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Exploringplastering techniques in ancient
Chinese royal architecture at Huilong
temple using multi-analytical methods
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As a World Cultural Heritage site, researching the building materials of the Wudang Mountain is
crucial for conservation and restoration. This study applied multi-analytical approaches to examine
the plastering of the Huilong Taoist Temple, revealing significant differences in raw materials and
techniques between two layers wall plastering. The surface layer uses magnesium lime, lateritic soil,
ocher, and paper mulberry bast fiber, while the base layer lacks ocher but has more lime. Coarse
materials form the base, with finermaterials used for the surface. The comparatively good condition of
thewall of theHuilong Temple is benefited by the scientific recipe of the rawmaterials and the rigorous
plasteringprocess. This studynot only enriches theunderstandingof the rawmaterials and techniques
used in the plastering of ancientChinese royal buildings, but also provides a scientific reference for the
conservation and restoration of the ancient building complex in the Wudang Mountain.

The Huilong Taoist Temple is one of the famous temples in the Wudang
Mountain, ShiyanCity,Hubei Province,China (Fig. 1). The ancientTaoist
building complex in the Wudang Mountain was built by the royal family
in the Yongle period of theMing Dynasty (AD1403-1424). The buildings
were given tremendous status in Taoism by the royal family in the Ming
Dynasty. In 1994, the ancient building complex including the Huilong
Taoist Temple in the Wudang Mountain was listed as a World Cultural
Heritage by the United Nations Educational, Scientific and Cultural
Organization. TheWorldHeritage Committee gave an excellent appraisal
of the ancient building complex and claimed that represents the highest
level of Chinese art and architecture in the past millennia1. However, the
Huilong Taoist Temple has experienced varying degrees of natural and
human damages for hundreds of years.

From April to August 2019, the Hubei Provincial Institute of Cultural
Relics andArchaeology carried out archeological excavations at theHuilong
Taoist Temple site. The site consists of a three south-facing courtyard and
one west-facing courtyard. The remaining structures include main halls,
gates, courtyardwalls, courtyard bridge, pools, Taoist towers, andpaths. The
exterior walls of the palace and the courtyards remained reddish-brown
(Fig. 2). The reddish-brown represents the stateliness, wealth and noble
status of the emperors and the royal family in ancient China, such as the
Imperial Palace of Beijing and the Imperial Palace of Shenyang.

In ancient construction, plastering was a method of using mortar put
on thewall orfloorof a building for leveling,moisture-proof anddecoration.
The appearance of plastering technology of China can be traced back to the
Yangshao period (ca. 6000 BP)2. The raw materials of the plastering in

prehistoric times were clay materials with calcium oxide (CaO) or calcium
carbonate (CaCO3)

3. Plastering appeared widely in the Yellow River and
Yangtze River basins of China in the mid to late Neolithic Age, and pro-
viding an essential carrier for the rise of secco4. A large number of secco that
painted on the white plastering layer had been excavated at the Shimao site
of the Erlitou period (ca.1750-1520BC) in Shaanxi Province, China5. Plas-
tering was gradually used in palaces, temples, graves and other buildings
during the Qin and Han dynasties.

The original plastering process generally used organic-tempered daub
as the base layer, and then put a white plastering layer over the base. It was
recorded in Yingzaofashi (Technical Treatise on Architecture and Crafts-
manship in the SongDynasty) that there are four steps to paintingplastering
layers on the wall in ancient China. The first step is to use coarse earthen
plasters to fill the hollows on the surface of the brick wall, and then use
earthen plasters with relatively fine particle size to level the surface of the
coarse layer, and waiting for it to dry. After smoothing with fine earthen
plasters, it was finally covered with a layer of pigmented plasters6. The red
plastering was used more widely in the ancient Chinese architectures,
especially during the Ming and Qing dynasties. In this period, cinnabar is
added to the surface plastering as a colorant in the red wall buildings7.

