METHOD TO PREPARE NONYLATED DI PHENYLAM NE USI NG
RECYCLE AND SEQUENTI AL TEMPERATURES FI ELD OF THE

I NVENTI ON The present invention relates to a process
for preparing nonyl ated di phenyl am nes which inproves
nonene usage by recycling and reusing stripped
unreacted nonene froman earlier process. The process
conpri ses consecutive recycle of recovered nonene is
conducted at a sequential two step tenperature
reacti on. The nonene 5 al kyl at ed di phenyl am ne product
m xt uUMEETHOD T€ePREPARE NONYDA T2 DIRHENY LAMANE USING
| ubri cat i ng REXTYOEIR AND. SEACKBROMND TEMFERATORES| ON
10 Al kyl ated di aryl am nes, such as al kyl at ed

di phenyl am ne, are well known in the art and function

aFIRLAPOF EREINVENTIORX! dants in a wide variety of

organic materials, Including, anong other organic
' s.daneral oil deriv | ubricants .a . .
o F pisBod infEn6h RapLlo 1FO034S Sorn iR 3RS cinpgpyiamines

c elhiuheiehprad ey inBndicad et by(@tyclibg whd 28isfop shipHed Gnfeacte®Wonene

concentration of unreacted di phenylam ne is desirable
PTG RRkR Profess L Big Pracsss comprisgpeasnsecutixg kapygleiobfecgvered

di . . . . Lot :

R et o e o R Y e Ereele o R

k aldwhatdadrdipieayBntine fipduc ahikjoreisraasefid dntiakidane shea pided 10 a

MG%H resent in objectionable anpbunts has been renoved

b OHFYHERPMROHY P at ur e, hi gh vacuum distillation of

the crude product. These distillation techniques,

made necessary by the high boiling points and

t BAGKRGROUNDOBIHE INYENTIONe products are expensive

process steps and |lead to further product |oss. O her

t echni ques have used to reduce the anobunt of unreacted

dADGeAyd difiylaninke fsuﬁ%@@ﬁﬁateﬂﬁ%ﬁh@ﬂﬂmﬂﬁié?a@ heBOtRGmtif the art

using extrenely large excess of alkylate in conparison

t @@gnfw asispbelingrsegriantioxidargs irrmwideNariety, of @sge@iomaterials,

e, bl e DL A e D B s

alukyitaite Ih thingiplitationra Hght colored liquid produet-(at about 20° C) having a
particul arly c?st effectjve. Recycling of alkylate has.
blextrcopreETatinn of unrcpgted dighenylamne 33 dasirable fey anyismher phpractical
| Querreactivity than the starting alkylate partly due

to rearrangenent. products being fornmed and the

al kyl ati on agent can be hal ogenated by the catalyst

in. Friedel.-Crafts al kyl ati.on. nmmonl y, the unreacted
Ay laon of dEruies S&ébe?f igpengiagERc A oleli BrieS Biesmce of
amithbielaBeyl HOWRYAIy sESP X3 iKkRGwH RO thelafe T?ﬁilcﬁlgeﬁhreé‘&&f ent
these alternative uses may be limted U 'S Pat. No.
JligEnybaenedeben ptssent itebjegrompbleatiountsdias hean retmoved b high
%Qm%%r% e flghdxlz W63 aASh of t?l%)c{'ruocfg%}oduct. These distillation

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 excess of alkylate in comparison to
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
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nonyl di phenyl ami ne and about 2% unreacted

di phenyl am ne using Friedel-Crafts alkylation in the
presence of Lewis Acid catal ysts wherein Al Cl3 and
ZnCl2 are 10 mentioned as suitable catalysts. Lew s

Aci d. catal ysts_ are sonewhat unde3|ra l e,

mR§UC YFBStr‘?ng Reriling of gl a5 g een %rﬁa{éaﬁ@c{%e residual
dek e t

B A OB T A o

e nqallmaygemm prqoluets @ﬁmggblrnwtﬂml)th@ﬁikylaaom wsht ¢4 be halogenated by

SRR Pt Er Dot CoRRaty thaug n?ﬁ%#ﬂ%ﬁg 1 been
Uued 1BabtheMNpplidatihs sdchZas(thap Howeobr & eﬂdlhg d e Ralobn

step process whereby alkylatlon of di amne wth
r é@lﬁ@mt\r@sy alternativer yspmey bf |11nytedsucﬂq Pah Os edé%@éﬁ gescribes the

Fé@ P&?Img ﬁf)% eac [ oorjlEJ Spmm/te ﬁl?noé%?dép Heﬁ é\i\?‘? r?ig%os to
s navsddigkertylenine aedhationd 2 ¢ r:lhﬁﬁ@tk@ﬂiphalylﬁﬁi‘mefufsmg|F$1@del Crafts

te; res 20 the use of acid activated clay as an
al

HOR Bhihe Bresencsiot daway 4eid C@@lﬁ&sﬁw@@ntﬁr{@h&@é.% are
I
4%%01%% f@ rSl?lt&%}[é%ﬂ!tEﬁ%été’ Iieﬁsggﬂgféi dé )Lgtstsaerg gﬂ{és ! 'ungesuable, since
othen oiagyi leadctio daglogen sloy sif shet prodihdt yhahdme @i defgeee if @rocass watelr
furth dI ches that a light 25 colored, liquid

ﬁﬂ§ B¥HGALR%: od by process conprising reacting

the alkylatlon reactants within certain nolar ratios
and tenmperature ranges for a tinme sufficient to

ehﬂsmdléferméamrka,qha@@mnpnlamlo)@dﬁowmsadrgssohummez@mVed

HBPER RN FRIE RACAT Ravonb e iy S LR Eolthe Bkylagthe

am&bai:tédkﬁphér@[dﬂfﬂhd: QDSOPatCNMSZ o3 1 E@opsPlet 8 )RERBLCE Svo step
whi ch are not advant a%eous in terns of ease 30 of

hRfeesss Rgieraby alaprsionaf diphendawingguitihredativebiorseactive elefins, such
Fogel c&rﬁ%né ?ecifeg ?url;u? 4Pfne § Eﬁ; 14 foﬁg‘%' d %—9 3.1? Elkp'lattmn reaction with

crysta fon-issue is cern

Chinpi‘ea'ﬂadtarmolw’mmd ti:avdige&bebwhyhc&étbdlphdlyﬂaﬁmae IIR@SﬁT also teaches
ncern mgf ng no in addressin

n enplo
(e Uspikackt aiveRd © %ﬁﬁérﬂyaﬂa}aélaarrwa%ﬁatélﬁ’ﬂéetamevet e desired
q@éﬂtg&ogant from di phenyl am ne and dii sobutyl ene that

l[iquid at roomtenperature, Lai in US. Pat. Nos.
5 672,752 and 5, 750, 787, teaches processes for

Sty Okl LA NG b ot 1 e aT el the us

Tcﬁ%%ﬁh@cl@i ORRTSS fo ARyldeSHD ?I&nnﬁ@hﬁpﬁlkﬂ&@ﬂ r)éadh%§ tHat a 1iBht

a hi gher proportion of nonoal kyl ated di phenyl am ne
anedored. | liswiest prpdegs orayi herpregfareshisubrotéss womgrising newiing thermgkylation

b d b
R R Bty B R IR i for i sptficient o
Gdpkare hd d1RyldRa ipf@Thct ddiidifk REOHEE D5 %tdidkylatet @qﬂfenﬂhﬁﬁﬂdﬁ This
to di phenylam ne in the reaction m xture, toget

leWfPWI@&EW @ﬁﬂlﬂkﬁb@dﬂm@ymnq isidisclosed aprscessaty togvoid the

B St Tl il LAk SREnb I aious in terms ofcse

dif hlaedijdgatrispoantibng seerge and heorfpdladnyinteehe hibstrate to be

nmonooct yl.di pheny| am ne based on
stab?l?zed 'l' his grysta}/llzatln(])n 1ssueals a concern when alkylating diphenylamine with

dusobutylene and is a lesser concern when employing nonene.
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the total weight of the di phenylam ne and al kyl at ed
DPA. In U S Pat. No. 6,204,412 (Lai) Lai discloses
yet another nethod of al kylating 15 di phenyl anm ne to
obtain a light colored, liquid product, which

e second

rls% a.t ste thod wherein,.int
s P9 10 20gheSiney g SEE proRlem LY, dremring 31 e Atlpxidat from

c ﬁfﬂh@hﬂhlﬁﬁle%@ hﬁgbﬂm&emmg hthu&‘a@m&ay{eﬁrpera&ﬁegw lin @3S, Pat.

ha-ol efin of di scl osed fornula) to scavenge or

goiaﬁi'iia'é‘i?amm 5@f7 8Urieashes p_race;ssmng&kalmir@diphemgnine with
5,672, and

'pfl 58 Slngy gl it e pigE of Bl iy s

t pﬂj@&is&i & discléved, sfe%%ﬁ%l? Resalt AR 8 hadher piop6ities & nihoalkylated
|nportant to obtain the desired _al kyl at ed

e%glmawr«ﬁa phaversopqrion af wnsubgiwied dipbendeming andjog,
|
J pﬁb O t é#ﬁolgns%%ﬁt Q di S%h%B% %mﬂes dTI‘?e%%; ﬁgt@%tfv. 2%@45 §§§8P)ge that to

exce onene 1 n

anbtami the dmnteh lignid produchehetmiend eledih ta dfphesylpmtednitioe reaction
aC|d The ﬁrtlcular co 03|élon is defined b¥
u’ﬁ?ePchS th zeagtian E%‘T*R?FP& 15§Pa bHe lFrBP%OrEi’&F tq &ty QPF%P““

dﬁﬁ)ktﬁl%%*ﬁiflegﬁhhﬂ QS%Qiloéf?lH%)hEH%&nﬁlefsle% B¥%n QS‘%%nreacted
trinonyl di phenyl am ne Y OF THE | NVENTI ON 30

