2 & - M ™

1. M e

Polymer science®] @& A28 A9 polymer, 5
3 449 polymer, T3t 8%9 polymerES vHe
ol vk ZLEjn U AgeA] wet opel 1A A
ol 5 BF ool o|27174A] polymerAEe] A
§%F2 7t v "7 S8k polymer, 4K}
t] 7+t polymer, 7P il X polymer Fo] A& /g
Sa1 glen] gfo 2k polymerd] §ie ¢S e A
2 ®eld,

S, 28 polymers st @A 3 vlE
polymere| 4% 7jMsle] B¢ 2L AAY, £ &
AT E &8 7% U8 AP glck @A ok
F Y= polymere] FR+€ 9 40~50F =7 dHA
At} 71 polymerZHE A28 AEL A7) YtodE
polymer additiveE H7}al= vpo] 714 HHZFo g A}
£531 9tk Polymer additiveZ ARR-3o. 24 7]& pol-
ymer®] ARG 94E WIL, AL MZE 549 poly-
merE THEO] WbL Qloh igel EHOoR Bo| 47
& $A3%] vhRE 4 lRol A% additiveZ H7le] 23
O£ A9 polymerg vHE 7=}, AWtE o AMLE]
< polymer additiveZ+ antioxidant, photostabilizer,
heat stabilizer, 7}AA, filler, pigment, flame retar-
dant, A, AHEAA Fol Ak 18|31 B5et
S @71 H3te] AR EE AE Folle dAxg FoiA, 97
A oA, 2 2R, g, $HA YA, 24
oA 3% 5 4 AUth

Polymer= AJzte] A 7zko] WA} Fdo] 471
ot goluk ol o3 kel AL 2FH gojw Ak
o9} 2-& #AHS “polymer degradation” o)ztal &l F 2
Ab3lakg-o] 7)elslc), Polymer degradationd: =]3}7]
$18ked antioxidantt} photostabilizer”} AM&-5)&=d], an-

tioxidant= F2 "ol 23} degradation-g WA|SIAHY 4
=& 7aAFleEd 22900k 18y Photostabilizere= UV
o 2% 33}8t wk-S-(photo-oxidative degradation) S 7+
AAFAHAY FEAIZ 024 polymerd] HEH L LA FIC}

Polymer degradation&, gov} UV 2%, 4kslukg-of
9]&}2)9t mechanismo] A& Th27] mio] $-& g%
tizu}, E3)], ¥kgo] 7HA|E)E initiation stepe] chEul,
%, dol 2%t Ashekgo A= polymerg o]F+ AR
oA slst Afto] A3 2oIA redicalo] ¥As= e
Ze), 338 wkg(photo-oxidation) o A& exited spe-
cies, energy transfer, photo dissociation®] process&
Fakil=

UV(Ultraviolet) & 200 nm~400 nm 3}¢¢] & ofi]

2FE
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g 71Aa 9o} carbonyl groupo]y} chromophoric
groupS exited A7 tHn-n* exitation). 123 exited
speciesE-& energyS th2 Ex}o transferr]# &aivh-3-
& F3AZ0h

8L} dubE o F photostabilizer?] & gk me-
chanism-& Q&3 LeiA UA gt 2L ATl &
& datavt Az dEA Jepdg AL, 22 43 datag
T2 B Mk AR AF B ok 2R
mechanism& A3kt 943 system2 A G3=d o
#g-0] 917] w&olr}. Polymer} photostabilizere] o3&
S Fske Bad ddxgel Auket 43 449 £
A4e] SHAI7F 917] wR-olth

, ¥R £57t mga, HEE polymers 4#o)il,
P 227 Q89 Bdo] B2 P2 & Ao} gl
oF =9 ER377} o]gil, degradation &%+
Tro ¥ oske wz] 9kal, singlet oxygend} tri-
plet oxygen 52 THE & g, Wel F2 A& &
Agdsw ok gath} wheaAd s ddsEs de F
AfeAdE 2ddAY gelsA) e BEoloh. Me-
chanism @7of Bag 712420 ZFo] BEH] B
o, o]E-okoxe] mechanism AT Auk 35 AHE
Agate A4 iRolu), 1g]al #E HFAME M=
te Ay Aol A28 g7t 4ok

