Transitionin

No-Lead Copper

No-lead copper alloys solidify differently than leaded alloys, so metalcasters

must gather information and test the materials to make the switch successfully.

SAM SCOTT, ESI NORTH AMERICA, FARMINGTON HILLS, MICHIGAN

or more than half a decade,
metalcasters and researchers
have been working to ease the
transition away from leaded
copper alloys, which are commonly considered
a health risk. Why is the transition tricky? One
primary reason: no-lead alloys shrink nearly 3%
more during solidification (Fig. 1).

When transitioning a casting design from a
leaded copper component to a no-lead component,
the metalcaster must ask:

* Will T have more porosity locations?

* Do I need to feed new areas?

* How much should I increase riser size to
account for more shrinkage?

* Will current acceptable shrink locations
no longer be acceptable?

In order to understand the effects of the
change of alloy, experiments and material
testing can be performed, or quick, inexpensive
and accurate material property calculations can
take their place. The required thermo-physical and
some mechanical properties can be determined
using knowledge of the alloy composition
and solidification path. The data that can be
gathered in this manner includes conductivity,
density, specific heat, latent heat (or enthalpy),
fraction solid and viscosity.

The difference in shrink exhibited by no-lead
alloys was not common knowledge as little as five years
ago. Now, most metalcasters are aware that when they transition
to a no-lead part, they may need to make changes to their pat-
terns to account for the shrink discrepancy. Particularly in cases
where some shrink already occurred, the no-lead alloy can lead
to unacceptable porosity levels. In other cases, the location of the
resulting porosity will dictate that no changes are necessary.

If the porosity level is unacceptable, the metalcaster should
proceed with pattern changes, including the use of larger ris-
ers, additional risers, altered gate locations, or modified pro-

Fresno Valves converted this 4-lb. boiler head casting from C83600 to
C87500 no-lead copper.

cess parameters, such as pouring temperature or rate. If the
part is going to feed substantially differently, riser location
changes or part design changes also may need to be made.
For a boiler head casting produced by Fresno Valves &
Castings Inc., Selma, Calif., in C87500 copper alloy, none of
this was necessary. Via solidification modeling, the com-
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“The modeling showed shrinkage porosity exactly where it the most well-known alternative to leaded copper is copper-

showed in the casting after destructive testing.” bismuth. The greatest challenge in developing bismuth as an
alternative to lead is its supply—the material is scarce, and
The Alternatives to Lead little is known about the global supply—and resulting cost.

The two most common alloys used to cast parts for the “Silicon alloys as a rule are cheaper than the bismuth alloys,”

plumbing industry, C84400 and C83600, contain higher Omer said. “But there’s also a trade-off: yield and machin-

LEAD IN COPPER CASTINGS
PREVENT

Lead is commonly added to many cast copper

, alloys. Because of the low solubility of lead in copper,
[ : true alloying does not occur to any measurable degree.

During the solidification of castings, some constituents

in a given alloy form crystals at higher temperatures
relative to others, resulting in dendrites. The small

spaces between the dendrites can interconnect to
form micropores. This microporosity is a consequence
of the solidification process. The role of lead is to seal

-
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att ex these intradendritic pores. This results in a pressure-

SPIIt-ShEﬂth tight_cas_ting, which is important for fluid handling
Cartridge Heaters applications.

- : : - Lead also allows the machining of castings to be
e ;ﬁ"@“gﬁ; gﬁg:ggtai ;?rc;TdﬁseTﬁm performed at higher speeds without the aid of coolants

. - because it acts as a lubricant for cutting tool edges
Split sheath expands for maximum heat ransfer and promotes the formation of small, discontinu-

Higher warrantable watt densifies and operating ous chips that easily can be cleared. This results in
femperalures than convenfional heaters improved machined surface finishes. Lead also plays
Hot fip option ' r IEEE SRS arole in providing lubricity during service, as in cast

(N copper bearings and bushings. Lead does not have
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an adverse effect on strength unless present in high
concentrations, but it does reduce ductility. Although

(978) 356-9844 lead-containing copper alloys can be soldered and
brazed, they cannot be welded.
Electric Heating Co., Inc. —Sidebar adapted from an article by the Copper
Development Association Inc., New York

www.daltonelectric.com
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ability. The yield

is not as good on

the silicon, and the
bismuth machines
much easier. With
the silicon alloys, the
melt temperature is
lower, so your energy
costs are lower...and
it’s a little bit cleaner.”

freezing range].
Sometimes, you
make major changes
to the pattern.”

Fresno Goes
Unleaded

The no-lead alloy

C87500 (typically
82% copper, 14%

Leaded cop- zinc and 4% silicon)
per long served the ~ 4 " o has a liquidus
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plumbing industry >|. d h & temperature of 916-

919F and a solidus
temperature of 820-

largely due to its

. The Fresno Valves boiler head casting was sound when modeled in a leaded alloy (left) but
unsurpassed machin-

showed significant shrink porosity when the unleaded alloy was used.

ability. Significant 821F. The density of
ductility and elonga- the material varies
tion make the alloy capable of rapid machining without the with different solidification paths. While the alloy offers bet-
use of coolant. No-lead alloys, when machined in a similar ter feeding than many other alloy families, when feeding ends
manner, tend to crack. Leaded alloys also are more castable too early, its porosity levels are great. Therefore, casting the
than their no-lead counterparts. For silicon-based alternatives, metal requires accurate density and fraction-solid profiles.
this means more risering is necessary to aid in solidification. The purpose of the recent conversion from C83600 to
For bismuth alloys, which do not feed as well, new gating C87500 at Fresno Valves was to examine the impact of
systems often have to be designed to make the transition. direct alloy substitution for a 4-lb. boiler head. The metal-
“You have a wider freezing range on [bismuth],” Omer said. casting company performed identical casting simulations of
“You can feed the silicon alloys with risers because of [their both alloys with identical process conditions (except modifi-
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cation of pouring
temperature) and
compared the
results with actual
casting results.

The simula-
tion showed that
porosity would
result in three
locations in the
casting. The
casting required
pressure tight-
ness, so the porosity had to be addressed before the company
could go forward with the conversion. If the voids were close
enough to the surface of the casting, the casting would leak.
Two of the instances of porosity were small enough so that
their impact could immediately be discounted.

The third area (Fig. 1) was of greater concern; however,
the simulation results also indicated this area of porosity
would be internal. To ensure the accuracy of the prediction,
Fresno Valves performed destructive testing of the com-
ponent as-cast, with no adjustments to the runners, gating
or risers. A cross-section of the component showed a thick
section of solid metal between the pore and the interior wall,
validating the results of the simulation. Leak testing showed

When Fresno Valves performed destructive testing on the boiler head casting, it confirmed the results of
the simulation: the porosity in the casting did not result in leakage.

the porosity did
not violate the
casting’s end-use
requirements.

While Fresno
Valves’ boiler
head casting did
not require a
pattern change,
Omer said it was
a unique situ-
ation in which
the company
inherited tooling that included an excess of risers and gating
locations. In most of the company’s no-lead conversions,
changes are required.

“You have to find a way to feed the heavy sections with
risers or chills,” Omer said. “If you may have an isolated heavy
section transitioning into a thin section, on [leaded] red brass
you can get away with that, but not on the silicon.”
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ONLINE RESOURCE
Visit www.moderncasting.com for an additional article on
the transition to no-lead alloys.

44 | MODERN CASTING November 2011



