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Abstract: The main objective of this paper is to analyse the 

ability of the feedstock HAp-ZrO2, which has different 

compositions with the use of palm stearin (PS) based binder 

system. In this research, the feedstock was classified by the 

different weight percentage compositions of 90-10, 80-20 and 

70-30 of the HAp-ZrO2, with the same ratio of 60% from their 

optimum powder loading to palm stearin. Thus, the performance 

of HAp-ZrO2 composite powder is studied through the 

Thermogravimetric Analysis (TGA), which shows that the palm 

stearin binder system had been completely removed in the 

presence of high temperature of 500 C with a heating rate of 

10°C/min. Meanwhile, the analysis of Scanning Microscopy 

Electron (SEM) was used to identify their physical 

characterisation of the feedstock. The peak shown by the FTIR 

test proved that the palm stearin, hydroxyapatite and zirconia are 

present in each composition of the feedstock. Thus, based on these 

findings, this study have proven that the well mixing of 

synthesised HAp and zirconia, and the increasing amount of 

zirconia can affect the composite powder, especially in terms of 

time taken for completion of the feedstock process. The effect of 

zirconia content in the composition can be investigated through 

rheological test using Rosand RH2000 capillary rheometer. 

During the rheological test, feedstock containing the mixture and 

binder was carried out to determine its pseudoplastic behaviour 

and viscosity. The binder in the feedstock gives exceptional 

properties to ensure the success of the injection moulding process.  

 

Index Terms: HAp-ZrO2, feedstock, hydroxyapatite, injection 

moulding, rheology.  

I. INTRODUCTION 

  The use of Hydroxyapatite (HA), which comes from 

natural sources, has been commonly practiced. HA that comes 

from waste, such as that from animals, and/or are organic may 

raise concerns from the public on the process and method 

involved to get the HA [1]. Chemical processes using various 

reactants such as Ca(OH)2 and H3PO4, or CaO and CaHPO4 

are able to produce synthetic HA [2]. However, these 

processes need to be discussed on its impact on biological 

processes and its high cost. Thus, the solution to this problem 
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has been identified, such as using the microwave method in 

producing HA from eggshells [3]. 

Calcium acts as an element that frequently builds up bones 

and teeth tissues in our body. Bones contain calcium in the 

form of hydroxyapatite (Ca10(PO4)6(OH)2). Hydroxyapatite is 

different from others that contain similar composition of the 

bones, and has the biocompatibility, which makes it an 

excellent substance for use [4]. Long periods of time need to 

be taken by the human body to enable the production of HA 

during recovery from a bone injury. Thus, the medical field 

has found that HA from other elements can be implemented to 

reduce the time taken and to rebuild the tissue more 

effectively. 

      Previous study has been done on the production of 

hydroxyapatite from various organic sources, such as the 

salmon fishbone, eggshells and clamshell [5]. These waste 

products are commonly used for their natural compositions of 

HA and calcium, in which these natural compositions serve a 

better purpose in the production of HA. 

Clamshell, which most humans find having no use in our 

daily life, is increase in number. This could lead to serious 

problems, such as pollution. Hence, from the viewpoint of 

researchers such as scientists and engineers, it is a big loss to 

throw away tonnes of clamshell, as they may be beneficial in 

saving the environment. Nowadays, creating energy using 

biomass is a rather popular way of helping the environment. 

Analysing the properties or characteristics of this clamshell to 

convert it into something useful may become a successful 

solution to the current problem [6]. Clamshell acts as an 

economic resource because the use of synthetic HAp used in 

the biomedical field as bone and dental implant is very 

expensive. This product is cost saving because clamshell 

comes from waste and it can be collected from anywhere 

along the beach. Moreover, previous study found that 

eggshell and clamshell consume high energy to produce HAp 

using the high power of microwave synthesis method [4, 7]. 

  Clamshell acts as the raw material in this research, as they 

are made up of 95% CaCO3 . Clamshell can be obtained in the 

waste disposal and along the beach. Thus, this research will 

identify the use of clamshell in the combination of 

hydroxyapatite-zirconia and also the injection moulding of 

HAp-ZrO2 that will be injected in the injection moulding 

machine with the presence of palm stearin binder. 
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II. EXPERIMENTAL PROCEDURE 

A. Materials 

The synthesised hydroxyapatite powder was prepared 

using the precipitation method. Commercial zirconia powder 

is obtained from Vistee Techology Services and the 

commercial 3-mol% yttria-stabilised zirconia (YSZ) from 

Inframat Advanced Materials, USA. 

