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Preface 
 
 

This conference is organized to provide an opportunity to all individuals and organizations who 
are involved and interested in the advancement of materials characterization techniques to share their 
views and experiences. Additionally, ICXRI2021 provides a platform for exchanging information, 
discussing scientific problems and findings, and fostering friendship and partnership. Materials 
characterization techniques have contributed extensively to research and services. 

 
The progress in material science, solid-state physics, catalysis, biomedicine and pharmacology, 

and other fields have benefited much from these techniques. With the recent evolution of computing 
power, improved software and digital systems, enhanced capabilities, and greater precision handling, 
these techniques have gained much interest and have greatly widened their application in many new 
fields for rapid, economical, and on-the-mark analysis. Thus, it is timely to have this conference to 
assess current developments, deliberate on recent innovations, and introduce new ideas that will spur 
future trends and applications for these techniques.  
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Abstract. The awareness on sustainability of the environment among the researchers leads to the 
exploration of natural fiber composite materials.  Hybridization of synthetic fiber and natural fiber is 
one of the potential strategies to enhance the mechanical properties as well as the degradability of 
such composite materials. However, less information concerning the optimization of tribological 
properties of this hybrid composite is available in literature. The aim of this study is to propose a 
statistical model to predict and optimize wear and coefficient of friction of kenaf/carbon reinforced 
epoxy composite. The value of parameters; load and sliding velocity ranges from 10 to 30 N and 20.9 
to 52.3 m/s, respectively, are used to assess wear and coefficient of friction (COF) of different 
stacking sequences using the Analysis of Variance (ANOVA). The tribological test was conducted 
using a pin-on-disc tribometer. Multifactorial design analysis was employed to optimize the test 
control variables. It was found that, the optimized factors that affects the coefficient of friction and 
wear is at load 30 N and sliding velocity of 52.36 m/s. The proposed statistical models for wear and 
COF have 99.5% and 97.6% reliability, respectively. The generated equation models are bounded 
within the wear test control factors and ranges. The outcome from this study will be very useful for 
main parameter prediction for an optimized wear and COF. 

Introduction 
In recent decade, polymer have risen as a promising advanced material in various applications for 

having attractive characteristics including light weight, easy to manufacture and cost effective. 
Henceforth, many significant studies were made to utilize polymers in many more industrial 
applications, using reinforcements that incorporated with the polymers in order to increase their 
mechanical and physical properties [1][2][3]. Later, fiber reinforced polymer matrix composites have 
become extensively attractive due to their properties such as lightweight, high strength, high stiffness 
and good coefficient of friction [4]. However, over the time, environmental awareness and regulations 
has increased and grown, opening ways for the development of ecofriendly and biodegradable 
reinforcement materials [5].  

 
Natural polymer composites are environmentally friendly polymer composite as they were 

reinforced with natural element such as corn fiber, kenaf fiber, and palm ash compared to synthetic 
fiber such as glass and carbon fibers. Many studies have been conducted to reduce wear and friction 
by investigating different types of natural fiber composite for tribological applications [6][7][8][9]. 
Kenaf belongs to Malvacea family has been found to be an important source of fiber for composites 
with the potential to revolutionize industrial applications[10]. Significant global effort has been 
devoted to research, and funding’s have been dedicated to its different stages of development, from a 
very basic scientific understanding to a proof-to-concept applications. The implementation of fibers 
from agricultural wastes as new reinforcement of polymer matrix composites is supposed to have a 
large potential in improving the tribological properties at an affordable cost [11]. Works is underway 
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to define standards and to predict procedures which will facilitate the deployment of kenaf fibers in 
its various forms into tribological applications.  

 

Application of Design of Experiments (DOE) such as surface response, Taguchi and factorial has 
gained significance in providing evidence rank orders of the information on the influence of 
parameters and responses. Modelling is one of the effective tools for understanding the tribological 
properties of certain materials. The statistical Analysis of Variance (ANOVA) is a proven method 
used by researchers to investigate significant design parameter affects the tribological characteristic 
[12]. In this study, influences of combination factors of parameters such as applied load, sliding 
velocity and stacking configuration on optimal tribological behavior can be predicted and analyzed. 
In addition, regression analysis was used to derive the mathematical models of the control factors and 
their interactions. 

 

Based on previous studies on wear and frictional behavior, it has been observed that several studies 
were carried out regarding the potential of kenaf fiber reinforced polymer composites in tribological 
applications [13-15]. However, there is limited study conducted on proposing wear and friction 
models, particularly for the kenaf fiber as reinforcement. Thus, the present study was carried out to 
propose statistical models for predicting wear and friction coefficient of the kenaf/carbon reinforced 
epoxy matrix hybrid composite using the ANOVA and regression analysis method. 

Experimental Details and Methodology  
Materials, Design Aspects and Fabrication Procedure. The sample material used for 
experimentation is kenaf/carbon reinforced epoxy (KCRE) hybrid composite. Kenaf and carbon were 
defined as ‘K’ and ‘C’ to indicate the stacking sequences. The properties of materials used for the 
fabrication of KCRE hybrid composites shown in Table 1. Two types of stacking sequence from 
carbon and kenaf fibers were fabricated using 40:60 (fiber: matrix ratio) consists of kenaf and carbon 
plies into 3mm thickness composite by vacuum infusion method. The samples were cut into 9 mm x 
30 mm dimension for tribo testing (Fig. 1). 

