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In this study, a novel conservation method was developed for the protection of historical outdoor ceramics. The 
historical ceramics from monastery of “San Filippo di Fragalà” (Sicily, Italy) were chosen for this study. Polymeric 
films on the surface of ceramics specimens were formed using Silres BS 16 as a precursor. For the comparison, the 
material Paraloid B-82, which is already known in the conservation practice, was also used for the formation of 
protective coatings on historical ceramics. The investigated samples were characterized by SEM, TG, EDX, XRD 
methods and contact angle measurements. The results obtained showed that ceramic samples were successfully 
preserved and saturated by Silres BS 16 with forming effective polymeric coatings on ancient ceramics surfaces.  
Keywords: Ancient ceramics, conservation, Silres BS 16, SEM, TG, contact angle. 

 
1. INTRODUCTION∗ 

Scientists from the field “Preservation of cultural 
work” are currently dealing with the problem of 
conservation of glass, ceramics, paper, amber, wood, 
metals and alloys, without disturbing the structure of the 
raw material [1 – 8]. However the preparation of low cost 
and environmentally benign technological procedures for 
the conservation of ancient pottery and ceramics still is a 
big problem. Moreover, the conservation process can be 
greatly influenced by specific chemical reactions appearing 
due to the different chemical compositions in the object of 
conservation and protective coatings. 

Standard methods for the restoration of historical 
ceramics are used in the practice. However, individual 
methods in many cases should be created to preserve the 
originality of historical object [9]. The polymeric conser-
vation method of ceramics is one of the oldest and used in 
the practice of restoration already from 1960 [10, 11]. 
Variety of polymeric materials has been investigated for 
the treatment of ceramic surfaces [12 – 14]. Recently the 
sol-gel processing route was also suggested for the 
preservation of ceramic objects [15, 16]. However, the 
conservation process can be greatly influenced by specific 
chemical reactions appearing due to the different chemical 
compositions in the object of conservation and protective 
coatings. Therefore, to avoid the possible interactions 
careful characterization of ceramic sample should be done  
prior and after consolidation [17 – 19]. Thus, in all cases 
the conservation treatment should be selected with care 
preventing the degradation of surface of ceramic during the 
conservation processing [20 – 22]. 

The aim of this study was to develop a novel of low 
cost and environmentally benign conservation method for 
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outdoor historical ceramic. The historical ceramics from 
monastery of “San Filippo di Fragalà” (Sicily, Italy) were 
chosen for study [23, 24]. For comparison, the most 
common protective product, Paraloid B-82, used in the 
protection of historical ceramics, was also applied.  

2. EXPERIMENTAL 

The historical ancient ceramics from monastery of 
“San Filippo di Fragalà” (Sicily, Italy) have been chosen 
for this study. For all experiments analytical grade reagents 
were used: acetone (VWR International GmbH, Austria), 
ethanol (AB “Stumbras”, Lithuania), Silres BS 16 (55 % 
aqueous solution of potassium methylsiliconate, Wacker, 
Germany) and Paraloid B-82 (5 % solution of copolymer 
of 50 % ethylacrylate (EA) and 50 % methylmetacrylate 
(MMA) in mixture of ethanol and acetone (3 : 1), Rohm 
and Haas Deutschland GmbH, Germany). 

To obtain protective coatings, the 250 mg of ceramic 
specimens were milled in an agate mortar, pressed to the 
pellets, dip-coated for 2 min in the solutions of polymers 
and dried in a desiccator.  

The ceramic samples were characterized by powder  
X-ray diffraction analysis (XRD) performed with a 
MiniFlex II Rigaku powder diffractometer working in 
Bragg-Brentano (θ/2θ) geometry and using CuKα1 
radiation. The data were collected at a step of 0.01º and at 
speed of 0.06 s/step. The morphology and microstructure 
of ceramic samples were examined by scanning electron 
microscopy (SEM) on EVO 50 EP scanning electron 
microscope operated in secondary electron mode (SE) and 
connected with EDX analyser Helios NanoLab 650. 
Thermogravimetric analysis (TG) was performed using 
STA6000 Pyris 1 Perkin-Elmer thermobalance system. The 
contact angle measurements were performed using KSV 
Instruments LTD (MODEL CAM 200) equipment. 
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3. RESULTS AND DISCUSSION 
The phase composition of ceramic sample was 

determined by XRD analysis. As was expected, the X-ray 
diffraction pattern exhibited multiphase character showing 
that the investigated ancient ceramic specimen from 
archaeological monastery is polycrystalline sample 
(Figure 1). 

