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DI SPERSANTS AND DI SPERSANT VI SCOSI TY | NDEX | MPROVERS FROM
SELECTI VELY HYDROGENATED PCOLYMERS The application is a
continuation in part of U S.. application Serial -No. 08/382,814, filed
February 3, 1995, which is a divisional of application Serial No.

08/ 179, 051 WO $ezmsabanuary 7, 1994, which is a divisional afcTapgsbmnaad i on
5 Serial No. 07/992,341, filed Decenber 17, 1992, and now Pat ent No.
5,288,937, which is a continuation of application Serial No.

07/907, 959 111 cdphupiiRbafivs L882 nidpenr. DQUCERLAR bRy , whi ch

I's a divisional application Seri al . 077466, 135 tiled January 16,
1990, 10 and now Patent NFRQ SEJEQUEVELY HYDROGENATED PRLYMER®N rel ates to
di spersants, dispersants with Viscosity index (VI) inproving
properties, and di spersant VI inmprovers fromfunctjionalized di ene

pol yners, and net AB8saBPLi¢Rtion ds angPatiapetien d4m wartnetiHvention 15
(r]I elates to SI/: speappmﬁ&at]gbﬁpswilm o lbb/vazigmpvfﬂged Febpu@pgr 8} esggmnd

i spersant [ Qver rom sel ectively . rogepat.ed copo
prepared using c hfﬁ a?gdad$%¥ﬁ§ﬁ°nal °?h8pPﬁ§8%gf%§ & dﬁ roh§?$?§'°51
directed to di spéidedt Januarydlspdanwbivht hsVa dinpishonad pfopppliestiemd

di spersant Vs 205ermrﬁx?rsvyémﬁge,m;mhynae&hﬁéfdlﬂerisb’z\t,ix&a dﬂéwthe
above pol ymers. Liqui d el astoners are well known and are used
in various aBpltrB&t Nﬁns.svﬁﬁ'Lgaan'b'ﬁ"é,chrr&ﬁyafﬁ‘?\%jrw_ipﬁ of terninated
pol ybut adi ene |i gppdieh@3bRNBEEi&T NKNQMIS077959 TREESY MigRktabs 2992, and
general ly highly unsg%gra%eg aqg fre ggn lY formt.he baie Polyner for
pol yur et hane nop, FRLPRE| NAs 2 id: 3P2pa Bt FBN &l EHHSi0RAL 0R% of * hydr oxy-
term nat ed pol ybappdieation Setial ad.bp77466, BBbSSElei Jnuary 16} n1990, .
"Fwdroxyl-tqbningbgdnggl¥g§éﬁtaagahpqq9bpggree radi cal 30 polynerization -
Synt hesis, characterizatron and °~ ~’"applications," Advances in Pol ymer
Sci ence 81, Springer This invention relates to dispersants, dispersants
with Viscosity index (V1) improving properties, and
dispersant VI improvers from functionalized diene polymers,
and methods of their use. More particularly, the invention

15 relates to dispersants, dispersants with VI improwving
properties, and dispersant VI improvers from selectively
hydrogenated copolymers prepared using conjugated dienes.
The invention is additionally directed to dispersants,
dispersants with VI improving properties, and dispersant VI

20 improvers from chemically modified derivatives of the above
polymers.

Liquid elastomers are well known and are used in
various applications. For example, many functionally
terminated polybutadiene liquid elastomers are known.

25 These materials are generally highly unsaturated and
frequently form the base polymer for polyurethane
formulations. The preparation and application of hydroxy-

. terminated polybutadiene is detailed by J.C. Brosse et al.
in “Hydroxyl-terminated polymers obtained by free radical

. 30 polymerization ~ Synthesis, characterization and
applications,” Advances in Polymer Science 81, Springer -
Verlaqg, Berlin, Heidelberg, 1987, pp. 167-220.
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. pol yners possessing acryl ate, carboxy- or nmer capt o-term nal s are known.
In addition to butadiene, it 5 is knowmn to utilize isoprene as the base
nmononer for the liquid elastoners. The liquid el astoners may contain
addi ti onal noneveeeMoesssuch as styrene or acrylonitrile, for PCTAISIG04064 | i ng
conpatibility in blends with polar materi al,s, such as epoxy resins. 10
Al so known in the prior art are pure hydrocarbon, non- functionalized
|l i quid rubbers. These |iquid el astoners contain varyi ng degrees of
unsaturation for utilization in vul cani zati on. Typical of highly
unsaturated liquid el astonmers i s pol ybut adi ene, e.g., that sold under
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( EPDVM avai from royal nor e
saturated |iqui dadddsionalsnenemesns, Gueh @ﬁldﬁYFQﬁ#zﬁﬁjacrylobtbhéle, for

resi stance prOpeEbh%§olllng compaﬂiﬂlhutﬁogﬁnﬁieﬁﬁsF%iﬁﬁﬂﬁblE@'ﬁQEé&lé%ﬂqr
A-1, 9:2617-23 25 I scl oses a nethod of hydrogenating 1, 4, -

polybutadlene i nSugh BFe?éﬂE@ ¥85iP52- pol yi soprene. More partlcularly,
Fal k di scl o96s hydr ogatssi knowd irh&hke, prior arpoayepuaei hpdrotarkors,e grom
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1, 4- pol ybut adi ené "a on1copo ymers of iene an |soprene
mnth bot h contain varying degrees of unsaturation for utilization in

vulcanization. Typical of highly unsaturated liquid
elastomers is polybutadiene, e.g., that sold under the name
15 RICON by Ricon Resins, Inc. A liquid polyisoprene which'_--
has been hydrogenated to saturate 90% of its original
double bonds ls marketed as LIR-290 by Kuraray Isoprene
Chemical Co. Ltd. Still more highly saturated are liguid
butyl rubbers available from Hardman Rubber Co., and
20 Trilene, a liquid ethylene-propylene-diene rubber (EPDM)
available from Uniroyal Chemical Co. The more highly
saturated liquid elastomers exhibit good oxidation and
ozone resistance properties.
Falk, Journal of Polymer Science: PART A~-1, 9:2617-23
25 (1971), discloses a method of hydrogenating 1,4,-

polybutadiene in the presence of 1,4-polyisoprene. More
particularly, Falk discloses hydrogenation of the 1,4-
polybutadiene block segment in the block copolymer of 1,4-
polybutadiene - 1,4-polyisoprene - 1,4~-polybutadiene and in
30 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
organcaluminum or lithium compounds with transition metal
35 salts of 2-ethylhexanoic acid. Falk, Die Angewandte
Chemie, 21(286):17-23 (1972), discloses the hydrogenation




pol ymeri zed nononers having predomnantly 1, 4- m crostructure.

Hydr ogenation is conducted in the presence of hydrogen and a catal yst
made by the reaction of or ganoal um num or |ithium conpounds wth
transition netal 35 salts of 2-ethyl hexanoic acid. .Falk, D e
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3 of 1, 4-polybutadiene segnents in g block copolynmer of 1,4-

pol ybut adi ene-1, 4-polyisoprene-1, 4-polybutadiene. 5 Hoxnei er,
Publ i shed European Patent Application 88202449.0, filed on Novenber 2,
1988, Publication Nunmber O 315 280, published on May 10, 1989,

di scl oses a net hod of sel ectively hydrogenati ng a pol yner nade from at
| east two dbfef @y erporyimptagtiiene deghehtasin Goeolyickt kopblymer odEf1 g~ 10
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hydrogenation is conducted under such conditions as to
hydrogenate the ethylenic unsaturation incorporated into

15 the polymer from the lesser substituted conjugated
diolefin, while leaving unsaturated at least a portion of
the tri- or tetra-substituted unsaturation incorporated
into the polymer by the more substituted conjugated
diolefin.

20 Mohajer et al., “Hydrogenated linear block copolymers
of butadiene and isoprene: Effects of variation of
composition and sequence architecture on properties”,
Polymer 23:1523-35 (1982) discloses essentially completely
hydrogenated butadiene-isoprene-butadiene (HBIB), HIBI and

25 HBI block copolymers in which butadiene has predominantly
1, 4-microstructure.

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-

30 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 copolymer.

Ashless dispersants are additives to lubricant fluids
35 such as fuels and lubricating oils which improve the



1,4-mcrostructure. Kuraray K K, Japanese published patent

application Number JP-328 729, filed on Decenber 12, 1987, published
on July 4, 1989, discloses a resin conposition conprising 70- 30 99%
wt. of a polyolefin (preferably polyethylene or pol ypr opyl ene) and
1-30% wt . of a copol yner obtained by hydr ogenati on of at |east 50% of
unsat ur at ed bormtoobi0845s | soprene/ but adi ene copol yner. PCT/USR6/04064 S
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| ubricating oils which inprove the ~ WD 96/ 40845
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the fluids or inprove their visconetric properties. Typically, such

di spersants are nodified 5 pol ymers, having an ol eophilic polyner
backbone to assurdispersapdddtyodfitthe tfl s o dmpnove rthednt iwvilseomstizpended
in the oil, ﬁ&% ar, fu '&ﬁ%'ty Is dation
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reaction with najfi 1
pol yam ne. The poly enes are typically 500-2,000 in '
Common dispéersants include polyisobutenes which have

been modified by the ene reaction to include fqnctional-
groups such as succinimides, hydroxyethyl imides, succinate

15 esters/amides, and oxazolines. Other dispersants include
Mannich base derivatives of polybutenes, ethylene propylene
polymers, and acrylic polymers.

Traditionally, dispersants have been polybutenes

functionalized at one site in the molecule via an ene

20 reaction with maleic anhydride followed by imidization with
a polyamine. The polybutenes are typically 500-2,000 in
molecular weight, and due to the polymerization process
employed in their manufacture, have no more than one olefin
per polybutene molecule. Accordingly, the number of

25 potential functional groups per chain is limited to about
one. Typically, this site is at a terminal portion of the
molecule. Moreover, it is general;y accepted that, in
order to obtain beneficial dispersant properties, a
molecule must have at least one functional group per

30 approximately 2,000 molecular weight. Consequently, the
‘molecular weight of traditional polybutene dispersants
cannot exceed 2,000 if the desired
functionality/hydrocarbon ratio is to be maintained. 1In
addition, traditional dispersants have had molecular

35 structures which have limited the placement of functional



nol ecul ar wei ght, and due to the polynerization process enpl oyed in

their manufacture, have no nore than one olefin per pol ybut ene

nol ecul e. Accordingly, the nunber of 25 potential functional groups per
chain is limted to about one. Typically, this site.is at a term nal
portion of the nol ecul e. Moreover, it is generally accepted that, in
order to obtai WaRsHMeE4Sci al di spersant properties, a ol REIVUSIGQA064 haye
at | east one functional group per 30 apprspxi mately 2, 000 nol ecul ar

wei ght. Consequently, the nmol ecul ar wei ght of traditional polybutene
di spersants cannot exceed 2,000 if the desired
functionality/hydrocarbon ratio is to be maintained. In addi tion,

traditional dispersants have had nol ecular 35 structures which have
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pl aced at termnal _regions of nol ecu The
pol yneri zati én proces?hPoP°%ﬁ@e¥%%&ﬁ%qqaﬁgpcﬁﬁﬁeﬁ@r therﬁﬂ%ﬁﬁﬁignﬁ&sb%FGRF
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ce tabg t|o of melght aver age
" nol ecul ar wei ght wide ?kf&F???tt %5 %ﬂl%ﬁ Mbl ht (Merr])
Typically, 10 sunhcdeptabbythn@h zatidwpirwpig@bra?et&ge]moxhdalaprudnghhg -
conpositions ﬁ%pﬁaiéﬁﬁﬂ %vél%t"‘ﬁh' defq nad an?’cal y

Mbr eover functloﬁgllzatlon react| nﬁré h et
yi el ded subsk0ant isachqddstributions are dhiMsier 2815/ b?r QRS §°§\9@ﬁ1 ions.

i nsol ubl e nodi fi géloBel MiBpErdant %ré@%’ﬂt&@% Bekesyt aneytelcgéﬁmed.
Functional i zation reagtions sul t |rE€quoun $h whlch contaln
undesi rabl e cheﬁveﬁﬁoﬂﬁFetF%%aEﬂﬁﬁ‘&§agﬁ98rfﬁ Bfs. Patent
No. 4,007, 121 t opddyniersehawt. typicallyeyielded substant1al quaptitles of
undesirable by-products such as insoluble modified polymers

15 of variant molecular ﬁeightc Functionalization reactions
can also result in compounds which contain undesirable
chemical moieties such as chlorine.

U.S. Patent No. 4,007,121 to Holder et al. describes
lubricant additives which include polymers such as ethylene -

20 propylene polymers (EPT) having N-hydrocarbylcarbcxamide
groups. Such polymers are difficult to hydrogenate in any
controllable manner. .

European Patent Application No. EP 0 344 021 discloses
polymers prepared from p-alkylstyrene and isobutylene.

25 This document discloses that the polymerization proceeds
optimally when the amount of diene in the reaction mixture
is minimized. No description is provided as to whether
such compounds would serve as lubricant additives.

U.S. Patent Nos. 3,868,330 and 4,234,435 to Meinhardt

30 et al. disclose carboxylic acid acylating agents for
modification of lubricant additives Modified polyalkenes
are described such as polyisobutene-substituted succinic

. acylating agents having M, of 1300-5000 and M,/M, of 1.5-4.

These processes employ chlorination which results in
35 residual chlorine in the polymer, creating an environmental
hazard. '
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pol ynmers (EPT) having N hydrocarbyl car boxam de groups. Such polyners
are difficult to hydrogenate in any control | abl e manner.
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nol ecul ar wei ghts

anounts of functionalizat]on per
nol ecul e. ThdVart ahse i@ll sk fRRqvddet 8ispexsant m@#&e§§n¥13m€/r§5§-%h’ng

desirably narﬁaﬁrwlﬁswé\nwwibhdl 8istPibittiths Qoauebddtthee presence
of by-products mhlghg rade dis r§$ gerfo pance. art has %!so
failed to provide® E%.? tH Hﬁp 18perns o?FFFﬂfﬂ?ﬁﬁﬁ<:hT &

exhi bit good theranat haabals¢yfa11ed to provide dispersant and VI improving
compositions which exhibit good thermal stability.

15 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

20 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
terminal ends of the molecules.

It is an additional purpose of this invention to

25 provide a method for the production of dispersants and
dispersant VI improvers from polymers having controlled
amounts of unsaturation incorporated randomly in an
otherwise saturated backbone. In contrast to EPDM-based
dispersants, the level of unsaturation can be inexpensively

30 and easily controlled, e.g., from 1% to 50%, to provide a
wide variation in functionalizability.

It is a further purpose of the invention to provide
dispersant and VI improving polymers having narrow
molecular weight distributions and a concomitant lack of

35 undesirable by-products, thereby providing more precisely
tailored dispersant and/or VI improving properties.



15 Accordingly, it is a purpose of this invention to provi de

di spersants and di spersant VI inprovers having pol yneric structures

whi ch permt highly selective control of the degree of unsaturation and
consequent functionalization. Unique materials can also be obtained 20
by chem cal nodification of the polyners of this invention since the
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random sites or at the term nal ends of the nol ecul es. It is
an additional purpose of this invention to 25 provide a nethod for the
production of dispersants and di spersant VI inprovers from polyners
havi ng controll ed anounts of unsaturation incorporated randomy in an
ot herwi se saturated backbone. In contrast to EPDW based di spersants,

the |evel of unsatura?henlnxsntipn|mgnﬁeds$véi§P€IBanﬁuﬁnﬂa§lsyec%ﬁmtoIIed
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I ncl ude polyners 0 conj uga | enes r ogenat
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properties of thegegpposaht ofsbsiandegi,nvention may be controlled by

controlling the size of the | voer s d the extent ,and distribution of
t hei r functgl onal i zat |8 81803/ iment of @ﬂ anen :‘Eon, t%ere is provté cp

a dlspersant substance for modifying the dlspersancy or
viscometric properties of a lubricant fluid, in which the

15 dispersant substance includes a copolymer of two different
conjugated dienes. In this case, the first conjugated’
diene includes at least one relatively more substituted
conjugated diene having at least five carbon atoms and the
formula:

20 Rl~-C=C~-C=¢C-R*

bod ko W
wherein R!-R® are each hydrogen or a hydrocarbyl group,

25 provided that at least one of R!~R® is a hydrocarbyl group,
and also provided that, after polymerization, the
unsaturatioh of the polymerized conjugated diene of formula
(1) has the formula:

RII
30 _
R - C=C ~ R (2)

RIV
wherein R!, R¥, R¥ and R are each hydrogen or a

35 hydrocarbyl group, provided that either both R! and R¥ are
hydrocarbyl groups or both RM™ and R are hydrocarbyl
groups.



10 Accordingly, these substances are termnmed throughout "di spersant
subst ances". I n one enbodi nent of the invention, there is provided
a di spersant substance for nodi fying the di spersancy or Vi scometric
properties of a lubricant fluid, in which the 15 dispersant substance

i ncl udes a copol ynmer of two different conjugated dienes. In this case,
the first conj WR%@9845  di ene includes at | east one relativ 04064
substituted conj ugat ed di ene having at g east five carbon atons and the
f or mul a: [err] wherein R err]-Rerr] are each hydrogen or a

hydr ocar byl group, 25 provided that at |east one of Rerr]-Rerr] is a
hydr ocar byl group, and al so provided that, after polynerization, the
unsaturation of the polynmerized conjugated diene of fornula (1) has the
formula: [err] Thghepeend opdupatrdefiene g the digreyeant are each
hydrogen or a 35gubgdafeasbyt €Hid embbHMeAEdindRided itcledot homd err] and
Rlerrl are 5 NYdoQeareyl Saodntnde: R0aRESloid Thiehl] L& g ocarby!
PCT/ US96/ 04064 different from the first conjugd®ted diene and hddeatsceaut

conj ugated di ene ¢t Ag, GLSPELSH and the formula:
R"-C=C-C=¢C-R¥Y
R R T (3)
10 RB Rs R1o Rn : )
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:

15  R%®

R' - c| = C - RV (4)
RVII

20 .
wherein RY, R, R and RV are each hydrogen or a
hydrocarbyl group, provided that one of R’ or RV is
hydrogen, one of RV or RY!!! is hydrogen, and at least one
of RY, R”, R"™ and R"™™ is a hydrocarbyl group.

25 Following polymerization the diene copolymer is

generally functionalized by a method which includes
selectively hydrogenating the copolymer to provide a
selectively hydrogenated copolymer, followed by
functionalizing the selectively hydrogenated copolymer to

30 provide a functionalized copolymer having at least one
polar functional group.

In a particular embodiment, the dispersant substance
includes a polymer in which the first and second conjugated
dienes are polymerized as a block copolymer including at

35 least two alternating blocks:
(I);~(B)y or (B)y—(I),4.



substances of this enbodi nent includes at | east one 5 relatively | ess
substituted conjugated diene which is different fromthe first

conj ugat ed di ene and has at | east four carbon atons and the formul a:
[err] wherein R err]-Rerr] are each hydrogen or a hydrocarbyl group,
provi ded that, after polynerization, the unsaturation of t he

pol yneri zed cor’fVQ86/#e8d5 di ene of formula (3) has the f or muP@I/USI6/04964 - | |
20 wherein R err], Rerr], Rerr] and Rgerr] are each hydrogen or a
hydr ocar byl group, provided that one of R err] or Rerr] is hydr ogen,
one of Rlerr] or Rlerr] is hydrogen, and at |least one  of Rerr],
Rlerr], Rerr] and Rlerr] 1is a hydrocarbyl group. 25 Fol | owi ng

pol ymeri zati on the diene copol yner is generally functionalized by a
met hod whi ch incllmlelshis casel, ethevblechytklodgavdiudes eheleapbloneer to

provide a Se' ety T ﬁ&ﬁ&é&’ &f&}fé W orh@h hovef, Rhile the

functlonaI|Z|ng t se ect1vel y hydrogenated copolyner to 30 provide a

functional i zel ccﬁi&%e@)hd\ﬂ%dﬁﬁ peakgaghone P%@P&F’-Fﬁ‘ﬁdﬁwat@%
In a particul ar efitad BN iformiQadi(Sper shitadditFloM)CR is thélCﬂlhd%i' Qvfp0| ymer

B e e R
(I)[err]-(B)[err]amt ¥ B)s{ eitre] nulnpperof polymerized m&;eﬁénoma:s in block
PCT/ US96/ 04064 (B) and is at least 25. It shoﬁad be understood throughout
10 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. _
Generally, in the block copolymers of this embodiment,
15 x is from about 1 to about 600, and y is from about 30 to
about 4,000, more preferably x is from about 1 to about
350, and y is from about 30 to about 2,800. While larger
values for x and y are generally related to larger
molecular weights, polymers which have multiple blocks and
20 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 random
25 copolymer. The dispersant substance may include the first
and second conjugated dienes polymerized as a branched or
star-branched copolyner.
The copolymers useful according to this embodiment
typically have a molecular weight of at least about 2,000.
30 In particular, the molecular weight of these polymers is
from about 2,000 to about 1,000,000, more particularly from
about 5,000 to about 500, 000.
. The molecular weight of a polymer of the invention is
generally associated with thé physical properties it
35 exhibits when employed as a dispersant or dispersant VI
improver. Typically, polymers having lower molecular



In this case, the block (1) includes at |east one pol ymeri zed

conj ugated diene of fornmula (1), while the 5 block (B) includes at | east
one pol ynerized conj ugat ed diene of fornula (3). In addition, x is the
nunber of pol ymeri zed nononer units in block (1) and is at |east 1,
and y is the nunber of polynerized nononer units in-block P&F’b and |s at
-least 25. |t shWQ W45 under st ood t hroughout 10 that x and y

relative to blocks in a linear bl ock copml ymer or bl ocks in an armor
segnent of a branched or star-branched copolynmer in which the arm or
segnent has substantially linear structure. Generally, in the

bl ock copol ymers of this enmbodinent, 15 x is fromabout 1 to about 600,
and y is fromabout 30 to about 4,000, nore preferably x is fraom about
1 to about 35Weighies \phes empdevedons BbSReFsABES: Yhide ViwinRrovipger

val ues for X and ¥ropértdaieiaid )teﬂ.ﬁlt&irédtlﬁiblleiﬁﬁgr power@f@%s’ﬂcﬂ&tbﬂhts

pol ymers whi cph have, mul tiple blocks a st.ar - branche
typically wl haVétli‘rtﬁ%]é%\ezfts havipg; Bﬂ?é ey ErnﬂFlg\Q{) %gresent ed in
t he val ues of x coresspbondimgleagirenktarkviscosity. Féi:tpurﬂbswlqﬁ t he

di sper sant: substaggg%%én%de}ol ers °ff%§té’,q’% tigﬁog Iggjmcqlq_agl enes .

pol ymerized as a ran Spersan tance
i ncl ude the firstweightsig §éw@orran§snpﬁg§r@u aéac@ﬁeg ngyﬁ%re‘ﬂzﬂéﬂ: a?é’:&oo
branched or ﬁaﬁrb@ra@@ach@apalsyaré ersants, pol'yfiasrsom;sﬁgemwé@ia&

according to_ this enmbodi nent nol ecul ar wel ht o at
2CC0rding Lo b0 S ST T o spok®' 56, o ceur Hic O %
pol ynmers is tlassifhicid a3 diSpepsahdstwitdWA-2RProtne mﬁembar | and

bolyier of the. i rpenyaers HVhe R RS har wesdnts o cfofiE Hdn @0 M Ak
properties it 35 m@xrh¢nqkaaﬂmﬂiednpso9eape§sanhjVgpempanve:ﬁ di spersant VI
i mprover. Typically, pal Wi 21per8ant O¥REsticRSUbR the invention, the
15 copolymer is generally selectively hydrogenated. It is
especially useful that the unsaturation of formula (4) be
substantially completely hydrogenated, thereby retaining -
substantially none of the original unsaturation of this
type, while the unsaturation of formula (2) is
20 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
for the residual unsaturation of formula (2) is generally
25 from about 50% to about 100% of the Iodine Number prior to
the hydrogenation reaction. More particularly, after
hydrogenation, the Iodine Number for the residual
unsaturation of formula (2) is about 100% of the Iodine
Number prior to the hydrogenation reaction.
30 After the hydrogenation reaction, the Iodine Number
for the residual unsaturation of formula (4) is from about
0% to about 10% of the Iodine Number prior to the
hydrogenation reaction. More particularly, after the
hydrogenation reaction, the Iodine Number for the residual
35 unsaturation of formula (4) is from about 0% to about 0.5%
of the Iodine Number prior to the hydrogenation reaction.
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10 wei ghts are -enpl oyed as di spersants, while VI-inproving
properties and relative thickening power are associated 5 wth polyners
havi ng hi gher nol ecul ar wei ghts and correspondi ngly greater viscosity.
For purposes of di scussion, polyners of the invention having nol ecul ar
wei ghts in the WORG#84% from about 2,000 to about 20, 000 9§/84064
classified as dispersants, polynmers having gl ecul ar 10 weights of from

about 20,000 to about 50,000 may be classified as dispersants with
VI -i nproving properties, and pol ymers havi ng nol ecul ar wei ghts of
about 50,000 or nore may be classified as dispersant VI inprovers.

In the dispersant substances of the invention, the 15 copolyner is
general |y sel ect Mosity particydaalyd.aftler ithe hydrogpastion weactfivn,t the t he

unsat urati on of (diHe sboel®or tne AR LkatATBLELP of BUIRATE 05

t her eby retaining subs tral unsaturation of

this tyde, W Ifxomabensaflrte |4¥?P‘~H¥ Q‘@t%r’rﬁlfatbﬁ) Iodine Numbexs Pxaeral | y
retained (i.e., tﬂ&éﬂHﬁSH@@nguﬂgﬁiéﬂEﬁéé&tlon, after hydrogenation), in at

copal ymor - A eopiuSHbes T | T TPERBLRONL) (9 PSHAE Manber

for the residual inmsatdesa conphgédedndiene)such gsnésej:tgne%z 3F-|cﬁmeahgﬂlt-

50% to about 100%4f, ﬁré?xel OQLRFtWrB-Q{]érg{ adi%ne m%£gﬁhé1y%r L-Qn

reaction. Mre particularl ogenafi 0 e Io unﬁer

for the resilual Pentaq$%§§buﬂaﬂﬁﬁhﬁ¥ﬂ1ﬁ?ﬂﬂﬁﬂ§§dG2PevszaRkRRerdaﬁrof t he

| odi ne NunNbesutiid i@hnel, OZLBEeﬂYﬂIP,WﬂﬂHH1@%9t BOPherd -1, 3 After the
hydr ogenati on reacti.on t he Ioglne for .the re i du

unsaturati on of fREHHAERSy Pe3ratmg T1'3'pe Lgneh T '&ﬁ3fhe
| odi ne Nunber rwihutadidﬂee 3-methythxn¥h§2auieneacEkbénzylnxe3&mmmadﬂbﬁéLy

after the 48 ' u r resi dua

35 unsaturatlon (ﬁ ﬁ@l gf lé}}o’ma q?!t&%)%‘ ({P %@% of the

| odi ne Nunbeld prlRﬁrﬁlG‘{lﬁélh'de gm:wt@b&ﬁe@ﬁ of meU1a (1) includes
isoprene, myrcene, 2,3-dimethyl-butadiene or 2-methyl-1,3-

pentadiene. Still more particularly, the conjugated diene
of formula (1) includes isoprene.
‘In particular, the conjugated diene of formula (3)

20  includes 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-decadiene, or mixtures
thereof. More particularly, the conjugated diene of

25 formula (3) includes 1, 3-butadiene, 1,3-pentadiene, or 1,3-
hexadiene. Still more particularly, the conjugated diene
of formula (3) includes 1, 3-butadiene.

Generally, when the conjugated diene includes
substantial amounts of 1,3-butadiene, the polymerized

30 butadiene includes a mixture of 1,4- and 1,2-units. The
especially useful structures contain at least about 25% of
the 1,2-units. More particularly, the structures contain

. from about 30% to about 90% of the 1,2-subunits. Most
particularly, the structures contain from about 45% to .
35 about 65% of the 1,2-units.
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Most particularly, after the hydrogenation reaction, the | odi ne Nunber
for the residual unsaturation of formula (4) 5 is fromabout 0%to about
0. 2% of the |odine Nunmber prior to the hydrogenation reaction.

The conjugated diene of formula (1) particularly * includes a COT&%FHEd
di ene such as WOPHIBES 2 3-dinet hyl - but adi ene, PCT/US6/0

2-nmet hyl - 1, 3- pent adi ene, nyrcene, 3-nethyl 12, 3- 10 pentadi ene,

4- et hyl - 1, 3- pent adi ene, 2-phenyl -1, 3- but adi ene,

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

2,3-di methyl -1, 3- pent adi ene, 2-hexyl -1, 3- but adi ene,

3- et hyl - 1, 3- hexadi 2-b | 3.1, 3-but adi
2 b tolyl -1, 3 but adi o®, PEPVRES SEETAAE St CipPRieatvisly, PYRFRPFYatede
conj ugat ed di ene ;Idlyﬁlmmulsacbex)licbaﬂdlwdwzsiified bﬁobfmionpﬂ.iaaé” to

2, 3-di met hyl - but é lhébfﬁg cBEPt
particularly, conjugat g 8i'ehe gf }o nul a 35 |nc es |soprene
In particul ar, ttqrqnnu sychedsdikyte not ldmiged PQ) ogenmcﬁyaég.

1, 3- but adi ene, rﬁrdl%ctﬁd'aﬁ'iﬁo, 1n§|:ﬂq)€ﬁd imRRapto 3- imido, kaRbadysNEna

2, 4- hept adi ene, 1, octadlene di octadleg

1, 3-nonadi ene, 2, ﬁp%ﬁﬂﬂ%ﬁ ardd Sr%PRﬁ) 99#§1nat1°nﬁ.??QH99§dleﬁ e

2, 4- decadi ene, 3, funtsdatiaddeedopolynenyg ean be fuhthenmodilfiedpaot gtveadl y,

the conj ugatﬁpl dllg e%ies%.%ed %gégmag? @cg P’%E‘d‘g?el 3- but adi ene, .

1, 3- pent adi ene, I'ene particularly, the
conj ugat ed dlene 1ﬂ=af@ﬁﬁ§F@u¥§H Gasa.udde sedegtivalivehydrogenated

fegega{|é1 MhentL | 'dBdﬂf*%a by a ﬂ%ﬂﬁﬁdaﬁhh?h Qﬂggﬁﬁéjéf

) ut adl ene, (0] yrre ene | nc m X 0

and 1. 2-units  TERACting eéﬁf\?tvtﬁ?@f Hvatoaspated Paiimes, Hikh Phac:
about 25% of ungetulrat-ednichsbodft i  ardiidc Ubar Ggrivdidvet thekeoés sachai n

from about 3{6t.o, Qt?a% O%R & ?&i)é(’)o}z(}' ?R%idtesan'\@éhated pg.aLE;L\EEl,Jl Qﬁéy’ o

t he structureées CO aln rom a
then reacting the acylated polymer with a monoamine, a

polyamine or a combination thereof.
In another particular embodiment, the invention
provides dispersant substances based upon a copolymer of at:
20 least one ring-substituted styrene and at least one
éonjugated diene. Preferably, the ring-substituted styrene
has at least one benzylic hydrogen and the formula: '

25 = (5)

CHRARS] ,

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

K conjugated dienes of formulae (1) or (3) described above.
Following polymerization, the original unsaturation in the



35 about 65% of the 1,2-units. WO 96/ 40845

PCT/ US96/ 04064 12 To provide
di spersancy, the sel ectviely hydrogenated polymer is chemcally

nodi fied of "functionalized" to 5 provi de a polyner having at |east one
pol ar functi onal group, such as, but not limted to, halogen, epoxy,
hydr oxy, am noWQ®26(4P8455 nercapto, imido, carboxy, and §§ﬁ$§ﬁ ci d
groups of conbinations thereof. The fumctional i zed pol yners can be
further nodified to give a 10 nore desired type of functionality.

In a particular case, the selectively hydrogenated polymer is
chemcally nodified by a nethod which includes: reacting the

sel ectively hydrogenated pol yner with an unsaturated carboxyilic acid

(or derivative tRe}@perizagifopjugagedndiene hampdfPaBpleocRFESFRIRRGMY to
acylated pol ymer gogmhae (2)t @0 (2§2aki A8séPEoat W] pol yner with a
nonoani ne, a pol gﬂhpe or a conbLnaElon t he

_ r epf ... 1 n anot her
particul ar eWbodi mentEOHIPWING, PRLYERTization o‘i}'fedéé’g&itg'ﬁg}:ganft%ﬁ%?'ﬁégg
based,upon a copobporymex iz g2heraldgsfunobionalgzedbby aumethsd wleich and at

e oast ono EHUE Sl R Rehhallonal iy hATCSYITLREL' €9 ioviERS

(5) a selectively hydrogenated ¢epolymer, followed by
functionalizing the selectively hydrogenated copolymer to

10 provide ‘a functionalized copolymer having at least one
peolar functional group.

