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METHOD TO PREPARE loco ATED DIPHENYLAMINE USING
RECYCLE AND SEQUENTIAL TEMPERATURES FIELD OF THE

INVENTION The present invention relates to a process for preparing

nonylated diphenylamines which improves nonene usage by recycling
and reusing stripped unreacted nonene from an earlier process. The
process comprises consecutive recycle of recovered nonene is
conducted at a sequentlal two step temperature reaction. The nonene 5
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plabiieating eampesitive process steps and lead to further product loss.
Other techniques have used to reduce the amount of unreacted
dlphenylamlne for example methods have directed to using extremely
g 5GASS GNINIEE HECENTEINGGION 25 the diphenylamine, U.S. Pat.
No. 5,186,852 (Ishida et al.) exemplifies eight fold excess of alkylate. As
is apparent, the use of a large excess of alkylate is not | particularly cost

efidkylaeRbeyding ok atkylase Mib&iﬁﬁuhﬂ@ﬂn&ﬁnﬁlhﬁamwkﬁbm in the art
“iinganaione s ian e siing lole partu due
orme

rearrangement products beln dathe eﬁky
hmab@m@wgn@camg@ummelsmﬁwr thlatme@hrbmnw dinesynthetic

upisacied glk edgﬁ§ for er applic t|o such as.fu lﬁ
however depe&%n pﬁ?ﬁ%ﬁ Sréfggggr% ‘ont g%&%es%ug ar%% R}%ag e§ yinga
biensagenI iRl NuegHExiisenidsoribe sstiesiprblediationuafimoiktusetical
of 80.% dinonyldiphenylamine, 15% mono-

Alkylation of diarylamines, such as diphenylamine, with olefins in the presence of
suitable alkylation catalysts is well known in the art. Typically unreacted
diphenylamine when present in objectionable amounts has been removed by high
temperature, high vacuum distillation of the crude product. These distiliation
techniques, made necessary by the high boiling points and thermolabile properties of
the products are expensive process steps and lead to further product loss. Other
techniques have used to reduce the amount of unreacted diphenylamine; for example
methods have directed to using extremely large exocess of alkylate in comparison to
the diphenylamine, U.S. Pat. No. 5,186,852 (Ishida et al.) exemplifies eight foid

excess of alkylate. As is apparent, the use of a large excess of alkylate is not
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nonyldiphenylamine and about 2% unreacted diphenylamine using
Friedel-Crafts alkylation in the presence of Lewis Acid catalysts wherein
AIC13 and zZnClIZ are 10 mentioned as suitable catalysts. Lewis Acid
catalysts are somewhat undesirable, since they may lead to halogenation
obthedredyeband@ueto Hegrernef ratesanaie baanerdlesitdhae residual
purification. In a different approach, commonly employed for preparing
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aliylate dgsrisedpioducthee alkylatadhendiieantethdiphgrylemings khBcBaficd by
NQ. 2,943,112 (Popqff et al.) teaches a two step process whereby
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Frankli S..Pat. No. 4,824 6Q1, (colu . lines 26-67), teaches the ‘
A b O i R o R R AR sens
trdk g dight 26 leoterschdigufd.produat haytdbesprepareth By QroaesZnCl, are
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ptbciuctagoletalins iekgthan @686 iWiatkylitechdipienyatoine: Fhisotews water
proportion of dialkylated.diphenylamine is disclosed as necessary to avoid
tH%eB' 6r£rtﬁgtllgrt1%8fpc&r{h)|?sftcac€}(z)e£(j, solid products, which are not advantageous
in terms of ease 30 of handling, transportation, storage and incorporation

t [ e ilized, This crystallization issug is a concern
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nmapsaikadEishldiphidnyeavingcibd arivawesedbpbetiphoinmopstifaied teaches
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These patents further dis%#c?se tlﬁat tg1 obta% t‘tfze %‘esﬁae%%iqu% progluﬁcﬁ'adwmd
thegkttiolor. olefin to diphenylamine in the reaction mixture, together with
reaction temperature and time is important to give a product mixture with

less than 25% d_ioctyldiphenylamine, less than 25% unreacted
Similarly, Franklin, U.S. Pat. No. 4,824,601, (column 1, lines 26-67), teaches the use

of acidic clay catalysts to alkylate diphenylamine and further teaches that a light
colored, liquid product may be prepared by process comprising reacting the alkylation
reactanis within certain molar ratios and temperature ranges for a time sufficient to
ensure the alkylated product contains less than 25% dialkylated diphenylamine. This
low proportion of dialkylated diphenylamine is disclosed as necessary to avoid the
formation of crystallized, solid products, which are not advantageous in terms of ease
of handling, transportation, storage and incorporation into the substrate to be
stabilized. This crystallization issue is a concern when alkylating diphenylamine with

diisobutylene and is a lesser concern when employing nonene.



diphenylamine and greater than 50% by weight monooctyldiphenylamine
based on the total weight of the diphenylamine and alkylated DPA. In
U.S. Pat. No. 6,204,412 (Lai) Lai discloses yet another method of

lati | lamine to obtain a light colored, liquid product, which
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C&Bﬁ%@r&t@ﬂ@@bﬁn@@bﬁaﬁm&mﬁfbﬁ& g@&gﬁ&ﬁm&%@ﬂ%@%ﬁm
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BREES Mt los wiketadStdijsiceridipining  anting| dest e loRsHsiNg
'QQ][EQ <recycling recovered residual nonene
and em%i%jl}i%%g@d\/\%@éﬂlstinct rgéﬁa%tﬁgﬁ teerﬁ%ggmgggx Bheyiesriss basarkon
the i wWaighicoffdreadighatiplaminipnenyliayhing) spimproved and
conversions approach eighty percent. Accordingly, in a first aspect, there
is provided a process for preparing an alkylated diphenylamine using

TedhsSedatRoct e %écmzémo&mm ' s ,ﬁ%iﬁ)ﬂtﬁ@eﬁﬁl dwlk | 9iRGado
& eiduak A0 rom an acid clay catalyzed alkylation
rggg%g{lé%g%%%gne with dip %%3 g%igﬁig;uﬁ %%é%‘&ﬁé’&’ﬁhé‘ﬁmﬁ%aaw step
petbvdirreisidadhnermend ftop stepald olthin enene: 0 iSeRREIGIBR e r:
&isa ith an.acid clay.catalyst; c) heating the reactor to a first

cfglm pera%tl‘?r{gﬂg};};om a%%ﬂ% %ﬁi goaéu%ﬁé:%& TR RRe R sdEnebtbt diselosed
f@@tmmﬁmw Goruiions éouersaitab e FRARAHETR e product
- sllyptera r iphe e; d) reducing the reaction =
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alkylated diphenylamine that is liquid at room temperature.

U.S. Pat. No 6,315,925 (Aebli et al.) discloses alkylating diphenylamine with excess
nonene in the presence of an acid earth and in the absence of a free protonic acid. The
particular composition is defined by an area percent of a gas chromatograph, more

particularly defined by having not more than 3.5 % by area trinonyldiphenylamine.

SUMMARY OF THE INVENTION

There is disclosed the preparation of alkylated diphenylamine antioxidant compositions using

nonene as the alkylating reagent, recycling recovered residual nonene and employing two
distinct reaction temperatres. Advantageously,
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total composition contains less than about | wt % of unreacted

diphenylamine; e) repeating steps a) through d). In a second aspect, there
is provided a product prepared according to the process disclosed herein.
The process disclosed herein leads to an alkylated diphenylamine product

hich is liguid A [ [] :
thd TRanS Fl.g%e L IORM LomPEFatile. &Y %%%&%@iﬁ&&ﬁ%?%%%ﬂ?ﬁ

consecutiver recycle of nonene to the

appjcezh EiEhoppatedta plurality of times, thus for example steps a) through
d) can be repeated for multiple sequences. Preferably, step e) is repeated
three or more times. Typically, the process is terminated when the

Atworéagtedifhenytemifernistep dpdagrestes ptaneaboug anwiodetet the
.time period to achieve the.r f the inifi IEHQE
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comoprergion of nonene and minimizes reagent waste. However, the
recycle also adds some difficulty since the recovered nonene may include
isomerized and degradation products which will react differently than

fresh nom@nedovhsng kyiidion reactiodrimaforadily ¢thay 4ateivand abioitidiss

in a molar excess to the diphemdami .aS.4 to 6 times excess. In

this instancg?ﬁ%%t%??gg%%%%%trggs%%gﬁ%%@r%é preferably is from about

25 to abbutdh@rginiedisienylpofiticcatstateovmeé sisidysidnentne feemteisp 2)
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uses a sequeptialtemperature for the ion ' j "
temperatu reslé)&si%&e tgx%%e%g%@gg\%%%%rgéﬁﬁﬁ%g%%& 9 condirons
temperaturefis freoitabiSpSriodatioimn2a0 Shylste prkicaisly Ffeimragrsiut

180 C to 195dlchthelsecoer]d temperature is less severe and preferably the
second tempe?a%l%a%lﬁ]om about 140 C to about 160 C more preferably

from abod} éECitg fSreactivn detitiprraticipbersdeonih&sotzermreo pialiom
amines are subje o lation isclosed process..Such othe
aromatic am%ggﬁéﬁj c?g(éﬁ; a&aoutblyé or 2 suital nea%%?hof/jl olf%née 9iilh that the

, Tor example: N-pheny amine,
N-pheny|-2-nagahtioptmesitenspridies ies dokarmboet dhen bthid meacted
phenoxazine,.p:ami o-dig,henylamine, p-methylamino-diphenylamine and

) dr#hen T . . .
p- isopropylamino-diphenylamine. In one embodiment, there is provided a

product prepapedting ttensmdissugindprising: a) recovering residual

nonene from an acid clay catalyzed alkylation

In a second aspect, there is provided a product prepared according 10 the process disclosed herein.

