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Abstract
Recently, the stone building heritages in Putuo Zongcheng Temple are experiencing a certain degree of
weathering damage, which mainly manifests in the blistering, �ssuring, �aking and detachment of the
carved balustrades of stone bridge, the footings of wall, the front paws and pedestals of stone lions. To
prevent the deterioration of the stone building heritages, the �uorinated acrylate copolymer emulsion was
successfully prepared with ethyl metrhacrylate, n-butyl acrylate and 2,2,3,4,4,4-hexa�uorobutyl
methacrylate as monomers. The structure and surface morphology characteristics of this copolymer were
described the Fourier Transform infrared spectroscopy (FTIR) and scanning electron microscope (SEM),
respectively. The FTIR spectra con�rms that the adopted monomers have been involved in during the
copolymer polymerization process. The SEM images reveal that the surface of the prepared copolymer is
obviously more dense, compact and smooth than the porous structure of stone building heritages. The
ageing resistance of the copolymer was quantitatively studied by the ultraviolet aging test, the contact
angle and imbibition spontaneous tests were adopted to estimate the wettability alteration of the
copolymer emulsion for the stone samples. Results show that the mass loss rate of the prepared
copolymer increases rapidly and then tends to be stable when irradiated by ultraviolet light. And the
�uorinated copolymer with 16.65% HFMA content possesses the optimal ageing resistance and the
superb hydrophobicity. The contact angles of the coated stone samples range from 91.90o to 119.80o,
which are all larger than 18.80o-69.05o of the un-coated samples. Similarly, the spontaneous imbibition
test also ensures that, both the maximum water absorption capacity and the imbibition equilibrium time
of the samples treated by this copolymer emulsion are lesser. Considering the in�uence of water on rock
weathering, the �uorinated copolymer emulsion coating is an potential method to avoid the degrading of
stone building heritages, because it depresses the in�ltration of water and then avoids or weakens the
dissolution effect, salt crystallization, water absorption swelling and freeze-thaw weathering.

1. Introduction
Carbonate-based rocks are always the indispensable materials for the stone building heritages, e.g., the
mural paintings of the underground three-chambers tombs were drew on carbonate substrates[1]; the
builings of the Roman City of Dougga (Tunisia) were constructed by the Eocene nummulitic carbonate
rock[2]; the Kylin carved-stone in Kylin countryside (Nanjing, China) was also made from the carbonate
rock. After a long historical period, the stone buildings could be deteriorated when water penetrates into
them, due to the carbonate dissolution, freezing/thawing cycles or crystallization/precipitation, and
biological degradation[3–7].

In recent years, different kinds of synthetic copolymers have been widely employed on stone buildings as
adhesives, consolidants and surface protectives of cultural heritages[8–11]. Acrylic resins were usually
be used for protecting the stone building by coating on it. This is because that acrylic resins possess the
characteristics of superior hydrophobicity and adhesion to the surface of porous matirals[12]. However, in
outdoor environments, acrylic resins are easily to be photodegraded due to the presence of the methyl
group in α-position and the nature of the alcoxy group in the ester[13, 14]. Alkoxysilanes are another class
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of materials employed as stone protective[15], basing on that the reations of alkoxysilanes lead to the
formation of network on the surface of stone buildings. Specially, the alkoxysilanes are hydrolyzed by
water to produce alkoxysilanols[16], which then condense to form a polysiloxane polymer with the
elimination of water or alcohol[17]. Unfortunately, the alkoxysilanes are unable to repel oil[18]. This
shortcoming is unacceptable for high-porosity stone as a decoration or monument, because
contaminations of stone building heritages will lower or lose its historical, cultural and ornamental
values.

