% AR

: 20212007075 BARA: 10759

BATKREF
Rx &R X

¥ i i A R e

EFEX #ZR
i Bt S G

ERT #K
O F AL R KA THM L
FA. T EHR HEIREHA
B R o I AE N
Brogpe s B WF N T¥ IR

HE - HTHE - AT
2024 % 6 A



B AT

: 20212007075 B 10759

AATREF
Rx &R X

¥ Lo# F A R

EFEX #ZE®
SR S - G L

ERIT #&
I F AL R R THM L
FR. T B HEIREHA
i R I AN
o5 ¥ Kk WF N T ¥ IR

HE e HTHE - AT
2024 % 6 A



Study on Photocatalytic Conversion of Plastics by

Bismuth-based Composite Oxides

A Dissertation Submitted to
Shihezi University
In Partial Fulfillment of the Requirements
for the Degree of

Master of Engineering

By

Jia Ting-ting

(Environmental Photocatalysis)

Dissertation Supervisor: Prof. Wang Chuan-yi and Prof. Lu Jian-jiang

June, 2024



AT R AL ORI 7 BH A R A= B

SR SO B 1]

A NP A AR SORAE I I TG T N 2B AT M 7T A RS RIE TR -« 38
Hfgn, Broch ek sl A A S, ARSI E HAl AN N C4a R R B S i 1wt
TR o« WFASCHIWT T B BSOS NAIERAR, 8 A SO AT 1 B 0 1 B R R

e

W, LT . 222 5 g1l g

5 FH 352807 1]

ANGEE T IRA T R KRR AR S RE AR R B 22 AR 3
I e L 2% 2 A T T A e M LA S SCRA LT O AR SRR - A BRS040 SCHE A A P 5
TEORAFIF FCVFREA B . A B A AT B AT AR AORE 22 018 SCom N A Bl P 1R SR R R S5
ABURE ALV S b R I G B DR 22 AR SR AR S e 8 A ILE

Weses, M1 . 203 5 5 1 g

% 4 } f&;{ e 2% 45 5 1 og



e

B A Bk RGBS 1B i, BRI o PR 7% SRS W 385 0 19 [ g 0 7= A K 1 9
R, FECT RSN, BN R N R A TR R R, R R
KT 245 i o BRI T4 R OB AT AL B . A A — Rh S R R I i SR BOR, HAT
A T BRI B S SR HE AL A

ARCEA BiaTisOn YEHEAFINHE FiRT G, A4 H A T XM BE SR SR WO R B, BRI H AL
SR SR PR 7 3 45 1 7 1225 BiaTiaOno e1E, B F TR AR R A e A 2, IFxd Tzl
FErP R RSB A TR AR T, EE TAEN BT

(1) BisTisOn JEHEAL FEMAREE B2 5 L0 BRI BIE 72

AHFFER KGRI T BisTisOn (BTO) KA HEAL T FH T 6 A B AR 2 B 3R AR 1 o8
Kl (LDPE MPs) , #8f 74E 300 W AT /EHI T, BTO GKRAEAE N HEAL DL AEALEE# LDPE MPs
ROR o I KA A Y BTO SR RS (K2 RS ERAT 2544, i (e ik e 2E v 1 A0 23 UK 49 88 R 4
SRYGHEILIE . LDPE MPs £ 6 /N PN 2R EE 38.27%, £ 58 46 (I 18] Py A 1 CL3Rai (e i) . it
— RIS HTHAR, W57 LDPE MPs [IZ5K) . TEARL AR b, S8 VE MRS IR 3R 5006, F
W) T EVEE AR WI-OH, <Oy 1 10 TERE AL R i U OCSEVE T o & FhPEMEEI MK % €KY, LDPE
MPs A TR AN TG B A A DS N TR, SREHE-OH. <0y #1102 #E— 440 CO2 Al H0,
3 $EE 7 LEPD MPs W] BEffdE . e, AW ARAERR TOLMAREMEILE, M HRE T BTO 44
RACHEALFITE DA OB RIS Je T TS T, SRR AR 1 R R B (e A