A Y4k polymere] Wb 0142 G904 ANG-E L
Ack AEAE £8, 4F, FHE ¥~ film, of
9] 8 plastic| & 52 o] A9 ZE polymerd|Eel
photostabilizer7} AH&-5 3 Slt}, Aol X AHg5E W3
i, TV 59 ARAFANT Felehs Qgdo] 875l
o}, $-FAo} H)g 7], Ml Folj A AM-E]E plastic &
S8 85712 EF3H photostabilization A= 32
2} Folo|A o Fa@ wiEg AL ¥ F Uth
Polymer®] E43 §%o) & 223 photostabilizer?]
Ml 2 H o) AMEEF 44, AMY o &8V EA
ghitstA A= gl

Photostabilization& A%3}7] 98X §7184, 2%
A+ 2|4, processing, mechanism 7 ¥4, A A]g,
2283ty slsto|g 5& de =gt 1ga FHAHeR
AA ARRE T i Ak HAo ik SRS oldl: Ha
3lt}, Photostabilization 7]&o] AAE &%= T3
sk Akl olsliel AEA Ago] Fadith =
o|&& A7 "adt BEhE AMY o] oy
THEA 23k7] Wgol7|e sich HEHEQl o]&Ee
A= Bl gAE /17] dEelth AHAES] &
Z3o] B4EEo| polymer degradationol 2R 7 S
w7 o), 283 Ao EEE i JH%
AYE dojygasfe of Ak BeEEe] 218 ¥R
a1 =X FEE17F Y57 WFolch A ohE 815t

i

X
o>,

(R e
B b oot iy

Lo 1o

m ¥o

4

M

ol

ﬂg{?‘-ﬁﬁ

P

IEXiotetn 2l A 6d 23 19954 49

WSS 8N 58 s Aot ifEelth

&z AAAo 2+ Ciba-Geigy, American Cyanamid,
Sankyo %5 10447} 3JAFE°] photostabilizere} 7W# &
28 7e At gl FWoMe A7k &4 719
Ao} photostabilizerZ A4+3}7] 9)ate] APl T
AqelAU, after servicextglollAle] &8 49 & JPYF
oltk, et Yo2 ofdElE T polymer Bt T
7b, A& A 233 o7, A t7idHe] 24, AA
AFele) W& =8, AT 45 Foll U Lol Il
71l Az o] Bofoll thit £AAQ] A7t AlRE e
o FEch

opo g Az}, nEAsiel, 13 7 8-83k8 ok
ol A] photostabilizationol] #3% 77} &atA W42 A
o2 7fgitt,

2. Photo-oxidative Degradation

Yol uja} ol7t A thxEel PolymerEe
(U)ol 2 2tslgitt, PMMA(Polymethylmethacry-
late) W} PTEF(Polytetrafluoroethylene) & UVl i3] v]
WA ot 3t HolAwk PVC, Polyolefin, PS(polystyrene)
52 UVel s A 2tst=lo] il 71 dd BAdo]
ik REN=

UVl &) A3}sls 718 “photo-oxidation” ]2k 8}
o oAt Jehhs d4o g2 W7o sl cracking,
chalking 5©] ¢Jt}. 123 impact strength, tensile st-
rength, elogation 59| i3 W3lE $uistc}, Photo-
oxidative degradation® free radical ¥+-$-©.2 initiation,
chain propagation, termination stepo.g2 o] dE=

o

« Initiation
Polymer —— P +P-
- Propagation
p-+0, —— POO* +P-
POO"+PH —— POOH+P-
POOH —— PO* +HO"
PH+HO* —— P-+H,0
PO — Chain scission reactions
+ Termination
POO" +POO"
POO" +P-
P +P-
Crosslinking reactions to non-radical products

PH=polymer, P*=polymer alkyl radical, PO* =po-
lymer alkoxy radical, POO" =polymer peroxy radical,
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POOH = polymer hydroperoxide, HO® =hydroxy radi-
cal.

