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Abrasives in water jet cutting systems
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ABSTRACT: Abrasives used in high velocity water jet cutting systems are one of the most important ele-
ments for kerf opening. The most commonly used product as an abrasive is mineral garnet. Many of its tech-
nological characteristics are very important. The common characteristics that influence the cutting system
were defined as abrasive power and among these features there are grain size distribution, abrasive hardness,
geometrical form of the particles, and other features that will be presented. Different grain sizes are available
to provide best cutting features for different materials. Operation with softer materials such as wood and rub-
ber do not require the use of abrasives, but for cutting hard rocks, as well as steel, other metals and ceramics,
the use of abrasives is mandatory. Garnet is the most commonly used abrasive, but there are other natural and
man made abrasives such as slag, aluminium oxide and carborundum that may be used. Careful selection of
the abrasive material is recommended to achieve a compromise between nozzle durability and the part to be

machined.

1 INTRODUCTION

Abrasives are sharp, hard materials used to wear
away the surface of softer less resistant materials.
Included within the term are both natural and syn-
thetic or manufactured substances that range from
the relatively soft particles used in household
cleansers and jeweller’s polish to the hardest known
material, the diamond. Abrasives are indispensable
to the manufacture of nearly every product made in
modern industry with high precision components as
automobiles, aeroplanes and space vehicles, me-
chanical and electrical appliances, and machine
tools.

The history of abrasive usage is very old. The
earliest man’s rubbing one hard stone against an-
other made use of abrasives to shape his first
weapon or tool. Natural abrasives were used during
the first industrial revolution in the earlv stages of
large scale mechanisation.

An interesting story of those days is the event
from 1873 in the United States, when Swen Pulson,
working in the Norton and Hancock Pottery,
Worcester. Massachusetts, won a jug of beer by bet-
ting that he could make a grinding wheei by combin-
ing emery with potter’s clay and firing them in a
kiln. Just before the turn of the century man discov-
ered the manufacturing process to obtain aluminium
oxide and silicon carbide with the use of electric
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furnaces. In 1955 the General Electric Company
succeeded in manufacturing synthetic diamond.

Most recently, industry mechanisation evolved
into full automation, with the development of com-
puter controiled systems for cutting a range of mod-
ern materials, and the use of abrasives is critical for
machining hard materials.

In modern automated systems with computer con-
trolled operation by a Cad/Cam software, it is possi-
bie to make precision parts for industrial applica-
tions. The new abrasive water jet system installed as
a Module of the Rock Mechanics Laboratory at
EPUSP and the Brazilian aims for the following
years are described in a paper presented this vear at
Calgary (Lauand et al., 2000). Canada, during the
SWEMP 2000, in May.

Manufacturer’s instructions indicate the use of
garnet, 80 mesh grain size, for effective operation of
the water jet system,

Unfortunately, garnet as a quality abrasive for
water jet application is not available in Brazil, and
we need to import the product. The price of the im-
ported product is R$2.00/kg (about US$1/kg).

On the other hand. in Brazil there other suppliers
of synthetic or manufactured abrasives, generally
aluminium oxide and silicon carbide. The prices of
manufactured abrasives are R$1.13/kg for alumin-
ium oxide and R$1.86/kg for silicon carbide, for 80



mesh grain sizes, which are cheaper than imported
garnet.

Complete technological characterisation of abra-
sive materials used in the new abrasive water jel cut-
ting system will here presented below.

2 TECNOLOGICAL CHARACTERISTICS OF
ABRASIVE MATERIALS

The main technological characteristic of an abrasive
as defined to be used as grains in abrasive water jet
systems (Agnus et al, 1995 & 1996) is its power
that can be calculated by the following mathematical
expression:

al a2 a3 ad . al
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In equation [1] H, is the Knoop abrasive material
hardness, S is a particle shape factor, p is the abra-
sive material density, d is the abrasive particle di-
ameter, and ™ abrasive mass flow rate.

To better understand their features, the powder
materials were evaluated according to their abrasive
power as determined in equation [1].

The mineralogical composition of the samples
was determined in a semi-quantitative determination
by Spectometry with an Xray apparatus.

Then, the shape of the particles was measured by
a method suggested by Ayres da Silva & Hennies,
1983, to determine the mean roundness of the abra-
sive grains.

Additional chemical analyses of the abrasives
were also performed.

Abrasive grain hardness was determined from
microhardness indentation fests on polished grain
section samples.

Abrasive material density was another physical
characteristic that we measured or evaluated from
available data provided by the manufacturer.

Grain size distribution was measured with a laser
beam measuring apparatus (Malvern) to evaluate the
mean diameter of grains for every abrasive sample.

3 EXAMINED SAMPLES

As mentioned above, different kinds of abrasives
were examined. First, we examined two artificial
powder abrasives from Alcoa, identified as alumin-
ium oxide and silicon carbide or carborundum, 80
tyller mesh grain size.

Additionally, Flow brand garnet samples im-
ported from the USA were also examined. 80 and
120 tyller mesh grain size, as well as another sample
used in the preliminary testing of the equipment.
also 80 tyller mesh grain size.

Finally, a Brazilian garnet sample. from the
tailling product of the monazitic sands processed at
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the Nuclemon, the State Nuclear Agency of Brazil,
was also characterised.

Eletroctastic separation of this Brazilian gamet
was performed at the mineral processing laboratory
of the mining engineering Department of EPUSP,
providing a good concentration of this abrasive ma-
terial for the characterisation study. Initial tests were
performed with a S5kg sample that resulted in 20% of
good concentration garnet.

Summarising, our study evaluated the physical
characteristics of 6 different samples, as follows: 2
artificial abrasives (aluminium oxide and silicon
carbide or carburundum), and 4 gamet samples (3
imported and 1 from the domestic market).

