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. ‘U.S. Patent No..3 281,499 descnbes block copolymers of oxymethylene and
-  olefi ins, such as styrene. The re sultmf products are mouldable polymeérs which are -
‘25 . - of little solubility -in: lubncatmg oils. or other organic- fluids, .U.S: Patent’ No. 25
3,318,813 describes. a:: tert-butyl-styrene polymer prepared in an anionic
o polymertzatlon using; n-butyl lithium as the initiator., Polymenzatton is terminated
.In methanol. This pelymer is said to be useful as a viscosity index (VI) improver.
© The polf'mers used in-this reference contain no polar groups. Hence, these
.30 homopolymers.are distinguishable from the copolymers of the present invention. 30 -
oo US Patent -No. 3,175,997 claims a process of preparing terminally reactive
dymers, such as butadlene-styrene copolymers, by reacting with ethylene oxide
acidifying the alkali metal group to—OM. The.; products are used in adhesives,

R pottmg compounds’ and binders. ‘U.S.. Patent No 2,835,658 describes treatmg .
.35 styrene-lactone block polymers with dusocyanates The polymers are elastomers 35
- &u‘ed from free-radical bulk % olymerization. G.B. Patent ‘Specification No..
289 describes hydrogenated utadiene-styrene copolymers as VI 1mprovers
: These _polymers contain no polar Folymer blocks. -
- - We have now discovered novel block copolymers of the-AB or' BAB type ‘The o
.40  invention prowdes a block copolymer having W1thm its molecular structure atleast 40
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B B-A-B copol yners may be achi eved through nmultifunctional initiators, for
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40 3 ‘the co lete addition of the polar-block, (such-as that of ethylene 2})/;1 de). g
- ydrogenation is generally ¢arried out in the presence of a heterogeneous or = -
: homogeneous hydrogenation catalyst Heterogeneous catalysts include metals of
the platinum szries, ¢.g., platinum, palladium and the like, iron, cobalt, or nickel,
- - particularly Raney mcke The catalyst metals may be used alone or on a catrier, :
85 - _suchascharcoal, silica or alumina. Homogeneous catalysts include organic salts of 55
" these metals, stch as. nickel‘acetylacetonate, nickel diisopropylsalicylate, nickel
L naphthenate, nickel octoate; and nickel ethyl hexanoate. ‘Homogeneous catalysts .
also include trls(tnphenyl)p:,. ¢rhodium chloride and other group VIII metal
A compounds, particularly a. compound obtained by reacting an aluminium trialkyl
60 . with a nickel or cobalt organic salt such as alummmm tmsobutyl w1th nickel 60
: naphthenate or 2-ethylhexanoate. ..
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random but adi ene-styrene adducts are simlar to the aforenentioned
initiators of the RM formula. - Upon conpl etion of the polynerization
of the—butadreme—and—styrene;—since thereare vinyl groups remaining in the
nol ecul e whi ch coul d becone oxi dized or 45 susceptible to other forns

of deterioration during use, it is desirable to 45 hydrogenate t he

copol ymer. This can be carried out by terminating the initial _
copol ynmeri zation by adding a smal|l anpunt of the polar compound of bl ock B,
such as ethyl ese oxide, .followed by a smalhkgr@awunt of a miheral acid or
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al kyl ene oxi de pol ynerr zatron i'; diled. -to the HBDS sol-ution. Such
catal ysts include;  potassi.um j: -p-_t assé um pot-assi um.. t-anyl oxi de, pot assi um
hydr oxi de. The nunber.-of m)l es..of xatal yst woul'd be approxi nmately .the same
as that used for the 15- anr._"r_u c init | ator._The al k Iene Id§1 E{g?hen
efl

added to the podner 2sd aB‘H’B e °rs°fa ‘;@ils : d 10
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pol ers consist:.
the solution is fromige dse 1
percent to 25 per cerpt-qferhig'ty\peliy'_.al_kyﬂenbhmdpmh an2 ug)todéoﬂlsmltﬂ e
most preferred rmnom?ref?fé‘?ly r%fa--;w °d0a)915?‘!1 Mgb??ro%ﬁ@ggpﬁ f’lce
char ast eri st cs3% The RER{B IR e By AR o e ot -
vi ci nal and each of- tcbﬁﬂﬁn@aﬂhoﬁw&'tﬂ arim olbbesfrbmtt touse ;gamhisesucltas bon

