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Dl SPERSANTS AND DI PERSANT VI SCOSI TY | NDEX | MPROVERS FROM SELECTI VELY
HYDROGENATED POLYMERS Thi s invention relates to dispersants, dispersants
with Viscosity index (VI) inproving properties, and dispersant VI inprovers
from functi onal woeeissiseene pol ymers, and methods of their use. pivbisensrsz
pafticularly, the invention 5 relates to dispersants, dispersants with
VI inproving properties, and dispersant VI inprovers from selectively

hydr ogenat ed copol yners prepared using gpnjugated di enes. The invention is
additional ly dlrected to dlspersants dlspersants with VI inproving

properties, andpdspReefe Adp PESPEREARE O mmmwi“ed
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known. In adhydrogenatd@tqn@o@mgrstpﬁépared sisiingwonhjugated akidreenr ene as -
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contain additiQ NDNOMEr S suc as Sfyrene or
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functionalizeg ?ggg% _rubbers. These liquid el astoners contain varying
degrees of un ratiron for utilization in vul canization. Iéglcal of h|ghly

unsat urated |i qui dLEaE Glestopersopye Heldi dRewnc.and are 4sediid under t he
nanme various applications. For example, many functionally
terminated polybutadiene ligquid elastomers are known.
15 These materials are generally highly unsaturated and

frequently form the base polymer for polyurethane
formulations. The preparation and application of hydroxy-
ternminated polybutadiene is detailed by J.C. Brosse et al.
in “Hydroxyl-terminated polymers obtained by free radical
20 polymerization ~ Synthesis, characterization and
applications,” Advances in Polymer Science 81, Springer -
Verlag, Berlin, Heidelberg, 1987, pp. 167-220.
Also, liquid polymers possessing acrylate, carboxy- or
mercapto-terminals are known. In addition to butadiene, it
25 is known to utilize isoprene as the base monomer for the
liquid elastomers. The liquid elastomers may contain
additional monomers, such as styrene or acrylonitrile, for
controlling compatibility in blends with polar materials,
such as epoxy resins.

. 30 Also known in the prior art are pure hydrocarbon, non-
functionalized ligquid rubbers. These liquid elastomers
. contain varying degrees of unsaturation for utilization in

vulcanization. Typical of highly unsaturated liguid
elastomers is polybutadiene, e.g., that sold under the name
35 RICON by Ricon Resins, Inc. A liquid polyisoprene which
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35 RI CON by Ricon Resins, Inc. A liquid polyisoprene which WO

96/ 40846 PCT/ US96/ 06752 -2- has been
hydrogenated to saturate 90% of its original double bonds is marketed as
LI R-290 by Kuraray Isoprene Chemical Co. Ltd. Still nore highly saturated

are liquid butyworoshdses s avail abl e from Hardman Rubber Co., apgrfsesnerse
Trilene, a liquid ethyl ene-propyl ene-di éne rubber (EPDM avail able from
Uni royal Chemical Co. The nore highly saturated liquid el astoners exhibit
good oxi dati on and ozone resistance pr opertles Fal k, Journal of Polyner
Sci ence: PART-1, 9:2617-23 10 (1971)2"the entire contents of which are
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different congypat Geh-ci Q18Fh 95 rélE @lsditade"Rydr84EhiFon of the 1,4-

polybutadiene block segment in the block copolymer of 1,4-

15 polybutadiene - 1,4-polyisoprene - 1,4-polybutadiene and in
random copolymers of butadiene and isoprene, with both
polymerized monomers having predominantly 1,4~
microstructure. Hydrogenation is conducted in the presence
of hydrogen and a catalyst made by the reaction of

20 organcaluminum or lithium compounds with transition metal
salts of 2~ethylhexanoic acid. Falk, Die Angewandte
Chemie, 21(286):17-23 (1972), the entire contents of which
are also incorporated herein by reference, discloses the
hydrogenation of 1,4-polybutadiene segments in a block

25 copolymer of 1,4-polybutadiene-i,4-polyisoprene~1,4~
polybutadiene.

Hoxmeier, Published European Patent Application

88202449.0, filed on November 2, 1988, Publication Number 0
315 280, published on May 10, 1989, discloses a method of

30 selectively hydrogenating a polymer made from at least two
different conjugated diolefins. One of the two diolefins
is more substituted in the 2, 3 and/or 4 carbon atoms than
the other diolefin and produces tri- or tetra-substituted
double bond after polymerization. The selective

35 hydrogenation is conducted under such conditions as to
hydrogenate the ethylenic unsaturation incorporated into
the polymer from the lesser substituted conjugated

-



IS nore substituted in the 2, 3 and/or 4 carbon atons than the other
diolefin and produces tri- or tetra-substituted double bond after

polymeri zation. The selective 35 hydr ogenati on i s conducted under such
conditions as to hydrogenate the ethylenic unsaturation incorporated into

t he pol yner frowobbmesyesser substituted conjugated WO 96/ 448 6so6n6752
PCT/ US96/ 06752 -3- diolefin, while |eaving unsaturated at |east a portion

of the tri- or tetra-substituted unsaturation incorporated into the polyner
by the nore substituted conjugated diolefin. 5 Mohaj er et al.
"Hydrogenated |inear block copolyners 5P~but adi ene and | soprene: Effects of
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but adi ene- i sophenkrint a8 atea-apbafityfied ungatiratipp) intorperaded yrers in
whi ch-but adi efigtbather peiymien byl ¥hé nore Gulstitutedecoliugatyd K K, Japanese

publ i shed pat§g§lgggﬁication Number JP-328 729, filed on Decenber 12, 1987,
publ i shed on Jury 4, 1989, discloses a resin_conposition conprising 70- 15

99% wr. &f a pol yoehaier wterdrablBydsegenakefchinear ik sppetymerand
1-30% wt . of afcrpehdisie Alidiisegréne N\EFfmAbrovagiation &ast 50% of

unsat urated bgond of .J sopr / | : | spersants are
additives to FOBY %%#r:l m?lagl{bgssg%ggég}&&g’s Uers gﬁgg#ﬁé%d%%ﬁslnhg oi I s which
i mprove the dPelwmenb?3iife3sR5t K2982Lidikedosesesrenthelly \nompdetedyc
properties. Thpaségbyated Putddiphesivbpreties-butddiend pREJIE HIBTAWNAY an

par 1 ol A0 stoBEEChLeak Pl R h a0 bbbl s TBedhiFIVET, "
attach to oxi defTBICEPSKRIIIXEnd sl udge. Dispersants generaily have a
Kuraray K K, Japanese published patent application
Number JP-328 729, filed on December 12, 1987, published on
July 4, 1989, discloses a resin composition comprising 70-
15 99% wt. of a polyolefin (preferably polyethylene or
polypropylene) and 1-30% wt. of a copolymer obtained by
- hydrogenation of at least 50% of unsaturated bond of
isoprene/butadiene copolynmer.
Ashless dispersants are additives to lubricant fluids
20 such as fuels and lubricating oils which improve the
dispersability of the fluids or improve their viscometric
properties. Typically, such dispersants are modified
polymers, having an oleophilic polymer backbone to assure
good solubility and to maintain particles suspended in the
25 oil, and polar functionality to bind or attach to oxidation
products and sludge. Dispersants generally have a
solubilizing oleophilic (hydrophobic) tail and a polar
(hydrophilic) head, forming micelles when actively bound to
sludge.
30 Common dispersants include polyiscbutenes which have
been modified by the ene reaction to include functional
. groups such as succinimides, hydroxyethyl imides, succinate
esters/amides, and oxazolines. Other dispersants include
. Mannich base derivatives of polybutenes, ethylene propylene
35 rolymers, and acrylic polymers.
Traditionally, dispersants have been polybutenes
functionalized at one site in the molecule via an ene
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sol ubi l'i zi ng ol eophilic (hydrophobic) tail and a polar (hydrophilic) head,
formng mcelles when actively bound to sludge. 30 Comron
dispersants include polyi sobutenes which have been nodified by the ene
reaction to include functional groups such as succinim des, hydroxyethyl

i m des, succi naiwp &nbieS/ am des, and oxazolines. O her di sper Sahdsoébgrkiide
NHnnlch base derivatives of pol ybutenes, ethylene propyl ene 35 pol yners,
and acrylic polyners. Traditionally, dispersants have been pol ybut enes
functionalized at one site in the nolecule via an ene WD 96/ 40846
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t he nol ecul ar |gh | yQuten ant n ceed
2,000 if the S5 regygf"ﬁ%?'ilg #Rfé/%jﬁ%r 'yéga%goﬁ %ﬁ%{aﬁ' Q’ %EQR g%n 2% ned.
In 15 addltlnniGQHﬂ&dltN@ﬁﬁPVG¥e §&n9§nﬁ§§%4YkﬁFQﬁBﬁa§JF&Ftstimctures
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boymer 1 01 orfheeal BREF b i Rt dne SR SBGuBpgEL 120 U,
gener at ed pr ocRRRESXARALRLYaR. OPRRISCaBRY Weight stGanseguentdy, nthecul ar
wei ghts, i.e. mdlecular weight of traditional polybutene dispersants
cannot exceed 2,000 if the desired
functionality/hydrocarbon ratio is to be maintained. In
15 addition, traditional dispersants have had molecular
structures which have limited the placement of functional
groups, generally reguiring that such groups be placed at
the terminal regions of the molecules.
The polymerization process for the traditional butene’
20 polymers has also generated products having an unacceptably
wide distribution of molecular weights, i.e., an
unacceptably high ratio of weight average molecular weight
(M,) to number average molecular weight (M,). Typically, *
such distributions are M,/M, = ~2.5, producing compositions
25 whose dispersant properties are not well defined.
Moreover, functionalization reactions in these
polymers have typically yielded substantial quantities of
undesirable by-products such as insoluble modified polymers
of variant molecular weight. Functionalization reactions
30 can also result in compounds which contain undesirable
chemical moieties such as chlorine.
U.S. Patent No. 4,007,121 describes lubricant
additives which include polymers such as ethylene propylene
polymers (EPT) having N-hydrocarbylcarboxamide groups.
35 Such polymers are difficult to hydrogenate in any
controllable manner.
Eurcpean Patent Application No. EP 0 344 021 discloses



unacceptably high ratio of weight average nol ecul ar weight (Merr]) to
nunber average nol ecul ar weight (Merr]). Typically, such distributions
are Nerr]/Merr] [err] -2.5, producing conpositions 25 whose di spersant
properties are not well defined. Moreover, functionalization reactions in
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failed to provide geretofore, the art has failed to produce dispersants
and dispersant VI improvers having selective and

15 controllable amounts of polar functionality in their
polymeric structure. Thus, the art has failed to provide
any means of developing dispersants and dispersant VI
improvers having higher molecular weights and/or higher
amounts of functionalization per molecule. The art has

20 also failed to provide dispersant polymers having desirably
narrow molecular weight distributions to avoid the presence
of by-products which degrade dispersant performance. The
art has also failed to provide dispersant and VI improving
compositions which exhibit good thermal stability.

25 Accordingly, it is a purpose of this invention to
provide dispersants and dispersant VI improvers having
polymeric structures which permit highly selective control
of the degree of unsaturation and consequent
functionalization. Unique materials can also be obtained

30 by chemical modification of the polymers of this invention
since the polymers can be selectively modified at

. controllable sites, such as at random sites or at the
ternminal ends of the molecules.
It is an additional purpose of this invention to

35 provide a method for the production of dispersants and
dispersant VI improvers from polymers having controlled
amounts of unsaturation incorporated randomly in an



any neans of devel opi ng di spersants and di spersant VI inprovers having

hi gher nol ecul ar wei ghts and/ or hi gher anmounts of functionalization per
nol ecul e. The art has 20 also failed to provide dispersant pol yners
havi ng desirably narrow nol ecul ar wei ght distributions to avoid the
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pol ymers of ‘subsequently chemically modified. The dispersancy and VI
improving properties of the compositions of the invention
15 may be controlled by controlling the size of the polymers
and the extent and distribution of their functionalization.
Accordingly, these substances are termed throughout
‘dispersant substances’.
In one embodiment of the invention, there is provided
20 a dispersant substance for modifying the dispersancy or
viscometric properties of a lubricant fluid, in which the
dispersant substance includes a copolymer of two different
conjugated dienes. In this case, the first conjugated
diene includes at least one relatively more substituted
25 conjugated diene having at least five carbon atoms and the

formula:

A T e o
F R Rr R
wherein R'-R° are each hydrogen or a hydrocarbyl group,
provided that at least one of R'-R° is a hydrocarbyl group,
and also provided that, after polymerization, the
unsaturation of the polymerized conjugated diene of formula
35 (1) has the formula:

30



conj ugat ed di enes whi ch have been hydrogenated and subsequently chemi cally
nodi fi ed. The di spersancy and VI inproving properties of the conpositions
of "the invention 15 may be controlled by controlling the size of the
pol ymers and the extent and distribution of their functionalization.
Accordingly, tivweessedsstances are ternmed throughout "di sper sasirngssbadragces.
| n* one enbodi ment of the invention, there is provided 20 a di spersant
substance for nodifying the dlspersancy or visconetric properties of a
lubricant fluid, in which the dispersant_substance i ncl udes a copol yner of
two different conjugated dienes. In thi§ case, the first conjugated di ene
includes at |east one rel atguely nore substituted 25 conj ugat ed di ene
having at |east five carbontatons and the forrmula: [err] 30 wherein
Rlerr]-Rlerr] are each giydregerc o R¥hydrocar byl group, providq@)that at

| east.- one of Rlerr]-Rerr] is alhydrocarbyl group, and al so provided that,
after podynerization, the unsat&ratlon of the polynerized conjugated dlene
of formula 35 éi% IH# WO 96/40846

PCT/ BP96/ 0675¥he¥ e?r'] 5 v\ﬁeré Bl cATP, eafh hydrogen oF a,nd Rierr] are
each hydr ogenhpdrecasisirio gaohp, prowided rthatdedthémtbatilt IR ahat R Raeer] and

R err] are hyﬂg ﬁém 197 s 06 g dh REr & hdaﬁ'd ﬂéarl{ l;@Cﬁrocar byl 10
groups. _The seton corﬁu ated diene I n the dispersant s stanCes of this
embodi mtft | n@FEMRS- at | east one relatively |ess substituted conjugated
di ene which is dif?iee esdcontdosohjugdted idieme dgaties diispexrsant has at | east
substances of this embodiment includes at least one
relatively less substituted conjugated diene which is
different from the first conjugated dienme and has at least
15 four carbon atoms and the formula: '
RR~C=C~-C=¢C - R¥ (3)

La I{L Rlo Rlll

20 wherein R’-R' are each hydrogen or a hydrocarbyl group,
provided that, after polymerization, the unsaturation of
the polymerized conjugated diene of formula (3) has the

formula:
25
RP-Cc=cC~R™ (4)
! RY1 :
30 wherein R, R, R and R are each hydrogen or a

hydrocarbyl group, provided that one of R’ or R" is
hydrogen, one of R or R" is hydrogen, and at least one
of R', R, R™ and R is a hydrocarbyl group.
Following polymerization the diene copeolymer is
35 preferably functionalized by a method which includes
selectively hydrogenating the copolymer to provide a
selectively hydrogenated copolymer, followed by
functionalizing the selectively hydrogenated copolymer to
provide a functionalized copolymer having at least one
40 polar functional group.
In a preferred embodiment, the dispersant substance
includes a polymer in which the first and second conjugated



15 four carbon atons and the formula: [err] 20 wherein R err]-Rerr]
are each hydrogen or a hydrocarbyl group, provided that, after

pol ynmeri zation, the unsaturation of the polynerized conjugated diene of
formula (3) has the fornula: 25 [err] 30 wherein R err], Rerr], Rerr]

and R err] are wed8udyglr ogen or a hydrocarbyl group, providedpbfgkosersOf
‘Rlerr] or Rerr] is hydrogen, one of R err] or Rerr] is hydrogen, and at
| east one of Rerr], Rerr], Rerr] and Rerr] is a hydrocarbyl group.
Fol | owi ng pol yneri zation the di ene copolyner is 35 preferably
functionalized by a nethod which includés sel ectively hydrogenating the
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that x and y are defined relative to blocks in a linear
block copolymer or blocks in an arm or segment of a
branched or star-branched copolymer in which the arm or
segment has substantially linear structure.
15 Preferably, in the block copolymers of this
embodiment, x is from 1 to 600, and y is from 30 to 4,000,
more preferably x is from 1 to 350, and y is from 30 to
2,800. While larger values for x and y are generally
related to larger molecular weights, polymers which have
20 multiple blocks and star-branched polymers typically will
have molecular weights which are not well represented in
the values of x and y for each block.
Alternatively, the dispersant substance includes the
first and second conjugated dienes polymerized as a randonm
25 copolymer. The dispersant substance may include the first
and second conjugated dienes polymerized as a branched or
star-branched copolymer.
The copolymers useful according to this embodiment
typically have a molecular weight of at least 2,000.
30 Preferably, the molecular weight of these polymers is from
2,000 to 1,000,000, more preferably from 5,000 to 500,000.
The molecular weight of a polymer of the invention is
generally associated with the physical properties it
exhibits when employed as a dispersant or dispersant VI
35 improver. Typically, polymers having lower molecular
weights are employed as dispersants, while VI-improving
properties and relative thickening power are associated



bl ock copol ymer or blocks in an armor segnent of a branched or

st ar-branched copol yner in which the arm or segnent has substantially

| ihear structure. 15 Preferably, in the block copolyners of this
enbodi nent, x is from1l to 600, and y is from30 to 4,000, nore preferably

X is froml towd6smsoessd v is from30 to 2,800. While |arger vediassebérs: X
and y are generally related to larger nol ecul ar wei ghts, polyners which

have 20 mul ti pl e bl ocks and star-branched polymers typically will have
nol ecul ar wei ghts which are not well gresent ed in the values of x and y
for each block. Alternatively, the dispérsant substance includes the first

and second Cogstansﬁirﬂx@%avaa &Y é@%ﬂscmaéndeir%ﬁés and0Opol yner. The

di spersant su I.ncl udé, t | rst,.and secon coqé t ed di enes

pol yneri zed a§°ﬁrﬁl’éﬂmlgr 9§F3F35r'éﬂ'ﬁﬁ?§& ¥opof FhePUrRAR %gbcbl yners usef ul

accordi ng to Gbseussimi pelymeypi oﬁltl;e Haventiool baving melepulasxf at | east

2,000. 30 e | e s is from
g&g@ge@w tHd'%: ?HBL: 15 o/ %b eb &b 7860 m&y

2,000 to_1, 00 e era rom 00.” The nol ecul ar
20 st O et (ol S PRt SRiSno00 hSving umsbacning e o
physi cal pr opveiglas idf cBrfemb 205 00D eto 5Mhl00Penaysbe dlageisiad asr di spersant

VI 35 i mpr g o] r I ghts are
enpl oyed as dlg rsants %&%IVI ?Jn%( \#]%%Eaﬁgﬁl egﬂgwﬁ[ a}[gleve
t hi ckeni ng pohaYing olesydiaz E’Glghtmﬁaél% 89cor more may be

PCT/ US96/ 067581aés it e kidispearsant WY limproveesul ar wei ghts and

cor respagdingly orfalsle Wispaskhit t%st%'ﬁ:@%58§ ghediacuneidy. g yers of

the invention having nol ecular wel e ran to 20, 000

may be 5 cPaRRIYmer) 1% nrelprpblygeleshiyrlys HgW‘ﬁﬁ“m%'cuIIé‘r ifei ghts of
from 20, 000 t préfexisd timatbdhel unsatumatizn difsformahas(4) the VI -i nprovi ng

properties, apghoPimtiel19y completely hydrogenated, thereby retaining
substantially none of the original unsaturation of this
15 type, while the unsaturation of formula (2) is
substantially retained (i.e., the residual unsaturation
after hydrogenation), in at least an amount which is
sufficient to permit functionalization of the copolymer.
After the hydrogenation reaction, the Iodine Number
20 for the residual unsaturation of formula (2) is generally
from 50% to 100% of the Iodine Number prior to the
hydrogenation reaction. More preferably, after
hydrogenation, the Iodine Number for the residual v
unsaturation of formula (2) is 100% of the Iodine Number
25 prior to the hydrogenation reaction.
After the hydrogenation reaction, the Iodine Number
for the residual unsaturation of formula (4) is from 0% to
10% of the Iodine Number prior tc the hydrogenation
reaction. More preferably, after the hydrogenation
30 reaction, the Iodine Number for the residual unsaturation
of formula (4) is from 0% to 0.5% of the Iodine Number
. prior to the hydrogenation reaction. Most preferably,
after the hydrogenation reaction, the Iodine Number for the
residual unsaturation of formula (4) is from 0% to 0.2% of
35 the Iodine Number prior to the hydrogenation reaction.
The conjugated diene of formula (1) preferably
includes a conjugated diene such as isoprene, 2,3-dimethyl-~




havi ng nol ecul ar wei ghts of 50,000 or nore may be classified as di spersant
VI inprovers. 10 In the dispersant substances of the invention, the
copolymer is preferably selectively hydrogenated. It is preferred that the
unsaturation of forrmula (4) be substantially conpletely hydrogenated,

t hereby retai ni Ngp 6dMegdsanti al |y none of the original unsaturatdcqipsbodes S
15" type, while the unsaturation of formula (2) is substantially retained

(i.e., the residual unsaturation after hydrogenation), in at |east an
amount which is sufficient to permt functionalization of the copol yner.
After the hydrogenation reaction the I3&ne Nunber 20 for the residual

unsaturation qf, t}%&{%ea @Zine ﬂ&aﬁr g. 09 _g;ethpgehogi_ne

Nunber prior to dro on re tlon e ref erab y,

hydr ogenat i on,PemMeadignene NBﬂﬁEY T¥w3iﬂﬁ9tP€§PBﬁal whenl~&/3sn of fornula
(2) is 100% ofputsiiendt ne-bhahyl-f&h-penmhuﬁbnEQ 3¢phénydpqgenat|on reaction.

After the hydr agt f i_dual

unsat uration oﬁ%ﬁ% fglasﬁpe%%'tob%ﬁ&%igﬁfe 'ﬁpofgél}(i ber prior to
t he hydr égenatb@ﬂdiﬁ!@tn énmehbyb'br?e'ﬂ&xaﬂli?neaf 2-&%%-&#&&@&9@#013. 30
reaction, the gslime qugr-bﬁeédié&re@ i rtuk8s atHErRidAN Morkornula (4) is

frmnO%to()S% i.Qr._to._th .o M|o r,eacti on.
Most pref erabl éﬁxf‘g’ﬁy'h ﬁy‘éo rg)e"ﬁa efa:)r‘? Pé‘éc %oﬁ’%g@ % & for
the residual NENE| @Nr9¢n¢£w3nﬂ19#P€FhN§’P?§ﬁ#tﬁnQ<93)2?ﬂ#6h¥351 3the
| odi ne Nunber ﬁﬁd:’.téhet.hes’&.’{ﬂl qwatpze&e&awm Othe Wthjuyaiteaaiedndi gee of

formul a ) pr erably.in e at ed di ene such as isoprene,
2, 3-di ne F“"!}@ é/llog dhided fe8lAR.

PCT/ US96/ 06752 - 10~Pnﬁﬁeaabéme tire rmnwgates gitene M formalec {32,
3-methyl -1, 3-ipenicd an8~bdtakidne, b, 33peathafesdc 1,3-pesadiehel- 1, 3-

heptadiene, 2,4-heptadiene, 1,3-octadiene, 2,4~octadiene,
3,5~-octadiene, 1,3-nonadiene, 2,4-nonadiene, 3,5-nonadiene,

15 1,3-decadiene, 2,4-decadiene, 3,5-decadiene, or mixtures
thereof. More preferably, the conjugated diene of formula
(3) includes 1,3-butadiene, 1,3-pentadiene, or 1,3~
_hexadiene. Still more preferably, the conjugated diene of
formula (3) includes 1,3-~butadiene.

20 Generally, when the conjugated diene includes
substantial amounts of 1,3~-butadiene, the polymerized
butadiene includes a mixture of 1,4- and 1,2-units. The
preferred structures contain-at least 25% of the 1,2-units.
More preferably, the structures contain from 30% to 90% of

25 the 1,2-subunits. Most preferably, the structures contain
from 45% to 65% of the 1,2-units.

To provide dispersancy, the selectviely hydrogenated
polymer is chemically modified of “functionalized” to
provide a polymer having at least one polar functional

30 group, such as, but not limited to, halogen, epoxy,
hydroxy, amino, nitrilo, mercapto, imido, carboxy, and
sulfonic acid groups of combinations thereof. The
functionalized polymers can be further modified to give a
more desired type of functionality.

35 In a preferred case, the selectively hydrogenated
polymer is chemically modified by a method which includes:
reacting the selectively hydrogenated polymer with an



but adi ene, 2-phenyl -1, 3- pent adi ene, 3-phenyl -1, 3 pent adi ene,

2,3-dinmethyl -1, 3-pent adi ene, 2-hexyl-1,3- 5 but adi ene,

3-met hyl - 1, 3- hexadi ene, 2-benzyl -1, 3-but adi ene, 2-p-tolyl-1, 3-butadi ene, or

m xtures thereof. Mre preferably, the conjugated diene of fornula (1)

I ncl udes i sopr ewmegsawydscene, 2, 3-di nmet hyl - but adi ene or 2- net hyierlusssners2

pent adi ene. Still nore preferably, the conjugated diene of 10 formul a

(1) includes isoprene. Preferably, the conjugated diene of fornula (3)

i ncl udes 1, 3-but adi ene, 1, 3-pentadi enggqd, 3- hexadi ene, 1, 3- heptadi ene,

2, 4- hept adi ene, 1, 3-octadi ene, 2, 4-octadi ene, 3,5-octadi ene, 1, 3-nonadi ene,

2, 4- nonadi en@nsathrated daxboxyllic adid- (ter ddrdivetive /thexaont cmaich

3, 5-decadi en } xt eqf.. ¢ at } uggiged di ene
PALALS ey o) JEb paby fad ekl BcqButod DL

of formula ( | 1, 3- pen | ene,” or 3- "hexadi ene.

Still.nore pthesr asestingdheoacydated B?@ﬁ'@froﬁggr ang il’ﬁ?claudes

1, 3- but adi enpolFmine or a Cemdimbktyonvtierddfs conj ugat ed di ene incl udes

subst antg al armun&a %ﬂ%&é LSR8 ehbSaiintTethécinvehetiene i ncludes a
- S

m xture“of 1,4- an uni . The greferred structures contain at | east

25% of the 1proydfes digpersands sphstences passd upop.2 EORRLYBEY Qfa%00s t o
90% of 25 1leaat] ode StingHsubstiihtedpstysersbland ateleastictne es contain
from45%to 0. = Uni Vi I:SRe viely
hydrogenatedggﬁ%ﬁﬁg%gﬁgigﬁgﬁiCEFFfZ%%§?$Té%ﬁzghiggﬁg??gﬁg$%§£Jﬁﬁ?%&%rovide
a pol yner ha¥asgakt 1%%t°%?%@ﬂé?°fﬂﬁ@¥?%la“§0 e §PERMa%uch as, but
not |in@ed to, hal ogen, epoxy, N droxy, amno, nitrilo, nmercapto, imdo,
carboxy, and sul fonic acid groups}of conbinations thereof. The
functionalized polyners can be f her nodified to give a nore, desired type
of functionality. 35 In péfise, the selectiv

hydr ogenat ed pol yner is chem ca ed by" a nethod which includes:
reacting the selectively hydroge ed polynmer with an

15 wherein n = 1-5, and R* and R® are each hydrogen or a
hydrocarbyl group. Preferably, n = 1-3, and more
preferably n = 1. Preferably, the conjugated diene
comprises at least one conjugated diene having at least
four carbon atoms and a formula corresponding to the

20 conjugated dienes of formulae (1) or (3) described above.
Following polymerization, the original unsaturation in the
polymerized conjugated diene has a formula corresponding to
formulae (2) or (4) as described above.

Following polymerization the substituted styrene-diene

25 copolymer is preferably functionalized by a method which
includes selectively hydrogenating the copolymer to provide
a selecfively hydrogenated copolymer, followed by
functionalizing the selectively hydrogenated copolymer to
provide a functionalized copolymer having at least one

30 polar functional group. '

The polymers of this embodiment include a
ring-substituted styrene in an amount of from 0.5% wt. to
25% wt., and a conjugated diene in an amount of from 75%
wt. to 99.5% wt. Preferably, a ring-substituted styrene is

35 included in an amount of from 1% wt. to 20% wt., and a
conjugated diene in an amount of from 80% to 99% wt. More
preferably, a ring-substituted styrene is included in an
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unsaturated carboxyilic acid (or derivative thereof, such as nmaleic
amhydride) to provide an acyl ated polyner, and then reacting the acyl ated
polymer with a nonoam ne, a polyam ne or a conbination thereof. 5

I n anot her pr efwiorogdosagroodi ment, the invention provides di Spepeaoscns?s2
subst ances based upon a copol yner of at |east one ring-substituted styrene
and at | east one conjugated diene. Preferably, the ring-substituted styrene
has at | east one benzylic hydrogen and ge formula: 10 [err] 15 wherein n
= 1-5, and R[err] and R[err] are each ﬁéf rogen or a hydrocarbyl group.

Preferably, n %@% ofELdIP s RAST RbARE¥ Bt 7, Jm'td apés;l §hLght¥a &féne is
conj ugat ed di &?@ rises at |east one con%!b ﬁ gne having at |east
l'1""0 e

four carbon aticnﬁd-uéﬁd intan mmounto P SFER oF conj ugat ed
di enes of fornul ae1nliherdisperdant shbdtahce=s of-thiiswenbodimgntyiaati on,

cor r espond; ng SO SPREF RS Q*S"?X‘fy 5@%2%?‘%“@293‘*95?? ghas @ formi a
pol yner i Zat i orpreifershbytpolymerized ageadbiaek SPPOLYREE.CPRBF ?%n%r%# erably

functional i Zzed dasta tiBt aDEbrititihg BIbuRes sel ectively hydrogenating the

copol ymer to provide a e nat ed copol yner, followed by
functionalizing the sel gﬂ 3§> #o@é éd copolynmer to_provide_a

f uncti onal i zewhexedny the Ml‘hdl’dt ipg §fle%n%t dgast’ gpeaPolEMerizedl group.
The pol ym&‘rs @ ridlisubsfbeast & HityreneUde Sormulg Y5)St ahdt edesbyoere(Bn an

0
rom 75k ”°{?a- gadss, o Tossl; ohle poVilefs £OFIARGH BT HE 88 S0 ©F
i ncl uded in arffcammlae 61)f¢xnﬁ3ﬂ%>wﬂn FQGQDQGQW x ignghg EHHP9§a9§d diene in
an amount of iy %zé& ASH6ner uMite RhehbPsEbl (b) andi ig- aubIéastt B
styrene is |ncI ed ntﬁe number of polymerized monomer units in block
(B) and is at least 25. Preferably, in the block
15 copolymers of this embodiment, x is from 1 to 600, and y is
from 30 to 4,000, more preferably x is from 1 to 350, and y
is from 30 to 2,800.
Alternatively, a ring-substituted styrene and a
conjugated diene are polymerized as a random copolymer. In
20 addition, a ring-substituted styrene and a conjugated diene
may be polymerized as a branched or star-branched random or
block copolymer.
The copolymers useful according to this embodlment
typically have a molecular weight of at least 2,000.
25 Preferably, the molecular weight of these polymers is from
2,000 to 1,000,000, more preferably from 5,000 to 500,000.
The molecular weight distribution of these polymers is
preferably 1.01 to 1.20.
The dispersant substances of this embodiment include a
30 copolymer which can be selectively hydrogenated to retain
as much of the original aromatic unsaturation a possible,
while removing as much of the original unsaturation of
formulae (2) or (4) as possible. Preferably, following
hydrogenation, the residual unsaturation of formulae (2} or
35 (4) is from 0% to 1% of the Iodine Number prior to the
hydrogenation reaction. More preferably, after the
hydrogenation reaction, the Iodine Number for the residual
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anmount of from5%w. to 15%w., and a conjugated diene is included in an
anbunt of from85%to 95% w. In the dispersant substances of this

enbodi ment, a ring-substituted styrene and a conjugated diene are 5

preferably pol ywewéamas as a bl ock copol yner conprising at .| eagdrrisveners:
alternating blocks: (P)[err]-(B)[err] or (B)[err]-(P)[err], wherein the
bl ock (P) includes at | east one polynerized ring-substituted styrene of
formula (5), and the block (B) 10 i ncl udes at | east one pol ynerized

conj ugat ed diene of formulae (1) or (3*37n addition, x is the number of

I I zed ' ' P, ' : ol ' h
unher of pol Jhare Ao f senaafac T2 ¥ E:;:B?%'saﬁg&}\sagt&?(ebééfl be "

Preferably, i ne Nupber prigy tonthe bydrppenaticn; FRagtion s from 1
to 600, and yMostfpreféfally,4 affter the dydrebgenablipnxreactianp theo 350, and
y is from 30 (Nhn#¥ Lye | GEs | e %ﬁ?ﬁ a a
conj ugat ed di gﬁg&ﬁe po %%fng#g(ggﬁatgzi%dom cgggﬁﬁ?g;rlgf# Ij'geaggi)t i on,
a ring-sdbsti PGt t4) sis QF of; the,Iedine Jymbergprder k9 Bae pol ynerized as a
branched or shgdrdgemstiich meadtiontr bl ock copol ynmer. The copol yners usef ul

according to this ' | Y ' . Of | east
2,000. 25 Pref erabply, d %ﬁ%ﬁﬁ‘ﬁ% %ﬁ?eg?ktsﬁgé 1'f‘)o ymtei:raggi’s Fom
2,000 to 1, ooBrewaticymsalvantisgn 9f ¢ bsbdtutedoptyerne moporsredsl ar
wei ght di stri attleastofs0$hantaiakipotord prefeirabapl gt 11&dst ®ok 20. The.

di spersajat su E%ﬂ& | S 4 LAty | u : copol ynmer whi ch
can be ?@Iect?%e y‘ﬁiﬁﬁ%géﬁgégdg?ggéeta?hlgghnggﬁgéﬁg?he original aromatic

unsaturation a posst spphoRikaFances off bhiseubpdinens, the
unsat urati on ping~substituted styrene component of the polymer

preferably includes an alkylstyrene, such as vinyl toluene,
vinyl xylene, methylstyrene, ethylstyrene, propylstyrene,

15 isopropylstyrene, sec-butylstyrene, or benzylstyrene, or
nmixtures thereof. More preferably, the ring-substituted
styrene includes p-methylstyrene.

In the dispersant substances of this embodiment, the
conjugated diene may include one or more conjugated dienes

20 of formulae (1) or (3) as described elsewhere herein.
Preferably, the conjugated diene includes a conjugated
diene of formula (1) such as isoprene, 2,3-~dimethyl-
butadiene, 2~methyl-1,3-pentadiene, myrcene, 3=methyl-1,3-
pentadiene, 4-methyl-l,3-pentadiene, 2-phenyl-l,3-

25 butadiene, 2-phenyl-1,3-pentadiene, 3~phenyl-i,3
pentadiene, 2,3-dimethyl-1,3-pentadiene, 2-hexyl-1,3-
butadiene, 3-methyl-1,3-~hexadiene, 2-benzyl-1,3~butadiene,
2-p~tolyl-~1,3-butadiene, or mixtures thereof, and/or a
conjugated diene of formula (3) such as 1,3-butadiene, 1,3~

30 pentadiene, 2,4-hexadiene, 1,3-hexadiene, 1,3-heptadiene,
2,4-heptadiene, 1,3-octadiene, 2,4-octadiene, 3,5-
octadiene, 1,3-nonadiene, 2,4-nonadiene, 3,5-nonadiene,
1,3-decadiene, 2,4-decadiene, 3,5-decadiene, or mixtures

. thereof.

