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Effects of different boron salt treatments on micropropagation and genetic
stability in in vitro cultures of Liquidambar orientalis Miller
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In the present study, the effects of different boron salts on the micropropagation of
Liquidambar orientalis Mill., a relict-endemic plant species, were investigated and
genetic stability of micro-shoots was determined by ISSR marker technique. Especially
in species with low salinity and drought tolerance, salt stress may cause physiological
and molecular changes such as plant growth and development, increase in secondary
metabolite content in response to stress, and somaclonal variation. In this context,
three different concentrations of boric acid, sodium perborate, sodium metaborate
and disodium octaborate salts were applied to meristems isolated from in vitro clonal

Research Article

DOI: 10.30728/boron.1140926

geY‘”m,‘:f: propagated L. orientalis and the effects of these boron salts on meristem regeneration
Diosrgcdizijcrln octaborate and development were evaluated. When compared to the control group samples in
ISSR marker which no salt application was applied, the best regeneration percentage was determined

as 1 mgL" disodium octaborate treatment with a value of 100%, while when the shoot
forming capacity index was evaluated, 5 mgL"' sodium perborate treatment with a
value of 4.94 gave the best results. However, when compared with the mother plant, it
was observed that all salt treatments caused somaclonal variation on genetic stability,
and in the light of the analyzed data, the lowest 30% (5 mgL-" disodium octaborate)
and the highest 49% (1 mgL™" boric acid) somaclonal variation were determined in all
applications.

Sodium metaborate
Sodium perborate

1. Introduction

Liquidambar orientalis Miller, which is known as
Anatolian sweetgum tree is a relict endemic and me-
dicinal-aromatic tree belonging to the Altingiaceae
family (Figure 1a) and spreading in the southwestern
regions of Turkiye [1, 2]. In the IUCN list of hazard cat-
egories, Anatolian Sweetgum is listed in the category
of “Highly Threatened in the Medium-Term Future in
Nature” [3]. In addition, this species was included in
the noble hardwood group by EUFORGEN (European
Forest Genetic Resources Program) in 2001 and
accepted as a species to be protected throughout

Figure 1. L. orientalis plant in natural population area (a); in vitro
clonal propagated seedlings (b).

Europe. In addition, this plant species survives only in
Fethiye, Marmaris and Kdycegiz districts as a natural
forest area in the world, but it is a plant species that is
in danger of extinction because of reasons such as cli-
mate and making room for agricultural production [4].

The main use of Anatolian sweetgum tree is its oil ob-
tained from pathological balsam channels rather than
wood production. Anatolian sweetgum oil, which has
been used and traded for thousands of years, is an
important source of raw materials for the cosmetics,
pharmaceutical and chemical industries and is called
"Turkish cytirax" in the world markets [5, 6].

Micropropagation is a tissue culture technique, and
it is the name of the process of producing more than
one plant with the same genetic characteristics as that
plant from organs such as shoots, roots, and stems
which capable of forming a new in vitro micro-shoots.
It requires less material and is a faster production
method compared to seed or cutting method produc-
tion [7]. This technique, which has also been used in
the commercial sector, is used in many plant species
in park-garden crops, agriculture and forestry [8, 9].

L. orientalis is traditionally produced with seeds.

*Corresponding author: ergunkaya@mu.edu.tr
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Sometimes seed germination can get to two years.
Regeneration percentages are generally low. In addi-
tion, germ planting has to be done seasonally. For this
reason, the mass production is choosen commercially.
Clonal propagation by semi-mature shoot cuttings is
limited and it is very difficult to collect propagation ma-
terial from tall trees [10]. Micropropagation is an al-
ternative production model of Anatolian Sweetgum for
commercial and conservation purposes [11]. Existing
ex situ and in situ techniques used in the plant ge-
netic resources preservation are reinforced by in vitro
techniques [12]. Axillary and/or apical shoot meristem-
based in vitro propagation is one of the beneficial tech-
nology used in preservation of the plant biodiversity
[13].

Although boron salts and other salinity stresses and
their influence on seed germination, shoot growth and
development have been studied in the literature [14,
15], there are still some uncertainties regarding the re-
sponse of plants to the combined stress due to boron
salts and other salinity stresses. Irrigation with water
having high concentration of boron and other salts in
cereals [15] or naturally occurring high levels of salin-
ity and boron are usually found in arid and semi-arid
areas [16]. At present, there are limited studies on the
effects of boron toxicity and salt stress on plant growth
and development and the responses of plants to these
stresses, and there is no consensus on the recipro-
cal relationships between boron toxicity and salinity
stress. In this context, the present study aimed to ex-
amine the effects of different boron salts on regenera-
tion and development of micro-shoot in in vitro growing
liquidamber plants.

The another aim of the current work is to analyze the
influences of different boron salt treatments in vitro on
genetic stability at the molecular level. For this pur-
pose, inter simple sequence repeat (ISSR) method,
one of the PCR-based molecular marker techniques,
was used. This technique was preferred in the present
study due to its advantages such as yielding results
with a small number of samples, being the dominant
marker, primer design without the need for sequence
information, high level of allele variations, fast and low
cost.

2. Materials and Methods

2.1. Plant Samples and in vitro Culture

Establishment

The seeds of L. orientalis were collected from the nat-
ural sweetgum plantation located within the borders
of Mugla Province Koycegiz District Toparlar District
(36°59'28.63"N, 28°38'49.07"E). The seeds were dis-
infected by the seed surface sterilization method (70%
ethyl alcohol for five minutes, 10% hydrogen peroxide
for five minutes, two times commercial bleach for ten
minutes and, sterile distilled water until rinsed) devel-
oped by Kaya et al. [17] and transferred to woody plant
medium (WPM) medium [18] that does not contain any

growth regulators.
2.2. Boron Salt Treatments

Four different boron salts (disodium octaborate, so-
dium metaborate, boric acid and sodium perborate) at
three different concentrations (1, 3 and 5 mgL") were
separately combined with WPM nutrient medium sup-
plemented with 1 mgL-' benzyl adenine, 7 gL' (pH 5.8)
and meristems cut from in vitro clonal propagated L.
orientalis (Figure 1b) were transferred to these nutri-
ent mediums separately. Ten meristems were used for
each application, and each parameter was repeated
at least three times. Each sample was incubated for 4
weeks in standard culture conditions (16/8-h photope-
riod, 25+2 °C, 50 ymol-'m=2s~" with white cool fluores-
cent light).

Each salt treatment was evaluated separately.
Regeneration percentages, shoot numbers per meri-
stem and stem lengths of meristems grown in nutri-
ent media containing four different boron salts in three
different concentrations were recorded separately for
each repetition, and the data were then statistically
analyzed. The rootstock plant without any salt appli-
cation was used as the control group. Shoot Forming
Capacity (SFC) index was calculated by Eq.1 [19].
Where AVN is average shoot number derived from
each regenerating meristem and RMP is regenerating
meristem percentage.

(AVNXRMP)
100

SFC = (1)

2.2.1. Determination of genetic stability

After four weeks of incubation, the remaining in vitro
material after data collection was individually pack-
aged and stored at -20°C for use in genetic stabil-
ity analysis. The CTAB-based method developed by
Doyle and Doyle [20] was used for the isolation of
genomic DNA from the samples. The genomic DNA
was quantified spectrophotometrically and stored at
-20°C to be used as a template in molecular analysis.
Using total genomic DNA as template, PCR was per-
formed with five primers giving the best band profile.
Reactions were performed using 0.4 mM dNTP, 2.5
mM MgCl,, 40 ng primer, 50 ng genomic DNA and 2
units TagPolymerase in a 25 pl total reaction volume
[21]. PCR products were migrated on a 1.5% agarose
gel and the band profiles were visualized under UV. 1
kb and 100 bp DNA Ladders were used as guides and
were coded as “1” if there is a band and “0” if there is
no band.” was analyzed using Eq.2. Where HB rep-
resents homologous bands and nHB stands for non-
homologous bands.

Similarity (%) = HB/HB + nHB (2)
2.3. Statistical Analysis

The nonparametric data statistical analysis was
achieved via SPSS (IBM SPSS Statistics 24.0).
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Discrete data were subjected to ANOVA to compare
means followed by the least significant difference test
at P<0.05.

3. Results and Discussion

3.1. Influences of Boron Salts on Meristem
Regeneration and Shoot Development

When compared the control group with the samples
incubated in WPM nutrient medium containing four dif-
ferent boron salts at different concentrations, the best
results were obtained from 5 mgL-" sodium perborate
(Figure 2).
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Figure 2. Calculated after salt application, meristem body forming
capacities index.

However, the meristems cut from L. orientalis micro-
shoots (Figure 3a) gave the best regeneration percent-
age (Figure 3b, Figure 4) in nutrient medium contain-
ing 1 mgL" disodium octaborate, while the maximum
shoot numbers from per meristem were obtained from
the application of 3 mgL™" boric acid (Figure 5).

Figure 3. Meristem cut from L orientalis micro-shoots (a), meristem
grown in WPM nutrient medium containing 1 mgL" disodium
octaborate (b), size bar 0.34 mm.

In vitro propagation of woody plants has some limita-
tions due to genetic alteration in the process of de-
velopment and aging of cultures. The in vitro cultures
are the widely used method for multiplication of impor-
tant species of woody plants [22] and cytokinin and/

REGENERATION (%)
o583 85883388

100 | |
SALT TREATMENT

Figure 4. Meristem regeneration rates after different boron salt
application.

or cytokinin and auxin growth regulators in optimized
ratios are used for culture initiation. Nutrient media
that do not contain plant growth regulators or contain
auxin-like plant growth regulators for rooting [23] and
indole butyric acid (IBA) are generally used to stimu-
late the roots of woody plants [24].

Micropropagation of woody plant species plays an
important role in improving forest yields by supplying
seedlings of high trading value. They also play an im-
portant role in inducing mineral nutrition, organogenic
responses. In the current study, the different boron
salt effects on the organogenesis of meristems from L.
orientalis micro-shoots grown in vitro were evaluated.
The culture media supplemented with different boron
salts at different concentrations affected the in vitro
organogenic control of L. orientalis differently. Boron-
induced callus formation in explants let the initation of
well-developed micro-shoots that could be used for
development of buds. Similarly, Brondani et al. [25]
evaluated the calcium and boron effects on the nodal
segments regeneration from Eucalyptus grandis mi-
cro-shoots. The Murashige and Skoog (MS) medium
supplemented with different concentration of calcium
and boron [26] was modified to induce regenerative re-
sponses in 45-day-old E. grandis nodal explants, and
after 60 days, dry weight, fresh weight, fresh and dry
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Figure 5. The shoot numbers obtained per meristem.
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weight percentages, relative dry weight, fresh weight,
fresh and dry weight accumulated by the explants, wa-
ter content and relative substance content were evalu-
ated. The culture medium supplemented with different
concentrations of calcium and boron were found to af-
fect the in vitro organogenic control of E. grandis.

It is known that the physical and superstructure fea-
tures of cell walls are influenced by boron shortage
[27]. In addition, when plants are developed with insuf-
ficient boron, boron is mainly accumulated in the cell
wall [28]. Boron is not needed in large quantities by
plants, but can cause critical plant development prob-
lems if not provided at essential amounts. Boron dif-
fers from other microelements in that it does not have
chlorosis due to its shortage; however, it has similar
toxicity effects as other microelements. Boron, along
with calcium, is used in plant cell wall formation and
is required for plant cell division. Other roles of boron
include carbohydrate metabolism sugar translocation,
potassium transport to the stoma, nitrogen metabo-
lism, pollen germination, regulation of hormone levels
and formation of certain proteins, regular functioning
and growth of the apical meristems, membrane func-
tion and structure, and nucleic acid synthesis [29, 30].
In this study, four different boron salts (boric acid, so-
dium metaborate, sodium perborate, and disodium
octaborate) at three different concentrations were used
as a boron microelement source, and compared to the
control group 3 mgL" boric acid and 5 mgL-" sodium
perborate applications, an increase was observed in
the number of stems, while the application of 5 mgL™"’
disodium octaborate was also found to be effective on
stem elongation. When boric acid levels in plant cells
are insufficient, plant cells take up borate salts and bo-
ric acid as undissociated boric acid via active trans-
port. On the other hand, higher soil concentrations of it
are occured passive diffusion. Boron and its salts are
moved to the leaves via xylem, where the water vapor-
izes and the compounds are deposited on the leaves
and left behind. In the phloem, boric acid and its salts
are immobile and move little to other parts such as
stem and fruit [31]. Boron is a necessary microelement
for higher plant species, with the levels of interspecies
variations requested for maximum plant development
[32]. Studies on boron show that boron plays an impor-
tant role in cell wall cross-linking, including complex-
ation with specific pectin ingredient [28, 33].

The study of the functions of borax and boric acid on
Vicia faba and other plant species has shown the ef-
fect of boron in plant nutrition [34]. The first large scale
work of the functions of boron on plant development
was achieved where fifty plant species were chosen
and they were grown in sand cultures with normal nu-
trient solutions at different boron concentrations. The
best plant growth, low concentrations that damage the
plant, deficiency symptoms, trace boron levels were
recorded for each species. The vast majority of plants
showed best development up to 5 mgL-" of boron lev-
els and approximately one third of them grown at trace
boron levels were shown morphological deficiency

symptoms. It was concluded that the useful and harm-
ful effects of boron salts overlap across plant species
and therefore, he divided into the three broad catego-
ries of them sensitive, semi-tolerant and tolerant [35].

3.2. Effects of Boron Salts on Genetic Stability

It has been reported that phenotypic and genetic varia-
tions occur in in vitro cultures due to environmental con-
ditions, prolongation of the subculture period, culture
age, and nutrient media components [36]. The possi-
bility of genetic variations induced by in vitro propaga-
tion processes requires exclusive consideration when
the goal is to replicate special germplasms or to pre-
serve genotypes. Therefore, it is especially critical to
evaluate the genetic variation of main regenerants of
L. orientalis, both because it is a relict endemic spe-
cies and because of its medicinal aromatic properties.
Molecular marker systems that can determine varia-
tions at the DNA level are progressively being used
to access the genetic compatibility of micropropagated
species with the parent material.

ISSR marker system includes the use of single sim-
ple sequence repeat (SSR) sequences to initiate the
polymerase chain reaction (PCR) thus amplifying se-
quences between contiguous, but oppositely direc-
tional microsatellite regions [37]. ISSR markers have
been successfully used in the determination of genetic
stability in cauliflower [38], almond [39], banana [40]
and Swertia chirayita [41] lines. Furthermore, ISSR
marker system suggest many advantages, particularly
in identifying somaclonal variation, a high degree of
sensitivity, dominant representation of polymorphic ge-
netic alleles and reproducibility. In the current thesis
study, ISSR markers were used to evaluate the genetic
stability of in vitro propagated L. orientalis microshoots
with different concentrations of boron salt applied
(Figure 6), and the current work is the first report on

BAl BA3 BAS M1 SM3 SMS
MiM2 1 2 3

CONTROL

15231 2 T 2 T I A R T L U O B P N

Figure 6. PCR band profiles obtained from ISSR 1 primer with DNA
from the samples after application of three different concentrations
of boric acid and sodium metaborate. M1: 1 kb gene ruler, M2: 100
bp gene ruler; BA boric acid (BA1: 1 mgL"'; BA3: 3 mgL"; BA5: 5
mgL"); SM: sodium metaborate (SM1: 1 mgL-"; SM3: 3 mgL™"; SM5:
5 mgL™); Control 0: Control with no application; Control P: positive
control of different plant; Control N: negative control without DNA
template.
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the determination of genetic variation as a result of ap-
plication of different concentrations of boron salt in in
vitro micro-shoots.

Salt stress due to combined effect of different minerals
in the soil is within the important abiotic stresses that
inhibit yield production worldwide [42], and the total
area affected by salt stress is estimated to be ~80 mha
[43]. Saltiness has profound influence on general plant
morphology and physiology in different ways, ranging
from metabolic, anatomic and physiological changes to
molecular degradation [44, 45]. L. orientalis trees have
moderate tolerance to various adverse environmental
stresses, while their tolerance to salinity and drought
may be low. L. orientalis is an economically important
medicinal and aromatic plant that grows in wet and
temperate regions. While sweetgum produces a lim-
ited number of shoots with traditional methods, in vitro
tissue cultures are an excellent application for mass
seedling production, but it is very critical to preserve
the genetic stability of these and similar medicinal aro-
matic plants in in vitro propagated micro-shoots. The
present study aimed to investigate the effects of differ-
ent boron salts on the micropropagation of the plant in
order to achieve genetically stable mass propagation
in sweetgum and to produce genetically stable plants
on a commercial scale. In ISSR PCR reaction analyzes
using DNAs isolated from shoots of sweetgum plants
after in vitro regeneration using meristem tissues as
explant source, the lowest (30.77%) after 5 mgL-" di-
sodium octaborate application, and the lowest after 1
mgL™" boric acid application. Polymorphism was deter-
mined with the highest rates (49.45%). Propagation
of plants by tissue culture often undergoes genetic al-
terations among regenerated plant species, most likely
due to stresses applied during micropropagation [46].
These alterations contain point mutations, chromo-
somal rearrangements and methylated DNA [47, 48].
The somaclonal variation is mostly due to genetic and/
or epigenetic alterations during in vitro propagation of
plants [49].

Somaclonal or culture-induced alterations have long-
term been recognized as a source of beneficial or
undesirable effects in plants cultured in vitro. Some
of these undesirable effects contain anatomical and
morphological features, secondary metabolite produc-
tion, environmental stress tolerance, and other critical
features of interest to the plant producer [50]. Many
factors potentially responsible for somaclonal variation
have been identified in the literature, such as desicca-
tion, injury, inappropriate nutrient supply, and osmotic
stress [51]. During micropropagation, micro-shoots
are exposed to these stress conditions, which intro-
duces both epigenetic and genetic alterations in the
resulting multiplicated shoots [52]. Genetic changes
persist in following generations in the form of somatic
recombination, chromosome rearrangements, addition
of transposons, point mutations and ploidy variation.
Epigenetic changes consist of histone modifications
and DNA methylation. The molecular markers have
commonly been used to determine genetic alteration

between source material and obtained somaclons
in different plant species. In our study, three differ-
ent concentrations of four different boron salts were
tested for regeneration and micro-shoot development
from meristem tissue. In woody species that are dif-
ficult to propagate in vitro, such as L. orientalis, some
limitations are observed, such as necrosis formation
on shoot tips, suppression of growth and development,
suppressing in vitro culture. The cell development and
in vitro regeneration of plants are an asexual process
involving only mitotic cell divisions. In this context, the
emergence of random spontaneous and uncontrolled
alterations while in vitro clonal propagation is a criti-
cal limitation [53]. In such cases, in vitro cultures are
treated by changing the concentration and/or variety of
growth regulators, organic components, various amino
acids, macro and micro elements in the nutrient medi-
um composition. During these applications, application
pressure from time to time, changing salt concentra-
tion and/or stress effects depending on the type cause
somaclonal variations.

