WD 92/ 16567 -1- PCT/ US92/ 01674 | MPROVED VI SCCSI TY MODI FI ER POLYMERS
BACKGROUND OF | NVENTI ON FI ELD OF THE | NVENTI ON 5 The present invention
rel ates to hydrogenated copol yners of butadi ene and at | east one other

di ene, ik Y isoprene. More particularly, it relatperiusoz2foieyak or
_segnented ydrogenated copol yner of butadiene and at |east one other
diene, preferably isoprene, 10 containing at |east one crystallizable
segnent or block conprising an avergge of at |east about 1

percent of the total hydrogenated copol ymer chain, and at (Tlulm "mmwmmum/
crystallinity segment or block. The instant invention also relg{gs,.to

ol eagi nous 15 conpositions contalnlng sai d copolyners as V|sc03|ty i ndex
i mprover additivesg ¢ i & yners and a nethod to

control the viscosi oleaglnous conp05|t|ons DESCRIPT
ART 20 Various copol yners of butadi ene wth_g efins #mm"mﬁwmﬁmﬂm

3 - opol yners of buta |ene
wkt h anot her conjugated diene such as isoprene. The copolyners

used as oil additives. TheBBCKGROUNR-Olitie
di scl osed to be_ran pol ymers. The 25 foll ow ng reV|em10f t he
related art i mhich have been made to devel op

hydrogenated butadi ene base co rs f a hye
includi ngg a vi scosThe rHﬁfI‘Pi“ér Bat %ﬁ%gﬁgs St%ofg’lf%zagﬁg{é oses
segnent ed 30capap&¢§ﬁ§beﬁbuxdﬁﬂaaneaaﬂdaét1Fe&§t°6ﬁe°8Pﬁ§r 38Beefin WO
92[16567 preferably isoprene. More particularly, it relates to

block or segmented hydrogenated copolymer of butadiene
and at least one other diene, preferably isoprene,

10 containing at least one crystallizable segment or block
comprising an average of at least about 10 weight
percent of the total hydrogenated copolymer chain, and
at least one low crystallinity segment or block. The
instant invention also relates to cleaginous

15 compositions containing said copolymers as viscosity
index improver additives, a process for making these
copolymers and a method to control the viscosity of
oleaginous compositions.

DESCRIPTION OF RELATED ART

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

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

U. S. Patent ﬁo. 4,804,794 discloses segmented
30 copolymers of ethylene and at least one other a-olefin




-2 PCT/ US92/ 01674 nononer. Each copolynmer is intranol ecularly
het er ogeneous and i ntranol ecul arly honbgeneous. At |east one segnent of
The copolyner constituting at |east 10% of the copol yner chain, is a
crystallizable 5 segment. The remaini ng segnents of the copolyrrer chain
are terrpgdobagser ystallinity segments, and are charact BETASI240)674n
et hyl ene content of not greater than about 53 weight percent. The a-olefin
can include those containing 3 to 18 10 carbon atons. a-olefins having 3
to 6 carbon atons are indicated to-ne preferred. Wth the nost preferred
copol yners bei ng copol yners of ethylene with propylene or ethylene with
pr opyl ene anﬂo#:?ﬂie' Thgagﬁ)pol Wsymafe diisc| osdéntramalmsudesiyhe
properties in ol eagi nous %ém oldbul ki CHoMogerbbusat i ngtoil . U S
0

Pat ent No. 3heler e&chla(f'ses enat ed " copol ut adi ene and
styrene as ppeastpoone mpeetsaa%stkgr oPe Y'F“F%Itog#'gg#‘émq ('PUE@S Pat ent ”

No. 3,393,05 % 25k SEAPSEE 1R WBpolyabrbuhaih enis Gi0cTystaid izebher nal

al pha- nmonool efi ns and_styrene eHe glephasaants for .
fuel and | ubPePEREIrg 5’?‘?3 aldsﬂgj Q%&ﬂ a?%ﬁ?ﬂo cag%lé#m 5 di,sgl oses pour

poi nt depressant sermedri 10y FEYFERISIRIEY &F&BF%‘ﬁe styrene copol yners

whi ch cont ai 8‘}%’ Y%%d Q;g,rtun(yetnylmldqlhtetﬂ% o%r pPRal9Y§66F. U. S.

Pat ent No. 3 2,621 di,scl 0s§ Ql-keRes of conjugated diol efins which are
t %3 weight B

predoni nantl?‘?‘n & AU tiron cont i guration, as viscosity index (V.1.)

I nprovers. Butadi ene, isoprene, 1, 3-pentadiene, and 30 copol yrrers of such

di ol efins are spegid iccolbyinli can oigexludes thase segntaipipg 3

10 carbon atoms. a-olefins having 3 to 6 carbon atoms are
indicated to be preferred. Wwith the most preferred
copolymers being copolymers of ethylene with propylene
or ethylene with propylene and diene The copolymers
are disclosed to improve the properties 1n oleaginous

15 fluids, in particular lubricating oil.

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

20 normal alpha-monocolefins and styrene or indene as pour
point depressants for fuel and lubricating oils; and U.
S. Patent No. 3,635,685 discloses  pour point
depressants comprising hydrogenated butadiene-styrene
copolymers which contain a hydroxy, carboxy, or pyridyl

25 terminal group.

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

30 copolymers of such diolefins are specifically disclosed

as suitable.



WO 92/ 16567 -3 PCT/ US92/ 01674 U. S. Patent No. 3,600,311 discloses

viscosity index inprovers of hydrogenated honopol ynmers of butadiene in
whi ch about 45 to 95 percent of the butadi ene nononers are in the
1,4-configuration. 5 U S. Patent No. 3,795,615 discl osepcynismo®uém i ndex
i mpr over WQ92/M56f ogenat ed copol yners of butadiene with a different
conjugated diene, e.g., isoprene in which the nononer units in the pol ynmer
are predominantly in the 1,4-configyration. 10 U S. Patent No. 3,965, 019
di scl oses hydrogenated random tapered or bl ock copol ymers of butadi ene
and isoprene to be useful as viscosity nodifiers. U S Patent No.

4,032, 459 di scl oses, asyi Fenvinty Nondaxe0dpildy cAislRRessi NySeORYP0! yner of

e hanaadeh, 8 vi gg b 8gertdt b % Hodopaliyreyer atoon, this
pol ymer then Rk E;géﬁg‘ﬁﬁ,{ﬁ g OhydrSde 0

ogenated tq_removeg,. S | alel yeyd | of the
ol efi ni c unsaburadiene @p ¥h eAP°Rb. 9’1?, 0%, %?7 glpgé ,0ses viscosity
i ndex i Npr ovepyesaTEns abnoheas hyxe oietiecd , 0P SABIT2X3%Br oduced by
capol ynmeri zation of fromabout 1 to about 10 nole percent butadi ene, at

| east one other C5 to Cl12 conjugated dpenge, . a 43;eBbeiPercent of a
vinyl aromatic nohemsr. B Ol gsgbgfaﬁ sgggﬁg&’/&%ﬂdeQ i r%\%ers for

25 | obe oil cqoREesi immverseost nydssggratedorgrel it PRk§93eARicl eus such

as divinyl benzeng wt | ABed | @k&xtk t Oeid., Sisbppeieniéns are
di scl osed in ﬁé?gntasﬂgtfggkégesbﬁ%%

Patent No. . 35 d 4,620, 048.
General |y st awhdghped®0 pBPYTRSS a?“é&glsscllol}gedtﬁg b%?i??nﬁ%g by

pol ynmeri zi ng @pedofRindWyly danthgal edretnfigerahéo®pt i onal |y, one or nore WO
92/ 16567

10 U. S. Patent No. 3,965,019 discloses hydrogenated
random, tapered or block copolymers of butadiene and
isoprene to be useful as viscosity modifiers.

U. S. Patent No. 4,032,459 discloses a viscosity

index improver conprising a copolymer of butadiene and

15 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 viscosity

index improver comprised of a hydrogenated copolymer

20 produced by copolymerization of from about 1 to about
10 mole percent butadiene, at least one other C5 to Cc1l2
conjugated diene, and up to 45 mole percent of a vinyl

aromatic monomer.

A useful class of viscosity index improvers for

25 jube o0il compositions are star-shaped Dpolymers
comprising a nucleus such as divinylbenzene with
polymeric arms linked to it. Such polymers a:e

. disclosed in patents, such as U. 5. Patent No.
4,358,565 and 4,620,048. Generally star-shaped

30 polymers are disclosed to be formed by polymerizing one

or more conjugated dienes and optionally, one or more



nonoal kenyl arene conmpound in solution in the presence of an ionic
initiator to forma living polynmer. For the purpose of the present
rnvention the term"living polyner" is used consistent with Bill neyer,
Text book of Polymer Science, 2d Ed., WIey-Interscirnces Johgnﬁ%ley & and

Sons, P¥Feyieser (1971) . Specific conjugated dienes inc?GH@E% at ed

di enes having 4 to 12 carbon atons and optionally, one or nore

nonoal kenyl arene conmpounds. Typi cal and useful conjugated di enes include
but adi ene 10 (1, 3-but adi ene) and isgprene. The living polyners thereby
produced are then reacted with a pol yal kenyl coupling agent to form

star-shaped polyners. The coupling.agen hayenatn! east enes- conj ugat ed
Al Kenyl or oupmreTaeay IARRS SRR 17G EPARLEn o™ B8% B

attacrhllgd.;tl LQ sanpypr different

el ectron dr avdmaargrions, imigiatgs tar SAERi & nddieds: gﬁcﬁucongounds have

the property teh?;mﬁgs_geggt theoppbséne mvenbiongtdgpdeaPe _&éﬁ P e of

i ndependent rRECtTGR W t h ddol;éﬂ%rsgg}zﬁﬁ\ui% BRLYREByExr, Txtbookiofs respect,
| I

are diff er entpayoerlohs e enes polyneriz I%%Q‘nﬁﬁgf, such as
%ﬁ#ﬁiﬁ‘-ﬁ%&% i phat_I c,

but adi eng andegilivaleRr sofendée 250 EFH i > X aromatic or
het er ocycli c. ﬁ@mgespgéeadi@hqubul) corgpeeiddci aenivEatRd (ERSF and

D YeL ) ace? enes, ILaceLe! Qiphakeso and carbsphiatess as wel | as
5 the o mot ningipder ondndgred Fies, SRy

di et ha | a of suitable
het erocycl i ¢ g ptddsallyl Rhe oF VPﬁﬁlmwﬁﬁflzﬂgigiﬁﬁn%i Vi E Ihﬂta i ophene.
z:ogglsl 225 age-gsﬁiélils%ﬁfﬁgeﬁﬂl bieoxpjmjae:eflediéne% hé‘;ﬂ‘;ﬁ i diéﬁi“eNo.

, , pat are po SPEdrieG COrmandsv iy wirdlymkes nost
preferrd8 bei h’qu'l?&itegf@éeai oeat)q‘é1 p(fﬁ VVi njl +85OWRLKC L opBsenyEXxanpl es of
such conpoundehéredyudeodurede 3o FRERC &?ﬁpoun S, e.gj.mg%enzegﬁF t ol uene,
bsti e

xyl ene, ant hr gggnangnaggétel ene, fawn étpEnebaphth PRL . d by at
| east two al kg&y{lli%goupseﬂggefﬁ;@pl Yat least two non-conjugated

ay
alkenyl groups. The groups are usually attached to the

same or different electron drawing groups, e.g., 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,
are different from conventiocnal
such as butadiene and

15

and in this respect,
20 dienes polymerizable monomers, : :
isoprene. The coupling agents mgy be all?hatl?,
aromatic or heterocyclic. Examples of aliphatic
conpounds include polyvinyl and polyallyl acetyle§es,
diacetelenes, phosphates, and phosphites, as well as
25 the dimethacrylates, e.g., ethyl dimethac?ylate.
Examples of suitable heterocyclic compounds include
divinyl pyridine and divinyl thiophene. Coupling
agents disclosed to be preferred in the U: S. Patent
No. 4,358,565 patent are polyalkenyl aromatic compo?nds
with the most preferred being indicated to be polyvinyl
Examples of such compounds include

30
aromatic compounds.
those aromatic compounds, €.9., benzene, toluene,
xylene, anthracene, naphthalene, and durene which are
substituted by at least two alkenyl groups, preferably

35 directly attached thereto. Specific examples include

polyvinyl benzenes, e€.9., divinyl, trivinyl, and

tetravinyl benzenes; divinyl, trivinyl and tetravinyl,



35 directly attached thereto. Specific exanples include polyvinyl
benzenes, e.g., divinyl, trivinyl, and tetravinyl benzenes; divinyl,
trivinyl and tetravinyl, WO 92/ 16567 PCT/ US92/ 01674 -5 autho, neta and

par axyl g @ﬁﬁp g@ylnyl napht hal ene, divinyl ethyl benzenger/gkyd/0¥674
bi phenyl {16 utenyl benzene, diisopropanol benzene, and dii sopropanol

bi phenyl. it is disclosed that the pol yal kenyl 5 coupling agent shoul d be
added to the living polynmer after the polynerization of the nononers is
substantially conplete, i.e., the ag¥nt should only be added after

substantially all of the nononer has heen gYe te P to Li qgﬁﬁ% golyner
The ampunt of aibpal k&R cﬁﬁﬁllPEFQﬁ¥§ﬁP°ﬁdde ﬁ%ﬁy B éferably
at |east O. 5 mqua vilS ethed m&mzeﬁeledbﬁxmﬂbabi@bsmle|daxﬁ?hmsbywér Anmount s
froml to l:f"g\z%?m a”%i&"s‘a[o A L Gedfere, M0l A5 ar&iﬁdﬂ:@b&ﬁdl There
n

exists a need I VI $coslit ex | pr.over.s dde
ol eagi nous corlichienydns, iEh 18FFdCOﬁéBEIt#%%S V%A&ﬂl 2y 05|t|ons

exhi bi ti ng b%d@liﬁg |aqphovemohmw benpddedute \thecdriatingc Podvmesct eri sti cs

than are obtaingble b 15{?.@?&1 gefesnt igenal xiescosbhomdradex snprover
additives. Théeé cop%? nmer’s Eﬁz £

e ILnstant. inventio vi d eagi nous
conposi tions exHsyantAgy %ﬁc?PW ed- FOM/%% %ﬁ%ﬂ?l%béa% s &8 tk
characteri sti cgagecanadraedi mgahhyj,anypmuecbf e magtomier| hag. been

conveni ence, ceré,% eaeggsli‘;ﬁ% ?,Bgyﬁgpeat ed 25 throughout the present

speci fication an I"arms are ined below. a. Viscosity Index (V.1.) is
the ability of a Ilubricating oil to acconmpdate increase in tenperature
10 The amount of polyalkenyl 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

15 which, when added to oleaginous compositions, such as

lube oil compositions, yield compositions exhibiting

better or improved 1low temperature viscometric

characteristics than are obtainable by the use of

conventional viscosity index improver additives. The

20 copolymers of the instant invention provide oleaginous

compositions exhibiting such improved low temperature

viscometric characteristics, and additionally, improved
shear stability.

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

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

30 ability, the higher the V.I.




with a mninum decrease in viscosity. The greater this 30 ability, the
hi gher the V.I. WD 92/16567 PCT/ US92/ 01674 -6 b. A block copolyner is a

copolymer having at | east one sequence (also referred to as bl ock or
segnent) of the same nononer units. Each sequence has ?&Th%ﬁ Joré nononer
units. BVOOK1683ol yners typically 5 have a plurali.ty of gach type of
nmononmer making up the copolynmer. The terns relating to bl ock copol yner are
consistent with those given in Billnmeyer, Jr., Textbook of Polyner

Sci ence, Second Edition, WIley-Intefscience (1971). 10 C. Average

met hyl ene content of a segnent of the hydrogenated copolyner is the

average nunmber of, metiiy}eng nphslyaerorisind t opsiarat Havinke ategnent.  The

met hyl ene units aré those present, i.n t lqC Ul ar egiBgk an a result of
the pol ymeri 2&886n OBR1 FPEPERIS JEISPI gﬁe"g% tl;l?ta ?er?eéand at | east one

ot her conj ugalegaient]j coP, tiosiciames mopoPeE kNitehys EaFY, SETUERFR Nashe
hy?rogfnatiogtp&ggggttég ﬂ%?%rér4uﬁﬁkﬂlﬂ gnoakocbpﬂlﬁfhrstu@pimnlﬂﬁ ﬁnf

nol ecul es coftai ns one nef e_seg ; yl ene
ini 5 ol haBaxens RRERLL) S0 RREy LUFe (HJictonat (nRkify Al R

- CH2- CH2- CH2 copip1 ghis CHRTIB Dtexn® -relptdngy &Po BaASK | SAPQYBRTC 2T t he

1, 4- addi ti on . pLodiiett GfithhkResé SPifern dnnBli EIméyex ,c Jut ai Textboaket hyl ene

units, 3 substituted nefh Iecne | esyil1¢y-FRtBysEhaequences
containing t d one met hyl ene sequence

cont ai ni ng twasae) hyl ene units, and has a net hyl ene content of 75 nole
percent, i.e., H3 cH3 CH3 CH3 30

OfCH ;2 hﬂ&?ég‘;ﬁ 9@121 VetgE e fhiA &id CHRtéhR or BaeBuereoenaieon product
1 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-
15 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
compfised of eight methylene units and has a methylene
20 content of 100%, i.e., -CHZ-CHZ-Cliz-CHZ-CHZ-Fﬂz-CHz-
CHp-. The hydrogenation product of the 1,4-addition
product of three isoprene molecules contains 9
methylene units, 3 substituted methylene units,
inciudes two methylene sedquences containing three
25 methylene units each and one methylene seguence
containing two methylene units, and has a methylene

*

content of 75 mole percent, i.e.,

CH; CH3 CHj

30 -CHy=-CH~-CHp~CH2-CH2 -CH-CHy~CHp~CHy~CH-CHy-CH3 ~;

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

35 of 6 methylene units, contains 7 methylene units and



product of one nol ecul e of butadi ene and one nol ecul e of isoprene includes
one net hyl ene sequence conprised 35 of 6 nmethylene units, contains 7
met hyl ene units and WD 92/ 16567 PCr/US92/01674 -7 5 one substituted

et hyl eng,ggiég_{ s¢2Nd contains 87.5 nole percent nethyl enpcypiédrsonsr£ - . CH3
- CH2- CH- - 5- 2- CH2- CH2- CH2-. The fol |l owi ng defines how percent

nmet hyl ene units 10 are calculated fromthe percentages of hydrogenated 1,2
and 1,4 pol ybutadi ene in the polyner. Each enchained 1, 4-butadiene (B1,4)
unit contributes four nmethylenes. E&cth 1,2-butadi ene contributes one

met hyl ene and one substituted nethylene. Were B represents the nole 15
fraction 1, 4- hshauwzeithiesd (det)ylienet kaity ashd ocordt&indhB7ad ewde The nol e
fraction nethyle p [ hen 20 XCH =B+3 2 4 (1) For the
honopol yner pdf¥ uigd?ngﬁgfi?e- %?igﬁd ?hée" fraction XCH 2 1. For a _
honmopol ymer of isoprene B=0, and XCH - .75. If it is desired to
interpret _25 this conpo$t¥3ion in terns of ethane units XCH2CR2 the result

is XCH2GH2 = B + 1 E = 2 =1 wh for B = 0,
" : -C%ago Eééh?gyé-gnﬁré¥ﬁ3%§% yér ffoct an

XCH 2CH2 .= 1/2. A hy I SO isin effect an
alternating ethane and propene copolyner. By definition hydrogenated

ysoprene nethylene%h%r%ogfgwing defines how percent methylene units
10 are calculated from the percentages of hydrogenated 1,2
" and 1,4 polybutadiene in the polymer. Each enchained
1,4-butadiene (Bj,b4) unit contributes four methylenes.
Each 1,2-butadiene contributes one methylene and one
substituted methylene. Where B represents the mole
15 fraction 1,4-butadiene then (1-B) is the fraction 1,2-
butadiene. The mole fraction methylenes present,

XCHZ is then '

Xeg,. = B+ 3
20 2 4 (1)
For the homopolymer polybutadiene, B = 1 and the
fraction Xcp = 1, For a homopolymer of isoprene,
B = 0, and xcﬁz = ,75. If it is desired to interpret
25 = this composition in terms of ethene units XCH2 CH, the
result is
XcH,CH, = n_;"l (2)
30 For B = 1, 3Xcu. CH = 1 whereas for B = 0,
XCH 5CH, = 1/2. A hydrogenated isoprer?e polymer is in
effect an alternating ethene and propene copolymer. By
definition hydrogenated isoprene methylenes are not. |
considered to be 3/2 ethylene but only as supplying a
35 single ethylene unit.

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



considered to be 3/2 ethylene but only as supplying a 35 single ethylene
unit. Dependi ng on whether the butadiene is incorporated as blocks or as a
Statistical copolymer with the WO 92/16567 -8 PCT/ US92/ 01674 i soprene,

di fferent percentages of nethylene units result in crystal | ini te/ I n al |
cases wwoe2aesgnences of net hyl enes are |ong enough t oPEF be

| east two adj acent 5 hydrogenated 1, 4-butadiene units wll be present and
generally 3 or nore will be present. In such cases whether nethylenes from
i soprene are counted or not beconeg-less inportant, since isoprene adds
only one or two units to an 8 to 12 unit sequence. For the 10 purposes of
the present invention the conposition_ o cry I L e s are

consi dered t oibepreng.er fdf fﬁ?B’bE.t FRTESE-2TN CEfa \%!e%ﬁ?%&ri %?3 net hyl.ene
segment s cont peduttedirbcrystalii BpkEyuni t s count ed. Thus, XCH2 =B (3) 15 |f
there is no butadiene present there are no crystal | i zabl e nmet hyl enes. For
B=1all methylenes are crystalliza e aat hyl enes
are crystalli zabl B aLl n(?Pé éﬂh(ﬁ/e @e‘aqueF? mat‘D Ienes EnEgt hat are :
crystal i zabl goitd| | ercmgst akbi zerystailizeartfom %’I yHEP ADRRERE ene and

| soprene . abogg ardgtatidit mt—lwkeamwrm v(ifmomdommeme) angii | | be in

sequences of re. at_B relefit Ab04h Ycharkhsee B = 0.5
the value is QBB‘EFFa 1H08% ( Eorgoglil cgsel n Pol r‘i Science, 5, 451
s

(1968)). For Bhetkes, méthlyl@e; m Lsogpgne gire €9 nt B’éctniovel y
(Formula 1). Lchﬁeé Wégéghmbbfﬁadtﬁ,glsﬁ.ﬁcéf isoprene adds only one or
two units to an 8 to 12 unit sequence. For the
10 purposes of the present invention the composition of
crystallizable segments are considered to be in terms
of butadiene content, with only those methylene
segments contributed by butadiene units counted. Thus,

Xeg_ = B (3)

15 2
Tf there is 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

20 that are crystallizable will crystallize.

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

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

25 19%. (C. Tosi, Advance in Po cience, 5, 451
(1968)) -

For B = 0.3, 0.4, 0.5, Xcm, = .82, .85, .875
respectively (Formula 1). It is through this region of .
putadiene composition, 30, 40 50%, that seni-

30 crystalline polymers are formed in statistical

copolymers.



but adi ene conposition, 30, 40 50% that semi 30 crystalline polyners are
formed. in statistical copolyners. s WO 92/16567 -9 PCT/ US92/01674 For
bl ock as opposed to random copol ymers lower anmounts of butadi ene needed

for crystahbiigdghe segnents, and in a butadiene rich bl por/ussa/eiesadi ene
content can equal 100% If the butadiene is mxed with 5 isoprene in the

crystallizable segnent but is "blocked", then crystallinity could appear
only marginally above the XCH 2 = .75 val ue for hydr ogenat ed pol yi soprene
given by formula (1). The definiti ofS above pertain to exclusive 1,4- 10
but adi ene nononer addition. In the case of 1,2--and 1, 4-butadiene addi tion
similar definitiopg,Calole ABURpP Eashabnednapﬁ hupadynemsp&oda:es one

nmet hyl ene group and o e subst | tut ed Eml en Th adhk fraction
of, met hyl ene 3FPBHEE | ‘&i B‘F -él g:’ ec 2 20 §4) Bl,4 is the

fraction of kpgmadﬂstlmﬂoin bmtlauf-ﬂﬂ@ne rdehpp 4?°k fheydytadieng, ;|
1, 2-butadi e ﬁ‘éég&'é’ih ofd1=100%. (TERBeChutheiane |Inmivedhylithe

sequences. tain crystalliz es %trmsg e ;&5 sequences
of 1, 4-but adlléﬁé’réﬂ%hallﬁed T ¢ sC r\?’tealﬁg% gfrlr]ﬁgadcﬁéta:ﬁ{)e - byt adi ene and

1, 4- but adi ene'babicked”, Bl, 4then agpystribinity 0 ePuld o appserpePeé}ﬁt) to
obt ai n cryst inah—b@hai/ly Fmg @hellxgy( 4% Xe8 value’ It hydrogenated

polyisoprene given by formula (1).

