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Hydroxyapatite (HA) from Lates Calcarifer scales was used as a coating material for 316L Stainless Steel (SS 316L) to 
determine the influence of the thickness and withdrawal speed on the morphology of the layer. The dip coating method 
was used with variations in the mass of the HA in the coating suspension at a constant immersion time and carried out at  
2 withdrawal speeds. The withdrawal speed used was 2 mm·s-1 and 4 mm·s-1 with variations in the HA content in the 
suspension of 4 g, 8 g, and 12 g at a constant immersion time of 10 seconds. Analysis of morphological characteristics and 
thickness were observed with a Stereo Microscope, Scanning Electron Microscopy (SEM) and a Sanfix Thickness Gauge. 
Based on the data obtained from this study, the optimal layer morphology is at a withdrawal speed of 2 mm·s-1 with a mass 
of HA as much as 12 g in suspension because it has a uniform thickness value according to the biomedical standards and  
a coated surface area of 91.8 %.

INTRODUCTION

 Bone implants are used in cases of trauma, 
reconstructive implants that function as replacement 
damaged bone and joint structures and can restore 
function [1]. Implants that are widely used in orthopaedic 
surgery are Stainless steel (SS 316L), cobalt-chromium 
alloy (Co-Cr), pure titanium (Ti), and titanium alloys. 
Metal implants have major applications in load-bearing 
situations, such as hip and knee prostheses as well as for 
the fixation of internal and external fractures [1].
 SS 316L has good corrosion resistance and is, 
therefore, widely used as a bone implant due to injuries, 
fractures or as a joint replacement and is cheaper 
than other metals such as Ti6Al4V [2]. In addition to 
having good corrosion resistance, SS 316L also has 
strong, tough, ductile, and easy-to-clean surfaces. To 
increase the bioactivity and osteoconductivity of the 
metal, it is necessary to coat the implant material with 
Hydroxyapatite (HA) compounds [3]. Hydroxyapatite 
(Ca10(PO4)6(OH)2) is the mineral form of calcium apatite. 
HA is a bio-ceramic material that has the potential as an 
implant material because it has the same components as 
bones and due to its biocompatibility [4-11]. There are 
several organic materials used to produce HA, such as 
bovine bones [12, 13] , fish bones [14, 15], pig bones 

[16], clam shells [17-20], egg shells [21, 22], snail shell 
[23], and others. The HA used in this study is derived 
from organic material that was derived from the bone 
scales of the white snapper. The utilisation of white 
snapper scales to be processed into natural HA can reduce 
waste that currently causes environmental pollution and 
can be of economic value. Natural HA from barramundi 
scales was used as a coating material for the implants, 
in addition natural HA has been used as a bone graft 
candidate [24].
 Various methods that can be used for the HA 
coating process on metal surfaces are dip coating [25-
27], electrophoretic deposition (EPD) [28-32], plasma 
spraying [33-35], and others. Dip coating is the easiest 
method to implement because the coating process is 
fast, can be carried out at low temperatures, is low cost 
and the coating results obtained are more uniform. Dip 
coating is perfect for coating rigid and flat substrates. 
This method also requires a smooth substrate surface and 
a low level of roughness. It is also suitable for SS 316L 
which has a smooth surface, so that it can produce a 
good coating quality. In the coating process that uses dip 
coating, the obtained results are influenced by several 
parameters such as the withdrawal speed, immersion 
time, suspension concentration and suspension viscosity 
[25]. 
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 The addition of a natural mass of HA in the coating 
suspension affects the coating on the SS 316L surface, 
namely the thickness of the layer and the obtained shear 
strength will increase. For the obtained coating to comply 
with biomedical application standards, it is necessary to 
experiment by varying the natural mass of HA in the 
coating suspension so that the resulting layer is not too 
thick and not too thin. In addition, this is undertaken 
because it has not been identified in detail how much 
natural mass of HA in the suspension produces a good 
coating quality. Likewise with the speed of withdrawal, 
when a higher speed of withdrawal is used, the thickness 
of the layer will decrease.
 The used pulling speed refers to other studies where 
the speed that produces a good coating ranges from 
2 – 4 mm·s-1. For the immersion time, 10 seconds was 
used, in accordance with previous studies, so that this 
condition is expected to support the possibility to obtain 
the maximum results later. Therefore, the research carried 
out in this study regarding the coating of hydroxyapatite 
on SS 316L uses the dip coating method by varying the 
natural mass of HA in the suspension at a withdrawal 
speed of 2 mm·s-1 and 4 mm·s-1 to obtain the optimal 
coating results.

