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Preparation of a starch-based superabsorbent polymer by y-ray irradiation and

investigation of its properties
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ABSTRACT A super absorbent polymer (SAP) was prepared using starch and acrylic acid under exposure to “Co
y-rays irradiation. The chemical structure of the SAP was characterized by Fourier-transform infrared spectroscopy
Scanning electron micrographs showed that the surface of the SAP contained numerous mesoporous structures.
Thermogravimetric analysis indicated improved thermal stability of the SAP compared to that of the original starch.
The absorbed dose and feed ratio of the acrylic acid and starch significantly affected the water absorption

performance of the SAP. The water absorption capacity of the SAP was 532 g/g at the optimal conditions (absorbed
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dose: 20 kGy, crosslinking agent: 80 mg/L, feed ratio of starch to acrylic acid: 1/2). The SAP efficiently released the
loaded KNO, or Na,PO,; the release rates were 82% for K and 80% for PO,
KEYWORDS Super absorbent polymer, Radiation grafting, Starch, Acrylic acid

CLC TL13

20 40 60 AR, S AR AL 51 KR A
() 7 1) 3 S — ol A v R K A 2R IR K BRI A L
¥ H o %4 8 90 W K A KL (Super absorbent
polymer, SAP)™, JSEHL T P2l Ak . SAP & —Fp B A
IRAZ I B AN = 4 [ 28 S5 44 1) vy 20 - A4 RE, TR
SEEJLAEET/ERKS, HEA RIFRRKME
AE AL S B R K 1 e A SAP T A7 Bt S [ 11
] RN FT . A B AR R R SAP BAE B
AR BRSO SSRGS T2 A SAP B
BORFF DR ST, O LI LS, R R R A
Jo3, $] 3e7K o3 728 R A AR N R AR MR B
HERNH, LR T BT R X HAT, SAP
2 Eh P TR BTN I M ARl A B R R
LRI, FEARIERE 22, 5 1 il gl A (Rl itk
PARSRAF L Cln 22 0 L 3 12550 O Rk ke il %%
SAP N —Ffa el

VER & HAR A P E R T A4 5 1 RRK
oy BA TERSRIET AR A 2 A 1t ik AT
Bie f S5 R M Wz FAE SAP B A5 A R H
AT, U B B SAP M A% G ] £ 32 SR F AL 232, BIAE
P 1 ARG R I A5 51 R RG] kSR KT 2
IR AR R R AT S A AR B, i e
FH v B8 3 4 Can y 5 2k FBL 7 SO 72 8 IR F T il e
FIRVER 5 LB AR R LR, B T2
TE R R REREAR AR A5 AR S R “Co oy S
PRI TE R T I IR PR AT i IR AL ], — 25
% HUER RN IR TR 3L IR, WL IR 25 R A e
BEAT 7 RAE, I 5 T R M REMURE T8O T 1
fie , v SAP MUK B 5 & f8 F B m) 47 P £ 4L B 0
Hefiko

1 MR5RE

1.1 ERERF

FRER (BRI AKX ERERERARLS
A s AR, B e M AL RHAT IR 24 7] N, N-
P R 356 00 TR 4 Tk e (MIBAL TR 6 T i R 9 T TR
B, [ 25 5 A6 22l R A IR =D 5 B A kR 2008
Bréd, fEAE AT R i 2l AL 2

1.2 45M8HI% SAP

FREL— & 2 3E 8, IIN 100 mL 2% & 17K, T
80 °C 41 T it £ I 1L 30 min, 4R J5 i A f RTEE Ay
70% P T4 #5 8 ¥ CR ) NaOH BEAT HHAD , 784
AL 5] BN — € I MBA, 7870 it £ 2 58 4%
TR - PR AR S B T “Co 48 51 3 R b AT — 2 MR SC )
B4R 1B AL 3 ()8 . 2 kGy/h) , 15 3] 1 102 35 B
BRIIRTE A, T TEK RV JE T 60 °CHE 2 HEAR
- 2 E R R S 19 B SAP BURLAE i o 2 EE AR
Iy RVER R TR IR TR « TR I3 TR 2 TR W AN A Bk TR
FERNS