The definitions above pertain to exclusive 1,4-
10 butadiene monomer addition. In the case of 1,2~ and
1,4-butadiene addition similar definitions can be made.
Enchained 1,2-butadiene produces one methylene group
and one substituted methylene. The overall mole
fraction of methylene groups is

15
Xeg = 3 By,4 + 1
2

(4)
2 51'4 + 2

20 _
By 4 is the fraction of 1,4~addition of butadiene.
14

For By 4 = 1, Xcy_ = 1. For all 1,2~butadiene addition
’ >
Xcy = 0.5, there gan be no long methylene sequences.
2

To obtain crystallizable sequences there must be

25 sequences of 1,4-butadiene enchained units. For random
addition of 1,2-butadiene and 1,4-butadiene units,
By,4 is approximately 0.3 (i.e., 30 percent) to
obtain crystallinity. From formula. (4) chz = 0.73 at

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

30 butadiene and 1,4-butadiene additions is of a block
type, than random crystallinity could occur at B3 4

below .3.



Bl1,4 = 0.3. If the statistical distribution of 1,2 30 butadi ene and
1, 4-butadiene additions is of a block type, than randomcrystallinity

coul d occur at Bl,4 below .3. WD 92/16567 -10 PGI/US92/ 01674 For pol yners
contai ning styrene or another nmononer which introduce rbons to
t he pol woe92/1686 kbone, the net hyl ene content can be red%g'légsﬁg&c?z?y 0.5
nol e fraction. Thus, for polynmers containing such 5 nononmers or significant
1, 2- but adi ene addition or 3,4- isoprene addition, the percentage of
met hyl ene units present can be | owW@r than .75. The preci se sequence
di stribution determ nes the | ower anount of nethylene content that can be
crystal lizable. The fr ct| lc p@ﬁemzes,gathéf\ ﬁ&}&;mse of

g poipmed Somotiaieg b g

pol ymers cont ai ni | ene and prene is
XCH- 2 = 15 #hBth4 mﬂ;pdgc¢ ?1'111? 4t¥o ) Farbpng, 1o’ 43151 2 % 13"#?4 + 213, 4

(5) B1,2 is baekﬁéﬁellm afetnwéenetmnmtyﬁen ber KRAUCES iR 12 ¥addi ti on of

but adi ene, ol O Ae g6l g ivareriss epheatnimndsud 4 t he
fraction of § 5 3T%d£a£z?%°% ‘rhud, yaié

n of i sopr t rt ant :
vari abl e f or monyseﬁl@ia’r)’r?é“rﬁ"éf’ﬁﬁeﬁegebuﬁ?éien ?&gﬁf%?mg{ %Iqlene cont ent
i s calcul at eqseﬁréﬁgbsaaiﬂim 8ihe pexdentage] P methydEner upitsn) = 2 2
Bl, 2 + 4B1,4 4 411: 4 2n2pe: ioémfr&&he[ﬁﬂ S {heBbrécise sdqguemreesent this

val ue can d:.str:.bt?tz.ncﬁnmdrwtne]r%&ngs +nd88uE84 dnbind €58 hédfyrend e
content that can be crystallizable. The fraction of

10 methylenes present in the case of polymers containing
1,4- and 1,2-butadiene and 1,4~ and 3,4-isoprene is

4 By,4 * By,2 + 3 11'4 + I3,4 5)

2 4 31'4 + 251'2 + 4 11'4 + 213,4

XcH

By,2 is the fraction of the total polymer formed
from 1,2-addition of butadiene, I3, 4 the fraction of
1,4-addition isoprene; and I3,4 the fraction of 3,4

20 addition of isoprene. B;,4 is the most important
variable for crystallizable methylenes.

The substituted methylene content is calculated as

(substituted By,2 + Iy,84 *+ I3,4
25 Xey fraction) =
2

2 By,2 + 4By 4 * 4I1,4 ¥ 2I3,4

Where there is no Bj,4 or I,4 present this value can
30 have a maximum of 0.5. When B3 4 is less than .2 the

substituted fraction is large.

d. By “crystallize" it is meant that the
35 methylene sequences in the polymer associate into
ordered state consistent with the classical definition

of polymer crystallinity as set forth, for example, by



substituted fraction is large. d. By "crystallize" it is neant that the 35
met hyl ene sequences in the pol yner associate into ordered state consistent
with the classical definition of polynmer crystallinity as set forth, for
exanpl e, vy o¥)§kse2/ 16567 PCT/ US92/ 01674 -11 Flory, Principorasssaiolfs yner
Chem stry, Cornell University Press (1953). e. Crystallizable units are
defined as methylene - groups in sequences which exhibit a heat of fusion
when 5 nmeasured by differential scan i,ng cal ori nmetry (DSC) upon cooling
fromthe melt. In a useful procedure Tor the present invention a sanple is
formed into an approxi mately 0. 030 |nch t hi ck sheet for 30 m nutes at
150C. and is t¥lexyannetingiples00off oPOlYIRE. . CROMLIS) LYo t FONP8 renent,

| oaded into thgiQake gtgeﬁﬁs@t(ltglgay terrperature, rapidly cooled to -100' C
and scanned to 150'C at 20' U mnute. Only sequences nelting between 20'C

and 140' C are included. f. The wei ght per cent crmz_;ﬁal lizable ynits is: 15
Heat of fusion rreaeuredcmi#adrillzab ©.units &xe eqd A nethydengr e nel t
crystal lized olpat byl g@enaﬁbhhbfhxﬁ\dﬂi(u aeheawhet efusioremtiegr oup

effects are not si ghr:éj‘ggt f%ﬁ ﬁﬂlgngﬁ@ﬂﬁ%ohggyﬂe{ Qggbg 20, 000)

has about °60% strictions prevent themfrom
all crystalli zu;rtgx coBdingnfrom y@talwaﬁi-t yInap Beefbh REWEBNFe: £O0Rni ques, as
25 defined in (e Votesth@t @nvént¥én\Wd Ceiipky, ik PormedciintcPhwsics, A2,

9, 127 (1971), qmpgg?ggpgg 19O0IRY Al LAGER! Bnddt THPTRNGAnuERS degr ee of

crystallinity @ 'on 0 ealin hi story.
Sone | ow anountsa°€.desdr 48| them Qﬂﬂ%lﬁﬂoeﬁcgoéﬁ% ﬁé’ rg °Fs anneal ed
at 20" C. jhor ngy enbddiirelfént, loaded into the calorimeter at that

temperature, rapidly cooled to -100°C and scanned to
150°C at 20°C/minute. Only segquences melting between
20°C and 140°C are included.

f. The weight percent crystallizable units is:

15 Heat of fusion meagured cal/gm . 100.
69 cal/gm

On this basis pure melt crystallized polymethylene

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

25 defined in G. Ver Strate, Z. W. Wilchinsky, J. Pol. Sci
Physics, A2, 9, 127 (1971), which 1is incorporated
herein by reference. The degree of crystallinity
measured is a function of the sample's annealing
history. Some low amount is desirable in this product

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



hours after preparation of a void-free, strain-free specinmen by heating to
1500C. for 30 mnutes in a suitable nmold. Crystallizability al so depends
on other WD 92/ 16567 -12 PCT/ US92/ 01674 factors: tenperature, diluent, and
t he conposition of the copolymer. g. The association twﬂ%&g%ﬁ?(m), IS
the terpgoakgsey at which crystallization of the copoly e present
I nvention 1s determ ned by studying the tenperature dependance of the
relative viscosity (rjrel). Deviation froman established (d,Jrel/dT)
trend occurs when significant asso_&_ation at polynmer segnents due to
crystallinity starts. (ASTM net hod 445 for 10 kinematic viscosity can be
run at a series of tenperatures. The polyner concentratjon in these
nmeasur enent s Qgg]rg,bge&?grm,asamhahti nandethe oEREPE LM 1°F 1 or exanpl e
19%9. h. The 2 poi Nt tenperature is the 15 tenperature (Tc) at which
crystalline cﬂh@uﬁgp"%ﬂfﬁ%ﬁ dity) are first observabl e upon cooling of oil ~
when tested according to ASTM D-2500. The cl oud poi nt ter,rger ture can be
correlated with the aspgei aldsoriation eresparakere 2ofTa) /A EFystif|izabie .
segnent of the hydrogenat dghggﬁ%w@éaﬂhahaibs pEclthencoepohyhene units,
onte

with an averteFPerathyF oft nt of, _at | eas] 154 t@ercent. The
et hyl eng cor&ferﬁhedepeﬁeatohn‘{?fg-meor’rﬁnéﬁ%er utsnee?bt §re g?t‘?tgg%pm ymer and

the nature of e@n}etrg’éﬁfei ngeépéndenden tafe ey ngrelaki¥e e RFPRRE Uinits will

crystallize att lven te ra g,gcgstggggenéaa(dm]j/ld'rsotnemfbn only if
they are in |OF§L enoﬂﬁﬁxgqﬁf’eﬁ#ég, with only ?t'ﬁcﬁ%)‘n@f Bughentof
i nt err upt i onsoctirst whenbeignfHie@nte? AL e uni T's. '€ D445 for
due to crystallinity starts. (ASTM metho
at a series of

10 kinematic viscosity ocan be run

temperatures. The peolymer concentration in these

measurements should be the same as that 1n the

formulated oil, for example 1%).

h The cloud point temperature is the

15 temperature (Te) at which crystalline clouds

(turbidity) are first observable upon cooling of oil

when tested according to ASTM D-2500. The cloud point

temperature can be correlated with the association of

temperature.

A crystallizable segment of the hydrogenated
rich in methylene units, with an
ntent of at least about 75 mole

20 i.
copolymer chain is
average methylene cO
percent The mnethylene content depends on the

comonomer used to prepare the polymer and the nature.of
The methylene units

ir inclusion in the polymer.
> e temperature and

will crystallize at 2 given °
concentration in solution only if they are 1n ong

i imi umber of ' R
enough segquences, with only a limited n

interruptions due to substituted methylene units. More

30 interruptions are acceptable with methyl substitutions

than with larger groups since methyl groups can enter
the polymethylene crystal lattice. Methylene units can
pe identified by Ci3 MMR, T. Hayashi, Y. Iroue, R.



30 interruptions are acceptable with nmethyl substitutions than with |arger
groups since nethyl groups can enter the polynmethylene crystal l|attice.
Methyl ene units can bé identified by C13 NVR, T. Hayashi; Y. Iroue, R WO
92/ 16567 US92/ 01674 Chuj o, Macronol ecul es, 2,1, and
referencgg}ayﬁég Sequences of 5 or nore cannot be drgiﬁ%%uégﬁgh
However units are actually crystallizable only if they are present in
sequences of 5 about 11 nethylenes or longer. j. Alowcrystallinity
segnent has an average nethylene cont®nt |ess than about 75 nole percent,
and is characterized in t he unoriented bul k state after at |east 24 hours

annealing by a deﬁ ;ggof 1bg§s hAanrakbeyendeg% at 23' C
k. Molecul ar BB ena eg copo yner . were _neasur d by a

conbi nat i on. megeinper me HEWENCLR 0t ogt apfY” aMFFEN |THES ase§ li ght
scattering asgj gg§§g¢md n G Veowivext e iniBusvewiare Sacgpallys

Macr onol ecul es f i & 1431 sl hB8gexof NCr enent
in trichl orob&ﬂ%ﬁé%’t;ﬁ%&;ﬁ%gﬁg%ﬁ%b Eese - 0. 104&1‘6& al I hydrocarbon

structures. SehhRRYLDMehyleREENTT GP™$TThe present invention is directed
to a hydrogenated bl ock copolyner a process to nmake the copolyner,

conpositions containin t QSﬂégL@w hber@@polyner
The hydrogenat ed b ¢ ockq%:op pféﬁ?ﬁt%e

r 2 ri ses
mononeri ¢ uni PetHEIeNe I ER bﬂrfaﬁlﬁwé“ %? s"en’;'"ol if E,X%Q%hgt ene and at
| east one Cor.ﬂsueaafdwbmdcduomhaeunomrm\tb@dkbyteﬁe poERTI AL RL R2

least 24 hours annealing by a degree of crystallinity
10 of less than about 0.2% at 23°C.

k. Molecular weights of the hydrogenated copolymer
were measured by a combination of gel permeation
chromatography and on line laser light scattering as
described in G. Ver Strate C. Cozewith, S. Ju,

15 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 OF THE INVENTION
20 The present invention is directed to a
hydrogenated block copolymer, a process to make the

copolymer, compositions containing the copolymer and
methods to use the copolymer.

The hydrogenated block copolymer of the present

.25 jnvention comprises monomeric units derived from

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

Rl R?

30 CH2=C-C=CH2



30 CH2 C- C=CH2 WD 92/16567 -14 PCT/US92/01674 wherein RL is a Cl to
about Cg alkyl radical and R2 is hydrogen or Cl to about Cg al kyl radical.
“The copol yner conprises at | east 10 percent by wei ght of the butadiene
segnents. The copolymer is hydrogenated 5 and conprises at | east éen

per cent W’WS?W of at |east one crystallizable segne?ﬁr’y§??§f“6§ d of

met hyl enie” ~“Units. Correspondingly, the crystallizabl e segnent has

average 1, 4-pol ybut adi ene content of at |east. about 20 nole percent and
preferably at least 30 nole 10 percept. The bl ock copolymer has at |east

one low crystallinity segnent conprised of nmethylene units and -
substituted nethylene units and has an average 1,1411: #)](e)l bcftnadii ne content
of not greatgp Lban 1 il cipepcehoutrfs FEr ZBFYTesT 1 fan “T0 nol e
percent. A1l ygr ef erred blockegonmanter cps atiyle whdicdpol ymdhe s in a

star copol ymB¥2FBIHE haVi ng from 4 to 2 n@r alyalyeignto o5 ar ns.
Preferably, thpotyneX afPPRIARSE rﬁﬁﬂsg' ﬁlz?\djepdz}r 2Q Er??a Baage nol ecul ar

wei ght of at t},aasﬁtMneTfsemsﬁageTE?4¢%Wadfseﬁ. %%% ent is at |east
20 mol e _percent and prefenabliesdt |astpéfcensr dent veighheof @ty ene units

are connecte n serres of N i ; Jut oyl meehyheries i n | engt h.
The renaininga@stseﬁﬁﬁﬁﬁx§qﬁi&fﬁ§g§%po #&? BERENS

ch . ystallinity
segments prefpiably towrempoadingly addre fﬁsﬁﬁ%ﬁ%&% %Egm%]?r!lvtheﬁ of |ess
t han about 20 rmlvgraggr gefliporYbataRSeneradmensd ofy aFodeRst P Bitock
copol yner Pc8iprises a c pol ger {Qfe@é}ﬁ‘?i epe awastsopoenmolwvi ng at
| east 10 wei @& peteerReXfi® cPé t 171 zabl e Segrent .0k GheCOrgy i ses at
| east 29g N0l @e@enent dfhel, Hlock copolymer has “a

crystallinity segment comprised of methylene units and

substituted methylene units and has an average 1,4-
greater than 20 mole
A

polybutadiene content of not
percent and preferably less than 10 mole percen?. .
15 preferred block copolymer is where the copolymer 1s 1n
a star copolymer form having from 4 to 25 and

preferabaly 5 to 15 arms.

Preferably, the crystallizable segments have a

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

25 segments of the copolymer chailn ‘ are the low
crystallinity segments preferably having an average

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

percent.

The most preferred hydrogenated block copolymer

30 comprises a copolymer of butadiene and isoprene having

at least 10 weight percent of a crystallizable segment
which comprises at least 20 mole percent of 1,4-
10 weight percent of a low

tadiene, and at least .
- : ~polybutadiene

crystalline segment having an average 1,4
content of less than about 20 mcle percent.

(8}
wm



pol ybut adi e

ne, and at

| east to weight percent of a low crystalline segnent

havi ng an average 1, 4-pol ybutadi ene 35 content of |ess than about 20 nole

percent. WD 9
conposi tions

hydr ogen ¥/
oi | conpositi
ol eagi nous co
25 -percent by

I nvention. Preferred conpositions of the present

copol yner as
oil having a
(Tc). The lub

2/ 16567 PCT/ US02/ 01674 -15- The present invention includes
conpri si ng ol eagi nous conpounds and the ab recited
M5tk copol ymer. Preferably the ol eagi nousi}%@ﬁjﬁgﬁgi‘%"i s an

on conprising 5 oil, such as lubricating oil. Typical
nposition conprises fromO0.1 to 50, preferably from
wei ght of the hydrogebated copol yner of the present

ly, the
0.05 to

I nvention 10 conprise

reCItsgeab%¥§?Qﬂ¥'nQn%enE ¥ﬁtahhb§§&é9n RmpREatibRs (Ta) and

cl oud

rqowrmgnq). Plﬂﬁﬁ%ﬁg :ér&%? Eﬁ%\ caw{’? aF’ﬂéT %!8"?. 3%%?%%

t han
itives,

such as other pyag6géhdtled. S Badcki ereopclymerss di sprefmrablyant to&i dant s,

corrosion in
agents, and t
l ow tenpefatu

he

dlyi sEYRBt r BE rlb%éflf?'é % o Bteagi no fdst

RadphRhdus, ELBIGRLS 1 W 261 ri°r?‘mr‘m:;ff§§?%“e‘%§?{ ent

particularly bubhgﬁﬁémsm]cbﬂpnsifhencongmpr¥§q§|oﬁgohavé dat kof aBlory

Vi scosities a
sitions of th
conp03|t|ons

piesen

gsrr e280%b )Ef”?féﬁtwes? fad 23t irgfE tb?rrmlajnﬂ%f #he conpo-
i nvent | are u g for t gal buschat|ng oi
hygpogenaifdh e ROIYBeL 5 5ni $8Fon PFFuu i 48Py oi

suitable for m&ereﬁre¢ranhnmstmn89asfzﬂ i nthe,ndpaesest ed@ventiomnd any

ge POV t I pgsitdd | Ngbovédi t havimg present
|t|§ ?f Q{oﬁo??‘ggs a . 30 rro?ess tofnilke tk?g hggro‘genat ed

nachlnery con
|nvent|on addi

bl ock copo|yn§#ystalllzation temperature (

15

20

25

and ol aving a

point temperature (Tc), where (Ta) is greater than
(Tg). - 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
fluids, particularly lubricating oils. The compo-
sitions have satisfabtory viscosities at room
temperatures and at higher temperatures. The compo-
sitions of the present invention are useful for typical
lubricating oil compositions such as automatic
transmission fluids, heavy duty oil suitable for use in
crankcases of gasoline and diesel engines, and any
machinery containing gears and power transmitting

units.

30

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



recited above. The process conprises the steps of polynerizing a precursor
bl ock copol ynmer conprising at | east one butadi ene segnent conpri sing

nononeric unit derived from butadi ene, preferably at |east 20 percent WO
92/ 16567 PGI/ US92/ 01674 -16 5 by nole of 1, 4-butadiene, and %} | east one
COoNDNOMEWO 92M6¢56Znt conpri si ng conononer units derived f."’&'ﬁ{%ﬁi' 01¢74st one
conj ugat ed di ene conononer represented by the fornula: R1 R2 |
CH2=C-C=CH2 wherein Rl and R2 are defined above. The process 10 further
conpri ses substantially hydrogenating-the precursor copolyner to formthe
above recited hydrogenated bl ock copol ynmer. The process is pre- ferably an
anioni c polynerization. In formng the precursor block copol yoer t he

pol yneri zat iy pobecef 154ppetadismey @Apkedtokadst AN& PP Saches. The
first is tosgl?o]gg;&olx FZSidyt 2dheneméo finits bdtexdivede fxamyndhts. The:

cormononer is then added to the.r edomdfine ' Qhaolynerized
in the preseRdSHone ﬁgn%ﬁ?%%?der?:i%g%g%%%ts tgo?rgrpﬁ%téﬁ%@%fgﬂrsor bl ock 20

copol yner. Atdemulat:i vely, the conononer cari first be honopol ynerized
foll owed by the addition of butadiene to the conobnoner segnents. The
butadiege is polynerized gt t IR? presence of the conononmer segnents. Upon
conpl etion of the polymerizhtidn of the butadi ene 25 additional conopnomner
can be added and pol yRBzi2ze@d T = 6Fm t he precursor bl ock copol yner.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is directed to
hydr ogenat edynexe it Gk @mpakdmere definddeda®®Verut adiTife PROFESEF | east

10 further comprises substantially hydrogenating the
precursor copolymer to form the above lrecited
hydrogenated block copolymer. The process 1s pre-
ferably an anionic polymerization. In forming the
precursor block copolymer the polymerization process

15 preferably takes either of two approaches. The first
je to homopolymerize butadiene to form butadiene
segments. The comonomer is then added to the reacted
mass of butadiene and polymerized in the presence of
the butadiene segments to form the precursor block

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

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

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

9) D () ' O

The present invention is directed to hydrogenated
30 block copolymers comprised of butadiene and at least
one comonomer of a Cs to about Cag4 diene. The co-
monomer can comprise anionically polymerizable
substituted ethylene, such as styrene or methacrylates.
The copolymer contains at least one crystallizable
segment or block and at least one low crystallinity

3
(8]



one conmononer of a C5 to about C24 diene. The co- nononer can conprise
anionically polynerizable substituted ethylene, such as styrene or
met-hacryl at es. The copol yner. contains at | east one crystallizable 35

segnent %@/ﬁ‘% and at |east one |ow crystallinity WO 9pctaxwi/erdss 5
PCT/ US92/ %egrrent or bl ock. The hydrogenat edcopol yners are made by

first polynerizing, preferably by addition polynerization, nononersof

but adi eneand at | east one preferably isoprene,toforma precursor other

di ene , copol ymer. contai ni ng ananmoun?of pol yneri zed 1, 4- but adi ene. and at
| east one ot herdi ene whi ch upon hydrogenati on of the precursor copolyner is

effective to forma hydrogenat ea Cc I tadh Paeft AfeSiadeOne
crystal | i zabl esemantn©¥aRdogk- | ?‘g'ﬁgxggé\?ﬁ%d]crgst gtlei ni tcx egment. The
pr.ecur sor copopynersixstt hepolymelr ixjagat edprefexabdyant PY | y2 Tt e the

ol efinic bonds f‘”de:ti%aft.‘%ﬁ‘ aﬁ@ﬁ&ﬂé&erﬁ eaitadpehy nend camnt bessteneat | east
one crystal | i zBBrE*Segment. -and at

eas I C ad | bpedvyrsrgnent . The
cr-ystal | i zabl ecteegreftent cﬁﬁﬁﬁrggéyat‘gfggg?e’a%vfe?ﬁe 3 ﬁbout 10 wei ght
percent ofy t hechysrpganatedtaipig men camauntan8t RMYATSZE avéage
1, 4- pol ybut adi gﬂgﬁ%fé};eengngf Al 10886t oneowstLEYr milenpembdeh, ypaferably at
e

| east about 3 ercent. An ade e whe 20
units are joi nBﬁdr‘Pﬂ%"&%}éﬁ%&f c*(ﬂﬁ'eﬁzf##grsgfpgb 8limet 19 enéa?/ihg/é ene units

| east” about 1
to permit crystal lfozat orhydivgensted r OPalYHeF | GORRAMENE ha;g”g?, Ver age
1,4- pol ybut adigne contgit i3farhesssédment30 and e ager deast  one  low
10 crystallinity segment. The precursor copolymer is then
hydrogenated to substantially saturate the olefi?ic
bonds and to form a hydrogenated copolymer containing
at least one crystallizable segment and at least one
low crystallinity segment. The crystallizable seg?ent
15 comprises at least an average of about 10 ‘ weight
percent of the hydrogenated copolymer chain and
contains an average 1,4-polybutadiene content of at
least about 20 mole percent, preferably at least about
30'moie.percent. An adequate percent of the methylene
- 20 units are joined in sequences containing at least about
' 11 methylene units to permit crystallization.

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

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

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

30 formula




preferably | ess than about 20 nole percent, and rich in 25 substituted
net hyl ene units. The lowcrystallinity segnment correspondingly contains an

average of at |east about 22 nole percent, nore preferably at |east about
24 nol e percent substituted nethylene units. The substituted nethyl ene
units amoexpessdented by the 30 fornula 35 WO 92/ 1656 7PCTASRPI€I402/ 01674
wherein Ris a Cl to about C8 al kyl group, either branched or straight
chain. These substituted =ethylene units result from for exanple, the
hydr ogenati on of 1, 2-addition butadigene and the 5 hydrogenation of the

pol yneri zation products of the other dienes such as isoprene. Thus, for
exanpl e, hydrogenating the polynerlzatlon pro of 1.4- LLion
isoprene yi el wisetdin rRcusr izgCst t@ctahont rat 2 ggy:&S E?Ep'- ggL'ECH - CH2 -
CH2 ~ cont ai nj pg, Htha SLﬁptlétjﬁﬁ@m{Et fetladne uni tTIGS® 20substityfed

crystal lini ty segnent can gcontaj ﬁd&i ti Opot O eRempyél) ogenat ed
cononomer di A% APher 5 on pro uct's 0 a

drogﬁé]gted 1 2 ad |on

but adi ene as ngpdrtogenalipidnog@fat det 2radaiien i ok i B rrerl zation

pr oduct Sg Lﬁ%%{ en@gggal ¢ t bife 2pol pmerizattinn| i prraductsg t y contain
at

t he hydrogen rrerlza o] pri%q% of lpHndut 2dtensample,
hydr ogenat ed %B‘P?/rl aa'ruté#]egs Stteggl ene roSuct pgky I1 3= but adi ene,

and i soprene, hydmgerqqygpggeﬁagedpo
addition isoprene yields the recurring structural unit

10 C|3H3
~CHy - CH - CHp - CHz¥

containing the substituted methylene unit

15 <|'—'Ha
- C}I - .
20 The low crystallinity segment can contain, in

addition to the hydrogenated comonomer diene
polymerization products, hydrogenated 1,2-addition
putadiene as well as hydrogenated 1,4-addition buta-
diene polymerization products. Thus, for example, the
25 low crystallinity segment may contain the hydrogenated
polymerization products of 1,4-butadiene, i.e.,
hydrogenated poly-1,4-butadiene, 1,2-butadiene, i.e.,
poly-1,2-butadiene, and isoprene, i.e., hydrogenated

polyisoprene.