35 More preferably, the conjugated diene of formula (1)
includes isoprene, myrcene, 2,3-dimethyl-butadiene, or 2-
methyl-1,3~-pentadiene. Most preferably, the conjugated



formulae (2) or (4) as possible. Preferably, follow ng hydrogenation, the

resi dual unsaturation of formulae (2) or 35 (4) is from0%to 1% of the
| odi ne Nunber prior to the hydrogenation reaction. Mre preferably, after
t he hydrogenation reaction, the |odine Nunber for the residual WO
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unsaturation of fornulae (2) or (4) is from0%to 0.5% of the |odine Nunber
prior to the hydrogenation reaction. Mst preferably, after the
hydr ogenati on reaction, the |odine _Nun‘t_)gé_for t he resi.dual unsaturation of
formulae (2) 5 or (4) is 0%of the 10di ne Nunber prior to the

[‘Kdr ogena% long r%?at‘ét b?{‘foﬂtﬁfaer(ﬁ.@' lncﬁ.ﬁ&%@"‘i I:éi'l% .Seueekl P eebafﬁmlnat ' ;)n
e aromatic unsaturation i tu y.r ene .nmon eas
50% r et ai ned, tR8r €°B§B$%‘F%I‘%P‘eéle gag %i 65 %ﬂ&f’ﬁ@dgngﬁauﬁ%ﬁ
preferably 100%s-peatadiend,n arha,d-beradiene subdiosinpreferablkys thdodi nent,
the © no-SubsUohjlgdrah dfdife GHMeRaliacls] f@&i@{a&@ﬁ& aLs&EfaPéﬂe' ncl udes

an al kyl styrene, as vi toluene yln styrene
et hyl st yPene, prop¥hsEle FRPO I’G‘ersl e p'F é’f‘iﬁ‘éﬂ'@ntse theiyrene, or
benzyl styr enecoﬁﬁu&htédr@ﬁeﬁé\éjmhdeybles-muﬁwﬂey, thhepolme:sim ituted

styrene | ncl Uigta Bﬁé% ee'aem&euiaefs | EPR Sl 124hahapges of this

enmbodi nent , conj u I en % é .nc one or re con% %}at ed di enes
20  of for rri!ﬂrsée(e? ¢ %hp conjyga Fﬁbeae%%%&mﬂeeme#ﬁas ¥rably, the
conj ugat ed di giogel pﬁ'éﬁémnr Sromlgatetioddede axid mostupzeféyralsly hExom

| sopren 2, 3- h b qgalee €po hyl -1, 3-pentadi ene, rryrcene
3- et hy qul 3- 4%%%%#%%@ ‘!&4 ri F ?mggéent adi ene, i phenyl -1, 3- 25

but adi ene, 2- phenyﬁl§°3ﬁbe‘?k1§d inententhe peletivedye gdrogenated

2, 3-di net hyl - polypept tdimore ﬁ%dfetybli Shemicaldivemedified to provide a

3-methyl -1, 3- BRX3HLENG1 1 I Telst! one PHA P& Sunctional group.
Preferably, the halogen functional group includes bromine.

15 To impart dispersant properties, it is more preferred to
further modify the polymer, e.g., by reacting the halogen
group with an amine, a polyamine, or a combination thereof.

In still another embodiment, the invention is directed
to homopolymers of a conjugated diene, selected from among

20 any of the dienes of formulae (1) and (3) described above.
Preferred conjugated dienes of formula (1) include
isoprene, myrcene, 2,3-dimethyl-butadiene, or 2-methyl-1,3-
pentadiene. Preferred conjugated dienes of formula (3)
include 1,3-butadiene or 1,3-pentadiene. The polymerized

25 diene may be prepared in linear, branched, or star-branched
.form. The homopolymer may be subjected to selective
hydrogenation to provide a partially hydrogenated polymer,
retaining a sufficient amount of the original unsaturation
to functionalize the polymer.

30 Any of the dispersant substances of the invention may
include a functionalized polymer of the invention
distributed in a carrier fluid such as a synthetic or
mineral oil, to provide a dispersant concentrate. The
dispersant concentrates generally include the polymer in an

35 amount of from 5% wt. to 90% wt., more preferably from 10%
wt. to 70% wt., of the dispersant substance, depending upon
the molecular weight of the polymer.




2-p-tolyl-1,3-butadiene, or mxtures thereof, and/or a conjugated di ene of
formula (3) such as 1, 3-butadiene, 1,3- 30 pent adi ene, 2, 4- hexadi ene,
1, 3- hexadi ene, 1, 3-heptadi ene, 2, 4-hept adi ene, 1, 3-oct adi ene,

2, 4-oct adi ene, 3,5- octadiene, 1,3-nonadiene, 2,4-nonadi ene, 3,5-nonadiene,
1, 3-decadi ene, wWodwaemadi ene, 3,5-decadi ene, or m xtures thermajoseadsrs2
More preferably, the conjugated diene of formula (1) includes isoprene,
nyrcene, 2, 3-di net hyl - but adi ene, or 2- nethyl -1, 3-pentadi ene. Mbst
preferably, the conjugated WO 96/ 4084

PCT/ US96/ 06752 -14- di ene of fornula (lﬁ'TncIudes | soprene. More

13- pentadi ene, _or' 1t Gt S Goppaleis Bey bpf vt Sotnad ot S8 Fere o

formula (3) | ePeyRddl Q}Y§¢ﬁﬁ g efrEF e group cORgiebiRg \rs of this
enbodi ment, waaeibkbtdaety,upoiuedpoist adeprdasdats], debergehtse, the

polymerized b cl 1 .ef erably,
t he conj ugat e#l%géﬁ%%%ér}cl&g%ﬁom ﬁé&l{%%? %Féwga% 3%%'5\': ra(#]’J'SO%

90% andnost fopwf agenlis, moFFesdon and Fuss dpbib é OFfe Ilezmmtas nmo in
this enbodi neimprbberselaaed ithel Yikgdr ogenated polyner is nore preferably

chem cal |y nDdlfle a a©

functi onal group ‘&‘ fera%‘zllgﬁl EuPﬁﬁ%P&ir&“fihﬁs %o#l‘gﬁﬁ%roﬂg Mﬁ%ﬁ'@?
brom ne. 15 thepdi mﬁarmys P& YaREoPtiS Properties sofp Lhid @auchd to
further rmdi f mst Relwstioant. € The, mémmdeaniamgetshadhakMrwmwtw filia an

e o O, Ul 1, Bl ' B o0 B SHIRH 0,
from anong 20is saﬁﬁflﬁe&ﬁﬁ@"dpé'ﬁlég‘i%faf%ﬂ%&é"FI‘Pﬂ ﬁi?%)fl}b’é%ﬁab’éagabove
Preferred conjaigpeesantyras vikcbnetii@ fripertibs dehiswpire aaltaredene,
2, 3-di met hyl - E&Bﬂdtﬁi“%rfyiﬁ%l”ﬁiﬁih.1 ﬁ&eferably, the method involves
admixing the dispersant substance in an amount of from
15 0.001% wt., to 20% wt., more preferably from 0.1% wt. to
10% wt., and most preferably from 0.5% wt. to 7% wt., of
the dispersant-modified fluid. Typically, the method of
the invention is employed to modify lubricating oils and
normally ligquid fuels; such as motor oils, transmission
20 fluids, hydraulic fluids, gear oils, aviation oils, and the
like. In addition, the method may further include admixing
with the fluid at least one additive such as antioxidants,
. pour point depressants, detergents, disbersants, friction
modifiers, anti-wear agents, anti-foam agents, corrosion
25 and rust inhibitors, viscosity index improvers, and the
. like.

The invention also provides a dispersant-modified
fluid, such as a hydrocarbon fluid, having modified
dispersancy or viscometric properties. In this embodiment,

30 the dispersant-modified fluid typically includes a mineral
or synthetic oil and a dispersant substance of the
invention. Preferably, the dispersant-modified fluid of
the invention includes a dispersant substance in an amount

. of from 0.001% wt. to 20% wt., more preferably from 0.1%

35 wt. to 10% wt., and most preferably from 0.5% wt. to 7%
wt., of the modified lubricating fluid. The dispersant-
modified fluid preferably. includes a mineral or synthetic



pent adi ene. Preferred conjugated dienes of formula (3) include

1, 3- but adi ene or 1, 3-pentadi ene. The pol ynmeri zed 25 di ene may be
prepared in linear, branched, or star-branched form The honopol yner may be
subj ected to selective hydrogenation to provide a partially hydrogenated
pol ymer, retai nwodsaesasif ficient anount of the original unsatupgfA
functionalize the polyner. 30 Any of the dispersant substances of
the invention may include a functionalized polynmer of the invention
distributed in a carrier fluid such as 3 synthetic or mneral oil, to
provi de a dispersant concentrate. The d gpersant concentrates generally

i nclude the p dﬁ%ﬁ n qgﬂg% 2% . RO
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i nprovers, ancaﬂéperlsahes,beia:mmmmoauriuféheanﬁ-awaie&g%n&et hexsie D¢

nodi fyi ng the y o as a
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di spersant subdPxeverss apd bR ekkeon which is sufficient to provide a
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whi ch ar gy al t gadnEOBLY DePl A cohiifoft e Ofaﬁaeung;e method invol ves

adn1X|ng t he spers 0.001% w. to
20% wt ., nor e RR¥peripationonthe pPrlymers of ctheyinventdomparepref erably from

0.5% w. to 7%electivély kydicguiteal tavpiévide fd WoehtrbLDeasdhount ndret hod
of extent of residual unsaturation. After the selective
hydrogenation reaction, the hydrogenation catalyst is

15 removed from the polymer and the polymer is chemically
modified of functionalized to impart desirable
characteristics for the dispersant substances of the
invention.

Accordingly, as a result of the invention, there are

20 now provided dispersants, dispersants with VI-improving
properties, and dispersant VI improvers prepared by
polymerization of conjugated dienes, followed by selective
hydrogenation and functionalization. These dispersant”
substances of the invention possess numerous advantages,

25 including controlled molecular weight, controlled molecular
weight distribution, controlled polymer structure, variable
and controlled amounts and distribution of functionality,
superior thermal stability, potentially permitting reduced
treat levels and yielding benefits such as improved

30 viscometric properties.

The preferred embodiments of certain aspects of the
invention are shown in the accompanying drawings, wherein:
Figure 1 shows the relationship of viscosity as a

function of molecular weight for the unhydrogenated

35 isoprene-butadiene-isoprene triblock polymer of this
invention.

Figure 2 shows the relationship of viscosity as a



the invention is enployed to nodify lubricating oils and normally liquid
fuels; such as nmotor oils, transm ssion 20 fluids, hydraulic fluids,
gear oils, aviation oils, and the like. In addition, the method nmay further
include adm xing with the fluid at | east one additive such as anti oxi dants,

pour point depr@®sglésss detergents, dispersants, friction nmodpérRtsemsss
anti-wear agents, anti-foam agents, corrosion 25 and rust 1 nhibitors,

viscosity index inprovers, and the |like. The invention also provides a
di spersant -nodi fied fluid, such as a hydrocarbon fluid, having nodified
di spersancy or visconetric properties.ﬂ?ﬁ'this enbodi nent, 30 t he
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di sper sant - rodiytadiemerigoprene ctrikiaqk pelyvmer R hisjiinyentian.subst ance
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PCT/ US96/ 06752 - 16-pilgHtel 4akhéis Othe WispeRBEAGY | chdratitietfistdbs SEChwas
not or ol | s, transn;rss.l n.ftluids @g/cgrsalé flan ds., gear_oails, avjation
oils, and the TR cﬁ?g'sgiﬁng%?%ant - o rEa ftl"‘tu pr%?aﬁ}?t ﬁgr#ﬁﬁcl ude at
| east one addiinventigmh as 5 anti oxi dants, pour point depressants,
detergents, di sper sifute srgn%ﬁagmdifépe&aana?t&we{ﬁa?%&graft{-.vr:]%f oam
ke, “Thi¥ coporomedion BuebEredit ek staBaEs b, £ RineTRaBE ol 6RE
pol ymeri zat i oninegntidomens.  Fol | owi ng pol yreri zation, the pol yners of the
Invention are sel eerie/ poYyhufio dtiEperbantsPos Vit ihvedition),| egpsryny and
having lower molecular weights, can be employed in any
lubricant or fuel composition that requires a dispersant to
15 contrcl the deposition of sludge particles on, for example,
engine parts. Other polymeric substances of the invention,
typically those having higher molecular weights, may be
employed for their VI-improving properties in any lubricant
fluid which may benefit from a modification of its
20 viscometric properties. These compounds may also find a
variety of uses in addition to lubricant additives, such as
adhesives, sealants, impact modifiers, and the like.
As noted above, traditional dispersants have-been
polybutenes functionalized wvia an ene reaction with maleic
25 anhydride followed by imidization with a polyamine. The
polybutenes are typically 500-2,000 in molecular weight.
With one olefin per polybutene molecule, the number of
potential functional groups per chain is limited to one.
Consequently, the molecular weight of polybutene may not
30 exceed 2,000 if the desired functionality/hydrocarbon ratio
is to be maintained.
By contrast, with this invention, the amount of
residual unsaturation can be controllably varied. as a
result, the amount of functionality one wishes to
35 incorporate is quite flexible. In addition, the molecular
weight of the polymer backbone is not limited to 2,000.
Higher molecular weight polymers can be prepared and
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extent of residual unsaturation. After the selective hydrogenation
reaction, the hydrogenation catalyst is 15 renoved fromthe pol yner and
thhe polyner is chemcally nodified of functionalized to inpart desirable
characteristics for the dispersant substances of the invention.
Accordingly, aswddeagsdst of the invention, there are 20 NOYcP
di‘'spersants, dispersants with VI-inproving properties, and dispersant Vi

i nprovers prepared by polynerization of conjugated di enes, followed by

sel ecti ve hydrogenati on and functlonallzatlon These dlspersant subst ances
of the invention possess nunerous adva §es 25 i ncluding controlled
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di spersants ofitku;ll exhibit increased thickening power and viscosity
index-improving (VI-improving) properties, as well as
"sludge dispersing ability. Hence, the use of these
materials may permit reduction in use of both traditional
15 dispersants and Vi. If materials are prepared with
backbones that are = 50,000 in molecular weight, the
functionalized versions can be classified as dispersant VI
improvers or VI improvers with dispersant properties.
Their dispersant capabilities are outstanding for
20 dispersant VI improvers.

In one embodiment, the present invention provides
polymers including at least two different conjugated
.dienes, wherein one of the dienes is more substituted in
the 2, 3, and 4 carbon positions than the other diene. The

25 more substituted diene produces vinylidene, tri-, or tetra-
substituted double bonds after polymerization.
Hydrogenation of the material is done selectively so as to
saturate the lesser substituted olefins, which primarily
arise from the lesser substituted diene, while leaving a

30 portion of the more substituted conjugated olefins behind
for functionalizing.

In this embodiment, the more substituted conjugated
diene will have at least five (5) carbon atoms and the
formula (1) above.

35 After polymerization, the unsaturation in the
polymerized conjugated diene of formula (1) has the
formula (2) above.




I nvention. Figure 5 shows the dispersancy characteristics of tw 10
comerci al dispersants as conpared to a dispersant of the invention. The
pol ynmeric dispersants of the invention, typically having | ower nolecul ar

wei ghts, can be enployed in any lubricant or fuel conposition that requires
a di spersant tow@9%edosscontrol the deposition of sludge parti Glcrsusyencispr
exanpl e, engine parts. Qther polyneric substances of the invention,
typically those having higher nol ecul.ar weights, may be enpl oyed for their
VI-inproving properties in any |ubricapjgf!uid which nmay benefit froma
nodi fication of its 20 vi sconmetric properties. These conpounds may al so

find a variety of m&piésWidohiﬁqhﬁehméxféﬁﬂofaddﬁlﬁrssuﬁUilﬂbliide

adhesi ves, seglants. i t . q0odi [ the || _As, 1 Qve,
traditional d?ﬁ?@?’?gﬁf rsTB g?/%imﬁgé h’%éf’?%%%gen'e%e 1‘“1 t?%g ?‘o@g? {gée’ggaﬁ%% ene
reaction wit hmyxicene,28nd theiike: deIseprene dspighivi pxeferredih a
pol yam ne. The polphaulesesr Hubstitutad! dorbfifyatedOQibie "Dh crisr wei ght .

Wth one_ol efin r._polybutene | ec , r . Qf ent ial _ functional
groups pér chzﬂmﬁ’%l%émgf'hi ?’é%iteﬁr(? %%8” %ﬁs%%fge}n%%t Fi'g ﬁ%cﬁ#ﬁam ht of
pol ybut ene mayjeast Sour (&kcaxion abomsfand the formyla (3) above.
functionality/hydr a¢geBopolyiidrdzatibfl, bené@BintatvtadioByik k& ast, with this

ro o recul . BRITRSBASY FOTIRAReg, RRbY" 68 SRR, €5) B "he Mophi, O
quite flexibl £4) pboxegdi ti on, the nol ecul ar wei ght of the pol yner backbone
i sdnot {/{gmég ;edog 06%xﬁﬂﬁleaim%err&bﬁ§ud;atemmie o&l wmma:amsyggl 823 eggr ed
1? Bnct i onal i ze n'ﬁd} e kap-bukadiene. 6h%f?%t}l%?qjteﬁeﬁyaf ?)E%?’ancanzergé?'l FM%at is
found in the tthedldkenal Adighdys preferredisaniusagens dienecaf riqrmuls dover
with this invgy iQR~putadiene.
an exception to this scheme would be when a tetra-
15 substituted diene, e.g., 2,3-dimethylbutadiene, is used for
the more substituted component (1). When this occurs, a
tri-substituted olefin, e.g., isoprene, may be used for the
lesser substituted component (3), such that one or both of
R’ and R” are hydrogen and both R and R are
20 hydrocarbyl.
It will be apparent to those skilled in the art that
in the original unsaturation of formula (2), R, RY, R™
and R may all be hydrocarbyl groups, vwhereas in the
original unsaturation of formula (4) at least one of R',
25 R, R™ and R™' must be a hydrogen.
The hydrocarbyl group or groups in the formulae (1) to
(4) are the same or different and they are substituted or
unsubstituted alkyl, alkenyl, cycloalkyl, cycloalkenyl,
aryl, alkaryl, or aralkyl groups, or any isomers thereof.
30 The copolymers of this embodiment are prepared by
anionically polymerizing a diene of formula (1) at a level
of from 0.5% wt. to 25% wt., and a diene of formula (3) at
a level of from 75% wt. to 99.5% wt., in a hydrocarbon
solvent using an alkyllithium catalyst. The two monomers
35 can be polymerized in block, tapered block, or random
fashion. Since the polymerization is anionic, the
molecular weight distribution of these copolymers is



the position of the functionality is not limted to the end 5 of the
polymer chain as it is with polybutenes. |Instead, a variety of options is
new avail abl e, including, for exanple, randomy al ong the backbone, at one
end, at both ends, or in the center, of the polynmer chain. If a polyner

according to th@godgueeagi on is of 10 sufficiently high nol epgramsosssreht
(e.g., 20,000-50,000), it will exhibit increased thickening power and
viscosity index-inproving (VI-inproving) properties, as well as sludge

di spersing ability. Hence, the use of Jdgfsese materials may permt reduction
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formula (1) héi,esti}@df:oitﬁupﬁo’(ge.gog;lglo copolymer. If functionality

is needed on both ends, then a conjugated diene of formula
(1) is polymerized first, followed by a diene of formula

15 (3). To the living anion, a coupling agent, e.g., phenyl
benzoate or methyl benzoate, is then added to yield a
desired triblock copolymer. Alternatively, a diene of
formula (1) may be added to the living diblock to give the
triblock. A fourth approach would allow the functionality

20 to be positioned in the center of the polymer chain. 1In
this case, a diene of formula (3) is polymerized first,
followed by a diene of formula (1), and then a third block
of diene of formula (3) is added by coupling agent or
through the living anion of the diblock. In additioen,

25 combinations of the above approaches may be employed.

The present invention also includes copolymers that

are prepared from a ring-substituted styrene and a
conjugated diene, preferably p-methylstyrene and 1,3~
butadiene. More specifically, the materials are generated

30 by anionically polymerizing a ring-substituted styrene (0.5
wt.% to 25 wt.%) and a diene (99.5 wt.% to 75 wt.%). The
monomers can be polymerized either in block, tapered block,
or random fashion. For a random distribution of the
ring-substituted styrene, it is necessary to polymerize the

35 two monomers in the presence of a substantial quantity of a
polar modifier or to slowly add the diene to polymerizing
ring-substituted styrene.
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Exanpl es of conjugated dienes of fornmula (1) include isoprene,

2,73-di et hyl but adi ene, 2-nethyl -1, 3- pent adi ene, nyrcene, and the |iKke.

| soprene is highly preferred. The | esser substituted conjugated diene in

this 5 enbodwoeemesdd f fers fromthe other diene in that it Befusisokmast
four (4) carbon atons and the formula (3) above. After polynerization, the

unsaturation in the polymerized conjugated diene of formula (3) has the
formula (4) above. 10 Exanpl es gf t he conjugated diene of formula
(3) include 1,3-butadiene, 1,3-pent adi~ 2, 4-hexadi ene, and the like. A

highly preferred c Q@L&D é[;'% SOfenﬁ;QBEHLﬂt?’lﬂélg&h§ Qif;‘?? tﬁgtgeﬁégtene

exception to this sc when a t et
e.g., 2,3-di rrﬁ%%a&héﬁeha‘f% q.?séd’aﬁ&r °Pﬁeh?ﬁ)?5é1i§.15'¥f’??ﬁ?€daﬁﬁrrponent
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Rlerr], and R[%fes%' ggﬁhg glg an grar][m(@ {SI grr]ﬁgrg 20

hydr ocar Byl . IRT qqab&é’vabpar’éﬁ' @n& most BrefeXAPIY ™ Felart TRBat in the
ori gi nal unsaw@ugmeaf dieﬁémilmiﬂﬁ)s eﬁbodhhentR[myrba Beretteangrdherr] may
(4) at |oast oo He ﬁ %%"%%ﬁd *#ﬁﬁhﬁ $er ] st bea
hydr ogen. The hydr&!‘d—ﬁb W“E W?&Pa!eﬁ'ﬂ"’c‘% ?8) are
the sane or didHee ﬁﬁmg-&ﬁﬂsthmtal ewrleabf-cunmauem diehet copbEgmetrky|

al ke”y' VC' ?Aé%l&beﬁy%g%#ﬁ?ﬂgc%o%lall@ifk?ﬂﬁ'{odugi rglaﬁéékg.gﬁgue?é any

i somers er eo0 ners o ar e repar ed

by ani on| cal | BH&aLegenatign Ars é’t‘?é'réﬂﬁdf gRELPR %he copolymers| infafrom 0. 5%
W . to 25% w .sepaithte gostehydrdgenatiion( 8tept artdehallogbnated 75% wWt. to

99.5% w ., in é’%_ Qﬁ,gr PQQ %\/Wknﬂﬁaﬂfﬂ&yl | E_nggycg&aéyst The two

mononers 35 meri ze t apere s} random
reactz.on J.nvolvmg a monoamine or a polyamine.
15 The invention is further directed to homopolymers of a

conjugated diene. The conjugated diene may selected from
any of the dienes described in relation to formulae (1) and
{(3) described elsewhere herein. These polymers have
preferably been partially hydrogenated such that they

20 possess an Iodine Number of 1-150, preferably 2-100. The
unsaturation remaining after hydrogenation is used to
incorporate polar functionality along the backbone of the
polymer. These functionalized materials may be used as
lubricant additives. Functionalization may be accomplished

25 by reacting with an unsaturated carboxylic acid derivative
via the ene reaction or via a radical addition. '
Preferably, the acylated polymer is then further modified
by reacting with a monamine or a polyamine. Other '
modification methods such as halogenation, epoxidation,

30 hydroxylation, and the like, may be used.

The invention can include polymers of differing
microstructures. The presence of polar modifier increases
the activity of the catalyst and, therefore, increase the
level of 1,2-microstructure over 1,4-microstructure in

35 polybutadiene, for example. The percentage of vinyl
obtained is directly proportional to the concentration of
the modifier employed. Since the reaction temperature also



fashion. Since the polynerization is anionic, the nol ecul ar wei ght

di stribution of these copolyners is WO 96/ 40846

PCT/ US96/ 06752 -20- typically very narrow, generally ranging from1l.01 to
1.20, and is determ ned by the ratio of nononer to initiator and/or by the

presence of couwoiogdosagents. The nmononers (1) and (3) may be petussosrsad
either 5 simul taneously or in stepw se fashion depending on the desired
position of the renaining unsaturation after hydrogenation. If random
positioning of the unsaturation is desi, gg, bot h nononers are reacted
together to give a randomcopolyner. If 1t is desirable to have the 10

;unﬁt i onal iht y ﬂf&y@nhy;amedsﬁddeﬁémdihgdmamﬁoaﬁmt ed in stepwise
ashi on, the orqe el etgr a | |
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of formul a (1)into pocounti the combinedr effeqks. bAntkawiak et aby have 15

(3). To the lirddaatall ANwaf £6# hisekig08eteriring MW Yropapzoat e or

met hyl benzoate, i.s,.then_added to vyi.el desi ts i bl ock copol yner.
Al t er nat ivel y,%%éﬁgsor"}'o?’ﬁ?ﬁ?%)‘mrrﬁg Waif?fg-&utcfﬁguf’h %g di bl ock to
give the triblamitent Wwithih appange lofnfuon 0% & 1808 .f ubsei ofiathis 20 to
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then o third Brigk gt apRRctsrhine mS 55 DL I Be afE o agent or
t hrough the |ivi ngThei dispérsamtsiisidodispersantiil dmproyers obmhienat i ons of
the abovfy apprQaseHed oif¥aRc1RETIEY U ££EPEnO S HAler MbRHok@Puatdid NCl udes
copol yners that .are prepared froma ring-s I'tyted .stycene and
conj Uat ed di SRLYRGTEl BRRGPS FEIRATRA 8P, Bhil tARd PAvING d3AeeRandisr.
speci fical ly, ndmlimeae;i et g. arstaperdranched 30nacrastradturiesal | Theoataresri zi ng
a ring-substi tyitednalyp81¢méPs an be prepared by addition of

divinylbenzene or the like to the living polymer anion.

15 Lower levels of branching can be obtained through the use
of tri-functional or tetra-functional coupling agents, such
as tetrachlorosilane.

The invention also includes dispersant polymers
wherein the polymers include an additicnal aryl-

20 substituted olefin such as styrene, p-methylstyrene, vinyl
naphthalene, etc. The aryl substituted olefin may be
incorporated randonly throughout the polymer, randomly in
one or two of the blocks with another monomer, or in a
tapered block or pure block at any position along the

25 polymer. Thus, any of the (I) and (B) blocks may include
an aryl-substituted olefin in an amount of up to 30% wt.

The random copolymers and homopolymers of the invention can
also include an aryl-substituted olefin in an amount of up
to 30% wt.

30 If an aryl-substituted olefin is incorporated into a
higher molecular weight polymer of the invention in a pure
block or tapered block fashion, the resulting material will
have reduced cold flow. A lack of cold flow is a trait
which is desirable for higher molecular weight VI improvers

35 gince the bulk polymer resists flowing at temperatures at
which it would normally be stored prior to use in a lube
oil (e.g., up to 140°F). It is generally preferred that




Ww.%to 25 w.% and a diene (99.5 wt.%to 75 w.% . The nononers can be
pol ynmeri zed either in block, tapered block, or random fashion. For a random
distribution of the ring-substituted styrene, it is necessary to polynerize

the 35 two nmononers in the presence of a substantial quantity of a polar
modi fier or to wodslyssedd t he diene to pol ymerizing ring-subspcraissgbers2
styrene. WO 96/ 40846 PCT/ US96/ 06752
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above. Funct | gpind Yool Yhod ddihde® Aleli2N 2edutlvdly Na-iCRAaBehPe

he cdpo Fhe

carried out on, yNMers 1 n a separate post-hydrogenation step.

hal ogenat¥ed col®IBARfEEVEAe then further nodified, typically by a reaction

i nvol vi ng a nonoammne all empodimemise .oflthis invention, whenever as furt her
directed to hquﬂg! %‘,[g;[ 0, ITEYS | 0e- CRLY | ene may
sel ected fromany of 't gsd%%‘%e%egriﬁg%ﬂn reoa ?Sn %a?%%%e (1) and
(3) descri bed ‘Sriginal cupgaturatioRe QFf Jdie, hircknox srandom Palypere dar
partially hydresgsiymed)sudd idainddrstadd to peasade @ouble bendlgapeinof

1- 150, pyegefer q._tqg | Eﬁg@*’ | ; hydr,ogenation is
used to #ﬁcoré‘%&%t e-l oggrp%[gﬁ%ﬁ%na |§:§P8n t %%&%&%ﬁé'of g?he pol ymer.

These functi orf@naPtmathe i ayesd JeubPpaiRl” ANG (rosidual
Functi onal i zatumsattmatiientc asmisedhhdré@in, rdéfer ¢acthagunsaturatedisat ur at ed

carboxylic aCi&E&kﬂééﬁétE¥ﬁically excluding aromatic unsaturation,
present in the copolymer after the selective hydrogenation
15 reaction.

The molecular structure of the original or residual
double bonds can be determined in any conventional manner,
as is known to those skilled in the art, e.g., by infrared
(IR) or nuclear magnetic resonance (NMR) analysis. 1In

20 addition, the total original or residual unsaturation of
the polymer can be quantified in any conventional manner,
e.g., by reference to the Iodine Number of the polymer.

- In any polymers of any of the embodimerits of this

invention, the microstructure of the polymerized conjugated

25 diene of formula (3) must be such that the polymer is not
excessively crystalline after the selective -hydrogenation
reaction, That is, after the selective hydrogenation
reaction the polymer must retain its elastomeric
properties, e.g., the polymer should contain not more than

30 10% of polyethylene crystallinity. Generally, problems of
crystallinity occur only when the polymer includes
polymerized 1,3-~butadiene. Limiting polymeric
crystallinity may be accomplished in various ways. For
example, this is accomplished by introducing side branches

35 into the polymerized conjugated dienes of formulae (1)
and/or (3), e.g., by controlling the microstructure of 1,3~
butadiene if it is the predominant monomer in the diene of



via the ene reaction or via a radical addition. Preferably, the acyl ated
polymer is then further nodified by reacting with a nonam ne or a

pol yam ne. Ot her nodification nmethods such as hal ogenati on, epoxidation, 30
hydroxyl ati on, and the |ike, may be used. The invention can include

pol ymers of dif v bqpsss crostructure. The presence of pol ar ngggrhdeesrsz

I ncreases the activity of the catalyst and, therefore, increase the Ievel

of 1,2-mcrostructure over 1,4-mcrostructure in 35 pol ybut adi ene, for
exanpl e. The percentage of vinyl obtalgz is directly proportional to the
concentration of the nodifier enployed I nce the reaction tenperature al so

WO 96/ 40846 gﬁ% ny using a mixture of diends /0fS éaiz plays
arolein detern1n|n e crostructure utadlene the |
nodi fi er nust G #&Eﬁnﬁh?FnﬂfﬁgeﬂﬁﬂﬁP t géﬁﬁﬁané& érPBE?Qieﬂﬁfkomnak

et al. have proxsayt extimgvmysinglqtﬂzcahleyotetemm ngs t,hotheepthah 1,3-

condi tions for, i o t t n Lh a
range of fromﬁW@O% ﬁﬁgg ﬁyff qul%ﬁ’ly §§ the égr@t“%gqgat éiglé%%Se t he
desired M croff Faxmudani(B) pe R’Fﬂﬁmif‘én&'ﬁyoﬁ% v%ﬂ?ﬁts 50% bycuole) t hedart .
The di sper santsutidietiesptheaside/bratphescaseointiviuded int8vVeRéi on can

i ncl ude diff d
utilized Lav[ef%’?‘?‘%?’%a?g L4 AT 4hS°polbhditich HknR of ' FBRhETa "
nacrostructur TKEW§taﬁ-abﬁﬁﬁghﬁﬁmﬁoﬁyﬁﬁﬂ %%ﬂﬂﬁélpﬁeﬁaiﬁﬂ $9 addition of

di vi nyl benzenq)ﬁvéﬂteﬂmkeaectmw wydgogehyted ;ﬁtﬂly@iér tbom beHgr | evels

'?fet P;apﬁnct [ Ol’lé{l= couq}%l? g {iﬁlﬁ%nc}’lgggg?g fftl‘;#’ or Ogﬁgéhg& #‘}I%n? n%nt I on

al so i ncl udes ﬁﬂ%ase(ﬁt) §§|QM@mitéyn@helﬁﬁwrﬁ&%stnapwe g,
addi ti onal aryloo®2®y molepsi|i+butthddenti nthe GfoBmertiveanaiehe "® hy! st yrene,

vinyl formula (3), prior to the selective hydrogenation reaction,
must contain not more than 753% wt., preferably from 10% wt.

15 to 70% wt., and most preferably from 35% wt. to 55% wt. of
the 1,4-units, and at least 25% wt., preferably from 30%
wt. to 90% wt., and most preferably from 45% .wt. to 65% wt.
of the 1,2~-units. If the polymerized diene(s) of formula
(3) contains less than 50% by mole of 1,3-~butadiene, e.g.,

20 1,3-pentadiene is used as the only diene of formula (3),
the microstructure of the polymerized diene of formula (3)
prior to the selective hydrogenation reaction is not
critical since, after hydrogenation, the resulting polymer
will contain substantially no crystallinity.

25 In all embodiments of the invention, mixtures of
dienes of formulae (1) or (3) may be used to prepare block
copolymers (I).-(B), or any of the random copolymers or
star~branched block and random polymers of the invention.
Similarly, mixtures of aryl-substituted olefins may also be

30 used to prepare block, random, or star-branched copolymers
of this invention. Accordingly, whenever a reference is
made herein to a diene of formulae (1) or (3), or to an
aryl-substituted olefin, it may encompass more than one
diene of formulae (1) or (3), respectively, and more than

35 one aryl-substituted olefin.

