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Abstract 

Nanhai I is a highly valuable shipwreck of the Southern Song Dynasty for studying various topics, including the 
shipbuilding techniques. The sealing materials are of significant importance to ensure the ship’s reliability during the 
voyage across the ocean and they were rarely analyzed. Therefore, the sealing materials of this ship were analyzed by 
several analytical approaches. The sealing materials included two types, i.e., gap filler with jute fibers and surface coat-
ing without any oakum. The main components of both types of putty are calcite with minor Tung oil. The weight ratio 
of Ca(OH)2/Tung oil range from 4.3:1 to 7.9:1 for surface coating samples and the weight ratio of Ca(OH)2/organics is 
3.1:1 for the gap filler sample. Additionally, we first find that the surface coating has a layered structure, where outer 
layers contain more Tung oil than inner layers. The innermost layer of the surface coating sample might be altered by 
organic acids from wood deterioration, causing its loose structure and grey color. The composite layers with different 
formula might be a result of balancing the costs and performances of the putty.
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Introduction
Nanhai I is a merchant ship of the Southern Song 
Dynasty (1127–1279 AD), carrying tons of major car-
gos of porcelain and iron wares along with ancient cur-
rencies, jewels, glasses, seeds, etc. It was first discovered 
in August 1987, salvaged in whole and transferred to 
Guangdong Maritime Silk Road Museum in 2007. The 
excavation of Nanhai I officially launched in 2013 [1] 
and has lasted for nearly a decade till recently. Radiocar-
bon dating of the excavated plant samples is 1052–1270 
AD and that of human bones is 983–1160 AD [1]. The 
chronologically latest bronze coins are “淳熙元宝” (Chun 
Xi Yuan Bao) of the Southern Song Dynasty, equivalent 
to 1174–1189 AD [2, 3]. So far, this ship is probably the 
best representative of the regional trading of southeast 
Asia during that time. One of the promotors for those 

prosperous maritime trades must be the advances in 
shipbuilding, which helped construct firm and endurable 
ocean-going vessels. Separated cabins were one of those 
advanced techniques applied on this ship. Thus, water 
leakage of a single cabin would not be devastating, which 
greatly increased the reliability of the ship. Furthermore, 
this technique must be incorporated with another tech-
nique to ensure bulkhead was watertight. As the ship was 
assembled by wood planks of hulls and bulkheads with 
iron nails, there have to be sealing materials filling gaps, 
merging seams and covering defects to guarantee the 
whole ship was watertight.

Such sealing materials must also have enough binding 
strength with wood and stability apart from waterproof-
ing property. Lime mortar is a common inorganic mate-
rial used in ancient building construction worldwide due 
to its excellent binding and solidification properties [4–
7]. It can be modified for various purposes and perfor-
mances by different additives such as fiber [8], blood [9], 
sticky rice [10, 11], crushed brick [12], opal [13], etc. But 
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none of these modifications helps to meet the require-
ments of ship use, i.e., waterproofing. In the meanwhile, 
hydrophobic organic coating materials such as drying 
oils or shellac do not have enough stability in harsh ocean 
environment and are susceptible to biological damages. 
Therefore, after possibly many trials, the ancient Chi-
nese people found lime mortar and Tung oil were com-
patible with each other and the mixture of them, namely 
Chu-nam putty, was an excellent sealing material for ship 
during that time. A study on the sealing material of “Hua-
guang No.1” ancient ship of the Southern Song Dynasty 
revealed the composition of it was calcite, calcium car-
boxylate, fatty acid esters and jute fibers [14]. Ancient 
putty samples from Baochuanchang Shipyard of the Ming 
Dynasty were composed of calcite and Tung oil as well, 
confirmed by pyrolysis-gas chromatography/mass spec-
trometry (Py-GC–MS) [15]. The quantitative analysis 
result by thermogravimetry (TG) and atomic absorption 
spectroscopy (AAS) showed the ratio of Ca(OH)2 (in ini-
tial material) and tung oil was 1.4:1. However, oakum or 

fiber was absent in those samples from Baochuanchang 
Shipyard [16].

