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| east one ot her diene, preferably isoprene. Mre particularlyyy
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to be used as oil additivB&EK emated copol yners of

but adi ene with anot her conjugated di ene such as isoprene. The copol yners
are disclosed to be random o %ck copolymers. The follow ng review of the
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DESCRIPTION OF REIATED ART

ers of butadiene with other olefins
These include

Various copelym

are kxnown to be used as cil additives.

hydrogenated copolymers of butadiene with another

conjugated diene such as isoprene.
disclosed to be random OF block copolymers. The
related art illustrates

The copolymers are

following review of the

attempts which have been made to develop hydrogenated

putadiene base copolymers for use as an oil additive

including a viscosity modifier.

U S Patent No. 4,804,794 discloses segmented

copolymers of ethylene and at least one other c-olefin



U S Patent No. 3,312,621 discloses polyners of conjugated diolefins which
are predomnantly in the 1,4-addition configuration, as viscosity index (V.
|.) inprovers. Butadiene, isogrene, 1, 3-pentadiene, and copol ymers of such
diolefins are specifically disclosed as suitable. 3 U S Patent No.
3,600, 311 discloses viscosity index inprovers of hydrogenated honopol yners
of butadi ene in which about 45 to_95 percent of the butadi ene nononers are
inthe 1,4-configuration. U S. Patent No. 3,795,6/5 discloses viscosity

i ndex inprovers of hydrogenated copol ynmers. of butadi ene,w_th i fferent
conj ugat BANEMERe, e.é.a,Chi sopFé‘Wé’]i}E“%\%i ch the nohdREFEGAF Es”‘la%lghe pol ymer
are predpakeabigkyecnst hend, 4iaepbhngleatilar.l YU, hSmoBanemusNo. 3A%65, 019

di scl oses_hydrogenat ed r andom_. t gper ed Qr CORkY RIS Ayt adi ene and
i sopr eneiF#‘%e %E%f u?e ser\Y/l?s::gofsi tqz)?]érrogiogi?e]'?gn%qﬁ. S. “Pat ent n%fn 4, 032, 459

di scl oseseasti siddsi¢f thedexdnminomes ebaphisilifg & €BPSFPAeLz28PLBut adi ene
and i sopgg vi ngrhetwesn AP Wadndn€OnEE oLk at E8Pol ey RALYFE! then
havi ng béeﬁ%ﬁy rogenat egﬁt 0 rer?BDve C‘Q'SI'L.{IJ,bs,t anti al | alg o%fht he ol efinic
unsat ur agFén. EermRd patléMt NeTYaLer3 IP3FEYdi sTRYSRETi scdity Phdex i nproves

conpr i sednef-azthydregensy e € openyTRIne I eduted tbyo £opulty mewieaateiron of from
about 1 to abou# 10 vol e .p rtcent but adi ene) at | east one other C5 to Cl2
conj ugat E828 ERESTard WF S UP T E bercent of a vinyl aromatic monomer. A

useful class of viscosity index inprovers for |ube oil conpositions are

star-shaped p 516 1 84,005 ey ch-ase i visy! berzeng with
pol yneric ar nglhl)éinﬁ}d%o |té.érgujéﬁcgg;a3%ners are di scl osrg% in patents, such

as U S. CRIDOM 2NERS5, 358 56 il 226D09 0485 BnERAPPY {87 Ssiidfed pol ymer s
arg di ;splj_galq_%att@dbetéoryvéedppgfaglryalerki ziwljg;rpnena. m‘edm 'fla;a:tl ?ﬁ di _enetsh
and optionally, one or. nore noal ke rene co [ ion in the
pr esenceSOPHY MG T i QP8P LY BeFSr rﬂr% %wﬂjﬁﬁn%gﬁgﬁgr pr&gﬁeﬁee pur pose of
the presemt dthwadrionwite peopyldnd ngnpokyeme’. | sThgedomedyimarmt with

Bi I | meyer,_ _Text k.0 Y | epge, Fg.cé -1 | 8Y. eM-ddYig{red ence, John
Wl ey ana’r onas(fsbé;'lg%séeél 8 (l%rfﬁsg Sgégi i cpgg:rﬁluegat ed di er?‘er?gtsl I ncl ude

conj ugat 6d udidenesirhaantg <t tar 1ukni®shingofdland optional |y, one or nore
nonoal kenyl arene conpounds. Typical and useful conjugated dienes include

but adi ene (1, 3-but adi ene) and isoprene._ The.li xi ng p Iy}érrers taq:ercgby
produced are ther® r eBRERUE WPh 2 ot el %ng?'sﬁ 8p an gt~ o Tor m

st ar - shapedqiomaer s o fTheutadildrmy ageht styawnat dsagoumo pimtton ugat ed
al kenyl glouns...The. 9EouPs; kg 4syal | 1 2 taghed d o d hepsaarcondli ff erent

el ect r on“araw ng groups, €-g, an aronatic nucleus. Such conpounds have the
property 3t13&3 £57 edssciopesf nhkymekenplf geetpdiare GfhbFe df24 ndependent

reacti onnwirth dif e enfoddyi 08i R UHRI Sstyadtthd Not hindeaspeet .paue different
from conventional 'di enes polyzneri zabl ﬁ gomeri,. such .as, butaaq} ene and
28| pRAFFEAC

i sopr ene PORTE CRAASSTRFE Hent S neyebe PEEEE ‘o Het'er ocycl i c.
Exanpl es saf alpaghkait ¢ genpoundslisnadasie phlsuliosds ancbqat yaldodntacet yl enes,
di acet el gnes hosphat es, _and pho tes .1 i ryl ates,
e.g., et pfcﬁ%eﬁrh rflogltpé'.l%&pﬁ%@:&gesnuaﬁfeggflghﬁgﬁér%%y%tlrggz_téggé:npounds

i ncl ude. atipdlnyiens/ riidiate comitalini ayhydheephesarbexypl i9%y RitferfA %! di scl osed
to be prefsrred i %:t U S. Patent No. 4,358,565 patent are pol yal kenyl
aromati ¢ conpounds’ W th the nost preferred being indicated to be pdl yvinyl
~aromati c conpounds. Exanpl es of such compounds include those aronatic,

conpounds, e. gy, denpgRentt aldiens, 3xyl ene, HEdIesceneponymeisal ehe, and
durene whi ch are substituted by at.

| east two_al.kenyl _group p erably
di rect | y SRTIRGRTPS hELOLE L 150 c MAE e x 3R engﬂefﬂﬁéSngé yv?ﬁyl&ﬁ%nzenes,
e.g., diw mHadditMmykonglgutatyiad nyhsbenzsmesityi vhdek, t¥ilinyl and

tetravi nyilmprovers. Butadiene, isoprene, 1,3-pentadiene, and

copolymers of such diolefins are specifically disclosed

as suitable.



-5 ortho , neta and paraxyl ene divinyl ethyl benzene, divin; benzene,

di i sopropanol ben~ bi phenyl. It is disclose coupling agent should be add
after the polynerization substantially conplete, i.e., added after
substantially all converted to living polymer. divinyl naphthal ene, 1

bi phenyl, diisobutenyl one, and diisopropanol that the polyalkenyl ,d to
the living polynmer of the nononers 433 the agent should only be of the
nononer has beers The anmount of polyal kenyl coupling agent added may vary,
but preferably,. at Jlea . €S iaS e er 40 f,un rat l'iving
pol yrer . Amount 8° f rgo'm ?attger?%nﬁyo 'es,J'glr?g'grlgf e?gg:cgo%eésut 2&%‘&#%}13 are
preferred. ifillere exiptavermeedf or hyidseasinaf €chde X OMARERET Svhi €6, when
added to oLeaghlons COHPOZhILANSanSUEN @5 Iue o | peaiand tidns chui el d
conposi tions exhibiting better or jnproved | ow tepperatyre visconetric
characteributéélﬁﬁanmapéméﬁﬁmQﬁﬁﬂ%?tﬁP%r%yiﬁﬁp%ngBEGEﬁPPonal vi scosity

i ndex inprover additives. The copol yners of the instant invention provide
ol eagi nous conpgsitions exhibitjng su i Npr-ov I e at ur

vi sconetric chalact®ri z%aitc%’,‘ta 'adéi'tcliggngﬁ'lsy, ggﬁﬁﬁ'\gvsteeﬁ%%rclégﬁa ility.
For convenifaeg, inprbaienrst erfithidgenated peerelyRhFsu§iolm taldd gieesent
speci fi cat|,gn.and gl guBoate dolifedebel Qerh, Vesosi lycdpdeXe(Yr ) 1
the ability OP a lubricating oll"td acconmpdate inCrease in tenperature
with a m nWhighdeckRase PANPREE0si BRitPhe dPeat ERGt hi £°ABMSR y, 3 hi gher

the V. I. rRaofi RhAEK yCapOInHEr | 5~ cokpiphya®iohavi ng at | east one
sequence (glso referred to as block or segnent) of the sane nononer units.

Each sequence has at |east two. nononer units. Block copolyners typically
have a plurality.of.eadtdrypeNol Enr@Ese0 Itakd isclpsele hysixsigar@tedrhe terns

relating to_bl.ock gopol r [ | t Rese gt ¥8RehB Bidd neyer,
Jr., Text bSSRdSF" P&a%rree%é%cio?r’]?é,fggeco%ﬁ di t%lct)%], Wl ey-Int grsci ence (1971)
. isoprene to be useful as viscosity modifiers.

U. S. Patent No. 4,032,459 discloses a viscosity
index improver comprising a copolymer of butadiene and
isoprene having between 20-55% 1,4-configuration, this
polymer then having been hydrogenated to remove

substantially all of the olefinic unsaturation.

U. S. Patent No. 4,073,737 discloses vVviscosity
index improver comprised of a hydrogenated copolymer
produced by copolymerization of from about 1 to about
10 mole percent butadiene, at least one other C5 to Cl2
conjugated diene, and up to 45 mole percent of a vinyl

aromatic monomer.

A useful class of viscosity index improvers for
lube o0il compositions are star-shaped 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

polymers are disclosed to be formed by polymerizing one

cr more conjugated dienes and optionally, one or mere



c. Average nethyl ene content of a segnent of the hydrogenated copolynmer is
t he average nunber of nethylene noieties or units present in the segnent.
The nethyl ene units are those present in the particular segnent as a result
of the polynerization and hydrogenati on of butadi ene and at | east one ot her
conj ugat ed di ene, such as isoprene. Thus, for exanple, the hydrogenation
product of the 1,4-addition product of two butadi ene nol ecul es contains one
nmet hyl ene segnent conprised of eight nethylene units and has a net hyl ene
content of 100% i.e., -CHZ-CHZ- CH2- CH2- CH2- CHZ- CH2CHZ-. The hydrogenati on
product of the 1, 4 addi tion product . of r opte secontains 9
met hy| ePRAAYECNBLERBEA (TR HE hyﬁer?fadlu‘ﬁﬁié ?ﬁcnﬁl%gb?sgéﬁet hyl ene
sequencest cant diariing fhiee amerhydenéomi s leHEAN@Nn @GN @ eFet hyf8he sequence

cont ai ni y e i yhere €ofh ent ioingd nol e
per cent,tr}?? e‘;’;‘?:—@%@gﬁf‘&ég é%fﬁ% hﬁ%&@cﬂg C%H—CHZ C % 1 1'C‘:?il-(:l-lz CHzZ-;

The hydrogkymetbnisr sgest Qﬁnftltﬁefmwa}dﬁ?tafﬂwl‘b?%ﬁﬁct—e-i‘—%ﬁ%—ﬁ%kecul e of
but adi eng, pd. PNE= ; BRLRCUIR Q4.1 Seprens-ird tislesenae, mebhyl Bndegequence
ed-or & met hyl ent

conpris ylI'éne units, caontains 7. pethyle LL.S __one

subst it (RRE $RRRy| BAFSUMYE / o édntm%%s%ﬁge n%?egg %ggﬁtdagﬂﬁylene units,

i.e., %cﬁ%e%aﬂmt d:Han.leﬁ]z'E GHZ-i@d2-4 The ¥l tonbay défgi“ﬁeg how o

per cen ene _units are cal cu n ydr ogenat e
% %BF§BUF&&Iéneqe %ﬁfigf%(§££5 ﬂ?lgﬁéﬁ% E@Q%%uﬁ s

1,2 and &% yrrer enchai_ned but adi ene
(Bl4) untyptoatr it assébut nenblygéﬁéé dE@é’r?Sl POBHEGRI SHE2EHAMR but es one

?Ethylen agdgggg ggg§;|tgﬁﬁg qgg Ryetree. Wene Bluaﬁﬁgﬁembayhhesnnle
raction

ut adi ene 't hen - |s t he fr ctl, 2% The nol e
fractlonthé%‘ﬁ?lr’elﬂe’éociﬂ%%‘éntarex ?% trﬁ@ﬁ:tf %p‘Bi %j&?‘b?(réggl t he
hO”Dp0|YEBﬁanhﬁbUE@thnetoB fo%mandthhesha@@ﬁ(mpqmqu;s 1. E&e a
honmopol yner of, i soprene a g@ 2o | hdnt-doh iwed to
|nterpre‘F°Pﬁ? ngon&%errﬁ%n PﬁvFer%g of T ene Ui t & XCHZCIgIgJ%t%he Jesult is

alkenyl groups. The groups are usually attached to
same or different electron drawing groups, e.g9., an
aromatic nucleus. Such compounds have the property
that at least two of the alkenyl groups are capable of
independent reaction with different living polymers,

and in this respect, are different from conventional

dienes polymerizable monomers, such as butadiene and
isoprene. " The coupling agents may be aliphatic,
aromatic or heterocyclic. Examples of aliphatic
compounds include polyvinyl and peclyallyl acetylenes,
diacetelenes, phosphates, and phosphites, as well as

the dimethacrylates, e.g., ethyl dimethacrylate.
Examples of suitabkle heterocyclic compounds include.
divinyl pyridine and divinyl thiocphene. Coupling -~

agents disclosed to be preferred in the U. S. Patent
No. 4,358,565 patent are polyalkenyl aromatic compounds
with the most preferred being indicated to be polyvinyl
aromatic compounds. Examples of such compounds include
those aromatic compounds, e.g., benzene, toluene,
xylene, anthracene, naphthalene, and durene which are
substituted by at least two alkenyl groups, preferably
directly attached thereto. Specific examples include
polyvinyl benzenes, e.g., divinyl, trivinyl, and
tetravinyl benzenes; divinyl, trivinyl and tetravinyl,



XCH2CH2 =B+ 12 (2) For B- 1 ( XCH2 CH 2 - 1 whereas for B - 0, XCH2CH2
- 1/2. A hydrogenated isoprene polyner is in effect an alternating ethene
and propene copolymer. By definition hydrogenated isoprene nethyl enes are
not considered to be 3/2 ethylene but only as supplying a single ethylene
unit. Depending on whether the butadiene is incorporated as bl ocks or as a
statistical copolynmer with the _g_ isoprene, different percentages of

met hyl ene units result in crystallinity. In all cases where sequences of

net hyl enes Ion nough to crystallize at J.east .two adj acent
hydrogenateg{f a- bufg |e% érn?s¥ #eﬁsspregﬁﬁﬁ“%%uiQﬁﬁéEQFﬁﬁnS’or nor e
wi ||l be presennyl| etdydh kaszenahetdierimel hplishesyfrondisspbenengie counted

or not becearsehess 'dmr&ﬁupax%fcese%%r@e aQﬂa Or&h%ﬁr%ahw units to

an 8. to 12 unit Ssequence. For the purposes of the present ention the
conp05|t|o%lBFeEY§stalIﬂfabﬂésséﬁh%ﬁ%§58¢e &5 déh®l teebealkenglins of

but adi ene €eapHEDAg Wgtelfntonéyoun@seaerreaaabanetose@ﬁ@nuavq% %nyﬁdrby
but adi ene ug ts counted. Thu If there is no butadiene

(
present thefre®are 5%ecry§FSVPFfégHélﬁ§1hyl es.H%or BPONAMEAF nedfyl enes
are cryst ashbgzabheiaFby Bompletlsl fl.tehe, nehaybgnas a;mt_ﬂrcysdaﬂljzl pable. As

not ed bel o t ngygy s&g!l stallize.
For a ran n1€§p ii %n&euféiéﬁ |g%%rene % #%§@6 h ﬁethylenes
present (feonydrtedi epe}iving Eélwwe§9quences of 20 or nore at H - 0.3; at

B- 0.4 about 9% and at B - 0.5 the value is about 19% (C. Tosi, Advances

451 (1968
In Pol yners SCI%Qgeamgﬁnt of( v%&kenyl coupling agent added may

vary, but preferably, at least 0.5 moles is used per
mole of unsaturated living polymer. Amounts from 1 to
15 moles, and preferably 1.5 to 5 moles are preferred.

There exists a need for viscosity index improvers
which, when added to ocleaginous compositions, such as
lube cil compositions, yield compositions exhibiting
better or improved low temperature viscometric
characteristics than are obtainable by the use of
conventional viscosity index improver additives. The
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
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
ability, the higher the V.I.



For B - 0.3, 0.4, respectively (Fornmula 1). butadi ene conposition,
crystalline polyners copolyners. 0.5, XCH - .82, .85, .87S It is through
this region of 30, 40 50% that Bem re forned in statistical _g_ For

bl ock as opposed to random co-pol yners | ower anmounts of butadi ene are
needed for crystallizable segnents, and in a butadiene rich block the

but adi ene content can equal 100. If the butadiene is mxed with isoprene in
the crystallizable segnent but iss=blocked”, then crystallinity could
appear only narginally above the X-H2=.75 value for hydrogenat ed

pol yi soprene given by formula (1). The.,definitions above erta| to
excl usive 1, 4gut adf‘enté{ ggr?é’rpoﬁiﬂ’i‘eﬁ ohS 1% FABSLXZET, 8 9a

1, 4- but ad;l@eelse addet i eaqsxielmidear (h@fsioni triedfesrreah beo miade tE_mrhal reed
L, 2- but adgagnR] Odic s, onealiE! BULERS TR AT | dong SUBsLLY! sl et hy! ene.

The over raction o ene Qgroups
B1,4 + 23E41)"-aB$ Zwios wweracmxmsm alqcedqpppébrmeerW@d-lO@déY For 814 -

1, X-h - héveFQrpﬂdréEL_fnﬁﬁdéQEﬁ 24diel i R G Er SmakhREE upCApLE no | ong
met hyl ene sew epees o obtain crystallizabl e seauences there nmust be

sea- uencEEDGleTe&' but Haf e f&T@Fc haf WL i £9. BARCK aRaBM ¥BEFt i38i® of
1, 2- but adbﬁﬁesaﬁdtlwﬁlﬂbuttafbﬁ.ﬂegiﬁ\irﬁ Sin8dif#ih&yappr oXi.natehyt ok (i . 30

' Linity. f | 73 B1, 4
b o, 11 ehoryied ST e shtond SMREIR) bl B2 ThRe 75 S4B ehe

addi ti on§1P3lof a bl ock type, then r andom crystallinity could occur at Bl,4
bel ow . 3.

c. Average methylene content of a segment of the
hydrogenated copolymer is the average number of
methylene moieties or units present in the segment.
The methylene units are those present in the particular
segment as a result of the polymerization and hydro-
genation of butadiene and at least one other conjugated
diene, such as isoprene. Thus, for example, the
hydrogenation product of the 1,4-addition product of
two butadiene molecules contains one methylene segment
comprised of eight methylene units and has a methylene
centent of 100%, i.e., =CHy-CH-CHp-CHy~CH5-CH;-CHp-
CH,-. The hydrogenation product of the 1,4-addition
product o©f three isoprene molecules contains 9
methylene units, 3 substituted methylene units,
includes two methylene sequences containing three
methylene units each and one methylene sequence
containing two methylene units, and has a methylene

content of 75 mole percent, i.e.,
CH4q CH4 CH3
~CHy~CH-CHy~CH3~-CHy-CH-CH5-CHy-CHy~CH-CHy-CHy~:
The hydrogenation product of the 1,4-addition
product of one molecule of butadiene and one- molecule

of isoprene includes one methylene sequence comprised

of 6 methylene units, contains 7 methylene units and



-10 For polyners containing styrene or another nononer which introduce only
two carbons to the pol yner backbone, the nethyl ene content can be reduced
to only 0.5 nole fraction. Thus, for polyners containing such nononers or
significant 1, 2-butadi ene addition or 3,4isoprene addition, the percentage
of methylene units present can be |ower than .75. The precise sequence
distribution determ nes the |ower _gnount of nethylene content that can be
crystallizable. The fraction of nethylenes present in the case of polyners
containing 1,4- and 1, 2-butadiene and 1,4- and 3,4-isoprene is 4 Bl4 +
H1,2 + 3 2qrq subsnanB£d4metm&Eqna-mn1§,4amd2p3n¢a@5¢:EH725|$olhe

fraction oge;g@ngoﬁgghpggMQEQngggneq from 1, 2-addition of butadiene, 11,4
the fraction of 1,4-addition isopfene; and 13,4 the fraction of 3,4

addition of isoprene. Bl,4 is the nost inportant variable for
crystallizable nethy %aes XCH 2 11,4 ~ 13,42 B1,2 + 4B1,4 + 411,4 + 213,4

Where there is n 4 | ue can have a nmaxi mum of O.
5. Wien Bl, 47 H$e§§ ?ﬁén&HZZBP %gabgﬁanﬁgaffract~ on is large. d. By
"crystallize"” it is meant that the nethyl ene sequences in the polyner

associate into ordered state consistent wth the classical definition of
pol ymer crystalThei €9lasving teftines droexnaprentbmethylene units

are calculated from the percentages of hydrogenated 1,2
and 1,4 polybutadiene in the polymer. Each enchained
1,4-butadiene (By,64) unit contributes four methylenes.
Each 1,2-butadiene contributes one methylene and one
substituted methylene. Where B represents the mole
fraction 1,4-butadiene then (1-B) is the fraction 1,2-
butadiene. The mole fraction methylenes present,
XCHZ is then

XCH? =B + 3
- 4 (1)

For the homopolymer polybutadiene, B = 1 énd the
fraction chz = 1. For a homopolymer of isoprene,
B = 0, and ch' = .75. If it is desired to interpret
this compos;;lon in terms of ethene units Xegy cx% the
result is

X = B + 1
CH2CH2 > (2)
For B = 1, XCH2 CH = 1 whereas for B = O,
XCHZCHz = 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
single ethylene unit.

Depanding on whether the butadiene is incorporated
as blocks or as a statistical copolymer with the



The substituted nmethyl ene content is calculated as (substituted Bl, 2
fraction) Flory, Principles of Polynmer Chem stry, Cornell University
Press (1953). e. Crystallizable units are defined as nethylene groups in
sequences which exhibit a heat of fusion when neasured by differenti al
scanning calorinmetry (DSC) upon cooling fromthe nmelt. In a useful
procedure for the present invention a sanple is fornmed into an
approximately 0.030 inch thick sheet for 30 minutes at 150'C. and is then
anneal ed at 20'C for 48 hours priof to neasurenent, |oaded into the
calorineter at that tenperature, rapidly cooled to -100'C and scanned to
150'I Cdatd Qf)bﬁi-mmut ediﬂilile}te&ﬁqqu’&ﬁerﬁﬁ@éﬂgl&let \A@gahm'eeeandm]i;&; C are
i ncl uded. The. wei ght rcent_ crystallizable units 1s: Heat o usi on
measur ed E%f?t§1+ 1ﬁg§§t§§%ﬁﬂﬁ%ﬁﬁCh this basis pure nmelt crystallized
pol ynet hyl ene of high MW( i . a . , where the end group effects are not
significant; typicgally . e r..ec bo ut 60%

YR! Gall Y AIfAd el nal-¢ .éga'{.xehgeg WiE %&%ﬂ e@S %?:%

crystallizable units., Kinetic restrictions prevent rom a
crystal | i ¥?7g. PRPE8Rt CPystcAYSHRYklizan de nbedsEedthy t adhdicgids, as

defined imyd&rodenabbaatie, 4 butddbhehiviskis WilPobe SstebBME| CondA2, 9, 127

(1971), which %Jg inﬁor or at edherehg reference. The degree of
cryst al | i FFP5- Pebured F s BPFhnttitdn o PRESERTDI e LTantREl| K§SKiSst ory.
Sone | ow wmetinér i sneddsy Yaheés ifrdhi 9 sprotim when ¢bensadpl €ri sicdnneal ed at

20" C. for h 8 I er a ion_of oi d-f .. Strain-free
speci nen %é@éle%%i %gsgolggé'%aq{%r %%{%)nﬁ%%%é)??\gaagﬁlgt g%lé; %r%ed.or

Crystal | i ¥a®i I44Fsal $® dépends 8A olRerunit| Zedqugnoes: t d&ger &here,

di l uent, B@gpédes CRIPOshEi GrddehPe JGRRRIAGR - tHe H¥nASSOEL8h! QU
tenperature éTa])el.vm!ggh is the ten‘gerature at which crystallization of the
copol ynerofSthet bf 28efit STHRFRTDNATLs RATIRTRY BF SudyPnFerme

t enper at us® depeadérce of cbheenel at iwetlyi seasiyt y {Hos€! ) meddwilaineon from an
est abl i sh ~rel/dl) . [ en significant _association at

pol ymer s§%%£%§%£d%égr%l%%&%%%ﬁﬁfﬁ?ﬁvﬂg%%ﬁ?§£“%5énﬁfﬁ€?ﬁ§u Dﬁ%ﬁﬁ'for
kinematic viscosity can be run at a series of tenperatures. The pol yner
concentration in thése _ngafurenents should be the same as thd)in the
fornmulated oil, for ex&nple 1~).