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

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



30 The copolyner may al so optimally contain the hydrogenated
pol ynmeri zation product of other nononmers such as, for exanple, nonovinyl
arenes such as styrene or substituted styrene, nethacryl ates, vinyl :

pyri di nesyn9s/1686#€" ani onically polymerizabl e nononers. PpeTAUS922018% of the
crystallizabl'e segment which is present in the hydrogenated copol yner is

I n general WO 92/ 16567 PCT/ US92/ 01674 -19 dependent upon the relative
anounts of 1,4-butadiene and at |east one other diene present in the
precursor polymer. The crystalli zabt% segnent conprises at |east about 10
wei ght percent, preferably fromabout 10 5 to about 90 wei ght percent
more preferabl 33{,&,%5&,?&3 on 28né O rabativeSameamta etr deatbubmdiensst
preferably from 42 out 40 to 65 wei ghf; ner eeakeft ihethe! predysifgenat ed
cqpol yner  chai AnE CBF r L&RBRAPHYI S5 Fhe prectirsor  copol yner .cont ai,ns at

| east about 10pwkjwmént. per cShe, axyshadidzable FEIPEUs: %&8&?’26 WY ght
percent (e.g.,;EL0M aphitut02fheightmricent) , praferakly fromeprbolly M | east

bout 35 wei ght t_of 1 4-buladiene. % b
Zn‘gﬂnt ofV\ST g,_ Eafglégtgtﬂgoglwgggﬁ; ﬁ%?ﬁngé‘e, 5285 Addebab1yNerhcabsit t he

recursor .copolyne tpe | arger the
crystal | i zabl e20160 sslgpmn85 Height W%gnaf‘ﬁﬁ ‘E‘Eﬂfolf{}ﬁé¥n¥’ﬁyo£ﬁ%’? to
attain the pregﬁgﬁed,;@y&r EcHRigEt pextenymer theprdtailn@ydypgenated chai ns

cont ai ni ng at east one cgrystalliz =HRAAE AL onpgheedpebeipidy| ene
units and at- | EBPLHHE | oﬁc}/’a}c/irsri/'stal I?%%/tt sgg%rgtﬁtf 0 conErlpsed of . met hyl ene
h

units and substbpalymemeeoRtains ahiled oher ¥ep7RY ePSEFS T hel ude
sufficienfy 1, 4y -RebaghBrat Neastl abait t2teviighbupentiente (Brgsentr®h the

4
precur sor copoP nmer far ( EF/ ro thoPe bREFRVY Sdtel Leaebl e
segnent. Sone °Pge2%yg:rr§°ogéejngoa e @,'4- But ad) %n% may be L %§$Qh§” t he | ow
crystallinity about 35 weight percent of 1,4-buta ne. Ge : ,
the greater the amount of 1,4-butadiene present in the
precursor copolymer, the larger the crystallizable

15 segment in the hydrogenated copolymer.

In order to attain the preferred hydrogenated
copolymer comprising copolymer chains containing at
least one crystallizable segment comprised of methylene
units and at least one low crystallinity segment

20 comprised of methylene units and substituted methylene
' units, the monomers preferably include sufficient 1,4-

butadiene.

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

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

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



segnent. Thus, for exanple, the low crystallinity segnent may conprise the
hydr ogenati on products of isoprene (either 1,4- or 3,4-addition
pol'yi soprene), 30 1,4-addition butadiene, and 1, 2-addition butadi ene. The

crystallizabl e segnment can al so contain sonme of the hydr i pr oduct
of 1, 2- wo#ag16562, i soprene (1,4- and/or 3,4-), etc., p?g\?ﬁg@g}oﬁ% anount s

of those WO 92/ 16567 -20 PCT/US92/ 01674 other hydrogenated noieties are
insufficient to lower the average 1, 4-pol ybutadi ene content of the
crystallizabl e segnent bel ow about _2¢- nol e percent. Copol ynmers, preferably
produced by anionic 5 polynerization followed by hydrogenation of

but adi ene conjugat ed di ene conononer_are,_pk gy | fgek0f  the
hydr ogenat edomacthﬁﬁr%?mﬁﬁds Weﬁafidf‘gﬁe&g%‘gf?%%eﬁne wher.ei n the

1, 4-confi gur aheOn sPeraqes pris4-polybutadiens ey EPNtERher %’f)ecité’se, such as

t hose 10 obtai ne Qb 2 seBfidh© 'belok ajout iz mele pesoebk. present in t he
pol yner. Thu§TYF ?Hejkarrp i"e,se?ﬁe 1,2- addition of butadiene will yield a

recurring structure represented by the forrmula -fCH2 - C}ﬁ, 15 CH n CH2
20 Hydrogenati on eépélymers,r ucprefenabdyl t SPFeAuFedst r Bt ur 81Yr%sent ed by
the formula 25_- KHziz-at(ilalnr -£01%0%edCE§ Hyarobenstian hyflr bytadiere copol yner

of butad ene PAYBTSBLTEHe ey cont al'n, { Qe 4RABAG: oblir{fid 2 no

conjugate

the hydrbgenated reaction products of butadiene and

jsoprene wherein the 1,4-configuration species pre-

dominate. However, other species, such as those
10 cbtained from 1,2- and/or 3,4-addition may also be

present in the polymer. Thus, for example, the 1,2-

addition of butadiene will yield a recurring structure

represented by the formula

-CHy - lcn-)-
15 -
"
CH2
20 Hydrogenation of this structure results in a
structure represented by the formula
~tCH, - ?H*-
CH2
l
25 b,
Therefore, a hydrogenated copolymer of butadiene
and isoprene may contain, for example, the following
30 species:
~CHy - CHp - CHz - CHz}
obtained from the hydrogenation of 1,4-butadiene;
CH3
35

-CH, - CH - CHz - CH2}



30 species: "fCH2 - CH2 - CH2 - CH2~ obtained fromthe hydrogenation of

1,4-butadiene; CH3 35 .f.CH2 _ d! - CH2 - CH2} WD 92/16567 PCT/US92/ 01674
-21 obtained fromthe hydrogenation of 1,4-isoprene; 5 CH2 CH3 10

obt ai ned g omikye hydrogenation of 1,2 addition butadi elREI/E$R/016THe
recurring structural units other than those obtained by the hydrogenation
of the 1,4-addition of 15 butadi ene and isoprene nmay be present in both the
crystallizable and low crystallinity _segnment. If they are present in the
crystallizabl e segnent, however, th&y are present in anounts which are
insufficient to affect the crystallizable characteristics of said 20
segnent. The at | east one other nononer, other than butadiene, which is

utilized to fuypaihedacepeh yims hydirogehetionsofnt, AndE8PRFMLH s preferably a
C5- C24 conjugated diolefin or substituted ethyl ene such as styrene. 25

Preferred conjugated dioIefL;ggiﬂaycgg represented by the fornmula R2 R2 CH2
C- C= CEZ 30 wherein R2 is a Cl|to C8 alkyl group, and R2 is hydrogen
or- i ndependently Cl to about C6 al KBk group. The al kyl groups represented
by RL and R2 may be straight chain or branched. It is generally preferred
35 that the al kyl groups represent &3by Rl and R2 are

10 cbtained from the hydrogenation of 1,2 addition

butadiene: etc.

The recurring structural units other than those

obtained by the hydrogenation of the 1,4-addition of

15 putadiene and isoprene may be present in both the
crystallizable and low crystallinity segment. If they

are present in the crystallizable segment, however,

they are present in amounts which are insufficient to
affect the crystallizable - characteristics of said

20  segment.

The at least one other mononer, other -than
butadiene, which is utilized to form the copolymers of
the instant invention is preferably a Cs-Cg4 conjugated
diolefin or substituted ethylene such as styrene.

25 Preferred conjugated dioclefins may be represented by

the formula
R2 R?

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




straight chain al kyl groups. Preferred conjugated diene nononers are those
represented by the formula WO 92/ 16567 -22 Rl CH2=C- HC=CH2 PCT/ US92/ 01674
> wherein RL is as defined above. The nore preferred conjugated diene
nmononer i s isoprene. The crystallizable segnments or bIog&inQ% %ﬁgg in the
hydr ogenwosrd/1es¢rol ynmer are conpri sed predom nantly 5f\zy ne units
which are, inter alia, provided by the hydrogenation of the 1, 4-butadiene
present in the precursor copolymer. Thus, polynerizing butadiene nononer,
i.e., CH2 = CH- CH=CH2, by 1,4 adgition yields a precursor polyner
segnent containing recurring 15 structural unit of the fornmula -fCH2 - CH
= CH - CH2} Hydrogenating this precursor polyner chain yields a polyner
segment containing the follow ng gdcurring 20 structural unit 4CH2 - CH2 -
CH2 - CH23 i.e., containing only methylene units. This recurring
structural unit, provided itcisp =suf + BCent®Ha |l ong, 25 e.g., contains at
| east about 11 nethylene units, fornms the crystallizable segnent of the
pol ymer chai n. Thus fhegg age Je\ﬁnggqabaeaent SrHehatoxeuspréferred fil |l ed i-n
order forP a s B to be crystalliz The first requirenment is that
t he segment haveu%sﬂﬁﬁﬁeP&QEeJPQPﬂﬂﬁ g %ﬁm%ne content of at |east about 20

nol e percent, preferably at |east about 30 we q? G _ from
about 20 to about Bk notwstsdiieabple segments. dﬁg ¥?4k§ se&% qﬁylene Uni ts
be in sequenceg 3€yé%3 éd&t@&tEﬁprympﬂ(hnenppmprésygtare@¢m@§pqp5ysa,d
segrent . 10Ge " erog meﬁhylhe%%e SeQenstenahpedt ih€@Stalia, provided by

the hydrogenation of the 1,4-butadiene present in the

precursor copolymer. Thus, polymerizing butadiene

monomer, i.e., CHp = CH - CH = CHz, by 1,4 addlt%on

yields a precursor polymer segment containing recurring

15 structural unit of the formula
~+CH; - CH = CH - CHa¥

Hydrogenating this precursor polymer chain yields
a polymer segment containing the following recurring

20 structural unit
+<CH; - CHp - CHp - CHz}

i.e., containing only methylene units. This recurring
structural unit, provided it is sufficiently 1long,

25 e.g., contains at jeast about 11 methylene units, forms
the crystallizable segment of the polymer chain.

Thus, there are two requirements that must be
fulfilled in order for a segment to be crystallizable.
30 The first requirement is that the segment have an
average 1, 4-polybutadiene content of at least about 20
mole percent, preferably at least about 30 weight
percent (e.g., from about 20 to about 80 mole percent).
The second is that the methylene units be in seguences
sufficiently long to impart crystallinity to said
segment. Generally, these sequences are at least 11
methylenes or longer, preferably at least 15 methylenes

(4]
wm



nmet hyl enes or |onger, preferably at |east 15 nethyl enes WO 92/ 16567 -23
PCT/ US92/ 01674 or longer, and nore preferably at |east about 19 _
met hyl enes or longer. A preferred copolyner of the instant invention is a
hydrogenat ed but adi ene-i soprene copolyner in which 5 th cf'h%@?ﬁnm%- e.,.
but adi enavan9d1456Dpr ene, are predom nantly in the 1,4-contrguration in the
precursor copolyner. Generally, at |east about 20 nole percent of the
but adi ene and isoprene are in the 1,4- configuration in the precursor

pol ymer. The precursor 10 copol yner-g@ntains at | east an anount of

but adiene wunits in the 1,4-configuration sufficient to provide a

hydr ogenat ed copol yner containing at |east one crystal- |izable segnent
conpri sing at Iegst ?}POUtan%o wei@htpregeraply &t sapashy ARI¥nated

copol yner. 15°Fh OPEFT bwi ng di scussion will be in terms of the preferred
hydr ogenat ed mlafdieéﬁé-%o%?’tqﬁ'bopol ymer. The crystallizable segnents

referred to hereinafter are generally derived fromthe hydroggnati on of

the 1,4- confi gurq,}i()j, shutadi essoiIvEReMeLS thehinetante IRNFPGO yStal linity

segnents are derive romthe hydro- _ o ebpbiyméxt ednr sdriahopol yner

segnents contai hhrﬁgog?%‘tﬁﬁ"en%“’f%&ﬂ%g %Egﬁ& 3, 4- gnds]opg.- aanfi gyeation as

wel | as Rut adigge alehés, 1, 4~-eand Pubagimpe guPBe; ort 5®méri zi ng i soprene

nmononmer and but a(gi SGnt3y JRNENEN ,Ry-conéiguichtiicon ipi EhesPEEGH r sor

pol ymer chai A&t a4 ni ng_t he ﬁgl | OYf NGk EE VARG 30 rtisTerpércenti ts |. 30

CHB -fCH? - CopoXmer -HEPeTAREY g in the 1,4-

' of the butadiene and isoprene are '
configuration in the precursor polymer. The precursox

10 copolymer contains at least an amount of butadiene

units in the 1,4-configuration sufﬁicient to provide a
hydrogenated-copolymer containing at least one crystalf
1izable segment comprising at jeast about 20 weight
percent of said hydrogenated copolymer.

15 Thé following discussion will be in terms of the
preferred hydrogenated butadiene-isoprene copolymer.
The crystallizable segments referred to hereinafter are
generally derived from the hydrogenation of the 1,4-
configuration butadiene monomers, while the 1o§ :

20 crystallinity segments are derived from the hydro-

genation of the precursor copolymer segments containlng

isoprene in the 1,2, 3,4- and 1,4-configuration as

well as butadiene in the 1,4- and 1,2-configuration.

Polymerizing isoprene monomer and butadiene
25 monomer by 1,4-addition yields a precursor polyner
chain containing the following recurring structural

units

CH3

I. | -
30 4CHy - C = CH - CHpY: and

II. +4CH; - CH = CH - CH¥



1. -CH2 - CH = CH - CH2} WD 92/16567 -24 PGI/US92/01674 Hydrogenati ng
this precursor polyner yields a hydrogenated pol yner chain containing the
TolTowmng recurring structural units 5 CH3 la. ICH2 - CH2 - CH2 - CH2t-f
and 10 Ila. -(CH2 - CH2 - CH2 - CH24' Recurring structural unit la contains
t hree %B%W units and a substituted nethyl ene unit PCF/US92/01€J4CH3 - CH-
. \Were eré are relatively large anobunts of these substituted nethyl ene
noieties in a polyner segnment, 20 generally greater or equal to about 22
nol e percent, the resulting hydrogenated pol yner segnent is a | ow
crystallinity segnent. The segnent @bnt ai ni ng at | east about 20 nole
percent 1, 4-polybutadiene units, and if these nethylene segnents are of
sufficient length, is a 25 crystallizable se : ng contai ni ng
the recurring uni tiydreégenating Ghis. Wursaﬁgnggmépcﬁﬁggﬁl; CH2 - CH
CH3 3 CH2 - mﬁgf‘fq%d desiyaest felmirt heontaimgshath8n H1HWHENT, 4- addition
product of t nol'es of i s Ltl%t}]e‘.{1-.l(§.|i:severy nol e of 35 butadiene, wll
general | y not TePEFNS, SEEFTTZabl e segment because it is relatively rich.in

substituted nethylene units, and the nethyl ene sequences are not WO

92/ 16567 PGT/ US92/ 01674
5 CHj

Ia.

<CH2 - (I.’Hz - CHp - CHa¥; and

10 IIa. <CHp - CHp - CHz - CHz}

Recurring structural unit Ia contains three
methylene units and a substituted methylene unit, i.e.,

Tﬁa

15 N
Wwhere there are relatively large amounts of these
substituted methylene moieties in a polymer segment,
20 generally greater or equal to about 22 mole percgnt,
the resulting hydrogenated polymer segment 1is a low
crystallinity segment. The segment containing at least
;bout 20 mole percent 1.4-polybutadiene units, and if
thesé methylene segments are of sufficient length, 1s a

25 crystallizable segnent.

A segment containing the recurring unit

-ecnz—cn-cnz-cnz-cnz—cn-cnz-cnz-cnz-

CH3 CH3
30
CHp - CHp - CHaY,
derived from the hydrogenation of the 1,4-addition
product of two moles of isoprene for every mole of
35 butadiene, will generally not be a crystallizable

segment because it is relatively rich in substituted
methylene units, and the methylene segquences are not



5 -25- sufficiently long. A segnent containing the recurring structural
ynit -CH2 - CH2 - CH2 - CH2 - CH2 - CH2 - CH2 - CH2 - CH2 - | CH3 CH2 -
CH2 - CH2+1 10 derived fromthe hydrogenation of the 1,4-addition of two

nol es of butadiene for every nole of isoprene, will be | 1j.zabl e
segnent W416567 contains at | east 30 nole percent 1,4-E€?{’%§%@&?i§ne

units, and since it contains uninterrupted nethyl ene sequences containing
15 at | east about 11 nmethylene units. The copolyners of this invention wll
contain at |east one crystallizablegssegnent rich in methylene units
(hereinafter called an "M segnent) and at |east 20 one low crystallinity
segnent relatively rich in substituted nethylene units (hereinafter called

a "T" segnendyeeibient®POoLynes S Atgedrernitheoataining | tivd redmd-rimg copol ynmers
sel ected from,ithe. qgraoup sisting of copolymer chain structures having.
the fol | owi ngs?a"é’ﬁgﬁgg liég'l['s;quences: T- M(I11) TI-(M-T2)x-M-T3, and

(I'V) 30 wherein Mand T are defined apove, _and M2 can be.the sanme or
di-ff erent andt@e -eSBa ™ Bryiefts, ~ ,2T’2c§% %zcangg% tﬁc &Same or

differenf and are eagh T segnments, and x is an integer of fromO to 3. 35
When x-0, the copolyimér's M i.e., M segnment is positioned between two
T segnents, a&g t h.ecy&segm,‘p,t, can be positioned substantially in the
center of the “polyner chain (that is, the Tl and T3 segnents can be

subst ant pal | Ya & NG, 3B o0t 88UnFar G esHE 1 H1be Nenes UTT) 1fad¥Pe32h 16767
two moles of butadiene for every mole of isoprene, will
be a crystallizable segment since it contains at least
30 mole percent 1,4-polybutadiene units, and since it
contains uninterrupted methylene sequences containing

15 at least about 11 methylene units.

The copolymers of this invention will contain at
least one crystallizable segment xrich in methylene
units (hereinafter called an "M" segment) and at least

20 one low crystallinity segment relatively rich in
substituted methylene units (hereinafter called a "T"
segment). The copolymers may be therefore illustrated
by copolymers selected from the group consisting of
copolymer chain structures having the following segment

25 sequences:
T-M - (III)
T1-(M1-T2) x~M2-T3, and  (IV)
30 wherein M and T are defined above, Mj; and Mz can be the

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

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



-26 PCT/US92/ 01674 the nol ecul ar weight of the Tl and T3 segnents can be
substantially equal to the nol ecular weight of the- M2 segnent), although
This 1s not essential to the practice of this invention. Preferably, the
copolynmer 5 will contain only one Msegnent per chain. T
struct uvpg 9t/éséand |V (x=0) are preferred, with structﬂW@&mg nor e
preferred. The preferred copolyner chain structures, fromthe standpoint
of providi ng ol eagi nous conpositions such as 10 lute oil conpositions have
excellent |ow tenperature visconetpéC properties. Preferably, the M
segnents and T segnents of the copolyner are |ocated al ong the copol yner
chain so that only a limted nunber of the cqpol yner ch%Lns can 15
associ ate bef ahe toeestbar cweiahtl ofs thesdai apEdTai F;gmm ) i TR 'é:e | ow
crystallinity T r t $o fthet moleaglpomeeighitoref THhe More, in a
RRRAEA I oD

preferred enf0Q segnept _is:lo d cest eenef |t he
copol yner chaisegngstdnl ya:btﬂ'@ sgg'ﬁéﬁ J.é G e'&@@htiﬁ'_f

t Ts in the_20 (%gal n'Pf‘léf t he case
where x is ongracthiseger this sinviempdenant PEHERTANNY TEENGRS - YeGrent s be-
sufficiently J%g&ggﬁ},eaﬂ{ EMER oS fCdihent Qfext lohalinsegRbareLsr®m
di fferent™ pol ynei chal n. nerally. .,copgl el grid@egtedct Useh 25 M -
(T-M2) z (V) WRFSERURES I\;gte nd@"¢ a’ftg aggdgﬂaned ag)ve, and wherein z is an
i nt eger of at dtgastute IV daindenpraPreteIred; scosi ty nodifier polyners.

Sol utions of structure V 30 copolyners in oil tend to gel even when the M
and T portions have exactly the Qshi sOhctides|OELEM| e Wei ght as
tRRvErsmse

structure IV copol FR&rEF PCF/ US92/ Q1674 -
stzndzoint 3f providing oleaginous composqqtlons s&gh- as

lube oil compositions have excellent low temperature

10
viscometric properties.

Preferably, the M segments and T segments of the
copolymer are located along the copolymer chain so that
only a limited number of the copolymer chains can

15 associate before the steric problems associated with

packing the low crystallinity T segments prevents
further agglomeration. Therefore, in a preferred
embodiment, the M segment is located near the center of
the copolymer chain and only one M segment is in the
20 chain. In the case where x is one or larger it is
important that the T; and T3 segments be sufficiently
large to prevent association of the M segments from

different polymer chain.

Generally, copolymers of the structure
25 M3 - (T-M2)z (V)

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



x=z=1). It is believed this poor viscosity nodifier performance is due to
the inability of a center T segnent to sterically stabilize agai nst
association. 5 The M segnents of the copolyners of this invention conprise
the 1, 4- ewglgy 18Be7Pr oduct of butadi ene which has been hydmgess/edss but can
al so conprise at |east one other hydrogenated diolefin nononer, provided
the 1, 4-polybutadiene content of said Msegnment is at |east 10 about 30
nol e percent and a majority of the hyl ene sequences are sufficiently
l'ong, e.g., contain at least about T1 nethylene units. The T segnents
conprise a mxture of hydrogenated butadiene, either in the 1,2-

configuration or the 1,4-conf 1 conj ugat ed
diolefin, or st ofe i%n}’ggic\&%&rﬂ?{ekﬂe ot*gfﬁtck%r}% Aﬁfnda%ﬁﬁ%fon
but adi ene, ancpéxfiormance, 4spo@yeutaditie iapREhl Yno?fgraea?%’? ®han about 20

nol e percent. Jheeht 2B80s ter SRATEN s abili 2o Rigaiinstaassoe R tiforhy dr ogenat ed
1, 4-configuration butadi ene 20 nononers, i.e., nmethylene units, provided

the total _ 1,4-pol t d nbgf ﬂmt“@gneatﬁhﬂgeﬁnmﬂncaxceed
about 20 ?role perc)eiﬁt A # ?erre

nat e | ock or
segnent ed copotSARILSEf %a’d«%r‘?é’ ﬁ'&"ﬁt Hrg"égftoﬁg & %%?' ggcg’rﬂqﬁgat ed
di ene, preferaiy nepng@arogenateds bt d:vasqlsmr@me@Falaltl 28%SE bl ock or
segment and at | eagl, 4ng, d}%@eﬁﬁi‘ﬁ&ahhbié@irﬁ hdiderqr paeymael. thech bl ock

or segnent copol yners be re resen V; d
her ei nbef ore, %‘P°1YP“PR% g ﬁﬁ %{%%5%&&15## lg.'%TS and x
are as depi nechmtel:rw&oaleepercénef andba ymajar iy o the Wﬁ%@d
predom nantly Haue Q{ X:Qfsmmile%@yumﬂé, dﬁ@l yedoht®in Ay eri zed

i en
Bgteﬁdhgdfozgl;;%‘t 1511 “\"Z:”é’rjr&“’?S ggl;llt g’#’ﬁa;ﬂd Wn%gubs%?’faggzggrgte%: )énes
to render the maﬁfel@%hyﬁcﬁgm@lmdiene, either in the 1,2-
configuration or the 1, 4~configuration and at least one
15 other conjugated diolefin, or at least one conjugated
diene other than 1,4-addition butadiene, and have a

1,4-polybutadiene content not greater than about 20

mole percent. The T; and T, segments can contain
amounts of hydrogenated 1,4-configuration butadiene
20 monomers, i.e., methylene units, provided the total

1,4-polybutadiene content of said segments does not
exceed about 20 mole percent.

a prefefred embodiment, a hydrogenated bklock or

segmente& copolymer of butadiene and at least one other

25 conjugated diene, preferably isoprene contains at least
one crystallizable block or segment and at least one
non-crystallizable block or segnent. Such block or
segment copolymers may be represented by formula IV
described hereinbefore, i.e., Ti~-(M3-T3)x-M2-T3 wherein

30 M1, Mz, T1, T2, T3 and x are as defined hereinbefore.
Preferably, M; and M; are comprised predominantly or
solely of methylene units derived from homopolymerized
putadiene substantially in the 1,4-configuration which
has subsequently been hydrogenated. Ty, T2 and Tj;
contain adequate substituted methylenes to render the