13 RIEFE

1.3.1 fLFaMik @ik

% A Tensor 27 (1 & Bruker) % {8 B H- 21 4p g
TE A CFTIR) X ok A AT ZL A0 63 3BT o 5
R 5 BB R T B IR & R F 5 R A& S
HE H 1E 4 000~400 cm™' ¥ FlFEA T 5E

X F Merlin Compact 14184 (f& [F Zeiss) 14
7 2108 (SEMD WL SAP B i (1) 22 T AWOW 3
1.3.2  #MMERE AT

K F TG209F3 (£ [H Perkin-Elmer) %Y #4 5 73 bt
AT K LA Je SAP A & B 3 AT AT S AT o 1
USRS T BA 10 °C/min T HE 2 M R T
%700 °C.
133 SRR HHkE

FRECT g BEF 2 BN T L8 77K BA K 1 L
B HUN 0.9%10.6%+0.3% (1) NaCl 7, F50F i
T8 WS FH T 3 00 25 R e IR A, FR R, 4
HELQ D Wa - U3 F 3z

T my

_m
0.(0)="" -

X 0, MWK A3, g/g; O, N WA A i &2 5 %L
NaCl V5 A5 %, g/gs m, WG B I 5, g5 m,
R RTRE S, go

FRECT g BN | L &3 7K, Rk S 78 5
W 7K 5 (24 b, Fi I 377 308 25 oA e IR WA R R A, R L
PR E TR IR, 43950 #E 40 °CL 60 °C .80 °C
HEAE = NEREE R TR, fE TR AR AR, e R

(D

010204-2



LER I RTIE S Z T L R

4R 2023,41:010204

QO HLRKE,
H =" %100 )
m

0

S HONARIKER, % 5 m, T 15 ¢ e 220 B R o 1)
&, gim NE RGBT &, g.
134 HTLHEBMR

S MFREL 3 g bk SAP R i IR ITE R & H
HN 0.6% F i R S R B3% IR B /K IR (1 L), 43 L
I B KA fE (48 X H , B T 60 °CHEFE R B
T4 2 15 5 . 4l ke id N K @SAP # & A PO,
@SAP Ff i c K @SAP Ff i P IR B Ul L
380N 30%, PO, @SAP FF il i IR B4 1 30 =2 i &=
HHN19 %, 23t 5.

L="E"" 100 (3)
m,

AL NIRE, % s m AR AT R &, g5 m,
NOEERE R R g.

FREC] g B F ot mE T 1 LR B 1K,
SRR % 1, RS A IR R 1 mL V9 e, A
FH R R A 55 2 T A RS T S I A [ 2 R
R 22X B L Bl 3R IR R I S TR CR

H @O HHE.
R=S52V 100 4
L X m

o RN TR % 5 CON ¢ B Z R 251
WEE, mg/L: VNIRRT, L L AR, Y%sm
B i T B, mg s B 4% (120 h) B R TCR 7
AN 80% (PO, ) . 82%(K ).

2 ZER5iH8

2.1 OHNKIESHR

K FTIR X5 f SAP i BEAT T 4b 45 1
RAECE 1D o JRURTE R FE S 20N B R (B 1)),
£ 3 200~3 600 cm™ DX 455 1] LA %2 3] — A 55 U, ) K]
T —OH MR 45 R 5 s 76 2 931 em™ A7 7E — N 55
P, M T C-H MM 45 92 2 5 /£ 1 158 em™s
1083 cm™ A1 1 001 em™ b 1) — H & 5 R F-H5 52 C |
C-O-C M 4a R 307« 5 J5 Uk ek (1) 21 4015 B A
Et, SAP ZLAMEE (B 1(b))TE1 692 cm™ .1 569 cm™
A1 401 em™ VB T =SB B e, 4330 m] LA
[Al-T-—~COONa H1 C=0 Hfif 4§z 51 . ~COO A FR
i 45 P% 2 DA B0 AR A 4 ik 37 4% b I  E B T
RENIHIREEB I NE] T SAPFES .

