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During the past two decades, immobilization of titanium dioxide (TiO2), a well-known photocatalyst, on several
polymeric substrates has extensively gained ground since it limits the need of post-treatment separation stages.
Taking into account the numerous substrates tested for supporting TiO2 photocatalysts, the use of biodegradable
polymer seems a hopeful option owing to its considerable merits, including the flexible nature, low price, chemical

inertness, mechanical stability and wide feasibility.

biodegradable polymers titanium dioxide immobilization photocatalysis

wastewater remediation

| 1. Introduction

Water contamination by organic compounds and metals has been outlined as one of the major global problems
nowadays. In fact, due to their non-biodegradable nature, these harmful compounds remain for long time periods
after their discharge into the environment, thus being characterized as persistent contaminants. Several techniques
have been explored to remove these pollutants from water, including adsorption and photocatalysis, which
comprise attractive and eco-friendly approaches. The nano-sized titanium dioxide (TiO2) is a famous photocatalyst
among the metal oxides, due to its excellent efficiency, low price, physicochemical stability, extensive disposal,
safety, and non-corrosive behavior. It has three crystal forms, anatase, rutile and brookite, while the first presents
the most effective photocatalytic performance. Nevertheless, due to the challenges that arise from the very small
particle size and the unfeasible reusability of the particles, including the post separation and recovery of the
photocatalytic particles after water or wastewater treatment, the need of TiO2 immobilization is crucial & (Figure
1).
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Figure 1. A brief illustration of the main synthetic routes fabricated for the immaobilization of TiO2 nanoparticles onto

synthetic

biodegradable polymeric substrates for the photocatalytic degradation of organic pollutants.

2. Biodegradable Polymers Combined with TiO2 for
Enhanced Photocatalytic Activity

2.1. Natural Biodegradable Polymers

2.1.1. Chitosan (CS)
Synthetic and Characterization Routes

A biodegradable polymer that has been widely explored in green pathways for waste remediation and
photocatalytic activities is chitosan (CS). It is a linear polysaccharide and one of the most abundant biopolymers in
the nature, with biodegradable, biocompatible and non-toxic character, derived from the deacetylation process of
chitin, found in the exoskeletons of crustaceans and arthropods. Enzymes, such as chitosanase or lysozymes, are
known to degrade chitosan. Its low-cost and the several versatile properties that chitosan possesses, render this
polymer as an ideal candidate for environmental remediation purposes. Since CS is a great supporting material for
the dispersion of TiO2 nanoparticles, CS/TiO2 is one of the most investigated composite photocatalysts, while their
synergistic effects between them have also been studied. The immobilization of TiO2 in CS films has been widely
investigated since it can be easily obtained owing to the miscibility between CS and hydrophilic TiO2. Chitosan
contains in its structure amino and hydroxyl functional groups which act as coordination sites to form complexes
with metals and several compounds, boosting by this means the effective removal of pollutants with special
selectivity. However, the immobilization attempts require strong affinity between the TiO2 and the substrate, and
thus, cross-linking processes with the aid of several alkaline agents (e.g., NaOH) are often selected [&. A brief

description of the studies reported herein for CS-supported photocatalysts is presented in Table 1.

Table 1. Summary of the chitosan-supported TiO2 photocatalysts enclosed in the presented literature.
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. Bergamonti, L.; Bergonzi, C.; Graiff, C.; Lottici, P.P.; Bettini, R.; Elviri, L. 3D printed chitosan

scaffolds: A new TiO2 support for the photocatalytic degradation of amoxicillin in water. Water

Res. 2019, 163, 114841.

. Morlando, A.; Sencadas, V.; Cardillo, D.; Konstantinov, K. Suppression of the photocatalytic

activity of TiO2 nanopatrticles encapsulated by chitosan through a spray-drying method with
potential for use in sunblocking applications. Powder Technol. 2018, 329, 252-259.