 
Table 1 Properties of materials used in the fabrication 

Properties Materials 
Kenaf (K) Carbon (C) Epoxy Resin 

Density [g/cm3] 1.22 1.77 1.122 
Tensile Strength [MPa] 200 1380-2070 78 
Elongation at break (%) 1.6 1.5 4.5 
Type Fine fabric 2X2 Twill Viscous liquid 

 

Fig. 1 Types of KCRE composite pin stacking sequence 
(a) CKCKC and (b) CCKCC. 

 

Tribological Testing. A wear test was performed using a pin on disc tribometer under dry sliding 
condition following ASTM standard (ASTM G99). The wear test conditions are according to the 
parameters in Table 2. The KCRE composite pin with dimension of 9 mm x 30 mm was mounted 
vertically on the tester arm facing the rotating abrasive surface. The actual test placement is shown in 
Fig. 2.  

(a) 

(b) 
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Table 2 Wear test conditions 

Parameters Operating condition 

Fiber content [vol%] 40% 
Sliding time 
Temperature 
Surface condition 
Pin material 
Disc material 
Track diameter 

600s 
Room temperature 
Dry 
KCRE 
400 SC 
0.025m 

 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Actual KCRE composite pin placement on the pin on disc tribometer. 
 
An average of steady state COF was taken into analysis. The wear rate of the pin was recorded by 
measuring the mass of the pin before and after the wear test. The wear rate was then calculated by 
Eq. 1. 

 
𝑤𝑤 =   𝑉𝑉_𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙/(𝑊𝑊 × 𝐿𝐿)              (1) 

 
Where w is the wear rate in [mm3/N.m], Vloss is the volume loss in [mm3], W is the applied load in 
[N], and L is the sliding distance in [m]. 

 
 

Analysis of Variance (ANOVA). The results of wear rate and COF from the tribological testing were 
tabulated in multifactorial design with wear test control variables within level range (Table 3) for two 
types of stacking sequence, CKCKC and CCKCC.  The design parameters were set according to the 
factor variables with type and ranges of values (Table 4). Analysis of variance (ANOVA) is used to 
summarize the experimental data using Design Expert software. 
 

Table 3 Wear test control variables and corresponding levels 

Control variables Level 
Low Medium High 

Load [N] 10 20 30 
Sliding velocity [m/s] 20.94 36.65 52.36 

 
Table 4 Design parameters at different levels for all stacking sequences  

Load (N) Sliding 
velocity (m/s) 

10 20.94 
20 36.65 
30 52.36 
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Results and Discussion 
Analysis of variance (ANOVA). Wear and COF resultants are affected by frictional parameters. 
Experimentally, it is a time-consuming procedure to study the effects of an individual parameter on 
wear and COF. ANOVA analysis based on F-value is applied to the developed model to assess the 
importance for wear and coefficient of friction as shown in Table 5 and Table 6 respectively. Higher 
the F-value indicates that alteration in output can be explained by a developed model and the 
associated P-value is also used to determine, whether ‘F’ is adequate to direct a statistical significance. 
The P-values below than 0.05 indicate that the developed model and the terms are significant.  
 

Table 5 Results of ANOVA for wear. 

Source Sum of Squares F-Value P-Value 

Model 
A: Stacking sequence 

1.345E-10 
1.777E-11 

701.32 
1204.05 

<0.001 
<0.001 

B: Load 
C: Sliding velocity 

5.879E-11 
5.149E-11 

1991.90 
1744.63 

<0.001 
<0.001 

Residual error 
Lack of fit 

5.903E-13 
5.903E-13 

  

    
 

Table 6 Results of ANOVA for coefficient of friction 

Source Sum of Squares F-Value P-Value 

Model 
A: Stacking sequence 

1.25 
0.0405 

125.99 
53.13 

<0.001 
<0.001 

B: Load 
C: Sliding velocity 

0.7913 
0.1122 

518.88 
147.10 

<0.001 
<0.001 

Residual error 
Lack of fit 

0.0305 
0.0305 

  

    
The values of statistical correlation coefficients, ‘R-square’, ‘adjusted R-square’ and ‘predicted R-

square’, shows the accuracy of the statistical model. The value of statistical correlation coefficients 
for wear and COF is shown in Table 7. The ‘R-square’ value provides the fraction of total alteration 
in the output expected by developed model. Given that 0.9956 and 0.9762 proves a good fit to data. 
The value of ‘adjusted R-square’ giving a good correlation between predicted and actual for wear and 
COF, 0.9942 and 0.9684 respectively. The ‘predicted R-square’ value for the model is 0.9920 and 
0.9566, indicates an excellence prediction to the actual value of wear and COF respectively.  
 

Table 7 Statistical correlation coefficients 
Control variables Wear COF 
R-square 0.9956 0.9762 
Adjusted R-square 
Predicted R-square 

0.9942 
0.9920 

0.9684 
0.9566 

 
Statistical Analysis Model. The experimental output data related to wear rate and coefficient of 
friction was used to develop a statistical model, which relates significant input parameter to required 
output. The ANOVA analysis suggests a model correlates the investigation data with responses in a 
quadratic model for wear and COF are given by Eq. 2 and Eq. 3 respectively. 
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The equations can be used to predict responses for given levels of each control factor. Therefore, 

this equations of predicting value of wear and COF can be used effectively for combination of load, 
sliding velocity and stacking sequence. The equation gives predicted values within the ranges of input 
parameters.  

