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i nprovers. 5 - It is well known that the viscosity of lubricating oils
varies wth tenperature, and since lubricating oils are generally exposed
to a relBcYRYP broad terrperature range durlng use It is inportant that
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According to the disclosures of U.S. Patent No. 4,898,914 and EP-A-215,501, the carboxyl functionality

55 in the block copolymers useful in the present invention may be incorporated by reacting CO; with a block
copolymer containing metal atoms in the monoalkenyl aromatic hydrocarbon polymer block. Thus the block
copolymer useful in the present invention may be prepared by first metalizing a previously prepared block
copolymer by reacting the same with a suitable metalization agent such as alkyl lithium R(Li),.Generally, the
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polymer block is preferably in the range from 10,000 to 150,000, more preferably from 81,000 to 135,000.
The molecular weight of each block will be controlied such that the weight ratio of total monoalkenyl
aromatic hydrocarbon monomer units to total conjugated diolefin monomer units in the diblock copolymer,
based on the weight average molecular weight of the respective polymer blocks, is preferably in the range
from 0.05:1 to 1:1, more preferably from 0.1:1 to 0.7:1. In the preferred embodiment, the viscosity index
improver may be used in a fully formulated SAE 10W40 multigrade overbased engine oll formulation. The
SAE 10W40 overbased oil formulation will preferably contain from 8 to 10 per cent by weight of a standard
SG/CD additive package and from 0.1 to 2.0 per cent by weight of the modified diblock copolymer. The
modified diblock copolymer will preferably contain from 0.1 to 40, more preferably from 0.5 to 11, per cent
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SUCh con- addUﬁtﬁlﬁn@nd flenQloif 41221 PO ASIMID2)P BhdURLSH cohﬁd%ﬂbr%bﬁtah&d 1. 5ol B0t by weight

pr ef er r edofGostndg@ SEGC dohertinlly . avdilibl@iaRvapackagd ndS0B B8 tért BY Weidhy cucpdsidflaerd- and
f unct i onalTregie Matk). aidr pesppration e SAE €WHO oil Borhgdsitionl wiid Gasfet! Gdefaryinaits vidossityimaek; | N
a br oads r eaid)erarking Isintldatoe ICER) wiscdsity at¥R 00;cenpine oil/purbdaiilite af -25 FiCeusihg [teCTR1\naihiy
hydr ogenatotady, viscometei (M) imethod bdcording do pSTN PES29light lampgyaterschigh shear gate i(lTHSRE
parti cul avisopsityse i ° Qiaath beidtsagonds™ ausing tiectanpredbogring simuistr (THSHh@ne itz dechanitat

m neral aphgarssiabilityeysing the gorcaliedtdiese] ingctos rig fagbaccertling to ARTMSIR394%The respiiz bbiained ¢
oi I's and &AEHMaR Table Lyndsritecpeprctivg haadings \@f‘&ﬁn@e QFR (1BBRes: tTPYNEV 2B, 1 hef

i nprové@d (PSedE Ry BRARRKC ehHPECtRas) e RN % vitigssoi | s may be paraffinic,

napht heni ¢ or aromatic. The bl ock copol yner useful in this invention Is
particul a&-‘;@—ﬁéef ul 30 when used in hydrocar bon l'iquids, particularly oils,

Wi th non- Satlnu at exd e, t errPuEwlo?)Ex at ggeled |teyr 1y n ena{ﬁ d%‘ogly
gel _angl yai 4 gfﬁ & 814 3 oékqv.éi é@ fﬁﬁag‘“ Sl & oo
éﬁé}?ﬁ @ whi ht \;e dﬂfi Sfor the selectively
IOOI yaI pha gbriated! dibfock QopdRker Wéxaf-?ibllasl Als§) tﬁbeﬂﬁ‘crti&laﬁtyfo %\eq:loi}%r W Toi gl
usef ul i npdddh $2 b&heBhtlby Wight th bslaer QAT Clolghebds8d b BialWERNYr Somialic MorloMESiH this
char act er bahple SR tHsOSKEETUWAD-oilwe pFopbrad, LHHE sdnd | 6peftied Werd. then! dbtehRinRElsigaé by
wehght @l sdiliginoas acie Ekdniple 10MSs reduité bitaifed A@Guhmadinrablel. 2 per 35 cent by
wei ght are nost effective, the percentages by wei ght being based on the
wei ght of the oil conposition. The higher concentrations, mght typically
be those of a lubricant concentrate, which would nornmally be diluted with
addi tional hydrocarbon oil prior to actual use. In general, oils containing
the VI ¥ nprover of this invention may contain other additives such as
di spersants, detergents,. anti-oxidants, extrene pressure additives and pour
poi nt depressants. These 40 additives are not, however, necessary for
obtaining the inproved viscosity index characteristics offered by the
viscosggy i ndex i nprover of this invention. In a preferred enbodi nent of
t he present invention, -a di bl ock copol ymer consisting of a single polyneric
bl ock containing at |east 85 per cent by wei ght nonoal kenyl aromatic
hydr ocar bon nononmer units and a single polyneric block containing at | east
85 per cent by weight conjugated diolefin nmonomer 45 wunits will be
sel ectisyel y hydrogenated and functionalised so as to contain a carboxyl
functionality in the nonoal kenyl aromatic hydrocarbon pol yner bl ock and
used as a VI inprover. The carboxyl functionality