. Erim, B.; Cigeroglu, Z.; Bayramoglu, M. Green synthesis of TiO2/GO/chitosan by using leaf

extract of Olea europaea as a highly efficient photocatalyst for the degradation of cefixime
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Biodegradable Polymeric Matrix Photocatalysis Parameters. Ref. 10l
Degradation
No Polymer TiO2 Dobant Immobilization Morpr:tr).:eogy gt Type of (Target) Light Source Efficiency
" Substrate Precursor p Technique Pollutant 9 (Time
Photocatalyst .
Required)
. /ave
Loading algae
cellsonthe ) e TiO2/Ag 500 W rd
TiO2 TiO2/Ag €S hybrid halogen 91-25%
8 CS+PVA Ag hybrid Y ) Cr(VI) removal 9 7’ @ 18-29.
(anatase) ! nanofiber tungsten lamp, (180 min)
nanofiber mat
membrane A > 400 nm
prepared by ar
electrospinning ~
| o n. Eng.
ncorporate
) . S . Cr(V1), As(V), 4xUVlamps, o -
9 CS+CA T|02' SWCNTs + inorganics into Comp.osne Methylene blue 30 W and A = 99% (40 [10]
nanoparticles Fe304 electrospun nanofibers 60 min)
) and Congo red 365 nm
nanofibers .
1 o L S o o , . lesis of

-

cellulose acetate/chitosan/SWCNT/Fe304/TiO2 composite nanofibers for the removal of Cr(VI),
As(V), Methylene blue and Congo red from aqueous solutions. Int. J. Biol. Macromol. 2019, 140,
1296-1304.
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ZabihiSahebi et al. 29 reported on the formation of cellulose acetate/chitosan/single walled carbon

Ixd¥ebasnedidianimaitei ¥ WENcBalaiswcismalis O4rridAy RlRe Mefs  iidfHe Nefrdval i metals and
dyes: FiéteM; 1 Bnfbira MG IFRSBERY Rl harar i Slrrahie GRpLLAsRdreISS T NoARRER R trix.

nanocomposite membrane fabricated from recycled newspaper with photocatalytic activity under
An d¥daiodavistbis |ighhyradﬂaﬁ@@e®ﬂem. degrobpadiliy 23An02-dilb CS as polymer nanofiber mat was
9
1%’”Fag¥%%é’éfe‘ﬁ’aﬂﬁ HBliserf REBT20! ESdA ™ ERILE Sr oS IPARIER 8 A HEt e N & SIS IPBfEd
S A GELA, P RN TR 4 eiged or e

B SRR o0 P L SR So2 5109850 the conduciy o e poymer

solution and though the electrospinning efficiency of CS solution was improved. TEM images implied that the Ag in

IftuHBmted hdndpafttReGvele/hBifEEHRIGRINERMRBARB R SIS RRRIKIGHEAMBRARES HE5DGbi Ak
addRARY) CRUIREEHTHRSIGNSEMIBEANPARSH SRR AN PRI GE tfcClitiRSf1aale 2Re GR%0-

deg@g@cqron of the algae-cells on the surface of the prepared mats.

https://encyclopedia.pub/entry/13057 4/11



Biodegradable PolymerSupported Titanium Dioxide Photocatalysts | Encyclopedia.pub

18. Ullah, S,; ﬁya, J.J.S.; Pasa, AA.; Bi ' : ! ' : ilho, U.P.
Photoactiv er-by-layer filn ] ntaifin
phosphotungst '

19. Wittmar, A. 2 ., Ulladig . C porol - cellulose -" rospheres

HV " : . -
20. Li, Y.; Pan, Y.; Zhang, B.; LIU . Adsorption and photocatalytic activity of Cu-doped cellulose
nanofibers/nano-titaniu iferent types of dyes. Water Sci. Technol. 2020, 82, 1665—

1675.

21. Lan, Y.; Yu, M.; He, D.;

J. Colloid Interface S *'LH""'F"

s
G et

22. Nouri, L.; Hemidouche, € BREMIAR48 R aouah, F.; Sadadlllz.; Bachari, K. Elaboration and
characterization of photobiocomposite beads, based on titanium (IV) oxide and sodium alginate
FigbiepalyfaerSihebadic Blustrdtiondsbgecriphiotoatayptiord edmadatioiheist. geriiatiavideyrosivalle202€xle
eledtBlbpéBirg4 (c) demonstration of large-scale nanofibers mat and (d) scheme modeling the preparation of algae

decorated TiO2/Ag hybrid nanofiber membrane. Reprlnted with perm|SS|on from (&
23. Nawaz, M.; Khan, A.A.; Hussain, A.; Jang, J.; Jung, H.Y.; Lee, D.S. Reduced graphene

ph8’é&d€a&£i%é59%‘#3}ﬂl%‘é‘ée 3-dimensional structure aerogel for enhanced photocatalytic
degradation of ibuprofen and sulfamethoxazole. Chemosphere 2020, 261, 127702.