Some conservation researchers have carried out scientific study on the
ancient plastering technology based on historical records. Ergenç et al. pro-
vided a systematic exposition on how to characterize ancient mortars and
plasters. By reviewing previous studies, they summarized the theories,
methods, and significance of researching these two buildingmaterials8. These
physicochemical analysesmostly focuson theplasters inancientwall painting.
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For example, some research teams studying ancient building materials have
analyzed the plaster layers of wall paintings in Northwest China, focusing on
the rawmaterials and the effects of different materials on the performance of
the plaster layers. The results show that the rawmaterials for the plaster layers
in some grottoes in Northwest China are natural sedimentary soils from
nearby rivers, and no artificial addition of lime was added. The artificial
addition of sand, plant fibers, and lime can affect the water absorption
properties, strength, and other properties of the plaster layers9,10. The afore-
mentioned research teamshave conducted systematic simulationexperiments
and scientific analyses on the raw materials, degradation mechanisms, and
conservationand restorationof plasters inwall painting.However,most of the
plaster materials studied are applied to ancient wall painting, and scientific
research on plaster materials directly used for the walls of ancient high-grade
buildings is relatively rare. Based on Gongchengzuofa (Code of Conduct for
BuildingandConstructionof theQingDynasty), theprotectionworkersof the
Palace Museum pointed out that the red plastering of the Taihe Palace was
made of lateritic soil, white plaster, hemp fiber, sticky rice and alum11.

There is very limited analytical researchon thematerial and technology
of ancient Chinese plastering, which is not conducive to the conservation
and restoring of the existing ancient buildings. Past researches showed that
there were differences in time and region in the raw materials and techni-
ques of plastering. Rawmaterials used, the thickness of plastering layer, the
technique of plastering layer, the tools used in operation, and the envir-
onmental conditions of plastering layer are the main factors which may
affect the properties of plastering. Specifically, to ensure the durability and
resistance of the plaster layer, one should choose aggregates and corre-
sponding binderswith appropriatemechanical andpermeability properties.
The plastering should gradually use finer aggregates in external layers to
ensure adhesion with each other and hydrophobicity of each layer.

Currently, the plastering on the walls of the Huilong Taoist Temple has
suffered from spalling and is gradually being lost due to prolonged exposure
to rain and snow erosion and freeze-thaw cycles. This can affect the struc-
tural integrity of the brick and stonewalls, causing cracks and corrosion and
mold growth within the walls12–14. The systematic physical and chemical
analysis can interpret the reasons for the differences in the matching of raw
materials and the formulation of the process sequence by ancient artisans,
and also reflect the current performance state of plastering. Most ancient
buildings will deteriorate due to natural or human factors, and thematerials
needed for restoration should have mechanical and physical-chemical
properties similar to the rawmaterials of the ancient buildings15.Anaccurate
characterization of the ancient buildings can contribute to the under-
standing of history and architectural function of the building, as well as to
their conservation and restoration16,17. The understanding of the composi-
tion and performance of ancient plastering are essential to repair and
renovate the existing ancient buildings and develop new compatible
materials18.

This study aimed to understand the characteristics of the plastering
from the Huilong Taoist Temple. It could also contribute to the under-
standing of the other imperial buildings in the Ming and Qing dynasties.
The results provide a theoretical reference for the conservation and
restoration of the Huilong Taoist Temple.

Methods
According to the observation of the palace buildings remains at the exca-
vation site, the color of the exteriorwalls is reddish-brown and similar to the
color of thewalls of the Imperial Palace inBeijing. Someplastering blocks on
the verge of falling off the walls from different rooms at the site were
collected for experimental analysis. Based on a macro-observation, it

Fig. 1 | The location of the ancient building complex in the Wudang Mountain (Source: author).
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showed that most of the plastering samples were reddish-brown and a few
were white on the surface (Fig. 3).