Wi II preferably, be in the all acid or non-acid form The wei ght average
nol ecul ar wei ght of the nonoal kenyl aromatic hydrocarbon polynmer block in
the dibl ock copol ynmer is preferaBPy 498 46881range from 500 to 50,000, nore
pref erably from 10,000 to 40,000, and the wei ght average nol ecul ar wei ght
of the conjugated diolefin 50 polymer block is preferably in the range
from 10,000'to 150, § 0, nore preferably from 61,000 to 135,000. The
ecul ar .wei ght pf~pach ok will be controlled such that the weight

ra Yo of total rrr:Brog kenyl.-aa&orratr ¢ hydrocarbon nononer units to total
conjugated diolefing nomer Units in the diblock copol ymer, based on the
wei ght average nol ecul ar wei ght of the respective polyner blocks, is
preferably in the range from0.05:1 to 1:1, nore preferably fromO0.1:1 to
'0.7:1. In the pregferfed enbodi nent, the viscosity index 55 inprover nmay be
used in a fully for8pl ated SAE 10WO0 nul ti grade overbased engi ne oil
f ormukeati on. The SSA 10W10oo er based oil fornulation will preferably
contain from38 tqalﬁ per ; by weight of a standard SG CD additive
package and from@®.d] to 2. 0 per cent by weight of the nodified diblock
copol ynmer. The nodi i ed dibl ock copolymer will preferably contain fromO.1
to 40, nore preferably fromO0.5 to 11, per cent 4 EP 0 498 489 Bl by
wei ght® (based on the total weight of aromatic nononmer units) of carboxyl
functional groups, Preferably, the nodified diblock copolyner will be
hydrogenat ed sucHitpat at BeRst 95% of the initial ethylenic uhsaturation
i's converted (satfirgted). j}n -a nost preferred enbodi nent of the present
inven i on, the nohoa kenyl"‘a'r‘omatr c nmononmer will be styrene and the
capjugated diolefin will be isoprene. 5 The invention will be further
under st ood,fromthe following illustrative exanples. In the exanples which
fol | ow, a el sewhere in this specifiction, unless otherw se indicated,
percent- dgles are peycentages by weight. Exarrpl e 1 10 In this exanple, a

sel ecss veI -hydr @gefjat ed di bl ock copol ymer containing a polystyrene bl ock
having a wei ght dveFpge rm.-LeeuI ar wei ght of 37,000 and a pol yi soprene bl ock
having a wei ght eq> ge egul ar wei ght of 65,000 which was nodifigd to
contain 1.12 per ‘t: by wei ght carboxyl functionality (In the all %cid
form), based on tot& weight of aromatic nonomer via the lithium .‘.'1
net al 8t i uon techni que described In 15 U-S. Patent No. 4,898,914 andg
EP- A- 215,501 di scussed above, was used in the fornulation of an SAE 10WO0
nultigrade lubricating oil conposition. The base oil used in the or?
conposition containgd a raﬁrn of 75 parts of "HvVI 100N' oil (trade-—-
desi gnatr on, available ex Shell G| Conpany, USA) (a bright and clegr high
Vi sco%rty |ndex base oil having viscosity at [err] of 20.0 to 21.0 %¥m2/s
(ASTM D445), viscosity index of 88 to 93 (ASTM D2270) and m ni num f4 ash
point of 190.6 to«[err] (ASTM DO2)) to 25 parts "HVI 250N' oil 20 (4rade
desi ghati on, avaii e ex tHhell G| Conpany, USA) (a bright and cl e§r hi gh

Vi §Cos ty |ndex I#s® oil haveng viscosity at [err] of 50.7 to 54.0 §mR/s
(ASTM D445), visdbsity index of 89 to 96 (ASTM D2270) and ni ni num fé ash
poi nt of 221 * C (ASTM D92)) and the oil conposition contained 7. 758 per
cent by weight of a standard SF/ CC commercially avail able additive $ackage
and 0.5 per cent byiweight "Acryloid 154-70" (Trade Mark). After 3
prepafation, the SAH 10WQ, 04! conposition was tested to determne §ts
Vi scosity |ndex 2gjior d cranking sinulator (CCS) vi scosity at -200C,
engi ne oil purrpabrlrty at [err] using the TP1 mini- rotary visco er
(MRV) nethod according to ASTM D3829; high tenperature, high shear rate
(HTHSF’? viscosity at [err] and [err] seconds[err] using the tapered bearing
sinmul & or (TBS), and its mechani cal

Examples 310 5

in these Examples, two salts and an ester of a selectively hydrogenated diblock copolymer containing a

55 polystyrene block having a weight average molecular weight of 37,000 and an isoprene polymer block
having a weight averagé molecular weight of 107,000 were prepared and tested for kinematic viscosity at 40

*C, 100 *C and 150 °C and for reduced viscosity at 150 °C. The salt functionalities incorporated were the
lithium and sodium salts and the ester functionality was the methyl ester. These functionalities were



=

shear stability using the so-called diesel injector rig test according to
ASTM D3945. The results obtained are shown in Table |I under the respective
headings VI; CCS-[err] cP ([err] XEPa4spa8dBi/ MRV [err] cP 30 ([err Pa s);
TBS [err] cP ([err] X Pas) and DIN %vis |loss. Exanple 2 In this exanple,
the run of Exanple 1 was repeated except that a sel ectlvel h dro enat ed
di' bI ock 335vbseniiAly (Peqeporaied intp dhe tvegng pelyyper biop ‘I‘F@?’d‘{.‘ﬂ 8 Fl a'!Sﬂ\F@ rge
ecul ar %f’ ht %, fithiye H’"'P é’H‘? ﬂé age

