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Abstract:

Plasma Surface Modification (PSM) is an effective and an economical technique for many materials used in
biomedical applications. A microwave Plasma Enhanced Chemical Vapor Deposition (PECVD) system (with
2.45 GHz frequency and 540 W power) was constructed for deposition of polymer-like thin films on 304L
stainless steel and glass slide substrates using benzene and argon as precursor and carrier gas respectively. The
surface properties of the deposited films such as chemical structure, wettability and morphology were
characterized by Fourier-Transform Infrared spectroscopy (FTIR), Water Contact Angle (WCA) measurement
and Field Emission Scanning Electron Microscopy (FESEM), respectively. Profilometry was used to determine
the deposition rate. The effects of plasma deposition parameters (working pressure, deposition time and negative
voltage bias) on the deposited films properties were investigated. FTIR analysis showed that the structure of the
deposited thin film changed; in which the C=C absorption bands became more prominent on decreasing the
working pressure. A decrease in the absorption intensity for most of the stretch bands was recorded upon
applying a negative voltage bias. All the treated samples registered reduced WCA below 90°; their hydrophilic
surfaces became more wettable. The deposition time was found to have had the greatest influence on the rate of
film deposition and the WCA measured. Wettability was successfully adjusted through plasma parameters,
enabling the production of coatings suitable for specific medical applications, such as implants.

Keywords: Thin Film Deposition, PECVD, PSM, FTIR, Wettability.
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Introduction

Surface modification includes all types of surface treatments and coatings that result in a change in the
composition and the microstructure of the surface layer [1]. It is often performed to improve the biological,
chemical and mechanical properties of the surface layer of materials [2]. Over the past 40 years, plasma has
become a very useful method for surface modification and deposition of various materials [3]. Plasma Surface
Modification (PSM) is an economical and an effective material processing technique used in the biomedical
field because it offers the unique advantage of allowing surface properties and biocompatibility to be engineered
selectively, while the bulk of the properties of the material remain unchanged. Changes in the chemical
composition and properties of the surface layer of materials (e.g. wettability, metal adhesion, refractive index,
hardness and biocompatibility) can be induced using PSM [4]. PSM can be classified into three categories: 1)
removing materials from the surface such as plasma etching; 2) changing materials in the surface such as plasma
treatment and 3) adding new materials on the surface such as thin film deposition [4-6]. The most commonly
used method for thin film deposition is Plasma Enhanced Chemical Vapor Deposition (PECVD). The use of
PECVD, or simply plasma polymerization, is increasing [7,8]. This is because PECVD is very efficient method
to produce homogeneous organic thin films on large area substrates, such as metals, ceramics and plastics, and
offers good control over the film properties [9]. Also, polymeric thin films obtained by PECVD have several
advantages over films produced by conventional polymerization [10]. Moreover, PECVD is a green technology
(i.e. environmentally benign) compared to other material processing methods. In addition, it can occur at
moderate temperature compared to conventional chemical reaction [3]. In PECVD processes, plasma can be
generated by direct current (DC), radio frequency (RF) and microwave (MW) discharges [11]. Microwave
discharges are widely used for generating cold plasma at pressures from 10 Torr up to an atmospheric pressure
of 760 Torr in the pulse and continuum wave regimes at incident powers ranging from several Watts to
hundreds of kW for different applications [12]. Magnetrons are the most common microwave generators
because of their low cost and availability in the market for domestic use, such as in microwave ovens [13].
Microwave-plasma polymerization is an attractive method for obtaining thin films [14]. A variety of medical
devices such as artificial hips and knee joints, coronary stents and heart valves are routinely implanted into the
human body. These devices may come in contact with body fluids which contain about 1% NaCl; increasing the
likelihood of corrosion that may have harmful effects on both the body and implants [7]. The ideal biomedical
implants should have good mechanical properties while the surface should have good biocompatibility [4].
Many types of materials are being used in biomedical applications including metals, alloys, polymers, ceramics,
composites, and glasses [4,15]. For structural applications in the body (i.e. implants), the principal metals used
are titanium-based alloys, cobalt-based alloys and stainless steels [15]. The common grades of stainless steels
used in this field are the Austenitic stainless steel 316 and 304. The Austenitic stainless steel 304 is widely used
in many engineering applications such as in the manufacturing, nuclear, chemical, oil and petrochemical, and
food industries, as well as in the medical industry for biomedical implants [16]. Stainless steel is naturally a
biocompatible material. Its biocompatibility can be further improved by modification of its surface energetics.
The biocompatibility of a material is determined by the interactions between the implant and biological system
on the micrometer and nanometer scale, and the physicochemical surface properties such as chemical
composition, wettability and surface energy play an important role. PSM has recently drawn much interest from
the field of medicine and it is now used to improve the function and the longevity of biomedical materials [4].
PSM (such as plasma polymerization) of biomedical materials is becoming an increasingly popular method to
improve device multi-functionality, tribological and mechanical properties, and the biocompatibility of artificial
devices; and so, obviating the need to develop costly and time-consuming brand-new materials [4]. Beside the
previous mentioned characterization, PSM of biomedical materials is used to clean a surface, reduce
thrombogenicity and adhesion of cell and bacterial, eliminate protein adsorption and increase lubricity (by
increasing the surface hydrophilicity i.e. more wettable), alter transport properties, increase hardness, and
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enhance corrosion resistance [17]. Greater retention of the monomer functional group is observed in the
resulting polymeric film with pulsed plasma polymerization [18]. The development of chemical and biological
stability of biomedical materials against corrosive body-fluid environments is a widespread research interest
[3,19-21]. In this research, a pulsed microwave PECVD system was constructed to deposit polymer-like thin
films on 304L stainless steel substrates and on glass substrates for the FTIR analysis. The 304L is a low carbon
variant of 304-grade stainless steel. Benzene and argon were used as precursor and carrier gas respectively. The
main objectives of this research are 1) to deposit thin films on stainless steel via pulsed microwave PECVD and
2) to investigate the effects of deposition parameters (i.e. working pressure, time of deposition and negative
voltage bias) on the properties of the deposited thin films. These films are characterized by Fourier Transform
Infrared spectroscopy (FTIR), Water Contact Angle (WCA), Field Emission Scanning Electron Microscopy
(FESEM) and Profilometer techniques.

