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£ oF: &vf EAY 35l A benzoyl peroxide(BPO)E 7/MAIA 2 Al&3le] Z3 Zz 22 (CR)
acrylonitrile(AN) 3 methyl methacrylate(MMA)& 28} E F2§#st9cl. 438 AN-CR-MMA
a2t=E FEEA S WBAA Y FEAL Fade-o-Meters} Weather-o-Meter2 4 &3 3} 4 219 3}
(AE)2A o5& 1A, 23ZE T5HAY WA WFA vjie 8209 9T
n&% A7 [AN)/[MMA]9] E5|7} 71842, toluened SulE ALE3IHE 99} ¥H8-&X 80
CollN =l 589 7t N £ W34 WEAY S 29k, AN-CR-MMA 132 ¥
FEA 9 olE EAE CR H& AA &4 Ao vey,

Abstract . The graft copolymerization of acrylonitrile(AN) and methyl methacrylate(MMMA) onto
polychloroprene(CR) were carried out in a solvent with benzoyl peroxide(BPO) as an Iinitiator.
The effects of the reaction conditions such as mole ratio of AN to MMA, reaction temperatures and
used solvents were examined in relation to the light resistance and the weatherability of the graft
copolymers. It was concluded that the light resistance and weatherability of the graft copolymer were
greatly improved compared with those of CR.
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Polychloroprene(CR)¢] 718+ & td#
nRHEg WgdA, WeEd 5ol £5387] wiel
o5 HEAHo] BPHoz oFEHE Be IFAFE
of @2 o]&5x k. z2iu} CRol= UEA 4
A7b EAEtEE YA, Aol $4 Yo &9
AHE-A] B @ (yellowing)o] dojube= Zlo] 3o
o 15~17

upeba] B o A= CRe shad g /i3t
A, 222 E FFgol 2ste] CR 7HHA (vulca-
nizate) ¢} & 5 V1A FH EAS Ze LA E
A z8paA}; st

B =FolAe CRe @& 7HAsk7] fste 7
&, Q9Z%E, @4E, WEAd, WeAd, W3
A, WFEA o] 43 methyl methacrylate$} acrylo-
nitrile 1819 CRol| 22} E FEsah. A€
afnE FEIA e 2 AR FAuel wet 77

X 5o 58 24 o] g plastic B rub-
bers] EA4S R% ekl 4 IAAT, £ Aol

Ae CRel g3 FAW=Z 20%=2 188 A,
acrylonitrile#} methyl methacrylate2} 24|15 €¢]
3 agltE FEEAE 4. 2, 3
%} acrylonitrile-CR-methyl methacrylate 18} &
A1) WEAAT HFAGo nXe JHZE T
Ao BFA FxH, FHE 2 8o 9%
T3t gt
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-
Ao
Acrylonitrile(AN) : 9 Junseid] S5A9FE 5
% NaOH =£R0 2 2-33] ki A A3 & S/

%
Z oA At CaChz dFAA A 57
2+4-% (b, p.40C/170mmHg) & AH8-8ch.

Polychioroprene(CR) : & A 7]3}15-3H(F) 2
Denka A-302 methanol2 33] #1338 § AF&-31%
t},

Methy! Methacrylate(MMA) : Tokyo Kasei#l] %
FANFS 5% NaOH 8902 79 M FHTE

@5

BN
e

(b.p.39C/73mmHg)-& A&t )

Benzoyl Peroxide(BPO) : & Hayashid] &+
AleF 10gS chloroform 40medl] ¥ol &&)3te] oz}
3k & ¥ methanol 100meo|A] QARSI 1T ©
AlFAIOIE] Goll A 2F AFRAA AHEFIHT

Acetone, n-hexane, toluene, tetrahydrofuran
(THF), ethyl acetate, dimethylformamide(DMF),
chloroform . g% Junseid] &7 Ak AFR3IY
o},

Methanol | 548 F/F3to AHL-8th

Argon . Al% 7IAE pyrogallold] &7te] &,
24, KOH, a1 dej7tde &Mz F3AA
A 71AE AHEEA

71e} Ak AREFS

71 7]

1. IR spectrophtometer . Perkin-Elmer 13302
AHE-3HATH

2. Fade-o-Meter : Atlas(U. S. A.) & A}&3}c).

3. Q. UV Weathering Tester : Q Panel UV B313
(U. S. A)E AHg-3toh

4. Color Difference Meter : ND-101 DP(Japan)
£ AHgETh
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Fig. 1. IR spectrum of poly(AN-co-MMA) (DMF/

