ANovel Palladium  Stripping

Its Performance

By HK. Straschi, JJ.  Maisano,

Palladium finishes have become widely established in
electronic and decorative applications. A reliable
stripping solution for rework and metal recovery has
not been commercially available, however. A three-
component system has been developed that provides
satisfactory and economical processing of palladium,
gold-flash palladium or palladium-nickel finishes. The
system is exceptionally selective for palladium and
palladium-nickel vs. copper, and can be applied in
rack, barrel or reel-to-reel operational modes. Formu-
lation data, etch rates, performance, maintenance,
metal recovery, and analytical procedures associated
with the process are presented. Ways of recovering
precious metal from the spent stripper solution are
discussed, both for in-house recovery and for cost-
effective shipment to outside refining.

In the fabrication of electronic devices and in the decorg
industry, palladium and its alloys are often used to rep,
gold*® They are sometimes finished with a thin overlaye
gold. Palladium and its alloys, notably with nickel or cob
afford corrosion protection and superior wear, combi
with excellent electrical propertié$! Palladium is also use
ful for providing a barrier against diffusioe.g., between
gold and nickel). Itis economically favorable because it ¢
significantly less than gold. But even though the metal co
reduced, a reliable palladium and palladium alloy stripg
process is highly desirable for two reasons: It will per

Solution—
& Maintenance

V. Kadijs, F. Humiec and JA. Abys

Although many procedures can be used, a chemical salt-
ing-out of the complexed precious metals has been found
preferable for safe and efficient precious metal recovery from
the spent solution. The cyanide-containing supernatant lig-
uid can then be treated by conventional meautg,(eaction
with sodium hypochlorite solution to form carbon dioxide
and ammonia).

Prior Developments

Palladium Stripping  and Related Information

Both electrochemical and chemical stripping methods have

been proposed for palladium removal. E.B. Saubestre pro-

posed anodic stripping in a solution of NaCl and Nabt@H

4-5, 2-4 VB similar methods are also given by N. Hzlal**

It appears, however, that most electroplaters prefer chemical

methods in which an oxidizing chemical is used to dissolve

the metal. T.A. Shankoff proposed the use of dichromate ion
tige the oxidizing agent and chloride ion as the complexing
aagent'® Concentrated sulfuric acid has been suggested as a
r sblvent for chemical stripping with nitric acid added as an
albxidant, as well as an electrolyte for anodic stripping.
hedAnother group of oxidants in use for precious metal strip-
- ping includes “nitro-substituted aromatic compounds,” which

have been suggested for “dissolving metals of the class
psisnsisting of nickel, copper, cadmium, silver, zinc, and gold
sbig chemical action alone, etc.” in 1949 by R. Springer and
iny.R. Meyert® This class of oxidants is used in combination
mitith ammonium and alkali cyanides, which, as the inventors

recovery of precious metal from discarded or worn-out panggint out, are rendered unstable or even explosive by inor-

and rework of expensive parts after faulty plating. In the Ig
case, especially, it is important that the substrate be

preserved. Therefore, a stripping method is desirable
functions with a minimum of substrate corrosion, that is,
pronounced selectivity for the precious metal.

While the stripping of gold from base metal substrates
common use, the stripping of palladium and its alloys is m
less well known. One reason may be that the avail
processes lack selectivity. The lack of a feasible stripj
method presents an obstacle for the otherwise commer
attractive conversion from gold to palladium.

The stripping solutiotd to be described is selective fi
palladium with regard to nickel, copper, copper bronzes,
steel substrates. The proposed process easily dissolve
pure or hard gold finish on top of palladium or a palladi

tiganic oxidizing agents of high oxidizing potentials. J.J.
fuByunwald’ proposed the use of complex tetracyanide ions,
teath as [Zn(CN}? in combination with nitro-substituted
vilromatics, for gold stripping with the aim of diminishing
corrosion of the substrate, especially copper. L.R. Fodhtain
sused a solution of alkali cyanide and a nitro-substituted
ualomatic compound for removing a gold alloy braze having
alpiglladium or niobium in combination therewith. H.M. Solidum
ningd R.C. ZobBf recommended use of a dry powder contain-
siglly cyanides and nitrobenzene derivatives with an auxiliary
agent for making up and replenishing stripping solutions for
brgold and silver (palladium is not mentioned). Nitrobenzoate
amerivatives as oxidant and alkali cyanide as ligand are also
suseyl in a palladium stripping solution proposed by A. Fletcher
uand W.L. Moriarty?°
be