The process disciosed herein jeads to an alkylated diphenylamine product

which is liquid at room temperature and atmospheric pressure. The consecutive
recycle of nonene to the reactor can be sequential and step €) can be repeated 2
plurality of times, thus for example steps 2) through d) can be repeated for multiple
sequences. Preferably, step €) is repeated three or more times. Typically, the process
is terminated when the unreacted diphenylarnine in step d) is greater than sbout 1 wt
% or the time period to achieve the results has doubled from the initial run.

Employing recycled unreacied nonene improves the overall usage and conversion of
nonene and minimizes reagent waste. However, the recycle also adds some difficulty
since the recovered nonene may include isomerized and degradation products winch
will reast differently than fresh nonene in the alkylation reaction. Preferably the
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reaction of nonene with diphenylamine; b) charging diphenylamine and
recovered residual nonene from step a) with nonene or isometric nonene
to a reactor with an acid clay catalyst; c) heating the reactor to a first

%rgt % out 175 Cto ut2 0 Cinthe resenc of acid
y cata ?tt%f (L,\arrT]-l]ﬁa\%a&iJ ctive cond ttl%%s c?iy ffHBre 6ftﬂ S eXcess.
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repeating steps a throug ar cua

wighenylamine reaction products are characterlzed by having from about
15 to about 30 weight % for the monoalkylate; from about 65 to about 75
weight % for the dialkylate; and from about 5 to about 12 weight % for the
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t 8 weight %.particula
@@h@@@t@nmupm@m&yetmmmm @ftcditrﬂﬁﬁ)mjlphenylamine
and more particularly trinonyldiphenylamine would be less volatile, more
stable and be well suited as an antioxidant in this class of lubricating

}ébﬁﬁé@ﬂdﬁ sliphenyhinmiins petbtr threnmisip eowides ard sobRating dlitylation by the
m mount of an, o il of.lubricating viscosity.
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iatipyeniiandiphdiniemilamingth a nonene oligomer under suitable

ailcylation reaction conditions in the presence

In one embodimennt, there is provided a product prepared by the ptocess comprising:

a) recovering residual nonene from an acid clay catalyzed alkylation
reaction of nonene with diphenyiamine;

b) charging diphenylamine and recovered residual nonene from step a}
with nonene or isometric nonene to a reactor with an acid clay catalyst;

¢) heating the reactor to a first temperature of from abowt 175° C 1o abow:
200° C in the presence of acid clay catalvst under reactive conditions
for a suitable period of time to alkylate a majority of ctzarged
diphenylamine;

d) reducing the reaction temperature to a second temperature of from
about 140° C 1o about 160° C for a suitable period of time such tha.t the
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25 of a suitable alkylation catalyst. Generally, the nonene oligomer .
includes nonene and isomeric nonenes, including a-olefins and tertiary
olefins. Preferably, the nonene is derived by polymerization of propylene
and is commonly referred to propylene trimer. Typically, the propylene
trimer is a pr@iab@mﬁm@ﬂeneq@dpmhﬁamamm h ph¥sphateeacted
(phosphoric atalyst As such, the product contains a majority
30 of propylene trirher, typlcaIIy having a mass content greater than about
85 %, Préejemgbiyveringaidplated diphenylamire prettioabhyrddmein drahothi=8actor;
% or greater, %Ege propylene trimer has a minimum amount of Cs olefins
and lower and a minimum amount of C1o olefins and higher, typically less
than 5 % Fhasepestingstapbad hromgheed. preferably less than 3% each. A
suitable product may have a C8 olefins and lower mass content
maximum of 2.0% and a C1o olefin and hlgher mass content maximum of
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%dlng fof exam (APX ?&?ﬁ&gsl%%%ﬁa e&#ﬁgg\%%éﬁgﬂ d be Jess

vehsie dpeeristeb (@péépse@tl Wastammwldaﬂ!entﬂnsrdamwlahdc&jng
ehflegree of yellow color in the 20 alkylated product. As a catalyst,
clay and other Lewis Acids, such as AIC13 or BF3 are generally taught as

%ﬂ@rﬁ‘%&% e Ot%%é&%%;% Rl o Bt 0BG o2 Bl of an

re pectlv Due to'the Eonsecutive
Qi JubiGAtE Y ERasET AR iR TSRS abt |BWPE‘§G‘V*P§GA@@§ B &hot
fisetsuedrabatdtisriaatalysts since residual halogen content in the
lgg(ﬁlate is undesirable. 25 Preferably the halogen content of the recycled

(RPN OF/ SR PEYIENT I¥e preferably less than

0.05 weight % and even more preferably the

As noted above, the present invention provides a liquid alkylated diphenylamine,
which is an effective antioxidant, by a process comprising alkylating diphenylamine
with a nonene oligomer under suitable alkylation reaction conditions in the presencle
of a suitable alkylation catalyst. Generally, the nonene oligomer includes nonene and
isomeric nonenes, inchuding a-olefins and tertiary olefins. Preferably, the nonene is
derived by polymerization of propylene and is commonly referred to propylene
trimer. Typically, the propylene trimer is a product of propylene polymerization with
a phosphate (phosphoric acid based) catalyst. As such, the product contains a majority
of propylene trimer, typically having a mass content greater than about 85 %,
preferably about 90 to 97 %, and more preferably having about 95 % or greater. The
propylene trimer has a minimum amount of Cy olefins and lower and & minimum
amount of Cip olefins and higher, typically less than 5 % mass content of each, more
6
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reaction is substantially free of halogen content. Suitable clay catalysts
are disclosed in U.S. Pat. Nos. 5,672,752; 5,750,787 and 30 6,204,412,
the disclosures of which are incorporated herein by reference in their
entirety. Commercially available clay catalysts, including; FiltrolTM and
ReteatTMavailabls 5ranBi SFs ittt Mald: FAMERETMC(@9%ins and Tower
FulmontTM 237, and FulcatTM 22B available from Rockwood Additives
CBIH)CAMENK BEEREAB MV R8T 4t [ R dtieh e B oPffaignaximum
clays.ovay imeluaieiasich activpted,osasid reﬁﬁaﬁdu@iﬁgﬁméﬁ WiaRle R affords
treated clays available from BASF include: "F-1" 6", "F-13",
~AIoplate-dipentlamine ofositinrs ¢nd BERI Ny ORI ORAcHRR Progyets.
al‘@h@%tﬂ&iﬂﬂﬂﬁ@ﬂ&iﬁfh@dﬂ&ﬁﬂr@M&@tﬁiﬁtﬁmﬂ%mﬁﬁmﬂmaﬁﬁﬁany

received, 5 Remgval of the water prr r to use results in a lighter colored
e

S BrORERt ﬁ%}a’rﬁ%ﬁfiﬁza KRRty TR 48R Ry cxample

tosviicst alind ationiadipHie o associaiesvBlier Reay desT eroeMed, by

various techniques including thermal treatment, reduced pressure

treatment, dry atmosphere treatment such as nitrogen or air, or a

CNanﬁatkﬁﬁpM}&r@Qf rHémprrr@ekyiaawiate%mmﬁmamﬂﬂwﬁeﬂw amine
d cat may have 10.b rived from wate isorbed Water or

R b B e a0 WP PG oy o &

rermﬂaaaénf@m batadtt@uldm ailiefrﬂelysa:sfsbp}&ﬁeﬁlamaterdsax@eﬁmﬁ@wm@biy about

essErF ?AI al |sorbed water and removing at least a majority of

chemiSoTbed r “Therefore, it is desirable to use clay with low water

content or remove the water by heating the clay with a nitrogen sweep or

with vacuum. strippin e, the fe st eams shouldi rn

B B R e RIS s o 05 Pat

phéde faibfi? JeSs tvhivil 06sppmswinted laridtimost qh;éfﬁt@latyuheeswiﬁaﬁilﬂ{meut

50 water. Ac ctr at cIa ref rred. The preferre s ar

alu r%?m |caee%nifum|r:é)sf%la ec gyCSE§ yprczﬁ ai fb%:o{rﬁgogﬁ%%f 3 843 M2

ahmiothay pificatetywitiyothirsondial exidssmguaivas) mexagmlmcmm“gnﬁm

oxrde apd bﬂ%on droxrqgé or, other rat%rc%!%n T{;f?’ guc% ire # tc @5 S, ce of
are - cor y hexa ggonal C ose arr oxygen ion

ah@mmrahbroﬁétrzﬁm pﬁtmglappaommmeiﬁwg) ]tdmnrelsdﬂfgthe @icgatedrablor in the

h n.the or dere%sarra e .aluminum |11 catr iEthe a

e B G e R R e B e v

I@memibyrt@rﬁghwebﬂei:@mm@amgmbhhmémrbhs Rartrri‘éoanmatte"dirahd

YRToseMIRG R Iotiphedialdaverisiiornes Mo IR RICRIS. KRR GiRutive

aré c?ass ied accgrdi Ing to the relat’ve AUMber oP%e fhedral'and

ostghentral tayerk: #atmm@mlameenommm;nptmaseﬂd@stm acigreferred

agﬂq\ﬂ%@&ogatalysts since residual halogen content in the alkylate is undesirable.
Preferably the halogen content of the recycled components are less than 1.0 weight
percent, more preferably less than 0.05 weight % and even more preferably the

reaction is substantially free of halogen content.