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

15 of from about 75% wt. to about 99.5% wt. In particular, a
ring-substituted styrene is included in an amount of from
about 1% wt. to about 20% wt., and a conjugated diene in an-
amount of from about 80% to about 99% wt. More
particularly, a ring-substituted styrene is included in an

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

In the dispersant substances of this embodiment, a
ring-substituted styrene and a conjugated diene are

25 generally polymerized as a block copolymer comprising at
least two alternating blocks:

(P),~(B), or (B)},~(P),,
wherein the block {P) includes at least one polymerized
ring-substituted styrene of formula (5), and the block (B)

30 includes at least one polymerized conjugated diene of
formulae (1) or (3). In addition, x is the number of
polymerized monomer units in block (P) and is at least 1,
and y is the number of polymerized monomer units in block
{B) and is at least 25. Particularly, in the block

35 copolymers of this embodiment, x is from about 1 to about
600, and y is from about 30 to about 4,000, more preferably



30 wherein n = 1-5, and Rerr] and Rlerr] are each hydrogen or a

hydrocarbyl group. In particular, n = 1-3, and nore particularly n =
1. "~ Cenerally, the conjugated diene conprises at |east one conjugated
di ene havi ng at | east four carbon atons and a formnula corresponding to

the 35 conjugated dienes of formulae (1) or (3) described above.
Fol | ow ng pol ywer96408450n, the original unsaturation in the PCT/US96/04064 WO

96/ 40845 _ 14 PCT/ US96/ 04064

13 pol ymeri zed conjugated diene has a fornula corresponding to
formul ae (2) or (4) as described above. 5 Fol | owi ng pol yneri zati on
the substituted styrene-diene copolyner I's generally functionalized by
a met hod which i ncl udes sel ectively rogenating the copo“yner to
provi de a s®l bst fxem abepdr égéﬁa?%@lu%o%'bqtyr?@rd Y &F | BRI ake

functionalizing ggg?gei egdd vel y hydrogenated copol yrrer to 10 prow de a
functionalized co

yner haV|ng at least o functi group.
The pol yner s3 of th| s BHRnatdivelyncpubitng” S&Stququggsﬁ%‘é{?zf%ta&i’{]?t yrene in
an anmount of fr Oabﬁﬁ)@g'étéh Sdfene aret polgmébized 2sYavwtandem capalynergat &d

G ene 1 A ATk bon ' A AUEHES A 4 AR 5 et Bigpe

from about ﬂl&grvxbe pal wenized0aswe . bramched consbgutlkerenihed nandpm or
anount of from a Qﬂt.;& 0384 ut 99% wt. More particularly, a
ri ng-substituted s reneﬁ Included in an 20 anmount of frqm about 5% w

to about 15wt ., andTbP COPOLM@ﬁFﬁgaﬁeﬁuhl%ﬁﬁ944$qgnEPuEE%F|?FQ99¥ﬂﬁ§Ght of

from about 85% 1&91?«PQ&Eve95(VQnMecular we:.ghﬁ Rt Be ﬂéS@erﬁﬂiit SaJlmlDances
of this enbodi man%’p

are 25 general #9 BBFyHEHISR e B PEUASE A P bapee SRS 3T o1

from about 2,000 to about 1,000,000, more partlcularly from
about 5,000 to about 500,000. The molecular weight

15 distribution of these polymers is particularly about 1.01
to about 1.20.

The dispersant substances of this embodiment include a
copolymer which can be selectively hydrogenated to retain
aé much of the original aromatic unsaturation a possible,

20 while removing as much of the original unsaturation of
formulae (2) or (4) as possible. In particular, following
hydrogenation, the residual unsaturation of formulae (2) or
(4) is from about 0% to about 1% of the Iodine Number prior
to the hydrogenation reaction. More particularly, after

25 the hydrogenation reaction, the Iodine Number for the
residual unsaturation of formulae (2) or (4) is from about
0% to about 0.5% of the Iodine Number prior to the
hydrogenation reaction. Most particularlyf after the
hydrogenation reaction, the Iodine Number for the residual

30 unsaturation of formulae (2) or (4) is from about 0% to
about 0.2% of the Iodine Number prior to the hydrogenation
reaction.

In particular, following the selective hydrogenation,
the aromatic unsaturation of the substituted styrene

35 monomer is at least about 50% retained, more particularly



| east two alternating bl ocks: (P)[err]-(B)[err] or
(B)[err]-(P)[err], wherein the block (P) includes at |east one

pol yreri zed ri ng-substituted styrene of fornmula (5), and the bl ock (B)
30 i ncludes at | east one polynerized conjugated diene of formul ae
(1) or (3). In addition, x is the nunber of pol yneri zed nononer units
in block (P) arlVOi9¢4e8d5| east 1, and y is the nunber of pBFYEENO
nononer units in block (B) and is at |ggst 25. Particularly, in the

bl ock 35 copolynmers of this enbodinent, x is fromabout 1 to about

600, and y is from about 30 to about 4,000, nore preferably WO
96/ 40845 PCT/ US96/ 04064

14 x is fromabout 1 to about 350, and y is fromabout 30 to

about 2,800. 5 at ledst aboati 9O0Ryretained, sarss mostt partigulael wrabaut

conj ugated di ene fé@%pggﬁggagh;ed as a random copol yner. In addition, a

ri ng-substituted Styrene and a conjugated di ene may be pol ynerized as

a branched or3 star- br st e dispersapt substanpas efpbhiseembadiment, thehe
copol yners U$efU|rﬁﬁé‘%ﬁﬁéﬂltﬁ@ehhEﬁg@&ﬁ@dEéﬁﬁBnent oft ¥RECBblymdave a
nol ecul ar wei ght of at | east agogt , 000 1 I n pa;tlcu g{é,the mol ecul ar
wei ght of these pBﬁ/ﬁ%‘Fasb ¥s includes an bkyl st iFsier oSUER RS [VHIOL GRiueRsy e
particularly fronvinyl afieme,SmeGhylstebend, Sithyletyrdhe, nplesyl stymaieght
a0 o O RRonr R YRR, P epS BRI filatne! 8B Hbndy dnyranns 4O
copol ymer whl¢h ceixberesthereedl.y Mode opeyiialardys ethe nring-substfitoiteds
the original arongyfedlSHULALSOB-RePRY PPy Lene20 While renoving as much
of the original unsaturation Q ) , _
In the dispersant substances of this embodiment, the
conjugated diene may include one or more conjugated dienes
of formulae (1) or (3) as described elsewhere ﬁerein. In
15 particular, 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-1,3-pentadiene, 2-phenyl-1,3-
butadiene, 2-phenyl~l, 3~-pentadiene, 3~-phenyl-1,3
20 pentadiene, 2,3-dimethyl-1, 3-pentadiene, 2-hexyl-1,3-
butadiene, 3-methyl-1,3-hexadiene, 2-benzyl-l, 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~
pentadiene, 2,4-hexadiene, 1,3-~hexadiene, 1,3-heptadiene,
25 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.
More particularly, the conjugated diene of formula
30 {1) includes isoprene, myrcene, 2,3-dimethyl-butadiene, or
2-methyl-1,3-pentadiene. Most particularly, the conjugated
diene of formula (1) includes isoprene. More particularly,
the conjugated diene of formula (3) includes 1,3-butadiene,
1, 3-pentadiene, or 1,3-hexadiene. Most particularly, the
35 conjugated diene of formula (3) includes 1,3-butadiene.



formulae (2) or (4) as possible. In particular, follow ng

hydr ogenation, the residual unsaturation of formulae (2) or (4) is
from about 0% to about 1% of the |odi ne Nunber prior to the

hydr ogenati on reaction. Mre particularly, after 25 t he hydrogenati on
reaction, the |odine Nunber for the resi dual unsaturation of fornulae
(2) or (4) is fWOREBSUt 0% to about 0.5% of the |odi ne RGHHFEMP; or
to the hydr ogenati on reaction. Most pagticularly, after the

hydr ogenati on reaction, the Iodine Nunber for the residual 30
unsaturation of forrmulae (2) or (4) is fromabout 0%to about 0. 2% of
the 1 odine Nunber prior to the hydrogenation reaction. I n
particular, follow ng the selective hydrogenation, the aromatic

unsat uration of the silibsthe ucerbkmemneoi3shisvenbrdinentat whensthabout 50%

retained, nore p s Va4 ;
beT/ USes) 04064 %khbﬁg&éé& diene includeéw4k95£€€%?¥§ne, the ggl merized

90% r et ai ned,5 andPyradieparinclrde |3 migdire of lipoRntkdadnugits. In |

t he di spersant syskanaesrpfthdi Corejipdicdedienédcinclude iatgledbstavadted
styrene conponen

t..Qf the pol [ . eferably Jhcl.udes an yl styrene,
such as vi nyl toI%? nelore pa%ﬁwl%ye%omr@swﬂé% &?e,aggPﬁygé%yr ,
propyl styrene, mosti paptbpylatl)y efrmm skboubud§t sto rabomt GS53heafyths \Ir,@re,
or 10 mxtures tphgqeeof. More particularly, the ring-substituted

styrene incl udes p-nefhylsgyreng. . I n the dispersant substances of
this enmbodi nfht, the Also inkhigiteitbagimeatpoihe melantiyedvohydsegenated

conj ugat ed di enegpolymerOisfméral erilbuldr1¢3théni GG/ mdd rebacvbPvide
herein. In 15 partliular, fhe con ugat ed eg& |ru¥&#¥%§°%a onLg g}e%n
di ene of fornul ad PPIEMER Withah keAst #ne BriRgsR |t g
: particular, the halogen functional group includes bromine.
To impart dispersant properties, it is more useful to
15 further modify the pol?mer, 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
any of the dienes of formulae (1) and (3) described above.
20 Useful conjugated dienes of formula (1) include isoprene,
nyrcene, 2,3-dimethyl-butadiene, or 2-methyl-1,3-
 pentadiene. Useful conjugated dienes of formula (3)
include 1, 3-butadiene or 1,3-pentadiene. The polymerized
diene may be prepared in linear, branched, or star-branched
25 form. The homopolymer may be subjected to selective
hydrogenation to provide a partially hydrcgenated polymer,
retaining a sufficient amount of the original unsaturation
to functionalize the polymer. ‘
Any of the dispersant substances of the invention may
30 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
amount of from about 5% wt. to about 90% wt., more
35 particularly from about 10% wt. to about 70% wt., of the



but adi ene, 2-net hyl -1, 3- pent adi ene, nyrcene, 3-nethyl-1, 3- pent adi ene,

4-met hyl -1, 3- pent adi ene, 2-phenyl -1, 3- but adi ene,

2- phenyl - 1, 3- pent adi ene, 3-phenyl-1,3 20 pent adi ene,

2, 3-di net hyl - 1, 3- pent adi ene, 2-hexyl -1, 3- but adi ene,,

3-net hyl - 1, 3- hexadi ene, 2-benzyl -1, 3-but adi ene,

2-p-tolyl -1, 3-DVOA6IM8#E, or nixtures thereof, and/or a cBRI/USS{04064

di ene of formula (3) such as 1, 3-butadi ene,yi, 3- pent adi ene,

2, 4- hexadi ene, 1, 3-hexadi ene, 1, 3-heptadi ene, 25 2, 4- hept adi ene,

1, 3-oct adi ene, 2, 4-oct adi ene, 3, 5- oct adi ene, 1, 3-nonadi ene,

2, 4-nonadi ene, 3, 5-nonadi ene, 1, 3-decadi ene, 2, 4-decadi ene,

3, 5-decadi ene, or m xtures t her eof . More particularly, the
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15 is sufficient to provide a dispersant-modified fluid-having
dispersancy or viscometric properties which are altered
from the original fluid. 1In particular, the method
involves admixing the dispersant substance in an amount of
from- about 0.001% wt. to about 20% wt., more particularly

20 from about 0.1% wt. to about 10% wt., and most particularly
from about 0.5% wt. to about 7% wt., of the dispersant-
modified fluid. Typically, the method of the invention is
enployed to modify lubricating oils and normally liquid
fuels; such as motor oils, transmission fluids, hydraulic

25 fluids, gear oils, aviation o0ils, and the like. 1In
addition, the method may further include admixing with the
fluid at least one additive such as antioxidants, pour
point depressants, detergents, dispersants, friction
modifiers, anti-wear agents, anti-foam agents, corrosion

30 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. 1In this embodiment,

35 the dispersant-modified fluid typically includes a mineral
or synthetic oil and a dispersant substance of the



To inpart dispersant properties, it is nore useful to 15 further nodify
the polyner, e.g., by reacting the hal ogen group with an am ne, a

pol yam ne, or a conbination thereof. In still another enbodi nent,
the invention is directed to honmopol yners of a conjugated di ene,

sel ected from anong any of the dienes of fornulae (1) and
descri bed abovwo9@®84s Usef ul conjugated dienes of fornula (1 ’ﬁﬁ‘;’%’wg

i soprene, nyrcene, 2, 3-di net hyl - but aggene, or 2-nethyl-1, 3-

pent adi ene. Useful conjugated dienes of fornmula (3) i ncl ude

1, 3-but adi ene or 1, 3-pentadi ene. The pol ynerized - di ene may be prepared
in linear, branched, or star-branched 25 form The honnpolyner may be
subj ected to selective hydrogenation to provide a partiall
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subst ance, dependit ng‘a&ééf J'Pﬁluﬁg ecu’f‘%’?er\ﬁéé’ s}ﬁthet:fctlr?g:%&%l%@ﬁéa@h

The di spersiht e mlﬂcﬂylﬂ-gﬂ%ﬂefuﬁ!hclsﬁ’ﬁb aF Meke¥ oils, fxansmissicn

sel ect ed fro”‘thfiﬂﬂdEJph&@&%hi&bnglﬁids, gea%nbhméldéﬁiétldﬂﬂbilsQlBﬁd the
depressants, deter gent S

agents, anti- likegaFhegen F%sPEg%%gD’éﬂsfhafﬁrﬁldC%g ?‘ﬁrﬂ“b\f t%?'%he%’mél%%@e(%/

i ndex : at least one additive such as antioxidants, pour point
depressants, detergents, dispersants, friction ﬁbdifiers,
15 anti-wear agents, anti-foam agents, corrosion and rust
inhibitors, viscosity index improvers, and the like.

The copolymers of all embodiments are prepared under
anionic polymerization conditions. Following
polymerization, the polymers of the invention are

20 selectively hydrogenated to provide a controlled amount and
extent of residual unsaturation. After the selective
hydrogenation reaction, the hydrogenation catalyst is-
removed from the polymer and the polymer is chemically
modified of functionalized to impart desirable

25 ° characteristics for the dispersant substances of the
invention.

' Accordingly, as a result of the invention, there are
now provided dispersants, dispersants with VI—improving'
properties, and dispersant VI improvers prepared by

30 polymerization of conjugated dienes, followed by selective
hydrogenation and functionalization. These dispersant
substances of the invention possess numerous advantages,
including controlled molecular weight, controlled molecular
weight distribution, controlled polymer structure, variable

35 and controlled amounts and distribution of functionality,
superior thermal stability, potentially permitting reduced



10 | mprovers, and the |ike. The invention further provides a
nmet hod of nodi fying t he di spersancy or visconetric properties of a
fluid such as a lubricant. The method includes adm xing with a fluid
an anmount of a dispersant substance of the invention which 15 S
sufficient to a{ovide a dispersant-nodified fluid having di sper sancy
or visconetri cMHGH8HEi es which are altered from the or FGIHSPE44064 o
In particular, the method i nvol ves adygixi ng the di spersant substance
in an anount of from about 0.001% wt. to about 20% w., nore
particularly 20 fromabout 0.1% w. to about 10% wt., and nost

particul arly fromabout 0.5%w. to about 7% wt., of the dispersant-
modi fied fluid. Typically, the method of the invention is enpl oyed to
modi fy | ubricati #geatl seuals mndratiiepdingubgnefitsfgugh assdmpravedot or oil s,

transm ssion fl ukgdscol¥tltddl pfopertielsl.Ui ds, gear oils, aviation oils, and
the |ike. addj ti on, the_ method naégfurt er. i ncl ude adnixingomﬁth
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the dispersant-nmpdified flurd typically includes a m neral or _
synthetic oilf andn¥eBEipBrsant substance of the WO 96/ 40845 -
PCT/ US96/ 04064 Particular embodiments of tH& inventioni A¥€8tIbeEn | n

particul ar, the dispersant-nodified fJui.d o . the inventiopn.includes a
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w., nore " are not intended in any way to restrict the scope of the
present invention. The particular embodiments 6f certain

15 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
isoprene-butadiene-isoprene triblock polymer of this

20 ° invention.

Figure 2 shows the relationship of viscosity as a
function of molecular weight for the hydrogenated isoprene-
butadiene-isoprene triblock polymer of this invention.

Figure 3 shows the dispersancy characteristics of two

25 commercial dispersants as compared to dispersants of the
invention.

Figure 4 shows the dispersancy characteristics of two
commercial dispersants as compared to dispersants of the
invention.

30 Figure 5 shows the dispefsancy characteristics of two
commercial dispersants as compared to a dispersant of the
invention.

The polymeric dispersants of the invention, typically
having lower molecular weights, can be employed in any

35 lubricant or fuel composition that requires a dispersant to
control the deposition of sludge particles on, for example,



particularly fromabout 0.1%w. to about 10% wt., and nost

particularly fromabout 0.5%w. to about 7% w., of the nodi fi ed

| ubricating fluid. The dispersant-nodified fluid general ly includes a
m neral or synthetic lubricating oil 10 or a normally liquid fuel; such as
nmotor oils, transm ssion fluids, hydraulic fluirds, gear oils, aviation
oils, and the WO9MIME These di spersant-nodified fluids mayPFHUS1504064

i ncl ude at | east one additive such as sa@tioxi dants, pour point
depressants, detergents, dispersants, friction nodifiers, 15 anti-wear
agents, anti-foam agents, corrosion and rust I nhibitors, viscosity

I ndex inprovers, and the |iKke. The copol yners of all enbodinments
are prepared under ani oni ¢ pol ynerization conditions. Follow ng
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perm tting-reducepolybutenes aﬂthQﬁideBnﬁ 500-2, 000 in molecular weight. -
PCT/ US96/ 04064 With one olefin per polybutene ﬁBiecule, the number of
" 15 potential functional groups per chain is limited to one.
Consegquently, the molecular weight of polybutene may not
exceed 2,000 if the desired functionality/hydrocarbon ratio
is to be maintained.
"By contrast, with this invention, the amount of
20 residual unsaturation can be controllably varied. As a
result, the amount of functionality one wishes to
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
25 functionalized such that the same functionality/hydrocarbon
ratio that is found in the traditional dispersant is
maintained if so desired. Moreover, with this invention,
the position of the functionality is not limited to the end
of the polymer chain as it is with polybutenes. Instead, a
30 variety of options is now available, including, for
example, randomly along the backbone, at one end, at both
ends, or in the center, of the polymer chain.
If a polymer according to the invention is of
sufficiently high molecular weight (e.g., 20,000-50,000),
35 it will exhibit increased thickening power and wviscosity
index-improving (VI-improving) properties, as well as



treat |l evels and yielding benefits such as inproved vi scometric

S properties. 5 These and ot her advantages of the present invention
"will be appreciated fromthe detail ed description and exanpl es whi ch
are set forth herein. The detailed description and exanpl es enhance the
under st andi ng of the i nvention, but are not intended to limt the scope
of the 10 i nVOI6HeR45 Particul ar embodi ments of tBETURYEMPHoN
have been chosen for purposes of illu@bration and description, but

are not intended in any way to restrict the scope of the pr esent

i nvention. The particul ar enbodi nents of certain 15 aspects of the

I nvention are shown in the acconpanyi ng drawi ngs, wherein:

Figure 1 shows the rel atj.onshi p_of wviscosity as a function of
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hydr ogenat ed | sopr I ene-1soprene tri ] of this
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i nventi on. . Fg&yre 4 hgms the dis rﬁgnCé characteristics of two
comerci al di sperd®feyers &’inﬂir pr%veiﬁssﬂ'é&g‘a SPEFSRRE PrOPeItigsnt i on. 30
Figure 5 shows t Ithedirs piispersgntheapatiidriitdteisc aref otttstanding corer ci al

di spersants CQﬁE?r di; of the I nvention. . _
The polynerigﬁdispe §§%?%Rb?1th§8?%€en ion, typically havi ng | ower

mol ecul ar wei ghts, cadrb@nensrbpaiment aipe3presenkr inuertion provides
conposi tion that gAqMeres iacdudBRESAN1dddt two @QFEEELnt NeorfiRiyatel On Of
sl udge partlCles‘fygnégM'dﬁg%thebne of the diéﬂgs is more substituted in
PCT/ US96/ 04064 ’
the 2, 3, and 4 carbon positions than the other diene. The
15 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
20 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
following formula:

25 RIR-C=C-C=¢C - R (1)

Bow ko
wherein R!-R® are each hydrogen (H) or a hydrocarbyl group,
30 provided that at least one of R!~R° is a hydrocarbyl group.
After polymerization, the unsaturation in the polymerized
conjugated diene of formula (1) has the following formula:

) =

{CHRARF] ,,



20 engi ne parts. O her polyneric substances of the invention,
typically those having higher nol ecular weights, may be 5 enpl oyed for
their VI-inproving properties in any |ubricant fluid which may benefit
froma nodification of its vi sconmetric properties. These conpounds may
also find a variety of uses in addition to |ubricant additives, such .
as adhesi Vo 96/488a5 ant s, i npact nodifiers, and the |ike. BCE/USI6/04064 A5
noted above, traditional dispersants have bgen pol ybut enes
functionalized via an ene reaction with maleic anhydride fol |l owed by
imdization with a polyam ne. The pol'ybut enes are typically 500-2, 000
i n nmol ecul ar_ wei ght. Wth one ol efin per polybutene nolecule, the
nunber of 15 potential functional groups per chainis linmted to one.
Consequently, the nol ecul ar wei @ of pol ybutene nmay. not exceed 2,000
if the desired functionality/hydrocarbon ratio is to be nmaintained.

By contrast, with this invention, the anpunt of 20 resi dual unsaturation
can be controflably vari edR! AsCa# € - RBsult, the anpunt of functional(i2ly
one wi shes to incorporate is quite flexible. In addition, the

nmol ecul ar wei ght of the polyner backbone is not limted to 2, 000.

H gher nol ecul ar wei ght pol yners cak be prepared and 25 functionalized
such that the sanghdretint iFpaRit, yRHY dmr afb@tre eachr Rfdrfoddmiori @ found in

his §nvent on, SRS Sroup. PRORIA e, e3PpEE bl T Eaed "

t he -end 10f timeditarhy]l droupsasriboths Rt andoRYbarerkydrdcagbydd, a 30
variety of opti oNngrdfodOW BMaid k! j | 1 Qh £ a1 5AREQELY
al ong the backbonn%r,dlg%g]one ené;, at Sgﬁﬂﬂﬂ&ﬁﬂ%ﬂ%ﬁé Srs on t he cgnt er, o? t he

pol yner chain. isoprene, i2,3-dmekbylhptadiang LomekByinbeinnentadienpe,
SUL f ibpi entl’y hi gf(}nﬁﬁ_iamu aindvainghliike. g.z_so&fhéaﬁoi&Oh&)eﬁl% weefull.t Wil
exhi bit increased thigkeninng power.apd viscosit. Lndex-i QVi ng
(VI -inproving) propert %1le}5o%lspb§g9tute$ conj¥1gated diene 1n¢%115
embodiment differs from the other diene in that it has at

least four (4) carbon atoms and the following formula:

Rl-C=C~-C=2C - R¥? (3)
RB Rl9 Rlo R11
20
wherein R’-R'? are each hydrogen or a-hydrocarbyl group.
After polymerization, the unsaturation in the polymerized
conjugated diene of formula (3) has the following formula:
RVI
25 |
Rv -C=C - RVIII (4)
I
RVII

wherein RY, R, R and R"! are each hydrogen (H) or a

30 hydrocarbyl group, provided that one of R' or RV is
hydrogen, one of R or R is hydrogen, and at least one
of RY, RY, R"™' and R"™ is a hydrocarbyl group. Examples of
the conjugated diene of formula (3) include 1,3-butadiene,
1,3-pentadiene, 2,4-hexadiene, and the like. A highly

35 useful conjugated diene of formula 3 is 1, 3-butadiene.

An exception to this scheme would be when a tetra-

substituted diene, e.g., 2,3-dimethylbutadiene, is used for
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21 sl udge dispersing ability. Hence, the use of these materi al s
may permt reduction in use of both traditional 5 dispersants and VI. |If
materials are prepared with backbones that are [err] 50,000 in

nol ecul ar wei ght, the functionalized versions can be classified as

di spersant VI woo96/40895r overs or VI inprovers with di spersant RETPRISNI064
Their dispersant capabilities are outstanggn;fcn 10 dispersant VI

| mprovers. I n one enbodi nent, thé present invention provides
polymers including at least two different conjugated di enes, wherein
one of the dienes is nore substituted in the 2, 3, and 4 carbon

positions than the other diene. The 15 nore substituted di ene produces

Vi Py| i dene, tri 'theoﬁnotr‘gt %%stitu&&?dﬂ#&ﬁitdqwll e_mdiﬂs;lﬁfé i%rccu_rs,l a

pol yneri zation. . . rogenation of the material is done,selectively, so as

to - saturate YHe sll‘:%§§égu§ﬁ%s‘?}rﬁﬁl‘bd S%ri FSOPEAREn TRY RS 95 \fora?;ﬁge

fromthe | esser lssdr subsditiied, canpdrente 48 ngsacl? thaiooneowrobotheofior e

subst | tut ed conjﬁ?%}‘gdﬁgl kb ggf&t% ¢l ana vbeh ﬁ“ﬂ%{dogﬁl" 20 In
, e I

t hi s ‘enbodi ment nor e st ed ‘conj ugat ed iene Wi ll have at
| east five (5) dwdresaxbyds and t he foll owi ng formul a: [err]

wherein Rierr]-Rlerrlrtai 218360 A0 td)tnoseasRYHTQE D Hhel 24P tha@

provi ded that at, | east one, of err]-Rl.err] is_a_hydrogarbyl, grgqup
After polynerizaft dhe ordaiRak: %ﬁ"]r‘{ﬁ%[q’r? & §8F’§}¥£?i§?3d &, o Ig;ét ed

di ene of faomul addR™amyt kalf bel bydpgcdrsyllgroups, whereas in the
[err] original unsaturation of formula (4) at least one of RY,
RYI, 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
15 unsubstituted alkyl, alkenyl, cycloalkyl, cycloalkenyl,
aryl, alkaryl, or aralkyl groups, or any isomers thereof. .
The copolymers of this embodiment are prepared by
anionically polymerizing a diene of formula (1) at a level
of from about 0.5% wt. to about 25% wt., and a diene of
20 formula (3) at a level of from about 75% wt. to about 99.5%
wt., in a hydrocarbon solvent using an alkyllithium
catalyst. The two monomers can be polymerized in block,
tapered block, or random fashion. Since the polymerization
is anionic, the molecular weight distribution of these
25 copolymers is typically very narrow, generally ranging from
about 1.01 to about 1.20, and is determined by the ratio of
monomer to initiator and/or by the presence of coupling
agents.
The monomers (1) and (3) may be polymerized either
30 simultaneously or in stepwise fashion depending on the
desired position of the remaining unsaturation after
hydrogenation. If random positioning of the unsaturation
is desired, both monomers are reacted together to give a
random copolymer. If it is desirable to have the
35 functionality on only one end, then the monomers are
reacted in stepwise fashion, the order being determined as
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22 [err] wherein R err], Rerr], Rerr] and Rerr] are
each hydrogen or a hydr ocar byl group, provided that either both R err]
and Rlerr] are 10 hydrocarbyl groups or both R err] and Rlerr] are
hydr ocar byl groups. Exanpl es of conjugated dienes of formula 1 include
| soprene, 2, 3- cvaeédoskdut adi ene, 2-net hyl - 1, 3- pent adi ene, POTYS96/M4964 and
the like. Isoprene is highly useful. 4 The lesser substituted
conjugated diene in this 15 enbodi nent dif%ers fromthe other diene in
that it has at | east four (4) carbon atonms and the follow ng formula:
[err] 20 wherein R err]-R err] are each hydrogen or a hydrocar byl
group. After polynerization, the unsaturation in the polynerized

conj ugat ed di ene ddsifrgdyulte pEpbvide 4 EiBlddkwopglimerul &If functibaality
is needed on both ends, then a conjugated diene of formula
5 (1) is polymerized first, followed by a diene of formula
(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

10 triblock. A fourth approach would allow the functionality
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

15 through the living anion of the diblock. In addition,

' 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, particularly p-methylstyrene and 1, 3-

20 butadiene. More specifically, the materials are generated
by anionically polymerizing a ring-substituted styrene
(about 0.5 wt.% to about 25 wt.$%) and a diene (about 99.5
wt.% to about 75 wt.%). The monomers can be polymerized
either in block, tapered block, or random fashion. For a

25 random distribution of the ring-substituted styrene, it is
necessary to polymerize the two monomers in the presence of
a substantial quantity of a polar modifier or to slowly add
the diene to polymerizing ring-substituted styrene.

The scope of this embodiment includes ring-substituted

30 styrenes that have at least one benzylic hydrogen and
possess the formula:



wherein R err], Rerr], Rerr] and R[err] are each hydrogen (H) or a 30
hydr ocar byl group, provided that one of R err] or Rerr] is hydr ogen,
one of R err] or Rlerr] is hydrogen, and at |east one of Rerr],
Rlerr], Rerr] and R err] is a hydrocarbyl group. Exanples of t he
conjugated diene of fornula (3) include 1, 3-butadiene, 1, 3- pent adi ene,
2, 4- hexadi ene, wodsradses | i ke. A highly 35 wuseful conjugated dperesssivioss
formula 3 is 1, 3-but adi ene. An exception to this schenme woul d be
when a tetra- substituted diene, e.g.,22, 3-di et hyl but adi ene, is used
for WO 96/ 40845

PCT/ US96/ 04064 23 t he nore
substituted conponent (1), Wen this occurs, a tri-substituted ol efin,
e.g., isoprene, may be used for the 5 | esser substjtuted conponent (3),
such that one or both of R err] d Rlerr] are hydrogen and both
Rlerr] and Rlerr] are hydr ocar by[™. It will be apparent to
those skilleqd in the art that in tve original unsaturation of for L

(2), Rerr], Rerr], Rerr] 10 and ﬂ rT%#ﬁ%P be hydrocarbyl group
whereas in the ori gi nal unsatura‘~*‘ 3"(4) at | east one of
Rerr], Rlerr], Rerr] and R err]|™NasSt be a hydrogen The

hydr ocar byl group or g&oups in the fognulaea( 1) t (4) are the sane or
di fferent and t h#HeERER RSt 13n SRDHR" 13nd %nenssw@mwemw hydregery |or

cycl oal kyl , cycl aﬂl Kexyl group. amMdre phkeivhla®lyArmlkyl-39r aHasmod¥ any

o RO prateRbhe IR RSl G LR o AR

from about 0.5% may be smben:téﬂi%m amang theli @hened N¥ingf dommila (Q)) air a

| evel of fron1abqg? 5??9¥$Fr5555“¥¥§5W§2F§g%erﬁ¢P- , in a hydrocarbon .

sol vent usfng an'a tmn nononers can be
pol yneri zed in bl ock, Thls embodiment 1nc1udes functionalized versions of

the ring-substituted styrene-conjugated diene copolymers

15 described above. Functionality-introducing reactions such
as halogenation are carried out on the copolymers in a
separate post-hydrogenation step. The halogenated
copolymers are then further modified, typically by a
:eaction involving a monoamine or a polyamine.

20 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
generally been partially hydrogenated such that they

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

30 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,

35 hydroxylation, and the like, may be used.



tapered bl ock, or random fashion. Since the polynerization I s ani oni c,
t he nol ecul ar wei ght distribution of these 25 copolyners is typically

very narrow, generally ranging from about 1.01 to about 1.20, and is
determ ned by the ratio of nmononmer to initiator and/.or by the presence
of coupling agents. The nononers (1) and (3) may be

pol yneri zed ei twem9e/@B4s si nultaneously or in stepw se fashi onPCRPEH064 oON
t he desired position of the remainingginsaturation after

hydrogenation. If random positioning of the unsaturation i s desired,
bot h mononers are reacted together to give a random copol yner. If it
I's desirable to have the 35 functionality on only one end, then the
nononers are reacted in stepw se fashion, the order being determ ned
as WO 96/ 4 5nvention can include polymers of differing

PCT/ US96/ 04064
provi de a d|blocﬁm%§ﬁ?ﬁtruCturF? func |%ﬁ§ﬂque 0% polar moq%é¥5? lggFﬁggﬁﬁs

t hen a conj udat edthi eaatiodtyopfuthe Scatqlyst §n§o|9hew¢ﬁgxﬁﬁ|nngreaSeltbQBd

by a diene of forjgi&y of 1,03hictOsthfctind '?ﬂre%”hoﬁhmﬁcfdgwdc‘%ﬁr@%ﬂt
e.g., phenyl benzoate or nethyl benzoate t he ded tq %Ie|d a

desired tri bl ock ROBAUEAGLengy : EPHBXFUPAL - T@@engrQﬁntage FhoVdBvY: (1) may
be added to the |léptaihedi tilsoakréetgyvprdm&!bnaurtblw con%e&mratlﬂoﬁpofoach

ol ymor chai .1 e Wik smplovkd, ThARH B ERat G R ERuRe Mk

first, 1Ol | cpms:)p aodeehr détéxminidrg (the, miovostmictarnehiofd bl ock '
of diene of for mﬂ\ ygoﬁta!dﬁieﬁédeéhé’hé@é!i)'df“%%&%ﬂ&r%us@ bd hQ %@B EQE‘n
l'iving ani on of bl ock I n addition nbi nati ons o e

appr oaches may béi nhfagRoynt the combingd efifectss | MRidiAWIAK &Fsélrnbﬁﬁﬂes

copolymers that presented a way for quickly determining the proper
conditions for preparation of any 1,2-microstructure
15 content within a range of from about 10% to about 80%. - Use
of this method or any others to achieve the desired
microstructure will be known to anyone who is skilled in
the art.
‘The dispersants and dispersant VI improvers of the

20 invention can include different polymer macrostructures.
Polymers may be prepared and utilized having linear and/or
nonlinear, e.g., star-branched, macrostructures. The star-
branched polymers can be prepared by addition of
divinylbenzene or the like to the living polymer anion.

