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RF sputtering method was used for deposition 70wt% CeO2/TCP thin film
on stainless steel 316L surface. The selection of ceria and tricalcium
phosphate is according to the fact the importance of these materials in
biomedical media. The produced coating was characterized by XRD,
FESEM/EDS and AFM analysis, the result revealed that the obtained
peaks from XRD refer to the deposited materials. When substitution of Ce
was done, distorting of the lattice structure can occur suggesting certain
incorporation of the cerium oxide within TCP lattice. Also, from SEM
investigation uniformly homogeneous surface as a layer of (CeO2 + CaO)
and TCP as sharp plate-like crystals. EDS analysis of coating confirms the
presence of Ce, Ca, O and P elements, thickness was determined at 130.7
nm. The soaking in Simulation body fluid indicated the formation of layers
like hydroxyapatite, which investigated by XRD and FESEM/EDS
methods.
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1. INTRODUCTION
Sputtering techniques have been widely used as a coating method during the last decade, as the
DC and RF sputtering method in their two design; balanced and unbalanced magnetron in industrial
applications such as thin films for decoration purposes, hard films to reduce wear and friction and
increase corrosion resistance, and thin films used as a protective optical system, in addition to
applications in the electronic industry. In addition to the effect of the deposition parameters (substrate
temperature, working pressure, density power utilized to the target), the application in the research
field involves the interaction between the charged ions and the surface of the target material, the
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adherence between the substrate and the deposited particle and chemical reactions above the
substrate. The surface of titanium substrates was modified as mentioned in many studies by using a
TCP coating by using a radio frequency magnetron (RF) sputtering as coating method and with
different powers ranging from 75 to 150 W [1], for hard-tissue implant applications onto Ti-6Al-4V
substrates using RF magnetron sputtering [2, 3], and deposition of CaP by RF magnetron sputtering
onto 316L SS [4-6]. Also, studies that included the deposition of CaP coating, whose thickness
ranges between 0.1 to 2.7 μm on the implant that are used as biomaterials, and the results of these
coatings were homogeneous, uniform and dense without defects visible on the deposited layer [7].
Rare earth metals have advantages, especially (Ce) in bio application due to low toxicity to improve
the corrosion resistance, hot workability and mechanical properties of stainless steels. There are
many studies related to coating by CeO2 [8-16]. Therefore, we suggested depositing cerium
oxide/TCP coating on SS 316L to investigate the role of the suggested produced coating for bio
applications by the RF sputtering method due to the advantages of this method.

2. EXPERIMENTAL PART
I. Sample Preparation
Stainless steel 316 L specimens were used as a substrate to apply the coating of CeO2/TCP, the
chemical composition of these specimens is (wt%: 0.022 C, 0.407 Si, 1.43 Mn, 0.031 P, 0.004 S,
16.98 Cr, 2.00 Mo, 11.73 Ni, 0.234 Cu and Fe remains) obtained by Bruker advanced X-ray solution
D8-advance. The specimens were cut a square shape with a dimension of 2  2 cm and then grained
with SiC paper (600, 800, 1000, and 1200 grit size) after that they were polished with alumina paste.
The substrates were ultrasonically cleaned in a diluted acetone bath for 25 min, then distilled water is
used as a rinse to ensure the surface of the substrate is free of acetone alcohol residue and other
impurities.
II. Coating Process
Cerium substituted TCP thin film was deposited on SS 316L substrate by RF magnetron
sputtering at 150 oC (Model No. CRC 600, Serial No. MST-CRC-102510-ND2-MS as shown in
Figure 1). 70 wt% CeO2/30 wt% TCP target was prepared using commercially available CeO2
powder (E. Merck. Darmstadt, 99.99 %) and TCP (HIMEDIA, 99.99 %). A pellet of 50 mm diameter
and 5 mm thickness was prepared from compacting the powders in a stainless-steel pelletizer under 5
tones as pressure by a hydraulic press, and then this pellet was charged to a furnace for sintering at
1100 oC for 3 hrs.
All experiments were carried out under Ar gas to generate plasma in the sputtering chamber with
pressure (310-4 mbar), gas flow rate (5 sccm), deposition time (30 min), RF power (150W) and
temperature of the substrate (150 oC).

Figure 1: RF Magnetron sputtering system.

III. Characterization Methods
The characterization of thin films was done by XRD with CuKa radiation (k = 1.5418 A˚),
FESEM/EDS analysis (FEI QUANTA 250, Czech Republic) and AFM (SPM 600, Agilent
Technologies).
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3. RESULTS AND DISCUSSION
I. Characterization
Figure 2 shows the XRD analysis of SS 316 L substrate, this analysis indicates the diffraction
peaks related to the crystalline phase of stainless steel 316 L according to (JCPDS card No. 33-0397).
The incorporation was done by adding 70wt% cerium oxide to TCP. The XRD analysis of the
CeO2/TCP coated SS 316 L sample indicates clearly the 2θ value at ≈38.2 which is attributed to
calcium oxide according to (JCPDS card No. 09-0169). In addition, cerium oxide leads to appear new
intensity at 2θ ≈ 28.17, this is an indication of the presence of CeO2 according to (JCPDS card No.
43-1002).
In this XRD pattern, it can be noticed significantly the overlapping of the obtained peaks. When
substitution of Ce was done, distorting of the lattice structure can occur suggesting certain
incorporation of the cerium oxide within TCP lattice. As a result of the large incorporation of cerium
oxide into the appetite network [17, 18], a slight shift was observed; resulting in peaks recorded at a
lower degree, the reason for this behavior is the effect of substitutions that change the crystal
structure [19].