1
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ASSAYNG RESULT

Most of the tests were performed at the Laboratory
of Technological Characterization of the Mining
Engineering Department of EPUSP, as follows:
Min¢ralogical characterisation; Grain size distribu-
tion; Particle shape characterisation; Chemical
analysis; Abrasive grain hardness; Abrasive grain
density; Abrasive grain scanning.

4.1 Mineralogical characterization

Abrasive powder samples were submitted to an Xray
to obtain a diffractogram.

The resulting interpretation of these diffracio-
grams determined the mineralogical constituents of
the abrasive grain crystals.

The interpretation demonstrates that the mineral
content in all four gamet samples corresponds to
Almandine and Almandite. There is also some
Quartz content in all of the samples.

The Flow brand gamets also include small
amounts of Goethite in the 80# kind and Allophane
and Pseudobrookite in the 1204,

The Omax 80# samples include some Quartz con-
tent as well as a small amount of a mineral known as
Ulvospinel.

Finally, the Brazilian garnet sample included
some Ilminite as well as Allophane and Pseudo-
brookite.

The diffractograme of Aluminum oxide artificial
abrasive indicates the presence of synthetic Corun-
dum as the major component and minor amounts of
some Goethite and Silimanite. There was also a dif-

fractograme of Silicon Carbide or Carborundum
samples.

4.2 Grain size distribution on Malvern

The grain size distrtbution of all the six abrasive
powder samples was determined in a Malvem laser

apparatus and the results are presented in a theoreti-
cal mesh size distribution in pm.



These results are shown in the figure 1.
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Figure 1. Grain size distribution of the six kinds of abrasive.

4.3 Particle shape characterization

The shape characteristics of the various abrasive
grains was determined according to a method sug-
gested by Ayres da Silva & Hennies (1983), pre-
sented at the 6™ International Rock Mechanics Con-
gress of Melbourne, Australia.

The results of this determination on the six stud-
ied kind of abrasives are presented at table 1.

The resuits of this determination on the six abra-
sive samples are displayed at table 1.

Table 1 Results of the particle shape characterization

Abrasive value
Aluminium oxide 80# 038
Silicon Carbide 80# 0.35
Flow gamet 80# 0.55
Flow garnet 120# 0.48
Omax garnet 80# 0.62
Brazilian garnet 0.73

4.4 Chemical analysis

The chemical analysis of the abrasives were also
performed at the Technological Characterisation
Laboratory of EPUSP.
The results of these test are shown in table 2.
These data provide a chemical composition of the
abrasive and identify the minerals of the natural
abrasives or garnets.

4.5 Hardness of abrasive grain

Polished slices were prepared for Vickers micro-
hardness determination and then submitted to an in-
dentation test with a tetragonal prism of diamond.

The Vickers hardness values were then correlated
to Knoop hardness. The results of these tests are
shown in table 3.

4.6 Density of abrasives

Finally, the determination of density of the abrasives
was performed according to standard procedures de-
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scribed in the literature. The results are presented in
table 4.

Table 2. Chemical analysis of the abrasives

Abrasive AIZ03 SiIC_ FIG8U FIGT200GE0 Bro
Si02 344 985 207 200 217 283
TiO2 861 002 025 024 081 344
MnO2 030 -— 281 300 138 1.17
A2O3 821 012 838 796 809 139
Fe203 056 015 643 657 548 353
Ca0 0.67 021 152 147 999 179
MgO0  ——  — 047 044 184 341
Na20 020 005 - o -
K20 048 - 031 014 006 006
P205 190 089 074 068 097 138
SO3 065 tr.  -— - 025 006
V205 e 003 e e e e
0 - - 019 012 004 008
Y203 - - 027 017 -~ 031
Zr02 059 - om e 402
Ce02 049 — —  — - 336

Table 3 Results of the hardness of the abrasives
Abrasive Vicker hardness Knoop hardness

Ahminium oxide 80# 274 2,100
Silicon Carbide 80# 323 2480
Flow garnet 80# 172 1,320
Flow garnet 120# 170 1,310
Omax garnet 80# 177 1,360
Brazilian garnet 175 1,340

Table 4. Results of the the specific gravity of the abrasives.

Abrasive Specific gravity (g/cm”)
Aluminium oxide 80# 3.98
Silicon Carbide 80# 3.19
Flow garnet 80# 4.12
Flow gamnet 120# 4.11
Omax garnet 80# 4.08
Brazilian garnet 4.04
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Figure 2. The grains of 80# Flow garnet.

4.7 Scan of the abrasive grains
Figures 2 to 7 display photo of the abrasives.



In figure 2 we can see the shape roundness and
other details of the 80# Flow garnet in a 200 times
magnification. Figure 3 corresponds to 400 times
magnification of 120# Flow garnet.
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Figure 3. The grains of 120# Flow gamet.
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Figure 5. The grains of the Brazilian garnet.
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Figure 7. The grains of 80% Alcoa Silicon carbide.

In figure 4 the grains 80+# Barton garnet used by
OMAX is presented at 200 times magnification.

Finally, figure 5 corresponds to the Brazilian gar-
net in 320 magnification. and figures 6 and 7 to arti-
ficial abrasives from Alcoa amplified at 400 times
magnification (Aliminium oxide and Silicon carbide
samples).

5 MAIN CONCLUSIONS

There are two conclusions from this work as fol-

lows:

1 The Brazilian garnet demonstrates potential char-
acteristics for use in water jet systems. A signifi-
cant quantity must be prepared for actual testing
with the system.

2 The initial tentative to use synthetic abrasive led
to some troubles with the grain size and shape.
Carefully examination and improvement of the
feeding system are required before scheduling
new tests.
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