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ME S TESFERS S, B & —F AR ICIC T BE R KBRS . B AR (PV A AR Sy /K B
F A L R A R RDRE L R R R (Cys) 8B 7E PVA EJB LR Y L2 B & - L BE (Cys-PVA) . MR
TN FE 2 B 27 4 2 (HEC) 51 A B 4% 45 48 B 55 K BE R R PLIPE RE . 5 Cys-PVA il #5 LR R & iR - 23R 2 I B/
B LI F (Cys PVA/HEO) B &K BEE . 2LAMEIE 5ok LR RAE S R K. PVA 5 Cys IV B /R H
n(PVA) : n(Cys)=1: 1, B 18 h i, PVA Y% EJLF 48K b Cys. BB (SEM) 5 k3% i B
LR 4> A MR W EE B Cys-PVA/HEC /K i B & 0 AR ZFL 458 . T RIe A2 ik % 3, Cys-PVA/HEC
KB BA 2200 1 = F R ARICAZ . AU RE K 2R B L i A HEC 238 T Cys-PVA/HEC 7K % AL B PE A
B T I RS2 RE 24 HEC @il 0. 4 g WK BRI PE e i,

KB KB ; BROMEE; LEMER: ROESHE,; BIRidi

IR U5 JE S — ol Xof B 58 SRR 4 ) IR K 2R 5 W0 T o 2 K SR W A K BRI v S IR Y = A R 2%
ZERYUE L AR KB I A 5 R v BT T 30 1 A 3 K A Y K BB G 3 o K BB T 5 R B R
DA—Fp AT 4 T3 T A O R A U L AT BB AR 555 . B RIS AL K B I 2 A B K BRI I — 2 L HE
A1 IR BE pH 5040 R L SR TR B B TR ) T BN E B JE 1 I B IR R A B AR AR
PR B AT 5 T B R DG T L A 2R W B 2 R BB S5 S0 25 0 K 26 1 22 U8R /st LA A BT T S5

H A 4 2B RICAZ R A WA W B0, AR 2 02 3 T 4 F1E I (Ui & i -k s S &

B AR ELAE P el AR EL AR S AR R AT g e A B R R BT L R R L A B8
B DL RO R AR I A My g RAC ALK BEIE . X 4R 7 R e L AR L AR AR TR SR A R g
BB RS R s R R B R C AL i AR T E 2 A RIR L BT DL 2 R R CAZ B A b R RS T
RN B TE AR ICAL A W AEAE AR R A % A S IR B 1 0 38 17 2 — 3 B B RS BR R TR A
TESZFR TAE R . B TR G A K B e (¥ AU BR A R S B i AFF 9 A R o 0 A 2 VR i TE L
SEURE G R IR AT B 4 2 S K B I I T 2 R B (R B OB TR TR AR AR R AR L R ZE
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JE AT LAAR G M 38 5 PV A ZKBEIE I 7 24 1 RE L A3 45 HLARC I BE 19 5 Ak X &1 3508 S0 8% fik 1 52 12 1) 4 g 2R 46 LA
S A MR R AR AR TR R iR Ak . SRR R R A R W RV A ST N2 A 4E R
THMRERILEEE S PVA 5 TSR E B QR4 A I, 27 48 2 2 358 PVA K EE I )24 M B i 3
R RE A AR A A e

FEARWEFE I, L PVA Ry 3L 6 Hoor F55 10 3 S AT 8 0 A LB &R (Cys) . ¥ Cys &
FECNHO FISE - SH EZELE PVA R F LB RETER Cys-PVA REGY . k5 PVA R
FEAE D REPE LA L o] DAAE JL A ) & VR S G PR 2 . 3796 PVA W SEBRI . KIS TR O IR EF 4E 2 4E
HFER 51 AR £ 25 48 L 48 85 7K B 1 09 ML AP i - ) 28 B A BAemen 107 L 404k 388 Dt e 1 1 9B AR 1C 12 Cys-
PVA/HEC & & /K . IF HiZoKEER BA BRI P TERE . 2R LUK R R 46— 86l & A
{6t T AT AR] Ak 27 S B3] A B2 T 0 1 9 L B R 5 ] R R