 
Fig. 1. XRD pattern of archaeological ceramic sample from 

monastery of “San Filippo di Fragalà” (Sicily, Italy). The 
crystalline phases are marked: * – quartz, SiO2 (PDF [46-
1045]), + – hematite, Fe2O3 (PDF [89-599]), x – calcite, 
CaCO3 (PDF [5-586]), o – potassium aluminium 
trisilicate, KAl3Si3O11 (PDF [46-741]), # – microcline, 
KAlSi3O8 (PDF [19-926]) 

As seen, the sample is characterized by the presence of 
quartz (SiO2) as a main phase. The second main crystalline 
component of this ceramic sample evidently is calcite 
(CaCO3). The secondary phases, such as potassium 
aluminium trisilicate (KAl3Si3O11) and microcline 
(KAlSi3O8) were also identified. Besides, the negligible 
amount of hematite (Fe2O3) phase was also determined. 

Scanning electron microscopy (SEM) was employed 
for the investigation of specific surface morphological 
features of ancient outdoor ceramics. The micrograph 
obtained in secondary electron mode for the 
archaeological sample is shown in Figure 2, prior to the 
treatment.  

 
Fig. 2. SEM micrograph of archaeological ceramic sample from 

monastery of “San Filippo di Fragalà” (Sicily, Italy) 

As seen, the surface of sample contains plate-like 
grains with different crystallite size ranging from 1 μm to 
5 μm. Besides, the micrograph reveals a broad distribution 
of agglomerates of fine particles with porous structure. The 
voids and cracks with various arbitrary shapes are also 
seen. 

The SEM micrographs of the ceramic samples after 
coating with Paraloid B-82 and Silres BS 16 are shown in 
Figure 3.  

 
 

 
Fig. 3. SEM micrographs of archaeological ceramic sample 

coated with Paraloid B-82 (at top) and Silres BS 16 (at 
bottom) from monastery of “San Filippo di Fragalà” 
(Sicily, Italy) 

Evidently, that the SEM images of coated with 
Paraloid B-82 and Silres BS 16 and un-coated ceramic 
samples are not similar suggesting that quality of polymer 
coatings is relevant. It is obvious that ceramic sample is 
evenly coated with Silres BS 16. The polymer is 
distributed on the flat surface of ancient ceramic covering 
particles and spaces between agglomerated particles. Thus, 
from the SEM measurements we can predict that Silres BS 
16 is more suitable chemical reagent for the conservation 
of ceramics. 

The results of EDX analysis of ceramic samples are 
summarized in Table 1. As seen, the main chemical 
elements determined in the ceramic samples are silicon, 
aluminium, carbon, oxygen and iron. The smaller amount 
of potassium and calcium was also found in the specimens. 
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Interestingly, the amount of carbon is much higher in the 
coated ceramic samples in comparison with un-coated 
ones. These EDX results once more demonstrate that the 
surfaces of ceramic samples are saturated by polymeric 
compounds, which contain mostly carbon in their 
composition. Other determined elements are distributed 
evenly in the specimens.  

Coated and un-coated ceramic samples were 
characterized by thermogravimetric (TG) measurements. 
The mass of samples used for the TG analysis was about 
30 mg. The TG results are summarized in Figures 4, 5 and 
6 and Table 2. 

