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Ethylene-propylene-diene terpolymer(EPDM)ell o3 4-chlorostyrene®} acrylonitrile®] Z2t=e FFh-e
uh$- 25 70T ol 4} benzoy! peroxide(BPO)Z MA|A & A}-&-35te] g4 5193} Poly(acrylonitrile-EPDM-4-chlo-
rostyrene) (AECS) 9] 22} ZEF &2 tetrahydrofuran(THF) & &2 AH&3& o7} 74 $U43, 7 582
76%°}2ich. AECSS] wiad, whad, W % W54 & Poly(acrylonitrile-butadiene-styrene) (ABS), Poly(a-methyl-
styrene-acrylonitrile) (a-SAN), Poly(acrylonitrile-EPDM-styrene) (AES) ¢} ®lizslich. @52 (TGA) 3 4|
2pzAred ek (DSCYoll &gk d¥sfe) FAstou]x] e AECS(49-51 Kcal/mol) >AES(46-50 Kcal/mol) >a-
SAN(45-49 Kcal/mol) > ABS(44-46 Kcal/mol) 2] &+je]ck. 343z W54 Y ¢+ AES>AECS>0-SAN
>ABSS] #o]glc}l. AECSS] A Faahs-2 400C ©]sle] oM Fai-siutg o2 o] Foizlch

Abstract—The graft copolymer of 4-chlorostyrene and acrylonitrile onto ethylene-propylene-diene terpoly-
mer(EPDM) was synthesized with benzoyl peroxide(BPO) as an initiator at 70C. The maximum grafting
efficiency was 76% when tetrahydrofuran(THF) was used as a solvent. The thermal degradation, flame retar-
dancy, light resistance and weatherability of AECS were compared with those of Poly(acrylonitrile-butadiene-
styrene) (ABS), Poly(a-methylstyrene-acrylonitrile) (a-SAN), Poly(acrylonitrile-EPDM-styrene) (AES). The
activation energies of thermal degradation determined by thermogravimetry(TGA) and differential scanning
colorimetry(DSC) were in the order of AECS(49-51 Kcal/mol) >AES(46-50 Kcal/mol) >a-SAN(45-49 Kcal/
mol) >ABS(44-46 Kcal/mol). The light resistance and weatherability were in the order of AES>AECS>a-
SAN>ABS. The thermal degradation of AECS was considered to happen by main chain scission at an environ-
ment temperature below 400C.
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Fig. 1. Schematic diagram of reaction system.
1. Reactor 8. Speed controller
2. Water bath 9. Ar gas cylinder
3. Condenser 10. Flow meter
4. Drying bottle 11. Gas bubbler
5. Dropping funnel 12. Thermometer
6. Electric stirrer  13. Temperature controller
7. Substirrer 14. Heater

Fig. 2. Schematic diagram of apparatus for thermal de-
gradation experiment.
1. Nitrogen cylinder 6. DTA unit

2. Atmosphere 7. Temperature controller
control unit 8. Data process

3. Sample holder 9. Isothermal temperature

4. TG/DTG unit reactor

5. DSC unit 10. Alumina tube

o, WEAJA -2 Q-panel UV B313, Weathering Tes-
ter(v)5 Q-panelAb#)) & ARg-3toich.
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Fig. 3. Block diagram of graft copolymer separation
process.
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Table 1. Effect of solvent on the graft copolymerization
of 4-CS and AN onto EPDM; ([4-CS]/{AN]:
1.60, temp.: 60°C, time: 90 hr, BPO: 0.12 g)

Total Grafting

Solvent conversion efficiency
(%) (%)
n-hexane/ethylacetate = 50/50 45 60
cyclohexane/ethylacetate = 50/50 50 64
tetrahydrofuran/ethylacetate 55 70
=50/50
tetrahydrofuran(THF) 58 76
100
80
60

Transmittance(*s)

4]
4000 3000 2000 1000 2Cc0
Wave number{cm™)

Fig. 4. Infrared spectrum of AECS; ([4-CS]/[AN]:
1.60, solvent: THF, temp.: 60°C, BPO: 0.12 g).
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Fig. 5. Plot of grafting efficiency vs. reaction time; ([4-
CS1/[AN]: 1.60, solvent: THF, temp.: 60°C, BPO:

0.12 g).
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Fig. 6. Plot of grafting efficiency vs. mole ratio of [4-
CS]/[AN]: (solvent: THF, temp.: 60°C, reac-
tion time: 90 hr, BPO: 0.12 g).
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Fig. 7. Thermogravimetric curves of ABS, ¢-SAN, AES
and AECS(heating rate: 20°C/min, N, flow: 70
m//min, sample weight: 10 mg).

