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Abstract

Original scientific paper
In this study, it was aimed to obtain a functional beverage with high nutritional value by using whey and chia seed flour in the production
of ayran. In addition to its high nutritional value, while preventing whey from causing environmental pollution as a waste material, it is
aimed to obtain a new dietary product with chia seed flour containing 34-40g fiber per 100g, antioxidant, omega-3 fatty acid and rich
protein content. Experimental ayran samples were prepared by adding whey and chia seed flour at different rates. K (Ayran), K2 (Ayran +
1% Chia seed flour), Ks (Ayran + 0,5% Chia seed flour, Group 1(Ayran (75%) + Whey (25%) + 1% Chia seed flour), Group 2 (Ayran
(75%) + Whey (25%) + 0,5% Chia seed flour), Group 3 (Ayran (50%) + Whey (50%) + 1% Chia seed flour), Group 4 (Ayran (50%) +
Whey (50%) + 0,5% Chia seed flour) were kept at +4 C and their physical, chemical and sensory properties were examined on the 1%, 319,
5t 7t and 14™ days. In the experimental ayran samples we researched, the use of whey and chia seed flour was found to have a significant
effect on psychrophilic bacteria count (log cfu/ml), coliform group bacteria (log cfu/ml), yeast-mold count (log cfu/ml), lactobacil spp. (log
cfu/ml) and lactococ spp. (log cfu/ml), pH, acidity (lactic acid), water-soluble dry matter (%), serum separation (%), color values (L*, a*,
b*) and sensory properties (p<0,05). In this experimental study, when microbiological, physical, chemical and sensory analyzes are taken
into account, the groups that can be used in ayran production were determined as the K2 and K3 groups containing Chia seed flour and the
1st group containing 25% Whey + %1 Chia seed flour. The use of the 3rd and 4th experimental groups was not possible. It has been
identified that these experimentally determined rates can provide a new product to the functional food industry by enabling the use of whey

and chia seed flour.

Keywords: Ayran, chia seed, physical, chemical and sensory analyses, whey.

1 Introduction

In our society, which is becoming increasingly
conscious about healthy nutrition, the tendency towards
functional foods is increasing day by day in order to use
natural resources more efficiently. The low consumption
habits of milk and dairy products, which have a great
importance in human nutrition and are included in the
animal food class, and the short shelf life have made it
necessary to consume most of the milk as fermented milk
products. Yoghurt and ayran are the leading fermented
milk products. Ayran contains all the nutritional
properties of yoghurt at different rates depending on the
amount of water added [1].

The majority of the residual material in the dairy
industry occurs in cheese production. 70-90% of the milk
used in cheese making is separated as whey. Whey can
become an environmentally harmful product if it is
disposed into the environment due to the proteins and
other nutrients in its composition [1]. The chemicals
formed as a result of fermentation of the organic
substances contained in the whey discharged into the
environment cause environmental pollution and pose a

*Corresponding author.
E-mail address: ozlempelincan@gmail.com (O. P. Can)

threat to living organisms [2]. In clinical studies, the use
of whey in the treatment of cancer, AIDS, hepatitis B,
cardiovascular diseases and osteoporosis has given
successful results [3]. whey proteins are a superior source
of essential amino acids than many proteins due to their
biological properties and sulfur-containing amino acids
such as cysteine and methionine. In the food industry, is
added to many products such as confectionery, bakery
products, meat products, soups, sauces, potato chips,
snacks and various beverages [4,5].

Chia seed is a plant called 'Salvia hispanica L.', which
is used as food, medicine, cosmetics, perfumery and
colouring matter [6]. Chia seed proteins have four
different structures. These are globulin, albumin, gluten
and prolamin. Globulin constitutes 52% of the total
protein structure. The remaining part is shared equally by
other proteins [7]. Approximately 1g of chia seed contains
0.75g of phenolic compounds such as chlorogenic acid,
caffeic acid, quercetin and campferol in antioxidant
structure. In addition, Chia seed, which is rich in calcium,
phosphorus, potassium, magnesium, niacin, vitamin A
and fibre content, is poor in sodium, iron, zinc and vitamin
C [8]. Since 6% of Chia seed consists of soluble fibres,
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products with high dietary fibre content can be obtained
[9]. Chia seed is used as a thickener in the food industry
because it can absorb 27 times its weight in water and
form mucilage [10]. It has been observed that it
contributes to the nutritional value by being used in the
production of many bakery products, especially bread, in
many food products such as biscuits, ice cream and animal
feeds.

The aim of this study was to investigate the effects of
ayran production with different ratios of whey and Chia
seed flour on microbiological, chemical and sensory
properties of ayran. It was aimed to prevent economic
losses, prevent environmental pollution and increase the
nutritional value of ayran by using whey, which is a waste
material in dairy industry. In addition, the product quality
and shelf life of a new functional food production was
investigated by taking advantage of the antioxidant,
dietary pulp and appetite control properties of Chia seed
containing 34-40g fibre per 100g.

2 Material Method
2.1 Material

The ayran and whey were obtained from Sivas
Cumhuriyet University Food Studies Application and
Research Centre, Chia seeds were obtained from a
commercial company, chemicals were obtained from
TEKKIM (Istanbul, Turkey) and media were obtained
from BIOCAR (Istanbul, Turkey).

2.2 Method

The raw milk was wheyteurised and then produced

with the addition of starter culture considering the ayran
production process. Whey obtained from white cheese
production was wheyteurised at 65 C for 30 minutes and
prepared for use. Chia seeds were ground into flour and
then wheyteurised. The amount of chia seed flour and
whey added was determined as a result of preliminary
experiments and experimental samples were prepared.
These are; K: Ayran (Control), K2: Ayran + 1% Chia seed
flour, K3: Ayran + 0,5% Chia seed flour, 1: Ayran (75%)
+ whey (25%) + 1% Chia seed flour, 2: Ayran (75%) +
whey (25%) + 0,5% Chia seed flour, 3: Ayran (50%) +
whey (50%) + 1% Chia seed flour, 4: Ayran (50%) + whey
(50%) + 0,5% Chia seed flour.
The prepared experimental samples were filled in the
ayran filling machine, sealed and kept in cold storage at
+4C on the 1%, 31, 5" 7" and 14" days to be investigated
in terms of physical, chemical, microbiological and
sensory properties.

2.2.1 Microbiological analyses

Experimental ayran samples were inoculated on
Violet Red Bile Agar medium for coliform group bacteria
enumeration using the pouring plate method. It was left to
incubation at 37C for 24 hours. For total psychrophilic
bacteria group counting, Plate Count Agar medium was
inoculated by pouring plate method. Colonies were
counted by incubation at 6.5C for 10 days. In the
enumeration of lactic acid bacteria in experimental ayran

samples, appropriate distillations were sown on Man
Rogosa Sharpe Agar medium for Lactobacillus species
and M17 Agar medium for Lactococus species by pouring
plate method. After sowing, incubation was performed at
37T for 48 hours. For total yeast and mould counts,
Potato Dextrose Agar medium was sown by pouring plate
method and colonies were counted by incubation at 25C
for 4-5 days [11].

2.2.2 Physical and Chemical Analyses

The pH values of the experimental ayran samples and
whey were measured with a digital pH meter (HANNA HI
98128) [12]. Titration acidity was determined by
titrimetric method [13]. The water soluble dry matter
content of experimental ayran samples and whey was
measured by digital refractometer (MILWAUKEE
MAB871) [14]. For the determination of serum separation;
25 ml of experimental samples (at 4+1 C) were added to
the filter paper placed in a tared funnel and kept for 120
minutes. The amount of serum filtered into the tared flask
was weighed and multiplied by 4 and expressed as % [15].
Colour analysis of the experimental ayran samples was
carried out by calorimeter (MINOLTA CR-400) using
CIELAB colour method. This technique gives numerical
values of three colour scales (L*, a*, b*) and L* indicates
whiteness and brightness, a* indicates red and green, and
b* indicates yellow and blue [16].

2.2.3 Sensory Analyses

The experimental ayran samples were analysed by 8
panelists. Water and crackers were offered between
different sample analyses to prevent the flavours from
being affected by each other. Appearance and texture,
odour and taste characteristics were taken into
consideration and evaluated on a scale of 1-10 [17].

2.2.4 Statistical Analyses

IBM SPSS 23.0 package programme was used to
evaluate the data obtained in this study. The differences
between the experimental sample groups were determined
by One-Way Anova test to evaluate all analysis data and
statistically significant differences were determined by
Tukey HSD (Honestly Significant Difference) test. The
differences of the experimental ayran samples between
days were determined by General Linear Model- Repeated
Measures analysis, which is a repeated measures analysis,
and the differences obtained were determined by
Bonferroni test [18].

3 Results and Discussion

3.1 Microbiological Analysis Results of Experimental
Samples

According to the Turkish Food Codex Communiqué
on Fermented Milk Products (Communiqué no: 2009/25),
ayran should contain at least 10° total specific
microorganisms (cfu/ml) [19]. Except for yeast, which is
used probiotic in ayran, it should be between 102-10% in 2
out of 5 samples and less than 102 in 3 samples. Mould
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should be between 10%-10°% in 2 out of 5 samples and less
than 102 in 3 samples, and E. coli and other pathogenic
microorganisms  should not be present [20].
Microbiological analysis findings of the experimental
samples are given in Table 1.

The number of lactic acid bacteria in whey used in the
experimental samples was determined as 1.01 log cfu/ml.
Coliform bacteria and yeast-mould counts were found
below the detectable value (< 10 cfu/ml).

In the experimental ayran samples, the number of
coliform bacteria was found below the detectable level
during storage. Bekis (2019), found the number of
coliform bacteria below the detectable level in his thesis
study investigating the possibilities of using whey in kefir
[17]. Unalan (2022), stated that the number of coliform
bacteria was below the detectable level in his thesis study
investigating the possibilities of using different ratios of
whey and mint oil in ayran [21]. Tamugay-Oziinlii and
Kocak (2010) determined the number of coliform bacteria
below the detectable level in their study in which they
investigated the ayran quality of different heat treatment
applications to milk [22].

Total psychrophilic bacteria counts of the
experimental ayran samples were found in the range of
3.12-5.38 log cfu/ml. When the results of intra-group
inter-day analyses of the experimental ayran samples
during the storage period were examined, the difference
between the K and K2 experimental ayran samples on the
1st and 3rd days and on the 5th, 7th and 14th days was
found to be statistically significant (p<0.05).When the
experimental ayran samples were evaluated between
groups during the storage period, the difference between
the K3 and 1st groups on the 1st and 3rd days and between
the K, K2, 2nd, 3rd and 4th groups was not found to be
statistically significant (p>0.05). When the results of the
analysis were evaluated, the presence of whey and Chia
seed flour did not affect the total number of psychrophilic
bacteria due to the preparation of experimental samples by
wheyteurising whey, ayran and Chia seed flour. It is
thought that the existing differences are due to the
packaging during the shelf life of ayran. Dogan (2022), in
his study investigating the production of probiotic
beverage by adding black cumin seed oil to whey and
pomegranate juice mixture, stated that the total number of
psychrophilic bacteria was in the range of 2.08-6.57 log
cfu/ml [23]. Akarca and Tomar (2019), in their study on
the chemical and microbiological properties of strained
(pouch) yoghurt sold in the district markets of
Afyonkarahisar province, stated that the total number of
psychrophilic bacteria was found in the range of 2.50-4.39
log cfu/g [24]. Unalan (2022) reported that the total
number of psychrophilic bacteria was found in the range
of 3.23-5.32 log cfu/ml in his thesis study in which he
investigated the possibilities of using different ratios of
whey and peppermint oil in ayran [21]. According to our
research findings, the total number of psychrophile
organisms was found close to these studies.

The number of lactobacil spp. was found to be in the
range of 2.53-3.23 log cfu/ml during the storage period of
the experimental ayran samples. The difference between
the experimental ayran samples was found to be
insignificant (p>0.05). It is thought that the presence of

chia seed flour and whey did not affect the number of
lactobacil spp.

Tulukoglu (2019) found the number of Lactobacil
spp. in the range of 8.70-13.11 log cfu/ml in a study
investigating the use of whey in the production of lzmir
tulum cheese [25]. Unalan (2022) found the number of
Lactobacil spp. in the range of 2.34-3.40 log cfu/ml in his
thesis study investigating the possibilities of using
different ratios of whey and mint oil in ayran [21]. Our
research findings were close to the findings of Unalan
(2022) and lower than the findings of Tulukoglu (2019)
[21, 25]. The number of lactococ spp. in the experimental
samples was found to be in the range of 2.70-3.53 log
cfu/ml. The difference between the days within the group
during the storage period was found to be statistically
insignificant (p>0.05). The difference between K, K2 and
K3 groups was not statistically significant (p>0.05). The
difference between groups K2, K3 containing chia seed
flour and groups 1, 2, 3, and 4 containing whey was
statistically significant (p<0.05). It is thought that the
presence of whey decreased the number of lactococ spp.
Tulukoglu (2019), in a study investigating the use of whey
culture in the production of I1zmir tulum cheese, found the
number of Lactococ spp. in the range of 6.77-10.46 log
cfu/ml [25]. Ding and Kahyaoglu (2021), in their study on
the examination of microbiological and physicochemical
properties of commercial ayran, found that the number of
Lactococ spp. number in the range of 2.12-3.66 log
cfu/ml, Unalan (2022) found the number of Lactococ spp.
in the range of 2.59-4.15 log cfu/ml in his thesis study
investigating the possibilities of using different ratios of
whey and mint oil in separation [21, 26]. While our
research findings were lower than the findings of
Tulukoglu (2019), they were close to the findings of
Unalan (2022) and Ding and Kahyaoglu (2021) [21, 25,
26].

In this study, the differences between the groups in
yeast-mould count were not statistically significant
(p>0.05). The difference between days 1, 3 and 5, 7, 14
was found to be statistically significant (p<0.05).

The results on days 5, 7 and 14 were found to be
appropriate according to the Turkish Food Codex
Communiqué on Fermented Milk Products (Communiqué
No: 2009/25) [19]. Due to the wheyteurisation of the
experimental ayran samples, it is thought that the yeast-
mould count was below the detectable level on days 1 and
3. Itis thought that whey and Chia seed flour do not affect
the product quality negatively and the increase in yeast-
mould count is related to shelf life.