 

B. Instrumentation 

The instrumentations and labwares used in this work are the 

internal mixer HAAKE Rheomix using capillary rheometer 

(Rosand RH2000), Planetary Ball Mill, Pulverisette 6, (SEM; 

S-4800, Hitachi), (Mastersizer 2000, Malvern Instrument), 

Rigaku X-RAY DIFFRACTION (XRD), furnace, and oven. 

 

C. Preparation of Composite Powder HAp-ZrO2    

The composite powder of hydroxyapatite-zirconia was 

prepared by using three different weight percentage 

compositions, as shown in Table 1. The value of zirconia to 

the hydroxyapatite powder was increased by 10 wt% each in 

order to discover the ideal composition of 

hydroxyapatite-zirconia composite. The mixing process of 

the composite was carried out using the Planetary Ball Mill. 

In order to ensure homogenous distribution of the mixture, the 

hydroxyapatite and zirconia powders were incorporated in a 

grinding bowl of zirconium oxide for four hours with a 

rotational speed of 100 rpm. 

 

Table 1: Composite powder of HAp/ Zirconia 

Type Composition (wt%) 

Hydroxyapatite Zirconia 

1 90 10 

2 80 20 

3 70 30 

 

D. Preparation of Composite Powder HAp-ZrO2    

 The internal mixer HAAKE Rheomix was used to perform 

the mixing process, which was conducted at 160 C for two 

hours with a rotational speed of 50 rpm. The PE was poured 

into the mixer, as the blending temperature was achieved. 

When the PE has been completely melted, PS was added with 

the powder mixture of HAP-ZrO2. There were different 

compositions of HAp-ZrO2, which show the increased 

toughness of ZrO2 when its content went up to 20%, while 

40% to 60% signify poor mechanical behaviour [8]. Tables 2 

and 3 show that comparisons were made on the feedstocks 

that are to be mixed with different volume percentage of 

binder, which in Table 2, 100% PS while Table 3 using 

70%PS and 30%PE. 

 

Table 2: Feedstock made from palm stearin 

Formulation Composition 

(wt%) 

Powder 

Loading 

(vol%) 

Binder 

Composition 

(vol%) 

HA ZrO2 PS 

1 90 10   

2 80 20 60 40 

 3 70 30 

 

Table 3: Feedstock made from palm stearin and PE binder 

Formulation Composition 

(wt%) 

Powder 

Loading 

(vol%) 

Binder 

Composition 

(vol%) HA ZrO2 

 

1 

 

80 

 

20 

 

60 

40 

PS PE 

70 30 

 

III. RESULTS AND DISCUSSION 

A. Particle Size Distribution & Density 

The result of the particle size distribution of hydroxyapatite 

powder, zirconia powder and as-mixed HAp-ZrO2 powder at 

different weight percentage compositions are shown in Table 

4 and Figure 1.  

 

Table 4: Particle size distribution 

 

 

Figure 1: Particle Size Distribution of 90,80 and 70 wt% 

of HAp 
The particle size of HAp, zirconia and as-mixed powder 

shows the increasing size of the as-mixed powder based on the 

percentage of the zirconia added. Based on the d50 of the 

HAp, zirconia, 90 wt% HAp, 80 wt% HAp and 70 wt% HAp, 

the values are shown at 56.737 µm, 26.381 µm, 21.123 µm, 

20.694 µm, and 17.535 µm, respectively. The values of Sw of 

the elemental powder HAp and ZrO2 are 1.283 and 0.953, 

respectively.  
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Meanwhile, for Sw values of 90 wt%, 80 wt% and 70 wt% of 

the Hap, they were calculated at 2.023 µm, 1.926 µm and 

1.949 µm, respectively. Study by Omar, et al. [9] stated that 

the ideal value of the Sw must be either less than two or greater 

than seven because these values present a very broad or 

narrow distribution, respectively. Based on the calculated 

value, it represents a broad distribution of the powder that is 

beneficial for efficient particle packing, which complicates 

the flow into the mould.  

 

B. Feedstock Evaluation 

Figure 2 shows the feedstock evaluation of HAp/zirconia 

made from 100% palm stearin binder. 

 
Figure 2: Torque Evaluation Curve 

Based on Figure 2, the powder of 90% HAp shows that the 

torque value started to become stable at 10 min, while for 

80% HAp and 70% HAp, they were at 7 min and 11 min, 

respectively. The torque value shows that at the beginning of 

the process, the torque value of 90% HAp is the highest, 

followed by the torque value of 80% HAp and 70% HAp. 

Next, the high peak showed by the 80% HAp may come from 

the cleanliness error at the internal machine, which resulted in 

the different peaks when compared with the other composite 

powder. 

