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Effects of compatibilizer and surface modification on properties of natural
rubber/fiber composites

Kyu Hwan Lee

Department of Polymer Engineering, The Graduate School,

Pukyong National University

Abstract

Recently, environmental problems in polymer industry such as huge waste treatment and
generation of fine plastics are continuously emerging. Accordingly, the need for the use of
eco—friendly natural resources such as natural fibers is being emphasized. Natural fibers
have various advantages such as low density, high specific strength, and low price. However,
the polar natural fibers have poor compatibility with a hydrophobic polymer matrix, leading to
a decrease in mechanical properties.

In this study, the curing behavior and mechanical properties of natural rubber (NR)
composites with different contents of Kenaf as a natural fiber were investigated. Although
the hardness and modulus of the composites increased with the Kenaf content, their tensile
strengthes decreased due to the poor interfacial interaction between rubber and fiber and the
fiber hardness. To improve interfacial properties, epoxidized natural rubber (ENR) and
surface—-modified fibers by alkaline or silane treatment were applied. The value of tensile
strength and tear strength were slightly enhanced at 10 wt% of ENR in the rubber. In addition,
the mechanical properties of the NR/ENR (90/10 by wt%) composites with surface-modified
natural fibers were investigated. Modification of the fiber surface by alkali or silane
treatment slightly improved the mechanical properties of the natural rubber/natural fiber
composite. In particular, the silane—treated Kenaf showed more improved mechanical

properties.
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Table 1. A A+ &%

o w& ¥j3+3E(phr)

Materials NRKO  NRKIO  NRK20  NRK30  NRK40
NR 100 100 100 100 100
(SVR 3L)

Kenaf fiber 0 10 20 30 40
700 5 5 5 5 5
St/A 1 1 1 1 1
BHT 1 1 1 1 1

Sulfur 1.6 e 1.6 1.6 1.6
cz 1.0 1.0 1.0 1.0 1.0
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3.1.2 A+ g wE 7ln 54

AADF/HAAA R HE3Ae 7taAEe] sk A Hf e
ggko] fHTHHCl time sweep A4S T FHIUC. Figure 32
A g o)t} i
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v

=
st (ATorque) 2 23X A ZHT0)% A4 7FAIZHTe)= w431
7} Alg 7t &5 9 glu ASS vHlad 4 ¢lom, Figure 3 (a)ol
sttt 7hazh Xl ot
Ueluts Arxe Wzt ML, MH, ATorqueE %@ YeEA 5
Ede WstE Sl rtagxe] 2% ARE 39S 5 Ak 4 A RS
gk sid deEtuy #HES E 29 AT Tl Te> 242
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72 seEE #ed e A4e %
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aetlon, Teol 4+
minol| Al NRK40¢] 7.53 mino.2 @ZAstA 746l o= Af ol
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Table 2. AV Al &=k o}

Propertiod Number  \pio NRK10  NRK20  NRK30  NRK40

VLAMEY  dNm (5).4054/0.5 (3).7089/0.6 g.OO95/o.6 (2).2101/0.8 (1)60084/1.

ATorque® dNm  0.500 0.548 0.585 0.721 1.016
Tuo min _ 7.10 6.45 6.28 6.29 5.94
Too min  8.62 8.09 7.81 vl 7.53

a) JA 7tREA
b) A 7twE=A
c) EF W3ty (MH-ML)
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———  NRKO
180 - NRK10
NRK20
160 {| - - ———— NRK30
e NRKAD
140 -
120 -

Stress (kgficm?)

0 200 400 600 800 1000
Strain (%)

Figure 5. AYZ A4 $Hakol] wE HAnF ad5qA e $9-HIE

Table 3. AYZ A+ ol we 7| A4 54 Bl

Properties NRKO NRK10 NKR20 NRK30 NRK40
Tensile 9
kgf/cm 179.2 121.9 112.4 75.2 60.6
strength
Tensile 9
kgf/cm 8.6 13.4 17.2 21.6 33.1
modulus
Elongation % 740 680 640 460 390
at break
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NRK 10

NRK 30

(x 100, 250).
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3.2 ENR &3 wE HAxF JdEFA 54

3.2.1 ENR &% @& Q1T JAELA S A=

Table 4°] A&8A=Z H7t¥ ENR &% #slo] wE JAdui/dAA4
F H5&A EAA vz dFS dotr ] Y& wigeS JeERAAT A
stAle] 24 A adE FEElr] YEiA, A ATl 24 ASIE B

¢l A= AG 3=k 30 phry NRK30Z 7|+ B4 =2 XAttt ENR

noi'

