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Abstract

The wet coating of anhydrous borax powders with stearic acid (SA) to reverse their inherent hydrophilic
surface properties was investigated. The coating procedure was based on the results from a previous study
that revealed that the stearic acid solution (2 wt. % SA) mixed for 60 minutes at 750 rpm on the magnetic
stirrer was sufficient for the surface modification of anhydrous borax. For the experiments, stearic acid
powders were first dissolved in water at 80 °C. The mixture obtained by adding anhydrous borax powders
to this solution was vigorously mixed on a magnetic stirrer to initiate and complete the surface modification.
Each of these solutions was then filtered using a filter paper to separate the undissolved particles, and the
residue on paper was dried at 50°C for 48 h until constant weighing was obtained. Wettability has been
accepted as a key parameter for success in wet coating treatment. This parameter gained via the
experimental characterization technique was used for an evaluation of the powder properties. The degree
of wettability of anhydrous borax powders was measured and compared both after their surfaces were
coated with stearic acid and after they were treated with water for a certain period of time in an aqueous
environment. The stearic acid coating made the powder hydrophobic and this property was highly preserved
after washing.

Keywords: Surface modification, Anhydrous borax, Stearic acid, Wet Coating, Solubility.

Susuz Boraksin Stearik Asit ile Islak Kaplama Yontemi
ile Yiizey Modifikasyonu

Oz

Susuz boraks tozlarmin dogal hidrofilik yiizey 6zelliklerini tersine ¢evirmek igin stearik asit (SA) ile 1slak
kaplanmasi arastirilmistir. Kaplama prosediirii, manyetik karistirici iizerinde 750 rpm'de 60 dakika siireyle
karistirilan stearik asit ¢ozeltisinin (agirlik¢a% 2 SA) susuz boraksin yiizey modifikasyonu igin yeterli
oldugunu ortaya ¢ikaran 6nceki bir ¢aligmanin sonuglarina dayanmaktadir. Deneyler igin, stearik asit tozlari

once 80°C'de suda ¢oziilmiistiir. Bu ¢ozeltiye susuz boraks tozlarinin ilave edilmesiyle elde edilen karigim,
ylizey modifikasyonunun baglatilmasi ve tamamlanmasi i¢in manyetik bir karistirici ile kuvvetli bir sekilde
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karigtirillmistir. Daha sonra bu ¢ozeltilerin her biri, ¢dziinmemis pargaciklar: ayirmak i¢in bir filtre kagidi
kullanilarak siiziilmiig ve kagit tizerindeki tortu, sabit tartim elde edilene kadar 48 saat boyunca 50 ° C'de
kurutulmustur. Islanabilirlik, islak kaplama isleminde basart i¢in anahtar bir parametre olarak kabul
edilmistir. Deneysel karakterizasyon teknigi ile elde edilen bu parametre, toz Ozelliklerinin
degerlendirilmesi igin kullanilmigtir. Susuz boraks tozlarimin 1slatilabilirlik derecesi hem yiizeyleri stearik
asit ile kaplandiktan sonra hem de sulu ortamda belirli bir siire su igerisinde bekletildikten sonra Sl¢tilmiis
ve karsilastirilmustir. Stearik asit kaplamasini tozu hidrofobiklestirmis ve yikama sonucunda da bu 6zellik
yiiksek oranda korunmustur.

Anahtar Kelimeler: Yiizey modifikasyonu, Susuz boraks, Stearik asit, Islak kaplama, Coziintirliik.

1. Introduction

Boron-bearing compounds are commonly utilized in many industrial areas such as
glass, ceramics, refractories, cement, metallurgy, agriculture, pharmaceuticals, cosmetics,
automotive, and communications [1, 2]. Due to its promising novel advantages, research
to expand the application areas of boron and its derivatives is gradually increasing.
Minerals containing boron are named with different names in terms of alkaline, alkaline
earth, boron oxide (B203) and water content, and crystal structures. However, only some
of them (tincal, ulexite, colemanite, etc.) are of commercial importance [3, 4]. Refined
borates (penta- and deca- hydrate borax, anhydrous borax, boric acid, etc.) are chemically
processed run of mine boron minerals, which are aggregates or concentrates of raw
minerals those further dehydrated with the heating process to obtain final products [5],
[6].

