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present invention relates to novel polynmers to processes for pre a§'

" them and twosr®wsuses. 5 Back round of the Invention Theper/gh@deigwn

pol ymers of cgﬂéggated dienes and unsaturated nitriles, i.e. nitrile

rubbers. It i 8° kh B8R PR PRI T SPEBPREERTER WWETR Figk RERBERe THE

heat - agi ng properties ofHyﬁgogghxfgﬁ.Rﬁ%@ﬂanﬁﬂ i's needed to
ensure that 10 only hydrogenati on of carbon-car gg%goé%F§ bonds occurs.

Hydrogenation of the nitrile noieties is to be avoided, as any reduction
of the nitFPPePEREEDE RAYCAR efhdesiates &0dnodel epelioess ef ¢ antoarssdse
propertiessal LbeoRitfh! endtbhsty o ti ar it reduces the oi

resi stance of %hepnitr?le rubber.t%gtﬁgg%aggg%én proposed to include
various additional copolynerisable nmononers in nitrile rubbers. Anong the
copol yméri sabl e nononers menBas e ha)dgventaped nono- and

di carboxylic acids. These can be incorporated into the polyner backbone,
but difficulty has bggg,.gncou d | yoer s_ cont aj.ni ng car.boxyl
groups have been hydrogenated?&ﬁ%ﬁrPﬁggﬂgggyggfg??%?%ﬁ%ﬁémé%ﬁn d?@genation
i's high, thesatardoxy|niroidsss have.undergdaernisskrs i ornrori otdie nden

reacti ons, ' ted i n.an _unsati sfact.or roduct. To avoid the

pr obl em of twgﬁgﬁg?%gﬁ%ol}eﬁ%‘e gg‘rlﬁoiwjrmé%s g?}b%ééé)ﬁ‘tt'ﬁ%%éﬁﬁpﬁﬁﬁ)%ed to
prepare a oftthéepolipher. coiposedial aocoaisgnd atksiana AnthRR<URgat ur at ed
n|tr|I§ to pa%égq%%g q¥drog§£ate this nitrile rubber and thereafter to
add  alP3- OASh YRR iEn CBEPPRr ERTPRD doulste dwpndsTgesurgppr oach has
not provenugatbgénet D5y ofrxHh@iash dei fiodddeds 30 afd e the fREMALL0ROf the

nitrile rubber the acid noieties are
reduction of the nitrile groups has an undesired and

deleterious effect on the properties of the nitrile rubber; in

particular it reduces the o0il resistance of the nitrile rubber.

15 It has been proposed to include various additional
copolymerisable monomers in nitrile rubbers. Among the
copolymerisable monomers mentioned are o, f-unsaturated mono-
and dicarboxylic acids. These can be incorporated into the
polymer backbone, but difficulty has been encountered when

20 polymers containing carboxyl groups have been hydrcgenated.
Particularly if the degree of hydrogenation is high, the
carboxyl groups have undergone reduction or other side

reactions, which has resulted in an unsatisfactory product.

To avoid the problem of hydrogenation of the carboxyl
25 groups it has been proposed to prepare a nitrile rubber
composed of a conjugated diene and an unsaturated nitrile, to
partially hydrogenate this nitrile rubber and thereafter to add
o,B-unsaturated acid; see US Patent Neo 5,157,083. This
approach has not proven satisfactory. As the acid is added
30 after the formation of the nitrile rubber the acid moieties are
not distributed randomly nor alternately along the backbone cof
the polymer. Terpolymerisation of a conjugated diene,
1
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not distributed randomy nor alternately along the backbone of the

pol ymer'. Terpolynerisation of a conjugated diene, 1 SUBSTI TUTE SQE§EP(ZEWLE
26) 1 3 SEP 1004 WD 01177185 PCT/ CAO /00485 wunsaturated nitrile

unsat ur at edwacilg7rsssults in a polymer in which the a and iPC‘ff%rAlHPEM% ons of
the acid formpart of the main carbon backbone of the polymer. I'n
contrast, YSRAHvERtSst indrréf econfuynsetiutieed amid nidsilits resual pelinea 5

pol ymer th has so car bon- ecarbon doubl e bonds in a vinyl side chain,
from 1, 2- p§1tn r"r"glﬁcssna?t?-‘oen “of* t%aaiaﬁﬁ%{l A de thearsonl EarBowagsuBE et®®nds

i n the mai map@l vaebdeatkhbanenef 5@nthé,%o%é/frpr Isatd i fsibut adi ene. These
doubl e bonds _in the nmin polyner backbone may be in the ci's or in the

trans 10 c&MYGEAERSHECPWREN CPRBUBRE§Fedlenrlaybeas tnideogesatlteninha  vi nyl
groups wnd Og?WMdrtgg%nﬁra'o LT | by the ,doubl e bonds in the
cis confi gga i on. Hence, 'st Eg&%aﬁ%f%%ﬁqyé%og} o%oélrlljgteeé’o §bsyr+§‘r at?PWﬁ?ch t he
a, a- unsat usated chgiit, i Sreudad2 -pohyae nssamisin \wiobwekridikeely dagbkemdonds in
the mai n paql _ ackhbone- a in the trans configuration, Reaction with
the unsat %;%?%& églrgofle ﬁ}lgée?ﬁoﬁgf)rjdauﬂe MPhPOHYTRE R2agkBopPs, EE¢Bon
atons of thesapibdyareisatibn bhebhbady s bomrackhbongief bohhe PRl ymer -
Hence, the chem’citl str re of a ymer made in this latter way differs

ct ol
from t he cA&nf’c&P-¥TFactafr B?etrﬁ%Ygéﬁ statihg i<d&l ogoRpnthe thawsis for med
by the 1ter peh¥RBLIraELAN Ohhed €09 MSRKR dirfiagg AR Hgﬁ?f;g&%%@&’oﬂi&% e and
a y

an unsaturated_ acid, where the nononers are statisti rando
di stri but e¥ifMtoGYREAE VRELHEP yimedredrnaticrufdpetsn Bafiénwedppyicadi on No.

933381 is gRALeENBAnado W {heC Qo&%ﬂi d.Ristri I esgroup-cont ai nin ‘.gi'ghly

sat ur at ed copo?yrrer Fubber , %n?iz[ln t e%lacr%glr%ﬁjndﬂgpfedi gﬁsggtiﬁr e
hydrogenated polymer to which the a,p-unsaturated acid is added
contains mostly or entirely double bonds in the main polymer

15 backbone and in the trans configuration. Reaction with the

unsaturated acid results in a product in which the o and B
carbon atoms of the acid are not in.the main carbon backbone of
the polymer. Hence, the chemical structure of a polymer made
in this latter way differs from the chemical structure of the

20 statistical polymers that is formed by the terpolymerisation of
a conjugated diene, an unsaturated nitrile and an unsaturated
acid, where the monomers are statistically or randomly

distributed throughout the polymer chain.

European Patent Application No. 933381 is concerned

25 with carboxylated nitrile—groupjcontaining highly saturated
copolymer rubber, and in the Background Art discusses three
processes for adding maleic anhydride to a nitrile-group-
containing highly saturated copolymer rubber. The Eurcpean
application refers to “a highly saturated copolymer rubber”,

30 but it is believed that some degree of unsaturation in the
rubber is required, to serve as reaction sites for addition of
the maleic anhydride. Disadvantages of all three processes for
adding maleic anhydride are mentioned, and it is said that no

satisfactory industrial process has been found. Furthermore,
2
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“ processes for adding nmaleic anhydride to a nitrile-group- contai I‘Hf‘lﬁ Sgtﬁ@['y
saturated copol yner rubber. The European application refers to

‘saturated copol ymer rubber”, 30 but it is believed that some degree of
" unsat ur ati owoivnv7tige rubber is required, to serve as reactp@Pciioessst or

addition of. the ic_a Di sadvanta es of all three processes for
addi ng rmal &PE BﬁﬂgaFEde EQZ #é%?ﬂﬂﬂj JaﬁdflF%Fsm§é?actﬁ%¥Y%61£%atlsfactory
i ndust ri al nptesessghaspbeent & OaHh rARST RRr €g1d S I LE
26) 1 3 SEP 2004 Wb 01177185 DUl Eae a8 Sad prggﬁ%tﬂégﬁ%eﬂaﬁ}é&ﬁuon
i.e., the ﬁﬁlEPFéoéﬁhQH?Pﬁétl¢ﬁtr%qQ%Rﬁmﬂﬁp“ébﬁﬁﬁiﬁnn56§e$§m@¢e|@m$atd to be
unsatlsfacggﬁgllénsggéﬁguﬁ Qﬂﬂﬁ?ﬁhﬁgﬁb gQEHdEBQ %Pﬁgsaﬁgéﬁeséstence and

tensile strength which are require el'ts and hosSes Pre arlng a
car boxyl at ed, hydrogenated nitrite rubber by first preparing a nitrite
r ubber, 5then hydr ogeRaePagiegd qaﬂbosaﬂﬁeﬁdadUngogﬂnmn$®tmmEﬁx&henub%er

results |n n-pro the is difficult
to control 2 ﬁg§§§3€£¥8 {fﬁ%ﬂ%%&ﬁ%-l déugﬁsr ﬁ%lé ?O%QF?QﬁFQniﬂ%ty of
10 the prodheteastanceddﬁmglanAqngaﬁmﬁateadecnﬂ tbsalvayinas diperedueed
conner0|all aut has since bee hdrawn fromthe, parket. Summary of the

| nventi on R B 885%%“h%§°?ﬁﬁtbegﬁnﬁt CB0EPedithaf PhfiFelt Hee Bondaldct i ve

hydr ogenat kh8 @ho@npoby nk¢iahass hagkbeseths s81PRSLIso Oih@ fRYigaled
di ene, _an unsaturated nitrile and an_ unsaturated carboxylic” acid, and does

not resdl t tPR BRYUGEt BE t WBFY tRid-0gBnREPBHC BT MARE r i1 etl¥s cenbosapl
moi eti es. ThisoaReed éémrtélfcpathgﬂwu ﬁQSOElﬂc@%éénﬂs?ié&t&‘fah& "B k@l that

is a 20 hydrogenat ed pol ynmer of "a conjugated di ene, an unsaturated
market.

Svummary of the Invention

A process has now been discovered that permits the

15 selective hydrogenation of a polymer whose backbone is composed
of a conjugated diene, an unsaturated nitrile and an
unsaturated carboxylic acid, and does not result in any
detectable hydrogenation of nitrile or carboxyl moieties. This
permits the preparation of a novel polymeric material that is a

20 hydrogenated polymer of a conjugated diene, an unsaturated
nitrile and an unsaturated acid. It has also been found that
this novel polymeric material has unexpected and valuable

properties.

Accordingly, in one aspect, the present invention
25 provides a polymer of a conjugated diene, an unsaturated
nitrile and an unsaturated carboxylic acid that has been
selectively hydrogenated to reduce carbon-carbon double bonds

without hydrogenating nitrile groups and carboxyl groups.

In another aspect, the present invention provides a
process for selectively hydrogenating a polymer of a conjugated
diene, an unsaturated nitrile and an unsaturated carboxylic
acid which comprises subjecting the polymer to hydrogenation in

3
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nitrile and an unsaturated acid. It has also been found that this gov I
polynmeric material has unexpected and val uable properties. Accor di E@ﬁ“Mn
one aspect, the present invention 25 provides a polyner of a conjugated

di ene, an qﬁHgﬁ%ed nitrile and an unsaturated carboxylig¢ acid that has
been selectivel'y hydrogenated to reduce carbon-carbon doubfLCHEHYEsS

wi t hout hydhegpresengenttr &l shgd bupscemtk igrmg xpdmpguodpss katadgsheand a

aspect, the, pr Lnyentiqgn ovides ,a _pr.ocess far selectively,
hydrogenat?ﬁgcg%gg&ﬁﬁeggg%hg'cg ?ﬁ%ﬁ?é:eedgﬁﬁé% §ﬁt&ﬁb§&u$§FeaﬁﬁﬁﬁPer and
an unsat ur abadadaihgxybinpouadi to whih€ hccamgu=13es Jubj=eat 180 fi-Be pPekypsr to
hydr ogenation in 3 SUBSTI TUTE SHEET (RULE 26) 1 3 SEP 2004 WO 01/ 77185

55

PCTI CAOL/ 06485 -t he presence of a rhodi um containing compound as cat al yst
and a co-catalyst ligand, wherein the weight ratio of the rhodi um

cont ai ning conpound 1o theaepiseial ¥t dricgend e ehbMAcdko 1:55.
Description of Preferred Enbodi nents ny conj ugate I enes are used in

nitrile rubbers and these may all be used in the present invention.
Mention is made of MaBYphGPRiiEHeed | Heiien&re used dbt R}ETR 18- BubagFene, 5

1, 3- pent adbgRer 8BLe Ph§r Y1 ENBe WfedhliLhrl Jrukadi @B@Fhﬁéﬁﬂt ef fLhedon e

nitrile is normally acrylonitrile or nethacrylonitrile
a- chl or oacPRRENPEr £} 2;betadherd, beendens.t 2 Bedigephpleis 8dbutaditre,

,fi- t t ' =08 I | LCy_ h Li
2 hgcrgﬁfc?( ?rﬁtg%ﬁ?’é,ge’ﬁﬁpeﬁg If%%ésr b of WRASEN 403 BELOASELNE' £s
preferred.

