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Abstract

Despite significant and effective progress in metallic orthopaedic applications and bone replacement, there are
still challenges and issues. The performance of composite materials in biological devices is heavily influenced by
coating processes. Coating composite materials for biomedical purposes is a critical step in increasing their
characteristics. Bio coating layers were prepared by pulsed EPD 316L SS substrate using Nano hydroxyapatite
powder in chitosan. Hydroxyapatite-chitosan (HAP-CS) was coated on 316L stainless steel utilizing a pulsed
electrophoretic deposition (PEPD) process at a constant voltage (30 V) and frequency (50 Hz). X-ray diffraction
spectroscopy (XRD), micro roughness testing, and scanning electron microscopy (SEM) were used to examine
the deposited coatings, and the Zeta potential for suspensions was computed. The characterisation of the chitosan

— hydroxyapatite coating on 316L stainless steel was investigated in this work.
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1.Introduction

The demand for bone replacement has grown in
both young and, old individuals in recent years.
Damaged tissues in the human body have the ability
to self - reconstruct after any harm. When a damaged
tissue or bone is too large to repair, the bone as well
as the function of surrounding tissues, are lost. In
such case, innovative, alternative materials for bone
reconstruction may be utilized [1,2]. Electrophoretic
deposition (EPD) is flexible method for treating
colloidal suspensions of particulate materials. It has
been applied to a wide range of applications,
including thin film manufacturing, multi-layered
composites, mechanically graded materials, hybrid
materials, and micro- patterned colloidal assemblies.
The application of pulsed DC as a generic method to
monitor bubble integration and obtain bubble- free
deposits during aqueous EPD. The application of
Pulsed EFD method to control bubble incorporation
and obtain bubble-free deposits during aqueous EPD.
Hydroxyapatite (HAP) has been employed as a
coveringfor metallic body implants because of its
biocompatibility, bioactivity, and closeness to the
chemical structure of the inorganic component of
bone tissue. One of the most promising technologies
for generating coatings is electrophoretic deposition.
This method is very easy and adaptable, and it may

be used to coat any complex formed product in a
consistent manner. Chitosan has a wide range of uses
in biomedical research, it has also been employed as
a coating material for surface change of orthopaedic
implants because of its physicochemical features and
similarity to the extracellular matrix of bone and
cartilage. Biocompatibility, non-toxicity,
biodegradability, antibacterial activity, and chemical
tolerance are just a few of the qualities[3,4]. To
begin with, it consists of suspension-related
parameters. EPD- specific parameters including
coating time, duty duration, and hydroxyapatite
concentration at a constant applied voltage (30V)
and frequency (50Hz). The aim of this research is to
study the effect coating of HAP/CS on the 316L SS
by PEFD to improve biocompatibility of the
surface[5,6].

2.Experimental materials and methods

2.1 Materials used

The 316L SS alloys are used as the study
substrate, hydroxyapatite (HAP) that Nano powder
with the formula Ca5(OH)(PO4)3 (primary particle
size of 40 nm) was utilized to deposit a coating layer
on 316L SS and purity (96%), melting temperature
1100 C, and molecular weight 502.31g/mol. Chitosan
(CS) was used as a binder with HAP powder, having
the formula (C8H1305N) n. The suspension
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preparation was ethanol absolute (purity 99.9%), the
formula (C2H50H). In this research, acetic acid with
the formula CH3COOH with and purity 99.7%.

2.2 Preparation of substrate

The processes are utilized to make 316L SS samples
with a uniform surface that are 1.5 cm * 1.5 cm * 0.1
cm in size. Flat specimens are used as final
specimens. To polish sample surfaces to a consistent
finish, more silicon sheets (400, 500, and 600 grit) are
needed than carbide (SiC) sheets. To eliminate
pollutants, polished surfaces are washed with water,
cleaned with methanol, rinsed with deionized water,
and finally dried with air [7].