Anhydrous borax, also referred to as disodium tetraborate, has a NaxB4O7 chemical
formula and melting point is 742.5 °C [7] and is produced by direct dehydration of borax
followed by the fusion process at around 1000 °C. Boron utilization provides a process,
which is less energy-intensive than traditional approaches for glass and ceramic industries
due to the excellent fluxing agent and glass-forming properties of the element. The
anhydrous form of borax dissolves in water more slowly than the hydrated forms. The
solubility values of fine-sized crystalline anhydrous borax at 25 °C are 3.37 wt. % in
water, 16.7 wt. % in methanol, and 30 wt. % in ethylene glycol [7].

The most coherent borates for utilization and discharging in the aqueous mediums are
in the form of water-soluble inorganic complexes. Perborate-containing detergents,
boronated fertilizers, additives to corrosion inhibitors in antifreeze formulations, biocides
for cutting fluids, insecticides, and as buffers/preservatives for cosmetic and
pharmaceutical preparations are the best examples of utilization in this manner [8].
However, their partial solubilities in aqueous systems, for instance, in glaze applications,
cause some problems such as deterioration of suspension rheology, mass loss, etc. Besides
partial solubility, they can absorb water from the atmosphere during storage due to their
hygroscopic nature, resulting in the possibility of inaccurate amounts being placed into a
glaze formula [9]. To prevent the above mentioned-failures for applications in aqueous
systems, one must reveal a coating method for boron particles to avoid interaction with
water.

Surface coating is a method that focuses on developing or changing some particular
properties, which are not inherent in the powders. Today, surface coating or modification
technologies are widely used for the production of functional materials, including
ceramics, electronics, medicine, food, cosmetics, and special chemicals [10, 11]. Most of
the commercial powder coatings are done by wet methods such as spray coating, dip
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coating, spinning disc coating, chemical deposition, and sol-gel processes. The wet
coating method is mainly used to create a film or barrier between the particles to be coated
and their surroundings. The coating agents used for this purpose generally consist of
substances that can be dissolved in an organic solvent [12]. A discrete or a continuous
coating can be obtained depending on the preference of equipment and a variety of
operating conditions, including processing time, the weight fraction of the modifier agent
to particles to be coated, and the surface properties of the particles used [10, 11, 13, 14].

The industrial applications of water-soluble borates are limited in aqueous systems
and cause some application failures unless preventive precautions against interaction with
water are taken. The high-cost fritting process is the only industrial method currently
applied to make water-soluble borates insoluble. Despite its commercial importance, an
industrially alternative approach to the fritting process to prevent solubility of borates has
not yet been found. However, a few studies on the production of lower-cost calcined
borate, as an alternative approach, are available in the literature [15].

Although coating techniques have been identified as appropriate for the treatment of
many oxides surfaces, there has been no study in the literature on the surface coating of
borates until recently. On the other hand, the recent studies on the dry coating of
anhydrous borax powders with magnesium stearate [16] and stearic acid [17] it has been
found that promising results to overcome the above-mentioned restrictive conditions.
However, to reduce the solubility of anhydrous borax in water, there is a still need in the
coating process for improvement by adjusting the process parameters such as the modifier
agent and its amount, and coating environment.

In this study, surface modification of anhydrous borax powders was studied to reduce
their solubility in aqueous media. To achieve this goal, unlike our previous studies, stearic
acid, which is cheaper and pure than magnesium stearate, as the modifying agent, and wet
coating environment instead of a dry one, which causes some adverse effects on particle
size and morphology of powders, was used as a coating medium. The main idea is that
the coating with the dissolved stearic acid will delay the transformation of borates into
hydrate forms, hence decreasing solubility and increasing the durability in aqueous
systems. A constant amount of modifier agent and constant coating periods in the closed
coating environment were used to accomplish this goal. The processed powders were
characterized by their wettability properties.