The nitrile is normally acrylonitrile or

methacrylonitrile or a-chloroacrylonitrile, of which

acrylonitrile is preferred.

10 The o, f-unsaturated acid can be, for example,
acrylic, methacrylic, ethacrylic, crotonic, maleic (possibly in
the form of its anhydride), fumaric or itaconic acid, of which

acrylic and methacrylic are preferred.

The conjugated diene usually constitutes about S5C to

15 about 85% of the polymer, the nitrile usually constitutes about
15 to 50% of the polymer and the acid about 0.1 to about 10%,
preferably 0.5 to 7%, these percentages being by weight. The
polymer may also contain an amount, usually not exceeding about
10%, of another copolymerisable monomer, for example, an ester

20 of an unsaturated acid, say ethyl, propyl or butyl acrylate or
methacrylate, or a vinyl compound, for example, styrene, a-
methylstyrene or a corresponding compound bearing an alkyl
substitutent on the phenyl ring, for instance, a p-alkylstyrene
such as p-methylstyrene. The polymer preferably is a solid

25 that has a molecular weight in excess of zbout 60,000, most

preferably in excess of about 100, 000.

4
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" the formof its anhydride), fumaric or itaconic acid, of which aci)ﬁ;’(@ ﬁ[ﬂd
nmet hacrylic are preferred. The conjugated diene usually constitute J
50 to 15 about 85% of the polyner, the nitrile usually constitutes about

15 to 50% Qfp hfregzol yner and the acid about 0.1 to about %ffb&oﬂ?o‘?éser ably
0.5 to 7% these percentages being by weight. The polynmer nmay also contain
an am)unt usual | y idte oieaimghabous ta09e hfdrzousrsared apal gomemaé‘abize

nononer, ) Q_of _an nsaturated acid, .say e . propyl
acr y‘?‘gte ST r}Jt\’e e 8n by 2o WEHTT RS 2SS e%g #5}‘99

or butyl hacryla g %6r°a Vi n
styrene, ain rmté’t;dtsitsytrm q:rol@rmmrremenpid:mn@ﬂmmmdnab%arad Bgcaboaé Kyl

substltutent on t hen , I nstance, a p-al kyl styrene such as

p- met hyl st§? Cg]'f?ép ‘%ﬁﬁ% %%@FgPﬁb?V)‘F% a Solidl 3 venSomsa¥iBYHol ecul ar
wei ght §n @W@aﬁn@bwus@@ 1, @Dé&al:p{@ﬂi esaklpe Idbrg&%%%gdotiléﬁgut

100, 000. 4 SUBSTI TUTE SHEET (RULE 26) 1 SEP 2004 WO

PCT/ CA01/ o@mqr@nqamqlmertlﬁ@fcm@ to be wwld} cjerrathed e sioubd enbdeds nin known
manner, b*h efé]&!br@ nﬁtll qnagg g% | @tﬂﬁ)& aiSs ul t 's%% O@ ghstgt i stical
e po I one

polyrrer ymer w ave a n nposed ‘ent’ rely of "car bon
atons. |t awiblehadvendsome i gl ib shelecm\aam sms&ﬁthnye tranaddition of the

conj ugated_di e dur i ng, the p merisation, |t wl | so have doubl e bonds
T e baRIR A 1 R RAFBRE G e dlautie EsetoR tenabLeChttp e
bonds w | | hjpErddeddted iy, ahed pedeekd dhethd alisrerdiic@nt atiit@But These

car bon-carbon doubl e honds are sel ectlvely 10 hydraé_ﬁ%enat ed by the process
of the i nvETRTYM EaRT HBHEOSCGRESAP @Rt 1S CREYhi F¥PHES and

carboxyl oS+ BESER Igoqy}ntgg pol yner. The sel ective hydrogenation can be
achi eved by means

The selective hydrogenation can be achieved by means
of a rhodium-containing catalyst. The preferred catalyst ig of

15 the formula:

in which each R is a C1-Cg-alkyl group, a C4-Csz-cycloalkyl group
a Cg-Cig-aryl group or a Cy-Cyg-aralkyl group, B is phosphorus,
arsenic, sulfur, or a sulphoxide group S$=0, X is hydrogen cr an

20 anion, preferably a halide and more preferably a chloride or
bromide icn, 1 is 2, 3 or 4, mis 2 or 3 and n is 1, 2 or 3,
preferably 1 or 3. Preferred catalysts are tris-
(triphenylphosphine) -rhodium(I) -chloride,
tris(triphenylphosphine) -rhodium(III)-chloride and tris-

25 (dimethylsulphoxide)-rhodium(III)-chloride, and tetrakis-
(triphenylphosphine) -rhodium hydride of formula ((CgHs)3P)4RhH,
and the corresponding compounds in which triphenylphosphine
moieties are replaced by tricyclohexylphosphine meieties. The
catalyst can be used in small quantities. An amount in the

30 range of 0.01 to 1.0% preferably 0.03% to 0.5%, most preferably
0.06% to 0.12% especially about 0.08%, by weight based on the
weight of polymer is suitable.

5
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of a rhodiumcontaining catalyst. The preferred catal yst is of 151%%PZUDL
formula: (RrB)1RhXn i in which each Ris a Cl-C8-al kyl group, a
C4- C8-cycl oal kyl group a C6-Cl5-aryl group or a C7-Cl5-aral kyl group, Bis

phosphor us, woangeRkc, sul fur, or a sul phoxide group S=O XpbschyGiagen or
an 20 anion, preferably a halide and nore preferably a chlori 8e or brom de

ion, 1is 2, 3 or 4, Tie sagadys8 daduged swith 2 mo-Tatspyetethbtyig zo(rj 3.
Pr ef d | Lss Ltriph i ne).-r hodi l.).-chloride,
O 0 AL ALEnliacn £ RESD PROSA Bekxhodi WIE)eGhLRLLd!

tris(triphén osphi ne) - Fam 1ori tris

(di met hyl sulpphexiidebrel@diyil! b1) - shl arida., and & ehakinss
(triphenyl phosphilne%r- r hodi E%’I hydri dePéoféi?gr mul a %%(O%éﬁg’fu%p) aﬁi-l{hﬂje 1?ind
t he corresSEWdPRg ceonpsuble amahtrhdifiqueatyl pAbsghitherenoest besused® a

repl aceq by _t.r.icycl osphi ne ieties...The, catalyst.can.b ed in
srrgl I q%an%eir%lfagg’ﬁ%(re\ggrér[x)gﬁ? i Iﬁjg{[ﬁ%cg%alﬁ{gr%ge d&ﬁr5.10T°F8a¥.i§QVd p?é‘?‘@f@gl y
0.03% t 0 Onb¥pamgit dmaeyérﬂbh?cy&ﬂl&ﬁ%yﬁn mihzqq;glsm@ba!ybyoamwl 2 O.Sagl’?T by
wei ght based on_th i ght of polypmer is suitable. 5 SUBSTI TUT

(RUEE 26) $1gv81patkybonverey) A PEHCAFY 1009852 The CRaFAF 5SS used

with a co- gababysk bhaboi-éaﬁlaij}:g@nﬂi%n Omd 21388, suheEepR o afyl B are as
defined above, and mis preferably 3. Preferably Bis phospﬁorus, and the
R groups édafi3pe3ife ShAeddeclrsves crft willehs ishéneormarbbedskyl a 5 triaryl,

oo RERUELBEL ek B BBl dcenddl b ongar oo
di cycl oal kykripbrogiphosphiatal yEis.cobmamilyes dfigandcasapysfetdigandsseaar e
given in U?npggeg%o&gt in the range 0.3 to 5%, more preferably 0.5 to 4%
by weight, based on the weight of the terpolymer. Preferably
also the weight ratio of the rhodium-containing catalyst
15 compound to co-catalyst is in the range 1:3 to 1:55, more
preferably in the range 1:5 to 1:45. The weight of the co-
catalyst, based on the weight of one hundred parts of rubber,
is suitably in the range 0.1 to 33, more suitably 0.5 to 20 and
preferably 1 to 5, most preferably greatexr thén 2 to less than

20 5,

A co-catalyst ligand is beneficial for the selective
hydrogenation reaction. There should be used no more than is
necessary to obtain this benefit, however, as the ligand will
be present in the hydrogenated product. For instance

25 triphenylphosphine is difficult to separate from the
hydrogenated product, and if it is present in any significant
gquantity may create some difficulties in processing of the

product.

The hydrogenation reaction can be carried out in
30 soclution. The solvent must be cne that will dissolve
carboxylated nitrile rubber. This limitation excludes use of
unsubstituted aliphatic hydrocarbons. Suitable organic

solvents are aromatic compounds including halogenated aryl

6
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4,631,315, the disclosure of which is incorporated by 10 reference. The
preferred co-catalyst ligand is triphenyl phosphine. The co-catal yk SEPgHihd
is preferably used in an anobunt in the range 0.3 to 5?6 nnrepprsfergFly
0.5 to 4% hfat , based on the weight of the terpolymer. Preferably
al so the me?%”?@?atio of the rhodi um containing catal yst 15CEEAPNHE to

co- cat al yst€qmpaumdsheir &nge 123céubdn 55,onmr e Ther elrefablydi Ralbged ange 1:5
based on_t he wei ght of one

145, T l.ght _of e co--_catal yst, _
Lﬁnéred pa?%g%%?%%ugggr%ﬁeigrga?fﬁﬁﬁjxﬁﬁ*Fﬁé1Paﬁg€héPIOPBDBQ??nDre sui tably
0.5 to 20 ampecindfier abhpchlboobensmied. PiaiRRakLY-gheat 8Lt hal, 3.4 Q. d&ss
than 20 5., A.Cc -catg%gst ligand is beneficial for the selective

hydr ogenat i 0¥ P& £P n?hepél%$Eﬁﬂ?F4x?Lk§§@tﬁglﬁoggonhéﬂ,i?spem%ﬁ?iyary to
' ' [ : ' ] resent . :
obtai n t5i grherehbt edh@Me¥BEL 1 @Scdli% dd%ﬁn%gﬁ% Sﬁo%ﬁﬁ n%si@?Eﬁéhi§§%H; {0

hydr ogenat ed product. For instance 25 trip yI'phosj _
separate fk@#ﬁﬂﬁeanﬁymﬁbgﬁhai@mbqﬁyihkﬂtpnandtetrhhyﬁﬁoﬂmﬂaﬁnhyin any

ignifi ; ' reaf,e sone difficulties in processing of the
SO ol RO RS OO, SOTR LGt LB LD DT O0EeS 00 O L e
sol vent nuss bhetoperthatlaily ¢hisSelaneboar ngghﬁﬁgglﬂliﬂ'dr?e rﬁé@?’ef gr&y S
l[imtation exclgggs use of. unsubstituted allghatlc ydr ocarbons. Suitable

i R P¥ WP EARE i PREHeFEds LFRBI ddf nee had o dun ateddgshar, y ogel
SUBSTI TOTEpSHERFak Y150 260 59 SSERAD0E V0L J2365 PO (A0 0048

conpounds of _.6 to 12 carbon atons. The preferre alogen 1's “c Pﬁrine and
the prefer PRYUEOPY SRRY | denendhiuncshéhzenel ecular weight of the

carboxylated nitrile rubber that is to be hydrogenated.
Rubbers of higher molecular welght are.more difficult to

dissolve, and so are used at lower concentration.

15 The reaction can be carried out in a wide range of
pressures, from 10 to 250 atm and preferably from 50 to 100

atm. The temperature range can also be wide. Temperatures
from 60 to 160°, preferably 2100 to 160°C, are suitable and from

110 to 140°C are preferred. Under these conditions, the
20 hydrogenation is usually completed in about 3 to 7 hours.
Preferably the reaction is carried out, with agitation, in an

autoclave.

