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INVESTIGATION OF THE EFFECT OF LASER RADIATION
ON THE MORPHOLOGY AND COLOUR
OF BIRCH PLYWOOD

Ginevic¢iené G., Gudaitiené R., Kujalavicius Z.,
Lukaseviciaté D., Pociené A.
Kaunas University of Applied Sciences

Abstract

CO, laser is commonly used for the production of the advertising material
onto plywood, yet the final result of the product depends on the appropri-
ate selection of material, its morphological properties, and technological
parameters of material processing. As a result, the change in colour, the
depth of the burnt plywood surface due to laser exposure and surface
morphology is different. The paper presents the results obtained when
the birch plywood is exposed to the CO, laser, which renders a specific col-
our change. The paper also discusses how morphological and roughness
parameters influence the colour changes and which material processing
mode is the best to achieve a desirable result.

Keywords: engraving, gas CO, laser, glued plywood (fibreboard, birch ply-
wood), AE colour change, surface morphology, ablation, carbonisation

Introduction

In the course of the production of visual products, when a number of various
finishing modes are commonly used, the final result of the product depends
on the colour change AE and morphological properties of the material used.
Therefore, it is very important to identify a link between these aspects and
the technological parameters that affect them. To process plywood used for
the advertising products, gas CO, laser is commonly used. The principle of
laser beam operation is based on the effect of the concentrated laser beam,
which destroys the surface structure of the material. With the help of these
devices, computer-generated shapes are transferred onto materials with vari-
ous morphological and colorimetric properties of the surface. Taking into
consideration the selected parameters of laser operation mode, such as the
intensity of laser beam and type of the material, different tones of colour of
the drawn objects can be obtained (Varanaviciené et al., 2017).
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Change in colour can be affected both by the type of wood, laser power,
speed of movement, thickness of the material and energy flow density (Petru
et al., 2014). Carbonisation process occurs when wood is engraved using a
laser. The depth of carbonised wood corresponds to the width of fibre (Dog-
aru, 1985, cited from Petru et al., 2014). As a result, different intensities of
ash colour and brownish colour tones are obtained on the burnt wood surface
(Kuktaite et al., 2020a). Differences in the colour tone of graphic images are
obtained as the surface of the material is exposed to different laser power
and its movement speed. The colour changes become more pronounced as
the speed of laser beam movement decreases, accordingly. An increase in
moisture content reduces the effect of carbonisation, as the excess of energy
is used for the vaporisation process from wood (Petru et al, 2014). It was
observed that the sharpest contrast is obtained when alder, birch and maple
plywood is exposed to laser beam radiation.

Plywood is widely used to transfer visual and textual advertising infor-
mation. Plywood is environmentally friendly, easy to recycle and cost-ef-
fective material suitable for the production of products where laser engrav-
ing is applied (Kuktaité et al., 2020a). Regardless of a large supply of wood
materials available for engraving in the market, yet not all wood is suitable,
as the quality and the final result depends on the type of wood, its physi-
cal and mechanical properties, in particular. Thus, an appropriate selection
of the individual parameters of wood processing according to the type of
board plays a vital role aiming to achieve a desirable result. Barnekov et
al. (1986) claim that one of the major factors that determines laser and
wood interaction is the nature of the wood chips, its density, moisture con-
tent, separated concentrated materials and optical properties (Gurau et al.,
2017). CO, laser-adapted plywood is usually made from birch wood, which
is resistant to atmospheric effects, and maintains the stability of properties
under the influence of various external factors. Birch plywood consists of
several high-quality full-sized veneer sheets of birch wood glued together.
The sheets are glued with strong glues so that the texture of the adjacent
layers is in an opposite direction. High temperatures and high pressure are
used in the production of the plywood (Varanavi¢iené et al., 2017). Ply-
wood is a strong and hard (robust) material, resistant to deformation and
abrasion, with properties superior to ordinary wood. Its surface fibres are
smoothed, there are no obvious defects in the wood structure, texture is
uniform without additional contrasting shades of the surface, so when en-
graving a larger area, a more uniform solid colour tone is obtained. How-
ever, various patterns of wood present in the glued plywood do not allow
to achieve 100 % uniform colour tone over the entire area of the object,
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but due to the smoothness of the plywood surface, more intense and more
uniform colour tones of different intensity are obtained in comparison to
homogenous structure of fibreboard.

The quality of engraving depends on the thickness of wood, density,
moisture content and glue (Petru et al 2014). Petru et al. (2014) found in
the study that a low laser power cannot pass through the entire thickness
of wood plywood, whereas a high laser power burns the wood. Laser used
for the wood processing darkens the colour of the plywood surface, as the
colour may range from light brown to black. Lin et al. (2008) investigated
the effect of movement speed ratio and laser radiation power on the depth
and colour difference of the MOSO® bamboo laminate and found that the
higher power of radiation and lower speed of movement, the higher values in
colour difference and the greater depth (cited from Gurau et al., 2017). The
study showed that the above-mentioned factors can be predicted and evalu-
ated by regression analysis. Li et al. (2020) state that the principles of laser
beam operation such as laser power, movement speed and radiation width
have a significant effect on the colour components AL and AE of bamboo
surface. Absolute values increased in the presence of a higher laser power,
but decreased with increasing speed of laser beam movement and operating
range. The relationship between laser beam operating parameters and colour
digital coordinates AL and AE was determined. This method can be applied
in order to achieve a desirable colour or different colour choices (Li et al.,
2020). Based on the study carried out by G. Kuktaité et al. (2020b), it was
found that in the presence of different parameters of laser beam speed and
radiation power, samples of close colour tones on birch plywood can be
obtained, e.g. differences in AE values do not exceed 3, which corresponds
to the limits of the imperceptible colour difference of the observer’s visual
assessment. It was also found that the power of laser radiation has a greater
effect on the changes of colour properties of wood plywood than movement
speed. The value of AE is proportional to the laser radiation power, given the
laser beam moves at a maximum speed of 600 mm/s. The value obtained in
the samples was the lowest, as a laser beam moved faster through the sample
width. The highest AE value was obtained when the lowest speed was cho-
sen, as a laser beam moved at a lower speed, and the microstructure of wood
plywood exposed to a laser beam for a longer period was more damaged
(G. Kuktaité et al., 2020b).

Irawan et al. (2008) investigated how CO, laser creates (destroys) micro-
structures due to the mechanism of photothermal ablation. It was found that
a 10,6 um laser beam is absorbed by fibrous materials, later on, heats, melts
and vaporises them. Due to this process applied, a void is left on the wood.
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The depth of microstructures is determined by the properties of material,
the power of laser radiation, the number of the laser passes and the speed of
movement of the laser beam. The depth of microstructure linearly depends
on the set of parameters of the laser beam, yet the laser power has to be
optimised taking into consideration properties of the material (Klank et al.,
2002, cited from Irawan et al., 2008). A study by Gurau et al. (2017) found
a correlation between change in colour of wood (difference in colours meas-
ured by AE) and surface roughness (measured roughness parameters Ra, Rq,
Rt, Rk, Rpk, Rvk). Such correlations can be useful in selecting power and
speed combinations that can provide the minimum surface roughness for
the selected colour change (Gurau et al., 2017). Gurau et al. (2017) claim
that roughness of the surface and total colour difference AE increased with
laser power and decreased with the scanning speed, respectively. When the
speed was higher than 300 mm/s, a slight difference in colour was observed,
whereas surface roughness remained the same (Gurau et al., 2017). Pritam
(2016) found that the arithmetic roughness average Ra decreases as move-
ment speed and laser power increases. To reach deeper cavities, but at a
lower speed, it is recommended to increase the frequency of laser scanning
at lower power and higher speed of movement (Pritam, 2016).

Based on the study carried out by G. Kuktaité et al. (2020a), the analysis
of the AE results showed, that the change of laser technological parameters
has an effect on colorimetric indices of the plywood and processes of laser
ablation, as a deep graphic image is obtained in a material with different
morphological properties. In the overview on laser engraving done by Pa-
tel et al. (2015), the influence of process parameters including laser power
scanning speed and laser frequency on engraving and surface roughness is
emphasized (Gurau et al., 2017). As noted in the article, information on the
effect of different laser technological parameters on the morphological prop-
erties of the material surface, radiation ablation processes, set of the concen-
trated laser beam parameters that destroys the structure of material surface
and application of clearly defined visual production is insufficient.

Based on the aforementioned data, it can be stated that the selection of
optimal parameters of technological processes becomes a key issue when
transferring the computer-generated image onto the plywood. Thus, the aim
of this study is to analyse the effect of technological parameters of CO, laser
radiation (power and speed) on the morphology of the glued birch plywood
and colour, and to determine the correlation between AE and Ra parameters,
applying the method of morphological metrology and the comparative spec-
trophotometric analysis of surface colour tones.
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Methodology

A vector layout was developed using Adobe Illustrator software. The layout
was imported into RDWorks V8computer software, which has an interface
with Bodor BCL-MU CO, laser, used for engraving objects. Laser beam
operating field corresponded to the size of the chosen objects. Bodor BCL-
MU CO, laser with a beam wavelength of 10.6 um and an engraving speed
of 0-60000 mm/ min. Minimum engraving area of 1 mm x 1 mm. To ensure
an appropriate operating environment of the device, 18 °C room tempera-
ture and 41 % humidity was maintained (Bodor User Manual for BCL-MU
Series Laser Machine, 2019).

In this study, a birch plywood sheet of 500 x 300 mm specially adapted
for cutting and engraving was chosen for the analysis. Composition and pa-
rameters of the analysed sample: 100 % birch, 3 mm of thickness, rigid thick-
ness tolerance of plywood (+0,3 / —0,3), density 640700 kg/m?, high-qual-
ity full-size veneer inside and outside, a minimum number of defects in all
layers. Based on the measurements carried out by G. Kuktaité et al. (2020a),
specific areas of the sample affected by the combination of power and speed
parameters were selected for a more detailed analysis. The analysed area of
the sample consisted of a number of 18, 50 x 50 mm sections exposed to
laser radiation. To carry out an analysis, appropriate combinations of power
and speed of 20 % 200 mm/s, 20 % 240 mm/s, 100 % 600 mm/s were se-
lected. In the samples, marked 200v, 240v and 600v, changes in colour tones
and microstructure of the plywood surface were observed.

For the analysis of change in colour tones, X-Rite I1 Pro spectrometer
was used to carry out measurements. The measurement data are presented as
the change in AE in compliance with ISO/CIE 11664-4:2019 standard (Lith-
uanian Standards Board, 2019). Standard ISO/CIE 11664-4:2019 regulates
a mathematical formula for estimating the change in colour between two ob-
jects compared. The value of AE determines the change between L*a*b* co-
ordinates corresponding to the position of colour tones in the colour space.
The values of AE for visual assessment are regulated by the standard. The
result of the observer’s visual assessment depends on the AE value of the
digital colour coordinate difference. Given AE <3, the difference in colours
is almost imperceptible. When 3 < AE >6, difference in colours is observed,
when two objects are adjacent. When AE >6, colour difference is visible by
the naked eye, and when the value increases, a significant colour contrast is
observed. Colour measurements were performed at five points on the sam-
ple.

Roughness can be considered as a major criterion describing the quality
of the treated surface, since it determines further methods of surface fin-

INNOVATIONS IN PUBLISHING, PRINTING AND MULTIMEDIA TECHNOLOGIES 2021 | 9



ishing, possible application and appearance. The values of surface rough-
ness are regulated by the standard 4287:1997. The standard covers main
indicators as follows: the arithmetic average of the profile deviations Ra,
the average roughness Rz, etc. (Baskutis et al., 2019). The arithmetic av-
erage of the absolute values of the profile roughness Ra and the height of
micro-roughness Rz were evaluated in three directions of wood fibre: along
the wood fibre, across the wood fibre, and at an angle of 45°, measured at
five points. The profilometer PCE-RT 1200 was used to determine the sur-
face morphology of the birch plywood. The profilometer operates according
to the touch method in accordance with ISO 3274. The RC wave filtering
method was chosen, setting an expected marginal length 2,5 mm, measuring
zone 10 mm.

The quality of the structural properties of plywood was evaluated by
capturing images using Invenio 5SII camera with the installed optical mi-
croscope Motic SMZ-171. The surface image of the analysed sample was
magnified 2 %2 x 10 times with a resolution 2560 x 1922 pixels. Live image
speed is up to 48 fps. The 3D optical system MicroCAD Lite was used to
record deformations of the surface and obtain precise classification results
(see Fig.1). The distance to the measured surface of the sample (object) was
3 cm, resolution 0,1 um, measurement resolution 748 x 480 pixels, and the
measurement zone covered 1,8 x 1,2 mm area. The 3D MicroCAD optical
system works with ODSCADGFM 3D measurement and analysis software.
The relief of the sample surface was scanned with the camera and the 3D
photograph was taken. The selected optical scanning methods allowed to
determine a more precise microstructure of the plywood surface.

1-Projektor/Kamera System
(MikroCAD-Konzept)

Fig.1 Optical 3D MicroCAD Lite measurement device and projector/ camera sys-
tem (MicroCAD concept)(Lmi technologies, 2021)

Result analysis
Birch plywood was treated with a gas CO, laser by selecting different pa-

rameters (Fig.2). The power and movement speed of the laser beam were
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selected based on the colour tone palette developed by G. Kuktaité et
al.(2020a), designed to determine the value differences of colour tones on
plywood, when the value differences correspond to AE < 3 limits. The colour
differences of the samples obtained by selecting the following laser speed
600 mm/s and 100% power (600v), speed 200 mm/s (200v) and 240 mm/s
with 20% power (240v), were insignificant. Yet, the effect of laser apply-
ing such technological parameters on the morphological properties of the
plywood surface was unknown. With the increasing laser speed and power,
a smoother surface of the plywood is obtained, thus a combination of 600 v
technological parameters was chosen as the reference sample (Tablel).

- . .
H0mes
S

Fig.2 Samples of birch plywood after exposure to radiation

£
00
oo,

The effects of radiation power and beam speed were analysed using a
spectrophotometric method. The difference in colour tones between radia-
tion-exposed samples and unaffected plywood was evaluated by AE vector
values of digital colour coordinate differences, presented in Table 1. The
table shows five AE arithmetical averages of six engraved samples on the
plywood, where the average of the averages is derived and the difference of
the averages of 200v, 240v and 600v is calculated.

Table 1. Colour difference AE on glued plywood exposed to radiation

Laser parameters AE difference, sample AE
Difference
P
rocess | Speed, PO:V o 2 3 4 5 6 |Average| between
mm/s )
600v
Unaffec- | Unaffec-

Plywood ted ted 1,15 | 1,06 [ 0,74 | 1,2 | 1,58 | 0,84 1,1 25,7
200v 200 20 25,78 25,17 22,4 |24,19|24,67|24,25 | 24,41 2,39
240v 240 20 [28,89127,99(28,38|27,39|28,73|29,17 | 28,43 1,63
600v 600 100 |26,17(26,19(25,17(27,37| 27,4 |28,52| 26,8 0
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Having analysed the obtained AE values, it was observed that the change
of technological parameters affects the colorimetric indices of the plywood
surface. The AE value differences are insignificant and fall within the im-
perceptible limits of the observer’s visual assessment, e.g. AE < 3, but their
differences indicate that the speed of beam movement had an effect on the
colour tone of the plywood surface. The average value of AE obtained at
a speed of 240 mm/s for laser beam was 16% higher than moving at the
speed of 200 mm/s, yet compared to the average value of AE at the speed
of 600 mm/s, the difference of the AE value average is 0,76 smaller than
between the 200v and 600v samples. Figure 3 presents values of the aver-
age differences that confirm that the difference in colour tones is smaller
between the 600v and 240v samples.

a .
) ] AE difference
35
30
2200 e =223 W 28,87
39 ot
25 75,17 28,25
4
20 === P|ywood
15 e 2 00V
) 40V
10
600v
5
o + gt O—irbg 0,34
1 2 3 4 5 6
Sample
b) : AE difference
30
29,17
29 o389 T 2859
28 S i '
27 27390727 4 2000
26 —t— 240y
25 25,1797 25,17
P B — N — 5 24,25 600v

23
22
21
20

------- Average 200v
------- Average 240v
Average 600v

Fig 3. Colour difference AE on glued plywood exposed to radiation:
a) AE change in plywood affected and unaffected by laser b) AE average values
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The metrological study method of surface morphology was used to com-
pare structural surface properties of laser-untreated glued plywood with the
different parameters affected by engraving process on the fibreboard sam-
ples. In addition, the maximum changes in the height of micro-roughness Rz
and the arithmetic means Ra of the profile roughness Ra were determined.
The data of arithmetic means obtained in the study are given in Table 2.

In the course of the study, it was observed that the speed of beam move-
ment and radiation power influenced the ablation process. Comparing the
surface of the unaffected plywood with the surface that was affected by the
combination of laser technological parameters, the increase in the values of
roughness indices Ra and Rz was insignificant in transverse, longitudinal
and 45°angle wood fibre directions in the glued, laser-exposed plywood.
The lowest roughness was found in 600 v samples affected by a combination
of laser parameters, the highest roughness in 200 v samples, whereas data
values of 200 v samples were close to the values of 600 v samples. Figure
7 shows how the surface roughness of fibreboard alters during the laser en-
graving process in the longitudinal and transverse directions of wood fibre.

a) 40
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—— Line 1

Line 2

-80
00 02 0406081012 141618 2.0
X (mm)

Line2

b) s Line 1

Z (um)

-100
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00 02 0406081012 141618 20
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Fig. 4 Difference in roughness in the longitudinal and transverse direction
of the plywood fibre
a)Unaffected plywood, b) 200v sample, c) 240v sample, d) 600v sample

Percentage values are used to determine the increase in roughness. Com-
paring plywood exposed to 20 % radiation power, but with a beam moving
at different speeds (200 mm/s and 240 mm/s), it was determined an insig-
nificant, yet greater effect of speed on morphological surface properties, e.g.
in the 200v samples, when a laser beam was exposed in the longitudinal
direction of wood fibre, the arithmetic average values Ra are 1,2 % higher,
corresponding to the absolute difference 0,12 um, whereas Rz values are
1,4% higher (absolute difference 0,38 um); in the transverse direction of
wood fibre Ra— 10,6 % (absolute difference 1.51 um), Rz —10.9 % (absolute
difference 4.4 pm) higher. This proves that a smoother surface of plywood
was obtained at 6,7 % higher speed (240 mm/s).
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Table 3. Comparison of the increase in surface roughness of fibreboard between
200v and 240v samples after exposure to radiation

Surface roughness
. Along the wood fibre Across the wood fibre
Indices
200v, 240v, Increase, 200v, 240v. um Increase,
pum um % pm B %
Ra 9,84 9,72 1,24 15,83 14,32 10,55
Rz 27,88 27,50 1,38 44,81 40,41 10,89

The obtained values of the surface roughness in the 200v and 240v sam-
ples are very close to the selected reference sample of 600v, it can be stated
that the surface morphological data between the 240v samples and the refer-
ence sample differ the least in the longitudinal direction, when Ra — 0.7 %
(absolute difference 0.07 pm), Rz — 0.8 % (absolute difference 0.22 um),
in the transverse direction Ra — 3.9 % (absolute difference 0.54 um), Rz —
3.7% (absolute difference 1.44 pm). The speed of beam movement varied
by 60% in the samples, radiation power by 80 %, yet technological param-
eters of laser operation did not have a significant influence on the changes
in the results obtained.

