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Abstract: Styrene-butadiene rubber (SBR) latex compounds filled with starch-bamboo charcoal powder hybrids were
prepared by latex compounding method. The morphology, mechanical properties and thermodynamic properties of the
SBR/starch/bamboo charcoal composites were investigated. The particle size of starch and bamboo charcoal powder was
measured by particle size analyzer. SEM was used to confirm the uniform dispersion of starch-bamboo charcoal hybrids
in the matrix. The results indicated that the bamboo charcoal could improve the mechanical properties (tensile strength,
modulus, and hardness), filler network strength and filler-polymer interaction of compounds. The hybrid with best ratio
was made from 15 phr starch and 5 phr bamboo charcoal, which has good dispersion state and great tensile strength. From

the results of TGA, the initial decomposition temperature also increased gradually, with the bamboo charcoal ratio

increased.
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I Z. SBRS F5473}89] styrene-butadiene rubber
latex 1502(styrene content 23.5 Wt%)E A& ]'93\3’— A
2E §557 AR Y] AlES EHL]'-‘?* <2 Quzhou
Minxing Charcoal Company(ZF=)<] Xﬂ z2 /\}%0}9\1‘3}. 7}
37| 2 = sulfur powder(sulfur, Daejung), ¥l 317 2 stearic
acid(SA, ™), zinc oxide(ZnO, WA), 7IEFFAAZE=
dibenzothiazole disulfide(DD, TCI), n-cyclohexyl-2-benzo-
thiazole sulfonamide(CBS, TCDE A3}t

HiE & M=, weh)el SR8 2717F A2 500 mL A
T W7l AE, iU =, SFTE B 80°Ce] water
bath 9tollA 1217k B9t 120 rpme] =2 wHlksle] HES
Sslslslnh. 2 Fof] 5 73] Aok ¥zt $oll SBR 2]
2=0f] 25°CollA W7 AR/ =& FY38EL 1000
pmO 2 308 F9F ksl SHTE Olﬁo}d CaCl,(0.5
wi%)yg THEo] gHElAE FAAZTH 2§, 39 B2k 60 °C
2 Ax7] Oﬂ Yol AZAIZl &9 two roll mixing mill]
Zn0, SAS WA ¥iL 1027 £33 § 7HA| 9} 7152
AE B 5E7F Edate] G TE Alxskit Ao
v ¥ = Table 10 YebHATh 2259 7482 two-roll
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Table 1. Compound Formulations for SBR/Starch/BC Composite
(unit: phr)

St15/ St10/ St5/
Neat St20 BCS BC10 BCI5 BC20

SBR 100 100 100 100 100 100

St 0 20 15 10 5 0
BC 0 0 5 10 15 20
s;eggc 2 2 2 2 2 2
o 3 3 3 3 3 3
Sulfur 1.5 15 15 15 15 15
CBS 2 2 2 2 2 2

DD 1 1 1 1 1 1
St=Starch, BC=Bamboo charcoal.

mixing millZ A ZtE Wl FZF-E RPA(rubber process
analyzer)E ©]&3to] 2 718 7H1y)S =43 F 2mm
ZAE 7IAE moldS o] &5l] LxzAHo] 7153 =
#2Z 150°C, 10 MPa, 2 7187} St 71831}

ARt EH. A o 29 JA7E A5
$ 3kl PSA(particle size analyzer, AccuSizer 780SI, USA)
£ ARgsiiHh

71074E EM. ASTM 62040 W= wighsl 7159 FH
g5 Agd 2 AR AR S5 $ }O% RPA-V1(U-

can inc, Taiwan)Z ©|-&3}d 150 °C, 308 <t =431 t).

7}a4 %= CRI(cure rate index)= 4] (1)Z AlFFSIT
crRI=—20 1)
log=ls
DEZX| ZE AR =/SBR H53A| 9] 2dwst

g RERAS dotry] 28 ¢ 76}7&5 Al Fof] v 2t
TH AJHS 287 W I8 5 SEM(scanning electron
microscopy, CX-200TA)S ©]-§-3to] opet-s A3ttt

W AIE. ASTM D471l w2} 25.0 mm(Z2 ©])x5.0 mm
HHDx2.0 mm@FANe] 7EFE Al HS B 817 T
30°ColM 1, 2, 3, 6, 9, 12, 2477k ERE o, 7 A5
HE&EH FAWS BE A FAw,), d(EFA2] %),
d(SBR®] H&)S SA3te] 2 ()2 o83l WEEE At
E=

w-wy/dy)
% x100 2
A ) 0/ ] @
MEEIME &N HY B E AREBHES =45

f]o}o% RPA-V1(U-can inc, Taiwan)S ©|-&3}le] w718k 7%
£ 60°C, frequency 1.67 HzZ =743}
7IHE M. QAN FL ASTM D-4129] 4
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Figure 1. Particle size of (a) starch; (b) bamboo charcoal.

Table 2. Vulcanization Properties of SBR/Starch/BC Composite

Sample M, My AM i, foy  CRI

P (dNm) (dNm) (dNm) (min) (min) (min")
Neat 024 563 539 15 913 131
St20 067 1125 1058 156 618 21.66

St15/BCS 235 1229 994 176 7.65 17.00

St10/BC10 229  12.18  9.89 1.7 10.67  11.15

St5/BC15 234 1283 1049 152 1222 1093
BC20 262 1192 93 1.5 1328 848
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Figure 2. SEM image of SBR/starch/BC composites: (a) neat; (b) St20; (c) St15/BC5; (d) St10/BC10; (e) St5/BC15; (f) BC20.
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Figure 3. Swelling ratio of SBR/starch/BC composites in toluene.
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Figure 4. Storage modulus versus strain for SBR/starch/BC com-
posites.
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Figure 5. Stress-strain curves of vulcanized SBR/starch/BC com-
posites.

Table 3. Mechanical Properties of SBR/Starch/BC Composites

St15  St10  St5
Sample Neat  St20 /BCS5 /BC10 /BCI5 BC20
Tensile strength
(MPa) 291 357 397 339 385 374
Elongation atbreak  g5) g7 g35 736 719 503
(%)
Modulus 100%
(MPa) 078 1.14 149 1.72 190 1098
Modulus 300%
(MPa) 1.3 204 241 26 28 32
Hardness
(Shore A) 55 58 64 65 68 72
100
80 -
S
E)GO—
2
409 T—st20
—— St15/BC5
—— St10/BC10
20 |——sts/BC15
——— BC20
100 ' 2(')0 ' 3(’)0 ' 4(’)0 ' 5(‘)0
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Figure 6. TGA curve of SBR/starch/BC composites.
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