at oms, 20 the tot almqﬁhmﬂet’f rnaa) 9"?% :
[E0T eney

5. Thetefore, also s %% _
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t hi oal kyl ene groups #FoUPhé 2pHey b‘k?ﬁ Ao eRIARYOfiths gkl metals, °2 5r?r to
produce AB bl ock copol ynmers preferabl y haV| ngoa | east. 2 and up to 500

such pol ar groups A structure ' y be | —OCR" -

45 R” bemg alk)l orl aryl of from 1to 10 carbon atoms or a heterocychc mtrogen 45
. group: of gyndm 8, pyrimidines or triazines. The preferred’ capping group is
" prepared. by reacting the polymer “with. an isocyanate, alkyl isocyanate or
. . preferably an- aro%atlc diisocyanate, such as toluene diisocyanate (TDI), to form
o the mono- or therdusocyanate or urethane-type, group '
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illustrated as follows: [err] 30 a, a and b being integers of at |east
2 and Zis the capprng group Thus the bIock 30 copolyners consrst
e e S age

ol ecul ar wei ght of from1,000 to 300, 000 and a pol ar portlon pref erably
pol ypoxyal kyl ene, and preferabl y having from2 up to 3,500 units,

~preferably 10 to 1,000 wunit. Preferred nol ecular wei ghts of the copol yner
of this 35 invention may ran e from 1,000 to 3,000 and preferably from

10,000 to 200,000. ° 35 The pol: l&)j:k B rray, |f ~desired, be term nat ed
'e|t\lq.ef5hv precipitating«th : : .e., from

1to 5 car b%trth*a?'@rmfﬂé Pka@omgaﬁmem- .?’Yl/\ﬁfldrfnﬁi/ corrpound
cont ai ni ng &ﬂﬁbﬁm e pHetarrer d’% j R Y Saiyanat e or a
theRl i

carbonyl hamayleithep i Gnre ol feadié ids, sucﬁh@&gﬁ-l’le and t he

. ei t her qorecmﬂamtie th@ nhers’lrbttarﬂ a@tm cdtprcap
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- i ncl uekng pﬁ& %ed fE'nQ.Euoﬁ ﬂﬁalpinbtal &'tﬂa infifa ers, pol yo(8f ns, etc.

- The end or -cappi ng group, :Z above, rray be hydroxy, netaloxy of the alkali
-metal s, or [err] or ferr] 45 . R @ging alkyl-or aryl of from1l to 10
carbon atons or a heterocycl ic tro- - 45 group of pyridines, |
pyrimdines or triazines —-df-hm—p-r— _ _ cappi ng-group-i s -prepar ed by
reacting the polynmer wth an |soc ®, al kyl -isocyanate .or pref erably an.
aromatic diisocyanate;, such as toI uene WPi socyanate (TDI), to formthe

“nmono- or the dii socyanatttlal orf urdet hane t rou éfr s‘gij, l:?l
.- 1,487, @3 |using potassmm as the preferred example. Qﬁ& rt he OCk
tal ft e
~copol yrer, m§*eﬁb"ﬁ; ﬁ’éﬂﬂbvéde{nﬁ%e?er'élfct@%y Srarr myyaﬁmt ahandan [err] group,
such ‘as phediy mi _ _ yriding - asbcthantike @r halocarbenyd iTheseyanate. -Wth
t he preferr fuhctlgml: mmage{ﬂhen@ edlton gouplecmRpe E}P’b&ﬁer‘?%/p%‘i"‘[“ er rgmain

}unreactigd 0'?“° G Y FS condheldd aba AdperaRe in - OX1'dants

| .derived frome fro — gﬁgﬁﬁtor%jft?amy%%m&empdiaummﬂe.dqmﬂhp a second 5
i copol ymer cinaumumf'ﬂ:erenc E B3 -‘eélbfﬂjsually _
excel I ent t?ﬁ?fﬁ%\ urg erature lgf:g%gﬁ‘ l%@ %%atoé d:%al: uﬂ%f ng pe: Lt is
usual | 90 n SRR vite Romabe hoursEha proghictd gy i ni't1-at or,
[err] 10  belgeniter am&nngmies plt mdrémrpheesoh@ll elra%appr ng-groups

consi st of prefetred. ) Z faqe rbf the anionic
Vo -;* ‘f e‘gt:tg'e sip 1{1@(& yther.

