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ABSTRACT

such as strict environmental laws, limited supply of raw materials, and high

production costs. Therefore, natural polymers, especially polysaccharides like
starch, cellulose, hemicellulose, chitin, chitosan, alginate, glucomannan, and agar,
have found wide applications for various industrial uses due to their properties, such
as biocompatibility and biodegradability. However, the main problem with these
polymers is their weak mechanical properties and processability, which have limited
their use. Alginate is a biodegradable, biocompatible, non-toxic, hydrophilic, and
inexpensive biopolymer that is found as part of the structural components of bacteria
and brown algae in nature. Alginate can be easily modified through some physical
and chemical processes and its various derivatives. The new alginate derivatives have
different structures, functions, and properties, including improved mechanical strength,
Keywords: cell affinity, and gelation properties. Polyurethanes have a wide range of applications
in various industries, such as automotive, electronics, textiles, medical devices,
coatings, and insulation, due to their unique physical and chemical properties that
can be tuned, such as flexibility, hardness, impact resistance, and moisture resistance.
Considering the above features of alginate and polyurethanes, extensive research has
been conducted on the combination of these two materials to create new materials
with special properties and novel characteristics. This article is an introduction on
alginate and its derivatives as a natural polymer; and while discussing their structure,
properties and applications, an such extended review is presented on polyurethane/
alginate mixtures in various forms as films, elastomeric membranes, nanocomposites,
hydrogels, supramolecular ionic networks, porous scaffolds, and foams in various
applications such as drug delivery systems, wound dressings, fire-resistant materials,
and adsorbents.

The production and consumption of synthetic polymers have faced limitations
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Table 1. Some research studies on polyurethane/alginate blends.

.No Type of polyurethane Role of alginate Application Ref.
Chain extender, improving cell adhesion )
1 | Waterborne polyurethane ) ) Wound Dressing [9]
and cell proliferation
Chain extender, enhancement of
2 Polyurethane elastomer hydrophilicity, antifouling capabilities, Desalination membrane [10]
and biocompatibility
) Form 3D networks with calcium Controlled release of insulin
3 Nanoparticles ) . [11]
chloride, encapsulation of drugs drug
Polyol, low th 1 conductivity, ) )
4 Polyurethane hydrogel OO oW erma. con .u.c ity Heat and flame insulation [12]
and char-forming ability
Polyol, increases in the available binding | Adsorbent of Pb (II) from
5 Polyurethane foam . [13]
sites water and wastewater
Chain extender, electrostatic interacti »
6 | Supramolecular network o ex‘ °n er‘ ¢ .ec FOStAte IIETaction Excellent thermal stability [14]
with cationic polyurethane
, Polyurethane porous Hydrogen bonding interactions with Engineering scaffolds for [15]
scaffolds polyurethane neural tissue repair
Chain Extender, rising surface roughness,
8 Nanofibers hydrophilicity, crosslinking density, and Desalination membranes [16]
thermal stability
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Fig. 1. Some plant and animal-based natural polymers.
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Fig. 2. General structure of alginate.
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Table 2. Compositional data of alginates extracted from whole and individual parts of Sargassum spp.

Composition, fraction Doublet frequencies

Source M/G

FM FG 1-_:MM FMG FGM FGG
S. fluitans, frond 0.13 0.87 0.02 0.11 0.11 0.76 0.15
S. fluitans, whole 0.16 0.84 0.13 0.03 0.03 0.81 0.19
S. fluitans, stipe 0.37 0.63 0.34 0.03 0.03 0.60 0.60
S. fluitans, bladder 0.41 0.59 0.37 0.03 0.03 0.56 0.69
S. siliquosum, frond 0.41 0.59 0.38 0.03 0.03 0.56 0.70
S. siliquosum, whole 0.42 0.58 0.41 0.01 0.01 0.57 0.72
S. siliquosum, stipe 0.48 0.52 0.46 0.03 0.03 0.49 0.94
S. siliquosum, bladder 0.42 0.58 0.41 0.01 0.01 0.57 0.72
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Fig. 3. Overview of the effects of emulsion on polyurethane/alginate properties: (a) interactions of anionic polyurethane and

sodium alginate and aggregation of alginate particles, and (b) formation of nanoalginate particles in cationic polyurethane matrix.
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Fig. 6. Synthesis mechanism of PU-g-CaA hydrogel.
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Fig. 5. Synthesis mechanism and microgel structure.
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Fig. 7. pH sensitivity mechanism of alginate hydrogel.
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Fig. 8. (a) Alginate/clay solution-coated polyurethane foam structure that is fire resistant and has high char yield and (b) a sample

of half PUF and half acrogel.
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Fig 9. Structures of the polyurethane prepolymer NB-9000B.
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Fig. 11. Preparation of 3D porous scafold water-based cobalt/

polyurethane doped alginate with rough surface.
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Fig. 12. The structure of polyurethane/alginate nanofibrous membranes.
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DMPA Dimethylolpropionic acid
DMSO Dimethyl sulfoxide

ECM Extracellular matrix

G Guluronicacid

Gly Glycerol

HDI Hexamethylene diisocyanate

High-performance anion-exchange

HPAEC-PAD chromatography with pulsed amperometric
detection
HMDA Hexamethylene diamine
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HRR Hardy-Rand-Rittler PTMEG Poly(tetramethylene ether glycol)
HTPB Hydroxyl-terminated polybutadiene PTMG Poly(tetramethylene glycol)
ICP-AES igggfr%\gg r§0upled plasma atomic emission PU Polyurethane
IPN Interpenetrating polymer network PUD Polyurethane dispersion
U International unit PUF Polyurcthane foam
KDa Kilo dalton SA Sodium alginate
LOI Limiting oxygen index SEC-MALS :Illzgelee:ggzlﬁg}fthggénnii?ﬁ;aphy with multi-
M Mannuronic acid SPU Supramolecular polyurethane
MDI Mthylene diphenyl diisocyanate Tand Tangent &
MDEA Methyldiethanolamine TBAH Tetrabutylammonium hydroxide
MIP Molecularly imprinted polymer TDI Toluene diisocyanate

3-(4,5-Dimethylthiazol-2-yl)-5-(3- T, Glass transition temperature
MTS carboxymethoxyphenyl)-2-(4-sulfophenyl)-

2h-tetrazolium THR Total heat release
NIP Non-imprinted polymers TSR Thermally stimulated recovery
PABH pH-sensitive alginate/bentonite hydrogel TSTC[4]A Tetrasodium thiacalix[4]arene tetrasulfonate
PCL Polycaprolactone TTI Time temperature indicator
PEG Poly(ethylene glycol) vVOC Volatile organic compounds
PET Poly(ethylene terephthalate) WPU Waterborne polyurethane
PLGA Poly(lactic-co-glycolic acid) WPUD Waterborne polyurethane dispersion
PPG poly(propylene glycol)
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