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1. Summary
This paper concludes the second phase of an IMLS grant‐funded project to re‐lacquer 500 silver and silver‐plated
objects in Winterthur’s collection. The project ran from October 1, 2016 through September 30, 2019, with the
majority of the work completed by two conservation assistants occurring from February 2017 through June 2019.
The 500 objects treated during this phase of the project were uncoated or previously coated between 1981 and
2013 (Table 1).

# of Objects

Coatings applied
between 1981‐1995

Coatings applied
between 1996‐2013

Not lacquered
previously

Coatings with
unknown date

Total

288

95

84

33

500

Table 1. Breakdown of silver and silver‐plated objects treated during phase II of the IMLS silver lacquering project.
Building on the first phase of the IMLS grant‐funded silver lacquering project, the team has documented 30+
years of lacquer coating practices in spreadsheets, photographs, and written reports. This documentation has
served to highlight trends and guide conservators and scientists in future research. From previous studies of the
Winterthur silver collection (La Duc and Peirce 2009), we had a good idea of where silver objects with known
coating failures were located in the collection. This allowed the team to track common application defects and
coating failures observed, specifically in Agateen® #27,1 over the course of 32 years. Of the 336 objects treated
with known coating materials, 280 were previously lacquered with Agateen #27. Table 2 shows the breakdown
of types of coating materials found in the Winterthur silver collection, treated during this project.
Agateen #27

Agateen #2B2 or #2B‐
43

Acrylic

Unknown

Coatings applied between
1981‐1995

213

25

27

23

Coatings applied between
1996‐2013

67

0

4

24

Table 2. Breakdown of types of coating materials found on the Winterthur silver collection.

1 Cellulose nitrate‐based lacquer, known for its excellent leveling properties and used in conservation to coat metals, typically silver and copper
alloys. It consists of unmodified, non‐plasticized, high molecular weight cellulose nitrate, derived from cotton linters, and dissolved in butyl acetate,
butanol, toluene, ethanol, and isopropanol. It is mixed either 1:1 (for brush application) or 1:2 (for spray application) with Agateen Thinner #1.
Manufactured by Agate Lacquer Tri‐Nat, LLC and referred to as ‘crystal clear’ by the company; available from manufacturer and at conservation
suppliers including Talas.
2 Blend of high and intermediate molecular weight cellulose nitrate, modified with several plasticizers, including standard refined vegetable oil and
derivatives of the sap of specifically cultivated cypress trees e.g. the “Tears of Allah”, and dissolved in toluol, butylacetate, ethanol, butanol,
isopropanol, amylacetate, N‐propylacetate, glycol ether, ethyl 3‐ethoxypropionate, and ketone. It is mixed in Agateen Thinner #1 in the same ratio as
Agateen #27 for either brush or spray application. Manufactured by Agate Lacquer Tri‐Nat, LLC and referred to as a ‘Jeweler’s Lacquer’ by the
company; available from manufacturer.
3 Cellulose nitrate lacquer with the same composition and dissolved in the same solvent as Agateen Lacquer #2B, but tinted/dyed a greenish yellow
color by the manufacturer. It is mixed in Agateen Thinner #1 in the same ratio as Agateen #27 for either brush or spray application. At Winterthur it
was used on silver and copper alloys to provide a somewhat antique appearance to the metal surface. No longer available after 2002‐03.

4

White Paper

12/18/2019

During this phase of the project, we coated 499 objects with Agateen #27: 432 objects were brush‐lacquered, 54
objects were spray‐lacquered, and 13 objects were both brush‐ and spray‐lacquered. Only one recent coating was
touched up with ParaloidⓇB‐72.4 Of the Agateen‐lacquered group, 416 were lacquered with Agateen #27 dosed
with an ultraviolet light (UV)‐fluorescent dye, coumarin 6 (C6).5 (See below, 2. Achievements, for more
information on coumarin 6.)
As with the first phase of the silver lacquering project, objects from the Winterthur rooms, gallery spaces, and
collection study areas were treated over a two‐year period. The Curator of Decorative Arts, Ann Wagner,
selected small batches of like‐objects to create categories for treatment such as lighting, flatware, and miniatures.
The second phase of the project focused on silver and silver‐plated objects located on the 7th floor and in the 8th‐
floor curatorial study collection. Objects in the curatorial study collection are frequently handled and used for
classes and public workshops. Nearly 40% of the objects treated during the second phase of the IMLS project are
permanently on view in this study collection (Table 3).
Collection
Space

Galleries

1st
floor

2nd
floor

3rd
floor

4th
floor

5th
floor

6th
floor

7th
floor

8th
floor

Curatorial
Study
Collection

Loans

New
Accessions

# of
objects

22

2

7

17

17

32

34

141

23

195

4

6

Table 3. Breakdown by location of objects treated.

4 Clear colorless thermoplastic acrylic resin composed of an ethyl methacrylate (70%) and methyl acrylate (30%) copolymer. Previously manufactured
by Rohm & Haas, now produced by The Dow Chemical Co. and available from conservation suppliers.
5 A UV‐fluorescent dye (visible in long‐wave UV) added to protective lacquer coatings on metal objects to make visible any lacunae, thin spots, or
otherwise defects in the coating application. The compound is 3‐(2‐Benzothiazolyl)‐N,N‐diethylumbelliferylamine (also 3‐(2‐Benzothiazolyl)‐7‐
(diethylamino)coumarin), CAS # 38215‐36‐0; available from Sigma Aldrich.
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The majority of coatings were removed due to a combination of
age and noticeable application defects. Of the 383 coatings with
known dates of application, 339 displayed some type of
application defect. The 2009 Silver Coating Survey determined
that the majority of lacquer failures are related to application
defects. Winterthur scientists are now exploring the possible
relationship between early lacquer failure and one application
defect in particular: iridescence (see below, 6. Analytical
Research). Of the coatings with known application dates, 353 of
them were applied 20+ years ago. Of these, 243 displayed visible
iridescence, and 231 displayed lacquer failure (i.e. lacunae6 with
associated tarnish). Of the 30 known coatings applied in 1999 or
later, 29 displayed visible iridescence and 17 displayed lacquer
failure. In this case, every coating exhibiting lacquer failure also
displayed visible iridescence (Figure 1).
In addition to research into coating failure, Winterthur made
significant contributions to both the professional community and
the public during the second phase of the IMLS grant‐funded
silver lacquering project by disseminating its research and
Figure 1. Venn diagrams depicting the
knowledge gained through:
relationship between lacquer failure and
iridescence observed on all objects with known
● Icon Twitter Conference in 2017
coating application dates.
● 46th Annual Meeting of the AIC (Material Matters) in
●

2018
Interim Meeting of the ICOM‐CC Metals Working Group
in 2019

We have also shared the IMLS‐funded silver lacquering project with the public at‐large through Winterthur’s
public programming, conservation workshops, and publications. More in‐depth discussions are also happening
via email and at in‐person meetings at conferences with colleagues in the field who employ silver lacquering
programs in their own institutions and work. This outreach and sharing will continue as we proceed with
ongoing research.

Summary of observations
●

6
7

While Agateen #27 is known to have a life expectancy of 30 years in “good” museum environments,7
coating failure has occurred earlier on many objects at Winterthur, as observed during the second
phase of the project. This could suggest that iridescence and lacquer degradation independently

A coating flaw caused during application most often by failure to coat the entire silver surface.
A good museum environment achieves environmental conditions close to RH levels at 50% (+/‐ 5%) and temperatures at 70F (+/‐ 5 degrees).
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contribute to lacquer failure. Fiber Optic Reflectance Spectroscopy (FORS) is currently being used to
measure coating thickness in an attempt to further correlate lacquer failure with iridescence, which is
frequently observed in relation to thin lacquer application. (Again, see 6. Analytical, for more
information on coating thickness research with FORS.)
As documented in the second interim report submitted 12/19/2018, we observed that acrylic coatings
become extremely difficult to remove over time and require prolonged exposure to solvents. We found
acetone and/or diacetone alcohol to be the best solvents for this purpose; however, objects still required
long periods of soaking. We shared our experiences and difficulties in removing these coatings with the
conservation community.
X‐Ray Fluorescence spectroscopy (XRF) was performed on coating samples collected during the second
phase of the project. Elemental analysis indicates that copper compounds are present in select coating
samples that were removed from silver‐electroplated copper objects. This is a topic of future
investigation. (See below, 6. Analytical, for more information on the state of this research.)

2. Achievements
UV‐Fluorescent Dye
Steven Pine, Senior Conservator of Decorative Arts at the Museum of Fine Arts Houston, has been adding a UV‐
fluorescent dye, coumarin 1 (C1),8 to ParaloidⓇ B‐48N9 coatings applied to silver since 1996 (Gessler and Pine
2016). This was done in order to minimize touch‐ups and re‐treatment of objects that exhibit lacunae. Pine mixes
a stock solution of C1 into B‐48N, which yields a clear lacquer that fluoresces blue under long‐wave UV. Colonial
Williamsburg Conservator, Tina Gessler, adopted this practice and began adding C1 to Agateen #27. She quickly
found that C1 does not fluoresce well in Agateen #27 and, in 2016, she began using the UV‐fluorescent C6 dye
instead (Figure 2).
Gessler prepared her Agateen #27 lacquer and added a stock solution of C6 in xylene. At the start of this phase
of the project, we began using C6 in the majority of our lacquer coatings. When we began mixing the C6 stock
solution, however, we found that C6 only partially dissolves in xylene. We noticed specks of undissolved dye
in coatings applied to silver in the collection. After experimenting with many solvents, we found that C6 fully
dissolves in Agateen Thinner #1 at 0.025% (w/v); this became our stock solution.
Unlike the C1 dye, C6 is green in normal light when dissolved. We found that the original ratio of C6 stock to
Agateen #27 required adjustments, as two‐to‐three layers of lacquer applications yielded a visible green film on
the silver under normal lighting conditions. We began experimenting with different ratios of C6 stock solution
to Agateen #27. We mixed up small jars of 1:1 Agateen Lacquer #27: Agateen Thinner #1 and added the dye stock
solution at different ratios. We tested the resulting lacquer/dye solutions on white ceramic tiles and conservation

8

The dye is added to protective lacquers used on metal objects with the goal that lacunae and thin spots in the coating can be detected under
ultraviolet light. It consists of 7‐Diethylamino‐4‐methylcoumarin – UV dye powder CAS # 91‐44‐1; from Sigma Aldrich.
9 Clear colorless thermoplastic acrylic resin composed of a methyl methacrylate/ butyl acrylate copolymer. Contains an adhesion promoter that
assists bonding to bare and primed metals. Manufactured by Rohm & Haas and available from conservation suppliers.
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study collection silver to gauge the lacquer color. We were able to determine a good ratio of dye to lacquer that
is not visible in normal light, but is useful in examining coatings under UV light (Figure 3).

Figure 2. Conservation study collection silver plate with
left‐hand side coated in Agateen #27 and C6 and right‐
hand side coated in Agateen #27 and C1, long‐wave
UV.10

Figure 3. An example of a teapot brush‐coated in Agateen
#27 with our recipe of C6, seen under long‐wave UV.

Our current recipe to make a concentrated stock solution of C6 dye dissolved in Agateen Thinner #1 is as
follows:
1. Dissolve 0.025g Coumarin 6 in 100mL of Agateen thinner #1 (this = a 0.025% w/v solution);
2. Store in a well‐sealed container in a dark cabinet to keep the dye from fading.
See below, Mixing Lacquer, to determine how much concentrated stock solution to add to your lacquer.
We hoped to reduce the concentration of dye in the lacquer even more by exploiting the potential “energy
transfer” that occurs between C1 and C6. The overlap in the UV spectra11 for C1 and C6 suggests that if the two
10 Handheld Mineralight® Lamp, model number UVGL‐58 with multiband UV at 254nm and 366nm; operates at 115 V, 60 Hz, and 0.16 amps;
manufactured Dec. 1998 in Upland, CA.
11 A series of measurements at the University of Delaware, Department of Chemistry and Biochemistry in Prof. Joel Rosenthal’s lab were performed
to evaluate the possibility of efficient C1 to C6 energy transfer. UV‐visible absorption spectra show that C1 absorbs long wave UV light (365 nm)
efficiently, whereas C6 absorbs relatively weakly at that wavelength. On the other hand, C1 fluoresces in the deep blue while C6 fluoresces green,
making C6 fluorescence much easier to see visually. Most important, the fluorescence of C1 occurs at the same wavelength region where C6 strongly
absorbs, implying the possibility of utilizing energy transfer from C1 to C6 to enhance the fluorescence intensity of C6 under long wave UV excitation.
Fluorescence spectra for solutions containing both C1 and C6 suggest that energy transfer occurs since C1 fluorescence is quenched in the presence
of C6. However, definitive evidence for energy transfer, for example by observing decreasing decay times for C1 fluorescence after pulsed excitation
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dyes are mixed in the appropriate ratio, the lacquer will fluoresce more intensely under long‐wave UV. We
collaborated with Winterthur volunteer scientist, Dr. Mike Crawford, performing UV‐VIS spectrometry at the
University of Delaware on solutions of C1, C6, and C1/C6. For these tests, the dyes were dissolved in ethanol at
different ratios. While the results indicate that energy transfer takes place when the dye is in solution, the energy
transfer does not appear to occur in dried Agateen films.

