STARCH-(METH)ACRYLATE GRAFT COPOLYMER, OIL-SWELLABLE
MATERIAL AND OIL- AND WATER- SWELLABLE MATERIAL
COMPRISING THE SAME, AND SEALING ARTICLES AND PACKERS
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starch-(meth)acrylate graft copolymer, and sealing articles and packers
prepared from said the svSaN&lé. ABIIMABERKXAIROUND OF THE
INVENTION In the present well plugging technology, various forms of
packer for specialized uses have been developed; they may be operated
FIEIneCHamidal yNMERELIKeRlly, hydro mechanically, or operated in a
If-sealing manner. For example, in U.S.6073692, a. packer comprising,a
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ross-sectional shapg. In U.S.4886117, the. packer swells as pressure is
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said elestomiéab bnnmtenmaédiate sleeve formed of multiple plies of reinforcing
strands are present. In U.S.4753444, the annular seal of the packer
comprises of poly arylene ketone and the like; the seal is buckled radically
BAKienrdiNas @ s Tdam pregEadiiamyitudinally, and thereby seals the packer.
As described int 5 481240, with (e use gtanalie devise e for specalized
progresglve?y swolle ngke‘% iachieved, I CRD2485529, Q packer p
useschavpribireg alcoakgritic teducesyflhormegrated anleablaséailhg ringlisulically, hydro

sclosed, in which sga}gng isélrp_ggeli ossible through the l%é)g?nd.do&/g 6073692. a
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packswelsrgs ithegretaljagket dlickesdhe IGN 12888544, ipluggicly is mahideddbyglls as a
. the activation jarubber acker caused by a w ter-baseghzluid under the
o B S AL SRR S e i shape
In EOMpHses ANnthelgptekebusinthly, asbiperspackes anduinallited idavinicin the well, in
betwRHIgII Pﬁ%%:e”rr.s?ﬁ‘tge&?t%Ppf%%%wé%eé1'£‘st9?Eﬁ‘eer,p%‘{‘ﬁ%te?%@cﬂﬁ?at%%eve formed of
structure constitutes a common disadvantage to the packers above. 0
multspriephifyethe fstranforeiog asinwidp akepr cesearchert). h4et e 4etrs aamsilar seal of
de%icated to study noy Iweli ac\g]e s. For mple, in,CN1452636A (WO._ ..
h _ RIRe SNE2P %( 1l
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outwhelsenof & swellablprebsaserdpngitudinally, and thereby seals the packer. As
described in U.S.4781249, with the use of a valve device, a progressively swollen packer
is achieved. In CN2242332Y, a packer comprising a concentric reducer, fluorine, and a
lead-sealing ring is disclosed, in which sealing is made possible through the up and down
movement of an oil tubing string. In CN2617919Y, the rubber packer swells as the
metal jacket slides. In CN1236857A, plugging is achieved by the activation of a rubber
packer caused by a water-based fluid under the action of a guilding device. As
disclosed in CN2386189Y, the packer comprises an adapter, bushing, rubber packer and
the like, in which plugging occurs after supplying water into the packer. Complicated

structure constitutes a common disadvantage to the packers above.

To simplify the structure of a well packer, researchers, in recent years, are dedicated
to study novel well packers. For example, in CN1452686A (WO 02/20941A1), a well

packer is disclosed, in which sealing is achieved by the use of a swellable element
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fabricating of rubber, outer protecting jacket and reinforcement unit
surrounding the swellable element. However, this patent application
covers no rubber composition and the preparation thereof It is well-known
fabrltpe%nmogl’ OLEb%rnonﬁ e(%larrgl%lé) bttlars hagﬁe?naa ﬁrr@n%%&" mte%inuit[n sandoun ing the
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rein oFc”e %%%eﬁn% ey tlrll & VYlgl %tljs!ete[c b(‘)at]{?gglhIcgdrﬁgﬁg%%gts%rgg?brlg 0f such packer is
urgently required to be addressed in Arf. 0 overcome the above
relatproblemspbicettechnical approach is to introduce lipophilic groups into the
rubber, which results in the formation of a superior oil swellable rubber. To

ificre @b ipies éh%dmmﬁﬁp_@mlﬁch?rdmswwlﬂmgr@pm,a@ratmﬂfdbﬁesﬂaaésorbing
rubbRFORARES PR ARG 1§ AL IGYEH Y, JrAHING RORRING, IFAURE AR MRS £ the harsh

rubber, which is relatively complicated and the implementation is difficult,
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formulation for rubber through blending with rubber by physical blending,
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capacity. This method is simiqle, but has a drawback of being difficult to .
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improving the swelling speed and rate of oil absorbing materials
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mechanical strength, requirements for sealing the annular space between

matiie mandrel and the jacket or the well wall could be satisfied. Also, the
inyentor of the present invention has designed and synthesized ojl- and
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he object of the present invention |s to prqvide a lipophilic ) .
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present invention is to provide an oil swejlable material which employs the
above starch-(meth)acrylate graft copolymer as a swelling agent, the
swelling speed and rate of the oil swellable material increase significantly
when the material comes into contact with oil.



Moreover, still another object of the present invention is to provide sealing
articles and well packers prepared from the above oil swellable material.
The oil swellable materials in the sealing articles and packers are
in o R COT RO IO SONIREL IR Y ET (CSMISIVATER or the current
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packers are activate when coming into con act or water,
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Starch- n‘%e%h acrylg{epgra copolymer Whith is prep }?
copolymenzmg (meth)acrylate monomer and starch in a ratio of (0.4-8):1
by weight, the resultant graft copolymer has a skeleton of large starch
DIS O1aseukergnated pvittinape DioRore (meth)acrylate monomer in a grafting
ratio of > 70%, e.g. 70-90%. Preferably, the weight ratjg of (m th)a late
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mentioned heré may ppllca RLGR TS present invention. 1t'iS prefe
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the sealmg articles and packers are activated when coming into contact with oil and/or water,

which results in a rapid increase in the swelling rate.
The above-mentioned objects are attained by providing a novel starch-(meth)acrylate
graft copolymer, which is prepared by copolymerizing (meth)acrylate monomer and starch in

a ratio of (0.4~8):1 by weight, the resultant graft copolymer has a skeleton of large starch



The starch-(meth)acrylate graft copolymer of the present invention may be
a binary copolymer formed of starch and one (meth)acrylate, or a
muItiponmer formed of starch and two or more (meth)acrylates For
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copoﬂaansrtzyltwalghtlwfahatecanﬂciopsimbgnwelght of starch, followed by
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used sion may be any inorganic salts or acids, such as sodiu

limiteRoridle, té@etmﬂ@lmdqﬁéanbenmmmﬂérﬂpﬁrc(e@@b)mylh’q@lméqﬁel@témeases the
rlgldﬁglfwtetﬂggeéﬂﬁﬁmrgaﬁr%ﬁgl%%t%}%es Wi M@tﬁl&fﬁ%ﬁ&%?bon atoms of the

preparation process comprises the following steps: mixing deionized water

(methirgrsiatetmalecweidreasics o @ oybilitfoNbibe et thpeling uneseaees-o8 view of
low %U% & Fé‘fj’rb’&@?'f&“éﬂﬂ@s 8h gsiRzatAniolding. (e ten r%ﬂﬁé%%{ﬁli%f ratio, one

0 min- 1 0 min, and then cooling down to ambient temperature

or mQedgpit fbﬁcf@iiqmﬁﬂ@éﬁymfef%%m em@ﬂ%‘fér@(?ﬁéa(@ @MBY)1 etnd acrylate (EA),
propg?P'W%@“?ﬁA'jh'%?ﬁ were semenad fram t@ﬁeﬁﬂgﬁt%ﬁﬁ@ﬁdﬁomﬂmﬂx) ethyl

in accordance with conventional operation. Based on the weight of t

methmbméEMmhlﬁmmgtM@@émufP%@m@@htltyrl Methayy ki@ Mititor
W3 RESRENGH@ emu|5|?§e) 9-35BotiKe:r T& 1R rpRSIRR qh@éﬁﬁgnwffmh&e a binary

elatinized starc r, monomer and initiator were added, followed

cop g hab St h- smdcpv\ﬂtﬁrﬁim%@m@eph ﬁrﬁ@%paim@rpﬁémefhﬁﬂ starch and
two BPIANG (& %Iﬁ%@@f AP AT A PRSP BB RRIRN ’copolymerlzlng

adequate am of demulsifier was added for demulsion, followed by

starchiwHhgnaty Wasingomy lisr gy hivacdhangy \o omdifuhd ERsuaerylate at the weight

ratio of 1: (0~10) : (0~20). When emulsion copolymerization of starch with methyl acrylate

(MA), ethyl acrylate (EA) and butyl acrylate (BA) takes place, tetrabasic graft copolymer,
known as SG-MA-EA-BA is obtained.
The starch-(meth)acrylate graft copolymer of the present invention may be prepared by
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During the process of the non-crosslinked emulsion copolymerization for
the preparation of the starch-(meth)acrylate graft copolymer of the present
invention, crosslinkers are not involved. Therefore, differently from the
non-SRLST AbsPIRINA resin and e ol absorbing resin the resfing final
copolymer is not presentin a crosslinked polymer form with- networ
SHuahg Bt rathebin avdighbofevstrercturd pohgmdryforridhavafigstineh, followed by
(meth)acryl afted to.the starch-based skeleton instead, that is,
heat R B R e cnaim of he
| Ardydi gty g $nalets Uil Widighn oifntmestbjdapplahilia gromps toréseptlatitheed starch, then
olymer increases, and oil absorption is fhegehy. promated. In addition, . .
carr R L TARE R BTt S Coam Ry 8 s O Biirier and
mitiggmeth)acrylate, the hydrolysis reaction in the presence of alkali is not
rﬁ%urgrae i¢ G}Qﬂhe S}%t[igrolu F{rsnﬁ:eetggﬁ {ﬁé%%dan Violnis I(; € initiator. and emulsifier
non-crosslinked starc ? e 0)Sac:ryae graft copolymer of the present
usefwhvemtidre exhibits imgiperdipopiplicisss\Wiaen lnog-cresshiakedn-crosslinked  emulsion
tarch-(meth)acrylate graft copolymer is used as a.swelling, agept for an
cone g e IR PR S SRR e, s an
initiatan BeraghbevedetoedHeoruthese convhetistzaldhredth) acmdhtergftafe, such as cerium
.. _copalyme als pre rﬁ? yicrosslinked pol rization o%(s h .
nitr L SR, Ly s, feric
chloxdetamedfite anmduntbof like01-Brafetisdasethion the theightesfthenvention is ceric
amdg%‘%ﬁmacé}’t'ﬁa‘%monﬁé%‘%rsiﬁer Cﬁf?ég"%‘éerﬁq@sc'Qi%éﬂﬁé‘g’go%}é‘?ﬁigyé‘@”% emulsion
e include, but ho

employed in crosslin copolymerization, whic
copofiarticiiatiynli mitbcscabthyldaygyoty, diizhdaliatetiddraldgbyess, alkylaryl sulfonate
imethacrylate, dieth lveal di lyeth ycol

e o RSy Among. these

emulgifieryiateratgNbineprsdeneibistnrate)adrofniicel it prasealate, Gialiyeight of the
iallyl jallylypol triallyl i n -
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(methhreiy ieatablmeaterial which comprises the starch-(meth)acrylate graft

GARANMRTES R MEINGAIS0 I L6 A SGlate Rateiplnalides, QlFt’iit Pf¥ification,

limited to, oil swellable rubber, oisteIIabIe rubber-plastic material, oi
in W:b@@éllﬁl@leiplla@ﬁi:ﬁ&ﬁd‘lihéi fie dimslprerrenhe bmmtimrgméniﬁglﬁg@hagisi@d such as
sodiffhiPRIBEREALIDYERHE S 1 e b%ﬁ&i@b‘ﬁé&’ﬁ#l&@&?ﬁ%ﬁi DEARIDBS: stedf filtering,
for the oil swellable rubber comprising the rubber matrix and the
Wasﬁwmmmdi@lhi@-graft copolymer, the starch-(meth)acrylate graft
qﬂ&obé&%%lé,p{ﬁéeéw% CORIRIPRMN WOt QA0S BYIWSIBRY steps: mixing

based on the 100 parts by weight of the rubber matrix. The oil swellable

deiopifser iy adsgasemiprise sgficiatie ahféuAbbf Lwufedarrrdadeatinaapto 20 °C~98
°C inVH'P@d&%‘?‘%&%ﬁ#‘?@t%r@é}Qt%‘?:z%&‘i?ﬁb‘?ﬂfﬁ% e MACRUAANORO] @hin~130 min,

swellable rubber. ubber matrix for the oil swellable rubber applicable
and @éﬁth@ﬁ}é@e‘ffﬂwmmhlalﬁétﬁ@@ﬁ&%@lar@ﬁﬁfﬁéﬂ}ﬁﬁtmﬂf BB )acsylate monomer
and SURIRGHCTURREIS, QRE RIS AL RABIRACHHDPER AP RAUY (meth)acrylate
rubbers may be used. As’non-polar rubber is used, due to the intrinsic
monpfEfy Iib@ﬁ?ﬂféﬁ?@f‘ﬁﬁﬂﬂ ﬁ@ﬁv_ﬁatam t_ﬂi@??ﬁ%el]%aﬁ?%%iﬁb&i Aveseing lothgemonomer,
emulliERPGEIHR AP RACWAIR Rk R 0ireductian afififor was present in an amount of

starch-(meth)acrylate graft copolymer of the present invention increases

0.3%h&0SellifRy Sisetcadnt Farezed thathuBiseeclaiaimple st the ksidtsiarmonomer and

initi At RGERUSEEED TAARIREEHY RVARTPM RS MRl gnoRery [BPRIGRASURRRE nitrogen
styrene butadiene rubber, Cis-1,4-polybutadiene rubber, o '
atmashiien o pyldie rﬂ@o&%ﬁr@r@%}@@m diérietetpenyrnbishing the reaction,

adeqtfe WhiRIAE? SEIRAGHAGEN AN torHiciaRRIGBHORbIRNRE BP PR E MR washing

nitrile-butadiene rubber, hydrogenated nitrile-butadiene rubber,

to nefiysorOB Y MR E G8IEB Hee RASYEEL polyurethane rubber, neoprene,
epichlorohydrin rubber, chlorinated polyethylene rubber, chlorosulfonated
polyethylene rubber and the like. Among these, nitrile-butadiene rubber,
hydrogenated nitrile-butadiene rubber, fluororubber and fluorosilicone
rubber are preferred. Preferred rubber matrixes are one or more of

nitrile-butadiene rubber, hydrogenated nitrile-butadiene rubber,
athviene-nronviene rithber and ethviene-nronviene diene ternolvvmer



The oil swellable rubber of the present invention as described above
employs the starch-(meth)acrylate graft copolymer of the present
invention as the swelling agent.  The type and amount of vulcanizing
AT %E‘d’ of dicen (a"é“r'l%% accelerpiars applicanle ¢ th? ‘%'alt?f'wef‘ a0IS. preparation
rubbe e present invention are 1ot | pa Ifar?;? ? qong prep

of thwklardlzdhmﬁlﬂdmﬂ)hergn&ﬁpmmmd;edefof &)Galp’t'pkensuﬁadfrleomlmmzlngers are not

mvoﬂggnﬁg}g% pe%[d S%‘r lzﬁcon ﬁmmgo% anlr%s?r? aé)cf) tlI'llngSﬂTaa%SOI‘blng resin, the
organic peroxf es amines an I’ anic peroxiaes are

resuléxanfijkd, aﬂmﬁymbp&rmldm(@ﬁlﬂ); dictestlimityd peipmelefdﬁﬁ B\F?&lalmiwork structure,
but a& nzoyl p r |de (SI% . Amines ar for Exa {Hz)p Ieng ted to the
{) §ulf i%rc é)anlc om S aré a}f

isinaleimide and. ammg or
starch)&aamniekeécttemﬂwadhthaam disetfighe HTAMT D grd fé ddithibbel imonptimlim@end branched
DTDM Tetr ethyl thiuram di Iflde(%nET .Sui *lﬁple accelerators
chaif 3] T b e RS b SRR AGEETIAR in the potymer
mcreﬁMﬂ'D)mdhlazid)I@snnplmas dsméroaptobernnothidzole (addeleratatiMBring from the
mldes suc as N-cyclohexylbenzothi oIe en
watef acte g)ra r qu?) agbearlntf in s?ﬁ: &/ @;f s amol’lnflé (gngr(fey [ator Stlon in the
presang the Ml@hThermhmequuﬁdAﬂodnmg aoemps m@em pretfanally 0A3-d4result, the
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amount caniz ators S pre par S

lipophdighy. 7Wheﬁromrt+¢eossan&pab|mtaycluaﬁpmhixagrmamcgmfgm@]wmﬁofls used as

Xin ogessability p ili o] .
o AT RO AT M v
capapii'semt invehttondunthéye cohberises, but not limited to, one or more

ti n i Gle I nt, fill
B e (B by oslinked
polyfilksrzaiedudes, hanabt limiedntshaasidein biaekosiitom cdhtainingence of additives.
o D S P DR I RS JPIRR (methyacryr
mongmaginesium carbonate; metal hydrOX|des such as titanium d|0X|de

(PAGNRRIRANhENGOHIGE: %Bﬁs%ﬁ’[ﬁ{ ' 855&&%&&8@8%% I&r?olgmerlzauon
b elght

amount of filler ranges from 2-200 par Plasticizer com

y
whichuinabidimbed o penrGelams diiieds waselinlsmaisinb Gipdrigiinhylene glyeol
dimFASARE ailﬁtﬁ%ﬁe@@oﬁ'ﬁuﬁgﬂa@gﬁﬁy%@%%ﬁ@ LISEOTRIANEIE Wiy cthylene

fatty oils Such as glyCerin, stearate; synthetic plasticizer'such as phthalat

glycgé dingibngiyprithalatspraligattydidadiecadats. SUON arcthivtayt duipareth)acrylamide,
dlallyhe[g}ﬁhﬁlﬁ?émﬁla-[ acg}gﬂﬂhgapéasﬂﬁﬁﬂ rangesd ro%ﬁ@ﬂ%cﬁ E%ﬁaﬁﬁ(rate triallyl

weight. Othér additives comprise, but not limited to, reaction products of

isocygaiatayr ek vamd kemraes qad dheggnixtures.
3riydrodbtiraldaby g B amIng]: LGRAUBIR PIRAUS!S AIHBIOB6Sprises the

and amines (such as 1,2-dihydro-2,2,4-trimethylquinoline polymer),

starchriegripnssylaicrral mﬁﬁwmm@lm& irgontallde0yiarriHabl¢gnatemal includes,
but l%ﬁﬁﬁln%ﬁxﬁd %W@é&@m'ﬂﬂ@er@yﬁ%ﬁ%%@% G{H%aﬁiaterlal oil swellable

p-tert-butylphenol), thiophenols (such as thio bis(di-sec- amyl phenol)), low

plastig e thar titrile Hinaenen d1aiphenyiahive Brag gt in the present invention is,
the b4 {B@%{})@ﬁ{ﬂm&g%@g}@é@mlde N-(4-phenylaminophenyl)
methacrylamide, styrene/acrylonitrile random copolymers, .
mitfileBUtatie netubpegbihitdiendbebbsprepibitttedpolypitbgendatrix  and  the

starcBURAARARALY g %Qf%@ﬁ%ﬂé‘@%@ﬁﬁf@ﬂ%’&?ﬂ%%@@@ﬂ %r is preferably

copolymer, aliphatic h drocarbons-cycloalkanes-aromatic hydrocarbons
contypgd m.w&t pbfyt)ratidrgolyEeisheratid o dbp Nt terky thigigké of the rubber
matri€ 0il swellable rubber of the present invention may be obtained by
conventional process for the preparation of rubbers. For example, the oil
SUhs1 et s Wabisklec BrPBEr B indachyTtRsSi A BRI SRih 3BQUERIb Yulssaizing agent
mixing, in which, mixtures of each compgnents are subjected to rubber
mixing in an open mill or closed mill, while vulcanizing press, vulcanizing
boiler or the like may be employed for the subsequent vulcanization
process. In the oil swellable rubber of the present invention, as a

swelling agent, the starch-(meth)acrylate graft copolymer of the present
iNnvvention ic linohilic Therefore the nil aheorntion rate and cswellinA canacity



by non-crosslinked emulsion polymerization. The copolymer may be
dispersed homogeneously in the rubber by way of rubber mixing, without
generating sea-island morphology. In the vulcanized oil swellable rubber,
and/ QU IR e Network grosslinkin @”d '[Pter“’rt{f %ﬂ%*%ﬁéweﬁé‘a%}ea't%a fihgellable
molecules of swelling"agents rge moléculés o swefl
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lipordglents, ¢ thexpenpolerantbraadilyvestslabke cwmtaltomxmstpam 1thu-:<miey into contact
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invenﬁ@a@ﬂ%%ﬁdSVh@llW@ﬁH@Wdf@@d&hﬂ@f di@talmei(mdih)amlﬁlatefgiwﬁnon-polar
rubbERPOUPS! gl the Rresent ipvention renders i § Subher 8,9" %‘o'e”rc 6838 Moutadiene

swelli an rate ere% IS possabFeIt & used in themanufacture of
rubbygriogs! %ahbg)mmhm withbsupetigiait-giospyhing capacitygthyhereipripylene diene
terp GRIINCLATHGIRS GRRYiAey DL not imited f0, ealng 1N SeAING SaKEE: rubbers

aling strips, sealing plates, swe jac ets seallng rels an
incluike. mttﬂarhutﬂémebyuhh@amghys’qufemeedupetrdcdnu‘aldmunlglbiaqracrfkuororubber
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e oil swe eris use as pUgg| g mater |nt e’present
polyml%elnnonrﬂbrbme ghisaostidonefedetiqbpesketene Wiber spetifisalljkehe Among these,
- .r en ovi ac ri oll
it e e TVpbper  and
ﬂuonmh@tm winedretinaree phaépgind mabeei@risdnadeof thetibxeye it atm;rbmgnore of
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it e LD B rber and
ethybnepmpa}ﬂm@emtmatmw the plugging material and hollow mandrel
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view of the harsh conditions like high temperature and high pressure do

starciir ietiveliryiiid @b iiteehenaneiidhantisanhyerotfernacha vk lingageanhe
WHQ ?%?J Gy eﬁﬁ%&ﬁ yo%%ﬁﬂcﬁﬁl% %ﬂﬁ fﬁ’ﬁ&ﬁﬁ Q{H%[}%tmﬂt%@letmgrs applicable

combined use of the matrix W|th ne-propylene rubber and/or
to thétmllenelﬂﬁrbbyreheeeﬁafeth@rptﬂmétrhmtn@lreratmuwg@wlhemhmlted as long as
wlc£ﬁ§§%ﬂcgfgpﬁ%§&§eﬁoﬂ%§n@@@at'@e EQAW@ ”@E’ﬁﬁ@%f&fl%ﬁg agents include

plugging material. The use of nitrile-butadiene rubber and/or
sulplnyiel o deltaRan siiles LUBAdISrROPIPBEIGY iR G tHgRime prspyiepeaubiserand the like.