 
Optimization. The main aim of this study is to minimize wear rate and COF. In order to achieve this, 
optimization analysis by Multifactorial model design was carried out. The outcome result suggests 
the most desired factors between load, sliding velocity and stacking sequence shown in Table 8. 
Optimum factors are found to be CKCKC stacking sequence, load of 30 N and sliding velocity of 
52.36 m/s with 90.7% desirability. From the observation, under all stacking configurations, KCRE 
composites showed decrement of wear and COF as load and sliding velocity increases. This shows 
that kenaf fiber assisted in reducing wear during sliding.  Kenaf fiber is found to be able to form an 
effective protective layer, a back film transfer, consisting of wear debris at higher load and sliding 
velocity[13]. Significant amount of back film transfer assisted in enhancing the wear and frictional 
performance of KCRE composites [14]. 

 
Table 8 Response optimization and desirability 

Source Minimum Optimum 

A: Stacking sequence 
B: Load (N) 

CCKCC 
10 

CKCKC 
30 

C: Sliding velocity (m/s) 52.36 52.36 
Desirability  0.907 
   

Conclusion 
On basis of evidence presented in this investigation, some important findings are given as: 

 

1. Multifactorial design analysis shows that the optimal combination of input parameters within 
the range of load, sliding velocity and stacking sequence are 30 N, 52.36 m/s and CKCKC 
configuration respectively. 

2. The proposed statistical models for wear and coefficient of friction have 99.5% and 97.6% 
reliability, respectively. These model can be very useful for material pre-fabrication procedure 
to avoid failures occuring. 
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Abstract. This study is to determine the effect of graphite as reinforcement material on natural 
resources carbon foam on the mechanical and physical properties. Sucrose is used as carbon precursor 
and graphite with various concentration from 0 wt% to 0.3 wt% was added into the carbon foam. 
Carbon foam was prepared by using template method followed by pre curing and carbonization 
process. Pre curing process was take place at 250°C and carbonization process was carried out at 
900°C under inert atmosphere (using argon gas). The morphology, porosity, density and compressive 
strength were characterised in this experiment. Through Scanning Electron Microscope (SEM), 
graphite can be seen clearly embedded into the ‘window’ and fill the void space. Porosity of carbon 
foam decrease when the concentration of graphite increase and the density of carbon foam increase 
when the concentration of graphite increase. Carbon foam with 0.3 wt% graphite added shows the 
highest compressive strength (1.84 N/mm2) compared with carbon foam without graphite added  
(0.95 N/mm2). The properties of carbon foam are significantly influenced by the addition of graphite 
loading. 

Introduction 
In late 1960s, carbon foam was first developed by Walter Ford using phenol-formaldehyde as 

main carbon precursor [1]. Carbon foams are rigid and porous materials with certain attractive 
features like high temperature stability and lightweight which makes them versatile in many 
applications [2],[3]. Fabrication of carbon foam by fossil fuel based carbon precursors such as 
petroleum pitch and phenolic resin are now being depleted. Recently, the preparation of carbon foams 
is replaced by natural renewable resources, sucrose as the source of carbon is slightly increasing [4]. 
Sucrose has a highest carbon content and has been chosen as a famous carbon precursor for the 
preparation of carbon foam from natural resources material [4]. It is important for sustainable 
development by replace the petroleum based raw materials with natural renewable resources for the 
applications of industrial products.  

Carbon foam from natural renewable resources has lower mechanical strength compared with 
carbon foam from petroleum or phenolic resin [5]. Not only that, carbon foam from natural resources 
also brittle in shape and has lower density. This situation happened because the formed of micro crack 
and voids inside the structure of carbon foam [6]. In order to overcome this problem, reinforcement 
material is needed to improve the quality strength of carbon foam. Besides, reinforcement material 
from carbon can helps to improve the carbon yield and also helps to improve the mechanical strength 
[7].  

Material and Methods 
Materials. Analytical reagent grade of sucrose (C12H22O11), boric acid (H3BO3) and graphite were 
used in this experiment. Polyurethane foam (PU foam) with the density of 0.028g/cm3 were used as 
the template medium for the fabrication of carbon foam.  
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Methods. PU foam with the diameter of 30mm were washed with tap water to remove any dust or 
dirt and then were dry using an oven. Sucrose, boric acid, graphite with various concentration from  
0 wt% to 0.4 wt% and distilled water were mixed homogeneously using magnetic stirrer. Distilled 
water is used to dissolve the mixture of powder until the mixture turns into slurry formed. Then, PU 
foam is dipped into slurry mixture until the slurry mixture fully dissolved into PU foam. Next, pre-
curing and drying process takes place using an oven at 120°C before proceed to carbonization process. 
Carbonization process of the sample is done under inert atmosphere (argon gas) for 2 hours’ dwell 
and heating rate at 2°C/min [6].  
Characterization. Characterization in this experiment involved three properties which are 
morphology properties, physical properties and mechanical properties. The effect of carbon foam 
from different loading of graphite was investigated by several testing which is by Scanning Electron 
Microscope (SEM), porosity and density test and compression test.   
Surface morphology and cell structure of carbon foam was observed by using Hitachi Scanning 
Electron Microscope (SEM) at 15 KV accelerating voltage without coating the specimen. 
Porosity and density testing were used to investigate the physical properties. Archimedes method was 
used in these testing and the standard used are ASTM B962 [6]. Before testing, the samples are boiled 
into water for 2 hours and then soaked into distilled water for at least 12 hours. 
For mechanical properties, the compression test was done on carbon foam with different loading of 
graphite. The compression test was guided by using ASTM C365 (year 2016) and Autograph AGS-
X Series Universal Testing Machine (UTM) with the speed of the testing used is 0.5 mm/min [6].  

