Pb-Free
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A Study of Lead-Free Hot Air Leveling

David Suraski

Controlling copper buildup in
automatic soldering equipment
using lead-free solder.

uestions have arisen about copper disso-

lution into lead-free alloys, particularly in

alloys that may require added solder pot

maintenance. This study investigates whether sat-

isfactory control of the lead-free hot air leveling
process is possible.

The Sn/Ag/Cu family of alloys is a leading can-

didate as a lead-free alternative.

Cu0.8/Sb0.5 does at the same temperature over
the same (short) period of time. Thus,
Sn/Ag2.5/Cu0.8/Sb0.5 is more stable in a wave
solder pot when soldering boards and should
require less initial alloy maintenance. This result
is corroborated by studies' showing the lower
copper dissolution of Sn/Ag2.5/Cu0.8/Sb0.5 ver-
sus other lead-free alloys (Figure 1). Also note
that extensive third-party testing? indicates that
this alloy is a viable choice for the HAL process,
demonstrating good coverage and solderability
with flatter pads than Sn/Pb. For these reasons,
Sn/Ag2.5/Cu0.8/Sb0.5 was used in the second
part of this study to determine how to control the
copper level in a lead-free HAL process.

Coupon  Sn/Ag2.5/Cu0.8/Sb0.5  Sn/Ag3.0/Cu0.5 The first part of this study was Copper is a well-understood contaminate in
1 0.8992 1.8415 to determine any significant  the Sn63/Pb37 alloy for pre-solder applications.
2 0.8067 1.8157 difference between Sn/Ag/Cu  If the copper level in pots becomes too high, sol-
3 0.8767 1.8523 alloys for HAL in terms of cop- ~ der may suffer from poor flow and exhibit
TABLE 1: Coupon Weight Loss per buildup in the system. The  embrittlement. Presently, HAL manufacturers
study compared Sn/Ag3.0/  have limited the copper in a solder bath by pre-
Cu0.5 and Sn/Ag2.5/Cu0.8/  cipitating the copper out using a simple gravi-
eI Sb0.5 to determine if, at pro- metric separation of Cu6Sn5. In a standard tin-
y cessing temperatures, one alloy  lead pot, as impurities such as copper build, they
would absorb less copper than ~ form intermetallics with the tin. This intermetal-

/| . . .
§ / the other. lic buildup can be systematically removed by
3 / Two pots of each alloy hold-  reducing the solder pot temperature to 370°F

ing approximately 500 grams
of metal were heated to 275°C.

Copper strips were weighed,
fluxed and then placed into the
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lead-free alloys. The tempera-

FIGURE 1: Copper dissolution rates of various

lead-free alloys.

ture and strips were monitored
every five minutes for any visu-
al change. After 30 minutes,
changes were noticed. The copper coupons were
then removed and weighed.

As shown in Table 1, Sn/Ag3.0/Cu0.5 dissolves
almost double the amount of copper as Sn/Ag2.5/

(188°C) and leaving the pot undisturbed for
more than eight hours. Because the density of
the Cu6Sn5 intermetallic is 8.28, while that of
Sn63/Pb37 is 8.80, most of the Cu6Sn5 will float
to the top of the pot after a few hours of cooling.
After this occurs, the top of the pot is skimmed
and new solder is added to raise the level. The
process typically will maintain copper levels
below 0.3%, generally in the 0.15% range.
However, the density of high-tin lead-free
alloys is lower than that of Cu6Sn5: approximate-
ly 7.40 versus 8.28. Therefore, the Cu6Sn5 inter-
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Pb-Free
Solder Pots

metallics sink and are dispersed through
the lead-free alloy in the pot, instead of
floating off and being easily removed after
cooling.

Furthermore, an increase in lead-free
electronics will likely bring a correspond-
ing increase in organic-coated (OSP) cop-
per boards. The added copper exposure to
the wave may eventually cause the inter-
metallics to build to a point where they
plug the wave pump’s baffles.

Yet another issue is the lack of an
industry specification for lead-free pot
maintenance. Clearly, a guideline for the
users of these alloys will be needed.
Therefore, Table 2 has been developed
from empirical studies and metallurgical
evidence. As shown, the upper limit for
copper in the pot is 1.5%. Above this
point, the alloy becomes sluggish; at 1.9 to
2%, precipitation in the pot starts to
occur, which can damage the wave pump
and baffles.

Separating Copper Inter-
metallics from Pb-Free Pots

Although separating the copper inter-
metallics from lead-free pots is more
complicated than when using Sn/Pb, it is
still achievable. To do so, a second pot
capable of holding the volume of alloy
from the HAL machine should be used.
This should be a round-bottom pot open
to the atmosphere, preferably with a
beach built into the top lip of the pot. The
beach permits the crystalline structure
that works like a sponge to permit the
alloy to drain back to the pot.

When separating copper intermetallics
from lead-free pots, first transfer the used
alloy into the second pot at an elevated
temperature (400°C). After solder trans-
fer, the pot should be cooled to 260°C. At
this point, precipitate will form at the
bottom of the pot. A ladle with holes in it
or a rake that can pull the material up
onto the beach on the sidewall of the pot
should be used to remove this precipitate.
A sample of the precipitate should be
removed and labeled “PPT 260.” Then, the
pot should be further cooled to 240°C
and a sample of the alloy cast into ingot
form and labeled as “Ingot.” Any addi-
tional precipitate in the bottom of the pot
should also be removed, with a sample

Ag Al As Au Bi cd
4.5 0.006  0.03 0.20 0.25  0.005
(a] Fe Ni Pb Sb Zn
1.5 0.02 0.01 0.5 0.50  0.005

TABLE 2: Lead-Free Pot Specification, Maxi-
mum Impurity Levels (%)

PPT 260 PPT 240 Ingot
Ag 2.264 2.328 2.45
Al <0.001 <0.001 <0.001
As <0.003 <0.003 <0.003
Au <0.003 <0.003 <0.003
Bi 0.011 0.013 0.013
cd <0.001 <0.001 <0.001
Cu 5.061 3.6 1.412
Fe 0.002 0.002 <0.001
Ni <0.001 <0.001 <0.001
Pb 0.030 0.034 0.026
Sb 0.479 0.474 0.507
Sn Balance Balance Balance
Zn <0.001 <0.001 <0.001

TABLE 3: Analyses of Pot Precipitates

labeled as “PPT 240.” Then, all three sam-
ples should undergo laboratory analysis.
These actions should reduce the copper
content of the existing solder to an
acceptable level of 1 to 1.4%. Table 3
shows the results of the analyses on these
materials.

Cooling the pot and removing the pre-
cipitate lowered the copper level to an
acceptable level. Therefore, salvaging
lead-free solder is possible using a similar
method as used with Sn/Pb, except that
the SnCu intermetallics now sink instead
of float, and instead of being skimmed
now need to be dragged from the bottom
of the pot. The result is a reduction of
copper in a lead-free soldering pot to
within acceptable levels. ]
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