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Polymers, Volume 14, Issue 18 (September-2 2022) – 222 articles
Cover Story (view full-size image (/files/uploaded/covers/polymers/big_cover-polymers-v14-i18.png)): Natural biopolymers
such as chitosan and gelatin, which are biodegradable and inherently functional, have significant potential for biomedical and other
specialized applications. Given this, determining how to create composite materials with the desired molecular interactions and
tailored properties has attracted intense research interest. Herein, thermomechanically processed chitosan–gelatin biopolymer
nanocomposite materials plasticised by glycerol or isosorbide and filled with nanoclay (MMT) or graphene oxide (GO) were studied.
This work highlights different mechanisms that control the different properties of dual-biopolymer systems and provides an updated
definition of biopolymer plasticization and insights into the design of polymeric materials involving multiple ways of chain interaction.
View this paper (https://www.mdpi.com/2073-4360/14/18/3797)
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Open Access Article

Role of Maleic Anhydride-Grafted Poly(lactic acid) in Improving Shape Memory Properties of Thermoresponsive Poly(ethylene glycol) and
Poly(lactic acid) Blends (/2073-4360/14/18/3923)
by

Wasana Nonkrathok (https://sciprofiles.com/profile/2442776?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name),
Tatiya Trongsatitkul (https://sciprofiles.com/profile/1036337?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name)

and
Nitinat Suppakarn (https://sciprofiles.com/profile/2347967?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name)

Polymers 2022, 14(18), 3923; https://doi.org/10.3390/polym14183923 (https://doi.org/10.3390/polym14183923) - 19 Sep 2022
Cited by 5 (/2073-4360/14/18/3923#metrics) | Viewed by 1914

Abstract Generally, poly(ethylene glycol) (PEG) is added to poly(lactic acid) (PLA) to reduce brittleness and improve mechanical properties. However,
shape memory properties of PEG/PLA blends suffered due to the blend’s incompatibility. To enhance shape memory abilities of the blends, 0.45% maleic
anhydride-grafted poly(lactic acid) [...] Read more.
(This article belongs to the Special Issue Shape Memory and Functional Polymers ( /journal/polymers/special_issues/Shape_Mem_Funct_Polym ))
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Open Access Article

Polyaniline/Multi Walled Carbon Nanotubes—A Promising Photocatalyst Composite for Reactive Blue 4 Oxidation (/2073-4360/14/18/3922)
by Ashraf H. Farha (https://sciprofiles.com/profile/922845?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name),
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and
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Polymers 2022, 14(18), 3922; https://doi.org/10.3390/polym14183922 (https://doi.org/10.3390/polym14183922) - 19 Sep 2022
Cited by 2 (/2073-4360/14/18/3922#metrics) | Viewed by 1228

Abstract For the photocatalytic removal of the Reactive Blue 4 dye from an aqueous stream, new polyaniline/multi walled carbon nanotube
nanocomposites (PANI-MWCNTs) were applied as a promising photocatalyst. The PANI-MWCNT nanocomposites were fabricated by aniline oxidation in
the presence of MWCNTs using the typical [...] Read more.
(This article belongs to the Section Polymer Composites and Nanocomposites
(/journal/polymers/sections/polymer_composites_nanocomposites))
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Open Access Article

Generation of One-Dimensional Fibrous Polyethylene Nanocrystals in Epoxy Thermosets (/2073-4360/14/18/3921)
by
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Polymers 2022, 14(18), 3921; https://doi.org/10.3390/polym14183921 (https://doi.org/10.3390/polym14183921) - 19 Sep 2022
Cited by 2 (/2073-4360/14/18/3921#metrics) | Viewed by 1396

