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AE MABENECER, ERHBEESE LB (5SS) \ #LR=FEIALE
(VBTAC) SRR TGN Bk, Rl TRANEERNEFORE, HHERREN
KRR A FOKER M. B ER, $ETROBRKTY, HXBEOEREE. 4k
it BAEBE TRENTR. AEMAEXMBERKEEET ERFFR, BHUTKEHSET
H BB E k. MILFRO IR RS T4, W T VBTAC BEAMEEERRN %
1.

KEE HOTEL, ThEERE, RTSHmE

ELRUVEFMAREEYLYHEHXRYEXTETRM, 8, BF5H, ZeShaErEl
FHORR, ERO TR LEEE FREER, R UREZERMARNE T KTFSY 56
HEREONURFREASTTHER, BHHHMERRS &R BN REEREE .

BREPAEER LEARTFHRRLE, BECFB-—EZIAHRARNE
PRE, HFEBTHSHREFEATNRMBAR. EERER TR EHHFRTEEE
RAERNMZH, FRERY, RIAFE EERPRRSRK, fHERBRE. Bty E
ek, RBERS. FAEREENR CRRAFAMBRRNBRETE, 5, RIFS
WEEZRAO LI T A7, F3R 5 LR 2 e 2 S SR U R AL 8 T3 R P A 2
=i BREEFTRAG S AESRRR, AAREETRRROREE, FIAETE
WR—IIEET BEETRARRENFHIE.

A TAERF I B M B AR TER O IR LB 2R (SSS) « RZHM=WHR
L8 (VBTAC) S RA R TN B, MRENERHEREIT TR, MHLHYLEE
BEATHR, R T AR R R AT AR

LB OB ORL T

1.1 3E0e %t
KA S0pm BRI EER B (HDPE) fE 3R, B #ifk SSS . VBTAC . HER
i8R 0- R BE (HEMA) #0RFIR, RiFtE—P R4,
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1.2 FEHERAYEIE

1.2.1 4% f HDPE R M 0cmx 10cm MHFREBALHEFH, ERIRPT, Eik
R AS P AT R FIRER, \EAEDY 200kGy . FTRIREEY 2MeV, RFLN 1mA . HEME
5B A Tk R .

122 84 WRENEEBHEEREREES E-SRNEETRY €N, REERS
R T AT BERABTHEEZHIRYE, EHZHETFHTEEER., FRAHENREFIT
#z1,

Tab.1 Reaction conditions

Monomer SSS/HEMA VBTAC/HEMA
Monomer composition SSS 1.0mol-L~T VBTAC 0.6mol-L~!
HEMA 0.2mol-L™! HEMA 0.2mol-L™*
Solvent of monomer High purified water DMF:MeOH=1:1(in voluine)
Reaction temperature 333K 333K
Washing High purified water 333K DMF 333K

DMF: dimethylamide, MeOH: methanol
1.3 YL iEAERIE

SRR R DR T RHRA R, HRAEE. BE., KX, Bk, K&%.
BMA, REEGE, EREERRPHITERSYLEERT T RS H.
1.3.1 342 BEBEEN

dg[%] = 100{(W — Wo)/Wo] (1)

KA, Wo fl Wy 5B T HEEEMRE,
1328 F x5 ¥ BEHEZE lmol- L~ THC] FH¥K (SSS/HEMA i) & 1mol-L~!NaOH(VBTAC/
HEMA %) #8¥ 1h 5, ARAKEEHE. FEHEESE 5%NaCl B PR 1, A
0.02mol-L~! 4 NaOH 5 SSS/HEMA JRBHIH NaCl ¥, 1 VBTAC/HEMA #HERE
HU#G NaCl I 0.02mol-L~! 4 HCl BI#EFTRIE

BENROETRREARE NN

BT 30 B{mmol /g TR = (VImL] x N x f)/W(g] (2)

=, VRRIHEMARFOZEAE N RBEAWERKE, FESANNRERYE, W 3H
HRER.