Chloroform film).
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Fig. 1¢] vehAITh 2900cmolq A4Z C-H,
2250 cm™o] A C=N g 1750 cm™ !l 4] C=09] 413
%3} 1450cm™e]A] CH,9} 1375cm?elA] CH;ol
17175 0 2 7 Poly(AN-co-MMA)E #2131t}

Poly(AN-co-MMA)/CRe] Ed =

QoA AR poly(AN-co-MMA) <} CRS 4: 1
(2AW)zA8|2 DMF$ Chloroform &3§-gm)
(1:1 v/v)& g3t &3] &322 F 243
T wRrslEA E3EYLh. Efo] Bd v £
22 methanold] A AA)IZ) ¥ glass filter(1G3) 2
AFsle FF AZ7] oA o] F w7t A
FAIA EHE AEE 2}

a=E 35

Acrylonitrile-EPDM-2-vinylnapthalene 1832 E
2 A AL WS g8t acrylo-
nitrile-CR-methyl methacrylate Z128}ZE F3-3A|
2 FAskach. HWA B APAM AR IZE
2 z3}o) A8 z271S Table 1o VeEATH

B I oA 193 ¥zt &0l $& modified
Hopkins ¥Z}71(CP condenser), &%A, #H7H&
23 %, 7tx FY7) 52 FAE 189 B
AbE Zehz3d] 3ge] CRE W3 100mée] &+
(toluene, THF &£ toluene/THF &3&v)< 7t
sto] A3l =<l ¥ Az E19| acrylonitriles}
methyl methacrylateZ ¥-& thg 0.06ge] BPOE

Table 1. Graft Copolymerization Conditions Used in
This Study

Condition

Description

tio of
Mole ratio o 0.1, 0.5, 1.0, 2.0, 3.0, 40, 50

[AN]/[MMA]
Reaction ] 60, 70, 80, %0
Temperature(C)
Toluene/THF = 100/0
75/25
Solvent System 50/50
25/75
0/100

E2in #1578 A53 19913 10¥

agtzE &5 FAda EA

10med] =91 &g wkg-7ld) 7tetd e} otz 7h
FlehaA I L=l 600rpm o2 30A13F
AL P =
S &d ¥ a8EZE FH AAEES 1049
methanolel] B A Zt}h, AHNEL glass filter(1G3)
2 At JFAX7) Follr §3Fo| F w7iA|
AZAIZ o FEFsiH ok oA FEA A 2t
ZE FeA9 A& Fig. 24 dehiith
2PN & = A e} Zo] Aol FFA A
ethyl acetate®} n-hexane (6 : 7 v/v)2] EFL9&
745 TS 48417 B9t ksl &3 Eeskih
oWk CRE 1099} methanole] A o3& F &
Zo] & w71z AZAIZ] thy uukge] CR FAE
stk EFEo] =2 e EFES Soxh-
let Ax]o]| =3 acetoned 7}3 T} 48A)17+ Fot
323 3 poly(AN-co-MMA)# EFE-S 438 £
25t 108)9] methanold)] JAAA AXF F H
ZFatart. 32 2= E3E3 DMFE Soxhlet 7
2o Y3 48 A|7HE<t 358k poly(acrylonitrile)

ot [»
(=

€————  Ethylacetate + n-Hexane

soluble insolible

[ |
| R I MMA-AN Capolymer,

PAN and
Graft Copolymer

l‘-—— Acetone
soluble insoluble
poly(AN-co-MMA) l PAN and

Graft Copolymer

l‘— DMF
soluble insoluble

PAN Graft
Copolymer

Fig. 2. Block diagram of graft copolymer isolation
process.
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(PAN) & &3 £8]8 o3 &3l=A] g Folid=
Otz E Z3A) 2 methanol2 A1 AZ3F F Ao
2 352 2E thS2o ol3lo] total conver-
sion(%), 2EIZE &(%), 1IZE B&(%)S

T3l

i. Total conversion(%)=

total weight of pol f d
otal weight of polymer forme 5100

weight of monomer charged
ii, Grafting ratio( %)=

weight of polymer in grafts <100

weiglit of substrate
ii. Grafting efficiency(% )=

weight of polymer in grafts
g poly In gr %100

total weight of polymer formed

agzE FEEALY QA agzEe FFHA

A Aoz 7+E T BAE B3l IR AHEZOo R

W34 : PEZ coating$t & # %] (hiding paper) ol
A& 1.5g& THF 5mée)] §31417] 848 =23}t
applicator2 %7 35um9] film$ &1 $£d Fot
2o o] H w7t Azt Bx2H film
& 5X10cm’2 Aehale} Fade-o-Meters] ¥31
A A)ZH0.5~2.0hr) T+ U. V.ol =&A171 5 60T
X FHEE 66%3tlA WB4S SHsArh