n‘DI cul ar WU t e & @Ga w ?}MP? ?rB‘Prres n dpro uctto
hydr Ogepat‘%cﬂu %f )§J§ §§ es St neutr nal my
on the poly tyl Z]',Ei
wei ght, b%@ atid nanﬁ% ce dtigna@ﬁ'% &IVON 'ﬂer cop
the SAE 1Q¥Mibafdlile BRplel RP#6E ﬁe&ampgme{ehb&&u%@rﬁw
-usi ng t he ibsitisAMEI CRjed A6KS d@t%miid%d X 2 B rRer LoncdmtRtidneus 473 §erQQﬁtQﬂy%hﬁﬁ %n "HVI
sumar i KEedodNr SRDTe doncohbation) (Rfctitnality) 5PNE a4 Qvad 8B Bér Bont Y I'leight ard théSestd) 3
40 45 Exarcphceatrationt (untiohdlity} W&SE12p6a 63t B weibMOthé Pdréebtagdes by weightShefg basedaon total
sel ect i velwsighyud erogeticabapomeli The Gaskitscobinby are sungaeiisel imTabgp I 55  pol yst yrene
bl ock having a wei ght average nol ecul ar wei ght of 37,000 and an | soprene
pol yner. bl ock having a weight average ribleul ar wei ght of 107, 000 were
preparedd and tested for kinematic viscosity at 40 [ERR] and 150 * C and for
reduced viscosifty at [err] Thek,,,g,agﬁcvfsg&g,t bpn@J—sxtpag;; I ncor r por at ed yer e t he
[ithi um and sodgrtmrsat-tstTandt—tie——ester—F IIL,LIUI T ty tre rrr;Ln 4 ester..
These functi ondlLitPeNovef Fugctionalyy #041§g ,iF0Pe0YIsooRtt | oo at ed
into the styrenespol yner | hlisatk accprdingl to-U $. Patenpt No.- 4,898, 914 and
ER A~ 295,501, [The |ithi yiesaltt wafs 100 npd1dy dir@@ fretal l-ation off the
sel’ectively hydr®genat ed| dNdtiybester cog@3. i ner 1&hi lle 7ie Fodi unt®al t apd t he
met hyl ester wdr@ommBExdd| Neneonvert ithy? thetd®t 41 | #%d| produ®® to the acid
version. The acid version was then converted to the correspondi ng sodi um
sal t byysr eachd i8gppatehitrom the data in Table I, the kinematic viscosity at 150 * C is significantly improved from

4.9 to 7.2 with the functionalised copolymers of this invention, whilst the reduced viscosity is significantly

improved with the methyl ester functionalised copolymer. Although inadvertently unrecorded, a similarly

significant improvement was obtained with the lithium and sodium salts carboxyl functionalised copolymers.

30 Examples 6 and 7

in these examples, the reduced viscosity of a modified, selectively hydrogentated diblock copolymer
was determined at two different functionalisation levels at 150 *C. The selectively hydrogenated diblock
copolymer actually used in this example had a polystyrene block having a weight average molecular weight
35 of 37,000 and a conjugated diolefin polymer block having a weight average molecular weight of 65,000 and
the polymer was functionalised using the lithium metalization technique described in U.S. Patent No.
4,898,914 and EP-A-215,501. As is well known, the reduced viscosily Is designed to permit a comparison of
properties, such as thickening efficiency of a viscosity index improver independent of polymer concentration
) and solvent viscosity effects. In the examples, the reduced viscosity was determined at a carboxylic acid
\+# 40 functionality level (all acid form) of 0.22 and 1.3 per cent by weight based on total polymer (0.6 and 3.6 per
cent by weight based on total weight of aromatic monomer) and at a polymer concentration in oil of 1,73
per cent by weight based on total oil composition. The oil used in preparing each of the compositions was
an "HVI 100N" [ubricating oil and the compositions were prepared by dissolving the polymer in the oil on
each occasion. The results obtained are summarised in Table Il which shows the oil composition by
45 designating the amount of functional group on the polymer and the reduced viscosity under a column
headed "Reduced Viscosity". For purposes of comparison, the results obtained on a composition prepared
with the unfunctionalised selectively hydrogenated block copolymer (Comparative Example B) having the
same molecular weight and contained in the composition at the same per cent by weight was obtained and

this result is also reported in Table Hl.
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5 sodi um hydroxide and to the correspondi ng nethyl ester by first

neutrall sing the acid functionality with tetrabutyl amoni um hydroxi de and
then reacting w th nethyl iodi de EPRD49801B8RAr at i ve pur poses, the kinematic
and reduced viscosities of the unfunctionalised selectively hydrogenated

di bl ock copol yner (Conparative Exanple A) were determ ned at the sane
tenperatures. The kinematic and reducE®eW scosities in all cases were
de@rm ned at _a polyner concentratjion of 1.73 per cent by weight in an "HVI
10~100N" dil. The concent r at i on Cabenytrunaib@biotyy) of Na salt was 1. 3] per

cent Ry weilght; X T T Zl per
cent %y weilght’; t%e )eéﬁ'ﬁ'{@n"g" om&gga\'/éea}giht vhbgsgggﬁ {08@, He)du% %Séos' glpt of
aromat i ¢ NpRSARF—TFhe—F-estH-t-s—ebi-al-redtare ““rmar:scd “T"“"‘ ". 'able Il
15 Ki nerratlcC‘\WPSE’b§|1y, cP (Perr] x Pa s) Ex. MNo. chtid‘r@&l ity | [err]
[err] [errj Reduged Visc §?ty 3 08 salt 4.81 -
20 1o "4 Na'8a) t 101. % 17 0 6802 o

Met hyl ester 123. 7 18.6 7.2 1.05 Conp. Ex. A None

111. 7 18s B apparent fldm3he data summarlédd FDTadls NI, the auckd visgogitgraeméo G Breighifieantlat a
I N Tabl eimptoved with ke terhedyi fonclioeiised ipblymert of ftidy inyention &l dhel impEReMent/incragse withd

f r om 4. 9ingreasgd carhgicy! Funetiopalify mibe pelyredri sed copol yners of this invention,

whi | st t he reduced viscosity is significantly inproved with the nethyl
ester fuRROPEHALAD( copol yrrer Al t hough Inadvertent I y unr ecorded, a
sim'larlyi_;(nlflcaq rrpr ement W|tht |th umaqu