4. Conclusions

The tolerant species withstand a high concentrations
of boron with little effect, and the sensitive species re-
act strongly to too much or too little boron. In the light
of the results obtained from our study, it can be said
that it is in the semi-tolerant category for L. orientalis.
There are many studies in the literature showing that
various variations are noticed in plants propagated
by in vitro tissue culture techniques [54, 55]. These
variations, which are spontaneous in nature or caused
by environmental factors, are stimulated by different
stress conditions and biochemical compounds in in vi-
tro cultures. Variation occurs from differentiated cells
during embryogenesis and organogenesis using mul-
tiple or single cells, and also in vitro cultural condition
induces the regulation of pre-existing variation expres-
sions. The most of these variations are a big problem
for seedling producers. However, these alterations
are promising for the future studies focusing on plant
quality.
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In this study, the effect of boron fertilizations of foliar and soil was investigated on the
quality of hazelnuts (Corylus avellana L.) in two provinces in Turkey between 2013 and
2014. The experimental trials were carried out in soil application (0.0, 3.0 and 6.0 g
per Ocak) and foliar spraying (0 and 300 mg B L™"). Results show that compared with
the control, soil and foliar application of boron increased hazelnut yield and quality.
Due to the two-year average, the highest yield of the hazelnut in Samsun-Carsamba
was obtained from the application and dose of 36.70% increase in hazelnut yield
was achieved by applying B (3g Ocak™) from the soil in comparison with the control
application. It was a 20% increase in Ordu-Ulubey district. The highest kernel ratio of
hazelnut was obtained from F1S2 applications for the two districts. Increases were
observed at Samsun-Carsamba (10%) and Ordu-Ulubey (7%). Results showed that
there was also a positive association between the B leaf concentration and hazelnut
yield and kernel ratio and no significant differences between foliar and soil applications
on hazelnut quality. As a result of this study, and with increasing yield, foliar applications
of B are an effective method of supplying sufficient B for the flowers. In addition, B leaf

applications are more appropriate than soil B application.

1. Introduction

The hazelnut (Corylus avellana L.) is a hard-shelled
fruit that has been known to man for about 5000
years. It originated in the Black Sea area and spre-
ad to the world from there. The main nut producers
in the world are Turkiye, Italy, the United States, and
Spain. Turkiye's hazelnut production is still on going in
705,445 hectares of cultivable land, especially on the
Black Sea Coast [1]. Although Turkiye is the largest
producer of hazelnuts in the world and accounting for
about 70% of the world's supply, its production perfor-
mance is quite low compared to other countries. Low
lime content of the soil, slope, shallow soil depth, low
water holding capacity, and high clay content are the
main reasons for low hazelnut yield. In addition, the
lack of macro and micro-nutrients in the soil is another
cause.

Boron is an essential micronutrient for plant growth
and fruit production. It affects pollen germination and
pollen tube growth [2]. Boron deficiency in soils has
been reported in 80 countries and 132 plant species
[3]. It was also reported that 85% of areas in hazelnut
orchards are insufficiently supplied with boron [4]. In

2019, deficiency of boron (B) has been identified as
a current problem for plant growth in the Black Sea
region of Turkiye, as well. On the other hand, many re-
searchers reported that the application of B increased
fruit quality and yield in hazelnuts [5, 6, 7].

The main aim of the study was to research the effect
of soil and foliar applications of boron on the yield and
quality of hazelnuts and give information about B ferti-
lization to hazelnut producers.

2. Materials and Methods
2.1. Experimental Location and Treatments

Experiments were conducted in two different loca-
tions, Samsun-Carsamba and Ordu-Ulubey in the
eastern Black Sea region of Turkiye (31°64'98"N
and 45°77'44.08"E, height: 5m and 39°77'78"N and
45°27'50.09"E height: 397 m) in 2013 and 2014. The
experiments were established in the "Tombul" (Corylus
avellana L.) hazelnut orchard, which consists of four
stemmed 25-year-old bushes called "Ocak" (a multi-ro-
oted planting system specific to Turkiye) and conduc-
ted in a completely randomized block with a factorial
combination of 3, 2 treatments (soil and foliar doses),
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of which 5 were repeated. (N=b*s*I*r=3*3*2*5=90;
b=number of blocks; s=number of soil borings; number
of leaf borings; r=number of replicates).

Basal fertilization (nitrogen (N), phosphorus (P,O,),
and potassium (K,0)) was performed according to the
results of soil analysis and 20 kg N da' as calcium
ammonium nitrate (26% N), 10 kg da' P,O, as triple
superphosphate (3Ca(H,PO,)2-H,0 (42-44% P,0,)),
and 10 kg K,O da" as potassium sulfate (K,SO, (48-
50% K,0)) in two consecutive years.

In the experiments, Etidot-67 (Na,B,O,,.4H,0) was
used as the B source, containing 20.96% B, and was
applied as soil and foliar additives to the hazelnut
Ocaks during the two-year period. Soil application of
B was made in February of each year at three doses
(Control, S1=3.0, S2=6.0 B g ocak™) and foliar applica-
tion of B (F1=300 mg B L") was made three times per
year (i: after harvest in October, ii: at the "before flo-
wering" stage in March, and iii: during fruit set in May)
using a sprayer. Treatments were randomized, with
five replicates per treatment. Foliar applications were
made early in the morning or before sunset, and foliar
applications of the drone fertilizer were sprayed with
more than 0.25% nonionic wetting agent (Tween-20).

Technical and cultural practices such as pruning, weed
control, disease and pest control were carried out in
hazelnut orchards in both locations where the trials
were held.

2.2. Preparation of Leaf Samples

After boron application, leaf samples were taken every
other year from the third or fourth branch of each tree
at the onset of maturity. Leaves were washed in deio-
nized water for 1 minute and stored in air for 24 hours.
They were then dried at 65°C for 48 hours. And then,
boron concentrations of the leaves were analyzed.

2.3. Analysis of Soils and Plants

Before the experiments were established, some physi-
cal and chemical analyzes of the orchard soils were
determined. Soil texture analysis was performed ac-
cording to the hydrometer method [8]. pH and EC va-
lues of the soil were measured in saturated extracts
as described by Jackson [9], and CaCO, content of
the soil was determined as described by Hizalan [10].
Soil organic matter was determined by the Walkley-
Black method of Schlichting and Blume [11]. Available
phosphorus (P) was determined according to the met-
hod of Bray and Kurtz [12]. Available potassium (K)
was determined by AAS; Pratt [13]. Available concent-
rations of Fe, Cu, Zn, Mn, and were determined by
DTPA extraction according to metod of Lindsay and
Norvell [14]. B available in soil was extracted with
hot water 0.01 M CaCl, for 5 min (1:2) in water bath
(95°C) and then filtered with Whatman No. 42 filter pa-
per Measured by ICP-OES (Bingham F T, Boss and
Fredeen) [15, 16]. The dried plant samples were then

crushed and approximately 0.2 g of the samples was
digested at 550°C for 12 h to determined B concent-
ration. The concentration of boron and other mineral
elements in the leaves was determined by optical
spectroscopy with inductively coupled plasma (ICP-
OES - Perkin Elmer 2100V).

2.4. Measurements of the Yield

The hazelnut cultivation in the garden is carried out
as an Ocak system and as a single body. The ocak
system is a high bush cultivation system and is divided
into single-rooted ocak and multi-rooted ocak. Multi-
rooted ocak system is widely used in Turkiye and each
ocak contains between 4-8 plants (branches) [17].

The planting system of the gardens selected for the
experiment is 4x4m. Since there are 60 ocaks per de-
care area, the hazelnut yield (kg da) in one ocak was
calculated by multiplying the ... by 60. and expressed
in kg da'. To ensure homogeneity in the experimental
gardens, 4 branches were left in each ocak. Yield was
calculated as kg da™' over 4 branches in the ocaks.

Fruits were harvested by hand from four branches and
fresh weights were determined. Then the nuts were
separated from the husk by hand, dried at natural con-
ditions (under sunlight) and the yield of the dried ha-
zelnuts was determined.

2.5. Determination of Hazelnut Kernel Ratio
(Quality)

Hazelnut quality characteristic (kernel ratio) were de-
termined by analysing 100 randomly selected nuts.
Three replicates of 100 nuts per treatment were used
to calculate the percentage of empty and damaged
nuts. And then kernel ratio percentages were calcula-
ted were calculated (See Eq. 1) [18, 19, 20]:

kernel weight (g)

A
kernel ratio ( A)) total nut weight (g)

x 100 (1)
The Duncan multiple range test was used to determi-
ne further differences between groups. Significance
was estimated at p<0.05 for all tests. Statistical analy-
ses were performed using SPSS 22.0. (SPSS, Inc.,
Chicago, IlIl.).

3. Results

Statistically significant increases in the amount of B
usable in the soil were obtained based on the amounts
of B applied in both years compared to the initial B
concentration in the soil (Table 1).

After soil and foliar application, hazelnut leaves were
highly statistically significant in the B concentration in
both years compared to controls. B concentration in ha-
zelnut leaves was (75, 69.0+14.0 mg kg') in Samsun-
Carsamba location, (48.0£7.2, 50.1£7.0 mg kg™') in
Ordu-Ulubey location in both years, when F1 dosage
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Table 1. Physical and chemical properties of soil in hazelnut
orchards.

Location
Soil Properties Samsun- Ordu-
Carsamba Ulubey
Texture Clay Clay
Soil PH 6.79 6.73
Salinity (dS.m"") 0.02 0.08
CaCo, (%) 1.1 0.89
Orcanic matter (%) 1.13 2.71
Available phosporus (mg.kg™) 20 5.0
Available potassium (mg.kg') 85 141
Available boron (mg.kg') 0.02 0.22

was applied. The B concentration of hazelnut leaf was
82.0£8.2, 99.0+14.0 mg kg' in Samsun-Carsamba,
and 37.0+5.1, 61.0+10.2 mg kg' in Ordu-Ulubey
district when S1 was applied. In Samsun-Carsamba
(103.0+£10.1, 119.0£19.7 mg kg') and Ordu-Ulubey
(54.0+8.0, 67.0+5.0 mg kg™) the results were obtained
by applying F1+S1. After the application of S2, the B
concentrations in hazelnut leaves were determined in
Samsun-Carsamba (84+7.1, 109.0+16.4 mg kg') and
Ordu-Ulubey (54.0+4.3, 95.0+15.1 mg kg'). Boron
concentrations in hazelnut leaves were measured in
Samsun-Carsamba (149.0+9.1, 158.0+20.1 mg kg')
and Ordu-Ulubey (69.0+8.3, 90.0+9.1 mg kg™), after
the treatment of soil by F1+S2 (Table 2).

There were statistically significant differences betwe-
en B applications and hazelnut yield for both years and
the two locations (p<0.05) (Table 3).

In the first year, hazelnut yield (94.5£7.8, 75.1+4.3,
79.9+2.7 kg da’') was observed in Samsun-Carsamba
by the applications of S1, F1, F1+S1. Hazelnut yield

(76.5+2.1, 54.5+1.8 kg da') was determined by the
applications of S2, F1+S2. The lowest hazelnut yield
was obtained with the control dose (67.1+5.1 kg da-
). In the second year, hazelnut yields determined
in Samsun-Carsamba by the applications of S1, F1,
F1+S1, S2 and F1+S2 were 124.946.3, 113.7+2.6,
117.815.3, 111.1£03.0, 94.9+2.0 kg da™, respectively.
The lowest hazelnut yield was measured in control
samples (92.5+4.2 kg da™).

In the first year, hazelnut yields determined in Ordu-
Ulubey by the applications of S1, F1, F1+S1, S2 and
F1+S2 were 20.3+£1.9, 19.9£1.8, 17.5 1.5, 19.31£1.6
and 19.2+2.6 kg da™', respectively. The lowest hazelnut
yield was obtained with the control dose (18.6+1.6 kg
da™). In the second year, hazelnut yield in Ordu-Ulubey
district (41.0£1.9, 35.5+1.8, 38.3+2.3 kg da™') was de-
termined by applying S1, F1, and F1+S1. Hazelnut
yield (36.1£1.8, 39.4+1.9 kg da') was determined by
the application of S2 and F1+S2. The lowest hazelnut
yield was obtained with the control dose (32.5+2.7 kg
da™).

The first year, kernel ratio in Samsun-Carsamba dist-
rict, was determined respectively (53.6, 51.7, and
52.5%) by applications of S1, F1, and F1+S1. It was
hazelnut kernel ratio (51.2- 52.4%) determined by
both applications of S2, and F1+S2. The lowest ha-
zelnut kernel ratio was obtained with the control dose
(48.0%). In the second year, the kernel quotient in
Samsun-Carsamba district was determined by the
application of S1, F1, and F1+S1 (49.6-48.3-49.6%).
The kernel ratio of hazelnuts was determined by the
application of S2 and F1+S2 (51.4-51.8%). The lo-
west kernel ratio was obtained with the control dose
(46.3%) (Table 4).

In 2013, with the applied dosages of S1, F1, F1+S1,
S2 and F1+S2 the kernel ratios in Ordu-Ulubey district

Table 2. Effect of B (Etidot-67) fertilizer application on leaf B concentration (mg kg™).

Location Control F1 S1 F1+S1 S2 F1+S2
LeafB,,, 33.0%4.2d 75.0:102c 82.0+8.3c 103.0:10.1b 84.0:7.1c 149.0:9.1a
Samsun | g 29.0+2.0d 69.0+14.0c 99.0+14.0b 119.0+19.7b 109.0+16.4b 158.0+20.1a
Carsamba (2014)
LeafB,,  31.0:3.7d 720#12.1b 90.5:14.1c 111.0+18.0b 96.5:17.6c 153.5+15.5a
Leaf B,,, 25.0£4.2d 48.0+7.2b 37.0¢5.1c 54.0:8.0b 54.0+15.1b 69.0+8.3a
SI’L‘:'t‘,‘ey Leaf B, 23.0:2.1d 50.1#7.0c 61.0+10.2c 67.0t5.0b 95.0+15.1a 90.0:9.1a
Leaf B, ~ 24.0:33c 49.5:6.9b 49.0:14.7b 60.7t9.2b 74.5:24.0a 79.5:13.8a
Table 3. Effect of B (Etidot-67) fertilizer application on nut yield (kg da™).
Location Control F1 S1 F1+S1 S2 F1+S2
Yield,,,  67.1#51c 75.1¥4.3b 94.5:7.8a 79.942.7b 76.5:2.1b  54.5:1.8d
Samsun 14 92.5+42d 113.7¢2.6bc 124.9+6.3a 117.8453b 111.1#3.0c 94.9+2.0d
Carsamba (2014)
Yield, ~ 80.213.7bc 94.820.2ab 109.7+16.9a 98.9:20.3a 93.8+18.4ab 74.721.42¢
Yield,,,  18.6+1.6ab 19.9+1.8ab 20.3:1.9a 17.5:1.5b 19.3:1.6ab 19.2+2.6ab
Ordu Yield 325+27c 355+1.8b 41.0+1.9a 38.3+2.3ab 36.1+1.8b 39.4+1.9a
Ulubey (2014)
Yield 256+7.7  27.7¢+84  30.6+11.1 27.9+11.1  27.7+91  29.3+10.8
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Table 4. Effect of B (Etidot-67) fertilizer application on Kernel ratio (%).

Location Control F1 S$1 F1+S1 S2 F1+S2
Kernel ratio,,,, 48.5t4.8  51.7t28  53.6:6.1  525:23  51.2422 52433
ernel ratio 313 .310. .bx3. bt/ 410, .Ox1.

(s;'r';::‘ba}( Iratio,,,, 46.3:32  48.3t55  49.6:31  49.6:7.9 514359  51.8£1.2
Kernel ratio,,, ~ 47.4+4.0b 50.0t45a 51.7t50ab 51.0:5.7ab 51.3t42ab 52.1%2.4a
Kernel ratio,,,,  49.5:2.1  51.642.8  51.942.9  51.4:31  51.8£1.9  51.2426

3{S;ey Kernel ratio,,,, 47.6:16b 520t4.2a 51.9+3.5a 52.3:1.9a 520+29a 52.8+2.5a
Kernelratio, ~ 485:20b 51.8:3.3a 519:31a 51.8t25a 519t24a 51.9+25a

was calculated as 51.9%, 51.6%, 51.4%, 51.8%, and
51.2%, respectively. The kernel ratio percentage was
obtained with the control dose (49.5%). In 2014, with
the applied dosages of S1, F1, F1+S1, S2 and F1+S2
the kernel ratios in Ordu-Ulubey district was calculated
as 51.9%, 52.0%, 52.2%, 52.0%, and 52.8%, respec-
tively. The lowest kernel ratio was obtained with the
control dose (47.6%) (Table 4).

4. Discussion

Boron deficiency is the most common nutritional disor-
der and is easily washed out as B(OH), in places with
heavy rainfall. In regions with high annual precipitati-
on, B deficiency occurs in sandy and highly decompo-
sed, acidic soils by leaching. It has been reported that
there is a decrease in flower formation in plants grown
under B deficiency and metabolic damage in plants
during vegetative growth [21]. Insufficient B supply
in hard-shelled fruit production, may have a negative
impact on yield and quality. A number of researchers
have found that boron fertilization has a positive effect
on yield by reducing cavity formation in nuts, almonds,
and pistachios. For example, in walnut [22], almond
[23, 24], and pistachio [25], B fertilization increased
fruit set and more fruits were reported accordingly.

There are several studies on the positive effects of
boron fertilizer applications on the yield and quality of
hazelnuts. There are studies that find that fertilization
with B generally reduces empty formation in hazelnuts
and increases fruit set, leading to an increase in yield.
For example, in one of the first studies on this topic by
Okay et al. [26], vacant fruit formation was found to
decrease by 41.5% when leaves were sprayed with
0.1% boric acid; Korkmaz et al. [27] found that dosage
across leaves increased in the garden dominated by
Palaz hazelnut cultivars. In the application of 0, 0.2
and 0.4% B, 0.2% dose increased the hazelnut yield
and yield, and in Samsun Terme, 0-6-12-18-24 g B
ocak' and 0.2% solubor application from the leaf, 12
g B ocak™ application increased the hazelnut yield by
55.5%, and the application of 600 mg B L' over two ye-
ars in the orchard with the hazelnut cultivar Barcelona
by Shrestha et al. [28] increased the fruit set by 23% in
the first year and 17% in the second year, respectively.

In the study conducted by Erdogan and Aygun [29],
300 and 600 mg kg B were applied over the leaves
to the hazelnut cultivar "Tombul" in the third week from

January to May 1 over a period of two years. It was
reported that leaf B content increased with increasing
B application and fruit set was higher with 300 mg kg
B application than with 600 mg kg' B application in
both years. In the study conducted by Tarakcioglu et
al. [30], 0-6-12 g B from Ocak™" soil and 0-250-500-750
mg B L' were applied to leaves. According to the re-
sults, 6 g B ocak™ from soil increased total wet weight,
shell yield, kernel weight, and kernel weight compared
to the control, and 500 mg L' B from leaves; it was
found that total fresh weight, shell yield, shell weight,
and kernel weight increased, and foliar application of B
increased hazelnut yield and leaf B content.