WEA D B PN Zo] 2R A A ad
NS E¥3 WE filmE 3X5em’Z A 2 4]
S Weathering Tester WollA] AFAIZE (0.5~
2.0hr) B2 U.V. & o =2A17] 5 WFEAHE
223t9gr}. o) Al8% UV Lamp (ASTM G53) =
315-280nm < A& T SH2EE 60CE A
3ot

Az g 3%

ad=e FZEEA #F<
doj3l

acrylonitrile-CR-methyl methacrylate
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graft copolymer®] IR spectrum2 Fig, 3¢ el
itk 2920 cm?el A C-H A1%2%, 2240 cmlol) A
C=N9 AZFE, 1720cm oA C=0 2%,
1650 cm?oA] C=Ce] 41Z3%, 1485cmlo)A]
CH,9} scissoring % 600 cm™ R-Zojj A C-Clg] &
FUES 2oz 1gIE FZHAE 8y
o}

a2=EY a8 v 9%

AN-CR-MMA I=t=E FZ3tA19] U333
T BN A agEE FEFTAE AL w9
a228 g8 vXe AW Ay 2d9 9
ZAL3te o] 5§ Table 20 g oFsl]ct.

AN MMAFEHlo] & 3 W, Bgen
¢} §ulE UA3A st AN} MMAe] EH|&
0.1~5,07t7] WA 71AA 212t S-S Y3
A7} Table 29 el g,

FAEEY IEE 582 BHl FNESE
Z7v8tth, AN MMA 33 @) tigt vhg-A e,
=0.13, r,=1.1622 ®ugo] ch? ulaby
MMA<+E homopolymerE #A4E 7l5Alo] Bomg
GAEFHRTY FFFo] Yojutr] 42 AN Enj7}
Z718E poly(AN-co-MMA)7 A€ & e
ggo] AA1 o]Zo] CRY| IHZE HA sHBZ
IR E Fgo] FURit & 4 9lth, 18U &
H|7} 3 o]l A e FF e FAo o x4
F0.2 OgRxE F3o] AdFHoZ doju}r] HE
7] ol B&9 F/hEol EEGL ¥ 4 QL

P2 wo wE g& [ANJ/[MMA]e] )9}
|l E LA3A st wrg2x e Wl wE 17

<o 100

¥
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Fig. 3. IR spectrum of Acrylonitrile-CR-Methyl
methacrylate  graft  copolymer (DMF/Chloroform

film).
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olZd2UEY -CR-WYWela o E I8 ZE FFFA AT WA

ZE F5He A¥e ojM 1ZE F89] W3l
7} A} Table 20 el Q)cl,

aYTE G882 80T o3l Me Fvlstg o),
80T ool A ZAsATh ojeid A4S AR
21 benzoyl peroxide(BPO) 7} 80~85To| A 7} &
o] 282 80C oM X7}t F/HESFE 1

ZE §80] F718HR)9 80T o) AoA e gtz E
FFYAET Zt monomere] ©AZFEolY poly
(AN-co-MMA) FF A2 MAdo] Lol 7]9)
a0 g & Yo 2B

gvfe] g3 [AN]/[MMA]e] EH|9} 3w
& AA3A 3laL toluenex THFS &3Hu)o) wha}
aGZE FEH3 AARE HA] Table 20] Jehlidd
t},

THF] ¢fo] S71d4& T ZE Fgo| 74}
et oleld dde e FF 2 Sl A
wet A" SRS g S H=rt o)

7Ilste Ao A & Yo, B

Ao &u test A7} toluened:= CR¥} 18}
ZE FFHA7 £ o & £s5A5, THF9&
CR2 & &ai=vt 82l nglz e 3534 2
43 =R ghv @l et 2ejmg weAlzt
o] 7Z3}3to] whel CR chaine] AN MMAe] 18}
ZEc)o} F71A FH polymer chaing confor-
mationg &vie} &3Pog wsle FAT w
toluene -§-AF-o| A7} THF & FollA B} A4ch
2oz ANI MMAZ 3E317] 42 ddg 3T
Aoz Azso, wely a8lZE 588 THF-
rich%o| A toluene-rich Zo 2 Z4&E2 Z Aoz
S EARCL=