Téiphemydanine ahdigeater thanr5dPabeweight tmopogutyddiphenylaninefbased on

Y SRR B Byt S LEERES Tecy ol g

recovered resi dual nonene and enpl oyi ng two distinct
reaction tenperatures. Advantageously, 3 the nonene
uldgé. ?ﬁtoNogg RO94.413 Gral)oﬁﬂaldlmh@p@mmlm?r mnethpdrpf ielgting

a 0 Qr

{l}gh&l lanin 'tc? %‘t\?/tgg{%ﬁ%ﬁ 881 H;:%I ﬁ%lgléi gPC{JuSF V\;hlcélccg é)rg v¥d step

pmetmad wgred ia tﬂe)deailﬁlchtelf) adedund Rydfmnt aédadsb Mlg: reaction mixture
consecut|ve recycl e aqf .recovered nonene, said process

cenmprniag diphenylamme and diiseputelenci@as/on amalzha-pledim of fhedipgosed
dfl~ D gfa (PACX';&%G %%F%l)lll@é Lg%moﬁﬁ?i?dfdng&c%d 9Eni'gﬁé 1} the product

am ne; argi ng enyI
r Aswithrled. PatsNok al678 e nendf 5,950 Q?e ppeajfic mo]bhammmges oaction
[ [ th an acid cl

ERTFnSs s eatTion firtbs i heelan TpOoE g o the desired
teﬁmq%amﬁhenﬁsmiﬂe%@pﬁaﬁldJa?émﬁl {ethpeRauE, 200 Cin the

presence of acid clay catal yst under reactive
conditions for a suitable period of tinme to al kylate

i PRLNDH S aTarEl of 8 S B R b et oxces

ficdBhe bR preddie 6f bR adiBebith ARDin@hé MWseceSofial fad RofdBId R4U. The
of tinme such that the total conposition contains |ess

tEiCUAES cgmpesifipn o5 defineth b ak aved Pesepirdmygaa shmpmatograph, more
particularly defined by having not more than 3.5 % by area trinonyldiphenylamine.

SUMMARY OF THE INVENTION

The present invention relates to the preparation of alkylated diphenylamine
anttoxidant compositions using nonene as the alkylating reagent, recycling recovered

residual nonene and employing two distinct reaction temperatures. Advantageously,
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20 e) repeating steps a) through d). The process of
the present invention | eads to an al kyl at ed

di phenyl am ne product which is liquid at room
tenperature and at nospheric pressure. The consecutive

recycle of nonene.to.the.reactor can be sequential and
o fiapiogene uee or Ak ularion oL HpRSIAmIRE) is Jmprove ARLCO RIS
f@Fplﬁ%@img&y%bﬁeﬁt_ a) through d) can be repeated for
mul'ti ple sequences. Preferably, step e) is repeated

three or nore tinmes. Typically, the process is

t qr.m nat t { phenyl am:ne_ | te
SRS SRR LSRR AL AP AT PR e
adiphendarhine usidguWohsechiie: 1oy efketd@red imehd)ishidgdrodess.

30 Enpl.oyi ng recycl ed unreacted nonene inproves the
ofePBIfI%isage and conversion of nonene and minim zes
reagent waste. However, the recycle al so adds sone
difficulty since the recovered nonene may incl ude

i soneri zey emdvaegraddidl aongredohn bs agitlictdy catalyded nbaytAtion
differently than fresh nogﬁﬂe in the al kyl ation

reacti on. Pfe@’F%(_r“h RPrepfe™ Rdamnine; qhed | n a nol ar
excess t Q?t Bigar§linp RREh ABMRR: and Y6ddvaRd 4ediMiaP nbheiR From step a)
excess. n this instance, the total recovered

resi dual nowghaopensfasisapejri¢ sofene o abragtor ddthtan acbaayt catalyst;

50 nol e percent of the tot onene, charged to the,
Peactor, Sobate He ol 8 shiPREEEr 08 H5% Ar8ut 15 C to sbout
ol e per cento®fC e hRisadcenPasidelSNAtgRE uh@rirfRtive conditions
reactor, and 5 even nore preferably 40 to about

nol e per cenfor gsutiphle perid of{snroioalichate gappiemtytaf sharged
reactor. Th 5 _uses a sequential tenperature for
t he al kyl at&gﬁé@gﬁ Pon. The first tenperature is

sel ect ed d oredacinptie satienesmpurathiar takl s¢cdrdacipedture of from

- tenperature is f 10 175 C tq about 200 C%—ﬁes ch that th
it c
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ro .
preferably 4@&&4%@5’%@ it BOS fogg eialp perieit
tenperat ur €3 c?ﬁg&iﬁ iR sPHhed &&gﬁ’ h vt RS HREAGEd
tenperature is fromabout 140 C to about 160 C nore
pref er abl y diplenyédmoine; 145 C to 155 C. In addition to

di phenyl am ne, ot her mati c.am nes are subject to
al kyl ati 8ﬂ1r8§éaltll’f‘g SFefggLY%%%gbéjé'd process. Such ot her
aromati ¢ am nes include, for exanple: N phenyl-I-

napht hyl am ne, N-phenyl - 2- napht hyl am ne, _
plhe prpesp of b euesant inesntiohdends ko arvallkplated shgheoxlaminreproduct

- anj no- di. | am - I - di phenyl am ne_and
i B P Bl PRt e H il
traeydls €5@knd VBO tdaCldr Can BE £eqaERTl bfd SePEhude repeated a
prepared by the process. conprising: _a) recovering )
riduialit0f tinepsethas forawrmnleatens aéﬂmuéui)aaay e gengpied for mpkiiple

53k R AR 1 0 SRR SRS B B IR O Do
ay termiiatednoinenthe anreactoddiphesylanimeie step dpis geatércthamatidut 1 wt
6}’2 o?ct:l'lledtilﬁtla Sé/riocda‘[t()%lcgizgé the results has doubled from the initial run.

Employing recycled unreacted 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 which
will react differently than fresh nonene in the alkylation reaction. Preferably the
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c) heating the reactor to a first tenperature of from
about 175 C to about 200 Cin the presence of acid
clay catal yst under reactive conditions for a
suitable period of tine to alkylate a mgjority of

charged 3 i.phenyl am ne; d) reducjng the reaction
té‘ﬂﬁ%‘redF aﬁ%@%ﬂ 2 gl AP HiselBlicay BIBRe, SRS A msercess.

Crit thigBitahed §R tbtal RlcofersditdsRthEndR_hd @@féi%ébly i Bord 466t 25 to
that the 5°total conposition contalhs |ess than about
1 abputFohola perwenttad dhe wwigh hemsnkeahinged tethe resctow enoregreferably

al.kyl at e I phen m ne reactjon products fromthe

- 690 B2 PG SO oo ST oL e sBALORERS iy e reactor, and
Pavén @teiirbiradlei®to SupbdmbRificeit HRB Ydt@tonene charged to the
reaction products are characterized by having from
ab¥@gtor1s5 to about 30 wei ght % for the nonoal kyl at e;
fromabout 65 to about 75 weight % for the

di al kyl ate; and from about 5 to about 12 weight %for

t Mhe pthckss by bajuentidVsnpepatefedbathe alkyldidnatdcyioat B first

di phenyl am ne prodyct is characterized hy having from
alsERRerature; 13 selerier tods %]eéﬁwfer%pgqurap}yethe first temperature is from

. J 4 ;
TRy A P S0 R s
gteagteertutchaless sdyewstand prafemblythe d&rone igpitertofeds fivmeabout 140° C

ol | i B o B ERE R o ot o e

1t has 15 been predicted that conpositions containing

this el evated anount of dinonyl di phenyl am ne and nore

pbir addafiandio|djphenylaming, dihohangiatizaminaaard shbisst foeadkylation by the

N N TAE Y I T
C R4S 4r @B SN-phon PETA HER | DESER), P THHEN 16k dTivEink \MEhGth @4ine,

As noted above, the present invention provides a
| Phftoyazange prageiae-diphsadapingaprecthylgminondiphenylaneine aed pve

L ox|dant ess conprising al kyl ating
3?%#1@% amcngm%%tlﬁﬁglghonene ol i goner under suitable

al kyl ation reaction conditions in the presence 25 of a

suitahl e al kyl ati on catal.yst. Generally, the nonene

ol BGHSF aTATET e BESEY ARYFELAME difestsrde P redyfipreRared by the process

| Qhaisls a-olefins and tertiary olefins. Preferably,

the 'nonene is derived by polynerization of propylene

and is commonly referred to propylene trinmer.