alloy. If palladium is plated over nickel, both layers can
dissolved in the same solution, but nickel is removed

dCerrosion  Problems with Copper Substrates

slowly than palladium by a factor of 10 or more. If the nickéhhibitors are commonly in use for selective stripping of
layer is thick, it may be preferable to strip the nickel sgpaickel or gold from copper substrates. M. Weisberg and F.P.
rately. On the other hand, the large difference in strippiBytler! claimed a long list of compounds of sulfur in the -2
rates permits selective stripping of palladium from nickebxidation state in combination with a nitro-substituted or-
The corrosion of copper or copper bronzes is so inhibited tigahic compound and an amine for removing metals, espe-
acleanremoval of palladium or palladium alloy can be achievaélly nickel, from bases, especially copper and its alloys.
virtually without loss of substrate material. This leaves expelB-H. Too and D.R. Mafk proposed addition of an organo-

sive work pieces reusable after palladium stripping.
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mercapto compound for selectively stripping gold from a
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Fig. 1—Etch rates vs. Immersion time for individual metals.

metal substrate, especially copper, in a solution also con
ing a ring-substituted nitrobenzoic acid compound, a b
soluble cyanide, and a lead or bismuth compound.
Huangd® described the function of benzotriazole as a co
sion inhibitor for copper in a sodium chloride solution. N@
of these corrosion inhibitors, however, has yet been ap
for stripping palladium from copper. We tested solutions
proposed by Too and Mahfor selective gold stripping, fo
removal of palladium from copper substrates. The at
rates were 0.18 to 0.30n/min for palladium, and 4.5 to 4.
pm/min for copper, at 40-43C. These initial findings sug
gest that conventional copper inhibitors may be ineffectiv
palladium stripping.

Process Description
Palladium  Stripping  with Copper Passivation
While corrosion inhibitors for copper do not appear to

useful by themselves, it was found that a suitable comf

tion of additives with synergistic action can provide a g

palladium stripping rate, as well as very satisfactory coy
protection. The resulting stripper meets all practical demariddividual

with regard to speed of operation, selectivity, safety,

metal recovery. It is freshly prepared prior to each use fi
two liquid concentrates and a salt mixture containing ¢

nide.

Preparation  and Operation of the Stipping  Solution

The stripping solution is prepared by dissolving 150 g of al

mixture in water, followed by the addition of 250 mL
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Fig. 3—Etch rate vs. Pd conc. as illustration of “aging” of strippi
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Fig. 2—Etch rate vs. shelf-life as indication of stability of the stripping
solution.

tairidant solution and a small amount of inhibitor. Ten mL of
athhibitor solution per liter has been found optimal for most

C decorative and electronic components. For components with
rrdiscrete geometries and/or uneven deposit thickness, how-
never, such as electronic packaging lead-frames, high inhibi-
nlted concentrations (as high as 80 mL/L) have been found
5 aglvantageous to avoid attack on even the thinnest of leads.
r The solution may become turbid when inhibitor is added, but
aeMl clear on heating. Just before use, the solution is heated to
840 to 50°C; temperatures above 3& should be avoided,

- because solution decomposition, with loss of stripping activ-
eity, may set in. Before immersion, the parts are cleaned
thoroughly and rinsed. Good agitation during stripping is
essential. After stripping, the parts are rinsed repeatedly;
water from the first rinse can be used to prepare more fresh
stripper, or added to the spent stripping solution for eventual
bwetal recovery. Cathodic cleaning of the parts is recom-
imaended before re-plating.

bod

deerformance  Tests

Metal Stippng  Rates

aselectivity for palladium in the proposed stripping solution
ramas evaluated by testing etch rates for individual metals, as
yaell as for multilayer finishes. For the individual metal tests,
electroplated palladium, nickel, cobalt-hardened gold, and
rolled copper foil and unplated Alloy 725 were used. The
workpieces were immersed in the stripper for five subsequent
spétriods of 30 sec each, at 42, with moderate agitation.
ofAfter each interval, the pieces were rinsed, dried, weighed,
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gFig. 4—Effect of salt replenishment on etch rate.
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solution with use.
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Fig. 5—Scrap Pd stripping trial.
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Fig. 6—Scrap Pd-Ni stripping trial.

and immediately re-immersed for the next interval. The etchApplying these rate figures to a multilayer finish, where

rates are expressedim/min and plotted at the end of ea

interval (Fig. 1).

