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Abstract

In this study, anatase-type nano-TiOz was used as the photocatalyst, and three types of PVC plastics
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with different applications—PVC cling film, PVC transparent soft rubber sheet, and PVC shrink film—
were selected as the research objects. Catalytic degradation samples were prepared via the dip-
ping/doctor-blading method, and accelerated aging experiments were conducted in an ultraviolet
(UV) aging chamber at 40°C. Combined with weight loss rate determination, UV-Vis spectroscopy,
and FT-IR spectroscopy analysis, the photocatalytic degradation behavior of PVC plastics by nano-
TiOz was investigated. The results showed that nano-TiO:z could significantly accelerate the photo-
degradation of PVC plastics. Among them, the weight loss rate of the cling film reached 26.6% after
3 days under catalytic conditions, which was much higher than the 12.7% observed without the cat-
alyst. The catalytic degradation effect on the shrink film was also significant. However, the trans-
parent soft rubber sheet exhibited the lowest degradation degree (with a maximum weight loss rate
of less than 4%) due to its thicker material, as well as the presence of anti-aging agents and light-
absorbing substances. UV-Vis spectroscopy results indicated that the reflectance of the catalytically
degraded samples decreased significantly in the UV region of 250 - 400 nm, suggesting the for-
mation of light-absorbing components such as C=C conjugated double bonds. FT-IR spectroscopy
confirmed that the C-Cl bonds, C-H bonds, and C-0O-C bonds related to plasticizers in PVC were bro-
ken during the degradation process, which is consistent with the degradation mechanism of dehy-
drochlorination.
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1. 5|8

r ]2 T B R AR SERL A = AN I, ARV SR 2008 520 Jiml, Fodad 300 SR, 7E
IRl R 22 U AR R, FRAT TR TE 7K 52 35 WDRH S Y BT SR 1 2 fa (1] [2]. RE LIHPVO) FIR AUA
Gy N TR R A 2 R M T E SN U AR 2 12 N o PVC R Z 2 — IR A, 58 R FR s b
P, @GR E MBI Y. TIO (RRAR . TBHE. X PEMRERLEA G ETE, B ERRA, 2
PERARSE, iSRSt at, DLOHE 2N Ti5 KA, S0 PR bR S 3] [4].

ARV SCE BT LYK Tio, NI E PVC kL, JExt HvEREEAT MG brs  CATIT T % Y
PVC BRI G, EBCRFEI & =F PVC %KL, XHAFEEAT AR XFE NN Tio, 4655 A0
NMEALTRE i ) B RR s S Jeks PVC SR IE IR 40°C R oM 2 A AT e IR, SBROR R a], Sk
MRSETHRRE R, IRX DRLEAT AT W GE K LD AN 3 b, SRR 3 BT 9125 ot P i g e )
2 BRI =2, LLAM GG o3 B e BAR R 25 AR AN, 0 W AR A S8R DA RR AL L P AR AT 9

2. S8
2.1. AL

ARSI VR FHRRE SN B PVC AR EEE . 5 0.0l mm. 485 a; PVC BB EE 02mm. &5
b; PVCI4E4E. JEE 0.01 mm. w5 c; TiOx ABLEKEL. Fife 5~10 nm. FEEMEMEARAF . 571
WEFEE TR 10 x 10 cm J7%, FE4 b B BY R 8 x 8 em J7 T, LKA HFRE .

B — 8 SRR, BISIRE RSN FIAMECHI T RIRE 2%40K TiO, Beibill, B i
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R T B A G R A E AR E RIS s IR ERAMT (S ZW20S19W. K 254nm), HE
WEN40°C, ZALRA] 3~9d, HidFZaiEmE, HERER,
2.2. UEEERE

AR EWIRIGFE, ST-WKO08B, ZI4FXEHARAR; LA A 466 1l, Lambda 650, PE 2
Fls ZLAMGIEAX, IRAFFINITY-IS, HARSEAF; Bz aise sy, MS7-H550, KIENMAISEIGAL
B ERAA .
2.3. MREFRIE