Abstract The one-dimensional (1D) polyethylene (PE) nanocrystals were generated in epoxy thermosets via crystallization-driven self-assembly. Toward
this end, an ABA triblock copolymer composed of PE midblock and poly(ε-caprolactone) (PCL) endblocks was synthesized via the ring opening metathesis
polymerization followed by hydrogenation approach. The nanostructured [...] Read more.
(This article belongs to the Section Smart and Functional Polymers (/journal/polymers/sections/Smart_Funct))
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Abstract Novel poly(vinyl alcohol) (PVA)/poly(vinyl butyral–vinyl alcohol) (P(VB-VA)) films with improved hydrophobicity were prepared from poly(vinyl
acetate) (PVAc)/poly(vinyl butyral) (PVB) blend films with various mass ratios by saponification in a heterogeneous medium. The successful conversion of
PVAc to PVA and PVAc/PVB to PVA/P(VB-VA) films [...] Read more.
(This article belongs to the Special Issue Surfaces and Interfaces of Polymer Composites (
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Abstract In this work, composite coatings of chitosan and silver nanoparticles were presented as an antibacterial coating for orthopedic implants. Coatings
were deposited on AISI 304L using the galvanic deposition method. In galvanic deposition, the difference of the electrochemical redox potential between
two metals [...] Read more.
(This article belongs to the Special Issue Applications of Biocompatible and Biodegradable Polymers and Their Composites (
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Abstract The incorporation of plastic aggregates as a partial replacement of natural aggregates in cementitious materials is interesting in several ways.
From a mechanical point of view, the partial substitution of sand with plastic aggregates could improve some properties (e.g., ductility, thermal insulation).
This [...] Read more.
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Abstract Polyaniline (PANI) composites have gained momentum as supercapacitive materials due to their high energy density and power density.
However, some drawbacks in their performance remain, such as the low stability after hundreds of charge-discharge cycles and limitations in the synthesisBack to TopTop
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scalability. Herein, we [...] Read more.
(This article belongs to the Special Issue Polymer Based Electronic Devices and Sensors (
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Abstract Pectin is a plant-derived heteropolysaccharide that has been implicated in drug development, tissue engineering, and visceral organ repair.
Pectin demonstrates remarkable biostability in a variety of physiologic environments but is biodegradable in water. To understand the dynamics of pectin
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Abstract In contrast to hemostatic fabrics, foams, and gels, hemostatic spray powders may be conveniently applied on narrow and complex bleeding
sites. However, powdered hemostatic agents are easily desorbed from the bleeding surface because of blood flow, which seriously decreases their
hemostatic function. In [...] Read more.
(This article belongs to the Special Issue Polymer Surface and Interfacial Control for Biomedical Applications (
/journal/polymers/special_issues/polymer_surface_interfacial_control ))
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Abstract Conductive hydrogels (CHs) have shown promising potential applied as wearable or epidermal sensors owing to their mechanical adaptability
and similarity to natural tissues. However, it remains a great challenge to develop an integrated hydrogel combining outstanding conductive, self-healing
and biocompatible performances with simple [...] Read more.
(This article belongs to the Special Issue Current Trends in Polymeric Hydrogels for Tissue Engineering (
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Abstract New functional medical materials with antibacterial activity based on biocompatible bacterial cellulose (BC) and Ag nanoparticles (Ag NPs) were
obtained. Bacterial cellulose films were prepared by stationary liquid-phase cultivation of the Gluconacetobacter hansenii strain GH-1/2008 in Hestrin–
Schramm medium with glucose as a carbon [...] Read more.
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Abstract In this study, compressive strength (CS) of fiber-reinforced nano-silica concrete (FRNSC) was anticipated using ensemble machine learning (ML)
approaches. Four types of ensemble ML methods were employed, including gradient boosting, random forest, bagging regressor, and AdaBoost regressor,
to achieve the study’s aims. The [...] Read more.
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Abstract In view of the disadvantages of polycarboxylic acid grinding aids, such as poor reinforcement effect and cumbersome synthesis process, a new
type of polycarboxylic acid grinding aid was prepared to meet the requirements of multifunctional admixture for cement concrete. The polycarboxylate
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Abstract Polyether ketone (PEK) plastics are linear thermoplastic polymers connected by at least one ether bond and at least one ketone bond on the aryl
group. The reason for their excellent heat resistance, rigidity, and mechanical strength is that their main molecular chain contains [...] Read more.
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Abstract We investigated the evolution of the γ-phase spherulites of poly(vinylidene fluoride) (PVDF) added to 1 wt% of tetrabutylammonium hydrogen
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grew, and then optical anisotropy [...] Read more.
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Abstract The present paper is a fundamental study on the physicochemical properties and hydrolysis behavior of cellulose samples differing in origin:
bacterial, synthetic, and vegetal. Bacterial cellulose was produced by Medusomyces gisevii Sa-12 in an enzymatic hydrolyzate derived from oat-hull pulp.
Synthetic cellulose was [...] Read more.
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Abstract Bone is a continually regenerating tissue with the ability to heal after fractures, though healing significant damage requires intensive surgical
treatment. In this study, borate-based 13-93B3 bioactive glass scaffolds were prepared though polymer foam replication and coated with a graphene-
containing poly (ε-caprolactone) (PCL) [...] Read more.
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Abstract Carbon–silica dual-phase filler (CSDPF)/natural rubber (NR) vulcanizate was prepared by mechanical blending, followed by a hot-press
vulcanization. The dispersion of CSDPF in the NR matrix and the effects of CSDPF on the filler–rubber interaction and structure of the rubber network
were studied. Scanning [...] Read more.
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Abstract Three-dimensional printing enables building objects shaped with a large degree of freedom. Additional functionalities can be included by
modifying the printing material, e.g., by embedding nanoparticles in the molten polymer feedstock, the resin, or the solution used for printing, respectively.
Such composite materials [...] Read more.
(This article belongs to the Special Issue Advanced Additive Processes and 3D Printing for Polymer Composites (
/journal/polymers/special_issues/processes_3D_printing ))
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Abstract Tahe oil field is a typical fissure cave carbonate reservoir with a temperature of up to 120~140 °C and a total salinity of formation water of
(20~25) × 104 mg/L. In this paper, AM/AMPS was selected as the polymer, 1, 5-dihydroxy naphthol [...] Read more.
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Abstract The aim of this study was to evaluate the effects of at-home and in-office bleaching agents on esthetic CAD-CAM materials after red wine
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Abstract Medulla tetrapanacis is composed of a lignocellulosic biopolymer and has a regular porous structure, which makes it a potential biomass material
for preparing porous N-doped biochar. Herewith, N-doped Medulla tetrapanacis biochar (UBC) was successfully prepared by modification with urea and
NaHCO3 under [...] Read more.
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Abstract Microplastics are harmful to both marine life and humans. Herein, a pyrolysis–gas chromatography–mass spectrometry (Py-GC/MS) technique
for the detection of microplastics in aquatic shellfish is demonstrated. The organic matter in aquatic shellfish was removed by alkali digestion.
Subsequently, using hexafluoroisopropanol as the extraction [...] Read more.
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Abstract Bio-based materials have a significant role to play in the implementation of a functional circular economy [...] Full article (/2073-
4360/14/18/3887)
(This article belongs to the Special Issue Bio-Based Materials: Contribution to Advancing Circular Economy (
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Abstract The main aim of this study was to optimize the formulation and process variables for the preparation of ibrutinib nanoliposomes and to evaluate
the stability of nanoliposomes. The influence of four formulations and process parameters, namely, the phosphatidylcholine-to-cholesterol ratio (A), conc.
of ibrutinib [...] Read more.
(This article belongs to the Special Issue Advanced Polymeric Materials for Pharmaceutical Applications III (
/journal/polymers/special_issues/adv_poly_mater_pharmaceu_appli_III ))
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Abstract Research on the synthesis of water-soluble polymers has accelerated in recent years, as they are employed in many bio-applications. Herein,
the synthesis of poly[2-(methacryloyloxy)ethyl]dimethyl-(3-sulfopropyl)ammonium hydroxide (PSB) by free radical polymerization in a sonication bath is
described. PSB and iron oxide nanoparticles (IONPs) were [...] Read more.
(This article belongs to the Special Issue Polymer Nanoparticles: Synthesis and Applications (
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Abstract Bioactive collagen–chitosan–lemongrass (COL–CS–LG) membranes were prepared by casting method and analyzed for potential biomedical
applications. For COL–CS–LG membranes, LG essential oil release, antioxidant properties, in vitro cytotoxicity and antimicrobial assessments were
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Abstract We demonstrate the control of wettability of non-structured and microstructured magnetoactive elastomers (MAEs) by magnetic field. The
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Abstract Raw and torrefied rice hulls (RRH and TRH) were incorporated into polyhydroxybutyrate (PHB) as fillers using extrusion and injection molding to
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Abstract Epoxy-based composites are designed for long-lasting applications, though their wide use is in contrast with their poor recyclability, which poses
serious end-of-life issues. In order to reduce their environmental impact, precursors derived from fossil fuel based raw materials should be replaced with
eco-friendly [...] Read more.
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Abstract This work developed an electrically conductive thermosetting resin composite that transitioned from a liquid to solid without using solvents in
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Abstract Continuous tapes of polypropylene (PP) and high-density polyethylene (HDPE) were produced using a novel multiplication co-extrusion process.
The structure of the PP/HDPE tapes consists of co-continuous PP and HDPE domains aligned in the extrusion direction, forming a fiber-like composite
structure with individual domain [...] Read more.
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Abstract Fast-growing Chinese fir wood has shortfalls such as loose structure and low strength because it grows faster than natural trees. Resin
impregnation is a great way to increase the strength of fast-growing fir. However, the resin used for impregnation is a kind of [...] Read more.
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Abstract Hydroxamic acids are recognized chelators for various metals; however, using them as functional groups on carbon nanotubes (CNTs) is rare. In
this study, novel multi-walled carbon nanotubes (MWCNTs) functionalized with hydroxamic acid derivatives were developed. The MWCNTs were first
oxidized, and the resulting [...] Read more.
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Abstract Nowadays, worldwide challenges such as global warming, pollution, unsustainable consumption patterns, and scarcity of natural resources are
key drivers toward future-oriented bioeconomy strategies, which rely on renewable biobased resources, such as bacterial pigments and bacterial cellulose
(BC), for materials production. Therefore, the purpose [...] Read more.
(This article belongs to the Special Issue Sustainability and Circularity for Novel Bioactive and Biobased Solutions: Materials, Polymers, Coatings,
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Abstract Owing to deformation in the form of the diamond mode with high-energy absorption capacity, origami thin-walled tubes have attracted
considerable attention in recent years. Stamping and welding are mainly employed to produce different types of origami thin-walled tubes. The processing
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Abstract The defense effects of sacrificial cladding have been extensively studied in the field of blast resistance. As a polymer material with a cellular
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Abstract Biopolymers-based composite edible films are gaining interest in the food packaging industry due to their sustainable nature and diverse
biological activities. In the current study, we used sodium alginate (SA) and casein (CA) for the fabrication of composite film using the casting method. [...]
Read more.
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Abstract Adlay starch has great potential as a cereal starch, but it has several weaknesses, namely a low swelling volume, low solubility, and low stability.
The purpose of this study was to improve the characteristics of adlay starch, such as porosity, functional properties, and [...] Read more.
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Abstract Uniformly distributed silica/epoxy nanocomposites (2 and 6 wt.% silica content) were obtained through a “solvent-free one-pot” process. The
inorganic phases were obtained through “in situ” sol-gel chemistry from two precursors, tetraethyl orthosilicate (TEOS) and (3-aminopropyl)-triethoxysilane
(APTES). APTES acts as a coupling agent. Surprisingly [...] Read more.
(This article belongs to the Collection Polymer/Biopolymer Stabilization and Degradation (
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Abstract Osteoporotic vertebral compression fractures are a global issue affecting the elderly population. To explore a new calcium silicate bone cement,
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Abstract The use of biopolymers for tissue engineering has recently gained attention due to the need for safer and highly compatible materials. Starch is
one of the most used biopolymers for membrane preparation. However, incorporating other polymers into starch membranes introduces improvements,
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Abstract To reduce the cost of high-viscosity modifier (HVM) and alleviate white pollution problems, we prepared the environment-friendly HVM (E-HVM)
by using waste-low density polyethylene/styrene-butadiene-styrene (waste-LDPE/SBS) composite. The physical characteristics of the E-HVM modifier
were first investigated. Additionally, the effects of E-HVM modifier dosage [...] Read more.
(This article belongs to the Section Polymer Applications (/journal/polymers/sections/Polymer_Applications))
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Abstract For the seafood industry, Vibrio parahaemolyticus, one of the most prevalent food-borne pathogenic bacteria that forms biofilms, is a constant
cause of concern. There are numerous techniques used throughout the food supply chain to manage biofilms, but none are entirely effective. Through [...]
Read more.
(This article belongs to the Special Issue Bioactive Polymer Materials with Antibacterial Properties (
/journal/polymers/special_issues/Bioact_Mater_Antibact_Prop ))
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Abstract For thermal protection materials (TPMs) which are used to protect space vehicles from extreme thermomechanical environments, the thermal
conductivity of the original material and the char layer that has formed during ablation plays a significant role in determining the ablation performance. In
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Abstract The purpose of this study is to investigate the stress concentration of a corroded steel plate strengthened with carbon fiber reinforced polymer
(CFRP) plates. An accelerated corrosion experiment was first executed to acquire corroded steel plates, and then surface profile measurements were
conducted [...] Read more.
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Abstract Rheological parameters of cellulose nanofibril dispersions (CNF) are relevant and commonly used as quality control for producing of this type of
material. These parameters are affected by morphological features and size distribution of the nanofibrils. Understanding the effect of size distribution is
essential [...] Read more.
(This article belongs to the Special Issue Sustainable Polymer Composites: Properties, Characterizations and Applications (
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Abstract A novel, previously unreported, method for synthesising hyperbranched (HB) materials is detailed. Their use as additives to produce lubricant
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Abstract The article discusses the effects of thermal-force on the Panda-type optical fiber. The studies used a wide temperature range. The research used
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Abstract As an alternative to conventional 3D printing methods that require supports, a new 3D printing strategy that utilizes guided light in situ has been
developed for fabricating freestanding overhanging structures without supports. Light intensity has been found to be a crucial factor in [...] Read more.
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Abstract The solvent casting method was used for five types of polyvinylidene difluoride (PVDF) nanocomposite film preparation. The effect of nanofillers
in PVDF nanocomposite films on the structural, phase, and friction and mechanical properties was examined and compared with that of the natural PVDF
[...] Read more.
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Abstract Faced with growing global demand for new potent, bio-based, biocompatible elastomers, the present study reports the solvent-free production of
13 pure and derived poly(glycerol-co-diacid) composite sheets exclusively using itaconic acid, sebacic acid, and 2,5-furandicarboxylic acid (FDCA) with
glycerol. Herein, modified melt polycondensation and [...] Read more.
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Abstract The hygroscopic behavior of vinylester resin and high strength glass fiber reinforced vinylester resin composites were examined here, including
weight change and the resulting degradation of mechanical properties. The prepared resin and composites specimens were immersed in deionized water
and artificial seawater with [...] Read more.
(This article belongs to the Section Polymer Composites and Nanocomposites
(/journal/polymers/sections/polymer_composites_nanocomposites))

► Show Figures
(https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g001-550.jpg?1663401594)

(https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g002-550.jpg?1663401584)

(https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g003-550.jpg?1663401599)

(https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g004-550.jpg?1663401588)

(https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g005-550.jpg?1663401581)

(https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g006-550.jpg?1663401587)

(https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g007-550.jpg?1663401609)

(https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g008-550.jpg?1663401605)

(https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g009-550.jpg?1663401603)

(https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g010-550.jpg?1663401582)

(https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g011-550.jpg?1663401608)

(https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g012-550.jpg?1663401592)

(https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g013-550.jpg?1663401594)

(https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g014-550.jpg?1663401597)

(https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g015-550.jpg?1663401590)

(https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g016-550.jpg?1663401600)

(https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g017-550.jpg?1663401579)

(https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g018-550.jpg?1663401580)Back to TopTop

 

 (/)





https://www.mdpi.com/2073-4360/14/18/3828/pdf?version=1663323164
https://www.mdpi.com/2073-4360/14/18/3828/pdf?version=1663323164
https://pub.mdpi-res.com/polymers/polymers-14-03829/article_deploy/html/images/polymers-14-03829-g001-550.jpg?1663124743
https://pub.mdpi-res.com/polymers/polymers-14-03829/article_deploy/html/images/polymers-14-03829-g002-550.jpg?1663124729
https://pub.mdpi-res.com/polymers/polymers-14-03829/article_deploy/html/images/polymers-14-03829-g003-550.jpg?1663124755
https://pub.mdpi-res.com/polymers/polymers-14-03829/article_deploy/html/images/polymers-14-03829-g004-550.jpg?1663124726
https://pub.mdpi-res.com/polymers/polymers-14-03829/article_deploy/html/images/polymers-14-03829-g005-550.jpg?1663124750
https://pub.mdpi-res.com/polymers/polymers-14-03829/article_deploy/html/images/polymers-14-03829-g006-550.jpg?1663124736
https://pub.mdpi-res.com/polymers/polymers-14-03829/article_deploy/html/images/polymers-14-03829-g007-550.jpg?1663124758
https://pub.mdpi-res.com/polymers/polymers-14-03829/article_deploy/html/images/polymers-14-03829-g008-550.jpg?1663124754
https://pub.mdpi-res.com/polymers/polymers-14-03829/article_deploy/html/images/polymers-14-03829-g009-550.jpg?1663124751
https://pub.mdpi-res.com/polymers/polymers-14-03829/article_deploy/html/images/polymers-14-03829-g010a-550.jpg?1663124728
https://pub.mdpi-res.com/polymers/polymers-14-03829/article_deploy/html/images/polymers-14-03829-g010b-550.jpg?1663124731
https://pub.mdpi-res.com/polymers/polymers-14-03829/article_deploy/html/images/polymers-14-03829-g011-550.jpg?1663124756
https://pub.mdpi-res.com/polymers/polymers-14-03829/article_deploy/html/images/polymers-14-03829-g012-550.jpg?1663124752
https://pub.mdpi-res.com/polymers/polymers-14-03829/article_deploy/html/images/polymers-14-03829-g013-550.jpg?1663124741
https://pub.mdpi-res.com/polymers/polymers-14-03829/article_deploy/html/images/polymers-14-03829-g014-550.jpg?1663124744
https://www.mdpi.com/2073-4360/14/18/3828
https://sciprofiles.com/profile/author/YU1weWl6UDh0VFJVaTh4S2diN29xbWgvZHdaYnNRMGU2NXRKNFRybkZ3Zz0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/YU1weWl6UDh0VFJVaTh4S2diN29xbWgvZHdaYnNRMGU2NXRKNFRybkZ3Zz0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/WE1CL25PTjk2SFFOYUs2cW9pZGRhamk3S0JMcTEwRWc4aEt1VWx5bHhSUT0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/WE1CL25PTjk2SFFOYUs2cW9pZGRhamk3S0JMcTEwRWc4aEt1VWx5bHhSUT0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/Y3JlNVI4eU1LN3VZTktIdllYZ1Y4SXUwVTUyOTg1N1J5U3UyaWwyT2E2cz0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/Y3JlNVI4eU1LN3VZTktIdllYZ1Y4SXUwVTUyOTg1N1J5U3UyaWwyT2E2cz0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/eU5vakRyY013dGxpVVJKR3c3bk1yMWJ1THJMa0JpamJndlIvOS9DM01uRT0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/eU5vakRyY013dGxpVVJKR3c3bk1yMWJ1THJMa0JpamJndlIvOS9DM01uRT0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/2390294?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/2390294?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://doi.org/10.3390/polym14183828
https://doi.org/10.3390/polym14183828
https://www.mdpi.com/2073-4360/14/18/3828#metrics
https://www.mdpi.com/2073-4360/14/18/3828#metrics
https://www.mdpi.com/journal/polymers/sections/polymer_composites_nanocomposites
https://www.mdpi.com/journal/polymers/sections/polymer_composites_nanocomposites
https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g001-550.jpg?1663401594
https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g002-550.jpg?1663401584
https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g003-550.jpg?1663401599
https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g004-550.jpg?1663401588
https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g005-550.jpg?1663401581
https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g006-550.jpg?1663401587
https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g007-550.jpg?1663401609
https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g008-550.jpg?1663401605
https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g009-550.jpg?1663401603
https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g010-550.jpg?1663401582
https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g011-550.jpg?1663401608
https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g012-550.jpg?1663401592
https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g013-550.jpg?1663401594
https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g014-550.jpg?1663401597
https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g015-550.jpg?1663401590
https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g016-550.jpg?1663401600
https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g017-550.jpg?1663401579
https://pub.mdpi-res.com/polymers/polymers-14-03828/article_deploy/html/images/polymers-14-03828-g018-550.jpg?1663401580
https://www.mdpi.com/


