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of butadi ene and at | east one other diene, preferably isoprene. Mre
particularly, it relates to block or segnented hydrogenated copol ynmer of
but adi ene and at | east one other di.gne, preferably isoprene, 10 containin
at |l east one crystallizable segnent or block conprising an avﬁwmm ml"m“l"r
| east about 10 weight percent of the total hydrogenated copol
and at | east one Iow crystallinity segrrent or bl ock. The instant nswsntlon
al so rel ates t o Qh . D Gfo =R CBOLYMEREQ sai d copol yners as
vi scosity index VET I'Ves, 2 process for maki ng these
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oi |l additives. These include yrogenat ed copol ynmers of butadiene with
~anot her conj ugat ed d| ene such as isoprene. The copol yners are disclosed to
be random @k : rTOie 25 following review of the related art
illustrate np have been made to devel op hydrogenated butadi ene
base copol yners _for use as an 0|I Y agdi a difier.
U S 5Patent HoTh® g@FempPYi st ,g@'f‘%% rrgn %Q gg ohygg'?g%g%gaﬁyl ene
and at | eagb qmdﬁberoﬂ bhetddenem@/465@?355 I@H e¥ 084 eNemnoner .
Each copol yner i Nt r ar I dit nteaaeeeccrr |l y
Prezezapill ‘HRPEON ) MEre tkﬁm‘ﬂ‘*ﬁﬁ

honbgeneou segment copol yner cons ut i at | east
10% of t he baoeX >cmar.'?aetimqax'n:etlshwié‘Pgﬁﬂﬂthdz:;FEFP%° %t L“Sﬁ‘i'lré%ﬁ%l ni ng

.’'segnment s of tdhe gop DLy ERN |rbﬁ{&tqum I owwfmﬁa‘ﬂﬂy mﬁspmnts and
“are charact®ri z&

by an et hyl ene content r [ h

wei giio per@@mdlﬂ@%ﬂéﬁﬁﬁ’&aﬂ"‘? neFyaEa ‘ﬂ\ﬁ B%g ?géﬁfﬁté: %’Eo car bon
W?rr]rst ha olcgtdﬁﬁgfl% ngu-ﬁ h&)leﬁ-aq&r ;gn adpneleast | mbmzt ei&?m@?Lerred

e nost preferred co ei PyRbrebRuigne a
propyl ene HETSEeRH e W‘Fh Fé'gi °§1Lgm§%?r)le gﬁ%e copol yners are
di scl osed tax |m§xyeohhe mmpu'ysmllmbt}éagﬁﬁvﬁltl?q I}Bﬂ'ﬂ‘i «inThHeticul ar
| ubricatin | 5’3;% B algdl9 I eés! 0sed hydﬂmmmb

%tﬂ‘s 1'?adl e?'l% an Pyre

copol yners

ne as pour nt depressa fo
di sti19 at e omposiittions sommnq\bsaéde,g@gsiﬂm‘s'a Res &i"gﬂr‘e{? of
but adi ene G0, .0 %é{: @1'@:{@%@1 n%n oPtetess Dot skaking cheaselene as
and, | ubricat.i

5635, 685 m@ﬁéﬁé‘r@owpomn s e oRY | SR, TArenihy BT

but adi ene- sgyg%moéyﬂgbgimbﬁb contain a hydroxy, carboxy, or pyridyl 2
5 tenainal group .

DESCRIPTION OF RELATED ARI

20 Various copolymers of butadiene with other olefins
are known to be used as oil additives. These include
nydrogenated copolymers of butadiene with. another
conjugated diene such as isoprene. The copolymers are
disclosed to be random or block copolymers. The

25 following review of the related art illustrates
attempts which have been made to develop hydrogenated
butadiene base copolymers for use as an oil additive
including a viscosity modifier.

U. S. Patent No. 4,804,794 discloses segmented
30 copolymers of ethylene and at least one other a-olefin



. S. Patent No. 3,312,621 discloses polynmers of conjugated diolefins which

are ' tly in the 1,4-addition configuration, as | spdex (V.
mg%‘gg@” y g Cgﬁ@@zwwﬂ (

l.) But adi ene, isoprene, 1, 3-pentadi ene, and 0 copol yners of
such diolefins are specifically disclosed as suitable. " v. | WO 92/ 1G567
PGI/ US92/ 01674 -3 U. S. Patent No. 3,600,311 discloses viscosity index

i mprovers of hydrogenated honopol y&ers of r butadi ene in which about 45 to
95 percent of the butadi ene nononers are in the 1,4-configuration. 5 U S.

Pat ent NopoRod@B. 615 Hhshl Osesopbiymerty i Agex | AptFadCd e lArd¥ogenat ed
copolynmers of butadiene with | gpﬂy’ ugsd héd\Bs. €. g.At | soprene

i n which k‘ﬁ'@e%‘ﬁﬁﬂﬁ?uﬁni?g‘ai nﬁ%ggﬁ)%%rﬁelf are preﬁbmgﬁ]t ly in the o
1, 4-conf i peiagti he r sk@mdntS. ofat the NERPBLVBEE 0 RPN lbrs%%g h#d ogenated »

e Vi stostEgsoaBE kTt EOR TR O e O e ¢, SCOSI [y

nt No. 4,032,459 digcloses.a viscosity
i ndex i npseymentonpThei nemaindpel §RSF‘°BF5bGIfa&P&n§°§’r?§ST§§i EhHdhe havi ng
bet ween 20- 5~éel%é§onibgurq§ma1ﬂ§iml y segmienes ,havang begre

hydrogena?’é to renmove substantially all of ol gf i i W&g tion. U
S. Patentchbraqr—ers,z?‘?'?l'dtfsélnos%é‘#gﬁﬁsﬁ%"‘f‘lte&ﬁ:exhlﬁrrpx?%ger corrprlflsed of a

hydrogena{:ﬁ L COBBLY¥ MBS agignedpeedehjc.copol ynmerization of fromabout 1 to
about to nole percent butadiene, at |east one other C5 to Cl2 conjugated
di ene, and up to 45 nole percent of a vinyl aronmati¢ pononer. A useful

cl ass of Vi scoghbycai-Blefinnmany dnclusge XhosgecontatBiBesst itthsldir e
star-shaped pol yners _conprisi : S bomdtdonz et W t h
/pol ¥reri ccﬁFﬁEnl gﬁ?@ﬁ‘to |Pihggg% g%%ﬁgfé’ ﬁsg?gg osed i atents, such
‘as U S. Pateatdd. th 3be, aeefenred 620, With &S BPFy HAXG: d 30

pol ymers are gl oclosed 3 Yo POb¥RYBEhE RdthnPropylere e
conj ugat &%P&BE’-‘%@%&‘% g%ﬁﬁ one or m)rg 0 lvmers
or ethylene with propyiene and diene. The copo ym
are disclosed to improve the properties in oleaginous

15 fluids, in particular lubricating oil.

U. §. Patent No. 3,419,365 discloses hydrogenated
copolymers of butadiene and styrene as pour point
depressants for distillate fuel oil; U. S. Patent No.
3,393,057 discloses polymers of butadiene Cl0 to C24

20 normal alpha-monoolefins and styrene or indene as pour
point depressants for fuel and lubricating oils; and U.

< s. patent No. 3,635,685 discloses pour point
| depressants comprising hydrogenated butadiene-styrene
copolymers which contain a hydroxy, carboxy, or pyridyl

25 terminal group.

U. S. Patent No. 3,312,621 discloses polymers of
conjugated diolefins which are predominantly in the
1,4-addition configuration, as viscosity index (V.I.)
improvers. Butadiene, isoprene, 1,3-pentadiene, and

30 copolymers of such diolefins are specifically disclosed

as suitable.



‘most preferred being indicated to be pol yvinyl aronmatigc gonBounﬁll__
‘of sygh conpounds iswc|Pakkentiole.aBo 95,018 e gydr

WO 97/ 1b567 ' PGT/ ~1S9Z/ 01674 -4 nonoal kenyl arene conpound in solution in

t he pwgsg?f@@f an ionic initiator to forma |iving pol ynRET/USH2/91634
pur pose of the present invention the term"living polymer"” is used
consistent with Hillnmeyer, Textbook of 5 P, p~, vher Scie,~ee, 2d Ed. ,
y~j,lev-Interscignce, John WIley and_Sons, page 318, (197Z). Specific
conj ugat ed di enes include conjugated di enes having 4 to 12 carbon atons and
optionally, one or nore nonoal kenyl arene conpounds'. Typical and_usef ul
conj ugat ed di engs isc| Rictentt adlicene316001331h AL8CLABPENHLFSOPLENe. The
living pol rs ther du aLeardsenatas €dhsnbpodymeirsal kesyl
coupling aégﬁFxto *%éi?gggg-s&ggedhgokygérs. The cou ig&sagsnt% have at
| east two botaddepegaind ehkehy|akpwtipds TR ¢98upPeEFENrsu8F y 8Pt ached to
the 15 sa bhke RhraC @ 19 BMA I-BHSEiquratian. aromatic
nucl eus. gﬁ&ﬁaggé%%u%§§B ave the property ‘“hat at |east two of the al kenyl
groups are capable of independent reaction with different |iving polyners,
and ip this resgectg arga¢int et br,998G@16endiscabsads dvésgesity
pol ynEri zabl e nnﬁoners, such as but adi ene, and | repe, T, kNg agents
may be al i phdekc imprevess: of MYARaIRA%eL cBY %ggo?faﬁﬁgﬁgggbbconpounds
i nclude polyyhnyl andreeeyt! |odnjurayednddendi acei g end@OWIRR®hdPes, and
phosphites, as_well _as 25 the dine yl ates, ., Bbivimes Mekacryl ate.
Exanpl es oWhéeptabFBehetEPB898gic ggggéundgﬁinpﬁﬁge d?vi%?l pyri di ne and
di vi nyl t hi;pp@endnafely iirg tigerlt o ionfiguatioBe preferred in the U S
Pat ent No. 4, 35s, 565 patent are pol yal kenyl aromatic conpounds 30 with the
S Exanpl es
BIRIREYEC t ol uene,
xyl ene, anthracene, alggnen) 8K HupRNsmdts hofir wtdbienet andy at
| east two §Fﬁ§ﬁ§V QF%%%%%&pfg?erably SSIgﬁiectl%.i%iached thereto. Specific
exanpl es i rislopieneoltoyibe lussfive s VESEES1RY PRI I8FPyi nyl . and
tetravi nyl benzenes; divinyl, trivinyl and tetravinyl, WJ 92/16567 -5 S
PCT/ US92/ 01674 aut ho, nete and parax n VI vl pht Rl s ¢ Vi Nyl
ethyl benzene, ®wi%yl PBFBHEn)NJ,)' d‘?l’ ééguggﬂy%iﬁgﬁ%&d}? %i it‘é'ospro&a ol
benzene, angdds Shiseee| conpbiayhg Bt dopaliymsEnset busadigaepdnd kenyl
coupling agent shoul d be added to the |dag 0 h€iohhe this
pol yidr i zatiSAPrENG %‘m%nngwlegns%g)stgas\r?t ir%‘f)yé%lgfrr% e%e i.e., the agent
shoul d onl pdigmgidedtnéher havisigant beehy hydregenatathnoker FER¥E
converted to livi ief uRsh¥akkedsn. coupl i ng agent
added nay‘ﬁﬁgﬁtﬁﬁﬁkéﬁi¥g$gkléf %%glggggﬂg.S nol es i s used per nole of
unsaturated living polyner. Anounts from1 to 15 noles, and preferably 1.5

to 5 noles are pjeferregarEner ensxi S 5073 MESY diisclicmesi wiscusity nprover s
15 whi ch, when added ‘to ol eagi noys ﬁogy S| ti%&s su&g&g& lé@fnﬁﬁer

conposi t i orNdex e LBPTEVSSsi EPBRELERA| 7T i Ag RIS TR Thed A ow
tenpeyat ur g;ffféé&@é@t byC Aaieatizdt ion t&An faom @kiaithabl &0byBRIRE use of

" ‘convention

viscosity index |nRkover dih L LYLRS h I of the
i nstant i nvEhtPke p?%%?ﬁ%toé'é{égﬁﬁgﬁg'cggpgélhﬁ%or?gze%kﬁ%zfic&rg ﬁs/ﬁfz npr oved
| ow t enper agéifuyate@@lene, chadauperticst4 T spoedrararntoRd 13, ViRt oved
shear stability.. For convggience, certain terns that are repeated 25
t hr oughout %H ﬁ?é%éﬂ?ng%ecffication and cl ains are defined bel ow a.
Viscosity Index (V.1.) is the ability of a lubricating oil to accommobdate

increase in tenperallied 1M Eads Md¥ MiiEE861E€FSAridaw i impFoversTheogr eat er
ths 25 lube o0il compositions are star-shapaed polymers
comprising a nucleus such as divinylbenzene with
polymeric arms linked to it. Such polymers are
disclosed in patents, such as U. S. Patent No.
4,358,565 and 4,620,048. Generally star-shaped
30 polymers are disclosed to be formed by polymerizing one

or more conjugated dienes and optionally, one or more



.30 ability, the higher the V.I. WD 92/16567 -6 PGI/US92/ O 674 b. A bl ock

copolynmer is a copolyner having at |east one sequence ("iiéﬁﬁ)%@i/%'i& to as
bl ooWO2/H8Ghent ) of the sane nononer units. Each sequencé has at |east two
nononer units. Block copolyners typically 5 have a plurality of each type
of nonomer meking up the copolymer. The terns relating to bl ock copol yner
are consistent with those given i+-Billneyer, Jr., Textboc,~ of Po~vner

Sci ence, Second Ed ion, WIley-Interscience (1971) . 10 c. Average nethyl ene

content of a segnment of the hydrogenated : ol pugLAge nunber of
met hyl ene momcatlikenydangne scﬁl“BQEﬁ i t%@é‘%ﬁﬁ?‘p %ﬁe&rerpét hyl ene units are
those preggntay nibAecprandiitidtar segménrmas al eing t POLYRSE -pol FREri zat i on
and hydro T5 genation of t adi d: h ehe cdidwni thhyipgted dienegs
such as | &g OHEPOSRsOT %ﬁ‘%weeﬁtﬁ@&%{}g?&gnation roduct of the

1, 4- addi t i yiHeRUGEs Qisddwcdns tatent Wik Bl EERRYRY o xﬁxﬁﬂ@-keﬁﬁyc’ | ene

segment conpri sed of, ei ght 22;1%[_%1/1 eng Parsdpence hefbhewdleg content ¢
of 160$, M—@%‘i’éﬁﬂ = - - - CH2CHZ- . Thﬁ gxgggggggy&gn pr oduct
of the 1, 4raldidrison paaeiuils of (3%T ke | STRF GoPRRIFEE -Contarns 9 |
met hyl ene ,units, 3 égeggegi@g@gylmwustoi 1 wehsbomoakomiy| ene
sequences aHUdS | G AP R 25~

5~ methylene unjts n hyl ene
sequence i aptiwnalilky nePRg| @R M t%?n%mﬂ%fgf%?hgﬁgﬁguggﬁtent of 75
ol e per %%@%ﬁaﬁ!ﬂﬁﬂ ddnjdgated dienes include butadiene

- CH2- CH- ( 2- CH2- CH2- CH CH2- CHgwoou T ogeidmese product
of tie 1, 4lkdrhutadisnelictand dr?@‘fﬁﬁrg;ul e %Pebu?g'g!ig%; g% 9%nne mol ecul e

81;] i itzopg gn a‘%‘ﬁiﬂ#dﬁi?ﬁﬁﬁgﬁmﬁ? enheﬁemd:oyéfhlséj geg;gresggﬁthw ene
PCT/ US92/ GBI iNT ARERnSTT ¢ ‘ﬁ%ana”%#ﬁrﬁgggplﬁ t Pog'\r?? contai 7.5 mol e
percent nmeddiyp Eivey Unagents. ehaves Rt qﬁea@; CI-E‘-'?:I-|29€F’I'2'-°8H§- g%}_e o
alkenyl groups. The groups are usually attached to the
15 same or different electron drawing groups, e.g., an
aromatic nucleus. Ssuch compounds have the property
that at least two of the alkenyl groups are capable of
independent reaction with different 1living polymers,
and in this respect, are different from conventional
20 dienes polymerizable monomers, such as butadiene a..nd
isoprene. The coupling agents may be aliphat:.c.:,
aromatic or heterocyclic. Examples of aliphatic
compounds include polyvinyl and polyallyl acetylepes,
diacetelenes, phosphates, and phosphites, as well as
25 the dimethacrylates, e.g., ethyl dimethac:.:'ylate.
Examples of suitable heterocyclic compounds lnch.lde
divinyl pyridine and divinyl thiophene. Coupling
agents disclosed to be preferred in the U-. S. Patent
No. 4,358,565 patent are polyalkenyl aromatic compov..mds
30 with the most preferred being jindicated to be polyvinyl
aromatic compoundé. Examples of such compounds include
those aromatic compounds, €.9., benzene, toluene,
xylene, anthracene, naphthalene, and durene which are
substituted by at least two alkenyl groups, preferably
35 directly attached thereto. specific examples include
polyvinyl benzenes, €.9., divinyl, trivinyl, . and
tetravinyl benzenes: divinyl, trivinyl and tetravinyl,



The follow ng defines how percent nethylene units 10 are cal cul ated from
t he pgooariesges of hydrogenated 1,2 and 1,4 pol ybut adi enePCHYUS/{1674 ner .
Each enchai ned 1, 4-but adi ene (814) unit contributes four nethylenes. Each
1, 2- but adi ene contri butes one nethyl ene and one substituted nethyl ene.
Where B represents the nole 15 fraction 1, 4-butadiene then (1-B) is the
fraction 1, 2butadi ene. The nole fratti on nethyl enes present, XCH 2 is then

2 0 XCH? =1~ 3 4 tl) For_the honopol but adi_en = andthe
fraction XGHZ‘U&OH_ petas Rdithp PEIFRXY ¥§0pr88r tl Pj?ﬁf‘%?c?"
it is desirggyi 1etb35zen&hl aiwmlbiphenylt,erdﬂsisﬁbwtémb un| ts

XCH2C~ t he resul is For H _= 1, =~ wher eas
* for B = O herpepp,-- >§l ‘2S°W %]gen§ ef'%dpreﬁ‘é pola%qgg? 2 fect an

al ternatingpep Héﬂ 1and popanis copbégbmsed BytHati nithieon polyalkeny:d

| soprene rreth nes a ot d o€ Zeigd h as

suppl y? ng ac‘?,%Pf?'ﬂgl égﬁﬂ%l %ﬁg“‘g‘h ?’ %épée)?lgl r?gy on vmg'lfi%'% % %éﬁl ene is

i ncor por at egfesrbl otke orpaiymex&aht&bﬂcalOdbpoﬂwWEr vanonexe \WE92/1 6567

PCT/ US92/ A 674 -8 | s0 n I f f s result

in crystall?ﬂ?fﬁ gla€i$ %%?%% % 'ﬂ n gggs ere gggheggés of

met hyl enes adée&oaghmnugﬂbst#%#&%kbyIF%é &#IQ&SthﬁBm&mzhﬂﬁu een

hydr ogenat egoﬂ}rér H&aﬂbe'i‘iv‘i'ﬁbt Po Ibe present, and generally 3 or nore
will be preSent.” I'n such cases whefher nethylenes fromisoprene are counted

or not becones |ess inportant, S|nce | soprene adds only one or two units to
an 8 §{§ Z2 unit gREUERBANtFRE Po yRlkeasds cuplimg ra&:ﬁam aowe@tmav the

‘Bt adi ene_ CBRFENt PUf tRESRRTAPEEce Mhe MR 0s B LS ot 1 ooy
but adi ene ugble eEuRINEGtubatad XAWing Bp¢Bymer. t hameuntsnxon atli bae
e oryst al 16 aBLeS, Fants PLeretARIg dus e otd¥ dbe préferfla ) "%
not ed bel ow, not all net hyI enes that are crystallizable will crystall i ze
There exists a need for viscosity index improvers
15 which, when added to oleaginous compositions, such as
lube o0il compositions, yield compositions exhibiting
better or improved low temperature viscometric
characteristics than are obtainable by the use of
conventional viscosity index improver additives. The
20 copolymers of the instant invention provide oleaginous
compositions exhibiting such improved low temperature
‘ viscometric characteristics, and additionally, improved
\ shear stability.

For convenience, certain terms that are repeated
25 throughout the present specification and claims are
defined below.

a. Viscosity Index (V.I.) is the ability of a
lubricating oil to accommodate increase in temperature
with a minimum decrease in viscosity. The greater this

30 ability, the higher the V.I.



For a random copol yner of butadi ene and i soprene about 3% of the nethyl enes

presg butadiene) will be in sequences of 20 or np&Epn&o2fre7¥- 3 at
o iy -

ut 9% and at B = 0.5 the value is about 19% (C. Tosi, advances
in Polyners Sc ence, 5, 451 (1968)). For B- 0. 3., 0. 4, respectively
(Formula 1). butadi ene conposition, crystalline polyners copolyners. 0.5,
XCH2 - .82, .85, .875 It is throutflr this region of 30, 40 50% that Bemre
fornmed. in statistical ' WD 97/ 16567 PGI/ US92/ 01674 -9 For bl ock 'as

opposed to random cqpaql s J upt s ,of LEPE HRARR der
crystallizabl e%Seg %‘?{o ndcloﬁwg&g%gd{%ng r?%%ﬁ%ﬁﬁ t he g@?adi ene
content caeasGuapneoosemuense baigPenEeferRPRedtRi t#85 PLBFFer®Fin the

crystalli é@g'hgnizgwttﬁ@ts&ﬁe'%ﬂéﬁéﬁ"uu‘!‘.’aﬁﬂ c Bashilddéqudnce casl appear
only margin y

bove the X~2 = .75 valye for_ hydrogenat ol yi soprene
given by Atr keRst tyo menamey; Mniitsss @ﬁtﬂfe“ &nggllﬁ%s eé&ﬁ%?‘ggl, 4 10
but a ienghgggp?pblmluﬁgn.of (rjve&&lg tgpe of hohomemd makiriy tulitime addition®
simlar definitions can be, nmade. chai , 23 Ut a one
net hyl ene POt FRLTd on@‘%uﬁ?@?uﬁf&%ﬁ%&negl$ﬁ% ?\?g%%y{ﬂ{e%gr%f raction of
net hyl enecghaiBent iqang:h:et;s& gdven+ in Billueyer 2 0. ( Lextbook the

fraction of 1 4-additjon of butadiegerqskar B14 m #terdcidite 211
1, 2- but ad#e +—¢ ] t ' Wiy %1ny e

=" S pe no I"ong net ene sequences.
2 To obtaimegaystal lizable se

qﬁehces t here nust be 25 sequences of
1, 4- but adi ene enchai ned units. For random additi on of 1, 2-butadi ene and

1, 4-butadiene units, Bl,4 is approxi mat% 0. ?ééi .e., 30 tper eﬂ:tég to obtain
crysgoal | i nity. ckr omAVeradea yiene- content; qf) 3, sequent 9l

S]EatiStiCE&dilbgbhh*&uhi Oledfolymer80 byt adiNe averdgd- buumbesne afiditions is
of a block type han, [3Pfom aryshallin LYo SoM 9 190 the s dihiledte! OW - 3

The methylene units are those present in the particular

segment as a result of the polymerization and hydro-

15 genation of butadiene and at least one other conjugated
diene, such as 1isoprene. Thus, for example, the
hydrogenation product of the 1,4-addition product of
two butadiene molecules contains one methylene segment
compfised of eight methylene units and has a methylene

20 content of 100%, i.e., =CHy-CH3-CHy3-CHp=-CH2-CHy-CH-

CHp-. The hydrogenation product of the 1l,4-addition
product of three isoprene molecules contains 9
methylene units, 3 substituted methylene units,
includes two methylene sequences containing <three

25 ° methylene units each and one methylene sequence
containing two methylene units, and has a methylene
content of 75 mole percent, i.e.,

CH4 CH3 CH3

I _ | l
30 ~CHo-CH=CHz ~CHg~CHy=CH-CH2 ~CHp -CHy ~CH-CHp -CHa =/

The hydrogenation product of the 1,4-addition
product of one molecule of butadiene and one molecule
of isoprene includes one methylene sequence comprised

35 of 6 methylene units, contains 7 methylene units and



WD 92/ 16567 -10 5 10 15 20 25 PGI/ US92/ 01674 For pol ymers contai ni ng

‘st yr WO 82/1656Gt her nonomer whi ch introduce only two car boREYUSP2/@16 yer
backbone, the nethylene content can be reduced to only 0.5 nole fraction.
Thus, for polynmers containing such nonomers or significant 1,2-butadiene
addition or 3,4isoprene addition, the ,percentage of nethylene units
present can be | ower than .75. The"BFecise sequence distribution determ nes
the | ower amount of nethyl ene content that can be crystallizable. The
fraction ofonet bubeaeeuneasmtuyldﬁee wrikte, odngdotpntainso@7isimglé, 4- and
1, 2- but adi ene_and. 1 h Ed 3, 4- kgoprgn is XCHZ 4 B~,~4 + B12 + 3 114 + 134
4 Bl4 + 281@e§°ﬂn$fﬁ°§ yiene BpigE:) §'fhe fraction of the total polymer

formed from1, 2-addition of butadiene, 114 the fraction of 1,4-addition

i soprene: and |24 theCHgaction of 3,4 addition of isoprene. Hl4 is the nost
i nport@ant variable fol crystallizable nethylenes. XCHz 2 B12 + 4H14 + 4114
+ 21 g~4 Where t hefizTCHnCHBxCH2#CHp~CH2=CHopCHoent this val ue can 3 o have
a mximumof O . 5. Wiwen HL ~ 4 is less than . 2 the substituted fraction
is large. d. Hy "crystallize"” it is meant that the 35 nethyl ene sequences

in the pol ymer aﬁﬁécranowh@ Qrdiqrxﬂ% Aok GQEQthQGQ:thTé‘né hﬁxﬂt@ss' cal

definition of stallin

¥ % h as se orth E? exa K The
subst%QLnemPﬁ%t%? %H%aEG t BFPm;j Ehe PEEFentages P, hyGHas 1,4 +
13,4 fractigmd 1,4 polybutadiene in the polymer. Each enchalned

1,4-butadiene (By,4) unit contributes four methylenes.
Each 1,2-butadiene contributes one methylene and one
substituted methylene. Where B represents the mole

15 fraction 1,4~butadiene then (1-B) is the fraction 1,2-
butadiene. The mole fraction methylenes present,
XCHZ is then '

XcH, = B+ 3 '
20 2 4 (1)

For the homopolymer polybutadiene, B = 1 and the

fraction XCHZ = 1. For a homopolymer of isoprene,

B = 0, and XCH2 = ,75., 1If it is desired to interpret

25 -~ this composition in terms of ethene units Xcpy o CH, the
result is

XcH CH, = B_;.l

2 (2)

30 For B = 1, XCH. CH = 1 whereas for B = O,
XCH ,CH, = 1/2. A hydrogenated isoprene polymer is in
effect an alternating ethene and propene copolymer. By
definition hydrogenated isoprene methylenes are not
considered to be 3/2 ethylene but only as supplying a

35 single ethylene unit.