Cleaning Plated Silver
At Winterthur, the most common cleaning method for silver is abrasive polishing. Abrasive polishing is the
physical act of removing silver sulfide from the surface of an object by rubbing it off the underlying metal. This
process is irreversible and results in micro‐scratches on the display surface of the metal. While aggressive, this
method of polishing is universally accepted in the field of conservation due to the relatively minimal impact on
the object and the greater degree of control one has over other tarnish removal methods, such as chemical dips
or electrolytic cleaning. Still, plated surfaces are frequently very thin and can be unintentionally reduced or
entirely removed over the course of a few abrasive polishing campaigns.
Twenty percent of the objects treated during the second phase of the IMLS grant‐funded silver lacquering project
were composed of plated metal substrates: silver‐electroplated copper/copper alloys, fused plate, or gold‐
electroplated silver. Due to the relatively large number of plated objects treated during this phase of the project,
conservation assistants researched the best methods for cleaning silver plate. While there are several important
published studies on cleaning silver (O’Connor, et. al. 2015; Wharton, Contreras‐Vargas, Ruvalcaba‐Sil, and
Rodriguez‐Gómez 2013; Thickett and Hockey 2003; Selwyn and Costain 1991; Maish, and Ginell 1990; Selwyn
1990), there has not been a significant amount of research performed on the efficacy of various cleaning solutions
for silver plate. Therefore, we carried out our own (Grayburn, Polidori, and Rovito 2018).
Using XRF, scientists at Winterthur Museum were able to non‐destructively determine the thickness of silver
plate. (See more in 6. Analytical.) This technique was used in conjunction with photomicrography to explore the
effects of five different polishing materials on silver‐plated copper coupons.
We electroplated copper coupons with silver12 and then artificially tarnished one side.13 Parafilm® M14 was
applied to the reverse of the coupons to protect the silver during artificial tarnishing of the obverse. Registered
photomicrographs of the tarnished silver were taken, XRF was performed, and the tarnish was removed with
one of five cleaning methods chosen based on common silver‐cleaning practices:

in the presence of increasing concentrations of C6, is still needed to draw final conclusions. Similar behavior was not clearly observed in preliminary
experiments for C1 and C6 in nitrocellulose films, but the possibility that C1 to C6 energy transfer can be used to enhance the fluorescence of C6
under 365 nm excitation in Agateen films deserves further study.
12 Carried out via product instructions with “Midas Silver Solution, Non‐Cyanide” from Rio Grande, product #335018.
13 Coupons were placed in a sealed container with a freshly hard‐boiled egg for one hour.
14 Registered trademark for a stretchable plastic film composed primarily of polyolefins and paraffin wax without any added plasticizers; insoluble to
water and ethanol and resistant to alkalis and acids for up to 48 hours. Manufactured by American Can Co.
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1. Calcium Carbonate Slurry: precipitated calcium carbonate15 in a slurry paste with 1:1
denatured alcohol:deionized water
2. Dilute Calcium Carbonate: 2g precipitated calcium carbonate in 50mL deionized water
3. Acidified Thiourea Gel: 2g xanthan gum, 100 mL deionized water, 5mL concentrated sulfuric
acid, 8g thiourea
4. Dilute Micro Alumina: 2 grams 0.3 μ alpha alumina16 in 50 mL deionized water
5. Selvyt® Rouge Cloth: the manufacturer indicates that the Selvyt® Rouge Cloth is comprised of
100% cotton impregnated with rouge polishing compound17
The conservation assistants took careful notes during test cleaning, counting the number of passes required to
reduce the tarnish and documenting when the carrier cloth and cleaning solutions were replaced in order to
replicate the cleaning process on the untarnished reverse of the coupons. After cleaning, registered
photomicrographs of the polished silver‐electroplated coupons were taken, and XRF was performed, again, to
compare with before‐treatment results. Since tarnish plays a significant role in the cleaning process, as the silver
sulfide itself can act as an additional abrasive, results of the cleaning tests were limited to the reverse,
untarnished silver surface of the coupons.
Following long‐established treatment protocols for cleaning silver objects at Winterthur Museum, the
conservation assistants prepped the silver‐plated coupons by washing them in water with a small amount of
Triton XL‐8018 and gently brushing the silver surface with soft bristle brushes and wet cotton pads. The coupons
were then rinsed in deionized water and dried with acetone on swabs. In total, 15 coupons were prepared.
We found that all tested methods altered the silver surface, but that the dilute micro alumina removed the least
amount of silver. The calcium carbonate slurry, dilute calcium carbonate, acidified thiourea, and rouge cloth all
removed noticeable amounts of silver during cleaning. The dilute micro alumina additionally had the potential
to burnish the silver surface, and the acidified thiourea and rouge cloth exhibited this trait as well. Burnishing
occurs when metal transfers from high to low areas on the surface; this may be objectionable to curators or
collectors, given that it produces a mirror‐like finish. However, since re‐plating an object is generally considered
unethical conservation practice, cleaning methods that best preserve the silver plate may be preferred despite
the result of creating a highly reflective surface.

15

Precipitated form of CaCO3 (particle size < 2 microns, with average size of 1.2 microns) from Fisher Scientific, used in a slurry as a metal polish,
particularly for silver.
16 Mineral with formula Al2O3 from Buehler, used in a slurry as a metal polish; two grades are commonly used: alpha alumina (corundum, a
hexagonal form with a particle size of 0.3 micron) and gamma alumina (a tetragonal form with a particle size of 0.05 micron).
17 A sample of Selvyt® Rouge Cloth was analyzed by Kirsten Moffitt at Colonial Williamsburg using SEM‐EDS and PLM. No rouge (Fe2O3) was
identified. The cloth is impregnated with Si and Al.
18 Non‐ionic surfactant based on medium chain length (C8‐C10) ethoxylated and propoxylated alcohols. Ethylene glycol is the major byproduct, which
is harmful to the environment and toxic to certain aquatic life. Mfg. by Dow Chemicals (discontinued).
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3. Looking at Silver
The next three sections (3. Looking at Silver, 4. Documentation, and 5. Treatment) outline the workflow of examination
and treatment currently in practice at Winterthur, including revisions developed during the IMLS‐funded Phase II. These
portions serve as an internal record, as well as a document to be shared with colleagues in the field as requested.

The Examination Tool Kit
As with all types of object examinations, there are certain tools that provide assistance when looking at metals.
These include continuity testers, magnets, optivisors, or jeweler’s loupes.
You can determine if a metal is coated by using a continuity tester.19 A continuity tester is a small piece of
equipment that creates an electrical circuit between two points of uncoated metal. To use the continuity tester,
place the two ends of the detector on your metal object at two separate points; the end with a light bulb will light
up if the circuit is completed. This indicates that there is not a coating present, or that the coating is too thin in
that area to serve as a protective barrier. At Winterthur, we use continuity testers during examination to
determine if there is a coating, as well as a few days after lacquer application to verify that we do not have thinly
coated areas or lacunae. Note that wax coatings are not thick or hard enough to act as a barrier for the continuity
tester. This means that a continuity tester cannot detect a wax coating. We attach a paperclip to the end with
alligator clip and file the tip of the point to ensure that the detector does not scratch our freshly applied coatings
or give us false negatives during before treatment examinations.
Silver objects often have other metallic components, in addition to silver. For example, lighting fixtures, buckles
and flatware may have components that are composed of ferrous alloys. There may be a ferrous blade attached
to a silver knife handle or a piece of heavy sheet iron under the base of a fused plate candlestick to prevent it
from tipping. Iron and steel are sensitive to moisture and should be identified prior to treatment. To determine
if an object contains iron or steel components, use a magnet wrapped in a piece of thin fabric. Silver, copper, and
gold are not magnetic, so if there is any attraction of the object to the magnet, you know that there is an iron or
steel component.
Optivisors and jeweler’s loupes can make visible details that are too small to observe without magnification.
Repairs to silver can exhibit unfinished surfaces. Optivisors and loupes can highlight tool marks, seams in the
metal surface or bubbles, which can be an indication of solder. In essence, looking under magnification helps
the examiner determine how the object was manufactured and how it has been altered over time.

Metals
The second phase of Winterthur’s IMLS‐funded silver lacquering campaign involved the examination and
treatment of silver and silver plate. It is important to understand the differences between these. Identifying the
metal can often answer questions regarding the date of manufacture. In addition, combinations of metals react
differently and should therefore be examined thoroughly prior to treatment. The most common metals
19

The continuity tester we use at Winterthur is Extech Instruments ET40.
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encountered during the 2016‐2019 IMLS‐funded silver lacquering campaign included: silver, fused plate (silver
on copper), silver‐electroplated copper or copper alloys (including nickel silver), and gilding (both electroplate
and mercury). We refer to the two main categories of metals treated during the project as silver and silver plate.

Silver
In general, silver objects are an alloy of silver and copper. Sterling silver contains approximately 92.5% silver
and 7.5% copper. Silver that was smelted prior to 1850 will contain traces of lead and gold. XRF analysis can be
used as a tool to approximate the composition and date an object. However, pre‐1850 silver can easily be melted
down and made into something new. For this reason, XRF results shouldn’t be relied on as the sole tool for
authentication.
In the United States, coin silver contained approximately 90% silver and 10% copper. Many early silver objects
were made from melting Spanish and other foreign coins, but without an Assay Office’s oversight on the purity.
When American silversmiths produced work directly from wholesale sheet metal, rather than coins, they
retained variations on the word as a mark to indicate the silver purity was of the Treasury’s coin standard. Coin
silver may be marked with “COIN,” “STANDARD,” or “C” (Figure 4).

Figure 4. Underside of coin silver dish warmer, c. 1833 Boston, Winterthur Museum 1987.0020
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Fused plate
Also termed Sheffield plate due to its most prominent place of
origin, fused plate is composed of two distinct layers of metal:
copper and silver (Figure 5). Fused plate was a popular
substrate for lighting fixtures between 1760 and 1840. It is made
by laying a sheet of silver atop a copper ingot. The two metals
are heated almost to their melting point and the contact
surfaces diffuse. The fused ingot is rolled through a mill to
produce a thin sheet of metal. In some cases, a lower layer of
silver was added to the ingot and processed for double plating.
Fused plate edges are often trimmed with wire to conceal the
copper substrate. Fused plate wire was patented in England in
1768; the process involved placing a silver sleeve over a
cylindrical copper wire that was then drawn through a hole in
a draw plate. This technique was also used to create hollow
fused plate tubes. By 1785, it appears to have become more
common to use sterling silver wire to conceal the edges of fused
plate. (Crosskey 2011, 56‐61)
Figure 5. Fused plate candelabrum, c. 1770‐1790,
Winterthur Museum 1965.1380.001‐.002

Silver‐electroplated copper
Like fused plate, silver‐electroplated copper is composed of two distinct layers of metal: copper and silver.
Electroplating was first patented in 1840. The process involves running an electrical current from a pure silver
anode through an electrolyte solution to the copper object to be plated, which is the cathode. Oxidation occurs
at the anode, and silver ions plate onto the cathode. Unlike fused plate, silver‐electroplated copper does not
require additional wire trimming, as the plating is the final step of manufacture and, therefore, conceals the
copper substrate throughout. Also in contrast to fused plate, the silver deposition layer in electroplate is
comparatively thin.
Silver can be electroplated on other metals and alloys of copper, for example on nickel silver. Electroplated
Nickel Silver (EPNS) was patented in Sheffield, England in 1840.

Nickel silver
Also known as German silver or Paktong/Tutenag, nickel silver is an alloy of copper, nickel, and zinc. The ratio
of these three elements can vary slightly but is most commonly 60% copper, 20% nickel, and 20% zinc. Paktong
is the Cantonese word for “white copper.” There is no silver in the alloy, meaning that paktong does not form
silver sulfide layers.

Decorative Plating and Patination
Decorative plating and patination are two ways that silversmiths enhanced their designs. George Shiebler, for
example, experimented with composite metal objects such as this sterling silver nut pick (Figure 6) that was
13
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electroplated with gold and has a gold‐electroplated copper inset. Electroplating a metal over a different color
metal substrate allows the plated metal to take on a variety of tones. Sometimes it is difficult to determine if
subtle tonal differences are intentional or if they are the result of metal corrosion.