Sa|tS Caﬁ &l qé(!&l“ cogl OI’ aml?lﬂ es 'es pn oE-éas

CrPl £ ﬁi’% 38 jgfs J m. évgp cf‘ﬁv?é?é:}J %F?a%l% 0ecl
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at 150 * Earbo %n&tﬁ%hﬁ%%h & 4?.9% nplt, %{;P,sow%; H leé%%

this exaggfgy t@as&%&’é We@ﬂ?of oﬂﬁ Wn%l Aﬂerviﬁ'd &b mﬁdé%&%rem? pafeld) dath

vei ght  3Ras Bftedor $H8GamB roperfOs WiaddvaIlktsl R ERbrhlosD® Mt TR fand) the GlsultsWiidhibd Bare

wei ghts &ﬁﬁfuﬁﬂ@dﬂ@ﬁ% Iva Ingais i1 bompdriséhbpuaidResithd sbii@ pidPényNkds aWa Stetermined for a

f unct i onédmipseibn Wortdiiing theeurhinttidhaksadnBedliviely Ay drégendteitiotk GapolyeS(Corhpaeativd Exak: S.

‘Pat ent Ngle CYland $®, r8slit iscaisd rdpbytodt-i? Tdbje80.1. As is wel|l known, the reduced

viscosity is designed to permit a conparison of properties, such as

t hi ckening efficiency of a viscosity Tahdd i nprover independent of polyner

conceMration and sol vent viscosity effects. In the exanples, the reduced

viscosity was determned at a cach8syl turcteraiéugtO functionality llevel (all

acid form of (= ynmer (0.6
and 3.6 per cert by-W&ignt® t Y- ZPSefEar off B¥YrRdvisEostonomer) and
at a polynmer cqocentrati ’Iar%?t'?w'fg? M&ht Jhy weight haded on tot al

"HVI 100N' lubrjig&ating oijl an@sthe gconposit8ons welje prdpd¥ed by dissol ving
the polyner infjthe oil op eachoccapi on. Ta® resul §s obRdbhed arfe
summari sed in Table Tl which shows the oIl conposition by 45 designating

t hg_agpunt agfis {pgai6htinomahe dHiDsRMMARsel NETIRR! VRS reditdd LibRsityQll WSE ¢ W sighSdnty
under a wplovéa b} 8RR rpoRBshUEIES] cbdx@OBinctiohality @S’ the LirdhSE BydidcabOrTmdhdnte init t he
resul ts pddingr BlcksObis als6 apamat that Marepsirghe atburits ohcaktory! tinétiony | sighifidantbcidrther

sel ect i vieipyovésyitle eaiacet visdosty at k50cUp N sumprrispriCohtpe restilt sumniaxisadph Gatlds Marad My t he
sane nol destrbtes thake thg hredugert vieaosityaat 8@ *iCnis trush g iserirdved whent a ivedifiedh seleqiiealy cent
by werghbydwaenatsd blarkheadolamat havirigdncreasadimolacyarteight is es9drt ed in Table [11. 60 55
7

oi | c85rrp05| t i or]. CohipeE0Cl lused)l n prepari ngo each of |the &@apositijons was an
[

Examples 10 to 15

In these Examples, six selectively hydrogenated isoprens-styrene block copolymers were carboxylated

s0 using the lithium metalation technique described in U.S. Patent No. 4,898,914 and EP-A-215,501. The block
copolymers had varying molecular weights of hydrogenated isoprene blocks, and of styrene blocks. Varying
amounts of carboxyl functionality (in the all acid forms) in the styrene blocks were formulated into SAE
10W40 multigrade oil compositions in the same manner as was used in Example 1. In each composition the
polymer was used at the concentration required to produce an SAE 10W40 oll. The base oil comprised 75

85 parts by weight of "HV! 100N" ol and 25 parts by weight "HVI 250N" oil and the oil composition contained
7.75 per cont by weight, based on oil, of a standard SF/CC commercially available additive package and 0.5

per cent by weight, based on oil, of "Acryloid 154-70" (Trade Mark). After preparation, the SAE 10W40 oil
compositions were tested to determine the cold cranking simulator (GCS) viscosity at -25 *C; the engine oil

8



EP O 498 489 Bl Table 111 Carboxyl Function Goup 5 Ex. No.

%w, based on total polyner %wv, based on total wt. Reduced Viscosity

aromati c nononer Conp. Ex. B EP 0 498 489 B1 0

4 05 5 0.22. 0.6 4.81
10

s TR e
et mgf %@

his ig «EP 1616 %%5«?%
Xd io”prf 8 sY\E“i wag-9)

f“”Ct' qnak H&&oﬁh Wl t

runs conp} HoghPlth Idr wiigh® MrFJP%t@ ogef S‘tPio 84 EP% rbrYee y
hydr ogena(g el LB&& x@@’@g a6 e hQ '\, 21675 N ﬁne%EWrﬁgleca%J(meﬁéﬂo thQrkmBl%V' ng
a wei ght ?M#B@@@om Rfok w8 of stiRend B bolfhher, 4dd) B8 hadihg BarBx TR tidnaITRYI® 1Rw).

pol ynmer bl ock having a wei ght average nmol ecul ar wei ght of 107,000 was

substituted for the polynmer used in Exanples 6 and 7 and the tests were
conducted at different carboxyl functional group levels of 0.5 and 0.8 per
cent by weight based on total polyner (1.8 and 2.9 per cent by wei ght based
on total weight of aromatic nononer). After the oil conpositions were
prepared, each was tested for the sanme property as was evaluated in
Exanpl & 6 and 7 and the results obtained are 25 sumarised in Table IV.
Agai n, for conparison purposes, the same property was al so determned for a
conposi tion containing the unfunctionalised, selectively hydrogenated bl ock
copol yner (Conparative Exam ple C and the result is also reported in