Depending on whether the butadiene is incorporated
as blocks or as a statistical copolymer with the
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@re crystallizable. For B = .5 half the methylenes are
crystallizable. As noted below, not ‘all methylenes

that are crystallizable will crystallize.

For a random copolymer of butadiene and isoprene
about 3% of the methylenes present (from butadiene)

will be in sequences of 20 or more at B = 0.3; at
B = 0.4 about 9%; and at B = 0.5 the value is about

19%. (C. Tosi, Advances in Polvmers Science, 5, 451

(1968)) -

For B = 0.3, 0.4, 0.5, Xcy, = .82, .85, .875

respectively (Formula 1). It is through this region of

butadiene composition, 30, 40 50%, that semi-
crystalline polymers are formed in statistical

copolymers.

0. The
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15
Xeg = 3 By,4 + 1
2

(4)
2 By,q + 2

20
Bi,4 is the fraction of 1,4~addition of butadiene.
For By,4 = 1, Xcy_ = 1. For all 1,2-butadiene addition

Xcy = 0.5, there can be no long methylene sequences.
2 .

To obtain crystallizable sequences there must be

25 sequences of 1,4-butadiene enchained units. For random

addition of 1,2-butadiene and 1,4-butadiene units,

B, 4 is approximately 0.3 (i.e., 30 percent)  to

obtain crystallinity. From formula. (4) XCHZ = 0.73 at

By,4 = 0.3. If the statistical distribution of 1,2~

30 butadiene and 1,4~butadiene additions is of a block

type, than random crystallinity could occur at By, 4
below .3.



Wwherein Rl is a Cl1 to about Cg alkyl radical and R2 is hydrogen or Cl to
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Where there is no Bj,4 or Ij, 4 present this value can
30 have a maximum of 0.5. When B, 4 is less than .2 the

substituted fraction is large.

a. By ‘“crystallize" it is meant that the

35 methylene sequences in the polymer associate into
ordered state consistent with the classical definition

of polymer crystallinity as set forth, for example, by
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15 Heat of fusion meagured cal/am . 100.
69 cal/gm

Oon this basis pure melt crystallized polymethylene

20 of high MW (i.e., where the end group effects are not
significant; typically greater or equal to about
20,000) has about 60% crystallizable units. Kinetic
restrictions prevent them from all crystallizing.
Percent crystallinity can be measured by techniques, as

25 defined in G. Ver Strate, Z. W. Wilchinsky, J, Pol. Sci
Phvsics, A2, 9, 127 (1971), which is incorporated
herein by reference. The degree of crystallinity
measured is a function of the sample's annealing
history. Some low amount is desirable in this product

30 when the sample is annealed at 20°C. for more than 48
hours after preparation of a void-free, strain-free
specimen by heating to 150°C. for 30 minutes in a
suitable mold. Crystallizability also depends on other
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A crystallizable segment of the hydrogenated

20 i.
n methylene units, with an

copolymer chain is rich i
lene content of at least about 75 mole

average methy
content depends on the

percent. The methylene
, comonomer used to prepare the polymer and the nature of
25 their inclusion in the polymer. The methylene units

will crystallize at a given temperature and
concentration in. solution only if they are in 1long
enough seguences, with only a limited number of
interruptions due to substituted methylene units. More
30 interruptions are acceptable with methyl substitutions
+han with larger groups since methyl groups can enter
the polymethylene crystal lattice. Methylene units can
pe identified by Ci3 NMR, T. Hayashi, ¥. Iroue, R.
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a

20 Hydrogerdatdon of this structure results in a structure represented by
t he fornul structures.

SUMMARY OF THE INVENTION

20 The present invention is directed to a
hydrogenated block copolymer, a process to make the
copolymer, compositions containing the copolymer and
methods to use the copolymer.

The hydrogenated block copolymer of the present

25 invention comprises monomeric units derived from

butadiene, preferably 1,4-butadiene and at least one
conjugated diene comonomer represented by the formula

Rl R?

30 CHy = C = C = CHy



t.~"~H2 - | H .., ~2 25 ~3 Therefore, a hydrogenated copol yner of butadi ene

and i soprene may contain, for exanple, the follow ng 30 %eﬁﬁj 7o1674 CHZ -
CH2 wo216562H2i obt ai ned from the hydrogenation of 1, 4-butadi ene: 35

~CH2 - CH- CH2 - CH2~ WD 92/16567 PCT/US92/0167~t -21 obtained fromthe
hydr ogenati on of 1,4-isoprene; 5 10 1~ 20 25 'f~2 ~ ~2 ~3 obtained fromthe
hydrogenation of 1,2 addition butagipene; etc. The recurring structural
units other than those obtained by the hydrogenation of the 1,4-addition of
but adi ene and i soprene may be present in both the cr teﬂl4 l e _and | ow
crystal i ity epdntis 14 cfeyoaabopteﬁgnﬁhh&hﬂ§§4%%g;eﬂq bl £%segnent , -

Cryotal | i ra@eogsmr 5% ot (K8 GRS o SE o oreyL ?f%‘d%@fgm {omaefect the
monomer, UpRi1ydean bokprises, athibeast 30 RERRER ﬁxr M"t_a’%‘ cop§|ym3rs of
st 11 ur S A R RO REED TR R el 881 s my be
¢ epr esent ahdbychispriessulat Riersto pen @ergent £ |yt
least one crystallizable segment comprised of methylene
units. Correspondingly, the crystallizable segment has
an average 1,4-polybutadiene content of at least about
20 mole percent and preferably at least 30 mole
10 percent. The block copolymer has at least one low
crystallinity segment comprised of methylene units and
substituted methylene units and has an average 1,4-
polybutadiene content of not greater than 20 mole
percent and preferably less than 10 mole percen?. .A
15 preferred block copolymer is where the copolymer 1s 1n
a star copolymer form having from 4 to 25 and

preferabaly 5 to 15 arms.

Preferably, the crystallizable segments have a

20 number average molecular weight of at least 500. The
average 1,4-polybutadiene content is at least 20 mole
pefcent and preferably at jeast 50 percent of the
methylene units are connected in series of at leaft'll
adjacent methylene units in length. The remaining

25 segments of "the copolymer chain are the 1low
crystallinity segments preferably having an average

1, 4-polybutadiene content of less than about 20 mole

percent.

The most preferred hydrogenated block copoly?er
30 comprises a copol&mer of butadiene and isoprene having
at least 10 weight percent of a crystallizable segment
which comprises at least 20 mole percent of 1,4~
polybutadiene, and at least 10 weight percent of a.low
crystalline segment having an average 1,4-polybutadiene
content of less than about 20 mole percent.

(%)
wm



wherein RZis a C to Cg al kyl group, and R2 is hydrogen or independently
Cl tc“é¥5¥{ al kyl group. The al kyl groups represented may
be straig PGscggai n or branched. It is generally preferred fﬁﬁ?ﬁe‘ﬁw
groups represented by RL and R2 are strai ght chain al kyl groups. Preferred
conj ugat ed di ene nononers are those represented by the fornula WO
- 92| 16567 ~ PGI/ US92/ 01674 -22 Rl CHRS>= C - HC = CHZ 5 Werein R is as

defi ned above. The nore preferred . conjugated di ene nonomer is isoprene.
The crystallizabl e segnents ,or Nl ese [ e h opol ymer
are conprised pr m é'r?ﬁif‘tlo g}‘g%é}%#%neneghﬁppgte\%hi céggn?%?ll%nit%scal I a,
provi ded bydnperigihpgebeaginovs tdompoundsitandetheprabeve xeaitedrecursor
copol ymer. . T rizi ut agdy poner, i ppeferadly CHthdH = CH2,
by 1,4 addir{’{]ﬁd@eﬁ%%éga ;ﬂg%’?squ%ﬁ?% segnent  cont ai ni %’ recurring 15
structuralqhéagiﬁouﬁecompﬂnﬁatilQ}ﬂn-°@ﬁ:5Q9P°5¥$&°nHﬁﬁW§%%ﬁﬁq9@ this
precurgor %!lymersﬁgﬁi N ad €l 8gppiBALYAG SEONENt C L ca DUyt he e | owi ng.
recurring Structural unit ,. . fCH2 ' "CH2 - CH2 " 2! ~ i.g., %ﬁptaining
only net hylaRaginqus m@%peéém?nngcmg#&’al iﬁﬂ“!, Brdvi &84 104 s
sufficiently-d@Qihpidp erém G008 akds 28 peztentbdy wWeighthybenehsits,
forms the crystalliZable se nt of the p mer_.chai T ere are two
r equi r enenthydrpgenake beCngﬁﬂ"PEd i'?forg'b¥ f&réﬁé%m%%e&%on.

crystal | i zatsrerded he compais itdauriar enefit | the hapresente gndmventiomnn

aver age 1, 4-pol ybut adi ene nt a ab ce
prefe"rg%bly mH%‘a%? atﬁﬂﬂozl'%{%éi glﬁcH pe%cééﬁl e. %%%?oﬁa@()il}gzo o about
80 nol e peraxgyytal Tiwatsbonengerature héTgkt apfleadlubrvinge & elaugdiences
35 suffici enidne | QAGeleddethar | (SLyS! abhbBll V(bg) Said! pabbé: Qmaially.
these sequences are at |east 11 methylenes or Qﬁﬁf’ preferably at |east

| 5 met hyl enie) - WO 9Phe 63&Pricatingsopt b1 GPmPs NS nGRA, 3t e

preferabl y ais]easiapbouiad P Wedy! enggcR! | aBOer other! ef arisesbeipp! yer of
the instant 1nvention is a hydéli)gﬁnat ed but adj ene-i
a

ve| soprene_copolynmer in
whi cht% t hanaflifiers ashlegs RrSARtP s oPPLEAL*1dAD r’e&ﬁﬁ‘prﬁﬂ#?‘gl in the
1, 4-confi guil il dFs | Naepeegente, Os@merYypeintCaleprésgants,| easti-about 20
nol e percent of the but adignﬁégnfg’ésoprene are in the 1,4configuration in
precu

the precur HRALAIERTE THR £

The copolymers have been found to impart excellent
low temperature viscometric properties to oleaginous

20 fluids, particularly 1lubricating oils. The compo-
sitions have satisfactory viscosities at room
temperatures and at higher temperatures. The compo-

( sitions of the present invention are useful for typical
lubricating oil compositions such as automatic
25 transmission fluids, heavy duty oil suitable for use in
crankcases of gasoline and diesel engines, and any
machinery containing gears and power transmitting

units.

The present' invention additionally comprises a

30 process to make the hydrogenated block copolymer
recited above. The process comprises the steps of
polymerizing a precursor block copolymer comprising at
least one butadiene segment comprising monomeric unit
derived from butadiene, preferably at least 20 percent



.10 copol ymer contains at |east an anount of butadiene units in the

1, 4- ' tion sufficient to provide a hydrogenated t ni ni ng
at Iggg{d/g%qcryst al i zabl e segnent conprising at | east ngg)l}{g@g)m%‘?ght
percent of said hydrogenated copol ynmer. 15 The foll ow ng discussion will be
in terms of the preferred hydrogenat ed butadi ene-i soprene copol yner. The
crystallizable segnents referred tggbereinafter are generally derived from
t he hydrogenation of the 1,4configuration butadi ene nononers, while the | ow
20 crystallinity segnents are derived fromthe hydrogenation of the

pr ecur sorp¢ opel gMesf skgaebusadienei, niang i AbpAeast role e COMPNOMET,. gnd

1, 4-configuration as | i 1 3 1,.£8-awpntaikgur at i on.
Pol yner i W?%%pr%qﬁpvﬁ%joﬁr %ug adi glr#emg% r%knrg'?egra b % 4-addi tion :
yi el ds a yssstirowe thjmqateﬂaﬂhenenGamﬁnﬁ§3¥h§eP6PF8%tﬁé ¥c e ng
structur%oun'lii,CHB l. 30 -~CH2 - C=CH- CH2~-: and Il . -f CH2 - CH =
CH - CH2 2/ 1 6567 PCT/ US92/ 01674 -24 Hydrogenating this precursor

pol ymer yields a hydrogengjed gol ynmer chain containing the followng
recring structural unit® 5 25 20 25 CH3 la. ~CHZ - CH2 - CH2 - CHz2~-:
and lla. -~CHzZ - CHZ - CHR - 2~ Recurring structural unit la contains
three nethyl ene uni%82 afid®a~sboEt PRt ed nethyl ene unit) i.e., ~3 - CH -
Where there are relatively | arge anounts of these substituted methyl ene

noi eti es jKese 19| RFEarREgRENaregalefined grakavs. or BRI PEOCRSSUt 22 nol e

eqHont | BHERSE e PR, R CraaLE T | gt tiag ] enkstal TNl LY
Z, 4- pol y p@stigser unidapolaymer f tResefammhy| iR sRAHR s gﬁé%ﬁdsuff@cient
‘Lﬁintgth, Iﬁy@r&&lﬁé@é&' 330 & SIFNymed .SCUNPRE GYBFdds NGid hpreecurring
ferably an anionic polymerization. In forming the
precursor block copolymer the polymerization process
15 preferably takes either of two approaches. The first
is to homopolymerize butadiene to form butadiene
segments. The comonomer is then added to the reacted
mass of butadiene and polymerized in the presence of
the butadiene segments to form the precursor block

20 copolymer. Alternatively, the comonomer can first be
homopolymerized followed by the addition of butadiene
to the comonomer segments. The butadiene is

polymerized in the presence of the comonomer segments.
Upon completidn of the polymerization of the butadiene

25 additional comonomer can be added and polmerized to
form the precursor block copolymer.

D ON O ' N

The present invention is directed to hydrogenated
30 block copolymers comprised of butadiene and at least
one comonomer of a Cg to about Cp4 diene. The co-
| monomer can comprise anionically polymerizable
substituted ethylene, such as styrene or methacrylates.
The copolymer contains at least one crystallizable
segment or block and at least one low crystallinity

(8]
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3035 ~CH2 - f H-CH2 - CHR - CHR - " H- CHR - CHZ - CH2 -
- CH2 -wOH2#1656%eri ved from the hydrogenation of the 1,4- adm'f‘éﬁf’ dct of
two nol es of isoprene for every nole of butadiene, will generally not be a
crystallizabl e segnent because it is relatively rich in substituted

met hyl ene units, and the nethyl ene _Ezg_uences are not WO 92/ 16567 -25
sufficiently long. structural unit / US92/ 01674 A segnent containing the

recurring -fCH2 CHz .. ~2 ~2 ~2 ~2 CHz CH2 CHz 5 CH3 CH2 -
CH2 - CHz~, IO derlve m t h @f a_,ﬂefbaékhtmmeof t wo
nol es of bu$e@ReRE P’ér ?‘y r’r@ﬁg 9& 53?‘??%& woﬁ&l

a
crystalli zapi,e segpaat spndgmeirwdngal ns Pé‘leﬂ%’-' 1¥30 %ﬂ p%q%gfﬂ'on

oo Lo Bt aper i akon; "ol L #8i Bhe' mtptlshswet oyeene
sequences cBﬂHﬁ“ﬁFﬁﬁag’:gb q‘ &%q-'d of Wligadse

st about 11 net hyl en uni ts | ynmers
of this Inveaheenaaadrie,ccprafqrablnagppyﬁeearfs‘?a PEZa @5%%%%9?9“ ch in

met hyl ene units, (herei A | ednanamdlingéegsentpokymenizedasl, 26 one | ow
crystaPl i ni FPS g’H‘E gsﬁ-&g n‘i fin® i

h t t
(her ei naf t epucaBiedea amd s;ée 35t TR oBERMTer BRRY oAt BT HfbhS
il lustrat edP§§5§8%9'| LIRS Sl eabedrdcupsdie gopabymensils i ﬁﬁfectéﬂﬁol yner

chain struc aving the follo Siatl 1ebst! 1)

Tl - (M - T2) xthp-fr3m aﬂd%wqﬂp%%“%‘\’é% eﬁﬁpﬁﬁgﬁgEng?!Z@gYﬁ?ﬁgd alabo%g and MZ
can be the § gge Uryditd1er esibled segnenath andegdnt sleast T?nﬁndl?y can be
the sanme or differént and are e ch pb3 eri igegpenof from
0 to 30 35 wwaysteddinity &aB rﬁﬁem&wgganen r %I ti,oned

‘bet ween tmhpmﬂ@d alteb t hathaa@,dcsﬂﬂ-YcaﬁaﬁélrﬂGﬁ t e ﬁed dndsiially
'in the centek{p of the p%ﬁo Wgégﬁggnhgedt kb pd 1 yateh Taonequimirgy can be
[ |"ec

substantia Iat least one crystall:.za le sagmentsumgf at least one
low crystallinity segment. The crystallizable segment

15 comprises at least an average of about 10 weight
percent of the hydrogenated copolymer chain and

contains an average 1,4 4-polybutadiene content of at

least about 20 mole percent, preferably at least about

30 mole percent. An adequate percent of the methylene

- 20 units are joined in sequences containing at least about

' 11 methylene units to permit crystallization.

The low crystallinity segment has an average 1,4-
polybutadiene content of less than 30 mole percent,

: preferably less than about 20 mole percent, and rich in
25 substituted methylene units. The low-crystalllnlty
segment correspondingly contains an average of at least
about 22 mole percent, more preferably at least about

24 mole percent substituted methylene units. The
substituted methylene units are represented by the

30 formula



WD 92/16567 -26 PCT/US92/ A 6' 14 the nol ecul ar wei ght of the Tl and Tg

seg e substantially equal to the nol ecul ar wei (Y%
segm%zﬁg?dﬁough this is not essential to the practi cegg?/?%?islbfﬁrwenti on.
Preferably, the copolymer 5 will contain only one M segnent per chain.
Therefore, structures IIT and IV (x~0) are preferred, with structure IV
bei ng nore preferred. The preferretBcopol yner chain structures, fromthe

st andpoi nt of providi ng ol eagi nous conpositions such as 10 | ube oil
conpositions have excellent |ow tenperature visconetric properties.

Pr ef er abl yywhelreild sRgnent a a@g tosegheuts Gy ?%Y%pSF?HBr £k at ed

al ong the c¢opal r chain {s on | i m t egihaggbersust euttedol yner
chai ns cang n&i‘g‘gci a%lxz'ei bes?%raél%e S%Be‘?ﬁg' problgms associ at ed V‘U&&F packi ng *
the | ow crpethylenet y ynisgneespteyeditomyrt £OF agﬁﬁ‘%’ﬂ@iﬁfi on " Ther ef ore,

in a pref eﬁkﬁ?o&@?ﬁ@i@?ﬁt ,okhe 1N sagEitior | butaddemear ahd cether of the
copol yner chain®and qnly one se nt i.s in.the Ml t case
wher e5x i shydsogenpiigs: Pf i'gg? n%ﬁyﬁﬁr%tﬁ#thqheB%P(ag% Sbgegénﬁl;%ts be
suf fici ent bynka 08iéRedr eifs assotsapreneof t Bbukl,se§AEnteXINMRIR dif f er ent

pol ymer chain. Cenerally, copol [ : tr 5 ' g=M~ z (V)
wher ei n M hyggogseaaf aéh ef ﬁﬁﬁgg&&é@gﬁd eéae‘?cr:]@z |Msk anr'l(‘%]t eger of

at |east | agaieionddsopxiene ydelidscdhe yemuming siomsical spikions of
structure V 30 copolyners in oil tend to gel even when the Mand T portions
have_exactly the same conpogiiion and nol ecul ar wei ght as structure IV
copoltfrmers (with WO 92/ 16%@% PGT/ US92/ 01674 -27 x=z=1). It is believed
this poor viscosity -r-?é‘i‘l' fielopper fe@y. na.nQ_q_Izj.)s due to the inability of a
‘center T segnent to Steri call y statﬁ | i ze."agai nst association. 5 The M
sgnents of the copol yners~of this invention conpri.ge the 1,4-addition
product of contadndng mecﬁ%qﬁé'z}ﬁ%nﬁ%&ﬂlee&nib%ut can al so conprise at.
| east zone ot her hydrogenated diol efin mononer, provided the

1, 4- pol ybut adi ene content of <mMid M segnment is at |east to about 30 nole
percent and a majority of the |nethyl ene sequences are sufficiently |ong,
e.g., contain at |east about- IGH met.hyl ene units. The T segnents conprise a
m xture of hydrogenated butadi ene, either in the 1,2configuration or the

1, 4- 8nfi guration anq.g%t foﬁmﬁ&iﬁt{}??%wﬁﬂ chteinp, inr at

| easf~one conj ugat ed "di ene an 1, d on but adi_ene, ﬁndehave a
1, 4- pol ybueddiigienconttent reRe gr cRYRrogRBAtaBout COROREHer BHT® The T1

and T2 SeqpRihetanataui Np2EaUBts, of Bydrogensted 13 2emddifiiani on

but adi ene noners, i.e., net h)‘llye e units .p O%Lgﬁgirtggnt %@{:a-

1, 4- pol ybubstirdieneon2eniwedil safd %?@ﬂ’?tcﬁ%s A3t “exceed abouf 20 nole

percent. AgRedlke gttt ,prodyctogenhue, bifosk exanpifenthd

Copolz)émar ggwb%r%%teaqelfr{]&yatsééﬂéﬁt Oﬂgyoﬂ:@?ﬁ:ain the hydrogenated

( polymerization products of 1,4-butadiene, i.e.,

" hydrogenated _poly-1,4-butadiene, 1,2-butadiene, 1i.e.,
poly~-1,2-butadiene, and isoprene, i.e., hydrogenated

polyisoprene.

30 The copolymer may also optimally qontain the
hydrogenated polymerization product of other monomers
such as, for example, monovinyl arenes such as styrene
or substituted styrene, methacrylates, vinyl pyridines
or other anionically polymerizable monomers.

The size of the crystallizable segment which is
present in the hydrogenated copolymer is in general

(e
(8)}



.25 conjugated diene, preferably isoprene contains at |east one
cryst W0 0246567 bl ock or segnent and at | east one non-crysPEIVUS2A086T ock
or segnment. Such bl ock or segment copolynmers nay be represented by formula
| V descri bed hereinbefore, i.e., T1-(M-T2)x-M-T3 wherein 30 ML, M2, TI1,
T2, T3 and x are as defined herei nbﬁore. Preferably, ML and M2 are
conprised predominantly or solely of”nethylene units derived from

honopol ynmeri zed but adi ene substantially in the 1,4-configuration which has

subsequent | y, bean hydr ggenatiach  £a)atdveldadSuitbs CWH 2l psaBagudiene
substi t ut ed%%eﬁsaggﬂren er the. WD 92/ 6587 - 28 PGT/ US92/ 01674

segnents of andyat ykeasti Aney othen i eRe cPEPPINf. 1b FRE (PTEFUSRE

enbodi nent g;olégfui.nst antph @V eitygiial I izdble neeyment | cemprdEasenatihi ch
has been hydrodena

ted. Such b) ock copol rs r e 5
sequenti al ~dedst @Paitd W HHHIRHDS %ﬁggﬁ B¥g§¥F$§}gn?ggﬁegggﬁghgﬁ%rs,
e.g., isSOpr e AuhtdHEdieitht Thercehtr , cmanp| prefierabiynframabout
copol ymer of the structu Tl, - - i's e ' i 1.
honopol yner i2&d&o mtaréffeéﬁjgﬂlb%eﬁgéﬁﬁf tiggé, ﬂvg\ns?ﬁagg%l?ﬁl&leﬁdﬂal
fraction of apdAradsh tiores tweightn pepcentr efr theptpyadr hydr
containing a recurring ture r 1yhe feneul priddardor f CH2 -
C = CH -'OH?QEé§XMﬁ§ei§L£g§'is a gﬁﬁggsagﬁdé?ﬁlgast 1 Qﬁgh hydr qgenat i on
this structwepdigmerscootaigs-@y least apput &0p ypigh (P&%eé'{ or
subst gnti al '#C 25p58t | 261 walght plecentpr(eny.redramt,
but adi€ne ?@Mgfn{?gg%% i‘nto t he reagtorvas%Ehcontéi .[}‘itfancgat he
"1'iving" i sabmre 86grmt aboHE HiR)adi BRE iMOXRNBEEESFARLY BT s htially
via 1, 4-addi i on (genesed syt predity b€ sonp-Hutendieme of Gen2daltlad ene
addition, 30 although this may be kept to, g rdni b prsiat eaction
condi ti ons ViE&re FFRMFEF nt’f‘ﬁea\é‘f’f‘ t F%[fldr%a%urgpﬁn%%}ggsoggrgggéﬁy%r tg%aégment M
containingzbféﬁufgéﬁg SbpoLimés, r ephesedbaedery the f crystalliizaglple CH =
.CH - CH2~ ~ WD 97/16567 Pg%/gﬁgZAg%$7é “e9viagrein "a "' is a number of
at |eadst 1. SYFPRY AR ERG PYRTPHPE uEPBPeYbecomes -f o2 - C2 - CH2 -
CH2j$ ~ . 5 Upon conpletion or substantial conpletion of homopol yneri zation
of the butadiene,_jso 0 |£h 2%3d) pHetRye hydrddenatédt i on
vessel containingF+héB%§%§uﬁ§quﬁ?g% cggglyner T M - vMIh M2' . bei ng
the "living"cipokyinene ¢omprising ieepelymer chains containing at

least one crystallizable segment comprised of methylene
units and at least one low crystallinity segment
20 comprised -of methylene units and substituted methylene
units, the monomers preferably include sufficient 1,4-

butadiene.