DS,

- initiator, BfeCIHpH % aigithdn, 28 f.rom
' .cyanurlzé %&:’3} 1 o th 01! sedarmmnaadlgeMuteu-ke or - .
hal ocar bonyhgﬁtfﬁhéq&x h%meﬁl@hd{: relmig‘%ggg“f#,bupl e nore than
one_AB poly ¥ nm&?‘ t l t in reactlonmaybe
mfﬁhahd E@m f{-@tﬁi% Irt;lmx ecap‘hd%c ationcdof ametals t enﬂer ature in

15 The
t he rar?ge ofnaibopiefembﬂq to [err]., but ord| narily roomtenperature is the
. desi red nmaxi nuhe imduatsea’cthlsanvema mmléuﬁunﬂmdctdmvdalfnr mdpstrial od Jof from 15

m nutes to g%%lwgngl‘?c&ec%ﬂg lgrhegpto%lgbgg’%&l&%’t 193?% ﬁlaar?";%%}ltene oxi de or

- sul fidgsmay ositions lr,s@m.,ls r]. &‘p to about
~[err]., andgteass. hﬂﬁtl&foﬂcomﬁ&lﬁoﬂﬁnﬂthlﬂflv ¢ndign may beu s&dbothahﬂwhlghalf an hour to

about 24 ho@p 1°WT!?§'P s‘ pee the higher(thg s gsity Ie pr eci.pi t at ed
Copol yrror 1 FAHE AR B e elike é?“@e%y?‘ R o
whi ch tdbe CQ mhemg\c&iﬂxtié ﬁd)aneﬁ u&, ber@amayredrg the volatile

sol vent. by g¢suii SHGF, 2R gons “Q%:the % a&?ﬂé}pl ng group
0 et h .
sther tnan Syl e BT S SR TR0 ¢ Ll
to te react I1& Hrsﬁblllf | Q. ist ﬂet’&h‘ 1156 [y floleOularawélglit ndistibutibnir e 4s
45 (Mw/Mn), wherein w is the weight average molecular weight and Mn is the
number average molecular weight, be in the range of 1 to 5 and preferably 1102,
The block copolymers of this’ mventlon ‘having such low Mw/Mn ratio may be
_readily prepared. _
' Another valuable functlon performed by copolymers of th1s mventlon, both- 50
50 high and low molecular weight copolymers, is their ability to disperse paiticlesin = .
the lubricant and to prevent them from becoming deposited on engine surfaces. It -
is believed that the combination of oil solu le and" polar. portions’ of the
macromolecule permits the polymer both to remain dissolved in the oil and yet
- hold particles dispersed in the oil. Thése two characteristics are necessary to keep 55
55 the oil free of deposits affecting engine: performance. Mixed copolymers of
- different molecular weights or of different. A blocks in the fluid medium may be.
used for a variety of functlons E )




heat ed. For exanple, as previously discussed, the addition of tol uene
d||socyanate to t he reactlon product woul d yleld a TU K end group (mhereln

cappi ng reactlon rray be 30 rem)ved by vvashl ng and/ or f||trat|on In th| S
i nvention, the retention of netals 30 may be preferable.. The products of
this. invention are nultifunctional additives for indust I’I‘a| organic

flui ds. Because of the high nolecular weight and narrow nol ecul ar wei ght

di stribution of these copol yners they pr p)@.’g& hi gh viscosity index and

shear stable .r--

cr oss- gr aded A4sbri cant WhEJF 8‘!}&1'_-_ .- | lt

of thi's in ron n%&%?w -woul cﬁ‘{gl,(n e U suineand '
condi ti ons,—sfnce the Thg tidies Slit on xh iﬁ%ﬂv %hxér :

i ( ubed®
viscosity f l.owsat enddlmno"_ ':tin Btbncam:ean ffudldﬁmcdraa\hhﬁn:klkal r dligalineg

certain polyners, a5 igjciacid jopy ‘bvers |
e " R e b T S S
chains may be destrsgpbdspelsrsldlmt .'e,mndlphmph:tedl mm@hdspmes aadd arpﬁﬁa&d: .

