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ABSTRACT 

Conventional UHMWPE molding involves long pressure holding duration, nevertheless 
in the presence of filler such as cellulose nanofiber (CNF), this may contribute to filler 
degradation. This study optimized the compression molding parameters of UHMWPE/
CNF bio-nanocomposite by using response surface methodology (RSM) in consideration 
of temperature, pressure and duration as variables. An optimal processing condition of 

180°C, 15 MPa, and 20 minutes contributed 
to more than 80% desirability with tensile 
strength, yield strength,  elongation at 
break, and Young’s modulus values of 
22.83 MPa, 23.14 MPa, 487.31%, and 0.391 
GPa, accordingly. Mechanical properties 
of UHMWPE/CNF bio-nanocomposites 
molded at optimized processing conditions 
were comparably similar to those prepared 
at conventional processing condition, 
and with the advantage of having shorter 
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processing time.  The results presented herewith provides insight towards a more practical 
approach for UHMWPE/CNF bio-nanocomposites consolidation process. 
Keywords: Bio-nanocomposite, cellulose nanofiber, compression molding, optimization, response surface 
methodology, ultra-high molecular weight polyethylene

INTRODUCTION

Possessing various excellent properties, ultra-high molecular weight polyethylene 
(UHMWPE) has been used for various application of aerospace, industrial machineries, 
microelectronic and medical fields (Li et al., 2017; Raghuvanshi et al., 2012), where it 
is consolidated into many different products including pipes, panels, gears, body armors, 
unlubricated bearings and artificial joint component (Khalil et al., 2016; Wang et al., 2018). 
This engineered thermoplastic is made of a repeating unit of ethylene with molecular 
weight ranged between 3.5 to 7.5 million g/mol (Kurtz, 2016a). The extremely long and 
linear structure of UHMWPE enables it to greatly withstand impact and abrasion beside 
having a very low friction (Chukov et al., 2014; Paxton et al., 2019). Not only that, a lot of 
studies have been conducted on manufacturing UHMWPE nanocomposites for enhanced 
properties befitting its applications, including UHMWPE/nanocellulose as artificial joint 
component (Wang et al., 2016). 

While various approaches can be adopted in manufacturing and processing the 
UHMWPE and/or its composites, the consolidation process is restricted to compression 
molding and ram extrusion. This is stemmed from very low melt flow index of UHMWPE 
(0.006 g/min) causing other methods such as injection molding and screw extrusion to 
be not practical (Kurtz, 2016b; Panin et al., 2017). In comparison to other consolidation 
method, compression molding is considered more practical and well adapted, especially 
for molding UHMWPE polymer. Differing from other polymers including conventional 
polyethylene such as low-density polyethylene or high-density polyethylene, UHMWPE 
comprises extremely long chains leading to very high melt viscosity and slow diffusion 
during consolidation (Fu et al., 2010; Gao & Fu, 2019). Hence, UHMWPE molding 
requires a long pressure holding duration, in order to give adequate time for UHMWPE 
resin to diffuse with each other and create satisfactory entanglements thus good mechanical 
properties (Kurtz et al., 1999; Parasnis & Ramani, 1998). Besides, Kurtz (2016b) further 
described that long duration of hot pressing was necessary due to the relatively low thermal 
conductivity of UHMWPE. 

Nevertheless, long duration molding could be a disadvantage, which may expose 
polymer to degradation (Campo, 2008), especially in consolidation of UHMWPE 
containing cellulose nanofiber (CNF) fillers. Appropriate compression molding parameters 
are essentially needed for polymer diffusion and filler impregnation into the matrix (Xie 
et al., 2019) while avoiding polymer degradation. Meanwhile, in order to improve its 
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productivity, the shorter duration is imperative for more effective processing. The effect, 
conjugated with interaction between the varied parameters, wields an impact towards the 
quality and mechanical properties of UHMWPE/CNF bio-nanocomposites. Therefore, this 
study optimized the temperature pressure and duration of compression molding for desirably 
good mechanical properties. The individual and interaction effects of each variables on 
UHMWPE/CNF bio-nanocomposites mechanical properties were also investigated.