Not all of the 1,4-butadiene present in the
precursor copolymer forms (upon hydrogenation) the
25 crystallizable segment. Some of the hydrogenated 1,4-
butadiene may be present in the low crystallinity
segment. Thus, for example, the 1low crystallinity
segment may comprise the hydrogenation products of
isoprene (either. 1,4- or 3,4-addition polyisoprene),

30 1,4~-addition butadiene, and 1,2-addition butadiene.

The crystallizable segment can also contain some
of the hydrogenation product of 1,2-butadiene, isoprene
(1,4- and/or 3,4-), etc., provided the amounts of those




lo i s horopol ynerized to form precursor copolyner segment T3' containing

t he sa ring structure as precursor copolyner seg I
precwgggilgg%(r)l ynmer containing segnents TI' - M’ W@r{ﬁénﬂum

hydr ogenated to form hydrogenat ed copol yner of 15 structure T1 - M2 - T3.
The present invention relates to novel segnented hydrogenated copol yners of
but adi ene and at | east one ot her c@pjugated di ene nononer wherein the
copol-ymer's chain contains at |east one crystallizable segnent rich 20 in
met hyl ene units and at |east one |ow crystallini tively rich
in substi tothet reydwogenated: 0iRkdes; @F%e’-?ﬁﬁﬁ%ﬁ?ithl :ﬁ‘?t%‘?% Pol ymer.
segment I g, char aa@ﬂ%&%d g Ebﬁo tgateflebul kontent af tef at theast about

hou; 0" 2yt ik zalis wASHADE | reerér#re 2850088 BRESERE: ot ccular

het er ogeneous. The crystalli zabl e segnents conprise an average of from

ESlej(r)gtentzo ;ﬁdg(r)r&\lc’\g ¥ %QEQEEQ#?%;R&%&{%G@%O ?38 §\§I igl;ilﬁgt:gip]tercent

t qa\,gm;;n chelbowedd bqprmadmmnat@pag@fl byusadbengdi ene
content |c I's at ast about 2 p f@é ys@d bgast about
30 nol e pé}%@h’tgatﬁfje e r @Pﬁp?gﬁgoéggogﬁé%a S menltﬁéi.c%rrprl se an 35
aver age of 1-{ ORyakoy hn&teﬁo t8ackight products OﬁACg!}EPﬁG-@G'F apd
PCT/ U892/0 674 refe abl ab Uk _ Pat8baht specéest , pead nore
pr ef erably- ehoHtreF (?y %g] 9 %\tzgg?ggﬁtaof thest?ot al cggol mer chai n,
and have @ohl&m.ybmadeﬁﬁn,com ndiPefieser BHER aftftit '

per cent. £§| Qf' {L. I‘Sll B-acgd AenC a3 Vi <atd dtel gt esraryt laliwntben conpri se
I e Y ero

int genéous chains, with_sub R o hai n
cont ai ni nprestentcr Bt Zhiej RH}EGY | 3&)@“&' | ?kg@?hgégr%g? 2, %‘

hydr ogenatggh ¢ Qﬁm{ y&@rﬁueidiéﬁel ﬁin.an'yxhadl wmcmi@gesmgﬁﬁr&ver age
nol ecul ar "'wel ght _ ow as lfa#)out 2,000. The preferred mninumis
about 1o, mrwﬁﬂﬂ@ rfetfper %inumis about 20,000, The maxinmum -

wei ght - aver age nol ecul ar wei ght can be as high as 2,000,000. The preferred
maxi mum i s about 15 506¢¢HY.- TtH)}-nore preferred maxi numis about 250, 00o.
The M segnents have a i~"'-w of from about 1, 000 to about 1,000, 000,
preferably from about 10,000 t@ about 2,000,000, and nore preferably about
20,000 to about 100,000. The T segnents have a ~w of from about 1,000 20 to
about 1, 000, 000, preferably ab@Ha 5,000 to about 200,000, and nore
preferably fromabout 10,000 to about ' 100,000. The wei ght average

nol lar weig cﬁi 5% S84 €1 6m neslt bytlg;ed; pstreetuve chesudtsgr aphya( GPC)

usi ng tetrahydrofuran (THF) an g&% gg%ﬁ&i ng as di scussed 25 above. The
copol yrrer§"-'61'uq1ﬂér¢ r%%&?ﬁs noeh? ol ecul ar wei ght distribution
(1~/ Pl n) of about 2.0 or |ess, preferably~about 1.9 or |ess, and nore
preferably about 1.s or kgcH, -asCHeternmi ned by SEC as di scussed in 30 G
ver Strata, C. Cozewith, S. Ju, |n Macronol ecul es, 21, 3360, 1988. It is
bel i eved the novel copolyner's i@®zoved function as viscosity nodifiers can

be as | east WO 92/1 6567
CH3

Therefore, a hydrogenated copolymer of butadiene
and isoprene may contain, for example, the following

30 species:
~CHy - CHp - CHp - CHaY

obtained from the hydrogenation of 1,4-butadiene;

CH3

35 |
+CH, = CH - CHp - CHa}



_-31 PCT/US92/ 01674 partially attributed to the ability of a controlled
port i wp 9%/16362 copol yner's mol ecul es to crystallize in ol B&E/HSR{01674
conpositions such as lubricating oils at tenperatures above the cloud point

of the lubricating 5 oil. This occurs both inter- and intra-nolecularly.
Typical lubricating oil contains paraffinic and isoparaffinic waxy .
conpanents which are capabl e of cry%]t'al lizing. As the lubricating oil is

cool ed from hi gh tenperatures (above Tc), these -waxy conmponents 10 begin to
crystallize. When the crystals becone |arge they scatter |ight and nake the

oil turbid (the cl i S dhcof! oL8-p8bpeneaxes in the oil
can co- cry&gﬁal“irféioﬁtﬁgt ee c!?-isxt.%{%‘ zabl e vi scgsi ty nodifier
crystallizable segnents, effectively 15 crosslinking the viscosity nodifier
pol ymer nol ecul es, resul t ~HeH2 n‘hf’é‘{l "ef fective" polyner nol ecul ar weights,

or caudsing "gelation" of the oil.lThis is observed by the appearance of a
yield stress upon shearing. Such ¥*2ectively high nolecul ar weights are 20
undesirable, as they increase thelQil viscosity at |ow tenperatures making

it difficult for the oil to be punpdd or poured. The associ ated copol yner
nol ecul es of this invention are believed to have a smaller effective 25
hydr ogynanmghtpine Perofivl amd e hpdnogenahddn umfssoti t eddstigion whi ch
| owers the relqe;ij ve viscosity of the lubricating oil solution thereof and
provi des | SWBRFIRMSE €8-G | viscosities at |ow tenperatures. It is believed
t he copol yner's characteristics of~ 30 exhibiting a_highegr pol yner

associ ati on t enprhet mecurimg hetoneturaloinikes nf’mel’ﬁgnFéé i'M¥F%ct i on

with the webdmibe 8 and agackddkioiecosata thrataadendpnofodi| s to

under go gel . portion of these coggl ygrer rm%gc lies i s
crystes | i zanieadiane 92Nd5EEORTRNEGTIBY9 2 P61 hESBRRL:  the RRE ¥ ti ons.
The non- CrY%}ié{éffﬂgbﬂgrghan low Rehjstend frpi et sagmenst er ikf beheyer to

hel p preven XCessive | ntenaol ecul ar ciation, . -C d

segnent ed naxer xsseMe g yHbes ?%Y%téiigﬁ?ﬁ;\? t%eﬁ%i“r:' p%‘g&rr%ﬁ&e. | f

oyt B e oy mt £t art oEue! N Buat (o
Shen, S OLANLY, | OnhEhEEalpetes Terren

pol yner com&f®Stse ow enoug 0 nmethylene to

conpl gpel y sgghéntiystallization and are properly |ocated along the
contour, these will act as steric blocks to wax or excessive

pol ymer/ pol yner interaction. Thus, two polyner characteristics e_needed:
crystal lization Bheveathe hapstapRRg aneened t@HﬁQF‘&Furec’ﬁbeﬁ segRBnt ed

structure tg,sLabbhb?eyAAChOHR Alt.n Jed 0E6 gekm tbiemodyul yment yotr s of
e present rnventioh are preferably prepar Y. 3Qi ofi ¢ i on.
Thi s net hodtbe poEgARE; zm%%&%%%ﬁ”ﬁ’ ni%ﬁ& z%d@%hi‘géé%‘%h. ch
makes it exjigyReYnusekul dubsddituted ethylene such as styrene.

25 Preferred conjugated diolefins may be represented by

the formula
Rz Rz

CHy = C - C = CH2
30
wherein R® is a €3y to Cg alkyl group, and R? is
hydrogen or independently C; to about Cg alkyl group.
The alkyl grouﬁs represented by R! and R? may be
straight chain or branched. It is generally preferrgd
35 that the alkyl groups represented by Rl and RZ are
straight chain alkyl groups. Preferred conjugated
diene monomers are those represented by the formula



.synthesis of the polyners of the present invention. hn particular, by the
use of %i]ggiﬁf polynerization, it is possible to obtain peiry(RIZroleéM Ng a
nar r S¥PH&( ar weight distribution, to obtain tapered or block 25
polynmers, and to control the structure of the polyners derived from
conjugat ed dienes. Unlike free-radical polynerization reactions, anionic
pol yneri zati ons can be perfornmed wi@re there is no facile chem cal

term nation step. O course, 30 term nation reactions do occur, but under
carefully selected conditions with the nononers of the present invention,
using inert solvents and highly pare reactants, the end groups have
indefinite lifetines. WD 92/ 16567 -33 PGI/L~S92/ 01674 The non-term nated
chai ns derived from ani oni eﬂgon_:o Ly pfey z@,0n can be used for the !
synt hesi s of bl ock polynmers By sequenti al a&diti on of different nononers as

descri bed herei nbefqre. Thus anionic¢c 5 polynerigzation_ offers {bility in
al | owsng ewheeeibl bs t@ﬁaeéeélaeﬁyr?éf@‘%/-o bé‘z‘}eea’BPF‘% E%e&%%‘g‘%“m :
ment i oned Fg{ﬁ{lﬁgggar 8ikpkY fenomert Asndgopremd.ecul ar wei ght distribution

havi ng better-shear stability than those with broader distributions can be

produced. 1o Shear stability, i desir i N rsjplsed as
vi scosity i ndexTPﬁpﬁ%"sa.U&rﬁ%?ﬁa% %%ng#?zgrfcp}gicg%lﬁ]%rggla&&gﬁf (Salfrg a W der
| atitude ofpkegarddenated pophiymey varec¢onprised: EF HORGHTIREY ed
diolefin polyners. Wth dig s 1 al, preddgeidomgan be
regul8t ed 8% Fﬁ&%ﬂﬂﬁnfpr‘?%%gsc@ng?ﬁgf?gd ?fﬁ?ée‘%c??gn}c%nd' ti.ons )IE a.,
catal yst, sRevewdrogenatdanh tefipshet drd-BWAGRNE  RECEPRE UAZ M pol yner s
cont ai ni ng_but adi_ene i jom naphdsy, | pdlymeliddrmnf itmbstieme are nuch
more 20 ef PEEFIﬁggSIQn #%?tr"gé’gﬁ%?g the v t%amdr genated, pr Aoy sor

copol ymer smonamerni g Sut ZelznE uftt s~ pFBd&ni I§ i ﬁ"t he )

1, 2-confi gk}&@?hgna B%cﬁ@sb&eb‘blqhetrhee@;wmtcdntﬁmjim neeuEing epar ed
wi th known‘iefall i c”and ,or%langﬁlet%,l | ic.25 catal ysts such as |ithium netal
or sd@i um sbractuaralopgdtoofi °5F°“(}1aganosodi um catal ysts. Preferred

| i t hi um conpounds are conpounds containing two |ithiumatons per conpound
mol ecul e and incl ude Li R¢loHowheol » RE i-s Gi¥pdor gani ¢ conpound, preferably a
hydr ocarbon 30 having at |east one carbon atom and preferably from3 to 6

b : ful dilithi il AR
CHZ[ agg :E ng_ gtslg'ggpf;' E%Wg{“ﬁtﬁg ?%ﬁ,&%?#”ﬁ&l%ét cheligsegierad. F

=t al Vsl n ~L~, ~~ne Pol vheri zat ~

Advances i B Gelymert segnentheaortaining thes £oliewWiBg. FRCUrXig ) | 6567
-34 BGT/ USQelQ38{ta1 unit

4CH, - CHy - CHy - CHaY

j.e., containing only methylene units. This recurring
( structural unit, provided it is sufficiently 1long,
25 e.g., contaihs at least about 11 methylene units, forms

the crystallizable segment of the polymer chain.

Thus, there are <two requirements that must be

fulfilled in order for a segment to be crystallizable.

30 The first requirement is that the segment; have an
average 1,4-polybutadiene content of at least about 20

mole percent, preferably at least about 30 weight
percent (e.g., from about 20 to about 80 mole percent).

The second is that the methylene units be in sequences

35 sufficiently 1long to impart crystallinity to said
segnent. Generally, these sequences are at least 11
methylenes or longer, preferably at least 13 methylenes



. Academ c Press, Inc. (Z980). Suitable organo-lithiumcatalysts may be
represenézei % the formula R2Li wherein.R2 is a Cg to C3ppcandsez/eiemabl y
Cg t oWE B2/1 |, aral kyl, or cycloal kyl group. Specific exanples 5 of
sui tabl e catal ysts include n-propyllithium isopropyllithium
n-butyllithium tertiarybutyllithium n-decyllithium benzyllithium
4- phenyl -n-butyllithium etc. Parties+arly preferred are the butyllithiuns,
i.e., normal-, sec-, iso-, and textiary-butyllithiuns. to An inert diluent,
in which the catalyst is soluble, my be enployed. By "inert' it is nmeant
that the diluent does not.r JfEkbiye st Weamt talwowol VENt may
af f ect theOFeI]a?‘PQ/%rarm?f&? %e’ Z?I‘l'%and 1, 4%f|onfi guration that is obtained.
The inert gétwghénasl briboypgedral |y be a hydrocarbon free of olefinic
unsaturation containing from3 to 16 carbon atons. Suitable inert diluents

include aliphatics, such as n-pentane, p-hexane._.L,SQ0 t{skopane, etc.;
alicyclics, such axeﬁmeﬂerﬁ%ﬁiml%ﬁegﬁ e}gfa'lag’%clqo eptane, ,etc.,

aromatics surr%%_s%‘g@ﬁg@é?, Butladene xigaprene hicopsdamathe 1Nt ¥Ri¢Re anpunt

of diluent®e . the preparatl .S, no ritigdbreesept arbat
suf fi si ent theoundteB@Sul d useda’t‘%%dﬁfﬁ li tzagﬁt he angunt of organol i thium

cat al yst U?,%Qdoﬁﬁﬂﬁ'iﬁlllyyinz&m 3 ,t4e-c20rf iguuatiem| in 1Ehe BESFRYEPE of the
di l uent pef gram nol e of organg-l|ithi arn® aigleypdraentng the
pr epar at i ocopPLYRE@Ipol y%?.egﬂ’ﬂgyanégn;{%{%%%??gt I2e | oy, dppr' mgrily
depends upQR thgdlegpeeadienel yand zatsoprensi reg® T terRE é “degree of
pol ynmeri zation," as enpl oye r el S Al Thebprecursoroneric
units pres&an roordirnarily, é€ach- nol.e of, 0 =l dchi um
Higutms TR o, i gkacuE‘F?i‘ polgmie! I
cat aljyst Widdpcagamnmt eoatains ottpol 9%t . thu§’,m°u'\7b %f/ 1&5%9‘
PCT/ US92/ 0l 674 - 35 Lee gloBAkYFaratdbnosutfidienrivenpravifedd i ned by
t he. gener alf S o’ greé of polynerizatio it~%?i~ty3 e%rgstal-
rmnorrerr-,nmmmgﬁnm@fhrﬁﬂﬂ¢¥ﬂ%%°ﬁg?§?§7§€ &FnE*ES obt ai nt he .desi red
mol ecul ar \Qﬁ 7_gmols‘3 hQﬁm%\ﬁ%f agemprBengofamoieasti cabants 20, PR yrer
Yy

wi || gener e from apout 500 to_abou ,About 10 0.0001 to 0.002
mol e of orgmmenmi@fn%%élk}%‘?r%?“ﬁﬁ?g %?g’rg%%gé'r will ordinarily be
utilized. The polynerization reaction generally takes place at about -50'
to about 150' C, and ferabl vy : 1. pReas | farhsmeE ashehort as
1 minfie or as |'DRY ,fgg'fggu}g t%%ﬁcs}&rorsaiyé’ﬁq@glrrgl.oyed. Pref er a% ](L)he
Eol ygrpri zat)p@f&£P6dI Onydsoganated obutadienesHSPRTSHR éeﬂs::i); %pgrs: ,
eacti on pressure | i S $eFREredy toa e nospeeric to
super - at ms%%r?ﬁ?sﬁgﬁgﬁgg;& Eg?mggg?ionx &gd eﬁgﬁ °?‘f gf haedling.
at nospher i cgenesaliy idenived zEgom| the NEAHBHP ol hononers’ ar e added
sequenr ti al héﬂ\gﬁgggxogl 00k 194d BEeEN moramEneEr s wikblehe §hLai nd8Y For

P

example in T eparation of a copol yner : uc I in@drot - M
one ofothe 2fystadiddndtye. 399“8{}%3& 3*8, ?g‘-ﬁg%raopo géngri?ég in?t Eg presence

of the catalyShe{bd bf4taedipriecurbar cqmlymenisegnants ENt3iRsNEs, (o

form a unhydrogenat ed, precursor ,copal yner mpnj -fbngdgudiatiion atsl east
about 65 V\eﬂ-gﬁprﬁé‘ﬁce‘ﬁg ' agi'gné ic%n' he ?,4 30 confhgurati;oni_1 Then t he
second nonogRR1 @sdbutadiene in the 1,4- and 1,2-coniiguratiofn.

Polymerizing isoprene monomer and butadiene

-addition yields a precursor polymer

25 monomer by 1,4
ecurring structural

chain containing the following r

units

CHj
I.

|
30 +4CH, - C = CH - CH}; and

II. +CH, - CH = CH - CH2}



i soprene, is added to the reaction solution and honopol yneri zed, preferably
‘via 1,4-addition, to forma unhydrogenated precursor segnent T'_ containing
i sopmame2/1656The 1, 4- configuration. The segnented copol ynBET/US92/M8742/ 16567
PGT/ US92/ A 674 -36 then hydrogenated to form nmet hyl ene rich segnent M
corresponding to a 1, 4-pol ybut adi ene content of at |east about 20 nole
percent, and substituted nethylene rich segnent T having a nethyl ene
content corresponding 5 to 1,4- pol“%ﬁt adi ene of |ess than about 20 nole
percent. A hydrogenated copol yner having structure IV, i.e., T1-M-T3, can
be prepared by first honopol ynerizing i soprene, preferably, 1, 4-addition,
to formfto unhyfiyqgegahat ipgec thisr PreEUISOT]’ R?&g@ﬁ%i dré% orft nant Ihy

1, 4-configuration isoprene,ynit.s; i (o]e THTeT Ty itte ngoldwingito the - -
react or cthﬁFﬁgﬁBa?:ﬁ uﬁﬁ&gﬁggen%*g%ﬁ p(r%%%%gggrrent T1' and

honopol ynegpaipgihlge shrnatiurad Wndts 4- additi on 15 mechanismto form

unhydr ogenat ed precursor segnent M2' containing at |east about 20 nole
percent of 1,4configuration butadiene; and then introducing additional

i soprene into the reactor and pol ynmeri zing said isoprene via
1,4-addition to zgr.m Z0 unhydrqgenat ed precursor segnent T3' containing
predom nantly 1, Z-confi FeHR! I-DICH4S 6P IOHYe - THxYse@nsht ed copol yner
T1'-M2'-T3' is then hydrogénated to formthe T1-M-T3 structure. In the

f oregoi ng di scussion concerning the prepa 25 ration of copol yners of
strugpures M- T afd.Ti +CHR -TTHY - €Hyp -b€HpHer st ood that the M segnent
need not contain, and usually does not contain, only nethylene units
derived from the hydr.ogenat] 4- ikt | Ofa butotitains | tthegeal so
‘contai n some subB&H 38%1%?%%5%% u%ﬁ?’g derived from{?e Pyglr ogenat i on
of the 1, 2padaiyliene it and anduhstidihechdetdW Ry B Thost®stbstitut ed
net hyl ene units do not exceed about 80 nole percent of the total units.
Li kewi se, segnents T, T1 and T3 may ggpptain, and usually do contain,
WD 97/.16567 PCT/ US9Z/ 01674 -37 nethy] ene units derived fromthe

hydr Senati on of 1, 4addition butad ame,-s0 |ong as the total nethylene
units present in T, Tl and Tg do not correspond to a 1, 4-pol ybut adi ene
content exceedi ng 20 nol e percent, t e Ashridef 6f r eHeggbodi nent
of the present i‘&\?@rﬁi*{'}?‘F’F Bhe ﬁﬁ%?gﬁﬂe&e&%%%gy r rfgs in a stgr pol yner
form i.e. gubstidiutdcitethyiensemoietias nénbl%cﬁgs'ﬂﬂlﬂﬁlnﬁ?%?n tit adi ene
and isoprene is fqrmed_as Ci @pﬂ/e T oy molespebeenbove 10

st ru@ur es IMSESY ndgﬁ-aﬁE-gTiéte\%u n thgocﬁ@mr reaches_a degpt.ed

nmol ecul ar wieghtresupthingl khngroqen@t%gpajéﬁ‘le ssﬁwgﬁuc%‘ah EL]I.'he ¢

pol yal kenyl__coynli as PhéUséghendfcontaining AkelppSltng

pol yners ré:ﬂs%ll(r}%éf%ﬁggsﬁ%%he pol a*kénﬁl £8H g ek ageat if£The

l i vi ng pol yamut SZthleeai?ﬁlF%%dloﬁ)'ﬁ? yegted a_Enovvn nmenner ., Each arm of
the Stari5%%45%;&&%&?1@&@eﬂe@ﬁeﬂﬂe zrel 05 suffhotentslengkhyhdSofposite
end preferably being a "T" segnept. That is, the free ends of the arnms of
the <%r ar@'&tﬁ@@hﬁ?l?os?@gﬁ" h substituted nethyl ene units nmaking them

A segment containing the recurring unit

4CH, - CH - CHp - CHp - CHp - ?H - CHy - CHy - CH»

CH3 CH3
30
CHZ - CHy - CHZ')'I.
derived from the hydrogenation of the 1,4-addition
product of two moles of isoprene for every mole of
35 butadiene, will generally not be a crystallizable

segment because it is relatively rich in substituted

methylene units, and the methylene segquences are not



_anor phous. Each ana of the star preferably has the character of the
strai g¢gy copol ymer fromwhich it forms. For the pur peg?
presegﬁilﬁeentlon the term 25 bl ock copolyner will therefore |n5? d&ﬁstar
copol ymers contai ning arns whi ch have bl ocks consistent with the straight
chain bl ock copolynmers recited above. Preferred nol ecul ar weights for star
pol ynmers are higher than their~lineas-counterparts. 30 Apart fromthe
specific and i nproved character of the bl ock copol yner structure of the
arns, the star polynmers of the present invention are nade in accordance
Wi th proce ' pat e h /
haT] UBbs! oriEg2eteRELES dord DA CRbdmalt noBhta tHING LS Mecdfring ) (16
The i nprovetsueturainandtar copol ymer of the present invention being that
it is a copolymer having arns mhereln there are sharp bl ocks 5
charact eriggf, by t_-h | @32 ¢CHY' YstaHy I-NCHY OperHj es. CHYe-
conflguratlon% ha |ng met erne rlch groups at the arns of the stars near
the star center acg useful in lubricating oils which contain paraffin and
| soparaffinic waxy conponents capable of 10 crystallizing to prevent
crystal lineggel +i gBy MoCHoparticularly, the star polyners of the present
I nvention are nmade by form ng bIock copol yners as reci ted above. The bl ock
copol ynmers ct [ 3s 4lal Vo i th t he
15 ot¥uct pePLfe, Frh he RpaBbgaaRtitn e Y, 154sdaqitten o8 " ¢
first prepﬁvedmbyeSOQGI?n&nﬂzﬁng Ebﬁbhyqﬂw|m9iﬁw9ﬁakﬁﬂpﬁkm%d|@h las
recited a t Vi Rg y pr oduced
th?‘g@tg]l arbelfa @J@%t afn&é ig cbh%s&r@oﬁ St

-are reacte ent 20 such enyl
‘conpounds 3P n&ﬂ&mnﬁﬁﬁﬁ%%nﬁ@ﬂnaglgbeﬁagé oeCunits . napg) q&%witcoupllng

agent s CapéaheaeﬁsfMﬁﬁ&ﬁ@té@ammleﬁ@rsaqﬁehaaw containgt ed to be
mers such.a tent No. 3,985,830. 25 The

- di scl osed

poIyéPkeny?tcgﬁb¥Fn§b8§§nglsH@ﬁggyﬁée 80 the Iiving polymer after the
pol ynmeri zati on of the nonomers is substantially conplete, i.e., the agent
shoul d only be ﬁﬂdedaﬁdlymenﬂnbﬁnthablﬁnﬂdntﬁonheillnmmmharn(abrnulasI

ol yal kenyLSa8Eo viE CErflalBibBidl spdhilly ' £Rn O8R! MRERyTURE TN OF
of unsat urankts (nereinncsor RE/Le’b Arp 1'% seqment) and at least
20 one low crystallinity segment relatively rich in
substituted methylene units (hereinafter called a "7
segment). The copolymers may be therefore illustrated
by copolymers selected from the group consisting of
copolymer chain structures having the following segment

25 sequences:
T-M - (IIX)
T1-(M1-T3) x-M2-T3, and  (IV)
30 wherein M and T are defined above, M; and M; can be the

same or different and are each M segments, T,, T and
T3 can be the same or different and are each T
segments, and x is an integer of from 0 to 3.