Hayatoglu (2021) determined the yeast-mould count
in the range of 2.10-2.94 log cfu/ml in a study
investigating the physical, chemical and microbiological
properties of ayran produced with the addition of probiotic
bacteria [27]. Ak¢ay (2016) determined the yeast-mould
count in the range of 2.36-4.71 log cfu/ml in a study on
the production of spicy ayran and investigation of some of
its properties [28]. Tamugay-Oziinlii and Kogak (2010), in
their study in which they examined the effect of different
heat treatment applications on ayran quality, stated that
they found the yeast-mould count below the detectable
level [22]. Celik et al. (2016), in their study investigating
the physicochemical and microbiological quality of
yoghurt and ayran produced in Kirklareli, found the yeast-
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mould count in the range of 2.3x10%-1.9x10° log cfu/ml
and stated that it was above the limit value [29]. It was
determined that our research findings were close to the
findings of Akcay (2016) and different from the findings
of other studies.

3.2 Chemical Analysis Results of Experimental Samples

Chemical analyses of the experimental samples are
given in Table 2. Whey pH value was 6.31, % dry matter
was 5.75 and titration acidity was 0.11 in terms of lactic
acid.

L* value indicates whiteness and brightness. The
results of within-group, between-day and between-group
analyses of the experimental samples were found to be
statistically significant (p<0.05). When the results
between the groups were analysed, it was seen that the L*
values of the 1%, 2", 3 and 4™ groups containing whey
decreased compared to the K2, K3 groups containing K
and Chia seed flour. In our study, it is thought that whey-
containing samples reduce the brightness. Temen (2018),
in a study investigating the production and some
properties of quinoa flour-added ayran, L* value was
reported in the range of 84.43-85.96 [29]. Urkek et al.
(2021), in a study investigating the effect of chia addition
on the physicochemical and sensory properties of ice
cream, reported that they found the L* value in the range
of 58.98-80.30 [30]. While our research findings were
close to the findings of Temen (2018), they were higher
than the findings of Urkek et al. (2021) [29, 30]. Because,
our study was used whey.

When the results of the analysis between the groups
were evaluated, it was determined that the a* value of the
1%, 2nd 3" and 4" samples containing whey was lower
than the K, K2 and K3 groups. Since whey is a yellowish-
green coloured organic liquid, it is seen that the greenness
value increases as the whey ratio increases. It is thought
that chia seed flour adversely affects the homogeneous
distribution due to its particulate structure and makes a
difference in the findings during storage. Temen (2018)
determined the a* value in the range of -2.92 to -2.67 ina
study investigating the production and some properties of
ayran with quinoa flour addition [29]. Urkek et al. (2021)
reported the a* value in the range of -2.86 to 1.54 in a
study investigating the effect of chia addition on the
physicochemical and sensory properties of ice cream [30].
It was determined that our research findings were not
close to these studies.

When the b* value is evaluated between the groups,
the b* value increases in groups 1, 2, 3 and 4 containing
whey compared to K2 and K3 groups containing K and
Chia seed flour (p<0.05). It is thought that the whey ratio
increases the yellowness. Temen (2018), in a study
investigating the production and some properties of
quinoa flour-added ayran, determined the b* value in the
range of 7.49 to 7.90 [29]. Urkek et al. (2021), in a study
investigating the effect of chia addition on the
physicochemical and sensory properties of ice cream,
determined the b* value in the range of 0.31-6.81. It was
determined that our research findings were not close to
these studies [30].

When the experimental samples were evaluated in
terms of pH and titration acidity, the statistical difference

was found to be insignificant (p>0.05, table 2). pH value
was determined between 4.05 and 4.78. Titration acidity
was determined insignificant when statistical analyzis
(Table 2).

When the water soluble dry matter values of the
experimental ayran samples were analysed during the
storage period, it was found that the water soluble dry
matter value increased as the % whey ratio increased and
this is thought to be due to the high dry matter content of
whey.

When the serum separation values of the samples
during the preservation period were compared with the 1%,
2nd 3 and 4™ groups and K, K2 and K3 groups, the
difference was found to be statistically significant
(p<0.05). It was determined that the presence of whey
increased the serum separation value.

3.3 Sensory Analysis Results of Experimental Samples

The sensory analysis findings of the experimental
samples are given in Table 3. When the samples were
analysed in terms of appearance, the highest score was
obtained by group K3 and the lowest score was obtained
by group 3 containing 50% whey. It was observed that the
homogenous appearance decreased as the storage time and
whey amount increased. K2 and K3 groups received the
highest score in the pleasant and distinctive odour
parameter during the storage period. 3rd and 4th groups
containing 50% whey received the lowest score. It is
thought that there is a decrease in pleasant odour due to
the increase in whey ratio. During the storage period of
the experimental ayran samples, the highest score for the
pleasant and distinctive flavour parameter was obtained
by the K2 group and the lowest score was obtained by the
4th group. It is thought that the taste of the panellists
decreased with the increase in sour taste as the storage
time and whey amount increased. In terms of sensory
analyses, it was determined that K2 and K3 groups
received the highest score by the panelists during the
storage period. It is thought that chia seed flour provided
sufficient flavour and consistency among the reasons why
K3 group was liked. Among the experimental ayran
groups prepared with whey, it was determined that the 3rd
and 4th groups received the lowest scores in all
parameters. The increase in acidity and serum separation
during storage shortens the shelf life of ayran. The reason
for the 3rd and 4th experimental groups to get the lowest
score is thought to be that whey accelerates acid
formation. Bekis (2019), in his study investigating the
possibilities of using whey in kefir, stated that the
homogeneous and foamy structure was lost in the last days
of storage, the viscosity decreased and the appearance
characteristics were less liked by the panellists due to
reasons such as serum separation [17].

In this study we conducted, microbiological, physical,
chemical and considering the sensory analyses, it may be
possible to use in milk production. Groups K2 and K3
containing Chia seed flour and 25% Whey + 10 g Chia
seeds. It was determined as the 1st group containing flour.
These experimentally determined rates functional food by
allowing the use of whey and chia seed flour. It has been
determined that it can bring a new product to the industry.
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Table 1. Microbiological analysis results of experimental ayran samples.

Analysis Groups Storage time (days)
1 3 5 7 14
K 4,52+40,01PA 4,68+0,020A 5,31+0,02¢B 5,34+0,03P8 5,38+0,10%8
K2 4.28+0,020A 4,32+0,01PA 4,930,028 5,12+0,08B 5,13+0,05%8
TPAB K3 3,12+0,028A 3,47+0,03%A 3,77+0,14%A 5,040,078 5,21+0,1828
1 3,56+0,028A 3,83+0,02%A 4,45+0,07"8 5,04+0,08PC 5,07+0,05%C
2 4,42+0,02PA 4,73+0,03PA 5,24+0,02¢B 4,88+0,01°A 5,15+0,30%8
3 4,08+0,019A 4,66+0,0258 5,17+0,02¢C 5,03+0,03°C 5,09:+0,082¢
4 4,35+0,020A 4,92+0,0258 5,00+0,088 5,03+0,04bB 5,07+0,038
K 3,23+0,01 3,15+0,01 2,92+0,01 3,06+0,01 2,89+0,02
K2 2,85+0,02 2,76+0,05 2,69+0,01 2,68+0,02 2,79+0,01
K3 2,87+0,03 2,78+0,02 2,68+0,01 2,7140,02 2,81+0,01
Lactobacil 1 2,83+0,01 2,77+0,01 2,69+0,02 2,65+0,02 2,90+0,01
2 2,93+0,01 2,83+0,01 2,79+0,01 2,67+0,02 2,90+0,01
3 2,72+0,01 2,77+0,06 2,84+0,01 2,53+0,01 2,88+0,01
4 2,73+0,02 2,92+0,01 2,67+0,01 2,65+0,02 2,90+0,01
K 3,53+0,01P 3,5140,01° 3,19+0,01° 3,2540,01P 3,11+0,01P
K2 3,08+0,02P 2,83+0,012 2,79+0,022 2,86+0,012 3,23+0,01P
K3 3,06+0,01P 2,82+0,012 2,78+0,022 2,90+0,012 3,21+0,01P
Lactococ 1 2,77+0,132 2,78+0,022 2,80+0,042 2,82+0,02° 2,90+0,022
2 2,77+0,10? 2,78+0,272 2,70+0,122 2,7140,122 2,85+0,032
3 2,8140,022 2,79+0,012 2,79+0,012 2,78+0,012 2,910,012
4 2,9240,012 2,90+0,022 2,85+0,012 2,79+0,012 2,910,012
K <1 <1 4,30+0,01 4,40+0,01 4,65+0,02
K2 <1 <1 4,33+0,03 4,75+0,02 4,96+0,02
K3 <1 <1 4,18+0,02 4,54+0,03 4,63+0,28
Mould-yeast 1 <1 <1 4,49+0,02 4,73+0,06 4,86+0,04
2 <1 <1 4,43+0,02 4,52+0,02 4,83+0,01
3 <1 <1 4,32+0,01 4,61+0,02 4,74+0,01
4 <1 <1 4,26+0,02 4,48+0,01 4,62+0,02

**K:Control, K2: Ayran + 1% Chia seed flour, K3: Ayran + 0,5% Chia seed flour, 1: Ayran (75%) + WHEY (25%) + 1% Chia seed flour, 2: Ayran (75%)
+ WHEY (25%) + 0,5% Chia seed flour, 3: Ayran (50%) + WHEY (50%) + 1% Chia seed flour, 4: Ayran (50%) + WHEY (50%) + 0,5% Chia seed flour.
a-g: The difference between samples with different letters in the same column is significant (p<0,05). A-C: The difference between samples with different
letters in the same line is significant (p<0,05). The not difference between samples with different letters in the same line is insignificant and not determinad

(p>0,05)

Table 2. Chemical analysis results of experimental ayran samples.

Analysis Groups Storage time (days)
1 3 5 7 14
K 91,260,684 92,76+0,34¢8 94,75+0,58¢ 97,160,190 98,95+1,20F
K2 90,86+1,469 93,35+0,1198 94,98+0,54°C 96,03+0,25°P 98,31+0,02°F
L* value K3 91,790,057 93,49+0,54°8 96,82+0,499C 98,390,020 99,57+0,12%
1 87,95:+0,06°A 90,86+0,55%8 92,58+0,725C 94,63+0,12° 96,12+0,22P€
2 88,710,024 90,56+0,80°8 92,68+0,93°C 94,35+1,13%° 96,60+0,09°F
3 86,22+0,10%4 88,98+0,54%8 90,87+0,75% 93,73+0,112P 96,58+0,30%F
4 86,35:0,09%A 88,69+1,41%8 90,31+1,222C 93,55£1,45%0 95,08+0,45%E
K -0,60+0,01°4 -0,76+0,01°4 -0,8240,09A -0,96+0,03A -2,87+0,09%
K1 -0,48+0,03A -1,80+0,02¢8 -1,86+0,10°8 -1,924+0,03°8 -3,51+0,10%C
K2 -0,40+0,03%4 -1,16+0,02¢8 -1,29+0,12¢8 -1,51+0,01¢8 -3,11+0,122C
a* value 1 -1,10+0,02%4 -2,10+0,0128 -2,63+0,14%8 -2,69+0,03%8 -3,22+0,26°C
2 -1,18+0,02%A -2,30+0,01%8 -2,4240,05% -2,65+1,19% -3,34+0,15%C
3 -1,77+0,06%A -2,58+0,05%8 -2,76+0,09%8 -2,82+0,04% -3,80+0,46%C
4 -1,98+0,05%A -2,78+0,02%8 -2,92+0,09%8 -2,95+0,16% -3,95+0,75%C
K 3,89+0,09%F 2,75+0,062° 1,61+0,08% 0,26+0,1128 2,310,054
K1 4,94+0,04F 3,82+0,07°° 2,06+0,325C 0,68+0,0128 -2,95+0,09°4
b* value K2 4,860,025 3,77+0,14PD 2,59+0,07°C 1,09+0,01°B -2,81+0,19PA
1 5,03+0,03E 3,96+0,32PD 2,85+0,08"C 1,20+0,08°B -3,44+038%A
2 5,0120,05¢P 3,61+0,69"C 2,99+0,10PB 2,27+0,59<B -3,91+0,35%
3 5,13+0,04¢ 4,88+0,14°P 3,17+0,59C 1,80+0,08¢8 -3,40+0,14%
4 5,25+0,02F 4,58+0,04°C 3,79+0,17° 1,85+0,59%8 -3,63+0,09%
K 4,18+0,00 4,09+0,00 4,11+0,00 4,10+0,00 4,05+0,01
K1 4,17+0,00 4,13+0,00 4,11+0,01 4,09+0,00 4,05+0,00
K2 4,16+0,01 4,12+0,00 4,07+0,00 4,07+0,00 4,05+0,00
pH 1 4,40+0,00 4,31£0,00 4,26+0,00 4,33+0,01 4,45+0,00
2 4,41+0,01 4,28+0,01 4,27+0,01 4,21+0,01 4,234+0,01
3 4,78+0,00 4,59+0,00 4,46+0,00 4,58+0,00 4,55+0,00
4 4,76+0,00 4,58+0,01 4,48+0,00 4,52+0,01 4,54+0,01
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Table 2 (Continued). Chemical analysis results of experimental ayran samples.

