthaspurifichfistibtiSeapheRa FREmples of
Flscher Tropsch technol ogy, al kyl benzenes,

unreg &HSFM&&]' 3 ﬁlggey&%tﬂgingd @iﬁ’%ﬂyf o2t E%tértlggl ilf)&gl?%n\?}gas?etroleum oil

eny 10 as we

obtagﬁea gll‘ ?tgfog;orgﬁ&%g%tgmg ngﬁ %sﬁeér %lxq%agn%&a gﬁfrgy grolmua?nr (Ies(t:e?} 1c2 on
i nterpol yners, copolyners, and derivatives thereof,

procggse eashrpl wiich is ghemiused Whettdwgher restment hBefingsleails are similar to
nodi fied by esterification, etherification, etc.

unrefinat silsr exoept thbi refinddasits hate B@emttl’&atéddn loud bt maté pwifiektion steps to
conprises the esters of dicarboxylic acids wth a

lmprB% b&d o Iﬁgre‘sﬁrﬁﬁé?ﬂéss s&%&% rp%r19§aﬁfo‘rl'tec§§11q%¥§‘ﬁ1@l%ﬁé QisBildton,
al so include t ose made from C5

hydrg?ﬁ q%%r %%(llﬂ s&% x@&%o%%}éf? of b%‘sln :'-ésd‘:r)act%g1 %lgrgp (?rg1 ‘Z)gécolatlon and

ers as synt

made f f [ and di ca
the le, aﬁgofiw”i‘elﬁ otz el Gicar ortBare Slef ip SR art 165 RBE o arc obtained by
chain length al cohols. The follow ng are exenplary of
treatmgohfizaddiilsiiv processesisinmler todhoseruseditd gbtaiv sld mbhed ditsorfhese re-
Akzo Nobel Chemi cals SpA: Ketjenlubes 115,

refind@ Bilsl4% akd Kaowd 39 Eeclatribdor RBRocedt oilSE offshZare Addltionally
6300, anong others. 20 Silicon-based oils, such as the

procgﬁlecy % lfééhm &qg% %‘hic%vla} of%?leﬁtaajdhﬁ?%s ando&l ﬁ%l%’d%%ﬁégucts

oxane o1l I ca I s€ anot
L b t [
oy htisefod B bfrecldigtavarom Ef'rﬁi‘ilﬁfé*'ffﬂ?%%r&a%%q e Ghgmay also be
phosphor us- contalnlng aci ds, polyne
used; githeg ﬁ%p of Uy eombinagign Wit the @quf,gld r@ﬁyaltmé/qr isymthetic base stocks.

Such wax isomerate oil is produced by the hydroisomerization of natural or synthetic waxes or
mixtures thereof over a hydroisomerization catalyst. Natural waxes are typically the slack
waxes recovered by the solvent dewaxing of mineral oils; synthetic waxes are typically the wax
produced by the Fischer-Tropsch process. The resulting isomerate product is typically
subjected to solvent dewaxing and fractionation to recover various fractions having a specific
viscosity range. Wax isomerate is also characterized by possessing very high viscosity indices,
generally having a VI of at least 130, preferably at least 135 or higher and, following

dewaxing, a pour point of about -20° C or lower.
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18 WD 2004/ 089870 PCT/ US2004/ 010417 The lubricating
oil may be derived fromunrefined, refined, re-refined
wWo@R008/08%70 mi Xt ures thereof. Unrefined oils arePrObUsineeo417

directly froma natural source or synthetic source

(e.g., coal, shale, or tar and bitunmen) w thout

further purification or treatnent. Exanples of

unrefined, oils include a shale oil ? tained directly,

f r okteAddiEtvss of thg PagseRtaRYSHON arefeprialiy ety #s eomnongnth iymany

directly fromdistillation, or an ester oil obtained
diffectint bibrricgtirfer giheampasgions.i Theadditives cpr be mslided mchvartety of oils with

which is then used without further treatnent. Refined

lubrieatin® \A$c@sisy, Mdhaling faturdnNarf syRdti©lubSicats @B and hdttures thereof. The