Typically, the propylene trinmer is a.product. of .

ot opy| end JEFOYBRE IS EHReR Tom et Ay &aialired phslatien

aci d based) reg@iddl ofHonerdSwithi§hedyMneoduct contains a

majority 30 of _prog}/ll ene triner, typically having a

mass contbenehagingdiphenylamingbod recasere resprtuat moree gmm step a)

?/obglr,lt g?gat g %IZ ?E{%en% %9 iS0Rle R ﬁoellfetelé l%ball 1yea!:]t%¥ Witd agggﬁtcla?y%atalyst;
' c¢) 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
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propyl ene trimer has a m ni num anmount of C8 ol efins
and lower and a m nimum anount of Cl0 ol efins and

hi gher, typically less than 5 % mass content of each,
nore 6 preferably | ess than 3% each. A suitable
product may have a C8 ol efins and | ower mass content
naxi num of ;Eoteb/soarﬁmlaloafentaméﬂqsﬁ than@bppighwt Yogfgmreacted
content maxiyg m- 0% The al kyl ation of
dlphenylan1ng eactanf usi ng propylene trimer affords
nonyl at ece)dirgogeryigaatkyleted dipphesyltintmeseanidn productritdry thef reactor;
ot her reacti 0(51 products, 5 wherein nonyl at ed

di phenyl ani f8%refers to all di phenyl am nes al kyl at ed
Wi th any f)ynegRRend SQRN thbRE®l ci al sources of

sui tabl e propylene trinmer are for exanple Sunoco

I nc., Philadel phia, PA and ExxonMobil| Chem cal s,

g e R e PRSP B o

t hevihe &@hpdbouﬂffmbd 30 #8ight @t fot theen@idalklykats Mvnogsbut 85 to
a about a 3- to 6- nolar excess based upon the noles

ofbQYt JA &R Fs Wﬁ%}&@te B¢ Eropy abfont 2kt gboyh b weight ¥o for the

" FlhoTRE Mo RS e HRAaRh SRR AR IRAN B s dHgkMFined by

1Ea\hng fran%auﬂﬁﬁto abbum wdaghw%kfesthb gor@héyst diphenylahine; from

t hyl rene .and rel ated
‘5% Eﬁ Qf OHt Zy &gfilgé% l’/pﬂé ﬂ&f@a@% iphqnylamine; apgdronygreater than
2 ; o/, e bed as
hz‘%’ﬁlﬁa*%é'?ﬁgg WA, B ¥ ebhyidihivipBaORth 080 22
ammayidnljjlenﬁetnam'tﬁt@ghamébogt 8 IVW@Ht Mg particulady preatred. It has
renoval. filtr t|on er the
Phatsictd et S5 tinss PR e s SR AP RB B | 1 1 he
2@mahmipaé@dmﬁfne@ﬂ&moré%lscﬂaq {ritRny 1depIRMy1aREhOkH\BE be less

Lewi s Acids, such as or F3 are generally

t velatile. meretstgblrpandrhesvelhemitgd abhe . anfissidantn Shis elass ofNokricating
3 and 5,672,752 at col. 3, In. 3-6 and co
aﬁﬁﬁmﬂ%@, respectively). Due to the consecutive
sequenti al recycle of nonene in the present invention,
Lewis Acids are not preferred al kylation catalysts
SPRIATLED DESCRIZTIQROFHEINVENTIONS! Kyl at 6 15
undesirable. 25 Preferably the hal ogen content of the
recycl ed conponents are less than 1.0 wei ght percent,

- nAs aotpd ab@«reaﬁie)prd:seslsnvdimnn @rodbdese liid Qﬁcy]attdemdrenmnﬁne

preferably. . the reacfion is substantlally fre
ﬁsﬁm frelye antigridant by adiragess saEPprERga 5)’1@1%& @@h@}%@nme

t
4y Sy S LS i e

hlefraaunalbiy aieylagion watelyish Geheiatly, the nbmalby)hg(mmmchldw honene and

A h e et nchRiE ¥ PlTisaREte Dlsinm Ay Annanspe is
T00%ed by bORRcTMZHof pwwéﬂél £2LTMmRRER tyqy@hle@ B Oﬁoby@ﬁé

Rockwood Additives Conp); and Katal ysafo
Avimer.abipically, the prapslene Givest is 2 prm@éoﬁprapslenmpolmnzm@n with

adc]!)}%s%atté &)%tog[g’no% a@lﬁlb%séd% %gﬁﬁgt %S%Ylgh, 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 Cg olefins and lower and 2 minimum
amount of Cy olefins and higher, typically less than 5 % mass content of each, more

6
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Suitable acid treated clays avail abl e from BASF

i nclude: "F-1", "F-2", "F-6", "F-13", "F-20X",
" F- 22" , "F-24", "F-105", and "F-160"; wherein "F-20X"
and "F-24" are particularly preferred. The clay

cat cQnt ai.n sone, water as received.
H‘%@Féﬁlyﬁ?s Inacash- fr fuiable profust mag hpyea Pholggm Yt lgpver

C?ﬂa@ EhidiR ﬁfa%hﬁﬁ}n%'f Wﬁn&a{ﬂ@ J S in Eﬁgf%gﬁ &Snds8 ‘éontent maxunum
cat a yst acidity an act|V|tytovva ylation.

f 0€20¥0. d3s atkiyhttiod of diphenylaminclyeactantrosiag ptwpyleae ltmmsr affords
tech S, | udi ng ther.nal t,reat ment duce

oPeBde ShetiBine SO mPg PRSP el ST tien Prpduct,
n'v&lhéf%ﬂ?ﬁbrg"lat@d dlphtﬁfyla@mﬁ@ RdTER RS bR Qi hEﬁbﬂﬁlﬁﬁies alkyRudd »@El’l Y¥ny
associ at wat er renoved fromthe solid acid catalyst
magnag Ky Geemerdisl |sv!eraesr ofowitelde propylsng simerdse for example

Sk 8PS PAQHER SO ARSI Bldon, i

substantially all freel y- assom ated water is neant
renmovi ng essentially all éSI sor bed water and

r BB gRieyaddn dhe %FO?FéF BrYsey int mo&qﬁ@ﬁ?%laﬁ@é upge diphenylamine
T
O oThe feboibf PRARIGDA e 1duA Bt Berbbd B 4 PR T 6
ampoldr epgpen basae @porothewndlbs M%‘cﬁplwmykanmn@mar@d fifore preferably about
' e%lvikge, 1t he feed streans should include |ess than

B Poiy Rt er, preferably |ess than 200 ppm
water, nore preferably |less than 100 ppm wat er and
nost preferably | ess than about 50 ppmwater. Acid

athé vestad¢layl aaystahﬁséinﬁh@ﬁléw}aédn offi ﬁehwédtminﬁ exdistlosed imbeS. Pat.
ung n T c Al.um no icate saret |1y

SO AeE i S destien o Ry B8 & GBIt WiBiafifta

Ombtﬂx?ﬁtﬁéhfdhlﬁ&elafe@folﬁi%@fﬂiﬂﬁclgy a4 MBSO R UTGS € No. 2,943,112

silicon dioxide, or other radicals. The structure of

sandrotherayior ar lay @&?ﬁf@mesl ap baodw pryerad pdwatngpninelugding jor
GO L AU B s OB B Moy 0 casof

t ll'emo@aldgf ﬁl&aﬁdﬁﬂ afyer tB'dW&act&iﬂHﬁdr(B)Ta Idvter dagree 0B yelfow &eor in the

g sts are typically bonded.in an octahedral
P“P 5%1\4*@% ﬁSta&a&kxﬁ@éAaYaaﬂ%%er Ixietridscichas f\h%'s gr BF; are

|
PLOBEH0 a5 405y RN, (b0 B e 26ROk o
$,672,%31 ateal. 8, Inudid and «ol.ady $n. 33ed 1¢ kraxpaitively)l Iuectortbie crglsecutwe
otheajelatlv nunber _of tetr.ahedral. and t ahedr
| Seggrdial eeyqlG ot nopeps éw@e RISSCRIGRYRINCY: Iper“@w&% %ﬁ/n?tﬁgefwed

aftkfatdéid éaﬁ&ét@ﬂn@ resﬁuzh TRRIPER BHAES iR EheQﬁlE‘}th@ Ii{ Gidedfble.
may i nclude nontnorillonite. Montnorillonite clays, 30

H%w@raiéseﬂwd@éxgen noxdclgaxf ithe rehyotédedmpnmonts eet lesrtban h@wesight

a_oct ahedr al gl yee n two tetrahedr
ThePhE MR Pt S e 0 07 FEignDZ et Yre BlehaRSY R
readtiza s ubefantisll ﬁé@éﬁla’ld’}g‘éh@ﬁ@teﬁﬂ"‘ose avai l able from
BASF such as F-24 and nore preferably powder grade
montnorillonite clay sold as F-20 and F-20X. The acid

Ie%fa%rdca'ta{]ms‘té“ﬁg %m?fo?% iy %a?atbﬁo% %’@ﬁeﬂ' { 598 b8% and

reacﬁlon m X Fation, cen i oh~ of

deEIM 120 the dmlque@totf evhidhhge im:bf{)o@:itajlheram&)ya'ﬁﬁr@y:edn thair
an arm t frompb5. Oﬁﬁ%ﬁo 0 weight 9% by

ight o
cﬁHBFF‘éY] ommrsially availableslay rafalyssringlyding: ﬁ%:rfg“t‘ 6”‘28?‘6015%‘
b ailable from BASF; Fulcat™ 14, Fulmont™ 700C, Fulmont™ 237, and Fulcat™

22B available from Rockwood Additives Comp); and Katalysator™ K10 available
7
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wei ght. Preferred clay catalyst typically have a bul k
density from about 400-700 5 grans/liter; a total .