Tabl e LoV Tabl e IV 30 Carboxyl Function G oup Ex. No. %v, based on %,
degd &n total wt. Reduced Vi scosity total polyner aromati ¢ nonomner
Conmp. Ex. C 0 _ 0 ' 5.33 8

0.5 1.8 16.35 9 ' 0.8

2.9 21.66 40 As is apparent fromthe data summarised in

Tabl e b, the reduced viscosity at 150 Cis significantly inproved by the
i ncorporation of a carboxyl functionality into the aromatic hydrocarbon
nmononmer unit polymer blocks. It is also apparent that increasing the
anounts of carboxyl functionality significantly further inproves the
reduced viscosity at [err]. A conparison of the result summarised in Tabl es
1l ane IV illustrates that the reduced viscosity at [err] is much nore

i mproved when a nodified, selectively 45 hydrogenated bl ock copol yner
havi ng i ncreased nol ecul ar weight is-used. Exanples 10 to 15 In these
Exanpl es, six selectively hydrogenated i soprene-styrene bl ock copol yners
wer e carboxylated 50 wusing the lithiumnetal ati on techni que described in
U.S. P&tent No. 4,898,914 and EP-A-215,501. The bl ock

50
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copol ynmers had varying nol ecul ar wei ghts of hydrogenat ed i soprene bl ocks,
“and of styrene bl ocks. Varying anpunts of carboxyl functionality (in the
all acid forns) in the styrene bER0KS8 4BEB1fornul ated i nto SAE 10W0
mul tigrade oil conpositions in the sane manner as was used in Exanple 1. In
each conposition the polyner was used at the concentration required to
produce an SAE 10W0 oil. _The base oil conprised 75 55 parts by weight of
"HVI, 100N: oil and 25 pares by weight "HVI 250N' oil and the oil
co%osi tion contained,7. 78 per.caht by wei ght, Rageda0y 0kl , of a standard
SF/ CG,comercial ly av@if 8Bl e addid iWeapackage, add . & pereicent by wei ght,
based on oil, of "Acryloi'g] 154-70" (Trade Mark). After preparation, the SAE
10WA0 oil conpositions weCe tested to determine the cold cranking sinulator
(CCS) viscosity at -25 C, the engine oil 8 EP 0 498 489 Bl punpability
at -25 * Cusing the TP1 gjni-rotary visconeter (MRV) method according to
ASTM4684 and the tapegel} bearing sinulator (TBS) viscosity at 1 X [err]
using the procedure d.&étrﬁ ed Sn,.AQIVﬂeﬁr Jh nResBl & Bbtained are
summari sed in Tabl e \Ewhalf tH8 eaﬁr :és-t I°éd -CCS]: '"- cP ([err] X Pa
s); TP-1-MRV, cP ([err B XgPa s}; *a [e'rrq”ﬁa-s) Table V al so
shows the anount of poly 5 requi red to produce the SAE 10WO0 oil
conpd&ition in per cent by weight of polyner under the heading, polynmer %
t he wei ght average nol ecukgr wei ght (Md) of the hydrogenated i soprene (EP)
and the styrene (S) polyn® bl ocks x[err under the headi ng Mv x [err], and
the amount of carboxyh §udicti ohal t§ m#mg%%/@ agedk og t he ol (wt) of
styrgge inthe p Iyma'ﬁ,? uﬁ er ®hé& head g earhoxylfenctional nol % (%) . 10
25 30 35 40 45 SQ}SQ 9 EP O 498 489 Bl [err] 10
[err] [err] 15 [err] 20
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s5 Comparative Examples D to |

In these Examples, the compositions were prepared as in Examples 10 to 15, with the exception that
the block copolymers were unfunctionalised. After the SAE 10W40 oil compositions were prepared, the

10



30 ' [err] 35 [err] 40 [err] [err] 45 50

[err] 55 Conparative Exanples Dto |I In these Exanples, the conpositions
were prepared as in Exanples 10 t EPL®498 M8 Bt he exception that the bl ock
copolymers were unfunctionalised. After the SAE 10WO0 oi l corrp03| tions were

prepared, the 1 P 0 498 489 Bl sane erties thereof were determ ned
in the safMnARReLes é’?rﬂﬂggerﬁéigta"'l"i‘?dﬁ(@ﬁﬁ?@g 8‘°E g® was usepin Pxamgles 40 % Thed

resul ine

mﬁﬁgm’r&rl f%mﬁ S§ra summanpﬂea}n r]):[%ronﬁéﬁ? %Blh cr r| s d tn Tabl e
bl y iS mven ion were ! Ies

t he Carfpoﬁlﬂ Hﬁgftth ﬁm Rﬁgﬁ l a[:;PHo g\% ﬂ:n the
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m nor anount of a selectively 5 hydr ogenat ed, carboxyl functionalised
bl ock copol yner which, prior to hydrogenation, is a diblock copolyner

consi sting of a nonoal kepyl.,aromati c hydrocarbon pol ymer bl ock and a

c@'_ry' ugated di ol efin pol ydr |bl ok, Vs& & bNofk LoRolYynr LNt ai ni ng, as
fURcti onal groups, in tﬁ‘g RInoalketyM at oftat® ¢* hYdrocBr Borf pol ymer bl ock
theregf, carboxylic acid=netal-acid salt or ester groups. 10 2. A
conposition according to¥tlaim1, wherein the carboxyl functionality is
present in a concentrati fromO0.1 to 40 per cent by weight, based on the
total weight of nonoal kesylejaromati ¢ hydrocarbon nononer in said bl ock
copol ynmer. 3. A conposi t i Llaccer dbng te ®l af N 1monn 20 whesein the
metalpacid salt is a salt§ | i ehiainTorey sodiuree 15 €. QASc@rposi tion
according to claim1 or & wherein the ester groups are nethyl ester
groups. 5. A conposition®according to any one of the preceding clains,
wherein, in said block cepol yner, the nonoal kenyl aromatic hydrocarbon

