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Abstract: A series of double network hydrogels were prepared by copolymerization of acrylamide (AM)
with carboxylic monomers via a combination of chemical cross-linking and soaking in aqueous solution of
metal cations. The structures of the hydrogels were characterized by SEM, the coordination forms of
carboxyl group with metal ions were analyzed by FTIR and TGA. The effective network chain density and
relative molecular mass of the chain length between cross-linking points were calculated using rubber
elastic theory. The effects of carboxylic monomers and multivalent cations on the mechanical properties of
the obtained hydrogels were investigated using electronic tensile machine. It was found that the single
chemical cross-linked hydrogel had uneven interconnection structures with a tensile strength of 3.3 kPa.
After soaking in divalent cations such as Ca®*, Fe*" and Cu®’, the —COO™ groups formed bidentate
coordination, resulting in an increase of tensile strength to 43, 54 and 22 kPa for Ca*", Fe*" and Cu*"
hydrogels, respectively. In contrast, —COQO™ groups formed the chelation-bridging tridentate coordination
with Fe*". The hydrogel obtained after soaking in Fe’*had the densest structure with a tensile strength of
6123 kPa. In addition, both of the tensile strengths of the hydrogels by copolymerizing AM with acrylic
acid (AAc) or AM with itaconic acid (IA) were greater than 4.0 MPa, higher than that of hydrogel by
copolymerizing AM with maleic acid (MA) (1.0 MPa). The introduction of Fe*' not only improved the
mechanical properties of the hydrogel, but also endowed it with self-healing properties. The tensile strength
of healed gel could reach 130 kPa.
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Fig. 1 Synthesis mechanism of double network hydrogels




<424+ # @m 1k T FINE CHEMICALS

36 4

(0.5405 g, 0.75 mol/L ). ZZHKH MBAA (0.8 mg,
0.52 mmol/L ) DA K51 & 7] KPS (26.7 mg, 9.9 mmol/L )
A LB FIKE 10.0 g, HPEHSIEMIR G
FRAW R RE R R B, BEH—X 1T
BB EE AL B, IR 1.5 mm B9 RERS R BRIT . B
HE T 55 CIHIRE A 5 h 155 PAM-PAAc 5% 4% /K
BEIE . PAM-PIA DL K2 PAM- PMA BA. % 2% 7K 3k e % 1
AL T7 A o

[ 5E AM SR EE R 3.0 mol/L, M7 AM 52
FRER (My) PR E R EL, BT — &R 51 5 M 2%
TRBEIE o H- 5 Do 2 7 B Jise A ASE L B i i 92 A e
7 0.2 mol/L 1y = bk . AL . A4S LL K ait
PR # K 16 h 5 A3 T — Z 50 U 45 7K BERE
1.3 RIERMEEENE

SEM R H#&[E ZEISS AW EVO18 HlfHiH
TR R ATV, ZKEE I VR R R8T 5 R T K
WA R w4 ; FTIR R EE Thermo A Fl
Nicolet Avatar 380 f# HL 0|75 e 21 A) e i A gt 470
ik, KBr JEF#E, HEEREN 400~4000 cm™'; TGA
K Netzsch 23 F) TG209 F3 #ve 40 Hr {3
52, THEHEZH 10 °C/min, Y& E N 20~500 °C,

FIHJTRERL /1ML ( YHCS-200 kg, |45 FRY
BT BR A ] ) XK EE B AT A B, )
IR N 25 °C, HEATE N 10 mm, JEF 1.5 mm,
FrARH R 100 mm/min, &) H7 EEELIHTZE, T
N T3 78 SR BT R BT RS2 R (o )5 T2
R E SCHRE M BT B 2 (4); K BEREH]
LR R AR T AR A B AR s e A (1)

R s R R /M AR I (A=2 ) YA Ak
TEREE (vy ), A (2) THEACH S Z R A
XTI (M, ) W K TS K e A BT A% N

( #R BB AHXF 73 T 3000 g/mol ), 2B T /K&
ok 2524 S R BRI, Y3 R T85 T 0.2 mol/L 1)
PR NaOH ¥R RE , e K BERL H A IR 3 A e,

o =VekT(A—-217%) (1)
M;ﬁ (2)
Yo

K. oM A=2 B XA EGR, Pa; k MIEZEEH
B T RPIHRE LR, K p JR/KEER %,
glem®; N S Bl AR ANIAE 5 8 550

2 HERE5WR

2.1 KERRIHIE

R L2 AT 5 B TS AR 25 A 10 kil &
XU LR EERE, Hlse it R 1 fR. \E, AM
HERILPR AAc, TA UK MA (] My #R &4

FEPAIK ) TEAZIEF] MBAA DL K251k #) KPS fEFH T
REE M4 K EEBE ( S-hydrogel ). $RJE, #
S-hydrogel &7 48 BHES FUl Ca®", Fe*. Cu®"
P Fet (I MY ERERHE T ) K, FIA
M5 —COO Z [l () & F 4 i DN 7K B o LR
PR K 4 T B T 4% DN ZKEERS , 140 o AM 5 AAc
I Fe' IR B PR N D-PAM-PAAc-Fe’',
M1 ATLLE S, 7E 0.2 mol/L i MK I iR iy
16 h 5, KEEVIH S-hydrogel I Fe?'. Cu?
IR Fe FrARf sk . oL BRGagia, i
BB F O 2 ik AKBER 45 N . Iksh, BELfE
Fe’'| Cu™ LU K Ca® i (/K BEI IR B Bk e K, iR
HTE Fe ' 17K B I AR A M 4, DB Fe® gk
JE KB ARG B, B AR Sy RE
2.2 £BEBTFXIKE AL AL B 220

B5En (AAc) n (AM) =1 : 4, HHEMRT
B 4% K BE B ( S-hydrogel ) 7E B T ¥k B ¥ K
0.2 mol/L 1y Ca®". Fe*". Cu®' LK Fe¥ /KiEW iz
M 16 h 5B Iy PERe, 5 RNk 1| s, ATLUE
S-hydrogel (7 5 (LA 3.30 kPa, Wi %N
171%; BW_MEEE T Ca*. cu®| Fe¥ R
B AU 48 K BEIE , P Ao BE 43 3G n = 43, 22 D)
K 54 kPa, ZySEERE T 13,0 7 VUK 16 1% ik
Fe’ JR /KB R Bk F 6.1 MPa, 27 T 1855
o K KRB 2148 A 2t 3 5 ) R T
JE, W Ca® . Fe*'| Cu® Fri L miAOH 45, H 72
BYILE 0.1 nm Z2451%, FFLL DN KSR 58 B AT 2
5T M AL, PRI RIS Sk AN R AW EER 3
A—COO P, TEMIE SN M4 25k, Hik Fe™*
A I A 7K R 7 A B o 7 o Yang ™45 78 1A 58 1R
H£ DN /KBRS L IIESE Fe¥ L Fe® B i34

R BJE BT X KB RE Y 5

Table 1 Effects of metal cations on the mechanical properties

of hydrogels
Sample Fracture stress/kPa  Fracture strain/%
S-hydrogel 3.30+0.37 17117
D-PAM-PAAc-Ca™ 43+6 26717
D-PAM-PAAc-Cu* 22+1 360+13
D-PAM-PAAc-Fe** 54+4 230422
D-PAM-PAAc-Fe** 6123+£100 262+11
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