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THE POTENTIAL OF DIE CASTING
FOR THE PRODUCTION OF NEAR NET SHAPE URANIUM PARTS

by
Erica Robertson
ABSTRACT

This report was written to provide a detailed summary of
a literature survey on the near net shape die casting
process. = Die casting 1is one of the near net shape
casting technologies which could potentially satisfy the
requirements of the LANL program titled Near Net Shape
Casting of Uranium for Reduced Environmental, Safety and
Health Impact. In this report, the die casting process
is reviewed and an assessment of the ability to achieve
the near net shape and waste minimization goals of the
LANL program is made. It is concluded that while it has
been demonstrated that uranium can be die cast into near
net shapes, the die casting process is very complex and
potentially costly from a design and capital equipment
perspective. Also, it 1is qguestionable whether there
would be a significant waste minimization generated by
die casting when compared to that of other near net shape
casting processes.

I. INTRODUCTION

The purpcose o©f this report is to describe the die casting
process and to determine the viability of using this technique to
achieve near net shape uranium and uranium castings to minimize
hazardous waste generation. A general description of the die
casting process is given followed by a discussion of both the hot
and cold chamber die casting machines, the advantages and
disadvantages associated with die casting, and a summary of
research findings concerning die casting experiments on such
reactive metals as uranium and plutonium. The report is concluded
with a section on the potential use of die casting as a technique
by which near net shape uranium and uranium alloy castings could be

made with concomitant hazardous waste generation reductions.
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II. PROCESS DESCRIPTION

Die casting is a casting technique in which a source of
hydraulic energy is used to impart high velocity to molten metal to
provide rapid filling of a metal die (mold). The die absorbs the
stresses of injection, dissipates the heat contained in the metal,
and facilitates the removal of the shaped part in preparation for
the next cycle. The hydraulic energy is provided by a system that
permits control of actuator position, velocity, and acceleration to
optimize flow and force functions on the metal as it fills the

cavity and solidifies.

ITII. TWO VARIATIONS OF THE DIE CASTING PROCESS

A. Hot Chamber Process

A diagram of a hot chamber die casting machine in shown in
Fig. 1.!' In the hot chamber process, the hydraulic actuator is in
intimate contact with the molten metal. This minimizes exposure of
the molten alloy to turbulence, oxidizing air, and heat loss during
the transfer of the hydraulic energy.

B. Cold Chamber Process

A diagram of a cold chamber die casting machine is shown in
Fig. 2.! The primary difference between this machine and the hot
chamber machine is that there is a molten metal reservoir which is
separated from the actuator for most of the process cycle. Because
of this arrangement, independent metering of the metal and
immediate injection into the die is required. This setup exposes

the hydraulic actuator to the molten metal for only a few seconds.
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IV. ADVANTAGES

The primary advantage of die casting is the high speed nature
of the process which allows the production of thin-wall complex
shapes at economically high rates (approximate}y 100 parts per hour
per cavity). A subsequent benefit related to the speed involved in
die casting is that fine grained structures are achieved in the

castings due to the rapid cooling the parts experience.

One other advantage associated with die casting is the degree
of automation which can be incorporated into the process.
Automation?* has been incorporated into the following die casting
operations: metal metering into the shot sleeve (cold chamber
machines) or from the gooseneck molten metal reservoir (hot chamber
machines), die and shot sleeve lubrication, casting removal. By
using electronic controllers and monitors, important control
variables such as die temperature, injection speed, locking force,
hydraulic fluid temperature and the condition of the injection
system may be monitored to warn of potential casting problems if

they go outside of preset ranges.
V. DISADVANTAGES

The design of a die casting die is not simple. One problem
that must be considered is how molten metal is fed to the die.
This is often difficult Dbecause traditional feeding of
solidification shrinkage is almost impossible. The design of the
gating system is often complex as well. To design the gating
system, the following factors need to be considered: part shape,
internal quality, surface gquality, mechanical properties, die
temperature, die erosion, die material, die venting, metal
temperature, metal fluidity, metal heat content and metal
microstructure. This often results in trial and error adjustments
to the gating system based on die casting experience. Hence, die

design costs are often very expensive. However, there has been
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some recent work in India on the development of a computer program
with which to design die casting dies such that zinc die castings
could be produced at low cost with zero defects.®

Another factor contributing to the overall expense of the die
casting process is the cost of replacement dies. The thermal
effects of molten metal flow affect die life and casting surface
quality.® If not properly controlled, premature die failure from
thermal fatigue can result, necessitating die replacement. In
efforts aimed at increasing the useful lifetime of die both to
reduce the cost per casting and to increase productivity,
researchers at the NASA Lewis Research Center applied sputtered
coatings of Pt, W, Si;N,, Mo or a Ag/Cu alloy to H13 steel used to
fabricate dies for aluminum die castings.’” It was concluded from
this research that 1 pm thick ion beam sputter deposited coatings
of W and Pt were capable of reducing thermal fatigue in a
simulation of aluminum die casting with H13 steel.

Although a die casting may be a near net shape product, when
it is removed from the die casting machine it has flash, gates and
overflows attached to it which must be removed by machining.
Depending on the amount of machining required, this is another area
which could contribute significant costs to the final product.
However, there has been some progress in the automation of the
deburring of die castings. One technique employs a wet vibratory
plant to remove the small burrs which previously were removed by
hand with files or scrapers.® This technique uses a container
filled with die castings, abrasive chips (synthetic corundum),
water soluble compounds which chemically attack the die casting
surface (to influence color and shine) and water which is then
subjected to a spiral vibratory pattern. By combining vibratory
deburring with transport devices, automated supplies of compounds
and a drying device, an automated, economical system for deburring
and finishing die castings could be installed into production

lines. This technique is most suitable for small die castings, a
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large number of which could be placed together in a vibratory
container. To automate deburring operations for larger die
castings, the potential for robotic deburring exists. This
potential was explored by the Bendix Corporation®’ on parts of hand
size or larger. The conclusions presented in this work indicate
that there is a potential to make robotic deburring viable if

certain capabilities and limitations of robots are considered.