10/19/23, 9:46 AM Polymers | September-2 2022 - Browse Articles

https://www.mdpi.com/2073-4360/14/18 53/119





 (/2073-4360/14/18/3827/pdf?version=1663123336)

 (/2073-4360/14/18/3826/pdf?version=1663311444)

Open Access Article

Interlaminar Shear Characteristics of Typical Polyurethane Mixture Pavement (/2073-4360/14/18/3827)
by

Guohua Gao (https://sciprofiles.com/profile/author/VU9hcy96VkVlbVBxeWNORUttQ29COFIzcnVsMmxnbzNRMW1UZGFwYnVWVT0=?utm_sou
,

Min Sun (https://sciprofiles.com/profile/561498?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name),
Chuanchang Xu (https://sciprofiles.com/profile/author/ZkNaakVQeW1BcWZtM0hQNTlKV0NYamplaGZNejdlY1RCMEg1S1VMYkt6VT0=?utm_so

,
Guangzhen Qu (https://sciprofiles.com/profile/1002944?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name) and
Yaohui Yang (https://sciprofiles.com/profile/2963087?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name)

Polymers 2022, 14(18), 3827; https://doi.org/10.3390/polym14183827 (https://doi.org/10.3390/polym14183827) - 13 Sep 2022
Cited by 3 (/2073-4360/14/18/3827#metrics) | Viewed by 869

Abstract Polyurethane (PU) can be used as a road material binder, and its mechanical properties, durability, temperature stability, and other road
performance metrics are good. However, the interlayer bonding between PU mixtures and asphalt mixtures is poor. The influence of the pavement
structure, interlayer [...] Read more.
(This article belongs to the Special Issue Advances in Polymer-Reinforced and Fibre-Reinforced Concrete (
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Abstract Metal-organic frameworks (MOFs) have attracted remarkable attention for their distinguished structural designability. Precisely controlling the
particle size and improving the structural stability of MOF nanoparticles influence their catalytic activity significantly. In this study, six acids (nitric,
hydrochloric, formic, acetic, succinic, and citric acids) [...] Read more.
(This article belongs to the Section Polymer Applications (/journal/polymers/sections/Polymer_Applications))
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Crystal Violet Adsorption on Eco-Friendly Lignocellulosic Material Obtained from Motherwort (Leonurus cardiaca L.) Biomass (/2073-
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Abstract The performance of a new eco-friendly adsorbent, obtained from motherwort (Leonurus cardiaca L.) biomass after minimum processing, in
crystal violet dye removal from aqueous solutions was studied. Firstly, the adsorbent material was characterized using several technics, such as FTIR,
pHPZC determination, [...] Read more.
(This article belongs to the Special Issue Adsorption Behavior of Polymer Materials (
/journal/polymers/special_issues/Adsorpt_Behav_Polym_Mater ))
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Abstract Dielectric elastomer actuators (DEAs), a type of electroactive polymers (EAPs), are smart materials that are used in various fields such as
artificial muscles and biomimetic robots. In this study, graphene nanoplatelets (GNPs), which are conductive carbon fillers, were added to a widely used
[...] Read more.
(This article belongs to the Special Issue RubberCon 2021: Innovative Pioneers for Smart and Sustainable Rubber Technology (
/journal/polymers/special_issues/RubberCon_2021 ))
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Abstract This paper characterizes laser-generated guided waves in a metal-lined composite-overwrapped pressure vessel (COPV) to assess typical
damage, including interfacial debonding and low-velocity impact damage. First, an eigenfrequency approach that avoids additional coding is utilized to
theoretically analyze the dispersion characteristics of a COPV. [...] Read more.
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Abstract This work investigates the critical plastic strain variation with stress triaxiality and the Lode angle parameter for an Acrylonitrile butadiene styrene
(ABS)-based proprietary blend compound (commercial name VeroWhitePlus™ RGD835) manufactured through photopolymerization. Various triaxial
states of stress and Lode angles were obtained with [...] Read more.
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Abstract Nano-graphene materials have improved many thermal properties based on polymer systems. The additive polymers’ thermal insulation cannot
be significantly increased for use as a reinforcement in multifunctional thermally insulating polymer foam. Herein, we present the development of far-
infrared emissivity and antistatic properties using [...] Read more.
(This article belongs to the Special Issue Fiber and Polymer Composites: Processing, Simulation, Properties and Applications (
/journal/polymers/special_issues/Fiber_Polymer_Composites ))

► Show Figures
(https://pub.mdpi-res.com/polymers/polymers-14-03821/article_deploy/html/images/polymers-14-03821-g001-550.jpg?1663073679)

(https://pub.mdpi-res.com/polymers/polymers-14-03821/article_deploy/html/images/polymers-14-03821-g002-550.jpg?1663073688)

(https://pub.mdpi-res.com/polymers/polymers-14-03821/article_deploy/html/images/polymers-14-03821-g003a-550.jpg?1663073685)

(https://pub.mdpi-res.com/polymers/polymers-14-03821/article_deploy/html/images/polymers-14-03821-g003b-550.jpg?1663073691)

(https://pub.mdpi-res.com/polymers/polymers-14-03821/article_deploy/html/images/polymers-14-03821-g004-550.jpg?1663073682)

(https://pub.mdpi-res.com/polymers/polymers-14-03821/article_deploy/html/images/polymers-14-03821-g005-550.jpg?1663073680)

(https://pub.mdpi-res.com/polymers/polymers-14-03821/article_deploy/html/images/polymers-14-03821-g006-550.jpg?1663073687)

(https://pub.mdpi-res.com/polymers/polymers-14-03821/article_deploy/html/images/polymers-14-03821-g007-550.jpg?1663073679)

Open Access Article

Attapulgite Structure Reset to Accelerate the Crystal Transformation of Isotactic Polybutene (/2073-4360/14/18/3820)
by Shuang-Dan Mao (https://sciprofiles.com/profile/2410511?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name),

Mi Zhang (https://sciprofiles.com/profile/2307158?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name),
Fu-Hua Lin (https://sciprofiles.com/profile/2423030?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name),
Xiang-Yang Li (https://sciprofiles.com/profile/author/TkRUNHRDMDdZYTdCZWRiQ1FtbkJwalRCbk9NRUVuejM1WEFEY3JVRnNlRT0=?utm_sou

,
Yu-Ying Zhao (https://sciprofiles.com/profile/author/RHFnMGJYSXNmWGh5bUlFSllGQ1NEbjh4bE1JSHd3bVBXQXpGVDI1aGZUND0=?utm_sou

,
Yan-Li Zhang (https://sciprofiles.com/profile/author/UE5NYlhzbHRINEY2SGhOcWZaeHZWYW9pdytPME9TN3YzS2p0cU5QalJhQT0=?utm_sour

,
Yi-Fan Gao (https://sciprofiles.com/profile/author/YXdISTBUc2UyZ25GRytNQzBiTDlxMFNTMG03eUJXZE5GWHlNbENFZnNDVT0=?utm_source

,
Jun Luo (https://sciprofiles.com/profile/167335?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name),
Xin-De Chen (https://sciprofiles.com/profile/146112?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name) and
Bo Wang (https://sciprofiles.com/profile/203835?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name)

Polymers 2022, 14(18), 3820; https://doi.org/10.3390/polym14183820 (https://doi.org/10.3390/polym14183820) - 13 Sep 2022
Back to TopTop

 

