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one step graft copolymerization of acrylic acid and sodium

styrene sulfbnate onto high—density polyetllylene矗lm by

preirradiation method
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Abstract High—density polyethylene(HDPE)矗lII塔were irradlated by 60C。gamma

ray with a dose of 100 kGy|n alr aⅡd then immerscd in aqueous sollltion of acryll(。

越id(AA)aIld sodium s‘yrenc sulf0Ⅱa七e(sss)at dinrcnt teInperature Th cm(缸

of grafting conditions such as tcmperature，reaction time，Mollr’s salt conc曲trati011．

and total concen￡ration of monomer on graftillg yield were studled Both graft．Ilg

yield of AA and SSS oⅡto HDPE respectively iIlcreases with t。tal coIlceI此ration of

monomers The ll逗hest grafting yicld was observed at 3 mol／L moIlomers wherc f l¨

graftcd PE swelled to the larg船t extent in the monomers m波nIre．Tll。graftillg ylPM

increase8 with reaction timc and恤en levels off，At 11igher teInperature，tho graftillg

yicld decreases with Mohr’s salt concentration．but 1ncrea8es at low temperatllre wh㈨

Mohr‘s 8alt coⅡcentration is 0 083％．Which can be inkrDrc抽d that iⅡthe Drescn川

0f Fe2+diperoxides arld llydroperoxides may dcconlpose at low temperature幻forlll

rad记al whicll can iniciate th。gra血ing The pIlysic出and chemical properties ofgrafti“g

矗1ms were also investiEated
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1 INTRoDUCTIoN

Graft c。p01ymerization is a weU‘kn。wn method for modmcation of chelllical and

physical properties of p。1ymeric materials． It can be achjeVed by ioILizjng radiation，

11ltravi01et Ught or che缸cal“tiat。rs Of these，radiation grming is 0ne of the most

pro血sing methods because of its deep penetration in p01ymer matrix and uniform for’

mation。f active sites for initiating gra代ing thoughout the matTix，and the modi矗cation

of polymers can be accoⅡ1plished not。nly at the s11rface but also thr叫ghout t11e intcfior

of polymers

Many studies on the grafting of weak acid on PE have been pubUshedll～制，but Very

fbw on the grafting of strong acids such as derivatiVes of suⅡbnic acid have been reported

IIl order to iIIcrease the ion—exchange capacity and to reduce mm resistance，our work
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fbcuses on synthesizillg bifunctjonal ion exchange 6lm containing sulfb and carboxyl In

the past the s11Ⅱbnation of PE was p‘印ared by furIling su№njc acid【5J，but that consider‘

ably drastic reaction condition would damage the mech a11ism properties of the mm An

indiTect method fo。grafting of趴dfoILic group onto PE by gamma irra血atio“grafti工lg，

chlosu№natiILg and缸ally hydr01yzing has been r印orted by Chen e￡Ⅱ扎Dlrect gTaft
p。1ymerjzation ofthe vinyl su№nates锄to PE矗lHl is dncult，because—SOi groLLps with

their hvdration sphere are incompatible with hvdrophobic PE and can not difruse into the

PE bull【．In order to make it easy，we introduce binaryⅡdxture system，the co—grafting

of SSS and AA onto PE．In this system AA grafted onto PE and the hydrophibclty of

丘lms increased，then SSS c011ld be grafted onto HDPE．So the s11lfbnic gToups were intr。，

duced onto HDPE by a one-step Inethod．The grafting mm possesses hj曲ion—exchange

capacity and electroIytic conductiVity，which makes it useful f研a s印arator in all(aline

batteries and cataIvsts for hvdroIvsis of methvI acetate∽

2 EXPERIMENT

2．1 Material8

HDPE丘lms were supplied by Xinyi brandl。f SNTC．SSS was bought fr。m Zib。一

Longda Chemicd Co Ltd．and not purmed before using．AA was bought from Gaoqia。

Chemjcal Plant and purj矗ed by decompression djstiIIation．

2．2 Grafting procedure

HDPE矗lm was irradiated in air at a dose of 100 kGy for 18 hours The irradiated

fihns wer。put together with polypropylene f色1t and rolled into cyhnder using glass stick

as axes，then were mersed i11 the monomer 901ution whjch was prepared at the gjvell
concentration of monomers and Mollr’s s出t and deae『ated by bubbliIlg njtrogen The

reaction was carrjed out m the temperature—controⅡed bath After reacting for 8 p8riod

of time，grafted丘lms were t文ken out＆om the rnonom盯solution and washed thoToughly

wjth hot distiⅡed water，then soaked over血曲t to extract the resjdud monomers and the

homopolymer in the fⅡms．Afterbeing dried h oven at 40。C 1lIltil a const蚰t weig氓tlle
矗】ms were weighted The overa】I grafting yield(Gc)was de矗ned as

