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&SRR ERERAERAETZ

s F Ayl WA E % bt
1 (I RZFHE LU EE S5 T 215123)
2 CEBTHELS) T W 2155000

TE  ARSLIRIRME T —FH ) PVA/PAAS/EDTA W /K P g J FLthil] #7725 . R 3R Il (Poly vinyl alcohol,
PVA). RWHEE(Poly acrylate sodium, PAAS)FIZ, — i 7, (Ethylene diamine tetraacetic acid, EDTA), ¥
XA R R B K IR R T R B ST B A L R i, R R E IR R Peise, REVR AR T8 )G b 3,
2% HH T 3R 1 = ROK MR i o SR A IR 2SR TH SR 3GE Y AR O B, FAS R TC B IR i Mk AT S AR 3, B ST Rk
OB R A RE ) SR . TR IR B % Ui e, 5 I A A P AT EOR . SRR, AR SR
TR K P i LA B TRV SRR B O R T R, R B TR % 22 ((821.05 £ 1.61) geg ) FHAE Bk /K MR 7k £3%
F((72.57£3.01) g-g HUHER 3% Mk T Py 413 4 oK R IR P2 i (P < 0.01).

KA =K AR (Super  absorbent resin, SAR), FEFACEE, Z %Y Z R (Ethylene diamine tetraacetic

acid, EDTA), i, TR
FESHEE TL99, TLI3

15 W 7K M4 B4 i (Super  absorbent  resin, SAR)
LT 20 A 60 FEARBH AL DR = 4 TR
HOHIOH 60 REMIIE. mBOKENIES H R
e FREL. AR LS SR KL I EARARAT AT LA i AN
A SRR LERFREREJLTREK, REREN
WOKAPRAKEE ST, O IZ R T BT BA ., 2
SRR RARE 2 A5 Tl BLUR A AL T AR
BRI A 2o SR o] 5 v WK T AR AT ) SRR R
FEAEWE: —FNRBMEER . ERREL. &
SYTINIGE-3  E PI TE S/SF S A= % b ]
RAWZIED, ROIHEY, ROIE. BRI,
RGBS, SCRRAROE i 2 1R IR IR S L 3 5 3L
M 2> T AR R T . A T2 NI K
FIFIAZ AP AL 2 A s, AT — e 1) 7
i MR AR R A RS A R R
AP RE T & FH T2 2 TUAEATE, Bk B3 1R S A m et 2
JHR AT = A T . B . BRI AR I
P, seAh, BERE BRI TR fR . AU,
JIT DA A I (1 it 5 P AT e — AN TR AR 1 Il A

A S 5 = TR TN A TR B (Poly  acrylate
sodium, PAAS)/% Z. /%% (Poly vinyl alcohol, PVA)!®!
#1 PVA/PAAS/AM(Acrylamide) 2 51l ) 7K e 7 K bt
g, XUCREREMRAE . T V5 A T B R AR
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o ANSEIGAE FIRBTFURIFEAS b, R A AR
i, SERSEFARARRCEE LA, Hilg T —Ff
T B RE I BRI IR 28 e BRI JF X AL
VEREBEAT 1A o

1 SERMRRIT A

1.1 KRR
1.1.1 k5

L. —J&DY £, (Ethylene diamine tetraacetic acid,
EDTA) A4 #r4fl, MW 2 380.35, I HZEE sigma
ATl PAAS N4, MW 4 2 000-3 000, FHK
BRI TS A= PVA Nb2edl, RE
FEN 1T 900, AL AN 98%-99%, % HA Ichinaru
Pharcos A &) 72 AEFRER K, RIEB LRI Z4ETR
ANFE s KPR, RILTRREDIReAL
FAHRAF
1.1.2 Y3

FHL - e s e R R AT R0 AT TR
VR BRI REREAAEA R A A R #%
AT R RS 2 S w8 A PR A = A5
e 1T EAR NS IR R ITANE) A7 R ZRROK
R LR ZERTRSAT B -80°C UKAH &

H &K B AR =5 4 T BT H (No.8 1372922, No.81072236).  [E B Bl AT 55 B 1 H (No.A3820060138) VLI ik 35 2 R}t v TR B Bh Il B
FEH: ZH, L, 1988 4R, 2011 AEERL T RIGESERE, BTN R BURE ¥ 5P 5 b 2011 40 L sk, BUREE S5k
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Thermo Scientific 2 &) [ 7= & s 2K AL, 3
Millipore 2 & 4 725 A % T BRI R £ H
LABCONCO 2 ] 7™ it s {857 AR M AL AN AL,
NICOLET6700 FT-IR, 32[E Thermo Scientific 2 f]
HErE,

