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Diamonds have been used as abrasives for a significant time and
the glass industry is one of many which uses diamonds in its
manufacturing process. In this article the author, an expert grinding
wheel producer and geologist, explores and gives a brief guide to
the diamond synthesis process and the use of diamond tools.
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t was particularly after the Second World
War that the manufacturing of synthetic
diamonds took off. Nowadays it is a lab-

oratory product, whose general purpose is to act
as a superabrasive. Worldwide and in the West,
the first companies to begin manufacturing syn-
thetic diamonds were De Beers in South Africa
and General Electric in the United States.

HOW TO SYNTHESIZE DIAMOND
The natural process begins with the sedi-

mentation of organic material. The pressure
made by the earth and the high temperature of
its interior transforms these sediments, turn-
ing them into coal, then to graphite. 

This is the penultimate stage before achiev-
ing diamond. When these conditions are made
more extreme, graphite changes its crystal struc-
ture and turns into diamond. 

The synthesis of diamond in the laboratory
begins with graphite. It is exposed to high pres-
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sures and temperatures, so when the reaction is
finished, small crystals are obtained. In the
very first tests, some of them oxidated, whilst oth-
ers remained invariable. Those which remained
invariable were exposed to characterization
tests, including both crystal analysis, in which
its octahedron structure was established, and
refraction tests, in which results equivalent to nat-
ural diamond, were obtained. Synthesized crys-
tals were thus identified as diamonds. In order
to use diamond dust, it should be classified
according to grain size, so that people can use
it in the different degrees of finishing of the piece
that has to be processed. This selection is made
by means of sieves. Nowadays, two scales of mesh
are used: FEPA and US Standard Mesh.

The weight unit used in the marketing of dia-
monds is the carat which equals 0.200 grams,
and contrary to popular belief, it is not a meas-
ure of the quality of diamond but merely of
weight.
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FLAT GLASS INDUSTRY
Some of the industries which normally use

diamonds in the manufacture of their products
are iron and steel, glass, optics, stone, ceram-
ics, graphite, jewellery and synthetic materials
and composites.

After it had been decided that diamond was
the best abrasive for the glass industry, the
next step was to mechanize the jobs which
were previously performed by hand. 

This was challenging because the machinery
had to be fast, accurate and able to avoid all the
problems involved with manual processes.
Today, there is a great variety of machines on
the market that have obtained high production
shares and technical specifications we never
thought possible six or eight years ago. Now we
are sure that in a further six or eight years,
they will be replaced by other, more superior
equipment.  What is not as easy to forecast is the
possibility of changing the kind of abrasive to
a material other than diamond. 

The manufacturing of a diamond tool
In order to conceive and manufacture a dia-

mond tool, it is essential to know the degree of
finishing which we want the glass to have.
Knowing this, we can then know the type of grain
we want the glass to have, based upon:
• rough grains from 70 to 140 US Standard

Mesh;
• medium grains from 140 to 230 US Standard

Mesh;
• thin grains from 230 to 400 US Standard

Mesh;
• superthin grains from 40 to 15 microns, only

in some cases and in specific machinery. 

Kind and brand of machine
A tool having the same features as another one

can change its performance and even not func-
tion if it is used in a different machine from the
one it was designed for. 

This is because work parameters change,
that is to say, peripheral speed, tool surface
pressures and so on. 

Manufacturing glass
There are many different ways of processing

glass. Basically these are edging, grooving and

bevelling. Edging is carried out on shaped
machines or on automatic straight-line machines,
with flat edges, flat edge with arris, round,
O.G. edge, or any other profile.  Grooving is used
for processing different widths, in straight-line
machines or shaped automatic ones, with the pos-
sibility of grooving an angle or a curve. Bevelling
is carried out on manual or automatic, straight-
line or shaped machines, with metallic and
resin tools. Once this information has been
obtained from the customers, the manufactur-
er of the diamond tool has to combine the fol-
lowing factors:

Type of bond to use
It is necessary for the bond to have a series

of elements which allow the diamond grain to
be held better and as long as possible whilst still
having cutting power. If not, grains would
come loose and the erosion of the tool would be
faster. At the same time, we should avoid the
grains from being held by the bond for a long
time, because when they lose their cutting pow-
er, that is to say when they become blunt, the tool

CLASSIFICATION OF DIAMOND 
GRAIN SIZES

FEPA US STANDARD ASTME II DIN 848

D-1181 16/18 D-1100

D-1001 18/20 D-900

D-851 20/25
D-700

D-711 25/30

D-601 30/35
D-500

D-501 35-40

D-426 40-50
D-350

D-356 45-50

D-301 50/60
D-250

D-251 60/70

D-213 70/80

D-181 80/100 D-150

D-151 100/120

D-126 120/140
D-100

D-107 140/170

D-91 170/200
D-70

D-76 200/230

D-64 230/270

D-54 270/325 D-50

D-46 325/400
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loses all its cutting capacity and is not able to
work. In the first scenario, we cannot do any-
thing about improving the tool, but in the sec-
ond scenario we can avoid ruining the tool by
rubbing an abrasive bar, making the loose par-
ticles of this bar, when touching the diamond,
groove the tool bond by taking out the blunt grain
and letting a new cutting edge appear. 

