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Abstract 

Because adhesion to a substrate is a basic requirement, a reliable test has to be devel
oped to test the adhesion of diamond coatings. Tests like pull-off tests, indentation tests 
or scratch test can not be used due to the specific character of diamond coatings. The 
turning test can be used but it is an expensive and difficult test. The goal of this project 
is to examine if it is possible to use sand blasting for adhesion testing. 
It was investigated if there is a noticeable difference between different types of cleaning, it 
was also examined if the influence of the diamond structure ( crystalline, nano-crystalline) 
and the size of the diamond seeds were noticeable. It could be seen in the results that 
an extra water vapour cleaning on top of the standard Balzers cleaning had a positive 
influence. Also the use of a nano-crystalline (smooth) coating appeared to have a positive 
influence. The use of smaller diamond seeds (0.2µm) on the other hand seemed to have an 
negative influence. 
As last part of the project the adhesion of diamond coatings were tested with sand blasting 
and with turning tests and it was examined if there was a correlation between the results. 
So that the results of the sand blasting test could be related to the adhesion using the 
results of the turning tests. The results were positive, there was a clear correlation but 
further examination has to be done on this part. 
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Chapter 1 

Introduction 

Diamond coatings are nowadays frequently used in machining operations. But there are 
still problems with adhesion of the coating on the tool surface. There exists at the moment 
no reliable adhesion test for diamond coatings. These tests are necessary for product certifi
cation and for optimalization of the coating adhesion. Therefore WTCM-CRIF Diepenbeek 
started a research project to solve these problems at the demand of Balzers. 

1.1 Balzers 

The Balzers Company was founded in 1946 in Liechtenstein in a village carrying the same 
name as the company. The objective was to make the then largely unknown and little
researched vacuum thin-film technology useable on an industrial scale. Soon Balzers be
came world famous as a specialist in vacuum techniques. In 1950 they started to produce 
and sell coating machines. From 1970 on vacuum processes to coat tools were developed 
and these coated tools were introduced to the market around 1980. Balzers has three main 
activities: deposition of conducting layers in electronics, optical layers and wear resistant 
layers. 
The history of Balzers in the Benelux started in 1980 with the foundation of a selling office 
in Zaventem. In 1992 a coating centre was founded in Sint-Truiden. Later Balzers Benelux 
expanded with coating facilities in Differdange (Luxembourg) in 2001 and in Tiel (Nether
lands) in 2003. Balzers Luxembourg is the only Balzers job coating centre equipped with 
the BALINIT DIAMOND technology. It has clients from all over the world due to the 
solid network of Balzers, having over 50 coating centres worldwide. The choice for only 
one diamond coating centre was made to guarantee worldwide an excellent service and 
quality. 

1.2 WTCM-CRIF 

WTCM-CRIF is a knowledge centre for the technological industry. They help companies 
to improve through technology and innovation, by informing about new technologies and 
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CHAPTER 1. INTRODUCTION 7 

giving support during the integration of these new technologies. They also try to solve 
technological problems or questions. WTCM-CRIF helps companies to meet the demands, 
not only of today hut also of the near future. 

1.3 The project 

Diamond coatings are attractive for many potential applications, they are used in moulds, 
cutting tools, mechanica! drives, engine technology, etc. . The only problem with diamond 
coatings is that it can not be deposited on tools containing iron (Fe). Because the iron in 
the tools wil react with the carbon of the diamond coating. The adhesion of the coatings 
with respect to different substrates is a basic requirement. So, quantitative evaluation of 
the coating adhesion is significant for certification and examination. 
The common methods to evaluate the adhesion of coatings include pull-off tests, indenta
tion tests, scratch tests and turning tests. However, there are some problems when testing 
diamond coatings. For example, the pull-off tests are accurate and quantitative but in 
these tests, when applied to diamond coatings, the adhesive usually fails prior to the coat
ing [l). The scratch test shows dependence on the coating and substrate materials [2]. And 
because of the cleavage of the diamond scratch tip, the scratch test has consequences in 
both economics and repeatability. Another method to evaluate the adhesion of a diamond 
coating is the Rockwell C indentation test. Here the adhesion is evaluated by comparing 
the critica! loads that cause a crack in the coating. Again there is a dependence of the 
substrate, so different results are reported by different authors. With a turning test the 
adhesion of the diamond coating can be tested hut it is an expensive method due to the 
working material that is used to perform this test. It also takes a long time to execute this 
test and the results are not always easy to interpret. 
The goal of the present project is to search for a fast and reliable method to test the 
adhesion of diamond coatings. One of the possible techniques that can be used to develop 
such a test is well controlled sand-blasting. In this project it will be investigated if there 
is a relation bet.ween the micro sand-blasting tests and the turning tests , and thus a re
lation between the blasting results and the adhesion. There are two parameters that will 
be looked upon, namely the time needed to create a hole (tblast), as well as the evolution 
in time of this hole. This new test would have many advantages in comparison with the 
turning test, like is mentioned in the table (Test methods). 

