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Abstract : Tensile and dielectric properties of short aramid or carbon fiber reinforced chlorosulfona-
ted polyethylene(CSM) composites were investigated. The composites were prepared by the mill-mi-
xing method. The effects of vulcanization, fiber types and contents on the tensile strength, dielectric
loss tangent(tan 8), specific inductve capacity(e,), and volume resistivity were discussed. The short
fiber reinforced CSM composites showed better tensile and dielectric properties when CSM matrix
was vulcanized. Tensile properties of the CSM composites with or without vulcanization were affected
by the fiber types and the effect was larger in case of the aramid fiber reinforced composites. The
tan & and e, were affected by the fiber types and contents in the unvulcanized CSM composites, whe-
reas those dielectric properties increased with fiber contents regardless of fiber types in the vulcani-
zed CSM composits. It was observed that the volume resistivities of the CSM composites were almost

same as that of the CSM matrix regardless of fiber types and contents.
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Table 1. Materials
Samples Characteristics Source
CSM ML,,4(100T) . 56 Hypalon 40
Density 1118 g/cm® (Du Pont. Co.)
Chlorine Content : 35 %
Sulfur Content : 1.0 %
A/F Density 1 146 g/em® Aramid Yarn
Tensile modulus  : 7685 kgf/mm? (Kolon Co.)
Tensile strength 251 kgf/mm?
Elongation 143
Filament Dia. 72005 pum
C/F Density L1177 g/cm® Toray Industries
Tensile modulus  : 2400 kgf/mm? (JAPAN)
Tensile strength 400 kgf/mm? grade . HTA
Elongation W %
Filament Dia. 1912005 um
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Table 2. Formulation of Vulcanized CSM Composites
C : Carbon Fiber A : Aramid Fiber (Fiber Concentra-
tion : 5wt%)

. OAorOC 5C 5A
Recipe
(Parts) (Parts)  (Parts)
CSM 100 100 100
MgO 4 4 4
TiO. 35 35 35
CaCO, 50 50 50
Pentaerythritol 3 3 3
TRA 2 2 2
Carbon Fiber 0 5.0 -
Aramid Fiber 0 — 50
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Fig. 1. Monsanto rheographs of CSM and carbon fiber
or aramid fiber reinforced CSM composites(Fiber co-
ntent was fixed at 5 wt.%).
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Table 3. Rheograph Data, Mooney Viscosity and Basic Mechanical Properties of Short Aramid Fiber Reinforced

CSM Composites

Composite No. 0OA 2.5A bA 7.5A 10A
Fiber Concentration(wt % ) 0 2.5 5 75 10
ML,.,(100C) 1039 100.9 109.2 117.0 128.0
Hardness, Shore A 70 77 84 84 87
Elongation at Break(%) 475 477 484 238 195
300% Modulus 65 63 55 78 86
Mooney Scorch Time(min : sec) 1:02 1:06 1:00 1:03 1:00
Optimum Cure Time(min : sec) 3:00 3:15 3:00 3:16 3:08

Table 4. Rheograph Data, Mooney Viscosity and Basic Mechanical Properties of Short Carbon Fiber Reinforced

CSM Composites

Composite No. 0 2.5C 5C 7.5C 10C
Fiber Concentration(wt%) 0 25 5 75 10
ML, .,(100T) 1039 105.7 101.0 103.9 104.9
Hardness, Shore A 70 75 74 74 75
Elongation at Break( %) 475 470 509 484 475
300% Modulus 65 72 52 54 56
Mooney Scorch Time(min : sec) 1:02 1:03 1:10 1:08 1:07
Optimum Cure Time(min : sec) 3:00 3:17 4:14 4:00 3:47
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Table 3. Rheograph Data, Mooney Viscosity and Basic Mechanical Properties of Short Aramid Fiber Reinforced

CSM Composites

Composite No. OA 25A 5A 7.5A 10A
Fiber Concentration(wt% ) 0 25 5 7.5 10
ML, 4(100T) 103.9 100.9 109.2 117.0 128.0
Hardness, Shore A 70 77 84 84 87
Elongation at Break(%) 475 477 484 238 195
300% Modulus 65 63 55 78 86
Mooney Scorch Time(min : sec) 1:02 1:06 1:00 1:03 1:00
Optimum Cure Time(min : sec) 3:00 3:15 3:00 3:16 3:08

Table 4. Rheograph Data, Mooney Viscosity and Basic Mechanical Properties of Short Carbon Fiber Reinforced

CSM Composites

Composite No. 0 2.5C 5C 7.5C 10C
Fiber Concentration(wt %) 0 25 5 75 10
ML,.4(100C) 103.9 105.7 101.0 103.9 1049
Hardness, Shore A 70 75 74 74 75
Elongation at Break(%) 475 470 509 484 475
300% Modulus 65 72 52 54 56
Mooney Scorch Time(min : sec) 1:02 1:03 1:10 1:08 1:07
Optimum Cure Time(min : sec) 3:00 3:17 4:14 4:00 3:47

E2|f A174 A23 1993 3¢9 145



<

ox

HIE Vel A ¥t 300% BAeE AASE

2o BeS Eadh

%% EA, Tan 8§+ Schering Bridge methodol
ol3) ZAstgct, A AH(FAA) N L AGS
Jbebd A URtel w8 Wi el fEA &
2o waygict,!

