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Abstract A combination of Polycarbonate (PC) material and Polymethylmethacrylate (PMMA), fabricated using an injection

molding machine, has been investigated to determine its advantages, as studied in Ref. 1). This paper aims to investigate the

optimization of PMMA/PC blend for both tensile yield strength and impact strength. Furthermore, interaction effects of process

conditions on mechanical properties including tensile yield strength and impact strength of PMMA/PC blend by injection

molding process are interpreted in this study. Tensile and impact specimens are designed following ASTM, type V, and are

fabricated by injection molding process. The processing conditions such as melt temperature, mold temperature, packing

pressure, and cooling time are applied; each factor has three levels. As a result, in comparison with optimization of separated

responses, mechanical properties of PMMA/PC are found to decrease when optimizing both tensile and impact strengths

simultaneously. The melt temperature is found to be the most significant interaction parameter with the mold temperature and

packing pressure. In addition, there is more interaction between the mold temperature and cooling time. This investigation

provides a useful understanding of the control of injection molding processing of polymer blends in optical application.
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1. Introduction

Miscibility of PMMA/PC blends was investigated by

several methods including chemical solution.2) Kim and

Burns3) studied that dissolution of PC in PMMA-rich

phase is less than that of PMMA in PC-rich phase. In

addition, effects of PC and PMMA concentrations on the

glass transition temperature of PC and PMMA, respectively

were explored for PMMA/PC blend. Adamove et al.4)

investigated effect of specimen preparation methods on

structures of PMMA/PC blends and the melt blending

method was found to have metastable systems. Samples

of PMMA/PC blend made by the screw extrusion were

used to study mechanisms of tensile deformation via the

dilatometric measurements.5) Rybnicek et al. proposed the

binary and ternary blends from three materials including

PMMA, PC, and Acrylonitrile butadiene styrene. To describe

the relation between the deformation and fracture property,

blend compositions, morphology, processing parameters

were investigated.6)

PC and PMMA are widely used for optical secondary

elements due to transparence and high refractive index

which is around 1.5. PC possesses high impact strength

whereas PMMA is found to have high tensile strength. A

blending of PMMA and PC would be expected to obtain

good mechanical properties for a wide range of applications,

especially for illumination of the optical elements. In

fact, as far as PMMA/PC blends are concerned, almost

the works of PMMA/PC blending were performed thanks

to chemical substance for dissolution. However, the

PMMA/PC blend should be explored by injection molding

process for practical applications. This paper aims to

investigate effects of processing conditions and their

interactions on mechanical properties of PMMA/PC blend

with 50 % PC composition (50PMMA/50PC blend) by

experimental injection molding process and optimization
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of Taguchi method.7)

2. Experimental Set-up and Methods

2.1 Design of Experiment

There are four factors taking into account in this study

such as melt temperature (A), packing pressure (B), mold

temperature (C), and cooling time (D).1) Each factor has

three levels. The factors and levels are shown in Table 1.

L9 orthogonal array7) was utilized to investigate effects of

injection molding processing conditions to the mechanical

properties, specifically tensile yield strength and impact

strength. Nine treatments were carried out and there are

five specimens for each treatment. The quality characteristics

are tensile yield strength and impact strength. The signal-

to-noise (S/N) ratio is usually used to justify the effects

of the parameters. In present study, the maximum tensile

yield strength and impact strength are expected. Therefore,

the quality characteristics for tensile yield strength and

impact strength are Larger-The-Better (LTB) expressed as

(1),7) where ηLTB is the Signal-to-Noise ratio for the LTB,

yi is the experimental value of ith part and n is the total

number of experimental parts. This study selected the n

value of five. According to the Taguchi’s technique, a

larger Signal-to-Noise value corresponds to the better

quality characteristic. Therefore, the objective of this

experiment is to maximize the Signal-to-Noise value

(ηLTB). It means that desired values are maximum tensile

yield strength and impact strength.

(1)

2.2. Injection Molding Process and Materials

Polymer materials were supplied in pellet form. PMMA

with type of Acryrex CM-205 produced by Chi Mei Co

Ltd., and PC with type Panlite L-1225L made by Teijin

Chemical Ltd were used in this experimental study. To

eliminate the humidity, the PMMA and PC were dried in

a vacuum hopper at 85 oC and 120 oC for 24 h, respectively

before handling mixing.

For specimens preparation, the vertical injection molding

machine was employed, which has maximum injection

pressure of 210 MPa, injection velocity of 90 mm/s,

clamping force of 25tf, and screw diameter of 22 mm.

Mechanical properties including tensile yield strength and

impact strength were carried out at room temperature of

23 oC. As tensile testing, speed of crosshead position

used is 5 mm/min and basic pendulum impact tester was

used to measure impact strength.

3. Results and Discussion

In this section, the optimization of the mechanical

properties of PMMA/PC blend will be presented first.

The interaction effects of the injection molding parameters

on tensile yield strength and impact strength are described

later.

3.1 Tensile Yield Strength and Impact Strength

Fig. 1 presents S/N ratios of tensile yield strength and

impact strength. The graphs on the left hand side are S/N

for tensile yield strength, whereas the S/N for impact

strength are presented via the diagrams on the right hand

side. (a), (c), (e), (g) are the S/N for factors of melt

temperature, packing pressure, mold temperature and

cooling time, respectively. (b), (d), (f), (h) for impact

strength and they are melt temperature, packing pressure,

mold temperature and cooling time, respectively. It can

be seen that lower melt temperature leads to larger

mechanical properties of tensile yield strength and impact

strength. In addition, decrease degree of tensile yield
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Fig. 1. S/N of tensile yield strength and impact strength

Table 1. Factors and Levels for experimental design.

