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Abstract: Microgel reinforced polyacrylamide double network (MG-PAM DN) hydrogel was synthesized
from initiation polymerization by combining AM solution with microgel (MG) suspension, which was
prepared by in-situ radical polymerization and mechanical crushing using 2-acrylamide-2-methylpropanesulfonic
acid (AMPS), acrylamide (AM) and N,N’-methylenebisacrylamide as monomers, and then characterized by
FTIR and SEM for structure and morphology analyses. The effects of MG suspension dosage (based on the
total mass of solution, the same below) on the properties of MG-PAM DN hydrogel were investigated
through combination with analyses data of mechanical properties, swelling properties and energy
dissipation properties. The results showed that, when the dosage of MG suspension was 40%, the prepared
MG-PAM DN hydrogel exhibited a dense three-dimensional network structure with an average pore size of
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20 pm, compressive strength of 25.42 MPa (95% deformation), tensile strength and elongation at break of

201.2 kPa and 450.4%, respectively, and good energy dissipation performance under different strains (70%,

80%). Moreover, MG-PAM DN hydrogel could withstand bending, knotting, pressing, cutting, lifting and

other mechanical exertion. The introduction of MG increased the cross-linking density inside MG-PAM DN

hydrogel and formed a denser network structure, resulting in higher loss modulus and energy storage

modulus.

Key words. microgel suspension; hydrogels; polyacrylamide; mechanical properties; energy dissipation

properties; functional materials
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Fig. 4 SEM images of PAM SN and MG-PAM DN hydrogels
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Fig. 6 Stress-strain curves (a) and tensile strength and

elongation at break (b) of PAM SN and MG-PAM
DN hydrogels with different dosage of MG
suspension

H Il 6a ATAL, B A E &89 MG B 775 AR
PAM & Z& 1, #1451 MG-PAM DN 7K 5 i i v 71
BfiE MG B VR B 38 n Se s K508, R AR (E
BN, A MG 2R 0 64519 PAM SN
IKEERE, 12 PERER BRI &

H & 6b AT, X MG BIF &4 0 B, PAM
SN 7K 8 fise 7 B H A B AR A P 3 ( 84.5 kPa ),
R Ry, R Al PAM 85, H e Rk G
For T AN R 1 WA P T2 MG B TF
WEIAJG, KEERH R EE R, Jf H MG-PAM
DN KEEAE PR LR MG B 77700 2= i 38 in
SEHERIF /N, 2 MG B IFRHE N 40%0, il &
) MG-PAM DN JK&EE 1) 124 PR RE Bl S o i
9 201.2 kPa, WK 3 450.4%, HEARILMH
P AR B RS9 . BRABFERIULE, J5 2342k
MG 277 4 40%1Hi 55 1 MG-PAM DN 7K &ER
LTI

2.3 BRMERELE RS
7 AT MG 277 01 =1 45 59 PAM SN Fl
MG-PAM DN 7K EERE A U188 107 BRI A5 2R

1800 f
1600 r

0 10 20 30 40 50 60
MGE PR/ %

K7 A MG BIF 3§ % 9 PAM SN Al MG-PAM
DN 7K BE I 1 7 Bk P fiE
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Fig. 9 Photographs of MG-PAM DN hydrogel after applying
different mechanical conditions

f & 9 AT, MG-PAM DN 7K &k A DI 57 4%
SIS, BEATASHh (& 9a). FT4EFIFT 4S5 Bt
(B 9b), K& BN AL BIE MR,
FAEF K BERE , ARG R, KB A R
W2, RIS HPEREE (B 9¢). F/NTI
VIFDKEERS , SRJGHEHRE, KB MR 56 4 To i
(& 9d)o KEERET] ILERE R IR 95%IF A8 I R 45 A8
JE (I 9e), il &by al AT 52 5K o /K BRI
AT DMREEAA R SZ 2 kg R MASWI 2 (F of ), I
IRHEIMALAE SRS R LB, MG-PAM DN /K &
e AT AP e Re, LR S B RUE AR
WERES . IF Haxsed BT I E 170, Won
i MG-PAM DN JK#E 1 ) K G- FnmT =2 &2 4l
P,

2.6 MG-PAM DN k&R S X #iHiRENEH DN

LMK BRI R R E LB S A

1 RHSCERP R R A DN G5 K BEE S5 A%
Al 4% H MG-PAM DN 7K BRI A FE 4658 5 8. i
2R, FE R KRG AR K BB 2L I L T
MG-PAM DN 7K % JiAHEE T SCHlk b i K e 2L A o
e B4R 4 5
2.7 REERBMERERSH