Fig. 59141, Vi Q7l8 #sh [& 544 Wiol

2 AMF, [ 4dR7, I A S48

=

& Jehin P=12+1%2 A8, old [ 9] 2
ol oallx] AANE 82 £247Hloss angle)o)a}
81 Tan 3% 94 F& FAaAAolS 2
o, £44e] SARNA o] Fe 10 4~20% 89 o]
424 &W=VI. Tan §=wCV Tan 82 FA|E|1

714 o= Fappelnd Ci= Aol A &3]

~N

)
>\
Fig. 5. Schematic diagram of Tan 8.
30 b
: 4
o : tan & 1s
25 M« ] :lz)
{38
Ik
20 =
I
o ]
S 15 ‘;_’_—_—o—-—-—*./. 1“32 <
R {2
1%
10} 416
41
{12
410
05 ] n ] g
4
. : . 2
0 2 4 ] 8 10

Fiber content(wt% )
Fig. 6. Tan & and ¢, characteristics of short aramid fi-
ber reinforced CSM composites as a function of fiber
contents(wt %) (CSM was not vulcanized).

Eo|H A17d A2z 19939 39

% 4% 22eeEs FdUd BE A AP W 44 54

ch® o] 2jelli mste] falAel 4L Tan 8of
elshe o] ghe W HFSYL ) AAR
GF-E B Ao sojgr. M

Fig. 63 Fig. 7o)+ H3to] u] 7bgk CSM %3
Aol A AGe) Firoh Farel gebe s
gglon HaE A4el Beel FAEEE G0
Frkshs Be Byom AN 2% 018 Ao
2 dehbe e Mol m) 7hg CSM #¢ Ase
Fo AdAz A8E & Ak largAuTe
s 1$ﬁ¥*r°ﬂ"1 Tan 8gko] wj$- ztow] 3
Speht FRezdA 1t

T F w °¢ro}u1 A B bl
al

=)
10 £l
Al 23
He-¥loh
Ao, fAEdS e Tan 871 10%
o5t W Fe AAM maslol: ek 2B

Fig. 83} Fig. 9014 A4 7} CSM 5§ Az 49
Tan 8% aramid fiber®] §hgko] Z7}3to)| ule} Z7}
oz A Ad AL gol AFAIe EAE 7HA
2 31 carbon fibere] -9+ 10wt%ollA] o} 5= & A
Ay #a avs dehle e Be Fa vk

ol 1A MEYx =Hg Hrbde] FFFE

3.0 . gg
@ tand 1%
251 . 1

5 [ [ 18

{38

38

| 43

20 {32

o s
I ././. g gg o
R 15 §—" il g; &

12

10| 1%

1

1%

05 % a n n H

i

0 2 4 6 8 10

Fiber content(wt% )

Fig. 7. Tan & and ¢, characteristics of carbon fiber
reinforced CSM composites as a function of fiber con-
tents(wt% ) (CSM was not vulcanized).

147



25 50

Tan &
=
—
'
N
8’

16
@ : tand 1
* B = 10

5 : . — .
0 2 4 6 8 10

Fiber content(wt% )

Fig. 8. Tan & and e, characteristics of short aramid fi-
ber reinforced CSM composites as a function of fiber
contents(wt% ).

A3 Yol weh FrAY =dAe]l AX B3 A
2ol nlXE GFoz WAEM WA S
s golw B3 A9 e FA3 dolx A
A4 e @A AshE Aoz A 4 AUt

YukAQ) Tepre, DPF BAAE =2~73
9] e 7Hh? Egre B4R} BAR
2o Hrbeld AlE WielA Badert AEAS
gAgo] YR FAgTFe FAH3 ZolEth =
A7 AYE 7h5E AEA HRbe o] Fo] FH 3
Zostd AR mASAT AEHL HA H1 g,
o] Az},

g, e @te] W A2 A8 HAL dHow
FAEI)E AGAT g0] I AnE YR A
AT & JE Yo glernz AL
o] AH2-5)3l k2 n]7hgk CSM 23 Aol A
o) H1 48 &(e) e Fig. 63 Fig. 7904 HEo] A
$o] Seo) gat Aol Wslglo] 9] 1A% w}
AMA 2 2~8Atole] e ZHe Aoz vrhtoen
ol YutAQl Eekaee g3kt Ao FYsHE
ol Yolx W iz v}y CSM EdAa7}
HAee 2R Sk BAgll dAAol 2 AL
BojZ3 gick. ek, Fig. 73 Fig. 8014 HXo]
b AelolAg] g8 10~3074A9] £ %S 7H

o

148

R E ERELE

50

48

@ :tan d 21

5L M 1w

438

436

i3

0} 1%

w P 428
E ./’\0\/ -/! gg 5

15t .____—l/ j%

15

1 1 142

41

1[]0 jé"

