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METAL PROCESSING 

NICKELALUMINUM-BRONZE CASTING FEASIBILITY STUDY 

A. L. DeMint and k W. Maxey 

summary 

In an effort to integrate vertically the manufacturing processes at the Oak Ridge Centers 
for Manufacturing Technology (ORCMT) and at the same time obtain higher-quality nickel- 
aluminum-bronze castings more quickly than outside sources were providing, a development 
program was started, addressing the problems of casting these types of components. Several 
small demonstration castings were made under vacuum and in graphite to assess the quality 
achievable by using this system. Results were promising enough that the system will be scaled 
up to produce larger castings in the near future. 

Introduction 

Several ORCMT Work-for Others customers use 1/4-scale components (3 ft3 or less) 
extensively for testing purposes and only the best designs are scaled up to full size. Currently, 
these components are sand cast by various non-Department of Energy (DOE) vendors then 
shipped to ORCMT for machining. Generally, a long (up to 26 weeks) lead time is required 
to get these castings; frequently, defects that require an extensive amount of weld repair 
appear during machining. An improvement in either schedule or quality would be of benefit 
to our customers; improvements in both areas would be tremendous. Schedule could be 
improved simply by producing the castings in-house (vertical integration), where we can 
control the schedule ourselves. Improving the quality of the castings requires some 
development work to gain familiarity with the alloy and the process used to cast it. The end 
product would be a new process that produces better castings more quickly, a process that 
could ultimately be transferred to both the public and the private sectors. 

Prior Work 

The Y-12 Plant began this study by conducting a paper study on sand casting nickel- 
aluminum-bronze (NAB) components using a stereolithography-generated prototype to make 
the imprint of the part in the sand mold. This method would allow a polymer prototype to 
be made directly from the computer definition that is received from the customer. This 
prototype would then be used as the pattern around which to pack the sand as the sand mold 
is created, then it would be pulled out and reused for the next casting. This method would 
decrease substantially the cost of setting up a mold by eliminating the expensive process of 
having a pattern shop machine the pattern; also, design changes could be made quickly and 
cheaply simply by feeding a new set of dimensions into the computer and generating a new 
polymer pattern. 

Meanwhile, test pours of molten NAB that were made in graphite at the Y-12 Plant 
looked very promising. Surface quality was excellent, and no major defects were seen. 
Graphite had originally been considered too expensive because the components are complex, 
greatly increasing the cost of machining the graphite. However, if a part can be cast to near 
net shape in graphite, and if the mold can be reused to produce the entire run of that 
particular design, the cost of a part made in graphite becomes competitive with a part made 
in sand. In light of the potential savings of a graphite mold system and the logistics of 
developing a sand casting facility at the Y-12 Plant, the authors decided to attempt to cast 
one-eighth-scale mock parts in graphite as a demonstration. 
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Presentation of Experimental - Work 

To explore the feasibility of melting and casting NAB in graphite under vacuum, the 

Fmt Castinn: Slab. The first casting that the authors made was a slab roughly 5 x 7 x 
7/8 in. The crucible used was graphite coated with yttria mold wash, and the mold was a two- 
piece mold, with one side coated half with yttria and half with magnesia and the other side 
left bare. 

The slab was poured at 1300"C, with about 1/2 h elapsing between the time the charge 
metal melted and when it was poured. The temperature of the mold was not monitored. The 
resulting casting appeared sound, and no shrinkage cavity could be seen when the hot top was 
removed. 

authors made two small castings, after which they cast three one-eighth-scale mock parts. 

, 

Second Casting: Anchor. To demonstrate the ability of graphite to produce a complex 
part, graphite fiituring was again used to cast a small part, this time in the shape of an 
anchor. In this case, neither the crucible nor the two-piece mold was coated. The molten 
metal was poured when it reached 1225°C. 

The overall surface quality of the casting was good, with the NAB alloy faithfully 
reproducing any marks left from machining (Fig. 1). One area in which the surface quality 
is questionable was visible in the inside of the hole (at the bottom of the casting), but no 
other flaws were visible. Defects in the top of the casting (which is actually the anchor 
bottom) were due to an insufficient amount of charge material. A slight mismatch of the two 
mold halves caused an obvious parting line, but no flash occurred along that seam. 