Results and Discussion 
Morphology. Figure 1 shows the surface morphology and cell structure of carbon foam with different 
graphite loading used: (a) no graphite added (b) 0.1 wt% (c) 0.2 wt% and (d) 0.3 wt% obtained by 
Scanning Electron Microscope (SEM). Micro crack and void can be seen clearly from figure 1(a) 
carbon foam without graphite added (only sucrose and boric acid). While in figure 1(b), 1 (c) and 1 
(d), the graphite can be seen clearly embedded into the interconnected cellular structure and windows 
(cell wall to connect neighboring cells) which helps to avoid micro crack and void to form. When the 
concentration of graphite increases, the pore size of the cell wall becomes smaller. This is because 
the presence of graphite fills the void space and is embedded between the micro crack which formed 
a strong structure of carbon foam. It is interesting to discuss that graphite act as ‘glue’ to hold or 
repair the crack on the structure of carbon foam besides graphite is an ideal material. Figure 2 shows 
the shape and size of graphite used as reinforcement in carbon foam and the length of graphite use is 
between 11.1 - 33.1μm with flakes shape. The present of micro crack and void on the carbon foam 
can leads to brittle in strength and the increase of cell size which makes them easier to be broken [10]. 
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Fig. 1 SEM micrograph of carbon foam from different various of graphite loading (a) no graphite 

added (b) 0.1 wt% (c) 0.2 wt% and (d) 0.3 wt% 
 

 
Fig.2 SEM micrograph of graphite that used as reinforcement on carbon foam 

 
Physical Properties. Porosity and density test are used to investigate the potential physical properties 
of carbon foam. Figure 3 shows the density and porosity of carbon foam prepared at different graphite 
loading from 0 wt% to 0.3 wt%. Density of carbon foam increase when porosity of carbon foam 
becomes decrease. The density for carbon foam without graphite added is 3.17 g/cm3 smaller density 
compared with graphite added which is 3.65 g/cm3 (0.1 wt% graphite used). Then the density become 
increase when the concentration of graphite added increase. The present of graphite in carbon foam 
helps to reduce the micro crack and void between the window which makes the pore size become 
smaller which can be seen clearly through the SEM micrograph. Since then, the porosity result 
become smaller when the concentration of graphite increase. Percentage porosity of carbon foam 
without graphite is 67.15% and porosity of carbon foam with 0.3 wt% graphite is 56.93%.  
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Fig. 3 Average density and porosity of carbon foam prepared at different graphite loading 

 
Mechanical Properties. Figure 4 shows the compressive strength of carbon foam at different 
graphite loading (0 wt% to 0.3 wt%). The strength of carbon foam without graphite added is smaller 
compared to carbon foam with graphite added. The compressive strength of carbon foam without 
graphite is 0.95 N/mm2 lower than carbon foam with 0.3 wt% graphite added which is 1.85 N/mm2. 
Graphite helps to prevent the micro crack and fill the void space and makes the structure of carbon 
foam much stronger. The present of micro crack and void on structure will leads to brittle in strength 
and cell size of structure becomes larger. Besides, graphite is basically strong fibers and also ideal 
material for reinforcement things [9]. The addition of graphite added influenced the strength of 
specimen since graphite is a good reinforcement material [8].  

 
Fig. 4 Compressive strength of carbon foam at different graphite loading 
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Conclusions 
Carbon foam from natural resources precursor with graphite as reinforcement material was 
successfully done by using template method. The effect of graphite was studied by several properties 
which are morphology properties (SEM), physical properties (porosity and density test) and 
mechanical properties (compression testing). Through SEM, the present of graphite fill the void space 
and embedded between the micro crack which formed a strong structure of carbon foam. The porosity 
and density result shows the trends when density of carbon foam increase, the porosity of carbon 
foam is decrease. Pore size of carbon foam reduce because the present of graphite embedded into the 
‘window’ of the carbon foam. Density of carbon foam become increase when the addition of graphite 
is increase. For mechanical properties, the compressive strength increase when the addition of 
graphite increase. The highest compressive strength is 1.84 N/mm2 at 0.3 wt% of graphite loading 
and carbon foam without graphite added shows the lowest strength which is 0.95 N/mm2. The 
properties of carbon foam are significantly influenced by the addition of graphite loading. The 
objective of this paper is achieved when the graphite added leads to the improvement of the strength 
of the carbon foam and also graphite helps to reduce the microcrack and void on the carbon foam.  
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Abstract. Shape memory polyurethane (SMPU) is a very versatile material that has a broad array of 
applications. The selection of soft segments and hard segments play critical roles in determining the 
structure-property behaviors of SMPU. This research was conducted to evaluate the role of distinct 
types of diisocyanate on the final properties of polyurethane (PU). Palm kernel oil polyol (PKO) 
based PU were produced by using two-step bulk polymerization method with variations of 
diisocyanates. Isophorone diisocyanate (IPDI), 4,4-methylenebis (cyclohexyl isocyanate) (HMDI) 
and hexamethylene diisocyanate (HDI) were used in the preparation of PU and the soft segment 
crystallinity, thermal and shape memory properties of the PU were evaluated. Based on the analyses, 
it was found that different types of diisocyanate and combination of diisocyanates had huge impact 
on the properties of the synthesized PU. The Fourier transformation infrared (FTIR) analysis revealed 
that IPDI based PU achieved the highest hydrogen bonding index value which promoted the phase 
separation. This is in accordance with differential scanning calorimetric (DSC) and x-ray diffraction 
(XRD) analysis which showed that IPDI based PU exhibited crystalline soft phase, hence resulted in 
an excellent shape fixity behavior. On the other hand, HDI and HMDI based polyurethane prepared 
showed absence of crystalline soft phase based on the DSC thermogram and XRD diffractogram. 
These results suggest the phase mixing phenomenon between soft and hard segments which 
contributed to low shape memory behavior of the resulting polyurethane. 