Table 4. Comparison of the increase in surface roughness of plywood in 200v, 240v
and 600v samples after exposure to radiation

Surface roughness Surface roughness
" Along the wood Across the wood Along the wood Across the wood
% fibre fibre fibre fibre
] Increa- Increa- Increa- Increa-
= | 200v, | 600v, [ """ 200v, | 600v, | " 240, [ 600v, [ | 240v, | 600v, [
se, se, se, se,
pm | pm pm | pm pm | pm pm | pm

% % % %
Ra | 9.84 | 9,65 | 1,97 | 15,83 | 13,78 | 14,88 | 9,72 | 9,65 | 0,73 | 14,32| 13,78 | 3,92
Rz | 27,88 (27,28 | 2,2 |44,81|38,97|14,99 (27,50 (27,28 | 0,81 | 40,41 |3897| 3,7

Having analysed the general data on changes in colour tones and surface
roughness, the best correlation was observed between the analysed samples.
It was found that the average values of AE and surface roughness of the 600v
correlate with 240v sample parameters, when the samples are exposed to a
combination of laser parameters. Thus, it can be stated that 600 v samples
correlate with 200v samples, but the differences in the obtained values in the
600v sample are larger than in 240v samples.
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AE AND ROUGHNESS VALUES COMPARISON
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Fig.5.Comparison of average values between AE and surface roughness

Consequently, in the production of visual objects using laser engraving
technology, and in order to obtain the desirable colour tone in glued ply-
wood, different combinations of technological parameters of laser operation
(radiation power, speed of laser beam movement) can be applied, ensuring
optimal reduced surface roughness of the material. The study showed that
the average values of AE with a minimum difference in morphological prop-
erties were obtained using combinations of technological laser parameters
applied onto 600v and 240v samples, corresponding to the limits of the small
range of 25 <AE <30 colour change. It can be claimed that the minimum oc-
currence of roughness is proportional to the minimum change in colour tone.
However, the 600v sample was produced using 100 % laser power, whereas
the 240v sample 20 % laser power. Considering the speed of laser movement
and the amount of energy consumed, it can be stated the production of the
second sample required a lesser amount of energy consumption, while the
colour obtained of the latter sample was analogous (AE<3) to the sample
produced at a higher speed.

This study can be further developed to investigate the influence of ra-
diation on the structural properties of the finishing processes, the shape of
graphic objects of different areas and their combinations, compatibility with
other printing technologies, and processes of the material ablation. Based
on the obtained results, certain proposals can be made for the production of
graphic objects, taking into consideration the proportions of time and CO,
laser gas consumption and selection of a more efficient production method.
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Conclusions

1. Changes in the technological parameters of laser affect the colorimet-
ric indices of the surface of glued plywood. Insignificant differences in AE
were obtained fall within the imperceptible limits of the observer’s visual
assessment, e.g. AE < 3, but their differences indicate that the speed of the
beam movement influenced the colour tone of the fibreboard.

2. Comparing the surface of the laser-unaffected surface of the plywood
with the surface that was exposed to the combination of the technological
laser parameters, it was found, that the values of surface roughness Ra and
Rz, increased by 2.7 time in the transverse direction of wood fibre, 4.7 times
in the longitudinal direction, and 2.8 at 45° angle, accordingly.

3. The minimum change in the movement of the laser beam has an impact
on the morphological properties of glued plywood surface. The increase in
the speed of laser beam by 6.7 % had a smaller effect on the ablation process,
as the obtained microstructure of plywood surface was smoother 1.2 % in the
longitudinal direction, in comparison to 10.6 % in the transverse direction.

4. The average values of AE that correspond to the visual assessment
requirements of the observer (when AE < 3) were obtained with a minimum
difference of morphological properties, when appropriate combinations of
technological parameters of laser beam 600v and 240v. Given AE=1,63
change, the smallest difference in the morphological indices of the surface is
obtained, when Ra — 0.7 % and Rz — 0,8 % in the longitudinal direction, and
Ra - 3,9% and Rz — 3,7 % in the transverse direction. This determines the
choice of parameters depending on the laser power consumption.

5. To obtain the desirable colour tone in the glued plywood, different
combinations of technological parameters of laser operation (radiation pow-
er, speed of laser beam movement) can be applied in the production of visual
objects, be means of laser engraving technology, ensuring optimal surface
roughness of the material. The minimum roughness is proportional to the
minimum change in colour tone, when plywood is processed at 240 mm/s
speed and 20 % power, and at 600 mm/s and 100% laser power.

Literature

1. Baskutis, S., Rim8a, G. (2019). Industry challenge 4.0 empowering
metalworkers for smart factories. Erasmus+ Program KA2: Coopera-
tion for innovation and the exchange of good practices — Sector Skills
Alliances. Project No. 575813-EPP-1-2016-1-LT-EPPKA2-SSA [seen
20-09-2021]. Access online: https://ec.europa.eu/programmes/erasmus-
plus/project-result-content/7fdbbe34-6aee-4fa6-99a2-473d9bb0dc4d/
wp3_textbook en.pdf

18 | International Scientific-Practical Conference



2. Barnekov, V. G., McMillin, C. W., & Huber, H. A. (1986). Factors in-
fluencing laser cutting of wood. Forest Products Journal 36 (1): 55-58.

3. Bodor User Manual for BCL-M Series Laser Machine (2019). Jinan
Bodor CNC Machine Co.Ltd

4. Dogaru, V. (1985). Bazele tdierii lemnului §i a materialelor lemnoa-
se. Basics for cutting wood and wood-based.

5. Gurau, L., Petru, A., Varodi, A., & Timar, M. C. (2017). The influence of
CO, laser beam power output and scanning speed on surface roughness
and colour changes of beech (Fagus sylvatica). BioResources, 12(4),
7395-7412.

6. Gurau, L., & Petru, A. (2018). The influence of CO, laser beam power
output and scanning speed on surface quality of Norway maple (Acer
platanoides). BioResources, 13(4), 8168-8183.

7. International Standard ISO 12647-2:2013. Graphic technology — Process
control for the production of half-tone colour separations, proof and pro-
duction prints. Part 2: Offset lithographic processes.

8. Irawan, R., Chuan, T. S., Meng, T. C., & Ming, T. K. (2008). Rapid con-
structions of microstructures for optical fiber sensors using a commercial
CO, laser system. The Open Biomedical Engineering Journal, 2, 28.

9. ISO/CIE (2019). Publication 11664-4:2019. Colorimetry—Part 4: CIE
1976 L*a*b* Colour Space. CIE International Commission on Illumi-
nation. Available online: https://www.iso.org (accessed on 6 September
2021).

10.Klank, H., Kutter, J. P., & Geschke, O. (2002). CO, laser micro-machin-
ing and back-end processing for rapid production of PMMA-based mi-
crofluidic systems. Lab on a Chip, 2(4), 242-246.

11. Kuktaité, G., Cirtautaité, G., Dubickaité, S., and Gineviciené, G.
(2020a). Lazerio parametry jtakos medienos pavirsiaus struktiiros koky-
bei analizé. Inovacijy taikymas technologijose 2020: respublikiné moks-
liné-praktiné studenty konferencija, 2020 m.: straipsniy rinkinys. Kauno
kolegija. Technologijy fakultetas, 176-184.

12. Kuktaité, G., Cirtautaité, G., Dubickaité, S., and Gineviciené, G. (2020b).
Medienos spalvos pokyciy analizé po graviravimo lazeriu. Inovacijy tai-
kymas technologijose 2020: respublikiné moksliné-praktiné studenty
konferencija, 2020 m.: straipsniy rinkinys. Kauno kolegija. Technologijy
fakultetas, 193-199.

13.Li, R, Chen, J., & Wang, X. A. (2020). Prediction of the color varia-
tion of MOSO ® bamboo during CO, laser thermal modification. BioRe-
sources, 15(3), 5049-5057.

INNOVATIONS IN PUBLISHING, PRINTING AND MULTIMEDIA TECHNOLOGIES 2021 | 19



14.Lin, C.J., Wang, Y. C., Lin, L. D., Chiou, C. R., Wang, Y. N., & Tsai, M.
J. (2008). Effects of feed speed ratio and laser power on engraved depth
and color difference of MOSO® bamboo lamina. Journal of Materials
Processing Technology, 198(1-3), 419-425.

15. Lmi technologies. Optical 3D measuring instrument MikroCad [seen 31-
09-2021]Access online: https://Imi3d.com/brand/mikrocad/

16. Patel, S., Patel, S. B., & Patel, A. B. (2015). A review on laser engraving
process. JSRD-International Journal for Scientific Research and Devel-
opment, 3(1), 247-250.

17.Petru, A., & Lunguleasa, A. (2014). Wood Processing by Laser Tools.
International Scientific Committee, 213.

18. Pritam, A. (2016). Experimental investigation of laser deep engraving
process for AISI 1045 stainless steel by fibre laser. International Journal
of Information Research and Review, 3(1), 1730-1734.

19. Schechtel, F., Reg, Y., Zimmermann, M., Stocker, T., Knorr, F., Mann,
V., & Schmidt, M. (2016). Pulsed laser processing of paper materials.
Physics Procedia, 83, 46-52.

20. Stepanov, A., Saukkonen, E., & Piili, H. (2015). Possibilities of laser
processing of paper materials. Physics Procedia, 78, 138-146.

21. Varanavicien¢, E., Domskien¢, J., Jucien¢, M., (2017). CO, lazerio pa-
rametry jtaka mechaninéms tekstilés medziagy savybéms ir gaminio ko-
kybei. Jaunyjy mokslininky konferencija: Pramonés inzinerija— 2017 (p.
197-202). Kaunas KTU.

20 | International Scientific-Practical Conference



THE USE OF ENCAPSULATED AMMONIUM
POLYPHOSPHATE IN THE PRODUCTION OF FLAME
RETARDANT PAPER

Kandirmaz E.A., Ozcan A.
Marmara University, School of Applied Sciences

Abstract

Papers have extreme burning and ignition properties due to their natural
extractsToday, it has become a necessity to provide late flammability prop-
erties to valuable papers such as money, checks, promissory notes. It is de-
sired that the additives used to provide late flammability materials do not
emit harmful gas. In this sense, the use of additives containing phosphate
is increasing. Encapsulation allows a material to be protected by natural
effects or to be dispersed more homogeneously in the dispersion medium.
In this study, ammonium polyphosphate, known for its flame retardancy
property, was encapsulated with an easy method and it was investigated
whether it provides a late flammability feature on papers.

For this purpose, microencapsulated ammonium polyphosphate was
prepared by in situ polymerization with glycidyl methacrylate (GMA) and
polyurethane as the shell material, respectively. The chemical structure
of microcapsules illuminated with Fourier transform infrared spectros-
copy (FTIR), and size of microcapsules were determined with scanning
electron microscopy (SEM). Paper coating formulations containing starch
binder and encapsulated ammonium polyphosphate in different ratios
(0,1,3,5,7.5) were prepared and coated onto office paper. Color (with spec-
trophotometer), gloss (with glossmeter), contact angle (with goniometer)
and flame retardancy (with LOI) properties of coated papers were meas-
ured. Offset test prints were made on the coated papers produced with IGT
C1 and the changes in color and gloss of the coating were determined. As
a result, ammonium polyphosphate was successfully encapsulated by in
situ polymerization. It was concluded that as the amount of microencapsu-
lated ammonium polyphosphate increased, the flame retardancy property
increased and there was no decrease in printability.

Keywords: Coating, Printability, Microcapsulation, Ammonium polyphos-
phate, Flame retardancy
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Introduction

In the paper industry, as in other industries, circular production and bio-
compatibility is an increasingly important concept. It is expected that the
environmental effects of the new features brought to the paper will be at the
lowest level with the continuous increase in the desired features from paper.
Some of the properties required from paper can be listed as smooth surface
properties, printability, gloss, mechanical resistance properties, and resist-
ance to heat and moisture. Recently, the importance of fire-resistant papers
has been increasing especially in valuable papers, librarianship and wallpa-
pers. Although the flame-retardant feature is not new in paper or polymer-
based materials, this feature is traditionally gained with toxic substances that
have environmental effects. Two methods can be used for flame retardant
property in papers (Li and Wu, 2012). The first method is to add a flame
retardant to the formulation in paper production. However, homogeneous
distribution is very important in this method, otherwise it will not gain flame
retardant property and there may be other problems (Ozcan et al., 2020). In
addition, in this method, it functions as a flame retardant filler and causes
printing problems by negatively affecting the flexibility of the paper. The
second method is to make a single or double-sided coating on the paper.
Besides being a very practical method, since a very thin film layer is applied
to the surface, it does not cause problems in flexibility and printing problems
do not occur.

Microencapsulation is a rapidly developing and growing technology that
is being used in many sectors today. It can be defined as the coating of a
material with a uniform film in the form of microparticles. Microcapsules
consist of two parts, the core and the shell. The core consists of an active
substance that can be solid, liquid or gas, while the shell protects the core
material and is made of natural or synthetic polymers. The purpose here is
to keep the core material in a suitable shell, to protect it from some environ-
mental effects, and to extend its usage or durability life (Kandirmaz et al.,
2020).

In recent years, there are studies showing that many polymers such as
polypropylene, polyethylene, acrylonitrile butadiene styrene and Nylon 6
are used as flame retardants (Xia et al., 2008; Xie et al., 2006; Venkatram
et al., 2018; Bee et al., 2018; Rezvani Ghomi et al., 2020). Ammonium
polyphosphate (APP) is a material with a high phosphorus content that
yields phosphoric acid, N2 and ammonia when heated. Therefore, it can be
used for flame retardancy of many organic polymers (Qu et al., 2014).
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Material and Methods

Materials

Ammonium polyphosphate, cyclohexane, glycidyl methacrylate, benzoyl
peroxide and butanone were purchased from Sigma-Aldrich, Germany.
Starch was obtained from Merck, Germany. Process magenta ink was pur-
chased from TOYO ink Co., Turkey. In this study, 80 g/m* office papers
were used for coatings. Papers were obtained from UPM, Finland.

Methods

The fabrication of microencapsulated ammonium polyphosphate was seen
in Figure 1. Encapsulated ammonium polyphosphate produced in accord-
ance with the procedure described by Yang et. al., 2021. 200 g ammonium
polyphosphate and 500 mL cyclohexane were loaded into a 1000 mL three
necked reaction flask at 50 °C with stirring 1000 rpm for 20 minutes. Af-
ter 25 g glycidyl methacrylate was transferred the reaction flask continued
mixing for half an hour, then the temperature was increased to 80°C. 0.4 g
benzoyl peroxide was solved in 50 mL of butanone, and the resulting mix-
ture was added to the reaction flask at this temperature and allowed to stir
overnight. The resulting mixture was cooled to room temperature, washed
with butanone, and dried in a vacuum oven at room temperature.

o]
Benzoyl Peroxide 80°C \
——a—g—
Glycidyl methacrylate GMAAPP
CH;

shell material —[— c—cnz-}—
—_— m
O —~
0
ol
Fig 1. The encapsulation process of ammonium polyphosphate
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100 g Polyether polyol (LY-4110), 1 g triethylenediamine, 2 g Silicone
oil foam stabilizer and 3 g triethanolamine and 5 g distilled water and syn-
thesized encapsulated ammonium polyphosphate were added int1 reaction
flask. And the flask was stirred vigorously. After 150 g Polymethylene poly-
phenyl polyisocyanate was added to the mixture. The mixture was turned to
White. The resulting precipitate was filtered. And then matured in an oven at
80 °C to complete the polymerization reaction.

The contents of the formulations prepared in order to provide flame re-
tardancy properties to office type papers by using the obtained capsules are
given in Table 1.

Table 1. Formulation of coatings

Sample | Starch (g) | Water (g) Cagi‘;;:tlfgs?:; Itl:)(lg)um
FO 7.5 92.5 0
Fl1 7.5 92.5 1
F2 7.5 92.5 3
F3 7.5 92.5 5
F4 7.5 92.5 7.5

In the preparation of the coating formulation, a mixture of 7.5 % starch
and water was first prepared and mixed for about 15 minutes at 90 °C. The
formulations were prepared by cooling the mixture to 55 °C and adding en-
capsulated ammonium polyphosphate at different rates. The obtained paper
coating formulations were coated with a laboratory type K303 Multi-coater
(RK Print Coat Instruments Ltd, United Kingdom) with using Mayer Rod 2,
at room temperature onto amount of 0.1 g/m? to one side of 80 g/m? paper at
a speed of 2 m/min. The average thickness of the coatings was set to 3 pm.
The color, gloss contact angle-surface energies of the obtained coatings were
determined by X-Rite eXact spectrophotometer and BYK Gardner glossme-
ter, PGX goniometer respectively.

Uncoated and enhcapsulated ammonium polyphospate coated papers
were printed with IGT C1 test printing machine using equal amounts of
process magenta ink (DIN ISO 2846-1). Printing parameters; 300 N printing
pressure and 0.2 m/s printing speed. The ink film thickness of all printed
samples was measured as 8 pm. The color measurements of the prints on
different coated paper were made by CIEL*a*b* method using X-Rite eXact
spectrophotometer according to ISO 12647-2:2013 standard. The measure-
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ment conditions of the spectrophotometer are determined as a polarization
filter with 0°/45° geometry with 2 observer angles with D50 light source in
the range of 400-700 nm. The difference between the colors of the different
prints was calculated according to formula below according to the CIE AE
2000 ISO 13655 standard.

AL \? AC' \? AH' \2 AC' AH'
AEgo = \/ (ﬁ) + (E) + (kHSH) + Ry kcSc kuSh D

The gloss measurements of coated papers were carried out with
BYK Gardner GmbH micro gloss 75° geometry in accordance with ISO
82541:2009, and the gloss measurements of prints with BYK Gardner
GmbH micro Tri-gloss 60° geometry in accordance with ISO 2813:2014.

The flammability characteristics of composites were determined by LOIL.
The LOI values of the coatings were measured by using a Fire Testing Tech-
nology (FTT) type instrument.

Results

In order to determine whether ammonium polyphosphate is encapsulated
or not, the FTIR spectrum of both ammonium polyphosphate and encap-
sulated ammonium polyphosphate was examined and given in Figure 2.
Ammonium polyphosphate is shown in black and the spectrum of encap-
sulated ammonium polyphosphate is shown in red. When the spectrum is
examined, N-H stretching vibration can be clearly seen at 3200 cm™. In
addition, P-O and P=O can be seen at 1100 cm™ and 1250 cm™'. Besides,
the peaks at 1020 cm™ and 805 cm™ are PO2 and P-O-P asymmetric stretch-
ing peaks, respectively. In the encapsulated ammonium polyphosphate, in
addition to these peaks, the stretching peak of the C=0 bond was observed
at 1730 cm’!, while the C=C at 1640 cm™' disappeared. This shows that the
encapsulation was successful. The results are consistent with the literature
(Tang et al., 2014).

Figure 3 shows the SEM photograph showing the particle sizes of am-
monium polyphosphate and microencapsulated ammonium polyphosphate.
The particle sizes of ammonium polyphosphate and microencapsulated am-
monium polyphosphate are around 10 pm. However, the surface of the clean
and smooth ammonium polyphosphate became rougher by encapsulation.
The results are in line with the literature (Chen et al., 2015).
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Fig 2. FTIR spectrum of ammonium polyphosphate and encapsulated
ammonium polyphosphate
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Fig 3. SEM images of ammonium polyphosphate and encapsulated
ammonium polyphosphate

Coatings containing encapsulated ammonium polyphosphate were
prepared in the compositions in Table 1 and coated on the paper surface
without any problems. The thicknesses of the resulting coatings were set to
3 um. One of the main parameters for printing on the obtained papers is the
establishment of the relationship between the ink and the substrate without
any problems. This is a relationship that depends on the surface energy and
the contact angle. In this sense, the contact angles and surface energies of
the papers were measured and given in Table 2 in order to be able to print
without problems. When Table 2 was examined, it was determined that the
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contact angles of all coatings containing encapsulated ammonium polyphos-
phate were lower than the coating containing only starch. When the litera-
ture is examined, it has been observed that the contact angle of the coatings
containing ammonium polyphosphate decreased due to the -NH4 contact
angle groups on the ammonium polyphosphate, and the contact angle of all
coatings to which the ammonium polyphosphate was added decreased up
to 10° (Zheng et al., 2014a). For this reason, the materials become weakly
resistant to water and moisture. For this purpose, it was aimed to use encap-
sulated ammonium polyphosphate in our study. As seen in Table 2, the con-
tact angle decreased in coatings containing encapsulated Ammonium poly-
phosphate. However, it appears to have considerably higher water resistance
and contact angle than this unencapsulated ammonium polyphosphate. As
the amount of flame retardant material in the coating increases, the contact
angle decreases more. In short, coatings to which ammonium polyphosphate
added can be better printed with water-based inks and are water-labile, while
coatings containing encapsulated polyphosphate have been made water-re-
sistant and more suitable for oil-based ink. The results are consistent with
the literature (Zheng et al., 2014b).