(B
wm



-28 segnments of lowcrystallinity and may generally be derived, in one
enbodi nent of the instant invention, from honopolynerized isoprene which
‘has been hydrogenated. Such bl ock copol ymers nay be prepared by 5
sequential addition and honopol yneri zation of different ' oners,
e.g., is%P91656ind but adi ene. Thus, - for exanple in forﬁFﬂéﬁgsﬁﬁg@k
copolyner of the structure T1 - M2 - T3, isoprene nononer is first hono-
pol ymeri zed, substantially by 1,4-addition, with sone 10 residual fraction
of 3,4-addition, to forma precursaogs- copolymer T1l' segnment containing a
recurring structure represented by the formula 15 CH3 - L;n2 - C = CH -

CH2ta wherein "a" is a nunber of at_least 1__Up h i this
structure becesaments @B 1oy ms%a&iggfﬁ_izapgqﬁ}%m a¥%;5).on cgryp gte or
subst anti al | ya&eigalast ein here pebod identie oif 7 dihieo it affe INYSHCARB, r eact ant ,
but adi ene rmngﬁ r ih%mioEBi d Nt Qsbpfenéactuiichessdasconbaeni ng t he
: X . E
P %

Sl oo, ' t L iy |
subst ant i al | yhyAuegerarsdc Jork, Sy vhens Ray 60 MFgatR by L
1, 2- but agi enesagirdintiian, additicrhenghhomepolymerazakior o U LfEEPREM by

appropriate reaction GapditiQgs, Wikbpkéenahd blitadiéne. t oThasm a
precursor copGtyher segnenf M

containin ec | tIJ4Ct WEE
represent ed b§PE h&XRBPHE| 17 CHPTRIRY 2 C%I%CEI-IZ&‘;BH’%ISZ/ 656/
PCT/ US92/ 016 7derui2@urieeTei 1 Ma'~ Tos hsoprane mgpomer | ¥,4irst BEBA~hydr o-
genation thi5p§E§HQEHQE§,bﬁﬁBBE%htially by 1,4-addition, with some
10 residual fraction of 3,4-addition, to form a precursor
copolymer Ti' segment containing a recurring structure

represented by the formula

CHj
15 <CHp; - C = CH - CHava

wherein "a® is a number of at least 1. Upon

hydrogenation this structure becomes

20 CH3
~CH, - CH - CHz - CHa¥a -

Upon complete or substantially complete homopoly-

25 merization of the isoprene reactant, butadiene monomer

is introduced into the reactor vessel containing the

nliving" isoprene segment. The butadiene is homo-

polymerized, substantially via 1,4-addition (generally

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

30 although this may be kept to a minimum by appropriate

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

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

~CH, - CH = CH - CHa¥n’



rtCH2 - CF12 - CH2 - CH2-al. 5 Upon conpletion or substantial conpletion of
honopol yneri zati on of the butadi ene, isoprene nononer is again introduced
into the reaction vessel con- taining the precursor block copolyner T1' -

-, r}&ag &@5 7bei ng the "living" butadi ene bl ock. The paopsei¢i6id i s
honDpon J QO form precursor copol yner segnent T3' containing the
same recurring structure as precursor copolynmer segnent T1'. The precursor
copol ymer containing segnents T1' - M2' - T3'" is then hydrogenated to form
hydr ogenat ed copol ymer of 15 structt#® T1 - M2 - T3. The present invention
rel ates to novel segnented hydrogenated copol ymers of butadiene and at

| east one other conju ed diene onger ithe ggwply oS chain
contains at | Wh€¥eHhe" %?@s%%|?.'%ﬁ58p§g§nent rlgﬂ 20 in nethylene units and
at, | east one benatigrsttdils ﬁtryctexﬁﬁhaﬂPmPélatlvely rich in substituted

nethylene units, el he aghlinity copol ymer segnent is
characteri zed in t nori ént ed qu state after at | east about 48 hours
annealing at 23'C +Qbn25 fry&&ﬁédaﬁam oEoin setidwn @bout 0.2%
at 23' C, %hnd mheré?épthe é%po? Trer - F

mer' s |s |n uLgnog
heterogeneoushoﬁhBObY%Q#kﬂﬂqlfabpﬁ §&&£§ﬁ n Qverage of from
about 20 to 9Qgweidsin paheeaauceaneheoam;efrenc'amm vEEsed 8EPRRi ght

Che total "cop3Ry ' 2méo wt M80 weighgn percent of
the total copSPy ﬁé?gc‘%gl R ey anﬁi‘m@ PIBCH0 2dboZPn '191b‘0 M30 we

cont ave ene
cont ent whi chMzd B 91P@a§FeaBBbN1§ﬁfi%H9§%1 Q?Cé;?ekpre?era%¥y ?9 east about
30 nol e [er cenk. hokbpolwierizest abl |fnmypnelp}u'§nnarc°méﬂﬁ?s SegRPRt se an 35

average of framaby 10¢4gi UBbmRe" ¢8BLrrYNy 9244686Furs30 as

precursor copolymer segment T, The precursor

copolymer containing segments T1' - Mp' - T3' is then

hydrogenated to form hydrogenated copolymer of
15 structure Ty - Mz - T3.

The present invention relates to novel segmented
hydrogenated copolymers of butadiene and at least one
other conjugated diene monomer wherein the copolymer'’s
chain contains at least one crystallizable segment rich

20 in methylene units and at least one low crystallinity
segment relatively rich in substituted methylene units,
wherein the low crystallinity copolymer segment is
characterized in the unoriented bulk state after at
least about 48 hours annealing at 23°C by a degree of

25 crystallinity of less than about 0.2% at 23°C, and
wherein the copolymer's chain is intramolecularly
heterogeneous. The crystallizable segments comprise an
average of from about 20 to S0 weight percent,
preferably from about 25 to 85 weight percent, and more

30 preferably from about 30 to about 80 weight percent of

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

The low crystallinity copolymer segments comprise an

average of from about 80 to 10 weight percent,

id
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preferably fromabout 75 to 15 wei ght percent, and nore preferably from
about 70 to 20 wei ght percent of the total copolyner chain, and have a
1, 4- pol ybut adi ene content not greater than about 20 nole percent. The 5
copolynmers in accordance with the present invention conprise

i nt r anol gejd3fdsyy het er ogeneous chains, with substanti alRGI/BEHOW A n
containing both crystallizable and low crystallinity segnents. The

hydr ogenat ed copol ynmers of the instant 10 invention have wei ght-average
nol ecul ar weights (Mv) as | ow as qggyt 2,000. The preferred mnimmis
about 10,000. The nore preferred mnimumis about 20,000. The maxi num

wei ght - aver age nol ecul ar wei ght can be as high as 2,000,000. The preferred
MBxi mum i s abo%%fé?aéﬁp,&%ﬁ- aBbE: M5 &opusf weight mexicent | 2ndRARE 250, 000.
The M segment & have & Mn_ of frb%rgtgbfbuttol,-ﬂp%&g&bqﬁreeﬁt%ﬁ, G, )
preferably frBreASERRLYIOSIL 35 about 2,000, 000, qr_lg Scdieferably abdut
20, 000 t 0 aboubtalO&cpolyn&he chaingmdids Ba¥fe 3 Ao °?§%m€§{)out 1, 000 20
to about 1, OOQE”QQ%t p{,g{:e&fﬂﬁhzabﬂwn EE t20 aisdet pexgenteo, B¢ nore
preferably. fromabout 1Q;000 ¢t t 0,430 pddtentri ghwertigrage

mol ecul ar5 wei GRPSLYRETS i rﬁcﬁggdgeggeri%gr rr%%t i on chggqﬁgogr@@% (GPO)
using tetrahygnptisan iptrErokennlardlt RekanogepREUss BSChsse 5 above.
The copol yner %P%%E;%glrﬁt aBbhi GvelY iconthining bokdl sryskrllizaphe

! u

i Tore. prorepdni SotLIalY fameEE (BT R0YSOR 10 7L 2SE:
in 30 G Ver Strate, C. Cozewith, S. Ju, in Macronolecules, 21, 3360,
1988. It is believeget hayapsgdnategol oapolymenpr of€d Mfnct FRFFHY vi scosity
modi 1 erlso can ilrjnereg{:itl.ar? %?a%e"‘@e%ﬁéﬁ&iﬁira%@ nbDeAM 1Bk eigBts (Mw) as
jow as about 2,000. The preferred minimum is about
10,000. The mnmore preferred minimum is about 20,000.
The maximum weight-average molecular weight can be as
high as 2,000,000. The preferred maximum is about
15 500,000. The more preferred maximum is about 250,000.
The M segments have a Mw of from about 1,000 to about
1,000,000, preferably from about 10,000 to about
2,000,000, and more preferably about 20,000 to about
100,000. The T segments have a ¥w of from about 1,000
20 to about 1,000,000, preferably about 5,000 to about
200,000, and more preferably. from about 10,000 to about
100, 000. The weight average molecular weights .re
determined by gel permeation chromatography (GPC) using
tetrahydrofuran (THF) and light scattering as discussed

25 above.

The copolymers of the instant invention have a
molecular weight distribution (PW/Mn) of about 2.0 or
less, preferably about 1.9 or less, and more preferably

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

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

21, 3360, 1988.

It is believed the novel copolymer's improved
function as Vviscosity modifiers can be at least



partially attributed to the ability of a controlled portion of the
copolynmer's nolecules to crystallize in ol eagi nous conpositions such as
lubricating oils at tenperatures above the cloud point of the lubricating

S oil. Thivg Rffgkgss both inter- and intra-nolecularly. Ty Whjsbﬁtmwatl ng
oi | contains paraffinic and isoparaffinic waxy conponents

capable of «crystallizing. As the lubricating oil is cooled from high
tenperatures (above Tc), these waxy corrponents 10 begin to crystalli ze.
When the crystals become large they3d&catter light and make the oil turbid
(the cloud point, Tc). Below the cloud point, waxes in the oil can
co-crystalli zepartialhe atysimaiteds atx ethbsebiupy wdidid | epntryiled | i zabl e

segrents, eff egggféy Je e O%bbmag-é %ﬂ&ﬁ@%l 3 @9&&91199' ¥

no) ecul es, trng 1n ctive" ecul a

causi ng "gel at Pbﬂag%ﬂ°‘{9nec?ﬂ‘ﬂ’°31ﬁjrl°§s s‘“‘ifbs%? vé&bﬁ}"?ﬁ%"%pﬁééﬁar%e of a
yi el d stress upemnpersinatesn@aboecithef cdotdvpbimti gh théclubaicawrimghts are 20

undesi rablse, aélihemi@%eeﬁg s LSGLD] Int&scaﬁat»hﬁta-hgwecaegp atures making
it dlffICU|t for the oil e punped or poured. The assocl ated copol yner

mol ecul es of this inven- tion are believed to have a smaller effective 25
hydr odynam c vol unmmarcaaolmmeatham jioilt heontaiosapeoaitdtiadestaide, which

lovers the rel anﬁ Qé' té’a:qpf csh owm Cahi8d Qlde Sehphbpp tdiereof and
provides |ow g VI's s att%wweqé& nperatures, it is
bel i eved t he 065’6?%1&’“ nEhar Ag; 518? bR | FRPLEH IR pol ymer
a;som ation t emjpgh atemperstheest healmwe sTg) pudhpse ntwaxiyni compenentser act i on
with thggwax m;irhec@lérﬁamserdl WikH dﬁ&réf‘f@@al@%eéo%&jeﬁq%@ of oils to
under go gel atlon Qn @,¥ gort%ontgf t ese cbpol ecules is
crystallizable W?’ﬁﬁ%? PERF LRBS, BAES 4the © ur the cloud
point, Tg). Below the cloud point, waxes in the oil
can co-crystallize with the crystallizable viscosity
modifier crystallizable segments, effectively
15 crosslinking the viscosity modifier polymer molecules,
resulting in high T"effective" polymer molecular
weights, or causing "gelation” of the oil. This is
observed by the appearance of a yield stress upon
shearing. Such effectively high molecular weights are
20 undesirable, as they increase the oil viscosity at low
- temperatures making it difficult for the oil to be
pumped or poured. '

The associated copolymer molecules of this inven-
tion are believed to have a smaller effective
25  hydrodynamic volume per molecule than in their
unassociated state, which lowers the relative viscosity
of the lubricating o0il solution thereof and provides'
low formulated oil viscosities at low temperatures. It
is believed the copolymer's characteristics of
30 exhibiting a higher polymer association temperature
than the o0il's cloud point minimizes interaction with
the wax in the o0il and accordingly decreases the
tendency of oils to undergo gelation. Also, only a
portion of these copolymer molecules is crystallizable



-32 under the use conditions. The non-crystallizable portion is believed
to act as a steric barrier to help prevent excessive internolecul ar
association. The <controlled segnented nature of the polyners is 5
essential to their performance. If the polyner has al ready associ ated above
the cl RA9YB367 tenperature, the polymer and wax have PF%FFP@”UHBortunity
to interact. Furthernore, if the polyner contains segnents which are | ow
enough in 10 nmethylene to conpletely avoid crystallization and are

properly | ocated al ong the contour,-3phese will act as steric blocks to wax
or excessive polyner/polynmer interaction. Thus, two polyner

char act er | St ce, Ar £peNCgledicdiiattiaht] 23t intid ahGNCetfifkaidtzappgar ance 15

tenperatw%a%ﬁ a sqgnengxf% ructure to stabi]ize 3gg onerat 1 on before
gel s form Terctdepoignbelieved ke Rtsaft 2i AYEMT NPTHET SPeP&IBDLI y prepared
by ani oni ¢ psteventi zaktessivehi inteehbbsbulfarpobgseciatidon of Thes certain®

uni que 20 aGy3080550sGlaBRES | hafiid OTBLY H5ET Ubolfpble synthesis o

t he pol yners ) resent, 1nvention. In particular,” by the use of .

ani oni cBpol yeRSEMEARTL oFe thedrs PeFEQEPIACRt o obt ai n pol yners having a narrow

nmol ecul ar weight distribution, to obtain tapered or block 25 polynmers, and

to control the sipughyr Bot bhe Hag! WiRkady dakbyerhfddmasevi gt ed di enes.
nme

Unli ke free-radical po | zat] on regﬁtloni amtgﬁc olyﬂerizations can
be per f or mecFAAWEr PP o TPEPERREURRy; | KNG RALYRET A7 Efon*®t%p. of
course, 30 teittileatopportentty obe dotexagh. bEurthermorsar effulthe sel ected
condi tions gﬂ%}?ﬁ?e JBHRTRES SdgriditsP’ @S ak@VEIdw ORnou§hNdir nert
sol vents an h pure re ctqpts t%g end Q4 PLps Pave “Pdeflnlte
lifetik®s tgg}g g0 comp etely “dvoid cryst ation 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

15 temperature and a segmented structure to stabilize

agglomeration before gels form.

The copolymers of the present invention are
preferably prepared by aniocnic polymerization. This
method of polymerization offers certain unique

20 advantages which makes it extremely useful in the
synthesis of the polymers of the present invention. 1In
particular, by the use of anionic polymerization, it is
possible to obtain polymers having a narrow molecular
weight distribution, to obtain tapered or block

25 polymers, and to control the structure of the polymers
derived from conjugated dienes.

Unlike free-radical polymerization reactions,
anionic polymerizations can be performed where there is
no facile chemical termination step. O0f course,

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



-33 PCT/ US92/ 01674 The non-term nated chai ns derived from anionic
honopol yneri zati on can be used for the synthesis of block polyners by
sequential addition of different nononers as described hereinbefore. Thus

ani oni ¢ w@9r/NéRyi zation offers flexibility in allow ng gidy 92 dkack or
tapered polyners to be readily produced. As nentioned here| ore

polymers wi th narrow nol ecular weight distribution having better shear
stability than those with broader distributions can be produced. 10 Shear
stability is a desirable property im3polyners used as viscosity index
| nprovers. Anionic polynerization generally offers a wder |atitude of

techni ques fo rOdH&J: D% A a‘la:g«_;ESt ra&tﬂges ‘1‘%“&?” ugabged 4 Q'oﬁfll:n

pol ymers. | ene” Mononer s tion can e regul at ed by

the appr opr| d@%@ﬁﬁ?ﬁ%\##%% FancPeoRsednfian ofRe AYBthesis; ofys:
sol vent type, riRext epeBmins eby Hyskqueataard adﬂiehcmmoofccmcﬂfﬁm'ens
contai ni ng buén%?l ngunéés deg&qggan%\#é’lﬂbgfbgg 1, ﬁ 'PME | Qyidhian are,

mtch nmore 20 f've In |ncrea5|ng enate o PrEcursor
copol yner% coMWﬁPﬁgzﬁR%l ghtexsi %eﬁ%ﬂf‘dﬁm H’ént‘ T”ﬁ gheith
1, 2- confi gur atyleek bobetppeyedr polymérse tpr deenteadilyniproducead. beAspr epar ed

W th known megq%%;& Q&dhgfgfﬁ{%mﬁﬁﬁirﬁa%ltﬁs%ﬁ&hﬁ 5?} pum net al

or sodi um neta or gano ganoso referred

i um cat al ysts.
i t hi um conpoedghlr BisbriRHER SEYLRgPREC XSRS AP ai&tlﬁﬁs B8R conpound
mol ecul e and ithosedewitiRl Ihrosderei distibutiansor gami cbe:omwdndgdpr eferably

a hydrocgg bon sg’gbgeﬁﬁméﬁf”‘#e@ ngeg M’é ahp %p&ﬁf YAYmgrErom3 to

6 carbon ato oun are disclosed in A F.
Hal asa et. al US€RaafoYiSFRSHFY 1&9 ’i‘?" A ef| n and Di ene
Pol yrmeri zati on, Advances

Anionic polymerization generally offers a wider
latitude of techniques for producing varied structures
of conjugated dioclefin polymers. With diene monomers,

15 1,4- and 1,2-addition can be regulated by the
appropriate combination of reaction conditions, i.e.,
catalyét, solvent type, and temperature. Hydrogenated
precﬁfsor copolymers containing Dbutadiene units
predominantly in the 1,4-configuration are much more

20 effective in increasing the V.I. than hydrogenated
precursor copolymers containing butadiene units pre-
doniinantly in the 1,2-configuration.

The polymers of the present invention can be

prepared with Xnown metallic and organometallic

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

'RL is an organic compound, preferably a hydrocarbon

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

are disclosed in A. F. Halasa et al. Qrganolithium
Catalvsis of Olefin and Diene Polvmerization, Advances

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




in Organonetallic Chemstry, Vol. 18, pages 55-97, WD 92/ 16567 -34
PCT/ US92/ 01674 Academ c Press, Inc. (1980). Suitable organ-lithium
catal ysts may be represented by the fornmul a R2LI

C30, and preferably C3 to C10 alkyl, aralkyl, or cycloalkyl droup.
Speci fi cwoameses 5 of suitable catal ysts include n- proﬁﬁ'#ﬁm%

wherein R2 is a C3 to

I sopropyllithium n-butyllithium tertiarybutyllithium n-decyl i t hi um
benzyl lithium 4-phenyl-n-butyllithium etc. Particularly preferred are
the butyllithiuns, i.e., normal -, ;gec-, iso-, and tertiary-butyllithiuns.
10 An inert diluent, in which the catalyst is soluble, may be enpl oyed. By

meant that the diluent does not react, alt hgugﬁ. t he nature
of the sol verjcJ@aniaf eeeks} hencel 4198@ anofnitanle) organeglitaiun

"inert" it is

configuration

hydr ocar bon fr° )
atons. Suit abieredsr RdiiSucht $3 i
n-hexane, isoqgi@isg, aalRyBN&r eyclealky) Grerpes, SpeRhf i
20, cycl

cycl ohexane,

to solubilize

to 200, prefer

3@’ af

I'cs, such

I Cl

t ' bt al ' di byenthei |forimlgen®sBl |y b
"e%%%ﬁ%f# (r:lg%n I}%gféﬁ%e?g; cégzﬂ:mmq‘: féaorgxgeg 290 1% cgr gdn
I ph

as N- pent ane,
SXBPLIT
| qhepiane, cet&£1ystd OMdhclade uc hneasrdpyiddsbivRol uene,

xyl ene, chlordBenzéne, etc, The arpunt..af. dil ) ad thitun] he
preparation i simrowil%ilE%‘}“'eﬁg’g?Yﬁh%{“‘gﬁf F-@%a%ﬁm um

nt ane,

nt .a t, uld be used
nideeyarbtniumn; Wﬁéith%m%&bﬂkjif”&‘@ﬂéﬁg’?% ly, 25 0.5

abl v 1 g0+30uh hif¥ S pebséeedli hre ntthep dputyldithines of

organ-1lithi um Tat al yst are g%&%yggo-d%,&/&‘%g&'&@aﬁ‘{r%ﬁﬂi‘iﬁiﬁﬁst he pol yner.

The anpunt of

keht-al POTRAD Nanit\

epends™ upon the degree of
pol ynmeri zation desired. The term 30 "degree of polynerization," as

enpl oyed 1Qer ein, myans ;hbett ohfludntybeinof wnbclonethe wetedypteséht in the

15

20

25

30

soluble, may be employed. BY "inert" it is meant that

the diluent does not react, although the nature of the
solvent may affect the relative amount of 1,2- and 1,4~
configuration that is obtained. The inert diluent will
generally be a hydrocarbon free of olefinic un-
saturation containing from 3 to 16 carbon atoms.
suitable inert diluents include aliphatics, such as
n-pentane, n-hexane, isooctane, n-nonane, etc.:
alicyclics, such as cyclopentane, cyclohexane,
etc., aromatics such as benzene, toluene,

cyclocheptane, :
The amount of diluent

xylene, chlorobenzene, etc.
employed in. the preparation is not critical, except
that sufficient amounts should be used to solubilize
+he amount of organclithium 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 desired. The term

vdegree 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 polymer. Thus,



polynmer. ordinarily, each. nole of organ-lithium catalyst will generate a

nol e of polynmer. Thus, WO 92/16567 -35 5 PCT/US92/ 01674 "degree of
pol ymeri zati on" may be conveniently defined by the. generalization:

of pol ynmgp, | = total noles of nonomer noles of orggEwaUss2ro16T8
[ o R

catal ys

of nmononeric units in the polynmer wll

Degr ee

obtain the desired nol ecul ar wei ghts, the average nunber

generally be from about 500 to

about 10, 000. About 10 0.0001 to 0.002 nole of organolithium catalyst per
nol e of monomer will ordinarily be uBPTized. The pol ynerization reaction
general ly takes place at about -50" to about 150'C, and preferably at 20

to 60 C Reacgé#gg%éJ%?séﬁ};&ﬂgg%aéEbﬁh'ﬂdyﬂﬁh(Hbﬁ!&nﬁenglﬁ5de£iﬁﬁﬁ hours may

be enpl oyed. Pr

merization reaction is carried out for

from4 ninuteBYt%bngQﬂ&EP§?zF£h ion pressure is not critical; pressures

may range from atnospheric to super-atnospheric,

and ease. of

embodi ment the nononers are added sequeny
copolynmer$ may be obtained. For exanple p
of structure Ill, i.e., T - M one of the 25 nononer
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e preparation of a
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of monomer will ordinarily be utilized.

The polymerization reaction generally takes place
at about -50° to about 150°C, and preferably at 20° to
60°C. Reaction times as short as 1 minute or as long
as 75 hours may be employed. Preferably, the
polymerization reaction is carried out for <from 4
minutes to 24 hours. Reaction pressure is not
critical; pressures 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 or segment copolymers may ke
obtained. For example in the preparation of a
copoclymer of structure III, i.e., T - M, one of the
monomers, e.g., butadiene, is homopolymerized in the
presence of the catalyst via 1,4-addition for a period
of time, e.g., 2 hours, to form a unhydrogenated
precursor copolymer segment M' containing at least
about 65 weight percent ‘butadiene in the 1,4-
configuration. Then the second mnonomer, e.9.,
isoprene, is added to the reaction -solut;on and
homopolymerized, preferably via 1,4-addition, to form a
unhydrogenated precursor segment T' containing isoprene
in the 1,4-configuration. The segmented copolymer is

uratron. Then the second nonoper..e.g.
0.0001 to 0.002 mole of organolithyum cé%élyst pgr ho1é 9




I soprene, is added to the reaction solution and honopol yneri zed,
preferably via 1,4-addition, to forma unhydrogenated precursor segnment T
containing 1soprene in the 1,4-configuration. The segnented copol yner is
Wc) 92/16567 PGT/ US92/ 01674 -36 then hydrogenated to form nmethyl ene rich
segnent WP 92/26§67espondi ng to a 1, 4- pol ybut adi ene cont enPCHUSR/0167dast about
20 nol e percent, and substituted nethylene rich segnent T having a

nmet hyl ene content corresponding 5 to 1, 4-pol ybutadi ene of |ess than about
20 nol e percent. A hydrogenated cogpol yner having structure iv, i.e.,

T1- M-T3, can be prepared by first honopol yner- izing isoprene, preferably
by 1,4-addition, to form 10 unhydrogenat ed precursor segnment T1' contai ning
predom nant | ¥nén4hyapbgahdtdd otoi Topnemethylese riohr segeeny RBut adi ene
nononer into_the Qr ntai ni g pr&EUrf0r segment
T1' and honﬁﬁﬁfeﬁéﬁﬁégﬁ' ?ﬁe u?éﬁ%%%@ﬁﬁt?h%dﬁg E%ﬁ#ﬁgﬁ ?ﬁnééﬁanisn1to'

f or m unhydr ogenst cabte Af &AL es PERERRT /AN &WP&? Vjﬁﬁéa’t‘efr A& €hout 20
mol e per cent r@&h Isehmettn i havidg @n nethylienes asontentt Gerrespongdmng ng .
addi tional igsgprene,i ;eacl 0L 0 OlaypREi Z4d0 led i soprene
Vi a 1,4gaddi??on 964fg%%Y%%Eﬁﬁﬁeﬁro%%nggg% g?g?ﬁrsor gedﬂgnfﬁgg' cont ai ni ng
pre- domi nanPeycan¥. confi guration isoprene. The segnented copol yner
T1'-M2'-T3" is then hydrogenated to formthe T1-M2-T3 structure. In the

: . di . . : ot | ¢
or egoi ng |scuss%ggl@%g§gf\‘/§“}g taigg,opyﬁ&a k?a'i'lh? | gBr@étEePolTYIer s o

structures M- T Is_to.be upderstood that the M segnent
need not coht®in, Tue-ToualPP BEPTABRTEYPYi ,r%%l§p$ﬁﬁ4%ﬁq§ﬁé units
derived froniziwg hidopgemet i prietérably- doiii 2i dnadditinn,cnee [EErmay al so
cont ai QoSOMe,HRSlddet@da precursor segment Ti' containing
predominantly 1,4-configuration isoprene units;
introducing butadiene monomer into the reactor
containing the unhydrogenated precursor segment T;' and
homopolymerizing the butadiene via 1,4=-addition
15 mechanism to form unhydrogenated precursor segment Ms'
containing at least about 20 mole percent of 1,4-
configuration butadiene; and then introducing
additional isoprene intc the reactor and homo-
polymerizing said isoprene via 1,4~-addition to form
20 unhydrogenated precursor segment T3' containing pre-~
dominantly 1,4-configuration isoprene. The segmented
copolymer T;'-M3'-T3' is then hydrogenated to form the

Tq-My-T3 structure.