MATERIALS AND METHODS

Materials

Fine UHMWPE powder (Sigma-Aldrich, USA) with average molecular weight of 3 x 
106 – 6 x 106 g/mol was used in this experiment. Maleic anhydride-grafted-polyethylene 
(MAPE) in pellet form was from the same manufacturer by which it contains approximately 
0.5 wt.% maleic anhydride. The melting point and density of UHMWPE and MAPE 
are 138°C, 0.94 g/mL and 107°C, 0.92 g/mL, respectively. The CNF in slurry form was 
purchased from ZoepNano Sdn. Bhd., Malaysia with concentration of 2 wt.% solid content 
and average diameter of 50 nm. 

Bio-nanocomposite Fabrication and Molding

UHMWPE/ 3 wt.% CNF/ 3 wt.% MAPE bio-nanocomposite was prepared by using triple 
screw kneading extruder (Imoto Machinery Co., Ltd., Japan) at temperature 150°C, 60 rpm 
and 45 minutes melt blending condition. Fabricated bio-nanocomposite was then subjected 
to compression molding at varied parameters of temperature, pressure and duration.

Mechanical Properties of Bio-nanocomposites

Tensile specimen was prepared from compressed bio-nanocomposite film according to 
ASTM D638. The test was conducted on compact tensile and compression tester IMC-
18E0 (Imoto Machinery Co., Ltd., Japan) at 50 mm/min crosshead speed ) (ASTM, 2003). 
The mechanical properties of bio-nanocomposites after the validation experiment was 
analyzed using one-way ANOVA and Duncan’s multiple range test for statistical analysis.

Experiment Design and Optimization

Compression molding parameters were optimized by using face-centered central composite 
design (CCD) of response surface methodology (RSM). Varied parameters or variables are 
molding temperature (X1), pressure (X2), and duration (X3) with a range of 150 to 200°C, 
10 to 20 MPa, and 20 to 100 minutes, accordingly. The effect of variables on mechanical 
properties was investigated through determination of tensile strength (Y1), yield strength 
(Y2), elongation at break (Y3), and Young’s modulus (Y4) as responses. The coded values 
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of three operating variables were set at three levels: -1 (minimum), 0 (central), and +1 
(maximum) as shown in Table 1. A total of 20 experiments (2k + 2k + 6) inclusive of 8 
factorial points, 6 axial points and 6 center points were conducted where the alpha value 
was set to one.

Data were analyzed by using Design Expert statistical software (Version 7.0, Stat-
Ease Inc. Minneapolis, MN, USA) where the significance of each variable and regression 
coefficients were evaluated by considering more than 95% confidence level (P<0.05) of 
variance analysis (ANOVA). The effect of variable on the responses was expressed in three 
dimensional (3D) and contour plot response surface in order to locate the optimal level. A 
second order polynomial equation was used to explain the system behavior as shown in 
Equation 1 where Y1, Y2, Y3, and Y4 are the responses and X1, X2, and X3 are the variables 
influencing Y as response.  The β0 is the constant coefficient; β1, β2, β3 are linear coefficients; 
β 12, β13, β23 are interaction coefficients; and β11, β22, β33 are quadratic coefficients.