FHEE AR ] WG (R 2 3Rt AR Ja BE S AT R AL, I 5E BE 5 S 3R R%, % B 34575 250~500 nm,
KAEE RS 1 nm, HFHEE N 266.75 nm/min, JEETEE N 2nm, AMKEAERLLL, EHOFE L K/NA 5 x5 em
TN 58 348 B B AT SO R . F AN A Z AL T G A R R R 5 MR 15 0, S H0kE
DHEEN S em™, HEIRECON 8, ik HAHEEE 4000~600 cm™'.
3. GRiL
3.1. kER

1 & = PVC BE S 23 78 A AL RIS I Ak 5 T R 24k 5 Ak AL I, flE 1 mreL
B, FESh a EEAMCEM T, 3dMKRERMOKLIAR T 12.7%, FEEZLR AN, KERFL -
Tt KGN FIFN AR I AR S, IIAZK Tiox AL R B R AN 3 d Bt k3 1 26.6%,
2 BH N AE AR 75 BH S 053 L R RO
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Figure 1. Weight loss changes of the three samples after UV aging
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X TR IMEACTIRIRE & b, FERSMEHSN, 3d. 6 d M9 d REELFME, HBHMKT 4%,
RRWIE IR LA N AR A K . TIIAGIK TiO GG, 3 dv 6 d 19 d AIBliE R R A
HFZAF FISA IR FER b BIM RS, AHELOREEREE R BT, HAPREA B BA B I E R RE
P P TE A ARl — RIS AN BB 5 RORIF AN 2
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HAEA R IR Y, 0 AR TR R R i 2 B 3 S0 2 vy T ORI AL AR (A i, 3R Y R A7)0 L A R
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Figure 2. UV-Vis spectra of sample a before and after aging
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Figure 3. UV-Vis spectra of samples b and ¢ before and after aging
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MIE 2 HETLAE H, PVC PREEFECEE i a) 15 46 R E HFE T R% L T4ERFTE 90% A0 47, S 00 H AR XS P
G2, X RIATELRAINT WOGTE I N, gl LT AsdR bl s 5, RIS, 30 A R AR AN A7 7E RER ISR
AN n BRI . T Z AR R AE 250~400 nm [X 8] A S 3R S BRAR, o HY SR A6 R e B
%, IR MBI Z AR &, FERCE B . SRR R e e a5 R 2R TR, BT C=C %%
BeH, XEEE m RIS 5 T IRICERAG, I3 U I i — Rk

K 3ty PVC BB (FE i )T PVC WA AR (R o) 2 AL TG SR AM AT WOGIE &L, FEd b JRFE
1 400~500 nm [X 8] P S35 H 100%, T1E 250~400 nm FIEAMNEIX, SRR TR, RIFFRES R A S
FAEEWOET . ME 3 R R LLEH, b FER AN 3 d. 6 d R 9 d 5 5 A R Z7E 250~400 nm [X
BT, 400 nm PAF AT WO X380 S S 28 T e 2 DR R ot #E 5 S 1 68 R AR AR AL B ER IR s I AL 7T b~c
3d\ b~c 6 d Fl b~c 9 d 5 J5FE ST A AEREANSRAP 0] I XI5 HT . SRR il b AR D A Wi I 7= A
BRI, X5 R ERNRGE R — 8 ENE R LA, #f5PAFEE—FTE 310 nm ROEHEES RO
PG, 3K AR B Lk PR ARORE ot A P A 1) S PR 22—

M3 TLAE RS ¢ JEAELE 300~800 nm [X (8], SFFFAE 100%/ 4, FHARBBOE, 250~300 nm [X
V) SRR P T B e, 2T 275 nm PR HCRE v — MNIGME, R SEBROLREER, X 584075
DI ZARE R S ERAHLE, RINEATTIIZ AR -3 dy c-6dy c-9d 3 AT ok X I8 S5
RITFIRIE, XSRS IEAR R G RN IS 3R MO, RO A OB 55 P s
AL Z AR c-c3dy c-c6dy c-c9d, T HIEIX IFEA KIEREE, 300~400 nm XIHFFUHAEL,
I FLBEE I ) 3 I S5 26 PRI, R B AR BEAE g I, X 5 R B R AR — 30