The block copolymers of this invention comprise two or
more alternating blocks, identified above. Linear block

@



napht hal ene, etc. The aryl substituted olefin may be incorporated randomy
t hroughout the polyner, randomly in one or two of the blocks w th another
nononer, or in a tapered block or pure block at any position along the 25
pol ymer. Thus, any of the (1) and (B) bl ocks may include an

aryl -substit ut ewodsaésas i n an anount of up to 30% wt. The rangeMusswResy Ter s
and honopol yners of the invention can also include an aryl-substituted
olefin in an anount of up to 30% w. 30 If an aryl-substituted
olefin is incorporated into a higher milgagul ar wei ght polyner of the

I nvention in a pure block or tapered block fashion, the resulting naterial
wi || have redueegeolyiers hawing tweoékbIdcleolandf bbyeck Scapéxlatérs/\ﬁua@h

desirable for b.h?? ror?"ﬂo‘ireu i;myggl?p%e%gngeﬁggﬁas?gg%%?dm%% Fpe buI Kk

pol yner resists oW ng enpera nor ma

stored prior t8 EEEPF@PQ?eFuE@°S | PRLYRErS GﬁnFsinammoanythmpaga%épa|
preferre;tl t hat numb&¥P ¥/ bi0eks (I) anc?] (B), or (ﬁ% and (B), a:l-e als? whi ch
PCT/ US96 67524 I ver have a cru or particulate form whic
retainms |?s shape %ﬂéﬂﬁiiﬁ %gggg. Al so, the retention of the sha e of the

crumbs enhances t hefedlogk Pol¥Bers ugef]l arcording) todhe Jawension heir
rel atively | ar ¢ggpicaXiacdneladeSat léastplomecbyeck wmiahliserm&taaﬂiﬂ t hi s

t wh h d
the ~or i nal - Soueiefely’ s8tadGeel] IS Wlsb Fnafidfhy U WU oB8TY O
it is understoBdoth sRERIPABI(EERFERL At Asyels ‘1@ “nsQ‘HB-' a¥diopner prior to
t he hydrdgenatpnuvidxngIaohydrB¢arhmﬁremﬁstohbe W£thmséléﬁnikéﬂy doubl e

bond(s)" and "gﬁ%{f‘#ﬁh&“&i@& ui‘&i: ’ﬁs‘dﬁﬁgﬂgﬁg' Fand o%{ &%afck-l

unsat urated gr Lca % urati on, E Pesent in
the copol ymer EPFethe I%’PS’QVEEFFVBI'?WQS’Q xaR| Bye 11 ELerent: copiuga

dienes, it has been found the that two dienes in the
copolymers hydrogenate at different rates, permitting

15 selective control of the placement of residual
unsaturation. For copolymers prepared from a ring-
substituted styrene and a conjugated diene, it has been
found that aromatic unsaturation and the olefinic
unsaturation hydrogenate at different rates, again.

20 pernitting control and placement of the residual
unsaturation.

Many variations in composition, molecular weight,
molecular weight distribution, relative block lengths,
microstructure, branching, and T, (glass transition

25 temperature) attainable with the use of anionic technigques
employed in the preparation of our polymers will be obvious
to those skilled in the art.

While not wishing to limit the molecular weight range
of liquid elastomers prepared according to our invention,

30 the ninimum molecular weight for these liquid polymers is
at least 2,000, preferably 2,000 to 1,000,000, and most

_preferably 5,000 to 500,000. The star~branched block and

random copolymers and homopolymers of this invention may
have substantially higher molecular weights and still

35 retain ligquid properties. The block copolymers of this
invention are functionalizable. Without wishing to be
bound by any theory of operability, it is believed that




Vo

The nol ecul ar structure of the original or residual double bonds can be
determ ned in any conventional manner, as is known to those skilled in the
art, e.g., by infrared (IR) or nuclear magnetic resonance (NVR) anal ysis.
In 20 addition, the total original or residual unsaturation of the

pol ynmer can be wgaghdshd €d i n any conventional manner, e.g., bpclobsiegnge to
t He 1 odi ne Nunber of the polyner. In any polyners of any of the enbodi nents

of this invention, the microstructure of the polynerized conjugated 25
diene of formula (3) nmust be such that Qg pol ymer is not excessively
crystalline after the selective hydrogenation reaction. That is, after the

sel ective hydr&w%&rpw f&ﬁéﬁﬁh&ﬂ%&ouﬂarca&&oﬂﬁ@u&ﬂﬁe& %ﬁgﬂe“ c
properties, e.qg. the qgr shoul d c agn npt re hagFﬁ % of
Dol Yot hyl ene. i ERAREIFRESR SERHRR, o, Ehs; BAFRAT,BAGEKE o) PRPYIi8ec.r
only when t he didpemsantscand cdigpengsanti ¥&dimpsovarsdianiang almosti ng
polymeric crys ihalgd h&sﬂ?ﬁ@@i&?%&%ﬂaf%&ﬂjﬂws ‘&‘HésstEQL exanpl e,
this is gccom I_nf foduci n slde br ches é

pol ynmeri Zed cc}?ﬁ' i%ge ?h ’5*%"’( §°P° y@ersbynd
control ling trhpnnpnmymBrECOﬂrthi# ianntﬁpnaerTEisd funatdonad igabllem nant

monorer in the di e'}ﬁflo Frm:gﬁfﬂ%of molecular weight given ?,n this
PCT/ US96/ 06752 - 24 or Hu by. usi naﬁa m Xt ure di énes of formula

(3) cont ai ni nFReEE on 2R e, Arayipas: are o a@VeEB9®or by using
a single di enenalfecularueigi®y (lmher than 1, 3- but ad| ene. More
particulgyly, if the conjugaidagoqbaas S = ml a (3) is

predom nantly (at |east 50% D e side branches are
i ntroduced into the pol yner Wh&8 ‘ HH e oFsMer i zed di ene of
formula (3) contai &hilfémhndanenmﬂnfnthefinvnntudhyunmhsraoapeevent t he

sel ectively hyirooeag ed B:P}ﬁ{é?é Jff WobaiBgindiar oRSuRiLedl Hichyst al i ne.
Thus, if the Coné e%' tb?ld glsggz?ene and 1,3-butadiene. The two monomers

15 can be polymerized by anionic polymerization process in
either a block, tapered block, or random fashion.

' Th copolymers of this embodiment include a first
conjugated diene having at least five (5) carbon atoms and
the formula (1) above. When polymerized, the structure of

20 the double bond in the polymerized conjugated diene of
formula (1) has the formula (2) above.

In the double bond of the polymerized conjugated diene
of formula (2), R!, R”, R"' and R" may all be hydrocarbyl
groups.

25 The polymers of this embodiment also include a second
conjugated diene, different from the first conjugated
diene, having at least four (4) carbon atoms and the
formula (3) above, provided that the structure of the
double bond in the polymerized conjugated diene of formula

30 (3) has the formula (4) above.

Following polymerization the diene copolymer of this
embodiment is preferably functionalized by a method which
includes selectively hydrogenating the copolymer to provide
a selectively hydrogenated copolymer, followed by

35 functionalizing the selectively hydrogenated copolymer to
provide a functionalized copolymer having at least one
polar functional group.

o



formula (3) is predomnantly (at |east 50% by nole, e.g., 100% by nol e)

1, 3-but adi ene, the polynerized diene of formula (3), prior to the selective
hydr ogenati on reaction, nust contain not nore than 75%w ., preferably from
10%w. 15 . to 70%w., and nost preferably from35%w. to 55% wt. of
the 1,4-units, wodeessd east 25% wt., preferably from 30% w . POI/ESoes:
and nost preferably from45%w. to 65% w. of the 1,2-units. If the

pol yrmeri zed diene(s) of fornula (3) contains |ess than 50% by nol e of

1, 3- but adi ene, e.g., 20 1, 3- pent adi eR6- is used as the only diene of
formula (3), the mcrostructure of the polynerized diene of formula (3)

prior to the sel ec'r.mge Qy ¢ itHis @aBblPients ,_rm,t]_gaé fal ¢aksgi Nnce, after
hydr ogenat i on, po lIl..co taln substanti gl |
crystallinity. °2% uga ea é"?‘ﬂe ‘lf M‘mﬂl? P % dn&ﬂ{lres of
di enes of formitadg 2p¥ovt(3)amha lssmddcpnjtpgaé;m eillﬂneclincepoag!mts

(1 21[ err{j (B)[ ot l£xin 95¥ . e {ﬁﬁo%&copﬁf&fﬂﬁl%t o &&rhtanched bl ock
and rando elnvnl i, | y ure

aryl - subs |tut%QP 9@%?93 uded inu?écfﬁ‘l “Bzr %é"’ﬁ'l 3¥kvty Fom
or star-br ancm& on:pol andra aﬁcqrtd s:mﬁuqateérﬂimdmmamglaylpumMeqﬁvﬁom
oyl - ubati T U Gl %@*i%ﬁg’?%*‘eﬁ% Sonfiuatla O ae
(1) or (3), re’sﬁ)e‘mﬁi\‘}éﬂ in AR jApclnt BF $s0m 5%, elég f1 R B ef i n.
The bl ock copcesands cohjugated diene ds docpuded :m/\@mlamnu aft Eromt i ng

bl ocks, jglentidgdedorBgyewe i near bl ock WD 96/ 40846

Ty uews) 06Tz - o TBe PSS S FiE, sRBeRlaTT diFlude, BePR”C: 1 by anched
bl ock pol yner ssapmityaens noaeing cdhilieasti &woanbtemgoblbblssks (1) and (B),
or (P) and (B), are also 5 co(rlt,gnpkja}gq. Qﬁj‘ye.l(li.)v
In this case, the polymer includes at least one block
15 (I). The block (I) is a block of at least one polymerized
conjugated diene of formula (1) as described above. These
block copolymers also include at least one polymerized
block (B). The block (B) is a block of at least one
polymerized conjugated diene of formula (3) described
20 above.
In the block copolymers of this embodiment, x is at
least 1, preferably from 1 to 600, and most preferably from
1 to 350. The above definition of x means that each of the
(I) blocks is polymerized from at least 1, preferably
25 1-600, and more preferably 1-350, monomer units.
In the block copolymers of this embodiment, y is at
least 25, preferably from 30 to 4,000, more preferably from
30 to 2,800. The above definition of y means that each of
the (B) blocks is polymerized from at least 25, preferably
30 30-4,000, and more preferably 30-2,800, monomer units.
The block copolymer comprises about 0.5 to 25%,
preferably 1 to 5% by wt. of the (I) blocks, and 75 to
99.5%, preferably 95 to 99% by wt. of the (B) blocks.
In any of the copolymers of this embodiment, the
35 structures of the double bonds defined by formulae (2) and
(4) are necessary to produce copolymers which can be
selectively hydrogenated in the manner described herein, to



The bl ock polymers useful according to the invention typically include at

| east one bl ock which is substantially conpletely saturated, while al so

i ncluding at | east one bl ock containing controlled | evels of unsaturation
10 provi ding a hydrocarbon el astoner with sel ectively positioned
unsaturation fogygdsRsgguent functionalization. For the copol yperrgspésdsy ed
fromtwo different conjugated dienes, it has been found the that two dienes
in the copol yners hydrogenate at different rates, permtting 15 sel ective
control of the placenent of reS|duaItﬂu¥gurat|on For copol ynmers prepared
froma ring- substituted styrene and a conjugated diene, it has been found

that aromatic gﬁ&&ﬁé@ RO AMEIN819! Wfdrtidendtadl BLakkoand ¥linganat e at
different rate faln 20 B rnlt | control and pl acenment of the

resi dual unsat GPROTHRE %t conposition, nolecul ar wei ght,
mol ecul ar wei ght di‘Bhei runarhwdlgrowpe¢tqunushgnhshenf@nnﬂ@mudﬂdre

oranchi ng, - andagg g2 ec#& i '#aiSk | @lefirent bRAPEhAYUAR) SUdstiRted i

t he use of anionic nj ques. e oye he pa on of our ol.yners
wi Il be oBvi ousTtBnsuRstltyted @&%ﬁlt?’?@‘% \&cﬁe Elgyi it the
nmol ecul ar melghfylangﬁkaiylﬁ @t aralkyl ayproups)r eraasy &son::knﬁpdmsa&ur

i nventi on, {gﬁh éﬂdgggﬁaggqc 1f tggsg_ﬁﬁ lymers is
at |east 2, OOO M t g\ogd%(;ta ang m)i ﬁa:e%aera 5 000 to
500, 000. The sPEPm%r ry FEPS$0% Qers of

this inventi oncmoiiaansomjbsamlu afl 9-172 g&ambamlatoubaramqltss oﬁnd-elol Il 35
retain |iguid P&PB% %%Et?s o@%ﬂ%&ﬁ?isc&f)c‘)wrc%r%nt Qtﬁ énvﬁiéahgﬁee%r br

functlona i zab sh 0 be bound b eor rability,
it is believedshhable aidFis § are methyl, € y1, propyl, butyl,

PCT/ US96/ 06752penfyl, hexyl, heptyl, octyl, decyl, methyl-decyl or
dimethyl-decyl. Examples of suitable alkenyl groups are
ethenyl, propenyl, butenyl, pentenyl or hexenyl. Examples

15 of suitable cycloalkyl groups are cyclohexyl or '
methylcyclohexyl. Examples of suitable cycloalkenyl groups
are 1-, 2-, or 3—-cyclohexenyl or 4-methyl-2-cyclohexenyl.
Examples of suitable aryl groups are phenyl or diphenyl.
Examples of suitable alkaryl groups are 4-methyl-phenyl

20 (p~tolyl) or p-ethyl-phenyl. Examples of suitable aralkyl
groups are benzyl or phenethyl. Suitable conjugated dienes
of formula (1) used to polymerize the (I) block are
isoprene, 2,3-dimethyl-butadiene, 2-methyl-1,3-pentadiene,
myrcene, 3-methyl-1,3-pentadiene, 4-methyl-1,3-pentadiene,

25 2-phenyl-1,3-butadiene, 2-phenyl-l,3-pentadiene, 3-phenyl-
1,3 pentadiene, 2,3-dimethyl~1,3-pentadiene, 2-hexyl-1,3-
butadiene, 3-methyl-1,3-hexadiene, 2-benzyl-i,3-butadiene,
2-p-tolyl-1,3-butadiene, or mixtures thereof, preferably
isoprene, myrcene, 2,3-dimethyl-butadiene, or 2-methyl-1,3-

30 pentadiene, and most preferably isoprene.

The hydrocarbyl group or groups in the formula (3) may
or may not be the same as those in formula (4). These
hydrocarbyl groups are the same as those described above in
conjunction with the discussion of the hydrocarbyl groups

35 of formulae (1) and (2). Suitable monomers for the (B)
block are 1,3-butadiene, 1,3-pentadiene, 2,4-hexadiene,
1,3-hexadiene, 1,3-heptadiene, 2,4-heptadiene, 1,3~




t hey can be functionalized in a controlled manner through the unsaturated
groups on the term nal blocks to provide dispersants and di spersant VI

i fprovers having al nost uniformdistribution of nol ecular weights. The
star- 5 branched and linear versions of the random copol yners and
honopol yners ofwbhégeskervention are al so functionalizable. Allpewosdénsssd

val ues of nol ecul ar weight given in this specification and the draw ngs are
of nunber average nol ecul ar weight (Merr]). 10

Copol ymers From at Least Two Dissimlar_,Conjugated Dienes In this

enbodi nent of the invention, there are ﬁsgw ded copol yners of two

two. mononer s 18°CHA £y, nisponisiaiedy 52%?%%““”%3%5‘2‘1‘?%%*’S£‘30e129. n
ei ther a bl ock2r4 meﬂﬁocﬁ' 0P°?%ﬁtfd?‘/?vf %sﬁl‘%?f"‘ap%p(ﬂ frr@P?a fene, 5
enbodi nent i nc3 Sledecddient, conj nixtwres] itherehfy i prpiaradhiysi,BFve (5) car bon

atoms and the E&EM% 1, §b9¥ﬁtaadmik PY, YUREkZSrbnd heustlrlsc us:g i
t he doubl bond t I th
formita (5) abtRd Bast NENLR %Cﬁf‘)“{;f“.%rha%%ie”e ol i ae bl o the

of formula (2)pr£¢a‘rdd tBhEreimhR@em:]e 1) Blecks m;pa!lﬂmé:ﬁzhﬂdfnonri)yl

groups. 25 gde‘l':}?, mers of this enbodinent also include a second
conj ugat ed di ene eren from he first conj u at ed di ene, having at
| east four (4) car B SCORE QRdtR nEg)and) R any SFhEZJ t hat t he

structure of tdsboiingntsbofidthe ﬁmermilopmhereﬂxdﬂrq ugaidrd (B)eds aked,or nul a
ggpol ygrgr Q?St%n S e% ma%tég ggwﬁefre{%eg%g%l)n | zZe I Q,Qgt Prgt ﬂl)gn\(/a\hl ch
i ncl udes sel ec‘?‘i’m’f%f&mbm%'ﬁ‘n pBPYEEFOR %’tﬁﬂ d’geaes@Fect i vely
hydr ogenat ed cﬁqmt:q&mr(;)fah&oaedtbqlm amofinhst (raltizidqy mole &l eftamwel y
hydr ogenat ed Néwstﬁ‘&uﬁé&vbﬂéffnf WL, OBeY e drORANEFEELRRNLYE at
| east one pol amongxg]eczts! O(ré%ch Qg uglkylated styrene, vinyl naphthalene, or
15 alkylated vinyl naphthalene) incorporated for control of
glass transition temperature (T;), density, solubility
parameters and refractive index. Suitable aryl~substituted
olefins are those described below in conjunction with
another of the embodiments of the invention. Similarly,
20 the scope of this embodiment also encompasses polymers
wherein the block (B) may be comprised of copolymers of one
or more conjugated diene of formula (3) and any other
anionically polymerizable monomer capable of polymerizing
with the conjugated diene of formula (3). Similar
25 considerations also apply in the case of the (I) block(s),
which can include similar. styrene/diene copolymers.
The copolymer is polymerized by any conventional
copolymerization process, preferably anionic
polymerization, discussed in detail below. As will be
30 apparent to those skilled in the art, the block copolymer
of this embodiment contains at least two alternating
blocks, (I)~(B) or (B)-(I), referred to herein as diblocks.
The block copolymer of this embodiment may contain three
alternating blocks, e.g., (I)-(B)-(I), referred to herein
35 as triblocks or triblock units, but it may contain an
unlimited number of blocks. The functionalization of any
of these copolymers is conducted in a conventional manner



WD 96/ 40846 PCT/ US96/ 06752 -27- The
polynmers of this enbodi nent include a first conjugated diene of fornula (1)
in an anount of fromO0.5% w. to 25% wt., and a second conjugated diene in
an amount of from75% w. to 99.5% w. Preferably, a first 5 conj ugat ed
di ene is incl uqdgslegidgsagn amount of from 1% w. to 20% W ., anceoTEesEnst
conjugated diene 1n an anount of from80%to 99% w. Mre preferably, a
first conjugated diene is included in an amount of from5%w. to 15% w.,
and a second conjugated diene is |nclu in an anount of from 10 85%to
95% wt . The polyners of this enbodi ment 1 ncl ude bl ock copol ynmers havi ng at

| east two alt Laes veiblierr]-(B)[err] or (B)[err]-(l)[err] I n

this case, the OF cIu S | eas}. _one .bl oc The bl ock
(1) is a block gf é? ?’éa"g’( byﬁ%??%wrcdﬁj ; éﬂzgé ¥ ¥rmiia (1)
as descri bed dnbgectidlase &Isﬂe@p@l%@ﬂimonntha@ian qwedng one

pol ynmerized blg é}or%w(:%%g( BLnjég@téd qqhnets ol !ESf«ﬁﬁlQn gy meri zed

conj ugat ed dlene of

abov n_t ock
copol yneds of the coRabRAYARe sel P f’éﬁdrf F‘g'legr 18 §u %?o*m 1 to 600,
and nost pref mhjz £ they cMainTmmnbaaaém nnneonfothe( mém‘sxaﬂ.hat

each of the (L) Q?&éi%,f u@légae%h ﬂo;%mﬁted' e8hu g,ataaeaféﬂéu

1-600, and nore prerera uni,t

| ock ¢ mers of
Lh s hodi moifermiactiy 0% 216 SSPOLTRPE LRHALD B FRESLELORE AU, é
preferably frahel® bpigirl0 un'E&huzbt!endEﬂ|pem1¢cnfuhcyioaahszattm.each of

and ot elthr of or abl JaBFELI0 Fo, & bBpol ity viigroRpP LBRAGLK ibcea 10 L DO,
about 0.5 to Bimnes:ef fomulae (3)59m8y (3} ars pPHXmFF#zﬁaoE‘Rspr o¥ifers (o
unsaturation of formulae (2) and (4), respectively, as
discussed above, the Iodine Number for the unsaturation of
formula (2) after the selective hydrogenation reaction is

15 from 20% to 100%, preferably from 50% to 1003, and most
preferably 100%, of the Iodine Number prior to the
selective hydrogenation reaction; and for the unsaturation
of formula (4) it is from 0% to 10%, preferably from 0% to
0.5%, and most preferably from 0% to 0.2%, of the Iodine

20 Number prior to the selective hydrogenation reaction. The
Iodine Number, as is known to those skilled in the art, is
defined as the theoretical number of grams of iodine which
will add to the unsaturation in 100 grams of olefin and is
a guantitative measure of unsaturation.

25 In this embodiment of the invention, although the
microstructure of the (I) blocks is not critical and may
consist of 1,2-, 3,4~ and/or 1,4-units, schematically
represented below for the polyisoprene blocks, when a polar
compound is used during the polymerization of the (I)

30 block, the (I) blocks comprise primarily (e.g. at least
50% wt.) 3,4-units, the rest being primarily (e.g. less
than 50% wt.) 1,4-units; when the polar compound is not
used during the polymerization of the (I) block, the (I)
blocks comprise primarily (e.g. 80% wt.) 1,4-units, the

35 rest being primarily 1,2~ and 3,4- units.



99.5% preferably 95 to 99% by w. of the (B) blocks. In any of the

copol yners of this enbodi nent, the 35 structures of the doubl e bonds
defined by fornulae (2) and (4) are necessary to produce copol yners which
can be selectively hydrogenated in the manner described herein, to WO
96/ 40846 WO 96/40846 PCT/ US96/ 06752 pciffusobréyssice

t he sel ectively hydrogenated bl ock and random copol yners of this-invention.
The hydrocarbyl group or groups in the fornmulae (1) and (2) are the sane or
different and they are substituted 5 _,QL unsubstituted al kyl, al kenyl,
cycl oal kyl, cycl oal kenyl, aryl, alkaryl, or aral kyl groups, or any isoners
thereof. Suitable hydegggarbyl groups age al kyls of 1-20egarbon atons,

al kenyl's of 1-20 carbdqn atoms, cycloal §yls of 5-20 carbdn atons, aryls of
6- 12 carbon aten€H, & Laryl s of + €8, H0C —car bon &t OHp -0IC & ehkyl e 0k 7- 20
carbon atons. Exanplds of suitable alﬂyl'géoups are nethyl, ethyl, propyl,
butyl, pehtyl, hexyl, SHeptyl, octyl, d&cylCHnethyl-decyl or dinethyl-decyl .
Exanpl es of suitable enyl groups arg _ethenyl, propenyl, butenyl,

pent enyl or hexenyl . anples 15  of i tabl e cycl oal kyl groups are

cycl ohexyl or nethylgyELohexyl. Exanpheg.of suitable cychpg&kenyl gr oups
are 1-, 3o, or 3-cycldhexenyl or 4-nmeffyl-2-cycl ohexenyl ~’Exanpl es of
suitabl e aryl groups are phenyl or diphenyl. Exanples of suitable alkaryl

groups are 4-net hylthehadgro2tructyye iofl yhe (B) (bkidkd,- whenythe Exanpl es of
sui tabl e aral ed#¥3 h Ehmy i zeoUinle? ' d di enes
of formul a (1;%{'Jse ?gﬁggﬁgﬂérﬁ%éqstﬁt?l f&a ocll[?zae}se |58%?e%g,aéwa£se

2, 3- di net hyl - the3rdutpdiepe,shonld be g-pixthes LT N AceAdd 1,2- units

3- et hyl - 1, 3- poHeacitdrally- shovny | belod- flont thik qpud yhittadiene blocks:

2- phenyl 34, 3- but adi ene, 2-ghenyl -1, 3-pent adi ene, 3-phenyl- 1,3 pentadi ene,
2,3 -dinethyl -1, 3- pent adi epe, 2-hexyl-1, 3- butadi ene,

3-met hyl - 1, 3- hexadieeH, -2 !enzyl -1, 3-but adi ene, CH, — CH = CH — CH, —

CH
20 I
. CHz

1,2- 1,4~

25 since the hydrogenation of the predominantly 1,4-
microstructure produces a crystalline polyethylene segment.
The microstructure of the (I) and (B) blocks (as well as of
the polymerized conjugated dieneqwof formulae (1) or (3) in
any polymers of this invention) is controlled in a

30 conventional manner, e.g., by controlling the amount and
nature of the polar compounds used during the
polymerization reaction, and the reaction temperature. 1In
one particularly preferred embodiment, the (B) block
contains, for example, 50% of the 1,2~ and 50% of the 1,4~

35 microstructure. If the (B) block is poly-1,3~butadiene,
the hydrogenation of the (B) segment containing from 50% to
60% of the 1,2-microstructure content produces an
elastomeric center block which is substantially an
ethylene-butene~1 copolymer having substantially no

40 crystallinity. If the (B) block is polymerized from 1,3~
pentadiene, it is preferred that it have predominantly
(e.g. at least 50%) of 1,4-microstructure which, after



2-p-tolyl-1,3-butadiene, or mxtures thereof, preferably i soprene, nyrcene,
2, 3-di met hyl - but adi ene, or 2-nethyl-1,3- 30 pent adi ene, and npst
preferably isoprene. The hydrocarbyl group or groups in the forrmula (3) may
or may not be the same as those in fornula (4). These hydrocarbyl groups
are the sanme aswygagssgescri bed above in conjunction w th thepgyagoGesre of

t ie hydrocar byl groups 35 of fornul ae (1) and (2). Suitable nononers
for the (B) block are 1, 3-butadiene, 1, 3-pentadiene, 2, 4-hexadiene,
1, 3- hexadi ene, 1, 3-heptadi ene, 2, 4-heptgdjene, 1, 3- WO 96/ 40846

PCT/ US96/ 06752 -29- octadi ene, 2, 4-octadiene, 3,5-octadi ene, 1, 3-nonadi ene,
2, 4- nonadi ene féﬁﬁio@ﬂe r&u&@@%ntiaﬂlﬁ%@*d&%ta&line

5- decadi ene, Xt ur of, preferably 1 ut'adi ene
1, 3- pent adi enee ?W‘?fé%é’d}’g ?‘ or 1, 3-hexadi ene, and nost preferably
it is 1, 3- but adi eneThe Iterms gbm‘al11y4prefmd éa, Gmicmmurhé é!B) bl ocks

i's polynerized i‘E@'aaé' e?ﬁ&oeﬁi@rapﬁ ataenC rakelNts G YodRides J2d Of
any ot her enbo | ment s, of mvg:ﬂ&yb erein the block B I's used, .10

al so encofpassRQl ’S}r‘?@r’%‘%@ ed, 1oy nhsA TR sé eopol yners of
one or nore corpspetttirelygnmodé 6Hradditiod) otnmonmramm.armunts (0.3 to

30 nole %9 of an aa,?%( i b‘i ﬁﬁdv%reﬁ Shat Stié ﬁ{ergkgar sui tabl e

nononer s (such as yr vi_nyl apht hal ene, 15 al kyl at ed
vinyl napht hal SPR}Ug E§1°2F§ °§oﬁ°’%‘ﬁﬂ'ﬁr oPass éﬁﬁ“ﬁ?oﬁmp fat ure
(T[err]), densia y(B)scHldmldsi,t pfp'aharp}.ﬂqmrandfrehiacinmthweareSw tabl e
aryl-sub |tut [ iogd N h

anot her gglr% ﬁjé}%t yaF B?ﬁé%%é%‘t | o% h%&f&*hﬁfkﬁ@?%&&#ﬁe is&ygiépe of
this enbodl nen?a%ﬁ%‘b féﬁé’oﬁ‘&s?@ YWW §°MH$§T—'PF’t¢Peel'!ﬁ%é’l€ EBFaMd® be
conprised of copp) Wwry.s cheoftenes mEed danthega(®) bliasks.of Thasnikané8) and

any ot her evident from the teachings of Falk, discussed above,
because Falk teaches that double bonds of the di~-

15 substituted 1,4-polybutadiene units are hydrogenated
selectively in the presence of double bonds of the tri-
substituted 1,4~-polyisoprene units (which hydrogenate very
slowly). We surprisingly discovered that the di-
substituted double bonds of the 1,4-polybutadiene units are

20 hydrogenated along with the monosubstituted double bonds of
the 1,2-polybutadiene units, while the di-substituted
double bonds of the 3,4-polyisoprene units are hydrogenated
at a much slower rate than the aforementioned #
polybutadienes. Thus, in view of Falk's disclosure it is

25 surprising that the di-substituted double bonds of the 1,4-
polybutadiene units are hydrogenated selectively in the
presence of the di-substituted double bonds of the 3,4~
polyisoprene units. This is also surprising in view of the
teachings of Hoxmeier, Published European Patent

30 Application, Publication No. 0 315 280, who discloses that
the di-substituted double bonds of the 1,4-polybutadiene
units, monosubstituted double bonds of the 1,2-
polybutadiene units and di-substituted double bonds of the
3,4-polyisoprene units are hydrogenated simultaneously at

35 substantially the same rates. For example, for the block
copolymers of this invention, wherein the (I) block is
polyisoprene and the (B) block is polybutadiene, Fourier



ani oni cally pol yneri zabl e nononer capable of polynerizing with the

conj ugated diene of formula (3). Simlar 25 considerations also apply in
the case of the (I) block(s), which can include simlar styrene/diene

copol ymers. The copol ynmer is polynerized by any conventi onal

copol yneri zat i awo peesesss, preferably anionic polynerization, gbfmdesdsri N
detail below. As will be 30 apparent to those skilled in the art, the

bl ock copol ynmer of this enbodi nent contains at |east two alternating

bl ocks, (I)-(B) or (B)-(I), referred tg ggrein as di bl ocks. The bl ock

copol ynmer of this enbodi nent may contalﬁ three alternating bl ocks, e.g.,

¢y cont ai 1t S tetn %“5@“%{3@ T e e e ot o of any
of 1 hase conol piiEaganated, BLER CTRP LSRR BF: FR cHRIHAn, sugh 38 Fos4e
PCT/ US96/ 06752B~BEridldcks pdiymerscdndicates Afhat thee HjdrogBhatbenl gfer is
pol yneri zed, ignd e t aﬂﬁgle Li tyd | during
whi ch t he_pol y‘%rheér i%ze ,Jgo%bﬁagj.gﬁ | rzll'e'sﬁ g%%wﬁ{ﬂ a Sﬁ&%ﬁﬂ%ﬁ%

copol yrer3are %%m'h 81‘5‘@%&’%@8 Eﬁsﬁ%ﬂ‘ 0% ke debleont ain
substanti al | y begis off the 0;4epolybutasdeneathbts. Wiinfraded pbiyspticms

conj ugated di efass : I g | | Ci ent
anount of their oﬁ%%?ﬁgﬁga‘éﬂ%ﬁ gﬁgﬁgﬁﬁggnﬁ‘%ﬂnﬁ ?dgﬁngﬁcg.g{ali%n_ 10
General |y, forb¥frogspafion qfctae PAlydseBreNgMRttSs enes of fornul ae (1)
and (3) are pol yneaiczetdinghyp\byleantrellindgi tite cimdunrtmande pia¢ewatt (4) ,
respectiygly, dissSC aboyer s - N f10r. u ation of
fornul a ?g) af‘?lzri'tzﬁe se ggt?(/)é 5 rotgﬁg{."?ge' ;J&e@g{eﬁoln als;téiig Qﬁ%m 20%t 0

100% pr ef er alfiff B1SLEBEYF: BT BOLEisaR enginEs dtis, nevopPssible e odi ne
Nurmber prior teontirelsthecamoentyahd gplacenent refiainsaturatd ohotehdining

unsaturation jn the polymers after hydrogenation. It follows that the
amount and placement of functionalization of the polymeric
15 dispersants of the invention is alsoc controllable to an
extent not possible previously.

After the block copolymer is prepared, it is subject
to a selective hydrogenation reaction to hydrogenate
primarily the (B) block(s). The selective hydrogenation

20 reaction and the catalyst are described in detail below.
After the hydrogenation reaction is completed, the
selective hydrogenation catalyst is removed from the block
copolymer, and the polymer is isolated by conventional
procedures, e.g., alcohol flocculation, steam stripping of

25 solvent, or non-agueous solvent evaporation. An
antioxidant, e.g., Irganox 1076 (from Ciba-Geigy), . is
normally added to the polymer solution prior to polymer
isolation.

30
The present invention also includes copolymers that
are prepared from at least one ring-substituted styrene and
at least one conjugated diene, preferably p-methylstyrene
and 1,3-butadiene. More specifically, the materials are
35 generated by anionically polymerizing a ring-substituted
styrene and a conjugated diene. The monomers can be
polymerized either in block, tapered block, or random



of formula (4) it is from0%to 10% preferably fromO0%to 0.5% and nost
preferably from0%to 0.2% of the |odine 20 Nunmber prior to the

sél ective hydrogenation reaction. The |odine Nunber, as is known to those
skilled in the art, is defined as the theoretical nunber of grans of iodine
which will add wedeagsnsaturation in 100 grans of ol efin andpcprusesnersz

guantitative neasure of unsaturation. 25 In this enbodi nent of the
i nvention, although the nicrostructure of the (1) blocks is not critical
and may consist of 1,2-, 3,4- and/or ynlts schematical |y represented

bel ow for the polyisoprene bl ocks, mhen Pol ar conpound is used during the

pol yneri zati on %%ggﬁ (1 gof'oa rarﬂ i stP % o&'@@&?ﬁ&L%ﬁxﬁﬁgs {han

(e.g. at |east ts, the rest é) mari |
50U ) 1. 4. RETEeRnLHEL B TRAHSNTH BO PRLTAST IR B EHE,
pol yner i zation thle ppeséhge bdd ak sulkistantiadbl queest icymoe aepplarranodi;ﬁ(eer g.
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5 10 The M croft¥¥eMBre of the (B) bl ocks, when the predoni nant nonomer
used to polynmerize fhe é&pb|dtldﬂxﬂsseﬁbadhnérﬂdijﬁ1ﬁud%b0pbdyh&ﬁwﬁmre of

1.4- and 1,2- %‘Q’E; FBhGSRlot TIRLA DEvund Havihy BE YOubedre D ocks:

15 sl nce I on
predoni nant |y beazy rogen and, peggessing di*&&t muda §3) yahowe.ene
segnent. The wmo&iﬁgcﬁweuﬁuﬁdae stirenedid Prdieraitay( salueted axaai the

polymer | 260, CON UIRL EQLPEERES, UnchOl bRy Yoitieried), VEndlYuPRAdE'S ©f
methylstyrenes, ethylstyrenes, propylstyrenes,
isopropylstyrenes, or sec-butylstyrenes, or benzyl
styrenes; or a mixture thereof. Most preferably the ring-
substituted styrene includes p-methylstyrene.

15 The conjugated diene in this embodiment may be
selected from among the dienes having formula (1) or (3) as
described elsewhere herein. Most preferably, the
conjugated diene includes 1,3-butadiene.

Following polymerization the diene copolymer is

20 preferably functionalized by a method which includes
selectively hydrogenating the copolymer to provide a
selectively hydrogenated copolymer, followed by
functionalizing the selectively hydrogenated copolymer to *
provide a functionalized copolymer having at least one

25 polar functional group.

The polymers .of this embodiment preferably include a°
ring-substituted styrene in an amount of from 0.5% wt. to
25% wt., and a conjugated diene in an amount of from 75%
wt. to 99.5% wt. More preferably, a ring-substituted

30 styrene is included in an amount of from 5% wt. to 15% wt.,
and a conjugated diene in an amount of from 85% to 95% wt.

