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ABSTRACT

Molybdenum (Ice) is a metal, which is gaining increasing significance in industrial applications.
The main use : : Mo is as an alloying element added in small amounts to steel, irons and non-
ferrous alleys ir order to enhance the strength, toughness and wear resistance. Mo is also vastly
being employs:. i:i the automotive and aircraft industries, mainly due to its low coefficient of
friction. Diamord, on the other hand, is a unique material for innumerable applications because
of its unusual combination of physical and chemical properties. Several potential applications
can be anticipated for diamond in many sectors including electronics, optics, as protective
corrosion resistant coatings, cutting tools, etc. With the enhancement in science and technology,
diamond miqrccrystals and thin films are now being produced from the vapour phase by a
variety of chen:i?al vapour deposition (CVD) techniques; such as microwave plasma CVD. With
such teclinology being made available, it is envisage that diamond-coated molybdenum would
further enhance the performance and to open up new avenue for Mo in various industries.
Therefore, it is the aim of the present work to study the nucleation and growth of diamond
particles on Mo surface by employing microwave plasma CVD (MAPCVD). In the present
work, diamond deposition was carried out in several stages by varying the deposition distance.
The nucleation and growth rate were studied using scanning electron microscopy (SEM). In
addition, the existence of diamond was verified by X-ray diffraction (XRD) analysis. It has been
found that the nucleation and growth rate of diamond particles were influenced by the deposition
height between the substrate and plasma. Under the optimum condition, well defined diamond
crystallites distributed homogeneously throughout the surface, could be obtained. Some of the
important parameters controlling the deposition and growth of diamond particles on Mo surface
are discussed.

KEYWORDS: Diamond coating, MAPCVD, Molybdenum (Mo), Diamond nucleation, Growth
rate and Cutting tools.
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1.0 INTRODUCTION

Growth of polycrystalline diamond thin films using MAPCVD has received significant interests
in recent years, since it has unique chemical, physical, thermal and electrical properties fl"3].
These properties make diamond films extremely attractive for numerous applications. Diamond
has been finding various industrial purposes as a material for tools and grinders, because of its
hardness, thermal conductivity and chemical stability. Some of the unique characteristics of
diamond thin films are; highest thermal conductivity at room temperature (2000 W/m°C),
extreme mechanical hardness (~ 90 GPa), low coefficient of thermal expansion (0.8 X10"6 °C),
low coefficient of friction, good electrical insulator and very resistant to chemical corrosion .

Manufacturers of many parts of auto and industry are now using Molybdenum in the
manufacture of tools, parts and equipment. Being a lubricant material, Molybdenum is preferred
in most automobile engines, such as the piston rings. It is also widely used in the Army and Navy
and most major development laboratories. Molybdenum is found capable of jobs no other
lubricant can handle. Major oil companies and most large industries are depending on oils and
greases fortified with Molybdenum to extend the service life and reduce maintenance on aircraft,
trucks, compressors, tractors, ships and as mentioned earlier, automobiles. Properly used, it can
double the operating life of equipment and reduce maintenance as much as 60% l51.

With this in mind, further research was done on Molybdenum in order to enhance the
performance of the existence material. Diamond deposition using CVD method was found to
meet this requirement. As a result, there is now a widespread research activity in growing
diamond films on Molybdenum for various applications t6"9].

The objectives of this work are: (i) to employ MAPCVD method to nucleate diamond particles
on Molybdenum substrates; (ii) to study the effects of different deposition distance on the
diamond deposited substrates; (iii) to analyze the effect of MAPCVD on the microstructure of
the deposited substrate.

2.0 METHODS AND MATERIALS

Deposition of the diamond particles was carried out in a custom-built microwave plasma
chamber using methane and hydrogen as the precursor gases. The layout of the system is shown
in Figure I. The parameters of the gas composition, pressure and microwave power were set
accordingly to create a plasma ball; which eventually will heat up the insert and consequently
deposits diamond crystals on the surface.