Figure 6. Gold‐electroplated sterling silver nut pick, c. 1891‐1910 by George Sheibler & Co., Winterthur 1998.0004.3968
Gold‐electroplated silver can easily be misinterpreted as early stage tarnish, as the gilding is often very thin or
mostly lost on early American silver. The process of electroplating is the same as described above, except in this
case, gold is the anode, and silver the cathode.
Mercury gilding or fire gilding is a term that refers to the process of applying a mercury and gold amalgam to
the surface of a metal and heating the object to drive off the mercury, which leaves the gold behind. This was a
process of gilding that was regularly employed up until the mid‐19th century when it was largely replaced by
electroplating.
Selective plating is a method of electroplating that can be carried out on a localized area of a metal substrate.
The plating solution is applied with a brush or sponge. While some silversmiths used selective plating during
manufacture, this technique was also used historically by conservators and restorers in an effort to “reinforce”
plating that had been lost over time.
Patination is an intentional oxidation or reduction of a metal substrate using chemicals. The resulting surface is
called an artificial “patina.” While patinas on copper alloy substrates vary in color, patination of silver produces
a black film by means of applying sulfur‐based chemicals (e.g. Liver of Sulfur), which can be indistinguishable
from tarnish. Patination can be lost or reduced through normal use of an object over time and through the use
of household cleaning products.
See Appendix I for notes on identifying certain metal substrates and decorative surfaces and distinguishing one
type from another.
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4. Documentation
Photography
Silver is a difficult material to photograph due to its high reflectivity. At Winterthur, silver is photographed in
a white photography tent20 to minimize reflections on the silver display surface.
The tent should be sealed around the edges to prevent “hot spots” in the image. A hot spot is defined as an area
in the image that is significantly brighter than adjacent areas. Hot spots often result in loss of detail, as the
highlights are “blown out.” Use a light meter to detect the necessary camera setting depending on the lighting
conditions. In general, use three light sources: one overhead and two raking lamps.21 During phase II of the IMLS
silver lacquering campaign, the lighting conditions remained constant: the overlead lamp was set to 6.8, the two
raking lamps were set to 7.2, and the studio lights were off.
Pro Tip 1: Silver photographs best with a higher aperture, between f16 and f22. Begin with a camera with
attached 60‐mm lens. Set the aperture to f16, the ISO to 100, the shutter speed to 1/60. For larger objects, use a
smaller lens, such as a 50‐mm lens for a large coffee pot or a 28‐mm lens for a large soup tureen.
Pro Tip 2: Use a white card mount for the AIC color card22 and photo label; this prevents the reverse of the color
card or dark mount from reflecting in the silver.
Pro Tip 3: While it is important to document the condition of the object overall, photo‐documentation of many
objects can be overwhelming. Photograph similar objects in batches to prevent moving the camera or changing
the camera settings unnecessarily. Streamline the setup by printing out labels and setting them next to their
corresponding objects on the cart.
Pro Tip 4: For AT photography, it is easier to match the BT’s camera settings, angles, and orientation of the
object if you have a printout with thumbnail images and all necessary information at your fingertips. One easy
way to do this is to highlight all of the images in a BT folder of JPGs, then right‐click/PRINT. A settings box will
enable printing of contact sheets with up to 35 images per page. We like to write the camera settings directly
onto the printout.

Image Processing
Start your PhotoShop journey by creating a preset titled, “BASIC.” To do this, open any image in PhotoShop
Camera Raw, and adjust the settings on the right side of the screen in both the “Detail” tab and the “Lens
Corrections” tab. Refer to Figure 7 below for settings. Use the top right drop‐down menu to “Save New Camera
Raw Defaults.”

20

Impact™ Giant Digital Light Shed 35”x35”x35” and Jumbo Digital Light Shed 47”x 47”x47”.
The Winterthur Conservation Photography Studio uses Bowens Travelite 1000 Pro with a Domke light dome over the flash for diffusion, and
Bowens Gemini 1000 watts/second monolights (GM1000PRO) with umbrellas for diffusion.
22 AIC Photodocumentation Target (AIC PhD Target). Available in three lengths: 19.6 x 1.57 in. (50 cm x 4 cm); 6.29 x 0.78 in. (16 cm x 2cm); and 3.15
x 0.4 in. (8 cm x 1 cm).
21
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Figure 7. BASIC preset settings for image processing of silver images in PhotoShop Camera Raw
To start editing a new batch of images, first download the images off the camera card. Open the raw files in
PhotoShop Camera Raw, highlight the entire group, and use the same drop down menu to “Apply
Preset”/”BASIC.”
Keep the group highlighted, and save them as DNGs. To adjust the settings, click on the bottom, middle link
“Adobe RGB…” and adjust the settings according to Figure 8. Click “Save Images” in the lower left, and choose
where to save your files. Adjust settings if necessary (Figure 9).

Figure 8. DNG settings in Workflow Options

Figure 9. DNG settings in Save Options
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Click “Done” in the lower right, then open the DNGs you just saved.
On the Basic Tab, highlight one image and use the “Color Sampler Tool” in the top left bar of tools. Click on
the black, lightest gray (neutral 8), and white squares in the color bar.
Use the sliders on the right under the Basic Tab to adjust the numbers. Adjust the “Exposure” slider until gray
(neutral 8) is set to 200. Use the “White Balance Tool” by clicking on the gray (neutral 8) square. This brings your
RGB values closer to:
Black ‐ 52
Neutral 8 ‐ 200
White ‐ 243
Always finish with the “White Balance Tool.”
Pro Tip 5: Highlight all the similar images of that particular object. Chances are if you adjust the color settings
to match the first one, your next pictures will be very close to done as well.
Usually the “Basic” scales are enough, but you can also adjust the curves in the Tone Curve Tab either with the
sliding scales in the Parametric Tab or points on the line in the Point Tab. The closer your graph looks to an “S,”
the more drastic the contrast will be.
In the Detail Tab, try increasing the “Detail” scale if the object has detailed engravings.
Use the Crop Tool to leave an even amount of space around the object, cropping close to the color card.
Use the Transform Tool to adjust crooked pictures.
The Spot Removal Tool can be used to remove highlights and dark spots; adjust settings as necessary.
The Adjustment Brush can be used to remove larger highlights; this is good for chargers and trays! Highlight a
section and adjust the “Basic” settings locally.
Saving JPGs
Pro Tip 6: Before creating the JPGs, name all of the DNGs, and then save them as JPGs.
After editing all of the DNGs, click “Done.” Change the names of the images in the folder, then re‐open the
named files. Highlight all of them and adjust the “Adobe RGB…” settings again, this time to match JPG settings
(Figure 10). Click “Save Images” in the lower left, and choose where to save your files. Adjust settings if
necessary (Figure 11).
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Figure 10. JPG settings in Workflow Options

Figure 11. JPG settings in Save Options
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Additional editing of JPGs
Hopefully, all editing is done, but sometimes you may forget a color card, or mix up the accession numbers.
Edits like these can be made in Photoshop using the JPGs.
Open the image you want to edit, and then click “Open Image” in the lower right. From here, the skyʹs the limit.
Adjust the angle of half the image. Keep correcting highlights and dark spots with the bandaid tool. Copy and
paste a color card from another image. Add more space and pretend you didn’t crop it too close with that camera.
In the interest of preventing this document from becoming a Photoshop manual, you might need to experiment
with the tools.
Pro Tip 7: Duplicate the Background layer and lock it.

Naming Protocol
Naming and filing practices follow museum procedure and are regularly updated. Refer to the most recent
naming protocols at Winterthur. Print out an example page and keep it next to the computer for easy reference.

Reports
The following details specific notes pertaining to documentation reports carried out during phase II of the silver
lacquering project.

Catalogue Description
After creating a conservation record for the object in the Conservation Module of EMu, Winterthur’s collections
database, open the Catalogue Module in a new window and review what is written in the creation details. Back
in the Conservation Module, summarize the creation details in the Additional Conservation Description box in
the Description tab, including where the object was made, when it was likely made, and by whom. If the object
is part of a larger set, make a note to that effect. If necessary, describe how the object was made. Note that the
Catalogue description will copy to the Conservation report so you may not need to repeat these details if the
manufacturing process is already thoroughly described.

Condition Reports
Summarize overall condition (with regards to previous conservation treatment or lack thereof) starting with,
“The [object] is in overall [good] condition,” if it was lacquered within the last ten years and if the coating is
only slightly discolored with no apparent application defects or flaws, no failing adhesive joins, etc. This serves
as a general and brief statement based on immediate visual observations.
The following subheadings are a good way to organize the condition reports:


Structural Issues: Expand on condition summary with regards to structural repairs or issues, both old
and new. This is where to document a broken handle, a crack that is not stable, etc. If the object has
19
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been repaired but is in stable condition, one might say, “The object is structurally sound with no
major dents or deformations.”
Old Repair: Expand on previous repairs, both old and new. This is where to document a messy solder
repair to the handle, indicate that the object has been re‐worked or modified (a handle moved, or a hole
filled, e.g.), note oddities (such as a bottom soldered to a cream pot in such a way that solder is visible
from the inside). Look for excess solder, incomplete finishing with respect to the rest of the object,
firescale, solder seams, tool marks, dents, different color metals, or presence of solder in an unnecessary
location. If you see that the object appears to be in original condition with no evidence of previous
invasive restoration or conservation, write, “None are evident.”
Surface: Look specifically at the metal display surface and the coating. If the object is coated, make a
note of the condition of the coating. Include lacquer application defects (lacunae, brush hairs, air
bubbles), as well as signs of aged coatings (yellowing, lacquer failure). Note if the lacquer is peeling or
abraded in areas where the object was handled or has a moving part. If the object is not coated, explain
the display surface. Is it tarnished? Is it black, or only lightly tarnished? Do you see fingerprints or
corrosion products (for instance green corrosion on a fused plate object)? Can you see any polish
residues from previous cleanings?
Wear: Look specifically at the scratches, dents, abrasion, burnishing, and engravings on the object.
Light wear means that engravings are crisp and that there are only minor surface scratches and shallow
dents overall. Determine whether the visible wear is consistent with the age of the object (a tankard
from 1800 should contain some traces of use). Most historic silver objects display, “Small scratches and
shallow dents overall, seemingly consistent with wear found on historical silver.”
Accession number/labels: List the numbers written on the object and in what color, if not scratched on
the surface. At Winterthur, Golden Fluid Acrylic Manganese Blue Hue is currently the color used to
indicate that silver objects are coated. Often an old number will be written in blue, and the coating date
in red. If a number is not written over a barrier layer (i.e., if it is painted directly onto the silver), the
paint will oftentimes leave a “halo” or trace of the number after it has been removed; these halos can
also be noted here.

Treatment Proposals
Factors to consider before writing the proposal:
‐ Is the object coated? With what and when?
‐ Is there any plating or gilding?
‐ Are other materials sensitive to solvent or moisture?
‐ Does the object need stabilization or repair?
Pro Tip 8: During large treatment projects where the work is repetitive, consider creating a Word document in
which treatment steps are written and can be copied and pasted into a proposal.
Below are the most common treatment proposal steps carried out during this project. Steps carried out for every
treatment that remain unchanged, are made bold.
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Digitally photo‐document the condition before treatment.
Other materials present, such as iron, wood, ivory, etc.?: Protect the [wooden handle] with Parafilm M for
the duration of the treatment.
For uncoated silver: Remove previous accession number and barrier layer with a cotton swab dampened
in acetone.
Clean surface and reduce tarnish by cleaning first with aqueous solution and with acetone.
For silver (not plated) coated with Agateen #27: Remove previous lacquer coating and accession number
with pressurized steam; remove residual coating with Kim wipes dampened in acetone.
For silver plate or delicate silver that cannot be steamed (e.g. gilt silver, objects with delicate components, etc.):
Remove the previous lacquer coating and accession number using acetone dampened Webril pads.
Polishing silver (not plated): Lightly polish the surface of the silver with a slurry of calcium carbonate
and 1:1 denatured alcohol:deionized water, preserving at least some traces of the tarnish in recessed
areas where they tend to remain naturally after abrasive polishing; remove all polish residues by
rinsing in water with a small amount of nonionic surfactant, then rinsing in deionized water, and
drying with compressed air.
Polishing plated silver: Lightly polish the surface overall with the water from a very dilute solution of
0.3‐micron aluminum oxide in deionized water, preserving at least some tarnish in recessed areas
where it tends to remain naturally after abrasive polishing. Remove all polish residues by rinsing the
components in water with a small amount of surfactant, then rinsing them in deionized water, and
finally drying them with compressed air.
Buff the surface of the silver with a Selvyt cloth.
Degrease with Kimwipes dampened in acetone immediately prior to lacquering.
Brush‐ or spray‐apply lacquer: Apply at least three coats of 1:1 Agateen Lacquer #27: Agateen Thinner #1,
using a brush, or 1:2 Agateen Lacquer #27: Agateen Thinner #1, as a spray. UV fluorescent dye (C6) will
be added to the lacquer to prevent lacunae.
Wax: Locally apply a layer of microcrystalline wax where the components join together during
assembly.
After consistency of the coating has been examined under UV and verified with a continuity tester,
re‐apply the museum accession number using Golden Fluid Acrylic Paint manganese blue hue; at
Winterthur, this color indicates that this metal object has a coating; no barrier layer is necessary, as
the Agateen layer already plays this role.
Digitally photo‐document the condition after treatment.