35 When x=0, the copolymer's M, i.e., M; segment is
positioned between two T segments, and the M segment
can be positioned substantially in the center of the
polymer chain (that is, the T; and T3 segments can be
substantially the same molecular weight and the sum of



l'iving polynmer. Anounts of from1l to 15 noles, preferably 1.5 to 5 noles

S are referred The anpbunt which nay be added in two or £ S
R usgRRERT,

usua 7so as to convert at |east 80-85. wei ght perc
l'iving poI ymers into star-shaped polyners. The reaction between the |iving
pol ynmer and the pol yal kenyl coupling agent or nucleator can be carried out
in the sanme solvent as the reactiaopgto form.the |iving polynmer. The
reaction tenperature can also be to varied from0' to 150'C, and preferably
20" to 120'C. The reaction nmay also take place in an inert atnosphere such
as ”itmge'%h‘é”%lé&@.ﬁéﬂr@eﬂéhfr oM &ne tTy lAndals. sBoments -aAmpled pol yners

prepared are_character.ize Vi t I e 1
crosslmke& tl%@ﬁﬁ %‘ﬂ'b#q‘ 8 Sgﬁt @?&]ﬁzﬂbgéig#ﬁa@fsﬂi ﬁz
substantrals ent93r Witough edtlpbé ymbss amtentﬁsrﬁgr&itﬂarcﬂ-@ tBReef rom
The nunber of ar.ns viar bly oy pi I and 25,

pr ef er abl y PrAGhice & b%}é(l%l,?‘p gﬂr”r%lst r?r e#E fr%% 2%0%6?%&% arms. |t
i's resorteduﬂ.ﬂatcdritalgr anky mmburseqman#speﬁplq%aéd\-i nprRRERIBEE h

t hi ckeni ng %Sl ffr c:ﬂ /ey, i d f@ear s.bgibl larley Yrdftewrmed ynewithnce it is
possi bl e %&ug &2 VI §cos| ty | ndex | nproying nol ecul e having a high

nmol ecul ar \stu:gllcu:tu(rleeé-'ﬁﬂ tieipg morse inRefIKAA « hi ckeni ng efficiency) wthout

t he necessity of successively long arns. The star-shaped pol yners, which

are still living, may be deactivated or |l ed . in knovvn nneL by t he
addition of a s&ben@PrefHFERd SR é?m AT ar b i i ¢ and

group. Exagphes flwldga@x@vd.mﬁig \Hleaginous lnhmpnsmpns smdslln awe or nore

-"'?ELLXSpQ%Sﬁﬁ%z”e?S#f‘r;as i E gt pads LB PRoc P B o2 zeva

——

aci ds SuChva%caﬁxemrd.cagrda,penhqewnds with one active hal ogen atom such as
chlorine atons (benzyl chloride or fluoromethane), conpounds with one ester
group and carbon dioxide. If not deactivated in this way, the 5 living

star- shaped pol preferablly bedhe | Mcgegpenks Wd’éeﬁ&gpﬁﬁt& &F ®R%ore being
kill ed, ‘éob érﬁr%rﬁa%re SRAALP JHHY tHENE Iﬁﬁ‘zﬁ &fhalrlﬁ hed uender anounts

of nmononers, sane or diffeerent diene nctional nononers.
B&d eFo ‘g‘é

1o The nol enllhfaramelg‘hit-%e@f nymbex 50k k B8Py 403 cFMat ed may
vary, et wegagheliaktieV Shyrotéle thiem éﬁertbv\@mhleﬂseyaasecuypadm w:ytlbet ween

nmol ecul ar weights from a ut 25 I_E{Ed Ly from
100, 000 t oP8GEiDg0. thee er‘sq'\ﬁgr yargplf%%‘}g a&srage nmol ecul ar

wei ght s detgitheed la)ggg.dmemart:rman on a?hanaﬁqm.apw’t e PrEREQYEeAt i on of
t he pol yrrers of the prg__ entMT E%'%Htorld Sl t.{ @q'xéﬁit £ NErpely €9 | onal

hydrogenatf‘3 pol'ymer i's ut ed vvrth an 20 |nert sol vent,

such as ththe pmpn]qmﬁl;/ chainoasd, anly nonfelMoSegment pify i vRei on
medi ym and,bhe pol #Herthsél)_ 8&henﬁai:éwﬂr%ermeoarcamﬁqsf dre peded to a
hi gh“pressure™aut oclave h

e autoclave is gress Wt h dro t o about

100 to 3, o@mppré;aintg thathdthechi12806k X2 SPEREB st rYime: ably 75'

to 150' Q), \M?EJI e'fnft 24gsbctation! Yofl the2H hsegne@psefﬁ'eml y 2to
em xr n

10 hours), The reactor is then depressurized, the catalyst
renoved bydififesentgp [hr?)}d’r'ogenat ed pol ymer recovered from t he
sol vent by 30 conventi onal stri ppi ng procedures. The hydrogenati on catal yst

will generally be used.in an a t percent based upon
t he wei ght of tﬁ@ tcgp@ gena‘%l %%e spfegcjl fic
25 M1 - (T-M2)z (V)

wherein Mj, M; and T are as defined above, and wherein
z is an integer of at least 1, are undesirable as
viscosity modifier polymers. Solutions of structure V
30 copolymers in oil tend to gel even when the M and T
portions have exactly the same composition and
molecular weight as structure IV copolymers (with



WD 92/16567 -41 PCT/US92/ 01674 anount of catal yst enpl oyed depends sonewhat
" upon W@92(1686T i c catal yst used. Any material functioni ng RCGI/8IS92/0367H

hydr ogenati on catal yst can be used: suitable catal ysts include Raney

ni ckel, platinum oxide, 5 platinumon alumna, palladiumor charcoal,
copper chromate, nickel supported o_rh7l.<_i esel guhr, nol ybdenum sul fide, and
the like. The bast hydrogenation results were obtai ned with Raney ni ckel,
in large excess, at high tenperatures and pressure. Co or N carboxyl ates

oot Lo L vt he, o e eickeiran | BRIg, o viUOREER  Halpier oo o
COIDO: y{mr-h %&’f‘f@ﬁﬁlﬁét_ éorigrti?m ete;rrFEMe ifrlfammmtc:fal gy_canpégter Hy

coO ete rogena on S an | o S are
oo ot o aeeRene LR ptersea TR brhBRT 438 a¥hibat AeBlddiat A

substantially all of the olefinic unsaturation is saturated. By |
substatial | y allhelMfseguenhsaclr Sheogopolymers &f tdds ipmntiBay,

preferably gé%éfggét %%ut9§29_§§§?_ﬁgohhre%§gdﬁé@i orUNSetad 2bhen Wtk ost

preferably han % er e I ment of the, present_invention is

a tapered Haskbeensdydneganatssh ek SANnPIER)FRRRELBE A% RAShd at
| east one offier oeABFUGREbiriCadUaioleran dRsfonded peoviaed otite

preferably 1soprene. A'tapered block or se ted co ?y.mer according to
this i nventlo*r?%lléb'é%fg%rCBBFSPﬁerbﬁagg?&nFe %to‘ﬁbl ?Q#\g in
hydr og@r bongis@htit 36N mole fpurcesftpand a haijoritacedr thenindthyl emat ai ni ng
but adi ene nononer 30 and at Igast gie gt her conj ugatg% ie%ec npponer to
forma preciRERANCRPATRPURETFAGNELY| £908 /78 - Feir gl @Sﬂb

‘1, 4- conf i gusBduEN1af rdthylémeli andtand arhéedstsagmentscconpmisgated di ene
and than hydrogenating j [ o} r. 92/ 1 7

PGT/ US92/ 0%37’2'1‘9% iﬁg Bﬁ@%&?ﬁ%ﬁ%@ %?Egﬁggégﬁygrigé‘\é?at% S?‘gcuzg'?o'r

copol yner ofonfiguirabionndratheedst~conidguration ams &t dieart sone as

| soprepe, Aledle BeHlRBaRdatlad¥ad HAC! bEN RUIFHA Condu E Ay ugatée! Al vel y
hi gh reactivity, be preferentially polynmerized. The concentration of

mononer s | rAtemnet iodhezhakhas duréRAdbkienyitagiangy ( and i BAVEL Ravor of
the other cpnjugsipsucagienas ¢chietént adictegreatay ethan Taboutsu2o is a

precursor copol yner in which e pol r_ 10 chain.. s higher_ in t adi ene
concent r at i%&l?nﬂq’r'é’%i n seéﬂ@ntqﬁl gF\éﬁ T aPoEments,; ﬁhﬁngc%l?t?ﬁ'g _
rﬁact ion angna.h;?hgr gﬁ t h?dﬁﬁbﬁhﬂeﬁﬂ{c ugaiedotifiguraticmt itadiemne t hﬁ
chai n_segnments forned ,near the t act | se p chai ns
are t%‘ir ef JPRPRPEF ed F1F 415 @grﬁg‘géle[q}eonn%%%ﬁ hégggé-éﬁgt i 1(-')frilgt ﬂéeélgﬁ adi ene
rich porti oh, 4fpohgbpbagienebccontent | Of | saddhssegnengse@agesendotini ts.
Ther ef or e, éi?c?é&ha?&é{:hfﬁemgigr ﬁgg.ggh%q general ly linear copolyner

u

nol ecul es tWO T ONgl I'nall segnmehts can- be di scerned which gradually 20
pass into each other and have no sharp boundaries. One of the outer

(Segments consi stg RAAderredP bl meht ety hydeogeriateter biledk rem t he
o SRoRtnbes BHoaL B, PLRaRi e Une Wiy ¥ bhe Auge o7l
25 conjugated diene, preferably isoprene contains at least

one crystallizable block or segment and at least one
non-crystallizable block or segment. Such block or

segment copolymers may be represented by formula IV

described hereinbefore, i.e., T1=(M3-T32)yx—M2-T3 wherein

30 My, My, T3, T2, T3 and x are as defined hereinbefore.
Preferably, Mj; and M; are comprised predominantly or
solely of methylene units derived from homopolymerized
butadiene substantially in the 1,4-configuration which
has subsequently been hydrogenated. Ty, T2 and T3
contain adegquate substituted methylenes to render the

(%]
Ot



.25 fromthe hydrogenation of the other conjugated diene such as I sopr ene.
The ment is relatively rich-in substituted rret

deri ﬁé%QWexaml e, fromthe hydrogenation of the |soprene I nﬂp#ﬁ
1,4-configuration. The first segnment, which is rich in 30 nethylene units,
.conprises the crystallizable segnent since it contains nore than 20 nole
percent 1,4- . polybutadi ene. The sgcond outer segnent conprises the | ow
crystallinity segment since it contains | ess than . about 20 nol e percent
Z, 4-pol ybut adi ene units. In 35 those tapered bl ock copolyners the

crystal | i zabgment¥D 62/ | 5567 crymtplisgr/tyl cand 4Ma¥e rabh¥rik®s an

aver age of st o] 2(}“?3 eg¢ dhd henseanty Bivénteisn The
ani oni c poii?ﬁ'élr’lggétlgﬁ ghg su seqlﬁghgdrﬁenatbgggcon iti on usgd in the -
ock¥ |y

prepar at i ofirefn t hboRopeIamer izegent HBPR)YE tantially
the sane ag ﬁ?agsndeaaﬂ bgﬁdaeba.b@ke sfvmaahth?a/qnmmm asyl ar
wei ght's of Y esé tapered . se megéﬁd 3&5%& %laato%jé: S are
gener &l | y spguenkia sagddtd wel gh percen of
the. but adi gngnar efitndrs [ he. geact.usop:mnd uandi puttadientch iBsiective to
forma tapered se ted,or (o]} opql yumr Vi Stefn
crystalliz&BFe §§8WEEF and ll‘%l°rfn§'5'§t %n o°v"J\7*2ry %tyln{n]&?y s’g (r?:et}ﬁ
General |y ghrﬁcaﬁpanmlof- M5 bultadi dseprener nonaman i ﬁ@%ﬂ)dbﬂm% wei ght
percent. Addhtl ong %ﬁ Maﬁ tg§ &%—%&ﬁiﬂi&rﬁt'ﬁﬂtﬁlm@éﬁ@”e

$or co 0

present in PPHE™ an anmount which is affective to

f ornLa cryseahduahbfcagagmp%MW%H&I|'B‘Fi 5PTPnE RERINRAT
.copol yner . %ﬂgfa&'léy dedijmieretiit4 fn Big | 8agecabeing8Gtmichureer cent .
a

'The polyrrers R covered b rocedures well known in the art. For .
exanpl e, pverpregansedaby, thgcko er or Cl to Cg al kanols can be added
to 25 inactivate the catalyst. Preferably, the reaction is tenainated by
dropping the reaction systemgggto 2 to 10 vol umes of nethanol containing
about 0.1 weight percent antijoxidant. After termnation of the reaction,
the pydrocarbon sol uti¢gH,i & GasheH w CHaYgater or dilute 30 mneral acid.
Al ternatively, the actlve pol ynmer solution can be treated with hydrated

clays, such as_natural pulgu ‘ﬁhﬁéé;[ ch ftunc]géé)@@ t 9 ,botgpdacti vat e
the cat al yERERRYM to'c?ﬁ'em %I I)% a%%or o6t WD 92116567 PGT/ US92/ 81674 - 44

I|th|un1cohpdnegenathenp§hiﬁeFtWEFtﬂgerP@GP@Féd by filtering the resultant
pol ymer solution, drying if necessary, and stripping of remaining inert

di | uggt at el evat ed t enper at pggs (e. g., 70" to 120'C) and reduced 5
pressures (e. g., 0.1 to I00|nn1 Hg). P or the isolation of higher

nol ecul ar wei ght pol ygefs st EAM-SCHRPPI CHa%% Precipitation with
anti-solvents is preferred.

Upon complete or substantially complete homopoly-

25 merization of the isoprene reactant, butadiene monomer

is introduced into the reactor vessel containing the

"living" isoprene segment. The butadiene is homo-

polymerized, substantially via 1,4-addition (generally

there may be some fraction of 1,2-butadiene addition,

30 although this may be kept to a minimum by appropriate

reaction conditions well known in the art), to form a

precursor copolymer segment M!' containing a recurring
structure represented by the formula

~(CHp - CH = CH - CHajn!



By controlling the ratio of butadiene and isoprene in the ani

" pol ymw@ 92416567 under condi tions which 10 give predoni nant I%CT/FSQZ/&GGH i on,
it is possible to obtain an effective Wde range of nmethylene to
substituted nethylene ratio in the hydrogenated product. Wen. the

pol ymeri zation of the dienes has bee#b 15 conpl eted, the copol yner thus

obt ai ned can be hydrogenated either fmediately or after recovery to obtain
t he desired hydrogenat ed copol ymers according to the invention. The present

i nvention includes conp |t|ons 0 co eagivuly eblal such
as | ubri ca¥hggedn &d J&lm%?ﬁi% dbggrrel ed %I’ock copoﬁgrrer as
descri bed. Ehaltgoﬁalthb.@ &mmqmaag 0.01 up to 50 wei ght percent,

preferably~0. 05 .t ght rce gsed on the weight of the total
conposition, 25%¢, 2t he rog r?ate (?t?%olyrrer produced I n accordance with
this invention can be incorporated into a nmount o an ol eagi nous
mat er sal , such alpcm | tompketien oi X or SHP &F fRRAP ?j%b%dl ﬁg upon

whet her onglp?@gtoﬁweg% ZatiicHegr PieRduoh et adiend) t Ii@mnmbabm&r 30 Weh

used in lu conpositions, e, ive Qr se rankcase
IubrrcatrngsorhgadOpoly#EPd§6ﬁéen§FEPloﬁgﬁarﬁeﬁggippy KFF%QE range of

about 0. 01 é; o RGBT Modlhezd;mm‘mer TY\D 92M3 6567 wa.sh
PCY / US92/ 0 FEHEME

03|t|on The ¢o rs_of I nv o] utilized
in a concepr ath,ﬂlmﬂ‘rﬁ: g g1 i f""l”@?n gb‘b%@’baﬂé BEPS)der cen ¢ 9’ tggx'eg%ut 50
vei ghty perqgntr}oﬂgﬁgw@é&yzgdteozaoml gh:teqmmmrtcmpﬂyneg Segm#@r’tal 5

| ubricatin for e of handling_ a t hizgs fOrm by.
carrying o thecPBEEf'Pgﬁgof R i ﬁ\?@ﬁt [ o@rie#ﬁrilm ﬁgas previ ou (?I scussed.

‘The 1ubri cq;tzrdtgmsdrs tOopblyherheanS Bi'this iThHent Pé'ﬁcé‘&'ﬁ%e added
I ncl ude not_ onl ved f ro et olpum jeuteh@rso
i ncl ude syﬁ%¥%¥€b$$%%9818 i Fsga'mgﬁli:b Ao Tl &

' ng such _as "esters_of dibasic aC|d conpl ex
esters rrade)y@ragﬁméd cattions f@ﬂ?mrmrFUSé'QH@n&(Eed’s ﬁ&%‘;'a'l % basi ¢

acid 5and Iy_oI inPils, etc. The hydrogenat ed copolyrrers of 15
t he rs)]resent I'nven |on rep rtic IarIy useful as fuel and lubricating oil
additives, particularly as Viscosity Index inprover |ubricating oil

addi tives. The WOQ?&Q&% cmxarwrms pélabesi it anovehy segmented:

oi | -sol ubl e, dissolvable in | t nt, or
are stabl y hydrrgenated | REPS; W“efﬁe qéer}?ﬂgﬁ?igggl f&@? Stﬁt'zll ?géﬁva% e£| noil,

or stab) yI cg%d s¢§hj}u at;er[:ll dd enleh xoricaext M?Eﬁmje@mwl wdes noL I
necessarily .indica a riaks XL sci bl e,
or capabl e ?}P’o‘é.?@f‘% gﬁsﬁgndgggg bﬁl|L c?‘%ﬁt?? gr op%rt i ons. It, ﬁloc':srgn mean,
howeves, that héthglldnei wsitisorandsatindeass ©ng| {8Ve FVakalkipif¥ persi bl e

inoil toan, %é%ﬁ ﬁéﬁ{i%ﬁ?t rlEheiﬁrBubb%h.tut&ﬁemﬂnﬂl}ﬂférﬁ:tunitshe

envi r onnent e ol 0 Mor eov t he ad n in 30
cor por at i omlmér@;nertla%ldr %?‘Wesﬂ’ﬁ?’é’iﬁd‘w nig® 9%%’& a??%hé)d? ﬂ:i'sgher

(| evels of acﬂ?é‘fééﬁéirﬁéeéopﬁl Vipe heiepfentédddnilledstate capoeyneat are
particular Y USETUL Lo Tr) Galingn oLl SREPRY 1S pphechdgmleYoR base
25 crystallinity of less than about 0.2% at 23°C, and

wherein the copolymer's chain is intramolecularly
heterogeneous. The crystallizable segments comprise an

average of from about 20 to 90 weight percent,
preferably from about 25 to 85 weight percent, and more

30 preferably from &bout 30 to about 80 weight percent of

the total copolymer chain, and contain an average 1,4-
polybutadiene content which is at least about 20 mole
percent, preferably at least about 30 mole percent.

The low crystallinity copolymer segments comprise an

35 average of from about 80 to 10 weight percent,



WD 92/ 16567 -46 PGI/US92/ 01674 in \Wich these copolyners are dissolved or

di spersed. Base oils suitable for use in preparing the | | i
conpagodtormssenf the present invention include those convi&ﬁ(@%ﬁg"é‘m oyed

as crankcase lubricating oils 5 for spark-ignited and conpression-ignited
i nternal conbustion engines, such as autonobile and truck engi nes, marine
and railroad diesel engines, and thg |ike. Advantageous results are al so
achi eved by enploying the additiveS of the present invention in 10 base
oils conventionally enployed in and/or adapted for ' use as power

transmitting flui dﬁ-in' ch a%g%#to%t itp hsARlight Perdaritds and awxe fl uids,

uni ver sal PFaEeERb &8% ydraul 1 c fluids, av h jc fluids,
pover steepia#ietrabilys fwraitabontkd0 &%rZPsﬂﬁM%e‘caﬁ?’g‘?L?{%dég% oils, -

pump oils and other | Loat inngs o | ag@PRaVEI 08s arpokybukadierefrom t he
i ncor por at F8% he?@ﬂfﬁb?heé%%d’?'ti ves of tgﬁ g&seenéei.g&ﬁgt_i onppdhe above
oi | conposbbhemtmbpgrsﬁﬁﬁFyma‘?'}PP‘QE hét "conventi onal agdditives, .
pour point de ;%gggtsinargémaﬁaentv&tmnthexiﬂaﬁﬁsptot-ﬂé‘fent on
vi scosSity- Fﬁgg nprovers, di %Bﬁr sgnts ggiaﬁahggugnhéﬁaj_ﬁgg @pth f oani ng
agents, detempmise insrapRieGtaFdY PREPFOATOAI fiers aﬁj %%%\ like. 25
Cor rosi on | ﬂﬁifs@a?;ﬁ'ri%’llﬁ* Tadinehairs cortaining Hth a‘b@ﬁ? L3Rt he

of the

degradat i oft met al 1.i_c, E@M ed by the lubricating oil
conposi ti oand| Ih%ﬁ%wlﬁrﬁ%f‘f toh I nhibitors are phosphosul furized
hydr ocar bons and the products obtained by 30 reaction of a

phosphosul furized hydyocar blih AGopblkehérs caf h theal brstantr
hydr oxi de, pref I yfliyﬁ%f:ﬁgﬁa%h Boigh

resence of an al t o] an
al kyImhenolimrnﬁsﬁrernmmm%\igmtw@@%lVﬁﬁc‘ﬁ%’gp‘?&e@ nc%_ g?p(s:arg%on

di oxi de. ngusvghosul fiihit2es , 0o¥0 924HE5 G Hak/rdsd 2h bn bmym- 45 h$BPBEar bons

as_a
are prepar y ?eacﬁl ng a suitabl e hydraqc sugh vt L ebpene. a heavy
pet rol eum fropa@dn offhe (PO¥S Bﬁggﬁé'#ﬁ &ﬁ{y%pn 15, o oY

such as pol yi sobutyl ene,
with from 5,10 3o yeighiyelghteaverage moXeaitlay ﬁﬁégbﬁorqﬁg PEoR%1/2 to 15
hours, at a tenperature in_the ra 0 6 flant i¥l6about
Neut r al i zathigh oSt her BﬂBthBSUI f &B?zeérﬁgg?h& A Y

ocar bon e f ed in the
mannefs t aug¥g idod) SThPamert krefersed, IRKINYY cﬁaﬁiﬁg‘l‘lﬁhggrot' §r%tg or
anti oxl dants, Teduce tgg (-,m)'eo eﬁggleagyfg.gmrridw@ ;060 t bodabeutorate in
servi ce whiThe it SPEBRBEFORAYSh he evi denc d‘% ;ﬂ? é)é@dugas Qbopei dat i on
such as sl udgsoeyoowar npraferabliepdIPis q Al surtaces, and by
vi scosity ro(%< : %ch | dRbi-@NpiraFeablys dbmitid20a0R4) i ¥R aRout net al
salts 15 of“a @1% hoF% oesters hax.‘iﬁn prgg‘frgpl e PBaQ@l@'O‘Q\d si de
chai ns, e.q00gad@i unThenf FeSHENtSs, ‘%e,a riumTtoctyl phenyl 'sulfide,
di oct éphe s pﬁeabbqbpbqnaﬂ%f&mﬂme,ampﬁogépf 5P z &Pt
sul f zedn%édrocgrrtboné, etc. 20,0t hﬁigoﬁfgﬁt hBBukNAiohiolod Toorakbnit oxi dant s

=$olu

useful in t208,089enandnmeERpPreEeEP e copper compaunds. The copper
may be bl endgg hebo theriwé| weighty averade (ﬂql%%tﬁﬁe 6&;93’3?5 cyr%)ound. By

‘0il soluble TT'is, meangyt ha@j_ bggmgggggﬂﬂéhﬁmﬁitbg&&bw g GFE)unssimaor nal
n |

bl endi ng coReterBhBe he® Oor additive package.. Th%[c a ound may
be in the cggepahyarotupanc (THFN aliﬁeléSBﬁeP a4 ¥ h&Form ot the _
copper. dihydrocarbyl thio- or dithio-phosphates. Alternatively, the copper
may b%saddeébaget he copper 30 salt of a synthetic or natural carboxylic
aci d: Exanples of same thus include Cip to Cg fatty acids, such as stearic
or palmtic acidy gutcgﬁeﬁﬂéf&e(&@ctﬁs sirstant oliavensian JhaNed 2
car boxylic acids guch mapt heni c.achs ofm%gul@f ABbERt 2.0 ¥ om about
200 molecular weight distribution

less, preferably -about 1.9 or less, and more preferably

about 1.8 or less, as determined by SEC as discussed in

30 G. Ver Strate, C. cozewith, S. Ju, in Macromolecules,

21, 3360, 1988.

