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Corrosion of electrolytically gilded silver was analyzed.
Red spotswer eobser ved after eight months' storageinan
indoor environment. Gold chloride (AuCl,) was identi-
fied asthe origin of the corrosion phenomenon, which is
attributed to contamination coming from theelectr oplat-
ing processes. Optical microscopy, scanning electron mi-
croscopy (SEM), X-ray photoelectr on spectr oscopy (XPS)
and Auger electron spectroscopy (AES) techniqueswere
utilized.

Gilded silver has been widely used for decorative effects as
an economical alternative to solid gold. It is known that
irrespectiveof thegilding procedureused (firegilding or gold
electrodeposition), gilded silver can suffer damage after a
short time because of silver diffusion through the gold layer.
In an environment with sulfur contamination, sulfuration
processes can occur, yielding a blackish layer.!

As anable metal, silver offers high corrosion resistance
andiseasily protected by apassivefilmin different environ-
ments. Silver also has a tendency to form complex ionsin
solution.? The aim of this paper is to analyze the origin of
corrosion spots of red color which had appeared on gilded
silver figures stored for a period of eight months in an
apparently pollution-freeenvironment. A palladium preplate
had been applied prior to the deposition of the gold coating.
Finally, the figures had been protected with an invisible
passivation layer by immersion in an organic solution.

Materials & Methods

Figure 1 shows aleg of agilded silver figure (~20 cm high)
and a gilded silver sheet (1 x 1 cm) upon which some
corrosion spotsof red col or were observed after eight months
of storage in an unpolluted environment. Figure 2 shows a
similar sheet (1 x 1 cm) without corrosion. Experimental
specimens tested were of 1 cm? surface area.

The metallic silver substrate (99.95% purity) was treated
in a silver workshop using the following procedure:
Degreasing in trichloroethylene vapor degreaser, cathodic
cleaning using trisodium phosphate, sodium carbonate, so-
dium metasilicate, sodium hydroxide and liquid soap, plus
acid pickling using dilute HCI medium (1:3) and water rinse.
These treatments were followed by: (1) silver substrate
immersion in a“silver plating bath” (silver cyanide 25 g/L,
potassium cyanide 45 g/L, potassium carbonate 35 g/L,
calcium hydroxide 1 g/L) at apotential of 0.5V for ~3 min;
(2) application of amild metallic gold spray; (3) immersion
ina“palladium plating bath” (palladium(ll) chloride 50 g/L,
ammonium chloride 30 g/L, ~40% hydrochloric acid 0.1 L/
L) at a potential of 0.5V for approximately three min, (4)
immersioninagold plating bath (tri-potassium citrate 120 g/
L, citricacid 20 g/L, metallicgold 8 g/L) at apotential of 0.5
V for approximately 15 min and, finally, (5) the specimens
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wereprotected at theend
of gilding treatment by
immersioninan organic
solvent, 2-butoxyethanol
and a small amount of
water, for 15 min at
40°C.

Optical microscopy
was used to determine
the thickness of the lay-
ersobtained during gild-
ingtreatment[(1) to(5)].

Scanningelectronmi-
croscopy (SEM) and en-
ergy dispersive X-ray
(EDX) techniques were
utilized to observe the
surface morphology and
to identify the composi-
tionof thelayersformed.
X-ray photoelectron
spectroscopy (XPS) ex-
periments were con-
ducted to determine sur-
face chemical composi-
tionwithanMgK 1.2 X-
ray source (hv = 1253.6
eV), withaprimary beam
energy of 15 kV and an
electron current of 20
mMA. The pressurein the analysis chamber was maintained at
1 x 10° Torr throughout the measurements. The regions of
interest were O 1s, C 1s, Au 4f, Cl 2p and Na 1s.

Finally, Auger electron spectroscopy (AES) was used to
characterize the gilded silver surfaces. AES was performed
using the spectrophotometer described above, connectedtoa
source with a primary beam energy of 3 kV and a beam
current of 2x 10° A, and with abase pressureof 1x 10° Torr.

