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the same proportion.

The aim of the present work is to prepare a biocompatible layer utilizing flame coating
technology, and the biocompatibility of the simulated body fluids (SBF) is examined.
Separately prepared calcium and phosphate solutions (0.2 M) were combined at
various Ca/P molar ratios (1.4, 1.5, 1.65, 1.8, and 1.9), and a nozzle-thrown flame
was used to spray the mixture at a pressure of 4 bar via the control valve. Three
centimeters away from the flame orifice, the droplets contact the flame and deposit
on the stainless steel 316 surfaces. Analytical data were obtained by the use of
Fourier-transform infrared spectroscopy (FTIR) and X-ray diffraction (XRD). The
results show that when the Ca/P ratio rose to 1.65, the peak intensity increased, and
as the ratio increased, it declined. A greater degree of crystallization and a
development in crystal size are also indicated by the width of the peaks decreasing in
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1. Introduction

Flame coating, which is used for medical implants,
melts the spray coating material using the heat
produced by the combustion of a fuel gas, often
acetylene, with oxygen. Biomaterials can be
categorized as natural or artificial, and they fall under
the ceramics, polymers, and composite materials
categories. Medical implants are commonly utilized
with biomaterials, which are thought to be the most
common technology. It was employed to safely and
acceptably replace a body part [1-3]. Biocompatible
refers to a broad class of biomaterials used when
introducing any material into the body without
triggering an immune reaction [4,5]. The biological
material is analyzed using x-ray diffraction (XRD) as
well as  Fourier-transform  infrared  (FTIR)
spectroscopy. Orthopedic implants serve a variety of
purposes, including joint and fracture stabilization,
deformity correction, and many more. It helps to reduce
discomfort and gives the bone the mechanical stability
needed to preserve bone function. Bone repair and
implants are closely related [6]. One of the earliest bio-
metallic materials used in the production of orthopedic
implants was stainless steel. When it first hit the market
in 1920, its strong corrosion resistance made it stand
out from other alloys. The 316 stainless steel is the most
widely used form of stainless steel and has been
effectively utilized for many years. Because it was
readily available and simple to handle, it was regarded
as a feasible implant [7,8]. Minerals are coated with
biocompatible materials, and because of its
biocompatible coating that resembles bone and is
biologically active, hydroxyapatite can create a strong
link between the implant and the bone. The essential
activity of hydroxyapatite, which is thought to be a
crucial factor in implant stability and lifetime in the
human body, has been examined [9-11].
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Several materials can be coated with calcium
phosphate to increase their bioactivity. Depending on
its unique bioactive qualities and bone regeneration
efficacy [12]. Researchers discovered a variety of
alloys to test for biocompatibility hydroxyapatite-
coated metal. Titanium coated with first-grade HA
performed the best when it came to possible implants
[13-15].

In this work, a system for flame coating is designed
and constructed. A calcium phosphate layer that is
biocompatible is produced by flame coating on
stainless steel 316 substrates, and the resulting layer is
examined for potential application as human-
compatible medical implants. In addition, a number of
variables (such as the ratio of the components and the
separation between the flame source and the bases)
influenced the properties of the deposited films, and the
characteristics of these films were studied.

2. Experimental Part

The materials utilized in this work are ammonium
hydroxide solution (NH4OH) from Alpha Aesar
Chemical Co., di-ammonium hydrogen phosphate
(NH4)2HPQO4 (>99% purity) from Merck Co., and
calcium nitrate (Ca (NO3)2:4H,0) (98% purity) from
Shanxi Leixin Chemical Co. The 316 stainless steel
substrates provide a smooth surface, good resistance to
corrosion, great formability, and high fabrication ease.
Steel's physical qualities include heat resistance and
high temperature resistance, while its chemical and
electrochemical corrosion resistance is the finest.