Starch

Transmittance / a.u.

b 1083

1001

1695 % K
1 1401
1569

, . .
4000 3000 2000 1000
Wavenumber / cm™

1 JER (a) AT SAP(b) H{H FL IS4 4T 41 i 1]
Fig.1 FTIR spectra of starch (a) and SAP (b)

22 EREERSH

K A3 LT B OB L B2 E A B SAP KE i HY
RIMHIE 2D HE 2O AT AL, AR TE R AT i 2R
TG TSR RER , KIAEAE 4~20 pm Z 1] EH)
AR AN SR NPT B AR Y S YRR G ] b]
SAP ¥ dh K i 73 A 5 KE AL, A H] T SAP
XTIy PRI IR

B2 ek (a)FISAP(b) ) SEM K]
Fig.2 SEM images of Starch (a) and SAP (b)

2.3 O

SR FH #ER 43 BT AT TR o B R o ek e o R 2
JERY A SAP FE & 1 #4 E (TG) il 28 A i o 44 &
(DTG) B 2843l 7~ T B 3 (a) Fl 3 (b)) , W4k o 4 2k
U DR T R K A3 o B AR VE K A il AE 260~

010204-3



MR BRI VA SRR SR G OR MR S L fE

370 °Cifih FE Y il 9 H 30— AN 32 B0 AR 0 . SAP A iy
o i 0 3 0y 3 AN B s AE 212~303 °Cla
BBl Y, SAP #F: i ¥ B 2451 2R 204 10%, VAR T H 3=
BE (1) 43 A, LS W A (R K, W B AR I CO, 5 75
303~405 °CR JE 5 H P , SAP FE fh i E &L Z40H
12%, 125 T PAA Fe 4 b 7 AN AH 41 (1) 32 R % 1

1% B N T 9 B — AN 7K 43 BT 3 ™5 7E 405~
525 °CIFE VUl A, SAP K it [ EE B4R 21N 18%,
IX A& T PAA A3 B 1 W 24 DL K 22 Bk W 4% 45 4 1)
TBIRDY b 2 B Ak 36 B R PR I R B 1 90 N3 1
T MR AR E P

a
@100f — Siarch (b)
------ Starch-g-PAA =
c
8o | £
%
Reol -
~ <
= E)
o g
GJ
=40 g
K
2
0L g Starch
------ Starch-g-PAA
1 1 1 1 1 1 1 1 i § 1 1 1 1 1
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700

Temperature /°C

Temperature /°C

B3 JERFISAP ) TG(a) MIDTG(b) i £k
Fig.3 TG (a) and DTG (b) curves of Starch and SAP

24 RUGRIE ST SAP IRk M EERIS 0

NCo y S LW B X SAP BE SR K A% R (1) 5
M) e 34 4 1 4 BT o A5 o 1D R 7K A 236 I W A7) o 11
18K i BRI, EHIAR TR 500 g/g (10 kGy) BRI &
85 g/g(50 kGy) o iX # FH T~ i o5 Il WAL 1) 1 AT 84 K,
FE E R B R I, A5 TR R A R 1
AT IR FE 3G I s b A, 5 v 1R RS B A 2 A E
FEE R A W IR T EE R R S ESAP A

A BOK Ik RE AR 72 o
600
500

Swelling / (g-g7")
5 08 3
[} o = )

-
o
o

0 20 30 40 50
Absorbed dose / kGy

4 WRSCHR X SAP MK M RE (¥ B2
Fig.4 Effect of absorbed dose on water absorption of SAP
25 REFIAEXT SAPIRIKMERE

g

AZIRTI P BT SAP A it S L PR 520 U /& 5 e

TN o 24 AT T B AR, A T ) 4% 1) B O 2 3 B
SRR G W B B I A T A S IRk B R 3G, A2
I DY) 2% 45 K AR 453 70 2 5 AR KA T W K s 26 % A 4
hn, 3 78 22 Bk 7 9 FE N 80 mg/L B ik B 4 K AE
(527 g/g) o 33t — D H = 2 BRGF H &, SAP % il I K
R BN X2 T R BANIRE FESAP
AWK FE ke, L B A R 88 I ]2 g 0K
%%[34—35]0