If there 1s no butadiene present there are no

crystallizable methylenes. For B = 1 all methylenes
are 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 wvalue 1is about -
19%. (C. Tosi, Advances in Polvmers Science, 5, 451
(1968)) .

For B = 0.3, 0.4, 0.5, XCHZ = .82, .85, .875
respectively (Formula 1). It is through this region of
butadiene composition, lo, 40 50%, that semi-

crystalline polymers are formed in statistical
copolymers.



h. The tenperature (turbidity) are when tested acc~ tenperature can

t enper at

ure.

cloud point tenperature is the (Tc) at which crystalline

clouds first observabl e upon cooling of oil girding to ASTM D 2500.

The. cl oud point be correlated with the association of i. A crystallizable
segnent of the hydrogenated copolyner chain is rich in methylene units,

with an average nethyl ene content of at |east about 75 nole percent.

The

nmet hyl ene content depends on th'e_ conbnonmer used to prepare the polyner

and the nature of their inclusion in the polyner.

crystallize at a given tenperature and concentration in solution only if

th i n | oBgrendugik : I b
|n?gr?LStLga§2qggegg SHQ;gﬁggb d ﬁ%?% ? Tanid 9} égkéﬁgygﬁgﬁfﬁﬁﬁFlons are

acceptabl ﬁﬁ%h met h

groups
identif

can
i €d°BYCTI3CANREIRa IHalHEhI , I¥. theowatadRene -1 3ni B4 Qich

Macr onol ecsibpserrd, 1131139 dﬁﬁ& ppg r h uences of 5 or
mer e Cann@ﬁeﬁmtfyéﬂdfiﬂﬂ } €é§i§n$? ﬁ%?% gg? aflsgg? E?glklzable
enly if y a;g sent uené@% %t ° 8UPafginﬁé@HyP§ﬁ§§ bhel onger .

Alowcry a?ll'lnl ‘é%g
about 75

Q%?%ﬁﬁéﬁﬁbeP@éﬁhﬁh@n&nnnng&nbnlesy

after at Ieast 24 hours annealing by a degree of crystallinity of
about 0.2% 2t 23C. k Mol ecul ar wei ghts of the hydrogenated copol yner were

rreasured by aT(h@:nbdéa‘ihQItlfaafnsge&b@&én%ﬁm&h&@méﬁgiéﬁbyea&d Qn |ine

?ngaﬁqg&kprﬁgg as_des bed in g. gF Strate C, Cbzemnth S. Ju,

ecu 398D, 10f e sgdti PR FEACRF va: PAdSPS ncr ement

i n tr| chﬂeﬁob@ﬁ?@ﬁ@r@t a.chstxiwass'as"slm:eddwlhet:.(aa:xlsOZ&:afrolbealrdadmydr ocar bon

StructureﬁcnSsJMMéEYlOE I'dlia'd’\'\éﬁw LdleRresgn t;%}@é’&iér?” is directed to a
0

Iaser

hydr ogenated b

yner, process to na

copol
ontaln|ﬁ@qth@“EopéﬁﬁﬁﬁlQHﬁF¢mnmﬁkBY%%nﬁse th@h@opmvﬁmai"TMQie
hydr ogenatedthbacle rc apainymesnofgtdigo Hresent i nvention conprises nonomeric
units derived from butadiene, preferably 1 ,4-butadiene and at | east one
conj ugat ed di ene conononer represented by the forml a _ R~ R? CH2

CHz

XCHz = 3 Bl'4 + 1

(4)
231'4+2

Bi,4 is the fraction of 1,4-addition of butadiene.
,4 = 1, XCH = 1. For all 1l,2-butadiene addition
XC52= 0.5, there can be no long methylene seguences.

To obtain crystallizable sequences there must be
sequences of 1,4-butadiene enchained units. For random
addition of 1,2~butadiene and 1,4-butadiene units,
B1,4 1s approximately 0.3 (i.e., 30 percent) to
obtain crystallinity. From formula (4) XCH2 = 0.73 at
By, 4 = 0.3. If the statistical distribution of 1,2-
butadiene and 1,4-butadiene additions is of a block

type, then random crystallinity could occur at B1,4
below .3.

t han

and |s characterized in the unoriented bul k state

The nethyl ene units w |

utlgﬁ§ tﬂﬁﬁgﬁﬁthfPérgEFY§Fé&é§2§bﬁee met hyl
8FS1 h&M5bl Yhredhpudiel ignsst aichabtliock it hpLeadignet s can be

j.

| ess t han
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wherein R~ is a C~ to about Ce alkyl radical and R2 is hydrogen or a Cl
to 2bout C8 al kyl radical, the copol yner bei ng hydrogenated and conpri si ng
(i) at least 10 percent by weight of at |east one crystallizable segnment
conprised of at (east eleven nethylene units in sequences sufficiently |ong
to inpart crystallinity to said segnent and havi ng an average net hyl ene
content core esponding to a 1, 4pol ybut adi ene content of at |east 20 mal e
percent, and (ii) nore than one |l-9W-crvstallinity segnent having a degree
of crystallinity of Iess than 0.2 percent at 23C conprised of nethyl ene

units and substituted nethylene units and having_a g | ene
content correspBRIPRGYESTE FVFHIRHIN a?ig% 2 con e%?g¥§gg gjol;(I%tzmr(()l)frn)I

percent. Ghﬂéﬁrabhyrbbecavebagg metdoy | @rebeost efe ofthehe cPVéW@PFlzable
segnent is_at, | east n h VeJAGe. ARt by | ene 14

content of2f PSm/cﬁyst i @ESéaﬁg%FElga%égg than 10 nDIeOSé#cent A

pr ef er r edo bbaak Lleogotaatsion s WEBKRS ( t HO T A WRRFS | SONR2ANSNGr Eﬁﬁolyner
form havi gg LEameA 0 28;And: gistenablp feddl e ardawic Posf eval y- t he
crystalllza I'on segnents’ have a number aver age gnlec §?£ |% lég at | east
500. The asepagdet 23dpBEFBut dten@EGREMIS s° 20 € percent and
pref er abl iérggeheasgaﬁobaerlwﬁr othhhe 14 hyl ane wpresiaee seomteeed in
series of at |east .11 adjacent net n t tgnggrl'ggh fﬂﬂ% ni ng
segments B SRS (?Irﬂ/rrg'lft%ﬁ% M{eﬁfgev%cr%fso{ﬁa.! [ini tg }I

pr ef er abl yohaeintg e ayeraged, m@%ﬁh@ﬁ% corftént LBRCFe § t n about

20 mol & PGl enllle SISLeRE el rafe Nideaganal gell phack caproladteingonpr i ses
a copol ner of "but adi'ene and. i soprene_havin

0 ight percent of
a crystal Ilhzia'blaé‘dsé-gr?e'rhu%ﬁ’c%“%o%?l $ed™ aFgFleégt"' %5‘ jrleenV%e?%ent of 1
, 4pol ybut adi ene, and at |east 10 wei ght percent of a |low crystalline
segnent havi ng an aweﬁqga;l+4spobybutadﬂqnq ¢oﬁbemt of | ess than about 20
mol e percemley = 15 -FRe—present—nventiommctudes conposi ti of®) conpri sing
ol eagi nous corﬁpounds‘i &, 4 he aboye tedi Had 4hy'drzéger4at ed bl ock copol yner.
Preferably the ol eagi nous conponent is an oil conposition conprising oil,
such as lubricating oil. Typically, the ol eagi nous conposition conprises
from0.01 to 5G5, pyeferahly ﬁ‘fanﬁﬂox%oth 2fe pestedt poy ymeirghfoohed he

hydr ogenat ed copdl msr of. the J nvent ef e osttions of
the preserfit3hv n¥|6ﬂ ¢GMHFR S*F ¢ b‘&%ern As éci"té‘%ﬁ%bg\%ggﬁg\%?}r)\ ot

assom atian d-eqirai okt e 1(s‘E>a:)reamj, 0|alndham3ng &t ofFassiinn ¢t é’ﬁpega‘i ure ( T~

, Where eat ( § e ri 4 NYiRbbr€APOSI tions
can cont alaS‘Fda%cf??’? on %ggg &h as -()gtqhgr&é\tjl &ﬁgésl ty nodifiers,
ashl ess divsperasia sﬁozand;rﬂatdahwabé@r SR 9NRfbi tors, detergents, pour
poi nt depressants, anti-wear agents, and the Ilke The copolyaers have been
found to inpart excellent |low te ture VI s,to
ol eagi nous fl ui®&e W%Fbﬁ?%ﬁfiymn?rg‘ry q__e e %%?r%gé%télﬁoﬁé have
satisfactory viscosi=ies at roomtenper atur es and at hi gher tenperatures.
The conpositions of the present invention are useful for typical
| ubricating oil (sanpostuteds sﬁghzas autmet i ¢ t¥mnsmi ssion fluids, heavy
duty oil s}(tl;ﬁabf.eaqibxoui;e | B cramnkcases ol gaSOI rne and gl::esel engi nes, and
any” machi nery2 cont ai ni ng gear s 2afd povier*Ry ansfitting Un“f3i4 . The present
invention additionally conprises a process to nake the hydrogenat ed bl ock
copol ymer recited above. The process conprises the steps of polynerizing a

precursor dhoek €apeky By ﬁ@ﬁpﬁ_l al g alq | gaptreenathbutteidi eveleegrant .
conpr|5|nghnDnoner|c .uni t Prlvg fgﬂp1bugad|egg 1Ref el y . at theast 20

per cent ave a maximum ©
substituted fractjion is large.

d. By ‘"crystallize" it is meant that the

methylene sequences in the polymer associate 1nto
ordered state consistent with the classical definition

of polymer crystallinity as set forth, for example, by




16 by nol e of 1,4-butadiene,and at | east one conobnoner segnment conprising
conononer units derived fromat | east one conjugated di ene conononer
represented by the fornula: R~ RZ CHz=C-C=CH2 wherein R~ and R2 are defined
above. The process further conprises substantially hydrogenating the
precursor copolyner to formthe above recited hydrogenated bl ock copol yner.
The process is preferably an anionigipolynerization. In formng the
precursor bl ock copol ynmer the polynerization process preferably takes

ei ther of two approaches, The first is .to honopgl i.ze bu i to form
but adi ene Eégmént s.E !=’-::'s‘;-é;=---' BQded -'--—- 5 'eacttcgg-ln%ggs of

but adi ene gndypekYR®r ipzedd n 1des presence of the butadi ene segments to form
t he precursor block copolyner. Alternatively, the conononmer can first be
honmopol yneri zed fol l owed by the addition of butadiene to the cqonononer
segments. The butadi erystaljolzaele Zenits 2he BrESBAEeSF et YdGHEnoner
segnents. Upon_conpl et Y, t8ati anhehtt be Fuisddirenéenddi ti ona
conononer EEHUBS a d%&%ﬁ%ﬁ%ﬁﬁCﬁ%ﬁ?ﬁeﬂ£§%g?0rn1the precursor bl

copol yner . rEheupedsehy | Aidferentdiado FERRTERS o CRHETH BT o mddi f yi ng
the vi SCOSiué%nOfco%rliQ'ldaantE‘IQUEhEOﬂﬂéQ&i.ti QIh coNpe é sihgprrbeesiueps fofr  addi ng
to the ol eagi nous conposition, having a ¢l oud %gln d.emmer atiw e GE) when
tested accohgi n§res ASTMIBVAHD) C hethest U, U1 O 5¢ percent” by wei ght of
the total GoReNikayeit ¢east anehhydricgerstest bf@Ek3LoFdHWRES GSnprising
nmononeric units deriyved_f b | «te QBe neiydI gt iask di ene
cononormner rlesﬁré:Ser‘?tré% Jb"f‘/ %ﬁg]nf %};ﬁ%‘a}%&fé% %éQZJiC?%CHZ V\here;__%ﬁR ~1s a C
to about Ciealkgisnaemealt andoRdels HYEP oddt® oF2ECXiFE S out tc- 1 ky !

radi cal , th:eenﬁ3 | ) bg.ia?,g_dh_‘,ydr@ggpaaed;@ndloorrpriasrichgsaanhcdsttqo
percent by weight of at [east one créﬁrt al lizabl eeésegg‘g@in%or@éiéggj of at

| east el everPIiét FF eRE " GAMD YT seqiBide M T ont Ty Torfg to | npart
crystal lini4y-d arifi Tk segnept andlhdedng an average nethyl ene content core
esponding to a 1, 4pol ybut adi ene content of at |east about 20 nol e percent
and nore than one low crystallinity segnent having a degree of .

crystal linity off | esEhe hamighbuPegCRnfe Caaift-aatl RS i1 58d*®f net hyl ene
units and substituted nethyl ene uhits and having an average methyl ene
content correspondi ngutorack, $uRdloybieadiaies ol of10@és than 20 nol e
percent, wherein the hydrogenated Blsoddalyepol yner has an associ 2tion
tenper2ture ( T a) which is greater than T ~.

On this basis pure melt crystallized polymethylene

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
defined in G. Ver Strate, Z. W. Wilchinsky, J. Pol. Sci
Physics, A2, 9, 127 (1971), which 1s 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 produc;
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 130°C. for 30 minutes in a

suitable mold. Crystallizability alse depends on other



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is directed to
hydr ogenat ed bl oc! copol yners conpri sed of butadi ene and at | east one
conmononer of a C, to about CZo di ene. The cononomer can conprise
anioni cally polynerizable substituted ethyl ene, such as styrene or
met hacryl ates. T he copol yner contains at | east one crystallicabl e segnent
or block and at | east one low crystallinity - 18 segnent or bl ock. The
hydr ogenat ed copol yners are made by fist polynerizing, preferably by
addi tion pol ymerization, cononers or¢butadi ene and at |eas:. one ether
di ene, preferably isoprene, to forma precursor ccool y:ner. containing an
anmount of polynerized | | 4butad|ene and at Ieaét o%%mpt@ ng#engfmhlch
upon hvdr dges@dson BempASagHEEUr Shrl LeRbt y&NG sTREf EEFRTE
hydrogenatgd GRRRJIWRIr cONtaining at |east cne cr- ystalllzable segnment and
at | east one yew crystallinity segnent. The precursor; copolyner is then
hydr ogenated to substantially saturate the of olefinic bones and to form a
hydr ogenat ed copl ynmer containing, at 1 east one crystallizable a segnment
and at |east ofe | oWh& yAYSAFIaT 190 SEGRBALA LIRS dﬁygtaWhiﬁéblé sBgnent

- " pri sesemper ateerst &Unﬂmaﬂag&yﬁtaﬂﬂuﬂatiénVéfghhepeopehYmef bbe

hydrogena&g@ C.P@%éHEriHV%ﬂthW CQEiaaaﬁeﬂﬁlﬁ%%rQQﬁ LirdaRalngput gdi ene

centent e st u er fe t about 30
., ,ale per emr?t alcrllﬁged o4 a%éa%r Te 1%%}? ﬁgf%e%ﬁ %%Q%%t? i?%f} Oined in
sequences D&Yt é?mléﬁbteéBBBilﬁﬁﬁﬁyl@%@r%ﬁ(@g ) t $FL5&Yh pecurs
crystalli »dtenosigiigilaancryssatianhion aegmmﬁymnnﬁsﬁgmﬁqt$a@uantaverage
1, 4- pol ybu:tzﬁytilt%rlqlmrttﬁnét@ftkes&msh@ﬂ Ok 28 - lese ¥ Cethem@Bdcrich in

substit ut ed JaRtnyl a/en(_e H”bES ru‘l;.pe ow crystal | L t %gi%,q_‘tré:sor reggondi ngly
g S

pr ef er abl onta| an _ave g |"east about ercen nor e
pr ef er abl YW©§a§P“§E@GF%Z@QﬁM%§ bBESEnTeagHLEMER: | BRetBfits. The
subst i t ut S&mee sy Ity U tsheareormpl atedt edlhy foe exampliea 1R ). CH

h. The cloud point temperature is the
temperature (Te) at which <crystalline clouds
(turbidity) are first observable upon coocling of oil
when tested according to ASTM D-2300. The cloud point
temperature can be correlated with the association of

temperature.

i. A crystallizable segment of the hydrogenated
copolymer chain is rich in methylene units, with an
average methylene content of at least about 75 mole

percent. The methylene content depends on the_
comenomer used to prepare the polymer and the nature of
their inclusion in the polymer. The methylene units

will crystallize at a given temperature and
concentration in solution only if they are in long
enough sequences, with only a limited number of
interruptions due to substituted methylene units. More
interruptions are acceptable with methyl substitutions
than with larger groups since methyl groups can enter
the polymethylene crystal lattice. Methylene units can
be identified by Cj;3 NMR, T. Hayashi, Y. Iroue, 'R.



- 19 wherein Ris a C ~ to about Ce al kyl group, either branched or

strai ght chain. These substituted nethylene units result from for exanple,
t he hydrogenation of 1,2-addition butadi ene and the hydrogenation of the
pol yneri zati on products of the other dienes such as isoprene. Thus, for
exanpl e, hydrogenating the polynerization product of 1,4-addition isoprene
yields the recurring structural unit Cl—iﬁ --~CHZ - CH- CH -

CH2- ~cont ai ni ng the substituted methyl unit CH3 | -CH . The low
crystallinity segrrent contains too few adjacent nethylene units to permt
crystal | i =ationMagmpeEraiamial. diAfail 88| a’e retesenaas thersine HPeefiencas §f | ess
than 7) a e er r a nt
can cont are [ gt O R G P et b ey 2Bl DT HERR R on
product s, chyydif mtgana(ceedre]sen?waddqmerm*esbommmﬂne St N\ﬁbhe@@rlrtyr@e@genat ed

1, 4-addi ti on but adi eng i.zation prgducts Thus, for exanple, the | ow

crystallinity éegmeﬁt §W>(fscﬁll{ Bt SEGEERY GRS FEnAY HAIB NG G FREP B NDITEUC S
of 1,4-Dbutg amrgut '7:>emo|é‘b@l‘@&ﬁn%ﬁ@dispéﬂa)f%cteﬁLbHdﬁQ' %nﬁmo#mgpb&ﬂlﬁ‘@ SaS
i.e., pon-l 2- but adi ene I soprene, 1.e rogenat e y1 sopr ene.
The copol ¢ier aﬁ'é@/afél%héptﬂ gahegling by degtee hydr)@galhame@f n)eﬂg/tmm zaditon
pr oduct OB éz,}, her noners such as, for exanple, nonovinyl arenes such as
styrene or bst% ted styrene, nethacrylates, vinyl pyridines or other
anionically polkyrrer M@tbt@larrwmgmrssm fﬁbehy@drzge@étaﬁhﬁoyﬁdly@xtew/éréarhb@s@r%@iﬁent

which is %resent in the h%;dro genat ed copol ynmer is in general
dependent PYpRFARRINREPAL 9L 8ehmsimestion ShpmAlCSmRMe eé‘ﬁdoatl‘fﬂ%é%$e"oh@htot her

di ene preggateridy ES@eBEAMESH G. Ver Strate C. Cozewith, S. Ju, Macromolecules, 21,

3360, 1988. The specific refractive index increment in trichlorobenzene at

135°C. was assumed to be -0.104 for all hydrocarbon structures.
SUMMARY QF THE INVENTION
The present invention is directed to & hydrogenated block copolymer, a

process to make the copolymer, compaositions contzining the copolymer and
methods to use the copolymer.

The hydrogenated block copolymer of the present invention comprises
moncmeric units derived from butadiene, preferably 1,4-butadiene and et least
one conjugated diene comoncmer represented 'by the icrmula

R Re

|

wherein Riis a C, to ebout Cg zalky! radical and R2 is hydrogen or a Cy to about
Ce alkyl radical, the copolymer being hydrogenated and comprising (i) at ieast
10 percent by weight of at least cne crystallizable segment comprised of at l—east
eleven methylene units in sequences sufficiently long to impart crystallinity to
said segment and having an average methylene content corresponding to a 1,4-
polybutadiene content of at least 20 male percent, and (i) more than one low
crystallinity segment having a degree of crystallinity of less than 0.2 percent at
23°C comprised of methylene units and substituted methylene units and having
an average methylene content corresponding to a 1,4-polybutadiene content of
up to 20 mole percent. Preferably the av'erage methylene content of the

crystallizable segment is at least 30 mole percent and the average methylene



A- N conprises at polynmer the crystallizable segnent | east about 10 wei ght
percent, preferably fromabout 10 to about 90 wei ght percent , note
preferably from about 20 to about 85 wei ght percent, and nost preferably
fromabout 40 to 65 weight percent of the total hydrogenated copol yner
chain. Correspondingly, the precursor copolynmer preferably contains at

| east about 10 wei ght percent, preferably at |east about 20 wei ght percent
(e.g., fromabout 25 to about 60), and nore preferably at |east about 35
wei ght percent of 1, 4-butadiene. Generally, the greater the anount of

1,4-butad ene p=esent in the precursor copolynmer, the | anger the

c~r st aFPEAbRERE vy serstallinity seamedr tylesattBancidhBIg)gdercet. ot @gt'efrédat t ai n
the prgfRL=&bdy Tn PE(F M PARRH YARERaGRG! (F

cont a1 o1 P e e a8 e e P R T She uni

i s and<dt 2b ead prefeneblyduwac+Sarsstal | inity segnent conprised of methyl ene

units and substituted nethylene u:,its, the nononer referably, incl ude
auf o orent " PTe b ath e e R ESaY Sea S TR B LPBhE BIAGamE 1 e
precur §afic 0Py 1@4stf 9605 TP RyE agenaljirkdidwe eby&mlikizabbe: sggnent .
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oT ovi dBEF EREMIRANES %01 RbAGe 1.4-PPivgLiadieh d?w@%at%de%it%%fﬂ &804t €0
i nsuf f ingdieert@nd ower the average 1, 4-pol ybut adi ene content of the
crystallizabl e segnent bel ow about 20 nol e percent. Copolyners, preferably
produced by Tavé ot ppl§iestd & aty degleoitoded | dgk hgdpolyenat i GrMefisasbat adi ene
conj ug i r ferabl.y c ise ; g ted
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reactionp ut adrene™ and i soprere wherei n the nfiguration
speci egnpseligabnatssgriiewewehichotbeiprispeciaesie a3tch0 asididigsercebt aifnegt-f rom
1,2- and/or 3,4-addition may al so be present i ]pﬂt he pol ;Igm?r Tr;us, for
exanpl @2MMbaqiengdAId GH SEShUCameoR REIGERSi B ¢ LW eTHPId W SESIRUr e
representpth by e b9k Mylans GdtZdient é:or%'éng2 WQ%Q%@W kBBLPTad hhsle
structure retsults in“a strac ure represente By the formula -zCH2 -
~=2 ~3percant.
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Therefore, a hydrogenated copol yner of butadi ene and isoprene may contain,
for exanple, the follow ng species: ~H2 - CH2 - CH2 - ~2~ obtained fromthe
hydr ogenati on of 1,4-butadiene; CH3 "f'CHZ - Cu - CH2 - CHZT - 22
obtained fromthe hydrogenation of 1,4-isoprene; -f-CH - CH-- CHZ CH3
obtained fromthe hydrogenation of 1,2 addition butadiene; etc. The
recurring structural units other than those cbtai ned by the hydrogenation
or the 1 ,4-addition of butadiene_and isoprene nay be present in both the
crystallizable and low crystallinity segnment. If they are present in the
crystallizabl e segnment, however, they are present in anounts which are
Insufficient to affect the crystallizable characteristics of said segnent.
The at | east on@hgtherrnong r,.otheﬁ.than butgdiene, which it utilized to
farmthe copol yiers of"th&"rnst 4RYSFhv8Rt i on F SUPRES er GBPH 8 1E50030
conj ugat ed°dNBF éf tAdor laAsKinaus edovpyndae uththe AAbawnmerepiekdr r ed
conj ugat edhyilnbgénasedaplbekr eppedgnicad [Brdher STyt ge Ryl BEglncHa=C C=CHZ
component is an oil composition comprising oil, such as
lubricating oil. Typically, the oleaginous composition
comprises from 0.01 to 50, preferably from 0.05 to 25
percent by weight of the hydrogenated copolymer of the
present invention. Preferred compositions of the present
invention comprise copolymer as recited above having an
association temperature (T,) and oil having a cloud point
temperature (T.,), where (T,) is greater than (T.). The
lubricating oil compositions can contain additional
additives, such as other viscosity modifiers, ashless

dispersants, antioxidants, corrosion inhibitors,
detergents, pour point depressants, anti-wear agents, and
the like.

