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Preparation and Properties of Starch-based Superabsorbent Polymers
Modified by Crayfish Shell
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(College of Material and Environment Engineering, Chizhou University, Chizhou 247000, China)

Abstract: A series of modified starch-based superabsorbent polymers (SAP) were prepared by aqueous
solution polymerization using acorn starch as the raw material and crayfish shell powder as a modifier.
The effects of the reaction conditions and the pretreatment method of the crayfish shell on the resin yield
and water absorbency were studied in detail using the single factor method. The amount of crosslinker and
initiator had a significant impact on the formation of the hydrogel and product yield. All reaction conditions
in the experiment had a significant impact on the water absorbency of the resin. The addition of crayfish
shells can improve the gel strength of the resin after water absorption, but does not significantly reduce the
water absorption performance. Even though the additive amount of crayfish shell reaches 9.57% of the total
mass of reactants, the water absorbency can still reach 2097 g-g~!. The morphology and structure of the
synthesized resin samples were characterized by scanning electron microscopy (SEM), energy dispersive
X-ray spectroscopy (EDS), X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR),
thermogravimetric analysis (TGA), and X-ray photoelectron spectroscopy (XPS). The results confirmed
that adding preheated crayfish shell powder could endow the resin with a rich porous structure, successfully
introducing uniformly distributed calcium and nitrogen. More acrylic acid molecules are grafted onto the
biomacromolecule skeleton and have stronger interaction forces with calcium, resulting in better thermal
stability of the product.
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Table 1 The effects of reaction conditions on the yield and water absorbency of SAP

OB EBAR URBAR AAGE RS APSEE  MBAGE BHRME  RERME  UUKEE @)
TR %) %) W) %) W) (%) (%) %) Ak AEEEK
1 1.2 0 14.4 40 0.80 0.20 95.68 104.77 2156468 97+5.85
2 mj: 1.2 0.4 14.4 40 0.80 0.20 96.60 96.97 2210+13 95+4.17
3 E 1.2 0.8 14.4 40 0.80 0.20 96.38 95.20 2116+6 90+2.93
4 ;}1} 1.2 1.2 14.4 40 0.80 0.20 97.13 96.06 1912+12 89+2.58
5 5 1.2 1.6 14.4 40 0.80 0.20 96.22 96.16 2109+19 92+2.76
6 1.2 2.0 14.4 40 0.80 0.20 96.57 94.17 2097422 97+2.94
7 1.2 0.8 14.4 40 0.80 0.00 88.76 85.40 6343 -

8 i 1.2 0.8 14.4 40 0.80 0.06 93.50 88.15 1539+128 125+0.65
9 i)t 1.2 0.8 14.4 40 0.80 0.12 92.73 90.68 2012497 130+0.63
10 }FI';J 1.2 0.8 14.4 40 0.80 0.16 94.54 93.61 2194422 107+0.86
11 5 1.2 0.8 14.4 40 0.80 0.20 92.85 91.87 1992+13 101+£2.68
12 1.2 0.8 14.4 40 0.80 0.24 93.14 96.35 1701+9 85+1.01
13 ] 1.2 0.8 14.4 40 0.20 0.16 67.74 62.40 23577 114+4.66
14 % 1.2 0.8 14.4 40 0.40 0.16 81.24 83.55 2041+16 100+3.20
15 7 1.2 0.8 14.4 40 0.60 0.16 96.22 94.47 2036+27 116£2.67
10 H 1.2 0.8 14.4 40 0.80 0.16 94.54 93.61 2194421 107+0.86
16 i 1.2 0.8 14.4 40 1.00 0.16 96.99 95.78 1962+36 114+0.38
17 1.2 0.8 7.1 50 0.80 0.16 0.00 88.55 - -

18 AA 1.2 0.8 9.6 50 0.80 0.16 89.48 88.54 76+12 -

19 H 1.2 0.8 12.1 50 0.80 0.16 90.65 94.47 1803+29 133+2.96
20 fi 1.2 0.8 14.4 50 0.80 0.16 93.40 99.36 1846+7 103+0.72
21 1.2 0.8 16.7 50 0.80 0.16 95.20 94.92 2106+85 94+0.82
22 R 1.48 0.98 17.59 40 0.80 0.16 96.60 102.75 1053+13 65+0.66
23 R 1.34 0.90 16.09 40 0.80 0.16 94.25 98.81 1558453 80+1.15
24 9y 1.22 0.84 14.41 40 0.80 0.16 92.85 91.87 1992+103 101+2.68
25 K 1.10 0.75 13.21 40 0.80 0.16 92.62 92.34 2203+93 115+3.65
26 1 1.02 0.68 12.13 40 0.80 0.16 76.75 90.66 2201442 145+0.39
27 1.20 0.80 14.40 30 0.80 0.16 95.08 99.73 1987+38 89+1.25
28 7::] 1.2 0.8 14.4 40 0.80 0.16 96.75 93.13 2069+151 106+2.37
29 i 1.2 0.8 14.4 50 0.80 0.16 96.64 100.35 1645+111 102+1.65
30 1.2 0.8 14.4 60 0.80 0.16 96.64 99.23 1208+8 90+1.81
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Figure 1 The effect of heating pretreatment time on the

yield and water absorbency of SAP
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Figure 2 Photos of SAP after water absorption equilibrium (a). SEM images of raw material (b) and SAP (c), the distribution of

Ca (d) and N (e) element points on the surface of SAP
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Figure 3 XRD patterns of raw materials and SAP samples
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Figure 4 FTIR spectra of raw materials and SAP samples
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