2.3 Preparation of suspension

The preparation of aqueous suspensions is an
important step in the pulsed electrophoretic deposition
(PEPD) experiment. In a 100 mL glass beaker,
dissolve 0.05¢g/100 mL of CS in 1 mL of acetic acid
After that, the glass beaker was filled with a mixture
of 79% ethanol and 20% deionized water. After 15
minutes of magnetic stirring , Nano powders of
various concentrations ranging from 0.15g/100 mL to
0.69/100 mL HAP) were added, the four Nano
hydroxyapatite suspensions used in the study are
shown in figure (3.2).

Finally, to break up weak agglomerates and
disperse the particles in the suspension, sonication in
an ultrasonic bath (for 20 min) is utilized [4,5]. The
pH meter with acetic acid was used to modify the pH
range of the suspensions at (4.5- 5).

2.4 EPD technique

In pulsed electrophoretic deposition 316L SS was

used as counter electrodes (anode) and working
electrodes (cathode). Before deposition the cathode
and anodic electrodes were washed in ethanol and
dried, which a success by immersing them in a 100 ml
beaker filled with solution. The electrode spacing was
kept stable at 10 mm in the EPD cell and only 1.8 cm?
of substrate was exposed to deposition.
The deposited samples were deleted from the bath
after the deposition operation and dried overnight in
an air surroundings by varying the deposition period
(from 10 to 20 min) and providing constant voltage.
The system of pulsed EPD was explained in the figure
1.

Fig.1. The system of pulsed EPD
3. Specimens Grouping

The specimens that were coated with various
compositions of HAP/CS coat materials. In this part
was clarified the coating specimen groups for
HAP/CS coat materials of varied compositions on
316L SS as a substrate.

Table 1: .Coating specimen groups for HAP/CS coat materials of numerous compositions on the 316L SS at 30 V

Group A 316L SS ( Frequency=50 Hz)

Group B 316L SS ( Frequency=300 Hz)

Samples
Time of Time of
sl coed B 28
T(min) ’ T( min)

S1 0.15 10 25 S37 0.15 10 25
S2 0.30 10 25 S38 0.3 10 25
S3 0.45 10 25 S39 0.45 10 25
S4 0.6 10 25 S40 0.6 10 25
S5 0.15 10 50 S41 0.15 10 50
S6 0.3 10 50 S42 0.3 10 50
S7 0.45 10 50 S43 0.45 10 50
Al S8 0.6 10 50 Bl S44 0.6 10 50
S9 0.15 10 75 S45 0.15 10 75
S10 0.3 10 75 546 0.3 10 75
S11 0.45 10 75 S47 0.45 10 75
S12 0.6 10 75 S48 0.6 10 75
S13 0.15 15 25 S49 0.15 15 25
S14 0.3 15 25 S50 0.3 15 25
S15 0.45 15 25 S51 0.45 15 25
S16 0.6 15 25 S52 0.6 15 25
A2 S17 0.15 15 50 B2 S53 0.15 15 50
S18 0.3 15 50 S54 0.3 15 50
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S19 0.45 15 50 S55 0.45 15 50
S20 0.6 15 50 S56 0.6 15 50
S21 0.15 15 75 S57 0.15 15 75
S22 0.3 15 75 S58 0.3 15 75
S23 0.45 15 75 S59 0.45 15 75
S24 0.6 15 75 S60 0.6 15 75
S25 0.15 20 25 S61 0.15 20 25
S26 0.3 20 25 S62 0.3 20 25
S27 0.45 20 25 S63 0.45 20 25
S28 0.6 20 25 S64 0.6 20 25
S29 0.15 20 50 S65 0.15 20 50
S30 0.3 20 50 S66 0.3 20 50
S31 0.45 20 50 S67 0.45 20 50
A3 S32 0.6 20 50 B3 S68 0.6 20 50
S33 0.15 20 75 S69 0.15 20 75
S34 0.3 20 75 S70 0.3 20 75
S35 0.45 20 75 S71 0.45 20 75
S36 0.6 20 75 S72 0.6 20 75

4.Characterization of samples

4.1 Zeta potential The stability of the suspensions
and the homogeneity of the coatings were inspected
by zeta potential.