Treatment Reports
Copy and paste proposal into treatment section (Treatment (2) tab in EMu) and then edit and add to the text as
appropriate.
Create multimedia records in EMu for all photo‐documentation images, then attach the multimedia records to
the corresponding conservation records. Always create a copy of the cover image and arrange the images in
BT/AT order with the copy set as the first image. Refer to the Conservation Guide to Emu for more detailed
instructions.
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5. Treatment
The following is a list of additions, tips, and tricks to the established treatment protocol at Winterthur that we
learned over the past 500 objects.

Protecting Non‐Silver Components
Before treatment, you may want to protect certain components from water, for example; wooden handles, ivory
insulators, iron blade/bases, pitch‐filled bases, etc.
Parafilm M is a good option, but it is not perfect.
Don’t submerge anything wrapped in Parafilm in
water, and don’t use the steamer too close to the
Parafilm. Parafilm M is also sensitive to most solvents
(Shellsol D3823 included), so do not use it in a solvent
chamber. It will fuse to whatever organic material or
metal it is protecting. You may have to partially
remove it during polishing and lacquering, otherwise
you will have areas to touch up afterwards.
Pro Tip 9: Parafilm M creates a better seal when it is
stretched and burnished.
MelinexⓇ24 (formerly known as Mylar) can be used
as a barrier on certain objects. Melinex was used
under the silver mounts and decoration on the box
below to protect the shagreen (Figure 12).

Figure 12. Shagreen case with silver mounts and glass
bottle, c. 1750‐1800, Winterthur Museum 1975.0016

Washing Uncoated Silver
After removing the accession number and barrier layer with acetone, uncoated silver should be washed in water
with a small amount of a non‐ionic surfactant and rinsed with deionized water. It can be dried with compressed
air before polishing. Objects without organic or iron components can be submerged in the baths. In each bath,
we typically go over the entire surface with a brush twice, and once with a cotton pad. Brushing helps to soften
and remove old polish residues. Washing uncoated silver in this way usually reduces the visible tarnish by 20%
on moderately tarnished silver.

23

A highly refined petroleum solvent with very low aromatic content and rather slow evaporation rate.
Clear, inert polyester (biaxially oriented polyethylene terephthalate) film used as a barrier film in treatments and as an encapsulating material in
storage; may also be treated with a silicone release coating to make it non‐stick. Available from conservation suppliers.
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From 2018‐2019 Silver Seminar for Object Majors: Silver Polishing and Lacquering, “Further cleaning with different
solvents such as ethanol, Shellsol D38, and acetone, all of which can be applied with cotton pads or cosmetic
sponges25 (most gentle) or cotton swabs (more abrasive) can serve to greatly reduce tarnish present – these
methods are often used alone in the cleaning of archaeological silver, i.e. without the need to use any abrasive.”
Note that new research suggests that solvent cleaning can result in a greater loss of original material (Gessler
and McEnroe 2019).

Removing Coatings with Pressurized Steam
Steam removal with a handheld pressurized steamer26 is best for removing Agateen #27 from silver. Steam does
not work as well on Agateen lacquers that contain a plasticizer, such as Agateen #2B‐4, or on acrylic coatings.
As the steamer takes about a half hour to heat up, planning ahead is necessary. Steam removal of a nitrocellulose
coating from a silver object should be carried out at approximately 72.5 psi (5 bar). The nozzle of the steamer
should never be closer than two inches from the object as it can matte the surface of the silver. Ankersmit and
van Langh proposed the pressure in the chamber be kept between 21.7‐29 psi (1.5‐2 bar) and the nozzle never
come closer than 20 mm (0.787 inches) from the surface of the object (2002, 7‐8).
Notes:
‐ Refill the steamer with deionized water or distilled water only
‐ Steam should not be used on plated surfaces, including fused plate (see Removing Coatings with
Solvent section below), electroplate, or gilding
‐ Do not use steam too close to materials masked with Parafilm or too close to water‐sensitive, or heat‐
sensitive (pitch‐filled) materials. On some objects, the coating will need to be partially removed with
steam and partially removed with solvent.
Pro Tip 10: Use a swab dampened with acetone to break a hole into the coating. This simplifies the steam removal
process.

Removing Coatings with Solvent
Acrylic coatings and Agateen #2B‐4 are best removed with solvent. All coatings on plated surfaces must be
removed with solvent. When beginning this project, we did use steam on fused plate, as the layer of silver should
be thicker and more stable, but switched to solvent removal because some fused plate objects in the collection
were selectively electroplated during previous treatment campaigns. A few treatment records were inconsistent
and we felt it wise to proceed with more caution, thus we chose to begin treating fused plate as if it were
previously “restored.”

25 Marketed as a make‐up applicator, these soft sponges, made of non‐latex polyurethane, are ideal for safely removing dust and dirt from fragile
surfaces. The type of polyurethane for those in the objects lab at that time was determined to be PUR(ES), an ester, via its insolubility in 10% KOH
(spot tests completed by Lara Kaplan, Dec 2015). From Qosmedix.
26 Winterthur uses a Touchsteam 33405 (110V) from Kerr Dental Laboratory Products. Operation manual quotes maximum pressure of equipment as
51psi.
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Acetone or 1:1 acetone/denatured alcohol are the preferred solvents for removal of nitrocellulose coatings.
Agateen #27 can be removed with cotton pads dampened with the above‐mentioned solvents. A simple object
with no previous repairs or organic components can be placed in a solvent chamber to aid in coating removal.
To prepare a solvent chamber wrap the object in cotton pads, dampened with the appropriate solvent/solvent
mixture, and place it in a sealed polyethylene bag. Coatings will generally soften within 20‐30 minutes and can
be removed with freshly solvent‐dampened cotton pads.
Note:
‐ Do not use a solvent chamber on objects that may contain pitch (lamps, flatware with attached handles,
etc.)
‐ Do not put anything wrapped in Parafilm in a solvent chamber
‐

‐

Do not leave an object in a solvent chamber with cotton for longer
than a few hours; this could potentially create a micro‐environment
in which the solvent interacts with the cotton and etches the surface
of the metal. This phenomenon was observed in the 1980s when
cotton fabric soaked in Agateen Thinner #1 was wrapped around a
silver object and left in a solvent chamber overnight (Heller 1983, 64).
Always test new solvents on a coupon before using on the object.
Black residues were present on the interior of wine strainer, and the
residues were not able to be removed with any previously‐tested
solvents. Benzyl alcohol27 was found to soften the black residues;
however, when a silver coupon was placed in a sealed solvent
chamber with cotton dampened with benzyl alcohol, the silver
surface became pitted and the cotton turned green‐black (Figure 13).

Figure 13. Silver coupon in
sealed plastic bag with cotton
soaked in benzyl alcohol

Removing Acrylic Coatings
Acrylic coatings are more difficult to remove than nitrocellulose. When possible, look up a solubility chart as
this can help you to choose an appropriate solvent. Paraloid B‐48N was applied to a few silver objects at
Winterthur in the 1990s. B‐48N contains metal “adhesion promoters” that make removal especially difficult. We
tested Shellsol A‐100, acetone, diacetone alcohol, methyl ethyl ketone, toluene, xylene, and n‐butanol to find a
solution. We found acetone is the most efficient, followed by diacetone alcohol. We suggest adding a small
amount of diacetone alcohol to acetone in order to slow evaporation and increase working time.
There were only a small number of objects treated that were previously coated with Paraloid B‐72. We used the
Talas Solubility Chart (which is no longer available online) to find that N‐Butanol successfully removed aged B‐
72 coatings.

27

Benzyl alcohol is an aromatic alcohol with the formula C₆H₅CH₂OH.
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Paraloid® B‐48N Removal Case Study
This coffee pot (Figure 14) was part of an 1874 Tiffany & Company Tea Set that was previously lacquered with
two coats of 5‐10% B‐48N in toluene in 1995, according to its conservation record. The coatings were iridescent
overall and mildly opaque. Light tarnish had formed under the coating. We treated this set prior to establishing
that acetone and diacetone alcohol work best at removing these coatings. For the coffee pot, we removed the B‐
48N by submerging it in a solvent bath of 2:1 acetone/xylene for twenty minutes. The object was then removed
from the bath, and acetone‐dampened pads were used to remove the swollen coating. The object was wiped
successively until blanching ceased to appear on the surface. This was a tedious and comparatively dangerous
method of coating removal and encouraged us to seek alternative solutions.

Figure 14. Coffee pot, c. 1874, by Tiffany & Co., Winterthur Museum 1970.1039.003.
Left: before treatment, Right: after treatment.

Polishing Silver
Choosing an Applicator for Abrasive Polishing
Everything is abrasive (O’Connor et. al. 2015; Gessler and McEnroe 2019)! The applicator for abrasive polishing
(cotton pad, cotton flannel, cotton swab, PVOH sponge,28 or natural sponge) will depend on the type of surface
being cleaned. Cotton flannel is the most common applicator used for abrasive polishing of silver and silver
plate at Winterthur. Cotton swabs tend to exert more pressure and are more abrasive by comparison. We use
28

Porous, hydrophilic sponge composed of polyvinyl alcohol. The PVOH or PVA sponge (trade name) absorbs up to 12 times its dry weight in water.
The flexible, soft fabric has good mechanical strength and abrasion resistance even when wet. It is lint‐free, static‐free, and resistant to biological
growth. Available from conservation suppliers.
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swabs at Winterthur to reduce dark lacunae or reach difficult areas, such as under handles or inside chased
designs. PVOH sponges are gentler and the least abrasive option; these are a good choice for polishing
electroplated surfaces.

Silver
Lightly polish with a slurry of precipitated calcium carbonate in deionized water or 1:1 deionized water and
denatured alcohol. Note: The ethanol makes the slurry more abrasive. Consider just using deionized water alone
if the tarnish is on the lighter side. Lacunae can be reduced with a dilute solution or dilute paste of 0.3‐micron
aluminum oxide in deionized water (Grayburn, Polidori, and Rovito 2018).

Silver plate (including silver‐electroplated copper, fused plate, gold‐electroplated silver and EPNS)
Lightly polish with the water from a very dilute solution of 0.3‐micron aluminum oxide in deionized water. (We
typically use about 2g of 0.3‐micron aluminum oxide in 50mL of deionized water. Stir solution and, as the
powder starts to settle at the bottom, dip the applicator into the water. This is a gentle abrasive solution and
allows the user maximum control over the polishing process.
Pro‐Tip 11: If you are frustrated that you cannot reduce the tarnish,
use your continuity tester or look at your object under UV to see if
there is a coating present in that area. If you do not see a coating under
UV, try using Shellsol D38 as a carrier fluid for your polish, as there
may be wax present. If none of that works, it might not be tarnish!
There was no apparent coating present on the interior of this cowrie
shell snuff box (Figure 15) and, still, the brown‐black film was not
reduced through abrasive polishing.
Pro Tip 12: Be careful when using a 0.3‐micron aluminum oxide
abrasive solution, as swabs can easily create localized areas of haze
that can be disfiguring. This burnishing haze can be reduced by
polishing the area using a slurry of precipitated calcium carbonate
applied with cotton flannel. However, know that you are removing
and scratching silver in the process.
Pro Tip 13: It is a good idea to pre‐wet your applicator with the carrier
fluid of your choice before polishing, particularly if using an abrasive
paste or slurry.

Figure 15. After‐treatment image of
cowrie shell box with silver mounts, c.
1780‐1800 by Benjamin Pierpont,
Winterthur 1979.0206

Washing and Removing Polish Residues
The more dilute your polishing solution, the fewer polish residues will build up on the surface. In addition to
immediately clearing polish residues with a clean cotton flannel, it is a good idea to brush off dry polish residues
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before washing. Wash in subsequent aqueous baths (one with a drop of non‐ionic surfactant and one with
deionized water only) while brushing all surfaces with a soft bristle brush twice and then with a wet cotton pad.
Optivisors and bamboo sticks are helpful in getting at persistent residues.

