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Overview Of Paper

Foundries often have defects which unfairly or otherwise
are blamed on the wax.

Blayson has undertaken a large amount of technical work to
understand how the use and properties of the wax can
affect foundry performance, in particular;

« Wax Properties, Injection Parameters and their effect
on linear contraction and surface finish

*The make up and possible effect of wax “Ash”

Filler separation and its effect on wax contraction




Section One

Factors affecting the Free Linear
Contraction of Wax




Nature of the Experiments.

* Three sets of experiments were conducted
looking at this characteristic.

* A designed experiment involving wax
temperature as measured in the holding tank,
the injection pressure and dwell time

e A measurement of the Free linear contraction on
a very cold die, and also a very hot die

e A measurement of the contraction with different
filler loadings in the wax




Breakdown of the Designed Experiment.

Designed experiment constructed to consider
interaction between : Wax temperature,
Injection pressure and Dwell time.

Injection Pressure

=300P.S.I S ____ | Injection Dwell

Time = 130 seconds

Injection Pressure
=1200P.S.1

Injection Dwell
Time = 30 seconds

| | Test Piece used was ; 150 * 16 *

Wax Temperature Wax Temperature 10mm. ( Total 144_' pleces_) .
— 68C — 58C Wax used was a filled, Virgin wax.

Test machine M.P.1.
Temperature conditioned for 24 hours.




Effect of Wax Temperature on Free Linear
Contraction.

Effect of wax tenperature on Free linear contraction
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Effect of Dwell Time and Injection Pressure on
Free Linear Contraction.

Main Effects Plot (data means) for Contraction Effects plot suggests that there may be a
Tank temp Inj Pressure relationship between dwell time and wax
0.0075- contraction, however the fitted line plot
0.0070- dismisses this.
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Effect of Die Temperature on Free Linear
Contraction

Histogram of Free linear at die temperatures (65 - 60) and (10 - 15)

Normal

104

Frequency

Variable
E==3 Free linear 65 - 60.2
E==1 Free linear 10 - 15.4

Mean StDev N
1.025 0.08199 30
0.9470 0.06081 30

0.9 1.0 11 1.2
Data

Trial of die temperatures at high value;
(65C — 60C) and low values (15C — 10C),
suggests only a small effect exists, if any.

Section size was again 150 * 16 * 10mm

Effect could be more pronounced on
large sections or those with restricted
contraction.




Effect of Filler Loading on Wax Contraction

Comparison of measurements of test block injected with different filler levels

959% CI for the Mean

148.8 1 5 Analysis of data gathered
e injected t(—?‘st blocks at
' different filler levels,
148.6 - T demonstrates the following;
148.5- E
e e 1. That filler level does hav_e
- an effect on the contraction
O 1483 of the wax. ( Important if
wax is unstirred or left over
148.21 periods of time)
148.1 - — 2. That other factors affect the
® contraction (25% result is
148.01 e greater than 35% result.)
147.91

Straight wax 15% filler 25% Filled wax 35% Filled wax.




Conclusions from Section 1

« The contraction of the wax is very much dependant upon
Temperature.

« Dwell time and Injection Pressure do not appear to have
a significant effect.

 Die Temperature also appears to have little effect on
Free Linear Contraction.

* Filler Loading does have a significant effect on wax
contraction.

 These results apply to Free Linear Contraction only, we
do not have the data to comment on restricted
contraction, although there is no reason to believe that
the conclusions should be different.




Contraction.. Recommendations

 Ensure that the wax temperature is carefully controlled,
wax thermal conductivity is very poor, so the time
required to stabilise temperature will be measured in
hours not minutes. Effective control of wax temperature
can be aided by use of a fast melter coupled with a level
controller.

Do not rely on machine gauges, these are situated
around the edge of the tank, and do not give an
Indication of the core temperature.

 Ensure that the wax Is stirred at all times, and that in
areas where stirring does not take place, ie the injection
unit, that it is “purged” if not in use.




Section 2

Wax Properties, Control and their
affect on Surface Defects.




Nature of the Experiment

 The results shown in this section are based on
an experiment conducted using supplied tooling
(a blade die)

 The aim of this experiment was to reduce
surface defects, in particular; flow lines, surface
pitting or “orange peel” and surface cavitation or
“sinking”

* Again this experiment took the form of a
designed experiment, with the variables being
Temperature (72& 76C), Pressure (200 & 600
PSI), Flow (1& 5)

e The scoring was a visual analysis, from 1to 5




Relationship between Fluidity and Viscosity

Comparison of fluidity and Viscosity : : :
N Clearly_a_relatlons_hlp e>_<|sts between
1 wax fluidity and Viscosity. The more
Reg;essifén Viscous a wax, the less it will flow,
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Minor variations that take place within
specification, in particular parameters such
as Congealing point need to be taken into
account when injecting.




Results of Trials

e To understand Fluidity
relationship, a “Fluidity
spiral” was injected at the
same time as the patterns

* Results were analysed
using tools such as;

« “Comparative Analysis.”
e “Time plots”
Histograms




Effect of Die Temperature on Fluidity.

Effect of Die Temperature on wax fluidity
Mormal

Frequency

Yatiable
B Die Temperaure 2.5 - 11.8
B Die Temperaure 32 - 239.4
BN Die Ternperdure 42,8 -39.7

Mean SiDev M
24,22 082928 16
3574 0F3EE 15
44,82 07420 15

The injection work carried out using the
Fluidity spiral clearly demonstrates that wax
fluidity also increases with die temperature.

