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Abstract

Purpose is to assess the influence of technological and natural factors on the decorative properties of natural facing stone
to identify the regularities of changes in lightness and saturation of its surface.

Methods. To assess the effect of technological and natural factors on the decorative properties of natural facing stone,
methods of digital processing of images and infrared spectroscopy have been applied. The methods make it possible to obtain
the data on the influence of mineralogical and chemical composition on the decorative properties of natural stone and charac-
terize the physicochemical processes that occur during the natural stone processing by different methods.

Findings. The regularities of changes in surface gloss of facing stone after its chemical treatment have been specified. It
has been proved that all chemical impregnations increases stone gloss; the lower the initial indices of the natural stone surface
gloss are, the greater stone changes are observed. In turn, that is caused by the fact that each type of natural stone has its own
gloss limit. The regularities of lightness changes and surface saturation of natural facing stone after chemical treatment have
been defined. They indicate that all agents reduce lightness and increase saturation of the natural stone surface (except Impreg-
nation agent 3). According to the identified regularities, it is possible to control quality indices of the natural stone surface with
simultaneous provision of uniform colour shade of a stone-faced building. The main problem arising during the study of sur-
faces of natural stone samples by means of infrared spectroscopy was inhomogeneity of its mineral-chemical composition over
the sample area. As a result, various spectra have been obtained that are difficult to identify without the prepared reference
samples. Complete infrared spectra of the natural stone surfaces of Pokostivskyi granodiorite and Bukivskyi gabbro. Both
Pokostivskyi granodiorite and Bukivskyi gabbro have different infrared spectra within the analyzed range of wavelengths that
can be explained by the difference in mineralogical composition of both natural stone types.

Originality is in identifying the regularities of changes in lightness and saturation of the natural facing stone surface after
its chemical treatment.

Practical implications. The determined regularities of changes in lightness and saturation of the natural facing stone sur-
face can help control the quality indices of the natural stone surface with the simultaneous provision of uniform colour shade
of a stone-faced building.
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1. Introduction total production volume of blocks of natural stone in Ukraine

Natural stone always attracts attention of consumers IS a@bout 60-65%; mainly, those are high-strength rock
despite the fact that in the era of high technologies, the mar-  Plocks. In Ukraine, about 800 enterprises of various forms of
ket of building materials is saturated with a significant num- ~ Ownership are engaged in the extraction and processing of
ber of artificial substitutes. The advantage of natural stone is ~ natural facing stone; they mine annually more than
that the geological conditions in which it was formed gave it 150000 m* of blocks and produce approximately 2.0-2.5 min m*
a complex of unique physical, technical, and decorative  Of facing slabs and stone products. It has been established
properties. Significant reserves of natural decorative and  that the existing deposits of decorative stone are extremely
facing stone are concentrated on the territory of Ukraine, ungvenly distributed across the territory of Ukraine [1]. The
amounting to more than 500 min m®. Nowadays, about  Main part of the total nur_’nber of deposits (about 8(_)%) f_alls
300 deposits and occurrences of natural facing stone have ~ ©On five oblasts of Ukraine: Zhytomyr, Zakarpattia, Kiro-
been explored and studied in our country, of which approxi- ~ vohrad, Mykolaiv, and Rivne. The other 20 regions account
mately 164 are exploited permanently or temporarily and for only 20%. Zhytomyr Oblast is a leader in the field of
from which blocks of rocks that can be polished are mainly ~ Stone mining. About 35% of decorative stone from the total
mined: granites, labradorites, gabbros, etc. Currently, the ~ reserves in Ukraine is located there.
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Zhytomyr Oblast is characterized by a large number of
outcrops of crystalline rocks on the day surface and a low
capacity of overburden, which became a prerequisite for the
creation of a powerful mineral and raw material base of
building and facing stone in this region. In this regard, Zhy-
tomyr Oblast is peculiar for the significant volumes of
mining and processing of granites, granodiorites, gabbros,
labradorites, porphyrites, granitogneisses and other high-
strength crystalline rocks. The mineral and raw material
potential is represented by more than 220 deposits of various
minerals. Of the 160 deposits of decorative stone developed
permanently or temporarily in Ukraine and taken into ac-
count by the State balance of mineral reserves, 70 are located
in Zhytomyr Oblast, which volume of deposits is 126 min m?
or 40% of state reserves. Moreover, as for the number of
varieties of high-strength decorative stone, Zhytomyr region
accounts for 60% of the stone. In terms of 600 stone-working
enterprises of Ukraine, 220 enterprises are located in Zhyto-
myr Oblast, which together produce about 400000 m? of
stone products. Zhytomyr Oblast exports about 1.5 thousand m®
of block raw material annually. There are 20% of Ukraine’s
reserves of crushed building raw materials within the Oblast;
the reserves are the basis for the founded significant produc-
tion facilities [2].