In the foregoing discussion concerning the prepa-

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

30 methylene units derived from the hydrogenation of the
1,2-addition butadiene and/or isoprene, so long as
those substituted methylene units do not exceed about

80 mole percent of the total units. Likewise, segments

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



30 nethyl ene units derived fromthe hydrogenation of the 1,2-addition

but adi ene and/or isoprene, so long as those substituted nmethylene units do
not exceed about 80 nole percent of the total units. Likew se, segnents

T, T1 andw ontain, and usually do contain, WO 92/ 1630
PCT/USQZ/O?%%QR?gg met hyl ene units derived fromthe hydrogeng§$%%"%? 1, 4-
addi tion butadiene, so long as the total nethylene wunits present in T, T1
and T3 do not correspond to a 1, 4-pol ybutadi ene content exceeding 20 nol e
percent. 5 An alternate and preferré&denbodi nent of the present invention
IS one wherein the copolynmer is in a star polymer form i.e., a star block

copol ymer. A ey ignd! okt GliveR! £8bm behehibgendtisapsene, ys formed
as recited abO\ég.. Ihe g’o ol¥mar has the above téuoe s{__ruﬁ ure&Boé T-Mand
T1- M- T3. WheRIPRE*RBp P$ﬁ8 eng eafRest PhelF r e 2Rt aPeiRY jRPe a

pol yal kenyl codpsi hyesepthtin sTi nTrotndcl; dhenpdl parresponc diplang agent
acts as a nucheyspsiyfftdallenl. cdhitedt \exegedPAl YI® olet Pecaheone end with
t he pol yal kenyl couﬁ¥|ng 15 agent. The living polynmer is then deactivated
or killed in a known manner. Each armof the star is thereby attached at

one end to the nuchmusltiernatee awbprpsieferzed pemdasizeng befngtle " T
segnent. That pigsent hthverRo8NE Bhe tRferdiTP thle doPodimér aie pyeferably 20

rich in substituted t hyl ene_uni,ts nakin% th Mol hqus. Each arm of the
star prefer abls%aﬁag"ﬁ'@e%hg?ﬁ%t ef*®of Phé §fr§’| é’ﬁ% ccfﬁ%l"ﬁ'yﬂ'Sﬁol yrfer from
which it fornmdivimpr blaek pgoposment of hduradiene andenisopremiee isrm 25
ot oh hae Dl oo b o Lot e . St yr
r elcict edal\a@bove.ggré?%?%rgr edf:n%T!\gctﬁ S \ké'lnéﬁ?é' ?orw%{karabegl c?@?gy"g’rrey
reaches a desired molecular weight a polyalkenyl
coupling agent is introduced. The polyalkenyl coupling
agent acts as a nucleus of the star, The 1living
polymers react at one end with the polyalkenyl coupling
i5 ' agent. The 1living polymer is then deactivated or
killed in a known manner. Each arm of the star is
thereby attached at one end to the nucleus with the
opposite end preferably being a "T" segment. That is,
the free ends of the arms of the star are preferably
20 rich in substituted methylene units making them
' amorphous. '

" Bach arm of the star preferably has the character

of the straight chain copolymer from which it forms.

For the purposes of the present invention the term

25 block copolymer will therefore include star copolymers

containing arms which have blocks consistent with the

straight chain block copolymers recited above.

Preferred molecular weights for star polymers are
higher than their linear counterparts.

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




hi gher than their linear counterparts. 30 Apart fromthe specific and

| nproved character of the block copolyner structure of the arns, the star
pol ymers of the present invention are nade in accordance wi th procedures
di sclosed in patents such as WD 92/ 16567 -38 PCT/ US92/ 01674 U. S. Patent
No. 4, 3580328657 U. S. Patent No. 4,620,048. The inpr &&EMER/M674 he st ar
copolyner of the present invention being that it is a copolyner having
arnms wherein there are sharp blocks 5 characterized by their anorphous and
crystalline properties. The confi gygati ons having nmethylene rich groups
at the arnms of the stars near the star center are useful in lubricating
oils which contain paraffin and isoparaffinic waxy conponents capabl e of
10 crystal | i ging.t oPptenentNosr y4+258i565 gandi fy. Ror PPEERG cliParly, the
star polynerg pioldi@d. Prefenimproiteientn or ehendaly copodymer bbgck
copolynmers as recited above...The I r&g hgv eycture as
present ed i ntR®r REPEERY | tAVE %"% %L]?’%(t %ggﬁ)ngfr%sct ﬁr :c%d || _bei ng nost
preferred. Thavingi ngrms| ockhewsin yndhere 1 ke prAfhRd R}°E85ol yneri zi ng
bl ocks @f i sopsa&eaidelut B¢i cRBeds I amoiphbubovand | rexyghadfidneed met hod,
the living block cqpoly S r r : Idnv1enBOkYahkenyl

coupl i ng ageRTPBRFYEEH a hﬁolé;oé&g'gﬁggt%%poun ts,-fgd Mrﬁ: osi | a% conpounds
such as Si Cldrowhsatpdtheal amsy |of IS iFHREEg&TEE %&p?ﬁl&é' SF"‘?SFm ng
star-shaped ppl yeEdaAr &k Naidtrieading ndiatwiticto dontdiiac|regedfin pol yners
such as in U._S  Patent . 3,9 0. polaadakeey! eeupl i ng agent
shoul d be add¥® tolsqpﬁgaff%g?ln‘g pol yrrer g fﬁp?n%ﬁr}gs Olié?m’i zation of the
nmononens i s suystadddzingyte RRAVENE crystal gﬁ%ﬁf” .

More particularly, the star polymers of the

present invention are made by forming block copolymers

as recited above. The block copolymers have a

structure as presented in formulas III, and IV with the

15 structure of III being most preferred. The 1living

block copolymer is first prepared Dby copolymerizing
blocks of isoprene and butadiene as recited above.

In a preferred method, the living block copolymers

produced are reacted with a polyalkenyl coupling agent

20 such as polyalkenyl compounds or halosilane compounds

such as 8icCl,. Such polyalkenyl coupling agents

capable of forming star-shaped polymer are known and

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

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

30 living block copolymer.

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



shoul d only be added after substantially all of the nononers (fornulas I
and |1)" have been converted to the 30 living block copolynmer. The anount
of . pol yal kenyl coupling agent added is preferably at |least 0.5 noles per
nol e of upgRdIHeREEd WO 92/ 16567 PCT/US92/ 01674 -39 Iivinggfgk%ner. Anount s
of from1lto 1b noles, preferably 1.5 to 5 noles are prePEHUSE2/01674 anount
whi ch may be added in.two or nore stages is usually such so as to convert
at | east 80-85 weight percent of 5 the living polyners into star-shaped
polymers. The reaction between the |+3%ng pol ynmer and the pol yal kenyl
coupling agent or nucleator can be carried out in the same solvent as the

reaction. to f LVi ng I .agl N act i t e can al so
be 10 varied f?%ﬂ]i?? %%g{g%*'c, aﬁgglﬁer{%?eroafbl Sréﬁ C# OQ%ZOSgPe&%éeg’r eaction
may al so take PFeR®FaNYard-Pndit %tMIEFhATE RARGPTZEN t B BRRRAY pressure
of fromO0.5 towiikclhansy Béicadled- shaped perl wores syagear ek aisually

characterized ' d r | @S a@f '
Qy?ﬂpaea N3 2o08BRFeFEME 1 Akt 8WSa8 w%?gﬁ%?é%ﬂr‘ﬁ{l“;ﬁe%yf i near

pol yal kenyl coupl i ng.agent_and a nunber of ~arns 0

unsat ur at éd popg?ré'r’g’m xPERHERSRP JHERaFPERT-ghARes POAYRREE: nunber of arms may
vary considerably, but is typically from4 and 25, preferably from5 to
about 15, and nost qpeehenhakkynf Hefen o LS reported that the
greater nunber ofT%fns gwoﬁéneggi g%vgégbégﬁgéﬁfgﬁgk?hg gggtﬁ%%

ef fi ci ency andPF¥eIKesYLpFPPRIANH thBFyRRFleptRR an he saxxdied e to
prepare a vi scashi tini tidexsangr solvenpt nas ethié erkaction atbi gornmltheul ar

wei ght (resul tj 715 doh p@2yhBe! €a5Rd Lhh&K r&ﬂa‘fa%h%gC&Pwaﬁlggufbé he
nece55|t¥ of succ SSIVG|§.|%§9 ar [rs. T}f star-shaped polyners, which are
still 1ivPng, V2 B&Belct FPatal or 19 IRXPISTARPINNG R NE0 Sy the

: The reaction may also take place in an inert atmosphere

such as nitrogen under pressure of from 0.5 to 10 bars.

The star-shaped polymers prepared are

characterized by having a dense center nucleus of

15 crosslinked polyalkenyl coupling agent and a number of

arms of substantially linear unsaturated polymers

extending outwardly therefrom. The number of arms may

vary considerably, but is typically from 4 and 25,

p;eferably from 5 to about 15, and most preferably from

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

of arms employed improves both thickening of the

efficiency and shear stability of the polymer since it

is possible to prepare a viscosity index improving

molecule having a high molecular weight (resulting in

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

The star-shaped polymers, which are still 1living,

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

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



addition of a second conpound which reacts with the 30 carbon-ionic end
group. Exanples of suitable de- activators include conpounds with one or
nore active hydrogen such as water, alcohol, such as nmethanol, ethanol,

i sopropanol, 2-ethyl hexanol, or carboxylic WO 92/16567 ?#9/[?3@/0%%2/ 01674
aci ds supbesaesgzeti c acid, conpounds with one active halogen atom such as
chlorine atons (benzyl chloride or fluoromethane), conpounds with one
ester group and carbon dioxide. If not deactivated in this way, the 5
living star-shaped polynmers will be,killed by the hydrogenation step.
Before being killed, the living star-shaped polyners may be reacted with
further anounts of nononers, such as the sanme or different dienes, or

functional mononers, 10 Jhe, dgiec Wcta, Weicyipoands wishsOBRE- 8F5P%E pol ymer

to be hydroge %y vary between L Vel omaM dsenzyllmidndoriidaever, they
are typicall yh&ﬂe:!qn@eﬁtﬁﬁ‘l'eéﬁf’ar asmﬁf’%ﬁ%‘?‘ rom about .25, %S.Qu 0234500, 000,
and preferablyy, #{EPchizEh@ne): ocEERRIYS. eSO ar wei t%hgre 15

0

wei ght aver age rgi)‘lﬁ'e(:# 14881 Ohiss il adedatdvabedgdn thapn¥a¥: :
chr omat ogr aph§2* e rogenatj on 4 Rhynsé &fillée preséhe invention
is carri & oulivinghgs Bﬁvgi‘ﬂi?erfinapo%mro- enat i oglgﬁocﬂgr asvihge pol yner
is diluted whfardyetationr wtept verRerotc Peins; dids pf evi ousl y _nmentioned, or
in the origi na;_ f_o%r}é?;ﬁi Zgbi pher@dingy ded reacped yiekth s JUHPER and

hydr ogenations:% alyst _are added tgughhiagh tH¥ €88ké € oxut dict famrentThe

autocl ave i s prewntf e®f WIPRCPRYRt ogen to about 100 to 3,000 p.s.i.g., and
then 25 heat edjbfed0 ot Gupdiahak JORPBRERty 75' to 150'C), for about 0.1
to 24, preferably 1 to 24 hours (preferably 2 to 10 hours), while m xing.

The reacltoor 'S the']?hede:ﬁolecular weights of the star-shaped polmer
+o be hydrogenated may vary between relatively wide
they are typicdlly between molecular

limits. However,
weights from about 25,000 to 1,500,000, and preferably

from 100,000 to 500, 000. The molecular weights are
' K3
15 weight average nolecular weights determined by gel

permeation chromatography.

The hydrogenation of the polymers of the present
4 out using conventional hydro-

The polymer is diluted with an

invention is carrie

genation procedures. ' .
inert solvent, such as those previously mentioned, or

in the original polymerization medium, and the polymer

colution and hydrogenation catalyst are added to a thh
The autoclave is pressured with
and then

20

pressure autoclave. .
hydrogen to about 100 to 3,000 Pp.S.i.9., : :
25 heated to 50° to 220°C, (preferably 75°* to 150°C), for
about 0.1 to 24, preferably 1 to 24 hours (greferably 2
to 10 hours), while mixing. The reactor 1is then de-
the catalyét removed by filtering, and the

pressurized, 3=
hydrogenated polymer recovered from the solven Yy
30 conventional stripping procedures.

The hydrogenation catalyst will generally be used

in an amount of 0.1 to 20 weight percent based upon the

. The specific
weight of the polymer to be hydrogenated P



pressurized, the catalyst renoved by filtering, and the hydrogenated

pol ymer recovered fromthe solvent by 30 conventional stripping
procedures. The hydrogenation catalyst will generally be used in an amount
of 0.1 t w@o2/me86pht percent based upon the weight of thecpoUss2emeélso be
hydr ogenat ed. The specific WO 92/ 16567 -41 PCT/US92/ 01674 anount of
cat al yst enpl oyed depends sonmewhat upon the specific catalyst used. Any
material functioning as an olefin hydrogenation catalyst can be used;
suitable catalysts include Raney nlckel pl ati num oxi de, 5 platlnun1on

al um na, palladlun1or charcoal , copper chronate ni ckel supported on

ki esel guhr, gnggl °§?hi*ea  exffibylele depkadsTbemmt hmﬁbmgenat | on

results mere 8rne nickel . L r# e3Snglhs

t enper at ur es amecpfees%#%?1w5§ BF Rt beQ&F o re uc gﬁ { alun1nun1
al kyl s can al saelenUIsdrokedatimmatabalyst cGpR| él? kfedo BBAHIRIEhe
olefinic unsatura&&gg prgagg&dén RifePl cRUEREL, Cppatimmu. bixddegenation
may be conpl et% Sub- stantial | y cogng% §¥ cggggégéi hygggggpatlon i's
15 meant 3 hat R&PFiBPthEIOPePPHW% b8R e saturated %éﬂ stantially
conpl et e hydr ogeaabten ndckenntsupparted s Kieegigyhs; | YPAEMBPef i ni c
unsat ur ati on 'Slfﬁg% gég é%qfﬁébstQﬁhlgbby Rydragesiaition mesalusation is
meant at | east>abou prg%grg&lg ik g@og;n%? Reest, the olefinic
unsat ur ati on aﬁE‘nﬁ§FaﬁPéﬁe %ape 8 not her ggodlnent of
t he present |rme_;|m ltempesamretaapelde@rsﬁe%k"or %‘eg‘?ﬁa FAEER g

hydr ogen 'ﬁ%;%gheﬂftﬁrﬂﬂlnhﬁaﬁlkﬁﬁ caiinhalsodve uﬁd&d di ene such 25 as
descri be hereln ore, preferably isoprene. A tapered bl ock or segnented
copol ymer according to this .

Hydrogenation is carried out to Tremove the

olefinic unsaturation present - in the precursor

copolymer. Hydrogenation may be complete or sub-
stantially complete. By conmplete hydrogenation is
15 meant that all of the olefinic bonds are saturated. By

substantially complete hydrogenation is meant that
substantially all of the olefinic unsaturation is
saturated. By substantially all olefinic unsaturation
is meant at least about 80%, preferably at least about

20 90% of the olefinic unsaturation and most preferably
greater than 98%.

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

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

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

precursor copolymer.




I nvention is a copolynmer obtained by anionically copolynerizing in
hydr ocarbon solution in, for exanple, a batch reactor a m xture containing
butadi ene nononer 30 and at | east one other conjugated diene nononer. to

form a precursor copolynmer having at |east 75 weight p

1, 4--confwQUR/6%63n of t he butadi ene and at | east one ﬁ’éﬁ;’éﬂ?{qﬂﬁﬁt ed di ene
and then hydrogenating said precursor copolyner. V\(c) 92/ 16567

PCT/ US92/ 01674 -42 During the formation of the unhydrogenated precursor
copol ymer of butadi ene and at |east_,ene other conjugated diene such as

| soprene, at the beginning of the reaction butadiene, due to its
relatively high 5 reactivity, wll be preferentiall yngol yneri zed. The
concentration of npmeirers tie sofotmatiarhang®s §aei nYnhYREOBBRATRE of t he

reaction in f%¥'8£:u9 of NepRiyaer &f)rudt&ahededameawaehbe bne adfitere i s

depleted. The® resu | S_.a precuysor ymer 10
chain is hi ghQPnBHQ%ERda(ﬂI&?& E‘Bﬁ eﬁfr’&?&gx@ﬁ g Eetc alsggiékgb%%s gr own

near the begi RReNGedicttiba rmmaﬁnenean@uehltﬁe#tﬁn ratdvedy tugat ed
di ene congcent E@L&Qi'vi%[} t@ﬁf“@énpﬁg@éﬁﬁaﬁwmmmue.endrma‘ t he

reacti on.” Thése €O ains_are ther ' dS-GRyTPOSi tion.
Upon hydrogen&PPSﬁmtE')’F?éy i RPTET pOI’?I on %ﬁpﬁ;%éhé becorres rich
in substitut edhenmd\;rlseneotmltbs mergtdpn oin fa¥9TH F tt W&Fr o- genat ed
general Iy |ineap:copQly @ien®! £6ULRE bovadiensi tsdldnpﬂ.etegrrent'ﬁiecan be

Sziﬁﬁra??ﬁs““b%ss R R E’ﬁ%ggi‘?h@%w
met hyl ers uni baaﬂnrlwédmwvh@#ﬂﬁiﬁ@geﬁaf‘?wliﬁt*ﬁe bEl’f‘ | n the
1, 4-confi gur agbgﬂ IR i rO ity hequhhingmemtth@frmqn wered net hyl ene
units derived nLﬁO%t@ﬁe hy gk QoenatiRateh biendt Bencewnidtamred i ene
the chain segments formed near the end of the reaction.
These copolymer chains are therefore tapered in
15 composition. Upon hydrogenation the butadiene rich
portion of the polymer becomes rich in substituted
methylene units. Therefore, in each of these hydro-
genated generally linear copolymer molecules two
longitudinal segments can be discerned which gradually
20 pass into each other and have no sharp boundaries. One
of the outer segments consists nearly completely of
methylene units derived from the hydrogenation of the
putadiene in the 1,4-configuration and contains only
small amounts of substituted methylene units derived
25 from the hydrogenation of the other conjugated diene
such as isoprene. The second segment is relatively
rich in substituted methylene units derived, for
example, from the hydrogenation of the isoprene in the
1,4-configuration. The first segment, which is rich in
30 methylene units, comprises the crystallizable segment
since it contains more than 20 mole percent 1,4~
polybutadiene. The second outer segment comprises the
low crystallinity segment since it contains less than
about 20 mole percent 1,4-polybutadiene units. In
those tapered block copolymers the crystallizable

i
[0}



such as isoprene. The second segnent is relatively rich in substituted
methyl ene units derived, for exanple, fromthe hydrogenation of the

i soprene in the 1,4-configuration. The first segnment, which is rich in 30
met hyl enaygopiigseyconpri ses the crystallizable segment siporeUse2/c1674 ai ns
nore than 20 nole percent 1,4- pol ybutadi ene. The second outer segnent
conprises the lowcrystallinity segnent since it contains |less than about
20 nol e percent 1, 4-polybutadiene units. In 35 those tapered bl ock
copolynmers the crystallizable WO 92145567 -43 PCT/ US92/ 01674 segnent
conprises an average of at |east about 20 male percent of the copolyner's

chai n. The anionic I ' [ SEE U1 2k} @bodenabi apr1eondi ti ons
used in the préﬁgpﬁgﬁo%&%ﬁﬁ?es %ﬂt ggglr:g%@se mented or bl ock copol ymer are

substantial |y pemeentinet dhe (copelyRet's 5’B&ear ei nbef ore. The wei ght -
average nol ecul ar wei ghts of these tapered segnented or bl ock hydrogenated

copol yners are genegﬁl%lxn{g}?ics ! r‘,%gr#m deRer i diftsbedfene. n¥lrdhe wei ght

percent of the butadl'éne prese t he reggtlon mxtagégnl S 4 h@ltxevvhich i's
effective to f genationasonditientedeed o HFBRK PFSREFY haw.ng at | east
one crystailizalkere@Jseshentul air Hleakt copelymer axe suhstamtiglivgnent.

General ly this anmount_o Ise38pkd hérPdditdrel(0 tMhedk@ignto wei ght
percent. Addit Sngf#fl, ,Lstlﬁrég%g W pe |

nount  of té; 1.4-confi \rlﬁé'gql b *adi ene
i i ted )
present in the ayesagesBPleHAT, e IRLR © 3’"55"’ g ?f'ﬁ%y |dg'n S e? ective to
form a crystal ljisekl Rydsegemtedu popolymesyaxe: tonesalinths sopesas
copol yner. ner.a | nt is a east abou 0 weig percen
opol 20 Lalbyer &;a%ggg_t t | t about S ht t
.The polymers ca %e Fecovered y procedures well
10 The weight percent of the butadiene present in the
reaction mixture is that which is effective to form a
tapered segmented or block copolymer having at least
one crystallizable segment and at. least one low
crystallinity segment. Generally this amount of
15 butadiene is from about 20 to about 90 weight percent.
Additionally, the amount of the 1,4~-configuration
butadiene present in the precursor copolymer must be an
amount which is effective to form a crystallizable
segment upon hydrogenation of the precursor copolymer.
20 Generally, this amount is at least about 80 weight

percent.

The polymers can be recovered by procedures well
xnown in the art. For example, polar materials, such
as water or Cl to Cg alkanols can be added to

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

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



known in the art. For exanple, polar materials, such as water or C to C5
al kanol s can be added to 25 inactivate the catalyst. Preferably, the
reaction 1s termnated by dropping the reaction systeminto 2 to 10
vol unes of nethanol contai ning about 0.1 weight percent _ ant i Qxi t. After
t er m natygyyapfeséfhe reaction, the hydrocarbon sol ution infdﬁ?%Z@gﬁ]th wat er
or dilute 30 mneral acid. Alternatively, the active polynmer solution can
be treated with hydrated clays, such as natural Attapul gus clay, which
functions to both inactivate the cgf.al yst and to chemcally absorb the WO
92/ 16567 PCT/ US92/ 01674 -44 |ithium conponent. The pol yner nmay be
recovered by filtering the resultant polyner sol ution, dréi ag | f
necessary, angigkfippedgpeientanai Thegpphrer dPRYicRE HECOYPES tE_’H
t enper at ur es %e o 70 L De 120Gk faKt I perphek Ssplation esdfping, i§. 1 to 100
mm Hg). For FESE=H%: Fon Tof , hi gher gg{&g!b% wWehet PalnenRr atst eam
stripping or npc%ﬁﬁmfalain@nsﬁﬁ‘ﬁp%?ﬁ i2 vent s ?s preferred.. By .controlling
the ratio of pyuppsbénaeupdrasapesnte.d.n 7R %R éﬁf’cc)po?%f*re?ﬁd}%flon under .,
condi tions which 10esgié\ée- pr egofriyAbbymm 1, Hy)addiForokhei isdlatiowsi bl e to

e

obtain af ef f BEEFHE W ahge of pethyl en t | ene ratio
in the hydrogeﬁahmerprmgaﬁhgﬁgglﬁgp%ﬁf%r Fggﬁo#%g tr?geg:}gnes has

been 15 conpbggsﬂpiﬂdﬁoexopmﬂynartiﬁmévebt%i%@ﬁﬁrﬁﬁdhydrogenat ed either
i mmedi ately of after recovery to obtain the desired hydrogenated

copolynmers according to the. invention, 2‘? Tﬂlﬂ}ﬂi@%ﬁ”&né“ﬂﬁﬁﬂeﬁ@ i ncl udes
conposi tions compBY SORFTRALIPE SR Reter Al such A4S dndbThGaki N9

in the anionic polymerization under conditions whic

give predoninantly, 1,4-addition, it is possible to

ocbtain an effective wide range of methylene to

substituted methylene ratio in the hydrogenated

10

product.

