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EXPERIMENTAL

the layer properties.

The corrosion protection of the bronze cultural heritage 1s a special challenge due to
the specific conservation and restoration requirements. Since the toxic agents are
often used for its protection, it 1s of great importance to find an efficient, long-lasting,
economical and environmentally friendly protection system. One of the possibilities
of protection 1s the modification of the surface by self-assembled monolayers (SAMs)
of organic acids. Long-chain organic acids can form SAMs by adsorption of the
adhesion group on the surface of the substrate, and long alkyl chains represent a
barrier to diffusion of aggressive 1ons to the metal surface. The final group determines

The aim of this work is to examine the possibility of protecting bronze art from
corrosion by SAMs of 16-phosphonohexadecanoic (COOH-PA) acid prepared by
different techniques: dip-coating and spraying. The protective properties of such
formed monolayers are examined 1n artificial urban rain (containing 0,2 g/L. NaHCO,
+0,2 g/L NaNO; + 0,2 g/L Na,SO,, adjusted to pH 5 with 2 M H,SO,) by electrochemical
polarization methods and electrochemical impedance spectroscopy while the
structure of the film 1s determined by Fourier transform infrared spectroscopy.
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Figure 1. Polarization curves obtained in 0,2 g/L
NaHCO;+0,2 g/l NaNO;+0,2 g/L Na,SO,pH 5
solution for non-treated and COOH-PA treated
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Na,SO, pH 5 solution. Symbols: experimental data; solid lines: modeled
dataaccording to electrical equivalent circuits given in Fig. 5.
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Figure 8. FTIR spectra of non-treated and COOF-PA treated samples prepared by dip-coating and spraying method.

Table 4. Peak values of COOH-PA treated samples prepared by different methods.

A monodentate

0,2 g/L Na,SO, pH 5 solution. Symbols: experimental data; solid lines:
modeled data according to electrical equivalent circuits given in Fig. 5.

Table 2. Fitted EIS data (Q- film capacitance, R¢- film resistance, Qg — double layer capacitance, R — charge transfer resistance, ng ny, - coefficients
describing non ideal capacitive behavior) obtained for blank samples and samples treated with COOH-PA.

D¢ R¢/ Qa1 / Ng R/
kQ cm? pS sec® kQ cm?
cm
0,50 0,1 4,6 1 7,5
0,90 158,5 0,8 0,61 1662,0
0,83 9,0 1,7 0,50 889,1

Figure 5. Equivalent
electrical circuits used for
fitting the EIS data

Na,SO, pH 5 solution. Symbols: experimental data; solid lines: modeled
data according to electrical equivalent circuits given in Fig. 5.
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Table 1. Corrosion parameters obtained by Tafel extrapolation method. (cm ) Wavenumber Wavenumber via Smgle oxygen atom.
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Figure 3. EIS - Bode plots for nontreated sample and samples treated with Figure 4. EIS — Niquist plots for nontreated sample and samples treated f MWW\ Figure 6. EIS —Bode plots for nontreated sample and samples treated with Figure 7. EIS - Niquist plots for nontreated sample and samples treated
COOH-PA measured firstdayin 0,2 g/L NaHCO; + 0,2 g/L NaNO; + 0,2 g/L with COOH-PA measured firstdayin 0,2 g/LL NaHCO;+0,2 g/L NaNO; + R COOH-PA measured fifth dayin 0,2 g/L NaHCO; + 0,2 g/L NaNO, + 0,2 g/L with COOH-PA measured fifth day in 0,2 g/L. NaHCO; + 0,2 g/L NaNO, +

0,2 g/L Na,SO, pH 5 solution. Symbols: experimental data; solid lines:
modeled data according to electrical equivalent circuits given in Fig. 5.

Table 3. Fitted EIS data (Q;- film capacitance, R- film resistance, Q4 - double layer capacitance, R — charge transfer resistance, ng ny, - coefficients
describing non ideal capacitive behavior) obtained for blank samples and samples treated with COOH-PA.
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D¢ R/ Qa1 / Ng; R/
kQ cm? BS sec® kQ cm?
cm?
0,73 5,6 101,8 0,50 28,38
0,90 122 2,4 0,50 3189
0,78 3,1 0,8 0,50 1921

CONCLUSION

In this work was 1nvestigated the possibility of protecting bronze sculptures by modifying the surface of bronzes with SAMs of COOH-PA. Based on the
obtained results it 1s apparent that SAMs significantly contributes to the corrosion protection of bronzes in comparison with the untreated sample. The
spraying method, which 1s also more suitable for commercial use, has demonstrated better properties in the first days of testing. After the fifth day of testing
the polarization resistances become smaller in relation to the resistances of the sample treated by the immersion method. The reason for this may be a better
formed and arranged film that is generated by the immersion method since molecules have more time to organize into a stable film.
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