25 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 additional aryl-

30 substituted olefin such as styrene, p-methylstyrene, wvinyl
naphthalene, etc. The aryl substituted olefin may be
incorporated randomly 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

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



are prepared froma ring-substituted styrene and a conj ugat ed di ene,
particularly p-nethylstyrene and 1, 3- 20 but adi ene. More specifically,
the materials are generated by anionically polynerizing a
ring-substituted styrene (about 0.5 wt.%to about 25 w.% and a diene
(about 99.5 w.%to about 75 wt.% . The nonomers can be pol ynerized

ei ther in bl ocwoessosased bl ock, or random fashion. For a 25

distribution of the ring-substituted styregg, it is necessary to

pol ynmeri ze the two nononers in the presence of a substantial quantity
of a polar nodifier or to slowy add t he diene to pol ynerizing
ring-substituted styrene. The scope of this enbodi nent incl udes
ri ng-substituted 30 styrenes that have at | east one benzylic hydrogen and
possess the fornmwita: The random copily@fer$0@848 homopolymers of the

forr] - 100 inventiop can alsg dnglude en ayE upstituted olefin iy an
i ndependent | ¥ hycdmoyat of up tarekowly|3Q% ®dp. Mre particularly, n = 1-3,

and mgst 10 preferabhy B =5dy)-liss tRivedbge s th o idtdrboraeBodhid
may be sel ected from anong the di enes having forpula (1

la (1) or. . (3) as
descri bed el sewh&ighgErBpfecular weight,po Bd??mﬁﬂei%&ﬂQHﬁé9n 1h°h Sire
functional i zed VelgicknN6rotapered K1ddk FaShiish| t the dregultdne: matiengal aill

di ene COpOIyrrerShave reduced cold flow. A lack of cold flow is a trait
10 which is desirable for higher molecular weight VI improvers
since 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 about 140°F). It is generally useful that
the VI improver have a crumb or particulate form which
15 retains its shape during storage.-'Also, the retention of -
the shape of the crumbs enhances the ease of solubilization
of the polymers because their relatively large surface area
is preserved.
‘In all embodiments of this invention, whenever a
20 reference is made to the “original double bond” or the
“original unsaturation” of the block or random polymer (or
copolymer), it is understood to mean the double bond(s) in
the polymer prior to the hydrogenation reaction. By
contrast, the terms “residual double bond(s)” and “residual
25 unsaturation”, as used herein, refer to the unsaturated
group(s), typically excluding aromatic unsaturation,
present in the copolymer after the selective hydrogenation
reaction. ‘
The molecular structure of the original or residual
30 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
addition, the total original or residual unsaturation of
the polymer can be quantified in any conventional manner,
35 e.g., by reference to the Iodine Number of the polymer.



15 described above. Functionality-introducing reactions such as

- hal ogenation are carried out on the copolyners in a separate

post - hydr ogenati on step. The hal ogenat ed copolynmers are then further
nodi fied, typically by a reaction involving a nonoamnm_ne or a pol yam ne.
20 The invention is further directed to honopol yners of a

conj ugat ed di erwo9dmesasonj ugat ed di ene may sel ected from PEF{YS6{0406/ ¢
di enes described in relation to formulae (Ly and (3) descri bed

el sewhere herein. These pol ynmers have generally been partially

hydr ogenat ed such that they 25 possess an |odi ne Nunber of 1-150,
generally 2-100. The unsaturation renmai ning after hydrogenation is
used to i ncorporate polar functionality al ong the backbone of the
pol ymer. These functi (]Jiﬁlah;(egio]mﬁafsi a5 amyy offe theeemstiiment sl bifr thast

ddi t Funct I t |i shed t t
fnsat ur at ed car bORARE 2By g BB HERqdJarue bure, B2 EHE neimegdeeriofopidadly
radi cal addit3 on dJ.Ene offr ébemaba y(3)t misic peasadhpthatrdhel pollymerf dst het
modi fi ed Cstél%lyskﬁ dDNEID NGk %hB%&féEﬂl‘%rgSQyB%Bgenat

nodi fication netho S such ogenatlon epoxi dat1 on roxy atlon
and the |like, muyrepctiopd. That is, after)thessadegtive hYdrOgenatl°n

PCT/ US96/ 04064  reaction the polymer must retain2fts elastamerlc The
i nvention can inc¢lude palyners of ffe crostructures. Th
presence of pol arpﬁ?é’(ﬁ% ri fieY ehas lyl“%é' 5891‘% ipy, go Ga{nﬁF?sgh%d
t herefore, im:remmmac:% of pellxeéthyle’neZarlysltauimsureGenerally, .
i O e i s o SYRLEELAS, SLBGEEURIY ran] e EbIGHASC O
t he nodifier enxﬂkﬂﬂ%?desspﬁéﬂmctkﬂ dot3butpdipgaeat ianidling polypeuie a
role in determ nidyydtha 1Ane E9Shi ¥ Vel d¥mplished in various ways. For
example, this is accomplished by introducing side branches
15 into the polymérized conjugated dienes of formulae (1f
and/or (3), e.g., by controlling the microstructure of 1,3-
butadiene if it is the predominant monomer in the diene of
formula (3); by using a mixture of dienes of formula (3)
containing less than predominant amounts of 1, 3-butadiene:;
20 or by using a single diene of formula (3), other than 1,3~
butadiene. More particularly, if the conjugated diene(s)
of formula (3) is predominantly (at least 50% by mole) 1,3~
butadiene, the side branches are introduced into the
polymer by insuring that the polymerized diene of formula
25 {3) contains a sufficient amount of the 1,2-units to
prevent the selectively hydrogenated polymer from being
excessively crystalline. Thus, if the conjugated diene of
formula (3) is predominantly (at least 50% by mole, e.g.,
100% by mole) 1,3-butadiene, the polymerized diene of
30 formula (3), prior to the selective hydrogenation reaction,
must contain not more than about 75% wt., particularly from
about 10% wt. to about 70% wt., and most particularly from
about 35% wt. to about 55% wt. of the 1,4-units, and at
least about 25% wt., particularly from about 30% wt. to
35 about 90% wt., and most particularly from about 45% wt. to
about 65% wt. of the 1,2-units. If the polymerized



pol ybut adi ene, the level of nodifier nmust be chosen taking into
account the conbined effects. Antkow ak et al. have presented a way
for quickly determ ning the proper conditions for preparation of any
1,2-mcrostructure 15 content within a range of from about 10%to about
80% Use of this nmethod or any others to achieve the desired

m crostruct ur ewo 9440845 known to anyone who is skilled in PCTRIE96/P4064
The di spersants and di spersant VI inproverggof the 20 i nventi on can

i nclude different polyner macrostructures. Pol ymers may be prepared
and utilized having |inear and/or nonl i near, e.g., star-branched,
macr ostructures. The star- branched pol yners can be prepared by
addi ti on of di vi nyl benzene or the like to the |living pol yner anion. 25
Lower |evels of kienelishgotatormulebt(d)nedntainaghesdcthane 50% byohole of
tri-functional on te cqu

t et rachl or osi | ané”’ 3% bheabtlst, 4134 v eﬁ{g—g%ggggg%%cﬂ'égle%%ddlass gﬁa QpLy

pol yners 5 whediene PﬁefpﬁmWhEr@”un¢m@dmlanoaﬁﬁﬁtbmﬁabfaﬁyb pgdymerized
substi.tuted ol ef chea hy|.s e I

napht hal ene, etcldI'3L ﬁg QF ?o %gfpﬁﬁtgﬂﬂﬁh. Fntﬁé.gﬁ?eéEf%é ngg? g?gFé%n
random y throughé@?cﬁhenpbﬁy%%# critidad ginge, altemdwgroggpasionrnetBeocks
wi th anot her an@%&lt@ﬁgl BoBtymer wilaPloddtabhostibstantiz2 19 aek at any
position along the 3% E ¥Ee Thus, any of the (1) and (B) blocks may
i ncl ude an SFYPrelbiPitited olefin in an amount of up to about 30%

WO 96/ 4084 10 - In all embodiments of the iRGEHtIR0G/ 0MB8dres of
27 W Tﬁﬁeh@EdP?‘ Egﬁﬁ&ﬂ@r(f]\)aw Q%W‘)ﬂ%yﬂ@rﬁe@ troh?reFarénHEH&]E
can al so include an ary glefin in an anoun up to about

30% Wt copolymers (I),~(B), or any of the random copolymers or.
’ star-branched block and random polymers of the invention.
Similarly, mixtures of aryl-substituted oclefins may also be

15 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

20 one aryl-substituted oclefin.

The block copolymers of this invention comprise two or
more alternating blocks, identified above. Linear block
copolymers having two blocks and block copolymers having
three or more blocks are contemplated herein. However,

25 star-branched block polymers containing any combination and
number of blocks (I) and (B), or (P) and (B), are also
contemplated herein.

The block polymers useful according to the invention
typically include at least one block which is substantially

30 compietely saturated, while also including at least one.

- block containing controlled levels of unsaturation
providing a hydrocarbon elastomer with selectively
positioned unsaturation for subsequent functionalizatiocn.
For the copolymers prepared from two different conjugated

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



If an aryl-substituted olefin is incorporated into a hi gher nol ecul ar

wei ght pol ynmer of the invention in a pure bl ock or tapered bl ock
fashion, the resulting material wll have reduced cold flow. A |ack of
cold flowis a trait 10 which is desirable for higher nol ecul ar wei ght Vi

| mprovers since the bul k polyner resists flowng at tenperatures at
which it woul d WOS##I845) be stored prior to use in a |ube PGRYSI6R0E  up
to about 140[err]F). It is generally usefulggt hat the VI inprover have
a crunb or particulate formwhich 15 retains its shape during storage.

Al so, the retention of t he shape of the crunbs enhances the ease of

sol ubi l'i zati on of the polyners because their relatively |large surface
area i s preserved. In all enbodi nents of this invention,

whenever a 20 radslecdive conbudd ¢b the placenenbl ofoxesidusdnd” or the
‘original unsatur@ﬁgéyﬁiaggohhe FBQCébﬁﬁ(?ﬁﬁ?@oﬁkéﬁéfﬂErfédﬁ a ringtopol yner),

It is understood to nean the doubl e bon pol ymer prlor to

the hydrogenal i orfyRsiditpsrd sfyrene %’Eﬁﬁtq’ é'é’PJuEﬂEe@eﬁ’We'r d&i bag besripl e
bond (s5)" and "resdulidblchdl arbiseid dMssturatdsnUssd #ies @refindker to the

orecent i n the coRAMEREIPPRYRRRItRRtR (4%, SERFFRE AR TR 29418 pact i on.

The nol ecul ar st rpextmitéiof thetoel gamd | placemest dofil ti3d resdalwalle bonds can
be determned in a Q?%EBE'O”al manner , as is known to those skilled
In

in the art, e.g., rared (IR or nuclear magnetic resonance (NWR)
anal ysis. |nl0 addﬂ?ﬂ@nvaFﬁét%Gﬁ%J1QNQQﬂHQEFtb?n¢eﬁﬁ%ﬁﬁﬂlaﬁhyaﬁahﬁt|on of

the polymer can hgxstalkirf wedght aﬂytﬁmu&rw ofal a PPV H1lockd len8tHs, bY

Irgecfl-/ebggg/eozgfszhe nluocdx!o% rwlé u%tre,o r ek:upng, T28(glass trans:YPJ.o 6/40845.

temperature) attainable with the use of anionic techniques
employed in the preparation of our polymers w1ll be obvious
15 to those skilled in the art.

While not wishing to limit the molecular weight range
of liquid elastomers prepared according to our invention,
the minimum molecular weight for these liguid polymers is
at least about 2,000, particularly about 2,000 to about

20 1,000,000, and most particularly about 5,000 to about
500,000. The star-branched block and random copolymers and
homopolymers of this invention may have substantially
higher molecular weights and still retain liguid
properties. The block copolymers of this invention are

25 functionalizable. Without wishing to be bound by any
theory of operability, it is believed that they can be
functionalized in a controlled manner through the
unsaturated groups on the terminal blocks to proviae
dispersants and dispersant VI improvers having almost

30 uniform distribution of molecular weights. The star-
.branched and linear versions of the random copolymers and
homopolymers of this invention are also functionalizable.

All numerical values of molecular'weight given in this
specification and the drawings are of number average

35 molecular weight (M,).



In any polynmers of any of the enbodinents of this I nvention, the
m crostructure of the polynerized conjugated 5 di ene of formula (3) nust

be such that the polyner is not excessively crystalline after the

sel ective hydrogenation reaction. That is, after the selective

hydr ogenati on reaction the polynmer nust retain its elastoneric
properties, e.0Q964084500! yner should contain not nore than 10PCT/E96/04064 0%
of polyethylene crystallinity. GCenerally, g probl ens of crystallinity
occur only when the polyner i ncl udes polynerlzed 1, 3- but adi ene.
Limting polyneric crystallinity may be acconpllshed I n various ways.
For exanple, this is acconplished by introducing side branches 15
into the polynerized conjugated dienes of formulae (1) and/ or (3),

e.g., by controlling The theensismotilllebef dés8ribed hdmaixdiftes ih tenhs t he
predom nant nonongr f f EﬁHL aﬂﬁﬁ Si e of
-di enes of formula ot §§"Q Eﬂﬁog ?’gt%tnher”f 8 an preadom nant ggm)g‘rg

1, 3- but adi end, 2@1llobebypngmgtat@|wse gkdpdedf inokhrilar,3thatt ‘hbe t han

1,3- but adi §RgentRbA Eérﬁbﬁuiﬁhﬁéd 'tB ftheseolawgfémzdleﬁasaﬁents, of
forrrula(3) I's predom nantly 3-

é IeastFaS é but adi _ene,

the side branche?u&l'erPﬁPPSdu EdCPYRIP e e{BB? HRents, encoppPpaged Y t he
pol ymeri zed di enehef bkoadekt 2&ope (6¥ MH&S&Sl@tSO&ﬁfcbtltﬂfd iavention{ the
1,2-units to prevent the selectively d : | ymer from being
excessively crystalline. Thus, i“Sé—Eoh i formula (3)
is predominal@ |y (at |east 50% h;&ssih&laz Qonjuga tedlmﬂ%nhy nol e)

1, 3- but adi ene, the po e 0,y f ), t he

sel ective hydrogenati lbﬁw? gmgl&ﬂ&el&f °§ tthgo% gylﬁelgr? nor e&‘?hs%lgabout 75%
w ., particul arl prioviged copabmers:_ov/% \Wo déssbuilary ogseniugatgdddienes,
particularty f ro'ﬁreferaﬁv\?uisgér/éﬂ\é -arld la@QBhtéél/@aﬂ‘é Ohd Riolmbnsmets, and

at | east about articularly fromabout, 30% wt. to 35 , about
90% wt ., and npst3FaPei P er’lmglw%rhsamn&sww}ymwzatmrapaeseagty&w of
the 1,2-unit®$ |feittherpal padckzetlapered block, or random fashion.

The copolymers of this embodiment include a first
conjugated diene having at least five (5) carbon atoms and

the following formula: :
' RR-C=C-C=C - RS ' (1)
20 Voo |
R? R? R* RS
wherein R!-R® are each hydrogen or a hydrocarbyl group,
provided that at least one of R!-R® is a hydrocarbyl group,
25 and further provided that, when polymerized, the structure
of the double bond in the polymerized conjugated diene of
formula (1) has the following formula:
RII
|
30 Rf -~ C=C - R¥Y {2}
|
RIV
wherein RY, R¥, R™ and R¥™ are each hydrogen or a
hydrocarbyl group, provided that either both R' and R¥ are
35 hydrocarbyl groups or both R™! and R are hydrocarbyl
groups. In the double bond of the polymerized conjugated
diene of formula (2), R!, RY¥, R and RY may all be
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29 - di ene(s) of fornmula (3) contains |ess than 50% by nol e of

1, 3-butadiene, e.g., 1,3-pentadiene is used as the only 5 di ene of
formula (3), the mcrostructure of the polynerized di ene of formul a
(3) prior to the selective hydrogenation reaction is not critical
since, after hyVPOH#MBLH i on, t he resul ting polynmer will CcOFEE96{04064
substantially no crystallinity. 10 32 In all enbodi nents of the
i nvention, m xtures of dienes of fornulae (1) or (3) may be used to
prepare bl ock copolynmers (I)[err]-(B)[err] or any of the random
copol yners or st ar-branched bl ock and random pol yners of the

i nvention. Simlarly, mxtures of aryl-substituted ol efins may also be
15 used to prepadrobhvbi]l grodpsy or star-branched copolyners

this invention. ACC°r§h89§§}yﬂ‘1‘@P£'ed(Prttﬁsr %Inﬁ&&ﬂ’f?é‘né “also m’?? Fegr&db t::10 a

di ene of formulae (1) bstitut
enconpass nore t foRjygate dlﬁi‘%nedbﬁfqm@féem(ql}e origsh C°F‘é§§é§%¢ vely,

and nore than 20 gjefes RaVin§URBtIdaBteERIreldN. carbon atomsTBAdPEREK

copol yners of th| |nvent|£n CO rlse two or nore al ternating bl ocks,
i dentifi ed above FAYREEPILFOER copol ymers having two bl ocks and bl ock
copol ymers havi ng t hrRE -0IC moKe-bCoekd -amd? cont enpl at ed herein. (3)

However, 25 star-branched bl okk pbly rzécontalnlng any conbi nati on and
number  of biI¥cks (1) and (B), oR® (R} are al so cont enpl at ed
her ei n. The bl ock Qolyners useful according to the invention

typi cal Iy i ncl ud&hereipaBi-Rinheatg qachwbydrogen s Aydraceybsd grawnpl etel y

sat urat ed, “h'|ep&b&@dbactuétnﬂh@ts&fﬁﬁﬂur%nSf the d&dﬁi@ woRkaiAl fge
controlled | evel s f unsat yrati on rOVIdI %drocaheon elastoner

with selectlvelyp° ymepheed; GaRingrked of ¢

functional i Z& i orfollowin§ofotimelaopol yners prepared fron1tmo di fferent
conj ugated 35 dienes, it has peen found the that two dienes in the
copol ynmers hydrogenate at diffe[ent rates, permtting

RV -C= c - RV? (4)
I

20 RVIII
wherein RY, RY}, R and R"™ are each hydrogen (H) or a
hydrocarbyl group, provided that one of RY or RV is )
hydrogen, one of R'™ or R'™! jis hydrogen, and at least one
of RY, RV, R and R"™ is a hydrocarbyl group.

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

30 provide a functionalized copolymer having at least one
polar functional group.

The polymers of this embodiment include a first
conjugated diene of formula (1) in an amount of from about
0.5% wt. to about 25% wt., and a second conjugated diene in

35 an amount of from about 75% wt. to about 99.5% wt. 1In
particular, a first conjugated diene is included in an
amount of from about 1% wt. to about 20% wt., and a second
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30 sel ective control of the placenent of residual

unsaturation. For copolynmers prepared froma ring- 5 substituted styrene
and a conjugated diene, it has been found that aromatic unsaturation
and the olefinic unsat uration hydrogenate at different rates, again
permitting corVP86408#%1 pl acement of the residual unsatupﬁypﬁﬁmﬁgﬁ

Many variations in conposition, nolecul ar i ght, nmol ecul ar wei ght

di stribution, relative block | engths, m crostructure, branching, and
T[err] (glass transition tenperature) attainable with the use of

ani oni ¢ techni ques enpl oyed in the preparation of our polynmers will be
obvi ous 15 to those skilled in the art. While not wishing to
limt the nol ectanjugatgd digngein an agountyeifd faomsaboet s8G% dipasbdut
according to ourgd ti ] LY C : L ot 5 sf :hese
liquid polyners g|§S§1W Q{brlee saftgggt%%'(%ﬂgjas?t Pégﬁg wdleﬁ%zagoo to

a about 2,
about 20 15 oocinsddeshd ma®; aparRt f AMoR ARGWE §§089-t%°e?él§%ltt 15%
500, 000. The st aftlyr amehed seleald asfjigitNdieRel Y8eifictided in an amount

honmopol ymers of this inventio have s tantially hi gher nol ecul ar
wei ghts and stil9 fé:tc’&} i °|“"(’1"LJ|B('§QH¥c> aaiﬂﬁ‘btp% é"g" The bl ock copol yners of
this invention are 2The fpolymersabf ztii = embadiment whebudg Blodke bound by
any t heory | b | Lyl I2ye <]
'égbd¥?ﬁﬁ?%%bfg%nﬁaét fe;%? taid %lhgéhaEEﬁ%Agg?ﬂgﬁted gr oups

functionalized in"a ¢€o nner through t
on the termtal blocks to provide (I)x=(B)s % stBits(Bhd di spersant Vi

i mprovers having al ng t¥ds caBef Othe PAlyrdtineluabs "Bt ELed st onRi BbEk
e e or VAN SRR 1S i UE S200eL ORI s 200
nuneri cal ‘val uescarjugalteduiddenecofhfoxpulen (1) talsi describepeabdviecat Thasand
the drawings ar ¢, Qfcy" Wl yAkeE28Es3 incIBILAY deal! 8L (M frhikea

15 block (B). The block (B) is a block of at least one
polymerized conjugated diene of formula (3) described
above.

In the block copolymers of this embodiment, x is at
least 1, particularly from about 1 to about 600, and most

20 particularly from about 1 to about 350. The above
definition of x means that each of the (I) blocks is
polymerized from at least 1, particularly about 1-600, and
more particularly about 1-350, monomer units.

In the block copolymers of this embodiment, y is at

25 least 25, particularly from about 30 to about 4,000, more
particularly from about 30 to about 2,800. The above
definition of y means that each of the (B) blocks is
polymerized from at least 25, particularly about 30-4,000,
and more particularly about 30-2,800, monomer units.

30 The block copolymer comprises about 0.5 to about 25%,
particularly about 1 to about 5% by wt. of the (I) blocks,
and about 75 to about 99.5%, particularly about 95 to about
29% 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
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31 The invention will be described hereinafter in terns of
t he enbodi nents thereof sunmmarized above. However, it 5 wll be apparent
to those skilled in the art, that the invention is not limted to these
particul ar enbodi nents, but, rather, it covers all the enbodi nents
enconpassed by WO%MME br oadest scope of the description of tREFVPHRIH4 on.
Copol ymers From at Least Two 10 34 Di ssim | ar Conjugated

Di enes In this enbodi nent of the invention, there are provi ded
copolynmers of two dissimlar conjugated dienes, preferably isoprene and
1, 3-but adi ene. The two nononers can be polynerized by anionic

pol ymerization process in_15 either a block, tapered block, or random
f ashi on. Semﬁ§té89éYyhﬂ@%OQ#nﬁqﬁQsl@nﬁbﬂimﬁﬁﬂeﬁrﬂﬂﬁﬁﬁéb&dfhﬁ§ﬁlnr to

conj ugat ed di ene dyduee Bhel 888éctively Nydr8hERM éd WK &nd rahlém
follow ng forJjmul a: wherein erf]-Rerr] are each hydrogen or

a hydrocarbyrygrgﬁﬁplgggé%r8§iEE&Ft*EHe9£; Beast one of Rlerr]-Rerr] is a

hydrocarbyl group, 25ThanHy8zstathypransupedrt §odupsinin el Bormuzed, (3)he

e s R (37 B R iy 07 8B “ath ey et el

_ or unsubstituted alkyl, alkenyl, cycloalkyl, cycloalkenyl,

aryl, alkaryl, or aralkyl groups, or any isomers thereof.

10 Suitable hydrocarbyl groups are alkyls of 1-20 carbon
atoms, alkenyls of 1-20 carbon atoms, cycloalkyls of 5-20
carbon atoms, aryls of 6-12 carbon atoms, alkaryls of 7-20
carbon atoms or aralkyls of 7-20 carbon atoms. Examples of
‘suitable alkyl groups are methyl, ethyl, propyl; butyl,

15 pentyl, hexyl, heptyl, octyl, decyl, methyl-decyl or
dimethyl-decyl. Examples of suitable alkenyl groups are
ethenyl, propenyl, butenyl, pentenyl or hexenyl. - Examples
of suitable cycloalkyl groups are cyclohexyl or
methylcyclohexyl. Examples of suitable cycloalkenyl groups

20 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
(p-tolyl) or p-ethyl-phenyl. Examples of suitable aralkyl
groups are benzyl or phenethyl. Suitable conjugated dienes

25 of formula (1) used to polymerize the (I) block are
isoprene, 2,3-dimethyl-butadiene, Z2-methyl-1, 3-pentadiene,
myrcene, 3-methyl-1, 3-pentadiene, 4-methyl-1l,3-pentadiene,
2-phenyl-1, 3-butadiene, 2-phenyl-1l,3-pentadiene, 3-phenyl-
1,3 pentadiene, 2,3-dimethyl-1,3-pentadiene, 2-hexyl-1, 3-

30 butadiene, 3-methyl-1,3-hexadiene, 2-benzyl-1,3-butadiene,
2-p-tolyl-1, 3-butadiene, or mixtures thereof, particularly
isoprene, myrcene, 2,3-dimethyl-butadiene, or 2-methyl-1,3-
pentadiene, and most particularly isoprene.

The hydrocarbyl group or groups in the formula (3) may

35 or may not be the same as those in formula (4). These
hydrocarbyl groups are the same as those described above in



wherein R err], Rerr], Rerr] and R err] are each hydrogen or a
hydr ocar byl group, provided that either both R err] and R err] are 35

hydrocar byl groups or both Rl err] and R err] are hydrocar byl groups.
In the doubl e bond of the pol ynerized conjugated di ene of fornula (2),
Rlerr], Rerr] err] and Rerr] may all be . 8
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groups. - The polyners of this enbodsnent al so include a second 5
conjugated diene, different fromthe first conjugated di ene, having at
| east four (4) carbon atons and the foll owi ng fornula: [err]

wherein Rlerr]-Rerr] are each hydrogen or a hydrocar byl group
provided that the structure of the double bond in the ﬁnerized
conj ugat ed di eneCORIPBEELPH Wibh Hhe discrssipy| phHfhey hﬁ'&rﬁﬁ-la yl groupg, ]

wherei.n Rierr], Bfegbkmubaer (1) aid R291.r ] saieaBBé dhsitie?@e FolrHEher (B)

hydrocar byl 9r°“810€5c°¥£89£’ {30 %Y, R 8Lpnflafdd, L, B 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, particularly 1,3-

10 butadiene, 1,3-pentadiene, 2,4-hexadiene, or 1,3-hexadiene,
and most particularly it is 1,3-butadiene. It is generally
useful that each of the (B) blocks is polymerized from a
single monomer.

The scope of this embodiment, and of any other

15 embodiments of the invention wherein the block (B) is used,
also encompasses polymers wherein the block (B) may
comprise copolymers of one or more conjugated diene of
formula (3) and controlled amounts (about 0.3 to about 30
mole %) of an aryl-substituted olefin, e.g., styrene or

20 other suitable monomers (such as alkylated styrene, vinyl
naphthalene, or 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

25 conjunction with another of the embodiments of the
invention. Similarly, 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

30 of polymerizing with the conjugated diene of formula (3).
Similar 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

35 copolymerization process, preferably anionic

polymerization, discussed in detail below. As will be



hydrogen, one of R err] or Rlerr] is hydrogen, and at |east one of
Rlerr], Rerr], Rerr] and Rerr] is a hydrocarbyl group. 25

~ Fol | owi ng pol yneri zation the diene copolyner of this enbodi nent is
general ly functionalized by a nmethod which i ncl udes sel ectively
hydr ogenati ng the copol yner to provide a selectively hydrogenat ed

copol ymer, f ol IWhRe40845 functionalizing the selectively h

copolyner to 30 provide a functionalized ggpol yner having at |east one
pol ar functional group. The polyners of this enbodi nent include a
first conjugated diene of formula (1) in an anount of from about
0.5%w. to about 25% wt., and a second conjugated diene in 35 an anount
of from about 75%wt. to about 99.5% wt . particular, a first

conj ugat ed di eneaPEaFﬁEFu‘él‘édttl‘?F%r?kllleﬁrrb%n'?h%fazftrro%h&bﬁﬁ?c‘i%%ﬂ!&“t?rabout

20% wt ., and a sggofHis embodiment \4OnBR1AE84H least two alternating
PCT/ US96/ 040 é ed dlene

4
in an anount 2of PrBRKShoLT) B (F SBdGET) - re%%q& t%FEebﬁr#&
first conjugat edTHeebkock cépolymerded thianemvmdiment! mayoovatain Eﬂ&eﬂ: to
bout 15% t di t
chout 190 MoaeeBicfe  BONAOU 497 o Dot LARRURS 0 P
embodi ment i ncl ués brdbkocks O%dmib}ﬁﬂksuthngP\dt Jltea@ﬁ( cortain amat | ng

bl ocks: 10 unlimited number (df b@bEks( B)Tise rﬂuert:.Bﬁﬁ[l?iéﬂ:l&ﬂ )c[ierar
In this case, the _polyner includes at |east one ck blNock

(1) is a bl dPx of thP§§s?°B?PeVTﬁﬂsy|jr§rF?%ﬁuc‘:ed jd'brﬂ GQ&f’éﬁt-’tﬁ n!ﬁm‘le&rrml a
(1) as describedaaioys. d&besfbed belbhOck copolyners also |nclude at |east -

ol yhor 1 26 con) ugat oA EHFENENS: (PR §553) et 3 plbhbrlhedy gAY OnC

subjected to a selective hydrogenation reaction durlng

which the polymerized conjugated dienes of formula (3) of
15 the copolymer are selectively hydrogenated to such an
extent that they contain substantially none of the original
unsaturation, while the polymerized conjugated dienes of
formula (1) of the copolymer retain a sufficient amount of
their-original unsaturation to permit functionalization.
20 Generally, for a copolymer wherein the conjugated
dienes of formulae (1) and (3) are polymerized to provide
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
25 from about 20% to about 100%, particularly from about 50%
to about 100%, and most particularly about 100%, of the
Iodine Number prior to the selective hydrogenation
reaction; and for the unsaturation of formula (4) it is
from about 0% to about 10%, particularly from about 0% to
30 about 0.5%, and most particularly from about 0% to about
0.2%, of the Iodine 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
35 unsaturation in 100 grams of olefin and is a gquantitative
measure of unsaturation. '



In the block copolyners of this enbodinent, x is at | east 1,
particularly fromabout 1 to about 600, and nost 20 particularly from

about 1 to about 350. The above definition of x nmeans that each of
the (1) blocks is pol ynerized fromat |east 1, particularly about

1- 600, and nore particularly about 1-350, nononer units, In
t he bl ock copdVOQRE#084Hf this enbodinent, y is at 25 | east ng’s’m‘““ '
particularly fromabout 30 to about 4, 00037m)re particularly from
about 30 to about 2,800. The above definition of y neans that each of
the (B) blocks is pol ynerized fromat |east 25, particularly about

30- 4, 000, and nore particularly about 30-2,800, nononer units. 30
The bl ock copol ymer conprises about 0.5 to about 25% particularly

about 1 to about 5% Bp thisoémbddiment isifoske inventigny adéhough theabout
99.5% parti cul gl d:’:o%lEQHEt??et&f aﬂ?ﬁ}‘t(l) blo%%@ P¥ fMt Hithikail( Bhdbinagks

In any of the copolynmers o nbodi nent , t 35 structi of t he

doubl e bond$ dequl?éésﬁyqfoﬂ-nﬁﬁae"'@z) apsfor 1, ('H?i e £¥ produce

copol yners whi clyepiesBited below for \ﬂm&@’o‘iWQEprene blocks, when a polar
PCT/ US96/ 04064

I
hydr ogenat ed i n SOHRORRAS BEeE (JHdpeh &hs R°l¥8enzat1§flo&fc§ifeg&5ve Y
sel ectively hydrhi@terkat &uebl(mbkb.‘muksr ampnise privpollyrelas deashki sbout
| nvent i on. £17® 3P YOERPAL DYn U %iagogstlamyﬂqlg%whaﬁ (1)

and (2) are the sarre 0 ferent an

unsubstitutléd alsput SOReky:) bybtwHits)l whepcltbal Relay compoung, 46 n@tkaryl

or arialkklyl g][Ol{n;%edoau%msgl eﬁm&ﬁmlasafuohoof &etml mfwtr,oenebylngroups
are alkyls o

cycl oal kyl s of ?%'293‘5 c°m?£f"BBrP%1’t“lﬁﬁlﬂ’;lr(S?%u§f 8&% 3 ﬁgr bon Ofnég?kar yl's

of 7-20 - camdemt dedmy primandlylls 2f and20,dar boitst ons. Exarrpl es of
CH, H CH,
15 | | |
—CH, — C — ~CH, - C - ~CH, - C=CH — CH, —
20 CH, CH,3
1,2- 3,4- 1,4-

The microstructure of the (B) blocks, when the
25 predominant monomer used to polymerize the (B} blocks is
1, 3-butadiene, should be a mixture of 1,4- and 1,2- units
schematically shown below for the polybutadiene blocks:
H

30 — CH, -~ C - ~ CH, — CH = CH — CH, —
I
CH
i
CH,
35
1' 2" : 1, 4"
since the hydrogenation of the predominantly 1,4-
microstructure produces a crystalline polyethylene segment.



sui tabl e al kyl groups are nethyl, ethyl, propyl, butyl, 15 pentyl, hexyl,
heptyl, octyl, decyl, nethyl-decyl or di net hyl -decyl. Exanpl es of

sui tabl e al kenyl groups are et henyl, propenyl, butenyl, pentenyl or
hexenyl . Exanpl es of suitable cycloal kyl groups are cycl ohexyl or

met hyl cycl ohexyl . Exanpl es of suitable cycl oal kenyl groups 20 are 1-, 2-,
or 3-cycl ohexaMQI96/¢08451- net hyl - 2- cycl ohexenyl . Exanpl es BFT/UIN604054 o
aryl groups are phenyl or diphenyl. Beganpl es of suitabl e al karyl
groups are 4-nethyl - phenyl (p-tolyl) or p-ethyl-phenyl. Exanples of
sui t abl e aral kyl groups are benzyl or phenethyl. Suitable conjugated
di enes 25 of fornmula (1) used to polynerize the (1) block are

i soprene, 2, 3-dinethyl-butadi ene, 2-nethyl -1, 3-pent adi ene, rcene,
3-methyl -1, 3- pé?h%mmstnuq'eurglon thee pidhit a0dedR). blocks (as well as of
2-phenyl -1, 3- bUtEHH‘EH&yﬁ%r@Q@HYéoﬂjﬁbéﬁﬁﬁEH¥é%@§ o§ fHEﬁﬁNae K5 o% $3) in

pent adi ene, 2,3-dinethyl-1 Eenta I'ene, 2-hexy|- - but adi ene,

3-methyl -1, & he2Ri é;gslyngrgeﬂ yFois Jinyg ntdolels controlled in a
2-p-tolyl- 1 3- buiatireatitional imanhedr £Se I\ @8f copatdblrinardhe amountsapdene,

nyrcene, - 2, 3 di rrrFatt&Qe otft %ﬂéeﬂglax?.[]%%h% ‘%eﬁ g‘?rollﬁ? Q%rét adi ene, and nopst

partlcularly | soprene. ocar of groups in the
fornmul a (3) nay BElymeyizagjonoreactiony sambténs reactiom tempexieiugd). IMThese -

hydr ocar byl gr oujife af-lilef18 2N EmBSA{MESE, %{%Cf(lsﬁl rithins about 508 WO
96/ 40845 US96/ 04064

35 1Q onjofh Eheod 1At AnE Habelt 3Rk i the Lng- MiGrestapgtugeeupit -

of formulae (1) & (8) blS@kti@hSo ;Bexm;tfaa&ehéﬁ e Hydroyedekisheof
1, 3- but adi ene, %39 p&ﬂtadlene

exadi ene
1, 3- hept adi ene, eﬁtegﬂf*ﬁhe‘:é’it%miang fl}(?@t 38?%‘?1(1350%2q L4 BRE of
3, 5-oct adf ene, Itl8: ro2adiiemestructure Lardresdi preduSes-amreddis¢éoneric

1a;°’t ?gﬁf‘giﬂe“e 3 %e%é&’xc%(i o@RCwhich is AMAGALIGNSy M JEnY14nRSphBERECT !