Acid Cleaning
Acidified thiourea is one method currently used in conservation for the treatment of gilded silver (Brown 2016;
O’Connor et. al. 2015). We used the following recipe for gelled acidified thiourea to clean select gold‐plated
silver in Winterthur’s collection:
Gelled Acidified Thiourea Recipe:
2% Xanthan gum in 100 mL deionized water
5 mL concentrated sulfuric acid
8 g thiourea
While completing research for our poster (Grayburn et. al. 2018), we found that acidified thiourea has the
potential to yellow, matte, and pit a silver‐electroplated copper surface. While acidified thiourea can be a useful
material for select treatments, we have limited use of it on silver, copper, and copper alloy substrates. We
recommend thoroughly researching its use to clean metal surfaces before proceeding with treatment (Contreras‐
Vargas et. al. 2013, 226; Palomar et. al. 2018; Da Silva et. al. 2010; Costa 2001; Barger 1982; van Santen 2014).
Following Brown’s procedure, we locally apply gelled acidified
thiourea to the gilded surface being treated.
Note: we have deviated from Brown’s procedure in that we apply
the gel using a clean disposable swab. You could potential re‐plate
the surface if you “double dip” into your thiourea solution. We also
lightly polish the surface with dilute 0.3‐micron aluminum oxide
or dilute calcium carbonate after any acid cleaning to ensure all
residues have been removed. We published an article on the
treatment of this Tiffany & Company cigar stand (Figure 16), for
which we used gelled acidified thiourea (Polidori et. al. 2019).

Preparing to Lacquer
Mixing the Lacquer
Please refer to Winterthur’s most updated Lacquer Recipe for
detailed instructions on preparing lacquer. Ensure lacquer is made
at least one day prior to its use.
For brush‐applied lacquers, add 2 mL of 0.025% (w/v) C6 stock
solution to 400 mL of 1:1 Agateen Thinner #1: Agateen Lacquer #
27. Use a magnetic stirrer to ensure the solution is well mixed and
the dye is evenly distributed.

Figure 16. Cigar Stand Vase, c. 1873‐1875,
by Tiffany & Co., Winterthur Museum,
2016.0044.001. Partially cleaned with gelled
acidified thiourea on the right half of the vase
exterior.
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For spray‐coated lacquers, add 1.5 mL of 0.025% (w/v) C6 stock solution to 400 mL of 2:1 Agateen Thinner #1:
Agateen Lacquer # 27. Use a magnetic stirrer to ensure the solution is well mixed and the dye is evenly
distributed.

Prepping the Fume Hood
Dust accumulates quickly in the fume hood. It is a good idea to clean the hood prior to lacquering. You can wipe
down all surfaces with a paper towel or sponge dampened with water to pick up the bulk of the dust. Line the
hood with brown Kraft paper29 before lacquering. The paper allows you to blot your brush and remove brush
hairs from the object or loose hairs from your brush more easily.

Prepping the Object for Lacquer
Degrease the object with acetone 10‐15 minutes prior to lacquer application. Otherwise, oils from your gloves,
tissue paper or Selvyt cloth might transfer to the silver surface. We noticed an increase of visible iridescence in
the coating after three applications when the objects were not degreased immediately prior to lacquering.

Mount Making
The key to making a mount for lacquering is simplicity and stability. If you are treating a large batch of silver
objects that all require lacquer application, it is best to be able to reuse mounts. Flatware can be supported in
weighted cups during lacquering. Salvers and mugs can be placed on cardboard wrapped with brown paper.
Use tongue‐depressors to limit the contact surface between the bottom of your silver object and the cardboard;
the lacquer will glue your object to the paper wherever it touches. Plastic painter’s pyramids are a great tip we
learned from the objects conservators at Colonial Williamsburg. Get creative! Use foam, cardboard, and paper
to create custom mounts for delicate objects or re‐usable supports for large batches of flatware. Turntables are
indispensable when it comes to coating objects in the round. Always lacquer an object on a mount, as you will
likely need to move it around in the hood to optimize space.

Lacquer Application
Brush Lacquering
‐

‐

29

Objects with minor silver components, smaller objects, and odd twisting shapes are easier to brush
lacquer. In the hood, prepare a container of acetone and a container of Agateen Thinner #1. Have a
waste container, Kimwipes, brushes, and a small container of lacquer nearby.
We recommend that you use a small container of lacquer, as you will likely get brush hairs in your
solution. It is best to start with a clean or fresh lacquer solution during each lacquering session.

60‐lb. Kraft paper 30”x600’ from U‐Line.
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Wash your brushes30 thoroughly before beginning. They should be washed with clean acetone and
allowed to dry. Dampen the brush with Agateen Thinner #1 before dipping the brush in your 1:1
Agateen Lacquer #27/Agateen Thinner #1 solution.
If you find that the brush is losing hair rapidly, do not continue using the brush. Massage brushes
before use to determine if they are shedding. A shedding brush can ruin a coating!
Use a gloved hand to see if there are hairs trapped in your coating. This works if the brush hairs are
light and the gloves are dark. Allow your glove to reflect in the silver surface and turn the object while
examining the reflection in the silver. White brush hairs should be visible if you follow these steps.
The first coat is the easiest. The first coat will always be iridescent. If you get drips in your first coat,
they will carry over to the second and third. Make sure you do not allow the lacquer to drip or create
ridges during the first application.
If you are concerned that you have visible iridescence in your coating, examine the object against a
white background. You can line the glass of the hood with white paper to make iridescence more
visible during lacquer application. You may need an extra coat. Load up the brush. This is particularly
important during the second and third application of lacquer. You do not want your brush to be too
dry because it will rip into the previously‐applied layer.

Note: At Winterthur, we do not lacquer the interiors of sealed objects.

Spray Lacquering
‐
‐
‐
‐

‐
‐
‐
‐

Do not spray lacquer on humid or rainy days. You will blanch your coating.
Larger objects or those with smooth silver surfaces are easier to spray lacquer.
Supports must be made prior to spray lacquering. Spray lacquering is done with a paint gun31 using a
1:2 solution of Agateen Lacquer #27/Agateen Thinner #1.
Before lacquering, prepare a cart with the following: acetone, Agateen Thinner #1, 1:2 solution of
Agateen Lacquer #27/Agateen Thinner #1, Kimwipes, mounts, turntable, brown Kraft paper, small
container of 1:1 Agateen Lacquer #27/Agateen Thinner #1 (for touch‐ups), brushes, respirator, goggles,
and gloves.
Always spray lacquer on a mount so you can safely move the object after lacquering. Use weights
where you can, to hold the object down. Use a turntable to spray continuously.
Mugs, teapots, creampots, etc. can be spray lacquered upside down on a dowel.
Adjust the output of the gun as necessary. There should be a steady flow of lacquer and it should not
spurt from the nozzle.
Keep the nozzle close to the object; if you move too far away, the lacquer partially dries before it
reaches the silver surface and the coating becomes textured; this is referred to as “orange peel.”

30

At Winterthur, we like to use Winsor & Newton Goat Hair Wash Brushes.
The spray gun we use at Winterthur is Anest Iwata LPH 101‐144LVS spray gun. The gun is siphon‐fed HVLP (high volume – low pressure), with the
reservoir under‐mounted. Experimentation helped determine that the gun works best at 20 psi, even though it was advertised as best when used at
a lower psi (around 14), which in our case caused clogging issues. The gun works well, with a nice even spray, no clogging issues and is easy to clean.
Online instructions page: http://anestiwata.com/product/siphon/. The gun cannot be purchased from the manufacturer, but from a distributor, in
our case C.H. REED INC. in Hanover PA.
31
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Thick is better than thin. If the coating looks textured when it is first applied, the likelihood is that the
texture will remain. It is better to apply the lacquer thickly and immediately remove drips with a brush
dampened with 1:1 Agateen Lacquer #27/Agateen Thinner #1 (always have this on hand!).
If your coating blanches after one or two applications, you can save it by immediately brush lacquering
a thick coat of lacquer on the blanched surfaces. Be careful to quickly remove drips and brush hairs
because the coating is particularly sensitive at this point.
Maintain your equipment. After spray lacquering, empty the spray gun and wipe it dry. Fill the
reservoir with a small amount of acetone and spray the gun to clear the nozzle of lacquer residues.
Pour out remaining acetone and leave the gun uncapped to allow it to dry. Brushes should be washed
immediately after lacquering with acetone and wiped with Kimwipes to prevent embrittling of the
brush hairs.

Checking a Finished Coating
A day after coating, check for imperfections and irregularities. Do not wait too long to check on a coating. After
a few days, they become much more difficult to fix. Imperfections are easier to see on a white surface under
good lighting. Iridescence can usually be solved with an extra coat of lacquer. If there are already four or more
layers, stop. More than four coats will make the coating apparent. Decide if the iridescence is acceptable for
display or if you need to remove the coating and re‐lacquer a section. Ask yourself: Where is the iridescence on
the object? Will it be visible on display? Oftentimes, iridescence is the result of poor prepping. Next time,
degrease your object with acetone immediately before lacquer application to reduce the risk of iridescence.
Coumarin 6 dye is added to our coatings so we can see any imperfections and lacunae in UV light. The lamp
takes a few minutes to heat up. Bring your phone (with camera), UV glasses, a notebook, and a continuity tester.
Lacunae tend to be under spouts, handles, and in deeply engraved borders. You may want to photograph the
missing spot so you know exactly where to touch up when you bring the object back to the lab. Thin lacquer
applications can appear to be lacunae under UV, but if the area does not light up on the continuity tester, it may
be okay. Check the area in normal light as well. If there is visible iridescence, you may need to proceed with
touch‐ups or retreatment. Consider the correlation between iridescence and premature lacquer failure noted
previously, in 1. Summary.

Numbering
Wait at least three days after lacquering to apply an accession number. Check with the curator if unsure of where
to paint the number or how the object will be displayed. Most often, numbers are written on the underside of
the object. Paint the number over the scratched‐in number if there is one. If a number will be applied to a ferrous
metal, or unlacquered metal, paint it over a barrier layer of Paraloid® B‐6732 in petroleum benzine. If the
accession number is 1967.0003.002 A, e.g., you should write “1967.3.2 A”. If you make a mistake during
numbering, the number can be removed with a blunt‐tipped wooden skewer for a short time after application
(a few minutes). Do not remove the number with solvent, as it will remove the coating as well.
32Clear

colorless thermoplastic acrylic resin composed of isobutyl methacrylate. Previously manufactured by Rohm & Haas, now produced by The
Dow Chemical Co. and available from conservation suppliers.
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Note: It is important not to apply pressure when writing the number, as you can easily pierce the coating, which
in effect removes the barrier layer between the number and the object. A few of the conservation study collection
objects coated during the second phase of the IMLS silver project were re‐treated after one year during the
WUDPAC silver seminar. When the coatings were removed, halos of the previous numbers were observed. This
indicates that too much pressure was applied during numbering and the coating was compromised. If you are
uncertain about using a porcupine quill, you can use a silicone‐tipped applicator or a fine brush to write the
number.

Touch‐Ups
Coatings less than ten years old with one or two small application defects can be salvaged. (This includes any
lacunae in a recently‐applied coating as well). Lacunae start to form quickly and will be visible within a few
months of coating, depending on storage conditions. Locally polish the area using dilute 0.3‐micron aluminum
oxide in deionized water applied with a micro‐swab. Do not remove the polish residues, as they will help you
locate your now‐clean lacuna. When you are ready to lacquer, clear the polish residues and use a small brush to
apply the appropriate lacquer to the area of loss. You may need to apply one‐to‐two coats inside the loss and
one overall coat on the entire section to fix any blanching. Note that any area of overlap will initially blanch, but
the blanching can be reduced with future applications. Touching up acrylic coatings is easier, as they are more
forgiving than Agateen.

Waxing
After lacquering, microcrystalline wax33 in Shellsol D38 is applied with a brush to hinges, removable
components, bezels of lids, and other areas where the applied lacquer coating is prone to abrasion. The wax can
be thinned with ShellSol D38 if necessary. When applying the wax, make sure there are no ridges or thick
deposits that will dry and become difficult to buff. It is best to buff the wax within an hour of application.
Pro Tip 14: If you are treating an object with a ferrous component, wax the iron or steel and wrap that part with
Parafilm prior to washing and polishing. After polishing, the Parafilm can be removed and the wax can be
buffed.