It is believed the novel copolymer's improved

function as Vviscosity modifiers can be at least



carbdrfat e. WSGI€R EFYERadd 18 al g%ﬂ‘st Be &Y

WO 92/ 6567 PGIT/ US92/ 41674 -4 8 to 500, or synthetic carboxylic acids, are

- pref efypasd/1¢se¢ause of the inproved handling and sol ubilitycprosréiers of

the resulting copper carboxylates. Al so useful are oil-soluble copper

di t hi ocarbamates of the 5 general formula (RR NCSS) nCu (where nis 1 or 2
and R and R, are the sane or different hydrocarbyl radicals containing from
1 to 18, and preferably 2 to 12, catlson atons, and I ncl udi ng radi cal s such
as aIkyI al kenyl , aryl, aralkyl al karyl and cycloaliphatic radicals. 10

Particul ar 'r% H:ﬁéﬁf eq the {RiAE Rtogrms ahrieiaﬂykybfgra)um:ﬁrélrm 2 to 8
carbon ato

t he radi cal.s na be eth ro
i -propyl, rRaxkiAn 9fpEhe °°§€émﬁ‘yyls ‘%ﬁﬁﬂc she'ifll crr‘lsﬁé@rlzeg *fgpt yl,
n-octyl, dQﬂ}Qa y|com§dﬁdﬂmﬂs suth capyl hubwicabbrgyloibsit >d1pheny|

ﬂwleé:
cyclohexyl cl ope ro la b Vi e € I der. £ o obtarn
oyl onet TSIl erei YL, RSy BUERY oe Sife NI 18, O
generd |y heilabowhis cnscgnmthothd)p‘per-suhﬂhbnarasmoplemé.taeﬁ,y.and
acetyl acetonates may 20 al so be used. Exenplary of useful copper conpounds
are copper Cul and/or Cull salts of al kenyl succinic acids or anhydri des.

The sal ts thensaymiscahy lnbriasitdngheollal contains (parnt@;amay laend orned by

reacting ( 5 eT-( | ~n of
70Qto 5,0 o?p erl ve@goﬁ%ﬁy%@ﬂe pol h“'g{}r?iérll‘gsI[&(ll Wa% ave at east one
free car boxgtystalsh kEipdup, AR tohe b}ulariea‘é{me oddt oi8 cERPABAL. EXSM t abl e

reactive ngigly CQERPEIET U¢abLbIesergy¢h afede Priaky?’ cotiYcRithtd)
hydroxr degq{ﬁir} dgs acet z'iit!lt}sg gorat es, é)JS’ car boé}'%ﬁtfé .B?orggas-r C copper
yi enyl

succi ni ¢ ardhel | seateed Lighel tamd)fmméytnebutmnyﬁumm| (\thea@:lld:ud

Preferably, the sejected £al\/\Qf 9g€$ § i SSTAEISO2LQLa74 { 0RO o o

synthetic &Y%y fe! aci BEtaUsE 6t He i mproved handl i ng
and sol ubi Igdry poepeysitad ldizet hwithsdthe ngr@mm:érlmﬂi@(ywémmmxso usef ul

are oil -soI ubl & copper es of enera I

(RR Ncss) né@f 12 n |§£‘ng]t?igg gih and are ‘he sa%gf%rd%‘%gent

hydr dcar bylcn'c&dshaﬂsmg) nthe nvigcepsdftyl mQﬂilﬂ-ﬂlarﬂObYEGEr mlpczﬂta:s A2,

carbon ato cl ydi ng | Coal e gl wen al weny 1@5&1 aral kyl ,
al karyl ?Becy\?l oa ¢#]phg?lr C lr‘%gﬂcal sér' Paﬁr cular Iy;ﬂ ref eror eg ar R and R,
gr oups ar e waightsyr o8ps Fusing 299638'-19& "HhRE atths. ° Rés, a’cﬁ cal s

rsfgg bL ?rl ewaﬂﬁ;encbﬁggt hthe naﬁf:ﬁﬂi‘hnob pbgpyd yn:dma Yljsg:g:*eéwt J’
oct adecgl Si‘rgllaﬁ"jél%yl hé’%ﬂ‘ Eﬁéﬁﬁiveﬂﬂt &%rﬂﬁf 'yc*ﬁhggéﬁh

met hyzlocycl apeidsirali@peay | thoyt éngireasec then atlderiscosbtyi atoilow

sol ubility, u r (i an ) 4

general ly tfeé“%o %C{]j‘g{-eQ mrggéeng ) igogcgiefrﬁé i honfé"?:estﬁgheﬂé?estw dg

acetyl acet mwmmmeo be used. Exerrpl ary of useful copper conpounds
are copper Cul and/or Cull salts of al kenyl succinic acids or anhydri des.

‘The salts thensel ves may be basic, neutral qr acidic. Thegé be formed by
r

reacting (a) ZSTBtﬂy%#R?‘FéAEeguE@PﬁrlMs W%%O‘P?ﬁﬁp JaPEeWT Mh of

700 to 5,0 rﬁerai‘ed e Ardy al EM' enfyve! yam "Q&lMChéﬁ‘&ﬁWé east one
free car boxy Ic acid group, Wth a re c H’;} oung_dgeSrurtabl e
reactdve matYArQBRARARIS VRALTRSe tPi §e ecup B%r tRpr )

hydr oxi des,uradstasiated! St £te, b@hﬁéRSloaaﬂscthbonalativeorv:lmmt;opper
carbonate. of the lubricating oil solution thereof and provides
low formulated oil viscosities at low temperatures. It
is believed the <copolymer's characteristics of
30 exhibiting a higher polymer association temperature
than the oil's cloud point minimizes interaction with
the wax in the o0il and accordingly decreases the
tendency of oils to undergo gelation. Also, only a
portion of these copolymer molecules is crystallizable



Exanpl es of these netal salts are Cu salts of polyisobutenyl succinic

~anhy, g{d%em%d Cu salts of polyisobutenyl succinic acid pdfRisebAlikys the
sel eCle 92/ 16567 -49 PCT/ US9Z/ 01674 netal enployed 1s its dival ent

form e.g., Cu+2. The preferred substrates are pol yal kenyl succinic acids
in which the al kenyl group has a nol ecul ar wei ght greater than about 700.
The al kenyl group desirably has a-B2-5 from about 900 to 1,400, and up to
2,500, with a Mh of about 950 being nost preferred. Especially preferred is

pol yi svbut ene Uég:%?c]t agé%g#ggngr aci gy Thﬂﬁﬁ gg.ggghgllgzmedey rably

be di ssol m ner a heated 1 n the
presence p}immt:es ﬁélietredl &n @@rt Asura gtexiq HearEier Beabet® material .

s 2 t f 110'C t ¢
14;(@)1 ICnglr &%%‘ﬁq%@l yé’?&dgsq%)g‘{' g el P4 995&:15&&[&&ra ur @heo

a e necessa ndi n Y on the salt
pr oduced,conttraliled | oﬁelgﬁ’@ntééct |%t‘953rer?eﬂ n éﬁé Fgﬁﬁ@%ﬁg’bre 5 above
aboug 140 s%&g&fﬂl @a(tﬁggffl PEertéem@hcél ™8, e.g., longer than 5 hours, or °

decorrp05|ef| on the salt may occur. The copper ant i oxi dant s (e. g.,
Cu- pol yi sobut enyl succinic anhydride, Cu-oleate, or m xtures thereof) 20
will be generat# ytRep/potmeémn Rasarmilready associsted swbave 5&beppm by

wei ght of the metal t he |ca f C S n. Friction
modi f i er Q4 e Hq}rﬁ'rp}ﬁmpt#em%&oder rl c? %n%?i.ar gg"?er ?glt*?clsﬁ?g

| ubri cat iTittlid Spportpnikyi dies sntaragtaut oRurthermareni sk ofbhel ui ds.
Represent atlve exa ?tnféﬂ n | bR’ Sefblghourd in U S
Pat ent 5@4’;\%}% ?ﬂc oses gﬁ?f g?lég felst S gam des u S
Patmt Nonemm@mommm peeold| FEyekahldEMt

‘pol yi soby c n Qe YANOkhesk v.ﬁl]Paaeat Ho
4,105, 57#7?3{?/ |£% %Es? raylS/’(r:nlgflol es?g?gbof di rrgrs iﬂ‘,‘eﬁz mgl ds; U S

Pat ent Ncstéi'-'-ﬁ‘-? 9, ok CFP di 48X 0s@E PHSERS1LY SRS
Pat ent im%q&@m; - S0TR{S/, UStwé 0 Holimer &hiiﬁp&ii'mms dasel oses
reacti on products of

onat e W m t No.
3. 852, 20diegiedt di o FHEE Egéfgﬁ P Wal é@?‘Z %ﬁgr o‘gg’r‘by?‘ gﬁ????\‘?% de,
S—clajboxmf& ©tauy drayedir lay| segmentad cssrasrturendtm xstabd liger eof ; U. S.
Pat ent No. 3, 879, 30 S e hydr oxyal kyl ) al kenyl - succi nam ¢
acids or 3%’(9 %P%%Fé%%éltfi{%m , 932,290 whi ch di scl oses reaction
products of di (Iower al kyl) phosphltes and epOX|des~ and U. S. Patent No.
4,028,258 10 V\/m c%;‘i éﬁ“% ed’f ky._h@ne Qégggtadduobneﬁoﬁhoaﬁ-bosuI furized

uccl n

N- ( hydr oxyal kyI) i m des. The dj scl osur g of thg, above
ref er encqsraafar&hahel prepagesor BY e MEPNIG eP%L erxpe ingt' pr &P&Fr ed
frictionymdidd er $r e ppisaididzatdser s offerset abexthtin t handqie
20 advantages which makes it extremely usefgl in the
synthesis of the polymers of the present invention. In
particular, by the use of anionic polymerization, it is
possible to obtain polymers having a narrow molecular
weight distribution, to obtain tapered or block
25 polymers, and to control the structure of the polymers

derived from conjugated dienes.

Unlike free-radical polymerization reactions,
anionic polymerizations can be performed where there is
no facile chemical termination step. Of course,

30 termination reactions do occur, but under carefully
selected conditions with the monomers of the present
jnvention, using inert solvents and highly pure
reactants, the end groups have indefinite 1lifetimes.




15 of hydrocarbyl substituted succinic acids or anhydrides and

" thi obWER/k656G| s such as described in U S. Patent No. 4, BGX/Y$32/01674
Di spersants maintain oil insolubles, resulting from oxidation during use,
in suspension in the fluid 20 thus preventing sludge floccul ati on and
precipitation or deposition on netag parts. Suitable dispersants include
hi gh nol ecul ar wei ght pol yal kenyl sdcci ni nmi des, the reaction product of
oi | - sol ubl e pol yi sobutyl ene succinic anhydride with ethyl ene am nes such as

25 tetraethyl ene_pent.am £k bor, al EOof .M’ RIBnic

depr essant @f’%t h&%&ﬁ étgé%r}?vm as Itj%*eﬁgﬁs f}dgvf/tj]h’rriprovers, | ower t he

t enper at ur cramondl YIhe X ond Garn | el He b 0 ; itives
beati b ef £aF bEhgoSYRLhesis R

are well k Tyl of hg%fgjﬂ-_i idlveadditionsoB80 differet i m ze

t he | ow te%\égrhaﬁ u?ﬁeamélydsltyb%f the fl uilg atﬁg Cﬁ-(} g di.al kyl fu.marﬁte vi nyl

acetate copsiNameEs % yndeRgEihed; RerainbRIQTRapnt hAME FRBR DNt r ol

can b pro‘rﬁﬂe)ené%’iﬁ‘tfaﬁi forrorey !Ilekhbili%? 921 1 Giklowifig Uit 74 - 51

et o}

pol ysil oxa pe, e.g., silicqne oil and di jret hy. kJ.oxane. JAnti-wear
agents, as hlngk %nﬁapmdeé’,&rm mapgogyﬂ@y pé’r'éé{"gﬁgpr e&t atives
of convent i i Snéd! hegeindbedore pelymers dwdlthy | narhowpmiEatlamnd zi nc
di aryl di t hi osphat e, , Det nts and t Lol Di i e netal
salts of sUHSHBHF ca‘hgﬁﬁggggflgyl é’ﬁ%l ?,‘%%% u#llqgég %???}’Flgﬁﬁﬂ‘mm Kyl
sal i cyl at exxhdge napttihhenaresdend diatributiovsubrcanmpie &ArPAMeed boxylic
acids. H g basi I4Z 4. PVEeEhase a h 88 RHeRmerssi C

al kalt%he e;gr)%/%aﬁefaglagsil}lzjﬁﬁgngt?e?(g)segggaglle; %gagﬁdﬂ%g sal {ﬁs) I’yz;l\r/ee

frequent |y usedt as disepgihysingeyr iBPROYLFBe exanpl es of such 15
‘'materials, and their nethods of preparation, are found in co-pending Serial

No. 754,001, filed July 11, 1985, the disclosure of g&ich i s her b%
i ncor porat ed by ArienicdClmerAat IR - ISR a 'FF?esaca‘H’cg? vide a

Zﬁ mul ti pl ip#yt@ée leliaifﬁftte‘bhrﬁtﬂzes afdcsi'r Spﬁdsbﬁﬁ?ingxirdm:edn structures t or .
This approach 1s ywe no nd ,need .not be r or, ei n.
Conposi t i orRf \Aﬁ‘ém\igﬂf-ﬁflnm-&iﬁ%éé‘e RS ¥PATS 'ong{’iggdfﬁle\?’%s ngu?rg&f'%étal ly
bl endggl i ntp, §he kage oi)2+ad@Stionuncanhibé ameqiliated vebyo prhei de
their normal attendant f L epL§s q%;l; ebbRaLtYenaouDt g, Of such
addi ti ves ARPTPPLETFEt g&@sir&orﬁﬁdo%v\séf % >6i}35%7ﬁ e
catalyst, solvent type, and temperature. Hydrogenated
precdfsor copolymers = containing butadiene units
predominantly in the 1,4-configuration are much more
20 effective in increasing the V.I. than hydrogenated
precursor 'copolymers containing butadiene units pre-

dominantly in the 1,2-configuration.

The polymers of the present invention can be

prepared with known metallic and organometallic

25 catalysts such as lithium metal or sodium metal and
organo-lithium or organosodium catalysts. Preferred
lithium compounds are compounds containing two lithium
atoms per compound molecule and include LiRpLi wherein

-RL is an organic compound, preferably a hydrocarbon

30 having at least one carbon atom and preferably from 3
to 6 carbon atoms. Useful dilithium (DilLi) compounds

are disclosed in A. F. Halasa et al. Qraanolithium

catalvsis of Olefin and Diene Polvmerization, Advances

in Organometallic Chemistry, Vol. 18, pages 55-97,



5 -~2 Additive W. % W. % (Broad) (Preferred) Viscosity Mddifier .01-12
.01-4 Corrosion Inhibitor 0.01-5 .01-1.5 Oxidation | nhibg 4.01-1.5
10 DWEpR/36867 Pour Poi nt Depressant Anti-Foani ng Agentsbqu%%zmﬁgw Agent s
Friction Mddifiers 0.1-20 0.0l-5 0.00l-3 0.001-5 0.01-5 0.1-%$ .A-1.5
.001-0.15 .001-1.5 .0O1-1.5 20 Detergents/Rust 0.01-10 .01-3 Inhibitors

M neral oil Base Bal ance Bal ance P&/ US92/ 01674 25 When ot her additives ate
enpl oyed, it may be desirable, although not necessary, to prepare additive
concentrates conprising concentrated solutions or dispersions of the

viscosity iAQ:dggépﬁq:di Yoes, canel.ynEresd)in cSuddabler corganerSiti¥Pnabove
descri bed), ogether wth one qr f i hegopield | VRSLLSai d
concent r at eatadysténs maXit 8% ﬁpﬁﬁﬁr"ﬁ@‘e&m@u%&%eﬁ% r ef 3{4{16% to here in
as an addi Wﬁ%ﬁﬁpkﬁéehs\/\mregymv@z@l andi (RraLexablCag 10 |

simul taneously to the _base qil i éEPf it | exampdbest i on. 33
Di ssol uti oﬁlm]{rh@rfgdﬁf 'Meo%ocr%%n‘;t%@i,!%%d?heﬁbr i 8§$ ) Rii{mmay be
faciligt at ey seliseatbbe andcbgakysthg adde RS ed WiRH *‘g Reat] hg, but

this i's not essential..  The conoaityel fepiuRfotétviapybutyblithiumypical |y
be for nul atkﬁ?&’??%ﬁ[jaﬁl#% e f

'e 'viscOsity index 4o inpr oy s WREer
addi tive apg-dqupyldnidthiwe thenzylkbh %es4TPPﬁ?%g]§‘50%4f‘r§g%?§E§%ﬁg?ovi de the
desired congentrat i,gp,{keuigglyi tef@rred ataren ‘then butyhdidthivBSpackage is
e

conmbi ned wi%4¥'a predeterm ned” anpunt of LCBRty1 TN¥RiunBE products
of the WA.92/,16858mak3 RAFUS ‘b’lﬁﬁgﬁgﬁégﬁvent?’on can be added to

smal | amobunts of base oil or other conpatible solvents along with other

~desirable additives to form.additive-pack o Ni Bgtatysye hsgredients
in caldective auntEne¥ts FI§SP83 ry g?\om an%Jf 2.5 tp abou? 90% .and

preferabl y JSQiRpdoUkap be ehplioyesy, Ryd "WRarts oFor 18 DeRPE B8t 8 to
about 50% by wei ght additiyeq in Jei@+aPRNAHRLE tHeommatupasodi thet he
r emai nder H@?%gd’g]a‘é%n& floe 3
solvent may affect the relative amount of 1,2- and 1:4
configuration that is obtained. The inert diluer.it will
15 generally be 2 hydrocarbon free of olefinic un-
saturation containing <from 3 to 16 carbon atoms.
Suitable inert diluents include aliphatics, such as
n-pentane, n-hexane, isooctane, n-nonane, etc.:;
alicyclics, such as cyclopentane, cyclohexane,
20 cycloheptane, etc., aromatics such as benzene, toluene,
chlorobenzene, etc. The amount of diluent
he preéparation is not critical, except

xXylene,

employed in. t 0
that sufficient amounts should be used to solubilize

the amount of organolithium catalyst used. Generally,
25 0.5 to 200, preferably 1 to 50 liters of the diluent
per gram mole of organo-lithium catalyst are employed

during the preparation of the polyner.

The amount of catalyst employed primarily depends
upon the degree of polymerization desired. The term : A

30 tdegree of polymerization,” as employed herein, means
the total number of monomeric units present 1n the
polymer. ordinarily, each- mole of organo-lithium

catalyst will generate a mole of polymer. Thus,



| 0 The additives of the present invention may be suitably incorporated into
“ synt h%gzﬁm oi l's such as al kyl esters of dicarboxylic RETAYSIHBIEM ycol s
and al cohol s; pol yal pha-ol efins, polybutanas, al kyl benzenes, organic
esters of phosphoric acids, polyl5 silicone oils) etc. The final
formul ati ons may enpl oy typically about 10 wei ght percent of the

addi ti ve- package with the renainder'ﬁ@Tng base oil. Accordingly, while any
effective anmount, i.e., 20 viscosity index inproving effective amount, of

the additives of the present inventlop idUF Il ei€lly | aegihbd fully
formul at ed Mdegrest i‘ﬁg Eﬁ#ﬂ%ﬁbﬁ%?%lgn,ﬁ?? ?? contenpl at ed t hat such

effective apQuphebgendrialdizattidix provi de said | obe oil composition with an
25 amount of “the additive of typically fromabout 0.01 to about 10, '

preferably 0.1 to 6.0, and r . qawmw
percent, badeFr&? ﬂfgaﬁ;y&éﬁo %ﬁ COlpePes | 6. obgaiibelithivm ng
exanpl es, which include preferred enbodi ggearystrther illustrate the
present® i nventi on. WO 92/ 165b7 -54 PG i/ US92/ 01674 Unl ess ot herw se

stated, all of said weight percents expressed h | r %’Oﬁtr@tive
ingredient (a.i' .simttmtoh#a%%et%%loqg?b’é,e aﬂﬁ?érshgﬁgne’teﬁ?t ot'al wei ght of

any additive: OfU Ipirichierie coniks| ipe the hROIYRLST Wide a. i |
}Sﬁ%ﬁ“’%e{' o

wei ght of e ve plus the weig f Lot £ 197, oid uentabolit ckeni ng
efficiency (ger@yaily dbei HexPs aPRES ;%90(; (1):? ovt.

t he wei gh rcent of. a
pol yi sbut vl @nipd £0kel gr00m melesotuorgano}ithisn ALALYAE ERF AR S 10
Paraton~ N), having a St I n ul.gr hgkladqf 20,000, required to
t hi cken a s@ﬁ@Qn@??a‘ﬁﬁejg ﬂgﬁi?g?kggnte)raa }e?'ubri cating oil, having a -
viscosity of 150 sUs at 37.8' C., a viscosity index of 1@ and an ASTM pour

point of o.F. (Solvent Ik etV dis Oehgral 1 §5 takes o ohou
at 98.9'C to the Jamgnﬁ%%re?éﬁk”%p% rd g e

a test copol yner ' tond hpgken the
sane oil to abeapeut wbOCodic yahaut HSQHhe ?Eﬁpérgfﬁﬁg.g&g;ﬂl iérjlbeaptgol yIMer s
of a given rrg{)hgl engﬁ%- ¢ ifes t Bk ClsRBIrtg aaf 1 chinuyei Srapys okPRdt el y
proportional "to~t he™U, 0 power %Pthe Wi'i td-ave?gge FRbequl arexei ght.
', Lowabenpeaat urkd pr HounS esBBY t | uBPPCEY®Rg oiTs of “the presen
i nvent'i on arsogﬁggggg@ibﬁ arasekdonof isi goarriedt ev&t sSEORRVEFRMNi “Rot ary
ustn

Vi sconeter), U g a techni que 25 descri ' oﬁSTWﬂ;e nmepgur aet
vi scosity i nméBHERFOI $O arfd yi PR ressﬁlsgcsgsc

als. MRV .V\ﬁs gﬁte;égi ned at
-25°C. CCS (gpk¢iGranki preSisuten omay ustange t£e9hi AERPAPARTAFD2602, a
hi gh shear viscosity_neasur nt 4 | pBirS @zonbiiys drdteasereifated to
a lubricati n&“&ielr"'?xﬂ?épi}?ﬁtr% to#]g%?%rgﬁﬁlfng stel}i ngdys
20 handling, atmospheric pressure is utlillizcd.

in one embodiment the monomers are added sequen-
tially whereby block or segment copolymers may be

obtained. For example in the preparation of a
copolymer of structure 111, i.e., T - M, one of the
25 monomers, e.g., butadiene, is homopolymerized in the

presence of the catalyst via 1,4-£ddition for a period
of time, e.g., 2 hours, to form a unhydrogenated

precursor copolymer segqment M' containing at least

about 65 weight percent putadiene in the 1,4~

30 configuration. Then the second monomer, &.d.,

isoprene, is added to the reaction solution and

homopolymerized, preferably via 1,4-addition, to form a

unhydrogenated precursor segment T' containing isoprex?e
in the 1,4-configuration. The segmented copolymer 1s



- WD 92/ 16567 -55 PGI/US92/ 01674 TP1 cycle MRV--Deternm ned by ASTM D4684.