Fluorinated copolymers are the excellent nonwettable and weather-resistant coatings[19]. Scholars have
con�rmed that the �uorine atoms undertake the paramount role of lowering the surface free energy, and
the reduction extent can be related to the chemical composition in the sequence –CF3 > –CF2– > –CH3 >
–CH2–[20]. Therefore, introducing �uorine atoms onto the long per�uoroalkyl side chains can reduce the
low surface free energy to the greatest extent and hence enhance the hydrophobicity of surfaces[21, 22].
And the synthetic �uorinated polymers have been used to restrain the deterioration of stone materials[9,
23–25]. Besides the wettability, weatherability is another factor in�uencing the performance of
�uorinated copolymer, because the coating could accelerate the degradation effect and reduce its service
life when exposed to harsh outdoor conditions[26]. In fact, ultraviolet radiation can increase the ratio of C 
= O to C-H band areas but decrease the concentration of C-F group of �uorinated copolymer due to the
photo-oxidation effect[27], which will induce the lose of the protection effect for stone building heritages.
Additionally, both the wettability and weatherability of a �uorinated copolymer are raleted to the �uorine
content[28, 29], hence choosing a appropriate �uorine ratio is essential to compound a high-performance
�uorinated copolymer.

The focus of this paper is on preparing a kind of available �uorinated acrylate copolymer emulsion, then
investigating its weatherability and hydrophobicity, and �nally clarifying its application for the
conservation of stone building heritages. A series of ethyl metrhacrylate, n-butyl acrylate and 2,2,3,4,4,4-
hexa�uorobutyl methacrylate were adopted to synthesuize the �uorinated acrylate copolymer emulsion.
The structure of the �uorinated copolymer will be characterized by the fourier transform infrared
spectroscopy (FTIR), the surface morphologies will be examined using scanning electron microscope
(SEM), the wettability of the �uoropolymer will be measured by contact angle test and the wettability
alteration effect of stone building heritages in Putuo Zongcheng Temple will be evaluated by the
spontaneous imbibition test.

2. Description Of The Case Study And Historical Background
Putuo Zongcheng Temple is located at the north of Chengde City, Hebei Province, China and belonged to
a part of the Mountain Resort and its Outlying Temples (see Fig. 1). Historically, it was built between 1776
and 1771, aiming to celebrate the birthday of the Qianlong Emperor. The Putuo Zongcheng Temple was
originally dedicated to the Qianlong Emperor to celebrate his birthday, as well as provide Hebei with a
temple of equal size and splendor as the Potala Palace in Lhasa. The whole temple covers an area of
220,000 m2, taking the gate, the Stele Pavilion, the Five Pagodas Gate, and more than 30 �at-top
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blockhouse-style white terraces as its main buildings. With a fusion of Chinese and Tibetan architectural
style, Putuo Zongcheng Temple has extreme high artistic value, and it was selected into the world
immaterial heritages by the United Nations Educational, Scienti�c and Cultural Organization (UNESCO) in
1994.

Most bases of the houses in this temple is made of stone materials (Fig. 2b), additionally, the bridges and
stone cultural relics (monument, stone lion and stone elephant, etc.) are carved from local carbonate
rocks (Fig. 2a and Fig. 2c). Recent years, the stone building heritages in Putuo Zongcheng Temple have
been experiencing a certain degree of weathering damage. The carved balustrades of the stone bridge
has been �ssured and exfoliated, resulting from the vandalism and weathering; the footing of wall has
been corroded due to the long-term soaking by rainwater; weathering damage can also be found from the
stone lions, the front paws and pedestals exhibit substantial local destroy after rainwater erosion and
solar radiation (see Fig. 3). Obviously, rainwater erosion is the main inducer of this hazard, after
cognizing which, the cultural relic protection staff have adopted some remedial measures: (1) place a
guardrail around the damaging stone cultural relics, and (2) cover several plastic �lms over the body of
stone cultural relics (see Fig. 2d). Apparently, these measures are temporary and can not completely
eradicate this weathering damage.