133 EfAE R SSS 5 VBTAC AFE TR, EIWERATEESTERBMNET
AR, T HEMA RSB 5EFXH, EHAS Ry EESERMER SSS 5§ VBTAC A%
&8, HEMA WESRHBEEVAUTARHE

[HEMA] = {dg/(1 + dg) — [EREHI B E] x M.}/ Muema (3)
A, M. K SSS K VBTAC W4F&, Mupma N HEMA W4T 8. SUEIESERIE
Rr B HI AT
1.34 BA BRYBEAZFANEEGTH#THERE. XNE&WEEREEENTLREBEETS
MBAYBEHTT WK,
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1.3.5 AkE, FRLAAS K WEREFEOKE. RE. BEERER. HEREWERLK
#3h 5, BEBEREMK BRWMBREGK., 5. FERER. KK, Bkl EOKEHs
SIAUTAKETIHH

/E\7K$[%] = 100 x (Wwet - Wdry)/ Wdry (4)
%E&Hﬂ[%] = 100 x (Vwet - Vdry)/ Vdry (5)
7&’%& = (Wwet - Wdry)/(ls X Wdry X Eﬁﬁmﬁﬁ) (6)

RH, Wuer fl Wary VEEBSHTISHER, Ve M Vay ABREESHTFSER, 18

RKEATE, BEREATESTENETIRER.

1.4 ¥R

141 2R THREA BN 0.75uL WEAUKKEEEBENERT, SXKFREN BHME

(RRfE%: x16) MEMMEBE/K SENERTE RN EMA ., AEmABKKES LRTER,
RATFRR CIOKMH W) #7ER, RTURETRAX TS EYSBEEE (1))

MBEEEEE (v2)

v (1 + cosb) = 2(ydvin) 2 + 208 y)Y? (6)
BB B3R H B e
Ts =75 +7 (7)

K, v BRI HMEZSPRIRE A h ik, HESF1H 72.8x107 7 /cm® 1 63.4x 10777 /cm?:
B E va, 480% 21.8x10-73 fem? H1 37.0% 10773 /cm?, vhy, 4524 51.0 1 26.4 x 1077 /em?
142 AP &4 Al WEATLAKFBEE 1, FREFBRKE, BF—-PEHKKAEEAES
1. %Y 3.5uL B CCly RB/KIHER Lt 2.
1.5 X ZNES (XMA)

SSS fl VBTAC EHH#ER SYEEP WA MIFERZRMA JEOL IXA-superprobe 773 B
B X et U BEHCE (SSS/HEMA ) SR cE (VBTAC/HEMA ) ZEBRBE 1Y
S AN .
1.6 SSS/HEMA A RIFEL HEE

B2 0.1mol- L-1COONa ¥4, MIAXUR CH;COOH ¥ pH HiHWE 6.5, RIFHA CuCls,
FEHERF Cu?t ¥EXN 0.05mol-L-!, B A CH3COOH A% pH HZE 5.0 . ¥ SSS/HEMA
FEZE ERBWAHRU 5h, f Cu™ RAO4MBEEBEENHE FRE TR, BEANHEUN
SSS/HEMA BEARLKIERERZEHT.

L7 RERR
A IR BRI X e AR SO P REHEAT VA . IR TSR (4]
2 & RE5 W Rr
2.1 BOHIE

SSS 1 VBTAC #J -SO3Na #1 -N(CHs)s ZEHRFAKMER, ENSHKENRZEHE
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HRE, EHXFRRAHREEREERIIRIAL E , RI1EE HEMA /E5—Fishe
&, XEHEN HEMA 4 TRETRE ZHEMEZE, EREENSHKENREYMFEKES
R, REMEXFMYREEGFRIEM. SRRAXMHELRZIEWY, &£ HEMA LT,
SSS #1 VBTAC #RIFHEHBIRHE L, HESEB AN, BEAREFHRIFELS
BB,

EE 1 IRNEN &S, SSS/HEMA f1 VBTAC/HEMA WEERAT 100% FrEE
RIETE] 2 50% 7h 1 5h , N 1 MRLEH, ZEREEREMXERME, HEMA HERATE
AT SSS M1 VBTAC WEGEHSE, (H HEMA WERHAFERERETTH, SSS M
VBTAC MERATEEHRFEL LANBEE. XEAEEERYPIMNE, HEMA Bk
BEETRZMAELE, )5 SSS f1 VBTAC FIBASHBERETI# A HEMA BEE&NE M
b, BB K 100% BF, SSS F VBTAC W EBEFAEESSI% 1.46 . 0.78mmol/g T I,
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Fig.1 Density of functional groups and HEMA as a function of degree of cografting

