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A Review on Photodegradable Plastics as a Packaging Material
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Abstract There are increasing public concerns that the disposal of most synthetic carbon-based plastics is a great threat
to the environment. These have led to intensive research and development of degradable plastics, such as biodegradable plas-
tics, photodegradable plastics, and multi-degradable plastics. Although these degradable plastics may not completely replace
common synthetic plastics, these minimize environmental impacts caused by non degradable plastics. Photodegradable plas-
tics are synthetic polymers into which have been incorporated copolymers or light-sensitive additives to weaken the struc-
tural bonds in polymer chains when exposed to UV radiation. A better understanding of photodegradable plastics, which also
play an important role in the degradation of multi-degradable plastics, will expand the usage of degradable plastics. The aim
of present article is to review the formation, degradation mechanism and properties of photodegradable plastics.
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TE Axd Zepigot), B4 ZekEe 1940
o HU3 mlollx P o] AlgkEo], 70~80 &
S ol viEAE 2287 (litter) A1) SlA 2 H7E
aEstE 9% o] FHALRE o] Fo A th(Scott
Gilead, 1995; Klemchuk, 1990). 90:dt] ©]3 wj@A]2]
e A8 Fele AFA 5 olFE FiEad A
TS Fofshs AR A EdehA] X3t de=m
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7EHow FA] SRknYE T Y 7 ofE Y
AR 7717 e olHE SRk ] 72l B
s} Rkl Fag JuAE F5E F Je 7] B
AT (chromophoreyS Tt AY 7RIS ol8stef 3
el ds sk Zlo] FiEsld ETklEe Alxshke 7]
Ae]oltt. Fial Zekigolt 7]24 o= FAsH(photo-
oxidation) H=i= A= 343l (ketone photolysis) 52 HE)
2 gl ofsf FeljEe SeknES woh eekgale] A
oA oAl oste] EElv aEjvt #olA EEwe] &
27 Agdo] Asteal gFHo® FAEo] YolAAl Hol
e Zlew Aol & 4 Sk

FEal wheel A WA SRl FETE Sleixe 59
St Ts71, & WA (chromophore)©] E2]Hol| x| o]of
gk, Aol F2 Apelde R Ule Fske o
b e dAgs gohs ZloR ARdA onz sl

Ao} Ale] H= frlskgtee] £3hd dArdows EX
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Hpol F4 7 54515 7|

3t AgS FHEtL o] ARE flelA AEA 23 ole
o] (n)ydA7}t AURE Fdte] EEHAl Ao] YEeRA
He AL ougitt. o]&HY, ok27|(N=N-), 7I2Hd
71(> C=0), UEZA7} 8284 o]F4e, C=N7], ¢}
A7) ol o, datte] 7|7} B 739 dals)
go] ZsiAl veRdtiar deiA ok A80d EEH e
FEse Aade] =gshs A oA 290~400 nm
FRge] Aejxo] FoEE ATt S B9 A
oJUHAl sl ol gt waltto] Exk o gle 797t
FHEolojA tiEe] Fene A ARl IztEHA|
& FE 4 glok s ZEv] R Bgdd e
ETEO] FHrEo] lofA AR dnl ZRjHollM® FiE
a7h dojuAl =W 53] HilsE FERU 7tERd &
7} e Zfele B o wEA ojubAl Evh3g
3, 1996; FH, 1992).