Figure 2: XRD of uncoated and coated SS 316L.

Figure 3 indicates the FESEM/EDS of the polished SS 316L surface with little atmospheric
corrosion. Also, this image shows a characteristic inclusion observed on the surface. EDS analysis
shows the main elements in SS 316L (Fe, Cr and Ni) in addition to oxygen obtained from the iron
oxide layer due to the little atmospheric corrosion. The addition of CeO2 (70 wt%) to TCP led to give
more uniformly homogeneous surface (Figure 4) as a layer of (CeO2 + CaO) and TCP as sharp plate
like crystals. EDS analysis of coating confirms the presence of Ce, Ca, O and P elements.

Figure 3: FESEM/EDS of SS 316L substrate

Figure 4: FESEM/EDS of 70% CeO2/TCP coated SS 316 L.
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The cross-section of the coated layer was investigated by FESEM to know the thickness as
shown in Figure 5 which was 130.7 nm.
EDS mapping of SS 316L is shown in Figure 6, while the coating is shown in Figure 7 revealing
the elemental distribution of the metal ions. For SS 316L surface, it is clear the distribution of the
main elements in the substrate (Fe, Ni and Cr). For the CeO2/TCP coated specimen, can be seen the
presence of calcium (Ca), oxygen (O), cerium (Ce) and phosphor (P).
AFM images give an indication of the topography of coated surfaces. 2D and 3D images for SS
316L surface as shown in Figure 8 indicate a smooth surface with very little roughness (1.4 nm) due
to little atmospheric corrosion and with a low summit (7.42). A rougher surface (1.69 nm) and higher
summit (14.27 nm) can be observed for 70%CeO2/TCP coated surface (Figure 9).

Figure 5: Cross-section of the coated specimen

Figure 6: EDS mapping for SS 316L.

Figure 7: EDS mapping of 70% CeO2/TCP coated SS 316 L
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Figure 8: AFM images SS 316 L.

Figure 9: AFM images of 70% CeO2/TCP coated SS 316 L.

II. Formation of Hydroxyapatite Layer
The immersion in simulated body fluid (SBF) for 14 days suggests the formation of layer like
hydroxyapatite. The formed layer was examined by XRD and FESEM/EDS techniques. The XRD
analysis is shown in Figure 10 which indicates the peaks of stainless steel and considered the peaks at
intensity equal 100% for Ca3(PO4)2 at 2θ of 34.128 and for CeO2 at 2θ 28.5 and for Ca3Ce (PO4)3 at
2θ of 28.354. In addition to observing the peaks of hydroxyapatite at 2θ of 32.054 (100), 25.879 (40),
46.788 (20) and 49.496 (20) according to (JCPDS card No. 01-1008). FESEM/EDS analysis was
done for some specimens that showed the presence of a new phase.
Figure 11 indicates FESEM/EDS images for a coated specimen which shows the growth of
hydroxyapatite on the material after it was soaked in SBF for 14 days [20], also it can be seen that
hydroxyapatite crystals form spherical shapes (cauliflower morphology) with particle size ranged
from 57.69 to 83.74 nm. The EDS analysis confirms the incorporation of cerium within the formed
hydroxyapatite layer on the substrate.

Figure 10: XRD of coated specimens before and after immersion in SBF

Figure 11: FESEM/EDS of coated specimens after immersion in SBF.
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III. Biological Properties
Figure 12 shows the biocompatibility test for Ce substitution TCP coating. This figure
indicates the good biocompatibility of Ce/TCP coating after 24, 48 and 72 hrs of incubation, the
material’s surface was completely covered by cell layer, and the coverage increases with increasing
the incubation time.

Figure 12: Biocompatibility Ce/TCP deposited on SS 316L.

The antibacterial result is shown in Figure 13, which reveals that the antibacterial responsibility
for Ce/TCP coating is more than for uncoated SS 316L, the reason may be the incorporation of
mineral cerium which plays a vital role in enhancing the antibacterial activity.

Figure 13: Antibacterial test for uncoated and coated SS 316L

4. CONCLUSION
The doping by ceria for tricalcium phosphate as a thin film was successful by RF sputtering
technique through preparing target of 70 wt% CeO2 – 30 wt% β-TCP by applying 150W and the
substrate was kept at 150 oC. The characterization techniques confirmed this doping, in addition, to
improve the incorporation of the implant with tissue through the formation of hydroxyapatite layer
after immersion in SBF for 14 days and then investigate the formed layer by XRD and FESEM/EDS
methods.
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