 (/)





https://www.mdpi.com/2073-4360/14/18/3821/pdf?version=1663073602
https://www.mdpi.com/2073-4360/14/18/3821/pdf?version=1663073602
https://www.mdpi.com/2073-4360/14/18/3820/pdf?version=1663073357
https://www.mdpi.com/2073-4360/14/18/3820/pdf?version=1663073357
https://pub.mdpi-res.com/polymers/polymers-14-03822/article_deploy/html/images/polymers-14-03822-g005-550.jpg?1663296054
https://pub.mdpi-res.com/polymers/polymers-14-03822/article_deploy/html/images/polymers-14-03822-g006-550.jpg?1663296058
https://pub.mdpi-res.com/polymers/polymers-14-03822/article_deploy/html/images/polymers-14-03822-g007-550.jpg?1663296060
https://pub.mdpi-res.com/polymers/polymers-14-03822/article_deploy/html/images/polymers-14-03822-g008-550.jpg?1663296051
https://pub.mdpi-res.com/polymers/polymers-14-03822/article_deploy/html/images/polymers-14-03822-g009-550.jpg?1663296056
https://pub.mdpi-res.com/polymers/polymers-14-03822/article_deploy/html/images/polymers-14-03822-g010-550.jpg?1663296052
https://pub.mdpi-res.com/polymers/polymers-14-03822/article_deploy/html/images/polymers-14-03822-g011-550.jpg?1663296049
https://pub.mdpi-res.com/polymers/polymers-14-03822/article_deploy/html/images/polymers-14-03822-g012-550.jpg?1663296050
https://pub.mdpi-res.com/polymers/polymers-14-03822/article_deploy/html/images/polymers-14-03822-g013-550.jpg?1663296059
https://pub.mdpi-res.com/polymers/polymers-14-03822/article_deploy/html/images/polymers-14-03822-g014-550.jpg?1663296046
https://pub.mdpi-res.com/polymers/polymers-14-03822/article_deploy/html/images/polymers-14-03822-g015-550.jpg?1663296040
https://pub.mdpi-res.com/polymers/polymers-14-03822/article_deploy/html/images/polymers-14-03822-g016-550.jpg?1663296047
https://pub.mdpi-res.com/polymers/polymers-14-03822/article_deploy/html/images/polymers-14-03822-g017-550.jpg?1663296043
https://pub.mdpi-res.com/polymers/polymers-14-03822/article_deploy/html/images/polymers-14-03822-g018-550.jpg?1663296044
https://www.mdpi.com/2073-4360/14/18/3821
https://sciprofiles.com/profile/author/MEU0VUtYd3dDODd0eXdtZG9RdzgvNVk4Qm9KSEc4UHExT2JSZHprWlV6cz0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/MEU0VUtYd3dDODd0eXdtZG9RdzgvNVk4Qm9KSEc4UHExT2JSZHprWlV6cz0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/2331784?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/2331784?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/365663?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/365663?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://doi.org/10.3390/polym14183821
https://doi.org/10.3390/polym14183821
https://www.mdpi.com/journal/polymers/special_issues/Fiber_Polymer_Composites
https://www.mdpi.com/journal/polymers/special_issues/Fiber_Polymer_Composites
https://www.mdpi.com/journal/polymers/special_issues/Fiber_Polymer_Composites
https://pub.mdpi-res.com/polymers/polymers-14-03821/article_deploy/html/images/polymers-14-03821-g001-550.jpg?1663073679
https://pub.mdpi-res.com/polymers/polymers-14-03821/article_deploy/html/images/polymers-14-03821-g002-550.jpg?1663073688
https://pub.mdpi-res.com/polymers/polymers-14-03821/article_deploy/html/images/polymers-14-03821-g003a-550.jpg?1663073685
https://pub.mdpi-res.com/polymers/polymers-14-03821/article_deploy/html/images/polymers-14-03821-g003b-550.jpg?1663073691
https://pub.mdpi-res.com/polymers/polymers-14-03821/article_deploy/html/images/polymers-14-03821-g004-550.jpg?1663073682
https://pub.mdpi-res.com/polymers/polymers-14-03821/article_deploy/html/images/polymers-14-03821-g005-550.jpg?1663073680
https://pub.mdpi-res.com/polymers/polymers-14-03821/article_deploy/html/images/polymers-14-03821-g006-550.jpg?1663073687
https://pub.mdpi-res.com/polymers/polymers-14-03821/article_deploy/html/images/polymers-14-03821-g007-550.jpg?1663073679
https://www.mdpi.com/2073-4360/14/18/3820
https://sciprofiles.com/profile/2410511?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/2410511?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/2307158?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/2307158?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/2423030?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/2423030?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/TkRUNHRDMDdZYTdCZWRiQ1FtbkJwalRCbk9NRUVuejM1WEFEY3JVRnNlRT0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/TkRUNHRDMDdZYTdCZWRiQ1FtbkJwalRCbk9NRUVuejM1WEFEY3JVRnNlRT0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/RHFnMGJYSXNmWGh5bUlFSllGQ1NEbjh4bE1JSHd3bVBXQXpGVDI1aGZUND0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/RHFnMGJYSXNmWGh5bUlFSllGQ1NEbjh4bE1JSHd3bVBXQXpGVDI1aGZUND0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/UE5NYlhzbHRINEY2SGhOcWZaeHZWYW9pdytPME9TN3YzS2p0cU5QalJhQT0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/UE5NYlhzbHRINEY2SGhOcWZaeHZWYW9pdytPME9TN3YzS2p0cU5QalJhQT0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/YXdISTBUc2UyZ25GRytNQzBiTDlxMFNTMG03eUJXZE5GWHlNbENFZnNDVT0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/YXdISTBUc2UyZ25GRytNQzBiTDlxMFNTMG03eUJXZE5GWHlNbENFZnNDVT0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/167335?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/167335?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/146112?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/146112?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/203835?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/203835?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://doi.org/10.3390/polym14183820
https://doi.org/10.3390/polym14183820
https://www.mdpi.com/


10/19/23, 9:46 AM Polymers | September-2 2022 - Browse Articles

https://www.mdpi.com/2073-4360/14/18 57/119





 (/2073-4360/14/18/3819/pdf?version=1663582305)

 (/2073-4360/14/18/3818/pdf?version=1663049639)

Cited by 4 (/2073-4360/14/18/3820#metrics) | Viewed by 984

Abstract Isotactic polybutene (iPB) has a wide application in the water pipe field. However, the most valuable form I, needs 7 days to complete the
transformation. In this study, the attapulgite (ATP), which produces lattice matching of the iPB form I, was selected to [...] Read more.
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Abstract The aim of this study was to optimize the composition of enamel consisting of aluminum pigment and polyphenylsiloxane polymer, in order to
achieve the maximum aggregative stability of suspensions. Sedimentation rate (SR) was used as a criterion for assessing the aggregative stability of [...]
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Abstract Starch is added to meat analogues for binding and water holding. In this study, we investigate whether starch can have an additional role as a
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Abstract As breast conserving surgery increases in the surgical treatment of breast cancer, partial mastectomy is also increasing. Polycaprolactone (PCL)
is a polymer that is used as an artifact in various parts of the human body based on the biocompatibility and mechanical properties of [...] Read more.
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Abstract An integrable sensor inlay for monitoring crack initiation and growth inside bondlines of structural carbon fiber-reinforced plastic (CFRP)
components is presented. The sensing structures are sandwiched between crack-stopping poly(vinyliden fluoride) (PVDF) and a thin reinforcing
polyetherimide (PEI) layer. Good adhesion at all interfaces [...] Read more.
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Abstract A novel drug delivery system based on carboxymethyl cellulose containing copper oxide at melamine and zinc oxide at melamine framework
(CMC-Cu-MEL and CMC-Zn-MEL) was prepared by the hydrothermal route. Synthesized nanocomposites were characterized by FTIR, SEM, and Raman
spectroscopy. In addition, transmission electron [...] Read more.
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Abstract Plastic parts used in automotive interior are difficult to coat, due to their low surface energies as well as their sensitivity to temperature and
solvents, rendering the development of coating systems for such substrates challenging. Automotive customer requirements are explicit and clear, mainly
[...] Read more.
(This article belongs to the Special Issue Injection Molding of Polymers ( /journal/polymers/special_issues/Injection_Molding_Poly ))
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Abstract In the context of lifetime extension of Nuclear Power Plants (NPPs), electric cable ageing has to be checked to evaluate their performance during
normal operation. These electric cables are complex materials, with a conductor and insulating shield in the metal and insulating layer [...] Read more.
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Abstract In temperature sensitive hydrogels, the swelling degree or light transmittance of the gel itself changes with variations in ambient temperature,
prompting its wide application in controlled drug release, tissue engineering, and material separation. Considering the amphiphilic structure of β-
cyclodextrin (β-CD), a cellulose-based supramolecular [...] Read more. Back to TopTop
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Abstract This study aims to investigate the two-way shear strength of concrete slabs with FRP reinforcements. Twenty-one strength models were briefly
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Abstract Biopolymers, which are biodegradable and inherently functional, have high potential for specialized applications (e.g., disposable and transient
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Abstract Polymeric materials including plastic and paper are commonly used as packaging for bakery products. The incorporation of active substances
produces functional polymers that can effectively retain the quality and safety of packaged products. Polymeric materials can be used to produce a variety
of [...] Read more.
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Abstract Chitosan (CS)/graphene nanocomposite films with tunable biomechanics, electroconductivity and biocompatibility using polyvinylpyrrolidone
(PVP) and Pluronic F108 (Plu) as emulsion stabilizers for the purpose of conductive tissue engineering were successfully obtained. In order to obtain a
composite solution, aqueous dispersions of multilayered graphene stabilized [...] Read more.
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Abstract The main aim of this paper is to investigate the solvability of the steady-state flow model for low-concentrated aqueous polymer solutions with a
damping term in a bounded domain under the no-slip boundary condition. Mathematically, the model under consideration is a boundary value [...] Read
more.
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Abstract There is a growing demand for bone graft substitutes that mimic the extracellular matrix properties of the native bone tissue to enhance stem cell
osteogenesis. Composite hydrogels containing human bone allograft particles are particularly interesting due to inherent bioactivity of the allograft tissue.
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Abstract The use of electrospun meshes has been proposed as highly efficient protective equipment to prevent respiratory infections. Those infections
can result from the activity of micro-organisms and other small dust particles, such as those resulting from air pollution, that impair the respiratory tract, [...]
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Abstract This paper focuses on the investigation of the material properties of FC500 foam concrete. Innovation is very important for the solution of cast-in-
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Abstract Electrical treeing is one of the main causes of crosslinked polyethylene (XLPE) cable failure. The current methods for locating electrical trees are
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Abstract A membrane contactor is a device that attains the transfer of gas/liquid or liquid/liquid mass without dispersion of one phase within another.
Membrane contactor modules generally provide 30 times more surface area than can be achieved in traditional gas absorption towers and 500 [...] Read
more.
(This article belongs to the Section Polymer Physics and Theory (/journal/polymers/sections/Phys_Theory))
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Abstract In this work, we report the obtaining of new hybrid nanocomposites with catalytic activity formed by nanofibers of polymer blends and gold
nanoparticles. The nanofibers were obtained by electrospinning blends of a poly (ionic liquid) (PIL) and its precursor polymer, poly (4-vinyl pyridine) [...]
Read more.
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Abstract Recently, electro-oxidation of kraft lignin has been reported as a prominent electrochemical reaction to generate hydrogen at lower overpotential
in alkaline water electrolysis. However, this reaction is highly limited by the low performance of existing electrocatalysts. Herein, we report a novel yet
effective [...] Read more.
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Abstract The treatment of osteoporotic fractures is a severe clinical issue, especially in cases where low support is provided, e.g., pelvis. New treatments
aim to stimulate bone formation in compromised scenarios by using multifunctional biomaterials combined with biofabrication techniques to produce 3D
structures (scaffolds) [...] Read more.
(This article belongs to the Special Issue Multi-Functional Collagen-Based Biomaterials for Biomedical Applications (
/journal/polymers/special_issues/multi_functional_collagen_based_biomaterials_for_biomedical_applications ))
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Abstract High-density polyethylene (HDPE) materials have many applications in the municipal solid waste (MSW) landfills. HDPE gravity drainage pipes
are commonly utilized in MSW landfills because of the polymer’s resistance to harsh chemical conditions. When landfill wastes are freshly filled, the weight
acting on [...] Read more.
(This article belongs to the Section Polymer Analysis and Characterization (/journal/polymers/sections/Anal_Charact))
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Abstract The aim of this study is to prepare hybrid polymer–ceramic dental materials for chairside computer-aided design/computer-aided manufacturing
(CAD/CAM) applications. The hybrid polymer–ceramic materials were fabricated via infiltrating polymerizable monomer mixtures into sintered
hydroxyapatite/bioactive glass (HA/BAG) ceramic blocks and thermo-curing. The microstructure was observed [...] Read more.
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Abstract The link between oxidative stress and environmental factors plays an important role in chronic degenerative diseases; therefore, exogenous
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Abstract The objective of this work was to formulate co-loaded bilayer tablets containing ezetimibe (EZB) and atorvastatin (ATC). ATC loaded in the
immediate-release (IR) layer is an HMG CoA reductase inhibitor, while EZB, added in the sustained-release (SR) layer, is a lipid-lowering agent. This [...]
Read more.
(This article belongs to the Special Issue Advances in Sustainable Polymers: Processing, Modeling, Properties and Applications (
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Abstract Infections by Streptococcus pneumoniae can cause serious pneumococcal diseases and other medical complications among patients.
Polysaccharide-based vaccines have been successfully developed as prophylactic agents against such deadly bacterial infections. In the 1980s,
PNEUMOVAX® 23 were introduced as the first pneumococcal polysaccharide vaccines [...] Read more.
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Abstract A series of new hexasubstituted cyclotriphosphaze derivatives containing Schiff base linkages were successfully synthesized and characterized.
The series contains different terminal substituents of pentyl and tetradecyl. Fourier transform infrared spectroscopy (FTIR), nuclear magnetic resonance
spectroscopy (NMR), and carbon, hydrogen, and nitrogen (CHN) elemental [...] Read more.
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Abstract Chlorobenzenes (CBs) are persistent and potentially have a carcinogenic effect on mammals. Thus, the determination of CBs is essential for
human health. Hence, in this study, novel polyurethane–polysulfone/calix[4]arene (PU-PSU/calix[4]arene) nanofibers were synthesized using an
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Abstract Curcumin (CUR) has impressive pharmacologic properties, including cardioprotective, neuroprotective, antimicrobial, and anticancer activity.
However, the pharmaceutical application of CUR is limited due to its poor aqueous solubility and low bioavailability. The development of novel formulations
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Abstract In the last years, the excessive use of plastic and other synthetic materials, that are generally difficult to dispose of, has caused growing
ecological worries. These are contributing to redirecting the world’s attention to sustainable materials and a circular economy (CE) approach using [...]
Read more.
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Abstract The success of a small-caliber artificial vascular graft in the host in order to obtain functional tissue regeneration and remodeling remains a great
challenge in clinical application. In our previous work, a silk-based, small-caliber tubular scaffold (SFTS) showed excellent mechanical properties, long-
term patency [...] Read more.
(This article belongs to the Section Biomacromolecules, Biobased and Biodegradable Polymers
(/journal/polymers/sections/Biomacromol_Biobased_Biodegradable_Polymers))
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Abstract The thermoplastic retainers indicated a rising incidence of cariogenic bacteria such as Streptococcus mutans. A report suggested the case of a
patient with severe gingival inflammation and dental caries as a result of inadequate appliance cleaning. This study aims to compare the various [...] Read
more.
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Abstract The nanofiller zirconium phosphate (ZrP) was mixed into poly(lactic acid) (PLA) to ameliorate its thermal stability. The elastomer ethylene-methyl
acrylate-glycidyl methacrylate copolymer (E-MA-GMA) was introduced into the PLA/ZrP nanocomposite through melt-mixing to improve its toughness and
obtain a super-tough PLA/ZrP/E-MA-GMA nanocomposite. The impact [...] Read more.
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Abstract Natural rubber (NR) nanocomposites reinforced with five parts per hundred rubber (phr) of two different nano-fillers, i.e., nanoclay (abbrev. NC)
and cellulose nanofiber (abbrev. CNF), were prepared by using latex mixing approach, followed by mill-compounding and molding. The morphology,
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Abstract The response to the high demand for decreasing the amount of CO2 in the atmosphere, a new polyaminal-based polymer network was designed
and successfully prepared through one-pot polycondensation reaction of melamine and [2,2′-Bipyridine]-5,5′-dicarbaldehyde. The formation of the polymer
structure was confirmed by [...] Read more.
(This article belongs to the Special Issue Advances in Functional Polymeric Materials: Applications in Applied Technologies (
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Abstract The development of highly selective and highly sensitive nanometer colorimetric chemical sensors is an urgent requirement in the immediate
detection of heavy metal ions. In this work, silver-nanoparticle (Ag NPs)-based chemosensors were prepared by a simple and green method, in which the
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Abstract New technologies are constantly addressed in the scientific community for updating novel stretchable devices, such as flexible electronics,
electronic packaging, and piezo-electric energy-harvesting devices. The device promoted in the present work was found to generate promising ~6V and
durability of >0.4 million cycles. [...] Read more.
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Abstract This study develops bio-nano composite gelatin-based edible film (NEF) by combining nanogelatin, cellulose nanocrystal (CNC), and
nanopropolis (NP) fillers to improve the resulting film characteristics. The NEF was characterized in terms of thickness, swelling, pH, water content,
solubility, vapor and oxygen permeability, mechanical [...] Read more.
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Abstract The short life cycle and recalcitrant nature of petroleum-based plastics have been associated with plastic waste accumulation due to their
composition rather than worldwide overproduction. The drive to replace single-use products has sparked a considerable amount of research work to
discover sustainable options [...] Read more.
(This article belongs to the Special Issue Mechanical Performance of Sustainable Bio-Based Compounds (
/journal/polymers/special_issues/mech_perform_bio_compd ))