The decorativeness of the stone in combination with the
performance characteristics of the quality is a property that
determines a stone value, i.e. the value of the natural stone,
on which basis it is possible to determine the limits of its
rational use. To identify the decorative properties, stability of
the stone colour is of great importance, but it can vary great-
ly [3]. When facing with natural stone, differences in the
colour tone of different samples can be observed, which is
due to the mineralogical and chemical composition of the
stone. When facing buildings with natural stone, especially
when such works have a large area, the problem of selecting
single-tone slabs arises. When restoring monuments and
architectural objects from natural stone, significant problems
arise with the choice of natural stone. The problem is that
most of the deposits from which natural stone was extracted
either ceased to exist or began to develop other levels of
natural stone, which decorative indicators differ significantly.
It is also worth remembering that with long-term use of natu-
ral stone products under the influence of aggressive envi-
ronmental factors, the stone surface loses gradually its origi-
nal decorative properties. To increase decorative indicators,
as well as to correct them, you can use chemical agents,
which range today is rather wide. The increase or decrease of
various indicators of decorativeness requires analysis, deter-
mination, and selection of an appropriate chemical agent [4].

Such scientists as Ye. Fedorov, V.l. Vernadskyi, O.E. Fe-
rsman, E.K. Lazarenko dealt with the analysis of colour of rocks
and certain minerals for petrographic study of rocks while de-
posit prospecting; they considered shades of colour mainly as
the signs for finding ore deposits. Paper [5] is devoted to the
study of textural and colour characteristics of facing rocks.

V.V. Indutnyi and O.R. Marukhin studied and determined
accurately the colour of minerals and rocks; they proposed to
use standard colorimetric parameters to assess the stone
colour — lightness, saturation of the main colour tone, wave-
length of the main (dominant) colour tone. A.O. Kryvo-
ruchko also analyzed the problem proposing to apply modern
computer technologies to determine objectively the colour,
its saturation and brightness using specific quantitative indi-
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cators. The study of the determination of decorative indica-
tors is carried out by the organoleptic method, which is sub-
jective. There are also objective methods for assessing deco-
rativeness, with the help of which standard colorimetric pa-
rameters can be determined using such information as
brightness, saturation of the main colour tone, wavelength of
the main (dominant) colour tone, and computer technologies.
Papers [6]-[10] proposed a method excluding subjective de-
termination of the decorative properties of rocks. According
to [11], roughness of the stone during polishing can affect the
stone surface colour. The paper considers the impact of not
only polishing but also the impact of an acidic environment
on limestone and marble, which increases stone surface
roughness to a certain extent, but these changes occur hete-
rogeneously. At the same time, unlike mechanical polishing,
the colour of the stone surface after exposure to an acidic
environment depends not only on the stone surface rough-
ness but also on the mineral particles making up the rock.

In paper [8], the effect of high temperatures on the
change in stone properties was investigated using digital
image processing. As the temperature rises, the stone be-
comes lighter. Using the method of black and white digital
image processing, the effect of weathering and action of salts
on the stone was studied; illuminated areas on its surface
were revealed [7]. It was also proven in [8] that under the
influence of an aggressive environment, colour saturation is
lost, the stone becomes lighter and requires further restora-
tion work. The analysis of literary sources shows that many
studies are related to the study of features of the stone micro-
texture, the influence of an aggressive environment. However,
the change of colour features and regulation of such features
during the processing of natural stone were not examined.

Mass distribution and application of information and
computer technologies did not bypass the stone mining and
processing industry. Papers [12], [13] show the possibility of
entering the image of a surface of industrial samples of fa-
cing stone into the computing environment of modern com-
puters. That makes it possible to use full potential of compu-
tational methods of digital processing of video images to
solve practical problems of the mining industry. Such studies
and measurements are usually performed by observing the
surface of selected natural stone samples. Classical methods
of surface research using a laboratory microscope have a
number of disadvantages associated with the use of manual
labour during the measurements and processing of their re-
sults. Therefore, to determine mechanical properties of natu-
ral stone, it is necessary to use information and computer
technologies for processing video images.

In addition, many studies are related to the study of
the influence of various atmospheric and aggressive fac-
tors [14]-[19] and development of methods for determining
colour coordinates but little attention is paid to the study of
the influence of chemical treatment on the natural stone gloss
and lightness. Chemical impregnations, which are widely
distributed on the market of Ukraine, have not been studied
enough for Ukrainian natural stone. Thus, their effect on the
indicators of gloss, saturation, and lightness of various types
of natural stone and the subsequent effect on decorative indi-
cators should be studied as well as the issue of the effective-
ness of using different chemicals on different rock types.