In this paper, we intend to investigate the putty samples 
both with and without oakum from Nanhai I shipwreck, 
which represent at least two different types, i.e., gap filler 
and surface coating. Through analysis by Fourier trans-
form infrared spectroscopy (FTIR), X-ray diffraction 
(XRD), scanning electron microscope with energy dis-
persive spectroscopy (SEM–EDS), Py-GC–MS and ther-
mal analysis, the compositions of the sealing material of 
Nanhai I ship are revealed.

Materials and methods
Samples
The sealing material samples from Nanhai I shipwreck were 
collected on site with the help of the excavation team. Typi-
cal examples of the sealing material are shown in Fig. 1a, 
shot at the right half of the stern. The bulkhead surface 
was covered with mottled black and white putty and the 
oblique gap was filled with thicker whitish putty. Typical 

Fig. 1  The appearance of the samples: a sealing materials on the right stern, b samples A, B and C collected for analysis, c layered structure of 
sample A, d the inner layer of sample A, e the outer layer of sample A, f the layered structure of sample B, g fibers within sample C, h dried sample C
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and better-preserved samples were selected for analysis. 
Sample A was collected from the surface of left larboard 
of C03a (the 3rd cabin), representing thin layer putty and 
probably for coating purpose. Sample A shown in Fig. 1b 
was split into two pieces, the left one showing the black 
outer surface and the other showing white middle layer and 
grey inner layer. Additional details of sample A are shown 
in Fig. 1c, d, e. Sample B was collected from the left stern, 
showing a double-layered structure (Fig. 1f). Both layers of 
sample B were thicker than sample A, and without black 
layer on the surface. The blackish material on sample B was 
soil sediment instead of uniform firm thin layer like sample 
A. Sample C was collected from the gap of the right stern, 
representing gap fillers with abundant fibers (wet state in 
Fig. 1g and dry collapsed state in Fig. 1h).

Sample preparation
Most of the samples were directly analyzed by the follow-
ing approaches at the spots of interest if no preparation 
procedures were pointed out. Because the amount sample 
C is larger and it contains more organics which was specu-
lated to be drying oil, the organics within it was extracted 
by ethyl acetate after acidification by 5% HCl at 50  °C for 
1 h to remove calcite and convert carboxylate to carboxylic 
acid. The resulting organic phase was evaporated at 50 °C, 
yielding  a brown film. The cross section of the fibers in 
sample C was first embedded in poly-n-butyl methacrylate 
by soaking in neat n-butyl methacrylate with 0.5% AIBN 
(azodiisobutyronitrile) at 70 °C overnight. Then the embed-
ded fibers were cut into 15 μm thick slice by microtome, 
which was then observed and photoed by Leica DM4500P.

Fourier transform infrared spectroscopy (FTIR)
Samples were directly analyzed by attenuated total reflec-
tion Fourier transform infrared spectroscopy (PerkinElmer 
Spectrum Spotlight 200) with a range from 4000  cm−1 to 
650  cm−1 under 4  cm−1 resolution and 128 accumulation 
times.

X‑ray diffraction (XRD)
XRD analysis was performed on X-pert3 Powder, PANa-
lytical with Cu anode to detect the crystals in the grinded 
sample. The working voltage of X ray tube was 40 kV. The 
working electric current was 40 mA. The scanning degree 
2θ is from 10° to 80° with step size 0.013° and scan step 
time 53.3 s.

Scanning electron microscope with energy dispersive 
spectroscopy (SEM–EDS)
SEM–EDS analysis was performed on HITACHI 
TM3030 scanning electron microscope under low vac-
uum mode with a working voltage of 15 kV.