► Show Figures
(https://pub.mdpi-res.com/polymers/polymers-14-03737/article_deploy/html/images/polymers-14-03737-ag-550.jpg?1662547907)

(https://pub.mdpi-res.com/polymers/polymers-14-03737/article_deploy/html/images/polymers-14-03737-g001-550.jpg?1662547905)

(https://pub.mdpi-res.com/polymers/polymers-14-03737/article_deploy/html/images/polymers-14-03737-g002-550.jpg?1662547903)

(https://pub.mdpi-res.com/polymers/polymers-14-03737/article_deploy/html/images/polymers-14-03737-g003-550.jpg?1662547906)

(https://pub.mdpi-res.com/polymers/polymers-14-03737/article_deploy/html/images/polymers-14-03737-g004-550.jpg?1662547902)

(https://pub.mdpi-res.com/polymers/polymers-14-03737/article_deploy/html/images/polymers-14-03737-g005-550.jpg?1662547904)

Open Access Article

Biodegradability Assessment of Polyester Copolymers Based on Poly(ethylene adipate) and Poly(ε-caprolactone) (/2073-4360/14/18/3736)
by

Leonard Ionut Atanase (https://sciprofiles.com/profile/13622?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name),
Slim Salhi (https://sciprofiles.com/profile/author/TXphdjhyZGd1M3ozUFBEd3E5UDg4NUFPNkE3K0ZBTTRXV1FYQklidmhPcz0=?utm_source=m

,
Oana Cucoveica (https://sciprofiles.com/profile/author/NmliWkE1SzBqaTk5a3JRRitzU1BMSmkrTHJuUFBoeXRtUjVPSTRmUmRpcz0=?utm_so

,
Marijana Ponjavic (https://sciprofiles.com/profile/1884675?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name),
Jasmina Nikodinovic-Runic (https://sciprofiles.com/profile/448662?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_nam

and
Christelle Delaite (https://sciprofiles.com/profile/3023926?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name)