Polymer degradation&, UV} go &3k w5 25,
radical processE wWEt}, Propagation step® termina-
tion step& o} xS Wkg-o] A)AE+= initiation step
A= F process’} A& ThEr), £, thermal degrada-
tionoj| Al Fofl 2J&) polymeriellAle] 343t Hto] 23]
Zo]A+= vhd, photo degradationo| A=

(D chromophoric groupg 7} ExE0] UVE &3}
o Bald ¥ radical-s HAd3tA0,

(2> chromophoric group< UVE &48} exited spe-
cies® #3k 3,

(3 exited speciest= T} ¥-x}oll energy & transferA)#
dissociation& o714 g}

3. Photostabilizers®] 25

332+ A} (photostabilizer) & plastico]t} polymerol| %
7kElo] xe]A(UV) o2 <13t photo-oxidative degrada-
tionS WR|A)1Z o 24 polymerE H 353}, Photostabi-
lizer52 71902 thgi} 22 YeES ol&ska &l
th. Z12u} tjF-E9 photostabilizergS o= 3714
el ofsiMety] Kk o] aR1E0] EdAoz iy
o] ¢t EFE JFHEA HEolth, gy YREy A

°
L.
'8

£ photostabilizero] ¢}t stabilization mechanismo)
gatA Tt s]e] A E3 AFo|ch

(D UV absorber %=+ Light screeners : Polymeroy] &
5= UVl %(photon) & 7+AA171t}, Benzotriazoleo]
1} bezophenone# #o] F4d UVE ExlijoA §4-8
% okt doly AR w1, Polymer BHAAM UVE
E43to 24 polymerE H g3},

2 Quenchers : Polymer2] chromophoric group2}
exited stateZ deactiveA]Zlt}, UVE @ n-electron
(n-1*) % exitedAlZ F A+ energyE 7HA 11 9ok, Ul
C-H bondwte.2 A ¥ saturated hydrocarbon& UVE
FrdtAe ¢ar, UVe] 9&e Bx L ok=o), Z18)y ca-
rbonyl group9} & chromophoric group< n-electron©)
exited g 024 T} F-2}o) energyE transferA)?)a, »}
W+ photo-oxidationS Ao 7tk Quencher:= exited
¥ chromorphoric groupo] th& Ex}2 energyE trans-
fer3d}”] ol ground state® T}A] ot 0 2 chain
reactiong 2}dh= JE-E I},

(3 Decomposers : UV} 2H4oll 93] A€ hydrope-
roxide(POOH) & #3171t}

(@ Free radical scavengers . Propagation stepol| ] A}
7= free radical(P*, POO*, PO, HO') E3} vt2-8to

110

2# chain reactiong 2}gHA)ZIth, HALSE tiE &2 ra-
dical scavengero]t},

(%) Singlet oxygen quenchers : Oxidation®] 8 U<
¢l singlet oxygen2 triplet state 2 ATA|IZIOEZMN Aa
o A4S i

29} FYEE o83t MLE A8 F7Y photostabi-
lizer7} 9lch, 28jv} PolymerE ¢HY3A71&= 71 &3
9] HPH O 2= peroxy radical(POO* )& scavenged} A
\} hydroperoxide(POOH) € Ha]A]7)= o g 484
9lt}, &3] HALS(Hindered Amine Light Stabilizer)&
radical scavenger2X], = decomposer &4 53 4
5 /A 9o FPAe = de] AR Yt E9,
29104 77t UVl &%= plastic £ @0 2
=98 film BojXx= HALS7 g3o 2 H7ldch

AukA o 2 stabilizer7} zt3ojold 7| ZHo 2=

O 2 F9F stabilizere] S AFUF Qlojoksta

@ Z=4H(volatility) 3+, ZFZ(extractibility) Eo] A}
£5& plastico 25 € FElHAY AAHA g

® polymer matrixol| A 718 5348 A3 F e X,
& HHo| o] lofopstal

@ polymer 22} 4-8-3(compatibility) o] Fofo} gt

2z o] ARE P VA= 2L 25 stabili-
zerd] Bxpe¥, Bxbe] A7), polarity 5] 2ith. Polymer
additiveZ ARE-E wle A $o] ZHUES FFAF7]
23t 283 HEY} Yasiv). 121l A3k photostabili-
zerE AEgt &, HPPE FA8kAL, processol] HeE7t
£ 753, vixge g &5 uE QHAd Fol sld
oo} FAHo = AL8-E F 9}