VI. DIE CASTING EXPERIMENTS WITH PLUTONIUM AND URANIUM

A. Plutonium

Die casting has been used successfully in the production of
plutonium castings at the Lawrence Livermore Laboratory.?? Die
casting was shown to be an improvement over conventional pour-cast
techniques in that the plutonium could be solidified more rapidly.
This rapid solidification produced a finer cast structure. Another
benefit was that because of the speed of the process, the plutonium
had little time to react with its surroundings.

More details as to the design of low-pressure die casting
equipment, thermal control, casting control, and molten metal
filtration are provided in another report from researchers at
Lawrence Livermore Laboratory.!! Some of the conclusions presented
were that 1) a thermal gradient was necessary in the mold wall to
cast a sound part free of voids and 2) to eliminate the formation
of oxide inclusions originating in the dross that forms on the
surface of the melt, a piece of 40 mesh tantalum screen worked well

as a filtration device.

In a report by J. E. Selle,!? heat transfer and fluid flow
calculations were solved to examine the feasibility of using
different die coatings in conjunction with the plutonium die
casting process. The purpose of applying coatings to the dies
was to try to control the thermal gradients developed during the
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casting process to ensure the production of a sound casting.

The calculations considered such factors as the effect of surface
roughness on fluid flow, conductance as a function of coating
porosity, and solidification and remelting of microspheres of metal
(defects observed in castings that appear to be related to cold
shuts but have the appearance of splattered metal). Some

conclusions from this report are summarized here:

1. The surface roughness of the coatings can cause a loss of 17%
in incoming metal velocity through a 1/8 inch gate. This is not
considered excessive.

2. "An insulating coating allows use of cooler dies, producing a

subsequent refinement in grain size."

3. "Low density coatings provide better insulating capabilities
than high-density coatings. With a porosity of 50%, the thermal
conductivity of a porous coating is reduced to about 1/80th of that
for 100% dense material.*"

4. CaO, Er;0; and 2rO, have similar insulating capabilities.

5. Thick coatings provide better insulation than thin coatings.
6. "The time to solidify microspheres increases with radius.
Formation of smaller microspheres can be prevented by increasing
the die temperature or reducing metal turbulence. The time
required to solidify microspheres can be increased about 20 times

by using an insulating coating."

B. Uranium

In 1987, it was successfully demonstrated by S. L. Couling et
al.! at Battelle that a uranium-3/4 wt$ titanium alloy could be die
cast with measured slug melting into penetrator castings for use in
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the ammunition of the Air Force'’s GAU-8/A gun on the A-10 aircraft.

A 600-ton Lester HHP-3X-S die casting machine was modified so that

uranium could be cast. A schematic of the DU die-casting equipment
is shown in Fig. 3.7
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Fig. 3: Schematic of depleted uranium die casting equipment (ref. 13),

©

A 22 position index table enclosed in an inert atmosphere held
22 graphite crucibles containing billets of the uranium alloy. A
crucible was then lowered via an elevator into the induction coil.
The induction coil and crucible were arranged such that the molten
metal (1300°C) was poured directly into the shot sleeve (preheated
to 600°C, fabricated from TZM molybdenum or the tungsten alloy
Anviloy 1150). An operator then pushed a button to activate the
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plunger (made from Anviloy 1150 but protected from contact with
molten uranium by a graphite wafer) which forced the molten metal
into the die (preheated to 500°C, made from TZM molybdenum). After
a dwell time of 4 seconds, the dies were parted and the operator
extracted the casting with tongs and quenched the casting into an
oil bath. The empty crucible was then raised and replaced with a
full one and the process repeated.

This experiment was considered successful even though there
were some porosity problems in the nose sections of the castings.
By changing the size of the ingate and the speed of the piston, the
amount of porosity was decreased from 1.3-2.2 percent down to less
than 0.4%. However, no DU penetrators were produced by this method
because of the cost associated with reprocessing the DU scrap back
into billet form.

VITI. AN ASSESSMENT OF THE POTENTIAL FOR USING DIE CASTING TO
PRODUCE NEAR NET SHAPES WITH MINIMUM WASTE GENERATION

While it has been demonstrated that uranium or uranium alloys
can in fact be successfully die cast into near net shapes,
there are some economic factors that need to be seriously
considered: the cost of capital equipment, the cost and time
involved in achieving the desired die design, the costs of dies and
replacement dies, and the amount of waste generated during the
process and whether or not the scrap material may be cost-
effectively recycled. Die castings, 1in general, require more
machining operations to remove excess scrap material than castings
produced by other techniques such as investment casting. There is
often excess material, flash, protruding from the parting line in
addition to the often complex arrangement of ingates and sprues.
The complete removal of all extraneous material and any subsequent
surface finishing operations may significantly increase the cost of
the final product. However, 1f these machining wastes could be
recycled, perhaps the economy of the process would improve. Before
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a uranium die casting technique, such as described in the previous
section, could be selected as a reasonable means of achieving near
net shapes and waste minimization, a cost-benefit analysis should
be performed and compared to similar analyses of other near net
shape fabrication methods to determine which process is capable of

achieving a program’s goals within reasonable costs.
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