The highest boron concentration in hazelnut leaves in
Samsun-Carsamba district was achieved by the app-
lication and dosage of F1+S2 in two-year average.
According to the observations made during the trials,
no toxic damage caused by boron to the leaves was
observed. The boron concentration of hazelnut leaves
was increased by 390% by the application of F1+S2
compared to the control application. In Ordu-Ulubey
district, the highest boron concentration in hazelnut le-
aves was determined by the application and dose of
F1+S2. Boron concentration in hazelnut leaves was
increased by 231% by the application of F1+S2 com-
pared to the control.

The study found that the yield and kernel ratio of hazel-
nuts were positively affected by the application of ferti-
lizer B in hazelnuts from the soil and leaves compared
to controls. According to the two-year average, the hig-
hest yield of hazelnut in Samsun-Cargsamba was ob-
tained by the application and dosage of S1. Hazelnut
yield was increased by 36.70% by the application of
S1 compared to the control application. However, the-
re were no significant differences between the doses
of S1 and F1, F1+S1, S2 with yield. In Ordu-Ulubey
district, also had not occurred a significant differen-
ce between the application and doses in the yield of
hazelnut. However, the application of B increased the
hazelnut yield by 20% compared to the control. Some
authors indicated that fruit yield and quality of hazel-
nuts could be improved by the application of boron,
while others found no effect [31, 32]. The application
of boron had no significant effect in certain trials un-
der Mediterranean conditions [31, 33, 34]. In contrast,
foliar and soil application of B in hazelnuts has been
shown to favour fruit quality and fruit set [32]. It was
also reported that although 300 and 600 ppm B were
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sprayed only once on trees in Ocak, positive effects
of B application on fruit set in Tombul were obtained
and an annual increase was observed [6]. However,
one study found that B-based treatments had signi-
ficant effects on fruit set when tested in cooler spring
climates such as Oregon. These results suggest that
climatic conditions may be related on the translocation
of boron [32]. As a result, cooler spring conditions sho-
uld promote better utilization of this mineral and higher
fruit production to support higher metabolic rates [35].
The beneficial effect depends on the average air tem-
perature during flowering (June-July) and increases as
temperatures drop. As a result of increased fruiting,
nut yield increases [36]. According to TUIK [37], ave-
rage hazelnut yields in Turkiye in 2013 and 2014 were
78 and 64 kg da™, respectively. These yield values cor-
respond to an average of 8 to 10 branches of hazelnut
ocaks in growers' orchards. Considering the fact that
the yield values in our trials were determined on four
branches, it was found that fertilization with B has a
positive effect on yield.

This experiment with different boron applications on
hazelnuts showed that there was a positive and very
significant correlation (p<0.001, r=0.433) between
leaf B concentration and yield in Ordu-Ulubey district
(p<0.001). On the other hand, in Samsun-Carsamba
district, there was no significant correlation between
leaf B concentration and yield.lt is possible that cli-
matic differences are responsible for this significance,
and this result was also confirmed in other studies.

The two-year average hazelnut kernel ratio was sta-
tistically significant between the B applications and
the control (p<0.05). The highest proportion of hazel-
nut kernels was obtained in F1+S2 applications in the
two districts. These increases were found in Samsun-
Carsamba (10%) and Ordu-Ulubey (7%). There was
also a positive correlation in Samsun (p<0.05, r=0.296),
Ordu (p<0.05, r=0.305) between B leaf concentration
and hazelnut kernel ratio. These correlations occurred
at both district levels (p<0.05). The technical reports
stated that the optimal B-leaf concentration for good
fruit and hazelnut yield was between 25 and 30 mg
kg DW [38]. Soil and foliar applications were reported
to have a considerable effect on yield, quality, and pe-
anut content compared to controls, and foliar applicati-
ons were reported to have significant increases in leaf
B concentration and kernel to nut ratio [39]. Similar to
our results, the kernel size of hazelnut cultivar 'Negret'
was also reported to increase with boron application
[7]. Similar results were reported in the literature [40,
41, 42, 43].

5. Conclusion

Foliar-B fertilization generally increases fruit set and
yield in various fruit varieties. For this reason, foliar
fertilization is usually applied to plants such as walnut,
almond, hazelnut, etc. Our study showed that foliar
fertilization statistically increased the yield and quality
of hazelnut. Depending on the vyield increase, foliar

fertilization with B is an efficient method to provide suf-
ficient B for the flowers. In addition, foliar fertilization of
B is a more suitable method because it reduces the to-
xicity of boron as it does not mix with groundwater and
does not enter the environment. It also shows that the-
re are differences in yield and quality at two different
locations where the study was conducted, and that the
application of B to increase B concentration in leaves
is related to different factors. Therefore, the timing and
weather conditions are also important for foliar appli-
cation. As a result, fertilization of crop products with B
is necessary for high yield when the plant-available B
concentration in the soil determined by hot water ext-
raction is <0.5 mg B kg'. When hazelnut yield is in the
range of 0.5-1.0 mg B kg™, fertilization with B may be
recommended.
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Bu caligmada, ekstriizyon yéntemiyle bor oksit (B,0O,) farkli miktarlarda (kitlece %0,05-
0,8) polietilen tereftalat'a (PET) katkilanarak énce PET/B,O, grandilleri sonrasinda ise
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In this study, different amounts of boron oxide (B,O,) (0.05-0.8% by mass) were
incorporated to polyethylene terephthalate (PET) by extrusion method, followed by
production of PET/B,0, granules and bottles using the injection and stretch-blow-molding
(SBM) methods, respectively. The produced PET/B,0, composites were characterized in
terms of mechanical performance, chemical and thermal properties. With the increase of
B,O, content, the viscosity of PET composite decreased and the lowest viscosity value
was measured as 0.385 dL/g for %0.8 B,O, additive. Bottle could not be produced since
B,O, content higher than 0.2% caused low viscosity. The crystallization temperature (T )
of PET composites increased by about 8.2°C due to the increase in the amount of B,O,.
While there was no effect of B,O, additive on isophthalic acid (IPA) released as a result
of the degradation of PET, there was a decrease in the amount of acetaldehyde (AA) and
an increase in the amount of carboxylic acid (COOH) and diethylene glycol (DEG). It was
determined that the mechanical performances of PET composite bottles were higher than
that of pure PET bottles. Therefore, the use of 0.05% and 0.1% B,O, can contribute to
reducing the problems that may occur during the transportation and storage of PET bottles.

1. Girig (Introduction)

yiksek seffaflik, kolay islenebilirlik ve nispeten distk
maliyet nedeniyle PET gida ambalaj uygulamalarinda

Gida ambalaj sektortinde kullanilan polietilen terefta-
lat (PET), etilen glikol (EG) ve tereftalik asit (TA) veya
dimetil tereftalat (DMT) polimerizasyonu ile Uretilen bir
termoplastiktir. Gaz bariyer performansinin iyi olmasi,

en fazla tercih edilen Utglncl polimerdir. En populer
kullanim alani sise Uretimi olup genellikle gazli/gazsiz
icecekler, meyve sulari, su gibi iceceklerin paketlen-
mesinde kullaniimaktadir [1, 2].

*Corresponding author: bilaldemirel@erciyes.edu.tr
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PET hidrolitik, termal, kimyasal ve mekanik etki ile
cesitli mekanizmalar sonucu bozunabilir ve bu du-
rum gida Urtnleri igin ciddi bir tehdittir [3-5]. Nitekim,
bu bozunma surecleri sonunda PET bulnyesinde renk
degisimi, catlak olusumu gibi makro/mikro seviyede
deformasyonlar meydana gelebilir [6]. Ornegin, PET’in
hidrolitik bozunmasi ile amorf bolgedeki ester baglari-
nin kopmasi sonucu alkol ve asit fonksiyonel gruplari
aciga cikar ve polimerin molekdl agirligr azalir. Bu ise
PETin nem, karbondioksit ve oksijen gecirgenligini
olumsuz etkiler [7]. Termal bozunmada ise yaklasik
250-350°C sicaklik araliginda oksijen yoklugunda es-
ter gruplarinin pargalanmasiyla karbonil ve vinil ester-
ler olusur ki bu stire¢ 6nce vinil alkol sonra AA olusun-
caya kadar devam eder [8]. Bununla birlikte, etilen ve
benzen’in yani sira gesitli aromatiklerin ve aldehitlerin
aciga ¢ikmasi da muhtemeldir [4]. Termal bozunmanin
oksijen varliginda gergeklesmesi durumunda ise bo-
zunma PET ana zincirinde hidroperoksitlerin olusma-
siyla baslar ve farkli radikal reaksiyonlarla devam eder
[3]. Yukarida bahsi gegen bozunma tirlerinin meyda-
na gelmesi PET’in mekanik performansini, camsi ge-
¢is sicakligini (T ) ve erime sicakligini (T, ) etkileyebilir
[9].

PETin bozunmasi sonucu 6zelliklerinde gdzlenen
olumsuzluklari en aza indirgeyebilmek amaciyla litera-
tirde gok sayida calisma yer almaktadir. Ornegin; gok
tabakali bor nitrar kullanilarak PET’in termal ve meka-
nik ozellikleri iyilestiriimigtir [10]. PET'e antibakteriyel
Ozellik kazandirmak igin titanyum dioksit (TiO,) ve de-
mir (I11) oksit (Fe,0O,), PET'in UV 1sik gegirgenligini art-
tirmak i¢in ise ¢inko oksit (ZnO) katki maddesi olarak
kullaniimigtir [11, 12]. Nano boyuttaki hidroksiapatit’in
(nHAp) farkli oranlarda (kitlece %0,1’'den %0,8’e)
PET e katkilandigi bir diger ¢calismada, nHAp miktari-
nin artmasiyla a¢iga ¢cikan COOH miktari Gzerinde ka-
talitik etki gésterirken AA miktari Uzerinde ise inhibis-
yon etkisi gosterdigi bildirilmistir. Diger taraftan, agiga

cikan DEG ve IPA seviyelerinde saf PET’e nazaran
onemli bir fark gézlenmemistir [13].

Bor bilesikleri bir takim karakteristik 6zelliklerinden do-
layi farkli uygulamalarda kullanilabilmektedir. Alev ge-
ciktirici olarak ginko borat [14], piezoelektrik 6zellikteki
lityum borat, ylksek optik performans 6zelligine sahip
baryum borat, ferroelektrik 6zellikteki kalsiyum borat
[15] ve liminesans Ozellik gbsteren magnezyum borat
[16] bilesikleri bunlardan bazilaridir. Bir diger bor bile-
sigi de borik asitin (H,BO,) dehidrasyonu sonucu elde
edilen bor oksit'tir (B,O,). Bu ¢aligmada, PET polimer
matrisine farkli oranlarda B,O, eklenerek tretilen PET/
B,O, kompozitlerinden sise Uretimi gergeklestirimistir.
Uretilen siselerin termal, mekanik ve kimyasal 6zellik-
lerine B,O, katkisinin etkisi incelenmistir.

2. Malzemeler ve Yontemler (Materials and Methods)

Deneylerde katki maddesi olarak kullanilan B,O, anali-
tik saflikta olup Kimetsan Kimya’dan (Ankara/Trkiye)
temin edilmistir. 0,84 dL/g gercek viskozite ve 1 ppm
(maksimum) AAigerigine sahip PET ise Koksan Plastik
ambalaj firmasindan (Gaziantep/Turkiye) granul for-
munda temin edilmigtir.

PET grandlleri ve B,O, tozlari ekstriizyon isleminden
once 80°C’de 24 saat slreyle kurutuldu. PET/B,O,
kompozitler, uzunluk/cap orani 40:1 olan birlikte do-
nen cift vidali ekstriderde (Gulnar Makina, Turkiye)
100 rpm vida dénme hizinda eritilerek harmanlandi.
Besleme bdlgesinden nozula dogru ekstruder sicaklik-
lart 50, 200, 205, 210, 215 ve 220°C olarak ayarlandi.
Kurutulan B,O, tozlari kitlece bes farkli oranda (kutle-
ce %0,05, %0,1, %0,2, %0,4 ve %0,8) PET grandlleri
ile birlikte ekstridere beslendi. PET/B,O, kompozitleri
ekstriiderden granil halinde alindi ve enjeksiyon pro-
sesinde kullaniimak Uzere kapali bir kap icinde muha-
faza edildi. PET/B,O, sise Uretimine ait proses akis
diyagrami Sekil 1’de gértulmektedir.

PET Graniil B,0,

Ekstriizyon

Karakterizasyon

Yiik Tagima Kapasitesi Patlatma Dayanimi

Performlar

Siseler

ESC Testi
Sekil 1. PET/B,0, sise Uretimine ait proses akis diyagrami (Process flow diagram of PET/B,0, bottle production).
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Enjeksiyon kaliplama &ncesinde dretilen PET/B,0O,
granulleri 80°C’de 12 saat kurutuldu. Sise Uretimi icin
kurutulan graniller dikey enjeksiyon cihazina (YH-15V,
Yuhdak Makina, Tayvan) beslenerek 6nkalip (preform)
kaliba enjekte edildi. Dikey enjeksiyon cihazinin kalip
sicakhgr 15°C, kovan bolgesel sicakliklari sirasiyla
260°C, 275°C ve 280°C olarak ayarlandi. Uretilen pre-
formlara sise Uretimi icin gerdirme-gisirme-kaliplama
yéntemi uygulandi.

Yari otomatik olan SBM makinesinde isitma islemi sekiz
adet IR lambalari tarafindan saglandi. SBM surecinde
onkalibin ylzey sicakligi 90°C ile 95°C araliginda de-
gismektedir. Gerdirme ve sisirme sirasinda basing 0,5
saniye slreyle 0,09 MPa’da tutuldu. Ardindan basing
2 saniyede 1,5 MPa’a yukseltildi ve 1,5 MPa basingta
2 saniye beklendi. Gerdirme ¢ubudunun hizi 0,75 m/s
olup 1,13 saniyede sise tabanina ulasti. Sisirme islemi
boyunca kalip sicakligi ve kalipta kalma suresi sirasiy-
la 20°C ve 2 saniye olarak ayarlandi.

2.1. Karakterizasyon ve Analizler (Characterization
and Analyzes)

Deneylerde kullanilan B,O, tozlarinin partikll boyut
dagilimi yas yonteme gére Mastersizer 3000 (Malvern
Instruments Ltd. UK) kullanilarak gerceklestirildi. Saf
PET ve PET/B,0, kompozitlerin Fourier Donugumlu
Kizildtesi Spektroskopisi (FTIR) analizleri (Perkin
Elmer 400) 4000-400 cm™' dalga sayisi arali§inda, 4
cm™' ¢ozlndrlikte ve 20 taramanin ortalamasi alinarak
gergeklestirildi. B,O,, PET ve PET/B,O, kompozitlerin
faz yapilari 26=5° ile 90° araliginda gerceklestirilen
X-Isini Kirnimi (XRD) analizleri (Bruker AXS D8) ile
belirlendi. Numunelerin ytuzey morfolojik 6zellikleri de
Taramali Elektron Mikroskobu (SEM) analizi (ZEISS
LS-10) ile karakterize edildi.

Numunelerin termal 6zellikleri Diferansiyel Taramal
Kalorimetre (DSC) (Perkin Elmer Diamond) ve
Termogravimetrik ~ Analiz  (TGA)  (Hitachi-High
TechSTA-7300) analizleri ile belirlendi. DSC ve TGA
analizleri 10°C/dk 1sitma hizinda ve azot atmosferinde
gerceklestirildi.

Viskozite élcimleri icin 50 mL’lik balon jojeye 250 mg
PET ve 25 mL ¢oziicu karigimi (fenol/1,2-diklorbenzen)
eklendi. Ardindan PET'’in ¢ozelti igerisinde 110°C si-
caklikta 30 dakika karistirilarak ¢ézulmesi saglandi.
Cozeltinin ortam sicakligina kadar sogumasi beklendi.
Viskozimetre dlglimleri Lauda viskozimetresi kullanila-
rak alindi ve sonuglar dL/g olarak elde edildi.

AA, COOH, IPA ve DEG’in kimyasal bozunma ana-
lizleri sirasiyla F2013-01, DIN/ISO 2114, 1Q10694 ve
IQ10687 standartlarina gore yapildi. COOH analizi
icin 4 g ve 50 mL (1:1 fenol/kloroform) bir behere alin-
di ve berrak ¢ozelti elde edilinceye kadar 1 saat reflux
yapildi. Daha sonra ¢ozeltiye oda sicakliginda 0,5 mL
%0,1 Etanolik tetrabromofenol blue ¢ozeltisi eklendi
ve karistirildi.

Hazirlanan ¢ozeltinin rengi sari renkten mavi renge
donlnceye kadar 0,1 N Benzilalkolik KOH ¢ozeltisi ile
titre edildi. AA analizi igin PET/B,O, numuneleri sivi
azot ile sogutulduktan sonra égutulerek 750 um’lik bir
elekten gegcirildi. Numunelerin oda sicakligina gelmesi
icin yaklasik 10 dk beklendi, 0,2 g tartilan 6gutiimuis
numune analiz kabina (headspace) konuldu ve AA

miktari gaz kromatografisinde analiz edildi.

IPA ve DEG'nin analiz prosediriine goére o6gutilmis
numune 50 mL'lik agzi kapali bir kaba konulduktan
sonra Uzerine 10 mL standart ¢ozelti ve 1 mg ¢inko
asetat ilave edildi. Kap 22°C'deki firinda 2 saat bo-
yunca bekletildi. Kabin sicakligi ortam sicakhgdina
ulastiktan sonra Uzerine 15 mL kloroform ilave edildi.
Numune membran filireden gegirildi, sizinti analiz
kabina (headspace) alindi ve gaz kromatografisinde
analizi gerceklestirildi. Analizler Ug tekrarl gercekles-
tirildi ve hesaplamalarda ortalama degerler kullanildi.

Mekanik testler, EN 1ISO 527-3 standardina goére 100
mm/dk hizinda gekme cihazi (DVT GP E NN) kullani-
larak gerceklestirildi. Her numune igin gekme testi Ug
kez tekrarlandi ve ortalama degerler alindi.

3. Sonuglar ve Tartisma (Results and Discussion)

3.1. XRD, FTIR ve Partikiil Boyut Analizleri (XRD,
FTIR and Particle Size Analysis)

B,O,'ln partikdl boyut dagilim analiz sonucu Sekil
2’de verilmigti. Buna goére deneylerde kullanilan
B,0,’ln ortalama partikll boyutunun 234,5 nm oldugu
belirlenmistir.

25

20

HACIM (%)
G

=
o

0
0 1 10 100 1000

PARTiIKUL BOYUTU (nm)
Sekil 2. B,O,'lin partikil boyut analizi (Particle size analysis
of B,O,).