Suitable clay catalysts are disclosed in U.S. Pat. Nos. 5,672,752; 5,750,787 and

6,204,412, the disclosures of which are incorporated herein by reference in their

entirety. Commercially available clay catalysts, including; Filtro]™ and Retrol™

available from BASF; Fulcat™ 14, Fulmont™ 700C, Fulmont™ 237, and Fulcat™

228 available from Rockwood Additives Comp); and Katalysator™ K10 available
7
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sub-bentonites or bentonites and may include montmorillonite.
Montmorillonite clays, 30 have been used in organic chemical
applications, have a octahedral layer sandwiched between two
tetrahedral layers. Particularly preferred acid activated montmorillonite

Claysingiude, thaseayatale1an BARRSHGN 8824 RAMOIGched clays.
preferably powder agrade montmorillonite clay sold as F-20 and F-20X.

TREESl edidraaied manesgidiedornk delidnibida flot thE-reaction > “F-13.
Mgy fitratior Feentriegaiion aid decaitingyiBrerecticRy e AU GEIAYS are
are employed in.an amount from 5.0 to 20.0 weight % by weight of
di%%?lé%?ﬁéegﬁaeﬂr&%?% FRIAYAIOEL S e g6 B eansigteeived:

Prefeised eletheatalyshiinriealiycnavela huikigensiboftes aheubAPRodt and may
grams/liter; a total acidity of fro(r#?; to. about 20 mg KOI /%qand a surface

afBE OS5 A s sy BB ksl arRe- diby Eaelyatsesited

bevaeoarsehpreasic8 sy R 10f2thmgshs Rairiabhharmare Giatwakeduced
product at about 10/60 mesh, and more preferably a powder product for

eRATHDIES RSO A Vet SRR Bt e &S M50 36 THRES RO Fir e Gagpbination
cakalysts Eifleyscindbiatpiesert inventioneffenseveial ey anagasoyehave

Lewis Acids (e.g. AIC13, AIBr3, BF3, complexes of BF3, TiCl4, and other,
R e O o e e R bSO WAR A BT water)
advaniagesdte igesaullyaf heragidvaites hgisigranintayratparhabiligsobchter is
catalysts thus limiting 15.contaminatign. As a result, the clay catalysts due,

T TR T S L R otEm N0 S S A 575 peyoris of
Cletyoatatysts wateb @ liegémer ated drnitatde iolagetol athariebjominimiz€ontent or
WJ%St% \gei%Rg%%l ogﬁfggt cgtaﬂ}/st . IQN ?%ntrm ;blagwis Acids ar, enerallg{f .
SIgIS Usa catan/sts and Bpicsity Henaratd Chrsivd il fstBorcuum stripping.
sépiarafion (120fAdthangivsclvaritsihadvd dleenthse dbowalk§iapion reaetignsfétably

is, preferred.in this _disclosure to alkylate with minimal solvent or no
A P L D e e
npreahisyititss thinerteuxyle penrowaronatid solverts dughaas pedmatic
and SovessoTM fluids from Exxon Chemical Company or ShellsolTM
fluids from Shell Chemical Company. 25 The unreacted olefins may be
rérhoyed drom the yeactibmprositicttey. distittationliGimiknly ateaypicelicted

SHOiamIE RSB e Se e i ol
unhgactec dipkderykhninenisiimidcassahesinde duclothieupracesSsuch clays, are
dL%%ﬁS%;%E@%gonal closed pack array or oxygen ions with aluminum ions
occupying approximately two thirds of the octahedral holes in the ordered array. The
aluminum III cations of the clay catalysts are typically bonded in an octahedral
arrangement to oxygen anions. Repetition of these AlQOg units in two dimensions
forms an octahedral layer. Likewise a tetrahedral layer is formed from SiQ, silicate
units. Clays are classified according to the relative number of tetrahedral and
octahedral layers. Activated clays are commonly prepared by the acid activation of
sub-bentonites or bentonites and may include montmorillonite. Montmorillonite clays,
have been used in organic chemical applications, have a octahedral layer sandwiched
between two tetrahedral layers. Particularly preferred acid activated montmorillonite
clays include those available from BASI such as F-24 and more preferably powder
grade montmorillonite clay sold as F-20 and F-20X. The acid clays used in the

8
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30 present invention, the alkylated diphenylamine product beneficially has
a low residual amount of unreacted diphenylamine. The amount of
diphenylamine in the product is desirably less than about 1.0 weight
percent in the final product and preferably less 9 than about 0.8 weight

PieRBidR M JiRahpreduRin{ Tikerclay SAMReE PO YRE M iltelianQition or

other known separation methods). The alkylation reaction can be carried

olERAHH LS BGESF Mg fe D1 1 9a g8t dEee Bf thel0 0
olafarednticippiath PEIRHANEMA3SANHrIPISIREEU88H 100 t120.0 % by

reaction is primarily controlled by the olefin used and the reaction
tewéatﬁfsfeﬂgdt YprBLREE BIGRS R iy P Heastario mbprbdberd00
mhw;be?@ﬂéﬁ:j@e&énlmiaﬂgi @ﬂfr@ﬁts_leoraaaﬁmm)gigsmggea%F LS Q;(fjxtbhh'ifu‘a;\éecg&i@ef from
t referre alyst etermined to be -24 acid-activate
c|§§8d8ﬁﬁaﬂﬁgﬁtrgﬁﬁﬁgﬁfﬁwﬁgﬁﬁ%ﬁ YU e PEra i o PEAduCt, such
alkylalion e’ pfhfsra]:r??(?,liﬁéﬂéaéﬂ@m&e addednay iﬂﬁ)u? iﬁg@r}heshbaéld more
temperature ranges. The first temperatyre js in range of about 175 to
B30 G ISRRGHB e GHORP AA0F 10 Ceeapatileses, et 30
matergpreferably in the range of about 180 C to about 190 C. The first

reaction 15 temperature is relatively severe, due in part to the degree of
recycled nonene added to the process. The unreacted stripped nonene
retlyelddyframlaspreniplis bihichlis pypicallinviheileastkeaetive patt aftthes over

fresh nopene originally reacted . The recycled nopene may contain .
R A T SO GRS RET mrter T AP ae
resatitibyidi st veedl Kytdiioaisbdntitn réhbasdop vl diged\ibieed dhadnmixedhre a result
reg tlggCIZ & ogggi%lnorr;?ne rpiﬁt%bntialls/irggutir stm%re j essive
reaction conditions. STypicairy the redycisd nonehia 16 crarjetd o' ise
reactanamdineshsonaenk, ihadtettmlfse dasired chpige shaleoratiopantlict due
the reactor is_heated. Prefera t least 25 mole, percent ta apout 60
R G O S PR Se e i iged v
némeelsy;, mone) e fersiblyispdeast 3Fpamoletpbrae ninandhesenioeis Acids are

preferl%(?l 25 40 mole percent to aboyt 60 mole percent of the nonene :
R e e P BRI AR separaion.

reaction. The first temperature range is maintained for a suitable period of
ti najority of the charged, diphenylamine.is ahlgflate .
h a 7

e R A S R i
irdravigeiof @odky a40vdthonzbousl160vE)t prefier atilyeirt thaltaHgesdiaft is used,
agggb}4§ %,égtggptll &5?0 and re preferably jn.the range of about ..
S R 2 e
ofeivraisucklthatthematic and Sovesso™ fluids from Exxon Chemical Company or

Shellsol™ fluids from Shell Chemical Company.