600

a

500
L 9

Swelling / (g-g7")
5 8 3
[=} = (o }

=
o
o

0 L L ! L
10 40 80 120 160
MBA / (mg-L")

E5  ACHGT A X SAP K MR 200
Fig.5 Effect of MBA content on water absorption of SAP
2.6 AHELRAEXT SAP KK M EERI RN

VE Koy MDA 0 R Rk FH R L A5 X SAP IR K £
FRISZE 1 6 BT/ o A6 P IR & B LRI, SAP fJ IR
IRAE MBI 5 BE A A IR & B 3G 0 SAP 2%

010204-4



WA SR T2 % 2023,41:010204

T3 ARG 0, ROK A5 R PRGE R IN s AESERD 5
W TR BORELE % 22 1/2 I, SAP #F: fit i 21 f5e K IR K A%
H(532 g/g)  BEAE MR & ik — D is8In , SAP
IR K ARG R T B, I A2 DI B G IR R 2 &
BUSAP SZHRSE RGN, I AE IR K BE T B0,

600

()

o

o
T

N

o

o
T

Swelling / (g:g™")
N w
o o
o o

-

=

o
T

0

44 45 46 48 410
Starch: AA/ (g-g™")
B 6 e/ NIRRT L XS SAP W 7K M BE 1 52 1]
Fig.6 Effect of starch to AA feed ratio on water

absorption of SAP

@100

80
= ®
- 60}
(o))
£
b 40}
o)
o

20

0 20 40 60 80 100 120
Time/h

2.7 tAEEISAPHIERR M EE

FEHEAT ARAE W) P R IS, 388 5 % SAP 5 4R fIE (il
AL T LA ) [] Nk it FH 5 DR 0k 2% ¢ SAP 7E B B IR Rk
A OG R G R R B A R XS
18 - 137 SAP i B A X K PO, 55 1 i OB il
[FIRE 7. a8 7 Ca) s ZK ) PO IR BE AE WU B
BEQ1.5 ) AR /N, F 1.5~6 h A P 7t =, i
0.95 mg/L 34 F 65 mg/L, 6 h J5 ik Z 508 LT, #
T2 B 7(0) iR, K I R R 4 PO, 28 PRI
RS AE 1.5~12 h IR BEPIE &, B 5.9 mg/L 3G
N2 71.2 mg/L, b6 J5 A2 3G N  LEWTURBT BL, SAP FF
i R B VR I R AE A R R R R A
TR, EB TP E IR EF B SAPFE
P -5 A1 3KV TR I8 05 s 22 58 Tk /1N, SAP HRR
RE 1B WA BV AN , B T R JBOR A%, HL R N A
BT R B IR B P, A R TR 43 i 40 80%
(PO 82%(K )

®) 100
80
60 -

40 |

K*/ (mg-L™")

20

¢ 20 40 60 80 100 120
Time/h

7 SAPE/K R R AR B 1 (a) R 1~ (b))
WL 5 I [8] 55 R

Fig.7 Released PO,” (a) and K' (b) concentrations of SAP versus time curves

2.8 FHEGHR B EL SAP HONRIK R SRR A5 14

SAP FH TR AEWHUR T KR, il 5 5 A
— VR A il N g R, DR 9T 67 30 3R 40 1R SAP [
WKV g BB R R . T 8 (a) 7 R R A 1)
SAP (K @SAP) ¥ i 7E A [ 52 F AL A (NaCD 7K %
WA B 25 B 17K o (R IR IR R o &5 R T, R AR FR
B AFALE 1) 20 5 NaClUgh 2 % K52 W FE S 1A W T 1
AE - K" @SAP Ff il 7E 25 15 T /K W I K £ 26 4y
120 g/g, M 7E J £ 43 %0 0.9% (1) NaCl 7K 7 I
#27 g/g, X & H T NaCl 17 1E T 2RE & N ARE
175 1 72 AR, A L ROK PR R R 1« 1 8 (b)) 3 TRIRK
N AR ol PR PR 1 e T £k £ B Ik ORI, K