A BSTEE CRCSIES SRR NEE P ST el S PO mat sy

i 5 e s S o bl il iy chiosar
based materials were used in photocatalytlc experlments such as films, bilayers, 3D prlnted scaffolds and fibers.
2kndoddr iripbiedht @ctSuiB  the M SNy SiiRRgert nhdterMis (2@, ik proRcblyERNCMo A Zrleinadysts
we@méﬁef&ewlé/@léd“q}\/%@iWé@&ﬂfys%mgt@ﬂ[é@ angh veastavtesdamedighiendfiltarsiccr@aigom the
phd?&rétaﬁﬂgacaﬁﬁpwh@orae{’sg@eﬂaﬂer the second cycle in most of studies. Nevertheless, Bahrudin et al.

2BV YRR MIRNRICAEIEAIIAN Ay RINA CEBRERWY A A WASHY Eih  RH BB Stb CRalfirc ity &g Was
ettt PobIaIeSrAlEPIUE D IR T S SO HYIRTRY WA i YIS BRI ASIYIRA N M SuBIRig dBRggldition
of '\@aTBSﬁWt‘%@ert?B%?ﬁ &’é?‘i@'ﬂﬁ'f@fecr in charge separation of TiO2. Thus, these bilayers performed a

higher photocatalytic performance in degradation of MO dye.
27. Papageorgiou, S.K.; Katsaros, F.K.; Favvas, E.P.; Romanos, G.E.; Athanasekou, C.P.; Beltsios,

2.12CcelhpdgeO.1.; Falaras, P. Alginate fibers as photocatalyst immobilizing agents applied in

hybrid photocatalytic/ultrafiltration water treatment processes. Water Res. 2012, 46, 1858-1872.

Synthetic and Characterization Routes
28. Khodadadi, B. Facile sol—gel synthesis of Nd, Ce-codoped TiO2 nanoparticle using starch as a

Celgiesn imanhfler Bincioticabiopicedtdne poteiCatabpbidebeitavionsolys@Boh&iekScindeohgreht 2016d8We
in Nn&@8e8Mtomprises a linear chain with multiple hydroxyl groups able to form hydrogen bonds with other oxygen
toms op the nearby polyme ain. Biodegra tl fc ulpse is achieved either by e tic oxi tlon |th
28 Uin, B Ritan V\PE.UWL - PG %}%ngaf%v féeyn'ﬂfy% g
per%]dase emitt Y T gh or tL)Iy bac}era CeIIquse and its atives, such ?arboxymet él cellulose
sico-mechanical and structura aracteristics o starc yV|ny alco 0| nano-titani

ceIIB 08'([30 Q%R/t%% naglr}rd“ grco ?cg?r\]/gobs?{aen fhlsed rlma d)_yl £% 6e|n;8 Afegﬂn £|t materials owing to its excellent

https://encyclopedia.pub/entry/13057 5/11



Biodegradable PolymerSupported Titanium Dioxide Photocatalysts | Encyclopedia.pub

3bebdhanicandyh8nScalMahd KalsyidhHpyadbanigsZidr; dyvtaraamdemebdl; hieginbl. forGeedrnsyethasieoidiation
purpe@seporous anatase TiO2 nanoparticles and their photocatalytic activities. RSC Adv. 2017, 7,

48083-48094.

Concerning the Lg)per layer comcr)risinsq of TiO2-nanoparticles, it was clearly that it acted as a Ehotocatalytic surface

3f1. Wagmadde,_ K., Gaikwad, G.S.; Zodape, S.E’.; Pratap, U.; Maldhure, A.V.; Wankhade, A.V.L.

or the degradation of various contaminants (Figure 3). o o o o _
Temperature synthesis of pure anatase carbon doped titanium dioxide: A. efficient visible light
active photocatalyst Low tempepature-synthesis-of-pure-anatase-carbon-doped-titaniun dioxide:

An efficient visible light active p 1otoca¢aly§'lf.°'m5te;;_ SCi. Semicond. Process. 2017, 63 18-24.