3. Experimental
3.1. Materials

Ethyl metrhacrylate (EMA) was purchased from Changzhou Guxu Chemical Co. Ltd., China. Ethanol and
n-butyl acrylate (BA) were purchased from Nanjing Chemical Reagent Co. Ltd., China. 2,2,3,4,4,4-
hexa�uorobutyl methacrylate (HFMA) was available from Shanghai Hongshun Biotechnology Co. Ltd.,
China. N,N'-methylenebisacrylamide (MBAA) purchased from Hubei Jusheng Technology Co. Ltd., China
was used as the crosslinker. 2,2’-azoisobutyronitrile (AIBN) purchased from Ji'nan Jieao Chemical
Reagent Co. Ltd., China was served as the initiator. The rock cores (about 5 cm long and 2.5 cm in
diameter) were prepared from the weathered and exfoliated rock blocks in Putuo Zongcheng Temple.
3.2. Emulsion copolymerization

The �uorinated acrylate copolyme emulsion in this paper was prepared basing on the following
procedures: (1) the monomers mixture of EMA and BA with the mass ratio of 7:3 was �st added to a
clean and dry test tube. Then the monomers mixture was respectively mixed by HFMA, crosslinker MBAA
and initiator AIBN, the mass percents of MBAA and AIBN are 8% and 2%, the mass percents of HFMA is
changed in 0, 9.08%, 16.65%, 23.05%, 28.54% and 33.30%. Finally, they were dissolved by ethanol with the
mass of 1.5 times to monomers mixture and homogenized by a magnetic stirrer in this test tube. (2) The
reactor was purged with nitrogen before the reaction is started. The prepared sample was added into the
reactor and heated through a water bath at 30 oC and kept for 30 min. Then the water bath temperature
was elevated to 50 oC to promote the dissolution of the crosslinker and initiator, after the disappearance
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of the coagulum, the temperature was adjusted to 60 oC and maintained about 10 min, last, it was
constantly increased to 68–70 oC to impel the polymerization reaction until the stable latex was formed.
3.3. Measurements

3.3.1 Structure characterization

Fourier Transform infrared spectroscopy (FTIR) can be used to detect the polymer structure by an incident
infrared light with continuous wavelength. In this paper, the test instrument NEXUS 870 (Nicolet
Instrument Co. USA) was adopted to obtained the FTIR spectra of �uorinated acrylate copolymer by the
thin �lm method. The wanvenumber ranges from 400 cm− 1 to 4700 cm− 1, with a resolution of 0.125 cm− 

1.
3.3.2 Morphology

To observe the surface topography, the �eld emission scanning electron microscope (FESEM) (MiRa3,
TESCAN, Czech Republic) was employed. Latex was suppressed onto glass slides and dried in the
thermostat at 60 °C for 2 h. After cooling down, the copolymer samples were sprayed with gold before
observation[30].
3.3.3 Weather-resistance test

To detect the weatherability of the prepared �uorinated copolymer emulsion, an UV-aging test box (Q-
Panel, USA) was employed and corresponding experimental procedures were refered to the Chinese
National Standard GB/T 14522 − 2008. The wavelength and the power of the UV lamp in the test box
were 340 nm and 0.77 W/m2, respectively. During the test process, the ambient temperature in the
chamber was constantly kept at 40 °C. The samples were removed from the UV-aging test box to test the
mass loss rate by a high-precison balabce every day.
3.3.4 Wettability characterization

Contact angle de�ned as the included angle of solid-liquid boundary line is a parameter to decrible the
moist degree. A video-based optical contact angle measuring system OCA15Pro (Dataphysics Instrument
GmbH, Germany) was used to measure the wettability of water to rock/copolymer �lm surface. About a
volume of 6 µL deionized water was used to form a drop, and then a camera was employed to record the
side view images. The surface of the samples were cleaned by tissue paper at each experimental interval.
The whole process was conducted as soon as possible and the experimental temperature was room
temperature.

To further detect the wettability changes of stone sample before and after the �ourinated copolymer
coating, the spontaneous imbibition test was performed by a self-designed device (see Fig. 4). The
seclected samples (about 5 cm long and 2.5 cm in diameter) were hung vertically and placed onto the
surface of water, and a balance was used to monitor the changes of weight and recorded in the computer.
When the sample was contacted with water, the water will imbibe into its inner structure. The real-time
weight varieties will be exhibited in the computer and plotted as the function of time, and then the rate of
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imbibition spontaneous was calculated to evaluate the wettability alteration of �ourinated copolymer for
the stone samples from Putuo Zongcheng Temple.