0,49+0,001 0,54+0,003 0,46+0,001 0,51+0,001 0,45+0,080

0,47+0,002 0,460,001 0,43+0,001 0,47+0,002 0,47+0,010

0,46+0,001 0,45+0,011 0,41+0,002 0,48+0,000 0,41+0,030

Acidity 0,57+0,001 0,57+0,001 0,50+0,000 0,55+0,001 0,59+0,120
0,53+0,001 0,55+0,004 0,51+0,010 0,59+0,002 0,56+0,080

0,62+0,001 0,63+0,001 0,64+0,001 0,66+0,000 0,65+0,130

0,61+0,001 0,64+0,000 0,60+0,001 0,62+0,000 0,64+0,050

2,25+0,0028 2,63+0,0428 2,20+0,0028 1,07+0,0284 0,96+0,018A

3,93+1,03%C 3,82+0,00°C 2,76+0,04%B 2,230,018 0,88+0,11%A

3,88+0,04%8 3,20+0,1078 3,18+0,04%8 2,53+0,11PA 2,53+0,04PA

Dry matter 3,80+0,00P8 3,88+0,748 3,60+0,10PB 3,08+0,04¢B 2,60+0,00PA
3,88+0,01P8 3,86+0,048 3,85+0,048 3,50+0,64<B 2,65+0,000A

3,96+0,01°4

3,93+0,044

3,800,004

3,760,014

3,7040,07A

4,80+0,01°8

4,46+0,10%8

3,7340,05"4

3,38+0,74°A

3,3440,04¢A

S N e Y N N S N N Y S E S S N N R F A B

69,6342,02% | 70,65+0,10° | 70,15+0,10PA | 71,40+0,00°A 72,83+0,009A
66,22+0,0028 66,18+0,0128 66,030,048 66,45+0,108 64,25+0,10%
67,41+0,1128 66,89+0,0428 66,78+0,0428 66,63+0,0428 65,40+0,00a"
Serum seperation 68,21+0,042C 67,66+0,028C 66,23+0,0428 66,81+0,0128 64,700,424
73,13+0,119C | 72,45+0,35C | 71,98+0,04® | 71,86+0,10® 70,68=0,11°A
71,0040,00C | 70,58+0,11°C | 69,45+0,10"® | 69,41+0,0108 68,00+0,00PA
75,20+0,00¢C 74,03+0,049C 73,80+0,0098 73,52+0,0498 72,48+0,959A

**K:Control, K2: Ayran + 1% Chia seed flour, K3: Ayran + 0,5% Chia seed flour, 1: Ayran (75%) + WHEY (25%) + 1% Chia seed flour, 2: Ayran (75%)
+ WHEY (25%) + 0,5% Chia seed flour, 3: Ayran (50%) + WHEY (50%) + 1% Chia seed flour, 4: Ayran (50%) + WHEY (50%) + 0,5% Chia seed flour.
a-g: The difference between samples with different letters in the same column is significant (p<0,05). A-C: The difference between samples with different
letters in the same line is significant (p<0,05). The not difference between samples with different letters in the same line is insignificant and not determinad

(p>0,05)
Table 3. Sensory analysis total score results of experimental ayran samples.
Analysis Groups
K K2 K3 1 2 3 4

Homogeneity 4594 | 37,18 | 37,18 | 37,18 | 37,18 | 37,18 | 37,18
Colour 4556 | 45,56 | 45,56 | 45,56 | 45,56 | 45,56 | 45,56
Saturation 38,94 | 38,94 | 38,94 | 38,94 | 38,94 | 38,94 | 38,94
Vizkozity 37,82 | 37,82 | 37,82 | 37,82 | 37,82 | 37,82 | 37,82
Serum Seperation | 17,19 | 17,19 | 17,19 | 17,19 | 17,19 | 17,19 | 17,19
Odour 34,44 | 34,44 | 34,44 | 34,44 | 34,44 | 34,44 | 34,44

**K:Control, K2: Ayran + 1% Chia seed flour, K3: Ayran + 0,5% Chia seed flour, 1: Ayran (75%) + WHEY (25%) + 1% Chia seed flour, 2: Ayran (75%)
+ WHEY (25%) + 0,5% Chia seed flour, 3: Ayran (50%) + WHEY (50%) + 1% Chia seed flour, 4: Ayran (50%) + WHEY (50%) + 0,5% Chia seed flour.
a-g: The difference between samples with different letters in the same column is significant (p<0,05). A-C: The difference between samples with different

letters in the same line is significant (p<0,05).
Declaration
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Abstract

Original scientific paper
Research on image compression spans various fields, focusing on achieving efficient compression while preserving a specific image
quality. Satellite images captured by observation satellites possess unique characteristics distinct from other images. Analyzing these
specific qualities is decisive, leading to the proposal of tailored compression methods and transforms suitable for satellite image
characteristics. This study comprehensively assesses the performance of six well-known compression methods in the literature, utilizing
wavelet transform and metrics such as bits per pixel (BPP), compression ratio (CR), Peak Signal-to-Noise Ratio (PSNR), calculation time
(CT), and Mean Squared Error (MSE). The compressed satellite images, generated through six methods and the Coif3 wavelet, are
systematically compared and evaluated using performance metrics. The average values obtained for all six methods are 96.37%, 47.10 dB,
and 7.92 seconds for CR, PSNR, and CT receptively, while WDR exhibits CR at 96.36%, PSNR at 48.84 dB, and CT at 6.58 seconds. The
findings indicate that the Wavelet Difference Reduction (WDR) compression method utilizing the Coif3 wavelet outperforms others when
considering all parameters together. We suggest that operators and manufacturers choose wavelet transform and WDR compression
methods for effective compression of observation satellite images to achieve optimal results.

Keywords:Image compression, satellite image, suitable compression methods, wavelet transform.

DALGACIK DONUSUMU iLE UYDU GORUNTUSU SIKISTIRMA METOTLARI VE
PERFORMANS DEGERLENDIRMESI

Ozet
Orijinal bilimsel makale

Goriinti sikigtirma {izerine birgok alanda arastirma yapilmakta ve hedef belirli bir goriinti kalitesini korurken iyi bir sikistirma orani elde
etmektir. Gozlem uydulari tarafindan ¢ekilen uydu goriintiileri, diger goriintiilerden farkli 6zelliklere sahiptir. Bu 6zelliklerin analizi ile bu
alana 6zgii doniisiim ve sikistirma teknikleri gelistirilebilir. Bu ¢aligmada uydu goriintiisti sikistirilmig, dalgacik doniisiimii ve literatiirde
¢ok bilinen alt1 sikistirma yonteminin performansi; piksel basina bit (PBB), sikistirma orani (SO), tepe sinyal giiriiltii oran1 (TSGO),
hesaplama siiresi (HS) ve ortalama kare hata (OKH) gibi olgiitler kullanarak kapsaml bir sekilde degerlendirilmistir. Coif3 dalgacik
doniisiimii ve bu alt1 sikigtirma metodu kullanilarak elde edilen sikistirilmis uydu goriintiisii sistematik olarak karsilastirilirmis ve
degerlendirilmigtir. Alt1 yontemin ortalama degerleri SO igin %96.37, TSGO igin %47.10 db ve HS i¢in7.92 saniye iken, WDR metodunda
SO, %96.36, TSGO %48.34 db ve HS 6.58 saniye olarak elde edilmistir. Bulgular, Coif3 dalgacik doniisiimii kullanan WDR sikistirma
yonteminin, tiim performans parametreleri dikkate alindiginda diger yontemleri geride biraktigini1 gostermektedir. Bu ¢aligma sonuglarina
gore uydu operatorleri ve isletmecilerine gozlem uydusu goriintiisii sikistirma isleminde basarili sonuglarindan dolayidalgacik doniistimii
ve WDR metodunu dneriyoruz.

Anahtar Kelimeler: Dalgacik doniisiimii, gériintii stkistirma, uydu gériintiisii, uygun sikistirma metotlar.

1 Introduction to optimize available resources. [1]. Scientifically, the
utilization of image compression arises from several

Image compression is decisive in digital data essential considerations. Firstly, the inherent challenge of

processing and transmission, especially in scientific and
technological fields. The need for image compression
arises from various factors, including limitations in data
storage, the demand for efficient transmission, and the need
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limited storage capacity confronts scientific datasets,
particularly those generated by sources like remote sensing
satellites [2-5] or medical imaging devices. This results in
the need to condense data without compromising crucial
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information [6, 7]. Moreover, bandwidth constraints pose
challenges when transmitting large image files over
networks with limited capacity, making compression
essential for efficient data transmission. Resource
optimization is another crucial aspect, as the computational
and hardware resources necessary for processing extensive
image data can be substantial, and compression aids in
minimizing these demands. Compressed images facilitate
swift data transfer and analysis in applications demanding
real-time processing, such as medical diagnostics or
satellite communication.

Additionally, image compression contributes to cost
efficiency by mitigating expenses related to storage
infrastructure and network resources. The preservation of
information is a paramount concern during compression,
with practical methods striving to retain critical scientific
details and features within the compressed images. Lastly,
in scientific endeavors like space exploration or
environmental monitoring, where data is remotely
collected, compression becomes indispensable for
extracting relevant information while minimizing the
impractical transmission of vast amounts of data back to
Earth [8, 9].

Satellite imagery obtained through remote sensing
technologies exhibits advancements in spatial, temporal,
and spectral resolutions and increased data rates, as
outlined in Table 1. This progression, however, results in
escalating compression requirements due to the
burgeoning wealth of information. Managing vast data
volumes at each stage of the image acquisition process
becomes a challenge, necessitating the application of
compression techniques to streamline satellite image data
[10 -12].

Table 1. Earth Observation Satellites and Technical Properties.

Satellites Swath Spa_tial Data rate
(km) Resolution (m) (Mbps)
Rasat 30 7.5/15 25
Gokturk 2 20 2.5/5 100
Goktiirk 1 15 0.5/1 465
Imece 19 1/4 320
Spot 5 60 25 128
Quick Bird 18 2.6 320
Ikonos 11 3.2 320

The computational load posed by large multispectral
imageries and concerns about data storage and
transmission underscores the urgency of employing
compression methods. While lossless compression ensures
data volume reduction without information loss, it
becomes indispensable given the significant expense and
subsequent utilization of multispectral data for extensive
analysis and processing operations, including classification
and target detection. In scenarios where higher
compression is acceptable, lossy image compression
methods can be employed to balance data reduction and
preserving essential information [13-15].

Satellite images, renowned for accurately mapping
geospatial features, incur challenges such as high storage
requirements, hardware throughput constraints, and the
need for data transmission under limited bandwidth and

time windows. These limitations necessitate the utilization
of image compression algorithms to alleviate dependency
on constraints. Various techniques have been explored,
ranging from the Direct Cosine Transform (DCT) to more
computationally efficient methods like the Bandelets
transform [16].

Earth Observation (EO) satellites primarily utilize
onboard multispectral imagers to acquire images,
employing separate sensors for different wavelengths.
Multispectral images, crucial in remote sensing
applications, face challenges due to the limited capabilities
of onboard satellite hardware. Image compression becomes
imperative to reduce onboard data storage and transmission
bandwidth requirements, especially during the satellite's
limited passes over ground stations. Increasing the
compression ratio emerges as a primary goal to optimize
resource utilization while preserving scientific information
during image reconstruction on Earth [11, 17,18].

Recent studies in satellite image compression methods
and performance evaluation highlight the ongoing
advancements in the field. For instance, the Lightweight
Bit-Depth Recovery Network for Gaofen Satellite
Multispectral Image Compression [19] explores efficient
recovery techniques for multispectral images, addressing
the challenges of bit-depth reduction. The study Satellite
Image Compression and Denoising with Neural Networks
[3] leverages neural network architectures to
simultaneously compress and denoise satellite imagery,
demonstrating the potential of Al-driven approaches. The
research on a Computationally Efficient Compression
Scheme for Satellite Images [16] focuses on optimizing
computational resources while maintaining image quality,
catering to the constraints of onboard processing.
Additionally, the study titled Efficient Onboard
Compression  for  Arbitrary-Shaped  Cloud-Covered
Remote Sensing Images via Adaptive Filling and
Controllable Quantization [20] introduces innovative
techniques for handling complex image geometries,
including cloud-covered areas, through adaptive filling and
precise quantization strategies. These recent works
emphasize the evolving nature of satellite image
compression, aiming to improve efficiency, quality, and
applicability in various remote sensing scenarios.

The spectrum of image compression schemes falls into
two main categories: lossless and lossy. While lossless
compression, exemplified by the CCSDS 123 algorithm,
maintains information integrity, lossy compression, such
as JPEG2000, accepts a controlled amount of data loss for
significantly higher compression ratios. In this context,
DWT-based compression techniques gain prominence over
DCT-based methods, offering multi-resolution transforms
and achieving superior compression ratios with enhanced
reconstructed image quality [13, 22-24].

Notably, some satellite missions, including Mars
Exploration Rover, Rasat, X-Sat, and Pleiades-HR,
demonstrate the prevalence of wavelet-based compression
techniques in handling payloads. This underscores the
applicability of such methods in the developing landscape
of satellite technology.
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2 Wavelet Transform and Compression Methods

The wavelet transform is a versatile tool with
applications in diverse fields, including fault detection,
medical applications, and crop recognition [23, 27- 30]. Its
relevance continues to grow, making it an emerging field
of study.

Wavelet-based image compression is a process where
individual images are transformed and analyzed. The
wavelet transform breaks down an image into its frequency
components, creating a multi-resolution representation.
This transformation is effective for compression as it
eliminates unnecessary or less noticeable image data while
keeping important visual information intact. The process
involves several steps, starting with the application of
wavelet transforms and progressing through quantization
and, coding i.e., Progressive Coefficients Significance
Methods (PCSM), ultimately resulting in the creation of a
compressed image, as depicted in Figure 1.

Figure 1. Basics steps of image compression: Transform, Quantization,
and Coding (PCMS).

The first step involves the transformation of the image,
where it undergoes decomposition into wavelet
coefficients. This process is typically executed using
techniques like the discrete wavelet transform (DWT) or
the lifting scheme. Composing the image in this manner
enables extracting key features and details.

Following the transformation, the next step is
quantization. During this stage, the coefficients obtained
from the wavelet transformation are quantized. Higher
frequency and less perceptually significant coefficients are
subjected to more aggressive quantization. This step is
crucial in prioritizing and preserving essential image
information while efficiently managing data size.

The final step in wavelet-based image compression is
entropy coding. This involves the application of coding
techniques such as Huffman coding or arithmetic coding.
The primary objective here is to compress the quantized
coefficients  further, optimizing the storage and
transmission of the compressed image [31, 32].

Collectively, these steps form a systematic approach to
wavelet-based image compression, demonstrating its
effectiveness in various applications. This process reduces
data size and ensures the retention of critical image details,
making it a valuable technique in fields requiring efficient
data management and transmission.

In the specific domain of wavelet-based image
compression, a series of sequential steps are employed to
achieve efficient data reduction. Satellite image
compression is essential for optimizing storage and
transmission bandwidth without compromising crucial
information,

2.1 Overview of Coif3 Wavelet
The Coif3 wavelet, short for Coiflet-3, belongs to the

Coiflets family, a class of wavelets designed to balance
smoothness and vanishing moments. The Coif3 wavelet, in

particular, possesses three vanishing moments, providing
effective localization in both time and frequency domains.
The scaling function, responsible for generating a Coiflet,
is formulated as the solution to the scaling equation [29,
30].

Y(x) = Zi:z—N(_l)k‘h—kﬁb(zx —k) (1)

where the ¢ scaling coefficients are selected to ensure that
the associated scaling functions and wavelets have the
necessary properties.

The Coif3 wavelet's three vanishing moments ensure
that the wavelet function cancels out polynomials of degree
two. This property aids in capturing and representing
details in the signal effectively [32].

P(x) = 2 Yez hiep(2x = k) @

The scaling coefficients hy are determined to ensure
that the corresponding scaling functions and wavelets
possess the necessary properties.

Figure 2 represents Coif3 wavelet functions. Coif3
wavelet is orthogonal, forming a complete and
orthonormal basis for representing signals. Orthogonality
simplifies computations and ensures energy preservation
during the transformation process.

Coif3 wavelet balances regularity and smoothness,
making it well-suited for applications where preservation
of fine details is crucial, such as in image compression.

The Coif3 wavelet's characteristics contribute to an
effective and balanced decomposition, ensuring that both
high and low-frequency details are appropriately
represented.

0.6
0.4

0.2

-0.2
2 4 & g i0 12 14 1& 18

Figure 2. Coif3 wave function.