Hydrogenation of carbon-carbon double bonds improves
various properties of the polymer, particularly resistance to
25 oxidation. It is preferred to hydrogenate at least 80% of the
carbon-carbon double bonds present. For some purposes it is
desired to eliminate all carbon-carbon double bonds, and
hydrogenation is carried out until all, or at least 99%, of the
double bonds are eliminated. For scme other purpcses, however,
30 some residual carbon-carbon double bonds may be required and
reaction may be carried out only until, say, 90% or 95% of the

beonds are hydrogenated. The degree of hydrogenation can be

7
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especi al l y nonochl orobenzene. other solvents that can be used incI*%e
t ol uene, hal ogenated ali phatic conpounds, especially 5 chlorinated SEP 200t
al i phati c conpounds, ketones such as nethyl ethyl ketone and net hyl

I sobutyl ketone et rahydrofuran and di nmethyl formam de. T oncentration
of pol ymer ‘Yﬁ"i’?’iég%m vent is not particularly critical bLﬁ%erféAoé'ﬁ&fggbl y in

the range % ' referabl ¥..f LA0ER 554 D0 Qyr wejght,
nore 10 pré%g% ﬁégoggog%%%fg%eg trgsiel‘hgpcoﬁcent rati%ng%) tghe \é% ution
may dependpappmnethe nol ecul ar wei ght of the carboxylated nitrile rubber
that is to be hydrogenated. Rubbers of higher nol ecul ar weight are nore

difficult to dissolye, and so are. used at,| ower n rafi S5 T
reacti on can be carr¥%ds%rﬁ? Cf:'chémv\snt&@Cangléleo egﬁggségﬁe}é&ég%ﬁ%q t(%%5150
atm and prpéegabéymineom 5P hanshQ nptidifleevhdaper arkie tangst can al so be

w de. Tenperatures from60 to 160, preferably 100 to 160C, _are %uf{)t abl e
and frof Raptievlanly Aecyraiemeddodunddl theSaReshdPeivhed thé

hydrogenat 005t scalsyal ¢ ¥: Sl ettt dihiaRouto3uke ££hodisne FiBIErablnott he
reaction is carried out, Wwth agitation, in an autoclave. Hydrogenation of
car bon- carpoafeloodfe bonds i nproves various properties of the polyner,

particularly resistance to 25 oxidation. It is preferred to hydrogenate at

| east 80%of the . capboles ADULIMALE D00 BE PRENLxpEPInSAMR AN POSES 11

is desired to elimnate all carbon-ca ubl e bonds, and hydrogenation
i s carriedcondituihdnd abd ,what atudegdon 9% xeaftibn tineblesbohds & e

elimnated. For sonme ot her purposes, however, '
car bon?éarfﬁ%ﬁtﬂ%‘ﬁ%"é cg < rfﬁé%ﬁ?@&&ﬁ&gananﬁgrgggﬁ?%%ﬁnJg% 2 TR TS out
only untilpySeyged% et 5% niod e bengsecaerebyddogenatedof The degree of
hydr ogenatjon can be, 7 SUB%‘II'I TUTE SHEET S'RULE 26%. .
hydrogenation. The degree of hydrogenation can be determined
by ASTM D5670-95. See also Dieter Brueck, Kautschuk + Gummi
Kunststoffe, Vol 42, No 2/3 {1989), the disclosure of which is
15 incorporated herein by reference. The process of the invention
permits a degree of control that is of great advantage as it

permits the optimisation of the properties of the hydrogenated

polymer for a particular utility.

As stated, the hydrogenation of carbon-carbon double

20 bonds is not accompanied by reduction of carboxyl groups. As
demonstrated in the examples below, 95% of the carbon-carbon
double bonds of a carboxylated nitrile rubber were reduced with
no reduction of carboxyl and nitrile groups detectable by
infrared analysis. The possibility exists, however, that

25 reduction of carboxyl and nitrile groups may occur to an
insignificant extent, and the invention is considered to extend
to encompass any process or production in which insignificant
reduction of carboxyl groups has occurred. By insignificant is
meant that less than 0.5%, preferably less than 0.1%, of the

30 carboxyl or nitrile groups originally present have undergone

reduction.

8
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"1 3 SEP 200L WO 01/ 77185 PCT/ CA01/ 00485 determ ned by infrared Py
spectroscopy or 1H NVR analysis of the polyner. In sone ci rcurnstahée'saE tpn[y}
‘degree of hydrogenation can be determ ned by neasuring iodine value. This

~is not a 5 wartaizessbarly accurate method, and it cannot be ﬂ?ﬁ&dl%ohse )
presence of tri phenylr phogghlﬂet so_use of f\ﬁ%dl n% -Vﬁ| ye is not preferred.
It can be determ ned By Foutfhet B pRtisT THoM thEoRYRFPERRaBIRN what
duration ofixeagki, oBhti fikxtesel fah b WKy CB&aén?_eSﬁ§€a19fle _method.
hydrogenation. It is possible to stop the hydrogenalion reaction at any
presel ect e¥™Ge Eé‘oéf 1Shi8r Okt i OFf thfe s@dyeas - of Ahgtheyenatliah icarnche
det erm ned; S 679:= I DI et.er Kajt schuk + '
Kunst st offel,nlaéglé %%/E%Nb g?gﬁ%ﬁe;%%}ﬁ t e:LIH i ;tg ogéirﬂgﬁ% V\hajig%%t s ﬂ?t%%rgn
i ncor poGat é¢ her edd aycebdlr ewicech Tgemochsspolyhde toverddWinteernts a
degree of control that. is of great advantage as it permts the
optim sation of the p | £s_.of the hydrogenated olymer_for a,
particular utility. ﬁégs{?%%ée%stf Ke thydr ﬁﬁgﬁgfe%ae%\( 'E%? R & B&Fitoubl e
20 bonds i sohotimatbetpabsetbdyrieiiuet,i es abkseal BeAYin WDURS: S No
denonstr at gd gg éhﬁ e{_farrpées el ow, 95% of the carbon-carbon double bonds
of a carboXyPaPeafit Hifedt Unfed MEdGRedS W RFCIRRF &Rl dtex&itoby
carboxyl ampdrBibhbke groups detectable by infrared analysis. The
possibility exists, however, that 25 reduction of carboxyl and nitrite

groups _may occur to an insignificant extent, and the invention is
consi déPed to ext endThe EHcHfNEEeh FprBPEY ba5ed N R tudbem (WHNER)

15T 9N {1 CBRt tnt eHGL O LR L OURES NaSTASEUT S arPid N1 9N i can
. 1%

is meant that |ess than 0.5% prefera ess than % he 30
carboxyl oVuaFeRiredgvuoinps sripjivralory splpbent cémivel nitdengdrenizing

agents, in known manner. Sulphur vulcanization requires that

there be some unsaturated carbon-carbon double bonds in the

15 polymer, to serve as reactions sites for addition of sulphur
atoms to serve as crosslinks. If the polymer is to be sulphur-
vulcanized, therefore, the degree of hydrogenation is
controlled to obtain a product having a desired number of
residual double bonds. For many purposes a degree of

20 hydrogenation that results in about 3 or 4% residual double
bonds (RDB), based on the number of double bonds initially
present, is suitable. As stated above, the process of the

invention permits close control of the degree of hydrogenation.

The HXNBR can be crosslinked with peroxide

25 cresslinking agents, again in known manner. Peroxide
crosslinking does not require the presence of double bonds in
the polymer, and results in carbon-containing crosslinks rather
than sulphur-containing crosslinks. As peroxide crosslinking
agents thexe are mentiocned dicumyl peroxide, di-t-butyl

30 peroxide, benzoyl peroxide, 2,5-dimethyl-2,5-di (t-butylperoxy) -
hexyne-3 and 2,5-dimethyl-2,5-di(benzoylperoxy)hexane and the

like. They are suitably used in amounts of about 0.2 to 20

9
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reduction. 8 SUBSTI TUTE SHEET (RULE 26) 1 3 SEP 2004 WO 01/ 77185
PCT/ CA0O1/ 00485 To extract the polymer fromthe hydrogenati on mi xtluy 8EP 106k
m xture can be worked up by any suitable method. One nethod is to distil

of f the solﬁ%ﬂ& other method is to inject steam foIIo drying the
pol ynmer . mﬂr?ét hod 5 is to add al cohol, which causes H’g“%ﬁ #er to

coagul at e. Pmscéibfawggh@anpﬁefﬁéebi/mZéd:dayﬂ-orrmxsisob}'ameeghn, peruhﬁothat
absor bs rhg__ L4 %si_gg%%gfl bed in US Patent No 4,985,540, the disclosure of
whi ch is incor porate erein by reference. 10 The hydrogenat ed

carboxyl ated nitrile rubber (HXNBR) of the invention can be crossli nked
Thus, it can be vul Chei EEUBRSCag slsphibe crosslliphed- edat ahei sgriokghni zi ng
agents, in known manner . Sul ghur vgl canj zati.on regw res_that there be sone

unsat ur at e§*C5PFon é'aF‘SB‘HSdS bf ™ok ‘?Ftt HO™ 5 SSEPGABLLY: 8 BeFaE L%

reactions iHa@s ikOkcaddhal i 9NHehing Ut OB rbALAMERpEEEKE LS QR O8sLERKS. |f
the polyner is to be sul phur- vul canized, therefore, the degree of

hydr ogenat PodYmer eHatrsl| edhi® WdY dv @Tfﬁfoé-l%t eHavPAg  awdbbi E&EC nunber of

resi dual %%ln e sBaRds -5 QL ,BYY B@ﬁ 0 on, .t hat
results in a outS 3 orcéam)r‘élm %)Héﬁ e onds ?&%B)CQQB gg g‘ﬁg%éé %J&nber
of doubl e ladrs@sblenr:toabﬂynkpdeb:enns;am% cluiamlpes., Aspstatedlyalbzeingde

process of the invention Eermts cl ose control of the degree of
hydr ogenat t9RE FRECHXKBRIC5RE e BEreest i FHRRP -wi f‘“ﬁnﬁéPBxFaemaéS ef &P nki ng

agent s,1oag@myuangagmlﬂaanegucﬁ’eém 2 et4A%3k! BELAGndOes BOL S Le the
presence of doubl'e bonds in the polyner, and results in'cafbon-containing
crossl i nks diarmhoe., and 1,4-butylene dlamlne, and also 1,2-propylene

diamine.

The HXNBR of the inventioned can be compounded with
any of the usual compounding agents, for example fillers such

15 as carbon black or gilica, heat stabilisers, antioxidants,
activators such as zinc oxide or zinc peroxide, curing agents
co-agents, processing oils and extenders. Such compounds and

co-agents are known to persons skilled in the art.

The hydrogenated carboxylated nitrile rubbers of the

20 invention display excellent adhesive properties and,
especially, excellenﬁ hot tear strength that is much better
than that of non-carboxylated nitrile rubber. The rubbers of
the invention also display better heat ageing resistance and
better low temperature flexibility than non-hydrogenated

25 carboxylated nitrile rubber. They also display excellent
abrasion resistance, and good adhesion at both low and high
temperature. These properties render them valuable for many
specialised applications, but particular mention is made of use
as seals in situations where severe stress is encountered, high

30 stiffness automative belts, roll covers, and hoses.

The HXNBR of the invention displays good adhesion to

materials, including fabrics, woven and non-woven, metals and

10
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* than sul phur-containing crosslinks. As peroxide crosslinking agent1s tsggmb
are nentioned di cunyl peroxide, di-t-butyl 30 peroxide, benzoyl pero§<i ;
'2,5-di met hyl -2, 5-di (t-butyl peroxy)- hexyne-3 and _

2, 5- di met hyWO21/3718% (benzoyl per oxy) hexane and the |ike. Theyr/ei@nedgst ably

used in a : U T RULE_.26) SEP

2004 O og?%t“’ig%eépt?‘? Ahes ?%%%%%1%8%%‘-‘? ﬁﬁ%%ﬁ?ﬁ% F abl $9 parts

by wei ght, wpét adBerpatre sfabriabher netheatXKBRezan Ed::sOe:bmpllrelosfs:ldd]kedl vi a

t he car boxyl roups. by ans_of a multivalent iop, especially a neta

ion, 5 tha OFEg%bﬁﬁ%%m ysgjgﬁ'natcf SRS %Qp_ﬁﬁﬁs g%rt%%amlfef erent  pol ymer

chai ns. Thpslyanides dofelyéHieaxXam1§01wt AsZEH6h a@%ﬂﬁ?léﬁ@ Ghm or
i'nke

alum num salts. The carboxyl groups can also be cross by neans of

ani nes, esBECYRT PRY Hr i iely (atdy) acayd onit bl eseardraonyid giidwgrs .Mefti on

| s made of 1w 30s 3l dbenediat nes 13ueh s85e s 2585 WL eDe diaf ney

1, 3-propylene diamne, and 1, 4- buigyl ene diam ne, and al so 1,Z-propyl ene

di am ne. THENBKNBRmIay$epdrvientlisoigdgoad béhenigountsd thid fsubamflaﬁfaktbe
carbon bl ack or

| j ts,. f le fillers such 15 as
i1 rca, nodiigh ol e s R RRL balo? BHGRe Sudh S 5TV de o

zi nc per oxédepr Catnd) Garaderd aalle- Fgafltse P OBRISR N Alsr Ak doanders.
Such conpounds and . co-agents are known to _persons skilled in th_e art. The
hydr ogeRat %@l“%%ﬂr%f;ﬁ d?@cg}“rﬁlﬂﬁq &ty GHEYRECRT LeTRET ST Gy atheX®RSdi spl ay

[ | iilqh 1 EAd | t .ealstrength
excel | ent ﬁﬁ&g@gé&eaw@wﬂfﬁ% BoeeSRARBR) | 4ng f&&%dﬁla[éé% n%%né 9

that is nmuc etter than that of non-carboxyla nitrile rubber. The
rybbers ofrulphgr | KNER) dretdl 6 silspl agoderdhes huatataguiony teewiestante and

but less good adhesion at elevated temperature. These
properties render the HXNBR particularly valuable in

15 applications, for example belts, where a polymer coating
material is affixed as an impregnant and cover of fabric
material, especially for any application where the belt may

encounter heat.