The unreacted olefins may be removed from the reaction product by distillation.
Similarly, the unreacted diphenylamine may be removed by process such as fractional
distillation or vacuum distillation if necessary. Typically, subsequent removal of the
unreacted diphenylamine is unnecessary since due to the process disclosed in the
present invention, the alkylated diphenylamine product beneficially has a low residual
amount of unreacted diphenylamine. The amount of diphenylamine in the product is

desirably less than about 1.0 weight percent in the final product and preferably less
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total composition contains less than about 1.0 weight percent of unreacted

10 diphenylamine and more preferably less than about 0.8 weight percent,
preferably from less than about 0.8 to about 0.2 weight percent in the

product. The reaction pressure can range up to about 250 psi or higher,

pr, [ re preferably in the range of

] SRS IR et D e R ey
oicizaiom of pibauces orsaparetetionsthadshostly 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

prokfietky i rdeastivatetthee layied ey st Dtheobbrefitdiafmimegares due to the

PresRirglRghidsMigher4Q 5%%@&@%@&%@%&11&5{9{ TERGHONHINES. I y1sed for

enhanced formation of dialkylated DPA, and may impact the trialkylated

DA restioatie priag B wurieled by heavishitingredandssearediatiesnpenatire. As
atpo @-igwggiﬁagﬁd,stﬂgﬁgy&g&g%% m%&eagtm%%%&?y@%i&%ﬁ& out

DPA because as the 15 reaction continues the concentration of reactants
dithithis R eRd Bl PARSS Betiotie Ivestisi Hieaerisrea i ths reedssepnined to
the. BEgsEnt inyeRipd.feasthany Yo AR olR: JypiRN% €8s, than 0.8%

DPA, is left unreacted in the product mixture. If desired, lower residual
amounts of diphenylamine can be obtained by continued stripping or,

alternativabn RaRFARAANRAIMS MK AMBIE; feative RISTiR SWERASe having
iIsobutylene 20 or styrene. Preferably, the nonene should be incrementally

adHERr Bt dsa PeRIEh RS NG ES hirBInsR A st AaiHE @ dhedt loactferio

tefpperatire@andlR AN PASRAIHEB IO MRTIZatQRERRQDTCaCME more
olefins. However, depending on the desired product mixture it may be

berdftaaléne rogend kel fhdidn thntuld At bicBrareaariver
teripenitie thasldheroaction tamnarsiire @R BReaction NRISihYB e added to

flexible reaction parameter and is dependent on the reaction, temperature,

mISRFRNE S Fas MRS AT ERRRIIengHs roadtid o AdrsmPinbyshdasrpically
willde cardgdiodbareraRaran abaheulZiaadl eeBeE TRYFS: WRiERBbAe may

over a, period of about 5 to 24 hours, and more preferabl%f over a period of

BN S UB SRR e e BRARIB R it Al kb indagiadegree of
akieylaterydip enyliyninePradyicis talebcisiaiesuRingeenMeplioRalcled

techniques, such as stripping under,vacuum or separation 11 by elution
WP REX 3B Si R XBTEm T EHE RSP PRSI thsda Hrgnditions.

Paxtaudly the recycled nonene is charged to the reactor and fresh nonene is added to
the desired charge mole ratio and the reactor is heated. Preferably, at least 25 mole
percent to about 60 mole percent of the nonene charged to the reactor is recovered
residual nonene, more preferably at least 35 mole percent and even more preferably
40 mole percent to about 60 mole percent of the nonene charged to the reactor is
residual nonene from an earlier alkylation reaction. The first temperature range is
maintained for a suitable period of time so that the majority of the charged
diphenylamine is alkylated. Thereafter, the reaction temperature is reduced to a
second temperature in range of about 140° C to about 160° C, preferably in the range
of about 145° C to about 155° C, and more preferably in the range of about 150° C to
about 155° C. The second temperature is maintained for a period of time such that the

total composition contains less than about 1.0 weight percent of unreacted

10
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reaction conditions selected the amount of monoalkylated DPA to
dialkylated DPA to trialkylated DPA in the product mixture can typically
range: from about 15 to about 25 weight % for the monoalkylate; from
about 65 to about 75 weight % for the 5 dialkylate; from about 7 to about
10, weight %.for the trialkylate. However, under cerfain.conditions the
o e s S g B TR G e, prferably
priedonisatithy diatkylagetoEAN PLESiIdI0 fhe dotlowingpexdunples are
presented to illustrate certain embodiments of this invention and are not
to be construed as limiting the scope of the invention. Example 1 (Runs
1 Thortar)ids frhsweactioreigpeffornbouina jgokeell SSr2pitdelobte velow about
a e set-up m Buchi A witzerl Mogdel Bep 280). The
e e D St Py o
implefigens @nvenusyddamagnet sticad i fihedtemderatpnedstzontrotiewstly to
b%ﬁg‘&l%%?agw% %‘trﬁ%lﬁg{‘%ﬁ%%l&%g%ﬁh Iﬁ%mo\l}éllag(%l%%lb? %%? .nAknitrogen
GmbH, Germany. Temperat res and pressures are monftored using a
Sierndns RSt GerimasPBIsatit TGS 05454 SUPpCisite thackdnetioP Gl withlucts
WRRARMAEE RGLQ4 SUITS TRrOWANAISMA & GRISRIIA AL BRI higher

: BS {fr 1 %f . P %%ﬁe%drwg'}?e g&'f(‘)gigeél%ghm

purged several times with nitrogen, the autoclave is 251.

25 AL (Agtieh. 30ostey, 178 S ytisheronad eiBvedNiobikthonend by ated DPA,

L s S N B g e

nitpegehyelagles thécatitoerberwas purged again several times with
nitrogen. The autoclave was then closed. The autoclave was heated and
held at 180 C for 10 hours. Then the autoclave 30 was cooled and held at

150 reardicant éx iy hsurskaie pregierdodbiamytisgdan et WEA seuse as the
MRXIMULOh 381 dsREIG AN e ash Qfrthe halding RERGES e RMIORI Q¥  come

was cooled to 20-65 C and the crude product dropped out using the
avta¥IsvebogBRr A IvehT RSt el RRsRIHdavERE dMitdpstithamby e and more

BUGhRALIRE iRremeverba F2dd d:ralalvatiniie pRRReeeageeItas,,
then stripped using a rot%rg evaporator at 160- 165 C at 0-50 mmHg. The

filkeved Gaide Mtacsntselisiabeaxiad i erahip pbtpinssbbricantivagd stripping or,

anRASEVEN GRS:EHRIRSIAYRRPRNGHhASREIUR REIVGI GBS such as isobutylene
Chromatograph All?ent 6890N with 7683 Series Injector
or styrene. Preferably, the nonene should be incrementally added to the reaction

mixture to control and maintain the desired reaction temperature and to minimize
premature isomerization to non-reactive olefins. However, depending on the desired
product mixture it may be beneficial to add nonene to the reaction mixture all at once

at a lower temperature than the reaction temperature.

Reaction time is a very flexible reaction 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 20

hours.

Upon completion of the reaction, the desired alkylated diphenylamine products can be
isolated using conventional techniques, such as stripping under vacuum or separation

11
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Injection Method Direct injection "on column” Injection Volume | microliter
Column Aligent HP-5 10917-211 length 15m, Nominal diameter: 320
micrometer Stationary Phase 5% Phenyl Methyl Siloxane Film thickness:
1 micrometer Detector FID Integrator Attenuation: 0 Carrier gases

Heli d low: 30 ml/min, Ajr flow ml/min,
Ni PE)J é‘H%m ro ?ﬁ}fg‘v}ﬂ %ﬁﬂﬁfgé Aé‘(, H%p{gmﬁhe particular

50€acﬁcrmmﬁ)iiﬁampeiet@@hhnmmpdﬁtw%abklbjdaﬂémmmta@Ii)&lkylated DPA to

0,
Mte? &"Hiﬂﬁ' minut usct5 Th frltere crud contalng%%%{% to about

nrea e fonene." esf)rrppetlin oVerh&ad “eontamsd 8ve
n(ﬁiewetgﬁh%ébrpbedloneahqaatwﬁsmawadﬁaﬁﬁreﬁybteuﬁfheeughxt’/bﬁtclﬂw

T t It d tripp r as a id. | ains. 0.2 wt%
nrgiﬁaeI %0 oaﬁ)on%ezgo rr?eurt a]OH ﬁ] [ﬁii qct)ﬂﬁe ?%%1 & Bﬁve:[‘:}u@der
WWmmmwh@nyMiph erydam mmm&m% dithenytdifuhenylamineandk8late or

Wt% ri 10 ng [Ir}yflﬁrf@%n lamine. The reaction conditions and results are

seﬁ%1 un 1.2 (First recycle): The reaction was performed

under same conditions as Run 1.1 but nonene was 15 coming from two
SQHHCE ﬁlﬁb @e stripped overhead from example 1 (346.4 g) and, fresh
nonene to bring the charge to a nonene/DPA mole ratio of 4 (404 g). The
product contained 0.4 wt% DPA and 8.4 wt% tri-alkylated DPA. Runs

i r%%r?gg@n%éi Cé; &iéq%gaéfe Ré!%&lné@(?t%%ﬂ[ﬂ&a&%%%@%n‘%%%* ESEE this

but using stripped nonene from the
pravisupeampie nTHe pmmﬁw@smenmnedammdcmth
below 0.8wt% and tri-alkylated higher than 7.4wt%. 5 TABLE | -

Conditions and results for Example | EXAMPLE |
Example I (Runs 1.1 to 1.7)

The reaction is performed in a jacketed SS 2-liter batch autoclave set-up made by
Buchi AG, Switzerland (Model Bep 280). The mixing is provided by a pitched blade
impeller running at 325 rpm. The impeller is driven by a magnet stirred drive. The
temperature is controlled by a Julabo 12 circulating hot oil system, from Julabo
Labortechnik GmbH, Germany. Temperatures and pressures are monitored using a
Siemens AG, Germany Simatic™ TI505/545 PLC interfaced to a PC with

Wonderware Factory Suite from Wonderware, California.