Mechanism of Plasma Polymerization

The simple mechanism of plasma polymerization presented in Figure 1 is based on three steps: 1) reactive sites
generation, 2) propagation and 3) termination [22]. The first step is generating the active sites such as free
radicals by plasma to initiate the polymerization reaction process. The second step is the propagation of the
chain growth with free radicals in which polymer molecules (Pi) is formed by continuous addition of monomer
molecules (M), which can undergo, for example, a classic radical polymerization. The third step is the
termination of free radicals. Along with other active species, free radicals dominate the ending of the chain
growth [22].

Free radicals are the primary species propagating chain growth, both in the gas phase and on the surface of the

T
Generate reactive site: fragments +M > P;e o + @ —+ .f
Propagate: Pj# =M *Py . ',' + @ — ‘T’o
Terminate: 2P = PP, ‘ (o) +(e) ' — . L .
Figure 1. Simple Mechanism of Plasma Polymerization. [22]

deposited polymer. These species are formed in the gas phase through the collision of free electrons with
monomer molecules and on the surface of the growing polymer film through the impact of ions and electrons.
Surface free radicals are also produced through the adsorption of a part of the radicals formed in the gas phase.
Subsequent growth of the polymer film occurs by the reaction of surface-free radicals with either gas-phase free
radicals or unsaturated monomer [23].

PLASMA POLYMERIZED THIN FILM GROWTH

The growth of plasma polymers is less well understood, although the mechanisms of polymer growth have been
well characterized. This is because many random processes occur in the plasma phase and the species which
contribute to film growth may be neutral, radical, ionic or even metastable. The monomer undergoes
fragmentation and oligomerization in the plasma phase before depositing on the substrate, and then the growing
film is subjected to etching by high-energy ions. Thus, the resulting film is a highly cross-linked organic layer,
which may retain some functional groups from the monomer [24]. The amount of monomer can be increased by
increasing the working pressure. The polymer chain grows by addition of monomer molecules (M) and chain
growth is predominately terminated by radical recombination, thus forming a polymer [26].

M + plasma — fragments"(initiation)
fragments' + M — fragment — M" ... = fragment — M" + M — P} (chain — growth)
2P, — P}, — P} (termination)
Figure 2 illustrates the polymerization growth mechanism with two distinct cycles involving single and divalent

reactive species. The process involves a series of reactions, including additions, oligomer formation, and cross-
cycle interactions, ultimately resulting in polymer deposition on the substrate [27].
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Figure 2 The schematically polymerization growth

The polymerization process is described by a two-cycle model as shown in Figure

Cycle I: Involves activation and reactions of single-site reactive species.

