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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INVENTION In the present well plugging technology, various forms of

packer for specialized uses have been developed; they may be operated
FIEIneCHamidal yNNERELIKeRlly, hydro mechanically, or operated in a

If-sealing manner, For example, in U.S.6073692, a, packer comprising a
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said elestomiéab annmtenmaédiate 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.
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structure constitutes a common disadvantage to the packers above. To
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de%icated to.study.novel well packers. For example, in CN1452686 Q ..
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outwhelsenof & swellablprebsaserdpmigitudinally, 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 that most of the non-polar rubbers have an affinity for oll .
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relatfiehvevogrhedtve above problems, one technical approach is to introduce
lipophilic groups into the rubber, which results in the formation of a

Jtpebr siisveNabierapbeenFoointreasecttis armsadtaaidipyptiicly supgbsorbing
rubb'g} he R PLLOLARPD 591%10&%?5%%P&HE%b&ﬂ%é‘%ﬁ%*}dﬁﬁﬁﬁlﬁﬁeﬁj the harsh
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absorbing resin in the vulcanizing formulation for rubber through blending
urgeqpfith redbeebiogryaitdiepieddingiewrtich results in the improvement of oil

absorbing capacity and swelling capacity. This method is simple, but has .
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of the present invention further developed a new oil swellable material, in

vulcgiiidneherastvdondh bR ARy ate R Fad dspdifr b ersBY a8 ¥pial blending,
whichvelingsagant 1@$8NGnent of oil absorbing capacity and swelling capacity. This

method is simple, but has a drawback of being difficult to obtain a homogenous
dispersion of the 3-dimensional network structure of oil absorbing resin in the rubber

matrix.

The inventor of the present invention has developed a new technical approach for
preparing a superior oil swellable material, i.e., designing and synthesizing a
starch-(meth)acrylate graft copolymer which is lipophilic and capable of improving the
swelling speed and rate of oil absorbing materials containing rubber, and which can be
effectively used as a swelling agent for the oil swellable material. Moreover, the
inventor of the present invention further developed a new oil swellable material, in which

the above starch-(meth)acrylate graft copolymer is used as the swelling agent, resulting
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2 in a great improvement in oil absorbing capacity and swelling capacity of
the current materials, such as rubber. Soil swellable materialealing
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rapid increase in the swelling rate.

Still another object of the present invention is to provide an oil- and water-swellable
material, which absorbs both water and oil, and exhibits good swelling property in the mixture
of oil and water.

Still another object of the present invention is to provide sealing articles and well packers
prepared from the above mentioned oil- and water-swellable material. Swellable materials in
the sealing 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



3 molecule grafted with one or more (meth)acrylate monomer in a grafting

ratio of > 70%, e.g. 7090%. Preferably, the weight ratio of (meth)acrylate

monomer and starch is (2-5):1. The starch-(meth)acrylate graft copolymer

of the present invention cangrg ared by a copolymerization in.the o
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the present jnvention can be selected from a variety of native . starch and
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and methyl methacrylate (MMA), ethyl methacrylate (EMA), propy
starchhethacrylate (PMA) and butyl methacrylate (BMA). The
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binary co er formed of starch and one (meth)acrylate, or a
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BA) takes place, tetrabasic graft copolymer,
or more of the followings are preferred used: methyl acrylate (MA), ethyl acrylate (EA),

propyl acrylate (PA), butyl acrylate (BA) and methyl methacrylate (MMA), ethyl
methacrylate (EMA), propyl methacrylate (PMA) and butyl methacrylate (BMA).

The starch-(meth)acrylate graft copolymer of the present invention may be a binary
copolymer formed of starch and one (meth)acrylate, or a multipolymer formed of starch and
two or more (meth)acrylates. For example, a graft copolymer is obtained by copolymerizing
starch with methyl (meth)acrylate, ethyl (meth)acrylate and butyl (meth)acrylate 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

4



known as SG-MA-EA-BA is obtained. The starch-(meth)acrylate graft
copolymer of the present invention may be prepared by 4 non-crosslinked
emulsion copolymerization, which comprises the following steps: Mixing
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of filtering, washing, drying and the like. For example, the above
emulsiEpaiatipniprddeseresanpiises thadofibwintstdgswittixibgsabionitedweight of the
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C=98 Cin a reactor r stirring for gelatinization, holdi
(mettoaepdeaeurefiontd min-130 min, and then cooling down to ambient

PHBRIALE: tﬁ@%’éﬂ@gﬁ%@? ah %ﬁ‘}fi‘&‘i}’&@tﬁlé%?%%r@?Eieﬁﬂﬁs%ﬁr&lfﬂdiiuriﬁcation,

(0.4-8): 1, and polymerization infibitors were removed from the
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amount of 1%-18% while initiator was present in an amount of
waslongyslryieganbthisdikeactor charged with the gelatinized starch, emulsifier,

'1389%5@@9 the above preparation process comprises the following steps: mixing
deionized water and starch in a weight ratio of (2~40) : 1, followed by heating up to 20 °C~98
°C 1in a reactor under stirring for gelatinization, holding the temperature for 10 min~130 min,
and then cooling down to ambient temperature. The weight ratio of (meth)acrylate monomer
and starch is (0.4~8): 1, and polymerization inhibitors were removed from the (meth)acrylate
monomer in accordance with conventional operation. Based on the weight of the monomer,
emulsifier was present in an amount of 1%~18% while initiator was present in an amount of
0.3%~16%. To the reactor charged with the gelatinized starch, emulsifier, monomer and
initiator were added, followed by heating up to 35 °C~80 °C with stirring under nitrogen
atmosphere, and holding the temperature for 2h~5h. After accomplishing the reaction,
adequate amount of demulsifier was added for demulsion, followed by filtering and washing

to netrual, and drying to obtain the product.



initiator were added, followed by heating up to 35 C-80 C with stirring
under nitrogen atmosphere, and holding the temperature for 2h-5h. After
accomplishing the reaction, adequate amount of demulsifier was added
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copolymer as a swelfirig agent. The oil swellable’material includes, b
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used in the present invention 1s
isocyanurate, divinylbenzene and their mixtures.

The present invention also provides an oil swellable material which comprises the
starch-(meth)acrylate graft copolymer as a swelling agent. The oil swellable material includes,
but not limited to, oil swellable rubber, oil swellable rubber-plastic material, oil swellable
plastic and the like. The more the amount of swelling agent used in the present invention is,
the better the swelling effect becomes.

As for the oil swellable rubber comprising the rubber matrix and the
starch-(meth)acrylate graft copolymer, the starch-(meth)acrylate graft copolymer is preferably
contained in amount of 5~40 parts by weight, based on the 100 parts by weight of the rubber
matrix.

The oil swellable rubber may also comprise sufficient amount of vulcanizing agent
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the better the swelling effect becomes. As for the oil swellable rubber
comprising the rubber matrix and the starch-(meth)acrylate graft
copolymer, the starch- (meth)acrylate graft copolymer is preferably
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nitrile-butadiene ru ene-propy er and
ﬂuor@ﬂnly@me pﬁd}bﬁerfeed|er@°€teqdolynPe¢fafmiom§xlveﬂlam|@tmmbbe¢r©fme: or more of
n1tr11@r8§§1rcﬁéﬁ¥ o0 %?4 %%HQ{%Q ﬁRﬁYeb‘%RAHlQ a@léﬁkeﬂ?g Gl abber and
graft copolymer of esent invention ast e swe gent T type

ethyand-m@ﬂan)ﬂMQmmﬁgrmyents and/or vulcanlzatlon accelerators
applicaple, i ibe OJLEW&"%P'%% L%P&%Pﬂﬂ%%,{%{@ée&t iventies %%Qé)temploys the

particularly limited, as long as vulcanization of rubbers is promoted. F

starce%@mﬁliacs}almmrafumlzwgragféh@smmen\sqnpm ﬁsgbmmelbegtmmg
OFfa &%HlP%BQﬁtaJ}dvﬂfgﬂ{‘i CrREI0IAE S, BTN RES ARG MG K QBB G pplicable

peroxides are, for example, dicumyl peroxide (DCP), di-tert-butyl peroxide

to th@)qlBnyeanbﬂ@mdabzwpééh@mesmmyemmm@éearet fontesilapidimited, as long as
Vulc%&lafmrpla?%@&ﬁsbﬁnfﬂmg& For example, suitable vulcanizing agents include

sulphur, sulphur containing organic compounds and organic peroxides, amines and the like.
Organic peroxides are, for example, dicumyl peroxide (DCP), di-tert-butyl peroxide (DTBP)
and dibenzoyl peroxide (BPO). Amines are, for example, N,N’-m-phenylene bismaleimide
and the like. Sulphur containing organic compounds are, for example, tetramethyl thiuram
disulfide (TMTD), 4,4’-dithiodimorpholine (DTDM), Tetraethyl thiuram disulfide (TETD).
Suitable accelerators include thiurams such as tetramethyl thiuram disulfide (accelerator
TMTD), thiazoles such as 2-mercaptobenzothiazole (accelerator M), sulfenamides such as
N-cyclohexylbenzothiazole-2-sulfenamide (accelerator CZ), guanidines such as diphenyl
guanidine (accelerator D) and the like. The amount of vulcanizing agents used is preferably
0.3~14 parts by weight and more preferably 2~10 parts by weight, while the amount of
vulcanization accelerators used is preferably 0.5~10 parts by weight.
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and the like. Sulphur containing organic compounds are, for example,
tetramethyl thiuram disulfide (TMTD), 4,4'-dithiodimorpholine (DTDM),
Tetraethyl thiuram disulfide (TETD) Suitable accelerators include
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FERIN SIXIE b RONMBBEE 3¢ BRIV FHNEN . RING FORYY BE Ml 18 B conventional

process for the preparation of rubbers. For example, the oil swellable rubber can be obtained
by vulcanization subsequent to rubber mixing, in which, mixtures of each components 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 invention is lipohilic. Therefore the oil
absorption rate and swelling capacity of the rubber greatly increase, after homogenously
mixed with rubbers, and thereby forming a rubber with superior oil swelling capacity. In
addition, as a swelling agent, the starch-(meth)acrylate graft copolymer is preferably obtained
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The oil swellable rubber of the present invention may be obtained by
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invesfggifically, the present invention provides a well packer, which comprises

a hollow mandrel and plugging material coating around the outer surface

dnbfiovetharder; deprsrend whopludiinyuasirgiaidtermde dhio wbsoedsil may be
inte GV'BR}’%HE%BQ%& Qﬁ?csﬁ'ﬁ%ing. Alternatively, the plugging material and hollow

mandrel may be in a form of an assembly composed of two movable units.

In view of the harsh conditions like high temperature and high pressure down in the well,
nitrile-butadiene rubber and/or hydrogentated 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.



invention. In the well packers described above, the plugging material and
hollow mandrel may be integrated by cementing and vulcanizing.
Alternatively, the plugging material and hollow mandrel may be in a form
an a sem gh {31 ed OF[V‘BO movable units. In view of the ha
em
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swellable ru er-pla dtic materia the oil swellable mat
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f fil
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cizer is contained in'0.512 parts by weight. The oll swellable
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of various sealing article d well packers. The present invention also
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cont A R(SHIAGY FYS WAl CARO WMGL MBI BRSPS 390 4RRTY R cight, based

monomer, surfactant
on 100 parts by weight of the material matrix. The water-absorbing agent is natural

hydrophilic polymer and the derivatives thereof having water absorbing groups; the reactive
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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and material matrix. The starch-(meth)acrylate graft copolymer is
contained in 5-40 parts by weight, water absorbing agent is contained in
3100 parts by weight, reactive monomer is contained in 0-30 parts by
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allylsnnoater, lodraikdnem miomgrees draeingushcrs pimtih g el fohelededfesrcontaining
veic. wh . o > .
monb¥EOY g yhichco ’;é@igﬁ:ﬁﬁ%ﬁ%l@ %Qﬂ?efé%@&%!@aqfeﬁéossgg&% \'{lvgiz)ltllagllylether),

water absorbing agent. The water absorb S Inclu

amidmﬂmt@ingne weheorerof (Rectollowinggsesrdarmiory |, M@ﬂbx&ﬂg@ﬂhgrides (e.g.
N-etﬁ?i‘é@%zlé\m&%; sulfony \eRRXYIRIS GFRRand suffopate groNpReAMIMEvIamide),

onomer used in the present’invention includes, but not limited to, .
N-hysheporiisdaendmiidomonomer (sucfeads (metha)acryhchasltsyeteitngthcrylamide,
N-hyRRRO¥YIG Al Ryglride mo“Omef}ﬁﬁq%}%}ﬂ%ﬁ?ﬂﬁt@yﬁﬂh@£'de)’ (e.g.

carboxylate monomer (such as sodium (meth)acrylate, sédium maleate),

N,Nsijhmfwmﬁwmh@ndméqmetﬁayamfomfw@wsuﬁdﬁat@@ﬁ@ﬁ@meesuch as
N,N,ﬁ%?&%ﬁaﬁﬁﬂi%ﬂ%‘ﬂé‘f%?é&)ﬂ%%}ﬂrﬁoéﬁﬂiﬂw,'H9@1%55\ﬁ[i&51-}1%&ﬁers formed