A

Fig. 1—Gildedsilver with corrosion spots.

Results & Discussion

Optical microscopy experiments of the specimens shown in
Figs. 1 and 2 yielded the following thickness of the layers
obtainedinplatingtreatments(1) to(5): aninner layer of ~0.6
- 0.8 um of gray color, an intermediate layer of ~3 pm of
yellow color, and an outer layer of ~3 um with a blackish
color.

Figure 3ashows a SEM micrograph for a corroded speci-
men. The surface of the sampleisvery irregular and porous.
Somedarker zonescan beobserved, corresponding tothered
spots. Figure 3b shows amagnification of one of these spots.
Some bulky corrosion products can be seen over the gold

layer.
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Fig. 3—SEM results for a corroded specimen.

Figure 4a shows an EDX spectrum for the gold layer
outsidethedark spots; only thesignal for gold can beseen. In
contrast, the EDX spectrum in Fig. 4b, corresponding to the
corrosion products, shows Au, Ca, K, Cl, Si and Nasignals.
The presence of Cl suggeststhat the cause of corrosion spots
may be attributed to some chlorine compound. The source of
Ca, K, Si and Na signals may be attributed to the different
chemical compoundsutilized intheel ectroplating processes.

EDX spectra (Fig. 4) do not show signals from the silver
substrate or the palladium preplate, indicating that the gold
layer entirely coversthe surface of the specimen and that its
thicknessis greater than the depth of EDX analysis(~1 pm).
EDX data on corroded specimens and the AES spectra (not
included) agree with the results shown in Fig. 4.

Figure 5 shows high-resolution XPS spectrafor C, O, Au,
Cl and Naof acorroded specimen. Thecarbon spectrum (Fig.
5a) showsfour components at 284.6, 286.1, 287.6 and 288.6
€V, which can be attributed to C-C, C-O, C=0 and O-C=0
bonds, respectively, of the passivating organiclayer. Thetwo
components of the oxygen spectrum (Fig. 5b) at 531.5 and
532.8 €V can also be attributed to the O-C and O=C bonds,
respectively, of the same organic layer. Gold peaks (Fig. 5c)
show acomponent at 83.8 and 87.5 eV, corresponding to the
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Fig. 4—EDX results for the corroded specimen of Fig. 3.

metallic gold, and asecond small component at 84.4 and 88.1
eV, that may be attributable to a gold chloride compound.
Because of the very low analysis depth of the X PStechnique
(10-30 A), the presence of the gold signal may indicate that
thepassivating organiclayerisnot coveringtheentiresurface
of the gold. The chlorine spectrum (Fig. 5d) shows apeak at
198.5 eV that can be attributed to a chloride compound.
Finally, the sodium spectrum (Fig. 5e) shows a peak at 1072
eV, corresponding to sodium chloride. Using the atomic
sensitivity factors and subtracting the NaCl contribution
from the Cl peak, the CI/Au atomic ratio is approximately 3,
which corresponds to gold(11) chloride (AuCl,).?
Therelative humidity and temperature of the storageroom
may have contributed to condensation phenomena, favored
by the porosity of the surface, leading to deterioration of the
gilded surfacelayer. In thisstudy, indoor atmospheric corro-
sion was observed after a short time (8 months) of storagein
an apparently unpolluted atmosphere at room temperature.
The presence of chlorine may result from contamination of
the gilded layer coming from the electroplating processes.

Findings
Three layers were observed using the optical microscopy
techniqueon corroded specimens: aninner layer ~0.6-0.8 um
thick of gray color, an intermediate layer ~3 pum thick of
yellow color, and athird outer layer ~3 um of blackish color.
The morphology of the gilded layer is of porous nature.
This favors retention of chloride-containing residues of the
electroplating baths, which react with the gold layer to form
ared gold(l11) chloride compound. The four complementary
analytical techniques SEM, EDX, XPS and AESyield con-
cordant results, with C, O, Au and Cl as main elements.
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Fig. 5—XPS high-resolution spectra for a corroded specimen.
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