pol ymer bl ock has a weig verage nol ecul ar weight in the range 20 from
500 t® 50,000, and the c j:qgaté‘d i ¢ etid ﬁbl%nﬁr bl'BcR s a wei ght
average nol ecul ar wei ght & #lt he® dAg& 1@ ofh 80,908 B 358 ®0. 6. A
conposition according to any one of the preceding &l aTng, "wherein the
nonoal kenyl aronmatic hydrocarbon is styrene. 26 7. A conposition according
to any one of the preceding clains, wherein the conjugated diolefinis
i'goprene. 8. A conposition according to any one of the preceding clains,
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30 in an amount fromO0.1 to 15 per cent by weight, W
of the conposition. 9. A conposition according to clai rein said

bl ock copolyner is present in an &Po0498 489Bm 0.1 to 2 per mm‘“““\
based on the wei ght of the conposition. 36 Cains for th

.Contractln State: ES 1. A process for the preparation o

corrp05|t| Wi ch co ises mXxing a npj or amunt of an 0|I and a m nor
' unt of % 5@%‘°&WW%W’B‘&B\Q§%@ #aPE'onyFB'f'Irrﬂ':tional i sed bl (")ck B

c oI ymer wh ch dro enatlon poI mer Si s
of a monok §o§ 0 4 ;"do 36%8 ik % ﬁf

di ol ef i n p0| oyme Iaﬁ( igl Eé% r %é‘rt? aco ale% efm
gr OUpS I nt O%o &o&l atlc
carboxylic é}%lo c%o d QEtQILAQﬁsal reée p&SS aCCOf

claim1l, V\,herel n t e car boxy unctlona Ity 1s present |n a concentratlon

from O. 13— 45 A cortpRsitida dREdrdingCRtcldhy 1)\Rieedl the RaBEG RRttbaRy iObradentVRia0ddhcehiration
nonoal kenyl f@mogratd 40 péf Eo QI vidiyht, BRIA I5R Ithe 1taS@dight b1 M6nGalkePOArIMEEE hydiocarbon
process accandhbmér in saidBiaek Bopblymsr. 2, wherein the netal-acid salt is a salt of

lithiumor sodium so 4. A process according to claim1l or 2, wherein the
ester gro8psh erposition agdording tieertaing 1 GuB vherSin tha npetab-edd salt éeccealt di ln'rgmt o sadiym.one of
the preteding clains, wherein, in said block copolyner, the nonoal kenyl
aromatic ﬁyoﬁ%ﬁ?ﬁ@ﬂ%ﬁ}ﬂmd%ﬂd@k? w@sre'atmtgmfomerﬁa@@v'rﬂﬂeeerewpar wei ght in

the range_from 500 to 50 000 and t he conjugated djolefin Iyrrer bl ock has
a wei ght e‘r "e’(:’f:ﬂ' qpe gfcthe F”efﬂ‘i"“ﬂ [FEinsg °"f r"bﬁﬁ' pel °'- the

- 150, 000, 6. F'EPF‘H “tp y f'i?’}h W??Eh fes'r"a?;ﬁ%|h° ‘Ee| n
tkL/ rmﬁ‘ba| ké?? " \pey Pl Bg5 molecyler Rl

gra"ge o ’io‘;oo cess accord| ng to any one of t he preceding
cI ai m;, er C 0 I ng
to any oﬁ’é ﬁ%ﬁgﬁ:@’%ﬁ{&“@“cqaﬁh@ %ﬁaﬁrpéﬁ%a*@a%ﬁ%%h@%‘ - Seofotany dramhe Tt
in an ggount "fromO0.1to 15 per cent by weight, based on the weight of the
CoNposi ti @N.A orfosifloP5R6MAIRE tREMObAY BITthe PrazbdhgTtiBms, WARFM the ScdhjGgaltd Odidfefin is
copol ynmer i Ssopfee@ent in an amount fromO.1 to 2 per cent by weight, based
on the weight of the conposition. PatentansprCche 0o PatentansprCche fOr
f ol gende ¥erA congssiionatardingBé anyline of-iRe pBBading Tlains| whereirEsaitiebidck zepplymekin petanting,
unf assend eiimen gndGBdrom Qi 8 perlcent by @hightihasbdan e vieight of theeohisien. Si nes _
sel ekliv hydrierten, carboxyl-funktlonalislertenBl ockcopol ymers, das vor
dem Hydr i & eheasipasiionigresedingdo clgio 8 wharein said blekropplymepispeasent in an amount from 0.1 to
monoal keny!| & R#fERM B Wight. Rﬁ?ﬁénwag’g'é?té’f@?f:%%“ﬂ?r bl ock und elnemis

konj ugl er en Di ol ef i bI ock besteht, wobel das besagte Bl ockcopol yner
al s furfkt W{E’T for 'G"ﬁ'ﬂfﬁ"i’ﬂy tmaﬁ%nﬁ ar onat | schen

Kohl enwassger rb nsaurearppen. en_ain

tall <al Zez EIJE, Brgj:es R %@i%g) 2 o'Pcom ositeog H fz: @AQS%cRZ J& uﬁtﬁ%tagr@bg
nach Ansprug rodeﬂaﬂ\é@%: %fblo I Uardrfti€ hitrdcarbon polymer
Koazentg at i AjockYnd a con}(@ﬂecpdl ef ﬁ Qgp%ﬂ or J&%ﬁg@%% 41 groups,

Cesant gewi Chi tesmonsRkeql &ehaib %9&8&%?601&3 Qﬁﬁﬂer block thereof, carboxylic acid, metal acid salt or
ester groups.

2. A process according to claim 1, wherein the carboxyl functionality is present in a concentration from 0.1
45 to 40 per cent by weight, based on the total weight of monoalkenyl aromatic hydrocarbon monomer in
said block copolymer.