(metha)a yIaIE:ohoI), ether-containing
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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monomer (such as poly(ethylene oxide)oxypropylene glycol
monoallylether), amide-containing monomer (such as (meth)acrylamide,
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rubbelffe@ttlﬂxamam@s@cﬂactahfmnhwch@ prafepdithe ramgesfoabbiatediar polar rubber,
rubbgﬂalggfr%%gﬂgbﬁg u‘BQa %qﬂgaﬁﬁ{)\%vgﬂaﬂ%ﬁﬁﬁfg'}Lﬁtf)’é}ng lﬁﬁ&%le to the oil- and
invention may be selected from elastomer or non-elastomer, such as
watertﬂyo@}ablﬂotb@hwﬁtﬁhwm@mu@vemmm The oil- and water-swellable
ryhhehpfife @n?te%ﬁ%?”&l&’ae{iﬁ‘&é{tf&'ﬁth&éc%féﬁ%{seslﬂte}ﬂﬂﬁa&é&’qtﬁglﬁé‘t’oﬂ- and
wherein th camzmg agent Is preferably present in an amount of 0.3
watepawgltgblﬂe“@helb@%ﬁ@ OReI00 priestinnwaiyhtcor anwornbber ma@m‘ucularly limited,
as 1StaRle fbber mafrix of theails And waless e abis SHORAN DS BreRRAt and/or

invention is
vulcanization accelerator suitably used in the above oil swellable rubber are applicable to the

may

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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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.ojl swellable rubber.is applicable to the.oil- and water-swellaple .
conty e b Do S ARty SORL S e o weight,
vulcadeelenatecsisitablyivseddimtdani-arid puetehsweilldiolenduplasti of¢hés contained in

esent.inventi nd their. amount are not,particularly limited, as long as
05 e B B B Bt o
vihcamizatioh waee!eraltrtdeitabbetipkdtin thetaixdwef oHesprelaldemuabiven may also

g Ithgi Qi and,waler-swaliable ihberof e AR Hing agent, filler,

nvention. ?ﬁ%lérrnég tl(\)/’es, such as acce}eyafor, p?l%ls Icizer an
accekbomeentibitittyzaseddnother mithtifasturerofheulolle rsnch ayasdse e labkdrbber-plastic

th ent invention according 1o the applications. es and amount
mat R B D AN B YOS BTY 0% pares by
weligbtdidmyipeostmrskilled 12 thepantsibyase@lancecwitiocosmroaiaikndwl €dgel 0 parts by
. Additives suitably used in the ahove, ail swellable rubber are applicable to .
weig B G R S AR T P e or
the ruidtergastifablgaubbenoixthe present invention may further comprises, but
t limit one.or, 0 additive ted fragm vulcanizi

R B Bt LR ey b seteced

by thRrefdirsinlypasivasiziled aythetdy ih 2comthimedwil0c@hparinby lsdight,

e e . ah canizati :

o R S8 B MBI e Re A S G swellabie
mbbpgnﬁ Byeweighnt baseation, 100 whith _blymxﬁiagm/@$tﬂ1eg1@lﬁbeopn_bmhﬂr _Tdfethe present
invel‘PHa&'lIQaY%?‘a%%éWﬁlg9%%&95’@@5‘P}9%¥{?v@*&t§1{6%81f 5&1@%&%&{%&9 Wirectly added

may also comprises, but not limited to, one or more additives se ected
to thﬁrmhhmlﬁ&ﬂﬁiﬁg&g@htbﬁIwhsmtemmipmmizer and other additives.
Fﬁ{ethgip-'l'a qd W g{_—%ﬁ&%ﬁ)&e wg@ﬁ‘rﬂf)las%téﬁ 'Hét %lﬁ“@e Rﬁ?{?e%ntor swellable
invention, preterably, vulcanizing agent is contained in 0.314 parts by
rubbfvre@glfhit,itfiIlllefltiﬂs“i@bm@j’_nb@HWQZOGM?QWWQQMZS&&QEMGHS iorarinsdorm and
shapgj Qlél}gsps%gﬁ rifk g@al @%‘i‘&,'gggﬂﬁgcg)ﬁ]@?ggafnlg_]c?lgt?eg%%ll?%le jackets,
weight, based 6n 100 parts By weight of theé rubber-plastic material

scalingamhndrglsesd it dikountsadinaeseoiridivssodibael perlilil yietiednd the oil-
and Wﬂ@ﬁs@@%@?&%ﬁﬁ%ﬁi 0@3{}{9%1%@%“{6‘1%9%59%%'%%% H%ﬂ LN ascg)e_cts in which

-accordance with common knowledge. The present invention also provides
sealiggorotprrfsk prepafng thaeiizhpNateqywarableinehbepabing preisemsubways,

runndNERHAR: SWRIRRG SRIGVERLER SR CORAMIDESLTHIRRECSEL: 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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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

packg%bt%tesr Drody lgrkflecorslgbbe (P Iast|? ma&glé%lnm 1? esusﬁd pet%eﬁcker r(f.vides other
prepar |on o) sealing ar |c es in various form and shape, such as sealing

advaritigss seelling gaskatslsealindostrigsrseayogspate snsveglablsejackots,
sealing mandrels and the like, Sealing artic the oil swellable
B S R R Pl SRR Rl ecomes
part oﬁmhlemdmodtmztm:alpmpedtm}nmdmh lseahmgﬂeg‘gqglthd aauutaas;im:e between the
wenl SEIEHABR0% GUPEN) RIRES: ARPRIED LGS, SRS (0B ion pipe
a\éms queducts, In ructure works, construction, mining, wa &r wells
of t}mlmllspapl@}eof amipmwnelnﬂeetmh anthinadecsivédablenmbeeoid| mbthetion well.
esent nventl n.ma sed for the productio ackers, particularl
W L o T R, BN Wi o
the mwietiakttjackls stardugldiragethe mﬂdnabme@vabHameqackedlﬂimel@etbé annular
wat llable of the, present | ven |
Spac?nhgﬁgreﬁ nd the swe\ﬁ' Jafg(%lget frﬁfl;[fy lg(raof}l e%z]rated3 Tt‘;y cemen |nge )gﬁ%ftlon pipe Is
sealogly lwachizliegtidteniative lyf thegrmandrelyandoneissivedllatiejadket 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
BRIEWEIEHREIHEINAR U B 3B mBliddmovable fittings, particular
reinforcement | 19
i SR R e b i e R
butythersiatp]eewhgsnucgr@ﬁ mmmm@ﬁ@aegﬂddrqﬁtbcsweﬁamm@mker
'Féﬁ Qduction, GOEAS oW lIJL i3 Relable Ragksl: ro"dgﬁ%@“ﬂ?ﬁary graft
d antages such as easy in atlon oW operating cost a
copotpmsenfdtkampls 2ovftHe amﬁmamm in the well, the WeII packer of
{pepresent IeonhecomesPaf ok iG Lllextaston, DR Rary gratt
F%{fe inp ugg%l{ngqﬁ[e} ann[?J ar space gertweé)n the We r Ja ets c?{ Ay e
COPOﬂBrelpr@dlEmmpiﬁeﬂI(Efﬁueth@mhemvautlon;pipe The oil extractlon pipe of
%ﬁ\fgg §05§ ﬁfetﬁ% 85%‘?18951' Q/Y&py%[? fﬁe' @EFHQ&&?@%P&‘@’QV%;B&Q& of the present
. duction well. When oil, water or oil-water mixture come into contact
aneWIthlthe packer, plugging material | of the packer self-swells at a high rate
as a result of liquid absorption, and thereby the annular space between
the well wall or jackets of the production well and the oil extraction pipe is

PREEERBH 2R SHMIME NSt I ENGtBDId @AY er zone is thus achieved.
B['ﬁ@ﬁ%@%Q&@lHQN Wi BERRBMVANG Fire Mﬁqaﬂaf@%ﬁﬁ%dto the following

spectrum illustrating the starch-(methyl acrylate, ethyl acrylate,
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



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;

-igure 3 is,an infrared spectrum iJlustrating the starch-methyl acrylat . .
g R i B LA B LB B Ror Elfrer disslving
compléted B axstheg sectiobaintiesvspof theestMotunaot iNAWVEIEpaERe(DT theand BA (6g)

resent. invention. PREFER MBODIMENTS.OF THE,INVENTIO .
werd R e AR R B L o S o 15 min
To fodowbrgioaxaniplesn anddrawisy).4ehaqulddre understond thitateoweder, nitrogen

these examples are cribed_by ways of examples.and jllustration, an .
ot ST A0 Do Ao 2% OB, 3 (0 ool Sl ol b at thi
tempieraginkicior Thmpddiovgd exanuples The sxdetnplifyaththstandhydetretiyatmyiateon using

raft copalymers of th sent invention and the preparation process .
an o BB S S e A AR it warer o
neutadrpladey ity @ewdateh yetrabasicl grafting polpmas ( 8GHgAEABlstdntaveight and

. 500 ml 4-neck glass flask, 8 q of corn starch, 150 ml of deinoized water
welgg}gghnglgtee%sa b%@%ru\ﬁ%se(ﬁ)s%}ﬂﬁélﬁéearfohg iﬁélﬁ#g temperature for 20
iielibr-dedadinizagbne Cohelingtihd toabaa]shesigddifith® rdgaedistarting materials)
dodecglben enesulfonate under stirring, after dissolving completely,

/ total gysig tﬁéﬁ‘?b%@ﬁ?‘?&ﬂ“&é?ﬂ & MOrbmers MA (4g), EA (4.7g) and BA
(Bgptoveres respedtivelyenetghrdyane, Radaddalibedeastion slbtiotow@nektraction is
then stirring for 15 min. _Tao the reactjon solution was added 0.445 g ceri

"a“aﬁ‘}n%hﬁﬁﬁgrﬁffé’t’él% ?fe%whr&b@r‘ﬁ%ﬁ?i%sﬁﬁ%%iﬁﬁgﬁ -‘(nﬁ‘,%i‘l%%é%eb%/" MA, EA
andBalingouprial 40 (he anddigacsingforshbrainhicogeperaity difdb BemplBingmaining
of reaction. Theﬁsolutéon (;Es thﬁn subjected to .dﬁmulsion using, an
t 8F SSrurardt

POlYRSE &SNS B BN KA BN Rty gafing ratio of

70%in80%y withtieatdetanriaedral, and washing away any unreacted starting
materials, drying to a constant weight and weighing. The elastic polymer

WHETHB&IALA i BBl BN ieldhy it iingsralHalgnt SietHesittingTeacted starting
maM%fi@JQf&%iQP%ﬁBﬁéPﬁﬁﬂﬁiﬁ&%ﬁQﬁmﬁi%érBOP%Y\A?‘%E ttBE the starting

starting materials x 100% Acetonée is a good solvent to polyacrylate and
matéreatnondifEr. Continuous extraction is carried out with acetone for 24 h

B3O LPIHAGIL PEEIN DHWALMER RN s Epured 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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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
acrylate. . : .
unreacted starting materials-weight of monomer homopolymer and
copolymer) / total weight of the starting materials x 100% Figure 1 is an
i% trum showing the polymer prepared in this Example, which
comprises mainly the following characteristic peaks: 3359.03 cm | refers
tBriparatieichinge\Whiigticiuahaorptigntieak gfdfydopsyy aeouSEaBA.)
2958.46 cm ] refers to the stretching vibration absorption peak of

AStASBRE hifiTogsae apenasb Al 11 Fers tiesatdtitimg tato starch, 180

ml ofiBEatinreabsARtions peak Llearbanyt8Iobh fentul bhdf OB ciok Iafgsd@ ylate and
the bending vibration absorption peak of methylene hydrogens (C-H2

1
0.98 @_pa§erio Jrae N5TE Wisd 4158 STPERE Fetsiai s e iciEtiBPLYBRrization, the
prodabseERtivlpRAks 85ether /honds(en@otariihbeAVE7SRO 454G hs, detétrined.