Orgd?i é%: - SIE R PIOPYIERS, HICBR IRTPONRSIRCIHE RS MG f?%;lrﬂ%%de (DTBP)

renders a great decrease in cost. ~The oil swellable rubber o

and gycsimnyinvanticle dBRPMised rubBe erRateik affdnelsrdN tmettherylans Gisaleimide
and GRPRIEMER %H?l%lﬁ Qﬁlgﬁﬁ’c dﬁﬁ’steclgetoﬁoﬂ’%ﬁa‘?ﬁﬁpr%@%@hyl thiuram

following additives: vulcanizing agent, filler, vulcanization accelerator,

disulfideddEF Rhotidithindtmeshofsr dBRDME dieertivcihsany diswfide (TETD).

SuitfPONRRRSOMARRE T RiATRAR DYV el VG ARIA RS RIGRhIFde (accelerator
contained in 0.3-14 parts by weight, filler is contained in 2-200 parts by

MM igHtiaantes skenaton angpibiseniealseerlaraie I pattdampmides such as
N-c RRascHAR AR RariR Ryl i Qfibg b llell)m AMbhidindS QAR diphenyl

swellagle rubber rISlastlc material as a kind of the oil swellable material of

guaniding (@sefieTal b ANdHB & HEreh- (MStAMRRYPIRE YHertsmgparatsdised is preferably
0.3~ Pﬁefﬁb lyyPIeSERt ImanAGRO WL REaH0 Ratds Ry weighieRared 8Nl 88 amount of
y

par weight of the rubber-plastic materials. The il swellable

Vulcwﬁﬁa%wgletﬁ@téﬁﬁpfhﬁmf@&hbr%és1Buaaﬁéth}tﬁYréa% one or more of
the following additives: vulcanizing agent, filler, vulcanization accelerator,
plasticizer and other additives. Preferably, vulcanizing agent is contained
in 0.3-14 parts by weight, filler is contained in 2-200 parts by weight,
vulcanization accelerator is contained in 0.5-10 parts by weight, and
plasticizer is contained in 0.5-12 parts by weight.



The oil swellable rubber-plastic material of the present invention exhibits
oil absorbing capacity and swelling capacity, and thereby is applicable to
the production of various sealing articles and well packers.  The present
ii}\r/ergti%l alsto ovides an oilrsvv.ellak%e rrlllatrgrial, \{thé:hncop%rlifsclag ther bilit
above s Src%%fﬁr%%]}acoryla{répg?gf{l%opcﬁymoer,o Ater abSor ing égéﬁt,p 0cessabuLty.
mecheactl @romrame nystdiadiant antl costtecidlaiatriforTthe oil swellable rubber, the oil
swelFeEﬁ‘(eC?a%‘b‘eeF‘B?F&{é’ Iale.aratt copalymeris.contained In 2 A0, bAS Y Welh or more
water absorbing a8ent 5 contained i 3166 pgr S welg(ht, reactive
additivenamerdscessttainagiad®e0 paktstby Weightuderhizinfacksmit jsfdbmiaimdchnization
in 0-70 parts by weight, based on 100 parts by weight of.the material .
acce e R A e T aRe s A Py BTG Shpigimited to
carbalehleaatiy egitlvereadthaningenmateraldsorthggrdu se dtiendd ativepoiahomeatc powder,
mica HIAIMEI NG ALer Ahsorbind reuRS. S ARG AN EMMOnium Sl onate:
onomer, or alkenes monomers having ygrop ilic’groups formed ater ’
metahygrdlysidewiich eerittinsimndaxidte thigrds: caphblecobxrds simkinthevitimorganics
the water.absorbing agent. for the ahove | hydraphilic pelym .
such e o e S S P SRR Pasecizer
compsestiing wro lips et vd ebotauotdimithdato y aveding, madhiotthd, foloing vegetable
oils SIOHRS; FREROXX iy et AMICe: AMING, HIAR SRRV s giycerin,
group and sulfonate group. Water absorbing agent of the oil- an
stearatateysielialple shciresriabioh trepbtbslett (nyentibutyd phdfelably adalhdosdsbasic acids
such%%ddﬁcﬁ‘&”l %‘gﬁ%}’?ﬁgﬁ%ﬂﬁe@gﬁf&ra‘%{eh 6%?1"0{3@{&’5%?&%&%% 0NPom 0.5~12 parts
celluloses and their derivatives. Examples of water a sorfglng roups
by weaghtinifghto adkitradshyarppisiicopo lyrh éinotedstoerdaativepindide obatdebydes and

o S e R SR s
amings||Ulesd (HEMES; dilisidosyhPopytivaibidgepie), pyltrosypropylamathyl (such as

N@*ﬁﬁ*ﬁ'@ﬁ?@%iﬁ%ﬁ{%ﬁ%@&}é@ﬁﬁ%gﬂw GeIIWose(GMRIES Ao xyaniline),

e am ing agent increases,

(substierdasontlingselyatsity-trittesiiatold. taanblscowels asetfie, bis(di-sec-amy!
phen%@ferab Mhe nglre@lpﬁ?rb'n%ﬁﬁ%%ﬁ%aﬁﬁ’&@@ﬁﬁe%ﬁi&l%e part%pa\ft q products,

weéight, more preferably 7-80 parts by weight. 'Reattive monomer use .
N-(4iphheydimiepheaidimesleinaidie materfdt(@f phenyteserenhoention aremgiheerylamide,

styreﬁ@)%%@iggigfféui?a%(arcﬁﬁini@%\ RRMETS, A AURIEIRRRC AMBNIMMS@ne  rubber,

monommer, or alkenes monomers having hydrophilic groups formed after

chlonigaieslyeidy eihideneostiingndisdboboid cabeie. of draloskinkiegiwine frerylonitrile
graft}’i\ér?:)I e}ﬂgéﬁrglﬂglﬁgceH&d?%fﬂ@ﬁ%%@@ﬁ%@%@ﬁ?&ﬂﬁﬂ@q{'_s’gleocgmd?lgtresin mixtures,

0, one or moré of the following groups: carboxyl,” hydroxyl, ether,

P01Y§NT@@/MQ@Y§HW1%Q@B@WW kel sulfonate group. Reactive
MRROMesHSEhIP RBREIETHIN AR NCARS: RULNBEITMEAd® by conventional

carboxyl-containing monomer (such as (metha)acrylic acid, maleic acid),

processratcraenaranpy i debhshorter @werPie Hhaliksasitakihsthbgeyan be obtained
by vERBARIR 5(]951&{11‘&&(i%’?Db%%ﬁﬁﬁi&ﬂ%,(%e%?&{ﬂﬁiﬁuﬁ@gib'f*bS@ﬁ'%@%@ﬁonents are

_sulfonyl monomer (such as (metha)allylsulfonic acid), sulfonate monomer
subjeig nE Bberup AN ISLMb AR TN iostpred mdinivibl i ghlsaTaziRRFe & Vulcanizing
boil dBE IR)ALY RSP BERnIRGEF PN ARIBG BRI LIS ASARNEELRY Iene

oxide)oxypropylene glycol monoallylether), amide-containing monomer
(Buctha s striydeblfariiBeN -2k s iyTasaide (€190 efity | AciSiehhiee) agent, the
starchlaﬁligﬂﬁjgé’tl%'ﬂél%@@%ﬂ@lﬁﬁ%@%&ﬁ@%ﬂﬁ@gﬁﬁon is lipohilic. Therefore the oil
N-hydroxyalkylacrylamides(e.g.N-hydroxyethylmethacrylamide,
absORpIH A rARdh TR S nRRANOR fiHparswyaskyraetirartiersags. gafter homogenously
mixdd Wighygsoxetihdmethas iamidie) qHEBLE R ampeaBiuBlsalelling capacity. In
“monomer (such as N,N,N-trimethyl-N-acrylamide oxyethylammonium _
addl%ﬁln@ﬁﬂé)%ﬂ%ﬁﬂ@m%ﬁmé-ﬁvsﬁ%%ﬁl@r%mw@ ehia@afeypbly obtained
unsaturated carboxylic acids (e.g. lower alkyl esters, such as methyl
(meth)acrylate)), cyano-containing monomer (such as (metha)acrylonitrile)
and the like. Among these, non-toxic acrylamide monomers are preferred.
In the oil swellable material, reactive monomer is preferably present in an
amount of 4-20 parts by weight.



Surfactant used in the oil- and water-swellable material of the present

invention may be ionic surfactant, non-ionic surfactant, polymeric

surfactant and the like. The surfactant may include, but not limited to, one
by 9% rrlcc)rrgsi 1n'c:e urfgI%tu g\l%snseleﬁtedefrom SOdI dodec Jsulfat |‘égDS e dispersed
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e B R e O i L b S AR L B e Spmer, e
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rubbgr 1e Csto hag tg' rfgcltﬁ';lngWIth hteb S ﬁ feraablee aNI%% doeensswe an%trea%ll available
Matrix Used In the oil- and water-swellabfe m r%el’la of fhe present s
withilorertishn myhbesls}e lestdt fromTalastiomef orshbor-glasidives]lsblehnaber.
B@%rﬂ{“ RRGRIRNIE MAtRral L PIaslc, in[BgRlL ea’hdb“\?%er% Snelianle (absorbing
rubber of the present invention may further comprise a v zing agen
capagite paith $h@Nﬂm@a:amn@yagmta(kipr@ﬁe@éblylpkeéenﬁhmlam@mft @bDCﬂymr of the
rt 1 0 e f
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more o on- po ar er and/or po atrix s
stripgisedlingindatsis ovecditishwsdickisie, mslabag imaphlitabid thetheoil- and

% ca\ﬁ'rﬁfg:ﬁ#/en%p rL%f t9§ B sﬁl%{yré{?ly 8{1“%? Xé’”&%q Ag}gag@%%lhng capacity

or vu ation CCG erator s use e oll-

of thﬁatelr swellli ke reiitser off the pressnit invesrition @hfd @Heﬂvmﬂdnl_ntlaﬂd)mtls used as
pluggﬁ%ﬁ&ﬁ?e%l“m%é’ f%%éﬁpﬂlé‘eﬁqﬁb‘?yﬁﬁﬁl9}?@&@1&%‘{%@5&9&1@ of

er Vulcanlzm agent and/or vulcanization accelerator suitably used in
tiveorh specdiicailiel Histenightrdr mneripgiliqaioid destide willl aprgker, which comprises a

holld’&f”‘ﬁﬁn?d’#’&”@n‘?&epﬁﬂggﬁ{ %E[E@rﬁie&%@ﬁlrg‘é‘?{i'ﬁ%‘ the QNG AUV ST 1R mandrel,

as accelerator, plasticizer and filler conventionally used in the
whengiantidilnggotgubberimisy mists b ubedthoveeopredeathimgmtibper of the present
inve@SGRrding to the applications. Types and amount of these additives are

not particularly limited, which may be selected by the ordinary person

Jriltbe wetheaskars desoibiancdavith therntnetindhowietgeanibelass mandrel may be
1nteg$l(fféﬂb3%ru§émeﬁ “? M%l@&rﬁﬂﬁgaQﬁJHBH@El?“%&B‘fﬁgQE? t‘?ntgf{@r% and hollow

and water-swellable rubber of the present invention
mandvak@@aévmuatﬂécmb@énabfaﬂﬁenﬁ?bsé@mmﬁ@ﬁtﬁﬁwaymmmeﬁmpnses but

NALBHISH R RREHALMAIR AR AL NG, %ﬁlﬁﬁf@gnﬁ@(%] YPICRAIA W wn in the well,

agent, filler, vulcanization accelerator, plasticizer and other additives.
nitrilpragErdisie M@gﬁwﬁ@g@ﬁmgentated nitrile-butadiene rubber are preferably used as

the matrix for the plugging material. The combined use of the matrix with
ethylene-propylene rubber and/or ethylene-propylene diene terpolymer having relatively good
heat resistance gives rise to the formation of oil swellable rubber of the plugging material. The
use of nitrile-butadiene rubber and/or hydrogentated nitrile-butadiene rubber with
ethylene-propylene rubber and/or ethylene-propylene diene terpolymer acting as the rubber

matrix renders a great decrease in cost.



12 contained in 0.3-14 parts by weight, filler is contained in 2-200 parts by

weight, vulcanization accelerator is contained in 0.5-10 parts by weight

and plasticizer is contained in 0.5-12 parts by weight, based on 100 parts

e e AT ST e RS PSR T 408 Eanribep,raten and
starche(nliettijacydatorpgadt cupodyadtdijtares faelentedfamesu lmanpinignaigehto filee, or more

ac (Herator, | §ticizer nd .other add[iti%z s. For the oi%.— and ..
of the ? owme% a@@ 1vebs: vulcanizing agent. 11 egh Vulcanlzat 10n acgcelerator, plasticizer and
water-swellable rubber-plastic erial of the present invention,

othepreiitalely, vBtenitihg dgesthisicontainedyh . b4 parisiiyavaigbonfiiecdsin 5~40

ontained in 2-200.parts by weight. accelergtar is contained in 0.5-10 L
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2~2(Wapads dry 308 ghay tsnbBywwlegintaofoth e aeddyetep lastientaatedial hatriX) parts by weight,
nd amounts of these additives are not particularly limited, which
basegné%e@ea S&ngcr}gd e;}gtﬁlie%r Fn%rgygpe)retrgagﬁnékilled in the art in accordance

withfeommmohskredlatéel gebber-phstioresegatiahvwentibmdlisd theovidesedlable material of

rocess for prepaying the, ojl- ?wae-swe able rubber .of the. present .
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ester polymer sen
amommvenntiordOvpater mbserbhigtagehtard Mbpagadyve erght omndie anblber-plastic materials.
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othe%&f‘iﬁ@@g arF&!?&ABl‘(%ﬁ&l%énﬁ%{ﬁ%%ngn%E‘a&?m&}ﬁ%ﬁ Ss2{ng i Y yveight, filler is
sealing gaskets, seaﬁhg strips, seafing pﬁates, swellable jackets, s aang

contarzdre3-2A8 thetdiky. Bagling aitinlermeade f ¢haail sweitatedrmatkial O parts by
- il-and water- I aterial of ent invention can be
welgglg%}rlggj %ééﬁ;ggggc?gq%ﬂﬁ%ﬁ%@gﬂi?gb%rgegg%eg@mh as in cementing

tdbis od pvisHednte, uies; lppar atatsrimleedrdiesptsenysntientiols eybibiss oil absorbing

. ) e Is. oi .
e T A e B P MBI o P VAR sealing
articlsseghwiglveationsmay be used for the production of packers, particularly

the U RRCKRTS 3RS R0 IS NACKERSIS SPIRBREAQEAMARGLA! R Ases the above

swellable jacket surrounding the mandrel. The swellable jacket is made of
starcthénesith leeylesacsratishaplemeateriicokisebrageicitlvepaidicTherpasdrehrfactant

and AARIAE xﬁmﬁU{?‘b'?ﬂ%@f&%m%é%@ﬁlﬁ%%%tgﬁaﬂwfﬁkﬁﬂ@% BORMUICARNENG0 parts by

_ Alternatively, the mandrel and the swellable jacket'may be in a form of an '
weighsseiiblyabspipaseaicontin spadsié units 100 Phits dwetghibtpasesivis monomer is

conté&ﬁ@?}f?ﬁiﬁﬁﬂHMMJQ@J&M%@%J&%&%ﬁkdESh&RHéﬂqIPMJ‘?@ 1§z¥¥f§| L@}bk@ei ght, based

jacket, without asseémblies, movable fittings, particular reinforcement '
on |8QepsindprateEivnobybes nateritisgtineceBaryvasergbsorbing agent is natural

hydr8pAUI HORHRGELAEPHIAAEORHR) &5 WGl A QMRS ARy BYSIEM o Bl 1he reactive
the simple construction and simple process for this swellable
monomer is monomer having water absorbing groups, or quanterary ammonium salt monomer,

or alkenes monomers having hydrophilic groups formed after hydrolysis, which contains
unsaturated bonds capable of crosslinking with the water absorbing agent.

As for the above natural hydrophilic polymer or the derivatives thereof containing water
absorbing groups, the water absorbing groups include, but not limited to, one or more of the
following groups: carboxyl, hydroxyl, ether, amide, amino, sulfonyl, carboxylate group and
sulfonate group. Water absorbing agent of the oil- and water-swellable material of the present
invention is preferably celluloses and their derivatives, more preferably hydroxyl, carboxyl
containing celluloses and their derivatives. Examples of water absorbing groups containing
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packer, its production cost is low. In addition, this swellable packer
provides other advantages such as easy installation, low operating cost
and energy conservation.  As for the application down in the well, the

cker, of th esent inyention beco art of the 0|I xtractlon
et 0 o T DG e ATl U BERHcA GRcmore of the
follo\waiger facketsotting peddietto(CVEl)ancttind el lb)dtrsec (MO dedidreyethyl cellulose

tracti | fthe pac of th t invention is introduce
(HE@; i &E%P ?'Olro Uet Aweh @1? o?l SWaer Wxtu?SEC(?)rﬁg (HPC),
hydrmtppmopgzacmwm tbﬂlphlske(lHBMg?gmgymaksrmdt]iymﬂimr@adthy]saéﬂsWSHS(CMHEC)

and t% alpegh r as ares Pf liquid ab o tion nand thereb)(Vt (j%%glr%%lcapamty of

T.abso INCreascs
sSpace be ween ewelwa‘f?or Ackets &%ﬁe production we
the ssmthbﬂmmptpnaibt&@atads bﬂdaselheﬁmebﬁalahmm@fethdogmdmng lypet ronentained in
thus achieved. BRIEF Q THE RAWING Figure 1is
3~ ldar{p m?ragrlédV eb%%trr&r%reil Ri§ rearl Rﬁe%l%“ﬁ %eﬁ@ acrylate, ethyl acrylate,
Hi&ybiamymeg)mmratsaé|mg}afbdepod/maﬁnﬁﬁwaahmmwfldh@bﬂ&pmsent invention

entjon Figure 2 is an infrared s ectrum illustrating the starch-but
e i A S R A SRR Monomer or
alkerkeg) mm@mmhmragdd}'dpaﬂmwgﬂmmamgd&eﬁ&ammw wbryhatentains double

o A R G RN s o
inclydiedaritinydmided RREFRERREDEN BEDOMGNTS Deuiit EalvaN Tigkoxyl, ether,
amide, amino, sulfonyl, carboxylate group and sulfonate group. Reactive monomer used in the
present invention includes, but not limited to, carboxyl-containing monomer (such as
(metha)acrylic acid, maleic acid), carboxylic acid anhydride monomer (such as maleic acid
anhydride), carboxylate monomer (such as sodium (meth)acrylate, sodium maleate), sulfonyl
monomer (such as (metha)allylsulfonic acid), sulfonate monomer (such as sodium
allylsulfonate), hydroxyl containing monomer (such as (metha)allylalcohol), ether-containing

monomer (such as  poly(ethylene oxide)oxypropylene glycol monoallylether),

amide-containing monomer (such as (meth)acrylamide, N-alkylacrylamides (e.g.