This experiment was carried out at Baghdad
University of Technology's Nanotechnology and
Advanced Materials Research Centre. Model: Zeta
Plus Signal Processing: Electrophoretic  Light
Scattering, ELS Precision: + 3%, depending on salt
concentration Standard Laser: 35 mW red diode
laser, nominal 640 nm wavelength. The four
suspension concentrations  were  employed
(0.15,0.3,0.45,0.6) g/100 mL[8,9].

4.2 X-ray diffraction (XRD)

X-ray diffraction apparatus (XRD) (XRD-6000,
NF type) with Cu target (K1 of 1.54060) Model: X R
D-6000 X- Ray Tube: Cu, NF type) with Cu target,
X-Ray leakage is less than 2.5Sv/h. The peaks were
then compared to the standards peaks for each
substance using JCPDS cards (joint committee on
powder diffraction standards). Scherer formula was
used to determine the crystallite size (particle size) of
the HAP powder and HAP/CS composite coating
[10,11].

4.3 Scanning Electron Microscopy and Energy

Dispersive X-Ray Spectroscopy (EDX).

Field Emission  Scanning  Electron
Microscopes (FESEM) are scientific devices that
utilize a high-energy electron beam to analyze things
at a very fine scale and image features as tiny as 10
nm. Scanning electron microscopy (SEM) combines
high-resolution imaging with element analysis,
making it a useful tool. This inspection may provide
information regarding topography (characterizing an
object's surface properties and identifying the natural
of the fracture process) morphology and the fracture
process (the form and size of the object's
particles).The distribution of elements in the coatings
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layer was also detected using an Energy Dispersive
X-ray Spectrometry (EDX) detector. EDX was
utilized to determine the atomic proportion of
elements. This test was carried out in the Islamic
Republic of Iran using Mira3 TESCAN equipment.

4.4 Vickers micro hardness Test

The micro hardness test consider as one of the
important mechanical testing for materials. The
surface hardness of the composite coating was
checked at the University of Technology's Materials
Engineering Department using (Time Group INC
Beijing) equipment by applying a load (9.8N) and
holding it for 45 % for coated samples. Three values
were recorded for the amount of indentation that was
putted amorphous a square based pyramid diamond
indenter. The Vickers micro hardness test was used
to calculate out the hardness of 316L SS substrates.
Micro hardness tester by Vickers (Digital Micro
Vickers Hardness Tester model TH-714).

5.Characterization of the basic materials and

coated samples

5.1 Zeta potential

Zeta potential measurements were performed to
better understand the suspension stability and
deposition process. At different hydroxyapatite
concentrations (0.3, 0.45, and 0.6) g/100 mL HAP,
the zeta potentials of suspensions containing
HAP/CS were (9.39, 27.13, and 18.74) mV,
respectively. Suspension zeta potential values were
found to be positive. This shows that the HAP
nanoparticles are deposited than cathode, yet the
HAP/CS composite has a negative value (0.15g/ 100
mL)-13.43 mV. Furthermore, suspensions containing
(0.3, 0.45, and 0.6) g/100 mL HAP had high mobility
values of (0.18, 2.08, and 0.37) m?/s. V.

while suspensions containing 0.159/100 mL had
mobility value of (-0.26 m2/s. V), it was discovered
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that using the hydroxyapatite concentration (0.45
g/100 mL), the zeta potential and value mobility are
maximum (27.13 mV and 2.08 cm?V.s,
respectively), resulting in a very stable suspension
that would boost the deposition rate throughout the
EPD process.

The generated (H+) ions may absorb on the surface
of CS and HAP nanoparticles, increasing the positive
surface charge and, as a consequence, the zeta
potential of the HAP/CS particles.

As a result, charged colloidal particles in suspension
would have superior electrostatic stability, with a
higher electrostatic charge on the particles resulting
in a faster deposition rate.

Furthermore, raising the concentration of
hydroxyapatite (0.15¢9/100 mL) increased the ionic
strength of the suspension and reduced the thickness
of the double layer, reducing the particles zeta
potential and decreasing suspension stability. In
addition, this solution had a pH of 4.5.