According to local survey, the white layer of the plastering samples is
lime pasted by modern people, which the original plastering surface was
reddish-brown. By observing the plastering cross-section, the plastering
includes two layers, the surface layer is dark reddish-brown with 5mm of
thickness, and the base layer is light reddish-brownwith 10mmof thickness
(Fig. 3). The number of fibers is unevenly distributed in both surface and
base layers.

Five plastering samples were selected for scientific analyses, and the
detailed descriptions of sample are shown in Table 1.

Grain size analysis was performed on aMalvernMastersizer 2000 laser
grain size analyzer. In this test, ultra-pure water was used as dispersant, and
the refractive index of dispersant was adjusted to 1.33. The test was repeated
three times for each group of samples and the average value was taken.

The X-ray fluorescence (XRF) spectrometry spectra of the powders of
each layer were obtained using ZSX primus wavelength dispersive scanning
X-ray fluorescence spectrometer, it is produced by Rigaku Corporation,
X-ray diameter is 100μm, rhodium target, maximum power > 4 kW.

The X-ray diffraction analysis (XRD) measurements on each layer
wereperformedonaSmartlab 9KWdiffractometer,with the scanning range
of 10–90° 2θ. The scan speed is 60°/min, and the scan step size is 0.1°.

Infrared spectroscopic analysis was performed on a NEXUS-870
Fourier transform infrared spectrometer fromNicolet instrument company
of the United States. The spectral resolution is 0.2 cm−1, and the measure-
ment range of 4000–400 cm−1. Transmittance repeatability is better than
99.9%, absorbance repeatability is better than 0.005 A.

Simultaneous thermal analysis was performed on a PerkinElmer STA-
8000 synchronous thermal analyzer. The experimental atmosphere was
nitrogen, starting at 25 °C and heating to 1000 °C at 10 °C/min.

The fiber analysis was observed under the XWY-VI fiber analyzer. The
fiber sample (HLG-1F) was pinched out from the plastering layer with
tweezers andultrasonically cleanedwith distilledwater. After thefiberswere

cleaned, they were dried at 40 °C for 24 h in the drying oven before being
taken out for experiment. Then, placing an appropriate number of fibers on
the glass slide, drop a small amount of Herzberg stain, disperse the fiber
sample evenly with an anatomic needle, and observe under the fiber
analyzer.

Results
Grain size analysis
The results of the grain size analysis (Fig. 4) showed that the D50 value
(Median Grain Size), D90 value (90th-Percentile Grain Size) and the mean
particle sizeof the surface layers are both significantly less than thebase layer
in all samples, which indicates the grain size of the rawmaterials used in the
surface layers are finer and more compact.

Studies have shown that the plastering of surface layers was thinner
than the base layers because the plastering of surface layers require faster
carbonation and a smaller mechanical shrinkage range to avoid surface
cracks, so all the surface layers samples are in this way19. The density of the
plastering layer would be improved by finer materials that could also
decrease the capillary water absorption of surface layer, thereby inhibiting
the laterweathering effect. Finematerials can create a glazed andflat surface,
satisfying the esthetic effect, and inhibiting the generation of the bacterial
colonies and other microorganisms on the wall15,19. The base plastering
layers of the Huilong Taoist Temple are sightly thicker, so they could pro-
vide greater support strength asbase layers20. Thebase plasteringwith coarse
raw materials has a relatively strong skeleton structure and mechanical
resistance, thus improving the stability and compressive strength of the base
plastering19. The rough texture of base plastering could increase its adhesion
to the surface layer and improve the anchoring ability of base layer to
brick wall.

Chemical composition analysis
The result of XRF analysis revealed that the chemical composition of the
plaster samples is primarily composed of CaO, Fe2O3, MgO, SiO2, and

Fig. 2 | The photo of the plastering and the aerial photo of the Huilong Taoist Temple (Source: author).
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Al2O3, with minor amounts of Na2O, K2O, and SO3 (Table 2). The content
of CaO, Fe2O3, and MgO in the surface layer of the plastering differs sig-
nificantly from that in the base layer. The CaO and MgO content in the
surface layer ismuch lower than in the base layer, while the Fe2O3 content is
much higher. This suggests that the different raw materials or the different
ratios ofmaterials were used in the surface layer and the base layer, resulting
in significant differences in the chemical composition between the two
layers.

