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Abstract

The corrosivity of indoor atmospheres is usually evaluated according to the 1ISO 11844-1 standard, utilizing
specimens of different metals. However, the sensitivity of this setup is not sufficient to the presence of specific
organic pollutants, such as acetic and formic acid or formaldehyde. In this study, lead metal specimens were
added as complementary specimens in the series of exposures including various museums and cultural sites.
Temperature and relative humidity were monitored and adsorbent tubes were deployed for estimation of the
content of the organic compound. For comparison and verification, lead specimens were exposed in laboratory
conditions with controlled levels of acetic acid, which is supposed to be the main cause of the increase in lead
corrosion rates. The results show that the use of lead specimens can provide valuable data about the
corrosivity of the atmosphere due to its sensitivity to the presence of the carboxylic acids. This can be
particularly important information for indoor storage conditions in museums and depositories. However,
a proper method to evaluate the lead corrosion rates is necessary.
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1. INTRODUCTION

Lead is a common metal material among the various objects of cultural heritage, including seals, coins, statues,
stained glass, organ pipes or objects of everyday life. In common atmospheric conditions, lead is considered
a stable metal with low corrosion rates due to the thin protective layer of corrosion products [1-4]. Based on
the conditions, the composition of the corrosion products may include lead oxides, sulphide, chloride and
especially lead carbonates in several mineral forms — cerussite, hydrocerussite or plumbonacrite. The level of
protective properties of the layers of corrosion products depends mainly on relative humidity. In conditions with
high humidity, voluminous corrosion products without protective properties are usually formed on the lead
surface instead of a thin protective layer [1-6].

The presence of the organic pollutants in the atmosphere can significantly alter the lead corrosion behavior.
Formic and acetic acid has the most pronounced effect on the lead corrosion rate [7-10]. Even at
a concentration of 0.1 ppm, the presence of organic acid vapours is highly corrosive to the lead surface [9-12].
Unlike other lead compounds, lead acetates and formats are relatively soluble. Therefore, corrosion products
formed in the atmosphere with acetic or formic acid vapours and high relative humidity do not provide any
protective effect. Moreover, it is possible for the acid and formic acid to be partially released from the corrosion
products and further participate in the corrosion process [1, 9-10].

Because of the described sensitivity, measurement of the lead corrosion rates can provide valuable information
about the corrosivity of indoor atmospheres caused by the presence of volatile organic compounds. This is
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particularly important for conditions in museum repositories and archives where, based on the material of the
indoor equipment, the concentration of acetic acid can be up to 20 times higher than outdoors [2]. Metal
specimens used in the ISO 11844 standard may not provide sufficient sensitivity for this type of assessment
[13].

The main goal of the study was to evaluate the possibility of use of lead specimens to determine the corrosivity
of indoor atmospheres.

2. EXPERIMENTAL PART

2.1. Exposure sites

To evaluate the corrosivity of indoor museum atmospheres and the benefit of adding lead specimens to the
standard procedure, six different sites were chosen for 3-months exposure:

. UCT Prague — Historic Library

. UCT Prague — Mineralogical collection (with old cabinets for the collection)

. National Archive — Hrad€anska (archive room)

. National Library — open shelf in baroque hall in Klementinum

. Central Bohemian Museum in Roztoky u Prahy — depository VU (new depository of fine arts with

controlled conditions)
. Central Bohemian Museum in Roztoky u Prahy — depository H

During the exposures, climatic parameters were monitored and the average concentration of acetic and formic
acid in the atmosphere was estimated using passive samplers for long-term measurement and short-term
detection tubes with a gas pump.

2.2. Samples

Series of silver, copper and lead metal specimens were prepared for each exposure site. Silver and copper
specimens are part of the standard method described in ISO 11844-2 standard. The lead was tested for its
specific sensitivity to the presence of carboxylic acids. Dimensions of the copper specimens were 10 x 50 mm;
dimensions of silver and lead specimens were 10 x 25 mm.

Silver and copper samples were prepared according to the 1SO 11844-2 standard — the surface of the
specimens was abraded with sandpaper of 1200 P roughness, rinsed with deionized water, degreased with
ethanol and air-dried. Lead specimens were prepared by abrading of the surface with sandpaper of 800 P
roughness and subsequent chemical cleaning in 20 % HCI followed by the second abrading of the surface with
the abrasive wadding (3M Scotch-Brite CF-MF), rinsing with deionized water, degreasing with acetone and
air-drying.

2.3. Evaluation

The mass gain gravimetric method and galvanostatic (GS) reduction were used to evaluate the exposed metal
specimens. For the galvanostatic reduction, deaerated potassium chloride solution with concentration of
0.1 molI* was used and cathodic current density of 0.125 mA.cm2 was applied.

The mass loss method was tested as well. However, it has shown to be a challenging method for the evaluation
of lead specimens — any loss of the material due to the manipulation during specimens handling or during
removal of the corrosion products may often mask the correct value of the mass losses. For that reason, only
complete results from mass gain and galvanostatic reduction were considered for the evaluation.
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2.4. Controlled conditions

To evaluate the sensitivity of lead to specific levels of acetic acid in the atmosphere, 10 x 50 mm lead
specimens were exposed in the controlled environment. To reach desired environmental conditions, the lead
specimens were placed in a chamber with an intake of dry air, wet air and air with the acetic acid. The acetic
acid vapours were dosed by heating of a permeation tube filled with a small amount of the acid. The flow in all
three intakes was controlled by valves to achieve the chosen conditions (see Table 3). The lead specimens
were prepared in the same manner as for the former test. Five samples were exposed in each test for a period
of 1 month.

3. RESULTS AND DISCUSSION

3.1. Characterization of the exposure sites

Table 1 summarizes the results of the characterization of the exposure sites in terms of temperature, relative
humidity and level of the acetic and formic acid in the atmosphere.