We chose the Coif3 wavelet based on the outcomes of
the PhD dissertation titled 'Image and Video Compression
Using Two-Dimensional Wavelet Transform' [24]. In our
study, we implemented the Coif3 wavelet with a 4-level
decomposition in our compression methods. Opting for
higher decomposition levels enhances image quality. To
strike a balance and address concerns like computation
time, we specifically chose a 4-level decomposition for our
research. This process involves breaking the image into
wavelet coefficients, representing various frequency
components. Following the approach outlined in the
mentioned thesis, for Huffman coding with a compression
ratio of 10 applied to a standard house image, the PSNR
values are 35.10, 36.71, 36.94, and 39.99 dB for
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decomposition levels 1, 2, 3, and 4, respectively. Notably,
all methods in our study incorporate the Coif3 wavelet
transform during the compression process. This decision is
made to balance computational efficiency and the ability to
capture details present in the image [24].

Figure 3 presents a detailed representation of a four-
level decomposition of the test satellite images. Using the

Horizontal details

Approximations

Coif3 wavelet, this process carefully breaks down the
image into different components, capturing the overall
structure and finer details. The result includes
approximation and detailed coefficients covering
horizontal, diagonal, and vertical components. This multi-
level decomposition is essential for gaining insights into
the intrinsic characteristics of satellite imagery.

Diagonal details Vertical details

Figure 3. Four-level image decomposition and approximations, horizontal details, diagonal details and vertical details for each level.

The acquired coefficients undergo a crucial phase in
the analytical process in the next step. Six distinct
compression methods are systematically applied to these
coefficients, aiming to evaluate and compare the efficiency
of each method. This meticulous analysis delves into how
well these compression techniques handle the diverse and
intricate information embedded within the coefficients. By
scrutinizing the compressed results, we gain valuable
insights into the methods" ability to reduce data without
sacrificing the essential features and nuances in the satellite
images. The intricate dance between Coif3 wavelet
decomposition and subsequent compression methods
unfolds, shedding light on optimizing storage and
transmission while preserving the scientific significance of
satellite imagery.

2.2 Methods to Compress Satellite Image

This study thoroughly evaluated the effectiveness of
six widely recognized Progressive  Coefficients
Significance Methods (PCSM), based on an extensive
analysis [33]. These six methods were intentionally
selected due to their broad popularity in the literature,
especially in image compression and other related
applications [34-36]. The raw satellite images used in this
research were sourced from Rasat EO satellites, further
emphasizing the relevance of these methods for satellite
image compression.

2.2.1 Embedded Zero Tree Wavelet (EZW)

The Embedded Zero Tree Wavelet algorithm (EZW) is
a valuable image compression technique that generates a
fully embedded bit stream for image coding. Remarkably
competitive in compression performance with known
techniques, this method requires no training, pre-stored
codebooks, or prior image source knowledge. EZW is
rooted in four fundamental concepts: discrete wavelet
transform (DWT) or hierarchical sub-band decomposition,
prediction of information absence across scales, entropy-
coded successive-approximation quantization, and
universal lossless data compression through adaptive
arithmetic coding. The algorithm's consecutive operation is
noteworthy, ceasing upon meeting a target bit rate or
distortion. The encoding process represents a pivotal
aspect of EZW.

2.2.2 Set-Partitioning In Hierarchical Trees (SPIHT):

SPIHT is a fully embedded wavelet coding algorithm
prioritizing information in decreasing energy levels. It
allocates the bit budget between encoding the tree map and
the significance information, enabling precise rate control
and reasonable computational complexity. Reportedly
surpassing other coding techniques like DCT and EZT,
SPIHT, an enhanced version of EZW, has demonstrated
superior performance with high PSNR values for diverse
images. Its widespread adoption makes it a standard for
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comparing subsequent wavelet-based image compression
algorithms.

2.2.3 Spatial-Orientation Tree Wavelet (STW)

STW is essentially an adaptation of the SPIHT
algorithm, differing only in the organization of coding
output. It utilizes a state transition model to encode zero
tree information, deviating from EZW's approach. The
3D_spiht scheme, an extension from 2D SPIHT, maintains
partial ordering by magnitude, ordered bit-plane
transmission, and the SPIHT algorithm's principles.

2.2.4 Wavelet Difference Reduction (WDR)

The WDR algorithm is a straightforward procedure
involving a wavelet transform applied to the image,
followed by bit-plane-based WDR encoding for the
wavelet coefficients.

2.2.5 Adaptively Scanned Wavelet Difference Reduction
(ASWDR)

ASWDR is a generalization of the WDR method by
Tian and Wells, producing an embedded bit stream for
progressive transmission and encoding precise indices for
significant transform values. This capability facilitates
Region of Interest (ROI) and various image processing
operations on compressed image files [12].

2.2.6 SPIHT_3D

SPIHT_3D exploits self-similarity across spatial-
temporal orientation trees, providing a wholly-embedded
compressed bit stream. This characteristic allows for
progressive video quality, enabling the algorithm to stop at
any compressed file size or run until nearly lossless
reconstruction. Such flexibility is desirable in applications
like high-definition television.

2.3 Evaluation Metrics

In this study, we employ the following evaluation
metrics to assess the performance of the compression
methods applied to satellite images [33, 34].

2.3.1. Bit Per Pixel (bpp)

Bpp is a fundamental metric representing the average
number of bits required to encode each pixel in the
compressed image. It provides insights into the overall
efficiency of the compression methods regarding data
representation.

nx8
H*W

bpp = (4)
where H: the height of an image, W: the width of an image.
2.3.2. Compression Ratio

The compression ratio measures the extent to which
the image size is reduced after compression. It is calculated

as the ratio of the original image size to the compressed
image size.

CR = (1 - ’;—) £ 100 (5)

where, hc: the number of bits in the compressed image, h;:
the number of bits in the original image.

2.3.3. Mean Squared Error (MSE)

MSE represents the average squared difference
between the original and compressed images. Lower MSE
values indicate better fidelity in image reconstruction.

MSE =+ S5 SIS IX G ) — Xe (i )P ©)

where M and N represent the image's size, X represents the
given input image and X represents the reconstructed
image.

2.3.3. Peak Signal-to-Noise Ratio (PSNR)

PSNR quantifies the quality of the compressed image
by comparing it to the original. Higher PSNR values
indicate better preservation of image quality.

2
PSNR = 10l0g;o () @)

where max : the maximum possible pixel value of the
image.

2.3.5. Calculation Time

The time taken by each compression method for
processing is a critical factor, especially in real-time
applications. It provides insights into the computational
efficiency of the methods.

CT = cpuy, — cpuy (8)
where cpur: process stop time, cpug: process start time.

A satellite test image showcasing diverse
characteristics served as the focal point for our analysis.
Employing the Coif3 wavelet during the transform phase,
we applied six compression methods to compress the
image. Subsequently, the resultant images underwent
evaluation using predefined metrics.

Systematic comparisons were made among the
outcomes of each compression method, relying on
evaluation metrics such as bits per pixel (bpp),
compression ratio, Peak signal-to-noise ratio (PSNR),
Mean Squared Error (MSE), and calculation time. This
comprehensive assessment provided insights into the
performance of each method across these criteria.

The results derived from the satellite images were
compared with those obtained from a standard test image
commonly employed in compression studies to verify our
findings. This comparative analysis further validated the
effectiveness and reliability of our compression methods in
handling satellite image data.
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3 Results and Discussion

In this study, we carefully compressed a satellite test
image using six distinct compression methods. We
specifically chose the Coif3 wavelet for the transformation
phase due to its exceptional performance, seamlessly
meeting the study's requirements. The decision to use
Coif3 is rooted in its proven effectiveness in balancing
detail capture and computational efficiency. The
assessment is conducted based on key statistical
parameters such as bits per pixel (BPP), compression ratio
(CR), Peak signal-to-noise ratio (PSNR), calculation time,
and Mean Squared Error (MSE).

Figure 4 presents the results of satellite image
compression using six analyzed compression methods,
considering different numbers of encoding loops. It is
important to note that the Coif3 wavelet transformer

25 = EZW
20 == SPIHT
15 = ETW
a
= 10 WDR
3 = AWDR
4] == SP-3ID
5 & 7 g 9 10
#encoding loops
a)
50 = EZW
a5 == SPIHT
0 = STW
£ WDR
g5
- AWDR
0
== SP-3D
=
5 [ 7 H [ 10

# of encoding loops

c)

remains constant across all scenarios. Figure 4a illustrates
the  compression  methods  bit-per-pixel  (bpp)
performances. Notably, the WDR method achieves the best
values, and the SP-3D method exhibits the lowest curve.
Figure 4b provides insights into the calculation time, with
the SPIHT method demonstrating the most efficient
performance among the methods.

In contrast, the EZW method lags behind with the least
favorable results. Figures 4c and 4d depict the peak signal-
to-noise ratio (PSNR) and compression ratio (CR)
performances, respectively. The WDR method vyields
higher PSNR, while three other methods demonstrate
comparable results. Regarding compression ratio, the
WDR method excels, offering the most efficient
compression, whereas the SP-3D method exhibits the least
favorable results.
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Figure 4. Satellite image compression performances using six methods from 5 to 10 encoding loops a) bit per pixel b) calculations time c) image quality,
PSNR d) compression ratio.

Within Figure 5, a visual narrative unfolds, presenting
a triptych of images that encapsulate the transformative
journey of a test satellite image. The pristine satellite image
on the left stands as the original, untouched representation.
In the center, we witness the intricate web of details
unveiled through the original decomposition process,
showcasing the distinct components obtained through the
Coif3 wavelet family. Finally, on the right emerges the
reconstructed image, a harmonious synthesis achieved
through the marriage of Coif3 wavelet decomposition and
the WDR compression method, meticulously executed
across 10 encoding loops.

a) Original Image

b) Original Decomposition

In this scenario, utilizing the Coif3 wavelet family and
the WDR compression method reveals a result adorned
with a remarkable 45 dB PSNR (Peak Signal-to-Noise
Ratio) value. This metric, indicative of the fidelity between
the original and reconstructed images, underscores the
method's proficiency in retaining crucial information
during the compression process. Furthermore, the
Compression Ratio (CR) of 8% highlights the adeptness of
the chosen compression strategy in significantly reducing
data size while maintaining a balance that allows for
efficient storage and transmission.

c) Compressed Image

Figure 5. a) Original satellite image b) four-level wavelet decomposition c) reconstructed image.
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These visual and quantitative insights provide a
captivating glimpse into the transformative capabilities of
the Coif3 wavelet family and the WDR compression
method, showcasing their collaborative prowess in
striking a harmonious balance between preservation and
efficiency in the realm of satellite image processing.

Table 2 presents the statistical results of satellite
image compression employing various compression
methods for encoding loops ranging from 5 to 10.
Notably, the WDR method attains the best bit per pixel
(bbp) value at 15.62 bpp, displaying its efficiency in data
representation. The highest compression ratio (CR) is
achieved using the EZW method, reaching an impressive
96.55 db. In terms of peak signal-to-noise ratio (PSNR),
the WDR method excels, attaining the highest value at
48.85. Similarly, the mean squared error (MSE) is optimal

for the WDR, EZW, and ASWDR methods, all obtaining
the best MSE at 35.51. Furthermore, the WDR method
stands out for its computational efficiency, boasting the
lowest computation time at 6.58 seconds in 10 loops,
emphasizing its effectiveness in achieving a balance
between compression performance and computational
speed.

The overall performance of compression methods can
be expressed as;
Py; = CR + PSNR + (CTpgy — CT) 9)

WDR demonstrates superior overall performance,
achieving a value of 152.34, as illustrated in the last row
of Table 2.

Table 2. Performance values of Satellite Image Coif3 Transform and Six Compression Methods.

EZW SP STW WDR ASWDR SP3D

max Average max  Average max Average max  Average max Average max Average
bpp 13.32 5.26 6.59 294 9.29 3.44 15.62 6.08 15.06 5.96 5.32 2.33
CR 96.55 78.07 95.46 87.76 97.05 85.69 96.36 74.68 96.28  75.19 96.50  90.29
PSNR 48.34 40.07 4445 3552 48.65 3781 4884 40.07 4834  40.07 4445 3552
CT 13.72 6.40 547 290 7.13 3.49 6.58 2.85 7.75 3.50 6.86 3.67
MSE 36.51 12.87 107.64 35.80 58.92 2199 36,51 1287 36,51  12.87 107.64 35.80
Pai 14489 12547 148.16 134.11 15229 13373 152.34 125.63 150.59 12549  117.35 135.87

It is crucial to ensure satisfaction with the results by
comparing them with established references. Therefore,
for the purpose of comparative analysis, the results
obtained from WDR are compared with those from the
well-known Huffman coding.

Table 3 presents a comprehensive comparative
analysis of compression performance for satellite images,
utilizing both Huffman coding (huf_Ivl) and Wavelet
Difference Reduction (WDR) techniques. The satellite
images undergo Coif3 wavelet decomposition at level 4,
and various statistical parameters are assessed by selecting
the number of encoding loops from 5 to 10 in compression
methods to evaluate their effectiveness.

In the case of Huffman coding, the bits per pixel
(BPP) range from a minimum of 0.66 to a maximum of
14.00, with an average of 8.35, indicating variations in
data representation. Compression ratios (CR) range from
41.68 to 97.25, with an average of 65.22, significantly
reducing data size. Peak Signal-to-Noise Ratio (PSNR)
values vary between 31.00 and 48.74, with an average of
39.94, reflecting the quality of the compressed images.
The computational efficiency is evident in the calculation
time, ranging from 0.41 to 3.28 seconds, with an average
of 1.85 seconds. Mean Squared Error (MSE) values range
from 0.87 to 51.71, averaging 14.73, representing the
deviation between the original and compressed images.

On the other hand, Wavelet Difference Reduction
(WDR) outperforms in bits per pixel (BPP), with a range
of 0.87 to 15.62 and an average of 6.08, displaying its
efficiency in data representation. Compression ratios (CR)
for WDR vary between 34.93 and 96.36, with an average
of 74.68, indicating a substantial reduction in data size.
PSNR values for WDR range from 32.51 to 48.34,

averaging at 40.07, highlighting the method's proficiency
in preserving image quality. WDR also demonstrates
computational efficiency, with calculation times ranging
from 1.08 to 6.58 seconds and an average of 2.85 seconds.
MSE values for WDR span from 0.95 to 36.51, averaging
12.87, emphasizing the accuracy of the compressed
images.

In terms of overall performance, the Huffman coding
method scores 149.29, while the WDR technique achieves
a slightly lower value of 144.70. These values are
indicative of the effectiveness of the respective
compression methods when considering multiple
performance metrics

This comprehensive comparison offers nuanced
insights into the performance of Huffman coding and
Wavelet Difference Reduction. It provides a detailed
understanding of their strengths and limitations across key
statistical parameters in satellite image compression.