The copolymers have been found to impart excellent

low <temperature viscometric properties to oleaginous
£1
L

uids, particularly lubricating oils. The compo-
sitions have satisfactory viscosizies at room
temperatures and at higher temperatures. The compo-

sitions of the present invention are useful for typical
lubricating oil compositions such as automatic
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
process to make the hydrogenated 'block copolymer
recited above. The' process comprises thé steps of
polymerizing a precursor block copolymer comprising at
least one butadiene segment comprising monomeric unit

derived from butadiene, preferably at least 20 percent



wherein R~ is a C to Ca alkyl croup, and RZ is hydrogen or independently
a G to about C8 al kyl group. The al kyl groups represented by R~ and RZ may
be straight chain or branched. It is generally preferred that the alkyl
groups represented by R ~ and R2 are straight chain al kyl groups. Preferred
conj ugat ed di ene nononers are those represented by the fornula - 23 Rl f
cH2 - ¢ - He = cHz wherein Rl is as defined above. The nore preferred

conj ugat ed di ene nononer is isoprene. The crystallizable segnents or bl acks
present in. the hydrogenated copol ynmejgare conprised predom nantly of

met hyl ene units which are, inter alia, provided by the hydrogenation of the

1,4-b ol Th
put ad S0t Taonr - ouseCieipaft & Te2g, hebgs Mo mer SHasher Egﬁpélisé‘rga

pr ecur soempabymer us&gnﬁ@mywﬂt@mnaﬂgeégp@h@ @@nﬁiqétébuaﬁénél@otm&for{w
formula -~ - CHZ-~ Hydrogenating this precursor polymer

chai n yreeﬂré§e‘geﬁc§:lyy§'?§rf°§@5f?ent cont ai ni ng the fol lowing recurring
structural unit C:2 - ,TZ re CH Z i.e., containing only nethylene

units. This recurring structur unit) provided it is sufficiently |ong,
e.g., contains at |east a ;éa l,ene units, fornms the crystallizable
segnent of the pol yner ch =ttidee are two requi rements that nust

bef ul fi NpQr r to be cr alllzabl The firs
requir e‘lrdrégfe hsﬂghg g ggeg civ%b%\ﬁa ave-lryhé’gé) FPCESHo %hu%lcﬁoé‘i‘@'%%nt ent
of at |sssdtaathaiyt h%o@@lneuﬂQrtﬁ@rﬁrecQFﬁr%ﬁHl?’m@? thedeh ﬁ%ogﬁowré!@%@ht

per cent g out 20 to about percent) he second i1 s that
the met {84 ”&ﬁ?‘? FOPENBREes BB f PacaRy yis| ongferablynn tanionic

REC S ot T g A
process 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 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 cornpletioh of the polymerization
of the butadiene additional comonomer can be added and polymerized to form
the precursor block copolymer.

The present invention also relates to the process of modifying the
viscosity of an oleaginous composition comprising the steps of:

adding to the oleaginous composition, having a cloud point temperature
(Tc) when tested according to ASTM D-2500, between 0.01 to 50 percent by
weight of the total compasition at least one hydrogenated block copolymer
comprising monomeric units derived from butadiene and at least one canjugated
diene comonomer represented by the formula

R1 R2

||
CH2 = C - C = CH2
wherein R1is a Cy to about Cg alkyl radical and R2 is hydrogen or C to about Cq

alkyl radical, the copolymer being hydrogenated and comprising at least 10



- 24 or longer, and nore preferably at |east about 19 methyl enes or
“longer. A preferred copolyner of the instant invention is a hydrogenated
but adi ene-i soprene copol yner in which the dienes, i.e., butadiene and

i soprene, are predomnantly in the 1,4-configuration in the precursor
copolynmer. Cenerally, at |east about 20 nole percent c. the butadi ene and

i soprene are in the 1,4configuration in the precursor polyner. The
precursor copolynmer contains at |east @gn_anount of butadiene units in the
1,4-configuration,sufficient to provide a hydrogenated copol ynmer cont ai ni ng
at | east one crystallizable segnent conprising at |east about 20 wei ght

per centPRTEShIY WY WMo gEnat ledsicopolcyystallizEhée fselgmomitngprip&sas oifen (vabd be in

1y.d d butadi - I . Th
cryat a1 oo B BB e Rl s i B R Pl var o Gonm vy AUV 1r om

the hydksadergtian 2id héﬂnééﬁ@\?ﬁrhg@rrﬁéﬂ'@ﬂb@E@Hie‘?ﬁ%omgggﬁ%@’gtt i e, the |ow

crystallinity segnents are derived fromthe hydrogenati ne~ pt ecur sor

copol yriéYRUGHEIES CeBnaPh B ast 8pPehe0i Motehpetcert 2rel moramikn one low
1, 4- cordAd, g0 gt B! |2 @5,butadi-ene. i g 1.4- _and ? 2-configuration.
Pol yrrerirl%/i ng ilsygpﬁgneé,}ﬁrmhoﬁtﬁa %n 6% a%lil ga}egﬁglﬁg%epﬁﬁiﬁsl}%% Otuig?o(?'rzyi el ds
a preclAYEENpal gAte Qﬂmiiris&rbnt mmhmlgneheniiﬂblnmm:h@@wr mi_m;%_('ghé Uhdr al
units ¢ d[h*vihgq_%a_pg_ CHItH CI‘—IZ~-,tar%d . -~CHZ - CH = - CH2~ - 25
Hydr ogéenat i'Rg"EHT'S “pF &y §6 yﬁ%ﬂ'%/ﬁ@? 81 UL R RN D e Aat PP ytasienshai n
cont ai rgargehheoif tddOwhBE RECHIJIE Nge AAdHCtWRBteiANtES &§Brd@nated block
copolymer has an association temperature (Ta) which is gréater than Te.
DETAILED DESCRIPTION QF THE INVENTION
The present invention is directed to hydrogenated block copolymers

comprised of butadiene and at least one comonomer of 2 Cs to about C,q diene.

The comonomer can comprise anionically polymerizable subsiituted ethylene,
such as styrene or methacrylates. The copolymer cantzins at least one

- crystallizable segment or block and 2t least one low crystallinity



~CH2 - CH2 - CH2 - CH2~-; and Ila. -;CH2 - CH2 - CH2 - CH2~ Recurring
structural unit T_a contains three nethylene units and a substituted
nmet hyl ene unit, i.e., ~3 - CH Were there are relatively |large anmounts of
t hese substituted nmethylene noieties in a polymer segment, generally
greater or equal to about 22 nole percent, the resulting hydrogenated
pol ynmer segnment is a low crystallinity segnent. The segnent containing at
| east about 20 vole percent 1, 4-polypytadiene units, and if these nethyl ene
segnents are of sufficient length, is a crystallizable segnent. A segnent
containing the recurring unit -~CH2 - CH- CHZ - CH2 - CH2 - CH - CHZ - CH2
- CH2 = 1 .CH3 CHQ, CH2 5 CH2 7CHRyd rdgkiueddf emdihendydragenaidon of the
1, 4-addi tion product d? two nol es” of isoprene Hor every nng.pf but adi ene,
. - 5 Y o v’ N . (oYl 3 .
will gendal | 4FRE be BOEYFEFAFENTabl e PSEGRERT Becadbe i 1375 reftivel y
rich in sihskid-ut-ed et hyhenenemist ¢ angidhieemet hyters sezpmncese are not
T 26 sulfl et Nl oG SAANEIY, C90LBLANDY e FSEU I Ng-aLivLyLal unit
ccoolymer. cantaining an amount orf polymerized 1,4-
butadiene and at least one other diene which uron
nvdrcgenation of the precursor copolymer is effective
to ferm a hydrogenated copolymer containing at leas
cne crystallizable segment and at least one lecw
crystallinity segment. The precurscr copolymer is then
hvdrogenated to substantially saturate the olefinic
nonés and to form a hydrcgenated copolymer containing
at least one crystallizable segment and at least one
ow crystallinity segment. The crystallizable segment
omprises at least an average af about 10 weight
ercent of the hydrcgenated copolymer chain and
contains an average 1,4-pclybutadiene ccontent cI at
east about 20 mole percent, preferably ac least about
0 mole percent. An adeguate percent of the methylene
units are joined in secuences ccntaining at least about

“

11 methylene units to permit crystallizaticn.

The low crystallinity segment preferably has an average 1,4-polybutadiene
content of less than about 20 mole percent, and rich in substituted methylene units.
The low-crystallinity segment correspondingly preferably 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

formula



SCH? - CG~~- Cd2 - CH2 - CH2 - CHZ - CHZ - CH? - CH2 _ CuB3 CH2 - Ci? -
Chz~ derived fromthe hydrogenation of the 1,4-addition of two hol es of

but adi ene far every nale of iscprene, will be a crystallizable segnent
since it contains at |east 30 hole percent 1, 4-polybutadiene units, and
since it contains uninterrupted nethylene sequences containing at |east
about 11 nethylene units. The copol yner,s of this invention will contain at

| east one crystallizable segment rich it methylene units (hereinafter
called an "M segnent) and at |eas one low crystallinity segnent relatively
rich i nwhebsini Ruseal Crettbydteng Cpialky | (Jreupi rahkerbraakhed & sifai gﬁgﬁgﬂr‘ﬂ)- The
copolyn&hs may be therefore illustrated by copal ytners selectg romthe
group con8sesHAgibied Fshylene eits ressttfuarhutarsetampley théd ayliaideowtioy os egment

secuencesi.odq4n: )a ~ELz -T n I wherein Mand T are
ot | oq” aqgtofdindlenhtab Mnd ANk Me o 81 Bolrmeizatar alodiits M
segment H1e TiheTdiared Ectbansbigophensanehos, ¢ beaeiiea

segnent Sal and.x.i s an |nt e(ger O]P froth O to 3. .V\hgﬂﬁ x:g&dﬁ%@e%% ghneer' s M
i.e., M ggbﬁfézt‘?tt'oi”spfﬁé‘f‘?' ndd-BEHHean SPREE e sdeldsntns reguminpestMatienarent
can be pgsitioned substantially in the center of the polyner chain (that
is, the Tl and T3 segnents can be substantially the sanme nol ecul ar wei ght
and -t he sum of - 27 the nol ec#ds weight of the T1 and T3 segnments can
be substantially equal to the nolecular weight of the M segnent), although
this is not essential to t-l@@}pgac@mcecgfzid)i_g_}mventi on. Preferably, the
copolymer will contain only one M segnent per ‘chain. Therefore, structures
111 andcPVEkDIhapebpiiteted rmeethylgnerunit ructure |V being nore preferred. The
preferred copol yner chain sﬁwctur es, fromthe standpcint of providing

ol eagi nous conpositions sucl ds Tube oil conpositions have excellent |ow
tenperature visconetric proérti es. Preferably, the Msegnents and T
segnents of the copol ynmer ¢ tocat ed al ong the copol yner chain so that
only a |imtege iyl ; \ : i . Cl ef or he
steric probl eﬁ% assg)f:sitgglggp\%wepﬂpéggc@%ﬁtg ﬁ%‘ﬁ%&%@é?@‘l b?&h&lénel'ugﬁﬁf‘?ents

pr event BeAMit Cestalbzatipt anerprefenablyToentefrar ssi tham pr efrere edeerisidiioant, the
M segr‘retlpltanizs, Acﬁigén?qngﬁ?{ﬁqi&{elﬁgenter .0of the copolynmer chain and only one M

segnment 1s i'n e chai Sths8%here x is one or large= it is

| mpor tant t hiblte tdve clystanidity Sege@dmdan osntai, TihAdHidy 1d F I8y LB gRhEMRN!

associ ation of the M segnents fromdifferent polyner chains;
comonomer diene ‘polymerization products, hydrogenated 1,2-addition
butadiene as well as hydrogenated 1,4-addition butadiene polymerization
products. Thus, for example, the low crystallinity segment may contain the
hydrogenated polymerization products of 1,4-butadiené, i.e., hydrogenated poly-
1,4-butadiene, 1,2-butadiene, i.e., poly-1,2-butadiene, and isoprene, i.e.,
hydrogenated polyisoprene.

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

The size of the crystallizable segment which is present in the

hydrogenated copolymer is in general



General ly, copolyners of the structure ML ' (TW2 ) z (V) wherein M, M
and T are as defined above, and wherein z is an integer of at least 1, are
undesirabl e as viscosity nodifier polyners. Solutions of structure v
copolynmers in oil tend to gel even when the Mand T portions have exactly
t he same conposition and nol ecul ar wei ght as structure IV copolyners (with
- 28 x=z=1). It is believed this poor viscosity nodifier perfornmance is
due to the inability of a center T seggrent to sterically stabilize against
associ ation. The M segnents of the copolyners o. this invention coma=ise
the 1, 4-addition product of butadi ene which has been hydrogenated, hut can
al so conpriefenstenteaspoonesivg hare Uyt ed@Ced @ of f i In yTomeRRE Lepeovi ded
the 1, 4-palybutadi gngrcontendciof- sak dnM SEHBIH e | Snaterleaste@bodt 30 nole
percent and a majority of the nethylene secuences are sufficiently |ong,
e.g., conPHLY™RT | east '%rb%utc@ls‘ﬁ%ilkﬁéﬂieunf‘?@e%he G°3BghEREs &bnprise a
m xture ofl sl egrat exh bid ach engerekehker pire Adva sl 2chrd: gas@t t ongor t he
1,4-configuration and at. | east one ot her g_onj%%[q;tced ﬁiéyoly_ejig, or at |east
one conj udat &F Merd STHEF™ T HRFT 14T addPOr6n Biradi she, and have's

1, 4- pol ybutcadicerévaaontehtwaiddhgr pateenthar nagbouts 2@ reof e gpel cefton The T1
and T2 segnent.s .gan cont ai n. u hydr agenat 1,4 conf | ation

but adi ene%r?‘toﬂl‘o“né'(rbi,“cf e ?wen]éﬁl?l g%gcgﬁitt é,‘ p“?%vi“(f:\%‘t hhé‘/{b%]%%gggeg,

1, 4- pol ybcadilemeoncRAtnef sai §o5ege@Rnsl durlsy not t8Rcecd abonsc20 a; ol e
percent. Acqpodj@Ef E?ef@%@g'cg‘t&f}.]tins & 1RYSir ARRAGLEY. PGk @Rt Segnent ec

copol yner of but adl ene and at |east one ot.her_corj ugat ed ‘di ene,_preferably
i soprene GHRATCG Feast2one2ReYst 4P M2 RSGEEDr Seufent “ARD at | east
one non-craysied | zalle bboeck os0)segaent . mSueh ddetdkraisl e aenleasnol y~ners
may be represented by farmula |v described, hereinbefare,-.i.¢e,.

T1- (M- T2)30 0= T3 S A MESTE S T T Su‘r'i’-xgaﬁtclgx a?‘!éngfsa%lz‘aY’fi ned
her ei nbef & dreafar abhy, abbuand NP are-kohpiicnd préd@fithait| gher solel vy

of met hyl eng unids- d &v@%&,éom hogepohytReri zed butadiene subgiantially
in the 1,4-configur aterTr on whi ch’ has subsequent|y been hHydrogenated. T1, T2
and T~ comea e Ededuaine SUpdFrEaredcReCRPIEN@ER0 render the 29

segments of low crystallinity and may generally be derived, in one

enbodi ment of the instant inventian, f=om honopolymerized isopreng which
has been hydr ogéhatéd 2Sud? bladﬁ?“ﬁbpoﬁ%ﬁr%‘%ﬁf‘bee prigp T%‘ﬁeg‘?g?gquenti al
addi ti on amcbdionmol yerdziation cdfombifmeentcide ne noowbeLsing. gat i soprene
and but adiene. s, Lor- £xapl e, Ln<LaLming Al ade£opol YL, ofaLhe
stucture T1 - - TCB“,‘ I Soprene nononmer 1s firs onppol yneri zed,
subst ant i a3ty and- afdi tieastwi ehesome™ eslTAR2 et ton 88SBLACaddi ti on,
to formaqulers] SOPRLYARAhl SPOWENLENGORLRIR RGitad erEERy DENStruct ure
a represented by the formula CH3 ~C~.r2 - C - - e

units,” the monomers preferably 1include sufZiclent 1,4-

hutacdiene.

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

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

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



wherein "a" is a nunber of at least _. Upon hydrogenation this structure
becones C== 3 -f Chi ~- CH- GCsi 2 - CH 27--a Upon conplete or
substantially conpl ete honopoly nerization of the isoprene reactant,

but adi ene nmononer is introduced into the reactor vessel containing the
"l'iving" isoprene segnent. The butadiene is hono polynerized, substantially
via 1,4-addition (generally there mey bhe sone fraction of 1,2-butadiene
addition, ~ although this may be kept to a m ninum by appropriate reaction
conditions well known in the art) to foama precursor copolynmer segnment M
contaln|m;MEﬁem&dzmggnatﬁmﬁmnxﬁ¢kﬁﬁeé@ﬁté@ﬂﬂﬁﬁ%ﬁ##%ﬁnﬁpalQE%F CH = CH

3% g ei ny" QU pdis rRudidihere of @én'&@ﬂﬁt 1ofUp0rtne
hydrogenétlon this ructure becones ~C~i ~ - Ci2 - 12, a~.

conpletlGﬁ?@uﬂiﬁl%ﬁnkﬁaﬁ%gﬁFBBHBPéPVoﬁbBPt §HemF%§UHﬁF?ﬁ”%o" cpot he
but adi ene, isoprene nononer

Copolymers, preferably produced by anicnic
polymerization followed by hydrogenation of a butadiene
conjugated diene comonomer are preferably comprised of
the hydrogenated reaction products of butadiene and
isoprene wherein the 1,4-configuration species pre-
dominate. However, other species, such as those
obtzined from 1,2- and/ecr 3,4-additicn may also be
present in the polymer. Thus, for example, the 1,2-
addition of butadiene will yield a recurring structure

represented by the fermula

+CH, - CE}.

l
CH
Ch2
Hydrogenation of this structure results in a

structure represented by the formula

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

species:
—+CH, - CH; - CHy - CHo¥
obtained from the hydrogenation of 1,4-butadiene:

CHj

~+CHy - CH - CHp - CHor



i ~s aSain introducedinto the reaction vessel con-tze precursor tainingblock
copolynmer T1'- M' -, with_ ,f~" being the "living" butadi ene bl ock. The

i sopreneto i s honepol yzner izedform precursor copolynmer segnent _T3'
cont ai ni ng thesane recurringstructure asprecursor copol ynersegnent T1'. The
precur sorcopol ner containi ngsegnents Ti ' - M2'- T3' is thent-hydrogenated
to form hydrogenat edcopol yner ofs t=uc tore T~ - M2 - T3 . The present
invention relates to novel segnented hydrogenated copol ynmer of butadi ene
and at | east one other conjugates di ene nrenoner wherein the copolyner's
chain contains at |east one crystallizable segnment =ich in nethylene units
and at | ineAe r L 0l 1 atively rich in substituted
nethylengéﬁ%i?2,“tﬁgbgﬁﬁéﬁﬁ%éT%ﬁé%?@gggﬁﬁﬁﬁ%?§ copol ymer segnent is
characterized in the unori est@HbuCkiGst ate after at | east about 48 hours
annealing at 23'C by a degree of cnystallinity of Iess than about '..2s at
23' C, and wherein the copolyner's ¢ gin i s intranol ecul arly, heterogeneous.
The crystallizable segnents preferabl’y conprise an average of from about 20
to 90 wei ght percent, nore preferqg y from about 25 to 85 wei ght percent,
and nost preferably from about 30 Jabout 80 wei ght percent of the total
copol ynmegppehiaed froah i WY RAVES : -adi e content which is
an | east about_ 20 ngV§9 g?%%ﬁ?@°§#§f§?§%%¥ﬁ§?bpggé%q%bgg' 30 nol e percent.
The | ow cryst dlNéi Mecyriogolsymetuseguaitss otoeprthed anosgetagsanel byornabout

80 to | Oy Nt . - 31. preferably fromabout 75 to 15 ht
per cont , "L RreRBh et et o BP0, 208 aRRne Per denpranert e
total copotytres calvaainizabrdaR@VEwacH stkiRHlyY Bsd Rdihene: egﬁ Pﬂé%ieﬁgriﬁeﬂt‘.gr

t han about 20 rm%@ percent. The copol yners in accordan e present
i nvent i oRYSSRYFESE ISRITBADE eBaEMey. hBeYraiferideaentiai agiouaits hwhich are

subst ant j.al ; -hal L ng bot | ryst.allizabl e and | ow
crystall !rﬁiu!tﬁyc'%gg_rgmérﬁ% @q'%g%s%#ﬂ%@@ﬁa&édga@&%%ﬁ%g §‘"61fsecgf{89ri‘tnst ant
i nvention havéheedidhestwee agee noicoutar ovedothies ldakicrs, Mowcag @repd 18, 000,

The pref %r{re m_ni Srm i s apout 10,000. The nore preferred nininumis about
20, 000. THE' M FHERYNRS §het Hike e inpVesiipars wsRthieDas GeCas aoinjlgaied

2, 000, 000Q; g i i s.ab ,000.. The nore preferred

maxi mim 1 Soar 388G TENF e Bent Sudle: i er onaEa A= t00 1 o
about 1, 0GY, ODROrpsentachby yhé farmbhout 10, 000 to about 2, 000, 000, and nore
preferably about 20,0Q) to about_100, 000. The T segnents have a MV of from
about 1,000 to about 1,000, 000, ’E} fer abl y about 5,000 to about 200, 000,
and nore preferably from about 10,000 to about Q00,000. The wei ght average
nmol ecul ar wei ghts Ore det erGfiinedCbyCgeCHaer neati on chr omat ogr aphy ( GPC)

Copolymor E2 Aot AGILIR CrriBH S Oon 408 o ForBEGR" G ROSaFEri B on

(f~/FlIn) I - ef Vi I , e
prefer abtlogfagglgﬁtgta lguéylo.ercﬁjeps's ,eleres ‘ﬁ{«ﬁ «fﬁ énéﬁged' eggé)%%'l’%go }}djlhs] c‘%@&é gdza F‘%Yg@ : Ver
Strate, €raigdzeshidih, oSbrdnghed. MacrorRineeslesrePdrred36@:t th888ikyl lgrbSps

bel i eved t he nq\églbycggoalr}/ﬁr' s inproved function as viscosity frodifiers can

be at | eF&fesen 2 are straight chain alkyl groups. Preferred conjugated

diene monomers are those represented by the formula




- 32 partially attributed to the ability of a controlleed portion of the
copol ynmer nol ecules to crystallize in ol eagi nous conpositions such as
| ubricating oils at tenperatures above the cloud point of the |ubricating

oil. This occurs both inter- and intro-nolecularly Typical |ubricating oil
contains paraffinic and soparaffinic waxy conponents which are capabl e of
c=ystallizing. As the lubricating oil is cooled fron ', high tenperatures

(above Tc) , these waxy ccnponents bédih. to crystallize. Wen the crystals
becone | arge they scatter light and nmake the oil turbid (the cloud pain:.,
Tc). Below the cloud paint, waxesiin she oil can co-crystallize with the
c=-ystallizable viscosity nodifigr crystallizable segnents, effectively
crosslinking the viscosity IQﬂ)de@:et_ pel Wdzrml ecules resulting in high
"effective" polyner nol ecu?a? wel ghts, or cdausing "gelation" of the oil.
This is observed by.the appearance of a yield 2%{655 upon sh a;iélg. Such

ef f ect i velwhdragin nBlrecks aPsweighiBear SRMifesi r abt%, 25t Y 1Tk Base t he
oi | vi scos&'éry-@& J oW & eompenahdrney nekigdderdifficult for the oil to be
punped o. poujreda. The associ ated copol yner nol ecules of this inven tion are

believed to have a smaller .effective_h ynam | egul e than

in their unassoBtét EH@?’&E‘&,“\EI%SE% f%@égé%gh(rﬁne)ﬁé%{%%n?f%%sﬁ Elgf t he

| ubri cat i ngh®i hyapbythanetihercgofl vme proei ¢OFDIGFeLorRRASRRENJFLY

vi scosities_at I_iowterrp iUl €Sy i el igved bheacopaveies b

char act eri 3t i B&BY %A Eulr |¢1% ghﬁ%:%hear%é)'ol yﬁyer, associgalt@?‘on tenpe gture t han

the oi |'s theutlypopgenaiciion zeE theerhct THH3REINE hBTRAR ™ The é?l and

accordi nglé/ gg‘%ﬁgﬁes&?gl%@(ﬁncy ofnd ) S pol ynstei gingel attadieAkso, only

a portion bf-these copol ymer mol ecul es i3, crystall % abl e, .3333icHnder the

use condi tkensmeThe inGn-crys2alli fbl & portion £6 bélieved to act as a

steric barﬂ_g[dgoah_glracnlre‘aeﬂtpc@gmiw&gﬁﬂmbrmm%waﬁga§§§EFﬁth5n. The

control | ed_segnent ed nat;#é%f‘)ftr}ehefé)ﬁﬁ {grs is essential to their

per f or manc@=TEFEERE~p8fyer’ thas al T eady associ at ed above the cloud poi nt

tenperature, the polynmer and wax have |ittle opportunity to interact.

Furthermore, if the pol yn&HExont@i s %’égﬁeﬁ’f‘%’)'Wni ch are | ow enough in

nmet hyl ene to conpletely avoid crystallization and are properly | ocated

al ong the contout; -LRe%R tWirld @elsapreiceirsedmrksdn wlax1ior yéxdessi ve

pol ymer/ pol yzner“intéeraction. Thus, .twy polyner, Gt eristd : needed:

c=-ystal | i 2atPOF ROV E SCHEWax “8ph %éﬁpe‘roaqﬁgr‘ﬁl%a dr%tdélggr%g{??ed

structure @ gtabililzeardggl omerati on before gels form The copol yners of the

present invention are preferably prepared by anionic polynerization. This

met hod of polymerization offers_ cgﬁ%ai.ncggi querggvant ages whit:, makes it

extrenely useful in. the syn‘f;hesi s of the“polyners of the present

invention. In particular, by the use of anionic polypetization it is

possi bl e t ¢ -@bt.aiaPTFR S ABVY nFSEF VAW %Jr%%m ar wei thﬁcq&%%’ﬁﬁ buti on,

to obtain tapered.qn bheck polpwerided toccard r cluffie sty urleewd, t he

pol ynmers derived from conju ed _di enes. | 1 hee-r agdi: rization

reactions, earﬁ-oni‘:(?rﬁ'tﬂ%r?ggi?ﬁﬁg (a,‘grcln'lb‘“-'elfg’elrmié(;?"%‘1 l%%ve\hgl?{el_'%h'ef%li*?no :

facile chemirealcdverdd nald il st spgmehtcodr $de POLYMES IS ¥eact i ons do

occur, but under carefully selected conditions with the nononers of the

present inventi % usi @]%eiffkfrraz%m et srgralqiliieg@msputﬁateaﬁhgﬂt shet he end
iTe

roups have indefifite i mes. _
) P fulfilled in order for a segment to be crystallizable.