XRD analysis
From the XRD results, the mineralogical composition of the plastering
samples was obtained, including calcite, quartz, hematite, feldspar, clay
minerals and gypsum (Fig. 5). In the phase diagram, the diffraction peaks of
hematite in the surface layer are significantly stronger than those in the base
layer, which corresponds to the higher Fe2O3 content in the surface layer
compared to the base layer.

Combing with the results of the chemical composition analysis and
the XRD analysis, we can make preliminary speculations about the raw
materials used in the two layers of plastering. First, the large proportion
of CaO (Chemical composition analysis) and calcite (XRD analysis) of
the plastering, which is possibly a product of the long-term carbonation
of lime (CaO + CO2→ CaCO3). Accordingly, the lime is one of raw
materials of plastering. In particular, the gypsum is detected in the
surface layer of sample HLG-2 but not in the base layer, therefore we
inferred that the gypsum in the surface layer may have been produced by
the reaction of Ca2+ with SO4

2−, and the SO4
2− from clay or lime of

plastering (Ca2++ SO4
2−+ 2H2O→ CaSO4⋅2H2O). Based on the results

of the compositional analysis, the plastering contains varying amounts
of SO3, ranging from 0.26% to 2.42%.Additionally, it cannot be ruled out
that the SO4

2− may originate from atmospheric pollutant acids, such as
acid rain21,22.

Themineralogical phases, including hematite, quartz, feldspar and clay
minerals, are detected both in the surface and base layers close to those of

lateritic soil in southern China23. This indicates that lateritic soil may have
been used in the plastering layers as the raw materials.

Infrared spectroscopic analysis
According to ancient literature, some glutinous rice and tung oil are added
as organic additives when making plaster11. Attempts were therefore made
to identify organic additives by infrared spectroscopic analysis. Fourier-
transform infrared spectroscopy (Fig. 5d) spectra demonstrated that the
bands at 714 cm−1, 873 cm−1, 1427 cm−1, 1800 cm−1 and 2511 cm−1 were
attributed to calcite, and those at 762 cm−1, 802 cm−1 and 1019 cm−1 cor-
responded to quartz. The absorption at 460 cm−1, 535 cm−1, 602 cm−1 and
1090 cm−1 were the peaks of the Fe2O3, the absorption at 3423 cm−1 cor-
responded to hydroxyl group in water, and the peaks at 1600 cm−1 and
1631 cm−1werebelonged togypsum24.The characteristic absorptionpeakof
C–O bond occurs in the 1000–1200 cm−1 range for carbohydrate com-
pounds such as starch. At the same time25, the quartz also had a strong
absorption peak in this region, which led to the adsorption peaks of car-
bohydrates were hard to be identified.

The presences of quartz in the plastering samples made it difficult to
determine whether carbohydrate compounds were added to plastering by
infrared spectroscopy. Similarly, no other organic additives are detected in
the plastering samples such as animal blood or tung oil.

Simultaneous thermal analysis
Simultaneous thermal analysis allowed us to determine the ratio of
calcite in each layer, and the source of the calcite in plastering is the lime
used as the cementingmaterial. Therefore, the proportion of lime in the
raw materials could be calculated by the calcite content. In the TGA-
DSC curve (Fig. 6), the endothermic peak andweight loss around 100 °C
are attributed to the loss of the adsorbed water26,27. The characteristic
endothermic peak (443–510 °C) appears to be due to the decomposition
of calcium hydroxide (Ca (OH)2), which is created from the incomplete
carbonation of lime. The endothermic peak between 630 and 800 °C is

Fig. 3 | The photo of plastering samples (Source: author).
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corresponded to the decomposition of calcium carbonate. According to
the weight loss of calcium hydroxide and calcium carbonate in the TGA
curves that could be calculated the addition of lime as raw material in
the surface layer is ~26–36%, and that in the base layer is approximately
60% (Table 2).

