The effect of PVA addition as binders on the properties
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Abstract. Sintered body has been fabricated from Bio-ceramic Hydroxyapatite (HA) with
having 2.5 pm of powder size. Initially, HA powder was mixed with varied polyvinyl alcohol
(PVA) liquid that is played as binder. The addition of PVA aims to improve the tangential bond
between HA powders. Subsequently, the uniaxial pressing method at a pressure of 200 MPa
was applied to manufacture the green body. Meanwhile, the sintered body produced after
sintering process conducted at 1150 °C with holding time of 120 minutes. Furthermore, X-Ray
Diffraction (XRD), Scanning Electron Microscopy (SEM), density measurement, and Vickers
Hardness Number (VHN) were utilized to characterize the product. The results indicate that
PVA addition to HA powder enable to improve the physical and mechanical properties of the
sintered body. It is due to have good tangential bond between HA powder thus increasing the
strength mechanism. The finding would usefull for fabricating hard bone-implant products.
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1. Introduction

Ceramic products is generally produced by utilizing the powder metallurgy method [1-3]

due to its natural conditions that make it difficult to perform by casting process. In powder
metallurgy processing, the product produces through subsequent main stages which are
including preparation of ceramic powders, compaction processes, and sintering [4]. Many
research has been conducted in order to improve the quality of sintered body products. This
can be classified in to several studies such asadjusting the composition between the matrix and
the reinforced material to produced composites [5-8], and application of manufacturing
methods such as hot pressing [9-12] and pressureless sintering [13,14].
Those studies are not limited for common ceramic production but also for coating implant
products with bio-ceramic materials such as Hydroxyapatite (HA). HA is a coating substrate
favourable for implants due to characterize as high biocompatible and adaptable to human
bones [15-23]. However, as commonly known, products made of ceramics including bio
ceramics pose low impact strength thus tending to produce a fragile product that is not suitable
for medical application such as implant. Therefore, research on quality improvement of
implant made of bio-ceramics such as HA are underway.

One of improvement strategy that has been taken into account is by composing HA with
other suitable materials. Several investigation has been carried out for this objective such as
HAJ/AI203 [24], HA/P205 [25], HA/silica-coated graphene (S-G) [26], HA/Ag [27]. The
results indicated that HA composites with the addition of reinforcing material enable to
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improve its strength. However, the addition of other materials to HA have beyond expectancy
effect on its biocompatibility.

Although, sintering process with appropriate temperature setting can improve the quality of
bio-ceramics products [12,28]. But, by addition of a binder when making a green body has
been proofed to enhance mechanical properties of HA-based products. The addition of the
binder creates strong tangential bonds in the green body before the sintering process. Strong
tangential contact between particles would facilitate sintering process easily. Several studies
used binders to manufacture green body by employing uniaxial pressing. HA/bredigite and f-
TCP/PEG were compacted by uniaxial pressing process at pressure of 200 MPa with 5% wt of
polyvinyl alcohol (PVA) as binder and of 8 MPa with 10% wt of PVA as binder respectively
[29]. Accordingly, Polyvinylpyrrolidone (PVP), polyacrylamide (PAM), and polyvinyl
alcohol (PVA) are the binder oftenly used. These type of binders have good biocompatible
properties, excellent biological inertia, good comprehensive performance, and positively
interacts with HA [30]. Amongst, PVA is believed to have good binder quality [30]. However,
to date, there is lack of information regarding the amount of PVA addition that is appropriate
for producing improved quality of HA bio-ceramic green body has been reported.

Therefore, in this work, HA with having 2.5 pm of powder size was added with PVA that
have varying amount. Furthermore, powder metallurgy method using uniaxial pressing at 200
MPa was applied to produce the green body. Subsequently, the green body was preheated at a
temperature of 700 °C and with holding time of 60 minutes in order to remove the PVA.
Eventually, sintering process in an air environment with a temperature of 1150 °C and with
holding time of 120 minutes was finalized the stages. The sintered body was furthermore
characterized in terms of occurence of linear shrinkages, density as well as its hardness.

2. Material and Method

2.1. Material

Bio-ceramics used in this study were commercial analytical HA with having powder size of
2.5 um (Sigma-Aldrich Co., USA). Meanwhile technical PVVA was used as binder material and
alcohol was as a thinner. All the materials used was without having treatment and according to
the initial conditions. Pure water (equates) was used throughout theresearch process.

