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ABSTRACT

The graft copolymerizations of acrylonitrile (AN) and methyl methacrylate (MMA) onto chlo-
roprene rubber (CR) were carried out with benzoyl peroxide (BPQ) as an initiator. The effect
of solvent, mole ratio of AN to MMA, reaction time and temperature, and initiator concentra-
tion on graft copolymerization were examined. It was observed that the grafting efficiency
increased as increasing mole ratio of AN to MMA. the graft copolymer, acrylonitrile- CR -
methyl methacrylate (ACM), was identified by infrared spectroscopy and morphology. Ther-
mal stability of ACM was found to be improved when compared with those of CR.
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1. Acrylonitrile (AN): 4 ¥ Junsei®| 5] F
5% NaOH 8o 2 2-33] whs A4t
SR ohA] Al A8k CaCl, 2 B4 A 7
F#-(b. p. 40C/170mmHg) & *

m(o

RO A

R T
B3ich,

2. Chloroprene rubber(CR) : &2 #7|3}gh-3
A (F)9 Denka A-30-2 AH&shsin).

3. Methy! methacrylate(MMA) : Tokyo Kasei?!
5+ A°h& 5% NaOH —’F%%‘.&L A

THTE ML v CaCL2 gste] hE
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Fgh F7+5-%-(b. p. 39C/73mmHg) = AH&-3}

4. Benzoyl peroxide(BPO) : % Hayashidl &
FA12F 10g2 chloroform 40méel] 2o £33}

o} o}a}48} 3 W methanol 100méel] A = 2A
ato] A wAlAlo E Fol A AF HAEAA
A-g-shed ol

5. Acetone, n-Hexane, toluene, tetrahydrofu-
ran({THF), ethyl acetate, dimethyl formamide
(DMF) : 9% Junseid]l 53 Aok AHE-319)
o,

6. Methanol : 3-9-8-& ZFstod AR&-stalch
71 A

7. Argon : A1 7) Al pyrogallol®] d#e] £,
g4k, KOH zelx Aejzide] ¢4 & 53
A AAE 7135 ARE-slelch

7)et Aok AlHEFE AHgeich
22. 71 7]

1. IR spectrophotometer : Perkin-Elmer 13305
AH-g-8hod o),

2. TGA : du Pont 1090 AH&-stsdch,

3. Fade-o-Meter : Atlas, U. S. AS AR&-3}3ich.

4. Q. UV weathering tester : The Q Panel UV
B 313, U. S. A& AH&3lsich

5. Color difference meter: ND-101 DP, Ja-
pans AR8-3hedch,

6. Dual stage scanning electron microscope :
DS-130C AKASI Beam Technology® A3}
och

2.3. Poly(AN-co-MMA) 4 % &l

Bl 2] 7} 2 500me ] et Skl
70me 2] toluene® 9.3m8(7.5g) 2 AN, 5mé(4.68g) 2]
MMAE ¥ ok-& BPO 0.06g3 toluene 5méel] =4l
glg uke7)o] shelgirh. ol & shAE FE
4] 80C el 4] 600rpmo. 2 WHFsH A 30417
w7l & AQAAELS 1099 methanolel] #
7t} glass filter(1G3) & o #8lod 23 7117&7]
#eko] ujrir] 42AZ] ohg HEkskolch W
PAEL R a=ER o2 el 392 Fig 1°ﬂ
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Fig. 1. IR spectrum of poly(AN-co-MMA)
(DMF/ chloroform film).

Transmittance (%)
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vehi2dch, 2900 cm ol A A2 C-H, 2250 cm
A C=N 2 1750 cm oA C=09] A% RT3
1450 cm 'l A CH,, 1375 cm el A CH,9 W7+ 3
Fo 2XE poly(AN-co-MMA) & &alslsict,

24. Poly(AN-co MMA) /CR#! blend

Z2pu) 75%2) poly(AN-co-MMA) 9} 25%2} CR
€ DMF#} chloroform £3-81(1: )& AH&-3t4
A3 LA F 2407 o sk A E3st
Act. Eiol B o} EFES methanolel 3
HAA) 7 F glass filter(1G3) 2 o3xkste] 33 =27
Zol| A dgko] "Hu7lr] AR YAES 4H
74 9 morphology £l AH&-slich
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Acrylonitrile-EPDM-styrene 373l A}-8-g v
4§43 acrylonitrile-CR-methyl methacrylate
(ACM) & #Aslgdch. oA £ Ao A3 2
Hre 35 A 27E Table 19 Ve
o}
HEAQ 2ZE FFH] dF EH & A7
Aol A" ekt W2 | .£0] & modified Hopkins
W271(CP condenser), €54, 714 F3 o5,
b FY7] 5 AAI 149 Fey A Ee
el 3g2] CRE 91 100mé2] toluened 7}5}+]
A 5] 5 F 9.3m¢ 2] acrylonitrile® 5mé 2} methyl
methacrylate® 22 th& 0.06g%] BPOS 10meell
Q1 S ukg7e 718t o2 FfAE F
sJskiA 80TlA 600rpm2-2 30417 ot 2w
atqich ‘

uhg 94 F 22t 2E F§ AN ES 1092 me-
thanolel AR}, AANEL glass filter(1G3)