The pH of the suspension may be adjusted to control
particle agglomeration and suspension stability. A
pH of (3.5 - 4.5) has been shown to enhance particle
surface electrostatic charge and deposition rate,
resulting in a higher deposit density[12-15].

5.2 XRD of hydroxyapatite powder

The XRD patterns for HAP powder at (002)
(211), (300), (310), and (213) were the values for the

HAP peaks determined to be at 25.9289°, 32.0837°,
33.0398¢, 40°, and 49°.

It had been given to (JCPDS 09-0432) for pure HAP.
The reduction in crystallite size is primarily
responsible for the widening of XRD peaks,
demonstrating the powder's the Nano crystal line
nature. In the neutral state, stoichiometric HAP is
stable.

Intensity (cps)

20 ( degree)

Fig. 2.The XRD pattern of HAP

All  of the diffraction lines for
stoichiometric HAP were compatible with JCPDS
file No. 9-432. The average crystallite size of regular
HAP powder is approximately 16.8 nm, as indicated
in table (2). As it can be seen from the above table
(4.3) that the average crystallite size is about 16.8
nm, which is demonstrates the approximate particle
size of the used HAP.

Table 2:The top three the Nano HAP peaks have different crystallite sizes.

D =09A/FWHM
Peak 20 Cos 0 FWHM (degree) A (A°) Cos 0
(nm)
1 32.08 0.961 1.091 1.5406 13.2
2 33.03 0.958 0.773 1.5406 18.7
3 25.92 0.974 0.762 1.5406 18.6

D average = 16.8 nm

Using the analytical methodology outlined in peaks; and picture 3 depicts the XRD of the as received
reference, lattice parameters crystalline planes standard 316L SS.

HAP were obtained. All diffraction peaks identical
with (JCPDS card the No 09-432) peaks standard
HAP, the diffraction pattern of HAP powder explain in
the figure (2).

5.3 XRD of substrate material (316L SS)

The XRD method was utilized to identify phases in
S316L SS, including Nano hydroxyapatite and HAP
coated, prior to coating. JCPDS file numbers 33-0397
match the austenite diffraction lines. In the diffraction
planes (111), (200), and (300), austenite peaks may be
detected (220). Table 4.4 demonstrates that the average
crystallite size of S316L SS is around 25 nm; table 3
explains the crystallite size of the top three S316L SS

Egypt. J. Chem. 65, No. SI:13B (2022)
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Fig. 3.XRD of as received 316L SS.
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Table 3: Crystallite size highest three peeks S316L SS.

Crystal size(D) nm :
sample 20 FWHM D= 0.9 4 FWHLM Average crystal size (nm)
(degree)
Coso
43.7107 0.630 23.7
50.73 0.731 21 25.07
S316L 74.62 0.572 30.5

5.4 XRD Characterization of HAP/CS coating layer by
Pulsed EPD

Table 4 depicts the X-ray diffraction patterns of
a composite deposit for samples S30, S31, and S32 in
group A3 as a function of hydroxyapatite content. At a
frequency of 50 Hz, a deposition duration of 20
minutes, and a duty cycle of 50%, the S316L SS was
coated with different concentrations of hydroxyapatite
(0.30, 0.45, and 0.60) g/100 mL. The XRD study of the
coating reveals a high degree of crystalline with no
change in crystal structure. Furthermore, because there
is no contact between the coating particles. Figure 4
was showed XRD of samples S30, S3land S32 as
different of concentration HAP( 0.30,0.45 and 0.6)

9/100 mL respectively, time of deposition 20 min, duty
cycle 50%, at frequency 50 Hz [16-18].

14000

12000

(002) HAp
@it
(1M1)s36L|
(200) SHEL
(20)SHGL|
73
¥}
s}

10000

Intersity (cps)

2000

J“‘_’_Jk 531
—
530
W_M_J\_Jgjkig
2000
Aa received ( §316L)
0 o

20 40 60 80

6000

4000

20 (degree)

Fig.4 The XRD of samples S30, S31 and S32 as
different of concentration HAP ( 0.30, 0.45 and 0.6)
9/100 mL respectively ,time of deposition 20 min, duty
cycle 50%, at frequency 50 Hz.