Ere 3SH0E FAREY v, wAAY, Exst o
3 A2 2 9] FEE mE2e A grlZ(free
radical) BF&-0] mEA Fo] Fial| whgo] @At A9
g 4 ok (Fox, 1967). Ze}2=El9] 418} (photo-oxidation)
= goll g AshEsiuket fAReE weT1ARS SEl T
Agict, dalcke] P o3k A glrize] AdEE
Z7NA] DA (initiation)e} 418} ¥ES-©] WEE-A o2 Uojuf=
37 @A (propagation) % A/dEC] AT o3 T4
il (termination)g AA dojdt), Bl A =&
HRS o gt EriA Fekage o)l FAtslol
FIFE ol A= 2Ae] FE4 4ES A4S F Ut B
32=]0] FthKlemchuk, 1990). Al 323l (ketone photolysis)
© ZEkEEY Eafol Hoshke thE el Fadk 713
olth. A8 EA| EAISAY 7HEe] Akshkg 9 B4t
shkgo 2 Zan FAR: o] AAE 7iRd 2FFAE)S
WA ZH-E] FAK(photonsyS =3l Norrish type 1 &
Norrish type 1I ¥H8-2 AA FENE o). ol2d 3
ka3 Wk-S-(photooxidative degradation)ol] theh W&-& 7]
& =M A Bl ol FA TR, 1992; Scott,
1990; Klemchuk, 1990, Singh¥} Sharma, 2008).

B e ves e A vKE UE
ATHFig. 1). 3 HA7} 7122 9E53 (Carbonyl copolymers)
2 dloj] oJsjix A B2 AEe] B4 (cleavage)o] HofLt
7] 4% x| FHE Ak 71ela, T WAt
H7rg o= e g o] vhsold F U= T
ZEE 7S ARSsle] EElEol weidS 7
ol oy & Az S A5t Eeve 3
il Bkgo] doju}r] goldh Fx= FAdH o] &l vk
8o webx] BE Fsial a7t o) FoR] = v
713k Al FhFEE 5, 1994; AR E, 1996).
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Fig. 1. Tree map of photodegradation plastics
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WA SAVE ZEmrt BldES Sshe Aotk FiEs)
Hholl Qlojr =t &

ot} 2ot Fr7t M =
gre] B84 EXQIAE, 2AFE)R] 7P B Hs)s
o, &8 F' 3 ZEju el &ajd Slo] A i o
&S vRItks A& HoETHOmichi®t Hagiwara, 1981).
ki Ha)o] F R 258 FEE UV EE9=
IS = 7 dud ole VTR 25 Fr9 HlE
o] TS UV ZAKE o] F7ksl7] wjiEo]thSingh
3} Sharma, 2008).
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2. 329 EHAEY HZ
U3 384 (Carbonyl copolymers)
FIE2REITgA = W FARE W 7lERd7]
> C=0)5 X33t} ZTdl] 718 =YWk =d 2

oA FEE 7] F1& #e7]= >C=0, -HC=CH-, -O-,
N=N-, NHNH- 5°| o 720477} 53] ©ol
AREE S ITHAA S, 1997). Z2]9 A28 ShojA 72 rdr]
7F FE FEE oI He tiEAR] FHE ditsies
TS A (E/CO; Bthylene-carbon monoxide copolymers)<};
HI A= (vinyl-ketone)dl 35271 3

E/CO AEe duty o= oddl mwmel dilsiera
(COZ F=TANA A3t 194190] 52 Bayerrlol A
QS DupontilollA]l 71ES SAAIA 195090 W=
5315 F5ste] AR Ax7t o] Fo] HArhKlemchuk,
1990). E/COE LDPE A|Zd o]&He 53 7148 &
& Tl dal AHHeR Az rhsd, 4=
< 9% EICOTAE YO E 0.5~4.0 wi%®] COE 3
5l E8X9E 05~1.5 g/10min JE=Z A ZETH(Scott
3} Gilead, 1995). ZFAZ 243 e F 1%2] Uit
slekavt sHiE EICO Bl HEo] T2 ARFUL,
Dow, DuPont, Union Carbide ToIx %71 A|F3k=| ULt
LlEEe 2 U T3 datsiea o weE &
A% e, daksletae] o) TIHE o wEA

a7t o) 7o) ATk, NF T Aol ol 1 I

o] TAIE o1& % Utk (Klemchuk, 1990). 2=} o
gzl - dAsle e ST mEn P s

N

KA Qo Asea glom olfdt Ao F5HA=
ol g7 olFold & 7] wie] 5% o] 8
| STHEIF4, 1994).