The plot shows that cobalt-hardened gold and the

metals were much more slowly etched than palladium; m

over, it shows that the palladium etch rate stayed con

over the whole 2.5-min period, during which a total of 1

um was stripped, while the nickel etch rate increased, an

copper etch rate decreased over the same period. Palla
nickel alloy (20% Ni) behaves like palladium. That hard g
could be etched, even though the rate is slow, demonst
that gold-flashed palladium and palladium nickel finishes
amenable to treatment. Initial and final (after 2-min imm

sion) etch rates were as shown in Table 1.

Metal
Hd. Au
Pd
Ni
Cu
Alloy 725

Immersion
Metal Time
Pd 0.5 min
Ni 1.5 min
Alloy 725 >2.5 min

Fresh stripper
Unused stripper
aged 40 days
Used stripper,
after 1 day
Used stripper,
after 13 days
Same stripper,
replenished

January 1996

Table 1
Etch Rates
pm/min
Initial Final
0.125 0.125
0.67 0.67
0.075 0.35
0.109 0.019
0.094 0.043
Table 2
Weight
Loss Comments
6.8 mg Palladium layer totally remove
11.5 mg Nickel layer totally removed
<0.5 mg No visible attack on lead-frame|
pattern
Table 3
Complexing  Stripping
Pd Salt Rate
g/L g/L Um/min
0 150 0.75
0 132 0.54
13.5 80.3 0.36
135 80.3 0.32
135 150 0.60

cipalladium is plated over nickel on a copper substrate, the
following can be expected: If only palladium stripping is
basiended, with the nickel underplate to be left intact, the low
oneitial nickel etch rate offers clean palladium removal with
stéttie loss of nickel. On the other hand, if the nickel layer is to
@% removed, the autocatalytic acceleration of nickel etching,
d #iseexpressed in Table 1, is favorable; moreover, the nickel
distnipping rate can be increased by adding nickel salt to the
oktripper. The simultaneous removal of the nickel layer has
rétesn found especially advantageous in lead-frame applica-
aiens. Finally, the slight initial corrosion of the copper or
ecopper-based substrate will be further diminished with time.

Stripping  of a Multilayer Finished Workpiece

The above considerations were demonstrated on a multilayer
finished lead-frame strip with 50 to 1Q@n. of nickel and 5

to 10pin. of palladium plated over Alloy 725. The results of
this experiment are shown in Table 2.

This experiment shows how important a high degree of
selectivity is in the stripping of pieces with coatings of
uneven thickness, because in such cases two layers of metal
may be exposed simultaneously for relatively long periods.
In the above instance, consideration might also have been
given to switching to a substrate-protecting nickel stripper
after all palladium had been removed. No general preferences
can be given here, for each application must be judged on its
own merits.

Stabiity of the Stipper  Solution

d The made-up stripper solution is stable at room temperature.
We also tested the palladium stripping rate in a solution kept
at 42°C, after 1, 2, 4, and 8 hr. The results are shown in Fig.
2. Over long periods, a slight drop in the etch rate is expected
as a result of the loss of free cyanide.

Aging of the Stripping  Solution  with Use
Because of the variety of stripped materials and stripping
operations, the aging behavior of the stripping solution can-
not be exactly predicted. In an attempt to obtain a useful
simulation of actual operating conditions, incremental
amounts of palladium metal powder were added to the
stripping solution and permitted to react completely before
the etch rate was determined. The results (Fig. 3) show a
decline in the etch rate with depletion of the reagents, caused
by complexing of free cyanide with palladium, and reduction
of the oxidant.

A connection between the etch rate of palladium and the

availability of cyanide in the solution can also be seen in Fig.
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3, where the “free” cyanide content has been plotted ag
the amount of palladium metal dissolved; the curves fo
etch rate and free cyanide run parallel to each other.