32. Toor, A.P.; Yadav, N.; Wanchoo,|R.K. arf®ement'th photocatalytic activity of nano-TiO2
photocatalyst by carbon doping| Mater. $ci.#prum 2@5’7‘?’271‘—‘284. s

33. Bobirica, C.; Bobirica, L.; Rapa,|M.; FE?E%U, AMLQIGECT, G, Rhotggatalylic
degradation of ampicillin using RLA/F)2 hybei angm)ers cogt_g‘d‘on—diﬁerem types af fiberglass.
T

Water 2020, 12, 176. R
34. Eleftheriadou, bulaul, A-—Peapageorgiou, #.; Lambropoulou, D. Development of
novel polymer SROCOAPE RGO/ TIO? filds, based on poly(L-lactic acid) for

8. Cellulose membrane

35. Evgenidou, E.; Ofrydopoulou, A.; Malesic-Eleftheriadou, N.; Nannou, C.; Ainali, N.M.;
PO R UHBR . MEGa I, BENTRYBAE R RO HSSBLBES A TR ARG Mnfl0Au celluose
mefpRrRES RS T AT ASIRaR RRRURTed WL R sROBRI R BRSSP olyester-TiO2 films: Identification

of intermediates and toxicity assessment. Sci. Total Environ. 2020, 741.
Photocatgiyglc Fer?ormancey

36. Xie, J.; Hung, Y.C. UV-A activated TiO2 embedded biodegradable polymer film for antimicrobial
Ge%‘@d %érl}%{%mdrg%MBE\?%ﬁphLW%MSthﬁGU%'Pi Spfﬂulose destined for the fabrication of photocatalytic

membranes, it was shown that various pollutants were targeted for the examination of their possible removal. The

ey of RS eEidRANAG A oot HROWRA M BMaNIQlRy, R ATIRIGRIO rLadrlie Bl Hace:
2BRUAIHINGHRNIET e BRIIGRSIORBRAIARHIALLIG AEHLY Qoo YRHE MY HRYElcQalnO D BIP&ThH Rt
Wer%oéégﬁémgﬁd&% ﬁ@{?'ébﬂ%% 'aﬁﬂf&?s%é ﬁ&&%\vhﬁe]tﬁg"ﬁ 7|ati0n time ranged from 10 to 180 min (22
I ey P2 Brthermpsmpter Rigaxc: RAIMTENIDRIE BXplared! wits yeriaAtiaing results. Phenol,
benzgaracrvicaioflidi TROZE bR &Y USTAgSHIpA ciRIBEIN dsaemRite. Johlpsiadiaipm. weie their
degpadaionzdficieyey rangesl between 70% and 90% [16], [13] after 180-360 min of treatment. Moreover, other toxic
pollutants were examined such as stearic acid, Cré/l), and cyanotoxins microcystin-LR or cylindrospermopsin with
39. S(’jkrgen, M.: Tatlidil, I.; Bregs, ¢o.; ]Cleog% ., Buruk, C.K.; Sivlim, T.; Akkan, $. A new nano- |(R%
remarkablée photdcatalytic’ results LILAM8I “Coticerning the photocatalytic substrates, various matrices of cellulose
|mn]0blllzed blgdegradablen%og/mer _thh Pelf-cleanlng roperties. J. Hazard. Mater. %011, 18b7.,
materia \/2vere tested such as membranes, films, fibers, and m g%etc macrospheres. Regarding the reusability of
cell:b%gg n?aStériaI in photocatalysis, the synthesized composites were tested for three to six repetition cycles, and
46% EardylShé pheectdlyticidhaeKadanonwdPexbibitiddSgpheatabilitfeong, S.Y.; Cho, C.R. Enhanced
photocatalytic activity of TiO2-incorporated nanofiber membrane by oxygen plasma treatment.
2.1i3iAlginateiMalo11, 519, 6899-6902.