P Y copolymer having substantially no crystallinity. If the
(B) block is polymerized from 1, 3-pentadiene, it is useful
that it have predominantly (at least 50%) of 1,4-
microstructure which, after hydrogenation, produces a

substantially non-crystalline elastomeric block.

20 The terms *“1,2-”, *1,4-”, and “3,4-microstructure” or
“units” as used in this application refer to the products
of polymerization obtained by the 1,2-, 1,4- and 3,4-,
respectively, mode of addition of monomer units.

We surprisingly discovered that the polymerized

25 conjugated dienes of formula (3), e.g., the dienes employed
in (B) blocks, of the polymers of this invention are
selectively hydrogenated in our hydrogenation process much
faster than the polymerized conjugated dienes of formula
(1), e.g., the dienes used in the (I) blocks. This is not

30 evident from the teachings of Falk, discussed above,
because Falk teaches that double bonds of the di-
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

35 slowly). We surprisingly discovered that the di-
substituted double bonds of the 1,4-polybutadiene units are



10 butadi ene, 1, 3-pentadi ene, 2, 4-hexadi ene, or 1, 3-hexadi ene, and
nost particularly it is 1,3-butadiene. It is generally useful that
each of the (B) blocks is polynerized froma si ngl e nononer
- The scope of this enbodinent, and of any other 15 enbodi nents of the

I nventi on wherein the block (B) I s used, al so -enconpasses_pol yners
wher ei n the bl S¥X9448§45.5y conpri se copol ymers of one or Prgp/[@"z'“‘o“
conj ugat ed di ene of formula (3) and ceatroll ed amounts (about 0.3 to
about 30 mole % of an aryl-substituted olefin, e.g., styrene or 20
ot her suitable nmononers (such as al kyl ated styrene, vinyl napht hal ene,
or al kyl ated vi nyl naphthal ene) incorporated for control of glass
transition tenperature (T[err]), densit sol ubility parameters and

refractive i ndexhydupgeprkedaliong Wlthséb@t??%ﬁ%ﬂ?ﬁﬂléﬂFﬁg deubledeends of
descri bed bel ow tRe??, z-ﬁ@rymﬁ%wleae%hmtgn%ﬂﬂe Qifhet be-sabsditRpée of the

i nvention. S mI rl hi.s epbodi nent a asses
pol yners wherein H%lﬁ St ﬁ%ﬁ ée 4TBRPYFERrene un&F50658I9¥é¥£g

or nore conj ugat et dlnmmhcﬁldwynﬂmhae than(BheammbmnmpnutbnedanlonlcalIy
ot o el BRLfbucaRRBG: 50 o] BA ¥UBG g8 ML allE SO0 ot

di ene of fornul a | & cbnSi derati onhs so a
the (1) bIoéRFB¥15¥Wﬂ(ﬁhataﬁhﬁnéhuéébsthtmtﬂdsd?@béﬂebdnéneof the 1,4-

copol yners. polybuimléxswcﬂnw%r ar® ROLYSBEALEH lgxémaheeﬂyemlﬂwl 35
copolynerlzgﬁlon rocess, %E ?medi-s anlonlc pol ymeri zat1 on, dlscgssed

in detail SGpfe stityfed gdopplesbonds of the 3,4-
PCT/ US96/ 04064 polyisoprene units. This is als@Gurprising ffipeiéntof the -

those kil | ed [neLhgnfile d0%hATK COBELYIBRea Eurcloah"baeaHRO% N

contains at |eas erna
. Application, Publlcatlon No. 0 315 280, who discloses that-

the di-substituted double bonds of the 1, 4-polybutad1ene
15 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
substantially the same rates. For example, for the block
copolymers of this invention, wherein the (I) block is
20 polyisoprene and the (B) block is polybutadiene, Fourier
Transform Infrared (FTIR) analysis of selectively
hydrogenated block copolymers of the invention, such as I-
B-I triblock polymers, indicates that the hydrogenation of
the double bonds of the 1,2-polybutadiene units proceeds
25 most rapidly, followed by the hydrogenation of the double
bonds of the 1,4-polybutadiene units. Infrared absorptions
caused by these groups disappear prior to appreciable
hydrogenation of the polyisoprene units.
Accordingly, by controlling the amount and placement
30 of 1,2~ versus 1,4-microstructure, as well as the amount.
and placement of polyisoprene units, it is now possible to
control the amount and placement of unsaturation remaining
in the polymers after hydrogenation. It follows that the
amount and placement of functionalization of the polymeric
35 dispersants of the invention is also controllable to an
extent not peossible previously.



5 bl ocks, (1)-(B) or (B)-(1), referred to herein as dibl ocks. The

bl ock copol yner of this enbodi nent may contain three al ternating

bl ocks, e.g., (1)-(B)-(l), referred to herein as triblocks or triblock
units, but it may contain an unlimted nunber of blocks. The
functionalization of any 10 of these copolyners is conducted in
conventional nmeMA&M40845 ° ong | s described bel ow Af'(’@"f’ﬂ’g““
(I)-(B) copolyner is polynerized, it is 40 subjected to a sel ective

hydr ogenati on reacti on during whi ch the pol yneri zed conj ugated di enes

of formula (3) of 15 the copolyner are selectively hydrogenated to such an
extent that they contain substantially none of the original

unsaturation, while the polynerized conjugated dienes of formula (1)
of the copolyrrer ret aPfters ?ll@r Gl GoRradymest is prepared, diti épngpbiect

unsaturation to Ry @@ Lsefldaﬁiir@ dfé&érﬂt:.o&oreactlon @U‘@fy@'rb}j;en&@é a

ol ymur zed oo pEEWRELLY LGB Blaakleior Fhe AFLAPRIR hiirpqsnatlod” ©

respectively, as reactldnsandsﬂmb maysmerleodemiﬂﬂd)@n fd:altatimebelow.

1255 %1 rom abolE st ke hiatddefinitn reBcEEbENY CEuptRiRae VeheOn OO0 O
about 100%  and mﬁteo;téweibmqwm cma%rsbfls r:@moved rf@dmnbhwuﬁnhmk

prior to the sel Qﬁﬁo‘l?‘m@.‘?”@ﬂ&'ﬁ&é Cﬁblymer HgagkdbPite B ehvkheional
unsaturatlog1 of formu it is rom about. 0%t o0 about 1
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15 Copolymers of a Ring-Substituted Styrene

and a Conjugated Diene
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
20 and 1,3~-butadiene. More specifically, the materials are
generated by anionically polymerizing a ring-substituted
styrene and a conjugated diene. The monomers can be
polymerized either in block, tapered block, or random
fashion. For a random distribution of the ring-substituted
25 styrene, it is necessary to polymerize the two monomers in
the presence of a substantial quantity of a polar modifier
or to slowly add the diene to polymerizing ring-substituted
styrene.
The scope of this embodiment includes polymers which
30 include a ring-substituted styrene having at least one
benzylic hydrogen and possessing the formula:



In this enbodi nent of the invention, although the m crostructure of the
(I') blocks is not critical and may 5 consist of 1,2-, 3,4- and/or
1,4-units, schematically represented bel ow for the polyisoprene bl ocks,
when a pol ar conpound is used during the polynerization of the (1)

bl ock, the (I) blocks conprise primarily (at |east - about 5096m¢.3
3,4-units, theVP&¥I8#%i ng primarily (less than 10 about 5005HUyP0/04064

1, 4-units; when the polar conpound is not used during the

pol ymeri zation of the (1) block, the (1) 41 blocks conprise primarily
(about 80% wt.) 1,4-units, the rest being primarily 1,2- and 3, 4-

units. _ [err] The mcrostructure of the (B) bl ocks, when
the 25 predom nant nononer used to polynerize the (B) blocks is

1, 3- but adi ene, should be a m xtureof 1,4- and 1,2- units schematically
shown bel ow for the pol ybutadi ene bNycks: [err] since the
hydr ogenati on of the predom nantly 1,}4- . mcrostructure produces a
crystal linespol yet hyl ene segment . '

(5)
[CHRAR®],

wherein n = 1-5, and R* and RP are independently hydrogen or
an alkyl group. In particular, n = 1-3, more particularly

10 n=1. The ring-substituted styrene is generally selected
from p-alkylstyrenes, such as vinyl toluenes, vinyl
xylenes, methylstyrenes, ethylstyrenes, propylstyrenes,
isopropylstyrenes, or sec-butylstyrenes, or benzyl
styrenes; or a mixture thereof. Most particularly_the

15 ring~substituted styrene includes p—methylstyrene.

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

20 Following polymerization the diene copolymer is
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

25 provide a functionalized copolymer having at least one
polar functional group.

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

30 of from about 75% wt. to about 99.5% wt. More
particularly, a ring-substituted styrene is included in an
amount of from about 5% wt. to about 15% wt., and a
conjugated diene in an amount of from about 85% to about
95% wt. .

35 This embodiment includes block copolymers of a
ring-substituted styrene and a conjugated diene, wherein
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38 . The mcrostructure of the (1) and (B) blocks (as well as of
t he pol yneri zed conjugated dienes of forrmulae (1) or (3) in 5 any
polymers of this invention) is controlled in a conventi onal manner,

e.g., by controlling the anmount and nature of the polar used
during the w‘b?ﬂ’@?ﬂ?ri zation reaction, and the reaction terﬁ%&&%?%ga
one particul ar. enbodi ment, the (B) bl ock cagtains about 50% 10 of the

1,2- and about 50% of the 1,4- mcrostructure. |If the (B) block is
pol y- 1, 3- but adi ene, the hydrogenation of the (B) segnment containing
from about 50% to about 60% of the 1,2-m crostructure content produces
an el astoneric center block which_is substantially

et hyl ene- but ene- £hesblogk,6PpRYmeR Al udaEshint $2F Y yt"ﬁ-b aét‘?ﬁ‘iﬁ'??u ty. If
t he (B) bl oglgolckspol ynerized from 1, 3-pentadiene, it is useful

that it have predomnantly (at st 0% of 1, 4- m crostructure

whi ch, after “hydrogenati on, pro&ggesm substantially non-crystalline

el astoneri ¢ bl oclwhez2@éin the bIbekt é)neintlpndes, at 11dast omed polymerized
"3,4-m crostruct _ sao oy . e a f o]
the products lir?ﬁg Q%s%ﬂ;gé@ : o a??egotﬂuiﬂ FS) gﬂﬁiﬁé %‘?3%{1&
respectively, noddeopblg t(anlm’—'hFﬁﬁﬁ)ﬁér 18ﬂ$§s°ne polymenzp@ gwmqasﬁeﬁbl y

di scovered that de_@ngobfn‘gbtﬁﬁﬂaZEH donrygat ed di enes of formula (3),

e.g., the dlenes enpl (B) blo of the mers. of this
i nvention ar¥ &\écplaﬁ&?'(ju# oijbﬁg‘fe giPﬁ ko geP eR4t FBHS process
much faster dnbaﬂlhlleatpokynerfmd abonjtulatedaishwn ed00gf ahdr puis from

(1), e.g.. the digncs yped llie §1dod) QEKS oI pelliy 30, of0d dild TN

t he teachi ngs of | SCusse ecause eac
doubl e bonds of th&ocdabout 358uband tyitisd from- podyh 3G dicembouhi 26800 €

hydr ogenat ed sel ehkls¥ebypbiyhdis PidseHes PhndiP/KIJRNEE Phpdiga tri -

15 block, linear, branched or star-~branched, are generally
selectively hydrogenated according to the methods described
elsewhere herein. The selective hydrogenation process
operates to hydrogenate the original olefinic unsaturation
in a .controllable fashion, leaving the polymer with a

20 selected amount of residual aromatic unsaturation. The
selection of the conjugated diene in the polymer serves as
a basis for controlling the rate and extent of
hydrogenation of the polvmer. Following hydrogenation, the
Iodine Number of these polymers is from about 0% to about

25 1%, particularly from about 0% to about 0.4%, and more
particularly from about 0% to about 0.1%, and most
particularly about 0%, of the Iodine Number prior to the
hydrogenation procedure.

The aromatic unsaturation, by contrast is preferably

30 substantially retained following the selective
hydrogenation. In particular, following selective
hydrogenation the polymer retains at least about 50% of its
original aromatic unsaturation. More particularly,
following selective hydrogenation the copolymer retains at

35 least about 90% of its original aromatic unsaturation.



substituted 1, 4-polyisoprene units (which hydrogenate very 35 slowy).

We surprisingly discovered that the di- substituted doubl e bonds of
the 1, 4-pol ybut adi ene units are WO 96/ 40845

PCT/ US96/ 04064 39 ) hydr ogenat ed
al ong with the nonosubstituted doubl e bonds of " the 1, 2- 8+  ene
units, while tWO%4#8pstituted 5 double bonds of the 3,4-polyTsoprene
units are hydrogenated at a nmuch sl ogBr rate than the aforenentioned
pol ybut adi enes. Thus, in view of Falk's disclosure it is surprising
that the di-substituted double bonds of the 1, 4- pol ybut adi ene units
are hydrogenated selectively in the 10 presence of the di-substituted
doubl e bonds of the 3,4- pol yi soprene units. ThIS IS also sur r|S|ng
in view of the Tba%hemkeﬂxﬂenﬁna%§°e#n°¥%%$$s#RRF Rdpge

Application, Pulle ¢aki £inglo su@s@ﬁ@ltw,st\ﬂ'b@n&éﬁﬁméd’l&ene copbEynmers

di bstit uted bl e b ft 1,.4-

0 subst] tuted Ul B banisaSl el SRR A ES e AURS e,
di -substituted gaefibeabbndsabbgenetion, fdllowed \byarantd.ammwishaae amine
hydr ogenat ed fke%@b%aﬁgfyéﬂdnét AFS ca%‘iil% aB {3k Vel d oy BmedsCen &OT

exanpl e, for I'sS I nventlon, "wherein the (I)
bl ock is 20 p@hpasébﬁeh@StWhN¢¢R9§QEtH&Po§RePs polybutad|ene Fouri er

TransformInfrared (FTIR) anal ysis q§n§§h5g§23 #!%rs hydr ogenat ed bl ock
copol ymers of the invention, such as kegoloi/’ﬁrrerfl
i ndi cates t¥at the haregBnaPPhyRers of this HEXEPE??R) Ve eopfrolied

ﬁ 3 pol ybut adi e][&ouﬁtﬁswrﬁﬁ@sﬂﬁraﬁon rm?brﬁaﬁadéa , rdrddrmwednbwant he
ydrogenation o e dou n t he t.adi u S.
Infrared absor pQ& %’ﬁ?’use s%%ﬁ'é%‘ée‘g% esé‘egroa%sé%&g%p?jegodpﬁbgf ?ﬁé

appr eci abl-e leivydrogeuasaburatmme‘:mfbﬂ ippxpenrsiyely and easily

Accordingly, by LoRtERILENTet§E, O YHoditd BbEGREEShaving Todine Number
15 of from about 5 to about 100, to provide a wide variation
in the degree of functionalization.

In one embodiment, the random copolymers are
polymerized from the same monomers used to polymerize the
block copolymers (I),-(B),, described elsewhere herein. In

20 particular, the random copolymers may be made by
polymerizing at least one conjugated diene of formula (1)
with at least one conjugated diene of formula (3), both
defined above, provided that the diene of formula (1) is
different from the diene of formula (3). This random

25 copolymer contains from about 1.0% to about 40%,
particularly from about 1.0% to about 20%, by mole of the
polymerized conjugated diene of formula (1) and from about
60% to about 99%, particularly from about 80% to about 99%
by mole of the polymerized conjugated diene of formula (3).

30 Suitable conjugated dienes of formula (1) are exemplified
above. The most useful conjugated diene of formula (1} for
the copolymerization of these random copolymers is
isoprene. Suitable conjugated dienes of formula (3) are
also exemplified above. 1,3-butadiene is the most useful

35 conjugated diene of formula (3) for the polymerization of



30 of 1,2- versus 1,4-mcrostructure, as well as the anobunt and

pl acenment of polyisoprene units, it is now possible to control the
anount and pl acenent of unsaturation remaining in the polyners after

. hydrogenation. It follows that the amount and pl acement of
functionalization of the polyneric 35 di spersants of the in | |
al so control | ab\V@26/8%43, extent not possible previously. ¥@ﬂﬁ§£ﬂ«k§ WO
96/ 40845 44 PCT/ US96/ 04064
40 After the block copolyner is prepared, it is subject
to a selective hydrogenation reaction to hydrogenate 5 primarily the (B)
bl ock(s). The selective hydrogenation reaction and the catal yst are

descri bed in detail bel ow. Af ter .hydr ogepation reaction is
conpl eted, the the Jamdom Ggp?ijg/)&?%é?fa[ﬁ?’d’ﬁyggpgsﬂ?q's & e®fFom t he

bl Ode copol Wlti?lldr]g.lbe m:m_ énﬁ:ddiﬁleatedt_:ﬂay_mmnf Uopaaymiéﬁ is
procedures, & g., cohq cC tiQ st Stri ppi Q .sol vent, or
non- agueous (s%ol vé’rﬁa‘ly&?&ﬁgfgt ?5?# %noPPéne & %k?d%‘g%&%?ge.', aPrdgé ox 1076
(from G ba- Gei gy)contains fromrapduly kadd to eheubo?Gieit.seifuthenipoprent o
pol ymer | SOl#Hit¥ ankd from abour SILRRL.YEB! Soslt DY . Sdsthput ed
Styrene . and a Conjugated Diene i . he
present inventi ofPuhaddengcppiks. cohn \ifOPrengapnits hayepyimazidy (o at

| east one ring-sulyyn awotd SO¥@HE t)bout 2998 WweapttHenN®,gonj ugated diene,

preferably_ngetgxls%%rene 20 and 1, 3-butadiene. Mre specifically, the
material s ar 1FEEFHCER By ani oni cal |y pol ynerizing a ring-substituted
styrene and a conj ugatled adbéher enisodiomeortsr theanahdom copolgimerer azed eit her -

o7 EheCK: Do el s £2000Me sond 38HLAL:eTGled (OBARLELE B! 0
nononers i h block copolymers (P),-(B),, described elsewhere herein. 1In
this case, the random copolymers are made by poiymerizing
15 at least one ring-substituted styrene and at least one
conjugated diene of formulae (1) or (3). The polymers of
this embodiment particularly include a ring-substituted
styrene in an amount of from about 0.5% wt. to about 25%
wt},-and a conjugated diene in an amount of from about 75%
20 wt. to about 99.5% wt. More particularly, a
ring-substituted styrene is included in an amount of from
about 5% wt. to about 15% wt., and a conjugated diene in an
amount of from about 85% to about 95% wt.
The random copolymers are subjected to the selective
25 hydrogenation reaction discussed above for the block
copolymers, during which polymerized conjugated diene units
of formulae (1) or (3) are substantially completely
hydrogenated, while the aromatic unsaturation is
hydrogenated to a substantially lesser extent, i.e., to
30 such an extent that they retain a sufficient amount of
their original unsaturation to functionalize the copoiymer,
thereby producing dispersants and dispersant VI improvers
having random unsaturation proportional to the unsaturation
in the polymerized dienes of formula (1). For example, for
35 random copolymer polymerized from a diene of formula (1)
and a different diene of formula (3}, the Iodine Number



the presence of a substantial quantity of a polar nodifier or to

slowy add the diene to polynerizing ring-substituted styrene.

The scope of this enbodi ment includes polynmers which 30 i nclude a
ring-substituted styrene having at |east one benzyl i ¢ hydrogen and
possessing the fornul a: WO 96/ 40845 :

PCT/ US96/ 04064 WO 96/40845 41 PCT/US9644064
wherein n = 1-5, and R err] and R err] aregsndependently hydrogen or an
al kyl group. In particular, n = 1-3, nore particularly 10 n = 1. The
ring-substituted styrene is generally sel ected from p-al kyl styrenes,
such as vinyl toluenes, vinyl xyl enes, nethyl styrenes, ethylstyrenes,
propyl styrenes, |sopropylstyrenes or sec-butyl styrenes, or benzyl

styrenes; or a nbefore skdecdive lmrogamtegnafpy the MYmerngsSabgtltt ut ed

styrene 'nClUdes48mneh&¥E§t¥éfQ@t1ve hydrogenshgoﬁontﬁﬁﬁﬁdﬂing'ﬁﬁﬁbé? EbES
enbodi'nent may be sel ect ed ron1an%Ng§ttB di enes_havi.ng fornul a %1) or
a

(3) as descibBe POIVOERNH &F L FRIF AhOU pPoPRh| 304 yithhmost of
conj ugat ed di ene ynaeitudatidn3pbih@ddteibi®ed by thEodiemu oF EokmiBai 7851 on

t he di ene copol yner ref erab functlonall h met hod mhi

i ncl udes selectlénghﬁgg Eﬁ4 SoPiB¥ Hﬁ?ﬁﬁO ﬁ ftle

sel ectively hydrdggmabedfc6pntynunalﬁzdthowedfbyhe polymers can be easily
and inexpensively increased by increasing the content of

10 - the diene of formula (1), i.e., isoprene in the most
preferred embodiment, in either embodiment of the random
copolymers to from about 5% to about 20% by mole.

Star-Branched Polymers
The invention is also directed to star-brénched block -

15 and random polymers. The star-branched block poiymers are
made from any combination of blocks (I) and (B) and (P),
all defined above.

_ The star-branched (I)-~(B) block polymers comprise from
about 0.5% wt. to about 25% wt., particularly from about 1%

20 wt. to about 5% wt., of the (I) blocks, and from about 75%
wt. to about 99.5% wt., particularly from about 95% wt. to
about 99% wt., of the (B) blocks.

The star-branched (P)-(B) block polymers comprise from
about 0.5% wt. to about 25% wt., particularly from about 1%

25 wt. to about 5% wt., of the (P) blocks, and from about 75%
wt. to about 99.5% wt., particularly from about 95% wt. to
about 99% wt., of the (B} blocks.

The star-branched block polymers are selectively
hydrogenated in the selective hydrogenation process of this

30 invention to such an extent that blocks (B) contain
substantially none of the original unsaturation, while each
of the blocks (I) respectively, retains a sufficient amount
of the original umsaturation of the conjugated dienes
present in these blocks to functionalize the star-branched

35 block polymers. Thus, for the I-(B) star-branched block



functionalizing the selectively hydrogenated copolynmer to 25 provide a

functional i zed copol yner having at | east one pol ar functional group.
The polyners of this enbodi ment generally include a ring-substituted
styrene in an anmount of from about 0.5% wt. to about 25% wt., and a
conjugat ed diene in an anmount 30 of from about 75% w. to about 99. 5%)
Nbr e part i WQWOE40845 a ring-substituted styrene is incl udeRFHYSIEPI064
amount of from about 5% w . to about 15% wyg, and a conj ugat ed di ene
in an anount of from about 85%to about 95% wt. 35 Thi s

enbodi ment i ncludes bl ock copol yners of a ri ng-substituted styrene and
a conj ugated di ene, wherein WO 96/ 40845

PCT/ US96/ 04064 42 t he bl ock

copol yner i ncl ud@slamer eagftenothe taglenting hydroggnatdeon geaction, the
(P)[err]-(B)[errlredineViGhBer £#6F tHOCH)(BlotRs! Lelesraa dbead! 10880 about

pol yneri zed ring-substituted styrene_of formula (5) deflned above, and

the bl ock (B)® i ndi%@ esPAFtiERLaTLY % PREBEZ&eR b ted 0%, BeXSe of
fornula (1) or (?p\artleulan £1ém RSt B08! toi dbdite 1tdasqkaaapﬁbyfrers of

this enbodrmn S b 0 600 from
about 30 to abo:Jtp ax’ Bﬁélémeolb%‘?? Olcu[iﬂgar P% E’l??gqu r pno’i £ Bout
350, and y is fr celabbitve 3Bydoogdmitich &@ﬁctlon. and dehehe dBpob@oukssit
whet her random BQlOGK A s53RET 64 ééafﬂ&ﬁ% pERt sl 2dofll about
acco

star-branched, are genera tive ro enat to t he
met hods desckd bedo abou§| Qeéiﬁer‘éf h@%lﬁ?diﬁﬁeg%@%tﬂwlhﬁr sgenseleative
process opemnsiaes éﬁaeydﬁ0£§5§ﬁjbﬂihe orlglnal oIeflnlc unsaturation .
in a controllable fasg

SigglarfaV|£§é JHE %lyTE{ star-branched block

polymer, after the selective hydrogenation reaction, the
Iodine Number for the (B) blocks is from about 6% to about

15 1%, particularly from about 0% to about 0.5%, and most
particularly 0%, of the Iodine Number prior to the
selective hydrogenation reaction. The (P) blocks generally
retain as much aromatic unsaturation as possible following
hydrogenation. In particular, the (P) block retain at

20 least about 50%, more particularly at least about 90%, and
nost partidularly about 100%, or their original aromatic
unsaturation.

The star-branched random polymers are made from any

combination of at least one diene of formula (1) and at

25 least one diene of formula (3), different from the diene of
formula (1), or from any combination of at least one ring-
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

30 (1) and (3), which must be different from each other,
comprise from about 1% wt. to about 25% wt., particularly
from about 1% wt. to about 10% wt., of the diene of formula
(1), and from about 75% wt. to about 99% wt., particularly
from about 90% wt. to about 99% wt., of the diene of

35 formula (3). The star-branched random polymers of the
ring-substituted styrene and the diene of formulae (1) or



20 sel ected anmount of. residual aromatic unsaturation. The sel ection
of the conjugated diene in the polyner serves as a basis for
controlling the rate and extent of hydr ogenati on of the polyner.

Fol | owi ng hydrogenation, the | odi ne Nunber of these polymers is from
about 0% to about 25 1% particularly fromabout 0%to about 0.4% and
nor e par womekesssy from about 0%to about 0.1% and npstPCIUSI6N4064
particularly about 0% of the |odine Nunbgg prior to the _  hydrogenation
procedure. The aromatic unsaturation, by contrast is preferably
30 substantially retained follow ng the selective hydr ogenation. In
particul ar, foll ow ng selective hydr ogenation the pol yner retains at

| east about 50% of its original aromatic unsaturation. More
particularly, (3) tehbeRkayfsah caicute 1Bydtogtoasbaut t26% odpel ymer retains

at 35 | east abou I £s_orli.ai.nal ] t ] )
WO 961 40845 par J.cu{ iy Ero alll%lﬂ:a l%a{we[m{:bca%%%&%}d&zgtﬁf the

43 5 thgssubBbdtu'ead st yrerienc bideEromnalpowh al 3% sk v Ep salopiat
of the ring-subgggt yied 5?8&1% lﬁ%heQbshengosqpel WElabout 998S&E | ped
above. Functionality-fn ucl ng reacti ons, preferably hal ogenation,

fol l oned by rea®fi §hev\ﬁiﬂ-ﬁnan°§mf‘h’ém“ ae dll)a°ﬁol‘§hm ne, are carried out on
the copolymers in-a The seR2-Bténdlosd -Yandonganahe Opobymers are also

Random Copol yne f this:d '

control | ed Y ér?&&ﬁfév&lyuﬁaa’fﬁ?%?? # %f’ﬁ%ﬁé‘%éé%%gn}yﬁff%?ﬁgg%gn
ot herw se sHX ur girecelsscbifoibis| invent ioxs ttot SuERDA exkent thady gheof
unsat uration Cag:oﬁgr\xylbg?ﬁé Enﬁiléﬁk%’ nﬁfe]r c&%n%'l%y (3) cBH’E‘éixﬁ?'élﬁﬂataﬁtgallg

produce pol ymer o I ne from about t o .about
provi de a wide \Imeaplfoﬁhe °rigﬁnﬂ1emhﬁ?d%u€étéf-’nf utet1@nhe P:ﬂllyﬁ‘ﬁrlze

dienes of formula (1) retain a sufficient amount of the
original unsaturation to functionalize the star-branched

15 random bolymers. Thus, for the star-branched random
polymer of the conjugated diene of formula (1) and a
different diene of formula (3), both identified above, the
Iodine Number for the polymerized diene of formula (1),
after the selective hydrogenation reaction, is from about

20 10% to about 100%, particularly from about 25% to about
100%, more particularly from about 50% to about 100%, and
most particularly about 100%, of the Iodine Number prior to
the selective hydrogenation reaction; and for the
polymerized diene of formula (3) it is from about 0% to

25 about 10%, particularly from about 0% to about 0.5%, of the
Iodine Number prior to the selective hydrogenation
reaction.

Homopolymers of a Conjugated Diene

The invention is further directed to diene
30 homopolymers which have been partially hydrogenated such
that they possess an iodine number of 1-150, particularly
2-100. The residual unsaturation is used to incorporate
polar functionality along the backbone of the polymer.
These functionalized materials may be used as lubricant
35 additives. Functionalization may be accomplished as



I n one enbodi nent, the random copol yners are pol ynmeri zed fromthe sane
nmononers used to polynerize the bl ock copolyners (I)[err]-(B)[err],
descri bed el sewhere herein. 1In 20 particul ar, the random copol yners nay
be made by pol ymeri zing at | east one conjugated diene of fornula (1)
with at | east one conjugated diene of formula (3), both defined above,
provi ded t hat wo96hosase of fornmula (1) is di fferent froRCTRISIM4BMe of
formula (3). This random 25 copol yner coggai ns fromabout 1.0%to about
40% particularly fromabout 1.0%to about 20% by nole of the

pol yneri zed conjugated diene of formula (1) and from about 60% to
about 99% particularly from about 80%to about 99% by nole of the
pol ymeri zed conj ugated diene of formula (3). 30 Sui t abl e conj ugat ed

di enes of fornul aletribed eomanl, fgeastrally bfpoveacting mith aneﬁuéaturated
conj ugat ed di ene cgrb%%&ﬂ'!:aacgfa Jé?trlvgtlvet Ogacﬁ%’léﬂg& f&égttEBH 8;: ¥

random copol yners bl'e conj ugat e I'enes  of

(3) are Sal s@a@&@ﬁﬂl F#@%@Qibov@hel agy@atadumme; tiﬁegﬁngra%xéftneres
conj ugat ed di ene QfrthakNHbdi £l By bdifRy R»ehwsalvz@éﬂ @ mBhamine or a VO

96/ 40845 /U896/04064

44 t he P&H&Hﬁeﬁpm%r W%ﬂ%a&ﬁ%d?‘ s $RGR 8fpst
particularly, i nmaubgenabbaunmﬁoxidxtmdhyucamlm i and theol yxe, imagd
fromisoprene ange ugegut adiene, and it contains fromabout 1% w. to
about 20% wt . the 1 sOprene units and from about 80% wt. to about
99% w . of tIIGe bGhedhempakyners End rsogormopmliymerisaof pheémarily

(i. fromy % ﬂm@¥3 9 ) &Eﬁ 0

m cr ostruct ure. i8Rt 150 ai'rtl)é pnCE) her gtr?t()iogf{%f N eegla%go%n g%)mi a)‘/}Fmrs are

pol yneri zed fromf@F8i8BmePWo rihle MOREEF Sy 0 epgt » nk§aprenenand bug%‘l’
copol yners *(P) [ earle mBxkarid a qRoydbedtebsprhier ecd1@hel feakBion with the

polar compound-modified alkyl-lithium. In homopolymer and
15 random polymer preparation,‘of course, only one stage is
necessary.
Polymerization Reaction

The polymers of this invention are polymerized by any

known polymerization processes, generally by an anionic

20 polymerization process. Anionic polymerization is well
known in the art and it is utilized in the production of a
variety of commercial polymers. An excellent comprehensive
review of the anionic polymerization processes appears in
the text Advances in Polymer Science 56, “Anionic

25 Polymerization”, pp. 1-90, Springer-Verlag, Berlin,
Heidelberg, New York, Tokyo 1984 in a monograph entitled
Anionic Polymerization of Non-polar Monomers Involving
Lithium, by R.N. Young, R.P. Quirk and L.J. Fetters. The
anionic polymerization process is conducted in the presence

30 of a suitable anionic catalyst (also known as an
initiator), such as n-butyl-lithium, sec-butyl-lithium, t-
butyl-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

35 polymer. The polymerization reaction is conducted in



this case, the random copol yners are made by pol ynmeri zing 15 at | east one
ring-substituted styrene and at | east one conj ugat ed di ene of fornul ae
(1) or (3). The polyners of this enbodi nment particularly include a

ri ng-substituted styrene in an amount of from about 0.5% w. to about
25% w., and a conjugated diene in an anmount of from about 75% 20

wt. to about 99w0%mwss NMore particularly, a ri ng- subst i POT/USH6H4064 cne
is included in an anmount of from about ,5% wt. to about 15% w., and a
conjugated diene in an anount of from about 85%to about 95% wt . '
The random copol yners are subjected to the selective 25 hydr ogenat i on
reacti on di scussed above for the bl ock copol yners, during which

pol ynmeri zed conjugated diene units of formulae (1) or (3) are

subst ant ihaljl y COWtBbEﬁ’t@idh usigxg?)&i{ _Ci@ﬁ&@t 861vert |aﬁst tﬁnfe @_E:Qméirﬂz&lg%o’ﬂ ur at ihon
is ydrogenated.to a substantiall, esser_extent, i.e. 0 suc
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unsaturation §o fopclolexdne,e dihdeptjaokeyner,aromatiichesodvenpspdsucngs

di spersants and dhéﬂfér?@%r \(Jtol'dEHeQ"e&ﬁ c?ﬁta{}?"i'z{}&ah%% 9”&&1@?@% on
proportional to thé unsaturation i'n e polymeri zed dienes or mul a
(1). For exanpl e, spbyerdss, sughi@a detsphndrofptanye dancef nsadaaltonsm@sos

formula (1) 38gvéntl fd:eranta $1828-a" wial Nalydrboa bl Lodvas Number
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45 ~ before sele%ﬁ?\RP#%Hﬁ%iiﬁ%&PPoﬁr?€ﬁ§§iﬂgiéo nEFeF§§éﬁiﬁﬂ below,sq
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contributed by thggg%%%df%oé}r%uﬁ?cf 1%’:‘9813’ 150&&%%"%&5?23@%1 ed
pol yners may be fRAtYisopyened. However, dbgvill dfe fapperepfatozthoss of the

pol ymers can be eggiived in @ik iA12XRBAT ¥ALYsddl HRRADY-EACI SIS NG BR
content of used for the polymerization of all polymers of the
15 invention. :

The process, when using a lithium-based catalyst,
comprises forming a solution of the isoprene monomer in an
inert hydrocarbon solvent, such as cyclohexane, modified by
the presence therein of one or more polar compounds

20 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

25 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 ¢f the first
polymer block with many initiators unless a high 3,4~
structure content of the first block is desired, it is not

30 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 ke used are
dimethyl ether, diethyl ether, ethyl methyl ether, ethyl

35 propyl ether, dioxane, diphenyl ether, dipropyl ether,
tripropyl amine, tributyl am;ne, trimethyl amine, triethyl



10 the diene of fornula (1), i.e., isoprene in the npst preferred
enbodi nent, in either enbodi nent  of the random copol yners to from about
5% to about 20% by nol e. St ar - Branched Pol yners
The invention is also directed to star-branched bl ock 15 and random
polymers. The star-branched bl ock polyners are * made from any

conbi nati on of vebogdesss(!) and (B) and (P), all defined alREIAISN6/04064

The star-branched (I1)-(B) bl ock polyners c rise from about 0.5% w .
to about 25% wt., particularly from about %/020 wt. to about 5% wt., of the
(I') blocks, and from about 75% wt. to about 99.5% wt., particularly
fromabout 95% wt. to about 99% wt., of the (B) bl ocks. The
star-branched (P)-(B) bl ock polyners conprise from about 0.5% w. to

about 25% wt., padnkiney ahky NENONT alDeteti’dnidéthyl wethybembaiitani¥ewt ., of the
(P) bl ocks, and from about

t
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' odi ne Nunber f orCoueiiFzrelohS) 2 Cpinttna) $96ToREE To0 fCd Shart oL,

particularly f roni@ﬂcajt9-7_33%(t1@73b@ut The pglarpcempounds 315Q Acgelprate fhe

about 50% to aboufad Q% PRI I§mERSkation. If monomers other than 1,3-

butadiene, e.g., pentadiene, are used to polymerize the

15 central blocks (B), polar compounds are not necessary to
control the microstructure because such monomers will
inherently produce polymers which do not possess
crystallinity after hydrogenation.