Table 2. Contact angle and surface energies of coatings

Sample Contact Angle (°) Surface Energy (mJ/m?)
FO 72.3 38.9
F1 51.0 42.7
F2 49.6 459
F3 40.0 52.7
F4 35.5 58.4

The flame retardancy properties of microencapsulated ammonium
polyphosphate content paper coatings were examined with LOI measure-
ments. LOI is a widely used technique to determine the flame retardancy
of coatings. LOI values of the coated papers are given in Figure 4. When
the figure is examined, the flame retardancy feature is increased by adding
encapsulated ammonium polyphosphate into the FO coating, which shows
extremely flammable properties. As the amount of encapsulated ammonium
polyphosphate in the content increased, the fire resistance increased and
reached approximately double in the coating containing 10%. Ammonium
polyphosphate gives the composite material a flame retardant property with
the formation of ash, which causes a decrease in mass and heat transfer be-
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tween the solid phase and the burning surface. Similar results can be seen in
the literature (Savas and Dogan, 2018).

40
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0

FO F1 F2 F3 F4
Fig 4. LOI values of coated papers

Table 3 shows the CIEL*a*b* color, gloss and color differences of the
encapsulated ammonium polyphosphate coated paper. Untreated base paper
was used as reference. When the color differences were examined, it was
determined that the FO starch coated paper color shifted slightly to yellow
compared to the base paper. This is an expected result (Wang et al., 2021).
It was determined that when encapsulated ammonium polyphosphate was
added to the coating formulations, the color shifted to a small amount of
blue. This is due to the color of the added ammonium polyphosphate and is
an expected result. The color change (AE) is in the range about 0.44-1.35.
It is also within the acceptable reference range according to ISO 12647-
2:2013. When the gloss values were examined, it was determined that all
coatings were at least 4.5 times glossier than the base paper. This is due to
the fact that the roughness on the paper surface is covered by the coating
and the diffuse reflection is prevented. Thus, the papers became glossier. The
results are similar to the literature (Chinga and Helle, 2003).

Table 3. Color and gloss values of flame retardant paper coatings

Sample | L* a* b* AE,, Gloss
FO 9546 | 291 -10.21 | Standard 5.7
Fl1 95.31 | 2.87 -8.45 1.27 28.2

F2 95.28 | 3.02 -10.84 0.44 27.5
F3 94.93 | 3.17 -11.34 0.85 27.2
F4 94.41 | 3.49 -11.82 1.35 26.9
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Offset test prints were made on coated papers containing encapsulated
ammonium polyphosphate in different ratios, and color and gloss characters
were examined and given in Table 4. When the color character is examined
in Table 4, it is determined that the results are parallel to the non-printed
papers. In other words, it was determined that the coating containing starch
slightly shifted the color of the paper to yellow, while the coatings con-
taining encapsulated ammonium polyphosphate slightly shifted the color to
blue. The results obtained are compatible with the literature (Ozcan et al.,
2020). Since the AE differences in the unprinted papers are tolerated by the
magenta ink in printing, the color difference has decreased in the prints. The
color differences of the prints on all coatings are within the tolerance limits
according to ISO 12647-2. When the gloss values were examined, parallel
results were obtained. The reason for the decrease in gloss of all prints is that
the pigment in the ink distributes the light slightly. Thus, surface roughness
and diffuse reflection increased, gloss decreased.

Table 4. Color and gloss values of printed papers

Sample | L* a* b* AE,, Gloss
FO 4724 | 73.94 | -3.55 | Standard 1.9
F1 47.09 | 73.86 -1.63 0.92 19.8
F2 46.87 | 74.05 -3.94 0.42 17.6
F3 46.75 | 74.21 -3.47 0.50 17.2
F4 46.38 | 74.59 -3.95 0.82 16.6
Conclusions

In this study, ammonium polyphosphate was encapsulated to make flame re-
tardant coatings more resistant to water. It has been proven by FTIR that the
capsules were successfully synthesized, and the size of the capsules obtained
was measured by SEM at 10 pm. Starch-based coating formulations were
prepared with the obtained capsules and successfully coated on the office
paper surface. The contact angle and surface energy of the coatings were
measured. The contact angle of ammonium polyphosphate in the literature
has been increased by encapsulation, so that the coated papers produced can
be printed with oil-based offset ink. When the LOI properties of the coatings
containing encapsulated ammonium polyphosphate in the coatings were ex-
amined, it was determined that the paper gained flame retardancy property
and the property increased with the increasing ammonium polyphosphate
ratio. When the color properties of the coated papers were examined, it
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was measured that the color difference decreased even more with the prints
where the color shifted to blue very little. It was determined that the surface
became smooth and the gloss increased with the coatings made. As a result,
papers that can be printed with oil-based ink with high flame retardancy
properties have been successfully produced with encapsulated ammonium
polyphosphate.

References

1.

30

Bee, S. T., Lim, K. S., Sin, L. T., Ratnam, C. T., Bee, S. L., & Rahmat, A.
R. (2018). Interactive effect of ammonium polyphosphate and montmo-
rillonite on enhancing flame retardancy of polycarbonate/acrylonitrile
butadiene styrene composites. Iranian Polymer Journal, 27(11), 899-911.
Chen, M., Tang, M., Qi, F., Chen, X., & He, W. (2015). Microencapsulat-
ed ammonium polyphosphate and its application in the flame retardant
polypropylene composites. Journal of Fire Sciences, 33(5), 374-389.
Chinga, G., & Helle, T. (2003). Relationships between the coating sur-
face structural variation and print quality. Journal of pulp and paper
science, 29(6), 179-184.

Kandirmaz, E. A., Ozcan, A., & Ulusoy, D. E. (2020). Production of
thermochromic microcapsulated inks for smart packaging and exami-
nation of printability properties. Pigment & Resin Technology. 49(4),
273-281.

Li, M., & Wu, Z. (2012). A review of intercalation composite phase
change material: preparation, structure and properties. Renewable and
Sustainable energy reviews, 16(4), 2094-2101.

Ozcan, A., Kasikovic, N., Arman Kandirmaz, E., Durdevic, S. and Petro-
vic, S. (2020). Highly flame retardant photocured paper coatings and
printability behavior. Polymers for Advanced Technologies, 31(11),
2647-2658.

Qu, H., Wu, W,, Hao, J., Wang, C. and Xu, J. (2014). Inorganic—organic
hybrid coating-encapsulated ammonium polyphosphate and its flame re-
tardancy and water resistance in epoxy resin. Fire and materials, 38(3),
312-322.

Rezvani Ghomi, E., Khosravi, F., Mossayebi, Z., Saedi Ardahaei, A.,
Morshedi Dehaghi, F., Khorasani, M., Neisiany, R.E., Das, O., Marani,
A., Mensah, R.A. and Jiang, L. (2020). The flame retardancy of polyeth-
vlene composites: From fundamental concepts to nanocomposites. Mol-
ecules, 25(21), 5157.

Savas, L.A. and Dogan, M. (2018). The role of expandable graphite and
organoclay on the flame retardant and mechanical properties of carbon

| International Scientific-Practical Conference



fiber filled intumescent polypropylene composites. Journal of Textiles
and Engineer, 25(109), 22-29.

10. Tang, Q., Wang, B., Tang, G., Shi, Y., Qian, X., Yu, B., Song, L. and Hu,
Y. (2014). Preparation of microcapsulated ammonium polyphosphate,
pentaerythritol with glycidyl methacrylate, butyl methacrylate and their
synergistic flame-retardancy for ethylene vinyl acetate copolymer. Poly-
mers for advanced technologies, 25(1), 73-82.

11. Venkatram, M., Narasimha Murthy, H.N.R., Gaikwad, A., Mankunipoy-
il, S.A., Ramakrishna, S. and Ayalasomayajula Ratna, P. (2018). Anti-
bacterial and flame retardant properties of Ag-MgO/nylon 6 electrospun
nanofibers for protective applications. Clothing and Textiles Research
Journal, 36(4), 296-309.

12. Wang, B., Sui, J., Yu, B., Yuan, C., Guo, L., Abd El-Aty, A.M. and Cui,
B. (2021). Physicochemical properties and antibacterial activity of corn
starch-based films incorporated with Zanthoxylum bungeanum essential
oil. Carbohydrate Polymers, 254, 117314.

13.Xia, Y., Liu, S., Wang, X., Han, Y., Li, J. and Jian, X. (2008). The analy-
sis of synergistic effects of zeolites applied in intumescent halogen-free
flame-retardant ABS composites. Polymer-Plastics Technology and En-
gineering, 47(6), 613-618.

14. Xie, F., Wang, Y.Z., Yang, B. and Liu, Y. (2006). 4 novel intumescent
flame-retardant polyethylene system. Macromolecular Materials and En-
gineering, 291(3), 247-253.

15.Yang, Y., Dai, Z., Liu, M., Jiang, H., Fan, C., Wang, B., ... & Wang, H.
(2021). Flame retardant rigid polyurethane foam composites based on
microencapsulated ammonium polyphosphate and microencapsulated
expanded graphite. Journal of Macromolecular Science, Part A, 1-10.

16. Zheng, Z., Qiang, L., Yang, T., Wang, B., Cui, X. and Wang, H. (2014a).
Preparation of microencapsulated ammonium polyphosphate with car-
bon source-and blowing agent-containing shell and its flame retardance
in polypropylene. Journal of Polymer Research, 21(5), 1-15.

17.Zheng, Z., Sun, H., Li, W., Zhong, S., Yan, J., Cui, X. and Wang, H.
(2014b). Co-microencapsulation of ammonium polyphosphate and alu-
minum hydroxide in halogen-free and intumescent flame retarding poly-
propylene. Polymer composites, 35(4), 715-729.
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NCCNEAOBAHUE KAHECTBA OTTUCKOB
TEPMOTPAHCOEPHOW NEYATU
HA PA3JIMYHbBIX TKAHAX

Hasap O.P.
YKpauHcKasa akagemua neyatum

Abstract

Experimental studies of the quality of printed images by thermal transfer
printing on fabrics of various compositions, in particular polyester (100%);
cotton (100%) and fabric composition (60% polyester and 40% cotton)
have been done. Transfer printing is performed on TD 380 TH press of the
company Everbright Machinery Co. LTD at technological modes (tempera-
ture 140-160 °C, time 5-15 s, pressure 3-4 Bar). The quality of the line repro-
duction in the system: photoplate - stencil plate — decal (transfer) - imprint
on fabric is studied. The synthetic paper from Hicotex company is used for
the decal manufacturing. The ink fixing on the imprint takes 3 minutes us-
ing a Mikon flash dryer. A model test-form is used to assess the quality,
on which a scale for the optical density assessment, a text, and a scale for
the excretory capacity assessment are applied. The line thickness is deter-
mined using MPB-2 microscope, and the optical density is measured with
Gretag SPM 50 densitometer. The studies have shown that the graphic line
distortions are observed in the process of transferring small elements on
the fabrics under study. Significantly higher quality of lines is observed on
100% polyester fabric. This may be due to the fabric texture and the varying
degrees of ink absorption. As a result of the research, graphical dependen-
cies have been constructed, which make it possible to assess the quality of
thermal transfer printing and the accuracy of image reproduction on vari-
ous fabrics.

Keywords: thermal transfer printing, synthetic fabric, quality, optical density,
plastisol inks.

ITocTanoBka npodjeMsbl

Tepmorpan(cepHast neyarb — yHUKalIbHas TEXHOJIOTHs, TO3BOJISIIOIIAs 3a-
neyaThIBaTh pasIndHbIe MaTepuaisl. Ha coBpeMeHHOM 3Tamne Takoil crnocod
HIeYaTH 0JIb3yeTCs OOJIBIION MOMYJISIPHOCTHIO U MHOTHE KOMITAHUHM UHTEpe-
CYIOTCSI THM PbIHKOM. OOBSCHSIETCS] TAKOW CIIPOC CKOPOCTBIO BHITOTHEHUS
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3aKa30B, BO3MOXKHOCTh INe4yaTaHWs HEOONbUIMX THPaKEH MO MpHeMIeMon
LCHC, HJI/IPOKI/IIZ ACCOPTUMCHT MaT€pHaJIoB Jid 3alcyaTbiBaHUsA, BBICOKOC
Ka4eCcTBO MeYaTH — OCHOBHBIE ITPEUMYIIIECTBA TEPMOTpaHC(EPHON MedaTy.
Vcnione3yst HenpsiMbIe crioco0bl TpadapeTHOll reyaTu, COBpeMEHHbIE MOJIH-
rpaduyecKue MPEANPHUITHS UMEIOT BO3MOKHOCTD M3TOTABIMBATh IIUPOKUI
ACCOPTHMEHT HE M3J1aTeIbCKOM MPOAYKIMH BBICOKOTO KauyecTpa. J{oist mc-
MOJIb30BAHUS TEPMOTPAHCHEPHOI TIeYaTh B MOCICIHUE TObI 3aMETHO YBE-
JIMYUBACTCA.

TepmorpancdepHas nedaTb — OIMH U3 HENPSIMBIX CIIOCO00B Tpadaper-
HOM IIe4aTH, KOTOPbI OTIMYAETCsl IPOCTOTOM U JOCTYITHOCTbIO U3TOTOBJIE-
HUs redatHbIX (Gopm. [leyarh MOXET ¢ ycleXoM OCYIIECTBISIETCS Ha pas-
H006p33HI)IX Marepuajiax U roroBbIX M3ACIHAX B YCJIOBUAX MPAKTUUCCKH
moboro mnonurpaduyeckoro Mpou3BOACTBA, HE TpeOysl OONBLIMX 3aTpar.
Kpome Toro, nmpeagocTapisiercs: IUpoKas BO3MOKHOCTh paboTarh ¢ MaTepH-
anamu Oosbioro (hopmara, MCHOIb30BaTh HOBBIE MaTepHalbl, HalpUMep,
KPacKHU ¥ JIaKH ISl JIOCTHIKEHHSI Pa3JIMUHBIX ClIeIPP(EKTOB.

I'maBHas 3amada TepMOTpPaHCPEPHO MeYaT — MOIYYCHHUE OTTUCKOB 3a-
JAHHOHW TOJIIIMHBI KPACOYHOTO CJIOs, @ TaK:Ke 00ECICUYUTh HEOOXOIUMYIO
rpaIaliOHHYI0 TOYHOCTh M300paxkeHus. TexHoiorust atoro criocoda re-
YaTH, K COXKAJICHHIO, HE TI03BOJISIET TOYHO IPOrHO3UPOBATh rpaduueckue u
rpajlaiioHHble HCKaxeHHs. [1oaToMy TpoBesieHUe HCCIIeIOBaHuUiT XapaKTe-
PUCTUK OTTHCKOB TepMOTpac(epHOil 1medaTn Ha TKaHSX SIBJISETCS CEroHs
aKTyaJIbHOU 3ajaueil.

Lenb craTby — OLEHKA Ka4ecTBa OTTUCKOB TEPMOTPaHC(HEPHOH reyaru
Ha pas3IMYHbIX TKaHAX.

OObekThl 1 MeTO/IbI uccieoBanust. OOBEKThI HCCIIEAOBAHUS — OTTUCKHU
Ha pa3iMuYHBIX TKaHAX, a uMeHHO: 100% monusctep; 60% nonuscrep u
40 % xotToH 1 100 % KOTTOH.

MeTtoauka ucc/ie10BaHusA

Jlist OLIEHKH KadecTBa MCIOJIb30BAIN MOZCIbHYIO TeCT-POpMy, Ha KOTOPOU
OB HaHECEHBI IKaJa JUIsl OLEHKH ONTHYECKOI IUIOTHOCTH, TEKCT, IIKaJIbI
JUISL OLIEHKH BBLAENAIOIIEH CIIOCOOHOCTH.

BriBog otodopm npoBoamim Ha (GOTOBBIBOIHOM ycTpoiictBe Dolev 4
press ¢upmsbl Scitex. KonnpoBanbHbIii ¢10i HAHOCHIIM Ha CUTa-OCHOBBI C Tpe-
M1 Buiamu cutoBoii Tkauu: Ne 100.40 (umeer rtotHocTh 100 HUT/CM U COTKA-
Ha 13 nonudpupHoit HuTH auamerpom 40 mxm); 120.34 (MMeeT IIOTHOCTh
120 HUT/CM M coTKaHa U3 noaudpUpHON HUTH auamerpom 34 mxm); 140.34
(umeet mioTHOCTh 140 HUT/CM M COTKaHA U3 NOJMIPHUPHON HUTH TUaMe-
TpoM 40 MxMm); KonmpupoBanbHbIii ¢7I0H HAHOCHIICS BPYYHYIO IPU ITOMOIIH
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paxensi-kioBeTsl Agabe mmpunoii 37 cM, ¢ 00enx cTopoH ceTku. Mcnonb3o-
BaJICSl KONTUPOBaJbHBINA pacTBop Dirasol 916 ¢upmer Fuji Film. Bpewmst BbI-
ceixanus dmMyibenu 30—40 MuH. DxcrioHupoBanue GoTodhopM IPOBOAMIN B
KOIMpOBaIbHOW pame pupmbl Bestel ocHarieHHo# YD-1aMI1o# MOIITHOCTHIO
3500 Br. IIposiienue nedyatHbIX GOpM BOJOW NMPOBOAMIM B BAaHHOM IS
nposieku Karcher K5 Compact Ha nipotsbkennu 1-15 ¢. s BRICYyIIMBaHUS
nevyarHbIX Gopm ucroib3oBanu cynibHeli mikad EB 1300 HX HX-Tech.
Bpewms BeicymmBanus 20—25 MuH.

B kadecTBe Marepuana [Jisl AEKOJICH MCIIONb30Ba CHHTETHYECKYIO OY-
mary ¢upmbl Hicotex Ileyars gekosieii mpoBOAMIN HA pydHOM TpadapeTHOH
MaliuHe KapycenbHoro tuma ¢upmbsl Anatol. Ilpu medarn ucnonb3oBaiu
ractusoneBbie kpacku cepun NF Tpuannsni kommiekt: NF 82 (Magenta),
NF 83 ( Yellow), NF 84 (Cyan), NF 85 (Black) ¢pupmsr Antex. Kpacku Ha-
Hocwiu pakesieM pupmel Sebilob TBepaocThio 75 exn. no Illopy. SakperieHus
KPaCOK Ha OTTHCKE [TPOXO/IUIIO B TEUSHHH 3 C HCIIOIB30BaHUEM (DIICII-CY KU
¢upmbl Mikon. [lns 3akperuieHus: Kpacku Ha JIEKOJSIX MCIIOIB30BallM TYH-
HenbHy!o cymky Mikon Sir+A. [Tocie yero Ha 1€KoJIM HAHOCHIIH MTOPOIIKO-
BBII KpynHoAKCHepcHbId TpaHncdepubii ket TM 2000 st styurieit anre3uu
K TKaHu. OTTUCKH CYILUIIU C TIOMOIIBbIO TYHHEIbHOU cymku Mikon Sir+A.

Tpancdep Ha pasnuunslie Buabl Tkanu (1-100% momuactp; 2—-60 % no-
nuaeTp U 40 % xorton; 3—100 % kotrTOH) nepeBoawin Ha ripecce TD 380 TH
¢upmbl Everbright Machinery Co. LTD na nporsokenun 5—15 B npousBo-
CTBEHHBIX yCioBUsX. [10 KakJoMy IOKazareito 3a OKOHYATEJIbHBIH pe-
3yJbTaT MPHUHATO CPEeHEe 3HAYEHHE HECKOJIbKHX M3MEPEHHH MUHUMYM TI0
TpeM OTTHCKaM. TONIIMHY IITPUXOB ONPENENSUIM C MOMOIIBI0 MHKPOCKO-
na MIIb-2, a, onTu4ecKyro MIOTHOCTh U3MEpsN NieHcuToMeTpom (Gretag
SPM 50.

Pesynbrarel uccnenoanuid. PesynsraTsl BOCIPOU3BEAEHUS IUTPUXOB Ha
TKaHsIX PUBECHBI B Ta0II. 1.