Polymers 2022, 14(18), 3736; https://doi.org/10.3390/polym14183736 (https://doi.org/10.3390/polym14183736) - 07 Sep 2022
Cited by 2 (/2073-4360/14/18/3736#metrics) | Viewed by 1211
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Abstract Worldwide, concerns about heavy metal contamination from manmade and natural sources have increased in recent decades. Metals released
into the environment threaten human health, mostly due to their integration into the food chain and persistence. Nature offers a large range of materials
with [...] Read more.
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Abstract Anti-gel fouling is a key problem faced by membrane desalination, especially for applications in organic acid-rich seawater. In this paper, a
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Abstract Negative photosensitive polyimides (PSPIs) with the photo-patterned ability via the photocrosslinking reactions induced by the i-line (365 nm)
and h-line (426 nm) emitting wavelengths in high-pressure mercury lamps have been paid increasing attention in semiconductor fabrication, optical fiber
communications, and other advanced optoelectronic [...] Read more.
(This article belongs to the Special Issue Advanced Polymer Composite for Energy Applications (
/journal/polymers/special_issues/Polymer_Composite_Energy_Applications ))
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Abstract "Fibre-Reinforced Polymer Composites: Mechanical Properties and Applications" is a newly open Special Issue of Polymers, which aims to
publish original and review papers on new scientific and applied research and make boundless contributions to the finding and understanding of the
reinforcing effects [...] Read more.
(This article belongs to the Special Issue Fiber Reinforced Polymer Composites: Mechanical Properties and Applications (
/journal/polymers/special_issues/HK8P7953V9 ))
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Abstract As a piece of high-intensity running equipment, the wear of an internal mixer determines the quality of rubber and its life. In general, the wear of
an internal mixer is caused by the friction between the rubber and metal during the mixing process, [...] Read more.
(This article belongs to the Special Issue Advances in Structure-Property Relationship of Polymer Materials (
/journal/polymers/special_issues/655TMJTE9V ))
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Abstract Flexible sensing devices have attracted significant attention for various applications, such as medical devices, environmental monitoring, and
healthcare. Numerous materials have been used to fabricate flexible sensing devices and improve their sensing performance in terms of their electrical
and mechanical properties. Among the [...] Read more.
(This article belongs to the Special Issue Conjugated Polymer Nanocomposites: Synthesis, Characterization, and Applications (
/journal/polymers/special_issues/conjug_polym ))
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Abstract Due to their good material properties (e.g., corrosion and wear resistance, biocompatibility), thermoplastic materials like polyamide 12 (PA12) are
interesting for functional coatings on metallic components. To ensure a spatially resolved coating and to shorten the process chain, directed energy
deposition of polymer [...] Read more.
(This article belongs to the Section Polymer Processing and Engineering (/journal/polymers/sections/Process_Eng))
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Abstract An all-solid–state dye-sensitized solar cell is one of the non-fossil fuel-based electrochemical devices for electricity generation in a high-
temperature region. This device utilizes a redox mediator, which is a fast ion-conducting solid polymer electrolyte (SPE). The SPE makes the device
economical, thinner, and [...] Read more.
(This article belongs to the Special Issue Polymer Films for Photovoltaic Applications II (
/journal/polymers/special_issues/poly_films_photovol_appli_II ))
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Abstract The development of a simple and efficient synthetic methodology to engineer functional polymer materials for gas adsorption is necessary due to
its relevance for various applications. Herein, we report the synthesis of metalorganic poly(vinylene sulfide) copolymers CTP1-3 with iron(II) clathrochelate
of various side [...] Read more.
(This article belongs to the Special Issue Synthesis, Processing, Structure and Properties of Polymer Materials II (
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Abstract A medication’s approximate release profile should be sustained in order to generate the desired therapeutic effect. The drug’s release site,
duration, and rate must all be adjusted to the drug’s therapeutic aim. However, when designing drug delivery systems, this may be a considerable [...]
Read more.
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were prepared with 15, 30, and 45% [...] Read more.
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Abstract Hydrogels based on nanocomposites (NC) structure have acquired a great deal of interest, but they are still limited by relatively low mechanical
strength, inevitably losing elasticity when applied below subzero temperatures, due to the formation of ice crystallization. In this study, an anti-freezing [...]
Read more.
(This article belongs to the Section Polymer Composites and Nanocomposites
(/journal/polymers/sections/polymer_composites_nanocomposites))
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Abstract Polyvinyl chloride (PVC) is a synthetic polymer with a wide range of applications with impact on our daily life. It can undergo photodegradation
with toxic products that are hazardous to both human health and the environment. In addition, photodegradation shortens the useful lifetime [...] Read
more.
(This article belongs to the Special Issue Sustainable Polymeric Composites: Fabrication and Application (
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Abstract Nanotechnology has attracted great attention from researchers in modern science because nanomaterials have innovative and superior physical,
chemical, and biological properties, and they can be altered and modified accordingly. As particles get smaller, their surface area increases compared to
their volume. Electrospinning is [...] Read more.
(This article belongs to the Special Issue Fabrication and Application of Electrospun Nanofibers (
/journal/polymers/special_issues/Fabrication_Application_Electrospun_Nanofibers ))
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Abstract It is important to characterize the proton transport mechanisms of proton exchange membranes (PEMs). Electrostatic force microscopy (EFM) is
used to characterize the ionic structures of membranes. In this study, we attempted to quantitatively analyze the proton conductivity enhancement of
Nafion-sulfonated silica (SSA) [...] Read more.
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Abstract The fragile paper is treated to improve the stability and appearance of the paper artifact, such as washing, lining, deacidification, and
reinforcement. During the above treatments, paper documents inevitably make contact with water directly, leading to the appearance change, stability
decrease, and migration [...] Read more.
(This article belongs to the Section Polymer Applications (/journal/polymers/sections/Polymer_Applications))
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Abstract Friction and wear experiments were performed on carbon fiber-reinforced polymer (CFRP) composites, and the tribological behavior of these
materials under boundary lubrication (based on the 5100 4T 10 W-30 engine oil with TiO2 Degussa P25 nanoparticles) was investigated. Experiments
were carried out [...] Read more.
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Abstract The utilization of vegetable oil in the production of polymeric material has gained interest due to its proven ability to replace nonrenewable
petroleum sources, as it is readily modified via chemical reaction to produce polyol and subsequently for polyurethane production. Jatropha oil (JO), [...]
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Abstract To develop a novel asymmetric nanofiber membrane with antioxidant and antibacterial activities, biocompatible polyvinyl pyrrolidone (PVP) and
polycaprolactone (PCL) were used as carriers to load water-soluble tea tree extract (TTE) and hydrophobic tea tree oil (TTO) via electrospinning and
electrostatic spraying, respectively, which [...] Read more.
(This article belongs to the Section Polymer Composites and Nanocomposites
(/journal/polymers/sections/polymer_composites_nanocomposites)) Back to TopTop
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Abstract Magnetic sensor systems integrate a sensing element and magnetic field generators to determine their relative position or to measure
movement. Typically, the magnetic fields are produced by permanent magnets, which have high intensity but are hard to machine into custom shapes.
However, novel [...] Read more.
(This article belongs to the Special Issue Magnetic Polymer Composites: Design and Application (
/journal/polymers/special_issues/Magn_Polym_Compos_Des_Appl ))
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Abstract Maintaining dental pulp vitality and preventing tooth loss are two challenges in endodontic treatment. A tooth lacking a viable pulp loses its
defense mechanism and regenerative ability, making it more vulnerable to severe damage and eventually necessitating extraction. The tissue engineering
approach has [...] Read more.
(This article belongs to the Special Issue Multi-Functional Collagen-Based Biomaterials for Biomedical Applications (
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Abstract Reverse osmosis (RO) is affected by multiple types of fouling such as biofouling, scaling, and organic fouling. Therefore, a multi-functional
membrane capable of reducing more than one type of fouling is a need of the hour. The polyacrylic acid and graphene oxide (PAA-GO) [...] Read more.
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Abstract In this study, the flame retardant effect of the Zn salt of 10-hydroxy-9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide (Zn-DOPOx),
melamine polyphosphate (MPP) and their mixture was investigated towards the mode of action in glass fiber-reinforced polyamide 66 (PA 66 GF). The
flammability was evaluated using UL 94 V [...] Read more.
(This article belongs to the Special Issue Advances in Flame Retardant Polymeric Materials II (
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Abstract Magnetorheological elastomer (MRE) is a kind of smart material, whose mechanical property can be controlled by the external magnetic field
quickly and reversibly. The damping property of MRE is one of the most concerned properties when designing MRE based devices. In this work, [...] Read
more.
(This article belongs to the Section Polymer Analysis and Characterization (/journal/polymers/sections/Anal_Charact))
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Abstract: Maintaining dental pulp vitality and preventing tooth loss are two challenges in endodontic
treatment. A tooth lacking a viable pulp loses its defense mechanism and regenerative ability, making
it more vulnerable to severe damage and eventually necessitating extraction. The tissue engineering
approach has drawn attention as an alternative therapy as it can regenerate dentin-pulp complex
structures and functions. Stem cells or progenitor cells, extracellular matrix, and signaling molecules
are triad components of this approach. Stem cells from human exfoliated deciduous teeth (SHED) are
a promising, noninvasive source of stem cells for tissue regeneration. Not only can SHEDs regenerate
dentin-pulp tissues (comprised of fibroblasts, odontoblasts, endothelial cells, and nerve cells), but
SHEDs also possess immunomodulatory and immunosuppressive properties. The collagen matrix is
a material of choice to provide structural and microenvironmental support for SHED-to-dentin pulp
tissue differentiation. Growth factors regulate cell proliferation, migration, and differentiation into
specific phenotypes via signal-transduction pathways. This review provides current concepts and
applications of the tissue engineering approach, especially SHEDs, in endodontic treatment.

Keywords: dentin-pulp complex regeneration; signalling molecules; stem cell from human exfoliated
deciduous teeth (SHED); tissue engineering

1. Introduction

Tissue injury can occur when tissue is exposed to various stimuli, including microbial
infections, mechanical damage (fractures, cracks, thermal factors), and chemical damage.
This condition can cause cell apoptosis or necrosis, as well as microvasculature and stroma
damage, leading to the activation of inflammation and wound healing mechanisms. During
wound healing, mesenchymal stem cells are recruited to the site of injury to differentiate
into stromal cells and replace damaged cells. However, if severe inflammation occurs in
the dental pulp, the damaged cells cannot be effectively replaced or healed, a condition
called irreversible pulpitis. In this condition, endodontic treatment must be carried out to
remove the damaged pulp and prevent the spread of the damage [1–4].

Endodontic treatment involves partial or complete pulp removal (pulp extirpation)
and filling the empty root canal with artificial material. Even so, the endodontic treatment
causes the tooth to become more fragile, susceptible to caries and periapical infection and
more likely to fracture as the tooth losses its vitality due to the absence of blood supply
and innervation [5–11].

Polymers 2022, 14, 3712. https://doi.org/10.3390/polym14183712 https://www.mdpi.com/journal/polymers

https://doi.org/10.3390/polym14183712
https://doi.org/10.3390/polym14183712
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/polymers
https://www.mdpi.com
https://orcid.org/0000-0002-3688-6718
https://orcid.org/0000-0003-0439-3318
https://orcid.org/0000-0001-7970-1915
https://orcid.org/0000-0002-5846-1200
https://orcid.org/0000-0002-9045-7156
https://doi.org/10.3390/polym14183712
https://www.mdpi.com/journal/polymers
https://www.mdpi.com/article/10.3390/polym14183712?type=check_update&version=2


Polymers 2022, 14, 3712 2 of 13

Therefore, it is crucial to maintain the vitality of the pulp. A tooth without a viable
pulp loses its defense mechanism and regenerative ability, making it more prone to severe
damage and ultimately leading to extraction. Dentin-pulp complex reconstruction is an
ideal approach to restoring pulp vitality by using mesenchymal stem cell or progenitor
cells and signalling molecules added to the extracellular matrix to recover fibroblasts,
odontoblasts, endothelial cells and nerve fiber functions [8,10–14]. Stem cells can be
obtained from various tissues, including teeth, buccal mucosa, skin, fat, and bone [15,16].
The pulp of deciduous teeth, rich in stem cells known as stem cells from human exfoliated
deciduous teeth (SHED), is a promising, easy-to-get, and noninvasive source of stem cells
for tissue regeneration [17–21]. Not only do they have the regenerative ability to generate
dentin-pulp tissues but SHEDs also possess immunomodulatory and immunosuppressive
properties [20,22].

Scaffolds are 3-dimensional microstructural materials that provide a biological envi-
ronment and structural support to facilitate cell growth, desirable interactions, and the
formation of functional tissues [8,23,24]. One popular scaffold material is collagen. Col-
lagen is a natural extracellular matrix built from protein and abundant in hard and soft
tissues [23]. Collagen is biocompatible, permeable, and biodegradable, so it can function in
helping migration, adhesion, proliferation, and cell differentiation [8,12].

Growth factors are polypeptides that play a very important role in the signaling
process that occurs during tissue formation and regeneration of the dentin-pulp com-
plex [25,26]. In the dentin-pulp complex regeneration, several growth factors work together
through different signalling mechanisms, including Transforming Growth Factor-β (TGFβ),
Vascular Endothelial Growth Factor (VEGF),Bone Morphogenic Protein (BMP), Fibroblast
Growth Factor (FGF),Platelet-Derived Growth Factor (PDGF), and Nerve Growth Fac-
tor(NGF) [25,27,28]. Growth factors will bind to cell surface receptors that subsequently
induce cellular processes such as cell proliferation, angiogenesis, neovascularization, and
all important steps in the regeneration process [28,29].

Growth Factorplays a role in various stages of the healing process and tissue re-
generation, including cell migration, angiogenesis, and neurogenesis [26]. It can also
induce odontogenic differentiation through ALK5/Smad2/3, TAK1, p38, and MEK/ERK
signalling pathways, supporting cell proliferation and collagen formation [30,31].Tissue
engineering applications in endodontic treatment are expected to replace damaged or lost
tissue with new natural pulp tissue and reduce the use of artificial materials, making teeth
fully functional again [14].

2. Tissue Engineering (TE) in Endodontic Treatment

As mentioned before, one challenge in endodontic treatment is maintaining dental
pulp vitality and preventing tooth loss. Regenerative endodontics can overcome this hur-
dle [32]. According to the American Association of Endodontists, regenerative endodontics
is a procedure designed based on biological principles to physiologically replace damaged
tooth structures, including root and dentin structures, as well as cells in the pulp-dentin
complex [10,32–34].

There are two concepts in regenerative endodontics, namely [35]:(1) guided tissue
regeneration (GTR), also known as the revascularization or revitalization approach, and
(2) tissue engineering (TE), an interdisciplinary approach to repairing damaged tissue using
by combining three components: (1) cells (especially stem cells) capable of forming pulp
tissue, root dentin, and tooth-supporting tissues, (2) scaffolds to facilitate cell proliferation
and differentiation, and (3) bioactive molecules (generally growth factors) as shown in
Figure 1 [28,35–38].
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3. Stem Cells

Stem cells are unique cells that possess self-renewal and differentiation properties into
another cell type. Based on their differentiation potency, stem cells are divided into the
following groups [39–42].