When the alkyl lithium-based initiator, a polar

20 compound and an isoprene monomer are combined in an inert
solvent, polymerization of the isoprene proceeds to produce
the first terminal block whose molecular weight is
determined by the ratio of the isoprene to the initiator.
The "living" polyisoprenyl anion formed in this first step

25 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
presence of the polar compound now influencing the desired
degree of branching (1,2-structure) in the polybutadiene

30 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
of the final isoprene block, formed when isoprene monomer
is again added to the reaction vessel to produce the final

35 polymer block, resulting in the formation of the I-B-I
triblock. Upon completion of pclymerizatipn, the living



particularly about 100% of the |odine Nunber prior to the sel ective
hydr ogenation reaction; and for the (B) blocks it Is fromabout 0%to
about 10% particularly from about 0% 10 to about 0.5% of the |odine
Nunber prior to the selective hydr ogenati on reacti qn.

Simlarly, for the (P)-(B) star-branched bl ock - polymer, after the

sel ective hydrwgesassson reaction, the | odi ne Nunber for PCRASYN0G4| ocks
is fromabout 0%to about 15 1% parti cuéfrl y from about 0% to about
0.5% and nost particularly 0% of the lodine Nunber prior to the

sel ective hydrogenation reaction. The (P) bl ocks generally retain as
much aromati ¢ unsaturation as possible foll ow ng hydr ogenation. In
particular, the (P) block retain at 20 | east about 50% nore particularly

at | _easlt about 984§ oA tnow pre¥esit REr theutaffnynu?)@ft thQO‘EtiBloélgﬁi is

ori ginal aromati upsat yration.. . e _star-brang r andqm
pol yners are nadéeFFBﬂé’%‘ﬂ y the Egﬁﬂitf’lgf‘i 8h 5fp'§¥q:qneg§’f’°5nesﬂ1: ng> ol?g&yl
formula (1) &nd alcdBol draxtetine agiidne Thefpolyiexiatiodi teactbonfimm t he
di ene of fo 1 [ any | ' a endd Q-
substituted st yr{érﬁlggg%g %?n%cagsetdo?r?egdFgﬁgp%%%é)%u#%g%%’f)gﬁ éi’mggro((iisggl‘,ic{al I
of which are theabawt 180%thoadthiovehshighepoiemperaturgfecanape Hegthed

random pol yners ghnthg1 dbenecHYsenOrdibi€oROtembebatitd (3) de¥hir&h18USindee
different from each other e from abo%&%\/\ﬁ. to about. 25%
0

: conpri
.. particularl $£ can FREiHeRssERR SRt IVERtRR Polg? Eampoyide of
formul a 10( 1) adandite oin adomtirodA%ngt theopabymdr A Urwstruptntrecul The y

[7om about 90% o 04 A0 elire cth bR EbNGrfaR0 exbr Bbar (dec The

star-branched ran i Ng-s tuted styrene and the
di ene of formnul ato(@powt 80°C. The regchipm(suessure is not critical and :

PCT/ US96/ 04064 yaries from about atmospheric td labout 100 psig (791 Py..) -
If thg polar coﬁpounds are utilized prior to the

15 polymerization of the first (I} segment, (I) blocks with
high 3,4-unit content are formed. If polar compounds (some
of which can be Lewis bases) are added after the initial
(I) segment is prepared, the first (I) segment will possess
a high percentage. of 1,4-microstructure (which is tri-

20 substituted), and the second (I) segment will have a high
percentage of 3,4-microstructure.
' The production of triblock polymers having a high 1,4-
unit content on both of the terminal (I) blocks is also
possible by the use of coupling techniques illustrated

25 below for a polyisoprene-polybutadiene-polyisoprene block

copolymer:
Polar
RLi Compound
ISOPRENE ——— 1, 4~-POLYISOPRENE 1, 4~-POLYISOPRENE~POLYBUTADIENE
30 Butadiene

1, 4-POLYISOPRENE-POLYBUTADIENE-POLYISOPRENE «
Coupling Agent

35 The substitution of myrcene for the isoprene during
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



(3) conprise fromabout 1%w. to about 25% w ., particularly from
about 1% w. to about 10%w., of the 5 ring-substituted styrene, and
from about 75% wt. to about 99% wt ., particularly fromabout 90% w. to
about 99% wt ., of the diene of forrmulae (1) or (3). . The
star-branched random di ene polynmers are al so selectively hydrogenated
in the sel ecti wolbg4bBasgenati on 10 process of this invention PCF/ARAE/MO06H
extent that the pol ynmeri zed di enes of feggrnmula (3) contain substantially
none of the original unsaturation, while the polynerized di enes of
formula (1) retain a sufficient anmpbunt of the original unsaturation to
functionalize the star-branched 15 random polyners. Thus, for the
star-branched random pol ymer of the conjugated diene of fornula (1) and
a di fferent dildioh dE hotmihwol®¢d wotthe gohymnéribzhtimy grocess. In @li ne

Nunber for the po e o] I ve
hydr ogenat i on rgd%¥#§'h@ g ﬂ?gﬁ? £l%£¥é?16%18égFode cfiﬁ%%xﬁyg%eée%ﬁ§% arly
from about 259 t dolsmers contadning reelyisepress| andybiocks dmuanso%lwr
about 100% and olyﬂ@%&ke&ﬁﬁbﬁéﬂé?réﬁhﬁﬂﬂr%tfé90d§e0intiﬁé'6@@'BQoEHﬁber

prior to the selectlv g 8 genati on reaction;
(3)

pol yneri zed di end@HnGofnt ”Pi?:go"’ffr%tHESuF"B%’PB %‘ beaSBE?”i‘E’f%bY

particularly frcnaddﬂwdiﬂW%)pOlabOuémﬁbﬁﬁﬁ pafiokheo the is&bﬁéheNuabeéndﬁhéf
to the selectlve

ction.
Honopol ynmer s of a H%%gaggggffﬁﬁﬁatlgﬁi The invention is further
directed to W ene 30 Thenupel pfethe wrouplingy tebbrhgparfon/the pyddegeinn ed

such that they Rag3ges ?alyﬁéweréam%r t8b ée;é&orpaafme%beééyary

2-100. The residual unsaturation is used to |ncor orate
functional ity al oiRf the GRERBSHECRTOE RPIFeyFizption, aﬁTﬁSﬂ?aF&ﬁcF?onallzed
materials may be ssp@éntdallubadisdin 36t istfdieheyefolldwed by baltadgéhen nay

EET?nggyghggid E?ollowed by 1so¥%€n6/4{§%éi coupling techniques are well

15 known and utilize coupling agents, such as esters, CO,,
iodine, dihaloalkanes, silicon tetrachloride, divinyl
benzene, alkyl trichlorosilanes and dialkyl
dichlorosilanes. The use of tri- or tetra-functional
coupling agents, such as alkyl trichlorosilanes or silicon

20 tetrachloride, permits the formation of macromolecules
having 1- or 2- main chain branches, respectively. The
addition of divinyl benzene as a coupling agent has been
documented to produce molecules having up to 20 or more
separately joined segments.

25 The use of some of the coupling agents provides a
convenient means of producing star-branched block and
random polymers. The star-branched block polymers are made
from any combination of blocks (I) and (B), or (P) and (B),
defined above. The star-branched random polymers are made

30 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
olefin, at least one diene of formula (1) and at least one
diene of formula (3), different from the diene of formula

35 (1). The molecular weight of the star-branched block and
random copolymers will depend on the number of branches in



48 described herein, generally by reacting with an unsaturated
carboxylic acid derivative via the ene reaction or via a 5 radi cal

addition. The acylated polynmer is generally then further nodifed by
being reacted with a nonam ne or a pol yam ne. O her nodification

met hods such as hal ogenati on, epoxidation, hydroxylation, and the

l'i ke, may wDosssesl. 10 The honopol ynmers and r andoRCTURGI04AGr s Of
t he i nvention are pol ynerized and/ or upled in a simlar

fashion, but all nononers, e.g., isoprene and butadiene, are mxed in
a proper ratio prior to the reaction with the pol ar conpound- nodi fi ed
al kyl -l1ithium In honopol yner and 15 random pol ynmer preparation, of
course, only one stage is necessary.

Po: yneri zaéI i gn Reg¢H isuth copolymerThas el MMJes apbalriehs tdﬂvﬂﬁﬁéél):"slﬁg.&ed

po ynerlze y rizatj.on processes enera an

e e 200 TYor P e, amtn ariLablE LAY RORRERBR FRaRE fand ok

known in thesSartdisaldsed 3nu¢hb|iealow1m¢u;qﬁem¢nceson UtSa Patentsariety of

comer.ci al pol YNE! §30 %oexgelslggnhsgongr%rﬁ-,uea 428 bggLegv@f %ﬁ .ani onic
v

pol ymeri zati on processes  ap ances T

Sci ence 56, "Ani3¥n{&6,391; %I@%ﬁ??&t?oﬁsa 2;7[9 @%Grsptl%%#al\kma&gnts
Berlin, Hei dedlogramo ;Nawoyar, k76 okyp21,%34.i n a nonograph entitled '
Ani oni ¢ Pol yneri zation of Non- pol ar _Mononer.s I'nvol vin Lithium by
R N. Young, RP. Qirk and L.J. FéE&&EEJEﬂﬂBEEEEEEE&EgEIC pol yneri zati on
?rfcesi S EmnductedEhﬂlbh&n@rp&&pﬁérsﬂatidﬁ,iseiubtabéehy@tégénaﬂlahab!St
al so known as itia n-but . :
Sec butyl-1i cni e oLnds’ pBlIbl aBHERe PRl ttng kbphbiies sintisr, o
pot assi um The thosexdmowm din tthe satal yAtsuitablieemehbadt and catmlyshoare in

the pol yner igsdd i¥ed 83CU.8N BhebAt &Nd NG HBHeoHkar YRé Ghitoldaurieaia
pol ymer. - The polynerlzatlon reaction | s conducted in
atalyst are described in greater detail below. In

15 general, however, the previously described polymers can be:
contacted with hydrogen and a hydrogenation catalyst
synthesized from a transition metal compound, typically
nickel or cobalt, and a organometallic reducing agenﬁ,
e.g., triethylaluminum. The hydrogenation proceeds at

20 temperatures typically not in excess of about 40°C and at
pressures of from about 30 psi (207 P,,.) to about 200 psi
(1379 Py,.). Generally, the polymers are hydrogenated such
that substantially all of the unsaturation in formula (2)
is removed, while much of that from formula (4) is

25 retained. Alternatively, if it is desirable to
functionalize one of the copolymers in a combined VI
improver so as to provide the polymer with a secondary
trait, e.g., antioxidancy or dispersancy, a selective
hydrogenation may be performed leaving residual vinylidene

30 or tri-substituted olefins from the isoprene which can
later be modified. Any other known 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.
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49 solution using an inert solvent as the pol ynerization

medium e.g., aliphatic hydrocarbons, such as hexane, 5 cycl ohexane, or
hept ane, or aromatic solvents, such as benzene or toluene. In certain
I nstances, inert polar sol vents, such as tetrahydrofuran, can be used
al one as a shoepog4s or in a mxture with a hydrocarbon solPCFRISP6/04064
The pol ynerization process will be exenplifigd below 10 for the

pol yneri zati on of one of the enbodi nents of™1he i nvention, a triblock
of pol yi soprene- pol ybut adi ene- pol yi soprene. However, it wll be
apparent to those - skilled in the art that the sanme process principles
can be used for the polynerization of all polymers of the 15

i nvention. Tme HARTI veRgaragendt ionl relbyivhageIl calsy wel

conprises formn of the 1sopre I nert
hy(rzlnr)ocar bon sol vgﬁF E{R?Fl %?Wcl“&ﬁ@?aﬁggr#&ﬁr% 8%8895.y180p{?+’ée presence

t herein of oné orpobybuEdisnecmalyisdpréfie asancekanpleom BHdveevpmuit will
consi sting of et hghs E%%Bé}&t %r %hose skgﬂje& 8 'tﬁreyaﬁg‘ Eﬁ§t n]? Ipqunﬁrs

t et rahydrof uran. S are necessary to co
m crostructure ofof thig Wél"mtd@eﬁéncbﬁt selegtdmely) hydrogepateshtiahithef the
1, 2- structuggmérﬁgﬁﬁgf The hi gher the content of t he polar 25

conpounds, the higher w be.the cqontent,of th structu in
t hese bl ocks. Since thﬂ‘%r@s"&%é:%P ETpbF a?ele‘:tl]"EEJXpBﬁﬂWg%n C{%°
essential in10ohe gfaturitertief mﬂmmlblnpblybutadxﬂntmEblbthhfveédhlﬁ&hﬁhe

osi rod, 1 is nobCyBiO0KES o Tme perBb B bEIERINEL Rlot ity 8T <°

st age, si ncepplybetadienentlodkcdd pimilar itor thatoeft Bgkkher with
the addition of tRgsQuEAM G 'd&tta'ﬁrsig(:?@fl t&i& %@&Eb%%éoﬁydrogferﬁtﬁ% of
Exanpl es of pol ar_conpounds_ whi ch be used are th

di et hyl et her, etR9FYHQE%EHUQ§Q¥§ratéPHyP 3 8io Part
~di phenyl et hes dhpl pp9i26th@3 (1971);rbptowllsambnauctédbuityh aatmm,l

trimethyl am ne, ﬂ&ﬁ?&&@ﬁatlon 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,
20 the selective hydrogenation method preferably used herein
comprises contacting the previously-prepared block
copolymer with hydrogen in the presence of the novel
catalyst composition.
The hydrogenation catalyst composition is synthesized
25 from at least one transition metal compound and an
organometallic reducing agent. Suitable transition metal
compounds are compounds of metals of Group IVb, Vb, VIb or
VIII, preferably IVb or VIII of the Periodic Table of the
Elements, published in Lange's Handbook of Chemistry, 13th
30 Ed., McGraw-Hill Book Company, New York (1985) (John A.
Dean, ed.). Non-limiting examples of such compounds are
metal halides, e.g., titanium tetrachloride, vanadium
tetrachloride; vanadium oxytrichloride, titanium and
vanadium alkoxides, wherein the alkoxide moiety has a
35 branched or unbranched alkyl radical of 1 to about 20
carbon atoms, particularly 1 to about & carbon atoms.




WD 96/ 40845 PCT/ US96/ 04064

50 amne, and NNN-N -N -tetranet hyl ethylene diam ne. M xt ures
of the polar conpounds nay al so be used. The 5 anount of the polar
conpound depends on the type of the pol ar conpound and the

pol ymeri zation conditions as wll be apparent to those skilled in the
art. The effecwomobiaqses ar conpounds on the pol ybut adi ene PCEUSOAEt ur e
is detailed in Antkow ak et al., "Tenp gature and Concentration Effects
10 on Pol ar-nodi fied Al kyl Lithium Polynerizations and

Copol yneri zations," Journal of Polymer Science: Part A-1, 10: 1319- 34
(1972). The pol ar conpounds al so accel erate the rate of polynerization.
| f nmononers other than 1, 3- but adi ene, e.g., pentadiene, are used to

pol yneri ze the 1lgui€BDérBtahbDEisn @RtalpebRbotd® Catslnetil @AFLOLFESSES Y t O

control the mcrostructure because su non Ll 1 nher ent
produce pol ymersoﬁhf“g °ﬁbgﬁ§t°€o€§%g’scl% °rg€§%fa‘\#itrﬂ% fed:f"f’ggc fiid or
hydrogenati 08. the Elem&Wbs, tsuchildsymilckehi (BT baZesthylihexanoatea pol ar 20
conpound and an | re C Loed, 4 | : o] nt,

pol ymeri zati on o?-’i?ﬁ{égﬁlgo%?e e ?%c%éd%gtgéﬂgré%ig)cg&ém%'hglﬁkgt Hf.llg’r m nal
bl ock whose nol ePheapxigeghndferric agetylaratematethe ratio of the '

i soprene to the initighérorganomdtifll’ild !'bﬂﬁ&iﬂ@'d?éxﬂprﬁl)dnyaahénof% med in
this first step 25 IS, uti

pol yneri zation. CRpbinatiop; é%teg'h’g%%&ﬁ&ggéﬁgﬁﬁﬁ(m&ﬂ@ﬁ%%aﬁgﬁﬁ thto
the system 10 actlibabekZpegyertNatdiad odefint bel yeexizattiloncicapabyseds, the
Bt anchi ng (1, 2- s EengbnEArEOLS %ﬁ%io@%*&t‘gﬁ?éﬁ%%%%%ﬁ%?&f@ of, She el
product is a |iviofgGapuprackapoliaerllb, IIfayi oy BVa ofithe Pexiodiqrtekile
l'ithium colUnteri g tﬂQeElemenizéyi !EcéuﬂlleQCprgﬂzé‘HEfe&ﬁﬁ a@%,nﬁscé’%él' yst
for the growmth oeeal’alf§1l) "eeas WeklGed) OSluy] matel WydtiuddP SNGy1
15 metal halides, and alkyl metal alkoxides, such as
alkyllithium compounds, dialkylzinc compounds,
trialkylboron compounds, trialkylaliminum compounds,

alkylaluminum halides and hydrides, and tetraalkylgermanium
- compounds. Mixtures of the reducing agents may also be

20 employed. Specific examples of useful reducing agents
include n-butyllithium, diethylzinc, di-n-propylzinc,
triethylboron, diethylaluminumethoxide, triethylaluminum,
trimethylaluminum, triisobutylaluminum, tri-n-
hexylaluminum, ethylaluminum dichloride, dibromide, and

25 dihydride, isobutyl aluminum dichloride, dibromide, and
dihydride, diethylaluminum chloride, bromide, and hydride,
di-n-propylaluminum chloride, bromide, and pydride,
diisobutylaluminum chloride, bromide and hydride,
tetramethylgermanium, and tetraethylgermanium.

30 Organometallic reducing agents which are particularly
useful are Group IIIa metal alkyls and dialkyl metal
halides having 1 to about 20 carbon atoms per alkyl
radical. More particularly, the reducing agent is a
trialkylaluminum compound having 1 to about 6 carbon atoms

35 per alkyl radical. Other reducing agents which can be used
herein are disclosed in Stevens et al., U.S. Patent No.



I's again added to the reaction vessel to produce the final 35 polyner

bl ock, resulting in the formation of the |-B-I tribl ock. Upon

conpl eti on of polynerization, the |iving WO 96/ 40845

PCT/ US96/ 04064 51 ; ani on, now
present at the terminus of the triblock, is destroyed by the addition
of a proton doweyesqessdh as nethyl 5 al cohol or acetic aci dPCI/PS6/04064

pol ymeri zation reaction is usually c ucted at a tenperature of

bet ween about O[err]C and about 100C, al t hough hi gher tenperatures can
be used. Control of a chosen reaction tenperature is desirable since
It can influence the effectiveness of the polar conmpound 10 additive in
controlling the polymer mcrostructure. The reaction tenperature can
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coupl i ng technlqﬁeéf égugﬁéegﬁgﬁtggm?gggggﬁ%for a

pol yi soprene-poly I ene- po copol
Pol ar RLThe molar ratlo ofCshp oneienl derzved ¥ om the reducing

agent to the metal derived from the transition metal
compound will vary for the selected combinations of the -

15 reducing agent and fhe transition metal compound, but in
general it is about 1:1 to about 12:1, particularly about
1.5:1 to about 8:1, more particularly about 2:1 to about
7:1, and most particularly about 2.5:1 to about 6:1. It
will be apparent to those skilled in the art that the

20 optimal ratios will vary depending upon the transition
metal and the organometallic agent used, e.g., for the
trialkylaluminum(nickel(II) systems, the typical
aluminum:nickel molar ratio is about 2.5:1 to about 4:1,
for the trialkylaluminum/cobalt(II) systems, the typical

25 aluminum:cobalt molar ratio is about 3:1 to about 4:1, and
for the trialkylaluminum/titanium(IV) alkoxides systems,
the typical aluminum:titanium molar ratio is about 3:1 to
about 6:1.

The mode of addition and the ratio of the reducing

30 agent to the transition metal compound are important in the
production of the novel hydrogenation catalyst having
superior selectivity, efficiency and stability, as compared
to prior art catalytic systems. During the synthesis of
the catalysts it is useful to maintain the molar ratio of

35 the reactants used to synthesize the catalyst substantially
constant. This can be done either by the addition of the
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been 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
15 safe pressure limit of the catalyst synthesis vessel.

In a specific 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

20 to the transition metal compound is maintained
substantially constant during substantially the entire time
of the addition of the two compounds. This specific -
embodiment permits the control of the exothermic reaction
so that the heat build-up is not excessive, and the rate of

25 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
cormponents is adjusted to maintain the synthesis reaction

30 temperature at or below about 80°C, which promotes the
formation of the selective hydrogenation catalyst.
Furthermore, the selected molar ratios of the metal of the
reducing agent to the metal of the transition metal
compound are maintained substantially constant throughout

35 the entire duration of the catalyst preparation when the



docunented to produce nol ecul es having up to 20 or nore separately

j oi ned segnents. 25 The use of sone of the coupling agents provides
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pol ymers. The star-branched bl ock pol yners are nade . from any

conbi nati on of blocks (I) and (B), or (P) and (B), - defined above. The
st ar- branched wondagsspol yners are made 30 from any conbi naPFEHHSS04064
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(1). The nol ecul ar wei ght of the star-branched bl ock and random
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pol ymers can be acted Wt ydrogen an a rogenati on cat al yst
synthe5|zed fron1eﬂQmeund|Mn1thétapréﬁﬂnknuﬂﬁ shpgitcal time period as

practically possible. In this embodiment, the time
allotted for the addition of the reducing agent to the

15 transition metai 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 about 80°C and the reaction pressure does

20 not 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 about 15 mL of
triethylaluminum in hexane should be added to a solution of -
nickel(II) octoate in mineral spirits in about 10-30

30 seconds. Generally, the addition of the reducing agent to
the transition metal compound should be carried out in
about 5 seconds {sec) to about 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

35 metal compound is prolonged, e.g., more than 15 minutes,



ni ckel or cobalt, and a organonetal lic reduci ng agent, e.g.,
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formula (2) WO 96H408430ved, while nuch of that from f or nul a KCEUS9e/04DE4
retained. Alternatively, if it is desirable functionalize one of

t he copolyners in a conbi ned Vi |nprove? so as to provide the polyner
wi th a secondary trait, e.g., antioxidancy or dispersancy, a selective
hydr ogenati on may be perforned | eaving residual vinylidene 30 or
tri-substituted olefins fromthe isoprene which can | at er be nodified.

Any ot her known sehﬁstsyﬁtﬁwﬂwﬁl&athmgst is Iesdosia geivhs vess, sesord) |
be apparent to those  skilled in the art, but the nethod described

above is one whi chapd may b?"Q§q§rpg8neous. WD 96/ 40845
PCT/ US96/ 040645 In the embodiment whereinbSthe reducing agenfihits added

sel ecti ve hydrogengli £l Egs?té&&o‘@ghtalg' £8 Pﬁe trandi§ioh Rgﬁafeé&%%@&‘g &

triblock of polyisopre | éne-pol yI soprene as an
However, it will is Bb59p$m9Q§ﬁantotPh6§é §R¢I¥%QP¢#$QIﬁseattt?hﬁheany

pol yner s of thtiahgj!@{@ﬁ%hﬁ‘aan cB# gahecmvaw Me%@ﬁﬂ%ﬁéd'@e&ﬁ&zce to
same nanner. S se ectively ?ygﬁ Ie to

10 saturate the RPERIR F%%I%fb‘{ﬁ]a&%ﬁi)’sﬁl'oc'ﬂ %fr%‘%?cq‘?a&f dition
tri bl ocks. Theonet bequehcegel £odi,vahg hﬁdmugenabfrmhéItransltlanlméuandlene

R L T e
Sci ence: Part thereof, is detrimental to the stability, selectivity,
) activity, and homogeneity of the catalyst and is,
therefore, undesirable.

15 In all embodiments of the hydrogenation catalyst
synthesis, it is typical to use solutions of the reducing
agent and the transition metal compound in suitable
solvents, such as hydrocarbon solvents, e.g., cyclohexane,
hexane, pentane, heptane, benzene, toluene, or mineral

20 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

25 . soluble in each other.

The hydrogenation process comprises contacting the
unsaturated polymer to be hydrogenated with an amount of
the catalyst solution containing about 0.1 to about 0.5,
particularly about 0.2 to about 0.3 mole percent of the

30 transition metal based on moles of the polymer
unsaturation. The hydrogen partial pressure is generally
from about 5 psi to about several hundred psi, but
particularly it is from about 10 psi (69 P,,)to about 100
psi (690 P,,). The temperature of the hydrogenation

35 reaction mixture is generally from about 0°C to about
150°C, particularly from about 25°C to about 80°C, more
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introduction of the appropriate amount of an unsaturated'
material, such as l1-hexene, which is converted to an inert
hydrocarbon, e.g., hexane. Subsequently, the catalyst is
removed from the resulting polymer solution by any suitable
means, selected depending on the particular process and
polymer. For a low molecular weight material, for example,
catalyst residue removal may consist of a treatment of the
solution with an oxidant, such as air, and subsequent
treatment with ammonia and optionally methanol in amounts
equal to the molar amount of the metals (i.e., the sum of
the transition metal and the metal of the reducing agent)
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.

Alternatively, and in a specific 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 aqueous hydrogen
peroxide, in the molar amount equal to about one half to
about one, preferably one half, of the amount of the
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Pat ent No." 4, 148, % gha0ldihi%e,! €0g., Jeffamine D~2000 from Texaco, may be

added to aid in phase separation and catalyst removal

15 during the extractions. The resultant polymer soiution is
then dried over a drying agent, such as magnesium sulfate,
separated from the drying agent and the solvent is then
separated by any conventional methods, such as vacuum
stripping, to vield a polymer as a clear fluid. Other

20 methods of polymer isolation, such as steam or alcohol
flocculation, may be employed depending upon the
hydrogenated polymer properties.

After hydrogenation and purification is complete, the

polymer can be functionalized and used in the lubricant

25 compositions of the invention: the liquids will serve as
dispersants and the solids as dispersant VI improvers.

Functionalization of the Polymers

The unsaturated terminal blocks of the block polymers
of this invention can be chemically modified to provide
30 benefits which enhance the dispersancy and viscosity
improving qualities of the materials of the invention.
Such benefits may be obtained through methods similar to
those employed for the modification of existing commercial
materials, such as butyl rubber or EPDM.
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g$96/40845 particularly, maleic anhydride igcagé§¥¥%&oﬁggffication of

15 unsaturation. Numerous methods are known for the
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
radical initiator. Either method can be adapted to

20 incorporate the unsaturated carboxylic acid derivatives
into the polymeric dispersants of the invention.

In a suitable functionalization of diene copolymers,
the selectively hydrogenated copolymer is functionalized
with a functional groups selected from among halogens,

" 25 epoxies, sulfonic acids, and carboxylic acid derivatives,
and subsequently modified further by reacting with a
monoamine, a polyamine, or a combination thereof.

The ene reaction of maleic anhydride with materials of
the invention can be performed on solutions of the polymers

30 in light mineral o0il or polyalphaolefin at temperatures of
from about 150°C to about 250°C, typically under an inert
atmosphere. Such modification of the polymers of any
embodiments of our invention occurs readily, since the
residual isoprene unsaturation, primarily of the 3,4-type,

35 illustrated above, is known to be more reactive with maleic
anhydride than are the internal bonds found in EPDM.
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relatively OW. tqns enmbodi nent, carried out with or without a
sol vent. di | ud®t, the r%thQQUeaﬁdtpi&heoacyh@tinnaneastion (oroopemnts is

adj usted to mai nt ghoedibke %H&iﬂf‘i%'a%l&ﬁaﬁy 8t Blhed Ta%@@ at Eﬁ@eﬁ%dic}?l&?' ow.

about 80C, mhlch r onot es forpation of the se ectiv ogenati on
catal yst . PhEpeR éret FeactPE M Bh DI BANQARAGs Bf PORFAREAS R & he
reduci ng agent tocd)ﬂimmatidn thetrkefl.r atRet amine®whlich areCosPOUNUESY &his

i nt ai ned Subst apbh Akl 0o S L AR BOUBROM ARt ers I8y L BEAILEN B

t he catal yst Erepara I'on
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, polyamines, or hydroxyamines. In particular, the
polyamines contain only one primary or secondary amine,

20 with the remaining amines being tertiary (i.e., -N=) or
aromatic amines. the amination can be accomplished by
heating the maleic anhydride-modified diene polymer to
about 150°C in the presence of the amine, followed by
stripping off the water.

25 With respect to polymers of the invention which
include ‘ring-substituted styrene units, in order to obtain
exclusive substitution at the benzylic position, the
polymers should not contain any in-chain (backbone)
olefinic unsaturation. Halogenation may be accomplished by

30 methods known in the art, such as the method described in
European Patent Application No. EP 0 344 021. Amination
can then be accomplished by heating the halogenated
ring-substituted styrene-diene copolymer in the presence of
the amine.

