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Abstract: As a whole, the contemporary self-hardening foundry moulds and cores represent a result of chemical reactions between quartz
sands and binders at mould formation after good homogenization in mixers. Mixtures are hardened, obtaing the necessary physico-chemical
characteristics; thus they realize the geometry of the future cast. One of the most important characteristics is the strength of mixtures,
especially the adhesion strength that is formed on the border between sand and binding composition.

In this report, an improved method on adhesive strength determination of foundry mixtures is presented. Some theoretical protection
aspects of the shown method are considered. A technological sequence of the method work and way of measurement are given. In figures,
practical results from measurements of adhesion strength according to “No Bakeare shown.
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1. Introduction

Creation of foundry mixtures strength, respectively copying
and preserving a set mould and core geometry is a process of
formation of adhesive strength at the border surface between the
filler and binding composition, and cohesion strentening of the
binder itself. Of course, the above said relates to single
destructible foundry moulds which application in practice has
been prevailing [1,2].

The study of mixture hardening processes is of particular
importance to govern and optimize the content of components
which topicality is still important against the background of the
economical crysis. Knowledge also is necessary when inventing
new binding systems and their performance tests.

About the question of improving foundry mixtures properties,
a special attention has been paid to modern production
conditions. The mixture itself can be regarded as a dispersive
system consisting of solid non-metal paerticles (quartz sands in
our case ) wrapped up by a thin layer of the binding system. ]

In some authors’ opinion, for variety of objective resons, Fig.1 Defects — cracks and pores on surface of
destruction of foundry mixtures is predominantly of adhesion the sand grain
character [2,3].

Size of the contact area at the border of contact between
separate grains as well as the value, geometry and volume of the
linking bridges are of essential importance. (Fig.3).

The latter, at the same filler nature, is basically affected by the
state of sand particles surface. Paritcles of more round shape
(Fig. 5a) create bridges of less area and weaker adhesion bond.
The same is valid for sands of smoother surfaces — Fig 5b.

2. Presentation of the problem and ways to resolve

In the process of development of the foundry organic
chemistry, we can distinguish two basic groups from the used
hardeners- liquid and gaseous, and depending on their interaction
with resins the processes of formation of strength’s cohesive
component can be polycondensation, polymerization, and others
where different products of the chemical reaction are separated.

The contact of the binder with sand in real conditions cannot
be perfect. Along the separating border almost permanently there
exist morphological disparities to the ideal condition -
microcracks, cavities, pockets etc. (Fig 1 and Fig. 2). Influence is
also affected by viscosity of the binding composition, its duration
in liquid state, amount and kind of products remaining after
setting etc.

All these factors are a reason to reduce the actual area of
contact and the rise of seats where adhesion bond is broken,
considered as strength.

Fig. 2. Defects — unevennesses and “‘pockets”
along the surface of a sand grain
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(a) (%)

Fig.4 Geometry of a sand grain and sand with conditions of

better adhesion to the binder

(a) (6)
Fig. 5. Geometry of a sand grain and sand of more unfavourable
conditions for good adhesion to the binder

In contrast, a quartz filler surface predominantly saturated
with cracks and pores (Fig.4a; Fig 4b) contributes to adhesion.

The earlier said considers only one small part of the factors
and problems at formation of an adhesion limitating component
of the foundry mixture strength. And the main reason for this is
its incomplete study because of lack of data on the working
conditions at the border contact surface.

In this regard, there are a series of methods created to
determine the force of adhesion which however are not always
suitable to test foundry products.

For instance, at this stage, we have not come across a proper
method to measure the force in question for binders operating
with gasous hardeners which is substantial disadvantage
basically explained by the inability to create suitable conditions
for test preparation and performance.

This and also the lack of data are the basic reason for the
choice made to develop a method suitable for resins with liquid
hardeners, summarized for convenience as “No Bake” processes.

3.Decision on the investigated problem

It is known that most stable and accurate data could be
obtained when applying a force to destruct the adhesion bond
perpendiculary (normal direction) to the contact surface [5,6,7].
The suggested method (Fig.6.) is just based on such a
requirement.

Fig.6. Components of the method’s device

Device components as per the method are the following:
- 1- machine’s grip for a tensile test;
- 2 - biding compositions;
- 3- bushing made of polytetrafluoroethylene;
- 4 - centering bushing;
- 5- qguiding bushing;
- 6-— cylindrical body;
- 7- abrasive band;
- 8 — clamp;
- 9 — clamp screw;
- 10 — machine’s grip for a tensile test;

The test bodies are prepared as follows: the preperaed binding
composition “2” is pored over in a bushing “3” made out of
polytetrafluoroethylene with an orifice put in it; beforehand a
quartz cylindrical body which front surface can be processed
additionally creating interaction conditions modelled by the
examiner. After a certain time of delay, the device together with
the specimen are put into the grips of the tester (PM-30 in the
case), and the force needed to tear the link between the binder
and quartz base is measured. The rate of the force applied was
constant = 0.5 mm.s.

Adhesion is determined according to the formula:

¥y =4F/nD? (1); where:

- X, - adhesive strength;
- F - force of tear;
- D - diameter of the quartz specimen

4.Results from the discussion

To check the efficiency of the method, a series of tests have
been done. Below we will illustrate a part of them.

In Fig.7 there are data presented from measurements of
adhesive strength at constant content of resin and different
content of a hardener with density = const. Temperature is also
constant.
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Fig..7 Change in adhesive strength over time at different
content of hardener

Adhesive strength increases during the first 2 hours of setting
reaching maximum values for the respective binding composition
and sufficient manipulating strength for moulds and cores,
respectively. Then, it gradually reduces, towards the end of
setting being some 20+50% lower than the maximum one. That
difference is markedly seen at less content of hardener.

After the second hour from the start of setting, because of
natural ventilation it starts evaporation and liberation of chemical
reation’s products with the prevailing part being monomolecular
ones (for example polycondensation at furane-no bake). The
linking bridges shrink, and in the contact zone, tearing stresses
appear causing cracks on the film that are different in size and
orientation. The process of evaporation passes through a peak
with maximum jam releasing forces in the adhesion zone after
which it follows a decrease of the harmful impact with
stabilization of the strength value.

It is worth noting (Fig. 8) the fact of defects present into the
set resin layers, in different amounts but as a function of the
hardener content. This additionally reduces the bond strength.

Fig. 8. Gasous pores and cannals in the hardened binding
composition

Similar but with a different value are the data from the
influence graphics of hardener density related to formation
conditions and adhesive strength values in the contact layer.
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Fig.9. Change in the adhesive strength over time at different
density of the hardener

Hardener’s density directly influences the speed and
completeness of the chemical reaction of setting. At a denser
filler, the amount of reacting molecules is greater, and buffer
residue of monomers - less. Despite this, the physico-chemical
conditions are identical, and the results are similar.

5.Conclusions

1. A method is developed for determining adhesive strength
between quartz sand and binding systems, “No Bake”.

2. The method is tested on traditional contents of binding
compositions and provides good repeatability and accuracy of
results.

3. The cylindrical body applied during the tests can be of origin
different from the quartz nature and in size.

4. The method allows measurement and determination of other
factors influencing the adhesive strength — wetting, various
processings of test body, and others.
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