1.1 FEXWEMR

R OB (PVABERE 98%~99% . AR) B LI 4 R (HEC, AR) VB R (H, SO, , AR) & & 1k
B (NaOH.GR) . LHi i (C, Hg S.RG) Hi g Titan BHE A BRA F A 77 L-2F B & B2 (Cys. BR) .30 % 3 4
L& (H, O, , AR) H [E 25 8 B A 271200 A BR 2 w A= 57 5 D A2 ) i o e ik — 20 gtk . 52 99 4 o AR 4 ) 26
BETK,
1.2 BEYMHHE
1.2.1 CysPVARAEWMHS KUFRE 1. 76 g 9 PVA B F 250 mL 9 = B . il 100 mL 1Y 285
FoKTE 80 CHRIB M 2 h, FEAEMIGHEE/RKIL 1 1 Frit Cys, IMA = H R B . 1 H, SO, %
REVW pHEWZ 2 50 3, 8 T 95 C W #E I 35 1 K H 88 rb 300 4 S 0 — 7€ A9 I 1], g 2ok 72 il N, f
o RN 6 ha 18 h 5, %W 12 h, FIMA TR . FEERIRM Cys-PVA B T L& FKENT 24 h, KRR
M) Cys.,
1.2.2 Cys-PVA/HEC /K#EKR B 1. 2.1 &0 Cys-PVA BT 200 mL BBER e mE I FEas 1
T4k 1 2% 18 T A1 S HL IR — E# A9 HEC, #7430 min fiff HEC ¥4) 72 8UE Cys-PVA RV, & F
95 CARVEH M ERE 2 h BUR R AR A R HEEE ., BAWAE 12 ho E =B T A 3 h, B %t
TRIBRAEDE IR 5 . IR KEEI & TR T LA VR T8 48 h,
1.3 {ZEEHIH
1.3.1 £I5M6iEs T R Spectrum Two ZLAM 34X (A 4 32 IR BRALES (1) A7 PR R A2 7)), X il
1) Cys-PVA E AW IEAT L AMGIE /3 Hr, % H A E Bl 4000~500 em ™',
1.3.2 'H B CH-NMR)  #E5 % H Bruker 400M 1% 248 35 4% (F 1 BRUKER 72 7)) i — 4
T R H OB AR T B R AT X RE S BEAT R AL L AE 95 °C R IRMRAE D, O
1.4 BEUERSAEITIN
1.4.1 H#HEG(SEM) it SIGMA HD 3 A& 549 4 B 5058 (R [ 28 ) 2 W) X5 ¥ R T 8 5 19 R
wn TR AT 40 A, A RAE B 100X .500 X ,2000 X,
1.4.2 RMmMABRSMH S (BET) @it Autosorb-iQ M i K FLAR 43 M AN (2 [ B B5 AL 2% 23 7)) 3k
FFUR T 09 TR AR S B FLAR 20 A S BET R AR (aper) o R T BERHFE S AE BET 4387 Z B, 75 278 W A A
.90 CHEA 10 h,
1.5 ®RIBIZITH
1.5.1  #om BB AR IS oK EERE B B /K &5, O T TSR, T UL RLRE K B IR gk 1 E £, O
FHLIC RIS M, B 2e B K KB BT 55 CHKH R )5 2E J8 it “ U7 BB AR, IF 46 25 °C
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BCE 10 min DR EBFRAOIZAR . BE S8 < U7 BRI 3E] 55 °C if L E K SRR 1 28 1k
15,2 SAb-iR JEm B ARICAZ  H B8 1. 5. 1 45 [RIRE 9 07 125 o % 03k 19 7K o G AR WL SR A 2R 7K B G
AR . K R K BB & A H, O, IR LR B 10 min DL [ 2B i A< U”RIE R, B S 12 B 7E
A CoH S MV W WSS K BE L T IR A 1k
1.6 AL BE i

MR 1SO 527-2 BRF A g 0 3 7 32 A o 1 8 I 6 78 A Ll 3 YG(B) 026G 214 J7 fig i
BIL Gl MR 58 25 UL g A BR 28 7)) M RE i i MU B L 1085 3 2 2 50 mm/min,