Pyrolysis‑gas chromatography/mass spectrometry (Py‑GC–
MS)
The Py-GC–MS was performed on Agilent Technologies 
8860/5957C inert MSD chromatograph/mass spectrom-
eter equipped with Frontier EGA/PY-3030D pyrolyzer. 
Samples were placed into a 50 μl stainless steel Eco-cup 
fitted with an Eco-stick, and 5 μl of 10% tetramethylam-
monium hydroxide (TMAH) solution were introduced 
for derivatization. After three minutes, the cup was 
placed into the pyrolysis interface where it was purged 
with helium for three minutes. Samples were pyro-
lyzed using a single-shot method at 550  °C. An Agilent 
122-5532UI capillary column was used for separation 
(30 m × 250 μm × 0.25 μm) with helium carrier gas set to 
1 ml/min. The split injector was set to 320 °C with a split 
ratio of 50:1 and no solvent delay. The GC oven tempera-
ture program was 40 °C for 2 min, then ramped to 320 °C 
at 6 °C/min, followed by a 9 min isothermal period. The 
MS transfer line was at 320  °C, the source at 230  °C, 
and the MS quad at 150 °C. The mass spectrometer was 
scanned from 33 to 600 amu at a rate of 2.59 scans per 
second. The electron multiplier was set to the autotune 
value. The resulting total ion chromatograms and associ-
ated mass spectra processed and interpreted using Agi-
lent Masshunter Workstation and NIST17 database.

Thermal analysis
Thermogravimetry, derivative thermogravimetry and dif-
ferential scanning calorimetry (TG-DTG-DSC) analysis 
was performed on synchronous thermal analyzer (Q600 
SDT TA Instruments). The experimental temperature 
was increased from room temperature to 800  °C at a 
heating rate of 20  °C/min under nitrogen-gas dynamic 
atmosphere (100 ml/min).

Results and discussion
Identification of the putty components
After observing the apparent structures of the sam-
ples shown in Fig.  1, we first applied FTIR analysis to 
qualitatively determine the basic compositions of them. 
All the examined samples in Fig.  2 show pronounced 
absorptions at 1410  cm−1 (asymmetric stretching of 
CO3

2−) and 872  cm−1 (CO3
2− deformation), indicating 

the main matrix is calcite [17]. It was also confirmed 
by XRD in Fig.  3, showing the calcite is the dominant 
crystalline phase with impurities quartz and pyrite. In 
the ancient literature “Tian Gong Kai Wu”, translated as 
“Exploitation of the works of nature”, the technique of 
making lime from oyster shell was recorded and called 
as “oyster ashes”, which was an important lime source 
of coastal areas. As the ship was constructed in Fujian, 
“oyster ashes” was probably one of the raw materials. 
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The bands around 2925  cm−1 and 2855  cm−1 in Fig. 2 
corresponding to saturated C–H stretching vibrations 
suggest there are minor addition of organic matters 
(probably oil) within these white or yellowish samples. 
For the grey layer, white layer of sample A, yellow layer 
of sample B and sample C, there are extremely weak but 
still noticeable absorptions at 1580  cm−1 in Fig. 2 cor-
responding to asymmetric stretching vibration of car-
boxylic anion. However, there is no absorption from 

1750 to 1700 cm−1, suggesting most of the oil has been 
converted to carboxylate. Except the gap sealer (sample 
C), all of the others show very weak absorptions from 
organic matters, which can hardly tell the difference 
regarding to the relative amount of organic matters, no 
matter what their color are. Only the grey layer of sam-
ple A shows a little bit stronger absorption at around 
1000  cm−1, which suggests either larger proportion of 
organic matters or better preservation of them. The gap 
sealer (sample C) presents the most evident absorp-
tion at 2925, 2855, and 1015 cm−1, consistent with the 
remained cellulosic fiber after washed by 5% HCl solu-
tion, shown in Fig.  4. The fibers in Fig.  4 exhibit large 
and round or polygon lumens, which are consistent 
with jute fibers [14].