@SAP FF: it IR K A5 Z2 4 K 1 (322 g/g) X 2 1
T E BRI J5 SAP /1 8k 7 7 B T IR, —
REGRIKE SAP 5 £ B T /KZE 21K, K
TR KA 2R3 0 o 28 — IR BB ROK I, K @SAP F i
(R KA 2R A5 58 — IR ROK S A % (299 g/g) » iX 2
BT SR K JE A il 350 70 = 4 45 R AR BT 51 A2 1
8()FIE 8 (D B/R T K @SAP £ i 73 A 7E = I
SN [F) B SR A R B K PERE AT AR Y K" @S AP
FE S TE S IR AAE T, 5845 RK I [R]3A £ 20 d, M 7R
40 °C.60 °CAH180 °C [ 58 4= 4 7K I [H] 43 71 4 45 h
36 h 121 h, PR8I B A8 A0 A it DR 7K P B 1) 82
3 3 Ky 78 R R I FE TR T v PR R

010204-5



MR BRI VA SRR SR G OR MR S L fE

P
(Y
=
=
H
o

-

N

o
T

—o— In deionized water

~ 100
[S) —o— In 0.9% NaCl solution
) —— In 0.6% NaCl solution
2 —— In 0.3% NaCl solution
T 60
3
()
40 —— + S -
20 | - - -
0 5 10 15 20 25
Time/h
C
¢ )100
—o— Room temperature
80t
X
s .
= 60
Q
2]
g 40}
=
20+
10 12 14 16 18 20 22

0 2 4 6 8
Time /d

&8

(b) 350

300 M/Q/c,,_o.—g—o—o—g
T 250 —o—First
o
=) —o—Second
o 200 ——Third
T 150
& .

100

50 I

0 5 10 15 20 25
Time /h

(d) 100
N
=
S
=
[0}
©
g
(]
<

0 0
Time/h

() ARV NaCLA R 1 K @SAP FE it (IR K A 22 S50 18] 96 58 5 (D)DK @S AP ¥ it 1 B 52 R K A 28— 1) il 26 P 5 (o) 38

I N K @SAP F SR 5 B8 AR T ZR s (D ANFENREE T~ K @SAP FE G K 5 5 8 A2 1 ith 26
Fig.8 (a) Water absorption of K'@SAP versus time curves in solutions with different concentrations of sodium chloride; (b) water
absorption of K'@SAP versus time curves images in three times; (c) quality of K'@SAP after water absorption versus time curves at
room temperature; (d) quality of K'@SAP after water absorption versus time curves in different temperatures

AR IS B -60 y S A LR S R A T —
Tl LA w30 08 P R TR 0 R K B R KA e
LA R 5 S5 A, SAP FE S R K £ R ATk 3
532 g/g. 41 B T B3R B SAP BE i B R K 5 RN
322 g/g. SAP Ff il RE % 1= RO T K VPO, B 1, BT
RIS L1 80% (PO, ) 82% (K o AW 78 i) £ ViE
B J SAP $R A — i ] B /3 2% 1 7 7%, G IE T SAP
A R B TR B A5 P P Rl AT M A SR AR A U R A
] B4 FH T 5
ETRMAH BH. TR ZERIRITLRFTZE
HEEMR:BH . BEEHFT T LR 5H. D&
& ERENZRBERT T RERSAN; R4
RERNMBHRT T B A EHEHESTEEN
RARALT TN,

S0k

1 Zhang J P, Wang A Q. Study on superabsorbent

5

010204-6

composites. IX: synthesis, characterization and swelling
behaviors of polyacrylamide/clay composites based on
various clays[J]. Reactive and Functional Polymers,
2007, 67(8): 737-745. DOIL: 10.1016/j. reactfunctpolym.
2007.05.001.