This embodiment includes block copolymers of a
ring-substituted styrene and a conjugated diene, wherein
the block copolymer includes at least two alternating

35 blocks:

(P),~(B),
wherein the block (P) includes at least one polymerized



30 conventional manner, e.g., by controlling the anount and nature of
t he pol ar conpounds used during the polynerization reaction, and the
reaction tenperature. In one particularly preferred enbodi nent, the (B)
bl ock contains, for exanple, 50% of the 1,2- and 50% of the 1,4- 35 -

m crostructure. woldssédae (B) bl ock is poly-1, 3-butadi ene, the Mﬁml on
of the (B) segnent containing from50%to 60@6of the 1,2-mcrostructure

content produces an el astoneric center block which is substantially an
et hyl ene-but ene-1 copol ymer havi ng subsjﬁptrally no 40 crystallinity.
If the (B) block is polynerized from1 pentadi ene, it is preferred t hat

it have pr edorri.-ﬁ é%é@i&téa St@Rehe WP Iectmul et (5) CaLLI et ldoveNhh
after WO 96/ 4 6/06752
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e
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pol yners of thhssb@ventron are 10 selectively hydrogenated I n our

hydr ogenat i on proce nmuch faster th pol CcO at ed _di enes of
formula (1), e.g., f’?@" %?P@?Ya‘&ﬁﬁ' %’? r(l “éPU éf" %‘!'l{’gpﬁ'ﬁ? devi dent
fromthe teachbmgekpflﬂ'aéda:, drevobed don mbar-brevshed, Fat« prederablyhat
doubl e bggds Ofeibérfire1y hy aroauhaeéa t&&sarhﬂ\gp%yeﬂ& %ﬁ%& 'aetsar%sd

hydr ogenat ed sekectrvely in, onds o tri-

es
Cbst it ureq 1 SL50YBRTR hexRini FOS CGokear iU PSHERIPRRL Y, REoRES) v
surprisingly dopenmsd'-d Mﬂr{ogondte theh oriiginad dbefimidommtotathen

1, 4- pol ybut adi ¢Hea UdiitSrsi1able fashion, leaving the polymer with a

selected amount of residual aromatic unsaturation. The

15 selection of the conjugated diene in the polymer serves as
a basis for controlling the rate and extent of
hydrogenation of the polymer. Following hydrogenation, the
Iodine Number of these polymers is from 0% to 1%,
preferably from 0% to 0.4%, and more preferably from 0% to

20 0.1%, and most preferably 0%, of the Iodine Number prior to
the hydrogenation procedure.

The aromatic unsaturation, by contrast is preferably
substantially retained following the selective
hydrogenation. Preferably, following selective

25 hydrogenation the polymer retains at least 50% of its
original aromatic unsaturation. More preferably, following
selective hydrogenation the copolymer retains at least 50%
of its original aromatic unsaturation.

This embodiment also includes functionalized versions

30 of the ring-substituted styrene-conjugated diene copolymers
described above. Functionality-introducing reactions,
preferably halogenation, followed by reaction with an amine
or a polyamine, are carried out on the copolymers in a
separate post-hydrogenation step.

35 Random Copolymers

Random copolymers of this invention have controlled
amounts of unsaturation incorporated randomly in an



20 hydr ogenated al ong with the nonosubstituted double bonds of the

1, 2-pol ybut adi ene units, while the di-substituted double bonds of the

3, 4-polyisoprene units are hydrogenated at a nuch slower rate than the

af orenenti oned pol ybut adi enes. Thus, in view of Falk's disclosure it is 25
surprising that wées4bssssubstituted doubl e bonds of the 1,4- poperipiioayene
units are hydrogenated selectively in the presence of the di-substituted
doubl e bonds of the 3,4- polyisoprene units. This is also surprising in
view of the teachings of Hoxneier, Publighed European Patent 30
Application, Publication No. 0 315 280, who discloses that the

di - substitut ed sindina£8088EuLstéd Dabkbonel Y ek ashirtiiag)itics gpBR)OsHESt i t ut ed
doubl e bonds of, th 1F2- $o1%? doubl e
bonds of the 3%‘@13? sYpFah
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this inventionomhelsi B8 £8€166) % gﬁwﬁepmm@%ﬂ%ﬁ% 5hCthE) alhfde 1S

pol ybut adi ene, Fourier

96 46
PCT/ US96/ 05752 Qéﬁm%ﬂgﬂgfﬁF#?ared (FTIR) analysis of selectively
hydr ogenat ed bl ock Gmpohgnembodimerty thecrandom copollyaers aBel tri bl ock

pol ymers, indi GodBaneridbal Plom HHO Hehd! mBHomdrd faed0 ¢y ?:ﬁgﬂg&t?% Hhe
1, 2- pol ybut adi ene "uni ts proceeds_b5 st _rapidly, folldwe e
hydr ogenat i on %k <988 eﬁ%né@@mme in &M%%i%@%ﬂ?& | nfrared
absor pti ons causembliymersenay dve esied byappiymexiziog etk deaseconsél e
hyd ' 3 ; ' i ; Il th
ydr ogenajg on Cgoﬁein%%t a?ghyaggpéleéz? favei‘mhirsug ffﬁ%fﬂﬂ‘%yle@ét‘?%&ro ' ng the

anount and pl aceng -mcrostrycture, as well as the

amount and pl acmEmoated diene of Lermula: £3); bgth def aBP¥e: 0 contr ol
t he ambunt and prcdidednthat thes diens ofnformelani(ly is BiErppentersomfi t er

hydrogenati on. -she {gdleh V62 | Htmil® @2 UNim A rdHaRa° EBBb1Gher contains
functionalizat Ifornomo1.togetgo4(}/nerﬂzpeferably from 1.0% to 20%, by mole of
s [

15 the polymerized conjugated diene of formula (1) and from
60% to 99%, preferably from 80% to 99% by mole of the
polymerized conjugated diene of formula (3). Suitable
conjugated dienes of formula (1) are exemplified above.
The most preferred conjugated diene of formula (1) for the

20 copolymerization of these random copolymers is isoprene.
Suitable conjugated dienes of formula (3) are also
exemplified above. 1,3-butadiene is the most preferred
conjugated diene of formula (3) for the polymerization of
the random copolymer of this embodiment. Thus, most

25 preferably, in this embodiment, the random copolymer is
polymerized from isoprene and 1,3-butadiene, and it
contains from 1% wt. to 20% wt. of the isoprene units and
from 80% wt. to 99% wt. of the butadiene units. The '
isoprene units have primarily (i.e., from 50% wt. to 90%

30 wt.) the 3,4-nicrostru¢ture.

In another embodiment, the random copolymers are
polymerized from the same monomers used to polymerize the
block copolymers (P),~(B),. In this case, the randon
copolymers are made by polymerizing at least one

35 ring-substituted styrene and at least one conjugated diene
of formulae (1) or (3). The polymers of this embodiment
preferably include a ring-substituted styrene in an amount



15 dispersants of the invention is also controllable to an extent not
possi bl e previously. After the block copolyner is prepared, it is subject
to a selective hydrogenation reaction to hydrogenate primarily the (B)

bl ock(s). The sel ective hydrogenation 20 reaction and the catal yst are
described in deygiokudgsd oOW. After the hydrogenation reaction igscreisghsised.
the sel ective hydrogenation catalyst is renoved fromthe bl ock copol yner,
and the polyner is isolated by conventional procedures, e.g., alcohol
floccul ation, steamstripping of 25 sqlvent, or non-aqueous sol vent
evaporation. An antioxidant, e.g., | r@'&ﬁb’x 1076 (from Ci ba-Ceigy), is

|1 dded | 41t d ' | sl atien.
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The ri ng- substhydxegenatedete psspbsantdpliysiessexextens, i.e., to

such an extent that they retain a sufficient amount of
their original unsaturation to functionalize the copolymer,
thereby producing dispersants and dispersant VI improvers

15 having random unsaturation proportional to the unsaturation
in the polymerized dienes of formula (1). For example, for
random copolymer polymerized from a diene of formula (1)
and a different diene of formula (3), the Iodine Number
before selective hydrogenation for the polymer is, for

20 example, 450. After selective hydrogenation, the Iodine
Number for the polymer is from 10 to 50, with most of the
unsaturation being contributed by the diene of formula (1).

The hydrogenated polymers may be functionalized. The

degree of functionalization of the polymers can be easily

25 and inexpensively increased by increasing the content of
the diene of formula (1), i.e., isoprene in the most
preferred embodiment, in either embodiment of the random
copolymers to from 5% to 20% by mole.

Star-pBranched Polymers

30 The invention is also directed to star-branched block
and random polymers. The star-branched block polymers are
made from any combination of blocks (I) and (B} and (P),
all defined above.

The star-branched (I)-(B) block polymers comprise from

35 0.5% wt. to 25% wt., preferably from 1% wt. to 5% wt., of
the (I) blocks, and from 75% wt. to 99.5% wt., preferably
from 95% wt. to 99% wt., of the (B) blocks.



10 p- al kyl styrenes, such as vinyl toluenes, vinyl xylenes,

net hyl st yrenes, ethyl styrenes, propylstyrenes | sopropyl styrenes, or
seéc- butyl styrenes, or benzyl styrenes; or a mxture thereof. Mbst
preferably the ring- substituted styrene includes p-nethylstyrene. 15
The conjugated eycosopds t hi s enbodi ment may be sel ected from gigingsokbeds:
di enes having fornmula (1) or (3) as described el sewhere herein. Mst
preferably, the conjugated diene includes 1, 3-butadiene. Foll ow ng

pol ymeri zati on the diene copolyner is 20 preferably functionalized by a
met hod whi ch includes sel ectively hydrog@ﬁatlng t he copolyner to provide a
~sel ectively hydrogenge tagpg#aﬁgﬁ db?&bﬁ iEQe rcm
mer to

sel ectively hydrogenated co de a fu ction I|z copo
havi ng at |east® 1#%3 g? T{uﬂﬁq€%¥&£& %§h§ s"Bf'tﬂ s

enbodi nent prefiﬂ-rabdm Ibﬂobkde amdlfl;pnsms&t wtutbnl E)&%enﬂ:.l npreferabby of
fromO. 5% wt . ﬁ E ?ﬁf BId am)unt of from 75%
w. to 99. 596m¢ re preferab y, rlng su ute styrene is

i ncl uded i an anouFhepst PF‘O‘PN’J%‘%& PPW”%M%%?]%X%H di ene in
an amount of fmyarténatedSih the Eamwﬁvedhymgeﬂaﬂﬂm@ﬂabeeb 68PEhigrer s

of a ring- subst §Hg’"ﬁ"q e FsitpieY aﬁe he bl ock
copol yrmer incl udes at eaétgl?m}grmrter nat | %ﬂ ggbﬂi (#h%r err wherein the
bl ock™ (P) incl RARstantiadly menpe Rf ma \Wpapuregden, while each
PCT/ U596/ 06752 oﬁ&hd mgcks bexy tnéspkcﬁiye&ye pétdimsmal an(ﬁ)wdleﬁt nagio@mov e,

o l'e (P, < ginl i3 LY "BEL S GO ptddacn O
present in these 'blocks to funct10na1 ze the star-branched
block polymers. Thus, for the I-(B) star-branched block
polymer, after the selective hydrogenation reaction, the
Iodine Number for the (I) blocks is from 10% to 100%,

15 preferably from 25% to 100%, more preferably from 50% to
100%, and most preferably 100%, of the Iodine Number prior
to the selective hydrogenation reaction; and for the (B)
blocks it is from 0% to 10%, preferably from 0% to 0.5%, of
the Iodine Number prior to the selective hydrogenation

20 reaction.

Similarly, for the (P)-(B) star-branched block
polymer, after the selective hydrogenation reaction, the
Iodine Number for the (B) blocks is from 0% to 1%,
preferably from 0% to 0.5%, and most preferably 0%, of the

25 Jodine Number prior to the selective hydrogenation
reaction. The (P) blocks preferably retain as much
aromatic unsaturation as possible following hydrogenation.
Preferably, the (P) block retains at least 50%, more
preferably at least 90%, and most preferably 100%, of its

30 original aromatic unsaturation.

The star-branched random polymers are made from any
combination of at least one diene of formula (1) and at
least one diene of formula (3), different from the diene of
formula (1), or from any combination of at least one ring-

35 substituted styrene and at least one diene of formulae (1)
or (3), all of which are the same as those discussed above.
The star-branched random.polymers of the dienes of formulae



S enbodinent, x is from1l to 600, and y is from30 to 4,000, nore
preferably x is from1 to 350, and y is from30 to 2, 800. These copol yners,
whet her random bl ock or tapered bl ock, |inear, branched or st ar - branched,
are preferably 10 sel ectively hydrogenated according to the nethods
descri bed el sevivome/déses ci n. The sel ective hydrogenati on procepSr/osswiesisas t o
hydrogenate the original olefinic unsaturation in a controllable fashion,

| eaving the polynmer with a sel ected anmount of residual aromatic
unsaturation. The 15 sel ection of theg4gqnjugated diene in the pol yner
serves as a basis for controlling the rate and extent of hydrogenation of
the polynmer. Feh) oamg(iw,dmaenaﬁum,bd o ffediene ROk csac &Jme pol yner s

is fromO0%to W A% bly from 0%
to 20 0. 106 SHEEREe fl‘"’t’ﬁ" s, By S, Qe sRe PRIy e R - 5
hydr ogenat i on %%c\!ﬁure" The énenemfc ﬁﬂmlt?re(ﬂ-i)dnan%yfmﬂﬁ&svﬁos to
preferably subgesnmista) |pré’ﬁr&blll9df:fdﬂ lonay Re:.t Ite got ewt) vebﬂlm'éoaq%bl on.

Preferably, follo t|v ner ai ns at

| east ‘509% of {’t %%’P%’ j csu s% %ﬁg?% ?@&@%&bf’fr §1 1 owi ng
sel ective hydremaﬁwim’&eéoﬁbym angt éﬁh@sdéﬁneeaﬁt ooxsler (@9 ori gi nal
aromatic unsat (‘3 te@ﬁpriﬁﬁ Frefbot iRt |25% WG, Upeesd iy Fhdm 380wt.

versions 30 e st ed st e-.CQ at ed e C | yners
descri bed abovgo 1&% '@g"o%fg‘g *’fﬂlﬁ 5&'(5’(? %F?gcfﬁ’%gn raé‘% %2' 8%

hal ogenati on, Wb}|bQePHwh- eaPFPfﬁrﬂthh fmmaﬁpﬁe%r 'eppﬁ.ﬂ%yafm-meofathe
carried qot ondiaﬁecepofdmusel R dxepanat e post- hydr ogenation step. 35

s o ot o (P FRSORSMIRLE sl S GRL°Bh L Paell 5 RbE0 | o
PCT/ US96/ 067528electively hydrogenated in the selective hydrogenation

process of this invention to such an extent that the
polymerized dienes of formula (3) contain substantially

15 none of the original unsaturation, while the polymerized
dienes of formula (1) retain a sufficient amount of the
original unsaturation to functionalize the star-branched
random polymers. Thus, for the star-branched random
polymer of the conjugated diene of formula (1) and a

20 different diene of formula (3), both identified above, the
TJodine Number for the polymerized diene of formula (1),
after the selective hydrogenation reaction, is from 10% to
100%, preferably from 25% to 100%, more preferably from
50% to 100%, and most preferably 100%, of the Iodine Number

25  prior to the selective hydrogenation reaction; and for the
polymerized diene of formula (3) it is from 0% to 10%,
preferably from 0% to 0.5%, of the lodine Number prior to
the selective hydrogenation reaction.

Homopolymers of a Conjugated Diene

30 The invention is further directed to diene
homopolymers which have been partially hydrogenated such
that they possess an iodine number of 1-150, preferably 2-
100. The residual unsaturation is used to incorporate
polar functionality along the backbone of the polymer.

35 These functionalized materials may be used as lubricant
additives. Functionalization may be accomplished as
described herein, preferably by reacting with an



-36- otherw se saturated backbone. In contrast to EPDM the |evel of
unsaturation can be inexpensively and easily controlled, e.g., to produce
pol ymers having | odine Nunber of from5 to 100, to provide a wi de variation
in the degree 5 of functionalization. In one enbodi ment, the random
copol ymers are H@aédggaszed fromthe sane nononmers used to pol yvepisicstdde
bl"ock copol yners (I)[err]-(B)[err]. In particular, the random copol yners
may be made by polynerizing at |east one 10 conj ugat ed di ene of fornula
(1) with at | east one conjugated di ene o; formula (3), both defined above,
provi ded that the diene of forrmula (1) 1S different fromthe di ene of

from1 0%to 200 *ﬁ“’“w%m“& 92“13“’”%1‘“. o e Y

0

formila (1) an®H F’ggn Bo@a? %‘érf"%"éf’é‘rgb AF W?&%b?mr e of the
pol ymeri zed corn'rogereulm bhelcﬁummadi.ﬁd kY iheing reactedavith & enes of
formula (1) ar ?not?nﬁgﬂgo ﬁ&ﬂ}ﬁrm_&he oeRér Hﬁﬁi&%i%nhﬂw gligpe of

formula ( for ol rrerrz |ono hese ,r,andom ¢o yners is

i soprene. Sui { A Balegrngh: ?orm té'Pé"ang g‘k% ke ed
above. 1, 3- but asiyebe usedhe nost preferred conj ugat ed diene of fornula (3)
for the polyneri zat ghﬁof%déﬁrcéﬂol lexsegipoghgent . Thus,
nost 25 preferab

|nt IS enb nent, . the ra m,copol S
pol ynerized fr &WP&‘B%?Bn%r%rRPW”gﬁPQd?%W@r ch'ﬁ’t i ﬁi"’nﬁ?ﬁn 1% wt. to
20% wt . of t he fashjonpcbuti akl arohomedrs), S istqpm&b wnd bbtadiermt adi ene

units. I SO n t o F t
w.) the m&zzr%ogt #ﬁ%tﬁ?? \ﬁ%ﬁgi’a‘eﬁﬁfﬁ tg t@l@ %#gﬁggnﬁ%po Y.er s
ety r}S’G‘l‘y ey jand

are pol yner | zeMPBn?‘PﬂEmé%é" homppel i
copol yners (P) randbm(pd]ymer prepariationasef ddursenndnlycopel stages iar e nmade
by pol yneri zi nglgggsgggft one 35 ring-substituted styrene and at | east

| ene

one conjugat ed di ot “fornul ae (1g or ‘a The gol zmers of this
enbodi nent

15 The polymers of this invention are polymerized by any
known polymerization processes, preferably by an anionic
polymerization process. 2Anionic polymerization is well
known in the art and it is utilized in the production of a
variety of commercial polymers. An excellent comprehensive

20 review of the anionic polymerization processes appears in
the text Advances in Polymer Science 56, “Anionic
Polymerization”, pp. 1~90, Springer-Verlag, Berlin,
Heidelberg, New York, Tokyo=1984 in a monograph entitled
anionic Pol {zati £ Non=pol M Involvi

25 Lithium, by R.N. Young, R.P. Quirk and L.J. Fetters,
incorporated herein by reference. The anionic
polymerization process is conducted in the presence of a
suitable anionic catalyst (also known as an initiator),

_ such as n-butyl-lithium, sec-butyl-lithium, t-butyl-~

30 lithium, sodium naphthalide or, cumyl potassium. The
amount of the catalyst and the amount of the monomer in the
polymerization reaction dictate the molecular weight of the
polymer. The polymerization reaction is conducted in
solution using an inert solvent as the polymerization

35 medium, e.g., aliphatic hydrocarbons, such as hexane,
cyclohexane, or heptane, or aromatic solvents, such as
benzene or toluene. In certain instances, inert polar




preferably include a ring-substituted styrene in an anount WO 96/ 40846
PCT/ US96/ 06752 -37- of fromO0.5%w. to 25% w., and a conjugated diene in
an anount of from75% w. to 99.5% w. Mre preferably, a ring-substituted
styrene is included in an anobunt of from5%w. to 15% w., and a

canj ugat ed di engoiotrsoss anount of 5 from85%to 95% w . Theparshessrs2
copol yners are subjected to the selective hydrogenation reaction discussed
above for the block copolynmers, during which polynerized conjugated diene
units of formula (1) or (3) are substantiglly conpletely 10 hydr ogenat ed,
while the aromatic unsaturation is hydrog@nat ed to a substantially |esser

extent, i.e., tQofiitadNehlhCRE tO8FaH f'iﬁ-hﬁ' %&:%&fﬁé‘é@@m@.@ggetaof

their origi naI unsat ratl on to functl on

produci ng di spePehRRE Ry aPSBeP%’SFRrWI bl@&ﬁ"%% aﬁﬁ]ﬁ'@ ndom
unsat uration proport’l’lmnablymeriaaatlxmatprmssnmhlthe exdnpihfiieddbeilowmes of
formula (1). Fog xa#go r | i d Bchtld I ene of
formula (1) and, a fof lg?ég{nﬂ%’f%ﬁﬁi?ﬁ“&@@@’% 5129 f cIlod rﬁe E@Ib%grg bef ore
sel ective fydr oﬁ%\’%ﬂ"’ri(ﬂ?'f gpd; Bees ¥ Jory 2%" em TAfter
sel ective hydr otieergomin i.ehe & otirilelddkrinedt pbdtyisdmrqméwmlrymﬁ:aﬁimio to

50, with t f f I
(1). The E‘QZWS% fﬁfﬁﬁﬁg“raﬁ”“@%e“?uﬁﬁﬁﬁéhﬁﬁé%%ﬁ% suag o o™ e

rs
functional i zat| ﬁ’é‘ %Bﬁyﬁﬁgﬁ Yhe saue progess %‘Fl'd“f efan/Rey
I ncreased by i nusedtsﬁcn:gthhepobyﬂenizaﬂidrh@fdnéh@ﬂyﬁersnﬂm the), i.e.,
i soprene hg theshpsieiynmef erred enbodi ment, in either enbodi nent of the

random copol yners to rom5%to O% m)l e. %hr Br.anch d Pol.yners 30
The invention is al SOIPFREEES: ¢ llﬁ’fgaﬁcf'lé Biyha RERIERFEpol yners.
The st ar - br anc heomyatizsls ﬁotymsaaselution of the isoprene monomer in an

" inert hydrocarbon sclvent, such as cyclohexane, modified by

the presence therein of one or more polar compounds

15 selected from the group consisting of ethers, thioethers,
and tertiary amines, e.g., tetrahydrofuran. The polar
compounds are necessary to control the microstructure of
the butadiene center block, i.e., the content of the 1,2-
structure thereof. The higher the content of the polar

20 compounds, the higher will be the content of the 1,2-
structure in these blocks. Since the presence of the polar
compound is not essential in the formation of the first

=« polymer block with many initiators unless a high 3,4-

structure content of the first block is desired, it is not

25 necessary to introduce the polar compound at this stage,
since it may be introduced just prior to or together with
the addition of the butadiene in the second polymerization
stage. Examples of polar compounds which may be used are
dimethyl ether, diethyl ether, ethyl methyl ether, ethyl

30 propyl ether, dioxane, diphenyl ether, dipropyl ether,
tripropyl amine, tributyl amine, trimethyl amine, triethyl
amine, and N-N-N'=N'-tetramethyl ethylene diamine.
Mixtures of the polar compounds may also be used. The
amount of the polar compound depends on the type of the

35 polar compound and the polymerization conditions as will be
apparent to those skilled in the art. The effect of polar
compounds on the polybutadiene microstructure is detailed



made from any conbi nati on of blocks (I) and (B) and (P), all defined above.
The star-branched (1)-(B) block polynmers conprise from 35 0.5%w. to
25% W ., .preferably from1%w. to 5%w., of the (1) blocks, and from 75%
w. to 99.5%w ., preferably from95%wt to 99% w., of the (B) bl ocks.

WD 96/ 40846 WO 96/40846 PCT/ US96/ OrCRusstiersthe
st'ar-branched (P)-(B) bl ock polynmers conprise fromO0.5%w. to 25% wt .
preferably from1%w. to 5%w., of the (P) blocks, and from.75% wt . to
99.5% wt . , preferablyfrom95%wt. to 99%w ., of the(B) bl ocks. 5

The star-branched bl ock polyners are selé tivel y hydrogenated in the

sel ective hydr qgengly 1RKOEES Per A ia &naaﬁarm&%tmeéwt
bl ocks (B) contain su an g g riepg’%g g g& atura ion, while
each of the bl ﬁk?‘(’iﬁ"?‘@@é@ ¢ v%ﬂ?’ e ?'r"cﬁ t 10 of

»

‘4%

the original ummaﬁﬁ_mae‘ Jounirnabic b s | Pe
L Do Hios gl (1692F 0 dmld gs&apghwsa&ag . faeeeiaf-ate( Ehe

star-branched b oc polyrrer i‘ he_sel ecti Ve %tro atlon reaction,
t he | odi né® Nuntf@&te &f POLYPRFiER i £I7 RERPRBYE ¢ 3=preferably

from25%to lo(lﬁﬁtalﬁremqqr ef oL abpgnﬁadilen&oo/are uﬁﬂ%tcarpbnmripeetheabl y
100% of the Iqgi r °Sﬁk’ egption;
and (%or t he (B) ocks |t%;=kg ;(?{)mtﬂob} 665?%%%@?@?%&&8?? ﬂg 5% of
the 1odi ne Nunisantxalothe, ﬁ€°§m§e ﬁ(fﬂ?‘gﬁ ng@ers ttion.
Sinilarly, for irexditlyBprotace (polymers which @qwinotemosskssr the sel ective

)
Lo ooTaId, AR Atee bRttt o (), 0100k, L oM Do
Nurber prior to ttuaﬂﬂﬁne@PPv61%¥%i Foium-gased iﬁiggF toFhe 3( PPLBFocks
preferably ret aighpsan@@nd an isoprene monomer are combined in an inert
solvent, polymerization of the isoprene proceeds to produce
the first terminal block whose molecular weight is
15 determined by the ratio of the isoprene to the initiator.
The "living" polyisoprenyl anion formed in this first step
is utilized as the catalyst for further polymerization. At
this time, butadiene monomer is introduced into the system
and block polymerization of the second block proceeds, the
20 presence of the polar compound now influencing the desired
degree of branching (1,2-structure) in the polybutadiene
block. The resulting product is a living diblock polymer
having a terminal anion -and a lithium counterion. The
living diblock polymer serves as a catalyst for the growth
25 of the final isoprene block, formed when isoprene monomer
is again added to the reaction vessel to produce the final
polymer block, resulting in the formation of the I~B~I
triblock. Upon completion of polymerization, the living
anion, now present at the terminus of the triblock, is
30 destroyed by the addition of a proton donor, such as methyl
alcohol or acetic acid. The polymerization reaction is
usually conducted at a temperature of between about 0°C and
about 100°C, although higher temperatures can be used.
Control of a chosen reaction temperature is desirable since
35 it can influence the effectiveness of the polar compound
additive in controlling the polymer microstructure. The
reaction temperature can be, for example, from about 50°C




aromati c unsaturation as possible follow ng hydrogenation. Preferably, the
(P) block retains at |east 50% nore preferably at |east 90% and nost
preferably 100% of its 30 original aromatic unsaturation. The
star-branched random pol yners are nade from any conbi nati on of at |east one
diene of fornul wolskhosaerd at | east one diene of formula (3), dpé&i/essmmrstr om
the diene of formula (1), or fromany conbination of at |east one ring- 35
substituted styrene and at | east one diene of fornmulae (1) or (3), all of
whi ch are the sane as those di scussed abhqgue. The star-branched random

pol yners of the dienes of fornul ae WD 96/ 40846

PCT/ US96/ ?67521%:/3%b&§19 e%ﬂd (%evadfatiws prégsitd f/i%’ et fdi:@.&l&&ihaﬁape[h
conprise from1% w . re m_19% e
di ene of fornul ¥2¥158 %?5’ F%W? 3‘%5%%"“% %%e% gfﬁa)aoljlaéprgﬁ?'g % Wt .
to 99% wt., of the dtfarﬁ:&ipolanfcowmdﬁ @e. uﬁi}bl@t&rpmcthe&heandom
pol yners  of thep, élgﬂeﬂh%%tibhubidtﬁé%ﬂ& 7§ Sbgméhenerof Hl%!&' 9¢ehl) or
(3) conprlgefrﬁg (va %ZS(V Q}%r grgleﬁ'}fﬁ eg]g OOQA)tls ,
the ring-stbsti aB o “Andfreco si"lﬁ r "t % °°mSP8P Faﬁ?‘“?rom
90% Wt . to 99% @f.whixh tcan be Lewisrknses)f erguadded Bfter (the imhtial
star-branched r giflofadiiedRe iBOp¥E8BaPed) el 29rse! £H) | ﬁﬁ’@"ﬂﬂeﬁaééé’sé n
t he selective h¥d§ enat | on rocef 'Ia t.hi s nvent I on jaﬁi"tj En ext ent
that the pol ynefi 3P Rexceatage;of iy 4rmisros ﬁ‘fﬁ'f"fF% | B¥i15  none
of the origi nal substitutad)enandhthe sdvondol(firesepuzhtiveiids hafvef arhigia (1)
retain a ggffi cbggéeﬂwaog 1bﬁigfdﬂz%@tuggsat uration to functi onal i ze
t he star-branched r oma%g éﬁe él'%l hgweftar-branched éag
pol ymer of the conj onte 2C1® ingya; papRnt. ﬁ'l'ene
of formula (3),uhit cintenti bhcboth® thehgervimak (Tintkdocks: ishalso
polymeri zed di epes@ipiedbylitRe(dse of coupling techniques illustrated

_ below for a polyisoprene-polybutadiene~polyisoprene block

15 copolymer:

Polar
RLi Compound
ISOPRENE — 1,4-POLYISOPRENE — 1,4-POLYISOPRENE-POLYBUTADIENE

Butadiene
20 _ l
1,4-POLYISOPRENE-POLYBUTADIENE-POLYISOPRENE ~
Coupling Agent
The substitution of myrcene for the isoprene during
25 the polymerization of the (I) blocks insures the
incorporation of a high proportion of tri-substituted
double bonds, even in the presence of polar compounds since
myrcene contains a pendant tri-substituted double bond
which is not involved in the polymerization process. In a
30 coupling process, similar to that described above, block
~ polymers containing polyisoprene end blocks (or any other
polymerized monomer suitable for use in the (I) block)
having a high 3,4-microstructure content can be cbtained by
adding the polar compound prior to the isoprene {or another
35 monomer) polymerization.

The use of the coupling technigue for the production
of triblock polymers reduces the reaction time necessary
for the completion of polymerization, as compared to
sequential addition of isoprene, followed by butadiene,



after the selective hydrogenation reaction, is from10%to 100% preferably
from25%to 100% nore preferably from50%to 100% and nost preferably
100% of the |odine Nunber 25 prior to the selective hydrogenation
reaction; and for the polynerized diene of formula (3) it is from0%to
10% preferabl ynigdsmpsigoto 0. 5% of the Iodine Nunber prior tedy

sel ective hydrogenation reaction. Honopolyners of a Conjugated Diene 30
The invention is further directed to di ene honopol ynmers whi ch have been
partially hydrogenated such that they possess an iodine nunber of 1-150,
preferably 2- 100. The residual unsatura'ff‘bn S used to incorporate polar

functionality akgifoddi W&EQ pPenéf ':flf‘%l veasam chrilifis (44 i} aI i zed

materials may be used as | I cant Funcﬁlgeonall ation may

acconpl i shed as@@%r?%d‘%n‘@?n" wpling agents, 1 HPIXRFPafo2r WO
96/ 40846 icdine, dihaloalkanes, silicon tetrBGHléfSHie 06¥B5fAnylsat ur at ed

carboxylic acid ti 0 radi cal addition.
The acyl atgd podg‘:i:i‘g %#e%%@%iﬁﬁﬁggsabiyby beij nga;r eact ed
with a nondm ne rREAlanese nt as

hal ogenati on, egeupLig cayenltsdrewhais Gilkydndriehlbroeilames or wEiQd.conhe

nomopol YITer s angef a0dMGaRe! YIEL e ehd e ARTbh 00 Uil BALAGA N o

coupled in a si j‘E)rene an
but adi ene, 10 haying; %ced’r R'a%i’éﬂh‘#’hth’@ﬂﬁhﬁﬁv FGSE?%‘: ety of B th t he
pol ar conpound- gaditied o Qivihyl bemzene a0 @b polpDivg agerta M Mbaeny ner

React on 18 ° aBBiidfted o) pPOsL 54&&%351 i TR e Y,
known polynerlzﬁ?P%hﬁ%ﬁbbé§@@§d %FQN%B y by an anionic polynerization
process. Anioni c polyieniseabifOSomé ¢£lthe coupling agents provides a
convenient means of producing star-branched block and
random polymers. The star-branched block polymers are made
15 from any combination of blocks (I) and (B), or (P) and (B),
defined above. The star-branched random polymers are made
from any combination of at least one diene of formula (1)
and at least one diene of formula (3), different from the
diene of formula (1), or from at least one aryl-substituted
20 olefin, at least one diene of formula (1) and at least one
diene of formula (3), different from the diene of formula
(1). The molecular weight of the star-branched block and
random copolymers will depend on the number of branches in
each such copolymer, as will be apparent to those skilled
25 in the art. Suitable coupling agents and reactions are
disclosed in the following references: U.S. Patents
3,949,020; 3;594,452: 3,598,887; 3,465,065; 3,078,254;
3,766,301; 3,632,682; 3,668,279; and Great Britain patents
1,014,999; 1,074,276; 1,121,978,
30 Selective Hydrogenation
Following polymerization, selective hydrogenation of
the polymer may be accomplished using techniques similar to
those known in the art. A preferred method and catalyst
are described in U.S. Patent No. 5,187,236. The procedure
35 and catalyst are described in greater detail below. 1In
general, however, the previously described polymers can be
contacted with hydrogen and a hydrogenation catalyst



known in the art and it is utilized in the production of a variety of
commerci al polynmers. An excell ent conprehensive 20 review of the anionic
pol yneri zati on processes appears in the text Advances in Polyner Science
56, "Anionic Polynerization", pp. 1-90, Springer-Verlag, Berlin,

Hei del ber g, Newwg®siosssl OKYOo 1984 in a nonograph entitled Ani opbfusesnsrs2

Pol yneri zati on of Non-polar Mnomers |nvolving 25 Lithium by R N

Young, R P. Qirk and L.J. Fetters, incorporated herein by reference. The
ani oni ¢ pol ynerization process is conduct in the presence of a suitable
ani onic catalyst (also known as an initia or) such as n-butyl-lithium

sec-butyl -1ithi gghthedided £rdth a thahfitidn %ﬁéhﬂ%&ﬂﬁb&ﬁ@i | Elppiiar1guny!
pot assium The t of atal.yst and t [ he nD ner in the
pol yneri zati on ngg? %F@Fé ang ﬂﬁ@%ﬁﬂF@P ﬁgﬁnﬁtrﬁgu? r. The
pol ymeri zati on eegctltniatbydaﬂunanuu.lHHEDMWﬂrogenetﬁgnapr¢¢ands atl vent as
Lhe pol ymer: Zﬁt EQﬁpé”Paturdﬁe:i vpicatly no@Ii%:plabesshaﬂrm&f tHi‘IaSatEUCh as
Lol uene. |3 cor PAPREWAR BRoeTom adr Rbp) 0 eifFectiraatia (oo pRif™°
PCT/ US96/ 06752 cehexakly, Qhehpaiymersamgﬁim::qﬁnated suchishatal one as a
orocess will' Beagﬁt“““ Qéﬁo“d*“f““““%‘?m??i‘m&%‘?%n %QE e
grrbodl nments of TREO 5¥1V °§ H‘%l’*pefg"’f“?/gg oﬂl’( iica Redy
enbodi ment therhbt¢rnau1vehy,tﬁtbitcksodeqﬁnabﬂsopoeﬁungtﬁgnnlxak ene- of
fﬁ' yi soprqge. Heneves o1yfmewsl hnbg o1 Fad v&?iﬁﬁféeefkéélﬁi td pTrP%ilavlﬁt t hat
ol yrers bf ¢ hettB Polimaze e e SaESHiart sralin R Sut L PHARRER, Bhs e
cat al yst, conprdssnetsanuwngaasséeqtitnlhﬁdnmbenatbpnemnyrh#upaafomnedn i nert
hydrocarbon sol Yyeg¥ing 4ekidhaly viAPEX@fe dPErileabolYituted olefins from
the isoprene which can later be modified. Any other known
15 selective hydrogenation methods may be used, as will be
apparent to those skilled in the art, but the method
described above is one which is preferred.
The selective hydrogenation reaction will also be
described below using a triblock of polyisoprene-
20 polybutadiene-polyisoprene as an example. However, it will
be apparent to those skilled in the art that any polymers
of this invention can be selectively hydrogenated in the
same manner. e
The block copolymer is selectively hydrogenated to
25 saturate the middle (polybutadiene) block of each of the
triblocks. The method of selectively hydrogenating the
polybutadiene block is similar to that of Falk,
“Coordination Catalysts for the Selective Hydrogenation of
Polymeric Unsaturation", Journal of Polymer Science: Part
30 A=1l, 9:2617-23 (1971), but it is conducted with a novel
hydrogenation catalyst and process used herein. Any other
known selective hydrogenation methods may also be used, as
will be apparent to those skilled in the art, but it is
preferred to use the method described herein. In summary,
35 the selective hydrogenation method preferably used herein
comprises contacting the previously-prepared block
copolymer with hydrogen in the presence of the novel



the presence therein of one or nore polar conpounds 15 selected fromthe
group consisting of ethers, thioethers, and tertiary amnes, e.g.,
tetrahydrofuran. The pol ar conmpounds are necessary to control the

m crostructure of the butadiene center block, i.e., the content of the 1, 2-
styucture theregfoosidagyshi gher the content of the polar 20 ng%@&the
hi gher will be the content of the 1,2- structure in these blocks. Since the

presence of the polar conpound is not essential in the formati on of the
first polynmer block with many initiators H?Iess a high 3,4- structure
content of the first block is desired, iT"Ps not 25 necessary to

I ntroduce the p@ Ta1GeEre it s stage, since it may be introduced just
arieigering

prior to or toget er wth i on f t he hut adl ene in ghe second
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di ami ne. MPxtur é’?téF-YFﬁecml tdemydenaenthgsized, fyem gt leant amount of
thF pol ar conpowxrdndtpLen setall lwmbpnﬁd%ndfm Qﬁganoﬁﬁtat;ielmﬁ@;d _ :ﬁ&ld t he

ol ynmeri zati on tio r ed in t art
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detail ed WO o4&/ ggggss of Group IVb, » VIb or VIII, preferablyr/IRO&06752
-42- in Antkow ¥xIgt ofl the W&t !!ablendf Gnm:mbmahtep PabEidied in

Pol ar - nodiyfi ed Zgﬂ@%ﬁaﬁfb%snook

Jour nal of Poly
he  Nonrimiting

conpounds al so SGE‘EPEYat’ée‘{ H’é"@ (19P§fe('5?h’b&+-y|‘?éﬁpza?
ot her than 1, 3- ekamplie®nst stuch coppdunds care mwaeﬂtdespoaqne,rl ze the

central bl ocks ar t.r.ol
m crostructure %e%gﬁggﬁ %%%ﬁggqae' sﬁ@&n&e%@ﬁg&h&?ﬁg vana
oxytrichloride, titanium and vanadium alkoxides, where:m

15 the alkoxide moiety has a branched or unbranched alkyl
radical of 1 to 20 carbon atoms, preferably 1 to &6 carbon
atoms. Preferred transition metal compounds are metal
carboxylates or alkoxides of Group IVb or VIII of the
Periodic Table of the Elements, such as nickel (II) 2=~

20 ethylhexanoate, titanium isopropoxide, cobalt (II) octoate,
nickel (II) phenoxide and ferric acetylacetonate.