1.2 A&

1.2.1 EDTA XA JIE W 3 14 R 52 m
{#¥F PVA Al PAAS LI T, Rt
EDTA X i W /KW Hi W 1 B ) 5
1.2.2  IEAZSEIR BT HE % R KA g
AU R IERZ W HHER LBHi T =R E =K
TR, =K 2N PVA FiE(A). PAAS i & (B).
EDTA Jii&#(C), = M/KFUIER 1 fron. ARSKEG 3222
52 WK AR AT 61, DAAE AR B 257K A iR iR
RN TR, B — DRk S oK g 1)
[

x1 ZER=KFRITER
Table 1 Orthogonal test of three factors at three different

levels.
JKF Level  [A% Factor
PVA(A)/g PAAS(B)/g EDTA(C)/mg
1 2 22 1
2 6 26 10
3 10 30 20

1.2.3  RHEHH] &t FE

(1) #14 PVA/PAAS/EDTA =t B

Wk 1 Frs, FREC—E &1 PVA, 17K, 121.1 °C
1 h FRAEE, A A B BRI 21 PAAS
WTKA, N BIHW; K—EEN EDTA I TAH
BN UG F R 2 v 1S C VG ¥ AL B
C =MAWIRSE, B TR %% 150 rrmin '+ 30 min,
PRSI DR, EFTEN 100 go 1211 °C &
TIEE 20, RIS, B 7k 845
SAZHE, ARSI N BEE 2.5 MeV, H 20 mA,
WAL 5% % 8-13 m'min ', SLISHIE 45 kGy.
W TR RN, ARERS
PVA/PAAS/EDTA Y. KILRYE T 40-50°C
HEFET-15 48 h, K31 eI A

(2) AR AbEE

BB R 5 iR Ui £ B /KRS
K P 4% BB — 52 ) EL TR A 45D 1% 18 1:40 1 HE )
RAEJEHEE, = NRYE6-8 h, iI#%, —80 °C #
% 2-3h B TAGTEYLA, HT51E8 165 Pa,
=51 °C, BTG, Ty, 3K1S 40-100 H#H
R .

1.24 WHRKISMI

MEHIEA . RN B, s,

1.25 WAL RE A (S 18 [ Brbr 4 0 4 21
1SO17910-2001 Ax#EREAT R D

(1) M7K# (Deionized water absorption capacity,
DAC) Il &

FRiE 0.5 g B =Rk i SARCRE#FE 4 0.001),
AN 500 g 258 7K RBeRH, 7870l
60 min, A FIVE K- V45 5 96 BR 2 AR Mk T, E
10min, FRIFTE m, THEBAKZE.

DAC=(m-0.5)/0.5 @)

(2) ZE # Eh /K W % (Saline  absorption
capacity, SAC) I &

FEHifRE 0.5 g mPUKIERIIE SARCHEHAEE
0.001), MAZEA 50 g A ERKMBAMF, 780K
W 60 min, IXFNEKTEE, MERBAK IR E
10min, FRILFTE m, HEAEBELKIBOB 5.

SAC=(m-0.5)/0.5 2)

(3) & WK Ik B IR B AL 2T Ak Ok 1 K
(Fourier transform infrared spectra, FTIR)

LR RAC B v, BIF B e e ods W, i
NAHSL AR 2T A0 56 BE A I 5 FL LA 6T I

(4) pH 1A Al 52

C ) e s HE 2 PSR pHL FEARGAR N Gz i
BEATRZIE . K 0.5 g MR /K PR IR I3 100 mL
AR, KR E TR B, A
FIEAE 25 mm 800 Y Gt £E 5, TPt RE 10 min,
A 1 min Jo IR IR HFR 1 pH AR E L35 Y
pH fA.

(5) W E K (Absorption rate, AR) Ml &

R eI 2 5E s FR 50 g AE R AN A BA
100 mL GEdh b, Rt & T heds b, A BN
AR 25 mm BB DU SR HE T BRI
FRIERR J TN 2.0 g oK PER g, (B R a6 T
BT I ORI A ¢, AL s, DAAE i
TR TR F R B 6

