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Abstract. Blends of natural rubber (NR) and polypropylene (PP) with composition of 60/40 %wt
were prepared by using an internal mixer to obtain thermoplastic vulcanizate (TPV). Aluminium
trihydrate (ATH) and magnesium hydroxide (MH) were used as fillers to improve thermal stability
and fire retardant properties. Three different mixing methods were used to incorporate the fillers
into the TPVs, which were (1) compounding of NR and filler followed by dynamic vulcanization of
NR during blending with PP, (2) compounding of NR with a half part of filler and oil followed by
dynamic vulcanization of NR when blending with PP before adding another half part of filler and
oil into the blend (3) melt mixing of PP, NR and filler followed by dynamic vulcanization during
mixing. - The incorporation of ATH and MH decreased tensile strength and elongation at break of
the TPVs, but increased the thermal stability and 1.O1%. From this work, the mixing of filler with
NR/PP blend by using method 3 provided better balance of tensile, thermal and fire resistant
properties and processing cost reduction.

Introduction

Thermoplastic vulcanizate(TPV) is a rubbery material exhibiting properties closed to those of
conventional vulcanized rubber, but it can be processed in molten state like thermoplastics.
Principally, TPV is fabricated by dynamic vulcanization or crosslinking of a rubber phase during
the rubber is being melt mixed with a thermoplastic. TPV usually consists of crosslinked rubber
particles dispersed in a plastic[1]. TPV based on a natural rubber (NR)/polyolefin blend has been
increasingly recieved greater industrial attention because the NR component has superior
elastomeric properties over those of synthetic rubber. However, the TPVs based on NR/polyolefin
blend have low flame retardant properties, unsuitable for use as cable/wire application. Aluminium
trihydrate and magnesium hydroxide are widely used to increase flame resistance of polymer [2].
To develop the fire retardant TPVs based on NR/PP blends, it is neccessary to study the effect of
various incorporations of filler into the NR/PP blends on their mechanical, thermal and fire resistant
properties.

Therefore, in this work, we examined the mechanical, thermal and flame retardant properties of
TPV containing NR and PP with the composition of 60/40 %wt. ATH and MH were used as fillers.
The effect of different incorporation methods of ATH and MH on the TPV properties was
investigated. '

Experimental
Preparation of 60/40 NR/PP TPV filled with ATH and MH

60/40 NR/PP TPVs filled with 60 wt% of ATH and MH were prepared by melt mixing in
Brabender plastograph at 180°C with rotor speed of 60 rpm. The TPV formulation is given in Table
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1.They were prepared by three different mixing methods, which were systematically represented in