Hydrogenated nitrile rubber are used in many

20 specialised applications where difficult conditions are
encountered. Hydrogenated carboxylated nitrile rubbers of this
invention have physical properties that are superior in some
respects to those of commercially available hydrogenated
nitrile rubbers and hence are uséful in many applications where

25 hydrogenated nitrile rubbers are of proven utility. Mention is
made of seals, especially in automotive systems and heavy
equipment and any other environment in which there may be
encountered high or low temperatures, oil and grease. Examples
include wheel bearing seals, shock abscrber seals, camshaft

30 seals, power steering assembly seals, O-rings, water pump
seals, gearbox shaft seals, and air conditioning system seals.
Mention is made of oil well specialties such as packers, drill-
pipe protectors and rubber stators in down-hole applications.

Various belts, hoses and mountings provide demanding
11
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better |ow tenperature flexibility than non-hydrogenated 25 carboxyl at ed
nitrile rubber. They al so display excellent abrasion resistance, %qgﬁqmgd
adhesion at both low and high tenperature. These properties rend%r

val uabl e f owomwanyss speci al i sed applications, but particul apcfRRbREksi S made
of use as_seals in situations where sever S i.s,encount ered, ‘high™30
oti T1ness. SHYSFAPVACEerEe. OFS Freterre sia PROBRS T B  AxkBReE Lo

i nvention deapkayst geattadbesion dpl imitdiondl Sn kAl Behag i8R L§Shodaven
and non-woven, netals and 10 SUBSII TUTE SHEET (RULE_26) 1 3 SEP 2004 WO
01/ 77185 Pesmepsilodusye Behksi @il wgrd@rabogesl apeily's Vwbehtpol bereonads.
The HXNBR .,y4 e ri h ~fl.be {0 wood,
cotton, he‘r'rrp}i\l,ﬂ:éii:Iﬂ%{;I ?%n%%%ﬁ%t igcé?‘fgbea!r}g % ggogbén%?gléo%g%g e%r?g

pol yest &r sdepbtye) ebvesi soehcass pold gdwelre s€ eamdngShpekgpr oPke embgh pol y

(rneth)acrylonitriles and aramd fibers. It wlLl adhere well to gl ass
fibers and%cs> %%a Sc%?%sblgﬁeabw diEpeEEFaPt | gl%{*@% §eﬂgﬁﬁs atthedtwhen
the substrfibe highvidednéds i SorPRigmd caltienkeans pPekaingtaHBs; fetal-

particul ar surprisjng and val uable feature of HXNBR is that the good 10

|
adhesi on igzﬁ]éi”ﬁ? af Pt at PRPE AR HeWp &Pat §r ePTIREABESTORY 81 oRfeRRiiameY
nitrile rubBRkch&NBR) £&Rd &&hd B égeg&i:iiet bbb s, M UBRET o6 XHIBR) - Dot ), di spl ay

good adhesion at roomtenperature but |ess good adhesion at el evated
t enper aPur EesTHearc o raperedted adrmpdion e MENBRspaft HENRArfendetsial e in 15

applicatio gm_pp: bel t r p oat i terial_ is
af fi xed as&g%]t%}grr{ﬁ gfg(;nan g%nl c]:(.j'sjevael)r’m’l %Fggr |gc%¥ggn%?§r?£’al ?ggg}ggc %Itﬁ?cfk&d any
appl i cati ovehbeles theclveds bEdldcerocuaher obkat. 1ilyde ogeans edf nedxtd e rubber

are used iQOQ?Q equipment, military tanks, and the like.
The material to which the polymer of the invention is

15 to adhere may be subjected to treatment to enhance bonding
before being contacted with the polymer. For instance, cotton
rayon or nylon may be dipped in a mixture that is composed of
an aqueous soluticn of an initial condensate of resorcinal and
formaldehyde (feferred to as RF) and a rubber latex, this

20 mixture being referred to as RFL. The rubber latex is not
particularly limited but may be an acryvlonitrile/butadiene
copolymer latex, and acrylonitrile/butadiene/methacrylic acid
copolymer latex, an écrylonitrile/butadiene/acrylic acid
copolymer latex or an acrylonitrile/butadiene/vinylpyridine

25 copolymer latex. The HXNBR rubber of this invention can be

used in a latex to serve as the rubber latex for this purpose.

Polyester and aromatic polyamide fibers may be
treated with a dip containing an isocyanate, ethylenethiourea
or epoxy, heat-treated, and then subjected to treatment with

30 RFL.

As indicated above, the HXNBR rubber can be used in
the form of a latex. Formation of a latex can be carried out

by milling the HXNBR rubber in the presence of water containing

12
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© 20 specialised applications where difficult conditions are encountereg.
Hydr ogenat ed car boxyl ated nitrile rubbers of this invention have ph§§ﬁ a0k
‘properties that are superior in sone respects to those of comrercially
avai | abl e hydnegresated nitrile rubbers and hence are usefgiyéLy ABRY
appl i cations_where g5 h¥d{og nat ed ni, rike rubbers_are of proven utility.
Mention i s®PRAGETOF-Seql's s AN FPEUEEABETSR L958%RmsS SRFMsavy

equi pnent 80t abYe O&RET s EAVEF OERNEH1R wh'kgbséhﬁﬁ@lﬁ@é/ DRinEERURLeradshi gh
or low tenperatures, oil and grease. Exanples include wheel bearing seals,
shock absofBER 38af3tty¥AghAficarsn desl s, Spohen ar@apdtrReabyemalyssefl s,

O-rings, “@EEEyRgﬁ??%ﬁe?%é%%gﬁﬁ%?%él%g?f Fﬁg%l§nd fjéufﬁggyéid%qing

system seal s. ol Im we eCi al iT€s such as packers,
drill- pipeaptstandorse ahitke ublidreasteatal §si ardomenhibbeedpl ivedt iodns.

Vari ous bel tsmgggse@aand untli n%%s rO\(/:i?de,de di ng 11 SUBSTI TUTE SHEET
(RULE 26) %3 - 20082 /S MABCYE CAB 17 B rBhARFESISnd t he

properti esselvelBRoST i hdmi-ivaRt hah hNIEHahic Ssbiabie fMerdRBkEGatsoONS
in air conditioning hoses, canshaft drive belts, oil-cooler hoses, poly-V
bel ts, tor&PBn¥Rteyi pr@atiom dlinpédei s vBbet semabs e | ovlBhe crgidicensi oni ng

5 devi ces, s8YfEht OV CaRSH AN RREErSheehi ngmgﬁég% | J&&)i[gzg? tﬁ@o%gam@d

hi gh abrasi on resistance of HXNBR renders It us gh-"hardness rol |
appl i cafi ohaten; fOrodminy sadeentst shatwoakibg wadd singlaplkr thedgstvgntsl | s,
printing r , ne for loonms and textile rolls. The good
abr asi on 185%23?%% Zér%glg%n% fgog'gg: aedﬁgéfgﬁe?%tﬁ%? A D EXNBR renders it
suitable for use in bearing pads attached to tracks of tracked vehicles
such as bul | dozers dFite cirhemtiangési fenshef Ehnidtramd ng etel PoRbbwing

mlitary tggggplégugﬁémiﬁléﬁ% accompanying drawings. Of the drawings:

Figure 1 is a graph showing the infrared spectrum of

15 the polymer prior tc and subseguent to hydrogenation; and

Figure 2 is a graph showing the degree of
hydrogenation achieved with different amounts of ligand co-

catalyst;

Figure 3 is a graph showing the degree of
20 Thydrogenation of a polymer with time using various different

amounts of catalyst loading;

Figure 4 is a bar chart showing die B tear strength

of HNBR, XNBR and HXNBR compounds at different temperatures;

Figure 5 is a bar chart showing die C tear strength

25 of HNBR, XNBR and HXNBR compounds at different temperatures;

Figure 6 is a bar chart showing the adhesion to nylen

of HNBR, XNBR and HXNBR compounds at room temperature and at

125°C;

Figure 7 is a bar chart showing results cbtained with

30 HNBR, XNBR and HXNBR in the Pico abrasion test; and
123
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The material to which the polyner of the invention is 15 to adher :ﬂgg @m
subjected to treatnent to enhance bondi ng before being contacted w't %
pol ymer. For instance, cotton rayon or nylon nay be dipped in a m xture
that is co an aqueous solution of an initial cond ate of
resor ci nal rw g?ﬁ or mal dehyde (referred to as RF) and a r ubly ‘2?81“9{083@5 this
20 mixture belng ref@%@@%ﬁtﬁ)xﬁsa%gxaphh@frﬁbbeﬁgﬁatexsnéenomduxuﬁtE(nn arly

limted buf [ u coRakyer | at ex, and
acrylonltrlFQE%u §§£M%%g%%§F#§#§c&§% copglynerkratex an
acrylonltrlIe/butadlene/acryllc acid copolyner latex or an

acryl onitrgkgé ael| K vatoivar difneN@® copol yner | atex. The HXNBR rubber
of this invention can be used in alatex to serve as the rubber latex for
this purpoggﬁmﬁgﬁyﬁster and aromatic polyam de fibers may be treated with
a dip cont | socyanat e, ethyl enethiourea or epoxy, heat-treated,
and then subjected to treatnent with 30 RFL. As indicated above, the HXNBR
rubber Ban be used imn 4 hea¥ antpeafim@ntavexh EOGEB;_E)bDﬁn@:I’ Poddil exe4CaN JFe
carried out b t he HXNBR rubber in e, presence of water

cont ai ni ng®18° %ﬁkﬁﬁ?qggémﬁﬂﬁﬁ*ﬁﬁﬁﬁLECZ€Tafrga hba-Wradieness

PCT/ CAO1/ 0P48501 pidF Ofbrh8d B &1 | Sighi 8k Swdibht bheaéegibiad-{ At exy s forned.
Suitable enulsifiers for this purpose’incliude amino emuisifiers such as
fatty aci dusthpsrylie. gcsbdidih andagokassi MM satf 3007C= ﬁuﬂmmynaelds7 rosin

acid salts kyl . ar |, sylfonic acid 5 .salts_and the |i eate salts
are nentloﬁ%ﬂm%%c%££ﬂ% %&?ﬁb BEY6bLr 1Rtex’ sy Bk § %ﬁﬂ Asin an
organi €0 Seh¥eibiroduddy athictaine va GA1aBn0bgARI Bi Sl e suMhaeradded to

the water, to forman oil-in-water enul sion. The organic
'The reactor was degassed 3 times with pure Hp {100-200 psi)

runder full agitation. The temperature of the reactor was
raised to 130°C and a scolution of 0.139g (0.076 phr) of tris-
(triphenylphosphine) -rhodium- (I} chloride catalyst and 2.32g of

15 co-catalyst triphenylphosphine (TPP) in 60 ml of
monochlorobenzene having an oxygen content less than 5 ppm was
then charged to the reactor under hydrogen. The temperature
was raised to 138°C and the pressure of the reactor was set at
1200 psi (83 atm}. The reaction temperature and hydrogen

20 pressures of the reactor were maintained constant throughout
the whole reaction. The degree of hydrogenation was monitored
by sampling after a certain reaction time followed by Fourier
Transfer Infra Red Spectroscopy (FTIR} analysis of the sample.
Reaction was carried out for 140 min at 138°C under a hydrogen

25 pressure of B3 atmospheres. Thereafter the chlorobenzene was
removed by the injection of steam and the polymer was dried in
an oven at 80°C. The degree of hydrogenation was $5% (as
determined by infrared spectroscopy and 1H-NMR). The FTIR
result (Figure i) showed that the nitrile groups and the

30 carboxylic acid groups of the polymer remained intact after the

hydrogenation, indicating the hydrogenation is selective

towards the C=C bonds only.
i4
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“solvent is then renmoved fromthe enulsion to yield the required 10 | at ex
Organi c solvents that can be used include the solvents that can bel ﬁ|§582[]ﬂl.
for the hydrogenation reaction. The invention is further illustrated in the
" foll ow ng “waanplies and in the acconpanying drawi ngs. O tﬂmmjarm@mgs

Figure 1 is a graph oMM frare e u 1 r prior
to and subsequent toﬁgy%grrgg%%gfléﬁ tglndglg?gu?é£2g%zgéon csaﬂﬂ shovl\%% t he
degree of bb;ldsogesnaalmstadnr@ﬂeitemﬁ Idléabbeaeeﬁ afmmtlsydzfogergaa:ridunco-

cat al yst; ure 3 oW n he degr o] dr.o enatl on of a
pol yrr)ér Wi Fﬂ F?’ﬁjéeﬁél g“ga&? l@ﬁgﬁt&npf ﬁgrﬁﬁﬁ‘t@{ %%&y : Br&ds -0adiPfg;
Figure 4 igeakbatoshand showing JiwpB tear fé&reﬁgt&rmnﬁN%%ouﬁ\l%B and

HXNBR conpounds at different tenperatures; Figure 5 is bar chart show ng
die C tBar C3rPeNyt hITPED GreNNER, LXINBRa&AHIHKNBR *élwrﬁ)m bgerdirfcf er ent

t enper at ur o] g o nylon

HNBR, XNBRggﬁﬁg%§ Ig%arir‘%%%lncgg % %?og%itge%gr%%urefg o‘ﬁ?%élzm Fi gure 7
is a bar chart showing results obtained with 30 HNBR, XNBR and HXNBR i n

the Pico abr asi on tebte weRhlE3 BUBSTIrPUEEa BHERET {RukEha6)wik!3 r8ER12604 WO

01/ 77185. 4 ure 8 1i.s [ f storage tensile nodulus E
versus te E?Qt xam0g$8%N ‘"g a&ﬁ&‘*éx%%%@%@‘?e’zt E%gcg'f—!ydrogenati on of
XNDR EXAMPLE 1 5 In a |l ab experl ment with a 6% polynmer load, 184 g of a
statisticaExmaphaczylic acid-acrylonitrile-butadiene

10 Using Krynac X 7.40 as polymer and a catalyst
concentration of 0.076% based on terpolymer weight in the
polymer solution, hydrogenation reactions were carried out as
in Example 1, in the presence of different quantities of co-
catalyst triphenylphosphine (TPP): i.e. 0-4% by weight, based

15 on solid rubber, or co-catalyst/catalyst ratio of 0-53. Figure
2 and Table 1 below chows the results of the hydrogenation. It
is evident that the presence of a co-catalyst assists markedly
in hydrogenation of the polymer. Those runs with no co-
catalyst are comparative and not in accordance with the process

20 aspect of the invention.