2.2 PfLitRE

221 BF BEHEERLZZTTHHN—TEESY HHEZEREERSERBEEEEY
A, B RAABEEESERESTREESFBEYM., #8%H 100% 9 SSS/HEMA
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68um(WHE 2) .
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Fig.2 Changes of membranes thickness as a functionof degree of cografting
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ENMEMARE, MBEEENTIRILEKR, NTSBT SSS KEEENL VBTAC MF.
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Fig.3 Water content and swelling ratio of the membranes as a function of cografing
SSS/HEMA and VBTAC/HEMA

(o, A)SSS/HEMA; (¢) SSS/HEMA-Cu
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Fig.4 Contact angle of the membranes as a function of degree of cografting

(a)(c, #)SSS/HEMA; (A, A) SSS/HEMA-Cu; (o, A) In air; (e, A) In water; (b) (o) In air, (o) In water

XFHEHENEE MO TRER TR 2 RREHMEE (v.) BRh28EdEE ()
FAREE HEE (0) AR, HEMA S5 EM S REH hEEERd +P THEkAY, SSS/HEMA
1 VBTAC/HEMA BEH v, M EERH ¢ TAW.

Tab.2 v, of SSS/HEMA, VBTAC/HEMA and HEMA grafted membranes

(SSS/HEMA)/x10 'J.cm—>  (VBTAC/HEMA)/x10™'J-cm™" HEMA/x10~'J-cm™
dg/% s e ¥ dg/% % ¥ 7 dg/% v v
19.9 359 194 16.5 15.0 26.8 4.4 224
364 544 530 14 486 29.2 13.0 16.2
67.8 51.7 48.1 3.6 65.6  42.0 39.0 3.0 62.2 309 56 253
88.4 421 285 13.6  96.1  47.9 470 0.9 89.9 353 3.8 315

R SSS/HEMA 1 VBTAC/HEMA iRt AAIRTE B B RABFWER, HEAN
B e KR BRB L AEAR A, YRR Y 100% B, FEEESIY KRS L 46%
22%, Bk 4B 16% F1 8% .
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KEMEELRENETHE GRS T, B URERFAERESESKMES, LR

ghR A, SSS WKEHL VBTAC BB %, WERN 20, 5HA 15, MELEE/KEINE
FUATRER R A TR EE AT . (1)VBTAC SRR BRI, BERMEH T VBTAC §
JKBIERER;  (2)SSS A FHFEKMEE VBTAC 4+ F i,
2.2.3 ARG XMA #EB AT THREEHE, RA X 0RO X B PR R 1
B RMEASE AT T . AE 5 FIEY, HAEMN S RESESRAmMmgm, ©11E
BRENERER, HHESEEERENES, SRS NENF LI, BEFY 91%
Bt, SSS MIBEEEEE T4 2/3 WRIHE; T VBTAC MESIBETEREIR N 66% BT E BIA L
b, MERFERN 111% Y, ZERSENISMERIRSYRES,

XRABEN N BT EEERSYRE, HERNHIT, RIREHSS TR AT,
VBTAC It SSS RAFHRMBERES . NEERF BT UIEEE DX RN,

Degree of cografting = 379,

rt I
i . .
Degree of cografting= 1117,

Degree of coprafting =914,

a b
Fig.5 SEM pictures and sulfur profile of the SSS/HEMA membranes (a) chloride profile of the
VBTAC/HEMA memberanes (b) as a function of degress of cografting