C-H3 absorption peaks correspond to the moiety of methyl acrylate, ethyl .
aFd%}}%&ezdﬁ&fbﬁﬂﬁiaé%‘iﬁﬁ?éfr\‘ﬁﬁi@“ﬂ%‘%%&?&‘f‘&édﬂf%ﬂfw%yﬁls Example, which
corepasactasislic peakifowsiaradfivsstheairsence of the above peaks
confirmed the gccurr@nce of graftin betwegn the starca%a%rt]g ethy{
acrytaté, EnyicAes 19 G GSHTNE T HEH TR IR S OEBR VP YOpargigrewp (COH).
thesstarcbnblipdfasrybaikebinatyhgiai ibepalinaBs (S GoB prASITeREeRAB hydrogens
he same manner as Example 1, except that 8 g of Irish potato starch, 180
| of deinoized water, 1.6 g of sodium dodecyl benzenesulfonate, 32 g of
bty acrylaterafss @ 98 gafteriig niRitowarsdipaemsctiteos@ibanyl group (C=0).
r ts ingtead. After poJymerization, the product was obtained i
T 3ok eleE e AR AT S 73T e A BRI g bycrogens
(C-Hs.auipffpred spectrum showing the polymer prepared in this Example,
which comprises mainly the following characteristic peaks: 3359.72 cm -1
redsad ee stirtdHig Vi ois b &0 FptisH PR DY Ryitemabg peRioR OFaks of ether
bond& 033 ¢m | refers to the stretching vibration absorption peak of

methylene hydrogens (C-H). . ‘
The above C=0, C-O-C, C-H,, C-H; absorption peaks correspond to the moiety of butyl

(C-

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).
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1734.57 cm -1 refers to the stretching vibration absorption peak of
carbonyl group (C-0). 1450.58 cm -1 refers to the bending vibration
absorption peak of methylene hydrogens (C-H21 C-H3). 1243.68 cm 1,

2.11 cml refer to the stretching. vibration absorptio ks of _
e T e R R SRR R T R o 00
pleidiksiéocras pefitsadhb arimiedyngf Vibtytiacatate) tivhilpctiie absethtitme hydrogens

CHp f -OH is a characteristic peak for starch. Thus, the presence of the
( Ab beaks confirmed the occurrence of grafting between the starch and

buyh scedatenEXMIRbE 3 PreRaistian afdhaisiareh-methybIPHAC RIS of ether
inary graft copolymer -MMA) As prepared in the same manner as
bi néa?é f | (SG ) din th

bondg (G 1, except that 9 g of tapioca starch, 190 ml of deinoized water,
2rha8hsedism, dodecylthenzene sufonatsh 5dagsafonelpyhRtRCHAy of methyl

and 1.6 g of ceric nitrate were used as the starting reactants instead. After
methaghyAr 24BN SHOIHBHIERFES Votihllt hOPEHASIEHHIGiBRAX ARt Gttting Thus, the

preséadto &f MR parsdesamminer i BygiFds RNONTEABSAREWYEA the starch and
showing the Polymer prepared in this Example, which comprises mainly

methylmeiifinG Eharacteristic peaks: 3435.09 cm -1 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).
&5 €m -1 refers to the stretching vibration absorption peak of

aaEant S RGN h 1A QReamcky IR rtR dhekBe RE R VRAHOSG-MBA )
absorption peak of methylene hydrogens (CH21 CH3). 1242.52 cm-1 and

111 ofocem-staefe mies theishedc Ay d tivbihabbplieeiiatd whsthiara four-neck
olasOARISAGIQefrbdTfae @RANE TR 17 freaGhZu a3 8bB0IRIIAM PEAKE mperature for

correspond to the moiety of methyl methacrylate, while the absorption

15 paigk oPIOHSSHERIARterfd68 peaRBE stdpch d¥Hus, additgesbice ®f the sodium

dodeRPRERGRES AR Me & heRerUrenas - Plagrafting BepyeRt iRt RIatthiaNhd 0.02
° m9ethyl methacrylate. Ec%(AMPLE 4 Pre%g{%tion og theBsQ'iarch-bult))%?zg s

of Niiethgdylanstirgssniarudcey HERESISEMMBAFEo h SR &eatehGvasd holding
the WrIghathangMixad withs0.mHherinRizettWRlREha IOMEMSR 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



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 50C, adding
1.8 g of sodium dodecylbenzenesulfonate, 35 g of butyl methacrylate, 1.4

com;gle‘ae,lg E%es Sr'elé”hBer Ifatesand Q. 02 Oful\tI é}é/ g}gi)l’r]] dSﬁ ebl&(fﬁ creTHdaecetic acid, the

itfogen atrnosphere, 8a |ng up to
prodtmmarra]hﬂreﬁberéda fosederctnweletindy it e ttsonl ibertnﬁumn@esarried
bé{rtdro wﬁ@eoyfﬁtlddm the splutlon §6ﬁ2804 and NacCl to the reaction

mlea%n &%: Was tln%nq‘llteredO rinsed with water, dried and

tested for |qutd)peusemtthopmtlesixgﬁetsi afftheirafesopolymen@0%hydrocarbons,
Good abso |on to 8 ents gf 0|Is ers %?matlg I% ?Ilr cf?rbons

halogenate y%eroc c}ﬁs fe{raﬂtydro ur n anar ?He? 6 A sorptlon rate

to aromatic Aysimpanbarts (sachnasitdiydrnearyben¢juehSg/epluEne)h kRing)5-10g/g.
Preparation of the starch-ethyl acrylate-methyl methacrylate crosslinked
copolymer (C-SG-EA-MMA) 8 g of Irish potato starch was weighed, and
rhiXédMPiti X20 ml deinoized water in a four-neck flask and stirred for 10

|n followed atl to 7 holding the te for 15 min
foreggfg st 8ﬁg¥ coo nﬁctgqg%dgr?h (98?;' n‘@%aﬁjs%dlum
otco)dgcatllzemeﬂﬁsultomteelgﬁe@ ofethil-aer ylate 200 enolomesmbized water in a 500
methagy te, 1.1 n#i’% persu ate and 0.015 g of palyethylene

ml-folrensC ?ﬁFafSaﬁ 88r MESpHSPe DE3HVER 1) Rlafingf5toging. and
stirrdd, &ad haldivg thenfemperatainfortd hoC,1Totompletyg dadirgadtiong of sodium

ulsion is carried oyt by dropwisely adding, iced ac acid, the
dOdeﬁVé%}dt?ﬁ‘RFé ‘ﬁf?é’ﬁt?ltlé?gar AEEBENit f%&téd %%%E&%r?&?@%clf‘éalﬁforthg temperature o
ambiefopefiigsafireperiiast yieldotiegradscopelyrdehmBaddddaodiadsarpiiansolution,
to solvents of oils, esters, aromatic drocarbons halo ted
and Rl P b e Brr ity BRSO P AT SRRSO Al doBafd i ammoniurm
mtratwdmdeﬁfia@ﬁ@e(su@ibaphm’aennowlebgz)heﬁﬁl@gtp xAMe Lin &Piepaiatien holding

T T L -

1, thmblf@dmeme@is aglass teaatmrﬁaskxei\ghchnaaﬁethmigeatedhm Y RBOT 8BYde88% was
irred for another 1 h the 5C followed by

ti
dete%é{él zln élggcf‘?ﬁ"ﬂ 15! c%eéHEE %ﬂl élﬁ%?tia ﬁder stirring. After

dissolving completely, the temperature to

EXAMPLE 7

Preparation of the starch-methyl acrylate graft copolymer (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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ambient temperature. 4 g of monomer BA was weighed, and added to the
reaction solution, and stirred for 15 min. To the reaction solution was then
added 0.64 g of ceric ammonium nitrate under nitrogen atmosphere,

fgllowed. by heating up to 40, C.under stirring, and holding -the t erature .
RSO S ea e PR GRSk e EinE T A ) efabitsic gra

copobptasapls GLMre IpreBuct was dried to a constant weight and then weighed.
The yield of 83%--88% was determined, and grafting ratio is then

detérrfiteahROEd0c Aol ek Aioish el 72pdp i B AHE Bl EHSReiksA Water in a
500 AsLYRie At AeROMNRIHES BaMAWhigHO IR thstp k@ peigBek@ndder stirring,

mixed with 280 ml of deinoized water in a 500 ml-four-neck glass reaction .
holdipgs gheyfsmsiatharhHe aiditg for72cninder ssiarpizatiorkdpenagepting to 45°C,
follolesapeyaidEHer 2.3 hy tanaodiagdpebfaidqbrysgdipiaddingnd. 4 a\ekbr dissolving

sodium dodecylbenzenesulfonate. After dissolving completely, cooling the

compleiiber0PURE AtbiSTEPRATS alramhisEhiRIBEE BiemA SR ddag ke & ceric

amniGEURAEHEASRIUE e N¢hilbd SHITRENT0IOstie [Rth® reactiabsuéian,, monomers
was then added 8.5 g of ceric ammonium njtrate under nitrogen

MA fimoghHere! ol RAnEHigY W80 URLRT LiFpey: aiResehgtforfollowed by
heatitvasikeptat *thiglesnparanyeatar Roldias cheRiapegthe adiom Woekuipbleting the
in the same manpner as Example 1, the prodyct was obtained in, ) o
reactiory, WOBHRR, 1814 S YR T T Pees L ﬁ%%‘é\ NGhRASRRERTAdR 817 yield,
and EX@MPLESS Rrepaiatioasof1be,starch-(methyl acrylate, ethyl acrylate,
butyl acrylate) tetrabasic graft copolymer (SG-MA-EA-BA) 12 g of Irish

potato starch was weighed, and mixed with 220 ml of deinoized water in a

500 mitfewinpeskaglpks il ask ohieblWBR thebdieaie dhdptepaation process

under stirring, holding the temperature while stirring for 20 min for

there94yatinization, then cooling to 45C, followed by adding 2.3 g sodium

dodecylsulfate (SDS) under stirring. After dissolving completely, cooling
tag%%egra]ﬁﬁﬁaéure to ambient temperature, then adding 1.4 g ceric
itrate to the reaction solution, and stirring for 10 min.
sahsegleadthy noonemets Whglt.5fgatinAl (Ubigr o @3 §30vg)2ves€ zine oxide, 1.4
ded under nitfrogen atmqsphere, foIIowedﬁ heating up to 55 C unger
Pt e PTG e BNl R & PSP USRS ane (SR e carbon
blachVeskpyrtinbiynevsaimeoancianmasaxaatp)€Q pitres prodietiivas emiaiaedl,in.2 parts by
. >81:ﬁ é%d’ nd grafting ratio was determined.as >70%. The follpwing, .
weiglt GRSy B e (5 B i SRR e rStBie Bratigazote, 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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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

methacrlglﬁ%ng;l?ilap rﬁy%aar n%r;)%tfi% g n(gtﬁ SS par? aén%glgg |ne Ollh]]élmR?e %%yparts by
welghtnméréapmdaptmzbéhmbie;o]leZ p2artmiby mlyhigiﬁmﬁehbmhmhdmle disulfide, 3.5

S“v'&"dehlt sP QLS yswelant of o e%g%tro QA0 PR B IgNt O&Fé ar'}é“ﬂ@ arts b
thorout In"an open Ru ¥:Ios vulcanlzaltlon IS carrie P Y
we1g\hm I«zﬁ&@h@\@feﬁmtm@dyldeaa tqmpmﬁmomommlhwmmmmtm camed out via
vulcanlzatlosr; t%S C A {nsp X 1OI\/ILPa RL{EbEI‘ test piece was immersed
A 20" gn%lne oiior” 8 ing rali% y welght was found more than

E((Zk)@fdltrmmtﬁmnpatmrzamdmthé(mﬁbef%ﬂmtnpmhd\&mtalnlng no SG MMA,
we I|n rate Wel ht of #oduct oft ent exa
R B B A b O e IR iy it was
foundatunal thdybs, %paits ct:cynpet@hnowtndlemdlebel tespartsbyaneighngio SG-MMA,
ric acid, 1 art arts by weight of carbo
the g O G G RS bR R TSRS by more than
20 %engine oil, 1.2 parts by weight of N-phenyl-a- naphthylamme 1 part by
weight of N-(4-phenylaminophenyl) 19 methacrylamide, 0.5 parts by
weight of N-(4-phenylaminophenyl)maleimide, 0.3 parts by weight of
ZEmerpkstdibédzntviazddeon2rp@rtbeom thsigty of silvehZothibkolkylate copolymer of
e rt e f su r i :
the % é%ﬁet %%Be |s§rrr11a e\:l?vmél Qtn?r% ﬁlg)garts (’;OllivelgvgF ?psgl M?\%Xpounds’ wherein
Vulcahamhgh@rogmﬁtoqbemtmﬁ%n@l@seduhhﬁnﬂﬂéﬁﬂ&hm issedraethoutiblzeraThe test

piecd wggﬁ eﬁrg SHO 3§ \ggl ﬁaht%% piece of 2 mm thick. Condition for

vulca 50 C x MPa. Rubber test piece was immersed
|hcmcmgmé8'omrm1&dé% pavesllihy raiteghy weigrhbeas 0féuhd prote tharweight of

0, r | o o
vl B EATERAe L Iin ) ShE R AR BRI el W e c~60°C in
an ojworerbed blpsadreithaheogsyixanpled anidibeloviaderbristizite tigss to provide
a tesiUENGE Sl siatiimelNagals coramelal e R‘ieﬁ%tdé"%t@ﬁ%' 25MPa x

the swelling properties of rubber in oil compounds, wherein vulcanized
mithyididgenated nitrile-butadiene rubber (HNBR) was used as the rubber.
The test piece was prepared by the following steps:

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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homogenously mixing 100 parts by weight of rubber, 0.412 parts by
weight of vulcanizing agent (organic compound) and some swelling agent
in sequence at 30C-60C in an open mill or closed mill; then carrying out

Icanjzation via a vulcanizi ress.to provide,a test piece of.2 mm.
O NG G T T RO R St e o