Table 1. EDX analysis data (mass %) of un-coated and differently 
coated ceramic samples from monastery of “San Filippo 
di Fragalà” (Sicily, Italy). n = 10 

Ele-
ments 

Sample 

un-coated with Paraloid B-82 with Silres BS 16 

C 20.16 ±0.12 35.41 ±0.14 26.74 ±0.12 
O 40.19 ±0. 21 36.28 ±0.19 36.33 ±0.20 
Al 8.66 ±0.09 7.89 ±0.08 7.64 ±0.08 
Si 19.13 ±0.12 16.35 ±0.11 17.52 ±0.13 
K 2.96 ±0.07 1.09 ±0.02 3.49 ±0.06 
Ca 1.56 ±0.02 0.74 ±0.01 1.76 ±0.12 
Fe 4.99 ±0.12 1.56 ±0.12 4.51 ±0.02 
X* 2.35 ±0.04 0.68 ±0.05 2.01 ±0.03 

* Others: Na, Mg, Ti, Cl. 
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Fig. 4. TG curve of un-coated archaeological ceramic sample 
from monastery of “San Filippo di Fragalà” (Sicily, Italy) 
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Fig. 5. TG curve of coated with Paraloid B-82 archaeological 
ceramic sample from monastery of “San Filippo di 
Fragalà” (Sicily, Italy) 

The observed negligible initial mass loss from 0.39 % 
up 0.56 % for the ceramic sample in the temperature range 
of 30 °C – 150 °C is associated with evaporation of 
moisture and water of crystallization [25, 26]. The second 
and the main mass loss observed between 150 °C and 
500 °C is characteristic for pyrolysis of organic 
constituents and initial decomposition of metal salts. 
Interestingly, the larger mass loss in this temperature 
region was observed for coated with polymeric films 
ceramic samples. Thus, the TG results prove once again 
that ceramic samples are successfully coated with 
polymers. The last mass loss observed in the temperature 
range of 500 °C – 800 °C is due to decomposition of 
carbonates [18, 23]. 
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Fig. 6. TG curve of coated with Silres BS 16 archaeological 
ceramic sample from monastery of “San Filippo di 
Fragalà” (Sicily, Italy) 

Table 2. TG analysis data of un-coated and differently coated 
ceramic samples from monastery of “San Filippo di 
Fragalà” (Sicily, Italy) 

Sample 
Mass loss, % 

30 – 150 
°C 

150 – 500 
°C 

500 – 800 
°C 

at  
995 °C 

Un-coated 0.42 1.69 1.15 3.49 
With Paraloid 

B-82 0.56 2.16 1.22 4.21 

With Silres 
BS 16 0.52 2.05 1.14 3.88 
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Fig. 7. The hydrophilic properties of surfaces of archaeological 
ceramic sample coated with Paraloid B-82 
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The contact angle measurements were performed for 
all investigated ceramic samples. It was observed that 
volume of water drop on the surface of the un-coated 
sample decreased from 4 μl to 1 μl during 0.6 second, 
confirming low hydrophobicity of ceramics. The 
dependence of water drop volume on time for the ceramics 
coated with Paraloid B-82 is presented in Figure 7.  

Evidently, the coating obtained with Paraloid B-82 
was hydrophilic. It was determined that volume of water 
drop on the surface of coated sample with Paraloid B-82 
decreased dramatically during few seconds. 

The dependence of contact angle on time for the 
ceramics coated with Silres BS 16 is presented in Figure 8. 
As seen, the surface of sample coated with Silres BS 16 is 
hydrophobic [27, 28]. 
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Fig. 8. The changes of contact angle on the surfaces of 
archaeological ceramic sample coated with Silres BS 16  

4. CONCLUSIONS 
New polymeric material Silres BS 16 (55 % aqueous 

solution of potassium methylsiliconate) was suggested for 
the formation of protective coatings on historical outdoor 
ceramics from monastery of “San Filippo di Fragalà” 
(Sicily, Italy). For the comparison, the material Paraloid  
B-82, which is already known in the conservation practice, 
was also used for the formation of protective coatings on 
historical ceramics. Polymeric films were investigated by 
the methods of SEM, EDX, TG and the measurement of 
contact angle. The TG and EDX results proved clearly that 
ceramic samples were successfully coated with polymers. 
SEM analysis showed that Silres BS 16 can be successfully 
used for the preparation of effective polymeric coating on 
ancient ceramics surface. Moreover, the measurements of 
contact angle showed that covering the ceramics by Silres 
BS 16 had the better protection from moisture in 
comparison with Paraloid B-82. Thus, Silres BS 16 is 
suitable for the conservation of ceramic samples containing 
ionic carbonates. Finally, new low cost and environmen-
tally benign technological procedure for the conservation 
of outdoor ancient ceramics has been developed. 
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