The soluble organic matters from sample C were 
extracted by ethyl acetate after acidification, which 
can form brown film at room temperature and become 
sticky when it is slightly heated. The FTIR spectrum of 
it (Fig.  5) shows strong absorption at 2926, 2855and 
725  cm−1 corresponding to saturated C–H stretch-
ing and deformation in long aliphatic chains. Another 
strong absorption at 1707 cm−1 suggests carboxyl is the 
major functional group. Additionally, the absorptions at 
969, 949, 938 and 3014 cm−1 further suggest the exist-
ence of C=C bonds [18]. The above absorptions of the 
extracted film FTIR spectrum confirm fatty acids as the 
main extractable component in the putty. The original 

Fig. 2  FTIR spectra of the putty samples

Fig. 3  XRD spectrum of sample B
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oil in the putty were saponified in the form of calcium 
carboxylate according to the absorption at 1580  cm−1 
in Fig. 2.

Further analysis by Py-GC–MS of the organic extract of 
sample C was carried out to confirm the use of Tung oil. 
Shown in Fig. 6a, b, (9Z,11E,13E)-octadeca-9,11,13-trie-
noic acid (methyl ester) or eleostearic acid (methyl ester) 
was directly found in the sample C. Also, another spe-
cial compound shown in Fig.  6a, c, 9-(o-propylphenyl)-
nonanoic acid (methyl ester), was identified. This special 
compound was only found in boiled Tung oil and not 
found in raw Tung oil or other drying oils, which is 
thus proposed by Wang N as the marker for identifica-
tion of Tung oil though py-GC–MS technique [19]. As it 
was only found in boiled Tung oil but not found in raw 
Tung oil, it is reasonable to infer that the formation of it 
might involve the rotation of the second double bond of 
conjugated triene [20] from eleostearic acid followed by 

thermal 6π-electrocyclization [20, 21] during the boiling 
process of Tung oil and aromatization of 1,3-cyclohexa-
diene moiety by dehydrogenation. Additionally, the ratio 
of palmitic acid and stearic acid (P/S) is 1.41, consistent 
with the reported value of Tung oil [19, 22].

The microscopic layered structures of the samples
SEM–EDS analysis was applied to further observe the 
layered structures of the surface coating samples. Each 
spot marked in number in Fig. 7 corresponds to the same 
entry number in Table 1. The cross-section of the black 
and white layers of sample A is shown in Fig. 7a, b. There 
are more than two layers in the black and white layer 
complex. By comparing Fig. 7a, b, the white layer can be 
further divided into one white sub-layer with thickness 
of 233–392 μm and one pale yellow sub-layer with thick-
ness of 94–201 μm. EDS results show that the white layer 
has a Ca/C/O ratio of 1:1.2:3.4 (shown in Table 1 entry 1), 
which matches calcite with minor organics. However, the 
pale yellow layer has a Ca/C/O ratio of 1:4.5:4.6 (shown 
in Table 1 entry 2), which suggests high content of Tung 
oil. Considering the pale yellow layer is very thin and uni-
form, it could be formed by either brushing with Tung oil 
or with putty high in Tung oil content. Because the grey 
layer of sample A is very loose and easy to detach, it was 
observed separately and shown in Fig. 7c. The grey layer 
of sample A shown in Fig. 7c is uniform with a thickness 
of 600–814  μm and has a close composition to calcite 
shown in Table 1 entry 4.

The outer black layer of sample A is mixed with crys-
tals and rod-shape particles. The black layer of sample A 
seemed to be very unusual as it was never seen on any 
other lime putties reported in previous researches. The 
brighter crystals in Fig.  7a, d are featured with regular 
octahedron and its combinate framboids, which indicat-
ing they belong to cubic system. The Fe/S ratio of these 
crystals is 1:1.16 shown in Table  1 entry 5, suggesting 
they are pyrite or other sulfur-iron compounds’ pseudo-
morph after pyrite. The porous rods with delicate struc-
ture in Fig. 7e have a close composition to calcite (shown 
in Table 1 entry 3 and 6) and was likely to formed through 
deposition of calcite on their original framework from 
ocean creatures. Therefore, the color of the black layer is 
caused by sulfur-iron compounds such as pyrite and the 
whole black layer was not original but formed during the 
burial in the seabed.