2minn65min. EXAMPLE 11 Test for the swelling properties of the
SGhykfrdgd niate tPatsleybtriEiBne rubber in coal oil, in which SG2MA-EA-BA
copolymer is contained in the rubber as the swelling agent. Test pieces
SWHIERS SISt dRYS dBbve. which cormtain 100 parts by weight 8-
hydrogenated nitrile-butadiene rubber, 12 parts by weight of dicumyl
ide ( ) and 0 and 15 parts by weight of SG-MA-EA-BA,
F%eé&p(’)f‘(‘aﬁgﬁllé%?gnd the swelling properties of the test pieces were
deterfoindd . shestimeihgertest fi doe & ydithedine d siitn lef ahadie 4AOx20x&: in coal oil,
i ﬁ@ %eg%r& accy artneel}/. V\é%ig]fglendeawhi%h wer. ithean ierr'rl}mersed in coal oil,
WVaNd taken ot orywelg]ﬁing oreadn 24 i erf%regweighing, the oil on the
Sfapeweasavipegatid Sweblinvg. rateiddy cwetgins= (Weiglt bf theitgat qfidgdrogenated

.._.after immersing in qil-weight of the, t iece.before im jng,in oil),/ )
it T TSt el baRord ST TR Gl RROUSE ol hodufiay weight of
sulfuf ableailts Byveltinghrateddidive yliipbayxinl E@EPODI @B it Sy dbsargtidnpaftsdsl weight of

il SG-MA-EA-BA (parts by weight) 0 15. Swellingsate, on,D %).35

G-k ST SRANELE 11 ot o T S RS T Ay SG-BA-C.
SG-Bitrl2-besiaatieveyrubBerih o ptaibrtinswiichasBE&ddopblysaereimanner of Example
6 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

t eight of dinenzoyl perpxide (BPO) and 0, 5, nd 20 parts b :
o S SRS AR LI Fheom o
SG-BA-B, SG-BA-C, SG-BA-D, respectively. Swelling properties were

weigliesf phecesbber in Exampl-BaAaker abGeRptidh of S6aEoN-Test Pedds-D
SGRFAA S8 GBS PAC SCBAD

(%)

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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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

Bxavepdés off dicubyibperaxidelifndhe prepatatipnweightoffGCGiBAvdlheacker of the
iece is immersed in crude, oil.at 40-50 C. for 2 days. Swelling rate
pres R O T R R e e A T R
demonstrated that the oil swelling rate partially depends on the following
f rs; mount of crosslinkers which facilitates oil absorption and
s%v%%%n&gagﬂimmersion temperature which facilitates oil absorption and
Sweglliregionliddieatkodk with low viscosity which facilitates oil absorption and
elling; more amount of swelli ent. seaqgﬂw.ichf cilitates,Qil .
T, R R A R BT R Bl b washine,
phosfauilitaites sviedling . dDtmeratid 60 SWellindObeoomvesnmfavorablenptExaemptesing with

CHE;l\ﬂlj:BﬁealS}‘{‘é qugrgg(li thq el%{?gralrgtiolq process for the well packer of the
present invention an fhe test results 1ot the swelling properties of the well

pabkep 6B XA Py Btk Rrepay dtitgeoftpdoker Fhetdhbioevmbhad (BINEBR), 40 parts by
- ified with alkali soluti llowe ﬁ?ﬁﬁi horizing,
welgﬁﬁgﬁé%,hﬁgﬁgﬁgﬁé%ﬂé %c#’ gor}%%ﬁ?%% ?n toro m%?érﬁ%opé%? r‘g,5 hgtlonfgSG_BA’ 30
partsithweigiE M S caadhesipescasmtivre b kst [0 I atetube wedeling foleperte iy, 0.5 parts
weight of hydrogenated nitrile-bytadie bher (HNBR), 4Q parts by .
by G B e et (oahmtr (ERC 0 ar gy 2y weight of
N, NwsighylohgGBaciBodpatts faytsveightighyehetatporpasebdarhol) atk bg. seight of

talc, gg:@ﬁib:%;gﬂ%g{ }fﬁ?’%&%ﬂ%%ﬁr@@ﬁ 0 \%ﬁfgﬁ%ﬁfeﬁ?&ﬁéﬁgr%?drgcarbons resin

mixtum;-ﬂ:éth%ﬂf@riabiwniaﬁéinﬁé‘%{‘l@l}gggbgmeﬁghybﬁwm@idar&;ﬁ gisihyLOveight of
Nmﬁ@iﬁ%@é‘fﬁ@%&gg ﬁ(lg,n]eq%e?g%r%%%%y ;o%fa?gggitlr(és nartmixturbgs, O.SVBgﬁ}ét of
N-istnransight onetidnpholylanihopHensdjmeaksmide] 0%Aparts by weigHuof weight of
o SRR R LA AR Ty o ors b
weighfeight dN-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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N-phenyl-(3-naphthylamine, 0.6 parts of tetramethyl thiuram disulfide
(TMTD), 0.5 parts by weight of N-cyclohexyl-2-benzothiazolesulfenamide
(C2), 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
fAéroxiaei (O &Rntolanfofentesillpaicd floephugties mixiagat2BsGy3CSfet SMPa (in
acco?&relllrpnemmhn T{'ne(-:-S ho RN sly mixed rubber was applied to the
mandrel coated Wi h adhesives, and the thickness of the rubber depends
on the partlcular application. Appearance of the packer is shown in
%J Att d 4B. In the vulcanizing press or vulcanizing boiler,
vulcanization” was conducted according to the conventional process for
ﬂ]dth)éon/llnlcawdangmmpwh&shﬁmhmamggmmwlabnﬂematht ¥t 0G8ks oil.
[ & pre re of 0.5 MP o 65m|n As shown in
R B R o D e G S B SO e plugein
matecainjoriseahioticwdpancises| mmmvgﬁm@mdmﬁamsummhhnmhmtely weighed,
and 184?«%’\/ %ﬁ andr%lld-elz-hoel QN ﬂ,glllm\garsn natle mad% of thl‘qae 01 € 0ilhe test piece was
able rub er and p ugglng mat erla offow mandrel 1 were
takemnwgri?ated@@mulgemwwemanm@landhmoammgu@c vhereifarovedmas thansurface of
the tgls%selgg‘gl% 8&%%" 1%’%1“%9 Fé? units. 22 The tensile strength of the
tes plece ugging materlal S up to 5-1 5MPa (|n accordance with
t&wqﬁ'stg)fmﬁmlﬁl(ﬁm@igﬁtl@ Testeforitvecsafedlingprpegios of-theight of the
exampl I, [ 0 o
st B T L R o S P SRR RLIP 10096
foestutatir and process parameter of Example 9, which was then
aeeu i il wh
e B D e i ™ then
coolmgfdte orkighingmthenaiEotvesingd e suniacmoriiectdet piede Was wipdiag rate by

weighll WALt é{l)r% %@J'%d@*e\%é’l‘{eﬂ@%{esﬁ RO QLIRS IBRE ?é

ﬁctg fersion in
immersing in oil-welight of the test piece efo Immersing in“olil) / weight

crudefathetddiOpfécd Heférelomanotbingoid bil she ool lmegstatedultsy el tesstome >102%.
AfteP 5%%%&"@1%'%@@5‘% 'é%%q 6nl Cir 'édec'o?é 91}1091 %%?leaf%r a%g’ﬂtért@f 'ﬂ 1n cool oil,

cooling the oil to room temperature and keéping immersing for 18 h
the ssygBinggatatbyoycigbidivcaras tHd determined as > 80%. When the test

@{eﬁ?o%x)’é’ SifacH é‘ﬁgegu}glfm ?J%O&Hq b%”égﬁlé)vleat JVQQHO%O &J%r of the present

another 6.5 h, the swelling rate by weight become >102%.
invention is immersed in crude oil, by which the sealing of the annular space between the

mandrel and the jackets or the well wall can be achieved. Further, the plugging material
exhibits excellent heat resistance, pressure resistance and the like, with which the erosion

caused by the harsh working environment down in the well can be prevented.

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-butadiene rubber, 62 parts by weight of ethylene propylene rubber, 33 parts by weight
of starch/(methyl methacrylate and ethyl methacrylate) non-crosslinked graft copolymer, 0.5
parts by weight of sulfur, 2 parts by weight of dibenzoyl peroxide, 0.5 parts by weight of
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After another 64 h immersion in cool oil, i.e., totally 9h in hot oil and
another 82 h in cool oil, the swelling rate by weight become >110%. It
shows that higher swelling rate can be achieved when the packer of the

NNDESEOIIveninis imersed incrude, ol ysuhich the sealig of e | 5 o
annu rspace etweeri e mangye?”a hejac ets rthe we p y

welgbe af Nevedokexyiherbtme ghiggitguifatariaieexhipits é))ycaﬂﬂghheﬁtstearlc acid, 0.5

parts B3 Sta”g?QEE‘?S%‘{%{%%'SE?”%%S"J‘ dvtvhe? 'hkef"é’étr‘?)o rb%&“? eros‘ weight of white
arsh working envi own N he weél

carbmeManlted pdres fbﬂomm@e%rﬂpﬂeﬂa@rx@mplﬂy Hye\mlrghndﬁ/\ratat pwetlablé parts by

aterial of th prese |nvent|on a eparati GESS thereo
el e B P TR Ao Rl v, 1
part Z@pavt’sghy vmélgmmtfﬁmtrﬂe pmtadhgnwetgﬂbeqf%qmnmdmwélgpmmf by weight of
ethyl ener ber33 r of starch/(methy
N-cycﬁ ;}?a ethc éyatﬂ tln é)fr? EE%) we I ) Ea/c{r 9 51 trlmethéflgumohne

cryla crossllﬁ raft copolymer,

polymrtsl mawbbgmemgmtdﬁm BopansybyNwdightof eibsrayyt petioride, 0. paparty weight

of ¢ era]tght %flgen 2/0?}1" Ao é)XE%gg blsreqa{ﬁ' 'HF%gr?%e‘%ﬁ‘pﬁ'ichMu"l"oesi&hﬁP I)arts by weight

-merca
of thwglcihgkyb—lZubEﬁzGthmwdlsswﬁgimmweoﬂypmthbyaﬂaightlbﬂsseaﬂjcpattiby weight
b etofl st r ng of carbon b , .
of acré/rts y%veill t of \%hlté %%rgﬁiﬁgﬁsg%%ﬁgar \t‘seélg?%t %??ﬁo}% cIaQ4 ?%% S sodium
dodqgahsltfytwagﬂttléfpmtsdopomﬂglnt Qfmxislbydvmmsoiﬁpmtmmmouhjeg:@d to rubber

mixif rt1§ g)ﬁ/ ?%)arggf‘ %%‘s 6}1‘11??1 ‘ff‘réﬁ b%wélgg'lt Qf an&%xyglle]f & gtrt ¥ varies from

ghto part y weig Jht of coumarone, 1 part by Welg
4-6 mm;ya;lbﬁexgdl-rw}n@thna(}ywﬁhn@rq_dpaﬂt}bym@gﬁh@pressed product was then taken off

from]ﬂ%e% dﬁ?l%ﬁ %eny}hé%ﬂ I|ne polymer, 1 part by weight of

N-iso ylenediamine, 2 parts by weight of
éﬁn@mtadeutpdtwthlyt@mdmmk@bytmghtdwmmtymémw ‘téllatskgenontroduced

into grt%lgydwe gq 81 g(gi[r %yﬁ}h%gﬁﬂﬂ%}s’ﬁsé ajts pt}/lé’gﬁ press %nd kept at

hydroxymethyl eth Iulose 1 part by weight of acr 1 part
170 M@htrofNMPdlmgimat;damqmec‘eZ)ﬁW@ﬁy weight of sodlum dodecyl
sulfate, and 13 parts by welagt of sodium dodecgl sulfonate were

s TR hiximer 0 dnB e R B1aEiBederimipstsimmsieerbin deionized
9-15 min (roller distanceyapies, P A0 f9r @ dR which makes the

product thinner). The pressed product was then taken off from the open '
mill, and left for cooling TH¥ piodbetsatsubaisliriett weseskepmarsesbm crude oil at

temperature for 17 h d,éth duc mtscl)1 mol aggo?f)gecteg ts?on at Toom
molding using avulcanlzmg press an Pat ﬁ}(f)t& MINXIOMPA 10

give the test piece oftt@pSRiure 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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Swelling rate by weight: >200% in the case that the test pieces immersed
in deionized water at room temperature for 10 days >I 10% in the case
that the test pieces immersed in crude oil at 140 C for 24 h, and then

subje cool by immersion at room .temperature for 6 days. . o
200 e e B AR 0 AN oM e OV T R g 50-55°C
for AU GhiaMfol1rSdpasisOfvireR flodPatts RicatPombiagKwhRAR{IGIEIRIC product

. acid, 1 part of zinc stearate, 1 part of N- i .
thinnep)n (Fh EG T BrRSH R B ENARST Tomrthsranpmalh gudiadify; cooling.
PRt rddueyelpheXybidiRanzrikiazgle sy feamigep ot Rardstef atithatithich was then

hydrocarbon-cycloalkane-aromatic hydrocarbons resin mixtures, 1 part of

intromgﬁ%mp_ & hm éﬁ}ﬁﬁét’:e@_ 5);53 igg using a vulcanizing press, and kept at 170 °C

x20:HiHSQPIARY i sRREAY kRl NG didmine, S parts of MgO, S parts of
Zn0, 11 parts of white carbon black, 8 parts of SDBS, 1.5 parts of NMA,

dwkeBhpants bfy smaliing agEl BGHBAJgerdpardd &staoves omsesgedtentrude oil at
application no.: CN 24 200510137574.4) were subjected to rubher mixin
o open mil or Cloki iPACAg8E 5P 6RSHES, el SotaHggreIon at oo

varies from 4-6 mm teeinzerafryviich dagkes the product thinner). The
pressed product was then taken off from the open mill, and left for coqling.