H9-AEA F5TE L methyl vinyl ketone(MVK),
phenyl vinyl ketone(PVK), methyl isopropenyl ketone(MIPK)
59 HLAEF ethylene, styrene, methylacrylate, vinyl
chloride 5] ¥5%s g3l Lot} o83 F5TA=
Sl AE717F FHrEo] FyhgAdo] Fojue Fxoln)
o] FFHFL Esk= Al 179 Aol T8k
otk AE7E EFehL e R7IsE AACd At
gz ZuE ol gatodr SIS oIl HHA =
Hog AE7I7t Fee] Sllol 2ozl FHIE o|FA =
<l o] 22 e EEuol FEsi S Folske ol
Zal & 4 ok B ©]Z2 methyl vinyl ketone monomr
£ ARt Alxstm olHg Jejo] tigk dl=X C=07]
£ 71K polyethylene®] 725 € 4 JohCdElTF 5, 1994;
Q34 1992). Eco PlasticsAlollA] Ee]oddll FEo 7t
g & Q= vk AEAAETTEA (Ecolyte;
ethylene ketone copolymer)S 7I¥ali=t] PE, PP, PS
59 WEZEEH &£9fo] Thsetal, FE $UE w3

AL 7S JAIRE vl Adstolu Aol we)
o] oJF& THL 7L ArhelFL, 1994).

2) FEIHMNNY (photosensitizer addition)

EEvo) FEAES Foehs & e HOEA ZF
el FFAAY, 3 slES AMele] AHAF o= 13
28 7THAL A e EFEHd FsE fEFeEA &
7t s v @ A=E she Welth 354
Ag 7424 24 35l F2Hel A7HEA =A A
grjzte] WY, ouA] o]E, HEHAHE, FiARE Fo] do
W] 48 22 Hsp AA Feime sz A o
Fold 4 A FHEHEY, 1992).

W Aefe ey FEES sk ¢
g FFAR dEA Aok o EdE, WlxiE, e}
Ae= 5o HIF AEFE E F Jrh HRT={FE d=
S Foj7] e (photoexcited state)oll A& diradical 2
= ZEn X8 FAE FEI EEve] st
£ JhA3HKlemchuk, 1990). ¥RFEo g HIGEES 3eHE
ojuf I fEAES AAFH R S THAAL oA+
Az = A S EA] kom mAEe ofgh &Xdol
offtiar defA SUThelFH, 1994).




=431%ME, 349, organometallic compound, Polynuclear
aromatic 3}3l& 50 ANFHO R o]&H e o) o]
e ZEage] £i AHIES AR FEEROIAY
)l Z2 f7] FE5EAE 2slal dow B o]HE
A7 ol 8488 7HAL e EHER 7] WE
o] Zgimel HWrHE & elsk] AMgE 1 g5l uf
2A] At AL delsiar 53] MY S-S s st
ARgsloF FThAAE, 1996; ©1FL, 1994). o]2]3t H7HA)
E2 53] Zjogd ZEo] Bo] AREIL =t ol
U Yo dhtakel] whEbr] FEaReel et 9 5
o UA EFES FogAR 2 F EFES B35yt
Az Jes sl Jrk(Klemchuk, 1990).

3 7R EeHe] Alxrt ERd7] S 3
4 EEmEn AR "M e He 7HRAL 7]
o] A o] o Ee] olfojAgitia & 5 9l
tekdY, 1992). FFdF0] H&ell Sojr o] oz W
of gk WA B o] oe]g vl HA/HFES 35
B A Hlsg TR BlwA o] B 49 H8
st = e 384 We /AL ok 18
v Fepagd HrkEe] BeukeS 4ol W Eallg
HA7HES] #AFCE AAEE Flo] f5EES Tt
3AAY B S SEEA AFE 7] wiEl] o
2t EAIES HAage] e AREstaL 7] wiEel] <k
Hog F #FAE vkl FEA ArhElF, 1994). 919
7} FEA Seige] 54 B ARAE 7F =2elA]
Fsted Table 19 AstAThelFH, 199%4; et 5,
1994; Scott, 1990; A5, 1996).