1 Test methods 1 1 

Turning test sand blasting 
costs high low 
time high low 
interpretation difficult easy 



Chapter 2 

Materials 

Diamond coatings are widely used in the industry because they have an extreme hardness. 
These coatings are deposited on a hardmetal, mainely Cobalt-sintered tungsten carbide 
(WC-Co), which is one of the most frequently used hardmetals in the mechanica! industry. 
But there is one problem, the cobalt, that is indispensable for the sintering of the tungsten 
carbide grains favours the growth of graphite at the expense of that of diamond. The 
solution for this problem is the pretreatment of the surface of the Cobalt-sintered tungsten 
carbide (WC-Co) with a chemica! bath. This pretreatment makes the germination, growth 
and adhesion of the diamond possible. 

2.1 Diamond 

Diamond has always interested people because of its extraordinary properties. It is the 
hardest material in nature. The pressure resistance and the friction coefficient are very low. 
At room temperature diamond has the highest heat conduction coefficient and the lowest 
thermal expansion coefficient. The absorption of infrared and visible light can be neglected. 
And diamond can resist almost all aggressive reagentia, except oxygenous environments 
above 900K. 

2.1.1 General properties 

Carbon can appear in two types of natural crystalline structures, graphite and diamond. 
Graphite is the stable form in standard conditions of pressure and temperature and exists 
of sp2 hybridizations of carbon. Diamond is composed of sp3 hybridizations what allows 
the formation of a homogeneous three dimensional model. Every carbon is bonded with 
four others by covalent bindings to give a tetrahedral structure. The obtained crystalline 
structure is face centred cubic in which half of the tetrahedral sites are occupied (fig.2.1 ). 
When Chemical Vapour Deposition (CVD) is used for the synthesis of diamond also other 
phases of carbon can appear. Mostly amorphous with sp2 as well as sp3 hybridizations, 
they present a short distance arrangement. One of these phases is amorphous carbon ( a-C), 

8 



CHAPTER 2. MATERIALS 9 

Figure 2.1: Diamond form of carbon as proposed by Denatale et al [3]. Every chemical 
bonding is equivalent and very strong. This material has very good mechanical properties 
but has certain anisotropy caused by the particular crystalline structure. 

that exists mostly of graphite type bindings. This results in a hardness that is 3 to 4 times 
weaker than the CVD-diamond of Balzers. Another phase is the hydrogenated amorphous 
carbon (a-C:H). The mechanica! properties of this class of materials are generally superior 
to the amorphous carbon without hydrogen [4]. 
When the hydrogen content is lower than 1 %, the phases called Diamond Like Carbon 
(DLC) come into play. They have only a short distance arrangement and are composed of 
sp2 and sp3carbon. Traces of hydrogen are present at the ends of the carbon tetrahedrons. 

2.1.2 Synthesis of Diamond 

The research on the synthesis of diamond started around 1920. The first results followed 
in 1953. The synthesis of diamond was possible with the high pressure- high temperature 
method (HPHT) because of the thermal stability of diamond in this area, as one can see 
in the phase diagram of carbon (fig.2.2). Later, metallic solvents were used to lower the 
energy needed to break up the sp2 honds and facilitate the formation of the sp3 honds. 
But this method had some disadvantages. First of all it is not easy to reach high pressure 
and high temperature for a great volume. This resulted in the production of only very 
small pieces of diamond. And the produced diamonds also contained some impurities due 
to the use of the metallic solvents. So the search for another method continued. What 
resulted, almost around the same time, in a method that was based on a low pressure 
synthesis in the thermodynamic area where diamond is metastable. This technique uses 
the principle that at atmospheric pressure the diamond and graphite phase are separated 
by only a small enthalpy difference (fig.2.3). So there is the possibility of the appearance 
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Figure 2.2: Phase diagram of carbon. 
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of the two crystalline phases while producing one of the two. This new method was called 

1: 
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Figure 2.3: Energy diagram Carbon. 