10000

Sekil 3'de B,O, tozlarinin XRD grafigi verilmistir. Buna
gore; yaklasik 24°'de B,O,’'lin karakteristik piki gbzlen-
mistir. Sekil 4'deki saf PET ve PET/B,0O, kompozitlerin
XRD verilerinde ise, yaklasik 26,5de gozlenen pik
PET'e aittir [13, 17, 18] ve pik siddeti B,O, ilavesiyle
artmigtir.

Sekil 5'de gorildugu tzere, 3100-2800 cm' dalga sa-
yisindaki IR spektrumlari, PET’in karakteristik aroma-
tik ve alifatik C-H gerilmelerine aittir. 1712 cm™ deki
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pik ve 1300 cm™' civarindaki pikler sirasiyla PET biin-
yesindeki karbonil grubuna (C=0 gerilmesi) ve ester
gruplarina karsilik gelir. 1100 cm™ ve 1165 cm™"deki
pikler sirasiyla metilen gruplarina ait gerilmelerden ve
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a |
o |
@ / th
4
/ l‘w J
ﬂ'k‘ Mo Wy
o Wy L
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20 (Derece)
$ekil 3. B,0,’in XRD grafidi (XRD graph of B,O,).
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Sekil 4. Saf PET ve PET/B,0O, kompozitlerin XRD grafikleri
(XRD plots of pure PET and PET/B,0O, composites).
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Sekil 5. Saf PET ve PET/B,0, kompozitlerin FTIR ana-

liz sonuglari (FTIR analysis results of pure PET and PET/B,O,

composites).

0 —
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C-O-C asimetrik gerilme titresimlerinden kaynaklan-
maktadir [19, 20]. Ayrica, B-O gerilme titresimine ve
B-O-B egilme titresimine ait pikler sirasiyla yaklasik
722 cm™ ve 1404 cm™’de gorilmektedir [21-23].

3.2. Viskozite Olgiimleri (Viscosity Measurements)

Sekil 6'da B,O,’Un PET matrise dahil edilmesi duru-
munda viskozitenin azaldi§i gorulmektedir. Kitlece
%0,8 B,O, ilavesiyle saf PET’e gbre viskozite %10,8
oraninda azalarak 0,385 dL/g olarak 6lgllmusttr. Bu
duruma, PET yapisindaki H atomlarinin B,O, molekuli
ile etkilesime girerek PET zincir hareketliligini (dénme,
itme, cekme vb.) arttirmasinin neden oldugu duisunul-
mektedir. Benzer sekilde; TiO,, montmorillonit ve SiO,
gibi inorganik katki maddelerinin PET’in viskozitesini
azalttigini gdsteren calismalara literatiirde rastlamak
mumkindur [24, 25].

0,5
1 0,432
B 0,427
— 0,424 0,423 0,412

04T 0,385
)
=
3
w
= 03+
N
o]
N4
a
S

021

01— 0,05 01 02 0, 0,8

B,0; (Kiitlece, %)
Sekil 6. B,O, katkisinin viskoziteye etkisi (Effect of B,O, addi-
tive on viscosity).

3.3. Mekanik Ozellikler (Mechanical Properties)

Tablo 1'de goruldigu Gzere saf PET sisenin yik ta-
sima kapasitesi (86.49 N), kutlece %0,05 ve %0,1
B,O, iceren PET siselere kiyasla daha disiktar. Saf
PET sise ile karsilagtinidiginda %0,1 B,O, katkisiyla
sisenin yuk tasima kapasitesi %27,76 oraninda bir

Tablo 1. B,O, katkisinin PET sigelerin yik tasima kapasitesi,
bizulme, cevresel stres dayanimi ve i¢ basing dayanimina
etkisi (Effect of B,O, additive on load carrying capacity, shrinkage,
environmental).

.. Cevre- ;

B,O, YKUK Ta_§|m§ Buziilme sel Stres ¢ Basing

2 apasitesi o Dayanimi
(%) (N) (%) Catlamasi (MPa)

(dk.)

0,00 86,49 26,90 0,3 6,61
0,05 134,80 28,04 4,0 5,44
0,10 110,5 29,39 - 4,14
0,20 68,40 - - -
0,40 Sise Uretilemedi
0,80 Sise Uretilemedi
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artis gostermistir. Bu artis B,O, ilavesinin PET poli-
mer zincirlerinin hareket kabiliyetini sinirlandirmasina
atfedilebilir [13]. Demirel vd. kitlece %0,05'den %0,8
oranina kadar farkl CaB,O, oranlari i¢in PET siselerin
ylk tagima kapasitelerini 6lgmusler ve %0,8 CaB,O,
iceren siselerin yuk tasima kapasitesinin saf PET si-
seye nazaran yaklasik %208 daha yuksek oldugunu
bildirmislerdir [26]. Bu ¢alismada ise %0,4 ve %0,8
B,0, katkili PET kompozit grandller Gretilmistir ancak
bu katki oranlarinda viskozite distk oldugundan dikey
enjeksiyon cihazi ile sise Uretimi gerceklestirilememis-
tir (Sekil 6). Ayrica, %0,2 B,O, iceren sisenin yik tagi-
ma kapasitesi saf PET siseninkinden daha disukttr
(68,4 N). Bunun daha yiiksek B,O, oranlarinda PET
yapisinin bozulmasindan kaynaklandigi disunudlmek-
tedir. Tablo 3’deki kimyasal bozunma Urlnlerinden
COOH miktarindaki artis buna isaret etmektedir.

Saf PET ve B,O, katkili siselerin blzllme degerleri
%26,9 ile %31,97 arasinda degisim gostermektedir.
Saf PET siseye kiyasla B,O, katkisinin bizilmeyi art-
tirdigi aciktir. Bu artista sise agirhginin ve sise gévde
kalinhiginin etkili oldugu dusinulmektedir. Bu, sisenin
birim agirhiginin (agirlik/alan) artisi anlamina gelir ki
bdylece gerdirme islemi sirasinda sise tabanina daha
fazla malzeme tasinir (Tablo 2) [26].

Tablo 2. Siselerin bas, gdvde ve taban bdlgelerindeki agirlik
dagilimlari (Weight distribution of bottles in the head, body and
base regions).

B,O, (%) Bag(g) Govde (g) Taban (g)
0,00 5,8 1i3 23
0,05 5,6 1,1 25
0,10 5,8 1,0 2,6
0,20 5,6 0,9 2,8
0,40 - - -
0,80 - - -

PET siseler, kullanim ve uygulama alanlarina bagli
olarak ayni anda hem mekanik gerilmelere hem de
icinde bulunan gesitli akiskanlara maruz kalabilir [27].
Bu olaylarin siselerin mekanik performanslari Gzerin-
deki etkileri “cevresel stres catlama testi (ESC)” ile
belirlenebilir. Bu test, sodyum hidroksit (NaOH) gibi
agresif ¢Ozeltiler kullanilarak gergeklestirilir. Bu test
yonteminde, kimyasal bozunma sonucu PET zincirleri-
ni kisaltarak daha dasik molekidl agirligina sahip mak-
romolekdllerin olusumuna neden oldugundan NaOH
¢Ozeltisi kullanildi [28]. Bu c¢alismadaki ESC testleri,
test slresini kisaltmak amaciyla %2’lik NaOH ¢ozeltisi
kullanilarak gergeklestirildi [29]. Tablo 1’deki verilere
gore, %0,05 B,O, ilavesiyle PET sigenin ESC degeri
4 dakika olarak olgllirken %0,1 ve %0,2 B,O, katki
oranlarindaki siselerin ESC degeri 6l¢lilememistir. Bu
durumun, NaOH ¢ozeltisinin varligindan dolayi sudaki
OH gruplarina karsi ilgisi ylksek olan bor elementinin
reaksiyona girerek borik asite donlismesinden ve bu
nedenle PET zincir butunliginin kaybolmasindan
kaynaklandigi dusunulmektedir.

B,O, katkili siselerde i¢ basing dayanimi agisindan saf
PET siseye gore azalma meydana gelmistir. B,O, katki
oranina bagl olarak i¢ basin¢g dayanimindaki azalma-
ya PET ve B,O, arasindaki zayif etkilesim ve B,O,'ln
polimer matristeki homojen olmayan dagilimi neden
olabilir [30, 31].

3.4. Kimyasal Bozunma (Chemical Decomposition)

Isil ve oksidatif bozunma esnasinda PET bulnyesin-
de meydana gelen esterlesme tepkimeleri ortamdaki
karboksil u¢ gruplarinin miktarinda artisa sebep olur.
Diger bir ifadeyle, PET’in 1sil kararlhhd1 karboksil ug
gruplarinin varligindan etkilenir. Tablo 3’deki numu-
nelerin kimyasal bozunma verilerine gore; saf PET’in
COOH- bozunma degeri 60,05 mmol/kg olup B,O,
ilavesiyle bu deger artarak en ylksek 85,19 mmol/kg
seviyesine ulagsmistir. Bu durum, B,O, varliginda PET
zincirlerinin kirilarak ug¢ gruplarin agiga ¢ikmasindan
kaynaklanabilir. Nitekim, PET’in hidrolizi ile aciga ¢I-
kan COOH- miktarinin artmasi beklenen bir durumdur
[7]. Benzer sekilde, CaB,O, [26] ve nHAp'In [13] PET’e
katkilandigi literattrdeki galismalarda artan katki oran-
larinin COOH- degradasyonu Uzerinde katalitik etkisi-
nin oldugu bildirilmistir.

Tablo 3. Saf PET ve PET/B,0, kompozitlerin kimyasal bo-
zunma sonuglari (Chemical degradation results of pure PET and
PET/B,0, composites).

B0, (%) (kﬁ::l)fc(: o) 'PA (%) AA(ppm) (mcn?cfl)lll-(lg)
0,00 1,52 1,81 6,36 60,05
0,05 1,76 1,76 6,30 65,91
0,10 1,79 1,77 579 77,86
0,20 1,79 1,79 523 79,58
0,40 1,80 1,80 4,98 83,69
0,80 1,81 1,81 4,46 85,19

Saf PET'in AA degeri 6,36 ppm iken artan B,O, katki
oraniyla bu degerde kismi bir azalma kaydedilmistir.
Bu azalmanin agiga ¢ikan AA binyesindeki hidrojen
iyonlarinin B,O, yapisindaki bor iyonlari ile yer degis-
tirmesinden kaynaklandidi dusunulmektedir. Benzer
sekilde, kimyasal bozunma sonucu agiga ¢ikan DEG
miktari da B, O, igerigine bagl olarak artis géstermistir.
Diger taraftan, B,O, katkisi IPA'nin kimyasal bozunma-
sI Uzerinde herhangi bir katalitik veya inhibisyon etki
gOstermemistir. Katki maddesi olarak nHAp'in PET
matrise katkilandigi calismada da kimyasal bozunma
urdnleri igin benzer sonuglar elde edilmistir [13].

3.5. Termal Ozellikler (Thermal Properties)

Saf PET ve PET/B,0, kompozitlerin Tg, T, veT Tablo
4’de verilmistir. Buna gére; T_ sicakliklarinda herhangi
bir degisme olmazken T _sicakhdi saf PET e kiyasla
en fazla 1,2°C azalmistir. Polimer matrise katki mad-
delerin ilave edilmesinin polimer kompozitin kristal-
lesme sicakhgini etkiledigi bilinmektedir [32, 33]. Bu
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calismada, PET/B,0O, kompozitlerin kristallesme sicak-
liklari saf PET’e kiyasla daha ylksektir. Daha 6nceki
c¢alismalarda cgesitli katki maddelerinin PET blinyesine
dahil edilmesiyle kristallesme sicakliklarinin arttigi bil-
dirilmigtir [34-36].

Tablo 4. Saf PET ve PET/B,0, kompozitlerin T_, Tg ve
T, degerleri (T, T, and T values of pure PET and PET/B,O,
composites).

B,O,(%) T,(°C) T,(°C) T.(°C)
000 2493 81,2 1884
005 2494 809 1922
010 2492 808 1936
020 2494 800 1957
040 2494 80,3  196,1
080 2498 80,0 1966

3.6. SEM Analizi (SEM Analysis)

Sekil 7’deki SEM gorintulerinde, saf PET ve B,O, kat-
kil PET kompozitlerin ylzeylerinde farkli boyutlarda
mikro catlaklar gorilmektedir. Saf PET e kiyasla PET/
B,0O, kompozitlerdeki gatlaklarin azaldigi gorilmekte-
dir. Bu, ambalajlarin bariyer 6zelliklerinin geligtiriime-
si agisindan 6nemlidir. Boylece, B,O, bilesiginin PET
blnyesindeki mikro ¢atlaklari azaltarak H,0, CO, ve
O, gecirgenligini de azaltacag! disunulmektedir.

4. Sonuglar (Conclusions)

Bu galisma kapsaminda elde edilen deneysel bulgular
asagida listelenmistir;

Artan B,O, katki orani ile viskozite azalma egilimin-
dedir. En dusuk viskozite degerine (0,385 dL/g) %0,8
B,O, igeriginde ulagilmistir. Viskozite de meydana
gelen bu disis nedeniyle dikey enjeksiyon ciha-
zi kullanilarak sise uUretimi gerceklestirilememigtir.
Dolayisiyla, sise Uretiminin gerceklestirilebilmesi igin
%0,2'den daha yuksek B,O, katki oranlarinda galisil-
mamasi onerilmektedir.

T, sicakliginda ciddi bir degisim s6z konusu degilken
saf PET’e kiyasla %0,8 B,0O, katki orani igin T_sicak-
hg1 1,2°C azalmis ve T_ sicakligi yaklagik 8,28C artis
gOstermistir.

B,O, katkisinin PET'in bozunmasi sonucu agiga ¢i-
kan IPA Gzerinde herhangi bir etkisi gdézlenmemistir.
Diger taraftan, artan B,O, icerigi AA miktarini azaltir-
ken DEG ve COOH- miktarinda artisa neden olmus-
tur. Bu sekilde, B,O, varliginin PET'in bazi kimyasal
bozunma reaksiyonlarini inhibe edebilmesi gida kali-
tesine ve dolayisiyla da halk sagligina énemli katkilar
saglayabilir.

Sonugclar, PET kompozit siselerin mekanik perfor-
manslarinin saf PET siseden Ustin oldugunu gos-
termektedir. Dolayislyla belirtilen oranlarda B,O,

mikro-catlak

V.

o

mikro-catlak

mikro-catlak

200nm
| |
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%
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Sekil 7. Saf PET (a), %0.05 B,O, katkilil PET (b) ve %0.1
B,O, katkili PET numunelerin SEM gérintileri (SEM images
of pure PET (a), 0.05% B,0O, added PET (b), and 0.1% B,O,
added PET samples).

kullanimi gida ihtiva eden PET siselerin tasinmasi
ve depolanmasi sirasinda olusabilecek sorunlari
azaltabilir.
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The present study aims to investigate the utilization of two crucial industrial wastes,
borogypsum, and silica fume, as the primary raw materials in the production of
ceramic materials. For this purpose, different receipts were designed from boron waste
(borogypsum) belonging to the Emet boric acid factory (Kutahya/Turkiye) and silica
fume, which was taken from the electrometallurgy facilities (Antalya/Turkiye). Mixtures
were prepared by mixing 90% waste material and 10% binder clay. The samples,
prepared at different mixing ratios from both wastes, were pressed uniaxially at 10
MPa, and the shaped samples were then fired at 1000, 1050, 1100, and 1150°C.
Physical and mechanical tests, as well as mineralogical and microstructural analyses,
were carried out on the fired samples. The technical properties of the samples derived
from the wastes were evaluated depending on the type of waste material and its usage
amounts, and firing temperatures. It was found that using high borogypsum caused high
firing loss, which negatively affects the material's dimensional stability. Moreover, it was
determined that adding silica fume to borogypsum increased water absorption (WA)
and porosity values, and decreased strength (BS) values accordingly. As a result, the
water absorption and bending strength values obtained in the samples prepared from
a mixture of 70% borogypsum and 20% silica fume sintered at 1050°C (WA:12.39%,
BS:13.45 MPa) and 1100°C (WA:10.25%, BS:15.18 MPa) coincide with the technical
specifications defined in EN ISO 10545-3 (WA>10%) and EN ISO 10545-4 (BS=12
MPa) standards, so it can be considered possible to use as wall tiles.

1. Introduction

Since high-temperature heating >1000°C is required
to produce ceramic materials, organics and volatile

Industrialization, urbanization, and technological de-
velopments benefit human life, but they also bring
along problems such as the reduction of natural re-
sources over time and the generation of substantial
amounts of waste. Protecting the environment from
industrial wastes is very important for living creatures
because the health of all living things and their envi-
ronment are adversely affected by this waste and pol-
lution. For this purpose, many scientists continue to
explore alternative ways to recycle waste, protect liv-
ing creatures and the environment, and limit the con-
sumption of natural resources [1-6].

The production of engineering materials from waste
materials and their possibilities of application for alter-
native purposes is an essential interest for engineers.
Research on waste products will help solve many en-
vironmental problems and create new valuable find-
ings in the engineering field. The production of ce-
ramic materials is one of the possible ways to dispose
of industrial wastes of organic and inorganic origin.

compounds in waste burn out and cause porosity in
the structure. The porous structure dominates many
properties of the material, such as lightness and insu-
lation [1-2].

Boron minerals are Turkiye's most essential and stra-
tegic underground asset, with the world's largest boron
deposits. Turkiye has approximately 73% of the world's
boron reserves and the fist boron production capacity
followed USA. Although there are many boron miner-
als in nature, colemanite, tincal, and ulexite are the
boron minerals widely used industrially. These miner-
als are concentrated to produce boron compounds.
Colemanite is reacted with sulfuric acid to produce bo-
ric acid. The main product of the reaction is boric acid,
and gypsum is collected in the filters as a by-product
of the boric acid production process [6-10]. Since the
gypsum sludge contains about 3-6 % B,0,, it is called
borogypsum (BG). Approximately 3.3x10° tons per
year of boric acid and 6.5-7%10° tons per year of BG
are produced in the factories located in Bandirma and

*Corresponding author: rcozturk@erbakan.edu.tr
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Emet of Etimaden Inc. in Turkiye [4, 11]. BG discarded
from the plant is stored in open areas. It is a valuable
industrial waste for its B,O, content, However, boron
compounds in BG can be dissolved by rain, which can
lead to soil and water pollution. Also, the high amount
of boron content leads to economic loss [4, 5, 12].

Utilization of industrial wastes and by-products has
become an exciting issue for scientists to investigate.
There are several studies in the literature investigat-
ing mechanical, physical, and chemical properties of
materials containing by-products and wastes such
as phosphogypsum, tincal ore waste, colemanite ore
waste, BG, etc., [7-10].