The white layer of sample B shown in Fig. 1f is about 
2.6  mm thick and the yellow layer is about 2.4  mm in 
thickness. In the middle of the two layers, there is an 
intermediate thin grey layer, which looks more compact 
in Fig.  7f with a thickness of 194–785  μm. The Ca/C/O 
ratios of the white layer (shown in Table 1 entry 7) and 
the grey thin layer (shown in Table  1 entry 8) are both 

Fig. 4  FTIR spectrum and microstructure of the fibers in sample C

Fig. 5  FTIR of the organic extract of sample C
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1:1:2.8 and matches calcite, while the carbon content in 
the yellow layer is slightly higher (shown in Table 1 entry 
9) and Ca/C/O ratio is 1:2.1:4.2, which indicates it con-
tains more Tung oil.

In both sample A and sample B, there are outer yel-
low or pale yellow layers and inner white layers. For 
sample A, there is an additional innermost grey layer. 
In both samples, it is hard to separate the yellow layer 
and the white layer from each other whereas the grey 
layer of sample A are very easy to detach. One possi-
ble explanation is that during the use of the ship, the 
coating materials should be regularly renewed before 

they became ineffective and therefore new layers were 
applied. If assuming the yellow layer and the white layer 
were successively applied as a normal coating process, 
then there should be another yellow layer between the 
white layer and the grey layer of sample A. In this case, 
the previous layer might be removed before new put-
ties were applied and the old layer of sample A were 
not completely removed somehow, which seems to be 
farfetched. If assuming each layer representing one 
renewal coating process, then the difference in Tung 
oil content is hard to explain and the interface between 
the layers shouldn’t be such smooth and clean. Instead, 

Fig. 6  TIC and selected MS spectra of sample C
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sediments should present between each layer. It is more 
likely that the layer attached to the wood plank was 
influenced by organic acids produced by wood deterio-
ration. The decomposition of part of calcite by organic 
acids could cause the inner part of the white layer 
becoming loose and dark colored organic molecules 
released from wood could cause the grey color. In the 
meantime, it might be more economical to apply an 
inner putty layer with lower Tung oil content and cover 
it with a putty layer with a higher Tung oil content to 
ensure the required performances.

Quantitative study by thermal analysis
It would be more desirable if the relative amounts of 
organic and inorganic components are determined. 
Therefore, TG analysis was applied. As shown in Fig.  8, 
the TG–DTG–DSC curves can be divided into five parts, 
i.e., approximately 20–150  °C, 150–400  °C, 400–500  °C, 
500–600 °C and 600–800 °C. The first range is assigned to 
water losses and the second range is assigned to decom-
position of ordinary organics. However, calcium carboxy-
late has better thermostability than other organics. The 
third range exhibits evident DTG peaks at around 457 °C, 

Fig. 7  Micrographs of a cross-section of sample A’s black and white layers under SEM, b cross-section of sample A’s black and white layers under 
optical microscope, c cross-section of sample A’s grey layer, d pyrite crystals on the surface of sample A, e rod-shape calcite on the surface of 
sample A, and f cross-section of sample B layers under SEM

Table 1  Elemental compositions of the corresponding spots in Fig. 7 shown in at.%