Fig. 1.
Table 1 Formulation of fire retardant 60/40 NR/PP TPV
Material Composition Characterization Source
(wt %)
Natural rubber NR (RSS#3) 60.00 MV (ML(1+4) 100°C)=80 Khok Pho, Pattani { Thailand)
Polypropylene PP (PP1102H) 40.00 MFI(2.16kg/230°C)= 2 g/10min TPI (Thailand)
Compatibilizer (PP-g-Ph) 2.00 - -
Ultrablend 6000 (UB6000) 4.00 Density = 0.97 g/cm’ Performanceadditives (Malaysia)
Paraffinic oil 30.00 Density = 0.85 g/cm’ Oriental Siam (1987) (Thailand)
Aluminium trihydrate (ATH)or 60.00 Density =2.42 g/em®, pH = 10.4 Zibo Co,.Ltd. (China)
Magnesium hydroxide (MH) : Density = 2.4 glem?®, pH=10.5 Konoshima chemical (Japan)
2,2,2-Trimethyl-1,2-dihydroquinoline 0.60 Density = 1.1 g/em® Flexys(USA)
(TMQ)
Dimethylol phenolic resin 540 Density = 1.05 g/em?, Schenectary International Inc.
(HRJ-10518) Melting point=140°C (USA)
Stannous Chloride (SnCl,2H,0) 0.36 Density =2.71 g/em?®, QREC Chemical
Melting point =37°C {(New Zealand)
Compounding of NR and additives y .
Method 1 NR+TMQ+UB6000+ATH or MH PP melting Addition of Dynamic
etho +Paraffinic oil (PP+Compatibilizer) [} compound vulcanization
(©90°C, 6 min) * (180°C, 6 min) (180°C, 1 min) (180°C, 8 min)
Comp 0‘;‘}3‘;('%‘;{211%3“2:0;"“"’ PP melting Addition of Dynamic
Method 2 - (PP+Compatibilizer) [}  compound vulcanization
1/2 ATH or MH +1/2 Paraffi il . o J o :
oboC. e mbh 71 \\ > (180°C, 6 min) (180°C, 1 min) (8o i 8 min)
Addition of
1/2 ATH or MH+1/2Paraffinic oil
(180°C. 2 min)
Q o3 Addition of
PP melt Melt mixing Filler addition curative agent Dvnamic
g (PP melt+NR ATH or c s yRAMIC
Method 3 (PP+Compatibilizer)  ,TvQ+UB6000) M¥+Paraffinic oil | (Ehenolic resin+ vulcanization
(180°C, 6 min) {180°C, 1 min) (180°C, 4 min) (f;$é2lli:n0izl) (180°C. 8 min)

*NR compound with filler was mixed with curative agents (phenolic resin+ SnCl;2H;0) on a two-roll mill at room temperature
Fig. 1 Schematic diagram of 60/40 NR/PP TPV prepared by various incorporation methods

After mixing, the blends were compression-molded under pressure of 120 bar at 120°C for 22
minutes. The TPV sheets were then cut into test pieces for mechanical, thermal and fire resistant
analysis.

Characterizations

Tensile properties were measured according to ASTM D412 using a universal testing machine
Hounsfield H 100KS. The test were carried out at 25°C with a speed of 500 mm/min.Thermal
stability was studied by using Thermal Analyzer (TGA, Perkin Elmer Co., Ltd, US). Flammability
behavior of the TPVs was characterized by using the limiting oxygen index (LOI) according to
ASTM D2863.

Results and discussions
Mechnical properties of TPVs

The 100% modulus, tensile strength, elongation at break of the TPVs with 60 wt% ATH and
MH prepared by different filler incorporation methods are shown in Fig. 2.
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Fig. 2 Comparison of (a) 100% modulus, (b) tensile strength and (c) elongation at break for unfilled
TPV, ATH filled TPV (ATH-TPV) and MH filled TPV (MH-TPV) prepared by using different
mixing methods.

The addition of ATH or MH slightly increased 100% modulus, but decreased the tensile strength
and elongation at break due to rigidity of fillers. The results showed that the tensile strength and
elongation at break of the TPVs prepared from method 1 were higher than those of the other
methods, and that these two properties were not much different for the TPVs obtained by using
method 2 and 3. It is well accepted that the mechanical properties of TPV are strongly dependent
on the degree of crystallinity of the plastic phase [3]. According to method 1, the fillers were pre-
mixed with rubber before blending with PP, therefore the fillers were mainly located in the rubber
phase, which had little influence on the crystallization of PP. On the other hand, the presence of
fillers in the PP phase of the TPV, which were prepared by adding "4 part of filler in the PP
(methods 2) and in the PP/NR blend (methods 3), would hinder the motion of the PP chain
segments during crystallization, leading to lower crystallinity content.

Thermal stability of TPVs
The thermal degradation temperature and residual weight of various unfilled and filled TPVs
prepared by using different mixing methods are given in Table 2.