(6) O E (Fluid handing capacity, FHC)H
e

i 6 MR —FHLIME, RN
60 mmx60 mm, Hrf 3 NFEMLR, 3 MNE AR,
FEFER RN 0.2 g UK PER iR, FAE . KRR R
R AR E TR KT, VK 30 min, 737K
BT AN E, SHBR ZRNE O]
WHKFEMBE m. BAEOLH SO, BiHE
250 g-min” ", 8] 3 min, FREFEG IS 8 E,
TR NN O R VR KRR AL TR my. BT
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2
a4

e T ER R R M R R S R S R AL T

B R
FHC=m,/m, 3)
1.2.6 SGilaab
Sty 2k DAL + bR iE 25 (X +sd)Rm . R H
SPSS19.0 Suit # Xt s IR E a3t AT R 122 0 #r
% Y HCLE AN F 5 22 40 M R R B AL SNK V25,
P<0.05 BREFREMGIFER, P<0.01 XxR
BAIEF BEMESTEER

2 SCIGZER
2.1 EDTA XIHiBENE S RAF N

{RFF PVA F1 PAAS MIHLBIAAE, B2k &
EDTA ff)&, W% EDTA SRk b R R A 22 1
s, SR 1 PR

N
(=3
(=}
D
(=]
1

(a) DAC () SAC

99
93
(=]
W
W
T

%)
(=3
S
(%3
(=]
T

N
193
=]
N
(=3
T

Absorption Rate / g-g™'
&
T

)
vy

Absorption Rate / g-g™

L . | |
5 10 15 20
Addition Amount of EDTA / mg

1 EDTA X i R K0 IR W A 2 ) 52 )

(@) EEFKTWAKZE(DAC), (b) HHEEKHIEKZESAC)
Fig.1 Influence of EDTA contents on the absorbency of SAR.
(a) Deionized water absorption capacity (DAC), (b) Saline
absorption capacity (SAC)

HE 1 7] W, 7£ PVA #1 PAAS 4 RANEE (1) 4 A
~, B EDTA SRIBGIN, W0 IR oK 2 F07E AR 3
R B W AR F AR P S N, 1A B W AE S B
EDTA MI¥GH0, Wlifss: 2 FREEHA. EEEFK
FAEERER KA, IR 28 2 I [ 0 1 ekt 55

22 IEXREHER

FRAER 1 Bt seat s Bal 13k 2.6 3 fIk 4.
MR ZE 3 MR (GR 3)VFI T ZE TR (R 4)n] UG

I3
(=3
S

5 10 15 20
Addition Amount of EDTA / mg

(=}
S

52w KPR T R R 7K A% 28 B PR 2= I 9
A>B>C. WRHFLIELERLGE T, 15 H BRE L
MEREHEN AB,Cy, ™ PVA N 2wt%, PAAS
N 26 wt%, EDTA N 0.01wt% IR, oK ig
(R 36 KR 28] DLk B e oK, R 3 /K A% FmT ik
(54.74+3.41) g-g o DL SE LA L i) 4% (W i
AT R AL BT
F2 EXREMLER(X +sd, n=7)
Table 2 Results of orthogonal test (X +sd, n=7).

[ Factor PVA PAAS EDTA SAC/gg!
1 2 22 1 43.63+3.26
2 2 26 10 54.74+3.41
3 2 30 20 49.00£1.05
4 6 22 10 39.76 £2.38
5 6 26 20 37.09+1.19
6 6 30 1 41.58+2.17
7 10 22 20 38.34+£3.00
8 10 26 1 44.08 £2.81
9 10 30 10 39.10+1.81
®3 EXHEERMREI R
Table 3 Range analysis of orthogonal experiment.

K2 Factor A B C D (Blank)
K4 47.943  40.577  43.097  39.940
K, 39477 44123  43.353  44.280
K3 40.507  43.227 41477  43.707

Range value 8.466 3.546 1.876 4.340

F4 EXHRERWFEDE
Table 4 Variance analysis of orthogonal experiment.

[X| 2 Factor SS df F

A 128.049 2 3.839
B 20.405 2 0.612
C 6.212 2 0.186
Error 33.35 2 —

23 ERANENRLETIZSER

SRS B G SR B IR TR R S B AN ]
Hic b IS L3k AT VA K i . ZER L VR TR,
DRI A R R %, g5 RT3k 5.

x5 ZAREERELAERRIEESWK MR BERIIREMERE(X £5d, n=7)
Table 5 Properties of the SAR washed by various washing liquids (X +sd, n=7).

2H 51 Groups Miethanol © Mwater DAC/gg" SAC/gg" AR /s

1 5:5 821.05+1.61 72.57+3.01 33.92+1.43
2 1:9 308.99+6.82" 48.74+3.23" 52.33+0.58"
3 3.7 340.47+6.07" 47.69+1.66" 60.00+1.00
4 7:3 433.65+9.63" 47.53+2.85" 80.33+0.58"
5 9:1 287.49+6.92" 46.5140.68" 76.33+£1.52"
6 0 349.27+1.10" 54.74+3.41° 55.00+£4.36"

5 1AM, *P<0.01.
Note: Compared with group 1, *P <0.01.
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MFE 5 AU A B 255K =5:5 BI%s
WORPEIE =K R E 23 887K b (R A 2%
% (821.05+1.61) gg ', WA B IR KA F m ik
(72.57+3.01) g-g ', WS T HARLH R, FI R
AR, HdE BA RS % E R (P <0.01).