Table 2. Flame retardance for various temperatures

Weight % of residue

Sample —o3 T 375C  400C  425C 4500
ABS 99 82 15 1 -
a-SAN 100 98 76 5 1
AES 100 100 94 26 3
AECS 100 100 98 46 6
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Fig. 8. DSC traces for the various samples at 20°C/
min heating rate.
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Fig. 9. Application of DSC method for the various sam-
ples under N, stream.
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Fig. 10. Infrared spectra of thermally decomposed AECS
under N, stream.
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=1}, 400C o) A4Fe] Xol A= -C=N7](2240 cm ) ¢}
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Seul S[1]9) PMMAS} ABS2}e] &A= A9
SRS =1
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Table 3. Kinetic values of styrenic samples in the stream of nitrogen

Derivative method

Integral method DSC method

. Fractional Activation Reaction Activation Activation
Sample Region . A
weight loss energy E order N energy E energy E
C (Kcal/mol) n {min~") (Kcal/mol) (Kcal/mol)
AECS Stage 1 0.01-0.82 489 1.1 1.1X101® 475
2 0.83-0.99 68.5 1.3 5.6x10% 58.3 51.3
average 52.3 494
AES Stage 1 0.01-0.74 447 11 4.5X10% 432
2 0.75-0.99 64.4 13 2.2X10% 54.6 477
average 49.7 46.1
a-SAN Stage 1 0.01-0.72 437 11 4.1X108 429
0.73-0.99 62.8 14 2.5%10% 51.3 47.1
average 489 453
ABS Stage 1 0.01-0.68 42.3 10 3.6X 101 417
0.69-0.99 56.7 12 2.7X 10" 494 46.3
average 46.8 44.1

318183 H30H Mi63 199244 123
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Table 4. Color difference determined by Fade-O-Meter
for various samples

AE
5hr 10 hr 20 hr 30hr 40 hr
EPDM 041 0.52 0.63 142 2.00

Sample

ABS 1.64 4.87 8.03 8.58 9.12
a-SAN 122 4.15 7.52 8.02 8.77
AES 0.42 0.51 1.18 1.75 242

AECS 0.81 1.04 1.63 3.22 4.55

Table S. Color difference determined by Q-panel UV B313
weathering tester for various sample

AE
Sample 20 hr 30 hr 40hr  60hr
EPDM 0.24 141 1.74 241
ABS 6.23 8.54 1378 19.02
a-SAN 601 8.27 1301 1832
AES 565 8.83 1257 1472
AECS 437 7.04 1271 1772

a-SAN, AES 9! AECS®] Ao} WEAS Al
T Uk

AE=[(AL)?+ (Aa)*+ (Ab)*]"2 (4)

Table 4= ABS, a-SAN, AES % AECS®] s}
vehd Felch AESE A 7b#H s}l whe) ghubslA] AES)
57F7F viebdel AECSell 402)7F 32414 3o] AE:
4.55°]3 ABS®} AEZ-E 912022 oF 2u] H: u
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/48l EPDM®] 4% AE ol 7]qlg 7Aook
PR 2R FPAe] £& 4= AESSAECS>
a-SAN>ABS £o]¢]c}

Table 5= A| &) W48 v}eldl oo}k Table5
o4 B wie} 7o) 304 717bA] o] AE9) e AECSE
7.04, AES+= 883 131 ABSE 8542 AECS7} W%
el Foub 2 o]F 6047 AFoA AEQ e
AES7} 14.72, AECS7} 17.72, ABS7} 19.028 AES~}
7 Ul FAde] =stqic), Baigl ¥z Ao
F A= WEA A} vhasbA 2 ARS>AECS>
a-SAN>ABS%=0]glt}).

5.8 £

EPDM¢]| acrylonitrile®} 4-chlorostyrene®] 72}z E
TN AT FAI FEs BN 7 A7l
o3 2 Aag gk

(1) Tetrahydrofuran(THF)E $oj2 Algsjele
3% AECSe| aetxefgo] 76%2 7b4 Estch.

(2) ABS, o-SAN, AES % AECS9) A 47| Fa}oll A
LA AGS vl A8y 3 DSCH mE=
AECS7} 7H 23, wlEgelA T8 wexpsn
ABS, AES, a-SAN 8 AECS £5 §4} alxpukgo]]
o},

(3) A, dadA 9 53 4 AECS>AES>a-
SAN>ABS<=o] 9, Y34 2 W54 9] 9481 4
AES>AECS>0-SAN>ABS$ o)t}

(4) AECS®] dE-s& 400C ulgtol s A2 =4
EHE o]Foixm, 7 o]ake] 5o C=Nv|9}

= F a7t dofuiel,

AREZ|E

A :pre-exponential factor [min~!]
:degree of conversion [-]

: apparent activation energy [Kcal/mol]
AE : Hunter-Schofield’s equation [-]

: apparent order of reaction [-]

: partial heat of reaction [cal/g]

: gas constant [1,987 cal/mol-K]

: total heat of reaction [cal/g]

: absolute temperature [K]

:time [min]

= o
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