W3 tabn. 1-3 BUIHO, Y4TO IITPUXU BOCIIPOU3BEACHBI C HEKOTOPBIMHU OT-
KJIOHEHHUSIMH 110 MIMpUHE. AHAJIN3 OTTUCKOB ITOKA3bIBACT, YTO Kpasi y IITpPHU-
XOB, TOJIyYeHHBIX ¢ GopMbl Ha cuTOBOM TKaHu Ne 140, sBisrorcst Oonee
YETKUMH. ITO OOBSICHSIETCSI TEM, YTO CaMa CETKa TOHBIIIE, 110 CPAaBHEHUIO C
cerkamu 100 u 120.

XapakTepHOi 0COOEHHOCTBIO Ipoliecca SIBISIETCS TO, YTO BHAYaje M3-
TOTaBJIMBAIOT JICKOJIb, T.€ H300pakeHUE MMeYaTarT TpadapeTHbIM CIIOCOO0OM
Ha MPOMEKYTOYHOW OCHOBE (CHHTETHYECKOH Oymare), 3aTeM IMEepeHOCsT Ha
roTOBOE U3/IeNne WM nonydadpukar noj JeiicTBUEM BBHICOKOI TeMiepary-
PBI ¥ JIaBJICHUSI.
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Tabauya 1. I'paguueckue uckadcenus wimpuxos, Omnedamaniolx ¢ CUmMogol MmKaHu
Ne 100 na uccneoyemvix mraneswvix oopasyax (1 — 100 % nonuscmep, 2 — 60 %
nonuacmep u 40 % xommon, 3 — 100 % kommon)

HInpuna HIupuna HIupuna upuna
HITPHXa HA IITPHUXa Ha HITPHXA HA HITPHXa Ha
dborodopme, Mmm | oOpasme Ne 1 o0pasue Ne 2 ob0pasue Ne 3
0,1 0,13 0,11 0,11
0,2 0,15 0,15 0,14
0,3 0,16 0,16 0,15
0,4 0,19 0,21 0,17
0,5 0,24 0,22 0,22

Tabruya 2. Tpaduyeckue UCKAdCEHUs WMPUXO8, OMNEUAMAHHBIX C CUMOBOU MKAHU
Ne 120 na uccaedyemuvix mranegoix oopasyax (1 — 100 % noauscmepe; 2— 60 % no-

auaecmep u 40 % kommown; 3 — 100 % xommon)

Iupuna Inpuna IMupuna Iupuna
HITpHUXa Ha IITPHXa HA HITpHUXa Ha IITPUXA Ha
dorodopme, MM | oOpaszue Ne 1 o0pasme Ne 2 odpasue Ne 3
0,1 0,12 0,10 0,09
0,2 0,11 0,12 0,12
0,3 0,14 0,13 0,14
0,4 0,16 0,19 0,16
0,5 0,21 0,21 0,19

Tabnuya 3. Ipaduueckue UCKANCEHUs, WMPUXO8, OMNEUAMAHHBIX C CUMOBOU MKAHU
Ne 140 na uccrnedyemvix mranegwvix oopasyax (1 — 100 % nonruscmep; 2 — 60 % no-

auscmep u 40 % xommon, 3 — 100 % kommoH)

Mupuna HIupuna HIupuna HIupuna
HITpHXa Ha IITPHXA HA IITpHXa Ha ITPHXA HA
dorodopme, MM | oOpasue Ne 1 o0pa3sme Ne 2 o6pasue Ne 3
0,1 0,10 0,08 0,07
0,2 0,10 0,10 0,10
0,3 0,12 0,11 0,12
0,4 0,14 0,14 0,15
0,5 0,20 0,20 0,18
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Kpome Toro, mekosib, Kak MpaBUiIO, CHUMAIOT Cpasy MOC€ OTKPHITUS
mpecca, Korja Kpacka Bce €Ille ropsdasi, B pe3y/ibTaTe 4ero MIeHKa KPacKH
pasaemnsiercst Mex 1y OymMaroi U TKaHbIoO.

Qln 02n  0.3n 04n 05n 06n 0.7n 0.8n
144 72 48 36 30 24 18

22

E— 1}
o =0
=—
==
=—-

-

Puc. 1. Tecmosas chomoghopma 011 uccaredosanus mepmompancheproll nevamu

AHaMM3Upyst U300paKeHUSI IITPUXOB IIKAJIBI BBIJCIAIOICH CIOCOOHOCTH
(puc. 1), MOXKHO clieNaTh BBIBOJ, YTO B IPOIECCE IEPEHOCA MEJIKUE 3JIe-
MEHTBI BOCIIPOU3BEICHBI C HE3HAYUTEIbHBIMY HCKaXEHUsAMHU. UTO Kacaercs
anemenToB 0,5 m.; 0,6 . u 0,7 1., TO OHK BOCIPOU3BEACHBI HA 00pa3Iax
tkaHei 100 % korToH; b— 60 % mnoausctep 140 % KOTTOH CO 3HAYUTEILHBIMU
oTkJIoHeHUsAMU. Jlyunire pe3yasraThl mokasbsiBaeT oopaser 3 (tkaub 100 %
mosiuacTep). Bo3aMOXKHO, 3TO CBSA3aHO CO CTPYKTYPOU TKaHU U C Pa3IMdHON
CTCTICHBIO MOTIONICHHSI KPACKHU.

600
3
3
< 400
x
b
bl ol \l““ “ ‘“
AT
5y m ®oTopopma m [Ipykapcbka dpopma
3 u [lekonb M 3pasok Nel

B 3pasok Ne2 m 3pasok Ne3

Puc.2. Hlupunvl wmpuxoé evidensaowell ChoCOOHOCmU Ha 00pa3yax:
1 —100% nonuscmep; 2 — 60 % noauscmep u 40 % kommon,; 3 — 100 % xommon
npu aunuamype 100 num./cm
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Puc.3. [Llupunvt wumpuxos evioensioweli cnocoornocmu na oopasyax: 1 — 100 % no-
auscmep, 2 — 60 % nonuscmep u 40 % xommon, 3 — 100 % kommon npu aunuamype

120 num./cm
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§. B doTtodopma B IpykapcbKa dopma
3 m [lekonb m 3pasok Nel

M 3pa3ok Ne2 M 3pasok Ne3

Puc. 4. Hupuner wmpuxoe svloensaioujeti cnocobHocmu na oopasyax:
1 —100% nonuscmep; 2 — 60 % noauscmep u 40 % xommon,; 3 — 100 % xommon
npu aunuamype 140 num./cm

BriBoabl

Haunyummue nokazatenu kadectBa noiydeHsl Ha TkaHu 100 % monuscrep,
YTO CBSI3aHO C IVIaJIKOH U POBHOM CTPYKTYpoH TKaHU. Pe3ynbrarel qeHCUTO-
MeTpuueckux nokasateneil mias Tkanei 100 % xorToH u 60 % monusCcTp U
40 % KOTTOH IOKa3bIBAIOT HEBBICOKHE PE3YJILTaThl, 0COOCHHO JjIsi 00Opa3ia
3, BOCIPOM3BEACHHOIO IPH JIMHUATYpe cuToBOW TKaHu 140 HuT./cM. DTO
MOXHO OOBSICHUTh MUKPOHEPOBHOCTSIMU TIOBEPXHOCTEH 3THX TKAHEH.
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THE EFFECT OF DIGITALIZATION ON ILLUSTRATION
IN GRAPHIC DESIGN

Ozcan A, Cidik E., Kandirmaz E.A.
Marmara University, School of Applied Sciences

Abstract

Illustrations that support the visual aspect of the graphic arts are visual im-
ages used to interpret, depict, explain or embellish content in books, news-
papers and online media. The communication process, which evolved from
the drawings on the cave walls to writing, is insufficient on its own. lllustra-
tions can express a feeling, a meaning or an essence more effectively than
a wall text can. lllustrations can simplify a complex idea, complement the
words or message expressed to the user, and can sometimes stand alone
without any necessary explanation. lllustrations continue to take a perma-
nent place in our lives by enabling us to give details that cannot be seen
in photography or to express imaginary ideas or thoughts with digitaliza-
tion. Today, with wider and more efficient distribution networks, illustrated
newspapers, books and magazines find a suitable distribution area. Both
graphic design and illustration have their own techniques and tools. With
digitalization, these tools are developing and reaching a level that every
user can achieve. With different types of software, illustrators develop their
own artistic forms. The illustrations, which were previously made with com-
puters, have now been replaced by graphic drawing tablets.

In this study, it is aimed to draw attention to the illustrations that help the
sector trying to keep up with the digitalized world, to research the tech-
nigues used and new technology products. For this purpose, the types
of illustration were researched, the traditional techniques still used today
and the developing digital tools were examined. The developments expe-
rienced with digitalization in illustrations, the effects of produced software
and applications on graphic design are discussed.

Keywords: lllustration, Digitalization, Graphic design, Graphic tablet
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Introduction

Ilustration and Graphic Design

In terminology, illustration is defined as a picture that is functional to explain
something. Etymologically, the word “illustration” comes from the Latin
word “Illustrate”, which means explanation. It is also said that illustrations
are derived from the word illusion. This occurs as a complement to a goal to
help a person more easily understand the message in a picture. Illustration,
which is a two-dimensional work of art, is used to clarify an understanding.
Ilustrative pictures are used to decorate books, magazines or newspapers
in certain columns. Illustration is usually a form of visual text or sentence.
For those who love illustration, besides being interesting with its unique and
various messages, it is an educational opportunity for children who are more
interested in painting as they cannot read well. Illustrations can also describe
scenes in a story, so illustration usually describes the character or the entire
story content (Zeegen 2009; Ozcan et al. 2018).

Historically, book illustration and magazine/newspaper illustrations
have been the dominant forms of such visual arts, but illustrators have also
used their graphic skills in poster art, advertisements, comics, animation art,
greeting cards, and cartoon strips. Most illustrative illustrations are made
with pen and ink or metal nib, then reproduced using a variety of printing
processes, including lithography, photography, and engraving (Liu 2021).

Graphic design is an art, professional and academic discipline that con-
sists of reflecting visual communication that aims to convey specific mes-
sages to social groups with specific goals. Therefore, it is an interdiscipli-
nary branch of design whose basis are defining problems and setting goals
for decision making, creativity, innovation and lateral thinking, as well as
digital tools that transform them for correct interpretation. This activity
helps in optimizing graphic communication. The role of the graphic designer
in the communication process is the encoder or interpreter of the message
(Chu 2018). They work on the interpretation, organization and presentation
of visual messages. Design work always starts from a client’s request, a
linguistically manifested request, verbally or in writing, that is, graphic de-
sign transforms a linguistic message into a graphic representation. Graphic
design, as a field of application, has different fields of knowledge that focus
on any visual communication system (Ambrose, Harris & Ball 2019).

Ilustration Types

Ilustrations make a deep and long-term impact on the human mind. When
used appropriately, they become a powerful mechanism for rich storytelling
and marketing. [llustration, one of the most widely used tools of visual com-
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munication, has been developing over the years to gain a strong identity in
the publishing, packaging, healthcare, education and production industries.
Illustrations can be integrated into books, learning materials, animations,
posters, flyers, magazines, movies and indeed all kinds of print and digi-
tal media. Any idea or concept can be presented in a more interesting way
using illustration. With the developments in technology and the increasing
importance of illustration for some different fields, it has brought brand new
styles to illustration techniques. With the developing technology and the
tools used, new products are emerging (Klimowski 2012).

With digitalization, illustrations have started to be used frequently in the
film and advertising industry, and in a number of other areas. The expensive-
ness of advertising and film productions or the difficulty of movie shooting
due to the pandemic we live in today have pushed artists to use illustrations.
The fact that illustrations can be applied to both traditional methods and
digital methods is an advantage for artists.

Advertising Illustrations

Advertising illustrations are graphic images that clarify texts, direct the eyes
of the target audience and create a lasting impression. Illustrations are in-
cluded in ad layouts to convey one or two concepts to viewers. The purpose
of advertising illustrations is to enhance the message of the accompanying
text and to attract the consumer to read the text. [llustrations persuade poten-
tial customers to buy the product and maintain awareness (Figure 1).

Fig 1. J.C Leyendecker'’s 1915 Kellogg s advertising illustration
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Advertising illustrations appear in almost every part of our lives. Ac-
cording to other application areas, there are many different uses such as
billboards, television advertisements, flyers, posters, direct mail kits, web
banners, bus stops.

Scientific Illustrations

Scientific illustrations are drawings that have a scientific subject or purpose
aimed at conveying information. Today, sculpture, ink, watercolor, colored
pencil, digital illustration and animation are widely used tools in science
illustration (Wood 1994). Scientific illustrations are used in textbooks, bro-
chures, magazines, user manuals, scientific publications, and botanical gar-
dens (Figure 2).

Fig 2. A Magnolia species coloured etching by G. D. Ehret (https://www.botanica-

lartandartists.com/about-georg-ehret. html)

Technical Illustrations

Technical illustration is a field of drawing that uses static and dynamic im-
ages to explain the interconnectedness of technical operations. Technical il-
lustrations detail a complex mechanism or product by making it visually
simple. It aims to create effective images that effectively convey certain
information to the observer through the visual channel. It generally contin-
ues its activities in broadcast media, medicine, engineering and scientific
fields. Illustrators working in the technical field make technical and elec-
tronic manuals and assembly instructions available to people through this
branch (Figure 3).
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Fig 3. Technical illustration, Rescue Helicopter Section for United Technologies
campaign — Hans Jenssen (https://www.hansjenssen.co.uk/cross-sections)

Children’s Book Illustrations

Children’s book illustrations include all kinds of pictures produced espe-
cially for books aimed at young audiences. In particular, illustrations are
needed in stories to improve children’s communication skills and expression
potential. Illustrations in children’s books draw attention visually and offer
children a fun narrative structure. With these visual representations, their
imagination gets rid of a limited expression (Figure 4).

Fig4. Irem Ustaoglu, “Monster Puh and Brave Suzi”, Children’s book Illustration
work (https://'www.behance.net/gallery/114928483/Monster-Puh-and-Brave-Suzi-

%28thaki%29)
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Infographics

Infographics are visual representations of information or data. It consists of
an image, chart, and minimal text that provides an easy-to-understand over-
view of a topic. In infographics, striking and interesting visuals are used to
convey information quickly and clearly. Therefore, they are valuable tools
for visual communication. Marketers prefer infographics to create brand
awareness and increase interaction. The purpose of infographics is not only
to inform, but also to present entertaining and interesting content to the tar-
get audience (Figure 5).

How Long Do Animals Live?

Fig 5. Gerd Arntz, Infographic Showing the Habitat of Animals (https://datavizblog.
com/2013/08/06/dataviz-history-isotype-charts-the-vintage-visual-language-that-
gave-rise-to-modern-infographics/)

Archaeological Illustration

Archaeologists use illustrations to describe artifacts from the remains. To-
day, archaeologists prefer computer and graphic software to produce il-
lustrations. The purpose of archaeological illustrations is to provide more
information in a format that the audience can read (Figure 6). They figure
works for interpretation on websites, books, and research papers. By dis-
playing an archaeological illustration of a finding, an accurately sized draw-
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ing is obtained showing the details of the object’s decoration, type, form,
and even construction method. Archaeological illustrations are usually black
and white. The main purpose is to reveal the decoration and show the depth
of the object. Colors are rarely added to academic pictures. It is only added
to highlight details such as glazes or colors in painted glass.

{ ,}3 £

Y =,

a7

Fig 6. lllustration sample from Artifacts from Archaeological Studies (https://www.
wessexarch.co.uk/archaeological-services/artefact-publication-illustration)

Iustration in the Digital World and Digital Methods Used

in Illustration

The illustrations were used by upper-class nobility before the 1500s, rep-
resenting the cultural identity of the church. In the Renaissance period,
the art of illustration became a desirable and valued art and spread to the
world as a visual culture. Digital illustration, on the other hand, took its
first steps for development shortly after World War II. In the 1960s, when
scientific research on computation and algorithms was carried out, it gained
great momentum. Creative experiences created with the help of computers
in the period between 1950 and 1970 have been a period of innovation for
today’s illustration art and animation industry. After studies, the ability to
program computers to perform specific tasks and the improvement of imag-
ing systems allowed illustrators or artists to input directly. In this way, it
is possible to manipulate the images pixel by pixel in order to achieve the
desired goal. Thus, the foundations of digital painting and drawing were
laid. Between the 1970s and 1990s, illustrators and artists began to see how
technology could be used to transform existing images into new works with
the available possibilities. Most of these artworks are basically created from
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vector images different from pixel images. Unlike pixel images, vector im-
ages can be dimensioned endlessly without losing resolution. Developments
between 1980 and 1990 began to encompass both the viewer and the artist,
interactive environments placed at the interface between the real and virtual
worlds. Illustrators are focused on manipulating images with the help of
computer software tools. In this way, in the digitalized world, art has be-
come easy to reach and visible for every class and every person. Illustrators
can make their works visible to millions of people from all over the world at
great speed by uploading them online thanks to the internet (Husarik 2007).

The major developments in the 21st century we live in are changing the
way we communicate, our lifestyle and the way we watch movies, which
have evolved into the digital world, at the same speed. As the world digitizes,
the data obtained through concrete and natural means is reset. Despite this,
the illustrations continue on their way by transforming. An area is emerging
where technology and illustration combine to create a new natural identity.
With the use of computer aided design in the new digital world created, con-
cepts such as new media art have become more audible today. New media art
is a term that covers art forms that are produced, modified and transmitted
through digital technologies. It is a branch that can be used generally con-
nected to the internet and provides interaction with users. With the social and
cultural changes in the society, it has created a space for new contemporary
art practices. In new media art, artists often collaborate because of the need
for a wide variety of artistic skills to be executed. The use of various graphic
tablets and social media has also increased the number of illustrators. Artists
and illustrators who want to increase their followers on social media have
been in search of new ideas (Meyer, Schaupp & Seibt 2019).

Digital Methods Used in Illustration

There are many forms of digital approaches found in different infrastruc-
tures used in illustrations or artistic drawings. Today, as the materials and
digital illustration tools used change and develop, different techniques and
approaches emerge. Different tools can be used according to the wishes of
the artists in order to obtain the desired image quality or to manipulate the
images easily.

Vector Based Illustration

Vector illustration is an art formed of vector graphics. It is created using
vector drawing software programs such as Adobe Illustrator. These charts
are based on mathematical formulas. Illustrations are usually composed of
points, lines and curves as the main structure. When vector illustrations are
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rescaled according to the variety of work, their resolution and image quality
are not lost.

Due to its ability to integrate with Adobe Photoshop, it is an ideal method
for processing poster-style works by exchanging photos. Works made using
vector software such as Adobe Illustrator are considered vector illustrations.
The use of vectors has become widespread due to the laboriousness of creat-
ing raster images and the expensive computational power required. All of
the text vectors used today are made in vector-based programs.

Pixel Based Illustration

Pixel-based0 illustrations consist of small colored or colorless squares that
can be seen when zoomed in and form the whole image. Their image quality
is lower compared to vector-based illustrations. Pixel-based illustrations may
experience problems with rescaling. Especially when the image is zoomed
in, breaks occur in the edge lines. In illustrations created using this method,
it is possible to make smoother transitions between colors by increasing or
decreasing the color of pixels or shadows. Thus, smoother color mixtures
can be obtained. It is possible to animate illustrations with various brushes
and effects included in software such as Adobe Photoshop or Procreate. Un-
like vector-based illustrations, smooth color transitions can be achieved with
the help of brushes instead of clear and sharp transitions.

Pixel art is a form of digital art in which images or photographs are cre-
ated or edited at the pixel level using graphics editing software. Pixel Art is
created from large visible pixels that make up the constituent elements of
the entire image.

Today, vector graphics have taken the usage areas of Pixel Art. Illustra-
tors and artists use Pixel Art as an artistic choice. While a simple program
such as Microsoft Paint can be used, a more comprehensive program such
as Adobe Photoshop can also be used. In the game industry, although 3D
software dominates the market, pixel art still exists.