refined oils have been treated in one or nore

add@\%s cfagp@iﬂcﬁf&?tlr?aﬁnﬁ&s ugﬁéa?\’lg oﬂgfor%Panjggglglt&ir [‘dp?esssion-

epurl |Cat|0n nlq es | nc | st
iy S S SRS e SRl i G bORieq s '59% Higine

like, all of which are well-known to those skilled in
lubrigres, dnibinerbricanisnaowptic trasaissionluidsd geny lubricasts; epmpressor
refined oils in processes simlar to those used to
lubriohits intetaliveorkéfg lnbdcanis| Bydraltieflidseand @héemebricatihg ofilagd grease
al so known as reclained or reprocessed oils and often
comﬁé’s@mﬁ‘gd i QB&iYYs caRRAEBIIEE MindtBE Rl Qdiﬁﬁosftﬁfns bEIRv@bber
of spent additives and oil breakdown products.
for grlcatlng oi | base stocks derived fromthe
mw&‘Pg?sonerlzatlon of wax may al so be: 15 used, either
al one g in conbination wiith the aforesaid natura
andhepdEptRgeR R ths Alporéant &atures of{fam PiRasItiiRvsHEeR vl by more
i s produced by the hydroi sonerization of natural or
appassm fitvat the follomesg exampleskt ur es t her eof over a
hydr oi someri zati on catal yst. Natural waxes are
typically the slack waxgxAMPP¥Es ed by the sol vent
dewaxi ng of mneral oils; synthetic waxes -are
typically the wax produc "ﬂ? the Fischer-Tropsch
process. The resulting isomer Fe product is typically

" 096 Sk P 807 SR DS ML PhPAETS BT s Al SUP To

range. Wax isonerate is also characterized by
this ‘pj@s;ghbé idAgranas of ]ﬁltgﬁ 20x% enbibie myixiureiveekgated to 130° C. PIB distillate

(382.5 grams) was then charged over 4.167 hours. Once all reactants were added, the
reaction mass was held at temperature for 18 hours. The catalyst was removed and the

residual starting materials were stripped off under vacuum.
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generally having a VI of at |east 130, preferably at

| east 135 or higher and, follow ng dewaxing, a pour
w@oeioanswsio about -20 C or |ower. 19 WO 2004/ 089BFDUS2004/010417

PCT/ US2004/ 010417 The additives of the present

i nvention are especially useful as conponents in many

different lubricating oil conpositions. The additives

can be included in a variety of oils with |lubricating

vi scosity, including nat dExampls g synthetic |ubricating

oils and m xtures thereof. The additives can be

i Nn€nadienidied aod fiftk games (O8Ormalxof dighaiylagnifiowas heated to 60° C. To

spark-ignited and conpression 5 ignited internal

this WRSRIERE 48 @AY bMBiRrol DOL af@HRASikiuk &WEs Béle PSP E. U8 istillate
in gas engine |lubricants, turbine |ubricants,

) |
SRR b VR LAMGRELPE 39, S50 ABILBACSr addd e
hydraulic fluids, and o%hgr | ubricating oil and grea eh
reacil 55 Wasdirdd atRmpeiainre fafdS hours- &aﬁg’sbg’éﬂ f?“FPV%BtaB tne
fuel conpositions and in rubber fornulations. 10 The
residaal siarting ewtesials were siripped pBwndéreacaines of the present
invention will be nore apparent fromthe foll ow ng
exanpl es. EXAMPLES ExanpEtanipl©se hundred and fifty
grans (0.89 nol) of diphenylam ne was heated to 60 C.

orinuds e SyiaT gl P
. 4.167 . -
tis FeE k2 SRS OGCA 0% Y T A e HeRed (0 e o B dislte

tenperature for 18 hours. The catal yst was renoved and
(382t hegramskwpeithgn charged pyry 4ndli7dioues Ongsrall reactaspwgrepided, the
under vacuum 20
reaction mass was held at temperature for 4 hours. The catalyst was removed and the residual

starting materials were stripped off undelf vacuum.
Example 4
One hundred and fifty grams (0.89 mol) of diphenylamine was heated to 60° C. To
this was added 45 grams of Filtrol 20x and the mixture was heated to 130° C. PIB distillate
(382.5 grams) was then charged at a rate sufficient to maintain the reaction temperature.
Once all reactants were added, the temperature was raised to 150° C and held there for 12
hours. The catalyst was removed and the residual starting materials Were stripped off under

vacuuim.
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20 WD 2004/ 089870 PCT/ US2004/ 010417 Exanple 2 One
hundred and fifty grans (0.89 nol) of diphenylam ne
woa4lgmred to 60 C. To this was added 45 gr aprGT/082004/010417
Filtrol 20x and the m xture was heated to 145 C. PIB
distillate (382.5 granms) was then charged over 5.917
hours. Once all reactants were added, the 5 reaction
mass was held at tenperature, for 16 hours. The
catal yst was renoved an@Xd@ionLestqual starting
materials were stripped off under vacuum Exanple 3
One hundr ed Paessuré PiffergntiatScaonidg Galpyimetry Test
di phenyl am ne was heated to 60 C. To this was added