After being purged several times with nitrogen, the autoclave is filled with 251.6 g of
DPA (Aldrich 99%+), 752.5 g of nonene (ExxonMobil, nonene/DPA molar ratio of
4.03) and 50.3 g of BASF F-24 (20% of DPA charge). The F-24 catalyst was
previously dried at 150° C in an oven under vacuum and nitrogen purge. The
autoclave was purged again several times with nitrogen. The autoclave was then
closed. The autoclave was heated and held at 180° C for 10 hours. Then the autoclave
was cooled and held at 150° C for an extra 10 hours. The pressure during reaction
went to a maximum of 38.1 psig. At the end of the holding periods, the autoclave was
cooled to 20-65° C and the crude product dropped out using the autoclave bottom
valve. The crude was weighed and filtered using a Buchner filter to remove the F-24

12
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Run9111.21.31.4151.61.7 Run Conditions Nonene XOM XOM
XOM XOM XOM XOM XOM S/S# 4146 4146 4146 4146 4246 4246 4246
DPA Aldrich Aldrich Aldrich Aldrich Aldrich Aldrich 99+ Aldrich 99 99+ 99+
99+ 99+ 99+ Nonene/DPA Mole Ratio 4 4 4 4 4 4 4 Catalyst F-24 F-24

D A o 5 8 TR R0 SR G B o
20%20342550 BOOHOVS0V B0 % Tenoral (e} 160,180 48460

2 G e R Y T e s oy 10580 10
10 Recycle #0123 456 Recycle Overhead Run#01.1 12131415
1.6 Recygle Gaiglysiit OO 08 eﬁtegy%?q%&ﬁ'y r&ﬁé&r&%@@
Note REBERTERIER - ReorcpRFEd) R&% ecyclé 6 {

1.1) (Rupt2i R ek (Run 1.4) (R, Run 1. 6 onenet 0.20.2
0.40.3 Q:/02.0.5 Nonene Dimeg, 9%%9&1)0571%}9@1 L0 RRA 03
0.40.4050.60.50.6 C; CBDP Q40,303 (pm?si(gtﬂnggpPA
15.9 1941 fatY pAdsd 199 21. %@%wﬁﬁ Sl Fif Q) ﬁqﬁc‘?q?esg

70,8 69.1 TriC9DPA'8.0 8.4 9.6 7.4°Otherst 0.0 0.0 0
0.0 0.0 @y2;Calculated N wt% 3.3:835 3.5 3.5 3.6 3.6 3.6 DPA(Q) 251.6
251.3 251:3,254,4 252.3 255.0 251,5, Make-yp Nonene (g) 752.5 404.0
386.7 38%ri8p80397.0 374.3 REANElE NOneDRm Q)% 83864364

368.6 395.8 367.1 377.4 mi/min, Air flow 400 ml/min, Nitrogen 25
ml/min
Temperature Injector 250 C

Oven: 1) Initial temp: 50C, 2 min 2) Ramps:
10C/min up to 300C 3) Hold: 5 min at 300C
Measuring period 32 minutes

The filtered crude contained 39.9 wt% unreacted nonene. The stripped overhead
contained over 99.5 wt% nonene. The stripped overhead was saved for recyele in the
next batch. The filtered stripped crude was a light amber liquid. It contains 0.2 wt%
nonene, .8 wit% nonene dimer, 0.3 wt% DPA, 0.2 wt% C3-C8-DPA, 15.9 wi%
mono-nonyldiphenylamine, 74.6 wi% di-nonyldiphenylamine and 8 wt% tri-

nonyldiphenylamine. The reaction conditions and results are presented in Table 1.
Run 1.2 (First recycle):

The reaction was performed under same conditions as Run 1.1 but nonene was
coming from two sources: all the stripped overhead from example 1 (346.4 g) and,
fresh nonene to bring the charge to a nonene/DPA mole ratio of 4 (404 g). The

product contained 0.4 wt% DPA and 8.4 wi% tri-alkylated DPA.

Runs 1.3-1.7 (Second to sixth recycle):

13



Catalyst (g) 50.3 50.3 50.3 50.3 50.5 51.0 50.3 Crude Product (g) 899.5
909.1 914.8 900.6 914.0 927.7 924.0 Stripped Product (g) 546.9 540.2
542.7 536.2 539.6 545.7 533.5 % Unreacted Nonene in 39.2 40.6 40.7
40.541.0 41.2 42.3 filtered crude wt% component based upon total
C%‘HQQSAHP&%@]‘%X%@&@Z R oF i 1&%&%% Tﬂsea%oﬁd'“?’g%a{‘ ing stripped
procedures prlma yas se xample Pivete repeate €
pamémmhb@wmswfmmanﬁaMEﬂudzrettﬁ\!heidnmmmmmnheanma's:ted
S I tur 1% % for,about 5 hours and

t
tr%%& er ret?ubsé%o %@én%ﬁ{%% fours. 5U%1‘?%%Icted DPA in the
product content moved consecutively from 0.4, 0.7 to 0.9 wt%. The

5 Pailiguiars fer Fxalnple A A dRPisigH i Table 2, below. 10 TABLE 2

EXAMPLEZ RuUn # 2.1 2:2°2:3 " Run ConditionsgNgRgse XOM XOM XOM

Run #S/SH# 4246 4246 42461 DPA Aldrich 99+ Aldrich 994 Aldrich 99+ 1.6 1.7
Run (Noliéme/DPA Mole Ratio 4 4 4 Catalyst F-24 (Dried 150C) F-24 (Dried
SueF50C) F-24 (Dried 158E) Caig V%;t (wi%8%f DPAJOOY, 200500, XOM XOM
oo Temperature | (©) 8150 Wi reacugffme 115 55 Sitperag B, i
(C) 150 150 150 Reaction Time 2 (h) 5565 Recyg;je #01 Recy
NonefWerhemt: Run # 0 24 2.2 Reeycle Catalyst # 0 040 Recycle Catalyst4 4
Cataly®un # 0 0 0 Note RE€ycle 1 (Rifh 2.1) Rétycle 2FRun 2.2 -Monene' 8:24 F-24
0.00.1 {Dried (Dried (Drie {Dried {Dried {Dried (Dried
150C) 150C) 150C) 150C) 150C) 150C) 150C)
Catalyst (wt% of DPA) 20% 20% 20% 20% 20% 20% 20%
Temperature 1 (°C) 180 + 180 180 180 180 180 180
150
Reaction Time 1 (h) 20 10 10 10 10 10 10
Temperature 2 {°C) 0 150 150 150 150 150 150
Reaction Time 2 (h) 0 10 10 18 10 10 10
Recycle # 0 1 2 3 4 5 6
Recyele Overhead Run # 0 1.1 1.2 1.3 14 1.5 1.6
Recycle Catalyst # 0 0 0 0 0 0 0
Recycle Catalyst Run # 0 0 0 0 0 0 6
Note Recycle ! Recycle2 Recycle3 Recycled  Recycle 5 Recycle 6
(Run i.1) (Run1.2) (Runl3) (Run14) {Run 1.5 {(Run 1.6)
Nonene' 0.2 0.2 0.4 0.3 0.2 0.2 0.5
Nonene Dimer’ 0.8 0.8 0.7 0.8 1.0 0.7 0.8
DpPA' 0.3 0.4 0.4 0.5 0.6 0.5 0.6
Cy-CsDPA' 0.2 0.4 0.3 0.3 0.5 0.3 0.4
CyDPA! 159 19.7 18.4 19. 21.7 19.9 21.2
DiCsDPA' 74.6 70.1 70.1 70.8 66.7 70.8 65.1
TriCsDPA' 8.0 8.4 9.6 8.3 9.3 7.5 7.4
Others' 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calculated N wt% 35 3.5 3.5 3.5 3.6 3.6 3.6
DPA(g) 231.0 251.3 251.3 2514 2523 255.0 251.5
Make-up Nonene (g) 7525 404.0 386.7 382.5 358.0 397.0 3743
Recycle Nonene (g) 0.0 346.4 364.0 368.6 3958 367.1 377.4
Catalyst (g) 50.3 56.3 503 50.3 50.5 51.0 50.3
Crude Product (g) 899.5 909.1 914.8 900.6 914.0 927.7 924.0
Stripped Product (g) 546.9 540.2 542.7 536.2 539.6 545.7 333.5
% Unreacted Nonene in 392 40.6 40.7 440.5 41.0 41.2 423

filtered crude

' wi% component based upen total composition

14
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Nonene Dimer' 0.6 0.7 0.4 DPA'0.4 0.7 0.9 C3-C,DPA'0.20.70.4

CO9DPA' 21.0 25.5 27.8 DIC9DPA'71.5 67.3 65.6 TriCODPA'6.2 5.1 4.8
Others' 0.0 0.0 0.0 Calculated N wt% 3.6 3.7 3.7 DPA (g) 251.5 251.3

250.8 Make-up Nonene (g) 751.0 379.1 370.3 Recycle Nonene (g) 0.0

B%O 3%{99 Igataygttg; .350.350.2 Crude Product (g) 918.9 907.7
918978 ripéegrﬁro' uctTg) 535.2 522.4 513.4 % Unreacted Nonene in

filtered crude 41.8 42.4 44.1 wt% component based upon total

carhpositibnds Exbpipte Bu@RunsrBullyes 8} Followirixdnefirdoederapsatd with
forth in Example 2.the conditions and.results, are set. forth in Table 3. In
e B R R A e e RS et
5 hoursdstiothengougedeteMBof afufer ebabiobihd 66 @nvdsehelfiefarcdivort 101 50
haq T d,DPA ¢ in the product was 0,3 wt%, 0.3 wt%.

