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Q 9k : Matrix2 4] A 115<] ethylene-propylene-diene terpolymer (EPDM)$} 3 H 12591 standard
Malaysia rubber (SMR CV50) (o] 3} NR)& Z34fF2Me YU HF (L/D=36) d=atd A
& &2 2 10phr (parts per hundred)2 3 &l EZAEE vrEQ v, 4§ E A resorcinol-for-
maldehyde latex (RFL)Z A2 A9} B389 7142 44 2 59 e v 9F&
AESYT 2348 UdE HAFEHY RFLYYE § 7497 71ARAdEo] dF4=dx, 1
A= EPDMET AT %o Fa3lgon, o|2d o|f & SEMoZ Mdfet uy AR H3
Az &% F AUch EFAEY exo & 53 FAHHG)E F3F 2%, = RFLH
g2 3 497 Bt 2 ¢& Jegen, tan 69 S 7 matrixd] sl vlAEA 9 EAQ
T2 D Heo Mo 2E (Tl 3hF 3t peakES YeERc). £33 HPuF o Z$ole RFL
Aelo) 2 Z7le AW HaEe a9 gHstAe ot A3e peak@2 Aol AEHHAT.

Abstract . Both mechanical properties and dynamic viscoelastic properties of composites of short ny-
lon fiber (at a loading of 10 phr) and NR or EPDM rubber have been measured and the effect of
the surface treatment of the fiber with resorcinol-formaldehyde latex (RFL) bonding agent on the pro-
perties has been analysed. Some improvement in mechanical properties (tensile strength and
elongation at break) has been observed owing to the RFL treatment of fiber, the tendency
being more pronounced in case of NR(polar) composite than the EPDM(nonpolar) case, as
expected from the state of interfacial bonding between fiber and matrix through SEM observation.
From the measurements of temperature dispersions of the shear storage and loss moduli, G’
and G, and the mechanical damping, tan & for nylon-NR and nylon-EPDM composites with unidirec-
tional short fibers, we have found that the values of G’ have slightly increased by the RFL treat-
ment for both cases. In addition, the tan & curve exhibited two main peaks corresponding

to the respective glass transition temperatures (Tg's) of rubber and fiber, characteristic of a hetero-
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geneous system : in particular, an additional peak at a temperature between two peaks has

been observed for the NR composite probably due to the relaxation of the interface region

between fiber and matrix.
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Table 1. Properties and Sources of Rubber and Nylon
Fiber Used in the Investigation

Grade Specification *
NR SMR CV 50 ML,., (100T) : 50
EPDM  Esprene 512F ML, ., (121C) : 65
(ENB Type)
Nylon  Dong Yang Nylon Co. Sp. Gr.: 0.89
Fiber 840D/140F

*Refer to ASTM D 1646.
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Natural Rubber ophr Resorcinol 1phr

Latex(60% )

SBR Latex (40%) 4phr| |Formaldehyde

Vinylpyridine (35%) 2phr

Latex(40% ) 4PhT| I NaOH(10%) 1phr
lﬂater 40phr| |Water 46phr

(Solution “A”) (Solution “B™)

ngeing at 25 for GhrsJ

(Solution “C™)

lAgeing at 25T for 4hrﬂ

I Dipping of Fibers into Solution (31

+
I Drying for Final Usel

Fig. 1. Schematic diagram showing formulation of
RFL bonding agent and pretreatment of fiber by using
it,

carbon black (FEF) 35phr, 7}& ZA|<l ZnO 5.0
phr# stearic acid 1.0 phr, 718 Z3#< TS
(tetra methyl thiuram monosulfide) 1.5 phr3} M
(2-mecaptobenzothiazole) 1.5 phr, 7}3#?1 #-3
€ 1.0 phr ¥%1o.™, NRd| tisire= 718E&3A9)
CZ (N-cyclohexyl-2-benzothiazyl sulfonamide)Z
0.8 phrg W7 F3U4S 2.0 phrZ T%FS A
#F CZ ¢S 0.8 phrE P& ZHAE AY3ilcs
EPDM3} 53l Z3df9d JdEHARE &4 2
o thdted 10 phrz 3 3ke] it 3Fich. Table
2= base matrix?) EPDM3} NRo) v &1 & el
Aot}