3. A process according to claim 1 or 2, wherein the metal-acid salt is a salt of lithium or sodium.

50 4. A process according to claim 1 or 2, wherein the ester groups are methyl ester groups.

5. A process according to any one of the preceding claims, wherein, in said block copolymer, the
monoalkenyl aromatic hydrocarbon polymer block has a weight average molecular weight in the range
from 500 to 50,000, and the conjugated diolefin polymer block has a weight average molecular weight

55 in the range from 10,000 to 150,000.

6. A process according to any one of the preceding claims, wherein the monoalkenyl aromatic hydrocar-
bon is styrene.
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Zus anme ns edslektiyUnytrierter) chrb@gkfunktidnalis@rtonBlobitopbliRrs TR SO déni Gydiiemh ehIécMe 8,
I n wel cherpolyaer detndasnéus @hent kroogikbnyiaeameatischan Kehlenivizsgratofipolgmerbibckoured dinem
Gewi oht s prhoniegierien Pisjefitpelymerbiocidmstelitowabeiitias biespgtd Blockevpolymert atsfnmjdionelier Gruppgt .

Pat ent ans pmUednealienylarpmatigehar KehlopwasserstefipglymerblockGRrigasiuregrugbom CrenpprasinasiMer ur
Her st el | urigiseizeseinendimecaprfisivparpenfithatint assend das Ver mi schen ei ner

gr ol ~eren Menge eines As und ei ner kleineren I\/En?e ei nes sel ektiv

nyar er For R APUBRIRAN RS ARl ot ey %?;ﬁ%%ﬁ&@ o
schen

i%8ren &y %zpgen
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best eht e { Gach! I
nmonoal kg'n;f%[u%g%ﬁ?gpfaﬁ&m 1 % séshg(r?s%ag?]g ﬂ'{sgeéﬂépi&%o%%lg%a IEs)ﬁc;:Lkl'm'%I by
Car bggsaur egr uppen, G uppen el nes Metall sal zes ei ner Saure oder
Est er gr upp@sb 2bifbdsetzung dab AMBRERATRB: 51ak etk Qfeu%r&mppbrn Méﬁ{rl&é’t@éﬂ:ﬁbe@
Car boxyl fugrgt i onalitit 1 n einer Konzentration von O,
Gew cht sprozent, bezogen auf das Gesant gew cht des m)noal kenyl aromat i schen
Kohl enwas siiie- ZdsdmmenseZurg kol oS ddl vBishdnt@n ansprishe, lin eheibheg & A t gdfannten
Bl oclee opol Blonkcopotgméri degt monoalkkenylarbfeatibehla r ikohlemeesserstutipgynstisiock aird @orcichriittfichae| chem
- das Met al | Mei¢kalargewithit {Gawichismiticliim BeiesichivomnBQ0l tis FG00 uds det korfitigierty/ Biofefilpolymem ac h '
Anspruch 1blesiesin Qurchsphnjidi¢he$) dMolelilasgemicht (GawichismitielVim [Beteieht von (i00G0pkis 150000, 5.
En Ver f ahrasfyveishch | rgendei nem der vorstehenden AnsprQOche, In welchemIn dem

enannten BI ockco- rrer der nonoal kenyl aromati sche
Kohl dhwnds %%‘li; c?f{""éldﬁ’ Y?Eﬁ%‘??&%%ﬁ‘i‘ﬁp'fuf"i'ec [Reresichys dan pengplkenyjarginatt, ¢
( Gewi cht sri°t \}%n 500 bls 50000 und der konj ugI erte

(o ont el el om SKABIPRIe feraii K AR R B o

+rgen | nem der vorstehenden AnsprUche, in yvel chem der
m)noa K@NY&ify AEHhrhensdtiunk Alth SMYA A8 /orsteRdrdenhnéptne! if tvelcher das genannts Blockcopo-

lymer in siner Menge von 0,1 bis 15 GeWIchtsprozent bezogen auf das Gewicht der Zusammenset-
zung, vorliegt.

45 9. Eine Zusammensetzung nach Anspruch 8, in weicher das genannte Blockcopolymer in einer Menge
von 0,1 bis 2 Gewichtsprozent, bezogen auf das Gewicht der Zusammensetzung, vorliegt.

Patentanspriiche fiir folgenden Vertragsstaat : ES

s0 1. Ein Verfahren zur Herstellung einer Olzusammengetzung, umfassend das Vermischen einer gréBeren
Menge eines Ols und einer kleineren Menge eines selektiv hydrierten, carboxylfunktionalisierten
Blockcopolymers, das vor dem Hydrieren ein Diblockcopolymer ist, das aus einem monoalkenylaroma-
tischen Kohlenwasserstoffpolymerblock und einem konjugierfen Diolefinpolymerblock bestsht, wobei
das besagte Blockcopolymer als funktionelle Gruppen im monoalkenylaromatischen Kohlenwasserstoff-
55 polymerblock Carbonsturegruppen, Gruppen eines Metallsalzes siner Siure oder Estergruppen enthilt.