Fiber analysis
It can be observed that fibers are added both in the surface and base layers.
The FT-IR spectrum of fiber sample HLG-1F showed that the presence of
lignin and cellulose compounds with bands at 1431 cm−1 and 1035 cm−1

(Fig. 7c), indicating that the fibers are plant fibers.
Observing under the fiber analyzer (Fig. 7a, b), the fibers are reddish-

brown, long and tapering at both ends,with occasional branchedor globular
ends. The fiber morphology is naturally curved, and there are obvious
transverse and segmental stripes on the fiber cell wall. There are many
primary cell walls scattered in form of floccule between the fibers. The outer

surface of some fiber cell walls is coated with gel coat (transparent film),
which is relatively obvious at the ends of the fibers.

The observed fiber characteristics are comparedwith the Papermaking
Raw Materials of China An Atlas of Micrographs and the Characteristics of
Fibers28, and it can be identified that the fibers used in plastering are bast
fiber of paper mulberry (The scientific name is Broussonetia papyrifera).
Paper mulberry has a long history and culture in China. It was recorded in
Qiminyaoshu (Encyclopedia of Ancient Chinese Agriculture) that the bast
fiber of paper mulberry is one of the raw materials used by Cai Lun in
papermaking29. The bast fiber of paper mulberry is a high-quality raw
material for papermaking and textile, with significant advantages of being
spindly, white, flexible, high strength, and good quality30.

Discussion
By integrating the results from multi-analytical approaches, the raw
materials of the plastering layers can be largely determined, and some

Table 1 | The features and chemical composition of plastering samples

Sample
number

Sample features Lab number of layered
sample

Test items

HLG-1 Theoriginal structure ofHLG-1was destructed by rainwater, and thereweremany slender
fibers could be observed in HLG-1.

Fiber analysis

HLG-2 Two layers in the section of HLG-2, the surface layer is dark reddish-brown and the base
layer is light reddish-brown. Both layers contain fibers.

Surface layer: HLG-2S Grain size analysis
Chemical composition
analysis
X-ray diffraction analysis
Infrared spectroscopic
analysis
Simultaneous thermal
analysis

Base layer: HLG-2B Grain size analysis
Chemical composition
analysis
X-ray diffraction analysis
Simultaneous thermal
analysis

HLG-3 Three layers in the section of HLG-3, the outermost layer ismodern lime layer. The original
surface layer is dark reddish-brown and the base layer is light reddish-brown. Both of two
original layers contain fibers and white particles.

Surface layer: HLG-3S Grain size analysis
Chemical composition
analysis
X-ray diffraction analysis
Infrared spectroscopic
analysis
Simultaneous thermal
analysis

Base layer: HLG-3B Grain size analysis
Chemical composition
analysis
X-ray diffraction analysis
Simultaneous thermal
analysis

HLG-4 Same to HLG-3. Surface layer: HLG-4S Grain size analysis
Chemical composition
analysis
X-ray diffraction analysis
Infrared spectroscopic
analysis

Base layer: HLG-4B Grain size analysis
Chemical composition
analysis
X-ray diffraction analysis

HLG-5 Same to HLG-2. Surface layer: HLG-5S Grain size analysis
Chemical composition
analysis
X-ray diffraction analysis
Infrared spectroscopic
analysis

Base layer: HLG-5B Grain size analysis
Chemical composition
analysis
X-ray diffraction analysis
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features about the manufacturing process can also be obtained. In the
chemical compositional analysis and the XRD analysis, the presence of
calcite, hematite, and clayminerals indicates that the rawmaterials for the
plastering layers included lime and lateritic soil, with the addition
of fibers.

