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Abstract: Synthetic rubber (SBR)/montmorillonite (MMT) nanocomposites with varying contents of chlorinated paraffin
wax (CPW) as flame retardant were prepared, and then investigated the mechanical properties and the flame retardant
properties of the nanocomposites. The content of MMT was fixed on 10 phr and that of CPW was varied on 0, 10, 20,
30 phr, respectively. The mechanical and thermal properties of SBR/MMT nanocomposites than those of the SBR com-
pound added with flame retardants were increased, and that increasing of CPW content resulted in decreasing of the
mechanical properties. From the results of limited oxygen index for the SBR/MMT nanocomposite, limiting oxygen
index (LOI) value of CPW contents less than 20 phr represented 22.3~26.4%, and also that of 30 phr CPW contents
improved to 30.2%. In the UL 94 measurement test, the SBR/MMT nanocomposites with flame retardant content of
30 phr were shown excellent flame retarding characteristics equivalent to UL 94 V-0 grade.
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Table 1. Basic Formulation of the SBR/MMT Nanocomposites

Material T-1 T2 T3 T4 T5 T-6 T-7 T8
TSBR 1302 100
Stearic acid 1

MgO 4

Sb,0;

Carbon black SRF 40
Process oil

ZnO 4

Acc. DM 0.5

Acc. TT 0.2

Surfur 1

Montmorillonite,
MMT

Chlorinated praffin

wax (CPW) - 10 20 30 - 10 20 30
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Table 2. Cure Characteristics of the SBR/MMT Nanocomposites

Closite 15A
25 31.5A(26=2.8")

T-5: SBR/MMT/CPW 0
T-6 : SBR/MMT/CPW 10
T-7 : SBR/MMT/CPW 20
T-8 : SBR/MMT/CPW 3

Intensity (counts)

2-theta (deg)

Figure 1. XRD patterns of the various contents of CPW in the SBR/
MMT nanocomposites.
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Figure 2. Cure characteristics of the SBR/MMT nanocomposites at
160 °C.

2 9 Figures 2 2 30l eI}
I BHE BHoX= ZIAH dAAE B7g SBR

UNIT T-1 T2 T3 T-4 T-5 T-6 T-7 T-8
145 °C VM - 37 36.3 36.6 372 37.7 38.9 39.7 40.7
SCORCH T5 min 9'46" 937" 929" 925" 434" 435" 436" 436"
T10 min 357" 3'59" 362" 364" 1'33" 1'35" 135" 141"
T50 min 7'04" 741" 715" 724" 217" 222" 217" 235"
1&%}5 T90 min 22'43" 23'97" 22'97" 22'96" 12'37" 11'48" 1125" 11'47"
ML dNm 2.85 2.82 2.99 3.09 2.82 2.97 3.03 3.04
MH dNm 16.41 16.7 16.57 16.58 16.33 17.02 17.03 16.66
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Figure 3. Scorch time (a); optimum cure time (b) of the SBR/MMT nanocomposites with various contents of CPW.

SR GAA/MMTE 71k SBR WS35t 9] 25
AlZ¥ A 7EAIzre] web S o ¢ UAATE? TS
2707 AR (CPW)2] T S XA 22 7HIA 7
= & W3 flew, Ho) B4 g vlas) & o AL
St AFE & T AATh o] A MMTE] Fito] & o] Fof
B oofuel, 53 de] gl7] Wil 2o s dekEn
2™ SM3 5} S4. Table 3 ¥ Figure 4914 = &
AAE 2% SBR Hupe=9 GAA/MMTE ek L
B39 ZAA B4 2wl B4 AES JERAT
AR ] gl AAIgle]l MMTE 3Hr A A=$) Q1P
T AssiAIR, =2 g AAleS 1-1051:} B BEA) g
9] hydrodynamic 2742 FAA H3] & 2 PAF A4
SrEA S0 1A, 29 °ﬂ‘47<] 2 SHA e 9

A]
3
=

fLE

o7 gt UodA) shako] ZyleeE oA o] A5}
S s & = 9} 70 °ColA =3FAI7E 72,
96, 168717 T9] w3} A3 AFoA] A7 e FAs 7+
29 A =3t A AR A3E eI 371 5
g2 *@F 718k 7‘.&&1

o

=2

SiSE o}

17}3t SBR A7k

=9} kAl

MMTE &gt Urlz%f}%ﬂlfﬂ g2 B4 2A= TGAZ o]
gofo] ol 2= 2 7 ZAF8IA 0™, Figure 5(a, b,

S WHETH! B w2 Tt 2182 MMTE] 5 Aol = ¢, dell = A= el 1:}
PE 713 AleEol WUt 7iaA] 8L &) wE 4 F7188E] MMTE X233 Ui B3k I
Table 3. Experimental Results of Air Aged SBR/MMT Nanocomposites Determined at 70 °C, 72 h, 96 h, 168 h
T-1 T-2 T-3 T-4 T-5 T-6 T-7 T-8
Hardness (Hs) 59 60 61 62 64 65 65 66
Unaging Elongation (%) 660 610 620 620 730 710 700 700
Tensile strength (Kgf/cm?) 143 128 127 124 170 168 165 161
Hardness (Hs) 63 65 66 69 67 69 68 69
;"Ogi‘é% 7T§Sg Elongation (%) 630 560 590 590 710 680 670 660
Tensile strength (Kgf/cm?) 141 124 121 118 168 165 161 157
Hardness (Hs) 63 66 67 69 67 69 68 69
ﬁogig% ()Tgsﬁ Elongation (%) 640 580 600 610 700 680 680 660
Tensile strength (Kgf/cm?) 138 126 123 120 168 165 162 157
Hardness (Hs) 64 67 69 72 68 70 71 73
7%%2?%?; Elongation (%) 630 560 560 550 680 650 640 610
Tensile strength (Kgf/cm?) 128 120 115 110 162 162 158 150
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Figure 4. Tensile strength of unaged and air aged (a) SBR/CPW; (b) SBR/MMT nanocomposites with various contents of CPW for different

measuring time at 70 °C.
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Figure 5. TGA thermograms (a), (c); DTG curves (b), (d) of the SBR/MMT nanocomposites.
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Figure 6. SEM images of the SBR/MMT nanocomposites with various contents of CPW.
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Figure 9. Tan J of the SBR/MMT nanocomposites.
Table 4. LOI Values, Burning Class of the SBR/MMT Nanocomposites
T-1 T-2 T-3 T-4 T-5 T-6 T-7 T-8
LOI (%) 20.5 23.4 25.2 26.7 223 25.7 26.4 30.2
Burning test (UL 94) - - V-2 V-2 - - V-2 V-0
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