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Abstract

The study discusses the issues connected with the production of thin-walled ceramic slurry in the replicast cs technology. In the ceramic
mould production process, a special role is played by the liquid ceramic slurry used to produce the first layer of the mould. The study
examines selected technological properties of liquid ceramic slurries used to produce moulds in the replicas cs technology. The ceramic
slurries for the tests were prepared based on the binders Ludox Px30 and Sizol 030, enriched with Refracourse flour. The wettability of the
pattern's surface by the liquid ceramic slurry and the dependence of the apparent viscosity on the ceramic flour content in the mixture were
determined. The wettability of the pattern surface by the liquid ceramic slurry was determined based on the measurement of the wetting
angle. The angle was determined by means of an analysis of the computer image obtained with the use of a CDC camera.
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1. Introduction quality of the produced casts and th§ir proper_ties [7]. The type
and parameters of the applied moulding materials as well as the
technique of the mould preparation decide about their quality and
thus that of the casts, and affect the economical indexes [2-4]. The
basic stages of the mould preparation process are the following
technological procedures:

. Preparation of pattern sets from wax pattern slurries;

. Preparation of liquid ceramic slurries;

. Preparation of ceramic layers of the mould;

. Drying of particular mould layers;

For several centuries, among the many casting technologies,
the human has been accompanied in his civilizational and cultural
development by the lost mould method, also called the lost wax
method [1]. Already in the time before Christ, it was used to make
artistic goods, especially decorative ones. Its progress ran
differently in different parts of the worlds and it can be recreated
only to a certain degree, based on the museum exhibits, which are
now priceless.

The preparation of ceramic moulds is the basic step in the ° Melting of the patterns in the moulds;
production of casts according to the lost mould method [4]. ® Annealing of the ceramic moulds.
The type of the mould material, the technology of the mould In the process of preparing the ceramic moulds according to
preparation and the mould reinforcing treatment determine the the lost mould method, a special role is played by the liquid
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ceramic slurry used to make the first layer of the mould [3-6].

This type of slurry is required to characterize in:

. Good wettability on the pattern set-liquid boundary, which
determines the quality of the produced casts;

. Homogeneity - the presence of caked ceramic materials is
unacceptable;

. Long-term durability, i.e. constant viscosity in the function
of time.

The quality of the liquid ceramic slurry is affected by such

factors as:

. Chemical composition and granularity of the ceramic
material, hydrogen ion exponent, pH of the binder;

. Ratio of the amount of binder and ceramic material;

. Parameters of the mixing process.

2. Test methodology

The experiments were performed at the Department of Materials
Engineering and Production Systems of Lodz University of
Technology.

The ceramic slurries for the tests were prepared based on the
binders Ludox Px30 and Sizol 030, enriched with Refracourse
flour. The weight ratio of the binder and the flour was: (1/1,4;
1/1,5; 1/1,6; 1/1,7) for Ludox and (1/1,5; 1/1,6) for Sizol.
A surface active agent in the form of Rokafenol N8 was added to
the mixtures. The mixtures with the addition of the surface active
agent — Rokafenol N8 — were prepared for its optimal content,
i.e. 0,2% wt. in respect of the binder. This value was determined
from the performed preliminary tests, where it was established
that a higher content of Rokafenol does not significantly lower the
surface tension of the mixture and causes its excessive foaming
during mixing, which results in the occurrence of air bubbles on
the coating applied on the pattern.

For the preparation of the liquid ceramic slurries, laboratory scales
and a mechanical mixer were used.

2.1. Determination of the pattern surface
wettability by the liquid ceramic slurry

The wettability of the pattern surface by the liquid ceramic
slurry was determined based on the measurement of the wetting
angle. The angle was determined by means of an analysis of the
computer image obtained with the use of a CDC camera. The
subject of the measurement was a drop of the liquid ceramic
slurry applied on the surface of the measurement sample made of
a material used for patterns in the replicast cs technology, with the
consideration of the roughness of such a pattern.

The wetting angle was measured on three different surfaces:

A — a polystyrene profile made by means of injection
moulding (surface roughness Ra 1), B — a profile made of
polystyrene extruded on a surface not subjected to cutting (surface
roughness Ra 11) and C — a profile made of polystyrene extruded
on a surface subjected to cutting with a hot wire (surface
roughness Ra 34).

The test bench for the wetting angle measurements is
presented in Figure 1. The wetting angle was determined by way

www.czasopisma.pan.pl P N www.journals.pan.pl

'

of dimensioning the angle between the sample substrate and the
tangent to the arc of the drop's cap.

Fig. 1. Test bench for the measurements of the pattern's wetting
angle

2.2. Dependence of the apparent viscosity on
the ceramic flour content in the liquid ceramic
slurry

The determination of the dependence of the apparent viscosity
on the content of the ceramic flour makes it possible to establish
identical apparent viscosities of liquid ceramic slurries differing in
the chemical and/or physical content.

The dynamic viscosity was measured by means of the
Brookfield DV1 viscometer, with the use of the R02 spindle.

The measurement of the dynamic viscosity of the ceramic
mixtures on the Brookfield viscometer is quite difficult, as the
ceramic mixtures undergo rapid sedimentation. The flour is
rapidly deposited on the spindle; during the measurement, the
viscosity first increased, reaching its maximal value, and then
decreased in time. That is why the viscosity measurement was
read for the maximal value after temporary stabilization.

In the brief viscosity measurements, an outflow cup.
The determination consisted in a measurement of the increase of
the apparent viscosity of the ceramic slurry, measured with a Ford
type cup (Fig. 2), together with the increase of the content of the
ceramic flour in the liquid ceramic slurries. In the measurement,
a Ford type cup with the outflow diameter = 6 mm was used.
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Fig. 2. Ford type cup — outflow diameter 6mm
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In order to recalculate the time of the outflow from the cup
into the kinematic viscosity, a series of measurements of the
viscosity of the ceramic mixtures were performed by means of the
Brookfield viscometer, where the mixture density was measured
next to the dynamic viscosity.