Y = β0 + β1X1 + β2X2 + β3X3 + β12X1X2 + β13X1X3 + β23X2X3 + β11X1
2
 + β22X2

2
 + β33X3

2

        (Equation 1)

Table 1
Central composite design matrix of coded and actual level of variables

Run
Temperature (°C), X1 Pressure (MPa), X2 Duration  (min), X3

Coded Actual Coded Actual Coded Actual
1 0 175 0 15 0 60
2 +1 200 -1 10 +1 100
3 0 175 0 15 0 60
4 0 175 +1 20 0 60
5 0 175 0 15 -1 20
6 0 175 0 15 0 60
7 -1 150 -1 10 +1 100
8 0 175 0 15 0 60
9 -1 150 +1 20 +1 100
10 +1 200 +1 20 +1 100
11 +1 200 +1 20 -1 20
12 -1 150 0 15 0 60
13 +1 200 -1 10 -1 20
14 0 175 0 15 +1 100
15 0 175 0 15 0 60
16 +1 200 0 15 0 60
17 0 175 -1 10 0 60
18 -1 150 -1 10 -1 20
19 0 175 0 15 0 60
20 -1 150 +1 20 -1 20
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Validation Experiment and Verification

The validity and adequacy of the regression models were proven by comparing the 
experimental data obtained and the fitted value predicted by the models.

RESULTS AND DISCUSSION

Preliminary Experiment and Range Selection

Selection of range was in accordance to the preliminary experiment of one-variable-at-
time (OVAT) for molding duration, while temperature and pressure were selected based on 
literature. Temperature was ranged between 150°C to 200°C in consideration to melting 
temperature of UHMWPE which is approximately 140°C (Oral & Muratoglu, 2016) and 
the degradation temperature of CNF which is around 220°C (Yasim-Anuar et al., 2018). 
This is because cellulose degradation at high temperature could reduce the stiffness and 
strength of cellulose composite (Forsgren et al., 2020; Sapieha et al., 1989). Meanwhile, 
cellulose degradation was negligible at temperature below 200°C (Le Baillif & Oksman, 
2009; Gan et al., 2020). Pressure range was set at 10 to 20 MPa as according to Wang & Ge 
(2007) and the range of duration was selected from 20 to 100 minutes based on the OVAT 
experiment conducted as shown in Figure 1. High tensile strength and elongation at break 
of UHMWPE/CNF bio-nanocomposites indicating less voids between UHMWPE granules 
and sufficient molding time were obtained after 20 minutes molding. Gradual reduction 
of elongation at break observed through further prolonged duration (60 to 100 minutes) 
proved appropriate selection of 60 minutes as a center point in between 20 to 100 minutes.
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Figure 1. Mechanical properties of UHMWPE/CNF bio-nanocomposites as affected by duration at 175 °C 
and 15 MPa compression molding
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Model Analysis

Table 2 shows the experimental and predicted values of the responses; tensile strength 
(Y1), yield strength (Y2), elongation at break (Y3) and Young’s modulus (Y4). Natural log 
transformation was applied on elongation response as the best transformation suggested 
by the software. This was in consideration to the high maximum to minimum ratio of Y3, 
values that were more than three (3.204).  

The values obtained from Table 2 were subjected to analysis of variance (ANOVA) in 
order to select the model for each response, depending on the resulted significant model 
probability (P<0.05), insignificant lack-of-fit probability (P>0.05) and more than 80% 
coefficient of determination (R2) (Bagheri et al., 2019; Warid et al., 2016). Full quadratic 
model was adopted as the best-fitted model where the results of ANOVA is tabulated in 
Table 3. 

All models were found significant at the 5% confidence level where the p-values were 
all less than 0.05. The insignificant lack-of fit value (P>0.05) of all response models (0.9161, 