45 Tye antoxidantptdpetiles 20 theabattivh §radusisui&e \daterfimal atkht Pressure
160 C. PIB distillate 10 (3 82.5 granms) was then

Dlﬁ‘é] B g nag Seariitfe’ CAlodhéiry! %ﬁs §C) ﬁ&? ﬁ"gﬁ%xlng teﬁﬂﬁﬁ the Mettler-

he Feacti on rrpera ure

st was and he resi dual
ToleEP i—fﬁfwgﬁ’ﬁfﬁft& afvipg Pgﬂlg?cim PRRUTER (Thin sl Mossbirs he reaive
le 4 One hundred and fifty r.am.s (0.89 nol) of
Odeatlsh Hon hine A Th of pritpxidgnisgn lobriveingifBiidsasgneegared in O, gas
added 45 grans of Filtrol 20x and the m xture was
undenpadsadet 0 130 C. PIB distillate (382.5 grans) was
then charged at a rate sufficient to maintain the

r eqrhé kapleLIFRY Rited Fere KRR Bth alnEdfel ﬂiﬂ&%‘oﬂﬁﬁl@teé%{% oil (see
the tenperature was raised to 150 C and  held there for

Tablg,r % ()itl'{af) HlaShot Igﬁaﬁaa%ﬂo%aéntg@% o2 O e d h% n %‘d" 4 1t{?§§1'u(g E]Wtfb of

'S were rlpp

2 1
Solvent Neutral 150 base oil was then added along with 50 ppm ferric naphthenate. These

were then compared to a sample of the base blend containing 0.5 wt.% of Solvent Neutral 150
base oil and 50 ppm ferric naphthenate. The conditions for the test are shown in Table 2. In
Table 3, the numerical value of the test results (OIT, minutes) increases with an increase in

effectiveness.
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WO 2004/ 089870 PCT/ US2004/ 010417 Oxi dation Test

Pressure Differential Scanning Calorinetry Test The
wa@paokogisdant properties of the reacti on producPGI/E2084/010417

determined in the Pressure Differential Scanning

Calorinmetry (PDSC) Test. Testing was perfornmed using

the Mettler- 5 Tol edo DSC27HP tester, foll ow ng

outlined procedures. This test measures the relative

Oxidation Induction Tinme (OT) of antioxidants in

lubricating fluids as neasured in 02 gas under

pressure. The sanpl es to bg.fgsted were bl ended into a
nodel fully-formul ated not or 0|I (see Table 1) that

did not contain ant| o by wei ght. An
qﬁ?}‘dsfdftg&cﬁ%ﬁtral 150 base

oil was then added nq};kglfw!th 50 ppmferric WeightPercent
Bra =Y i)

te These W n nnnnarpd to A,anhl

5 Soﬁ&ﬁl@e’&%@l pg(,end cont a| ning 0.5 wt. %of Sol vent I\Ieutrak3'85

o hao
J-\)U uaoc Ul | allu \)U [JIJIII 1 CI TI D IIu'JIIL ITCIIaL C LIl

Zinc ®ialkyldmiisplicaphdtbe test are shown in Table 2.

[
rapre 3, the numerical vatue of the test resutty (o T;
Suwmmtd@QISp%Wéases with an increase in effectiVenesd.58

0 ]'5) é 4/ 089870 PCI/US20047/ 010417 Table 1 Base
VRIDR%E urp 8eonale PetEgbnent Wei ght Per cent 131

Nei?%{ﬁ%u%ﬂ[f&r?a!te ﬁ%%rge%t% Zinc Dial kyl dithi ophc sphat&5

10 Antioxidant 0.0

Rust Inhibitor 0.1

Pour Point Depressant 0.1

OCP VI Improver 5.55

Table 2

15 PDSC Conditions

Conditions Setting

Temperature 200° C

Gas Oxygen

Flow Rate 100 mL/minute

20 Pressure 500 psi

Sample Size 1-5mg

Pan (open/closed) open

23



Succi nim de Di spersant 7.58 Overbased Cal ci um

Sul fonate Detergent 1.31 Neutral Calcium Sul fonate
wDedoafogmsme 0.5 10 Antioxidant 0.0 Rust | nhi bi POT/US2004/010417