Table 3 Performance Comparison of Satellite Image with Coif3
Transform and Decomposition Level-4: Huffman vs. WDR.

International Journal of Innovative Engineering Applications 8, 2(2024), 72-81

Huffman WDR
max min  avg  max min Average
bpp 1400 0.66 8.35 15.62 0.87 6.08
CR 9725 4168 6522 96.36 34.93 74.68
PSNR 48.74 31.00 39.94 4884 3251 40.07
CT 3.28 0.41 1.85 6.58 1.08 2.85
MSE 51.71  0.87 1473 36,51 0.95 12.87
Pail 14929 78.85 109.90 144.70 7294 118.49
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A well-known daily house image was selected for
evaluation to assess the performance of Wavelet
Difference Reduction (WDR) in satellite image
compression. Both images were compressed by
employing WDR and Huffman methods while
maintaining the Coif3 wavelet transform.

Table 4 comprehensively compares compression
performances for daily house images using Huffman
coding and Wavelet Difference Reduction (WDR)
techniques. The house images undergo Coif3 wavelet
decomposition at level 4, and various statistical
parameters are evaluated to assess the efficiency of the
compression methods.

For Huffman coding, the bits per pixel (BPP) values
range from a minimum of 1.34 to a maximum of 11.66,
with an average of 6.87, illustrating variations in data
representation. Compression ratios (CR) range from 51.43
to 94.43, with an average of 71.39, indicating a substantial
reduction in data size. Peak Signal-to-Noise Ratio (PSNR)
values vary between 36.42 and 54.67, with an average of
47.02, reflecting the quality of the compressed images.
The computational efficiency is evident in the calculation
time, ranging from 0.50 to 3.11 seconds, with an average
of 1.88 seconds. Mean Squared Error (MSE) values range
from 0.22 to 14.84, with an average of 3.07, representing
the deviation between the original and compressed
images.

On the other hand, Wavelet Difference Reduction
(WDR) outperforms in bits per pixel (BPP), with a range
of 0.35 to 9.86 and an average of 3.40, displaying its
efficiency in data representation. Compression ratios
(CR100) for WDR vary between 58.92 and 98.54, with an
average of 85.85, indicating a substantial reduction in data
size. PSNR values for WDR range from 31.22 to 45.00,
averaging at 37.19, highlighting the method's proficiency
in preserving image quality. WDR also demonstrates
computational efficiency, with calculation times ranging
from 0.84 to 3.22 seconds and an average of 1.56 seconds.
MSE values for WDR span from 2.05 to 49.05, averaging
at 20.22, emphasizing the accuracy of the compressed
images.

Table 4 Performance Comparison of House Image with Coif3
Transform and Decomposition Level-4: Huffman vs. WDR.

Huffman l WDR

max  min  avg max — min Average

bpp 1166 1.34 6.87 9.86 0.35 3.40
CR 9443 5143 7139 9854 5892 8585
PSNR 54.67 36.42 47.02 4500 31.22 37.19
CT 311 0.50 1.88 3.22 0.84 1.56
MSE 14.84 0.22 3.07 49.05 2.05 20.22

Pan 152.54 93.90 123.08 146.87 95.85 128.03

Considering the overall performances of all
compression methods, the Huffman coding method
exhibits a commendable score of 152.54, highlighting its
effectiveness in various aspects. On the other hand, the
Wavelet Difference Reduction (WDR) method performs
admirably with a slightly lower yet competitive score of
146.87. These values reflect the comprehensive
assessment of both techniques across multiple

performance metrics, demonstrating their respective
strengths and capabilities in the context of image
compression

The analysis of compression performance for both
daily house and satellite images using Huffman coding
and Wavelet Difference Reduction (WDR) techniques, as
depicted in Tables 3 and Table 4, provides valuable
insights into the effectiveness of these methods.

The Coif3 wavelet, known for combining smoothness
and vanishing moments, is a valuable tool for
transforming the satellite test image, capturing both
spatial and spectral features. This intentional choice aims
to enhance the efficiency and quality of the compression
process, aligning with a systematic and informed
approach. The study seeks to leverage the strengths of
Coif3 to derive optimal insights and results from the
compression methods employed.

The comparative analysis highlights the nuanced
performance characteristics of Huffman coding and WDR
when dealing with distinct image datasets. While
Huffman coding demonstrates computational efficiency
and competitive CR values, WDR excels in achieving
lower BPP values, superior accuracy (reflected in lower
MSE values), and competitive CR values. The selection
between these methods would depend on the specific
requirements and priorities of the given application,
balancing considerations of data size reduction,
computational efficiency, and image quality preservation.

4 Conclusion

This study evaluated the performance of six widely
recognized compression methods specifically designed
for satellite images. It acknowledged the unique
characteristics of satellite imagery, which differ from
other types of images, such as medical or everyday photos,
each requiring distinct measurement metrics. The research
aimed to demonstrate the impact of compression methods
on satellite images while consistently utilizing the Coif3
wavelet as the transform. Key statistical parameters,
including BPP, CR, PSNR, CT, and MSE, were analyzed
to gain a comprehensive understanding of the strengths
and limitations of each method.

WDR demonstrates superior accuracy in image
reconstruction when considering all parameters together.
The validation using the well-known Huffman coding
further confirms the efficacy of the proposed WDR
method.

Future endeavors in this research domain could focus
on several promising directions. Firstly, exploring hybrid
compression approaches that combine the strengths of
Huffman coding and WDR could potentially vyield
enhanced results. Investigating the impact of varying
wavelet families and decomposition levels on
compression outcomes may provide valuable insights into
optimizing the  process  further.  Additionally,
incorporating machine-learning techniques for adaptive
compression based on image content and context could be
an avenue for future exploration.

Further research efforts may also address the
development of real-time compression algorithms for
dynamic image data and explore the application of these
compression methods in various domains, such as medical
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imaging or video compression. Assessing the robustness
of the compression methods under different image
characteristics and exploring their performance on large-
scale datasets could contribute to a more comprehensive
understanding of their applicability.

In summary, the findings from this study lay the
groundwork for future investigations that aim to refine
existing compression methodologies, explore hybrid
approaches, and adapt compression techniques to diverse
and dynamic imaging scenarios. As technology advances
and the demand for efficient image processing grows,
continuous exploration and refinement of compression
methods remain imperative for addressing evolving
requirements in various scientific and technological
domains.
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Abstract

Original scientific paper
Cutting tool costs are an important component of machining. For this reason, improving machining methods in machining affects the life
of the cutting tool. Recently, various machining methods have been used to extend tool life by reducing cutting tool wear. One of these
methods is electrophoresis-assisted processing. Electrophoresis-assisted machining is a non-traditional machining method created by the
impact of abrasive nanoparticles on the machining area with the help of the generated electric field. Electrophoresis-assisted machining
increases the machinability of difficult-to-machine materials with high strength and hardness properties compared to traditional machining
methods. In this study, the impacts of various cutting parameters on the drilling performance of AISI 316 L stainless steel material were
searched using electrophoresis-assisted drilling (EAD) and conventional drilling (CD) methods. In the study, SiC powder was used as
nanoparticles in the solution obtained to create the electric field. Within the scope of the experiments, the effects of different machining
methods, cutting speeds and feed rates on thrust forces and cutting tool wear values were experimentally examined. As a result of the
investigations, the cutting tool wear and thrust cutting force obtained with EAD are better than CM. Increasing feed rate and cutting speed
increased cutting tool wear in both machining methods. It has been determined that the thrust force decreases as the cutting speed increases,
while it increases as the feed rate increases.

Keywords: Electrophoresis, drilling, cutting force, tool wear, AlSI 316.

AIS| 316 OSTENITIK PASLANMAZ GELIGIN ELEKTROFOREZ YONTEMIYLE
DELINMESINDE TAKIM ASINMASI VE ITME KUVVETININ INCELENMESI

Ozet
Orijinal bilimsel makale

Kesici takim maliyetleri talaslt imalat i¢in 6nemli bir bilesendir. Bu nedenle talash imalatta isleme yontemlerinin iyilestirilmesi kesici
takim omriine etki etmektedir. Kesici takim aginmasini azaltarak takim 6mriiniin uzatilmasi i¢in son zamanlarda farkli isleme yontemleri
kullanilmaktadir. Bu yontemlerden biri de elektroforez destekli islemedir. Elektroforez destekli isleme olusturulan elektrik alan yardimiyla
agindirict nano partikiillerin igleme alanina etki etmesiyle olusturulan geleneksel olmayan isleme yontemidir. Elektroforez destekli igleme,
geleneksel isleme yontemlerine kiyasla yiiksek mukavemet ve sertlik 6zelliklerine sahip, islenmesi zor malzemelerin islenebilirligini artirir.
Bu calismada AISI 304 paslanmaz celik malzemesinin elektroforez destekli delme (EDD) ve geleneksel delme (GD) yontemleri
kullanilarak farkli kesme parametrelerinin delik delme performansi {izerine etkileri arastirilmistir. Caligmada elektrik alanini olusturmak
elde edilen ¢ozeltide nano partikiil olarak SiC toz kullanilmigtir. Deneyler kapsaminda farkli isleme yontemleri, kesme hizlar1 ve ilerleme
hizlarmin itme kuvvetleri ve kesici takim agima degerleri iizerindeki etkileri deneysel olarak incelenmistir. Incelemeler sonucunda kesici
takim aginmasi ve itme kuvveti igin en iyi sonuglar EDD ile elde edilmistir. Kesme hizinin ve ilerleme hizinin artmasi her iki isleme
yonteminde kesici takim asinmasini artirmugtir. {tme kuvveti kesme hizi arttikga azalirken ilerleme hizi arttikca arttig1 tespit edilmistir.

Anahtar Kelimeler: Elektroforez, delme, kesme kuvveti, takim asinmasi, AISI 316.

1 Introduction

Cutting force and cutting tool wear are important
criteria in drilling. It is difficult to control and improve
these two performance characteristics with traditional
machining methods. Cooling methods are an effective
method on machinability. However, the rotational
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movement of the cutting tool removes the fluid from the
cutting area and results in an increased wear of the tool
although it is also dependent on the material being cut.
Stainless steels are preferred in the transportation via
aerospace and also in marine due to their outstanding
mechanical strength and corrosion resistance. Austenitic
stainless steel alloys are in the group of materials that are

Received 23 May 2024; Received in revised form 11 October 2024; Accepted 24 November 2024

2587-1943 | © 2024 IJIEA. All rights reserved.

Doi: https://doi.org/10.46460/ijiea. 1489544


https://doi.org/10.46460/ijiea.1489544
https://dergipark.org.tr/ijiea
https://orcid.org/0000-0001-9261-0620

A. Mahmat

difficult to cut. These steels contain high Cr and Ni. These
properties make machinability difficult due to low thermal
conductivity and hardening properties during machining
[1], [2]- Therefore, it creates high cutting forces and cutting
temperatures during machining [3]. This situation
increases tool wear by increasing friction in the cutting area
and causes chip accumulation on the tool tip [4], [5]. AlSI
316 austenitic stainless steel is a challenging material to cut
due to its distinctive machining characteristics. Its
mechanical properties contribute to the difficulty of
drilling this material. The workpiece undergoes hardening
during the machining process, which results in increased
wear on the cutting tool and a reduction in the quality of
the machined surface. Furthermore, the material's inherent
difficulty in undergoing deformation results in the
generation of prolonged, elongated chips. These challenges
have significantly constrained the utilization of AISI 316
steel, necessitating the urgent resolution of these issues
within the industry. Extensive research has been conducted
on the machinability of austenitic stainless steel alloys,
with ongoing efforts to ascertain the optimal machining
conditions. In this regard, it is crucial to investigate the
most suitable machining conditions for the processing of
these materials.

In machining, obtaining a quality surface, long tool life
and increasing the metal removal rate are of great
importance [6]. Drilling is a machining method that uses a
cutting tool to remove materials from the drilling area to
create a hole [7]. Tool wear, burr formation, surface
quality, thrust forces and tool life are important parameters
in drilling. In machining, the friction occurring in the
cutting zone creates high cutting temperature and cutting
pressure. Drilling becomes difficult because heat is
concentrated in the cutting area [8]. Accelerated wear
creates various mechanisms on the cutting tool. The
various wear mechanisms depend on the cutting
parameters and cooling methods in the cutting zone [9].
Tool wear influences surface quality and cutting
performances [10], [11]. During the machining process,
changes occur in the cutting tool geometry due to tool
wear. Jawahir et al. [12] concluded in their study that the
wear resistance and corrosion of the cutting tool have an
effect on the surface quality. Kummel et al. [13]
investigated the effect of cutting tool wear on machining
quality and tool life. They found that increasing chip
accumulation on the surface reduces wear and roughness.
Considering the findings presented in the existing
literature, the selection of appropriate additional
techniques or process parameters during drilling and
machining can enhance the machinability of the material.
Consequently, the precision and efficiency of the
machining process can be improved by employing
alternative machining methods in conjunction with
drilling.

The use of existing conventional machining methods
in machining materials that are difficult to remove causes
cutting tool wear and reduces machinability [14]. To
increase the machining efficiency of austenitic stainless
steel, researchers have proposed different cooling methods.
In order to reduce wear in the cutting area, cutting
temperature and cutting force must be reduced. For this
reason, various cooling methods and cutting fluids are
applied to the cutting area [15], [16]. Khan et al. [17]

studied the cutting performance of AISI 9310 under dry
and MQL conditions. They found that MQL increased tool
life and surface finish by reducing the cutting temperature.
However, the use of cooling methods has negative effects
on the environment and human health due to their harmful
chemical substance content [18], [19]. These negative
effects have led to the use of alternative methods in
machining. Due to the problems mentioned above, studies
on harmless cooling methods that will decrease wear have
become inevitable. With the electrophoresis-assisted
processing method, which is one of these methods,
negativities can be eliminated by creating an electric field
in the processing area. This method is a non-traditional
process used to cut metals that are generally hard or
difficult to cut, where a conventional process is not
suitable. Electrophoresis is the movement of charged
nanoparticles in solution within the electric field created in
the shear zone. In electrophoresis-assisted machining,
abrasive particles penetrate the machining area thanks to
an electric field, increasing machining efficiency [20]. He
et al. [21] investigated the surface roughness of AL6061
workpiece  with  electrophoresis-assisted  ultrasonic
machining. As a result of the experiments, they found that
electrophoresis-assisted ultrasonic machining increased
the surface quality compared to other machining methods.