Laftah W A, Hashim S, Ibrahim A N. Polymer hydrogels:
a  review[J]. and
Engineering, 2011, 50(14): 1475-1486. DOI: 10.1080/
03602559.2011.593082.

Osada Y, Gong J P, Tanaka Y. Polymer gels[J]. Journal of

Polymer-Plastics ~ Technology

Macromolecular Science, Part C: Polymer Reviews,
2004, 44(1): 87-112. DOI: 10.1081/mc-120027935.

R, K, SKEE, & g ERIA R KFIE R E AR K
A 7 TR 2R I T D). 1 KR, 2021(7):
71-75.

WU Yong, SHUI Minghai, ZHANG Geng, et al. Study
on the comprehensive application of Hairuida super
absorbent polymers in dry farming and water saving
agriculture in China[J]. Water Saving Irrigation, 2021(7):
71-75.

AH e, 2, I . RKGRIAE B v R R A



WA SR T2 % 2023,41:010204

10

11

L R B FE[I]. K ARFEDT 5T, 2007, 14(3): 11-12.
DOI: 10.3969/j.issn.1005-3409.2007.03.004.

NIU Yuhua, LI Zhongjin, HAO Mingde. Effects of
application of water-holding agent on arid areas in loess
plateau[J]. Research of Soil and Water Conservation,
2007, 14(3): 11-12. DOIL: 10.3969/j. issn. 1005-3409.
2007.03.004.

Islam M R, Hu Y G, Mao S S, et al. Effectiveness of a
water-saving super-absorbent polymer in soil water
conservation for corn (Zea mays L.) based on eco-
physiological parameters[J]. Journal of the Science of
Food and Agriculture, 2011, 91(11): 1998-2005. DOI: 10.
1002/jsfa.4408.

Xiao X M, Yu L, Xie F W, et al. One-step method to
prepare starch-based superabsorbent polymer for slow
release of fertilizer[J].
2017, 309: 607-616. DOI: 10.1016/j.cej.2016.10.101.
Zhang Y, Liang X Y, Yang X G, et al. An eco-friendly

slow-release urea fertilizer based on waste mulberry

Chemical Engineering Journal,

branches for potential
applications[J]. ACS
Engineering, 2014, 2(7):
5¢500204z.

Jha P K, Jha, R, Gupta B L, et al. Effect of y-dose rate

and total dose interrelation on the polymeric hydrogel: a

agriculture and horticulture
Sustainable
1871-1878. DOI:

Chemistry &
10.1021/

novel injectable male contraceptive[J]. Radiation Physics
and Chemistry, 2010, 79(5): 663-671. DOI: 10.1016/].
radphyschem.2009.11.010.

Wang M, Xu L, Hu H, et al. Radiation synthesis of PVP/
CMC hydrogels as
Instruments and Methods in Physics Research Section B:
Beam Interactions With Materials and Atoms, 2007, 265
(1): 385-389. DOI: 10.1016/j.nimb.2007.09.009.

m fEt S, DICH, MR, &5 . ORGSR AR KA
RIS AENLHID). P E I 5 IE R AR, 2022, 28
(7): 1318-1328. DOI: 10.11674/zwyf.2021586.

SITU Yanjie, WEI Youming, YANG Junying, et al.

Adverse effects of superabsorbent polymers on crop

wound dressing[J]. Nuclear

growth and the underlying mechanisms [J]. Journal of
Plant Nutrition and Fertilizers, 2022, 28(7): 1318-1328.
DOI: 10.11674/zwyf.2021586.

B, RRSE, MW, 55 RGN RE S LA AT 22 4tk
PEAATE 7T HE R[], PR RL2E, 2014, 35(1): 394-400. DOI:
10.13227/j.hjkx.2014.01.056.

LI Xi, LIU Yurong, ZHENG Yuanming, et al.
Characterization and soil  environmental safety
assessment of super absorbent polymers in agricultural

application[J]. Environmental Science, 2014, 35(1): 394-

13

14

15

16

17

18

19

20

21

010204-7

400. DOI: 10.13227/j.hjkx.2014.01.056.

Lee J, Park S, Roh H G, ef al. Preparation and
characterization of superabsorbent polymers based on
starch aldehydes and
Polymers (Basel), 2018, 10(6): 605. DOI:
polym10060605.