Therefore, the purpose of the paper is to assess the influ-
ence of technological and natural factors on the decorative
properties of natural facing stone.
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2. Materials and research methods

The research was carried out in terms of polished stone
samples from different types of natural facing stone measur-
ing 200x200x20; their mineral composition and appearance
are shown in Table 1. Samples of the most common types of
natural stone in Ukraine were selected from high-strength
stone of the following deposits: Pokostivske granodiorite
deposit, Bukivske gabbro deposit, Golovynske labradorite

deposit, Mezhyrichynske granite deposit, Kapustynske gran-
ite deposit, Zhadkivske granite deposit, and Leznykivske
granite deposit.

For the mechanical processing of natural stone, diamond
fickerts were used; their characteristics are represented in
Table 2. The number of passes is also indicated in numbers.
Such a scheme of diamond tool using makes it possible to get
a high-quality stone surface and give it maximum gloss [20].

Table 1. Mineralogical composition of the used types of natural facing stone

Appearance of the natural

Mineral content, %

Stone type facing stone samples
e

Microcline

Plagioclase  Quartz Biotite Pyroxene Other

Pokostivskyi
granodiorite
(Grey Ukraine)

15-30

35-55 10-25 5-15 - 1

Bukivskyi gabbro

(Galant) 29

57-72 5 3 25-32 0-14

Golovynskyi
labradorite
(Black Sea)

85 7 1 3 1

Mezhyrichynskyi
granite
(Rosso Pink)

60

20 15 5 - 1

Kapustynskyi
granite
(Rosso Santiago)

50

24 18

Zhadkivskyi
granite
(Rosa Raveno)

60

20 15 5 - -

Leznykivskyi
granite
(Ukrainian Red)

80

14
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Table 2. Characteristics of a diamond tool for the natural stone

processing

Number Tool numbers Graininess, um

of passes  No 00 (diamond) 710/600
1 No. 24 500/400
1 No. 240 200/160
4 No. 400 80/63
2 No. 600 60/40
2 No. 800 40/28
2 No. 1200 28/20
2 No. 1500 20/14
2 No. 2000 10/7
2 No. 3000 5/3
1 Polishing 1/0

Following tools were used for chemical treatment:

1) impregnation agent 1 (pH = 5.36) is a varnish-based im-
pregnation agent that gives the surface the effect of wet stone
and is used to treat surfaces of all-type natural stones to protect
them against moisture, oil, and grease, and enhance colour;

2) impregnation agent 2 (pH =3.98) is a transparent crystal-
lizer based on a silicate solution with wax; it is used to improve
the gloss and colour saturation of all types of natural facing stone;

3) impregnation agent 3 (pH =9.12) is a black crystalli-
zer for the products made of natural stone (black shades)
granite, gabbro, and labradorite. The product penetrates
deeply and closes pores, microcracks, protecting the stone
from damage. Strengthens and enriches the stone colour and
gives the stone a gentle gloss;

4) impregnation agent 4 (pH =7.45) is a red crystallizer
based on a solution of silicates with red pigments for natural
stone products (red shades). It is used to saturate colours,
emphasize the texture, and add gloss to the stone.

Stone tiles were processed with a diamond tool on a flat
grinding machine. Next, the samples are dried, the gloss is
measured using a portable gloss meter, and the treated sur-
face is scanned. The resulting image is then calibrated and
processed in the Mdistones software. For each received im-
age of the polished surfaces of the samples, the average indi-
cators of colour coordinates in the LAB system are deter-
mined (Fig. 1). The determined colour values are converted
to the HSV colour system to identify saturation.

=
[&] File Edit Image  Segmentation  Option Window Help
= & B =4 (=[]

e Qe | % %

Average values

b K

Average values  Vaiance

7593x2337  |1853 0,0,00 1.1

L:53;a: 1; b: -7

Figure 1. Example of determining colour coordinates in the Lab
system using Mdistones

To specify the effect of chemical treatment, chemical im-
pregnation is applied to the treated surface of the natural
facing stone with a diamond tool. Further, operations are
carried out according to the research methodology for chemi-
cally treated samples.
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Gloss is the ability of a surface to reflect light without
scattering. To ensure reliably high quality, it is necessary to
evaluate the appearance of the coating according to objective
criteria that can be measured. An accurate description of the
coating appearance allows controlling the quality of the coa-
ting and improving it by optimizing the production process.
Gloss measurement helps assess homogeneity and uniformity
of the coating, control wear and deterioration of the coating,
and optimize technological processes. As the degree of gloss
increases, the colour of the coating becomes richer and more
intense. The lower the degree of gloss is, the less intense and
saturated the colour looks. The higher the surface gloss is
and the harder the surface is, the easier it is to clean and the
better its wear resistance is.