Table 1. Comparison of photodegradation polymers
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PAEEH e EYY FARE Wl Aler1E XA st
£ 7 dutzlow oddl Rl YASEAS I
A ol - S FFHAE Az A Ws
E5-0 2A] FEelhgo] xId)E|o] ZE|w oA Norrish type
HEgo] T2 dojuA =Hed o ZElv Al Hd
o] ¥HIEo)A Norrish type I ¥HE 58 AX Ha7} o]
FolZlt}, o] W& FERY Y] FEUF Ak AR T
ol o] AT TEIF FUIHA Axelle EAFFe] A
515 HlskAl En) o|FA B Wgo] o= Fx X3
< M HH 7lERd F47F 2sPEe] trEA EH=
o, o] Whg-2 FABPEE O ZA FAl o Fo| 2R
d 2Fo] AAE7] ot

HGAEA 3589 Norish type 1 ¥-3-0] FH# 0
2 ARz Aug 7RI 2R @A Zewe] FAkst

e o
5

o
—

& AlFske g Z-e @AY 228]3 Norrish type 1T
< APA R AR HAS 7RG o FERA S F
=]

w3l 71edshs F2 dle] |rk(Klemchuk, 1990). 34k
4 AE 252 Sl 71 tiAE Norrish 11 8E
ol SJaiA pATo] dojuba] FFHoE Fialr} o F
AXHHA S, 1997; oF4H, 1992).

A ZEiHe gFst WA Bl UvE §535
of ), FAtst, dakst 5o WS 7 em o] Wk
S oJsiA ZEHrt el A Hlet old e
A7HIE Blell =i w8l e e 7 & A
THSingh?t Sharma, 2008). Zejw] F2fdlx 7l2wd 2
2 /e gl - daksletay e el S A=
< 7HAL SE HIE AE FEAE WUrld e
FEsd FEMe chain®] £33 7Pl @ Norrish

type 12} Norrish type 11 ¥Egol &34 F&al7t dojdr}

Polymer Manufacture Strength and weakness
o T -] BIE
E/CO Dupont, Bayer, e ,11 del &7k
copolymer Dow chemical © A7HA % Az ol
o 1% 9] §A4
o HEF/(HEALH 2 el &
Vinyl Ketone . o T3 A U
copolymer EcoPlasties o Ba) AEA AN AP WA
o FEEA Lalvtol L H54 3 £
o7 AW %A o
Metal-salt ."l/'l: nn ]‘/1 o é = ]
addition Ampacet o787
o 48715 Ze)v)e] @)
® Scott-Gilead system A&
Metal-organic Plasticone o AU 2HEo AU =
complex Techn(%lo o A 47}s Za)n o thokA
addition & o 2530l AHE b ue2 g o)
o AR FAEFEN 48 7Hs)
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ol

F 4 JtHAmaud et al., 1994). o|2]3F Aoz =
HaldeE FSdAEH FATHP R o] A
Uom Ao R o7t FtsvhEE-2 Norrish
type I3} Norrish type 1I ¥h3-& 7F427] wj&o] o]zg
el vhe dElEo)] s dokE ZaAol At

Norrish type I ¥F-8: Chain Scission Reaction®]2}3L
] AR oR FietA Ad e 7 )] A 2k
Z FA dHjsto|=et AlES] 3R] ve-S ofn|gh
o} gzl osix Eelw chain®] $Ix]ol| Ag=dgle] At
He vhgomA 7)o 7HAAL A" EApgel] HlsiA 2
a8 F e gZe] Arle AHE 7L 2T,
1994). o] Whg-2 A 2]z Fukeb uvel ofs &
alus 717 FQF AP doju= g BHoE 5 3k
(Scott, 1990).

o] Hhg-2 71EHY 159 o- 91X AFe] Hh(o-cleavage)
o7 B F oded FEAZA acyl radical?} alkyl radical
o] Aol HH E& Lxois B@7lERES) RO = <
aA drksterart A WEHIE I dEA 3l
o} (Fig. 2).