4. Photostabilizere| &

UV Absorber, quencher, decomposer, free radical
scavenger, singlet oxygen deactivator 52 8 Z &3l
FPeEe ofd F87 Ak T A TR A
355 e AR 240 AUA P, FPHoE A
2511 9+ photostabilizer5-& A/0eld vhea} 2,

4.1 Phenyl esters of benzoic acid

Hz=Z AN photostabilizer24] @& 71Ae g
st Thegt polymerol A o] 85 ALg-#o] Bt} Pol-
yethylene, polypropylene, poly(vinyl chloride) o} 3
2 olw AZte] e Fahfoll A rearrangeE Yo A
(photo-Fries rearrangement)! @ M7-S o= gds
7Fx13L 9dek. UV absorber 24 polymerE B3 dh= g%
= 9t Ao r gol 4HF FHEE ke e
REC] 3t

Phenyl salicylate(Salol, (1)), Phenyl 3-phenylsalic-
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ylate(2), 2-Dodecyl-4-methylphenylsalicylate, 0-Octyl-
phenyl salicylate, 2,6-Dimethylphenyl-5-tert. -butylsa-
licylate, 2, 6-Dimethylphenyl-4-dodecyloxysalicylate, 2,
6-Dimethylphenyl salicylate, 2,6-Dimethyl-4-octadecyl-
pheny! salicylate, 2,2'-Dihydroxybenzophenone

HO
0 QH 0
1l I
oD OO
1¢Y) 2)

4.2 Alkyl-substituted p-Hydroxybenzoates

AslabRA| 25 o] A%t photostabilizer2 Bo] 2220
t}. 9422 g u) 2Ask= hydroperoxide(POOH) &
Ha|A|718 degradation}A oA A7) alkoxy radical
(PO*)olt} hydroxy radical(HO®) 3} ¥H-g-3to 24 deg-
radation®h3-& Z2)A17Ith? Polyolefinell Ho] 2:ol:
Cetyl 3, 5-di-tert, -butyl-4-hydroxybenzoate(Cyasorb
UV 2908(3))%= pigmentS AHE3R= polymer® E¥& pi-
ping, crates, AFEHE T8 Soll g 220

C(CHaj);

O
HO-Q 08— (CH,),5CH4

C(CH3);
)

4.3 Salicylanilides and Oxanilides

UVE %43 ¥ intramolecular proton transfer 2 ene-
rgy s 24X 7ith, Salicylanilide(4) = natural rubbero?
gro] o] Oxanilide(5) = exited state9] lifetimeo]
o} =& photostabilityZ L}epdT).®

OH
0 3R
e
=/ R=H, Cl, CH ,, OCH,

4

oo X
Oyr-Elonnd e,
R1= H, Csz, OC8H17
Ro=H, C1pHys

(5)

D2xoEtn 71 A6 ¥ 235 1995 49

4.4 Diketones

Polybutadieneo] AH&%+ dibenzoylmethane(6), be-
nzoyl acetone(7), tetraphthaloyldiacetate 5-©I ol ®
Rahfo| A2l tautomerizationo 2]8} proton transerE
Qozlo e UVE &%, energyE H4HIITh

arTETa
©)

M

4.5 Benzylidene Malonate

p~Methoxybenzylidenemalonicdimethylester(Cyasorb
UV 1988, (8))2 PVColl @o] 23ic}. 18y} Aj7ko] A
WA UVel o3 2=l dido] Ak

_COOCH;
CH, CH=C
~COOCH,
®

4.6 Esters of a-Cyano-B-phenyicinnamic acid(9)

Phenol type] 4+t HAAZ AMS-E 4 gAY, Phe-
nolic antioxidant ¥+ photostabilizer?] Fxo] 7%
polyacetal =of Abg@T}h? 22} polyacetale] Mz &
521 2005 WFNAE Fuske Bl ek’