The products thus obtamehiviie JaspiiatrisHr it RiperainrResied A hdgipded water

was then introducedgmgo%lml{f;e%qrgqg}qq%}tg 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 that the test
pigcesimmersed 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

te5PBrETes IMHEsel mideririizddNhate P2t ob M deratite b day s parts of

DCPEXAMIRsE 18 2B dmapadd, HNBR. cthrare atfaPPi¥aredPante AfBR, 4%part of N-
parts of CMC, 2.5 parts of DCP, 1%¢)arts of carbon black, 1 part of stearic

(4-phgnylamingphayimalemide b pa of RmerRERDRIFITBRIGy ArRartidigiramethyl

thiurdrRisQffRrnerpanter | phtRarRiHEtmmetar MLCAM parts of ZnO, 11
disulfide, 1 part of N-phenyl-(3-naphthylamine, 5 parts of MgO, 5 parts of )
partszpfovhife arponlisite %moﬁﬂﬁ?@ép&\ﬁg@%@fs@% prhsGPRA Af swelling

agen®REI DAL HHLRWEIING P! s%@f%n@éﬁﬁﬁé@@oﬂ%?%ﬁ YBSENIEM.4) were
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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subjected to rubber mixing in an open mill or Closed mill at 5055 C for
1015 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

iJl, and left for cooling. The products thus obtajned were kept at room
DCH B o1 £ e WHC U AGALELA TuBLd el 1 part of
N, N subjpbteg kmobostiateiside, al vpleanifidgnprespt@beanketiatdd0 ICpart of diphenyl

X20minX10MPRa to give the test piece of WOSR. Swelling rate by weight; .
e R L P OB RD oS AL COTB g T ginres
1 pathelfi sufpeadent tD,.cHqidts iofMegSipn atrsori Zepergiars tf wBitaysbon black, 8

>220 in the case of the test pjeces i ersed?ﬁﬁga%eﬁd ater_attroom.,.
par T D SRR 19 S g, Ui agens
SG-BR DeporaabiitsabbINGIR s8Opadis giplibdGo2 opaas 1ifo P57 DR, 13 @artabjected to
of carbon black, 1 part of stearic acid, 1 part of zinc stearate, 1 part o

FubbR] RHBHRAYIEREDIGHAIBISES THAA S 3 oo A FOMMABURS istance varie

fromPar6 Gheipbenyl BmaRiEife nfRey thefpaliphatithinner). The pressed product was then
hydracarbon-cycloalkane-argmatic hﬁdrocarbons resin mixtures, 1 part of

taken, pft Ao R R MY S, 18T 59%5R% Zno, 11 parts of white carbon

biaskpB daassiaisepibimedoslesy kbpnae nesulfengiesatuepaitsl of lMAich was then
) nd 10 parts of swellin age?nf[ SG-%ﬁg(prepared @2 abave or see pﬁ(ent .
Introg R ARG S 358 FH RS T A N R EHE S UBTRE A UG P ABR PRRTRiAY riaRf at 170°C
x20RR8O oNlbar&lesedhmillsah RIS GNEISEO15 min (roller distance varies

from 4-6 mm to 1-2 mm which makes the product thinner). The pressed
predilicvaks thewcighen ot fronthheaspeh thiilicstrd deds fiormooskdgn Thede oil at 140
products thus obtained wer t at foom temperature for 17 h, which was

fhen ntroduced into S riStcE ot SU B TR, CRPIoEy ARyt room
press, and kept at 17@8rhpexatGraifoX 90MRa 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 % 55 D)8 SetE &SPy aPaiipaped water at

room temperature foiLgHayspebtddrshe casesof 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

sveName ruiber, P11,

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
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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. Swelli(?%vrz%te bty Werilqh[t was dteterriningd s >70% in the te b
Pleces, SR e el pided THilRe et e ST ALY C 13152 heantihag rate by
weightbjec®aeimaanl fy imsoession 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
prRpavaEY i the same manner of Example 4, except that 97 parts of NBR,
3 parts of EPDM, 10 parts of BPQ, 6 parts of white carbon black, 10

0
SR BpapROmEBeRMAXaBEs BRI AL LIPS PDM. 40 parts
of SGRBIAVET Msedr BWRIINY sate by Welmiht ovepaseterNNed aspate%rfeDBS, and 6

the test pieces immersed in crude oil for 12 days; while for the test 26

partspd vehitpr e blic haisisi2egdvatey el inforatedmipesighirav asrdstgapinahas —250%
in theWgdingr rt‘ﬂ@:etpéf M&Qﬁhﬂﬂ&?&f?ﬁ”&%ﬁg il %ﬁ%eﬁ?ﬁé%ﬂﬁ% 2@ f%?fl 8 h, and then

_prepared in the same manner of Example 4, except that 100 parts of .
subj e NP, 40op&its nuNGS o NpA 33desstsVdfiCMTS pasesdbftieTRBE, W& gsamgmersed in

deioRNMM& RRLHA! RRBSaRE Br Q@l’iﬁ aiadiig t?Qt@ B&ﬂ%l\é’ﬁ{%&l%ﬂgtermined as

Swelling rate by weight was determined as >250% in the case of the test
>20teces immersed in crude oil with heating at 140 C for 18 h, and then
subjected to cool by immersion for 3 days; while in the case of the test
pieces immersed in deionized water at room temperature for 48 h, the
sueAM@r&te by weight was determined as >20%. EXAMPLE 23 As

repared in the same manner of Example 4, except that. 65 par
R TR B S EX MR S 8 RARCOR oM. 35 parts of
NBRn@thylaethylfcedibosdy 3B, phttpots adhydanrmicde] 206thaktstby DIBDloSepdrts parts of
f SG-MA-BA we . Swelling,r, ight was detegmined as :
oory B h R AR O D e AL Se b R RS Fte by weight
was ddidmiinddercase ofthe ttest piecé shimaepsae drimrceediinvidihidatthg @kr for days;
..140 C for 8 h, and then subjected to cool by immersjon at.room .
whilgoin, he SR80S HITRES INURTS e Bydneibht Rdediehiy Gsfor 8 h, and

then X9 péetEX AMIBLERAiffmadisnbyt Weightiebhbyehiage fiater] milrdledhaieng rate by
_rubber, 10 parts by Weié]ht of
weight was determined as >95%.

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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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

N R R LR V3 parts by W6 of

ZINC Stearate, parts by weight of di enzothiavzvgfght

N-4-Gibiatiid emnin gartdyy)wettyindrgfashNem-phetiylenebigmaleimidey0.5 paxtsigiy of
eight gf fetrame thiuram disulfide, 0.5 s by weight of .
L2 S TR Do erotrof cion biddk, 78l pyof N
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hydrpeadftin;c@ Boadirsadyramight dfydisicarBopartsehy weightesf cunparsndyl weight of
art by wei f N-phenyl-(3-naphthylamine, 2 parts ight qf, 27 .
carb Rl 0 AT RS PO Yo s by weige
hydriea{pthehygthgiinoibiesy)methdoryanite ONGNbaits diyawgightidé, 4 parts by weight
of NSOk, sy imetyiouinaling Polvmar. P RHS SISO 7 parts by
( -pﬁe yaml%opﬁ%ny maléimi e, part% ywelngno chiorina eo}’
weigholyettufid eI 2oparidpgnweit bt ofechlsvinatéa golyvirhdremouice id pareisn mill or

: . ) Aromatic hud : .
Clos&P it &f %95‘@ @ @4‘39?%%%5’#‘ g%é’rfgl:?e}ﬂﬁ%e SIS 'l%élé {%&%ﬁ‘; X }}r-%siﬂm which

mixtures, 20 parts by weig oxylmethyl ce

makeseighpofdugt tbkystyTdslpfesed 10 qhits Wyswbightakeydedk fimmtitiyt et mill, and
ul 1 part by weight of N,N-dimethacrylamide, 4 parts by weight of

left fgliﬁ(lilé/ c1r%ci)$>‘(§§'/methyl acrylamide, 17 parts by weight of sodium dodecyl

stifaterodnd s thastobipinvedighirofkepty hpodyoxytethpéerteretiier Weke which was then
. jacted ta rubber mixing | ep mill or Closed mjll.at 4250 r K
mtrog-l%%mﬁlg%rgllergdﬁtgﬁ%ea\%,ﬁgs r%Er;n 4%(&#11 ltlcg);1 1§Z%mﬁ \J/vaﬁlaczi %gg tﬁréd ept at
170° prdtimet xHivivieh) t1d b pressed piradudtWwashen taken off from the open

mill, and left for coaling. The products thus obtained were kept at room

tEMPERRIARSY 17 RS Rhich Rasithdle fDRidEa b RiFRsIdMRErsed in deionized

subjected to molding M%@a@rﬁ%lﬁ%@ﬁﬁ&a@&?@ﬁa@f@dﬁ pt at
170Cx20minxIOMPa to give the test piece of WOSR. Swelling rate by

weight: >90% in the caseé f théhtestsiedabdrinyiarssdsinndviypided waderoil at 140

mmersed m orude ol at EA0 Citof B ok D jesioh i dugigyion at room

immersion at room téenpperature flor bddgys. EXAMPLE 25

EXAMPLE 25

10 parts by weight of hydrogenated nitrile-butadiene rubber, 48 parts by weight of
nitrile-butadiene rubber, 25 parts by weight of ethylene propylene diene terpolymer, 22 parts
by weight of ethylene propylene rubber, 35 parts by weight of starch/(methyl methacrylate
and butyl 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, 3 parts by weight of tetramethyl thiuram disulfide, 1 part by
weight of N-cyclohexyl-2-benzothiazolesulfenamide, 1 parts by weight of zinc stearate, 10
parts by weight of carbon black, 11 parts by weight of white 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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10 parts by weight of hydrogenated nitrile-butadiene rubber, 48 parts by
weight of nitrile-butadiene rubber, 25 parts by weight of ethylene
propylene diene terpolymer 22 parts by Weight of ethylene propylene

bhe rts b of sta ch/(met ethac d but
L,2- (Hl %acry%%%“r%en r85 |n &y gﬁq édéo mery2 D %?yl-N -diphenyl-
p- phelnyllenyﬂmmmwdbs past by weugltttccﬁbmﬁemwm@eﬁ)y@ pmtmimyde 1 part by
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sulfatg2? ﬁﬂw@rbﬂyﬁ%hﬂmﬁﬂoﬂﬁqmrﬂﬂdw]ddbﬁmnei@m%y, Wepgtts bfy weight of sodium
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rubbpofyemsgen en®pepartd vy Weight MEMMM@G@@W\HHWUMW(O@J@ Bistance varies
fromhff1 S]Q%VYS} Iglg %ll&ﬂ%%crgx%g par cﬁ}/ (tl %Carﬁénﬁ#gse )tl)lroduct was then

rocarbons resin mixtures y weig met
takemeﬂﬂfm the gramsol weeiyletfiofonydrdgethyl ceIIquse 10 parts by weight

o hy e, hacryla
St B A B ASTED FE RS was then
introeodedmnﬂ@daemlduﬁacbs@bp@m@ibtpwewgrhnefmdwm daddanyling press, and kept at
ene ts b jum dodecyl sulfonate and 3
17078 € Lél%fﬁf‘ é %fy ]i}le y?P{g(g er were subjected to rubber
@W@Eﬂ@ ﬁﬁeo&eﬂvg'@bf)r Slosed millit dRRLEHRr @slPiduss (RliSErsed in deionized

distance varies from 4-6 mm to 1-2 mm which makes the product
thinner). The pressed‘@ﬁéﬂmttﬁm?rtakéﬁ%fﬂ?irdﬁ’yﬁthe open m|II and

left for cooling. The prodyets thys ehiaineg we ‘fl%%% %,?194&5 I8 at 140

for 17 h, which was then mtroltsuce into amo an jected to m Ing
using a vulcanizing pt€s$ad kephdt tiet0 XY Ocredxi®O Midh by giuendingon at room

test piece of WOSR. WeII|n ra by(yve|ght > 110% in the case of the
rature 1Qr
test pieces immerse T agionized waterat room temperature for 12 days

