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AMPS) NI & A DI, B8 A= P 5 | B K BRI P9 FB I S B0 BE 4 A, AE 3 T /K B 07 2% 1k e A ) e IR 3> FL K Bl g
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Study on the driving behavior of gradient mineralized P(AAm-co-AMPS)
hydrogels

YAO Youxing, XU Weizhong, LIU Aiping

( School of Science, Zhejiang Sci-Tech University, Hangzhou 310018, China )

Abstract To prepare hydrogels with excellent mechanical properties and driving properties, gradient mineralization method
is proposed as a simple and effective treatment method to prepare smart hydrogels. By controlling the occurrence region of
mineralization reaction inside the P(AAm-co-AMPS) hydrogels, the mineralized products were introduced into the hydrogels
and the gradient distribution was realized, so the mechanical properties of the hydrogels were improved and the driving ability
was given. The results show that the compressive stress of P(AAm-co-AMPS) hydrogels after gradient mineralization
increases from 170 kPa to more than 400 kPa and the integrity of the structure is still maintained when the compressive strain
reaches more than 35%. The gradient mineralized hydrogel has the driving ability that the original hydrogel does not have,
The driving effect of bending was realized, and the bending Angle reached 77<within 80 s. Gradient mineralization can
effectively enhance the mechanical properties of P(AAm-co-AMPS) hydrogels and make it drivable. The research results
provide a new idea for the preparation of intelligent hydrogel materials with better performance.
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SEOISAERE: IEIENE CAAM) | 2-TAJE IR 3E-2- I JE AR CAMPS) N, N'- 31 FF 35 XA 45 Tk i
(MBAA) . T/KEMES (CaCly) . BHERE 41 (KoHPOs) , T g3 s AL BB 40 A BR
ANFEL GURR R FIE AR A A s AR 5 TRRERER S el kA V-50) WFRTH T A4k}
F A R AH

SEOGAN RS RGBS (SEM, S-4800, HAHIMHRAF) , N AN (HY-
0230, higMEREENBEARARD , X FEATHIX (D8 Discover, #EEATE wAF) , LA
ZLAMNGIEAX (Nicolet is20, FEER CHE/RBHE AT , KA WA E T (U-3900, RERHEHRL
A, EEFKHL (UPT-1-10, ERBUEHFEEHRAF) , HEEHTRF (AUW220, 775
AR, EERE AR (IBZ-14B, LigEBHBESAMRARD , W& TN (FD-1A-80, FifgH|
A=A AR AT, O (H-1850, WIr#HACSLIGA AR AR AR , RBHEH. (FDR-
AX60, BB HERAFD
12 THhARWHE

{4 1 500 mL 57 G B BE SR 5 B4 $09 0.5 mol/L () CaCl ¥k, B T4/ . 14/ 500
mL 55 B B BE R 5 B0 0.5 mol/L 1) KoHPOSL VAR, B TR A 45 H .
1.3  #EET X P(AAM-co-AMPS) 7K BRI B B8 iyl %
1.3.1 P(AAmM-co-AMPS) pH i iz B 7Kk 5% B B ) %

# 18 mL £ 7K. 1.774 g AAm. 0.360 g AMPS UL & 0.070 g MBAA %) 514t HE, T i W /K
W ARJER 6T &R V-50 IR IR, SRR 519N 50 mm>60 mmx<L mm [R5 H i
R MR 3B A FARF R VYR LR 3R s BB RN TR, R4 (365 nm) 1
S 3 min, il & KB i K 7 4 4tk .
1.3.2 HEET L P(AAm-co-AMPS) 7K i B B 1 &

BB FER 6 P(AAM-co-AMPS) 7K % I 1l & I A2 QN 1 Flros o K % 47 1) P(AAM-co-AMPS) 7K % Jit
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TR b, KEEIRR IS 25 — K JEAR. SRJEHE M EIRE R CaCly W BIIE4R I, F I8 4RNI 4 56
SENE, WK E BT N B KB S, TR B T BRI A . 30 min J5, K IEACM KB iR R
MBS, HRKEEE R, BE L —KIEa, #in KHPOL W, 3iE M 30 min £4. 1F
KoHPO, R A B M2 EM I fEd, BREREFa2S5BRNHOA NS S+ RAERMN, HElT
FEW e TR A R BIE, RS B e e R B ORE 0 B IR AR BT, BT AR T 1k
FEYV R E LN RSB A . OB SE R RIS EAR, SRAGEEEN K P(AAM-co-AMPS) /K i .