EXPERIMENTAL

Sample Preparation

 The sample used SS 316L in the form of a plate. The 
sample was cut using a hand grinder to obtain a sample 
size of 20 mm × 20 mm × 4 mm. After the SS 316L 
sample had been cut, a sanding process was carried out 
to smooth the surfaces and produce uniform quality on 
the surfaces of the specimen. Sanding is performed by 
using sandpaper with a mesh of 500, 800, and 1500 until 
the surface of the sample became even and flat. After 
sanding, polishing was carried out to smooth the surface 
of the sample using alumina powder.

 The shiny sample was then washed using distilled 
water. At the time of washing with distilled water, 
there might still be a great deal of solid particles that 
are still attached to the sample, so that it can interfere 
with the coating process later. To overcome this, further 
cleaning was carried out using an ultrasonic machine. 
The cleaning process was carried out by immersing the 
sample using a 70 % ethanol solution for 30 minutes, 
then the sample was separated from the ethanol solution, 
then cleaned with distilled water, soaked in acetone for 
another 30 minutes. After that, the sample was separated 
from the acetone solution, which was then soaked using 
a 0.2 mol NaOH solution for 1 hour in the reaction gels. 
After that, the SS 316L sample was cleaned, then the 
sample was dried with a hot stirrer at a temperature of 
50 °C for 5 minutes.
 The process of preparing the solution suspension  
was carried out by preparing natural HA, Polyvinyl 
Alcohol (PVA), and Aquades. Next, the entire com-
position of the ingredients was weighed using a Shimadzu 
Analytical Balance digital scale. The natural HA used 
Lates Calcarifer scales. The solution was then prepared 
by dissolving 2 g of PVA into 50 g of distilled water at 
a temperature of 121 °C and homogenised for 1 hour at 
a speed of 300 rpm on a magnetic stirrer. The dissolved 
PVA serves as a binder for coating the hydroxyapatite 
on the substrate. After the solution is homogeneous, the 
homogenisation was carried out for 20 hours at a speed 
of 150 rpm using a magnetic stirrer. Then, a nitric acid 
solution (HNO₃) was added to obtain a solution with a 
good pH for the coating, namely pH 4. The HA is added 
slowly with a composition of 4 g, 8 g, and 12 g according 
to the test variation.
 The specifications of the natural hydroxyapatite 
from Lates Calcarifer scales have an average particle 
size of 10 µm with a non-synthetic purity of 99 %. The 
processing was carried out by a mild processing process 
in the form of a spherical powder. Lates Calcarifer scales 
contain up to 66 % calcium and up to 33 % phosphorus. 
The particle shape is spherical as can be seen in Figure 1.

Figure 1.  SEM and EDX results from natural hydroxyapatite processed lates calcarifer scales.
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Coating SS 316L with the Dip Coating Method

 The dip coating method was carried out after the SS 
316L sample was made and the coating suspension was 
prepared. The sample is placed on a dip coating device 
which is then dyed with a constant drawing speed. The 
variations made to the withdrawal speed are 2 mm·s-1 
and 4 mm·s-1. Then, the testing process was carried out 
by varying the speed of withdrawal and the mass of the 
used hydroxyapatite. After immersion, the samples were 
dried for 24 hours at room temperature.

Sintering Process

 The SS 316L sample, which was coated with 
hydroxyapatite, is then sintered to make the layer not 
easily brittle and detachable. The sintering process 
is carried out using a vacuum furnace which aims to 
increase the bond between the natural HA layer and 
the SS 316L surface to make it strong and not easily 
separatable. A Ceramcofire S model vacuum furnace 
was used. The sintering process consists of heating to a 
temperature and holding it there so that there is an even 
temperature distribution in all parts of the sample, and 
then cooling at the furnace temperature (annealing). 
The sintering process was carried out at a temperature 
of 800 °C for 1 hour with a heating and cooling rate of 
5 °C·min-1.