Spot in Fig. 7 C O Na Mg Al Si S Cl K Ca Fe

1 21.44 59.18 0.03 1.16 – 0.12 0.25 – 0.20 17.51 0.11

2 43.49 44.42 0.11 0.51 0.08 0.04 1.12 0.07 0.05 9.61 0.51

3 20.47 55.68 0.26 0.41 0.22 0.52 0.93 0.05 0.22 20.63 0.62

4 26.63 56.60 0.20 0.67 0.11 0.22 0.13 – – 15.33 0.11

5 28.02 22.04 – 0.78 2.76 4.31 21.41 – 0.10 2.19 18.40

6 26.66 46.44 – – – 0.46 2.78 – – 20.74 2.91

7 20.58 56.79 0.44 0.33 0.04 0.33 0.46 0.23 – 20.36 0.44

8 20.54 57.69 0.24 0.11 – – 0.69 0.12 – 20.60 –

9 27.42 55.48 0.73 0.90 0.42 0.93 0.73 0.04 – 13.35 0.01
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which are assigned to the calcium carboxylate of Tung oil 
with reference to thermal analysis of calcium carboxy-
late prepared from Tung oil (shown in Additional file 1). 
The DTG peak at around 457 °C was also noticed in pre-
vious analysis on the sample from Baochuanchang [15], 
but possibly mistaken as inorganic impurities. The fourth 
range might involve various mineral impurities from 
sediments. For sample A (white + black layer), there is an 
considerable weight loss and endothermic peak at around 
566  °C, which matches the decomposition of pyrite, 
producing elemental sulfur [23]. The fifth range is the 
decomposition of calcite. Tung oil exhibits exothermic 
peak and weight loss at around 320 °C [16] during ther-
mal analysis. But the weight losses of all the samples from 
150 to 400  °C were extremely low, suggesting very poor 
preservation of the organic matters except the calcium 

carboxylate. The weight loss of the calcium carboxylate 
involved decomposition of aliphatic moieties and for-
mation of calcite and should be converted to the weight 
of Tung oil when estimating the ratio of lime (Ca(OH)2) 
and Tung oil. In the meanwhile, the weight loss of CO2 
in the fifth range included the decomposition of calcite 
formed during the decomposition of the calcium carbox-
ylate. Also, the weight losses from 150 to 400  °C should 
be added, though these organics are probably dete-
riorated and impossible to deduce the original weight. 
Based on the TG data, the calculated ratios of Ca(OH)2/
organics are shown in Table 2. The ratios of all the sam-
ples range from 3.1:1 to 7.9:1. Since sample C contains 
jute fibers, the true ratio of Ca(OH)2/Tung oil is higher 
than the calculated Ca(OH)2/organics ratio. Except sam-
ple C, the ratios of Ca(OH)2/organics of sample A’s grey 

Fig. 8  TG-DTG-DSC of the putty samples

Table 2  Quantitative TG results of the putty samples

a The range for sample A (white + black layer) is 400–478 °C and that for sample B (yellow layer) is 400–496 °C due to evident weight losses of impurities at around 
490–500 °C

Weight loss (150–
400 °C)

Weight loss (400–
500 °C)a

Weight loss (600–
800 °C)

Calculated ratio of 
Ca(OH)2/organics

Sample A (grey layer) 3.7% 6.1% 27.6% 4.3

Sample A (white + black layer) 1.6% 1.8% 15.7% 7.1

Sample B (yellow layer) 3.8% 4.8% 34.8% 6.2

Sample B (white layer) 3.0% 3.8% 35.2% 7.9

Sample C 6.4% 4.0% 20.4% 3.1
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layer as 4.3:1 are the highest. As previously mentioned, 
the grey layer could be formed under the impact of wood 
deterioration. The decomposition of calcite by organics 
acids from wood would reduce the relative content of 
calcite, causing the Ca(OH)2/organics ratio lower than its 
true value. Though the yellowish sub-layer of sample A 
was unable to be analyzed alone, the ratio of Ca(OH)2/
organics of it should be lower than that of the black and 
white layers as 7.1:1. Also, the ratio of the yellow layer of 
sample B (6.2:1) are higher than the white layer of sam-
ple B (7.9:1). The outer layer is normally presumed to be 
more prone to deteriorated. However, both yellow outer 
layers of samples A and B display lower ratios than those 
of the corresponding white layer, which suggests deterio-
ration can hardly explain the difference in the Ca(OH)2/
organics ratios. For sample C, it is impossible to exclude 
the contribution of the jute fiber to the weight loss accu-
rately. The Ca(OH)2/organics ratio of sample C as 3.1:1 
indicates the ratio of Ca(OH)2/Tung oil would be higher 
than 3.1:1. If only considering the weight loss of calcium 
carboxylate and omitting other organics, then the ratio of 
Ca(OH)2/Tung oil should be no more than 7.3:1. 