é“s“*%rt%usﬁ?ﬂs 69F "lgogs hlask cause

t‘ul‘mggtergpmenmrganmﬂmBa tions

br eakdown- of tfte adgj ¢ Qig&

the engine to work ;nd’”xf;ﬁfésqﬁ ostibns! Tt A lache ﬁ?’%‘d
that'the bl ock COpeia;ﬂmESIeﬁfob"teﬂ Uyrgelewrmﬁﬁo aMemBtofva, m ﬁdr&‘u ear. -
stability. It is preferred:that fhe rmleg:llar welght dlstrlbutlon 45 45

(MM M), wherejicn Mvis 10kt r t an | S. t he
nunber averagglsm)l eﬁtyﬂe%é’ %%V@;X\ghlgﬁ i}glaxgﬂof %mlé%ﬁgnﬂm eéﬁ?’tﬁ%ﬁl’(%& ablly 1

to 2. The block copol8/GeFhs rede ___,'_,_Warmvémromte niperaiun mﬁ/pMiMm-r atio.
may be readily pr epaﬁg& *P% r\"gtlon owgggbie‘ﬂ En%%%:] O};gi yners
Wi adsiec etion,

of thi's inventjpn 2 ; n was

copol yners, is thei térmipated b'_' ‘tHecadd mmefsanqjlamﬁdum GngaselausIétRyl ddbiiddeant and 290 o

prevent t hem from bec ,mﬁsﬁﬁl-~ﬂég@ Wit ﬁe%i;ltlonai 2009anli efved. -
afis I ecule ”

that the conbinati offig Exae G Esnaled gt S D _
or 5mmI Rﬁc&l ﬁnt@. Hétin 9 ZP
0

pernmts the pojsyrrerhglmdﬁnattron lisoetaplete] laSuantity
parti ¢l es di sper sedefrlial!(lhelabMded hélyecxclnbex@ ) slitioe rand Stirgesl faré hoescEigar y

keep 55 55  the.oPf (?r ﬁf,t .. %;E?%Ewﬁﬁ?%ﬁ dléﬁlvegdltt‘lﬂ"'v![ﬁgd .- _

copol yners of di fferlmiénéz :
fluid nmedi Um nay beank B0y 08’ Pptassium _-bsfoxiﬁemwladdsi_ and-dBsolved. Fifty (50 '
e R e
jat fefiik BRipdatare. Theltbs Tgcurar

1,487,:823 Wile the§g:

organlcflwds 1 hey padcse , thddte

i nt er ést¥are gasol |mcta>ndvafsmffoo additiontl ‘16Ciohn. - Atithe end'rpfthiseiineda.ﬂeﬁlg&hcy as -
vel | as™f ower 3ael g,%&? éﬁ’ﬁ-‘l Xﬂ‘?atemts ‘agsled The: gesaiting frolymen haditthe rfollmmyngbe” gged
i n conjunction with". fer 5. addi.tives normally used..in Iubrlcants and
fuel s, such as basic al kal i or_, al kal i néVI-S ég?oth netal sul fonat es and -
phenat es, [err] alkenylsuccinic @acid irgdesifHieoet: hyl -ene-pol yani nes, such

.'3

t et r aet hyI ene pent am ne, esters .of nono and’ poI yhydri'c-al cohols, such as
pentaerythritol, the pol ymet hacryl.at es Me’MhﬁJ‘r’i zed- poI yol efins: such as.
pol yi sobutyl ge, and it di tf
The 1ol | owi g exanpy, daiot 12k fpiss i gl 20t a%gm?&&%mv “fo
copol yners of, this aﬂa\tﬁé’lfod meradtidn i eatamkwata 61 oDf. 175N -bn_ 1RhiyOARAS then -
organi'c industrial lteaqwndil weh o] (Opmdsfor‘l u?oate EiI’T palymerizgtion wasment s
gfven 1 n thesg exarifeRiSTEPEUSAA ML B LR by 1
t et rahydr of ur an. Itih polymer. soluu&awas*medam de. o coBsamghad 3000
m. of dry cycl ohexmgambdm arhicked bn Kieselghhmdatalystue a tefaperatune oft3y0°5t and87 -
gins. of purified bmraﬂgg éstﬂg%‘c é@hopeeﬂw °ﬁ‘la¥¥“t“1‘}§“"f“|° by Hjtrafipd gffer thepo
reactor was' vsar med © Pdly fititnUwE " diedl r&u&x@dgma o lpﬁhs?esaﬁidumlt of '50
but oxi de was added c&d:‘ldledarﬂmkﬂﬂﬁi edioffahd cdplatedveithlsll. bf bdnzenof A quaidfitydfdec- -
ml. of a-17.8%;-by.weight solution of potassium t-amyloxide in cyclohexané was
added and.1 1.:0 solvjnt was removed by distillation. Ethyleneoxide (208 ml)was
. added and the reaction allowed to.proceed for 10 hours at reflux temperature. The
35 reaction was terminated with-3.0 ml of toluene diisocyanate dissolved in 20 .ml 55
'benz_ene.. 'The resulting polymer had the following, propemes S
' A '_—65030 '
M, = 124,700
- MJM, =19




