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Chemical, thermal and moisture retention properties of
methylcellulose and hydroxypropyl methylcellulose-based
hydrogels blended with potassium sulfate
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[ Abstract] Hydrogels has been shown to improve water retention capability and increase the efficiency
of agricultural chemicals. Hydrogels can absorb and retain significant amount of water or other aqueous
solutions. Hydrogels are prepared from petroleum-based or natural hydrophilic polymers thorough physical
and/or chemical crosslinking methods. Nowadays, environmentally friendly natural materials have been

developed to replace petroleum-based materials. Natural, environmentally and sustainable cellulose and
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their derivative can be used to prepare hydrogels. In this study, the temperature-responsive hydrogels were
prepared by blending methyl cellulose (MC) or hydroxypropylmethyl cellulose (HPMC) with potassium
sulfate (K,SO,) to modify the hydrophobic interaction and influence the gelation at room temperature.
Fourier transform infrared spectroscopy (FT-IR) and thermogravimetric analyzer (TGA) were used to assess
the appearance and moisture retention capability of the hydrogels. The results showed that MC and HPMC
raw materials and hydrogels have the same chemical and thermal characteristics. The appearance of the
K,SO, blended MC and HPMC hydrogels were similar to commercial soil conditioner (CS). Our results
demonstrated that cellulose derivatived hydrogels have higher moisture retention capability than the CS
hydrogel.

[Key words] cellulose derivatives; hydrogel; hydroxypropylmethyl cellulose; methyl cellulose; moisture

retention capability.
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R (Gel) FIKIBE BA MR B A -
73 Al 5 AT RS K VA R B oK oy 0 KB &
IKPEE REEE » #1IOH ~ NH, ~ COOH ~ CONH ~
CONH,ESO,H (Ullah et al. 2015) « /K AT
H Bz B2 T 52K RS 2E
35T F-HUA%E (Molecular entanglements) B{ X
1) (B8 ~ SBEEEKITER JT) s &1E—
REREAR A T s B KB B RS &
MK AMESLE KB (Hoffman 2012; Gyles
et al. 2017) o /KB AR AR A ~ R3E ~ B
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SCHHAE 77 B S A= P I 2855 (Ahmed 2015) »
KR OB AR R BT 73 7% & KB (Synthetic
hydrogel) f¢RIR/KIE (Natural hydrogel) » &
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% (Poly (vinylpyrrolidone), PVP) % &4 1 »
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al. 2015) o
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Table 1. Preparation conditions and code names of cellulose hydrogels.

Polymeric materials (w/v) K,SO, (M)
Code Polymeric materials
Concentration
MC-0 MC 2 0
HPMC-0 HPMC 2 0
MC-0.25 MC 2 0.25
HPMC-0.25 HPMC 2 0.25
CS* Polyacrylamides 0 0

* Commercial soil conditioner.
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SIS & 7K Z AR E) (Khan et al. 2010 ;
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5 C-HZ (RS » 1,634 om™ £ IEAS Al 2 7K
43> 1,458 51,378 em™ 43 712 CH, B1OH 2 5 1]
(Scissoring) K@il (Bending) #Z#) » 1,188 cm™
F5C-0-C.2 KEHFRHEIRE) - 1,06352943 cm
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Je HHZIB 2 REAG BRI S £33 18-345°C » Ik
TR B R S £5358-366°C » Hofifi SR B R A
SRS SEAE{EL (Shetty et al. 2015; Nadour et al.
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Figure 1. FT-IR spectra of MC, HPMC and their xerogels.
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Figure 2. TG and DTG curves TGA of MC, HPMC and their xerogels.
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Table 2. TGA parameters of MC, HPMC and their xerogels.

Sample Onset temperature'  Peak temperature’  End temperature’  Max. W.L r43te Char yield
(°C) (°0) (°C) (Yo/min) at 650°C (%)
MC 318 358 378 -18 9
MC-0 345 366 379 -27 6
HPMC 332 363 379 -20 8
HPMC-0 339 365 380 -23 7

" The initial decomposition temperature.

> The temperature at the maximum rate of weight loss.
* The final decomposition temperature.

* The maximal weight-loss rate.
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24 hZH4i » BRI S% L B L SE 2 T
KB EAREIE » 115%.2MC-0FIMC-
0.25 7 1% mI s A IR Bl 1k 2 KB > 5%.2
HPMC-0FTHPMC-0.25HI{h B B » 5%
MC-0.25 /K IBIEIE REBLCSHREL » H23T 53§

RIfRE

Time (h)

Concentration (%)

0.1

0.5
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Figure 3. The photographs with different weight ratio of swollen CS in deionized water after 0.5, 2

and 24 h.
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Sample

Concentration (%)

MC-0.25

HPMC-0 HPMC-0.25

0.1

0.5

fil4. A[F] B H LEMC-0 ~ M-0.25 ~ HPMC-0 K& H-0.25K B> 2 1K 24 h 2 SHERTRE -
Figure 4. The photographs with different weight ratios of swollen MC-0, M-0.25, HPMC-0 and H-0.25 in

deionized water after 24 h.
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HPMC-0 ~ M-0.25 2 H-0.25 KB 5520 K 2 {3
IKTTTRIEE9 ~ 10 ~ 25 ~ 29 ~ 28 52 18% » /KD
22RFEEE » MC-0 ~ HPMC-0 5 M-0.25 /K {7k
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ISR > MCSHIBRARL ) ZRE (Chen &
Chen 2019)
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Figure 5. Moisture retention of water (A), CS (B), MC-based (C) and HPMC-based (D) hydrogels.
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Table 3. Statistical tests of moisture retention of water, CS, MC and HPMC hydrogels.

Time (Day) Moisture retention (%)

Sample 4 8 12 16 20

Water 84° 62° 40° 24° 9"
Cs 84° 61° 39° 25% 10°
MC-0 88 71¢ 52° 39 25%
HPMC-0 88‘ 71¢ 55° 42° 29%
MC-0.25 88" 70° 52° 414 28%
HPMC-0.25 84 64 45° 32" 18"

I~ i

ASHIF G (5 F B s A 5 e 48 P 35 Y L ik
it 3% B AR AE SR AT AWK AR R
PEE o RABEES REH - MC R HPMCR & #t

VAR B P HZ A 0 B I S P RE 2 A L B A i
B EEZ2FEMEZCEHAENE s MC
KHPMCHZIE & B G T TG i 52 JRUR - e
STV I E W IE AT L K LI B S %
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