In recent years, BG has been widely used in various
fields, such as material science, chemical, agricul-
tural, and civil engineering applications, since it offers
cost reduction, energy savings, and arguably superior
products. Boncukcuoglu et al. [7] and Elbeyli et al. [17]
investigated using BG instead of natural gypsum in
cement mortar. It was reported that concrete contain-
ing BG exhibited better mechanical strength than one
containing natural gypsum. Sevim and Tumen [18] and
Alp et al. [19] noted that using BG as a set retarder in
the cement industry might be possible. Kutuk-Sert and
Kutuk [20] reported that it was possible to use BG as
infill aggregate in asphalt concrete for road and high-
way construction. Abi [11] reported that it was possible
to use 10% BG to increase mechanical strength in
brick compositions. Demir and Keles [21] and Evcin
and Yahsi Celen [22] reported that BG was suitable for
gamma-ray shielding material.

Silica fume (SF), also known as microsilica, is a sub-
product of the foundry process in the elemental silicon
and ferrosilicon alloys. This by-product, produced in
the electric arc furnace during the production of metal-
lurgical silicon and ferrosilicon alloys, is a fine, amor-
phous, spherical silica powder with a SiO, content
of 85-95%. The fume produced at the furnace con-
denses into fine particles and is recovered from the
process exhaust gases by classification and filtration.
Submicron particle size (<1 um), flabby nature (thus
behaving like a fume or smoke when dispersed in the
air), high surface area (~13.000-30.000 m?/kg), spheri-
cal shape, and glassy structure make SF very reac-
tive in hydrous and anhydrous reaction environments.
The worldwide production of SF waste is estimated to
be over 1 million tons annually. It is known that about
500,000 tons of this is in the USA, and 200,000 tons
are in Norway. In Turkiye, SF productions from one fer-
rosilicon production plant are around 1,000 tonnes an-
nually. Fumed silica is a compelling material due to its
ultra-fineness and high silica content. It is mainly used
as a mineral additive in materials such as cement and
concrete to improve properties such as strength, per-
meability, corrosion resistance, and others [1, 23-27].

Most of the studies on the evaluation of waste are
for the use of single waste material as a substitute
in the composition of a product, and the amount of

waste used is relatively low. The present study aims
to investigate the possible use of BG and SF, which
are two important industrial wastes, as primary raw
materials in the production of ceramic materials. For
this purpose, samples were produced from mixtures
containing BG belonging to the Emet Boric Acid fac-
tory (Kutahya/Turkiye) and SF, which was taken from
the Electrometallurgy facilities (Antalya/Turkiye) and
these were fired at different temperatures. Physical
and mechanical tests, as well as mineralogical and
microstructural analyses, were carried out on the fired
samples. Technical properties of the samples derived
from the wastes were evaluated depending on the
type of waste material and its usage amounts and fir-
ing temperatures.

2. Materials and Methods
2.1. Materials

In the present study, the fabrication of ceramic ma-
terials from two industrial wastes was investigated.
The BG was provided by the Eti Mine Works and the
representative wastes were taken from the outlet of
the thickener unit at the plant in Emet (Turkiye). The
particle size of BG is the fine (d,;) and coarse (d,,)
fractions, and the median particle size (d,,) is 0.96,
3.4, and 14.88 ym. SF was provided by Etibank Ferro-
Alloy Production. SF powders were taken from a plant
in Antalya (Turkiye) and then used as received without
any treatment being applied. The particle size of SF is
the fine (d,,) and coarse (d,,) fractions, and the me-
dian particle size (d,;), 1, 6.6, and 16 um, respectively.
Chemical analyses of waste materials used were per-
formed by using an X-ray fluorescence spectroscopy
(XRF; Rigaku, ZSX Primus II, Japan). The chemical
analysis of waste materials used in the bodies deter-
mined by the XRF method is presented in Table 1. The
mineralogical phase analysis of both wastes was per-
formed by an X-ray diffractometer (XRD; Bruker-D8
Advance, Germany), with CuKa radiation, to deter-
mine their present crystalline phases. The determined
crystalline phases of waste materials used in the bod-
ies are presented in Figure 1.

G G:Gypsum B:Bassanite A:Anhydrite

B
2 Ao
.Gw% AN G
*:Tridymite ®:Aphthitalite o:Magnesioferrite

® ®:Magnesium aluminium iron oxide
o
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[ T | T | T | )
10 20 30 40 50 60 70 80
20 (°)
Figure 1. XRD analysis of waste materials as-received.
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Table 1 show that BG consists mainly of calcium oxide
(Ca0), silicon oxide (SiO,), and sulphur trioxide (SO,)
with relatively small and variable amounts of iron ox-
ide (Fe,O,), magnesium oxide (MgO), aluminium ox-
ide (AL,O,), and boron oxide (B,0,). Up to 20% ignition
loss in the chemical composition of BG is remarkable.
SF predominantly contains the SiO, component as
well as relatively small and variable amounts of alkali
and alkaline earth oxides, CaO, ALO,, and Fe,O.. Its
SiO, content is over 96%, as presented in Table 1.
Kaolin has a typical aluminosilicate composition but,
on the other hand, has a high loss on ignition (LOI).

Table 1. The chemical analysis of raw and waste materials
used.

Composition

(wt. %) Borogypsum Silica Fume Kaolin
Sio, 9.96 96.02 57.15
ALO, 1.66 0.20 21.36
Na,O 0.03 0.08 2.40
K,0 0.92 0.08 1.24
CaO 36.70 1.40 0.55
MgO 2.33 - 0.80
Fe,O, 2.64 0.20 0.23
TiO, 0.11 - -
SO, 22.57 0.21 -
SrO 2.27 - -
B,O, 1.21 - -
MnO 0.10 - -
L.O.L.* 19.50 1.81 16.27

*L.O.I.: Loss on Ignition

According to the XRD patterns presented in Figure
1, it was determined that BG contains bassanite
(2CaSO,'H,0) (Pdf: 00-047-0964) and anhydrite
(CaS0,) (Pdf: 01-076-6906) crystalline phases be-
sides gypsum (CaSO,-2H,0) (Pdf. 01-070-0982)
mineral. On the other hand, in the XRD pattern of SF,
it was observed that the structure was mainly amor-
phous, as expected. The crystalline phases detected
in the SF structure were as follows; tridymite (SiO,)
(Pdf: 01-086-0681), aphthitalite ((K,Na),Na(SO,),)
(Pdf: 00-020-0928), magnesioferrite (MgFe,O,) (Pdf:
01-0754392) and magnesium aluminium iron oxide
(MgAIFeO,) (Pdf: 01-071-4392).

2.2. Composition Design

In this study, five different recipes were designed in
which the amount of BG and SF were varied, and the
kaolin was kept constant. In the designed recipes, the
amount of kaolin was kept constant at 10 wt. %, the
amount of BG was systematically reduced, and the
amount of SF was increased as much as the decreas-
ing amount of BG as given in Table 2. The B,-SF,, for-
mulation was used to symbolize the samples prepared
from these designed recipes. Here ‘B’ stands for BG

while X stands for weight percentage of BG. The sec-
ond index value, SF, was assigned to SF, and its weight
percentage was encoded as Y. The mineralogical
compositions and their chemical analysis of designed
receipts are given in Tables 2 and 3, respectively.

Table 2. The chemical analysis of raw and waste materials
used.

Sample Borogypsum Silica Fume Kaolin

Code (wt. %) (wt. %) (wt. %)
B90-SF0 90 0 10
B70-SF20 70 20 10
B45-SF45 45 45 10
B20-SF70 20 70 10
B0-SF90 0 90 10

Table 3. The chemical analysis of raw and waste materials
used.
Composition B90-

B70- B45- B20- BO-

(wt. %) SF10 SF20 SF45 SF70 SF90
Sio, 14.68 31.89 53.41 74.92 92.13
AlLO, 3.63 334 297 261 232
Na,O 0.27 028 0.29 0.30 0.31
K,0 0.95 0.78 0.57 0.36 0.20
Ca0o 33.09 26.03 17.20 8.38 1.32
MgO 218 171 113 0.55 0.08
Fe,O, 240 191 130 0.69 0.20
Tio, 0.10 0.08 0.05 0.02 0.00
SO, 20.31 15.84 10.25 4.66 0.19
SrO 204 159 1.02 0.45 0.00
B,O, 1.09 0.85 054 0.24 0.00
MnO 0.09 0.07 0.05 0.02 0.00
L.O.l.* 19.18 15.64 11.22 6.79 3.26

*L.0O.1.: Loss on Ignition

2.3. Sample Preparations

BG, taken from the facility as a cake, was first oven-
dried and then crushed using a laboratory-type roll
crusher with an opening of 1 mm, then sieved through
a 250 pym sieve. The other raw materials were also
first dried in an oven to keep the correct mixing ratio.
The weighing of raw materials was performed using
an electronic balance with a precision of 0.01 grams,
according to the amounts given in Table 2. Mixtures of
500 grams were prepared to represent each recipe, as
presented in Table 2. A dry grinding process was then
performed using a planetary ball mill until a homoge-
neous mixture was obtained and until the particle size
of the prepared mix decreased to the desired ratio.
The grinding time required for the desired homogene-
ity and grain size was kept constant at 30 minutes for
all series. The mixtures obtained in the desired grain
size were sieved through a 100 um sieve and dried in
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an oven (Elektromag, Turkiye) at 110°C for 24 hours
until they reached a constant weight. The dried mix-
tures were next hand-milled with an agate mortar and
pestle. The ground mixtures were moisturized with
sprayed water to between 5 and 5.5% moisture, and
all mixtures were formed into granules. The granulated
powders were shaped as prismatic (10x10x70 mm)
test samples by a hydraulic press by applying 100 kg/
cm?. The test samples were dried in an oven at 110°C
for 2 hours. The dried specimens were fired at 1000,
1050, 1100, and 1150°C in an electrically heated kiln
at a heating rate of 5°C min-', holding the firing tem-
perature for 1 hour.

3. Characterization

Test samples were prepared with five different recipes
using two different types of industrial waste from the
metallurgical and mining sectors. 10 samples from
each group were measured to obtain reliable values
for all tests performed to evaluate the physical proper-
ties of the test samples. The test results were made by
taking the mean values of 10 measurements.

The linear shrinkage percentage of samples, shaped
in rectangular prism geometry and then fired, was cal-
culated by dividing the difference between the sample
sizes measured before and after the firing stage by the
value before firing and multiplying by 100. The water
absorption values were determined by the ratio of the
mass increase caused by water immersion, calculated
by weighing the dry and water-saturated mass of the
samples to the dry sample’s weight. Bulk density val-
ues were determined by proportioning the weight of
the relevant examples in the air to the mass difference
between their water-saturated and water-suspended
weights. Apparent porosity values were calculated by
dividing the difference in mass caused by immersion
of the samples in water to the value of the mass dif-
ference between the water-saturated and water-sus-
pended weights of the relevant pieces and then multi-
plying by 100. The physical properties of fired samples
(water absorption, porosity, firing shrinkage, etc.) were
measured and evaluated according to TS EN ISO
10545-3 standards.

The bending strength (o,) of fired samples was mea-
sured according to EN ISO 10545-4 standards using a
three-point bending test instrument (Shimadzu AG-IS,
Japan). Five representative fired samples were used
for the three-point bending test and the average fired
strength values were calculated to represent the re-
sults better. The standard deviation was less than 1%
of the average values.

The crystal structures of fired samples were charac-
terized by an X-ray diffractometer (XRD; Bruker-D8
Advance) using Cu-Ka radiation (A=1.5406 A) scan-
ning from 10° to 90° at a scanning rate of 2°/min,
and the divergence and scattering slit widths were
set at 0.30 mm. After a first visual inspection of the
XRD patterns, the mineral spectral search and match

confirmation were analysed. Basic data processing
and phase identification were performed by Bruker
EVA software and the ICDD PDF-2 database.

Using scanning electron microscopy (SEM; Leo 1430
VP, Germany), the microstructure of fired samples has
been examined in terms of formed phases, porosity,
etc. During the observation, secondary electron im-
ages (SEI) at different magnifications of the fractured
surface of the fired sample were used. The particle
sizes of grains and pore sizes in microstructure were
manually measured using the scale bar on the SEM
micrographs. At least five measurements for each
sample were performed. EDX (Energy Dispersive
X-ray) analyses were also performed to identify crys-
talline phases.

4. Results and Discussion

4.1. Physical and Mechanical Properties of the
Material Produced from Wastes

The results of characterization work on fired samples
of encoded B90-SF10, B70-SF20, B45-SF45, B20-
SF70, and B0O-SF90 are given in Table 4. The linear
shrinkage (LS), water absorption (WA), apparent po-
rosity (AP), bulk density (BD), and bending strength
(BS) values of fired samples are presented in Table
4, depending on the change in both firing temperature
and amount of BG.

The effect of firing temperature and BG amount on
the linear shrinkage of the samples fired at different
temperatures is shown in Figure 2. It is seen that the
linear shrinkage values of the fired samples gradually
decreased with the decreasing BG amount at all tem-
peratures. This decreasing trend in linear shrinkage
values coincides with the LOI values of the composi-
tions presented in Table 3. As seen in Table 3, as the
amount of BG in the recipes decreases, the fire loss
values decrease. Since SF has a much lower LOI val-
ues than BG (Table 1) and the replacement of BG by
SF reduces the LOI values of the mixture.

Reducing linear shrinkage values with SF addition is
considered favourable for the dimensional stability
of material during firing. Because the high shrinkage
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Figure 2. Linear shrinkage (LS) and water absorption (WA)
in the samples as a function of firing temperature.
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Table 4. Some properties of samples prepared from borogypsum and silica fume wastes.

Temperature Borogypsum

BD

oc) ) LS (%) WA(%) AP(%) (oo BS(MPa)
90 13.54 9.29 18.57 1.99 13.27
70 5.68 13.77 25.93 1.72 11.36
1000 45 4.32 24.39 35.61 1.60 9.84
20 4.05 28.10 39.04 1.55 7.25
0 3.96 28.93 39.30 1.35 4.66
90 16.23 8.72 17.78 2.04 16.06
70 6.75 12.39 22.33 1.78 13.48
1050 45 6.22 20.99 33.47 1.66 12.09
20 5.67 24.13 39.25 1.64 9.86
0 4.38 26.66 39.34 1.57 6.18
90 18.83 7.92 16.91 2.13 19.23
70 10.34 10.25 20.52 1.83 15.18
1100 45 7.41 19.53 32.10 1.74 13.26
20 6.08 20.71 39.34 1.68 11.07
0 5.13 2379  40.06 1.62 9.64
90 19.57 2.32 9.64 2.44 23.64
70 15.14 7.42 17.53 2.24 16.41
1150 45 9.72 16.36 24.67 1.84 14.71
20 8.06 18.42 39.95 1.71 11.89
0 6.90 2093  40.27 1.65 10.15

results in a lack of dimensional stability in materials,
which leads to an important loss of end-product qual-
ity (deformation, size mismatch, etc.), as well as prob-
lems in the application of materials (tiling, brick-laying,
etc.). Producing materials free of dimensional defects
is required using appropriate control of the body com-
position and temperature distribution in the firing pro-
cess. The most important precaution that can be taken
for body composition is to avoid using the raw materi-
als in high amounts that can cause high shrinkage.

From this point of view, the high shrinkage values ob-
tained in the series with the highest BG content (B90-
SFO0) are considered not suitable for the dimensional
stability of the final product. On the other hand, it can
be observed that there is a severe decrease in shrink-
age values with the incorporation of SF in their body
compositions (Figure 2). This situation is related to the
fact that silica preserves its dimensional stability at fir-
ing temperatures reducing the distortion and shrink-
age of the bodies, as expressed in many previous
studies [28-31].

As indicated in Table 4, the water absorption values
measured in the samples prepared using waste ma-
terials are above 10% in all samples except for the
samples with 90% BG content for 1000, 1050, and
1100°C temperatures and 70% and 90% BG content
for 1150°C. SF addition increased the values of the
water absorption of the samples at all firing tempera-
tures (Figure 2). However, at all firing temperatures,

samples containing the maximum amount of SF have
at least 15% higher water absorption values than
those without SF. This observation can be attributed
to the decreasing shrinkage and low packing density
induced by the use of SF, resulting in increased water
absorption values.

Water absorption is an essential factor in ceramic
materials' durability and liquid permeability. Water ab-
sorption is directly proportional to apparent porosity
[2]. Therefore, similar trends were observed in water
absorption and apparent porosity (Figure 3).

As presented in Table 4, the lowest bulk density val-
ue which was to be 1.35 g/cm® was obtained in the
sample that did not have BG and was fired at 1000°C,
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Figure 3. Apparent porosity (AP) and bending strength (BS)
in the samples as a function of firing temperature.
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while the highest bulk density value of 2.44 g/cm?® was
obtained in the sample that did not have SF and was
fired at 1150°C. The bulk density values of the bodies
increased with the increase in temperature. This can
be associated with the reduction of porosity in number
and size. On the other hand, with the increase of SF,
the bulk density values of the bodies decreased. This
observation can be attributed to the reduced shrinkage
and lower packing density caused by the use of SF, as
discussed in the water absorption results.

Due to the increase in the degree of sintering, the size
and number of internal pores in the material decreas-
es, and the degree of packing increases, resulting in
higher bulk density values. Conversely, under poor
sintering conditions, porosity increases, and the mate-
rial becomes less dense; as a result, the bulk density
of the body is reduced, resulting in an underdeveloped
microstructure. As a result, the use of SF in waste-
containing bodies resulted in an increase in porosity,
a reduction in firing shrinkage, and a decrease in bulk
density values as a result of these, which is an indica-
tion that the sintering process is negatively affected.

It can be seen that the apparent porosity values pre-
sented in Table 4 are below 20% in all samples with-
out SF and above 20% in samples containing SF, ex-
cept B70SF20. Parallel to the increase in SF usage,
AP values increased in all samples (Figure 3). On the
other hand, except for the series in which SF is used
at the amount of 70 and 90%, it can be seen that the
AP values of the samples decrease with increasing
temperature in the other series. On the contrary, it was
observed that AP increased with the increase in tem-
perature in the series in which SF was used at a high
rate (>70%). High apparent porosity (AP) and asso-
ciated high water absorption (WA) result in reduced
material mechanical strength. When evaluated within
this framework, the addition of SF at increasing rates
to BG adversely affected the mechanical strength of
the material produced from these wastes.

As presented in Table 4, the lowest bending strength
value to be 4.66 MPa was obtained in the sample that
did not have BG and was fired at 1000°C, while the
highest bending strength value to be 23.64 was ob-
tained in the sample that did not have SF and was fired
at 1150°C. The bending strength values of the bod-
ies increased with the increase in temperature (Figure
3). This can be attributed to a decrease in porosity in
number and size, as discussed earlier in the evalua-
tion of bulk density results. On the other hand, with the
increase of SF, the bending strength values of the bod-
ies decreased. This observation can also be attributed
to the reduced shrinkage and lower packing density
caused by the use of SF, as discussed in the water
absorption and bulk density results.