Thi §,,j tially the sanme as the ASTM MRV not ed abov | ow
cools‘yhézgfﬁ?gz is used. The cycle is defined in SAE Papg,raﬁoﬁ.ggg@éﬁé, K. O
i enderson et al. 5 The copol yner of the present invention, when used to
formulate lubricating oils, has been found to | ower the viscosity neasured
using the Cold Cranking Simulator3gest. At the sane tinme, low TP-1 cycle
MRV . is maintained or |lowered. The thickening efficiency is |0 inproved
and the | obe oil has high viscosity at high tenperatures and | ow viscosity

at | ow t ek Ay RDgehdidd ( Es0PEee- methyddénenerbehs cgegmentt M,- bl ock 15
copol ymer was prepared using a.a hi hng Th X I ment al
procedur eSPEE %‘gg{aﬁﬁ iﬁodg‘? aitr 4 rﬁwgﬁlcg%%r%oﬂ% J.
Fetters, Jadkderabbath 20cainle pexrdfmt,1 s . substitubed. pethylenghe were
charged to,a 1 liter r ' f [ d | sopr ene,
fol | owed THF .ﬁ%egtsﬁiﬁﬁt?*&?l affidthyPehtl Soliant eatrdlpbnalry | SO0 EN°,
reacg at €4' C flgrda-pblyhutadiens @f 1 Ieasit fhathe aRaut he@® aF®d® to the
reaction m%(%éj’%ﬁ and allowed to react for 24 hours. 15.7 g. isoprene was

e

then add&Rf reaction 25 mxture and again allowed to react for 24
hours. The reaction was then term nated by addi ng degassed net hanol. The

r_eSlﬁIti ng copoly dPééefgi%éJ& \A@bgblyaagrﬁnavmecstwlmmh'l trgg 180,goo,f
wi th each pol ybutatieng bl ock having wei aver age ular 30 weight o
80, 000. Theerat Fa-¥o-Fai gifamh\Re aBEgPBrﬁgn%° r €£fé§%gggﬁ‘§%8&§?§rr wei ght was
less thanidiny THpPdiest pireiferablys hpaslystaddition) odies dorabout 93
wei ght perceni 1,4-additio ' ren bouk, 7 wej £ t

3, £A%ddi (YW °¢%‘6‘b€%‘he, ﬁﬁ%ég#%gﬁs o?eaﬂe\ﬁégz,/ ?6567 —l:’ggté? ?_J‘%g / 01674 -56
about 93 pweddmimentint 1, U-4rebndigunakion ene BMPTAMUt 7UREEFHt percent

1,2-addition o di q?]& ﬁ%gg)l e PIEEE’ RhePar edacitoexanpl e 1
was hydro]gréﬂré?ée%g%%&fol ov%. g. %‘rﬁtﬁcogg%mr repar ea in Exanmple 1
. I

Was char geahtaizing  the hephy@regennrted cREEERISRE3RIBERE JaI aBf:| ohexane

was adde ﬁ[‘gjqé al $peed petaddseneve ¢yarni ghu-atdiedaen
terrperat&}e. i(}?x\n/g?ﬁ’ 0 of _cycl ohexane, was t hen increaseg bs,abut 5
dreg

une

i tlfr s amechanispgEa $PEMgANRYSTOSERR RFeBI9F Ae8eh enation
catal yst vgsedieingddsd Qeaste apohithezananche ulpenrcenthe ofeadt,d~ was seal ed
and hydrogen s added to,a pressure of 00 The ure was
increased’-g‘?rbf%‘@tm hy&%oﬁgﬁ‘gﬁ%dn was gl I 0\/\%1}0 p%%gggggpg'?‘%tabout 18
hours. Theddfiebdmel wadsdprensl owiyteentthe t oreaabopherdnd pr BOWPre and t he
cycl ohexane solutjon filt.ere h e ' They Pebyger was not
conpl et elBP 5’g%’f‘n'§?e(%él§s ggbg\%lgg%ncgﬁgb?'?Ll%%%ign?% peak in the

i nfa@- r edinhydrogenated c PrAENLSSY, dF8gRRAE '3 | e SORF i R§So ASTM

02238 68 qdify g1y 093k -LBngigakatiesh fespiens. vatinidedohented |
cycl ohexane sol ution famd t he §O|'Utltﬁg r ttg&_&eﬂd t%réﬁe regg%ﬁrt where it was
hydr ogengtarplynes BpSthe hels abdFe RGN 1 bl s Bhe sol ution

‘was agai @{iﬁ%ﬂ{%dsﬁm@ggbea heated filter, this tinme the 1640 cm 1 peak
S

was absent’ e cycl ohexane was evaporated on a steam bath. Proton NWR
anal ysis showed 0.94 nol e percent pol ybutadiene un 30 saturation and i.89
nol e percent pohythepreregoingt discussion concerning the prepa-

25 ration of copolymers of structures M - T and T; - Mz -
T4 it is to be understood that the M segment need not
contain, and usually does not contain, only methylene
units derived from the hydrogenation of 1,4-addition
butadiene. It may also contain some substituted

30 methylene units derived from the hydrogenation of the
1,2-addition butadiene and/or iscprene, so long as
those substituted methylene units do not exceed about
80 mole percent of the total units. Likewise, segments
T, T, and T3 may contain, and usually do contain,



~xa~n_p~e 3 The polyner described in Exanple 2 was dissolved 3~ in a

"mi d- cCWt 92486867t ype S150N mineral oil, at an amount WO 9RCTAHIRG2Z/0%74

PGT/ US92/ 01674 sufficient to raise the kinematic viscosity at 1000Cto 13.5
cSt, along.with 0.4 weight percent of a commercial fumarate-vinyl acetate

| obe oil flowinprover. Low tenperaure vi sconetric properties are-given in
Table 2 5 bel ow. Exanple 4 A poly(iSoprene-b-butadi ene) diblock copol yner
was prepared using a high vacuumtechni que as described in 10 Exanple 1. To

505 g. Cy%Qﬁﬁgi‘aﬁeV\'ﬁai%@d%rZi&& (frdms OPRENRydkdgenation of 1,4-
sec-butyllrthium T

his was all owed to react aj, 25'C for 24 ho __22.4 g.
but adi ene 384itheR RRERAIINChe ?ﬁxb‘&"@ aftf a%?ﬁm%o?%{réﬁ%&%énﬁn °
addi ti onal ygft§oprasehite j:xeaslm;i a \r/:md 185t doninott ecobyespdndg ttegasseg f
met hanol . The resu] t{ng,copo r_ha i v ar weight o
91, 000, an?:lrh‘B?ig}PP{iEg&PBBsF%%&Ptt g’@ﬁ%#‘? E@a?r‘bﬁal?f;g%e Mh vvgs 1.1.
20 The polynmer prepared in Exanple 4 was hydrogenated as described in
Exa e 2. This,ti f di oI?ﬁ{?gﬂ%g.,i | V. in 700 m
cyclm(; exane , ; We?ﬁl“d%ﬂﬁ:gr o%%ate QJ&?%?&%&P . éi %n (ISHES
hydr ogenat ppasent ainventdonaddecdne vhereincthe gApoly@mereds oknsdal ed.
Hydrogen pLEgRULR AR NEbERSCT [ 30R0 deir aBdobhe ot phabieat ed o 70 C

n S

The hydrogenati carried out for 21 hours, a pressure

t!pgni ime th
was rel easkiivingd hinckycopedymer hef Rptadiene riﬁﬁ?é‘!"ﬁe iﬁt al yst .

The 1640 cgpinbR BanG-eMiasabéve Fxamples dopdbymet YHas dercrabedei n
- Exanmple 5 was dissolved 35 in a md-continent %%SﬁgON m ne:Lgnln oil, . at an
amout®  VEruurruces =S oMo/ RS A Me I3t i ci t 5°Pai KPR nemat i ¢

'Viscosity pbadf@sC w0 bsimd, mobecubath Gedghti giat [EoLyalloényl
comrer ci al Lunpsabes Yuit! 180 hRkRablcRl. Mg’ Hol yelkdifPP S Eng 10 15 20
agent acts as a nucleus of the star. The 1living
polymers react at one end with the polyalkenyl coupling
15 = agent. The living polymer is then deactivated or
killed in a known manner. Each arm of the star is
thereby attached at one end to the nucleus with the
opposite end preferably being a "T" segment. That is,
the free ends of the arms of the star are preferably
20 rich in substituted methylene units making them
amorphous. "

) " Each arm of the star preferably has the character
of the straight chain copolymer from which it forms.
For the purposes of the present invention the term
25 block copolymer will therefore include star copolymers
| containing arms which have blocks consistent with the
straight chain block copolymers recited above.
Preferred molecular weights for star polymers are

higher than their linear counterparts.

30 Apart from the specific and improved character of
the block copolymer structure of the arms, the star
polymers of the present invention are made in
accordance with procedures disclosed in patents such as



30 35 40 visconetric properties are given in Table 2 bel ow. Conmma ,restive

1 Thwggﬁ%e Il lustrates the segnented copol yners of pcfrudsarsasts No

4, 80 ndi ti ons of polynerization and results are summarized in Table
1. Reactor Inlet Tenmp. ('C.) '19.5Reactor Qutlet Tenp. ('C. )46Si destream
Feed Tenp. ('C )5Catalyst Prem x Tenp. ('C.)14.5Catalyst Prem x Tenp.

(sec. ) 8React or Resi dence Tine (sec38atSi destream 1. 68Si destream 2. 84React or
Res. " Tinme at Quench(sec.)2.2l~Let Feed Rates

(ka/ hr Hexanel82SEt hyl enel8Pr opyl ene270VCl4 Z83A12( C2 | . 24Sweep Hexane
(kg/ hr) (1 1022 SirrentealNdeed R8P EK ?’ 5CMBhibnt - 760

)I—|exane1349S 61}/6 e49. éombgaeéﬁeﬂiotgﬁ thdalsca(rthd!pc)BﬂZ%~9§tream Feed
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SplitsSi ream 160Si destr ~am 240 X 8
(gt hyl enethe . %ﬁﬁé\%hlpﬁﬂ}’ﬁﬁpﬁﬁﬁ él é:&fé:l Qér %aljﬂ i ni ?%’@a
92/1 6567 \RAF{ 592/ 9%24 Nwhereif ) Sthmrenexame i nt$b§§§ed tal ysts.

(2) Total of equal sid eamflo er di #all ihe 15 20 25
~Q-para_ ?W@%%ﬁ r R |b§g‘8fpﬁi.l W%pafaar%?veeﬁ’g S dl olved in a

M d- Cont |15@5§efu;pgs SlS(]ﬂllern uenﬁiguratiatlsalhaé[#é%tm%ml’}ﬁ?%ntr 8 rai se the

kinematic viscosity.af, a ot ercent of
K commlrcq%ql’ 2nkY ¢ Vﬂ#}’%& b¢ the ire hea® WHe Stdr\weenitierp

acetate f rQuer. Lo t 9 re
VI sconet rage puaefuﬂ.l dn |1ﬂb€h@¢'§b‘i‘l§e°ééﬂ %g i’?r%?f%w’m er ~

- - EX as8ikpso n?exa:és 245&)pa§lel 4@ cP | 0, 900
CP Exarrpl%ncg Wﬂ?égaﬁiooo 23, 50 Co iigg 12,000 11,500 Table 2
shous |rrpcmmdaII;3wl§c‘5§| ’;’/‘eﬁFthErgég]H)%M'Ba ge gopol ymers produced by

the current invention, Exanpl es 3 and 5, corrpared to the less wail defined

segnented structure describ rat +s E¥gnpRine 7 30 A
f our arm pol y(M%B%reBérElﬁb‘ﬁEEthe) é E@%‘* ?epar ed using a high

vacuum t eghakéne. inoehffos. ao:;eclmdub(able mJ-MdeOQE GoPOLY®®TSene and

0.036 g. ‘sec- but it hi m Thi s al t EBpheRs 2§a9e fa 24 hours.
22.4 g buR%di ERE %\E@ tﬁ RV&daded t'0 helg i x??}?e aaeb %I I31 o react for
adf \Qﬁ’g

an addltlgﬂﬁhc%rdaoalsspré'!aensedr lpotymtllﬂﬁsriévné %252 g.
i nkin Hogt!r preerted. for'maa hdoring The
regi?l on E‘g’?g‘gﬁ?nﬁ &g\iﬁ nﬂﬁiﬁ B 1 pin
block copolymer is first prepared by copolymeri g
blocks of isoprene and butadiene as recited above.

In a preferred method, the living block copolymers

produced are reacted with a polyalkenyl coupling agent

20 such as polyalkenyl compounds or halosilane compounds

such as SiClg. Such polyalkenyl coupling agents

capable of forming star-shaped polymer are known and

indicated to be disclosed in polymers such as in U. s.
Patent No. 3,985,830.

25 The polyalkenyl coupling agent should be added to
the 1living polymer after the polymerization of the
monomers is substantially complete, i.e., the agent
should only be added after substantially all of the
monomers (formulas I and II) "have been converted to the

30 living block copolymer.

The amount of polyalkenyl coupling agent added is
preferably at least 0.5 moles per mole of unsaturated



WD 92/ 16567 -60 PGI/ US92/ 01674 degassed nethanol. The resulting star

" copol WR92/16867% wei ght aver age nol ecul ar wei ght of 260, 00@PCIAUSH2/816Tks of
about 93% 1,4 isoprene, and about 7% 3, 4-i soprene additions, and bl ocks of
about 93% 1, 4-but adi ene 5 additions and 7% 1, 2- but adi ene addi ti ons.

~xam vl e 8 The pol yner descri bed in_vagg_arrpl e 7 was hydrogenated. 5.0 of the -
pol ymer described in Exanple 10 ~. s dissolved in 900 m . cycl ohexane at
roomtenperature overnight. 6.0 g. Pd on CaC03 hydrogenati on catal yst was

added to thejeygdo f;@ﬁefol ut I:ﬁﬁb\ﬁi@btftﬁrreﬁﬁwr seaed. wlyciwy@@ pressure
P

was i ncreased to 3 a and the erature incre ed %f 15 70 . The

hydr ogenat i BFeHR®EaBLY f drPed? of 29 rare ;Prefery e was
reduced to wii@sPhaAY béanddtied q}ml ehoxane monbutstqumt iBi Iusum 0 renove
the catal yst. .The pol yoer was ec ol C 1640
cm 1 | R bartPFRsSRofI E‘Pelcxs’ th %%9 éQ g%ppglgh?: Lr?% E‘Lyrfé#

Exanmpl® 8 vﬂseotl.:B-sbhgeplolymardcmntonshart-ypepndnmmns.as recited |n
Exanpl e 6. 25 Low tenperature visconeteric properties ire given in Table 3.

Exanple 10 A star polyner was prepared as follows. To 575 g. 30 cycl ohexane
was added 29.3 grh@ummn@nanbletm&g thec buvyngu pelymerThasdwashel | owed

to react at gf’f 12éo{lgﬂﬁgr igr?%tg on . afscaae%ea%%éathe

mixture and® 0 rea ours. The star pol yner
was formed ®¥t aélal fhe. §8Meg solvents €§4 tll?%kl?ﬂgch' eht kol FB¥Png-hee

mxture 10 {8afhgf 861{merVVO 917!}44655&:1:15’9'%@5%%7:% &dn241eure The
reacti on was term nated by addj ng degassed nefha ci The resulting star
591 ahly 129 080, 1a¢

copol}er HRriedefBAR AertR)elFPICcuPBA REefiar about 93%
1,4 isopr enm@nﬁeiwtﬁdnemyadmsblaane plate2ih bnt daeane aeuio:bstpm and

b ddi t h ol d |
O ogenat e oBL NEe265eh SR3ar TDEaRRLYECRe FREN 025 b RS0 vas 10

{

The star-shaped polyners prepared are

characterized by having a dense center nucleus of

15 crosslinked polyalkenyl coupling agent and a number cof

arms of substantially linear unsaturated polymers

extending outwardly therefrom. The number of arms may

vary considerably, but is typically from 4 and 25,

preferably from 5 to about 15, and most preferably from

20 5 to 10 arms. It is reported that the greater number

of arms employed improves both thickening of the

{ efficiency and shear stability of the polymer since it

is possible to prepare a viscosity index improving

molecule having a high molecular weight (resulting in

25 increased thickening efficiency) without the necessity
of successively long arms.

The star-shaped polymers, which are still living,

-may be deactivated or killed in a known manner by the
addition of a second compound which reacts with the

30 carbon-ionic end group. Examples of suitable de-
activators include compounds with one or more active
hydrogen such as water, alcohol, such as methanol,
ethanol, isopropanbl, 2-ethylhexanol, or carboxylic



Exanpl e 10 was added to 3000 nml. cycl ohexane and dissolved at room

tenperature gvernight. 1.42 g N -2ethyl hexanoate and 6. 7¢Cy/Us92701674

al urﬁmﬁ;@ﬁ%i n hexane)' were then added to the cycl ohexane solution. 15
The reactor was seal ed and' heated to 50' C and a pressure of 4000 kPa
hydr ogen applied. The hydrogenation was carried out for abut 15 hours, at
whi ch point the pressure was rel eaggd and the product hot filtered. The
pol ymer solution was deashed using 20 acidic water stripping and the

cycl ohexane fl ashed off on a steambath. IR analysis showed essentially

conpl et e pol yhut adi ene_bydr td , dB6mpounds perttenongoladtidre ene units
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~P-1, 25' Ccagbano dipxisieny df Pk edg§gﬁgg5a‘8§gailnpg?§fn§r saggavi the 10
crystgl i ni{],%i}iﬂ?ht Beagnghapetincpalymersucwikl tRenpFdllied RYe Hifher ccs
an

vi sco3ity ose Wth the cr [ PaEL cghet HEivine, as in
Exanpl e 9. hpsdxpgesations skep, Oaﬁéf’ééé BRifgPotfixed e
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(101 di ty of¢hBeoRakMEEr Plyamid BaY ExBAp| FO86ERR dELEN o) ALY
di ssol vi ng enough polyner. i m ntigerihd ygams GoN nifferemt| to
rai se the a2poug in%%ratn?@ﬁksco’si ;116130 1600 cSt. The oil solution was 20
al | oned t 0gage@lest,0 orodunchionadt MANORRFHK-he appearance was checked after 2
days. The sol ution exhibited an undesirable gel-like structure, inhibiting

flow. On the other hand, the pol desgcribed | pot
\exhi higt the gel Thter Unelé@uI AT HVRSHBER: OF eﬂgé sEax gﬁpgﬁ'ﬂ{?ﬁfg Whi | e
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° = lrJ]_mIi%r;. However, they are £9Pidae 15° it dth Chel 8BulED

weights from about 25,000 to 1,500,000, and preferably
from 100,000 to 500,000. The molecular weights are
15 weight average molecular weights determined by gel

permeation chromatography.

The hydrogenation of the polymers of the present
invention is carried out using conventional hydro-
genation procedures. . The polymer is diluted. with an

20 inert solvent, such as those previously mentioned, or
in the original polymerization medium, and the polymer
colution and hydrogenation catalyst are added to a h::.gh
pressure autoclave. The autoclave is pressured with
nydrogen to about 100 to 3,000 p.s.i.g., and then

25 heated to 50° to 220°C, (preferably 75° to 150°C), for
about 0.1 to 24, preferably 1 to 24 hours (preferably 2
to 10 hours), while mixing. The reactor is then de-
pressurized, the -catalyst removed by filtering, and the
hydrogenated polymer recovered from the solvent by

30 conventional stripping procedures.

The hydrogenation catalyst will generally be used
in an amount of 0.1 to 20 weight percent based upon the
weight of the polymer to be hydrogenated. The specific



WO 92/1 6567 PCT/ U892/ 01674 -63 CLAIMS: 1. A hydrogenated bl ock co
" conprVO 741686 oneri ¢ units derived from butadi ene and at PG%WSQ%&GH
conj ugat ed di ene conononer represented by the formula 5 R R2 i CH2 ~ C -
C=CH wherein Rl is a Cl1 .to about Cg alkyl radical and R2 is to hydr ogen
or Cl to about Cg alkyl radical, thg,copolynmer being hydrogenated and
conprising (i) at least 10 percent by wei ght of at |east one crystallizable
segnent conprised of nethylene units and having an average net hyl ene

content corresponding of st about
20 nol e peFE‘QHF‘% ‘f#??f%%t ?ng»g. gg)ne %ucrﬁiygset gﬁgl&ﬁ?t&t s?er% r?eni:ﬁgorrprl sed
of met hyl especdifis aatadysst uasdsd mwémrm 1'§~“‘?5f-7'i"di‘Pl'éﬂﬂ'“iigaﬁnaﬁverage

1, 4- pol ybut t t h
i bgenar SROERE BB Snktor e atpst e posaay SRR o1y

segment hasaanlxﬁ§ﬁagelllchudﬁol \RARGY| eRdKSIrent P By e8¥&Perhan 20
mol e Bercegtlatg.ﬁufh bhe H}fdﬁ%&natﬁdlEQ&Qhﬁmrascmm:cbani i ncoppem 2 wher e

A A e T

contaunungsgﬁghaege@maﬂtﬁéxnﬁxse reneeheumemy@xageﬂanmnnonosultshe

S'[ZIr liggg;esyg PlGI‘; % gt&/né}\%f#xni‘:&a |’1u ? iafg?ro%coes;rsg a%

conpri ses nagﬁ tenyierdtins antgpressureconfei §é‘s Mg @FBWF-?!?P&I linity
segnﬁgt, re%uce with tarﬁnﬁ% qlkyls can also be used.

Hydrogenation is carried out to remove the
‘olefinic unsaturation present ‘- in the precursor
copolymer. Hydrogenation may be complete or sub-
stantially complete. By complete hydrogenation is
15 meant that all of the olefinic bonds are saturated. By
substantially complete hydrogenation is meant that
substantially all of the olefinic unsaturation is
saturated. By substantially all olefinic unsaturation
is meant at least about 80%, preferably at least about
20 90% of the olefinic unsaturation and most preferably
greater than 98%.

Another embodiment of the present invention is a
tapered block or segmented copolymer of hydrogenated
butadiene and at least one other conjugated diene such

25 as described hereinbefore, preferably isoprene. A
tapered block or segmented copolymer according to this
invention is a copolymer obtained by anionically
copolymerizing in hydrocarbon solution in, for example,
a batch reactor a mixture containing butadiene monomer

30 and at least one other conjugated diene monomer to form
a precursor copolymer having at least 75 weight percent
1,4-configuration of the butadiene and at least one
other conjugated diene and then hydrogenating said
precursor copolymer.



.5 different and each conprises .said crystallizable segment, and T1, T2 and
a or different and each conprises said |o ¢ty

segn%‘ﬁ?w/yé@mea hydr ogenat ed copol ynmer as recited in 10\“(:?5 m 5"\’/\’(1elr‘e| n

sai d chain segnent sequence is represented by (I11). 7. The hydrogenated

copolyner as recited in claim$5 wherein said chain segnment sequence is

represented by (I1V). 15 8. The hydigpgenated copol yner as recited in claim?7

wherein x is zero. 9. The hydrogenated copolynmer as recited in claim38

wherein said T1 and T3 segnents are of substantially the sane wei ght
average nol ecul @iragigghttheC Jfbrﬂitd.drydrogenatbd capiiydmrogenatedited in

claim1l wherein the buta ﬁ%ﬁétég@efn am)unts
effective PS%?PJecggog'ﬁ{é%l é%s?‘%}e cryst i zab qgjg‘,ent and

conj ugat ed céin Pugamd dizreutsutiteras | kSOpLene s é#f@é‘ﬁ Re rb’r’lﬂn% said 25

at | east on ow_Cr |1 me 1 Theghy yner as
recited in® |ﬁ?iﬁ¥§\#§r el%n#és%l ghmr}ir%elskoat mlegasfégﬂ%ﬂ:;ég nol e percent.