Sample Characterisation

 The surface morphology of the SS 316L samples 
was studied using an Olympus SZX10 LG-PS2 stereo 
microscope and a Hitachi Horiban S-3400 Scanning 
Electron Microscope (SEM). Observations were made 
to see the microstructure of the natural hydroxyapa-
tite coating on the SS 316L samples. The thickness of 
the natural hydroxyapatite layer was controlled using  
a Sanfix GM-280 Thickness Gauge Series.

RESULTS AND DISCUSSION

Morphology of the HA Coating Result 
on the SS 316L Surface

 Based on the research that has been undertaken, the 
HA coating on the SS 316L surface were observed using 
an Olympus SZX10 LG-PS2 stereo microscope with 1× 
magnification and with SEM with 200× magnification. 
The obtained results showed that there were differences 
in the surface characteristics of the SS 316L coated with 
natural HA without a natural HA coating. The results 
of the natural HA coating on SS 316L showed a colour 
change on the surface.
 The results indicate that almost the entire SS 316L 
surface is coated with natural HA. The SS 316L material 
that is coated with natural HA has a white surface while 
the uncoated sample is dark grey. Figure 2a displays 
a sample with a withdrawal speed of 2 mm·s-1 with 4 
g of natural HA. It is shown that the natural HA has 
not covered the entire surface, so that one can still 
distinguish between the SS 316L surface and the natural 
HA. Figure 2b shows a sample with a withdrawal speed 
of 4 mm·s-1 with 4 g of natural HA. In this sample, there 
is a natural accumulation of HA at the bottom of SS 316L 
so that the natural HA that coats the surface has not been 
distributed throughout the SS 316L surface. Figure 2c 
shows a sample with a withdrawal speed of 2 mm·s-1 
with 8 g of natural HA. In the picture, the coating results 
are more evenly distributed than the previous sample 
and cover the entire SS 316L surface. Figure 2d shows 
a sample with a withdrawal speed of 4 mm·s-1 with 8 g 
of natural HA. In this section, it is almost the same as 
the previous sample, the entire surface has been evenly 
coated with natural HA, but the resulting layer is still thin 
like the previous sample. Figure 2e shows a sample with 
a withdrawal speed of 2 mm·s-1 with 12 g of natural HA. 
The coating results on this sample have been thoroughly 
and evenly distributed and cover the entire SS 316L 
surface and the formed layer is thicker than some of the 
previous samples. The last sample shown in Figure 2f is 
a sample with a withdrawal speed of 4 mm·s-1 with 12 g 
of natural HA. This section shows the coating results are 
evenly distributed over the entire SS 316L surface.
 Based on the results of the observations of the 
morphology of the natural HA layer using a stereo 
microscope with 1x magnification and SEM with 200× 
magnification, the SS 316L surface was coated with 
natural HA. This observation showed that in the sample 
immersed with 12 g of natural HA in the suspension, the 
resulting layer was thicker and spread evenly over the 
entire surface compared to that of the 4 g and 8 g of 
natural HA. The results of the above study indicate that 
good coating results are obtained at a withdrawal speed 
of 2 mm·s-1 and 12 g of natural HA. This result is also 
confirmed by the variation in the natural mass of HA in 
the suspension at a draw speed of 4 mm·s-1 where a good 
layer is also present with 12 g of natural HA.

Table 1.  Experimental Variations.

Weight of Natural HA  Withdrawal  Immersion Number
in Suspension (g) Speed (mm·s-1) Time (s) of Sample

 4 
 8 2 10 3
 12   
 4 
 8 4 10 3
 12   
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 At a withdrawal speed of 2 mm·s-1 with each 
variation of the natural HA in the suspension of 4 g, 8 g, 
and 12 g, there is still a little imperfect agglomeration 
of natural HA particles, causing cracks. However, the 
variation of the natural mass of the HA with this speed 
showed more even results than the 4 mm·s-1 withdrawal 
speed. These results indicate that the withdrawal speed 
of 2 mm·s-1 can distribute natural HA particles better 
than the speed of 4 mm·s-1. So that, in this condition, the 
difference in the results of the samples that have been 
immersed in each variation of natural HA dissolved in 
the coating suspension can be clearly seen.