2 HRH®

2.1 CysPVA REUMULFEHR R

2.1.1 Cys 5 PVA BRI RO BOHEEPVA) 727X NICH, O], . A @ RE N, &
ARERFERE, LEMEAR (Cys), F i« AHERZ — AR EWED B, 7+ T 2D EH DA
(—NH) Fl— R EE(—COOH) . 17 H. W # &R AE 7] — ok 5 1. PVA 7r 78 ERRIE (O 5
Cys 70§ L BRI (—COOH) K AEBRAL N PVA AR N 26 AR X Cys B JE rp B 56 A7 2R B R U0, R
MR A A M BT 2 . — AR D0 1 L FERR B AL T S SR R B A B v 1 100 A ) T 0 e A SR A I i LA
BT RRAVE AR o 1o S22 A mT 336 S B A B it sCHn AL 1 B

e

CH, O NH,
OH OH 0 NH, (|?H —0 —(|:| —C— CH,—SH
%CHQ—éH—CHZ—éH% + HO —|C|—(:3—CH2—SH —_— (:?Hz }ll
h H CH —OH
n
PVA Cys Cys-PVA

1 PVA Y Cys Z[8] () JiE 1k 52 07

Figure 1 Esterification reaction between PVA and Cys

2.1.2 CysPVA BEWLINEIENNT B 2 B PVA . Cys DLV 18 h 1 Cys-PVA LT A ik
it . WM PVA BG4 7E 8k 3281 em ' I —OH JEH AW R sh %, — OH FE 1 /Y 28 I 3k 3
W PRTE 1323 em ', —OH BT 4025 it 32 2 06 30 7E 675 cm ', W %E Cys-PVA B4 4ME K ] DL B
F—OH By W o3 B N R IR FL 1103 em ' AN T C—O—C A4 3R o . Wi 3 B IE W Cys 2h
PATE PVA E. 5 Cys ZLAMW UGS BIAE 2546 cm ' Ab—SH (1 F5- AF W IS 6 A1 L %2, Cys-PVA 1—SH
WL IS W PE RS 28 2538 em ' Ab L I FLMOCSR BEBE KL X BB Cys-PVA 1 $i 3k 38 8 o0 R 5 - 9 R B i
KAEM —HiE,

2.1.3 Cys-PVAZAEY'H-NMR B 3 il iUke & 09" H A% G SL 4R B35 . MR IE] 3(a),0=4.6~4.38
JPVA B5: FER T 5 D,O KA HE K DOH M5 5,0 =3. 8~4. 1 1155125 H H A % 19k
PR G 10 S0, BB 2R 0 R R S S IR AE 0 =1.5~1. 8, 7ERI 3(b) 1, Cys b1y I FEL L B R
EEMEHE TS D,O BAEZHIE DOH (55 HBAE 0=4. 66,0 =3. 83~3. 93 Jy Cys fll 3 I /) W H 3
M AT T (—CH,—SH) {55 ,0=2. 86~3. 08 NP IR T II15 5.

MELE 3(c) 6h-Cys-PVA Mk, FRELEIL A 0=4.79 HBLT DOH {5 5 i, Xl fig &2 —SH.,
—COOH.,—NH, LI % PVA 8 F RRMA—OH WM+ 5EKEET R TFEH, f£6=4.15~
4.18 MELMME T ERSEM —C—O B8 Lk &% 1, Uk il IIEB PVA 5 Cys &4 T A6 R .
TE0=4. 02 WbWIME S B ZHMEF ML E I CH, SH M F1§,6=23. 00~3. 20 4L A5 5 W N 4%
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Figure 2 Infrared spectra of Cys, PVA and Cys-PVA after 18 h of reaction
@ onon (b) 0 NH,
JFCHZ—CH—CHfCH«} HO—C—C—CH,~SH
n H
PVA Cys
i N )
L 1 I | | | | | | | | | 1 | L 1 1 1 1 1 1 1 1 1 | 1 1 1
6.5605550454035302520151.00500 6.5 6.0 55504540353025201.51.00.50.0
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()