acidity of from5 to about 20 ng KOH g and a surface
area of from 150 to about 350 nR/g (BET nethod). The

rtel S5 EhdPien o oo gl e ppnaied hecidggned davs,

18(,8518RS treﬁ@&’ I SvailRbR R BlAs FanQaUd e BT ol Q@t“Ff &, “F-137,
exanple havi ng an” average particle size abolt

i EB26KS, “Fr22THE-24P 2 SF - adnyds i 1 6p byrsih ‘rmoxéam é&—éfh‘f are

(B Rp R, 35 Bl oa BN R ATE Ry Sippe Rl S froniSi
ORBﬁlbvz\ﬂhjf@ib \ﬁét@r pﬂicsraa ubd RBaEtd i aUpSithr E@lbréarﬂe@ai%hpﬁs(ﬂfct §nd may
reactions). %; of these advant a%es are a result of

t ﬁ@xw@mjﬂ@c@@bvs aGidigy and gopiviy feward alkylagipnt Hee fesly associated

AR S AN G A RO Bt
dpﬁ:ss&@trmahty diy atewsheastredGaasrsati ¥s nitrbgerCorayr, or a combination
s cap be regenerated and recycled tq thereby
nﬁ‘ﬁfet# Slélevfa‘fa%[lyeasa?%ei Hiateg FeragNeft il spldl geid cptalyst may have
CQé’k‘hr&ﬁ{/ed 6y @atéc(?gﬁlﬁfrﬁed WRES LR h&dro§&l'~%5@qs%g%né1§orbed water)

catal ysts and typi y generate cOrroSi
ugEsocisted sithtthocatalget. By réroogh of aibsentiglyhdl fedipassoumed water is

PR I CE TN TEN——

SEleyRSrb@t watet. Thefefére Sils\RBkablS tofe @Iay wikth W‘N@ter content or
sol vents include for exanple mneral Spirits, tol uene,

xipmerve thegwatgy lamlmaltl@g ﬂml%emth agiirtgeaswasmoEwith vaavum stripping.

SEABRB SN RRENS SR . ety
Ulessergi 200 ppif fwaks, fiBpe frefefadipleesihhn 000 Eﬁlﬁ W@ Gint @ibst
product by distillation. Simlarly, e unreacted

dprpteeaily kess than gbgutHE ppenweter Asjd %Wé@és;laéfa ére prsferred.
fractional distillation or vacuumdistillation if
necessary. Typically, subsequent renoval of the
UHteerefeedd diagh erydhaninosilicstes mﬂmﬁﬂﬁ)sﬂibad;e slays aredysically )

I npventi on, the

h di scl osed h t
; 0&3@%@%@9@%‘@&58 éfnegaé Eiﬁgﬁﬁ%h@ﬁ ffqagxaaflm Iy
r 2Sth A oxi @RI Yi1: Q0 HO%BAG Shed hﬂﬂ% E”st?@céury?)? s%cih clays, are

anount of di phenylamne i'n the pro esira
| cosnertip hexagonal clased wkgahtayp:e OB BEHN ibms wtth afunmiaim ions

duct I 9t t .0. [ t
Pt AproRirar Bro hingSatme celRtnat s te Serii oyay The
tumfrubd MP&atiens @fth@%%a&ﬁ,@%@%ﬁraﬁy bBAddIEh RAdetahedie

al kyl ati on reaction can bé carri'ed out in an autoclave
iArangeyhen teexygcagnipns Repetitien oFhesgpdlOspnigs sum@ cbmen:hens

ST, BN RS L L S SR PRRg 10

amits FOlaledte blésilﬂéd @dc@fdlﬁlg t6stBe radtletdihbee affetr@ledral and
t enper at ur e. product is always |iquid, the

rstbednat @ygﬁ&gr@éﬂ@al%’smcqs@nwmamﬁhy HA acré@tctwanon 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 BASF 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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of the reactor. For purposes of this invention the
preferred catal yst was determ ned to be BASF F-24
acid-activated clay (formerly Filtrol's Retrol clays).
10 The reaction tenperature for the al kyl ation

reaction i.s a sequential tenperatur Vi n di fferent

| DRGSR TPARGRLTOR o LR P B DA s g o

ofdeath@tb. 1h pRachct the ﬁnpaays%gé)?&glgge&fﬂ@&ﬁm Roh$0 t0 20.0

range of about 180 C to abou C, and nore
preight &b by weight hediphenytansihe adbprefergitly Gronoatavo 16.0 1©20.6.% by

The.. f,i [ 5 [ l.ati vel

o i P Sl BB bBRAT BLEouR o Bufrots el g 700
ageteeh/liter; attbal MidieesSron 580 Ubé R 20tred KEIH/ F RReE stdnRNeea of from
rec&cled froma previous batch is typically the |east

r 4819 ghoupArq moe (BRA methed). Rohdar cofplygl eaibey coame peagduct, such

T hijad . .
SR 090 YRLE OSBRIl AR GRS Sy o
r peeddrabliytaypowdtet prdadidyl @tainphe hedd aroaverdde paskldsianabout 30
di scovered that m xed recycled 20 nonene/ nonene

mX¢Gre, initially requires nore aggressive reaction
conditions. Typically the recycled nonene is charged

to the reactor and fresh nonene is added to. the

15

20

25

30

ddb¢ cled cathbysgempbdyedimthepressut inMentioaadion seviesal ladwedngapes over

Py ef er abl at a 2 | e erc ta. abou 0 npl
PLreE R o 2SI iy e B BBt A gfher Which ar

I REEMERAR ust® fdrduRHeIRORAN oacHBS. MaB 6f BlcYaddhnth®3%te a result
35 nol e percent and even nore preferably 25 40 nole

pef e geidisyesbring arsmtsgml papef therolidfcatabystsrtburdinsitingar ged

t e tor, i r.esi [._.nqnene fr.om an earlier

Pl ERRE Al e ) Pl U RSy P BBl ¥ productdue
R datadysn esbidues. Genstillly pibl @lag@hiabitsafantbe Fezedoratddaind tré® cled to
maj ority of the charged _diphenylam.ne is alkylated.
THiEREX mpipimize waste dispesab A snerbetalytis-dn jcantrasy Jedas feidg are

S, t t ' | . . ‘
R Ry SHIRELR s AL RS ook YR 2B scparation
about 155 C, and nore preferably in the range of about

cond tepperature. i s

1 C boyt 155 C. h ) ]
ngﬁh?%ﬁggfaefl%ia&e R U5 Bfalfﬁﬁtéoweﬂlqrﬁalf ispeferred inyghis

COSNEKrE tPAAMRLAS i 8Bl RN oARPHIvet A NETBolvent is used,
percent of unreacted 10 di phenyl am ne and nore

pruathble ablvgnts dgduderfanexsipgpit mineal\spirghittolpens; aplkene, or aromatic
preferabl fromles han ut. 0.8 to abqut .0.

il e ex AFSTRICRR Sov B Rt dom xRy Gppapany or
CStiElEA™g BluiR fiddn BREVEhSRRaRSémpPdnyhi gher, preferably
bel ow about 5 250 psi, and nore preferably in the

range of about 25 to 100 psi. Inert gas, such as

i C d to mRim oxj.datian qf .. ... .
RS e T o B bl By vt
aigtilatly ohe atrebttgd dipht@yIRaing mbyes retrdoled BEptoe¥rsuch as fractional
gﬁlllng oligoners. A nitrogen or other inert

. A N 1 as
FH 8RB P VaGUHMciliation Thrgcessary. Supigrlbs sulseqysat removal of the
; . i\ | .
S SR Ry BERRL ey HRIPANENE: haEest dosed p he
hpirgdeat invéntiomt e alifylateddiphanylarsine pretuct baefitially han®kw residual
aar}gou%? Q lrl]ncrggctgdo éi{)rl?énlyi)arl]nigg. '[q{ea:ﬂlrr{(o%lnfa ct)fe &pﬁaﬁ?lamine in the product is

desirably less than about 1.0 weight percent in the final product and preferably less
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and may inpact the trial kylated DPA. The |atter may be
achi eved by preventing the |oss of volatiles to the
at nosphere. In practice it is difficult to take the
reaction to the extinction of DPA because as the 15

reaction nt i nues the con tio reactants
ofiarvaberuES Risieh Rercrnive Segtbmw uete?{hesq Bigandsdenayqdby
I&ﬁlﬁitﬁmmr%ﬂfe%ﬁn&&nEép%ra%ﬁ%ffe@ﬁods?ventI on, less than %
and more typically’less than 0.8%DPA, is left
unreacted in the product m xture. If desired, |[|ower

id amount.s of hen nmne ca ed by,
ciﬁF ARl RR e Fip B ASE) R AT PR 5 b e Bes o o the
rIRERsuriof thedl MM &rchBBGHAME oPfoR biter fddSthsaFhe pressure used for
|so utyI ene 20 or styrene. Pr eferabléa/ t he nonene

Hsueertion is pémaniyrroafroeddicibe olesintused padide repstiomfompgrasure. As
gnn‘gﬁg LEC? S ﬁ&%gﬁ?ioun& %J‘re&&gntg gﬁ(’l hlg)t(aldétg ﬁllca %g)}lfn’?a? mto and out

t of theneaceacForyarmises d)ﬁ’thls ﬂrkaamws the stefeerad bﬂﬂly@trwiitﬁztermmed to
dg g{@% Brod ct .mx uretl be beneficjal to add