3.1. Totipotent Stem Cells

Totipotent stem cells are stem cells that can generate all types of cells and tissues that
exist in organisms and can usually be obtained from embryonic stem cells (from embryos
1–3 days old). Totipotent cells have the highest differentiation potential and allow cells
to form embryonic and extra-embryonic structures. An example of a totipotent cell is the
zygote, formed after a sperm fertilizes an egg. These cells can later develop into one of the
three germ layers or form the placenta. After about four days, the cell mass in the blastocyst
becomes pluripotent. This structure is a source of pluripotent cells [35,43].

3.2. Pluripotent Stem Cells

Pluripotent stem cells are stem cells that can generate most cell types (over 200) and
tissues found in organisms and have the ability to differentiate into cells of ectodermal,
mesodermal, and endodermal origin. They can be obtained from a 5–14 day old blasto-
cyst [35,44,45].
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3.3. Multipotent Stem Cells

Multipotent stem cells are stem cells that can generate a limited number of cell and
tissue types depending on their origin. These cells can be obtained from cord blood, fetal
tissue and postnatal stem cells, including dental pulp stem cells [35,45,46].

3.4. Unipotent Stem Cell

Unipotent stem cells are stem cells that have the narrowest differentiation ability; the
can only differentiate into one cell type but are able to divide repeatedly [43,45].

3.5. Induced Pluripotent Cells

Induced Pluripotent Cells are pluripotent stem cells formed by the induction of multi-
potent cells or adult somatic cells with pluripotent factors such as Oct4, Nanog, Sox2, Klf4,
and C-myc [45,47].

There are two approaches to delivering stem cells into the root canal. The first approach
is cell transplantation, where autologous or allologous stem cells are applied directly to
the root canal. The major obstacle to this process is the immune rejection of allologous
stem cells. The second obstacle is cell homing, where stem cells are sent to the injured area;
this process is influenced by many factors, such as age, cell number, culture conditions,
and method of application. This condition involves the use of chemotactic factors such as
stromal cell-derived factor (SDF)-1 are injected into the site of injury to induce stem cell
migration from the periapical area to the root canal [27,48].

Based on their stage of development and origin, stem cells can be broadly classified
into [32,35,41,47]: (1) embryonic stem cells, which are stem cells derived from embryos,
mainly from blastocysts. These cells are capable of dividing and renewing themselves over
a long period; (2) adult stem cells, which are stem cells derived from postnatal tissue, can
be isolated from various body tissues, such as bone marrow, adipose tissue, encephalon,
epithelium, dental pulp, etc.

Tissue injury is always associated with the activation of the immune system or inflam-
matory cells, including macrophages, neutrophils, CD4+ T cells, CD8+ T cells, and B cells,
triggered by cell apoptosis, necrotic cells, microvascular damage, and stroma [40,49–51].
Mesenchymal stem cells can regulate specific and non-specific immune systems by sup-
pressing T cells and dendritic cell maturation, decreasing B cell proliferation and activation,
inhibiting NK cell proliferation and cytotoxicity, and increasing T regulatory (Treg) cell
formation [49,50].

There are two mechanisms of stem cell immunomodulation: soluble factor secretion
and cell-to-cell direct contact. Prostaglandin E2 (PGE2), indoleamine 2,3-dioxygenase (IDO),
nitric oxide (NO), interleukin-10 (IL-10), hepatocyte growth factor (HGF), and transforming
growth factor 1 (TGFβ1) are secreted factors that have immunomodulatory properties. The
cell-to-cell direct contact mechanism involves CD274 (programmed dead ligand 1), vascular
cell adhesion molecule-1, and galectin-1 expression. These molecules reduce effector T cell
proliferation and increase the proportion of regulatory T cells (Treg) [49,50,52].

Various stem cells can be found in teeth and their associate tissues, such as stem cells
from human exfoliated deciduous teeth (SHED), dental pulp stem cells (DPSC), stem cells
from the apical papilla (SCAP), periodontal ligament stem cells (PDLC), dental follicle
precursor cells (DFPC), dental papilla cells (DPC), dental mesenchymal stem cells (DMSCs),
and dental epithelial stem cells (DESCs). For pulp regeneration purposes, SHED, DPSC,
and SCAP have strong potential [35,41,53–55].

4. Stem Cells from Human Exfoliated Deciduous Teeth (SHED)

Stem cells from human exfoliated deciduous teeth (SHED) were first obtained by
Miura et al. in 2003. SHED expresses cell surface markers STRO-1, CD10, CD29, CD 31,
CD44, CD73, CD90, CD105, CD146, CD13, CD166, Nestin, DCX, -tubulin, NeuN, GFAP,
S-100, A2B5, CNPaseNanog, Oct3/4 and SSEAs (-3, -4) and does not express CD14, CD15,
CD19, CD34, CD45, and CD43 [41,56–59].
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SHEDs have two major advantages compared to other stem cells derived from dental
tissue: they are easier to gain through noninvasive procedures and have a high proliferation
rate [34,41,56,60,61]. SHEDs exhibit higher proliferation rates compared to dental pulp stem
cells (DPSCs) and bone marrow-derived mesenchymal stem cells (BMMSCs) [41,45,58,62–64].

SHEDs possess higher potential in forming dentin-pulp complex cells, namely osteoblasts,
chondroblasts, adipocytes, endothelial cells, nerve cells, and odontoblasts [57,58,65–67]. The
ability of SHEDs to differentiate into odontoblasts is characterized by the expression of
dentin matrix protein-1 (DMP-1) and dentin sialophosphoprotein (DSPP) [45,58]. DSPP
induces stem cells to odontoblast differentiation through SMAD 1/5/8 phosphorylation
and nuclear translocation via the P38 and ERK1/2 pathways. DMP-1 involves maintaining
dentin mineralization [68,69].

As for the potential for neural regeneration, SHEDs show more intensive expression
of neural differentiation markers than DPSCs, such as b-III-tubulin, and nestin, in neural
induction cell culture [37]. SHEDs are also able to increase the angiogenesis process by form-
ing vascular connective tissue structures and expressing and synthesizing VEGF [70].This
ability is crucial to maintaining pulp viability as it can supply oxygen and nutrients needed
for cell metabolism for tissue regeneration [71].

SHED also functioned as an immunomodulator by suppressing T helper 17 (Th17) cell
function and upregulating CD206+ M2 macrophages [57,62]. SHEDs are able to induce
the secretion of proinflammatory cytokines, such as interleukin 1b (IL-1b), interleukin
6 (IL-6), interleukin 10 (IL-10), and tumor necrosis factor- a. SHEDs are also capable of
inhibiting lymphocyte CD178 expression, suppressing the proliferation of lymphocytes,
and decreasing the secretion of IL-4 and IFN-g while sequentially increasing the number of
T-reg cells [37,72,73].

5. Collagen Scaffold

Scaffolds are required for regeneration or tissue engineering to facilitate cell growth
and functions in the transplanted area [74–76]. Interaction of the cell with the extracellular
matrix influences many signalling pathways that change cell behaviours, i.e., adhesion, pro-
liferation, and differentiation [76,77]. Scaffolds can be made of both natural and synthetic
materials. Nanoscale proteins are the primary natural scaffolding materials. Nanoscale
proteins include collagen, fibronectin, and vitronectin. Synthetic polymers are popular
materials because they are biocompatible, biodegradable, mechanically stable, and can be
designed in a variety of compositions and shapes [77,78]. These properties enable polymers
to biologically affiliate and mimic the natural cell-extracellular matrix [76,79]. Natural
scaffolds, such as collagen, have better biocompatibility, whereas synthetic polymers can
be controlled for their physicochemical properties, such as their solubility, microstructure,
and mechanical strength [76,79].

Nanofibrous scaffolds are more popular than microfiber scaffolds due to their high
surface area, interconnected porosity, and positively stimulating extracellular cell-matrix
interactions [76]. Nanofibrous scaffolds are made by three methods, namely electrospin-
ning, self-assembly, and separation phase [77]. Electrospinning is the tissue engineering
application method most frequently used to synthesize collagen or synthetic scaffolds
and/or transport systems for drugs [76].

Collagen is a hydrogel material with high biocompatibility, viscoelasticy similar to soft
connective tissue, the ability to transport nutrients and waste, uniform cell encapsulation, in
situ gelation ability, and compatibility to be modified by biofunctional molecules or growth
factors [80]. Collagen contains arginine-glycine-aspartic acid (RGD) adhesion ligands,
which enable cell-biomaterial interactions, leading to cell adhesion [75]. Collagen matrices
are compatible with dental pulp stem cell proliferation, adhesion, and differentiation, as
shown by the formation of capillary-like microvessels [76,81,82]. Two commercial injectable
scaffolds, self-assembling peptide hydrogel and rHCollagen type I, were evaluated. It was
found that both of those scaffolds promote SHED cell survival, and when injected into the
root canal, these materials promoted odontoblast putative marker expression [83].
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Different collagen materials have been compared, such as collagen type I and III,
alginate, and chitosan, generating a good result in the proliferative and mineralizing
activity of type I collagen. After implanting these cells, the formation of vascularized
pulp-like tissue, odontoblast-like cells, and new dentin is produced. SHEDs adhere to PLA
cells in dentinal discs [80].

Collagen is a biocompatible material that can be degraded by enzymes; however,
natural polymers are difficult to produce and may transmit pathogens from animals (as they
are usually produced from animal products) or stimulate an immune response. No scaffold
materials have ideal structures and properties that totally resemble natural extracellular
matrix as natural ECM comprises complex architecture made up of structural proteins
(collagen and elastin), specialized proteins, and glycosaminoglycans. This architecture
provides not only structural support for tissue but also a selective dynamic environment
that is remodeled via biochemical signals to direct cellular responses [84]. A scaffold
should combine the best properties of biomaterials and be as close to the physiological
environment of the ECM as possible [80].

6. Growth Factor as Regulator

Regulating molecules are required for SHED to generate endothelial cells, odontoblasts,
and neurons that will form the dentin-pulp complex architecture [71,85,86]. They work in
signal transduction pathways to regulate cell proliferation, migration, and differentiation
into specific phenotypes. BMPs, PDGF, FGF, TGF, EGF, and IGFs are the most common
WNT proteins [87–89].

VEGF stimulates SHEDs to undergo endothelial cell differentiation. In an experiment
described by Annibali (2014), SHED was incubated in an endothelial cell growth medium
(EGM-2MV). This medium contains ascorbic acid, hydrocortisone, rhEGF, FBS, R3-IGF-1,
rhbFGF, rhVEGF, and VEGF [71,85]. MEK1/VEGF/ErK, Wnt/VEGF/-catenin, and Notch-
EphrinB2/VEGF-DLL4 signaling pathway regulation in response to VEGF stimulation
and the expression of VE-Cadherin (endothelial markers), VEGFR2, and CD31 increased
dramatically [71,85]. Furthermore, the endothelial-like cells generated by SHEDs could
anastomose with the host vascular network, which was demonstrated by an experiment
using LacZ tags and galactosidase staining [85].