.. afte

butyllithiumwas added and the'reaction allowed to proceed for about 4
hours at 20 [err] and about 16 hours at anbient tenperature. The

pol ymeri zati on was 20 term nated by € ] f
gaseous et hyl ene oxide. The resulting polymer solution was diluted with an
addi tional 2000 m . of cycl ohexane and hydrogenated at 300 psi. and [err]
for 24 hours using a nickel aceto-acetonate/triethylalumniumcatalyst at a
ratio of 2/1 Al/Ni..After the 25 hydrogenation is conplete, a quantity
Q?C?Q m . of concentrated HCl umgﬂ@3m 25 nethanol mes addeq to the

c : , , : - . . :

separat ed bYInﬂftBQOODJnilalhékaolxﬂtdfh avaptddadtﬁhddfae@togh)ma%kauantlty of 99 gm
of the dr Inggl t u\mast d788€0150 sn@ﬁltﬂ@leﬂ)mf o benzene in a

gm O eac ‘p'otl'egen e efn %ﬂa@tgﬂyﬁ, 5&&@5&%%%?%@?& ow, dg%y (E

addkil onaM smlutmm'bf rblangldnnﬂum\mtmﬁi 18|4 gtains oBybtaafifim. &bmtemdehé’hé I ng

for houfeactign tainpd a‘?“l?[“ te@l’el‘a of i1e 4 iowing thiki de -
ana e 1 SRR, b Qb7 HEEPLE ooyt e, The
“react.0r waéd,uae tigdpolynter [was Fem. dnon was run for an addi tional. 6

hours.. At %‘;[hé saljn E\%oltoﬁng@‘ﬁn%gﬁﬂw l'Ssutlmmpolymﬁr @E&O ml Pbﬁeam]é%tgﬂsocyanate was
added. Th fg\ [err]=" 65,000
Exa e 2r:a ratS%g°Can Pfonl ?hou 'ﬂrz’i sm% tered K ne, $96 nl . of
st yr ene amdlymer solutionl (Tolthe Hiltrute wasfadbed T4 e Af paassitm 2 umfudé.4 4 m . of
tetrahydrtﬂ’ lﬂwq@@"ﬁéﬁmuws%%&%‘.mﬁa “ PT.lated wi'th 31.3
m. of 1. zsyl lﬂs 1113g Q%xfd OJ lﬁf iy &1 proceed for 2
“hour gpat . htedosg here |ai<ﬁﬁbﬁdacmsallb\eddmbpﬁhada 8°Che fimeldi taoon of 37 ni.
~of a 10 i P@gﬁ} ‘ae'l«tns ewas co ol grame okl ution.- A
quant.ity 8 ?h tmg yﬁn m 10&1 g‘gi}lg proﬁklr’tllhe resul ting
pol ymer- sol uti on Was ute I't1onal -cycl orﬁexane and - hydrogenat ed
usi.ng a nickel on Kiesel guhr- d\d,taB;lQQ at a terrperature of [err] and-a
pressure of 500 psi. or 10 ho cat.al yst "was removed by fig.tration
Esut he hydr ogenation was c:)}‘ﬂprelgg& ~ ~The pol ynmer sol ution
-~ was then-returned ta a 12 1. fMamlg:aﬂ’m 4 1. 50.cycl ohexane was distil
© ‘ed off and replaced V\Atf’E‘é\b ?b C(v).squantlty of 14 m of a 17.8% by

wei ght - sol utmnpetiu&ptoastﬁisumetmm i8ce Sorbpbiticd Coroligseatyeing@s added and | 1.
of sol venhnp:mmentanmnmm bt%:yjemueht atearambxhstdnylsmm deergeBO8 nl . ) was added

and #he rg ear st " tes! ureme ofw mg oweesF gjqpa%wq enperature. The
55 r%%ﬁ) dla&ts Mé 5's§t ‘cesﬁﬁ’I e théfddﬁfﬁo. | i socyanat e

di ssol vedDiesel 3fls #dd gaﬁﬁnhenzene The resu t| ng pol yrrer had the foI I ovm ng

properties: [err] = 65, 030%3%6511’&'%&’1‘?!% [err] - 7

' | ‘ ]} | gg’;ﬂ 833& tﬁig\w te the shear stability . eghe oil composmm?s ) v',___tt%g &f‘lt 0 a 2000 m