Introduction 
Shape memory polymers (SMPs) has become an interesting area in the revolution of polymer. 

They are well-known for their rapid response to external stimuli, ease of handling, and broad range 
of applications. They can return to their initial state from a temporarily deformed shape when 
triggered by stimuli [1, 2]. The external stimuli that can be used to trigger such reaction are electric 
field, thermal heating, magnetic field or photon energy [3]. Heat is commonly selected as external 
stimuli due to its simplicity during setting and known as thermo-responsive SMP. Thermo-responsive 
is the most existing SMPs which exhibit thermo-dependent performance.  

One of the most common thermo-sensitive SMPs is shape memory polyurethanes (SMPUs) which 
often been used due to its wide-ranging sources and shape memory properties. SMPUs consist of two 
phase separated structures which are soft and hard segments. Soft segment is contributed by the polyol 
while hard segment is contributed by the reaction of diisocyanates and chain extender. The existence 
of hard segments offers mechanical strength that is accountable to memorize its initial shape after 
deformation. Meanwhile, soft segments store energy for dissipation, allowing polyurethane to revive 
to its original shape by the action of external stimuli [4]. 

SMPU properties can be customized depending on a variety of factors, including molecular weight 
and type of soft segment, symmetry and type of hard segment, and chain extender which will 
essentially affect the morphology-property relationships. Yilgor and coworkers have systematically 
reported the study of thermoplastic PU using various diisocyanate (1,4-phenylene (PPDI), 1,3-
phenylene (MPDI), 4,4’-methylenedipehyl (MDI), 4,4-methylenebis (cyclohexyl isocyanate) 
(HMDI), 2,4-tolylene (TDI), trans-1,4-cyclohexyl (CHDI) and hexamethylene (HDI)) with poly(tetra 
methylene oxide) (PTMO) as soft segments without the use of chain extender [5-8]. PU produced 
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using symmetric diisocyanates and urea as hard segments showed superior microphase separation, 
crystallinity, good mechanical behaviour and elastomeric properties as compared to unsymmetrical 
MPDI, TDI and HMDI. However, the authors have not explored the potential of shape memory 
characteristics of the PU. 

Hence, this experiment was carried out to examine the impact of various diisocyanates 4,4-
methylenebis (cyclohexyl isocyanate) (HMDI), hexamethylene diisocyanate (HDI) and isophorone 
diisocyanate (IPDI)) on the properties of SMPU.  Polycaprolactone diol (PCL) was used as the soft 
segment throughout this work since it facilitates crystallization [9]. Due to environmental concerns, 
PKO was introduced into this system. In addition, PKO also acts as plasticizer to improve chain 
flexibility.  

Materials and Methods 
PKO (MW of 1000 g/mol) was provided by Universiti Kebangsaan Malaysia (UKM). Meanwhile, 
PCL (MW of 2000 g/mol), HMDI (MW of 262.35 g/mol), HDI (MW of 168.19 g/mol), IPDI (MW 
of 222.28 g/mol), 1, 4-butanediol (BD) (MW of 90.12 g/mol) and dibutyltin dilaurate (DBTDL) were 
all procured from Sigma Aldrich.  

 
Preparation of PU. PU was produced using two-step bulk polymerization method by incorporating 
different types of diisocyanates which are HMDI, IPDI, HDI and a mixture of HMDI and IPDI 
together with PCL 2000. The synthesis of PU involves the use of PKO based polyol with the addition 
of BD as chain extender and DBTDL as catalyst for the overall reaction. Firstly, polyol and 
diisocyanates were poured into a three-neck flask assembled together with a mechanical stirrer, 
thermometer, heating oil bath and N2 inlet and outlet. The mixture was allowed to react for 2.5 hours 
with temperature of 80°C. In order to form the prepolymer, PKO was added into the mixture and the 
reaction was continued for 2 hours. The rate of stirring used during the synthesis was in the range of 
190-200 rpm. In the second step, BD and DBTDL were added to the prepolymer in the internal mixer 
at 90°C for 15 minutes. The PU samples were then compression molded at 160°C into a 0.5 mm thick 
sheets. 

 
Characterization Techniques. Fourier Transform Infrared (FTIR) was performed to investigate the 
characteristic bands and hydrogen formation present in PU. The spectral resolution used was 4 cm-1 
in the range of 600 cm-1 to 4000 cm-1 wavelengths with 32 scan number. The carbonyl group region 
was studied in detail in order to obtain more information on hydrogen bonding formation. The 
carbonyl (C=O) stretching area was deconvoluted using Fityk 0.9.8 software by applying Gaussian 
transformation. The hydrogen bonding index (HBI) and the degree of phase separation (DPS) value 
was calculated by using Eq. 1 and Eq. 2. 
 

HBI = ∑ AHCO/∑ AFCO               (1) 
DPS = HBI/ (1+HBI)  (2) 
                                                                                                              

Where ∑ AHCO and ∑ AFCO are the total areas under hydrogen bonded and free carbonyl bands, 
respectively. 