Cycle Il: Involves reactions of divalent reactive species (likely free radicals).

The ions are considered less significant in the growth process due to charge limitations [27].

Growth Reactions:

Reactions (1, 4, 5): Addition reactions similar to initiation and propagation in chain-growth polymerization.
Reaction (2): Oligomer formation (similar to termination in chain-growth).

Reaction (3): Cross-cycle reaction between single and divalent species.

As the size of gaseous species increases, their vapor pressure decreases, leading to deposition on the substrate as
a polymer.

Material and methods

Two types of substrates were used for the thin film deposition and measurements in this study: disc shaped
samples with 8 mm thick and 16 mm diameter of 304L grade stainless steel (17 wt% Cr and 10 wt% Ni) and
glass microscopic slides (for FTIR analysis). The surfaces of the disc samples were wet ground on silicon
carbide paper down to 2000 grit and then polished with alumina. Finally, they were cleaned in an ultrasonic bath
using acetone and distilled water then dried just before loading into the deposition chamber.

Plasma Deposition System and Procedure

A home-made pulsed microwave plasma system, shown schematically in Figure 3(a), was constructed for the
deposition of the polymer-like thin films. The system, depicted in Figure 3(b), consists of the deposition
chamber, vacuum system, and microwave generator (plasma source). The deposition chamber is composed of a
stainless steel cylindrical vessel provided with four ports for vacuum system, gas inlet, wave-guide and a glass
window for observing the deposition process. The vacuum system consists of a turbo-molecular pump backed
by mechanical pump and pressure gauges. The microwave is generated by the commercial magnetron
(microwave furnace) at frequency of 2.45 GHz with maximum power of 900 W, which is transmitted to the
chamber via a waveguide. After evacuating the chamber to a base pressure of ~0.1 mTorr, thin films were
deposited from benzene (C¢H6) by PECVD on 304L stainless steel and glass substrates at various deposition
parameters as indicated in Table 1. Microwave plasma was generated by pulsing for 18 sec (ON state) and rest
for 3 sec (OFF state), so the deposition time was the duration of pulsing multiplied by the number of pulses.
Before deposition, the microwave plasma of argon gas was applied to the samples to remove any contaminations
or organic oxides from the surface of samples and the chamber wall (i.e. pre-cleaning process for both samples
and chamber). This process was carried out at 180 W of microwave power and working pressure of 3.7 mTorr
for 15 min. The deposition process was carried out with argon as the carrier gas at (Ar/CgHs) mixture ratio of
(30:70). By adjusting these parameters, the nature and properties of deposited thin films were varied.
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Figure 3 (a) Schematic Diagram and (b) Photograph of the Pulsed Microwave Plasma Deposition System.

Table 1. Parameters of the Deposition Process

Parameter Value
Power 540 W
Base pressure 0.088 — 0.13 mTorr
Working pressure 10, 30, and 50 mTorr
Deposition time 5, 15, and 30 min
Bias voltage -400 V
Ar/CgHs ratio 30:70

The effects of the deposition parameters of working pressure, deposition time and negative voltage bias on the
properties of the deposited thin films were investigated in this research.

Characterization of Plasma Polymerized Films

The deposited thin films were analyzed by the following characterization techniques; using microscopic glass
slide samples for FTIR analysis and stainless steel samples for the other characterization: (1) Fourier Transform
Infrared Spectroscopy (FTIR) for chemical structure and functional group identification using Thermo Scientific
Nicolet iS10 FTIR Spectrometer (ATR) and OMNIC software; (2) Water Contact Angle (WCA) measurements
using Theta Lite Optical Tensiometer TL100 to analyze the surface wettability (hydrophilicity/hydrophobicity);
(3) Profilometer for measuring film thickness by Step Heights Method using P-6 Stylus Profiler in order to
determine the deposition rate; and (4) Field Emission Scanning Electron Microscope (FESEM) and Energy-
Dispersive X-ray spectroscopy (EDX) for surface morphology and elements analysis of steel sample,
respectively.

Results and discussion

The untreated stainless steel sample was analyzed by Energy-Dispersive X-ray spectroscopy (EDX). The EDX
spectrum of the sample shows three types of peaks (L., K, and Kg), these peaks are displayed in Figure 4 and
listed in Table 2.
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Figure 4. Energy-Dispersive X-Ray Spectrum (EDX) of Untreated Stainless Steel Sample.