Effect of Replenishing and Storage

Etch rates approximating the initial conditions can be
tained by replenishment of the components, even if
stripping solution is used infrequently. A “spent” strippi
solution containing 15 g/L of palladium and 54 g/L of f
cyanide salt had an etch rate of Q.82'min after being use
intermittently for 15 days. The solution was replenis
twice during this period, with 70 g/L salt mixture, 100 mlL
oxidant solution, and 5 mL inhibitor solution. After ea
replenishment, the etch rate was found to be Qrénin,
and 0.6pm/min, respectively, demonstrating a recovery
80 percent of the initial rate. The results are prese
graphically in Fig. 4.

The stripping solution was also found to be quite stab
storage, with only marginal losses in etch rate after 40 ¢
which is particularly advantageous. The results are liste
Table 3.

Production  Scale Application of the Stripper
The stripping solution described above was success
applied in refining approximately 4,000 Ib of low-gra
precious-metal scrap etched in 50-lb batches for the pu
of precious metal recovery. The parts had been plated wi
to 50uin. of Pd-Ni alloy. The solution volume was 160
(approx. 600 L) and the temperature was maintained be
40 and 50°C. The parts were loaded into a stainless
wire-mesh basket prior to immersion in the solution. Solu
agitation was approximately 50 gal/min, and the exit no
from the pump was aimed directly at the bottom of the b
to ensure exposure of all parts to the etching solution.
15 min, the innermost parts were spot-tested for Ni under|
exposure, using nitric acid. A drop of concentrated nitric
placed on a well-rinsed part turns green immediately i
nickel underplate is exposed. If Pd or Pd-Ni alloy remains
spot turns yellow after approximately 30 sec. If the
indicated that Pd-Ni remained on the surface, the baske
immersed for an additional 15 min and retested. The
were rinsed twice with water before being discarded for
metal refining. The results are shown in Figs. 5 and 6.

The conducting salts and oxidant solution were re
ished only once after 2,000 Ib had been processed. Repl
ment was required because, after 30 min of etching, th
test still showed Pd remaining on the surface of the parts|
inhibitor solution was not replenished, because the parts
not destined for reuse.

Metal Recovery

Choice of Recovery Methods
Most of the precious metal in the spent stripping solu
(including gold) is present in the form of its cyani
complex(es). The simplest way to recover palladium f
spent stripping solutions is to return the solutions to
manufacturer for refining. Existing regulations for the s
ment of “hazardous waste,” however, may render that o
financially unattractive. In such cases, it is preferabl
recover the precious metal as a medium- to high-purity
or sludge thatis more easily transported. The decision wh
to ship the solutions to the refinery as such, or to sen
recovered precious metal for refining, depends on a vari
economic and engineering factors that must be weighed, s
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aihstProximity of a precious metals refinery.

tBe Volume and precious metal concentration of stripping

solution to be refined.
3. Cost of state and local government hazardous waste
transportation permits.

a&- Availability of chemical or electrochemical process equip-
thement, air-borne emission exhaust system and wastewater
ng treatment facility.
ee
d In-plant recovery of palladium can be effected primarily
hday chemical or electrochemical methods; possibly also by a
/lcombination of them. Because of the extreme stability of the
clpalladium cyanide complex, cyanide ions must be removed,

precipitated or destroyed in all cases. A chemical method has
dfeen found to precipitate the bulk of the complexed palla-
nidm. The solids can then be filtered, dewatered and shipped
for refining as a dry cake, which would ease hazardous waste
ermanagement and reduce shipping costs. The resultant filtrate
aigsthen treated with sodium hypochlorite solution, a well-
dkimown reagent for cyanide destructfényhich precipitates

the remaining nickel as oxide and destroys the free cyanide.
Any trace of metal left in the filtrate is then removed with

sodium borohydride, after which Pd, Ni and cyanide are
fuldduced to undetectable levels. The resulting filtrate can then
ehe evaluated, further treated,d.neutralized) and discarded
paseyer local environmental regulatory agency guidelines.

h 20

abummary

dereliable stripping solution for rework and metal recovery
tédels been developed, comprising a three-component system.
idrhis formulation provides satisfactory and economical pro-
aessing of palladium, gold-flash palladium or palladium-
skétkel finishes. The system has been demonstrated to be
ferceptionally selective for palladium and palladium-nickel
lase copper. Electrolytic recovery of the precious metal, using
cithndard equipment, is described. The relationships between
thiee etch rate, dissolved metal and free cyanide concentration
, theere also established, along with analytical methodologies
esseful for process control.

was
deitor's note: Manuscript received, August 1995.
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