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Wax Characterisation

Wax characterisation identifies -

 The properties of the wax
material

» How properties influence
performance of the wax —
- -
e The behaviour of wax during ntrol
injection and dewax




Wax Materials

Investment casting wax types are as follows -
* Pattern wax
— Unfilled
— Filled
— Emulsified
e Reclaimed and reconstituted wax
e Runner/Riser/Sprue wax

e Specialist wax materials




Traditional Wax Testing

e Wax testing has traditionally been
based around the Petrochemical
industry with tests such as

— Congealing point
— Melting point

— Viscosity

— Penetration

— Percentage ash

e Although a place remains for such
tests, complexity of design and
performance demands requires a
change in thinking




Advanced Wax Testing

e Test methods specifically developed to model
how the wax is used in the foundry

e New equipment and technology provide more
reliable and meaningful data

* Increased resolution and frequency of data

e Ability to look far deeper into the material
characteristics




Advanced Wax Testing

e The following advanced test methods are in use
— Infrared analysis (FTIR)
— Differential scanning calorimetry (DSC)
— Rheometry
— Injection profiling and fluidity analysis

e Leading on to the next phase of advanced wax test methods
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Infrared Analysis (FTIR)
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Fourier Transform Infrared works
by comparing beams of IR
radiation

The beam splitter divides the
input, one part goes through the
analysis material, the other
bypasses and is the control

New technology means the
signals can be accurately
compared and the effects of
material refraction displayed




Infrared Analysis (FTIR)

e Because wax is hydrocarbon
elemental analysis is not possible,
\ results are displayed as frequency
wavelengths

e FTIR is a qualitative tool not
qguantitative, but the software

NaN overlays against a library and

| I | ‘u f}' J gives a percentage fit. Anything

I I oA less than 95% is unacceptable

e The example opposite gives the
spectra of a Microcrystalline wax,
EVA and Resin




Differential Scanning Calorimetry (DSC)
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Differential Scanning Calorimetry (DSC)

e DSCis a qualitative technique
) and very effective in detecting
N material changes that may affect
S the end product
e e The examples shown are of two
different wax raw materials
s e The first compares two raw
materials from the same
. supplier
N e The second compares four of
EEL.EERT T E Sl the same EVAs, from the same

supplier




Results & Visualisation

Rheometry

Rheometry is an analysis
technique which allows us to
understand a material’s solid to
liquid phases, viscoelastic
strength and energy absorption
over temperature range

Unlike viscometry a sample of
liquid wax is oscillated whilst
cooled in a controlled manner

The resistance to oscillation is
converted into data




Rheometry

e Rheometry gives a unique
fingerprint of a material and

o, LR requires a high degree of skill and
training
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as a Microcrystalline wax. The
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 This technique also allows an insight
into mechanical performance via
creep testing over a temperature
range




Wax Strength Analysis

e Research had shown that results
could be affected by force applied
and contact probes

e Laser measurement therefore
implemented, with gravity as the
constant force

e (Offers a means to establish the
point at which the green strength
of the wax is achieved




Wax Thermal Expansion Analysis

e Mechanical analysis over temperature range

* Linear expansion

Thermo-mechanical analysis (TMA)

e Linear contraction

e Wax softening point I !J |
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Dimensional Analysis Test

When developing these tests
other factors were considered

Variation of dimensions with
— Temperature
— Pressure
— Test piece size

The test Blayson developed
allows monitoring of the Free
Linear Contraction on a batch to
batch basis

This is now part of the release
criteria for a number of waxes
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Metallic Element Analysis

e Testing wax for metallic trace elements using inductively
coupled plasma spectrometry

e Possibilities for recycled wax material to be used in
applications where it would not previously be considered

e It can also identify contaminants in a wax compound
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Importance of Controlling Ash Content
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Ash Content

e Controlling ash content of wax is critical
e Virgin wax materials have very low ash
— Typical ash content 0.03%
 Uncontrolled reclaim wax can have high ash levels
— Typical ash contents above 0.10%
e This level of ash content can result in casting defects
e Blayson controlled reclaim is typically less than 0.03%

e Essential that foundries and wax manufacturers work
together to control reclaim wax ash levels




Ash Composition

Wax raw materials.. Generally

Shell materials. Make ash within virgin materials is
up most of solid very low

content, most
removed by good
reclamation process

.

Solids ——» Contents of ash within wax

/

Filler.. Canbe a
problem with reactive The foundry wax needs should be

alloys. considered as carefully as those of the

shelling process.
Also carbonaceous

material can be left
within fillers in
reclaim materials

Before use of new and unfamiliar
alloys, it is important to discuss
possible implications on process with
your wax supplier.

Water.. Removed at
reclamation process, but
can be a problem with poor
processes

Liquids

Silicone.. Cannot be removed
by reclamation process. (But
can be washed off with a
pattern wash prior to shell
build.)

Certain alloys will react with
this since, it will leach into
the shell at fire off.

Only real answer if it is a
problem, is to dilute with
virgin wax




Ash Contaminants

e Material from wax filtration can show high levels of silica,
alumina, zirconia

e This indicates that most solids in the dewax material are from
the shelling process

e Correct filtration can remove all these contaminants

Analysis of material found in filtration system

@ Sio2
B TiO2
0O AI203
O Fe203
B MnO
O MgO
m CaO

O Na20
B K20
B P205




Summary

e The understanding of wax characteristics and their
control is critical to the investment casting foundry

e Controlling the ash content of reclaim wax material is
of particular importance

e Essential that foundries and wax manufacturers work
together to ensure foundries achieve the best
possible results in wax pattern production
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