When the polymerization of the dienes has been

15 completed, the copolymer thus obtained can be
hydrogenated either immediately or after recovery to
obtain the desired hydrogenated copolymers according to

the invention.

The present invention includes compositions
20 comprising an oleaginous material such as lubricating
oil and at least one hydrogenated block copolymer as
described. There can be a minor amount, e.g. 0.01 up
to 50 weight percent, preferably 0.05 to 25 weight
percent, based on the weight of the total composition,
25 of the hydrogenated copolymer produced in accordax:xce
with this invention can be incorporated into a major
amount of an oleaginous material, such as a lubricatir-ag
0il or hydrocarbon fuel, depending upon whether one is
forming finished products or additive concentrates.

30 When used in lubricating oil compositions, e.g. .
automotive or diesel crankcase lubricating oil,
copolymer concentrations are usually within the range
of about 0.01 to 10 weight percent, of the total



oil and at |east one hydrogenated bl ock copolyner as described. There can
be a mnor anpunt, e.g. 0.01 up to 50 weight percent, preferably 0.05 to
25 weight percent, based on the weight of the total conposition, 25 of 30

this inv%bgﬁsﬁgn be incorporated into a major of an ol eggyusyazolersf eri al ,
such as a rabricating hydrocarbon fuel, dependi ng upon whether one is

f.ini shed products or additive concentrates. form ng anount oil or the
hydr ogenat ed copol yner produced in accordance with Wien used autonotive
copol ynmer of about in lubricating off~conpositions, or diesel crankcase
| ubricating concentrations are usually within the 0.01 to 10 wei ght

Composi 11 on. | TRomBepbk{ARr s BRe: REPPIVRSRS GIF nihe be 1o e
concentrate fogwlezed, ihr am abucentratge MM pefcdnt  &FOP0 3T 30 wei ght
percent, prefgkgghg obPoéme Wehght toer apeit 0i 50 ewgightii npezkebt,
carryi ng ot i BEeFEERETBnT oFo 25 welgnt”Blrdiie 811" 80G! Plutherdl s Torm BY
5 lubricating oil, for ease of handling, and may be
prepared in this form by carrying out the reaction of
the invention in oil as previously discussed. The
lubricating oils to which the products of this
invention can be added include not only hydrocarbon oil
10 derived from petroleum, but also include synthetic
jubricating oils such as esters of dibasic acids:;
complex esters made by esterifications of monobasic
acids, polyglycols, dibasic acids and alcohols:
polyolefin oils, etc. The hydrogenated copolymers of
15 the present invention are particularly useful as fuel
and lubricating oil additives, particularly as
.”Viscosity Index improver lubricating oil additives.

The hydrogenated copolymers of the instant

invention are oil-soluble, dissolvable in o0il with the

20 aid of a suitable solvent, or are stably dispersible

therein. The terms oil-soluble, dissolvable in o0il, or

stably dispersible in oil as that terminology is used

herein does not necessarily indicate that the materials

are soluble, dissolvable, miscible, or capable of being

25 . suspended in oil in all proportions. It does mnean,

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-

30 corporation of other additives may also permit in-

corporation of higher levels of a particular copolymer
hereof, if desired.

The copolymers are particularly useful in
lubricating oil compositions, which employ a base 0il




the invention in oil as previously discussed. The lubricating oils to

whi ch the products of this invention can be added include not only
‘hydrocarbon oil 10 derived from petrol eum but also include synthetic:

| ubricating oils such as esters of dibasic acids; corrpk,a., R&amade by
esterifiwetpasess7of nonobasic aci ds, polyglycols, dibasic acids and

al cohols; polyolefin oils, etc. The hydrogenated copol yners of 15 the
present invention are particularly useful as fuel and |ubricating oil
additives, particularly as Viscosi4#-index inprover lubricating oil

addi tives. The hydrogenated copol yners of the instant invention are

oi |l -soluble, dissolvable in oil with the -20,.a aosUltk @Bbessd) vent, or
are stably di Spendiiohe theser SPROLYIRFS 15 d&%sglg ?@Iog :giagsohy le in oil,
or stably di HageSble switndleagorhase tisy PrABPELST i 8, d8RTIGRE Y does not
necessarily indi cg%gt%% Le Y epiedent aisverdicnl eincliusiso| Vhese,

o Do, o eing 25 suspended gkl 1uBratatiMgppeiis ons. It
does nean, hoeaventionaltly h@nmeg] s qrg:rn)é&agb 1ubr i

I nst ance, Qqre,s or -
stably di gper skl € shargi-ighite aﬁdenm@ﬂ#ﬁﬁ%ﬁ-@?ﬂe}‘gﬂ'@tegxef"{‘g?ﬁ%lre i nt ende
effect in theowr nnent hﬂuy%y chgukhe a&l astemgpideedanfbr 859 | t he

(o] on of .

additional in pePat ¥ ot her _addi Li S0 NHdT £hé -
cor por ati on oferigigess mayipe apd, X gif?%g Eigféi gfﬁ )

ul ar copo]a%/mer le;,egf, | f desired.
The copol yner s jade€ par Adeantedepusscresults RIS ‘?ngac&r::_g nposi ti ons,
whi ch enpl oy a base.qjl 1859 és- 4 PEd USB@s @it 7inventigyi cH t hese
copol yners ar ee“{ﬂqgga‘%eﬁgr% o

. disper sed Qh! Sndpust Aldaptear come in
prepari ngot he Hasier P&4Fi ﬁ@“"%‘?ﬁ’g‘?ﬁ Yo%%plt?&%tﬁhe prezieﬁr‘lgsi ryﬁ%g;ngg{lci ncl ude
those conventisanahsy pemeroyexknenistingc £48iA8LAYA i g Ol s
transmission fluids, tracter fluids, universal tracﬁ?r
fluids and hydraulic fluids, heavy duty hydraulle

fluids, power steering fluids and the like. Gear
pump oils and other

i i 1ls

15 jubricants, industrial oils,
lubricating oil compositions can also benefit from the
incorporation therein of the additives of the present

invention.

The above oil compositions may optionally contain

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

modifiers, and the like.

25 Corrosion inhibitors, also known as anti-c.orrosive
agents, reduce the degradation of the metallic ‘parts
contacted Dby the lubricating oil composition.
Tllustrative of corrosion inhibitors are phospho-
csulfurized hydrocarbons and the products obtained by

30 reaction of a phosphosulfurized hydrocarbon with ?n
alkaline earth metal oxide or hydroxide, preferably 1in
the presence of an alkylated phenol or 'of an
alkylphenol thiocester, and also preferably 1in the

presence of carbon dioxide. Phosphosulfurized



5 for spark-ignited and conpression-ignited internal conbustion engines,
such as autonobile and truck engines, marine and railroad diesel engines,
and the |ike. Advantageous results are also achieved by enploying the

addi tives of = present invention in 1.0 base oils conveity,pgedshié74£0l oyed
s i -

I n and/ or for wuse as power transmtting fluids such as automatic
transm ssion fluids, tractor fluids, universal tractor fluids and
hydraulic fluids, heavy duty hydraulic fluids, power steering fluids and
the like. Gear 15 lubricants, indust#i-al oils, punp oils and ot her
[ubricating oil conpositions can al so benefit fromthe incorporation

therein of thengggbééw&&farbhﬁraéﬁwtby rexetihom siicadhevbydid-
conpositions may optionally coptal 2 '&himo Ltiyes, pour
poi nt depr essafifEP %rﬁ"?‘%eef?; 3ggﬁf%°%°dn% g&?ggnﬁgfy% er Q\%lhggggil‘%gl ndex

i mprovers, di specsabt g leLdni DALYRET FUCHr 88 %?JXLSWEB%QE ,
detergents, rushohnbipétHe SveightCbedbentnolf fa esel fizied ofhphbskbords

corrosion inhibitors | so_known a { iy | g S t he
degradat i &n of tPRelhbt g?l g% ﬁ%ﬁ‘s' sagg& o 5&§$h¥ﬁeiﬁugﬁi&cgﬁlﬁgu€i§l

conposi tion. mbbukt réd i ke cEbadr rHkEonCr nhi NeEFALizatIMN S Ho- R f uri zed
hydr ocar bons a%g%@ﬁ‘%ﬁ%‘pmweﬁm Sflaycdet ieffezited in the
e r

phosphosul furi ocarbqon wit Kghi n t4pmet al oxi de or
hydr oxi de, pref“éF‘&ﬁi‘lyt?‘f&‘tt Ha ﬁnfegsl'e?l%eug’ gjﬁ a?kf/?g;a't od phenol or of an
al kyl phenol thioester, and also preferably in the presence of carbon
di oxi de. Phosphosul §pfd8bn WanhIBid6rs,! JACTANSEXiAR6EE, rdédubgdtiear bons
are prepared by reacting_a suit.ahl e érg- M oHER a5 askevpepe, a
heavy pet¥%l eu#f’&ﬁ’&ﬂ'o%’fofm%e t%ﬂy oﬁg?ﬁl Ry Tl Such as
polyisobutylen@piqptﬁpterioration can be evidencae e products of

oxidation such as sludge and varnish-like deposits on

the metal surfaces, and by viscosity growth. Such

oxidation inhibitors include alkaline earth metal salts

15° of alkylphenolthioesters having preferably Cs to- Cy3

alkyl side chains, e.g., calcium nonylphenol sulfide,

barium toctylphenyl sulfide, dioctylphenylamine,

phenylalphanaphthylanine, phosphosul furized or

sulfurized hydrocarbons, etc.

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

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

30 salt of a synthetic or natural carboxylic acid.
Examples of same thus include 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 weights of from about 200




from5 to 30 weight percent of a sulfide of phosphorus 5 for 1/2 to 15
hours, at a tenperature in the range of about 66 to about 316 C
Neutrali zati on of the phosphosul furized hydrocarbon may be effected in the
manner taught in U S. Patent No. 1,969,324. Oxidation inhibitors
anti oxi dwosaesseduce the 10 tendency of mineral oils tBCH@iS?Pﬂ'”éf’éte in
servi ce which deterioration can be evidenced by the products of oxidation
such as sludge and varnish-like deposits on the netal surfaces, and by
viscosity growth. Such oxidation inhibitors include alkaline earth netal
salts 15- of al kyl phenol t hi oesters avi ng preferably C5 to Cl12 al kyl side
chains, e.g., calciumnonyl phenol sulflde riumtoctyl phen sul fide,
i ERPPERI:

di oct yi phenykensoe, orpisynyhetiherEplisnacidsphBEBhBERFFLTT%%d or
sul furized hydpogalbogs, Eﬁ& Dfpve Qergdtingn anfi bsbdubibity

“anti.oxi dants use ul |n this |nv | 25-pBbkir1 SCLs/DI e;_pgpper
conpounds. TRECREHHLS gg%ﬁ?n?w i kly

ol | an
oi | -sol ubl e asppel anﬁpomhdsol?gbl& I°°PPGF-’utﬂié°h|iP°F trﬁsyt at e corrpound
i's oi | spl ublyg; 25, UNESMIG 'R, REssyhoy (dvelid irorks it Qe Gind (ﬁ additive

package.” The “cqQpper co und Yob e é{%@ dilé'&a% 1CypdicaXHrm The
copper nmay b&BnReh&%Fo a{nn% iP di h

i
di t hi o- phospl&ahta:.nm\jtﬁlomﬂ-l Vel 18, t"ﬁ\éi 86' 3 &gedg%l%é){rhe copper 30
salt of a sygrhhﬁgl CaRd mﬁémﬂngcadalﬁnpnscsachdas E)Hnﬁab edlken¥ane t hus

i nclude C10 fo C18 fa aci g8hL ¢ mtjpﬂl ra8icarsi d, but
unsat ur at ed &(Was #& 7d&|c or ranc d car% |c mg uch as
9

napt henic aciPdsticulastlat preterzegna® of £P 8mRib Ik 67 -
PCT/ US92/ 016 g oup® &FOkrcai 2syatme¢arbomal§9m§lv i cThus :d§heaf-'édb?%lfser r ed

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-
i5 ethylhexyl, phenyl, butylphenyl, cyclohexyl, methyl-
cyclopentyl, propenyl, butenyl, etc. In oxder to
obtain oil solubility, the total number of carbon atons
(i.e., R and R,) will generally be about 5 or greater.
copper sulphonates, phenates, and acetylacetonates may

20 also be used.

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

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

a0 hydroxides, oxides, acetates, borates, and carbonates

or basic copper carbonate.

Examples of these metal salts are Cu salts of
polyisobutenyl succinic anhydride, and Cu salts of
polyisobutenyl succinic acid. Preferably, the selected



because of the inproved handling and solubility properties of the

resul ting copper carboxylates. Also wuseful are oil-sol ubl e copper

di t hi ocarbamates of the 5 general fornula (RR NCSS)nCu (where n is 1or 2
and R and R_are the same or different hydrocarbyl radi ggmys ggy 64 Ni ng
from1 toWQé'z“éﬁﬁ’ preferably 2 to 12, carbon atons, and chu ng radr cal s
such as al kyl, al kenyl, aryl, aralkyl, al karyl and cycl oal i phatic
radicals. 10 Particularly preferred as Rand R, groups are al kyl groups of
from2 to 8 carbon atons. Thus, the regicals may, for exanple, be ethyl,
n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, anyl, n-hexyl, i-hexyl,

n- heptyl, n-octyl, _dec decy] I 15 et hyl %, w®henyl,
butyl.phenyl, cyetdhes¥ &6}%‘? Cf’»é%g%%/ fofm; *5 y! egx

ropen but en etc In
order to obt arpredetre@lsmstn%r—est Hé‘et BP&Y‘HERFB@T sb’l‘glégr"ﬁoﬁcé%ﬁn% .e., R
and R) will g QRGLR! bHe PR1RGAH droRp Eieaaeholeé&im:emdahphaﬂr&llﬁsr

phenat es, and acetyl aceto es u Ve ofuser ul
copper conpounddasy 20e8 p2$8 ﬁ% %ﬁgrrﬂ}&j%ﬁ‘ﬁgl %@er@ aé aOfn

SUCGI n| c
aci ds or anhycﬁrrodteaboiﬁne9wlt% k,140%s e PHR SUREEP b7e' itﬁeétpﬁ E '
acidic. They may he @bMpdil ﬁggﬁtpﬁgfénjed% mmm&an@m:scmdm des

(‘havi ng pol yner, grou ré¥egdeigom
pol yal kyl ene- poisy 8 é§°£u th ’f“luccqntlg Ieagtgl-%%g J,irlegcj(':ar ogrilelse aC| d

group, with (bjaterdeisthay desizrbiyim HEsodyriabh A A4 e
conpounds i ncl yge RQﬁSr&mea,s aﬁapnwtcn mu}theupréﬂemmme’ste@m des,

acetates, borate and rbo b C me®R eli, ﬁ%&h N e rE&arrpl s of
t hese net &f salst‘é' ukign §alﬁw) po £ C ne@RPClbe g! e

él sobut ené Ci ?I cta d i de, and
Cu salts of pd-lqnts-obutM’Yylt%}ER:cPﬁ?‘éea eween of/ raﬂﬂ%f/ e sé éd WO
92/16567 PCT/ USfi{fetatdres 49f 110°C to 140°C are entirely adequate
It may be necessary, depending. upon the salt produced,
not to allow the reaction to remain at a temperature
15 above about 140°C for an extended period of time, e.g.,
longer than 5 hours, or decomposition of the salt mgy

occur.

The copper antioxidants (e.g., Cu-polyisobutenyl

succinic aﬁhydride, Cu~-oleate, or mnixtures thereof)

20 will be generally employed in an amount of from about

50 to 500 ppm by weight of the metal, in the final
lubricating or fuel composition.

Friction modifiers serve to impart the proper
friction . characteristics to lubricating oil
25 compositions such as automatic transmission fluids.

Representative examples of suitable friction
modifiers are found in U. S. Patent No. 3,933,659 which
discloses fatty acid esters and amides; U. S. Patent
No. 4,176,074 which describes molybdenum complexes of

30 polyisobutenyl succinic anhydride-amino alkanols; U. s.
Patent No. 4,105,571 which discloses glycerol esters of
dimerized fatty acids; U. S. Patent No. 3,779,928 vrhich
discloses alkane phosphonic acid salts; U. S. Patent



metal enployed is its divalent form e.g., Cu+2. The preferred substrates
are pol yal kenyl succinic acids in which the al kenyl group has a nol ecul ar
wei ght greater than about 700. The al kenyl group desirably has a Mh 5 from
about 900 to 1,400, and up to 2,500, with a Mh of about 950 géﬁ nost
preferragpotagssi al |y preferred is polyisobutylene sufEHR0 &gdride or
acid. These materials may desirably be dissolved in a solvent, such as a
mneral oil, and heated in the presence of a water 10 solution (or slurry)
of the metal bearing material. Healsphg may take place between 70 and about
2000C. Tenperatures of 1100C to 140'C are entirely adequate. It may be
necessary, depending.. upon the salt _produced, .not to he reaction
to remai n at Wol enpersi3dse whichhEiscanses Iﬁﬁ%@?’brpﬁ%dgtjtso#dfedgperi od of

time, e.g., Ig&%q.‘r nhPan fifwuran osletaddepositi of.of Pekensal ¥omy occur.
The copper antioxidants_ (e. Q.. -pol ¥i ER¢ Giydrocarbytlr i de,
Cu- ol eat e, orhﬁ%v@r"és"’?#&&ﬁ%"%ﬁg%% e lﬁ@{]eir‘g%k¥leyal%§‘%gmw an anount
of from aboutsuddinimiBep Sreesbowealrede (FEIRRIPY PYFE i ial -
| ubricat {ng of_§dieln{ HRRGresOtheFeoLt iN SndPEtents Neor b 878 BRifart the

proper friction . characterjsti d yi9settinaihiccarasi ti ons such
as autonatic YREHs r‘?i1§§i5'8ﬁeﬁl u@ygfﬁﬁggﬁm d13@kygs@etin

resent at,j ve ex I o itable
friction nodefi euscinimidesid Pa ($- S.pagﬁ?énrtﬂ%o. §3’Sg§3€%%9fw\l;\xﬁlﬁgh
di scl oses fat&%% Gisdsesteastonl prciustsU. o8, @t enfloweyr A1¥¥6) 074 which
e

describes noly n co e : 30ap@!vi snbwaeest soicod /U28,258
anhydri de- ani W%ha?ﬁal gRA Lii é.ﬁfes 2

Patent No.. 4 1 i iscl oses
gl yCer ohioest csiaf disiciereseahpaptiY ity o¥ife éo‘;&ﬁ’%tz e.r?wl\%{b 00998 whi ch
di scloses al kagprddhiesahSRiByacoxyaXyly; alkesyl mucHinifgdgs, 16589 - 50

disclosures of the above references are herein in-
corporated by reference. The most preferred friction
s are succinate esters, or metal salts thereof,

modifier :
15 of hydrocarbyl substituted succinic acids or anhydrides

and thiobis-alkanols such as described in U. S. Patent
No. 4,344,853.

pDispersants maintain oil insolubles, resulting
from oxidation during use, in suspension in the fluid
20 thus preventing sludge flocculation and precipitation
. or deposition on metal parts. Suitable dispersants
include high molecular weight polyalkenyl succinimides,
the reaction product of oil-soluble polyisobutylene
succinic anhydride with ethylene amines such as

25 tetraethylene pentamine and borated salts thereof.

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

30 fully optimize the low temperature fluidity of the
fluid are Cg-Cjg dialkylfumarate vinyl  acetate
copolymers, polymethacrylates, and wax naphthalene.
Foam control can be provided by an antifoamant of the



PCr/ US92/ 01674 No. 3,778,375 which discloses reaction products of a
phosphonate with an oleamde; U. S. Patent No. 3,852,205 which discloses
S- car boxyal kyl ene hydrocarbyl succini m de, S-carboxyal kyl ene hydrocar byl
succinamc 5 acid and m xtures thereof; U S. Patent No.pgrRi592/0964 Which
di scl oseWON2hYB86Toxyal kyl ) al kenyl - succi nami ¢ acids or succinimdes; U S
Pat ent No. 3,932,290 which discloses reaction products of di- (I ower

al kyl) phosphites and epoxides; and U S. Patent No. 4,028,258 10 which

di scl oses the al kyl ene oxi de adduct 8t~ phospho- sul furized N-(hydroxyal kyl)
al kenyl succinimdes. The disclosures of the above references are herein

in- corporated by reference. The npst preteheediiragdi yditthyars are
succi nate est paLysddoxape T¥Bfr & 1Hier esg'fl,g 15 of hydrocgﬂ)yl substi tuted

sycci ni ¢ aci dssivoxameydri des and thi obi s-al kanol s such as described in U
S. Patent No. 4,344,853. Dispersants maintain oil insolubles, resulting

from oxi dation during.,use, in _suspengiolpiedy ! Hane Uipildlest, hufequcventi ng
sl-udge floccul atio a"ﬁfEcPBFP§$1 o%L %Pegg mel Usp

osition,on . Rarnts.
Suit abl e di spevemntst netmludaztisgh rﬂﬂpé'eaﬁar"gﬁi’f'g%t°f)of’§’/§%‘§rﬁﬁq‘ 1
succi ni m des, _the Jeaciianedr ageCtziic odlakyldithiophpspbate yiand
succinic nhydarl e Wwth s&%en aq,_lzi nes such as 25 tetraethyl ene pentam ne
and borated safine GHArddf: P01 1t depressants, otherw se known as | ube

oil flow inprovers, lower the tenperature at which the fluid will flow or
can be poured.. Such@gdigeh¥es andenerel | rusbwinh ik oxs | {pgudendhe additi ves
which use 30 fully OpLL{1ze Lbe LopkspRer shoids (| Lamkty opnebmsfiuid are
C8- C18 di al ky| P&¥ar at 82 ‘I"’hyl aceta cqpol ymer, ]20| yg?ﬁ@gﬂ*?é es. and
wax napht hal ensulfycizedcont3¥8f¥lcan B%"Iﬂatﬁ/i ded n antifoanant of the WO
92/ 16567 14 naphthenates and other oil- soluble mono- and
| dicarboxylic acids. Highly basic (viz, overbased)

metal sales,  such as highly basic alkaline earth metal

sulphonates (especially Ca and Mg salts) are frequently

used as detergents. Representative examples of such

15 materials, and their methods of preparation, are found
in co-pending Serial No. 754,001, filed July 11, 1985,
the disclosure of which is hereby incorporated by

reference.

Some of these numerous additives can provide a
20 multiplicity of effects, e.g., 2 dispersant-oxidation
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 o0il in -
25 amounts which are effective to provide their normal
attendant function. Representative effective amoupts
of such additives are illustrated as follows:




-51 PCT/US92/ 01674 pol ysil oxarie type, e.g., silicone oil and pol ydi net hyl
siloxane. Anti-wear agents, as their nane inplies, reduce wear of netal
parts. Representatives of conventional 5 antiwear agents are zinc
di al kyl di t hi ophosphate and zinc diaryldithi osphate. Detergents and netal
rust ‘i nhwbiokaess7i ncl ude the netal salts of sul phoni c a®CA&US92(0GT4 phenol s,
sul furized al kyl phenols, alkyl salicylates, 10 napht henates and other oil -
sol ubl e nono- and dicarboxylic acids. H ghly basic (viz, overbased) netal
sal es,- such as highly basic al kal i-sg- earth metal suiphonates (especially
Ca and My salts) are frequently used as detergents. Representative
exanpl es of mat eri al s, | tshei r nmet hodgyQf gpreparation, are found
in co-pendinégégF%QT No. 754,003§iﬁ%ﬂed July (Pref2ded) the disclosure of
whi ch is hereby incorporated by reference. Sone of these nunerous
additives camipeosithe ModiZdenul tiqu-1ity of eff@c¥s, e.g., a
di spersant - oxi dation inhibitor. This approach is hl known and need not be
further el abéparesior IsthibiteFpod-192i5As when c'c?r?t’gki? i ng these conventi onal
additives are typigally_ hlended intq_the base gj4l.,i 8 25 anounts which are
effective to°§F§§F%ﬁPt 'I%IESFrmﬂdlqgt%endant F&Hb%ign. Represent ati ve
effecti.y a”B%EéérséﬁtSUCh addi tig/as-2are il l'ustg.ated as follows: WO

327V

4

92/ 165 - cosity Modifier .01-12 5 Corrosion inhibitor 0.01-5
Oxi dati on | npblitt Psirkt Qepressant 0.01-5 .01-1.5
Anti-Foaming Agents 0.001-3 .001~-0.15
12 Anti-Wear Agents 0.001~5 .001-1.5
Friction Modifiers 0.01=5 .01-1.5
20 bDetergents/Rust 0.01-10 .01-3
Inhibitors
Mineral Oil Base Balance Balance
25 When other additives are employed, it may be

desirable, although not necessary, to prepare additive
concentrates comprising concentrated solutions or
dispersions of the viscosity index modifying copolymers
(in - concentrate amounts hereinabove described),
30 together with one or more of said other additives (said
concentrate when constituting an additive mixture being
referred to here in as an additive package) whereby
several additives can be added simultaneously to the
base oil to form the lubricating oil composition.
i5 Dissolution of the additive concentrate into the
lubricating oil may be facilitated by solvents and by
mixing accompanied with mild heating, but this is not
essential. The concentrate or additive-package will
typically be formulated to contain the viscosity index
40 improving copolymer additive and optional additional
additives in proper amounts to provide the desired
concentration in the final formulation when the
additive-package is combined with a predetermined
amount of base lubricant. Thus, the products of the



10 Di spersant 0.1-20 Additive wt. % (Broad) W. % (Preferred) .01-4
.01-1.5 .01-1.50.1-8 .01-1.5 .001-0.15. .001-12.5 .01-1.5 .01-3 15
Pour Point Depressant 0.01-5 Anti-Foam ng Agents 0.001-3 Anti-War Agents

0.001-5 Friction Mddifiers 0.01-5 20 Detergents/Rust 0. q;ct.l% Lbitors
M neral JWO RHE867Bal ance Bal ance PCF/ US92/ 01674 25 Wen 0 {e}rsgié%ﬁi ves

are enployed, it may be desirable, although not necessary, to prepare
additive concentrates conprising concentrated solutions or dispersions of
the viscosity index nodifying copolyygers (in concentrate anounts

her ei nabove described), 30 together, with one or nore of said other

el 40" e dovantin o AR S WL A S 1,
be added si mujifnegushyné® icoppatible solvents along with other
desirable additives to form additive-packages con-
taining active ingredients in collective amounts of
5 typically from about 2.5 to about 90%, and preferably
from about 5 to about 75%, and most preferably from
about 8 to about 50% by weight additives in the
appropriate proportions with the remainder being base

oil.