Pour Point Depressant 0.1 OCP VI Inprover 5.55 Table

2 15 PDSC Conditions Conditions Setting Tenperature

200 C Gas Oxygen Flow Rate 100 niL/m nute 20 Pressure

500 psi Sanple Size 1 - 5 ng Pan (open/cl osed) open

23 WD 2004/ 089870 PCT/ US2004/ 010417 Table 3 PDSC

Results Conpound QT 5 Base Blend 5.45 Exanple 1

17.03 Table 3
PDSC Results
Compound OIT
5 Base Blend 5.45
Example 1 17.03
Example 2 18.74
Example 3 18.48
Example 4 18.21
10
Table 4
Viscosity, as measured by ASTM D445 at 40° C
Compound Viscosity
Example 1 1082
15 Example 2 1300
Example 3 1244
Example 4 1050
In view of the many changes and modifications that can be made without departing
from principles underlying the invention, reference should be made to the appended claims for
20 an understanding of the scope of the protection to be afforded the invention.

24



10

11

12

13

14

15

16

17

18

Exanple 2 18.74 Exanple 3 18.48 Exanple 4 18.21 10
Table 4 Viscosity, as neasured by ASTM D445 at 40 C
w@rrpo8esd0 Vi scosity Exanple 1 1082 15 Exanpl ePQI/LISII4/010417
Exanpl e 3 1244 Exanple 4 1050 In view of the many
changes and nodifications that can be nmade w t hout
departing from principles underlying the invention,
reference should be nade tg the appended cl ains for
20 an under st andi ng of thégé@gﬁg of the protection to
be afforded the invention. 24 WO 2004/ 089870
WhaPSTelaie200s4/ 010417 CLAIMS Wiat is clainmed is: 1 1. A
process for produci ng al kyl ated di phenyl am nes of the

1. genepdbess F6rprbducingalRylied Bphedlyldmined¥f the general formula:

R, R,

R H R,

wherein R, R,, R;, and R, are independently selected from the group consisting of hydrogen,
oligomers of isobutylene, and oligomers of propylene, provided that at least one of R;, R,, R,
and R, is not hydrogen, wherein the process comprises adding to a diphenylamine a mixture of
oligomers of isobutylene or a mixture of oligomers of propylene in which said mixtures
comprise highly reactive fractions, as well as fractions having lesser reactivity, in the presence
of an acidic clay catalyst at a temperature low enough to prevent substantial deactivation of
the catalyst until the addition is complete and then increasing the temperature to increase the
alkylation rate of the less reactive fractions to yield a product that comprises 0.1 to 1%
diphenylamine, <10% fert-butyl diphenylamine, <10% di-fert-butyl diphenylamine, <10%
mono-octyl diphenylamine, >20% dodecyl diphenylamine, >15% hexadecy! diphenylamine,
<10% eicosenyl diphenylamine, <7% tetracosenyl diphenylamine, < 4% octacosenyl

diphenylamine and <2% polyisobutyl diphenylamine.
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6 7 wherein R1, R2, R3, and R4 are independently

sel ected fromthe group consisting of hydrogen, 8
wobkiogosssre of i sobutyl ene, and oligonmers of prpEYUSIVE4/010417

provided that at |least one of Rl, R2, R3, 9 and R4 is

not hydrogen, wherein the process conprises adding to

a di phenyl amne a mxture of 10 oli gomers of

i's | ene or tu.re of ol | ene jin
2. \whi ﬁp esp qﬁq(atuarle\g iln&@@greﬁ@a%%%pﬁ,tg?gg ion mixture is
fractions, as well as fractions havin Iesser
compsed tof s talkylation oh lesp raad an ceore Irnds Yaof the itethloreadtion mixture is
catal yst at a tenperature | ow enough to prevent
comptifediofIl, | dkyld@acséni@del on of 13 the catal yst until the
addition is conplete and then increasing the
tenperature to increase the 14 alkylation rate of the
| ess reactive fractions to yield a product that