R BAST iy AdrastiEatr b plan e ey RilfrolgRegiob elaytlt a | ower
tenperature than the reaction tenperature. 25 Reaction
time is a very flexible reaction paraneter and is
déhermetien ®mpetature faahe aikylahemmr:ﬁﬂ:misa, sequdné@ak tatiperatfre having

ta n cata Gener
R ek PR oG ae & inarnisi g gy Cao
t 8bo¥ 200° OQYrefchMYY Hu m@f@g@ bﬁﬁ’édﬁt qwrc %o alifRk 195P ©fand more
about 5 to 24 hours, nor e gre er ab % over a perlod

opresiyehly nb‘thpc;arm @@bmaﬁg" pre ouidﬁﬁT €t Thnfirst reapigon

r%%: era?urlbs & attlvgﬁf srg%%eé,a(iugﬁv ﬁxg ggrgg ﬁﬁfe&gcggc? ltlgl‘??glﬁ added to

ameqmsde@sp The ubiRdeed mgpwmafene ea%grélaa fiofh a %%vi%)ﬂs BAtdh iOpically
wi.t h hexane usi ng col um chrorrat‘cl)éraphy pendi n

uthsdeashieasibietnagisit dlie freshpenersroregindivt reatied. Jbe é%qye@gmﬁeene may
eERitlh 1 RinRP e 8 dbrddafioh Brothls WG Bt PRINLD dppree of

r @agévityfin da dAbylatiorlibadtipnahdiat bedSdiveivelat] that iiked feeycled
m)noal}< | ate;, from, a@%}ﬂ 65 to about 75 weight % f or

t PRECHC/ GPRANR ﬂlﬁuée IRl regBiges MO REgisstive Kgcil emditigns.
fPypitdlfy hé i‘e%kl‘l% Abifene li'pc\ﬁfai’%rd {0 ﬂﬁ&%ﬁ%opﬁ{dtfﬁésﬁ nonene is added to

conditi'ons the product m xture can be et
pihe destiedavhedgy nmde mallolapti sheereactor isthestodi Rraferabyy at least 25 mole

R Ao 5] e st oL R Ban e Bt Ko dbastorpfegovered

- i RvieRlindRerR) thodd FreR@AblY Bt 1%t 99 rﬁ%lé P&de@nd 'eVéd ﬂnB& ﬁreﬁrably

scope of the invention. le 1" (Runs 1. .
149 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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The reaction is perforned in a jacketed SS 2-liter

bat ch aut ocl ave set-up nmade by Buchi AG Swtzerl and

(Model Bep 280). The mixing is provided by a pitched

bl ade inpeller running at 325 rpm The inpeller is

drl enb,a net stir drive. The tenperature is
BYIP%HIGW J%, P%?é?fa‘rucf%ﬁs tleam abppiHY8 meihe percenfsprsfarably

f "ﬁ%[ﬁ 18 @hPad bRAGLH&R Y Kre@{pﬁ‘gc% I8 product.

Tenperatures and pressures nitored using a

Si emens AG Gernmany Simati cTM T1505/ 545 PLC interfaced

tg,a PC.wit Wnder war e Fa Suite.from

W HTEATH RN i i FRORG Pbigst Regfrggbly below about

tQﬂ@ﬁsMﬁﬂdﬁn&*et 1hfﬂﬁe ﬁiﬂlg@é‘vf Aot 25tof 100/ R IMért Pas, such as
251.6 g of AI drich 99%), 752.5 g of nonene

( Es@@éwwan pbe uﬁf@ﬁ@ menippze ppidaion pr@duﬁs dumngsyacanu, i) nmstly to

R T e T -

anﬂotheltmag ik qumogehere] recormabias laly ﬁlppﬁfssdsllh@ﬂﬂm@ﬁ@i &f products
Sﬁjéeral times with nitrogen. The autocl ave was t hen
C

Edepetivate the elayqatalyst, Rbenenc s of mtrogen grogsure delederhigher
19.1téng;frr§acu&h %ﬂoﬁé}%@gbﬁ%?e\é m@genﬂ@&ea ‘?&hﬁlﬁgﬁ%ﬁ diaflyihe@d DpA,

0 Cfor an extra 1 ours ressure

r aabmaymnpamﬁle ttidk platee>DPAurTteflatBs. niayrim aghieAtd b presa@hng the
{9 ol di n&]é eri g&j t he autoclave was cooled to

2 S%% %FHE“P &%oduct dropped out using the

aut ocl ave bottom valve. The crude was wei ghed and
filtered using a Buchner filter to renove the F-24 12
chatmagt@ﬁ it ﬁrldtt% 16alE @at@keeﬂne meastne tavhs extirationtof DRfeblecasierny the

rat or 160~ 16
SR BR R cRp o 37 rerifRny Bnipherds s e frcgme

owb?y bl@ad G&ﬁd&lﬁll}’ﬂ Cﬁﬁﬂ:e@’o%pt@@é’r@ IBcAGHR Mys tida'19%8.%and more
set bel o romat ogr aph Al i gent 6890N with

AgBigalb oreBan AjRoe DBA. 1 ftareasied b Eadodct Bogiure. Ifdesired,

S ST 05514 S AR LR oo o

ohlmfmneely, BR&condury tredtaient ﬁttﬁhlmma tgachasiefib %Mrisdbutylene
I\/let eg eFllmthlsgkness 1 mcroneter Detect
AT St ?ﬂeeBF gi8bLy she dppenie shpuldde dagrementally added F@Fheaﬁ@ctwn

Skt ASY dhrof Y g HRWesiFl reltddH Bmpétaturd s totimi
m/mn, N trroogen ' Vﬁes el}?perat urg Iar?jrectorékg 1&8
@r@natune) isomerizagibn t@nqm-r@@l@e definsn HoyveRampepending 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

13
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10C¢/ mn up to 300C 3) Hold: 5 mn at 300C Measuring

period 32 mnutes 5 The filtered crude contained 39.9
wt % unr eact ed nonene. The stripped overhead contained
over 99.5 wt % nonene. The stripped overhead was saved

for recycle.in the, next batch. The filtered stripped |
cPrigliighah hexgng U%%%ﬁwma ogratqaraplynDgpeiing upopyihg particular
NARRHGH cthdfiott RIRARERR AMJITRE of ﬂgﬁ’oav!%y%tai’ﬁm%%iéa&" ted DPA to
C3-C8-DPA, 15.9 wt % nono-nonyl di phényl am ne, 74.6 wt %
diralkigted DPdemythapiodactanikt@e wartypreallyl Gange: from about 15 to about

n | di.ph l.am ne. The reaction cqndjtians and,

" AR et I B Rl i SaBiobou 65 Yo 73 Sy gp for the

r @RG#9; frobh 8b&iR Fab iaBoutWaSHdISHL Ve B the YASIRYIafe2 MR wever, under
conditions as Run 1.1 but nonene was 15 com ng from

- t ataiipeqngiitions shq profuct spixiuspean ncethpeprademmantdy meppalkylate or

ﬁééﬁoé}%ﬁﬂfﬁ%}kgﬁté%h nonene to bring the charge to a

nene ratio of 4 (404 g). The product
contained 0.4 w% DPA and 8.4 wt% tri-al kyl at ed DPA.
Rups, .1.3-1.7 (Second to sixth recycle): 20 13 The
r & ShERas performed under sane conditions as Run
1.2 but using stripped nonene fromthe previous
exanpl e. The product of these runs contai ned unreacted
DPie fodlowingdex@wtplésamel pteséntad toyilledtmatt dertgimeembbddaments dfithis

5. TABLE 1 - Conditions and results for Ex l.e 1,
CRKRIE a1 by S el af fimifing e Soge pT P ipygtion.
Condi ti ons Nonene XOM XOM XOM XOM XOM XOM XOM S/ S#

4146 4146 4146 4146 4246 4246 4246 DPA Al drich
Alwamplp I ARars A tALd i ch Aldrich Aldrich 99+ Aldrich

99+ 99+ 99+ 99+ 99+ 99+ Nonene/DPA Mdle Ratio 4 4 4 4

4 4 4 Catalyst F-24 F-24 F-24 F-24 F-24 F-24 F-24

(Phid Relct{darib petfdriadas a(ddkerd SSO-liRd bitEh bedclal¥ se@tip made by
150C) 1500) 15(@)’% 150%%%50% 150C) 150C) Catal yst

(Bnah &G, Spijzedand Qdoded Gep 280} Tbosrpriog doprevired e paitghed blade
L (C + 3 0 i A

i %lcé%gx[lgé %83%531%{% %%8:&%61}&95 3% b]y5a mggt?e? L84 dHV 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™ TI1505/545 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 gof

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 éharge). 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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Tenperature 2 (C) 0 150 150 150 150 150 150 Reaction

Tinme 2 (h) 0 10 10 10 10 10 10 Recycle # 0 1 2 3 4 5

6 Recycle Overhead Run # 0 1.1 1.2 1.3 1.4 1.5 1.6

Recycl e Cat al yst #000O00O0 O O Recycl e Cat al yst Run
g Not e Rec cle Recycle 2 Recy

RéafgﬁrEYP%T R@I&?ﬁ%‘rﬁ%n@ne@se‘gﬁa @néhm% %mg)a remhe‘@pgsatqrﬁaﬁm-

]_ )

183 (:Bmsb rAﬁaH@Ryﬁb ﬁ}&%ﬁ% ﬁlga% f?rl%er@éd sthgﬁh%i_ _rt@udeo7 1 Sggied
0 overbe@l W@pAnalwzai ty. Ga0Clroma glarh ‘GiG” & St-uchelGSDPA
0.2 0.40.30.30.50.30.4 CODPA" 15.9 19.7 18.4 19.
21.7 19.9 21.2 D CODPA' 74.6 70.1 70.1 70.8 66.7 70.8
69. 1 - GadChidnfitogdagh 8. 4 AliGerd 639N Ivith F688. SericEAie S

Oooﬁg&t@n@«{&h&iooo@ ct1 l:ﬁéﬂ bt % 3.5 3.5
3.5 3. Pickifn ohurge 6 DPALQl 6251325132514

T

252. 3 .5  Make-

386. 7 %@Wg’ 358.0 397.0 !}%r}ﬁng 168} Jz@ileg%tﬁqt?