Chemica! Vapour Deposition (CVD) and it was based on a cyclic reaction on a heated 
diamond substrate. A carbon treatment was followed by a hydrogen treatment at high 
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temperature and low pressure. The carbon containing gas breaks up under influence of 
the temperature and forms simultaneous diamond and graphite (stepl). The hydrogen at 
high temperature is used to etch the graphite from the diamond substrate (step2). 

Stepl: 
Step2: 

CH
4 

heat 

H2 + deposition _h-'--ea_t ---t 

deposition( diamond + graphite) + 2H2 

diamond + C H4 

The deposition rate of CVD was low compared to that of high pressure processes (HPHT) 
and so it was not widely used. Until around 1980 a new deposition technique was devel
oped, Plasma Assisted Chemica! Vapour Deposition (PACVD), where the cyclic process 
was transformed in a continuous process. In this process a plasma that is created with the 
use of thermal, electric or electromagnetic energy is used. And in this plasma the mixture 
of hydrogen gas and methane is activated by the collision between plasma ions and the 
electrons. This allows the creation of atomie hydrogen and hydrogenated radicals. These 
products, which are highly reactive, react with the methane to give methyl radicals. These 
latter precipitate at the deposition surface under certain conditions of supersaturation. 
The formation of carbon or diamond at this point is even likely. 
Now the atomie hydrogen comes into play. It prefers to attack the carbon in sp~ hybridiza
tion above the diamond phases and thus it etches the carbon away leaving only diamond 
on the substrate. Even more, it stabilizes the sp3 carbons by ending the dangling bonds. 
Although the growth mechanism of diamond using PACVD is not exactly known, the 
recipes for different diamond morphologies are more or less available. The morphology of 
the coating can be influenced by altering the deposition temperature, the quantities in the 
gas mixture, the deposition pressure, the injected power, etc. 
Nowadays one can deposit diamond intens of different ways using PACVD. They al use 
the same principle, namely the use of a mixture of a carbon containing gas and hydrogen 
at low pressure. The deposition temperature in most cases is situated between 900K and 
l500K. The choices for the substrate are limited because of the reaction of carbon with 
for instance iron, and because of the losts of hardness at these high temperatures. 

2.1.3 The Balzers BALINIT DIAMOND 

Balzers Luxembourg has developed its own diamond deposition technique with its own 
equipment and technology. Due to industrial confidentiality a detailed description of the 
working principle cannot be given in this report. 
The substrates that are used are WC-Co grades (hardmetals) with a co balt concentration 
of 4% to 10% and the WC grain size between 0.5µm to 3µ,m. Other doping elements (TaC, 
NbC, ... ) that are normally used to improve the performance of hardmetal grades have a 
negative influence on the diamond adhesion and their concentrations need to be less than 
1%. 
First the substrates are treated in a chemica! bath to create a surface roughness and to 
reduce the amount of cobalt at the surface. Then they are immersed in an ultrasonic 
seeding bath containing diamond powder to loek small diamond particles in the surface 
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of the substrate. These diamond particles serve as nucleation centres for the diamond 
deposition. The deposition process that is used is Plasma Assisted Chemical Vapour 
Deposition (PACVD). The thickness of the films that can be grown by Balzers is between 
6µm and 20µm . 

2.2 Cobalt-sintered tungsten carbide (WC-Co) 

Cobalt-sintered carbide is a part of the metal-based ceramics family (cermet). These 
materials are a composite of ceramic materials and a metallic binder, in the case of WC
Co this metallic binder is co balt (Co). The presence of this metallic binder reduces the 
fragility of the pure tungsten carbide. There is no unique WC-Co, because there is a lot 
of variation in the different parameters. The main parameters that vary are the grain size 
of the carbide and the content of cobalt. 
Cobalt is used as binder because it forms a diffusion layer on the carbide grains during 
the grinding of the WC and Co powders. Also alloys of Co with other metals (Chromium, 
Molybendum) are sometimes used. In the carbides, transition elements (groups IVb and 
Vb) are frequently added, to improve the mechanica! properties. 
The composition of the material depends on the application of the tool. One has to find 
the right balance between the percentage of the cobalt, doping elements and the grain size 
of the WC to obtain the required material. 
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Experimental set-up 

As already mentioned the goal of this project is to start the development of a new, easy 
and fast adhesion test for diamond coated tools. The technique that will be used is micro
sandblasting. With this technique, fine sand particles are blown on to the surface under 
high pressure and erode the diamond coating locally. 