g L SR TR RO GOEPA By e BOSEL MR S ey
dépivtédin0Thtl@-3, ekl ohhe i Tt BB FE XAMBUE BaRudei@dd 3021318 2,
Rg&&;&gnditions Nonene XOM XOM XOM S/S# 4246 4246 4246 DPA
Aldrich 99+ Aldrich 99+ Aldrich 99+ Nonene/DPA Mole Ratio 44 4

Catalyst F-24 (Dried F-24 (Dried 150C) F-24 (Dried 150C) 150C)

TABLE 2

EXAMPLE 2
Run # 2.1 2.2 23
Run Conditions
Nonene XOM XOM XOM
S/S# 4246 4246 4246
DPA Aldrich 99+ Aldrich 99+ Aldrich 99+
Nonene/DPA Mole Ratio 4 4 4
Catalyst F-24 {Dried 150C) F-24 (Dried 156C) F-24 (Dried 150C)
Catalyst (wt% of DPA) 20% 20% 20%
Temperatare 1 {°C) 180 180 180
Reaction Time 1 (h) 5 5 5
Temperature 2 (°C) 130 150 150
Reaction Time 2 (h) 5 5 5
Recycle # 0 1 2
Recycle Overhead Run # 0 2.1 2.2
Recycle Catalyst # 0 0 0
Recycle Catalyst Run # 0 0 0
Note Recycle 1 {(Run 2.1) Recycle 2 (Run 2.2)
Nonene' 0.1 0.0 0.1
Nonene Dimer' 0.6 0.7 0.4
DPA' 0.4 0.7 0.9
C;-CsDPA’ 0.2 0.7 0.4
CoDPA’ 21.0 25.5 27.8
DiC,DPA’ 71.5 67.3 65.6
TriC,DPA' 6.2 5.1 4.8
Others' 0.0 0.0 0.0
Calculated N wt% 3.6 3.7 3.7
DPA {g) 251.5 251.3 250.8
Make-up Nonene (g) 751.0 379.1 370.3
Recyele Nonene (g) 0.0 372.0 3809
Catalyst (g) 50.3 50.3 50.2
Crude Product (g) 918.9 9077 918.9
Stripped Product (g) 3352 522.4 5134
% Unreacted Nonene in filtered crude 41.8 424 44.1

T wi% component based upon fotal composition
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Catalyst (wt% of DPA) 20% 20% 20% Temperature | (C) 180 180 180
Reaction Time 1 (h) 555 Temperature 2 (C) 150 150 150 Reaction Time
2 (h) 10 10 10 Recycle #0 1 2 Recycle Overhead Run # 0 3.1 3.2
Recycle Catalyst # 0 0 0 Recycle Catalyst Run # 0 0 0 Note Recycle 1
(Run Recycle 2 (Run 3.1) 3.2) Nonene' 0.1 0.1 0.1 Nonene Dimer' 0.6
0.6’ BPISPARSS0°3 3% €} C8DPA’ 0.2 0.2 0.3 CIDPA' 17.1 17.1 20.9
DICO9DPA' 75.1 75.1 70.1 TriC9DPA'6.56.5 7.6 Others' 0.0 0.0 0.0

Calgulated N wt% 3.5 3.5 3.6 DPA (g) 251.3 250.8 251.0 Make-up
Nﬁfﬁfﬁa‘éﬁ%% PesE %%%O‘ng‘&}%@lﬂ%%e%@@oﬁ U gng7gsglts are st
Catalyst {35033 BORHOple CrudeRratuet (r@hrpe%ﬁ;.@ 9%% AgBiripeac180° C for
Produc - 534.1 538.7 % Unreacted Nonene in filtered 40.1.41.6 40.6
e B e A e T BB L AT o, G e Bpout 10
Ekampl@i (Rens®BdDPA Shikis cothparativetaxaniemas e rfatmaeiin.s wi%,
imilar fashj E le 1, but at 3. 5 reaction temperature of 150 C
RS, LR AR o i BHOE R s YA (LBCEAIA Gl

156146 .hours). The DPA content of the product moved from 0.3

TABLE3
EXAMPLE 3
Run # 3.1 32 33
Run Conditions
Nonene XKOM XOM XOM
S/S# 4246 4246 4246
DPA Aldrich 99+ Aldrich 99+ Aldrich 99+
Nonene/DPA Mole Ratio 4 4 4
Catalyst F-24 (Dried F-24 (Dried 150C)  F-24 (Dried 150C)
150C)

Catalyst (wit% of DPA) 20% 20% 20%
Temperature 1 (°C) 180 180 180
Reaction Time 1 (h) 5 5 5
Temperature 2 (°C) 150 150 150
Reaction Time 2 (h) 16 16 10
Recycle # 0 1 2
Recycle Overhead Run # 0 3.1 3.2
Recycle Catalyst # 0 0 0
Recycle Catalyst Run # 0 0 0
Note Recyele 1 (Run Recycle 2 (Run

3.1) 3.2)
Nonene! 0.1 .1 0.1
Nenene Dimer' 0.6 0.6 0.5
DPA' 0.3 0.3 0.6
C5-CsDPA' 0.2 0.2 0.3
CoDPA' 17.1 17.1 20.9
DiCsDPA' 75.1 75.1 70.1
TriCoDPA! 6.5 6.5 7.6
Others' 0.0 0.0 0.0
Calculated N wt% 35 3.5 3.6
DPA (g) 251.3 250.8 251.0
Make-up Nonene {g} 751.0 385.0 373.1
Recycle Nonene {(g) 0.0 364.1 376.8
Catalyst (g) 50.3 50.2 50.2
Crude Product (g) - 915.0 907.1
Stripped Product (g) - 534.1 538.7
% Unreacted Nonene in filtered 40.1 41.6 40.6
crude

' wt% component based upon total composition
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to 1.2wt%. The particulars for Comparative Example A are depicted in

Table 4, below. TABLE 4 COMPARATIVE EXAMPLE A RECYCLE LOW
TEMPERATURE Run # A.1 A.2 A.3 A4 A5 Run Conditions Nonene
XOM XOM XOM XOM XOM S/S# 4146 4146 4146 4146 4246 DPA
Aldrich 99+ Aldrich 99+ Aldrich 99+ Aldrich 99+ Aldrich 99 Nonene/DPA

(TR R B0 Habe) hs0c)

d F-24 (Dried F-24 (Dried F-24
50C) 1500) Catalyst (wt% of

DPA) 20% 20% O% 20% 20% Temperature | (C) 150 150 150 150 150

Rﬁlctlon T|m 20 20

T|me zc?ﬁ%‘%

SOt

S

raIur
s1m
eCytié

o
ver

0. Reagion,

Ar@aAt@zAtanﬁmmﬁaﬁwﬁ 0D b, Retycle CatalystRunt#efaPefalires

aREEOS P13

Nonene

un A(f?F?:I%{She

rgxol%% @%%/Cé%% Ignene

Etglmerp X

%d3fr0m 0.3

O 2 0.2v07%. M@t&(ﬂf&@f@r Lonparad8eC3BRAlOA Belepict:d . Table 4,

nggﬁ 16.7 23.3 25.8 32.3 31.7 DIC9DPA' 77.2 70.6 68.7 63.0 63.4
TriCODPA' 4.8 4.7 4.4 2.9 3.2 Others' 0.0 0.0 0.0 0.0 0.0 Calculated N
1A E46373838
COMPARATIVE EXAMPLE A
RECYCLE LOW TEMPERATURE

Run # Al A2 A3 A4 A5
Run Conditions
Nonene XOM XOM XOM XOM XOM
S/S# 4146 4146 4146 4146 4246
DPA Aldrich 99+ Aldrich 99+  Aldrich 99+  Aldrich 99+  Aldrich 99+
Nonene/DPA Mole 4 4 4 4 4
Ratio
Catalyst F-24 (Dried  F-24 (Dried F-24 (Dried F-24 (Dried F-24 (Dried

150C) 150C) 130C) 150C) 150C)
Catalyst (wt% of DPA) 20% 20% 20% 20% 20%
Temperature 1 (°C) 150 150 150 150 150
Reaction Time 1 () 20 20 20 20 20
Temperature 2 (°C) 0 0 0 0 0
Reaction Time 2 (h) 0 0 0 0 0
Recycle # 0 1 2 3 4
Recycle Overhead Run 0 Al A2 A3 A4
#
Recycle Catalyst # 0 0 0 0 0
Recycle Catalyst Run # 0 0 0 0 0
Note Recycle 1 Recycle 2 Recycle 3 Recycle 4

{Run A.1) {Run A.2) (Run A.3) (Run A.4)

