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The Influence of Interphase Condition on Mechanical
Properties of Short-Fiber Reinforced Rubber

Ryu Sang-Ryeoul and Lee Dong-Joo

Key Words: Reinforced Rubber(7338t35), Interphase(A|™A}), Fracture Toughness(¥}3]¢143),
Dilution Effect(3]4] &3}), Yield Strength(3E7+%), Fiber Content(Ad5-&7%)

Abstract

The mechanical and curing properties of short nylon66 fiber reinforced Chloroprene rubber have been
investigated as functions of interphase conditions and fiber content. The tensile strength exhibits a
dilution effect at a low fiber content in each interphase. It is found that the interphase conditions have
an important affect on the dilution ratio and critical fiber content. Double coatings of bonding agent
402 and rubber solution become the best interphase model in this study. The yield strength, tensile
modulus, tear strength and fracture toughness at rupture, Jr are significantly improved due to fiber

concentration.

.M E

AFa 2 AYgEoR AMRHE IF AEF F
of Elo]ojE HjR3le] TAF, BWEFR, dojax
¥ 83 folol XA T2 7hEF 2ACAM AL
$57] wgol nFo] o Afe 24L& g9
Holgt & & Utk @A) 7H Bol AMEHE B
At o 2= AB(fabric) XA AEMF BAY

|

5ol e, olgL 7I&E Ax v o= A
A FA, dudd FA Feol s 1%
AT R Ase] Ase AVNEHEANA A
vh Wi A S} o] HFE ¢ Jon2 MR A
Z Auz e g Aol 7k & EAolzt
& & Aot 9AH A3 15 Fo ATFEYS

* Jguign JA T qEd
» g9, g AR
E-mail : djlee@ynucc.yeungnam.ac.kr
TEL : (053)810-2469 FAX : (053)813-3703

A% 2% 2R Y, =3 ()5, A+
g 93, FIAF T t3 o]FoA
glod, 7IAA EA vXe Fa8Td WFE
(@ AFd I3 @oAA), b AFTFF, (
A, d) AR 1A g B, @ AR
ot 7179 HEAY Folx, °o)F FELS AHF
1% FF, A9AY FF, 71k HAA Fol
FFE wevh AHAREA FFojol F MR
2742 @ 89 A& 9483 & 5 A= A
FE3n, (b) EFITHAAM nF EFE UEY
AgsHd gA d&HA S AR {I4,
(© 179 FAYo] £ & A Folv}. Yo =
Ad g HHFZE Polyamide, Polyester, 2] 24
A Tolz, FEu g3 Afe HAH2E 9
EFFH Fol A9 dEso B anrt g9
AE Aoz <A gtk MARFEME BE
%9 ¥ dA FE&EE F# Jdouh, NRFY
CR, EPDM, NBR, SBR So| o] o]g=xm 9]
O #4 33 2T i AFE A2} @
41, QA 59 B o] Yoy, dAdH B

o K

(2]
~—



7ol #3 AT Bol gle 4ol & to0l1golUiE dglth EFE Rolle AE0]

AF7A A AstnF i o A3 203.2m(8") Zol7} 406.4m(16Me AWPE AL
d7E FYsged, FEAEY GH4E Fo 9, EF F AEE AR A 45437
71 AA & Z7to uh (80Tons)E AHg3l3lon AFEF ¢E2 141,