 

C. Fourier-transform Infrared Spectroscopy (FTIR) 

The graph of FTIR spectrum for pure palm stearin is shown 

in Figure 3. The feedstock is created after the composite 

powder of 70%, 80% and 90% HAp is mixed with the palm 

stearin in the internal mixer. The process was run at 70 C for 

two hours. By conducting the FTIR test, the binding of the 

palm stearin with all three composite powders can be 

determined. Based on the FTIR spectrum of the three 

composite powders, it agrees that the palm stearin is bound to 

the powder. The chain of the fatty acid can be observed in the 

three composite powders at 2917 cm
-1

 to 2850 cm
-1

 (C-H 

stretching of –CH3 and –CH2 groups). Next, peaks at 1740 

cm
-1

 (C=O stretching of ester group), 1176 cm
-1

 (C-O 

stretching of ester) are present, as there are ester linkages in 

the palm stearin. 

 

 

 
Figure 3: FTIR Spectra: (a) Palm stearin; (b) Feedstock 

of 90% HAp; (c) Feedstock of 80% HAp; and (d) 

Feedstock of 70% HAp 

 

D. Rheological Analysis 

Figure 4 shows the rheological study of feedstock prepared 

with 100%PS, while Figure 5 represents 70%PS and 30%PE. 

From Figure 4, it indicates that the shear viscosity decreases 

with shear rate. The results from all the compositions of 

HAp-ZrO2 from 80-20 to 50-50 were not in the range of 

pseudoplastic behaviour, where the shear viscosity value is 

more than 1000 Pa.s and the shear rate value is not between 

100 and 10000 (1/s) [10]. On the other hand, the addition of 

ZrO2 was observed on whether it will affect the viscosity of 

the sample or not. Figure 4 shows that the viscosity decreases 

with the addition of 30 wt% ZrO2, but increases with the 

addition of 20 wt% ZrO2. Meanwhile, Figure 5 shows that the 

viscosity is much lower than when PE is being added, 

compared to the 100%PS.  

 

 
Figure 4: Rheological study of feedstock made from 100% 

palm stearin 
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Figure 5: Rheological study of feedstock made with palm 

stearin and polyethylene binder 

The rheological properties show that all of the compositions: 

80-20, 70-30 and 60-40 are not suitable for the injection 

moulding process. The n-value shows that all types of 

composition have a pseudoplastic behaviour, where the lower 

the n value is, the faster the viscosity of the feedstock will 

change with shear rate. Feedstock with 70 wt% HAp gives the 

highest value of n, compared to other compositions of the 

feedstock; hence, it would be the best candidate for MIM 

feedstocks and in the best state, as it has the lowest viscosity 

among others. The particle sizes of the HAp, zirconia and 

as-mixed powder show the increase in size based on the 

percentage of the zirconia added. The particle sizes show a 

decreasing trend that indicates the increase of a specific area 

of the sample. Thus, it will increase the reactivity of the 

sample towards shear viscosity [11]. It is proven that the ZrO2 

is compatible to be coupled up with HAp to boost the 

performance of HAp, as it is being widely applied, especially 

in the biomedical industry [12,13]. However, several 

recommendations need to be taken into consideration in order 

to enhance the compatibility of the HAp-ZrO2. This can be 

done by minimising the inhomogeneity of the feedstock 

prepared for the MIM process due to the stability of the 

process and prolonged duration of the mixing process of both 

elemental HAp and ZrO2 powder [14]. Hence, this will ensure 

that the elemental powders of HAp and ZrO2 are well 

distributed throughout the process. Figure 6 shows the SEM 

image of the HAp-ZrO2 specimen made of PS/PE binder 

system. It shows the bonding and interaction between the 

HAp-ZrO2 powder and PS/PE binder component. The 

irregular shape of the powder helps the binder to attach itself 

among the powder particles more easily. 

 
Figure 6: SEM image of 80 wt% HAp- ZrO2 moulded 

specimen 

Figure 7 shows the SEM image of HAp-ZrO2 after being 

immersed in heptane. It shows that all of the palm stearin 

binders were removed, leaving the insoluble PE either in the 

contact region or as whiskers holding the particles together, as 

shown in Figure 7. It is clearly seen that there is a network of 

porous PE ligaments with sufficient brown strength for 

handling purpose.  

 

 
Figure 7: SEM image 80 wt% HAp-ZrO2 after debinding 

IV. CONCLUSION 

Increase in the ZrO2 content of the feedstock will affect the 

mixing behaviour of the powder. The feedstock made from a 

100% PS binder was not suitable for the injection moulding 

purpose. Addition of PE as a backbone binder will bond 

HAp-ZrO2 powder and shows stability of feedstock that cen 

be injection moulding and have contact region with the 

powder and PS binder. Furthermore, the insoluble binder of 

PE held the specimen before the sintering process took place.  
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