The measurement of the reflectivity of the polished sur-
face is based on the comparison of indicators obtained from
the gloss meter with the indicator of the reference surface.
Depending on the value of this indicator, facing stones are
divided into four categories (Table 3).

Table 3. Stone classification according to the reflectivity after

polishing
Category Reflectivity after
by reflective Rock type polishing (as the
ability benchmark percentage)

Marbles and some types

I (excellent) of granites 85-100
Granites and some types
I1(@ood) ¢ marbleized limestones 75-85
Dense basalts, limestones,
Il (average) marbled limestones, and 35-75
weathered granites
Porous basalts and lime-
IV (bad) stones, partially mar- <35

bleized limestones with
extraneous inclusions

Currently, new generation gloss meters that meet interna-
tional standards are widely used; they determine surface
gloss in relative values — as the ratio of intensity of light
reflected specularly to the intensity of light reflected diffuse-
ly. The use of such gloss meters makes it possible to avoid
errors that arise due to the presence of light absorbed by the
material. Model “BF-5" (Ukr. B®-5) is shown in Figure 2. In
addition to the above, it has such advantages as compactness
and mobility. The gloss meter is powered by batteries and
has a gloss display scale. It is also characterized by a small
absolute error in gloss measurement (+ 2).

Figure 2. Gloss metre “BF-5”
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This gloss meter is designed to measure gloss at illumina-
tion angles of 20°/20°, 45°/45°, 60°/60°, and 85°/85° of di-
rected light flux of various surfaces within the visible spec-
trum range. In addition to the reflectivity of rock surface, it is
also possible to determine the level of its whiteness. The
essence of gloss determination is to compare reflectivity of
the examined surface with the polished surface of a black
standard when determining gloss, and the white one while
defining whiteness. The measurement results are expressed
in the international gloss units — GU, corresponding to the
standard units when measured with a gloss meter.

The method of determining the natural facing stone gloss
involves the use of a measuring instrument (gloss meter),
which is located at various points of the measuring surface of
the samples, and collection of data used for further research.

The research methodology relies on following principle:

1) selection of the processed rock samples with a size of
at least 10x10 cm;

2) samples are cleaned of dust, dirt, and other substances
that can contaminate the surface;

(@)

14

12

10

after chemical treatment, units
(2]

Changes in gloss of the natural stone surface

ly=42.7274 - 0.5902*x; 1 = 0.8558|

N

-2
50 52 54 56 58 60 62 64 66 68 70 72 74 76
Gloss of the natural stone surface, units

(©

~

(2]

IN

w

N

~

Changes in gloss of the natural stone surface
after chemical treatment, units
(6]

ly = 27.8884 - 0.3492*x; I? - 0.8351]
58 60 62 64 66 68 70 72
Gloss of the natural stone surface, units

56 74 76

3) calibration of the device according to standard 91 GU
(Ukr. TVY);

4) gloss is measured at different points of the processed
rock samples;

5) determination of the average gloss indicators and their
further use in studies.

3. Results and discussion

A characteristic feature of natural facing stone is the va-
riability of its decorative properties. A change in the decora-
tive properties of natural stone can be observed not only
within one deposit but also even within one section of a quar-
ry. Consequently, when a large batch of natural stone facing
products is manufactured, there is a problem with the selec-
tion of single-toned natural stone slabs.

According to the methodology, a change in the gloss in-
dicators of the natural stone surface after chemical treatment
was identified (Fig. 3).

(b)

35
3,0 x:\
25
2,0 R

1,0 el

after chemical treatment, units
/

0,5 <
y =17.5395 - 0.2399*X; I = 0.6477
"63 64 65 66 67 68 69 70 71 72 73

Gloss of the natural stone surface, units

(d)

Changes in gloss of the natural stone surface

~
R °

y = 15.643 - 0.1888*X; I - 0.7908]

Changes in gloss of the natural stone surface
after chemical treatment, units

0
46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76
Gloss of the natural stone surface, units

Figure 3. Changes in gloss after the treatment of polished stone textures with the chemical impregnation agents: (a) impregnation
agent 1; (b) impregnation agent 2; (c) impregnation agent 3; (d) impregnation agent 4

According to Figure 3, all chemical impregnations
increase the gloss over natural stone. At the same time, the
greatest change in gloss is observed after the treatment
with chemical Impregnation agent No 1. According to the
established regularities of changes in the natural stone sur-
face gloss, the lower the initial gloss of the natural stone
surface is, the greater its change is after its chemical treat-
ment. In turn, it is explained by the fact that each type of
natural stone has its own limit gloss, which change can
occur within small limits.
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Like the gloss, the lightness of a natural stone surface is
one of the characteristics of its decorativeness. Therefore, we
determined certain change in brightness of samples with a
polished surface after chemical treatment (Fig. 4).