>70% in the case of the test pieces immersed in crude oil at 140 C for 24

? ijected to cool by immersion at room temperature for 7
ays LE 26

35 parts by weight of hydrogenated nitrile-butadiene rubber, 35 parts by 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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35 parts by weight of hydrogenated nitrile-butadiene rubber, 35 parts by
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 wei of starch/methyl methacrylate, non-crosslink )
3y R Ry e R o B P e AR R ey tamine.
1 givenzbyl peveighie, (b patiebisideigit-amipienvhhenylenebtsmaleimideight  of
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by \&{ﬁ%@%&{ cﬁgg%{c}:gaan(%ly h epna(l)dﬁ, q_yp%/ﬁl%%y v%ﬁ?g{fhgto methacrylamide, 1 part by weight of

N-hyti@-dinyadhyl2a2rkarinieth 9 pimdirey petygherofl paluby deightlofulfate, 10 parts by
N LN'-dinhenvl. o. A b i ¢
s AR NPT ORISR AL s

chlorinated polyvin
ethechlordaibjeptaxd by weightnofxatiphatia open mill or Closed mill at 45~50 °C for 9~15

. - | - ' d I It 0.,
o S NP OO RO .
presseyidroxirathyhs dhieidske Ofp Ambhieveighmihrokidféhybbidgoxyethy!

gﬁl;él 'ﬁlso%ujc% RRIY @%a"%%@ g eW?BPé¥QB%B¥'t8§%é‘%?n&r§1fBPVf7 QY WHIR was then

crylic acid, 5 parts by weight of N,N-dimethac e, 1 part by
introgheggihtiofo N-hydidxgnde syl eatedldmithe | do paiodyavweilshnginp ditass, and kept at

.dogecyl s , 10 parts by weight ‘ﬁl%ﬁg m dodecyl benzenesulfonate
170 %%%gﬂ?% \t/lee%g et%e gée%/vpb%ﬁ/gqjye yleéne ether were subjected to
roRBRMPIRILY areipen 3¥bor (lared il Gt theSRsE RIS iR doHe Ueionized

distance varies from 4-6 mm to 1-2 mm which makes the product thinner).
The pressed product@tes thepetakempsFargmitie slsh mill, and left for

cooling. The prOdUCtSS%%OBt%@ec%ég%rﬁtﬁg%s?y@%' IemeRRIYe a6 Gl at 140

h, which was then introduced into a mold, and subjected to molding using
a vulcanizing press, dadfke@dah, 1MQICHRANs iy EORAP o to @il dyhantestsion at room
piece of WOSR. Swellitrﬁ% rate by, w%i%ht: >80% in the case of the test
: . i gSIIperatgre fotr ays
pieces immersed in deionized water at toom temperature for 2 days
>70% in the case of the test pieces immersed in crude oil at 140 C for 24

rﬁ)@ggdﬂeﬁ. ﬁbjected to cool by immersion at room

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 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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temperature for 6 days EXAMPLE 27 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
ight o chIoroR{er%e (I;%l [

er, 35 parts b i fstar h/b
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|n I eimide rts
hydrwﬁi&%tr glﬁgﬁ% )1'8 elﬁl{yg/]lié W(%grm?fét é)réoxg ht%ly elg%xyefthyl cellulose, 1

part WM@memph@dmemdmwmmbﬁmmwmdﬂdlmat@dby weight
hylel t
of N Ny R e Mo S s by
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ium lfate, 4 parts by ecyl
mill, seadZefidsuifopkng; 2 parts by weight of sodium dodecyl sulfonate and 2

PAILS Y WEIQE OF 88&@{1&9&9&@%99%8}9% %rﬁHﬁlee%?dltPﬁ“%%h was then

~ mixing in-an open mill or Closed mill at 4555 Cf 9-15 min (roller
introdigtethdatoatiedidniad ssibpeaied @ meddivigichs inglée g itkaproag aress, and kept at

170 {Qé}? gx'{}?ﬁpa?tﬁseged oedtugt V\I/gcseth Bg noff from the open mill, and
or coolin pro ucs RUS Bbtained were kept at room temperature

fs{)v@mhg whtichwagihien introdusethintase motde asgd W@&Mﬂ@r@@'@mﬂbmnimd
using a vulcanizing press, and kept at 170Cx20minxIOMPa to give the
test piece of WOSR. Water at room temperature for 2 days

>190% in the case of the test pieces immersed in crude oil with
heating at 140 °C for 24 h, and then subjected to cool by

immersion at room temperature for 6 days

EXAMPLE 28.

30 parts by weight of hydrogenated nitrile-butadiene rubber, 25 parts by weight of
nitrile-butadiene rubber, 20 parts by weight of ethylene propylene diene terpolymer, 20 parts
by weight of ethylene propylene rubber, 5 parts by weight of natural rubber, 33 parts by
weight of starch/(ethyl, butyl) acrylate non-crosslinked graft copolymer, 1 part by weight of
sulfur, 1 part by weight of dicumyl peroxide, 1 part by weight of di-tert-butyl peroxide, 1 part
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Swelling rate by weight: >35% in the case of the test pieces immersed in
deionized water at room temperature for 2 days > 190% in the case of the
test pieces immersed in crude oiI With heating at 140 C for 24 h, and then

subjected.fo coo] by im tempera r6da
by Weig ?\ﬁfq’:}’ @% %%é)r y Wel gh o Ra % e%lva h [1 tr%mt e1 dhiuram disulfide,
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weighuah Nﬁphﬁﬂyp&mdmﬂflﬂwﬂghirm‘ ﬂéap&ﬁatblyj vﬁe@ﬂt @Nveyghﬂmkzlm methoxyaniline,

stearate, 10 parts by weight of carbon black, 5 parts by weight of white
05 cg on t%lck%f Eﬁé?ts 1iw%gh aﬁi ﬁ}iy E)par by We|g tlt\gxlu weight of

1,2- @@ddezaﬁammbﬁlw%hbbﬁmag mesjanér partsOdy weighntof zwhyomdeyeﬁ@t of
ff , t of
135\@; j}lftﬂé\; ﬁg -1yl Inplg?éd %ﬁ\/%véej Ié 1!'?%1 (éheq %?Cr%%a [ %ﬁ%y%o r?/ethylene 1
part b% W@bwﬁ/@@htmﬁmdcmkywm phrhoet&mx%nldm gy, Svaglst byf veitpokymethyl
I t
celluT$ Q(;Ohlmdsrc? éfg rlmet q%%%fglﬁ%}a%goﬁ?g%eﬂ %‘ a?tsseb weli t%f by weight of
carbwymwﬂinﬂOWpﬁ%)deﬂlﬁhwﬁamfmm|W@1g11paftlb§dwemoml cellulose, 2 parts
by w%:%orlg)q‘t%bﬁ%yf%yl Q%IW%@W y (?Ae% H% Fg%&?&%vlg')ﬁarts by weight of

parts by Ig t oxymet 10 parts'b
N- hmmghﬂmwm%m%céIhﬂﬁséymeﬂﬁ‘rtyﬁqu’ughd@ﬁecyl sulfate, 2 parts by weight

of s )ﬁg&? (}Ly Wi a(%gllgl SEB % WF'%]?&h ?&%pgﬂﬂ%ate and 3

cellulose, 2 parts t of ac |c a arts by weight o

parts\hi ‘dmgélmgf;pﬂ@hmnéy@mhglmevwnghwq\mﬁydmmeth@b@cwiaMQ an open
mill %P@f&é&yn\{‘fﬁ'gpﬁg’f @%%r@dﬁcmlﬁ%&tﬁr %@ﬁﬁ&%}‘i’@é%nf’ﬁ%oﬂiﬂmo 1-2 mm

dodecyl benzenesulfonate, 2 parts by weight of sodium dodecyl sulfonate
whichrigagep diespagdnesigihinos vetipplysnedarhgdentveth drapdakosuieted the open mill,

and THPREY I in an open mill or Closed mill at 4555 C for 9-15 min (roller
distance varies from 4-6 mm to 1-2 mm which makes the product
thirmerpdrpe phossddaprodureiwdephan taRen tompaatutisefonadr millvhael was then

introltﬂf:éarl‘f@@”c{"gnold, 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 2 days
>150% 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

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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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 170Cx20minxIOMPa to give the test piece

WOS Wellln te by 40% in the cas ete
weig S R B A Aottt Bl aye B, tethacrylat
crosdlieked e at tupdbshpieqmitm e rsegthin @flahieeﬂlﬂmtﬁﬂﬁbr@xide 2% purasriely weight of
.. then su coo mmersio room r S
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N N’rublyﬁan:jz?epebtsnmlammgh,t of pamlwbwmgltemf rﬂbbﬁna@tpdrwmmw@jht df part by
wel %h(ytl egp %Ien_ ene ﬁ? E{Jzoll)é T ?eu% de. é £y, W% h%;ot%[ht)élaer?ceamd 2 parts

par S by Welig
by vm@ﬁlmlkemg reiftacapoly ipats bparts gt w’élgehboﬁ ditbekt-Bupdrpebyxideight of white

art ei tof dibenz eroxid parts by, we
carb%nb%%% o’té/ %Ctlop X e{lsu‘ﬂ%" %yg paﬁs 613 OW e(%’h rpsyb W%lgh? of magnesia, 3 parts by

weighit NE mmkmnyimriebasn’calewmgia daf maraﬁipwbmt bfy weight of dibutyl phthalate, 0.5
parts 2- mgrcapto nzoth{azoLeT 8}' Sfé/lr%t et%erlﬁ ﬁmt mm of

N- cyc\flohexy “benzothiaz par by V\I/eiglll)tagf stebgric avgled‘?ht
N-Cﬂlphﬂwlmm@mhﬂmc sicapates Sypartsghy aidigtt-pheaybomilabknF)maleimide,

f I t
0 R B AR Vil oy gueieht of
thio- pa(ﬁbywe@mlﬂfepathffmﬁlmm Uyywwgllghofcaﬁ bligtphyidadeis] . 8-5ipathylquinoline
poly&fé W?I %f NW% %r%lf(ﬁl saf%%li%r art l%)e ép- ‘é"r?];}%%8 amine, 1 part by weight

ycl exyl-p-nfethoxyanili
of cmp(mqﬁh@pylamhy@mmméugm@u @f@lpﬁmgcbymmgmogﬁs cycloalkanes-aromatic

n I d
hydrﬁl1 @Kfﬁ?ﬁ@rﬁgfé Y ggﬁ par l[y(%\;v %&&@ﬁe@ngéﬁmo% 4 parts by weight
of hﬁad@wmbcglmmwﬁmhmqu@m@t palyareex ypetityblyydesrgttbyl cellulose, 3 parts
I3RS - \/ y 3 e wei
e ar et A NSIEE Shares by weight of
N, Ngyehesbaehdaisidgcd akan bs-aroghiti’ Nyaydoarpoathyésieryhirtistas! part by weight

r cggxm?
of Sﬁ/ﬁ%%g&%l cr}él%igie? parts byf%%i;&gfs gg g%@%ﬁﬁ%ﬁﬁy%%%?ﬁ?ﬂw ! part by

weighé infloedinesiadseysuléghteotitay by propyl dhilielosey | ppliee el oher were
subj @R 3 5bdt AR M AGL0R GYIPIAS. 3020 EIYhln (roller

N-hydroxymethyl acrylamide, 1 part by weight ot sodium dodecyl

dlstaggcfa‘térlqs parnbyveight & sbaumﬁde@ylmék@emmb thirgem bythe pressed
prod¥& 18t PR JQIRGH! RE BN AN PAFLBY WGIEHY. Of cetyl

polyoxyethylene ether were subjected to rubber mixing’in an open mill or
Al adadiittat thesDtaioed-wsrmirepiofflefoom 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: >30% in the case of the test pieces immersed in deionized
water at room temperature for 2 days
=>8% 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 12 days

EXAMPLE 30.
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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

Which asthen |n ced |nto mol e Idin sm
A oy o S S R AR B RE0e 2 i B Weigh of
nitrilplbu&adfe\ﬁ‘é&ﬁ:lﬁexsmtlmgs tatevbyeineid hthy’lﬁﬁ@/(pmphkmaéam th@diba‘her 5 parts by
mersedl de|o troo ture
weig e S AR, SRR B e A O BB RE B B i of
starctbleremyb;eethabtglatmochbysilmnkeelrgnaxft abpobymeterhperabyrevéaghit D fisyifur, 2 parts by

0. 33 h | b
e T B SR AR A RIS, o o

dibemceumeraeqmmmden@ ﬁllpmstb[sp@ly@lar of armbthyléightof dthiede 0.7 parts by

ropyl bb sh | | acetate, parts by weight of
g?ltarcﬁf C?Ol)l?x‘g’ ?S?exczr%@sm e%lgf]%ﬁ%glpblynéegr 1 par% by\;\g vl;elghtelght of

N,N eﬁeplfennylzamrwelweﬂghﬁ ghdicbmylepgroxidéphchypatshineitypaofby weight of
dibenzo xid a t of .dibenzothiaz suI ide,