BAol e TR} Fh
H

2 A FAHAoY, ghHe e AFITF det 2@ 289 2%E 170C, A2 ZFF(nE)
oA ZIANFAEI} 7IXnFo| wd HidE EA NP2 REH 9L 7HFATHK90)Y 2.08F
Mg haf &9 & = Yok B A3 i a=
A e 7)A(matrix)2 CR(chloroprene rubber)E, X
7 AH42E Polyimide(nylon66)S gt 7)A Table 1 Formulation of rubber matrix
1E9 Ao A =74 wE JMF 2 J1AH CR
A A d AEstn =3 HMEHD HAs
o;f'ac’ﬂo ‘Tsﬂ U]_Ed’i}]’oﬁsl NEHE Ha3) Ingredients phr*
& 5 A al.o. & S
71 AR AR B AAGaA doh Polymer 540V 100.0
Zinc oxide - 5.0
2. Al § Stearic acid - 1.0
Carbon black N550 24.0
21 HEAE 2 Mz - Filler —— I;’L";‘;h - 1‘:}‘;
499 A48 JALTE Tavle 13 ol 7} rocess of_| Diecyl Fhialte | 10¢
+E89% 7E2A, =4, 7HRA, AR F34 Antioxidants MB(Z) 1.0
Sol TRE YR T CREATFE Sunnoc 20
dx7ICch7t demg  FAH, 1FFKe Accelerators N};Sz(a’m }g
Chloroprene Monomer?} WA ¥ oz F3d 24 Curing agent Sulfur 03
/‘éi—‘?-)"li"—_ APZE=G QB E, AFE, 2 Reigfg;cing Nylon66 o
23 ZAEET 19.6504, 3.66M, 450%, 55Hs T} 1oer < o
A= S xEgxle 9 Alesld o um. S 1
OO] j—};w E}% = © ;j] oNylon66j X }E%o R phr* : Parts per hundred grams of Rubber
A37%, 848, d4& a8x _]Ef 6004, (a) S-40V ; Denka chroloprene company
2.06Pa, 30%, 15:m o}t A-fre] FHvE 265(= (b) N550 ; Fast extruding furnace
4.0m)°lH, AHFEF=HS 378210, 20, 30phr)o] (c) 3P ; N-isopropyl-p-phenylenediamine
= (d) MB ; 2-mercaptobenzimidazole
ZaAee EHEAHE 98 FZLORDAM (e) TS ; Tetramethylt.hiurammonosluﬁde
M Chemlokd02(0] 3+ 402)2 Ab&-3tiTh A (f) NA22 ; Ethylene thiourea
. . 402 Coati
GHe A 10 B2 19 wg2 Y4 —r A

150C Chamberoll A 5EZY fx8lgc), Eg
A5 2] EEA 39 HEE wdt uy &
AL AZs 4029 FLEA FHHLoZ EW
& X ¥(coating)3}31 2.0, Fig. 13} 3ol Ztzhd)
ALl sl A, B, ¢, 28l DR FE3TL
Fig. 19] 4029} 1F &0 =¥ Aej: o|4H
olgf & 4 9o, Ay =¥ A% FAE
5439 =X FAE s Z, 4028 4
150mm 1% §-AL °F 540m At

gt ol A ZE ASTM D31829F D3190%
mgrom, A AFES40V)et FHEE S (NS550,
FEF)Y] $% A= + 1go1d, 7|g} v& 98

A
2|
o AFE 387 HHsglen, 4204 Az
%
7

Fig. 1 Schematics of coated short-fiber surface



Ay z2de] dAHH

22 Mgdrd

MR 254 JHRE #AE 93
Oscillating Disc Rheometer(MonsantoA}, D-100) A|
#7|(ASTM D2704, D2084, KS M 6687)F A}-&3}
R}, 7M 5 2T BEAHEKS M 6784)2 A%
B2 ARAGNAHE AR en, AlE FA
T 2mE 35t AFAP AMEE Al¥IE
ShimadzuA}l2)  Autograph(Model AG-5000E)©] ™,
ANH B4 KS M 67829 o} F 358 AM&s}
Rk A2t 2T)NA AEEEE 50m/minZ,
AEAZEE v} 0.66m B F I}F ;S e
o S dgdAdge] AHEE AE7IE AFAET
o Fdsiy, ®E F4F 2Pl dE AH
[120(L)x 20(W)x 2()]S AH&-3%c}h. 29 Hole
37 K@, 7, 10mR L, AEH FFd S
A7IEE B, BE ATFE o8 HDH3
o, Ad & AFE SN 4 2Y 3719
t 0.1 ®9 olul AT ALY A4 A E
£EE 0m/ming 9, @ A 0.06m% 3
FTHE deth Y AN HL 39 Ad A
S 308 oA E AHE HA A 5 U
H, 2 A& FF-HH FAH A FRol <t
H7] gz 2ol AANE we TR 7NE
k. £ AR gHs] s F gy 4
FAHT ZE Age] Aas AFEE 4] o4
& AHEEIglen, doixl Ae &S ¥
 3hich

nEx FEAE] AFEedE
= Fol, dfrel Fuist 3
$&< 128 HalpinTsaitlV0 2 Zu3KL)
BAEE (1)F FEFMY BHEA e A

: ¥ Tsai® Paganool] 23] 2 (1)
& E;, Er & %, ZaArt
B4R gy 322 ERAR] @S

Z 458 5 o

E,  1+2(L/d)y V;