Table 2
Experimental and predicted values of responses

Run
Tensile strength 

(MPa), Y1

Yield strength 
(MPa)Y2

Elongation (%), 
Y3

Young’s modulus 
(MPa), Y4

*Exp **Pred *Exp **Pred *Exp **Pred *Exp **Pred
1 25.4 24.8 22.6 22.7 480.3 457.6 0.346 0.343
2 22.8 22.9 23.1 23.1 243.8 238.7 0.361 0.356
3 25.1 24.8 22.7 22.7 473.1 457.6 0.341 0.343
4 24.3 24.3 22.5 22.7 393.9 397.4 0.334 0.337
5 25.0 24.8 22.7 22.7 425.3 436.7 0.347 0.344
6 23.5 24.8 22.9 22.7 455.7 457.6 0.341 0.343
7 25.9 25.9 21.4 21.3 299.0 294.6 0.325 0.333
8 25.0 24.8 22.7 22.7 496.8 457.6 0.333 0.343
9 27.1 27.4 21.3 21.3 371.9 366.8 0.322 0.320
10 22.8 22.5 23.1 23.1 155.1 155.8 0.378 0.378
11 23.6 23.7 23.3 23.2 216.2 215.5 0.366 0.359
12 27.3 26.9 21.4 21.6 385.8 404.7 0.353 0.341
13 23.7 23.5 23.5 23.5 274.4 273.3 0.359 0.362
14 24.8 24.9 22.2 22.4 380.5 398.0 0.339 0.338
15 24.3 24.8 23.3 22.7 468.3 457.6 0.349 0.343
16 23.7 24.0 23.2 23.3 265.9 272.2 0.361 0.369
17 23.5 23.4 22.9 22.9 376.7 401.0 0.351 0.344
18 24.1 24.4 22.0 21.9 262.4 256.5 0.364 0.364
19 25.0 24.8 22.7 22.7 440.0 457.6 0.340 0.343
20 26.6 26.5 21.6 21.6 384.6 385.9 0.321 0.327

*Exp: Experimental; **Pred: Predicted
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0.7571, 0.3047, and 0.1337, accordingly) indicated that each model could successfully 
predict and represent the data at points that was not included in the regression.  This was also 
supported by high determination coefficients, R2 by which the obtained values of 0.9027, 
0.9463, 0.9876, and 0.8642 implied that 90%, 95%, 99% and 86% variance proportion of 
tensile strength, yield strength, elongation at break and Young’s modulus are predictable 
by the model. As shown in Figure 2, predictions of all models were in a satisfactory match 
with the experimental value by which the proximity points were scattered along the fitted 
line. Additionally, the signal-to-noise ratio (adequate precision) of all response models were 
of greater than four, implying an adequate signal to navigate the design space including 
the estimation of the standard error of the predictions (Moradi et al., 2016).

Effect of the Compression Molding Variables on the Mechanical Properties of 
UHMWPE/CNF Bio-nanocomposites

The estimated regression coefficient explaining the variables effect on responses were 
expressed  in equation  follows,  where  Y1, Y2, Y3, and Y4 represent tensile strength, yield 
strength, elongation at break, and Young’s modulus, respectively; and X1, X2, and X3 are 
mixing temperature, pressure and duration, respectively.

Table 3 
Analysis of variance (ANOVA) for response surface quadratic model

Tensile strength 
(MPa), Y1

Yield strength 
(MPa), Y2

Ln Elongation (%), 
Ln Y3

Young’s Modulus 
(GPa), Y4

Model - Quadratic 0.0006* <0.0001* <0.0001* 0.0026*
Linear

X1 – Temperature <0.0001* <0.0001* <0.0001* 0.0002*
X2 – Pressure 0.0357* 0.2392 0.7711 0.1475
X3 – Duration 0.7930 0.0195* 0.0122* 0.2387

Interaction
X1 X2 0.0407* 0.8171 <0.0001* 0.0102*
X1 X3 0.0255* 0.6101 0.0025* 0.0416*
X2 X3 0.4916 0.4619 0.0196* 0.0463*

Quadratic
X1 

2 0.0604 0.0548 <0.0001* 0.0339*
X2 

2 0.0212* 0.4529 0.0008* 0.6066
X3 

2 0.8692 0.2564 0.0094* 0.6430
Lack of Fit 0.9161** 0.7571** 0.3047** 0.1337**
R2 0.9027 0.9463 0.9876 0.8642
Standard deviation 0.56 0.22 0.048 0.0078
Adequate precision 12.183 14.697 31.60 10.550