3.3. LI5MEESAR

K4 ZREE av by ¢ BERERIZLAMEIE I FEML a L0460 B AR AE MR 04 43 I FE 2928 cm™!, 2826
cm™, 1729cm™, 1426cm™, 1330cm™, 1254cm™!, 1174em™, 959cm™, 829cm™, 691 cm™' ZEkb. H
H2928 em™ 5 2826 em™! Kb HEJE-CH; AL FH 3E-CH, I ZEIR B 1426 em™ AbN-C-C-B ZE 1 45
Prshal C-H S I 4EHRs0, 1330 em™ AbN-CHy, 1254 cm ™ Al 1174 em ™' JbIERCAE 2%, HREE PVC %8
BHE = WU ngs, HEWrh C-0-C #RFSEilE 2, 959 om ' A MR C-H #R5), 829 cm™' #1691
em™ AR C-CEERITRICIE . T 1729 em™ A3 SISk E 3 987048 2 — H 3R DEHP (3K DEHA)/I#R
FII[5]. FEdh by FESh ¢ SFEM a #HL KRS b ACE 741 em ™ AbtOR C-CL 8, A4 ¢ 1581 em™
Ab C=0 B MRS RE, VEBHFES a\ by ¢ IS, HERAR, X 5KIFSE6]F 57—

B S 2R ay b Al e 024k 3dy 6d. 9d FERIZL AN GIE . W AT BUE H 2405 16 a-3 d.
a-6d. a-9d 7F 2928 cm™' 4b C-H BEIE IR )k 5, 1426 cm™ 5 1330 em™ AbH-C-C-H 22 45 R 5h 5k -CH;
AR AR IR B PR U i B 35 PG, SRR ) C-H BT 7F 691 em™ A1 829 em™! Ny C-Cl 8, & ilFFH
W5 B IR T SRR, (HIESR AN, RHIE C-CLEY A AERFRE KW, HETTLLEL, BE5EE R
WK, WESE PR IS FERE AR, BN LIESREE RN, C-Cl B A WX B HOG BRI, B AL SR [6].
fE 1251 em™\ 1174 em ™ 4k K 1729 em ™! JE [N H G 87 (1) C-O-C B R Mk be, 7Efmif)s, Hfioig
SR JE SIS, X R B G RE B T IR R

XTECREMN b 2 3dy 6d. 9d IZLAMGIEE, JRIUAS [F I B 22 A5 Il BR kAR B R A8 1k, 741
em ™ A C-Cl B ISR T FRAC, EE+0Muh; 1426 cm™ 4bJy C=C XU, Al fg 2 &4 1 ik 4
FEAAWTEE, 1380 cm ' AbtHAHXIERSS : X 5 EAHOGIE SR RIS G . 5340 1650 em™ S H T i g
FXTE AR, AR PVC &A% AR B BRI . PVC BEARHERT LLLL C-CL BRI, W=,
Ui W P2
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Figure 4. Infrared absorption spectra of original samples a, b, and ¢
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Figure S. Infrared spectra of samples a, b, and ¢ before and after aging
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MAEER ¢ J6E4 3 d 6.d. 9 d FESH R AN B Aol DU H B BRI TR A 0, 691 cm ! Abfr) i
FEZWIHGS, 1426 cm™' 5 1380 cm ™' A4bf) C-H BRI TS, Ui C-Cl # LA A C-H BEAE AT & AR WY,
XRF KA PVC EERAENRENE N, RiERARWR, HFEEBOREOK,

4. g

AW FCIE L S BRI AN a] WG RE L D AMERE M, WS T 49K TiO, X =FANFE PVC ¥R
T RERAT N, B LR E AL

YK TiOy XF PVC YRGB MR HAT B2 A IE/E T, BRI S PVC FHREER S DM,
Hrp, PVC {REERAT PVC USRS AL BRI RSUR B35, R RIS AN EAL AT R, IO 1) 25 5 R
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BT AR EALTRURE b, ELREE A RS R R FE R SR N T PVC a2 BB R R BB . #4J5
BEBIAL . &P & 310 nm ARSI EH BT, HLFE AR AR 32 ], A TR SR AT T I R AR 45
B2

ARG E A 250~400 nm XIS R FFAR, RYIFEMLRE LR T C=C JLHUXUESE AT AN 4
Fys LLAMETE TR W], PR AZ O S NI AL RN, SR C-Cl MR IS S LRk S, RIS C-HL
SRR ) C-O-C it LB p bt th A AE AN FIREE MR, b — 2D AEW] 1 94K TiO, XF PVC {245 K A A
fEM.

EHEWH

BB R AFR TR H (409-XZX202405).
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