Differential scanning calorimeter (DSC) Mettler Toledo, Perkin Elmer analysis was carried out to 
determine thermal behaviour of the PU. 5-10 mg samples were secured in aluminium crucible pans. 
Single thermal scan was conducted starting from room temperature (RT) to 160°C at a scan rate of 
10°C/min. The percentage of crystallinity, Xc of the PUs are determined based on Eq. 3. 

 
Xc = ΛHm/ (ΛH°m)                                                                                                                                 (3)  
  

Where, ΛH°m is the heat of fusion of 100% crystalline PCL (139.5 Jg-1) and ΛHm is the heat of fusion 
of the polymer under investigation.   
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X-ray diffractogram (XRD) was performed using a Bruker AXS D8 Advance diffractometer. The 
sample was prepared with a dimension of 10 x 10 x 0.5 mm before irradiated with X-rays using Cu-
Kα x-ray source and the angular ranging from (2θ) of 10° to 40°.  

In order to evaluate the shape memory effect of PU, a shape memory test was conducted. The 
sample was prepared using the same method as described by Rasli and Ahmad Zubir [10]. Eqs. 4 and 
5 were used to calculate the percentage of shape fixity and shape recovery. 

 
Shape fixity (%) = (θcr/90°) x 100                                                                                                         (4)      
Shape recovery (%) = ([90° - θf]/90°) x 100                                                                                  (5) 
 
Where, θcr is angle of removal load and θf is final angle. 

Results and Discussion 
FTIR Analysis. Fig. 1 presents the FTIR spectra of PU prepolymer and PU. From Fig. 1 (a), it can 
be observed that the –NCO peak of prepolymer appeared at around 2265 cm-1 for all samples.  The 
broad peak in FTIR spectrum at approximately 3440 cm-1 indicate the overlapping of OH and N-H 
groups. The N-H peak appeared due to the formation of urethane linkages as OH groups of polyols 
reacted with –NCO group of diisocyanates. The band at 2937 cm-1 is designated to asymmetric –CH2 
and the stretching at 2862 cm-1 is assigned to symmetric –CH2. The peak observed at 1726 cm-1 is 
due to the stretching of carbonyl group (C=O) vibrations of the polyester polyols in prepolymer. The 
band at 1238 cm-1 is attributed to asymmetric C-O-C stretching [11]. Meanwhile for PU sample, OH 
peak is overlapped with NH peak in the spectra at the range of 3200 - 3600 cm-1 as shown in Fig. 1 
(b). Apart from that, the complete reaction of urethane linkages is indicated by the disappearance of 
–NCO group in the range of 2200-2300 cm-1.  

 

 
Fig.1: FTIR spectra of (a) prepolymer and (b) polyurethane of PU samples 

 
From Table 2, both HMDI and HDI based PU has the DPS value of 0.4 while IPDI and 

IPDI+HMDI based PU has the value of 0.7 and 0.6 respectively. IPDI and IPDI+HMDI based PU 
samples showed high HBI value caused by an increase in hydrogen-bonded urethane groups [12] 
which led to the formation of hard segment domains. Consequently, the phase separation occurred 
which promoted the occurrence of soft segment crystallization. This is in accordance with the DSC 
analysis which will be discussed in the next section. The high DPS value obtained suggest the phase 
separation phenomenon while the low DPS values is corresponded to the phase mixing of both hard 
and soft segments in PU [13]. 

 
 
 
 
 

(b) 

(a) 

16 Current Materials Research Using X-Rays and Related Techniques III



 

Table 2: HBI and DPS value of PU samples 
Sample  Band I F-CO 

(cm-1) 
Band II H-CO 

(cm-1) 
Band III H-CO 

(cm-1) 
Band IV H-
CO (cm-1) 

     HBI DPS 

IPDI 
Area 

1731 
1.03 

1694 
1.20 

1667 
1.04 

1633 
0.13 

2.17 0.7 

HMDI 
Area 

1731 
2.29 

1692 
1.20 

1663 
0.51 

1633 
0.10 

0.75 0.4 

HDI 
Area 

1727 
4.03 

1694 
1.94 

1660 
0.64 

1641 
0.30 

0.64 0.4 

IPDI+HMDI 
Area 

1721 
0.43 

1688 
0.45 

1669 
0.25 

1646 
0.14 

1.63 0.6 

 
DSC Analysis. The thermal properties of the PU samples were investigated using DSC analysis. The 
scan curves of the PU samples are shown in Fig. 2 while Table 3 summarized all the data 
measurements obtained in this characterization. Based on the results, only IPDI based PU and mixture 
of IPDI and HMDI based PU reveal an obvious endothermic peak in the range of 42.4 to 45.6°C 
which is attributed to the melting temperature, Tm of PCL soft segment which indicates the occurrence 
of phase separation in those samples. PU synthesized using IPDI demonstrate higher ΛHm as 
compared to mixture of IPDI and HMDI based PU, implying the presence of more soft segment 
crystalline structure in the sample. In addition, there is no trace of endothermic peak present in HMDI 
based PU sample. Hence, suggesting that the use of IPDI instead of HMDI promoted the 
crystallization of PCL soft segments. HMDI and HDI based PU did not exhibit endothermic 
behaviour which is assigned to the melting of the crystalline soft phase. The possible reason for this 
is the occurrence of phase mixing of soft and hard segments which caused the disruption of soft 
segment crystallinity [14].  

