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Abstract: In the crosslinking of hydroxypropyl cellulose (HPC), a temperature-sensitive hydrogel, there have been lim-
ited comparative studies on the effects of different crosslinking agents. This study aims to explore how the characteristics
of HPC change when crosslinked with various agents. Film surface structure, swelling ratio, modulus, and diffusion coef-
ficient are influenced by the type of crosslinking agent used. These changes are attributed to variations in the number of
chain branches, chain length, and the crosslinking strength of the agents. Furthermore, in the blend films of HPC and
hydroxypropyl methylcellulose (HPMC), increases in the modulus and the diffusion coefficient were observed. This
understanding of HPC hydrogel properties when employing different crosslinking agents holds promise for broadening
HPC's applications across various fields.

Keywords: hydroxypropyl cellulose, thermo-sensitive hydrogel, thermo-responsive hydrogel, hydrogel crosslinking,
degradable polymer.
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Figure 1. Structure of hydroxypropyl cellulose (HPC), hydroxypropyl
methylcellulose (HPMC), glutaraldehyde (GA), glyoxal (GO), tere-
phthaldehyde (TPA), adipoyl chloride (APC) and 1,2,3,4-butanetetracar-
boxylic acid (BTCA).
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Figure 2. SEM images of crosslinked HPC films: (a) HPC(GA) 4 C; (b) HPC(GA) 60 C; (c) HPC(GO) 4 C; (d) HPC(GO) 60 C; (e)
HPC(TPA) 4 C; (f) HPC(TPA) 60 C; (g) HPC(APC) 4 C; (h) HPC(APC) 60 C; (i) HPC/HPMC(GA) 4 C; (j) HPC/HPMC(GA) 60 C; (k)
HPC(BTCA) 4 C; (1) HPC(BTCA) 60 C.
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Figure 3. ESR of crosslinked HPC films. Equilibrium swelling ratio
vs temperature (ESR at 20 C -HPC(GA): 459%, HPC(GO): 239%,
HPC(TPA): 341%, HPC(APC): 383%, HPC/HPMC(GA): 192%,
HPC(BTCA): 316%, HPMC(GA): 673%: ESR at 50 C - HPC(GA):
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Figure 4. Mechanical properties of crosslinked HPC films: (a) tensile modulus at 55 'C; (b) at 10 C; (c) tensile modulus vs. swelling ratio.

Table 1. Properties of Crosslinked HPC Films

Equilibrium swelling ratio (%)

Tensile modulus (KPa)

Diffusion coefficient (cm*/s)

Designations -
10T 55T 10T 55T Swelling (60 -4 C) Deswelling (4 — 60 C)

HPC(GA) 467 + 28 63275 260 360 1.94 x 107 6.63 x 10°
HPC(GO) 244 + 18 86.3 + 7.6 2080 3060 3.64 x 10 321 x 107
HPC(TPA) 364 + 19 842 £ 3.2 102 160 2.64 x 107 8.08 x 10°¢
HPC(APC) 402 £23 66.4 + 8.4 50 70 4.99 x 10°® 3.13 % 10
HPC/HPMC(GA) 203 + 17 104.7 £10 23500 108900 1.71 x 107 4.94 x 10
HPC(BTCA) 333 £ 46 513 + 11 24300 116200 1.13 x 10 1.69 x 10*
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Figure 5. Swelling and deswelling kinetics of crosslinked HPC films: (a, a’) swelling kinetics at 4 C water; (b, b’) deswelling kinetics at
60 C water; (c) swelling diffusion coefficient vs. tensile modulus; (c’) deswelling diffusion coefficient vs. tensile modulus.
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