Table 1 Characterization of the exposure sites

Climatic parameters Conc. of acetic acid (ppm) Conc. of formic acid (ppm)
Exposure site
Temperature Passive Detection Passive Detection
. RH (%)
(°C) sampler tube sampler tube
Historic
library (UCT?) 18-29 30-50 0.3 0.3 <0.01 <0.03
Mineralogical
collection (UCTY) 15-26 30-55 0.1 <0.05 0.1 <0.01
National Archive — 15 55 0.2 <0.05 < 0.005 <0.03
Hrad&anska
National Library — 12-26 45-60 0.6 05 <0.01 0.2
Klementinum
Roztoky —
depository VU2 17-21 35-52 0.1 <0.05 <0.004 0.1
Roztoky = | 16-23 37-58 0.3 0.4 <0.004 0.1
depository H

1 University of Chemistry and Technology
2VU — Depository of Fine Arts, H — Musical Depository

Temperatures were in all cases below 30 °C during the monitored period. The highest relative humidity was
60 % in the case of Klementinum. These conditions itself, temperatures from 12 °C to 29 °C and levels of
relative humidity up to 60 %, do not pose an excessive risk in terms of lead corrosion. The concentrations of
acetic and formic acid vapours in the indoor atmosphere were evaluated using two methods, passive samplers
and detection tubes. Overall, the values obtained with the passive samplers for acetic acid were in most cases
higher compared to the detection tubes. The concentration of acetic acid was highest in the Klementinum site
reaching values of 0.5-0.6 ppm. This concentration is high enough to increase significantly degradation of lead
artifacts. The concentration of formic acid was in all cases lower than in the case of the acetic acid, not
exceeding 0.1 ppm. Moreover, it has been shown that the presence of the formic acid tends to reduce the
intensity of corrosion attack caused by acetic acid due to the formation of the thin protective film of formate
corrosion products [10].
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3.2. Exposure results

Table 2 shows the results for the specimens exposed for 3 months in the chosen exposure sites. The
specimens were evaluated using mass gain and GS reduction. Evaluation of the silver and copper specimens
allowed to classified the corrosivity of the exposure sites atmosphere according to the ISO 11844-1 standard.

Table 2 Evaluation of the exposed specimens

. Mass gain (mg/m?a) GS reduction (mg/m?a)
Exposure site

Ag Cu Pb Ag Cu Pb
Historic library (UCT) 4 4 189 204 160 3911
Mineralogical collection (UCT) 1029 12 688 260 231 3135
National Archive — Hrad€anska 176 0 707 100 232 3300
National Library — Klementinum 361 5 1642 91 193 1210
Roztoky — depository VU 233 0 1242 89 193 3203
Roztoky — depository H 166 48 446 172 222 3043

IC1 IC2 IC3 IC4 IC5

For the majority of the exposure sites, different corrosivity classification was reached based on the type of
specimen (silver vs copper) or evaluation method. The most evident difference was noted in the Mineralogical
Collection of the UCT Prague with IC5 classification for Ag specimens and IC1 classification for Cu specimens
using the mass gain method and IC2 classification for Ag specimens and IC3 classification for Cu specimens
using the GS reduction.

In all cases, lead specimens proved to be more sensitive to the indoor atmospheric conditions compared with
other specimens. However, correlation with the detected concentration of carboxylic acids is not unambiguous
and acetic acid concentration is not the only parameter causing the change in the lead corrosion rates. The
mass gain method shows the highest corrosion rate for the lead specimens from the Klementinum exposure
site, which is consistent with the results of the measured levels of the acetic acid concentration (Table 1).
However, GS reduction shows a reverse trend with the lead specimens from the Klementinum exposure site
having the lowest corrosion rate. Therefore, not only climatic conditions and concentration carboxylic acids but
also the evaluation method can significantly alter the results.

3.3. Measurements in controlled conditions

The results of the exposures in controlled conditions (Table 3) show that at a tested average relative humidity
of 50%, no mass gain was detected on the specimens with 0 and 50 ppb concentration of acetic acid vapours.
Acetic acid concentration of 50 ppb thus probably does not cause at 50% RH any significant increase in the
corrosivity of the atmosphere. The concentration of 500 and 1000 ppb led to a major increase in the corrosivity,
as shown by the results. Additional steps between 50 and 500 ppb would be necessary to determine reliably
the limit values of acetic acid concentration, above which the corrosivity of the atmosphere increases.

The levels of corrosion rates achieved in the controlled conditions are significantly higher compared to the
results from the exposure sites. The major difference is steady a continuous intake of the organic pollutant in
controlled laboratory conditions — the whole volume of the atmosphere in the chamber changed every 15-20
minutes thanks to the airflow. Additionally, longer exposure would probably lead to a decrease in the corrosion
rates due to the protective properties of lead corrosion products.
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Table 3 Corrosion rate of the lead specimens exposed in specific conditions with known level of acetic acid
in the atmosphere

Test
Mass gain (g/m?a)
No. RH (%) Conc. of acetic acid (ppb)
1 50 0 0
2 50 50 0
3 50 500 16
4 50 1000 22

4. CONCLUSION

Lead is significantly more sensitive to the presence of carboxylic acids in the atmosphere compared to the
standard set of metal specimens used in the evaluation of the atmospheric corrosivity. Exposures in museum
environments shown that lead specimens react to the presence of acetic acid even at low concentrations of
hundreds of ppb. However, to obtain reliable information about the atmosphere and its corrosivity, proper
methodology for evaluation of the mass changes is needed. With ongoing laboratory tests, it should be possible
to find the exact levels of acetic acid concentration in relation to the relative humidity in the atmosphere that
lead to significant changes in the lead corrosion resistance.
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