In this study, the positive/negative aspects of the
performance characteristics were investigated in the
machining of AISI 316 L austenitic stainless steel using the
electrophoresis method, which is new and rare in
machining, and the best solution methods that will create
an alternative to traditional machining methods were
determined. In the study, tool wear and thrust force were
determined as performance characteristics. By applying the
EAD method, it was aimed to increase the tool life as a
result of minimizing the thrust force and cutting tool wear.
It was seen in the obtained results that the EAD method
was not used in drilling and this method increased the
machinability compared to other machining methods.
According to the results obtained, this study will make
serious contributions to minimizing the current problems
in the machining of engineering materials with similar
mechanical properties to AISI 316 L austenitic stainless
steel.

2 Materials and Methods
2.1 Experimental Setup

This study was established to investigate the impacts
of different machining methods and different cutting
parameters on cutting tool wear and thrust force in drilling
experiments of AISI 316 L austenitic stainless steel.
Workpieces with dimensions of 90x45x5 mm were used in
the drilling experiments. The chemical composition and
physical properties of AISI 316 L austenitic stainless steel
are given in Table 1.

In the electrophoresis method, the voltage (V) applied
between two electrodes using a direct current (DC) source
and the distance (d) between the electrodes lead to the
formation of an electric field (E=V/d). To create an electric
field between two electrodes, charged abrasive particles are
suspended in the working fluid tank and move towards the
oppositely charged electrode [22]. Direct current (DC) is
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used as the electrical source. To create an electric field, the
cutting tool is positively charged by being connected to the
anode end, and the solution containing the working fluid is
negatively charged by being connected to the cathode end.
Thus, an electric field is created between the working fluid
and cutting tool. Thanks to the electric field created, the
nanoparticles move to the worn areas of the cutting tool
and affect these areas.

Table 1. Mechanical properties and chemical composition of AISI 316
austenic steel.

Parameter Value
Density (Ibs/cmq) 0,29
Brinell hardness (HB) 149
Tensile stress (MPa) 205
Elastic modulus (GPa) 193
C: 0,035
Mn: 2,0
P: 0,040
Chemical composition (%) S: 0,03
Si: 0,75
Cr: 16-18
Ni: 10-15

Within the scope of the experimental studies carried
out, CD and EAD processes were carried out. Experimental
parameters are given in Table 2. During the EAD process,
the workpieces were placed in sample holders in
electrophoresis solution. 10 mm diameter, 300 helix angle,
1180 tip angle, N type DIN 345 uncoated HSS tools were
used as cutting tools. The geometric parameters of the
cutting tool are given in Figure 1. The cutting tool was
renewed in each experiment to clearly observe the wear
that occurred. In the EAD process, SiC powder with a size
of 0.5 nm was used as nanoparticles in solution. The
solution used was 1/100 SiC and 99/100 pure water by
weight. To create the electric field, the solution was
connected to the cathode to make it negatively charged, and
the cutting tool was connected to the anode tip to make it
positively charged. A direct current power supply with 0-3
A and 0-30 V characteristics was used to create the coating
medium. The solution parameters for which EAD will be
used are given in Table 3. During the experiments, a CNC
milling machine (Jetco 3 axis CNC-Chinese) was used to
perform the drilling and a dynamometer (ME-SYSTEME-
K3D160; Germany) was used to measure the thrust force.
The data acquisition frequency for thrust force
measurement was 1 kHz. In tool wear studies, the amount
of wear was measured with an optical microscope
(NIKON-ECLIPSE MA100; Japan). In addition, the
impacts of machining methods and parameters on wear
were analyzed in scanning electron microscopy (SEM) and
their effects were examined in detail. To investigate the
change of tool wear during drilling process, tool wear was
measured by looking at the amount of wear at the end of 25
holes to analyze the effect of cutting speed, feed rate and
machining methods on tool wear. The number of holes was
selected as 25 because it was the optimum value for wear
in the preliminary experiments. Each drill was measured
twice to obtain accurate results. The experimental setup is
given in Figure 2.

Parameter Value

— —— Drill Diameter (d) 10
(mm)
_ Helix angle (9 300
Tip angle (°) 118°

@ T )

Figure 2. a) Experimental setup b) Cutting area.

Table 2. Experimental parameters.
Conventional Electrophoresis

Parameter

drilling assisted drilling
Spindle speed 20-30-40 20-30-40
(m/min)
Feed rate 0,09-0,12-0,15 0,09-0,12-0,15
(mm/dev)
Drilling
diameter (mm) 10 10
Drilling cutting
edge angle 35 35
(degrees)
Table 3. Electrophoresis solution parameters.
Parameter Value
Particle size (nm) 0,5
Particle type Silicon carbide (SiC)
Applied voltage (DC)(V) 10
Working fluid Pure water

3 Results and Discussion
3.1 Tool Wear Results

Predicting tool wear is a difficult process because it is
a parameter that changes over time in every manufacturing
process. Workpieces produced with worn tools cause
negative effects such as dimensional differences and poor
surface quality [23]. Therefore, reducing tool wear has an
important place in machining. Figure 3a shows the impacts
of machining methods on wear and their changes
depending on cutting speed. With increasing cutting speeds
at fixed feed rate (0.12 mm/rev), cutting tool wear
increased rapidly in both CD and EAD. As the number of
revolutions increases, it causes more friction. As a result, it
increases the temperature, creates corrosion mechanisms
and increases wear [24]. When the cutting speed in CD
increased from 20 m/min to 40 m/min, tool wear increased
by 65%. Similarly, this rate was found to be 50% in EAD.
Figure 3b shows the impacts of machining methods on
wear and their changes depending on the feed rate. At fixed
cutting speed (30 m/min), cutting tool wear increased in
both machining methods as the feed rate increased from
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0.09 mm/rev to 0.15 mm/rev. Tool wear increased as the
amount of chip removed increased as the feed rate
increased [23]. When the feed rate in CD increased from

Flank Wear(pum)

20 30 40

EElectrophoresis Assisted
Drilling

= Conventional Drilling 255 316 42.2

Cutting Speed (1m/min)

(a)

172 21.35 259

0.09 mm/rev to 0.15 mm/min, tool wear increased by 41%.
Similarly, in EAD this rate is 42%.

Flank Wear(um)
=

0.09 0.12 0.15

B Electrophoresis Assisted
Drilling
B Conventional Drilling 26.7 31.6 378

1845 2135 262

Feed Rate (mm/rev)

(b)

Figure 3. Flank wear values a) According to cutting speed, b) According to feed rate.

During the machining process, nanoparticles are
attracted to the cutting tool due to the electromagnetic field
generated by the chemical interactions of the nanoparticles
in pure water. This phenomenon enables the coating of the
cutting tool with SiC nanoparticles. Wear is reduced by
attracting nanoparticles to the wear areas on the cutting tool
while drilling and penetrating the worn areas. Additionally,
the temperature decreased because the drilling process took
place in the electrophoretic solution. The decrease in
temperature minimized thermal softening and reduced
wear compared to CD.

Figure 4a and 4b show SEM analysis images showing
tool wear types at a cutting speed of 30 m/min and a feed
rate of 0.15 mm/rev. Side wear was observed as a result of
abrasive wear during processing with CD. In addition,
notch wear and occasional tip fractures were observed in
CD due to the adhesive wear mechanism caused by high
pressure and temperature. Reduced side wear was observed

Flank wear

due to EAD reducing the cutting temperature compared to
CD. In addition, nanoparticles prevent wear mechanisms
by penetrating the wear zones in the cutting tool.

The types of wear and tool damage that occurred on
the cutting tools used in the experiments carried out at 40
m/min (max) cutting speed and 0.12 mm/rev feed rate by
applying CD are shown in Figure 4c. Small fractures and
flank wear occurred on the cutting tool at maximum cutting
speed. Due to the increasing speed values, the effect of
friction increases and an increase in flank wear occurs [25].
The types of cutting tool damage that occurred in the
cutting tools used in the experiments carried out with CD
at 30 m/min cutting speed and 0.15 mm/rev (max) feed rate
are seen in Figure 4d. Flank wear, notch wear and fracture
occurred at the maximum feed rates. The high cutting
forces formed by the increase in feed rate create thermal
and mechanical stresses in the cutting zone and thus
fracture and flank wear occur [26].

Flank wear

Flank wear

c d
Figure 4. Wear on cutting tools a) Electrophoresis assisted drilling b) Conventional drilling ¢) Maximum cutting speed d) Maximum feed rate.

Figure 5a and Figure 5b show the EDS analysis of the
cutting edge where the wear is the most at 30 m/min
cutting speed and 0.12 mm/rev feed rate under EAD and
CD machining conditions. The presence of elements such

as Ni and Cr shown on the cutting edge in CD confirms
that these elements move from the workpiece to the
cutting tool. Thus, the workpiece sticks to the cutting tool
[27]. In EAD machining, the presence of elements
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belonging to the workpiece is seen in small amounts on
the cutting tool. In EAD machining, the high amount of Si
in the cutting area of the cutting tool proves that the
abrasive particles move to the wear area of the cutting

tool. During drilling, nano particles move to the worn
areas with the help of the electric field and provide
coverage of the area. This coating reduces wear on the
cutting tool in EAD machining and causes flank wear.

a _ b
Figure 5. EDS results of cutting tool surface in a) EAD b)CD.

3.2 Thrust Force Results

Determination of thrust force is important to
determine the power to be used in machining. Thrust
forces (Fz) measured with the help of a dynamometer
were taken as cutting forces. In Figure 5 and Figure 7,
thrust forces (Fz) measured with the help of a
dynamometer were taken as cutting forces; force signals
and the change of thrust force values depending on cutting
speed and feed rate are given in the processing of AlSI
316 austenitic stainless steel with EAD and CD. Figure 6
shows real-time thrust force signals and thrust force
values according to the change of cutting speed at a fixed
feed rate of 0.12 mm/rev. According to experimental
studies, both CD and EAD thrust decreased with
increasing speed. Increasing the cutting speed in the
cutting zone provides thermal softening. This reduces

90
80
2 70
8 60
5 50
L 40
3 30
<
= 20
10
m Electrophoresis
Assisted Drilling ~ °° 52,8 48,2
= Conventional 73,5 64,8 58,4

Drilling
Cutting Speed (m/min)

@)

unwanted friction. Additionally, increased thermal
softening has the effect of reducing workpiece hardness.
For these reasons, increasing the cutting speed reduces the
thrust force. When the thrust forces are examined
according to the processing methods, the thrust force
values obtained with EAD at all cutting speeds are lower
than those with CD. The rationale behind this
phenomenon is that in the EAD method, nanoparticles are
able to penetrate the cutting tool due to the
electromagnetic field, thereby preventing wear. Reducing
tool wear reduces the force exerted when removing
material from the workpiece [28]. At 30 m/min, the thrust
force values obtained with EAD decreased by 18.51%
compared to CD. While the maximum thrust force
measured at CD was 73.5 N at 20 m/min, it was measured
as 61.5 N at EAD.

Force F; (N)

0 10 20 30 40 50 60 70 80 90 100 110120130

Time (s)

(b

Figure 6. a) Effect of cutting speed on thrust force b) Thrust force signal.
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In Figure 7, thrust force signals and thrust force values
at variable feed rates at a fixed cutting speed of 30 m/min
are given. In the two machining methods, the thrust force
values are at their lowest at a feed rate of 0.09 mm/rev. As
the feed rate increases, the amount of chip removed
increases. Therefore, increasing the feed rate causes the
thrust force to increase in both machining methods.
Increasing the feed rate increases the amount of chip and

80
70
60
50
10
30

Thrust Force (N)

0.09 0.12

u Electrophoresis
Assisted Drilling
B Conventional Drilling 56.4 648 713

Feed Rate (mm/rev)

46.9 528 62.3

(@)

Force F; (N)

increases the load on the tool. This causes more chip
removal, thus increasing the thrust force [29]. When the
thrust forces obtained at a feed rate of 0.15 mm/rev were
examined, the thrust force measured by EAD decreased
by approximately 12.62% compared to CD. While the
maximum cutting force measured in CD was 71.3 N at a
feed rate of 0.15 mm/rev, it was measured as 62.3 N at a
feed rate of 0.15 mm/rev in EAD.

A

70
60
50
40
30
20
0
0 10 20 30 40 50 60 70 80 90 100 110120130
Time (s)
(b)

Figure 7. a) Effect of feed rate on thrust force b) Thrust force signal.

4 Conclusion

As a result of experimental studies on CD and EAD
of AISI 316L austenitic stainless steel with HSS cutting
tools, the following conclusions can be drawn:

¢ When the cutting tool wear values are examined, tool
wear values increased for both machining methods
with the increase of cutting speed and feed rate. Tool
wear values obtained with EAD were lower than those
with CD. While side edge wear and notch wear were
observed as wear types in CD, only side edge wear
was observed in EAD. Tip breakage occurred in some
places in the CD.

e Thrust force decreased for both machining methods
due to increasing cutting speed at constant feed rate.
In experiments conducted at variable cutting speeds,
the maximum thrust force was measured as 73.5 N at
CD at a cutting speed of 20 m/min. The lowest thrust
force was measured as 48.2 N in EAD at a cutting
speed of 40 m/min. At a cutting speed of 30 m/min,
EAD reduced the thrust force by 18.51% compared to
CD.

e Thrust force increased for both machining methods
due to increasing feed rate at fixed cutting speed. At a
fixed cutting speed of 30 m/min and varying feed
rates, the highest thrust force was measured as 71.3 N
at CD at a feed rate of 0.15 mm/rev. The lowest thrust
force was measured as 46.8 N in EAD at a feed rate
of 0.09 mm/rev. At a feed rate of 0.15 mm/rev, EAD
reduced the thrust force by 12.62% compared to CD.

Declaration
Ethics committee approval is not required.
References

[1] Ankalagi, S., Gaitonde, V. N., & Petkar, P. (2017).
Experimental Studies on Hole Quality in Drilling of SA182
Steel. Materials Today: Proceedings, 4(10), 11201-11209.

[2] Naves, V. T. G., DaSilva, M. B., & Da Silva, F. J. (2013).
Evaluation of the Effect of Application of Cutting Fluid at
High Pressure on Tool Wear During Turning Operation of
AISI 316 Austenitic Stainless Steel. Wear, 302(1), 1201-
1208.

[3] Pilkington, A., Dowey, S. J., Toton, J. T., & Doyle, E. D.
(2013). Machining With AICr-Oxinitride PVD Coated
Cutting Tools. Tribology International, 65, 303-313.

[4] Kumar, C. S., Urbikain, G., Fernandes, F., AL Rjoub, A., &
De Lacalle, L. N. L. (2024). Influence of V Concentration
in TiAISiVN Coating on Self-Lubrication, Friction and
Tool Wear During Two-Pass Dry Turning of Austenitic
Steel 316 L. Tribology International, 193, 109355.