Q

cH=C"

! “~COOR
@ R= CH;, CH,CH;

)

CN

4.7 Hydroxybenzophenones

HE 400 nmola}e) UVE 2 Foch &5 R oY
)& intramolecular proton transfer® energyS F-AHA|
71t} 223 A58 mechanisme ¢ AUA] gtk @
light screener (@ exited state ] chromorphoric group
quenchz‘s}ﬂb}s (3 free-radical scavenger®] 9&2 3}A
U’ @ hydroperoxide(POOH) S #3)3}a] photostabili-
zerd] Q¥ dm Yok YwkHow ol M. o
Hydroxybenzophenones= HALS(Hindered Amine Li-
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ght Stabilizer) = Phenold] 43} =49} &5k
A5 598 48 4 9ok 2-Hydroxy-4-methoxybenzo-
phenone{Cyasorb UV 9, Chimassorb 90, (10))+
PVC, polystyrene, polyacrylate Sol Bo] »Q1t}, 2,2'-
Dihydroxy-4-riiethoxybenzophenone(Cyasorb UV 24,
(11))+= polyurethane coatingolu} alkyd coatingdl] %1
12

(10)
OH HO

6]
ataw
an
4.8 Chromanone and Tetralone photostabilizers

Poly(vinyl chloride)oll o] #%0] 4-chromanocne
(12) 7% 1-tetralone(13) 7} gt !

R; R,
HO, o Rs HQ R3
]4114 R,
R, ¢ R C
1l 2
H } H I
a2) 13)

4.9 Hydroxyphenylbenzotriazoles

Intra and inter-molecular hydrogen bond® J{4¥
302 nm, 340 nm¢] UV energyS 22+A170th 12 o-Hyd-
roxyphenylbenzotriazole A photostabilizer 52 gto] H]
MA)ut &3] polystyrene, poly(methyl methacrylates),
PVC, polyamide 5ol & &3} gic}. Disubstitueds}
FEES 24 ol¥e] UVESETHES 7L r =g
dHog F8EE ANEEL ST ), 2-(2-Hyd-
roxy-5-methylphenyl)-2H-benzotriazole (Tinuvin P,
(14)), 2-(2-Hydroxy-3, 5-di-tert. -butylphenyl)-2H-be-
nzotriazole (Tinuvin 320, (15)), 2-(2-Hydroxy-3-tert. -
butyl-5-methylphenyl)-5-chloro-2H-benzotriazole ( Tinu-
vin 326, (16)), 2-(2-Hydroxy-3,5-di-tert. -butylphe-
nyl)-5-chloro-2H-benzotriazole(Tinuvin 327, (17)), 2-
(2-Hydroxy-3, 5-di-tert. -amylphenyl)-2H-benzotriazole
(Tinuvin 328, (18)).

112

HO
N,
N
N/
H;
(14)
HO C(CHa)s
N
N
N/
C(CHy)s
(15)
HO C(CHa)s

(16)
HO C(CHj);

JeOS A
al N/

C(CH3);

CH,

(13)

4.10 Organic metal phtostabilizers

Metal chelates, metal stearates, metal salt & z}+z}
t}2 mechanism® & polymerZ M43} AlZith. Metal
chelateE52 radical scavenger, hydroperoxide-decom-
poser, exited carbonyl group quencher %+ singlet ox-
ygen quencher2A] zHg-3tch, 14 Cyasorb UV 1084(19),
NBC(20), Ferro AM 101(21) o] Sit}.

o o
CH; CH2§H O\
H; CHj .
CH; CH; S --=-Ni NH,(CH,);CH;
H; CHj

(19)

Polymer Science and Technology Vol. 6, No. 2, April 1995



CH,(CH,), s.
SN-cZ i
CH3(CHy)»” s
2
@0)
CH; CH; CH; CHy
CH, CH2 -Q—o HO-Q— CH, c1-13
H; CH,
$---N x--
CH3 CH3 CH3 CH3
CH, CHz CH, CH3
H; CH; 5