*statistically significant at p < 0.05 for model; 
**statistically insignificant at p > 0.05 for lack of fit test
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Y1 = 24.76 – 1.44 X1 + 0.43 X2 + 0.048 X3 – 0.47 X1X2 – 0.52 X1X3 – 0.14 X2X3 + 
0.72 X1

2 – 0.93 X2
2 + 0.057 X3

2

        (Equation 2)

Y2 = 22.72 + 0.85 X1 – 0.085 X2 – 0.19 X3 + 0.018 X1X2 + 0.04 X1X3 + 0.058 X2X3 – 
0.28 X1

2 + 0.1 X2
2 – 0.16 X3

2
 

        (Equation 3)

Ln (Y3) = 6.13 – 0.2 X1 – 0.00456 X2 – 0.046 X3 – 0.16 X1X2 – 0.068 X1X3 – 0.047 X2X3 – 
0.32 X1

2 – 0.14 X2
2 – 0.093 X3

2 

        (Equation 4)

Figure 2. Experimental and predicted values for: (a) tensile strength; (b) yield strength; (c) elongation; and 
(d) Young’s modulus of UHMWPE/CNF bio-nanocomposites

(a) (b)

(c) (d)



Molding Optimization of UHMWPE/CNF Nanocomposites using RSM

307Pertanika J. Sci. & Technol. 28 (S2): 299 - 316 (2020)

Y4 = 0.34 + 0.014 X1 – 0.0039 X2 – 0.0031 X3 + 0.0087 X1X2 + 0.0065 X1X3 + 0.0063 
X2X3 + 0.012 X1

2 – 0.0025 X2
2 – 0.0023X3

2
 

        (Equation 5)

A perturbation plot was used to explain the individual effect of each variables on the 
responses studied. For instance, the coded units shown in Figure 3 represent the range 
of variables from -1.0 to +1.0 (i.e. 150°C to 200°C for temperature), whereby varied 
temperature and pressure gave significant linear effect on tensile strength. Increased 
temperature caused reduction of tensile strength whereby increased pressure up to 0.5 
coded unit (17.5 MPa) led to increment of the response before reduced at higher pressure 
beyond 17.5 MPa.

The three-dimensional and contour plot of response surface showing interaction 
between variables against tensile strength according to Equation 2 is shown in Figure 4. 
Significant interaction effect of temperature and pressure was observed in which increased 
temperature along with pressure remarkably reduced the tensile strength (Figure 4a). In a 
similar manner, increased temperature along with increased duration of molding reduced the 
tensile strength despite insignificant linear effect of the later variable (Figure 4b). According 
to Xie et al. (2019), low temperature of compression molding may lead to insufficient 
impregnation of fillers and adjacent polymer chains while too high  a temperature can lead 
to degradation. Meanwhile, longer duration could beneficially affected tensile strength due 
to improved resin flow and better fillers impregnation. Nevertheless, too long exposure to 
high temperature may also lead to degradation, hence explained the findings in this study 
by which highest tensile strength was obtained when UHMWPE/CNF bio-nanocomposites 
was molded at Run 9 (150°C, 15 MPa for 60 minutes) (Table 2). On the other hand, the 

Figure 3. Perturbation plot of tensile strength in 
response to the changes of (A) temperature, (B) 
pressure, and (C) duration

lowest tensile strength was recorded in Run 
2 (200°C, 10 MPa for 100 minutes).