-E_— 1—- 7]LVf (1)
Er  1+237V;
E, 1-77Vs @

Zeta g 7| A %

ddol A d& 627

o714,

EL,ET D 3RS T, AU g E
: @% &%)
L/d ﬂﬁ](’éﬂ/"‘@)
(E//Em)
(Ef/Em)+2(L/d)

(Er_‘/Em)
" (E/E, +2

EnE, : A, 71A 15 @4 &

Ec=3E +2

8 8 ET (3)

T JAES HAY gdA 2 AWy a4
Ao A 2 4o wE Potential ol 4] 9]
BEEZ 4 @) #eol A7t 7538k Landes
()3 Begley@l‘:— AgHoea r-zk& 7l

J=—(0U/da) )

& 7]A, U : Potential o143
a : Crack 2ol

9 AHIE o)£59 Joe"9} Lee®= Elastomer
o] {3 LAE FEE e Agsih

3.4

g
Ik

2 59|

3.1 7ZHRSH ¥ HE

Rheometer A 2] o2 dlolg F, 17 EF
9 g3ty Z2aF g o R du9dy
Azt He HWREMnY 7= E%ii}
Yebdi®, 7H AEle Aoy AR %
guigt. HARHES F=E Fig 29 320
FEHFY St wt FAHAoH, TS
SoE e AN 23 A9 A7 A
A& BAY. ol Fig. 194 AF ZTHd =X
B FAN gk A9 A9t §UT FHE
Ega3E 9, 7 B2 & (volume fraction)

9 A#7t ERHER JAHE=Y A=7E E=2A

L o o o o m{n



628 RN

Yyeha, ooz co A9 MR ¢ A
&L Bagm & 5 Ik £F Chakraborty®d]
o Adfret 7179 HEo] $4d B,
EFEY RS ook A ukgd) o
THF A ZHtew)ol AlAe 7MFAAdERE 2ot
3 &Gk ol AP H$ Fig 49 Zol AH
5 St et shRAIZEe] SUAsI G o
2 g BAERE 948 F Jor, §
AP FHFNHME D << A <B < C 9 ()
o2 7HRAY &3t ZA Jelwd, ny 49
o Z=¥3 D9 HAAA DY AT &%
FAE FAAW, BRZAaYs}t dojzldn & £
ATt

T

A

4.0
—— A
—a— B
——
20} | p
E 0  Matrix
2
T 3007
=
<
g
5 280
=
26.0
) . . N . b
0 5 10 15 20 25 30
Fiber Content ( phr)

Fig. 2 Effects of interphase and fiber content on
the torque

90.0 |

©
o
o

@
o
=}

~
o
=

Hardness (Hs A)
=2 ~
o [=]
(=] o

8
o

o
o
=3

et

] 5 10 15 20 25 3
Fiber Content ( phr )

Fig. 3 Effects of interphase and fiber content on
the hardness

& Hehlles 179 &9-
AL dsaFu WA, 7Hga, Al

B%e Boled, S H
S7HE weh gl

&g AAMd 77kg
2|1 Fig 59A ®AY
Mi7E 289 34
stz e HAAY RuHe RES
ZEAse FEHFEZ(Fig. 62 AN 249
AWM ARgfFel S71gdd o 24 &
FERL, FEF FRFAAME o B8 AF
2 43E BYoH, US& B<A<D 9 2
2 #& Jeldoh Fig 5= BY A9d oig ¢
g4 FAHdd, AFgiFe] @& F¢
(10phne FEHS AUME DTl o 35
& A& AAsAE. F, FgaF7 afd 9
3 AiEs Ao, ¥ AFEAFQophr o
HAe FEAE AY 2 gd&d oz2s A&
Ay Aoz Wit oy A w3l
E AR 24 we AolE Boled, AWz
Aol & c9 A% 10phrFE AH AuiA A
T B33, AT Fig. 59 B} A% 20phrE
a23 DY ZA$-E 30phrRE AS AwE A%

oT =
B3
5.4
—— 4
—— B
s2l|——c
- —+—D
E © Matrix
-~ 50t
[=
&
<]
¢ 48¢
E
'_
<
5 46}
(&)
44 -

0 5 10 15 20 25 30
Fiber Content ( phr)

Fig. 4 Effects of interphase and fiber content on
the cure time



—— Matrix

~——- B-10phr
20} —— B-20phr

L Matrix
15+ 30 phr Yielding Point

Stress ( MPa)

L4
——

0 100 200 300 400 500
Elongation (%)