copprises 0.1.t0 1% l.am ne, <10%tert.-but

3 -Eﬁs Aics ?éclal@f hein the SRS ﬂ'}hgaﬂ@ﬁ # b Srboge

nono- octyl di phenyl am ne, >20% dodec

mOle&Pbﬁ@’ﬁ&ﬂhhﬁf hout ﬁ %Mh@%w ampthstyinyh n@éontemVOQ%d%st
ei cosenyl di phenyl am ne, <7%¢tetracosenyl

aboud2ptenyl am ne, < 4% oct acosenyl 18 di phenyl am ne and
<2% pol yi sobutyl di phenyl am ne. 25 WD 2004/ 089870
PCT/ US2004/ 010417 1 2. The process of claim 1l wherein
no nore that 27% of the total reaction mxture is 2
conpr.] . I [ I and no nore than

4. 15%0#®?%%£§18@1yﬁ@%%@%§g?ﬁ%r ufgéfﬁ}l% 3 conprised of
C24 al kylation or nore. 1 3. The process of claim1
wherei n the isobutyl ene oligonmer has a nunber average
2 nol ecul ar wei g, of about 120 toRgbout 600 and a
nmet hyl vi nyl i dene coptent of at lLeast 3 about 25% 1
4. An al kyl at ed dirpRNe®y ani ne he general fornmula:
2

‘\3

wherein R,, R, R;, and R, are independently selected from the group consisting of hydrogen,
oligomers of isobutylene, and oligomers of propylene, provided that at least one of R, R, R;,
and R, is not hydrogen, prepared by a process comprising adding to a diphenylamine a mixture
of oligomers of isobutylene or a mixture of oligomers of propylene in which said mixtures
comprise highly reactive fractions, as well as fractions having lesser reactivity, in the presence
of an acidic clay catalyst at a temperature low enough to prevent substantial deactivation of
the catalyst until the addition is complete and then increasing the temperature to increase the
alkylation rate of the less reactive fractions to yield a product that comprises 0.1 to 1%

diphenylamine, <10% tert-butyl diphenylamine, <10% di-zerz-butyl diphenylamine, <10%
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RR RB3 34 5HR4AG6'? 7 wherein Rl, R2, R3, and R4

are i ndependently selected fromthe group consisting
wotoohpssogen, 8 ol i gonmers of isobutyl ene, and BCT/{jS2004/610417

of propyl ene, provided that at |east one of Rl, R2,

R3, 9 and R4 is not hydrogen, prepared by a process

conprising adding to a di phenylam ne a mxture 10 of

ol i S i saob l.ene or. @ m xture of oli
monfios k) FpHErstamings oA dodent e rilming. Sy esaericliphenyiamine,
reactive fractions, as well as fractions having | esser
<10%iaosenyi diphenylanting FPe tatragesenyldlipienglaminei di4% ottagosenyl
catal yst at a tenperature | ow enough to prevent
diphaiybsiianandk2eatfisobatyl diphaiylaniide.t he catal yst until the
addition is conplete and then increasing the
tenperature to increase the 14 alkylation rate of the
I ess reactive fractions to yield a product that

to 1% 15 dj ph | anm ne, % t - but vyl .
& AR5 By g of LB S B e i o e ofqﬁai%w reaction
] 26 .V\D 2004/ 089870 PCT/ US2004/ 010417 16 npbno-octy

mixtefieiheppraser 6 Cs sholiian geless, 20d ppaeys thendé?s aﬁ@%otal reaction

hexadecyl di phenyl am ne, 17 <10% ei cosenyl
mixtuiie;iheasmpmeﬂWJ@,C24<a'/IRzﬁlatiz1nrcamenyI di phenyl ami ne, < 4%

oct acosenyl 18 di phenyl am ne and <2% pol yi sobut yl

di phenylam ne.. 1 5. The al kyl at ed di phenyl am ne of

claim4 wherein no nore that 27% of the total reaction

6. 2 ﬂé&lﬁ/l?h ldi g@ﬁllfnﬁxt%%f%[alrgglvﬂ{e@{h ?{e i85 %Eﬁerleeo% %bm%pgas a number

no nore reac

averﬁe qr)llgag% ﬁ&g}pﬁyﬁgﬁ@@%%@eﬁog}aﬁ Wl@ﬂﬂn{l}}q@m content of at least
b [ ggsut yl ene ol i gomer has a nunber
about 25%.