Nonene' 0.5 0.1 0.1 0.1 0.0
Nonene Dimer' 04 0.3 0.2 0.2 0.2
DPA' 0.3 0.8 0.8 1.2 1.2
C3-CsDPA' 0.1 0.2 0.1 0.3 0.2
CoDPA' 16.7 233 25.8 32.3 317
DiC,DPA’ 77.2 70.6 68.7 63.0 63.4
TriC,DPA' 4.8 4.7 4.4 2.9 32
Others’ 0.0 0.0 0.0 0.0 0.0
Calculated N wt% 3.5 3.6 3.7 3.8 3.8
DPA (g) 251.0 251.3 251.4 251.3 251.6
Make-up Nonene (g) 750.6 3835 390.0 3984 3388
Recycle Nonene (g) 0.0 368.2 363.0 356.0 413.0
Catalyst (g) 50.2 30.3 503 503 50.3
Crude Product (g) 8959 929.0 922.4 915.2
Stripped Product (g) 528.8 520.2 503.6 504.2
% Unreacted Nonene in 40.6 41.0 44.0 45.4 44.9
filtered crude

' wtt% component based upon total composition
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DPA (g) 251.0 251.3 251.4 251.5 251.6 Make-up Nonene (g) 750.6 383.5
390.0 398.4 338.8 Recycle Nonene (g) 0.0 368.2 363.0 356.0 413.0
Catalyst (g) 50.2 50.3 50.3 50.3 50.3 Crude Product (g) 895.9 929.0

922 4 915.2 Stripped Product (g) 528 8 520.2 503.6 504.2 %Uneacted

en%llgné‘?o$ 41, 0 4%21[6%? tered crude 10 ~ wt% component
bas upon mpo Ion mparative Example B (Runs B.1-B.3)

The comparatlve example was performed similar to Comparative Example

ragyr S maintal 180 C/20 hours a
/o ca yst Ul%%i%?cgrﬁén mvé?/%“ (gghnsne%ﬂ%\?ﬁo?r%am X hgl 3”5%% 'fgm the

Th@gwndamrmu@mpmamn@am&é’ E@ﬁékdzepmdl 1@W@t’oleaﬁa,lyst DPA
bel HT .

R B B R L and Romari XM KoM S Gy gerave
AFaemplecB BiR Aloridivchiodabdddridielonn Aldrich 99+ Nonene/DPA Mole
Ratio 555 Catalyst F-24 (Dried F-24 (Dried 150C) F-24 (Dried 150C)
150Gy Eatalyst (wt% of DPA) 10% 10% 10% Temperature 1 (C) 180 180

180 Reaction I'ime I (n) 20 20720 " Temperatdngpa Karb/g gxmﬁg@gn

Time 2(h) 000 Recycle#0 1 2 Recycle Overingiad BRMrERZABRE B.2

RBeyéle Catalyst#000 B.1 B.2 B3
Run Conditions
Nonene XOM XOM XOM
S/S# 4146 4146 4146
DPA Aldrich 99+ Aldrich 99+ Aldrich 99+
Nonene/DPA Mole Ratio 5 5 5
Catalyst F-24 (Dried F-24 (Dried 150C)  F-24 (Dried 150C)

150C)
Catalyst (wi% of DPA) 10% 10% 10%
Temperature 1 {°C) 180 180 180
Reaction Time | ¢h) 20 20 20
Temperature 2 (°C) 0 0 0
Reaction Time 2 (h) 0 0 0
Recycle # 0 1 2
Recycle Overhead Run # 0 B.1 B.2
Recycle Catalyst # 0 0 0
Recycle Catalyst Run # 0 0 0
Note Recycle Start Recycle | (Run Recycle 2 (Run
B.1) B.2)

Nonene' 0.1 0.12 0.17
Nenene Dimer’' 0.9 1.1 13
DPA' 0.8 1.1 1.3
C3-CsDPA' 0.3 0.5 0.4
CsDPA' 19.3 21.5 23.3
DiC,DPA’ 714 68.8 66.5
TriC,DPA’ 7.2 7.0 6.9
Others' 0.0 0.0 0.0
Calculated N wt% 3.6 3.6 3.6
DPA (g) 226.4 232.1 225.7
Make-up Nonene (g) 847.0 380.7 329.0
Recycle Nonene (g) 0.0 4873 513.8
Catalyst (g) 22.6 232 22.6
% Unreacted Nonene in fillered 49.7 50.5 512
crude

' wi% component based upon total composition
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Recycle Catalyst Run # 0 0 O Note Recycle Start Recycle | (Run Recycle
2 (Run B.1) B.2) Nonene'0.1 0.12 0.17 Nonene Dimer' 0.9 1.1 1.3 DPA'
0.81.11.3 C3-CBDPA'0.30.50.4 C9DPA'19.3 21.5 23.3 DICODPA'
71.4 68.8 66.5 TriCODPA'7.2 7.0 6.9 Others' 0.0 0.0 0.0 Calculated N
Wkoég 3.6 3t6vg" Xl%lgﬁle(ﬁ é@%gé?fgclzj%] Make-up Nonene (g) 847.0
380.7328.0 ecycle Nonene (g) 0:0487.3 513.8 Catalyst (g) 22.6 23.2
22.6 % Unreacted Nonene in filtered 49.7 50.5 51.2 crude wt%
C%H&O%%Fé%%ﬁ?ﬁ&%%” fotal.composition, 10,18 Gomparatvg. Examele &,
(Runs C.I-C. IS co%paratﬁ?e example was per ormed in a Simifar
fasbioncals Exampleratibot hdPBAsiDPA motarlratio b3 ThPgarioved fiam
0. - igulars fo lye le C are depicted in
Taét(}lgl %?pgté%ﬁggf%g%g & %‘%%%%@%%“%%@%5\%5 MOLE RATIO
Run # C.1 C.2 Run Conditions Nonene XOM XOM S/S# 4246 4246
DRAAIdrch 99+ Aldrich 99+ Nonene/DPA Mole Ratio 3 3

COMPARATIVEC

CHARGE MOLE RATIO
Run # C.1 C2
Run Conditions
Nonene XOM XOM
S/S# 4246 4246
DPA Aldrich 99+ Aldrich 99+
Nonene/DPA Mole Ratio 3 3
Catalyst F-24 (Dried 150C)  F-24 (Dried 150C)
Catalyst (wt% of DPA) 20% 20%
Temperature 1 (°C) 180 180
Reaction Time 1 (h) 10 10
Temperature 2 (°C) 150 150
Reaction Time 2 (h) 10 10
Recycle # 0 I
Recycle Overhead Run # 0 C.1
Recycle Catalyst # 0 0
Recycle Catalyst Run # O 0
Note Recyele 1 (Run C.1)
Nonene! 0.1 304
Nonene Dimer’ 0.4 0.4
DPA’ 0.6 1.0
C5-CeDPA' 0.3 0.3
CoDPA' 21.3 18.9
DiC,DPA' 69.7 44.7
TriCoDPA' 7.6 4.4
Others' 0.0 0.0
Calculated N wt%o 3.6 2.6
DPA (g) 3258 326.5
Make-up Nonene (g) 732.0 460.2
Recycle Nonene (g) 0.0 2719
Catalyst (g) 65.0 653
Crude Product (g) 953.2 948.5
Stripped Product (g) 674.6 665.4
% Unreacted Nonene in filtered crude 29.2 29.8

" wi% component based upon total composition
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Catalyst F-24 (Dried 150C) F-24 (Dried 150C) Catalyst (wt% of DPA)
20% 20% Temperature | (C) 180 180 Reaction Time 1 (h) 10 10
Temperature 2 (C) 150 150 Reaction Time 2 (h) 10 10 Recycle #0 1
Recycle Overhead Run # 0 C.I Recycle Catalyst # 0 0 Recycle Catalyst
ng?q #00 Nv%t %e%igégl (Run C.1) Nonene'0.1 30.4 Nonene Dimer'
0.4 U BBAG L8 C3-c,.DPA 0.3 0.3 CODPA' 21,3 18.9 DICIDPA’
69.7 44.7 TriCO9DPA'7.6 4.4 Others' 0.0 0.0 Calculated N wt% 3.6 2.6

D 6 -up_Ng@nene 732.0 460.2. Recycle Nagnen

o) B e R D R A T g SRS B
Stinipiged Hrotlogta(§y6high €65dralsrt) ﬁvéam@iin@dﬂithen@d crogherature;
2%5%%2ﬁﬂé¥5%9%%8@?{99? Q%‘Egéjgl?@t{ﬂ%@lacl%r% Rl %Pat]ig :.L%hus the conditions
Comparative Example D This comparative exarfiple was performed in' a
simtdnizahio ssTExploxanple inbtsading ading kofirstiighatempdraiore/10
folowed.Ry-ALeie At pecanth LRMBe AR s RATBASRARIPN 1 2wes,

temperature and thena high temperature. Thus the conditions
Recycle was not attempted due to the unsatisfactory DPA content.