21

4.11 Metal stearates

ZF2 polymer processing®l] ARE-¥5 Alkyl radical#}
wgsto e Atal 2He-g wAgick, Cupric stearate:
polyolefine2] antioxdant®} photostabilizer24 A%
o

4.12 Metal salts of organic acids

3, 5-Di-tert. -butyl-4-hydroxybenzoic acide] &
((22), Ni**, Zn* )%= E3] polypropylened] #oH4

wI7L B How gl Atk '® UVel #ag Fo)7)
1}, free radiacl T=+= singlet oxygeng quenchmgﬁh‘li

H F BIE shAer

C(CH;),
HO COO'| Me?*
(CH;),
2
Q2

4.13 Metal oxime chelates

Cobalt(II) ¢} nickel(II) 2] oxime chlate:= peroxy ra-
dical& scavenges} A1} hydroperoxide & £3jA]7] o 24
#oty ARE shHed

Nickel(I) mono-oxime(Hydrazone) chelates((23),
(24), (25)).

R

R; O Me

R=H, CH,

AFEXoED Tl A 6d 235 1995 49

24 (25)

4.14 Metal salicylate chelates

Cobalt(ll), nickel(Ml), copper(l) ~I&]1 chromium
() bis(3,5-di-isopropyl salicylate) chelate(26) &-&
polypropylene®} polyethyleneol] &3¢l Zo g UejA]
PR

CH(CH3),
[}
é—(l) H
Va0  CH(CH;),
CH(CHy), ]
—C—
b
CH(CH3),
26)

4.15 Nickel(I) bis(stilben dithiolate) chelates

Polypropylene®} polydieneoiA] antioxidant$} photos-
tabilizer A& 7bdech® Nickel(II) bis(stilben di-
thiolate) (27) 2 nickel(Il) bis(4-dimethylaminostilbene
dithiolate(28) So] glth.

;C’S\ ./S\CE

s/ \s—C

Q—N(CHa)z
-5\ _,S~c

(28)
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4.16 Pyrazole chelates

Aminopyrazole (29) & radical¥} ¥-g-3to 2 4 Alslukg-
S A7 P goRe 1\]-—8-5]% Sanduvor NPU
(Sandoz) = polypropylened| Al £& MY FHE e}
Jit}, Processingo]ud photo-ox1dat10n°ﬂ?~1 dojr}= pol-
ymer®] radical & scavengedit},

R—C=—C —R,

“ “ @—N C—S Ni
\ N f “NH, O

29 (30)

4.17 Nickel(Il) thiopicoline anilide chelate(30)
Poly(2, 6-dimethyl-1, 4-phenylene oxide)oll Al8-%7
Hydroperoxy groupo|t} peroxy radical-&
o}, %
4.18 Nickel(Il) Bis(o-butyl-3, 5-di-tert. -butyl-4-hyd-
roxybenzyl) phosphonate
Polyolefineol] AF&-%]+= Irgastab 2002(31) 7} 1t}

scavenge 3t

O(CH),CH
H CH, '—P O
0_ C(CHa);
ClCHa)3 Ni=0
b =P—CH, OH
(CHp:CH;  C(CH,),
(3D

4.19 Metal dithiolates

Antioxidant2} photostabilizer2 o] #<1t}, Metal
xanthates(32), metal dithiocarbamates(33), metal di-
thiophosphates(34) 7} lc}. #4902+ F& Nickelo|u}
ofelo] gk,

/\/s\coxz (32)
TN N

s\C—NRo (33)
\

S S
(RO),—p / \ / \P"(OR)z (34)
\S / \
S
114

4.20 Metal chelates as pro-oxidants and photoinitia-
tors
Iron(Ill) 2-hydroxyacetophenone oxime E+= Iron(I)
dialkyldithiocarbamate 9} o] YA+ AlZko] A FSo&=
polymer& Rajshe e vk FEE v L Tl
AHS-gt). PolymerE processingdtbA vl A Ae g o}f-

7 A98e A fARE AT Azl Ad Fole poly-
merE E&A)7)= 98-S K Time-controlled degra-
dation), 2!

4.21 Dithiocarbamate iron complex acting as photoi-
nitiator of polymer degradation
Pro-oxidantZ AFR-H= Ao Z tri(N, N-di-n-butyldi-
thiocarbamate)-iron(Ill) (35)-& UVel 3] initiator2 2}
£3to g nEAE Balgic}, Superoxide radical anion
(05" )& AT ZA polyethylened F71F0M &
s Ralshe Aoz geid deh?!