Table 1. Graft copolymerization conditions used
in this study.

Condition Description

Mole ratio of 0105 123 4 5

[ANJ/[MMA]

Eﬂi?;:;zat’on 10, 20, 30, 40

Reaction

temperature(C) 60, 70, 80, 90

Toluene/THF = 100/0

75/25

Solvent system 50/50
25/75
0/100

Initiator concentration

0.62, 1.24, 2.48, 4.95, 9.9
(M/2X10%) 8 1

2 ojFsle) AF AE7] Sellx el Lu7iA]
AxAQ g gastgeh, Aol FFAAM 2
gxe Z¢49 ACMe ¥e#AE Fig 29
ehigich. 2-oA & F sl wheh 7ol @il

e————  Ethylacetate + n-Hexane
sotuble: insoluble

1
C R I

MMA-AN Copolymer,
PAN and
Grait Copolymer

l ———Acetone
soluble

insoluble

| IAN-co-MMA PAN and

Graft Copolymer

+— DNF

soluble insoluble

P AN Graft

Copolymer

Fig. 2. Block diagram of graft copolymer isolation
process. '
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2§ <l ethyl acetate®} n-hexane(6:7)2] &3 &
e 713 oS 48417 Fo alsle) g B
3t} "W CRE 10819 methanolol A Ao}
¢ F Il Fuzbx] A2A7 oS vke-9) CR
FAE Bk £ Svllel H7) o E3ES
Soxhlet FX|ol| Y acetone-& 713 thg 4847+
3¢ 353 ¥ AN-co-MMA S EFES &3] &
2}3}3 10009] methanolel AAAA 2Azg ¥
gk %4 e EGEH} DMFE Soxhletd
Aol P31 48417} F-<k 2H7-3le] PANS &3 ¥-21%
o5 48 HA 43 delgle 1z E 23AE
methanol 2 A1 AZF F IskZE YA ¥
AE Ak, o)A FHASERE kg Al
9] 3}e] total conversion(%), 1TFZE (%), 1
Zze F8(%) < Faldch

total weight of polymer formed
weight of monomer charged
X100

i. Total conversion(%) =

weight of polymer in grafts
weight of substrate
X100

il. Grafting ratio (%) =

. - __ weight of polymer in grafts
ii Grafting efficiency (%) = total weight of polymer formed

X100
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2. g5 M3

Alg 10mg AEE A3 EAsl GFolw
pan°l ¥ F7& H& oS AR ¥ £ &5
20C/minZ slo] 9% AL A3,
- 3. Morphology

Sample® SEM chamberel]l 27)% el 1 hr £
gold coating= &3 ¥ scanning electron micros-
copy (SEM) (DC-130 C)-& A-4-3lod Az} o)A

o
e
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@o}A  acrylonitrile-CR- methyl methacrylate
copolymer (ACM) 9} IR spectrum? Fig. 3¢ v+
ek, 2920 cm ol A C-H A1&A1%F, 2240 cm™
o 4 C=N9| &A%, 1720 cm'A C=0 A%
AE, 1650 cm oA C=C9 A&41%, 1485 cm?
ol 4] CH,#] scissoring % 600 cm™* -2l 4 C-Cl¢)
AFA5E BYo2ZH ACMES #hlstgr).

ARV

[ e
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[
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Transmittance (%)

Fig. 3. IR spectrum of graft copolymer :Acry
lonoitrile-Chloroprene - Methyl methacrylate
(ACM) (DMF/ chloroform fitm).
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Table 2 Effect of mole ratio of AN and MMA on the

graft copelymerization of CR: solvent ; tol-
uene, temp ; 80C time ; 30hr, BPO ; 0.06g.

