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ABSTRACT

materials due to their unique properties. Hydrogels are cross-linked hydrophilic

polymer structures that are able to absorb and holding water or biological fluid.
Thus, the hydrogel networks can extensively swell in water media without dissolution.
In the last few decades, hydrogels have been used in various industries such as food,
packaging, pharmaceutical and drug delivery systems, agriculture, biomedical and
bioengineering applications, manufacturing of technical and electronic devices, and as
adsorbent for the removal of pollutants in environmental applications. Superabsorbent
polymer (SAP) hydrogels are a type of hydrogel that, due to the hydrophilic nature of
polymer chains can absorb and retain extraordinary large amounts of water or aqueous
solution up to hundreds of times their weight. In recent years, new superabsorbent
hydrogels have been developed for different applications. High demand for these
Keywords: substances, especially in personal hygiene, has led to an increase in their production
(now over three million tons per year). Because the main components of commercial and
widely used SAPs in industry are based on raw materials derived from fossil resources
(oil, gas and coal), the widespread use of SAPs and their increasing production, on
the one hand, have contributed to environmental concerns by contributing to water,
soil and air pollution, and, on the other hand, have threatened global price fluctuations
and the degradability of fossil resources. Therefore, the replacement of at least some
components of SAPs with natural, biobased or renewable raw materials (such as
lactic acid, succinic acid and itaconic acid) and the production of SAPs with hybrid
structures have been considered. The purpose of this paper is to review the hybrid
SAPs based on some biobased compounds that are used in three structural parts of the
polymer network including crosslinker, surface modifier and monomer.

In recent years, hydrogels have been considered as one of the most promising
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Table 1. Surface cross-linkers used in acrylic superabsorbents and their absorption properties.

Increase of Decrease of free-
Surface cross-linkers Method and conditions saline-AUL" swelling in distilled | Ref.
(g/g) water (g/g)
Diethylene glycol diglycidyl ether Thermal, 3 h, 170°C 6 86 34
Bisphenol A diglycidyl ether Thermal, 3 h, 170°C 4 298 24
Cycloaliphatic epoxy Thermal, 3 h, 170°C 8 275 24
Glycerol-lactic acid based star-shaped oligomer Thermal, 2 h, 120°C 3.6 147 35
Poly(ethylene glycol) diglycidyl ether Microwave, 4 min 5 157 33
1,4-Butanediol diglycidyl ether Microwave, 4 min 3.5 130 33
Ethylene glycol diglycidyl ether Microwave, 4 min 6.7 167 33
3-[(2,3-Epoxypropoxy)propyl]trimethoxysilane Thermal, 2 h, 140°C 26 86 32
*AUL: Absorbency under load of 0.3 psi. Saline-AUL before surface modification 15-17 g/g.
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Fig. 6. Various criteria for classification of superabsorbent

polymers (SAPs) [38].
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Fig. 7. Chemical structure of glycidyl methacrylate.
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Fig. 9. Scheme of the reaction between alginate and glycidyl

methacrylate [45].
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Fig. 8. Water-swollen hybrid superabsorbent based on arabic

gum, acrylic acid and acrylamide [42].
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Table 2. Hybrid superabsorbents and the role of their components.