The Effect of the Natural HA Mass  
in the Suspension used on the Surface Coverage 

 on the Coating Surface

 The results of the study showed that the variations 
in the natural mass of HA in the suspension layer at 
the withdrawal speed of 2 mm·s-1 and 4 mm·s-1 on the 
surface coverage of the SS 316L had an effect. The effect 
of these variations on the surface area of the HA layer on 
SS 316L can be seen in Figure 3.
 Based on the graph of the average measurement 
results above, the highest percentage of surface coverage 
is at a withdrawal speed of 2 mm·s-1 at 12 g of natural 

HA. In this variation, the SS 316L coated surface area is 
91.88 %. From the figure, there is a relationship between 
the speed of withdrawal and the surface coverage. At 
a withdrawal speed of 2 mm·s-1, the percentage of the 
coated surface area is 91.88 % with a natural mass of 12 g 
of HA. Meanwhile, at a withdrawal speed of 4 mm·s-1 
with the same natural mass of HA, the percentage of the 
coated surface area was 90.08 %. The results of this test 
were also confirmed in the conditions of 4 g and 8 g of 
natural HA which showed a percentage of surface area 

Figure 2. Observation of the morphology of HA coating on the surface of SS 316L which is influenced by variations in the speed 
of withdrawal and the weight of natural HA used by the dip coating method. SOM = Stereo Optical Microscope, SEM = Scanning 
Electron Microscope, (a) 2 mm·s-1, 4 g natural HA (b) 4 mm·s-1, 4 g natural HA (c) 2 mm·s-1, 8 g natural HA (d) 4 mm·s-1, 8 g 
natural HA (e) 2 mm·s-1, 12 g natural HA (f) 4 mm·s-1, 12 g natural HA.

Figure 3. The relationship of weight variation of natural HA in 
suspension at 2 mm·s-1 and 4 mm·s-1 withdrawal speeds to the 
coating surface coverage.
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coated with the same pattern at speeds of 2 mm·s-1 and 
4 mm·s-1. Based on the measurement results above, 
the best percentage of the surface coverage is with the 
coating process with a withdrawal speed of 2 mm·s-1. 
This happens because the lower the withdrawal speed for 
the coating, the more natural HA sticks to the SS 316L 
surface which results in the entire surface being covered 
by natural HA so that the coated area will also increase.
However, there are also differences in the percentage of 
the surface area coated on the natural mass of HA 4 g, 
8 g and 12 g. In the suspension conditions by dissolving 
4 g of natural HA, the percentage of the coated surface 
area was 90.08 % at a withdrawal speed of 4 mm·s-1. 
Meanwhile, in the natural mass of HA in which as much 
as 4 g and 8 g was dissolved, the percentage of the coated 
surface area was 75.73 % and 74.85 %, respectively, at 
the same withdrawal speed. So, based on Figure 4, the 
best percentage of the surface coverage is with the sample 
with a suspension of 12 g of the natural HA solution. In 
the results of the research [31] by coating TNTZ with 
HA using the EPD method with a voltage of 7 volts and a 
coating time of 5 minutes, the surface coverage value is  
6 9.72 % and the thickness average is 51.73 µm.

The Effect of the Natural HA Mass  
in the used Suspension on the Thickness 

of the Natural HA Layer on SS 316L

 In this study, the measurement of the coating 
thickness was carried out after the sintering process. 
The data from the measurement of the thickness of the 
hydroxyapatite layer on SS 316L on the variation of the 
natural mass of HA in the suspension used at withdrawal 
speeds of 2 mm·s-1 and 4 mm·s-1 can be seen in Figure 4.
 In the graph above, the highest natural thickness of 
HA was found in the sample with a withdrawal speed of 
2 mm·s-1 at 12 g of natural HA. The results in Figure 4 
show that the average layer thickness values are in the 
range of 114 – 182 µm. In the results of the measurement 
of the thickness of the layer, there was a decrease in the 
thickness, although not too large with the increase in the 

