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ABSTRACT: New polymeric photostabilizers ontaining hindered amine light stabilizer
(HALS) were prepared by the reaction of liquid polyisoprene rubber grafted maleic anhy-
dride (MAH) and 2,2,6,6-tetramethyl-4-piperidinol (TMPQ). Their chemical composition and
physical properties were characterized by titration, GPC and TGA analysis. The effects of
polymeric HALS on the photooxidation of the styrene-butadiene rubber were studied from
the UV, IR spectral changes, and photo-crosslinking was examined by the measurement of
the insoluble fraction. The photooxidation of SBR upon irradiation was inhibited by addition
of the new polymeric HALS. The extraction resistance of new polymeric photostabilizer was
much better than that of the low molecular weight compound which is prepared by the reac-
tion of MAH and TMPO. The new polymeric HALS are fairly compatible with the SBR.
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FT-IR (KBr pellet, cm™) : 1853 (w; grafted
MAH C=0), 1780 (m; grafted MAH C=0),
1735 (w; C=0), 1644 (m; C=C), 1448 (vs; CH,),
1087 (m; C-0-C), 836 (s; =CH)
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MAH C=0), 1780 (m; grafted MAH C=0),
1735 (m; C=0), 1644 (m; C=C), 1448 (vs; CH,),
1087 (m; C-0-C), 836 (s; =CH)
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acid number (mg KOH/g polymer)=mL KOH
xN KOH x 56 1/g polymer

grafted TMPO(wt% ) = (acid number x 98/(2 x
56100)] x 100
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FT-IR (KBr pellet, cm™'):3436 (m; N-H),
1726 (s; C=0), 1624 (m; C=0C)

'"H-NMR (MeOH-d,, 300 MHz, ppm) : 6.61~
6.57 (d, 1H, —CH=), 5.72~5.68 (d, 1H, —CH=),
5.27~5.25 (m, 1H, —NH-), 2.19 (d, 1H, —CH=),
2.15 (d, 2H, =CH,) 1.72~1.63 (q, 2H, =CH,).
1.50 (d, 3H, —CHjy)

SBR2| #otst gt M| Fob SBRe| #Atst v
&8 254 nme] 29 ZAM) TE Aeld E A
A EFg 29l ER o8 fer] W8l Tega 2eks
24w

A2l F AHEY @3 SBR (0.1 g) & 4mL
THFOﬂ ol 0.05 mLE #H3ate] Aeid Ao ¥

% 300 nmofjA e} #peld EFAEE 0.1z dA3)
7ﬂ 3qich ZEE A A& 50 T 2Bl 3
AZE Fot 74t 7 2ZA]7)4 254 nm A4 8- 10 em
Aol A 108 Fo2 F7] FolA ZAEHA =
ARA ZEe] it 300 nmell el F3k WstE #Es
gt & g2 ZHselA SBRel whs 10 wt% 9]
P(O)HALS 2 P(V)HALSE ZZ} #Hrlsie] &
8% Azs3 AdH §4 29EYY WS v
BEsidr).
HMeld EF AHEZ ot phsr| vist: 3Fgs
ghgof ofgt SBRe| #3t4 Fxuss zped 24}
of W 54 Hed BN FBE HEEZM B
Zetgdth 110 Coll A 24417 AZAI7] KBr ®ad
SBR (0.1 g)& 4mL THFe| %<1 nEx &4 0.2
mLE #3le] EX§ T 50 CollA 3A7 ¢ 7
AzAZH 10 cm A2lolA 254 nm 2 H-& F7]
FoAA ZAMIIEA Hojd F 29 EY Hsiay
B #5570 W 3% ¥sds DI ol
2 AR 71 @Sy HE 3074 cmle) Ao
FBEE RYgoR gt A/AS oz u
BRI RATh o7lel o] A tAZF 2AM 3o F3

627



2%

5 @y, A =

o w3 e %24
P(V)HALSE ZtZ
Mg ZAR =

ol
AN

AR R G5he we] FEE ghol
}Oﬂ/‘i 10 wt% ¢ P(II)HALS,
Z} SBRe AH7}sled 254 nm #}¢]
4ol §AES) WIS vE B

tatE £ SBR (0.2 g) & 5 mL THF9) %SH/\]

7l 3 0.7mLE #H3lo §2)F (25 x25 mm)o =

o} ma FUH ZHE F 50 CAM 647 F

2 AZAATE ZAIA| 2] we} 254 nm 2pe]4d %
10cm AgdA A2 & 50mL SRalld) 2z}
o e 147 9 AFA7 T, 80 c<>ﬂ*1 6A12E
Fo At ARAA DAES %;ﬁxga}aan}. SBR #
2.9) o2 SBRe| 10 wt% P(II)

(MHALSE 7% 147}‘6}31 254 nm %9

Aers (%)= X100
%)=
W, 2% de] fei A
W, Zgol 2YE el dZ 5 9
W, AA F gelgel 2

FE=UM £5:3mL THF9 SBR (0.1g)x P
(V)HALS (0.01g, 10wt%) && 249 838
(0.3 mmole% )& Ho]x ztzte] K988 0.8 mLA
Hzled ko] {el (25 %25 mm)dl| Hojmgln
T#UsHA ZEH o2 50 €9 28A 542 Ft
7% AzAAT. 249 BEE o] e 90 ¢
40 mL B9 AAAZ|3, AF A7t wE 246 nm
iAol Aol FHE ¥sERE el Wt
Aot

A84 £X:SBR (0.2g)7 P(1)HALS =& P
(V)HALS (0.02 g, 10 wt%)E 4 mL THFo| 0]
T zbzre] f9S 823 (60 x 25 mm)dl] "oy
20~25 e FAR AdsA Z"sgrt. ZEHE
felg& 1N HCl #8994 38 Fo &
2 A H3ET 60 CAA 3412 T At
A7l ¢ % H,0:MeOH : THF (v/v, 3:
ggufo] 0.5 wi% bromocresol greeng 5
Q0 10% Tt AR B2 AR

mlo

o
il

e 1z

y

12

) om
2ot BN Fu

628

12 .