A straightforward flame coating system is created
and constructed in this study. Substrates made of
stainless steel 316 are sliced, rinsed with water, and
treated with alcohol. Separately produced, the 0.2 M
calcium and phosphate solutions are combined at
various Ca/P molar ratios (1.4, 1.5, 1.65, 1.8, and 1.9),
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and a nozzle-thrown flame is used to spray the mixture
at a pressure of 5 bar via the control valve. As seen in
Fig. (1), the droplets interact with the flame and land on
the stainless steel substrates three centimeters from the
flame opening. Table (1) displays the molar and weight
ratios for each of the five samples.

Air compressure

Spray flame ]
Precursors {

solution b

Substrate

Spray nozie

" Drain
Air flow

controoler

Fig. (1) Scheme of the flame coating setup

Table (1) Molar and weight ratios for the samples

CalP Molar Ratio (x) Weight in 20 ml D.W (g)
Ca(NO3)2:4H20 | (NH4):HPOs | Ca(NOs)2:4H20 | (NHs)2HPO4
14 0.5833 0.4167 1.3773 0.5503
1.5 0.6000 0.4000 1.4166 0.5282
1.65 0.6226 0.3774 1.4701 0.4983
1.8 0.6429 0.3571 1.5178 0.4716
1.9 0.6552 0.3448 1.5469 0.4554

As seen in Fig. (2), the best deposited film occurs at
a distance of 3 cm; at 2 cm, no film forms. The
deposited distances are 2, 3, 4, 5, and 6 cm from the

flame opening.
'— ! :w l l
2cm 3cm S5em 6 cm

Fig. (2) Image of the samples prepared in this work

3. Results and Discussion

On a stainless steel substrate, the biocompatible
layers made via flame coating were applied in various
calcium phosphate ratios. A Shimadzu XRD 6000 X-
ray diffractometer was used to characterize the films
with a Cu (Ka) radiation source (wavelength of
1.5405A) and scanning speed of 5.00 deg/min. The
FTIR analysis of the layer's chemical band was
conducted using a ThermoScientific Nicolet N10 FTIR
spectrometer.

Calcium and phosphate solutions that were
prepared separately and at different molar ratios of
Ca/P (1.4, 1.5, 1.65, 1.8, and 1.9) were mixed together.
The deposited layers were formed on the substrate 3 cm
away from the flame entrance. The XRD patterns of the
deposited layers are shown in Fig. (3). Each sample
showed a polycrystalline tetragonal structure of
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calcium diphosphate in beta phase that was consistent
with the standard JCPDS card 96-100-1557. A number
of peaks that corresponded to the lattice planes (114),
(211), (124), (215), (029), (02 11), (309), (236), (11
14), and (30 12) emerged at diffraction angles 26 =
24.2633°, 30.2369°, 33.2718°, 35.5600°, 43.1473°,
49.4099°, 53.5046°, 54.1068°, 57.0213°, and 62.5853°.
due to variations in lattice strain or crystalline size. This
causes slight changes in the peak positions caused by
lattice strain [16].

The direction of (215) was the preferred
orientation; also, the peak intensity increased with a
1.65 Ca/P ratio and decreased with an increase in ratio
due to the decreasing film thicknesses. On the other
hand, the widest point and maximum expansion in
crystallite size are reached when the ratio between the
peaks declines.
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Fig. (3) XRD patterns of calcium phosphate layers deposited with
different Ca/P ratios

Using the two peaks of directions (215) and (3012),
the lattice constants (a) and (c) for the calcium
phosphate tetragonal structure are computed using the

following equations [17]
2 2 52
D @

Then by substituting

in2

%z% from the Bragg’s
law can written as
sin?0p, = A(R* + k%) + CI? 2
where A = 12/4a?,C = 2% /4c?
sin?(35.60) = 54 + 25C (3a)
sin?(62.58) = 94 + 144C (3b)

Solving the two equations (3a,b) for the two
selected lines can measure the lattice constants as
shown in table (2).