Mole ratio Total Grafting Grafting
[ANJ/IMMA] | conversion(%) | ratio(%) | efficiency(%)
0.1 55 46 32
0.5 57 69 41
1 59 92 46
2 60 137 51
3 61 182 56
4 63 231 58
5 69 290 61

80
G
& 60f
2
=
T 40}
£
aé 201
&)

01 05 10 20 30 40 50
Mole ratio of [AN]/[MMA]

Fig. 4. Plot of grafting efficience vs. mole ratio of

[ANT/IMMA] : solvent ; toluene, temp.:
80C, time ; 30hr, BPO ; 0.06g .
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CRe =, [AN]/[IMMAlY Ev], A7, &
o}, XA FEE AR 812 ukg-2-E 9 W}
ug astre FEIe Al gleid ZHZE
ag9 H3lE Table 3% Fig. 591 Jehisdeh.
aZE &L 80C olstel e Frhsta ot 80
T ol e A, o2’ IS AR
benzoyl peroxide (BPO)7} 80—85Cel|A 717 &
Aol AEZ 80T olglelMe &=7} F/ETE
ZE #8o] F7IskAt 80T ol el M= 2t
Ze FE5EA 2ot 2 monomerd] FUdFTEe}
AN-MMA 3533 9] o] Lolgid] 7|ldctn
'z‘;_} _"':. 9\11;]_'22 23

Table 3.Effect of reaction temperature on the graft
copolymerization of AN and MMA onto
CR:[ANJ/[MMA]=3,
time ; 30hr, BPO ; 0.06g.

solvent ; toluene,

Reaction Total Grafting Grafting
temperature(C) | conversion(%) | ratio(%) | efficiency(%)
60 53 85 31
70 58 105 35
80 61 182 56
90 66 131 36

80

50+

201

Grafting efficiency(%)
5
[

A i A

60 70 80 90

Reaction temperature(C)

Fig. 5. Plot of grafting efficiency vs. reaction
temperature : [AN1/[MMA] = 3, solvent ;
toluene, time ; 30hr, BPO ; 0.06g .

3. Bh2A|Zt0] =2 det
CR9 %, [ANJ/IMMA]S] &n}, Whg2%, &
o, XA xS dASA s CRel AN
MMAS izt a2z e 35l slojA wheA
Zroll W2 AP ANE Table 42 Fig. 6e4] ekl
k. 304127 AlE 2etEE Egol §A3% £t
aht 30417t ol 3 FhEe] S & ST
olald & Aol HbAIZD] F7HEE WA
‘*H‘ﬂ] ‘5‘0}3171] HE vlahg Eiwe] ofo] AuhA
A ‘}m] ol 2L E se ok 3hast|
) Aoz g, =g 5 ARe] At 2
% “‘_%-\% 8171 sl de £t A (Sl 2
g F AR FES wbgo] dojukedl AA
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Table 4. Effect of reaction time on the graft copoly-
merization  of AN .and MMA onto CR:
[AN]/LMMA]=3, solvent ; toluene, temp ;

80C, BPO ; 0.06g.

Reaction |  Total Grafting Grafting
time(hr) |conversion(%) | ratio(%) |efficiency(%)
10 49 89 36
20 54 131 - 47
30 61 182 56
40 77 229 59
80

g
& 60}
8
2
g Wl
o0
8
]
S 20t

n 1 ! i

10 20 30 40

Reaction time(hr)
Fig. 6. Plot of grafting efficiency vs. reaction
time : LANJ/LMMA] = 3, solvent ; toluene
temp ; 80C, BPO ; 0.06g.

9 Zuld) g PAlo) Fvksle) CRo) AN
MMA 219} &4tz 3E0] ol2] 9= A= 411¢]
2 4 sirka AR,

4. HAIN| sl mE AE :

[AN]/IMMA] 2] Bl & dA s sk g0TolA
MAA =& W3tA] 7194 CRl AN# MMAS]
gz etz e FF¢e] Ay 43S Table 59
Fig. 7l Jeplsich. 248X10*(Mole/8) 7HAl=
F18-&3 222 E E80) A Frlslget o
ool e A EEL Fol8lAlg el e 582
F7181A) dg-& & 4 sieh olE @ AL AAA
FEL 271848 AN-MMA 35349 ddF
A AgAde] fol3h] |alsle Aor A4 4
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Table 5. Effect of cnitiator concentration on  the
~ graft copolymerization of AN and MMA
onto CR:[ANJ/[MMAI]=3, solvent ; tol-
uene, temp ; 80T ; time ; 30hr.

co:c]:et:::;on Total ~ | Grafting Qrafting
(M/€X10) conversion(%) | ratio(%) |efficiency(%)
0.62 38 . 63 3
124 51 177 45
248 61 182 56
4.95 82 333 53
991 92 356 51
80