15
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terpol ymer containing 28% by wei ght of acrylonitrile,
M. 1-i-4/100C=40(Krynac X 7.40,
in 2.7 kg of chlorobenzene 10 was introduced into a 2 US gallon
The reactor was degassed 3 ti
agitation. The tenperature of FRYCARLYY was
Sanld Hydrsiageiadh onf of . X§BF (0. 0Y6a@hi) with Miisiferent Ratios
t and 2.329 of 15

" monochl or obenzene havi ng
then charged to the reactor under
was rai sed tTabla8C and the pressure of the
(83 atm. The reaction tenperature and

65% but adi ene,

Sayer),

Parr high-p sreactor.
H2( 100- 200 bhH

raised to
(triphenyl

an oxygen
hydr ogen.

1

R

cont ent

The tenperature
1200 psi

reactor was set at

0L

under f ul

sphi e+
co-cat al yst tripHenyl
| ess than 5 ppm was
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| e 6.9

180

B7.9

12.1

240

B8.6

11.4

Cat:

0.07¢6 phr,

TPP:Cat.=16.7:1

6% polymer,

Cat: 0.076

phr,

TPP:Cat.=16.7:1

6% Polymer,

0

0

100

0

100

60

B7.4

12.6

60

B1.7

18.3

120

24.6

5.4

120

82.9

7.1

140

¢5.9

4.1

140

95

Cat:

0.076 phr,
| TPP:Cat.=53:1

6% polymer,

Cat: 0.076

phr,

TPP/Cat .=53:1

6% Polymer,

Time (MIN)

% hyd

o\?

Time (MIN)

% hyd

%

0

100

0

100

30

71.4

28.

30

€8.

31.

60

83.9

1ls6.

60

86,

13.

120

94

120

93.

180

96.7

180

56.

2490

97.8

Nl W] ] ] &

240

W o o B v o

97.

300

BT oI &1 M |

*parts per 100 parts of rubber

16

SUBSTITUTE SHEET (RULE 26)



" bonds has al nost conpl etely di sappeared after hydrogenati on, consHétﬁp
with there being 5% of residual double bonds. The peaks for the nitr e?ﬂﬂﬂ
‘groups and for the carbonyl group of the 5 carboxyl group remain,

i ndi cati ng WR&17Hkere has been no detectabl e reduction of murgAolesand
carboxyl ofQuRsrg 1€ result of hydrogenation, together with results from
Exanple 2, are summari zed in Table 1 bel ow. EXAMPLE 2 10 Using Krynac X
7.40 as polyner and a catal yst concentration of 0.076% based on terpol ynmer
wei ght in the pol yngerigodntnearhacrydicgenaylom tredcs imrsdiesre carri ed out

as in Exapple. 1. in resence of different quantities of co- catalyst
tri phenyl pﬁgoggm%ri Tg{;%e:epql'd; r%—ﬁ%bcgy ﬁéfg’ﬁ‘f‘facg’aes'&f 115 EFPgerabser, or
co- cat al ysihcatedyddnd@twix0ftHe BocERUYE €of Zoadih1kabl e phibgliey shows the
results_of .the hydrogenation. It is evident that the presence of a

co- cat aPystr5EET s FRAKSRYESs oF kirer 6aBALYForPOEREMPYso lymeFheTHes e TINS
W th no coggalh@dMsde 8 SOMRA;ALLKE .8 ol r i tht process
20 aspect of RPN er 3 AP TRAG e Oy T%T%Qsﬂ@%%%g%)% ¥' daL58 PL

01/ 77185 PUR G008 thatsiee ekply dmegenat o g ioferXNBRTeR1@Y2aahd) with

D fferent f., Tr] |_phosphine (TPP)to Catal yst. Table 1 Cat:

0. 076 phr*%ﬁ%ﬁ@%ﬁd @g{%& 376 phr, 6% Pol yner,

TPP: Cat . =0: | TPP: Cat . =4: 1 Ti me(M N) % hyd% RDBTi me(M N) % hyd% RDB 0010000100
3038. 261. 83064. 135. 9

17
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6042. 657. 46078. 421. 6 12043. 656. 412086. 513. 5 18043. 156. 918087. 912. 1
24088.611.4 Cat: 0.076 phr, 6% polymer, Cat: 0.076 phr, 6% Polymer] 3 SEP 2004
TPP: Cat . =16. 7: 1TPP: Cat . =16. 7: 1 0010000100 6087. 412. 66081. 718. 3
12094.65.41ggga”2551 14095. 94. 1140955 Cat: 0.076 phr, 6% polymer

Cat:.0.076 phr 8% Pol yner, TPP: Cat.=53: 1TPP/ Cat.=53: 1 Ti nBLMRP¥HTuos
RDBTi me( M Kpbd By 305 ROB-9EN80001 00F J0ER 478, 63068. 631. 4 6083. 916. 16086. 213. 8
12094612093. 86. 2 18096: 73. 318096. 63. 4 24097. 82. 224097. 32. 7 300982 *parts
per 100 parts of rubber 5 16 SUBSTI TUT%}%E?‘T (RULE 26) 1 3 SEP 2004 WO
01/ 77185 PCT/ CAOL100485 EXAMPLE 3 Further

met hacrylic-acrylanitril e-butadiene copolyners (7% acid, 28% ACN, 65%

but adi ene) owes ewhy drRipgehas egolymemccor dance. 06 hvitherlpr aced wed yaferizxanpl €
1, but W1Q‘PP:cat.=16.7:1 TPP:cat.=16.7:1
Time (min) | % Hyd % RDRB Time (min) | % Hyd % RDB
o 0 100 0 0 100
60 84.4 15.86 60 92.4 7.6
80 B7.4 iz2.6 80 95.5 4.5
120 90 10 120 97.2 2.8
180 82.3 7.7 180 8.7 1.3
2440 83.1 6.9 240 88.3 0.7 !
300 99.7 0.3
0.06 wt®% Rh, 12% polymer, 0.076 wt% Rh, 12% polymer,
TPP:cat.=16.7:1 TPP:cat.=16.7:1
Time (min) [ % Hyd % RDB Time (min) | % Hyd % RDB
4] Q 100 {run 1
&0 82.9 17.1 0 0 100
80 87.5 12.5 60 81.7 18.3
120 90.8 9.4 120 82.9 7.1
180 _ 93 7 140 85 5
240 94 6
run 2 )
0 0 160
60 87.4 12.6
120 84.6 5.4
140 95.95 4.1J
EXAMPLE 4
5 Following the procedure of Example 1, terpolymers of

methacrylic acid-butadiene-nitrile with 3% acid and 3.5% acid
monomer were subjected to hydrogenation. Details and results
are given in Table 3. It can be seen that with z 12% solution

18
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"5 different quantities of the catalyst of Exanple 1. The degrees of
hydrogenation achieved were in the range of 93 to 99.5% The resulgﬁ Sﬁ'mm

‘these experinents are given in Table 2 and graphically in Figure 3. _

- SUBSTI TUTE vé&bleEA714RULE 26) 1 3 SEP 2004 WO 01! 77185 Tabl ep%ﬁém'i@&ﬁ ation

of XNBR (7% aci). Tabl / CAQ1L/ 00485 0. 06wt % Rh, 12% pol ymer, 0. 096
wt % Rh, (1292% 3%?%??’ ; cé;t%%:rléj%:cf 2 ?fégt and o9~ AR s Y r i Garsh Hj aoe
RDBTi me ( nia 26 Hyfi%6R0RE 001 0000100 2608454157 66092, #7. £ 8087, A12.63098,54. 5
120901012097. 22. 8 18092. 37. 718098. 71. 3 24093.16.924099.30.%130 99.70.3 0:06
W % Rh, 129BDASHETVCD. B 6 SRVRRN 220pdFyner

TPP: cat.=16. 7: 1TPP: cat.=16. 7: 1 Ti nme(m n) Hyd% RDETi ne(m n) % Hyd% RDB

00100r un 1748062. D1 FABUINL £A%h 51213608207 1nsk 12090 69 ALk2Q92 97415

180937140955 240946
5 and 3.5% acid)

Table 3

A 12% polymer, 0.076 phr cat. |a 6% polymer, 0.05phr cat.

Time (min) | % hyd % RDB Time (min) | % hyd % RDB
0 0 100 0 0 100
30 83.5 16.5 34 69.9 30.1
]‘ 60 94.4 5.6 60 81.6 18.4
120 98.5 1.1 80 88.5 11.1
.180 89.5 0.5 120 82.4 7.6
135 94 &
150 85.1 4.8
B 12% polymer, 0.076 phr cat. |B 6% polymer, 0.0Sphr cat.

Time (min) | % hyd % RDB Time (min) | % hyd % RDB
0 0 100 0 G 100
30 82.7 17.3 35 67.6 32.4
66 85.4 4.6 60 82.8 17.2
120 5%8.6 0.4 S0 8e2.89 10.1
) 120 94.2 5.8
140 85.1 4.9

EXAMPLE 5

Following the procedure of Example 1, hydrogenations
10 of terpolymers of fumaric acid-butadiene-acrylonitrile (<1%
acid) were carried out. Without the use of a co-catalyst, B6%
hydrogenation was achieved in 4 hours. When a
'co—catalyst:catalyst ratio of 4:1 was used, 99% hydrogenation

was achieved in 3 hours. The results are presented in Table 4. .

15
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run 2 00100 6087.412.6 12094.65.4 14095.94.1 EXAMPLE 4 5 Fol | owi ng ﬁ%e P 2004
procedure of Exanple 1, terpolynexs of nethacrylic acid- butadiene -nﬁ
rile with 3% acid and 3.5% acid nononer were subjected to hydrogenation.

Details an are given in Table 3. It can be seen with a 12%
ol uti on- 18" SRS UE SHeET (RULE 26) 1 3 SEP 2004 w0 07 HEaliiks

PCT/ CA01/ 082B5eof - pBY §regenat oy ¢hfwiardst dojisBatadéeneaNatysiel i gand, In

a ratio of.cat 9zC I of .o I% 9+% hydr ogenati on was
achi eved i ne%gsg&%ﬁﬁgnt(g'ﬁour@?% € 36.‘2 gp%”&é:ﬁat ion results for XNBR A
and B 32% ACN and 3 5 and 3.5% acid) Table 3 } A 12% pol yner, 0.076 phr

cat. A 6% pol yner, 0.05phr cat. Ti me(m A3Bbéy4% RDBTi me(m n) % hyd% RDB
0010000100 3083.516.53469.930.1 6094. 45. 66081. 618. 4 12098. 91.19088. 911.1

18099. 50. 512692 B—129% e 0 O76-nhy ot G0/

DLZVUJIJZ. ’-/'II-_7_6 %SES%QPSSG-%% 4I4 9 270 ﬁGI yeT 0 jr \.}ifl Tﬁﬁ CUH.—JI% O~ 70
pol ymer, 0.05phr cat. 2P
Time (min}

0

$hyd

%RDB

Time (min)

%hyd

%RDB

100.

0

100

30
60
120
180

30 60. 40.
71.
B2.

84.

72. 27.8
8.1

1.5

€0
120

28. 90.