In term of yield strength, no significant 
interaction between all variables was 
observed despite significant linear effect by 
temperature and duration (Table 3 and Figure 
5a). Increased temperature from 150°C to 
200°C (-1.0 to +1.0 coded unit) notably 
caused increment from approximately 21 
MPa to 23 MPa. Prolonged duration from 
20 to 60 minutes (-1.0 to 0 coded unit) 
gave no effect on yield strength but reduced 
when molded longer up to 100 minutes (+1 
coded unit), possibly due to some thermal 
degradation attributed to long exposure to 
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Figure 4. The 3D and contour plot for the dependence of UHMWPE/CNF bio-nanocomposite tensile strength 
on: (a) temperature and pressure; and (b) temperature and duration as significant variables

(a)

(b)

Figure 5. Perturbation plot of yield strength and Young’s modulus in response to the changes of (A) temperature, 
(B) pressure and (C) duration
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Figure 6. The 3D and contour plot for the dependence of UHMWPE/CNF bio-nanocomposite Young’s modulus 
on: (a) temperature and pressure; (b) temperature and duration; and (c) pressure and duration as significant 
variables

(a)

(b)

(c)
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Figure 7. Perturbation plot of elongation at break 
in response to the changes of (A) temperature, (B) 
pressure and (C) duration

high temperature and pressure as previously 
described. In contrary, Young’s modulus 
increased with increases of temperature 
(Figure 5b) while other variables gave no 
significant linear effect. Possible UHMWPE 
degradation was predicted due to exposure 
to high temperature and pressure. As 
degradation of polymer leads to formation 
of shorter chains that enable more packed 
crystals arrangement (Gleadall, 2015; Riley, 
2012), higher crystallinity contributes to 
increases in Young’s modulus (Doyle, 
2000; Humbert et al., 2011). The synergistic 
effect of temperature with pressure, and 

temperature with duration on Young’s modulus can also be seen in Figure 6a and Figure 
6b, respectively, where Young’s modulus increased along with increase values of the 
interacted variables. Inversely, the response value decreased by increases of pressure and 
duration as shown in Figure 6c.

The full quadratic model adopted comprised linear, interaction and quadratic terms 
indicating effect of variables on the respective response. For elongation at break, all model 
term listed were found to be significant except for linear pressure effect (Table 3). As shown 
in Figure 7, increased temperature and duration positively affected this response from -1.0 
(lowest range) to -0.5 (162.5°C) and 0 (60 minutes) coded values, respectively. Further 
increase in both variables caused decrement in elongation at break, whereas interaction 
between all variables were significant as illustrated in three dimensional and contour plot 
of elongation break in Figure 8. The responses were in higher values when molded at 
temperature 162.5 to 175°C, 12.5 to 17.5 MPa and 40 to 60 minutes (Figure 8) suggesting 
that the optimal temperature for obtaining high elongation at break was within this range.

Response Surface Optimization of the Compression Molding Variables 

Mechanical properties of UHMWPE/CNF bio-nanocomposites were notably affected by 
varied temperature, duration, interaction of other variables with temperature, duration, and 
pressure in descending order. The impact is however depended on the capability of polymer 
chains to undergo self diffusion that results in elimination of inter-particle voids beside 
avoidance of polymer degradation. An incomplete diffused UHMWPE particle/resin and 
CNF impregnation was expected to cause formation of voids or boundaries hence may act 
as cracks initiation site that afflicted the mechanical properties including tensile strength 
and elongation at break. As such, optimized temperature, duration and pressure play role in 
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Figure 8. The 3D and contour plot for the dependence of UHMWPE/CNF bio-nanocomposite elongation 
at break on: (a) temperature and pressure; (b) temperature and duration; and (c) pressure and duration as 
significant variables

(a)

(b)

(c)
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providing sufficient melt flow and time for UHMWPE polymer chains to allow complete 
consolidation and eliminates the boundaries through diffused adjacent chains. Additionally, 
adequate entanglement between adjacent chains could be established and translated into 
good mechanical properties. 

A numerical optimization was conducted based on the design and the criteria of each 
variables as shown in Table 4.  All mechanical properties were set to maximum except 
yield strength that was set in range. This was due to its small changes affected by varied 
temperature while other variables were insignificant. Optimum temperature, pressure and 
duration of compression molding were found to be at 180°C, 15 MPa and 20 minutes, 
respectively with desirability of 0.811. Verification experiment conducted proved the 
accuracy of the models where experimental value of all mechanical properties were in 
agreement with the predicted value by which all percent errors were less than 5% (Table 5). 

