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ARTICLE INFO ABSTRACT

Keywords: The Royal Palace of Norway has a large 19th century wooden furniture collection and most of it is coated with
Wood shellac-based varnishes. Since these objects are part of the royal collections, they are still in daily use at the
ER'FTIR different residences and, therefore, need to be frequently cleaned. In this work, the effect of three cleaning
\C/g::;;letry commercial products (Baolin, Centurio, Fulgentin) used at the royal collections on shellac-coated mahogany is
Norway investigated for the first time. A non-invasive methodology (portable ER-FTIR spectroscopy and colorimetry) was

applied to assess whether the chemical composition and the color of fresh and artificially aged mahogany wood
mock-ups coated with shellac were affected by the above-mentioned cleaning products. This study shows that
one of them causes changes in the varnished wood, thus potentially affecting the long-term conservation of this

furniture collection.

1. Introduction

The wooden furniture of the Royal Palace of Norway was manufac-
tured throughout the 19th century according to the style of that age [1],
and varnished by French polishing, a method by which shellac is applied
in multiple layers and then polished to obtain a highly glossy surface [2].

Shellac is an organic resin secreted by the insect Laccifer Lacca, or
similar insects, on trees of forests in southeastern Asia [2-4]. The
secretion, scraped from the trees, washed and purified by sieving, is then
typically bleached with hypochlorite and the obtained wax separated by
saponification. Thereafter, shellac is shaped into dry sheets. For its
application, the sheets are dissolved in alcohol, creating a varnish that
dries by solvent evaporation [3,4].

The royal collections of Norway have a large amount of varnished
furniture. Most of it is placed in the Royal Palace and other royal resi-
dences. These objects are still in everyday use and subjected to the
related wear. Thus, the varnished furniture needs to be cleaned on a
regular basis and — perhaps — in a more aggressive manner than what is
usually recommended with museum objects [2,5].

In this work, the possible alteration of the shellac coating on ma-
hogany mock-ups after cleaning with three commercial products was

investigated. The effects of the use of the cleaning products on mock-ups
with freshly applied shellac and artificially aged ones were evaluated.
Keeping the E.C.C.0O. and the AIC guidelines for practice in mind [6,7], a
non-invasive methodology (handheld FTIR spectroscopy in external
reflection (ER-FTIR) [8] and colorimetry) was employed. The results
showed that this approach may become a valuable tool to assess
cleaning routines on historical varnished furniture collections.

2. Experimental

African mahogany was used for the production of 27 (3 mock-ups/
cleaning product/experimental protocol) and 6 control mock-ups.
Mock-ups were varnished with recto shellac. Randomized subsets of 9
mock-ups (3 mock-ups/cleaning product) were assigned to 3 experi-
mental protocols: cleaning (Protocol 1), artificial aging and cleaning
(Protocol 2), cleaning and artificial aging (Protocol 3). Extensive addi-
tional details are reported in the Supplementary Materials.

3. Results and discussion

The diagnostic IR bands detected in the ER-FTIR spectrum of unaged
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Fig. 1. ER-FTIR spectra of aged and unaged mahogany mock-ups varnished with shellac.

shellac applied on the mahogany mock-ups (see Fig. 1) appear distorted
with s-shaped signals. These bands were found at the inflection points
around 2935 and 2850 cm ™!, assigned to CHj stretching modes; at 1735,
1712, 1642 cm ™}, indicating a complex carbonyl band; at 1467 cem Y,
assigned to the CHy bending mode; at 1255, 1173, 1112, 1043 cm’l,
assigned to C—O stretching modes [9-11].

The ER-FTIR spectra of the aged mock-ups (Fig. 1) presented
broadening and blue-shift of the complex carbonyl band centered
around 1730 cm™, as well as changes in the fingerprint region con-
cerning the C—O bands (1240-1040 cm_l) [12]. Both these changes
relate to the esterification that shellac undergoes with ageing. Derrick
et al. corroborate this by stating that the greatest change in the spectra of
aged natural resins concerns the shape and intensity of the carbonyl
band [9].

Colorimetry measurements showed significant differences (increase
of L* and a* values) in the SCE (specular-component excluded) color
values of 2 out of 12 mock-ups (9 mock-ups and 3 control, Fig. 3, Pro-
tocol 2). The results in SCI (specular-component included) mode also
showed a significant change, with an increase in L* and b* values and
the corresponding AE* ranged between 1.51 and 4.24. 2 of the mock-ups
show AE* values between 3.5 and 5, which is considered a clear dif-
ference in color [13].

All ER-FTIR spectra of the mock-ups cleaned with Centurio showed

changes in the fingerprint region (Fig. 4), suggesting physico-chemical
changes and/or the presence of residues of the product. After cleaning
(Protocols 2 and 3), a weak band at about 2963 cm™! and a narrow
doublet appeared at around 1035 and 1013 cm ™. Two additional bands
become visible at around 918 and 803 cm ™.

According to colorimetry results, 8 out of the 9 mock-ups aged and
cleaned with Centurio showed significant changes in their color values
(Fig. 3, Protocol 2). As for the AE*, 7 mock-ups feature values around 5,
indicating that the colors of the mockups after aging and cleaning with
Centurio are different [13]. The trends observed by the colorimetry
measurements are in line with the results obtained from the FTIR
measurements.

No changes in the ER-FTIR spectra of the mock-ups cleaned with
Baolin and Fulgentin can be observed (Fig. 2). On the basis of the results
from the tested mock-ups, this is a good indicator that these cleaning
products have not chemically affected the shellac in a way that it is
detectable by ER-FTIR.