24 ESRKBAERIINI

ARS8 ] % PR v IR KR i R AL A 1 2 B
2(a) WARIK I IR, 2 A EEUE R0, & 2(b)
NWEBETK Th JEHPIRE, 2EUPR, HHk)EH
ARG, A SR 4 (0 R ORI IR R
T BRI AN R PERE o

(@) (®)

B2 ok AR T S RS
(a) "IRHT, (b) WS
Fig.2 SAR before swelling (a) and after swelling (b).

25  LIINHEEI SR

ARSI 46 (D0 A R R K AR i () 20 A 1 1
AT 3. HE 3 W, 1560cm ™ 4l PAAS
—COONa H i 3 [1) A X Fx A 4 4 20 W i 06
1420 cm™' FEAT 1250 cm™' 4b43 519 EDTA HR R
(¥ C—O (R 4E 4R S AT O—H FRITH A 25 iH 4R 51 (1 W g e
2941 cm ' Jy C—H B ZEIRSNIE, 1460 cm ' &by
C—H # R 2 dhPRsh0g, R BAILRY) - CH,—

(IAEAE. 3412cm ' H1 3477 cm ' 2 [8) A E— 98 T
SRS IE S, N PVA H—OH R84 4R sh
I, 1128 cm™" 4b HELHIRIL IS H PVA 1 C—O F{
iR B R & . B 040 3 BT e B % R A ) A2 B
PAAS. PVA. EDTA =4 Bt B2 BRTE I 7= 4 -

1624

1420 “1560

Transmittance / a.u.

34127 Y3477

n 1 L 1 L 1 L 1 n 1 n 1 n 1 L ]
0 500 1000 1500 2000 2500 3000 3500 4000

Wavenumbers / cm™'

B3 SRR ARSNGB
Fig.3 FTIR of SAR.

3 AFmSERSNTmATEEE

ARSI 1) 2% 1 = OK B IR AR Suda3, H TG
31 ] PN 4701 44 it R TR v IR 7K ARS T 7 A ] 7R S 56 2%
R, MR A TiERE, 5 RAITR 6. HEK 6 AT,
Suda3 MR f 25 B v T oAt ™= 5, Bl A
BHUFERP<0.01), HEOLRIEELT K
Py BRGERER, pH HSFERERAKR, B
SR ME . Suda3 TEORFRECIR IR A R 47 R
IKEMIFEIN, R RA TR, 1AL
WEZBW, EAMNATF&RET PARRT.

6 ERISHKRIAEMERERELI(X £5d, n=7)

Table 6 Performance comparison of SAR at home and abroad (X £sd, n=7).

SAR DAC/gg" SAC/gg" FHC /g'g" AR /s pH

Suda3 821.1+1.6 72.6+3.0 479434 339+14 6.3+0.1
Suda-W'® 502.0+1.6™ 48.8+2.3" 41.8+1.6 32.0+2.4 6.0+0.3
Japanl 357.745.6" 58.5+2.8" 56.8+2.1" 42.7+3.6 6.2%0.0
Japan2 320.0+3.8" 53.1+£2.57 52.1+4.0 144.0+2.7" 6.0+0.2
Korea 359.3+8.2" 53.6+3.5" 31.3+14" 293+2.0 5.4+0.2
Home 557.3+2.6" 573+2.2" 50.6+£2.8 53.7+1.8" 5.84+0.1

7E: 5 Suda3 #MitL, **P<0.01, *P<0.05.
Note: Compared with Suda3, **P <0.01, *P <0.05.
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ORI R R RO R AR S R S R AR B T

4 Vg

IE AT SEIG BT AR — V2 B I SE 3R 11 T
w5, FEEE MAREE IR 2 0 A KT A R Pk S 4
HRFMHEIACFHA AT AL, BB x5 5
RIS R A0 7 iR TR S oL, s
KPHED, ZIER RS RG AR, ALk
Pk B AR 469 PVA =2 wt%, PAAS =26 wt%,
EDTA =0.01 wt%.