Fmt One-EighthScale Mock Part. With the success of the two small castings, a one- 
eighth-scale mock part was attempted. For all one-eighth-scale castings, the graphite in 
contact with the metal was coated with Dag 35@ (a colloidal graphite) to protect the graphite 
from any degradation associated with repeated use. Original estimates of charge material 
necessitated a very large crucible and coil, which pushed the limits of the Development 
Organization's small casting system. Both the crucible and the mold were placed in the coil 
(Fig. 2), causing the large mold mass to become nearly as hot as the crucible during heatup. 
The run was aborted after 4 h of heating because of a problem in the induction power supply. 
At the time the run was aborted, the temperature of the entire mold was within 80°C and 
the riser was within 30°C of the crucible temperature. After the power was cut, the crucible 
cooled slightly faster than the mold because of its thinner cross section. (The 60-lb charge 
in the crucible was negligible compared with the size of the crucible.) Had the casting been 
poured in this configuration, the resulting part probably would have had a large shrinkage 
cavity in the center because freezing would have occurred from the outside to the inside 
instead of from the bottom to the top. 

For the second attempt, the large coil and crucible were replaced'by small ones that sat 
on top of the mold. Although the base of the crucible was somewhat outside the "hot zone" 
of the coil, sufficient heat conducted through the graphite to heat and melt the metal 
uniformly. The metal was poured 60°C beyond the point at which it melted. Figure 3 shows 
the resulting casting and skull. The mold cavity appeared to fill completely to the crucible 
then to shrink away on cooling. More than 15% of the charge weight was retained in the 
skull; most of this weight was good metal that would have poured had it been hotter and 
more fluid. 

Second One-Eighthscale Mock Part. To raise the crucible into the coil, the authors 
added a graphite spacer between the crucible and the mold. They decreased the charge 
weight to 55 lb and insulated the mold riser. They poured the metal at 119O"C, following a 
slow heatup to allow maximum heating of the riser (the riser was 550°C at the time of the 
pour; the top of the mold where the actual part was located was 330°C). Skull accounted for 
only 4% of the charge this time, and again the metal filled to the top of the riser before 
shrinking back. 

- 
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Fig. 1. Nickel-aluminum-bronze anchor. 
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vacuum vessel 

L m p p e r  plate 

Fig. 2 Casting stack assembly and furnace used in the first attempt to cast the first one- 
eighth-scale mock part. 
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Third One-EigbthScale - Mock Part. For the third part, the authors melted the metal 
and poured it as quickly as possible (in 1 h) so that the mold would be as cold as possible 
(160°C). They added a layer of graphite felt between the crucible and the spacer to insulate 
the mold further. Although the melt was poured at about the same temperature as in 
previous castings (1180"C), much less skull was left than in the earlier castings, and the part 
was connected to the skull by a solid neck of metal that had to becut before the part could 
be removed from the mold. 

Results and Discussion 

All three one-eighth-scale mock parts were sound (verified by X-ray analyses), but all 
three had a pipe and/or shrinkage cavity in the hot top (Fig. 4). In some instances, this flaw 
extended nearly to the part because the largest mass of metal in the casting is where the hot 
top meets the part. If a sharper thermal gradient cannot be achieved (keeping the hot top 
hotter and the part cooler), a slight modification of the riser geometry might move these flaws 
away from the part and more into the center of the hot top. 

Surface finish varied on the three parts. The second part had some rough areas (Fig. 5), 
but the defects were on only the surface. (The authors found no accompanying internal 
porosity when they cross-sectioned the part.) The third part had a dull black surface finish, 
which was easily polished away. Although the casting process is still being developed, the 
surface quality and integrity of these castings represent a significant improvement over sand 
castings and are impressive enough to merit beginning work on a one-fourth-scale mold. 

Future Work 

More one-eighth-scale components are being planned for casting in the Development 
Division. These future castings will further define the parameters (time and temperature) 
required for producing a sound casting in graphite. The effects both of high and low vacuum 
levels and of casting under atmospheric pressure will be determined. 

At the same time, a one-fourth-scale mold is being made for use in the production 
foundry (H-1). This mold will produce a component that can be machined to the correct 
contours, thus addressing any machining difficulties that arise and providing a part that can 
be compared directly with those received from other vendors. 
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