The first reguirement 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
sufficiently long to impart crystallinity to said

segment. Generally, these sequences are at least 11

methylenes or longer, preferably at least 15 methylenes



- 34 The non-term nated chai ns derived from ani oni ¢ honopol yneri zati on can
be used far the synthesis o. block polyners by sequential addition of

di fferent nononers as descri bed herei nbefore. Thus anionic pol ynerization
offers flexibility in al lowing either block or tapered polyners to be
readily produced. As nentioned hereinbefore polynmers with narrow nol ecul ar
wei ght distribution having better shear stability than those with broader

di stributions can be produced. Sheapsastability is a desirable property in
pol ymers used as viscosity index inprovers. anionic polynerization
generally offers a wide. latitude o f techniques for producing varied
structures of conjugates diolefin pol s. Wth, diepe gppererss 1,4- and
1, 2- addid4 onawegethe ragdil JEeES bﬁ?%%e%ﬁi%pr%/%t elg%ﬁte)i nation of reaction
conditions,, catahystersol vent type, and tenperature. Hydrogenated
precur sd?e%%p]b%?r%r?coﬁt gi ni ng butadi ene units predomnantly in the
1,4-configuration are much mare e=lective in increasing the V.l _ than

hydr ogenat ed grggg&g@&gannﬂg@&ymemomﬁthFndﬂﬁR%&ﬁeh% ﬁﬂrfs“pfedoninantly
inthe 1,2-configuration.. The. Yy ~ofe t o Egeat ivemhiieh can be

pr epar edaWquﬁfg%W%‘?alq%%acgﬁ%?%r%%}ﬁ al li wd(s:atsac! 1S4, such s 1ithium
metal or.gpdi umameal and. er gand¥4§aHi’is or MHYan so;inncélalﬁsts
Preferred lithium r£ Lorpoiigisreonbai ahnhew@ HS45SHH at ons per
comoundPHﬁPBE‘&P?n%ﬁ‘&pﬁg{g%ég Ui RLLi wherein Be 4§ aB1er ganiceraonpound,

pr ef er abkypalhyperocar GeneRaviliy &< | 8337 ~ofie car bon atom and preferably
from3 t%_.6 Q:q{nbonbgrcgggenlésefaﬂd di L s¢brene( DALS cb?rpouﬁ’&s are' di scl osed
in A r.%Aal asa et al. orgagol i thi um_Cat aécy%éeﬁf Orefd nopnclfene

Pol yner i zanifdgusa&hiditesni & §AToMetal | i'c Chemistry Vol .. 18; . pages 55-97,
- 35 AcagdesgiquRiessorlhsing 1980) Lesakt ablle BFYRRG- | PThi UM Catal ysts may be
represented by the_for h@é%ﬁ{i 1e/18idh RPufsiai€att GcCIE O ptef erabl y
C3 to CLOTEI%&1iM aF8Pkyl,* 6 cycl oal Kyl .grou . SDegi o, G exaypt £s- of

sui tabl e ypja;t;aiq/a-tstéd]cd:udelmsroﬁy’ﬂfﬁ?t’-ﬁ‘ilg'ﬂ 35 0pr apyl?i thium,

n-butyl i thi um _ tertiascyhunddiditigumetn-decyt | iafumn Bend§HERER um
4-phenyh4ﬁtﬁﬁ&$lit um _ etc. Parti%yl%gaﬁ glerred are the

butyl | it hbemsent . @f  sASATRYIr0GECATE%S S aﬁ%EFéYiary-butylIithiuns. An
inert diluent, in which the catalyst is soluble, nay be enpl oyegl‘lé Hy
"inert" it is neant that the dil u .does,;nat peagch, wdtthough €he nature o~
t he sol vent na?hafﬁééLQW%ﬂsrgfagﬁgélgﬁnﬁﬁggbf 1,2- _and 1, 4Gonfd-guration
that is optakaededThevyidrerderdtadkentbuiadieReeraPPyebe a Tydr dcarbon free of
- ol efinic Unsaturation .contal ni o &4odn Be £ @r 26 capbbrrgEoRs. = Sui%=bl e inert
di | uents Fhel Gdésafipratics, suc:._as n-pent e, « DsheXxanernai soect ane,

n- nonane, geherzlali cyetived SRIP akPey S Ene,  cycl ohexane,
cycloheotanq_i G ar Ptk &S dSHe asnbannexrs, t oWiehE, X§P%ne)
chl or obenZ8h& 96t . The amount of djl uent, enployeg-b titee priepRration is
not criti calystelddpithatSeTMETeT erft” Anounts shoul d be used to solubilize
t he anountqe%fatqrog@rpg i 41hé Upreatiabyst capedymeEn&eaRS =D, 5o 700,
preferably 1 to 50 Literﬁ of t?g dil yent par gy arcentéeguiagiganc?$ithi um
catal yst drsesEfioyed  Gofi nb’ he preparation of thefp&lliz {onThe amount of
catal yst employed pitaaiehy depshes lupon 3 Fe degiee of ° pol yner i zati on
desires. The term "degree of polynerization," as enpl oyed herein,) -neans
the total nunmber of nononeric units present in e ynmepuc&hdenarily,
each nol e of o=Rahgmértihiom ca@éP%FRW I |magﬁé‘th16 gmriml e of polyner: Thus,
1, 4-addition yields a precursor polymes

following recurring structural

low

nonomer by
chain containing the

units
CHj
I. | . 4
4CHy = C = CH - CHp¥i/ an

II. +CHp - CH = CH - CHo¥



- 36 "degree of polynerization” may be conveniently defined by the
general i zation: Degree of polynerization = total noles of nononer mal es of
organo-lithium catal yst Since to obtain the desired nol ecul ar wei ghts, the

aver age nunber of nononeric units in the polynmer will generally be from
about 50Q to about 10, 000. about 0.0001 to 0.002 nal e of organolithium
catal yst per nole of nononer will ordinarily be utilized. The

pol ymeri zation reaction generally takeg place at about -50" to about 150'C,
and preferably at 20' to o0'C. Reaction times as short as 1 mnute or as

| ong as 75 hours nmay be enployed. Preferably, the t yngerd iQn
reaction is canﬁgyhfm@eﬁatihgonthiﬁinEF8§u%5924 cﬁ%s. e(négggpressure
is not critical; gresguaes Langeniiemcattasphagi cthy following

super - at nosphét G PFeferabl y” f or econony and ease of handling, atmospheric
pressure i s sddlhrzedg snr§ﬁ§U§#BO&Pﬁ§ﬁt t he nononers are added sequentially
wher eby bl ock or segnent copol yners nay be obtained. For exanple in the
preparation of a copolyner of structure Ill, i.e., T - M one of tie
nononers, e.g., butadiene, is hompol ynerized in the presence of the

catal yst via 1, 4-agdition for a geriod of tine %:g. d2 hours, to forma
unhydr ogenat ed precursor eaRy ynetH seyrfein Rﬂcgé taFﬂlng at | east about 65
wei ght percent 'butadiene in the 1,4configuration. Then the second nononer,

e.g., isoprene, is added to the reaction, solution and honopol yzneri zed,
preferably via |, 4-Iadditit@2t0 CFberﬁac’ﬁhhydr oﬁgnat ed precursor segment T
containing isoprene in the 1,4-configuration. The segnented copql IS

- 37 then-hydroggﬂg&f@}{ﬁ?fO%Ekﬁethyhéne wngh séﬁhen?oﬂﬁa&BFregbon ing to
a 1, 4- pol ybut adi ene content of at |%&%Etagngdz&éﬁHy1QﬁgGnﬁnh anee- .
substitut ed mstdilene riehtSegient aving a net hyl ene cont ent
corresponding to 1, 4-pol ybut adi ene of |ess than about 20 nole percent. A
hydr ogenat ed copol ynmer having structuré&®™3v, i.e., T1-M-T3, can be prepared
by first honopol yneri zing i soprene, preferably by 1,4-addition, to form
unhydr ogenat ed precursor segment Tl"c&ﬁ%éiﬁing predom nantly
1,4-configuration isoprene units; introducing butadi ene nononeg ££Q£8 t he
LeactO{ containingﬁﬁggeuggﬁgﬁpggﬂatﬁdl@técalgoﬁ&ﬁ%ﬁrﬁﬂoﬁﬂtsazd .

onopol yneri zing the butadiene via 1,4-addjtio shajy dro Segment,
unhydr ogenat esubpseétussE sBYRBN eﬂ@"%%htajéﬁnqng Ig ;?T;RQUE 20 1ol e
percent of 1,é&ﬁérhiqwtéﬁ@abuf]a@iremuéhd%e ?Wt;r udthig” a 3:’; onal
i soprene into’the reactor_an ai Zdgysar d sesmerdnelfi & 1
4-additi on tBhForﬁ?%ﬁi§ﬁngg% ?%%Qgéigﬁrsﬁi seguent T3 ngaat aitnilegst
preco: ~: i nar. tkygthl 14rcionf | SRARRT BN ig%ﬁrﬁﬁgPe$he.segnenteg copol.yngr T~
-MZ' -T3' is then hyds oggrat gk tcded©gll hepBiyMRtRRignaciir e/ | nfl‘he
f oregoi ng di scdssion concerning t he geE@é o £l &kdfy Gfergon@ngter,s i6f 2
structures M thBsendreghylepe-SeI%871>1 = "5 {0 be understood the t the M
segnment need LoNt@d FapB8dseguahty does not contain, only nethylene
units derived fromthe hydrogenation of 1,4-addition butadiene. It may al so
contain sone substituted nethylene units derived fifm%t ; nydrogenat i on of
t he 1,2-additiontnmaﬁé@menandbotaﬂ§éﬂﬁeﬁ§e:ﬁ?Q%ﬁT a 0ose substituted
met hyl ene units do not exceed about 80 ntle percent of the total units.
Li kew se, segn_?&_rlzs ;I'~(I:I'_§, _aquT:i Ry, GOMTHE T C‘zi'hd— uSkal Ty tohtai m)

CHj CHj

CH, - CHz = CH27T,

hydrogenation of *the 1,4-additlon

of isoprene for every mele of
crystallizable

derived from the

product of two moles

generally not be 2a

diene will '
oot , rich in substituted

because it 1is relatively

segment
and the methylene sequences are not

methylene units,



- 38 nethylene units derived fromthe hydrogenation of 1,4addition
but adi ene, so long as the total neth=rlene units present in T, Ti and T3 do
not coresnond to a 1, 4-pol ybutadi ene content exceeding 20 role percent. An
alternate and preferred enbodi nent of the present invention is one wherein
the copolyner is in a star polynmer formi.e., a star block copolyner. A
living bl ock copol yner of butadiene and isoprene is fornmed as recited
above. The copol ynmer has the above structures of T-M and T1- M-T3. Wen the
copol ymer reaches a desired nol ecul ar “wef ght a pol yal kenyl coupling agent
is introduced. The~pol yal kenyl coupling agent acts as a nucl eus of the
star. The living polyners react at one end with the pol yal kergll. coupl i ng
agent . Theuftvchgnpdlydend.s theAedBgeli \P&t”éd‘ld‘rlqal\?léa FAC4knédn manner .
Each arm of the,star yhg et hereby attached at one end to the nucleus with the
opposite end preferably being a "T" segnent. That is, the free ends of the
arms of the star are preferably rich, in substituted_ngthyl eng units making
t hem anorpRbes Eé@h"aFﬁI\Zof‘ tch%2 star %)r-ef%&‘?%lbl yE%és Pﬁtéizcha?% er of the
strai ght chain copolymer fromwhich it fornms. or the purposes of the
present inventi ofi*8he term bl ock copolymer will therefore include star
copol ynerg_.cont ai Qi ng q:rH{éE_ whi ch have bl ocks consistent with the straight
chain blo chopolcyﬁers reci'ted above. Preferred nol ecul ar weights for star
pol ymers are higher than their linear counterparts art..fromthe specific
and i nprodediviedr £faa% Bhet Ay FRKToLOT v fer tg’t“"r ujct‘@?%dgf‘tf'ﬁé‘ aQrfﬁs, t he
star gol ygggsmg}‘lershg,fprmaiémemiﬁoavam ralle bf dco@mErEe Wil
procedures disclosed in patents such _as . - 39 . Pat 3 4, 358, 565
and U. S. bPataerﬁrﬂ%?a]ill,%gg?bﬁase?ﬁénitnﬁrld‘vceerreln? %J?n?ﬁé?%t g;g c"g%oﬁi/rrer of
the presenb igpent bepchakng thatolybisadienpolyuids ha¥RAg SENEE wHer ei n
there are sharp bhlocks ' _character] hel TRER oUusorai grystal I i ne
propert i e§°1“ﬁ§“&5nf‘llabpgfaf'5#§“ﬁgvi%égﬂg?%i}%e%eéri chéggoups at thegsarms of

t he starsanedrasie atart cehtrety &edsePOrtFn | ubricating ails which contain
paraffin and isoparaffinic waxy conponents capable of crystallizing to

prevent crystaldide-gebl {RersMye PRLEI Quhantiort heislarcquoiairerastof the
present invention are nmade by forn ng bl ock copol i

) b .
The bl ock 1&6F3 yREes &Wé%éﬁiﬁﬁ §e WTPTRsented i L§?g?mrr%?§%£%€fa g\l’/lg |V

Wi th the sifiud unteodinifebei aglest 1 efiet redgm@ns)| ianchg@ bl se&kSeopol ymer
s first prepared by copolyferiizlng blagks. of rbeaRcas yand- fu adigne as
substituted nmethylene units (hereinafter called a "T"
segment). The copclymers may be therefore illustrated
by copolymers selected from the group consisting of
copolymer chain structures having the following segment

sequences:

T - M (ITII)

Tl-(Ml'TZ)x'MZ'TBl and (IV) _

wherein M and T are defined above, M; and Mj can be the
same or different and are each M segments, Ty, T, and
Ty can be the same or different and are each T

segments, and x is an integer of from 0 to 3.

When x=0, the copolymer's M, i.e., M3 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 Tj and T3 segments can be

substantially the same molecular weight and the sum of



.n a preferred nethod, the living block copol yners produced are reacted
‘w th a pol yal kenyl coupling agent such as pol yal kenyl conpounds or

hal osi | ane conpounds such as Sid 4. Such pol yal kenyl coupling agents

capabl e of form ng star-shaped pol ynmer are known and i ndicated to be

di sclosed in polyners such as in U S. latent NO 3,985, 830. The

pol yal kenyl coupling agent should be added to the living polyner after the
pol ymeri zation of the nononers is subStantially conplete, i.e., the anent
shoul d only be added after substantially all of the nononers (fornulas I
and 1) havg heeneeanyer ted 4@ the thying Rineckrfopebmeres The amunt of
pol yal kenyl cou Iin% f}gent added i s pref %abl é‘_at | east 0.5 pol es per nole
of unsat ursiERFENtIFBLY| BEUAG PR VIRT . PRASGREE oIt 19F o tRE Al es,

pref erabl sebzferitn) S nelescaga prefierrdd Thet amressennbiach ray heieadded in
tap or nore stages is usuall.y such so as t at. | east .8-0-35. weight
per cent ofp“t%ceﬁgﬁ%/i%g 5%:31'3? 5SS st arg}s%%%gggggl’.yr‘féres.c & YRE3ct i on

bet ween t hellli \domtpohyaBl Yaraet e sadnenkepgt cbaphi-ng Tigemws care ,nucl eat or
can be carzied Qui.in the sanp sghvent,as therLeagtign o 4f orpithe Iiving
pol ymer. The Teaction tenperatureé can also be varied from0' to 150'C, and
pr ef er abl P 2RCYra 2BV (P2 FRE ReretPBRALAREYElso take place in an inert

at nosphere such as nitrogen under pressure of from0.5 to ?0 bars. The

st ar-shaped pol yners d are. char acf’er.i zeqﬁ_l%y havi ng a dense center

[ epar
nucl eus of crosst§ ke f%ﬁ??‘gl RBRGH YBBTpFPAG aFERt AT 5F mFis8r ©Of arns of
subst ant i aldanddaiear afsatov ad édgpol yagisocest emcthioeg iduitarer dhuernt ker ef rom

The nunber, Qf. arus - i der.abl s tygic from4 and 25,
pref erabl f%reomES‘t g@%l%%ﬁ%yiggggnggn‘%gt Xﬁrcg?ltéﬁlgb%l yygr o%é 'teo‘a%m farms . It
i'S report &dIAreINeC gPEAPRFTA8Aber 0. arns enpl oyed i nproves both

t hi ckening efficiency and shear stability of- the polyner since it is

" possible to pre are a viscosity index inl_)rovi g, ol ecul e_having a high
nol ecul ar wei gtz §EESMPEY ng PR ThTRERTY-T hRBRer nge PRI EF eREY)NM t hout the
necessi t yaforeXcesst vety 1oagradnedlong ThRestapollyaeed qd RIS, tHeYd ch are

still living, y be deactivated or kil i 0 nner by the

addi tion gf\g‘g rsrgcog mﬁ%ﬁ%ouﬂammﬁrchogeaélfg V\A?!ﬁoﬁﬂ%&%ar o1i=1oni € end group.
Exanpl es essa@itzdis ebddactsl vaber stiemicudprobAgoendssapchabad oritore active
hydrogen such g Watll, pbeoholyssuehiascyet hanglgpihanol, d.sopropanol ,
2-et hyl hexanol ) "or carboxylic ~41 ‘acids such as acetic acid, conpounds
with one &&ETVEThal3EFPBEHATLIS0ch asTRAFBEPRS at 375 (beBALedHIssY i de or

f 1 uor omet kamRkirePOUNES M tbgoogt esteloghtul ARG CaHCraHtdd ¢ | not
deactivated in_ thi ar-shapﬁd p%ngr s, wll killed by

s \whay, he living_s ;
t he hydr og&fatTon s¥8p- B ?bré‘ipnan FI 1B ThE9F A hy 3T arBh pol yners

may be reatzec .wi t Irf uthhercaamuwbsreof xTohsneTsy suchlasydrheisans or
d'fferenti%b%@%%né”tﬁggcki%n%h_m999n§555egments be sufficiently
large to prevent association of the M segments from

different polymer chains,

Generally, copolymers of the structure -
My - (T-M3). (V)

wherein M;, 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
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



The nol ecul ar wei ghts of the star-shaped pol yner to be hydrogenated may
vary between relatively wide limts However, they are typically between
nol ecul ar wei ghts from about 25,000 to 1,500,000, and preferably from

' 00, 000 to 500,000. The nol ecul ar wei ghts are wei gh;. average nol ecul ar

wei ghts determ ned by gel perneation chromatographv . The hydrogenati on of
the polyners of .the present invention is carried out using conventional
hydr ogeneti on: procedures. The polyner is diluted with an inert sol vent,
such as hose previously nentioned, or28the criginal polynerization nedium
and the pol ymmer sol ution and hydrogenation catal yst are added to a high
... pressuse=aytocl ave ;sThes uboehavenis gra%sswgéicauhyhmw&efbéo about
100 to 3,000.p.s.i.q.,. and then heated ;.0 5Q' to 220'C, (preferably 75 to
150' C) ?‘8rf§5862°8. 120 Bie ref &bl ¢ "R A hGhr s2(prefefably 2 to 10
hours , whefwentxtngstébecrnadst (y-dwiihea depiassuaiszediddiercat al yst
renmoved by filtering, and the hydrogenated pol yner recovered fromthe

sol vent by conxgpt0 Li_ppi ocedures. The -hydr.qQg i on cat al yst
wi || generall yfgg hsgggfnﬁké'r? éjrr#l;ginrfé o‘$°%?§$’?‘8rgog\7\e¥gﬁ% g&%eenni‘%%sed upon
the wei gh“®FPEhESpdiimel, foald ifidimogpradett ThE specddiens wizn anount of
catal yst ieapl oyed depanlse soMBUNAL UPOD, L NG sRecidd - cal abyst dised.  Any

material functioning as an ol efin hydrogenation catal yst can be used;
sui ts' al e°Bat QI%’S%WWR‘%@ it ke f 10 p PRNCREH -ox28eY 8R4t iHfm on
al um na, paktadlivbuesdibaeceancAPRef €HIQNAt Seghbakeli sSuppardad on
ki esel guh npl yhdenym sul fide, and the_like. The best hydr nation
results V\%chembb gi REd Sni RF FaRby Mk i@l Fapﬁrllgr?’gé’%xté%@s%’eﬁ% g

t enper at uFesuandepr easgsusefCihciremMilcadrexyl at es, r edated nwiatth ladags num

al kyl's cap,als0.he sad, ) fydr %91%.%' on 4,5, car rsie%%e%"{:ts to-LEIRYE L. - €

ol efinic unsaturation present I n the précursor cooolyner. Hydfodgenati on may
be conpl eteXBRIBuBSt ANdragsnzoedl duEadBeronpkétbenydibgehat ilok4 s neant

that all enthgushefbni 6-bends are sHaratede: BY sHBshantiaaldy L@l ete
hydrogenation_is nmeant that substantially all of the olefinic unsaturation
i's satural gt~ By°BABIRERE 419191100l &5 nRE dRSECUrARE offSFY YREHRE at | east

about 80% :ipnef etdly ahaheastsabhaditd®h obuthaiehef,i naadunsatar ati on and
nost preferably, ¢ 2 -Lhan %, _Anot her enbodi ment, of the presgnt
h l\gb@aécg_{bﬁg cgg{eng_ ?‘éd %IC-)%%?E rtx anc }[%ed

invention 1s a tapere ock™or “segne yTrer =0T " hydrogen
but adi ené®*&kRl Ferceast- one ThieerTromndjafed segnentaciran degdrimed

her ei nbefoi®unps ef &f abkk%‘di—é@_@h%@%d A 1’;Iapgé&q%%)g‘lgfgagg?sg%iqg%tdg_%ﬁce;pol yner

accor di nq_lto this invention“is a copolyner o ne

copol ymert ZITE T fir hy'drocar B&EEOeRe orli H5S f arP 2XdfRe, Wdatt@raleactor a
m xture com-abelvigubad adhenecoRbener apd £4id easdqgtec Ot e £oRIHgat ed

di ene nonoper t oagorm$ precursor copol yner having at |east 75 wei ght
percent T, 4-configuratfdn=ofet ﬁ&%‘lﬁ’&d‘i ene and at | east one other

conj ugat ed di ene and then hydrogenating said arecursor copolyner. - 43

A preferred embodiment, a hydrogenated block cr
segmented copolymer of butadiene and at least one other
conjugated diene, preferably iscprene 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-(Mj-T3)yx-M3z-T3 wherein
My, M3, Ty, Tz, Ty and x are as defined hereinbefore.
Preferably, Mj; and M, are comprised predominantly or
solely of methylene units derived from honopolymerized
butadiene substantially in the 1,4-configuration which
has subsequently been hydrogenated. Ty, Tz and T,
contain adequate substituted methylenes to render the



During the formation of the unhydrogenated precursor copolymer of butadi ene
-and at | east one other conjugated diene such as isoprene, at the begi nning
of the reaction butadiene, due to its relatively high react=vity, will be
preferentially pelyZne~i zed. The ccncentration of nononers in solution
changes during the course of the reaction in favor o the ether conjugated
diene as the butadiene is depleted. The result is a precursor copolyner in
whi ch the copol ymer chain is higher~i4? butadi ene concentration in the chain
segnents grown near the beginning ¢_ the reactor. and N che= in the other
conj ugat ed, g ehes ctt entdat icegsica e ielyai andegment sgéoemetlynedre t he end of
the reactioh, These copol yner chains ar et gre . tape |0y gonposi tion.
Upon hydr®geh4atd on 1he® bt §&bé°ﬁié‘mﬁn($:ch %gr%@%’; gﬁ%thﬁyeq po{rs/‘gneeﬂ} .jbég{g'ones rich
in substitused nrbhyppelgmerniized Thersfmrene i n EBékof thisse H3RE™Mgenat ed
general ly_Linear_c ly e | tnedy B¢ SeeErd S n be

di scer neth\T%cf']e%%?ggal Ehﬁggéggﬁkoég?gﬁylggﬁr n;%:j hav§ "ocshazr?};

boundar i eseq@ert b8l A8diGEon SBGMBRAESPEINTCH L hekTT y© oﬁbf%?’é?@“ of

net hyl ene,ope. unit3derd ved Eromitdug durdy ogagatbonadiehbe buliags ene in the

1, 4-configuration and contai ns aqnly s."al.l amount f bsfLtufed nethyl ene
units der E9ed exXaRPLRe RAYdr 5&5&&1‘7%na0f %llr?é:%%t h%?-g%g jégatég df%%e such as

i soprene. s The-segend, segment- it 1 dlsaipnesley marodrer | ks stibsstt eme- net hyl ene
units derived, forexampl e, fromthe hydrogenaiion.ofbnt hg,ispprgpe in the

' 4-confi QBFS‘E‘FBh?eé‘he sf‘%%‘ta%%lgahgﬁf , lé&h{)%’hp?ésa??chginﬁ ?lefﬁy%gﬁe uni t s)
conpri sesrehecceystaklcicial eoSegynemddihiteni t TCo W hs2 nBFESERAAT 20 nol e
percent 1,4 po %Qut@i.er@egggﬁt-sgggagigyﬁgr aS egf@ntr CAgbstsaschhe | ow
crystallini Fy eansntl since 1t contains | ess than about 20 nol e percent