Norrish type Il ¥h$: Unzipping Reaction®]2}al 2]
™ 1, 4-biradicats: B1ks7] 918 Ak 7l= R S)gt
&l ©JaliA Y-hydrogen®| 33}3H4 2} W] AAE 9
njgitt. E2we] S FEoARE AR 7 EsER
Hero] = F 7)o ¢Fgste EAE skl YNk
o8 F Y 22 F 3 e EAe] Ag e
o]aL, UHA] gt 7FAl= AREAREAIRAL Fohel T, 1994).
o]# Whg-e] 54 Fwsl w2 sl flalA A W 6
A FTHAE Wske AoEA o HRRARS] F45 Tt
2RV FEIl T "l olF A% e JIE
B o] A=Y (Fig 3) 9714 Shuzae dhays)
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Fig. 2. Norrish type I on photoreaction.
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Fig. 3. Norrish type II on photoreaction.
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2) FEENMY

W AR 59 FiAle BauxE vA F| Y
o 93l oJ7](excitation)=]oJA] FH2]H ARSI FAE
E3dlo] FAkskgo] Azl F5AAIE Yol 93 7]
® Foll ZFm F4aIIsHE POOHE A%t BEgh o
H T ukgAe] 158 AARE IAAA F2HE 4l
4 g doa gEA
=
Y
[¢)

—Dll W

% e R0 weh gAY Selvel gs)

Hhgol BahA dalel 2 wee FNle e o
3 QA v E2e] F8E YRS dARNE
Za9 9Re Aaln dE B A k. ol
FRE F0A 5 & 35 Yo 27 5 4 3

o0 F

=

=3
o] FEsl 2yt Hojurh w5

w3, Ak 98-8 fkeb
b Al AE Ftshkee Eellchs SvlEA 25
HTHRPEF, 2006). do] Hsletee A s FEsiA
Sk o] Az ARgEC] FEme] FTRA AsE A
(photopro-oxidant)2 ZH&-3}=t], ) 2F3}E3A| 2=
acetylacetonate, 2-hydroxyacetophenone, dialkyldithiocarbamate
59| complexing agentS°] TIEZ 02 o] 8HTHOEEH, 1992).
Aol F43lgEo] 20 dE Fig. 40 FF-sIAThelT
5, 1994). ©]9} 2+-& complexing agentS- UukHo =
el 7RI sl Bsol E2iw Welld oS
A7) Fev e FkskE S e 7150l
chehe ke, 1993). 283 FEIHES ojE Fo)
el wEbA B 28 Py ARgo] dojd
A AR 7 et ol olgste] FEa wheol 1Y
A7 Fer12e 248 5 71 Wl 23l 71 A

3% & ok,

230 i ol

>
I
T
==
o2
It
o2
o
oz
p =
re
-1
¢ ol
o

=
SRElo] AR Wt ANHOR ol HEE 4

2 WEo| sk Wil k. 2Ry 33
She WHe A9E 49 A9 Eekege LuEn 4

AHoT 2 she WHOEA A9H 540 meb &

i
R S S N
. 1 1 V. OH
N-C-SH RO-C-SH CH
e N
R: 1=0H
H;

Dithiocarbamates Xanthates Acetylacetonates

Fig. 4. Example of complexing agents.



