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ABSTRACT

This paper introduces a new water soluble polymer called ZYCOPRINT that can be used
for the preparation of abrasive water suspension mixture. The optimum mix of
suspension parameters such as polymer concentration, abrasive concentration, abrasive
size and abrasive type has been found at which a stable suspension is formed. The effect

of suspension parameters on the depth of cut of glass has also been investigated through
Cutting experiments.

Ithas been observed from the results that ZYCOPRINT is a viable polymer additive, for
ble suspension and ease of preparation. The cutting results show that the concentration
of ZYCOPRINT polymer and type of abrasives have major affect on the depth of cut.

INTRODUCTION

Background

Abrasive Water Suspension Jet (AWSJ) machining is an alternative technique that
complements and enhances cutting capabilities of Abrasive Water Jet (AWJ). An AWJ
formed by entraining abrasive particles into a high velocity waterjet, where as an
WSJ is formed by directly pumping an abrasive suspension through a nozzle (1).

¢ direct pumping method generates the suspension jet by pressurizing the premixed
pension directly by means of a high pressure pump. Although this method is very
simple to apply, it has never reached economic importance, mainly because of the high
ve wear in the pump during the pressurization of the suspension (figure 1, left) (2).

 second possibility of generating AWSJs is the indirect pressurization of a premixed
pension (figure 1, middle). Water is pressurized and drives a floating piston in a
ssure vessel. This pushes the premixed suspension out of a high pressure vessel and
clerates the suspension in the nozzle. In order to stabilize the suspension, a highly
centrated polymer solution of a viscosity about four orders of magnitude higher than
er is used as the liquid component of the cutting medium. With this method AWSJs
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of high pressure and coherence have been generated. On the other hand however
volume of the vessel and therefore the cutting time is limited. The experimental s¢
developed for the present study is based on this principle.

The third method of admixture is the bypass principle (figure 1, right). In this case
is pressurized and a part of the flow is lead through a bypass branch passing a high
pressure vessel, which is filled with abrasive material. By impulse exchange ab, uf
slurry is driven out of the vessel and recombines with the main flow in the mixin ‘) ‘
where the cutting suspension is formed. This is transported through a hose to the w
piece, where it is accelerated in the suspension nozzle. This generation method is
characterized by a limited storage capacity of abrasive material. Due to the fact howey
that the abrasive storage vessel is completely filled with abrasive material, the cutti
time is significantly longer than that of AWSJs generated by indirect pumpi
Additionally neither a separating piston exists, nor are valves charged by abras
material, so that systems of AWSJ cutting systems generated by the bypass principle
less wear sensitive (3).

The potential advantages of the AWSJ over the AWJ are:

* Energy transfer to abrasive particles is more efficient, leading to higher cutting rates

e Higher machining performance on wider range of materials is obtained at relatively
low working pressures.

® The AWSJ can machine thinner kerfs and smaller holes than the AWJ (4).

1.2 Polymers in abrasive water jets
The addition of polymers in abrasive water jets is to increase abrasive suspension ability,
Jet coherence and to reduce drag prior to the nozzle which results in improving the water/
jet performance (5). Various polymer additives used in industry include SUPER-
WATER, Xanthan, etc. SUPER-WATER is a linear partially hydrolyzed polyacrylamide
with very large molecular weight (6). It is the most widely used long chain synthetic
polymer to improve water jet performance, but offers limited ability to hold abrasives in
suspension for long periods (7). Xanthan gum is a polysaccharide that is produced by a
bacterium called Xanthomonas Campestris, which is commonly found in plants such as
cabbage. It has gained importance in terms of providing stable abrasive suspensions for

long periods. However, its ability to improve water jet performance has not been studied ‘f
in detail.

This paper deals with the preparation of a stable abrasive water suspension mixture using ;‘
a new polymer called ZYCOPRINT. Zycoprint is a water soluble polymer emulsion of “%
polyacrylic acid with a copolymer of ammonium salt and other ingredients like
surfactants and oils. It is a patented product of Zydex Industries which is being used
commercially as a printing thickner in textile industries for fabric printing. i
In the first phase of experimental study, different suspension mixtures have been
prepared by varying suspension parameters such as polymer concentration, abrasive
concentration, abrasive size and abrasive type. The optimum mix of these parameters has
been found at which a stable suspension is formed. In the second phase of
experimentation, the effect of suspension parameters on tf}.e depth of cut of glass has been
studied. Both the phases of experimental studies have been carried out using Design of
Experiments (DOE). DOE is a statistical technique, used to design the experiments and
for analysis of experimental data. DOE tools such as Orthogonal Array (OA) and
Analysis of Variance (ANOVA) are used to design the experiments and for data analysis
respectively. Minitab (Version 15), statistical software is used for both designing and
analyzing the experiments.
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