2.2. Method

2.2.1. Powder characterization. X-Ray Diffraction (XRD-PANalytical, Type PW3040/60,
Netherlands) was used to characterize the HA powder crystalline phase. XRD poses working
conditions on Cu anode material at 40 kV and 30 mA. The steeply scanning time was 7.14
seconds. Characterisation of HA was performed before and after the sintering process.

2.2.2. Sample preparation. HA samples were prepared from powder having particle size of
2.5 um that was added with PVA varied at percentage of 0% wt; 2.5% wt; 5% wt; 7.5% wt;
10% wt; 12.5% wt; and 15% wt. Each variation was mixed in a rotating drum for 60 minutes
with assistance of steel balls. In advance, the green body was compacted with a pressure of
200 MPa in 8 mm of diameter and 5 mm of thickness of stainless steel mold. All green body
products were then weighed and their diameters were measured. To remove PVA, a preheating
process at a temperature of 700 °C and holding time of 60 minutes was performed before
sintering at a temperature of 1150 °C and holding time of 120 minutes was carried out.
Eventually, the sintered body was then left in the furnace to get cooled to room temperature.
Illustration of sample preparation can be seen from Figure 1.



2.2.3. Characterization of sintered body.

Some physical and mechanical properties influenced by addition of PVA as a binder
would be examined. Linear shrinkage was checked by comparing the weight and the diameter
of the green body with the sintered body. Furthermore, the actual density was tested by
adopting Archimedes' theory that further was going to be used to calculate relative density by
comparing the actual density with the theoretical density of HA (e.g 3.156 g/cm?® [28]).
Finally, the hardness of sintered body was then measured by using Vickers HMV Shimadzu
micron testing machine to obtain the Vickers Hardness Number (VHN). Meanwhile, the
sintered body morphology was examined using SEM in order to observe the shape of the bond
that is formed as addition of PVA binder. Beforehand, the sintered body crystal phase
characterization was conducted by means of XRD-PANalytical, Type PW3040 / 60,
Netherlands.
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Fig. 1. Sample preparation Illustration

3. Results and Discussions
3.1. Crystalline phase

Before the changes in physical and mechanical characteristics of HA sintered body is
discussed, The crystalline phase of used HA powder would be attested by performing XRD
analysis. The results as depicted in see the main peaks at an angle of 31.74; 32.83; and 34.06.
These results are also consistent with commercial HA as was done in previous studies [31].
Characterization of the crystalline phase performed on the HA sintered body showed no phase
change after the sintering process. The main peaks at an angle of 2 thetas each; 31.76; 32.91;
and 34.11. The PVA used as binders disappear after the sintering process. The results of XRD
characterization, see Table 1 and Figure 2.



Table 1. XRD peak list of hydroxyapatite

HA 2,5 pm powder HA comparator HA 2,5 um sintered body
Position [°2Th] Rel.Int. [%)] Position Rel.Int. [%] Position Rel.Int. [%]
[°2Th] [°2Th]
31.7403 100.00 31.741 100.0 31.7664 100.00
32.8353 54.38 32.179 453 32.9179 88.90
34.0639 24.62 32.868 56.4 34.1144 15.54
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Fig. 2. XRD test of HA (a) HA powder, (b) HA sintered body, sintering 1150 °C

3.2. Microstructure morphology

The microstructure characterization on the surface of the HA sintered body can be seen
in Figure 3. All SEM images show that the sintering temperature of 1150 °C has not been
sufficient for a good bond between grains. Figure 3 (a) is HA sintered body without adding
PVA as a lubricant and binder, seen many pores caused by the not yet perfect tangential
bonding at the time of making the green body, so there is no good grain bonding in the
sintering process, as well as several samples, broke after the sintering process.
Figure 3 (b) there are still many pores; it is suspected that the amount of PVA is not sufficient
as a lubricant and binder in the manufacture of the green body. Figure 3 (c) - (e) is HA
sintered body with the addition of PVA each; 5; 7.5; and 10% wt in the manufacture of green
body, the results showed a decrease in the number of pores and increased grain bond. This
condition shows the optimal amount of addition of PVA as a lubricant and binder when
compacting of green body. Figure 3 (f) (g) is HA sintered body with the addition of 12.5 and



15% wt PVA, the amount of PVA is too much, evident the discharge of PVA when
compacting green body, while the SEM image also shows a large pore size, this is thought to
be the amount of PVA excessive so blocking tangential contact between particles. Figure 3 (h)
shows a crack on the surface of HA sintered body, thought to be caused by an overly high
heating rate and cooling rate. It is recommended for slow heating rates over a range 0.5-10
°C/min [32,33], and low temperature cooling rate [34].




