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ABSTRACT: The work aim to detect and protect the iron nails used in the Palace Museum buildings. Metallographic analysis
of the iron nail matrix was performed with a metallographic microscope, and the surface of the rust layer was observed by a
stereomicroscope. Scanning electron microscopy, X-ray spectroscopy (SEM-EDX), and X-ray diffraction (XRD) were used to
test the chemical composition of the corrosion products. The kinetic potential polarization curve was measured to study the

electrochemical behavior of silicate compound corrosion inhibitors on the pre-film corrosion inhibition of cast iron electrodes.
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Polyethylene glycol (PEG) was added to modify the silicate compound corrosion inhibitors. The structure of the iron nails
matrix used for the Palace Museum buildings was nodular cast iron. The surface corrosion products were mainly reddish brown
and dark brown. After analysis, the corrosion products were mainly composed of Fe,0;, Fe;04 and o-FeOOH. The main
component of the white substance on the surface of the nails was CaCO;. The corrosion inhibition efficiency measured by the
polarization curve method was 20.53% after pre-filming with silicate compounded inhibitor, and the corrosion inhibition
efficiency reached 81.20% after modification. AC impedance test, salt spray resistance test and outdoor exposure test all showed
that the modified corrosion inhibitor had certain corrosion inhibition performance. The surface of the iron nails used in the
Palace Museum buildings was heavily rusted, and a series of protection measures are needed to slow the corrosion rate. The
effect of silicate compound inhibitor after pre-filming is not good. The modified inhibitor has certain corrosion inhibition effect
on the cast iron sample simulating iron nails, and the surface color changes slightly, which meets the protection requirements of
iron cultural relics.
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Fig.1 Photos of nail surface: (a) iron nail 1, (b) iron nail 2, (¢) iron nail 3
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Fig.2 Video microscope morphology of nail surface(50x): (a) iron nail 1, (b) iron nail 2, (¢) iron nail 3
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Fig.4 Morphologies of corrosion products on iron nails 1000x: (a) block rust of iron nail 1, (b) needle bar rust of iron nail 1, (c)
mixed rust of iron nail 2, (d) mixed rust of iron nail 3
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Tab.1 EDS analysis data of each point in Fig.3

Test point CK OK Na K Mg K AlK SiK ClK KK CakK Fe K
| wt% 21.23 20.90 0.87 3.90 3.39 9.89 1.49 1.06 29.58 4.28
at% 38.01 28.09 0.81 3.45 2.70 7.57 0.91 0.58 15.87 1.65
) wt% 4.63 9.97 0.34 0.70 0.74 83.61
at% 15.09 24.38 0.48 0.77 0.72 58.56
3 wt% 4.00 4.00 2.88 77.91

at% 12.08 12.08 2.94 50.55
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Fig.5 XRD analysis of white substance on iron nail 1
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Fig.6 XRD analysis of corrosion products on iron nails
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Fig.7 Photographs of cast iron samples before and after pre-filming: (a) unpre-filmed cast iron, (b) cast iron pre-filmed with
silicate compound corrosion inhibitor, (c) cast iron pre-filmed with modified silicate compound corrosion inhibitor
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Fig.8 Polarization curves of cast iron samples in corrosive medium
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Tab.2 Fitting parameter s of polarization curves of cast iron samplesin corrosive medium
5 4. 2 1 Inhibition
Samples f/mV —f/mV  J/(x107 Acm™) E/V CR/(mm-a™) efficiency/%

Blank 67.958 614.52 4.7349 —0.730 78 0.556 92

Silicate compound corrosion 66.962 49331 3.7627 —0.733 88 0.442 57 20.53
inhibitor

Modified silicate compound 75.126 159.87 0.890 19 —0.763 05 0.104 71 81.20

corrosion inhibitor
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Tab.3 EIS equivalent circuit parameters of unpre-filmed
cast iron at self-corrosion potential
Ri/(Q-cm?) Ro/(Q-cm?)
49.24 320.9

CPE/(x107* F-cm™)
9.8
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Fig.9 AC impedances of cast iron samples in corrosive medium: (a) nyquist diagrams, (b) EIS fitting equivalent circuit diagram of
unpre-filmed cast iron, (c) EIS fitting equivalent circuit diagram of pre-filmed cast iron
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Tab.4 EIS equivalent circuit parameters of pre-filmed cast iron at self-corrosion potential

CPE1

CPE2

2 2 2
Sample R/(Qcm”) Ry/(Qcm”) /(<104 F-em™?) R3/(©Qcm”) [(x10* F-em™?)
Silicate compound corrosion 32.52 113.8 2.4 316.1 56.4
inhibitor
Modified silicate compound 50.97 207.2 23 744.2 129.2
corrosion 1nh1b1tor
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Fig.10 Photographs of cast iron samples after spray test: (a)
unpre-filmed cast iron, (b) pre-filmed cast iron
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Fig.11 Photographs of cast iron samples after outdoor expo-
sure test: (a) unpre-filmed cast iron, (b) pre-filmed cast iron
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Tab.5 Change of chromatic value of cast iron sample
before and after pre-filming

Before pre-filming After pre-filming

AE
L* a* b* L* a* b*
50.9 -1.0 1.3 51.2 -0.2 1.7 0.94
50.9 -1.0 2.0 51.1 -0.5 1.9 0.55
50.7 -1.2 2.8 50.8 -1.0 3.2 0.46
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