COMPARATIVE EXAMPLE D
Run # D.i
Run Conditions
Nonene XOM
S/S#H 4246
DPA Aldrich 99+
Nonene/DPA Mole Ratio 4
Catalyst F-24 (Dried 150C)
Catalyst (wt% of DPA) 20%
Temperature 1 (°C) 150
Reaction Time I (h) 10
Temperature 2 (°C) 180
Reaction Time 2 (h) 10
Recycle # 0
Recycle Overhead Run # 0
Recycle Catalyst # g
Recycle Catalyst Run # 0
Note
Nonene' 0.1
Nonene Dimer’ 0.9
DPA' 1.2
C5-CsDPA! 0.3
CyDPA' 21.2
DiCsDPA' 67.2
TriCsDPA' 9.0
Others! 0.0
Calculated N wi% 3.6
DPA 250.8
Make-up Nonene 750.0
Recycle Nonene 0.0
Catalyst 50.2
Crude Product 908.3
Stripped Product 532.0
% Unreacted Nonene in filtered crude 41.4

" wi% component based upon total composition
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20

30

are largely the same as in Example 1, but using a first low temperature of

150 C/10 hours and a second higher temperature of 180 C/10 hours.

DPA content is 1.2wt%. Recycle was not attempted due to the

unsatisfactory DPA content. in 'U COMPARATIVE EXAMPLE D Run #

B HARUSEIRINGAR Nonene XOM S/S# 4246 DPA Aldrich 99

Nonene/DPA Mote Ratio 4 Catalyst F-24 (Dried 150C) Catalyst (wt% of
DPA) 20% Temperature | (C) 150 Reaction Time | (h) 10 Temperature 2
(C) 180 Reactioioreseior(pepaing eyt o Wchpsarveine SR FPRsgeutive

Recycle Catalyst %ﬂe&ﬁﬁy&!ﬁn&%ﬁ&%ﬁ%lg}&&swﬁﬂﬂ@ﬂﬁnet 0.1
Nonene Dimer' 0.9 DPA'1.2 C3-C,DPA' 0.3 C9DPA' 21.7 DiCODPA'

67.2 TriCIDPIRcoveripEessloneaee Eisy a0 arsh 3% iy zedrylation
Make-up Nonepe- ¢80 & nonene with diphenylamine;

b) charging diphenylamine and recovered residual nonene from step a)
with nonene or isomeric nonene to a reactor with an acid clay catalyst;

¢) heating the reactor to a first temperature of from about 175° C to about
200° C in the presence of acid clay catalyst under reactive conditions
for a suitable period of time to alkylate a majority of charged
diphenylamine;

d) reducing the reaction temperature to a second temperature of from
about 140° C to about 160° C for a suitable period of time such that the
total composition contains less than about 1 wt % of unreacted
diphenylamine;

e} repeating steps a) through d).

2. The process of Claim 1, wherein the recovered residual nonene is from
about 25 to about 60 mole percent of the total nonene charged to the

reactor.

3. The process of Claim 2, wherein the recovered residual nonene is from
about 40 to about 60 mole percent of the total nonene charged to the

reactor,

4, The process of any one of the preceding claims, wherein step ) 15

repeated a plurality of times.

Lh

The process of Claim 4, wherein step €) is repeated 3 or more times.
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20

25
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Recycle Nonene 0.0 Catalyst 50.2 Crude Product 908.3 Stripped
Product 532.0 % Unreacted Nonene in filtered crude 41.4 wt%
component based upon total composition 15 20 WHAT IS CLAIMED IS: 1.

A process for preparing an alkylated diphenylamine using consecutive
recyéle of recoVBpaf SR ABARARNPrOCRSSPERFABIS AT WhetsiR i giep D) the

residual noppe fiom ARASIEraRnSaIaNAad AlksiatiaBnisasinnafneReDS.

with diphenylamine; b) charging diphenylamine and recovered residual
nonene from step a) with nonene or isomeric nonene to a reactor with an

acid glay catalyste sRealinodherencip!eia fil stde MPBEAtHES RO ratio of
about 175 C to about 10 200 C in the presence of acid clay catalyst u der

reactive coddmisRELBINE &ieiBlaprsrsdibiigmeksWikdyhte a majority of
charged diphenylamine; d) reducing the reaction temperature to a second
temperature of from about 140 C to about 160 C for a suitable period of

time $uch that tHE AB4E8 CLSMPIBHRE RTAFTSTRE S HER - AHRTED Ht F5ie) the

unreacted gdiRbpaviRMe: B)FeReaing sPalthmugh d). 20 2. The
process of Claim 1, wherein the recovered residual nonene is from about

25 to about 60 mole percent of the total nonene charged to the reactor. 3.

The process ofiGlaiifbde e @i Hhe, reBexaregsesiduat RONNSUSHERIN percent
25 about 40 to about 60 mole Pﬁergent of the tqtal nonene charged to the
reactor. 4. THEHIRVLLEMHEHAE GRbRPBIRIBLSing claims, wherein step
e) is repeated a plurality of times. 30 5. The process of Claim 4, wherein
step e) is repeated 3 or more times

P 13. P The process ofe da,im 8, wherein the catalyst is 10 weight percent or

greates.

11 The process of Claim 10, wherein the catalyst of step ¢) is the same

type of catalyst employed in step a).

12. The process of Claim 9, wherein the catalyst is a powder grade, acid

activated montmorillonite clay.

13. The process of Claim 9, wherein the powder catalyst has an average

particle size about 30 microns.

14, The process of any one of claims 9 to 13, further comprising thermally

treating the catalyst prior to use.

15. The process of Claim 14, wherein thermal treatment removes

substantially all of the freely associated water from the catalyst.

16. The process of Claim 14, wherein catalyst 1s regenerable.

22



Ju—
(]

15

20

25

21 6. The process of any one of the preceding claims, wherein in step b)

the charge mole ratio of diphenylamine to total nonene is from 1:4 to 1:6.

7. The process of Claim 6, wherein in step b) the charge mole ratio of 5
diphenylamine to total nonene is from about 1:4. 8. The process of any

one dfthe precébingretaimnal eiyeresnohitbepregotiasisimsaisbertinaaisl process
from about @&&%&8@@5%&%@(3@%%%ng_laim 8, wherein the
catalyst is 5 to 20 weight percent ‘based upon the weight of

diphenylamine. 10. The process of Claim 9, wherein the catalyst is 10

Weig'i‘épercent?ﬁq%ﬁ%&%ﬁ-%ﬁlﬂ@&ﬂf& é&f%%@ﬁhﬁ?;fﬁ’ﬁﬁé?% ising

catalyst of step c) is the same type of catalyst employed in step a). 12.

The proces&esprgting dkyliatabhrhaylaning 1sasponrredyrtideomde mactor.
activated montmorillonite clay. 13. The process of Claim 9, wherein the
powder catalyst has an average particle size about 30 microns. 25 14.

The pfocess of AmyasiHet sreraigsagaer dmatptHis RIesRsk shpthemflthe
treating the GRIQIHPEIRMIQ. use. 15. The process of Claim 14, wherein
thermal treatment removes substantially all of the freely associated water
from the catalyst. 30 16. The process of Claim 14, wherein catalyst is

regengrable. 22yl/phhecpiRsess LhamAne ©f sipreseding Ak ylated
wherein said process is conducted substantiallg; free of halogens. 18. The

process of éj@b&%%lﬂlﬁé gﬁ%@&ﬁg@gﬂﬁgn %Wg% agout 15 to about
recovering alisyiateddiphanylaming JeseiiensadusisfermdiBseasireight % for

19. A product prepared accaording to theé)rocess of any_oneﬁof the .
preceding ciafiatkylsts: b IRBtRRE Hre parkectd it camthegrialkylate.
wherein the alkylated diphenylamine product is characterized by having

from about 15 to about_ 30 weight % for the mongalkylate; from about 65
to abdht 75 Weigh? P5q@pet prepared according to Claim 20, wherem the alkylated

diphenylamine product is characterized by having from about 15 to about
25 weight % for the monononyldiphenylamine; from about 65 to about 75
weight % for the dinonyldiphenylamine; and from greater than about 7 to
about 10 weight % for the trinonyldiphenylamine.

22. The product prepared according to Claim 21, wherein the

trinonyldiphenylamine content is greater than about 8§ weight %.
23. A lubricating oil composition comprising 8 major amount of an oil of

lubricating viscosity and a minor amount of the product prepared

according to Claim 20.

23



i0

the dialkylate; and from about 5 to about 10 weight % for the trialkylate. 15
21. The product prepared according to Claim 20, wherein the alkylated
diphenylamine product is characterized by having from about 15 to about
25 weight % for the monononyldiphenylamine; from about 65 to about 75

weight % ferTthe@inpoyidip eORERON PRA ¥ /D IAART AN AbANE tRING
about 10 weight % for the trinonﬁldiEhenEIamine. 20 22. The product

prepared accordiﬁ@%‘@&iﬁw@f QI%WMB% Hikdes

content is greater than about 8 weight %. 23. A lubricating oil composition
comprising a major amount of an oil of 25 lubricating viscosity and a

minor amount of the product prepare%lB§cTc%?b%E to Claim 20. 23

METHOD TO PREPARE NONYLATED DIPHENYLAMINE USING

RECY.CLE AND.SEQUENTIAL TEMPERATURES ABSTRACT _The .
presentRVEITOAEREEE 183 BB S5 Do RHRTHbh L ed diphenylamines
diphenietringsowhishhinpIeYgs NoneRelnsegel byuaay GingpRAGEaUSI@om an
stripped].nonene from an earlier process. The process comprising
consETUVE TR e’ GF RIESTET EARIIINE CRISGTILIG&EF ¥t 'S Setfivriie nonene
two stepoieingedattisescqaatitn thamely anperesevere fempeiative: more severe
followed by a lower. temperature. The product prepared. by this process is
gt et S e AR

process 1s a useful antioxidant for lubricating oil compositions.

(no suitable figure)
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