Photo Manipulation

Photo manipulation is the process of transforming the image by using vari-
ous methods and techniques to achieve the desired results in photography.
Photo manipulation may also be used in science fiction elements. However,
in the images created, surreal scenes should still have realistic perspective,
lighting and shading (Wilson 2016). In order to achieve the required level
of realism, photographs that are independent of each other, but also comple-
ment each other, should be combined. Generally, Adobe Photoshop software
is used, where the image can be processed best.
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Animated Illustration

GIF is a commonly used image file format for images on websites and mo-
tion graphics in software programs. Illustrations saved in this format offer
lossless compression without reducing the quality of the image. GIF images
can contain a maximum of 256 colors. They are also loops where the first
and last frames are exactly the same. With such illustrations, it is possible to
achieve the desired results in storytelling or explaining the subject. Animat-
ed illustrations are gaining popularity today as they convey jokes, emotions
and ideas. The use of animated illustrations in integration with applications
such as Twitter, Facebook and Instagram have become widespread.

Ilustration Tools Emerged with Digitization

Digital illustration is the process of creating images and works using digital
tools. It is made with Adobe Illustrator, Photoshop and similar applications.
In addition, it is used in tools such as computers, mouse, stylus pen, drawing
tablets. Many of these tools are inspired by the materials used in traditional
illustration. With these tools that have become widespread, a more flexible
and comfortable working area has been created in illustration. Therefore,
the demand for these vehicles is increasing rapidly today. Likewise, with
the increasing demand, the vehicles used are renewing themselves and new
types of vehicles are emerging.

Computer

lustrators and artists first experimented with computers in the 1950s. By
the 1970s, the light pen or stylus pen was introduced to the market. In this
way, users started to move items freely on the computer monitor. Today, sty-
lus type pens are still in the foreground compared to the mouse. The advent
of the inkjet printer in 1976 facilitated the printability of works of art.

After the 1990s, illustrators focused on manipulating images with the help
of computer software. Thus, companies such as Adobe have produced vector
or pixel-based software programs that appeal to users. The digital manipula-
tion of photographs has created the contemporary generation of artists. The
widespread use of social media today has led illustrators to work in this field.

Computers and software have allowed designers to quickly and easily
bypass the design processes that used to take hours and focus on other impor-
tant areas such as creativity and innovation. With digital methods becoming
more common, money and time have also been saved. Computer technology
has made it easy to review and edit errors quickly. For this reason, it allowed
designers to pay more attention to details. Computers put typesetting tools
in the hands of individual designers, giving them a trial period in the design
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of new and unusual typefaces and page layouts. The rapid development of
technology has also significantly affected the way illustrations are created
and distributed to audiences.

Graphics Tablet

Graphic tablets are devices that have a stylus-controlled interface and also
have a computer input. Graphic tablets vary according to the technology
used. But in general, all graphics tablets use received signals to determine
the horizontal-vertical position of the stylus, its distance from the tablet
surface, and its inclination. Graphic tablets are widely used among digi-
tal illustrators today. It is especially preferred for creating two-dimensional
drawings. The pens of graphic tablets can also be used as a mouse. It has
a drawing surface that makes up the majority of the surface area of the top
of the tablets. This surface is pressure sensitive and records every line and
curve the designer draws. Graphic tablets are also used to capture handwrit-
ten signatures. The image drawn on the tablet is transferred directly to the
computer environment. It is preferred by illustrators because of the flexible
movements of digital pens. Drawn images usually do not appear on the tab-
let itself. Instead, it appears on the computer monitor. After the tablets are
connected to the computer, drawing continues by looking at the computer
while drawing. Graphics tablets can be used with many different types of
software, including graphics, animation, and drawing software. Due to its
versatility, it is preferred by engineers and architects as well as designers.

Drawing Tablet

Drawing tablets are an essential tool for artists dealing with digital illustra-
tion. It captures drawings accurately and transfers them to digital files to
increase work efficiency. Drawing tablets allow users to draw without the
need for a computer connection like graphics tablets. It is possible to make
precise drawings thanks to the pressure sensitivity with the drawing pen
called stylus. The hardness and softness of the lines can be easily adjusted
with the pressure to be applied on the drawing with a pencil. With different
software and applications, it is possible to give illustrations with digital ef-
fects that are done manually in traditional methods. While working with a
brush on drawing tablets, the page can be tilted and rotated in all directions
in order to achieve a certain stroke.

Drawing Robots
Drawing robots recreate everything drawn on paper on a touchscreen device,
using a pen or paintbrush. With drawing robots, it is possible to apply ma-
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terials such as watercolor, which are used in traditional methods, on paper.
While drawing a real-time watercolor drawing on a computer accompanying
application, the robot follows the drawing, dips its brush in water, and then
picks up the correct paint color and completes the painting process. Accord-
ing to the drawing robot brand users prefer, it can hold a pencil or paint
brush while allowing it to sit securely on a metal plate or piece of paper.

In general, drawing robots capture the same drawing by following the
movements of the human hand using software. Due to its ease of use and
practicality, its use is rapidly spreading today.

Results and Conclusions
Considering the digitalized world today, the advertising industry also ben-
efits from this area. Advertising is very effective in selling the same type of
products that users or consumers can choose from. Advertisements made
with effective illustrations, on the other hand, are catchy and attract attention
to the product. In addition to advertisements, illustrations are frequently used
in children’s books. Considering the developmental processes of individu-
als, such books play important roles in mental development in childhood.
With digitalization, various applications and tools have emerged to trans-
fer illustrations used in graphic design to users. These applications are fol-
lowed by amateur or professional designers. The process that started with
desktop computers has moved to devices small enough to fit in our pockets.
The digitalized process is revising itself in a way that changes every day. Es-
pecially the current pandemic has led to the advancement of even daily life
through digital platforms. The graphic design industry did not remain indif-
ferent to this situation. The fact that the process of shooting the photographs
used in the designs was costly and then the processing of the photographs
took a long time led the artists to use illustration. The fact that the illustra-
tions are designed and applied to different platforms regardless of time and
place has been an indicator of keeping up with the digital world. The fact
that illustrations made with vector programs do not have any problems in
scaling and can be applied to any surface has been a great advantage for
artists. Today, thanks to advanced technology, illustrators also create works
that are difficult to distinguish from photographs. In this period when the
use of social media is quite common, illustrators compete their arts with
interesting projects. In addition, although digital methods are used, tradi-
tional methods that have survived from the past to the present are continued.
In fact, both species are used together and new species emerge. Traditional
methods were abandoned by some artists because they were found to be
tedious. When we look at the digital side of the business, the users are too
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many to be underestimated. They produce interesting works with the tools
provided by technological opportunities.

Ilustrations are considered an integral subset of graphic design. Nowa-
days, it makes a name for itself independently of graphic design. Illustra-
tions, which once competed with photographs and lost this race, occupy a
valuable part of our lives today. Although it is not known how the future of
illustrations will be shaped by technological developments such as develop-
ing software and robotic drawing, it is no doubt that it will continue to exist
in the future as it has come from the Paleolithic ages.
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KOMMNNEKCHbI/ MOKA3ATEJIb KAYECTBA NEYATU
HA ATIOMUHUEBBIX BAHKAX

lOpackoBa WU., NMpocKypakos H.
TynbCcKun rocyfapcTBeHHbIN YHUBEPCUTET

Abstract

Packaging is an integral part of food products sold to the public. Despite
the high requirements for the print on an aluminum jar, there is no compre-
hensive indicator for assessing its quality. Not all indicators of the quality of
printing on aluminum jars can be directly measured. Therefore, when de-
termining the quality of aluminum cans, we used the expert assessments
method. During the study, 5 specialists selected the following most sig-
nificant indicators that determine the quality of printing on an aluminum
jar: print clarity; color accuracy; technological gap; continuity; uniformity
and smoothness. Further analysis consisted in checking the distribution
of estimates received from experts; determining the consistency of expert
opinions using the coefficient of variation; normalizing ranks, determining
the weighting coefficients of each indicator. The resulting comprehensive
indicator of print quality assessment can be applied at the stage of quality
control of finished aluminum jars, as well as at the acceptance stage, before
packing the product.

Key words: aluminum jar, quality, printing, expert assessment, complex qual-
ity indicator.

Beeagenue

VYhakoBka SBISETCS HEOTHEMJIEMOW YacThlO MUIIEBOW MPOMYKIMHU, pea-
nu3yeMoil HaceneHuio. K ymakoBke NpPeABABISIOT CIEAYIOIIHE OCHOBO-
noJjiararomnue TpedoBaHMs: 0€30MaCHOCTh, IKOJIOTMYHOCTh, HAJICKHOCTH,
COBMECTHMOCTb, B3aUMO3aMEHSEMOCTb, DKOHOMUYECKasi 3(P(PEKTUBHOCTS,
3CTCTUYHOCTb.

B pamkax Ctpareruu noBsIIIeHNs KadeCcTBa MUIIEBOH poayKuuu B Poc-
cuiickoit deneparuu 10 2030 roga MOXKHO BBIENIUTH CIEAYIOIIME OCHOB-
HbIC HallpaBJICHU IMOBBIIICHUA Ka4€CTBa nmueBoﬁ MMPpOAYKIUH, CBA3AHHBIC
C YIIaKOBKOM:

— CO3JaHMe eJIMHON MH(OPMAIMOHHOW CHUCTEMBI MPOCIIEKUBAEMOCTH
MUUIEBOU IPOLYKLUY;
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— COBEPIICHCTBOBAHUE CUCTEMbI MOHUTOPHHI'A KaueCTBa, 0€30MaCHOCTH
IUUIEBBIX IPOAYKTOB U 3J0POBbs HACEICHUS;

— 00513aTeIbHOCTh BHECEHUSI B MAPKUPOBKY ITHUILEBON MPOIYKIIMU 000-
3HAUEHUs CTAaHJapTa UM JOKyMEHTA, B COOTBETCTBUU C KOTOPBIM IIPOU3BE-
JIeHa ¥ MOXET OBbITh MJCHTU(QHULMPOBAHA ITUIIEBAs TPOYKIIHSI.

IIpeacraBieHue pe3yabTaToB uccienoBanus (Analysis)

PaCCManl/IBaH JaHHBIC aKTyaJIbHBIC HAlIPaBJICHUS MOXHO OTMETUTD CJICAY-
IOLIME OCHOBOIOJIAraroIe (GpyHKINU YHaKOBKH: XpaHEHHUE, TPaHCIIOPTH-
POBKa, U Kak CIJICJICTBUE OOeCreYeHne 030IacHOCTH MPOAYKIIUHU, a TAKXKe
uHdopmanronHas. B 3TOH cBs3M KOHTPOJIb KayecTBa MOIUIPadUuIecKoro
HOKPBITHS YIIAKOBKH SIBJISICTCS BAXKHOM 3a/1aueii MPOM3BO/ICTBA.

B ycioBusx 1muQpoBU3aUi CEIbCKOrO X03sSHCTBA NPU Pa3BUTHH KOH-
nenmuuu HHKHHHCCKOﬁ OKOHOMHUKHU CJICAYCT OXKUAAaThb CHUIKCHUC IPUBJICKA-
TCJIIBHOCTHU IIJIACTUKA U YBCJIMUCHHC O6’I)CMOB IMPOU3BOACTBA Tapbl U YyIia-
KOBKH 13 aroMuHUs [1]. CaMyto OOJIBIIYIO IOJIO B )KECTKON alFOMUHHECBON
YIaKOBKE 3aHUMAIOT OaHKHU i HAmUTKOB [2]. PaccMoTpum ocoOeHHOCTH
JACKOPUPOBAHUA UX ITOBEPXHOCTH.

AJIOMUHMEBbIE OaHKH Ul HAITUTKOB ITPOM3BOJAAT METOIOM IIIyOOKOW
BBITSDKKH, U3 4YEro ClieJyeT, 4TO MedaTh 3apaHee He HaHocuTcs. [loBepx-
HOCTh OaHOK JEKOPUPYIOT HENUTOrpaguyecKuM CriocoOOM IO MPHHIUITY
«cyxoit odcer». Ha mepBoM sTane HaAaHOCHTCS TPyHTOBOE MOKPBITHE IS
(dbopMupoBaHus OCHOBHOTO Oeioro 1Beta. Jlanee Ha MOBEPXHOCTH JHCTA
CO3I1al0T HeratnuBHOE n3oopakenue. C oceTHOTo Baa H300paKeHHUE mepe-
JaeTcst Ha Kopiyc 0anku. KormuecTBO 1IBETOB OrPAaHHYMBACTCS YUCIIOM OT-
JCJIBHBIX II€YaTaroluXx roJOBOK MEeYaTHON CHCTEMBI M OOBIYHO COCTABIISET
He Oosiee 6, a MEKIY JICMEHTAMHU Pa3HOTO 1[BETA HEOOXOIUM TEXHOJIOTHYEC-
ckuit 3a30p [3], U3 Yero cienyerT, YTO MOIY4HUTh IJIaBHBIE TTEPEXO/bI I[BETa
HEBO3MOXKHO.

K KauCCTBY N€4YaT Ha aJIJIOMUHHUCBBIX 6aHKaX 1 KpaCKaM MNpCABbABIIAIOT
0coOble TpeOOBaHUS, TaK KaK Ha NOCJIEAYIOIINX IPOU3BOJICTBEHHBIX dTaax
ropJIoBMHA OaHKu OyneT JeOpMUPOBATHCS C LEIblo NpuaaHus GopMbl, a
TaKXKe y)Ke 3aTapeHHble OaHKH MoABepraoTcs crepuinsannu. Hecmorps na
BBICOKHE Tpe6OBaHI/I§I, NMPEABABIISACMBIC K OTIICUATKY Ha AJIOMUHUEBOM 68.H-
Ke, HeT KOMIUIEKCHOTO IoKa3aresis JUIsl OLlEHKH ero kKadecTBa. Paspaboraem
ero jaaiee.

[Ipu onenke nonurpauyecKoro MOKPHITUS ANIOMHUHHEBOW OaHKH He
BCE [T0KA3aTell KaueCTBa BO3MOYKHO HEMOCPEICTBEHHO U3MEPUTH, IOITOMY
1es1ecoo0pa3Ho UCIIONIb30BAaTh METOJ] OLIEHKH, OCHOBAHHBIN Ha mpodeccu-
OHAJIbHOM OIIbITC CIICIIMAJIMCTOB, J'II/I6O UX I'pyI, Yy KOTOPbIX UMECTCA 3a-
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nac npoecCHOHaIBLHOI0, HAYYHOTO MJIH IIPAKTHYECKOTO ONbITA, & KAYeCTBO
paccMarpuBaTh KaK CUCTEMY SKCHEPTHBIX OLIEHOK. Takoi MeTon BKIIoYaeT
NPOLIEAYPBl CHHTE3a MHOXKECTBEHHBIX CYXKJCHUH, MOJIY4YEHHs TPHOPUTET-
HOCTH KPUTEPHUEB M HAXOXKJCHHUS aJIbTEPHATUBHBIX PELICHUIH.

K skcniepTHOMY omnpocy ObUIO NPHUBIEYEHO S5 CHEIMAINCTOB, KOTOpPbIE
orieHuBanu 6 kputepueB. PaccmoTpum Oosiee moApoOHO OTOOpaHHBIC IKC-
nepTaMu HanboJiee 3HaUMMBbIe [10Ka3aTelH, ONPEACIISIONIe KaueCTBO OTIIe-
YyaTKa Ha aJIOMHHHEBOH OaHke Jaee.

YeTKoCTh OTIEYaTKka — 0€3yCIOBHBIN MOKa3aTesb Ka4ecTBa, HapylleHHE
KOTOpOro Opakyer uznesue. JlaHHbBIA NOKa3aTesb SBISETCS] KaueCTBEHHBIM
U OLICHUBAETCS CIIEIYIOIINM 00pa3oM:

— eciii n300paKeHUs YeTKHUE U BCE HAIMMCH YuTaeMbl, To D = 1;

— €CJIM BCE HA/IMUCH YUTAEMBbI, U300paKEHHs HEYETKUE, YTO HE TIOPTHUT
BHEIIHUH BUJ nponykuuu, To D =0,5;

— €CIIM HAJIUCH HE YUTAEMbl WM OTIIEYATOK HEYETKHH, YTO TOPTHUT
BHEIIHUH BUJ npoaykuuu, To D = 0.

TouHoCTh 1IBETOIIEpENaUM OIIEHUBAETCS B COOTBETCTBHU C 00Opa3LiOM-
stasionoM [4]. OueHka JaHHOTO NOKa3aTessi BU3yalibHa ¥ CyObeKTHBHA, BBE-
JIEM CIIeIyIOIIYI0 Tpalaluio:

— eCJIM I[BETOMepeiada COOTBETCTBYET 00pa3ily-3Taiony, To C = 1;

— eCJIM I[BeTOlepeiadya He COOTBETCTBYET 00pasily-3TalloHy, HO HE MOop-
TUT BHEWHUH BuJ nponykuuu, To C = 0,5;

— €Cll ILIBeTolepejaya He COOTBETCTBYET 00pasIy-3TajJlOHy M MOPTUT
BHEIIHUH BUJ nponykuuu, To C = 0.

Takoke 1BeTa MOKPBITHS HE JIOJDKHBI M3MEHSTHCS IPU ITacTepPHU3aluU B
Bojie ripu Temneparype 70°C B reuenue 60 munyT [4]. JlaHHBII moka3aTenb
HE YYHUTBIBACTCSI NPHU COCTABICHUM KOMILJIEKCHOTO IIOKa3aTels KauyecTBa,
TaK KaKk OH HEe BapUaTHBEH.

Mexty 31eMeHTaMi pa3HOro IBeTa HEOOXOAMM TEXHOJOTHMYECKHH 3a-
30p, KOTOPBIM MpENCTaBIseT COOOH HE 3aredyarbiBaeMyr0 OOBOJKY TOJIIH-
Ho#t 0,1 MM [3]. [Ipu 3anedarbiBaHUM TOBEPXHOCTH OaHKHU JIOITYCKAaeTCs He-
coBMelIeHne kpacok 0 0,5 MM [S], COOTBETCTBEHHO ITaJOHHOE 3HAUYCHUE
JUIS TTOKa3aTessl «TeXHOJIOruueckuit 3a30p» Z = 0,5 mm.

CIUIONIHOCTh MOKPBITUS TIOKa3bIBAET HAJMYME MUKPOOTBEPCTUIl U CTe-
NEeHb OTOJIEHHOCTH METalIa, BBI3BAHHYIO HEMOJIHBIM JIAKOBBIM MOKPBITHEM.
JlaHHBII MOKa3aTeIh MOXKHO OL[EHUTH C TIOMOIIIBIO BHICOKOBOJIBTHBIX IEKTPO-
UCKPOBBIX JIe(DEKTOCKOIIOB, TIPUHIMIT paOOTHl KOTOPBIX OCHOBAaH Ha (hukca-
MU BJIEKTPUYECKOTO ITPOOOS BBICOKUM HANPSKEHUEM, CIIEIYIOIIIM 00pazom:

— eciu JAe(eKThl TOKPBITHS Ha TOKONMPOBOMSIINX MOAJIOKKaX He oOHa-
pyxeHsl, To S = 1.
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— ecyii 0OHapy)KeHHbIE Ie(heKThl HE3HAUNTEIIbHbI U HE BIMSIOT HA Kaue-
CTBO BbIITycKaeMoil mpoaykiuu, 1o S = 0,5.

— eciii oOHapy)XeHHbIe JIe()eKThl 3HAYNTEIbHBI U BIUSIOT HA Ka4eCTBO
BBIITyCKaeMOH MPOIyKIHH, TO S = 0.

PaBHOMEPHOCTB U I3 JKOCTh IOKPBITHS ONPEIEISIETCS] OTCYTCTBHEM ITy-
3bIpeil BO3/1yXa, He MOPUCTOCTEH NOBEPXHOCTHIO U OLICHUBAETCS] BU3YaJIbHO
C MOMOIIBIO YBEIMYUTEIBHBIX MTPUOOPOB. BBeseM cienyolnyto rpajauro
JUIsl OLCHKH JIAaHHOTO TTOKa3aTels:

— €CJIM MOBEPXHOCTh HE MOPUCTAsl, IMy3bIPH BO3AyXa OTCYTCTBYIOT, TO
E=1;

— €CJIM TIOBEPXHOCTD IIOPUCTA HE3HAYUTEIBHO, YTO HE MOPTUT BHEIIHHH
BUJ IpoAyKIuH, To £ =0,5;

— €CJIM MOBEPXHOCTh MOPHUCTA M MPUCYTCTBYIOT IY3bIPH BO3/1yXa, TO
E=0.