Quantity of diamond
In order to estimate this, we have to do exact

calculations with the volume that the diamond
part of the tool would occupy, and afterwards,
calculate the number of diamond carats intro-
duced in that volume. If the volume is either too
much or not enough, then problems occur.

A high concentration of diamond means a high-
er number of diamond carats, a higher resistance
to erosion of the tool, but less cutting capaci-
ty and more expense. A low concentration of dia-
mond means a smaller number of diamond
carats, less resistance to erosion of the tool
and more cutting capacity.

Pressures and temperatures
We have to know the exact pressure  to apply

to the tool in cold and hot conditions, so that it
can compact all particles of the materials which
make up the bond. The correct temperature is
one which permits the union of the particles with-

Common
profiles

out melting them and allows every element of
the compound to work autonomously.

Tools and moulds
Equipment or  moulds must be designed to

allow us to join the bond with diamond at cold
temperatures. Once synthesized and pressed, we
get the required geometrical shape. If the design
of the mould is correct, it lets us apply uniform
temperatures and pressures. When the materi-
al is taken out of the mould, neither breakage
nor microfissures in the diamond are caused. 

IMPLEMENTATION AND MAINTENANCE
When a customer is going to use a new

wheel, they should pay attention to unpacking
it and make sure that it does not drop or mix with
glass dust, dirty water or dirt in the workshop.
This could add foreign elements to the tool
before it is put on the machine. The axis of
the machine has to be perfectly clean so that the
wheel does not bounce, and so that the wheels
come out of the warehouse perfectly balanced.
If the wheel were to bounce by even 0.2 mm, its
yield could be decreased by 30 per cent. 

Once the tool has been put on the axis of the
machine, in order to begin work with it, on
first contact, the glass should be touched gen-
tly in order to avoid deformation of the tool with
the first impact and to avoid the first layer of dia-
mond from remaining blunt, or even from
breaking with the high temperature. If we do not
pay attention to these details, tools would begin
to work with noticeable defects until their first
maintenance check. 

NORMAL YIELD OF A TOOL
Based upon a prototype, yields are good if the

tool has a similar performance and lasts for ±
20 per cent of a normal wheel. The best way to
test yield, however, is at random because we are
used to talking about edged or bevelled metres
which is, in fact, the wrong unit of measurement.
As the glass is still cut by hand, if we want to
edge in excess of 1 mm, it will depend on the
positioning of the cutting rule or plan to reach
an excess of 1.3 or 1.5 mm. The consequence
will be a smaller yield of the tool by between
10 and 25 per cent. Consequently, we have to
consider the unit of measurement to test the yield



183

Glass-Technology International 6/1999
w w w . g l a s s o n l i n e . c o m

of a diamond tool as the gram, that is to say, we
always have to see the quantity of removed
glass, never the number of linear metres. This
is, however, almost impossible to measure in pres-
ent conditions. In order to see the good yield of
tools, the following factors are also important:
• looseness and stiffness of the machine;
• flow and focus of the refrigerating liquid;
• maintenance and care of the tool;
• quantity of removed glass.

The manufacturing and selection of a diamond
tool is a complex and delicate operation. It is
important to repair it when it begins to bounce
or gets deformed, because if we put this oper-
ation off, the repairing operation will be more
difficult and thus also reduce the life of the glass.

USAGE OF PROPER TOOLS FOR 
A BETTER FINISHING

We always have to bear in mind that the
most common qualities of the finishing are
rough, medium or single, and thin. 

The better we want the finishing to be, the more
tools we have to use or use the same one sev-
eral times. For the finishing process, we should
use a different type of tool depending on the width
of the glass. For glass of 3 and 4 mm, a good fin-
ish can be achieved with only one tool, for
glass of 5 and 6 mm, with just one tool and nor-
mal time, we can get an acceptable finish. For
glass of 8 and 10 mm with just one tool, we could
get a normal finishing with some more time, but
it is better to use a rough and thin tool. For glass

of 15 and 19 mm, two tools are used. 
The first one is rough and can be segmented.

The second one is a thin one with a finishing
degree of medium/thin. Nevertheless, for the dif-
ferent types of profiles where we have to remove
a lot of glass, we should use three tools, the first
one being the breaking tool, which is very
powerful and segmented with a large cutting
capacity.

If these hints are not adhered to, the degree
of finishing or the time taken will be much
worse. For superthin finishing, we have to use
the aforementioned tools, plus one which will
give us the superfinishing, and can be left when
the surface is very thin. This tool just erases the
small stripes of the former one, and is not con-
sidered a work tool. The surface finishing of a
diamond tool on the glass will always be mat-
te, because some glass will always be removed.
For this reason, when we want to remove a
large quantity of glass and to save manufacturing
time, we should use tool trains which work in
a better way - the first tool will remove 60 per
cent of the glass, the second will remove 30 per
cent and the third will remove 10 per cent. 

The refining appears afterwards. For superior
finishing qualities, a fifth and even a sixth tool
will work for a superfinishing. For these jobs,
there are specific machines with determined con-
ditions and tools.
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