Synthetic component Natural component
Title Ref.
(key role) (key role)
Superabsorbent Crosslinked Carboxymethyl Carboxymethyl cellulose
Poly(ethylene glycol)
Cellulose-PEG Hydrogels for Potential Wound (cross-linking matrix) and citric 13
) o (monomer) o )
Dressing Applications acid (internal cross-linker)
) Methacrylic acid (monomer)
Hybrid Superabsorbent Polymer Networks -
) ) and ethylene glycol Silica
(SAPs) Encapsulated with SiO, for Structural ] 48
o dimethacrylate (encapsulated core)
Applications )
(encapsulating shell)
Preparation and Applications of Salt Resistant Fly ash
o ) Acrylic acid+acrylamide ] )
Superabsorbent Poly(acrylic acid-acrylamide/fly (reinforcement of composite 49
(monomer)
ash) Composite structure)
Hydrothermal =~ Synthesis  of  Cellulose o
) ] ) Acrylic acid Cellulose nanocrystal
Nanocrystal-grafted-Acrylic Acid Aerogels with o ) 50
(monomer) (cross-linking matrix)
Superabsorbent Properties
Chitin
Superabsorbent Nanocomposite from Sugarcane ) (interpenetrating)
Acrylamide
Bagasse Chitin and Clay: Synthesis, Characterization ) ) and clay 51
) ) (interpenetrating) ) )
and Swelling Behaviour (reinforcement of composite
structure)
Synthesis and Characterization of a New
) ) ) ) o Silica (nanoparticle in
Organic—Inorganic Hybrid Hydrogel by Using Acrylic acid (monomer) 52
composite structure)
SiO, Nanoparticles as an Initiator
Synthesis Composite Hydrogels from Inorganic- Leftover rice (monomer) and
Organic Hybrids Based on Leftover Rice for montmorillonite
Acrylic acid (monomer) 53
Environment-Friendly Controlled-Release Urea (particles forming of composite
Fertilizers structure)
Flexible and Tough Cellulose Nanocrystal/
Polycaprolactone Hybrid Aerogel Based on the Polycaprolactone Cellulose nanocrystal 54
Strategy of Macromolecule Crosslinking through (biocompatible polymer) (cross-linking matrix)
Click Chemistry
High Gel-Strength Hybrid Hydrogels Based on
) o Latex Starch
Modified Starch through Surface Cross-linking ) ) 55
) (surface cross-linker) (matrix polymer)
Technique
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Fig. 10. Chemical structure of some bio-based acids for

synthesis of superabsorbent hydrogels.
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Fig. 11. Formation of hydrogel from carboxymethyl cellulose

(CMC) and succinic acid [68].
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gel from chitosan (C) and succinic acid (S) [69].
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Fig. 14. Illustration of formation mechanism of supramolecular

hydrogel based on polymer/tanic acid/Fe(III) [112].
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Fig. 16. Possible hydrogen bonds between tannic acid,

collagen and chitosan [117].

Yyy NExr 93 08— 313 0 ¥ 0 )losds (eIl 9w Jw ol (5399355 9 pole ale dlzo

ool SGU JoS 35008 glaos S Ol S35500 L s .ol 0l
S ISE o g0 Dl S ol (slo s S 5 O3S (ool (slae S
J3a0den ol 2 g o s el SGU Sl (S50 a0
DIV 20 g/g 550 b Ol wodr 5 g da 51 e

sbolele o b aul Sb SeSe Jiodes WSS
sl Gadiade Sl olds e (SO5b 5 (J5S 50 2
oslin STy M ad o (pl 53 Ll g Ll SSB L 50
o ld 4 S g Sl Slaey S L Al SUL iS58 05 5
ot alh jesise (A 3 el S il ol plas 5
Olspdshins 5 e (mS ) Jolo b b s b alad 505
(GDE) | JidedS 53 U S (TMPGDE) 1 Lol s 5
Sy Js ol 5 PGPE) 51 LS e J S
el ol o3lizul oS 14 Ol gsas (GPE) il

Sdas e 0L |y (el S LG K55 STy VY S
Slod 5 35 Doyslrme 3 S GlSs 5 Al SSB OLe ST
DIYT 8,8 e IS8 J5aods S 3 VY h ey 00°C
Sl 5 e Ghao b e A S el SSU adS s
ol ol Gl ey WL sl of Gl 5t (el
3 Sty P 5l an 81l ¥ glg s i el
Skl i ol (Saeslas 5 ol sShis o ol
iSh 5 S ltle bl il | byt Ol elid

PNIPAM
network

Hydrogen
bonding

Hydrophobic "°

bonding °y° \
HO' OH

©OH Tannic acid

Lol SG6 sty Sl Jisodes JS55 o)l b 10 IS
DNVFT el L ST s 5N
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of tannic acid with N-isopropylacrylamide [116].
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