Stearbca?tcsl% vgzlgﬁ rgmg- l{tshlur%ﬁn 2 ?% 0. ypgql ycavr\;)eolallga%k > parts by

Wei%ofdob@ﬂyh@dnehﬁpﬁﬁawmghh@fwm;lﬁlﬁdmnéebﬁ paigityofeight of magnesia,

I arts dj P in
T A MU SO e
1 Paﬁ)bwwgmfl@béahbutyblﬂltka]@tpaﬁtgw bwalgl:lgbf nﬁ@hq)@\lwdiewl-@-pm’ﬂsobyaniline, 3

wei htoftl m IXI 3 h agnes 3 part .
P arts g%t of i %Homdepo %gr@?gy Welg Epl)é)llﬁa in, 1 parf’ %r)}gwe%ﬁt ofWelght of

1,2- Chbmdmarfbﬁe’r tmrpaﬂtﬁgumljm of dlbulylmlnihalaﬂe 3 paats by weight ofeight  of

1s ﬁ)@?@e)ﬁ}’ Re %?/lle%gggrtrg%%?vb %lor(]sf lgr{x%gght of chlorinated polyethylene,

1 P?!IQ bb’hydl?@thZOIf tm@%&m@m@omplqaﬂ@nemwmgﬁp ohydrocarbons resin
mixl‘l}t §o§ dg Iﬂgﬁé%qéﬂ%#) cgh%;éldgl% la%jﬂﬁ ogep %rt?apt)é W? &l%lg% of hydroxyethyl

orln ene, 1 par elg to aliphatic
cellwwob@mbyw@mha@éym@mmmyﬂmbmleﬁﬂulﬂmwee% by weight of
NN%% RYcWriaNLeT £ B\g'lz? C&“lﬂ‘l%%»r ALY YXK?#@A}E{H 7 parts b h
hyd r(;xy(e%?yl cellulose 1 E)y weight arboxym hy(;rox;?g{ltlsyl y weight

of sngumok@emyﬁanlbgm?e|m%bMMha@mmcw bantzme%fgmtef 3 parts by
welgNt BY ey A HRGAILE 1 A PSRV W%%P&?@&W&H Wﬂéﬁ@t&her were

2 parts by weight of sodium dodecyl benzenesulfonate wel
subjested durnbbetistiyiing foratermdrsi hathgseelgit of éét;ﬂS °C for 9-15 min (roller

distaROY QUENYISRE BNGEWEEE 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: >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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subjected to rubber mixing in an open mill or Closed mill at 4555 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
or cooling. The products thus obtained were kept at room
t%%’%%@gh%rgﬁor 17 h, which was then introduced into a mold, and
wqmamdy@vmgmmg nisgiier autadeaei zitvdy gt & pane e ptedght of ethylene propylene
rubber Rfl S nXIO’\f)‘ tIOaquelth%teStylgc S fv\\{/% ﬁ %W Iln(ﬁ)rreaﬁe IDL% er, 10 parts
% INthe case of the est pieces imme in‘delonized water’
by waigh)mﬁ dbloppsrdfomnetédrpd gaits a0 Youbbdh e pase bﬁt\l&lelgﬁsbﬁlﬁhg]fne vinyl acetate

ersed, in crude oil.at 1 and then ted
resin 1 R ata L i D e S SR EE SRSl ey 1 part by
weighveogstidhinitrifexb biadiegbtreibtiennd partsidy, weighbyfvetigienédibenzoyl peroxide,

2 paR O%S?ehe{lgr)%b @r ]fbp r\g{ ywelgj: natc{i?o%gul gn\gf’p %[‘ po?ye\% ?gr‘géof thiuram

dlsultﬁdlﬂaer% patts ﬁwwwgigh(of eiﬁylbnmmmbalwta@ﬁnaeeln 18 ppats byy weight of

i ht arch/ rossll ked | %{1 olymer, 1 part
N CyV(\:llgl u? o1 pari%i/l wcrellag {of gum;‘/gl pero : fl?par b%/c}/véﬁg tt%y weight

of mddoﬁnmw [iép@xis:lby R pghtsobaveighiladihl Npartqolbnem@hebléwialemm,n black, 2
parts aé:c pto ﬁhﬂ Z‘Egté]gt;%ge{%eg‘}éan‘*{‘s' ran&e%‘ﬁyg}ft?mglg%rﬁg%dgey%Equ by weight of

1 part
magmycbmeaybﬁsbetgb@wgzodesm@nﬁrﬁmiert& parvbighveifmosnstears Agidyeight of

countaPHL Y i"’eg%ﬁof\%i'”% ggl(r)ant% &%&t e eg%ia% carp rﬁ;?@%\x jereight  of

parts by wei ite ca weight of mica po
3- herpaymlbyal@gmqaﬂmapmwldmmdel dpahy Wxghtghftlﬁfphmghésnapnthylamme 1

pafy oy of c TIR ' r03| tb ,
o yjum‘&a%rlgﬁé 1552” ellghé(gfg%\%%ﬁ 1§{e 1 part %J%weilbgg gf%ght of
thio- ELKWUWMWG -a-napghfhylaminepartsart by wéight of ~ weight of

13(%)1%&? e&%ﬁ%éﬁxya ?#g(ﬂ:?%gé{ E)’i’ﬁv%gﬁé% f1ght of chlorinated polyethylene, 1
part thip-bi{ighsecfamblptieaiel, @@ ypany byMasight of parts by weight of aliphatic

h dr%é?ﬁ’&ﬁ%ﬁkiﬂé{ﬂéﬁ&%né@oﬁl%W%lﬂ%gt%%ﬂgere%lﬁa%&%%%'gEt %Erlts by weight of

chlorinated polyethylene, 1 part by weight of chlorinated polyvi
carbexyoridby losHito sy Waigtitof as[ppgbmgf hydroxyethyl cellulose, 3 parts by weight of

carb&y Wo&%@?lkgaﬁﬁoﬁom %ﬂp Oﬁsa ﬁb@%ﬂ“‘@%a& W@elght of

ywe carboxymethyl ceIIuI art'by weigh of hydroxyethyl

N Ncbmth@énéq@@d@, tiym_éu@mwm@mﬁ%mmﬁh&%myﬂ@élriﬂogaoms by weight
of so%%ﬁpéfo\ﬁgégmlﬁi“ﬂ&rﬁhﬁ Ell%grt]oi?%Ei@ﬁtvﬁ?'Qagfplf)olyoxyethylene 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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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 4555 thor gr-aS rep}:s (5%I2I1e£ distance varies from 4-6 mm to
1-2 mm which makes Tt produc trhlnn&). The pressed product was then

taken off from the open mill, and left for cooling. The products thus
%W#%r? kept at room temperature for 17 h, which was then
introduced’into a mold, and subjected to molding using a vulcanizing
Rregsranthykeydight 100X RO0 primxHd MiRa Ito lgitael ikhre teshlpie ce00PIMO BR. weight of
.. _.Swelling rate by wejght: >40% in.the case qgf the test pieces immersed in
it B e S A S e DO g 25 pares
by waghpidcabyilam eneed lenenudb ajl Sap 44Ob CWergh ¢f, matarsherbbabj@ gtadstby weight

0ol by.immersion at room temperature for.9da MPLE 32 .
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.._acetate resin t eight h/ I m crylate-et .
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partswsightightlicUdiphperogidejdinpart ppwbigheasidibéstaylc perdxidead.by weight of
. It | N.N'-m-phen iIsmajeimide, O, rts i f

zinc E%%%gegtxg%%ﬁ% m/'#ééﬂ’t 30%8?%%%8@\%;'5}]% (ﬂa?ﬂ%%y éepg%t OP %W{Fe%%lgon black, 5

parts\Nby yotadiexyi-2tewrnodhiardde S uttatsayicesi ghb o partg issanelghrtf bijplergyit of zinc

. s . toari : ) . ;
oxidg G o S e S AT A lcne. 1 par by
weigbarbor blabloratedts ipplyraigit ofctitariden dibxiders phits byerghightoff  aliphatic

hydr&%%%%'—%yglgﬁﬁfn%ﬂﬂg . EcOfﬁﬁﬁ%cgfﬂggé %é)f?/lgtt y?(tﬁ‘f%&grwf %arts b%/gﬁx{eight of

coumarone, 1 part by weight of thlorinate ene, 1 partby we
3-hydfahbuinzabitnslgvinydiilordaeinepart bPweight oasiphatidy weight of

N-pHY EQ&%E@%E\?&XEJR&% ﬁ’[@@?%‘f YUoRREReRLE %ﬁﬂié%ﬂ&??a&-ﬁ’ne, 0.5 parts
parts by weight of 3-hydroxybutyraldehyde-a-naphthylarnine, 0.5 parts by
by wehhobp-sepiaimblnedphthyilatsibe, ovsi ghires dydndbigiref2,2,4-trimethylquinoline

polyNeFYSRexIR mef 9%8‘?‘%%%%9&&%%%&’1&1‘6@39?F&%ﬁ‘ﬁf%ﬁé{%ﬁ@ﬁ%?zhmxyethyl

0.5 parts by weight of 1,2-dihydro-2,2,4-trimethylquinoline “poly _
cellupesies by pvetgivoicaebbry ey akthsbe dsopsetd Pyoskidprcofl part by weight of
acryfiw QE?d(,yFB'M 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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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 sulfage, izop rishbya%v(f Iﬁt%%oguﬁfdcl:?ercr}] goo %%CYI‘P immersion at room
benzenesulfonate and ™2 parts by weight of ce {ﬁ polyoxyethylene ether

were subjected to rutspesemaixiregfon & dxyen mill or Closed mill at 4555 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

dprernaddiitjvasdieit fessooplingedioetprodddisdiius dxtaited satddkeptaial or the oil-
and W@-EWH@ﬁfﬁt%QtéﬁraﬂYnth@QM@e% @F&é%&%ﬂ?%’vﬁ?}@oﬁ mldo@hthited to the

Subjected to molding using a vulcanizing press, and kept at _

use 15!761%1%28% IIRFPA i e%h@%@%%ep‘i‘ég‘éi ! b%‘ﬂqssgﬁéhﬁf&%ﬁféabiy
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 36 C for 24 h, and then subjected to cool by
immersion at room temperature for 10 days The additives or accessory
ingredients used in either the oil-swellable material or the oil- and
water-swellable material in the Examples of the present invention are not
limited to the use in the particular case above. They may be used in both
kinds of the materials. 37 Claims: 1. A starch-(meth)acrylate graft
copolymer prepared by copolymerizing (meth)acrylate monomer and
starch in a weight ratio of (0.48):1, said graft copolymer has a skeleton of
large starch molecule grafted with one or more (meth)acrylate monomers
at a grafting ratio of not less than 70%. 2. The starch-(meth)acrylate graft
copolymer according to claim 1, wherein said copolymer is prepared by
copolymerizing in the presence of crosslinkers. 3. The
starch-(meth)acrylate graft copolymer according to claim 1, wherein said
copolymer is prepared by non-crosslinked emulsion copolymerization in
the absence of crosslinkers. 4. The starch-(meth)acrylate graft copolymer
according to any of claims 1 to 3, wherein said starch is selected from
one or more of cereal starch, potato starch and legume starch. 5. The
starch-(meth)acrylate graft copolymer according to claim 4, wherein said
starch is
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selected from one or more of Irish potato starch, sweet potato starch and
corn starch. 6. The starch-(meth)acrylate graft copolymer according to any
of claims 1 to 3, wherein said (meth)acrylate monomer is selected from
. one or more of methyl acrylate, ethyl acrylate, propyl acrylate, butyl
acrylate methyl methacrylate ethyl methacrylate propyl methacrylate
nd, butyl meth crylate gra mer
gccc,}?)r mgi?ogc %X%%'\fv I f%ln tr(?é% ﬁ'}:fcr;g atéeﬁané 2t %l ?‘s%crgm (smeth)acrylate
monoigrethyl imdh)acaytmaglétWi((métﬁ)dm@dtesambgmﬂtwqmmachdate siteleton of
th i ) : (0- I er
o A e e SRR Widhing rvio of
not lgssghand/OPkae oil swellable material according to claim 8, wherein said
material is oil swellable rubber, which comprises rubber matrix and

@tarEhe(m@tﬁ)aﬁméwmdmogj@@nv@pdmheammgame Hdferidl wherein said
copoPARafd! éBa%%l"%‘y% P&?Eﬁé@éﬁ&' H‘ﬂ%@g?és%%éﬂ{ﬁ%séfﬁge&@rts by

welght said starch-(meéth)acrylate graft copolymer, based on 100 parts

by welgbtafisaiskiubes At L Jls alkswRlahigateriah RS CordiNBerein said

to claim 9 or 10, wherein said rubber matrix is one or more non-polar
COPRIESF AmTERPBERAr PRsa-CTossTRkedil RN CARRIV ST HekRiHY tee absence of
cro§dftReld, wherein said rubber matrix is 38 selected from one or more of
nitrile-butadiene rubber, hydrogenated nitrile-butadiene rubber,
ethylRne-pspengdibhes angtibpoenacpraRyiemne:tes el eElalds The ail wherein
swellable material according to any of claims 9 to 12, which further

said gighiBrssel SeddF b OT AR ﬁﬂ%éﬁﬂlﬂ@ﬁ%é%%ﬁ%legume starch.
lerator, plastjcizer, and other additives. 14, The oil swellable materi
oD PR 1S A SRR S SO S IOy IR stareh i
seledt@hfroneode Mmoo af $¢€ tiasheibuitdhitaral) giselfigl@ato starch and corn starch.
2-mercapto-benzothiazole, N-cyclohexyl-2-benzothiazolesulfenamide and
(diipﬁbﬂytagub:mmaﬂe)a&@.lafh%miftswgbahi&mb&nidﬁlngmdjngﬂolaﬂmm 18,3, wherein
herein said vulcanizing agent is selected from one.or e of
said etﬁaf)aérgm en(c)imteerr?sb %Ff}pear& e} tibenZoyr Sfero:({lfleﬁ (BRA); Byl acrylate,
propN Acnylagph enytid reedyisiealekthigentetraongdthy) doligtanetiserdfide, pr0pyl methacrylate
and éluff dlthlh)dl tqughollne and tetraethyl thiuram disulfide. 16. The oil
Imb ahal according to claim 13, wherein said filler is selected

fﬁo %“%t%fcﬁ‘ é&%&ﬁ H%?:?ﬂ% AN SRUPOR BRHSP b Cla¥infR!S, wherein  the

pow er mica pow
(meth)acrylate monomer is comprised of methyl (meth)acrylate, ethyl (meth)acrylate and

Clai

butyl (meth)acrylate at the weight ratio of 1 : (0~10) : (0~20).