Grafting efficiency(%)
5

201

e

062 124 248 495 991

Initiator concentration{M/£X10*)
Fig. 7. Plot of grafting efficiency vs. initiator
‘concentration : LAN]/[MMA] = 3, solvent
s toluene, temp ; 80C, time ; 30hr,

5. 209 dg

CRl [AN1/IMMA]9 Ev], F¥A%, S
=, AA E5E 448 3132 toluened THF ]
Eghulell w2} 2z e F33 AHE Table 63
Fig. 8o Yeligich. THFYo] 371858 22 2Ee
Hgol AAAHe g zhasligdd., oyt AL &
vl o] 25 2 Sof o] 2o wel 4= FHA Sl
e S = AE7) Ed rlalshe Aes A4
—)F %lt}.zﬁ) .
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Table 6. Effect of solvent on the graft copolymeri-
zation of AN and MMA onto CR: [AN1/
[MMA]=3, temp ; 80T, time ; 30hr, BPO ;

0.06g.
Total Grafting | Grafting
Solvent conversion| - ratio efficiency
(%) (%) (%)
Toluene (100) 61 182 56
Toluene/THF (75/25) 58 150 50
Toluene/THF (50/50) 48 113 46
Toluene/THF (25/75) 49 88 35
Tetrahydrofuran( THF) 100 47 79 33
100
’:@; 80t
g
2 60F
L~
w0 40F \
j
G 20F

10070 75/25 50/50 25/75 07100
Volume ratio of toluene/THF
Fig. 8. Plot of grafting efficiency vs. volume

ratio of toluene/THF : [AN]/[MMA]
= 3, fime ; 30hr, temp ; 80C, BPO ; 0.06g.

42. 94 H2

7t whg 2 wE TGA curve®] *H3E Fig.
9-1101 vl Z71Es ex o HERE

EEE 5000»1]*1«1 &3S Table 7-9° A3}
%t

Fig. 9(;£€ Table 7)== AN/MMA £v]9] S3<
Bl Ao Bnrt 12 Aol 27 2EE
355C HF 3 X 454C ojxl ot Eul7t 59
7A$ 27188 25E 355TH HF LT 483
CE MMA®| A ANl Bw|7} Z7hds 24
LAl o AL FALE B 5 Uk 53] 500

Table 7. Decomposition temperatures of ACM

obtained from various mole ratios

Mole ratio decolriizfslition decorP;:szlsition
[ANJ/IMMA] temperature (C) | temperature (C)
o1 351 452
05 353 453
1.0 355 454
20 365 461
30 369 468
40 370 474
5.0 371 483

Table 8. Decomposition temperatures of ACM ob-
tained from various reaction temperatures

. Initial Final
Reaction - .\
temperature (C) decomposition | decomposition
P temperature (C) | temperature ()

60 360 463
70 366 465
80 369 468
90 365 463

Table 9. Decomposition temperatures ACM obtai-
ned from of various solvent systems

Initial Final
Solvent decomposition | decomposition
temperature (C) | temperature (C)
Toluene (100) 369 468
Toluene/THF (75/25) 355 501"
Toluene/THF (50/50) 358 503
Toluene/THF (25/75) 358 507
Tetrahydrofuran( THE) 100 358 - 351

Col 2] AEE AEo R Bu) Bulrksel AF
(20%) 97} 12 A0 el oF 29

ahe b ANS) B9E01E GadE RS
Aoz d5d 4 oldich VS Luo PE
AT 9H 4R dBE Fig 10 Table 8
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80 F

40F

Residual weight(%

20¢

100 200 300 400 500 600
Temperature(C)

Fig. 9. TG curves for ACM obtained from various

mole ratio;heating rate = 20C/min in air.

— A — :[ANJ/IMMA] = 0.1

— 0 — :[ANJ/[IMMA] =05

— DO — :[ANJ/[IMMA] = 10

— B — :[AN]/[MMA] = 20

— A— :[AN]/[MMA] = 30

— O— :[ANYJ/[MMA] = 40

— @— :[ANJ/[MMA] = 50

of vdehdlstl uhg2xd) ulE & Hale glsle
W A Well A= 80T A S A Bo] 2
7IEs 2= 369C, HF ¥l 2% 458CE 71 F
< HgAdE Rodch o)eijt AL 80Tl 1
ZRTE Gg0) A o A A,