(2) CdS/BiaTizOn WAEAL ALK AL IR BRI B 5T

AW FaE I 7K HGE I T 30%CdS/BTO Z B i3 25 6 Ak 71 FH T e fE A % A B FLIR (PLAD
SRE, A FLIL A g v BRI A B P DR R (4 [ B 7= AR S B S X AR EAT — R B R AEIE B LA
BT Z B AE, Hob BTO 27k, CdS R T2k, T3 BB ah &5l 14 20 B 2 B Al
R, WOR Ttk ERE. SRS eIk PLA MM REREAT 00T, R ERER AN Ha (26 B 2
439179 1.17 F1 2.36 mmol g -he FHAEFAAG E S8 R B AR A1 Ha 177 A2 B AE 50 h TS AT 43 7503k 2
WIRAEIR I 86%H1 72%.. PR A AL B TH NMR F AR o« S o7 IR LR B & B-OH Al
C HHEE EEIER: RAFRM RS PSR ARSI 7 Ho (AR AE . 425G L EabT, &%
TG A2 T S 1) PLA (P90 B AL . WL ) LA L2 Ha-C(sp)-H
WAL o-OH (REHBEAL 51K I o S 500 57 BT 45 e A A Be et 34t 7 R, IR TR u it i A
FCHEAEE AL LA A s B DA i R B R R &, 2 Ak R VR S LI [ B A B 4 1 7 SRR AT B2 R
I I R
REE: BiuTiOn: JCHEREMR: JGlEILEE G, Wkl R4S



Abstract

With the growth of global population and the improvement of consumption level, the increasing
demand for plastic products has also produced a large number of plastic waste, resulting in a serious
environmental and ecological crisis, and the microplastics produced by it have serious harm to human
health, so it is necessary to take effective measures to deal with plastic waste and microplastics. As a green
and environmentally friendly advanced oxidation technology, photocatalysis has been used in the
degradation of microplastics and photocatalytic conversion of plastics.

In this thesis, the BisTi3012 photocatalyst was used for the degradation of low-density polyethylene
microplastics to investigate the mechanism. Then the method of constructing heterojunction was used to
modify BisTi3012, which was used in the photocatalytic conversion process of PLA plastics, and the
reaction mechanism in the process was explored in depth, and the main work was as follows:

(1) Study on photocatalytic degradation of low-density polyethylene microplastics by BisTi3O12

In this study, BisTizO12 (BTO) nanoflower photocatalysts were prepared for the photocatalytic
degradation of low-density polyethylene microplastics (LDPE MPs) by a hydrothermal method, and the
effect of BTO nanoflowers as catalysts for the photocatalytic degradation of LDPE MPs was explored
under a 300 W xenon lamp. The BTO synthesized by hydrothermal method showed a unique layered
chalcogenide structure, which enhanced the photocatalytic activity by promoting the separation of
photogenerated electrons and holes. The LDPE MPs lost 38.27% of its weight in 6 h, which was superior to
reported photocatalysts in a much shorter period of time. The structural, morphological and chemical
changes of LDPE MPs were investigated by a series of analytical techniques, and the key role of reactive
oxygen species such as *OH, *O,~ and 'O in the degradation process was demonstrated by reactive species
detection and trapping experiments. The identification of various degradation by-products showed that
LDPE MPs were converted into small molecules such as esters and aromatic compounds, which were then
further oxidized to COz and H,0 by *OH, *O,™ and 'O, significantly improving the degradability of LDPE
MPs. Ultimately, this study not only reveals the photocatalytic degradation mechanism, but also highlights
the potential of BTO nanoflower catalysts in reducing microplastic pollution, which can contribute to the
development of future environmental purification technologies.

(2) Study on photocatalytic conversion of poly(lactic acid) plastics with CdS/Bi4Ti3012

In this study, a 30%CdS/BTO Z-scheme heterojunction photocatalyst was successfully prepared by a
hydrothermal method for the photocatalytic conversion of poly(lactic acid) (PLA) plastics into
high-value-added pyruvic acid while generating hydrogen gas. A series of characterization of the catalysts

first demonstrated that they constitute a Z-scheme heterojunction, in which BTO was the electron donor



and CdS was the electron acceptor, and the close association of the two achieves effective charge separation
and transfer and enhances the photocatalytic performance. The performance of photocatalytic conversion of
PLA was then analyzed, and the production rates of pyruvate and H> were found to be 1.17 and 2.36 mmol
g 'l respectively. It was found that the production of pyruvate and Hz could reach 86% and 72% of the
initial cycle, respectively, within 50 h. The generation of pyruvate was determined by '"H NMR technique.
The electron paramagnetic resonance technique was used to find that *OH and *C radicals play a major role;
the pathway of H» production was analyzed by isotope-labelled mass spectrometry. Combined with these
analyses, a two-step single-electron oxidation mechanism for photocatalytic conversion of pretreated PLA
was finally revealed. The mechanism suggests that the LA oxidation is triggered by the activation of the
a-C(sp’)-H, followed by the ketonization of o-OH. This study provides ideas for the design of
heterojunction photocatalysts and highlights the importance of coupling photocatalytic hydrogen
precipitation and photocatalytic conversion of LA to generate high value-added pyruvic acid, which can
alleviate the energy crisis while contributing to the resourceful conversion of waste plastics.

Key words: BisTi3012; Photocatalytic degradation; Photocatalytic conversion; Plastics; Heterojunction
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Fig. 1-1 Schematic diagram of MPs photocatalysis
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