N-ethylacrylamide), N,N-dialkylacrylamides (e.g. N-dimethylacrylamide),
N-hydroxyalkylacrylamides (e.g. N-hydroxyethylmethacrylamide,
N-hydroxymethylacrylamide, N,N-dihydroxyalkylacrylamides (e.g.

N,N-dihydroxyethylmethacrylamide)), quanterary ammonium salt monomer (such as
N,N,N-trimethyl-N-acrylamide oxyethylammonium chloride), hydrophilic monomers formed
after hydrolysis (such as vinyl unsaturated carboxylic acids (e.g. lower alkyl esters, such as
methyl (meth)acrylate)), cyano-containing monomer (such as (metha)acrylonitrile) and the
like. Among these, non-toxic acrylamide monomers are preferred. In the oil swellable
material, reactive monomer is preferably present in an amount of 4~20 parts by weight.
Surfactant used in the oil- and water-swellable material of the present invention may be
ionic surfactant, non-ionic surfactant, polymeric surfactant and the like. The surfactant may
include, but not limited to, one or more ionic surfactants selected from sodium dodecyl sulfate
(SDS), sodium dodecyl benzenesulfonate (SDBS), sodium dodecyl sulfonate (DS) and dibutyl
naphthalene sulfonate, one or more non-ionic surfactants selected from polyoxyethylene
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The present invention will be described in details with reference to the
following examples and drawings. It should be understood that, however,
these examples are described by ways of examples and illustration, and

the ould not be strued as a_ limitatj tot(lil scope of the present )
el bR PR TSTOUT SohgILE 1 BB ConSUERRE of material

morgialefy(mettkadtitiate grafindopaglVicersnot flee tpreseit saviantioitsand gheferable and
reparation process thereo{t I;g%?\eM%

non-iQnic surfac are more LeE l:,ll-I‘ %rrﬁpgirartiferrla% th(?:esent' an amount of

stareh meE%thacryﬁIé?e, 8¥F1y acry’lathe, %utfﬂlc acry]Ia ef etabadic gra f!
8~55cpmﬂghyleve(1§|ﬁ-fMA-EA-Bg\) Ina 50# ml Acfi-neck glass flazk, 8 g of corn

ar ml of dejnhai ter are heated up to 70 er stirrin

sl e Ak IhA RS RUEL R ERSIERARAP IR RGNS the present
invel(d@, théncadelithg Onveligt sddiufadadecydbetztragyitoiatetuade B&raitgby weight,

after dissolving,completely, coolin mbient.temperature, Monomer )
s S S B R R S MR B absorbing
and sheleastiontsolutigniant the estirrmgréoo i ansneTiodhthasabticrudeftdignwithin the

refe\’%’%ea%%egs 3145 g ceric ammonium nitrate under nitrogen atmosphere

Pretqut s{wr%g, oliowed by heating up to 40 C, and reacting for 3 h at this
tdmperdtoretior verdpleting of +eadtiontcTye sbibliomatas theh ebjeesedt tomvention

may do%r@%féé?ég ong QQS%%S&‘!%%enéﬂla'z‘l&to%{e%aé%%te l%%%‘r SR, A S terial or
acetic acid, then rinsing with water to neutral, and washing away Iémy

plastinreacted starting materials, drying to a constant weight and weighing.

e elastic pal rw taj in 8Q%--90% vield.  ..Yield = (.t .
R B A R T iy IR pmprise
vulcdnotaigagigit whthieisthrting casitanalsgetooPseferably present in an amount of 0.3~14

parts by weight, based on 100 parts by weight of the rubber matrix.

Suitable rubber matrix of the oil- and water-swellable rubber of the present invention is
not particularly limited, which may be selected from natural rubber or synthetic rubber. The
rubber matrix may be selected from one or more of the non-polar rubber and/or polar rubber,
rubber matrix suitably used in the above oil swellable rubber is applicable to the oil- and
water-swellable rubber of the present invention.

Vulcanizing agent and/or vulcanization accelerator suitably used in the oil- and
water-swellable rubber of the present invention and their amount are not particularly limited,
as long as they can promote the vulcanization of rubber. Vulcanizing agent and/or
vulcanization accelerator suitably used in the above oil swellable rubber are applicable to the
oil- and water-swellable rubber of the present invention.

Other additives, such as accelerator, plasticizer and filler conventionally used in the
manufacture of rubbers may also be used in the present invention according to the applications.
Types and amount of these additives are not particularly limited, which may be selected by the
ordinary person skilled in the art in accordance with common knowledge. Additives suitably
used in the above oil swellable rubber are applicable to the oil- and water-swellable rubber of
the present invention.

The oil- and water-swellable rubber of the present invention may further comprises, but
not limited to, one or more other additives selected from vulcanizing agent, filler,
vulcanization accelerator, plasticizer and other additives. Preferably, vulcanizing agent is
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Acetone is a good solvent to polyacrylate and the monomer. Continuous
extraction is carried out with acetone for 24 h in a Soxhlet extractor,
thereby the monomers of MA, EA and BA ungrafted to the starch,

ho opoI nd c mer are di oIved Th mainin pjﬁ mers w .
con R A ob € P Bt s Do M i afing 120 dpors By, weight,

Vulceﬁﬁ%tﬁﬁi%cmisrﬁmﬂemﬁtmddn Giratlingaeti by Watd tweiplasfi¢hver is contained in

rti materl We| [ acted erlals Werght of
0.5~ ?Ea op[rgrgr/hongop’o mer and’agpolc’y e“ﬁe}gt fll?we@% of the s]tartlng

rﬁhﬁedﬂrsand(a(iﬁyer-sﬁ@laﬂelnsbharrrpieatedmmem{unf shopingetiarpehtoarmay also

re a d in th le, which co S mai e oIIowrn
com S B ol A Sl B e RS S Wilhnizine agent, filer

acce losorptpdas peiakr od ity dtbxy lagikb tipes-Gtdy. ﬂ@SSlHGaanaﬁeBSVtﬂldbE rubber-plastic

str ng vibration ab orptro kof ethylene h ens
mat e B S e S OB a4 pars by
Welgbtoﬁﬁeéﬁswnﬂmﬁi% 2rdGrpfats iy nglwrﬂiw@wmummabsmpmr@ﬁeaﬁ parts by
lene. h dro ens. C H2 43, 1
el B o e R e b B e o
the riilabbwe Cu@ieGaDar®-H2, C-H3 absorption peaks correspond to the
oet fmt cr t ylate an rylat hile th
ey and a% nt% lﬁg e%d] IDLESS daRE? N Yﬁ?&_ﬁg&vin%hé%ay be selected

absorption pea ISac aracterrstrc :
by thereséingey oﬁthmaﬂidimi pedisacbnfismreditve ovilrronva of naftilegge.

bﬁ%\ls%get aﬁ%@'&i’s&“ t(p\yldgg rz}/& Cegg%ratﬁ'éf)g}%gﬂge ufy and water-swellable

rubber of the present invention, in which the starch/ester graft copolymer of the present
invention, water absorbing agent and/or reactive monomer and/or surfactant are directly added
to the rubber for mixing and the subsequent vulcanization.

The oil- and water-swellable material, such as swellable rubber or swellable
rubber-plastic material may be used in the preparation of sealing articles in various form and
shape, such as sealing rings, sealing gaskets, sealing strips, sealing plates, swellable jackets,
sealing mandrels and the like. Sealing articles made of the oil swellable material and the oil-
and water-swellable material of the present invention can be applied in all aspects in which
sealing is required, such as in cementing tools, equipment, pipes, apparatus, meters, subways,
tunnels, dams, aqueducts, infrastructure works, construction, mining, water wells, oil wells
project and the like.

The oil- and water-swellable material of the present invention may be used for the
production of packers, particularly the well packers. One of the packers is composed of a
mandrel and a swellable jacket surrounding the mandrel. The swellable jacket is made of the
oil- and water-swellable material of the present invention. The mandrel and the swellable
jacket may be integrated by cementing and vulcanizing. Alternatively, the mandrel and the
swellable jacket may be in a form of an assembly composed of two movable units.

This swellable packer is achieved readily by merely having the mandrel coated by the
swellable jacket, without assemblies, movable fittings, particular reinforcement layers and
protection layers, and it is not necessary to use ground-to-underground control as well as other
auxiliary system. Due to the simple construction and simple process for this swellable
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acrylate. EXAMPLE 2 Preparation of the starch-butyl acrylate binary graft
copolymer (SG-BA) As prepared in the same manner as Example 1,
except that 8 g of Irish potato starch, 180 ml of deinoized water, 1. 6 g of

ackgodI m do ec (I)rtl) e(I:’]ozs nesTIfonat adglof bu%lléa C%'eéab nd g er r0V1des other
p éI’IC nlg‘eﬂe were used as Re star ing reac Nnts Instea ?t(—:‘? p

advapelyearizhtisrathenptathicinyasvolyiaraenigin 85 4nd 29 yig| do@rdvgtimiting

rati of 3%--84% was deter |ned 2 is an infrare ctrum
e R R e e AT R R Wiy vecomes
part ﬂfaﬁelkauxymmmsmmamys 3B6Pe7d piudgmiethdatibalstrepabénpetween the

well § tWe ?tl e{c?ﬂng w{l)%n C'[l(;ll}/ (éx/r8¥%l aaﬁll%pme &qfagtg%?}éﬁ% Clﬂ]l y éeﬁri%t%actlon pipe

ral n'a sorption pe ene ens
of the7@41bparket reffehs mehmsUWehtrtganatmmwbdodpMmpehk oflcprbdmylon well.

0 8 cm-] refers to.the bendi tion absorption
Wheg 01]‘1I Yﬁqfenger 4 ogeer r%n é’]ﬁ foageHg 0 CO tf&gg%l\g‘l {l‘%e ac% rla]g\g%ﬂ malierlal I of
the pmfbcrtcseﬂrﬁewtd&dtlagngbraettemsabsespttwf el aiiseﬂpeobomdk f€rebChhe annular
5 abo 1? 0'?% absor &)l}lc%o VQ?Hf'gfﬁrsﬁlsépgﬂ d t?rac? ion pipe is

Spacer’no?g')[‘glee? bu%y\’vacry a% 0 A e t Se absor%tlon peak of -
sealegh amjaelﬁstlaq)ealatf@mstﬁthh gihuis, Ehepresencéof abkictzdve peaks
confirmed the occurrence of grafting between the starch and butyl

acrylate.
BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is an infrared spectrum illustrating the starch-(methyl acrylate, ethyl acrylate,
butyl acrylate) tetrabasic graft copolymer of Example 1 of the present invention;

Figure 2 is an infrared spectrum illustrating the starch-butyl acrylate binary graft
copolymer of Example 2 of the present invention;

Figure 3 is an infrared spectrum illustrating the starch-methyl acrylate binary graft
copolymer of Example 3 of the present invention;

Figures 4A~4B are the sectional views of the structure of the well packer of the present

invention.

PREFERRED EMBODIMENTS OF THE INVENTION

The present invention will be described in details with reference to the following
examples and drawings. It should be understood that, however, these examples are described
by ways of examples and illustration, and they should not be construed as a limitation to the
scope of the present invention.

The following examples 1~8 exemplify the starch-(meth)acrylate graft copolymers of the

present invention and the preparation process thereof.

EXAMPLE 1

Preparation of the starch-(methyl acrylate, ethyl acrylate, butyl acrylate) tetrabasic graft
copolymer (SG-MA-EA-BA)

In a 500 ml 4-neck glass flask, 8 g of corn starch, 150 ml of deinoized water are heated

up to 70 °C under stirring, then holding the temperature for 20 min for gelatinization, cooling
14



EXAMPLE 3 Preparation of the starch-methyl methacrylate binary graft
copolymer ( SG-MMA)  As prepared in the same manner as Example 1,
except that 9 g of tapioca starch, 190 ml of deinoized water, 2.7 g of

ium dodecyl benzenesulfona ,54% of methyl methacrylate.and 1.6 g. .
o SRR B S PN TR AREE e Sisonving
completyperizatiog, ttherpbosht devipsrofotain®tbinmb4-80% Held, BAd 4raflingd BA (6g)
; 070 . : : i
werd U0, O1 £0%- 12003 determined., Flawre. 3 150 (NTaed SpECIN, for 15 min,
showing the polymer prepared in this Example, Whié comprises mainly
To the fiedotiing cliatiaatewsticqoidals0.443% 0ecin- hrefersitortheisttetclnidgr nitrogen

amoff@on absgrpion Reakalvdreal roup COIN: 295140, 81618 101 ot i
the Stretching vibration absorption peak or ' methylené’hydrogens (gC .
temptv8irddarrmelnpletis g theastietc hiff & aation shsahsticnipealcdicdenarylon using

roup (C=0). 1449.06 cm- rs to.the bending vibratio sorption pe
o o TR R RS R waver o
neutrgfemid Wrslstrgtewmganpraticacaliborptiog pedksals, ethendomdsc(@s@nCyveight and
. The above C=0, C-O-C, CH, CH3 tion peaks.correspond to the
e P T Rk of Om e

chidctearistid peaihforf siarchrtifgusathieapreseinte df teuabavecaaktng materials)

onfirmed_the occurrence of grafting between the starch and methyl
/ tot \gﬂ}\ 1]‘,9{%&1&(3 startlijng mater?al% X IOO%))D y

Acetone is a good solvent to polyacrylate and the monomer. Continuous extraction is
carried out with acetone for 24 h in a Soxhlet extractor, thereby the monomers of MA, EA
and BA ungrafted to the starch, homopolymer and copolymer are dissolved. The remaining
polymers were dried at 50 °C until a constant weight was obtained, grafting ratio of
70%~80% was then determined.
Grafting ratio = (total weight of the starting materials—weight of the unreacted starting
materials—weight of monomer homopolymer and copolymer) / total weight of the starting
materials x 100%
Figure 1 is an infrared spectrum showing the polymer prepared in this Example, which
comprises mainly the following characteristic peaks:
3359.03 cm™ refers to the stretching vibration absorption peak of hydroxyl group (-OH).
2958.46 cm’ refers to the stretching vibration absorption peak of methylene hydrogens
(C-H).

1732.40 cm™ refers to the stretching vibration absorption peak of carbonyl group (C=0).

1446.93 cm™ refers to the bending vibration absorption peak of methylene hydrogens
(C-Ha. C-Hj3).

1243.16 cm™, and 1159.81 cm™' refer to the stretching vibration absorption peaks of ether
bonds (C-O-C).

The above C=0, C-O-C, C-H,, C-H; absorption peaks correspond to the moiety of
methyl acrylate, ethyl acrylate and butyl acrylate, while the absorption peak of —OH is a
characteristic peak for starch. Thus, the presence of the above peaks confirmed the

occurrence of grafting between the starch and methyl acrylate, ethyl acrylate and butyl
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EXAMPLE 4 Preparation of the starch-butyl methacrylate crosslinked
copolymer(C-SG-MBA) 10 g of corn starch was weighed, and mixed
with 150 ml deinoized water in a four-neck glass flask and stirred for 8

in, followed by heating up to 70 C, holding the temperature for 15 min for

acry{zﬂei

gelatinization, then cooling to 50C, adding 1.8 g of sodium
dodecylbenzenesulfonate, 35 g of butyl methacrylate, 1.4 g of potassium

H%e)r(SAUIU%fEhan 0.02 g of N,N'-methylenebisacrylamide under nitrogen
atmosphere; heating up to 69 C, and holding the temperature for 4 h for

thecparatplatoTgHb etaaactoryl Ratylutsibimisycatie doput e rop@isAy) adding
the solution of H2SO4 and NaCl1 to the reaction system, and the product
SPISBA fitaRdhe RS dNARACh AtdrHnRls et i rjshragto starch, 180

ml oPRpRILRY: wigld, of ¢he arabiccapalyaey PBeYactreat@hserptiandpmaiaislate and
of oils, esters, aromatic hydrocarbons, halogenated hydrocarbons,

0.98 @A THORIFAE N e THE Tk s Al SIHES FAtSTROSrBNIEHE hydHsERpJggrization, the
prod(RY & asBRIRAEH REICNSP ¥l Hidlg; FiAMRIHE BatiFsEPIYRIRIY DG Edetermined.

starch-ethyl acrylate-methyl methacrylate crosslinked copolymer ( .
ElgEeEalMn A rargd S B HU pNE G APEP RN R FRATC LY i S, which
cordgi R Agingi Zedrsiaientg aHiauctbaskdiasikand stirred for 10 min, followed

by heating yp to 70 C, holding the temperature for 15 min fqr

&éé?iﬁ%ﬁﬁbnf ShiedBsgEae VIREHAY ﬁ@ﬁ?@@&?ﬁg&&hﬁﬁiroxyl group (-OH).

dudecyibanzanesylionatesizddiabattyhachyidiapfon pbamediyhethylene hydrogens

methacrylate, 1.1 g of ammonium persulfate and 0.015 g of polyethylene
(C'Hdlycol diacrylate under nitrogen atmosphere, followed by heating up to 69

G7angd hetding the temperaisteforbhfon absorption peak of carbonyl group (C=0).

1450.58 cm™ refers to the bending vibration absorption peak of methylene hydrogens
(C-Ha. C-Hj3).

1243.68 cm™, and 1162.11 cm™" refer to the stretching vibration absorption peaks of ether
bonds (C-O-C).

The above C=0, C-O-C, C-H,, C-H; absorption peaks correspond to the moiety of butyl
acrylate, while the absorption peak of —OH is a characteristic peak for starch. Thus, the
presence of the above peaks confirmed the occurrence of grafting between the starch and butyl

acrylate.

EXAMPLE 3

Preparation of the starch-methyl methacrylate binary graft copolymer (SG-MMA)

As prepared in the same manner as Example 1, except that 9 g of tapioca starch, 190 ml
of deinoized water, 2.7 g of sodium dodecyl benzenesulfonate, 51 g of methyl methacrylate
and 1.6 g of ceric nitrate were used as the starting reactants instead. ~After polymerization,
the product was obtained in 75%~80% yield, and grafting ratio of 70%~73% was determined.

Figure 3 is an infrared spectrum showing the polymer prepared in this Example, which

comprises mainly the following characteristic peaks:

3435.09 cm™ refers to the stretching vibration absorption peak of hydroxyl group (-OH).

2951.49 cm™ refers to the stretching vibration absorption peak of methylene hydrogens

(C-H).
16



completing the reaction. Demulsion is carried out by dropwisely adding
iced acetic acid, the product was then filtered, rinsed with water, dried and
tested for its properties. Properties: yield of the graft copolymer >80%

sorptign to sglvents af. oils, esters, aromatic hydrocarbpns _
OB oATa RISy ACA A NS ADSOH RN g (€O
td4enftatim hyefocatbahs (sudngsviblagne, atylepep IRghy oF XdMAkEe hydrogens
Pre tion of the starch-butyl acrylate graft copolymer (SG-BA) 10 g of

ra
(CH7c‘or %\rch was weighed, and mixed with 200 ml of deinoized water in a

500 miFeui-nack plassveantiqeiipakvhigbivasdiandtRateskuptR 8Bdks of ether

under stirring, and stirred for another 1 h, then cooling to 45C, followed by
bond§§iffd-¢)5 g of sodium dodecylbenzenesulfonate under stirring. After

dissalying coropletelyCtieHerupErabdiepitoapRIR LI BRRIAIUE IR thofety of methyl
monomer BA was weighed, and added to the reaction solution, and stirred

methagrylstsiwhils s ABSRISIPS SEtfonlwaltieh e vl gskclrstarch.  Thus, the

presEHBENONIUB ARt undeehiieonen ainesphesacdodpwrdiiiy hralisenumhéostarch and
40 C under stirring, and holding the temperature for 3 h for completing the

methyd pEERWikup in the same manner as Example 1, the product was
dried to a constant weight and then weighed. The yield of 83%--88% was
determined, and grafting ratio is then determined as 70%-74%. EXAMPLE
-}EXAMPLE 4

Preparation of the starch-butyl methacrylate crosslinked copolymer(C-SG-MBA)

10 g of corn starch was weighed, and mixed with 150 ml deinoized water in a four-neck
glass flask and stirred for 8 min, followed by heating up to 70 °C, holding the temperature for
15 min for gelatinization, then cooling to 50°C, adding 1.8 g of sodium
dodecylbenzenesulfonate, 35 g of butyl methacrylate, 1.4 g of potassium persulfate and 0.02 g
of N,N’-methylenebisacrylamide under nitrogen atmosphere, heating up to 69 °C, and holding
the temperature for 4 h for the completing the reaction. Demulsion is carried out by
dropwisely adding the solution of H,SO4and NacCl to the reaction system, and the product was
then filtered, rinsed with water, dried and tested for its properties.