Suda-W #&i% F B FERC EL ) PVA A1 PAAS fiT il
H IR K G, A A R I W K R AR IR
WA, EUEIERE E B A7) EDTA WU, fril 4
=K G IR oK R 26 T RAR S, HrTRe
() JE R B g 1) EDTA B84 7 AR EUK P 4 )8
WETJE, TTLARKEE Na 375 3L R Y ek
AR TAMHIE R, A4S0 i 99 26 P A1 195 528 s 4
K, BEEH, FN EDTA F8F KR K3EH
—COOH FI7K 437K EAE F J5 1 1500 i X 4% 4544 Y
HMPES IR ZEHE R, X RN A 3 (RIS 150 R
EKBESTRER . (2 MR R g NI 2 iR T
FBG, [RNARRRERYERIN, 24 A8 5 s N
AT, SESLRYIIME SR R, oA
R4 N, PVA F1 PAAS X b6 s A% 2 1 5%
Wi 7 SCRR[ 7] A 1 B, 7R A SR E B AR (1) 17
BN, B PVA &I, IR A RIZHT R
BE#E PAAS S &EMHIN, WOl ATE % LA E %,

e R KPR T H R A B B4 o3 2 AR ATARS I
WrERE, M AYIAH R . BRATTTEE N A e T
] 4 E A = 2K R, IR
FBRA i b R AT B S RN AR R O E AR . 3R
AR FE 1 FR RN 25 5 /KA [R] 5T B BL () % v Ak
B =R K P B S L P RE AR AL, DA E B
BRI AR LG . SRR K i 20, BRI
IR S5 A TR TR & 2B, RIS R AT R
FARARE R A Huys s Bt L 20, 5k
TEVEUS G B A A 1 FE R e 7 AR I I,
K7 Ja A T2ZMm ], wREA e, %
B AT ALV 7 AR A8 T P B AR 2 2 M g W AR I 11
W IR RE 5 [ B 2 AL e W AR I ) A 0 AH 512 o

5 #5iE

ARSI R B H P I 2 AR IR R A T
PVA/PAAS/EDTA AEFCELHIFE R, WH9E T @k
KB AEM ARG AR TZ. 4 %L,
PVA/PAAS/EDTA 3t R W ) & & H & A

PVA=2wt%, PAAS=26wt%, EDTA=0.01 wt%,
Ja AR T2, WEAE . KR RS A B AR G L
1:20:20. ZACER 5 SRR, 75 PR¥E At 14 B
R BRI, AROH R s 7 JLAE AR 3 3R /K b (g
TG ZE AR 2 o E AR SIG 2% 1 T 1) £ R iRy i K
P B 10 R W e, 3 T 24287 AR e
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Radiation synthesis and the post-processing of a new salt resistance SAR

LILi' CHU Likai' HUANG Weihong® YUE Ling' YANG Zhanshan'
1(School of Radiation Medicine and Protection, Soochow University, Suzhou 215123, China)
2(Changshu Cable Factory, Changshu 215500, China)

Abstract Background: Super absorbent resin (SAR) is widely used to absorb ion solution, while its absorbency
needs further improvement. Purpose: The aim is to synthesise a new salt resistance SAR by radiation crosslinking,
and its performance and the post-processing are researched. Methods: A copolymer gel composed of polyvinyl
alcohol, polyacrylate sodium and ethylene diamine tetraacetic acid was prepared by the electron beam radiation
crosslinking. The copolymer gels were dipped into the washing liquid comprised of different proportions of methanol
and deionized water for swelling and immersion. Then these gels were frozen at —80 °C. After freeze-drying, crushing
and screening, the new superabsorbent SAR was prepared. The factors may have influence on the ionic solutions
absorption of the SAR which were investigated and optimized with orthogonal tests. The factors included the weight
ratios of Poly vinyl alcohol (PVA) to Poly acrylate sodium (PAAS) to Ethylene diamine tetraacetic acid (EDTA) and
the washing liquid. The performance of the SAR at home and abroad was tested. Results: The Suda3 SAR prepared
under our optimized synthesis condition has excellent absorption rate and centrifugal liquid retaining capacity. The
absorbency of the Suda3 SAR is (821.05+1.61) g-g ' in deionized water and (72.57+3.01) g-g ' in 0.9wt% NaCl
solution respectively. These parameters are significantly better than that of the SAR of domestic and foreign famous
companies (P<0.01). Conclusion: In this study, the new salt resistance SAR was prepared by radiation crosslinking
and the post-processing. The SAR has excellent absorbency properties and could be used in the field of medicine and
hygiene material.

Key words Super absorbent resin (SAR), Radiation crosslinking, Ethylene diamine tetraacetic acid (EDTA), Salt
tolerance, Electron beam

CLC TL99,TL13
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