P(AAmM-co-AMPS)

JRUB K AR Ca2* HPOZ

B 1 BEER L P(AAM-co-AMPS) 7K Bt B2 1) il 4 i F%

1.4 HWFE
141 RzhITARRFE

AT AR A /KERE AT A, BKEREE A 40 mm x 10 mm x 1 mm (KB <38 B <E R
KN o KBRS ) — i e 5[ 8, 55— H I BVFESSH . BEE KB BT IR YRV WS il v v
Wb, sl iy (A A0 il A RS KRR 25 il 5 B e R i U0 42 5 58 46 0K 25 i T8 B i 57 46 1 Sk
) .
142 WRXETERIMER XRD RIE

KB J A o [ o T B B v b, R AT LG4 Y 6 FE T AE I 4 200~1000 nm i | A SR AR R U
T, FEE A 1200 nm/min. K EERFE L AE XRD MR BT R B A%, SRIGHE-90 C ¥ 1% T 1ML+
BT IR E, R X FEATH G AT, BiIEEN 5280 HH#HEE N 5 (Y/min.
143 WHRETERES R

MERT, FESMHEBEA R, RIE1E-90 CRIARHRTENL AT 8K 5 /B s 22K
B R AT IO O 45 4, IR FE RN 3 KV, FRAE 10 kV I N E4T T EDS JuE A, WFFURE b R A
H A5 LR ARSI
1.4.4 NFMRERIE

IKEERR T 2R KA N 2L B AT PR eI B E AN 10 mm. &N 10 mm (1 [H
MR RAAEE TR 48 e 2 18], JR463 %8 30 mm/min.
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2.1  BEET L P(AAM-co-AMPS)7k £ B B R W 45 44

N TR I A I A, RS LS 1) P(AAM-co-AMPS) /K HE R HEAT VR T HR T HS R
BB AR, 2 B T XRD MR DA S A8 B 20 A e it . i B6 2T 1E P(AAmM-co-AMPS) /K #EfZ ) XRD
KiE (WE 2 (a) ) AIBVEH, FEMEaH BT, £ 26.42 29.9° 32.22 49.0° 52.8%t
B R AL 0 23 Bt N RS A (CaHPO4) ) (002) . (1200 . (-121) . (-321) . (-322)
M, SR A SRS, IEHAE D R o A S 58 32 BB A . AR AT S A B
AN IS B A RN (B2 (b) D, BT I B A SR KB B 5T N HT A VL E Re .
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(a) XRD i (b) EEMLISMIEE

2 BHEH K P(AAM-co-AMPS)/KEE 1) XRD [ 3% A1 4 Bt 2041 6 il
WALHT 1) P(AAM-co-AMPS)/KEEI G # IR il 3 (a) FIE 3 (b) i, WTLLER], §74k
J& P(AAM-co-AMPS) K /i 22 [ H JER K 1R 3% WHAR AR D~ i R, 32 R 10T A 31 A8 il K B IR B 45 AL
PR, RIS AR B RS ARIT E) E  SE R N AT R KB R WOE R R, SR BN, WS
KB o] WO 2R B (K3 (¢ ), REAKEIRMEL TN G WA K T RERA
FECIBEES AT .

B3 P(AAM-co-AMPS)KISEIR ™ {4 Al /5 1 5 B F J% 1T WL 325 3ok 3¢ 28

WAL, BT AL T P(AAM-co-AMPS) /K kB B MO I 350 A0 B 2r 0 A, W 4 Fis. MK 4
ATVE R, REET ILALEER] P(AAM-co-AMPS) K&k N I ANAFEAE M E5 ek, M ET G
P(AAM-co-AMPS) /Kt Ik W 85 e R R0 12 NAMIBE B 04, BREEIETER, 45 70 2 10 0 A s
£ BEEITRHS, HICROAMMT . A, XK 4 (o) I 4 () ATLLER, BEED L P(AAM-
CO-AMPS) /K Bt 7E_F3AE R T KR EMH L=, XEr=9) LT 5¢ &34 %8 7 TR I K B i fLas o 1 e
R, BFHERBIT = Yekb, KBRS 32 25w/, SIHEEE Z LA . R, BRET 1L
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REBSIR T P(AAM-co-AMPS) /K EEIZ B L 454, BT 7 4 5 2 K B M LA & 3 11 45 R s 52 LA S ™ 46 77
P AE KB 2 P F R 5  AT Fie 5162 B0 R 6 P58 3K 0 P58 5 R o K o6 PEE A A K I 9K B i 7 &+
AR o