1o pe3ynbraTam SKCIIepTU3bI ObLIA IPOBE/ICHA IPOBEPKA paclpe/IeIeHNs
OLICHOK, TOJIyYEHHBIX OT 3KCHEPTOB M OIPEAEsICHa COMIAaCOBAaHHOCTh MHE-
HUI SKCIIEPTOB C NOMOIIIBI0 KoddduirenTa Bapuauu (cM. Tadl.), KOTOpbId
MI03BOJISIET ONPEIEIINTh, KAKYI0 CTENeHb Pa30pOCaHHOCTH UMEIOT 3HAYCHUS
HCCIIelyeMoro napamerpa. 3HaueHue koadduienta Bapualiyuy He MpeBbl-
maeT 40%, cienoBaTeNbHO, COBOKYITHOCTh CYUTAETCSI OJTHOPOIHOMN, MOYKHO
3aKJIIOYUTh, YTO MHEHHSI SKCIIEPTOB COIVIACOBAHBI B IOCTATOYHOM CTEIIECHH.

Tabnuya 1. Ce00HblE OanHble NO NOKA3AMENAM KA4ecmed
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P = | &5 s g S22l &2
) o - = S
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o =] 2 o «
= = S S g & =
YeTkoCTh OTIIEUaTKA D 1 24 CpenHsis 1 0,33
TouHocThb
C 1 19 3HAYUTEIbHAS 5 0,07
LBETOIEPEAauH
TexHonornueckui
Z 0,5 34 cpemHss 4 0,13
3a30p
CII01HOCTh S 1 35 CpenHsis 2 0,27
PaBHOMepHOCTB 1
P E| 1 | 25 cpenmsis 3 )
[J1aIKOCTh
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[TockonbKy 3ajia4a JaHHOTO UCCIICNOBAHMS JISKUT HE B 00JIaCTH KBaJIH-
METPHUYECKOTO aHaN3a, a cKopee B cdepe TEeXHOJIOTHUYECKUX HOBOBBEJIE-
HU, KaCaIOIINXCS TPOOIEMBbI OL[EHKH KayeCcTBa MOJUrpaduuecKoro nNoKphbl-
THSI, TO JIOIyCTUMa YIPOIIEHHAs! CXeMa KOMIUIEKCHOTO aHaiu3a. B cBsizu ¢
9THM pacueT KOMIUIEKCHOTO T0Ka3arels CBeJeTCs K clienyomieid popmyiie:

K=Z%qui. (1)

n
i=1

rie K — KOMIUIEKCHBINA MTOKa3aTellb,

O, — abCOoMIOTHOE 3HAYEHKE i-I0 MOKa3aTels CBOUCTBA,
— 9TaJIOHHOE 3HAYEHUE -0 TTOKa3aTelsl CRBOMCTBA,

— BECOMOCTb i-TO MOKa3aTessi CBONCTBA,

7 — KOJIMYECTBO TOoKa3areyiei CBONCTB.

Jljist OLIEHKHM JIOCTOBEPHOCTH IOJYYEHHBIX Pe3yJbTaToB Oblila MpPOU3-
BeJIeHa IMpolelypa HOPMUPOBAHHUSI, KOTOpas 3aKJIIOYAETCS B ONpeelieHUN
YUCJICHHBIX PAMOK PAaHI'OB C NOCICAYIOIIHUM BBIYUCICHUEM KOS(I)(I)I/IL[I/ICHT&
koHKopaauuu Kenpanna u 3Hauenus kpurepus [lupcona. 3arem juist Kaxk0-
ro mapaMmerpa ObLIH OINpeaesIeHbl KOAPPHUIIMEHThI BECOMOCTH (CM. TaoIl.),
OTpaXKalolle KOJMYECTBEHHYIO XapaKTEPUCTHUKY 3HAYMMOCTH KaXKJOTO
HoKazaTeJssi Cpeli JAPYrux nokasaresei kauectBa. O4eBHIHO, 4TO JUIS BbI-
OpaHHOW TPYHIIBI SKCIIEPTOB YETKOCTh OTIICUATKa — OJHO M3 BaKHEUIIMX
TpeOOBaHHH K Ka4eCTBY.

ITo pe3synpraram monydeHa ¢opmylia st pacdera 000OMICHHOIO KOM-
IUIEKCHOTO TIOKA3aTelIs:

D c 05-2) S
K=-—%x033+-—%0,07+——x%x0,13+ =% 0,27
1 1 1 1 Q)
E
—X%0,2
+1

rae D — 9eTKOoCTh OTIleuarka,
C — TOYHOCTH IIBETONEepPEIAuH,
Z — TEXHOJIOTMYECKUH 3a30D,
S — CIUIOLIHOCTb,
E — paBHOMEPHOCTb U INIAAKOCTb.
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BriBoasl (Conclusions)

1. B coorBeTcTBHH C MOJIYYCHHBIM Ha OCHOBC METOAA SKCIICPTHLIX OLC-

HOK KOMIUJICKCHBIM IIOKa3aTejaeM yAajloCh HAWTH MYTH PEUICHUs OOIel
npo0IeMbl — KOMIUIEKCHOM OIIEHKH KauecTBa OTIEYaTKa Ha alOMHHHEBON
OaHKe.

2. Pa3zpaboTaHHyI0 METOIUKY PEKOMEHIYEeTCs HPUMEHSTh B IIPOU3BO/-

CTBEHHBIX YCJIOBHUSAX Ha dTare KOHTPOJIS KadyeCTBAa TOTOBBIX ATFOMMHHUEBBIX
0aHOK, a TAK)Ke Ha dTare MPUEMKH, Nepe 3aTapuBaHuEeM MPOYKTa.
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STUDY OF IMAGE MICRO-LINES REPRODUCTION
QUALITY ONTO DIGITAL OFFSET
PRINTING PLATES

Sajek D., Valciukas V.
Kaunas University of Applied Sciences

Abstract

The quality of reproduction of binary image elements in the computer-
to-plate systems is very important for high quality of prints. Accurate re-
production of printing elements is of a particular importance in order to
print a wide range of high-quality documents with fine image elements or
micro-lines. This paper presents the results obtained from the study on the
quality of the micro-line reproduction using computer-to-plate systems
and thermo-sensitive printing forms produced in these systems applying
IR (infrared, 830 nm wavelength) laser technologies.

The quality of reproduction of micro-lines on the printing forms, as well
as on the final version of the printed document on the print material, is
determined by a number of factors such as parameters of the computer-
to-plate recording system, properties of the printing forms, etc. The aim of
this study is to evaluate the quality and accuracy of the reproduction of the
micro-lines taken into consideration the nature of the printing forms when
the micro-lines are arranged parallel or perpendicular to the direction of
the image recording.

Keywords: offset printing form, thermo-sensitive printing plate, binary image
element, image micro-line, computer-to-plate system.

Introduction

Modern computer-to-plate systems designed for the production of offset
printing forms use a variety of printing plates, which differ in their physical,
chemical and structural properties. Under production conditions, this com-
plicates the optimal selection of the printing plates when it is important to
ensure high print quality for a particular segment of the printed production.
The choice is also complicated by the fact that it is necessary to take into
consideration not only types of the printing plates and their technological
properties, but also to evaluate the capabilities of the printing form produc-
tion equipment. The properties of the printing plates and technical parame-
ters of the printing form production equipment define integral characteristics
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of the printing forms quality such as image gradation, its range, reproduction
accuracy of graphic image elements, minimal sizes of the image elements,
width of micro-lines, including differently oriented on the printing forms,
e.g. arranged in parallel and perpendicular direction of the image recording,
etc. (Caek et al, 2017; Sajek, 2014).

Under production conditions, the use of Digital Control Wedges for
printing forms is insufficient to define the quality of the image elements
reproduction on the printing forms. In order to reliably predict reproduction
quality of different sized image elements on the specific type of the printing
forms using the specific parameter’s device, modulation transfer function
can be applied (Caek et al, 2017; Auapees, 2007).

The study is aimed to analyse the properties of the offset positive thermo-
sensitive printing plates widely used in the printing industry when the image
is recorded in a computer-to-plate device using IR wave laser. The paper
presents the results obtained from the study on integral quality indices of the
printing forms e.g. differently oriented micro-lines on the printing form. In
the course of the study, the impact of the selected recording mode on the re-
production accuracy of the different orientation micro-lines was determined.

Material and Methods

In the course of the study, the reproduction of image micro-lines on ther-
mo-sensitive printing plates Fuji LH-PCE Brillia and Fuji LH-PJE were
analysed. Computer-to-plate equipment Creo Trendsetter 800 Quantum
and Creo Lotem 800 were used to record the image on the printing plates.
The obtained experimental data were used to evaluate technological capa-
bilities of printing plates. In addition, the impact of the image recording
parameters on reproduction-graphic characteristics of the printing plates
were assessed.

The printing plate Fuji LH-PCE Brillia was used for the positive image
recording e.g. the active non-printing image element is formed as the result
of thermo-destruction process when the layer is exposed to IR radiation. Lat-
er on, this layer is removed during the development process. The manufac-
turer indicates high technological and reproduction-graphic indices. In the
presence of screening liner of 200 Ipi, the minimum width of a reproducible
stroke line is specified at 13 pm. On this plate, a special digital image con-
trol strip was recorded in Creo Trendsetter 800 Quantum plate-setter with
micro-lines arranged parallel and perpendicular to the recording direction.
On the digital image control strip were arranged separate micro-lines (their
width ranging from 10 to 35 pm, when a step equal to 5 um), in addition to
linear structures that form periodic grids designed to determine resolution.
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The width of the recorded micro-line was 10 pm and 15 pm, accordingly. In
addition, 100 um width micro-lines were recorded.

In the course of the experiment, the variable parameter was power of the
laser imaging head which varied from 11 kW to 21 kW (a step equal to 1 kW;
the total laser power is indicated here and elsewhere). Drum rotation speed
(230 rpm), image recording resolution (2400 dpi) and screening liner (150 Ipi)
were constant parameters. A digital image control strip was recorded in stages
starting at 11 kW. Using this method, a digital image control strip was re-
corded 11 times in 11 different modes. After recording, a printing form was
developed. Prior to the measurements, gum solution was washed away from
the printing form surface. The width of micro-lines was measured with a
scanning electron microscope Quanta 200 which resolution is 10 nm, ena-
bling to magnify the image up to 10° times.

Under production conditions, image recording onto certain types of
printing plates occurs by setting a constant parameter of laser radiation in-
tensity. The intensity is altered if the printing plates are changed e.g. thermo-
sensitive form material with different technical characteristics is chosen. In
this case, after evaluating sensitivity to radiation of the form material, soft-
ware installed in the form production equipment selects intensity of laser
radiation suitable for printing plates of a particular type.

Results

While recording an image onto Fujifilm LH-PCE printing plates in the Creo
Trendsetter 800 Quantum plate-setter, taking into consideration the sensitiv-
ity (170 mJ/cm?) of these plates, it is important to ensure adequate energy
density which corresponds to laser power of 16 kW. The width of micro-
lines was measured on the printing form recorded using the above-men-
tioned power, and the obtained results are presented in Table 1 and Table 2.
The results showed that micro-lines in the periodic grid are reproduced with
significant geometrical inaccuracies (see Table 1). Inaccuracies are more
significant of wider micro-lines arranged perpendicular to the recording di-
rection, in contrast to the micro-lines of the same width arranged parallel to
the recording direction. Fine separately arranged micro-lines (see Table 2)
are reproduced with larger distortions when they are arranged parallel to the
recording direction.
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Table 1. Width of reproduced micro-lines of the periodic grid.
Printing form Fuji LH-PCE, 16 kW

. . . A Parallel to the recording Perpendicular to the
Micro-line orientation . A . . .
direction recording direction
Micro-li idth in th
icro-line width in the 10 15 100 10 s 100

file, pm
Micro-line width on

7,6 11,42 | 98,29 8,10 11,93 97,2

the printing form, pm

Table 2. Width of reproduced individually arranged micro-lines.
Printing form Fuji LH-PCE, 16 kW

. . . . Parallel to the Perpendicular to the

Micro-line orientation . . . . . .
recording direction recording direction

Micro-li idth in th

icro-line width in the 10 15 10 15
file, pm
Micro-li idth on th

peromime Widt on fie | g g9 11,92 9,63 12,46
printing form, pum

In addition, the micro-lines of 10, 15 and 100 pm width arranged in the
periodic grid parallel and perpendicular to the recording direction were mea-
sured on the printing form (see Table 3 and Table 4).

Table 3. Width of the periodic grid micro-lines arranged parallel to the recording
direction. Printing form Fuji LH-PCE

Micro-line Laser power, kW

widthinthe | 11 | 13 | 15 | 17 19 21
file, pm Micro-line width on the printing form, pm

10 9,04 8,20 7,84 7,64 7,12 6,84
15 14,82 13,24 11,76 11,06 9,92 8,68
100 100,85 99,57 98,51 97,87 96,84 95,4
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Table 4. Width of the periodic grid micro-lines arranged perpendicular to the
recording direction. Printing form Fuji LH-PCE

Micro-line Laser power, kW

widthinthe | 11 | 13 [ 15 | 17 19 21
file, pm Micro-line width on the printing form, pm

10 9,64 7,58 8,27 7,89 7,19 7,56
15 10,29 8,97 8,77 8,31 8,12 7,80
100 99,92 98,52 97,87 96,68 95,67 94,01

Based on the measurement data and chart (see Figure 1), it is obvious
that the accuracy of reproduction in the periodic grid of 100 um width mi-
cro-lines on this type of positive printing forms depends on the laser inten-
sity and the direction of micro-lines arrangement. As the laser intensity in-
creases, the width of micro-lines arranged parallel to the recording direction
decreases, yet not so significantly, in comparison to micro-lines arranged
perpendicular to the recording direction. Thus, it can be stated that the qual-
ity of reproduction of 100 pum width micro-lines is higher when they are
arranged on the printing form parallel to the recording direction.

The width of 10 and 15 width micro-lines on the periodic grid decreases
as laser intensity increases due to the direction of thermal energy diffusion,
from directly exposed active non-printing areas to passive printing areas.
These fine micro-lines are reproduced more accurately as they are arranged
perpendicular to the recording direction.

Microline, 100 pm
102

§100
% 98
2 96

94

11 12 13 14 15 16 17 18 19 20 21
Laser power, kW

——1 ——2

Figure 1. Dependence of the 100 um width micro-lines variation of the periodic
grid on laser power. 1 — parallel arrangement to the recording direction, 2 — per-
pendicular arrangement to the recording direction. Printing form Fuji LH-PCE
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Separate strokes of 10 and 15 um arranged parallel and perpendicular to

the recording direction were measured (see Table 5 and Table 6)

Table 5. Width of the separately arranged micro-lines parallel to the recording
direction. Printing form Fuji LH-PCE

Micro-line Laser power, kW

widthinthe | 11 | 13 | 15 | 17 19 21
file, pm Micro-line width on the printing form, pm

10 11,08 10,21 9,32 8,70 8,29 7,31
15 14,23 13,15 12,21 11,61 10,97 10,21

Table 6. Width of the separately arranged micro-lines perpendicular to the record-
ing direction. Printing form Fuji LH-PCE

Micro-line Laser power, kW
widthinthe | 11 | 13 | 15 | 17 19 21
file, pm Micro-line width on the printing form, pm
10 11,65 10,75 9,83 9,32 8,58 7,84
15 14,42 13,42 12,72 11,98 11,03 10,54
Microline, 10 pm
12
11
g 10
g o
=
8
7
11 12 13 14 15 16 17 18 19 20 21
Laser power, kW
——1 —-2

Fig 2. Dependence of the width variation of 10 um micro-lines of the peri-
odic grid on laser power. 1 — parallel arrangement to the recording direc-
tion; 2 — perpendicular arrangement to the recording direction. Printing
form Fuji LH-PCE
63
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a b
Figure 3. Micro photography of the 10 um micro-lines: a — separate line;
b — a periodic grid. Printing form Fuji LH-PCE

In order to confirm or refute the obtained results, the accuracy of the mi-
cro-lines reproduction on the thermo-sensitive positive printing plates/Fuji
LH-PJE, which were recorded in the Creo Lotem 800 device, were evaluated
analogously. During this experiment, laser intensity and drum rotation speed
were altered. By altering one or another parameter, the amount of energy
reaching the plate surface is changed at the same time changing the size of
image elements (Caek, Bamurokac, 2011).

104
103
£ 102
£ 101
2 100
99
98

97

60 80 100 120 140
Laser intensity, mW

Fig 4. Dependence of the width variation of 100 um micro-lines of the
periodic grid on laser intensity, as lines are arranged perpendicular to the
recording direction. Printing form Fuji LH-PJE, drum speed 900 rpm
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Figure 5. Dependence of the width variation of 100 um micro-lines
of the periodic grid on laser intensity, as lines are arranged parallel
to the recording direction. Printing form Fuji LH-PJE,
drum speed 900 rpm

As the obtained results show, the accuracy of reproduction of 100 pm
width micro-lines is higher, if the micro-lines on the printing form are ar-
ranged parallel to the recording direction. In the presence of the optimal
amount of energy, fine micro-lines of this type of the printing form are less
distorted when they are arranged perpendicular to the recording direction.

Conclusions

The results of the study of the reproduction of fine image details (micro-
lines) on the offset digital thermo-sensitive positive printing plates in the
computer-to-plate systems showed that the width of recorded micro-lines
depends not only on the laser intensity, drum rotation speed or physical
and chemical properties of the printing plates, but also on orientation of the
printing elements onto the printing form and the image recording direction
at the computer-to-plate system.

The results of the study on the accuracy of reproduction of the micro-
lines using printing plates Fuji LH-PCE Brillia and Fuji LHPJE showed the
dependence of the reproduction quality on the orientation of printing ele-
ments on the printing form and the image recording direction.

In terms of the periodic grid of micro-lines, the wider micro-lines
(100 um width and up) are reproduced with significant inaccuracies, given
the micro-lines are arranged perpendicular to the recording direction. Wider
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micro-lines if they are arranged parallel to the recording direction are repro-
duced more accurately (see Table 1, 3, 4).

Fine individual micro-lines arranged parallel to the recording direction
are reproduced not so accurately as fine micro-lines arranged perpendicular
to the recording direction (see Table 5 and Table 6).

The results correlate with previous studies of the quality of reproduction
of image elements of offset thermo-sensitive printing forms (Sajek, 2014;
caek, Bamurokac, 2011; ApytroHosa et al, 2009). The obtained results can be
applied in optimizing production processes of offset printing forms in order
to achieve high-quality printed production.
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INVESTIGATION OF THE FLAME-RETARDANT PROPERTY
OF SILICA NANOPARTICLES RATIO
IN THE PAPER COATING

Tutak D., Ozcan A., Kandirmaz E.A.
Marmara University, School of Applied Sciences

Abstract

Papers have a highly flammable property and can easily catch fire. This is a
major disadvantage for paper and paper packaging materials. For this rea-
son, this can be delayed or prevented by producing papers with high heat
resistance. For this purpose, coating formulations containing 1%, 2.5%, 5%
and 10% silica nanoparticles were prepared and applied on 80 g/m2 office
paper. Chemical analyses of the coatings were made with ATR-FTIR. Surface
contact angle and surface energy properties of coatings were measured us-
ing PocketGoniometer PGX+, gloss measurements of coated papers were
carried out with BYK Gardner GmbH micro gloss and color measurements
were determined using X-Rite eXact spectrophotometer. Also, absorbency,
surface morphology, and limited oxygen index (LOI) of the coatings were
determined. All papers were printed with Toyolife LF - 1600 process ma-
genta commercial offset printing ink using an IGT C1 offset printability test
device. As a result, it was determined that the contact angle increased and
the printability improved. It has been observed that silica nanoparticles
coated papers have flame retardant and very good hydrophilicity and their
printability values are in accordance with ISO 12647-2.