/\/
QO

(35)

RzN—C

4.22 Metal acetylacetonates

Cobalt, Iron, Zinc, Nickel®] Acetylacetonate(36)+
polyurethane, Bpvc s
3k}, Antioxidante] &

polyethylene, a polystyrene, 2
£ 238219+ pro-oxidant P&

g2 Qi
CH3 CH3
' o—c
C!H 3 CH3
(36)

4.23 Metal deactivators

Metal®} pro-oxidantl} photoinitiatore] g Ao
2N P a8 7R 35S polymerd] 413} wh
& F8ke 985 s 53] JAE Aol BolNe F
2]=Z <l polyethylene?] degradationo] YojFo Zm
insulation®] Z+2%th % Polymere] degradation %]
3171 Q3led F49] catalystd TS WR|F £ deactiva-
torg AHE-3t}, 2 amine ® amideE & (Ciba-Geigy
(37), Eastman(38))So]r},
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C(CH,),
i
H CH,CH,CNH
C{CH;), 2

5. Hindered Amine Light Stabilizers(HALS)

5.1 HALS

HALSE= 2,2, 6, 6-tetramethylpiperidine(39) &  7|&
TZ223lo WaEo] giv}, dPFHoz A= HALSE
Z2 Sankyo(%), Ciba-Geigy, BFGZ-& additive A%
sl S8l AEIgch HALSE 419 A} o
A AAE 7HA5L 9len] HALS AHals UVE 435
%+=t}. Photostabilizere] 3= sstd oz <1y e pi-
peridinoxy! radical(40) <] radical scavenger=4] zhg-3}
7] wio|ct,

CHj CH;  CH; CH,
CH3 Ilq CH 3 CH3 N CH3
B b.
(39) (40)

HALS?} radical scavenger® A}8-2 ®¢] mechanism
& o Mg,

(D Propagation stepellx] A== polymer®] peroxy
radical(POO") # A A38] wr-g-$ro 24 Abatat o)A pro-
pagating- & X}hA|Zic),

@ Initiation stepolr] AA%E= peracid radical
(RCO0OO" )& 2148 scavengedto 2 A AtslalA e =t
e,

(3 Hindered amine-& oxygen 3= singlet oxygen¥}
BF-8-3} nitroxy radical(NO*)-& &4 3ic),

@ Hinder amine& hydroperoxide(POOH) ¢} ZA%}s}t
o] hydrogen bondZ 3A}g},

® Hindered amine-2 carbonyl group2] excited state
£ quenching3tt},

(® Hindered amine& oxygen¥} ¥kg-8led hydropero-

IFEXA DS J1E A6 235 19959 44

xide(POOH) & #AJ3+E ThA] nitroxyl radical(NO®) &
Agst

HALSE ol’}e] 2] processE %3 polymer2] Aksh
H4E WAk Ao delx Utk HALSE od pho-
tostabilizert} antioxidantol] )84 = polyolefing ¢+4 3}
AlFle 237t A, 48 4323 hindered amine, nit-
roxy radical(NO*), 28]3 alkoxyamine(NOR) =7}
& 72¢] photostabilizere] %S 7Fxa gk, Yyt an-
tioxidant= 31 ¥WH3-3F Fof antioxidant2A9] 7150]
SlojA & Ao REojAlgt, HALS+ #}4lo] 4tste $olx
stabilizer2419) 7158 A& 7121 Y& EAL 7R
Utk HALS9) adto] S Xz 9oz e #AH
L= ¥xe] 37), stabilizer?] 7%, polymeric environ-
ment, irradiation condition, processing history ~1&]il
T2 additives}e] ¥HSolR Zoj Jge wi=th 3

HALS+ polymere] ¥ E3] thin-sectionofA] 713
& a7E Jepdrh

Az wet HALSE #3838 73

@ piperidiny! esters((41), (42), (43), (44),
(45))