The prepared Molybdenum (Mo) inserts were ultrasonically cleaned in ethanol for one hour,
followed by rinsing it in distilled water. The inserts were then dried in air prior to mounting them
in the stainless steel chamber, see Figure 1. The CVD process was carried out for 6 hours at a
temperature of ~ 900-1000°C for all substrates. In the present work, the height between the
platen where the Mo substrates laid and the plasma was varied as indicated in Table I. The
intention was to verify the significance of deposition height on the nucleation and growth of
CVD diamond. After the deposition process, the existence of diamond phase carbon on the
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deposited inserts was verified at room temperature by X-ray diffraction (XRD). The morphology
and distribution of diamond particles were analyzed by using the scanning electron microscopy
(SEM).
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Figure 1. A schematic diagram showing the layout of the microwave plasma reactor
used in the present study.

Table I. Prepared Mo insert and the deposition height employed for each substrate.

Mo insert

Ml

M2

M3

M4

M5

Estimated deposition height (mm)

386

383

380

377

374

3.0 RESULTS AND DISCUSSION

3.1 X-Ray Diffraction (XRD) Analysis

X-ray diffraction (XRD) analysis of all the five Mo substrates after the CVD process were
compared with that of the uncoated Mo substrate, as shown in Figure 2. The general observations
which can be made from the analysis can be summarised as follow:
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C Diamond Phase Carbon

Figure 3. XRD trace of substrate M3 (a) before and (b) after CVD process.

Table II. Observed interplanar spacings and reported values derived from the peak
positions of the XRD spectra revealing only cubic diamond were present.

Index
(hkl)

111

220

{/-Spacing (A)

Ml

-

-

M2

-

1.269

M3

2.058

1.260

M4

-

1.254

M5

2.057

1.253

Standard (ASTM 6-675)

2.060

1.261

The presence of molybdenum carbide in all the substrates after the CVD process is inevitable. At
this stage, it is unclear of the effect of this second phase on the properties of Molybdenum.
Further work is necessary to elucidate this phenomenon.

3.2 Scanning Electron Microscope (SEM)

The presence and morphology of CVD diamond crystals deposited on the Mo substrates were
examined using SEM as shown in Figures 4-8.
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Figure 4.

SEM micrograph (mag. = x 2500) of
substrate Ml, showing the absence of
diamond crystals.

(Deposition height = ~ 386 mm)

Figure 5.

SEM micrograph (mag. = x 2500) of
substrate M2, displaying the presence of
diamond crystals. However, the
nucleation density is poor throughout the
whole surface.

(Deposition height = ~ 383 mm)

Figure 6.

SEM micrograph (mag. = x 2500) of
substrate M3, exhibiting a homogeneous
distribution of diamond crystallites
grown throughout the whole surface.

(Deposition height = ~ 380 mm)
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Figure 7.

SEM micrograph (mag. = x 2500) of
substrate M4, exhibiting well defined
diamond crystallites grown on the
surface. The particles were scattered
inhomogeneously throughout the whole
surface.

(Deposition height = ~ 377 mm)

Figure S.

SEM micrograph (mag. = x 2500) of
substrate M5, showing the presence of
sharp faceted diamond crystals on the
surface, sparsely distributed all over the
surface.

(Deposition height = ~ 374 mm)

The SEM analysis of substrate Ml did not show the presence of CVD diamond on the surface,
see Figure 4 and is in good agreement with the XRD analysis. As for substrates M2, M4 and M5,
although there are evidence of diamond nucleation on the surface, it can be observed that the
distribution of diamond particles is inhomogeneous if compared to M3 (see Figure 6). These
discrepancies in the results obtained in the present work, clearly highlight the importance of
controlling the deposition distance or the height of the platen between the substrate and the
plasma.

4.0 SUMMARY

MAPCVD method was utilised to nucleate and grow diamond on Molybdenum substrates, at
different platen heights. XRD analysis revealed that reaction between Mo and carbon species
from the process environment to form Molybdenum Carbide did occur in all the substrate tested.
However, this preliminary work has demonstrated the importance of deposition distance between
the substrate and the plasma. It has been found that the best deposition for Mo under the present
test condition was at the height of ~ 380 mm (i.e. substrate M3), resulting in a homogeneous
distribution of well faceted diamond phase carbon on Mo surface.
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