RXABR CM&OQ oMéhedring fBicks” AENe ‘I'ntgs t he flask
‘was disti tnbmlredmﬂer ewhehn;rmape odr o1l paﬂssm glmrrstable f@mbhers)vﬂbf purifi ed
"~ but adi enee‘?‘&m’e ATy s"g’gﬂl n est Qbo 2459 Sr styrene in 800
5 'nl oa‘estbﬂrr&aﬁﬁuo bﬂmwﬁ\ﬁ doﬂ thr Diesel Bhdike0geN bl anket, was
Ilrseneaiime¢ ﬂ'be in@ator cantaids| 7ask. Wi t hen

. al L.oped tfuel ifjectar 19 tinges mpd the tfipatys
~added 10025 zf(}g%w's‘ %0 i ___’ﬁﬁ?‘bﬁh%fesh‘sﬁﬁﬁ ¢ ambienh [STPETaIRE & ni ng 0. 384 grans
- of pot. asst unr

a8 b1 8 Gbivert. refiakoit\esntdiBhd il bk  at room
t enper at upkdyrheps oflibis Iinyuttmnfaml thlulaterhbeldw. $n axdsi:f‘tablesnthd polymerswake ch t |5rre

_ !43'9 llom EO hydro renated
pol ri S?ﬁr}if’ene-styrene ylene oxtdm%er, g(SI.( oxypotassium end-group;

TDIK, toluene dnsocyanate-potassmm end-group; OH hydroxy end-group. Other
térms referred to are: VI, viscosity index; MW, molecular weight; SSI, shear
-~ stability index (see Rohm and Haas Comy any Bulletm *“Acryloid 700 Senes,” L
50 September, 1970) which is calculated by [(v,—v¢/(vi—v,)] x 100, wherein v, is 50
irlitial viscosity of the formulation, v, is viscosity after the test, v, is. viscosity of oil _

formulation without the viscosity improving additive, the” lower the number the
more effective the additive; and TP, thxckemng power or mcrease in v1scosny at
2[0°F per welght percent ‘of additive. : :



10 term nated by the addition of 0.6 gram of ethylene oxide and m of

gl acial acetic 10 acid, and the polyner was renoved by filtration. A
sol ut i ocr—ef—185—grams—of—theresutttngpotymer T 370 M 0of benzene was
subj ected to hydrogenation by adding 15 grans of a catal yst consisting of
10 per cent by melght of pal l.adium on charcoal and passing hydrogen gas
t hrough the 15 reaggdr at [err] and 400 psi for sixteen hours. The
catalyst was filtered“gff from-the - 15 pol yner solution. To ,the-filtrate )
was added O. 704,gran1of potaSS|un1t butOXIO'anger a- n|trogen blanket and\_J
the sol ution S - = 40 & e—ars—ei—s '
the resulting solutlon was . added;18 gr ams GBBLEﬁole) of ethylene OXIde by
distilling in the ethylene oxidei under. vacuum Jntrogen 20 ~ atnosphere
was t hen applleQ$“and ‘t he. rea k qwﬁ by} owed to proyeeed awvi[err]sfigp fiveTp
20 hours. After p&l ymeri zati or¥: e eot.hyl ene—ex-de was—eenpl etee 70 '
grans of a process 0il was. added; and-t.he benzene strlppeﬁPoff under- vacuggl
The resultlng polymer nd%ﬂ?ﬁFthe|0|l sol uti on had t he folT ow ng propertle