Table (2) Lattice constants for calcium phosphate layers
deposited at different Ca/P ratios

CalP a(A) c(A)
14 6.6425 24,0578
1.5 6.6309 24.0422
1.65 6.6155 24.0229
1.8 6.6653 24,0258
1.9 6.6745 242458
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The identification of bonds depends on the
preparation conditions; however, as can be observed for
different Ca/P ratios in Fig. (4), the bond values are
very constant throughout all samples, even with these
fluctuations. There are two bands identified in the
phosphate group; the first has three peaks (1082.69,
1019.29, and 903.03 cm), while the second has
(579.65, 539.49, and 471.86 cm™) bands. These bands
indicate the calcium-phosphate structure [18]. The
analyses confirmed that the samples included carbonate
ions, as evidenced by bands that appeared at 1412.42,
1082.69, and 805.81 cm. The use of combustible gas
during the deposition process causes these bands.
Moreover, OH bands centered at 3400, 1640.69, and
645.17 cm, which are ascribed to the adsorbed water
molecules, were observed on the sample surface.

co,?
PO,

Co,?

OH
PO,

Transmission
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Fig. (4) FTIR spectra of calcium phosphate layers deposited with
different Ca/P ratios

Table (3) Vibrational bands for the prepared samples at various

Ca/P ratios
CalP ratio
RS == 15 165 18 19
O-H | 163857 | 1640.69 | 164069 | 164069 | 1640.69
Cows | 186248 | 156460 | 155826 | 165826 | 156671
141453 | 141664 | 141242 | 141453 | 141453
107635 | - | 108269 | 107424 | 108269
PO | 102140 | 102140 | 1023.29 | 102140 | 102140
92417 | 92840 | 93503 | - | 9247
COw2 | 81004 | 80581 | 80581 | 80369 | 80581
OH | 64729 | 64307 | 64517 | 643.06 | 649.40
- | 50234 | 57965 | - | 56063
PO | 53346 | 52682 | 53949 | 52470 | 524.70
46341 | 47186 | 48454 | 476.09

All samples appear to have a high carbonate content
based on the high intensity of the carbonate bands in
comparison to the phosphate bands. The phosphate
peaks of the Ca/P = 1.65 ratio are the best when
compared to other samples of the ratios (1.4, 1.5, 1.8,
and 1.9). The maximum levels of phosphate were
observed in the two center peaks at a ratio of 1.65 and
the behavior of bond energy and peak intensity is
comparable. In bone tissue, hydroxyapatite is present
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together with other trace minerals. It contains organic
components that form the matrix of bone tissues as well
as collagen, which is detectable in the FTIR spectrum.
The infrared spectra bands for each of the five samples
at various Ca/P ratios are displayed in table (3) [18].
Table (3) shows the vibrational bands of calcium
phosphate layers deposited at different Ca/P ratios
according to the FTIR results.

The simulated body fluid (SBF) method was
employed to assess the deposited layers'
biocompatibility. The elements listed in table (4) make
up the SBF. To track the development of the
hydroxyapatite layer on the substrates, the pH of the
SBF liquid is measured during the immersion period of
21 days and controlled at 7.4 pH and 36.5 °C. It has
been common practice to utilize a SBF with ion
concentrations roughly equivalent to those of human
blood plasma for the creation of bone-like apatite on a
variety of substrates and for the in vitro evaluation of
the bioactivity of artificial materials. However, blood
plasma's ion concentrations and those of a conventional
SBF are not exactly similar [20].

Table (4) SBF components [21]

Reagents giL
NaCl 8.3
NaHCO; 0.35
KCl 0.22
K2HP4.3H20 0.23
MgCl2.6H.0 0.31
CaCl; 0.29
Na;SO4 0.07

4. Conclusion

One easy and inexpensive method of creating the
hydroxyapatite layers is by flame coating. Stainless
steel 316 substrates are suitable for deposition
processes. The SBF method as an in vitro predictor of
a material's propensity to form bone bonds. The XRD
test produced distinct calcium and phosphorus ratios,
which indicated the biocompatibility of the material.
Particularly the sample created with a ratio of 1.65, all
samples displayed polycrystalline dicalcium phosphate
for the first coating and extra peaks corresponding to
the hydroxyapatite phase. Therefore this sample could
be used in implants to speed up the growth of bone.
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