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Abstract: Recycling as a waste process technology is preferred in terms of
environmental protection, today. Water jet technology is friendly and belongs to
green technology. It is possible to divide as the paper material to the steel and can
be divided into two principal groups described in the contribution. This progressive
technology is applied in various sectors of industry. During the cutting operations
creates the waste in the forms as polluted water, sludge, used abrasive material and
other rest material from the semi- products. This contribution focuses on one type
of waste - water. Water is an essential parameter in the process of water jet cutting
machine and abrasive water jet machine. Water treatment takes place in filtration
equipment, where the basic apparatus is filter. In the contribution is discussed
several possibilities of recycling facilities, not only based on filtering. There were
tested the water samples, taken from the process before and after the process.
The composition of the water before cutting and after cutting operation were
discussed and were compared the quality of water after recycling.
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1. Introduction

The force of water in the form of erosion of materials is observed in nature for mil-
lions of years. High pressure water jet cutting has evolved continuously for decades
in research and industry. An important design use water jet in production technol-
ogy as a tool comes from the aircraft and aerospace industry.

Over the past five years, the number of cutting machines water jet sold world-
wide, both abrasive and pure water has increased by an average of 18 percent per
year. The issue of waste is still important. Economic production also needs to focus
on reducing costs.

2. Abrasive water jet technologies

For cutting compact and hard materials, such as metals, glass, ceramics used
abrasive cutting method. Before the beam touches the material added to the flow
of water in the mixing chamber of the cutting tool - abrasive. [3]

The main part of the device is the cutting head, which produces high-speed
water jet. Injection system supplies the abrasive particles into the high velocity
jets. The water in the case, where the generator is supplied to the pressure, must
meet all the requirements of the standards of the cutter head, Fig. 1. [2] Water in
this technology enhances the quality of work, quality of products, equipment life,
reduce repair, and reduces the wear rate of nozzles, control valves. The water used
in the separation technology of water jet must be free from iron and calcium. The
total hardness of the treated water should not exceed 10 mg:I". [1]
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Soluble solids based on the solution and act
as abrasive material. The most affected are the
components of the nozzle and high pressure seals.
(5]

When creating a high-speed abrasive jet, wear
occurs mainly in focusing device due to shock tube
solid phase on the inner wall of the tube. [2]

Fig. 1: The principle of water jet cutting — hydro abrasive erosion
- AWIM[12].

3. Quality of water
Water in this technology enhances the quality of
work, quality of products, equipment life, reduce
repair, and reduces the wear rate of nozzles,

Table 1: Water quality.
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control valves. The water used in the separation
technology of water jet must be free from iron
and calcium. The total hardness of the treated
water should not exceed 10 mg/I. The following
Tab. 1 shows the allowed values of the substances
contained in the cutting water in mg.I"" mentioned
by the KMT firm, which has long been engaged in
technology, cutting water jet. [1]

Components of systems for water jet cutting are
subjected to high levels of stress, and are sensitive
to the effect of the constituents in water. Therefore,
there is local damage, therefore the corrosion. [1]

Soluble solids based on the solution and act
as abrasive material. The most affected are the
components of the nozzle and high pressure seals.

(5]

4. Quality of Abrasives

Appropriate species of abrasive material to the
cutting process depends on a number of factors.
One of the most important factors is the availability
and price. For abrasive quality is often pays a high
price, but this speaks volumes about its quality and
purity. It is important to avoid abrasive containing
silica (causing silicosis) and thus increase the risk of

Water quality Acceptable values Good values Very good values
Parts life subject to wear minimum average maximum
Alkalinity (mg/1) 50 25 10
Calcium (mg/l) 25 5 0,5
Carbon dioxide (mg/1) 0 0 0

Chloride as CI (mg/I) 100 15 1

Free chloride (mg/l) 1 1 0,05

Iron as Fe (mg/l) 0.2 0,1 0,01
Manganese as Mn (mg/l) 0,1 0,1 0,1
Magnesium as Mn (mg/I) 05 0,1 0,1
Nitrates (mg/I) 25 25 10
Oxygen (mg/I) 2 1 0,1

pH (1) 65-85 6,5-85 6,5-85
Silicon (silicate) (mg/l) 15 10 1

Sodium (mg/1) 50 10 1
Sulphates (mg/l) 25 25 1

The total amount of dissolved solids (mg/1) 200 100 5%

Total hardness as CaCO, (mg/I) 15 10 1

Turbidity (NTU) 5 5 1
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the operator. Its consumption ranges from 0.1 to
1 kg/min. The whole interface is associated with
the type of pump and nozzle at WJ technology.
[10,11]

Quality abrasives guarantee us increased cutting
speed, higher accuracy, minimal clogging nozzles.
Quality abrasive must be screened twice to have
the sharpness (better cutting), and the purity of
abrasives must be high. In addition to these above-
mentioned properties it is also good idea to check
the thickness of the grain used by manufacturers
of nozzles, to improve not only the process and the
said cutting speed but increases the lifespan of the
machine itself and the nozzle. [10,11]

5. Experiment

There exists various design of work, where you
need to plan working space around the machine.
To feed and to use of feed media in materials
extraction also must count with the space, where
is the stored waste from the production process.

Department DRC company based in Presov, has
coordinate table WJ-3020B 1Z from PTV Prague
and the high pressure pump 55 9XD from FLOW
SYSTEMS. These facilities allow us to cut metal
materials up to 200 mm thick.