Mechanical tests showed no correlation
between mechanical strength and either
injection temperature or die temperature.

All work took place with a filled wax.




Relationship between Fluidity and Injection
Pressure.

Fluidity measurements of variable pressure with fixed Temperature and flow
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increase in the fluidity of the wax.
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Relationship between Fluidity and Flow

Fluidity Measurements Fixed Pressure, Temperature, Variable Flow
42 1
I
40 / |
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36 Similarly the Fluidity of the wax will
increase with increased injection flow,
however the effect is much less.
34 | : 33 —41mm with change of Flow
20 — 70mm with change in Pressure.
I
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“Orange peel”

Clear from the experiments looking at
Main Effects Plot (data means) for Surface finish Surface finish, that there is a relationship
o Flow Pressure between surface finish, “ orange peel
o effect”, and fluidity. (changes in Pressure
3.5- and Temperature affected this defect)
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Flow Lines

Main Effects Plot (data means) for Flow lines Flow lines however seem to be a
Flow Pressure function of Injection pressure.
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Surface Cavitation (“Sinking”)

Sinking is very much Temperature

Main Effects Plot (data means) for Sinking dependant;
5 Flow Pressure Regression analysis;
4l Main effects..16.37
e /
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(o)) .
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c - . . .
5 ° : ; ; 5 principle as poor sprue design.)
s g’ g’
% 5 Temperature
% Interaction Plot (data means) for Sinking
4 iy i 1
9 Flow
—— 1
31 —— —~— a —— 1
Flow -3
2- T T
1 1 1
9 Pressure
—o— -1
—— 1

Pressure

Temperature




Conclusions of Section 2

 Viscosity indicates the Fluidity of a wax, and
may vary within specification

* The Fluidity of a wax increases with wax
temperature and die temperature

 The Fluidity of the wax can be improved with
Increased flow and in particular increased
Injection pressure (beware of core breakage)

 The “orange peel” effect is related to wax Fluidity
and can be improved by changing Injection
Pressure, Flow and Temperature




Section 3..
The Composition of ‘Ash’

The make up of the Ash contained within
Virgin and Reclaimed wax and its possible
affect on Foundry Inclusion Matter




General causes of Foundry Inclusion matter

Alloy Related Shell Material

Wax Inclusion grllJClb(;e
Matter elate
Process Related Human
Interaction

Machine Related.

Inclusion matter found in castings can
be aresults of many possible causes.

The above is just a summary of some of
the main ones.

Blayson



Understanding the make-up of wax related ‘Ash’

* The affect of Ash on a foundry process should
be neither underestimated or overestimated, it is
very much dependant on; types of alloy, mould
orientation and N.D.T criteria.

 To understand the make up of the Ash, tests
Included,

— Elemental analysis of the material removed from the
reclamation process

— Analysis of the effects of liquid additions to the wax




Elemental Analysis

Analysis of material found in filtration system
Analysis of material found in our 0SI02
filtration process showed high levels mTIO2
of silicain particular, followed by
Alumina. Zirconia was not part of the OAl203
test. 0O Fe203
Suggests that the vast majority of the B MnO
solids in the waste material are from
the shelling process @Mgo
m CaO
The filtration system removes the vast 0 Na20
majority of them, other processes may m K20
not be as effective.
mP205
Important to discuss the needs of your
process with your wax supplier




Silicone Additions

Comparison of ash levels of filled virgin wax and returned wax for reclamation
Normal

161

Variable
- Filled Virgin Ash content
14 E= waste material

Mean StDev N
0.01677 0.007780 30
0.0935 0.002739 6

Histogram demonstrates the increase in
| ash levels from a filled virgin wax (0.17)
\ to the returned wax for reclamation (0.94)

Frequency

l Tests showed than addition of 4%
silicone release agent to the filled virgin
material would increase this ash content
to 0.71%, reclaim specification is
0.00 0.02 0.04 0.06 0.08 0.10 generally a maximum of 0.15%. Although
Data this is more than would generally be
used, it demonstrates the effect of
silicone in the process.




Possible Sources of Ash

Wax raw materials..
Generally ash within virgin
materials is very low.

Shell materials.
Make up most of
solid content, most
removed by good
reclamation process

W

Solids ———»{ Contents of ash within

> o

Filler.. Can be a
problem with
reactive alloys.

The foundry wax needs should be
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.

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

!

— Liquids

Silicone.. Cannot be
removed by reclamation
process. But can be
reduced through
mechanical process.

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.




Section 3 - Conclusions

e Ash is but one of many possible sources of
Inclusion matter, and its effect is process
dependant

« Analysis of materials found in the filtration unit
suggest that the solid material is mainly shell
debris

* The use of silicone release agents within a

process can significantly contribute to the Ash
levels




Summary of Causes of Examined Defects

 Changes in wax contraction are generally
temperature related, but can also be affected by
filler separation.

* Flow lines can be improved by increasing
Injection pressure.

o Surface pitting is related to wax fluidity.
« Sinking Is related to wax temperature.

« Ash contained within a wax may be made up of
shell materials and silicone additions amongst
other things.
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