3.1 The sandblasting technique 

The micro-sandblasting process is depicted in figure(3.l). A fl.exible tube, that contains 
an inner pipe, is placed in a container filled with sand as shown in figure(3.l). When 
compressed air, with adjustable pressure, is fed through the inner tube a low pressure area 
is created in the nozzle and because of this low pressure area the sand is drawn into the 
outer tube. Then the sand runs through the tube and is sprayed on the bar through the 
nozzle. This nozzle has an opening of 0.8mm. The diamond coating is blasted away from 
the tungsten carbide base by the sand particles that leave the nozzle under high speed. 

--~+. . •. nozzle -1 f:!::------ .... 
compressed 

air tool 

pressure 
sand 

Figure 3.1: Sandblasting working principle. 

The sand is a high grade corundum white grain mixture Fl80 of Würth abrasives with 
a grain range between 53 - 90µm. It consists of Al203 : 99.70%, Na20 : 0.20%, Fe203 : 
0.02%, Si02 : 0.02%. This sand is not used again because it can break up in to smaller 

13 



CHAPTER 3. EXPERIMENTAL SET-UP 

pieces upon collision with the diamond coatings. And then it would not have the san 
parameters any more. 

3.2 The turning test 

For the turning test we have a tool with a specific cutting edge (fig.3.2) . This tool sta: 
fixed at the same position in the machine, hut it is positioned is such a way that it can cut 
path in a base material. This base material turns at a particular cutting speed (fig.3.3)ar 
has a special geometry. The base material contains grooves in the length direction (fig.3.4 
this is done to have an interrupted cutting path so that the turning test would resemb 
the real application conditions. The parameters that can be altered in this test are tl 
cutting speed, the feed (mm/rev) , this is the distance the tool moves forward during 01 

revolution of the base material, and the cutting depth (DOC) , this the depth of the c1 
when the test begins. 

E 
E 

LO 
0 
+I 
0 
LO 

0 6H6 

Figure 3.2: Cutting tool. 
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Figure 3.3: Cutting test working principle. 

. . -. . . . . . . . -. . . . 

-·-·-·-·-·-·-·-·-·-·-·-·- ·-·-·-·-·-· ·- · ·-·, ·-·-

' 

si de-view top-view 

Figure 3.4: geometry of the base material. 
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3.3 The sample holder 

For this project a special holder to hold the diamond coated tool (in preliminary tests a bar 
is used instead of a tool), is made. This holder allows to blast the coated bar at the same 
point each time, after off-line observation of the evolution of the hole with a microscope. 
This holder is shown in figure 3.5. It consists of two metal pieces and a movable bar. The 
first metal piece holds the blasting pen with the nozzle ( nozzle container), the second holds 
the diamond coated tool at its place (coated bar container). 

coated bar container 
sideview diarnond coated 

tool 

nozzle container 

frontview 

• 

nozzle 

o hole for rnovable 
bar 

Figure 3.5: coated bar kolder 

The container is constructed in that manner that the distance between the nozzle and the 
coated tool is always 3mm. 

3 .4 Analysis 

For the analysis two different techniques were used. The first one is a Betascope to measure 
the thickness of the coatings. And the second was a microscope to follow the evolution in 
time of the holes in the coating. 

3.4.1 Beta scope from Coating Measurement Instruments ( CMI) 

For the determination of the coating thickness a Beta scope is used. In a Beta scope unsta
ble radioactive isotopes are used. From these radioactive isotopes beta rays can be emitted. 
When this beta source is directed at the sample the electrons will penetrate the sample 
and will then be reflected towards the source. These reflected beta rays are counted with 
a Geiger-Muller and the intensity of these beta rays can then be converted into a coating 
thickness. 
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The first condition for an accurate measurement is that the atomie number of the coating 
material and the base material have to differ sufficiently. This is the case for diamond 
coated hard materials. Second, the technique can be used at rods with a diameter down to 
3mm. But one has to pay attention to the positioning of the probe. It can also occur that 
it is impossible to make a reliable measurement due to fact that there is no flat surface to 
place the probe on. 