1, 4- pol yboeadeeastedi by. the tirsse t%apered bl ock copol yners the c”rstal
l'izabl e - 44 segnent coaprises an average of at |east about 20 t”ole
percent of the copolyner's awy n. The anionic polyneri zation and
subsec-uent hydrogenation conditions used in the preparation of the tapered
segnmented or bl ock cemelyrerc ar esubsitggitd al |y the sane as those descri bed
her ei nbef ore. The wei ght average nol ecul ar wei ghts of these tapered

segi aent ed, ot bl ock, hydr ggenaf ed,cocoLyngys aae genaisd | y:theugsane as those
descri bed "adbové.” The wei ght percent of the butadi ene present in the
reaction mygrggenas iomatt CHIC I TRRTYRNED fog a tapered seg; aented or
bl ock copol yner having a'. 1 east one crystallizable segnent and at | east
one low crystallinity segmentsy General ly this amount of butadiene is from
about 20 to about 90 wei ght jpercent. Additionally, the amount of the

1, 4-configu_ation butadi-ene ¢4 esefi, in €hgrprecursor copol yner nust be an
anmount which is effective to forma crystallizable se .,ent upon
hydrogenati on o the JF.efut sOohCoR@lsyiBii Ganer abhyl ekl hicamily-i s at

| east about a0 weight percent. The polyners can e"_r%qovered by _Rprocedures
wel | knowmeini zelvd oy tof FeReet&rprenepdeac Tt er i aFs2%sa8F 8 \Water or C1 to
C~ al kanolig caik besadded ircd napki wiz-dde cataleistcoRtelisiagl yrhet he
reaction is. tey-mnated by dropping the.reactiqQn system.nt 0 10

vol unes of' itHA&Nol SHRET ?ngsg%%gto. 1TH8i g%th“'%éjr%'c?ﬁﬁ At %x% ant. After
term nati gj»19Meltie deacsibstahhéahygr odar bbnd safdLicenn s(afnsafed W t h wat er
or dilute mneral_acjd. Alter LY , agly rac&olditdron can be
treated witHIRy AR eheclsacil%e, gg%h“géxngﬁal?A?}\tigsglq'sﬁgecala ., Whi ch
functions alchaigh ittats | vaye Hehekedt ak9se FHEPIBURhENi ERIFFRIDSHD the -
45 | thi yp.comopent,aTheoRe! VBN MBowhe Lacavss esrby, f itht ewizmg £ he

resul t ant 'poal yner solution, drying if negessary .and stri |\p,g__cqc remai ni ng
inert dil RERCUmSQY e9aPedYPeRpeTadRATs {le. PI-HH1Y 2 % and' T educed
pressures (& Gurd depPedORcebmyHghe Eormufle isol ation of higher

nmol ecul ar wei ght polyners steam stripping or precipitation with
anti-solvents is preferred. By controlling the ratio of butadi ene and

i soprene in the\-@? ohicy pol yreri zabign under condi tions which give

predom nantly, 1,4-addition, it is possible to obtain an effective w de
range of nethylene to substituted nethylene ratio in the hydrogenated

pr oduce



When the polynerization of the dienes has been conpl eted, the copol yner

t hus obtained can be hydrogenated either imediately or after recovery to

obtain the desired hydrogenated copol yners according to the invention. The

present invention includes conpositions conprising an ol eagi nous materi al

such as lubricating oil and at | east one hydrogenated bl ock copol yner as

descri bed. There can be a m nor anount, e.g. 0.01 up to 50 wei ght percent,

preferably 0.05 tc 25 weight. percent, based on the weight of the tctal

conposition, ¢ the hydrogenated copol Wre'r produced in accordance with this

invention can be incorporated into a nmaj or anmount of an ol eagi nous

material, such as.a J'qu cat h&ﬂb@i-' o@r dwdreaatban. f udlpendepedc? hg upon

whet her oné€~i's form ng finished products or additive concentrates. \Wen

used in bebeitd@n rigibs | SEBRPESTEi DRSTR8%g. autonotive or di esel crankcase

| ubricating oklsy copotyger egpcentxations are usually within the range of

about 0.01 to 10 wei ght “percent, of the total - 46 conposition. The

copol ymers of the invention.ray he utilizegntRad cwemtdwdan fosm e.g.,

from about 5 WAght PEFEAREGR t%‘aboéuLtf&gSQQrv\\e?ght, percent, pre=erably 7 to

ZS wei ghthgeymentmetrizaeign( afi netral DMRHGIERS ng 1P F6r BA8E™BF handl i ng,

and nay he prepaered, i.n_Lhi oryp-hly caHd yirgaotlohheveeaeli oaonf the

i nventi o3 na(ﬁ[‘)al‘%gsd"prlf“e'v%%lﬂg?%/ dﬁms%ssed. The luﬁri cating gilg;tg which the

product s wfining thecRreshrsan BecsHdEFRH e hbt onh’r hydr ocar bon oi |

derived fyompetngl ey bui,ahgo batkddersynbthetke t UB> caFPR§EdBRI s such as

esters of "di basic acids;, conplex_esters {ifbcatkensnef

monobasi ¢t AckARCPRSNTEHERS, Wi bAST cpgglggg%a%% %ﬁ:‘gh%lils;‘_ olgfllol efin oils,

etc. The -hydr ogesmadth Cegol yumer s sdmehe qe@sreﬁ{-nsa'nv@’%%%%% p&fticul arly

useful as Tuel and |ubricatli o] ket . partityéar byeanir¥ioscosity

| ndex i mpFoves-Tabri ccaﬁlf%g}%&lg géﬁtﬁlg\?}es\’fi e_hydrogenat ed, copglyirers of

t he inst andcohyeati @ertalping seeemeRSdifdso? vaBle i n dil ~W {:Eh the aid o.

a sui tab'{%é%?@ﬂ%te r arg stabky di spaesBeblacdde=aiqpollimed er 95

oi | -sol ubl'e;"dfssolvable in cil, or s~abl y dispersible in oil as that

term nol ®g=ycrseused hétzein Thoes not necessari | y indicate that the

materials are sol uble, dissolvable, mscible, or capable o. being suspended

inoil inall proportions, It doe v Rak 1t heattidades far

i nstance, are EBIEUb?‘é#)?“&a&?%’?‘s?p%?’g?%gg%?ne%?I Ir1to an extent_sufficient

to exert hberbcientendedcepbbghern tife RWVRESARENIENT fhi ciithe TiT is

enpl oyed. Moreover, . _addi;t i,anal 4 ~OyRbFennofchat hevoaddidr Vs may

al so per n‘Ff'\'/RFﬁc@ooI}]a"E%%%ggf E%%g%eimolnreb\% s of .3 .parbti cuég&_tgrg.\polyé@r he=eof ,

i f desi r edhaThe csopt ymer st ak @2 par Re uFaY By 2dserat® 1% ¥ Uoai cating oi |

gorrpolsi tiqus,mdm\pbeﬁgplmﬁ ta%laﬁ atl lealst47onén Lt c@-ﬂﬁ*é%blb%’p%yners are

i ssol ved "or di spersed.  Base oils suit e . i 1 eRpariunge & he

| ubri cati A§EGHT0T T oNsVetY ¢ heSPreled i on P T t hose .

convent i opalene ieplyed Bsy crarjerasd Inbey c st PRGLBFPRE f 8FPTBHEI k- Fgnited and

conpression-ignited. internal L I NeS1xSUetras autcerobeke and

truck engicﬁ@s%ﬁmerqhée%nd“n:aitﬁr%oa %nggﬁagng?ne§ nd the, Like

Advant agequs: esabbstand aisoracanesedibg &ipl dyi f‘ﬁlg%tyhea aqgéd?‘tﬁ/es of the

present i %%g?é&@l&@ se, pi 1S LOoN¥gRKI oapbliy enphoyexk i r23dkd/ oknddapt ed
ower

for use as ransmtting fluids such.as autonpii ghgshon fluids,
tractor fl-nesdiuni toesalcanwe®a™ 19 ui 982afd nydr ZEHL%E%FS?%S hegVy duty

hydraulic | ui 0 teerimng. flui ke o | oGRS S,

i ndustri al heéléjﬁo%,%nﬁﬁthsp\é\etﬁgr.sr%l'ﬂ%g @grgegg%er%?ggt&%é&%l&l COco ﬁ%es iatH ilo‘lg/lr?g Tan al so
benefit fremirbheat APy 8 Woﬁt*}ﬁe”r@éxﬂ, %o&@?;@ﬁ@éﬁlM&@mOefbdxﬂﬂéSﬂbﬁent

i nvention. The above oi | conpoSitions nay optional |y contain other

convent i onakighd dpdrcyes, ambundqoprefe dbjy essmnbputiB( weaboaget sveight

anti oxi dants, other viscosity-=ndex inprovers, dispersants, cor rqs%on

i nhi bi t or sPeiRentf gnithe &efeht eopademer gehtis, ARdt CPRKID| £Br $VeTCLCtl Bh .
nodifiers, and the |ike. ryosion inhibitor al so _kn f; GOrrosive
agents) r MX&”‘E’H&“&%H’%‘V@@’O‘F ﬂt“hlgaﬂe‘fbﬁulti%co B‘e?i? 3 e&%ﬁ?’a@@ efgﬂhg)’ fq ﬁe

| ubri cati i| si.t ;0 |J, st i £ OS] O d oM Pt t Rt
phosphosulnlfgﬂ% %%%I&@gr ﬁ:détr‘g%ér{gtgidﬁ}%el\bgvr 8‘%&%@2‘@% al é’zynﬁgf r% ction of a
phosphosul §gipA6d e paar BPPom hBoanselikalo %iglw;%érceﬁfc,al oxi de or
hydroxi de, preferably in the presence of an al kyl ated phenol o_~ o. an

al kyl phenol thioester) and al so preferably in the presence of carbon
di oxi de. Phosohosul furi zed :



- these netal sa

- 48 hydrocarbons are prepared by reacting a suitable hydrocarbon such as
a terpene) a haevy petroleumfraction of a C2 to Cd olefin polynmer such as
nol yi sobu~yl ene, with f=or" 5 to 30 wei ght percent of a sulfide of
phosphorus ~o~ 1/2 to 15 hours, at a tenperature in the range of about 66
to about 316" C. Neutralization o: the phosphosul furized hydrccarbon may be
effected in the popper taught in L. S.3jPatent No. 1,969, 324. Oxidation

i nhibitors, or antioxidants, reduce the tendency of mneral oils to
deteriorate in service which deterioration can be evidenced by the products
of oxi dat pearepsbh)asgbudgecand nard U6 |Wdiesdeppsi¢snon ahd metal

surfaces, and b I Scosity_gr ) h jaxi. dat i rphihitorscipglude

al kal i ne Bﬁéﬁeﬁ%?é’ A% %?c’gﬁ?ﬁpﬁg%oﬁt%hi‘g%%iﬁ sbﬁg\??‘htgt p(:?fef é?llglbl y C- to.
Cl12 al kyl tstde ctwpalsymerg.Ghxahci @wndommavehedol 1 sutPebebubadiame

toctyl phenyl| . sulLfide, i pEgﬁMJ ] phe pharaphkihy! arhge,
phosphosu?¥hF?§édn%F §g*?§%¥%e yd?%%gggon?,q%%%% g?ﬁ%@gﬁkidagrgn

i nhi bi t or SopplaMersxi HANtECIREINCE n HHHS HhPenPF B/ 8EnptN¥8NSEF sol ubl e
cooper copppUbdse Tﬂ%ﬁ&ﬁ@@écmm? bherdedgenkouishechklings apytsui table

oi | -sol ubl' e topper conpound. 0i [ _soluble it is neant*th?t tgg conpound
is oil soFuBFe2lRgd*+LHorPAES lﬂ‘éﬂ‘di PG 1O Th ThéSbrridrable

addi ti veoagkagew Iheseappdmniconpmtwkrey. be in the cuprous or cupric form
The copper may be in the =orm of the copper dihydrocarbyl thio- or

. di thio-phosphates. Alternatively, the copper nmay be added as the copper
salt of a syntfiBei c ydnegenatedar bexgPI¥Ragsd. Eanptes of-"§&3E Tt hus

include Cl1Q,tQ-6hg fatly RSkt~ SHothRs BdEadh L2 BrwRaLAEEI QHAGI ds but
unsaturated acids such as oleic or branched c I‘bOXXLI Cc acj dsgguch as

napt heni c18ti & oRPABFecid A0 nei gte &F F5FMShoBt 285 S 48°%4%F 500, or
synt heti ciganboxyl i thacidise apeepeetedr atinhemmuie ofbdire R2pooved handl i ng
and sol ubj|it roperties of the resulting coppey, _carho tes. Al so usefu
are oil - s%}’ﬁbl‘x“é‘e‘&&%&erw%ﬁ?#685?53&& égsclo%l‘fclhag‘ ggﬁg?ér ;goérr?ruﬁg R NCSS)
nG-: (wheheégh iss 12900 ,@ab R anthR, mrefeheedamsolmudi fier épcuydr ocar byl
radi cal s cgpt BbB'.nnghreﬁerché ?E%Pfeg?gdprﬁ%fﬁr Vi $Pode, 2GR gy atons, and

i ncluding™radircals such as a eny a%@, Jaralkyl, alkaryl and
cycl oal | pEaei & segmediss Pavei eultht | 9L pEePBr RE@Ys R 39Y RS ¢RQIs are

al kyl groupgoe8f obbom ZAdr S-LRIPONcabans anbits, 1deosadi eal s apyue for

exanpl e, be ethyl, n-propyl, i-prc L -butyl , i-hutyl, sec-hutyl, anyl,

n- hexyl , #+R8RyPO0n- y%,o‘r‘?- og{'??Z‘éEg?ﬂ a%oo%tec?ptog)gt aH%cﬁ%,OLM:

2et hyl hexybp, pbenyl THauty| pdgnyhtsciieiehexyw aret fiybryebepéntlyl00qr openyl ,

butenyl  etc |, 0r e dip o5 A1 LAldc 0Ll Lk’ tBeobt alonuhare of - car bor
w1 g al'l

atonms ('.e.( R and R") enér e "about % or greater. Ccpper

sul phona 26§, 00pheradt oo Aveire2R Y afeeanabees 07 8Y Cal s FPUised.
exenpl ary,gh Wgsful cepper,eQBReUNEGaRgCORBRECElar aRd/MHrdLdde salts of
al kenyl succinic acids or anhydrides. The salts thepsel ves may be basic,
neutral o9etgErdred PietaP et hed WF‘FE%E‘P?HGPES) (§51Yal48A Ehe

succi ni m des-thaviragurey nersoy cps Dighh stat08-ing5260@)iterdamt from
pol yal kyl ege- al yam nes~, which have at |east one free carboxylic acid
group, wi £*°VEb) a reactive netal conpound. Suitable reactive netal
conpounds include those such as cupric or cuprous hydroxi des, oxides,

acetates, borangs, bpoat g5 afn Hasic+@eRPELnGBHRORAL enalxamg ~I es of
#ﬁ% a?%g%g%a?ts o? oa_yi sobut enyl 2ucci ni c anﬁydri de, and Cu

salts of oolpcuébat einlgticElmts IReitd-orpr BFe BBl y 0 &t PR eét-&d °F

less, preferably about 1.9 or less, and more preferably
about 1.8 or less, as determined by GPC as discussed in
G. Ver Strate, C. Cozewith, S. Ju, in Macromolecules,
21, 3360, 1988.

It is believed the novel copolymer's improved

funczion as viscosity modifiers can be at least



- 50 netal enployed is its divalent form e.g.) Cup' . The pre=erred
substrates are pol yal kenyl succinic acids which the al kenyl group has a
nol ecul ar wei ght greater than about 700. The al kenyl group desiraly has a
Wh fro:a about 900 to 1,400, and up to 2,500, with a M c: ab et 9SO being
nost preferred. Especially p=efe;=ed is polyisobutyl ene succinic anhydride
or acid. These materials nay desirably be dissolved in a solvent, such~ as
a mneral oil, and heated in the pre Ce 0. a water solution (or slurry)
of the metal bearing :material. Heating may take place between 70 and about
200' C. Teppetad UL @s HLicAlPuEelio d40tgear 8pentichel ¥ radequatf:-dity sgnay be
necessary, depending upon the salt produced, not_to allow the reaction to
remai n at A rempePat (FE bR BBBTL S 1B0Le e ant exFarded tgeritod o ti me,
e.g., |ongezadhaous rmmx_sosmtidae?)rr@@ehtim fﬂ‘uﬁlhiecﬁathqrrﬁdhmgwt . The
cooper antjoxidants (e. .d., Cu:-polyisopsten sycci ni ¢ .anhydri de,
Cu- ol eat e‘,%“g%(é%@? D?és a‘tt%éjreeofslgwcl Ofdﬁep%é%éré’%l ytkéﬁ'pllélfé{}qar?'—é‘ﬁ anount of
for aboute5D. t oT'SD9 peAuby Weitghtindfer-heamdt ahtraAmbiecdfliandly .| ubri cating
or fuel conposition. Friction nodifiers serve to inpart the proper
f=fiction characteristics to lubricating oil conpositions such as autonatic
transm ssion fTYRHS2L Reprehedtalhdveo ekafsies ots sHazf 2idid ceindn
modi fi ers: sggafoendnis UsaRy PabepbnMacs3, 983,559 whi chhgisploses fatty
acid esters and amdes; U S. Patent No. 4,176,074 which describes
mol ybdendm Corpt ex8878f pdtSi §8Bu LAt hi BLanmyRir Faetadi feoal kanol s;
U S. Patreigh No.emgehobe hifds whi aitb vl sa Oses tglager ola:est ebncef dicger i zed
fatty acigs;; U .S t 3,779,923 i ch di,scl oses al kane phosphonic
aci d sal t%sgﬁu Ss Ige:rs}esﬁ:tmlwz%l @.8%,%, §ﬁs\ﬁnaiclcﬁ1 %I?%EFSSEST‘rﬁéacti on
product s ®fea phoOSPRSntiGHA t andnmekeartie; ol SuraidntthNe. c3p882, 205
which di sedees S5ar bosyabiylene DYGhacydul: SUCELBEMAL cno 011
S- car bexyal kyl ene dr ecar byl succinam c acid and m xtures tfﬁer_eof; u S
Pat ent NJ&-2'8, §79 306 o e Qi S CseSRR( h§aY 8xF&LKFRA Kk eMHS=s§éEYnani ¢
aci ds or msuticd g deserystalPadile NO. 3292223, Whi CEf@e@:%'iO%@E reaction
. Pa

p=oduct s Iy {Lower alkyl). phosphites . and epoxides; and. U. tent No.
4,028, 258&/% lf&}.g)lra?sé}’gse‘)sl$% Sla“r:‘ky]inaﬁégo ':§§%9dm%t B‘Flﬁﬁcliﬁﬁosul furized
N- ( hydr oxsedUdd Inal kemy|  suighi ni hedésctiive'di spbdsuees ohotlkevabeve

ref erenceg arg- hergin | c pgr at ; Lekergnee, The: ypost preferred

fricti ongﬂ%ﬂ |ﬁ%'rs%ér eééslg%%?%at e%s%%‘rér? oroefqrre £l shcg s th@f’ésof)‘sof

hydr ocar BRAS SRS | it edFsuceibierzgials @f aghydriiedes sidestsi obpsnal kanol s
such as desddhed. | NslenS.e AN, 7idA~RI%c D SPELsaghsmakatain oil
insolubles . resulting fro. cxidation during use, in suspension in the fluid

us
- thus BV SSRE S uBige SESc AR ahRe pPedi ﬁ“iksd‘i%ﬁt%_@tdéﬁﬁsi tion on

metal parteipSwEtahde diapaigants E0EKE ivde thi gbr: athec~wil afs weight pol yal

kenyl sucgi- 'eg‘aiéies%\?‘%bgdr_eacti on product of oil-sol~..:ble polyisobutyl ene
succi ni ¢ “anhydri de h éfhyl ene am nes such as tetraethyl ene pentam ne and
borated salts thereof. Pour point depressants, other~rise known as 1 ube

o1 T1ow i npr el 351 Quiet tLAC JAMEKALLIM fo Bbcibeh de fiLi doyLhL Tl ow or

can be poured. Such additives are nown. Typically 0O ose addi

rives whit=on (3ERul [BebbRYed| z&% hel2 & t ehpeFaRddeD | urdfegoret he I uid
are 06- Cny atictlyd i 1kT8r 3t urdy | paget ah&1 66RLY MB¥i8an POl M nethactyl at es,
and wex napthal ene;, roam eont el °3n, 28 Prov dedh by, en gntifoammnt of the

of the lubricating oil solution therecf and provides

low formulated oil viscosities at low temperatures. It

is believed the copolymer's characteristics of

exhibiting a higher polymer asscciation temperature

than the oil's cloud point minimizes interaction with

the wax 1in the o0il and accordingly decreases the

tendency of oils to undergo gelation. Also, only a

portion of these copolymer molecules is crystallizable



- 52 polysiloxane type e.q., silicone oil and pol ydi met hyl si locane .
"Anti-wear agents, as their nane inplies, reduce wear of netal parts.
Represent ati ves of conventional antiwear agents are zinc

di al kyl di t hi ophosphate and zi nc di aryl dithi osphate.

rust inhibitors include the netal salts of sul phonic acids, alkyl
sul furized al kyl phenols, al kyl sal +c3d at es) naeht henates and ot her oi
sol ubl e nono- and di carboxylic acids. H ghly basic (viz, overbased) netal

sal es,

Suptudi Mol Vubao! Combialbng. cart Bulet ghadl hg”%létﬁgsep

and My salts), are f=e use

as detergents. Rep e

Det ergents and net al

phenol s,

ecially Ca

exanpl es of

such mat 895N gyl Phet ?Vﬁétﬁéd§C§fqﬁ%ﬁxﬁ%@¥bﬁ basrifound iheleo- pendi ng
N@reMﬂJOJexcféi@ﬂve]mi(n&émé@géulBE dhg%e%g%o%f whi ch i's hereby

Seri al

|ncorporateq Q%T erence. %oge of these nunerous ad

mul tipli GiXY© A YFEPBr sdhit - okfBat iR YPEE DI t dis. Thi s

f eEF§RESG

approacha&;amﬁﬂaﬂqnnmthautrpﬁmhmﬁmabeetu t hen el aborat ed herein.

Conposi ti ons when containing these conventional
bl ended into the base oi

itives can p =ovi de a

additives are typically
in amounts which ate effective to provide their

nornmal attenddft FRfActHGiYneRephasemlatdady ekEeotiiueednmatitge Ofpguch

addi ti vegi1anie |bbqg&rakggp@§guaJ§ww
COrr03|oQ Inhlblt - 53.W. % (Broad

oppertunity to lnterac.. Furthermore, if the
polymer contains segments which are low enough in
methylene to completely avoid crystallization and are
properly located along the contour, these will act as
steric blocks to wax or excessive polymer/polymer
interaction. Thus, two polymer characteristics are
needed: crystallization above the wax appearance
temperature and a segmented structure to stabilize

agglomeration before gels form.

The copolymers of the present inventicn are

?

preferably prepared by anionic polymerization. This
methed of Polymerization cffers certain unigue
advantages which makes it extremely useful in <the
syntiesls of the polymers cf the present invention. In
particular, by the use cf anionic polymerization, i+ is
pessible to obtain polymers having a narrow molecular
weicht distribution, to obtain tapered or block
polymers, and to control the structure of the polymers

derived from conjugated dienes.

Unlike free-radical polymerization reactions,
anicnic polymerizations can be performed whers there is
no <facile chemical termination step. 0Z <course,
terrnination reactions do occur, but under carefully
selected conditions with the monomers of the present
invertion, wusing inert solvents and highly pure

reactants, the end groups have indefinite lifetimes.

A%%l %%.Ol%gosbl& N%dlfler



W. % (Preferred) .0-4 .01-1.5 .01-1.5 oxidation Inhibitor 0.01-5

Di spersant 0.1-20 0.1-8 Pour Point Depressant 0.01-~ .0Ol-1.5 Anti-:namng
Agents 0.001-3 .001-0.15 An~i-War Agents 0.001-5 .001-1.5 =fiction

Modi fiers 0.01-5 .0O1-1.5 Detergents/Rust 0.01-10 .OLl-3 Inhibitors M ne=al
O | Base Bal ance Bal ance Wen other additives are enployed, it may be
desirabl e, although not necessary, to prepare additive concentrates
conprising concentrated sol utions or jgispersions of the viscosity index
nmodi fyi ng copol yners (in concentrate anounts herei nabove descri bed),
together with one or nore of said other additives (said concentrate when
constitutheg amcmduethipafest ur €MBdinFy r ePELVER t o A& e | FES T additive
package) ,yherebynseyenal; addihihvese calzdie addedcisé mitranteonssy do the base
oil to formthe lubricating oil conpgsiti oga.gissol utd on .of . the additive
concent riat@cknt 8ot BeFEbr P¥at PRFUSFIS ey BESFacrll t at'ed By ol Vents and .by
m Xi ng agepARaRsedawi t b oud-ddhent imgrebnbefdirs. i s nBhusssemticalic The

concentrate or _additive-package w ]| . ical ly be fqrr ted .t,0 .contain the
vi scosi t §°1 KO8R ~F AprE%; n§§¢86%| y%wre?xé%éﬂi'ge %rhd%(fp%q{w%?l :eg'dﬂoel"onal

addi ti veslbakpeaperamamedt sollomereyvite bherdedidied ROPECAEEat i yF in the
final fornulatj pti 06iks GRMbEAed pMtdr @ ar

pr edet er%eﬂgggg%u%%iﬁ%gg?%br#% nt . Thﬁétagt he gr odu(it,slé(;tfftahe - 54
present WRLENEti 6r SEa L rrleBavéngmiYt @ Ft %2 of SHaSe+di%Y &=t her
ngpati blcﬁo.%%' VERts akedut h @mefig@susagl ecaddi tcievelsplztdﬁxfcfﬁcm f
addi ti ve- packages co™ tw ning active ingredients_j,n ective amounts o
typi cal | §EFF6m5a‘Pﬁ)‘?J’tli?§ to° alfou egé%a&’g%d %7%?%7’—5?y %?orﬁoglb\}omlﬁ*% to about *
75% andyubBeat apr efiexaklif riomeboitpB8overabout 50% by wei ght additives in
the appropriate proportions with the renmai nder being base oil. The
additives of the present invention may be suitably incorporated into

synt heti ¢ baséndichd csuphlyBealiaAtian egeneradildar BEX#FiSc aciWsiepol ygl ycol s
and al cohgl.sy,pQl ¥ phaephebias, R ybrdanesng alkyl deenzenesiuesgani c

esters of phosphoric acids, "polysilicone oils, et o
of conjugated diclefin’ polymers. Wwlth diene monomers,
1,4- and 1,2-addition can Dbe regulated by the

appropriate combination of reaction conditions, 1i.e.,
catalyét, soclvent type, and temperature. Hydrogenated
precursor copolymers containing butadiene units
predominantly in the 1,4-configuration are much. nore
effective in increasing the V.I. than hydrogenated
precursor copolymers containing butadiene units cgre-

dominantly in the 1,2-configuration.