2. Material and Method

Anhydrous borax (ABX) powders with a fineness of less than 500 microns and high
purity (99 %) were supplied from Eti Mining Plants. Before the coating process, ABX
powders were ground via dry milling to get the particles less than 100 um. Their measured
d10, d50, and d90 values were 6.5 um, 40.6 um, and 100.6 um, respectively, and BET
surface area was 1.00 m?/g. The fatty acid used as a coating agent was stearic acid (SA),
which is a fine-sized lubricous and cohesive powder widely used in the pharmaceutical
formulation as a lubricant and was supplied by As Kimya (Istanbul). SA was directly used
without any enrichment, purification, or grinding. The main characteristics of the SA
powders are given in Table 1.
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Table 1. Technical data of stearic acid

Property Value
Formula CH3(CH2)16COOH
Mw (g/mol) 284.47
Boiling point (°C) 383
Melting point (°C) 69.08
Density (gr/cm?) 0.941
Solubility in water (g/100 mL) at 25 °C 0.034

2.1. Wet Coating of ABX Powders with SA

The following procedure was carried out for surface modification of ABX powders
by a wet coating method. SA powders were dissolved in water first in order to perform
the coating process. The SA powders included in 100 mL of water in a beaker were placed
on a hot plate of a magnetic stirrer and then mixed at 750 rpm and 80 °C to dissolve the
SA. 10g ABX powder was added to the mixture of SA powders of solution and stirring
was continued for 1 hour at 80°C 750 rpm. After the coating took place, the solutions
were filtered with filter paper, and the powders deposited on the filter paper were dried at
50°C for 48 hours. The dried powders were shaped with the help of a hydraulic press and
then analyzed. The coating durability of the surface-treated powder was measured by the
washing test. The schematic presentations of the experimental set-ups used in the
experiments are shown in Figure 1.

Figure 1. Experimental set-ups for wet-coating process and filtration process

In this research study, surface wettability was accepted as a success criterion for
surface modification of anhydrous borax powders by a wet coating method. The contact
angle measurements for surface wettability were performed.
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2.2. Characterization of Surface-Coated ABX Powders
2.2.1. Wettability measurements

In order to determine the effect of SA coating on mitigating the water interaction of
ABX, the wettability tests were performed on ABX samples before and after wet coating
treatment. The wettability of the samples was measured at 25 °C by the sessile drop
method using an optical tensiometer (KSV Attension ThetalLite TL 101). Wettability
measurements were carried out by measuring the contact angle of the water dropped onto
the surfaces of the samples prepared by pressing from ABX powders as tablets. The tablet
discs with a 1.5 cm diameter were made by compression under a load of 10 kN using a
uniaxial manual hydraulic press and labeled discs were kept in a desiccator until contact
angle measurements. The analyses were repeated three times for each sample, and
average values were obtained. In the measurements, the contact angle values in the 2nd
second were taken into consideration.

2.2.2. FTIR measurements

In order to detect possible structural changes after the dry coating and washing
process, Fourier-transform infrared (FT-IR) was used. Infrared spectra of surface coated,
uncoated, and washed ABX samples were imaged using a Perkin Elmer Spectrum BX
spectrophotometer with a resolution of 4 cm™! from 4000 to 500 cm™ 1

3. Results and Discussion
3.1.  Surface Wettability of SA-Coated ABX Powders

The contact angle measurements of the samples that are untreated; surface treated and
washed for 60 min after coating are listed in Table 2 and Figure 2. As indicated in the
table, the contact angles of untreated ABX powders were measured as 18°. Surface coated
powders were measured to give a contact angle of 92°. The high measured value of contact
angle for the surface-coated sample provided a significant increment in hydrophobicity
compared with that of uncoated ABX. This situation is because stearic acid in an effective
manner decreases the free energy of the ABX surfaces because of the entity of the -CH>
groups on the surface of ABX. Considering the contact angle of the sample measured
after washing, the coating integrity was not greatly affected. Consequently, after the
washing process, the samples retained their hydrophobic properties.