According to colorimetry measurements, 2 out of the 9 mock-ups
cleaned with Baolin showed significant changes in their color values
(Fig. 3, Protocol 1). The AE* values of the mock-ups cleaned with Baolin
span between 0.89 and 4.99. The latter is considered a significant color
change. For the mock-ups cleaned with Fulgentin, 3 out of the 9 mock-
ups showed significant color changes (Fig. 3, Protocol 3). Indeed, the
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Fig. 2. ER-FTIR spectra of the wooden mock-ups that underwent experimental Protocol 1 (cleaning), ATR-, and ER-FTIR spectra of the pure products.

Baolin

Baolin ATR
Baolin ER
ref
cleaned

e

40

L*

b*

T T T T T
00 3500 3000 2500 2000 1500

Wavenumber (cm™)

Baolin

T
ref cleaned

T
ref cleaned

T T
ref cleaned

Protocol 1

Centurio

Centurio ATR
Centurio ER
ref

cleaned

4000

T T T T T T
3000 2000 1000

Wavenumber (cm™")

Materials Letters 337 (2023) 133963

Fulgentin

Fulgentin ATR
Fulgentin ER

— ref

cleaned

4000 3500 3000 2500 2000

Wavenumber (cm™)

1500

Centurio Fulgentin
38 36
L]
361
I 34
34
324 321
30 304
ref aged aged + cleaned ref cleaned + aged
°
20.0 1 * 201
194
17.54 184
17 4
15.04 .
° 16
réf agled aged + Icleaned réf cleanedI + aged
404 2
354
351
30 30
254
20 251
réf ag'ed aged + Icleaned réf cleanedl + aged
Protocol 2 Protocol 3

Fig. 3. Colorimetric results in SCE mode for the three tested products with the three experimental protocols (cleaning, aging and cleaning, cleaning and aging). The
upper part of the black box indicates the first quartile, the solid black line in the middle of the box is the median of the data. The whiskers indicate the range of

the data.



LF. Apneseth et al.

Baolin

Materials Letters 337 (2023) 133963

[} )]
o o
c c
© ©
: : ‘/_/\\jf’\v
S S
] o
(7 0
Qo Q
< <
m— ref ref
aged
aged + cleaned cleaned + aged
T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 4000 3500 3000 2500 2000 1500 1000
-1 -1
Wavenumber (cm™) Wavenumber (cm™)
Centurio
*k
3 SN i
c * c
®© w ®
o ,,/} Q2
S [
] o
(7} (7]
Qo Q
< <
ref ——ref
aged cleaned + aged
aged + cleaned
T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™') Wavenumber (cm™)
Fulgentin
. ) f\—‘Af\v
o o
c c
[} 1]
o] e}
S [
[e] [e]
(7] (7]
e} Q
< <
—ref m— ref
m— aged
aged + cleaned cleaned + aged
T T T T T T T T T T T T

3000 2500 2000 1500 1000

Wavenumber (cm™')

Protocol 2

4000 3500

4000

3000 2500 2000 1500 1000

Wavenumber (cm™)

Protocol 3

3500

Fig. 4. ER-FTIR spectra of the mock-ups treated with the three tested products that underwent experimental Protocols 2 and 3 (aging and cleaning, cleaning and

aging). The main spectral changes related to the application of Centurio are marked with *.
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AE* values span from 0.26 to 5.45. The latter is a value indicating that
the mock-up has a different color after cleaning [13]. The results showed
that 2 mock-ups treated with Baolin and 2 with Fulgentin had a signif-
icant color change in SCE mode (darker and bluer, respectively). For the
mock-ups cleaned with Fulgentin, the significant changes occurred in
the mock-ups with fresh shellac, indicating that this is more vulnerable
to color changes than the ones submitted to the other experimental
protocols.

4. Conclusions

The cleaning test with Baolin and Fulgentin indicate that there are no
changes in the ER-FTIR spectra of the shellac coating. This is in line with
the colorimetry results, where the shellac surface of these mock-ups did
not have a significant color change. There were some mock-ups that had
significant color change but these were not of such an extent to indicate
a change caused by the cleaning. These results indicate that, in the
limited timeline tested and with the technique employed for the study,
these products do not seem to react with shellac. In the future, long-term
study should be conducted to study possible changes caused in the
shellac coatings using these two products.

The spectra of varnished mock-ups cleaned with Centurio showed
instead changes mainly in the fingerprint region. These may be due to
either a physico-chemical alteration of shellac, or to the presence of
invisible residues of Centurio on the cleaned mock-ups. The findings
from the ER-FTIR results were supported by the colorimetry ones.

One of the aims of the study was to investigate whether there were
any differences in the effect of the cleaning products when applying on
fresh shellac and aged one. When looking at the mock-ups cleaned with
Centurio and Baolin, fresh and aged shellac react in the same way. For
Fulgentin, only the color of fresh mock-ups changed after cleaning.
Otherwise, no difference in the interaction with the cleaning products
was observed for the mock-ups with freshly applied shellac and artifi-
cially aged ones.

This non-invasive approach paves the way for future investigations
on coatings on historical furniture and the detection of physico-chemical
changes after cleaning procedures without interfering with the original
materials and without the need of sampling. Therefore, this methodol-
ogy could be used as a viable tool to evaluate the safety of a cleaning
agent used on varnished wooden furniture.
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