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Abstract: Starch was grafted by poly(methyl methacrylate) through the emulsion polymerization method. Modified
starch/(acrylonitrile-butadiene rubber) (NBR) compounds were prepared by a latex blend method. The morphology, ther-
mal properties and mechanical properties of the modified starch/carbon black/NBR composites were investigated with the
change of starch concentration. The mechanical properties of the composites were improved by the addition of modified
starch. But, when the concentration of modified starch was higher than 40 phr, the mechanical properties were dete-
riorated due to the poor dispersion of modified starch. At the same ratio of starch to carbon black, the composite showed
a synergistic reinforcing effect by the good dispersion and high cross-linking density. In addition, the tensile strength, stor-
age modulus, hardness, swelling and other properties were the best.

Keywords: NBR, starch, latex blend method, morphology, mechanical property.
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Table 1. Compound Formulations for Modified Starch/CB/
NBR Composites

(unit: phr)
Samples

om0 Chio Cixs a5
NBR 100 100 100 100 100
Starch(MMA) - 10(10)  25(10) 40(10) 50(10)
Carbon black 50 40 25 10 -
Zn0O 5 5 5 5 5
Stearic acid 1 1 1 1 1
Sulfur 2 2 2 2 2
MBTS 1 1 1 1 1

CB=Carbon black, St=Starch.

71%02 SA 1phr, ZnO 5 phr, & 2 phr, MBTS 1 phrg &
P3N SHAR 7L = AN Hrle 59
Aep 7HEEY s AR ARSI Hie B3AE 2zt
AzsiRon, A2 g 50 phro] H=5 3HaL vilgt
H|:= Table 19 YERJSATE.

FTIR 4. 71d% A& 7HEE/NBR A9 72 &
238 $18 FTIR(Perkin ElmerAl, Spectrum 100)E ©]-&-3}]
glstgith. W SIE 4000~650 cm™o] W& S =~
N5 4, B3lle2 8= 43

REZX| 2 /N AEA/HESE/NBR B39 24
H3lo] mE REZAE golur] 3 A= Al T
U2 gtd® Al S 287 W 5" S JEOLA] FE-
SEM(field emission scanning electron microscope, JSM-
7500F)S AMg-sle] Tiie] REZ2X)E5 BEsieITh

7718 BM. ASTM 62040 w2 wjighe 5o {8}
2 JAE =43 18k #2rE (Myungji Tech”l, DMR
200)5 ol-&ste] SAAT olm) S 160 °CollA 20
7 S

MEEME =3, /dE JEFHLEY/NBR B39 =
doll g REHEE #F5H7] 915t DMA(dynamic
mechanical analysis, Perkin ElmerA}, DMA 8000)E& A}-8-3}
Atk SY271L 60 °CHE 40 °C7HA] 2 °C/minl 2 523}
WA 1 Hzol 552 S48

PMEM £X, JfEE AR FEEY/NBR 23HA|9] 24
o] W& F2EAS TGA(Perkin Elmer’}l, TGA 4000)2 A&
ko] SASITh 2L A £97] sfel| 50 °CH-H
800 °C7HA] 10 °C/minZ %2301 Q&3] A% B35}
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Figure 1. FTIR spectrum of modified starch/CB/NBR composites.
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Figure 2. SEM micrographs of modified starch/CB/NBR compos-
ites: (a) CB50; (b) St10/CB40; (c) St25/CB25; (d) St40/CB10; (e)
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Table 2. Vulcanization Properties of Modified Starch/CB/NBR
Composites

Samples ML(dNm) MH(dNm) AM top(Sec)
CB50 15.4 38.5 23.1 12:49
St10/CB40 7.8 32.8 25 10:25
St25/CB25 8.1 34.8 26.7 12:18
St40/CB10 6.2 29.7 235 11:03
St50 43 25.8 21.5 07:48
50
CB50
40 -

St10/CB40
= 20 L St25/CB25
5 ~Sia0/ca1o.
& St50
G 20
'_

10
a 1 1 1
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Figure 3. Rheograpic curves of modified starch/CB/NBR compos-
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Figure 4. Storage modulus of modified starch/CB/NBR composites.

Table 3. TGA Results of Modified Starch/CB/NBR Composites

Samples IDT (°C) Thas” (°C)
CB50 398.9 4702
St10/CB40 315.5 465.7
St25/CB25 280.9 465.4
St40/CB10 258.4 451.1
St50 250.4 449.1

‘IDT: initial decomposing temperature. *T,, temperature at the
maximum rate of weight loss.
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Figure 5. TGA curves of modified starch/CB/NBR composites.
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Figure 6. Mechanical properties of modified starch/CB/NBR com-
posites.

Table 4. Mechanical Properties of Modified Starch/CB/NBR
Composites

St10/  St25/  St40/
Samples CB50 CB40 CB25 CBI10 St50

Tensile strength 3 5143 g5 131 118

(MPa)
Flongation atbreak 45, 398 385 415 520
(%)
Modulus 300%
i 16 119 123 95 84
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Figure 7. Hardness of modified starch/CB/NBR composites.
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