4. Results And Discussion
4.1. Structure of the copolymer

HFMA is attractive in the synthesis and modi�cation of high-performance coatings because of its high
thermal stability, exceptional weathering resistance and low moisture absorption[31]. Therefore, the
structures of copolymer with and without additing HFMA were tested by FTIR (Fig. 5). At 1500–1700 cm− 

1, the characteristic absorption C = C bond is weaken or disspared, showing that the monomers were
polymerized due to the copolymerization in the emulsion copolymerization process, especially for the C = 
C bond at the characteristic peak of 1676.03 cm− 1. And comparing to the copolymer without HFMA,
copolymer containing HFMA exhibits more obvious characteristic absorption peaks at 3367.49 cm− 1 (O–
H bending stretching), 2981.34 cm− 1 (–CH3– stretching vibration), 754.12 cm− 1 (–CH2– stretching

vibration in long chain alkane) and 1735.83 cm− 1 (C = O symmetric stretching). Additionally, the other
difference is that C-F bonds are clearly observed at the peaks at 1240.15, 1172.64 and 1027.99 cm− 1.
This indicates that the �uorine-containing monomer has been introduced into this copolymer and it was
successfully prepared.
4.3. Ageing resistance

The stability (ageing resistance) is an index that we must take into account to evaluate the application
value of the prepared copolymer. The energy possessed by the ultraviolet light reaching the ground can
disrupt the internal chemical chains of polymer structures[32], and this photoinduced chemical
degradation will aggravate accompanying by the oxidation reaction[33]. During the ultraviolet radiation
process, the average molecular weight of the copolymer will be reduced because of the radiation
degradation[34]. Therefore, the mass loss rate (ML) was used to characterize the ageing process during
the UV-aging test, which was de�ned as:

 
Where m0 is the mass of the prepared copolymer before conducting the UV-aging test; m1 is the mass of
the prepared copolymer after ultraviolet radiation in one cycle.

To �nd out the optimum ratio, the prepared copolymers with adding different HFMA contents (0, 9.08%,
16.65%, 23.05%, 28.54% and 33.30%) were adopted to conduct the UV-aging test, which runs for one
month and the mass of the prepared copolymer was monitored every day. The mass loss rates were
shown in Fig. 6. The mass of the six copolymers all decrease with the increase of the ultraviolet radiation
time. The mass loss rates exhibit two obvious stages, the �rst one is the rapid growth stage and the
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second one is the stationary stage. For the copolymers with 0% and 16.65% HFMA content, the turning
point is at about 10 days; for the copolymers with 9.08% and 23.05% HFMA content, the turning point is
at about 15 days; and for the copolymers with 28.54% and 33.30% HFMA content, the turning point is at
about 20 days. Additionally, Fig. 7 indicates that the maximum mass loss rate is not completely
proportional to the additive amount of HFMA. Specially, the copolymer with 16.65% HFMA content
possesses the minimum mass loss rate, which enlightens us that adding moderate HFMA will help to the
ageing resistance of prepared copolymer, or at least that the synthetic copolymer will not be fast aging
and lost its utility value.

4.4. Contact angle of the copolymer

To investigate the water repellency of the prepared copolymer when applied to the conservation of stone
building heritages, the contact angle test of the copolymer �lm were conducted. Previous scholars have
con�rmed that − CF3 group is capable of enhancing the hydrophobicity of a copolymer �lm surface[28,
35–37]. This is because the polar OH − groups of the stone surface are replaced by the non-polar and
thermally stable –CF3 groups originating from the �uorinated copolymer[38], impelling the formation of a
hydrophobic surface on the stone building heritage[36].