Properties: yield of the graft copolymer >80%

Good absorption to solvents of oils, esters, aromatic hydrocarbons,
halogenated hydrocarbons, tetrahydrofuran and the like.

Absorption rate to aromatic hydrocarbons (such as toluene, xylene) >15g/g.

EXAMPLE 5
Preparation of the starch-ethyl acrylate-methyl methacrylate crosslinked copolymer
(C-SG-EA-MMA)

8 g of Irish potato starch was weighed, and mixed with 120 ml deinoized water in a
four-neck flask and stirred for 10 min, followed by heating up to 70 °C, holding the
temperature for 15 min for gelatinization, then cooling to 50°C, then adding 1.5 g of sodium
dodecylbenzenesulfonate, 20 g of ethyl acrylate, 10 g of methyl methacrylate, 1.1 g of
ammonium persulfate and 0.015 g of polyethylene glycol diacrylate under nitrogen

atmosphere, followed by heating up to 69 °C, and holding the temperature for 4 h for
17



Preparation of the starch-methyl acrylate graft copolymer ( S(1-MA) 79
of corn starch was weighed, and mixed with 280 ml of deinoized water in a
500 ml-four-neck glass reaction flask, which was then heated up to 75 C
nder stirring, and @e t gt this.temperature for 1.5 h, then cooling to 55C, .
com b iy S O Lo B, RS ol A EARe acetic acd, he
proddissadsitigicdingplatetynsedoliitly thecie et atut ectoed fivignprepypacature,
eighing 56.qg, of Mﬁ and adding to thﬁ ction solution, while stirring for
ggdo%?ﬁt o 1gl(r?e%lc I6rP SOl r?%(/rggrt egp?gdded 8.5 g of ceric ammonium
nitrate undé&ionidrogiesogiioasphersylfeimwert byileattngnp tar&ddfiainbigdrocarbons,

stirring, and reaction was kept at this t rature for &Df completing

the remcton R AR T L L P ot was
obtained in 8U86rp80%0ryie ko, ancharafiydyvedib @fs 1606k 84 Wlveas thglane) >10g/g.
determined. EXAMPLE 8  Preparation of the starch-(methyl acrylate,

ethyl acrylate, butyl acrylate) tetrabasic graft copolymer ( SG-MA-EA-BA)

I2xpdibighotato starch was weighed, and mixed with 220 ml of

inoized water in a 500 ml-four-neck glass reaction f ich was then
R BN 0 e RBP S RS 0P RSB ke st for
21Q)df§iGﬂgbgﬁ@%Miff&i@w&]@l)ﬂe@@@Hﬂqﬁﬁcé@@igl@|madlfbf&1é@i6&8|d3\x€later in a 500
sodium dodecylsulfate (SDS) under stirring. After dissolving completely,.
m - SRR e S AR O r 838 art ?ght‘f@r% "r%th?é?et&éﬁ’ é&d#?g ¢ 4'gdegpirring, and

stirre@MPopnibBIheitratento e reactian sol T afsl istivemgbipr addimin 1.5 ¢ of sodium
subsequently, monomers MA (1.5 g), EA (15 g) and BA (30 g) were added
dodegy 8%?&6%’1@%%%0%%@%1%@%% ﬁ?ﬁ&% @@Q%ﬁ?ﬁdéﬁ%tﬁ%’i%‘?ramre to
ambiA€l toplpingnire tempeiatnsenior BA Wioreaalgtinglthedwiasiane Wastowp solution,
in.the same manni,r argl Examgqlg 1, the product was %fl%zi in >81%
&i

and SHETHddAt bratify Fait wEd diABARIHEG Y 27858 29455 toMoming cerie ammonium
nitra@xamndplas exesm alifyotpd @, Sobdabieby hbstiransbtiedorepaiadi@n ipioegSsd holding

thereof EXAM 9 After. blending 100 p weight of natural
the (TSRSt TSR AR SR D e Ry e Gt s, Example
1, thi paidiay weighieaf pasaiin@e: pasishbyineight afbgbonhlagicl6DPaBE~S8% was
by. weight of calcium carbgnate, 20 parts by_weight of engine oil, 1.2 parts
et R o R ETTIES 5 P warcht of

2-mercapto-benzothiazole, 1.2 parts by weight of dibenzothiazole

dﬁ?ﬁ% ]'%5 parts by weight of sulfur, and 40 parts by weight of SG-MMA
thorou ]ry in an open mill or closed mill, vulcanization is carried out via a

RAGRFZIDY Hf ESSSQBFOMER YA RE 1Rt R0l PN HMUEK SG-MA )

7 g of corn starch was weighed, and mixed with 280 ml of deinoized water in a 500
ml-four-neck glass reaction flask, which was then heated up to 75 °C under stirring, and kept
at this temperature for 1.5 h, then cooling to 55°C, followed by adding 3.4 g of sodium
dodecylbenzenesulfonate. After dissolving completely, cooling the temperature to ambient
temperature, weighing 56 g of MA and adding to the reaction solution, while stirring for 20
min. To the reaction solution was then added 8.5 g of ceric ammonium nitrate under
nitrogen atmosphere, followed by heating up to 50 °C under stirring, and reaction was kept at
this temperature for 6 h for completing the reaction. Workup in the same manner as
Example 1, the product was obtained in 84%~90% yield, and grafting ratio of 76%~81% was

then determined.

EXAMPLE 8
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Condition for vulcanization: 150 C x 30min x IOMPa.  Rubber test piece
was immersed in 20 engine oil for 3 days, swelling rate by weight was
found more than 50 %. In comparison with the rubber test piece

ntaining ng.SG-MMA, the swelling rate by weight of the prodyct of the, .
TR SRS S BRSSPI St o
copolyiaepacischymeight®Anatural rubber, 5 parts by weight of zinc oxide, 1.4

parts by weight of stearic acid, 1 part by weight of paraffin, 30 {par,ts by

weéi§idrEhrBo ISRk b s parsiBhstheigt B clih tAloBhatelestpjrsavater in a

500 By \wsightef engineQiide Paks Rniveidht ahbrahend-apn@RPRYEEMIAsy stirring,
1 part by weight of N-(4-phenylaminophenyl) 19 methacrylamide, 0.5

holdipgihe, Jamngiatee N pLp RERVISRopheRle EIBFBIEZE S h e gaRkERghto 45°C,
follo@fed- HErE@RtR-benzothiaaalt dcieatsmutweriht phdiRenzatinazola fer dissolving

disulfide, 3.5 parts by weight of sulfur, 0.5 parts by weight of . .
ComN,eﬁ’l-Yne‘fﬂ%ﬂ%B@ngﬂg}ﬁ‘ﬁr&é‘}rﬁn@46‘5‘&%&%%@5%?6@% Mgding 1.4 g ceric

amniGIOH GIMbALE ANtRE e BMlPESHIOSRd 40l sikigaNfEAlONMisCAIHREGRABANIA Monomers
vulcanizinfgoglress to pravide a test piece of 2 mm thick. Condition for

MA ({iRahlizEflokt %160 3% BOniD elonsEsaadded iBplsr futiogritatpgephere, followed by

heatifi@npraedir20,a06ing@ihforad daykliswelbng rpia Ayrweig . vaséewoehpleting the
more th%n 5 Zi?l(ﬁlan comparison with the rubber test piece containing.no

0 . .
reactag. DHAUHIP TR RS o lgHBP G AUELBF NG PRLHRE 10 ~81% vield

and gxfMgleari@as/RceRsachby anormthan 20%.

The following examples exemplify the oil swellable rubber and the preparation process

thereof.

EXAMPLE 9

After blending 100 parts by weight of natural rubber, 5 parts by weight of zinc oxide, 1.4
parts by weight of stearic acid, 1 part by weight of paraffin, 30 parts by weight of carbon
black, 65 parts by weight of calcium carbonate, 20 parts by weight of engine oil, 1.2 parts by
weight of N-phenyl-a-naphthylamine, 0.3 parts by weight of 2-mercapto-benzothiazole, 1.2
parts by weight of dibenzothiazole disulfide, 3.5 parts by weight of sulfur, and 40 parts by
weight of SG-MMA thoroughly in an open mill or closed mill, vulcanization is carried out via
a vulcanizing press to provide a test piece of 2 mm thick.

Condition for vulcanization: 150 °C x 30min x 10MPa.

Rubber test piece was immersed in 20" engine oil for 3 days, swelling rate by weight was
found more than 50 %. In comparison with the rubber test piece containing no SG-MMA,

the swelling rate by weight of the product of the present example was increased by 25 %.

EXAMPLE 10
After blending 100 parts by weight of natural rubber, 5 parts by weight of zinc oxide, 1.4
parts by weight of stearic acid, 1 part by weight of paraffin, 30 parts by weight of carbon
black, 65 parts by weight of calcium carbonate, 20 parts by weight of engine oil, 1.2 parts by
weight of N-phenyl-a- naphthylamine, 1 part by weight of N-(4-phenylaminophenyl)
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Examples 11-13 below demonstrate the influence of starch-(meth)acrylate
copolymer of the present invention on the swelling properties of rubber in
oil compounds, wherein vulcanized hydrogenated nitrile- butadiene rubber

a 38 the rubber. piece was re
e S T QLB e T BHEaR SIS OT e pars by
Welg®t4ef22rmmmoﬂmgmmfamﬂeamﬂngaagdm (we@m@ﬁ@mpnmﬂ)am stisadfide, 3.5

parts%wev”v'é}gh%%% yr U1 pars. 55305 ﬁo& 030, 2p20 il Or CL esled oG8 parts by
Ot vUICAnization vida Wute anizing press to provi es plece of
weightfiSthiskM2othditeargidr inudaaoyza ol dlﬂ(Sl&étHﬁﬂ nﬂ@MEﬁrﬁﬁM Parned out via

Test fdr the S\ﬁelf(_ng properties of the

oo R e S A RS TR, T which SG-MA-EA-BA
copalytmoerfis: sohtained don:the0r6obed Gsithe wMIleg agent. Test pieces

r red as above Wh| ain :LOO Wel ht of )
B L A L B Ml e by weight was
founﬂermxaﬂ@é@@@)’/andlﬁ aotdmﬁlpmtwtbly WelgmlmfthAGEAeBtaining no SG-MMA,

t|v and the I|n roperties of the test sees were
e {ORNER Gl AR R RS B S e dy more hon
20 %x2 ( mm) were accurately Welghed which were then immersed in coal oil,
and taken out for weighing for each 24 h. Before weighing, the oil on the
surface was wiped off Swelling rate by weight = (weight of the test piece
elﬂeuﬂmimeﬂ;ﬂri@ ihebiw@gimeﬁﬂt\ettesinﬁiewbeﬁﬁeﬂmrfm@ﬁgcmmﬁ gopolymer of

the ;r_raé% Q% ﬁSﬁt Bhe‘%ﬁe %\%ﬁlgge é” 0'% L[%Qeo{o 1T est csc'irgﬁ?undﬁ wherein

rate of the ru amp e ter a SOI’ptIOI’] coa
vulcgiized hydrogenated nitrile-butadiene rubber (HNBR) was used as the rubber. The test

piece was prepared by the following steps:

homogenously mixing 100 parts by weight of rubber, 0.4~12 parts by weight of
vulcanizing agent (organic compound) and some swelling agent in sequence at 30°C~60°C in
an open mill or closed mill; then carrying out vulcanization via a vulcanizing press to provide
a test piece of 2 mm thick. Condition for vulcanization: 145 °C~195 °C x 0.5MPa~25MPa x

2min~65min.

EXAMPLE 11

Test for the swelling properties of the hydrogenated nitrile-butadiene rubber in coal oil,
in which SG-MA-EA-BA copolymer is contained in the rubber as the swelling agent.

Test pieces were prepared as above, which contain 100 parts by weight of hydrogenated
nitrile-butadiene rubber, 12 parts by weight of dicumyl peroxide (DCP) and 0 and 15 parts by
weight of SG-MA-EA-BA, respectively, and the swelling properties of the test pieces were
determined.

Test method: test pieces with dimension of about 40x20x2 (mm) were accurately
weighed, which were then immersed in coal oil, and taken out for weighing for each 24 h.
Before weighing, the oil on the surface was wiped off.

Swelling rate by weight = (weight of the test piece after immersing in oil-weight of the
test piece before immersing in oil) / weight of the test piece before immersing in oil x 100%

Test results:
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SG-MA-EA-BA (parts by weight)015 Swelling rate on Day 9 (%)3545.3
EXAMPLE 12 Test for the swelling properties of the hydrogenated
nitrile-butadiene rubber in coal oil, in which SG-BU copolymer is contained

the swelling agent. .. . Test piece was prepared as abgve, which .
o e I b G bR AR REUHELE FoBbel 2

part by weight of dicumyl peroxide (DCP), 1 part by weight of sulfur, 3
SGM@S%\E&@B?W H}b‘éfﬁﬁgw peroxide (BPO) and 0, 5, 15, anP20 parts by

weight of SG-BU, respectively. The test pieces were labeled as SG-BA-A,
SW%”%‘@@?A?&/" G-BA-D, respectively. Swelling propeifits were

measured in the same manner of Example 6. Table 2. Swelling rate by

%T@ép%%ubber in Example 12 after absorption of coal oil Test

piecesSG-BA-A SG-BA-B SG-BA-C SG-BA-D Swelling rate on Day

T23643. BabstvelidgYmoperties of the hydrogenated nitrile-butadiene rubber in coal oil,

in which SG-BG copolymer is contained as the swelling agent.

Test piece was prepared as above, which contains 100 parts by weight of hydrogenated
nitrile-butadiene rubber, 1 part by weight of dicumyl peroxide (DCP), 1 part by weight of
sulfur, 3 parts by weight of dibenzoyl peroxide (BPO) and 0, 5, 15, and 20 parts by weight of
SG-BG, respectively. The test pieces were labeled as SG-BA-A, SG-BA-B, SG-BA-C,
SG-BA-D, respectively. Swelling properties were measured in the same manner of Example
6.

Table 2. Swelling rate by weight of the rubber in Example 12 after absorption of coal oil

Test pieces SG-BA-A SG-BA-B SG-BA-C SG-BA-D
Swelling rate on Day 12
36 42.3 55.6 72.2
(%)
EXAMPLE 13

Test for the swelling properties of the hydrogenated nitrile-butadiene rubber in crude oil,
in which SG-BA copolymer is contained as swelling agent.

Test piece was prepared as above, which contains 100 parts by weight of hydrogenated
nitrile-butadiene rubber, 1 part by weight of sulfur, 2 parts by weight of dicumyl peroxide, and
25 parts by weight of SG-BA. The piece is immersed in crude oil at 40-50 °C for 2 days.
Swelling rate by weight of > 90 % was determined.

By the results of Examples 6-10, it is demonstrated that the oil swelling rate partially
depends on the following factors: less amount of crosslinkers which facilitates oil absorption
and swelling; high immersion temperature which facilitates oil absorption and swelling;
diluted oil with low viscosity which facilitates oil absorption and swelling; more amount of
swelling agent used which facilitates oil absorption and swelling; and rubber and oil with

similar polarity which facilitate swelling. Otherwise, swelling becomes unfavorable.
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EXAMPLE 13 Test for the swelling properties of the hydrogenated
nitrile-butadiene rubber in crude oil, in which SG-BA copolymer is

contained as swelling agent.  Test piece was prepared as above, which
contains 100 parts by weight of hydrogenated nitrile-butadiene rubber, 1

part by weight of sulfur, 2 parts by weight of dicumyl peroxide, and 25
Mmb@wé@hﬁoﬁ&@w&keﬁhﬁi@ia@ iprhpnre&'rs&cb'mamsdﬁmiﬂ&t 4@Ibpdcker of the

d b f>9009
SR R R ey Bt

resu demonsta swe

partially depends on the foIIowmg factors: less amount of crosslinkers
%I]\& atps oil absorption and swelling; high immersion temperature
W ates oil absorption and swelling; diluted oil with low viscosity
Whiphritioititef@aditabsorption and swelling; more amount of swelling

ent u dWhIChf ilitates, oil absorptio II| and ber d oil
\?v?f th ar pn}am% which le ]qu e nt g{%er Qg f g washing,

simi tate swelli Wlse Swiel INg ’becomes
phosphfaizingbésing, Expmgples 1< "Ibeeliﬁmex@m}jlrig therepanaspiontprocassing with

W acker of the ent ventlon and the test results for the
CHEgQ\//fveﬁmg [gjfrlg%erfles% neI%v!Egﬁ plc{l%er EXAMPLE 14 Preparation of packer

Phiklingllohprrsrzirob eigls dénuisifietawidmaikaltstidiion, fidlowédWBR), 40 parts by
e AR AU AR T S s,
partddemigsght of general purpose carbon black, 0.5 parts by weight of stearic acid, 0.5 parts
by weight of zinc stearate, 5 parts by weight of zinc oxide, 0.5 parts by weight of
N,N’-methylenebismaleimide, 10 parts by weight of white carbon black, 10 parts by weight of
talc, 1 part by weight of aliphatic hydrocarbon-cycloalkane-aromatic hydrocarbons resin
mixtures, 0.5 parts by weight of N-(4-phenylaminophenyl)maleimide, 0.5 parts by weight of
N-(4-phenylaminophenyl) methacrylamide, 1.0 part by weight of
N-isopropyl-N’-methylphenyl p-phenylenediamine (4010NA), 1.0 part by weight of
N-phenyl-B-naphthylamine, 0.6 parts of tetramethyl thiuram disulfide (TMTD), 0.5 parts by
weight of N-cyclohexyl-2-benzothiazolesulfenamide (CZ), 0.5 parts by weight of
diphenylguanidine (D), 0.5 parts by weight of 2-mercapto-benzothiazole (M), 1 part by weight
of sulfur, 3 parts by weight of dibenzoyl peroxide (BPO), and 1 part by weight of dicumyl
peroxide (DCP) to an open mill, and then rubber mixing at 30 °C~65 °C for 5min~70min.
The homogenously mixed rubber was applied to the mandrel coated with adhesives, and the
thickness of the rubber depends on the particular application. Appearance of the packer is
shown in Figures 4A and 4B. In the vulcanizing press or vulcanizing boiler, vulcanization
was conducted according to the conventional process for rubber vulcanization, in which
vulcanization was conducted at 145 °C~195 °C under a pressure of 0.5 MPa~25 MPa for
2min~65min.