4.2. Microstructural Evaluation

After the determination of the physical and mechani-
cal properties, the samples belonging to the B70SF20

coded series, sintered at 1000 and 1100°C were se-
lected for phase analysis, since they have low LS and
WA, and high BS values. The XRD analysis of the
sample (B70SF20) of materials produced from the
industrial wastes is given in Figure 4. There was no
remarkable change in the phase structure of samples
with the increasing firing temperature, and it was found
that the phase structure of the samples included simi-
lar phases, i.e., calcium sulphate (Ca(SO,),), calcium
silicate (Ca,0,Si), and augite (Si, Al),O,). As the differ-
ence in XRD patterns drawn for two different tempera-
tures; in the sample fired at 1100°C, a cristobalite peak
was detected at 26:21.8° in the XRD pattern, while an
increase in the number of augite peaks was detected.

& :Cristobalite (SiO,)
°: Augite (Ca(Mg,Fe)Si,0,)
®: Calcium silicate (Ca,SiO,)

*: Calcium sulfate (CaSO,)

*
s 3k 3k o
1100 °C  px [l 0xCfe oF

* %
ek kg gor kE gk K g o K

e L o
10 Z:I) SIO 4'0 SIO GIO 7l0 BIO 920
26 (°)

Figure 4. XRD analysis patterns of fired samples at two
different temperatures.

According to XRD analysis, it can be seen that the main
phase forming the microstructure of the waste originat-
ing material consists of calcium sulphate from BG. In
the composition (B70SF20), where 70% BG and 20%
SF are used, it can be understood that calcium silicate
and augite compounds are formed depending on the
reactions between BG and SF.

The secondary electron images (SEI) taken from the
fractured surfaces of the sample belonging to the bod-
ies incorporated 20% SF (B70SF20) and which were
fired at 1100°C are given in Figure 5. From the SEI
images presented in Figure 5, the presence of crys-
talline phases such as calcium sulphate and calcium
silicate, and also glassy phase in the microstructure
of the waste-based material was determined. In SEM
figures, letters indicate CSu: calcium sulphate, CSi:
calcium silicate, G: glassy phase, P: porosity.

In the micrographs taken at low magnification of the
sample examined in the SEM analysis, it can be un-
derstood that the general microstructure image is
homogeneous and dense but also contains pores. In
the micrographs taken at high magnifications, it can
be seen that the grains of calcium sulphate, which are
1-3 uym in size, are both embedded in the glass phase
and the form of independent grains outside the glass
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phase. In addition, needle-like calcium silicate crys-
tals showing an aspect ratio in the 10:1 interval (~1
pum long and ~0.1 ym wide) were also observed in the
micrograph taken at the highest magnification of the
sample, which was exposed to microstructure exami-
nation. On the other hand, it has been determined that
the majority of the pores in the microstructure are not

Detector=SE1  EHT=20.00kV Mag=10.00 KX BOR ATIGI-SILIS DUMANI

1um
'_

1pm
—

Figure 5. Secondary electron image of B70SF20 at different
magnifications; (a) 1000X, (b) 5000X, (c) 10000X, and (d)
20000X.

spherical but hollow and pitted, and the largest pores
are around 1-2 ym.

In this study, which was carried out to investigate the
effects of BG and SF on the sintering and final proper-
ties of ceramic materials, heat microscopy analysis of
SF was carried out to explain its effect on the sintering,
microstructural development, and technical properties.

The melting behaviour of SF was determined by the
Optonom Scientific Instruments brand heat micro-
scope (Optonom Scientific Instruments, Turkiye) in
Figure 6. By using the heat microscope, the physical
changes of the sample with the increase in tempera-
ture (sintering temperature, softening temperature,
sphere temperature, hemisphere temperature, yield
temperature) and the temperatures at which these
changes occur can be determined. It is seen that the
sintering temperature, softening temperature, hemi-
sphere temperature and yield temperature determined
by the heat microscope of SF are 933, 1032, 1196 and
1199°C, respectively.

1032°C
Figure 6. Heat microscope analysis of silica fume.

1196°C 1199°C

According to the results of the physical and mechani-
cal properties, the B70SF20 coded samples, which
were determined to have the best properties, during
the sintering process at 1000-1150°C, the SF did not
completely pass into the molten phase (because it be-
gan to soften at 1032°C and flow at about 1200°C). Itis
thought that this molten phase has a high viscosity. In
the SEM micrograph of the sample sintered at 1100°C,
code B70SF20, it is understood that the partial molten
phase formed from SF partially encloses the grains of
the other components, while the parts that the liquid
phase does not wrap remain in the structure as open
porosity. Additionally, it can be understood that the gas
releases originating from BG and kaolin, which have
higher heating loss than SF, do not cause foaming in
this high-viscosity melt phase. On the other hand, al-
though gas escape is provided from the remaining (not
surrounded by amorphous) openings, it can be said
that some of them are trapped in the glassy phase (as
closed porosity) due to the increase in porosity.

549



Oztiirk C. and Evcin A./ BORON 7(4), 543 - 551, 2022

5. Conclusion

From the two industrial wastes used, it can be under-
stood that the high ignition loss of BG will cause more
firing shrinkage in the samples to be produced entirely
using BG, thus posing a problem in terms of material
dimensional stability. For this reason, it can be under-
stood that using additional raw materials to reduce LOI
originating from BG is required. On the other hand, it
was determined that with the increase of SF addition
to BG, the water absorption and porosity values in-
creased, and the strength values decreased accord-
ingly. The effects on the material properties of usage
of both BG and SF in the composition together or indi-
vidually were evaluated. It can be understood that the
optimum composition should be adjusted by using a
minimum amount of SF that will not adversely affect
the technical properties and in an amount that will re-
duce the LOI originating from BG and thus shrinkage.
In this context, it has been shown that the technical
properties obtained in the samples prepared from a
mixture of 70% BG and 20% SF can be considered
wall tile since they coincide with the water absorption
and strength values defined in the EN ISO 10545-3
(WA%>10) and EN ISO 10545-4 (BS=z12 MPa) stan-
dards, respectively.

As aresult, when all the technical properties are evalu-
ated, it can be concluded that the usage of BG and
SF for producing wall tiles materials will be possible
through optimizations in body composition and/or op-
erational conditions.
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This study uses a magnesiothermic reduction method to investigate the co-synthesis
of zirconium boride, silicides, and oxide powder composites using ZrO,, B,O,, Si,
and Mg powders. Synthesis of high-temperature ceramic powders was examined
through milling durations, reduction temperatures, and excess magnesium addition.
Thermochemical analysis of probable reaction products was conducted by the Factsage
software. According to the results, the thermochemical predictions and resultant powder
phases showed good coherency. High-energy milling has a significant effect on the

formation of the zirconium boride phase after annealing. However, extended milling
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gegw”ds: time and higher annealing temperature had no significant effect on composition of the
ZirSi2 constituted composite powders according to the X-ray diffraction results. An annealing

temperature of 600°C was enough to obtain ZrB,-based ceramic composite powders.
In the final powder phases, the excess magnesium addition to the stoichiometric
displays an important feature. After the milling, annealing, and leaching procedure, the
stoichiometric powder composition comprises ZrB,, ZrSi, ZrSi,, ZrO,, and MgSiO,, and
excess Mg added powders have the ZrB,, ZrSi, ZrSi,, ZrO, phases in their structure.
Scanning electron microscopy analysis was utilized to observe the morphologies of
the powders throughout each step of the synthesis procedure and revealed the finely
structured morphology of synthesized powders.

High-energy ball milling
Magnesiothermic reduction
X-ray diffraction

1. Introduction Zr and B powder. The zirconium borides are common-

Ultra high-temperature ceramics (UHTCs) are well ly obtained through high-temperature methods such

: . S the direct reaction of elemental powders (Eq.1),
known for their extreme resistance in high-temperature as
environments and their melting temperatures above boc;otr:_ermallc (5%'2)’43”6(1 carbothermtil (Eq'iﬁnd. Eq.4)
3000°C [1, 2]. Different borides, nitrides, carbides, and reauc ']?2; fr 2 [I’ ] tciweve(;, € syn teb3|s pro-
silicides of IV and V group elements in the periodic cess ol I, from elemental powders cannot be com-
table have gained recognition of UHTC. Their com- mercially produced because of the expensive charge

mon advanced properties are high thermal conductiv- materials.
ity, high hardness, low coefficient of thermal expan-
sion, good thermal shock resistance, good oxidation
resistance, and stability in extreme environments [3].
One of them, zirconium borides, has been seen as a
promising compound for different applications as cut-
ting tools, wear-resistant coatings, hypersonic flights,
and rocket propulsion systems. Therefore, research-
ers have published many works about synthesizing or
applying zirconium boride-based materials because of
their supreme properties [4].

Zr + 2B = ZrB, (1)

Zr0, + 4B = ZrB, + B,0, (2)
Zr0, + B,05; + 5C = ZrB, + 5C0 (3)
2Zr0, + B,C +3C = 2ZrB, + 4C0O (4)

The production process of zirconium borides involves a
high-temperature step over 1200°C due to their strong
covalent bonding and low self-diffusion coefficient val-
ues. In order to enhance the structural integrity of zir-
conium borides, reinforcement materials were used as
high-temperature borides, silicides, carbides, and ox-
ides [7]. Especially, the initial powder conditions such
as size, shape, and homogeneity play a critical role in
the consolidation process and final properties of prod-
ucts [8]. On the other hand, aiming to obtain zirconium

Zirconium-boron binary phase diagram presents three
different crystal structures of zirconium boride as ZrB
(stable up to 927°C), ZrB,, (stable between 1720-
2030°C), and ZrB, (stable up to 3227°C) [5]. The syn-
thesis of zirconium boride is possible in many methods
using high-temperature reactions, including elemental
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boride composite powders could lead to a simplified
synthesis process or a lowered annealing temperature
for the reduction process of ZrO,. Therefore, many re-
searchers conducted various works on the in situ syn-
thesis of composites of zirconium boride together with
other zirconium-based ceramic phases [1, 3, 9]. So far,
ZrB,-ZrO, (Zirconium diboride-zirconium dioxide) [10-
12], ZrB,-ZrSi, (Zirconium diboride-zirconium disilicite)
[13-21], and ZrB,-ZrC (Zirconium diboride-zirconium
carbide) [22, 23] binary systems were obtained using
different starting compositions. Some of them resulted
in ternary compositions such as ZrSi,-MoSi,-ZrB, [24],
ZrB,-ZrC-SiC [25, 26], ZrB,-ZrSi,-SiC [27]. Having as-
sessed the binary (e.g. boride-carbide) and ternary
ceramic systems (e.g. boride-silicide-oxide), ternary
systems could result in altered physical and mechani-
cal properties due to their diverse microstructures [28].
And this may lead to the development of alternative
materials for various applications. Among published
papers about ternary ceramic systems, ZrB,-ZrSi,-
ZrO, systems have not been attempted before, to our
knowledge.

In this study, the synthesis of UHTC composite pow-
ders comprising zirconium boride/silicide/oxide was
investigated through a magnesiothermic reduction
process using ZrO,, B,O, (Boron trioxide), Si, and Mg
initials. Thermochemical software also examined the
thermodynamic calculations for existence and prob-
able by-products using initial batches. The synthesis
procedures using ZrO,, B,O,, Si, and Mg system were
investigated in terms of different milling durations, ex-
cess Mg initial addition, and annealing temperatures.
The outcomes of this study can contribute well to the
existing literature for obtaining zirconium boride/sili-
cide/oxide composite powders.

2. Materials and Methods

The initial materials were ZrO, (Alfa Aesar™, >99%
purity), Si (ABCR™, >99% purity), Mg (Mg, Sigma
Aldrich™, >99% purity), and B,O, (Sigma Aldrich™,
>99.9% purity) powders in this study. Each powder
batch was calculated in Eq.5 and mixed in a Turbula
blender for 2h.

2Z1r0,(s) + B,05(s) + 2 Si(s) + 7 Mg(s)
=ZrB,(s) + ZrSi,(s) + 7 MgO(s) (5)

Following Turbula blender, initial powder batches were
subjected to high-energy ball milling (SPEX™ 8000D)
for 3h, 6h, and 15h of milling durations. The initial pow-
ders were solely mixed using a blender mentioned as
Oh. Hardened steel vials (50 ml capacity) and balls (6
mm ) were used and sealed under an Argon atmo-
sphere. The ball-to-powder weight ratio (BPR) was 7:1
for each milling/run. The Oh, 3h, 6h, and 15h milled
powders were placed in an alumina crucible and an-
nealed in a Protherm™ tube furnace for 2h at various
temperatures (600, 800, and 1000°C) under a flowing
Ar atmosphere. The heating and cooling rates were

10°C/min for each run. The purification process of re-
acted powders was conducted using a dilute HCI solu-
tion (Merck™, 37% concentrated). The concentration
and solid-to-liquid ratio of HCI solution were selected
as 2 M and 1 g/10 ml, respectively. After centrifugation
(Hettich™ Mikro 220/220R centrifuge, at 3500 rpm) for
20 min, decantation and filtration treatments were re-
peated three times, the powders were dried using an
oven at 100°C.

Thermodynamic calculations were carried out using
Factsage 7 thermochemical program. The FactPS
database was used for thermodynamic calculations
because of including all possible corresponding data
in the gas, liquid, and solid phases. X-ray diffraction
(XRD) patterns of powders were obtained using the
Bruker™ D8 Advance Series X-ray diffractometer with
CuKa (1.54A) radiation. The morphological observa-
tions and microstructural characterization of powders
were conducted using a FEI (Quanta FEG 250) scan-
ning electron microscope (SEM) coupled with an en-
ergy-dispersive spectrometer (EDS). SEM analyses
were operated at 15 kV under environmental mode.

3. Results and Discussion

The thermochemical predictions of the ZrO,-B,0,-Si-
Mg system were conducted by Factsage™ software to
have a better understanding of the reaction probability
and potential reaction products. The standard Gibbs
free energy (AG°) and enthalpy (AH®) change of Eq.5
was calculated for different temperatures between 0
and 2000°C as given in Figures 1 (a) and (b), respec-
tively. The large AG°® and AH° values of Eq. 5 suggest
that this reaction has a moral certainty. Figure 1(b) ex-
hibits two sharp increase points in the AH® versus tem-
perature curve at 630 and 1095°C which corresponds
to the respective melting and boiling temperatures of
Mg [29]. The AG® value of reaction (Eq.5) in Figure 1a
shows a sharp increase around 1100°C caused by the
vaporization of Mg.

Figure 1 pointed out that the reaction in Eq.5 could be
started by a magnesiothermic reaction. Since our sys-
tem has two oxides as ZrO, and B,O,, the magnesio-
thermic reaction could progress as given in Eq.6 and 7.

Zr0, + 2Mg = Zr + 2M g0 (6)
B,0; +3Mg = 2B + 3MgO0 (7)

Figure 2 shows the probable reaction products pre-
dicted for varying amounts (from 0 to 15 mole) of mag-
nesium input based on Eq.6. Below the stoichiometric
mole of Mg (corresponds to 7 moles in Eq.6), the pre-
dicted reaction phases are ZrB,, ZrSi, MgO, Mg,SiO,,
MgSiO, together with residual ZrO,. According to the
predictions, the Mg amount is below the stoichiometric
proportion (7 moles for Mg), the reduction process of
ZrO, and B,O, dominates by the occurrence of silica
(Si0,) and silicate (ZrSiO,, MgSiO,, and Mg,SiO,) for-
mations. The magnesiothermic reduction, as in Eq.2
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and 3, takes place for a minimum of 3 moles of Mg.
Above the stoichiometric proportion (7 moles of Mg) as
in Eq.1, the only reduction mechanism is a magnesio-
thermic reaction, as understood by a sharp increase
in the slope of the MgO curve in the graph (Figure 2).
There is also a correlation between the initial Mg mole
and magnesium silicate phases. When the amount of
Mg addition increases, the MgSiO, curve decreases,
and the Mg,SiO, curve increases. The MgSiO, forma-
tions only exit up to three moles of Mg, which means the
occurrence of Mg,SiO, formations can be prevented
with an increasing amount of Mg. In the stoichiometric
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Figure 1. The graphs of (a) The AG®, and (b) AH° versus

temperature based on Eq.5 were produced by the Factsage
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Figure 2. The amount of magnesium versus probable reac-

tion products based on Eq.5 generated from the Factsage™
thermodynamic software.

proportion (7 moles of Mg), the thermodynamic pre-
dictions point to the ZrSi, ZrB,, Mg,SiO,, and MgO
phases. This result indicates the existence of the ZrSi
phase as possible instead of ZrSi, for all initial powder
proportions, except stoichiometric ones. Therefore,
both of ZrSi and ZrSi, phases could be obtained for
our system based on the thermodynamic predictions.
The increased initial Mg amount (especially 9 moles of
Mg) contributes to the ZrSi, formation.

The XRD pattern of initial powders after various times
of ball milling is illustrated in Figure 3. All XRD patterns
infer the ZrO, (ICDD number: 01-078-0047, Primitive
Monoclinic Bravais Lattice, P21/c), Si (ICDD number:
71-9399, Face-centered Cubic Bravais Lattice, Fd3 m),
and Mg (ICDD number: ICDD Card number: 27-1402,
Bravais lattice: primitive hexagonal Bravais Lattice,
P63/mmc) phases. The existence of B,O, peaks is not
detected in the XRD pattern due to its amorphous na-
ture [10]. The peaks of ZrO,, Si, and Mg phases are
broadened and their intensities are decreased by in-
creasing high-energy milling durations. In addition to
this, the ZrO, peak at 28.17° and Si peak at 28.42° in
the XRD pattern of as-blended powders (referred to
as 0 h) are overlapped by intense milling prolonged
to 15h of milling. The main peak of Mg at 36.5° are
drastically decreased by 3h and a longer time of mill-
ing, which is a good sign for the stored energy during
milling. Since the reductive metal is magnesium in this
study, the stored energy is an important indicator of a
probable reaction during the annealing process [30].

*Zr0, +Si +Mg
15h

INTENSITY (a.u.)

20 30 40 50 60 70
20 (Degree)
Figure 3. XRD patterns of high-energy ball-milled powders
for Oh, 3h, 6h, and 15h.