However, ascertaining the proper HFMA proportion to maximize the hydrophobicity of the obtained
copolymer is needed. And Fig. 8 exhibits the changes of contact angle with the increasing HFMA
contents. As a whole, the contact angle increases with the increase of HFMA content, which con�rms the
consensus that the �uorinated monomer can modify the wettability of the prepared copolymers. This is
due to that the �uorine atoms migrate freely to the surface of the �lm during its curing process,
decreasing the surface free energy and advancing the hydrophobicity[38]. Nevertheless, the surface
hydrophobicity could not be further improved or even be weakened when increasing HFMA content after
16.65%, this phenomenon reveals that the �uorine atoms have been saturated and the hydrophobicity
could not be further improved by adding more HFMA. Additionally, the adhesion between the �uorinated
copolymer and stone surface is negatively related to the hydrophobicity. The adhesion will be reduced by
increasing HFMA content after the �uorine atoms are saturated on the stone surface, hereat, the rainwater
will penetrate into the stone through the space between the stone surface and the �uorinated copolymer
�lm. This circumstance avianizes the hydrophobic performance of the stone building heritage coating by
�uorinated copolymer.

4.2. Surface characteristics
The surface morphology of the stone samples and prepared copolymer were investigated by using SEM
analysis (Fig. 6). After experiencing a long-term weathering, the surface structure of the stone building
heritage has been changed. Apparently, as shown in Fig. 6a and Fig. 6b, the surface of weathered stone
samples becomes more loose and rough, resulting in the generating of massive secondary pores. These
pores are belonged to macropores[39, 40], which provide pathways for water �ow or in�ltration and solute
transport[41]. On the one hand, the increased porosity will cause the weathered stones to be weakened
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and lose their strength directly[42], and on the other hand, it will aggravates this damage by driving the
reaction of minerals with rainwater penetrating through the secondary pore structure.

Figure 9c and Fig. 9d unfold the surface structure of the prepared copolymer, they are obviously more
dense, compact and smooth than that of weathered stone samples. However, comparing to Fig. 9d, some
�ssures are developed on the surface of copolymer �lm exhibited in Fig. 9c, indicating that HFMA is
bene�cial to the formation of the copolymerization emulsion in this paper. And HFMA changes the
surface structure of the prepared copolymer and makes it more smooth and �rm, which may be come
down to two reasons: (1) the �uorocarbon groups with a low surface energy are arranged to dense
networks on the coating surface; (2) �uorinated groups increase the stiffness of coating surface and
lower the possibility of cracking.

4.5. Wettability alteration of the stone building heritage surface by coating �uorinated copolymer
Exposing to natural environments (illumination, rainfall and temperature cyclic changes, etc.) for a long
time, historical stone buildings will be relaxedly weared out, especially for which without any effective
conservation measures. As stated by previous scholars[43, 44], water, either alone or in combination with
other environmental elements, will increase the damage of the stones existing in the atmosphere.
Therefore, cutting off the contact of water and stone is requisite to reduce the progressive deterioration of
the stone building heritages.

Section 4.4 has certi�ed the copolymer with 16.65% HFMA content possesses the strongest hydrophobic
features. As suggested by Licchelli et al. that the contact angle measurement is related to an “instant”
water repellence behaviour, while the long-term water resistance can be better assessed by evaluating the
water absorbed through the treated stone surface during the capillary absorption test[45]. Therefore, to
ascertain the wettability modi�cations of the un-coated and coated stone samples by this kind of
�uorinated a copolymer, both the contact angle and spontaneous imbibition tests of copolymer �lm were
performed.

To guarantee the repeatability of results, the contact angle tests were conducted at least three times for
each stone sample. The contact angles and test errors of the stone samples before and after �uorinated
acrylate copolymer emulsion coating were shown in Fig. 10. The contact angles of the stone samples
before coating fall in the range of 18.80o-69.05o, contrarily, those of the stone samples after coating vary
from 91.90o-119.80o. Apparently, the contact angles of the stone surface are greatly increased by
58.35%-428.95% via coating the �uorinated acrylate copolymer emulsion. This shows that the �uorinated
monomer can strongly improve the hydrophobicity of stone surface, as reported by other researhers[46–
49].

Assuming the water imbibes in a piston-like manner and the pressure gradient in the gas phase ahead of
the water front can be neglected, the relationship of imbibition water volume with the time can be
described as[50]:
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Where Ac is the cross-sectional area of sample; Pc is the capillary pressure; kw is the permeability of water;
φ is the porosity; Sw is the aqueous phase saturation; µw the wetting-phase viscosity; t is the imbibition
time; A is the imbibition coe�cient, . For the spontaneous imbibition test, the water imbibition volume
was monitored every three minutes until it reaches the stable value. The relationship of water imbibition
volume with imbibition time was shown in Fig. 11. The imbibition rate is the slope of and and has been
exhibited in Fig. 12.