Fig. 11 2 Table 9= £vf THF$} toluene®]
F-3u] Wl g 44 kYAl <&k el
AL 2 toluenes §v1 2 AH4-3 Z$-7} THF whe)u}
toluene¥} THF &3 &9 & 443 7A$Ec) Iz
3 WdAdE Byged 94 2=lZE Ff)
HEk golle] kvl e AL naldiy ¥ $
Atk WHEA1Z AAA] S0 wEkxe 23 ot
Aol Ao Wiy} gisleng Ak sl

¥, Fig. 12 & CR homopolymer, poly (AN-co-
MMA), poly (AN~co-MMA)/CR blend ¥ ACM ¢}
TGA curve® 2.2 )t} #31 datax Table 1090
Aesidek. 93714 ACME AN-MMA 2w 39)
Z71 02 80TCA 30417 Fitsle] dolxl A
al ACME Jehd Hojc},
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Residual weight(%)

100 200 300 400 500 600
Temperature(T)

Fig. 10. TG curves for ACM obtained from vari-

ous reaction temperatures : heating rate =

20C/min in air.

o,

O — : 60T
— A — 70T
— O — : 80T
_— 0 — 90T

Residual weight(%)

100 200 300 400 500 600
Temperature(T)

Fig. 11. TG curves for ACM obtained from vari-

ous solvent systems: heating rate = 20

/min in air,

— o — Toluene (100)

— O — : Toluene/THF (75/25)
— O — : Toluene/THF (50/50)
— & — : Toluene/THF (25/75)
— A — : THF (100)

Fig. 1214 CR, poly(AN-co-MMA) % poly
(AN-co-MMA)/CR blend®ll ®lsl ACM°] $-53%
WadAd€ 71dE 4 4 ok 53] 500Ca A4 3
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100 F ACM] AA-& 2 CRol AN MMA~7} 282 E
® 32418 32 912™ ¢) CR/poly (AN-co-MMA)
S 8of blends CRZ AN-CO-MMAS] Arielsl Zwg
£ veh s gleh
g or o
Z wf _\o
g’) \\\\o—
o
2F A —
\\\\\o—__

100 200 300 400 500 600
Temperature(C)

Fig. 12. TG curves for various samples : heating
rate = 20C /min in air.

— B’ — : CR

— ® — : AN-co-MMA

— A — : AN-MMA/CR blend
— 0 — : ACM

Table 10. Decomposition temperature and perc-
ent weight residue of various samples

Initial Weight
Sample decomposition residue
temperature(C) | at 500C(%)
CR 362 24
AN-CR blend 375 20
AN-co-MMA 383 15
ACM* 369 35

* [AN}/IMMA]=3

EL 71522 82 ¥ ¥ CRe| ¥lal A (24%) =&
BHEFE (35%) 7HozH A& ddde 7}
AAR AR 2P ACMLS 94 ddMde
ox Ax P AgHw & S gk

4.3. Morphology

CR, poly (AN-co-MMA), CR/poly (AN-co-
MMA) blend ¥ ACM 2} SEM A2 Fig, 13 a)-d)
o Aelslsdct. olu) ACMS AN/MMA E4] 39
80CoA 30417F MREAIA e ACMelth )
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d)

Fig. 13. SEM micrographs of various samples :
a) CR, b) poly(AN-co-MMA)
¢) poly(AN-co-MMA)/CR blend ACM.

ayeg 2 Ade FgAe ACMe] blend7}
ohd& #aldd 4= 919l a) + CRS rubbery na-
ture©) 2J3} ductile fracture a9 X3 25S
BHF YA b) £ poly (AN-co-MMA) o+
AN % MMA A%< 2% brittle fracture®™ I}t
9] morphologys & RoF2 9t}

5. 24 &

CRell acrylonitrile (AN )K'Jr methyl methacrylate
(MMA)S gitjz aelze FEgel o3 3
Z7R9 4% a5tz e FF AU AN-CR-MMA
(ACM) 9] £44) 33 AL &3 2

1. 28 ZE &4 [ANV/IMMA] Eu)9) 3ol
F7VE Folstddh

2. % %71 80C 7MA= LBTE Fgo) F
7kt 80T olAtoll A hasleic).

3. % A7l W2 aelzE A8S 3047 7
e FA3] Frhsidod 2 oAkl E ¢

. ksl Z7)5k9i,

4. WAA F=7) 248X10 (mole/ll)v}ﬂt a
LE F ol FH3 Fslslgdoy o o4
dlAe A3 sl

5. 12} E F§-& THFS Ev)7} 271854E
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6. CRY g¥3 25+ ACMET} 7CZ7)819 0
o [AN]/[MMA]$} &u]7} 71842 d 53
2= oY Frtskgdch

7. ACM2 CR/poly (AN-co-MMA) blend®] %
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