The organometallic reducing agent is any one or a
combination of any of the materials commonly employed to
activate Ziegler-Natta olefin polymerization catalyst

25 components containing at least one compound of the elements
of Groups la, IIa, IIb, IIIa, or IVa of the Periodic Table
of the Elements. Examples of such reducing agents are
metal alkyls, metal hydrides, alkyl metal hydrides, alkyl
metal halides, and alkyl metal alkoxides, such as

30 alkyllithium compounds, dialkylzinc compounds,
trialkylboron compounds, trialkylaliminum compounds,
alkylaluminum halides and hydrides, and tetraalkylgermanium
compounds. Mixtures of the reducing agents may also be
employed. Specific examples of useful reducing agents

35 include n-butyllithium, diethylzinc, di-n-propylzinc,
triethylboron, diethylaluminumethoxide, triethylaluminum,



I nherently produce pol yners which do not possess 10 crystallinity after
hydrogenation. \Wen the alkyl |ithiumbased initiator, a polar conpound and
an i soprene nononer are conbined in an inert solvent, polynerization of the
| soprene proceeds to produce the first term nal bl ock whose nol ecul ar
weight is 15 wobegosssred by the ratio of the isoprene to thepetusdenéss -
The "living" polyisoprenyl anion formed in this first step is utilized as
the catal yst for further polynerization. At this tinme, butadi ene nonomer is
introduced into the systemand bl ock polygerization of the second bl ock
proceeds, the 20 presence of the pol ar conpound now i nfluencing the

desired degree tsaéinkmﬁqamﬂiﬁdﬂ &ﬁ%wwlammiﬁiﬁn paipgup-adi ene bl ock. The

resul ting prod | | Vi ng oly av, er m anion and a
i t hi um count e&ﬁ?ﬂ’]‘aﬂi‘;‘f'}q‘h n gbqbifﬁqt}'aé%b‘ﬁ‘ gﬁﬁ?f%%ir‘{% adgtsbré’m& al 8% for the
growt h 25 fa iyt | isebgtyhalinionn Qdchioridesn didoemide, randner is
agai n added to dfigdraael,i @fe t’l@?ﬁﬂuﬂi@m&r ediieeidde ﬂfdﬁadoolameayaw§5,

o S A ot R SR Gha e’ BrGslae. o FeRat, O O
triblock, is Bmiisqmyﬂ.a;cedlm;ntmmdem browide qnd)ﬂmﬂnidaor such as
met hyl al cohol QieaGRithg186 fﬁhnﬂm@ RAGY EREFZSEA H&P i's usually
conducted at a tenperat uﬁxi %en abogt %L err C an bout 100[err] C,
al t hough hi gher ‘f@ﬁ’@'ﬁﬁf’ FP 9, 8980 e rhih are é’r §TERI 8RRt i on
tenperature is Gemipg J3Te neta:le #Fkyls andcdhalkyl mmtad thiad idkscbavimgess of
the pol aryEonpa Grad koVeatiorr Htdnd Pb?gaiﬁﬂ R AR M Mopat UCt ure. The
reaction tenperpax!eu{era%? bghe fr.(')erduc&ngp ag@anLr 2" a%rugeé;g[t = %‘ n
96/ 40846 Yr 2 ‘“&3 to about
80C. The react icompoundsbaeing hdio @boutc &l caripw atiops pesnrakplit
atmospheri ¢ {0 ida16890kker (dddhditigihgehts iRidPlcan HeMReUAdResén
utilized prior 1o t%c10sed in U.5. Patent Nos. 3,787,384 and 4,148,754,
15 Particularly preferred reducing agents are metal alkyl or
hydride derivatives of a metal selected from Groups Ia, IIa
and IIIa of the Periodic Table of the Elements, such as n-—
butyl lithium, sec-butyl lithium, n-hexyl lithium, phenyl-
lithium, triethylaluminum, tri-iscbutylaluminum,
20 trimethylaluminum, diethylaluminum hydride and
dibutylmagnesium.

The molar ratio of the metal derived from the reducing
agent to the metal derived from the transition metal
compound will vary for the selected combinations of the

25 reducing agent and the transition metal compound, but in
general it is 1:1 to 12:1, preferably 1.5:1 to 8:1, more
preferably 2:1 to 7:1, and most preferably 2.5:1 to 6:1.
It will be apparent to those skilled in the art that the
optimal ratios will vary depending upon the transition

30 metal and the organometallic agent used, e.g., for the
trialkylaluminum/nickel (II) systems, the preferred
aluminum:nickel molar ratio is 2.5:1 to 4:1, for the
trialkylaluminum/cobalt(IX) systems, the preferred

. aluminum:cobalt molar ratio is 3:1 to 4:1, and for the

35 trialkylaluminum/titanium(IV) alkoxides systems, the
preferred aluminum:titanium molar ratio is 3:1 to 6:1.

The mode of addition and the ratio of the reducing




pol ynmeri zation of the first (1) segnment, (1) blocks with 5 high 3,4-unit
content are forned. |f polar conpounds (sone of which can be Lew s bases)
are added after the initial (1) segnent is prepared, the first (I) segnent
wi || possess a high percentage of 1,4-mcrostructure (which is tri-

substituted), argobémssecond (1) segnent will have a high 10 %ﬁge
of 3,4-mcrostructure. The production of triblock polymers haV| ng a h

1,4- unit content on both of the termnal (1) blocks is also possible by
the use of coupling techniques illustrated below for a
pol yi sopr ene- pol ybut adi ene- pol yi sopr ene 48k 15 copol yrrer Pol ar RLI

Conpound | SOPRE grt\f%n@ Edhe
But adi ene 20 1, %&%O%E%%%Aﬂeéé P%_Q%L SOP EN |ng Agent
The substituti orP’?ﬂd‘?ﬁﬁjf%h@ff Shei pvel; bydregenation %ta Yth

pol ymeri zati on cdupdeidd )sellbetllvntyl,s witicilenciynand petabildtyof as bombared

proportion of tr eve f _pol ar
corrpounds si nce #ﬁ/fplciﬁ ?tt al nsilgIt pe%?&q'%m?“ B“%ﬁ?# hé}eogﬁg 18 9
which is not invhe catalysts 36 iamneferred bpomaintaim t&\e3901arc§a'piong
process, simlaros Ctﬁél&tea&aﬁtbbe@hmwgynltheekzaowmmgatal ni ng

T N o T T ol
by addi ng the pcmﬂitt;mmarn@hpr reﬁuqic;lgt m%opaenieamieﬁlmnét pessible, to
rmngrre[) pol %’”ﬂ‘, Zs'&llﬁﬁonTBQ UL efaﬂdih@auabtam iéweoi%yt gtre o the
A O R
i soprene, follo the mgd@g:n.ggeagent and the transition metal compound to
a catalyst synthesis vessel in such a manner that the
selected molar ratios of the metal of the reducing agent to
the metal of the transition metal compound are maintained
1§ substantially constant throughout substantially the entire
time of addition of the two compounds. The time required
for the addition must be such that excessive pressure and
heat build-up are avoided, i.e., the temperature should not
exceed about 80°C and the pressure should not exceed the
20 safe pressure limit of the catalyst synthesis vessel.
In a preferred embodiment, the reducing agent and the
transition metal compound are added substantially
* simultaneously to the catalyst synthesis vessel in such a
manner that the selected molar ratio of the reducing agent
25 to the transition metal compound is maintained
.substantially constant during substantially the entire time
of the addition of the two compounds. This preferred
enbodiment permits the control of the exothermic reaction
so that the heat build-up is not excessive, and the rate of
30 gas production during the catalyst synthesis is also non
excessive -- accordingly, the gas build-up is relatively
slow. In this embodiment, carried out with or without a
solvent diluent, the rate of addition of the catalyst
components is adjusted tc maintain the synthesis reaction
35 temperature at or below 80°C, which promotes the formation
of the selective hydrogenation catalyst. Furthermore, the
selected molar ratios of the metal of the reducing agent to
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foll owed by isoprene. Such coupling techniques are well known and utilize
coupling agents, such as esters, CJerr], iodine, dihaloal kanes, silicon
tetrachl oride, divinyl benzene, alkyl trichlorosilanes and dial kyl 5

di chl or osi | anesyo odiRggiSe Of tri- or tetra-functional coupli ng-1gelessszsuch
as alkyl trichlorosilanes or silicon tetrachloride, pernmits the formation

of macronol ecul es having 1- or 2- main chain branches, respectively. The
addi tion of divinyl benzene as a coupllnﬂ%agent has been 10 docunent ed
to produce nol ecul es having up to 20 or T e separately joined segments.
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allotted for the addition of the reducing agent to the

15 . transition metal compound is critical for the production of
the novel catalyst. The term “as short a time period as
practically possible” means that the time of addition is as
rapid as possible, such that the reaction temperature is
not higher than 80°C and the reaction pressure does not

20 exceed the safe pressure limit of the catalyst synthesis
vessel. As will be apparent to those skilled in the art,
that time will vary for each synthesis and will depend on
such factors as the types of the reducing agents, the
transition metal compounds and the solvents used in the

25 synthesis, as well as the relative amounts thereof, and the
type of the catalyst synthesis vessel used. For purposes
of illustration, a solution of 15 mL of triethylaluminum in
hexane should be added to a solution of nickel(II) octoate
in mineral spirits in 10-30 seconds. Generally, the

30 addition of the reducing agent to the transition metal
compound should be carried out in 5 seconds (sec) to 5
minutes (min), depending on the quantities of the reagents
used. If the time period during which the reducing agent
is added to the transition metal compound is prolonged,

35 e.g., more than 15 minutes, the synthesized catalyst is
lese selective, less stable, and may be heterogeneous.

In the embodiment wherein the reducing agent is added



35 and catal yst are described in greater detail below. |In general,
however, the previously described polyners can be contacted with hydrogen
ahd a hydrogenation catal yst WO 96/ 40846

PCT/ US96/ 06752 -45- synthesized froma transition netal conpound, typically

ni ckel or cobal wo9sMaeked Or ganonetal | ic reduci ng agent, e.d., PCIUSIEN6752
triethylalum num The hydrogenation proceeds at tenperatures typically not

in excess of 40C and at 5 pressures of from 207 kPa (30 psi) to 1379 kPa
(200 psi). Generally, the polyners are m_Qr_ogenat ed such that substantially
all of the unsaturation in formula (2) iS renoved, while nuch of that from

for rru:c alg 4) i fhégtﬁﬁgdy akt possinvre!to %Evffgﬁéim midt conpdiad] gﬂalt ihze
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apparent t tho%%‘&%‘*ke&'?ﬂ%_ i tion o et %’2@8’ 1 mefalpove is one
whi ch i s pref eresmpoufide toctbet reduding agents i on theoréspeatiive sblvtiens
described bel owyioiddd a1kl BBtPTketald Yo/ LREPELASEL A, selectivity,

Phose siillod APLIta ey pdanoangsietly Ge the abaryat dnd df can be
sel ectivel y hydthegmfared undeftrakds nanner. The bl ock copol yner is
selective?u hydroge&itEiltgﬁgédim?§€§‘Ufakﬁetﬁiﬁfﬂégu idﬂ”d@@%ﬁ?giene) bl ock
of each of the trihlocks. net hod of_ sel ective drogenatng_t he
pol ybut adi ene LOEIResSs] A 3 Preierred, Foruss solafians A% GReCRBANGING 1 or
the Sel ective Hygmrmgandt the tramsitimr metbhsednpaindnin siddabake of Pol yner
Science: Part gojyents, such as hydrocarbon solvents, e.g., cyclohexane,
hexane, pentane, heptane, benzene, toluene, or mineral
15 oils. The solvents used to prepare the solutions of the
reducing agent and of the transition metal compound may be
the same or different, but if they are different, they must
be compatible with each other so that the solutions of the
reducing agent and the transition metal compound are fully
20 soluble in each other.
The hydrogenation process comprises contacting the
unsaturated polymer to be hydrogenated with an amount of
the catalyst solution containing 0.1 to 0.5, preferably
0.2 to 0.3 mole percent of the transition metal based on
25 moles of the polymer unsaturation. The hydrogen partial
pressure is generally from 34.5 kKPa (5 psi) to several
thousand kPa, but preferably it is from 69 kPa (10 psi) to
690 kPa (100 psi). The temperature of the hydrogenation
reaction mixture is generally from 0°C to 150°C, preferably
30 from 25°C to 80°C, more preferably from 30°C to 60°C, since
higher temperatures may lead to catalyst deactivation. The
length of the hydrogenation reaction may be as short as 30
minutes and, as will be apparent to those skilled in the
art, depends to a great extent on the actual reaction
35 conditions employed. The hydrogenation process may be
monitored by any conventional means, e.g., infra-red
spectroscopy, hydrogen flow rate, total hydrogen



30 A=1, 9:2617-23 (1971), but it is conducted with a novel hydrogenation
catal yst and process used herein. Any other known sel ective hydrogenation
nmet hods may al so be used, as will be apparent to those skilled in the art,

but it is preferred to use the nethod described herein. In sunmary, 35

t he selective hyooggesasti on nmet hod preferably used herein coni¢t/g8s6m06752
contacting the previously-prepared bl ock copolyner wth hydrogen in the

presence of the novel WO 96/ 40846

PCT/ US96/ 06752 -46- cat al yst corrp05|t|on The novel hydrogenation catalyst
conposi tion and hydrogenation process arg described in detail in U.S.
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Ziegler-Natta Qlpfdin diPeneBhbiat | Adunkt 8EYEhe metals (i.e., the sum of
the transition metal and the metal of the reducing agent)

15 present in the hydrogenation catalyst to yield the catalyst

residues as a filterable precipitate, which is filtered
off. The solvent may then be removed by any conventional
methods, such as vacuum stripping, to yield the product
polymer as a clear, colorless fluid.

20 Alternatively, and in a preferred embodiment, upon
completion of the hydrogenation reaction, the mixture is
treated with ammonia in the molar amount about equal to

.- that of the metals (i.e., the sum of the transition‘metal
and the metal of the reducing agent) and agueous hydrogen
25 peroxide, in the molar amount equal to about one half to
about one, preferably one half, of the amount of the
metals. Other levels of the ammonia and peroxide are also
operative, but those specified above are particularly
preferred. In this method, a precipitate forms, which may
30 be filtered off as described above.

In yet another alternative method, the catalyst may be
removed by extraction with an agqueous mineral acid, such as
sulfuric, phosphoric, or hydrochloric acid, followed by
washing with distilled water. A small amount of a material

35 commonly used as an aid in removing transition metal-based
catalysts, such as a commercially available high molecular
weight diamine, e.g., Jeffamine D~2000 from Texaco, may be

L



25 conponents containing at | east one conpound of the elenents of G oups
la, Ila, Ilb, Illa, or IVa of the Periodic Table of the El ements. Exanples
of such reducing agents are netal al kyls, nmetal hydrides, alkyl netal

hydri des, al kyl netal halides, and al kyl metal al koxides, such as 30

al.kyl I'i t hi um cowpaengsss di al kyl zi nc conpounds, trial kyl boron egeRRV 6L s2
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t et raal kyl ger mani um conpounds. M xtures of the reducing agents nmay al so be
enpl oyed. Specific exanples of useful reduycing agents 35 i ncl ude

n-butyl lithium dlethyIZ|nc - n- propyl Ac, triethylboron,
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Funcitionaligation of the Polymers

15 The unsaturated terminal blocks of the block polymers
of this invention can be chemically modified to provide
benefits which enhance the dispersancy and viscosity
improving qualities of the materials of the invention.

Such benefits may be obtained through methods similar to

20 those employed for the modification of existing commercial
materials, such as butyl rubber or EPDM.

Following the selective hydrogenation step, the
remaining sites of unsaturation-are chemically modified.
Such methods include reacting the unsaturated groups in the

25 polymer with any of various reagents to produce functional
groups, such as hydroxyl, epoxy, sulfonic acig, mércapto,
acrylate or carboxyl groups. Functionalization methods are
well known in the art.

A preferred chemical modification method involves

30 reaction of the polymer with an unsaturated carboxylic acid
derivative, such as acrylic acid, maleic acid, fumaric
acid, maleic anhydride, methacrylate, and the like. Most
preferably, maleic anhydride is used for modification of
unsaturation. Numerous methods are known for the

'35 modification of polybutene and EPDM via the ene reaction.
Methods are also known for the reaction of maleic anhydride
with EPM via a radical reaction in the presence of a



di butyl magnesi um The nolar ratio of the netal derived fromthe reducing
agent to the netal derived fromthe transition netal conmpound will vary for
t he sel ected conbi nations of the 25 reduci ng agent and the transition
metal compound, but in general it is 1:1 to 12:1, preferably 1.5:1 to 8:1,
mar e preferabl yweoedudsss 7: 1, and nost preferably 2.5:1 to 6: 1. pdimsvslobrsRe
apparent to those skilled in the art that the optimal ratios will vary
dependi ng upon the transition 30 netal and the organonetal lic agent
used, e.g., for the trialkylal um nunt ni gggl(l |) systens, the preferred

al um num ni-ckel nolar ratio is 2.5:1 to 471, for the

trial kyl al umi nygagehal iéi}aasﬁ.t © BltneBOn Rl det] 1l WlapgnCEpal t ol ar
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systens. Duringritheasfuhttionabfgroups sakected | frxins ambngshaledens ed t o
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substantially constant. | S. can ;e done ej ther by the I on of the
reduci ng agent ,ands spsegprently ppdifiied fupther: by, wegetdpg Kith (aynsiti on
met al conpound momoaiyne, 18 pokydmsirent bzl & ycanbiratdomo thezddfi i on of the

separate fg reans of Thgeeﬁgdféééﬁd?ﬁ%&t naiéid rh?ﬁfg{d@:‘lﬁ'bt W%ﬁ%ﬁérﬁ%ﬁ?’%@d to

ot “the et al ”ofthen ARVERELPN S iR DS LORRS e SIS, P, the BRLMOES
conmpound ar e ndimidghtdniberalk uiish st pelyylphacliefin abtr begherdtures of
substantially theneR5h¢€@ to 250°C, typically under an inert atmosphere.
Such modification of the polymers of any embodiments of our
15 invention occurs readily, since the residual isoprene
unsaturation, primarily of the 3,4-type, illustrated above,
is known to be more reactive with maleic anhydride than are
the internal bonds found in EPDM.
Other functionality-introducing reactions such as
20 halogenation may be carried out post-hydrogenation.
Halogenation, preferably bromination, is made to occur by a
radical reaction, wherein, heat, light, or a radical

initiator, may be used. Halogenation processes are =
described, for example, in European Patent Application No.
25 EP 0 344 o021.

Subseguent to the acylation reaction (or other
suitable modification as outlined above), the modified
polymers are reacted with a monoamine, a polyamine, or a
combination thereof. The amines which are useful for this

30 modification reaction are characterized by the presence of
at least one primary (i.e., H;N-) or secondary (i.e., HN=)
amino group. The amines can be aliphatic amines,
cycloaliphatic amines, heterocyclic amines, aromatic
amines} polyanmines, or hydroxyamines. Preferably, the

35 polyamines contain only one primary or secondary amine,
with the remaining amines being tertiary (i.e., -N=) or
aromatic amines. the amination can be accomplished by



time of addition of the two conpounds. The time required for the addition
must be such that excessive pressure and heat build-up are avoided, i.e.,
t he tenperature shoul d not exceed about 80[err]C and the pressure should

not exceed the 20 safe pressure limt of the catal yst synthesis vessel.

In a preferred ewdbogosasnt, the reduci ng agent and the transit ipgfi/ssok06752
conpound are added substantially sinultaneously to the catalyst synthesis

vessel in such a manner that the selected nolar ratio of the reducing agent
25 to the transition nmetal conpound i %hrrai nt ai ned substantially constant
during substantially the entire tinme of the addition of the two conpounds.
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e to the transition ne
conpound. In trﬁ%ne\"ﬂﬁi’tjlhﬁeﬁf’c"?l’r’ei er’ﬂg gﬁatf'ﬂﬁ traidirlogenasedi on of the
two reactants |nimgmmitutedobt1men54ﬁehydcogelnuhem rirc &hel preskeacengf
superior sel ectiyd taminkd efficiency and stability. Thus, in this

enbodi nent, it IS .
The above description illustrates only some of the

15 potentially valuable chemical modification of the polymers
of this invention. The polymers of this invention provide
a means for a wide variety of chemical modifications at
selected sites in the polymer, e.g., only at the ends of a
triblock polymer molecule (i.e., at the (I) blocks only),

20 thereby presenting the opportunity to prepare materials
previously impossible because of the lack of availability
of such polymers. Some examples of well known chemical
reactions which can be performed on-polymers of this
invention are found in E.M. Fettes, “Chemical Reactions of

25 Polymers”, High Polymers, Vol. 19, John Wiley, New York,
(1964). _ .

Dispersant and VI-Improving Applications

The polymers of the invention, whether block

copolymers, tapered block copolymers, branched and star

30 branched polymers, random copolymers, or homopolymers, have
been unexpectedly found to have the capacity to modify the
dispersancy and/or viscometric properties of fluids, such
as mineral and synthetic oil lubricants and normally liquid
fuels. Accordingly, it is within the scope of the

35 invention that the dispersant polymers of the invention be
employed in dispersant substances which can be added to
fluids to modify the dispersancy and/or viscometric



I nportant to add the reducing agent to the transition netal conpound in
that order in as short a time period as practically possible. In this
enbodi ment, the tine allotted for the addition of the reducing agent to the
15 transition nmetal conpound is critical for the production of the novel
catal yst. The twowsdmse short a tine period as practically possibbssesRins
that the tine of addition is as rapid as possible, such that the reaction
tenperature is not higher than 80[err]C and the reaction pressure does not
20 exceed the safe pressure |imt of Lge catal yst synthesis vessel. As
will be apparent to those skilled in the that time will vary for each

th d t t d
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The reversal Obrhgyagail! G the proflEles of -Auiakindbfl! L& Hladdi
to viscosity. The dispersant VI improvers of the invention
15 specifically improve the viscosity index of such fluids.
Viscosity index is a property characterizing the
relationship between the viscosity of a fluid and
temperature. Improvement in viscosity index is
characterized by a decrease in the rate of change of
20 viscosity per unit of temperature change. Typical
properties which are modified or improved by the dispersant
VI improvers of the invention include relative thickening
power (RTP), borderline pumpability, permanent shear
stability (DIN), temporary shear stability at low
25 temperatures (CCS), and temporary shear stability at high
temperatures (HTHS). Each of these properties can be
determined or characterized by conventional methods.
The polymers of the invention may be employed as
dispersants and/or dispersant VI improvers in a variety of
30 lubricant fluids. Typically, such fluid is a mineral oil
such as a mineral oil lubricant system, e.g., motor oils,
automatic transmission fluids, tractor hydraulic fluids,
gear oils, aviation oils, and the like. Other suitable
applications include normally liquid fuels. The lubricant
35 or fuel may be naturally occurring or synthetic, or a
combination thereof. Natural oils include mineral oils
obtained from petroleum, -including distillate and residual



conpound to the reducing agent, or the respective solutions thereof, is
detrinental to the stability, selectivity, activity, and honogeneity of the
catalyst and is, therefore, undesirable. 10 In all enbodi nents of

t he hydrogenation catal yst synthesis, it is preferred to use solutions of

t he reduci ng agwoiocaoskst he transition netal conmpound in suitapbeuRodaesst S,
such as hydrocarbon solvents, e.g., cyclohexane, hexane, pentane, heptane,
benzene, toluene, or mneral 15 oils. The solvents used to prepare the
solutions of the reducing agent and of the transition netal conpound nmay be
the sane or different, but if they are different, they nust be conpatible

with each ot hermisﬂua%ti hBiEQJ i@ kBeOlikes rT\@leﬂﬁcﬁ@QEE 8afl ifelude
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may be monit or SAVERLIRD Eﬁﬁ%e‘?ﬂlldor’f‘ﬂ rg.%s, qﬁ%‘?#’gy gﬁkgﬁ'ﬂ% &% oscopy,

hydr ogen fl ow rdif€icndtato hpxhnspert sumpﬂm% except as a
PCT/U596/067526b53éntrate. However, for ease of handling, the polymers

can be prepared as a liquid concentrate. Typically, such
15 dispersant concentrates include a polymer of the invention
in an amount of from 5% wt. to 920% wt., preferably from
108 wt. to 702 wt., of the concentrate.
In addition to the polymers described in this
invention, the dispersant formulations and the fluid
20 formulations can further include one or more additional
additives known to those skilled in the art. Such
additives include, for example, antioxidants, pour point
depressants, detergents, dispersants, friction modifiers,
anti-wear agents, VI improvers, anti~-foam agents, corrosion
25 and rust inhibitors, etc. Indeed, it is among the
advantages of the compositions of the invention that they
are unusually efficient modifiers of dispersancy and/or
viscometric properties, such that in many cases
significantly less of these additives need be added to
30 achieve a desired combination of fluid properties. For
' example, the Examples below show that significant amounts
of commercially available viscosity improvers can be’
displaced by adding a dispersant substance of the
invention.
35 In all of the following examples, the experimental
polymerization and functionalization work was performed
with dried reactors and eguipment and under strictly



consunption, or any conbination thereof. Upon conpletion of the

hydr ogenati on process, unreacted hydrogen is either vented or consuned by

the introduction of the appropriate anount of an unsaturated 5 mat eri al ,
such as 1-hexene, which is converted to an inert hydrocarbon, e.g., hexane.
Subsequently, tweoggdsaé yst is renoved fromthe resulting pol ypEfusuelekisk On

by any suitabl e neans, sel ected depending on the particular process and

pol ymer. For a | ow ol ecul ar wei ght material, for exanple, 10 cat al yst

resi due renoval may consist of a treat of the solution with an oxidant,
such as air, and subsequent treatment wih anmoni a and optional | y methanol
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pol ymer as ac g Aternafivel ly, and in a
preferred enbo&PPﬁﬁ?n ubR rthasif 38 o# the ﬁ&ﬁ?ogenatlon reaction, the
m xture is treated W th annDnla in the nolar anmobunt about equal to that of
the netals (i.e., the sumof the transgitﬁinﬁggal and the netal of the
reduci ng agent) and agueous h_d ogen 2 per oxj de the nol ar anmount

equal to about one hat= - e anount of
the netals. O her |ehees mindﬂ'a@ mmi:lhterai Monfdpumﬁied,sainipﬂr ati ve
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et S ey ek otk H o B el gbased
e.g., Jefffan nealva)(Redting Tantde, anﬁyv&naable controller and
combination nitrogen-vacuum inlet with valve. Three
milliliters of a 0.1 M solution of dipyridyl in
cyclohexane, 7.3 nL (90 mmol) of tetrahydrofuran freshly
distilled from benzophenone ketyl, and 1.8 mL {18 mmol) of
20 purified isoprene were injected into the reactor. The
temperature of the reactor and its contents was raised to
50°C. The solution was then titrated by the addition of
1.6 M.butyllithium until a persistent red color was e
obtained. Following this, 3.75 mL of 1.6 M butyllithium
25 was injected into the reactor in order to initiate
polymerization of the isoprene. The reaction was allowed
to run for one hour, after which 47.5 g of purified
butadiene was pressured into the reactor at a rate such
that the reaction temperature did not exceed 70°C. After
30 one hour, the reactor pressure had returned to its initial
level and the formation of the second block of the
copolymer was completed. Isoprene (1.8 mL, 18 mmol) was
again injected into the reaction to allow the formation of
the third and final block of the triblock polymer. After
35 one hour, 0.35 mL of acetic acid (4.5 mmol) was injected
into the reactor to quench the triblock living anion. The
color of the reaction mixture changed from a dark amber to
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added to aid in phase separation and catal yst renoval during the
extractions. The resultant polynmer solution is then dried over a drying
agent, such as magnesium sul fate, separated fromthe drying agent and the
sgl vent is then vwoosumepar ated by any conventional methods, susdrrespemgszyum
stripping, to yield a polyner as a clear fluid. Oher nethods of polyner

i sol ation, such as steam or al cohol flocculation, may be enpl oyed dependi ng

upon the hydrogenated pol ymer properties, .10 After hydrogenation
and purification is conplete the pol ymer-tan be functionalized and used in
the |ubricant Cougy animﬁéaiseemve&hé%xﬁﬁ?eIwawld&l\aal toSPeME s
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material s, such naﬂ.ebuut- wabbmﬁ a8 aElamuhrFod:damngss,heriseioast fmid.

hydr ogenation s S alsl ]
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pol ynmer with any¥ePosgesgusst chomad 8 58 botmierprinustireyr oups, such as

hydr oxyl , epoxy, sulfonic acid, mercapto, acrylate or carboxyl groups.
Functional' ation nethods are mell kno ' rt. A preferred chem ca
ig "l

modi fi cati on method involves 30 rea [ ol yner wi.th an
unsaturat ed carboxylic 33ﬁ893éF¥#HF#V@mn§§éﬂnﬁ8ﬁd@¢ﬁ¥¥§uﬂeﬂﬁﬁ9hﬁIe|c aci d,
fumaric acid, nual ei cThiBydgzanple nklilwstrates ccheincelidteidnshdp btieen the
molecular weight of the triblock polymers prepared in the
manner substantially the same as that of Example I and
15 their resulting bulk viscosities.

As is apparent from the data of Figure 1, a linear
relationship exists between the molecular weight of the
unhydrogenated isoprene-butadiene-isoprene polymers
prepared as in Example I and the log of their room

20 temperature bulk viscosities as measured using a Brookfield
Engineering LVT viscometer operating at, for example, 0.6
rpm with spindle number 5.

EXAMPLE II1X
25 Hydrogenation of Isoprene-Butadiene-Isoprene
Ixiblock Copolymer

A solution of 250 nL of cyclohexane and 23 g of a
triblock polymer prepared in a manner similar to that
described in Example I was purged of air by evacuation

30 followed by introduction of dry nitrogen. This amount of
polymer contained 0.403 moles of polybutadiene
unsaturation. To the polymer solution was added 25 nL of a
hydrogenation catalyst solution comprised of
triethylaluminum and nickel octoate in a 3.6:1 ratio, with

35 a nickel concentration of 0.1 M in cyclohexane. The
resulting mixture was placed in a Parr hydrogenation
apparatus and pressured to 345 kPa (50 psig) hydrogen. The



preferably, maleic anhydride is used for nodification of unsaturation.

Nuner ous met hods are known for the 35 nodi fi cati on of pol ybutene and
EPDM vi a the ene reaction. Methods are also known for the reaction of

mal ei ¢ anhydride with EPMvia a radical reaction in the presence of a WO
96/ 40846 WO 96/40846 PCT/ US96/ 06752 pE&rusdsheiss al

initiator. Either nethod can be adapted to incorporate the unsaturated
carboxylic acid derivatives into the polyneric dispersants of the
invention. In a preferred functionali zal'%gn of diene copolyners, 5 t he

sel ectivel y hydrogenated copol yner is fuhttionalized with a functional
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may be carri edspettpamtebtainedcast tha. stimogehaheopropass adidylayed the
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outlined abovey, sLBged@flidd %ds significantly reduced (968 cm™') and the

isoprene unsaturation remained. This final point

15 corresponds to zero hydrogen flow. Upon completion of the
selective hydrogenation process, the vessel was vented and
the black reaction mixture was stirred in air with ammonium
hydroxide and methanol stoichiometrically equivalent to the
total catalyst metal content (11.5 mmol, 0.7 mL

20 concentrated ammonia and 0.5 mL methanol). Within several
hours, the mixture had changed to a dark green color
indicative of oxidized nickel. The mixture was filtered
through alumina/Celite, and an anti-oxidant was added in
the amount equivalent to 100 ppm based on the dry polymer

25 weight. Solvent was then removed under reduced pressure to
yvield the product as a clear, colorless, viscous fluid.