According to Figure 4, when the impregnation agent is
applied to the sample surface, the brightness decrease is
observed, which corresponds to negative values on the Y
scale. The largest decrease in brightness is shown by the
samples with great initial brightness of the surface.
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(@)
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surface after chemical treatment, units
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-12

0 5] 10 15 20 25 30
The initial lightness of the natural stone surface, units

(©)

35

-10

-12

surface after chemical treatment, units

-14
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ly = 0,4853 - 0,5355*; Iz = o,0705|

-16

4 6 8 10 12 14 16 18 20 22 24 26 28 30
The initial lightness of the natural stone surface, units

(b)
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y=0,1659 - 0,24*X; r2 = 0,6849

-10

4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
The initial lightness of the natural stone surface, units

(d)

"
o

Change in lightness of the natural stone
surface after chemical treatment, units

e
N

[y=1,5496 - 0,3632*; r2= 0.8687|

i
S

0 5 10 15 20 25 30 35
The initial lightness of the natural stone surface, units

40

Figure 4. Change in lightness values after the treatment with a chemical impregnation agent (polished texture): (a) impregnation
agent 1; (b) impregnation agent 2; (c) impregnation agent 3; (d) impregnation agent 4

For example, if the initial lightness of the surface of a
natural stone is 22 units, and a change in lightness after
treatment with a chemical impregnation agent is -12, then the
surface lightness of the sample will be 22 —12 =10 units
(Fig. 5¢; point x = 22; y = -12).

The next main feature of the decorativeness of the natu-
ral stone under consideration is saturation. For a natural
stone with a chromatic colour, this feature is more signifi-
cant than for the achromatic ones. Accordingly, it was
decided to determine a change in saturation of the natural
stone surface (Fig. 5).

Figure 5 demonstrates that impregnation agent 3 reduces
the natural stone saturation due to the presence of black im-
purities that colour the stone. Accordingly, its use is not
recommended for the light-coloured types and the ones with
chromatic colouring; however, it can be used for the types,
which colour is close to black. Impregnation agents 1, 2, 4
increase the natural stone saturation; they are recommended
to be used for most types of natural stone. As with the deter-
mination of lightness, the saturation of natural stone after
appropriate chemical treatment can be determined according
to the established patterns shown in Figure 5.

Infrared spectroscopy is mainly used for quantitative and
qualitative analysis of the composition of various substances.
There are many obstacles to surface infrared analysis because
the properties and conditions of the samples to be tested must
be the same. The main problem that arose during the study of
the surface of natural stone samples was the heterogeneity of
its mineral and chemical composition, spreading over the
sample area. As a result, various spectra were obtained,
which were difficult to identify without previously prepared
control samples. The complete infrared spectra of the natural
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stone surface of Pokostivkyi granodiorite and Bukivskyi
gabbro are shown in Figure 6.

Many peaks within the range from 1400 to 300 cm™ were
observed, which makes it possible to identify certain diffe-
rences between the natural stones and determine the efficien-
cy of natural stone processing. For this reason, this range of
wavelengths was investigated in this work (Fig. 7).

As we can see from Figure 7, Pokostivskyi granodiorite
(Grey Ukraine) and Bukivskyi gabbro (Galant) have different
infrared spectra in the studied wavelength range, which can
be explained by the difference in the mineralogical composi-
tion of both natural stone types. Spectra of Pokostivskyi
granodiorite (Grey Ukraine) have more peaks than Bukivskyi
gabbro (Galant) as Pokostivskyi granodiorite (Grey Ukraine)
contains more minerals in its composition. Bukivskyi gabbro
(Galant) consists mainly of plagioclase and pyroxene, while
Pokostivskyi granodiorite (Grey Ukraine) consists of micro-
cline, plagioclase, quartz, and biotite [3]. In addition, natural
stones within the same geological zone usually have com-
mon minerals. Both investigated natural stones have one
common mineral — plagioclase; while analyzing the spectra
of both materials the same wavelengths belonging to plagio-
clase were identified (Table 4) [21].