Gt=(w。 w：，)／●K×loo％

where眠=wei曲t 0f grmed HDPE and眠=weight of ungrmed HDPE

2．3 Measurement of grafting y．eld of sss or吐o HDPE(G。)

The grafted矗lms were i咖ersed in 1 mol／L Hcl soh心ion，At the same time—S03Na
was transformed into—S03H After beiIlg taken out and washed with distmed water untj】
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to a PH of 7．O，the mms were jmmersed in 5％NaCl s01ution for 24 hollTs 111恤e sltuatlon

of stirrin岳 The replaced HGl was titrated with NaOH solution．G。ca工L be calculated

according to the f01lowing equatjon：

Gs=[cN。()HⅥq。()H 206／(1000’％)】×100％
here CNa()H is the concentration of NaOH fmol／L)and VNaoH js the volunle of NaOH

(m．L)．The ionization of—COOH in 5％NaCl s01ution can be ignored．Because—S03II 1s a

strong acid，the H十that come from its ionization can restrain the ionization of—CO()II

2．4 Degree of swelling and alkali absorption in KoH

After the dry dimensions(sn=width×length)were deterr【Ⅱned，the gTafted矗hns
were s。aked in 30％KOH soIution for 24 hollrs．then the sllrface water was rem。ved．Lhe

dimensjons(J)and wejght(％)weTe remeasured F0r each mln，d89ree of sweuj”g(△s)
and alkah abs07ption(e)w盯e c alcuIated as f0Ⅱows：

△S=(s一乳)／so x 100％

c|=(％一％)／％×loo％

2．5 Film electr01ytic resistance

First，the grafted film was treated with 30％KOH to convert carboxyl group int。

its potassim salt The electr01ytic resjstance of it was measured主n 30％KOH s。lutlo r1
at 25。C using an alternating cu盯ent low impedance instrument

3 RESUIJTS AND DISCUSSIoN

3．1 The e盱色ct of Mohr’s salt concerltration on th。grafting yield in different

temperature

WheIl HDPE fthn was irradiated in air，fiee radlcals fbrmed in amo’phous region5

and a part ofradicals fomed血the crystalloid r89ions．Some radicals may react with o。y—
gen to fonll peroxi。des such as diperoxides(R—O一0 R)and hydroperoxides(R—O一()一H)，

whjch can irLitiate旷aft reaction in the presence。f monomer only at high temperatllrc引

Cornpare Fig．1 to Fig 2 and Fig．3，we 6nd the gr afting yield increases wlth the lncreasl“g

of temperatIlre without the addition of Mo}lr’s salt，because of the h远her temperatllre、

the more rapid rate of monomers difhlsion and pero血des decompositioIl When MohT’s

salt is added，for diffbrent reaction temperatllre the change of grming yjeld is dl赶色rent

For 35。C Fig 1 shows G。and Gt increases with t11e Mohr’s salt concentration衄d the

}Lighest yieId of grming is obtajned at the Mohr’s salt c。ncentration of O，083％ At thj5

temperature，the contribution of thermally deconlposed pero】【ides should be very】。w lt
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can be expected that in the presence of a fbw MohT’s salt diperoxides and hvdroperox

ides mav decom口ose even at a 10wer temperature to fbrIn radicals which can initiate the

grmiIl盟．T11is can be explained by reaction Fe2++R—O—O—R oT R—O—O—H—RO’十Feo+

十OH or RO Subsequently the decrease of grafting yield for di抒brent temperature at

a hjgher M011r’s salt concentration can be explajned by the reaction Fen+～一R‘一一R

Fe抖 This reaction suggests that a part of the growi“g chain radicalS(一R‘)was deact卜

vated As seen in Fig 2 and F培3，the temperature 1s上Li曲er，the reducti。n of gra“1119

vield is more obvious． That may be attributable to t11e decay of matrix and growing

chain radicals more qllickly at 50。C or 70。C than 35。C，because hjgh tempera“Lre ls

bene矗cial to dmsjon of Fe2+血to matrix．

O．00 004 O∞ 012 O．16

Con∞nt怕Ⅱon of(NH．kFe{sO 4b，w1％

Fig．1 Emjct of(NH4)?F“s04)2 quantjtjes

on the graftiIlg yield

Preirradiatiun dosc：100kGy，

T0‘al c。ncentration：3 m01．L一1．

Molar ratlo of SSS to AA：1：2，GrafcinE

temperature：35。C，Grafring time：24h．

G c：The overall graⅢ119 yield G。：Grafti“g

ylcld of SSS onto HDPH

0 00 005 0．10 015 O 20 O 25 O 30 0 35

Con嘲1tration of(NH_)2Fe(S0．)?，wI％

F唔．2 E肺c￡of(NHq)2Fe(s04)2(㈣^u L“⋯。

oIl tlle graning yipl(i

Preirradiation dose 100k(；v，

T0tal collfPntration：3 rnol L—1．

Molar ratio of SSS to AA 1：2．Gramllg

teIllT)craLure：50。C．GrafIin4 tiIIlc 241．

3．2 The efrect of monomers concentration on th8 grafting yield at di丹色reIlt

temperature

The graft抽g is controⅡed by mon。mer concentration and free radic甜concentratIon

in p01ymer substrate At 50。C(Fig 4)mtle peroxjdes can decomp。se址Id t11e decay rate