Parvathy P C, Jyothi A N. Water sorption kinetics of

carboxymethyl cellulose[J].

10.3390/

superabsorbent hydrogels of saponified cassava starch-
graft-poly(acrylamide) [J]. Starch - Stirke, 2012, 64(10):
803-812. DOI: 10.1002/star.201200001.

Dhanapal V, Subramanian K. Recycling of reactive dye
using semi-interpenetrating polymer network from
sodium alginate and isopropyl acrylamide[J]. Journal of
Applied Polymer Science, 2014, 131(21): 40968. DOI:
10.1002/app.40968.

RER, R, 3RS, 5 R % A R OK AR
R ILGUERAMERET]. 8 55 0T 7T S 5RO T2 544k, 2022,
40(4): 040402. DOI: 10.11889/j.1000-3436.2022-0008.
XIONG Zhi, LI Yulong, FENG Xinxin, et a/. Radiation
synthesis of a super absorbent polymer and its ultraviolet
resistance property[J]. Journal of Radiation Research and
Radiation Processing, 2022, 40(4): 040402. DOI: 10.
11889/j.1000-3436.2022-0008.

Ismail H, Irani M, Ahmad Z. Starch-based hydrogels:
present status and applications[J]. International Journal of
Polymeric Materials, 2013, 62(7): 411-420. DOI: 10.
1080/00914037.2012.719141.

Wang H M, Hu H, Yang H, ef al. Hydroxyethyl starch
based smart nanomedicine[J]. RSC Advances, 2021, 11
(6): 3226-3240. DOI: 10.1039/d0ra09663f.

Teli M D, Mallick A. Application of sorghum starch for
preparing superabsorbent[J]. Journal of Polymers and the
Environment, 2018, 26(4): 1581-1591. DOI: 10.1007/
$10924-017-1057-7.

FRIL, ZRIRER, VLA TT, &5 . KR T v 5 4 X 30
Wi SE R MR R e S HLERBF FE (0] B BOR,, 2022, 45(3):
030302. DOI: 10.11889/j.0253-3219.2022.hjs.45.030302.
ZHANG Fan, JI Zhenyan, SHEN Rongfang, et al. Effect
and mechanism of y -ray irradiation on cyclic olefin
copolymer in the sterilization dose range[J]. Nuclear
Techniques, 2022, 45(3): 030302. DOI: 10.11889/.0253-
3219.2022.hjs.45.030302.

Qiao D L, Tu WY, Wang Z, et al. Influence of crosslinker
amount on the microstructure and properties of starch-
based superabsorbent polymers by one-step preparation
at high starch concentration[J]. International Journal of
Biological Macromolecules, 2019, 129: 679-685. DOI:
10.1016/j.ijbiomac.2019.02.019.



MR BRI VA SRR SR G OR MR S L fE

22

23

24

25

26

27

28

29

Lyu X, Song W, Ti Y, et al. Gamma radiation-induced
grafting of acrylamide and dimethyl diallyl ammonium
chloride onto starch[J]. Carbohydrate Polymers, 2013, 92
(1): 388-393. DOI: 10.1016/j.carbpol.2012.10.002.
Suwanmala P, Hemvichian K, Hoshina H, et al.

Preparation of metal adsorbent from poly(methyl
acrylate)-grafted-cassava starch via gamma irradiation[J].
Radiation Physics and Chemistry, 2012, 81(8): 982-985.
DOI: 10.1016/j.radphyschem.2011.10.011.

VT, TR OR, ], 48 IR L s o e HE AR
RN TR 25 A G ] WS 55 T 253k,
2022, 40(1): 011201. DOI: 10.11889/j. 1000-3436.2022-
0007.