Table 2. Contact angles of SA-coated, uncoated, and washed ABX powders

Processing Period (min.) Amount of SA (wt.%) Washing Process

0 2 (60 min.)
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60 18° 95° 90°

Figure 2. Contact angle measurements of a) untreated b) SA coated, and c) washed ABX specimens.
3.2 FT-IR Spectroscopy

FT-IR spectroscopy is a practical analysis instrument to examine the interaction
between active groups at the molecular level. The FT-IR spectra of uncoated, surface-
coated, and washed ABX samples are shown in Figure 3. The IR spectra of all samples
expose the same bands in the wavelength between 700-1600 c¢cm™!, which are the
distinctive vibrations of borax. The weak band at 709 cm™* demonstrates the B-O-B ring
bending. The bands at 825, 997, 1076, and 1132 cm™ ! are assigned to the stretching of
tetragonal (BO4) units. The bands seen at 945, 1283, 1337, and 1426 cm™ ! wavelengths
are attributed to the stretching of trigonal boron (BO3) groups. These assignments are
coherent with the pertinent literature.
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Figure 3. FT-IR spectra of surface-coated and uncoated and washed ABX samples.

Stretching vibrations seen at wavelengths of 2800-2950 cm! in coated and washed
samples are indicative of the stearic acid coating on the surface of ABX powders.
Stretching peaks became more clarified in the washed samples. Additionally, the bands at
1467 and 1561 cm'! are assigned to stretching vibrations in the CH3(CH)16COO- groups.
Stretching seen in these regions also proves that the stearic acid is on the ABX surface.
These findings are consistent with the result obtained by Focke et al. [18] and Qing et al.,
[19] respectively. No additional and shifted bands were also monitored in the spectra of
SA-coated ABX, and this remarks that there is no chemical interaction between SA and
ABX, thus evidencing the inertness of ABX.

4. Conclusions and Recommendations

The experimental studies aimed to decrease anhydrous borax's solubility in water by
covering it with hydrophobic stearic acid. The coating success was evaluated in terms of
contact angle measurements. With the SA coating, the powders were given hydrophobic
properties and the contact angle was increased from 18° to 95°.

The obtained findings have some differences from the results reported in the previous
work [16], [17]. Studies of stearic acid and magnesium stearate coating on ABX powders'
surfaces by the dry method have shown that it provides different physical properties than
its pristine form. When wettability properties of ABX powders were evaluated together,
the dry-coated ABX powders with 1 wt. % SA for 60 min and 1 wt. % Mg-St for 120 min
were found to give the best results in both behaviors. The minimum solubility values for
the same samples were measured at 8.6 % for stearic acid coating and 10 % magnesium
stearate coating. This result showed that the stearic acid to reduce the water solubility of
ABX would be better as a coating agent than magnesium stearate, and the lower solubility
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values at the shorter processing times could be achieved with stearic acid than that of
magnesium stearate. Anhydrous borax surfaces are also highly hydrophilic (25°), and
their surface wettability was altered to hydrophobic via dry coating with stearic acid (99°)
and magnesium stearate (115 °).

Notably, in comparison with the results of our previously presented dry coating of
anhydrous borax [[16], [17], it was understood that when the stearic acid is coated on the
anhydrous borax surfaces by the wet method, lower solubility values but lower wetting
angle values were obtained. This result has proven that the coating quality is highly
dependent on both the type of the modifier and preferred coating technique.

This study presents physical changes in the properties concerning the wet coating of
anhydrous borax powders through stearic acid addition. Besides, this study presents
changes in the physical properties of anhydrous borax powders after wet coating with the
addition of stearic acid and after washing. Anhydrous borax is a water-soluble powder
and could be altered to a poorly soluble state via wet coating with stearic acid. The
washing test shows that the SA powders were coated to the ABX powders' surface, as
their hydrophobic effects are maintained even after they were washed. The deterioration
in the coating properties resulting from the washing treatments indicates that the coating
is achieved by physical adsorption mechanism rather than by chemical bonding, and is
proven by FTIR analysis. The contact angles of the ABX powders were treated with 2 wt.
% SA for 60 were greater than 90°, i.e., the surfaces are hydrophobicised. After the
washing process, although the hydrophobic properties are preserved, it decreases to 89°
and there is a slight loss.
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Abstract