10 The additives ‘of the present invention may be
suitably incorporated into synthetic base o0ils such
as alkyl esters of dicarboxylic acids, polyglycols
and alcohols; polyalpha-clefins, polybutenes, alkyl
benzenes, organic esters of phosphoric acids, poly-

15 silicone oils, etc.

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

Accordingly, while any effective amount, i.e.,
20 viscosity index improﬁing effective amount, of the
additives of the present invention can be incorporated
into the fully formulated lubricating oil composition,
it is contemplated that such effective amount be
sufficient to provide said lube oil composition with an
25 amount of the additive of typically from about 0.01 to
about 10, preferably 0.1 to 6.0, and more preferably
from 0.25 to 3.0 weight percent, based on the weight of

said composition. :

EXAMPLES
30

The following examples, which include preferred
embodiments further illustrate the present invention.



base oil to formthe lubricating oil conposition. 35 Dissolution of the
additive concentrate into the |lubricating oil may be facilitated by
solvents and by m xing acconpanied with mld heating, but this is not
essential. The concentrate or additive-package will typically be

f or mul at‘lg& %ﬂ %gnt ain the viscosity index 40 inproving PEEHVSHRM6Mdditive
and opti A/Y¥ditional additives in proper anounts to provide the desired

concentration in the final fornulation when the additive-package is
conbined with a predeterm ned anount of base lubricant. Thus, the products
of the WD 92/ 16567 -53 PCT/ U892/016‘:511'present I nvention can be added to
smal | anmobunts of base oil or other conpatible solvents along with ot her

desirabl e addit.ives form additiye- kggegat@nwelighti pgraentse

i ngredi ents iYL é’t’é&eﬁi_g}lﬁogg%‘gé% gﬁ%ygi %} yirjr%gai@hgut(agi{s) to about ,
904, and pr efexrpateispedf hexe b Rxe PassdafBuECTEY, ard nost preferably from
about 8 to ahQiftp@%oly twei @haitiive i ansly o UPRE thAgptesPL aF8i8por ti ons

wi th the renal nder be‘* .Qgg cl?éc%e, 16+ Frrmaddtioweshbéh twillrksent .
cié%lly COr por

i nventi on may?he s ft i nc, d intg sy kg D Okhs such as
al kyl esters e dwardfoxshe @ dei fteighy >95I f@gﬁs ghggfiiale cgﬁgf s{;:ilé

pol yal pha- ol gfdimt Be! ¥btdERAEY, oxl @§luentenzenes, organic esters of
phosphoric aci dls, poly- 15 silicone oils, etc. The final fornulations may

enpl oy typically about 10 weight perce f, t ibheMe-fackgge with the
renai nder bei ng b&bécb?l‘%n@\cesgaﬂ‘éﬁx %l‘?é agg e ?15:1 3 i

20/ Vi 5coSi 1y 41X ceRneVibgee (paxdons foBrPOLEISREIES: (OEL ol ( he
present invenatsi Onancagife JOGRIIRA abgd Exxon Chemical Company as
10 Paratone® N), having a Staudinger molecular weight of
20,000, required to thicken a solvent-extracted neutral
mineral lubricating oil, having a viscosity of 150 SUS
at 37.8°C., a viscosity index of 105 and an ASTM pour
point of O.F. (Solvent 150 Neutral) to a viscosity of
15 12.4 centistokes at 98.9°C to the weight percent of a
test copolymer reguired to thicken the same oil to the
same viscosity at the same temperature. For linear
imlymers of a given methylene content, 'the thickening
efficiency is approximately proportional to the 0.75
20 power of the weight-average molecular weight.

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

significant tests:

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

determined at -25°C.

ccs (Cold Cranking Ssimulator), using a technique

in ASTM-D2602, a high shear viscosity measurement in

30 centipoises. This test is related to a lubricating

oil's resistance to cold engine starting.



into the fully formulated lubricating oil conposition, it is contenplated
that such effective anbunt be sufficient to provide said |ube oil
conposition with an 25 anount of the additive of typically fromabout 0.01

to.. about 10, 'preferably 0.1 to 6.0, and nore preferabl I 5to 3.0
viei ght p@\‘%%f‘,sgz)ased on the wei ght of said corrposition.)‘cg&%g{‘ﬁ 30 The

fol | owi ng exanpl es, which include preferred enbodinments further illustrate
the present invention. WO 92/ 16567 -54 PCT/US92/ 01674 unl ess ot herw se
stated, all of said weight percents_sexpressed herein are based on active
ingredient (a.i.) content of the additive, and/or upon the total weight

of any additive-package, or formul ation ich wi th the a.i.
wei ght of each addiTHN@YﬁlGS’@Hé‘D%W\ggf g?o&%oﬁ&%’r' dﬁ%l{egrnfg
Thi ckeni ng ef f pgi@edal0T. Eehe | sadef iascdthe HSTM r MRY o notedheab®yht per cent

of a polyisobutyl ene (sql | loye@b UtsisOnadna . ExxeReCc kgi1@al isconpany as
10 Par atnnd@\l)?%‘ﬁ%é}? né %lgrau i°%33§ 3 Y

| nbl e ar__wej g f , 000., required
to thicken a sdefined dan SAE BHP%MaIBSO&H#ErI& %E’fﬁ"@&%’?ﬁg %?Ia}lhavi ng a
viscosity of 150 SUS at 37.8 C., a viscosity index of 105 and an ASTM pour

P 6. 9403 6 t ho vkl "8f) | H0Svineion 5 WRed wau i Stokes
at 98.94C5% 0 the we?q‘g%t‘:]‘%%rlygﬁ% 2#‘};‘9 Fred nviéneiod) v

fhe sane o | 1 6ot Aormgase JEELSHHYL O Re SAR DHERpEPIR, £5 1oe1 near |
pol yners of a gh¥enviBtbyitne memtwed tusinchi cihei ngelef f FERRRERD | s
approxi mately giggﬁgégroqaéstt_o e the’ 2améOtRREST 160 thel eygld -MRAET age
ol ecular el O aThtatned of Loveded."The Ehfdxdrlhg $¥FiELAIY £ 1S
10 improved and the lube oil has high viscosity at high
temperatures and low viscosity at low temperatures.

Example 1

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

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

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

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

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

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

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

30 weight of 80,000. The ratio of weight average to
number average molecular weight was less than 1.2.

The microstructure was measured to be blocks of about

93 weight percent 1,4-addition of isoprene and about 7
weight percent 3,4-addition of isoprene, and blocks of



of the present invention are evaluated by a nunber of significant tests:
MRV (M ni Rotary Visconeter), using a technique 25 described in

ASTM D3829, neasures viscosity . in centipoise and yield stress in Pascals.
MRV was determ ned at -259C. ccs (Cold cranking Sinul atﬁgrlrélh? ?’ﬁlég a

t echni 046 od/MesbPT™ D2602, a hi gh shear viscosity nmeasur® 9/
centipoises. This test is related to a lubricating oil's resistance to
cold engine starting. WO 92/16567 -55 PCT/US92/:01674 TPl cycle

MRV- - Det ermi ned by ASTM D4684. Thissd.s essentially the same as the ASTM
MRV not ed above, except a slow COO?I ng cycle is used. The cycle is
defined in SAE Paper No. 850443, K. 0. Henderson et al. ;5 The rgdopol ymer of
the present ipugpticy, wehght ugetcend flordmakddsionp HuEadinge oiPY  has been

found to lower the viscQs suredaddtign tde vutkdiénenki ng Si nul at or
Test. At the2BSHE fi‘fﬁa’jg‘i’l%o#z#’ﬁecy'cl e MRV is maintained or [owered. The

t hi ckeni ng efficiencg Is 10 inproved and the lube oil has high viscosity at
hi gh tenper eanid | ow viscosity at | ow tenperatures. Exanple 1 A

pol y(i soprene-b-but adi ene-b-i soprene), tri-_bloc 5 ¥, dvas prepared
using a f hi gh varnerpslacies ggepanstk i&(ﬁ&??ﬁtﬁtglw%r 8%283%5?? descri bed in
detail in t Eg%gé@g\pe:sd%,l\/bftm copolymertpxspares BBeFX8RIR  Tech.

B i el n [ Sreddiitfed@datton. 1 Abdwlr reaction
flask. To thils "#&s® gﬁ%ﬁé 2;9’%91}%@ fiidk' fre a

. 1.sgpr.ene I BYaP14SEP O '
sec-butyl it hi.as gahi t¢yslnhexypt Yi t"iﬂ%édv\ﬁgdaﬁ%\ﬁ% to rgac at 240C for
24 hours. 24.8 gissoBrdUévélimiahtiat toom terRsratyrer heThEA¥PTHF ni xt ure,
and al | oued 10 reaighga(c)arngﬂwas then increased to abut 5 liters and .

c
o :f :ztrogen sparge was begun. 15 g. Pd on CacCOj
hydrogenation catalyst was then added to the
cyclohexane solution. The reactor was sealed and
hydrogen was added to a pressure of 3800 kpa. '.r.'he
15 temperature was increased to 80°C. The hydrogenation

was allowed to proceed for about 18 hours. The reactor
was then slowly vented to atmospheric pressure and the
cyclohexane solution filtered through a heated filter.
The polymer was not completely hydrogenated, as
20 evidenced by a 1640 cm-1 peak in the infra-red, so the
product was rehydrogenated, tested according to ASTM
D2238~-68. An additional 15 g. of fresh catalyst was
added to the cyclohexane solution and the solution
returned to the reactor, where it was hydrogenated as
25 described above for an additional 21 hours. The
solution was again filtered through a heated filter,
this time the 1640 em-1 peak was absent, so the
cyclohexane was evaporated on a steam bath. Pr.:oton NMR
analysis showed 0.94 mole percent polybutadiene un-
3o saturation and 1.892 mole percent polyisoprene un-

saturation.

gxample 3

The polymer described in Example 2 was dissolved

in a mid-continent type S150N nineral oil, at an amount

[
in



hours. 15.7 g
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ol ecul ajya\84,
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and again

act for 24 hours. The reaction was then term nated by addi ng
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ular 30 wei ght of 80,000. The ratio of weig

t average to

e nol ecul ar weight was less than 1.2. The m crostructure was

e bl ocks of about 93 weight percent 1,4-addition of
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reactor was seal ed and hydrogen was added to a pressure of
3800 kPa. The EBamplmdr ature was increased to 80C. The hydrogenati on was

oceed for about 18 hours. The reactor was then sl ow
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d h
GERBR S aceaPaitty (H Ao Eass B8 ARASHLAS S 15 g. of

t isoprene and 0.036 g. sec-butyllithium. This was
allowed to react.at 25°C for 24 hours. 22.4 g.
butadiene was then added to the mixture and allowed to
react for an additional 24 hours. The reaction was
terminated by adding degassed methanol. The resulting
copolymer had a weight average molecular weight of
91,000, and microstructure similar to that in Example
1. The Mw/Mn was 1.1.

Example 5
The polymer prepared in Example 4 was hydrogenated
as described in Example 2. This time, 5 g. of the

diblock éopolymer was dissolved in 700 ml cyclohexane
overnight at room temperature. 6.0 g. Pd on CaCO;

hydrogenation catalyst was added to the reactor and the -
reactor sealed. Hydrogen pressure was increased to

3000 kPa and the reactor heated to 70°C. The
hydrogenation was carried out for 21 hours, at which

time the pressure was released, and the cyclohexane hot

filtered to remove the catalyst. The 1640 em~! IR band

was absent.

Example 6

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




added to the cycl ohexane solution and the solution returned to the
reactor, where it was hydrogenated as 25 descri bed above for an additi onal
21 hours. The solution was again filtered through a heated filter, this
time the 1640 cm 1 peak was absent, so the cycl ohexane was evaporated on a
st eam bawvb92/6s87on NVR 30 anal ysi s showed0. 94nol eper cenPCEOYSMB(MEHi eneun-
saturation and saturation. 1.89nvol epercent polyi sopreneun- Exanple 3 The
pol ymer described in Exanple 2 was dissolved 35 in a md-continent type
S150N mineral oil, at an amount Vw)g§/16567 -57 PCT/ US92/ 01674 sufficient
to raise the kinemtic viscosity at 100,c to 13.5 cSt, along.with 0.4

wei ght percent of a comrercial fumarate-vinyl acetate |ube oil flow

| mprover. - Loy ﬁﬁe@eragw Qaﬂéqﬁ%egz&hﬁmﬂfweﬁfdc%&ia eaﬂlmm-c roTable 25

bel ow. Exanpl POl y(1'sopr ene- di ene)_di bl o
prepared usi ng3es St aaendnyier fhid qH@ 0%%’&‘1“% Elﬁ ‘.'L rrpalle 1 To 505

g. cycl ohexangmy@eatiidaty?Sabetate | Hawr elmpranero 0Bew gtemperadid®l | i t hi um

This was allowed t L el g2fe G Trablé- 4 Belowut adi ene was .
t hen added tovfﬁ%mﬁ$§?§réL°€% aiioa react for an additional 24 hours.
The reaction was 15 tern nated by addlng degassed net hanol. The resulting

copol yneB had& erage nol ecul ar wei ght of 91, 000, and

m crostructure simlar to that in Exanple 1. The gm %_
This example illustrates the segmente copo ymers

Conditions of

of U. 8. Patent No. 4,804,794.
polymerization and results are summarized in Table 1.

10 TABLE 1
Reactor Inlet Temp. ( .) 19.5
Reactor Outlet Temp. cC.) 46
Sidestream Feed Temp. ( C.) 5

15 Catalyst Premix Temp. (° C.) 14.5
Catalyst Premlx Temp. (sec.) 8

act Residence se
Sidestream 1 .68
Sidestream 2 .84

20 Reactor Res. Time at Quench

{sec.) 2.2
Inlet Feed Rates (ka/hr
Hexane 1828
Ethylene 18

25 Propylene 270
VCl,y .228
Al (c Hg)3Cl3 1.
Swgepzngxane (kg/hr)( ) 2 102
Sidestream Feed R (<) _

30 Hexane 1092
Ethylene 49.2
Propylene 49.2

Total Hexane (Kg/hr) 3020
Sidestream d S .

35 Sidestream 1 60
sidestrgam 2 40
M, (X107) 180
M/ ¥n 1.5
composition (ethylene wt.%) 53

40  Quench (kg/hr)

Ethanol ' 4.5 .
HoO ;-—

Crystalllnlty (%)



20 Exanple 5 The polynmer prepared in Exanple 4 was hydrogenated as
described in Exanple 2. This tinme, 5 g. of the diblock copol yner was

di ssolved in 700 m cycl ohexane overnight at roomtenperature. 6.0 g. Pd
on CaC33 2 ogenation catal yst was added to the reagtQ/

r.eact or ﬂggﬁgﬁﬂydrogen pressure was increased to 3000%5”%%&"%% :
reactor heated to 709C. The hydrogenation was carried out for 21 hours, at
which tinme the pressure was rel eased, and the cycl ohexane hot 30 filtered
to renove the catal yst. The 1640 cm-94 R band was absent. Exanple 6 The
pol ymer described in Exanple 5 was dissolved 35 in a md-continent type
S150N m neral oil, at an anmount WD 92/ 16567 PGI/ US92/ 01674 -58 sufficient
to raise the ke tic viscosity at 100°Cto 13.5 cSt, along with 0.4

wei ght per cent (JifSweepohmsane aintrodunedt with t‘d-é’éf‘&#e f| ow i nprover. Low
tenperature vi9d&eokalr PE pEedetidestypean ot i #*FEBFeYBRYRI ow. 5

Conparative 1 qﬂﬁ%?‘éﬁgnple Illustrates the segnented copolyners of U S.
Pat ent No? 4,%%§§%3é§i£§ggitions of polynerization and results are
sumari zed in : TABLE 1 Reactor Inlet Tenp. ('C ) 19.5 Reactor
Qutl et Tenp. ('C.) 46 Sidestream_ Feed, Tenp.. (' . Cat al Prem x
Temp. (' C.) 14.5 &BEal GOPOLYRER  9PERRIDE ecl.r§ go}“ gg%?%)‘?@Rg}siy Shce Tine
(sag, t Sidestdicamlved6$n &iMisbiGonsinent geype S150N mineral cil, at

10 an amount 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 in centipoise (cP)

are given in Table 2.

15 TABLE 2
Polymer IE ~20° =25° - -25°*
Example 3 3.8 2450 cP 11,400 cP 10,900 cP
20 Example 5 2.1 2750 16,000 23,500
Comp. 2 3.4 2800 12,000 11,500

Table 2 shows improved CCS viscosity of the

segmented block copolymers produced by the current

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

Example 1.

Example 7

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

35 mixture and allowed to react for an additional 24
hours. The star polymer was formed by adding 0.0252 g.
sicly linking agent, allowing the mixture to react for
24 hours. The reaction was terminated by adding |



20 Reactor Res. Tine at Quench (sec.) 2.2 Inlet Feed Rates (ka/hr Hexane
1828 Ethylene 18. 25 Propylene 270 VC14 .288 A12(C2H5)3Cl13 1.24 Sweep

Hexane (kg/hr)(1) 102 Sidestream Feed Rates (Ka/hrl (2) 30 Hexane 1092

Et hyl ene 49.2 Propylene 49.2 Total Hexane (Kg/hr) 3020 Sidestream Feed
Splits (woosMessd Si destream 1 B0 Sidestream 2 40 1U(nPGE/YSP2O541. 5 CC
oommpsition n (ethylene w.% 53 40 ouench (ka /hr)Ethanol 4.5 HO ---
Crystallinity (%9 2 WO 92/ 16567 PCT/US92/ 01674 -59 5 Notes: (2 )Sweep
hexane introduced with catalysts. _()Total of equal sidestream flows,
except where indicated. Conparative 2 The copol yner described in
Conparative 1 was dissolved in a Md-Continent type S1I50N mneral oil, at
10 an anount suffieﬁi &g&h foi 21 Sfhd haskioen@t stawicpedyhyr had180' C to 13.5

cst. along V@Zﬁ:@ avecage miTecular Slight of 260,000, with blocks

of about 93% 1,4 isoprene, and about 7% 3,4-isoprene
additions, and blocks of about 93% 1,4-butadiene
additions and 7% 1,2-butadiene additions.

u

Example 8

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

hydrogenated.

10 1 was dissolved in 900 ml. cyclohexane at room
temperature overnight. 6.0 g. Pd on CaCO3 hydro-
genation catalyst was added to the cyclohexane solution
and the reactor sealed. Hydrogen pressure was
jncreased to 3000 kPa and the temperature increased to

15 70°C. The hydrogenation was performed for 20 hours, at
which time the pressure was reduced to atmospheric and
the cyclohexane solution hot filtered to remove the
catalyst. The polymer was precipitated in methanol.
The olefinic 1640 cm~l IR band was completely

20 eliminated.

Example 9
The polymer of Example 8 was dissolved in mid-
continent type mineral oil as recited in Example 6.

25 Low temperature viscometeric properties are given in
Table 3.

Example 10

A star polymer was prepared as follows. To 575 g.
30 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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are given in Table 2. 15 TABLE
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1 was dissolved in 900 m . cycl ohexane at room

i soprene, and,
1, 4- but adi ene”
pol ymer descrj
described in
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The polymer described in Example 10 was
hydrogenated. 28 g'. of the polymer described in
Example 10 was added to 3000 ml. cyclohexane and
dissolved at room temperature overnight. 1.42 g Ni-2-
ethylhexanoate and 6.74 g triethyl aluminum (25% in
hexane) ' were then added to the cyclohexane solution.
The reactor was sealed and heated to 50°C and a
pressure of 4000 kPa hydrogen applied. The
hydrogenation was carried out for abut 15 hours, at
which point the pressure was released and the product
hot filtered. The polymer solution was deashed using
acidic water stripping and the cyclohexane flashed off
on a steam bath. IR analysis showed essentially
complete polybutadiene hydrogenation, and 4 mole
percent polyisoprene units not hydrogenated.

Example 12

The polymer from Example 11 was dissolved
according to ‘the procedure used in Example 6. Low
temperature viscometric properties are shown in Table
3.




tenperature overnight. 6.0 g. Pd on CaCO3 hydro- genation catal yst was
added to the cycl ohexane solution and the reactor seal ed. Hydrogen
pressure was increased to 3000 kPa and the tenperature increased to 15
70' C. The hydrogenation was perfornmed for 20 hours, at which tinme the
pressur ewoaa/mesefuced to at nospheric and the cycl chexan®CTAG$93(01674 hot
filtered to renove the catalyst. The polynmer was precipitated in nethanol.
The olefinic 1640 cm-1 IR band was conpletely 20 elimnated. Exanple 9
The pol yner of Exanple 8 was dissolved in md- continent type m neral oi
as recited in Exanple 6. 25 Lom1teﬁ3€rature vi sconmeteric properties are
given in Table 3. Exanple 10 A star polyner was prepared as follows. To
575 g. 30 cycl ohexane was added 29TABEE But adi ene and 115 g. sec
butyllithium This was allowed to react at 258C. for 24 hours. 56.9 g.

i soprene was then added to t he  m Xt .6, ag&‘gl I gﬁg ﬁﬁct_gsarg an '
addi tional 24 hours. TheEs: tar g. SiCl4
| i nki ng ent E@fg\ndﬁg Bg M X{4ly € Jp0 reagd, dou O 92/ i®proo RET/ US92/ 01674

-61 24 h redaction was terminated by addi ng degassed net hanol. The

resul ting stagxggpg ven ead azsaeicgpht aversageoomePecul a9 wedqgP of 180, 000,
with about 93% 1,4 isoprene and butadi ene additions. 7% 1,2 5 butadi ene

addi tions, and abapy, 1470 344- |§9¢Wseneth§éd| tpSNfmerBXanpaeing Thmepol yner.

descri bed in Exa e 10 was dro ed. 28 f t r

descri béd® i n £X¥% Je“f@%?“a& 8d¥f"8 ggogﬁ?d Xl %xanee%ngrlp‘ﬁe
11, have higher CCS viscosity than those with the
crystallizable portion near the core, as in Example 9.

Example

15 The room temperature concentrated solution
fluidity of the polymers prepared in Example 11 was
determined by dissolving enough polymer in a mid-
continent type S100N mineral oil to raise the 100°C
kinematic viscosity to 1600 cSt. The oil solution was

20 allowed to cool to room temperature and thg appearance
was checked after 2 days. The solution exhibited an
undesirable gel-like structure, inhibi;ing flow. Oon
the other hand, the polymer described in Example 9 does
not exhibit the gel structure in a concentrate at room

25 temperature.

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

30



di ssol ved at roomtenperature overnight. 1.42 g N -2- ethyi hexanoate and
6.74 g triethyl alum num (25%in hexane)' were then added to the

cycl ohexane solution. 15 The reactor was seal ed and heated to 500C.and a
pressure kPa hydr ogen applied. The hydrogenatio d out
for abut ‘gégﬁglggm at  which point the pressure was rel e;ksdégﬁggng{é?
product hot filtered. The pol yner solution was deashed using 20 acidic

wat er stripping and the cycl ohexane flashed off on a steambath. IR

anal ysis showed essentially conpl etgspol ybut adi ene hydrogenati on, and 4
nol e percent polyisoprene units not hydrogenated. Exanple 12 25 The

pol ymer from Exanple 11 was dissolved according to the procedure used in
Exanple 6. Low_ tenperature visconetric properties are shown in Table 3. WO
92/ 16567 PCl/ USé#$1674 -62 TABLE 3 TE CCS. -200C MRV. -25'C TP-1. -25'C. 5
Exanple 9 2.74 2700 cP 13,900 cP 18, 700, cP Exa 12 1.99 2820, cP 14, 700
cP 19,000 cP Tabl -3 shovkydrpgenages neP%°?§nn%H;°SNEer10°%?8E&§ﬂqq nity on

t he and of them@;dmn&ut‘;hies dugivielde £idm butesiiwnghendOes Leastosine than
those with the alllz Sredudpl e 9.
Exanpl e 13 15 % teﬁperex4ﬁ§§5?§gc£§?%%§{¥}ﬁggﬁgtFgﬁ ffIU|d|ty of the
pol ynmers prepared in Exanple 11 mag dgtern1ned by di ssol ving enough
polymer iR a mid- continent type mneral oil to raise the 1000C

ki nermatic viscosity to 1600‘5§t é L éﬁgLnion was 20 allowed to cool to
room tenperature and the appe ance

wherein R is a Cj to about Cg alkyl radical and R? is
10 hydrogen or C; to about Cg alkyl radical, the copolymer
| being hydrogenated and comprising (i) at least 10
percent by weight of at 1least one crystallizable
segment comprised of methylene units and having an
average methylene content corresponding to a 1,4-
15 polybutadiene content of at- least about 20 mole
percent, and (ii) at least one low crystallinity
segment comprised of methylene units and substituted
methylene units and having an average 1,4-polybutadiene
content. less than about 20 mole percent.