Keywords: Paper coating, nanoparticles, silica, flame retardant

Introduction

Paper is a porous fiber network with a smooth surface, optical properties,
usually coated with various materials, which provide good printing perfor-
mance. A coating formulation to be applied on paper consists of three main
components. It contains mineral pigments to provide optical properties, la-
tex binders for adhesion and strength properties, and polymer additives to
adjust runnability during the coating process and to better tune coated paper
properties (dispersants, biocides, pH controllers, dyes and foam controllers
etc.) (Preston et al., 1993; Ortner et al., 2018; Wedin et al., 2006; Ozcan et
al., 2018).
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Every process and component made during papermaking directly or
indirectly affects its physical and surface properties, such as printability,
gloss, opacity, fiber orientation, filler and fine content, sizing process, calen-
der nip pressure and coating (Sharma et al. 2020; Ozcan, and Tutak, 2020).
Paper surface coating is a process in which a layer with a smooth surface
is obtained by coating cellulosic fibers and filling the gaps between them
with binders (often starch and/or synthetic latex), pigments and other fillers.
The surface coating process is followed by drying and polishing processes.
These processes are done to obtain a paper with better sizing, printing and
barrier properties (Sharma et al., 2020; Howard and Hodgson, 2015). In ad-
dition, surface sizing is an efficient way to improve the water repellency and
mechanical properties of paper, which are closely related to the application
performance of paper-based products (Ni et al., 2021).

Some products produced in the printing industry are used where high
heat resistance is required. For example, when used with the flame-retardant
paper in rare books in libraries, the burning of these books during a fire can
be delayed. Besides, some products produced in the printing industry are
also used at home. Such as printed packages, wallpapers, newspapers etc.
are products of the printing industry. The flame-retardant feature of such
products ensures that the fire can be extinguished before it increases, due to
its delayed ignition feature in a possible fire (Ozcan et al., 2020).

Material and Methods

Coatings were prepared by using nano silica in four different ratios (1%,
2,5%, 5% and 10%) except natural starch. (10% Nano silica coating could
not be prepared due to gelling of silica) All prepared coating formulations
were applied on 80g/m? office paper. A K-Control laboratory rod coater used
for coatings. After coating, the samples were air dried and conditioned ac-
cording to TAPPI standards. Toyolife LF - 1600 process magenta ink was
printed on the surface of papers with IGT-C1 offset tester according to ISO
12647-2 standard. X-Rite manufacturing standards are used for all spectro-
photometric and densitometric measurements (according to 0/45° geometry
with 2° observer angle with D50 light source in the range of 400-700 nm
and 23°C +/- 1°C temperature, 40-60% RH). The difference between the
colors of the prints is calculated according to the formula 1 (according to
the CIEDE 2000 standard, ISO 13655). Gloss values were measured at 60°
according to ISO 2813:2014 standard for printed papers and 75° according
to TAPPI standard T480:2005 for unprinted papers. Surface tension values
were measured according to ASTM D5946 method.
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Results

Starch and different ratio of Nano silica used in coatings have shown dif-
ferent behaviors for CIEL*a*b*, surface contact angle and surface energy,
paper and print gloss, limited oxygen index (LOI). The results obtained from
the coatings and printings are presented in tables and graphics below.

Base Paper

[
L |
Starch
A ) WPV et |
Nano Si e a0 o
%NT T,
|
o
40000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 500 600 3800

Fig 1. ATR-FTIR spectra of base paper, starch coated paper,
silica nanoparticles coated paper

The strong absorption band at 3447 cm™ of silica nanoparticles indicated
that -OH on the surface of silica. The characteristic absorptions bands about
1100 cm™, 810 cm™!, and 470 cm™ were attributed to the asymmetric stretch-
ing vibration, symmetric stretching vibration, and bending vibration of
Si-O-Si, respectively. When the starch coated papers spectra were examined
the strong absorption peak at 3413 ¢cm! was assigned to the hydrogen bonds
association in -OH groups. The bands at 1168 cm™ and 1071 cm™ were at-
tributed to the stretching vibration of C-O in C-O-H groups, and the band at
1026 cm™ was attributed to the stretching vibration of C-O in C-O-C groups.
The other characteristic absorptions of starch also appeared at 1463 cm cm™,
1408 cm™', and 860 cm.

When the FTIR spectrum of the paper is examined, around 3400 cm’!
-OH bands belonging to cellulose the band at 2894 cm™ is attributed to CH
stretching vibration of all hydrocarbon constituents in polysaccharides.
Typical bands assigned to cellulose were observed in the region of 1630 —
900 cm’'. The peaks located at 1633 cm™ correspond to vibration of wa-
ter molecules absorbed in cellulose. The absorption bands at 1428, 1367,
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1334, 1027 cm'and 896 cm™ belong to stretching and bending vibrations of
-CH, and -CH, -OH and C-O bonds in cellulose. The reason why the three
spectra are very similar to each other is that the peaks of the paper main
structure are much more dominant than the others. The results obtained are
compatible with the literature (Tang et al., 2009; Hospodarova et al., 2018).

Table 1. Total surface energy and contact angle values
according to ASTM D5946 method.

Coating type Contact Angle | Surface Energy (mj/m?)
Base 8.8 35.5
Starch 42.6 49.7
1% Nano Silica 29.6 54.4
2.5% Nano Silica 24.2 56.3
5% Nano Silica 18.7 58.3

When looking at the contact angle and surface energy values obtained
as a result of the measurement of the surface coatings, it was determined
that the filling material used starch reduces the contact angle of the coating,
but it increases the surface energy. In contrast to starch, the contact angle of
the coating used %5 Nanosilica is the lowest, but it has the highest surface
energy. In addition, as the Nanosilica ratio increased in the coating formula,
the contact angle increased and the surface energy decreased.

Table 2. Paper Gloss and Print Gloss values

1% 2.5% 5%

Base Starch Nano Nano Nano

Silica Silica Silica
Paper Gloss 3.04 10.7 4.84 5.96 6.33
Printing Gloss 5.92 13.44 5.73 6.24 5.85
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Fig 2. Paper gloss and printing gloss values

The starch applied on the base paper increases both the paper and the
printing gloss. In nano silica applied coatings, although the gloss increased
a little in both paper gloss and print gloss values, it remained at very low
values compared to starch. This is because nano silica creates a roughness
on the surface and this causes diffuse reflection and reduces the brightness.
However, when starch is used, the increased gloss values are still higher than
the untreated paper. This means increased attractiveness of the paper.

AE Values

4.97 4.79

2.79 2.81

O B N W » U1 O

Starch %1 Nano Silica %2,5 Nano %5 Nano Silica
Silica

Fig 3. CIE L* a*b* AE values
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When Delta-E values are compared according to printing parameters, it
is seen that Starch and 2.5% Nano Silica AE values are lower than the other
two coatings. According to ISO 12647-2, values below 5 are acceptable.
This shows the acceptability of all coatings in terms of printing. This is
because the added nano silica does not glow blue. Nanoparticles glow in dif-
ferent colors depending on their size. This is called the quantum effect. This
quantum effect was also observed in the added nano silica. All AE values
obtained are within the acceptable range specified in ISO 12647-2.

LOI Values

31

2 272
27 2?'5

25 ﬁ@g

23 L
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Base Paper Starch %1 Nano Silica %2,5 Nano %5 Nano Silica

Silica
Fig 4. Limited oxygen index (LOI) values of Samples

The flame retardancy properties of nano silica added starch paper coat-
ings were examined with LOI measurements. LOI is a widely used tech-
nique to determine the flame retardancy of coatings. LOI values of the
coated papers are given in Figure 4. When the figure is examined, the flame
retardancy feature is increased by adding nano silica. It was determined that
the increase was slightly higher with increasing nano silica amounts. The
reason for this increase is that the Si-O-Si bonds on the silica nanoparticle
are resistant to increasing temperature and delay the ignition by forming an
ash coating on the combustible surface. The obtained results are in line with
the literature (Ureyen et al., 2020; Yuan et al., 2017).

Conclusions
While preparing the coating material, mixtures of 1%, 2.5% and 5% were

prepared and applied to the paper surface. However, nano silica particles
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added to the starch made the mixture into a gel after 5% and could not be
used as a coating material.

Starch and Nano silica showed different behaviors both in the optical
properties of the paper and in the printing properties.

According to the coating type, in the contact angle and surface energy
values, it was determined that as the amount of nano silica in the coating
increased, the contact angle decreased and the surface energy increased on
the contrary. The low contact angle has a very important value for the offset
printing system.

In paper and print glosses, coatings had a positive effect on both paper
and print gloss. While paper gloss and print gloss starch coatings have an av-
erage of twice the value compared to Nano silica-containing coatings, the ra-
tios are close to each other in Nano silica coatings, although the ratios vary.

When the printing color differences are examined, it has been deter-
mined that the printing AE values for all coatings are within the acceptable
values. It can be said that Starch and 2.5 % Nano Silica coatings are better
than others.

There were positive changes in the flame-retardant values of the coatings
of nano silica particles added to the starch. As the amount of nano silica in
the coatings increased, its resistance to flammability also increased. This
will ensure that the nano silica included coated papers to be used are more
resistant to burning, especially for valuable documents and documents to be
stored for a long time.
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BUOPA3JIATAEMbBIE MATEPUAJIbl HA OCHOBE N3HM,
KPAXMAJIA U MOHOIMULEEPNAOB

Bacunbes W.10., AHaHbeB B.B., YepHas U.B.
MOCKOBCKNIA NOANTEXHNYECKUI YHUBEPCUTET

Abstract

The process of biodegradation of compositions based on LDPE and ther-
moplastic starch (TPC) of various origin: corn, pea and rice is investigated.
Thermoplastic starch was received on the basis of naktivny starches of dif-
ferent types, processing them in laboratory extruders of Brabender and
MashkPlast (Russia).

By mixing thermoplastic starches with polyethylene in extruders, biode-
gradable hybrid compositions (BHA) in the form of strands, granules and
films were obtained. Structural parameters of BHA were studied by optical
and electron scanning microscopy. The biodegradability of the composite
films was evaluated by placing them in biohumus for six months, and dur-
ing storage, the change in water absorption of the films was determined.
Before and after the biodegradation process, tensile fracture stress and
elongation at rupture were determined to evaluate the performance of
BGC (physical and mechanical characteristics of films). Changes in the
chemical structure during biodegradation were determined by Fourier IR
spectroscopy.

The positive effect (acceleration of the biodegradation process) from the
use of a new type of starch fixers - monoglycerides distilled in TPK/polyeth-
ylene compositions - was confirmed. After six months, intensive sporula-
tion of active microorganisms was observed on the surface of the samples.
At the same time, water absorption by samples reached 30%, and strength
and deformation properties decreased by 60%, which indicates an inten-
sive biodegradation process.

It has been found that the rate of biodegradation depends on the distribu-
tion of the natural biodegradable filler in the synthetic polymer composi-
tion.

Beenenne

Yke JaBHO BO BCEM MHUPE CEPhE3HYHO 03a00UCHHOCThH BBI3BIBACT OBICTPHIN
U MIPAaKTUYECKHU HEYNPaBISIeMbI pOCT MOTPEeOIeHUs] CHHTETHUECKUX IJIacT-
MacC BO MHOT'UX OTpacCJIsIX MPOMBIIIJIEHHOCTH, OCO6GHHO B yHaKOBO‘-IHOfI HUH-
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naycrpun [1]. Tapy U3 racTuka UCIONB3YIOT ISl YIAKOBKH MUIIEBBIX MPO-
JYKTOB, JICKAPCTBEHHBIX IIPENAPaTOB, AIEKTPOHHBIX TPUOOPOB, )KUAKOCTEH,
KOTOpPBIE K TOMY € MOTYT UMETh U MOBBIIIEHHBIN KJIacC OacHOCTH [2,3].

Cepbe3Hoe BHUMaHHE YACJSIFOT PELICHUIO 33/1a4 TIOBBIICHUS KauyeCcTBa,
HaJIS)KHOCTH U JI0JITOBEYHOCTH YIAKOBOYHBIX MarepuasoB, B OCHOBHOM II0-
JIMMEPHBIX TUICHOK, M MTPOOJIEMbl UX YTHUIIM3ALMK MIOCJIE 3aBEPLICHHUS CPOKa
skcrutyaraiuu [4]. OQHUM U3 MPUEMJICMBIX CIIOCOOOB MX PCINCHUS SBJIsI-
eTcs CO3laHHe OMOpa3iaraeMblX B €CTECTBEHHBIX YCJIOBHUSX MOJMMEPHBIX
MaTepuaios [5].

Ha nonto 6uopaznaraemsix matepuainoB B 2021 . mpuxoauTcst mpumep-
HO 25-30 %. ot obuiero odbema pbiHKa mactMace. CTUMYII I TAKOTO Phbl-
HOYHOTO OyMa — MHTEpeC K MHHOBALMSIM B oOsiacTi yrnakoBku. CorliacHO pe-
syasTatam uccienoBanuil European Bioplastics (eBpormeiickoit accorpanuu
NPOM3BOJIUTENICH, TOCTABLUIMKOB U MOTpeOHUTENel OMOIUIACTUKOB M APYTHX
OunopasyiaraeMbeix MatepuasioB), y)xe B 2007 r. B MuUpe ObLJIO M3TOTOBJICHO
262 Thic. T buononmmepos. [1pu atom 80 % ObLIO MOTYYEHO U3 PACTUTENb-
HOTO CBIPBS, 12 % M3roTOBIEHO U3 HATYyPaJbHBIX KOMIIOHEHTOB, HO B €CTe-
CTBEHHBIX YCJIOBHSIX He paspymarorcs; 8 % OHOIUIaCTHKOB MPOHU3BEICHO
U3 CHHTETUYCCKOTO ChIPhs M CIIOCOOHO K Ouozaerpagaiuu [6-10]. CortacHo
aHAJIM3Yy W [IPOrHO3aM, MHPOBOH 00BEM MPOU3BOACTBA U MOTPEOICHHSI OHO-
pasnaraeMbIX yIIaKOBOYHBIX MAaTepHAIOB €KETroHO yBenuunBaercsa Ha 22 %
W 3Ta TeHJeHuus coxpanurcs [11-13].

Ha ceropHsiHuii MOMEHT UMEHHO OHMOPA3JIOKEHHE MOJTUMEPHBIX MaTe-
pHUaJioB, MoXKanyi, HauOoJiee SKOJOTHUHBIA CIIOCO0 YTHUIIM3AIUN OTXOIOB
ynakoBkH. VIHTEHCHBHO BemyTcsi paboThI 110 pa3paboTke OuopasiiaraeMbix,
KOMITOCTHPYEMBIX IUIACTHKOB HAa OCHOBE NPUPOJHBIX MaTepHajioB, HE HAaHO-
CALIUX BpeJla OKpYKarolel cpesie v 310poBbio yenoseka [ 14-15]. Onnum u3
NepPCIIEKTUBHBIX HAIIPaBJICHUH SBJISIETCS CO3JaHNe OMOIOTHYECKH pa3pyliia-
embIX TuOpuaHbIX komnosuiuii (BI'K) npu ucnonbp3oBaHnu TEpMOIIIaCTHY-
Horo kpaxmana (TIIK), kak ux ocHOBHOro koMIoHeHTa [16, 17].

Jia nomyuenust TITK HaTUBHBIN KpaxMall CMEIINBAIOT IPH HarpPEeBaHUU
¢ paznuuHbIMH MIactudukatopamu [18, 23-25]. [lokazaHo, 4TO HCIOIB30-
BaHME B KaueCTBE HaNOJHUTENs nosimoneduHoBbix Komnosunui TIIK Bme-
CTO HATHBHOTO Kpaxmaja o0ecleunBacT JyUIIyl CIOCOOHOCTh K Iepepa-
6otke u Ooiee BbicoKyto TepmocTabmibHOCTh BI'K. Ilpu aTom coneprxanune
B HuX TIIK moxeTt nocturars 40—-60 macc.% [19, 20].

Lenbto naHHOW paboOTHI SABJISIETCSl UCCIIEOBAHHUE IMpOIEcca MPOU3BO/-
cTBa U Ononornyeckoi pectpykunu BI'K, HanoiHeHHBIX KpaxMaico/epKa-
IMIMMH TIPOJYKTAMHU PA3IMYHOTO MPOUCXOKICHHUS U MOANU(DHUIIMPOBAHHBIX
MOHODIIMLIEPUIAMH JUCTUIUIHPpOBaHHBIMU (MIT]]).
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O0beKTHI HCCJIeI0BAHNS
B kauecTBe 00BEKTOB HCCIIEAOBAHUS UCIIOIB30BAIIH:

— nonudTIwiieH Huskod minotHoctu (IIOHIT) mapku 11503-070 mpowus-
BoacTBa [TAO «Kazansoprcunres» (Poccus), co cpeaneit MoiexynspHOR
Maccoii okoio 1.8-104;

— KOMIIO3MLIMOHHBIE KpaxMajocoeprKaliyue Marepuaisl Ha ocHoBe 110
u TIIK;

— unepud Mapku 1TK-94, miotHocthio 1.24 r/cM® mpou3BoCTBa KOM-
nanuu « T Beimnen» (Poccust), TOCT 6824-96;

— MI'J] aMCTUIIIIMPOBaHHBIM, IPOU3BEACHHBIN 110 TEXHUYECKUM YCIIOBU-
sam TY 10-1197-95 komnanueit OOO «PycXumtpeitn» (Poccus);

— KpaxMman KyKypy3HblH, npousBeneHHbIE OO0 «Kpaxmanonpomyxr»
(. Open, Poccust) B coorBerctBuu ¢ TOCT 32159-2013,

— kpaxmas pucoBbli — Vinh Thuan Trading Import-Export Co. Ltd

(BbeTHam),

— KpaxMaJ ropoxoBblii — pupmsl Roquette (Opanuus).

MeToabl ccae10BaAHUS
BI'K nmonmywanu Ha skcrpynepe ¢pupmbl «Maillnact» (Poccust), ocHamen-
HOM WJIM CTPEHI'OBOM, UM IJIOCKOLIEIEBOU HKCTPY3UOHHOM I'OJIOBKOM IpHU
TeMIIepaTypax 1o 30HaM dKcTpyaepa ot 115 (B 3one 3arpy3ku) no 140 °C (B
30HE rojoBkHu) [21].

du3nKo-MexaHUUeCKHne CBOWCTBAa 00pa3loB MPH PACTSHKEHHH Olpejie-
JISUTM € TIOMOIIBIO MCTIBITaTeNbHOM MammHabl PM-50 npousBoacTBa Komma-
Hun «MamlTnact» (Poccust), OCHAIICHHONH KOMIIBIOTEPHBIM HHTEphercoM
¢ mporpaMmmMHbIM obecrieueHueM «StretchTest». Paspyiiaroiiiee HanpsikeHue
npu pacTsHKeHUH () U OTHOCHUTENBbHOE y/uiMHeHue npu paspbise (€) BI'K
u3Mepsu npu remmeparype 2342 °C u oTHOCUTENbHON BiaxkHOCTH 50+5 %
no metoxy, usnoxkeHHomy B 'OCT 14236-81. IIpenen nonyckaemoro 3Haue-
HUS TIOTPEIIHOCTH U3MEPEHUs Harpy3ku He npessiman + 1%. [peaensHbie
OTKJIOHEHHS 10 JIMaMeTpy CTPEHIOBOTO M IUIOIIAJM IUIEHOYHOrO o0pasia
coctaisui 0,2 MM u 2—3 % cooTBeTcTBeHHO. CpeHee 3HaYeHUE OTpeie-
JsU 110 3—5 m3MepeHusM. McnblTaHust IPOBOJMIIN IIPU CKOPOCTH Jieop-
Maruu 00pasios 100 mm/mMuH. OOpa3ibl INICHOK [T UCTIBITAHHA TOTyYain
C MOMOMIBIO CIIEI[HAILHOTO BBIPYOHOT0 YCTPO#CTBa, popMa 00pas3ioB cOOT-
BercTBOBaja tumy 1B (ENISO 527-3).