HFE

CH,

Hy
'("‘-'“z_z’;t’“—C“H' + 6@0 LS —(«cur-'l;cn--(i—:
g
(LIR-g-MALD
aoy‘
CH, W_C;E'
-—(—ul——l—ur—gb—)—

NGt

Tt

H
H

Lik Mall

polymeric HALS

Scheme 1. Synthetic route for the preparation of poly-
meric HALS.
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Figure 1. FT-IR spectra of polyisoprene, LIR-g
MAH, and polymeric HALS.
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Figure 2. The effect of BPO concentration on the
content of grafted MAH onto LIR. The reaction was
carried out with 10 wt% MAH at 80 € for 120 min.
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Figure 3. The effect of MAH concentration on the
content of grafted MAH onto LIR. The reaction was
carried out with 2 wt% BPO at 80 C for 120 min.
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Figure 4. The effect of reaction time on the content

of grafted MAH onto LIR. The reaction was carried ko] zhz} 297003 3210002 EFAEJon 4t
out with 10 wt% MAH and 1 wt% BPO at 80 C. == Z+2 1.27% 1.20& Vel 28l TGA
2 #EAS e AALxE 359~363 CEA v

Zk9)d HHA = Scheme 13 Zo] HAF oj4=dl 7 g g /Ado] w8k
174 MAHE z8txeEAzl LIR-gMAH3} Figure 1& 44 o]Axd wHe} LIR-g-MAH
TMPOE gH&-A1A FAsId e, 84 =4, 1= aeja HAAE nEAE AL EAY Held F
Ed TMPO¢] %, #A% 2 EA& Table 19 T 2~ EYS vwd aPolr), A4S E-AE =}
e 222 2o Al e AE 24 ekgAlel 7§ 1780, 1853 cm™ oA 2 ZE
& SHEYE"Y AAAZ F ] s EYEHS # MAH¢] C=0¢] antisym stretch &7} &
Hehgz A FHsle] 4& 5 Aloen, Bgstael @ A3 AR gk okstAl JEehda e, o=
Hoz FAHASES Felsyinh N} ozl o apmeER MAHZ 2H33la
#4998 LIR-gMAHo] SQJ€ TMPOe| @ape glee o 2 9tk 7@} LIR-gMAHS o)
A olaxEA; TFe etz Ed MAHe =k F¢ 289 ey vy o) 1780, 1853 cm™ oA <]

FE2E YT 22 AR st FAe EFrd7t 1735 cm™ Aol C=0 Fuie] ]t
MAH7} 0.37 mmel Z8}ZE% P(I)HALSS} P AdHez A et AoE Hol IxEH
(MHALSe] %o MAHolA TMPOZ 9| HA3E MAH¢} TMPOZ} gk&-3ted TMPOZF ==&

Table 1. Composition and Physical Properties of Polymeric HALS

. feed 7
. . polymeric grafted TMPO® MAH conversion =5 « M, T4
polyisoprene HALS? grafted MAH TMPO (rmmol) %) M, . (O
(mmol/g polymer) (mmol)

LIR-50 P(1)HALS 0.37 3.7 0.14 37.8 47200 1.85 362
P(II)HALS 0.43 4.3 0.34 79.0 34900 223 363

LIR-30 P(IHALS 0.37 3.7 0.16 43.2 39700 127 359
P(IV)HALS 0.43 43 0.32 74.4 32100 1.20 362

¢ LIR-50; M, 47000, LIR-30; M, 29,000. b Polymeric HALS was prepared in THF at 80°C for 24 hrs. © Determined by titration. 4 GPC
column: Shodex AT-806 & 80MS, flow rate; 1 mL/min, eluent; THF. ¢ Obtained from TGA thermogram under nitrogen atmosphere.
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Figure 5. Plot of A,/ A, of the SBR film at 300 nm
as a function of irradiation time. Irradiation were car-
ried out with 254 nm in air.
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Figure 6. Difference FT-IR spectrum of a SBR film

on the KBr pellet between before and after irradiation

with 254 nm UV light for 100 min in air.
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Figure 7. Plot of A,/ A, of the SBR film at (a) 1772
and (b) 1600cm™! as a function of irradiation time.
Irradiations were carried out with 254 nm UV light in
air.
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Figure 8. Insoluble fraction of SBR films with and
without containing 10 wt% polymeric HALS as a func-
tion of irradiation time in air.
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Figure 9. Texture of SBR with 10 wt% polymeric
HALS (a) P(I1)HALS and (b) P(V)HALS after treat-
ment with acid dye.
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