[5] Pang, X., Zhang, B., Li, S., Zeng, Y., Liu, X., Shen, P, ...
& Deng, W. (2022). Machining performance evaluation and
tool wear analysis of dry cutting austenitic stainless steel
with variable-length restricted contact tools. Wear, 504,
204423.

[6] Agar, S., & Tosun, N. (2021). Ultrasonic assisted turning of
AISI 52100 steel using nanoparticle-MQL method. Surface
Topography: Metrology and Properties, 9(1), 015024.

[7] Sujan Kumar, M., & Deivanathan, R. (2021). Effect of
Process Parameters on Drilling—An Overview. Materials
Today: Proceedings, 46, 1401-1406.

International Journal of Innovative Engineering Applications 8, 2(2024), 82-88

87



Investigation of Tool Wear and Thrust Force in Drilling AISI 316 Austenitic Stainless Steel Using Electrophoresis Method

[8] Samy, G. S., & Kumaran, S. T. (2017). Measurement and
Analysis of Temperature, Thrust Force and Surface
Roughness in Drilling of AA (6351)-B4C Composite.
Measurement, 103, 1-9.

[91 Munaro, R., Attanasio, A., Abeni, A., Cappellini, C.,
Tavorming, P., & Venturelli, F. (2024). A New Architecture
Paradigm for Tool Wear Prediction During AISI 9840
Drilling Operation. Procedia Computer Science, 232, 1617-
1625.

[10] Vasumathy, D., & Meena, A. (2017). Influence of Micro
Scale Textured Tools on Tribological Properties at Tool-
Chip Interface in Turning AISI 316 Austenitic Stainless
Steel. Wear, 376-377, 1747-1758.

[11] Kiimmel, J., Braun, D., Gibmeier, J., Schneider, J., Greiner,
C., Schulze, V., & Wanner, A. (2015). Study on micro
texturing of uncoated cemented carbide cutting tools for
wear improvement and built-up edge stabilisation. Journal
of Materials Processing Technology, 215, 62-70.

[12] Jawahir, 1. S., Brinksmeier, E., M'saoubi, R., Aspinwall, D.
K., Outeiro, J. C., Meyer, D., ... & Jayal, A. D. (2011).
Surface integrity in material removal processes: Recent
advances. CIRP annals, 60(2), 603-626.

[13] Kiimmel, J., Gibmeier, J., Miiller, E., Schneider, R.,
Schulze, V., & Wanner, A. (2014). Detailed Analysis of
Microstructure of Intentionally Formed Built-Up Edges for
Improving Wear Behaviour in Dry Metal Cutting Process
of Steel. Wear, 311(1), 21-30

[14] Axinte, D. A., Andrews, P., Li, W., Gindy, N., Withers, P.
J., & Childs, T. H. C. (2006). Turning of Advanced Ni-
Based Alloys Obtained Via Powder Metallurgy Route.
CIRP Annals, 55(1), 117-120.

[15] Yildirim, C. V., Kivak, T., Sarikaya, M., & Erzincanli, F.
(2017). Determination of MQL Parameters Contributing to
Sustainable Machining in the Milling of Nickel-Base
Superalloy Waspaloy. Arab Journal of Science and
Engineering, 42(11), 4667-4681.

[16] Ali, M. A. M., Azmi, A. ., Murad, M. N., Zain, M. Z. M.,
Khalil, A. N. M., & Shuaib, N. A. (2020). Roles of New
Bio-Based Nanolubricants Towards Eco-Friendly and
Improved Machinability of Inconel 718 Alloys. Tribology
International, 144, 106106.

[17] Khan, M. M. A., Mithu, M. A. H., & Dhar, N. R. (2009).
Effects of minimum quantity lubrication on turning AISI
9310 alloy steel using vegetable oil-based cutting fluid.
Journal of materials processing Technology, 209(15-16),
5573-5583.

[18] Shokoohi, Y., Khosrojerdi, E., & Rassolian Shiadhi, B. H.
(2015). Machining and Ecological Effects of a New
Developed Cutting Fluid in Combination With Different
Cooling Techniques on Turning Operation. Journal of
Cleaner Production, 94, 330-339.

[19] Jindal, H., Kumar, S., & Kumar, R. (2020). Environmental
Pollution and Its Impact on Public Health: A Critical
Review. TARCE, 9(1), 11-18

[20] Lian, H. S., Guo, Z. N., Liu, J. W,, Huang, Z. G., & He, J.
F. (2016). Experimental Study of Electrophoretically
Assisted  Micro-Ultrasonic  Machining. International
Journal of Advanced Manufacturing Technology, 85(9),
2115-2124.

[21] He, J., Guo, Z., Lian, H., Wang, J., Chen, X., & Liu, J.
(2020). Improving the Machining Quality of Micro
Structures by Using Electrophoresis-Assisted Ultrasonic
Micromilling Machining. International Journal of
Precision  Engineering and  Manufacturing-Green
Technology, 7(1), 151-161.

[22] Besra, L., & Liu, M. (2007). A Review on Fundamentals
and Applications of Electrophoretic Deposition (EPD).
Progress in Materials Science, 52(1), 1-61.

[23] Colantonio, L., Equeter, L., Dehombreux, P., & Ducobu, F.
(2021). A Systematic Literature Review of Cutting Tool
Wear Monitoring in Turning by Using Atrtificial
Intelligence Techniques. Machines, 9(12), Article 12.

[24] Huang, W., Cao, S., Li, H. N., Zhou, Q., Wu, C., Zhu, D,
& Zhuang, K. (2021). Tool wear in ultrasonic vibration—
assisted drilling of CFRP: a comparison with conventional
drilling. The International Journal of Advanced
Manufacturing Technology, 115(5), 1809-1820.

[25] Dadgari, A., Huo, D., & Swailes, D. (2018). Investigation
on tool wear and tool life prediction in micro-milling of Ti-
6AIl-4V. Nanotechnology and Precision Engineering
(NPE), 1(4), 218-225.

[26] Hou, Y., Zhang, D., Wu, B., & Luo, M. (2014). Milling
force modeling of worn tool and tool flank wear recognition
in end milling. IEEE/ASME Transactions on Mechatronics,
20(3), 1024-1035.

[27] An, Q., Chen, J., Tao, Z., Ming, W., & Chen, M. (2020).
Experimental investigation on tool wear characteristics of
PVD and CVD coatings during face milling of Ti6242S and
Ti-555 titanium alloys. International Journal of Refractory
Metals and Hard Materials, 86, 105091.

[28] Subhedar, D. G., Chauhan, K. V., & Patel, D. A. (2022). An
Experimental Investigation of TiN Coating on Cutting
Force and Surface Finish in Milling of Aluminium.
Materials Today: Proceedings, 59, 161-165.

[29] Ercetin, A., Aslantas, K., Ozgiin, O., Percin, M., &
Chandrashekarappa, M. P. G. (2023). Optimization of
Machining Parameters to Minimize Cutting Forces and
Surface Roughness in Micro-Milling of Mg13Sn Alloy.
Micromachines, 14(8), Article 8.

International Journal of Innovative Engineering Applications 8, 2(2024), 82-88

88



International Journal of Innovative Engineering Applications vol. 8, issue 2 (2024)

International Journal of Innovative Engineering Applications

1JIEA

)

Journal homepage: https.//dergipark.org.tr/ijiea

INVESTIGATION OF THE USE OF NANOPARTICLES IN THERMAL INSULATION
MATERIALS

Ahmet Beyzade Demirpolat™ =", Muhammed Mustafa Uyar?

Malatya Turgut Qzal University, Arapgir Vocational School, Department of Electronic Automation, 44800, Malatya, Turkey
2Malatya Turgut Ozal University, Arapgir Vocational School, Department of Construction Machinery Operator, 44800, Malatya, Turkey

Abstract

Original scientific paper
Today, the concept of energy conservation has become a much more important concept due to the difficulty in accessing energy and the
increasing cost of energy resources. The fact that fossil energy resources have started to be depleted in recent years worldwide has led
mankind to renewable and sustainable energy resources. However, the fact that such resources are not yet at a level to meet the needs has
shown the necessity of using energy economically. In our research, the thermal conductivities of the nanoparticles produced by us were
determined in terms of evaluating the use of nanoparticle materials, which is a new perspective on energy saving, in thermal insulation
materials. Then, the thermal conductivity coefficients of the nanoparticles in the literature were investigated and compared with the values
of the nanoparticles produced by us, and the suitability of the use of the nanomaterials we produced in insulation materials was evaluated.
In the study, the heat transfer coefficients of Al2Os and CuO nanoparticles were found to be 34.2 and 65.4 W/mK, respectively. In the
literature review, it was seen that these values were 36 and 65.8, respectively. As a result of the evaluations, it was observed that the CuO
nanoparticle produced by us gave similar results with the literature, and the Al2O3 nanoparticle gave better results than similar studies at a
rate of 5%.

Keywords: Nanoparticles, thermal insulation, energy saving.

NANOPARGACIKLARIN ISI YALITIM MALZEMELERINDE KULLANIMININ iNCELENMESI

Ozet
Orijinal bilimsel makale

Gliniimiizde enerjiye ulasimin zorlagmasi ve enerji kaynaklarinin giderek pahalilasmasindan dolayi, enerji tasarrufu kavrami ¢ok daha
o6nemli bir kavram haline gelmistir. Diinya genelinde son yillarda fosil enerji kaynaklarmin tiikkenmeye baglamis olmasi, insanoglunu
yenilenebilir ve siirdiiriilebilir enerji kaynaklarina yonlendirmistir. Fakat bu tiir kaynaklarinda heniiz ihtiyaca cevap verecek diizeyde
olmayisi, enerjiyi tasarruflu bir sekilde kullanmanin gerekliligini gdstermistir.

Arastirmamizda enerji tasarrufu konusunda yeni bir bakis acis1 olan nanopartikiil malzemelerin 1s1 yalitim malzemelerinde kullanilmasinin
degerlendirilmesi yoniinden hem tarafimizca iiretilmis olan nanopartikiillerin 1s1l iletkenlikleri tespit edilmistir. Daha sonra literatiirdeki
nanopartikiillerin 1s1 iletim katsayilar1 arastirilip tarafimizca iiretilmis olan nanopartikiillerin degerleri ile karsilagtirma yapilarak, yalitim
malzemelerinde tiretmis oldugumuz nanomalzemelerin kullaniminin uygunlugu degerlendirmelere tabi tutulmustur. Calismada, Al.O3 ve
CuO nanopartikiillerinin 1s1 transfer katsayilari sirasiyla 34.2 ve 65.4 W/mK olarak bulunmustur. Literatiir taramasinda bu degerlerin
sirastyla 36 ve 65.8 oldugu goriilmiistiir. Degerlendirmeler sonucunda tarafimizca iiretilmis olan CuO nanopartikiiliiniin literatiirle benzer
sonuglar verdigi goriilmiis olup Al203 nanopartikiiliiniin ise %5 oraninda benzer ¢alismalara gére daha iyi sonug verdigi gézlemlenmistir.

Anahtar Kelimeler: Nanopartikiil, 1s1 yalitim, enerji tasarrufu.

1 Introduction power plants has decreased significantly. This situation

has led to an increase in the use of fossil fuels, one of the

With the developing technology, it has become easier
for human beings to access energy resources. This has led
to an increase in energy consumption and new research on
the efficient use of resources. Due to the climate crisis and
drought caused by global warming, the amount of energy
produced from hydroelectric power plants and wind
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most traditional methods of energy production, and the
inability to meet the energy demand due to the decrease in
resources. There has been a significant increase in the use
of renewable energy sources in Turkey. However, this
increase still has a small share in the energy used.
According to the reports of the Turkish Electricity
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Transmission Company (TETC), the share of wind and
solar energy in total energy production is 12 percent,
while the share of hydroelectric energy production in total
consumption is 25.6 percent [1]. As can be understood
from the published report, most of the energy production
in Turkey is still provided by fossil fuels, and in case the
demand cannot be met, exports are resorted to. According
to a report by Anatolia Agency, in the first quarter of 2021,
Turkey's energy imports increased by 9.6 percent
compared to the same period last year and amounted to 61
billion dollars [2]. Another problem caused by fossil fuels
is air pollution. In the report published by the Right to
Clean Air Platform, it is stated that air pollution has
caused more than six times more deaths than traffic
accidents every year since 2017, and Istanbul has been the
city with the highest number of deaths due to air pollution
since 2017 [3]. For these reasons, it is important to take
energy saving measures in Turkey in order to reduce
deaths due to air pollution, to reduce the share of energy
imports and to use resources efficiently. The simplest
definition of a nanoparticle is a particle on a very small
scale. The nanoscale defines the range of 1-100 nm. The
basis on which nanotechnology is focused on is defined
by the American National Nanotechnology Initiative as
“the essence of nanotechnology is the ability to work at
the molecular level, atom by atom structuring, basically
creating large structures with new molecular
arrangements”. Nano materials are a general name given
to materials used in nanotechnology. Nano materials
science is the branch of science that studies how materials
behave at the nano level. The high area-to-volume ratio of
nano materials opens the door to new applications. This is
also known as the quantum effect. This also affects
biomaterial applications. With the quantum effect, the size
of particles decreases and the electronic properties of
materials change; various metal, semiconductor and
insulator nanomaterials gain importance with this change
in their mechanical, magnetic, optical and chemical
properties. The physical properties of materials reduced to
nano size change. Nano technology is the development of
new materials, systems and devices using these unusual
properties of materials. In other words, there are two
important goals underlying nanotechnology. The first is to
utilize the different properties of nano materials developed
by using special production techniques, and the second is
to change the internal structure of large-scale materials at
the atomic level in a controlled manner and thus to give
them extraordinary properties [4]. The main reason for
heat loss in buildings is that heat wants to pass from a
high-temperature environment to a low-temperature
environment. According to the report of the Chamber of
Mechanical Engineers, the thermal comfort condition is
50 percent relative humidity and indoor temperature
ranging between 20-25 °C [5]. If the interior surface
temperature is 5-6 °C different from the space
temperature, a thermal bridge is formed on the building
surface. Columns, beams, beams, curtain concrete and
slabs that form heat bridges in buildings cause heat loss
up to 20-50 percent on the outer surface of the building.
The reason for such a high percentage is that the thermal
conductivity of reinforced concrete has a high value of 2.1
W/mK. Another problem caused by thermal bridges is
condensation. Condensation causes paint and plaster