18 h Cys-PVA

6hCys-PVA | | JL N

L 1 1 1 1 1 1 1 1 ]

6.5 6.0 5.5 50454035 3025 20151005 0.0
1

K3 (a) PVA BB BEILSR H-NMR 358 . (b) Cys ##IEHR H-NMR 38 . (o) Cys 55 PVA X 6 h B3RP HI
JCRE 18 h B Cys-PVA LRI 0GR H-NMR 4]
Figure 3 (a) 'H-NMR spectrum of PVA, (b) ' H-NMR spectrum of Cys, (¢) ' H-NMR spectra of a copolymer
of Cys and PVA reacted for 6 h and a Cys-PVA copolymer reacted for 18 h

B Cys IRHT AL, 0=1.14~1.9 &b 1y %%ﬂl jﬂ PVA Bk 48 b B LW, AH L %L 18h-Cys-PVA
9" H 3% .75 0 =4. 78 Ab Y DOH 52 #ie i S50 1 W AL A5 AR 55, 1 Uk B R S N7 19 38 ) T AR D s 4 5 FR ik
fiﬁj,iﬁ%}jfi?m"mﬂﬁﬁxff,%ﬁﬁ%{ﬁﬁﬁﬁﬁ$ﬁ KRB K A ROV T AR B AR T BE HAFAE Cys
f—NH, BtF U, P HE O=4. 20~4. 00 15 5 H i b Ak ) 05 5 g Ay T AR, SR 18 b jdy i AR K 33
WIS L RE B R, PVA A T 219 Cys, [A] 0 3 n] Ui B 1s 1k S i, 35 2808 R gE AT IE SO . PRAS & 205k
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WS, Cys Y BEASFE PVA 4y T4k L F Hof DL E B 1 Cys-PVA k2250 X2 IEHR
2.2 Cys-PVA KB R Cys-PVA/HEC 7K % % 45 #3 # 18
2.2.1 Cys-PVA KERZHAE PVA 5 Cys il i Frfb & b A il Cys-PVA, Cys-PVA 10185 5t & A
A6 B 5 RSN PE A B L (— SHD o S SE 7 v R 55 B 1 VS VR BB B GEUAk D A L AH AR 1Y Cys-PVA 4y F
5T LLIE o 20 A R B A AN B S B . Cys-PVA 437 HE (8] 38 7T LUJE 0B 40 B R U BEAE
LRI E T Cys-PVA KEEREM %, JEE 4(a) k) Cys-PVA 4 F4 2 8] 59 & 28, Bl 4(b) A Cys-PVA
I FREM MG,

(@)

o 1y
(:JH—O—(JJ—JlZ—CHz—SH —CHy{S=St+ CHZ—?—C—O—(EH
CH, H NH, ?Hz
CH—OH HO-CH
|_|__|
n
Cys-PVA

(b)

Disulfide =~ Hydrogen  Cys-PVA
bond bond

E 4 (a) Cys-PVA o F4EZ B A N2, (b) Cys-PVA 43 F i f) 2 9825

Figure 4 (a) Reaction formula between Cys-PVA molecular chains. (b) entangled state of Cys-PVA molecular chains

2.2.2 CysPVA/HEC /KEERSCHEHLEE  HEC J& —FhIE 85 7 B 0] 75k 27 4k R Bk 2R AT AR W, b ik 2 2
E MR LB LB Hi 457 . HEC (9 2.3.6 PLBRES & A FR 5L 55 0 1 H R K00 1 1 5 114 U B4
A PR IR B 55 1 AR S5 # 5 Ceo) iR L AE Cys-PVA/HEC /K #E K & . HEC 19 ¥ 35 Hl
Cys-PVA W&o 3  HEC 4> F 8] . Cys-PVA 4314 [0 %8 0] LUE i &8 . Cys-PVA/HEC /K % i
F1Ry ) £ S5 79 o 125 0 ) 4% 1 o AR L B S IR M T S 4548 . Cys-PVA/HEC JK BRI A2 R B 18 VI8 R A
W) = 2 N 45 DL S AR AR AL AN 18] 5 TR