Structural Repairs
Small Adhesive Repairs
Small breaks in silver objects, particularly along solder joins, can be repaired with adhesive after washing and
polishing, but prior to lacquering. Most breaks of this type can be stabilized with 30%‐ 40% Paraloid B‐48N in
acetone bulked with fumed silica.34 You may need to clamp or wrap the object to ensure that the break is aligned.
33 CosmoloidⓇ H 80: hard microcrystalline wax that is relatively pure and with no additives, used primarily as a protective coating on iron and other
metals, and in varnishes to improve flow properties and sheen. From Kremer Pigments.

34

Colloidal form of silica made by hydrogen‐oxygen furnace combustion of silicon tetrachloride. From Conservation
Emporium.
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Use acetone‐dampened cotton applicators to remove excess
adhesive residues. Allow the adhesive to cure for at least 48
hours before proceeding with treatment. Note that when you
lacquer the object, you risk compromising the adhesive join.
Examine the object after lacquering to ensure that the
adhesive join is still aligned properly and stable.
This pitcher (Figure 17) is an example of an object that
required a structural adhesive repair. The solder connecting
the lower portion of the handle to the body of the pitcher had
failed. The break was stabilized with 40% Paraloid B‐48N in
acetone, lightly bulked with fumed silica. The adhesive was
applied to the break using a spatula and excess adhesive was
removed using a cotton swab dampened in acetone.

Carbon Fiber Fabric‐Reinforced Repairs
Breaks that are prone to manipulation or are more
structurally unsound can be supported with carbon fiber
fabric35 and/or carbon fiber tape.36

Figure 17. Pitcher, c. 1789‐1817, by John Vernon,
Winterthur Museum, 1980.0179

The carbon fiber fabric itself should not come into direct contact with the object, as it can incite localized galvanic
corrosion (Ricardelli 2017). A mold can be taken of the area, and carbon fiber fabric can be sandwiched between
layers of fiberglass fabric and set into the mold. A compatible epoxy37 is then painted onto the fabric layers and
the mold is closed and clamped. Pour a small amount of extra epoxy into a disposable cup so you can monitor
the rate of curing. After the epoxy has cured, remove the carbon fiber/fiberglass fabric sandwich from the mold
and do additional shaping as necessary by cutting and sanding the piece. Attach it to the break with the adhesive
of your choice.
A crack became visible in the silver stem of this detachable finial of a tureen lid during coating removal (Figure
18). As this particular part was at risk of breaking and becoming dissociated from the larger object (as it was
tempting to lift the lid by its finial), we decided to stabilize the crack in the stem of the foliage motif using an
epoxy‐coated carbon fiber fabric reinforced join rather than a more straightforward direct adhesive repair, as
the latter would not have provided the same support.

35 For example: lightweight, but extremely strong black fabric, 0.012” thick, woven from 3K carbon strands (3,000 filaments per fiber) in a 2x2 twill
weave, with an ultimate tensile strength of at least 610 KSI. Manufactured by Fibre Glast.
36 For example: Lightweight, but extremely strong black fabric, 0.012” thick, woven from 3K carbon strands (3,000 filaments per fiber) in a 12x12
plain weave, with a maximum tensile strength of 635 KSI. Manufactured by Fibre Glast.
37 For example, Fibre Glast System 2000 Laminating Epoxy Resin: medium viscosity, light amber laminating resin designed to yield the highest
ultimate strength when used with Fibre Glast carbon fiber, KEVLAR, and fiberglass fabrics. This system does not contain methylene dianiline (MDA),
or other aniline derivatives. Offered in 20‐, 60‐, and 120‐minute pot life versions. Cure time is cut in half for every 10 degrees F raised above 77
degrees F.
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Internal Supports
Hollow objects with breaks can be supported internally. A threaded stainless steel rod, encased in heat‐shrink
polyolefin tubing was used to support this candlestick (Figure 19) that was broken at the lower knop. The
candlestick had previously been de‐electrified. During initial electrification, a hole was drilled through the
base and the candle cup. The columnar shaft was emptied of its pitch, and the electrical wires were threaded
through the voids. De‐electrification is the process of removing the electrical wires and sockets, once again
creating a void in the shaft. The polyolefin‐coated rod was inserted into the hollow cavity of the shaft and
through the hole in the candle cup and base. A nut was threaded onto each terminus of the rod to support the
break at the base.

Figure 18. After treatment detail of a carbon fiber
repair on a finial for tureen, c. 1810‐1811, by Paul
Storr, Winterthur Museum, 1996.0004.189. The area
where carbon fiber fabric was applied is circled in red.

Figure 19. Before treatment Candlestick, c. 1780‐1800 by an
unknown maker, Winterthur Museum. 1965.0660.001. Break
at lower knop is marked with red arrow.

MilliputⓇ Epoxy Putty Repair
During examination, the blade of this fish server (Figures 20 and 21) separated from the handle. It was clear that
there had been multiple previous campaigns to repair this break. The last documented repair was in 1999, during
which time the failing solder joint was stabilized with 30% B‐48N in acetone bulked with glass micro balloons.
Excess solder from an even earlier repair was preventing the blade from sitting entirely within the void of the
silver ferrule.
After the failed adhesive and solder were mechanically removed, a spacer was created from sheet silver, cut to
match the profile of the area adjacent to the tang. Two small silver wires were soldered to the silver sheet to act
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as anchors for an epoxy putty fill. A solution of 20% B‐67 in petroleum benzine was applied to the interior of the
ferrule to act as a barrier. The newly made silver spacer was adhered to the area around the tang with 30% B‐
48N in acetone. Milliput epoxy putty38 was mixed and applied to the tang and around the silver anchors of the
spacer. The Milliput was manipulated into a wedge‐shape then pressed into the ferrule to join the two
components. The handle was propped up on a foam block during curing. After the epoxy cured, a small gap
present on the top edge of the join was filled with 30% B‐48N in acetone injected with a syringe. The foam blocks
were built up slightly to prevent any gap, and the adhesive was allowed to cure for several days.

Figure 20. After treatment of fish server, c. 1813‐1830, by Louis Quandale, Winterthur
Museum, 1981.0043

Figure 21. Left: Detail of the failing join before treatment. Middle: Ferrule interior during
treatment. Right: Tang during treatment

EpotekⓇ Repair
An old solder repair at the lower knop of the shaft was failing on this oil lamp, and x‐radiographs of the lamp
revealed a rod supporting the column, and excess solder buildup around the crack (Figure 22). Epoxy was
chosen as the best material to maintain the structural integrity of the shaft as it would not soften during future
coating removals. The previous coating was removed from the areas adjacent to the break using cotton swabs

38

Two‐part epoxy consisting of a low molecular weight epoxy resin and polyamide curing agent, colored with TiO2 and other powder pigments and
bulked with inert filler. It is sold in a dual stick form, available in white, yellow‐green, gray, black, and terracotta and may be tinted during mixing or
painted after drying. It adheres to wood, metal, plastic, glass, and porcelain. Mfg. by Milliput Co.
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dampened with acetone. Epo‐Tek 301 epoxy resin39 was injected in the break using a capillary tube. The epoxy
was allowed to cure before treatment progressed.

Figure 22. Left: oil lamp, c. 1800‐1810 by an unknown maker, Winterthur Museum, 1959.0673. Center:
detail of solder repair on oil lamp before treatment. Right: X‐radiograph (80kV, 4 mA for 60 seconds) of lamp
showing a metal rod and excess solder at the lower knop.

6. Analytical Research
Elemental composition and plate thickness
Throughout the project, ED‐XRF spectroscopy determined object elemental composition and helped deduce
plating method in conjunction with visual examination methods. This information was used to inform treatment
steps e.g. whether an abrasive polish could be used to remove tarnish. Analysis was performed with a handheld
Bruker Tracer III‐SD XRF spectrometer using a rhodium tube (40kV high voltage, 9.6μA anode current, 25μm
Ti/305μm Al) for 60 seconds live time irradiation. The spot size is oblong in shape, approximately 1cm × 0.5cm.
Spectra were interpreted using ARTAX software.
Additional information can be gleaned from spectra to semi‐quantify plate thickness. Due to the phenomenon
of attenuation from different emission lines, the thickness of a silver “coating” atop the substrate metal was
39

Low viscosity epoxy that bonds well to most glass, metals, and plastics. RI=1.538‐1.540; sets in 4‐8 hours and cures in 12‐18 hours. Manufactured
by Epoxy Technology.
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calculated using the ratio of copper Kα (8.04 keV) and Kβ (8.90 keV) peak heights (Cu(Kα /Kβ)) in terms of
counts per second, using the following equation:
Cu(Kα /Kβ) = Cu(Kα /Kβ)0 exp ‐560dAg
where Cu(Kα /Kβ)0 was measured experimentally from pure copper (6.986), dAg is the thickness of the silver
‘coating’ (in cm) and “560” refers to the difference in theoretical attenuation coefficients of silver at the energies
of the copper Kα (8.04 keV) and Kβ (8.90 keV) emission lines using this instrument.
For example, the elemental analysis of this teaspoon (Figure 23) was requested. The spoon is stamped with a
“SOLID SILVER” label but visual analysis suggested it was silver‐plated copper as there is a dent visible on the
front handle that appears to reveal copper.

Figure 23. Left: Silver‐plated copper spoon, c. 1850‐1870 by H.W. Darling, Winterthur Museum, 1992.0155. Right:
Detail of the “SOLID SILVER” stamp on the reverse of the handle.
The spectra collected from the spoon (Figure 24) showed a strong Ag and Cu signal, with smaller amounts of
Zn, Pb, Fe, Ni and Au. American silver alloy contents can range from 86.0 – 97 wt.% and copper from 15 – 5
wt.%. Quantification calculations for the spoon fell far outside this range within this range. The high
“concentration” of copper detected on the surface suggests a copper substrate beneath silver plate. The plate
thickness was semi‐quantified using the method described above. The thickness was calculated to be
approximately 3.5 microns thick across the object (Table 4). The thickness suggests it is likely fused plate. The
spoon was treated as a plated silver object and was polished with a dilute 0.3‐micron aluminum oxide solution
to minimize loss to the plated surface. The catalogue description of the object was updated to reflect that it is
composed of silver atop a copper substrate.
More examples and information can be found in Grayburn and Wagner, 2019.
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Figure 24 XRF spectra from the handle, bowl and handle tip.
Area

Thickness, μm

Handle

3.73

Bowl

3.23

Handle end

3.36

Table 4 Plate thickness calculation from XRF data of 1992.0155

Aged Coatings
In the first phase of the IMLS project, cellulose nitrate deterioration was studied using a variety of analytical
techniques to varying degrees of success (Pouilot et al., 2013). Mostly, it was found that organic and inorganic
deterioration products of interest were below the detection limit for Raman, FTIR, and XRD studies. ToF‐SIMS
proved useful in determining the presence of silver cyanide. However, during this phase of the project, it was
determined that the conservation histories of the samples were not clear enough to draw definitive conclusions
about the results using this technique.
In Phase I, XRF was used to detect elements present in the discoloured coatings mentioned above (Pouilot et al.,
2013). Given the focus of this project on plated ware, discoloured coatings from suspected fused plate were also
analysed with XRF. μXRF was used to determine the elemental composition of coatings removed from plated
objects. Analysis was performed with the ArtTAX μXRF spectrometer using a rhodium tube (600μA current,
50kV voltage, 100 seconds live time irradiation, approximately 70‐100 micron spot size) with element detection
range of potassium (K) to uranium (U). Spectra were interpreted using the Intax version 4.5.18.1 software; an
integrated CCD camera allowed a magnified image of the region of analysis to be acquired.
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Comparing areas of brown and clear film (Figure 25), there was
no discernable difference with point analysis. The only
significant element from both areas is calcium. The same result
was obtained when summing together 1680 random points
from the coating (brown and clear areas). This was compared
against a coating removed from a similar object from the
collection of Colonial Williamsburg (CW). The CW film
showed sulfur in small concentrations at some points of the
coating. Further research using more sensitive techniques (ToF‐
SIMS) is required to determine the cause of discoloration.
Occasionally, more advanced corrosion than discoloured films
was identified where the coating had accumulated in crevices
or was applied thickly. Thick films and coating plugs were
removed from an Argand Lamp (1959.1600) during treatment.
The surface was displaying corrosion, possibly due to surface
wear and exposure of the underlying base metal. Swabs used
during treatment were also analyzed. The ArtTAX μXRF
Figure 25 Cellulose nitrate coating removed
spectrometer was used to determine the elemental composition
intact from a fused plate tureen (1996.0004.054)
of the samples.
The findings were as follows:
‐ Copper was detected in all coatings and swabs, indicating that there is an accumulation of copper on
the metal surface due to plating loss and subsequent corrosion. This does not seem to be dependent on
the colour of the film.
‐ Zinc and lead was detected in areas of more advanced corrosion, i.e. blue film or black crust. This
indicates that the locations which may have been in direct contact with exposed substrate.
‐ The red “tarnish” removed by cotton swab was found to be copper‐rich, indicating the loss of original
material, likely from the base metal.
‐ Silver was only detected in one heavily corroded coating plug (Figures 26 and 27).