Fig. 3. SEM image of sintered body HA (a) without PVA (b) 2.5 % wt of PVA addition (c) 5 % wt
of PVA addition, (d) 7.5 % wt of PVA addition, (e) 10 % wt of PVA addition, (f) 12.5 % wt of PVA
addition, (g) 15 % wt of PVA addition, (h) crack occured at sintered body

3.3. Linear shrinkage

Linear shrinkage plays importance role in ceramic production due to Figure 4 shows the
linear shrinkage that occurred. Linear shrinkage is observed in two ways namely weight
shrinkage and diameter shrinkage. Percentage of diameter shrinkage decreased until the
addition of PVA 10% wt, and this is due to the presence of PVA between particles that are
part of the green body so that it can prevent the process of bonding occurs during the sintering
process. On the addition of PVA 12.5-15% wt an increase in the percentage of diameter
shrinkage, this is thought to be caused by the discharge of PVA during the compacting process
due to excessive amount of PVA. The average percentage shrinkage diameter is 18% which is
identical to other previous studies [28]. Percentage of weight shrinkage, there is an increase in
the addition of 10% wt PVA. An increase in the percentage of weight shrinkage due to loss of
PVA during the sintering process. This is also evidenced by the XRD test in Figure 2 (b), that
there is no phase change in the sintered body. Addition of PVA 12.5-15% wt a decrease in the
percentage of weight shrinkage, this is thought to be caused by the discharge of PVA during
the compacting process due to excessive amount of PVA.
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Figure 4. The effect of PVA addition on linear shrinkage of HA sintered body



3.4. Density and relative density

Density testing using Archimedes theory, results are shown in Figure 5. Addition of PVA
to HA powder while compacting provides a good tangential bond between HA particles. There
was a significant increase in density in the HA sintered body after the addition of 2.5 -5% wt
PVA. While on the addition of 7.5-15% wt PVA, the density is constant, but the value is
below the addition of 5% wt PVA. The highest relative density value is obtained at the
addition of 5% wt PVA, and this shows the most optimal level of density with 2.5 pm HA
particle size. Relative density HA sintered body with sintering temperature of 1150 °C identic
with other studies that have been done [35].
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Fig. 5. The effect of PVA addition on density and relative density of HA sintered body

3.5. Hardness

The hardness of HA sintered body owing to different percentage of PVA addition was
measured by Vickers Hardness tester. average hardness of HA sintered body with the addition
of PVA varies, shown in Figure 6. The lowest hardness value is in the HA sintered body
without the addition of PVA when making a green body.
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Fig. 6. The effect of PVA addition on Vickers Hardness of HA sintered body
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Fig. 7. The relationship between relative density and Vickers hardness

The hardness increases significantly with the addition of 2.5% wt PVA and slowly
increases with the addition of 5% wt PVA, then decreases slowly with the addition of PVA up
to 15% wt. This shows, that an increase in the density of sintered HA due to the addition of
PVA as a binding material between HA powder when making a green body. The increase in
hardness with the addition of 2.5-5% wt PVA is caused by the increased relative density value,
as shown in Figure 7. Hardness correlates with the relative density value of a product [28,36].
In this study, the results of hardness and relative density also correlate with the addition of
PVA as a binder when making a green body.

4. Conclusions

The addition of PVA to HA powder when making the green body can increase tangential
bond between particles, so the strength of HA sintered body increases as evidenced by the
increase in relative density and Vickers hardness. The addition of PVA is recommended at
2.5-10% weight. There is no phase change in the HA sintered body with the addition of PVA,
and it is suspected that PVA has been burned out during the sintering process.
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