Table 2. Type of Peaks Collected from Energy-Dispersive X-Ray Spectroscopy (EDX).

Element C Fe Cr Mn Ni Si

Peak type

Peak No

1 0277 - - - - R R

2 - [~ 705 - |- 572 - [~ (0637 - |- [0.790 |-

FTIR Analysis

The compositional changes in the molecular structure of the thin films deposited on the glass slides from
benzene vapor under present experimental test conditions were observed clearly when the benzene infrared
spectrum (shown in Figure 5) was compared with the other spectra of the deposited thin films (shown in Figures
6, 7, 8). The bands in the aromatic ring did not appear in the spectra of the deposited thin films which indicated
a complete decomposition of benzene vapor. The bond frequency, absorption and functional groups of the thin
films deposited on glass slides are illustrated in Table 3. This identification was made with the assistance of
Spectroscopic Handbook on Chemistry Data [25]. The bands related to the (O-H) group with different
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intensities were detected in the deposited thin films spectra. Since there was no oxygenated compound in the
reacting species, the presence of these bands could be attributed to presence of some humidity in the deposition
chamber. This was confirmed by analyzing the spectra of deposited thin films shown in Figure 6 after doing a
pre-cleaning step and using argon as a carrier gas with (Ar/CgHs) ratio of 30:70. The effect of working pressure
on the structure of deposited thin films at 30 min deposition time is given in Figure 7. The chemical structure
changed when the working pressure was increased. For instance, the weak peaks of the carbon triple bond
(C=C) were recorded at 2177 & 2185 cm™ at 10 and 30 mTorr, respectively. These peaks disappeared when the
working pressure was raised to 50 mTorr. Instead, the hydrogenated carbon bond (C-H) was detected at 2945
cmt. This change in the nature of the chemical structure of the deposited thin films could be attributed to an
increase in the amount of benzene gas entering the deposition chamber. The absorption intensity increased by
increasing the deposition time as shown in Figures 8 and 9, and the films formed became thicker; though
exhibited the same chemical structures (i.e. same functional groups). The FTIR analysis indicated that the
deposition process in this work was more effective at 30 min deposition time. Figure 10 shows the effect of
negative voltage bias (-400V) on the bond absorption of the thin film deposited at 50 mTorr for 15 min. As can
be seen, a higher percentage of transmittance (i.e. lower absorption) for most of the stretch bands was recorded.
This is particularly true for the (O-H) and (C=C) stretch bands. The absorption of various stretch bands showed
a gradual decrease in absorption intensity from (C-H) alkanes to (O-H) group.
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Figure 5. IR Spectrum of Benzene CsHs
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Figure 6. IR spectra of thin films deposited with/without pre-cleaning and
30%Ar:70%C6H5)
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Figure 8. IR Spectra of Thin Films Deposited at 50 Torr Working Pressure

Table 3. Identification of Bond Frequency, Absorption Intensity and Functional groups of the thin films
deposited on glass slides.

Bond Wave number (cm™) Absorption intensity Functional group
O —Hstr 3428 - 3296 S, br Polymeric-alcohol
C—Hstr 2945 - 2939 m Alkanes
C=Cstr 2186 - 2177 w Alkynes
C=Cstr 1683 - 1669 % Alkenes
C—Hstr 1457 - 1385 m-w Alkanes

Absorption Intensity: s: strong, w: weak, br: broad, m: medium, v: variable
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Figure 10. The Effect of Applying -400 Volt Bias on the Bond Absorption of
Thin Film Deposited at 50 mTorr for 15 min.

Surface Wettability

The hydrophobicity and hydrophilicity of a solid surface is usually expressed in terms of wettability that can be
quantified by contact angle measurement [26]. A lower contact angle (i.e. higher Surface Free Energy, SFE)
indicates good wettability. Conversely, a higher contact angle (i.e. lower Surface Free Energy SFE) means poor
wettability. The surface wettability of the deposited thin films on the 304L stainless steel (SS) substrates was
analyzed by measuring the water contact angle (WCA) on the thin films deposited from benzene at different
deposition parameters. As the results in Table 4 show, the contact angle (6°) is lower than 90° for all the
samples, and hence, they are classified as hydrophilic surfaces (i.e. wettable surfaces). The WCA was decreased
from 81° for untreated bare 304L SS surface to 33° and 30° for the deposited thin films at working pressures of
10 and 30 mTorr, respectively. But at 50 mTorr, the treated surface still registered a decrease in the water
contact angle (to 44°). As Figure 10 shows, this decrease was smaller than the others due to a change in the
chemical structure of the deposited thin films as shown in the IR spectra in Figure 6. On the other hand, an
increase in the time of the deposition led to a decrease in WCA and an increase in the SFE as shown in Figure
11. According to the results shown in Table 4, the deposition time seems to have a greater influence on the
measured WCA and SFE when compared with the effect of working pressure.
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Table 4. Results of Contact Angle and Surface Free Energy Measurements.