3.4.2 Microscope Leica MZ12 

For the analysis of the evolution of the holes in the diamond coated bars a microscope that 
is equipped with a camera and connected to the computer is used. Special software, the 
program Image compact from Matrix Vision, is used to analyse the images. The settings 
of the microscope can be imported in the program what makes it possible to measure the 
diameter of the holes and to save the images with a reproduction of the scale (fig.3.6). 

Figure 3.6: Saved image with a reproduction of the scale. 

3.5 Samples 

Like mentioned in chapter 2 the composition of the WC-Co can vary a lot. For this project 
the hardmetal MG12 is used unless mentioned otherwise. MG12 has an average grain size 
< lµm, a density of 14.85g/cm3 , a hardness of l820HV and contains 6% Co. To improve 
the adhesion of the diamond coatings on this hardmetal Balzers experimented with extra 
cleaning within their pretreatment process. The different types of cleaning are summarized 
in a table(3.l). In the first column an abbreviation is mentioned and in the second column 
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a description is given. 

1 Table 3.1 
abbreviation 

AU 
US 

wv 

1 description 

Standard pretreatment 
Standard pretreatment with an 
extra ultrasonic cleaning 
Standard pretreatment with an 
extra water vapour cleaning 

18 

During the course of the project tools with these different pretreatments were delivered. It 
was investigated if there is a noticeable difference between the different types of pretreat
ment and if the pretreatment has a positive or negative effect on the adhesion. 
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Results and discussion 

Samples with the same hardmetal grade (MG12) substrate and different pretreatments 
were investigated to see if there is a significant difference in the blasting tests. In a later 
part there were also samples with a different seeding. In the last stage of the project the 
sandblasting results are tried to be correlated to the adhesion, using the results of turning 
tests also performed by WTCM. 
Before the results will be discussed a couple of important parameters are introduced here. 
The thickness of the diamond layer is abbreviated with d, the time before a hole appears 
in the coating is called tblast· In all the graphs, in this paragraph, tblast is considered to be 
t = Os and from there the evolution in time of the holes is followed. Another parameter 
which has to be considered is the distance from the top of the rod htap· Due to the 
deposition technique the structure and the thickness of the diamond coating differs at 
different distances from the top. 

4.1 The first experiments · 

The first test that was done was to check the repeatability of the test. For this purpose a 
tool (MG12, WV, d = 9µm, tblast = 125s, htap = 8.lmm) was blasted at two sides and the 
graphs were compared, the results can be seen in figure( 4.1). 
The second step was to examine the consistency for the results of different tools with the 
same parameters. For this purpose all the samples were blasted in periods of 5s. First a 
MG12 rod with AU-cleaning and a 5µm coating was investigated, followed by a similar 
rod with the same parameters. It was then repeated a third time for a rod with an AU
cleaning and 5.5µm coating (fig.4.2). For these samples tblast and htap are mentioned in the 
table( 4.1). 

19 
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Figure 4.1: Blasting test performed at same tool on different sides. 

1 Table( 4.1) 

sample cleaning d(1J,m) tblast( S) h tap(mm) 

MG12 (nr.1) AU 5 10 8.3 
MG12 (nr.2) AU 5 30 8.1 
MG12 AU 5.5 10 8.3 

160 

20 

One can see that tblast and the graph (fig4.l) of the test performed on the same tool are 
more or less the same. Also for different samples with the same parameters tblast ( table 
4.1) and the graph (fig.4.2) are fairly the same. These results give us a good starting point 
for the project but further investigation has to be done. 
As third and last test for these samples it was investigated if there was a noticeable differ
ence between the different types of pretreatment. The WV-cleaning, for these samples, is 
done without prescribed guidelines, the tools are investigated in order to see if this extra 
cleaning has an effect, this also applies to the US-cleaning. The parameters of the samples, 
d, tblast and htop are mentioned in table(4.2). The results are depicted in fig.(4.3) . 
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Figure 4.2: Blasting test performed at three different rods with a A U-cleaning. 

1 Table( 4.2) 

sample cleaning d(µm) tblast( S) htop(mm) 
MG12 AU 5.5 10 8.3 
MG12 US 5.5 10 8.3 
MG12 wv 7.5 30 7.8 
MG12 (nr.2) AU 5 30 8.1 

21 

In figure( 4.3) and table 4.2 it can be seen that there is not a large difference between the 
different types of pretreatment. It is possible that there is an little improvement for the 
samples with the WV-cleaning if we look at the graph but the difference between the graphs 
is too small to draw this conclusion. To investigate this further Balzers experimented with 
the WV-cleaning in the follow-up of this project. 