Levels 
Factors

A (oC) B (MPa) C (oC) D (s)

1 235 35 55 20

2 255 55 75 25

3 275 75 95 30



652 Van Thanh Hoang et al.

strength is greater than that of impact strength when

increasing the melt temperature as shown in Fig. 1(a, b).

This is due to that melt temperature of PMMA is lower

than that of PC. At Fig. 1(c, d), in general, the mechanical

properties raise when packing pressure is controlled from

level 1 to level 2. However, as continuously increasing

the packing pressure from level 2 to level 3, the tensile

yield strength suddenly decreases while the impact strength

slowly increases in this study. A reasonable cooling time

for maximizing the mechanical properties is around level

2. According to the results from,8) the optimal parameter

settings for single response optimization of tensile yield

strength and impact strength were obtained. In particular,

optimal parameter setting for response of tensile yield

strength is A1B2C3D2, whereas A1B3C1D2 has been found

to be the optimal parameter setting for response of impact

strength. Therefore, the study proposes a parameter setting

for optimizing both tensile yield strength and impact

strength simultaneously. The setting is A1 (235 oC), B23

(65 MPa), C13 (75 oC) and D2 (25s), where B23 was taken

into account as average values between levels 2 of

tensile yield response and level 3 of impact one, and it is

similar to C13.

Table 2 presents the experimental results of the mech-

anical properties optimized for each response and for

both of them. In particular, (I) represents the experimental

verified values when applying the optimal parameters

setting for the single response of tensile yield strength,

whereas the experimental verified values of tensile yield

strength when using the optimal parameters setting for

the both responses of tensile yield strength and impact

strength are shown by (II). The experimentally verified

values when using the optimal parameters setting for the

impact strength are depicted by (III), while (IV)

represents the experimentally verified values as employing

the optimal parameters setting for the both responses of

tensile yield strength and impact strength. It is obvious

that the mechanical properties of PMMA/PC blend

decreases when using the recommended parameters

setting for both cases of tensile yield strength and impact

strength (II, IV). Fig. 2 and Fig. 3 present characteristics

of stress-strain curves of (I) and (II), respectively. Tensile

elongation of (I) is little larger than that of (II) as well.

3.2 Interaction Effects for Tensile Yield Strength

Figs. 4 ~ 6 examine whether the levels of one factor

influence performance across the levels of another for

investigation of tensile yield strength. Effect of level 1 of

melt temperature on mold temperature is much larger

than that of the others as shown in Fig. 4. This elicits

that the blend with low melt temperature needs high

mold temperature for avoiding short shot during injection

Fig. 2. Verification test of tensile stress and strain for 50PCPMMA/

50PC when optimizing single tensile yield strength

Table 2. Tensile yield strength and impact strength after verification.

Rep. 1 2 3 4 5 Average

(I) 80.87 79.32 79.58 78.08 78.51 79.27

(II) 78.74 77.75 76.97 77.77 75.60 77.36

(III) 6893.38 7199.75 6433.82 7506.13 6740.20 6954.66

(IV) 5821.08 5667.89 6127.45 7046.57 6893.38 6311.27

Fig. 3. Verification test of tensile stress and strain for 50PMMA/

50PC when optimizing both tensile yield strength and impact

strength simultaneously 
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molding process. Fig. 5 shows interaction effects between

melt temperature and packing pressure where the level 3

is the least significant. It is not essential to provide more

packing pressure as increasing melt temperature. The

interaction influence of melt temperature on cooling time

is plotted in Fig. 6 where level 1 of melt temperature is

more significant and levels 2, 3 show the interaction

happening at the range of level 1, 2 of cooling time. It is

obvious that, when cooling time lasts longer, the melt

temperature is independent on the cooling time for

controlling tensile yield strength.

3.3 Interaction Effects for Impact Strength

Figs. 7 ~ 9 depict whether the levels of one factor

influence performance across the levels of another for

optimization of the impact strength. The interaction effect

of melt temperature on mold temperature significantly

occurs at level 2 as shown in Fig. 7. In similar for effect

of melt temperature on packing pressure where the level

2 shows a more considerable influence than the others as

shown in Fig. 8. In Fig. 9, there is no interactions for

level 1, 3 of melt temperature across the levels of

cooling time. However, the level 2 of melt temperature is

significant in influencing cooling time. It can be seenFig. 4. The interaction effects of melt temperature to mold

temperature for tensile yield strength.

Fig. 5. The interaction effects of melt temperature to packing

pressure for tensile yield strength.

Fig. 6. The interaction effects of melt temperature to cooling time

for tensile yield strength.

Fig. 7. The interaction effects of melt temperature to mold

temperature for impact strength.

Fig. 8. The interaction effects of melt temperature to packing

pressure for impact strength.
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that interaction effects of melt temperature on mold

temperature, packing pressure and cooling time have

been found to be remarkable at level 2 for impact

strength. This is because that average melt temperature of

around 255 oC is really sensitive on impact resistance via

fracture toughness.9)

4. Conclusion

Mechanical properties of PMMA/PC blend with 50%

PC composition including tensile yield strength and impact

strength have been investigated by injection molding

process and optimization technique of Taguchi. The four

factors and three levels for each of them were taken into

account in this study. Nine treatments were carried out

for both tensile and impact cases. The results show that

the mechanical properties of PMMA/PC blend decreases

when using the recommended parameters setting for

simultaneously optimizing the tensile yield strength and

impact strength. In addition, the melt temperature consi-

derably influences the packing pressure and cooling time

depending on levels of them when the interaction impact

is taken into account. This investigation provides a clear

understanding for fabricating optical molded elements for

LED illumination. Furthermore, PMMA/PC blends could

be applied in medical devices, appliance housings, auto-

mobile parts and protective equipment, and so on where

the mechanical properties combination of PC and PMMA

materials is essential.
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