12. Tke hydeag:emw,ccﬂpnll/nme apreferentiakl Xcmmﬁ T ei nTlé Qid
copol yner 135 TRl Ik o hiiiomendD 97/ |18k T/ bRAALARS ur ity
arac

distributi &R terized by a ratio of ~~ | ess The
hydr ogenat stlecoporyaer @5 rett &pactian,; iy v‘%ﬁé’P i n°Fh2€}S?ys?§?| zabl e
segment cogg;,gg §atads ediiéns casof the ertaidiehendiacetaplated) encThaits in

series. 14. The hydrogenated copol yne r | n [ ein the
| ow cryst aFPPRLEy 18e FrtfeHRTY s %&ﬁéﬁcgg oﬁquss‘,ﬂt aé\&ﬁl@g acent
met hybene tRadfi tig higher dn bifhacrﬁhmd]mw Qi \iie %*@m ted in

claim 14 wherein,the C. a ni ORREI %@%c&ﬁ.‘i#{e@ﬁdof | ess
Ehan 7 ac) SEERETRE: RACHS LHFT SEps’ e BEAIEL ag el

16. The r ogenat ed
copol ymer as‘.ghec:l tmd tmen othem ramingated @i %’P?SF&FFPP&Q nt®nt has a
nunber averg,g %he]‘fﬁ:sg% @héﬁa%é%d b% ﬁHue Fedroponat ed
5 r ecl tled aim1l

copol ymer LS _a st r block 20

copol yner. TheseThecandlrWlat Eaaéﬁgz)le;ﬁq"@r a?g‘?g%*%/ i F2ne 5 17 Wherei n
the kar bEBﬁFoQRE‘ibYﬁer Rstson I d‘i-dg@rﬂftia:lmthw bﬁtedbgﬂeogm\eh ed

copo ner as fecited_in 25 cl erein t bl r has
from5 to POTRipR. ofwj'.l'g%/ﬂgg@ X\:'h BeS, o icﬁ g{n ﬁfﬂ%@%é’&m

methylene units. Therefore, in each of these hydro-
genated generally linear copolymer molecules two
longitudinal segments can be discerned which gradually
20 pass into each other and have no sharp boundaries. One
of the outer segments consists nearly completely of
methylene units derived from the hydrogenation of the
butadiene in the 1,4-configuration and contains only
small amounts of substituted methylene units derived
25 from the hydrogenation of the other conjugated diene
such as isoprene. The second segment is relatively
rich in substituted methylene units derived, for
example, from the hydrogenation of the isoprene in the
1,4-configuration. The first segment, which is rich in
30 methylene units, comprises the crystallizable segment
since it contains more than 20 mole percent 1,4-
polybutadiene. The second outer segment comprises the
low crystallinity segment since it contains less than
about 20 mole percent 1,4-polybutadiene units. In
those tapered block copolymers the crystallizable

(% ]
m



20. The hydrogenated copol ynmer as recited in claiml|7 wherein the star

bl ock W83 Eﬁﬁ&r has a wei ght average nol ecul ar wei ght of RGUSIR/AIETH t o
500, 000. 21. A hydrogenated bl ock copol ynmer conprising 5 nonomeric units
derived from but adi ene and i soprene, the copol yner being hydrogenated and
conprising: (i) at |least 10 percent 4% wei ght of at | east one
crystallizable segnent conprised of 'ret hyl ene units derived from

1, 4- but adi ene enchai nment and havi ng an 10 average 1, 4- pol ybut adi ene

content of at |east about .20 mple percent, (4} t alh®at 2 6nd 0
crystal lini t%ﬁ%%ni’%aﬁﬁﬁﬁégg"ofa%&% ecrjfém%%i jtlgllgtiiﬁlda(h::’orresponds to a
1, 4- pol ybut aséement oof ebheotopoiymends ebaabl-e percent. 15 22. The

hydr ogenat ed copol ynmer as recited in claim21 wherein the copolyner is a

star bl ock copolynmer. 23. A process conprising the steps of: polynerizing a
precursor bl ock cBpel andpnic @edymenizatdon oﬁé‘&’ﬂm%&ﬁ‘é@?ﬁant
conpri sing ’%&95@:[6& Wi €Eony ehdddd Miut @Heenpraepdratibmasstonghe

conononer segnent conpri sing cononomer, units. derived fr eas ne
conjugaed dtaperednsagRented, ars ek GOPALYRSF (AFS %ﬁé"—{ﬂt}i C-C
= CH2 V"Eerm%gllstﬁeaag tho s AdsdKidd \heraeihbafored RThes Wwdidiyth ogen or
Cl to about al kyl radical, th ol I.SJ O.per cent
by wei ght - of SYAEASH1BALBRELEEGHEIEEEE ofotosERotapul Begidited of

PGT/ US92/ O §¥dckUhgaedyenbtpdhydpodynarisngarehganexaklaorthe orame opsl yer
to forma hydrogen t ed ggo§k ggggl ymer and conprising at |east 10 percent
by wei ght of thpSe A8ECHARE r? I"i zabl e segnent conprised of nethyl ene
units derived from 1, 4- pol ybut adi ene and havi ng anaverage 1, 4- but adi ene

content of at le 0 e é¥ént O th
crysta#?i nity segén%ﬁﬁggg#gr%i Eggbgpenét%gﬁjgh?a}rﬁjﬁ#gub tit tetél ©

net hyl ene unreschhdnhmiptyre, & cthak choliR @ V€0 Pert®d®s® t han

about 20 nol Nig e BroGATTIRSchpelyner maving At hreasthe
but adi ene engﬁglgﬁg ateﬁeanst 65 wei ght '{)er cgnéygs 1,§quut di ene. 2 The
y

process as reset e§r¥Ataldiirapiesemente 3Ry BFi 2 i L0 ohPY
pol ymeri zati @fystallinity segment. Generally this amount of

15 butadiene is from about 20 to about 90 weight percent.
Additionally, the amount of the 1,4-configuration
butadiene present in the precursor copolymer must be an
amount which is effective to form a crystallizable
segment upon hydrogenation of the precursor copolymer.

20 Generally, this amount is at least about 80 weight
percent.

The polymers can be recovered by procedures well
known in the art. For example, polar materials, such
as water or C; to Cs alkanols can be added to

25 inactivate the catalyst. Preferably, the reaction is
terminated by dropping the reaction system into 2 to 10
volumes of methanol containing about 0.1 weight percent
antioxidant. After termination of the reaction, the
hydrocarbon solution is washed with water or dilute

30 mineral acid. Alternatively, the active polymer
solution can be treated with hydrated clays, such as
natural Attapulgus clay, which functions to both
inactivate the catalyst and to chemically absorb the



26. The process as recited in claim25 polynerizing a precursor bl ock
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give predominantly, 1,4-addition, it is possible to
obtain an effective wide range of methylene to
substituted methylene ratio in the hydrogenated

product.

When the polymerization of the dienes has been
completed, the copolymer thus obtained can Dbe
hydrogenated either immediately or after recovery to
obtain the desired hydrogenated copolymers according to

the invention.

The present invention includes compositions
comprising an oleaginous material such as lubricating
oil and at least one hydrogenated block copolymer as
described. There can be a minor amount, e.g. 0.01 up
to 50 weight percent, preferably 0.05 to 25 weight
percent, based on the weight of the total composition,
of the hydrogenated copolymer produced in accordance
with this invention can be incorporated into a major
amount of an oleaginous material, such as a lubricating
0il or hydrocarbon fuel, depending upon whether one is
forming finished products or additive concentrates.
Whern used in 1lubricating oil compositions, e.d.
automotive or diesel crankcase lubricating oil,
copolymer concentrations are usually within the range
of about 0.01 to 10 weight percent, of the total

7 -69



PGI/ US92/ 01674 wherein Rl is a O to about Cg alkyl radical and R2 is

" hydr'oy@92/1687 to about Cg al kyl radical, the copol yner bBCRGUSRMOHTdnat ed
and conprising at |east 10 percent by weight of at |east one crystallizable
segnent 5 conprised of nethylene units and havi ng an average

1, 4pol ybut adi ene content of at |east_about 20 nole percent and at |east one
| ow crystallinity segnent conprised4%f net hyl ene units and substituted

nmst hyl ene units and having an average 1, 4-pol ybut adi ene content | ess than

Z0O about 20 nol e percent. 33. The conpositian regl i ' 2 where
R2 i s hydrogempositipe cofp8sid9 8rgcP eaﬁf% @ﬁ’g?ﬁ%&“@%&% nRis
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X - M2 - T3pwedesiably i3 &onthewedghtr pexcent 30il, c@qF i ceBingral
crystal_lizall e se nt {CONMPELSes L d w r al ldpy t gpant, M
and M22are Hsré“g‘%gel&g dlzf'ﬁ'ére%Péanaéggchéﬁonlﬁ%eﬂ'ai d cry?f?lal i zabl e
segnent, angrBparkd aml TBisr forme byarearryimg OHEntheh FRACRILBNHE ses
~said low crystal LinLiy.:segngnt .30 : | td DEcwSsé8Ci t eddhen cl aim
35 wherein & t‘:ﬂg{aﬁx%égng%? soelé'uegge gg‘{éﬁ?gggn%%ecziﬁ). MO

92/ 6567 PGlAbedZatiswy -ghls7. tPhe Wkhbsi Hhen BE d Ph c/BB3F 35
wherein sai qn%@it’loﬁﬁgfﬁmbéchﬂu:eiﬁémwrmenbnﬂybhydrwarbw olille
conposition-as recited I n

claim37 5 erein.x is;z 239 osition
as reditt ed idexnsivgdn @S%e%ﬂ?%"&‘ﬁ%&ﬁd ‘Pés?egﬂrﬁﬁﬁ'g’d resxya:g\f%&@;nt ially
the same weigilyisiaae B116c ulsaichieiaght est@rsThefcodpbaistiicon agddsscited in
‘claim 32 10 wherein the butadiene ,and | l,ene | BRI n the
1, 4- conf i quICRMRNEX n SEFSHT smag?ec‘? vé1o fb%‘?%‘eﬂsrgél]d cgf F%ast oneQ"t
crystal li zalei cegnepblggdyeals at tbasicne acideryand | | alopheddvent . 41
The conpositiaqn as recited in_claim 1:;31}%[ ' ' Yohelks ¥Hf | east
about 80 V‘éiﬂjﬁty%eﬁ t?lgi.' ‘F%’g'corrgggi ?ll on Q?r{r&gc%?t g%la?ﬁ ginglk'm 32 wherein
sai d hygir ogedind epresent yinvendion myecparrtigularilydiugeiwlit pgn fuel

characteri Z__?aﬂ'ncpy q_d'bié_l%n@ i Wodiln 2@gefitives,! hapaztitulahfley comgmwsi tion
as recitedin claim 3 I cH contalns_a viscosity I odex J,naroving effective
amount of salisdnsitycirdex WWr@WH?c*ﬁingo%gsFﬁd&?lé?sﬂeci ted in
claim43 25 wherein said oil is lubricating oil. 45. The conposition as -
recited in clai m'f‘llilewmh% Qosge%altuel%{i C%toiprc]:g.y%elrscongf NIr&E  instant
invention are oil-soluble, dissolvable in oil with the
20 aid of a suitable solvent, or are stably dispersible
therein. The terms oil-soluble, dissolvable in oil, or
stably dispersible in oil as that terminology is used
herein does not necessarily indicate that the materials
are soluble, dissolvable, miscible, or capable of being
25 suspended in oil in all proportions. It does mean,
however, that the additives for instance, are soluble
or stably dispersible in oil to an extent sufficient to
" exert their intended effect in the environment in which
the o0il is employed. Moreover, the additional in-
30 corporation of ) other additives may also permit in-
corporation of higher levels of a particular copolymer

hereof, if desired.

The copolymers are particularly useful in
lubricating oil compositions, which employ a base oil



WD 92/16567 * PCT/~JS92/ U1674 46. The conposition as recited in claim 44

which : i s a fully formulated lubricating oil conpositi opcTAISS2/016%4
conp¥Q 92 ﬁ“gs recited in claim32 wherein said oil is lubricating oil. 5
48. The conposition as recited in claim 32 wherein the crystallizable
segnent conprises at |east 11 adjacent nethylene units in series. 49. The
conposition as recited in claim324fherein the low crystallinity segnment
conprises less lo than 11 adjacent methylene units in series. 50. The

conposition as recited in claim49 wherein stallipj segnent
conpri ses |:|_Q§SWHM fhedpacapolymens eﬂéeuﬁaf§°#ﬁeg r"?g"'es‘;il Qf%d
conpositio ‘rg’ﬁg j[&ﬁ:][émfg@a,gé ym%ﬁputrmg ctyet mbriadténgegnent

has a nunb ecul ar wei ght of at 0 Thgngg@posi tion -

as recited camprds;ltmcals wedr ethet ngt gpcg%'ggk ggpol yner. 53.

The conposit |nq%gpgigrp§u§dei%glgyaama%2 éﬁanheasen mm afing oeklEopol ymer
ar 4

has from 4 9% : e co 05|t ed ChatBrhdiwherein °
the stsar blfigak (mtwnh*&%frﬁ 5 (% armsJ Tecorrp0|t|]o{n as

recited in GaiyBtionheéryinéss ssachbl ask mﬂa 1¢1a528d e FEHEXaver age
25 nol ecul ar wel ght of from 0 1 eN§ifdsl 63na . the
PGT/ US92/ 0 BETANSS , APﬁFSJEES?rb#) %gl#ylﬁ (& e Vi sciégité gf an .ol §g| nous
conposi ti on jghar act Q(d\zattdgemmprrsﬁlhyt%uf4¥%| alser 2F LEVSSp|
conponents to res Nty At tiliE s diets t eithveenrtirath ngnt o ASTM
D- 2500 5 ccﬁﬂﬁ %‘T#‘Etﬁg st%%&g?ipggdl ng he ol ea}g gogaagggao%bg on a
suf fiygj ent b’ﬁwrﬂllﬁ conventipmat 1y %‘PB%‘RY% ptRy AR/ REnprising mononeric
units deri ved fr Pgbgg.l eE'faﬁQHiﬁ'Eiﬁ asflwids can;algataad ansemagdfononer
la | 2

representetransm:.essJ(.)cgrrnm ffulds, t|§'28° or Tiuias; whi¥ersal tractor
fluids and hydraulic fluids, heavy duty hydraulic
fluids, power steering fluids and the 1like. Gear
15 lubricants, industrial oils, pump oils and other

lubricating oil compositions can also benefit from the

incorporation therein of the additives of the present

invention.

The above oil compositions may optionally contain

20 other conventional additives, pour point depressants,
antiwear agents, antioxidants, other viscosity-ind?x
improvers, dispersants, corrosion inhibitors, .antl-
foaming agents, detergents, rust inhibitors, friction

modifiers, and the like.

25 corrosion inhibitors, also known as anti-corrosive
agents, reduce the degradation of the metallic parts
contacted by the lubricating oil composition.
Tllustrative of corrosion inhibitors are phospho-
sulfurized hydrocarbons and the products obtained by

30 reaction of a phosphosulfurized hydrocarbon with an
alkaline earth metal oxide or hydroxide, preferably in
the presence of an alkylated phenol or of an
alkylphenol thioester, and also preferably in 'the
presence of carbon dioxide. Phosphosulfurized



wherein RL is a Cl to about Cg alkyl radical and R2 is 15 hydrogen or Cl to
about Wy 92116567 r adi cal , the copol ymer bei ng hydrogenat ed /U8hM 01674 g at

| east 14 percent by weight of at |east one crystallizable segnment conprised
of nethylene units and having an. average 1, 4pol ybut adi ene content of at

| east about 20 nol e percent 20 and g.é | east one low crystallinity segnent
conprised of nethylene units and sibStituted nmethylene units and havi ng an
average 1, 4-pol ybut adi ene content not greater than about 20 nole percent
resul ting i Rydrbeawhons ardprepared hytraacting (Fcguibabie. hydsopr ocess

as recited in ¢laimb56 where RERry o] regted in
clai m 57 m&Pé’?’ﬁ’"Rf“ic Mt Iﬂ/l%ﬁ%’he pr oﬁesgg‘gga%c?tﬁggt?%ncﬁgi m 56
wherein sai d kydtogepaicietip@olymen sughms Relvisehurylengmeii thequence

ted b I t ; 6 2/ 01674
eI b, iy sty | iroipeche 5 autad gt adapRE

T3 M}S{EI n X is nunber
of from 0 tdo%, WX dpriSebonzsd @ty FEMPAEAEULEHNERS EBRBRI S&s said

| ow crystal Ebghtty 3@9”F3t ,%%@u@ndgi\@- aree, t henaateaQizdtiforn erdif anthecach
conprises said crystallizable

: segnment, and TI ﬁzﬁang T3 are fhe _sanme or
di fferent 1phosphesen fasized byYdnpaarBan. MAY 1P8 fLfeEE§et? &8 The
process as ;.n%g,inte%dﬁarﬁgq{@iirn 3P, whermitersaiNb chhj 9168 £32%0t sequence i s
represented by (lI11). 61. The process as recited in claimb59 wherein 15
said chain segnent sequence is represented by (1V). 62. The process as
recited in clai moghastaion ninhisiters, 68. antdoxisganks asredycecdhen clai m
62 wherein said T1 and_T3_se ts S | t wei ght
a’vera&Q nol &EREENSKe| 5ﬁt .méﬁggﬁ'ﬂe %f%%egso aglg?'teeg]‘[tder?%é/n cﬁt}gi %%%im%erei n
t he but adi enmizhd derenigatatiah ccan ke ey ideneed by the Predyghs Qf ation

i n amounts eff, Ve t 0Yi.d ' I iSRS 1GRESt @dépbg abke gregnent
and-sai d at qxé@gtlﬁ“ o%‘é oévlscr%ylst ?iﬁ?yegghrlfggt .lq'65. Th% process as
recited in dh& nmeétalheserfacesd ARsnbYi sVESCPEALY FEovthe vveisgﬁ"ﬁ"

percent.  ,yjdation inhibitors include alkaline earth metal salts
15" of alkylphenolthioesters having preferably Cs to- Cji3
alkyl side chains, e.g., calcium nonylphenol sulfide,
barium toctylphenyl sulfide, dioctylphenylanine,
phenylalphanaphthylanine, phosphosul furized or

sulfurized hydrocarbons, etc.

N

20 Other oxidation inhibitors or antioxidants useful
in this invention comprise ~“oil-soluble copper
compounds. The copper may be blended into the oil as
any suitable oil-soluble copper compound. By oil
soluble it is meant that the compound is oil soluble

25 under normal blending conditions in the oil or additive
package. The copper compound may be in the cuprous or
cupric form. The copper may be in the form of the
copper dihydrocarbyl thio- or dithio-phosphates.
Alternatively, the copper may be added as the copper

30 salt of a synthetic or natural carboxylic acid.
Examples of same thus include Cjg to Cig fatty acids,
such as stearic or palmitic acid, but unsaturated acids
such as oleic or branched carboxylic acids such as
napthenic acids of molecular weights of from about 200



66. The process as recited in claimb56 wherein said hydrogenated copol yner
" has ‘a ar weight 30 distribution characterized by | f ol W ~n
of | B4 %’ﬁg%z WO 92/ 16567 ~ PGT/ US92/ 01674 - 74 67. Tﬁ?’}ﬁ?@é@s“’gs
recited in claimb56 wherein said oil is lubricating oil. 68. The process as
recited in claim67 which is a lubricating oil concentrate. 5 69. The
process as recited in claim67 whigh is a fully fornulated |ubricating oil
conposition. 70. The process as recited in claimb56 wherein said oil is
lubricating oil. 71. The process as recited in_.claimb56 wherein.to the

crystalli t&blams,egmsnsymmtl carherkie acids, I@&'ﬁ RECLETLed n

met hyl ene_uni ri OCR&SJ8S eC|at;ﬂj | SfoDhipi DLty wherein
t.he | ow CP EP&%F’ Ml § sggment -gnbgréla:éegﬁl ess ?E % acent hyI ene

units in pe'ppertigs of the pesel énﬁscPBBPFe(Tal n the | ow
crystalli gilguseqmit of gURENEBTe! %ﬁd&andztnﬂpaanbamaeabwmetm. ts in

series. he process as reC|ted In clalm ein tal li zabl e
segnmént hggnsrn&mfé?% $9! » Iévh\?é' Mw‘féi %eas'%'[ oOﬁ 75. The

process agnyee ! eshré ntﬁlaalsmﬁ dM‘led!afﬁerepul yuydrrqwnbﬁt aradieaks copol yner.

76. The process as recitedq in rq 9l ol ymer has
from 4 toContaipding txom tﬂéma sagahgrem]%%? F‘%\@C:I'?il %eé%ﬁevﬁerel n the

star bl oclkteaeq! wrmt hnslﬁd:bngSradiIal@r much 8® @lkydscalkenyl,
PCT/US92/ 9 614,' aralkyl, alkaryl and cycloaliphatic radicals.

10 Particularly preferred as R and R, groups are alkyl
| groups of from 2 to 8 carbon atoms. Thus, the radicals
may, for example, be ethyl, n-propyl, i-propyl,
n-butyl, i-butyl, sec-butyl, amyl, n-hexyl, i-hexyl,
n-heptyl, n-octyl, decyl, dodecyl, octadecyl, 2-

15 ethylhexyl, phenyl, butylphenyl, cyclohexyl, methyl-
cyclopentyl, propenyl, butenyl, etc. In order to
obtain oil solubility, the total number of carbon atoms
(i.e., R and R,) will generally be about 5 or greater.
Copper sulphonates, phenates, and acetylacetonates may

20 also be used.

Exemplary of useful copper compounds are copper
cul and/or Cull salts of alkenyl succinic acids or
anhydrides. The salts themselves may be basic, neutral
or acidic. They may be formed by reacting (a)

25 polyalkylene succinimides (having polymer groups of Mn
of 700 to 5,000) derived from polyalkylene-polyamines,
which have at least one free carboxylic acid group,
with (b) a reactive metal compound. Suitable reactive
metal compounds include those such as cupric or cuprous

30 hydroxides, oxides, acetates, borates, and carbonates

or basic copper carbonate.

Examples of these metal salts are Cu salts of
polyisobutenyl succinic ‘anhydride, and Cu salts of
polyisobutenyl succinic acid. Preferably, the selected
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A kfa[ VPU] ca] caU] ca
] cal] ca] catheptyda] c aRTeEey L U] c]yia] Ca&ﬂ&é’%ﬁfq calgalfahcal cal cal cal ca
15 ethylhexyl, phenyl, butylphenyl, cyclohexyl, methyl~-

cyclopentyl, propenyl, butenyl, etc. In order to
obtain oil solubility, the total number of carbon atoms
(i.e., R and R,) will generally be about 5 or greater.
Copper sulphonates, phenates, and acetylacetonates may

20 also be used.

Exemplary of useful copper compounds are copper
cul and/or Cull salts of alkenyl succinic acids or
anhydrides. The salts themselves may be basic, neutral
or acidic. They may be formed by reacting (a)

25 polyalkylene succinimides (having polymer groups of Mn
of 700 to 5,000) derived from polyalkylene-polyamines,
which have at least one free carboxylic acid group,
with (b) a reactive metal compound. Suitable reactive
metal compounds include those such as cupric or cuprous

30 hydroxides, oxides, acetates, borates, and carbonates

or basic copper carbonate.

Examples of these metal salts are Cu salts of
polyisobutenyl succinic anhydride, and Cu salts of
polyisobutenyl succinic acid. Preferably, the selected
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Representative examples of suitable friction
modifiers are found in U. S. Patent No. 3,933,659 which
discloses fatty-acid esters and amides; U. S. Patent
No. 4,176,074 which describes molybdenum complexes of

30 polyisobutenYl succinic anhydride-amino alkanols; U. S.
Patent No. 4,105,571 which discloses glycerol esters of
dimerized fatty acids; U. S. Patent No. 3,779,928 which
discloses alkane phosphonic acid salts; U. S. Patent
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succinic anhydride with ethylene amines such as
25 tetraethylene pentamine and borated salts thereof.

Pour point depressants, otherwise known as lube
0il flow improvers, lower the temperature at which the
fluid will flow or can be poured. Such additives are
well known. Typically of those additives which use-

30 fully optimize the 1low temperature fluidity of the
fluid are Cg-C3g dialkylfumarate vinyl acetate
copolymers, polymethacrylates, and wax naphthalene.
Foam control can be provided by an antifoamant of the
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base o0il to form the 1lubricating oil composition.
35 Dissolution of the additive concentrate into the
lubricating oil may be facilitated by solvents and by
mixing accompanied with mild heating, but this is not
essential. The concentrate or additive-package will
typically be formulated to contain the viscosity index
40 improving copolymer additive and optional additional
additives in proper amounts to provide the desired
concentration in the final formulation when the
additive-package is combined with a predetermined
amount of base lubricant. Thus, the products of the



. \AP/c{ upj d* XS] cU] cal] cal] cal] cal] ca] cal] ca
] ca] Cg&gal%gﬁy ca] cal] ca] cal] caU] ca] cau} g:ﬂcg?zzgoa/gfagﬂ??]w?aw wpﬁgﬁamaf
cal] c caJ cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] caU] ca] caU] ca] caU] ca] cal] c
ial(l:J]a]cggcaU] ca] cal] ca] ca] cal] ca] caAY~$37@RKN} xr | ga\ V@ ] caU] ca] cal] ca] cal] caU
lcau C;J]wcggaag]aﬁﬂjfaw cal] ca] cay] c:atsl;]_ca] cal] ca] caU] ca] caU] ca] caU] ca] caU] caU
$yt ni ¢~ XS] ]] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca]

caU] cal] ca] cal] ca] cal] cal] ca] c ~

aU] ca] cay pﬁs@ta@vaﬁti@cL}gg’g}gi]&%% %%%;%gﬁg\ﬁ}/\cqaﬂ gg} g

2]9], giﬂg?&fﬁ%ﬁ% Ef%:rgﬁﬂaw c-%lc‘é | Csaolvents along with other

ca] ca] ca] caekiznhbie] cadpikives) c&Pca@]"é% g%@;ﬁ—}g&ﬂ&gg “gbfiat] cal call

?1; ; g;]LIg} igﬁ}ggﬁ\g ]Lé}:cgﬂi@églulcia zge;&ﬂcétﬁdecaljﬂrcaboa]teamb] cajpouukea] edU] ca] call

10%: §) - S10yBica1zY, £aR (3R o /&g%ga}%%%@ﬁgz%d | gtE¥Erab1y

;?;/&YI( 2? - :vp 10%,9&13;" aﬂy&'dl 2) a/gbutvasm,g%na' (most dpspferably (fromy | S#109&

-Y! -Y! R’ . > 11 C v ! ! 0 '

1 1092& () - AlREY%ER %) -¥o 10%‘&“'%) -é% 1’%’110%4%' %/dé %!9?/}&?(()())/%3'! Y)é!-,\ép ess

109%& () - \a{%?rop'i:‘iﬁ%&' (Proportiimagwith Ehelovampindexn)Ring (bage

i)g\zl\/\XYfzod 13,! I Y109%2z& ()- 10Z 10Z
0 _ NN 1 AN 1 -
| @y109Z8%¢y-s! " LF1(10% ()-!| LF1(109%ZZ& ()-!LF1(10%& ()-fuy?0g}[:dY7!!