B

4

5 e . — s 2

0 2 4 6 8 10

Fiber content(wt% )

Fig. 9. Tan & and ¢, characteristics of short aramid fi-
ber reinforced CSM composites as a function of fiber
contents(wt% ).

oz 71gd CSM E3tAlg 49+ 34
o] AstE I AEAE He Ao A7Eg, 1
i}, A7 CSM 559 A= A8 EA
9] $-&d alME 9 He A7t lojor "rix
Azrdc), 9ol BEo] Tan 89} ¢,.9} Z71 7}
Ae AL 24 AFYo] gopgezA dd &
Aol Atk AL Yepdth, ol 713 dE
AE 7t Ae7} AR D AR 52 ko] WolR=
ol 71Qigtcha 4zhe, Y

TAEE 71 B3 AR A S S5
23] “A High-Resistance meter” (Hewlett Pac-
kard, 4329A)& AMS3ITh AH&(25T)oNAM
o] ol whE B3 A8 A AY FEAdL Ta-
ble 594 Table 89 Aa|stdth.

AAAGA 2 25 Eahd 10°Qem o] ko] )
BE YEAZ B F Jom Alguied fadde
glch, 283, 10%Qcm oo} AL @7 AA o]
o HAE A A FHHRE EaEd
o] gojdrh. B ZapaE oy ARFi A YRR
A ol oy Exb g2 we) 2w 53
F4717F A& A$e vy gAsty] oy 54
718 7MAA @& HSE ] A9y 545343

AGHA AFe Uehid) gorz Az ¥

Polymer (Korea) Vol. 17, No. 2, March 1993



UM% 25 Fresis E0dUd BY A4rd 99 2 44

3

4

Table 5. Effect of Fiber Content on the Volume Resistivity* of the Aramid Fiber Reinforced CSM Composites

(CSM was not vulcanized) A . Aramid Fiber ( ) . wt.%

Volt. Comp. No OA 250 5.0A 75A 10.0A
0V 30X 10° 10X 10° 23X 10 30X 105 85X 10"
25V 10X 10% 35X 10 7X10M 11X 10 2X10M
50V 25X 101 7X10M 13X 104 14X 10M 45X 10"

100V 30X 10 15X 10 25X 104 28X 104 9x 104
250 V 10X 10 4% 10 8X 10" 9.7Xx10" 2.5% 101°
500 V 18X 10% 85X 10 15X 10% 18X 10 47X 10
1KV 27X 10' 19X 10' 30X 10' 39X 1015 910
*Unit : Qcm!

Table 6. Effect of Fiber Content on the Volume Resistivity* of the Carbon Fiber Reinforced CSM Composites

(CSM was not vulcanized) C : Carbon Fiber ( ) : wt.%

Comp. No ocC 25C 5.0C 75C 10.0C
Voit.
0V 30X 10° 10X 107 21X 107 28X 107 20X 10°
25V 10X 101 3% 104 610" 12X 10" 48X 10"
50V 25 % 10 6 104 11X 104 12X 101 9.7 104
100V 30% 104 1210 223 10" 95X 10M 1910
250V 10X 10 3% 10 6310 78X 105 510
500 V 1810 7% 10 13X 10" 16X 10 10X 108
1KV 2710 12X 10 27X 10% 36X 10 18 10
*Unit : Qcm'!

Table 7. Effect of Fiber Content on the Volume Resistivity* of the Aramid Fiber Reinforced Vulcanized CSM

Composites A : Aramid Fiber ( ) @ wt.%

Comp. No

Volt. OA 2.5A 5.0A 7.5A 10.0A
Vv 30X 10" 20101 30X 10" 21 10" 40X 10
25V 4X 104 7X10% 610" 6Xx10" 8x 10"
50V 10X 10 20X 10 10 10" 11X 10" 25X 10"
100V 20 10" 30X 10" 20X 10" 20X 10" 50X 10"
250V 4X108® 8X10% 5X10% 5% 108 7X10%
500V 10X 10% 20X 10" 10X 10% 11X 10% 30 10%
1KV 20< 10" 40X 10% 15X 101 22X 10 35%10%
*Unit © Qem'!
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Table 8. Effect of Fiber Content on the Volume Resistivity* of the Aramid Fiber Reinforced Vulcanized CSM

Composites C : Carbon Fiber ( ) : wt.

Volt. Comp. No oc 25C 5.0C 75C 10.0C
0V 30X 107 70X 107 21107 12X 10° 15X 107
25V 4x 104 8 10V 5% 101 4X 10" 47X 10
50V 10X 101 30X 10 10X 10" 8 10 75%10%
100V 20X 10 70X 10% 20X 10" 15X 101 15 10M
250 V 4x10% 8 10 5X 10 45X 105 45X 10°
500 V 10X 105 40X 10° 9% 10 75%10% 9 10%
1KV 20X 10 60X 10 18X 10° 15X 10" 19X 10

*Unit - Qcem’!
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