2.2.4 SSS/HEMA B4y & AR SR THERATEANBRRN —E, HKEGEE
40 , FALEEREWFEKER GKEHTRT —&.
2.3 HEEEE

#& Cooney i, °Cu’*t M EEAHEHRHFLZHEREFTRERE FHEEHERCHRE
#3 SSS/HEMA [EAEAZBRMWHE K. B TFRXEIWAEHFIER, %EH VBTAC/HEMA
RV R R BB AL, FIA VBTAC MR B FRMHRIELNHE .
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M6 TAE S, SSS/HEMA M
HAMAREEROIREE 1h NTRET 75%.
HERZ FERAARKR, XM T Cut BiHE
BEREBHZM ALZ T, VBTAC/HEMA
EHEBIFHRABYER, 38 4h R, B
HAMEREWEEM 7.6x10°CFU/mL T
F%ZF| 3700CFU/mL, BIRRAL 99.5% ., 218
7% VBTAC/HEMA Bl 83 G A BRI
BEE B 8.18x107%m/s, thiBH BT Y Bk
Al St-DVB FH % T 38 He At B O 8 B2 1 30 3
MEBERT  XEHTREBR =4 k4
H, WERTE AT EHMZRMIEREER
WM.,

& 7 & VBTAC/HEMA JEHH{R M # 7
HIREHBERA ., 1 Lee 7 1RHE, mTF
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Fig.6 Antibacterial activity of SSS/HEMA-Cu
and VBTAC/HEMA membranes
(o) GMA-SH membrane, (A) SSS/HEMA
membrane, () VBTAC/HEMA membrane,

(o) Staphulococcus aureus only

RV SREMESL MM T - =F ks, SR —MExT R EN =0,

M EEANRR Y &4 | FERMERE AR ; MACBREIM IR 25 RAMR T EATE, XX FEPEEH
KEREWSE, PREORERAEEEARHE ., NE 7 #BRER A B RUE R R 2] #
BHHRELAEE, HERX RS EATERTHEMSRAE . BEOFsEsr=EreE

REH .

(a) Surface of VBTAC/HEMA

niembrane before contact
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(b) Surface of VBTAC/HEMA
membrane after contact

Fig.7 SEM picture of the surface of VBTA/HEMA membrane (a) before and (b) after the

contact with staphylococcus aureus for 4h
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1) B BBk T LA ZF 5y s ) 4 SSS/HEMA #1 VBTAC/HEMA B30,
WA EHEER, UG EEEES IS NERGYES FHEEK,

BF A A PR PR B A R AT I 3R K .

4) #A3CHHY SSS/HEMA JRBELE 1h PIRFEFM A 75% ME BT HERE,
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(5) VBTAC/HEMA JEXT 5 & T 2 BR o A 7 AR 28 B W 202 8.18x 10~ 5my/s, Wil MY SR A
St-DVB WA BB ¥ 3E 3 M HERK,

(6) VBTAC/HEMA [RM =4 ik REE AR R .
BUM 75 H A TAERAN], H A< FOFRIE e SR T A TAERA T BB T R RAM I, EHCRE 8,
ERWETHRYE TESEREN, EH—FRRBHY.
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FUNCTIONAL MODIFICATION OF HDPE MEMBRANES BY
RADIATION-INDUCED GRAFTING

XU Ling
(Radiation Center, China Institute of Atomic Energy, Beijing 102413)
William Lee
(Department of Chemistry and Biotechnology, The University of Tokyo)

Takanobu Sugo Keizo Makuuchi
( Takasak: Radiation Chemistry Research Establishment, Japan Atomic Energy Research Institute, 1233
Wataanuki-machi, Takasak: City, Gunma 370-12, Japan)

ABSTRACT Two kinds of monomer (SSS and VBTAC) containing ion-exchange groups
were cografted with HEM A onto HDPE membrane respectively by pre-irradiation grafting. Thus
we obtained ion-exchange membranes with anti-bacteria function. The grafted membranes had
good hydrophilicity compared with the hydrophobicity of the base film. The research was focus
on 3-point: (1) Study the process of the grafting reaction, structure of the grafted membranes,
chemical and physical properties of the grafted membranes. (2) Quantitative study of the hy-
drophilicity of the grafted membranes, evaluate the hydration number and surface free encrgy of
the membranes. (3) Study the antibacterial activity of the grafted membranes. The antibacterial
ability of the VBTAC membrane was so good that it would be fit for an antibacterial material.

KEYWORDS Radiation-induced grafting, Functional membranes, Ion-exchange

membranes