Figure 26. Cellulose nitrate plugs removed from crevices from a fused plate lamp (1959.1600)
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Figure 27. XRF spectra from two spots on the plugs ‐ black corrosion (red), clear coating (green).
Although it is alarming that corrosion was observed in these “microenvironments,” further research is needed
to understand this phenomenon before assigning cause. However, given the “low oxygen” environment of these
pits, we could be seeing galvanic corrosion due to the presence of adjacent copper (less noble) and silver (more
noble) after exposure of the plate.
Advanced manipulation of FTIR data from several coatings was attempted to gauge nitration levels of the
coating, thus elucidating possible degradation trends. Infrared spectroscopy is an excellent technique for such
characterization since (1) it provides information about the chemical composition of a material through group
frequencies such as carbonyl, hydroxyl, nitro and alkyl vibrations; (2) it is sensitive enough to easily measure
thin films; (3) it can be combined with an infrared microscope to enable examination of very small samples; and
(4) it can be quantitative. Thus, infrared spectroscopy might allow determinations of the nitro concentrations in
films, which might correlate with gas barrier or other important film properties. FTIR results from several aged
coatings showed that a variety of chemical compositions, including the presence of additives such as plasticizers,
can be determined and compared between nitrocellulose samples exhibiting varying degrees of degradation,
different ages and perhaps different nitrocellulose nitration levels. The latter property could be directly
associated with film degradation since nitration level is apparently correlated with thermal and photochemical
stability of nitrocellulose. Coating material was acquired with a stainless steel scalpel and the aid of a
stereomicroscope and then placed directly on a diamond cell. The material was rolled flat on the cell with a steel
micro‐roller to decrease thickness and increase transparency. The sample was analyzed using the Thermo
Scientific Nicolet 6700 FT‐IR with Nicolet Continuμm FT‐IR microscope (transmission mode); data was acquired
for 128 scans from 4000 to 650cm‐1 at a spectral resolution of 4cm‐1. Multiple scrapings of the sample were taken
from the bulk sample and multiple spectra were taken from different areas within each scraping. Spectra were
collected with Omnic 8.0 software and analyzed in this program.
One area which could be explored, however, is to study the structure of nitrocellulose films by diffraction
techniques designed to evaluate the polymer structure as opposed to possible inorganic‐organic impurity
phases. Both small‐angle and wide‐angle x‐ray scattering could be useful to see if polymer crystallization occurs
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during ageing or is enhanced as a result of UV irradiation. Such measurements could be performed at the
University of Delaware Interdisciplinary Science and Engineering (ISE) Lab.
Coating Application
Fiber Optic Reflectance Spectroscopy (FORS) was used to determine coating thickness on several coated silver
objects. Coating thickness is directly proportional to coating performance but current methods used for quality
control during treatment are not accurate for coatings under 20 μm thick. FORS has been shown to be a simple,
accurate method for measuring the thickness of protective coatings on cultural heritage metal objects. FORS
appears to be significantly more accurate than other methods, such as magnetic or eddy current techniques, and
is appropriate for transparent coatings such as nitrocellulose or acrylics. A full summary of this work can be
found in Appendix II.

Copper Alloy Coatings
Samples of coatings from 25 copper alloy objects at Winterthur were analyzed using GCMS to identify the dye
present in Agateen 2B, as it remained unidentified in the historic record. Samples were analyzed using the
Agilent Technologies 7820 gas chromatogram equipped with Agilent 5973 mass selective detector (MSD) and an
automatic liquid injector. A sample volume (splitless) of 1μL was injected onto a 30m × 250μm × 0.25μm film
thickness HP‐5MS column (5% phenyl methyl siloxane at a flow rate of 1.5mL/minute). The Agilent Technologies
G1701EA GC/MSD ChemStation Control software was used with Winterthur RTLMPREP method with
conditions as follows: inlet temperature was 320°C (splitless mode) with a nine‐minute solvent delay. The GC
oven temperature program was 55°C for two minutes, then ramped at 10°C/minute to 325°C, followed by a ten‐
minute isothermal period. The transfer line temperature to the MSD (SCAN mode) was 280°C, the source at
230°C and the MS quad at 150°C.
Plasticizers (phthalates and cresols) were identified in most coatings. Tricresyl phosphate (TCP) was the most
common plasticizer found. Cresols like TCP often contain impurities which can cause yellowing. This could be
the reason for the yellowing observed in these coatings, but further research is needed to confirm this.
7. Future Research
Phase III of the project will focus on coatings on copper alloys. Early research during Phase II identified some
coating additives, which could be the cause of yellowing. However, in order to confirm this, reverse‐engineered
mockup coatings will have to undergo accelerated ageing. Similarly, candidate copper alloy coatings could be
tested in accelerated light ageing conditions on various substrates to model coating behavior over time.
The dramatic discoloration of some coatings on silver, particularly fused plate, is still not understood. In
collaboration with English Heritage, ToF‐SIMS is being carried out (Nov 2019) on these coatings to see if
corrosion products undetectable by XRD can be detected (Pouilot, et. al. 2013). Similarly, it would be interesting
to use this technique to identify the copper species in films, detected with XRF.
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Appendix I.
Identifying Metals Substrates and Decorative Surfaces
Silver vs. Nickel Silver
Silver is highly reflective white metal. It can be cold‐worked, wrought, cast, stamped, spun, rolled, and
manipulated in a variety of ways. More often than not, there will be indicators such as scratch weights or
hallmarks that confirm the object is silver. Silver reacts with sulfur in the air to produce silver sulfide, which is
also known as tarnish. If the silver is not coated, you can expect to see a light yellow‐to‐black film of tarnish on
the surface. Elemental analysis of the metal, carried out with XRF, can verify the presence of silver in a metal
alloy. While nickel silver is a white metal, it does not have the same reflectivity, nor is it as bright white as silver.
Nickel silver has a yellow cast, feels heavier or denser than silver of the same size/shape, contains no elemental
silver, and does not tarnish in the same way.
This fish server (Figure 28) may have once been electroplated, but little‐to‐no silver remains.

Figure 28. Fish Server, c. 1830‐1860 by I.Y., Winterthur Museum, 1954.0079.051.

Fused vs. Electroplate
Silver‐plated‐copper is usually easy to identify, as there will likely be loss to the silver‐plated surface, and the
copper substrate will be visible. Look for losses on the high points of a design and on the edges where the silver
would abrade first during polishing. Determining the method used to plate can be trickier. First, look for wire
edges, as fused and silver wires were often used to conceal the copper substrate on fused plate objects. Fused
plate rarely contains hallmarks, while electroplated objects are often still marked with a sterling standard. Cast
elements are usually an indication of electroplating, as fused plate cannot be cast.
Next, see if you can draw any conclusions about the thickness of the silver layer. The silver plating on
electroplated copper is usually very thin, while the thickness of the silver in fused plate is more substantial and
varies significantly between objects. Thinner silver, and more wear to the plating may indicate that the object
was electroplated. Be aware that even if there is little‐to‐no wear of the silver surface, the silver could have been
“reinforced” through selective plating. XRF can also be used to estimate plate thickness (Grayburn 2019) and
help distinguish between the two techniques.
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Elemental analysis can also be used as a tool to confirm the method of manufacture. Fused plate is composed of
nearly pure copper plated with a silver alloy; whereas silver‐electroplated‐copper is composed of a nearly pure
copper plated with pure silver. Be aware that fused plate can be selectively electroplated to “reinforce” the silver
surface, thus XRF may produce a misleading result.
This Argand lamp (Figure 29), dated 1785‐1795 was identified as fused plate, but a cleaning test on the shade
revealed that the silver was much too thin for fused plate and most likely not original. XRF Analysis on two
spots on the shade, measured the silver at 0.37μm and 0.14μm compared to a spot on the fuel reservoir which
was 10.6μm. Our suspicions were confirmed later when we found a misfiled 1988 treatment report stating that
the shade was brush‐plated by electroplating.

Figure 29. Argand Lamp, c. 1785‐1795 by an unknown maker, Winterthur Museum, 1961.1692.001. Top left: overall
before treatment. Top right: overall after treatment. Bottom: shade during treatment

Nickel Silver vs. Silver‐Electroplated‐Nickel Silver
As stated previously, nickel silver does not have the same reflectivity or color tone as silver and does not tarnish;
however, it can be plated with silver. It can be difficult to distinguish a silver object from a silver‐electroplated‐
nickel silver object. “EPNS” is sometimes marked on electroplated nickel silver, but not always. XRF analysis of
EPNS will show pure silver plated onto a copper, nickel, and zinc alloy. During the second phase of the IMLS
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silver lacquering project, all nickel silver was treated as EPNS, such as this fish server (Figure 30), due to the fact
that it could have traces of original silver electroplating.

Figure 30. Fish Server c. 1848‐1851 by John and Joseph Cox, Winterthur Museum, 1999.0023.

Electroplated Gilding vs. Mercury Gilding
Electroplated gilding and mercury gilding can be difficult to differentiate. To complicate things, early‐stage
tarnish is marked by a yellow film, so what appears golden may in fact not have any gold at all. Electroplating
is usually a thin, even layer of gold, while the thickness and uniformity of mercury gilding varies. If a silver
object has been mercury‐gilt, the gold will likely be much thicker than that observed on a gold‐electroplated
object. If there is no significant visible evidence of gilding, XRF can sometimes help. A high percentage of gold
from an XRF dataset can sometimes indicate gilding, but note that gold is a common impurity found in pre‐1850
silver. If mercury and a high percentage of gold are detected, there is a good chance that the silver was mercury‐
gilt. If the silver object was made after 1850 and gold is present in XRF results, than the surface was likely gilded,
probably by electroplating. Also note that it was common to use electroplating as a technique to touch up worn
plating, no matter the original plating method used.
This 18th‐century silver beaker is fire gilded (a.k.a. mercury gilded) on the interior (Figure 31). In contrast, the
silver surfaces of this 1903 sugar bowl (Figure 32) are partially electroplated with gold.

Figure 31. Beaker c. 1753‐1754 by Denis Wilks,
Winterthur Museum, 1983.0156.002.

Figure 32. Sugar Bowl c. 1903 by Gorham Manufacturing
Company, Winterthur Museum, 1983.0108‐004.
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Looking for Gold Case Study
In the original catalogue description, this flint box (Figure 33) was identified as silver with a steel striker. We
noticed yellow streaks particularly on the high points of the gadroon borders. Visual examination, even under
a microscope, was not enough to determine if the yellow color was from a previous layer of gold or a brass
substrate. XRF results suggested the box is likely silver‐plated copper, with trace (less than 1%) amounts of zinc
and nickel.

Figure 33. Striker c. 1830‐1834 by an unknown maker, Winterthur Museum, 1970‐1249.
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Appendix II.
FORS Measurements of Nitrocellulose Films on Silver Objects
Polymer Barrier Films
Silver objects in museum environments are susceptible to formation of tarnish, which significantly impacts their
appearance (Fig. 34). The formation of tarnish is due to chemical reactions between silver (Ag) and atmospheric
pollutants such as hydrogen sulfide or carbonyl sulfide1,2 which, in the presence of water or oxygen, react to
produce tarnish (silver sulfide, Ag2S) via the following chemical reactions:
2 Ag(s) + ½ O2(g) + H2S(g) ‐‐> Ag2S(s) + H2O(l)
OCS(g) + H2O(l) ‐‐> H2S(g) + CO2(g)
Since abrasive polishing to remove the tarnish also removes silver, frequent polishing is not only time intensive
but can damage the objects, especially if they possess fine engravings or other details, or are composed of thin
layers of silver plate on metals such as copper. Implementing environmental controls to eliminate the offending
gases is difficult since the tarnishing gases are often present at very low concentrations (parts per trillion) and
are not only present in air external to the museum but can be generated by other materials located within the
museum itself. Short of storing silver objects in hermetic display cases, polymer coatings have been found to
provide an effective method to slow the tarnishing process to rates that are much slower than for uncoated silver.