The polymers of the present invention can be
nrepared with known metallic and organometallic
catalysts such as lithium metal or sodiun metal and
organo-lithium or organosodium catalysts. Preferred
lithium compounds are compounds containing two lithium
atoms per compound molecule and include LiRyLi wherein
R is an organic compound, preferably a hydrccarbon
having at least one carbon atom and preferably from 3
to 6 carbon atoms. Useful dilithium (DiLi) compounds
are disclosed in A. F. Halasa et al. QOrganolithium
Catalvsis of Olefin and Diene Polymerjization, Advances

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




The final formulations may enploy typically about |10 weight percent of the
addi ti ve- package with the renai nder being base oil. accordingly, while any
effective anmount, i.e., viscosity index inproving effective anmount, of the
additives of the present invention can be incorporated into the fully
formul ated lubricating oil. conposite on, it is contenplated that such
effective anmount be sufficient to prgvide said | obe oil conposition with an
anount of the additive of typically fromabout 0.01 to about 10, preferably
0.1 to 6.0, and nore preferably fromO0.25 to 3.0 wei ght percent, based on
the wei ghtacdenld eampesi timn. EXORPLES THEe iftebllew owg sl sl umhi ch

i ncl ude preferred_ enbod| nments L, el ustrat e toi Nt i on, -
55 Unl eSSC%E?"I&%Mt% Eth eg',é a%%ggpggﬁtgd:/]\eiﬂgyﬁt etﬁeér]ceﬁrgﬁg%preﬁ;?\si:ld her ei n
are based wremeinv&< ngs edi &G ta. Cap corb@ntPF e addf1i ¥, @/ or upon

the total poloht ofaamyiaddilbye1packaaeqrsud of mddion: whighmid | be

t he sum of a.l. wefght of each‘_ additi've plus the ll\,el‘%git_, of total oil
or dil uentQf Thi EREFRRG Sef f i T3 TSNS T, F. FIFS UG i ndy BREPR e ¥Ht B8R of t he

wei ght per cent by 21pehYusobut-ylene 1(30liduas wirold rantaitl ot pyudExxon

Chem cal Conpany_as_=aratopn- havi.ng a Staudi nger nml ecul ar. wei ght of
20, 000, r%Tnép?%ﬂl%6t{1ﬁ?‘t‘9keﬁe§'§é8wgﬁt"—‘%& r4ac,1?6¥éeq¥1‘eurf At ﬁlﬁleéra}‘a}m? ubricating
oi | ) havi ngra. vi scaxiticwdfarlS0 SUSfatrrFd &aCe &hei shwsyiddtimdexs of 105 and

an ASTM pour _ poi QO F.(Sol vent. 150 Neytral ) Ondeyi SEOSidys of 12. 4
centi st okes’ %t'gg;ga%ltd fsﬁ‘% \/\Bi’%%t ‘percent of a test %epol vznesr required

to thicken the sane oil to the sane viscosity at the sane tenperature. For

li near pol ymers;Qf apgiven getdpdene cAnt eRticH hecHehi cketingsef figiency is

appr oxi rrateli/ proportional to the 0.75 gower Q.. . the wei ht-a;_ve‘[)_?%e

mol ecul ar S®gRES, LBRY SFSERIYEDT opBYti 69565 t He 1 tbrTTHt T ng"0F I s of the
present investkonuane ealdiaied hyaat puabehoaigrsitgmd ficante test she MRV (M ni

U Scosi ty TRLTERE| BAFSE SRRy ot "otran s 1 BaeTal 3F R v dof Grmined at
-25' C. CCS=¢folduerankinnghsitmilsardtgingd ng Bheeéhfrfuel wemSTREDR602, a
high shear ylscoshly pRASY eMBfirddarbon 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, cyclchexane,
cycloheptane, etc., aromatilics such as benzene, toluene,
Xylene, chlorobenzene, etc. The amount of diluent
employed in the preparation is not critical, except
that surfficient amounts should be used tc solubilize
the amount of organolithium catalyst used. Generally,
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 polymer.

The amount of catalyst employed primarily depends
upon the degree of polymerization desirec. The term
"degree of polymerization," as employed herein, means
the total number of monomeric units present in the
polymer. Ordinarily, each mole of organo-lithium

catalyst will generate a mole of pclymer. Thus,



centiooises. This test is related to a lubricating ow's resistance to
col d engi ne starting. - 56 TPl cycle MRV--Determ ned by ASTM D468. ;.
This is essentially the sane as the ASTM MRV not ed above) except a sl aw
cooling cycle is used. The cycle is defined in SAE Paper No. 850443, K O
Henderson et al. The copol yner of the present invention, when used to
formulate lubricating oils, has been round to | ower the viscosity neasured
using the Cold Cranking Sinmulator Tes{. _At the sane tinme, |low TP-1 cycle
?~tV is maintained or |owered. The thickening efficiency is inproved and
the | obe oil has high viscosity at high tenperatqres.ang Iog% Lscgsity at

| ow t enper'*degese Eﬁamﬂhyneni4ﬁﬂ§QW%oBFén€ﬂ}ﬁﬁﬂﬁﬂ?ﬁﬂ%-£¥isoé%gﬁ ) tri-

bl ack copolyney.vesnpreparadiwsi:ng a a high vacuum techni que. The
experinmental procédure is described in detail in the reference: M Mrton)
L. J. Fetters, Rubber Chem Tech., 48, 3 I 7 ~cycl ohexane
were char g88ST8eaci PPLEPSFZETGN 1 aske: Pgi égoggiég%;m 7 g.

i soprene) followed by 0.0199 ¢ sec-butj%%&% i inftiator. The nixture was
allowed to react at 24'C for 2S hours. .6 §. 1, 3-butadi ene was then added
to the reaction mxture, and allowed to react for 24 hours, 15.7 g.

i soprene was themnadded b taia revetdonl Fekt BP €2 GRY2AgHPAA T Sowéd et 0 react
far 24 hougs, Ther azcljan yas Lhepcherdri gaied by adui ngolegassed et hanol .

The resultrng copol yner had total wei ght average nolecular wei,ght. . of
180, 000, wiehesadhAYpdIgbEEam eRCBFo %agf’ngﬂg\%‘f‘ghtl%a\lég?}dge Fo1ecul ar

wei ght of 80000Q. +&he .hati ;dfe WBf ghtganel agbitn pavbélyssv@eayaahs ecul ar
wei ght was | ess t han

1..2., The microstruct ameasured to be bl ocks of
about 93 m@?gﬁP“BEFEeHP%fgﬁiﬁﬁﬁiﬁgiyo giggg%ggg and about 7 weight percent
3,4-addition of isoprene, and bl ocks of - 57 about 93 wei ght percent

L, 4-addi tion butadi eng AN 2boutod Welahts ReTGaRirdL By addiddaon e

at abcut -50° to about 150°C, and preferably at 20" to

§0°C. TReaction times as short as 1 minute or as long
as 75 hours may Dbe employed. Preferably, the

polymerization reaction 1s carried out for from 4

minutes to 24 ‘hours. Reaction pressure 1s not
critical; bpressures may range from atmospheric to
super-atmospheric. Preferably for economy and ease of

handling, atmospheric pressure is utilized.

In one embodiment the monomers are added sequen-

tially whereby block o©r segment copclymers may be

cbtained. For example in the preparation of a
copolymer of structure III, i.e., T - M, one of the
monomers, e.g., butadiene, 1is homepolymerized 1in the

presence of the catalyst via 1,4-addition for a period
;f time, e.g., 2 hours, to form =2 unhydrecgenated
precursor copolymer segment M! containing at least
about 65 weight percent ‘butadiene in the 1,4-
configuration. Then the second monomer, e.g.,
isoprene, is added to the reaction solution and
homopclymerized, preferably via 1,4-addition, to form a
unhydrogenated precursor segment T' containing isoprene
in the 1,4-configuration. The segmented copolymer is



The pol yner prepared in Exanple 1 was hydrogenated as 'allows. SO g. of the
copol ynmer prepared in Exanple 1 was charged to 2 |iter high pressure
reactor. About o0.75 gal. cycl ohexane was added and the polyner allowed to
di ssol ve overnight at roomtenperature. The volunme of cycl ohexane was then
increased to abut 5 liters and a nitrogen sparge was begun. 15 g. Pd on
CaCCB8 hydrogenation catal yst was then added to the cvcl ohexane sol ution.
The reactor was seal ed and hydrogen3ies added to a pressure of 3800 kPa.
The tenperature was increased to 80'C. The hydrogenation was allowed to

pr oceed Hro¥n abguir e mwted. thhefoeactmetivalsenderistiowsygunentedd | o

at nosphe and_th C on ed _through a heated
filter. %&Qﬁéﬁ&f_ﬁ sgﬁotgcgyn’p{ 3{ I@ E gk%ﬁat eékltggrtew genc%d by a 1640
cm 1 pealleafﬁi t%\leoilﬁf r& el e sReI®RNpr oelnées trléqw%gem'am:dden@ est ed

accor di ng 4yp M/&Pe2§8ng8menaagethly@@ele Boredd 58806 t was adder

to the cyclohexane solution and the Solution returned to t e re ctor, where
it was HWRIr ogendtRPEEPHEREiFhRd 2bovkeFDr BR2RAIRPPBRaAl 291 toles. The
sclutiopavasergain filtered through a heated filter, this time the 1640
cm 1 peak was absent, so the cvcl chexane was evapor ated on a steam bat h.
Prot on NMR anal ysis showed 0. 94 nol e percent pol ybutadi ene unsaturation and
1.89 nol e perxenty@obygesepednecaopsaymeat | mviE)c_ar’qﬁ‘er@c*ﬂ're herppl yner

described in Exa '29-1%5“’a§ar§“ §0l0¥g?,al.|;da b %.gm I nent éy@_e 5150N mi ner al

oil, at an armuﬁt suf fcient to ra| |nema 1 ¢ Vi scosHy at
| 0O-C t -2INB CSCPZRRAg WIS F 2P Wik gt bef'Céﬁlldlo-flodhco#ﬁer@m
fumar at emHywtoseriaka | olaeeeuk:sf:k:ow ts@@ﬁz@tﬁ:r : t enpe e Uk enyi scoaetric

properties are. gi ve el ow. g
pol y(i sopretes ?)WE |ene§1 ‘bll‘f)‘?’& kg‘éﬁi%f'?ﬁer wWas°BrE&Rar ed WRITE a hi gh
vacuum tiechmdueiag desctadeenen hxanpherl.  Iots05 ghecycf@iletw;ﬁe was added

28.6 g. e.and - buty LIt T, lowe to react
at 25' C‘Jf (rlpé‘ h22§§gyg oégﬁadfgéné ecm:ﬁpen Q%%%%@? he® mgxture and
al | owned ﬁ@qmmqimZamaddltbﬁonabuzlt-dhm Thiea reabt‘imd@va's-@er m nat ed by
addi ng qdegassetsfetBanrm T\l}%fcﬁ%&érﬁi@eﬁogge\ﬁﬁ%rsot}adsw:ﬁm aver age

mol ecul ar wei ght of 9k 000, and m<crostrucfure simlar in Exanple a
1. The I\‘i/?rlrl\m’—-v%sni P edafte BPPNE pslOynBP LS eBSFEET N BXanbl €4 was

hydr ogenairest qas-sleseni bed:utnaﬁ@&rq:ﬂ e 2anthi s them, 5 Dnteodtdendi bl ock

copol ymer, Was. di ssol ved in 700 ~cycl hexane overn| ght at foam

terrperature TRy, PP ?‘lre(%eCDSlﬂyarog &t i o XA H ysFr\ﬁas BRRRd to the
react or ranidrmdrel z agt osa s@alisthpddydr oyer pE-eSs@nd_Wasm nteeasednt o 3000 kPa

and the Jm%g@e@ceg 9 Q15 oI e durlingen t" L 9«3;; eg-out far 21

hours, at V\/m chtine the pressure was rel easéd, cl‘ohéxane hot
filtered I Haonove Ché CGRIEINEITETHAS © 630PEMPE - |~ Eé’ﬁd RETeDseHt . Exanpl e

6 The paapwrywescribes,inTExany eremasydrsgehyedd e 6.6y CORLi nent type

5150N aner@I ,1at Sagrgg%gg_te_

In the foregoing discussion concerning the prepa-
ration of copolymers of structures M - T and T; - My, - _
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
methylene units derived from the hydrogenation of the
l,2-addition butadiene and/or isoprene, so long as
those substituted methylene units do not exceed about
§0 mocle percent of the total units. Likewise, segments

T, Ty and T3 may contain, and usually do contain,

-



- 59 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 flow

i nprover. Low tenperature visconetric properties are given in Table 2

bel ow. Conparative This exanple illustrates the segnented copol yners of U.
S. Patent No. 4,804,794. Conditions of oolvnerization and results are
summari zed in Table 1. TABLE 1 Reactor Inlet Tenp. ('C )19.5Reactor Qutlet
Tenp. (' C.)46Si destream Feed Tenp. -(38C~) 5Cat al yst Prem x Tenp.
('C.)1l4.5Catal yst Prem x Tenp. (sec.)aReactor Residence Tine (sec.

at Si destream 1. 68Si dest =eam 2. 84Reactor Res. Tinme at Quench(sec. )2.,2inlet
Feed Rat e tfrid/dmeHexaies 828etivelde ntxiSPr opy | RY\@PFOVTCREEL2E8 QD ¥ C-1i~) 3C131.

24Sweep He kgL (L)A02Si destr Fged Rat esed&@l hrgechyle
(2) Hexan@f)é‘g%ét%nvl %%%f%ﬁ}g%yl %ﬁi4&%@ot al Hexane%cg Kg/ hr)%OZElSi rcxlleest ream
Feed Sl it ifag . podSdes-reatn 18aSiardt FrafP2d@1EPF1882°5€0r5bsi ti on

(ethyl eng w_4:53Quenehe fkatBhrEnkaniceed b0 mylystmdtdanty (W2 - 60
Not es ( ) Swe€p hexane introduced with catalysts. (2)Total of equal
si destream fl ows, except where indicated. Conparative 2 The copol yner

described in Goppalaté¥gatewasnd splefedried aedocbdlornitnentt ypee SIS0N
mneral oil, at an amount sufficient to raise.t I €. Viscosity at
100' C t o PEESIHS 12D Rhy°0 & ¢ V\‘é?%ﬁ?lrge?lg%ngggg“g%(%lm%sr cTrgI 2

f umar at e-adayy| patemate foow, i npreover 2 Lsvex ehpeFdt (FRFP YL ¥EBRRt ik

propertigs; |, £ephbpl SeoEeRh-ARe blVefuddulahl € ata TABLBr2ne is
formed as recited above. The copolymer has the above
structures of T-M and T;-Mp-T3. When the corolymer
reaches a desired molecular weight a polyalkenyl
courling agent is introduced. The polyalkenyl coupling
agent acts as a nucleus of the star. The living
polymers react at one end with the polyalkenyl coupling
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 "I" segment. That is,
the free ends of the arms of the star are preferably
richn 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.

ny

or the purposes of ¢the present invention the term
block copolymer will therefore include stax 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.

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



Pol ymer TE CCS) -20'C MFtV) -25'C TP-1 -25'C Exanples 3 . 3.8 2450 cP
11,400 cP 10,900 cP Exanple 5 2.1 2750 16,000 23,500 Conp. 2 3.4 2800
Z2,000 11,500 Table 2 shows inproved CCS viscosity of the segnmented bl ock
copol ynmers produced by the current invention, Exanples 3 and 5, conpared to
the less well defined segnmented structure described in Conparative Exanple
1. Exanbl A 7 h four arm pol y(i so~aren8-b-but adi ene) stir polyner ' was
prepared using a high vacuumtechni que. To 505 g. cycl ohexane was added
28.6 g. isoprene and 0.036 g. sec-butyllithiu.a. This was allowed to react
at 25' C. Uf.orS24 Ratiest 2Mo4 g4hdf8diSére @88 t Hen &ddedat®nithe Nfi-xture and

al | oved {0gh@agl el or aneadditiohaherd BQUrEhe TRRaSt akopel yHEE Was forned by
adding 0. 52 g. Sid4 linking agent, allow ng the mxture to react for 24

hours. TREer eBceT HMC walsN YRR Fi PRt RE P addhg 31 HeGRESSd MRSt hanol . The

resul ti ngastiag copayger Hhpdrainei glthea-‘éer a%éml esulaa-lp weirghickef 260, 000,
with bl ocks of about.,L 93% 1 3:1H991§,Pre nd about J% i.SGpr.ene
Y% 1

add=Li on§ 23RGBFGERS of Phbo a8| ene Addi tlva’ns o
1, 2- but ac;h:ene*acldlstl on@heB@mpf:egtB:émJeorp@I pavindessethgdene Edampl e 7 was

hydr ogenaleys (& bk el ypEr lescrihed haaExanl exlayag diasol ved in

900 m | ohexane at room tenperature overnig . CaCCs
hydrogen&Fﬁor\-%t‘-é-l yER WP @R D ?héscyéll(ﬂﬁ’exfé%bééputﬂacﬁ?-&ﬁd‘ t'he

reactor seal ed»sld‘ﬁir:%g@ﬁrpi@ssuagx\_p»as ideRARARt4 0 308QakRa and 4 he
t enperature mgqeased to 70' C The hydrogenati on.vwas perforned for 20

hours, af ¥AFehILFhEs P RERLhe FResSrattttd F6LatmSspheric and the

cvcl ohexane sol ution hot filtered to remove the catal yst. The pol yner was

precipitated &‘n rreth Ql ?g Iefl n ¢ 1@4& m vﬁeb nd mas .conpl etely
el i m nat ed Exarrplee o po npleco 7 nent pe “minéral oil Low

t enper at @r'esems;cgmmeem:coﬁa@re gade bY fomlng block CODO‘YmE"S
as recited above. The block copolymers have a

structure as presented in formulas III, and IV with the
structure of III being most preferred. The living
block copolymer 1s £irst prepared by copelymerizing

blocks of isoprene and butadiene as recited above.

In a prefefred method, +the living block copolymers
roduced are reacted with a polyalkenyl coupling agent
such as polyalkenyl compounds or halesilane compounds
such as SicCly,. 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.

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

living block copolymer.

The amount of polyalkenyl coupling agent added 1is

creferably at least 0.5 moles per mole of unsaturated



8 was dissolved in mdas recited in Exanple 6. properties are given in.
Exanple i 0 A star polyner was prepared as follows. To 575 g. cycl ohexane
‘'was added 29.3 g. butadiene and 115 g. secbutyllithium This was allowed to
react at 25" C. for 24 hours. 56.9 g. isoprene was then added to the m xture
and allowed to react for an additional 24 hours. The star polyner was
formed by adding 0.081 g. Sid~ |linking agent, allowing the mxture to
react for - 62 24 hours. The reagtk&q_mas term nated by addi ng degassed
met hanol . The resulting star copol yner had a wei ght average nol ecul ar

wei ght of 180,000) with about 93~ 1,4 isoprene and t add eng,pggi tions. 7~
1, 2but adiléve reddinolome T and AFAHDER3 ffz o1 %’j S

-isoprene additions. Exanple 11 The
pol yner d:ad J N1 Exampl es laoles hyde ogerdeadeds gThsf FR-pol yner
described in Exanple 10 s ,added_t o 3000 %@@gxgge asdadigsol ved at
room t enpérietur B2 4y &eni @%@edl.l& g Ri Vet ﬁ%ﬁexanqate and 6.74 g_triethyl

al uni nUM4.250 4 hexaselonereet hem belet 66-8Ae“&YONchd&RT2 Sl @i on. The
reactor was seal ed and, hested, 5Q GG 23 O @5HlURe=©4 . 4000 kPa hydrogen
appl i ed. e #fy‘ﬂ’r’b%%%%%%‘%éplggrri ega.outa'for abut 15 hours, at which

poi nt the pressure was rel eased and the product hot filtered. The polyner

sol ution'was dgashed ,usi; glhasjegi,gewattg{e Stiivppigngpeahgméhe ayd| dhexane
flashed off on"a steambath IR anal ysis sho dtegseégA aldy-gouplLate
pol ybut adiehg2 hyerpyefatPéAnNdarf@ ¥ ot e BEF@gﬁtcﬁolylsoprpne'ﬁﬁlts not
hydrogenated. jnCxa®! gak2 Thelpohymazs froe Deanyionltfast Wsssheed

nggre?it ?gﬁg;%ggﬁgé‘%%%%ﬂ:b 1320' rienacE:)S.aorHjl@exgpel‘Q%EQWrat A €oViheconetric

varied from 0° to 150°C, and preferably 20° to l20°C.
The reaction may also take place in an inert atmosphere

=S 1
such as nitrogen under pressure of from 0.3 To 10 bars.

The star-shaped polymers prepared are
characterized by having a dense center nucleus of
crosslinked polyalkenyl coupling agent and a number of
arms of substantially linear unsaturated polymers
extending outwardly therefromn. The number of arms may
vary considerably, but is typically from 4 and 25,
preferably from 5 to about 15, and mcs; preferably from
5 to 10 arms. It is reported that the greater numper
of arms employed improves both thickening
efficiency and shear stability of the pclymer since it
is possible to prepare a viscosity index improving
molecule having a high molecular weight (resulting in
increased thickening efficiency) without the necessity”

of excessively- 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
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, isopropanol, 2-ethylhexancl, OTr carboxylic



- 63 TABLE 3 TE CCS. -ZO C MRV, -25'C Exanple 9 2.74 2700 cP 13,900 cP
TP-i -25'C 18,700 cP Exanple 12 1.99 2820 cP 14,700 cP 19,000 cP Table 3

shows that polynmers having the"' crystallinity on the end of the arns,

such

as Exanpl e 11, have higher CCS viscosity than those with the crystallizable

portion near the core,

as in Exanple 9. Exanple 13 The room tenperature

concentrated solution fluidity of theipolynmers prepared in Exanple 11 was

determ ned by dissol ving enough pol yner

m ner al

checked

struct ure

E XA RBT DEFT

in a md.continent type S100N
oil to raise the 100' C kinematic viscosity to 1600 cSt, The oil
sol ution amasdal Foekd atso 3v8kiro aoidn t cppEcandse ARt P& Sappehivfce was
%Bdé’«&’ém The 30! WET em iy oo teﬁ%slyrlab&m@ﬁldél ke
itin l ow. On the other hand, the polyner descrlbed in
Exanpl e @doééh%ﬂ?m%x%?ﬁﬁﬁ 't HFEOBRAUBEF udtie 91F aCEbREeMT MR 2F9 T oom
t enper at Wk e-xdhi EeorxeBpP! ar y remuadi dfreat:sloﬁttehe Jrnvenﬁ.son.alw,ve bheen
descrlbed the true scqpe g%{the I nvention s bg ed fromthe
fol | owi ngt Y His S*2L

R ARESS FOLLOvE

1. A bl ocky&nppdryneiocosepsi ng Beofwomeer belugl t‘sdeedi ved-hfer ohivunadi ene and
at least one conligated digne conpnomes.repegsented ny heforaula

e

amounts of monomers, such as the same or different

dienes, or functional monomers.

The molecular weights of the star-shaped polymer
to be hvdrogenated may vary between relatively wide
limits. However, they are typically between molecular
weights from about 25,000 to 1,500,000, and preferably
from 100,000 to 500,000. The molecular weights are
welght average molecular weights determined by gel

permeation chromatography.