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

of any one of claims 1 to 7.

9. The oil swellable material according to claim 8, wherein said material is oil swellable

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

10. The oil swellable material according to claim 9, 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.

11. The oil swellable material according to claim 9 or 10, wherein said rubber matrix is
one or more non-polar rubber and/or polar rubber.

12. The oil swellable material according to claim 11, wherein said rubber matrix is
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silicate, calcium carbonate, magnesium carbonate, titanium dioxide,
magnesia, zinc oxide and graphite. 17. The oil swellable material
according to claim 13, wherein said plasticizer is selected from one or

maqre of vaseline, machine oil, paraffin, rasjn, coal tar, coumarone resin,
seleclid B <o ahe e W SR HERE AP e Y e itk BB Al robber.
ethylzne-propytdic nedibe: diftl dthgl @ibgwepiplole negiehahaccording to claim 13,
wherein said other additives are selected from one or more of
J-hyditexybutyraideiy desenapitndadnipefo any of claims 9 to 12, which further
-dihydro- -frime yinoline er, N-phenyl-(3-naphthylamine ..
o e T B DB R Reier e
othephdhol¢dow molecular nitrile-butadiene/diphenylamine graft products,
N-(4-phenylaminophenyl)maleimide, N-(4-phenylaminophenyl)
rirbthBlegy linitiecllebee megtesigl oniailed rag domckapolyAerdierein said vulcanization

acceféiltﬁiﬂgr' buikadi%]@c{e@beﬁfaﬂtadéﬁge %ibb%orghl%flna{@gam%%mylﬁﬂﬁram disulfide,

chlorinated polyvinyl chloride, cellulose acetate/polyacrylonitrile graft o
2-mesepRighrzalpal Nyeystaom-thaoakbacomeritde echdbdienekgyanidine.
mixtures and polystyrene/polyethylene block copolymer. 19. The oil

dwelldsieiarsHablscostenig tsCElstaaraid Sarhaigte sardsylpanizing agent is
sele @RBAIBINYofEbREHRIRSE MAtRFiIakiwi 9@{89{&,6%1{#99%%@3%%%1@, dibenzoyl

material matrix and starch-(meth)acrylate graft copolymer. 39 20. The oil

perogige|labR Mate AN cELRUIRTY tenelaiRiserIGinbdsin SSPmsidFlal LoipRsesdisulfide,
4.4 -idRdRartshoNaiohi Plstaseh(MriAaatederaft copolymer, based on

100 parts by weight of rubber-plastic material matrix. 21. The oil swellable

meteral Arseingg il esrdthanbichiurie naRpiiseRr aNRr @ BeRI&ed from
of vulcanizing agent, filler, vulcanization accelerator, plasticizer, and other

one ofRRFeRl AP R Bk AWy feReN Bl Rl Al UE RBFLFRg i@ powder, calcium

silicgtarehc{methiasiviateaiaicsRipe birsnatamal miaimmslde Mapiiss, zinc oxide and
apsorbing agent, reactive monomer, surfactant and material matrix; said
grapfiiterial comprises 5-40 parts by weight of the starch-(meth)acrylate graft

mer, 31 arts by weight of the water sort%in .agent, 0-30 parts
e st A B A e 0o e B LR R setcted
fromsoiitactandy dasedsolintOthparischyi lyeigitiaf ristnmatdrial, maimarsaddresin, glycerin,
stear‘}’]XaatSﬁ%?%@ébs'éi ST Lﬁ%ﬁ%i&%h' ic pojyer or It %}%Qﬁ’gﬁ'é’ Tesins.
aving water -absorbing grouEﬂs, sald reactive’‘monomer is monomer
havilhevaitesvadl&drleingagnasipsc@irding to claim 13, 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, 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.

19. The oil swellable material according to claim 8, wherein said material is oil absorbing
rubber-plastic  material, which comprises rubber-plastic material matrix and

starch-(meth)acrylate graft copolymer.
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guaternary ammonium salt monomer, or alkenes monomers having

hydrophilic groups formed by hydrolysis, said monomers contain

unsaturated bonds capable of crosslinking with said water absorbing

ent. 23..The qil: and water-swellable material gccording to claim 22 .

el e leb S S TS P P eyt comrises
5~40partOhyawtsi iyt we igdnicbf(saith suridataaPdc opfodyaikrabaksedbder0gitabldy weight
Ofm%agqriﬁlsggcoggér}glt& %Ir%i(m 23, wherein said water absorbing agent is

Celiurode 6r s drerlvaﬁves', and said surfactant is ionic surfactant. 25. The

o 33 watsrwpliaia marelial AG5TEIng. 0 GBI 26, WRRISIDHAIE WAlBfises one

absorbing agent'is %y roxyl- and/or carboxyl-containing cellilose of its
or mdarivativiesn 260 T ieeoil-fdlvd, waliemswtiiabie ehatdoialpdatondimgarsl cithien additives.

25, wherein said reactive monomer is N-hydroxymethyl acrylamide. 27.

Phe Oin and wadersiwetiaisitahlateracatcomnyiteldim 26rahensihsgrilate graft
copo%_glcmn Selegiad fr?&?%@'ﬁ mﬂfﬁ‘&f@% 10k Aodgey!ayliaiter, surfactant and

sodium dodecyl sulfonate and sodium dodécyl bénzenesulfonate. 28. The
mategipl Ardrigater-swellable material according to any of claims 22 to 27,

wherein said material matrix is rubber matrix, and said material further

81 p e BhecsMPIBTES of Viflc iz indugesitehtierl viheantdiiopneth)acrylate  graft

coposleratoponiastiaizer.aa othae 3AIVAR o P i, @138Nshrts by weight of the
water-swellable material according to claim 28, wherein said

reactiyfdRARINSHh A AretdRite Reiwetsh Hohs sHE S bR SR d PR syt by weight of

the riatefaMndigytide, 2-mercapto-benzothiazole,
N-cyclohexyl-2-benzothiazolesulfenamide and diphenyl guanidine. 30.

Thid ailt@nsbveabeisueia e matarialaephidingbiomiriot 28 duheigiRShifing water

vulcanizing agent is selected from one or more of sulfur, dicumyl peroxide,
absogIpg: 1 SRS pEHOK TR 5 MBI Ak TIPS RV AP BIRE RSP Ing groups, or
quat&igipaletniegiuiatiameibydiiitraimlicisuifidenduderditaadimsiopeling amneups formed

teéraethyl thiuram disulfide. 31, The oil- ay at r-sweﬂlﬂﬁple materjal . —
by hydEsity T CIBIRTYBERHEVUH S ARPHNER T SaRRetfrAR ShesHigkdng: with said

wate€aH3erbllaalgemthite carbon black, pot clay, talc powder, mica powder,

calcium silicate, calcium carbonate, magnesium carbonate, titanium

dibXide, oihagriesiae zinceditle aackgahpbiieddr; bheadih 2hdvhich comprises 0.5-30
par 5 Sl able material aceording g flaivy 28, whereln saidhplasticier, 5,

selec rom one Or more of vaseline, machine oit, pararfin, rosin, coa

Y, QoMM OB A '\Xgﬁ%S]es}r‘?ﬁr'r‘%a‘i‘cé%'c%HPnegSt%'télgi‘r%“‘é%f’ RUYh said water
phthalate, dioctyl adipate and phenolic resins.
absorbing agent is cellulose or its derivatives, and said surfactant is ionic surfactant.

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

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

26. The oil- and water-swellable material according to claim 25, wherein said reactive

monomer is N-hydroxymethyl acrylamide.

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

dodecyl benzenesulfonate.

28. The oil- and water-swellable material according to any of claims 22 to 27, 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.
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33. The oil- and water-swellable material according to claim 28, wherein
said other additives are selected from one or more of
3- hydroxybutyraldehyde a-naphthylamine,

%& dros 12 R trl\gvna (E:?%l\g}uﬂll% |ne :%Ié/ o rach p {?%, lsf ap hth%?m\ﬁlerem said

cyclo%exyl p- methoxyan me p “ter pheno I-sec=am
vulcphiemndd) Ime]mratecularsa]ﬂatedbﬁttandnemm’dnpfmnyd:anf netgnafithybdbotsam disulfide,

2- merc£4t8 hen%oafm& %@%ﬁg?acryfgn%ef)em% Yasol elplglﬁ)lh(?enXQd diphenyl guanidine.

acry aml rne ranaom CO O

itril t dene hber/but rubber, -chlorin ed Iy le
gi(?lro‘rall;\%gte %Ol?/r\l/(lilzjly e% oﬁ %éq,f%ﬁﬁulﬁ%g zlarllgtletgtcec p§ gcr%on?f}}% gQrgaiftWhereln said
vulcaopuignagenalip ralics tedd fowarbon secywlowm keih egHaro Miatiohy qreoardendi-zert-butyl

pero!'(?&é” R Sc\?},ﬁe I? ‘11;88!:}’ %e%ﬁﬁe/ﬁ%ye ﬁ’?é?@%l%zgﬁﬁﬁ Rlimac, 3f4tr lﬁ) Y thiuram

‘water- ble mat ccérdlng erein said
disulindgri4. 4 -drtbiodimorphebinepuid tetrbtiby bihaoap dian iidber. 35. The oil-

and water-swellable material according to claim 34, wherein said rubber '
mbtrbogs Gkl ddd dviismsvist ad mvpscophitaredina dieséailbb@r wherein said filler is

seledERGENFED NI NCBRLIBEE HiHbPEs WGBS rRRY ©h6t réi%’e{aﬁpﬂowder mica

ethylene-propylene terpolymer. 36. The oil- and water-swellablé’material
PowdRicordifite amlcatcelatrleiDR teBBONdiR iR St HiatEAROREEs X fsanium - dioxide,

maghd8BesRlastiamatepalmatrix. 41 37. The oil- and water-swellable material
according to claim 36, wherein said material further comprises one or

more1Rf yulca %@eﬁ%@ﬁa@i@%&t@ﬁﬁﬂ%ﬁ%r@c&?lﬂﬁﬁ@% p&@fﬁ%i%esralé']ﬂastmzer
other additives. 38. A sealing artlcle made from the oil swellable material

is selgctedifRtPanyPbieesintd sae!e.onadisR- dhdPiafnsirsiiabfethiterggumarone
resirfASPREHIRY R ANY RIS IRIMS A EOtBcedP- d‘?bﬁ%@‘jﬂfbh‘ﬁlﬁt@hdigéﬂﬂrﬁﬁa@ and phenolic

mandrel and swellable jacket surroundlng the mandrel, in which said
resingyellable jacket is made from the oil swellable material according to any

of3 Claip o i-tard Rathesqibiapr Walriisyvelahigipaieridaccy diRgdRian¥id other

of claims 22 to 37. 42
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.

34. The oil- and water-swellable material according to claim 28, wherein said rubber
matrix is one or more non-polar rubber and/or polar rubber.

35. The oil- and water-swellable material according to claim 34, 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.

36. The oil- and water-swellable material according to any of claims 22 to 35, wherein

said material matrix is rubber-plastic material matrix.
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37. The oil- and water-swellable material according to claim 36, wherein said material
further comprises one or more of vulcanizing agent, filler, vulcanization accelerator,

plasticizer, and other additives.

38. A sealing article made from the oil swellable material according to any of claims 8 to

21 or the oil- and water-swellable material according to any of claims 22 to 37.

39. 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 8 to 21 or the oil- and water-swellable material according to any of claims 22 to 37.
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