4.2 Influence of different parameters 

In this paragraph the influence of some parameters was investigated, namely the influence 
of WV-cleaning, of different diamond structures and the influence of the size of diamond 
seeds. 
To investigate the influence of the water vapour further, Balzers now carefully, following 
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Figure 4.3: Blasting tests performed at samples with different types of pretreatment. 
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a well described method, cleaned the rods with water vapor after the etching. Balzers 
delivered rods with an AU and a WV cleaning and with a normal, rough (crystalline), and 
a smooth ( nano-crystalline) coating. Balzers also delivered rods with different diamond 
seedings (0.2µm & l.Oµm). First it was investigated if the rod with AU-cleaning and the 
normal (rough) coating, of the new set of samples, follows the same course in time as 
the rods with the AU-Cleaning in the previous section (fig. ( 4.2) ). So there is a reference 
point for the new tests(fig.(4.4)). The parameters of the samples can be found in table(4.3). 

1 Table( 4.3) 
sample cleaning d(µm) tblast( S) htop(mm) remarks 
MG12 (nr.1) AU 5 10 8.3 / 
MG12 (nr.2) AU 5 30 8.1 / 
MG12 AU 5.5 10 8.3 / 
MG12 AU 6.5 40 6.5 rough 

In figure( 4.4) and table 4.3 it can be seen that the results for tools from different sets of 
samples with the same parameters are fairly the same. This shows a good consistency in 
the results for AU-cleaning. 
As second step we will compare all the different samples with each other, the influence 



CHAPTER 4. RESULTS AND DISCUSSION 23 

1600 • 
• • • 

1400 • • • • 
1200 • • 

• 
• 

1000 •• 
• ·;;t 

i eoo 
Ti 

600 

400 • MG 12 AU 5.5µm 

• MG12 AU 5µm (nt.1) 
200 1----~~~~~~~~~~~~~~~~ MG12 AU 5µm (nr.2) 

0 
MG 12 AU 6 ,5µm wugh 

0 10 15 

Figure 4.4: Comparison between the rods with A U-cleaning from different sets of samples. 

of WV-cleaning and the difference in diamond structure is investigated. In table( 4.4) the 
most important parameters are depicted and in figure( 4.5) the evolution of the holes with 
time can be seen. 

1 Table( 4.4) 
sample cleaning d(µm) tblast( S) htop(mm) remarks 
MG12 AU 6.5 40 6.5 rough 
MG12 wv 7 270 6.1 rough 
MG12 wv 7 90 6.3 smooth 

In the results of the second test (fig(4.5) & table 4.4) one can see that there is a big dif
ference between tblast and also between the different graphs. The course of the graph as 
well as tblast will give us information about the adhesion. The difference between tblast and 
the graphs for the different types of pretreatment can point out an improvement of the 
adhesion. Because when the tools are carefully cleaned with water vapour a lot of cobalt 
residue is removed resulting in a better adhesion. The difference between the two tools 
that are cleaned with WV is due to the difference in structure of the coating. The fact that 
the hole does not grow as fast for a smooth coating can be ascribed to the fine structure. 
Because the smooth coating has a smaller diamond grain size. 
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Figure 4.5: Comparison between rods cleaned by AU- f3 WV-cleaning and with rough f3 

smooth coatings. 

As last part of this paragraph the influence of the size of the diamond seeds is investigated. 
The parameters of the rods are depicted in the table( 4.5) with an extra column with the 
diameter of the seeds (ddiamond) and the results can be seen in figure (4.6). 

1 Table(4.5) 
sample cleaning d(µm) tblast( S) htop(mm) ddiamond(µm) 
MG12 AU 6 50 7.6 1.0 
MG12 AU 7 30 8.1 0.2 
MG12 wv 6 70 7.9 1.0 
MG12 wv 6.5 110 7.9 0.2 

Smaller diamond seeds don't seem to have a positive influence on the coating (fig.(4.6)), 
but further investigation is needed. 
Now the next goal in this project is to look if the increase of the course of the graph or tblast 
can tell us something about the adhesion by comparing sandblasting and turning tests. 
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Figure 4.6: Comparison between rods cleaned by AU- €3 WV-cleaning and with different 
diamond seedings. 