JIANG Haiqing, HE Weirong, CAI Ximing, et al.
Integrated “Co and electron accelerator platform for
irradiation effect and irradiation processing tests[J].
Journal of Radiation Research and Radiation Processing,
2022, 40(1): 011201. DOI: 10.11889/j. 1000-3436.2022-
0007.

Zhang Y N, Xu S A. Effects of amylose/amylopectin
starch on starch-based superabsorbent polymers prepared
by vy -radiation[J]. Starch - Stirke, 2017, 69(1/2):
1500294. DOI: 10.1002/star.201500294.

Meng Y Q, Ye L. Synthesis and swelling property of
superabsorbent starch grafted with acrylic acid/2-
acrylamido-2-methyl-1-propanesulfonic acid[J]. Journal
of the Science of Food and Agriculture, 2017, 97(11):
3831-3840. DOI: 10.1002/jsfa.8247.

Spagnol C, Rodrigues F H A, Pereira A G B, et al.
Superabsorbent hydrogel composite made of cellulose
nanofibrils and chitosan-graft-poly(acrylic acid) [J].
Carbohydrate Polymers, 2012, 87(3): 2038-2045. DOI:
10.1016/j.carbpol.2011.10.017.

Kiatkamjornwong S, Mongkolsawat K, Sonsuk M.
Synthesis and property characterization of cassava starch
grafted poly[acrylamide-co-(maleic acid)] superabsorbent
via vy -irradiation[J]. Polymer, 2002, 43(14): 3915-3924.
DOI: 10.1016/S0032-3861(02)00224-0.

Huang Y H, Lu J, Xiao C B. Thermal and mechanical

properties of cationic guar gum/poly(acrylic acid)

30

31

32

33

34

35

36

010204-8

hydrogel membranes[J]. Polymer
Stability, 2007, 92(6): 1072-1081.
polymdegradstab.2007.02.011.

Liu Z, Miao Y G, Wang Z Y, et al. Synthesis and

characterization of a novel super-absorbent based on

Degradation and
DOIL:  10.1016/j.

chemically modified pulverized wheat straw and acrylic
acid[J]. Carbohydrate Polymers, 2009, 77(1): 131-135.
DOI: 10.1016/j.carbpol.2008.12.019.

Liu J H, Wang Q, Wang A Q. Synthesis and
characterization of chitosan-g-poly(acrylic acid)/sodium
humate superabsorbent[J]. Carbohydrate Polymers, 2007,
70(2): 166-173. DOI: 10.1016/j.carbpol.2007.03.015.
Jabbari E, Nozari S. Swelling behavior of acrylic acid
hydrogels prepared by vy -radiation crosslinking of
polyacrylic acid in aqueous solution[J].
Polymer Journal, 2000, 36 (12): 2685-2692. DOI:
10.1016/S0014-3057(00)00044-6.

Kiatkamjornwong S, Chvajarernpun J,

European

Nakason C.
Modification on liquid retention property of cassava
starch by radiation grafting with acrylonitrile. I. Effect of
y-irradiation on grafting parameters[J]. Radiation Physics
and Chemistry, 1993, 42(1/2/3): 47-52. DOIL: 10.1016/
0969-806X(93)90200-E.

Luo W, Zhang W A, Chen P, et al. Synthesis and
properties of starch grafted poly[acrylamide-co- (acrylic
acid)]/montmorillonite nanosuperabsorbent via 7y -ray
irradiation technique[J].
Science, 2005, 96(4): 1341-1346. DOI:
21447.

Zhang S F, Wang W, Wang H Y, et al. Synthesis and
characterisation of starch grafted superabsorbent via 10
MeV irradiation[J]. ~ Carbohydrate
Polymers, 2014, 101: 798-803. DOI: 10.1016/j. carbpol.
2013.10.0009.

Kiatkamjornwong S, Chomsaksakul W, Sonsuk M.

Journal of Applied Polymer
10.1002/app.

electron-beam

Radiation modification of water absorption of cassava
starch by acrylic acid/acrylamide[J]. Radiation Physics
and Chemistry, 2000, 59(4): 413-427. DOIL: 10.1016/
S0969-806X(00)00297-8.