As shown in figures 4A and 4B, the well packer prepared from the above process
comprises hollow mandrel 1 and plugging material 2 surrounding the hollow mandrel. The
plugging material 2 is made of the above oil swellable rubber, and plugging material 2 and
hollow mandrel 1 were integrated together by cementing and vulcanizing, or were formed as
an assembly composed of two movable units.
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Adding 60 parts by weight of hydrogenated nitrile-butadiene rubber
(HNBR), 40 parts by weight of ethylene propylene diene terpolymer
(EPDM), 30 parts by weight of SG-BA, 50 parts by weight of general
purpose carbon black, 0.5 parts by weight of stearic acid, 0.5 parts by
weight of zinc stearate, 5 parts by weight of zinc oxide, 0.5 parts by weight
dih, Mariletsylengbisih dieinedepitCeput spihyeyieig b atrdiite cartgomobiekiMPa (in
accolg%eggt%vb% %%i%]stt()ffl %I%/gl% ! t l_Jy weight of aliphati(_: .
ydrocarbon-cycloalkane-aromatic hydrocarbons resin mixtures, 0.5 parts
by weight of N-(4-phenylaminophenyl)maleimide, 0.5 parts by weight of
%—&ﬁ%{ﬁlﬁlinophenyl) methacrylamide, 1.0 part by weight of
-iIsopropyl-N'-methylphenyl p-phenylenediamine (4010NA), 1.0 part by
Wesg iivrothil spredinyd- B paplethyfaiminBig@i6 gerisohtefraraethld thiuramde oil.

isulfide (TMTD),.0.5 parts b ight, of . .
N R B SRS, e (b B PRy gy e pluseing
mategiphfenyigiasiniding (D¢ &:Spaatsdisr wektinas2- Mercaptodsehzotiiezalely weighed,
M), 1 part by weight of sulfur, 3 parts by,weight of dibenzoy|,peroxid :
and [ L R O, RS E B e e was
takerandtthenwalghergrikimgac 361665 CBefdmimeidmig, The dibawogengubly surface of
ixed rubber wa lj e drel coated with adhesives, and the
the tt f&%ﬁ%%%v%f %Yéeigﬁgvy%%r%r%%g%ﬁhe particular application. Appearance
OhBipacker by shoght n(Wigghes thatmit4Bedn tievuttaaising pregsweight of the
viulcanizing-hailer, -vulcanization. t ingtothe . . o
st S R B R er R e i i 100
&ﬂjdmstdd_sat 145 C-195 C under a pressure of 0.5 MPa-25 MPa for
AERD 0. ATRANDIN NS I AN AR, (NPHSBPAEKIHRGRRISC 5 1, then
from the above process comprises hollow mandrel 1 and plugging
coolimgtdriadi2 surcoundingpthietivsllovd reeardnel imheysiogoiioy Mdteibksigelling rate by
weigﬁ}WSSQLglﬁeg %?n%ﬁ %‘g\lgll%ﬂ/%. W?E%rﬁ?en%ﬁ |§%ggg%@l%t§ e%ﬁ%]% mmersion in
ol re er by

ow man 1 were mtegrated toget ementlng and vulcanizing,
crudgroiere fgPnied 129 af desemihecdrpostd ieliong oviebiey urdight biseme >102%.

Aftef%’ﬁ%@ﬁe?téﬁ'T%'ih%fe}E‘i%ﬁ‘?ﬁtc%i&C&lf%"H!)&Qi&gdﬁ‘%q{@'o% %dR et BB cool oil,

(in accordance with the test of GB/528). EXAMPLE 15 Test for the

the S@W@iﬁgg%@dpewég%mfpmﬁbl@%nateriaI of example 14 in crude oil.
TF%EB%?&%%%%&E@F@%&QH&Q&Q %0 Be 2RIV YV Ah BTERRI G 43D e present
plugging material formulation and process parameter of Example 9, which

invenyes tHeraeeisestaty wedghel, ndvlnmimdhsetrahiegueletbil wiielmapgce between the

man&S AP AN KB e Wl TR tesh RIECR AR iRkem kO Eﬁ’gmg%gtma‘[erial

_atime interval. Before weighing, the oil covering the surface of the tes .
exhibjiscexarilentipedt grsiviEnditiepisapee. resiveniry vadeths likdgmtitweiight gfc erosion
caustASDIERRISER ALSKIBRIRIRmIBR YNt AL Datesh BEFR-PalRIe

immersing in oil) / weight of the test piece before immersing in oil x 100%

Test results: The test pieces were initially immersed in crude oil at 100

Grk2R fro (Pig- BxanthRY cROlNG Aerall . raRMSIPGIAIA ARAKEEPING e present
_immersing for 18 h. The swelling rate by weight was then determined as >
inveggop. A prepsatipiavies svetecstiected to immersion in crude oil at

100 C-120 C for another 6.5 h, the swelling rate by weight become

>102%. After another 64 h immersion in cool oil, i.e., totally 9h in hot oil

dn8/8MEthEr182 h in cool oil, the swelling rate by weight become >110%.

Iy shows thatbigher swelingdats:camhairanievedwhenuibie PagktobiNeeight of

present invention is immersed in crude oil, by which the sealing of the

nitrilghyipghicgisacib branfearntisebmatisébl ahathieiscREBYSREURRI wAlI R Dy weight
of stRRIBENEYSH nfeirtRey1 e R eENO LIS AX NS S¥SaHRIE N8R copolymer, 0.5

resistance, pressure resistance and the like, with which the erosion .
partsc Ry SEei Y 1o WAeh okt PENYREAMehtsiFe frearilecAr marts by weight of

prevented. 93



The following examples exemplify the oil- and water-swellable material of
the present invention and the preparation process thereof EXAMPLE 16
13 parts by weight of hydrogenated nitrile-butadiene rubber, 25 parts by

weight of nitrile-butadje ubber, 62 parts by weight of ethylene
N R e B R sl s o
weighthyt Mvetiyakiytatd) abemeodssinkad] fnattradpoly mpat, ByS weightbytfveatgiit acid, 0.5
f sulfur rts by wej f dibenzoyl peroxide, O. rts,by weight of .
paﬁsﬂﬂ%ﬁ%éﬁ%ﬁ%ﬁi%ﬁ%ﬁé‘?ﬁ ao &a&%% a\ﬁél%i&& \?vt;( Icael?o&%lgc?k,% pyartseb(})f welggf3 of white

carb@ar’bﬁﬁpiopbﬂmimhngﬁe' 'h ,of.Bqlﬁlflwb)Zwei'ghbpfweight ofhmicfa powder, 2 parts by
. N-c exyl-2-benzqthiazolesulfenamide, 1 part by weight of stearic . :
et T R o L B BTN, SRR ine ovie
part bgcky8 gartsbhypwreigint of wiite dgrberiplaclof3 artstynweighpot Pot weight of
clay, 2 parts by weight of mica der, 2 parts.b ight of titanium o
N R R, O RS SR Y S & S Mgy tauinotine
polyp?n ﬂ);pwerl?hmfgimrtafmrm)p?m}bﬂ%d@h" smﬂepmhmrydnh f ecdipandy weitHty weight
N-cyclohexyl-p-met aniline, 1 part.by.weight .
o o R MR nce B ASTAAL il 10 pans by wehe
of hydsisoprbpyidltidiphe Ayigptphenybigledisiingnpatts bylwelgost 1 part by weight
of a&fgﬁ? ‘%’%‘}Sd PONERYIENS. lﬁoﬂ‘??ﬁ‘ﬂ%%@t@é&t ncropymethyl calllleses 0 r sodium
parts by weight of ydrogyet yl cellulose, Bérts]by’welngt yd?'loxyrr%ethyf
dodegthyduttitel@sd, 1B partshyywedtgitt off aodrlimatide dy psutfbyareigtt ofibjected to rubber
. -N.N-dj crykami parts by, wejgh i decyl sulf nd .
i et M B Bies from
4-6 mixieglid amopéreitlalieClbspdorhilitahiheth Thivp@sksdmidrolieras then taken off

fmm_cli_tiﬁéqg)%% Mﬁﬁgﬁ&({gﬁ%@ g@ﬁ]iﬁ%.l'z mm which makes the product thinner)

ressed product was thentaken off from the open mill, and left for
cbindintpduchhidysroltaces dnuerobtaineidropend doperatursoior témiperadubefontroduced

P | t [ into bjec i in
e e e e DR e B IRE TS O gt o
170° WDERHAWR Mg s atie dthwek tice200% @Sthe case that the test pieces

immersed in deionized water at room temperature for 10 days ) o
Swelling rate by weight: >200% in the case that the test pieces immersed in deionized

water at room temperature for 10 days
>110% in the case that the test pieces immersed in crude oil at

140 °C for 24 h, and then subjected to cool by immersion at room

temperature for 6 days.

EXAMPLE 17

25 parts of HNBR, 60 parts of EPDM, 15 parts of NBR, 60 parts of CMC, 2.5 parts of
DCP, 13 parts of carbon black, 1 part of stearic acid, 1 part of zinc stearate, 1 part of N-
(4-phenylaminophenyl)methacrylamide, 1 part of diphenyl guanidine, 1 part of
N-cyclohexyl-2-benzothiazolesulfenamide, 2 parts of aliphatic
hydrocarbon-cycloalkane-aromatic ~ hydrocarbons  resin  mixtures, 1  part of
N-phenyl-B-naphthylamine, 0.5 parts of N-isopropyl-N’-phenyl-p-phenylenediamine, 5 parts
of MgO, 5 parts of ZnO, 11 parts of white carbon black, 8 parts of SDBS, 1.5 parts of NMA,

and 30 parts of swelling agent SG-BA (prepared as above or see patent application no.: CN
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>110% in the case that the test pieces immersed in crude oil at 140 C for
24 h, and then subjected to cool by immersion at room temperature for 6
days. EXAMPLE 17 25 parts of HNBR, 60 parts of EPDM, 15 parts of

o P A RAF O PSS R s
for NErphenylanisorienxeMmeihaciviamide, hpatb of diphenWgHRHMAE the product

art of N-cyclohexy1-2-benzothiazolesulfenamide, 2 parts of aliphatic

thim}%ﬁh ORaMEHSY RIOGHEA S FBrRdtkeRyif JEamb BissoReS mithdnfels T rpling.

NipheRydukbgs naph tbmianinsy &6 ReftaProom temperature for 17 h, which was then
. N-isopropyl-N'-phenyl-p-phenylenediamine, 5 parts of MgO, 5 parts of .
introgiesd 14193 ROl AR EHLIFSISH HIBRIHNSeNSASTY s8N IBERItes o AdNigp! at 170 °C

x20:A0k PN R i swgling aaett SEwRsRprepared as above or see patent
application no.: CN 200510137574.4 ) were subjected to rubber mixing in

aihweflerg mite dryGlesgd :miH 060 Be Cafar that 1hennist (raltes distegrsedvariasde oil at
from 4-6 mm to 1-2 which makes tge roduct thinner). TQﬁ ressed

product was then tazlrflﬁ]oofaf% quQ 3B ﬁ}%ﬁ]”? Liﬂﬁcfgrfl ?&288 H%mmefﬁlgn at room
products thus obtaineenyeretkepfoaoragys temperature for 17 h, which was

then introduced into a mold, and subjected to molding using a vulcanizing

press, and kept at 175%&2@&%)@@%%éﬁ?&ﬁf@%é‘?’ﬁ?ﬁ&?%f%@ﬁ?ed water

Swelling rate by weight;spl9@iajbaeaseihet fagstest pieces immersed in
crude oil at 140 C for 24 h, and then subjected to cool by immersion at

room temperature for 9 days >210 in the case that the test pieces
ipxnevpedrn geionized water at room temperature for 12 days

25 parts of HNBR, 50 parts of EPDM, 25 parts of NBR, 45 parts of CMC, 2.5 parts of
DCP, 13 parts of carbon black, 1 part of stearic acid, 1 part of zinc stearate, 1 part of N-
(4-phenylaminophenyl)maleimide, 1 part of 2-mercapto-benzothiazole, 1 part of tetramethyl
thiuram disulfide, 1 part of N-phenyl-B-naphthylamine, 5 parts of MgQO, 5 parts of ZnO, 11
parts of white carbon black, 8 parts of SDBS, 1.5 parts of NMA, and 30 parts of swelling
agent SG-BA (prepared as above or see patent application no.: CN 200510137574.4) were
subjected to rubber mixing in an open mill or Closed mill at 50~55 °C for 10~15 min (roller
distance varies from 4-6 mm to 1-2 mm which makes the product thinner). The pressed
product was then taken off from the open mill, and left for cooling.

The products thus obtained were kept at room temperature for 17 h, which was then
introduced into a mold, and subjected to molding using a vulcanizing press, and kept at 170 °C
X20minx10MPa to give the test piece of WOSR.

Swelling rate by weight: >190 in the case of the test pieces immersed in oil at 140 °C
for 28 h, and then subjected to cool by immersion at room
temperature for 13 days

>220 in the case of the test pieces immersed in deionized water

at room temperature for 10 days

EXAMPLE 19
25 parts of HNBR, 30 parts of EPDM, 45 parts of NBR, 30 parts of CMC, 2.5 parts of
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EXAMPLE 18 25 parts of HNBR, 50 parts of EPDM, 25 parts of NBR,
45 parts of CMC, 2.5 parts of DCP, 13 parts of carbon black, 1 part of
stearic acid 1 part of zinc stearate, 1 part of

eimi art of 2-m rca enzoth azole,
D P e et R o at AT Al part of
N N51paptsener1ga€B;5rp%tmmerriOpdr1 pﬁr%mémtptebmﬂzoﬁialaﬂk a g&nts of dlphenyl

S 15 arsofNMA nd3 arts welling agen ﬁ
e BB e e O R oo misures
1 pam@femewcﬁdamlbbeﬁrpmg)ml\ag(mpélpartdl of Zixsedl npitat GOwabtE dobon black, 8
10 15 0 er)fﬁlh tance v 4-6 mm mm,which a est
P A 11 AL raacy W ha A B OTTTAE Rpauelne agent

SG-BAll (prepieédfay sloolng: seemeeﬁr@ﬁpﬁtaﬁbusl@bmnemweMem azt'dﬂﬁmlb]ected to
temperature for 17 h, which was then introduced into a mold, a

rubb %ﬁﬂ&f@d?&%?ﬂaﬂw@%ﬂ%&&’%ﬂd&mﬁha%r%%s 4RE Wedéép%oélef distance varies
fromx4Amii 1M Barengiveithenigke Piaeepad MV FRarRweliiRg [aéesby Yokl was then

>190.in the case of the test pieces immersed in oil at 140 C for 28 h, and

takemypif, 1208y dsetpe8 BB BYA &SP AR %00m temperature for 13 days

az%opfbmet@aﬁasobﬂwﬂe@t\m@e&ﬁmm&@ﬁﬂ eEpienizedy@ler At taaeh was then
mperature for 10 days EXAMPLE 925 arts of HNBR, 30 parts of
IR e e AT S s ﬁaﬁgad?%g press, and kept at 170°C

X20minx10MPa to give the test piece of WOSR.

Swelling rate by weight: >80 in the case of the test pieces immersed in crude oil at 140
°C for 24 h, and then subjected to cool by immersion at room
temperature for 9 days
>110 in the case of the test pieces immersed in deionized water at

room temperature for 12 days

EXAMPLE 20

As prepared in the same manner of Example 4 (see patent of oil swellable rubber, P11,
Example 4), except that 25 parts of HNBR, 25 parts of EPDM, 5 parts of SG-BA, 50 parts of
NBR, 2 parts of sodium dodecyl benzenesulfonate, 3 parts of CMC, 3 parts of DCP, 10 parts
of carbon black, and 0 parts of NMA were used. Swelling rate by weight was determined as
>70% in the case that the test pieces immersed in crude oil at 140 °C for 24 h, and then
subjected to cool by immersion for 9 days; while in the case that the test pieces immersed in
deionized water at room temperature for 12 days, the swelling rate by weight was determined

as >35%.

EXAMPLE 21

As prepared in the same manner of Example 4, except that 97 parts of NBR, 3 parts of
EPDM, 10 parts of BPO, 6 parts of white carbon black, 100 parts of CMC, 5 parts of
SG-MMA, 30 parts of NMA and 70 parts of SDBS were used. Swelling rate by weight was

determined as >10% for the test pieces immersed in crude oil for 12 days; while for the test

26



DCP, 13 parts of carbon black, 1 part of stearic acid, 1 part of zinc
stearate, 1 part of N,N'-m-phenylenebismaleimide, 1 part of
2-mercapto-benzothiazole, 1 part of diphenyl guanidine, 2 parts of
. aliphatic hydrocarbon-cycloalkane-aromatic hydrocarb resin mixtures,
pieed R T B HAS O 0, BBt U i TS Are G SR e rate by
weigbarbandetaakipastsefeurdium dodecyl benzenesulfonate, 1.5 parts of
NMA, and 10 parts of swelling agent SG-BA (prepared as above or see
patent application no.: 200510137574.4) were subjected to rubber mixing
ipxaapenr il or Closed mill at 50-55 C for 10-15 min (roller distance
varies from 4-6 mm to 1-2 mm which makes the product thinner) The

P SEERA DR RS HBIARE AT AR e SisSRUHIA AN RartYalf ARG, 40 parts
of SEheIRduGssthus OINRINSC e KENtRI FOThieBErakMre BhidshMET®S, and 6

was then introduced into a mold, and subjected to molding using a_
parts pf uhits fgTBrasRlagk VREH R 70 stbogipie NSRS Wrredgiertaigied as =>250%

in theiggs% %%‘ﬁ(@%i-p?&é@é‘iHQrﬁ@%EeBM"SJQ&E:o?ﬁ%ﬂ %t@ﬁé%tofcémeéeﬁl)trbg@%%nd then

[immersed in crude oil at 140 C for 24 h, and then subjected to cool by .
subj¢riedeisierp hbrobninRige fatusediiso While 18 1he ¢asthelclsetest thisqestmmersed in

deioﬁiﬁﬁ@%mrﬁﬁgﬂqaﬁg‘éfﬁﬁﬁg Wates ﬂ:[ fﬁ’@@v@ﬂ?&‘%ﬂ%? fs%i%gtcb@'é/ssdetermined as
EXAMPLE 20 As prepared in the same manner of Example 4 (see

>203atent of oil swellable rubber, P11, Example 4), except that 25 parts of
HNBR, 25 parts of EPDM, 5 parts of SG-BA, 50 parts of NBR, 2 parts of
sodium dodecyl benzenesulfonate, 3 parts of CMC, 3 parts of DCP, 10
gaxtsPEATA8n black, and 0 parts of NMA were used. Swelling rate by

eight was, determined as >70%.in the case that t iece S
A B R A B B Ml R EPBRISES pares of
NBR9O df@ypamshité matbenchisekhdttiparte stipimcbexiphmertbet athgéiorlindabeyatSr parts of

tr temperat 12 days, t lling rate by weight.was. :

wory e A AR S AT B Lo e e gy weieh
was Exampiedaexcaovthattid eaus Ot BIR;, @dqeastiah&Ridvh délgeasts] efater for days;

..BPO, 6 parts of white carbon black, 100 parts of CMC, 5 parts of
whileses {0580 hRLeSt RIGEASIMITASEAHE GHEDRS Wb LEE ¥ éfling for 8 b, and
then raiBj Bytancighiovas datainisied as pbaYadarptietestpiesasaimmessatkiling rate by

_crude oil for 12 days; while for the test pieces immersed in deionized
weightvas feteBninghiperatiir@ for 5 days, the swelling rate by weight was

determined as >50%.