However, there are also some differences in the spectra of
these stone types, characterizing their minerals. Pokostivskyi
granodiorite (Grey Ukraine) has following clear peaks: 1330,
1145, 1089, 813, 746, 671, 649, 636, 563, 522, and 405 cm™,
which corresponds to microcline (1330, 1145, 649, 563, and
522), quartz minerals (1089, 813, 671, and 405), and biotite
(746, 636, and 405). Bukivskyi gabbro (Galant) has the
peaks of 1263, 981, 960, 935, 921, 663, 489, 476, and
453 cm?, which corresponds to the mineral of pyroxene [20].
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Changes in saturation of the natural stone

Changes in saturation of the natural stone

Figure 5. Change in saturation values after the treatment with a chemical impregnation agent (polished texture)
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Figure 6. Full

IR spectra of the natural stone surface of
Pokostivskyi granodiorite (Grey Ukraine) and Bukivskyi
gabbro (Galant)

Table 4. Description of the spectra of natural stone corresponding
to the common mineral plagioclase

Wavelength, cm™

Pokostivskyi granodiorite

Bukivskyi gabbro

(Grey Ukraine) (Galant)
1112 1110
1064 1066
1020 1016

771 769
727 721
603 603
540 540
428 430
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Figure 7. Range of wavelengths from 1400 to 300 cm™ of IR spectra
of the natural stone surface of Pokostivskyi granodiorite
(Grey Ukraine) and Bukivskyi gabbro (Galant)

The possibility of identifying gabbro minerals was investi-
gated by Rost et al. [22]. Considering the conditions of sample
preparation, which involves polishing the natural stone sur-
face, the authors found that the stone surface roughness affects
the infrared spectra. When the surface is treated with chemical
impregnations, absorbance can be affected by a change in the
angle of IR ray reflection due to following two factors (Fig. 8):

1. Cavity effect. This effect depends on the quality of the
natural stone surface polishing (surface roughness). If the IR
ray enters the resonator, the absorbance increases. When the
surface of the stone is processed with a chemical reagent, the
cavities are filled, and the absorbance decreases.
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2. Volume scattering. Scattering occurs due to the IR ray
passage through a transparent layer of chemical impregna-
tion, which changes the angle of reflection.

Roughness of Cavity
stone surface effect \
\% -
1 - Mechanical
treatment
Volume ) 2 — Chemical
1 scattering treatment

Figure 8. Factors influencing the infrared spectra absorbance

After the chemical treatments, infrared spectroscopy of
the surface of Pokostivskyi granodiorite and Bukivskyi
gabbro was carried out (Fig. 9). For each type of stone
(Grey Ukraine or Galant), the change in absorbance is more
or less depending on the means of impregnation. A
decrease in the IR spectra absorbance was detected after
four chemical treatments, with the exception of impregna-
tion 4 in Bukivskyi gabbro [23], [24]. Changes in the absor-
bance intensity after these treatments are the result of the
two factors mentioned. No formation of new spectrum
peaks was observed without nerves. This indicates that
chemical treatment does not lead to the formation of new
substances. It forms a nanofilm that fills the micro irregu-
larities of the natural stone surface.

It is important to emphasize that there is no chemical in-
teraction of the four impregnation agents with the two natural
rocks, which guarantees their chemical stability. Moreover,
the pore coating guarantees greater surface strength.

As a result of the study, it was found that the areas of
dark and light minerals affect directly the lightness and satu-
ration of the stone. The lightness of the stone surface in-
creases along with the increasing areas of light minerals,
which is also confirmed in paper [4].

In [16]-[18], the effect of surface coatings of natural
stone on physical properties, including colour, was consid-
ered in order to protect natural stone from atmospheric influ-
ences. These studies are somewhat similar; however, for
different types of natural stone, it is impossible to use the
same means without prior study as chemical coatings can
have the opposite effect. In particular, it can accelerate sig-
nificantly the natural stone weathering and change signifi-
cantly the texture (including colour) [19], [25]. Therefore,
the change in both surface colour of natural stone and its
spectra was investigated in the paper to identify chemical
interaction between the chemical treatment and surface of
natural stones. As in [22], a change in absorbance depends on
the porosity and roughness of the natural stone surface.

In order to evaluate the effectiveness of chemical
impregnation agents, it is necessary to conduct additional
stu-dies concerning the influence of the surrounding
aggressive environment (temperature changes, humidity
effects, ultra-violet radiation, etc.) on the decorative proper-
ties of natural stone. The studies should involve digital
image processing and infrared spectroscopy, which will
make it possible to determine the presence of weathering
products and traces of weathering on the natural facing
stone surface.