346. 4 64.0 3 %Sg 395. 8 h§ny m‘g% 5 50 3
50.3 5 5 51. O

909.1 914 8 900. 6 914.0 2’?‘”’?‘@2‘?1 0 Stri pped Pr oduct
(g) 548etectsng. 2 542.7 536D 539.6 545.7 533.5 %

Unr eaclinéagra@hene in 39. 2A1t9m@tmn 7 40.5 41.0 41.2 42.3
filterGaricr gates wt % conpoHeliumbh 8 el/rojmp Hytdwigen flow: 30
conposition 14 Exanpl e 2mi/RinsAi2 flbwt 4002nBiinl Pdtrogen 25
condi tions and procedurel/gfihnarily as set forth in
Exanpl Repdpesie repeat ed mfdchor 250 parameters and _
results set forth in Tabhger, l)pﬁ{lg\/yem hﬁ)(‘f%ﬁfrﬂ Renl e
was set at a 5 first rea 5%&?%0‘6
about ther ezfd reﬁuce gﬁ%&@

about I@ %our nr eacte %‘%}i’. R the product content

noved consecutlvely from0.4, 0.7 to 0.9 wt% The

partijcul ars for ng)le 2 are depicted in Table 2
b’glpeoﬁ}tergt{l) crpABEgthmed 9.9 wt% unreacted nonene. The stripped overhead

contained over 99.5 wt% nonene. The stripped overhead was saved for recycle in the

next batch. The filtered stripped crude was a light amber liquid. It contains 0.2 wit%
nonene, 0.8 wt% nonene dimer, 0.3 wt% DPA, 0.2 wt% C3-C8-DPA, 15.9 wt%
mono-nonyldiphenylamine, 74.6 wt% 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 wt% tri-alkylated DPA.

Runs 1.3-1.7 (Second to sixth recycle):
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EXAMPLE 2 Run# 2.1 2.2 2.3 Run Conditions Nonene XOM

XOM XOM S/ S# 4246 4246 4246 DPA Aldrich 99+ Al drich

99+ Aldrich 99+ Nonene/DPA Mole Ratio 4 4 4 Catal yst

F-24 (Dried 150C) F-24 (Dried 150C) F- 24 (Dried 150C)
0% 20% 20% Te

Cg%lal %%I[iiéﬁ’as/o?gcgﬂ%z@?ﬁm Té™f PR itigngsa gf’r&é‘?‘é{ﬂt& ipped
d%cl( Jf)thg&e@uﬁ_k c%ﬁFaYﬁéld%n#eaQted

g%né%gz&%?lg%d%?hea BunTgk 2 Recycle

CRPA b@ow#l $wido and merdma‘@d@agtarsl@n mm%;t o 0 0 Note
Recycle 1 (Run 2.1) Recycle 2 (Run 2.2) Nonene' 0.1
0.0 0.1 MNonene Diner' 0.6 0.7 0.4 DPA" 0.4 0.7 0.9

5 CIABHERA Cdadidiokk afd Eesdits fRApleAl. 0 25.5 27.8 Di CODPA

71.5 67.3 65.6 Tri CODPA" 6.2 5.1 ZeB\MKDHer s’

0.0 0.0

Run#). 0 Calculated.N w%RR26 3.71.3.7 DPA (g) 251.5 25163 1.7
Run Q28@ti@s Make- up Nonene (g) 751.0 379.1 370 3 Recycle
Nonepgonene (g) O. OXQMZ O %@M 9 &8Mal ys& 5(9(03’1 50 3XOM XOM
5% 50.2 Crude Pr 44507, 7 ped24s 4246
DPA b oduct ( g) 5 522\ ‘°]5 13 ‘Altdm% unh! %t edA e n é“‘?rﬁh 99+ Aldrich 99+
Nonel(e/ﬂgﬁeM r&Lude "41. 8 45 4 44.T, conpo ént basy &d upon , 4
Catalys conposi t kgh F-24 F—24 F-24 1-"-24 F-24 F-24
(Dried (Dried {Dried (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 i0 10 10 10 10
Temperature 2 (°C) 0 150 150 150 150 150 150
Reaction Time 2 (h) 0 10 10 10 10 10 10
Recycle # 0 1 2 3 4 5 6
Recycle Overhead Run # 0 1.1 1.2 1.3 1.4 1.5 i.6
Recycle Catalyst # 0 0 0 0 0 0 0
Recycle Catalyst Run # 0 0 0 0 0 0 0
Note Recycle 1 Recycle2 Recycle3 Recycled  Recycle 5 Recycle 6
: (Run1.i) (Run!l.2) (Runl3) (Runld4) (Runl.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
DPA! 0.3 0.4 0.4 0.5 0.6 0.5 0.6
Cs-CsDPA! 0.2 0.4 0.3 0.3 0.5 0.3 0.4
CDPA' 15.9 19.7 184 19. 21.7 19.9 21.2
DiCyDPA' 74.6 7.1 70.1 70.8 66.7 70.8 69.1
TriCsDPA' 8.0 84 9.6 8.3 93 7.5 7.4
Others' 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calculated N wt% 3.5 35 3.5 3.5 3.6 36 3.6
DPA(g) 251.6 2513 251.3 251.4 252.3 255.0 251.5
Make-up Nonene (g) 752.5 404.0 386.7 3825 358.0 397.0 3743
Recycle Nonene (g) 0.0 3464 364.0 368.6 395.8 367.1 3774
Catalyst (g} 50.3 '50.3 50.3 50.3 50.5 51.0 50.3
Crude Product (g) §99.5 909.1 914.8 900.6 914.0 927.7 924.0
Stripped Product (g) 546.9 540.2 5427 536.2 539.6 545.7 533.5
% Unreacted Nonene in 39.2 40.6 40.7 40.5 41.0 41.2 423
filtered crude

' wt% component based upon total composition
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15 Exanple 3 (Runs 3.1 to 33) Follow ng the procedures
set forth in Exanple 2 the conditions and results are
set forth in Table 3. In Exanple 3 the first higher

tenperature was agai n about 180 C for 5 about 5 hours

f et G555 P Bhe. unr eact od DPA content i the

product was 0.3 wt% 0.3 wt% and 0.6 W %
[ A%R REAAiHGhYanl Hrodellftct § YAgarily) B BPF G B lunle O W EXARRA with

are depicted’in T
Ruin: par@ndterd.afd BesBlts &K lﬁorﬂmmcﬂ“abilmhsbekkm dibe ré@ibﬂ(mﬂexm setata

SI.S# 4246 424 rich_99
AlGET %ﬂ?ﬂ%!@mﬂeﬁw

Cataléé(1 wt % of

(g%)l 150 150 150 Reaction Tine
12 Recycl e Overhead Run # 0 3.1 3.2 Recycle
# 0 0 0 Recycle Catal yst

Cat al yst

Reapeke 1 (Run Recycle 2 (Run

DPA) 20% 20%
0 0.Reeils. Ihn pFitieslats KOh,ExanﬁleQ aradqpeueéuruTebIQZ
2 (h) 10 10 10 Recycle

i e it gt 1
Fo@4of Boues hburd AU &&dt&gDi’iqgthé;%rgﬁu&t Pohest ﬁé&@coﬁ%%vely

Tenperat ure

Run # O 0 O Note
3.1) 3.2)

Nonene'

0.1

.1 0.1 Nonene Dner”™ 0.6 0.6 0.5 DPA EaA3TPr3 0.6
CBerGBDPA" 0.2 0.2 0.3 CODPA" 217.1 17.1 2029 D CODPA 2.3
/ BunllCon&itidns 70. 1

Nonene XOM XOoM 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 150C) F-24 (Dried 150C)

Catalyst (wt% 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) 5 5 -5

1 Recycle # 0 1 2

Recycle Overhead Run # 0 2.1 22
Recycle Catalyst # 0 0 0
Recycle Catalyst Run # 0 0 0
Note Recyele 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;-CyDPA' 0.2 0.7 0.4
C,DPA! 21.0 25.5 27.8
DiCyDPA' 71.5 67.3 65.6
TriC,DPA! 6.2 5.1 4.8
Others' 0.0 0.0 0.0

-| Calculated N wt% 36 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) 0.0 372.0 380.9
Catalyst (2) 503 50.3 502
Crude Product (g) 918.9 907.7 918.9
Stripped Product (g) 535.2 5224 513.4
% Unreacted Nonene in filtered crude 41.8 42.4 44.1

Twi% component based upon total composition
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10

Tri CODPA" 6.5 6.5 7.6 Ohers' 0.0 0.0 0.0 Calculated
Nw%3.5 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