Calcium phosphate coatings are coated on metallic implants by different methods like plasma spray, sol-
gel, electrolytic, biomimetic, etc. Because they have biocompatible properties that can able to bond to the
bone. There are many calcium phosphates that have different Ca/P ratios. Tricalcium phosphate (TCP),
tetracalcium phosphate ( TTCP), dicalcium phosphate dihydrate (DCPD) and hydroxyapatite (HA) are the
most common calcium phosphate compounds. In this study, calcium phosphate-based bioceramic powders
with different compositions (DCPD, TCP, HA and TTCP) were produced by the sol-gel method. Particle
size, scanning electron microscopy (SEM-EDX) analyzes were performed on the synthesized powders.
They were coated on the titanium surface by the Plasma spray method. After coating layers were

characterized by SEM-EDX, microhardness tests and thickness of layers were measured.

Keywords: Biomaterials, Titanium, coating, plasma spray

Titanyum Implantlar Uzerine Plazma Sprey Kaph
Kalsiyum Fosfatlarin Karakterizasyonu Etkileri

10
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Kalsiyum fosfat kaplamalar, metalik implantlarin lizerine plazma sprey, sol-jel, elektrolitik, biyomimetik
vb. gibi farkli yontemlerle kaplanir. Ciinkii kemige baglanabilen biyouyumlu 6zelliklere sahiptirler. Farkli
Ca/P oranlarina sahip bir¢ok kalsiyum fosfat vardir. Trikalsiyum fosfat (TCP), tetrakalsiyum fosfat
(TTCP), dikalsiyum fosfat dihidrat (DCPD) ve hidroksiapatit (HA) en yaygin kalsiyum fosfat
bilesikleridir. Bu ¢aligmada, farkli bilesimlerde (DCPD, TCP, HA ve TTCP) kalsiyum fosfat bazli
biyoseramik tozlar sol- jel yontemi ile liretilmistir. Sentezlenen tozlar {izerinde partikiil boyutu, taramali
elektron mikroskobu (SEM-EDX) analizleri yapildi. Titanyum yiizeyine plazma piiskiirtme yontemi ile
kaplandi. Kaplama katmanlar1 SEM-EDX ile karakterize edildikten sonra, mikrosertlik testi ve
katmanlarin kalinlig1 6l¢iilmiistiir.

Anahtar Kelimeler: Biyomalzeme, titanium, Kaplama, plazma sprey.

1. Introduction

Biomaterials have an extensive use on orthopedics as implants or wound dressing
materials for support and/or tissue regeneration strategies [1, 2]. Biomaterials should
ideally be biocompatible, bioactive, biodegradable, osteoconductive and osteoinductive,
to provide a three-dimensional (3D) environment capable of promoting cell adhesion,
proliferation, and differentiation for bone repair/regeneration [3-5]. The main types of
orthopedic biomaterials are natural biological materials, medical polymers, titanium,
and its alloys, bioceramics, and bioglasses. Calcium phosphate (Ca-P) based ceramics
have proved to be attractive materials for biomedical applications. Calcium phosphate
(Ca-P) ceramics are now the leading alternative to natural bone grafts, as they closely
resemble natural bone minerals, and exhibit excellent biocompatibility,
osteoconductivity, and bone-bonding properties. Moreover, some Ca-P ceramics have
been shown to possess intrinsic osteoinductivity due to their physical and chemical
properties [6,7,].

CaPs, in particular HA and TCP, are often used in the form of coatings on metallic
implants to confer the biological and mechanical advantages of both types of materials.
The HA-coated metallic implants show high tensile strength and ductility of the metal
and bioactivity of HA. There are quite a number of processes to apply coatings, as well
as a nearly unlimited number of coating materials [7,8]. To select the correct
combination for the respective application, the knowledge of specialists is usually
required. Thermal spraying (TS) is a surface coating process in which heated or molten
particles are accelerated towards a surface to be coated. When the particles hit the surface
a lamellar microstructure is formed [9-11].