The hydrogenation cf the polymers of .the presant
invention is carried out using conventional hydro-
genation procedures. The polymer is diluted with an
inerc solvent, such as those previously mentioned, or
in the criginal polymerization medium, and the polymer
solution and hydrogenation catalyst are added to a high
pressure autoclave. The autoclave is pressured with
hydrogen +to about 100 to 3,000 p.s.i.g., and <hen
heated to 50° to 220°C, (preferably 75° to 150°C), for
about 0.1 to 24, preferably 1 to 24 hours (preferably 2
tc 10 hours), while mixing. The reactor is then de-
pressurized, the catalyst removed by filtering, and the
hyérogenated polymer recovered from <the solvent by

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



R~ R2 CH2=C-C=CHz wherein R~ is a C ~ to about Ce al kyl
hydrogen or a ClL to about Ca al kyl radical) the copol yner being
hydr ogenat ed and conprising (i) at |east 10 percent by weight of at |east
one crystallizable segnment conprised of at |east el even nethylene units in
sequences sufficiently long to inpart crystallinity to said segnent and
havi ng an average net hyl ene content corresponding to a 1, 4pol ybut adi ene
content of at |least ~20 nole percert A2and (ii) nore than one | ow
crystallinity segnment having a degree of crystallinity of |ess than 0.2
percent at 23C conprised of nethylene units and substi.t q&ign nmet Ryl ene units
and havi ggoan-aver agecabyhyl emplogrederdeBBREEs FATRMY T o
1, 4- pol ybut adi_ene cont.ent ta 20 erpeLcenhct2onthe Apdedgenat ed
copol ynefPES &S CEF I W g-lrsl’%&; where iRTAZ)i:i s_hydrogen,, 3. fhehydrogenat ed
copol ynep1ag inechyédcgrneltdiom 2caket ¥5h RE2Ds Aot hy% 4. “The hydr ogenat ed
copolyneragglngEtedihglgh@in1§aM@§rehﬂi§m¢H,hydpb@@ﬁﬁ#@d espsleyner is
conpri sef<o ‘chai'n segnent sequenc represent ediy-dhe st ieeiee: Tt - (M-
- T2)x - pMetinP® wiedy et YR LN$a RE é"rdl&mf_romo to 3) M- and"M2 are the
igne ng E@Hﬁ%ﬁ?’aﬂqc&éqh ga?p@fseé sahdNﬁ;ﬁ#%ﬁ%?%abﬂ?%%%iﬁﬂﬁ? and T~,
an are the same_or di.ffere AC R aedRfend®d osaitk i s
crystall ish‘iltfy-dseegn%‘h‘?.tg.e %’T ehyd;&tgxge:r:%%%ﬁ cgpo:as?mar asxégggt ed,n claim4
wher ei n Xdre zépoained with Raney nickel, 1in rge & ’

i ' or Ni carboxylates
high temperatures and pressure. Co

radical and R2 is

i ' e used.
reduced with aluminum alkyls can also b

Hydrogenation is carried out to Iemove the
olefinic unsaturation present in the precursor
copolymer. Hydrogenation may be complete o? sué—
stantially complete. By complete hydrcgenation LS
meant that all of the olefinic ponds are saturated. BY
subhstantially conplete nydrogenation is mean? thét
subStantialiy all of the olefinic unsaturatien '15
saturated. By substantially all olefinic unsaturation
is meant at least about 80%, preferably at least about
20% of the olefinic unsaturation and mostT preferably

greater than 98%.

Another embodiment of the present invention 1s a
rapered block or segmented copolymer of nydrogenated
bu;adiene and at least one other conjugated diene such_
as described hereinbefore, preferably isoprene. ‘A
rapered block or segmented copolymer according to this
in;enticn is a copolymer obtained py anionically
copolymerizing in hydrocarbon solution in, for example,
a batch reactor a mixture containing butadiene monomer
and at least one other conjugated diene monomer to form
2 precursor copolymer having at least 75 weight percent
l,;—configuration of the butadiene and at léast o?e
other conjugated diene and then hydrogenatlng said

precursor copolymer.



- 65 6. The hydrogenated copolyner as recited in claim5 wherein said T~
and T3 segnents are of the sane wei ght average nol ecular weight. 7. The
hydr ogenat ed copol ynmer as recited in claim1 wherein the butadiene is
present in the 1 ,4-configuration in anounts effective to provide said at

| east one crystallizable segnment and conjugated diene and 1, 2 butadiene in
anmounts effective to provide said +ymage-than one low crystallinity segnment.
8. The hydrogenat ed copolynmer as recited in claim7 wherein said anmount of
butadiene in the 1, 4 configuration is at feast about 30 nole percent. 9.
The hydrogenat edrdopol ynee astgmwitidni n @f ai e whepBYATS&ied 3¢S0l yner has

a ol ecul ar _wei. IS Butl F ghar 8t erb zedabyra)eakico MeWd=rdm of |ess
t han 2. 18?efhé%%§d%8§tgr%ﬁed copol yner as recited in claim1 wherein the

cryst al | i zabiecesgredt eeenpTiSesaat *FERIENE /1 &) aeenP e Reliyrend units in
series. 11, .The.hydiggenatesdcepel yneteastsecited delardiarend wheytein the

l ow crystallinity segment.conprises |es than 11 ] acent t hyl.ene units
in seri esFEEEF'—'I’Hé?Yhdebb%nzi’tr%dpE8 &5 scrlaa‘gl}f eEFt% %i'rT“ceIcg?m 1 Sner ei n

the | ow ceysicaldd-nitiyrsegenioronmars sest | essuthan 7chahgeentdumityl ene
units in series. _ _13. The_hydr t copol rasgfecijed dapplaiml
wherein tfr ecr§§PaFFinglet%égﬁg%%gﬁégga ﬁgnbgg?gver%fe #% ecul ar wei ght of
at | east Z@6juzeteFhedhydeogehatde copbRGFEner ek t 6842 E%i m Thiherein the

copol yner 1g .3 Sta ?'g?éc&ﬁﬁeky%bol%e%@nhyﬂieger&ﬁteed:wp}ryé@r as
recited inm¢laimT4 where the star bl ock copolyner. has fram4 to. 25 arms.
chain is higher in butadiene concentratlon 1n tne chain
segments grown near the beginning cI the reaction and
nigher in the other conjugated diene concentraticn in
the chain segments formed near the end of the reaction.
These copolymer chains are therefore <tapered in
composition. Upon hydrogenation the butadiene rich
portion of the pelymer beccmes rich in sukstituted
methylene units. Therefore, in each of these hydro-
genated generally linear copolymer molecules Two
longitudinal segments can be discerned which gradually
pass into each other and have no sharp boundaries. One
cf +the cuter segments consists nearly completely of

methyvlene units derived £rom the hyérogenaticn of <the

m

ne in %the 1,4-configuration and contains conly
small amounts of substituted methylene units darived
from the hydrogenation of the other conjugated diene
such as isoprene. The second segment is relatively
ricnh in substituted methylene units cerived, for_
exanple, from the hydrogenation of the isoprene in <the
1,4-ceonfiguration. The first segment, which is rich in
methylene units, comprises the crystallizable segment
since it contains more than 20 mole percent I,4-=
polvbutadiene. The second outer segment comprises the
low crystallinity segment since it contains less than
about 20 mole percent 1,4-polybutadiene units. In

~hose tapered Dblock copolymers the crystcallizable
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sapered segmented or block copolymer are subsbant1a11y
:h; same as those descrlbed hereinbefore. The weight-
average mclecular weights of these tapered segumented or
plock hydrcgenated copolymers are generally the same as

~hose described above.

The weight percent of the putadiene present in the
-eaction mixture is that which is effective to form a
capered segmented or block copolymer having a. least
one crystallizable segment and at least one low
crystallinity segment. Generally this amount of
bu;adiene is from about 20 to about 90 weight percent.
Additionally, the amount of the 1,4-configuration
putadiene present in the precursor copolymer must be an
amount which is effective to form & crystallizable
segment upon hydrogenation of the precursor copolyéer.
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, suc?
as water or Ci to Cs alkanols can be added to
inactivate the catalyst. preferably, the reaction 1is.
terminated by dropping the reaction system into 2 to 10
volumes of methanol containing about O. 1 welght percent
antioxidant. After termination of the reactlonn the
hydrocarbon solution is washed with water or dilute
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
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cont ent cpx1e§panir@héc)ﬁtgby%d@Qlyggq§gggnesgq@kggghofdg&;k as} .20 nol e
percent, and ii}%nnre than .one | ow crystallinity segmenf”having a degree
of crystalfTHTIT f PBSs SHaFPGNS dr ceFia 4P 1D9C L GHT iSiddiaste net hyl ene

uni ts andesaisted utedpeeihiyplrese (enigt.s ara hewi ng car)aviAgeJEt 4yl ene

cont ent i 0 a,l,4.po ut adi ene content_of up to 20 nole
percent.']%§§£§£%rggé é'ag'%e5$t£§8iﬁmélgﬁﬁVZOW:rr%ﬁ?l% PrEursor bl ock
copol ymerotomi@ihas aellecadrerosaighghtppymens bukadi enerigrihe or

L - confiBAls o c 22n IREnPERCESSoR9-hEC! R0 JL£lalm 20 wherein the
pol yi meri‘’zation i s anionic polynerization. 23. e process as recited in

cl aim 22 wherein polynerizing a precursor
By controlling the ratio of butadiene and isoprene

in the anionic polyrerization under conditions which
give predominantly, 1,4-addition, it is possible to
obtain an effective wide range of methylene to
substituted methylene ratic in the hydrogenated

procduct.

When the polymerization of the dienes has been
completed, the copolymer thus cbtained can be
hydrcgenated either immediately or after recovery %o
obtain the desired hydrogenated copolymers accerding to

the invention.

The present invention includes compositions
comprising an oleaginous material such as lubricating
©il and at least one hydrogenated block ccpolymer as
cdescribed. There can be a2 minor amount, e.g. 0.01 up
to 50 weight percent, preferably 0.05 tc 25 weight .
percent, based on the weight of the total composition, -
cf the hydrogenated copolymer produced in accordance
with this invention can be incorporated into a major
amount of an cleaginous material, such as a lubricating
o0il or hydrocarbon fuel, depending upon whéther one is
forming finished products or additive concentrates.
When  used in lubricating oil compositions, e.g.
automotive or diesel crankcase lubricating oil,
copolymer concentrations are usually within the range

cf about 0.01 to 10 weilght percent, of the total



bl ock copol ymer further conprises first honopol yi merizing the butadiene to
formthe butadi ene segnents, then adding the conpononer to the butadi ene
segnents, and polymeri zing the conmononmer in the presence of the butadiene
segnents to formthe precursor bl ock copolyner. 24. The process as recited
in claim?22 wherein polynerizing a precursor block copol ynmer further
conprises first honopol ynerizing the conononer to formthe conononer
segnents, then adding the butadi ene te 46he conononer segnents) pol ynerizing
the butadiene in the presence of the conobnoner segnents to form butadiene
segnents, and addi ng additi onal conononer and pol ynerizing the additional
conmononer doadoariritde pr @t soppbllgukersopnf yhbe. 2Byemhéopr Fé¢sstas recited

in claim20 . further.conprisj e | ntr educi ng- & cgQuplikngs agent
after fornm gl‘t“hee p%%cﬁsoidxgﬁg%%%e%g%o&y%&' to ggr'm_a star bl ock copol yner.
26. The predess aspercetvd %P cl &m 2B09Rer eiS? t hBe3EAF bl BRKCEdpol ymer has

froma4 to 25 ALk, A0 RWesseliei @ FdrBdkezloit] Bug. Vahubasal

al g~zl | p~s~o ﬁlE§_sasIrdwoo t ~oEa pi ne ~ua~a~~lgé~o awes .ay an13¥Vpua ty~

'E oa p uJOFT6atdqiin@E s~ 5Pl £386M EF N3VFIREzI 2RAWRaYt Pam-or u~s

at ~~ | q paruasaata-iodanbas otaunyi aaruying wupasheduldesiornant (1 odoo

pa~aua6o~pl ~I' pl us ma~at~rn 62.ﬁ1~lc ul_ pa~l aog~, sa. l.Jsodwoc_agl ' Z~

'pg~aw si 11¢ uFEYERFRPPO Wiel DM Fii-t 8&5%‘9“&0 Y| ?&%‘%ﬁ% CE'I ' T

waboapl u Sluzh cetddan sazilwi ¢ o pawhiichs? the yspdndycagl '<GS this
invention can be added include not enly hydrccarbcn cil
derived from petroleum, but also include synthetic
lukbricating oils such as esters of dibasic acids;
cocmzlex esters made by esterifications of moncbasic

s, polyglycols, dibasic acids and alconols:

olefin oils, etc. The hydrogenated copolymers of

the present invention are particularly usaful as fuel

anc lubricating oil additives, particularly as

Viscesity Index improver lubricating cil additives.

The hydrogenated <copolymers of the instant
invention are oil-soluble, dissolvable in oil with the
2id of a suitable solvent, or are stably discersible
therein. The terms oil-socluble, dissclvable in c¢il, or
stazly dispersible in oil as that terminelogy is used
herein does not necessarily indicate that the materials
ars soluble, dissolvable, miscible, or capable of being
suspended in oil in all proportions. It dees 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 oil is employed. Moreover, the additional in-
corvoration of other additives may also permic in-
corporation of higher levels of a particular copolymer

hereof, if desired.

The copolymers are particularly useful in

lusricating oil compositions, which employ a base oil
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9z W ~1 0 L RAMNA" SHaS3Ae0In@0laihécad8%iesel engines, and the

like. Advantageous results are also achleved by
emploving the additives of the present invention in
base oils conventiocnally employed in and/or adapted for
use as power transmitting fluids such as automatic
transmission fluids, tractor fluids, universal tractor

£luids and hydraulic fluids, heavy duty hydraulic

fluids, power steering fluids and the like. Gear
lubricants, industrial oils, pump o©ils and other
lubricating oil compesitions can also benefit from the

incorporation therein of the additives of the present

invention.

The above oil compositions may optionally contain
other conven+tional additives, pour point depressants,
antiwear agents, antioxidants, other viscosity-index
improvers, dispersants, corrosion inhibitors, anti-
foaming agents, detergents, Iust inhibitors, fricticn

mocifiers, and the like.

Corrosion inhibitors, also known as anti-corrosive
agents, reduce the degradation of the metallic parts
contacted by the lubricating oil composition.
Illustrative of corrosicn inhibitors are phospho-
sulfurized hydrocarbons and the products obtained by
reaction of a phosphosulfurized hydrocarbon with an
alkaline earth metal oxide or hydroxide, preferably in
the presence of an alkylated phenol or cf an
alkylphenol thioester, and also preferably in the

presence of carbon dioxide. Phosphosulfurized



- 69 different and each conprises said |low crystallinity segment. 33. The
conposition as recited in claim 32 wherein x is zero. 34. The conposition
as recited in claim33 wherein said T~ and T3 segnents are of the sane

wei ght average nol ecul ar weight. 35. The conposition as recited in claim?29
wherein the butadiene is present in the 1,4-configuration in anmounts
effective to provide said at | east one crystallizable segnent and
conjugat ed diene and 1,2 butadiene in amounts effective to provide said
nore than one low crystallinity segﬁbﬁ?"BG The conposition as recited in

claim 35 wherein said anount of bu ene._| e.1l fii nis at

| east aboU¥3ZB<REPGRE ﬁéﬁc@rﬁePaﬁeJ %}Ye 5%?113%%%1% onsgslg(rggclle?eﬁfnoocl aim 29

wher ei n Saadbbydgogana@ed(nﬂrjanﬁn &mnﬁawmnpecubéﬁumem@mp%ﬂ%ﬁrQ%utlon

characterize %é m 5 e\‘,’%‘%‘c o'\é' “4»W éhé“i AESéoi?’i‘Qo%uéﬁen@e J£0IpOSIi ti on
al

as recited | ci Cont & ns VI SCOSI I ndex i nproving effective
armount of £saird :hy:@br cﬁglanaeegihtopél‘:ymfi 03”9 a %%b‘%ﬁo@% PGPSR S ted in

claim 38 wherain 9|hoh$SIUQu(gutggpgtgtumg ithes ﬁ@ﬁ&@ﬁ@g(&tas
recited in ¢lafm 39 m% Is a lubricating oil_ caoncentrate.

conposi ti 8RCHS reéited iPeFai MBY i <a fuﬁgf*iﬁ%ﬁﬁ%ﬁbﬂnld%rléﬁF?ng oi |

phosphosulfurized hydrccarbon may be effected in the
manner taught in U. S. Patent No. 1,969,324.

Oxidation inhibitors, or antioxidants, reduce the
tendency of mineral oils to detericrate in service
which deterioration can be evidenced by the products of
oxidation such as sludge and varnish-like deposits on
the metal surfaces, and by viscesity growth. such
oxidation inhibitors include alkaline earth metal salts

of alkylphenolthicesters having preferably C5 to Cjpp

alkyl side chains, e.g., calcium nonylphenol sulfide,
barium toctylphenyl sulfide, dicctylphenylamine,
phenvlalphanaphthylamine, phosphosulfurized or

sulfurized hydrocarbons, etc.

Other oxidation inhibitors or antioxidants useful

in this invention comprise oil-soluble copper
compounds. The copper may be blended into the cil as
any suitable oil-soluble copper compound. By oil

soluble it is meant that the compound is oil soluble

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
salt ‘of a synthetic or natural carboxylic acid.
Examples of same thus include Cjp 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 welghts of from about 200



conposition. 42. The conposition as recited in claim?29 wherein said oil is
| ubricating oil. -~0 43. The conposition as recited in claim29 wherein
the crystallizable segnent conprises at least 1 1 adjacent nethylene units
in series. 44, The conposition as recited in claim?29 wherein the | ow
crystallinity segnment conprises less than 1 1 adjacent nethylene units in
series. 45. The conposition as recitead +n claim44 wherein the | ow
crystallinity segment conprises |ess than 7 adjacent nethylene units in
series. 46. The conposition as recited in clai.m 29 wherein the

crystal | | zabl5®0seg@®nsYRES &f MfunbeF PaYE} AGe 2FdAScul & & WoFGHE 6%t | east
500. 47. EQEa%‘%EPO%E i ophEeci {ms-dvled! ahana inker eimd t he cQajpdlly is a
star bl ock copol ynmer. 48. The cogposition as rqgitg igtcgaiwhﬁédwhere t he
star bl ocRTEEESIyREr Has-H% ohPANLG18 GORPSTAS AR oRbositi On as recited
in claim48awher eige t belstsan udleckccppet ydethiasafrmndesd ¢5 &hes. 50. The

conposition as recjited jn i re tar ;kl ackyLopo Iy, has a
wei ght av@F&&Ea&oﬁﬁﬁﬁ%ﬁawg#ghpbgg)ﬂronﬁfy %E%datoQSOO,OOOE %%gef%e process
of nodifyiamg tfhe atrscobet ysafe an=oldddfiaran: doypoeFeFBtlcdmsiicsilfy t he

steps of: addingta t | £agi, npgls gRAPESEELSAbIRaY kG a ) ud-gi nt
tenperatufﬁggf:%‘%ﬁéﬁﬁ?ﬁgfggggcgording o ASTM D?ZSQg between Q.01 to 50
percent bpbtwasghtanst LRELHELAS CoRPESIHT oAUSE 13hst K h Mat ed bl ock

copolynprégygniggqugqqongmmaﬁyntSHﬁErtyedcbﬁﬂpHnnrnﬂen&ﬁfuxnsu | east
one conjt -%tr%.dic%ll%r} ycog?'re] ré?:'rrerdepggs%t ggdby&'t h%rfo rprg.ll 8re alkyl

roups 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-

ethylhexyl, phenyl, butylphenyl, cyclohexyl, methyl-
cyclopentyl, propenyl, Dbutenyl, etc. In order to
obtain oil solubility, the total number of carbon atoms
(i.

e
Cepp

. —
., R and R,) will generally be about 5 or greater.
er sulphonates, phenates, and acetylacetcnates may

also be used.

Exemplary of useful copper compounds are Copper

cuIl 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)

polyalkylene succinimides (having polymer groups of ﬁﬁ
of 700 to 5,000) derived from polyalkylene-polyamines,
ich have at least cone free carboxylic acid group,

h

with (b) a reactive metal compound. Suitable reactive
e
y

hydroxides, oxides, acetates, borates, and carbonates

or bhasic copper carbonate.

Examples of these metal salts are Cu salts of
polyisobutenyl succinic anhydride, and cCu salts of

polyisobutenyl succinic acid. Preferably, the selected



71 Rt RR CHZ =C- C=CH wherein Rt is a & to about Ce al kyl radical
and R2 is hydrogen or C ~ to about Ce al kyl radical, the copolynmer being
hydr ogenat ed and conprising at |east 10 percent by weight of at |east one
crystallizabl e segnment conprised of at feast eleven nethylene units in
sequences sufficiently long to inpart crystallinity to said segnent and
havi ng an average net hyl ene content corresponding to a 1, 4pol ybut adi ene
content of at |east about 20 nol e pergent and nore than one | ow
crystallinity segment having a degree of crystallinity of |ess than about
0.2 percent at 23C conprised of nethylene units and subg&kugtedrggthylene
units andm@@gymhﬁplayeaage|ﬁn$w¢e%@léﬁﬁtéﬁFWxN?é%bbn |ngiéf a

1, 4- pol ybut adj ene cont ent ess-J4 01 x@h ¢l peucennioneteth the
hydrogenaﬁ&f%ﬂ%ﬁ%ncﬁbBFy g?e%aé*ghqﬁggﬁcia ignl%am%gﬁg&ge%§gggeyhich is
greater tRaick-.ti5. aTkenplocassiradidectt 84 P cl™ai m 51 whefe R2 is

hydrogen. 33, Thgogtog%%s_ asrk&Chi @dnivil ofwiup SQedhEPELE RES s n¥thyl . 54.
The process'®y 788rted | ' '

in clarm51 wherejn i d hygdy ogenat ed gepekyner is

conpr i sed Dfohabousedhentosdqudite & r%ge?‘tged by 'téﬁ structure: Tt - (M
- T29)x - '\%éug?’s%er}:?éirh h6s8 mudmIrodc f r omSP T B~ M FafdeE®are t he
same or different and each co riéﬁﬁiémé%_ ystad | bzakled csegnenekeand Tt,
TZ and T3 % eDPA¥ L1s9he LSS 2P 2Rt "and each co rises said.! ow, .,
CryStal|iQ££¥e§Qgﬂﬁnhay5aesIhahﬁnodyggdhgsq%%$@eduiﬁ Splvelz) =uch . Lo
zero. 56. The process,as hecited {dn€ddi thSonwhpresansai ¢-Te #3¢eT3
segnents af® bf “tHE*Sam® wei gt average mol ecul ar_ wei.ght . gaterial.

solution (or slurry) of the metal  pbearng -’ .

Eeating may take place petween 70 and about 200°C.

Temberatures of 110°C Tto 140°C are entirely acecuace.

I+ may be necessary, depending upon the salt proauced,

not to allow the reactlion o remain at 2 témperabure

abpove about 140°C for an extended pericd of tilne, e.g.,

longer than 5 hours, ©=% decomposition of the salt may

occur.

. . . N ™ anr ]
e i b b. - EOL
SU.\..wiIxi.C anth- ide, Cu-Oleate, or mlxoures )
N o e be g - y Y i - about

. . PR
! £ T etal, in the ZIInazl
50 to 500 ppm by welght of the metal,

1~

usricating or fuel composition.

' page oper
Friction modifiers serve €O ippart the Dror
ist] icatin gil
friction characteristics to lubricatling

{ i i luids. -~
compositions such as automatic transmlssion £

. N
i suitable friction
Representative examples of

59 which
modifiers are found in U. S. Patent No. 3,933,659

i ; . §. Patent
discloses fatty acid esters and amides; U

lexes of
S.

No. 4,176,074 which describes molybdenum CORP
polyisobutenyl succinic anhydride-amino alkanols: U. f
patent No. 4,105,571 which discloses glycerol esterslo
dimerized fatty acids: U. S. patent No. 3,779,928 which

' ] ; Patent
discloses alkane phosphonic acid salts: U. s. Pat



- 72 57. The process as recited in claimb51 wherein the butadiene is
present in the 1 ,4-configuration in anmounts effective to provide said at

| east one crystallizable segnent and conjugated diene and 1,2 butadiene in
amounts effective to provide said mare than one |low crystallinity segnent.
58. The process as recited in claim57 wherein said anmount of butadiene in
the 1,4 configuration is at |east -abbut 30 wei ght percent. 59. The process
as recited in claimb51l wherein said hydrogenated copol ynmer has a nol ecul ar
wei ght distribution characterized by a ratio of ~iW din of |less than 2.
60. The prooceds? a8, Bedi i ERLaFAPSESWHER T R1BAI PXHGUSES | @Brikating oil .

61. The pLEYHMsd eCiied i nrcl abmebligbereyn sal d obhrapkubnigating oil
concentrate. 62. The process as recited jn cI b)(m 60 vvherel n salgloil is a

fully formisteds L}'B?ﬂ%tcf‘h@c%??e%oﬁpﬁé%' PEH2L6% L T RN GRET 6 recited in
clai m 51 swhetieiitisad d Ql—|c:-1IrEbdA:}lHJl‘Q&I[em oildrdib-bhhe pumestamic recited in

claim51 wherein the cr ystallizabl gment LoD r|s§s.agsl t(%% adj acent -
nethylen€Qﬁ#t%Pqnm§§FP gs thare gfocess =Pecl fed |ﬁ$gfé1 64 wherein
the | ow &mwﬁﬁﬂdanHQSQEQNEMYdLotyalkyl)alkeny1-succinamic acids
of succinimides; U. S. Patent No. 3,832,290 which
discloses reaction products of di- (lowexr alkyl)
phosphites and epoxides; and U. S. Patent No. 4,028,258
which discloses the alkylene oxide adduct cf phcspho-
sulfurized N-(hydroxyalkyl) alkenyl succinimides. The
disclosures of the above references are herein in-
corporated by reference. The most preferred friction
modifiers are succinate esters, or metal salts thereof,
of hydrocarbyl substituted succinic acids or anhydrides
and thicbis=-alkanols such as described in U. S. Patent
No. 4,344,855.

Dispersants maintain o¢il insoclubles, resulting
from cxidation during use, in suspension in the £luid
thus preventing sludge flocculation and precipitation
cr deposition on metal parts. Suitable dispersants
include high molecular weight polyalkenyl succininides,
the reaction product of oil-scluble polyisobutylene
succinic anhydride with ethylene amines such as

tetraethylene pentamine and borated salts thereof.

Pour point depressants, otherwise known as lube

oil 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-
fully optimize the low temperature fluidity of the
fluid are Cg-Ci1s8 dialkylfumarate vinyl acetate

copolymers, polymethacrylates, and wax naphthalene.