EXAMPLE 24

65 parts by weight of hydrogenated nitrile-butadiene rubber, 10 parts by weight of
nitrile-butadiene rubber, 25 parts by weight of ethylene propylene diene terpolymer, 15 parts
by weight of starch/(methyl methacrylate, ethyl methacrylate, and butyl methacrylate)
non-crosslinked graft copolymer, 0.5 parts by weight of sulfur, 2 parts by weight of dicumyl
peroxide, 2 parts by weight of zinc stearate, 1.5 parts by weight of dibenzothiazole disulfide, 1
part by weight of N,N’-m-phenylenebismaleimide, 0.5 parts by weight of tetramethyl thiuram
disulfide, 0.5 parts by weight of 2-mercapto-benzothiazole, 10 parts by weight of carbon black,
7 parts by weight of white carbon black, 5 parts by weight of Pot clay, 5 parts by weight of
mica powder, 7 parts by weight of titanium dioxide, 3 parts by weight of magnesia, 3 parts by
weight of zinc oxide, 1 part by weight of paraffin, 0.5 parts by weight of rosin, 2 parts by
weight of coumarone, 1 part by weight of N-phenyl-B-naphthylamine, 2 parts by weight of
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EXAMPLE 22 As prepared in the same manner of Example 4, except

that 100 parts of EPDM, 40 parts of SG-MMA, 3 parts of CMC, 3 parts of

DTBP, 0.5 parts of NMA, 8 parts of SDBS, and 6 parts of white carbon

black were used. Swelling rate by weight was determined as >250% in the
N'Cyé:g%%ex %Iijé &S Pi %%ﬁsnilr%mersedq\‘rlwgcrude o%v%%h heating’at 140 C'1 f%lg&t% of
N-4-(plang Henpigecipoetbacophbyidmmersiore for 3 gays; whilebin the casezbf of

e test pieces immersed in deionized water at. room temperature for 48 h,
1 T L RRL e M hed Ao o0R X AMIPLEWaking Of -
(4-plpreganad oplibiey Hamd ainaida e phExdm pleidhtext eplothizit6d palststioflene, 2 parts by
. EPDM, 35 parts of NBR, 20.parts of carbon black, 44 parts of carboxyl C

vl ok AT Le, 55 L of i, Eard b DY BB plis *liPhatc
hydrot SiviA-dds lare-usedthtSwillitgcrateiny weightweasdetePMipadasdy weight of
carbFANIRINC GRS, of e fest pieces mmetsedndslonizad waler LAY, weigh

while in the case of the test pieces mmersed in crude oil with Feating at
hydrédyn@tior 8thy hndlidese slijedtey toecgol dyNhinbrsidmatyteonde, 4 parts by weight

t erature for 3 days, the swelling rate by weight was determi as
o N A A S R BB TURGE: B 7 pars by
weighitrile-dmiyhgielyexyitbglekO glsetsvimrevaigfcafditriledthaadienegubber, @6n mill or

r ight of ethyder e diene ter r. 15 part i .

o e it oL diSce AR Yty B 1-2 mm whih
maken ghicaomydats ) thionas) o Ssimiedsgdafredps|yrae thenstgemsobly fiveigHteoppen mill, and
left f%ylég(rﬂi%garts by weight of dicumyl peroxide, 2 parts by weight of zinc

stearate,’1.5 parts by weight of dibenzothiazole disulfide, 1 part by weight

of i, Ntaduptsethyie vbbigredivienidks 0. Btpartsbienvpégtitiaf fetrdmdthythich was then

. juram disulfide, 0.5 pa, igh -me t0- jazol
lntrogggfgsab?%eglg tgtl) ’cgraogn ag&’ﬁ%éﬁéé}r}%\/gﬁ% oafbv\m%gﬁgr of"ﬁ%éotl?,“él kept at
170° peirtertyxi@lg bt ob Botealaytestpacte by WEI§Rt of mica powder, 7 parts by
weight of titanium dioxide, 3 parts by weight of magnesia, 3 parts by o
waigHtnss %}F?ct&s(iwel,giﬁpaﬁ%@% lﬁ@oﬂaaraffﬁh,eo@tpaﬁgeﬁy%@@ﬁ%fm deionized

rosin, 2 parts by weight of GeHBRI A RAFL Ry WEIBROT
N-phenyl-13-naphthylamine, 2 parts by weight of
N-4-(phenylaminophenynethdurgesnickiicdpsirabyesaightofsed in crude oil at 140
1,2-dihydro-2,2,4-trim Igyinoline palymer, Q.5 parts b ight of .
N(4-phenylaminophen%ytlt}%rrr1a Ae{]i?rlﬁdaen,%t\g%?tss%yev(\:/te%%t%?o‘%éﬁ%%ngtlén rsion at room
polyethylene, 2 partstbmpesiginteddehideiysated polyvinyl chloride, 1 part by
\ﬁgg%%pigl' patic hydrocarbon-cycloalkane-aromatic hydrocarbons resin
mixtures, 20 parts by weight of carboxylmethyl cellulose, 10 parts by

weightiof by drexglathni betluodgseqtt0 paridcHyuvadight hybbexyHetpadtethyl weight of

...cellulose, 1 part by weight of N.N-dimethacrylamide, 4 parts by weight of

it 2 B P SR B SR TR AR, 22 s
by veuffbteyfagitlylepartsdpy weightbbecelyl paiisolty etleybhe@etieciverethyl methacrylate

ubjected,to 1 r mixing in a en mill or Closed mill at 45-50 C for .
and R e R BT S TP bt cumy
peroprdduct thiraner)byheweegdgedoprodireinaad theerdakdn off. fromatite ofpen weight  of

mill, an r.coolin T d in pt.at,room
NN, 2 Wi VA B P SRR pur by

wei@mmé@ﬁ@mﬂ]ﬁgmmfa’a\ml@aﬂﬁwgsi pantskeyptvegight of zinc stearate, 10
partsllZ}Q N%Pg@ﬂ %]C(;M(ﬁlabtl%&,v ?lt%%ﬁg%gp@&ghqfo\@/\%%@'carbon black, 2 parts by weight

of mica powder, 2 parts by weight of titanium dioxide, 5 parts by weight of magnesia, 5 parts
by weight of zinc oxide, 1 part by weight of paraffin, 1 part by weight of rosin, 1 part by
weight of N-cyclohexyl-p-methoxyaniline, 1 part by weight of
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Swelling rate by weight: >90% in the case of the test pieces immersed in
deionized water at room temperature for 10 days >75% in the case of the
test pieces immersed in crude oil at 140 C for 24 h, and then subjected to

ol b rsio roo tem rature for 5 days. E E 25 ) 1
L G BT HOOASIER UNE. BURATHERe VBB A% DARLOByI ~diphenyl-
p- phwg@lnhdfaminte-hﬁtqﬂlﬁméyubb%hﬁﬁ [Trﬁl(t%ﬁiyemgdtghﬁmbhdnyﬂenﬂalelmide, 1 part by

yI t rts wei Ien Ien :
wel$ b ecrE parf]e %g%%hgu 8’f%£[58.ll%:ah tﬁ’ﬁl %‘1 acry ate %§ gﬁ’/ V]Iny chloride, 0.5
partsnh@’thmlg\ldaté) ahmhalroé&ldrked@mfbmpﬂilmnerarﬁrpams Ioydveeighdd resin mixtures,
20 pa s. r}%(l %hhg * bXt Ige%ucfosdel bteé‘ ZOXI erOXId Igh ttshgr?rtsk bé/t‘t%l fellulose

ene Ismaleimide, arts etr
10 palnlltutamdlghiﬂt}etrdxp&rethylwélghtdfulose 1 part by welght of N,N-dimethacrylamide,

> poHI G AAzRISR et d RABOMEGILA! Cgum dodecy

Stearate parts b wer ar ar s
sulfatarbqratvalck, @@mgbm@hd@ﬂmwpmmﬁ)pansbpm|gy|t\m1ght of sodium

titanium_di X|de parts by we of esi weight of zingc, .
dOdec}Zlde [?og%re y WSjelgﬁ %’araﬁ%“}rﬁl EEF Ii] f%¥ef‘ OSIﬁ ﬁbggryvgre Sﬁ’bj ected to
rubbwelgbur@‘ N-my@lmrexyllp)n@tbwﬂyadﬂmeﬁbpambﬁom@gﬁtmm (roller distance varies

fro 6dm%dt8 rz\lgdﬁ“%‘? h}{' AEQ% rtﬁe Xcrfﬁ%{ rbﬁl%}; byl“‘ﬂ/ ﬁ]& eid Oproduct was then

|sopropyl ylp- p eny ened amine, pa ts by
takeltxl@(ﬁfptbrertma@pmphléran)iMﬂtéﬂm@ehmgaart by weight of chlorinated

¥eIRIR0R fu Osfp"T)rtt%?éﬁwﬁé%‘k%oﬁ oraate N IOV FB1O11%; QiRich was then

parts y Welg atic hydrocarbon-cyc ne-aromatic
introdyded catoomgnekin zmddmrblscmd parmdjﬂlmerghngf&aﬂtioxgdmmmtess and kept at

ellulose, arts b ht of h dr I% cellulose, 10 parts by weight
170 ﬁ %yoir)l/)r(nlem pie af by W )r%ht of N,N-dimethacrylamide,

%II&Q%%@W%MWPMQHM!@E&X@BF% Ragsiedey W& in deionized

sodium dodecyl sulfate, 5 parts by weight of sodium dodecyl
benzenesulfonate, 7 Pafes #hropatgtenticseiaiigrira ddeéyssulfonate and 3

parts by weight of cetyl palyq ALk ﬁéhéﬁg@‘éfecﬂk e é‘éeg%g%%bﬁ%ﬁ’ig%%ql WS oil at 140

mixing in an open mill or at 45-50 15 min
distance varies from 4c6fim24oHL - thrthemmbjemkéstdhe)prd@ua:ﬁmmmﬂm at room

The pressed product was trha ﬁ]ré K ff from the open mill, and left for
cooling. The produclPspﬁws obtalnecﬁvere kept at room temperature for

17 h, which was then introduced into a mold, and subjected to molding

%\Et#g%nzmg press, and kept at 170N20minx1OMPa to give the test
piece 0 R. Swelling rate by weight: >110% in the case of the test

pi2gestimbyersaglin deibydzegenstdr aitrdoiutedgeraturecfor3b2matgsby weight of
nitrile-butadiene rubber, 15 parts by weight of ethylene propylene diene terpolymer, 15 parts
by weight of ethylene propylene rubber, 35 parts by weight of starch/methyl methacrylate
non-crosslinked graft copolymer, 2 parts by weight of dicumyl peroxide, 1 part by weight of
dibenzoyl peroxide, 0.5 parts by weight of N,N’-m-phenylenebismaleimide, 0.5 parts by
weight of tetramethyl thiuram disulfide, 1 part by weight of 2-mercapto-benzothiazole, 2 parts
by weight of N-cyclohexyl-2-benzothiazolesulfenamide, 1 parts by weight of stearic acid, 1
parts by weight of zinc stearate, 13 parts by weight of carbon black, 13 parts by weight of
white carbon black, 2 parts by weight of Pot clay, 1 part by weight of mica powder, 4 parts
by weight of magnesia, 4 parts by weight of zinc oxide, 1 part by weight of rosin, 2 parts by
weight of coumarone, 0.5 parts by weight of dibutyl phthalate, 0.5 parts by weight of
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>70% in the case of the test pieces immersed in crude oil at 140 C for 24

h, and then subjected to cool by immersion at room temperature for 7

days. EXAMPLE 26 35 parts by weight of hydrogenated

itrile-butadiene rubber, 35 parts by weight of nitrile-hutadiene rubber .
Sy R O S DREE e i TS OHes SETISALEg Py lamine,
1  peeightiof etiwdeghe propyletherbilsbdirs@5apayipHeyialeight of ptatch/byethyteight  of

ethacrylate non-crosslinked graft copolymer, 2 parts b ight of y 1

L P B P S ooy e eianne ¢ by -dipheny
p-phersilzint diaihiNe; Mk ppenybenelightaleiniderifafcpapid yothykigdt of part by weight of

tetramethyl thiuram disulfide, 1 part hy weight of . C
chlo I-lr%%?captg%@ﬁlzng iazcﬁié?oﬁkp%arts b?/ wel {{ of by weight of aliphatic
hydrbbayciofiexylbdkbeezothiazote bydemanbiole TegartsniytuveightOofpsteariy weight of

carb%é/il?: %&%, ”éseﬁsé{ Yelgh %Eén%ﬁt%%{ aﬁg gﬁ%&%&?%}ﬁﬂ%ﬂ&&%ﬁf@ Pyts by weight

parts by Weight of white y weigh
carbakyymithakrhyrweigtitydtatichpoidenrs partzeyhhveidlydodrmpgpesiegl dilose, 1 part
arts by weight of.zing oxide, 1 part.hy weight of rosin arts by weight .
by B Y Rt 0l SR R SRR BRI, i o
N-hyol G4yt xy butylafdiley i cparp it yiceiaiiep 0.5 piants iydasigfsubihte, 10 parts by
weig[[l?:fig)_ %Igg{c!hjfg'&%f%lgt?p @ﬁ'%'%%sﬁl%%’é%%r‘ﬁei%%%‘%{s by weight of cetyl polyoxyethylene

s(di-sec-amylphenol), 1 part by weig
etherl yperipdhoc@ b trithlethyhiriimo lineup olyenenili patlogedeight 4f45~50 °C for 9~15

e N : e pobmon ot '
min gﬁgg&;@gﬁh‘% Iyé%glg@ 1&‘%%1@;‘% eﬁ?g?;]'t g? %ﬁ?aﬁrﬁ]g{{g}ge%'o H rgﬁdc €l thipner). The
pressegarodyciveigithof slieit fiydrebarponsralichosl kel éer aroiagic

Zglﬁé[“ kg Sth%%i’%ﬁ‘ﬂiﬂ%&%e@hﬁgﬁsapﬁé’ﬁggﬁa&%?ﬁmg’%ﬁmﬁm" which was then

se, 10 parts by weight of hyaroxyet ose, 10 parts by weight
introdaegd xiyitn ethyldhg.dl rody sttt asedl Lto seoikkingartsity sveiglhemzing press, and kept at

0 0X cellulose, 1 part by wei acrylic acid, 5 parts by weight
170 Q%ﬁfﬁ?{cgr@eﬁ%%c&%%ﬂg? {é %d’r{%f/ %fg‘lz{%%o N-hydroxymethyl acrylamide,
ARark pweightabredisgydodesyt ulfater Mpasisgacweiah@sed in deionized

sodium dodecyl benzenesulfonate and 10 parts by weight of cetyl
polyoxyethylene etheVgietatdupjedtaereatysbEr Ay in an open mill or

Closed mill at 45-50 C.{750- 131015 ARG LAUGRIONLA- WY at 140

1-2 mm which makes the product thinner) The pressed product wa
taken off from the opé@ it 2dnt, lefidathendlirbgected Ttoe quadbictsntimgssion at room
obtained were kept a% rrgognat[%rgqgr%tdﬂre Sfor 17 h, which was then
introduced into a molo?, and surbjeclie taa/molding using a vulcanizing
press, and kept at 170000minx10MPa to give the test piece of WOSR.
%Mﬁ rgt§7by weight: >80% in the case of the test pieces immersed in
elonized water at room temperature for 2 days >70% in the case of the
et pidedyimmigigedfimydocizmitat h4idile-botRUche andliben/Subjettda/toveight of

ethyl%%glI?%Ii)g/}renn%rscf%rr]leakerr%%@r%eerrr]pfdaﬁgrrt% O}; §Vglag¥l% gfx epfi\l/ylllfelﬁlg 12)r70pylene rubber, 10
parts by weight of chloroprene rubber, 35 parts by weight of starch/butyl methacrylate
non-crosslinked graft copolymer, 0.5 parts by weight of sulfur, 1 part by weight of dicumyl
peroxide, 1 part by weight of di-tert-butyl peroxide, 0.5 parts by weight of
N,N’-m-phenylenebismaleimide, 0.5 parts by weight of tetramethyl thiuram disulfide, 0.5
parts by weight of 2-mercapto-benzothiazole, 0.5 parts by weight of
N-cyclohexyl-2-benzothiazolesulfenamide, 1.5 parts by weight of stearic acid, 0.5 parts by
weight of zinc stearate, 6 parts by weight of carbon black, 8 parts by weight of white carbon
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10 parts by weight of hydrogenated nitrile-butadiene rubber, 70 parts by
weight of ethylene propylene diene terpolymer, 10 parts by weight of
ethylene propylene rubber, 10 parts by weight of chloroprene rubber, 35

ts b s rch/butyl methacrylat rosslinked gra
bl oL B e SARL) et B LUV oF ERLA) by STt ey vt of mica

poquﬁ‘(cﬁ(ptetslbga%tebghWefghhgiaﬁtﬂeBt-ﬁmtylhgemglﬂ dd.zipaxisity, W@g:hthyf weight of

Iene alermrde O by Wer t ft tra thrur
p araﬁlsm |d)ert0%@)/ par L)byr?/verg ﬁ S?g Benz oJ[t]hrfazoﬁ ygn éeh at% &gnparts by
gtm@hﬂqﬂqhhyyﬂmapwﬂymibemzﬁtﬁramheb}aWmlgmmd’éNlc&cﬂmajdypAta&gmwamhne

of ste rrcacrd 05 y tof2| cst rate, 6. part y we ht of
0-5 ga%o Black, %‘ d?aﬁﬁ?@/ gh? f abfank&é' paa§ yr{v%er}) ¢ oFieht of
N-is@abpldyN1- qhattebylvpelghnpfetmmMer 1 past by weight of nbica powateght of
N4+ RE Byl ot magnestay hearis by oDl B OF SHIR AR Reinytene, 1
elg to pa werg oumadronée part ywelg
part dﬂyutytqmgiuhatateclﬂcﬁlpatﬁd bwlwrglyt oéMbpkienyﬂ%iBmtshtbylaWﬂ@tOrE aliphatic
weight.of N-cycloh 2xy]-psmethox anrlrne 0.5 arts weight o
hy B YIRS L RE T AR RSy P BERTES weighe or
carbwmmwemwmbmrmnw@@mmt‘rrhye;@;semrtscbyum@ht@rparts by weight
hydrox ?AQ%GE% “1'“&'1’15@9&"3{69%% PRIgRe 3 C%EBQX ‘ﬁé%ﬁ% Ioggglrtl;(gellulose, 1

po yet ene,’1 part by wer Ior| ated po yvr
part by weightt of aliphaticidydrpedsipns-ogbloal R&ﬁééiar@hmﬂhydl@,camtssby weight

o N B e ARy pars by

Welgdaelhﬂ@eélm qbatessﬂybmqmsotfoam@m@mWNmeglyedfwmbumoi;elemyl sulfonate

and E zglpsy tf 8¢ Qé 1)%%? %r%w\%m)%l t%l%% Fi%(lng in an
tof N- to

arts I acr parts y weig
Opensm@llrhm deedyhﬁtr ﬁaﬂé%bgﬁid@iy?wleﬁghtmtreﬂdttdﬁtdm:zynes from 4-6 mm to 1-2

B e e S AR R, MR B o the open
mill mtbdrigftrf@r@@pmg mill or Closed m|II at 45-55 C for 9-15 min (roller
(AnEENRHEHIOT HiRA M &R ]k%p'ingi‘ yeieh makesdhe RIPqych t%ncq{)was then

The ressed product was then taken off from the open mill, and left for

introdgedihgnto Thaq e dustsstivigetsiotdinaaoldeng keptgaar@umammm fnd kept at

170 Ol nYES dhen nffoduecd. g aupaid and subjected to molding
using avu canrzrnggpress and’ ept at Ominx1OMPa to give the test

mmfa@w&%ﬁy KRN XA Y VEIgtse 31 Vi {he pRE8OMMISA in deionized

pieces immersed in deionized water at room temperature for 2 days

>190% in the case of'tREHALAELESRSHEHSSDT? d)de oil with heating at

140 C for 24 h, and thengubiaeiad QLo %'t@@g[@é@@ i%ﬁﬁe?g@d in crude oil with

temperature for 6 days EXAMPLE 28. 30 parts by weight of

hydrogenated nitrile- lbﬂaaict'@rw rlll’éﬁe?CZSOpaZﬂs by waighlnem‘ subjected to cool by

nitrile-butadiene rubber art ht of n ylene diene

terpolymer, 20 parts h%yl W%rlsgﬂt OSE etﬂrqene [)err(Slplyrlfeyn}ger rgu%ﬁ,egr 5 parts by

weight of natural rubber, 33 parts by weight of starch/(ethyl, butyl) acrylate

q\/ﬁﬁrsg d graft copolymer, 1 part by weight of sulfur, 1 part by

wergAhto icumyl peroxide, 1 part by weight of di-tert-butyl peroxide, 1

partiaytwbighroghiibeh hythisgoietdisaifide: 01B.¢ans bpherighf afarts by weight of
nitril e—Hﬁﬂtﬁgﬁgl %%"%”%5' aé Héd%l gvg a@‘ﬂ %%%Yhy@'ﬁ% dgfn%pylene diene terpolymer, 20 parts

-mercapto-benzo ole
by Wigytloﬁ@ﬂwﬂezaoemmm@ﬂreﬁammeb@ Svprzits bl vasighlt oftdigherdylparts by

[ | C. [
e e e & it B o iy vt of
sulﬁxratuaﬁrtmaokelglparfsiwwehgtfrt@fldmtlcmyt m’pamgltiwﬁ/étghttdmyémmlde 1 part

dioxide, 5 parts by weight of magnesia, 5 parts by weight of zinc oxide, 0.5
parts by weight of paraffin, 0.5 parts by weight of rosin, 0.5 parts by weight
of coumarone, 0.5 parts by weight of N-phenyl-13-naphthylamine, 0.5
parts by weight of N-cyclohexyl-p-methoxyaniline, 0.5 parts by weight of
thio-bis(di-sec-amylphenol), 0.5 parts by weight of
1,2-dihydro-2,2,4-trimethylquinoline polymer, 0.5 parts by weight of

N-iconraonvi-N'-dinhenvil-n-nhenvienediamine 1 nart bv weiaht of



The products thus obtained were kept at room temperature for 17 h, which
was then introduced into a mold, and subjected to molding using a
vulcanizing press, and kept at 170000minx1OMPa to give the test piece of