W34

Mz (color difference) ©]ZoA] Axt9A =4
oz uE gFEIoa AR§H NBS(National
Bureau of Standards) ©$j3] #x}olE JehlE=

Table 2, Effect of Mole Ratio of AN and MMA, Reaction Temperature or Solvent on the Graft Copolymeri-

zation of AN and MMA onto CR

Experimental “Total Grafting Grafting R K
Conditions Conversion( %) Ratio( %) Efficiency(%) emarks
0.1 55 46 32
05 57 69 41
1.0 59 92 46 Solvent ; toluene
[AN]/[MMA] 2.0 60 137 51 Reaction temp ; 80C
3.0 61 182 56 Reaction time ; 30hr
4.0 63 231 58
5.0 69 290 61
60 5 85 1
Reaction 70 52 105 25 Solvent ; toluene
temperature %0 61 182 56 [AN]/[MMA]=3.0
1 ion time ; 30h
(© 90 66 131 %6 Reaction time ; 30hr
Toluene(100) 61 182 56
T H
oluene/THF 58 150 50
(75/25) [AN]/IMMA]=3.0
Toluene/THF Reaction temp. ; 80C
4 113 46
Solvent (50/50) 8 Reaction time ; 30hr
Toluene/THF 19 88 35
(25/75)
THF (100) 47 79 33

- &N A5 A53 1991 109
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AE¥ Hunter-Schofielde] 314 AE=[(AL)*
+(A2)%+ (Ab)2] 20 <Jslo] 78 4 I}, %6~
AE Zko] &5 Mxjo|rt Zx mabx] WFA o
Y WF4go] e AL el

A|2E Fade-o-Meterdl] z}z} 2hrg-ot W& ZAFSH
% color difference meterel] 93] AL, Aa, Ab 3t
< 38t 282 E 3539 CR, poly(AN-co-
MMA) | &l Al4kg dataZ Fig, 40] Jeh) T}

1208 &<t F2AHE o CRe AE 2 42.76
o1 1IZE FZFAE 4.26082 I8 E TS
FA ] HFo] 3 Aoz Yt oz
AH-E PMMAQ] 53 W34do) 71R1% Aoz
A4 4 ik, Fig. 49 poly(AN-co-MMA)/CR
=9 AE g A Jehiied 1208 Fob
BZAIAE o AE g2 182 ANI MMA A Eo]
CRY WBA4E aA MAANNE a8 7188 &
g vk, 39 AE g} vH{ 2AL e 2
ZBEE FZHA Y AEE vwshd g B =)
gt W34 St annves agdZE 3EF ) o
T udd B e B8 $3 A2 ¢ 5 Ut
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Fig. 4. Plot of color difference vs. standing time under
UV irradiation for various samples : (—@—) CR,
(—A—) poly(AN-co-MMA), (—1—) poly(AN-co-
MMA)/CR blend (4 : 1 by wt.%), (——) AN-CR-
MMA graft copolymer.
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Fig. 59l4= [AN]/[MMA]S] 2u]d wa W3
3 LR Bt 57HE4E AE glo] o4y i
3heH ol 28 AN MMA A9 U434 34y
Ao 7|18}, 22y} Fig, 58 A3 2asia
[ANJ/IMMA]9 EH|7} 3. 07X X0z Y%
g0 U 3.0 ool ME 2 AFo] EIHE
A& & 4 e o d42 [AN]/[MMA] ZH1]q
02 agZE §83% ok A A7 Yo
oJujgtt, & gl A 71319 %] [AN]/[MMA]9]
87} 71 E [AN]# [MMA]9] 13ZE &
&o] 7kt Eu7} 3,004 "ole 1gzE
H&2 F7HEo] £ty i upeba ANZ MMAS] 1
e o WA qY avr) Esavtn 44
"}

Fig, 49| &8t % 0] H]%3 2448 2+ poly
(AN-co-MMA)/CR] Y= B-alzo] v)3] gz E
TEEAY AUt WBAH P F @ adgs
AFE BE, B =M [AN)/[MMA]9] 2]
o W W3y ARE 2=z E g8vto g Ags)

9
8

Color difference ( AE)

1 L 1

0 30 60 90 120 150
Standing time (min)