35 The above description illustrates only some of the
potentially valuable chemical modification of the polymers



WD 96/ 40845 PCT/ US96/ 04064

58 - sinmul taneous m xi ng techni que of this enbodinment is

enpl oyed. 5 I n anot her enbodi nent, the catalyst is formed by the
addition of the reducing agent to the transition netal . conpound. In
this enbodinent, the timng and the order of addition of the two
reactants is i npOLE4Nsss t o obtain the - hydr ogenat i on cat al yRET/HRGP4064
superior selectivity, 10 efficiency and stalgylity. Thus, in this

enbodi ment, it is i nportant to add the reducing agent to the
transition netal conpound in that order in as short a tinme period as
practically possible. In this enbodinent, the tine allotted for the

addition of the reducing agent to the 15 transition nmetal conpound is
critical for the profiuhisonnuvéntion. t [Thenpedlymens adf dthisThevestion aprenide
atime pericd as o meBRACEREA WIAPSUAlGLY BRABRhE WBA1ELAR hnadh i On
IS as rapi d as possi bl'e, suc hat t reaction tenp

not higher thaf ab@elegtedapitendn dhe POlyBesssere- od@@é-YZGt thet e@@%e‘éﬁl a
the safe pressurc liykhook byl Hotticule (1541) NEEitha/q3ychioflsvbiiype

apparent to those Skl

|| vary
synthesis and will here%&eBEﬁﬁe‘bW%éﬁ‘ef é’é’PBFguﬁét¥h@ R’Fﬁgérﬁfm?ﬁﬁr?'%tﬁm ng
agents, t he t paesiibuslynbhgdssiviro bedausedof hthe dlacknbs avadll alviliey 25

synthesis, as wel| g5 a6 EEhGALYE 2T 3,81 £0"or U Miowm, cobiDal’

t he catalyst synt hesi s ves Oor pUi posSe
sol ution of abdfut ¥eaetiohs which rdast el Perdonmedi on polymershofl thbe added

toasolution of inveRtikf bbé)eAMPAP 8.0 TFOEES, SRiehi2al "RECE oD oX)
30 seconds. Genérally, the addition of the. reducin :

transition metal c&AIITRESSholiigh RolymersaqVede 19 John gﬁbﬁi" SNS‘QC%?HS'
(sec) to about 5 m@eeas.(mn), depending on the quantities of the
duri

reagents used. If the tine t he reducing agent is
v#&e@%e than 15

added to the transition 35 -H
m nut es, 15 The polymers of the lnventlon, whether block

copolymers, tapered block copolymers, branched and star
branched polymers, random copolymers, or hbmopolymers, have -
been unexpectedly found to have the capacity to modify the
dispersancy and/or viscometric properties of fluids, such

20 as mineral and synthetic oil iubricants and normally liquid
fuels. Accordingly, it is within the scope of the
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

25 properties of the fluids. The invention, thus, also
includes a method of modifying or improving the dispersancy
and/or viscometric properties of a fluid by admixing with
the fluid a sufficient amount of a dispersant substance of
the invention so as to obtain or provide a modified or

30 improved fluid having modified or improved dispersancy
and/or viscometric properties. Moreover, the invention
also includes dispersant-modified or dispersant-improved
fluids to which have been added a dispersant substance of
the invention so as to modify the dispersancy and/or

35 viscometric properties of the fluid.
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59 the synthesi zed catalyst is |l ess selective, |ess stable,

and may be heterogeneous. 5 In the enbodi nent wherein the reducing
agent is added as rapidly as possible to the transition netal
conmpound, it Is also inportant to add the reducing agent to the
transition netWO%%d0848und in the af orenenti oned sequence to PCT/USB4RM4BE4 t he
novel catalyst. The reversal of the additiorgglO sequence, i.e., the
addition of the transition netal conpound to the reducing agent, or

t he respective sol utions thereof, is detrinental to the stability,

sel ectivity, activity, and honngeneity of the catalyst and is,

t herefore, undesirable. 15 In all enbodi nents of the hydrogenation
cat al yst synt hesi Thei impxsovenmrdalof ciscenetit i mropexftitese inedudesgany

agent and the U7 ansld 3"uBEbbe DY b0k Futas wih GlS rotllEles

hydr ocar bon sol vents, €.Q., ane, penta
benzene, tol uéne, tor vmsr#@satyzo Theyidispersaats ¥y émprovens afo tﬂﬁﬁepawenthen

solutions of the spec:Jf@.QHi!Lj?guﬁ’&ﬁN aﬂﬂa Q:fishtselwaﬂﬁéﬁ Ut GRichl £aaqEguUNd

may be the sane or fferent, but if wy are fferent, they nmust

be conpati bl e vmtlY%iﬁ@ﬁlﬁyhéP % iha Rqﬂ?QQS FPBH%CQﬁr%quQ the r educi ng
agent and the transilationekipl betwgmmithaAvd skokliyy 256 a Flhiild @andn each

ot her. nat 0 I.ses,..cant tlng t he. :
unsat ur at ed pol yrre%mgiaggdr i@&%&&?r}%aﬁ\w ﬁgg %f ek Sthe cat al yst
sol ution contl&i ni @m@prtbzgdthy @alecrease in theparatiecwifacdhangieoof 0.2 to
about 0.3 nole pe%&%%bs@%yt$€r3&h1tt&f”ﬁﬁﬂﬁé?%tﬁ?éaéhéﬁﬁga @ypiehgs of the

pol yrmer unsat uration drogen partial pressudre is enerally

from about 5 psi P&°§S€Gt"e§e\9’é1‘§! Hfh fied opyimprovedy bt ithg difpergant
from about" 10 pSIVUGQmBkeﬁékét@fa&K&“lﬁHHhtlon 1ﬁ&1udéﬁ¥éﬂ§ﬂ¥vélkhlIhénlng

Rbout O[err]C to oase (REBF) Bfkdehyid IRl I iesmartal SBapk, 11 C 1o
about 80C, ndfe stability (DIN). temporary shear stability at low
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
20 dispersants and/or dispersant VI improvers in a variety of
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
25 applications include normally liquid fuels. The lubricant
or fuel may be naturally occurring or synthetic, or a
combination thereof. Natural oils include mineral oils
obtained from petroleum, including distillate and residual
lubricating oils, and the like. Synthetic ¢oils can include
30 liquid esters, fluorocarbons, polyethers, polysilicones,
and the like. The dispersants can be added to a lubricant
or fuel formulation in any suitable and effective amount to
modify the dispersancy and/or viscometric properties of the
formulation. An exemplary broad range is from about 0.001%
35 wt. to about 20% wt., particularly from about 0.1% wt. to
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60 particularly fromabout 30[err]C to about 60[err]C, since

hi gher tenperatures may | ead to catal yst deactivation. The length 5
of the hydrogenation reaction may be as short as 30 m nutes and, as
wi ||l be apparent to those skilled in the art, "depends to a great
extent on the s esaossseacti on conditions enpl oyed. The REAMISIEIME4 on
process may be nonitored by any conventggonal neans, e.g., infra-red
spectroscopy, 10 hydrogen flow rate, total hydrogen consunption, or any
conbi nati on thereof. Upon conpl etion of the hydrogenation
process, unreacted hydrogen is either vented or consuned by the

introduction of the appropriate anpunt of an unsaturated 15 material, such
as 1-hexene, whi chaboutaofemted moranparkeicularly fydmoakownl.5 gt. kexane.

Subsequently, the cataly. S f the resulting polyner

sol ution by any su?c?%‘gif eTQ%t m"nggngflggg%/é@f%%ﬁ?gﬁendi ng on the particul ar
process and 5 pol ymeFhe Emrlyaerampﬁot_:b%Lﬂ!urembéioghﬁahg‘?%rslml?ljﬁﬁ neginpre,
20 catalyst resi guesy iy AontBie £08. Stsdifle b 1R3! BETmAHs (I the

solution with an oxidant, such as alr, and subsequen t.nent, wi

> ] tre th
amoni a and opt i onkAYSAtERMAITE FALdnBLAW ProPertigss thereg ’?‘?31"&}9 Afount
of the netals (i.ediffiuliBootranspotbesidinislyimetrsneteéptanas the netal- o

f
t he reduci ng agent) 25 ' h | =] h
cat al yst ) ?esi?&?fé%e’éEpar}%fS'ieIn%lg‘lf"ggfg‘ﬁ’e pf%%iregl egt% tgl R&%‘ﬁgﬁ?‘}%%}ﬁt ?’g\;i Qﬁ‘ kst ¢
of f. The sol vitit negn tiherpreparedoasdabyiguid comeentrabel TypPigadityodsucBuch
as Vacuu”]Str'pp'ngisﬁéiégﬁﬂQEOBEEnEEggPQtigﬁ&rdéxg PBE{méS & dr@linvention

colorless fluid. 3 ternatlve‘% I'n a speclfic_enbodi nent,

upon conpl et i b &1 anpunty @fofeamt ABAUE ek tton tot RRowk AW &'t .9
: particularly from about 10% wt. to about 70% wt., of the
concentrate. '
15 In addition to the polymers described in this

invention, the dispersant formulations and the fluid
formulations can further include one or more additional
additives known to those skilled in the art. Such
additives include, for example, antioxidants, pour point

20 depressants, detergents, dispefsants, friction modifiers,
anti-wear agents, VI improvers, anti-foam agents, corrosion
and rust inhibitors, etc. 1Indeed, it is among the
advantages of the compositions of the invention that they
are unusually efficient modifiers of dispersancy and/or

25 viscometric properties, such that in many cases
significantly less of these additives need be added to
achieve a desired combination of fluid properties. For
example, the Examples below show, inter alia, that
significant amounts of commercially available viscosity

30 improvers can be displaced by adding a dispersant substance
of the invention.

Examples
The following examples are intended to assist in a

further understanding of the invention. The particular

35 materials and conditions employed are intended to be



treated with ammonia in the nolar anmpbunt about equal to - that of the
netals (i.e., the sumof the transition netal and the netal of the
reduci ng agent) and aqueous hydrogen 35 peroxi de, in the nolar anount
equal to about one half to about one, preferably one half, of the
amount of the WO 96/ 40845 :

PCT/ US96/ 04064WO0 96740845 61 e PETAISI6TRUGE r

| evel s of the anmoni a and peroxi de are al so operative, but those

speci fied above are particularly 5 preferrea. In this nmethod, a precipitate
forms, which may be filtered off as described above. In yet
anot her alternative nethod, the catal yst may be renmoved by extraction
wi th an aqueous mneral acid, such as sul furic, phosphoric, or

hydrochl oric aci d,fufrohéﬁv\emubgtﬁaﬁtiwsﬁi tpevihvenit Sin |drel awet abt 1hnuiid
amount of a material used as aid.in renoving transition

met al “based c&PSPyE?% r%?ﬁﬁP%h} é%ﬁﬁ%?@?ﬁ?? *avai |l abl e hi gh nol ecul ar
wei ght di am ne, e. g , Iefadliof ithQ(mIllmngTexmml,esmeee experauemthl o aid
In phase separatiq ?ﬂgrfé‘éﬂé’étaﬁ&’%@t& JAH& 1¥¥ls ag 8§m g The
resul tant pol ynmer “so ron IS r|e over rying a Sith as
magnesi um sul f at eWwith dried reackrys Bnd Rauipyenty %ERHRDQQHdsﬁﬁécﬁvaent i s

then  separat %ﬁa@i‘oﬁﬂé‘ EORIEEdr¥1al EXREERESca e GRusAS véa%ea] to exclude
Lo o o s ROLUES e S SR e 1 Shntle 35 28R hrsn
enpl oyed depdﬂdlnguubonhehéellcatéyﬂnmganatbdl@m¢qnhnmﬂmmﬂeﬁhlEBe

After hydrogenati E}n@ﬂ ngr%% &?éggrgll i 2§E| fhfs ntionpok.%,?ﬁilfaﬁb be

functionalized an used 1n conpositi1ons
invention: the |i @@Pasent| fosthege gkilled dnsphe sartts and the solids as
di spersant: VI inprovers. EXAMPLE I
Isoprene—~Butadiene-Isoprene Triblock Copolymer
15 Three hundred milliliters (mL) of purified, dried
cyclohexane was introduced into a six-hundred milliliter

stirred glass reactor. Air was removed from the reactor
under vacuum and replaced by dry nitrogen. The reactor was
equipped with an air driven stirrer, a pressure gauge,

20 thermocouple, top face inlet valve, dip tube feeder with
valve, heating mantle and variable controller and
combination nitrogen-vacuum inlet with wvalve. Three
milliliters of a 0.1 M solution of dipyridyl in
cyclohexane, 7.3 mL (20 mmol) of tetrahydrofuran freshly

25 distilled from benzophenone ketyl, and 1.8 mL (18 mmol) of
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

30 obtained. Following this, 3.75 mL of 1.6 M butyllithium
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

35 that the reaction temperature did not exceed 70°C. After



Functionalization of the Polyners The unsaturated term nal bl ocks
of the block polyners of this invention can be chemcally nodified to
provi de 30 benefits which enhance the di spersancy and viscosity

improving qualities of the materials of the invention. . Such benefits
may be obtained through nethods simlar to t hose enpl oyed for the

nmodi fi cati on of woe&sésng conmer ci al materi als, such as bPETRMASIAkr or
EPDM WD 96/ 40845 68

PCT/ US96/ 04064 62 Fol | owi ng

t he sel ective hydrogenation step, the remai ning sites of unsaturation
are chemcally nodified. 5 Such net hods include reacting the unsaturated
groups in the pol ymer with any of various reagents to produce

functi onal gr ompshoarghthe heakcioay lprespuxg, hadl fetumesk itd, itericeiial
acryl ate or carboxyl o] : net ] [ r 'l known
in the art. 10 ﬁev%i éﬁ?tEEFeﬁéhgﬁg%gf%EDgﬁ?F%%%@%%kﬁé?ﬁbgfiﬁ@%lves
reaction of thé poloppelymerhwaa coemplefies.cdIsopbensy| (k-haild 18 mmol) was

derivative, such agqaghVhh§eated. i b dire 26hEtibHMBS i Lllow thaCEdrmidd ©f
anhydride; methacrylate, ,and the_like. Nbit parllcula&hé, mal el c _
anhydride is used f&f third aadi Singy block Al the tTLockuPRLYREE. ndiiteds
are known for }\/Eehone Hodrf i oaksqm.aiff et aeedapd.EIiBMm: &_akhﬁxﬁtﬁ:h de_d :
reaction. t a a t he a .ei.c_an ri.fe
with EPMvia a radig‘g‘;f’ ?@_sc%?gﬁg?ﬁ%eqq%ﬁ‘&geﬁéi g#hgf“qi 1&3&?‘861?’?%%‘.}/1 i aitq‘c?r.
Ei t her nethod ¥an lseledapfetheoredctiomadxpurat chamged rfixomeadadk cambraxyto ¢
acid derivatives qolok@&gstbﬁm@@i¥€619!3 dhaPRiReits Wwis (dae168VES iR

In a suitable functionalization of dié€ne cogolyners . the selectively
hydr ogenat ed copol JPBPSF8tPERACEREnE}1baxRed through alumina/Celite. An anti-

oxidant Irganox 1076 from Ciba-Geigy (100 ppm based on dry
polymer) was added and solvent was removed under reduced

15 pressure to yield a triblock polymef of about 8400
molecular weight as a clear, colorless, viscous fluid.
Infrared analysis (FTIR) showed the butadiene center block
to possess 55% 1,2- and 45% 1, 4-microstructure.

EXAMPLE II
20 Viscosity as a Function of Molecular Weight

This example illustrates the relationship between the
molecular weight of the triblock polymers prepared in the
manner substantially the same as that of Example I and
their resulting bulk viscosities.

25 As is apparent from the data of Figure 1, a linear
felationship exists between the molecular weight of the
unhydrogenated isoprene-butadiene-isoprene polymers
prepared as in Example I and the log of their room
temperature bulk viscosities as measured using a Brookfield

30 Engineering LVT viscometer operating at, for example, 0.6
rpm with spindle number S.



with a functional groups selected from anong hal ogens, 25 epoxi es,

sul fonic acids, and carboxylic acid derivatives, and subsequently
nodi fied further by reacting with a nonoam ne, a polyam ne, or a
conbi nati on t hereof. The ene reaction of maleic¢ anhydride with
mat eri al s of the invention can be performed on solutions of the

pol ynmers 30 wo dda98ts mi neral oil or polyal phaol efin at tenRETAISH/MM640f
from about 150C to about 250[err]C, typicallygunder an inert

at nosphere. Such nodification of the polyners of any enbodi nent s of
our invention occurs readily, since the resi dual isoprene
unsaturation, primarily of the 3,4-type, 35 Il lustrated above, is known
to be nore reactive with nmaleic anhydride than are the internal bonds
found in EPDM WD 96/ 40845 EXAMPLE IIX

PCT/ US96/ 04064 _ . ] )
functi‘onal i ty-introduci ng ' Fery

carried out poS$t-hydrogenation. 5 F%&Ikgnuk:CoangggrlcuIarIy

bromi nation, is mde to Qefirsdh of 258 %ﬁdbfaé&zcrl%%]%kh% affiessi @ of1gat
l'ight, or a radical Initrator, e use ogenat1 on Qr cesses are
descri bed, for exakpillogk m}ma@rpaﬁﬁﬁﬁ A maanesn sigilar togrhat 344

021. 10° Subgeseeited qntlm pleatri QEsrﬁﬁE&éd)&f( a&roweévacuatfdﬂ table

-nodi fication as outljne ve s_are reacted
with a nonoami ne, g %?W “&’F° “‘:tmnc‘aﬁb‘?Waﬁl&% F%Qreo?hl%h%m%ﬁﬁtngg
whi ch are usefl@l fpolydes conta:mmrm Di.da8i molexaft polybotadhanact eri zed by
the presence of 15, 2f,l83%n. Egogfthgaééhg:h %soﬁ‘ﬂk&‘h&] Nak Q&déc@%‘%r ¥,f a

0
(i.e., HN\Ne) amno group. ‘T anm ne
cycl oal i phatic an1hﬁ@rOQRRQQ%%%uﬂﬁtélﬁﬁFné@luﬁﬁQﬂnﬁﬂmérlsed aﬁ1nes

- pol yam nes; or hydf?%é’ﬂml@%nllﬂﬁr@%hﬁl a4tRel ddtdate inP@l BBt Nefa€iy)! Fikh

onl'y one primary or Segﬁg al-c;‘xcentratz.on of 0.1 M in cyclohexane. The

15 resulting mixture was placed in a Parr hydrogenation
apparatus and pressured to 50 psig (446 P,,,,) hydrogen. The
apparatus was vented and the process repeated twice more,
after which time the pressure was maintained at 50 psig -
(446 Pyp,.) of hydrogen. The temperature was raised to 50°C

20 and the mixture was agitated vigorocusly. Hydrogen was fed
on demand in order to maintain 50 psig (446 P,p..) in the
vessel, and the flow rate was monitored by means of a flow
meter. The progress of the hydrogenation process was
monitored both by infrared spectroscopy (FTIR}) and hydrogen

25 flow rate. An IR spectrum obtained at the start of the
process displayed the presence of primarily the butadiene
unsaturation (peaks at 995, 968, 910 cm™). After 30
minutes, butadiene vinyl unsaturation {(peaks at 995, 910
cn!) was gone, the trans-1,4-butadiene was significantly

30 reduced (968 cm™) and the isoprene unsaturation remained.
This final point 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

35 stoichiometrically equivalent to the total catalyst metal



200 with the remaining am nes being tertiary (i.e., -N=) or aromatic
am nes. the am nation can be acconplished by heating the nmaleic
anhydri de-nodi fied di ene polymer to about 150[err]C in the presence of
the am ne, followed by stripping off the water. 25 Wth respect
to polynmers of the invention which i ncl ude ring-substituted styrene
units, in ordemwo ssqmpisai n excl usive substitution at the HEINISPé4064
position, the pol ymers shoul d not contajft any in-chain (backbone)

ol efinic unsaturation. Hal ogenati on nay be acconplished by 30 met hods
known in the art, such as the nmethod described in Eur opean Pat ent
Application No. EP O 344 021. Am nation can then be acconplished by
heati ng the hal ogenat ed ri ng-substituted styrene-di ene copolynmer in

the presence of  contdier UING. m@bl, 0.7 mil ontRaYLatied Canmibnian anld 0SErat es

only sore of the e BRUSTC! Bhlks ¥LUeble) HRTLCALnl Ml LA 1Y ZhnabfSa

PCT/ US96/ 040645 to a dark green color indicative4of oxidizedfniidked. The

i nvention. The pol tBL S+ NEql ' T.Qr | de
{'%{D%{fwas Eiigleg%éﬁ {éﬁ%’g@ %}P@gna/?elfté‘ﬁeﬁ@ 2N afityd

vari ety of chem ca I cation sites In pol ymner,

e.g., only at the @®bdany was added, ip| Beg FAURtepdHbYREER® §q 100 PRm baged
(1) blocks only), on thd @ebyiphescrbigor [ 5b19RALT aldi tier G-dMcRA @nder
materi al s preV|%§§%i |nBOSS|b£e becﬁ¥8 of tH$ gack of availability

of such polymers. ZoRCk BFSSEUTS tRe¥ LKA Ie PREPEE I35 (R S8 et i ons whi ch
can be perforb@d ocopmtlessy,svabebhssfluid. i nvention are found in EM

Fettes, "Chem cal Reactions of Polyn%ééégagggf Pol ynmers, Vol. 19, John

W1l ey, New York, (1964). sant and VI-I nproving
Appl i cations Viscosity as a Function of Molecular Weight

of Hydrogenated Triblock Polymer
This example il;ustrates the relationship between the

15 molecular weight of the selectively hydrogenated triblock
polymers prepared in the manner of Example III and their
resulting bulk viscosities.

As is apparent in Figure 2, a monotonic increase in
room temperature bulk viscosity is observed as the

20 molecular weight of the selectively hydrogenated triblock
polymers is increased. In all cases, a Brookfield
Engineering LVT viscometer operating at, for example 0.6
rpm with spindle number 5, was used. Surprisingly,
however, even at a molecular weight of ten thousand g/mol

25 {Mn = Mw), the bulk viscosity does not exceed one million
centipoises.

EXAMPLE V )
Isoprene-Butadiene Random Copolymer
Eleven hundred milliliters of purified pentane was

30 introduced under a nitrogen atmosphere into a two quart
glass-bowled pressure reactor. The reactor was equipped
with an air driven stirrer, a pressure gaunge, a thermometer
well, a heat exchange coil, a top surface inlet valve, a
dip tube feeder with a valve, a syringe injection port

35 containing a Viton rubber gasket, and a blow-out disk (200



15 The polyners of the invention, whether bl ock copol yners,

t apered bl ock copol yners, branched and star ~ branched pol yners, random
copol ymers, or honopol yners, have been unexpectedly found to have the
capacity to nodify the di spersancy and/or visconetric properties of
fluids, such 20 as mneral and synthetic oil lubricants and normally
liquid f wadesqodgscordingly, it is within the scope of t IRCT/US96/04064

i nvention that the dispersant polymers of tyf i nvention be enpl oyed in
di spersant substances which can be added to fluids to nodify the

di spersancy and/or visconmetric 25 properties of the fluids. The

I nvention, thus, also I ncl udes a nmethod of nodifying or inproving the
di sper sancy and/ or visconetric properties of a fluid by adm xing with

the fluid a suffigien! ormMiQlididesscssaato LsHAPYLi@Yl in c¥dlohexane
I nvention so as to obtaln or Rr Qv

I de .a, npdi fied or 30 | mproved 1 ui
havi ng nodi fi ed o?°¥%+%é’f?§ji1§‘ﬂéfzgﬁﬂc§£g° the, rpagtoy; §tl,8’g¥t‘1"’1‘t§’ pé'od;é&t i%%s.
gbreover, t heS i nvenhydious tetadahgdrofivaes dl sgrerepent(9nBdgf k3. DmL, 0.136
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rate of change of gf n-putyllithium, was added. After several minutes, the
remainder of the isoprene-butadiene solution was added.
15 The temperature slowly éxothermed to 50°C and 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
20 and solvent was removed under reduced pressure from a 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
to possess 55% 1,2- and 45% 1,4-microstructure.
25 EXAMPLE VI
Hydrogenation of Isoprene-Butadiene Random Copolymer

Part of the polymeric solution (195 g) described in

Example V was introduced into a 0.5 L Fischer-Porter

reactor. The total amount of polymer added to the reactor
30 was 31.4 g which represents 0.540 moles of butadiene

unsaturation. The hydrogenation catalyst was prepared by

adding 35.1 mL of a 1.7 M triethylaluminum solution (59.6

mmol) to a solution of 19.9 mmol of cobalt octoate in 153.0

nl (119.2 g) of cyclohexane. The final catalyst solution
35 was 0.1 M in cobalt and had an aluminum-cobalt ratio of



viscosity per unit of tenperature change. Typical properties which are
nodi fied or inproved by the dispersant VI inprovers of the invention

i nclude relative thickening power (RTP), borderline punpability,

per mmnent shear 15 stability (DIN), tenporary shear stability at |ow
tenperatures (CCS), and tenporary shear stability at high t enper at ures
(HTHS) . Each oWOt9bveeses pr operti es can be determ ned or cPCR/USIsO4G62cd by
conventi onal nethods. The pol yner §,0f the invention may be

enpl oyed as 20 di spersants and/ or dispersant VI inprovers in a variety of
| ubricant fluids. Typically, such fluid is a mneral oil such as a
mneral oil |ubricant system e.g., notor oils, automati c transm ssi on
fluids, tractor hydraulic fluids, gear oils, aviation oils, and the

li ke. Other suital3:4.25A papplorcaifi dhdsi catalipstiofSul g, | 050 dnfiek|co) whHwe

| ubri cant or . turall o | I ni heti or. a
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petrol eum inél udithgyedi times withamd trogetduathen hydnggeneaandgoressyrexhdd he
like. nt heti c oigles | i gid °

pol yet ?ér s, pol ysislsi ggfﬁgs,l,,{lfﬂ, q%arg%etnﬁeo?%erg%gcgﬁ g%é?@é%@a?g&n%b% Ca&é‘gd
to a lubricant ~ wasopaipkained @R 30r38°¢n aFhe RFogxBEE @ficthE fecti ve
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ormul ati on. An exe ar rpad r e_i rom abou 10
about 20% wt . , pa?‘f’fqghya%’i}pf‘?so'm ?ggﬁf 3 &%ﬁf,a‘} dadd?.tmnai E\E‘ 3@'&%45
PCT/ US96/ Q406n mnol) of catalyst was added. Tig6 reaction wieuterriPhatted -
nore particul arly ik gboeity 0. Ve et ER ShowdtP Y nf s M Brax?é ﬁl{keat ration

fornmulation. 5 Thg polyners o e I nvention can be supg I ed neat or
as an oil concent (868 cEoheaBf ¢PLeley (dEarpeararce of vinyl (910, 990 cuw’

). The catalyst was then removed by washing the polymer
in the same type of reactor described in Example I with 300

15 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 aqueous
layer was removed and the entire wash step was repeated
using an aqueous isopropancl (2:1 water-IPA) solution. -

20 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
occurred as a result of hydrogenation.

25 EXAMPLE VII

Isoprene-Butadiene Diblock Copolymer

Eleven hundred milliliters of purified pentane was
introduced under a nitrogen atmosphere info a two quart
glass-bowled pressure reactor. The reactor was equipped

30 with an air driven stirrer, a pressure gauge, a thermometer
well, a heat exchange coil, a top surface inlet valve, a
dip tube feeder with a valve, a syringe injection port
containing a Viton rubber gasket, and a blow-out disk (200
psi). Five milliliters of a 0.1 M dipyridyl in cyclohexane

35 solution was injected into the reactor along with 8.0 mL of



I nvention have cold flow properties, thereby making it difficult to
transport such pol yners except as a concentrate. However, for ease of
handl i ng, the polyners 10 can be prepared as a |liquid concentrate.

Typi cal ly, such di spersant concentrates include a polynmer of the

I nvention in an anount of from about 5% w. to about 90% wt .,

particul arly fmomeesssut 10% wt. to about 70% wt., of the  PCTUSAR4884 at e,
15 In addition to the polymers descrjgmxilrltrns i nvention, the
di spersant formulations and the fluid fornmul ati ons can further include
one or nore additional additives known to those skilled in the art.
Such additives include, for exanple, antioxidants, pour point 20
depressants, detergents, dispersants, friction nodifiers, anti - wear
agentf,dVIdinprovamﬁydfﬂus-ﬁenrahqgeafuramxnrInbpnene (18afdgsr UBE.3 mdibi t ors,
etc ndee It t.he d 0 e

I nvention that th@ ﬁw%l&?re flfr'ieusg&g ¥ :??f%ii ce]grﬁ&p%g??'ggr ?’% q&ﬁéégar‘;slgncy
and/or 25 V3 scosgtinge frooddve |r@9ctsmhvemlq n %y‘ioé%é@n was heated to

significantly |eS§o<éfé,ﬁe 5@%«}% Ssﬂf-;ﬁdacmﬁ@ﬁ@fw 6 M n §\J§t§uum
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under st andi n30 of The solenidrortenflerapureivas amai3sainedeptab-2h& E@¥didt i ons

enpl oyed are int to
PCT/ US96/ 04064 eﬂgﬁps. fﬁ% remainder Mf)@ﬁé4£¥3E%dure was the same as that

described in Example V.
EXAMPLE VIII _
Hydrogenation of Isoprene-Butadiene Diblock Copolymer

15 The material described in Example VII was hydrogenated
in the same manner as Example VI using 23.3 mL of a2 0.1 M
cobalt-aluminum catalyst (3:1 Al/Co). '

EXAMPLE IX
Addition of Maleic Anhydride to Selectively Hydrogenated

20 Isoprene-Butadiene-Isoprene Triblock
A 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

prepared in much the same manner as was described in

25 Examples I and III. The triblock had a molecular weight of
10,000. Polyalphaolefin (4 cSt, 100g) was added and the
mixture was stirred and heated to 150°C under an inert
atmosphere. Maleic anhydride (5.10 g, 52.1 mmol, ~6 equiv)
was added to the hot mixture. The reactants were then

30 stirred at 240°C for 7 hours. After this time, the
reaction was sparged with nitrogen at 200°C for a half hour
to remove any unreacted maleic anhydride. The reaction
mixture was purified further for analysis by dissolving 10
g in 50 mL of cyclohexane and adding 60 mL of methanol

35 slowly until the polymer/PAC mixture fell out of solution.



further illustrative of the invention and are not limting upon the

reasonabl e scope thereof. 5 In all of the foll ow ng exanples, the
experi ment al pol ymeri zati on and functionalization work was perfornmed
with dried reactors and equi pnrent and under strictly . anaerobic
conditions. Extrene care nust be used to exclude air, noisture and
ot her inpuritivweseapabl e of interfering 10 with the deli catRCTAS§H§4PG|
bal ance i nvolved in the synt hesis of tfye polymers of this invention,
as wll be apparent to those skilled in the art. :
EXAMPLE | | sopr ene- But adi ene-1soprene Tri bl ock Copol ynmer 15
Three hundred milliliters (m) of purified, dried cycl ohexane was

i ntroduced into a six-hundred milliliter stirred glass reactor. Air

was renoved fromaiderTHAGHIthe resulting wetierhainshpwetatieel dhardcgeristic
nitrogen. The react.or,wa equi ' ks dr iV P

pressure gauge, Zﬁnhyqrrfgﬁr&%ﬂ& g% ?gggf%ﬁ%r}iﬁ%e?ﬁvél vé, %QF%itsz‘%g ngggrr
Wi th val §e, UERN) rapatysilse revealedi thate odh@enbydsidengroups had been

conbi nati on nitroggﬂg | ) Qmeht Bhyft ve. Three mlliliters of a
0.1 Msolution of di pa/y%;/gﬂél EJO Yy cycl ohexane, 7.3 nL (90 mmol ) of

tetrahydrofuran freshly 25 distilled fr henone ketyl, and 1.8 niL

(18 mmol ) of purifiqehicIQREEHR YEMalicaited! ed1i Piibldtk ERAgher. The
t enperature of the react S _conien %oﬁs ra sed to S0lerr] C
The sol ution was then A3 madd 48P PheToPRA (hoRFogy flask 1igted gt APt hi um
until a persilgt endvéfitead| siti vy, 30itrogémi itdet viadivepwand a Hyean-8t@sknl of
1.6 Mbutyllithiu | .10 i gt o t ' ; lLRitiate
pol ynmeri zati on of Enf?% W%%Ig?ﬁ%gn@e%?’hgqpegét?%&eméaf:?'%lllg%\ﬁgg %Pq{rt%ﬁr? Eg for
one hour, after wbrepered 5iny Example Viidd This matesiedevwassSoh astdvedipnto
the reactor at a pgtepRyCh i nibitdirel Uos BARdORS QTDOE AL & 6 dLnet .5

exceed 70[err]C ter
PCT/U896/E4OGL g, 10.4 mmol) of amlnopropylmorgﬁyline was added. The

15 temperature of the reaction was increased to 150°C for 2
hours. FTIR showed that the anhydride bands had
disappeared and were replaced by a strong band at 1708 cmt,
The reaction was then heated under high vacuum for 2 hours
to remove the water and unreacted amine. The resulting

20 material was purified no further. Nitrogen content was-
found to be 0.44% (calc'd: 0.51%).

EXAMPLE XI
Dispersancy Testing

Three dispersants of the invention, Dispersants A-C,
25 were prepared similarly to the dispersants described in
Examples I-X. Dispersants A-C were evaluated by spot
dispersancy test (SDT), a traditional bench test for
measuring the performance of dispersants. These
dispersants were compared with two commercially available
30 succinimide-modified polyisobutene dispersants, denoted as
Commercial Dispersants CDl and CD2, respectively. Figure 3
shows the performance of the three dispersants of the
invention at various treat rates, contrasted with that of
the commercial products. Percent dispersancy is shown on
35 the ordinate, with the larger values corresponding to



one hour, the reactor pressure had returned to its initial | evel and
the formati on of the second bl ock of the 5 copol yner was conpl et ed.

| soprene (1.8 nL, 18 nmol) was again injected into the reaction to
all ow the formati on of the third and final block of the triblock

pol ynmer. After one hour, 0.35 nL of acetic acid (4.5 muol) was

i nj ected WL 2%/40848 r eact or to quench the triblock |iving RETVUESA646E 10
color of the reaction mxture changed from agark amber to col orl ess
i medi ately. The m xture was cooled to room tenperature and filtered
t hrough alum na/Celite. An anti- oxi dant Irganox 1076 from G ba- Cei gy
(100 ppm based on dry pol ynmer) was added and sol vent was renoved under
reduced 15 pressure to yield a triblock polynmer of about 8400

nol ecul ar wei ght asetfted elspeBhity Gfopartieaus fheidaterialsiomne

onalyele, (1) STNRRARS WL a0 S WsleilhOHh e SaERRE 717552

Viscosity as @ Furdispersantih| esbikiting Jiatter dispersaigy alxaqizalent
Il lustrates the r @ﬁd@&%&'e}%ﬁbte%ig%ﬁi%lar. TR oWl fEey! Lo €03,

tribl ock polyners prepare manner substantially the same as'that

of Exanple | and €ach [gf itheeihree epmraunds afodhei davention produceds
apparent from the digigerdfaniyduhect ,was 4w as highchstéDiMdY Rfethet S

bet ween t he nol ecul ar wei.ght of the unhydr ogenat ed o
isoprene-butadienégwgﬁﬁFﬁ%g GPPREFALS.  hrepared as in Exanple | and the

| og of their ¥oom tenperature bul k VEXAMBIHR XII as neasured using a
Brookfield 30 Engineering LVT viscoqzigg ﬁgggg%ﬁggtggg for exanple, 0.6
rpmw th spindle nunber 5.