Produc --915.0 907.1 Stripped Product (g) --

5 ZF?‘ITP}%}&%L“S%MHF*@%}M ed Nonene in filtered 40.1 41.6
40.6 crude 'w % conponent based upon t ot al

conposition 16 Conparative Exanple A (Runs A1 - A5)
ThoBowngplar pocaduressanforth indisampplef2otheecnditionss aid médults are set

RS R TSRk B el bicher ot SRt She AR b 36 ¢ o
t bR BHouFsBut tHelBucdel Itnfteath® @086 2e NAWR for \}A{P@/u 10

DPA content of the product noved fromO0.3 to 1.2
Theurpakhe unigagted DA cauapdn she weduek aiap DS wit%ar(e3 vedi antlddd wi¥s,

sl G R PSR TS YA KK R Tkl
Ooeldint | ons 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

ReapppGat al yst F-24 (Dried F-24 (Dried F-24 (Dried
=27 Dri ed F—24 PDred _ § FoWtibT £ 90 .
(Bl VS 0 [ 20% 2G% 20% 20% 20% STTY OF |
1R{n@Qondififds 150 150 150 150 Reaction Time | (h) 20 20
PRor2fk 20 Tenperature 2(C) Xo®d 0 0 0  xXoMm XOM
5/54# 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 (wt% 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) 10 10 10
Recycle # 0 1 2
Recycle Overhead Run # 0 3.1 32
Recycle Catalyst # 0 0 0
Recycle Catalyst Run # 0 0 0
Note Recycle 1 (Run Recycle 2 (Run
3.1) 32)
Nonene' 0.1 0.1 0.1
Nonene Dimer" 0.6 0.6 0.5
DPA! 0.3 0.3 0.6
C;-CyDPA' 0.2 0.2 0.3
CyDPA' 17.1 17.1 20.9
DiCyDPA' 75.1 75.1 70.1
TriC,DPA' 6.5 6.5 7.6
Others' 0.0 0.0 0.0
Calculated N wit% 3.5 3.5 3.6
DPA (g) 251.3 250.8 251.0
Make-up Nonene (g) 751.0 385.0 373.1
Recycie Nonene (g) 0.0 364.1 376.8
Catalyst (g) ' 50.3 502 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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10

Reaction Tinme 2 (h) 0 0 0 00 Recycle #0 1 2 3 4
Recycle Overhead Run 0 A1 A2 A3 A4 Recycle

Catalyst # 0 0 0 0 0 Recycle Catalyst Run # 0 0 0 0 O
Note Recycle | Recycle 2 Recycle 3 Recycle 4 (Run A 1)
(Run A 2) (Run A3) (Run A.4) Nonene' 0.5 0.1 0.1 O.

0.0 Nonene Dimer' 0.4 0.3 0.2 0.2 0.2 DPA 0.3 0.8

0 Gpmpaatiye Fxamplec giwns 411 8:52 0.1 0.3 0.2 CODPA

16.7 23.3 25.8 32.3 31.7 D CODPA'" 77.2 70.6 68.7 63.0
63.4 TriCODPA" 4.8 4.7 4.4 2.9 3.2 Ohers' 0.0 0.0

O miﬁoﬁlfﬁrefﬂive Eadropik atae geMfbrmticdhi8 aSimila stlﬁorBaﬁ)&nﬂ)le DRAtat a

251, 0 251.3 4.25 251 6 No.nene
ofosismrratiss of 13040 Tohon. esiapl oL ISR angiggmbsratures
38&02 &, ﬁ@h&u@&%ﬂ Pso?ﬂ@h&us)cqfh@bmt cdn@nt 8Pthe fﬁéhu%t mBvedl from 0.3

Pr oduct 9 929.0 922.4 915.2
Sta {. @pfé"d Fh@pﬂmwlﬁrg )t"omn&ram Ecamse B HOdepictedsn Table 4,
U reacted Nonene in 40.6 41.0 44.0 45.4 44.9 filtered
& 10 wt %conponent based upon total conposition 17
-TAB-LE~4—- ettt Conparative Exanple B

Runs B. 1-B. 3) The conpar at i ceMPArAPIVE BxasvMersd or ned
sim |ar to Conparative ExanBEEYELIHUOWITBSPER&HRE on
[ Bwperat ure was maiAdt ai ned A2 180 C/ 80 hours add | A5
DG oagitiensy st DPA 5 cont ent moved consecutively from
JN8“3“°1 2 and 1. 3. part M ars f éf°Monpar &AM e fg‘g
I e B are de @i%% AGJ;lcEq%%P g‘é@l AAqu Fod.  Atarion oo+
ene/ MEI EXA 4
Ratio
Catalyst F-24 (Dried  F-24 (Dried  F-24 (Dried  F-24 (Dried  F-24 (Dried
150C) 150C) 150C) 150C) 150C)
Catalyst (wt% of DPA) 20% 20% 20% 20% 20%
Temperature 1 (°C) 150 150 150 150 150
Reaction Time 1 (h) 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’ 0.4 0.3 0.2 0.2 0.2
DPA' 0.3 0.8 0.8 1.2 12
Cs-C;DPA' 0.1 0.2 0.1 0.3 0.2
CoDPA! 16.7 233 25.8 323 317
DiC,DPA' 77.2 70.6 68.7 63.0 63.4
TriC,DPA' 4.8 4.7 4.4 2.9 3.2
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 © 2513 251.4 251.5 2516
Make-up Nonene (g) 750.6 383.5 390.0 3984 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 9152
Stripped Product (g) 528.8 520.2 503.6 504.2
% Unreacted Nonene in 40.6 41.0 44.0 454 44.9
filtered crude

Y wt% component based upon total composition
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Run # B.1 B.2 B.3 Run Conditions Nonene XOM XOM XOM
S/ S# 4146 4146 4146 DPA Aldrich 99+ Al drich 99+

Al drich 99+ Nonene/DPA Mole Ratio 5 5 5 Catal yst
F-24 (Dried F-24 (Dried 150C) F-24 (Dried 150C) 1500

% 0 % 10% Tenperature 1 (O
C%E?“l%fﬁ‘f%\# L?cl%)plg%}" %0@3) (h) 20 20 20 Tenperature
2 (C 000 Reaction Time 2 (h) 0 0 0O Recycle # 0 1
2 Recycle Overhead Run # 0 B.1 B.2 Recycle Catalyst

# The gompaRbvyetampBawas paforRed similar @o Gonkpamtlme Eyahple A but the

St ar Run . Rec

N stio Rt urk a5 Ty ab LGS Rl hous ahd Fe el DPA
0 cBntdntindved coﬁsecﬁin@%oﬁl ®B8.0L.Dakl 3. m@%ﬁtlcﬂ&s %r@erﬁparatwe
23.3 D CODPA'" 71.4 68. 66 5 Tri CODPA

obxample Byagg @P@t‘f@.IQTabiﬁl%bFlﬁt’Ved N wt % 3. 6 3. 6 3. 6 DPA

(g) 226.4 232.1 225.7 WMake-up Nonene (g) 847.0 380.7

B%B Recycl e I\Ionene (g) O 0 487 3 513 8 Cat aI yst
49 7 50 5 51 2 crude ' %corrponeﬁG
CREPPST i on B.1 B.2 B.3
Run Conditions
Nonene XOM XOoM XOM
S/SH 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 (wt% of DPA) 10% 10% 10%
Temperature 1 (°C) 130 1380 180
| Reaction Time 1 (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 1 (Run Recycle 2 (Run
B.1) B.2)
Nonene' 0.1 0.12 0.17
Nonene Dimer' 0.9 1.1 1.3
DPA' 0.8 1.1 1.3
C3-CsDPA! 0.3 0.3 0.4
CyDPA! 19.3 21.5 23.3
DiC,DPA! 71.4 68.8 66.5
TriCoDPA' 72 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) 0.0 487.3 513.8
Catalyst (g) 22.6 23.2 226
% Unreacted Nonene in filtered 497 50.5 51.2
crude

Twi% component based upen total composition
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10 18 Conparative Exanple C (Runs C. 1-C. 2) This

conparative exanple was perforned in a simlar fashion
as Exanple 1, but nonene/DPA nolar ratio of 3. DPA
noved fromO 3 to 1.0. The particulars for 5
ar at i%‘pd‘,/@ icted in Table 6, bel ow
o MOLE RATIO Run # C. 1
C2 Run Condltl ons Nonene XOM XOM S/ S# 4246 4246

DPA Al drich 99+ Aldrich 99+ Nonene/ DPA Mole Ratio 3 3
nglw opsparatiyd ex4maple avas peidyrmedin asiniladashioc)s Exaatrdd |.dwmt

RGP Rlol H6 S0 PORR oI 9 T Py iaps o
Réhﬁipaﬁitlva' Eﬂﬁnﬁle(@'lhrel@pibﬁzd 1Bq@hfl@|6€béloﬁi 1 Recycle
Overhead Run # 0 C.1 Recycle Catalyst # 0 0O Recycle

Catalyst Run # 0 O Note Recycle 1 (Run C. 1) Nonene'
OT;B§@64 Nonene Di mer 0.4 O 4 DPA' 0.6 1 O C3- C8DPA