[err] = 3,100 .25 BD B ' [errleo= 19, 100 - 8.66
25 EVALUATI ON OF RCDUCT% 'SI'_ & ’F ducis of this ‘{a vent i of} aV| denc 63
properties. of visktosity: HBES:x] EQn{TIK 63600 acconpani ed by Bxcel | ent shear

stability and surrgél sin G .;&x 30 - in boths bench p8d engi ne2testi ag.’
The tests used t em)n% Jpoly et/ U006 propertl es 30 are the shear stability
test and neasureren +-hi-ekenrrg—power—and. car bon renoval tests and
deposi t fornat; t.ests-.-- ] d|a are Iubrlcatlng 0|Is D|eseI oils .
and gasoline. N} Feidnd

conposi tions olfow_hsosoﬂsmeaumgmdx_-___ed-ar85resentfor mul at | ons are subj ected to a
series of shearing forces and the vi scosHy i's .’ 35 measur ed after each
shearing period, or pass. A shea ‘stable Ilatl on Will evidence little
or no loss in viscosity. The’ con_ltlons of t e shear stability test are as
fol  ows: . About 25f cc. of the test-- oil fornul ghon of known VISCOSIty IS .
passed through a Neandard Dies .jymarnge 40.  Ybyet inje¥or 105%Wates and
the final- viscos+ty—+s r contains 7 40 orifices of |
0. 006-inch di ameter eacrbdﬂ'g}@mfa 'g,;",jj run at andi ent tertperature—at about
40,000 to 50,000 psig. The results of these te‘f(g fl,sol vent reflned '
oi | containing the bl ock HBPFmELs TRIK(AY.20;. nyent +On are 9

t hese tabl es, the pol yner £l by thgofoll onissg shortaned _
terns:; HBDS-EO hydrogena ﬁ%ﬁé— ﬁf%%t adi ene- styrene/ et hyl" en’% oxXi de
copol ynmer; oK, oxyzpotassu'.ulsg_ indivipteoup;  TDI K, t o¥8ene

dii socyanat e- pot assi um enBapelysEEborY  hydr oxy ‘end- group Clher terms-
referred to are;_VI, VviscO "E{dpx MV ol ecul ar wei ght; SSI, shear S
stability index (see ‘Rohm and Ha S Conpany Bul letin "Acryloid 700 Seri es,"

50 Sept enbef Neggirep W’g $ 0 Jerr] x 100, -wherein [err] .
is 50 initial vi9dsopt i;_“l“ °I°t€e %gdlgferr] is viscosity after the .

Lﬁi?ii[vi”%hiesd'méfottgyf b%?lat%ﬁ%&%{dhg?t ok g‘ﬁ\éj" A M"y Y

t hi ckeni ng power sor ' ] f"') @@fel both abst defoﬁ-]vlqoasttywha amnﬂheof .

additive. 8 temﬁaerature Tw;) al;nples of the ciﬂ)formullauon :%i(b) cobgym [h%lilj Test .
: _ . taining 3% W a) copolymer o

conc. No. ' ::fi tl‘l:gl:nscrgslgy .' );neanﬁ?éy v]a_B%us tempe re levels The ggllts ere as e

TP [err] : follows: -
o EERLE TABLEIII
Ol Vlscosxty, cs

P with with =~ Peréént
Temp.,°F.. - Ma) = -~ 1) . Visc.Iner** -
T 63 168 S
B N
100 o7 620 59
a0 1411__ 2008 )

* Measured as poises.
i [(lb—la)/la] x 100 -

bul at ed>bel ow. In o



* Negative nunbers indicate 0% SSI. ** The base oil is a blend of
sol vent-refined l[ubricants used in producing 10W50 oils. No other

additives are present. TABLE Il. Test

Conc. No. Pol ymer/ MW % by wt . Y
SS9 1 - Ol Formul ation**/- 0 100 2

HBDS-E ©  TDI K/ 100, 000 4.0 170 -3 3 .
HBDS- EG-"TiYl K/ 74,000 s 2,487,823 158, 34 9

Pol ynet ha—tat-e

e . ati t k oWgdRdnl Ve nunber
i ndi cates 0% E&faﬁ&m mf p.1 °f3“sq¥>v§£§f §°"ét %‘ :lro cefgtlilf?grgcoadkioﬁsl ves &e

products of EXaéH&bﬁﬁer fwmw'mmﬁ %‘E 30S)
tﬁ'lon l

copol yner, andlﬂ ant? tl‘°BF he :
(s’ o0 ot Etf:fé'fﬁ‘i%? [ T Ao KAt S

5 tenmpergfure. dJdadeess &Bth&kemﬁﬁoxombrefcﬂfrmli aart-opp simlar to that tested in
Tabl e |11 ~each cont ai ni ng &%ﬁ I ynmer and 1(b) copol yner
were heated and thSnviﬁWQﬁhitc tyg{ckgygnécﬁgppgé pﬁruaes I e\\//\leoltﬁ