200 pm
I

() #LEIEE SEM [ (b) HLRIEESTES T (c) WLHIEBERMAREE SEM [E
(d) #L/E#iE SEM [E (e) HLEBESTEN T () T HERHABMARIEE SEM [

4 P(AAM-co-AMPS) /KA 1L T J5 9 SEM &Rl EDS 4570 3 43 #ii

2.2 TEEW L P(AAM-co-AMPS)7K £ B i 11 5 14 B

WAL R b A B S A AR AR R TE L 2R 5l N B P(AAM-co-AMPS) /K Bt N8, #4) A HL
ITEHLE GBI ENR, 7T LA R EEAR 1 2 e 5], ik, AR SCXH R 1L AT /5 P(AAm-co-
AMPS)/KEERE AT 1T EZa 003K, M LE5 R K 5 fiam. M 5 (a) AT LRI, 1E
FE i R 48 BTG R FE I 70%0), RATHEEEN LI P(AAM-co-AMPS)/K &R CL & I B, 1 [ &4
EREEEE A P(AAM-co-AMPS) /K #EIR K IH PR FFE S5 i I e 8 (LB 5 (b)) o AMRZEIINRE 2
W - AR R 28T LRI (L 5 (o) ), REW HALEER) P(AAM-co-AMPS) /K i 7 & 46 B /718
F) 170 kPa fity, NAZEIL 30%I, - AR M4 L BRI RAR, RIKERIT A6 ML AYR . T
BEFER L) P(AAM-co-AMPS) 7K &t R E & 46 B 7715 F] 400 kPa, RiAZ#EIE 35%Mf, BEA& L5 IR IR 5
SEEE, N-MAR RN AR R E ETPIRAS . HBRT AN, BEFERT A SL RE NS A AR T P(AAM-co-AMPS)
KR PUERE ST, BRI ASZ B RSN, FRORKE B S e 8 1.
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B 5 P(AAM-co-AMPS) JKEERH™ 4T 5 (T E BE J7 R A KR40 Ik A% p 1 82 7 - AR it 4%

2.3  HEEF L P(AAM-co-AMPS)7KEE R I pH NE Rz 1T 4

T A# P(AAM-co-AMPS) /K #E X B A T FE 5 IR R, A SCHEKE R AT IR H M E &L 6
AW, BEI P(AAM-co-AMPS) /K i 8 % 18 1o 2t A8 4k s B &) BRI A B (P BR AR 1« A T SR AE N
KO AERBE P(AAM-co-AMPS) /K EERAEJEATBEFEN )5 AR L Re 77, AT T AR (e ok, sig
iR 6 s, IAEEE A SRBEEEH P(AAM-co-AMPS)/KEEIR S IR . MIEKEHR
FIT AL AR R 853 A I NBRPE 5, K S B W, E KA R T A VAR I B HR T ON R T VA U
KR S . TR, IMANEREAERBEN P(AAM-co-AMPS) /KIS BEGS FERR I . A PE AR 1
WF R =M R B, UE R H AR pH B i R

NaOH H-0 HCI

B 6 P(AAM-cO-AMPS) 7K i e 70 B P« Fb i A0 B A8 3 0 v 25 8 e T 0k 1 0 22 T A
N T EER AT P(AAmM-co-AMPS) 7K &t IR SR BN BE 77 (5200, K 7K B8 e 73 ) BT TR A AR it 2k 345
Wb, WS IR A EAIRA R, 5 R 7 Pron. BT ARBE AR KB I — M HEAT TR FEA
RIAER TH AR, WA )ZEEE2E T KB — M RER 7 FLIE, 3 B0 BE b 7K e I P U 72 i A2 AH AR I
FRACEZRAE, B ) RIKIE 2R T E K IE 2, Rt K B 2 m &R = — s dh . A
7 () M7 (b) ATLLER], REEEET LR P(AAM-co-AMPS) K K i 75 BR 1 75 v AN B 1k 5 7 L
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FRAE WA, REBpRUAREREE. MmEEET LS P(AAM-co-AMPS) /K EE ik £ B2 M V8 R B 1t
W R BN AR, NAERIH BN MR (LK 7 (o ME 7 (d) ), REABEEN
IKT 7 P(AAM-co-AMPS)/KEEiE pH M SR8 S ARSI TERE 1. B 8 (a) A1 (b) ABREN LAET /G
P(AAM-co-AMPS) /K 5 fist B 2 £ 5 [ B 1] 722 A4 11 1l 28 DA K B K B B0 A B AN B 0 5 5o b IsT, T A4S
B LG P(AAM-co-AMPS) 7K &t [ 7E FR PR VA VR G SR shad B . S RORBEE B (1.2 (9/s) LAA IR K
IRBMAEE (772 #BEE KT HAE MRS W A s (1.1 (9/s 1 639 . TAREIH I P(AAm-co-
AMPS) 7K i 15 7 8 1 FVBE 35 v ) B h AR T T DL ZBE AN TH. BBk L, BB L& T P(AAmM-co-
AMPS) /K&t WX 50 6E 11 8 3800712 -

() #RI7KERBRTERR IR R AVIRENIT A

(b) #RIKE R AR IA R P YRR T A

(c) Rk BRI AR ISR RN T 9
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K7 BEEETLHT S P(AAM-co-AMPS) K B i 75 B 11 Bk 1 ¥ v v 5K 5 fE 0 T ) Ol 2 J Ay

(a) FEBRFNHG - ROYR RN F FERRAT (B B 2T (L Lk (b) RABERN A B FNIREEE T EL
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