94,

18.

m) U] w|l | o

180 15. 9s. 0.5

240

Q| | o »mp o o
ol | o] ;| o] o

86. 14,

Physical Properties of HYNBER

5 ' The properties of the HXNBR of the invention were
investigated in the following examples. All non-polymer raw
materials used in the examples are commercially available.
Preparative Examples 1 to 5 above were carried out in the
laboratory. The process was then transferred to a pilot plant.
10 The HXNBR that was subjected to testing for physical properties
was made in the pilot plant but generally in accordance with
,
the

the conditicons used in the laboratory. In particular,

amount of catalyst used was 0.076 phr, the weight ratioc of
triphenylphosphine co-catalyst to rhodium-containing catalyst

15 was 16.7:1, the XNBR subjected to hydrogenation was Krynac X

7.40 the solvent was monochlorcbenzene and the solution was

either 6% cor 12% strength.

The HXNBR had a Mooney of 114 (ML 1+4 100°C). The

commercially available XNBR was Krynac X 7.40. Also used for
20 comparison purposes was a hydrogenated nitrile rubber (HNBR)
commercially available from Bayer under the trade-mark Therban

C 3446, composed of 34% acrylontrile, 66% butadiene,

20
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“Time (mn)% hyd% RDBTi ne (m n)% hyd% RDB 0010000100 3082. 717. 33567i\1|?{é ﬁLZUUA
6695. 44. 66082. 817. 2 12099. 60. 49089. 910. 1 12094. 25.8 14095.14.9 EXA EE
Fol l owi ng the procedure of Exanple 1, hydrogenations 10 of terpolynmers of

fumari c aciwle bytagd ene-acrylonitrile (.1% acid) were carri / t hout
the use of _a.co-catalyst, 86% hydrogenation_was achieved ]if‘c;h%fou%ﬁs. When

a co-cat alySFCgRtArSet T ATF 0 -8 T FaSTURBB; 9TUEHYRR 0YeHthS s s

achi eved i 3o3,RQUEE. 5dh W 4§, 3¢ presented in Table 4. 19 SUBSTI TUTE
SHEET (RULESSRTY 198 Sr M WO 1T 7185, PCT/ CAOL/ 00485  Tabl o 4

Hydr ogenati on. of Fumaric Acid-Butadiene-Ntrile Terpolymer (0.076 phr
Cat., 6% Piiyneg)Piedtdures TPPO.3 phr TPP
Ti me(m n) %yd%RDBTi me( m n).%yd%RDB 00. 0100. 000100 3060. 040. 03072. 127.9

6071. 528. 56090. 99. 1 . 98. 91 8084.615,418099. 50. 5 24086.014. 0
Physi cal Properties %@WS%@% Slngpé'ﬁ%%egor&?o%%s PRGNSR HEEhé ™ Rvent i on
were i Bvesté ghteel imoddle HRld2qwiragrex aBphBSry Ahdx O NatD Y MRjin .M aWor
 better mixing, an 80% fill factor was used when sizing the
batch. The polymer was added first with carbon black filler
and mixed for about 1 minute followed by the addition of all
other dry fillers, stearic acid, non zinc containing
10 antioxidants and plasticizer. The batch was dumped at a mixing
i time of 6 minutes and the dump temperatures were recorded. In
general the dump temperature for HXNBR based cbmpounds ranged
between 140 - 155°C. For the other two polymer-based compounds,
the dump temperature was below 140°C. Standard laboratory mill
15 mixing procedures were used to incorporate the curatives and

zinc containing ingredients in a separate mixing step.

BEXAMPLE 6

In this example the compounds were subjected to

peroxide curing. The formulations of the HXNBR, HNBR and XNBER

20 compounds are given in Table 5.

21
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materials used in the exanples are comercially avail abl e.

Exanples 1 to 5 above were carried out
then transferred to a pilot plant.

testlng

I n accordance W t .
anount of catalyst used was 0.078°pfir>

t he

f orwBiiyshgal

the conditi

ons u

in the

sed |n t he Iaboratory
t he wei ght

rati

Pr epar
| aboratory. The pro
10 The HXNBR t hat was subjected to
properties was nmade in the pil ot pla

It o

ﬂlﬂkm%%&%r al l'y

' parti cul ar,

o of

tri phenyl phosphi ne co-catal yst to rhodi umcontai ning catal yst 15 was

16. 7: 1, [tHe XNBR SuDbj ected to Rydroggfatt ongyaS Krymac X pf. 40 (H§ Sol ent
was nonqchl orobenzene and the gol ufiomn was L.ther 6% or 12% stremgth, The
HXNBR ha@ﬁﬁBﬂﬁbﬁbycﬁf miﬂO(NL 1+4 1@@¢3 TRE | con®®rci al By avaiﬁamle
was Kryirae=—% ?:‘ o—tset—gr—20—corpart+Sai— Pt poses—nas egenated
nitrile ?ﬁﬁﬁgr‘F NE@?T conmercilal |y ayail abl e from Bayer under gﬁe 100
t r ade- mukevier RanagC 3446, conposed Ef 34% decryiemiri T epoG6% but adi ene, | 20
I SUBSTITUTE SHEET (RUE 26) 113 SFP 2004 W0D101177185 PCT/ CAQ / 00485
hydrogehéﬁ@ﬁBﬁH Ebaat63. 5 - 4.9% RO | ThekBAn C-3446¢ has a Nboney of 58 (M
1+4 100( 1 I1 Ll UL,CUUI co T e—' I\"\\*BR llh\ianalld— \I; IBR CU U'UITUD WCT © 111 )\ed
: 5 ’ , ,
ina b5 TAQG?RP grmdel BR 82, {Farrel |Banbury m xer |at SSEFpn1 F%r betHEr
m xi ng, |aNTROXADANE factor was jused when sizilng the| batch. The polymer mas
added f ilst—with carbon-black—fliller and-mxedfortabout 1 mnutae fallowed
by the AG4PETHALEfTATH other dry fiFlers, Stleariccacid, Adn zin® S
cont ai nif paatRraRtkpxbdant s and |pl asti ¢i zer. The bat¢h was dunped qt a
mxing jtine of 6 mnutes and tihe du tenperfaturesiwere rgcordedl] In

STEARIC ACID ACTIVATOR 1 1 1 1 1 1

DIAK #7 CO-AGENT 1.5 1.5 1.5 1.5 1.5 1.5

STRUKTOL ZP 1014 ZINC 7 7 7

PERCXIDE

VULCUP 40KE ORGANIC 7.5 7.5 7.5 7.5 7.5 7.5

PEROXIDE

VULKANOX 2ZMB-2/C5 0.4 0.4 0.4 0.4 0.4 0.4

(ZMMBI) ANTIOXIDANT

ZINC OXIDE (KADOX 520) 3 3 3

ACTIVATOR

Total 169.4| 173.4| 169.4) 173.4) 169.4| 173.4

The tensile strength, elongation at break, and
modulus at different strains for these three compounds were
5 tested at 23, 100,' 125, 150 and 170°C. Table 6 presents the

tensile strength and elongation at break for HNBR, XNBR, and

HXNBR compounds using ZnQ activator. It is evident that the

HXNBR based compound shows a physical property profile very

different from those of XNBR and HNBR.

0 When the samples were tested at room temperature,

both XNBR and HXNBR showed a higher medulus and higher tensile

strength than those of HNER.

However, HXNBER based compound had

22
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- general the dunp tenperature for HXNBR based conpounds ranged bet wegnsp4Qp,
- 155C. For the other two pol yner-based conpounds, the dunp tenperature
was bel ow 140C. Standard |l aboratory mll 15 m xing procedures were used to
i ncor por at avo bg7asy ati ves and zinc containing i ngr edi ent $drica166RaAr at e

m xing ste th| exa le th s _were subjected t

per oxi de C%‘Pﬁ‘?%?*& Eﬁ&aglx}'\%% ‘ErliNB %@I‘@é CSHPeYRBounds
are given ixndRlbgsS c?dmo%aBﬁlTlaTleBEsﬁHEEJ ERVLE=26)t dnsdi 1I9ER ¢ tWOand

01/ 77185 Table 5 PCT/ CA01/ 00485 RunABCDEF CARBON BLACK, N660505050505050
HXNBR (5% WREB) ke, (ol RISAMCTX A T4 $1001 665 FHERBRRIZS TU4500100 NAUGARD 445
111111 ANTI OXI DANT PLASTHALL TOTIM 555555 PLASTICI ZER O L STEARI C ACI D

ACTI VATOR111111 DI AK #7 CO- AGENT1.51.51.51.51.51.5 STRUKTOL ZP 1014 ZI NC
777 PEROXI DE VULCUP 40KE ORGANI C
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7.57.57.57.57.57.5 PEROXI DE VULKANOX ZMB-2/ C5 0. 40. 40. 40. 40. 40. 4 ( AVWVBEP 2004
ANTI OXI DANT ZI NC OXI DE ( KADOX 920) 333 ACTI VATOR

Tot al 169. 4173. 4169. 4173. 4169. 4173. 4 The tensile strength, elongation at
break, and woagdtigs at different strains for these three cpapeonndssgsere 5
tested at 23, _.100,: 125, 15 nd 170C, Table 6 _presents,the _tensile
strength aﬁabé?oﬁgﬁ?mﬂrfétogrﬁ%&s?]]tﬁ' §ﬁ,9t§N§ﬁ,B §§8n9?-&?\%ﬁ %%%%%s usi ng
ZnO activak@guitt is evident that the HXNBR based conpound shows a

physi cal property profile very different fromthose of XNBR and HNBR .0
When the sanples were tested at roomtenperature, both XNBR and HXNBR

showed a hi gher nodul us and hi gher t ensilpie %trength t han those of HNBR
However, HXNBR based conpound had 22 SUBSTI TUTE SHEET (RULE 26) 1 3 SEP

iﬁgé \l;\gsgijcco%oﬂng. " HXNTBR basgd”ggnmg%éﬁgql%gogh?m;gﬁ?@ DLE?‘% el
strength ardsturtiwpatgcelongat)i on at hi gh testing3tlenperat ¥} 23 23
SUBSTI TUTE _SHEET (RULE 26) 1 3 SEP 2004 MD 01/77185 PCT/ CAQ1/D0485 Table 6
Surmary of Haedsi Bhoserkhgihstnd(Bongatifon at Br &3k 84 81
Ultimate Tensile (Mpa) 23.63 25.66 29.3
Ultimate Elongation (%) 223 138 231
Test Temperature (°C) 100 100 100
Hard. Shore A2 Inst. (pts.) 65 74 67
Ultimate Tensile (Mpz) §.47 15.32 17.96
Ultimate Elongation (%) 109 116 329
Test Temperature (°C) 125 125 125
Hard. Shore A2 Inst. (pts.) 65 76 E6
Ultimate Tensile (Mpa) 6.73 11.36 15.32
Ultimate Elongation (%) 95 100 288
Test Temperature (°C) 150 150 150
Hard. Shore A2 Inst. (pts.) 65 66 67
Ultimate Tensile (Mpa) 6.46 10.03 12.21
Ultimate Elongation (%) 87 83 257
Test Temperature (°C) 170 170 170
Hard. Shore A2 Inst. (pts.) €7 72 72
Ultimate Tensile (Mpa) 4.64 7.54 10.51
Ultimate Elongation (%) 71 74 228

5 Hot Tear Strength

Table 7 and Figures 4 and 5 compare the tear strength
of HXNBR with that of XNBR and HNBR at different testing
temperatures. HXNBR shows excellent tear strength at all
temperatures in both die B and die C tear tests. For example,

10 when tested at 100 to 170°C, the die B tear strength of HXNBER
24
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" Results Table 6 Conmpound No. A (HNBR) C ( XNBR) E (HXNBR) Test Tenper at ut & SEP 2004
(C) 232323 Hard. Shore A2 Inst. (pts.)678481 Utimate Tensile

(Mpa) 23. 6325.6629.3 Utimate El ongation (% 223138231 Test Tenperature

(C) 1001001090Ha7thss Shore A2 Inst. (pts.)657467 U timate TepSik£01/00455

(Moa) 8. 4715321 4-96,,UL ] 9= i 0 116 Test Jemmeratur

(C) 125125125 Hard. %h%&%%ﬁﬁs@%fgf@?f&%' UFiETe G AL HE Y Gor
(Mpa) 6. 731 ¥NBE1Bn82HNERI ant eofl yngattilen ra¥y853002862 T ekt /il e (Mefiatdirg

(C) 150150150 r Shor e Inst. (pts.)G56667 Utimte Tensile

(Npay6. 4618763 13038 U1 1 ik eV 05 s (0 C8) 876935 7E 901 TEriRHaR G

(C) 1701701 %oler dhe SBORE £2a} NSHrerdtlrS AkBLhE20H ARt g Tensh |
(Moa)4.647.5410.51 U timte Elongation (% 7174228 5 Hot Tear Strength Table
7 and Filgut&SPgrahers. cohpakers HEneswithsisehyphor ot hEP@IBR mis Hhattafof XNBR
and HNBR a f Lerer st L ng. r , H>(H§ ho excel |.ent ar
strength a?mgﬁ E\‘ét gﬂ %‘%%%%%‘?%%%%‘%sand ?eéj(f }t,%a?eafresﬁts;enﬁ%ﬁ
exanpl e, 1@fiwhba HENBRdbased OonmrulAECs theodinecl hbgliestitengtdhadf offXNBR 24
SUBSTI TUTE SHEET gRULE 26) 1 3 S E P 2004
the XNBR based Compound in the temperature range 23 to 170°C.