PCT/ US96/ 04064 Viscometric properties of g@terials prepared in

accordance with Examples I-X were measured using a
copventional method. Table 1 shows that Dispersant B at

15 6.3% in a 100 Neutral (100N) mineral o0il stock produced a
viscosity of 10.3 cSt, while 27.1% of commercial dispersant
CDl1 was required to yield only 10.2 cSt, and 7.1% of
commercial dispersant CD2 yielded only 9.8 cSt. Clearly,
the dispersant properties of these new materials are

20 superior to those of the commercial products, since
significantly less dispersant was required to obtain
equivalent or better wviscosity. Viscosity index (VI) is-
also clearly improved, as is relative thickening power
(RTP), by the additives of the invention.

25 TABLE 1

VISCOMETRIC COMPARISON OF DISPERSANTS IN 100N MINERAL OIL

DISPERSANT % IN STOCK 100°c RV v RTP
30 cbl 27.1 10.2 135 1.1
CD2 7.1 9.8 142 3.9
Dispersant B 6.3 10.3 153 4.6

35

EXAMPLE XIII
Para-Methylstyrene-1, 3-Butadiene Random Copolymer

One thousand milliliters of purified pentane and 100
40 ml of tetrahydrofuran distilled over benzophenone ketyl



EXAMPLE 11| Hydr ogenati on of |soprene-Butadi ene-1soprene 5
Tri bl ock Copol yner A solution of 250 nmL of cycl ohexane and 23 g
of a triblock polynmer prepared in a manner simlar to that

described in Exanple | was purged of air by evacuation . fol |l oned by

i ntroduction of dry nitrogen. This anmount of 10 polynmer contained 0.403
mol es of pol ybuoacrkesas: unsaturation. To the polyner soPGEVSIH04ES
added 25 nL of a hydrogenati on catal ysggsol ution conprised of
triethylalum numand nickel octoate in a 3.6:1 ratio, with a ni ckel
concentration of 0.1 Min cycl ohexane. The 15 resulting m xture was

pl aced in a Parr hydrogenation apparatus and pressured to 50 psig (446
P[err]) hydrogen. The apparatus was vented and the process repeated
tw ce nore, werer inbrotucedmundesr pr nitnogematnasphezentataita IWpsi g

446 Plerr of h e ' C FEHE
gnxturga vva]s)a |ta%&g 28 8%?%5276&13%g&g&gﬁ‘ﬂgﬁeég.&%@%a%tgg dg%a% I n order
to maintain 5 psW@s(ﬂﬂglP?é¢rW3thl@ﬂ:ﬁér drivenssleirregndat RECFIWS reRUIeas
moni tored by nmeang @he?mbhé¥er welllBhChealhexEhafe il hheoﬂﬂyaiwtlon

bot h d I FTI R
yarogen 25 11 0APLEEVALYR, | R LR CPBATFEROST HEkine SRIVE( of (S LHgR:
process displ ayed:.hljecpﬁ.eﬁepcﬂ: Oéorxﬂalmangl 3 Vieohuhubbeangasket, uaxshtaur ati on
(peaks at 995, 96%10%1935”BE§%J ZOdMHQEE[BO T? mlfﬂfﬁfﬁgi’ E“Laé'fﬂf vinyl

unsat uration (peaks
trans- 1, 4- butl@di edepmsdyilgqu:m}qhe}ase soluumma(sgasuen{:edr:}r)tq@q he

| soprene unsatura&bggtggnglgﬁg w1th 33Th|ﬁLfk§glop@| .23 18EPOSElS to zero
hydrogen fl ow. Upon etion of the selective hydr ogenatlon process,

t he vessel V\E§mﬁé'ﬁ¥éﬁt&ﬁﬂn? h@“MséthFEaE?‘iio?F?ﬁ Ragsgdyglrough gty reqd
in air wth anmonanomiydc oxBdtadisheqiRangl, 3522 mdl)i elaisonRénimrddsured

equivalent to the, t%tal SBBQmisﬁoinﬂb hb The bomb was fitted onto the
' 15 reactor and the contents were pressured into it. The
solution was heated to 35°C then titrated by slow addition
of 1.6 M n-butyllithium until a red color persisted. The
catalyst, 4.7 mL of n-butyllithium, was added.
Polymerization of the butadiene and p-MS was continued at
20 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-
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
25 molecular weight (Mn) and a weight average molecular weight
(Mw) of 2.00x10* and 2.10x10?, respectively, and a
polydispersity index of 1.05.
EXAMPLE XIV
Hydrogenation of p-Methylstyrene-1,3-Butadiene
30 Random Copolymer
The polymeric solution prepared in Example XIII was
introduced into a 1 L Fischer-Porter reactor. The total
amount of polymer added to the reactor was 140 g, which
represents 2.07 moles of butadiene unsaturation. The
35 hydrogenation catalyst was prepared by adding 121.5 mL of a
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70 content (11.5 mmol, 0.7 nL concentrated amonia and 0.5 nL
nmet hanol). Wthin several hours, the m xture had changed 5 to a dark
green color indicative of oxidized nickel. The m xture was filtered
t hrough alum na/Celite, and an anti - oxi dant was added in the anount
equi val ent t o wid9s/48p48 based on the dry polyner wei ght. BHUSS6040%4s

t hen renoved under reduced pressure togyield the product as a clear,
10 colorless, viscous fluid. EXAMPLE |V
Viscosity as a Function of Mol ecul ar Wi ght of

Hydr ogenat ed Tri bl ock Pol yner This exanple illustrates the

rel ati onship between the 15 nol ecul ar wei ght of the selectively
hydr ogenat ed tribiOEkM tr1ethylannminpmesaladibm {20 nmaidr tof a Bxalwption Idf

and their I n VIS Si t [
Figure 2, a nnnotgﬁ é ?ﬁ%f € c??? °E£§§5ﬁ1%%n%%9a.ure E§F§8€€é§@%|t3r|s
observed as the 26inahptatalyst vaolptionf wanel sk|Mcin \aoballhyanddeathtany
triblock po'Xﬂﬁﬁ§nﬁﬁ-é55§f¥“¥§ilolBfahl5Cﬁse§A ﬁbﬁ%ﬁaﬂkﬁfefﬁis catalyst

Englneerlng LVT V|sconeter oper at | n1mnt

n 0
spindl e nunber 5, (RBs™hsed: OGRS 519 Odghgs cannu}ggg_)\;é}to (—H‘@nrﬁ? ton gy ar

wei ght of ten thoygaangheh Phrgdd fd\ﬁ‘l”lttm%/)wa.thmj&i&d@eﬂ gassahd pressursd
exceed one ﬂ]|||0g centi

LE
v o, 55, PERG: BUBE THREtARR b RTRERA YR, Sxotherned to, ST
hundred il | i10i teandoﬂapuxmﬁe@ihmm &roledsta030°¢ witddapeicerkatha The

ni trogen atnnsphe%g PEQSaofwfhé“ﬁyafogenat96ﬂ5§a§xmﬁﬁ%¥d¥é%5§9rﬁnffﬁE@&”

The reactor was e an-air driven stirrer, ressure gauge,
a t her nonet er PnabYﬁb%I°%£Eﬁﬁﬂgeséﬂpiesa.t?&? leﬂ?%t val ve, a

di p tube feeder Wcébm@naaéaewh@smi u@eshaweatn@rbmﬁuﬁﬁueﬁmt aining a

Vitton rubber gaSketsat’e.‘ura 18£9m# Lg (Mt%&yg was then removed by washing the

15 polymer with 1 L of a 0.5 M citric acid aqueous isopropanol
(2:1 water-IPA) solution in the same type of reactor
described in Example XII1I. The mixture was vigorously
stirred at room temperature for 15 minutes and then allowed
to settle. The pink aqueous layer was removed. Another

20 liter of citric acid solution was added and the procedure
was repeated. After the addition of 0.5 g of antioxidant
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 polydlsper51ty index of

25 1.10.

EXAMPLE XV
Bromination of the Hydrogenated
p-Methylstyrene-1, 3-Butadiene Copolymer
To a stirring solution of 54.4 g (2.59 mmol) of the

30 hydrogenated p-methylstyrene-butadiene copolymer described
in Example XIV in 300 mL of cyclohexane under a nitrogen
blanket was added 2.65 mL {8.28 g, 0.0517 mol) of bromine
via syringe. After the addition was complete, a uv lamp
(100 watt longwave mercury spot lamp) was shined directly

35 on the reaction until the red bromine color disappeared
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71 psi). Five mlliliters of a 0.1 Mdipyridyl in cyclohexane
solution was injected into the reactor along with 8.0 nL of 5 anhydr ous
tetrahydrofuran. |soprene (9.3 g, 13.7 nL, 0.136 nol), freshly
distilled fromsodium was added via syringe to-a 300 nL Hoke bonb.

But adi ene (124.WOP6/4083%9 ni, 2.29 mol ) was then pressured PEEBSI6{d064 5ne
bonb. The bonb was fitted on top of the ggactor and approxi mately half
of the 10 contents was pressured into it. The solution was heated to
40[err]C and titrated by slow addition of 1.6 M n-butyllithium unti |
an orangi sh color persisted. Then 4.2 nL (6.7 nmol) of n-butyllithium
was added. After several mnutes, the remai nder of the

i sopr ene-but adi ene (sdSuRPominke dMhdedearSionThixturmaas: grecentypted under
exot hermed to 50C tained at 50-51[err]C for 3 hours. The
l'iving ani on was Qgﬁﬁﬁgg qﬁ%s é% by the addition of 0.46 nL (3.7 mmol) of
4- - hydroxyJ4- net hyl - 2- pent anone. An afSAMBEEGXWE | rganox 1076 from

G ba- Gei gy (100 ppm based omppiinét868hYSE' thiesrdtidRtedOHydPokbridiaent was
renoved under reduced pressure_tr.oma snal Ton 1o yield a
triblock polymer of about 20BDHEEEZlEEXﬁﬁﬂﬁﬁitéﬁgﬂgﬂgiﬂﬁhéLR—iﬂﬁﬁﬁ
colorless, viscous flui@o 10.0 ¢ iff ar edomiahyedspiietitiylssihpand-bittadiene

but adi ene’ center blRE) ey ERyPIRTESY SRk AGE YR hodal £605'5 5 W ©

ghatton o
| sopr ene- But adPene cRAnBokvabpoagiasiin (PAO), 1p8Vtgoif cpunyeside, sdit3-In

(195 g) described iR (3.6 EXPB1VmMAI b@tﬁogﬂ‘n%fdﬁﬁmarﬁhéli-ne. The
Fi scher -Porter reagtor. The total amount of mer added to

t he
reactor 30 was SEeécﬁlﬂﬁlUﬂsrﬁﬁﬁﬁéﬁgnﬁ§d0 hsaped e, pifnpgan it 156°C for
unsaturation. The hpdhegesat spdrdal With ndBTofer PEGE bRy hour aBdisofET,3%hen

m. of a 1.7 Mtrie | al, ypl t} 0 : . | of
19.9 mml of cobal yz%c? %g%&l&g}%% a i’gﬁtgfﬁﬁhzg%%%f t‘gygyg%e#(%én‘gy The
final catal ystl5sol gairéh}35 was 0.1 Min cobalt and had an al um num cobal t
ratio of EXAMPLE XVII

Dispersancy Testing

The aminated copolymer of Example XVI (Dispersant F)

and two other similarly prepared dispersants of the

20 invention (Dispersants D and E), were evaluated by SDT and
compared with commercial dispersants CDl1 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

25 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%
treat rate.

EXAMPLE XVIII
30 Viscometric Testing

Viscometric properties of materials prepared in
accordance with Examples XIII-XVI were measured using a
conventional method. Table 2 shows that Dispersant E at
4.7% in a 100N mineral oil stock produced a viscosity of

35 10.5 cSt, while 27.1% of Commercial dispersant CDl was
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72 3:1. A portion of this catalyst (5.0 nL, 0.50 mmpbl Co) was
syringed into the reactor which had been purged/vented 5 three tines

wi th nitrogen, then hydrogen, and pressured to 55 psig with hydrogen.
The reaction exotherned to 34[err]C and was mai ntai ned at 30-35[err] C
The progress oWQ9#845  hydrogenati on was nonitored by i nfr G

anal ysi s of hourly sanples. After 4 hoygs an additional 4 nL (0.40 10
mol ) of catal yst was added. The reaction was term nated after 6.25
h, when the IR showed mi nimal trans unsaturation (968 cnjerr] ) and
conpl et e di sappearance of vinyl (910, 990 cnfierr] ). The catal yst was
t hen renoved by washing the pol yner in the sane type of reactor

descri bed i n Exanplegulireft ho3gheld 10rz_qst,aaﬂd57h&%i¢fimpmnantiaQerus
isopropanol (2:1 tur &%ﬁ | ously

m xed‘at 70[err]C ‘Qﬁtsf)[arfant 8b§’%ﬁ§%§é%r$gﬁglﬁ ?o s@f va%ngl nk
aqueous 15ay e Vg9 S EHp BRI ARG k@%ﬁﬂésmghtgﬁ% Rey maderaply are

usi ng.an aqueous igPRE2B2NEb tRodeV6f cthd BomeeLuhl Oprodifbts Aldigteaddi tion
of 0.2 g-of Irganox 1Q

6, p i sol ated b i ng the
vol ati |l es under réﬁ@?&% P@ggﬁrgezs élsﬂﬁisaﬁérﬂéﬁtF%ﬂu%ﬁﬁ rﬁﬂ!&ﬁ‘ ﬁy of a
sanpl e reveal ed Ildqmﬁealent obapgeten vimrogdkydi spersity index of the

pol yner had occurred as a result of hygdragepation. 25
EXAMPLE VI | | sopr ene- Butad =—Di bl ock Copol yner
El even hundrel milliliters of pQEiEEREny SMETRICS, IN 100N, 106K, juced under a
ni t rogen atnDsphere—rﬁtfrfrfwerFEﬂﬁ———————gFaSSrbewked—pressure—reacfor.
The reactor was eQEPTBENTI0  wi ¥ HNFOSR O i vBh SBFY rer¥® a press®™ gauge,
a thernoneter coyel I, a heat exchagge coil, @2t op surfagce I nleg_ qalve, a

- 15 '

cp2 7.1 9.8 142 3.9
- Dispersant E 4.7 10.5 168 6.3

20 * Dispersants are all 50% active in PAO.

Table 3 compares Dispersant E with commercial products
illustrating the capacity of the dispersants of the
invention to minimize the amount of a commercial viscosity

25 improver required to improve in viscosity from 4 ¢St (i.e.,
no additives in the 100N stock) to 10 cSt.

TABLE 3
REPLACING VI IMPROVER WITH DISPERSANT IN 100N STOCK
30 ) _
VISCOSITY % COMMERCIAL % COMMERCIAL
DISPERSANT (4% IN VI IMPROVER VI IMPROVER
STOCK OIL) NEEDED DISPLACED
35 NONE 4.00 1.15 0
CD1l 4.61 1.02 11
Ccb2 6.63 0.61 47
40
: Dispersant E 8.23 0.18 85

Given an identical amount (4%) of each of the
45 dispersants in the 100 Neutral stock, Dispersant E of the
invention increased viscosity to 8.23 cSt while the
commercial dispersants increased viscosity to only 4.61 cSt



dip tube feeder with a valve, a syringe injection port containing a

Vi ton rubber gasket, and a bl ow out disk (200 psi). Five mlliliters
of a 0.1 Mdipyridyl in cycl ohexane 35 solution was injected into the
reactor along with 8.0 nL of WO 96/ 40845 _

PCT/ US96/ 04064 73 - anhydr ous

t et rahydr of ur aWO 954e88% ene (18.6 g, 27.3 ni, 0. 344 nol), PH6(p4064
distilled fromsodium was added via 5 sygpnge to the reaction vessel
The solution was heated to 50[err]C and titrated by slow addition of
1.6 Mn-butyllithium until an orangi sh color persisted. Then 4.2 nL
(6.7 mol) of n-butyllithiumwas added. After 4 hr, butadiene (114.7

g, 155 nL, 2.12 nmol) was pressured into the same reactor. 10 The sol ution
tenmperature was mangdt & 62cStt. 5@G inerepeef bhe Fiscosisyr of the 1@MMhistesk of

t he procedure was {henss t ' '
EXAMPLE VI | | tb EEN%%'g?rsfalt%tr?fofa Fggﬁ‘?%%?%ﬁ RyRIZEBLE Mook CopY e
|

15 The Snat 6pPalymes (Yigsasity ARRFAVEr \Was keauiFgpsgeRitRersa

the same manner agnheXateke rddutidd1@he3réqiiréd sndint WE to oobedf -al um num
catalyst (3:1 Al/Co

e v s - : . _EXAMPLE | X
AddIt ) on of Nl ef CSRHRGIRT RF (85%e) T8 GERPeFFiRb GRRFEFo0Es foduced the
| sopr ene- But adi enembanpreferékpiirdest ¥I improver by S2dymillRi ahded47% hr ee- neck

overhead stirrer | GedLe  sile RdIEIERRE Sapllcs 207 DL pbELaYR £ O

pol ymer 18r ep&hds rasewcthe HiargehedniiReesHyY iPrevemenbeias ite34 cSt
Exanples | and |l lgromTBecé# i bl ock had a nol ecul ar wei ght of 10, 000.
Pol yal phaol efin (4 cSt, 100g) was added and the‘ m xture was stirred

and heated to 150[err] C under an inert
. REPLACING VI mnov:n_wzm DISPERSANT IN 100N STOCK

15 VISCOSITY - $ COMMERCIAL % COMMERCIAL

DISPERSART (4% IN VI IMPROVER VI IMPROVER'
STOCK OIL) NEEDED DISPLACED

NONE 4.00 1.58 0

20
Cpbl 4.61 1.46 8
cD2 - 6.63 1.00 37

25 Dispersant E 9.00 0.74 53

Here, 4% added Dispersant E provided viscosity of 9
cSt, while identical amounts of the commercial dispersants
30 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
35 reduced the required amount of VI improver by nc more than
37%.
EXAMPLE XIX
Liquid Polybutadiene

Eleven hundred milliliters of purified pentane was
40 introduced under a nitrogen atmosphere into a two quart

glass-bowled pressure reactor. The reactor was equipped



at nosphere. Maleic anhydride (5.10 g, 52.1 mmol, -6 equivVv) was added
to the hot m xture. The reactants were then 30 stirred at 240[err]C for 7

hours. After this tinme, the reaction was sparged with nitrogen at
200[err]C for a half hour to renove any unreacted nal ei c anhydri de.
The reaction m xture was purified further for-analysis b dlssoIV|ng
10 g i n BY096/48885 cycl ohexane and addi ng 60 nL of net hanBFTA8I6/04

until the polynmer/PAO m xture fell out of sgfution. vm96/40845
74 An FTIR of the resulting material showed the characteristic
anhydri de bands at 1820 and 1788 cni{err]. A Total Acid Number 5 (TAN)
anal ysis reveal ed that 4.0 anhydri de groups had been added to the

pol ymer chai n. EXAMPLE X

| mdizati on of Nawktheahn |&Exr 'Bxiilvlencbt&’utgmara pressure gaGgepck drmdmeteond

bottom fl ask fi ttg;gﬁ\n tg ﬂantlgxcg\éﬁr égif gr@J& sﬁl,_,r%egegn%%# igg% v and

a Deah- Stark rap’ was eat e
prepared in éanpﬂép\/ﬂl‘be ﬂﬁ@%tﬂéﬂ‘aﬁ W%VSO% foringe; hnZeCtm%S?mﬁAO The

m xture Wals heathef.'oﬁ@aiéﬁ{@raf Mt%%ﬂrﬁtfgeﬁtgééke‘tt andJa E?ﬁé-mlalgé (200
ani nopr opy! mor phol i ne wa e ra ure_o e reaction was
i ncreased to 150CPFd}- 2 nto ﬁg‘ﬁr reagipg ¥a ﬂ'h% a‘i b2hds had

di sappeared and waipyribdyhded clyplahakanagsb]amthcm aléfig wmi:hrlt]) 0 mL offThe
e, Lhe ey e MMM S Atk o sqhfheT ™ (e
further. N 19 ogehe%mmonﬁagetyl) of oaﬁﬁa@bem (15849, gca2é2@ my, 2947
EXAMPLE XI mol) was then pressuPedPehe8N$00 TRSHORE bomb. The bomb
was fitted on top of the reactor and the entire contents
was pressured into it. The solution was heated to 50°C and
titrated by slow addition of 1.6 M n-butyllithium until an
15 drangish color persisted. The catalyst,'3.5 nL (5.6 mmol)
of 1.6 M n-butyllithium, was added. The temperature was
maintained between 40-50°C for 2 hours after which time the
living anion was quenched by the addition of 0.35 mL (2.8
mmol) of 4-hydroxy-4-methyl-2-pentanone. An antioxidant
20 Irganox 1076 from Ciba-Geigy (100 ppm based on dry polymer)
was added and solvent was removed under reduced pressure
from a smalluportion to yield a polymer of about 30,000
(Mw/Mn = 1.05) molecular weight as a clear, colorless,
viscous fluid. Infrared analysis (FTIR) showed the
25 butadiene to possess 67% 1,2~ and 33% 1, 4-microstructure.
EXAMPLE XX
Partial Hydrogenation of Liquid Polybutadiene

The polymer solution from Example XIX (minus 200 g)
was introduced into a 1 L Fischer-Porter reaction vessel.
30 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
35 added to the reactor via canula. The reactor was then



Three dispersants of the invention, D spersants A-C, 25 were prepared
simlarly to the dispersants described in Exanples I-X. Dispersants A-C
wer e eval uated by spot di spersancy test (SDT), a traditional bench test
for measuring the performance of dispersants. These. di spersants
were conpared with two commercially available 30 - succinimde-nodified

pol yi sobut ene WOSpde8da Nt S, denoted as Comrerci al Di sperg'%'l'r"ﬂ’%9 and
CD2, respectively. Figure 3 shows the ggrformance of the three

di spersants of the i nvention at various treat rates, contrasted with

t hat of the commercial products. Percent dispersancy is shown on 35
the ordinate, with the | arger val ues corresponding to WO 96/ 40845
PCT/ US96/ 04064 75 better

di sper sancy pL opepriessurdd etariSe pisdlas wotht hpdrogen.i nFhat reackieicl earl y
superior to the c ' . ' I b Rt | i lgSanc

at equi val ent gg??ééﬁ%%fl ggeﬂi%&%éﬁ?%ﬁra?fwa?b I g?v&t: lr}géaftdar{eaft1 g_ﬁgfs 1. 032;
each of the tfreecookpdunetow 35 fe | Atenas onl Invee sedexothern aaain fo

whi ch was twice agohtdbefdreiithaasObohllfi cooled @¥TBb6IB! 38tGpemRationicl0
EXAMPLE Xl | Visconetric, Testin

Vi sconetric propePFPB%eﬁf“?Eﬁeﬁqéﬁxfeﬁrbﬂaﬁggr?FFd sPec§5§8F8%¥c8?$%%%f
EﬁaanDies | - X wer e Thiegs shewed stheg i sappeacencentf orialylnd®R0d. STALtm 1 antbws
t hat spersant B 5 . 300 § égﬂ} ral ' | @hbnS
produced a vitg%%i t‘?%f%’. gngs t, \%%3271.\%%@7%?%{ a?h%i?sigfd;ant
CDL was requilled resjdupd trans 1msatycatignd (21 1deubrle bonds)feipringd, the
di spersant CD2 i ¢ledediBh! Wad thriilnatedgar the catalyshtewdsspRésafémoved by

properties of these new materials are ‘1l
washing the polymer in the same type of reactor described

in Example XIX with 800 mL of a 0.5 M citric acid aqueous

isopropanol (2:1 water-IPA) solution. The mixture was

15 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 using an aqueous isopropanol (2:1
water-IPA) solution. After addition of 0.2 g of Irganox
1076, the polymer was isolated by removing the volatiles

20 under reduced pressure. Gel permeation chromatography
showed little molecular weight change (Mn = 34,600; Mw/Mn =
1.15).

EXAMPLE XXI
Addition of Maleic Anhydride to
25 Incompletely Hydrogenated Polybutadiene
A 500 milliliter three-neck round bottom flask fitted

with a condenser, nitrogen inlet valve and overhead stirrer
was charged with 41.83 g (1.2 mmol) of hydrogenated
polybutadiene prepared in Example XX. The polybutadiene

30 had a molecular weight of 34,000. Polyalphaclefin (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,
23.9 mmol, ~20 equiv) was added to the hot mixture. The
reactants were then stirred at 240-250°C for 7.5 hours.

35 After this time, the reaction was sparged with nitrogen at




20 superior to those of the conmmercial products, since significantly

| ess di spersant was required to obtain equi val ent or better viscosity.
Viscosity index (VI) is also clearly inproved, as is relative

t hi ckeni ng power (RTP), by the additives of the invention. 25

TABLE 1 _ VI SCOVETRI C  COVPARI SON OF DI SPERSANTS | N 100N M NERAL
aL DI SPEQRSAHEB4S % | N STOCK 100[err]C KV VI PCT/USI{4§64 3
CD1 27.1 10. 2 1383 1.1 CD2

7.1 9.8 142 3.9 D spersant B 6.3 10.3
153 4.6 35 EXAMPLE X |

Par a- Met hyl st yrene-1, 3- But adi ene Random Copol yner One t housand
mlliliters of purified pentane and 100 40 nmL of tetrahydrofuran

distilled over beh30ihditunenkehghir to remove \4Dy)@hzéadited maleic
PCT/ US96/ 04064

. £y g%ﬁed
under’ a nitrogen %?%dszb déer'e iT%F Orgaf\%%on m,atfj%rr%@(j? Isag‘slr%gﬁd&sit.ﬁérg
pressure reac?or. anabyseadivodissolywangedlhi pin 4 mh af evelokexane andrer,
a pressure gauge, adding %0 M BE"EE8pr¥Bhhol s1KAly AKENENERe CB61yméyr AFD
surface i nlet, val ve, ea.dlg tu?e fged r witha val ve, @ Syringe
i njection port coMiEFrhiFetiveRtnofuss Ptgﬁgke€¥‘éﬁaka° the fesi Hun%i sk
(200 psi). One nihhtéiisX showadOtheMchAractepistiy anhydyitielisamds stol18200n
was injected intoy}§€9g9 e £ACHOTHaINAKH! Humtver (Pany 38n19s18- FefedTd

of
10 that on average there were 13.2 anhydride groups per

polymer chain.
' EXAMPLE XXII
Imidization of Maleated Polybutadiene
A 3-neck 100 mL round bottom flask fitted with an
15 overhead stirrer and nitrogen inlet valve was charged with
37.14 g of maleated hydrogenated polybutadiene, 50% active
in 4cSt PAO, prepared in Example XXI. The mixture was
heated to 130°C and 1.0 mL. (1.0 g, 7.0 mmol) of
aninopropylmorpholine was added. The temperature of the
20 reaction was increased to 150°C for 2 hours. FTIR showed

that the anhydride bands had disappeared and were replaced
by a strong band at 1708 cm™. The reaction was then heated
under high vacuum for 3 hours to remove the water and
unreacted amine. The resulting material was purified no
25 further. Nitrogen content was found to be 0.46% (calc'd:.
0.49%).
EXAMPLE XXIIX
Dispersancy Testing
The dispersant of Example XXII was evaluated by SDT.

30 This dispersant, denoted Dispersant G, was compared with
the commercial dispersants CDl1 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

35 clearly superior to the commercial dispersants, exhibiting



p- met hyl styrene (p-MS) that had been passed through al um na. But adi ene

(120 g, 2.22 nol) was then pressured into a 300 nL Hoke bonb. The bonb
was fitted onto the 15 reactor and the contents were pressured into it.
The solution was heated to 35[err]C then titrated hy slow addition

of 1.6 Mn-butyllithiumuntil a red color persisted. The cat al éﬁ

mL of n-butyl | WOI94845 was added. Pol ynmeri zati on of the W and
p- M5 was conti nued at 20 25-30[err]C for g6 hours. The living anion was
t hen quenched by the addition of 0.5 nL of 4-hydroxy-4-nethyl -

pent anone. A portion of the polyner was concentrated under reduced
pressure. Gel perneation chromatography of the sanpl e showed the

pol ymer to have a nunber average 25 nol ecul ar wei ght (M) and a wei ght
aver age nol ecul ar hedittgnt disperSpnfyost 2oGvedeats fraat vates«10ferr],

respectively, and ;?artlcwﬁ y‘;‘tSRSQStfé’aﬂ 'l‘i@ésotaflloﬁ%, Dispersant G

EXAMPLE XV genat’i on Met hyl sty Bléi}adl ene, 30
Random Copol yner produce Weﬁ§ﬁ9ﬁ¥r‘7}8‘§bl“@ﬁ GNeSr E‘ﬁ ?%d*i i af B S8¢Y
was I nt roducegk igHed comhelrchia3COpspdiydmis.reactor. The total

anount of polyner added to the reactor was 140 g, which represents
2.07 nol es of butadi ene unsaturation. The 35 hydrogenation catal yst was
prepared by adding 121.5 niL of a EXAMPLE6XXTB45

PCT/ US96/ 04064 . . . 1.7 M
triethylal um num sol ution (210 mmol ) m—&m 60. 0 mmol of

cobalt octoat#0in 450 Missomstalichpxeperticthofs Dispenaant £ Meyst meapuredn

was 0.1 Min cobaljg :‘Frﬂﬁj J'%rﬁ}éntlonai%m COti‘%'btler 8t bRowd tha® bisPersant
portion of this cataé/ (50 _nmL, 5.00 mmul onj canr]‘ulpm i nto_the

react or V\:hl ch G uced a
viscosity of 10.5 cSt, while 27.1% of commercial dispersant

CD1 was required to yield only 10.2 cSt, and 7.1% of
15 commercial dispersant CD2 yielded only 9.8 cSt. Clearly,

5.4% in a 100 neutral m1nera sto

the viscosity improving properties of this new material is
superior to those of the commercial products, since
significantly less dispersant was required to obtain
equivalent or better viscosity.

20 TABLE 5
VISCOMETRIC COMPARTSON OF DISPERSANTS IN 100N MINERAL OIL

DISPERSANT % IN STOCK 100°C XV vI RTP
{e8st)

25

cDpl 27.1 10.2 135 1.1

cD2 7.1 9.8 142 - 3.9
30 Dispersant G 5.4 10.5 - 162 5.6

EXAMPLE XXV
90% Vvinyl Polybutadiene Star

35 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
40 dip tube feeder with a valve, a syringe injection port



was then purged four times with hydrogen gas and pressured to 55 psig.
The reaction tenperature exotherned to 50[err]C 10 and was i medi ately
cooled to 30[err]Cwith an ice bath. The progress of the hydrogenation
was nonitored by infrared (I'R) analysis of hourly sanples. The reaction
was term nated when the IR showed no existing olefin unsat ur ati on.
The catal yst WWO9IM4Sr erpved by washing the 15 pol yner wi t FCTUSIHME064 o 5
Mcitric acid aqueous i sopropanol (2: 1gwater-1PA) solution-in the sane
type of reactor described in Exanple Xl I1. The m xture was vi gorously
stirred at roomtenperature for 15 mnutes and then all owed to settle.
The pink agueous | ayer was renoved. Another 20 liter of citric acid

sol uti on was added and the procedure was repeated. After the addition
of 0.5 g of anti oxpbd&atining argémQu::ubber ohekpb) yamd avdxlayoousndiake(i200
under reduced ssu N,CRHr t ?ﬂﬂﬁfr e of
2.31x10[err], a E&? Egﬁo err gqulgd?ggeggé |€'g¥ g&@ﬂgﬁeﬁgn
EXAMPLE XV 5 solutlon was jp pgﬁoot 9h§ep9g95gghggbylth 40.0 mL

p- Met hyl styrene- 18- Bﬁh reﬁg €ePAANyRofuran. Butd@iénst(195.00g508ug20n of

58,8259, ol Loy LS, PRahatcAstled et NG SR PICAR e op
ni t rogen bIawhstfmmsedddndtépfﬁflﬂhe(%eaatgr 8ndStilve nintentsbwene ne
}’i a syringe. Aftegrkgﬁrﬁgﬂ' theg YEs %&@EE&Etf,BnUvéaé aﬁ@atﬁ]d tol 589 Vigid
ongwave nercur was shi ne rect reaction unti
the red bronﬂﬁe c&ﬂﬁra§¢§a Pedley addition ofv@>§6M4nmhu;ylllthium until an
PCT/ US96/ 04064  orangish color persisted. The é8ntents of thkeCibhdPorOvere -
mn). The reaction mixLute YWas. congenty afys%ndfrzi nL (3.85 mmol) of n-
butylllthlum, was added. Polymerization of the butadiene
was maintained at 18°C for 3 hours and then wés allowed to
15 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 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-
20 hydroxy-4-methyl-2-pentanone. A portion ¢of the polymer was
isolated by flocculation in isopropanol containing Irganox
1076 and dried in a vacuum oven. Gel permeation
chromatography of the sample showed the polymer to have a
number average molecular weight (Mn) and a weight average
25 (Mw) of 742,915 and 800,020, respectively, and a
polydispersity index (Mw/Mn) of 1.08. Infrared (FTIR)
analysis showed the butadiene microstructure to have ~90%
l,2-microstructure.
EXAMPLE XXVI

30 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
35 unsaturation. Two hundred milliliters of pentane was added



reduced pressure. 5 EXAMPLE XVI

Am nation of the Brom nated Hydrogenat ed p- Met hyl styrene-1,
3- But adi ene Copol yner To 10.0 g of a brom nated

p- met hyl st yr ene- but adi ene copol ymer that was 20 wei ght % p- M5 was
added 10.0 g of 4 10 cSt pol yal phaolefin (PAO, 1.87 g of cal ci um oxi de,
and 3.7 NWO(s8/484y, 0. 0251 nol ) of N-ami nopropyl nmor phol | RET/U§$E4064
reaction was stirred and heated under nitroggn at 150C for 18 hours,
sparged with nitrogen for one hour at 150[err]C, then hot filtered
through a bed of Celite 545 (di atomateous 15 earth).