Table 2 Thermal stability of unfilled and filled TPVs prepared by using different mixing methods

Decomposition of filler Decomposition of NR Decomposition of PP Residuoal

Samples Method | Temperature Rate Temperature Rate Temperature Rate weight
°O) {%/min) °O) (%/min) (°C) (%/min) (%)
Unfilled 1 - - 374 -8.49 453 -8.48 1.76
TPVs 2 - - 373 -7.53 450 -9.73 0.65
3 - - 374 -7.57 451 -7.85 2.58

1 312 -4.74 375 -6.16 455 -5.44 22.62

ATTHP{”;’S'“ 2 315 424 377 572 453 5.39 2332
3 320 -3.87 378 -5.46 454 -5.86 22.44

1 - - 379 -6.64 456 -6.29 24.29

M,II{.P%‘I:d 2 - - 381 -6.38 464 -5.37 22.62
3 - 382 -6.06 460 -5.47 23.41

The unfilled TPVs had two decomposition temperatures. The decomposition temperatures of
NR and PP phases were at about 373-374°C and 450-453°C, respectively. For the ATH filled
TPVs, the materials showed three different decomposition temperatures of ATH at 190-350°C [4],
NR at 375-378°C and PP at 453-455°C. In case of the TPVs filled with MH, the samples had two
different decomposition temperatures, corresponding to the degradation of NR which occurred
simultaneously with MH at 379-382°C and PP at 456-464°C. In general, the combination of fire
retardant fillers, especially MH, resulted in better thermal stability by increasing the decomposition
temperature of NR and PP phases and reducing the weight loss rate. This can be explained by
endothermic decomposition of filler upon exposure to heat as shown in Eq.1 and 2, which cooled
down the system and slowed thermal decomposition [2]. It has been shown that MH started to
decompose at higher temperature than ATH, so the MH filled TPVs exhibited better thermal
stability than the ATH filled TPVs [5]. It is interesting to see that the filled TPVs prepared by using
method 2 and 3 showed much higher thermal stability than those of method 1. This suggested that
the distribution of fillers in both NR and PP phases by using method 2 and 3 improved the thermal
stability of the TPVs.
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2AI(OH); —» AlL0; +3H,0 AH=280 cal/g €))
Mg(OH),—» MgO+H;0 AH=328 cal/g (2)

Fire retardant property of TPVs
The fire retardant property of the TPVs was measured by LOI technique. The results are shown
in Fig. 3.
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Fig. 3 Comparison of LOI for unfilled TPV, ATH filled TPV (ATH-TPV) and MH filled TPV
(MH-TPV) prepared by using different mixing methods.

From Fig. 4, it is seen that the unfilled TPVs prepared from different methods exhibited the same
level of LOI. However, the LOI of the TPV samples was improved when added with fillers. This
means that the level of flame retardancy was increased. The improvement in fire retardant level
was found to be greater for the samples prepared by using method 2 and 3. This was probably due
to the presence of filler in the PP phase and NR phase, thus offering better fire protection.

Summary

The properties of 60/40 NR/PP TPVs were studied. ATH and MH were used as flame retardant
filler. It was found that the tensile properties, thermal stability and flame retardancy was influenced
by different mixing methods. The addition of filler increased 100% modulus but decreased tensile
strength and elongation at break. The thermal stability and flame retardancy were also improved
with the addition.
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PVC

. . ATH filled ATH/Na-MMT MH/Na-MMT | ATH/organoclay | MH/organoclay
Properties (Vinika MH filled TPV
TPV filled TPV filled TPV filled TPV filled TPV
CF80EA)

Specific gravity (cm’) 1.27 1.12 1.11 1.12 1.11 1.12 1.11
Hardness (Shore A) 79 79 80 79 80 78 80
100% Modulus (MPa) 8.8 5.6 6.4 5.6 6.5 5.3 6.4
Tensile strength (MPa) 15 7.9 7.8 8.0 78 8.0 79
Elongation at break (%) 270 207 151 210 166 214 167
LOI 30.0 21.7 23.3 21.7 23.3 21.7 23.3
dunuingiu 80 7.2 726 79.9 81.2 84.7 86.1