48ynthéticland. CharacterizatiouRvutesng, X.; Shi, X.; Deng, H. Incorporation of rectorite into
porous polycaprolactone/TiO2 nanofibrous mats for enhancing photocatalysis properties towards

https://encyclopedia.pub/entry/13057 6/11



Biodegradable PolymerSupported Titanium Dioxide Photocatalysts | Encyclopedia.pub

Algioegarscaciyayal laitio aniSoim polgs &bohante) .n240419, debiy&@-H#68h the cell walls of algae. In recent years, the
49" H 801 SRR, RP e R N RS BRSSP glBH, 2B AR R 1 e
PreShe £V SO Y RY U HES2 RSB ARSI c AT e e PSS REIERBS (e erectve
renﬁ’v&ll_?%éqkanﬁms) as a multifunctional material for SERS, photocatalysis and antibacterial

applications. Ecotoxicol. Environ. Saf. 2020, 188. _ _ .
Gelaplgn techniques are commonly chosen ?or %e preparation of alginate-based photocatalysts. Within an

4i8n&iwlive, o\ kbalppGe &ltin 3L icpaitdd. oS thknsemhbsisToD2 houyahilikgahitz e gradalpée idlyimeo bdized
Tiophadoopsatiytes remavadrblchiogo pbianslp¥ateshAioc Sall ol ahalidl 20228039 Easd 4eparation after

TR RSB S R0 SnISTRr Wi ilption (echrigpe yas, employed, with CACQ3 pr NafCPR, gas forming
200 e e B G B oAb o BT Foh U F B N SR O s 98 Kemoval of

Textile Dyes. Fibers Polym. 2018,

u} Seulners algmale {Akg) = Ol Nal BTN, « TED,

45. Kreetachat, T,, Kenate, J..Suwa _ by sol-gel
method in VOCs photocatalytic deg raied 1/E ._ B (390 B2 556.

O = DT

46. Pelaseyed, S.S'; Hosseini, H.RM.;

nanocomposite sca . for.biome
properties. Biolmpacts-2020, 11, 4

igkRIAa S SHONRVRR ioNadRle ridlonRarhkeys hMetiibRGHIRaJRYEd Mateliaty &g @ayed and
NafiydroXypHiviae) Hifd AR S ssadHithdasas AligomeareiRYrORIRINE)Yloating TiO2/CaAlg beads
witte LS TRRPHNAYEIRFAIGRRIQYIND BN i BfegRat A aermol. Biosci. 2013, 13, 707-716.

Retrieved from https://encyclopedia.pub/entry/history/show/30735
Photocatalytic Performance

flantibacterial

Getting an insight into bibliography of alginate-based materials with combination of TiO2 nanoparticles, it is
observed that they were used for various applications, such as the photo-degradation of common dyes (MO, basic
blue 41, tartrazine, RhB), removal of pharmaceuticals (ibuprofen, and sulfamethoxazole), and other organic
compounds (2-naphthol). Moreover, alginate-TiO2 nanocomposites were used in different morphologies including
fibers, membranes, hydrogel spheres, and papers. The irradiation was carried out under two main sources, UV

light or sunlight for a time range between 45-340 min. Photocatalytic materials based on alginate showed a high
recyclability with a range of 3—7 cycles [221[211[23][24][25][26][27]

2.1.4. Starch
Synthetic and Characterization Routes

Starch is a renewable material with biocompatible and biodegradable nature, low cost and high abundance, and
due to this positive profile, it has been widely explored in food, textile, packaging as well as pharmaceutical
industries. It mainly consists of amylose and amylopectin, while one of the most challenging chapters concerning

its use is its dissolution since the strong inter- and intra-molecular hydrogen bonds and its semicrystalline nature
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with double helices, require strong polar systems. Biodegradation of starch can mainly proceed via hydrolysis at

the acetal bonds by enzymes.

Photocatalytic Performance

Regarding the literature of starch-based TiO2 materials for the removal of different pollutants from wastewater
through photocatalytic process, it was noticed that researchers mainly focused on MB and rhodamine B (RhB)
dyes removal, widely used in textile industry. In most studies UV light and/or sunlight radiation was employed for
the degradation of different initial concentration of dyes, ranging from 4 to 50 ppm [28122BABLBE2] The removal of
contaminants ranged within 94—-100% in most of the cases, and treated solutions were exposed to irradiation for 90
to 360 min.