XRD patterns of powders after various hours of high-
energy milling and annealing at 600°C are illustrated in
Figure 4. The existing phases of as blended powders
(addressed with Oh) are ZrO, (ICDD number: 01-078-
0047, Primitive Monoclinic Bravais Lattice, P21/c), and
Mg,Si (ICDD number: 00-035-0773, Face-centered
Cubic Bravais Lattice, Fm3m) with a small intensity
peak of ZrB, (ICDD number: 01-089-3930, Primitive
Hexagonal Bravais Lattice, P6/mmm). Since the XRD
reflections of ZrO, have high intensities and there are
small peaks belonging to ZrB, and MgO phases, it can
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Figure 4. XRD patterns of high-energy ball milled powders
for Oh, 3h, 6h, and 15h after annealing at 600°C for 2h.

be said that the magnesiothermic reduction of ZrO,
slightly occurred. There are also no indications of a
completed reduction in B,O, at this stage. Therefore, it
means the aimed reaction slightly takes place for the
initial powder batch annealed at 600°C without mill-
ing. In the literature, the initial temperature for ZrB,
phase formations in most synthesis studies starts
above 800°C [10, 22, 26]. Some of them require ex-
treme temperatures, such as 1650°C to obtain ZrB,
formations synthesized from ZrO, and B,0O, initials [31,
32]. In this study, using ZrO,, B,O,, Si, and Mg initials,
the first formation temperature of the ZrB, phase was
drawn up to 600°C. The XRD patterns of high-energy
milled powders for 3, 6, and 15h (Figure 4) present
mainly ZrB, (ICDD number: 01-078-0047, Primitive
Monoclinic Bravais Lattice, P21/c), ZrSi (ICDD num-
ber: 01-078-0047, Primitive Monoclinic Bravais
Lattice, P21/c), ZrSi, (ICDD number: 01-078-0047,
Primitive Monoclinic Bravais Lattice, P21/c), and MgO
(ICDD number: 01-078-0047, Primitive Monoclinic
Bravais Lattice, P21/c) phases together with a small
intensity belonging to Mg,SiO,. Since no peaks can
be detected for ZrO,, it can be said that the magnesio-
thermic reduction completely occurred for high-energy
milled powders. The zirconium silicide phase exists in
two different stoichiometries as ZrSi, and ZrSi com-
patible with thermodynamic prediction in Figure 2. The
studies about synthesis of metal silicides showed it
is quite possible to obtain metal silicide phases in a
variety of stoichiometries especially the synthesis pro-
cedure involved a milling process [33, 34]. The ther-
modynamic predictions in Figure 2 also pointed to a
possible Mg,SiO, formation, as seen in the XRD pat-
terns in Figure 4. A study revealed that the Mg,SiO,
phases easily formed with the initial powder batches
containing Mg and Si phases [35]. Although zirconium
boride and silicide phases were obtained for 3h milling
and annealing, extended milling was applied up to 15h
for the purpose of detecting any probable degradation
or formation of a new phase. The peak intensities are
slightly decreased by prolonged milling time, which
suggests a decline in the crystallite size of powders
based on the XRD patterns [30].

XRD patterns of high-energy ball milled powders an-
nealed at 800°C and 1000°C are given in Figures 5a
and b, respectively. The ZrB,, ZrSi,, and ZrSi phases
are formed for Oh milled powders after annealing at
800°C and 1000°C. However, the existence of ZrO,
and Si phases in the XRD pattern of Oh milled and
annealed powders reveals the uncompleted reaction.
With the effects of high-energy ball milling, the XRD
patterns of annealed powders at 800°C and 1000°C
reveal the reflections of ZrB,, ZrSi,, ZrSi, and MgO
structures together with a small one that arose from
Mg,SiO, phase. There is no distinguished difference
between the XRD reflections of annealed powders at
600°C (Figure 4), 800°, and 1000°. It is understood
that the structures formed in this study are stable and
not affected by a higher temperature or an extended
milling time. Since there is no significant difference,
the minimum milling time (3h) and middle annealing
temperature (800°C) can be described as optimum
process conditions. In literature, most reaction tem-
peratures to obtain the ZrB, phase from ZrO, and B,C
initials are above 1600°C [36]. With the help of milling,
this reaction temperature was reduced to 1200°C [10].
Another study reduces the required annealing temper-
ature to 800°C combining ZrO, with other elements/
compounds such as Zr, B,C, Si, and ZrC [26]. In this
study, the ZrB, phase is obtained using ZrO,, B,O,, Si,
and Mg powders after the annealing process at 600°C
with the help of milling. In a study, ZrB, powders were
driven from ZrO,-B,0,-Mg system by volume combus-
tion synthesis method [37]. They stated the reaction
temperature as 900°C. Comparing to initial systems,
the reaction temperature was reduced to 600°C with
addition of Si in this study.

A purification process with HCI acid solution was ap-
plied in order to remove the MgO phase from the pow-
der structure synthesized via the magnesiothermic
reduction. The XRD patterns of leached powders are
given in Figures 6a and b. After purification, some un-
detected phases could be noticeable in the XRD pat-
terns. For this reason, both 3h and 15h high-energy
milled powders (annealed at 800°C) were leached.
All peaks were sharp and had high intensities. After
leaching, there is no new formation detected in the
patterns. However, the undistinguishable ZrO, peaks
in Figure 5a become clear view of the XRD patterns
in Figure 6a and b. In another word, it is not possible
to obverse the ZrO, peaks detected at 28.5° and 31.5°
because of its small intensity in Figure 5a (3h and 15h
milled and annealed powders). The Figure 6b demon-
strates that MgO phase is completely removed from
powder structure by leaching. However, the Mg,SiO,
phase was remained in the powder structure because
acid leaching could not eliminate it. By comparing the
Figures 6a and b, it can be seen that the ZrO, peaks
intensities of 3h milled powders are relatively higher
than those in 15 h milled powders, which suggests that
milling causes a slight decrement in the residual ZrO,
content. This can be attributed to the grain refinement
caused by the fracture mechanism exposed during the
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Figure 5. XRD patterns of high-energy ball milled powders
for Oh, 3h, 6h, and 15h after annealing for 2h: a) at 800°C
and b) at 1000°C.
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Figure 6. XRD pattern of powders after high-energy ball
milled, annealed at 800°C, and leached powders: a) 3h MA
and b) 15h MA.

milling process. These studies prove an excess Mg
addition to the stoichiometric proportion can inhibit the
MgSiO, formation during the synthesis procedure [33,
34]. Therefore, excess Mg added initial powder sam-
ples were milled for 3h and annealed at 800°C for 2h.
Figure 7a and b presents the XRD analysis results of
high-energy milled and annealed powders with excess
Mg addition and those after leaching procedure, re-
spectively. In the XRD pattern of milled and annealed
powder, there are ZrB,, ZrSi,, ZrSi, ZrO,, and MgO
phases. After removing MgO phases by leaching, all
peaks in the XRD pattern belong to ZrB,, ZrSi,, ZrSi,
and ZrO, phases. Itis clear evidence for the inhibition of
Mg,SiO, formation by excess Mg addition. Comparing
to Figure 6a, and 7b, there is a significant difference
between the proportions of ZrB,, ZrSi,, ZrSi and ZrO,
formations regarding to their peak intensities. For ex-
ample, the reflections of ZrSi, in Figure 7b are quite
higher than those in Figure 6b. Hence, it is obviously
seen that excess Mg addition influences the zirconium
boride, silicide and oxide phase composition in the
synthesized powder structure. The XRD patterns of
synthesized powder with excess Mg addition in Figure
7a present any reflection belonging to the residual Mg
phase as unreacted initial if it is under the detection
limit of XRD analysis. However, in the case of excess
magnesium existence, the HCI leaching also removes
it from the synthesized powder structure. Excess Mg
addition attributes the ZrSi, occurrence instead of the
ZrSi phase. The thermodynamic predictions in Figure
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Figure 7. a) XRD pattern of excess Mg added powders after
high-energy ball milling for 3h, annealing at 600°C and, b)
those after leaching procedure.
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iz

Figure 8. SEM images of excess Mg added powders: a) As-blended, b) High energy milled for 3h, c) High energy milled and
annealed at 600°C, d) High energy milled, annealed at 600°C and leached, and €) Zr, B, Si and O elemental mapping of d.

2 show the constitution of ZrSi, formation rather than
ZrSiin the presence of excess Mg addition for 9 moles.
The existence of ZrSi is possible for other mole rates
of Mg based on the Figure 2. Mg,SiO, and ZrSi, phas-
es have relation to the common Si content. Inhibition
of Mg,SiO, formation supports the formation of ZrSi,
because there is more Si source to induce the exis-
tence of the zirconium silicide phase. Therefore, the
ZrSi phase exists in Figures 6 and 7 is probably origi-
nated from the residual of ZrO,. For solid state reac-
tions, the initial powder composition plays a prominent
role in the obtained powder embody [38].

Figure 8 displays the secondary electron SEM images
of excess Mg added powders. The as-blended pow-
ders placed in Figure 8a have irregular and different
particle sizes presenting a homogenous morphology
of ZrO,, B,0O,, Si, and Mg initials. The 3h milled par-
ticles, as seen in Figure 8b, have a uniform distribu-
tion. After annealing at 800°C for 2h, the zirconium
boride/silicide/oxide particles are embedded into large
agglomerated MgO particles. The leaching process
provides the division of zirconium-based ceramic par-
ticles by dissolving the MgO phase in the HCI acid
solution. Therefore, the SEM images of leached zir-
conium boride/silicide/oxide particles can be seen in
Figure 8d. The synthesized zirconium-based ceramic
particles have a spherical shape and their particle siz-
es are smaller than 0.5 ym, as seen in Figure 8d. The

elemental mapping of Zr, B, Si, and O conducted for
zirconium boride/silicide/oxide particles was given in
Figure 8e. The maps of Zr, B, Si, and O elements co-
incide almost entirely with each other, which suggests
the presence and homogenous distribution of the zir-
conium boride, silicide, and oxide phases.

4. Conclusions

Milling, annealing and following leaching process of
the ZrO,, B,O,, Si and Mg were successfully used in
the fabrication of zirconium boride/silicide/oxide ce-
ramic powders with fine microstructure. Synthesis pro-
cedure was studied in terms of different milling dura-
tion, annealing temperature and excess Mg addition.
The results of experimental studies and thermody-
namic analysis are compatible with each other regard-
ing the formation of probable phases. The formation of
ZrB, starts after milling for 3h and annealing at 600°C.
Results showed that the application of milling has sig-
nificant effects on the resultant composition; however,
further milling and different annealing temperatures
displayed any determinant difference. The ZrB,, ZrSi,,
ZrSi, ZrO, and Mg,SiO, phases were obtained using
the stoichiometric proportion of initial powders after
the synthesis and purification process. Applying ex-
cess Mg addition to the stoichiometric proportion, the
occurrence of Mg,SiO, formation was prevented and
the final structure of powders comprised ZrB,, ZrSi,,
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ZrSi and ZrO, phases based on the XRD results. The
SEM analysis showed the powder products have ho-
mogenous distribution and fine structure.
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YAZAR KILAVUZU

1. KAPSAM
Bor Dergisi, bor alaninda asagida nitelikleri agiklanmis ma-
kaleleri Turkce ve Ingilizce olarak kabul etmektedir.

Arastirma Makalesi: Orijinal bir arastirmayi bulgu ve so-
nuglariyla yansitan yazilardir. Calismanin 6zgin ve mutlaka
uluslararasi bilime katkisi olmalidir.

Tarama Makalesi: Yeterli sayida bilimsel makaleyi tarayip,
konuyu bugunku bilgi ve teknoloji dizeyinde 6zetleyen, de-
gerlendirme yapan ve bulgulari karsilastirarak yorumlayan
yazilardir.

Her makale, konusu ile ilgili en az iki hakeme gdénderilerek
sekil, icerik, 6zgin deger, uluslararasi literatiire ve bilime/
teknolojiye katki bakimindan incelettirilir. Hakem gorisle-
rinde belirtilen eksikler tamamlandiktan sonra, dergide ya-
yinlanabilecek nitelikteki yazilar, son baski formatina getirilir
ve yazarlardan makalenin son halinin onayi alinir. Dergide
basildigi haliyle makale iginde bulunabilecek hatalarin so-
rumlulugu yazarlara aittir.

Kabul edilen makaleler, lcretsiz olarak dergi internet sayfa-
sinda (online) ve/veya basili sekilde yayinlanmaktadir.

2. BASVURU FORMLARI

Makale; Kapak Sayfasi, Makale Kontrol Listesi Formu, Ma-
kale Metni, Telif Hakki Devir Formu ve Benzerlik Oran Dos-
yasi olmak Uzere bes ayri formdan olugsmalidir. Basvurular-
da iletisimde bulunulacak yazar ve dider yazarlarin iletigim
bilgileri (adres, e-posta, cep ve sabit telefon no) kapak say-
fasinda verilmelidir.

3. GONDERI KONTROL LISTESI

Basvuru surecinde yazarlar génderilerinin agagidaki listede

bulunan tim maddelere uygunlugunu kontrol etmelidirler, bu

rehbere uymayan basvurular degerlendirmeye alinmaya-

caktir.

1. Gonderilecek makale daha 6nceden yayinlanmadi ve/
veya yayimlanmak Uzere herhangi bir dergiye sunulmadi.

2. Makale Microsoft Office Word 2010 ve Uzeri bir kelime
islemci ile hazirlandi.

3. Makale A4 sayfasinda, kenar bosluklari, Ustbilgi ve altbil-
gi bosluklari ve satir araligi dergi formatina uygun olarak
ayarlandi.

4. Ana basliklar ve alt bagliklar Ingilizceleriyle birlikte dergi
formatina uygun olarak diizenlendi.

5. Tablolar dergi formatina uygun olarak hazirlandi, metin
icerisinde bahsedildi, makalenin metin bélimune yerlegti-
rildi.

6. Sekiller dergi formatina uygun olarak hazirlandi, metin
icerisinde bahsedildi, makalenin metin bélimune yerlesti-
rildi.

7. Esitlik ve Reaksiyon numaralandirmalari siral olarak der-
gi formatina uygun olarak verildi.

8. Orijinal sekiller butlintyle yazim kurallarina uygun hazir-
landi.

9. Sekil boyutlari formata uygun olacak bicimde diizenlendi.
10. Metin iginde sekiller ardisik numaralandi.

11. Kaynaklar yazim kurallarina uygun yazildi.

12. Kaynaklar metin icinde ardisik siralandi.

13. Kaynaklar metin sonunda, metin iginde verildigi sirada
listelendi.

14.Tirkce makale bashgi/Ozet/Anahtar kelimeler/Béliim
bagliklar/Tablo ve Sekil adlandirmalari ile ingilizce ma-
kale bashgi/Ozet/Anahtar kelimeler/Bolim basliklar/
Tablo ve Sekil adlandirmalarinin birbirleri ayni oldugu
kontrol edildi.

15. "Kapak SayfasI" olusturuldu.
16. Telif Hakki Devir Formu imzalandi ve gonderildi.

17. Muhtemel yazim hatalari kelime islemcinin "Yazim ve
Dilbilgisi" denetimi ile kontrol edildi.

18. "Editdre Not" alanina makalenin 6zgun yonu ve makale-
nin bilime somut katkisi yazildi.

4. TELIF HAKLARI

Makalelerin telif hakki devri, dergi internet sayfasinda sunu-
lan Telif Hakki Devir Formu doldurulup imzalanmak suretiyle
alinir. Form imzalandiktan sonra "ek dosyalari yikle" boli-
minde PDF olarak yiklenmelidir. Bu formu gdéndermeyen
yazarlarin makaleleri basilamaz.

5. GIZLILIK BEYANI

Bu dergi sitesindeki isimler ve elektronik posta adresleri bu
derginin belirtilen amagclari dogrultusunda kullanilacaktir ve
diger amaglar veya baska bir bélim icin kullaniimayacaktir.




YAZIM KURALLARI

GENEL BILGI

Makale; Kapak Sayfasi, Makale Kontrol Listesi Formu, Ma-
kale Metni, Telif Hakki Devir Formu ve Benzerlik Oran Dos-
yasi olmak Uzere bes ayri formdan olusmalidir. Basvurular-
da iletisimde bulunulacak yazar ve diger yazarlarin iletisim
bilgileri (adres, e-posta, cep ve sabit telefon no) kapak say-
fasinda verilmelidir.

KAPAK SAYFASI

Basvuru esnasinda yazar isimleri ayri bir dosya olarak yuk-
lenen Kapak Sayfasi hazirlanmali ve online olarak dergimi-
zin internet sayfasina ayri bir dosya olarak yiklenmelidir.
ilk bagvuru esnasinda yazarlari sadece dergi editérlerimiz
gorebilecektir.

Makalenin bashiginin ilk harfi blyik ve digerleri kiigik harf-
lerle sayfaya ortall olarak yazilmalidir. Baglik metne uygun,
kisa ve acik olmalidir. Bashgdin altina, makalenin yazar ya da
yazarlarinin adi, soyadi, e-posta adresleri, posta adresleri,
posta kodu ve ORCID numaralari yazilmalidir.

ingilizce makale bashgi: Makaleyi kapsayici ve anlasilir bir
baslk kullaniimalidir. Baslik buyuk harfle baslamali ve diger
tim harfleri kiigik yazi karakterinde yazilmalidir. Baslik, ge-
rektiginde standart kisaltmalarla birlikte en ¢cok 15 kelimeden
olugmalidir.

Tiirkce makale bashgi: ingilizce makale baghgdiyla uyumlu
olmalidir.

Yazar adlari ve adres bilgileri: Yazar adlarinin ve soyadla-
rinin ilk harfleri blyUk diger tim harfleri kiiglik olacak sekilde
yazilmahdir. Galigmanin yurutilmus oldugu yer yazar isim-
lerinden sonra gelmelidir. Yazari ve galismanin yUrittldigua
yeri iligkilendirebilmek amaciyla yazarin soyadindan sonra
ve galismanin yiritilmis oldugu yerden 6nce Ustsimge (1,
2, 3 vb.) ile numaralandiriimalidir. Sorumlu yazar, soyadin-
dan sonra " * " simgesi ile belirtiimelidir. Adres bilgileri igeri-
sinde g¢alismanin yuratildigu yer, sehir, posta kodu ve Ullke
adi yer almalidir. Adres bilgilerinden sonraki satira her bir
yazarin e-posta adresi yazar isimlerinin sirasina uygun ola-
rak verilmelidir.

Ozet: Ana metne atif yapmadan makalenin konusu anlasilir
bir sekilde 6zetlemelidir. Ozet 220 kelimeyi gecmemelidir.
Standart olmayan kisaltmalar ilk kullanildiginda tam olarak
yazilmaldir.

Anahtar Kelimeler: Ozetten hemen sonra gelmelidir. En
fazla 5 anahtar kelime, harf sirasiyla verilmelidir. Anahtar
Kelimeler konuyu aciklayici kelimelerden secilmelidir. Her bir
anahtar kelime "," ile ayrilmalidir. Anahtar kelimeler ciimle

icermemelidir.

Abstract: Ozette verilen metnin Ingilizceye gevrilmesiyle
olusturulmalidir. Ondalikli sayilar kullanihiyorsa bu sayilarin
Tirkge Ozette ", " ingilizce 6zette " . " olmasina dikkat edil-
melidir.

Key Words: ingilizce ozetten sonra veriimelidir. Tirkce
anahtar kelimelerle uyumlu olmalidir. Konu ile ilgili en ¢ok 5
anahtar kelime alfabetik olarak yazilmalidir.