4.3 Blasting/Turning tests 

In this paragraph we will try to relate the sandblasting tests to the adhesion by using the 
results of the turning tests, also performed by WTCM. For these tests a set of 20 tools are 
delivered by Balzers, the tools have a cutting edge of 60 ± 0.1 degrees. The material that 
is used by WTCM to perform these turning tests is AlSilOMg. For al the turning tests 
the same parameters are used (cutting speed= 500m/min, feed = 0.20mm/rev and DOC 
= 0.20mm). The two (sandblasting- & turning tests) tests are performed on the same tool. 
Then tblast and the cutting time are compared with each other to see if conclusions can be 
drawn about the adhesion of the coating. 
For this test a set of tools is delivered by Balzers that consists of 6 groups of 3 tools and 
1 group of 2 tools, the tools in the same group have the same pretreatment. The different 
types of pretreatment are mentioned in the table below. 
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1 Test 7 
group 
1 
2 
3 

4 
5 

6 

7 

pretreatment 
Standard pretreatment, diamond seeds of lµm 
Standard pretreatment, diamond seeds of 0.2µm 
Pretreatment with WV-cleaning, diamond seeds of 
0.2µm 
Pretreatment with WV-cleaning, diamond seeds of lµm 
Pretreatment with WV-cleaning and longer cobalt etch
ing, diamond seeds of 0.2µm 
Pretreatment with WV-cleaning and longer cobalt etch
ing, diamond seeds of lµm 
Pretreatment with WV-cleaning and less cobalt etching, 
diamond seeds of lp,m 
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The results of this test (fig.4.7) are promising. The test shows good agreement between the 
blasting time and the cutting time, although for some samples the results are out of line 
(2i, 42 , 62 and 71 ). It is possible that it will fit better if some more tests are done on the 
same samples (statistics). Another problem is the lack of consistency between the results 
of samples with the same pretreatment, so the test rod probably will not be representative 
for the whole set of tools. This is a problem, because when the adhesion has to be tested 
a sandblasting test is done on a reference rod. But if this rod is not representative for the 
whole set it doesn't give us any reliable information about the adhesion of the tools. There 
are two possible explanations for this problem. One, the test does not work, or there is 
an inconsistency within the coatings what results in different blasting times. But further 
investigation has to be done to draw the right conclusion. 
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Figure 4. 7: Comparison from results of blasting & turning tests. 

27 



Chapter 5 

Conclusion 

The goal of this project was to look for the possibility of using sandblasting to test the 
adhesion of diamond coatings on tools. First the repeatability of the test was investigated, 
then it was investigated if there is a noticeable difference in blasting times between rods 
with different pretreatment types. Subsequently it was investigated if the blasting time 
(tblast) can be related to the adhesion of the coating by comparing results of blasting tests 
and turning tests. 
In first tests of the project there was a great consistency between the results for tools with 
the same AU cleaning, which was a good start for the project. When the different types 
of pretreatment were investigated, there was no noticeable difference. This probably was 
due to the fact that the extra WV-cleaning was just roughly dorre after the standard pre
treatment. When the second set of samples arrived for which the WV-cleaning was dorre 
following a well predescribed set of guidelines the differences became significant. It seems 
that this extra water vapour cleaning has a positive influence. The change in diamond 
structure also had a great influence, tblast was lower but the evolution of the diameter of 
the hole of the smooth coating went slower. Which effect this has on the overall adhesion 
has to be investigated further. The change in size of diamond seeds didn't seem to have a 
positive influence. 
The next step was to relate these blasting results to the adhesion of the coating. For this 
purpose turning test were performed and we tried to compare the results of these tests with 
the results of blasting tests. The comparison between the results showed good agreement. 
This is a promising start, but there is still a problem. There is no consistency in the results 
between tools with the same parameters. What implies that if one reference tool would be 
tested it would not tell us anything about the other tools. This makes it impossible to use 
this test as an adhesion test for the moment. Because this would mean that the blasting 
test has to be performed for every single tool. But further investigation on this part has 
to be done. Statistics have to be done, and if the adhesion still improves the differences 
between the different types of cleaning probably becomes more clear and also the difference 
between good and bad adhesion will be more pronounced and than clear boundaries can 
be set. 
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