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

claim 2 where R? is hydrogen.

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

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

(III) T - M and
(IV) Ty - (My - To)y = Mz - T3



was checked
structure,

after 2 days. The solution exhibited an undesirable gel-Ilike
inhibiting flow On the other hand, the polyner described in

Exanmple 9 d

t enper at ur e.

oes not exhibit the gel structure in a concentrate at room 25

Wi | e exenpl ary enbodi nents of the invention have

been

descri b%g%,lig@rue scope of the invention is to be dePETHSI2@16%om t he
following clarns. 30 WD 92/ 16567 PCT/US92/ 01674 -63 CLAIMS: 1. A

hydr ogenat ed bl ock copol ynmer conprising nononeric units derived from

but adi ene and at | east one conjugated di ene conononer represented by the
formula 5 RLR2 | | CH2 - C- C=b64H2 wherein RLis a Cl to about Cg

al and R is 10 hydrogen or Cl to about Cg al kyl radical, the

al kyl radic

copol ymer bei ng hydrogenated and conprising (i) at least 10 percent by
wei ght of at L_le Shnope; STy hZg8! fromagnEsIt3,conponpeiises sakdyl ene units
and havi ng aff™®

&Verage met hyl ene conteny ¢ in a 14, 15
polybutadlen@rvaﬁﬁé¥&zﬁﬁa‘at-sF@ﬁﬁ? abo 28&%@?&929 Jsifua Ldv

percent, and

| east one | owrggislbirliﬂy t;egmezgmanﬂmomﬂl Yoq BFe netify | EARE U

substltuted

content.

as recited i seoPERE AR(hEE e
1, 4- pol ybut adinaneaéwntamprisesnsaidies meﬁa#%’%ﬁ@gm

°|es

i) at
s and

t Se. a\saliage cky4tpdl yzaklsadi ene
Sn?%anLE%ou#ﬂ%O qﬁieﬁﬁg g ;gg by dpogeaadgd copol yner
%/cr sta

tent.

hydr ogenat ed copol ynmer as recited in

10

15

206

25

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

represented by (III).

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

represented by (IV).

8. The hydrogenated copolymer as recited in

claim 7 wherein x is zero.

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

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

at least one low crystallinity segment.

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

percent.

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

25 3. The

I|n|ty seg nt has an average
&



claim2 where R2 is hydrogen. 4. The hydrogenated copol yner as recited in
claim3 wherein Rl is nethyl. 5. The hydrogenated copolyner as recited in .
30 claim 1l containing chain segnment sequence represented by at |east one

-.of the strugztgég;r: (rrr)y T- Mand (1V) Tl - (ML - T2)X pciRise2/bie MO
92/ 16567 WEM/ME87) US92/ 01674 wherein x is a nunber of fromO to 3, M

conprises said crystallizable segnent, T conprises said low crystallinity
segnent, M and M2 are the sanme or 5 different and each conprises .said
crystallizable segnent, and T1l, T2-6%d T3 are the sane or different and
éach conprises said low crystallinity segnent. 6. The hydrogenated

-copolymer as recited in, 10 claim5 wherein sai%h L sequence i s
represented by Q#ﬁqr)lpu‘)‘?-"’l'h@%%é‘ﬁ&seaycﬁpﬁ? it rgfasrks Cl togj lle% claim5s
wherei n said cheian 2egnent sequence is represented by (I1V). 15 S. The
hydr ogenat ed copol ynmer as recited in claim7 wherein x is zero. 9. The

hydr ogenat ed copol yner as recited in__claim$8 ei p.say nd.T3
segnents are of suBSranth&l |Vq%e§aﬁgdm%%l\§§@gr agg ?ri'o 5t d;.r q'vx\llm ght. 20

10. The hydrogetidiar Topbeyein ther crystellizakdiey sHImefterAWPRUREEHUL adi ene
is present int 4o cCY | AU Bldsdn 110 AdfudEnt aiethgliere wmipsovinde said
at |east oOne cryStallizabl e segnent and conjugated di ene and

1, 2- but adi ene i$P%ERFuNts effective to provide said 25 at |east one |ow

crystallinity segnent. 11. The hydrogenated copol yner as recited in
14. The hydrogenated copolymer as recited in

claim 13 wherein the 1low crystallinity segment
comprises sequences of less than 11 adjacent methylene
10 units in series.

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

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

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

20 copolymer.

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

25 arms.
- 19. The hydrogenated copolymer as recited in’
25 claim 18 wherein the star block copolymer has from 5 to

15 arnms.




claim 10 wherein said anmount is at |east about 30 noble percent. 12. The
hydr ogenat ed copol yner as recited in 30 claim1l wherein said copol yner has

a nol ecul ar wei ght WO 92/ 16567 PCT/ US92/ 01674 -65 distribution
characterized by a ratio of 1/R of less than 2. 13. Thgﬁé%g ted
copol ynwo 82/168Zi ted in claim|l wherein the crystalliz % t
conprises 5 sequences of at |east 11 adjacent nethylene units in series.
14. The hydrogenat ed copolynmer as recited in claim 13 wherein the |ow
crystallinity segnment conprises sedéences of |ess than 11 adjacent

met hyleme 10 units in series. 15. The hydrogenated copolynmer as recited in
claim 14 wherein the low crystallinity segnent conprises, seguence of | ess
than 7 adj acent nezty| @he bydregenated, i eQpokyers a?herﬁ%tﬁfgeﬁ& ed

copol ymer as Legif ofr ivhededhMeheVBEiri blddie coppidymet i kab|® weightnt has a.

nunber average nol ecul ar Lght_ Of. .at ).00b/ tdhSodysigenat ed
copol yner asr eBVEERFS F°§’F§\?gﬁﬁghééerlé4hr? %ﬁeeg%oﬁpner i sast arybl ock

20copol ynmer. 18. The hydrogenated copol ynerasrecited in claim17 wherein the
star bl ock copol yner, has hy@pbdernated?Sbaock. ckpolymerhyderpmirdtf&d copol yner
as recited in_ 25 claim18 wh | Nd NErcid AButlddEheC U Yi®dphaare,from5 to
15 arns. 2W0 9BPRARREAPCT} 2%%‘%? -66_20.° The hydrogenal eg cqpol ymer as
recited in the copolymer being hydrogena ed and compri 3 )

least 10 percent by weight of at least one

crystallizable segment comprised of methylene units

derived from 1,4-butadiene enchainment and having an

10 average 1,4-polybutadiene content of at least about 20

mole percent, and (ii) at least one low crystallinity

segment comprised of methylene units and corresponds to

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

percent.

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

23. A process comprising the steps of:

polymerizing a precursor block copolymer

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

from at least one conjugated diene comonomer

represented by the formula

25 1l21 R?
CHy = C - C = CHz .
wherein R1 is a C; to about Cg alkyl radical and R? is ,

30 hydrogen or C; to about Cg alkyl radical, the copolymer
comprising at least 10 percent _by weight of the

butadiene segments;



claim17 wherein the star block copol yner has a weight average nol ecul ar
wei ght of from 100, 000 to 500, 000. 21. A hydrogenated bl ock copol ymer
conprising S mononeric units derived from butadi ene and i soprene, the
copol ynegy Fngydr ogenated and conprising: (i) at | eaper/issoRrEANt DY
wei ght of at ast one crystallizable segnent conprised of nethylene units
derived from 1, 4- but adi ene enchai nnent and having an 10 average"

1, 4- pol ybut adi ene content of at |east_about 20 nole percent, and (ii) at

| east one low crystallinity segnenr6€bnprised of nethylene units and
corresponds to a 1, 4-polybutadiene content of |ess than 20 nole percent.
15 22. The hydrogenated copolyner as recited in claim21 wherein the

copol ymer is a starghlock,¢o IWOWB% ﬂg& irfdy pgﬁgessgr‘rdﬁ@g[,ksm_goéme st eps
of.: polynerizing a precursor é&vgﬁrrprl fgﬁSt one
but adi ene segnEPROA3T | & n&’%nbnﬁﬂ’w ted, Yg‘\flracﬁ e and at

| east one coneaﬁﬁﬁsﬁggrmtlaymmmlmmmwmiamt ofdeat vieshst r om at

| 5 Rl R2
5T e MO S BTN g SRR bk a

out 5 cal and s 30
hydrogen or Cléenivasbufrem ?stbk?!"’]rYMtGQ ienenan oﬁ\?lvgﬁﬁ “bo??fﬁ‘l"sﬂ%g at
| east 10 per cepjspuvaiiene Oéoifihttnﬁﬂuﬁa&nel&egnenab¢uﬁw)9@/hﬁﬂﬁ?
PGT/ U892/01674 o Sdors bd;@&"lt hel Iy E ngﬁgl@ap_{ﬁpﬂ._r Ofedh
copolynmer to fRFma ogenate Ioc cop S1 at | east
10 percent by mmsqsir oft methyiene Jipits fs’i‘%l‘l“l&’?ggggt§gg h? J(,eg'fﬁ)rl sed of
met hyl enapuni t@nits and having an average 1,4-polybutadiene content

less than about 20 mole percent.

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

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

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

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

then adding the comonomer to the butadiene
segments, and

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

copolymer.

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



derived from 1, 4- pol ybut adi ene and havi ng an average 1, 4-butadi ene content
of at |east about 20 nole percent, and at |east one |low crystallinity
segnent conprised of nethylene units and substituted nethylene 10 units
and having an average 1, 4-pol ybut adi ene content |ess thang&%&aﬁ ﬁp nol e
percentqﬁgﬂ?,ggg process as recited in claim23 here t h&CT & _
enchai ned a ﬁ east 65 weight percent as 1,4- butadiene. 15 25. The process
as recited in claim23 wherein the polynerization is anionic

pol ymeri zation. 26. The process as_yggited in claim?25 polynerizing a
precursor bl ock copol ynmer further gonprises 20 first honopol yneri zing the
but adi ene to the form the butadi ene segnents, then addi ng the conononer to

t he but adi ene segnents,. a i 7k NEhd Neoisriomeen®o ifoxmheche esence of
Lt h SbRUIE
p

the 25 butadi ene rmthe precursor block copolyner. 27. The
process as recomedoner ctesmerts, pol yneri zi ng a precursor bl ock copol yrer
further conprises W92/ 16567 -68 PCT/US92/ 01674 first honopol yneri zi ng

t he conmpnoner to formt hgdd&sgmna&@f Secide, (deementidi ngot hetHeut adi ene »
segnents to the ¢ oner segnents, 5 polynerizing the butadiene in the
presence of t romopemern cHRE™eSETment s t o f or m but adi ene segnents, and addi ng
addi ti onal conononer and pol ynerizing the additional conmononmer to formthe
precursorsblock polymerizing the putadiene 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.

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

star block copolymer.

26. The process as recited in claim 28 wherein

15 the star block copolymer has from 4 to 25 arms.

30. The process as recited in claim 29 wherein

the star block copolymer has from 5 to 15 arms.

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

32. A composition comprising (a) oil; and (b) at
ljeast one hydrogenated block copolymer comprising
monomeric units derived from pbutadiene and at least one
conjugated diene comonomer represented by the formula
25 R lltz
CHy = C - C = CH



copolynmer. 10 28. The process as recited in claim23 further conprising
the step of introducing a coupling agent after formng the precursor bl ock
copopol ymer to forma star block copolymer. 29. The process as recited in

cl aim 28 15 the star block copolyner has from 4p 30.
The procg@]ﬁggsgeci ted in claim?29 wherein the star bl ocgpcopol ynmer has
from5 to 15 arnms. 31. The process as recited in claim28 wherein the star
bl ock copol yner has a wei ght average nol ecular 20 weight of from 100, 000
to 500, 000. 32. A conposition conprisftrg (a) oil; and (b) at [|east one
.hydr ogenat ed bl ock copol yner conprising nononeric units derived from

but adi ene and at | east one conjugated di ene conononer repr esegt ed by the
formul a 25 CH2 ‘R{ez@nckl &G—IZci/\&cQZbe&'aGEg 8kPLTradiolo Pa4 Rihdsein RL is

a.d to about Ik n r% g%r salmdrﬁgqaagr Ehe tcgb pigtlerCg al Kyl

radical, the c r%qp(giﬁq{‘gbfgng[@ﬁna d%%ﬂtsed of

percent by \ABlW%#WéFW&%’G‘
met hyl ene uni t spyangheight Ndofn atvenagst 1, dne pairystadd M%ommn&f at

| east about 20 rmle erc t lgg,q #54 O NaWingr ¥At &bérdld Y1 ,389MENt
conpri sed of fie ﬁﬁl’? i sug‘s’?tltut ed T °Y§| gg |'{§s and, havi ng

an average. 1, @M%ﬁéﬁl’%rﬁ?’&ﬁ?ﬁeﬁf pEskeast 2 S PS5 per cent .
33. The conposiiidatateastisms lov ergstallindty segRent Mﬂgmd of

methylene units and substituted methylene units and
having an average . 1, 4-polybutadiene content less than

10 about 20 mole percent.

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

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

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

20 " (III) - T - M and
(IV) Ty - (M3 -~ T2)x - My - T3

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

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

30 36. The composition as recited in c¢laim 35
R wherein said chain segment segquence is represented by
(IIT).




34. The conposition as recited in claim33 15 wherein R2 is nmethyl. 35.
The conposition as recited in claim32 wherein said hydrogenated copol yner
I's conprised of chain segnent sequence represented by at |east one of the

structures: 20 (Ill1) .. T - Mand (IV) T1 - (ML - T2) Xx_- h@% ggémhereln X
; ggﬂl

I's a nunigreaflesd7 om0 to 3, Mconprises said crystalli PEf
conprises said low 25 crystallinity segnent, ML and M2 are the sane or
different and each conprises said crystallizable segnment, and T1l, T2 and
T3 are the sanme or different and eagf conprises said |low crystallinity
segnent. 30 36. The conposition as recited in claim35 wherein said chain
segnent sequence is represented by (Il11). WD 92/16567 -70 PGI/US92/01674
37. The corrp05|t|on as geci tc?ﬂeg,gr@i&i Mag> rebétedn &ai cckdkl n Fegnent

y

sequence i s repres fte Hagsiglg Pésdriid ey i n cl ai m
37 5 wher ei nwhersinesaid 3chaif, SRRDSS S |oﬁ as rem?%d in claim?38

wherein said nd T3 segnents are of substantially the same wei ght
average nol ecul ar wei ght. 40. The conposition as recited in claim32 10-

wherein the butadi ene and co | R¥ed Pl €8€NELAIM t fEET
1, 4-configuration B8- aﬁBUht§m@Pg§ifﬂvg q?% g&%blde said at |east one

crystal ligabl gneegiRnk fcersaid at |east one [ow crystallinity segnent.
41. The conposition as recited in claim40
39, The composition as recited in claim 38

wherein said T3 and T3 segments are of substantially

the same weight average molecular weight.

40. The composition as recited in claim 32

10 wherein the butadiene and conjugated diene being

present in the 1, 4-configuration in amounts effective
to provide said at 1east one crystallizable segment and

said at least one low crystallinity segment.

41. The composition as recited in claim 40
wherein said amount js at least about 80 weight

15
percent.

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

20 of less than 2.

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

44. The composition as recited in claim 43 ‘

25 wherein said oil is lubricating oil.

45. The composition as recited in claim 44 which

is a lubricating oil concentrate.



15 wherein said anmount is at |east about 80 weight percent. 42. The
conposition as recited in claim32 wherein said hydrogenated copol yner has
a nmol ecul ar weight distribution characterized by a ratio of !wfr 20 of
less than 2. 43 _The conposition as recited in claim32 vwiobseporyai ns a
Vi scosi tywpr?a’e‘ﬁsvrrprovi ng effecti-ve amount of said hydrogenated copol yner.
44. The conposition as recited in claim43 + 25 wherein said oil is

| ubricating oil. 45. The conposition as recited in claim44 which is a

| ubricating oil concentrate. WD 92/ 18567 -71 PCT/US92/ 01674 46. The
conposition as recited in claim44 which is a fully formulated |ubricating

oi | conposition. 47. The conposition as | BC 3 in said
oil is lubricating $§4. &4§° “‘?ﬂﬁiiﬁ?ﬁ)oasgl ezfdtftg‘%gfd} ?'gc}ﬁh i ﬁ“c}“glﬂr’:rl?%

wherein the crystal fumablﬁ@mgn‘bml hrdcpsd g api LREPO flgﬂj’acent
met hyl ene units in series. 49. The conposition as recited in claim 32

wherein the. low crystallinit N eite@SsinlOchRan 13z adj acent
net hyl ene units in tri dhe 5 ggggnpo§ﬂ¥lon as recited in claim49

wherein the Iowmryﬂhaédﬁmldly segmimﬂl ed3-|ess than 7 adjacent
met hyl ene units in series. 51. The corrp05|t|on as recited in claim32 15

wherein the crystallizabl e segnent a ra ulg wei ght
of at | eass 500. 5248.The’1'b&) 6%?%% reC|te %‘% g.?l 'EE%% ]

In cI t ﬁh in the
copol ymer i s awaegeibl bhk cupet!ylrieirub?rs sFﬁé‘eEBrTﬁBE‘PF sag ape d in
¢l ai m 52 11 adjacent methylene units in series.

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

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

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

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

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

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

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



20 wherein the star block copolynmer has from4 to 25 arnms. 54. The
conposition as recitied in claim53 wherein the star bl ock copol yner has
fromb to 15 arns. 55. The conposition as recited in claim32 wherein the
star bl ock copolynmer has a wei ght average 25 nolecular weight of from
100’000%8 %5{8&6900. WO 92/ 16567 -72 PCriUS92/ 0] 674 56. PEI3S82/01674 ¢

nodi fyi ? viscosity of an ol eagi nous conposition characterized by
conprising sufficient crystallizable conponents to result in a cloud
point at Tc when tested according tg,ASTM D-2500 5 conprising the step of:
adding to the ol eagi nous conposition a sufficient anmount of a hydrogenated
bl ock copol ynmer conprising nononeric units derived from butadi ene and at

| east one conjugated di ene conononer repres 4 berawla 10 RL R2
| CH2=C-C-CH2 wheB&in Rmt@%swftW%ﬁfgégéﬁgigg?a rcal and is 15

R2
hydrogen or Childagaheué CSompdsiitiadi chRTagHRy | Wer SBBPRYH)r ogenat ed
and conprising at_.l eas}: JCQH%@B% abley ¥&hpdtients ato| zesulbndn 2

co

crystallizabl é"sfé‘fdﬁéﬁf' rised of t Qy Id SARdTapl-pgo@n- aver age
1, 4- pol ybut adileng pesntnet ofc b4k méﬁ%ohgg%ﬂryoﬂte percent 20 and at

| east oneg| ow&%gtigh_hj;ntﬁy sepnefit conprised of nethylene units and
substituted nethylene units and having an average 1, 4-pol ybut adi ene

content not greater than about 20 | e pe £33 @ Hhfific@ed® Wherein
the Ta is greater eddingTEe the é%ﬁggﬁmgugrééﬁéé‘%s recited in i m56

|
where R2 is hydreeencs 58 Hyarogeosted »3ofkcidaRPLYReE aﬁ%?’g?sg\ﬂgrei n R2

derived from butadiene and at least one

monomeric units X
conjugated diene comonomer represented by the formula

1 2
10 R R

CH; =C~-C= CH

wherein Rl is a C3 to about Cg alkyl radical and R? is
15 hydrogen or C3 to about Cg alkyl radical, the copolymer
being hydrogenated and comprising at least 10 percent
by weight of at least one crystallizable segment
coﬁprised of methylene units and having an. average 1,4~
polybutadiene content of at least about 20 mole ?ercent
20 and at least one low crystallinity segment compflsed of
methylene units and substituted methylene units and
having an average 1,4-polybutadiene content not great?r
than about 20 mole percent resulting in a Ta whereiln

: the T, is greater than (Tg) -
25

: : 2
57 The process as recited in claim 56 where R
is hydrogen.
. . . 2
58. The process as recited in claim 57 wherein R
is methyl. .
30 59. The process as recited in claim 56 wherein .

said hydrogenated copolymer is comprised of chain
segment sequence represented by at least one of the

structures:



is methyl. 30 59. The process as recited in claimb56 wherein said
hydr ogenat ed copol ymer is conprised of chain segnment sequence represented
by at |east one of the structures: WD 92/ 16567 PCT/US92/ 01674 -73 (I11) T

- Mand (J = (ML - T2)x - M - T3 5 wherein x is a rom0 to
3, Mconéw}/é?dgﬂnd crystallizable . segment, T co‘rrprisg%% 18{7\‘/

crystallinity segnent, ML and M2 are the sane or different and each
conprises said crystallizable segnent, and Tl, T2 and T3 are the sane or
different 10 and each conprises sard@tow crystallinity segnent. 60. The
process as recited in claimb59 wherein said chain segnment sequence is
represented by (I11). 61. The process as recited in claimb59 wherein .15
sai d chain segnent sequence is represented by (IV). 62. The process as
recited.in claim6l wherein 6I%)s zer®.-@8.20the process as recited in claim
62 wherein said Tl and T3 s€gfients aTk."o(‘MlstE?imtTaW y" t4e sane 20

wei ght average nol ecul ar wei ght. 64. The process as recited in claimb56
wherein she biieasiiene dsdacowpheritadd f3ioBne bei hg Preernnises sadd

1, 4-co|n}c | guL?t&%gdhggpy? s _egdgg%hit\/e te pgedﬁﬁiﬁls@i d sadla | eagh one
crystallizable se t_apd said a st ne | ow st nity segment.
65. The proces‘éryzfgﬁgéf‘? iﬁ?‘?@f’ﬁf‘m g‘zll\/\A?('a‘raeilﬁrg2 sazfi%d g{%un%lljlés at | east
about 80 wei gltifferestt. a68. ®achpr soEBREisms [ c83idd FRYSYMlLIH22Y1®her ei n

sai d hydr ogenal&hen®R0lavlE T, has,a affdl agulatie Whiedand0 off <diffetenen
charact eEBZEd al%}/d Sac tlcgmgrf'isEes/ sa?.& i%‘é Scrylsr‘:%'h%hity segment.

60. The process as recited in claim 59 wherein
said chain segment seguence is represented by (III).

61. The process as recited in claim 59 wherein
15 said chain segment sequence is represented by (IV).

62. The process as recited in claim 61 wherein x

is zero.

63. The process as recited in claim 62 wherein
said T; and T; segments are of substantially the same
20 weight average molecular weight.

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

25 one low crystallinity segment. ' '

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

66. The process as recited in claim 56 wherein

said@ hydrogenated copolymer has a molecular weight

30 distribution characterized by a ratio of Wu/Mn of less
than 2. '



WO 92/ 16567 PCT/ US92/ 01674 -74 67. The process as recited in claim56
wherein said oil is lubricating oil. 68. The process as recited in claim
©7 which is a lubricating oil concentrate. 5 69. The process as recited in
claim67 which is a fully fornmulated lubricating oil conpositiaon., 70. The
processcvgé 5§§%ed in claimb56 wherein said oil is | ubPCEWSRPISHY . 71.
The pro 4 recited in claimb56 wherein 10 the. crystallizabl e segnent
conpri ses sequences of at |east 11 adjacent nethylene units in series. 72.
The process as recited in claim71 wherein the lowcrystallinity segnment
conprises less than 11 adjacent nethylene units in series. 15 73. The
process as recited in claim72 wherein the low crystallinity sggment
conprises less than 7 adjacent thyl e | tin i El&hn | 86. wherehe process
as recited in clai 856 rﬁ%ceﬁex%rfgfgﬁ zabl e segnment has a nunber
average 20 nolsacid aglwes ghwbrdcagingeddt- 500. 75. The process as recited in
claim56 wherein copolyner is a star block copolyner. . The process as
recited irn claim75 V\he,gﬂ}ro@sssggrrbém dmpolymwhaﬁimhoﬂrﬁ@to 25
arnms. 25 77. The |§r80ce S ds recit%d Ln claim76 wherein the star bl ock
copol ymer has fulnricetipg 16tk Gancen 82/ 16567 - 75

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

70. The process as recited in claim 56 wherein

said oil is lubricating oil.

71. The process as recited in claim 56 wherein
the crystallizable segment comprises sequences of at

10 .
jeast 11 adjacent methylene units in series.
72. The process as recited in claim 71 whereln
the low crystallinity segment comprises less than 11
adjacent methylene units in series.
15 73. The process as recited in claim 72 wherein

the low crystallinity segment comprises less than 7

adjacent methylene units in series.

74. The process as recited in claim 56 wherein

the crystallizable segment has a number average

molecular weight of at least 500.

75. The process as recited in claim 56 wherein

"copolymer is a star block copolymer.

76. The process as recited in claim 75 wherein

" the star block copolymer has from 4 to 25 arms.

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



PCT/ US92/ 01674 78. The process as recited in claim.75 wherein the star
bl ock copol yner has a wei ght average nolecular wei ght of from 100,000 to
500, 000. ' ' ' ‘

WO 92/16567 PCT/US92/01674

-75-

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