Many historical texts recorded that the lateritic soil as a building
material in the ancient Chinese society. For example, in Xiangyanjieyi (The
Dialects that recorded dialects and colloquialisms of Beijing and Tianjin in
the Qing Dynasty), it recorded that “if cinnabar is not available, it can be
replaced with lateritic soil”31. In the Gongchengzuofa (Code of Conduct for

Fig. 4 | The grain size distribution diagram of the plastering samples and the bar graph of D50 value, D90 value and Mean particle size (Source: author).
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Building and Construction of the Qing Dynasty), it said that “the red
plastering is made of a certain amount of lime and lateritic soil”32. The
European architecture artisans also used lateritic soil as a colorationmaterial
for the red plastering in the 16th century33. It is worth noting that the Fe2O3

content in the lateritic soil of China is generally around 10%34, which is
consistent with the Fe content detected in the base layers. The volcano-

sedimentary metamorphosed rocks in the Wudang Mountains Block are
prone to weathering easily, and forming lateritic soil horizons with good
cementitious properties, which provides a closer source for the collection of
lateritic soil.

The proportion of Fe2O3 (30–53%) in the surface layer is significantly
higher than the base layer (9–16%), but the Fe2O3 content of laterite soil is
only 10%. Therefore, this suggests that the iron-containing materials in the
surface layer are not just laterite soil. In reviewing the literature, it was
recorded in Yingzaofashi (Technical Treatise on Architecture and Crafts-
manship in the Song Dynasty) that “the raw materials for making red
plastering are lime, ocher and lateritic soil”6. The main component in the
ocher is Fe2O3 and its Fe content is generally around 50%, and the main
phase of ocher is hematite in the XRD analysis35,36, so the ocher may have
been added to the rawmaterials of the surface layer besides lime and lateritic
soil. The use of lateritic soil and ocher is the reason that the surface layers are
dark reddish-brown and its Fe content is more than 50%.

Taken together with the results of the multi-analytical approaches, the
raw materials of the base layer should be lime, lateritic soil and fibers, and
the added proportion of lime to the base layer is higher than that added to
the surface layer. The relatively large amount of lime in the base layer could
carbonize into calcite and then have produced reactionwith laterite soil and
formed a poorly soluble salt with higher cementation, which can further

Table 2 | Chemical composition analysis results of the
plastering samples

Sample
number

CaO Fe2O3 MgO SiO2 Al2O3 Na2O K2O SO3

HLG-2S 19.30 34.28 18.97 15.82 8.00 1.11 0.96 1.95

HLG-2B 43.70 15.55 21.04 11.68 5.24 0.71 0.69 0.67

HLG-3S 28.60 40.72 8.40 12.59 5.81 0.72 0.76 1.66

HLG-3B 43.24 10.40 16.64 15.58 8.07 1.24 1.21 2.42

HLG-4S 19.36 53.42 7.03 11.02 5.42 1.53 0.65 0.35

HLG-4B 43.19 12.89 9.95 11.48 5.42 1.16 1.32 1.53

HLG-5S 22.61 32.61 13.34 21.10 8.87 <0.1 0.70 0.26

HLG-5B 33.97 9.89 22.12 23.78 7.98 0.48 0.81 0.59

Fig. 5 | The XRD pattern and infrared spectrogram of plastering samples. a, b, c XRD. d infrared spectrogram. (Source: author). a–c The XRD pattern of plastering
samples, d The infrared spectrogram of plastering samples (Source: author).
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strengthen the cohesive force of base plastering and provide a stable base
structure and better resistance to it37–41.

According to our analyses, lateritic soil, ocher, lime and fibers are the
rawmaterials of surface plastering, and the amount of lime is comparatively
lower than the others.

Whenmaking surface plastering, the amount of lime added to the raw
material is reduced, so that the relative proportion of laterite and ocher is
higher, thus creating a bright reddish-brown wall, showing the royal grace,
solemn style and temperament.

