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Abstract : In this work, carboxymethylcellulose-based composite superabsorbent hydrogels were prepared by electron beam
radiation. The composition of carboxymethylcellulose (CMC) varied from 4 wt%, 5 wt%, and 6 wt% to 7 wt% based on the
amount of distilled water in the syntheses of hydrogels. Graphite oxide, reduced graphene oxide, activated carbon, and bentonite
were used as additives for the synthesis of composite superabsorbent. The effect of CMC composition and the type of additives on
the gel properties of the prepared hydrogels was investigated. In order to verify the functional groups in the prepared materials,
Fourier transform infrared spectroscopy was used. In addition, mechanical strength, gel fraction, swelling kinetics, and equilibrium
swelling ratios were measured for the prepared hydrogels. Swelling experiments were carried out in distilled water, urea solution,
and physiological saline water. Prepared hydrogels were reused for 5 times, and gel fraction and swelling ratio were measured at
every 24 hours. Among the prepared hydrogels, Cs»GO and CsyrGO exhibited excellent mechanical property and relatively high
swelling ratios for urea solution and physiological saline water with promising applicability as slow-release fertilizers.
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Table 1. Compositions of the materials used in the syntheses of
CMC-based SHs and NCSHs

Distilled | Inorganic
water material

Sample” CMC Cross-linker

Cav, -
C4,GO
Cao,tGO l6g
CyAC
Cy,B

Csv -
Cs%GO
Cso,tGO 20¢g
Cs%AC
Cs»B

Cov -
Ce%GO
Ceo,tGO 24¢g
CesAC
Cs%B

Cow -
C7GO
Cro,tGO 28¢g
CAC
C7,B

40 mL 0.0416 g

0.032 ¢

40 mL 0.0420 g

0.040 g

40 mL 0.0424 ¢

0.048 g

40 mL 0.0428 g

0.056 g

? In each sample, graphite oxide (GO), reduced graphene oxide (rGO),
activated carbon (AC), and bentonite (B) were used as added in-
organic materials.
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Figure 1. FTIR spectra of (a) CMC, (b) GO, (¢) 1GO, (d) AC, (e) B, (f) Cse, (g) Cs%GO, (h) Csy,rGO, (i) Cs,AC, and (j) CsvB.
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Figure 2. Gel fractions (bars) and mechanical strengths (lines) of the prepared materials.
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Table 2. Properties of the prepared materials

Me.chla— Gel qulil.ilibriun%l Wat(le(lt sv:.elling
Samplea) strrlérc;th frastion melinelee | const;rrlli IXCIO'4
(2] [%] | Water | Urea | NaCl [g g’ min']
Cao 332 475 |125.2]| 76.4 | 57.9 2.27
CsGO | 98.8 70.3 | 114.3| 72.5 | 49.1 4.68
CsrGO| 654 60.9 |99.7 | 51.8 | 45.1 7.83
CyAC | 415 50.8 [128.5|59.3 | 59.2 5.57
CsB 324 47.0 |1444| 814 | 61.7 3.40
Csv, 55.7 53.8 [107.4| 92.8 | 65.7 1.97
Cs%»GO | 87.6 62.7 | 73.8|74.6 | 559 7.86
CsyrGO| 80.4 73.0 | 739 | 64.0 | 452 6.61
CsyAC | 473 49.0 | 976|957 | 614 6.32
CsyB 442 46.1 | 80.9 | 88.9 | 62.0 9.61
Cov% 45.1 51.8 |115.8] 95.7 | 60.2 391
Ce%GO | 89.9 65.6 | 85.7|69.3 | 49.6 5.04
CeurGO| 84.0 56.7 | 83.0 | 59.4 | 55.7 5.79
CesAC | 294 449 1979|762 | 49.1 3.55
Ce»B 40.5 45.6 |114.2| 86.1 | 56.9 3.04
Cr 45.9 58.9 [131.9] 99.6 | 62.8 1.85
CGO | 98.2 51.0 | 779 |69.0 | 544 4.42
Cr,tGO| 140.7 612 | 732|652 | 427 5.04
CAC | 809 512 | 94.0| 729|519 3.97
C7,B 61.7 423 |104.2| 76.9 | 56.9 1.78

€k Table 20f WFERU 9T}, Lef2zo v vpe} o] W=
CMC 2N A, 43t @A 2F5AQ Cokiek GOt
1GO7} H7HH CuiGOY CorGOZE o] 2 AE-E-& Ureb
Atk F71E0] AR 92 Cos CMCO| 2307} 4 wi%
oA 7 wine7tA SrtdeE ALE A SUkshs A
Bk o]o] uts) GO} rGO7} H7HE CouGOLE CorGOE=
CMCO| 2o /M5 Aol FAHAY 23 Ua
sk e Bk Alzd ARs 7R CriGO%t CourGO
7k 22 70.3%¢2F 73.0%2] 71 w2 Awde dE sl
o] #E2 Canof Cs o] AREHT} 212) L5H, 148 2 A
2 A7heds ARgste] AuEol S7HsS

= & 4 Slok
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9] Aol A CwGOY CoaGOR T -2 ARES e QL
ot ol& 7t 7Y =2 AEES YEd A2 CrACeH
CyoBE AXEo] z+z}F 51.2%<} 47.0%0]th A3 CMC
294 E 7= CrurGO%} CynGO L] AE-go] oo FrEX
o} 1.28, 1.58] o FHch o]efst A AR RE E/deta #
Elo]ERTE GO rGO7L B3 2F4A9 AE&s T
AlZ171e) B 5t A7HEEAS ¢ 4 Ut E3 HvHEE
= AHESER] 2 ettt 2550 2 ArEEE AHES)
Ae Wolli= AFEZE CMCO| 2/du|e} AEE Atolof vl

A7t AU gron], g grol Mt B A 24y
(4 wi% E= 5 w7k e o 4 dsleh

Az AR 7AH 4w 24 AnE ARLT WA U
B} Sl THFigure 29] A 12 2o} Table 2). A5 Azl AL§
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AAH AEE dehijel, ARE 54 Ao} FUT AFE
Both AREI 7|AH 4w Afolo] ATALTE CMC 24
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Figure 3. Swelling kinetics of the prepared materials in distilled water: (a) (I Cagy, O C4,GO, A Cao,tGO, V Cao,AC, and < Cas,B, (b) (I Csey,
O Cs%GO, A Cj%TGO, V C5%AC, and <> Cs%B, (C) D Cé%, O CG%GO, A Cs%l‘GO, V C(,%AC, and <> C(,%B, and (d) D C7%, O

C7%GO, A C7%I‘GO, V C7%AC, and <> C7%B.
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