 

 
Fig. 2:  DSC thermograms of PU prepared using different diisocyanates 

Table 3: Thermal characteristic of PU prepared using different diisocyanates 
Sample Tm (°C) ΛHm (J/g) Crystallinity (%) 

IPDI 42.4 30.2 21.6 
HMDI - - - 
HDI - - - 

IPDI+HMDI  45.6 26.1 18.7 
 
XRD Analysis. The typical XRD curves in Fig. 3 shows two prominent peaks around 2θ = 21.7° and 
23.8°. Both peaks are corresponded to the crystalline structure of the PCL soft segments [15]. The 
intensity of the peaks for PU synthesized using IPDI was the highest followed by combination of 
IPDI and HMDI based PU. This shows that the soft segment crystallinity of the PU polymer was 
promoted with the use of IPDI as diisocyanate. The incorporation of IPDI in PU system will produce 
a semicrystalline soft segments and lead to the formation of more hard segment domains, hence 
promote the microphase separation in the PU sample. Meanwhile, the other two samples, HMDI and 
HDI based PU for both series did not show obvious peaks indicating the soft segment was amorphous 
which follows the DSC analysis. The decreased of the peak intensity of these two samples can be 
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explained in terms of the restrictions introduced by the presence of strong inter-chain interactions 
through hydrogen bonding [16]. As a result, the PCL soft segments tend to become more amorphous 
rather than semi-crystalline as achieved by HMDI and HDI based PU in this study. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: XRD patterns of PU prepared using different diisocyanates 
Shape memory behaviour. Shape memory properties of the synthesized PU is summarized in Table 
4. As can be seen from the table, all of the PU samples exhibit 100% shape recovery. The high shape 
recovery is due to strong bonding between physical crosslinks in hard segment domains [17]. The 
shape fixity for all of the synthesized PU is in the range of 35.2-93.7%, depending on the type of 
diisocyanates used in preparing the sample. PU prepared using IPDI has the highest shape fixity of 
93.7% whereas the lowest was achieved by HDI based PU with the value of 35.2%. The shape fixity 
characteristics observed in this study are influenced by the presence of soft segment crystalline 
structure to fix the temporary shape via cooling. This can be confirmed by observing the XRD and 
DSC analyses in which the IPDI based PU sample has successfully achieved high soft segment 
crystallinity which leads to high shape fixity behaviour. This is due to the ability of IPDI to provide 
higher degree of phase separation. Meanwhile, the low shape fixity of HDI based PU is due to the 
low soft phase crystallinity which leads to the decrease capacity to fix the temporary shape. This is 
in consistent with the data discussed in DSC analysis, which have shown that no crystalline soft phase 
is detected in the scan curves. 
 

Table 4: Shape memory properties of PU 
Sample code for polyurethane Shape fixity (Rf) (%) Shape Recovery (Rr) (%) 

IPDI 93.7 100 
HMDI 70.4 100 
HDI 35.2 100 

HMDI + IPDI  74.8 100 

Summary 
In this study, PKO based PU was successfully prepared via two-step polymerization method using 

different types of diisocyanates. Based on the analyses, it was found that the use of different types of 
diiscoyanates and combination of diisocyanates had great impact on the properties of the synthesized 
PU. The result discussed in this study revealed that IPDI based PU exhibit better performance in terms 
of thermal and shape memory properties as compared to HMDI and HDI based PU. IPDI based PU 
possessed highest HBI value and hence achieved high DPS value which correspond to the formation 
of microphase separation in PU. DSC and XRD analyses have shown that the IPDI based PU 
exhibited crystalline soft phase which resulted in the highest shape fixity value. Excellent shape 
recovery value is obtained for all samples suggesting the presence of strong physical crosslinks 
among the hard segment domains. 
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Abstract. This study reports the effect of plasticizers namely isopropanol, polyethylene glycol, 

maltitol and spermidine on the properties of the sodium alginate composite membrane. The 

concentration of each potential plasticizer was set at minimum to execute performance. Properties of 

sodium alginate were studied through characterization studies - Field Emission Scanning Electron 

Microscope (FESEM) to observe on the morphology structure. The membrane performance is also 

seen through water uptake and swelling ratio tests. Isopropanol produced better plasticizer with the 

lowest water uptake of 575.53% and less hydrophilic compared to spermidine (1268.46%), 

polyethylene glycol (1014.30%) and maltitol (595.82%). Further study may require copolymerization 

to support polyol for ensuring structure firmness. This study proven the plasticizers could enhance 

membrane’s flexibility in DMFC and becoming a promising choice of additives for better alginate-

based membrane establishment.  

Introduction 

Alginate is a prominent water-soluble polysaccharide found in brown seaweed. It consists of (1-4)-

linked b-D-mannuronic acid (M) and a-L-gluronic acid (G) units. Alginates have a number of 

advantageous properties, including excellent biocompatibility, non-toxicity, non-immunogenicity, 

biodegradability, relatively low costs and easy combination with divalent cations (e.g. calcium) [1]. 