86 BAIE - A -
=9 Fo] YT e 5 Ak olHd e SeF
4 A8 27491 ASTM D1435-059014 2 Yeh)Ed) o]

ZdolE Feieg ARe] WL Hrks] A E
ZAES QoA (1, 3, 6, 12, 152 )} d(, 1.5,
2, 3, 4, 54 %) 717kl "} UV 2AE Sl UV £
AZIZE gk AR 3 25, 7], 29 Sl oJs
A FRFE e T UL 715A0 W 2AE 7] ool
g el d3ow AxE e A Frth s 5 3
3L A Eof et Wil Alfshs e oo S
HSgh 208 7He Al Al 22 s @
T e UV P 5ol Fasit) dubaom o 4
FE= Aol ol Ol%Eb_ A=t Wil A3
= W ool Alfske R ERkEe] Eeilds
WEEA| F7EeE g QAR AA] 95 2ok o] Zal gt At
ol B 4 vk WS 7HAIAL ATKSinghe} Sharma,
2008). B=3t accelerated test, outdoor field test, reproducibility,
correlation 52| AL Fall ZThoE Ealwd dist A
g 42 F oy olHE Al tE Aoz A
£ AJ3(ASTM D882-02, ASTM D3826-98), <234 A
3 (ASTM D4363-98), =W FA A F(ASTM D2565-99),
ZZ2U334 AJE(ASTM D4329-05) So| 2ol ZepiE
o] 3}ty B, A7ty E4e] Wsls gEs & 9o
ZglEle] BE3iA =27 vl o g 748 ASTMF
AL FAoE AUENIL, 1SONA AR = =g et
Aol AEEA Eekagel Fald SAEA o
g #Alo]l Frhstal ATHSPE T, 2006). Krzan et al.
(2006)] Zek=ge] ®ald S EEstel gk 2l
=g Bl A o8I e B 578 el 7+
A P ot & k. ol i =R u=a
W3 T ASTM 74 18700]aL ISOFAS 1977
ot} ol FENel Ui AU 24 WEe ASTM
D5071-06 (Xenon arc apparatus)?} D5208-01 (Ultraviolet
exposureye S 4= Utk U KS FHMAME ARelA G
HYZE o] &3 AP Bl o F=AF W] A7
wo] vk AnkAQl Fis) A 2A0E AREHA e
KS M ISO 4892-3(2002) 774> ISO 4892-3 : 1994, Plastics-
Methods of exposure to laboratory light sources-Part 3 :
Fluorescent UV lampsE 71%2 2 =tAF4 02
A o] AN HelEejdl AE B Aol FFPI=
ARl 49 (400 nm mH)e] WARZE Hoje AL S99
80%% AA AL Ae FF HzolH, 1§ ARl F 9
= 300 nm PIRES] WARF FAL ZE 9 2% m|vke] A}
]A—] g Wxzo|n o] G o] AWML EAF UV.A P
2 P2 9lov), 1Y A9 $3 YL 300 v
WAL} FHIAL 28] [0%E 22 o}_‘: A4 &g 3zo)
M o]dl §3 Wt B UVBHIL FEU g3 3

Ho

S

ofr

- Hpol A St EI K|

o=o] itk EeF o] FHIHE NBRS 2HE 3 =
Ao A4 B Wze] Pol Ezal] ol7)o] A1eH
£ #EE UVA #Z E= UV-A XS X3¢ P2s
gk Aol vRkstek Aol

FRNE 25| e UV 2R} Sz 93 4
Hogx 7|AA 7w, BA Hl AT, dalg 5)

2 23] PR YEE ZHY & e ol B
ik Eelvlel el S skt A4S W &
9171 wj F-o]tk(Singhzt Sharma, 2008; $HEYF, 2006).

Fio] ZEjwEL 285 nmE He WM sl &

SHAlE FA UVel 78S tiie] o4 ZEWE
EA1d 4 il SFckSingh?} Sharma, 2008; Scott,
1984). AREAR] A3} AFolM= Ao A el A
o] W3} ¥t 300 nm H=9] UV-radiations Bo| AR
312 Jth(Deckere} Zahouily, 1999). ©]Z< 300 nm
o UL Bopgo A v EAS S5/ 4
39 oA Fo Feluel ATRANES HAAIA
Gsh} BIE 71AL7] whIHEET, 2006). oleist 4
L 9IS YWHOR UV-CON A18718 8ol AMgshaL
At FE AR Al AR UV cycle®] 7-5ol=
60°Col~4] 4r]7F, condensation cycle®] 7d-$-oll= 40°CellA
A7 712 S8 o 100/ 7] ARt AL 4
A vk 225 UV 2 ojol| = gl dde fsiA
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