 

It can be seen that the stone adsorbing water unfolds prominent periodic features, i.e., the imbibition
volume of water gradually increases �rst and then stabilizes at its equilibrium value. For a material with a
certain level of wettability (e.g., carbonate rocks), its pore walls will produce an adhesive force for water
becaue of the molecular interactions when stones are in contact with water, which drives water penetrate
to its internal space. The gravity of water increases with the increase of water quantity in�ltrated into
stone, and the imbibition effect will be ceased until the adhesive force is equal to the gravity of water-
uptake. Additionally, stone sample coated by �uorinated copolymer can reduce its maximum water
absorption capacity, specially, the maximum water absorption capacity of the treated sample is only
26.9% than that before being treated. The imbibition rate can be divided into rapid imbibition, slow
imbibition and imbibition equilibrium stages. The rapid imbibition and slow imbibition stages of stone
sample after treating all get shorter and imbibition equilibrium stage is reached earlier, comparing before
treating. This recon�rms the wettability alteration of �uorinated copolymer to stone building heritages in
Putuo Zongcheng Temple.

4.6. Mechanisms for stone building heritage conservation by copolymer coating
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Considering the in�uence of water, the deterioration of stone building heritage can be attributed to three
reasons: (1) dissolution effect, (2) salt crystallization and water absorption swelling and (3) freeze-thaw
weathering.

The stone building heritage in this work is mainly consisted by carbonate minerals, e.g., calcite and
dolomite, as shown in Fig. 13. The carbonate minerals account for 84.10%-91.63% of all the minerals in
the seclected samples. With rapid urbanization and development of transport infrastructure, the urban air
quality of China has been seriously polluted with high concentrations of sulfur dioxide. As reported by
Wang et al.[51], the pH of the precipitations in Chengde is lower than 5.6 due to the emission of SO2 and
NOx. The acid rain is easily to dissolve the carbonated minerals in stone buildings. This can change the
pore structure, specially, during the acid immersion test, the porosity connectivity increases and pores
extend inward due to the dissolution by acid rain[52, 53]. The altered pore structure will absorb more
water and further changes the microstructure, inducing the degradation of stone building heritage.

Additionally, the seasonal precipitation distribution is also extremely uneven in Chengde region, the
maximum average monthly precipitation air humidity was appeared in July, while the minimum value
was in January, and the former is 97.43 times larger than the latter (see Fig. 14). The uneven distributed
precipitation periodically changes the atmospheric humidity, and inducing the drying-wetting alternation
effect[54, 55]. During rainy season, the soluble salts originating from the carbonate rock dissolution and
rainwater carrying are transported to the surface of stone buildings, while during the dry season, they are
crystallized and �ll the existed pores. The drying and watering cycles appear with the changes of air
humidity, resulting in the deliquescence/recrystallization of minerals in stone buildings. The
crystallization expansion effect will enlarge the volume and produce a crystallization pressure[56],
inducing the exfoliation of surface rock structure. Besides, another fact that can not be ignored is the clay
swelling phenomenon, which has been reported in many literatures[57–59]. Figure 13 exihibites the clay
contents of the �ve stone sampes, which occupy 4.45%-10.29% of all the minerals. Although the clay
content is minor, the water induced swelling of clay will also cause a considerable softening for
carbonate rocks[60]. This lowering of the mechanical properties certainly plays a role in the fracturing of
the wetted stone surface occurring during the spalling process[61].