EXAMPLE IV
i i1 F t4 £ Mol 1 Weight
30 of Hydrogenated Tribklock Polymer
This example illustrates the relationship between the
molecular weight of the selectively hydrogenated triblock
polymers prepared in the manner of Example III and their
resulting bulk viscosities.
35 As is apparent in Pigure 2, a monotonic increase in
room temperature bulk viscosity is observed as the
molecular weight of the selectively hydrogenated triblock



polymers are reacted with a nonoam ne, a polyam ne, or a conbination

t hereof. The am nes which are useful for this 30 nodi fication reaction
ate characterized by the presence of at |east one primary (i.e., Herr]N)
or secondary (i.e., HN=) ami no group. The am nes can be aliphatic am nes,
cycl oal i phati c wdafifess NEt ErOCYCliC am nes, aronmatic am nes, petYRsEGRTH: ©OF
hydr oxyam nes. Preferably, the 35 pol yam nes contain only one primary or
secondary am ne, with the remaining am nes being tertiary (i.e., -N) or
aromati c am nes. the am nation can be acconpli shed by WO 96/ 40846

PCT/ US96/ 06752 -54- heating the mal ei c affydri de-nodified di ene pol ymer to
150[err]Cin t n mn |yl b LPP! of f the
water. Wth reg’%&%g?% %gl mn%%és&%g?'t hgni %\E/)iént I on 'Wﬁ'i CS}%BEEEialﬂ%CI ude

ri ng- substitut ﬁ‘%ﬁé’ﬁ@guﬁﬂf yiscamekex, operafiang AtexEPHsE¥RMBIB P+ € uti on

at the benzyli epowithospihdie pukberr 5, swas|uset saspeising)yj n-chain

(backbone) ol efinj ns | QN | |

met hods known h?")teﬁrg arg?géﬁ%%%agoltﬁ%éggg?ﬂ%%@e% gga%%l‘m%%%ean
Pat ent Apfl i cat(Mm=N\¥w) pprtite dudkoyiscogity Aeem notnekgead pengcrblbionhed by
heating the halgegipbegesl Ng-substituted styrene-di ene copol yner in the
presence of the am ne. The above description illustrates only sone of the
15 potentially valuable chem cal nodification of the polyners of this

i nvention. The polyners of this invent ESAMBEBWY de a nmeans for a wide

vari ety of chem cal nodi i ggéhiuife-F ' ' Mmexpol yner, e.g.,

onl )~ 208° “Ther eopiavel bk pTEASPREE 08 ruritiea bettbes dar O
previously i npdddiroducedcundsr & nikrogenatmosphanesdntety Wo sguarpol yners.
Sone exanpl es @fiagg-boWleaprditiireakeactor. The reactor was equipped
with an air driven stirrer, a pressure gauge, a thermometer
well, a heat exchange coil, a top surface inlet valve, a
15 dip tube feeder with a valve, a syringe injection port
containing a Viton rubber gasket, and a blow-out disk (1379
kPa, 200 psi). Five milliliters of a 0.1 M dipyridyl in
cyclohexane solution was injected into the reactor along
with 8.0 nL of anhydrous tetrahydrofuran. Isoprene (9.3 g,
20 13.7 mL, 0.136 mol), freshly distilled from sodium, was
added via syringe to a 300 mL Hoke bomb. Butadiene (124.0
g, 200 mL, 2.29 mol) was then pressured into the same bomb.
The bomb was fitted on top of the reactor’ and approximately
half of the contents was pressured into it. The solution
25 was heated to 40°C and titrated by slow addition of 1.6 M
n-butyllithium until an .orangish color persisted. Then 4.2
mL (6.7 mmol) of n-butyllithium, was added. After several
minutes, the remainder of the isoprene-butadiene solution
was added. The temperature slowly exothermed to 50°C and
30 was maintained at 50-51°C for 3 hours. The living anion
was then quenched by the addition of 0.46 mL (3.7 mmol) of
4=-hydroxy-4-methyl-2-pentanone. An anti-oxidant Irganox
1076 from Ciba-Geigy (100 ppm based on dry polymer) was
added and solvent was removed under reduced pressure from a
35 small portion to yield a triblock polymer of about 20,000
molecular weight as a clear, colorless, viscous fluid.
Infrared analysis (FTIR) .showed the butadiene center block




reactions which can be perforned on polyners of this invention are found in
E.M Fettes, "Chem cal Reactions of 25 Pol ynmers", Hi gh Pol yners, Vol.
19, John Wl ey, New York, (1964). Dispersant and VI-Ilnproving Applications
The pol yners of the invention, whether block copolyners, tapered bl ock

cepol ymers, br awolgsbsssnd st ar 30 branched pol yners, randonpEysdksdrsy S,
or honopol yners, have been unexpectedly found to have the capacity to

nodi fy the di spersancy ‘and/ or visconetric properties of fluids, such as
mneral and synthetic oil lubricants andcnormally liquid fuels.
Accordingly, it is within the scope of tﬁe 35 I nvention that the

di spersant pol ﬁggsggsg hesg Ny ol g BSseifd-wiRdostriiceagesant substances

whi ch can be a to fluids to nodify the dispersancy and/or visconetric
WO 96/ 40846 ' PCT/ US96/ 06752 - 55-
properties of the fluids. The inventi CESAMBLESYIal so i ncludes a nethod of
modi fyi ng or i npr oy, &bddiatiohd FS #8 AL 2 M i SR RARASH Bt Avmess Of a
fluid by m xi ng W clent, anp 0 ant .
subst ance f 5 t RBrE S‘Bﬁ'}rkdii"f? d;{gérgi gsgr f%d or
i nproved fl ui d BExanplg Viowhd | introducedr dnba alits e ls DisghandPortexr sconetric
properties. Mngaeyr, !t érwﬁli UhothtOof d14ART dadRdr £6NEngOAlddied OF
di spersant - i rrprov\é% ﬁuih? I ch haxe &%n added a dgsgeéiant Sl}%g:t ance
of 10 the i FAshetoh %owié’lsgtfor%m Bhl- %ﬁ'@ﬂ?&nef HGrateR® sconetri c
properties of tinsathwatiionhe 'l‘t_rq)rhydemangbion/iqad:a&wsti wapr ppeparead kiyncl udes
any one Ofg DI Gddinkhs P{ GRETd# &5 107 il thfetnifllal md nem' Q#:i*%??ﬁo(ég.%cos' ty.
The di spersant VI _I nprovers_ of, the |nvent|o‘ﬁd15 sg citfycally, I mprove the
Viscosity | ndeISL)s Bera Fetkion as 43P mak 6 FobalE; gpEpate 'in 15320
characteri zi ng stthg 108l 2atgorshigydichaxanet hethe fdnsilt gabalpst | splatdoch
was 0.1 M in cobalt and had an aluminum-cobalt ratio of
3:1. A portion of this catalyst (5.0 mL, 0.50 mmol Co) was
15 syringed into the reactor which had been purged/vented
three times with nitrogen, then hydrogen, and pressured to
379 kPa (55 psig) with hydrogen. The reaction exothermed
to 34°C and was maintained at 30-35°C. The progress of the
hydrogenation was monitored by infrared (FTIR} analysis of
20 hourly samples. After 4 hours an additional 4 mL (0.40
mrol) of catalyst was added. The reaction was terminated
after 6.25 h, when the IR showed minimal trans unsaturation
{968 cm!) and complete disappearance of vinyl (910, 990 cm”
Y. fThe catalyst was then removed by washing the polymer
25 in the same type of reactor described in Example I with 300
nL of a 0.5 M citric acid aqueous isopropanol (2:1 water-
IPA) solution. The mixture was vigorously mixed at 70°C
for 20 minutes and allowed to settle. The pink aqueous
layer was removed and the entire wash step was repeated
30 using an agqueous isopropanol (2:1 water-IPA) solution.
After addition of 0.2 g of Irganox 1076, the polymer was
isolated by removing the _volatiles under reduced pressure.
Gel permeation chromatography of a sample revealed little
change in the polydispersity index of the polymer had

35 occurred as a result of hydrogenation.




tenperature. Inprovenent in viscosity index is characterized by a decrease
in the rate of change of 20 viscosity per unit of tenperature change.
Typical properties which are nodified or inproved by the di spersant Vi

i mprovers of the invention include relative thickening power (RTP),

borderline punpyRidesbgss PEr Manent shear stability (DIN), tenpGicihisoddsed
stability at low 2 tenperatures (CCS), and tenporary shear stability at

hi gh tenperatures (HTHS). Each of these properties can be determnned or
characterized by conventional nethods. The pol ymers of the invention may be
enpl oyed as di spersants and/or di spersanl‘ VI inprovers in a variety of 30 :

| ubricant fluids. Typically, such flliiidq;ﬂﬁ!?tneral oil such as a m neral
oil lubricant system e.g., nDtor 0|Is automatl c transn155|on fluids,
tractor hydraulic fluids, SRSRRERRS AGLERE O S ok | ke. Qher
suitabl e appli Catlomelvaﬁ' HdﬁdﬂearmiimﬂitausdofUp:hmné’dlepénﬁmecwas 35

or fuel may be uraII urr|n her eof .
Natural oils in 5|?s neéﬁagﬁ# %ro eum mcl‘ﬁgr&
distillateSand glnssﬁh@wled FEBGSﬁﬂQEﬁRﬁCtor- The reactcr was equi! Ppeg

PCT/ US96/ 06752 g JIPBEE'CQE-E'GGnOH::EzrﬁQdat Peebitife GAGHLtd EhoirhEmeter

I nclude liquid esters or oc rbons e S and the

| i ke. The di spe‘!’%lém § B&ﬁ bEXGRARIE @'I éb%lgéan?rggé%uiél}i%p%uil aflgn in
any suitabl e andipftubet mdennuiathta) wlve,radsyyinge inierbiom®prind/ or

Vi scometric propsitditingf al G2toAr FabIEr Yaskén, CXRATA A5Yow+ Al dr;angenmf rom

0.001% wt .. .to 20% W r ef from 9 er abl
from 0. 590t . tkPaks Wtrle ngﬁgi#ﬁ’ﬁn aﬁo é Wﬁeég%%@i iol? % ° g m%l ony
can be suppli edsobstion wage injected cintce fhecreagter alemg with IQeOpELW@rs

of the '”Ve”t'Oﬁﬂi?%uﬁo'téti-hﬁ%i@éﬁpﬁﬂleisobbéﬁéblllmlél.g a7, 3k i cul t to
transport such pojynmers exgeply?s Sistilled from sodium, was added via

syringe to the reaction vessel. The solution was heated to
15 50°C and titrated by slow addition of 1.6 M n-butyllithium
until an orangish color persisted. Then 4.2 mL (6.7 mmol)
of n-butyllithium was added. After 4 hr, butadiene (114.7
g, 155 mL, 2.12 mol) was pressured into the same reactor.
The solution temperature was maintained at 50-51°C for 3
20 hours. The remainder of the procedure was the same as that

described in Exanmple V.

- EXAMPLE VIII
€3 e T —Butadi Diblock ¢ ]
25 The material described in Example VII was hydrogenated
in the same manner as Example VI using 23.3 mL of a 0.1 M
cobalt-aluminum catalyst (3:1 Al/Co).

30 Addition of Maleic Anhydride to Selectively Hydrogenated
2 500 milliliter three-neck round bottom flask fitted
with a condenser, nitrogen inlet valve and overhead stirrer
was charged with 94.6 g (9.46 mmol) of triblock polymer
35 prepared in much the same manner as was Qescribed in
Examples I and III. The triblock had a molecular weight of
10,000. Polyalphaolefin (4 cSt, 100g) was added and the



concentrate. However, for ease of handling, the polyners can be prepared as
a_liquid concentrate. Typically, such 15 di spersant concentrates include
a polynmer of the invention in an anount of from5%w. to 90% w ., _
preferably from10% w. to 70% wt., of the concentrate. In addition to the
pal ynmers descrivwedheidasd hi s i nvention, the dispersant fornul at p&nEsoséhss he
fluid 20 formul ations can further include one or nore additional

addi ti ves known to those skilled in the art. Such additives include, for
exanpl e, antioxidants, pour point depressants, detergents, dispersants,
friction nodifiers, anti-wear agents, VI¥Tmprovers, anti-foam agents,

on modi fi e vear overs,  an
dvant ages of PAEtare Ve dfilabelhin Bidtes 1867, boade UPARAT |,

ef ficient nodi AtBPSPRErey spdleds: pnbydride \(Ssd8nGrr P2 driomek« i s ea@d¥h t hat
in many cases waghaddeédrtd }tﬂemt]?ﬁim adtiet reactants wereaddhh L o 30
achi eve a desi | ' ' op LESe13 £EO a e, the

Exanpl es bel ow%%%v%?‘?ﬁ%‘?aésﬁdg% %lt’ga?l;ﬂ%nl%rdnt §E%%§c%hn%7€£%jl'l§%ﬂ y Xvail abl e

vi scosi t y 3i npr ¥earsien wark spapgedcwith nikrages atdrope? ston a dedfahewnr of
the invention. td5remove any furidedactédingléid adhiyagiasanPres  rddttion

experinmental pgol L zat | u | I ' Kk erfarmed with
dried reactor sgéﬁgﬁé%u%nﬁhﬁaﬁ3kug§%#ﬁéﬁﬁ%?%bggy% B\gfé v%.ng Sl,o

PCT/ US96/ 067529- 8- 50 mle rafbicqycdohexene and @adibge60amk afismethaneded to

SXF! ude ai L : _rrau.laﬁmyazﬁn @Hee poll geE fPAC nispel| €edi bﬁ% esf Eﬁdmﬁi\sht][l tﬂ?
el i cat e yghem . t 0 S, 9f this
i nventi onl?’ as \/S\nﬂ I Fggéalgg%é;\é%as\r{lgg% hgoﬁ{‘%oz?eﬁsgﬁﬁ%g %%Ltlél%ég %‘:TTe‘i'ist:.c

| sopr ene- But adPBRYAsile Hands it 38R0 DI V/88r Clhir ceAnTREAL AR [Numbes s
(L) of purifiqeanNyiragslilysis revealed that 4.0 anhydride groups had been

added to the polymer chain.

15 EXRMPLE X
midizati ¢ Maleated IBI Triblock Po)

A 3-neck 100 mL round bottom flask fitted with an
overhead stirrer, nitrogen inlet valve, and a Dean-Stark
trap was charged with 51.81 g of maleated IBI triblock

20 prepared in Example VII. This material was 50% active in 4
cSt PAO. The mixture was heated to 130°C and 1.5 mL (1.5 .
g, 10.4 mmol) of aminopropylmorpholine was added. The
temperature of the reaction was increased to 150°C for 2
hours. FTIR showed that the anhydride bands had

25 disappeared and were replaced by a strong band at 1708 cm®.
The reaction was then heated under high vacuum for 2 hours
to remove the water and unreacted amine. The resulting
material was purified no further. Nitrogen content was
found to be 0.44% (calec'd: 0.51%).

30



10 cycl ohexane was introduced into a six-hundred mlliliter stirred gl ass
reactor. Air was renoved fromthe reactor under vacuum and replaced by dry
nitrogen. The reactor was equi pped with an air driven stirrer, a pressure
gauge, thernocouple, top face inlet valve, dip tube feeder with 15 val ve,
heating mant| e wodemMeEas abl e control | er and conbi nation nitr ogpST/SsEHIETSE2
inlet wwth valve. Three mlliliters of a 0.1 Msolution of dipyridyl in
cycl ohexane, 7.3 nmL (90 mmol ) of tetrahydrofuran freshly distilled from
benzophenone ketyl, and 1.8 nL (18 mml)_of 20 purified isoprene were

injected into the reactor. The tenperatUfe of the reactor and its contents
was raised to 50[err]C. The sol ution \mﬁi@_ﬂitrated by the addition of
col or

1.6 Mbutyllithiumuntil a persistent re s obtai ned. Foll ow ng
this, 3.75 nL of 1.6 Mbutyllithi mn%#%yﬁﬂed into the reactor in
order to initiate pyhyeerdispexsants ofcthe donentioh)eDispetrsantavas-al | owed

to run for onewgg§{ pﬁgé%féed %HF%QYS%% Hle Méﬂéfs‘intégt aggg%%ila?rpr essured

into the reactor e reactlon tenperature hot
exceed 70Perr] Examples LrX. JHSPeSERNts ArC HQXS, evaluated PPt urned to

its initial |eatbpepdahéy testyiSDE), 04 triwibeional benck tést goxcopol yner

was conpl et ed. : gr%lr,) -?pi,??, I Ng dinto the
reaction to al Pgévégﬁéﬁgg?ﬂn%t‘?éggaﬁggﬁe idrl an :t%él %ﬁ%%{ of the
triblock pol ynBispersantsyers, Gonpaged Wit tHo sompereialiviayaidablen )
was i njected i Bhecifitmi@eaicdigiedqpelgisdittend [displerbantay deticted Hie

peT Usos/ 8675 Come Rl i BRRE3 0l R T beBBRER Oy, MRS
t enper at ur e an&hevst theperfaymancs ofi the dhyes digpexsants of dhe | r ganox
1076 from G baifebariéd bk phipilvasctreat dratd) Wortrasted Wi that o¥ vent
was renoved ungﬁé {:Slgﬂgfgial products. Percent dispersancy is shown on
the ordinate, with the larger values corresponding to
15 better dispersancy properties. The materials of the
invention are clearly superior to the commercial
digspersants, exhibiting better dispersancy at equivalent
treat rates. In particular, at low treat rates of 1.0%,
each of the three compounds of the invention produced
20 dispersancy which was twice as high as either of the

commercial dispersants.

EXAMPLE ‘XIXI
vi tric Testi

25 Viscometric properties of materials prepared in
accordance with Examples I-X were measured using a
conventional method. Table 1 shows that Dispersant B at
6.3% in a 100 Neutral (100N) mineral oil stock produced a
viscosity of 10.3 cSt, while 27.1% of commercial dispersant

30 CD1 was required to yield only 10.2 csSt, and 7.1% of
commercial dispersant CD2 yielded only 9.8 cSt. Clearly,
the dispersant properties of these new materials are
superior to those of the commercial products, since
significantly less dispersant was required to obtain

35 equivalent or better viscosity. Viscosity index (VI) is
also clearly improved, as is relative thickening power
(RTP), by the additives of the invention.



5 pressure to yield a triblock polymer of about 8400 nol ecul ar wei ght as
a_clear, colorless, viscous fluid. Infrared analysis (FTIR) showed the
but adi ene center block to possess 55% 1,2- and 45% 1, 4-m crostructure. 10

Viscosity as a Function of Mol ecular Wight This exanple illustrates the
rel ationship bewgssaodsbe nol ecul ar wei ght of the triblock pol pepisediepar ed
I n the manner substantially the sanme as that of Exanple | and 15 their

resulting bulk viscosities. As is apparent fromthe data of Figure 1, a

| i near” rel ationship exists between the o égcular wei ght of the

unhydr ogenat ed i soprene- but adi ene-i soprene pol yners prepared as in Exanple
| and the log of their roon120 tenpegghﬂgelbulk vi scosities as neasured

using a Brookfle‘[ onet oper ating at for.exa | e,

| sopr ene- But adi-efre—+seprere—Htbrock—Copet-yrer—A—sorti+er—ot—260—rt—of

cycl ohexage an®ISPERSANT 5 trr*pIIGbISTBSFyrrer WEGK®] in a WEnner si MTBar to
t hat desc bed‘r EXanpre 1 S L gEdTor—arT gvacuatton_30 -ottowed
by i ntroducti offo3f dry nltrogen “Hhi s annunt]3¥2polyner &Mt ai ned 2403
nol es of pol ybigadi ene unsat ur at . To the pol r sol ut was adgded 25
nm. of a hydrogg%%tron cat al yst sgfgtron conprrgzgeof trre%ﬁ@lalunrgﬁﬁrand
ni ckel oqlooateullgparaaﬁtjaratlo ewst h 35 a yo.gkel concgggration pfg 0.1 M
I n cycl ohexane ——Hie—testHti-Rg—iictth-—Was—phaced—in—a-Rarr hydrogenati on
apparatus and pressured to 345 kPa (50 psig) hydrogen. The WO 96/ 40846
PCT/ US96/ 06752 - 59- apparatus was vedﬁﬂﬂﬂﬁﬁﬂlﬂii process repeated twice
nore, after which tipgpaly G = a\V3 Bi144 8 diad RAha2 > .

One thousand milliliters of purlfied pentane and 100

15 nL of tetrahydrofuran distilled over benzophenone ketyl
were introduced under a nitrogen atmosphere into a two
qguart glass bowled stirred pressure reactor. The reactor
was equipped with an air driven stirrer, a pressure gauge,
a thermometer well, a heat exchange coil, a top surface

20 inlet valve, a dip tube feeder with a valve, a syringe
injection port containing a Viton rubber gasket, and a
blow-out disk (1379 kPa). One milliliter of a 0.1 M
dipyridyl in cyclohexane solution was injected into the
reactor along with 33.4 mL (30.0 g, 0.254 mol) of

25 p-methylstyrene (p-MS) that had been passed through .
alumlna. Butadiene (120 g, 2.22 mol) was then pressured
into a 300 mL Hoke bomb. The bomb was fitted onto the
reactor and the contents were pressured into it. The _

~ solution was heated to 35°C then titrated by slow addition

30 of 1.6 M n-butyllithium until a red color persisted. The
catalyst, 4.7 nL of n-butyllithium, was added.
Polymerization of the butadiene and p-MS was continued at
25~-30°C for 3.6 hours. The living anion was then quenched
by the addition of 0.5 mL of 4-hydroxy-4-methyl-2-

35 pentanone. A portion of the polymer was concentrated under
reduced pressure. Gel permeation chromatography of the
sample showed the polymer to have a number average
molecular weight (Mn) and a weight average molecular weight
(Mw) of 2.00x10' and 2.10x10°, respectively, and a



hydrogen. The tenperature was raised to 50[err]C and the m xture was
agitated vigorously. Hydrogen was fed on 5 demand in order to maintain
354 kPa in the vessel, and the flow rate was nonitored by neans of a flow
neter. The progress of the hydrogenation process was nonitored both by

I nfrared spectr owmsogaosdeFTI R) and hydrogen flow rate. An | R spaetivussso67s2
obtained at the start of the process displayed the 10 presence of
primarily the butadi ene unsaturation (peaks at 995, 968, 910 cnierr]).
After 30 m nutes, butadiene vinyl unsatggg;ion (peaks at 995, 910 cnierr])
was gone, the trans- 1, 4-butadiene was significantly reduced (968 cnjerr])

and the i sopreriﬁ,l?m@bggggfqﬂwidpq._oghi s final point 15 corresponds
to zero hydrogen flow. Upon conpletion of the selective hydrogenation

process, the vessel was vented and the black reaction m xture was stirred
in air with amoni um hydroxi de and netEXAMPLESXIVchi onetrically equival ent
to the total catal ysty# e ( dImar Ko tvrnéd-ila2Butag f@necent r at ed

ammoni a and 0.5 nL nethano ). n_several _hours, e mxture had

changed td a dark green col or indichFSQFT#QQBaxﬁﬁfed ni ckel . The m xture

was filtered througithel pelyméxis iscdution prepaxed du ExamplesXilTewasn the

amount equi val qgszogué@a haseq, ¥istherdbyrtdy YaRbto?, THBI 8bkay Sol vent
under

Col of [ es. i s ERRENE BFPOLBRbAdded 55 ERe] TSAcker, wald4Po: oV ARR ecul ar
Vi ght 30 represents 2.07 ndlesogdhbutadiend | unsatirhydon. ThTheexanpl e
el ot vy hyGpeerabivh RN ve R pRaRErl By HRNEH Raadaen ot @
Exampl e 111 an&-°7ﬂ8ﬁ trigthylalypinmm splutien (410 mugl) to a salution pf, ent
in Figure 2, aaomoommdlcofnesimdie datoatemin Pl mii oifecpolbhexanesi ('The s '
observed as theymphectaiyie! biutdlon’ BasSEl £ P 0opYHr aflaNRAG A M1 Pl OCk
aluninum~cobalt ratio of 3.5:1. A portion of this catalyst
15 (50 mL, 5.00 mmol Co) was cannulaed into the reactor which
was then purged four times with hydrogen gas and pressured
to 379 kPa. The reaction temperature exothermed to 50°C
and was immediately cooled to 30°C with an ice bath. The
progress of the hydrogenation was monitored by infrared
20 (IR) analysis of hourly samples. The reaction was
terminated when the IR showed no existing olefin
unsaturation. The catalyst was then removed by washing the
polymer with 1 L of a 0.5 M citric acid agqueous isopropanol
(2:1 water-IPA) solution in the same type of reactor
25 described in Example XIXI. The nixture was vigorously
stirred at room temperature for 15 minutes and then allowed
to settle. The pink aqueous layer was removed. Another
liter of citric acid solution was added and the procedure
was repeated. After the addition of 0.5 g of antioxidant
30 Irganox 1076, the polymer was concentrated under reduced
pressure. Gel permeation chromatography revealed a Mn of
2.31x10°, a Mw of 2.5x10°, and a polydispersity index of
l.10.




WO 96/ 40846 PCT/ US96/ 06752 - 60-
polyners is increased. In all cases, a Brookfield Engineering LVT

vi sconeter operating at, for exanple 0.6 rpmw th spindle nunber 5, was
used. Surprisingly, however, even at a nol ecul ar weight of ten thousand
glnmol 5 ( M wo bérosag he bul k viscosity does not exceed one pgTUs9t6752
centi poi ses. |soprene-Butadi ene Random Col opyner 10 El even hundred
mlliliters of purified pentane was introduced under a nitrogen atnosphere
into a two quart glass-bow ed pressure reactor. The reactor was equi pped
with an air driven stirrer, a pressure gauge, a thernoneter well, a heat
exchange coil, a top surface I nl et valm_ls! dip tube feeder with a
val ve, a syringe injection port contal g |ton rubber gasket, and a

bl ow-out di sk (1379 kPa, 200%Eemina SReRRS ISR R LB {82 e 0 0.1 Mdipyridyl in
cycl ohexane sol ution mas.br-rr~ pA 8.0 nL of

anhydr ous tetrahydr éf&ﬁ% T nL;g

freshly distilled froms um %iugge’gc\%&o‘!rlng 8 %Ojﬁe&%ke bonb.
But adi-ene 3( 124 bydyogenated p-wethylstyropa-i §8P85IY¥‘ﬂ¥ Aeacribege
bonb. The bonb inwagxampledXTn iro300f nLhef rcqmjtomemmd apﬂenxa rwiiﬂ&d,gdﬁal f of

the contents e

40[err] C and }[’\’Iiéag{cggsﬁégs %évg‘g fstsl ;éfr% $q§§ F}%fhl um uq}j}'% an
orangi sh col or Viar sysinge. Tfker the addi "rﬂrﬂl’)s GPmH ﬁE?yI?r"c“hllﬂw was
added. After squebavatt mmmawmemmrmt arampr)ewasopnened Rasreditaye

sol ution s aggde T, }ﬂ.h._l:l e Hq)&% o] nd 30
was mnai ntl\g?ned%gt Qgﬁ g%#m l}r gﬁ&@%&’ I VI ng %QOE dﬁg&?légrgdaenched
by the additiof18F20 minhi (e rﬁﬁﬁF}%fmmm QOHEFnyrai'zeqo Fone.

An anti - oxi dantreitiged oprdssifrd. om Ci ba- Cei gy (100 ppm based on dry pol yner)
was added and sol vent was renoved under reduced pressure froma 35 smal |
portion to yield a triblock polynmer of about 20,000 nol ecul ar wei ght as a
clear, colorless, viscous fluid. |nfrBKAMEREINL < (FTIR) showed the

but adi enetscent er bl ock Amination of the Brominated Hydrogenated

To 10.0 g of a brominated p-methylstyrene-butadiene

copolymer that was 20 weight % p-MS was added 10.0 g of 4
¢St polyalphaolefin (PAO), 1.87 g of calcium oxide, and 3.7

20 nL (3.6 g, 0.0251 mol) of N-aminopropylmorpholine. The
reaction was stirred and heated under nitrogen at 150°C for
18 hours, sparged with nitrogen for one hour at 150°C, then
hot filtered through a bed of Celite 545 (diatomateous
earth).

25

EXAMPLE XVII
Dispersancy Testing .
The aminated copolymer of Example XVI (Dispersant F)

and two other similarly prepared dispersants of the

30 invention (Dispersants D and E), were evaluated by SDT and
compared with commercial dispersants CD1 and CD2 described
previously. Figure 4 shows the performance of these three
dispersants at various treat rates, contrasted with that of
the commercial products. The materials of the invention

35 are clearly superior to the commercial dispersants,
exhibiting better dispersancy at equivalent treat rates.
Indeed; Dispersant F showed an SDT value of 100% at 1%
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possess 55% 1, 2- and 45% 1, 4-m crostructure. EXAMPLE VI hydrogenation of

| sopr ene- But adi ene Random Copol yner 5 Part of the polyneric
solution (195 g) described in Exanple V was introduced into a 0.5 L
Fi.scher-Porter wouwglesse The total anount of polynmer added to pbfukRReisd’
was 31.4 g which represents 0.540 nol es of butadi ene unsaturation. The
hydr ogenati on catal yst was prepared by 10 adding 35.1 nL of a 1.7 M
triethylal um numsolution (59.6 nmol) to_a solution of 19.9 mmol of cobalt
octoate in 153.0 nL (119.2 g) of cycl oh'éﬁg'he. The final catal yst solution
was 0.1 Min C?’%@H“' _had an al um numcobalt ratio of 3:1. A portion of
this catal yst . , 0.50 mvl Co) was 15 syringed into the reactor
whi ch had been purged/vented three tines with nitrogen, then hydrogen, and
pressured to 379 kPa (55 psig) with ExXaMPLRIRVIEX reaction exotherned to
34C and was nmi ntai ned at 30- 35C. J e hydrogenati on was
moni tored by infrared (FTIR), anal y sanples. After 4
hours an &dditi onal Viseamekyic prepeyties of nareripds pyeparedhineaction
was terni nat ed agichedafice with Exanpllée XErBxwe terenmeaburédanssimpal urati on

The catal yet &%ﬁﬁ%@%ﬁﬁ%@gﬁé‘éﬁiﬁ Ponth Apat Brepitagl e 0110

The cat al yst I Ng . [ he "sane type
of reactor desdr?Bednid YoMthmizera} okl Fkrql Pypdycedsa\viseesity ofd
aquegus i Sgl[or Oﬂ.@?ﬂ c$¥, grmfeem.hﬂﬁgfsobﬂil dria lThQsﬁ%thﬂi_‘la_E ¢pe ﬂl'(éisgor ously

m xed at err, L or o t a 0 sett nk aqueous

| ayer vvaslz’rem) &uéﬁadtz%oerpé%liffgoﬁgs %t egp%qf*eg af’§‘8‘“§%§iﬂ usi ng an
aqueous i sopr oddspergant] G arieldeyl enlyt9¢h oSkit eFleaulyi okhef 0.2 g of

TSt e o S R T ARy A AETRT
change i ﬁ t he 58??56?3525‘% irﬁ")?slen(?gxg%? ??E?&E%n‘gﬁvs?rﬁgﬁgégp since

significantly less dispersant was required to obtain

15 equivalent or better viscosity.
IABLE 2
DISPERSANT*® % IN STOCK OIL RV (c8t) vI RTP
2 Cbl 27.1 10.2 135 1.1
Ch2 7.1 2.8 142 3.9
25 Dispersant E 4.7 10.5 169 6.3

* Dispersants are all 50% active in PAO.

Table 3 compares Dispersant E with commercial products
30 illustrating the capacity of the dispersants of the
invention to minimize the amount of a commercial viscosity
improver required to improve in viscosity from 4 cSt (i.e.,
no additives in the 100N .stock) to 10 cSt.



35 occurred as a result of hydrogenati on. WO 96/ 40846

PCT/ US96/ 06752 -62- |soprene-Butadi ene D bl ock Copol yner El even hundred
milliliters of purified pentane was introduced under a nitrogen atnosphere
into a two quart 5 gl ass-bow ed pressure reactor. The reactor was

equi pped wi th aWwodskosed | ven stirrer, a pressure gauge, a ther gefpiRisie! |
a heat exchange coil, a top surface inlet valve, a dip tube feeder with a
val ve, a syringe injection port containing a Viton rubber gasket, and a

bl ow out di sk (1379 10 kPa). Five milliliters of a 0.1 Mdipyridyl in
cycl ohexane solution was injected into 6L reactor along with 8.0 nL of
anhydrous tetrahydrofuran. |Isoprene (18,8 27.3 nm., 0.344 nol), freshly
distilled from sodium was added. via Sy [ o the reactlon vessel The
sol uti on was heat c RERGAQING VI; JMPROVER NETR RISPERFANY IN.ALANBTOCK, of 1.6
Mn-butyllithiumuntil an orangish color porsisted. - Then-4.2 m(B..7_anol)
of n-butyllithiumwas addesxrseoezryd hr, [KICONMBREIALLIL. 7 O% umﬂnmcnz 12
mol ) was [5r ess DISYERSANT t he J&f%cINeact or. VhJIMPBPVERON t enpVRitIMERONER
mai nt ai ned at 50-51[err] C f @POCK20IL) hours. NEEREPemi nder of RF¥RPLIICERedur e
was the sane as that described in Exanple V. Hydrogenation of

| sopr ene- Butadbs D br ock ,Capol ymer 25 .1he material descrbped in
Exanpl e WN: ﬂ?drogenated I'n the same mannéi as Exanple VI using 23.3 niL
of a 0.1 cob@P h-al um numgcgigal yst (3:1 Al/ @pz 30 Addition @gff Maleic
Anhydride to Sel ectivel y-Hydrogenat ed | soprene-But adi ene-1soprene Tri bl ock
A 500 mllilitep2three-necls.s3und bottomflavkélitted with a condarser,
nitrogen inlet valve and overhead stirrer was charged with 94.6 g (9. 46
mol ) of ¥ribl BiLppoeanter 3523 Pprepar ed in M4dB the same nmanner & was
described in EBanples | and I11.- The triblock had a nol ecul ar wei ght of

Given an identical amount (4%) of each of the
dispersants in the 100 Neutral stock, Dispersant E of the
20 invention increased viscosity to 8.23 cS8t while the
commercial dispersants increased viscosity to only 4.61 cSt
and 6.63 cSt. To increase the viscosity of the 100N stock
to 10 cst, 1.15% of a commercially available block
copolymer viscosity improver was required. Dispersant E in
25 the stock reduced the required amount of to 0.18%, a
reduction of 85%. The commercial dispersants reduced the
amount of required VI improver by only 11% and 47%.
Table 4 shows additional results for Dispersant E. 1In
this case, the targeted viscosity improvement was to 14 cSt
30 from 4 cst.



10, 000. Pol yal phaolefin (4 cSt, 100g) was added and the WO 96/ 40846

PCT/ US96/ 06752 -63- m xture was stirred and heated to 150C under an inert
af nosphere. Ml eic anhydride (5.10 g, 52.1 nmmol, [err]6 equiv) was added to
the hot m xture. The reactants were then stirred at 240[err]C for 7 hours.
After this timewdsaosis reaction was sparged with nitrogen aicrafsofesisal C
for a half hour to renove any unreacted nal ei c anhydride. The reaction

m xture was purified further for analysis by dissolving 10 g in 50 nL of
cycl ohexane and adding 60 nL of methanol_qg.owW y until the polymer/PAO

m xture fell out of solution. 10 "An FTIR of the resulting materi al
showed the characteristic anhydrlde banduuﬂuLjszo and 1788 cnferr]. A Total
Acid Number (TAN) apal la A

added to the pol ymere :

| m di zati on of =

+ﬁﬂﬂa&red—+fﬁ-‘ﬁ-rb+1nﬂvﬂ%3PynET-1?ﬁ?—neck-tfﬁrﬂTt-rtmnnrﬁoott
flask fittgd W th an overheaNI QUSSR A val ve ¥
Dean- Starktrapb ged go ~,’\;: Lad | Bl tri gg;g?:‘
prepared in Exanple VII. | was 5 ive in 4 cS e

m xture was heated to 130[err1C and 1 5.l (1_5 g..10 4 mol) of

am nopr opy! nor pliene ne was adgdedo The tenperatm[gaof the reaction wgs

i ncreased1oo 150[err]C for 2 hours. FTIR showed that the anhydri de bands

had 25 di sapgprred and wereélepl aced by a 3t46ng band at 1708 ca&ferr].