"5$%?%&' O -1>Y" 10%& (43} @148¥PP&e OeHe PPE8URY ) i@ttt ilon 3 m@k0%@e() - g21WU6

/1098 ()-! SUEY&BAY : 2neprpprogedycinte) .Synthetif, Bags _ odds 1 SUChe )

' * —7 9 . ' - 0. & ()-1> %
109%& () - |t 3! * 19 1~Z&stbrés &8R0%E EcAYDEXPITE (Acid?? po2yglycols 0 °
and alcohols; polyalpha-olefins, polybutenes, alkyl
benzenes, organic esters of phosphoric acids, poly-

15 silicone oils, etc.

The final formulations may employ typically about
10 weight percent of the additive-package with the
remainder being base oil.

Accordingly, while any effective amount, 1i.e.,

20 viscosity index improVing effective amount, of the
additives of the present invention can be incorporated

into the fully formulated lubricating oil composition,

it is contemplated that such effective amount be
sufficient to provide said lube oil composition with an

25 amount of the additive of typically from about 0.01 to
about 10, preferably 0.1 to 6.0, and more preferably

from 0.25 to 3.0 weight percent, based on the weight of

said composition.

EXAMPLES
30

The following examples, which include preferred
embodiments further illustrate the present invention.
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of any additive-package, or formulation which will be ]
5 the sum of the a.i. weight of each additive plus the
weight of total oil or diluent.

Thickening efficiency (T.E.) ig defined as the
ratio of the weight percent of a polyisobutylene (sold
as an oil solution by Exxon Chemical Company as

10 Paratone® N), having a Staudinger molecular weight of
20,000, required to thicken a solvent-extracted neutral
mineral lubricating oil, having a viscosity of 150 suUs
at 37.8°C., a viscosity index of 105 and an ASTM pour
point of O.F. (Solvent 150 Neutral) to a viscosity of

15 12.4 centistokes at 98.9°C to the weight percent of a
test copolymer required to thicken the same oil to the
same viscosity at the same tenmperature. For linear
polymers of a given methylene content, the thickening
efficiency is approximately proportional to the 0.75

20 power of the weight-average molecular weight.

Low temperature properties of the lubricating oils
of the present invention are evaluated by a number of

significant tests:

MRV (Mini Rotary viscometer), using a technique
25 described in ASTM-D3829, measures viscosity in
centipoise and yield stress in Pascals. MRV was

determined at -25°C.

ccs (cold Cranking Simulator), using a technique

in ASTM-D2602, a high shear viscosity measurement in

30 centipoises. This test is related to a lubricating
oil's resistance to cold engine starting.
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except a slow cooling cycle is used. The cycle is
defined in SAE Paper No. 850443, K. O. Henderson et al.

5 The copolymer of the present invention, when used
to formulate lubricating oils, has been found to lower
the viscosity measured wusing the Cold Cranking
Simulator Test. At the same time, low TP-1l cycle MRV
is maintained or lowered. The thickening efficiency is

10 improved and the lube oil has high viscosity at high
temperatures and low viscosity at low temperatures.

Example 1

A poly(isoprene-b-butadiene-b-isoprene) tri- block

15 copolymer was prepared using a a high vacuum technique.
The experimental procedure is described in detail in

the reference: M. Morton, L. J. Fetters, Rubbexr cChem.
Tech., 48, 359 (1975). 467 g. of cyclohexane were
charged to a 1 liter reaction flask. To this was added

20 15.7 g. isoprene, followed by 0.0199 g sec-butyllithium
initiator. The mixture was allowed to react at 24°C

for 24 hours. 24.6 g. 1,3-butadiene was then added to

the reaction mixture, and allowed to react for 24
hours. 15.7 g. isoprene was then added to the reaction

25 mixture and again allowed to react for 24 hours. The
reaction was then terminated by adding degassed
methanol. The resulting copolymer had total weight
average molecular weight of 180,000, with each
polybutadiene block having weight averége molecular

30 weight of 80,000. The ratio of weight average to
number average molecular weight was less than 1l.2.

The microstructure was measured to be blocks of about

93 weight percent 1,4-addition of isoprene and about 7
weight percent 3,4~addition of isoprene, and blocks of
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apout 93 weight percent 1,4-addition butadiene and
about 7 weight percent 1,2-addition of butadiene.

Example 2

5 The polymer prepared in Example 1 was hydrogenated
as follows. 50 g. of the copolymer prepared in Example
1 was charged to 2 liter high pressure reactor. About
0.75 gal. cyclohexane was added and the polymer allowed
to dissolve overnight at room temperature. The volume
10 of cyclohexane was then increased to abut 5 liters and
a nitrogen sparge was begun. 15 g. Pd on CaCO3
hydrogenation catalyst was then added to the
cyclohexane solution. The reactor was sealed and
hydrogen was added to a pressure of 3800 kPa. The
15 temperature was increased to 80°C. The hydrogenation
was allowed to proceed for about 18 hours. The reactor
was then slowly vented to atmospheric pressure and the
cyclohexane solution filtered through a heated filter.
The polymer was not completely hydrogenated, as
20 evidenced by a 1640 cm-1 peak in the infra-red, so the
product was rehydrogenated, tested according to ASTM
D2238-68. An additional 15 g. of fresh catalyst was
added to the cyclohexane solution and the solution
returned to the reactor, where it was hydrogenated as
25 described above for an additional 21 hours. The
solution was again filtered through a heated filter,
this time the 1640 em-1 peak was absent, so the
cyclohexane was evaporated on a steam bath. Proton NMR
analysis showed 0.94 mole percent polybutadiene un-
30 saturation and 1.89 mole percent polyisoprene un-

saturation.

Exa e 3

The polymer described in Example 2 was dissolved
in a mid-continent type S150N mineral oil, at an amount

(¥
m
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sufficient to raise the kinematic viscosity at 100°C to
13.5 cSt, along with 0.4 weight percent of a commercial
fumarate-vinyl acetate lube oil flow improver.: Low
temperature viscometric properties are given in Table 2

5 below.

Example 4

A poly(isoprene-b-butadiene) diblock copolymer was
prepared using a high vacuum technique as described in
10 Example 1. To 505 g. cyclohexane was added 28.6 g.
isoprene and 0.036 g. sec-butyllithium. This was
allowed to react ‘at 25°C for 24 hours. 22.4 g.
butadiene was then added to the mixture and allowed to
react for an additional 24 hours. The reaction was
15 terminated by adding degassed methanol. The resulting
copolymer had a weight average molecular weight of
91,000, and microstructure similar to that in Example

1. The Mw/Mn was 1.1. |

Example S
20

The polymer prepared in Example 4 was hydrogenated
as described in Example 2. This time, 5 g. of the
diblock copolymer was dissolved in 700 ml cyclohexane
overnightf at room temperature. 6.0 g. Pd on CaCOj

25 hydrogenation catalyst was added to the reactor and the

” reactor sealed. Hydrogen pressure was increased to

3000 kPa and the reactor heated to 70°C. The

hydrogenation was carried out for 21 hours,-at which

time the pressure was released, and the cyclohexane hot

30 filtered to remove the catalyst. The 1640 em-1 IR band
was absent.

Example 6

The polymer described in Example 5 was dissolved
35 in a mid-continent type S150N mineral oil, at an amount



*109BB& ()-'!Y *109B8& ()-'!y#10% | & ()-!vy#10% | & ()-

igf‘r&FF%&JJJWGQ@ 10&F&F 10| |
WO S1687 | & ()-1s F(* 10% | & () -1 F("10% | & ()-1L°°
| & () - JJJJJ|KKoLrQ/@llw--lo(ﬁ&.'()f) ("10% & ()-'L
y&10%<K&'()-Iq y&loo/&-() =

11V YLO"
1"10% &

@O0%& ()-10%& () - gl0%&: () -

108F&F
« R OI8 1004 4

10| | oLL\ MWNO-Oz X6/ @

109%& () - @?QYLO"lo%&T()

. oot 11 9= .
() - s~0O00000OO0r S41! Ls109 J S Y e ()

'()-1109%@& () -- 109 () -

1Y 109%& () -
10 10

10! Y0100 () ; & YO1096 | & (). QOCPOR' SQ5zXOr SA41! 8 " Y109k ()-! L'

"109& ()-4!" | "10%& (

)-41 M |

" 109 () - 4mﬁf@1@9‘tAtas[ Fadoe\EORBBRRIAFL VLEFEFATH 2t 200°C £

10@ 1" 10%
WUW XFY" <

g% L6k 1" 4988g( WwikE101Q%@8lghy- pergentoRE @ COMPEraiPA: () -

fumarate-vinyl acetate flow improver. Low temperature

viscometric properties are given in Table 2 below.
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5 c rative
This example illustrates the segmented copolymers
of U. §S§. Patent No. 4,804,794. Conditions of
polymerization and results are summarized in Table 1.
10 TABLE 1
Reactor Inlet Temp. (°C.) 19.5
Reactor Outlet Temp. (°C.) 46
Sidestream Feed Temp. (°C.) 5
15 Catalyst Premix Temp. (°C.) 14.5
Catalyst Premxx Temp. (sec.) 8
£ esjidenc
Sidestream 1 .68
Sidestream 2 .84
20 Reactor Res. Time at Quench
(sec.) 2.2
Inlet Feed Rates (ka/hr
Hexane 1828
Ethylene 18
25 Propylene 270
VCl4 .288
Alz(Csz) 3Cl3 1.24
Sweep Hexane (kg/hr) ( ) 102
estream Feed e
30 Hexane 1092
Ethylene 49.2 -
Propylene 49.2 A
Total Hexane (Kg/hr) 3020
Sidestream S t . e
35 Sidestream 1 60 -
51destr§am 2 40
My (X107) 180 _
EFVH‘ ’ 1.5
COmp051tlon (ethylene wt.%) 53 -
40 n ——
Ethanol 4.5 —
H»0 ———- )
2

crystallinity (%)
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a commercial fumarate-vinyl acetate flow improver. Low
temperature viscometric properties in centipoise (cP)
are given in Table 2.
15 TABLE 2
Eelvmer Ik =20° =25° =1, =25°
Example 3 3.8 2450 cP 11,400 cP 10,900 cP
20 Example 5 2.1 2750 16,000 23,500
Comp. 2 3.4 2800 12,000 11,500

Table 2 shows improved CCS viscosity of the

segmented block copolymers produced by the current

25 invention, Examples 3 and 5, compared to the less well
defined segmented structure described in Comparative

Example 1.

Example 7

30 A four arm poly(isoprene-b-butadiane) star polymer
was prepared using a high vacuum technique. To 505 g.
cyclohexane was -added 28.6 4g. isoprene and 0.036 g.
sec-butyllithium. This was allowed to react at 25°C.
for 24 hours. 22.4 g butadiene was then added to the

35 mixture and allowed to react for an additional 24
hours. The star polymer was formed by adding 0.0252 g.
Sicls linking agent, allowing the mixture to react for
24 hours. The reaction was terminated by adding
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weight average molecular weight of 260,00{), with blocks

of about 93% 1,4 isoprene, and about 7% 3,4-isoprene
additions, and blocks of about 93% 1,4-butadiene

additions and 7% 1,2-butadiene additions.

wm

¥a e 8

The polymer described in Example 7 was
hydrogenated. 5.0 of the polymer described in Example

10 1 was dissolved in 900 ml. cyclohexane at room
temperature overnight. 6.0 g. Pd on CaCO3 hydro-
genation catalyst was added to the cyclohexane solution

and the reactor sealed. Hydrogen pressure was
increased to 3000 kPa and the temperature increased to

15 70°C. The hydrogenation was performed for 20 hours, at
which time the pressure was reduced to atmospheric and

the cyclohexane solution hot filtered to remove the
catalyst. The polymer was precipitated in methanol.

The olefinic 1640 ecm~l IR band was completely

20 eliminated.

Example 9

The polymer of Example 8 was dissolved in mid-
continent type mineral oil as recited in Example 6.
25 Low temperature viscometeric properties are given in

Table 3.

Example 10

A star polymer was prepared as follows. To 575 g.

30 cyclchexane was added 29.3 ¢. putadiene and 115 g. sec-
butyllithium. This was allowed to react at 25°C. for

24 hours. 56.9 g. isoprene was then added to the
mixture and allowed to react for an additional 24
hours. The star polymer was formed by adding 0.081 g.

zE sicl, linking agent, allowing the mixture to react for
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24 hours. The reaction was terminated by adding
degassed methanol. The resulting star copolymer had a
weight average molecular weight of 180,000, with about
93% 1,4 isoprene and butadiene additions. 7% 1,2~
5 butadiene additions, and about 7% 3,4-isoprene

additions.

Example 11

The polymer described in Example 10 was

10 hydrogenated. 28 g. of the polymer described in

Example 10 was added to 3000 ml. cyclchexane and

dissolved at room temperature overnight. 1.42 g Ni-2-

ethylhexanoate and 6.74 g triethyl aluminum (25% in

hexane) ' were then added to the cyclohexane solution.

15 The reactor was sealed and heated to 50°C and a

pressure of 4000 kPa hydrogen applied. The

hydrogenation was carried out for abut 15 hours, at

which point the pressure was released and the product

hot filtered. The polymer solution was deashed using

20 acidic water stripping and the cyclohexane flashed off

on a steam bath. IR analysis showed essentially

complete polybutadiene hydrogenation, and 4 mole
percent polyisoprene units not hydrogenated.

Example 12
25

The polymer from Example 11 was dissolved
according to the procedure used in Example 6. Low
temperature viscometric properties are shown in Table
3.
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5 Example 9 2.74 2700 cP 13,900 cP 18,700 cP
Example 12 1.99 2820 cP 14,700 cP 19,000 cP
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Table 3 shows that polymers having the
crystallinity on the end of the arms, such as Example
11, have higher CCS viscosity than those with the
crystallizable portion near the core, as in Example 9.

Example 13

The room temperature concentrated solution
fluidity of the polymers prepared in Example 11 was
determined by dissolving enough polymer in a mid-
continent type S100N mineral oil to raise the 100°C
kinematic viscosity to 1600 cSt. The oil solution was
allowed to cool to room temperature and the appearance
was checked after 2 days. The solution exhibited an
undesirable gel-like structure, inhibiting flow. on
the other hand, the polymer described in Example 9 does
not exhibit the gel structure in a concentrate at room

temperature.

While exemplary embodiments of the invention have
been described, the true scope of the invention is to
be determined from the following claims.
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CLAIMS:

1. A hydrogenated block copolymer comprising
monomeric units derived from butadiene and at least one
conjugated diene comonomer represented by the formula

5 ' rl g2

CH, = C - C = CHj

wherein R! is a C; to about Cg alkyl radical and R? is

10 hydrogen or Cj; to about Cg alkyl radical, the copolymer
being hydrogenated and comprising (i) at least 10
percent by weight of at least one crystallizable
segment comprised of methylene units and having an
average methylene content corresponding to a 1,4-

15 polybutadiene content of at ' least about 20 mole
percent, and (ii) at least one 1low crystallinity
segment comprised of methylene units and substituted
methylene units and having an average 1,4-polybutadiene
content. less than about 20 mole percent.

20
2. The hydrogenated copolymer as recited in claim
1 wherein the low crystallinity segment has an average
1,4-polybutadiene content of not greater than 20 mole
percent.
25 3. The hydrogenated copolymer as recited in

claim 2 where R? is hydrogen.

4. The hydrogenated copolymer as recited in
claim 3 wherein R! is methyl.

5, The hydrogenated copolymer as recited in
30 claim 1 containing chain segment sequence represented
by at least one of the structures:

(III) T - M and
(IV) Ty - (M3 ~ T2)x - M2 - T3
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crystallinity segment, M; and Mz are the same or
different and each comprises .said crystallizable
segment, and Ty, Tz and T3 are the same or different
and each comprises said low crystallinity segment.

6. The hydrogenated copolymer as recited in
claim 5 wherein said chain segment seqguence is

represented by (III).

7. The hydrogenated copolymer as recited in
claim 5 wherein said chain segment seguence is

represented by (IV).

8. The hydrogenated copolymer as recited in

claim 7 wherein x is zero.

9. The hydrogenated copolymer as recited in
claim 8 wherein said T; and T3 segments are of
substantially the same weight average molecular weight.

10. The hydrogenated copolymer as recited in
claim 1 wherein the butadiene is present in the 1,4-
configuration in amounts effective to provide said at
least one crystallizable segment and conjugated diene
and 1,2-butadiene in amounts effective to provide said
at least one low crystallinity segment.

11. The hydfogenated copolymer as recited "in
claim 10 wherein said amount is at least about 30 mole

percent.

12. The hydrogenated copolymer as recited in
claim 1 wherein said copolymer has a molecular weight

() yTr S4
, 5zX6r 4
P Y"109& (
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13. The hydrogenated copolymer as recited in

claim 1 wherein the crystallizable segment cbmprises
5 sequences of at least 11 adjacent methylene units in

series.

14. The hydrogenated copolymer as recited in
claim 13 wherein the 1low crystallinity segment
comprises sequences of less than 11 adjacent methylene

10 units in series.

15. The hydrogenated copolymer as recited in
claim 14 wherein the 1low crystallinity segment
comprises sequence of less than 7 adjacent methylene
units in series.

15 16. The hydrogenated copolymer as recited -in
claim 1 wherein the crystallizable segment has a number
average molecular weight of at least 500.

17. The hydrogenated copolymer as recited in
claim 1 wherein the copolymer is a star block
20 copolymer.

18. The hydrogenated copolymer as recited in
claim 17 wherein the star block copolymer has from 4 to
25 arms.

19. The hydrogenated copolymer as recited in
25 claim 18 wherein the star block copolymer has from 5 to
15 arms.
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average molecular weight of from 100,000 to 500,000.

21. A hydrogenated block copolymer comprising

5 monomeric units derived from butadiene and isoprene,
the copolymer being hydrogenated and comprising: (i) at
least 10 percent by weight of at least one
crystallizable segment comprised of methylene units
derived from 1,4-butadiene enchainment and having an

10 average 1,4-polybutadiene content of at least about 20
mole percent, and (ii) at least one low crystallinity
segment comprised of methylene units and corresponds to

a 1,4-polybutadiene content of 1less than 20 mole

percent.

15 22. The hydrogenated copolymer as recited in
claim 21 wherein the copolymer is a star block co-
polymer.

23. A process comprising the steps of:

polymerizing a precursor block copolymer

20 comprising at least one butadiene segment comprising
monomeric units derived from butadiene and at least one
comonomer segment comprising comonomer units derived

from at least one conjugated diene comonomer

represenﬁed by the formula
25 1121 R?
CH2=C-C=CH2 N
wherein Rl is a C; to about Cg alkyl radical and R? is ,
30 hydrogen or C; to about Cg alkyl radical, the copolymer

comprising at least 10 percent by weight of the
butadiene segments;
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copolymer to form a hydrogenated block copolymer and
comprising at least 10 percent by weight of at least

5 one crystallizable segment comprised of methylene units
derived from I,4-polybutadiene and having an average
1,4-butadiene content of at least about 20 mole

percent, and at least one low crystallinity segment

comprised of methylene units and substituted methylene

10 units and having an average 1,4-polybutadiene content

less than about 20 mole percent.

24. The process as recited in claim 23 here the
butadiene enchained at least 65 weight percent as 1,4-
butadiene.

15 25. The process as recited in claim 23 wherein
the polymerization is anionic polymerization.

26. The ©process as recited in «claim 25
polymerizing a precursor block copolymer further
comprises

20 first homopolymerizing the butadiene to the form
the butadiene segments,

then adding the comonomer to the butadiene
segments, and

polymerizing the comonomer in the presence of the
25 butadiene segments to form the precursor block

copolymer.

27. The ©process as recited in claim 25
polymerizing a precursor block copolymer further
comprises
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then adding the butadiene segments to the \

comonomer segments,

5 polymerizing the butadiene in the presence of the
comonomer segments to form pbutadiene segments, and

adding additional comonomexr and polymerizing the
additional comonomer to form the precursor block

copolymer.

10 28. The process as recited in claim 23 further
comprising the step of introducing a coupling agent
after forming the precursor block copopolymer to form a
star block copolymer. |

29. The process as recited in claim 28 wherein
15 the star block copolymer has from 4 to 25 arms.

30. The process as recited in claim 29 wherein

the star block copolymer has from 5 to 15 arms.

31. The process as recited in claim 28 wherein
the star block copolymer has a weight average molecular
20 weight of from 100,000 to 500,000.

32. A composition comprising (a) oil; and (b) at
least one hydrogenated block copolymer comprising
monomeric units derived from putadiene and at least one
conjugated diene comonomer represented by the formula

25 rl R2

CH2=C-C=CH2
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) hydrogen or C; to about Cg alkyl radical, the copolymer
being hydrogenated and comprising at least 10 percent
by weight of at least one crystallizable segment
5 comprised of methylene units and having an average 1,4-
polybutadiehe content of at least about 20 mole percent
and at least one low crystallinity segment comprised of
methylene units and substituted methylene units and
having an average 1,4-polybutadiene content less than
10 about 20 mole percent.

33. The composition as recited in claim 32 where
R? is hydrogen. '

34. The composition as recited in claim 33
15 wherein R? is methyl.

35. The composition as recited in claim 32
wherein said hydrogenated copolymer is comprised of
chain segment sequence represented by at least one of
the structures:

20 (III) . T - M and
(IV) Ty - (M3 - T2)x - M2 - T3

wherein x is a number of from 0 to 3, M comprises said
crystallizable segment, T comprises said low

25 crystallinity segment, M; and Mj; are the same or
different and each comprises said crystallizable
segment, and T, T2 and T3 are the same or different
and each comprises said low crystallinity segment.

30 36. The composition as recited in claim 35
wherein said chain segment sequence is represented by
(ITI).
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the same weight average molecular weight.

40. The composition as recited in claim 32
10 wherein the butadiene and conjugated diene being
present in the 1, 4-configuration in amounts effective
to provide said at least one crystallizable segment and
said at least one low crystallinity segment.

41. The composition as recited in claim 40
15 wherein said amount is at jeast about 80 weight

percent.

42. The composition as recited in claim 32
wherein said hydrogenated copolymer has 2 molecular
weight distribution characterized by a ratio of Mw/Mn

20 of less than 2.

43. The composition as recited in claim 32 which
contains a viscosity index improving effective amount
of said hydrogenated copolymer.

44. The composition as recited in claim 43 4

25 wherein said oil is lubricating oil.

45. The composition as recited in claim 44 which

is a lubricating oil concentrate.
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maQt! ls#lo/a < <& 4(3). composition as recited in claim 32
wherein the crystallizable segment comprises at least
11 adjacent methylene units in series.

49. The composition as recited in claim 32
wherein the low crystallinity segment comprises less
10 than 11 adjacent methylene units in series.

. 50. The composition as recited in claim 49
wherein the low crystallinity segment comprises less
than 7 adjacent methylene units in series.

51. The composition as recited in claim 32
15 wherein the crystallizable segment has a number average
molecular weight of at least 500.

52. The composition as recited in claim 32
wherein the copolymer is a star block copolymer.

53. The composition as recited in claim 52
20 wherein the star block copolymer has from 4 to 25 arms.

54. The compos-ition as recited in claim 53
wherein the star block copolymer has from 5 to 15 arms.

55. The composition as recited in claim 32
wherein the star block copolymer has a weight average
25 molecular weight of from 100,000 to 500,000.
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is hydrogen.

s : 2
58. The process as recited in claim 57 wherein R

is methyl.

30 59. The process as recited in claim 56 wherein ,

said hydrogenated copolymer is comprised of chain

segment sequence represented by at least one of the

structures:
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20 weight average molecular weight.

K 64. The process as recited in claim 56 wherein
the butadiene and conjugated diene being present in the
1,4-configuration in amounts effective to provide said
at least one crystillizable segment and said at least

25 one low crystallinity segment. |

65. The process as recited in claim 64 wherein
said amount is at least about 80 weight percent.

66. The process as recited in claim 56 wherein

said hydrogenated copolymer has a molecular weight

30 distribution characterized by a ratio of Ww/Mn of less
than 2. '
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68. The process as recited in claim 67 which is a

ljubricating oil concentrate.

5 69. The process as recited in claim 67 which is a
fully formulated jubricating oil composition.

70. The process as recited in claim 56 wherein

said oil is lubricating oil.

71. The process as recited in claim 56 wherein
10 the crystallizable segment comprises seguences of at
least 11 adjacent methylene units in series.

72. The process as recited in claim 71 wherein
the low crystallinity segment comprises less than 11
adjacent methylene units in series.

15 73. The process as recited in claim 72 wherein
the low crystallinity segment comprises less than 7
l“ adjacent methylene units in series.

74. The prbcess as recited in claim 56 wherein
the crystallizable gsegment has a number average
molecular weight of at least 500.

75. The process as recited in claim 56 wherein
‘copolymer is a star block copolymer.

76. The process as recited in claim 75 wherein
the star block copolymer has from 4 to 25 arms.

25 77. The process as recited in claim 76 wherein
the star block copolymer has from 5 to 15 arms.



WO 92/16567 PCT/US92/01674

~75=

78. The process as recited .in claim 75
wherein the star block copolymer has a weight average
molecular weight of from 100,000 to 500,000.