7. A composition comprising:
A) an organic product selected from the group consisting of lubricants, hydraulic
fluids, metal-working fluids, fuels, and polymers; and

B) a stabilizing amount of an alkylated diphenylamine of the general formula:

R, R, ;

R, H R

wherein R, R,, R, and R, are independently selected from the group consisting of hydrogen,

oligomers of isobutylene, and oligomers of propylene, provided that at least one of R;, Ry, R,
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2 average nol ecul ar wei ght of about 120 to about 600
and a nethyl vinylidene content of at |east 3 about
WQ204/089870 A conposition conprising: 2 A) an oOPQEOBZI04/010417
product selected fromthe group consisting of
| ubricants, hydraulic 3 fluids, netal-working fluids,
fuels, and polyners; and 4 B) a stabilizing anount of
an_ al kyl at ed di phenyl am ne of the general fornula; 5 .
and B, jynoRBydrpgen. mreperedby spprppess SPRPREING pgdingto a diphenylamipga mixture
i ndependently selected fromthe group consisting of
of olhgairays) efisobutylent dmpmixtyreof olismhers pf propyleae ih whicly saig nextures
of propyl ene, provided that at |east one of Rl, R2,

compidse highly YacBRO#AABIAS 40 wRIT bk Hadiiit/Haliad Msé&ez&ﬁdit%{‘}n kife presence

not hydrogen, prepared by a process conprising addi ng

o i SSINSPRL erfe M U eyl 9 pR L HIBIGR gciaion of
the c\fle\]?e{ggs? pgﬁlstge g@&iﬁé{ ﬁ%gé’l%}e?eg%ﬁrth%ginarlggg% tl{eggétgﬁlzr\é&ne to increase the
reactivity, in the presence 15 of an acidic clay
alkyletiomrage of tie leps reaspes eciioas taoyieldmaugduct thas cemerises 0.1 to 1%
substanti al deactivation of 16 the catalyst until the
diphetidirhing <1086 ccarvphtel diplanglainiven<i 0%Grdbasv-bgtyl Biphenylamine, <10%
tenperature to increase the 17 alkylation rate of the

b&SEBy1 UACAYIMRink ! %% QB&ec ifleRl Bmndd S @M Gexhdi1 diphenylami
moncomg)yri g@s % 1mt 0 1% 18 C(i;IS,phlg}hy},am' neg, <1O%X%er%-d6%tew amine,

o AT A D . e

di phenyl am ne, >15% hexadecyl di phenyl ani ne,
diphenyrl)aming and <2% polyisobc{ltyl dipheny amine..p y

8. The composition of claim 7 wherein no more that 27% of the total reaction mixture of
the alkylated diphenylamine is comprised of C; alkylation or less, and no more than 15% of the

total reaction mixture is comprised of C,, alkylation or more.

9. The composition of claim 7 wherein the isobutylene oligomer that is added to the
diphenylamine has a number average molecular weight of about 120 to about 600 and a

methylvinylidene content of at least about 25%.

10.  The composition of claim 7 wherein the alkylated diphenylamine is present in

concentrations of from about 0.05 to about 10.0 % by weight based on the material to be

stabilized.
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20 <10% ei cosenyl di phenyl am ne, <7%tetracosenyl
di phenyl am ne, < 4% octacosenyl 21 di phenyl am ne and

W 20084896 sobut yl di phenylamine.. 1 8. The conpOBUS10041010417

11.

12.

of claim7 wherein no nore that 27% of the total
reaction mxture of 2 the al kyl ated di phenylam ne is
conprised of C8 aIkyIation or less, and no nore than
15% of the, . 3 total ctlo m xture s conpglsed of
c2¥ apwp%ﬁl%hofdﬂalw&rw rimé q*lgémecpﬁ%tgr 15 aoHOtiBg Qilm
7 wherein the isobutylene oligonmer that is added to
the 2 diphenyl am ne has a nunber average nol ecul ar
wei ght of about 120 to about 600 and a 3

Metrhy bothpoditiciesrel 6@ whdreifth@brgagio prodieeistanZbitonder 10.
The conposition of claim7 wherein the alkylated

di phenylam ne is present in 2 concentrations of from
about 0.05 to about 10.0 % by wei ght based on the
material to be 3 stabilized. 28 WO 2004/ 089870

PCT/ US2004/ 010417 1 11. The conposition of claim7
wherein the organic product is a lubricating oil. 1
12. The conposition of claim7 wherein the organic
product is an elastoner. 29

29