The reaction was then heated under high vacuumfor 2 hours to renove the
wat er and unrea@®2d anine. TRe6Besulting matel+@ was purified no3Turther.

Ni t rogen ?gntenﬁigggiggg%nd t8 BS 0.44% (cal c’ g. 9 519 . 30 53

Here, 4% added Dispersant E provided viscosity of 9

cSt, while identical amounts of the commercial dispersants

20 produced viscosities of only 4.61 cSt and 6.63 cSt. To
raise the viscosity of the stock to 14 cSt, 1.58% of the
commercial block copolymer VI improver was required.
Dispersant E reduced the reQuired amount of VI improver to
0.74%, a reduction of 53%. The commercial dispersants

25 reduced the required amount of VI improver by no more than
37%.

EXAMPLE XIX
Liquid Polybutadiene

30 Eleven hundred milliliters of purified pentane was
introduced under a nitrogen atmosphere into a two quart
glass-bowled pressure reactor. The reactor was equipped
with an air driven stirrer, a pressure gauge, a thermometer
well, a heat exchange coil, a top surface inlet valve, a

35 dip tube feeder with a valve, a syringe injection port
containing a Viton rubber gasket, and a blow~-out disk (1379
kPa). Into the reactor was injected 1.5 mL of a 0.1 M
dipyridyl in cyclohexane solution along with 10.0 nL of
anhydrous tetrahydrofuran (distilled over sodium

40 benzophenone ketyl). Butadiene (150.0 g, 2420 mL, 2.77
mol) was then pressured into 300 mL Hoke bomb. The bomb
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EXAMPLE XI Dispersancy Testing Three di spersants of the invention,

Di spersants A-C, were prepared simlarly to the dispersants described in 5
Exanples I-X. D spersants A-C were eval uated by spot dispersancy test
(SDT), a tradi twonaheseench test for neasuring the performancepefusesnsrsz

di spersants. These di spersants were conpared with two commercially

avai | abl e succi ni mi de-nodi fi ed pol yi sobut ene di spersants, denoted as 10
Commerci al Dispersants CD1 and CD2, resp?%tlvely Figure 3 shows the

per formance of the three di spersants of e invention at various treat

rates, contrasigg 3& f&ietﬁenfsaewé a0 ¢He! antEeaceaﬁt&sééﬂersancy
i's shown on the ordi nate,

better disper sé’ﬁéypﬁf'ﬁﬁ‘é‘ﬁwé‘é’ '?%e %ﬂ%r?’é{a'l%tb%% {c‘%rgr F‘ﬁggﬁa g‘g %95 @dar |y
superior to thé&itratedbyl sl padision, ofxhi®hM mmpubylidchitus pmtthan at

The. {hr o6 comporangia colbul eraldtan, hne LR, |8 Soml (o A s
tw ce*as Migh Q%ng *fn g?“t’ﬁé‘%%!c?ﬁ? ‘fﬂﬁér s&HFs!teERﬁm{‘g |yas

Vi sconetric Teming.aiﬂed between\i40c508¢C rfax bpursi attefr vimtah |tzilne ghepar ed
i n accordance wlwngxaﬁmx?ws w.eﬁeaeﬁfw auaaaﬁoﬂ b¢ &eﬂ% 2 Jget hod.

Tabl e 1 shows that persaa at (Vi Neut ra neral oi |
stock produced ®™Ro}) et TRy ﬁ°"1’0'43'm8§1‘y V\*l—qeé‘ 7‘°1‘%'of AEO

di spersant 30 Irg@boxwid76 ciyem SlbacGeigy d(100 ppiObasedt pnaduly 796:%11&:)
commer ci glp di SRRAESABked ¥nd/ 's@l%ﬁt095¥ Perfoved un@hﬁafbbiuc&ﬁ‘f%e sififes ant

properties of these n teri re.s rior . to commer ci al

products, si nc&*8Myfi ?‘Rﬁ %'é’?s%&gbéf‘g&tpmefeagl F‘g‘a"'f&?ytﬂ%ﬂ n 35

equi val ent or H¥wyMn wiboHi mplecvilaroweéight mder ¢Veari scolorless,
‘wiscous fluid. Infrared analysis (FTIR) showed the

butadiene to possess 67% 1,2~ and 33% 1,4-microstructure.

15
EXAMPLE XX

The polymer solution from Example XIX (minus 200 g)
was introduced into a 1 L Fischer-Porter reaction vessel.
20 The hydrogenation catalyst was a cobalt-triethylaluminum
complex dissolved in cyclohexane. The solution was 0.1 M
in cobalt with an aluminum cobalt ratio of 3.5:1. After
the reactor had been purged and vented first with nitrogen
then with hydrogen, 70.0 mL of catalyst (7 mmol Co) was
25 added to the reactor via canula. The reactor was then
pressured to 379 kPa with hydrogen. The reaction
exothermed immediately from 21°C to 43°C before it was
cooled below 35°C. It was allowed to exotherm again to
50°C before it was again cooled to 35°C. Periodic samples
30 were analyzed by infrared spectroscopy (FTIR) They showed
the disappearance of vinyl (990, 910 cm™') and trans (967
cm}) unsaturation. After 1.5 hours, when 3.3% residual
trans unsaturation (21 double bonds) remained, the reaction
was terminated. The catalyst was then removed by washing
35 the polymer in the same type of reactor described in
Example XIX with 800 nL of a 0.5 M citric acid agueous
isopropanol (2:1 water-IPA) solution. The mixture was



also clearly inproved, as is relative thickening power (RTP), by the

additives of the invention. WO 96/ 40846

PCT/ US96/ 06752 - 65- DI SPERSANT % I N STOCK 100[ err] C KV Vi

RTP 5 CD1 27.1 10. 2 135 1.1 CD2

7.1 WPo6/40846 142° 3.9 10 D spersant B  perushensrs2

10.3 153 4.6 Para-Methyl styrene-1, 3-But adi ene Random

Copol ynmer One thousand mlliliters of purified pentane and 100 15 mL of

tetrahydrofuran distilled over benzophengge ketyl were introduced under a

ni trogen atnosphere |nto a two quart glasS bow ed stirred pressure reactor.

tTEe reaczor Walar h m&édaétaofd"cd&rbfe?osuﬂdﬁs a?ildphgiéﬁéf etaugfa a
ernoneter we ea exc Qp._su et valve, a

Gl {ube feoder®4HS 6 BLRR iy, 1RuPECYRS e sme He ngntlin o

rubber gasket, stbpownSUremmq 1Eiagk #n) aqugansi isdpriopanodf (2:D. 1 M

di i dyl top t t th
3'3!0? 'nLy ( 3'on OC%FA@}E&O 2533? §aia£m51. VaFrted 8aaPeion sk 1012 k%%e Ei?ﬁh%ggb‘é‘ﬂen

f 25 t Qyl styrene
passed thr%ugh 6 fhe Bﬂi&ﬁ?‘éﬁ’é’s( f‘fg’ mi g é& ’?vﬁﬁ jvﬁtpﬁeﬁ ?J?E%Jﬁﬁ ed into
a 300 nL Hoke hmder Tedubedbpressune.t ece&npeménazxmcahnomdgthplxyontents

were pressured d g iiggi]% %gi'\ﬁ]d% %ggﬁga&%ég @{a%: ?hcsbp J’H a ed

by sl ow addition | Tt hi um unt i ersi st ed.
The catal yst, 4<A%H of n-butyllithiun1 was added. Polynerlzatlon of the
but adi ene and p- M5 was continued at 25-30[err]C for 3.6 hours. The living
ani on wasyg hen quenched by the additi Gkaiprg #xfl of 4-hydroxy-4-nethyl -

35 pent anone. A portion of _t £ pol yer, was_ concent rat ed under reduced
pressure. Gel perneation chro#e Y-S ettt SSsHetved t he pol yner to
have a nunber average

‘A 500 milliliter three-neck round bottom flask fitted
with a condenser, nitrogen inlet valve and overhead stirrer
15 was charged with 41.83 g (1.2 mmol) of hydrogenated
polybutadiene prepared in Example XX. The polybutadiene
had a molecular weight of 34,000. Polyalphaolefin (4 cSt,
60.7 g) was added and the mixture was stirred and heated to
180°C under an inert atmosphere. Maleic anhydride (2.34 g,
20 23.9 mmol, 20 equiv) was added to the hot mixture. The
reactants were then stirred at 240-250°C for 7.5 hours.
After this time, the reaction was sparged with nitrogen at
1902C for one hour to remove any unreacted maleic i
anhydride. The reaction mixture was purified further for
25 analysis by dissolving 10 g in 50 mL; of cyclohexane and
adding 60 mL of isopropanol slowly until the polymer/PAO
mixture fell out of solution. 2an FTIR of the resulting
material showed the characteristic anhydride bands at 1820
and 1789 cm’. A Total Acid Number (TAN) analysis revealed
30 that on average there were 13.2 anhydride groups per
polymer chain.

EXBAMPLE XXII

Imidization of Maleated Polvbutadiene
35 A 3-neck 100 nL round bottom flask fitted with an

overhead stirrer and nitrogen inlet valve was charged with
37.14 g of maleated hydrogenated polybutadiene, 50% active



nol ecul ar wei ght (M) and a wei ght average nol ecul ar wei ght (Mw) of
2.00x10[err] and 2.10x10[err], respectively, and a WO 96/ 40846

PCT/ US96/ 06752 -66- pol ydi spersity index of 1.05. Hydrogenation of

p- Met hyl st yrene- 1, 3- But adi ene 5 Random Copol yner

The pol yneric swbskiueass pPr epared in Exanple Xl Il was introducepcr/osssnes] L
Fi scher-Porter reactor. The total anmount of polyner added to the reactor

was 140 g, which represents 2.07 nol es of butadi ene unsaturation. The 10
hydrogenation catal yst was prepared by adgll ng 121.5 nL of a 1.7 M
triethylalum num sol ution (210 nmol) to~%3Sol ution of 60.0 mmol of cobalt

octoate in 450 al i:gﬁ, | ys 0.1 Min
cobalt and hadig;ir_#a um¥#u'mrbg%%gfem 1 & %&ﬁ A&tﬁ%%%{: S

catalyst 15 hested tonlijCrapd @o? %s(%efhrﬂjl ZeB ™RL) tBE reactor which
was then purgeaufiaeprbpyBtorghol iedwagecadgeds. aﬂ!ﬁeptéﬁpéf&ﬁufé of khea. The

reaction t enpe&g%gogx,?%gqf{&%ats%g?gégi%%qﬁ oﬁ@&dl ﬁ.ﬂ Y. h%qued to

30[errJCwith ani1c ogenatlon was nonitored
by infraré&d 20that thy anhydride bands hp %ﬁﬂﬂmredmdrﬂaé?lm%d
term nat ed whepyt aestPoﬁchqmﬂ at @viost cmg" ol The reaetibn’ wasother gedtdd| yst

Bucous | sopr ofMAar HE3' Plnll 2B *Z‘éf"‘?ﬁéﬁb wecle ad dalbE dd " TCior 2

descri bed in EXRR¥ER %PlamintheTMF&FEl Wéa&wagtw%%ﬁ%ﬁ ndvom

t enper at ur e f orrudherutIeBErlén GoRtehtowas tourdetdl be OL46Pi (daREMEOUS

| ayer wag orem)y)qu%fnot her liter of citric acid solution was added and the
procedure "was repéated. After the addition of 0.5 g of antioxidant 30

| rganox 1076, the polynmer was concentrated under reduced pressure. Gel
pernmeati on chromat ogr aphy reveal ed agiaMpLE2X®irxiOlerr], a Mwv of

2.5x10[err], and a pol ydi spersi tymswm
The dispersant of Example XXII was evaluated by SDT.

15 This dispersant, denoted Dispersant G, was compared with
the commercial dispersants CD1 and CD2 described
previously. Figure 5 shows the performance -of Dispersant G
at various treat rates, contrasted with that of the
commercial products. The material of the invention is

20 clearly superior to the commercial dispersants, exhibiting
better dispersancy at equivalent treat rates. 1In
particular, at low treat rates of 1.0%, Dispersant G
produced dispersancy which:-was over twice as high as either
of the commercial dispersants.

EXAMPLE XXIV
Viscometric Testing
Viscometric properties of Dispersant G were measured

using a conventional method. Table 5 shows that Dispersant
30 G at 5.4% in a 100 neutral mineral oil stock produced a

viscosity of 10.5 cSt, while 27.1% of commercial dispersant

CD1 was required to yield only 10.2 ¢St, and 7.1% of

commercial dispersant CD2 yielded only 9.8 cSt. ' Clearly,

the viscosity improving properties of this new material is
35 superior to those of the commercial products, since

significantly less dispersant was required to obtain

equivalent or better viscosity.



1.10. WD 96/ 40846 PCT/ US96/ 06752
-67- Brom nation of the FNdrogenated p- Met hyl styrene- 1, 3- But adi ene

Copol ymer To a stirring solution of 54.4 g (2.59 mvl) of the 5

hydr ogenat ed p- net hyl st yrene-but adi ene copol yner descri bed in Exanple XV
ip 300 nL of cywigdsa@age under a nitrogen bl anket was added 2p&prugbsnstsz2S
g, 0.0517 nol) of brom ne via syringe. After the addition was conplete, a
uv lanp (100 watt | ongwave nercury spot |anp) was shined directly 10 on
the reaction until the red brom ne col oLqegisappeared (15-20 min). The
reaction m xture was concentrated under reduced pressure. EXAMPLE XVI 15
Am nation of the Brom nated FNdrogenatejaa;k@ihylstyrene 1, 3-But adi ene
Copol yner To 10.{] 0 at.ed b AR ARIAE T . Wa¥ala

t hat was 20 wei ; : : D o

1.87 g of cal crumoxtrder—amd—S—7 T 25T TToh)

N- ami nopr Qpy! nor phol i RES pnnH?@'-‘-'react i of MSA'%Q‘FWr&B"Pg K¥ecat eov%nder RTP

ni t rogen 2 150[err]C for 18 hours, sparged with nit ben for one hour at
150[err] C, the ot T11Ttered through a of Celly 545 (di tequ
earth). 25 Dis% sancy Testing The ani%gggd copoﬁyner of Exa%%ﬂga q"i
(Dispersant F) ¢pad two other simlarly prgpared dgggersants ofas he apg

i nvention@(Di spersants D and E), were eval uated by SDT and conpared with
comer ci al dlsmﬁm@eusanﬁﬂl and CDQ desc8ided preaooasly Fi glé2 4 Hheéws

t he perf or mance—ef—these~three—drspersants—at—varrous—treat—rates;
contrasted with that of the commerci al roducts. The materials of the
i nvention

15 Two thousand milliliters of purified pentane was

" introduced under a nitrogen atmosphere into a one gallon
glass-bowled pressure reactor. The reactor was equipped
with a motorized stirrer; a pressure gauge, a thermometer
well, a heat exchange coil, a top surface inlet valve, a

20 dip tube feeder with a valve, a syringe injection port
containing a Viton rubber gasket, and a blow-out disk (1379
kPa). Two milliliters of a 0.1 M dipyridyl in cyclochexane
solution was injected into the reactor along with 40.0 mL
of anhydrous tetrahydrofuran. Butadiene (185.0 g, 3.42

25 mol) was then pressured into a 1000 nL Hoke bomb. The bomb
was fitted’ on top of the reactor and the contents were v
pressured into it. The solution was heated to 50°C and
titrated by slow addition of 1.6 M n-butyllithium until an
orangish color persisted. The contents of the reactor were

30 cooled to 30°C. The catalyst, 2.4 mL (3.85 mmol) of n-
butyllithium, was added. Polymerization of the butadiene
was maintained at 18°C for 3 hours and then was allowed to
drift back to room temperature (25°C) over a 2 hour period.

To the living anion was added 3.8 mL (26.8 mmol) of

35 purified divinyl benzene. The reaction was warmed to 50°C
and stirred for 3 hours. The living anion was then
quenched by the addition of 0.25 mL (2.0 mmol) of 4-
hydroxy-4-methyl-2-pentanone. A portion of the polymer wvas
isolated by flocculation in isopropanol containing Irganox



35 are clearly superior to the comrercial dispersants, exhibiting better
di_spersancy at equivalent treat rates. |Indeed, D spersant F showed an SDT
val ue of 100% at 1% WD 96/ 40846

PCT/ US96/ 06752 -68- treat rate. EXAMPLE XVIII Visconetric Testing 5
Viisconetric propéblagis Of materials prepared in accordance W pdyrfogshisss
XII1-XVI were neasured using a conventional nethod. Table 2 shows that

Di spersant E at 4.7%in a 100N nineral oi |l stock produced a viscosity of
10.5 cSt, while 27.1% of Commerci al gﬁfrsant CD1 was 10 required to
yield 10.2 cSt, and 7.1% of conmerci al spersant CD2 yielded only 9.8 cSt.

‘Cearly, the &bf;eosz&y +{ed O agva&eﬂew&ﬁ oﬁsehhsaemaaewﬁter' als are

superior to those o e .co u ce 51 gni |cantl | ess
di spersant waSBFeRR ?%a?lb"crgrﬁe ' cﬁi’ﬁﬂﬁ h) GsPty.

TABLE.2 Di SPEWI’WWRWI@CIJMM@WI SﬁERSAﬁigh'@/odWrﬁm aL

KV (cSt) égw) ot 742,915 EHRa2 80620, respectively/ and a 10.2
135 .1 1. 9.8 142 3.9 25

Di spersart E Polydjspersity index %E”éﬂh’ of 1.08s9 Infraged @ﬂﬁﬁgpersants
are all 50% aanalpsis shidwed dihecbftadigre avlddostenstnre Rtovildvec o908 ci al

products 30 3 hliystéstifidbdree capacity of the dispersants of the
i nvention to n1n|n1ze the anount of a commercial viscosity inprover

required to inprove in viscosity from4 cSt (i.e., no additives in the 100N
stock) to 10 cSt

10 Hydrogenation of 90% Vinyl Polybutadiene Star
Part of the polymeric solution (150 g) described in

Example XXV was introduced into a 0.5 L. Fischer-Porter
reactor. The total amount of polymer added to the reactor
was 18.8 g which represents 34.8 mol of butadiene

15 unsaturation. Two hundred milliliters of pentane was added
to further dilute the polymer. The hydrogenation catalyst
was prepared by adding 35.1 mL of a 1.7 M diethylaluminum
ethoxide solution (59.6 mmol) to a solution of 19.7 mmol of
cobalt octoate in 198.6 mL (119.2 g) of cyclohexane. The

20 final catalyst solution was 0.1 M in cobalt and had an
aluminum~cobalt ratio of 3.5:1. A portion of this catalyst
(6.0 mI.,, 0.60 mmol Co) was syringed into the reactor which
had been purged/vented:three times with nitrogen, then
hydrogen, and pressured to 379 kPa with hydrogen. The

25 progress of the hydrogenation was monitored by infrared
(FTIR) analysis of half hour samples. An additional 3.0 nlL
(0.3 mmol Co) of catalyst was added after one hour. The
reaction was terminated after 22 h, when the IR showed only
0.18% residual trans or 25 trans double bonds per star

30 polymer molecule. The catalyst was then removed by washing
the polymer in a Waring blender with 500 mL of a 0.5 M
citric acid aqueous isopropanol (2:1 water-IPA) solution.
The mixture was vigorously mixed at 70°C for 20 minutes and
allowed to settle. The pink agueous layer was removed and

35 the entire wash step was repeated using an aqueous
isopropanol solution. After addition of 0.2 g of Irganox
1076, the polymer was isolated by flocculation in



WD 96/ 40846 PCT/ US96/ 06752 - 69-

REPLACI NG VI | MPROVER W TH DI SPERSANT | N 100N STOCK VI SCCSI TY %
COVMERCI AL % COVMMERCI AL 5 DI SPERSANT (4% I N Vi

| MPROVER VI | MPROVER STOCK O L) NEEDED DI SPLACED
NGNE 4. b 96/40846 1.15 | 0 10 Gerrusesnersz
4.61 1.02 : 11 CD2 6. 63

0.61 47 15 Di sper sant 8. 23 0. 18

85 E G ven an identical anount (4% of gggh of the dispersants in the 100
Neutral stock, D spersant E of the 20 Invention increased viscosity to

8.23 cSt whil eﬂsbpre 8181 Céontaining’ SPgafiox M7 Wd urseasmyat@aamﬂ 4.61

o150 of . confePRr al $9L codeniem FaERatde ety % ERB. BgEs Fetiated

required. Di sp&h&&niiﬁth cmnge dncthe cpelydinpansitye indexi pEdtheount of

to 0.18% a regu§yher RadSodéurked a8"Heréswit BERRaTBEbAatEGNCEd the amount
of required VI B|E5rrpsrlrmover by only 11% and 47% Table 4 shovvs addi ti onal
results for Dispersant E. In this case, the targeted viscosity inprovenent
was to 14 cSt 30 from4 cSt.

WSGBITY g GO ctviy A%%@? ESQEE N R

0
VI | MPROVER 15 %PFC 9@&0&'@‘«”@*@%}{‘ )“‘a gd tollowea By SPLACED
NONE amdfopropylmorpholinesss descrihed in Examﬁleﬂ IX and X to

10 provide a dispersant VI improver.



CD1 4. 61

8 CD2 6. 63
1,00 Imuﬂuum}m % ant  9.00 0.74
53 E Here, 4% added x0vi ded viscosity of 9 cSt, while

i dentical anobunts of the comrercial dispersants 20 produced viscosities
of only 4.61 cWoddMisds 63 cSt. To raise the viscosity of the psgfdsebérsis
cSt, 1.58% of the commercial block copolyner VI inprover was required.

Di spersant E reduced the required anpunt of VI inprover to 0.74% a
reduction of 53% The commercial disperggnts 25 reduced the required
anount of VI inprover by no nore than 37% Liquid Pol ybutadi ene 30

El even hundreWri fied pentane was introduced under a
nitrogen atnosphere 1nto WO art gl ass-bgw ed pressure_reactor. The
reactor was equi ppéd \Aﬁtﬂgéﬁeﬁ?gn ﬁ“&gﬁagi:?rgg?',m ’p‘%eié’ﬁji@egauge, a
thernonet er walispersanely exchwiscmmetxic, propepties fea ifludd,val ve, a 35

dip tube feed sanal ve, a syringe injection port containing a Viton
rubber gasket ?éoéﬂ#g&%lgﬂg '

ow- out d#sk 1379 kPaé. éélélo é%khe react or was
njected 1.5 L of 32 COPPINREE OF 21 fiTE cOR)HRtes dishe, ARaa FeFRPd ¢ h
10. 0 nL of anloajmgated ddbnd; ofhexeinédi stilled over sodium 40

benzophenone ketyl). B i 4 , I en
pressured into 300 nL H(%Ega ELPst eifigited 3‘3%%9 %ﬁg atESadt

onp. The bo . 6/ 4084

PCT/ US96/ 06752 - 719%353#???8%?36 M9rS, SBSEFh'&“F%%c‘E?}TJ‘%?gthQi%?& ire
contents was presshavingnat ieastiifiveokarbon abtemsemd dheofothetad C and
titrated by slow additigm Ofc L @ N g-busyd Igst hi um until an oranf_:jj[xsh col or
persisted. The catalyst, 3.% nij (5.6 mpl) 5 of 1.6 Mn-butyll’ithium
was added. The tenperature wR%d @i ntrli nRY bet ween 40-50C for 2 hours after
which time the

wherein R!-R® are each hydrogen or a hydrocarbyl

group, provided that at least one of R'-R® is a
hydrocarbyl group, provided that after
polymerization, the unsaturation of the
polymerized conjugated diene of formula (1) has
the formula:

RII

R -C=c-RE (2)
RIV

wherein R', R, R™ and R" are each hydrogen or a

hydrocarbyl group, provided that either both R’

and R” are hydrocarbyl groups or both R™' and RY

are hydrocarbyl groups; and

said second conjugated diene compfises at least
one relatively less substituted conjugated diene
different from the first conjugated diene and having
at least four carbon atoms and the formula:

RR-C=C-C=¢C-R¥ (3)

Ll L

wherein R’-R? are each hydrogen or a hydrocarbyl
group, provided that after polymerization, the
unsaturation of the polymerized conjugated diene
of formula (3) has the formula:



i ving ani on was quenc i i egon of 0.35 nL (2.8 mmmol ) of
4- hydr oxy- 4- net hyl - 2- ptlgmmm;m" MﬂH!ﬂl oxi dant |rganox 1076 from
C ba- Gei gy (100 ppm based on dryw pel ywer) 10 was added and sol vent was
renoved under reduced pressure froma small portion to yield a polyner of

about 30, 000 ( MpbNersased- 05) nol ecul ar wei ght as a cl ear, col op&BpSesys2COUS
fluid. Infrared analysis (FTIR) showed the butadiene to possess 67% 1, 2-

and 33% 1,4-mcrostructure. 15 Partial Hydrogenation of Liquid

Pol ybut adi ene The pol yner sol ution fron_1.)§>garrpl e XIX (mnus 200 g) was
introduced into a 1 L Fischer-Porter reaction vessel. 20 The

hydr ogenati on catal yst was ag®obal t-triethyl al um num conpl ex di ssolved in
cycl ohexane. The solution wag 0.1 Min cobalt with an alum numcobalt ratio
of 3.5:1. After the reago+ bad dee®PUrged and vented first wifh)nitrogen
then with hydrogen, 70.0 nL of chtalyst (7 nmol Co) was 25 added to the
reactor via canula. The reactor R85 then pressured to 379 kPa with

hydrogen. The reaction exothernegd i gredjat ellg fgQm 21C to 43[err] C before
it was cool ed bel ow 35cWhereinsRy Roue® t 2RI R her AFLATH MYATo8eBePEre it
was agai n cool ed to 35[ & hy@roBarbyllligroum;pprevifed thet corenalfyREoDdY

I nfrared spectroscopy (Rt 0 1S 11a Lyl (990,
910 cnferr]) and trans (129 s%gfﬁ;@b%%ﬁgn&pﬁ?te?ga . érHs/' when

67 C
3.3% residual trans uns@W 3 PR&0F B bdhds)RT @B dRedr eact i on
was term nated. The cat aiydrobcasbyl hgroupgmandd by washi ng 35 t he pol yner

in the same type Ofy{Hanidlsy alse%g_ o nEkABELE ¥hrictd dibifdlahyok a 0.5 M

citric acid agueous_ 1 Sopropano wat er -1 PA) sol ut 1 on. e mXture was
WD 96/ 40846  method comprising: PCT/ US96/ 06752 - 72-

vigorously m xed atsel¥ctrivieQyf hydP6geriatings sadd ebpolymer tospirbirédeTae pi nk
aqueous | ayer ygfeSRGH nfatobbRatdl [dopolymer; and
functionalizing said selectively hydrogenated
copolymer to provide a functionalized copolymer having at
least one polar functional group.

2. The dispersant substance of Claim 1, wherein said
first and second conjugated dienes are polymerized as a
block copolymer comprising at least two alternating blocks:

(I)s~(B)y or (B)y—(I).,
wherein:

the block (I) comprises at least one polymerized
conjugated diene of formula (1):

the block (B) comprises at least one polymerized
conjugated diene of formula (3); '

x is the number of polymerized monomer units in block
(I) and is at least 1, and '

y is the number of polymerized monomer units in block
(B) and is at least 25.

3. The dispersant substance of Claim 1, wherein said
first and second conjugated dienes are polymerized as a
random copolymer.



wash step was repeated u sopropanol (2:1 water-IPA)
solution. After addition Bﬂmmmgﬂ;ﬂm nox 5 1076, the pol ynmer was

i sol at ed by renoving the ek reduced pressure. Gel perneation
chromat ogr aphy showed little nolecul ar wei ght change (M = 34,600; Mv M =
1:15) . 10 WO 96/40846 EXAMPLE XXI Addi tion gy,

Anhydride to I nconpletely FNdrogenated Pol ybut adi ene A 500 mlliliter

t hree-neck round bottomflask fitted with a condenser, nitrogen inlet valve
and overhead stirrer 15 was charged mnth 41.83 g (1.2 mmol ) of

hydr ogenat ed polybutadlene prepared in anple XX. The pol ybut adi ene had a

nol ecul ar wei ght o 2,139 rgghg ﬁ{ﬁﬂeéreg ?&C iﬁo,_ ﬁieﬂ@i ?g(jl.gd and

the m xture was stlrr | nert atnbsphere.
Mal ei ¢ anhydr £dEst gy fgecq_rm conjsgetmiense B8 Pylmeriawb@q 8 the hot

m xtur.e. ThebikgAchéd!sr Etsr-tiahchéd Idoblyme240- 250[ err] C for 7.5 hours.
Af ter this time, the reaction was sparged with nitrogen at 190[err] C for

one hour to renove any unreacted nal ei c anhydride. The reaction m xture was
purifired further % Zhe digparpapt sgbshance ¢fnGladmgl; Wherein said

cycl ohexane agdpalipmer Kkl rd- moflecabar opaligit oifowtyluast| abdt glopoer / PAo
m xture fell out of solution. An FTIR of the resulting material showed the

characteristic anhydride bands at 1820 and 1789 cnferr A Total Acid
Nunber (TAN) anal y8+ s The clispersgnt syhghance Sfcflaim:$ervheneia said

anhydri de groubﬁopﬁe:pqim mlectlat FEight of Trolbaboued fovoy ikt adi ene 35
A 3-neck 100 Fh ﬁqg flask fitted with an overhead stirrer and
valv

nitrogen inle s’c arged with 37.14 g of nml eated hydrogenat ed
pol ybut adi ene, 50% active WD 96/ 40846
PCT/ US96/ 06752 -737. The dispersant substance of Claim 6, wherein said

copolyner has a molecular weight of from about 5,000 to
about 500,000.

8. The dispersant substance of Claim 1, wherein said
first conjugated diene is included in said polymer in an
amount of from 0.5% wt. to 35% wt.; and said second
conjugated diene is included in said polymer in an amount
of from 75% wt. to 99.5% wt.

9. The dispersant substance of Claim 2, wherein x is
from about 1 to about 600, and y is from 30 to 4,000.

10. The dispersant substance of Claim 1, wherein said
selectively hydrogenating step provides a selectively
hydrogenate& copolymer wherein the unsaturation of formula
(4) is substantially completely hydrogenated to retain
substantially none of the original unsaturation, while
unsaturation of formula (2) retains a sufficient amount of
its original unsaturation to permit said functlonalizlng of

. said copolymer.

11. The dispersant substance of Claim 10, wherein
after the selectively hydrogenating step, the Iodine Number
for residual unsaturation of formula (2) is from 50% to
100% of the Iodine Number .prior to the selectively



in 4cSt PAO, prepared in , m xture was heated to 130[err]C
and 1.0 nL (1.0 g, 7.0 mmo ﬁH HE nor phol i ne was added. The
tenperature of the reacti orly . ) st o0 150C for 2 hours. FTIR showed

5 that the anhydri de bands had di sappeared and were replaced by a strong

band at 1708 cnipgséelsasssne reaction was then heated under high peprisdEdrsy 3
hours to renove the water and unreacted am ne. The resulting material was

purified no further. N trogen content was found to be 0.46% (calc'd: 10
0.49% . EXAMPLE XXII1 Dispersancy Testi r_lg The di spersant of Exanple XXII
was eval uated by SDT. 15 Thi s di spers ﬂf, denoted Di spersant G was

conpared with t%é%%gsgghﬁglsgps_persants CD1 and CD2 descri bed previously.

Figure 5 shows nce of Dispersant G at various treat rates,
contrasted with that of the comrercial products. The material of the
invention is 20 alzear irje SdfEperdanto substance s iclait 1p¢r wneteéin

exhi biting bett | r ' t te I i 1H1!nﬁ£ at
| ow treat rat esa%ﬁe@ﬁ:@% ggfé%%&egﬁgigﬁgkg%%{é is§p t’sgﬁgyg\%ﬁ?{:‘% i\’\vas over
twice as high dfrriresddual wpgatugiakion of fexmela (4)s 1s2STrpmARb 0 30%

Visconetric Tesdf eV ToQ2A8! Numbdlf Prdbli €6 the BalrrtivelyChydrogenatingd
usi ng a conventjonal nethod. Table 5 shows that D spersant 30 Gat 5 4%

in a 100 neutraﬁte ‘neral oil stock produced a viscosity of 10.5 cSt, while

27. 1% of commerci al dispersant CD1 was required to yield only 10.2 cSt, and
7.1% of commrercial dissperrerdidgdtrsant dabstahve oB C1atin 1¢ ¥Reryint tige

Those.of "t he' cOTUReRERE piehS & dedmBado¥f St ads® 188prand, E 0T |0

requi red to obtdimethyl-butadiens, t?e-mngc%swlgﬁ%adienea myrcene, 3-
methyl-1,3-pentadiene, 4-methyl-l,3-pentadiene, 2-phenyl-
1,3-butadiene, 2-phenyl-1,3-pentadiene, 3-phenyl-1,3
pentadiene, 2,3~dimethyl-1,3~-pentadiene, 2-hexyl-1,3-
butadiene, 3-methyl-1,3-hexadiene, 2-benzyl-1,3-butadiene,
2-p-tolyl-1,3-butadiene, or mixtures thereof.

14. The dispersant substance of Claim 13, wherein the
conjugated diene of formula (1) comprises isoprene,
myrcene, 2,3-dimethyl-butadiene, or 2-methyl-l,3-
pentadiene.

15. The dispersant substance of Claim 14, wherein the
conjugated diene of formula (1) comprises isoprene.

16. The dispersant substance of Claim 1, wherein the
conjugated diene of formula (3) comprises 1,3-butadiene,
1,3-pentadiene, 1,3-hexadiene, 1,3-heptadiene, 2,4~
heptadiene, 1,3-octadiene, 2,4-octadiene, 3,5-octadiene,
1,3-nonadiene, 2,4-nonadiene, 3,5-nonadiene, 1,3-decadiene,
2,4-decadiene, 3,5-decadigne, or mixtures thereof.



WD 96/ 40846 PCT/ US96/ 06752 - 74-

VI_.SCOVETRI C COVPARI SON OF DI sﬂmﬂlﬂnmﬂﬂmm NERAL O L DI SPERSANT %
IN STOCK 100[err] C KV !
(cSt) CDL 27%1 "t 102 135 1.1 CD2

7.:1 9. 8 wo 9640846 142 3.9 10 Dispersant G PCT/OSYk06752
10.5 162 5.6 EXAMPLE XXV 90% Vi nyl Pol ybut adi ene Star 15

Two thousand mlliliters of purified pentane was introduced under a

ni trogen atnosphere into a one gallon g# gss- bowl ed pressure reactor. The
reactor was equi pped with a notorized s Frrer, a pressure gauge, a

thernmoneter well, &7hea§’héxﬁi%aﬁ€' Eubétéﬁ@esdfftﬁ%' ﬁ!ketwﬂ tdfn EQ;
di p tube feeder thavaﬁl ?aﬁiérlng |£ect|on. 5%‘8 igg ton
rubber gasket, gated diene ( T €n 0.1 M

di pyri.dyl in dyd-@wtadéenel LA ans\nhexadj.weed into the reactor along with
40.0 nL of anhydrous tetrahydrofuran. Butadiene (185.0 g, 3.42 25 nol )

was then pressured |nto 100 s fitted on top of
the reactor and thé&8 con Rt 1%@‘5‘8 §§'€?€€“‘F?lt?)fl nq*hé"so‘f’%ﬂ'%#ﬁ

heat ed t o 50[ evonjugatddt diene eaf fprmhdas (3} compricies] 163kbatddighél t hi um
until an orangi sh color persisted. The contents of the reactor were 30

cooled to 30[err]C, _The_cat 3. 85 l.) ,of _n- buty]llithjum
was added. Pol ymer it2at i B‘ﬁ ‘?‘J‘%/ sBHFaﬁ\%ﬂé %f“n%d vhexgin s3¥dor 3
hours and t heconjugatedvdien® off ifprmbiak(3b comprisespd; Artbutadéne; r| O

over a 2 hour @y iaén &8¢ thée (B)bIBcRE! £8 yaRiAdel o2 8, 4L i B, swol) of
35 purified _divinyl benzene. The reaction was war med to 50[err] C and

stirred for 3 S. The living anion was then quenched by the addition of
0.25 mL (2.0 mmol ) of 4- hydroxy-4-nethyl -2-pentanone. A portion of the

pol ymer was 20. The dispersant substance of Claim 19, wherein
each of the (B) blocks has at least about 25% of the 1,2-
units.