Table 7 Tear strength in kN/m of HXNBR, XNBR and HNBR at

10 different temperatures
Table 7
Die B HNER HNBR XNBR XNBR HXNBR HXNBR
+Zn0 +2n02 +ZnQ +Zn02 +Zno +Zn02
23°0 46.85 40.69 50.73 43 .74 85.45 62.18
100°¢C 16.2¢ 15.05% 23.51 21.41 38.7¢ 31.65
125°C 18.08 12.2 20.18 18.3 31.63 25.01
150°C 9.25 17.4% 19.25 18.1 38.56 27.52
i70°C 11.02 10.54 16.43 14.44 30.61 27.34
Die C HNBR HONBR XNBR XNEBR HXNBR HXINER
+Zn0 +Zn02 +Z2n0 +2n02 +2Zn0 +Zn02
3 zaep 32.46 34 .45 23.51 20.42 32.28 28.05
100°C 11.25 11.03 10.77 7.23 21.74 20.37
125°C B.85 7.9 9.18 6.44 19,77 i6.8B6
150°C 4.57 5.5 6.75 5.12 16.22 14.11
170°C 4.23 4,56 6.69 4.62 12.87 13.04
15
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| WO 07/ 77185 PCT/ CA01/ 00485 renmains in the range of 30 to 40 kNNm while
the die Btear for XNBR and HNBR are only in the range of 10-20 kN‘_§? 2004
(Figure 4, and Table 7). In the case of die Ctear test, although IQEFQ

shows the g AR@ strength as that of HNBR at room 5 tenpgr its
tear stren ?ﬁﬁlls two or three tines that of HNBR at higher {(2‘;5#{0%85

t enper at ur88heghen P EXNRRt & (ydimgt Fabgicfhe HXNBR based conpound is al so
much hi gher than that of the XNBR based conpound in the tenperature range
23 to 170C. Table 7 Jigarsshéangtddga iy BeofndMRBR, e HNBR Al (10
different tenperatures Table 7 D e BHNBR HNBR XNBR XN HXNBR HXNBR
+ZnO+ZNn 02 +Zaee e 2ageDiizn he 3. 954056950, 73488 7Ta8bymEs 2s1@vs

15000, 251 7HOVE 9216 45 TeFT B3 FFob Er0bS0° BTE 4 (A0 2 DB e

CHNBR  HhIBRa aiNBES ofNBt HINRR DR 2t 0@t ZnQRe Za@B02r Z00WPRR, XNBR and

10

15

HNBR compounds tc a nylon fabric

(a nylon fabric commonly used

in automotive timing belts) was tested at both 23 and 125 °C.

The results of this test for the three compounds that used ZnO

as activator are presented in Table 8 and Figure 6.

It is evident that the adhesicns of XNBR and HXNBR at

room temperature are better than that of HNBR.

However,

at 125

°C only HXNBR shows an adhesion that is as good as at room

temperature.

Both XNBR and HNBR based compounds showed a

significant decrease in adhesion strength when the testing

temperature changed from 23 to 125°C.

Table 8 Adhesion Test Results at Different Temperatures

Table 8
Compound A (BHNBER) C (XNBR) E {HXNBR)
Cure Time (min) 40 40 40
Cure Temperature (°C) 160 160 1€0
Test Temperature (°C) 23 23 23
Achesion To nylon - nylon nylon
Adhesive Strength (kNm) 2.92 3.62 4,97
Cure Time (min) 40 40 40
Cure Temperature (°C) 160 160 160
Test Temperature (°C) 125 125 125
2Adhesion To nylon nylon nylon
Adhesive Strength (kKNm) 1.15 0.74 4.51
26
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- 23C32.4634. 4523. 5120. 42 1132. 2828. 09 100C11. 2511. 0310. 777. 2321. 74201 37SEP 7004
125C8. 857. 99. 186. 4419. 7716. 86 150C4.575.56. 795. 1216. 2214. 11

170C4. 234. 566. 694. 6212. 9713. 04 15 25 SUBSTI TUTE SHEET (RULE 26) 13 SEP 2004
WD 01/ 77185¥70 oPCHELCA01100485 Adhesi on of HXNBR to Nyl on Rabméfm063ze

special propecty. fRE‘é&@Egjxéei nproved adhesion to fabrics used in the belt
| ndustry. I's pol'ymer shows excellent tear strength at high tenperature

range and a better 5 adhesion at high tenperature. The adhesi on of HXNBR,
XNBR and HNBR conpoiihdsst bnawmytimat fidfer isbreaioynl oasfiabance cofmmidyi lesed

I n autonotive, tim elts) _was tested at both 23 and 125,C.  The results
of this teSEEPEF (HERT b Eo  WRBHIMAY CRarotTEananer T BOREEH T 2FHH GriDe
present ed Kntdabhe Sodpdefri gurieid.e i dtt iisS sevweenh bhad ibeaadhesicyts of
XNBR and HXNBR at roomtenperature are better than that of R However, at
125 C 8nl ySEXNBRIYKBWE) an AdFHeiBh Ratdr BXIBRs aggodNBR aRovy ool t&hper at ur e.
Both XNBR apd.HNBR based: coopounds ShowRtied naskankbl; doghede hdla
adhesi on streﬁg?‘ﬁﬁv\gen tﬁe testing 15 tenpe?aturegcﬁglrlln%%ﬁ rom 333‘-:{5{}0d 125C.
Tabl e 8 Adhemponndess Resubebten thiehf &MNBRt iTieaprraion esedhbtand .CorfidisndA

(HNBR) C ( XNBR) E (?(‘fN Cu | 1.n) 404040 e, Tenperature(C).160160160
Test Terrpeng‘ rg( Qg%% éﬁh%g@ng%'nys Eﬁ§F8S§§FBn€hﬂP§ Poﬂmer )has
very important potential in applications such as rubber rolls

10 and shaft seals.

The superior abrasion resistance of HXNBER is not
observed in the DIN abrasion test as shown in Table 9. This is
' probably due to its rather different abrasion mechanism from

the Pico abrasion test. In this test, both ENBR and HXNBR show

15 better resistance to abrasion than the XNBR based compound.

Table ¢ DIN Abrasion test resulits

Table ©
A B c D E F
HNER HNBR XNBR XANER HXNBR | HXNBR
Cure Time (min) 25 25 25 25 25 25
) Cure Temperature 170 170 170 170 170 170
(°c)

Specific Gravity 1.16 1.165 i.2 1.21 1.165) 1.165
Abrasion Volume 93 104 160 181 92 =1

Loss (mm®)

© 20

Cold Temperature Flexibility

The low temperature flexibility of HXNBR based

compounds is compared with those of ENBR and XNBR based

compound in both Gehman and TR tests.

SUBSTITUTE SHEET (RULE 26)
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The results of these




Adhesi ve Strengt h(kNm 2.923.624.97 Cure Tinme (m n)404040 Cure :
Tenper at ur e() C) 160160160 Test Tenper at ur e(C) 125125125 Adhesi on 13 SEP 2004
Tonyl onnyl onnyl on Adhesi ve Strengt h(kNm 1. 150. 744. 91 26 SUBSTI TUTE SHEET
(RULE 26) 13o9E%12904 WO 01/ 77185 PCT/ CA01/ 00485 Abrasionpdesigilopase It is
known t hat t%e abr asi on resl%sance of nitrite, rubber IS | roved by

i ntroduci neEEFbBYS | FEART HE Y otbsT25 Y550 1oh& oty rrePueTﬁ?s%]é‘T'f%’é? §1Shown

in Pico ab&ﬁswncéﬁﬁéxyﬁlésc@@l&lga Bsl) £hAl 1BQuUEBmBet-At HXBBR] &pth XNBR show
better abrasion resistance than the HNBR based conpound, HXNBR based

conpound i off BXNBRt pelymémn XNBR 58 &ioossia6n thasi of aHEBR, Tﬁﬁ sshewf due

h
potent 1 31 “PREApHR, g aeevah cret e pode aPVEE 15 RsntEnke PR Ren

superi op abfash@qumsmswrm@mﬁs IRBRets emoto oheseved thethleIBIDI N abr asi on
test as shown in Table 9. This is probably due to its rather different
abr asi on nBeHBANBATfrom the Pico abrasion test. In this test, both HNBR
and HXNBR show 15 better resistance to abrasion than the XNBR based

conpound. Fakiée 2o DEdhAbK abbwn dmgsdraese siTahkes9 ABCDEF

HNBRHNBRXNBRXNBRHXNBRHXNBR Cur e Time (m n) 252525252525 Cure Tenperature

170170170170170170 Table 10
Compound No. A B C D B F
HNBR HNER XNBR XNBR HXNBR | HXNBR

Cure Time (min) 20 20 20 20 20 20
Cure Temperature 170 170 i70 170 170 17¢
(°C)

Start Temperature -70 -70 ~-70 -70 -70 -70
{min)

Temperature @ T2 -19 -15 -2 -2 -3 -3
(°C)

Temperature @ TG -24 -25 -11 -9 -15 -15
(°C)

Temperature @ T10 -26 -26 -14 -13 -18 -19
(°C)

Temperature @ T1l00 -30 -31 -24 -25 -28 -28
(°C)

28
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(O Specific Gravityl.161.1651.21. 211. 1651. 165 Abrasi on Vol une 13 SEP 2004
931041601819296 Loss (mmB) Cold Tenperature Flexibility 20 The | ow ‘
‘tenperature flexibility of HXNBR based conpounds is conpared with those of

" HNBR and X conmpound in both Gehman and TR tests. The results of
these 27 S@Wﬁﬁé SHEET (RULE 26) 13 SEP 2004 WO 01/ 77185T5¢818AB L/ 00485

tests are SepharlTcEETRerRMINSs Tebrargien cemPawisdte presence of 7%
carboxylic acid groups, the |low tenperature flexibility of HXNBR pol yner
is not as good as that of HNBR, as shewygdin, both TR and Gehnman testing.
The | ower tenperature properties 5 of the HXNBR conpounds are better to

these of the XNBR _conpounds. Taple 10 Gehnan | ow tenperature stiffness
Tabl e 10 Kompomns 6o Acocr IRERHEROBROSRATERIGR Qird T 7
Tomperat f & 70. 70 70-70. 70-70. (m PN Tonbel atur B2  18EFo- |SOER SRR
Tenper at ur euf@ Thred- @hin)1-9-15-1 20 20 20 20 20 20
Cure Temperature (°C) 170 170 170 170 170 170
Initial Elongation (%) 50% 50% 50% 50% 50% 50%
TR 106 (°C) -22 -22 ~16 -14 -1l4 -14
TR 30 (°C) ~19 -19 ) -8 7 )
! TR 50 (°C) -16 -16 -3 -1 -2 -2
| TR 70 (°C) _ -13 -13 3 5 3 3
Temp Retraction TR10- 9 9 18 19 17 17
TR70
EXAMPLE 7
5 Three peroxide-cured compounds were produced from

HXNBR, a XNBR and a regular HNBR, using the following

formulaticon shown in Table 12:

25

PR SUBSTITUTE SHEET (RULE 26)



(C Tenperature @ T10-26-26-14-13-18-19 (C) Tenperature @
T100- 30- 31- 24-25-28-28 (C) 28 SUBSTI TUTE SHEET (RULE 26) 1 3 SEP 70013NEP2M‘
01/77185 Table 11 Tenperature retraction conparison Table 11 PCT/ CAO /00485
Cbnpound . HNBRHNBRXNBRXNBRHXNBRHXNBR Cur e Ti ne 20202020
Cure Terrper395%@%)170170170170170170 Initial El ongatioﬁln}&fggol%mss

(%9 509609 0% 0% 0% 0% TR 10 (C)-22-22-Tedle4124- 14 TR 30 (C)-19-19-9-8-7-8
TR 50 (O -16-16-3-1-2-2 TR 70 (C) 13- 133533 Tenp Retractlon TRI O

991919171 TR?G '_\/A'T\VPLE 7 ﬁ jlll CT PUT KI UC CtH U .aUIIIJUUIIUD ViEc© Mi UUU\;—U

from HXNBISo R and a regular HNBR, using thejfollow ng “fornulation
shown in TahkreokZerdoxSURSEEdUITE SHEET (RULE 2690 L 3 SEP 2084 50
HXNBRC (J-11341) 100
KRYNAC X7.40 100
THERBAN C 3446 100
NAUGARD 445 1 1 1
PLASTHALL TOTM 5 5 5
STEARIC ACID 1 1 1
DIAK #7 1.5 1.5 1.5
STRUKTOL ZP 1014 7 7 7
VULCUP 40KE 7.5 7.5 7.5
VULKANOX ZMB-2/CS (ZMMBI) 0.4 0.4 0.4

The low temperature flexibility of these three
compounds was determined by using a Rheometrics Solid analyzer
5 (RSA-II). In this test, a small sinuscidal tensile deformation
is imposed on the specimen at a given frequency. The resulting
force, as well as the phase difference between the imposed
deformation and the response, are measured at various
temperatures. Based on theory of linear viscoelasticity, the