MAKALE KONTROL LiSTESi FORMU

Makalenin metin béliminin dergi yazim kurallarina uy-
gunlugunun kabul edildigini gésteren formdur. Bagvurular
yapilmadan énce Makale Kontrol Formunun doldurulmasi
gerekmektedir. Kontrol formu makalenin ilk sayfasi olarak
verilmelidir. Dergi formatina uygun olmayan veya kontrol lis-
tesi doldurulmamis olan basvurulan degerlendiriimeye alin-
mayacaktir.

MAKALE METNI

Makale Kontrol Listesi Formundan hemen sonra Makale

Metni baglamalidir. Makaleler asagida verilen detaylar g6z

Oonunu alinarak hazirlanmalidir.

- Makalenin metin bolimi Times New Roman 12 punto
Yazi Tipi karakterinde, Microsoft Office Word 2010 ve lize-
ri bir kelime islemci ile hazirlanmasi ve Microsoft Office
Word'un Yazim ve Dilbilgisi boliminden yazim hatalarinin
kontrol edilmesi ve dizeltiimesi gerekmektedir.

- Makale tek siitun halinde mimkun oldugunca yalin olarak,
2,5 cm kenar bosluklar kullanilarak A4 sayfasinda olustu-
rulmalidir.

- Makale dizenlenirken sayfa dizeninin degistiriimemesi
gerekmektedir.

- Satir araliklari 1,5 olarak ayarlanmali ve paragraflar ara-
sinda bir satir bosluk birakilmalidir. Paragraflar oncesi
veya sonrasinda otomatik aralik birakilmamalidir.

- Sayfa gegcislerinde bdlim sonlari eklenmemeli ve tim Ma-
kale tek bir bélimden olugsmalidir.

- Tum basliklarin yaninda ingilizce karsiliklari parantez ice-
risinde yazilmalidir.

- Makale metni referanslar dahil arastirma makaleleri igin
14.000 kelimeyi tarama makaleleri igin ise 22.000 kelimeyi
gecmemelidir.

- Tablolar ve Sekiller Dergimizin istemis oldugu formata uy-
gun olarak hazirlanmadir.

- Makale metni, ana basliklarla bélimlere ayrilmali ve her
bolim bashdr numaralandiriimalidir.  Numaralandirma
islemleri ana bolimler igin 1.'den baglamali ve tim ana
basliklar (Ozet, Tesekkiir, Kaynaklar ve Ekler bdlimleri
harig) igin devam etmelidir. Ikincil bagliklar ana béliim nu-
maralandirmasina uygun olarak 1.1., 1.2., 1.3., ... seklinde
devam etmelidir. Uglincli basliklar ikinci bagliklara uygun
olarak 1.1.1., 1.1.2., 1.1.3., ... seklinde devam etmelidir.




YAZIM KURALLARI

Ornek bir makale formati agagida verilmistir:

Kapak sayfasi

1.Girig (Introduction)

2.Malzemeler ve Yontemler (Materials and Methods)
3.Sonuglar ve Tartisma (Results and Discussion)
4.Sonuglar (Conclusions)

5.Simgeler (Symbols)

Tesekkir (Acknowledgment)

Kaynaklar (References)

Ekler (Appendices)

1. Girig (Introduction)

Detayli bir literatlir 6zeti, calismanin amacini ve kurulmus
olan hipotezi icermelidir. Kaynaklar toplu olarak ve aralikli
verilmemeli (6rnek [1-5] veya [1, 2, 3, 5, 8]), her kaynadin ca-
lismaya katkisi irdelenmeli ve metin igerisinde belirtiimelidir.

2. Malzemeler ve Yontemler (Materials and Methods)
Yuritilmus olan calisma deneysel bir calisma ise deney
proseduri/metodu anlasilir bir sekilde aciklanmalidir. Teorik
bir calisma yuritilmuisse teorik metodu detayl bir sekilde
verilmelidir. Yapilan ¢alismada kullanilan metot daha 6nce
yayinlanmis bir metot ise diger ¢alismaya atif yapilarak bu
calismanin diger calismadan farkli belirtiimelidir.

3. Sonuglar ve Tartisma (Results and Discussion)
Elde edilen verilen acik ve 6z bir sekilde verilmelidir. Elde
edilen tim veriler literatir ile karsilastiriimalidir.

4. Sonuglar (Conclusions)
Elde edilen verilen acik ve 6z bir sekilde verilmelidir. Elde
edilen tim veriler literatur ile karsilagtiriimalidir.

5. Simgeler (Symbols)

Makalede kullanilan simgeler acgiklamalariyla birlikte alfabe-
tik siraya uygun olarak dizenli bir sekilde verilmelidir. Kul-
lanilan diger simgeler alfabetik siralamadan sonra gelebilir.
Gerektiginde “Yunan Harfleri”, “Alt indis” gibi alt basliklar
kullanilabilir.

Tesekkiir (Acknowledgment)
Makalenin sonunda ve kaynaklar blimunden énce verilir.

Kaynaklar (References)

- Basilmis kaynaklarin DOI ve ISBN numarasi belirtiimelidir.

- Internet sitesi adresleri (URL) kaynak olarak veriimeme-
lidir. Ancak metin icerisinde verinin gectigi yerde veriden
sonra belirtilebilir.

- Kaynaklar listesi metin igerisinden kullaniima sirasina uy-
gun olarak numaralandiriimahdir.

- Kaynaklar, “APA Publication Manual, Seventh Edition” ku-
rallarina uygun olarak hazirlanmalidir.

- Kaynaklar ingilizce olarak hazirlanmalidir. Tiirkge kaynak-
larin ingilizce karsiliklari kdseli parantez icerisinde belirtil-
melidir.

Kaynaklar igcin Orneklere https://apastyle.apa.org/style-
grammar-quidelines/references/examples adresinden ulasi-
labilir.

Kaynaklar igin 6rnekler asagida verilmigtir:
- Kaynak bir makale ise: Yazarin soyadi, Adinin bas har-

fi. (Yil). Makalenin tam bashgi. Derginin Tam Adi, Cilt no
(Sayi1 no), makalenin baglangig ve bitis sayfa no.

Uysal, I., Yilmaz, B., & Evis, Z. (2020). Boron doped hydroxyapatites
in biomedical applications. Journal of Boron, 5(4), 192-201.

- Kaynak yazari verilen bir kitap ise: Yazarin soyadi, Adi-
nin bas harfi. (Yil). Kitabin Adi. (cilt no, varsa editérd). Ya-
yinevinin adi. ISBN veya DOI numarasi.

Yunld, K. (2019). Bor: Bilesikleri, Sentez Yéntemleri, Ozellikleri, Uy-
gulamalari. [Boron: Its Compounds, Synthesis Methods, Properties
and Applications] (2nd Ed.). Aydili Advertising Agency. ISBN 978-
605-5310-93-6.

- Kaynak editori verilen bir kitap ise: Editorin soyadi,
Adinin bas harfi (Eds.). (Y1l). Kitabin Adl. (cilt no). Yayine-
vinin adi. ISBN veya DOI numarasi.

Korkmaz, M. (Eds.). (2020). Bor ve insan Sagligi [Boron and Human
Health]. Kuban Printing and Publishing. ISBN 978-605-9516-69-3.

- Kaynak kitaptan bir boliim ise: Bolim yazarinin soya-
di, Adinin bas harfi. (Y1l). Kitabin Adi. In bolim editériiniin
Soyadi, Adinin bas harfi (Eds.), Béliimiin Adi (Varsa cilt
no, alintilanan sayfalar). Yayinevinin adi.

Hakki, S., & Nielsen, F. N. (2020). Boron and Human Health., An-
ti-Inflammatory and Anti-Microbial Potentials of Boron in Medicine
and Dentistry (pp. 67-82). Nobel Academical Publishing, Education,
Consultancy Ltd.

- Kaynak basilmis tez ise: Yazarin soyadi, Adinin bas har-
fi. (Yil). Tez Basligi [Tezin kategorisi, Universite]. Tezin ka-
yitl oldugu arsiv. Varsa tezin baglantisi.

Akbaba, S. (2018). Biopolymer modified polypropylene mesh for
hernia treatment [M. Sc. thesis, Middle East Technical Univer-
sity]. Council of Higher Education Thesis Center (Thesis Number

527833).

- Kaynak kongreden alinmis bir teblig ise: Yazarin so-
yadi, Adinin bas harfi. (Yil). Tebligin adi. Kongrenin Adi,
Yapildigi yer, Tebligin baslangi¢ ve bitis sayfa no.

Akbaba, S., Atila, D., Tezcaner, T, & Tezcaner A. (2018).
BIOMED2018-TR 23. Biyomedikal Bilim ve Teknoloji Sempozyu-
mu [BIOMED2018-TR 23rd Biomedical Science and Technology

Symposium], Turkey, p. 43.

Ekler (Appendices)

Makaledeki ekler EK A (Appendix A), EK B (Appendix B) ve
EK C (Appendix C) vb. olarak adlandiriimalidir. Ekler igeri-
sindeki denklem numaralandirmalari A1, A2, A3 vb. olarak,
Tablo ve Sekil numaralandirmalari Tablo A1, Tablo A2, Sekil
A1, Sekil A2 vb. olarak adlandiriimahidir.

Diger Hususlar

Esitlik Numaralari: Metin igerisinde esitlikler Es. 1, Es. 2
seklinde verilmelidir. Esitlik numaralandirmalari parantez
icerisinde (1), (2), (3) vb. olarak, reaksiyon numaralandirma-
lari (R1), (R2), (R3) vb. olarak numaralandiriimahdirlar.

Birimler: Metin, sekil ve tablo igerisinde Sl birim sistemi kul-
laniimahdir.




YAZIM KURALLARI

Sekiller ve Tablolar:

- Tablo icermeyen butun goéruntiler (fotograf, ¢izim, diyag-
ram, grafik, harita vs.) sekil olarak belirtilir.

- Tablo ve sekiller metin icinde gecislerine gére numaralan-
dirimali, butiin tablo ve sekiller ilgili paragraftan hemen
sonra verilmelidir. Tablo ve sekillerin her birinin metin igeri-
sinde bahsedildiginden emin olunmalidir.

- Tablo basliklari tablonun Ustiine ve sekil basliklari seklin
altina konulmalidir. Tablolarin ve Sekillerin Tirkge baglik-
larindan sonra ingilizce bagliklari parantez icerisinde veril-
melidir.

- Makaleye eklenecek sekiller (fotograf, cizim, diyagram,
grafik, harita vs.) mutlaka ylksek ¢ozinurlikte (300dpi
veya Ustl) olmalidir. Kabul edilen goriinti formatlari jpeg,
png, tiff, bmp, eps, wmf, emf veya pdf'dir. Dosya boyutlari
1 Mb’ti gegmemelidir.

- Boyutlandirma iglemi orijinal veri Gzerinde yapilmaldir.
Eksen basliklari, etiketlendirme ve aciklamalari (metin
kutusu, oklar, Uste resim vb. sekilde) Word igerisinde ya-
pilmamalidir. Grafik, Word belgesine tek bir 6ge halinde
eklenmelidir

- Tablolar resim olarak verilmemelidir. Blyuk tablolarin tek
bir sayfaya sigmasi tercih edilir. Sekillerde el yazisi kulla-
nilmamalidir. Renkli fotograflar kabul edilebilir ancak bas-
ki siyah-beyaz formata olacaktir. Grafiklerin siyah-beyaz
baskida belirgin olabilmesi i¢in uygun simgelerin kullanil-
masina 6zen gdsterilmelidir.

Yapisal Diyagramlar ve Matematiksel Denklemler: Mole-
kil yapilarinin yani sira matematiksel denklemler metin igin-
de ait olduklari yerde ¢izilmis veya yazilmis olmali ve ayri
bir satirda gdsterilmelidir. Bu molekul yapilari veya matema-
tiksel denklemler sag yaninda ve parantez iginde numara-
landirilarak daha sonraki kullanimlarda bu numaralara atif
yapiimalidir.

Esitlikler ve denklemler icin MS Word Equation Editor fonk-
siyonu, simgeler icin ise MS Word'de Insert/Symbol fonksi-
yonu kullaniimalidir.

TELIF HAKKI DEVIR FORMU

Yazilarin telif hakki devri, dergi internet sayfasinda sunulan
form doldurulup imzalanmak suretiyle alinir. imzali Telif Hak-
ki Devir Formunu géndermeyen yazarlarin yayinlari deger-
lendirmeye alinmaz.

BENZERLIK ORAN DOSYASI

Makalenizin referanslar bolimu dahil Tam Metni "iThentica-
te" veya "Turnitin" programlari ile taranmalidir. ilgili program-
dan alacaginiz benzerlik orani sonucunun PDF formatinda
sistemimize yuklenilmesi gerekmektedir.
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page, article checklist form, article manuscript, copyright
transfer form and plagiarism score file. Contact information
(address, e-mail address and phone number) of the corre-
sponding author must be given in cover letter.

COVER PAGE

A cover page must be prepared and submitted to journal’s
webpage as an individual file. Author information will be visi-
be only to journal editors during initial application.

Title of the article must start with a capital letter and centered
to the page. The title must be brief, clear and appropriate
for the manuscript. Name, surname, e-mail, affiliation, postal
code, city and ORCID number of author(s) must be given
below the title.

Title of the article in English: An inclusive and understand-
able title must be used. The title must start with a capital
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Uppercase numbers must be used in order to relate the au-
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with the asterisk sign “ * 7, after their surname. Address infor-
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Abstract: Topic of the article must be summarized without
citing the article. An abstrat must not exceed 220 words.
Non-standard abbreviations must be explained when used
for the first time.

Keywords: Must be placed after abstract. Maximum 5 words
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chosen from explanatory words about the topic. Every key-
word must be separated from each other with “, ”. Keywords
must not include full sentences.

Abstract in English: Must be formed by translating the text
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Keywords in English: Must be placed after Abstract in Eng-
lish. Must be in concordance with Turkish keywords. Maxi-
mum of 5 words must be written with the alphabetical order,
about the topic.

ARTICLE CHECKLIST FORM

It is the form that shows approval of the article manuscript
to the journal’'s writing rules. Article Checklist Form must
be filled before submission. Article Checklist Form must be
given as the first page of the monuscript. Applications that
are not in accordance with the journal’s format or submitted
without Article Checklist Form will not be evaluated.

ARTICLE MANUSCRIPT

Article Manuscript must be placed after Article Checklist

Form. Article manuscript must be prepared by considering

details given below.

- Article manuscript must be prepared with Times New Ro-
man font and 12 font size by using Microsoft Office Word
2010 or later version word processor. Misspelings and
grammatical errors must be checked and corrected by us-
ing Microsoft Office Word’s proofing errors section.

- Article manuscript mus be prepared in A4 size page with
2.5 cm margins from each side, as a single column.

- Page order must not be changed when aricle is rewieved.

- Line and paragraph spacing must be set to 1.5 and there
must be 1 line space between paragraphs. There must be
no automatic line spacing before and after paragraphs.

- There must be no page breaks between pages and whole
manuscript must consist of a single section.

- In case the article is in Turkish, translation of all headings
must be given in parantheses.

- The manuscript must not exceed 14,000 words for re-
search articles and 22,000 for review articles including
references.

- Tables and figures must be prepared according to the jour-
nal’s requirements.

- The manuscript must be divided into main sections and
each section must be numbered. Numbering must start
from 1 and go on for all main sections (Except for Abstract,
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tions). Secondary headings must be numbered as 1.1.,
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1. Introduction
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esis of the conducted study. Contribution of a reference must
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not be given collectively.

2. Materials and methods

If the manuscript is for a research article, experimental meth-
ods must be explained in an understandible and detailed
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if a theoretical study was conducted. If the method that was
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3. Results and discussion
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4. Conclusions
Main conclusions of the conducted study must be given bi-
refly.
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5. Symbols

Symbols that are used in the manuscript must be given
with an alphabeticl order. Other symbols can be given after
the alphabetical order. Greek letters and subscripts can be
used, if required.
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Acknowledgements is given after the manuscript and before
the references.
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- Webpages (URL) must not be used as a reference. They
can be used only in manuscript after data.

- References must be numbered with the same order as
mentioned in the manuscript.

- References must be prepared according to “APA Publica-
tion Manual, Seventh Edition” rules.

- References must be prepared in English. English transla-
tion of Turkish sources must be denoted with square brac-
kets.
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- If the source is a book with editor: Editor’s Last Name,
Initial of Editor’s First Name (Eds.). (Year). Book’s Name.
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- If the source is a chapter from a book: Chapter Au-
thor’s Last Name, Initial of Chapter Author’s First Name.
(Year). Book’s Name. In Last Name of Chapter’s Editor,
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(Volume niumber if present, Pages). Publisher.
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Inflammatory and Anti-Microbial Potentials of Boron in Medicine
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Consultancy Ltd.

- If the source is a published thesis: Author’s Last Name,
Initial of Author’s First Name. (Year). Thesis title [Thesis
category, University]. Archieve that the thesis is registered
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Appendices

Appendices in the manuscript must be named as AP A (Ap-
pendix A), AP B (Appendix B) and AP C (Appendix C) etc.
Equation numbering within the appendix must be as A1, A2,
A3 etc., whereas Table and Figure numbering must follow as
Table A1, Table A2, Figure A1, Figure A2 etc.

Other Issues

Equality Numbers: Equations in the manuscript must be
given as Eq. 1, Eq. 2. Equations must be numbered in brack-
ets as (1), (2), (3), etc., and reaction numbers as (R1), (R2),
(R3), etc.

Units: The Sl unit system must be used in the text, figures
and tables.

Figures and Tables:

- All images (photographs, drawings, diagrams, graphs,
maps, etc.) that do not contain tables are considered as
figures.

- Each table and figure must be numbered according to
their transition in the text, and all tables and figures must
be given right after mentioned paragraph in manuscript. It
must be made sure that each table and figure was men-
tioned in the text.

- Table captions must be placed above the table and figure
captions must be placed under the figure. Table and figure
captions must also be noted in English and given in paren-
theses if the manuscript is in Turkish.

- Figures (photograph, drawing, diagram, graphic, map,
etc.) to be added to the article must be at high resolution
(300dpi or higher). Accepted image formats are jpeg, png,
tiff, bmp, eps, wmf, emf or pdf. File sizes must not exceed
1 Mb.

- The sizing process must be done on the original data. Axis
titles, labelling and explanations (such as text box, arrows,
picture on top, etc.) must not be added with Word. The plot
must be added to the Word document as a single element.

- Tables must not be added as pictures. Large tables are
preferred to be fit in a single page. Handwriting must never
be used in figures. Although colorized figures are accepta-
ble, printing will be done in black-white format. Appropriate
symbols must be used in order for figures to be prominent
in black-white printing.

Structural Diagrams and Mathematical Equations: Math-
ematical equations as well as molecular structures must be
drawn or written where they belong in the text and displayed
on a separate line. These molecular structures or mathemat-
ical equations must be numbered on the right side and in
parentheses for later referring.

MS Word Equation Editor function must be used for equa-
tions, and Insert/Symbol function in MS Word for symbols.
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