2. Ein Verfahren nach Anspruch 1, in welchem die Carboxylfunktionalitéit in einer Konzentration von 0,1 bis
40 Gewichtsprozent, bezogen auf das Gesamtgewicht des monoalkenylaromatischen Kohlenwasser-
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revendi cation 1, dans laquelle |a fonctionnalit6 carboxyle est pr~sente en
une colfcedint FitVegphrenenagh jroendeioesy eer Ysoithander Anspeliche g welcheny dgsckoplugiette Bidefial - du
mononbre de sP%f?ﬂe'Sthydr ocar bure aromati que nonoal cenyl 6 dans | edit copol ynbre

s~quenc6., 3 |t| se on la revendication 1 ou 2, dans_|laquelle
o sel md aFrg sa;%e'rem E"spf" 569, In wejhors. s deg nt?ee'%cts%mwn .
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' une quey, Ce GdRantbR hadtCARBHEANCE nl Vo ';Jaé:&qﬁme%ﬁock Bﬂﬁn iy h@n o3R8, bR

copol YITET € 5 @ameipfozert, beSgBHANER AMHTRF Zustlfimbnéttsun Ur'e ar omat i que
nonoal c~nyl 4 possbde un poi ds nol ecul ai re noyen en poi s dans |a gamme de

500 a #0 Awéhdicationsa sequence pol ynbre di ol ~fi ni que conjugu6e pr6ésente un
pol ds nolAeserdidatiens ginue les Eat Contkactednts Sulvants) SBEBECER, &8, 0L A 150 000. 50 6.
Uno conposition selon |'une quel conque des revendi cati ons pr~c6dentes, dans
| aquel | e 1" Hyedeoopasition dibuiler renfertnany wae qusnitid préphmsidrahteed’tnel heilesdt ynd quantitd’ plud_laible
conposi t i ond'yecenalyntngrséqugnesl & foncjige catbaxyipcsfisntiveroent inpdiegénd, -aok- dant ledrogéhaivs

| aquel e | aoHup corolyméret quencécg;ij{l 18w géquerick olpmdrade type liydsocatmecimaliave
selon | unemammftxﬁ ding| #éaueap et Jootyee dlolstnekonivgude. laditneppplyndre [sfquencddi t
copol ynb- r@ne @gﬂ '%%? doy gEpuessfonstionpele danpash éAwenerR PRlymere, da bips bydresaibre.  en
se basant s#PMft “%’B?’l?@'c ¥lé, dgs grgupes egigs oy soj 9%@@”@686?&%@@%%%9 9. Une
corrp05| ti onuseecopnn i 5§ elnd o }c on .8, “ on té g | pg% sequencét
est pr esent %\* % T‘ ?gﬂlenspo?dsae?%é: lﬁ’ surgtI.b ;lab:b:is ugzr%é}wm e de :EOI ds
de la Conpoﬁg}d c&gure romatique monoalcénylé dans ledit copolymére séquencé

. 3. Une composition selon la revendication 1 ou 2, dans laquelle le sel métallique acide est un sel de
— "lithium ou de sodium.

4. Une composition selon la revendication 1 ou 2, dans laquelle les groupes esters sont des groupes
estors méthyliques.

45 B. Une composition selon I'une quelconque des revendications précédentes, dans laquelle, dans ledit
copolymére séquencé, la séquence polymére de type hydrocarbure aromatique monoalcénylé posséde
un poids moléculaire moyen en poids dans la gamme de 500 & 50 000, et la séquence polymérs
dioléfinique conjuguée présente un poids moléculaire moyen en poids dans la gamme de 10 000 2 150
000.

50 _

6. Une composition selon I'une quelconque des revendications précédentes, dans laquelle I'hydrocarbure
aromatique monoalcénylé est le styréne.

7. Une composition selon I'une queiconque des revendications précédentss, dans laquelle la dioléfine
55 conjuguée est I'isopréne.

8. Une composition selon I'une quelconque des revendications précédentes, dans laquelle ledit copolymé-
re séquencé est présent en une quantité de 0,1 & 15% en poids, en se basant sur le poids de la
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revendi cataculs sépiiidusdthcide earboxplignes | equel , dans | edit copol ynb- re sdquencé,

| a sdguence poeglnbr e de type hydrocar bure arommti %e nonoal c~nyl d Rossbde

un poi d& n¥n ereeAddselen ﬁﬂ)?‘?ﬂdﬁﬁm P dansgiagrel fafongliopnalite ea &t %Qf@ ®| a

s~quence pnseRatien d@p ARl %98 g 52 &35 FL i o5, 194 dysmprgmere, fe, e

moyen on M@?‘%@"P%QW"'@@V' 54 it 5°'°2'5'0 "B 5RAVenS 6. Un proc6d6 sol on

| ' une quelcon €S revendlcatlo S ans .lLe ' rbure

acond? i Ay g% S ovaelenfeR 1B e e W e R R o o MALR SR

quelconque %8S “Tevendi cat i ons pr~cddentes dans | equel | a dioldfine

conj Uguze §bprocsds %@IB la k%qaéﬁ&? 102, msﬁéqgﬁ“l&%r&ﬁbéjgstérb‘@&ﬂ AbhresHas eaterdes

revendi cat | ghsqRE-cddent es ans |l equel ledit copol ynere sdquencd est

pr~segpt on urie quantite de 0,1 & 15% en poids, en se basant sur |e poids de

| a conp@si bl §Besdé Soich rubdquelceriaas! Bosslefdicatichs I'p@t&laﬁibs; diris Gsqudd, daokaladit dopalynedl- | e

copol ynbr ereSB§lisRIECR s€Gubnde (pBISHEE dE fypbl ARIrdibrBurd alofatitige MpraltényBopessddeound®idsen se

basant surmébieupive BhSyeiieonl paide @aneas génmrosde & H60 BB, d18a séquence polymere dioléfinique
conjuguée présente un poids moléculaire moyen en poids dans la gamme de 10 000 a 150 000.

6. Un procédé selon l'une quelconque des revendications précédentes, dans lequel I'hydrocarbure
aromatique monoalcénylé est le styréne.
7. Un procédé selon I'une quelconque des revendications précédentes, dans lequel la dioléfine conjuguée_
35 ost l'isopréne.
8. Un procédé selon I'une quelconque des revendications précédentes, dans lequel ledit copolymére
© séquencé est présent en une quantité de 0,1 & 15% en poids, en se basant sur le poids de la
_ composition.
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9. Un procédé selon la revendication 8, dans lequel le copolymére séquencé est présent en une quantité
de 0,1 & 2% en poids en se basant sur le poids de la composition.
45

&0

65

16



