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Abstract

This paper utilizes the principle of energy minimization to polymerize two single-network hydro-
gels, PEO SN and PAA SN, with different molecular weights into an optimal PEO-PAA DN hydrogel
structural model, and investigates the mechanical properties of the double-network hydrogels. Af-
ter 30 compressions, the recovery efficiency of the PAA SN gel drops to 30%. The recovery efficien-
cies of PAA/Agar and PAA/PVA double-network hydrogels decrease to 61% and 55%, respectively,
after 30 compressions. Compared to SN and DN hydrogels, TN hydrogels maintain a compression
recovery efficiency of over 90% after 30 compressions. Notably, the 30-cycle compression test indi-
cates that TN hydrogels do not exhibit significant plastic deformation or strength degradation even
after strong compression. They can quickly return to their original shape after being subjected to
extremely high pressure. The recovery performance of TN hydrogels is attributed to the reversible
characteristics of the chemically and physically crosslinked triple-network structure. Particularly,
the PVA and Agar in TN hydrogels play a crucial role.
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Figure 1. Flowchart for model construction of triple-network hydrogel [5]

B 1. Z MK HE BRI AZE (5]

Table 1. Formulation table of components for various hydrogels [5]

= 1. BKERRBESE (5]

Sample Network Agar (wt%) PVA (wt%) AA(g) FeClz(wt%) MBA (wt%) APS (wt%)
PPA SN 0.0 0 4 1.5 0.06 0.10
PAA/PVA DN 0.0. 5 4 1.5 0.06 0.10
PAA/Agar DN 1.5 0 4 1.5 0.06 0.10
PAA/Agar/PVA TN 1.5 5 4 1.5 0.06 0.10

T 264 Agar F1 PVA 1E 95 C/KM AR TP RRAE 25 5 1K o AR 58 &5 IR G T4 #13) 50°C, AR5
KRG ZRESYH . RS 10 min, R8N GIRFS MR . 2ZHGH MBA Fl FeCls. KR
G LS, RN BFFTE B (B4 S5mm, KJE 5cm), BEMEBRAK R 60°C F4EFF
6 h, HHATHHERETE PAA F—EMSEER . A5, FREWIE 4°C FAE 2 h TERGE — 2 BRER
M2, B PAA/Agar /KEERS. 28 =2 PVA WEZE B TE UG LR S BON-20C IIVKAE N T4 2 h,
A5 VK, FEHAE IR T BRME 6 h, RIUGHAT =R G/MRA IR AL B, [E 5355 =2 PVA B,
B PAA/Agar/PVA /K&t . 25, MBLE AR EREE . 7B REIKERIA R, PAA-FS RKEYLL
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COO-F1 Fe3 il it B 1E TR — M4, COO-F1 Fed* i vl i it A7 A IR B It T /K bl i 2 1, T
Agar 1 PVA I8t S IE S — JE A =2 Mk 458, NI K& A L7 1 7 5 Re (5] N T
HBEAT X EEIRES, R A AH R B S5 R A B T A S BIREL PVA 7K EBEIR o e 28 BIAE it 4 HR X 4 45 1) ] 20 4y
BT, Bk 407 04 1 [5].

DL A 06 e % DU RoRE & BBC 7 S 4H 00 IR SO 438 : PPA KRI85 (SN)FE i, A BEAE AT PVA, B PAA
NE—Z%, & 450 AA. 1.5 wt% FeCls. 0.06 wt% MBA. 0.10 wt% APS; PAA/PVA JyXUM 4 (DN)FE
M T Swt% PVAL 0wt%Inflii, HR415r5 PPA MHIF; PAA/Agar XML (DN)FE S, 7 1.5 wt% Bl
0 wt% PVA, HAEH5 PPA —%; PAA/Agar/PVA N=RMLK(TNFES, & 1.5 wt%InIEAT 5 wt% PVA,
HApRMH sy S5H=#MF.
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KBRS, HA Pl PAA/Agar/PVA /KB EE N, HAMWRsmiE ., Wi, sk, oF 280
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Figure 2. Bar chart for data comparison of different types of hydrogels
2. NEIZEHNACRBE BT EL AR E

7E PAA/Agar/PVA JKEEIE T, & ANF] FeCls W /KB IR tB A BRI 28R, Hh FeCls i B 730N
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Table 2. Summary table of mechanical properties and recovery efficiency for samples with different compositions [5]

2. PRI HIRER A F M RER IR E R A D4R (5]

Stress-at-break  Strain-at-break Stress at 80% compression o o

Sample (kPa) (%) (kPa) yF (%) 7K (%)
PAA? 69 323 178 86 70
PAA/PVA? 300 560 499 62 50
PAA/Agar? 210 470 285 68 64
PAA/Agar/PVA? 450 497 1337 72 84
PAA/Agar/PVAP 243 162 1410 49 39
PAA/Agar/PVA® 392 332 1392 63 42
PAA/Agar/PVAY 108 587 895 81 55
PAA/Agar/PVA® 30 876 236 93 63

VE: *a &b FeCl fEBHR TR EE 20N 1.5%, b~e X3 FeCl fEEER T FR B H 20 8 91N 0.5%, 1.0%, 2.0%, 2.5%.
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Figure 3. Bar chart of tensile fracture strength and elongation at break for different hydrogels
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WO 2 EUN 0.5%0 PAA/Agar/PVA JKEERR I nF 2240 T Hr &5 b 1I7KF . FeCls 7EEBEAL - i & 7 43 4L
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Figure 4. Bar chart of performance data for different hydrogels
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Figure 5. Line chart of performance data for different hydrogels
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< 5 & PAA/Agar/PVA /KEER, PAA/PVA /KEERE, PAA/Agar KRR PAA JKEER AL AE 2L
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PNIPAM-A KA 1= 52 A5 7K B M (10 Al 7 25 il e P 2 B AN [RD K B 2 I AR D Ui B 3 . RS &m]
SR K e ) A N 25 7 1 RRE R, T L A1) 46 ) PNTPAM-4 KRl /K e EL A s . Al ] 542 )
PR o IR SRRSO AR AR IR IR K. Zhang S5 7T AL LA PNIPAM-HINE A
REZE, RREB - SN T EH %A 2] T BA RSB AR S i KER, ZKER AR
TR, MIAERIRE Y SOCA AN, KERAKADH, il B R 2] 2= EQ20°C)R, /KEER K E 2|
JESRBITEAR . R iR LA 6.

Figure 6. Photographs of bending behavior of hydrogels at different temperatures
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Fe* " & &1 PAA/Agar/PVA /KERIE1) J124 585 « BEE Fe S E MM, PAA/Agar/PVA JKIEIE P 55 5
B, CAULIERH Fed fA7re n] LLRSI KB I 122 B o BRI =R R AP Fe iU &MU, nf
DAFE K B 0 EAE S 1 WU S RN 55 P, 383 0l b i 1 5 BE ) FH T AR O M B s 4 ol K e
IR o 2480, KEERAEARN AL BT CA AN 76 LRSI b, FR Kt R L RE =
WA 3K 2y, ARIEIRBEAR AR, DA SN - 39V i A SR RS AE MR, KRV A B N LA S ek
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pH. 72 UL RAED A BOREEZ S8, R A IR (A TR 308 5. N TR a4,
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