EXAMPLE XVI | D spersancy Testing The
am nat ed copol ynmer of Exanple XVI (Dispersant F) and two ot her

simlarly preparetodifggeheandilutfe tthe 20lymenvenThe hydbogpnationscitalysit) ,
wer e eval uated by T I i th_co | &l \d] L, and
CD2 descri bed W§§r \%‘Q'gﬁ’s’ d.bﬁg%%g%gs\gﬁgvﬁlﬁt e pgr'?ogdngﬁggﬁgﬁg%‘%gse

t hree di Sper sahoxide solubion 1(58:6 pmedd, teontsodatdanwpfnlP natmmgl of

the cormre:ci fllh Pr Qual . olaiéaf@tﬁ{ 13)gs e0frt hménzg:ﬂt i Elohéignél eafjy/
AR ER g G R STE VO N K I
100% at 1% t rd@ininaiecobalt ratio of 3.5:1. A portiohXéEPthix\GtataDbfst
T Ccor danca G MlesxnS S o) yRehaBihiedrts TBbrEegetor AT
cpnventionallﬁethmdd Bebhepﬁrgédﬂveqﬁad:tbtepetimms Hithtnitrpgén?@then¢a1 OON
omenri o o soor DRROREY, Bl A2 285 o R nyibben? 6
PCT/ US96/ 04064 progress of the hydrogenation wagguonitored by infrared

) (FTIR} analysis of half hour samples. An additional 3.0 mL

(0.3 mmol Co) of catalyst was added after one hour. The

15 reaction was terminated after 22 h, when the IR showed only -
0.18% residual trans or 25 trans double bonds per star
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.

20 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 using an agueous
isopropanol solution. After addition of 0.2 g of Irganox
1076, the polymer was isolated by flocculation in

25 isopropanol cbntaining Irganox 1076 and dried in a vacuum
-oven. Gel permeation chromatography of the sample revealed -
that little change in the polydispersity index of the
polymer had occurred as a result of hydrogenation.

_ EXAMPLE XXVII

30 The selectively hydrogenated polymer of Example XXVI
is chemically modified with maleic anhydride followed by
aminopropylmorpholine as described in Examples IX and X to

provide a dispersant VI improver.
Thus, while there have been described what are
35 presently believed to be the preferred embodiments of the



required to yield 10.2 cSt, and 7.1% of commerci al di spersant CD2
yielded only 9.8 cSt. Cearly, the 5 vi scosity inproving properties of

these new naterials are superior to those of the conmercial products,
si nce significantly | ess dispersant was requi red to obtain

equi val ent or better viscosity. TABLE 2 10
DI SPERSANT VI WOOWMERAES CS | N 100N STOCK Dl SPERSANT* POTIURP6A#0K Ol L
KV (cst) Vi RTP cD1 87 27.1 10. 2 135

1.1 15 CD2 7.1 9.8 142 3.9

D spersant E 4.7 10.5 169 6.3 20 *

D spersants are all 50% active in PAQ Tabl e 3 conpares

Di spersant E with comercial products illustrating the capacity of the

di spersants of thepresenti mwah'tmunx othosd kidledeianthmtaxi wildomeelizal

Viscosity 25 MRAQYCLaUbnadeh SlIDI AR ReNEE S e AU GiRbuti - ©

no additives in

TABLE 3 5 departppep| fcomGthe spivEROGERthey InventshaRSaad AN 180N :
STOCK .30 intended to iMEPEE® A1 such rUrERMVERSAE catidhs CRYYERCI AL
DI SPERSANT (4% N VI | MPROVER VI | MPROVER )

STOCK QL) NEEDepges as come witpimihg tiyye sgpRp of the claimg gpt
1.15 forth hereinCDl 4. 61 1.02

11 CD2 6. 63 0.61 47 40



D spersant E 8. 23 0.18 85 G ven an
I dentical amount (4% of each of the 45 di spersants in the 100 Neutral

stock, Dispersant E of the i nvention increased viscosity to 8.23 cSt
while the commerci al dispersants increased viscosity to only 4.61 cSt
WD 96/ 40845 : PCT/ US96/ 04064

80 andwWeIgWsESt . To i ncrease the viscosity of the 1006I/U904064

to 10 cSt, 1.15% of a comrercially avail able block 5 copol ymer viscosity
i mprover was required. Dispersant E in 88t he stock reduced the required
amount of to 0.18% a reduction of 85% The commercial dispersants
reduced the anmount of required VI inprover by only 11% and 47%

Tabl e 4 shows additional results for Dispersant E. In 10 this case, the
targeted viscosit§ iEErovenent was to 14 cSt from4 cSt

TABLE 4 LACI NG VI | MPROVER W TH DI SPERSANT | N 100N STOCK
éISSPERSANT V| SZCOSUT \ﬁlspe:"é’aﬁgNPRo\/VﬁwR #dce for modYE?%R HKé AL

STOCK Ol L) BEEPersanCY or ‘ﬂ%ﬁﬂ‘ﬁéﬁgc Pr°PerﬁéﬁERo% a fluidy (g

1.58 compr?€ing: CD1 4.61 1.46

8

a copolymer of a ring—sﬁbstituted styrene and at least
one coniugated diene, wherein:
said ring-substituted styrene has at least one
10 benzylic hydrogen and the formula:

=
(5)
{CHRARB]
15

wherein n = 1-5, and R and R? are each hydrogen
or a hydrocarbyl group:; and
said at least one conjugated diene comprises:
20 a conjugated diene having at least five carbon
atoms and the formula:
Rl-C=C~-C=C~-R® (1)

L1 1
RZ R3 Rd R5
25
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

30 polyrmerized conjugated diene of formula (1) has
the formula:

N

CHRARE] ,

* c L M s *



cD2 6. 63 1.00 37 25 Di spersant E.
9. 00 0.74 53 Here, 4% added D spersant
E provided viscosity of 9 cSt, while identical anmounts of the

commerci al di spersants 30 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
comerci al bl WP %8By er VI i nprover was required. Di $EFMSIA4062
reduced the required anount of VI inprover kg 0.74% a reduction of
53% The commerci al dispersants 35 reduced the required amount of VI

i nprover by no nore than 37% EXAMPLE
Xl X Li qui d Pol ybut adi ene El even hundred
mlliliters of purified pentane was 40 i ntroduced under a nitrogen

at nosphere into a two quart Ryl ass-bowl ed pressure reactor. The reactor
was equi pped ' WD 96/ 408|45
PCT/ US96/ 04064 81 with an air
driven stirref, a pressure Raogf, =aCtheRbnet er wel |, a heat {2kchange
coil, .a top surface inlet valve, a § dip tube feeder with a valve, a
syringe injection port cont ai niﬁ&g a Viton rubber gasket, and a

bl ow out di sk (200 psi). Into e reactor was injected 1.5 nL of a 0.1
M di pyridyl in cycl ohexane solution along with 10.0 nL of

Bt adi one (1600 g, 2420 miherein & WAL 5RE AR K op8LERH AN
Hoke bonb. TH@ bonb waltydracagtydn groppef préeidehtchet ehthehcbeth iR'e
contents and R are hydrocarbyl groups or both R and R
are hydrocarbyl groups; or
a conjugated diene having at least four carbon
atoms and the formula:
15 R"-C=C~C=C - R (3)

II{G R9 R‘.\O R11
wherein R’-R!? are each hydrogen or a hydrocarbyl
20 _ group, provided that after polymerization, the
unsaturation in the polymerized conjugated diene
of formula (3) has the formula:
RVI
l
25 RV - C=C - R (4)
|
RVII
wherein RY, R, R and R are each hydrogen or
a hydrocarbyl group, provided that one of RY or
30 R is hydrogen, one of R'™ or R™! is hydrogen,
and at least one of RY, RY, R and R"™™ is a
hydrocarbyl group; and
wherein said copolymer has been functionalized by a
method comprising:
35 selectively hydrogenating said copolymer to provide a
selectively hydrogenated copolymer; and

* [+ L M S *



was pressured into it. The solution was heated to 50C and titrated by
slow addition of 1.6 Mn-butyllithiumuntil an 15 orangi sh col or

persisted. The catalyst, 3.5 nL (5.6 nmol) of 1.6 Mn-butyllithium
was added.- The tenperature was mai nt ai ned between 40-50[err]C for 2
hours after which time the l'iving ani on was quenched by the addi&i on

of 0.35 nL (2. WO96/408481p| ) of 4- hydr oxy- 4- net hyl - 2- pent anone PCR¥
ant i oxi dant 20 | rganox 1076 from Ci ba-Ceigy (100 ppm based on dry

pol yner) was added and sol vent was renoved under reduced pressure
froma small portion to yield a polynmer of about 30, 000 (Mv M = 1.05)
nol ecul ar wei ght as a clear, colorless, viscous fluid. Infrared

anal ysis (FTIR) showed the 25 but adi ene to possess 67% 1, 2- and 33%
1, 4-microstructure. functionalizing said selectivedyiydrogsnated

Partial Hydrogenatd,gBlgheki €41 &R W FhhePEonalized copE'igm;QP'Wn at
sol ution from_Exanpl e nus 200 was introduced into a I L

I X (m )
Fi scher-PorteP red®RFbroR@Retar ﬁnCt%ﬁéaFly@F%at ion catal yst was a
cobal)t -triethylal um lr)nu_lm The m@?@sﬁitssabs?klxdm dﬂtdlﬁlilgxaﬂewhé'i‘ﬁﬁ%tﬁ@aﬂﬁi on
was 0.1 M In_cobalt, Wt n, al.um num cqgbalf.rati.o o .h: 1. After
the reactor had hESROSTYRAEE ERERY BRVREHA PEE Shid Fribedend didne il ()
hydrogen, 70.0 nipolyserbzedtas 7a mesido@oropabydsr. added to the reactor via

canula. The reactor st ; :
PCT/ US96/ 04064 | W8S PS8 dispersant MQ@&%%} (.:laim ;Jifev_s’%ﬁ‘r.eel said,
‘psi g with hydf@ogekingneubshitutpd styreps: aad gatd Fandugesed diens 2reerr|C

to 43C before it pasyherifed! £8 dalraitiched or!stamorincheadcbpobymdrierm - -
again to 50[err]C beffﬁea$1 was aqgin cool ed t c&bgutIBS . PeriodLg
sanpl es were anal yzed By i 11T FePSEFENT SERSIAP(EARCLI2IN 1. heredn, sat

di sappear ahce of ¢opgly€9thadld mallesulpy weibht of at least 2,000. '

5. The dispersant substance of Claim 1, wherein said

t he

15 ring-substituted styrene is included in said polymer in an
amount of from about 0.5% wt. to about 25% wt.; and said
conjugated diene is included in said polymer in an amount
of from about 75% wt. to about 99.5% wt.

- 6. The dispersant substance of Claim 1, wherein the

20 conjugated diene of formulae (1) or (3) comprises isoprene,
1,3-butadiene, or a mixture thereof.

7. The dispersant substance of Claim 1, wherein said
functionalizing step comprises halogenating said
selectively hydrogenated copolymer to provide a halogenated

25 copolymer.

' 8. The dispersant substance of Claim 7, wherein said
functionalizing step further comprises reacting said
brominated copolymer with a monoamine, a polyamine, or a
combination thereof.

30 9. A methed 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 fluid having modified
dispersant or viscometric properties, wherein said

35 dispersant substance comprises:

-

) O 0



trans (967 cnferr]) unsaturation. After 1.5 hours, when 3.3% 10 resi dual
trans unsaturation (21 doubl e bonds) remained, the reacti on was

term nated. The catal yst was then renoved by washi ng the polynmer in
the sane type of reactor described in Exanple XIX with 800 nL of a 0.5
Mcitric.acid aqueous i sopropanol (2:1 water-1PA) solution. The

m xture was 15WO9Meas ously m xed at 70[err] C for 20 m nut es PERAS¥VI406ded t O
settle. The pink aqueous |ayer was renoved smd the entire wash step
was repeated using an aqueous isopropanol (2:1 wat er -1 PA) sol ution.
After addition of 0.2 g of Irganox 1076, the polynmer was isolated by
renmovi ng the volatiles 20 under reduced pressure. Gel perneation

chr omat ogr aphy showed little nolecul ar weight change (M = 34, 600;

MV Mh = 1.15). a copolymer of a ring-substitqgngﬁagxggp and at least

Addi tion of Ml ei pnédnbyaitgeté® dene, wherein: | ncor%pl etely Hydrogenated
Pol ybut adi en i

e AS500, mlliliter reesneck round bottom fl ask
fitted wlth a condense??“ﬂ}Ifjr%'éﬁgﬁ%‘g?g@%l Y EERE 2\? r i age§‘ﬁ aE:if
was charged with 41. 83bentfl Pcrydrnogein hpdrtigenfexbrla:  pol ybut adi ene
prepared in Exanple XX. The pol ybut adi ene 30 had a nol ecul ar wei ght of

34,000. Pol yal phaolefin (4 cSt, 60.7 g) was added and the m xture was
stirred and heated to 180[ err] der an inert atnosphere. Maleic
anhydride (2.34 g, 23.9 mol, [er§]20 equiv) was added to the hot (g
m xture. The reactants were the (rred at 240-250C for 7.5 hours. 35

After this tilr(?e, the reaction was sp

96/ 40845 .PCT/ US96/ 04064

83 190[err] C for one hour to Fenove any unreacted naleic

anhydride. The reaction mxture was purified further for 5 anal ysi s by

di ssolving 10 g in 50 nL of WegEeimdxanhd-Angand R* and R® are each hydrogen
or a hydrocarbyl group; and '

15 said at least one conjugated diene comprises:

WICHRARB[ pgen at WD

a conjugated diene having at least five carbon
atoms and the formula:
RR-C=C-C=C=-R" (1)

» kop ko
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

25 polymerization, the unsaturation of the
polymerized conjugated diene of formula (1) has
the formula:

RII

30 Rl ~C=C - RMI {2)

RIV
- wherein R!, R¥, R™ and R are each hydrogen or a
hydrocarbyl group, provided that either both R!
35 and R¥ are hydrocarbyl groups or both R!! and RY
are hydrocarbyl groups: or

* [ L " S *



addi ng 60 nL of isopropanol slowy until the pol yner/ PAO m xture fell

out of solution. An FTIR of the resulting mat eri al showed the
characteristic anhydri de bands at 1820 and 1789 cnferr]. A Total Acid
Nunber (TAN) anal ysis reveal ed 10 that on aver age there were 13.2
anhydri de groups per pol ymer chai n.

EXAMPLE XXI | WO 96/40845 | m di zati on of Mal eat ed Pol ybut criiRAIS96/04064

A 3-neck 100 nmL round bottomflask fitted w an 15 over head stirrer and
nitrogen inlet valve was charged with .14 g of mal eated hydr ogenat ed
pol ybut adi ene, 50% active in 4cSt PAO prepared in Exanple XXI. The

m xt ure was heated to 130[err]Cand 1.0 nL (1.0 g, 7.0 mmol) of

am nopr opyl nor phol i ne was added. The tenperature of the 20 reacti on was
increased to 150[err]C for 2 Beﬂjﬁgat&i'hﬁéﬂw\hﬁd'ing at thaist Touanbyebbsle
bands had di sappeared a weredrggl aced 1 by a strong band at 1708
cnferr]. The reaction BEh8R%H rildinder hi gh vacuum for 3 hours to

renove the wat®er and. URf ea@® ed Cami Ge= The R®¥sulting material was (3)
purified no 25 further. Nltroben l:ontlent lwas found to be 0.46% (cal c'd:
0.49% . R* R°EXRFPLEXX | |

D spersancy Testing The dispersant of Exanple XXI| was eval uated
by SDT. 30 This disper sanf"heﬂﬁh’ét%d’?g HFer eark hydnpgen: Ofpar BYARPEIrbyl

t he conmerci ajo di spersants @E)&uppdpmdi&smuahedfter pcmrmquﬁlty_onﬁ théee 5

shows the performance of D spersant, G |ous r.at e

contrasted wth that of thempl atd E?)H‘r%’?c’i’hl W%‘n q?é’tjélrgraifado?l?rfﬁa

i nvention is 35 clearly sofefommula (3 hamthecfeul:mdtas:persant S,

exhi biting WO 96/ 40845gzv

- PCT/ US9/ 04064 | 84
15 R\ - C=C - R ' (4)

I
RVII

wherein RY, RY, R"! and RV are each hydrogen or
a hydrocarbyl group, provided that one of R'Y or
20 . R is hydrogen, one of R'™ or R'! is hydrogen,
and at least one of RY, R, R and R is a
hydrocarbyl group; and
wherein said copolymer has been functionalized by a
method comprising:
25 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.
30 10. A lubricant fluid having modified dispersancy or
viscometric properties, comprising:
a fluid; and '
a dispersant substance comprising:
a copolymer of a ring-substituted styrene and at least
35 one conjugated diene, wherein:
said ring-substituted styrene has at least one
benzylic hydrogen and the formula:

* [ L M s *



better dispersancy at equivalent treat rates. In particular, at |ow
treat rates of 1.0% Dispersant G5 produced di spersancy which was over

twice as high as either of the commercial dispersants.

EXAMPLE XXIV Vi sconetric Testing 10

Vi sconetric properties of Dispersant G were neasured using a :
conventional wobeebsasTabl e 5 shows that D spersant G at BCcresscneass 100
neutral mneral oil stock produced a viscosity of 10.5 cSt, while 27.1%
of commerci al di spersant CD1 was requig®d to yield only 10.2 cSt, and
7.1% of 15 commerci al dispersant CD2 yielded only 9.8 cSt. Cearly,

the viscosity inproving properties of this new nmaterial is superior to
t hose of the commercial products, since significantly | ess dispersant
was required to obtain equi val ent or better viscosity. 20

TABLE 5 VI SCOVETRI C ARl SON  OF DI SPERSANTS | N 100N

M NERAL O L DI SPERSANT % I N STOCK 100[ERR] C KV VI
RTP (cSt) 25 CD1 27..1
10.2 . 135 1.1 co2 7.1 9.8 2
3.9 30 Dispersant G 5.4 {CHRARR] o) 50 5.6

EXAMPLE XXV 90¢ Pol ybut adi ene Star 35 Two
thousand mlliliters of purified pentane was A i\%roduced under a

ni trogen atnosphere into YPBFRiYR |Hnt-S, angd RSAWLE A reach hydrogenor .

The reactor was equi pped or a NydiocarBjlolgroth;Shhdrer, a pressure gauge, a
t her nonet er wel l__. at _exchange cail.  .a it surface .inlet valve, a
40 dip tuoe f eeder %ﬂ"t%ngg é?ﬁﬁ‘/fe,mé s‘iﬂ}}:’r\lé’@tieﬁij gg??%rf:%:ctxses.
a conjugated diene having at least five carbon
atoms and the formula:
RR-C=C-C=¢(C-R® ) (1)

15 ILZ ' Rls L:: 115
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
20 polymerization, the unsaturation of the
polymerized conjugated diene of formula (1) has
the formula:
RII
I
25 Rl ~C=¢ - R : (2)
|
RIV
wherein R!, RY, R'? and RY are each hydrogen or a
hydrocarbyl group, provided that either both R!
30 and RM are hydrocarbyl groups or both R'™ and R™
are hydrocarbyl groups; or
a conjugated diene having at least four carbon
atoms and the formula:

R"-C=C-C=C¢C - R? (3)
35 | [
RS RS RO RII

_—

N O



WD 96/ 40845 PCT/ US96/ 04064

85 containing a Viton rubber gasket, and a bl ow out disk (200
psi). Two mlliliters of a 0.1 Mdipyridyl in cycl ohexane 5 sol uti on was
injected into the reactor along with 40.0 nL of anhydrous
tetrahydrofuran. Butadiene (185.0 g, 3.42 mol )" was then pressured into
a 1000 nL Hokewbeer#nsssThe bonb was fitted on top of the rRGKYYHOMS t he
contents were pressured into it. The sgjution was heated to 50[err]C
and 10 titrated by slow addition of 1.6 Mn-butyllithiumuntil an

orangi sh col or persisted. The contents of the reactor were cooled to
30[err]C. The catalyst, 2.4 nL (3.85 mmol) of n- butyllithium was

added. Pol ynerization of the butadiene ained_at l8[Lerr for 3
hours and then was al | oned"R8T¢® nd% P‘ft aﬁgcﬁaébrg%{]frﬂgte&rﬁgr 3t{1]¥éroc4r%
([err]25[err]C) over a 2 hguoup, ppevideti thaét afier |pa]r1g1ea11izam1ms thzled

'?68 " Era(z)?ersrﬁmoand sti rreg‘H%%{r.'hgg%dé ﬁyﬁ%,%epégg&er ani oFl Wgh ?@e&,aélé% e

quenched by the addition oOfOmema(@)OhﬁmltPEOfomum

hydr oxy- 4- met hyl - 2- pent anone. gwiportion of the pol yner was i sol at ed
by flocculation in isopropanol fontaining | r ganox 1076 and dried in a
vacuum oven. Cel permeation chromat ogr aphy of the sanple showed the
pol ymer to have a nunRer- a/er gge RY¥Fecul ar wei ght (Mh) and a wei gd)
aver age 25 Mny) of 742,915 and 80p, 020, respectively, and a
polydlsper3|{ i ndex (NM/Nh) of 1.0 Infrared (FTIR) anal ysi s showed
the butadiene mcrostructure to ha®™ 90% 1, 2-mcrostructure.

EXAMPLE XXVI 30 HyHe PR ai, ORvOf RBD%nd Ryl Raleyy @Afcﬁdhgafo lor
Part of the polyneric solutlon (150 g) described in was

ntroduced into a 0.5 L Fi 8cRERTPRATRYL STOUD, RERHIISHHAATLPHE GfoRnOTof
pol ymer added to the reactm" :..s hyumgéﬁ, Sre oifi RYH rdaprm’%}ént§ hArdbgen) of
but adi ene 3515 unsat urati on, g feasq:r >d oIfl k&l tRe Ot RERt AR ngsaadded
hydrocarbyl group; and
wherein said copolymer has been functionalized by a
method comprising:
. selectively hycirogenating said copolymer to provide a
20 selectively hydrogenated copolymer; and
functionalizing said selectively hydrogenated
copolymer to provide a functionalized copolymer having at
least one polar functional group.

* c L M S *
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86 to further dilute the polyner. The hydrogenatlon cat al yst
was prepared by adding 35.1 n-of a 1.7 Migk€ poum 5 et hoxide
solution (59.6 mvl) to a solution of 19.
198.6 nL (119.2 g) of cycl ohexane. The solution was 0.1
M in cobalt an¥Vhiosds al um numcobalt ratio © M. ROFAISHG/MP640
this catal yst (6.0 nL, 0.60 mol Cb) was syrlnged into the reactor

whi ch 10 had been purged/vented threﬁ mes with nitrogen, then

hydr ogen, and pressured to 55 psig wth hydrogen. The progress of the
hydr ogenati on was nonitored by infrared (FTIR) anal ysis of half hour
sanples. An additional 3.0 nL (0.3 nmol Co) of catal yst was added
after one hour. The 15 reaction was term nated after 22 h, when the IR
showed only 0.18% residual trans or 25 trans doubl e bonds per star

pol ymeér nol ecul e. The catal yst was then renpved by washi ng t he pol yner
in a Waring blender with 500 nL of a 0.5 M citric acid agueous

i soprepanol (2:1 water-I1PA) solution. 20 The m xture was vigorously m xed
at 70[err]C for 20 m nutes and allowed to settle. e pi nk aqueous

| ayer was renoved and the entire wash step was r J:gted usi ng an
aqueous i sopropanol soluti@n. After addition of .2 g of Irganox

1076, the polynmer was |solated by flocculation in 25 | «sopropanol
cont ai ning | rganox 1076 @nd drie®+ma vacuum ov Gel perneation
chromat ography of the safpl e reveal ed that littl¢g change in the

pol ydi spersity i ndex of e polyner had occurred a result of
hydr ogenati on. EXAMPLE 30 The
sel ectively hydrogenate ol ymer of Exanpl e XXVI chem cally
nodified viith mal ei c an ride follbwed by an nop yl nor phol i ne as
described in Exanples | nd Xto + provide a di spef§ant VI inprover.
Thus, while there have n descrlqia what are E; :
> 33 m
¢ (8
£ 8 8 8 >
e §§ < )
. (SdD) ALISOOSIA 901
hTtﬁﬁlfﬁﬁlﬁﬁifed
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35 presently believed to be the preferred enbodi nents of the
W06/ 40845 PEFH-U3961P4064

87 present invention, those skil I|HISSHERE BAS BEEN | real i ze
that other and further enbodi nents can bg nadeRRPtAGD: 5  jdeparting from
the spirit of the invention, and it is intended-to I nclude all such
further nodifi cHO%HB4HN(. changes as cone within the truePEVE6OB4t he
clains set forth herein. WD 96/ 40845
PCT/ US96/ 04064 275 88 CLAI MED:
1. A dispersant substance for nodifying {he 5 di spersancy or visconetric
properties of a fluid, conpri si ng: a copol yner of a
ri ng-substituted styrene and at | east

=
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MOLECULAR WEIGHT (X.001)

FIG 2

» VAR W S —{

HI

(SdD) ALISOOSIA

This Sheet Has Been Re|ilaced

TR

SUBSTITUTE SHEET (RULE 26)



one conjugated di ene, wherein: said ring-substituted styrene

h t | t 10 b l'ic hyd
(5 15 TS et THIS SHEET MASBEEN e ei n = 15,

and Rlerr] and Rl err] are each hydrogen REPLACED oy a hydr ocar byl
group; and said at | east one conjugated di‘ene conprises: 20

a conj ugat ed divwQe64e8d3i ng at | east five carbon at ons and RGTASPEMPES a:
[err] 25 wherein R err]-R err] are each hydrogen or a

hydr ocar byl group, provig that at | east one of
Rlerr]-Rerr] is a hydr o ar% group, provided that after
pol yneri zation, the unsaturation of the 30 pol yneri zed

conj ugat ed diene of fornula (1) has the forml a:

[err] WO 96/ 40845 , PCT/ US96/ 04064
89
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[err] wherein R err], Rerr] , Rerr] and Rerr] are

each hydrogen or a 10 hydr ocar byl group, provided that either
both R err] and R[err] are h vt or both Rerr]
and Rlerr] are hydrocar byl ng&‘B@;S & THA%rgtﬁF a
conj ugat ed di ene having at |east four carfon REPLACEDat ons|and the
f or mul a: [ erWp 96/40345 wherein R err|[-R err] are eacPCHUSR6OSH or a
hydr ocar byl 20 group, provided that after polynerization, the
unsaturation in the polynerized conjquyqp di ene of formula
(3) has the formula: [err] wherein Rerr] Rerr] ,
Rlerr] and R err] are each hydraogen or a hydrocar byl
group, provided that one of Rerr] or 30 Rlerr] is hydrogen, one
of Rlerr] or Rerr] is hydrogen, and at | east one of Rerr],
Rlerr], Rerr] and Rlerr] is a hydr ocar byl group; and
wherein said copol yner has been functionalized by a nmet hod conpri si ng:
35 sel ectively hydrogenating said copolynmer to provide a
sel ecti vel y hydrogenated copol yner; and
=
¢

'

[+ 47N 2
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o O 8
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90 functlonaI|2|ng sai d sel ed

copolymer to provide a functionalized cop Fﬁﬂ§ﬁ5 ENG | east one
pol ar functional group. 2. The dj sperBEHLA stande of Claim1l
wherein said ring-substituted styrene—and sai d conj ugated diene are
pol yneri zed as wown&susesm copol yner . 3. The di sper sankCHussewsasice of
Claim 1, wherein said 10 ring-substituted styrene and said conjugated

di ene are pol yneri zed as a branchigl star-branched copol yner.

4. The dispersant substance of Caim erein said copol ynmer has a
nol ecul ar wei ght of at |east 2,000. 5. The di spersant substance
of Caiml, wherein said 15 ring-substituted styrene is included in said
pol ynmer in an amount of from about 0.5% w. to_about 25%w.; and said
conjugated diene is included in said polyner in an anount of from
about *75% wt. to about 99.5% wt . 6. The di spersant substance of
Claim 1, wherein the 20 conj ugat ed diene of fornulae (1) or (3) conprises
i sopr ene, 1, 3-but adi ene, or a mxture thereof. 7. The

di spersant substance of Claim1l, wh n said functionalizing step
conpri ses hal ogenating said sel |ver hydr ogenat ed copol yner to
provi de a hal ogenated 25 copol yrer 8. The di spersant substance

of Claim?7, wherein said functi %gég step further conprises

reacting said brom nat ed copol y; ta nonoam ne, a polyam ne, or a
conbi nation thereof. 30 9. EPf nodi fyi ng the di spersancy or
vi sconmetric properties of a fluid, ¢ rmsing: adm xing with a
fluid an anbunt of a di spersant substance sufficient to provide a
fluid having nodified di spersant or V|sconetr|c prO)erties, wherein
said 35 di spersant subgt JFCE: conpr1ses*; -
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91 a copolyner of a ring- substi‘t ut ed styreEﬂ a
dne conjugated diene, wherein: 5 said ring- m&& gissﬁlﬁgrlggs

has ‘at | east one benzylic hydrogen and the formul a:

(5) 10 [err] inn =15 and Rerr] and R err]
are each hydrogen or a h ér carbyl group; and 15 sai d at
| east one conj ugat ed di ene conpri ses: a conj ugat ed di ene
having at |east five carbon atorms and the formul a: [err]

‘wherein Rerr]-Rerr] are each hydrogen or a hydrocar byl

group, provided that at |least one of Rerr]-Rerr] is a

hydr ocar byl group, provided that after 25 pol ymeri zation, the
unsaturation of the pol yneri zed conjugated di ene of fornula
(1) has t he formul a: - '
<
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4 her el  merr]. %C' 4064
_L;f:lH)gen or a srern riR[yS;(r)!:ar bsl[ egr;H)up!Q[ S;(r){/ig R}ugh }BeMeb t]ﬂ B

Rlerr] 35 and R[err] are hydrocarbyl groups or both R err] and
_Rerr] are hydrocar byl groups; or WO 96/ 40845
"PCT/ US96/ 04064 / 92 a

conj ugat ed di ene having at | east foug c%rbon ' atons and the

f or mul a: [err] . wherein R err]-Rerr] are each hydrogen or

a hydrocarbyl 10 group, provided that after polynerlzatlon t he

unsaturation in the polymerized conjugated diene of formula

(3) has the formula: [err] wherein R err], Rerr],

Rlerr] and Rl err] are each hydrogen or a hydrocar byl group,

provided that one of R err] or 20 Rl err] is hydrogen, one of

Rlerr] or Rerr] is hydrogen,

Q
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MOLECULAR WEIGHT (X.001)
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ﬁn_d at | east one _of Rlerr], Rerr] , Rerr] and R[ePG’I’Q 96/04 4
ydrocar byl group; and wherei n said copoly 2 ? M’!V19
functionalized by a met hod conprising: 25 Tazn tj' a

hydr ogenati ng said copol yner to provide a sel ectively hydrogenated
copol yner; and functionalizing said selectively hydrogenated
copol yner to provide a functlonallzéb/gbpolyner havi ng at | east one
pol ar functional group. 30 10. A lubricant fluid having nodified
“di spersancy or vi sconmetric properties, conprising: a fluid,
and : a di spersant substance conpri sing: a copolyner of a
ring-substituted styrene and at least 35 one conjugated di ene, wherein:
said ring-substituted styrene has at |east one benzyl i ¢ hydrogen
and the fornul a: WD 96/ 40845
PCT/U896[04064 93 [err]
wherein n = 1-5, and R err] and Fﬁﬁu are each hydrogen or a
hydr ocar byl group; and 10 sai zg | east one conjugat ed di ene
conpri ses: a conj ugat e ene having at |east five carbon
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aom and the formie Lo oup, "t 1 REUS 96 L0406 4
.;R{err]g-R[err] ig a Y hydroca?byl pérgup, pra%Shzggﬁ%qugs

pol ymeri zation, the unsaturation of the pol ynmeri zed conj ugat ed

di ene of fornula (1) has }Ef formula: | [err]
wherein R err], Rerr], Rerr] and ﬁ[e ] are each hydrogen or a
hydr ocar byl group, provided that either both R err] 30 and Rlerr]
are hydrocarbyl groups or both Rerr] and Rerr] are
hydr ocar byl groups; or ' a conjugated diene having at |east four
car bon atons and the fornul a: [err] ' WO 96/ 40845
94 wherein R err]-Rerr] are each hydrogen or a hydrocar byl
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"'gr,ou_p, provi ded that after polynerization, the 5 P‘T’U&saﬁlt% 064
t he pol yneri zed conjugat ed di ene of for h t
Jormla: [err] wherein Rerr], R[rgme2§ MﬁdY 1996

Rl err] are each hydragen or a hydrocar byl group, provided that
one of R err] or Rlerr]g 4 & hydrogen, one of R err] or Rerr]
I s hydrogen, 15 ' and at Iea§{l§ne of Rlerr], 'Rerr], Rerr] and
Rlerr] is a : hydr ocar byl group; and wherein said

copol ymer has been functionalized by a met hod conpri sing: :

sel ectively hydrogenating said copolyner to provide a 20 selectively

hydr ogenat ed copol yner; and functionalizing said selectively

hydr ogenat ed copolymer to provide a functionalized copol ynmer having at

| east one pol ar functional group.
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(57) Abstract

The invention provides dispersants and dispersant viscosity index improvers which include polymers of oonjugawd dienes which have
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