Figure 14 shows us the temperature change of a year in Chengde city. The minimum monthly mean
temperature ranges from − 14.69 oC to 19.63 oC, while the maximum monthly mean temperature varies
from − 1.28 oC to 30.52 oC. Besides, the differences of the minimum and maximum mean temperature for
a month fall in the range of 10.89–14.57 oC. The notable temperature variation will induce the freeze-
thaw weathering. Which will be more serious when stone buildings are beared with water. The in�ltrated
water in pores freezes and expands the volume of stone, herein a local tensile stress is induced among
the mineral grains of rock, and these will cause partial damage to the rock. With the increase of the
number of freeze–thaw cycles, the rock pore becomes bigger and bigger, and the cohesive reaction
among mineral grains gradually declines[62], causing the stripping of the stone building heritages.
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In view of the above discussions, it can be seen that water is the crime culprit to cause the degrading of
stone buildings. Instead of current defective protective measures (e.g., covering the plastic �lm onto the
stone cultural relics), the �uorinated acrylate copolymer emulsion coating may be an effective method for
the conservation of stone building heritages in Putuo Zongcheng Temple. This �uorinated copolymer
possesses preferable ability to prevent water from penetrating in the internal structure of a stone. After
being coated, the hydrophobicity of stone buildings is improved enormously. And then the dissolution
effect, salt crystallization, water absorption swelling and freeze-thaw weathering are avoided or weaken.
Moreover, this �uorinated copolymer is capable of againsting the ultraviolet radiation, the favorable
ageing-resistance will guarantee a long-term protection for the stone building heritages.

5. Conclusion
In this work, a �uorinated acrylate copolymer emulsion was successfully prepared by using the
copolymer polymerization process. The FTIR spectra con�rms that the adopted monomers has been
involved in during the polymerization process. The SEM images reveal the surface characteristics of the
�uorinated copolymer. Comparing to the porous structure of stone building heritages, the prepared
copolymer is obviously more dense, compact and smooth. The mass loss rate of prepared copolymer
increases rapidly and then tends to be stable when irradiated by ultraviolet light. And the mass
attenuation is related to the content of HFMA, it has been approved that the �uoropolymer with 16.65%
HFMA content possesses the optimal ageing resistance. Additionally, the contact angle test also exhibits
that the the �uoropolymer �lm with 16.65% HFMA content has the superb hydrophobicity. After being
coated, the contact angles of the stone samples are enormously improved, which leads to an exhaustive
wettability alteration for stone building. The following spontaneous imbibition test also ensured this
effectiveness. Specially, for the sample treated by the �uoropolymer, the maximum water absorption
capacity is lesser and the imbibition equilibrium time is shorter. Considering the in�uence of water on
rock weathering, coating stone building by this �uorinated copolymer emulsion is an potential method to
avoid its degrading, because it depresses the in�ltration of water and then avoids or weakens the
dissolution effect, salt crystallization, water absorption swelling and freeze-thaw weathering.
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Figures

Figure 1
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Location of Putuo Zongcheng Temple. Note: The designations employed and the presentation of the
material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.

Figure 2

Presentations of the weathered stone bridge, stone wall and stone lion.
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Figure 3

A detail display of the weathered foots and pedestal of stone lion.
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Figure 4

Sketch of the apparatus for spontaneous imbibition test.

Figure 5

FTIR spectra of the prepared copolymer.
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Figure 6

The mass loss rate of the prepared copolymer with different HFMA contents versus the ultraviolet
radiation time.
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Figure 7

The maximum mass loss rate of copolymers with different HFMA contents.
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Figure 8

Contact angle of copolymers with different HFMA contents.
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Figure 9

The SEM images of weathered stone samples and �uorinated copolymers. (a) and (b) are the surface
topography of stone samples, which come from the stone lion and the footing of wall; (c) and (d) are the
surface topography of prepared copolymer synthesised without and with HFMA.
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Figure 10

The contact angles of the �ve stone samples before and after the �uorinated acrylate copolymer
emulsion coating.
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Figure 11

The changes of water imbibition volume with imbibition time.



Page 26/28

Figure 12

The relationship of imbibition rate and imbibition time.
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Figure 13

Ternary diagram displaying the contents of carbonates, quartz+feldspar, and clay minerals of the �ve
selected stone samples.
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Figure 14

The monthly mean minimum atmospheric temperature, maximum atmospheric temperature and
precipitation of 2017 in Chengde city (Data from the China Meteorological Administration).