Fig. 5 Stress-elongation curves of reinforced rubber-
(B) as a function of fiber content

>
DO®>

Yieid Strength ( MPa )

81
[

<

16

E-S
F

-
o

15 20 25
Fiber Content ( phr)

Fig. 6 Effects of interphase and fiber content on
the yield strength

2o £g€ o FIIFZA
84 &3
(dilution effect)™'¥& BITH o) AH7} 71X
ol ZatA AgEH JoEE ARFFFol
& ASde AT AFFE(o,)d HIEH H
shAtrt Afeergel dARe AuA 3R
Q%Ol 43t H AFAEs A FdEHe

gk o3 ¥ade ddH Agn
°2J_§1 AAFolgt & ¢ Jod, AT
Fol B4 Apold] 9% AW 53] A
9 2EAF I PEU ez Auyg

9AdRE IF

Z(ultimate tensile strength :g)T

™)

i o o mlo

o ol 3 L ofy
o

n%el AAY Ao PAE 9% 629

Y webd FMEate] niXE F8 Az T
e AMZRAoY, AW ©E J4aHE
Atz Aol oyl AT FR EHo ¥ F
ATk GoettlerVoll 93w @R Zure
@A ARAZEE vARA 157 2HAE 157
o2 yEhdrh SBROJY NBR 59 Non-Strain
Induced Crystallizing 75 AHF&HF 57}01]
et FbekE #AE U, NRelY CR F

9 AAA uFrx= YAMNRFEFH(critical fiber
content)o] € W7x] yolzcia &irh o]l& o]
ul ofgt Agle] 7jAQl vAARY nY¥E @*e
FEe A7 TEHAE dFA=AE o oA
BgstA 2434 ¥ AR Hgon, EF
FrEEA FAd EgE A &Y BAS &
g ARFEI} GelRgm aRh? 2 439

7% Table 13} o] FHEEH L BH {7 B4
Jd REE Agd =¥da wbA Fig 79 &
o] RE ARRZAAA Xawng Hd. 71A

2% i8] & A 8i(dilution ratio : (0,) min/Om)T C
0748 ZA$7F B (0599 A (0.53) 22

0.51)9] A%l Hlg] R FMulE Btk AR
BEs} Eobelr) AFee °1741@%%}%%*£ c
(10phr)el Z<$7F B (13 phr) =& A (13phrt} D
(2ophrysll wjs A YeEbgth E}EW ce A%
7t 48 AW F M 54 2F4E 234
0)“ AH Bwol 402 39, 1F £ 2WE &
Afe @2 B9 7An
7 AMOM AR E $HPYFT d4E FANA
_‘au} cE Hl%fﬂ o

¢t
Z Calendering W4 5& &

A $ gz B agn AFELe JiXx
F(450%)°l vl&) ARERF Sl wet Fa
9, 3 AR TR 20phr o)A 25~

30% Y =2 A AAFHAC



630 F

- n 3
-3 o N
T T

Ultimate Tensile Strength ( MPa )
>

10[

©  Matrix

[. g —— L I .

10 15 20 25 30

Fiber Content ( phr )

(4] 5

Fig. 7 Effects of interphase and fiber content on
the ultimate tensile strength

]
30
Q2 25+
]
@
®» 201
=
S
B sf
=2
@
= 10} - —— A
2 . —=— 5
ES ——
5t —v— D
~—@:- Equation (3)
of T T T T @ Matrix
0 5 10 15 20 25 30
Fiber Content ( phr)

Fig. 8 Effects of interphase and fiber content on
the tensile modulus ratio

Ay eAdAle AderA E(tensile modulus)S
TH-AFE FHe 27)(AFE0~15%) TRl

Al Hook®] HAL ol¢ Tt Afe 7|11
o g4 E vl 54601, Fig. 8olA 71X ¥

(3.66¥a) v]3 MgTseFo] ZrpPe) uwat 7
SARS SHB(EQS A FAEIAS. ZFA
829 E7E wde] RE  Tsai-Pagano FYH 2
() & Aelg B ok, FARE BES e
W, YVA O R Tsai-Pagano 2 PAL ©A
723 a8 Ay, B3I SAEH7E 100059

Afol 2 HgAn a5y ZFdare A9
T A 71Anr B4u A2t 21 38a
9] Hysteresis =7} 59| 9oz zfo|E H

