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Abstract. The fundamental knowledge of flow behaviour is essential in producing various
plastic parts injection moulding process. Moreover, the adaptation of advanced polymer-
nanocomposites such as polypropylene-nanoclay with natural fibres, for instance Gigantochloa
Scortechinii may boost up the mechanical properties of the parts. Therefore, this project was
proposed with the objective to optimise the processing condition of injected mould
polypropylene-nanoclay-Gigantochloa Scortechini fibres based on the flow behaviour, which
was melt flow index. At first, Gigantochloa Scortechinii fibres have to be preheated at
temperature 120°C and then mixed with polypropylene, maleic anhydride modified
polypropylene oligomers (PPgMA) and nanoclay by using Brabender Plastograph machine.
Next, forms of pellets were produced from the samples by using Granulator machine for use in
the injection moulding process. The design of experiments that was used in the injection
moulding process was Taguchi Method Orthogonal Array -Lo3. Melt Flow Index (MF) was
selected as the response. Based on the results, the value of MFI increased when the fiber content
increase from 0% to 3%, which was 17.78 g/10min to 22.07 g/10min and decreased from 3% to
6%, which was 22.07 g/10min to 20.05 g/10min and 3%, which gives the highest value of MFI.
Based on the signal to ratio analysis, the most influential parameter that affects the value of MFI
was the melt temperature. The optimum parameter for 3% were 170°C melt temperature, 35%
packing pressure, 30% screw speed and 3 second filling time.

1. Introduction
It has been estimated that almost 170 million tons of plastics were produced worldwide during the year
2003 [1]. The use of thermoplastics has been continuously increasing in the last few years and penetrated
the various fields, such as automotive and aerospace industry, household and sport appliances.
Polypropylene (PP) composites have better material properties such as good strength, better stiffness,
improve of ductility; good stability and thermal expansion; and low cost of production. Nevertheless,
these properties depend on the matrix phase, the phase dispersion of fillers and strengthening
mechanism, shapes and arrangements of filler particles and the bonding interface between filler and the
matrix [2].

Polymer nanocomposites can be prepared by various processing techniques such as solution process,
in-situ polymerization and melt blending. Each technique has an influence on the final characteristics
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and properties of the composites. The performance of this polymer system also can be upgraded to better
properties with the presence of natural fibres as the filler material [3].

Direct intercalation by the molten polymer method of preparation of nanocomposites has greatest
advantages over other methods as this method is environmentally benign due to the absence of organic
solvents and is compatible with current industrial process, such as extrusion and injection moulding [4].
Most of these polymer nanocomposites were transformed into useful parts by using an injection
moulding process. Unfortunately, it has been found difficult to control the properties of the material in
order to manufacture consistently a part with no defect [5]. Hence, the synthesis of knowledge about the
injection moulding processing might lead to solutions in producing good products. Therefore, the needs
of optimising the processing condition shall be the priority in the injection moulding manufacturing
process [6].

The increase of the resistance to flow and flow stability of the former system can be attributed to the
improvement of the compatibility and interfacial adhesion between the filler and matrix as well as the
dispersion of the filler in the matrix. Beside optimisation, studies about melt flow behaviour of
polypropylene composites also need to be clarified [7].

2. Experimental

The experiment started from preparation of material. Then the injection moulding process was carried
out according to the Taguchi Orthogonal Array. Flow behaviour evaluation was made after that, and
optimisation through Signal to Noise Ratio was made at the end of the project.

2.1. Preparation of Materials

The polymer-nanocomposite are divided into two sections, the matrix and the fillers. For the matrix,
the material that's been used in this research are polypropylene (PP) and for the fillers, the materials that
been used are polypropylene-grafted-maleic anhydride (PPgMA), nanoclay (NC) and Gigantochloa
Scortechinii (GS). Table 1 shows the compounding of these materials based on the formulation.

Table 1. Formulation of Polymer-Nanocomposites

No PP PPgMA NC GS Label
1 84% 15% 1% 0% 0%GS
2 81% 15% 1% 3% 3%GS
3 78% 15% 1% 6% 6%GS

The material preparation starts from processing the GS which is a type of bamboo fibres. The fibres
were chopped and refined to become short fibres. These fibres need to be pre-heated at 120°C. The
process of mixing was made by using twin screw Brabender Lab-compounder KETSE 20/40 machine
to make it into compounding. After that the mixture was formed into small pieces or it is called pallets
with diameter less than 5mm by using Granulator SLM 50Fy machine before entering the injection
moulding process.

2.2. Injection Moulding Process via Taguchi Orthogonal Array Method

In the injection moulding process, the sample that produce by using injection moulding machine
usually influenced by the injection moulding parameters. Samples shall be produced by using an
injection moulding process were prepared according to the Taguchi Optimisation Orthogonal Array
Method, with selected formulation of polypropylene-nanoclay-Gigantochloa Scortechinii fibres. The
injection moulding machine that used in this project was 0.7 tonne Nissei NP7F from Japan. The
parameters that were considered were the melt temperature, packing pressure, screw speed and filling
time. There were three levels and four parameters that had been analysed by using Taguchi Optimisation
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Orthogonal Array Method based on level (Lo3%). The process parameter based on Orthogonal Array
(Lo3% was shown in Table 2.