19

(@)
Wavenumber, ¢cm™!
2828
o= s = ol oo = T
coemadgZe—ans
st v D 00 O o e e e
02 @M echanical treatment
03 (Pokostivskiy
0.4 granodiorite (Grey
0.5 Ukraine))
0.6 —Impregnation agent 1
0.7 (Pokostivskiy
0.8 granodiorite (Grey
>4 0.9 Ukraine))
§ 1 Impregnation agent 2
£1.1 (Pokostivskiy
a 1.2 granodiorite (Grey
= 13 Ukraine))
< 1.4 —Impregnation agent 3
1.5 (Pokostivskiy
1.6 granodiorite (Grey
1.7 Ukraine))
1.8 —Impregnation agent 4
1.9 (Pokostivskiy
2 granodiorite (Grey
2.1 Ukraine))
Wavenumber, cm™!
Soeds
o o =g
mmﬁggﬁ"foﬂ“'m"'
N T VN O s 00 O\ v v vt =t v
0.2 ==Mechanical treatment
0.3 (Bukivskyi gabbro
0.4 (Galant))
0.5
0.6 —Impregnation agent 1
% & (Bukivskyi gabbro
@ 0.7 \ (Galant))
£08
S 0.9 i Impregnation agent 2
= (Bukivskyi gabbro
2 (Galant))
ﬁ 1.1
1.2 —Impregnation agent 3
1.3 (Bukivskyi gabbro
14 (Galant))
1.5 :
1.6 —Impregnation agent 4
2 (Bukivskyi gabbro
1.7 (Galant))
1.8

Figure 9. Changes in absorbance by chemical impregnations for
different types of natural stone: (a) Pokostivskyi gra-
nodiorite (Grey Ukraine); (b) Bukivskyi gabbro (Galant)
after chemical treatment

4. Conclusions

Using the methods of digital image processing and infrared
spectroscopy, the physicochemical bases of natural stone pro-
cessing have been identified; it allows identifying the following.

All chemical impregnations increase the natural stone
surface gloss. At the same time, the greatest change in gloss
is observed after the treatment with Impregnation agent 1.
According to the defined patterns of changes in the natural
stone surface gloss, the lower the initial gloss of the natural
stone surface is, the greater its change after the chemical
treatment is. This, in turn, is explained by the fact that each
type of natural stone has its own limit gloss, which change
can occur within small limits.

After applying the product to the sample surfaces, the de-
creasing lightness is observed. Samples with the large initial
surface brightness show the greatest decrease in brightness.

Impregnation agent 3 reduces the natural stone saturation
due to the available black impurities colouring the stone.
Accordingly, its use is not recommended for the light-
coloured types and the types with chromatic colouring. How-
ever, it can be used for the types that have a colour close to
black. Impregnation agents 1, 2, and 4 increase the natural
stone saturation; they are recommended to be used for most
types of natural stone.
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Absorbance changes at the IR spectra peaks for natural
stone samples after chemical treatment were more intense in
the Grey Ukraine sample since the colour spectrum in this
sample is lighter. Chemical interaction of the impregnation
agents and the natural rock is minimal. It does not affect the
natural rock chemically as the infrared spectrum shows the
same peaks in the treated sample as in the untreated one.
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KepyBaHHSI NOKa3HUKAMM SIKOCTi OyiBeIbHUX BUPOOIB i3 MPUPOIHOro 00MII0BAJILHOTO KAMEHIO

B. lampaii, B. Mensauk-1lampai, 1. JIeonens, B. Kopobiitayk, C. JIynenko

Merta. OuiHKa BIUTUBY TEXHOJIOTIYHMX | IPUPOJHUX YMHHHUKIB HA IEKOPATHUBHI BJIaCTUBOCTI IIPHUPOJHOTO OOIHUIIOBATLHOTO KaAMEHIO IS
BCTAQHOBJICHUX 3aKOHOMIPHOCTEH 3MiHM CBITJIOTH Ta HACHYEHOCTI HOr0 MOBEPXHi.

MeToauka. J[ysi OLiHKM BIUTMBY TEXHOJIOTIYHHX 1 MPUPOJHUX YMHHUKIB HA JAEKOPATHBHI BIACTHBOCTI MPHPOJHOTO OOJHIFOBAILHOTO
KaMeHIO OyJI0 BUKOPUCTaHO MeToIH IudpoBoi 0OpoOKH 300pakeHb Ta iH(YPadepBOHOI CIIEKTPOCKOITil, SKi JO3BOJSIIOTH OTPHMATH iHpOpMa-
LiI0 TPO BIUIMB MIHEPAJIOTIYHOTO 1 XIMIYHOTO CKJIaAy Ha JCKOPaTHBHI BIACTUBOCTI MPUPOJHOTO KaMEHIO Ta OXapaKTepH3yBaTH (i3UKO-
XIMIYHI IPOIIECH, SKi MPOTIKAIOTH MPU 0OPOOII MPUPOIHOTO KAMEHIO PI3HUMH METOIAMH.