2.2. Synthetic Polymers with Biodegradable Nature

2.2.1. Poly(Lactic Acid) (PLA)
Synthetic and Characterization Routes

PLA is one of the most dynamic and promising biodegradable synthetic polymers derived from renewable
resources, such as corns, sugar beets, wheat and other starch-based products. It can be synthesized mainly by the
polycondensation of lactic acid or by ring opening polymerization of lactide with the aid of a catalyst. PLA is totally
degraded under compost conditions. Except its wide use in pharmaceutical technology, the fabrication of PLA for
the synthesis of TiO2-immobilized photocatalytic materials has limited literature, which is presented below, in brief.

The synthetic pathways for these photocatalysts include mainly casting, electrospinning and spin-coating methods.

Photocatalytic Performance

In the field of bio-based polymers, PLA has also been used for the fabrication of TiO2 composite materials with
photocatalytic activity. Three interesting studies used the synthesized composites for the degradation of
pharmaceuticals (mainly antibiotics) [23I[34l25] \while another group of studies examined the degradation of common
dyes such as MB and methylene orange [E8IE7B8] The polymeric materials, acting as supports for the
photocatalysts, were mainly manufactured in two morphologies: films and nanofibers. The degradation efficiency of
pollutants ranged within different levels. The degradation of pharmaceuticals was near to 90% in most of cases,
while the photocatalytic degradation of the azo dyes varied mostly between 70% and 90%. The photocatalytic
experiments were carried out under UV and sunlight irradiation, while an adsorption step was priorly applied. A

wide range of irradiation times was applied starting from 2 to 10 h.

2.2.2. Polycaprolactone (PCL)

Synthetic and Characterization Routes
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PCL (polycaprolactone) is a semi-crystalline aliphatic polyester produced by a ring-opening polymerization of e-
caprolactone, mainly in the presence of tin octanoate as catalyst. It is soluble in many organic solvents, while it
possesses a semi-rigid nature in room temperature conditions. Enzymes and fungi simply degrade PCL, while for
the enhancement of its biodegradation several copolymers with lactide or glycolide are proposed. Due to its low
melting point, advanced rheological and viscoelastic characteristics, PCL has been extensively explored in the
manufacture of electrospun porous fibers. Only recently PCL was reported as a template to prepare PCL/TiO2
fibrous mats as dynamic candidates for efficient photocatalysts and thus further exploration in this field should be

investigated.

Photocatalytic Performance

According to the available bibliography, PCL-TiO2 composites were applied for the degradation of organic dyes
including MB, RhB, and Reactive Black 5 or even for disinfection from bacteria often found in wastewater effluent,
such as E. Coli, C. albicans, and Staphylococcus aureus. The PCL composites were manufactured in different
structures for photocatalytic purposes, including nanofibers and membranes. Most experiments were carried out
under UV light radiation with treatment time ranging from 80—-300 min according to the targeted pollutants and the

photocatalytic material used. Moreover, the reusability of materials was monitored up to three cycles exhibiting
satisfactory results [2240141][42][43][44]

2.2.3. Other Synthetic Polymers

There are also few biodegradable polymers which have been explored to prepare photocatalysts for TiO2

immobilization, but the relative reports are limited (Table 2).

Table 2. Summary of other synthetic polymer-supported TiO2 photocatalysts enclosed in the presented literature.

Biodegradable Polymeric Matrix Photocatalysis Parameters Ref.
Degradation

Morphology  Type of Efficiency

Polymer TiO2

No. Substrate Precursor Dopant Immobilization technique Pho?;c::\‘éll o gﬁﬁgtgt Light Source (Time
Y Required)
Photocatalytic
N . oxidation
PLA + ' T|tan|um - Sol-gel method‘ for theTiO2 Composite reactor with 52% (270 .
1 PBAT + isopropoxide - nanoparticles films Toluene UV-C lamp 6 min)
o i ) :
PBS (97 wt%) blown film technique W and \ =
254 nm
i 0,
Tio2 Porous 3D- Methylene v I?NrHE Lot 90;:"(380
2 PLGA - Air-liquid foaming technique PCL blue 48]
nanopowder . wavelength ~99% (24
scaffolds E. Coli
365 nm h)
3 PHB & Titanium (IV) - Electrospinning/Electrospraying Hybrid Methylene UV light >92% (180 [47]
CS oxide (nano- & Impregnation techniques fibrous Blue (UVASPOT min)
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Biodegradable Polymeric Matrix Photocatalysis Parameters Ref.
Degradation