In addition, we found that the magnesium content of the plas-
tering layer is between 7.03 and 22.12%, while the magnesium content

in both laterite and ocher is less than 2%42. Some studies have found
that the magnesium oxide content in magnesium lime is usually
greater than 5%, and magnesium lime is widely used for the ancient
buildings in China, and the magnesium lime in ancient China was
made from dolomite43. Therefore, it is speculated that the lime in raw
materials of plastering from the Huilong Taoist Temple is likely to be
magnesium lime.

The fiber analysis results showed that the fibers added to the plastering
layer are bast fiber of papermulberry. A certain amount and length of fibers
added to the plastering can form a restraining network structure, improve
the adhesion of the plastering, and add fibers to enhance the fatigue

Fig. 7 | The micrograph and infrared spectrogram of fiber sample. a and b microscopic photograph. c infrared spectrogram. (Source of a, b and c : author).

Fig. 6 | The curves of Simultaneous thermal analysis of plastering samples (Source: author).
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resistance, crack resistance, impact resistance and bending strength of the
plastering layer44–46. In contrast, more fibers are added in the base layer than
the surface layer, which can improve the adhesion and strength of the
base layer.

Based on the current degree of deterioration of the walls at theHuilong
Taoist Temple, protection and restoration work is urgently needed. During
the restoration process, the original proportions and particle size char-
acteristics of the rawmaterials of plastering should be strictly adhered to. The
plastering layers should consist of a base layer and a surface layer, with the
base layer using coarser rawmaterials with a higher proportion of lime, and
the surface layer using fine laterite soil, ocher, and a small amount of lime to
ensure hydrophobicity, resistance, and smoothness of the surface layer.

According to the results of archeological investigation and compre-
hensive analysis, the wall plastering of the buildings is divided into two
layers, namely the surface plastering and the base plastering in the Huilong
TaoistTemple.Themulti-layer structureofplastering increased its adhesion
to brickwalls,which canprevent the plastering fromcoming off thewall due
to over thickness. It can also prevent plastering from hollowing and guar-
antee the thickness of plastering are consistent.

The surface layer is approximately 5mm thick, and the dark reddish-
brown plastering is made of magnesium lime, lateritic soil, ocher, and bast
fiber of paper mulberry as raw materials. The addition of lateritic soil and
ocher in the surface layer is relatively large, and the grain size of raw
materials is fine and uniform, the above characteristics should not only
improve the resistance against deterioration andwaterproof property of the
surface plastering but also created a smooth plane.

The base layer is about 10mm thick, and its raw materials include
magnesium lime, lateritic soil and more bast fiber of paper mulberry. The
addition amount of magnesium lime in the base layer is relatively large, and
the grain size of raw materials is coarser than that of the surface layer.
Specifically, the surface layer contains ~20%magnesium lime, while lateritic
soil and ocher account for more than 70%. In the base layer, magnesium
lime comprises about 40%, and lateritic soil accounts for more than 50%.
The incorporation of coarser lime along with fibers and lateritic soil can
contribute to enhancing the strength anddurability of the base layer, thereby
better supporting the surface layerand improving its adhesion tobrickwalls.
The characteristics of material ratio, grain size and thickness of plaster layer
fully embodied the scientific nature of the ancient plastering technology,
which reflected the exquisite techniques of ancient craftsmen.

This work analyzes the characteristics of the raw materials and tech-
niques of the wall plastering of the Huilong Taoist Temple by combining
historical documents. It provides scientific data to support the conservation
and restorationof the ancient building complex in theWudangMountain. It
also provides a theoretical reference for the selection of compatiblematerials
for conservationand restoration.Future researchwill continue to investigate
the plastering techniques used in ancient palaces, refining the specific
operational procedures from raw material selection and preparation to the
applicationof plasteringonwalls.Additionally, itwill explore the similarities
and differences in plastering techniques across different regions.

Data availability
No, I do not hace any research data outside the submiitted manuscript file.
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