Another important coating method is plasma spray coating. The plasma-spray
coating technique has been widely used in surface engineering to ensure efficient
processing and reduced cost of operation and maintenance in many industries [12-14].
With this coating method, carbon-carbon Coating of Ca/P biomaterials is performed on
the substrate. The density, porosity, and bonding strength of the coating by plasma

11
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spraying are also higher than the coating prepared by other coating methods.
Additionally, plasma spraying can increase the shear strength of Ca- P bioactive coating
[15,16]. Various calcium phosphate compounds were given in Table 1.

Table 1. Ca/P ratios for different Ca-P compounds

Compound Abbreviation Structural formula Ca/P ratio
Dicalcium phosphate dihydrate =~ DCPD Ca(HPO4).2H20 1.00
Tricalcium phosphate TCP Ca3(PO4)2 1.50
Hydroxyapatite HA Cai0(PO4)s(OH)2 1.67
Tetracalcium phosphate TTCP Cas(PO4)20 2.00

In this study, the effects of Ca/P ceramics on coating metallic implants such as
Calcium phosphate-based tricalcium phosphate, and hydroxyapatite were determined
using plasma spray coating. Particle distribution rates have been determined according
to coating conditions. After the SEM and EDX analysis, the results of the coating
parameters were obtained. In addition, the microhardness and coating thicknesses of the
coatings were also found.

2. Material and Method

2.1. Materials

As a metallic implant material, Titanium discs, Ti-Grade 2, with 10 mm diameter and 5
mm thickness were used as an implant substrate in this experiment. Analytic-grade
diammonium hydrogen phosphate [(NH4)2HPO4], calcium nitrate tetrahydrate
[Ca(NO3)2-4H20], Isopropyl alcohol (IPA), and ammonia solution (28—-30%; NH40OH)
were purchased from Merck and used as received without further purification.

Calcium phosphates with different Ca / P ratios (DCPD, TCP, HA, and TTCP) were
synthesized using the sol-gel method. The solutions were prepared and mixed as shown
in the experimental flow chart (Fig. 1). The pH of the final solutions was adjusted in 11
by NH40OH. The powders obtained were filtered through a filter paper and dried in an
oven at 105°C for 6 hours. Then calcium phosphate powders were calcined in a furnace
at 1000°C for 2 h.

12
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Ca(NO})2 solution

(NH,),HPO,
Ca/P=1.00, 1.50, 1.67, 2.00
solution

Heating and Mixing

1)

Drying

1l

pH adjustment by NH,OH

Calcination @ 1000 °C, 2 hr

1l

DCPD, TCP, HA, TTCP

Figure 1. Experimental flow chart

3. Results and Discussion

1. Particle Size Distribution

Particle size distribution of powders was performed by Dry laser particle sizer
(MICROTRAC S3500). d50 values of DCPD, TCP, HA, and TTCP powder were
20.40, 5.73, 4.46, and 2.26 um respectively.
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Figure 2. Particle Size Distribution of DCPD Powder
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Figure 5. Particle Size Distribution of TTCP Powder
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3.2 SEM Analysis

SEM analysis of powders was analyzed by scanning electron microscopy (SEM,
TESCAN VEGA II). As shown in Fig. 6-9 powders have a spherical morphology and
they are agglomerated. SEM images were proved particle size distribution analysis
results.
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Figure 6. SEM Analysis of DCPD Powder
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Figure 7. SEM Analysis of TCP Powder
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Figure 9. SEM Analysis of TTCP Powder
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3.3 EDX Analysis

EDX results are given in Fig. 10-13. Ca/P ratio is 1.07 for DCPD. It is similar to the
value in Table 1.