Effective working area is 2000 mm x 3000 mm
with 200 mm stroke. Additional information
about the performance of the work, customers
are supplied either in the form of software (DWG,
DXG@), or in the form of drawings by subsequent
workers converted to electronic form by entering
the required performance of the product in the
program that controls the cutting device.

In the company were made withdrawals of water
samples before and after the cutting process the
cutting process. These waters were analyzed,
which serves as a means of demonstrating water
quality and water quality changes for this to work.

The sample collected water through a three-
stage filtration using filter papers, Fig. 2.

The chemical composition of the collected
samples was determined by optical emission
spectrometry using optical emission spectrometry
with inductively coupled plasma ICPE - 9000 by a
Shimadzu (Fig. 3). Analysis was performed on the
Department of Environment Process Engineering,
Faculty of Mechanical Engineering, Technical
University of Kosice

First is to be conducted by analysis of water,
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Fig. 2: Experimental samples.

Fig. 3: Spectrometer ICPE 9000.

Table 2: Analysis of water before cutting process.

Tmg/L<=| @9% | Mg13 | Na4s8 |Si29
B40 | Ba23 |Be27 |Fe130 |Ir900 | K250
Tug/L<= | Li16 |Mn19 | Nb26 |Pr72 |Re20 |Rh140
Sr110 | Zn22

which enters the cutting process, Table 2. Before
entering the nozzle is used for cooling the pump
and passes through the filter device.
Subsequently, the water is supplied by a pump
line to awatertank, fromwhereitisinjectedintothe
restricted area of the nozzle and produces a water
jet. In the mixing chamber, the water mixed with
abrasive. Thus prepared AWJ under the command
and set parameters cut the selected material. Water
is collected in traps water is polluted not only the
abrasive particles but also cut material. Analysis



of the water after the cutting process is shown in
Table 3.

Table 3: Analysis of water after cutting process.
Tmg/L<=| 9% | Mg14 | Nag4 | Si3.0
B110 |Ba25 |Be27 | (u35 |Fe210 | 1r920
Tug/L<= | K290 |Li16 |Mn23 |Nb26 |Pr72 |Re2l
Rh140 | Sr110 | Zn23

By comparing of the measured results obtained
by spectrometer, we can say that dirty water after
small adjustments using a filtration device can be
reused in the cutting process.

6. Water recycling

The water is filtered after working process for
removal of abrasives. The filtration system for waste
water is described in the literature [1] to use the
force of gravity. It consists of a steel frame, and
with the drive output shaft by means of which
the transport chain is moving. It includes a filter
Fleece liner. Chain is driven by an electric motor.
Wastewater is on the belt, uniformly distributed,
dirt collects fleece filter, which collects dirt and
creates a trough. If a high level is automatically
conveyed, new Fleece liner is added. [3]

Companies engaged in the cutting of materials
using water jet technology, whether pure or
abrasive, two ways to dispose of water are, Fig. 4,
Fig. 5 and Fig. 6:

m recycling- therefore again to return to the workforce
and using equipment and methods described
in this chapter, where the company will save the
environment and reduce water consumption by
about half. Dirty water can be recycled already at 95-
100% and to create a closed cycle.

mdischarge - that water separated from the abrasive
slurry to divert sewage, when a chemically unpolluted
water. In the separation of heavy metals should be
the vodka classified as hazardous waste and ensure
business that such water subsequently treated.

Filters - are an integral part of the device. Remove
dirt from the water the size of 0.5 to 1.2 .um. The
filters are divided into two types:

m Jow pressure,
m high pressure.

Low pressure filters are used at the inlet of water
to the multiplier. This is a conventional filters on
the principle of synthetic fibers or cotton. In the
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multiplier increases the pressure of the water,
which passes through the metal filter, which is in
the form MIKROSA. [9]

High Pressure Feed
Pump With Filter

Stainless Steel
Clean/Dirty Tank

Ozone Generator

for Bacteria Control

Extended Area
Bag Filter Vessel

Fig. 5: The Closed Loop Filtration System Model #CLS-161.

Fig. 6: Mini hopper.
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7. Recycling of Abrasives

Abrasive removal system is used for easy cleaning
of the water collected in the tank, which works on
the principle of the Venturi effect. Separate abrasive
sand and sludge is deposited in a container outside
the containment. [8]

For this experiment, draw conclusions,
which show that the technology is safe and
environmentally sound. The water can be recycled
in the process with filter devices.

Fig. 7: Drain system [8].

Automated way - WARD- system is used for recycling
using abrasives under running water, Fig. 7. It is a
system to transfer and recycle the abrasive. [1]

Its function is to:

m Removal of mud, debris from the tank, Fig. 8,
B Segregation of waste from abrasives,

m Wash and dry abrasives,

min the final stage through a coarse screen [1].

The result of recycling are two products:

W Recycled abrasives - washed and dried it can be
reused.

m Waste - sludge or mud. It is stored in 55-gallon
barrels and 200 liter barrels. Sewage s easily
compressible and is low in the water. [1]

8. Conclusion
To separate the materials at the start of the water
and filtered using a pressure fed to the nozzle.
Used water is purified by sedimentation tank from
coarse dirt and then use the devices mentioned
above or filters the water to prepare the required
quality and returns to the process as cutting water.
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Fig. 8: Used abrasives.
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