2o w2 54 W= doln 7] Ya ENRS 5 phr® <33l 25 phr
7MA A&k A7l =A St/A, BHT, Zn0E 247+ 1, 1, 5 phre] A
gz giglon, uFe JluAlAHog2E (1.6 ph) E R FAA
(1.0 phn)E A&}t Zex AP 155 ColA Tgoll 605 el
skl
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Table 4. ENR §F&Fol w2 w335 (phr)

Materials.  NRK3O o0 e N90/E10 N85/E15 N8O/E20 N75/E25

(Ref)
NR*
(SVR 3L) 100 95 90 85 80 75
ENR-50% 0 5 10 15 20 25
Kenaf 30 30 30 30 30 30
fiber
7Zn0 5 5 5 5 5 5
St/A 4 1 1 1 1 1
BHT ¥ 1 1 1 1 1
Sulfur 1.6 1.6 1.6 1.6 1.6 1.6
CZ 1.0 1.0 1.0 1.0 1.0 1.0
* Wt%
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Table 5. ENR &=l wZ 7tul 54 Hli

Number NRK30

. N95/E5 N90O/E10 N85/E15 NB80O/E20 N75/E25
Properties (Ref)

0.101/ 0.103/0 0.102/0. 0.121/0. 0.119/0. 0.112/0.9

a) b)
MLU/MHY - dNm g go0 836 856 872 910 84

ATorqueC) dNm 0.721  0.733 0.749 0.751 0.791 0.872

Tho min 6.29 6.62 6.68 6.63 6.64 6.83

Tao min 7.71 7.63 7.72 8.20 8.39 8.45

a) JA 7tnEZ
b) A 7twE=A
c) EF W3ty (MH-ML)
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3.2.3 ENR &% W& 3=

Figure 9= ENR §%F Wslo] wie} Yepv= F=

J[m

Be e el

ok AYUE A S 30 phrE 12A 383 ENR
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2S5 wteX 25 wt%
VA ZEskgit) o] w, AxE 1~2 AN AR Z7tstE A4S JERY
om Hu 4 A7FA Z71stgth. ENRo] 25 wt% A85H S wj(N75/E25)

BE7F 76 AR ENRe| A&¥ %] kg w(NRK30)ol ®lal] °F 1599

F7hshe A% %A @ & ik ANHoR Ml 245 A% U 94
o) AxE Aol Ak ool ek, ENR #ol F7hges Awst AR
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100
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Sample code.
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Figure 10. ENR 3t&o] wE HAAnFE a2 Eez|o] $H-HEHE A,
Table 6. ENR 3ol W& 7]A4 54 vl
Materials. I\g}égo N95/E5 N9O/E10 N85/E15 N8O/E20 N75/E25

Tensile 9

kgf/cm 75.2 83.5 92.1 84.1 77.7 76.5
strength
Tensile 1y pem? 216 97.0 30.2 37.6 354  38.1
modulus
Elongation

% 460 560 590 520 490 470

at break
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3.2.6 ENR &3 ©t& =y 54

Figure 129] SEM olw]x|= AYZ A 30phr 7122 ENRe] 7+z}
0, 10 wt% #-8%¥ NRK30 3 N9O/E10¢] <4 sddl 725 HolFth

ENR &% Wabh Bgael mAs 932 dohs] 93 99 sans

ENRo] Z&%# & NRK30& Af¢ 115 mjEg A 71 o
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)
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NRK 30(Ref)

LEI 15.0kV X100 WD 80mm  100gm
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Figure 12. ENR 4§ u}2 AAx? 1A% s 54 s

(x 100, 250).
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3.3 A« ®4 A wE AduF Jd5EA 54

3.3.1 ¥4 /A & di9 & EA W3}

Figure 13 % Table 7= AW df<e 19 712 wHo wa Yehy

sl

Tz 54 W3E FT-IT, SEM-EDS Z4<& 53] 727t yehd Zolt,
e @ A, A Ags 44 siglen AgeA &2 Aok v

bt

>

El
Oft
38

1738 em™ & M AZRZ O 2o = acetyl 719 C=0 2EHH ¥]3
& UERATE o] dd= ¢7E A AdfelMe A v ged,
ol &Zte] Ao & A TH EAst= FAvAER AT AAEH
Q7] WEolgta #AdEh 1239 cm ' HHAER e~ F Fadd dE

acetyl 7], Phenol-ether 232 C-0 2Ed A 3=

il
A
AL |
=
Y
o,
l
AV

Afe] Agk AgE & A 1200 cm™ FFolA Si-0-Si, Si-0-C 4
g 3=, 766, 847 cm™ F-toll A Si-C 2EHA ¥ A7} YERd A
1000 cm™ mwke] W9 ylFo) = FT-IRZ 13 W3ls a2d & gl
Rom, 1248cm cm ! ol E Fade C-0 2E#HA va9 #A vy
Av AHEE Ade] swrt Aol I3 WskE WestA Tashy] olEe
Ao R ket
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olo] wg}, FT-IR%FO. = A xgjo] u}