Hj 34 A= base matrixg] L¥-E rpmo] 50 :
44,52 ZA 9 banbury mixer (KobeAl)ol| <13}
o oF 38-7F A& (mastication) & HAIS F ot
M= okEH HHE Flste oF 6&3 EUAY
(mixing) & AA3HT}. old &7 e &=
1007} 92 g4=E 23Rt £33 Ed
i ol A AFo] AR FA 317 sk 3
A7} 1:1.42 744 8 open roll(Toyo Seiki
e AMREt oF 1583 A% EARS AAIR ¥

ZaiH A48 A3E 1990 6¥

159 71AR 43

Table 2. Compound Recipe (phr)

Ingredients EPDM NR

Matrix rubber 100.0 100.0
Zn0 5.0 5.0
Stearic acid 1.0 1.0
Carbon black (FEF) 35.0 35.0
Process oil (N-oil) 5.0 5.0
TS 1.5

MY 1.5

S (Sulfur) 1.0 2.0
cz? 0.8
Nylon fiber 10.0 10.0

» Tetra methyl thiuram monosulfide
% 9-Mercapto benzothiazole
9 N-cyclohexyl-2-benzothiazylsulfenamide

sheeting (milling *}3}) 3} compression molding
718 A}g-3te] EPDME 155C X 15%, NR& 160T
X1082o2 % - APEAAN FENREFE (wt
%) 10% 2] sheetE& RHEQUch.
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3k (milling W3 & L3k (longitudinal direction)
© 2 &} milling ®#3ka} 90° kS T WHak (trans-
verse direction) 22 3l AL AlFHLS Z
matrix@ 2 3lod RFL A& 2 vixg], L %33 T
urro 2 z+zd 47042 dumbell 1335 Eh27] (pun-
cher) 2 epsle] AJAE Fig, 29} #ol AzdAL
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NR& T %3 60X 13X 2. 5mm= e, HFH3A
= AE A (SEM) A4S Al L3 T
ulgEe —90To|A BHA]AA AuZ ion-sputtering
3lod AHE-3HE T
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el BgAse] S FHFAL
8] 2 Shimadzu-Autograph TG-5000 AE
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24 20 Hz, 1% A £01%, 2x=He —70C
~100Co| A tan 8, G', G"E &AsFoq, 434
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100
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Fig. 2. Specification of tensile specimen based on

KSM 6518 (a), and shapes of tensile specimen in the
longitudinal cirection (b) and in the transverse direc-
tion (c).
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Fig. 3. Cure rheograph of EPDM(E) and NR (N)
rubber composites with RFL-treated (R) and-non-
treated (N) nylon fibers (10 phr).
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Fig. 4. Stress-strain curves in the longitudinal (—,
— —) and transverse (—+—,----) directions of fiber

for EPDM composites with RFL-treated and -non-
treated nylon fibers, respectively (10 phr).
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Fig. 5. Stress-strain curves in the longitudinal (—,
—+—) and transverse (— —,----) directions of
fiber for NR composites with RFL-treated and -non-
trested nylon fibers, respectively (10 phr).
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Table 3. Mechanical Properties in the Longitudinal
and Tranverse Directions of Fibers for Rubber Com-
posites with RFL-Treated and-Nontreated Nylon Fi-
bers (10 phr)

. Surface* Tensile  Elongation
Base Fiber
. . . Treatment Strength at Break
Matrix Orientation
on Nylon (Kg/cm?) (%)
L 0 60 300
X 50 200
EPDM
T (6) 50 100
X 45 90
L (0] 120 420
NR X 82 350
T 0 77 220
X 69 130
*Marks “O” and “X” denote RFL-treatment and non-

treatment, respectively.
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Fig. 6. Temperature dependence of dynamic shear
moduli(G’,G”) and tan & at 2.00Hz in the longitudinal
direction of fiber for EPDM composites with RFL-
treated(—) and -nontreated (---) nylon fibers (10
phr).
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Fig. 7. Temperature dependence of dynamic shear
moduli(G’,G*) and tan & at 2.00Hz in the transverse
direction of fiber for NR composites with RFL-treated
(—) and -nontreated (---) nylon fibers (10 phr).
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Fig. 8. SEM microphotographs of fracture surface for
nylon-EPDM composites with RFL-treated fibers (a),
untreated ones (b), nylon-NR composites with RFL-

treated fibers (c), and untreated ones (d).
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