Pe3yabTaTu. BcTaHOBIIEHO 3aKOHOMIPHOCTI 3MiHH TIOBEPXHEBOTO OJIMCKY MPUPOTHOTO OOIHUIFOBATBHOTO KAMEHIO Micisl XiMIYHOT 00po-
Oxu. JloBeneHo, 10 Bei XiMi4HI MPOCOYESHHS MiABUIIYIOTH OJIUCK, i YUM HMKYi I0YATKOBI IIOKA3HUKH OJNMCKY IIOBEPXHI HATYPAIbHOTO KaMe-
HIO, TUM Oinblie 3MiHIOeThCs OiMck. Lle, B CBOIO 4yepry, BUKIMKAHO THUM, IO KOXKEH BHJ MPHUPOJHOTO KaMEHIO MAa€ CBOIO MEXY OJIHCKY.
BcTaHOBIEHO 3aKOHOMIPHOCTI 3MIHH CBITJIOTH Ta HACHYCHOCTI MOBEPXHI MPUPOAHOTO OOJIMIIOBAIBLHOIO KAMEHIO MICIsl XIMIYHOT 0OpOOKH.
BoHu nokasyroTs, 110 BCi areHTH 3MEHIIYIOTh CBITJIOTY 1 MiJIBHILYIOTh HACHYEHICTh (32 BUHATKOM Impregnation agent 3) moBepxHi HaTypa-
JBHOTO KaMeHI0. BiAMOBITHO 10 BCTAHOBICHHUX 3aKOHOMIPHOCTEH, MOXKHA KOHTPOJIIOBATH SKICHI MOKa3HUKH TTOBEPXHi TIPUPOHOTO KAMEHIO,
1 IpU IbOMY 320€3MEeYUTH PIBHOMIPHUH KOJpHUI TOH 00ymMIboBaHoi kKaMeHeM Oyxisii. OCHOBHOIO IPo0IeMOIo, Tka BUHUKIIA ITiJ] 9ac J0c-
JIJDKEHHS TTOBEPXHI 3pa3KiB IPHPOAHOTO KaMEHIO 1H(PauepBOHOIO CHEKTPOCKOMi€l0 Oyina HEOTHOPIAHICTH HOro MiHepaIbHO-XIMIYHOTO
CKJIaJy, sIKa PO3IOBCIO/DKEHA M0 IUIONII 3pa3ka. Y pe3yibTari OyiM oTpuMaHi pi3HOMaHITHI CHEKTPH, SKi Bak-Ko Oyno ineHTH(ikyBaTn 6e3
TIOTIEPETHEO MiATOTOBIEHUX KOHTPOJIBHUX 3pa3kiB. OTpHUMaHO MOBHI iH(pauepBOHi CHEKTPHU IOBEPXHI IPUPOTHOTO KaMeHIO I10KOCTIBChKO-
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ro rpaHogioputy Ta BykiBchkoro radpo. ITokocriBebkuit rpanonioput i BykiBebkuii rabpo MaroTh pi3Hi iH(padepBOHi CIEKTPH B AOCTIIKY-
BaHOMY Jiana30Hi JOBKHH XBUJIb, 1[0 MOXKHA ITOSICHATH PI3HULCIO B MiHEPAJIOTTYHOMY CKJIa[i 000X IPUPOTHUX KAMEHIB.

HaykoBa HOBM3HA MOJIATa€ y BCTAHOBJICHH] 3aKOHOMIPHOCTEH 3MiHHU CBITJIIOTH Ta HACHYEHOCTI HOBEPXHI NPUPOIHOTO OOIHIIIOBAIEHOTO
KaMEeHIO ITiCIIst XIMITHOT 00pOOKH.

IIpakTHyHa 3HAYMMICTB. 32 JOMIOMOTOI0 BCTAHOBJIEHHX 3aKOHOMIpHOCTEH 3MiHM CBITJIOTH Ta HACHYEHOCTI MOBEPXHI IPHPOTHOTO 00-
JIMIFOBAJIEHOTO KaMEHIO MOJKHA KOHTPOJIFOBATH SKiCHI TIOKa3HUKH ITOBEPXHI IPUPOTHOTO KAMEHIO, 1 PH I[boMy 3a0e3IIeunTH PiBHOMIpHHH
KOJTipHUH TOH OOJIUIILOBAHOT KAMEHEM Oy TiBIIi.

Knrouosi cnosa: oexopamugnicmes npupooHo2o KaMeHio, OIUCK, HACUYEHICMb, C8IMAoma, NPUpoOHUll 0OIUYIOB8ATbHUL KAMIHb, XIMIUHe
npocoyeHHs
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