[ 10 2 PAM SN 7K EEHETE 10%~80%)0 28 T~ 1)

PEFR R 40 i 2 FIFEHLRE

& 10a AT AL, S9ER AR R 70%0), PAM SN
TREEE T Uit BUH 5 2, 28 BH B I i = A R HUCRE
HIE 10b 7] %1, PAM SN /KEERLTE 70%0 A8 T AYFE
BRAE N 1.26 kI/m® X £ W] PAM SN 7K BRI IE 1 1 i
JEE/N | FEBRERAR, ANBEIEATA S BE R FERK

1 ANIRIKBEIEE YRR B s 46 58 E
Table 1  Strain and compressive strength of different hydrogels

F 4 NEAE/%  FR4E5E % /MPa SCHR S
PVA-PAMPS/PAAm 98.7 18.26 [12]
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CS/PVA 80 18.97 [29]
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EN IR 95 25.42 —

. PVA RE M, PAMPS 58 (2-TR 5 Bk e -2-F1 2L 7
TfR); PAAmM N EHFMELN; CMC ¥ 355 B4 ; DACNC
R LT FE GRS R PUIRTBERG ; SPL it B R 41/ 2R TR 0 TG
/BRI AT 5 CS NFEEME; P(ATC-AAmM-AMPS)/MMT-1 h B [(3-
TR s T P 5 7 3 ) = Y 56 e i - P s T e -2- P s T M -2- Y 3 7
TR/ ZEME 15 Alg RBERRER s PVAo(iy-PGA), R LI (5
TR p- AR ); TN, S Ak A B0/ 0 38 1 A /28 VR0 T e =
2% ; Ms/G/PAM i MXene/W] i /58 R BEIE

040ra 013 F

035F gsou2f —70% |

030} %0-“ ' ' /
< | =Zoor P /
E 025 009F e

R020F 6 6 8 6 70

Bo.1s) e /
— 10% — 20%
0.10F — 30% — 40% /
— 50% — 60% >

005F 700 — 80%
_——“gﬂg{/’

0 : . . , . . . .
0 10 20 30 40 50 60 70 80 90
AR Y%
7r v o
6.
as5r
&
240
83t
® 1.26 kJ/m?
W21 \
1t /
0F o—o——0—0——0——¢
0 10 20 30 40 50 60 70 80 90
REAE/%

E 10 PAM SN ZKEER I AE 10%~80% i HIAE I .45 il 28
(a) FIFEBLEE (b)

Fig. 10 Cyclic compression curves (a) and dissipated energy
(b) of PAM SN hydrogels at 10%~80% strain



%128 H

W, S TR I R SR TR U I M K SR 4 o S

* 2635 ¢

& 11 2 MG-PAM DN /KEERTE 10%~80%01 75
P45 ph £k MAERLAE . FR Il 11a WHT, M06E3R 45
W75 A 70%MF, MG-PAM DN 7K ¥ i T 8 H B 5
W, R BRI A FE#RE. MR 11b "l A,
MG-PAM DN /K EEJKTE 70% A8 T Y #E HILAE
3.34kJ/m®, KT 10b H PAM SN /K iz AL
fit (1.26kJ/m’ ), XA[AERE N, PAM 5 MG 2]
TR T B2 M 254, TERARL R, PAM HEfL i
NAE] MG M4, $3 MG HH P(AMPS-co-AM)
HEER Wi MG, ZEMIE M AS R MG-PAM DN
IKEEIE b PAM SN 7K % i HAT B RO REHIAE

08* 030 70%
L 029
E 0.28
<06 §0.27
E 026
Ro.4t 02%80 685 69.0 695 700 70.5
= TEAE/%
— 10% — 20%
02F —30% — 40%
— 50% 60%
70% — 80%
0 T ; : , . . . ,
0 10 20 30 40 50 60 70 80 90
N3/ %
251
20+
515-
31;%
ﬁ 10 [ ,
W 3.34 kJ/m
5 -
ot ® ° ° ° °
0 10 20 30 40 50 60 70 80 90
P %

Kl 11 MG-PAM DN 7K EE i i A8 10%~80% 17 F Fi 4 i
28 (a) FIFERLHE (b)

Fig. 11 Cyclic compression curves (a) and dissipated energy
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