@ oxazolidines and piperidinooxazolidines({46),
(47), (48))

(3 piperidinespiroacetals((49), (50), (51))

@ diazacycloalkanones((52), (53)) o] v}

o 0
o— —NuCH,CH; o-ﬂ—m&-@
CH; CH3 CH, CH3
CH N“N\CH, CH E CH;
1) 42)
o)
O—H—CH;;
CHj CH; 43)
CH. E CH;
0 0
o-L— (cay~ —0
CH CH; CH, CH,

CHy” N7 NCH; CHy” N7 NCH,
(44)

115



0 O o)
o_E NH
ke o0
CH3 N
CH3>ﬁj<CH3 CH, B
CHs
46) “7
45)
) (o]
NH CHy  o-U_cH, °
CH3 CHZOH — _rCHz -O—H—CH:;
N
& o O L4 0
CH CH,
CH, CH,3 CH,4 CH, 3
(49) (50) ()
CH" C14H29
cmi j<CH3 Cﬂgg\: j<CH3 C( ICHg
CH;
(52) (53)

5.2 Polymer-bound Photostabilizers

Photostabilizerﬂ- polymer2%-¥ SFUEA} F&8H
A} ZAadn), ¥h-3-Ad7)(reactive functional group) S
593 homopolymerizationA)7) A1} polymers} A uk
2AIZ1th Additive7} polymer 2 2E] 2&E0] o= A
< WA $she

(U vinyl additive9} Zo] copolymerizationA]7]= W

@ polymer?] functional group® ¥rS-A)7)= HPY

@ vinyl additiveE polymerol graftingA}7]= )
o] ARZ-E L 9c},

Poymer-bound additivet= Ex}Holl41e] mobility
(diffusion) 2} FUg F-3oj o) 7P 2 J3e Wt
Additive 2] #a}gko] AX AL} additive7} polymere]] £o
= FHE EAFE Ao Agkeof wig a7 @
oAR=A BEoltl, aAL diffusion 57} "ol o 2 x
additive 29| 858 4 5 ¢l7] WFolt), =3 ad-
ditive®] #-2x}Zo] Z713Pd polymer2te] compatibility 7}
23] ZaEE @48 H9F7) $io). AdditiveE pol-
ymer®] FWHe] FUdA EXAFHA Exjggo] A,
polymer®}2] compatibility 7} A= A
o] a3}

=
o

£2 additiveZ
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Polymer-bound photostabilizere 32 oj@olg At
# AE X 87, 98717 B AREHE plasticol
AA 9} HEFSh= plastics AZY o) AT 28} ¢
/ol 275 plasticol Al #ut olja} Yt L ToM:
A2 A 97 = Yok

a2y @ vinyl monomer@Ad €] o]l @ WA sta-
bilizer®] AA] 74 3 homopolyzation 3} @ stabili-
zer®] E3 2 5o 7144 ojgigo] glo] Foaw e
A7 983 Holr),

Polymeric photostabilizers] AFE-E]= th¥ &2l reac-
tive monomers= Ethyl4-vinyl-a-cyano-p-phenyl cinna-
mate(54), 2-(2-Hydroxy-S-vinylphen.yl-ZH-benzotria—
zole(55), 2-(2-Hydroxy-3—vinyl-5-methyl) -2H-benzot-
riazole(56), 2-Hydroxy-4'-vinylbenzophenone(57), 2,
4-Hydroxy-4'-vinylbenzophenone(58), 4-Methacryloxy-
2,2, 6, 6-tetramethylpiperidine(59) So] it}

(54) (55) (56) (57) (58) (59)

4dHoz o] %0} Polymeric HALSE Tinuvin
622(Ciba-Geigy), Chimassorb 944(Ciba-Geigy), Cya-
sorb UV 3346(Cyanamid), Spinuvex A-36(Borg-Wer-
ner) $o| it}
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HO HO
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& NCOOCHCH, N/ N/

CH=CH, H,

(54) (55

HO
(o] o CH,
CH,=CH -@—E-@ CH2=CH—©—E‘ OH CHjy CH;
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