£ Cys-PVA/HEC /K%M R s DLt 38 16 5 B 58 BE O 1 2R Cys-PV A 7K 8 AR Ry 564
B0 TN HEC 56 = 0 25 52 80 3 1A M BE 1 58 L 92 B XU 48 I 28 454 . Cys-PVA/HEC i 33 7K 43 7 18 H 45
B s B 45 25 A0 FE B ST AR R EL RS X, K M A, LA I RE CRIDE ) 1 HEC 9 45 45 44 78 24 4
WE M2 AR N SEACE 4200 Cys-PVA M4 BAT — & 1 B0 BB A% 7k 22 5 K A8 TE . DT 19 99 445 By [ 4
I T Cys-PVA/HEC /KEER S MBI ME R B . HAROR UL, HEC R I 45 23 530 i B /NG 43 74, X 28
SR BEDE— 25 75 Y HE A USSR A Cys-PV A W45 (14 ) B 52 156 551 o DA A2 3/ 10 g DA A2 67 2883 47 40 13 81 &)
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O—CH;—-CH;—OH

(@) o
(b)
8) 0 n
|
HO -CH,—CH, CH, — CH,—OH
N e
CH —0—C—C—CH;—S—S—CH,—C—C—0 ——C|H
H,C H CH, ?Hz
CH —OH HO-CH
O— CH;—CH,—OH
(0]
A ° e &
(6] .
(‘) | N Disulfide bond Hydrogen bond Cys-PVA HEC
HO - CH,-CH, CH, —CH, —OH

5 (a) Cys-PVA/HEC /KR AR UL R B I& 5 (b) 3l 3 4 43 4 T -5 7T 30 A0 8 4 AR iy
Cys-PVA/HEC BB EW =4 % ; () CysPVA/HEC % 5t 114 5 I A0 45 59 K 552 B K E e
Figure 5 (a) Cys-PVA/HEC hydrogel cross-linking mechanism schematic diagram; (b) Cys-PVA/HEC
interpenetrating polymer three-dimensional network formed by supramolecular interaction and reversible

covalent bonding; (¢) Gelation model of Cys-PVA/HEC system and its actual hydrogel

DX e, 3 0 fE AR BLAE P Cys-PVA JE Y W 45 40 2 B3R

2.3 Cys-PVA/HEC K BERHERSILEZS%HE

2.3.1 ARG B 6 S VR TR A 2R T TR AR A S ROUL 45 A4 %) 41 PR L AT L% B K RE i
A ) PR 5 A 2 T REDRE A R AL AR L AR /N S AH TR] B & 52 B 22 LB 25 0 4 R 48K i
g5, 4 PVA(E 60) 5 Cys-PVAE 6D M Hud . 2l PVA /K EE I 1 FLIRA H A8 KL T Cys-PVA B FLIR 25
% .15 Cys-PVA/HEC 9 SEM B (& 61) A E . AT LU B 5 00 58 3] 22 L 25 40 A8 15 300 L fL AR
WASIFH /N, R TS R FZ B EAE R, S B AW %, AR sEEWIEsE T,
A HEC J&5 , NS Ab 2 28 BCFE FH 7 B 3 2

2.3.2 ERMEBAALZS AN RIS TUPAC 895028, i A BRS04 N, IR/ W 55 3R e AR g T 111 2%
W B A R 2 (1] 7a) o AR IR R 8 T IO AL AL R B R R A7 AE 85 80 B W RN 9 B 5 1R TR
MARE N, 152 B350 057 (0 R B AR JH A 9 55, W B ) N, 43— 78 3R T 51 7 5 0% R A7 ) L3RR L A AR R R ) AR
P/P,=1 kbW AR, b, 3T N, WA KB PVA.Cys-PVA fil Cys-PVA/HEC ) BET %
T AR50 R 5. 2224, 170 F1 1. 807 m® /g, 4%k Cys Ja B 1% 7K B B 9 bE 3R T FRUR B (B 7h) . 3X FIK
JE W ST I %5 A O, SC IR AR FEIG N, S BALAR RAT 22/ s per FIRM 5 (VOB AD A 5 7K B8 I8 19 W K RE
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K6 (a-c) T PVAKEENS . (d-1) % T Cys-PVA KEENL . (g-1) % T Cys-PVA/HEC 7K % 5 41 i v 55 &
Figure 6 (a-c) SEM images of freeze-dried PVA hydrogel, (d-f) {reeze-dried Cys-PV A hydrogel and