speed of withdrawal, while the increase in the natural 
mass of HA in the suspension resulted in a thickness 
that was directly proportional to each increase in the 
natural mass of HA. At a withdrawal speed of 2 mm·s-1, 
the thickness of the natural HA layer was 181.43 µm, 
130.19 µm, and 114.51 µm. Meanwhile, at a draw speed 
of 4 mm·s-1, the natural thickness of HA obtained was 
178.34 µm, 124.99 µm, and 113.38 µm. The reason for 
this is that the higher the withdrawal speed given, the 
contact that occurs between the SS 316L substrate and 
the suspension layer for deposition will be shorter which 
results in little natural HA sticking to the surface so that 
its thickness will decrease.
 Furthermore, in Figure 4, in the three variations of 
the mass of hydroxyapatite used to make the suspension 
layer, different thickness values are also obtained. In the 
sample that was dipped in a layer suspension with 12 g 
of natural HA, the thickness value was 181.433 µm at a 
withdrawal speed of 2 mm·s-1. While the samples with 
the natural suspension of HA dissolved in as much as 
8 g and 4 g at the same withdrawal speed had thickness 
values of 130.19 µm and 114,506 µm, respectively. 
Moreover, on coating the SS 316L sample with the 
natural suspension of HA dissolved in as much as 12 g 
at a withdrawal speed of 4 mm·s-1, a thickness value of 
178.346 µm was obtained. At the same speed, but with 
a different natural mass of HA, namely 8 g and 4 g of 
HA, the layer thickness values were 124.993 µm and 
113.383 µm. These results indicate that the sample, by 
dissolving 12 g of natural HA into the coating suspension, 
resulted in a higher layer thickness than the sample in the 
coating suspension by dissolving 4 g and 8 g of natural 
HA. This is because when more natural HA is used, the 
natural mass of HA deposited on the substrate surface 
will increase so that its thickness will increase. The layer 
thickness can affect the osteointegration of implants with 
bone tissue [36, 37].
 Based on the data from the measurement of the 
thickness of the layer above, the obtained data are in 
accordance with the parameters required for biomedical 
applications. The thickness parameter required for the 
HA layer for biomedical applications, based on the 
research that has been carried out, is in the range of 
50 – 200 µm [38].

Natural Mass Increase of HA in SS 316L

 Measurement of the mass gain in SS 316L was 
carried out before and after the sample was coated 
with natural HA. The results of the measurements 
of the increase in the natural mass of HA in SS 316L 
to the variation of the natural mass of HA used in the 
suspension can be seen in Figure 5. 
 Based on Figure 5, at a withdrawal speed of 2 mm·s-1 

by dissolving 12 g of natural HA, an increase in the 
layer mass of 74.53 mg occurs, while, at the same speed, 
but with natural variations of HA dissolved in 8 g and 
4 g of the suspension, there was also an increase in the 

Figure 4. The relationship of weight variation of natural HA in 
suspension at withdrawal speeds of 2 mm·s-1 and 4 mm·s-1 to 
the thickness of the natural HA. 
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mass, namely 15.43 mg and 3.23 mg, respectively. At  
a withdrawal speed of 4 mm·s-1 with the natural variation 
of HA dissolved in the layer suspension of 4 g, 8 g, and 
12 g, there was also an increase in mass of 2.57 mg, 
13.83 mg, and 66.4 mg, respectively. Based on the 
data above, the increase in the natural mass of HA can 
increase the mass of the 316L SS layer.

CONCLUSIONS

 The morphology of the natural HA coating on the 
SS 316L surface is influenced by the natural mass of HA 
dissolved in the coating suspension. The more natural HA 
dissolved in the suspension, the greater the percentage of 
the sample surface area coated by the natural HA. The 
natural mass of HA, as much as 12 g, at a withdrawal 
speed of 2 mm·s-1 resulted in a better and more even 
surface morphology compared to the natural mass of 
HA which was dissolved in as much as 4 g and 8 g in 
the suspension. This was confirmed in the experiments 
with a withdrawal speed of 4 mm·s-1 where the natural 
mass of HA dissolved in as much as 12 g also produced 
a good layer morphology on the surface compared to the 
4 g and 8 g of natural HA dissolved in the suspension. 
The best morphology of the natural HA coating was 
found at a withdrawal speed of 2 mm·s-1 and 12 g of 
natural HA dissolved in the coating suspension with a 
surface coverage percentage of 91.8 %. Changes in the 
mass of the hydroxyapatite dissolved in the suspension 
also cause changes in the thickness of the layer and the 
mass of the sample. The more natural HA dissolved in 
the suspension, the thickness of the layer and the mass 
of the resulting sample will increase. The layer thickness 
obtained is in the range of 114 – 182 µm. 
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