Morphology  Type of Efficiency

Polymer TiO2

No. Substrate Precursor Dopant Immobilization technique on of theI l:STeI\Irget) Light Source (Time
otocatalyst ollutant Require d)
oligomers TiO2) materials Escherichia 400/T, Dr. 100% (30—
(99.7% Coli Honle AG; UV 60 min)
anatase lamp UV 400
nanopowder) F/2; 400 W)

Abbreviations: CS, chitosan; PBAT, polybutylene adipate-co-terephthalate; PBS, poly(butylene succinate); PLA,
poly(lactic acid); PLGA, poly(lactide-co-glycolide); PHB, poly(3-hydroxybutyrate).

One of them is poly(lactide-co-glycolide) (PLGA), which is a copolymer of poly(lactic acid) (PLA) and poly(glycolic
acid) (PGA). It is a biodegradable and biocompatible polyester with tunable mechanical properties; merits that led
Pelaseyed et al. [46] to utilize it for the fabrication of 3D porous PLGA/TiIO2 nanocomposite scaffolds. Air-liquid
foaming technique was employed to manufacture the very porous nanocomposite scaffolds with the PLGA/10 wt%
TiO2 being the optimal product, whereas a high photocatalytic efficiency against methylene blue dye was also

confirmed, amongst the other beneficial properties of the final composite scaffolds.

Poly(3-hydroxybutyrate) (PHB) is another interesting biodegradable polymer which is easily degraded by numerous
microorganisms (bacteria, fungi, algae) under several conditions. With an innovative concept, PHBcombined with
CS oligomers were utilized for the fabrication of fibrous photocatalysts with TiO2 nanoparticles incorporated.
Researchers used a grouping of electrospinning, electrospraying and impregnation methods, which potentially

ensure the desired architecture of the fibrous scaffolds 42,

| 3. Conclusions

TiO2-induced photocatalysis considerably remains as the most efficient and feasible option for the photo-
degradation of persistent organic pollutants, including mainly pharmaceuticals, azo dyes, toxic metals and
pathogenic microorganisms present in water and wastewater. Constant efforts are performing to modify the TiO2
photocatalyst and provide materials highly effective in visible light in accordance with their ease post-treatment
recovery. Several research articles have been published in which biodegradable polymers were facilitated to
manufacture eco-friendly and sufficient photocatalytic materials against several target pollutants, especially from
wastewater. Several methods were applied like sol-gel, film casting, electrospinning, spin coating and 3D printing,
transfusing photocatalytic efficiency, mechanical strength and reusability to the fabricated composites. Fibers,
membranes and aerogels fabricated from biodegradable polymers, presented different advantages in their overall
performance. In fact, the pollutants’ removal can be fulfilled by the synergistic effects of the biodegradable polymer-
based adsorption and the redox reactions induced by the photo-generated charge carriers, created on the surface
of TiIO2.

https://encyclopedia.pub/entry/13057 10/11



Biodegradable PolymerSupported Titanium Dioxide Photocatalysts | Encyclopedia.pub

Future studies should be focusing on new methodologies and combined techniques for the application of
biodegradable polymers, as to prepare chemical and thermal resistant polymer-supported/TiO2 composite
materials, with advanced architecture and superior reusability, recyclability and photocatalytic performance.
Moreover, the facilitation of green practices for the preparation of the photocatalysts should also be taken into
consideration. More research and work are still needed for the categorization of the appropriate manufacturing and
TiO2 anchoring techniques for each biodegradable polymer, since each of them possesses a special character with

specific chemical and physical properties.

Despite the fact that exceptional studies are found in the literature including the preparation and photocatalytic
activity of several polymer-based/TiO2 materials for remediation of wastewater, these works are performed in the
laboratory environment and not at large scale. Biodegradable polymer-supported TiO2 materials should be further
researched and advanced, exceptionally in the visible light region. Thus, a lot of effort should also be extended for

the commercialization of the prepared photocatalysts, under real conditions.
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