}3 o™ Table 72 Figure 14°] EDS
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Figure 13. ¥4 78dd] & AVY=Z AH9 FT-IR AFEH,
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Sample No

SEM-EDS image

. Spectrum 5

C I
o I
Si

- Weight %
Pristine sample -

M spectrum 10
C I
o I

Alkaline Weight %
treatment

Silane

treatment

Figure 14. 9 714 & A2 SEM-EDS ©o]r]A],

Table 7. & 7|2 2 Ao A

24

Element Pristine sample Alkaline treatment Silane treatment
C (Wt%) 52.49 51.89 51.11

O (wt%) 47.03 47.88 47.86

Si (wt%) 0.30 0.16 0.79
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Untreatment Alkaline treatment Silane treatment

X100 WD8Omm  100pm (IF] 150 X100 WOB80mn

WDB80mm 100

Figure 15. 9 7| &l w2
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3.3.3 Af ¥E /M wE AAnF TIEFAY A=

Table 8 A+ W 7Hde] w& AAny ad5gHAe] wighs et
Wolth ekl e Edl dtid e - VA 5S4 we Bole =

AH]el NR/ENR Ed= H] 90/10 (by wt®) o2 A3 &

=5
(g
=
i

O

1
©
e

Aglel A=z Af &S 30 phr2 gk Afe] 2H 7
A2 dZe](Alkaline treatment), A& A 2] (Silane treatment)E Z}7} &}
Rom, olF 7For A" AF7 ALH Z4 EFAY AEHES
N90/E10, N9O/E10/AK30(A= ¢Z&] A &), N9O/E10/SK30(S= A A
gHE AAs AT} St/A, BHT, Zn0S 247+ 1, 1, 5 phre] 114 dFu2 3}
Fom Fe 7w A|xElo = 3H(1.6 phr) ¥ 7[R A(1.0 phr)=

AbEEE T Tyl YL 155 CTollA Tgoll 60%E vate] sttt
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Table 8. A X9 7§&d & v g K (phr)

Materials N90/E10(Ref) N?}égéw NE)SO}glcl)O/

(SVR 3L) 70 70 Y0
ENR-50 10 10 10
Kenaf fiber 30 - -
Kenaf fiber_A T 30 -
Kenaf fiber_ S - 5 30
Zn0O 3) 5 5
St/A 1 1 1
BHT 1 1 1

Sulfur 1.6 1.6 1.6

Cz 1.0 1.0 1.0
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3.34 A W /A4 mE 7t §4

Figure 16= Afrel 9 7idol we HAAnF/Adddw+ 59

[H
o

%
ODR =% #3Zolt}. NR/ENR FAHE 90/10 (by wt%), ALt

W (N9O/E10)2] MHS} ATorques ZH2F 0.856 dNm, 0.746 dNm= ¢zt
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Figure 16. ¥ /&) W& AAnFE 2453 A 9 7t 2=,
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Table 9. A X9 /I&d & 7tu 54 vl

Number  N90/E10 N90/E10/ N90/E10/

Properties (Ref) AK30 SK30

ML /M dNm 0.102/0.856  0.130/0.916 0.121/0.934

ATorque® dNm 0.746 0.782 0.813
To min 6.68 6.16 5.91
Tyo min 7.72 7.70 7.64

a) JA 7t E=
b) Ao 7twEA
c) EF ¥slgF (MH-ML)
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3.35 A% ¥4 /A4 B2 AE

Figure 17¢ A4 E¥ /Hdo] AATF/AQNF BgAe] Awe] v
= QS ohry] A% ehd Aelth. el A (NIO/E10/AK30)sh
gk A2 (NIO/E10/SK30)E 77t & A9 dee= 71 A, 72 A = A
2 84 9o AR A8d TAANIOELON M o 4% F7hste] U
A e g EWe] TR Ws} o

7
skol AetHs FAA dehd B gt 7]Q1E Zojeta #
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Figure 18. 9 /ol M2 AT IASFA ] $3-0FF 34,

Table 10. A+ 9 7H&e] g 7|44 54 vl

Materials N90/E10 N90O/E10/ N90O/E10/

(Ref) AK30 SK30

Tensile %

strength kgf/cm 92.1 104.2 112.1

Tensile ke /om? 0.2 235 -

modulus

Elongation
at break % 590 550 530
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