21. The dispersant substance of Claim 1, wherein said
functionalizing step provides a functionalized polymer
having at least one functional group selected from the
group consisting of halogen groups, hydroxyl groups, epoxy
groups, sulfonic acid groups, mercapto groups, carboxylic
acid groups, and mixtures thereof.

22. The dispersant substance of Claim 21, wherein
said functional group comprises acrylic acid, maleic acid,
fumaric acid, maleic anhydride or methacrylic acid.

23. The dispersant substance of Claim 22, wherein
said functional group comprises maleic anhydride.

24. The dispersant substance of Claim 21, wherein
said functional group is selected from the group consisting
of halogen groups, epoxXy groups, sulfonic acid groups, and

. carboxylic acid derivative groups, and functionalizing step
further comprises modifying the functionalized copolymer by
reaction with an amine, polyamine, or a combination
thereof.



I sol ated by floccul ation nt ai ni ng | rganox WO 96/ 40846
PCT/ US96/ 06752 -75- 1076 H“lmm'“amw mﬂcuum oven. Gel perneation
chr omat ography of the sanpl*e Showed'tHe pol ymer to have a nunber average

nol ecul ar wei ght (Mh) and a wei ght average (Mv) of 742,915 and 800, 020,
respectively, ambeos/fosse pol ydi spersity index (Mwv M) of 1. 08.pcTintdoto97620
(FTIR) anal ysis showed the butadiene mcrostructure to have ~90% 1,

2-m crostructure. EXAMPLE XXVI 10 ) Hydr ogenation of 90% Vi nyl

Pol ybut adi ene Star Part of the polyneriggsol ution (150 g) described in
Exanpl e XXV was introduced into a 0.5 L EI scher-Porter reactor. The total

. amount of polyner agged ine dispedeantr substdiibe3 of chaih 1L¢pwkerein sxiad nol

of butadi ene 1 T _d mlliliters of pentane was
added to furth%?nﬁggsﬁﬂﬂ‘ygp%tege%%wﬁydr ogenati on cat al was
prepared by addi ng Beagting (ﬁid selegtivelhhyiregenatied: Gore |wiktihon
(59.6 mml) tomals%ugguﬂfaelfw miaefa%ma&eaceeﬁbtymerl%& n (119.2

2nd’had an’al um o sl mpignEed Lopclybr st o anbia 20 6. o

and had an al uni nunf®
mL, 0.60 mvl Polyamine\or rgedmbination thexsafi. whi ch had been
purged/vented three tines with nitrogen t hen hydrogen, and pressured to

379 kPa with hydrog s ,of th nat S
noni tored by infrar gg (é‘ﬁ Ié‘ Eﬁ§?§§ SHIe R uagi ésw %F%cﬁ%donal
3.0 nL (0.3 mMmpblgeerois mtndsladﬂe@hmitem f&uadhbgrprqmtﬂe gacti on was

term nated aft @iggdrBantt¥hce@rhiBeshovwed only 0.18%residual trans or 25
trans doubl e bonds per star 30 pol ymer nol ecul e. The catal yst was then

removed by washing the polyner in a Waring blender with 500 nL of a 0.5 M
citric acid aqueous2¥soFspdispetrsant aubstanes) ofoflainn265, wherein

said polymer is included in an amount of from 5% wt. to
90% wt. of the dispersant concentrate.

28. The dispersant substance of Claim 1, further
comprising at least one additive of an antioxidant, pour
point depressant, detergent, dispersant, friction modifier,
anti-wear agent, anti-foam agent, corrosion and rust
inhibitor or viscosity index improver.

29. A method of modifying the dispersancy or
viscometric properties of a fluid, comprising:
admixing with a fluid an amount of a dispersant
substance sufficient to provide a dispersant-modified fluid
having modified dispersant or viscometric properties;
wherein said dispersant substance comprises:
a copolymer of a first conjugated diene and a second
conjugated diene, wherein:
said first conjugated diene comprises at least
one relatively more substituted conjugated diene
having at least five carbon atoms and the formula:
RR-=Cc=¢Cc=-C=c¢C ~F (1)

Lo hob
wherein R'-R® are each hydrogen or a hydrocarbyl
group, provided that at least one of R'-R° is a



The m xture was vigorously mxed at 70[errJC for 20 m nutes and allowed to
settle. The pink aqueous | aye _ 35 the entire wash step
was repeated using an aqueous[llmumm“mgmtion. After addition of 0.2 g
of lIrganox 1076, the polyner was tsd atedSby*fl occulation in WO 96/ 40846
PCT/ US96/ 06752 wo@susésappr opanol containing Irganox 1076 and dpifisdseiz
vacuum oven. Cel perneation chronatography of the sanple reveal ed that
little change in the pol ydispersity index of the polynmer had occurred as a

result of hydrogenation. The selectively #{dr ogenat ed pol yner of Exanple
XXVI is chemcally nodified with mal ei ¢ % ydri de foll owed by

am nopr opyl nor phol i ne a%ﬁ%aw %ﬁ%@('arp}l&gdgg ke " £, 0 provi de a

di spersant VI inprover. 40 .
PCT/ US96/ 06752 - 77- 1. Rolyageizahiony e, osatyraticn 9f PR he di spersancy

or visconetric properti eplykmerizédi conjagateds digne cof ofmmule (If) dabi r st
conj ugat ed di ene and a %Oﬁgrfmygat ed diene, wherein: said first
conj ugat ed di ene conprises at,least one relatively nore substituted
conj ugat ed di ene having at |®ast five carbon atonms and the formula: [err]
wherein R err]-Rerr] ang e mtydrigﬁn or a hydrocarbyl group, (%rovi ded

that at | east one of R érr]-Rer ]-IS a hydrocar byl group, provi éd t hat

after polynerization, the unsatug®tion of the polynerized conjugated diene
of formula (1) has . '
wherein R, R¥, R™ and R™ are each hydrogen or a

hydrocarbyl group, provided that either both R

and R are hydrocarbyl groups or both R'*™ and RV

are hydrocarbyl groups; and

said second conjugated diene comprises at least
one relatively less substituted conjugated diene
different from the first conjugated diene and having
at least four carbon atoms and the formula:

RR-c=Cc-C=¢C~RY (3)

ILS Rls Rlo Rl.ll

wherein R’~R"’ are each hydrogen or a hydrocarbyl
group, provided that after polymerization, the
unsaturation of the polymerized conjugated diene
of formula (3) has the formula:

e -
RR-c=¢ ~-R™ (4)

RVII

wherein R', R”, R and R"™" are each hydrogen or
a hydrocarbyl group, provided that one of R' or
R” is hydrogen, one of R'” or R is hydrogen,
and at least one of R', R, R and R is a
hydrocarbyl group; and
wherein said copolymer has been functionalized by a
method comprising:
selectively hydrogenating said copolymer to provide a
selectively hydrogenated copolymer; and
functionalizing said selectively hydrogenated



the fornmula: [err] wherein Rerr err err] and R err] are each
hydrogen or a hydrocar byl group,h m I“@Huather both Rlerr] and

R err] are hydrocarbyl groups or il Rl err] are hydrocar byl
groups; and said second conjugated di €éne conprises at | east one relatively
| ess substituteqwggﬁ?@gated diene different fromthe first cory =5 ene
and having at |eas our carbon atons and the fornula: [err] erern
Rlerr]-Rerr] are each hydrogen or a hydrocarbyl group, provided that after
pol ymeri zation, the unsaturation of the @g%ynerized conj ugat ed di ene of
formula (3) has the formula: WO 96/ 40

PCT/ US96/ 06752 #%r %&i cﬁkﬁ” are
each hydrogen gr°£§1 rodcoa dr}oﬁ[ ;Eﬁﬁ%:%{.” e&zleﬁatgbgﬁgi%gfgi erﬁd’]gf Rl err]
i s hydrogen, of®agt %rﬁﬁlﬁﬁl q’(?’@ﬁ"?n?‘g 9 M™gen, and at | east one of
Rlerr], Rerr], Rerr] and Rerr] is a hydrocarbyl group; and wherein said
copol yner has been NCty | : kskng: | vel

hydr ogenati ng said égbolwﬁi %ﬁgr %i g%&g& styegﬁe%tglﬂ?gP'jﬁliﬂgd?éﬂéﬁﬁdeégi&

copol yner; anddigpersant subskance dnsananqund ffhﬂf-‘ﬂgﬁnﬁ?%g wopdioyner to
provi de a funckiogneti zefl sl ddsperBantAgodifieaagiutae pol ar functional
group. 2. The dispersant substance of Claim1l, wherein said first and
second conjugated dienes_are polynerized as a bl ock copol yner conprising at
| east two al ternati 3l bl The ;ethod of  F13i 29, pherein) f%%g]f@-ﬁéﬁr]i,

motor oil, transmission fluid, hydraulic f£luid, gear oil,
aviation oil or normally liquid fuel.

32. The method of Claim 29, further comprising
admixing with said fluid at least one additive of an
antioxidant, pour point depressant, detergent, dispersant,
friction modifier, anti-wear agent, anti-foam agent,
corrosion and rust inhibitor or viscosity index improver.

33. A dispersant-modified fluid having modified
dispersancy or viscometric properties comprising:
a fluida; and
a dispersant substance comprising:
a copolymer of a first conjugated diene and a second
conjugated diene, wherein:
said first conjugated diene comprises at least
one relatively more substituted conjugated diene
having at least five carbon atoms and the formula::
RR-¢c=c-¢c=c¢Cc-~-FR (1)
L L1
wherein R'-R® are each hydrogen or a hydrocarbyl
group, provided that at least one of R-R® is a
hydrocarbyl group, provided that after
polymerization, the unsaturation of the

polymerized conjugated diene of formula (1) has
the formula:



wherein: the block (1) conpris olynerized conj ugat ed di ene
of formula (1); the block (B) m meg t one pol ynerized conjugat ed
diene of formula (3); X|sthen e ri zed nmononmer units in block
(I') and is at least 1, and y is the nunber of polynerized nonomer units in
bl.ock (B) and iwoag,mst 25. 3. The dispersant substance of gdFnsdsberse
wherein said first and second conjugated di enes are polynerized as a random
copol ymer. WO 96/ 40846 )

PCT/ US96/ 06752 -79- 4. The dispersant gybstance of Claim1, wherein said
first and second conjugated di enes are polynerized as a branched or
star-branched copol ynmer. 5. Eme di spersant substance of Claim1l, wherein
said copolymer has a nol ecul §r weight of at |east about 2,000. 6. The

di spersant substance of R aim$,cwh®€in said copol yner has a mgRgcul ar

wei ght, of from about 2,000 to abet 1, 000, 000. 7. The dispersant substance
of daimé6, wherein said copol ynBr has a nol ecul ar wei ght of from about

5,000 to about 500, 000. {s Q{S EIITI ance o 1, wherein
said first conjugated dl"@ﬁé"ﬁqé‘ g %‘g%é rﬂﬂca S‘Y?ﬁ"ﬂﬁﬁuﬁﬁ Bt
from0.5%wt. to 35% w hydxetazhidl mdmﬁdgdtmuueiﬁxershpnhln’ded in
said polymer in an amuiRngPiR¥ @@ ?a/gagaﬂ;yq gfohpsVbr Moty FEdppgep™ant

substance of Caim 2, vvhere n_X is m_about éo about 600, and y is from
30 to 4,000. 10. The di SRS SYAFoSRHRY rﬂfé’uBF'O‘ﬁ m 1, wherein said
sel ecti vel y hydrogenat i maist sgcpndioningated| écen¢e¢qmprises at least

one relatively less substituted conjugated diene

different from the first conjugated diene and having

at least four carbon atoms and the formula:
RR-CcC=C~-C=¢C~-R¥ (3)

L4

wherein R’-R” are each hydrogen or a hydrocarbyl
group, provided that after polymerization, the
unsaturation of the polymerized conjugated diene
of formula (3) has the formula:

RVI
R-cCc=¢c-R™ (4)

RVII

wherein R', ®7, R and R’ are each hydrogen or
a hydrocarbyl group, provided that one of R’ or
R" is hydrogen, one of R'™ or R"™ is hydrogen,
" and at least one of R', R, R'” and R is a
hydrocarbyl group:; and
wherein said copolymer has been functionalized by a
method comprising:
selectively hydrogenating said copolymer to provide a
selectively hydrogenated copolymer; and
functionalizing said selectively hydrogenated
copolymer to provide a functionalized copolymer having at
least one polar functional group. )



hydrogenat ed copol ymer wherein the unsat of formula (4) is
substantially conpletely hydrogE ml““ilnmw substantially none of the
original unsaturation, while un mula (2) retains a
sufficient anount of its origi nal unsaturation to permt said

functional i zi nowefosmossd copol yner. 11. The di spersant subst angerfiiseéibérsin
10, wherein after the selectively hydrogenating step, the |odine Nunber for
residual unsaturation of formula (2) is from50%to 100% of the |odine
Nunber prior to the selectively WO 955 0846

PCT/ US96/ 06752 hydrogenating step. 12. e di spersant substance of Caim
12, wherein after tba.setﬁstawersbnd&ﬁqcﬂﬁemgfmi@,oﬂ ezaipdsmg Nunber for

resi dual unsatu atl % e urber
prior to the sg' %j‘%y é&%‘ﬁg’Q&%Sﬁ %&ﬁgéeéga#tl %%g?gnce
of Claiml, \/\h@ﬁfeﬁfﬂromhg @Glﬁfuﬁ'&té@ ap n\étof formula (1) conprises isoprene,
2, 3- dlnethyl but adi ene, 2-nethyl -1, 3- pent adi ene, nyrcene, 3-

e L3 pentac oG, “aTg] bt B A58 Sod Yk e 120 o

3-di net hyl - 1, 3d|ispaa-d'aaqn or-viscpmety e maemaiﬂs c££ aelubricast hEkaid ene,

2-benzyl -1, 3-b ﬂggn 2-p-tolyl-1,3- but adi.ene, m xtures thereof. 14.
The di spersant sta ce of . Claim_13, re| conj ugat ed diene of
formula (1) corrprl s@sR SReLer QF 8eﬁ%n ?f*rét Rhe, or

2-met hyl - 1, 3- pent adi enesami cdlmlgdte@edsm lmﬁ)snari@es{bf ft!mimnhtpn\/\herei n

t he conj ugat ed di engrehs§ Midtie EbknGPAPr i Ses isoprene. 16. The dispersant
substance of Caim1l, vvheirelgth co ate di ene of fornula (3)_ conprises
3
Rk
R

1, 3- but adi ene, 1, 3-pent ati &n 1, 3- hept adi ene, 2, 1)

wherein R'-R® are each hydrogen or a hydrocarbyl
group, provided that at least one of R'-R° is a
hydrocarbyl group, provided that after
polymerization, the unsaturation of the
polymerized conjugated diene of formula (1) has
the formula:
RII

R -c=¢~-R" (2)

RIV
wherein R, R, R™ and R" are each hydrogen or a
hydrocarbyl group, provided that either both R'
and R are hydrocarbyl groups or both R™ and RV
are hydrocarbyl groups; or
said conjugated diene has at least four carbon

atoms and the formula:
R7-C=C—C-C-R12 (3)

R8 10 R'll

wherein R’-R? are each hydrogen or a hydrocarbyl
group, provided that after polymerization, the
unsaturation of the polymerized conjugated diene
of formula (3) has the formula:



hept adi ene, 1, 3-octadiene, 2,4-0 | - adi ene, 1, 3-nonadi ene, 2,
4-nonadi ene, 3, 5-nonadi ene, 1, 3- ﬁmmﬂmllnmmcadl ene, 3, 5-decadi ene, or
m xt ures thereof. WO 96/40846 % ¢ L m s

PCT/ US96/ 06752 -81- 17. The di spersant substance.of C aim 16, wherein the

conj ugat ed di enwoobudssy Mul a (3) conprises 1, 3-butadiene, 1, 3-pefnivdgeese, or
1, 3-hexadi ene. 18. The di spersant substance of Caim 17, wherein the

conj ugat ed diene of fornula (3) conprises 1, 3-butadiene. 19. The di spersant
substance of Caim 2, wherein said conjygated diene of formula (3)
conprises 1, 3-butadi ene, and each of the"(B) blocks is a mxture of 1, 4-
and 1,2- units. 20. The dispgvsant substance of Cdaim 19, wherein each of
the (B) blocks has at |east gbout 25%of the 1,2- units. 21. The dispersant
substance of Caim1l, wrEreit =sa & RIffcti onal i zi ng step provi deg4p
functional i zed pol ymer having at| Izeast one functional group selected from
t he group consisting of hal ogen Broups, hydroxyl groups, epoxy groups,

sul fonic acid groups, nercapto gy oups, .gar boxyldf acid gro , and m xtures
thereof. 22. The di sper ?H‘ﬁ?giﬂbg{'aﬁce i d’!ﬁ%\ 51,’%&’&55¥‘§§F89?ﬁrﬂﬁional
group conprises acryli caahydrocarbyk goug, bprorwided ddiat, omel efcRamrydri de
or nethacrylic acid. 23guThg ﬁ'&apg Nl BEL RIC €0 fRvOk 4 iNpldarolfair €1 N sai d

functional group conprises nal & c anhydride, 2¢ Ibg di Spergant subst ance
of O aim21, wherein saPB9df Bﬁc%?%%lmér &pr‘i"s Rel &t eanarﬁm t k8 B{roup
consi sting of hal ogen ghydpecarhyk\gxpupips, sul fonic acid groups, and

carboxylic acid delgbi}CellidUR51 il o Bber ot fbhalliGRal Byt Rer
conpri ses nodifying the n¢t1 onal’l zed copol ynmer by reaction th an am ne,
pol yam ne, or iGORPF ofing:

selectively hydrogenating said polymer to provide a
selectively hydrogenated polymer; and

functionalizing said selectively hydrogenated polymer
to provide a functionalized polymer having at least one
polar functional group.

36. The dispersant substance of Claim 35, wherein
said functionalizing step includes modifying said
selectively hydrogenated polymer to provide said
functionalized polymer having at least one functional group
consisting of halogen, hydroxyl, epoxy, sulfonic acid,

. mercapto, carboxylic acid derivative, or mixture thereof.

37. The dispersant substance of Claim 36, wherein
said functionalizing step further comprises reacting said
functionalized polymer with a moncamine, a polyamine, or a
combination thereof.

38. The dispersant substance of Claim 35, wherein
said polymer is distributed in a carrier fluid to provide a
. dispersant concentrate.



L?J?’/r 8%&6/ 067\5/\5 93/240236 The HIHIH““E“I“M“[M“ane of aim1l, wherein said
f'unctional i zi ng step conprises: aeactitng®sat d sel ectively hydrogenated

copolymer with mal eic anhydride to provide a nal eated copol yner, and

nodi fyi ng sai d wobgaesd copol ymer with an am ne, a pol yam ne f¢rose606752
conbi nation thereof. 26. The di spersant substance of Claim1l, wherein said
polymer is distributed in a carrier fluid to provide a di spersant
concentrate. 27. The dispersant substanggof O aim 265, wherein said
polymer is included in an anmount of fromb5%w. to 90% w. of the

di sper sant conf:ent r$4.2. althethba dfmf@ihgsuhgtaﬂgpeﬁéaﬁlaldn 1d further
conprising at | east QI8 2 a [ poi nt depressant,
detergent, di sﬁéﬁ% gg'f’bg*g‘%%l‘?per %ggéf %é%?rggig’%? anti - f oam agent,
corrosion and rust am:nimowish elﬁhusita}l mmtlﬂﬁr%msp%an& met hod of
nodi fying the Qhﬁﬂ@dnﬁ'%ﬁﬂ&c!éﬁﬁoi@tﬂf&ﬂboaeﬂtﬂ Ravfnd lnddd gie@npPri si ng:

adm xi ng with fluid an amoun spersapt substance sufficient to
provi de a di spgi"gﬁ?ﬁsml PFeH ﬁt‘ﬁg‘bﬁ% ﬁﬁg?'??éd di spersant or

vi scometric prupqrei!esaiﬂhdﬁ-spﬁrswﬁ Sﬁhﬂt@nsancolmbiﬁemce conprises: a
copol ymer of a firs{ romap ?hail sf@%&ﬂﬁgatéacafenéorwmm di ene,

wherein: said first conju S nt%*f(arp sgs att ast one relati ver nor e
substituted conjugated 3P ecﬁﬁ i iis) 1E08 PR BT PN G E2ERER he
formul a: [err] wheratiomsRapdr th@] foyukaze each hydrogen or a hydrocar byl
group, provided that atghteasg Hneofe BlerLiptRerr] is a (1)

Lo L1, ]

R RR R R

wherein R'-R® are each hydrogen or a hydrocarbyl
group, provided that at least one of R-R® is a
hydrocarbyl group, provided that after
polymerization, the unsaturation of the
polymerized conjugated diene of formula (1) has
the formula:

Rl -Cc=c¢c~-RrR" (2)

wherein R, RY, R™ and R" are each hydrogen or a

hydrocarbyl group, provided that either both R

and R are hydrocarbyl groups or both R™ and R¥

are hydrocarbyl groups; or )

said conjugated diene has at least four carbon
atoms and the formula:

R-C=C~C=¢C - R¥ (3)

Lol
wherein R'-R' are each hydrogen or a hydrocarbyl
group, provided that after polymerization, the
unsaturation of the polymerized conjugated diene
of formula (3) has the formula:



-83- hydrocarbyl group, providedttat—after polymerization, the

unsaturation of the polynerized ' ] ' of fornmula (1) has the
formula: [err] wherein Rerr], Rﬂmmjmi‘ H ﬂnm'd Rlerr] are each hydrogen
or a hydrocarbyl group, provided at e r sbotkh Rlerr] and R err] are

hydrocar byl gr asposdeeesbot h Rlerr] and R err] are hydrocarbyl mhaskesoszend
sai d second conjugated di ene conprises at | east one relatively |ess

substituted conjugated diene different fromthe first conjugated di ene and
having at |east four carbon atonms and the fornmula: [err] wherein
Rlerr]-Rerr] are each hydrogen or a hydiocarbyl group, provided that after
pol ynmeri zation, the unsaturgyon of the polynerized conjugated di ene of
formula (3) has the fornmula:j[err] wherein Rerr], Rerr], Rerr] and
Rlerr] are each hydroger’ er ca=hgd+orR@Fbyl group, provided that ¢ap of
Rlerr] or Rerr] is hydrogen, orieuof Rlerr] or Rerr] is hydrogen, and at

| east one of Rerr], Rerr], R[é?rx] and R err] is a hydrocarbyl group; and

Select i vel y hydtogenat | MESEEA BB tyhﬁﬁ*ﬁl%%ﬁio“%iefeégﬁﬂﬁﬁgﬁif'é‘ﬁ
hydr ogenat ed copol yner ; aamyldracaxiylngirouppgpeevidlese itbati vakyofi @yenat ed
WO 96/ 40846 R” is hydrogen, one of R™ orPRWUF/HYateden,
and at least one of R’, R”, R and R"™™ is a
hydrocarbyl group;
wherein said polymer has been functionalized by a
method comprising:
selectively hydrogenating said polymer to provide a
partially hydrogenated polymer; and
functionalizing said partially hydrogenated polymer to
provide a functionalized polymer having at least one polar
functional group.

40. A dispersant-modified fluid having modified
dispersancy or viscometric properties, comprising:

a fluid; and

a dispersant substance comprising:

a homopolymer of a conjugated diene, wherein:

said conjugated diene has at least five carbon
atoms and the formula:
' RR~-c=Cc~C=¢C -R® (1)

bbbk
wherein R'-R® are each hydrogen or a hydrocarbyl
group, provided that at least one of R'-R° is a
hydrocarbyl group, provided that after
‘polymerization, the unsaturation of the
polymerized conjugated diene of formula (1) has
the formula:

RII

RR-Cc=¢ - RY (2)



-84- copolyner to provide a functlonallzed'copolyner havi ng at | east one

pol ar functional group. 30. Th Iﬂ l“r conpri sing adm xi ng

sai d di spersant substance in azllmmlﬂilﬂ"" E 0. 001% . to 20% wt. of
said dispersant-nodified fluid. *31¢ The hethod of Caim 29, wherein said
fluid i s a not ornw@busessd ansm ssion fluid, hydraulic fluid, geafcHidosnsrsz
aviation oil or normally liquid fuel. 32. The method of Caim 29, further
conprising adm xing with said fluid at |east one additive of an

anti oxi dant, pour point depressant, detergent, dispersant, friction

nodi fier, anti-wear agent, anti-foam agen corrosion and rust inhibitor or

\él scosi ty I ndex i rrprovter whedeift RS REY, sqfitl 8R4 RV eglr-d |d&bg hgagageﬁogrf ged t

| spersancy or visconetri es_conp ui and.a ersan

substance conprising: a Pyﬁgl?yiofgraoqq.r ?F"ggﬁfﬂggf%% edlt&?é" Qﬁa’g‘ai{econd
R

conj ugat ed di ene, wherei @mnds darerhydx:wqﬂgdt arodpenor deoth iR REG st
one relatively nore substd,,_.reu].l tﬁq, upsinerhavi ng at Ieast flve
carbon atons and the formul e R%lerr% (F)’ierr‘]e are each hydrogen
or a hydrocarbyl group, t jieé‘gs agnat REBEPPN s a

hydr ocar byl group, mtnﬂsjmhdthhe ﬁ:htmnap:ol ymeri zati on, the unsaturatlon of
the pol ymerized conjugat gd digene ol oLl a g&) has the forml a: (3) WO

96/ 40846 l@ |1 PCT/ US96/ 06752 - 85- ferr]
wherein Rerr], Rerr], R[err;z"amd RR¥rrik*are each hydrogen or a

wherein R’-R* are each hydrogen or a hydrocarbyl
group, provided that after polymerization, the
unsaturation of the polymerized conjugated diene
of formula (3) has the formulas

RVI
RR-c=c¢~R™ (4)

RVII

wherein R', R?, R™ and R™ are each hydrogen or
a hydrocarbyl group, provided that one of R' or
R” is hydrogen, one of R or R"™ is hydrogen,
and at least one of R', R, R and R"™™ is a
hydrocarbyl group: '
wherein said polymer has been functionalized by a
method comprising:
selectively hydrogenating said polymer to provide a
partially hydrogenated polymer; and .
functionalizing said partiélly hydrogenated polymer to
provide a functionalized polymer having at least one polar
functional group.



hydr ocar byl group, provided that either both Rl err] and Rerr] are
hydrocarbyl groups or both Rlerr] and Rl ert] are hydrocarbyl groups; and
sai d second conjugated diene conprises at |east one relatively |ess
substituted conjugated diene different fromthe first conjugated di ene and
havi ng at | eastwiodduesagr bon atons and the fornula: [err] wher gefusosmsrsz
Rlerr]-Rerr] are each hydrogen or a hydrocarbyl group, provided that after
pol ymeri zation, the unsaturation of the polynerized conjugated diene of
formula (3) has the formula: [err] whgrebn R err], Rerr], Rerr] and
Rlerr] are each hydrogen or a hydrocarbyl group, provided that one of
Rlerr] or Rlerr] is hydrogen, one of R err] or Rerr] is hydrogen, and at

| east one of Rerr], Rerr], Rerr] and Rlerr] is a hydrocarbyl group; and
wherein said copol yner has been functionalized by a nethod conpri sing:

sel ectd vel y hydrogenati ng said copolynmer to provide a selectively

hydr ogenat ed copol yner; and functionalizing said selectively hydrogenated
copolymer to provide a functionalized copol ynmer having at | east one pol ar
functional group. WD 96/ 40846

PCT/ US96/ 06752 34. The di spersant-nodified fluid of4; dﬁn133, wherein said
di spersant substance is included in an amount of frofn 07001% wt. to 20% wt .
35. A dispersant substance for nodifying the disperspncy or visconetric
properties of a lubricant fltric@coniprising: a honoppl r of a conjugated
di ene, wherein: said conjugated diene has at |east f|ve—carbon
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atonms and the fornula: [err] wherein Rerr]-Rerr] are each hydrogen or a
hydrocar byl group, provided that at |east one of Rlerr]-Rerr] is a

hydr ocar byl group, provided that after polynerization, the unsaturation of
t he pol yneri zed conjugated diene of fornula (1) has the fornula: [err]
wherein R err] wobédosds R err] and R err] are each hydrogen oFcxRseses7sz
hydr ocar byl group, provided that either both Rerr] and R err] are

hydr ocar byl groups or both R err] and R err] are hydrocarbyl groups; or

sai d conjugated diene has at |east f@uy &arbon atons and the formula: [err]
wherein R err]-R err] are each hydrogen or a hydrocarbyl group, provided
that after polynerization, the unsaturation of the polynerized conjugated
di ene of fornmula (3) has the formula: -87- [err] wherein Rerr], Rerr],
Rlerr] and Rl err] are each hydrogen or a hydrocarbyl group, provided that
one of Rerr] or Rerr] is hydrogen, one of Rerr] or R err] is hydrogen,
and at |east one of Rerr], Rerr], Rerr] and R err] is a hydrocar byl
group; wherein said polynmer has been functionalized by a nmethod conpri sing:
sel ectively hydrogenating said polyner to provide a selectively

hydr ogenat ed pol ynmer; and functionalizing said selectively hydrogenat ed
polymer to provide a functionalized polyner having at | east one pol ar
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36. The di spersant substance of C aim 35, wherein said functionalizing step
I ncl udes nodi fying said selectively hydrogenated polyner to provide said
functionalized pol yner having at |east one functional group consisting of
hal ogen, hydroxyl, epoxy, sulfonic acid, mercapto, carboxylic acid
derivative, or nwobeosss hereof .” 37. The dispersant substance Gerpsdeisras
wherein said functionalizing step further conprises reacting said
functionalized polyner with a nonoam ne, a polyam ne, or a conbination

t hereof. 38. The dispersant substance3gf5C ai m 35, wherein said polyner is
distributed in a carrier fluid to provide a di spersant concentrate. WO
96/ 40846 PCT/ US96/ 06752 39. A nethod of
nodi fyi ng the di spersancy or .visconetric properties of a fluid, conprising:
adm xing with a fluid an anount of a dispersant substance sufficient to
provide a fluid having nodified di spersancy or visconetric properties;
wherei n said di spersant substance conprises: a honopol yner of a conjugated
di ene, wherein: said conjugated diene has at |east five carbon atons and
the formula: [err] wherein Rlerr]-Rerr] are each hydrogen or a hydrocar byl
group, provided that at |least one of Rerr]-Rerr] is a hydrocarbyl group,
provi ded that after polynerization, the unsaturation of the polynerized
conj ugat ed diéae of formula (1) has the forrmula: [err] wherein Rlerr],
Rlerr], R errJ=an80B8[-err] are each hydrogen or a hydrocarbyl group,

provi ded that wither both R err] and R err] are hydrocarbyl groups or both

Rlerr] and R ] .
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are hydrocarbyl groups; or said conjugated diene has at |east four carbon
atonms and the forrmula: [err] wherein Rerr]-Rerr] are each hydrogen or a
hydr ocar byl group, provided that after polynerization, the unsaturation of
t he pol yneri zed conjugated diene of fornmula (3) has the formula: [err]
wherein R err] , wWookkdses RLerr] and R err] are each hydrogen orp@rtisodoémsar byl
group, provided that one of R err] or Rerr] is hydrogen, one of R err] or
Rlerr] is hydrogen, and at |east one of Rerr], Rerr], Rerr] and R err]
is a hydrocarbyl group; wherein sai d4pobyner has been functionalized by a
met hod conprising: selectively hydrogenating said polyner to provide a
partially hydrogenated pol yner; and functionalizing said partially

hydr ogenat ed pol ynmer to provide a functionalized pol yner having at |east
one pol ar functional group. 40. A dispersant-nodified fluid having nodified
di sper,sancy or visconetric properties, conprising: a fluid;, and a

di spersant substance conprising: a honopol ynmer of a conjugated diene,
wherein: said conjugated diene has at |east five carbon atons and the
formulda: [err] wherein R err]-Rerr] are each hydrogen or a hydrocar byl
group, provided that at |least one of Rlerr]-Rerr] is a hydrocarbyl group,
provi ded that after polynerization, the unsaturation of the polynerized
conj ugat ed diene of fornula (1) has

100-
. 75 5
801 1 :'.' ."-
5 0 n
; 1 O
60- [ / -
'.; 7 I: -.'
20 '.-': é '3':
TR U 7% :'::
? 1
JGR A R 7R 7
cD1  CD2 D E F
DISPERSANT
TREAT RATE
1%
] 2%
B 3%

FIG. 4

RECTIFIED SHEET (RULE 91)



the formula: [err] WO 96/ 40846

PCT/ US96/ 06752 wherein R err], Rerr], Rerr] and R err] are each hydrogen
or a hydrocarbyl group, provided that either both Rlerr] and R err] are
hydr ocar byl groups or both Rl err] and R err] are hydrocarbyl groups; or

sai d conjugateq’ ' has at | east four carbon atons and t hep€TUS/0E752( er r |
wher ei n R[err]-ﬁe rl" are each hydrogen or .a hydrocarbyl group, provided
that after polymerization, the unsaturatipn of the pol ymerized conjugated
di ene of fornula (3) has the fornula: [err] wherein Rerr], Rerr], Rerr]
and R[err] are each hydrogen or a hydrocarbyl group, provided that one of
Rlerr] or Rlerr] is hydrogen, one of R err] or R err] is hydrogen, and at

| east one of Rerr], Rerr], Rerr] and R err] is a hydrocarbyl group;
wherein said polyner has been functionalized by a nmethod conpri sing:

sel ectively hydrogenating said polynmer to provide a partially hydrogenated
pol yner; and functionalizing said partially hydrogenated polynmer to provide
a functionalized polyner having at |east one polar functional group.
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(57) Abstract

The invention provides dispersants and dispersant viscosity index improvers which include polymers of conjugated dienes which have
been hydrogenated and fumctionalized. The dispersant substances include compositions inchiding a copolymer of two different conjugated
dienes, a copolymer of a p-alkylstyrene and a conjugated diene, or 2 homopolymer of a conjugated diene. The polymers are selectively
hydrogenated to produce polymers which have higly controlled amounts of unsaturation, permitting highly selective functinalization. Also
provided are lubricant fluids, such as mineral and synthetic oils, which have been modified in their dispersancy and/or viscometric properties
by means of the dispersant substances of the invention. Also provided are methods of modifying the dispersancy and/or viscometric properties
of lubricating fluids such as mineral and synthetic lubricating oils. The dispersant substances may also include a carrier fluid to provide
dispersant concentrates. '