arameters UbiE i e 9f WCA" (6°) SFE”
samples No pressure deposition [degrees] [mN/m] Remarks
P (mTorr) (min) g
Bare metal 81.20+0.88 35
Tl 10 30 32.61+0.56 63
T2 30 30 29.84+0.60 65 Effect of working pressure
T3 50 30 44.35+£1.10 75
T4 50 5 71.48+1.11 46
T5 50 15 67.18+1.31 49 Effect of deposition time
T3 50 30 44.35+1.10 57
T5 50 15 67.18+1.31 49 No bias
T6 50 15 70.65+0.67 41 -400v bias
*SFE: Surface Free Energy *WCA: Water Contact Angle
100 1 100

W contactangle 0O contact angle

= E
£ eurf fi o -
> 80 - Hsurface free energy zE 30 _ W surface free energy
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Figure 10. The Effect of Working Pressure on WCA Figure 11. The Effect of Deposition Time on WCA and
and SFE of the Thin Films Deposited for 30 min. SFE of the Thin Films Deposited for 50 mTorr.

In order to determine the rate of plasma deposition of the hydrogenated carbon films on 304L SS substrates, a
series of film thickness gauging measurements was made on a group of coated samples as given in Table 5. An
investigation of the effects of deposition parameters on film deposition rate showed that the deposition time had
a greater influence on the rate of film deposition compared with the effect of working pressure. For instance, the
film deposition rate after 15 min is ~68% of the initial rate after 5 min deposition at constant pressure. After 30
min of deposition, the rate is only 38% of the initial rate at constant pressure of 50 mTorr. As can be seen in the
table, a higher rate of film deposition was achieved at the beginning of deposition process. The highest film
deposition rate of 66 A/s was achieved with 30% Argon sputtering of test sample after the pre-cleaning step,
which underlines the importance of surface preparation for thin film deposition.
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Table 5. The Effects of Deposition Parameters on Film Deposition Rate

Parameters iti
f Deposition :
Working 'FIJ'ime Film Deposition
?reils_sur;; Th(lckn)ess Rate Remarks
mTorr ; m
Samples No (min) a (Ass)
T1 10 30 0.616 3
Deposition rate 1

T2 30 30 4.672 26 as working pressure 1
T3 50 30 4060 23 in the same film structure
T4 50 5 1.718 57
T5 50 15 3.527 39 Deposition rate |
3 50 30 2,060 3 as deposition time 1
T5 50 15 3.527 39 No bias Deposition rate |
T6 50 15 242 27 -400 V bias with bias
T7 30 5 0.350 12 100% CeHs | peposition rate 1
T8 30 5 1.985 66 Ar-CsHs 30:70 with Ar

From the results in Tables 4 and 5, it can be inferred that film wettability on coated stainless steel can be further
improved by longer deposition time and lower deposition rate, as shown in Figure 12, which will create better
possibility for the formation of more hydrogen bonds between water molecules and the film. However, it is not
advisable to grow thin films for extended periods of time since this would lead to poor film adhesion to substrate
due to the intrinsic stress caused by increasing film thickness, and it would probably have negative effects on
other physical and mechanical properties as well.
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Figure 12. Contact Angle and SFE vs Deposition Rate of the Thin
Film Deposited at 50 mTorr for 5, 15 and 30 min.
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Visual Inspection

In this inspection, the tested samples were examined in terms of color, adhesion and uniformity of the deposited
thin films by the naked eye. The change of monomer pressure (i.e. working pressure) plays an important role in
the deposition process. Visual examination of the coated SS samples showed uniformly deposited films with
golden yellow color at range of working pressure 10 to 50 mTorr, as exhibited in Figure 13. However, at higher
working pressures 90 and 70 mTorr, poor quality deposition was evident. Flaking of the thin films deposited at
90 mTorr for 3 min and peeling off from the sample was evident, as shown in Figure 14. Good deposition of the
thin films, produced at 70 mTorr at low deposition time (18 and 36 sec), with good adhesion were evident just
after the deposition process, but after a few days, the films peeled off gradually, as exhibited in Figures 15 (a)

Before deposition After deposition

Figure 13. Golden Yellow Color of Thin Films Deposited on Stainless Steel and Glass Slides Samples.