The resul 15 wer g g a’i“ \g i sCosity cs vv|
Percent T r r A stainless stégi lmdnc c mounte in a constap
16. 3* errp [ S £°C Inside thf 53'11 isa m mckel screen 1%%5 mckel po %#a&
pl)aced asap Occ ersion of 250 p; bon blacki it
69 100 J; ‘cc./min. fomh 5 cc ofw te oil alone. A t2ok(bf a solvent-refifietl 11
20. 08 15 mineral oil&2ntainl eﬁwby,\dve block copo ot b)f |tla iV 1053 1si100
1. 487, 823 passed through the bed at i cc./mm nght tra s (¢) r s of t hl s

%Vem'on provi ﬁfﬂ? sﬁbeaf andk?ger G | %El&é%:fﬂ%éﬂ’lfrb &hi lecadrtermHaﬁnyg ene
pol ymer pr ecukdsslts wdre bistaifed usiypetha blook copmhyaticrs afitkis avendion tae deterseni- engid“les,
whi ch is dsir abisgerfagts: bett er engi ne performance and | ubri cant :
ef fectiveness. Yet, surprisingly, at the |ow tenperature or "col d-crank"--
5 tenperature range, the thickeni g@l’g‘?ﬁ@he copol yners of this invention
actually 5 decreases resulting in e tart-up whereas the

but adi ene-styreng copol ymer causes increased thickeni ng wg, nor ePabdnt i cul t
start-up. DETE%NT PROPERTI| ESPolgiaer t est to i ndMWt e t h¥, B®i | |,tl§ter@ﬁvaian,

additive to prek—up and—drsperse pa tttles 10 fn oi |”™TS the carbon .
renmoval test: Ajstainl cie€€l cylindrical cell_is nmounted in a gonstant
tenperature both of [err]. Inside the cell is a 400-mesh nickel screen in

whi ch_ni ckel _podder haHBRSREGHIRIK as a por ous™®0cc. of4a di spetsi-on of
250 - ppm of carhon bl a I te-0il at 1 cc/ fol | opgd by 5 of
white oil alonet}Asolaﬁon g@_a&golvent-reflne 15 m ner al ofdlz )
cont.ai ni ng 5% by wei ghtHBDS-aEOHIINKcopol ynmer of 82MW0s i nvdf i on is38  15-
passed t hr ough—the—bed—at——eermA—tght—t+ranrsarsstomrneastrenents—of the
oi | conpositions before and after passage through the bed conform to

Beer - Lanbert, indi dmburrl@tehh&peaﬂnum Nafumﬂb(mndbmmaﬁﬁﬁ)mdeicnmnﬂhe bed.

The fol |l owi ng r eslaimt Bogke cepolymess, gﬁ? ti ‘hea di. hi s

D comppositions, co 0 metkhas it m its monecu ar
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WHAT WE CLAIM IS:—
1. A block copolymer having within its molecular structure at least two %0
30 segments, A and B, segment A being a hydrogenated copolymer of (i) a diene and '
(ii) styrene or a nuclear-substitute alkyl styrene or mixture thereof, segment B
being a segment of polymerized alkylene oxide oral lylene sulfide and constituting
from 1 to 50 per cent by weight of the block copolymer.
2. A copolymer according to Claim 1, in whxch segment A compnses a
35 copolymerized f-butylstyrene. 35
' 3. A copolymer of Claim 1, where said segment A is a hydrogenated random
butadiene-styrene copolymer prepared in the presence of a randomizing agent,
4. A copolymer according to Claim 3, in which the randomizing agent is
selected from cthers and alkali metal salts of alcohols having from 1 to 20 carbon
40 atoms and of phenols. . 40
5. A coplymer according to any of Claims 1 to 4, in which segment B is
polymerized ethylene oxide.
6. A copolymer according to any of Claims 1to 5, which includes a termmatmg
a5 (g)rlgup —CH,—CH;—Z where Z is hydroxy; —OM where M is an alkali metal; 45
" or
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