Previous studies suggest the ratio of Ca(OH)2/Tung oil 
for ship use are 1.4:1 [16] and 3:1 [24]. According to his-
torical records of the Ming Dynasty, the ratio was 2:1 or 
3:1 for most river boats and warships [25, 26]. The ratio 
of Ca(OH)2/Tung oil of Nanhai I samples are obviously 
higher than the sample from Baochuanchang shipyard 
and records from historical documents. It must be con-
sidered that the ships built in Baochuanchang shipyard 
were royal warships, which must be constructed by the 
highest standard. Therefore, it is not surprised that the 
Ca(OH)2/Tung oil ratio of the Baochuanchang sample is 
as low as 1.4:1. On the contrary, Nanhai I was a merchant 
ship and high cost-effectiveness should be its typical fea-
ture. Although higher Tung oil content can provide bet-
ter mechanical and waterproofing performances, it is not 
necessarily more economical. It can be an economical 
way by overall reducing Tung oil content in the putties 
and raising Tung oil content in the outer layer to meet the 
performance requirements.

Conclusion
In this paper, the sealing materials of the merchant ship 
Nanhai I of the Southern Song Dynasty were analyzed 
via several analytical techniques to characterize it com-
ponents and structures. Overall, the sealing materials 
are confirmed by FTIR, XRD and Py-GC/MS as typical 
Chinese Chu-nam putty, an inorganic/organic mixture 
of lime and Tung oil. Two types of putty are found, i.e., 
gap filler with jute fibers and surface coating without any 
oakum.

There are evident layered structures in both surface 
coating type samples. For sample A representing thin 
layer putty, the outmost black layer was formed by pyrite 
and calcite later deposited, which can be ignored when 
discussing its original layered structure. Except the out-
most black layer, sample A can be divided into an outer 
white layer and an inner grey layer by naked eyes and 
the white layer can be further divided into an outer thin 
yellowish sub-layer and an inner white sub-layer under 
microscope. EDS results show that the outer thin yel-
lowish layer contains considerably high content of car-
bon, which suggests a layer with higher Tung oil content 
or an additional coating of Tung oil. Sample B repre-
senting thicker layer putty can be divided into an outer 
yellow layer and an inner white layer. The yellow layer 
shows higher carbon content than the white layer. Quan-
titative analysis by thermal analysis suggests the ratio of 
Ca(OH)2/Tung oil range from 4.3:1 to 7.9:1 for surface 
coating type samples A and B, and the ratio of Ca(OH)2/
organics is 3.1:1 for the gap filler sample C. The Ca(OH)2/
Tung oil ratio of the innermost grey layer of sample A 
(4.3:1) are the lowest. However, it is likely that the grey 
loose layer was eroded by organic acids released from 
wood deterioration, causing the low ratio and it could 
be originally the white layer. The yellow layer of sample 
B shows lower ratio of Ca(OH)2/Tung oil (6.2:1) than 
that of the white layer of sample B (7.9:1). It is inferred 
that the composite layers with different Tung oil contents 
could be a result of balancing the costs and performances 
of the putty.

So far, there is not adequate reports on the sealing 
materials of ancient Chinese ships to fully understand the 
technical aspects of them. This paper may help study the 
application of lime putties on ancient Chinese ships and 
provide important reference to the restoration or conser-
vation of shipwrecks such as Nanhai I.
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