The relation between the kinematic and dynamic viscosity
was determined from the following equation:

(M

where:

9- kinematic viscosity, m?/s,
p — dynamic viscosity, Pa-s,
p - density, kg/nr’.

3. Test results

3.1. Determination of the pattern surface
wettability by the liquid ceramic slurry

Fig. 3 shows the effect of the type of substrate and the
composition of the Sizol-based mixture without a surface active
agent on the wettability. It can be inferred from the figure that the
wettability is mainly affected by the type of the substrate.

Sizol 1:1,5 ‘

Sizol 1:1,4 ‘

Fig. 3. Effect of the substrate type and the composition of
a Sizol-based mixture without a surface active agent on
wettability
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The smallest wetting angle is obtained for substrate
A (polystyrene profile made by the injection method /die
stamping /), that is for the substrate with the lowest roughness.
The angle is within the range of 60-80°. The higher the surface
roughness, the larger the wetting angles. For substrate
B (polystyrene extruded on a surface not subjected to cutting
/XPS/), the wetting angles are close to the right angle, whereas for
substrate C (polystyrene extruded on a surface subjected to
cutting with a hot wire /cut XPS /), the angles equal about 110°.

After Rokafenol N8 was added to the ceramic mixture based
on Sizol, the surface tension was significantly reduced.
The wetting angle decreased significantly, not exceeding 50° on
any of the substrates, which has been presented in Fig. 4.

Sizol+N8 1:1,5 | Sizol+N8 1:1,6 ‘

= = Lo il s
Fig. 4. Effect of the substrate type and the composition of a Sizol-
based mixture with a Rokafenol N8 addition on wettability

The results of the tests on the surface wettability by the
ceramic mixture with the Ludox binder were very close to those
in the case of Sizol, and so, Figure 5 shows only a comparison of
the wetting angle of the mixtures based on Ludox of identical
flowing powers equaling 30s, with and without a surface active
agent.

Ludox+N8

Ludox

Fig. 5. Comparison of the wettability of a ceramic mixture based
on Ludox PX30 with and without a Rokafenol N8 addition
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The wetting angles significantly decreased (to 30-40°) after
Rokafenol N8 was added.

3.2. Dependence of the apparent viscosity on
the ceramic flour content and the surface
active agent addition in the liquid slurry

The results of the dynamic viscosity measurements performed
by means of the Brookfield viscometer and an outflow cup (Fig.
2) are presented in Table 1.

Table 1.
Dynamic viscosity and flowing power of the examined ceramic
slurries

Binder- Dvnamic Flowing
Binder flour Surface ynarm power (time
Lp. . . viscosity
type weight  active agent of outflow
- 1, mPa-s]
ratio from cup), s
1 - 175 13
1:14 Rokafenol
2 N8 195 14
3 - 234 17
4 Sizol 1:1,5 Rokafenol 267 21
030 N8
5 - 362 25
1:1,6 Rokafenol
6 N8 419 29
7 - 460 33
1:1,7 Rokafenol
8 N8 515 37
9 - 236 17
1:1,5 Rokafenol
10 N8 352 25
11 - 325 22
—— Ludox .
12 PX30 1:1,6 Rokafenol 420 30
N8
13 - 542 38
14 1:1,7 Rokafenol 570 0

N8

It can be inferred from the data in Table 1 that adding
a surface active agent in the form of Rokafenol N8 causes an
increase of the flowing power of the ceramic mixture.
This increase is higher for the mixture with the Ludox binder.

The results of the measurement of the dynamic viscosity and
the flowing power of the ceramic mixtures are presented in
Table 2.

By means of the equation of the trend line presented in
Figure 6, based on the outflow densities measured with the use of
a Ford type cup, it is possible to determine the kinematic
viscosity, which facilitates the measurement of density in liquid
ceramic slurries.
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Table 2.
Dynamic viscosities and densities of the examined ceramic
mixtures

Time of Dynamic . Kinematic
. . Density p, . .
outflow VISCOSIty LL, ke/m’ VISCosity v,
from cup t, s mPa-s & 107 m?%/s
13 175 1760 99
14 195 1770 110
17 234 1775 132
21 305 1810 169
23 336 1765 190
25 352 1802 195
26 360 1794 201
29 419 1830 229
33 460 1850 249
37 515 1838 280
300 600
v =7,4764t +7,4614 .

L 250 R2=0,9923 e ® 500 o
3 e c
> €
g 200 400 3
2 z
2 150 - 300 §
2 e :
uE) 100 3“ ® Kinematic viscosity v, cSt 200 ‘E
g 3
20 ® Dynamic viscosity 1, mPa-s 100
0 0
10 15 20 25 30 35 40

Time of outflow from cup t, s

Fig. 6. Dependence of the kinematic and dynamic viscosity on the
outflow density

4. Conclusions

On the basis of the obtained test results, we can draw the

following conclusions:

. The wettability of the pattern surface by liquid ceramic
slurries is mainly affected by the type of substrate.

. The smallest wetting angle was obtained for the substrate
with the lowest roughness (polystyrene profile made by the
injection moulding method /die stamping /). The angle is
within the range of 60-80°. The higher the surface
roughness, the larger the wetting angles.

. The surface wettabilities in the case of the ceramic mixture
with the Ludox binder were very close to those with Sizol.

. The addition of a surface active agent in the form of
Rokafenol N8 increases the flowing power of the ceramic
mixture. This increase is the highest for the mixtures with
the Ludox binder.
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