Table 2.0rthogonal Array selected based on level (Lo3%)
No. Melt Temperature (°C) Packing Pressure (%) Screw Speed (%) Filling Time (s)

1 165 30 25 1
2 165 35 30 2
3 165 40 35 3
4 170 30 25 3
5 170 35 30 1
6 170 40 35 2
7 175 30 25 2
8 175 35 30 3
9 175 40 35 1

2.3. Flow Behaviour Evaluation

The analysis was carried out by comparison of the sample without using an injection moulding
process and the sample after used the injection moulding process. The samples that have been produced
in the injection moulding process was crushed using Granulator SLM 50Fy machine to become pellets.
After that, the pellets were used to determine the flow behaviour of the melt polymer-nanocomposites,
which is Melt Flow Index (MFI) by using Plastomer (Ceast type 6841) according the ASTM D1238
Standard.

2.4. The Optimisation of Processing Condition

In this research, signal to noise (S/N) ratio for melt flow behaviour properties were obtained and
optimum level of the injection parameters was determined through S/N values to achieve maximum melt
flow index result [6]. In this study, the larger the better was chosen to solve melt flow index based on
the S/N ratio [8]. The calculation of this ratio was assisted by using Minitab 16 statistical software.

3. Results and Discussion

Table 3 shows the value of MFI based on the injection moulding process via Taguchi Method
Orthogonal Array (Le3?). The highest value of MFI was at formulation of 3% GS and the lowest value
was at formulation 0% GS. When the value of GS increased from 0% to 3%, the value of MFI was also
increased. However, when the value of GS increased from 3% to 6%, the MFI value was decreased.

Table 3.Value of MFI (g/10min)

Case NO O% GS 3% GS 6% GS Main Ef‘fec;zt:'l;‘z:;r SN ratios
Before 1535 1877 1844 1uq Mt Temperature (oC)| Packing Pressure (%) | Screw Speed (%) Filling Time (s)
Moulding

1 16.90 19.25 18.08

16.15 20.39 18.34 2s
16.33 20.08 18.63 * e
17.32 22.07 20.00 -

17.78 21.28 19.33

Mean of SN ratios

165 170 175 30

1729 2046 1931
16.75 1935  17.97
1657 2070  18.77 Fig. 1 Main Effect Plot for S/N ratio for 0% GS
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For formulation 0% GS, the highest value for the MFI was in case number 5 which was 17.78
9/10min. The lowest value was in case 9 which is 15.7 g/10min compared with the MFI value without
using an injection moulding process, which was 15.35 g/10min. When the injection moulding process
was applied, the value of MFI increased in all case numbers from 1 to 9 compared to the value of melt
flow index without injection moulding process.

As for 3% of GS, the highest MFI value was in case humber 4, which was 22.07 g/10min. The
lowest value was in case 1, which was 19.25 g/10min. This value was higher compared with the MFI
value without using an injection moulding process (18.77 g/10min). When the injection moulding
process via Taguchi orthogonal array method was applied, the value of MFI increased in all case
numbers from 1 to 9 compared to the value of MFI before injection moulding process.

The analysis of MFI continued for 6% GS, whereby the highest value for the MFI was in case
number 9 (20.05 g/10min) and the lowest value was in case 7 (17.97 g/10min). The value of melt flow
index without injection moulding process was 18.44 g/10min. When the injection moulding process was
applied, the value of MFI increased in case numbers 3, 4,5,6,8 and 9 but the value of MFI decreased in
case number 1, 2, and 7 compared to the value of melt flow index without injection moulding process.

3.1. Optimisation of process condition based on Conceptual S/N Ratio Approach for Melt Flow Index
(MFI) Results.

Figure 1, 2 and 3 shows the values of S/N responses at three levels for MFI based on formulation
0% GS, 3% GS and 6% GS. Based on the result for formulation 0% GS, the best combination parameter
for optimising the value of MFI for 0%GS were 170°C for melt temperature, 30% of packing pressure,
35% of screw speed and 1 second for filling time. For the formulation 3% GS, the best combination
parameter for optimising the value of MFI for 3%GS were 170°C for melt temperature, 35% of packing
pressure, 30% of screw speed and 3 seconds for filling time. For the third formulation (6% GS) the
optimum combination parameter for maximizing the value of MFI were 170°C for melt temperature,
40% of packing pressure, 30% for of screw speed and 1 second for filling time. Based on these findings,
in can be rectified that by using the same orthogonal Lo3*, the data for melt temperature at level 2 usually
provide the optimum level [9].

Main Effects Plot for SN ratios Main Effects Plot for SN ratios
Data Means Data Means
BM\tTmp rature (oC)| Packing Pressure (%) Screw Speed (%) Filling Time (s) ses Melt Temperature (oC) | Packing Pressure (%) Screw Speed (%) Filling Time (s)
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Fig. 2 Main Effect Plot for S/N ratio for 3% Fig. 3 Main Effect Plot for S/N ratio for 6%
GS GS

4. Conclusion

In the conclusion, the highest value of MFI was found at formulation 3% GS which was 22.07 g/10min.
The lowest value of MFI was at formulation 0% GS which is 17.78 g/10min. Based on the S/N ratio
method, the optimum value for each formulation of the 0% GS, 3% GS and 6% GS were achieved.
Based on these 3 formulations (0% GS, 3% GS and 6% GS), the melting temperature must at level 2
which was 170°C so that the optimum value of MFI can be achieved.
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