Fig. 34. Tarnish on a silver cup.
Polymer films have been used extensively to coat heritage metal objects to provide protection against
atmospheric oxidation and tarnish. For the case of silver objects, or silver‐plated objects, nitrocellulose has been
the polymer of choice to reduce tarnish to acceptable levels over significant periods of time, on the order of 10‐
30 years. This protection is due to the low permeability of nitrocellulose coatings to gases such as hydrogen
sulfide or carbonyl sulfide.
The movement of small molecules through polymer films can be described by a variation of Fick’s first law3
∆𝑀/∆𝑡

𝑃𝐴∆𝑝/𝑑

(1)

where ∆M is the mass of permeant transported through the film in time ∆t; P is the permeability of the film; A
is the area of the film; ∆p is the difference in pressure or concentration of the permeant on both sides of the film;
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and d is the film thickness. The permeability P of polymer films to a small molecule is determined by two
parameters: the diffusivity D, and the solubility coefficient S, of the molecule in the polymer,
𝑃

𝐷

𝑆

(2)

The diffusivity determines how fast the molecules move (diffuse) through the polymer film, while the solubility
coefficient determines the equilibrium concentration of the molecule in the film. If D and S are small the
permeability will also be small, and the polymer will provide a good barrier for that molecule. The values of D
and S, and thus the permeability P, are to a large extent determined by intrinsic properties of the polymer and
the molecule, and the area is determined by the surface area of the object, the only parameter in Eq. 1 that can
be readily adjusted to reduce transport of the molecule through the polymer film is the film thickness d.
Unfortunately, in the past, measurements of the thicknesses of protective coatings on heritage metal objects were
rare. In some cases, thicknesses were measured using magnetic or eddy current techniques developed for
measurements of paint thicknesses considerably greater than the typical thicknesses expected for protective
coatings on heritage metal objects. For example, in one study4 of coatings on brass coupons researchers at the
Getty Museum found that the eddy current technique was not accurate for films less than approximately 20
microns thick, requiring a complex calibration procedure but still providing doubtful accuracy. Thus, a simple,
robust, and accurate method to determine film thicknesses on silver objects was needed.

Optical Measurements of Nitrocellulose Film Thickness
Since the nitrocellulose films used to protect silver objects are transparent, the use of optical techniques to
determine film thicknesses is potentially a far more accurate method than magnetic or eddy current
measurements. For this reason, we selected Fiber Optic Reflectance Spectroscopy (FORS) measurements to
evaluate film thicknesses for a range of silver objects with old or new nitrocellulose coatings. Several silver
objects with acrylic coatings were also characterized by FORS.
A schematic of FORS film thickness measurements appears in Fig. 35a. The white light is incident on the
nitrocellulose/silver surface, where a small amount (approximately 4%) is reflected at the air/nitrocellulose
interface. The remainder of the light is transmitted through the film, where most of it is then reflected from the
nitrocellulose/silver interface, travels through the film again and then exits the film at the top. (About 4% of the
light is reflected into the film at the nitrocellulose/air interface, but we will ignore this since it has little effect
here.) The two light beams will undergo constructive/destructive interference after leaving the film/silver
surface, producing a periodic oscillation of reflected intensity versus wavelength, as illustrated by the sample
spectrum shown in Fig. 35b.
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Fig. 35. (a) Schematic of FORS measurement of thickness of a thin film on a silver surface. n1 and n2 are the refractive
indices of air (n1 = 1) and nitrocellulose (n2 = 1.51) and d is the film thickness. (b) Optical spectrum of reflected light as
measured by Ocean Optics FORS spectrometer for the example of a new nitrocellulose film coated on a silver kettle. The
intensity oscillations are due to interference of the light reflected from the top surface of the film (ray A‐D) with the light
reflected from the bottom surface (ray A‐B‐C). The oscillations can be analyzed to determine the film thickness according
to Equation 5.
The interference oscillations (typically referred to as interference fringes) shown in Fig. 2b can be analyzed to
determine the film thickness, as described in standard references5. There is a phase shift of  when light is
incident from a medium of lower refractive index (air) to one of higher index (nitrocellulose), but no phase shift
occurs when the reflection occurs at the nitrocellulose/silver interface since silver has a lower index than
nitrocellulose. As described in reference 5, this situation leads to minima in the reflected intensity. These minima
occur at wavelengths λ1 and λ 2 that are directly related to film thickness according to Equation 3
2𝑛 𝑑

.

(3)

If the minima selected are separated by ∆m orders of interference (∆m oscillations), which provides a more
accurate estimate of film thickness since errors in determining the positions of individual minima become a
smaller fraction of their total separation, than an additional factor of ∆m must be introduced
2𝑛 𝑑

Δ𝑚

,

(4)

leading to the following final expression for the film thickness
𝑑

.

(5)

Eq. 5 was used in this study to determine the thicknesses of nitrocellulose films on silver objects. We have used
the value for the refractive index of nitrocellulose determined by an ellipsometry measurement6 (n2 = 1.51).
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Ocean Optics FORS Spectrometer
Winterthur has a FORS spectrometer originally purchased for measurements of pigment reflectance spectra.
This instrument was suitable for FORS measurements of nitrocellulose film thickness, although its spectral
resolution and wavelength range limited the range of film thicknesses that could be measured. The instrument
has two spectrometers and associated detectors, one for the UV‐visible spectral region (200‐860 nm), and the
other for the near‐infrared regions (960‐2200 nm). There are also two light sources, a tungsten lamp for the visible
and near‐IR region and a UV lamp for the 200‐400 nm region. We have made measurements primarily in the
visible (400‐860 nm), although some measurements were made in the near‐IR. No measurements have been
attempted in the UV.
The spectrometers and associated hardware are shown in Fig. 36. The general procedure was to first collect a
reference spectrum from a bare silver mirror (Edmund Optics part no. xxx) which was assumed to have 100%
reflectivity, followed by a measurement of the silver object with a nitrocellulose coating. The spectrometer will
then output the ratio of the two measurements, (Robject/Rref) x 100 = % reflectivity. In the Ocean Optics software,
the minimum integration time of 3 msec was used due to the high intensity of the light reflected from the silver
reference mirror and most silver objects, and generally only ten scans were averaged so spectra could be
collected quickly enough to position and hold the fiber optic probe steady by hand. The distance between the
end of the optical fiber and the silver mirror or silver object surface was adjusted and maintained using a small
one‐hole rubber stopper that could be placed over the end of the fiber and then positioned so that the reflected
signal was maximized but not saturated, as indicated by the spectrometer software.

Fig. 36. Ocean Optics spectrometer components. (a) UV‐vis and near‐IR spectrometers, tungsten lamp and fiber optic
cables and probe; (b) Fiber optic probe with rubber stopper to control sample‐probe distance; (c) Fiber optic tip showing six
illumination fibers and single central collection fiber; (d) Fiber optic illumination pattern and light collection region
(purple); (e) Fiber optic illumination spot is 1‐2 mm in diameter near end of rubber stopper; (f) Measuring the reflectance
of the silver reference mirror.
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In order to test the use of the Ocean Optics FORS spectrometer to measure film thickness we purchased two film
thickness standards from Filmetrics, a company that produces scientific apparatus for thin film characterization.
The results of FORS measurements for these two reference samples are shown in Fig. 37. In both cases our FORS
measurements yield thicknesses within 1‐2% of the values provided by Filmetrics, validating our experimental
approach.

Fig. 37. FORS spectra of two Filmetrics thickness standards, parylene on an acrylic substrate and parylene on a Si
substrate. Parylene is the homopolymer of p‐xylylene (CH3C6H4CH3). We also illustrate the use of equation 5 to
determine film thickness, with the positions of two intensity minima λ1 and λ2 shown, and the number of interference
fringes ∆m separating them also shown. The refractive index value is that of parylene. The Filmetrics thickness value for
each film is shown, together with the thickness determined by FORS (d values).

An Example of FORS Measurements for a New Nitrocellulose Coating on a Silver Kettle
In order to illustrate the application of FORS thickness measurements to a nitrocellulose coatin on a silver object,
in Figure 38 we show a kettle and six FORS spectra collected at the positions indicated by red squares, a subset
of the total 40 locations measured shown in Fig. 39. In Fig. 40 we show a histogram plot summarizing the
thickness results for all 40 measurement locations.
The coating thickness is observed to vary significantly over the object surface, from a minimum thickness less
than 1.0 micron to a maximum thickness close to 9 microns. Obtaining a uniform film thickness is clearly difficult
using the standard application techniques of brushing or spraying (how was this coating applied?), especially
in light of the high volatility of the Agateen solvents which can lead to increasing viscosity of the Agateen
nitrocellulose solution during brush coating.
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Fig. 38. Kettle 1958.1965 A‐D (silver plated copper) with a new nitrocellulose coating. FORS spectra are shown for six
locations, illustrating the variation of coating thickness. Coating thickness values are shown for each spectrum.

Fig. 39. Locations of 40 FORS measurements for new nitrocellulose coating on silver‐plated copper kettle 1958.1965 A‐D.
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Fig. 40. Histogram plots of the results of FORS thickness measurements of the kettle shown in Figs. 5 and 6. In both plots
the data points located at [0,0.5] and [9.5,10] are dummy values included to set the x‐axis range.

Iridescence from Thin Films: An Old Coating on a Tea Canister
As described at the beginning of this report, the presence of iridescent regions on nitrocellulose coated metal
objects is strongly correlated with coating failure. Iridescence is a well‐known optical phenomenon that is
observed in many instances where films that are thin compared to optical wavelengths are present. Familiar
examples include oil films on water surfaces and soap bubbles, as shown in Fig. 41.

Fig. 41. Examples of iridescence due to thin film optical interference for an oil film on water (left) and soap bubbles
(right). The colored bands on the oil film are similar to Newton’s rings and show the film becomes thinner toward its
upper edges, as would be expected for a spreading oil film. The individual colored bands trace regions of similar film
thickness.
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In order to determine the actual film thicknesses of regions which exhibit iridescence on silver objects, we found
a prominent example of iridescence on the tea canister shown in Fig. 42. A series of 66 FORS measurements were
made for this object, with 12 made along the line shown in Fig. 42. The results, plotted as a histogram in Fig. 43,
show that iridescence is associated with relatively thin coatings, on the order of 1‐3 microns thick. It is not
surprising that thinner coatings are associated with coating failure, although this might be due to the higher
prevalence of defects such as pinholes or cracks in thin regions, rather than to more rapid diffusion of gases
through a thinner film. More work is needed to address these issues.

Fig. 42. (top) 1970.1028 BT tea canister plus typical FORS spectra measured at the specified locations. (bottom) An
iPhone close‐up image of the lower portion of the tea canister showing iridescence due to the presence of a thin
nitrocellulose film. The FORS measurements yield thicknesses from 1.6 to 3.5 ∆m. The color changes are due to variations
of the film thickness around this average value. Positions of FORS measurements are shown as numbered red squares.
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1970.1028 tea cannister nitrocellulose film thickness
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Fig. 43. Results of FORS thickness measurements at the locations indicated in Fig. 42.
Object Accession Number

Object Description

Coating Age

1953.0165.003
1954.79.51
1955.0136.079
1958.1965a
1959.0153
1959.0556 A
1959.0557
1959.0560 A
1959.0966 b‐s
1959.1600
1961.1410.1
1964.1206 A‐C
1966.1053
1970.1028
1971.1526.1a
1971.1526.2
1975.16a
1977.0131
1977.169.1
1978.0157
1982.313
1983.0108.001
1987.20
2017.0017.004
2017.0017.004

Tool (for needlework)
Fish Server
Tool (for needlework)
Kettle (Teapot)
Chatelaine
Tool (for needlework)
Tool (for needlework)
Tool (for needlework)
Tiny Silverware
Argand Lamp
Argand Lamp
Oil Lamp
Charger (Bowl)
Tea Canister
Candlestick Holder
Candlestick Holder
Case with bottle
Beaker (cup)
Buckle
Tankard
Baby feeder
Tray
Dish Warmer
Gilded Pitcher
Gilded Pitcher

Old
Old
Old
New
Old
Old
Old
Old
Old
Old
Old
Old
New
Old (5‐89)
Old (acrylic)
Old (acrylic)
Old
Old
New
Old
Old
New
Old
Old
Old

Number of FORS
Measurements
5
30
6
41
6
6
6
5
54
40
81
68
50
66
10
30
38
20
7
33
5
80
38
5 (near‐IR)
5 (UV‐vis)

Table 5. FORS measurements of nitrocellulose coating thicknesses on silver or silver plate objects. Note that two objects
with acrylic coatings are included in the table.
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Conclusions
FORS has been shown to be a simple, accurate method for measuring the thickness of protective coatings on
cultural heritage metal objects. FORS appears to be significantly more accurate than other methods, such as
magnetic or eddy current techniques, and is appropriate for transparent coatings such as nitrocellulose or
acrylics. FORS should also be able to provide a quantitative estimate of the amount of tarnish on silver surfaces,
although the presence of interference fringes due to the coatings makes the underlying silver reflectance data
more difficult to interpret. Further work applying FORS to coated metal objects and modeling the resultant data
should provide additional insight concerning the optimization of coating methods for protecting metal objects
from chemical reactions with atmospheric trace gases.
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