of substrate radjcals is constant，s。the即afting yield is contr011ed by the di行hsion rate。f

monomers into polymer matr波．At 70。c(Fig 5)the decompose of multitllde peroxi。des
results in the increase of substrate radicals，at the same time high temperature caIl be in

乒，『口—兽^孽ieo
书，『叠oI^罢毫芒口
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favor of i工lcreasing d主mlsion rate of mono玎1ers，so the grming yield increases markedly

c∞∞n口ition of(NHJ2Fe(so．k，w1％

F培．3 EHbct of(NH4)2Fe(s04)2 quaIltities

。n tlle grafti“g yield

Preirradiatlon dosc：100kGy}

T0tal concentration：3 IIlol L一1．

Mol甜ratio of SSS：AA：l：2、Gr砒ing

temperature：700C，Grafri“g time：24h
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Fig．4 E雠ct of monoIIMr coIlcelltmfl。

thc graftillg yiel(1

Preirra(1iatioIl dose：l 00kGv，

GraftiIlg tempemtllrc：50。C．

Graftlng time：24h，

Molar racj()of SSS：AA：1：2

3．3 The efrect of reaction time on the grafting yield

Fig 6 indjcates that the graftillg yield is prop。rtionaI to reaction tinle in t11e ifliti a】

stage At this thne the reaction rate is controUed bv Inonomer d讧nsion，in the case of

the less ch aIlge of monomers m01aT ratjo，the monomer concentration is nearly coIlsLant，

so the diffhsion rate and the reaction rate are constamt．The reactioIl rate redllces wit h

the tiIIl。going on，and矗naUy it tends to zero Because the actiVe centers that c。me fr。In

preirradiation are譬raduaⅡv consumed tiU thev are exhausted．

3．4 Physical and chenlicaI properties of the grafted lilms

The ion—exchange c叩acity，de鲈ee of sweⅡi119)a11【aJi absorption j11 KOH s。1u LIon

and electr01ytic resistance。f some grafted矗hns were measured，and the result 5 were

s咖arized jn Table 1 From the table we can see that the value of Gs／Gt increased wlth
Ga(G。=Gt—GB)．That indicated the Kgh hydrophihcity of酽＆fted alm was bene矗cl出沁

SSS grming onto HDPE When Gt was 309 45％，G。was 142．72％．This value was ldgller
than the reSult of shkolIlik“nf(Gt=151％，G。=49％)by a two—step metho删 Ion—

exchange capacity，de铲ee of swelling and all【aH absorption in KOH solutjon oft}le graned

fll工11 increased with an increaging of Ga and(五 Ion—exchange。印acity correspo儿des L。
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i。n‘exchange resin cont aining suHbnic acid group when Gt is high．The FillTl resistance

decreaSed with the iIlcreasiIlg of graftiIlg yield because of an incre鼬e jIl the amo¨nt of

weak electr01yte(AA)and strong electr。lyte(sss)．A hi曲electric conductivity is aIl
essential fact。r f。r the battery separator

Table 1 E船ct of grafti“g yield of monomers on clleInical and physical propertips of雕L‰(1
矗hJis
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Fig．5 E丹bc‘of monomer concentration on

the grafting yiejd

Preirradiation dose：100kGH Grafti“g

temperature：70。C．Grafting time：2411．

Molar ratio of SSS：AA：l：2

0 S 10 15 20 25

f，h

Fig．B E雎ct of reaction tinle伽the gr。、ftlllE
yiejd

Preirradiation du8e：1(1《lkGy．Grafti“H

temperature：35。C，Total concentratiLⅦ¨f

monomers：3 rnoI L_。．

Molar ratio of SSS：AA：l：2
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4 CoNCLUSIoNS
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By introducing AA to the reaction system，sulfonation or PE can be prepared eas—

ily． At tll。pTesence of Fe2+diperoxides arLd hydr。peroxides may decompose at a low

tempera“Lfe to form radicals which can jnjtjak grafcing．Boch gra“ing yiel(j。f AA arId

SSS onto HDPE respectively increases with tot a1 concentrati。Il of monomers At tlle

initial stage th8 grafting yield increases with reaction time and thcn levels ofr 111911

ion-exchange capacity and Iow eIectroIytic resistance make th8 gra『ted矗Inl be“ppⅡcahIe

to a batte’y s印arator and catalysts for hydrolysis of ester
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