Fig. 5. Plot of color difference vs. standing time under
UV irradiation for various mole ratios . (—a&—)
[ANJ/[MMA]=01, (——) [AN]/[MMA]=05,
(—~—) [AN]/[MMA]=10, (—@—) [AN]/[MMA]
=20, (—{1-) [AN]/IMMA]=30, (—O—) [ANY/
(MMA]=4.0, (——) [AN]/[MMA]=50.
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Aol WB4-E JehAIT. 80TolA 4.260.8 714
22319}, 22 AA#Q benzoyl peroxide(BPO)
9] 4% neistd 80T o|3lolA 1 ZE F 8ol
Sxo wpet Frksht 1 o] ol M 1HAEy] wE
o] [AN]= [MMATo) 9jg W34 &4 E3= 80
CTolA 71 & Aoz AR,

Fig. 7olXe &z o3 18z e F53A
o WEAEE YehACH toluened] tigk THF2)
%ol FHEFE AE o]l AA FUksIh
toluenez} THF | &3-gohol 4t THFv 7} Z7he
&, toluened] H|7} A¥FE YFdL Pis)
AY. = tolueneS Lo} A}2¢ o7} THFS &
2 AMEE MR WEAdol -+e & 4 o

8
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Fig. 6. Plot of color difference vs. standing time under

UV irradiation for various reaction temperatures :

(—@—) 60C, (—@—) 70T, (—O—) 80T, (—a—)

90T.
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S olE NS 2l FF L &ulo 240
w2t g FEAE i s vt vz
o) wet 2T E g §o] kA=) 718k A
22 A% 4 9k

SEE

OSEE FFFNA G 1T E FEEA G
CR, poly(AN-co-MMA)<9] Al§E Weather-o-Me-
tero| A 2A17E FoF U. V.9 & AN & color
difference meterell 2]3F AL, Aa, Ab & A3}
o Hunter]o| &J&fl #|4t¥l dataS Fig. 8¢ Jeh)
At

CR9] AE & 62,659]3L poly(AN-co-MMA)/
CR B9 AEGLE 24,0500 2} ZE 2Z 34|
NME 8.322 1gZE FEFAY YFAe] CR
Ho} 8u F7lskgch. o2 AFdL poly(AN-co-
MMA) 2] AEZto] 1,182 18lTE ZZF oA U
F4o] £ AN MMA7} CRo| 18} ZE H&b)
711gtin & 4= Qo)

Fig. 9914+= [AN]/[MMA]9] Ero) & Y3
e vehd Foez Ug4e A npasiAlz
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Fig. 7. Plot of color difference vs. standing time under

UV irradiation for various solvent systems : (—@—)

toluene (100), (—O—) toluene/THF (75/25),

(——) toluene/THF (50/50), (—[1—) toluene/

THF (25/75), (—a—) THF (100).
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Fig. 8. Plot of color difference vs. standing time under
UV irradiation and water shower for various sam-
ples: (—@—) CR, (—a—) poly(AN-co-MMA),
(—1+) poly(AN-co-MMA)/CR blend(4:1 by
wt.%), (—il—). AN-CR-MMA graft copolymer.
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Fig. 9. Plot of color difference vs. standing time under

UV irradiation and water shower for various mole ra-

tios : (—a—) [ANJ/IMMA]=0.1, (——) [ANY/

[MMA]=05, (—A—) [AN]/[MMA]=10, (—)
[AN]/[MMA]=20, (—@—)
(—{1—) [ANJ/IMMA] =40, (—O—) [AN]/[MMA]
=50.

[AN]/[IMMA]=30,
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Fig. 10. Plot of color difference vs. standing time

under UV irradiation and water shower for various

reaction temperatures . (—_1—) 60C, (—jil—) 70T,

(—C—) 80T, (—@—) 90T.
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% I
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E15-
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Fig. 11. Plot of color difference vs. standing time un-
"der UV irradiation and water shower for various sol-
vent systems : (—@—) toluene (100), (—CO—) tol-
uene/THF (75/25), (—M—) toluene/THF (50/50),
(—1) toluene/THF (25/75), (—a—) THF
(100).

[ANJ/[MMA] 2w7} %718%% CRels AN
MMAS) Z2}2E £&& Z7h8ha mets e
74T SNE WBA Ade btz ol
AsE vlg REs) wAsY, IEE AeH
agkEE Alguie) AN 9 MMAS) 74u)e] #9)
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Fig. 100 £8L5d n2 agxe 2=
Aol HEQE Jehi o W34 Fgs vpd
7HA 2 80CY w7t 78 $-4=3kdt). Fig. 116)A4&
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eilen THFS <ol F71d42 AE gho] 3
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4 &
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(MMA) & stz =2 E F5A7) 3 288 1
ZBEE FFA L WBET WFAd vAe FF
z9 982 Y A3 [AN]/[MMATS] 2ul7}
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