10 storage tensile modulus (E'), loss tensile modulus ({E") and tan

d can be calculated. 1In general, as the temperature decreases,
rubber becomes more rigid and, the E' will increase. At close
to the glass transition temperature, there will be a rapid
increase in E'. Figure 8 presents the E'- temperature plots
15 for these three compounds. The HXNBR showed a higher glass
transition temperature than that of HNBR. It has surprisingly
been found that the glass transition temperature of HXNBER is

lower than that of the XNBR.
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WD 01/ 77185 PCT/ CAO 1/ 00485 Tabl e 12 Conmpound456 CARBON BLACK, N 6605?%0&(?,
HXNBRC (J-11341) 100 KRYNAC X7.40100 THERBAN C 3446100 NAUGARD 445111 2004
PLASTHALL TOTMb55 STEARIC ACI D111 DI AK #71.51.51.5 STRUKTOL ZP 1014777

VULCUP 40KE7.57.57.5 VULKANOX ZMB-2/C5 (ZwMvBI) 0. 40.40.4 The | ow tenperature
flexibili iy g{sthese three conpounds was determ ned by using a Rheonetrics
Solid an 5 (RSA-Il). Inthis test, a small sinusoidal tensile
deformation is inposed on the specinen at a given frequency. The resulting
force, as well as the phase difference between the i nposed defornmation and

t he respdnse, Aampecarendon eclectivelyahiydnogenatingyre palymee sof Baoaiigaisdt diews, yanof

| i near viscoel asti.ci.ty, .the 10 stora t ensi |. dul us (E ), sile
nodul us Pﬁsﬁmﬁﬁa Iflﬁf'}e aad any, upatyrated Lﬁggtloé(ﬁﬂc Iaﬁlﬁggvﬁlé af?mé'lslzse% hsélkj% gﬁﬁ‘)é?%t ure
decr easepolymicd 16 By dRRERIRE iAThE prekéticd ofCrholifigh-Eontahink cioﬂ?’oﬁﬁ@ @s cAtalys! ose
to the glass transition tenperature, there will be a rapid increase in E .

Fi gure 8apd eserratalyshégand, wherbe thet wieishiyatie of theghpdinm:-gpadaining cempeBbBuNds.
It has sarrrenyy LB oSS The ol ase transition femperature of |
HXNBR is | oweshetdi khet thadiufi-cdnteniXplBRnpdhd is a compound of the formula:
(RmB)RhX,
wherein each R is a C;-Cg-alkyl group, a C4-Cy cycloalkyl group a C¢-Cys-aryl
group or a C3-C;s aralkyl group, B is an atom of phosphorus, arsenic or sulphur, or is a

sulphonyl group S=0, X is an anion, 1is 2,3 or4, mis2or3 andnis 1, 2 or 3.

2. A process according to claim 1, wherein the co-catalyst ligand is of formula:

RuB

where R, m and B are as defined in claim 1.
3. A process according to claim 1 or 2 wherein B is phosphorus.

4. A process according to any one of claims 1 to 3, wherein the rhodium-containing
compound is tris-(triphenylphosphine)-rhodium(I)-chloride, tris-(triphenylphosphine)-
rhodium(III}-chloride or tris-(dimethylsulphoxide)-rhodium(III)-chloride.

5. A process according to any one of claims 1 to 4, wherein the amount of the
rhodium-containing compound is in the range 0.03 to 0.5%, based on the weight of the

polymer to be hydrogenated.

6. A process according to claim 3, 4 or 5, wherein the co-catalyst ligand is
triphenylphosphine.
7. A process according to claim 3, 4, 5 or 6, wherein the weight ratio of rhodium-

containing compound to co-catalyst ligand is in the range 1:3 to 1:45.
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SUBSTI TUTE SHEET (RULE 26) 1 3 SEP2001 CLAIMS 1. A process for selectively
hydrogenating a polyner of a conjugated diene, an unsaturated nitril & Ja§kP 2004
an unsaturated carboxylic acid, which conprises subjecting the polyner to
hydrogenation in the presence of a rhodi um containing conpound as catal yst
and a co-catalyst |igand, i e

.wherein the weight ratio.of th
r hodi um Sont ai*hPRGESSHIHING tp gny Pﬂ%ogﬁl? ggﬁét“’l}eirﬂﬁmf guaoynt of rq-cafalyst 1. 55
wherein t i lor-T el Ll Q.wfg, ormul a:
(RB) 1th>1(§;[?lt g?@?ﬁﬁggggg’gaﬁg‘ag“%%m& al Eﬁdapé‘?tg%, a égf%’%]p?;;cl oal kyl group

a C6-C 15-aryl group or a C7-Cl15 aral kyl group, B is an atom of

phosphoruys, arsenic or sulphur, or_is a. | phony!| group ,5=0,.X.i s _an

ani on, Ilé'r s 2A EmSFSSfccﬂ’i%iugg%‘g?méga r?.}ni%fie %To'ia/toqtgc?.' a%lysi&l%%glgsrgnge

accor di g 4 @ 2 R b¥ weilif pet Ruddi@l sRs3tvAiylofbbaigd is of formula: Rmil3
where R, mand B aré as defined in claim1l. 3. A process according to claim
| or 2 wherein B is phosphorus. 4. A process according to any one of clains

1to 3, in_th ' t. ai i Ng. . i .
Crio- (i iBhemyd BiebEsspeiatiE MR BTN deo st is i the oz o
r hodi unt ké less tah Srpagte b9 kvelighit pef Ilindesdyars bl phagtit @€ pelyhedi un( 1 11) - chl ori de.

5. A process according to any one of clains 1 to 4, wherein the anount of
the rhodium containing conpound is in the range 0.03 to 0.5% based on the

wei ght ofyythe o g)%aégfacéOQdingttocgaigpgpgt&dlo SeheftiR 1A i 6PLHlcRAkPic! ai m

3, 4 or 5 "wherein e co-catalys and 1s triphe sphi ne.

process getrdhand partsciyaweight, ped huidred p4its byhweeightoftpobymezi ght rati o of
rhodi um contai ning conpound to co-catalyst ligand is in the range 1:3 to
1:45. 31 1 3 SEP 2004 8. A process according to any one of clainms 3 to 6,

wherein the a@:ﬁﬂ{ e aGRrdiAf b ¥R} onkSofl aili®] 8 NICwHertint te3pbIRAEL thaPYs
wei ght per hund edc parts by weight of polynmer. 9. A process according to
cl ai m 8 \shigeeted ta $etectivo hydrogdnation bat ampisrculas wieight greatenthge about 60,000.

13. A process according to any one of claims 1 to 11 wherein the polymer that is

subjected to selective hydrogenation has a molecular weight greater than about 100,000.

14. A process according to any one of claims 1 to 13, which is carried out at a
temperature in the range of 60° to 160°C and a pressure in the range 10 to 250

atmospheres.
15. A process according to any one of claims 1 to 14, wherein the selective
hydrogenation is carried out until at least 80% of the carbon-carbon double bonds have

been hydrogenated.

16. A process according to claim 15, wherein the selective hydrogenation is carried out

until at least 90% of the carbon-carbon double bonds have been hydrogenated.

17. A process according to claim 15, wherein the selective hydrogenation is carried out

until at least 95% of the carbon-carbon double bonds have been hydrogenated.
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0.5 to 20 parts by weight per hundred parts by wei ght of polymer.

process according to claim8 wherein the anmount of co-catalyst is i|r3 ftﬂﬁem’-
range | to less than 5 parts by weight per hundred parts by wei ght of

pol ymer. 11. A process according to claim8, 9 or 10 wherein the anmount of

- t al t t th 2 i dre ts.b ht
of pol ymib: 12 PRcPRacEatiade SR Ag: yBYEyng st e pdeE o sk et ¢
the pol yimgfil 4thélst 9% o i @t dRCcaBors®uB il honds R tees Rpdrogéhals a nol ecul ar

wei ght greater than about 60,000. 13. A process according to any one of
claims 1 to 11 wherein the polymer that is subjected to selective

hydr ogenat,i on jhas a nol &g eat r. t.han,abou

ot ocess devor di AeEs Ry atiaaogty aPaiopaing 193 frfeh s bNmR damdioedy o
t enper at e i88 {ons0% by Svetdht &F doRjubGilE @Bk, ardth AR B 4H em%l bF/hae;r GBNGE Gl t o
250 atnospheres. 15. A process accor ding fo any one of ains 1 to 14,

wher ei n mhsatmatedct:m\bexylhyd:cmbandt fiom i & dar FP%d bﬁ)utweu;lm of acrylenitsile 309 of
t he carbon-car qoubl e bonds have been hydrogenated. 16. A process
accordi nd® etﬂba Fﬁ‘f‘ES wherein the selective hydrogenation is carried out
until at |east 90% of the carbon-carbon doubl e bonds have been
hydrogenated. 17. A process according to claim15, wherein the selective
hydr ogendfi on 4 §t@§t1¢¢1ed0]6m€r efnei pomtlgat%hsher%%nomwwa@dr BiRlec apg om

doubl ¢ bonds, haye. beg yh (LOE0MBHL 1Pt l%c§'§ bl ofd B REEESE the

accordlndjmf I’OE on1s carrie

until at clagastl aﬁ%)oﬁuhbfm @&ﬂ&@nsow bﬂraa@euiamobcrmﬁslehammsbmeme polymer
hydr ogenat ed. 19. A process according to any one of clains | to 18, v?erel n
the pol ywaskbosephave e'@eenf pedeRtizslyt b)’CB'Q%IESPd\AM‘bﬂ‘Et wnceaﬁﬁaabmwgmaélﬁé % r om

0.1to 193/ Etgr ;559$}t afg &ﬁljg}]%sunsaturat ed carboxylic acid and from15 to

50% by weig acryl on nmet hacrylonitrile. 20. A statistical
pol ymer of a conjugated diene, an unsaturated nitrile and an unsaturated

carboxyllc acid, obtainable by the process accordj ne or, nore,of the

claims | 4o 14\ pahmeé.aﬁcoaflmséa AR, GTHEEEl A b P GRS SRS ¢ no

pol ynmer %W%&?&’e@wﬁ%@l hé’ Eﬁzlté’cf:' y hydrogenated w thout conconitant
ion o gr up

hydr ogenat nitril or carboxyl groups.

22. A polymer according to claim 20, wherein at least 99% of carbon-carbon double

bonds have been selectively hydrogenated.

23. A polymer according to claim 20, 21 or 22 which has a molecular weight greater
than 60,000.

24. A polymer according to claim 20, 21 or 22 which has a molecular weight greater

than 100,000.

25.  An artefact comprising a substrate and, adhering to the substrate, a polymer

according to any one of claims 20 to 24.

26.  An artefact according to claim 25 wherein the substrate is composed of a

polyamide.

33



21. A polymer according to claim20, wherein at |east 95% of carbon-carbon
doubl e bonds have been sel ecti vel y hydrogenated. 22. A pol ymer accot di5tg 100
to claim 20, wherein at |east 99% of carbon-carbon double bonds have been
sel ectively hydrogenat ed. 23 A pol yner according to claim 20, 21 or 22

whi ch has_a nDIecuIar wei gr eat t han 60, 00 24. I r.,acco dlng
to ol ai m30 LA IR LR :@mldwéaM oripd ibgEth 00

25, An ailShdlfimReTivet SAdARriDE AFHORL A ANrbAYNSEd Al QubtRE afliRThE Rirfn "
pol yrner éﬁéoﬁﬁnng tg any ong gf§cP§|ns 20 to"24. 26l An artefact according
to clai mo2sbalterein the substrate is conposed of a polyamde. 33 1 3 SEP
2004 27. An artefact according to claim26 wherein the polyamde is in the
formof fiber and the polyam de fiber and adhering hydrogenated

car boxy! aged mbélwn%radé@iqﬁﬁgﬁf Sylohe bP BlalrRy 20 100f4, ihihelf&rm éBa sel.pol yner
according to any one of clains 20 to 24, in the formof a seal. 29. A

pol ymer accordlng to any one of cl ains 20 to 24, in the formof a rol

cover. aceor. t 0 an i e form of
2pad” 1 ot t AuRer S0l Uehed of B oS A ip AT T Bomb G £ ML,
according to any one of clainms 20 to 24 in the forn1of an aqueous Iatex

32. Use of a polyner according to any one of clains 20 to 24 in a | ymer

vul cani z&0e, Znpebmcr agcemding wogmy ong oballaims 20stcmedringhe fome Hfinga J@F f or
att aChrren{‘Laéh?‘ne%t td f?ﬁ'léckoifor gtlIaEla:%lK/%ﬂlcl yehicle. 34

31. A polymer according to any one of claims 20 to 24 in the form of an aqueous latex.
32.  Use of a polymer according to any one of claims 20 to 24 in a polymer vulcanizate,

a seal, a roll cover, a belt, a stator or a bearing pad for attachment to a track of a tracked

vehicle.
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