WQSR % elling rate by weight: >40% in the case of the test pieces .
by W AR AP Dot SSRGS L B, gt
0.5 casgof the testpibcesimnensadapteite aitiazdlé) COi6r 2dantsantytheweight  of

suhjected to cool by immersion at room temperature, for 10.days 1
N R g e By gy o oSy e o B eggicine. 1 par
by witiphiesf i2partstly veightyotveiiHediuiadisnearatd)dOrp&ripdnsaayelvecdichdfon black,

thylene.propylene dieng terpolymer, 3 parts b ight of ethylene .
5 P R Bt Ly i DS ar Rt S b bng Parts by weight of
titancnosdlinkéel Grpdrtsdpolyengrt 8f paatbsiaveighttobgivergliiuiylzoeroxide, 6.5 parts by
. parts b ightof dibenzoyl pergxide, 0.5.parts by weight of
welgﬁ%)(f &%ﬁ\ﬁ% q.eSO &%ﬁ?ﬂ% Wg}gﬂggrtsr;ogl);]i/\pél g%?llc[) E’}’ welgqn of coumarone, 0.5 parts by

1aZo e,
weight; Nt N-phanyiénsipistingisintide).d partsdyy weight of N-cyclohexyl-p-methoxyaniline,
2-mercapto-henzothiazole, 1 part by weight o :
05 P o e R Bhenhy el weieht of
1,2-dabidira-parts toynebightiofotine steaatens partsOby weigintof cabyon bleekght of

. t eight of whi Kk ts by .weight of titani
N e R B g vy tne. 1

part fartwyighsighit ciflpeiratid, pohariny weligfidof bpariphthatateht.6hantboxymethyl

eight of N-phenyl- aphthylamine ar ight gf .
Cenu?ﬁscg;\/’/clgﬁe%y-S-ni%&h&%}?gﬁling Oxgdgg)r( se QH Wé%eghx%}g?é’ 16 parts by weight of
carbdy(thgthelyidrokyeihyé mglimateintiderts. bypaizhty afdigftostpropyl cellulose, 2 parts

iIRiR inogh lami ! ight of wei
by o ot 5 S T R R BRI, & parts by weigh of
N-hydmxiinyethyl 20rvlanindet By puin bline gy wiesodipartbgerdightfat, 2 parts by weight
i. P N ) nyl I3Ming; t 1 i ulfon. n
of sc{gH,gﬁ &88%?%\(‘) F&g{%ﬁgﬂlf’oﬁg’t& Zb ?tg%g]tl%%g?ntpgf s@ﬁ‘ﬁﬂ% %tdgéyl sulfonate and 3

nate ene, 1 part by weig iphatic
partshhydracigshions wyel qakemesthydenatitheydretamvbresteskin mikbgresixingits an open

mill BY (et glifaraexyneghyl cllylosg,, 4,8AHS Ry WEIOM QI WAROREE t0 1-2 mm

cellulose, 3 parts by weight of carboxymethylhydroxyethyl cellulose, 3
whichariekioy heieledot tiarosy)pidpyprasiedazedugsarebhihoreigkerod ddiglie theigpen mill,
and l%ﬁ?%}scgglmg_ight of N,N-dimethacrylamide, 3 parts by weight of

N-hydroxymethyl acrylamide, 1 part by weight of sodium dodecyl sulfate, 1

pte yodeightiafssobiaimed odesy kbphze hewul fioneneratupariopyl Wéighthegh was then

introﬁﬁgéldn}rggdae(f%ﬁjIw&%ﬁggte"d%”‘rmﬁéﬁﬁégml %Cgtwmﬁﬁg%%eand kept at

ether were subjected to rubber mixing in art open mill or Closed mill at
170" 08265 @00 M Pebtongiv ¢rdiletediste @ V@S Rrom 4-6 mm to 1-2 mm which
makes the praoduct thinner) The pressed product was then taken off from

Y DHBR Al Bha'aYor cofling™ therriasprlitlitd HuR'BssiRsRsE in deionized

kept at room temperafiig I b8 e was filendpfroduced into a mold,
and subjected to molding using a vulcanizing press, and kept at

170000minx1OMPa to g tHe tearpiecd Blnrgsrecswalimysetengrude oil at 140
weight: >30% in the Q%S?zo‘i’féh‘%fe%ﬁ&'ﬁfﬁ%séﬁ'@”&&rsc?‘?o'”CQ&'QJ"ZSQ&{%%%% at room

at room temperature for 2 days >8% in the case of the test pieces
immersed in crude oiteanperat@ddor2nlagnd then subjected to cool by

immersion at room temperature for 12 days

EXAMPLE 29.
80 parts by weight of hydrogenated nitrile-butadiene rubber, 12 parts by weight of
nitrile-butadiene rubber, 5 parts by weight of ethylene propylene diene terpolymer, 3 parts by
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EXAMPLE 30. 10 parts by weight of hydrogenated nitrile-butadiene

rubber, 20 parts by weight of nitrile-butadiene rubber, 60 parts by weight

of ethylene propylene diene terpolymer, 5 parts by weight of ethylene

ene rubber, 5 parts by weigh ofv I acetate 40 ar

weid e R el b e g acrytat
crossifrﬂzl&ﬂtgra’:ftpmpelpmweigbhm ﬁycwntg}pelf)dldertélbﬁtjdaptﬁdmdmeﬁgmm by weight of

dbe y4o) roxi rts b ight of dib nzot oI sulfide, 0.5
cive L B o T S PHHED!S QML Wesgi b weieht of
NNMcphleﬂ}ee@ébﬁfbdﬂmthéazblpsnlfby\amﬁght @b bantsdapmégmom]ﬁlazole 1 part by
welgFll\)llt’ ﬂf 'N 8 hcei Ien?_ ea%rcl?zlge‘é | Iczigleg rtgveg?ghi %tag?]l%g s‘%:a%ﬂ e Zergllg!:nadbgl 2 parts
by m@ghbcﬁfzrhmb@mtﬂteclé @mtbybwwg]grmfoéalboa béawkles, parpabts yight of white

tlta dloxﬁ arts by, weight pof magnesia, 3 parts

Carbgve g ?z]?nc oxide, Sfrttg §/uvt{/le(|ig(f1 'op p%Pa{g - Wel tyo\q/.t/e@%}ies , 3 parts by
weigbowinarenexitiqdripoyt weigheigift dib payh fiivihal atet B}pw&gbywﬁeigm}dfphthalate 0.5
parts N- c%glohexgl mett}oxyap)l&? ﬁrﬁarts t'g% 1Pg‘;‘I}ﬁt of by weight of

%hio |s(d| se amy?phenol
N-cyt Qtdmdvm@@memmhﬂequmm@hmd)pow af Mwmmnmbphenyl)maleimide,

0.5 ’](o:a o“n S}ylg{ﬁ Oqt?ylenlé&#%}a%? V\}%{Igwll%% ﬁm% tl%gﬁld\éve@gt Sgrts by weight of

thio-hisddosacbongloholobikdhespartsmhtic Wytghtcanbdn% delsyndnmn%tﬁlﬁet:r,i@quytsuinoline

Pl D A AR B by wetehe
of chjarnbtedveidinthy Mnkl- dhpaeﬂbacwd@hﬂ@é amqjattdjyy\dmgﬁrbgns cycloalkanes-aromatic

hydrgI Q%%‘%;%@iﬁ@%&%?s 91% g é’ OW%LQQB;?P?&Q% eqﬁlqgs@/ ! V\#J«Jﬁﬁeﬂy weight

parts by weight ecy enzenes onat 3 parts by weight
of h}dfrgwmmld@dﬂebgﬂest?ﬂfpm@anwb&bawscmbwgml@ﬂbecypxyethyl cellulose, 3 parts

R S e A
N.N-glzesheceiiohideaeeathe nrodt b hiAREAY e pressbitiasrobuokiaab by weight

of sém 88de%5[‘ stma?éjelnggll‘p ZnQ/ ?%Mf%%‘a‘&% dodg_ Béﬁgé%&ﬁ?&’ﬁate 1 part by

obtained were kept at room t ture for 17 h, which was then

wel&hﬁﬂfd@@@dﬁrﬂ@@%b@@ﬁ@t@@b@bh@@tbmwmhg Q;fstﬁtylapm/@ammgene ether were
subj&rt%a%%%w%ﬁzlﬁg QQ%Q%MQMP& @lt%gg H}ﬁltg{shg 4G @f %4%5% min (roller

Swelling rate by weight: >30% in the case of the test pieces immersed in
distagegomitias itar atoraom terperatrevorck gwjesJomiedhet dchsmer)thehe pressed

prodtﬁ%%?ﬁ%'m@ﬁréﬁqrmmggp%ﬁ kA 19t &4 Bo@iighthen SUbJECted to

cool by immersion at room temperature for 4 days EXAMPLE 31.

perespdueigibet ahrasliteiedeptisbepons tsmglbylvstefghtldf lemyt@ﬂe was then
introBREYISAS Th13hBE RSB NEION Sldtaialihber\ IBATISRY ptaqhaﬁtt kept at

chloroprene rubber, 10 par by weight of chlorosulfonated polyethylene
170°ruDtiein B [SEVviBay wisigtiteat sithidenefWiiSicetate resin, 18 parts by

weight of starch/butyl methacrylate crosslinked graft copolymer, 1 part by

waGHngs @iy Fﬁbﬂ%ﬁfé‘k{ht‘%ﬁhﬁ’cﬁ?ﬁ?l(He‘iltﬁqﬁét Rt B%}‘Werr‘@‘?t o {deionized

dibenzoyl peroxide, Z:pastsyo¥gigh RN rarphedenebismaleimide, 1

part by weight of tetramethyl thiuram disulfide, 2 parts by weight of

2- mercapto benzoﬂn&&% lm Mrﬁw %ﬁ%f@f pieces immersed in crude oil at 140 °C

N-cyclohexyl-2-ben igzoles f d b wel h

acid, 1 part by Welghzt%)tlpzﬁchéte%&ategg p%lpié%y{i/vgl)gh?(c%f tbgr ‘%ll%l Nt room

parts by weight of whiteparitoredlack dayarts by weight of mica powder, 2

parts by weight of titanium dioxide, 3 parts by weight of magnesia, 1 part

by weight of zinc oxide, 0.5 parts by weight of rosin, 1 part by weight of

douididnle 39-part by weight of dibutyl phthalate, 1 part by weight of

3-hydroxybutyraldehyde-a-naphthylamine, 1 part by weight of

N-phenyl-13-naphthylamine, 1 part by weight of

N-cyclohexyl-p-methoxyaniline, 1 part by weight of

thio-bis(di-sec-amylphenol), 0.5 parts by weight of

N-isopropyl-N'-diphenyl-p-phenylenediamine, 1 part by weight of

chlorinated polyethylene, 1 part by weight of chlorinated polyvinyl chloride,

A narte bv weiaht of alinhatic hvdrocarbone-ecvvelnalkanec-aromatice



170000minx1OMPa to give the test piece of WOSR. Swelling rate by
weight: >40% in the case of the test pieces immersed in deionized water
at room temperature for 4 days >70% in the case of the test pieces

TSR S AL IO.C 0136 PO hen sublogied [ CSODE weighe of
ersion at ro tem or gaays arts b

nitrll\ﬁf@giaﬂ@fnhydhbger@l@drmm&mmghdtﬁl‘tﬂlmhhmprd@m&ﬁhy\mrgbt}mer 5 parts by
trile-hu dlene ru ber e Ien le len

e JEHRASTE AR F e DO g SR BORUEIE AR, o

starcWengﬂiyd)frmhmmMalbbRO,sﬁlphetS g]yﬁvmgbt}mﬂﬂhlbmuﬁgn&t@mt of sulfur, 2 parts by

. polyet Ie rubber 3 rts ene-v Iacet resm 0
e R ety A T BGP s S ol U eight of
dibegzajﬂniaopkelmalﬁdep@rﬁ hgantﬂalght\mighﬂfuf t&n;ameﬂhylwhlgmmfchlwiﬁdyl 0.7 parts by
weigﬁ roxide, b Eﬁ%&svyﬁ'%e%fzge %r%é?é/s F@J%%%'H' 050"5”5 DY, Weight ofioht  of

N'- mphen maleimi parts by weight of d ibBhzothiazole "

N,N dmtﬁhdeylerwnm;ema@aﬁqﬁm—&:bmwyloﬂdmlnmothmoldmdfdnmmbg,we1ght of
b enyl idi art by weight.o aci

s S R o SR A P ARIEAE S s

welgpartérbgpmmgsrdeo,f Wmmts@obmalgmmf t8quants Byowdig Btmﬁmhwwmght of magnesia,
3 pafflo 'dee1 R g&%&hb%fé“%%gﬁ% Paﬁﬁa@( lﬁler'@ﬁ %ft?'”ce?xff? 3t Coumarone,

parnts eight of coumaron eight orihated
1 papchyem@hef Hipaty byhireighe, afmnr@rmave@gmwwmmw p-prthbyyaniline, 3
partsV€'g tm&%&ﬁl plic 'o‘?d“%%?c{ %ﬁ éé%'%%%k?ﬂqee%%om%'c hYQRRCargoNS eioht  of

resin mlxtur 0.5 parts

1,2- (Bﬂyﬂdwo&%ht;nnambhm@almaphthyia}ym 0.5 parts kyavveightogf ~ weight of
1s%)1%§§ exy#?l%ﬁ?f_ e xy ﬁni Qeél ﬁlni?ebz %'tg%%roxtvel ht of chlori atﬁd rP(ilyethylene

iline, 5parts yweghto p-tert-butylp
1 pas bfartwbglwvergfhtadmhazlrd|ﬁy@r@czlbmmi@lm}l@mmwmpbwmadm@irbons resin

[ rt
letﬁf‘egroxéeEYtyﬁyl% eIIuI PQféé %}agr%;s( by ngo g é%bgg}én%ée%%%%%ifeﬁ[ hydroxyethyl
celludediildSepartpdry byengbight @ﬁdmwm@tbuihyq@awavly\bquﬂubﬁe 1 part by weight of

N NN Rshackian (?Eﬂ%?%@ﬁ%’v&‘%%gﬁ%%é ”3’8 'rﬁl‘aré"@)"g%l% By weight

parts by weight of sodium’dodecyl sulfate, 2 parts b ht of sodi
of sagbiacyddrsyy enbeigidrizadsapid wqﬁr@ﬁy@mghd@ﬂ@eﬂybwy@wéfmé parts by

welgﬁmﬁfs‘é’&{ﬁﬂl@él% é{?%ﬂcﬁ‘rﬁ%@%&”ﬁ &g%%@%wﬁ%gﬁ ﬁ?&@éﬁ&%ﬁle ether were

45-55 C for 9-15 min (roller dlstan e variés from 4-6 mmto 1-2°mm wh

subj¢pigkelo m@lpﬁbauémgmhén) onsa prassed-presduatiias #edakefrof-figmnin (roller
distali€ QRERIMHb AN defhiRrGoPINgnm M‘Pcﬂ@ﬁ‘ﬁ%&st%’ I%H@P%ﬂ/ﬁ@j kiqdf%t pressed

at room temperature for 17 h, which was then introduced into a mol

PTOdBGlb‘j’é@té]@?ttﬁ?h@lR}Pﬁ@fm@éW@éﬁﬂﬂlﬁ@‘b}@@@éﬁ@pﬂd@gt at
E}%OB%HM%WLPMQIH%%Q%%LPQ%Q&W%Braﬁw@%}glpﬁtﬁ R¥hich was then

weight: >95% in the case of the test pieces immersed in deionized
introduced into a mold, and subjected to molding using a vulcanizing press, and kept at

170°(x20minx10MPa to give the test piece of WOSR.
Swelling rate by weight: >30% in the case of the test pieces immersed in deionized
water at room temperature for 2 days
>90% in the case of the test pieces immersed in crude oil at 140

°C for 24 h, and then subjected to cool by immersion at room

temperature for 4 days
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water at room temperature for 2.5 days >110% in the case of the test

pieces immersed in crude oil at 140 C for 24 h, and then subjected to cool

by immersion at room temperature for 10 days  The additives or

%5?(5 ?ﬁ?iy]% qredlents used in either the oil-swellable material or the
ater-swellable material in the Examples of the present invention

éﬂapwtsl ibyitedi phttlo€ nisel atinadienticulsheca22 pdytyby Weeghinaly doleylesedpropylene
rubber %Otgnrlféer}gs of %‘% mg" n%%ll?c%%s?ll?k rt]s' bAS%%lr Ct?)t %eﬂéﬁc%%teerg’bger 10 parts
by W(dfrgﬂhc)ﬁcmtatelﬁfonmmbp(ﬁyeﬂsym‘mh nmbhan;éghhrsa]blp weighded e thifetievinyl acetate
B R R T R g 1 v
wel@taﬁ' Blgﬁlatld) pimtubtyl&&sglﬁalff ilﬁﬁcﬁnylZaeifdiecktafrqiartr’agmmykaidlgeaﬁoyl per0x1de
AR S AR LIRS PR ST B8
dlsulﬁéwcthpahmctWatwg@ft coﬁolglmer@mmﬂmhngotblamm 2 lwiparéinbyaidveight  of
cygﬁgﬁ%(xjn%e%%ﬁég g%%egu <ML PLUER LA P H SRRV ERI LA ARt by weight
of zinc stearate, 8 parts by weight of carbon black, 6 parts by weight of white carbon black, 2
parts by weight of mica powder, 2 parts by weight of titanium dioxide, 3 parts by weight of
magnesia, 1 part by weight of zinc oxide, 0.5 parts by weight of rosin, 1 part by weight of
coumarone, 1 part by weight of dibutyl phthalate, 1 part by weight of
3-hydroxybutyraldehyde-a-naphthylamine, 1 part by weight of N-phenyl-B-naphthylamine, 1
part by weight of N-cyclohexyl-p-methoxyaniline, 1 part by weight of
thio-bis(di-sec-amylphenol), 0.5 parts by weight of
N-isopropyl-N’-diphenyl-p-phenylenediamine, 1 part by weight of chlorinated polyethylene, 1
part by weight of chlorinated polyvinyl chloride, 4 parts by weight of aliphatic
hydrocarbons-cycloalkanes-aromatic hydrocarbons resin mixtures, 2 parts by weight of
carboxymethyl cellulose, 1 part by weight of hydroxyethyl cellulose, 3 parts by weight of
carboxymethylhydroxyethyl cellulose, 1 part by weight of acrylic acid, 1 part by weight of
N,N-dimethacrylamide, 1 part by weight of N-hydroxymethyl acrylamide, 2 parts by weight
of sodium dodecyl sulfate, and 1 part by weight of cetyl polyoxyethylene ether were subjected
to rubber mixing in an open mill or Closed mill at 45~55 °C for 9~15 min (roller distance
varies from 4-6 mm to 1-2 mm which makes the product thinner). The pressed product was
then taken off from the open mill, and left for cooling.