(o2

=

o\‘

°] % F
12.0
1oL | —e— A4 at pre-crack 7 mm
—=— B 7mm
100 |—— ¢
[ {—~—D
% 0| o Manix
T 80
£ 70}
=
S 6ot
=
O 50}
b
o 40 r
[
301
201
PN

. L L
20 25 30

0 5 10 15
Fiber Content ( phr)

Fig. 9 Effects of interphase and fiber content on
the tear strength ratio

A g gdRst Bagdol ma} 71Ax
T & EXde AR AF Ateld Helsp 7
A ddHoz a§F B9 Zojs}t R#opA A
ok weEbd AFEL Fastn wdd A4
7ML ATs} Z713le] 70 @2 JPoz
HAEL F71et ARG Fig, goA AA & F
Uxol HHERZF F71 Aol wa 84

go] 2 2ol BAoH, SUF A féhr""mﬂ*i A
<D<B<C9 ¢o= %"ég ko] =7 Jekstth

33 g Sy

1% 2380 goid JFSHY RYL vE
543 Q2o oby 799 A @ A9
2 29 HY 59 28YF 22 Faw)old
kg o] gloW, 1 2L ¥ AALA Fn,
53 1AL $34, 245 5o o8 nyR

o wetME B3
Yo g ¥ EFEe
A84 JAFAEAEY ¢ Fosivdn & £ go
o, A 35S AU FAZ viro AN
o AR B8R we 29 A4 FOA
FoaM AQE7FE(tear strength)ES FAAZ
=, Fig. 92 2A9 dojst Tmel AlBo tf
& JAEZT 8E Yelloh co 30phro] 71
F-0.21kN/em)oll 813 9.89), D2} 30phr= 4.54)
2 A JEY, D<A <B<C 9 Ady
o2 2 &g vel

AEHL nF AF

lo

va

y

o 2 K









ARG 2R HR FHnT 71AH Yo vA= 9 633

(1) Goettler L. A., 1988, Hand Book of Elastomers,
Marcel Dekker, Inc., pp. 216~229.

Q) 738, °15F, 1997, “GHF Aol n¥
AAR 4R WAL FB SAEEARE T §
E=EZ (), pp. 571~574.

() Y, 5T, 1997, “BHK FHF F7h
He FHnte 9% L $HEY A7) 4@
NAESE 97d% FASEUE =3(A), pp. 239~
244,

@) T4, 057, 1998, 46 T wAH
743} Chloroprene 117-9] % E AHEAA
e 4, WA7ALS wdEEASTE A3
=3T3 (A), pp. 90~95.

(5) Lee D. J, 1996, "On Studies of Tensile
Properties in Injection Molded Short Carbon Fiber
Reinforced PEEK Composite," KSME J., Vol. 10,
No. 3, pp. 364~365.

(6) Anderson T. L., 1995, Fracture Mechanics
Fundamentals and Applications, 2nd edtion, CRC,
p. 126, p. 132.

(7) Joe C. R. and Kim B. H,, 1990, "The Crack
Resistance in Polybutylene Terephtalate at Crack

—_

Initiation and During Crack Growth," J of
Material Science, Vol. 25, pp. 1991 ~1996.

(8) Lee D. J. and Donovan J. A., 1985, "Critical
J-integral and Tearing Energies for Fracture of
Reinforced Natural Rubber," Theoretical Applied
Fracture Mechanics, Vol. 4, pp. 137~142,

(9) Ismail H., Rosnah R. and Rozman H. D., 1997,
"Curing Characteristics and Mechanical Properties
of Short Oil Palm Fibre Reinforced Rubber
Composites,” Polymer, Vol. 38, No. 16, p. 4062,
(10) Akhtar S., De P. P. and De S. K., 1986,
"Short-Fiber Reinforced TPE from Blends of NR
and Polyethylene," J. of Applied Polymer Science,
Vol. 32, pp. 5132~5135.

(11) Ryu S. R. and Lee D. J, 1998, "Tensile
Properties of Short-Fiber Reinforced Chloroprene
Rubber," JSSUME'98, Yeungnam Univ. Press, pp.
111~114.

(12) 744, °15F, 1998, “BAMK 9 Carbon
Black Z3t379 1% 9 o3 54, hEI|A
g3 ‘98dx FATGEUI=EH(A), pp. 114~
119.

(13) De D. and Gent A. G., 1996, "Tear Strength
of Carbon Black Filled Compounds,” Rubber
Chemistry and Technology, Vol. 69, pp. 834~
835.