(g-1) freeze-dried Cys-PVA/HEC hydrogel

J1E DI SC WK R 22 W R T R i 2 AR R I o TR D S8 Bk e 0 B9 b R AT e i B9 WK RE D L BT L 4
PV A JKBERE A fie i A LB s a ey AU B (VO B

5.5
50 L (a) - PVA 5 0 | (b) [ |
£ —e—Cys-PVA ®
vcan 40 - —Aa— Cys-PVA/HEC E 45}
- \E
g S 4.0
N 30 §
3 S 3s)
= 20} 2
3 E 30t
<
zof 225t
%20
O 0 [ N
0.0 0.2 0.4 0.6 0.8 1.0 3 PVA Cys-PVA Cys-PVA/HEC

Relative pressure p/p,

K7 T PVA.CysPVA 5 Cys-PVA/HEC 7K BERE i Ca) N, W B /A 05 45 3 28 0 (b) - b 2 1 ARt £k
Figure 7 (a) N, adsorption/desorption isotherms and (b) the specific surface area of

freeze-dried PVA, Cys-PVA and Cys-PVA/HEC hydrogels
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2.4 Cys-PVA/HEC KRR IRIBIZITA

B & PVA 5 L-Cys W BB [ 18 h, #l 45 Cys-PVA, HEC [ 78 Jil & [& 2 24 0.4 g, %% Cys-
PVA/HEC 7K B R RN E AR S5 ) TR AR IE 24T H

Cys-PVA/HEC /KW 2 V% Ur- ik VR B 1t T PN &8 19 S088 4 TR 10RO DA G S 22 Bk s AT IE
ILA BRI 25 BEEAL . Cys-PVA/HEC 45 i X 3R] DUAE In#4 /¥ 20 5 72 b 78 25 i iR R 8 / D0 . 2 TR
AU Cys-PVA/HEC & T 55 “C K rf et A 1 04 75 F T 458 A 38 — & 20 19 S0 B i e IR L 08 T i &
IR GE ST T E I I B AR . SRR 55 C I, BT B AU R K LR 2L B R R R B0 B T R
T, KBS A Bl M IR AR 2 3 ok AR 2 (& 8)

FE 8y A S K BB R IR IE A2 AT

Figure 8 The shape memory behavior of hydrogel induced by thermal stimulation

Kl 9 Cys-PVA/HEC /K3 i A AR 57 S i RICAZAT . R BEIR B H, O, 0 . 5
Hel i WA IR A A [ E UK . B R PR BUE Co HG S I S TR AR i B D 5
B TR W RIS TR . B PR AR I T BB 23 e B L UIR B9 RRAR TR e — R B9 OB B o
e 2R S W45 BUE B AR . T AR EDIE n] BE I A 58 56, T BE 2 H B — L6 11 401 45 2 IR A A0 5t B e ) JE IR
JEED 2 RO R AR BB . LR Cys- PVA/HEC K EEIE (9 AR ICAZ 4k RE RE 58 8L 2
TR L& 10 2 LABR SR Al i Ji o 0P 3 540375 5 K B — AR P AR B ARIEAZ AT 08

B9 Al ik ISR 07 S K B ARIE 24T

Figure 9 The shape memory behavior of hydrogel induced by redox stimulation

2.5 HEC F 2 Xt 7Kgk B A 1 8 K& T2 4K 12 12 1 B8 19 &2 i

B PVA 5 Cys W BB 18 h, il % Cys-PVA, H A E 55048 —#, 2  HEC i) &, % %%
HEC 4 58 X6 7K 5 iz 5 MU g B IR e A2 0 o7 Bst [ Ay 52 i L 308 4 SR e 11 518 12 fiow,