Just after deposition After few days

Figure 14. Thin film deposited at 90 mTorr Figure 15. Thin film deposited at 70 mTorr for
for 3 min (poor quality deposition) (a) 18 sec and (b) 36 sec.

and (b).

Surface Morphology by FESEM Analysis

Figures 16 (a, b, c) show the FESEM images of the untreated sample surface, flaking of the thin films deposited
at 30 mTorr for 30 min (i.e. poor-quality deposition) and the uniform thin films deposited at 50 mTorr for 5 min
(i.e. better-quality deposition). The low adhesion of the (C-H) films on stainless steel was attributed to poor
chemical binding between a-C:H and metal and/or high internal stresses inside the deposited films leading to
film flaking, then peeling off from the sample edge as shown in Figure 16 (b). The intrinsic stress of the films is
increased by 1) increasing the thickness of the film as evident in Figures 17 (a, b, ¢), 2) the nature of the film
chemical structure as presented in IR spectra shown in Figure 6, and 3) the type of substrate. The problem of
low adhesion can be solved by the deposition of a very thin intermediate layer between the metal surface and the
(C—H) films. An amorphous hydrogenated silicon (a-Si:H) film is commonly used as an intermediate layer
between metal and deposited film especially for coating of toxic substrates [7]. The effect of pre-cleaning on the
surface of the sample before deposition was clearly observed. The contaminations under the thin films as shown
in Figure 18 (a) were removed and so a smooth deposited thin films from only benzene were obtained as shown
in Figure 18 (b). The roughness of the deposited thin films was increased by using a mixture of argon and
benzene with (Ar:CesHe) ratio of (30:70) after the pre-cleaning step, as shown in Figure 18 (c).
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(a) (b)
Figure 16 (a,b,c). FESEM Images of (a) Untreated Sample, (b) the Shape of Flakes Formed in Thin Film
Deposition at 30 mTorr for 30 min and (c) Uniform Thin Film Deposited at 50 mTorr for 5 min (X 70).

(a) (b) (c)

Figure 17 (a,b,c). FESEM Images of Thin Film Deposited at 50 mTorr for Deposition Time of (a) 5 min, (b)
15 min and (c) 30 min (X 5,000).

(a) (b)

Figure 18 (a,b,c). FESEM Images of Thin Film Deposited (a) Without Pre-Cleaning 100% CsHs, (b) With Pre-
Cleaning 100% CeHs and (c) With Pre-cleaning 30% Ar:70% CsHe (X 30,000).

Conclusion

Thin films deposited in this research were obtained from CgHs and Ar-CsHgs mixtures decomposed in a 2.45
GHz pulsed-microwave plasma. FTIR analysis indicated the decomposition of the benzene ring and formation
of a-C:H films in aliphatic group. The chemical structure of the thin films was changed by decreasing the
working pressure in which the C=C absorption bands became more prominent. At higher working pressure, the
deposited films were flaking and then peeled off. The films thickness was increased by increasing the deposition
time leading to an increase in the internal stress of the films which caused debonding and flaking of the films.
The time of deposition was the most influential factor on the films deposition rate and films surface wettability.
The highest film deposition rate of 66 A/s on SS substrate was achieved with 30% Argon sputtering of test
sample after the pre-cleaning step, which underlines the importance of surface preparation for thin film
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deposition. All the samples had contact angle () lower than 90° so they are classified as hydrophilic (i.e.
wettable) surface. This work showed that wettability can be adjusted by the plasma parameters, which would
enable the production of coatings with properties suitable for specific practical applications, such as in
biomedical devices (e.g. implants).

Further Research

It is proposed that further research should carried out to investigates the corrosion behavior of the deposited
amorphous hydrogenated carbon (a-C:H) films on 304L SS. The research would employ Electrochemical
Impedance Spectroscopy (EIS) using Gamry Electrochemical Measurement System. The aim of the research is
to choose the optimum plasma deposition parameters for surface modification of this grade of stainless steel that
can be used for medical applications.
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