The products thus obtained were kept at room temperature for 17 h, which was then

introduced into a mold, and subjected to molding using a vulcanizing press, and kept at
170°(x20minx10MPa to give the test piece of WOSR.
Swelling rate by weight: >40% in the case of the test pieces immersed in deionized
water at room temperature for 4 days
>70% in the case of the test pieces immersed in crude oil at 140

°C for 36 h, and then subjected to cool by immersion at room
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4. The starch-(meth)acrylate graft copolymer according to claim 1,
wherein said (meth)acrylate monomer is selected from one or more of
methyl acrylate, ethyl acrylate, propyl acrylate butyl acrylate, methyl
methacrylate, ethyl r’r}ethacr ate 0p methacrylate and butyl
methacrylate. 5. The é%a fP rylate graft copolymer according to
claim 4, wherein the (meth)acrylate monomer is comprised of methyl

@%&I—]{)/ﬁ;ﬂ Ig? ethyl (meth)acrylate and butyl (meth)acrylate at the weight
of'l % 0) : (0-20). 6. An oil swellable material, which comprises

thve pmkbymﬂghnrqﬂahgcgt@‘émmlymﬂedﬁde&membeMQ Iptots.by Fweight of
eo swell er| | according to.clai 6 wherein sajd material is oil
n1tr1lgv?l)e %e ru er ,W %O% Wseé%i% t%ﬂer% )?ror‘ﬁ)g ene %1ene a[‘erpo ymer, 25 parts
by Wfsﬁgmm(mhméae@dap@flgmfndﬂm ynparts b8 wElghoilfsweltabtebbateliahrts by weight
ccor t herein said,mater Icom rls
of C}%/voerfé totg sg%lgg?%chh§(me hr)ug)cﬁe a%epgggsft opo mer %t%fl %_VI%% B%tratte resin, 40
partsbbw\reﬂggbtobﬁatalrchbbelhmatrothachlaTdaeﬂwﬂ sweﬂable:mmlaﬂa:ldagmftohngolymer 1

id rub t
part R e L REf R B iy g cibenvoy
perogldém @5vqheimhssardlghbb§rN;Nthmr@]wigkﬁmbﬁmﬂ@nmbr Orepots by weight of
itrile-b tril d bbe! )
dlbeIrI]ZIé{ 1328@%@%32” S r?ue?)% a¥‘|(‘jg§ %ﬁ[l oq’{l]| r| e Féa E}ﬂ%e%]zo%lﬁzoliSEIfFH%mlde, 0.5

ene-propy ene- p terpo ymer.
partsohssweiﬁblefrdmbclwlagmrdim,t@ anyt b@/cvmrgbtz)fcsm@riwhtdﬂ flrthaetr by weight of
zinc %%y%psel%o ?té) Em%re?g% ﬁ% Iﬁa%q(eqt fgulgrbvulc glll%%tfovghlte carbon black, 5

accelerator sticizer, an Itivés. 1s SeleCtegl om one or more
partsdbxemgmthg/mammdmsmdé,mrm@y:mmeﬁmamas parts by weight of zinc

oxidN EYAlRN s e B ARG RUTENAYIG A AP RERYL AN R thylene, 1 part by
weight of chlorinated polyvinyl chloride, 1 part by weight of aliphatic
hydrocarbons-cycloalkanes-aromatic hydrocarbons resin mixtures, 0.5 parts by weight of
3-hydroxybutyraldehyde-a-naphthylamine, 0.5 parts by weight of
N-phenyl-B-naphthylamine,0.5 parts by weight of N-cyclohexyl-p-methoxyaniline, 0.5 parts
by weight of p-tert-butylphenol, 0.5 parts by weight of 1,2-dihydro-2,2,4-trimethylquinoline
polymer, 40 parts by weight of carboxymethyl cellulose, 5 parts by weight of hydroxyethyl
cellulose, 18 parts by weight of carboxymethylhydroxyethyl cellulose, 1 part by weight of
acrylic acid, 1 part by weight of N,N-dimethacrylamide, 1 part by weight of N-hydroxymethyl
acrylamide, 2 parts by weight of sodium dodecyl sulfate, 2 parts by weight of sodium dodecyl
benzenesulfonate and 2 parts by weight of cetyl polyoxyethylene ether were subjected to
rubber mixing in an open mill or Closed mill at 45~55 °C for 9~15 min (roller distance varies
from 4-6 mm to 1-2 mm which makes the product thinner). The pressed product was then
taken off from the open mill, and left for cooling.

The products thus obtained were kept at room temperature for 17 h, which was then
introduced into a mold, and subjected to molding using a vulcanizing press, and kept at
170°(x20minx10MPa to give the test piece of WOSR.

Swelling rate by weight: >95% in the case of the test pieces immersed in deionized

water at room temperature for 2.5 days

>110% in the case of the test pieces immersed in crude oil at 140
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13. The oil swellable material according to claim 11, wherein said

vulcanizing agent is selected from one or more of sulfur, dicumyl peroxide,

di-tert-butyl peroxide, dibenzoyl peroxide (BPO), N,N'-m-phenylene

bismaleimide, tetramg (tr? | thiyr m disulfide, 4,4'-dithiodimorpholine and

tetraethyl thiuram disu g hﬂ é{ltbl S\S/}/lgfl%(g?eg n‘f?loat(éor‘i){Iqb ccor 151er51 § at room

claim 11, wherein sald:rhhberamwfecﬂs(ﬁcfmm one or more of carbon black,

white carbon black, pot clay, talc powder, mica powder, calcium silicate,

calcium carbonate, magnesium carbonate, titanium dioxide, magnesia,

Zihe akddevandrgragebiiey ingtedithe odedvirekithte thateaitiahatiabidimgttoial or the oil-
and QLA VBRI GRS RIASCECHDREIBPEH BRTLANG ALMGHS Al HBSHIRRed to the

machine oil, paraffin, rosin, coal tar, coumarone resin, glycerin, stearlc

use g FAHE LI RERSDE ADEKTHHASRIES o %&%?g R dnBiRkG
resins.  16. The oil swellable material according to claim 11, Whereln
said other additives are
selectedfromoneormoreof3-hydroxybutyraldehyde-a-naphthylamine,
1,2-dihydro-2,2,4-trimethylquinoline polymer, N-phenyl-13-naphthylamine
N-cyclohexyl-p-methoxyaniline, p-tert-butylphenol, thiobis(di-sec-amyl
phenol), low molecular nitrile-butadiene/diphenylamine graft products,
N-(4-phenylaminophenyl)maleimide, N-(4-phenylaminophenyl)
methacrylamide, styrene/acrylonitrile random copolymers,
nitrile-butadiene rubber/butadiene rubber, chlorinated polyethylene,
chlorinated polyvinyl chloride, cellulose acetate/polyacrylonitrile graft
copolymer, aliphatic hydrocarbon-cycloalkane-aromatic hydrocarbon resin
mixtures and polystyrene/polyethylene block copolymer.  17. The oil
swellable material according to claim 6, wherein said material is oil
absorbing rubber-plastic material, which comprises rubber-plastic material
matrix and starch-(meth)acrylate graft copolymer.  18. The oil swellable
material according to claim 17, wherein said material comprises 5-40 parts
by weight of starch-(meth)acrylate graft copolymer, based on 100 parts by
weight of rubber-plastic material matrix. ~ 19. The oil swellable material
according to claims 17 or 18, which further comprises one or more of
vulcanizing agent, filler, vulcanization accelerator, plasticizer, and other
additives.  20. An oil- and water-swellable material comprising the
starch-(meth)acrylate graft copolymer of any of claims 1 to 5, water
absorbing agent, reactive monomer, surfactant and
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39 material matrix;  said material comprises 5-40 parts by weight of the
starch-(meth)acrylate graft copolymer, 3-100 parts by weight of the water
absorbing agent, 0-30 parts by weight of the reactive monomer, and 0-70
parts by weigh of the surfactant, based on 100 parts by weight of the
Claifliaterial matrix;  said water absorbing agent is natural hydrophilic
polymer or its derivatives having water absorbing groups; said reactive

momm&&meﬁm%mgwngﬁﬁ@te@mmgp%% , Q5 URSRLERIKlinked  emulsion

ammonium salt monomer, or alkenes monomers having hydrophilic

COPO@f*@er}@f&mfam%wgog%%ﬁ@mbr@@owa&hh%wﬂfa&%b%nh@ the absence
of cr68IARIG-Ofa19 Hﬂ%@gdﬂ&h&%%@%ﬁ&&%%bﬁ%@%ﬁkh mddediBg@ired with one or

and water-swellable matérial according to claim 20, which comprises
mOfed@%b)%fem@tﬁméﬂjﬂ?réfaé&&W’é%ﬁ\?é%@ﬁ&ﬁﬁé?séﬁha@ 8070 parts by

21 ht of said surfactant. 22. The oil- and water-swellable material
c@%‘r"d

Harel-CmR Bt RS Aol ASSOrHing S deltiisieinpsaid starch is

seldésedarbmbiRSoraNdrsyf Wi ctanhisianie sFaciatiegurdsthig oil- and
water-swellable material according to claim 22, wherein said water

absmd)m@ag@mbiﬁ)hygn@wlg@ﬂdéep@@ﬁbsmbmﬂﬁa@imgdtﬁlllmlasevbérié&l said starch is
atives. 24. T and water-swellable material accordin
selec(tﬁg ﬁ]

25 Wher8iR 'S4 Fés R A ER BRI R AT 52 |§§Fﬁfc§‘e

e ail- a ({ {‘eable aterla accordin clalm 23, wherein
sal Eurfaé“tarf\? sseﬁﬁ d'from oqge orpmé)/reecgf go%’ %oé%cyFsunffatlé wherein - said

(metspdiyhte odeayhsulfosdteteddsadionm dodecy! demzdng sulfplasieethyl acrylate, propyl
acrylate, butyl acrylate, methyl methacrylate, ethyl methacrylate, propyl methacrylate and butyl
methacrylate.

5. The starch-(meth)acrylate graft copolymer according to claim 4, wherein the
(meth)acrylate monomer is comprised of methyl (meth)acrylate, ethyl (meth)acrylate and butyl
(meth)acrylate at the weight ratio of 1 : (0~10) : (0~20).

6. An oil swellable material, which comprises the starch-(meth)acrylate graft copolymer of

any one of claims 1 to 5.

7. The oil swellable material according to claim 6, wherein said material is oil swellable

rubber, which comprises rubber matrix and starch-(meth)acrylate graft copolymer.

8. The oil swellable material according to claim 7, wherein said material comprises 5~40
parts by weight of said starch-(meth)acrylate graft copolymer, based on 100 parts by weight of

said rubber matrix.

9. The oil swellable material according to claim 7 or 8, wherein said rubber matrix is one or
more non-polar rubber and/or polar rubber.

10. The oil swellable material according to claim 9, wherein said rubber matrix is selected
from one or more of nitrile-butadiene rubber, hydrogenated nitrile-butadiene rubber,

ethylene-propylene rubber and ethylene-propylene terpolymer.

11. The oil swellable material according to any of claims 7 to 10, which further comprises

one or more of vulcanizing agent, filler, vulcanization accelerator, plasticizer, and other additives.

12. The oil swellable material according to claim 11, wherein said vulcanization accelerator
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26. The oil- and water-swellable material according to any of claims 20 to
25, wherein said material matrix is rubber matrix, and said material further
comprises one or more of vulcanizing agent, filler, vulcanization
accelerator, plasticizer, and other additives.  27. The oil- and

is selRiek W&%@%@en@%@}éwrfé%&ﬂﬁi%?u@mw h&irsecjfhﬁé,idﬂﬂlg?cq t-iﬁ)éhzothiazole,

accelerator is selected from one or more of tetramethyl thiuram disulfide,
N-cyplphereaprbpeatvarriseitienaaydfotukdiphaeh 2ogisvtesulfenamide and

t(}I(i;henyl guanidine.  28. The oil- and water-swellable material according

clhlia 98, swrsdadile sarteyinkarsamtingginelaiselbbtenhitsin oakd ortisapizing agent is

seleciBHEHT HicBmMMbRePddien didierRutyt RRIAXIE. HHRE BEAY REXRETGibenzoyl peroxide
(BPO), N,N'-m-phenylene bismaleimide, tetramethyl thiuram disulfide,

(BPQ).NelttrivamtfariRpsiidsatdeigtidetksranetiarh Gt disdfide, d¢" ignigglimorpholine

and ehsewiterswelagimaterial according to claim 26, wherein said filler is
selected from one or more of carbon black, white carbon black, pot clay,

teic NSRS WRIIGB P aveaTa CaletflicaiRi #alCiLWheRiRARIiller is selected from one
magnesium carbonate, titanium dioxide, magnesia, zinc oxide and

or mege, B arbon Bgclrhife SBaRRaF s sk (At ERRdetcBrg MBI danifplcium silicate,
calcid® oIt saishplasiicizervsneeleatedfian @adQnmeiesef, vaselRRle and graphite.
machine oil, paraffin, rosin, coal tar, coumarone resin, glycerin, stearic
asidIdietod saltslibéraahteialydhtdiatate, didetyl Boidaieiandidhphslicizer is selected
31. The ojl- and w er-svi/ellabl material ac ordin%to claim 26

resins. ' :
from, ong 8F Al QAP St MRS SAfe RS HBNSHY §PFhEHe Gpumarone resin, glycerin,
stearid- hyidroxyautyral dehnycle dibnagd iihylalae) eioctyl adipate and phenolic resins.

A SRR TR AL TR SRR s
selecpfienol)frtow molecular or more of  3-hydroxybutyraldehyde-a-naphthylamine,
1,2&(@%%@55&{5?91%}%% Saminegraftprodycts, N-(4-phenylamipopheny el iylamine
N-cyclohexyl-p-methoxyaniline, p-tert-butylphenol, thiobis(di-sec-amyl phenol), low molecular
nitrile-butadiene/diphenylamine graft products, N-(4-phenylaminophenyl)maleimide,
N-(4-phenylaminophenyl)  methacrylamide,  styrene/acrylonitrile  random  copolymers,
nitrile-butadiene rubber/butadiene rubber, chlorinated polyethylene, chlorinated polyvinyl
chloride, cellulose acetate/polyacrylonitrile graft copolymer, aliphatic

hydrocarbon-cycloalkane-aromatic hydrocarbon resin mixtures and polystyrene/polyethylene

block copolymer.

17. The oil swellable material according to claim 6, wherein said material is oil absorbing
rubber-plastic material, which comprises rubber-plastic material matrix and starch-(meth)acrylate

graft copolymer.

18. The oil swellable material according to claim 17, wherein said material comprises 5~40
parts by weight of starch-(meth)acrylate graft copolymer, based on 100 parts by weight of

rubber-plastic material matrix.

19. The oil swellable material according to claims 17 or 18, which further comprises one or

more of vulcanizing agent, filler, vulcanization accelerator, plasticizer, and other additives.

20. An oil- and water-swellable material comprising the starch-(meth)acrylate graft

copolymer of any of claims 1 to 5, water absorbing agent, reactive monomer, surfactant and
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N-(4-phenylaminophenyl) methacrylamide, styrene/acrylonitrile random
copolymers, nitrile-butadiene rubber/butadiene rubber, chlorinated
polyethylene, chlorinated polyvinyl
chloride,celluloseacetate/polyacrylonitrilegraftcopolymer,aliphatic
matempﬁ%@iggons-cycloalkanes-aromatic hydrocarbons resin mixtures and
polystyrene/polyethylene block copolymer.  32. The oil- and

M&%ﬁ%ﬁﬂﬁ@!ﬁr@%& i3l agGonaing, 1Q Slgim.2 Qhé"’&@f&in(l’%ﬁiﬁﬁ#éé@%[é@&@%copolymer,
is one or more non-polar rubber and/or polar rubber. 3. The oil- and

33.
3~10Q parts\usiehh bkt aresFdrgaBginespt hhefbirrsdidYubtsésh afrikhe reactive

mondnegleftebiram g HymaseRiditile-bitadisne BARREHLMYWTOIRRRI®Y weight of the
nitrile-butadiene rubber, ethylene-propylene rubber and

mateggh\yddXpropylene terpolymer.  34. The oil- and water-swellable
material according to any of claims 20 to 33, wherein said material matrix

R BT IRSHE TG AR tnindBtural BrdrpRBTln natymeRRr L afgpsives having water

absofPRIET3oapsOreing feaclaie drbnvinerein saihonateRMUENGLEIMPESASng groups, or
one or more of vulcanizing agent, filler, vulcanization accelerator,

qQUatGIRACH TR ORHHLEAR RIS sOT AlkHICA BRBARY S HRIE S AU ARIHI e s formed by

hydréMyslakledmatedalaecicialg iamirafed ol taphBlerdherolsiaitng with said water
water-swellable material according to any of claims 20to 35.  37. A

absorbing 82<¥hich comprises of mandrel and swellable jacket surrounding the
andrel, in which said swellable jacket is made from the oil swellable .
R B AR B 2N HERMUE © T01E O T e SRR rises 0.5-30
partsihatesighaofaniling detiaaynoholainsndte-38 parts by weight of said surfactant.

22. The oil- and water-swellable material according to claim 21, wherein said water

absorbing agent is cellulose or its derivatives, and said surfactant is ionic surfactant.

23. The oil- and water-swellable material according to claim 22, wherein said water

absorbing agent is hydroxyl- and/or carboxyl-containing cellulose or its derivatives.

24. The oil- and water-swellable material according to claim 23, wherein said reactive

monomer is N-hydroxymethyl acrylamide.

25. The oil- and water-swellable material according to claim 23, wherein said surfactant is
selected from one or more of sodium dodecyl sulfate, sodium dodecyl sulfonate and sodium

dodecyl benzenesulfonate.

26. The oil- and water-swellable material according to any of claims 20 to 25, wherein said
material matrix is rubber matrix, and said material further comprises one or more of vulcanizing

agent, filler, vulcanization accelerator, plasticizer, and other additives.

27. The oil- and water-swellable material according to claim 26, wherein said vulcanization
accelerator is selected from one or more of tetramethyl thiuram disulfide,

2-mercapto-benzothiazole, N-cyclohexyl-2-benzothiazolesulfenamide and diphenyl guanidine.

28. The oil- and water-swellable material according to claim 26, wherein said vulcanizing
agent is selected from one or more of sulfur, dicumyl peroxide, di-fert-butyl peroxide, dibenzoyl
peroxide (BPO), N,N’-m-phenylene bismaleimide, tetramethyl thiuram disulfide,
4,4’-dithiodimorpholine and tetraethyl thiuram disulfide.
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ABSTRACT The present invention provides a starch-(meth)acrylate
graft copolymer and the preparation process thereof The
starch-(meth)acrylate graft copolymer is prepared by copolymerizing
(meth)acrylate monomer and starch in a weight ratio of (0.4-8):1, the graft

sopalymefihavngaKECIRRNE AR SR aO BAlREUS SRR WHLGNE caid filler is

or more (meth)acrylate monomer with a grafting ratio of no less than 70%. .
selectrile fppBE ORE IRV EREEh FlirtaergsrNigks whiti| ewedatitaekakeiatlavhithc powder, mica

pow&&mﬁﬁﬁﬁltbﬁé}%{%ﬂﬁm&ﬁ&%&%,%@r&%ﬂ%%@ﬁ&&?&%ﬁmﬁﬁl dioxide, magnesia,

~swelling agent; and also an oil- and water-swellable material, which
zinc eyidparGsBhEearch-(meth)acrylate graft copolymer above, water
absorbing agent, reactive monomer, surfactant and material matrix.

Plrthies, bty HrtRie® alitb [samedse P regsrding denclamabdvirsrein said plasticizer is
seleciwefiaiieomatariaband ol g dvatatiane lablg.materiabae alne Rhovigesarone resin,

glycerin, stearic acid or the salts thereof, dibutyl phthalate, dioctyl adipate and phenolic resins.
31. The oil- and water-swellable material according to claim 26, wherein said other
additives are selected from one or more of 3-hydroxybutyraldehyde-a-naphthylamine,
1,2-dihydro-2,2,4-trimethylquinoline polymer, N-phenyl-B-naphthylamine
N-cyclohexyl-p-methoxyaniline, p-tert-butylphenol, thio bis(di-sec-amyl phenol), low molecular
nitrile-butadiene/diphenylamine graft products, N-(4-phenylaminophenyl)maleimide,
N-(4-phenylaminophenyl)  methacrylamide,  styrene/acrylonitrile  random  copolymers,
nitrile-butadiene rubber/butadiene rubber, chlorinated polyethylene, chlorinated polyvinyl
chloride, cellulose acetate/polyacrylonitrile graft copolymer, aliphatic
hydrocarbons-cycloalkanes-aromatic hydrocarbons resin mixtures and polystyrene/polyethylene

block copolymer.

32. The oil- and water-swellable material according to claim 26, wherein said rubber matrix
is one or more non-polar rubber and/or polar rubber.

33. The oil- and water-swellable material according to claim 32, wherein said rubber matrix
is selected from one or more of nitrile-butadiene rubber, hydrogenated nitrile-butadiene rubber,

ethylene-propylene rubber and ethylene-propylene terpolymer.

34. The oil- and water-swellable material according to any of claims 20 to 33, wherein said

material matrix is rubber-plastic material matrix.

35. The oil- and water-swellable material according to claim 34, wherein said material
further comprises one or more of vulcanizing agent, filler, vulcanization accelerator, plasticizer,

and other additives.

36. A sealing article made from the oil swellable material according to any of claims 6 to 19

or the oil- and water-swellable material according to any of claims 20 to 35.

37. A packer, which comprises of mandrel and swellable jacket surrounding the mandrel, in
which said swellable jacket is made from the oil swellable material according to any of claims 6

to 19 or the oil- and water-swellable material according to any of claims 20 to 35.
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ABSTRACT

The present invention provides a starch-(meth)acrylate graft copolymer and the
preparation process thereof. The starch-(meth)acrylate graft copolymer is prepared by
copolymerizing (meth)acrylate monomer and starch in a weight ratio of (0.4~8):1, the
graft copolymer having a skeleton of large starch molecule is grafted with one or more
(meth)acrylate monomer with a grafting ratio of no less than 70%. The present invention
further provides an oil swellable material, which comprises the starch-(meth)acrylate graft
copolymer above as the swelling agent; and also an oil- and water-swellable material, which
comprises the starch-(meth)acrylate graft copolymer above, water absorbing agent, reactive
monomer, surfactant and material matrix. Further, sealing articles and packers prepared

from the above oil swellable material and oil- and water-swellable material are also provided.
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