flaking, fungus and mold on the inner and outer surfaces
of the wall. The reason for condensation is that the partial
pressure due to temperature causes vapor transmission due
to the difference between the indoor and outdoor
environment. Condensation occurs due to the
incompatibility between the thermal conductivity and
vapor diffusion resistance values of the materials forming
the wall. Thermal insulation is a system designed to
minimize heat exchange between one region and another.
Thus, the formation of thermal bridges and condensation
can be minimized and a comfortable life can be ensured in
buildings. Nanostructured materials such as nanoparticles,
nanowires and nanolaminates have attracted great interest
in applications in many fields due to their large specific
surface areas and extraordinary physical properties. In the
theoretical studies first carried out by Phaser, it was found
that the thermal contact resistances between nanoparticle
particles were high. For this reason, it was concluded that
the thermal conductivity of nanoparticle beds may be
lower than the minimum thermal conductivity in the
Einstein limit. The low thermal conductivity of a material
is related to its low heat conductivity. It is preferred that
the thermal conductivity of thermal insulation materials is
close to zero. In other words, the lower the thermal
conductivity, the better the thermal insulation
performance of the material [6]. These ultra-low thermal
conductivities in nanoparticle beds were observed in
experimental studies conducted by Hu et al. In this study,
commercially available nanoparticles with nominal
particle sizes of 300 and 500 nm were used. Alumina
nanoparticle samples were pressed with the help of
stainless steel rods. The thermal conductivity of the
particle bed was measured with a heat conduction
apparatus. The purpose of choosing steel rods is to
increase the precision of the measurement. In the tests, the
temperature of the adjacent thermocouple was measured
around 1-2 °C and the precision was +-0.2 °C. The thermal
conductivity of the packed alumina nanoparticle bed was
measured to be 0.035W/mK. This value is only 35 percent
higher than the thermal conductivity of air and smaller
than the lowest thermal conductivity of tungsten
diselenide (WeS;), the most widely used thermal
insulation material. This suggests that alumina
nanoparticle beds would be suitable for high-temperature
thermal insulation and energy conversion applications. In
addition, since nanoparticle beds are insensitive to
external pressure, they have low thermal conductivity
even at high pressure [7]. Mishra et al. aimed to produce
thermal insulation material from oxide nanoparticles. As
a result of the experiments, it was concluded that oxide
nanoparticles can be limited by low melting points at high
temperature. As a result of using silica and alumina
nanoparticle beds together, it has been observed and
reported that the phase transformation of alumina will
occur at a temperature lower than 1200 °C and the
structure shrinkage of silica will start at a temperature
lower than 1000 °C. The fact that phase transformation and
structure shrinkage occur at such high temperatures is an
important indicator that the silica and alumina
nanoparticles used can be used in thermal insulation
materials [8]. According to the studies conducted by Wu
et al.,, oxide nanoparticles can be used in thermal
insulation materials due to their low thermal reliability at
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high temperatures. Firstly, silicon carbide powders were
compacted in a powder compaction machine to form a
cylindrical nanoparticle bed. In the formation of the beds,
different pressures such as 2,4,6,6,8,8,10,12 and 15 MPa
were applied to obtain multiple different pore structures.
Six of each sample were prepared to obtain an average
conductive value for each pressure value. The samples
were heated in a vacuum tube furnace, increasing the
temperature by 10 K/min each time. Thermal
conductivities at different temperatures were measured
with the help of a special device. By this process, the
thermal conductivity, phase transformation temperature,
radiation heat transfer and convection heat transfer of the
nanoparticle beds produced were found. In the light of
these data, it was reported that SiC has a thermal
conductivity of less than 0.07 W/mK and can be an
excellent thermal insulation material. It was also observed
that Silicon Carbide (SiC) retains its morphology up to
1800 C due to its thermal contact resistance at high
temperatures and can resist up to 2000 °C without phase
transformation [9]. In the study by Kuskonmaz, the
conditions required to produce high density Al,O3 at high
pressure and different sintering temperatures were
investigated. The starting powder used to produce the
nanoparticle bed was selected as 20nm on average. The
starting powder was heated at 700 °C for three hours to
lose its binding properties. Then, Al,Os powder without
any additives was cold pressed by applying 20 mPa
pressure and samples with a diameter of 20 mm and a
height of 10 mm were obtained. To prevent grain growth,
10 percent of the weight of TiO, was added to each sample
by sol-gel method. Phase analysis of the sintered samples
was performed by X-ray diffraction and grain sizes were
estimated from high-resolution scanning electron
micrographs. Microhardness was determined on polished
surfaces by applying load to the samples.

As a result of these studies,

o [Effect of applied pressure duration on phase
transformation,

e All sintered samples showed the presence of a phase
without evidence of y phase.

e It was also determined that under the applied pressure
and temperature, the sintering time had no significant
effect on the phase content [10].

These studies with alumina silica and carbon
nanoparticles show that nanoparticles can be used in
thermal insulation due to their high thermal resistance.
One of the most important factors of heat losses is the gaps
in the carrier systems. According to the Guidelines for the
Imaging of Building Heat Losses with Thermal Camera
published by the Ministry of Environment and
Urbanization, heat losses in buildings monitored with
thermal camera are shown in Figure 1. Close-up thermal
imagery provides the necessary information about the
structure of the walls and heat loss. As seen in Figure 1,
heat losses from windows can be detected with digital
systems. Necessary measures are taken in line with these
determinations.

IR_02857.1S224.2.2016 06:53:24
Figurel. Heat Loss through Window Openings [11].

In the study by Ning Li et al., nano antimony (flame
retardant) doped tin oxide (ATO) was synthesized by sol
gel method and nanoparticles were produced. The zeta
potential (intergranular repulsion or attraction value),
dispersant and pH values affecting the stability of the
produced nanoparticles were evaluated. Antimony doped
tin oxide (ATO) suspension with high stability was
prepared and it was observed that pH value, dispersant
type and dosage have a significant effect on the stability
of ATO suspensions. For example, an ATO suspension
with pH= 6-10 has a higher zeta potential and better
stability. The study also indicated that among various
dispersants, the stability of ATO suspension using poly
acrylamide and sodium polyphosphate can be
significantly improved and it is a reliable method to
prepare stable suspensions of ATO nanoparticles for heat
insulating glass paint [12]. Wu et al. investigated the
addition of SiO2 nanoparticles as an additive to insulation
material. In addition to the addition of SiO, nanoparticles,
they also added sawdust to the insulation material. They
achieved a 15% decrease in density value with the
addition of SiO, nanoparticles and 20% sawdust in the
insulation material. They also concluded that it offers
significant contributions with a 22% decrease in thermal
conductivity [13]. Liu et al. investigated Silica aerogel
used as insulation material in buildings. They investigated
the contribution of nanoparticle additives such as SiO; and
SiC to thermal conductivity values. They concluded that
fiber-reinforced aerogel composites contribute to the
thermal conductivity at high temperature [14].

Studies on thermal insulation applied to glass have
revealed the necessity to find more transparent thermal
insulation materials with the correct thermal insulation.
Making maximum use of sunlight is at least as important
for energy saving as proper thermal insulation. In their
study, Ran et al. worked to further improve the transparent
thermal insulation of CsxWOs3, which is frequently used in
window glass with higher visible transmittance, near-
infrared capability and energy saving due to its thermal
stability. A controllable synthesis of CsyWOs
nanoparticles was realized by solvothermal method from
Na;W03.2H,0 and Cs,SOs, which are inexpensive and
environmentally friendly. The reducibility and reduction
mechanisms of citric acid, tartaric acid and oxalic acid
were investigated. It was confirmed that tartaric acid has
the strongest reducibility and can produce the most W5+
and oxygen vacancies in the production of Cs,WOj3 before
heat treatment.

After heat treatment, Cs,WO3 nanoparticles exhibited
the best crystallinity and the visible light transmission was
found to be about 10 percent higher than tartaric acid and
citric acid [15]. In our research, the thermal conductivities
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of the nanoparticles produced by us were determined in
terms of evaluating the use of nanoparticle materials,
which is a new perspective on energy saving, in thermal
insulation materials. Then, the thermal conductivity
coefficients of the nanoparticles in the literature were
investigated and compared with the values of the
nanoparticles produced by us, and the suitability of the use
of the nanomaterials we produced in insulation materials
was evaluated. In the study, the heat transfer coefficients
of Al,03 and CuO nanoparticles were found to be 34.2 and
65.4 W/mK, respectively. In the literature review, it was
seen that these values were 36 and 65.8, respectively. As
a result of the evaluations, it was observed that the CuO
nanoparticle produced by us gave similar results with the
literature, and the Al,O3; nanoparticle gave better results
than similar studies at a rate of 5%.

2 Materials and Methods
2.1 Materials and Tools Used in Nano Particle Production
2.1.1 Materials Used in Particle Production

Aluminum Acetate, Copper Acetate, Sodium
hydroxide, Ammonia, Pure Water were used in the
content of nanoparticles produced by us under laboratory
conditions.

2.1.2 Electronic Precision Weighing

The electronic precision balance used to adjust the
material quantities is given in Figure 2.

Figure 2. Electronic precision scale.
2.1.3 Electronic Fish Mixer

The electronic fish mixer with speed and temperature
settings is shown in Figure 3.

Figure 3. Electronic fish mixer.

2.1.4 Ultrasonic Bath

The ultrasonic bath with temperature and time
adjustment features is shown in Figure 4.

Figure 4. Ultrasonic bath.

2.1.5 Beaker and Funnel

The beaker and funnel used to separate the pure water
from the particles before drying to obtain the
nanoparticles are given in Figure 5.

e S

o Figure 5. Beaker and Funnel.
2.1.6 High Temperature Regulated Oven

The high temperature regulated oven used to dry the
particles at high temperature is shown in Figure 6.

Figure 6. High temperature regulated oven.

2.2 SEM Device Preparation Unit (Coating)

The material to be examined in the SEM device is
made ready by coating. The SEM device preparation unit
is given in Figure 7.
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Figure 7. High temperature regulated oven.
2.3 SEM Device

Scanning Electron Microscope (SEM), which is
produced in line with electrooptic principles, is one of the
devices that serve the purpose of whether the particles are
nanoparticles or not. In addition to its use in research and
development studies in many fields, Scanning Electron
Microscope is frequently used in chip production in
microelectronics, error analysis in different branches of
industry, biological sciences, medicine and criminal
applications. The SEM device is given in Figure 8.

Figure 8. SEM device.

The materials for the production of Al,0; and CuO
nanoparticles were prepared in the following proportions.
For the production of Al,O; 10.8 grams (0.1 mol)
aluminum and CuO nanoparticles, first 8.5 grams (0.1
mol) Al,Os; and copper acetate are dissolved in 500 ml
ethanol for 30 minutes in an ultrasonic bath. Then 40
grams (1 mol) NaOH (sodium hydroxide) dissolves in 200
ml distilled water for 30 minutes in an ultrasonic bath.
Finally, these mixtures are combined and stirred in a fish
mixer for 1 hour. Then ammonia was added to the mixture
in 50 ml beakers to obtain the mixture at various pHs. pH
ratios were obtained. After the mixture was prepared, it
was left to precipitate for 20 hours. At the end of the
waiting process, filter paper was placed and after filtering
in funnels, the material was subjected to drying at 50 °C.
Finally, after the material was heat treated at 470 °C for 1
hour, our material was ready. For this reason, there are
parameters that are important in the synthesis process
when producing particles. These parameters are the
material ratios used, the reaction time in the fish mixer in
terms of homogeneity of the solution and the heat
treatment time to which the material is subjected. As a
result of the analysis of the nanoparticles produced in our
study, the accuracy of the mentioned parameters was
observed as it was seen that the production was
successfully realized.

2.4. SEM Images of Materials

SEM images of the nanoparticle types produced are
given in Figure 9 and Figure 10.

Figure 9. SEM image of Al,Os.

Fig 10. S iage f Cu.
SEM analysis showed that the nanoparticles produced
were successful.

2.5. Thermal Conductivity Measurements of Nanoparticles

Thermal conductivity measurements were performed
after nanoparticle production. TLS-100 thermal
conductivity measurement device was used for thermal
conductivity determinations. Knowing the thermal
properties of materials is very important in achieving
optimum performance where the material is used.
Thermal conductivity is one of the most important
thermophysical properties used to define the heat transport
properties of materials. With the thermal conductivity
analyzer, the thermal conductivity constant values (k) of
materials can be determined in W/mK. The surface of the
material is brought into contact with the sensor of the
device and the thermal conductivity coefficient of the
material is determined from the temperature interaction
between the sensor and the sample. The schematic image
of the device used is shown in Figure 11.

Figure 11. TLS-100 Thermal conductivity meter.
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The thermal conductivity coefficients of the Al,Os
and CuO nanoparticles we produced were determined
using the TLS-100 thermal conductivity meter. The
uncertainty of the measuring instrument used is less than
5%. The heat transfer coefficients are given in Figure 12.

NANOPARTICLE THERMAL
CONDUCTIVITY COEFFICIENT

VALUES
70 85,4
60
10
° ALO3 CuO
Figure 12. Heat Transmission Coefficients (W/mK) of the metal oxide
types produced.

The nanoparticle types for which conductivity
measurements were completed were compared with the
literature. The nanoparticle types observed in the literature
are given in Figure 13 [16].

NANOPARTICLE THERMAL
CONDUCTIVITY COEFFICIENT

VALUES
70 65,8
60
ap 36
1: ga 10,4
’  ARO: TiOz Si0z MO Cu0
Figure 13. Heat Transmission Coefficients of metal oxide types in
literature (W/mK).

3 Conclusion

As a result of the studies examined, it was understood
that the use of nanoparticulate materials in the field of
thermal insulation can make great contributions to energy
saving, as well as having great economic benefits due to
the lower cost of nanoparticles and the possibility of more
production at low cost. Nanoparticles, which are easy to
produce, transport and reach the desired properties due to
their structure, have been a type of material that has
attracted the attention of the whole world and has been the
subject of many studies with its energy saving during the
production phase, being economical and saving time by
shortening the production time. In our research, the
thermal conductivities of the nanoparticles produced by us
were determined in terms of evaluating the use of
nanoparticle materials, which are a new perspective on
energy saving, in thermal insulation materials. Then, the
thermal conductivity coefficients of the nanoparticles in
the literature were investigated and compared with the
values of the nanoparticles produced by us, and the
suitability of the use of the nanomaterials we produced in
insulation materials was evaluated. In the study, the heat
transfer coefficients of Al,O3; and CuO nanoparticles were
found to be 34.2 and 65.4 W/mK, respectively. In the

literature review, it was seen that these values were 36 and
65.8, respectively. As a result of the evaluations, it was
observed that the CuO nanoparticle produced by us gave
similar results with the literature, and the Al,O3
nanoparticle gave better results than similar studies at a
rate of 5%. The synthesis of nanoparticles produced under
laboratory conditions involves a long and challenging
process. In the age of developing and rapidly growing
technology, it is seen that particle production is
progressing day by day. In the coming years, it is thought
that industrial mass production will be started as the fruit
of scientific research.
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