Table 4 
Numerical optimization criterion settings and solutions

Variables constraints
Name Goal Lower limit Upper limit
X1  is in range 150.0 200.0
X2  is in range 10.0 20.0
X3  minimize 20.0 100.0

Response constraints
Y1  maximize 22.8 27.3
Y2  is in range 21.3 23.5
Y3  maximize 155.1 496.8
Y4  maximize 0.321 0.378

Optimum Solutions
No. X1 X2 X3 Y1 Y2 Y3 Y4 Desirability
1 180.0 15.0 20.0 24.6 22.9 420.1 0.346 0.811
2 180.5 15.0 20.0 24.6 22.9 417.9 0.346 0.809
3 180.0 17.5 20.0 24.6 22.9 408.1 0.341 0.787
3 180.0 10.0 20.0 23.2 23.1 362.7 0.352 0.681

Table 5 
Comparison between predicted and experimental values of UHMWPE/CNF bio-nanocomposites fabricated 
at optimal conditions

Predicted Experimental Percent error(%)
Tensile strength (MPa), Y1 24.6 24.1 ± 1.1 1.92
Yield Strength (MPa), Y2 22.9 23.3 ± 0.5 1.89
Elongation (%), Y3 420.1 433.5 ± 26.2 3.22
Young Modulus (GPa), Y4 0.346 0.361 ± 0.026 4.48
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In addition, the optimized compression molding parameter obtained in this study was 
proven to provide comparable mechanical properties to the conventional process which 
required 45 minutes of molding duration. the duration of optimized condition was only 20 
minutes which was less than two times shorter, hence could be favorable for industrial use 
(Table 6). Specifically, no significant different was observed on elongation and Young’s 
modulus, while yield strength was only 2% higher. The tensile strength was however 
reduced from 28.0 MPa to 24.1 MPa. 

Materials often experienced yielding, inelastic and plastic deformation before rupture. 
In order, the ability of materials to withstand load and undergo changes is determine through 
yield strength, Young’s modulus and tensile strength. In light of UHMWPE utilization as 
load bearing materials such as joint arthroplasty component, yield strength is considered 
more important than tensile strength by which materials yielding under service condition is 
considered a failure (Fang et al., 2006). Moreover, the mechanical properties obtained from 
optimized molding conditions surpassed the minimal requirement of standard specification 
for consolidated UHMWPE for surgical implant (ASTM F648) which are 27 MPa, 19 MPa, 
and 250 % of tensile strength, yield strength and elongation, respectively (ASTM, 2014). 

Table 6 
Comparison between conventional and optimized compression molding

Conventional (Kurtz et al., 1999) Optimized (This study)
Temperature (°C) 175 180
Pressure (MPa) 15 15
Duration (min) 45 20
Tensile  strength (MPa) 28.0 ± 1.851a 24.1 ± 1.105b

Yield strength (MPa) 22.8 ± 0.312b 23.3 ± 0.536a

Elongation (%) 461.6 ± 40.304a 433.5 ± 26.242a

Young’s modulus (GPa) 0.366 ± 0.018a 0.361 ± 0.026a

CONCLUSIONS

In this paper, optimization of compression molding was conducted in order to reduce 
the long molding duration of UHMWPE. Optimum condition of molding UHMWPE/
CNF bio-nanocomposites was 180°C, 15 MPa, and 20 minutes with more than 80% 
desirability, resulting in tensile strength, yield strength,  elongation at break, and Young’s 
modulus values of 22.83 MPa, 23.14 MPa, 487.31 %, and 0.391 GPa, accordingly. The 
mechanical properties of UHMWPE/CNF bio-nanocomposites obtained through optimized 
compression molding showed no significant different with pre-optimized molding whereas 
the molding time was successfully shortened by half through optimization. The findings 
suggest a more practical approach for UHMWPE bionanocomposites consolidation process. 
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