Omnpenenenue BoponoriomnieHus uccaeayemsrx bI'K nposonunu B coort-
BercTBuM ¢ ['OCT 4650-80 «Ilmactmaccel. MeTobl onpe/iesieHtsi BOIOIO-
TJIOILICHUSY.
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Just ouenku nuHamMuku Ouopasznoxkenust bI'K npumensuinm meron xom-
nocrupoBanust. OOpasiibpl IOMELIAIH B ClIEHAIbHbIC JIOTKH C OMOTyMyCOM
npu temnepatype 23 + 2°C u Bnaxknocta 70 £ 10% u BbIACpPKUBATIU OT
Mecsina J0 noiyroaa. CreneHb OMOpa3IoKeHUs MOJTMMEPHBIX KOMITO3HLINI
OLICHMBAJIM 110 U3MEHEHUIO (PU3MKO-MEXaHUYECKUX CBOMCTB: pa3pyliarolie-
MY HalpspKEHHIO TPU PACTSKEHUH (G) U OTHOCUTEIBHOMY YUIMHEHHIO TIPU
paspsise (¢), cormacHo ['OCT 54530 — 2011.

OnTnueckue uccnenosanus BHemrHero Bujna bI'K mocne xommocrtupo-
BaHMsI MPOBOAMJIM C TOMOIIBI0 MUKpockona AxiolmagerZ2m, CarlZeiss
(Germany) npu yBenudenun x50 u x200 B mpoxomsiieM M OTPaKEHHOM
CcBeTe.

Wzyuenne xumuueckoir crpykrypel BI'K ocymectBisamm Metomnom
dypre-NK-cniekrpockonuu ¢ nprcraskoit MHITBO na npubope ®CM-1201
(Germany) ¢ paspemiernem B 1,0 cM™!' (CrieKTpasibHBIN AHAMA30H BOJTHOBBIX
uucen 375-7900 cm™).

Pe3ysbTarsl 1 X 00Cy:KAeHHE

[Ipobsema co3nanus OHOpa3IaraeMbIX KOMIIO3HUIIMOHHBIX TOJMMEPHBIX Ma-
TEPUAJIOB 3aKJII0YAETCS B KOMIUIEKCHOM PEILIEHUU BOIIPOCOB, CBSI3aHHBIX KaK
CO CKOPOCTBIO UX OMOJECTPYKIMH, TaK U C TEXHOJIOTMYECKUMHU, IKCILTyara-
UOHHBIMU U JIPyTUMH Xapakrepuctukamu. OnHO U3 TpeboBaHUi, Mpeab-
ABJISIEMBIX K CO3JaBa€MOMY Marcepually — COXPAaHCHHUE TCXHOJOTHMYCCKHUX
XapaKTCPUCTUK, NPUCYHIUX UCXOAHOMY IMOJIUMEPY, YTO UMECT 3HAUYCHUC IJIA
yueTa BO3MOXKHOCTH €ro rnepepaboTKU Ha CTaHAapTHOM 00OpYIOBaHUU U B
OIIPCACIICHHBIX YCIIOBUAX.

Ha nepBom stane pabotsl uzroroBunu bI'K na ocunose TIDHIT u TIIK
Pa3IMYHOrO MPOUCXOXKACHUS: KyKypy3HOTO, TOPOXOBOTO U PHCOBOIO, I10-
uo6paB OINTUMAJIbHBIC KOHHCHTPAIIUOHHBIE COOTHOLICHHW A, B KOTOPBIX JOJIA
TIIK cocrasnset ot 40 go 60 macc % coorBercTBeHHO [21,22].

BaxHbIM 3TarioM MCCIIeOBAHUS SIBIISICTCS YCTaHOBJIEHHUE CPOKOB OMO-
Pa3IOKEHHUS OJTYUYCHHBIX KOMITO3UIMA. JIJI1 3TOr0 MCIIOJb30BaId KOMOU-
HalU0 HECKOJIbKUX METOHAOB: KOMIIOCTUPOBAHUA B 6I/IOFyMyC6 U OILCHKa
BOZIOTIOIIOIEHHUSI.

Chnavana oueHunn Bojonomiomenune BI'K obOpasnos. Bona siBisercs
HCOGXO,Z[I/IMI)IM KOMIIOHEHTOM Jid NOAACPKAHUA KUSHECACATCIbHOCTH MU-
Kpoopranu3moB. Kpome Toro, nmpoHukas B MOBEpXHOCTHbBIE CIIOH, U AUQ-
GbyHIUpys BIIyOb CTPYKTYPBI MaTepuaa, BoJa MOXKET OKa3bIBaTh IJIACTH-
¢dunupytoiee aeicTBIE.

Pesynbrarsl McclieoBaHUs BOJOIOINIONICHHS MIPEJCTaBIeHbl B Ta0I. 1.
Kax Bunno, IIDHII npaktuyecku He MOIVIONMIAET BOY, B TO BPEMsI KaK KOM-
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IIO3ULIMH, HAIIOJTHEHHBIE KPAaXMaJloM, [IOIVIOLIAIOT €€ B 3HAUUTEIbHOM KOJIU-
gyectse. [Ipuuem, ¢ yBennuenueM conepxkanus TIIK B komno3umusx, yBenu-
YUBACTCA U Bojonoriomenue. MoxXHO IpeIIoN0KUTh, YTO 3TO CBA3aHO CO
CTPYKTYPHBIMU U3MEHEHUSIMH, IPOTEKAIOIIMMH B CUCTEME MOJIMMEP-HAIOJ-
HUTEINb. [IponucxoauT pa3pbixiieHHE TOJIUMEPHON MAaTPULIbI, U yBEIUYUBAECT-
cs1 CBOOO/IHBIN 00bEM MEX/y MAaKPOMOJIEKYJIAMH, YTO IIPUBOIMT K POCTY KO-
JIMYECTBA MOMIOIEHHO! Bosibl. HanbonpM BooNomIomeHneM o0aiaet
kommo3uius Ha ocHoBe pucoBoro TIIK. Takas koMIO3UIMS IPU MONIAAaHUH
B II0YBY OyzieT ObICTpEe MOIBEPTaThCsl MPOLIECCY OMOPA3IIOKCHHUSL.

Tabnuya 1. PesyabraTrbl 600onoenoujenus bI'K

CocTaB KOMNO3HLIUH, Ioriomenue
mace % BOIbI, %
Wcxonnsiit ITDHIT 0,2
BI'K (TTIK:IID kyk. xp. 60:40) 7,6
BI'K (TTIK:IID kyk. xp. 50:50) 4,1
BI'K (TIIK:IID kyk. kp. 40:60) 2,3
BI'K (TTIK:IID rop. kp. 60:40) 7,9
BI'K (TTIK:IID rop. kp. 50:50) 3,8
BI'K (TTIK:IID rop. kp. 40:60) 2,1
BI'K (TTIK:IID puc. xp. 60:40) 8,1
BI'K (TTIK:IID puc. xp. 50:50) 5,6
BI'K (TIIK:IID puc. kp. 40:60) 2,5

O mporekaHuy mpoiecca OHOPaA3IOKEHUs! CYIUIIH 110 Pe3ysibTaTaM ONTH-
YECKOH MUKPOCKOITUH, U3MEHEHHSIM (PM3UKO-XUMHUYECKUX CBOMCTB HCCIETy-
€MbIX MaTCPUAJIOB IO UCTCYCHU N B])I6paHHOI‘O BPEMCHHU BO3ﬂeﬁCTBHH IIOYBBbI.

[Ipu npoBeieHNN SKCIIEPUMEHTA HCII0Ib30BANIN 3EMJII0, HMEIOIIYIO TEM-
neparypy 23 °C u BIaXHOCTb, cooTBeTCcTBYIOIYI0 70+10 % OT ee makcu-
MaJIbHOM BJIarO€MKOCTH. BpeMﬂ KOMITIOCTHPOBAHUA COCTABJIAIO MECL, TPU
Mecsna u noiroga. Oopasisl BI'K u koHTposibHBINH 00pa3el] moMeIaiu Ha
MOJJIOKKY M3 MOYBLI W MOKPBLIBAJIXW MOJHOCTBIO CJIOCM ITOYBEBI, IIPU 3TOM
obecrieunBaii OCTOSHHBIN JIOCTYIT BO3/lyXa K 00pasily BO n3bexaHue mo-
JaBJICHUA )KU3HECACATCIIbBHOCTU MUKPOOPIraHU3MOB.

Ha puc. 1 npencrasiensl Mukpodororpaduu o6pasioB pu MakKCHMaJlb-
Hoit maccoBoi none TIIK:TIOHII = 60:40 % nocie nonyroaa HaXxoXACHUS
B Onorymyce.
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Pucynoxk 1. Muxpogomoepaghuu nienounvix 0opasyos nocie uzvamus
u3 buozymyca
1 — BI'K Ha ocnose kKykypy3Hozo Kpaxmana, 2 — BI'K na ocnose 2opoxogozo Kpax-
mana, 3 — BI'K Ha ocHose pucosoeo kpaxmana,
a — yeenuuenue x 50, 6 — ygenuuenue x 200
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Kak BUIHO W3 TpejcTaBieHHBIX MHUKpOQOTOrpaduii, Ha MOBEPXHOCTU
UCCIIEAYEMBIX KOMIIO3MIIMOHHBIX 00pa3loB HaOIIOAaeTCs JIOKAJIbHOE pas-
BUTHE TOYBEHHBIX MUKpoopranu3moB. KommuectBo BBenénHoro TIIK mano
BIIMAET Ha MPOIIECC B HaYaIbHBIN MEPHO]], OAHAKO TUHAMUKA POCTa MUKPO-
OpraHM3MOB Ha pa3HbIX 00pa3ax npu oJHOM 1 ToM xe koiaudectse TIIK He-
oauHaxoBa. J{nst o6pasna Ha ocHoBe Kykypy3Horo TTIK (1) mpoucxoaur no-
BEPXHOCTHOE Pa3BUTHE MHUKPOOPTAaHMU3MOB B BHUJI€ MHOTOUUCIIEHHBIX TISITEH
0€3 MIHTEHCUBHOTO CIIOPOHOIICHHS, B TO BpeMsl Kak JJisi 00pa3IoB Ha OCHOBE
ropoxoBoro TITIK (2) u pucosoro TIIK (3) oT4eTIMBO BUAECH CIUIOIIHON POCT
MHKPOOPTaHU3MOB, a TaKK€ MHTEHCHBHOE criopoHoueHue. HamoiaHeHHbIe
KOMITO3MLIMM MMEIOT PBIXJIYIO CTPYKTYPY M ITOBEPXHOCTHBIE Ae(eKTHI, Ha-
Oirof1aeTcesl pa3pyieHUe HATOJIHUTENS 110 BceMy 00beMy 00pasioB.

Pesynbrarsl onpeseneHus pa3pylaoiero HapsHKeHUsT IPU pacTshke-
HUM (0) U OTHOCUTEIBHOIO y/UIMHEHUs mpu paspeiBe (&) mis BI'K mocie
HOJIyT0/1a KOMIIOCTUPOBAHMUS MPEJCTABICHBI B Ta0M. 2.

Kak cnemyer m3 momyueHHBIX JaHHBIX, MOCIE IMOTYrojga HaXO)KJEHHS
UccieyeMbIX 00pa3loB B OMOryMyce ¢ OYBEHHBIMH MHKPOOPIaHHU3MaMHU
3HauUeHMs UX (PU3MKO—MEXaHMYECKHX XapaKTepUCTUK CHIDKaroTcs. B mpo-
Hecce OMOPa3NIOKEHUS! MPOUCXOJUT TOIIONIEHUE BOJbI KOMITO3HIIMOHHbI-
MH 00pasliaMu, BCIEICTBHE YEro MPOUCXOIUT M3MEHEHUE CTPYKTYpbl Ma-
Tepuasa, SHePreTUUeCKHue CBA3M, CKPEIUIAION[Ne MOIUMEPHYI0 MaTpUIly U
HAaIOJHUTEIb, 0CIa0eBaloT. B pesysibrare KOMIIO3UIIMK CTaHOBATCS Ooliee
PBIXJIBIMH U XPYTIKUMHU.

Tak, ana BI'K Ha ocHOBe KyKypy3HOTO Kpaxmana MpOHCXOIUT H3MEHe-
HUe (HU3MKO-MEXaHUYECKHUX CBOMCTB B 1,5 pasa, mins BI'K Ha ocHOBe ropo-
X0Boro kpaxmaia — B 1,3 pa3a, st BI'K Ha ocHOBe pucoBoro kpaxmaina — B
2,1 paza. DTO MO3BOJSET ClIEIaTh 3aKIIOUEHUE, YTO B YCIOBUSIX yTHIIA3AIHI
NOCJIEIHNX IUICHOYHBIX KOMITO3ULIM Ieproj X OMOpasiioxkeHust OyaeT Ko-
poue.

Jns 1onosHUTEeNbHON OLIEHKM M3MEHEHUH, NMPOU3OLIEAIINX B MPOLEeC-
ce Omopas3IoKeHus, ONPeAeIsUIN CIIEKTPaIbHbIE XapaKTePUCTUKH, HUCTIONb-
3yst Metox Dypse-UK-cnekrpockonuu. B kauectBe mpumepa, Ha puc. 2.,
npezncrasieH crnektp BI'K Ha ocHoBe pucosoro TIIK mpu cooTHOImeHun
TIHK:II9HII = 60:40 % 10 u nocne npoiiecca OUOPa3I0KESHHS.

B nepByto ouepenp npencTaBisgeT UHTEpEC OLEHKAa HHTEHCUBHOCTH I10-
noc mormomienust OH-rpymm, pacnonoxkenusix Mexay 3000 u 3600 cm™!, u
nonoc mexay 1000—-1500 em, xapakrepnbix ans CH,, CH, u C-O rpymm.
Cpenuss u nanpHsist oonactu MK—cnexrpa menee nndopmarusubl. OHu 110-
3BOJISIIOT (puKcUpoBaTh Haimu4ue B cocrae bBI'K — I19, dyHKIMOHATBHBIX
IPyILL, XapaKTEePHbIX JJIs dKUPHBIX KUCIIOT, KOTOPbIE BXOIAT B coctas MIJI,

INNOVATIONS IN PUBLISHING, PRINTING AND MULTIMEDIA TECHNOLOGIES 2021 | 81



Tabnuya 2. Pezynomamul ¢usuxo-mexanuueckux ucnvimanuil BI'K
00 u nocne npoyecca 6UOPA3NONCEHUs

Ne CooTHoleHHEe o, Mlla €, % o, Mlla g, %
n/m | TIIK:I1D (A+0.2) (A£5) (A+0.2) (A+5)
1. Ucxonusiii ITOHIT | 16 195
¢ MI'JI no C MI'J] mocae
Onopa3snoxeHust Ouopa3snoxeHust
2. TIIK na Kykypy3Hoii ocHOBe
60:40 10,9 78 7,2 45
50:50 11,6 84 8,3 67
40:60 12,8 93 10,3 84
3. TIIK Ha ropoxoBoii ocHOBe
60:40 7,8 82 5,6 48
50:50 9,3 91 8,4 64
40:60 10,1 102 9,3 86
4. TIIK Ha pucoBoii ocHOBe
60:40 11,2 96 5,2 41
50:50 11,9 104 7,3 56
40:60 12,8 115 8,9 87

Pucynok 2. UK — cnexmp BI'K komnozuyuu Ha 0CHO8e puco8o2o Kpaxmania
Kpacnwiii cnexmp noenowenuss — BI'K 0o npoyecca 6uopasnosicenus, guonemogulii
cnexmp — BI'K nocne mecaya npoyecca buopaznodxcenusi, zenenviti — bI'K nocie
mpex mecsyeg buopaznodxcerust, 2onyooi — bI'K nocne nonyeoda 6uopasznoscerus
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CIUPTOCOJCPIKAIIUX TPYIII, KOTOPbIE OTHOCATCS K DIUIEPHUHY, a TaKKe
(YHKIMOHAJIBHBIX TPYIII, OTHOCSIIUXCS K KpaxMaiy.

[Tocne nonyrona Haxoxxaenust bI'K B 6norymyce B UK cniekrpe rnosiBis-
JOTCS TUKK nornomenus B oomactu 1000-1200 ecm™! 1 1500-1700 cm™!, uto
TOBOPHUT O TPOSIBICHUH JCHCTBUS aKTUBHBIX MHUKPOOPIaHU3MOB, KOTOPHIC
o6pasyror 6akTepuanbHyo Mukpoduopy. B obmactu 3000-3600 cm™!' mpo-
UCXOIAT M3MEHEHHsI MHTEHCHUBHOCTH MHKa. DTO cBi3aHOo ¢ TeM, 4to TIIK,
BJIMSISI HA TTOJIMMEPHYIO MaTpPHILy, pa3pyliacT ee, U, CKOpee BCEro, BhIMbIBA-
€TCsl BOJIOM M3 KOMIIO3UIIMK. DTO TO3BOJISICT CAEIaTh BHIBOJ 00 HHTCHCHB-
HOM IIPOTEKAHUH MPOIIECCOB OUOPA3TIOKCHUS.

3akioueHHe

IpoBenu mporecc 6uopasznoxerust bI'K kommnosuiuii Ha ocHose [IDHIT u
TIIK pa3auyHOro MPOUCXOXKACHUSA: KYKYPy3HOTO, TOPOXOBOTO U PHCOBOTO,
npu cogepxxanun TIIK B BI'K ot 40:60 mMacc % ¢ ucnonb3oBaHHEM HOBO-
ro miacTudukaTopa — MOHODIMIEPUIAMH JUCTHIUIMpoBaHHbIMU. [Tponecc
BO3JICHCTBUSI OMOTyMyca MPOBOJIMIN B TEYCHHUE MOJIYroia, ¢ NepHopuye-
CKOUW OIICHKO¥M CBOWCTB KOHTPOJIBHBIX M PabO4YMX 00pa3IOB Yepe3 MEeCsIl,
TPH Mecslla U MOJIroa.

W3 pe3ynbTaToB SKCIEPUMEHTA CIEIYET, YTO CITYCTs MOJIr0/1a BBOAUMBII
B COCTaB 00pa3lOB HOBBIH MOJU(HKATOP YBEJIMYMBAECT BOAONONIOLICHUE
HanonmHeHHBIX komno3unui 1t BI'K Ha ocHoBe kykypysnoro TIIK — na
20%, nnst BI'K Ha ocHoBe ropoxoBoro TIIK — Ha 26 %, nis BI'K Ha ocHOBe
pucosoro TIIK —xa 31 %.

Du3HMKO-MEXaHUUECKHE XapaKTEPUCTHKHU 00Pa3IOB IIPH STOM CHHIKAIOT-
cst Ha 60% 10 CpaBHEHUIO C UCXOTHBIMH BeIMYMHAMU, BUJMMO, BCIIE/ICTBHE
U3MEHEHHs CTPYKTYpbl MaTepuaja: ocllableHHsl YHEPreTHYECKUX CBs3eH,
pa3pylLICHUs MOJUMEPHON MaTpHIbl, YACTUYHOTO BBIMBIBAHUS KOMIIOHEH-
TOB U3 CUCTEMBI.

Pesynbrarsl onTHYECKOW MUKPOCKOIIUU MOATBEPAMIN MIPOTEKaHHUE CIIO-
POHOIIIEHHUST aKTUBHBIX MHUKPOOPTaHMU3MOB, YTO MOATBEP)KIAeT U aHAIIU3,
npoBeneHHbIN MeTooM DPypre-NK-cnexTpockonuu.

Ha ocHOBaHMM MOJTYYEHHBIX JAHHBIX MOXKHO CJI€JIaTh BBIBOJ] O TIEPCIIEK-
tuBHOCTH Hcnonb3oBanust TIIK ¢ HOBBIM miiacTHHUKATOPOM — MOHOTIIUIIE-
pUIaMH IMCTHJUIMPOBAHHBIMY, B Ka4yeCTBE MOIU(HUKATOPa TOJIN0Ie(GrHOB
JUIsl CO3/IaHMsl YITaKOBOYHBIX MaTepHajoB C NMPUAAHUEM UM CBOWCTBA OMO-
pasnaraeMocTu.

[pumeuanue: MccnenoBanue mpoBOAUIOCH IPU (PUHAHCOBOU MOIICPIKKE
PODU (Poccuiickoro donna GpyHIaMeHTAIBHBIX UCCIEAOBAHNN) B paMKax
Hay4yHoro npoekta Ne 19-33-90284\19.
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