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Table 1 Detailed information of reference samples for corrosion products of iron objects
CAS No.
XRD
1 Fe, 0, 1317 -61 -9 Macklin 99% 94% Fe; 0, 6% MgCO,
2 Fe, 04 1309 -37 -1 Macklin 99% 100%
3 o - FeOOH 20 344 -49 -4 Sigma — Aldrich 98 % 100%
4 B -FeOOH — — — 100%
1.1.2 “ I 7 1)
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Fig.4 Chlorine distribution map of surface corrosion of the iron bar from the Nanhai No. 1 shipwreck
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Table 2 Compositions of the corrosion products of the iron bar from the Nanhai No.1 shipwreck

a - FeOOH Fe,0, y - FeOOH B - FeOOH Fe, 0, Si0,
1 NHI -88 - 01 6.6 93.4 — — — —
2 NHI - 88 - 02 1.6 94.2 — — 4.2 —
3 NHI - 88 -03 0.3 97.6 — — — 2.1
4 NHI - 88 - 04 10.5 51.7 1.7 36. 1 — —
5 NHI -88 - 05 18.3 65.8 1.0 14.9 — —
6 NHI - 88 - 06 9.3 66.3 2.1 22.4 — —
7 NHI - 88 - 07 5.1 84.3 8.0 2.6 — —
8 NHI - 88 - 08 14.6 66.7 5.2 9.9 — 3.6
9 NHI - 88 -09 12.2 64.4 11.3 8.1 4.1 —
10 NHI -88 - 10 2.4 88.9 2.2 2.4 4.2 —
11 NHI -88 - 11 6.2 19.1 — 74.7 — —
12 NHI - Cro - 1 —01 38.7 42.4 9.1 9.8 — —
13 NHI-Cro-1-02  44.4 42.6 — 12.9 — —
14 NHI - Cro - 1 - 03 24.1 59.3 — 16.6 — —
15 NHI-Cro-1-04  40.3 41.7 1.5 16.5 — —
16 NHI - Cro — 1 - 05 15.4 26.9 2.0 55.7 — —
17 NHI - Cro - 1 - 06 19.1 46.4 2.2 32.2 — —
18 NHI - Cro -2 - 01 23.0 50.0 7.2 19.9 — —
19 NHI-Cro-2-02  26.1 56.6 — 17.3 — —
20 NHI - Cro -3 =01 30.2 36.9 9.0 20.1 — 3.9
21 NHI = Cro -3 - 02 9.0 70. 1 4.5 5.1 3.9 7.4
2 NHI = Cro -3 - 03 38.2 52.3 1.9 7.5 — —
23 NHI-Cro-3-04  29.2 43.8 16.5 10.6 — —
24 NHI - Cro -4 =01 3.1 52.3 10.2 6.4 — —
25 NHI = Cro -4 - 02 8.7 69.4 6.9 4.5 3.2 7.3
26 NHI - Cro -4 - 03 15.7 45.1 31.4 7.9 — —
27 NHI - Cro -4 - 04 11.9 76.2 1.5 2.8 — 7.6

6 “ 17

Fig.6 Compositions of the corrosion products of the iron bar from the Nanhai No. 1 shipwreck
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Table 3 PAI values for corrosion products of the iron bar

from the Nanhai No. 1 shipwreck

PAI
4 NHI - 88 - 04 1.64
5 NHI -88 - 05 5.29
6 NHI - 88 - 06 3.09
7 NHI - 88 - 07 8.38
8 NHI - 88 - 08 5.37
9 NHI - 88 —-09 3.96
10 NHI -88 - 10 20. 06
11 NHI -88 —11 0.34
12 NHI - Cro -1 -01 4.29
8 ( NHI - Cro — 1 - 06) ( 7) 13 NHI - Cro -1 -02 6.74
4 14 NHI - Cro -1 -03 5.01
Fig.8 Raman spectra of four corrosion products 15 NHI -Cro -1 -04 4.56
extracted from a sample ( NHI - Cro — 1 —06) 16 NHI - Cro -1 - 05 0.73
according to Fig. 7 17 NHI - Cro -1 -06 1.90
18 NHI - Cro -2 -01 2.70
2.3 “ 7 19 NHI - Cro -2 - 02 4.79
20 NHI - Cro -3 -01 2.31
( PAI) ( 3 9) R 21 NHI - Cro -3 -02 8.23
2 Ol* /7* o — FeOOH 22 NHI - Cro -3 -03 9.59
F€3O4 y — FeOOH B — FeOOH 23 NHI - Cro -3 -04 2.70
24 NHI - Cro -4 -01 5.03
° 25 NHI - Cro -4 - 02 6.88
Fe;0, 26 NHI - Cro -4 03 1.55
Fe,0, 27 NHI - Cro -4 - 04 20.38
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Table 4 Summary of the PAI values for iron artifacts in references
/ PAI
1 5~10 1 aly
2 >10 >2 aly 110
3 >20 24 aly
4 35 1~1.3 aly 24
5 41 2.2 aly 25
6 — 0.02 ~0.05 a /y 11
7 <5 <1 aly
8 5~20 1~3 aly 12
9 5~20 0.5~4 aly
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Protective ability index measurement by Raman spectrometry to assess the stability
of iron objects: a case study of an iron bar from the Nanhai No. 1 shipwreck

LIU Wei' > WU Na'®> CHENG Xiaoxiang’
1. Institute of Conservation National Museum of China Beijing 100079  China;

2. Key Scientific Research Base of Metal Conservation ( National Museum of China) National Cultural Heritage Administration
Beijing 100079  China;
3. Institute for Cultural Heritage and History of Science & Technology ~University of Science and Technology Beijing Beijing 100083  China

Abstract: The stability of corrosion products on iron artifacts has significant effects on the preservation and
conservation of the objects. This is a crucial factor in evaluating the overall conservation state of iron objects. The
protective ability index ( PAI)  which primarily considers the ratio of stable phase to unstable phases is applied to
assess the protective ability of the corrosion layer and the corrosion tendency of iron objects. Recently Raman
spectrometry has been more often used as a semi — quantitative approach for quantifying various components of iron
corrosion making it a valuable tool for calculating the PAI value. In this study Raman spectrometry combined
with macro X —ray florescence imaging and other techniques was applied to quantify the composition of corrosion
products on an iron bar excavated from the Nanhai No. 1 shipwreck. Subsequently the PAI values were calculated.
The results indicate that the corrosion products predominantly comprise four types: a - FeOOH y - FeOOH

B —FeOOH and Fe,0,. These products present distinct distribution patterns in the inner and outer layers of the
object. The PAI values ranged primarily from 1 to 10 with the lowest recorded at 0. 34 and highest at 20. 38.
Notably the PAI values for corrosion in outer layer are higher than those in the inner layer suggesting greater
stability in the outer rust. Corrosion present at the stripping surface with a PAI value below 1 is indicative of
significant instability. Similarly instances of unstable corrosion were observed within the inner layer as evidenced
by a PAI value of 0.73. The application of PAI values in assessing iron corrosion provides a quantitative and
reliable method for diagnosing the conservation state of iron objects.

Key words: Iron object; Corrosion product; PAI; Stability assessment