Odontoblast differentiation was observed after BMP-2 stimulation. This regulatory
molecule involves the production of tubular dentin, odontogenesis and morphogenesis.
Dentin sialophosphoprotein (DSPP) marker will be abundantly expressed for this dis-
tinction [85,90–92]. The production of DSPP is also influenced by two catalytic subunit
signaling complexes that target rapamycin complexes 1 and 2 (TORC1 and TORC2). TORC1,
which is also required for protein synthesis and translation, regulates and directs cell cycle,
growth, and proliferation. Suppression of TORC1 prevented mineralized matrix deposition,
which also severely limited the synthesis of DSPP. TORC2 influences both cell survival and
cytoskeleton rearrangement. Inhibition of TORC2 promoted mineralization [85,93].

SHED culture in DMEM supplemented with vitamin D3, ascorbic 2-phosphate, dexam-
ethasone, and glycerol phosphate resulted in the expression of odontoblast-specific genes,
DMP1 and DSPP. Culture also showed mineralized matrix as visualized using Alizarin
red [85,94].

Different techniques for isolating SHEDs revealed various traits for odontoblast differ-
entiation. Despite having functioning odontoblast phenotypes, SHEDs isolated by direct
outgrowth showed a decreased rate of mineralization and abnormal cell elongation and
polarization due to the vertical orientation of the cell body alongside the dentin-like matrix.
SHEDs isolated using enzymatic dissociation quickly formed mineralized tissue and kept
their spindle-shaped morphology [85,90]

In immunocompromised mice, the ability of SHEDs to develop into odontoblasts was
examined. The dorsum of subcutaneous tissue was implanted with ceramic tricalcium
phosphate/hydroxyapatite (TCP/HA) powder and SHED combinations [85].
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This resulted in the formation of dentin-like structures. However, the transplant could
not form a complete dentin-pulp-like complex. Only 25% of the clones from one of the
colony-derived SHED strains transplanted were found to produce ectopic dentin [85].

In another study, slices of extracted third molar teeth were used. To create a porous
biodegradable scaffold, poly-L-lactic acid was used to fill the pulp chamber, which was
in close contact with the predentin layer. After 1428 days, cells adjacent to the predentin
exhibited an active dentin-secreting odontoblast. DSP was also expressed. The cell nuclear
location is thought to be polarized eccentrically. The cells displayed cell-cell gap junctions,
a well-developed rough endoplasmic reticulum, the Golgi complex, and a large number of
vesicles [85].

SHEDs have also been confirmed to be able to develop into neurons. Several neu-
ronal markers, including glutamic acid decarboxylase (GAD), III-tubulin, nestin, 2′,3′-
cyclic nucleotide-3′phosphodiesterase (CNPase), tyrosine-hydroxylase (TH), polysialylated-
neural cell adhesion molecule (PSA-NCAM), and glial fibrillary acidic protein (GFAP) were
expressed by SHED-derived neurons.10–12 Several cytokines, including FGF8, SHH, bFGF,
and GDNF, influence SHED neuronal regeneration [86,95,96].

FGF8 is responsible for the dorsalization of the anterior neural tube [96]. The notochord
secretes SHH during development to induce a general ventral cell destiny in order to
generate floor plate and motor neurons. bFGF acts as a proliferation and differentiation
regulator. After five days of culture on poly-L-lysine coated dishes without serum, the
cells rapidly lost their mesenchymal appearance and took on a more neuronal appearance,
including neurite-like outgrowth. Continued injection of SHH/FGF8 generated neurons
with developed and extended axon- or dendrite-like structures [85,96].

Upregulation of lncRNA C21orf121 and the downregulation of miR140-5p aid in the
differentiation of SHEDs into neuronal cells. lncRNA C21orf121 prevents BMP2 from
binding to miR140-5p, which subsequently increases BMP2 production and promotes
SHED neurogenesis [86,97]. Table 1 shown several researches that have been conducted
using tissue engineering technology in pulp regeneration.

Table 1. Stem cells for dental pulp regeneration [83,98–110].

Article
(Author, Year) Type of Stem Cell Type of Scaffold Types of Studies Evaluation

Technique Outcome

Cordeiro, 2008 [98] SHED Poly-L-lactic acid
(PLLA) In-vivo (mice)

Transmission electron
microscopy and im-

munohistochemistry

Odontoblast and endothelial-like
cells can be differentiated

from SHED

Demarco, 2010 [99] DPSC Poly-L-lactic acid
(PLLA) In-vivo (mice) Immunohistochemistry

Differentiation was determined by
evaluation of

three putative odontoblastic
markers (DSPP, DMP1, and MEPE)

Kodonas, 2012 [100] DPSCs

- Type I atelocollagen
honeycomb sponge
(organic)
- PLGA (synthetic)

In vivo (mini-pigs) Histological and im-
munohistochemistry

The formation of new organic
matrix deposits and
odontoblast-like cell

differentiation occurred.

Rosa, 2013 [83] SHED
- Self-assembling
peptide hydrogel
- rhCollagen type I

In vivo (mice) Histological and im-
munohistochemistry

Differentiation and proliferative
activity to form microvessels and

cellular density, expressed
odontoblastic differentiation

markers(DSPP, DMP-1, MEPE).

Wang Y, 2013 [101] DPSC Gelfoam In vivo (dog) Radiographic and
histologic analyses

Generating pulp-like tissues
containing dentin-like tissue and

blood vessels.

Iohara K, 2014 [102] DPSC Atelocollagen In vivo (dog) Immunohistochemically
evaluated

Regenerated pulp-like loose
connective tissue with vasculature.

Odontoblastlike
cells attached to the dentinal wall,
angiogenesis and re-innervation
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Table 1. Cont.

Article
(Author, Year) Type of Stem Cell Type of Scaffold Types of Studies Evaluation

Technique Outcome

Qu, 2014 [103] DPSC
- NF-gelatin/MgP
- NF-gelatin

In vitro
In vivo (mice)

Immunohistochemical
X-ray
SEM

ALP activity

NF-gelatin/MgP act better as
scaffold than Nf-gelatin

Murakami, 2015 [104] DPSCs/BMMSCs/
ADSCs Atelocollagen In-vivo (dog) Immunohistochemistry

Neovascularization occurs, and
nerve fibers form in the regenerated

pulp tissue. The MDPSC
transplantation showed a higher

area of vascularization and
innervation compared to the

MBMSC and MADSC.

Y. S. Kwon, 2015 [105] DPSC
Collagen hydrogel

scaffold cross-linked with
cinnamaldehyde (CA)

In vitro

Real-time polymerase
chain reaction

(PCR) gene
expression analysis

Cross-linking of collagen scaffolds
with CA is a new strategy for

regenerative endodontic therapy
regarding hDPC attachment,

proliferation and differentiation.

Piva, 2017 [106] DPSC Medical-grade
poly(L-lactide) (PLLA) In vivo (mice) Histology and Im-

munohistochemistry
Capable of differentiating into

endothelial cells,

Widbiller, 2018 [107]
Extraction of
dentin matrix

protein (eDMP)

- Custom-made fibrin
from fibrinogen and
thrombin
- Fibrin sealant
- Self-assembling
peptide (SAP)
- Plasma rich in growth
factor (PRGF)

In vivo (mice) Histological and im-
munohistochemistry

eDMP + fibrin and fibrin sealant
increased tissue formation than

PRGF and SAP

Chang, 2020 [108] DPSC Autoclaved treated
dentin matrix (a-TDM)

In vivo (mice
and goats)

ALP activity
spectrophotometer

immunohistochemistry

a-TDM + DPSC effective in
proliferating and differentiate

Chen H, 2020 [109] DSC Matrigel In vivo (mice) H&E staining Microvessel formation, which
resembled the natural pulp tissue.

Jang JH, 2020 [110] DPSC

- Gelatin (GM)- based
hemostatic hydrogels
(GM)
- Fibrin-based
hemostatic hydrogels
(FM)

In vivo (mini- pig) Radiographic and
histologic

- GM: absence of periapical
inflammation and newly formed
tertiary dentin with apex
maturation
- FM: exhibited higher incidences of
inflammatory changes (periapical
radiolucency and internal root
resorption).
- Showed microvasculature and
odontoblastic layers

7. Dentin Pulp Regeneration

Dentin pulp regeneration aims to revitalize necrotic, infected, or lost pulp teeth by
restoring the morphology and function of the pulp. Ideal pulp regeneration should possess
natural structures such as nerve fibers and blood vessels, allowing nutritional, defense,
sensation, and immunological functions to be restored [10,111]. Growth factors, scaffolds,
plasma, or other associated cells such as dentin/odontoblasts, fibroblasts, or endothelial
cells may provide regenerative signals in this regeneration process, resulting in cell migra-
tion, proliferation, differentiation, angiogenesis and extracellular matrix deposition [28,112].

Endothelial cells differentiate into mesodermal precursor cells (angioblasts) during
vasculogenesis, whereas new blood vessels are formed from previously existing blood
vessels during angiogenesis. VEGF is the main regulator of angiogenesis and can also
increase vascular permeability [28,113]. FGF, another growth factor with an angiogenic
role, can attract DPSCs to migrate and proliferate [28]. PDGF can significantly boost cell
proliferation, angiogenesis, and odontoblast differentiation [114,115]. BMP7 promotes the
formation of dentin (dentinogenesis) [116].

Nerve growth factor (NGF) plays an important role in the nervous system’s growth,
differentiation, and defense mechanisms by preventing apoptosis and reducing neuronal
degradation. NGF expression is typically increased in damaged and developing teeth; this
growth factor promotes the proliferation of sensory and sympathetic nerve cells [28]. NGF is
also involved in the processes of angiogenesis by inducing VEGF upregulation. NGF binds
to tyrosine kinase receptor (TrkA) on the cell surface, resulting in TrkA phosphorylation
and activation of multiple signaling pathways, including PI3K/Akt, Ras/Raf/MEK/ERK
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1/2, and PLC/PKC. Activation of each of these pathways results in a variety of biological
functions, including the prevention of apoptosis [117–119].

In this review, we focus on regenerative endodontic treatment using SHED, collagen
scaffold, and growth factors to regenerate dental pulp tissue through tissue engineering
technology. The concept of tissue engineering is expected to answer the challenges in
dentistry in maintaining the vitality of the dental pulp. Various studies and research are
being continuously carried out in order to obtain the best strategy in tissue engineering
and regenerative endodontics. This is achieved by understanding the behavior of cells,
the suitability of the material with the scaffolds, as well as the growth supporting factors
for each specific tissue or organ to be created; these factors are the keys to the success of
tissue engineering.

8. Conclusions

In responding to the challenges in dentistry to maintain pulp tissue and prevent
tooth loss with irreversible or necrotic pulpitis, regenerative endodontics utilizing tissue
engineering technology can be developed. In this technology, the utilization of SHEDs,
which have excellent potential with high proliferation speed and ability to differentiate
into various cell-forming dental pulp cells, collagen scaffolds as a medium for cell growth
and function, and growth factor as a regulator can be utilized to repair and regenerate pulp
tissue by regenerating pulp tissue naturally to be fully functional again.
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