FR A 11 Ca) T 60 328 0 1S I HEC 9 FH 4, 7K 358 e 19 1 24 5 7 206 I 85 i sl /D & i i 338 s 1 1 4
H> HEC M4 0. 4 g B, W50 7738 3 5 KAE , J2 4 PVA ZKBER A% 2, 38 HEC iy & 2
0.5 g I, H Iy 2 PR RRAL 0. 4 g /KB 52 BB 12 2T 0 o (R AR A T4 PVA K 8 I A8 2 W6 A5 184 o, A 3k 344 i
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B 10 B AR I A Y 3 K B R = R LR RS 24T
Figure 10 The triple-programmed shape memory behavior of hydrogel induced by sequential stimuli

from heat and redox

200 |- (a) " 2001 (b)
180
180 N
= S 160}
g160 £ 140
E E 2 "~
%1) 140 - 5 120+ -\
3 10f 5 1001 :
& g
— D 80r
1101 ) — —
60 -
0 1 1 1 1 1 | | 1 1 40 1 1 1 1 1 1 1 1L 1
=01 00 01 02 03 04 05 06 07 08 -01 00 0.1 02 03 04 05 06 07 08
HEC dosage/g HEC dosage/g

B 11 HEC X 7K ¥ B K 2458 77 (9 52 0 () 55 7 2404 - (1 52 1 (b)
Figure 11 The effect of HEC on the breaking strength of hydrogel (a) and the effect of breaking elongation (b)

ANK S FRZW G I HEC A FH St i) R T 2458 07 SUR A 2 85, 11 )5 8 T . W 11 (b) L 7K 358 e 1 Wy 24
KR HEC B84 A irid & .76 HEC H -l 0.4 g 5B, i all PVA JKEERSIY 3 1%, 1% i 1
I HEC FH &, W 4 A 4 S SO0 i [ A1 J 8 T P L (R 2 b gl PVA K BERS = . AR &1 12 W), Jn
A HEC 2 5 il £ 1) 7K B e % I8 R 2 124 R me Bz B[] B @ A7 52 . W in i) HEC HI &l 0.25 ¢ M10.4 g
IR KL E 2 HEC FlH 2 0.5 g M LA L INF 2K 88 B2 B B IR 3012 i 10 st i) 3L i 38 &2
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Figure 12 The effect of the amount of HEC on the shape memory properties of hydrogels
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Preparation and Characterization of Cys-PVA/HEC Triple
Shape Memory Hydrogel

LING Hang-li, SHEN Yong™ , PAN Hong, LI Kai, NI Kai, SHEN Nan
(School of Textiles and Fashion . Shanghai University of Engineering Science » Shanghai 201620, China)

Abstract: Based on supramolecular action and dynamic covalent bonds, a hydrogel with shape memory function was
prepared. Poly(vinyl alcohol) (PVA) was used as the main body of the hydrogel, and L-cysteine (Cys) was grafted onto
PVA through an esterification reaction to form a copolymer of L-cysteine-polyvinyl alcohol (Cys-PVA). Subsequently,
hydroxyethyl cellulose (HEC) was added to introduce a double network structure to improve the mechanical properties of
the hydrogel, and to prepare L-cysteine-polyvinyl alcohol/hydroxyethyl cellulose (Cys-PVA/HEC) by combining with Cys-
PVA. The results of infrared spectroscopy and nuclear magnetic resonance showed that the reaction molar ratio of PVA to
Cys was n(PVA) : n(Cys)=1*: 1. When the esterification reaction was 18 h, almost all the hydroxyl groups of PVA were
grafted with Cys. Scanning electron microscopy (SEM) and BET surface area observed that Cys-PVA/HEC hydrogel has
obvious network porous structure. The shape memory test shows that CyssPVA/HEC hydrogel has multi-response triple
shape memory. The mechanical performance test showed that the addition of HEC improved the mechanical performance of
Cys-PVA/HEC hydrogel, but also affected its shape memory performance. The hydrogel performance was better when the
amount of HEC added was 0.4 g.

Key words: Hydrogel; Poly(vinyl alcohol) ; L-cysteine; Cellulose; Shape memory
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