Tr [ C9 DPA' 7 6 4.4 (1 her s’ OCQA@G@M()@QIRQ,qk@t ed N wt %

BRm#L. 6 C.1 c2
Run Conditions
Nonene XOM XOoM
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 1
Recycle Overhead Run # 0 C.1
Recycle Catalyst # 0 0
Recycle Catalyst Run # 0 0
Note Recycie 1 (Run C.1)
Nonene' 0.1 304
Nonene Dimer' 0.4 0.4
DPA' 0.6 1.0
C3-CsDPA' 0.3 0.3
CyDPA' 21.3 8.9
DiC,DPA' 69.7 44.7
TriCsDPA' 7.6 44
Others' 0.0 0.0
Calculated N wt% 36 2.6
DPA (g) 325.8 326.5
Make-up Nonene (g) 732.0 460.2
Recycle Nonene (g) 0.0 271.9
Catalyst (g) 65.0 65.3
Crude Product (g) 953.2 948.5
Stripped Product (g) 674.6 665.4
% Unreacted Nonene in filtered crude 29.2 29.8

" wt% component based upon total composition
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15

DPA (g) 325.8 326.5 Make-up Nonene (g) 732.0 460.2
Recycl e Nonene (g) 0.0 271.9 Catalyst (g) 65.0 65.3
Crude Product (g) 953.2 948.5 Stripped Product (Q)
674.6 665.4 % Unreacted Nonene in filtered crude 29.2
29.8 ' w %o nt based upon total conposition 10
133058?%56{?V5t§"\?§%g§npl e D This conparative exanpl e was
performed in a simlar fashion as Exanple 1, but

|nstead of using a first high tenperature followed by
ae gNample e parforesd 18 atsiniarcfasivipn & Bsmpla 1, but

I n hen hi er at,ur Th
c SRR et drRlgh kol SV A s M
ushingxample usdd d low teRppanaé bidtheh a hiyh téi’ni;@rauiﬁ@ UI'Tﬁas @itteodditions
second yrgher t enper ature qof 180 C/ 10 hours.

c 8¥s lavgely; the samepsin Exaaple | @%@n&eﬁrsaﬂwmmatewfﬂw C/10

D oA s R KRR SR80 VO RE PRL o e
ARgcjobhwaonot atempted/dPAo toluasiaticord DiGataigta!  F- 24

(Dried 150C) Catal yst (vvt%of DPA) 20% Tenperature |

(C 150 Reaction Tine 1 (h) 10 Tenperature 2 (C) 180
eaction Tine 2 (h). 10 Recycle # 0 Recycle Overhead

n#0 Recycle Cat al ys@OWWTﬁéﬁ§@MP@%PaI yst Run #
Run Conditions
Nonene XOM
S/s# 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 1 (h) 10
Temperature 2 {°C) 180
Reaction Time 2 (h) 10
Recycle # 0
Recycle Overhead Run # 0
Recycle Catalyst # 0
Recycle Catalyst Run # 0
Note
Nonene' 0.1
Nonene Dimer! 0.9
DPA' 1.2
C5-CsDPA! 0.3
C,DPA! 212
DiC,DPA' 67.2
TriCsDPA' 9.0
Others' 0.0
Calculated N wt% 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 414

' wi% component based upon total composition
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30

Not e Nonene' 0.1 Nonene Diner' 0.9 DPA 1.2
C3-C8DPA" 0.3 CODPA" 21.2 Di CODPA'" 67.2 Tri CODPA
9.0 Ohers' 0.0 Calculated Nw% 3.6 DPA 250.8
Make- up Nonene 750.0 Recycle Nonene 0.0 Catal yst

t 908.3 Stripped Product 532.0 %
uﬂVéMgﬁﬁﬁﬂﬁg’ n filtered crude 41.4 w % conponent
based upon total conposition 15 20 WHAT IS CLAI MED | S:
1. A process for preparing an al kyl ated di phenyl am ne
usi ni cons ee‘ijpllocz@s fomypﬂrmgam alle.}dzctv@ diptiemdareine usingicdnsecutive
process co g Oiy (Ta%PZQecov reS| dual nonene
froman aci VAR 83 s%ﬁomprés&%gl on of
nonene w :i)h r@oﬂ&ﬁ@ﬂe&%ﬁl@mn@ﬂe o800 dﬁéﬂh@d]yieﬁ'ﬂk}@auon

and recovered residual nonene fromstep a)
nonene or i §¥AsEeR PEngnsAe withidiphenylamdnesr vvlth an aci d

ol 2y Cat Ay Sharainf i RAL L I8 LERREI A rhll 2 eom st o

t he presencevithfnoaendordb@yctfiahahettio URetRtor ieCAn 46 clay catalyst;
condi tion for a suitable period of time to alkylate
a maj ori t‘é bealig “g@actoat%%ﬁwemﬂerﬁéure@ffrr)w}&uhé /X feto about
reaction te

dbout 140 C 0D Shon Argste el PRALA S R Pihdirions
time such tfmta sukteble periedoftime sraikglateiaanajorityt @ichargkbéss

t han about d \M‘:nyo of unr eacted di phenyl am ne;

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;

€) 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 ¢) is

repeated a plurality of times.

5. The process.of Claim 4, wherein step e) is repeated 3 or more times.
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e) repeating steps a) through d). 20 2. The process of
Claiml1, wherein the recovered residual nonene is from
about 25 to about. 60 nole percent of the total nonene
charged to the reactor. 3. The process of Caim 2,

|n t he ecovere resi du nonene is.fro

25,

abo © 40 t o dbBICTHE ﬁﬁysnﬁgf@smecsﬁmsrﬁ Iy ersiB fetfep b) the
charged t@hatddnolb @kt FdiptbnylhifindloQ6EF forkhe Aol 1% &f1:6.
the precedi ng cl ai s, vvherel n step e) Is repeated a
plurality of times. 30 5 The process of Caim4,
wher.ein ste |sr Qr. pnore tjhes 21 6. .
The f)r ocessl%g?})%ﬁyss gfdh eﬁ?‘%&%ﬂﬂﬁ@ t@? Sharge fnolé ratio of
wher ei n idipin@Rantine ﬁ)h@tal fhne s fehabbatl:-o of
di phenylamne to total nonene is from1l:4 to 1:6. 7.
The process of Claim6, wherein in step b) the charge
nol g ratio
aboﬁgt 1-4. Zfle ﬁc@s%@%@ ﬂﬁe @%Cgﬂhgfla[}ﬁy%%rén’? d’“ttg[m:) the
cl ai ns, vﬁrstrtempemmresise“mm)lbdlh&&)‘fCl‘t@ﬂ%"&h’per ature is
fromabout 180 Cto 1950 C. 10 9. The process of Caim
8, wherein the catalyst is 5 to 20 wei ght percent
bas upon
pr o?gss of gﬂileﬁr%@éﬁ thcg%glfgn 9{11%8%1}&2{@;{& %3{5%%35 t-gg)% Welélﬁt percem
per cent dasedgipeatler weight dfidiphhglaprincess of C ai m 10,
wherein the catalyst of step c¢) is the sane type of
catal yst enployed in step a). 12. The process of Claim
9, wperei n Thepreadsa by Blaim®, WHRRNMIRE cafaBReis IQ%Qght%Qrcent or
activated nmontnorillonite ¢lay. 13. The process- of
C ai m 9, &#&rei n t he powder cat al yst has an average
particle size about 30 mcrons. 25 14. The process of
any one of clainms 9 to 13, further conprising
theriml |y Thegabéasg of QR Seinthe 0ftalyst dfS€ep c)Is thEREme
process of Claim 14, wherein thernmal treatnent renoves
subst ant i)gqemjcgqa]ystoqmglﬁge(#m@@qga associ ated water from
the catalyst. 30 16. The process of Claim 14, wherein
catal yst is regenerable.

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 is regenerable.

22




10

15

20

25

22 17. The process of any one of the preceding clains,
wherein said process is conducted substantially free
of hal ogens. 18. The process of any one of the
preceding clains, further conprising 5 recovering

al k ted diphenyl am ne reacti,on products fromt.he .
oanl By o g BT Ry e B e S i lebig S s Said process
process of cajimlcwa%ueétaﬁﬁmyﬁ%%%ﬂb%&scl ai ms. 10 20.

The product prepared according to aim19, wherein
the al kyl ated di phenyl am ne product is characterized

by having f t t t i.ght Y% for the .
non ogﬁ{ kyl at rergﬁ %?o%?h%a(gg)agl { Og% ‘3{9@1% ] g%nggla\%\%%’gfﬁft{‘%cf) giprising
the di al kigtadteeing alkgldteddipRdgliimibe taacidiopiodddls Heinghe rédetor.
for the trialkylate. 15 21. The product prepared
according to Caim 20, wherein the al kyl ated

di phgnyl am j ' '

about 15 1 o Shou el ERAPEE e R by iR ot
nmononony|mwegdmgydlamsne; from about 65 to about 75

wei ght % for the di nonyl di phenyl am ne; and from

greater than about 7 to about 10 weight % for the

trimpmoyl di pmﬁé(ljiﬂifo;ﬁﬁi:t epatdi Qc%prdﬂ%toﬁl‘l@i@y ¢4, vl A HRhIkylated
according_ to Claim 21, wherein the

tri nonyl dipeariamdrd prodew s enracitesizgd bpheving fiam ztivoui s ® about
Laht %% = . ; ) ST S0,
i or ATkl op Yol bE Ronile: FERTRAM 4% FRUEEL TR % for

and a m nb¢ dialglatd; a8l flohLalRuO s USibadt EPJehht YR E6SQRE rilikylate.

'to T aim?20. 23

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 % 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 a major amount of an oil of

lubricating viscosity and a minor amount of the product prepared

according to Claim 20.
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