Alginate can be manufactured into a variety forms, such as film, microspheres and fibers, because of 

their reversible solubility [2-4].  Alginate has a six-membered ring structure backbone; therefore, it 

is difficult to increase the rigidity or to compact. This structure creates larger void volumes and allows 

the absorption of water molecules. Unfortunately, excessive water absorption causes membrane 

swelling and thereby decreases membrane selectivity [5]. It is very important to balance between 

membrane permeability and selectivity to water or gas. To address this shortcoming, alginate has 

been modified using various methods, which can be categorized as covalent crosslinking, ionic 

crosslinking, and non-bond interactions [6]. Ionic crosslinking provides better results because the 

produced polymer electrolyte complex is both robust and hydrophilic [1], [7] 

The moisture content in a polymer-based film could induce significant changes in their 

structure as well as properties [5], [9-12] besides can be affected also by the addition of these polyols 

– isopropanol, polyethylene glycol and maltitol which are hydrophilic plasticizers. The role of 

plasticizers in a non-Nafion based membrane, is to improve the film flexibility and reducing 

brittleness [13]. Isopropanol was chosen due to its ability to dehydrate – mitigating the water sorption 

[14], [15]. Polyethylene glycol was chosen due to its flexible structure [16] while maltitol was chosen 

due to its high molecular weight, which could display high rheological properties [17]. Due to 

polyamine spermidine has been studied for its hygroscopicity potential and able to affect 

morphological and barrier properties of protein-based films [18], the present study will find out the 

potential among the polyols. However, no specific research involving isopropanol, polyethylene 

glycol, maltitol and spermidine, been used as plasticizer for alginate film. This work will investigate 
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the influences of three different polyols and spermidine on the microstructure and properties of 

sodium alginate films in ambient states, which beneficial for executing of sodium alginate as flexible 

membrane fuel cell application.  

Materials and Methods 

Materials. Synthetic sodium alginate (C6H9NaO7)n) powder, spermidine (C7H19N3, ≥99%), maltitol 

(C12H24O11, ≥98%), and chemically pure polyethylene glycol (PEG 400, (C2H4O)nH2O) were 

purchased from Sigma Aldrich while isopropanol (C3H8O, ≥99.7%) and calcium chloride (CaCl2, 

≥99.5%) were obtained from R&M chemicals. These chemicals were used as received without further 

purification. Deionized water through a Millipore system (Milli-Q) was used in all experiments. Wisd 

ultrasonic cleaner, JEIO-Tech convection oven and Carbolite chamber furnace were the equipment 

utilized together along the preparation of samples process.  

 

Preparation of the plasticized membrane. The biopolymer membrane was made of 1.5 wt% sodium 

alginate with deionized water as the solvent. The membrane was crosslinked internally using 1ml of 

1.5 wt% of calcium chloride dropwise alternately with 1ml of four different plasticizers after sodium 

alginate powder had fully dissolved in the solution. The four plasticizers used were 2% spermidine, 

5% isopropanol, 2% maltitol and 2% polyethylene glycol. Air bubbles was concerned to be avoided 

its occurrence along the preparation otherwise sonicator is required to overcome it. The samples were 

heated up to 70 °C for 12 hours duration. The control which consisted of pure sodium alginate was 

undergone the same procedures as well. The notation for the samples is as assigned in Table 1 below. 

 

Table 1: Assignation of samples 

Membrane matrix 
Crosslinking 

agent 
Plasticizer Notation as 

Sodium Alginate - - SA1 

Sodium Alginate Calcium chloride Isopropanol SA2 

Sodium Alginate Calcium chloride Spermidine SA3 

Sodium Alginate Calcium chloride Polyethylene glycol SA4 

Sodium Alginate Calcium chloride Maltitol SA5 

 

Characterization. The samples and the control were characterized using analytical instrument, 

namely FESEM, which was considered for the samples’ morphology observation, pore size and shape 

observations.  

 

Performance tests (water uptake and swelling ratio). The samples were fully soaked in deionized 

water for 24 hours at room temperature. Each of them including the pure sodium alginate were 

observed in different containers. The samples were proceeded to drying process for 60 minutes at  

60 °C. The weight of the samples were taken and recorded before, Wwet and after, Wdry the drying 

step. Meanwhile, swelling ratio test was carried out similarly like the water uptake test, but with the 

length measurement of the membrane replacing the weight readings. The length of the membrane 

samples after the immersion denoted as Lwet and the length of the dried membrane denoted as Ldry.   

Results and Discussions 

Physical Observations. The membrane film samples were transparent-looking appearance and less 

flexibility such that it could be break apart with bare hands before proceeded to external crosslinking. 

Fig. 1 showed SA1-5 prepared in petri dish after membrane filming.  
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Fig. 1: Sodium alginate-based membrane samples of SA2 (a), SA3 (b), SA4 (c), SA5 (d) and 

control sample, SA1 (e) after heated up to 70 °C for 12 hours for membrane filming. 

Scanning Electron Microscopy (SEM). The surface morphology and microstructure of the sodium 

alginate-based membranes were characterized by SEM as shown in Fig. 2. It is clearly could be seen 

that the addition of polyols and polyamine gave high influence on the surface of the membrane matrix, 

turning it up to rougher microstructure. SA5 showed more homogeneous and smoother surface than 

SA4, but SA4 looked much denser when scaled to larger magnification as if no free voids or big pores 

could be seen. Smaller micropores could be seen in SA5, implying that the plasticizer (maltitol) could 

enhance the water absorption which might result to film fragility and swollen. SA2 was found has 

interlayer surfaces than SA4, depicting the hydroxyl group of the plasticizer (isopropanol) 

successfully form hydrogen bonding interaction with the alginate matrix [19]. Polyamine in SA3 

affecting the membrane to have very rough surface with tiny particles deposited causing 

agglomeration, denoting that the amino group at the end of spermidine backbone not forming strong 

interaction with the polymer matrix [13], [20]. Interlayer surface shown by SA2 could provide higher 

flexibility as polymer electrolyte membrane compared to the rests. These features, interlayer surface 

and dense microstructure could assure that water molecules or ions could be diffused in with small 

amount, hence impacting the membrane to be flexible, without easily break apart and performing 

smooth performance for DMFC operation. 
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