Foam control can be provided by an antifoamant cf the



conprises |less than 11 adjacent nethylene units in series. 66. The process
as recited in claim65 wherein the low crystallinity segnent conprises |ess
than 7 adjacent nmethylene units in series. 67. The process as recited in
claim51 wherein the crystallizable segnment has - 73 a nunber average
nol ecul ar wei ght of at |east 500. 68. The process recited in claimb51
wherein the copolyner is a star bl ock copolyner. 69. The process as recited
in claim®68 where the star bl ock cop®dymer has from4 to 25 arns. 70. The
process as recited in claim®69 wherein the star bl ock copolyner has from5
to 15 arns. 71. The process as recited in claim68 where the star bl ock
copol ynerodiags Al arbght tapss age. qol estilacons ghil o e GIA LOEEF®R o 500, 000
A, . As .

' siloxane.

Anti-wear agents, as their name implies, reduce
wear Qf metal parts. Representatives of canventional
antiwear agents are zinc dialkyldithiophosphate and

zinc diaryldithiosphate.

Detergents and metal rust inhibitors include the

metal salts of sulphonic acids, alkyl ©chenols,
sulfurized alkyl phenols, alkyl salicylates,
naphthenates and other oil soluble mono- andé
dicarsoxylic acids. Highly basic (viz, overbased)

metal sales, such as highly basic alkaline earzh metal
sulrhonates (especially Ca and Mg salts) are frequently
used as detergents. Representative examples of such
materials, and their methods of preparation, ars focund
in co-pending Serial No. 754,001, filed July 11, 1985,
the disclosure“ of which 1is hereby incorpcrated by

reference.

Some of these numerous additives can provide a

. .. . v da
multiplicity. of effects, e.g., a dispersant-oxication
inhibitor. This approach is well known and need not be

further elaborated herein.

Compositions when containing these conventional
additives are typically blended into the base oil in
amounts which are effective to provide their normal
attendant function. Representative effective amounts

of such additives are illustrated as follows:
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e concentrate or additive-package will

typically be formulated to contain the viscosity index
improving copolymer additive and optional additional
additives in proper amounts to provide the desired
concentration in the final formulation when the
additive~package 1s combined with a predetermined

amount of base lubricant. Thus, the products of the
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109&-()vWEEB§?§§Sli§E§%0%Rﬁ%ﬂ@vﬁﬁﬂo%ﬁﬁéc*lve amounc, the
additives of the present invention can be lncorpcraced
into the fully formulated lubricating olil composition,
it is contemplated that such effective amount be
sufficient to provide said lube oil compoesition with an
amount of the additive of typically from about 0.01 to
about 10, preferably 0.1 to 6.0, and mere preferably_
from 0.25 to 3.0 weight percent, based on the weight of

said compasition.
EXAMPLES

The following examples, which include preferred

embodiments further illustrate the present invention.
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Unless otherwise stated, all of said weight percents
expressed herein are based on active ingredient (a.i.)
content of the additive, and/or upon the total weight
of any additive-package, Or formulation which will be
the sum of the a.i. weight of each additive plus the

weight of total oil or diluent.

Thickening efficiency (T.E.) is defined as the
ratio of the weight percent ocf a polyiscbutylene (sold
as an oil sclution by Exxon Chemical <Company as
Paratonég N}, having a Staudinger molecular weight of
20,000, required to thicken a solvent-extracted neutral
mineral lubricating oil, having a viscosity of 150 SUS
at 37.8°C., a viscosity index of 105 and an ASTM pour
point of O.F. (Selvent 130 Neutral) to a viscesity of
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 temperature. For linear
polymers of a given methylene content, the thickening
efficiency 1s approximately propeortional to the 0.75

power of the weight-average molecular welight.

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 -
described in ASTM-D382¢%, measures viscosity in
centipoise and yield stress in Pascals. MRV was

determined a2t -25°C.

CCS (Cold Cranking Simulator), using a technique
in ASTM-D2602, a high shear viscosity measurement in
centipoises. This test is related to a lubricating

oil's resistance to cold engine starting.
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TPl cycle MRV--Determined Dby ASTM D4684. This is
essentially the same as the ASTM MRV noted above,
except a slow cooling cycle is used. The cycle 1is

defined in SAE Paper No. 850443, K. O. Henderson et al.

The copolymer of the present invention, when used
to formulate lubricating oils, has been found to lower
the viscosity measured using the Cold Cranking
Simulator Test. At the same time, low TP-1 cycle MRV
is maintained cr lowered. The thickening efficiency is
improved and the lube 0il has high viscesity at high

temperacures and low viscosity at low temperatures.

Examole 1

O =

A poly(isoprene-b—butadiene—b-isoprene) tri- block
copclymer was prepared using a a high vacuum technique.
The experimental procecure is described in detail in
the reference: M. Morton, L. J. Fetters, Rubber Chem.
Tecn., 48, 359 (1975). 467 g. of cyclohexane were
cnarged to a 1 liter reaction flask. To +his was added

5.7

-

isoprene, followed by 0.019% g sec—-butyllithium

-
o |

g.
\iziator. The mixture was allowed to react at 24°C
4

cr 24 hours. 24.6 g. l,3-butadiene was then added to

rh

“he reaction mixture, and allowed to react for 24
hours. 15.7 g. iscprene was then added to the reactian
nixture and again allowed to react for 24 hours. The-
reaction was then terminated by adding degassed
methancl. The resulting copolymer had total welight
average molecular weight of 180,000, with each
polybutadiene block having welght average molecular
weight of 80,000. The ratio of weight average to
numper average molecular weight was less than 1..2.
The nicrostructure was measured to be blocks of about
¢l weight percent 1,4-addition of isoprene and abocut 7
weight percent 3,4-addition of isoprene, and blocks of



10" "))*4****/\?@'

1 18$S, F10%<& ()-!1 +10%<<& ()- $10%<& ()- #10%& ()-F! #@

. 10%<<& ()- @109 ()-* ,q,r,s,t,X,,.rSLI!1S109AT& ()- 10947& ()- SSYL090& () -
10<< 10<< 10<<!f810%<& ()-f!.10%<& ()-./6//01lkla?r S1I!S!I 93T1094T& ()-s O
10967& ()-!S) 10967T& ()-}T"10947& () -

10907&' () -s109%& ()

-Zk1111111b34 =11S1910%"& ()-! & 10%"& ()-10% & ()-

10T 10T 10T9310%T&f()-9310%T&f()-4444E§$§§6A<.:

about 93

weight percent 1,4-addition butadiene and

about 7 weight percent 1,2-addition of butadiene.

Examole 2

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. Abcut

0.73 gal.

cyclohexane was added and the polymer allowed

to dissolve overnight at room temperature. The volume

of cyclohexane was then increased to abut 5 liters and
a

nitrogen sparge was begun. 15 g. Pd on CacCOj

hydrcgenation catalyst was then added to the
cvclonexane solution. The reactor was sealed and
hydrcgen was added to a pressure of 3800 kPa. The

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

cyclonexane solution filtered through a heated filter.

The polymer was not completely hydrogenated, as

evicdenced

by a 1640 cm-1t peak in the infra-red, so the

rrocuct was rehydrogenated, tested according to ASTM

D223&-88.

addes o

An additional 15 g. of fresh catalyst was

the cyclchexane solution and the solution

returned to the reactor, where it was hydrogenated as

described

above for an additional 21 hours. The

sclution was again filtered through a heated filter,

this +*ime

cvclchexan

the 1640 cm—l peak was absent, so the

e was evaporated on a steam bath. Proton NMR

analysis showed 0.94 mole percent polybutadiene un-

saturation

saturation

Examole 3

and 1.89 mole percent polyisoprene un-

The polymer described in Example 2 was dissolved

in a nid-c

ontinent type S150N mineral oil, at an amount
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sufficient to raise the kinematic viscosity at 100°C to
11.5 cSt, along with 0.4 weight percent of a commercial
fupmarate-vinyl acetate lube oil flov improver. Low
temperature viscometric properties are given in Table 2

below.

i1}

xample 4

A poly(isoprene-b—butadiene) dibleock copolymer was
prepared using a high vacuum technique as descriked in
Exanple 1. To 505 g. cyclohexane Wwa2s added 28.6 g.
isoprene and 0.036 g. sec-butyllithium. This was
allowed to react at 25°'C for 24 Hhours. 22.4 g,
hutadiene was then added to the mixture and allowed to
react for an additional 24 hours. The reaction was
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 1l.1l.

cxample S

The polymer prepared in Example 4 was hydrogenated
as described in Example 2. This time, 5 g. o0 the
diblock copolymer was dissolved in 700 ml cyclohexane
overnight at room temperature. 6.0 g. Pd on CacCOj
hydrogenation catalyst was added to the reactor and the
reactor sealed. Hydrogen pressure Wwas increased ta
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
filtered to remove the catalyst. The 1640 cm-+ IR band

was absent.
Example 6

The polymer described in Exanple 5 was dissolved

in a mid-continent type S150N mineral oil, at an amount
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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 flow improver. Low temperature

viscometric properties are given in Table 2 below.

Comparative 1

This example illustrates the segmented copolymerg
of . S. Patent No. 4,804,794. Conditions of
polymerizaticn and results are summarized in Table 1.

TABLE 1

Reactor Inlet Temp. (°C.) 19.5
Reactor Outlet Temp. (°C.) 46
Sicdestream Feed Temp. ('C.) 5
Catalyst Premix Temp. (°C.) 14.5
Catalyst Premix Temp. (sec.) 8
Reactor Residence Time (sec. at
Sidestream 1 .68
Sidestream 2 .84
Reactor Res. Time at Quench

(sec.) 2.2
Inlet Teed Rates (ka/hr
Hexane 1828
Ethylene 18
Propylene 270
VCly, .288
Al, (C3Hs)3Cls 1.24
Sweep Hexane (kg/hr) (%) 102
Sidestream Feed Rates (Kg/hr) (2)
Hexane 1092
Ethylene 49.2
Propylene 49.2
Total Hexane (Kg/hr) 3020 -
Sidestream Feed Solits (wt. %)
Sidestream 1 60
Sidestr§am 2 40
Mo (X10°) 180
Mo/ Bn 1.5
Composition (ethylene wt.%) 53
Quench (ka/hr)
Ethanol : 4.5
H,0 ——-

Crystcallinity (%) 2
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Motes:

(1)Sweep hexane introduced with catalysts.
(Z)Total of equal sidestream flows, except where
indicated.

Ccmparative 2

The copolymer described 1in Comparative 1 was
dissolved in a Mid-Continent type S150N mineral cil, at
an amount sufficient to raise the kinematic viscosity
at 100°C to 13.5 eSt, along with 0.4 welght percent of
a commercial fumarate-vinyl acetate flow improver. Low
temperature viscometric properties in centipecise (cP)

are given in Table 2.

TABLE 2
Polvmer TE ccsS, =20°C MRV, =25°C TP-1, —-25°C
Example 3 . 3.8 2450 cP 11,400 cP 10,900 cP
Example S 2.1 2750 16,000 23,500
Comp. 2 3.4 2800 12,000 11,500

Table 2 shows improved CCS vigscosity of <the
segmented block copolymers produced by the current
invention, Examples 3 and §, compared to the less well
defined segmented structure described in Comparative

Exanple 1.
Example 7 -

A four arm poly(isoprene-b-butadiene) star polymer
was prepared using a high vacuum technique. To 505 g.
cyclohexane was added 28.6 g¢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 star polymer was formed by adding 0.0252 g.
SiCl, linking agent, allowing the mixture to react for
2¢ hours. The reaction was terminated by adding
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degassed methanol. The resulting star copolymer had a
weight average molecular weight of 260,000, with blocks
of about 93% 1,4 isoprene, and about 73 3,4-iscprene
additions, and blocks of about 93% 1,4-butadiene

adcditions and 7% 1,2-butadiene additions.
Example 8

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

[

was dissolved in 900 ml. cyclohexane at room
temperature overnight. 6.0 g. Pd on CaCOs3 hydro-
genation catalyst was added to the cyclohexane sclution
andéd the reactor sealed. Hydrogen pressure was
increased to 3000 kPa and the temperature increased to
70°C. The hydrogenation was performed for 20 hours, at
which time the pressure was reduced toc atmospheric and
the cyclohexane solution hot filtered to remove the
catalyst. The polymer was precipitated in methanol.
hi

The olefinic 1640 cm - IR band was completely

eliminated.
Example 9

The polymer of Example 8 was dissolved in nid-
continent type mineral oil as recited in Example 6.
Low temperature viscometeric properties are given in.
Table 3.

Examnle 10

A star polymer was prepared as follows. To 575 g.
cyclohexane was added 29.3 g. butadiene 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.
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

$3% 1,4 iscoprene and butadiene additions. 7% 1,2-
cucadiene additions, and about 7% 3,4-1soprene
additions.

Example 11

The polymer described in Example 10 was
hvérogenated. 28 g. of the polymer described in
Ixample 10 "was added to 3000 ml. cyclohexane and
cissolved at room temperature overnight. 1.42 g Ni-2-

echylhexanoate and 6.74 g triethyl aluminum (25% in

nexane) were then added to the cyclchexane solution.
The reactor was sealed and heated to 350°C and a
pressure of 4000 kPa hydrogen applied. The

rvérogenation was carried out for abut 15 hours, at
which point the pressure was released and the precduct
hot filtered. The polymer sclution was deashed using
acidic water stripping and the cyclohexane flashed off
on a steam bath. IR analysis showed essentially
complete polybutadiene hydrogenation, and ¢ wmole

tercent polyisoprene units not hydrogenated.
Ixamole 12

The ©polymer from Example 11 was dissolved
according to the procedure used in Example 6. Low

temperature viscometric properties are shown in Table

wl
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TABLE 3
TE Cccs, =-20:C MRV, =25°'C TP~-1, =25'C
Example 9 2.74 2700 cP 13,900 cP 18,700 cP
Example 12 1.99 2820 cP 14,700 cP 19,000 cP

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 pertion near the core, as in Example $.

Exampole 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 sclution 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
th

[

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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THE CLAIMS DEFINING THE INVENTIOM ARE AS FOLLOWS:

1. A block copalymer comprising monomeric units derived from butadiene
and &t least one conjugated diene comanamer represented by the formula

R R2

|
CHz=C —C =CH;

wherein R1is a Cy to about Cg alkyl radical and R2 is hydrogen or a C; to about
Cg zlkyl radical, the copolymer being hydrogenated and comprising (i) at least
10 percent by weight of at least one crystallizable segment comprised of at least
eleven methylene units in sequences sufficiently long to impart crystallinity to
said segment and having an average methylene content corresponding to a 1,4-
polybutadiene content of at least-20 mole percent, and (i) more than one low
crystallinity segment having a degree of crystallinity of less than 0.2 percent at
23°C comprised of methylene units and substituted methylene units and having
an zverage methylene content corresponding to a 1,4-polybutadiene content of
up to 20 mole percent.

2. The hydrogenated copolymer as recited in claim 1 where R2 is hydrogen.
3. The hydrogenated copolymer as recited in claim 2 wherein R1 is methyl.
4, The hydrogenated copolymer as recited in claim 1 wherein said

hydrcgenated copolymer is comprised of chain segment sequences represented
by the structure:

T1-(My-Ta) -Ma-T3
wherein x is a number of from 0 to 3, M; and M, are the same or different and
each comprises said crystallizable segment, and Ty, T2 and T4 are the same or

different and each comprises said low crystallinity segment.

5. The hydrogenated copolymer as recited in claim 4 wherein x is zero.
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6. The hydrogenated copalymer as recited in claim 5 wherein said Ty and Ta

segments are of the same weight average molecular weight.

7. 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 amouats
effective to provide said more than one low crystallinity segment.

8. The hydrogenated copolymer as recited in claim 7 wherein said amount

of butadiene in the 1, 4 conﬁgufation is at least about 30 mole percent.

S. The hydrogenated copolymer as recited in claim 1 wherein said
copolymer has a molecular weight distribution characterized by a ratio ﬁw/ﬁn

of less than 2.

10. The hydrogenated copolymer as recited in claim 1 wherein the

crystallizable segment comprises at least 11 adjacent methylene units in series.

11. The hydrogenated copolymer as recited in claim 1 wherein the low
crystallinity segment comprises less than 11 adjacent methylene units in series.

12.  The hydrogenated copolymer as recited in claim 11 wherein the Jow

crystallinity segment comprises less than 7 adjacent methylene units in series. .

13.  The hydrogenated copolymer as recited in claim 1 wherein the
crysializable segment has a number average molecular weight of at least 500.

14, The hydrogenated copolymer recited in claim 1 wherein the copolymer is

~a star block copolymer.

13. The hydrogenated copolymer as recited in claim 14 where the star block
copolymer has from 4 to 25 arms.
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16.  The hydrogenated copalymer as recited in claim 15 wherein the star block

copolymer has frem Sta 15 arms.

17.  The hydrogenated copolymer as recited in claim 14 where the star block

copolymer has a weight average molecular weight of fram 100,000 to 500,000.

18. A block copolymer con:xprising 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 at least
eleven methylene units in sequences sufficiently long to impart crystallinity to
said segment and having an average methylene content carresponding to a 1,4-
polybutadiene content of at least 20 mole percent, and (ii) more than one low
crystallinity segment having a degree of crystallinity of less than 0.2 percent at
23°C comprised of methylene units and substituted methyiene units and having
an averége methylene content corresponding to a 1,4-polybutadiene content of
up to 20 mole percent.

19.  The hydrogenated copoiymer recited in claim 18 wherein the copolymer

is a star block copolymer.

20. A process comprising the steps of:
polymerizing a butadiene monomer and a conjugated diene comonomer
represented by the formula

R1 R2

|
CHz=C-C=CHz

wherein R1is a C, to about Cg alkyl radical and R2 is hydrogen or & C1 to about
Cg alkyl radical to form a precursor block copolymer comprising at least one
butadiene segment and at least one comonomer segment, the copolymer
comprising at least 10 percent by weight of the butadiene segments;
substantially hydrogenating the precusor block copolymer to form a
hydrogenated block copolymer comprising (i) at least 10 percent by weight of at
least one crystallizable segment comprised of at least eleven methylene units in
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23.  The process as recited in claim 22 wherein polymerizing a precursor
block copolymer further comprises first homopolyimerizing the butadiene to farm
the butadiene segments, then adding the comonomer to the butadiene
segments, and polymerizing the comonomer in the presence of the butadiene
segments to form the precursor block copclymer.

24. The process as recited in claim 22 wherein polymerizing a precursor
block copolymer further comprises first homopolymerizing the comonomer to
form the comonomer segments, then adding the butadiene to the comonomer
segments, polymerizing the butadiene in the presence of the comonomer
segments to form butadiene segments, and adding additional comonomer and

polymerizing the additional comonomer to form the precursor block copolymer.

25.  The process as recited in claim 20 further comprising the step of
Introducing a coupling agent after forming the precursor block copolymer to form
a star block copolymer.

26.  The process as recited in claim 25 wherein the star block copolymer has
from 4 to 25 arms.
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22. A composition comprising (a2) oil; and (b)'having fram 0.01 to 50 wt.
percent, based on the total weight of the compasition, of block copolymer
comprsing monomeric units derived from butadiene and at least ane conjugated
diene comonomer represented by the formula '

Rt R2

||
CHy=C ~C =CHs

wherein R1is a C, to about Cg alkyl radical and R2 is hydrogen or C to about Cg
alkyl radiczl, the copalymer being hydrogenated and comprising at least 10
percent by weight of at least one crystallizable segment comprised of at least
eleven methylene units in sequences sufficiently long to impart crystallinity to
said segment and having an average 1,4-polybutadiene content of at least zbout
20 mole percent and more than one low crystzllinity segment having a degree of
crystallinity of less than about 0.2 percent at 23°C comprised of methylene units
and substituted methylene units and having an average methylene content
corresponding to a 1,4-polybutadiene content of up to 20 male percent.

30.  The compoasition as recited in claim 29 where R2 is hydrogen.
~- 31. The compasition as recited in claim 30 wherein R? is rhethyl.

32. The composition as recited in claim 29 wherein said hydrogenated'

copolymer is comprised of chain segment sequence represented by the
structure:

Tr=(My-Ta)x -Ma- T3
wherein x is a number of from 0 to 3, My and M; are the same or differant and

each comprises said crystallizable segment, and Ty, T2 and T3 are the same or
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36. The composition as recited in claim 35 wherein said amount of butadiene
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in the 1,4 configuration is at least about 30 weight percent.

37. The composition as recited in claim 29 wherein said hydrogenated

copelymer has a molecular weight distribution characterized by a ratio of T7 ;71
W n

of less than 2.

38.  The composition as recited in claim 29 which contains a viscosity index

improving effective amount of said hydrogenated copolymer.
38.  The composition as recited in claim 38 wherein said oil is lubricating oil.

40. The composition as recited in claim 39 which is a lubricating oil
concentrate.

41.  The composition as recited in claim 39 is a fully formulated Iubricating oil
composition,

42. The composition as recited in claim 29 wherein said oil is lubricating oil.
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Ft 1094 sk§iment comprises less than 7 adjacent methylene umts in series.

46. The compaosition as recited in claim 29 wherein the crystallizable segment

has a number average molecular weight of at least 500.

47. The compasition recited in claim 29 wherein the copolymer is a star block
copolymer.

48. The composition as recited in claim 47 where the star block copolymer

has from 4 to 25 arms.

49. The composition as recited in claim 48 wherein the star block copolymer

has from 5to 15 arms.

50. The composition as recited in claim 47 where the star block copolymer

has a weight average molecular weight of from 100,000 to 500,000. -

51. The process of modifying the viscosity of an oleaginous composition
comprising the steps of:

adding to the oleaginous compasition, having a cloud point temperature
(Te) when tested according to ASTM D-2500, between 0.01 to' 50 percent by
weight of the total composition at least one hydrogenated block copolymer
comprising menomeric units derived from butadiene and at least one conjugated

diene comonomer represented by the formula



F&' 109 F& ()- F@10% F& ()- )f(|[: MBL010 *3% 10% & ()- F$"109% F& ()-
F'109% F& ()- F&' 109% F& ()- F S 10% F& ()- Ffz10% F& ()-

(.[9v|[: M@B1010 F&3"10% F& ()- F@10% F& ()- F,"10% F& ()- F +"10%
F& ()- F)10% F& ()- 3% 10%& ()-%-./6stS210 Fs109R & ()-& FO109R & ()- &
F 109R & ()-&LOF F10F F10F F- FY:10% F& ()--!F6"10% F & ()-f-P|[:tS210 F
F@" 109R & ()- F& "109R & ()- FY'"109R & ()-F F'109R & ()-y Fy"109R! & () -
F'109%R & ()- Z[\|[:-210R Ff9 "10934& ()- Ff6f10%R & ()- Fy4" 109 & ()-3F
Fy90"109R! & ()-g F-!1109R! & ()- F3("109%R! & ()-\]~cybA210R F Ff"10%! & () -
Ff S'10%! & ()- FS'10%! & ()- ES "10%! & ()-

F310%! & ()- 10R! 10R! C| [ NA410108! fife! 10e! FS, #10%! & ()- FS, #10%! & () -

FfL' "10%! & ()-z Ff""10%! & ()by Ff"10%! & ()-S]|[: NA41010 FS& "10%! & () -
FS$109%! & ()- FS 10%! & (QHz £@=-C = CH3

wherein R'is a C, to about Cg alkyl radical and R2 is hydrogen or C4 to about Cg

alkyl radical, the copolymer being hydrogenated and comprising at least 10
pe'rcent by weight of at least one crystallizable segment comprised of at least
eleven methylene units in sequences sufficiently long to impart crystallinity\to
said segment and having an average methylene content corresponding to a 1,4-
polybutadiene content of at least about 20 mole percent and more than one low
crystallinity selgment having a degree of crystallinity of less than about 0.2
percent at 23°C comprised of methylene units and substituted methylene units
and having an average methylene content corresponding to a 1,4-pelybutadiene.
content of less than 20 mole percent, wherein the hydrogenated block
copolymer has an association temperature (T,) which is greater than Te.

52. The process as recited in claim 51 where R2 is hydrogen.
53. The process as recited in claim 52 wherein R1 is methyl.

54.  The process as recited in claim 51 wherein said hydrogenated copolymer

is comprised of chain segment sequence represented by the structure:
T1-(My-Ta)x -M2-Ts

wherein x is a number of from 0 to 3, My and M3 are the same or different and

each comprises said crystallizable segment, and T, T, and T3 are the same or

different and each comprises said low crystallinity segment.
55.  The process as recited in claim 54 wherein x is zero.

56. The process as recited in claim 55 wherein said Ty and T3 segments are

of the same -weight average molecular weight.
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59.  The process as recited in claim 51 wherein said hydrogenated copalymer

has a molecular weight distribution characterized by a ratio of M /M of less

than 2.

60.  Tne process as recited in claim 51 wherein said ail is lubricating oil.

61. The process as recited in claim 60 wherein said ail 2 lubricating ail
concentrate.

62. The process as recited in claim 60 wherein said oil is a fully formulated

lubricating oil composition.
63. The process as recited in claim 51 wherein said oil is lubricating ail.

64. The process as recited in claim 51 wherein the crystallizable segment

comprises at least 11 adjacent methylene units in series.

65. Thg process as recited in claim 64 wherein the low crystallinity segment
comprises less than 11 adjacent methylene units in series.

66.  The process as recited in claim 65 wherein the law crystallinity segment

comprises less than 7 adjacent methylene units in series.

67.  The process as recited in claim 51 wherein the crystallizable segment has
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a number average malecular weight of at least 500.
68. The process recited in claim 51 wherein the copalymer is a star block

capalymer,

62.  The process as recited in claim 68 where the star block copolymer has
from 4 to 25 arms.

70.  The process as recited in claim 69 wherein the star block copolymer has

from 5 to 15 arms.

71.  The process as recited in claim 68 where the star block cbpolymer has a

weight average molecular weight of from 100,000 to SO0.000.