Table 4:XRD diffraction peaks and crystal size calculation of S316L SS and time of deposition 20 min, at
frequency 50 Hz.

2theta FWHM Crystal size(D) Average crystal size
Sample degree (degree) : nm (nm)
D =0.9 M/ BCos6
S316L peaks
S30 43.82 0.600 100 24.8 25.7
50.83 0.643 37 23.8
74.70 0.609 29 28.6
S31 43.77 0.615 100 24.2 24.7
50.79 0.712 36 215
74.67 0.612 24 28.4
S32 43.72 0.648 100 23 24.2
50.733 0.719 38 213
74.65 0.610 26 28.5
HAP peaks
S30 32.30 1.066 5 135 13
S31 32.22 0.9600 8 15 18.7
33.23 0.6400 5 225
S32 32.20 0.979 9 14.7 20.8
33.03 0.673 5 214
26.05 0.539 4 26.3

5.5 Micro roughness characterization of HAP/CS
coating layers on S316 L SS by EPD

The micro roughness of the HAP/CS coating
layer generated on S316L SS as a function of HAP
concentration values is shown in Figure 5 (a, b).
Figure 5 (a) shows that when HAP concentrations
increase, the micro roughness of the HAP/CS coated
layer increases due to porosity and large grain
formation. However, a higher micro roughness value
is obtained at deposition pulse frequency (50) Hz than
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at pulse frequency (300) Hz, which is associated to the
creation of a considerable porosity density.
Furthermore, with increasing HAP concentrations at
50 Hz and extended deposition time, figure 5 (b)
shows random increases and decreases in the micro
roughness of the HAP/CS coated layer. This
demonstrates that as coating thickness grows, the
porosity of the coating increases, resulting in a
uniform distribution of HAP as well as a thick coating
layer that seems to be broken due to the high HAP/CS
particle concentration.
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Fig. 5. Micro roughness of HAP/CS coating layer (a)
T=10 min, (b) T=15 min
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5.6 Field emission scanning electron microscopy (FE-

SEM) and energy dispersive X-Ray spectroscopy
(EDX) of HAP/CS coating layers on S316 L SS by
pulsed EPD.

In group (B) studies, figures 6 and 7, FE-
SEM npictures of 0.6 ¢/100 mL HAP/composite
coatings layers placed on the S316L SS substrate at
varying deposition durations (10, 15, and 20) min with
a pulse frequency of 300 HZ and a duty cycle of 75%
are presented (a, b, and c). Sample S48's
microstructure was not well packed, resulting in an
aggregation of nonhomogeneous particle distribution
seen in the coating. Because of the high pulse
frequency and extended deposition duration, it creates
a high porosity structure as well as coating
breakdown, resulting in nonhomogeneous coatings.
This result is shown in the diagram (6.2). At F 300 Hz,
Figure 6.b shows a broken aggregate structure with a
nonhomogeneous particle distribution. The use of high
frequency values throughout the EPD process resulted
in a considerable increase in coating porosity and a
greater likelihood of fracture formation. Furthermore,
coarse particles will be deposited, increasing the
coating's roughness and increasing the likelihood of
breaking in the thick layer. In the figure (6.c) for the
sample S72.Finally, if the EPD frequency is high, the
nanoparticles travel quickly toward the charge
electrode on the other side, where they not have
enough time to settle into a suitable position to
produce a homogeneous coating [19-24].
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(c)

Fig. 6. FE-SEM images of 0.6¢/100 mL HAP/CS on
S316L deposited at different time (a) 10min for
S48, (b) 15 min for S60 and ( ¢) 20 min for S72, at
constant (F 300 Hz, D =75%).

6. Conclusion

On 316LSS substrates, the pulsed electrophoretic
deposition method was effectively used to produce a
HAP/CS coat. The higher zeta potential value of
27.13 mV with mobility of 2.08 cm?V.s for
concentration of hydroxyapatite 0.45¢/100mL. The
XRD for the substrate 316L SS and hydroxyapatite
powder was measured in this study to obtain the
diffraction pattern.
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