Analysis of Mass Transfer Process
in the Pore Free Technique

Air entrainment is one of the most significant problems in Pressure die casting, A
possible solution is to use the Pore Free technique. In this technique an oxygen is
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when the parameter is less than the critical value, introducing oxygen does not grearly
reduce the porosity. The analysis demonstrates that the Pore Free and vacuum venting

techniques account for two different extremes,

The first case is when the Slow is

orderly throughout the chamber in which vacuum venting can produce acceptable
results. The second case is when the Slow is turbulent and the Pore Free technique

is the better choice.

1 Introduction

Many dic casters see porosity from entrapped gas as a major
production problem. The quality of products can be improved
only when the chief sources of air/gas entrainment are mini-
mized. The creation of air entrainment can be put into at least
four categories: lubricant evaporation (reaction processes), vent
locations (last place to be filled), vent area, and mixing proc-
esses. Lindsey and Wallace (1972) and Lewis et al. (1967) have
shown that the lubricant evaporation do not play important
role in the creation of porosity. The location of the last place
to be filled is approached with numerical simulation and can
be assumed solved,

The most widely used method to reduce porosity is to operate
the die casting while a vent is opened to the atmosphere and
this is referred here as air venting. Bar-Meir et al, (1993a)
found that there is a critical vent area above which the pressure
is increased very little (concave down) and below which the
pressure is increased significantly (concave up). The two effects
which control the pressure are the compression of the piston
and the conductivity of the vent to air flow. The pressure
increases significantly when the compression is significant and
the resistance to air flow is large. When the resistance to the
flow is insignificant the pressure will increase up to a point
beyond which it will remain constant. In the first case, when
the vent arca exceeds the critical area, the air is casily vented.
In the second case, when the vent area is less than the critical
arca, the flow is choked and having an air vent does not
significantly reduce the amount of entrapped air,
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When the mixing processes contribute significant part or
additional reduction in the porosity is required other methods
are¢ needed. Prevention of the mixing process can be done
removing the residual gases from the cavity before the injec-
tion. The cavity can be pumped by a vacuum pump through
a tank, and this is referred to herein as vacuum venting. This
happens in very complicated cavity shapes where the gas is
entrapped when some sections of the cavity are blocked. The
author (Bar-Meir et al., 1993b) found that in the case of vac-
uum venting there is a critical vent area above which the pres-
sure is decreased and below which the pressure is increased.
The critical vent area is a function of the resistance in the
venting system, the volume which needs to be evacuated and
the filling time. The two effects which control the pressure in
vacuum venting are the vacuumizing of the tank by a pump
which reduces the pressure and compression by the piston
which acts to increase the pressure. The pressure is determined
by the balance of these two effects.

Another possible solution is the Pore Free technique. In the
Pore Free technique, oxygen is introduced into the cavity to
replace the nitrogen and to react with the liquid metal to create
vacuum. In the case of aluminum the reaction is 2Al(1) + 3/2
Ox(g) = ALOy(I) in which the aluminum oxide is dispersed in
the metal. The typical percentage of the aluminum oxide in the
aluminum is (.24 percent and it does not affect the properties
of the products (Kaye and Street, 1982). In this paper the Pore
Free technique is analyzed.

The Pore Free method has been used since the early 1970s
(Herrschaft, 1976). This method is used mainly by Japanese
die casters (e.g., Fuso Light Alloys Ltd). This method is not
used by many other die casters since they have encountered
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A general description of the Pore Free technigue

some difficulties. The analysis here aims to provide general
rules as to when this method is appropriate and what are the
parameters that affect oxidation. It also addresses how the
parameters can be modified so that the technique will yield
better results,

2_ The Model

A general description of the process is given in Fig. 1. As
oxygen is introduced to the die cavity it flushes out the nitrogen
through the vent as described in Fig. 1. Then oxygen is trans-
lerred from the bulk to the interface where the oxygen under-
roes an heterogeneous reaction which creates an oxide. As a
result an oxide layer is created in which practically no more
mass transfer occurs, The fact that this oxide is found almost
uniformly (Kaye and Street, 1982) in the aluminum after the
solidification suggests that this layer is broken by the turbu-
lence in the liquid and replaced by a fresh layer. Thus, the
mass (ransfer can be represented as transfer through a series
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Fig.2 A scheme of oxygen transfer mechanism

of resistances (see Fig. 2). A general discussion on this kind
of problems is found in Cussler (1984). The difference in the
oxygen chemical potential between the gas phase and the liquid
phase (aluminum) is very large (ASM Handbook, 1987); there-
fore, the reaction is instantaneous. Hence, the resistance to
mass transfer occurs in the gas phase and the liquid phase.

The actual surface of the liquid metal and the percentage in
which the surface is replaced are primarily a function of the
liquid metal flow rate. The percentage of the replaced area is
a measure of the resistance in the liquid phase. The liquid
phase resistance to mass transfer is replaced with the actual
““fresh’’ area of the liquid metal. It is assumed in this model
that this area is constant throughout the process. Thus, the
resistance to mass transfer occurs only in the gas phase.

Not all the nitrogen is removed when the oxygen is intro-
duced. Morcover, some nitrogen is released from the liquid
metal while solidification occurs. This nitrogen is concentrated
close to the interface and creates resistance to oxygen diffusion,
This resistance increases during the process when the nitrogen
concentration is built up. The nitrogen concentration does not

Nomenclature
Ar = liquid metal *‘fresh’ area
[m®]
c oxygen molar congentration Mo, = oxygen molecular weight 7 = fraction of oxygen (air)
[moles/m’) [kg/kgmole] moles in cylinder, Eq. (23)
Chutk oxygen molar concentration My, = nitrogen molecular weight flo,,,, = OXygen molar flux due to
at gas bulk [moles/m’] [kg/kgmole] the reaction [m/s]
ok oxygen molar concentration P = pressure of the gas content t = time counted from the
at the liquid metal bulk in the cavity [kPa) blockage of the pouring hole
[moles/m’] Py, = oxygen partial pressure in to liquid metal first reach to
Dg oxygen molecular diffusion N the cylinder [kPa] vents [s]
coefficient into nitrogen [m/ P = pressure ratio, Eq. (17) I = dimensionless time, also a
s7) R = universal gas constant, 8.314 fraction of cylinder volume,
D, = oxygen molecular diffusion [kJ/Kgmol/K] Eq. (18)
coefficient into the liquid T = gas temperature in the cylin- t* = reaction time, the time for
metal [m/s?) der [K] the reaction practically to
Kg mass transfer coefficient of V = gas volume in the cylinder stop
the oxygen in the gas phase (cold chamber and cavity) t, = characteristic time to evacu-
[m/s) (m’) ate cylinder [s], Eq. (16)
K, mass transfer coefficient of k = ratio of specific heats Imax = filling time, the time for the
the oxygen in the liquid k| = reaction constant (for liquid metal to reach the
phase [m/s] pseudo first-order chemical vent [s]
K, total oxygen mass transfer reaction) [s '] (0) = signifies initial time
coefficient to the liquid No, = oxygen moles in the cylinder (r) = signifies any time -
metal [m/s) [moles) o = collision diameter, 3.5 [A]
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