&
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Figure 11. EDX Analysis of TCP value

Powders Ca/P ratio is 36 for TCP in Fig. 11. It is similar to in Table 1.
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SEM HV: 10.00 kV WD: 15.13 mm
SEM MAG: 3.42 kx Det: BSE

Figure 12. EDX Analysis of HA Powders

Ca/P ratio is 1.46 for DCPD in Fig.12. It is similar to value in Table 1.
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Figure 13. EDX Analysis of TTCP Powders
Ca/P ratio is 1.97 for DCPD in Fig. 13. It is similar to the value in Table 1.
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3.4 Plasma Spray Coating

All coatings were performed in Thermal Spray Technologies Research and Application
Laboratory (TESLAB), which has been operating since 1992 at Sakarya University.
Coating parameters were given in Table 2.

Table 2. Coating Parameters

] Spray Heating Cooli ) ) Robot
Calcium /P Distance Distance ooting Heating Coating Rate
Phosphate (mm) (mm) (bar) Cycle Cycle (mm/s)
DCPD 1.00 100 - 3 - 20 350
TCP 1.50 90 - 3 - 20 350
HA 1.67 80 - - - 20 350
TTCP 2.00 150 100 3 3 20 350
DCPD ICP
oy il AN s OebE B :
MU D TNy I8N w|mn AOUMMG 200k Rty KA s-wm-wn
HA TTCP

EEN MY, 100K, WOI13Admn VEGUITESON  SEMN. 00K WDISRm o
AU 100 Nt T R H S LG 8 Pt R 100,
AUMAG 108 Ramatay VIR Mxml A0 LG 808 &
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Figure 14 After coating of SEM
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Images of surface morphology of coatings were given in Fig.14.
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Figure 15 Cross section of coating

3.5 Microhardness and Thickness

WD: 14.88 mm

Figure 16. Microhardness and thickness of coatings

22



Journal of Characterization

Microhardness measurements and thickness of coatings were given in Fig.16 and Table
3.

Table 3. Values of microhardness and thickness of coatings

Coating Hv0.2 (200 g load %) s) Thickness (um)
Ti Surface 264 -
DCPD 310 393
TCP 356 462
HA 407 441
TTCP 298 304

4. Conclusions and Recommendations

Different proportions of Ca/P powders produced have very fine grain sizes. Powders
with wide particle size distribution were obtained. Particle size and distribution
characteristics of the powders negatively affected the flowing of the powders. Non-
flowing powders accumulated in the feeding chamber of the plasma spray device.
Sufficient amounts of powder could not reach the gun section of the robot and the desired
coating layer was not formed. Then we decided to sieved of powders. Despite all these
negativities, EDX results reveal that the powder is successfully produced at the desired
Ca / P ratio. To coat the Ti metal, all powders were sieved and 30-micron powder was
used and coated. The hardness of surfaces and thickness of coating were changed with
the Ca/P ratio. The optimum coating was obtained by HA powders. The surface hardness
was increased by comparison to the uncoated Ti surface. Thus, a protective and
biocompatible layer was obtained.
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Abstract

This study aimed to obtain synthetic wollastonite at different firing temperatures by solid-state reactions
from the mixture prepared with the wastes of boric acid production facilities and the glass-scraps powders.
The powder blend was prepared with the appropriate stoichiometric mixture of boron waste as the CaO
source and glass-scraps as a source of SiOz. The samples shaped by dry pressing were fired at 1050, 1100,
and 1150°C, and water absorption and 3-point bending strength tests were carried out on these samples. X-
ray (XRD) and electron microscopy (SEM) analyzes were performed on the samples fired at 1150°C. The
findings showed that the transformation of boron waste and glass-scraps to the wollastonite (2M-
monoclinic) phase was achieved at 1150°C.

Keywords: Waste of boric acid, Glass-scraps, Wollastonite, Solid-state reaction

Kati1 Hal Reaksiyonu ile Bor Atiklarindan ve Cam
Kiriklarindan Vollastonit Sentezi

Oz

Bu c¢aligmada borik asit {iretim tesislerinin atiklart ve cam kiriklari ile hazirlanan karigimdan kati-hal
reaksiyonlart ile farkli sicakliklarda sentetik vollastonit elde edilmeye ¢aligilmistir. CaO kaynagi olarak bor
atig1 SiO2 kaynag olarak da cam kiriklarinin uygun stokiyometride karisimi ile hazirlanan toz harmanina
sekillendirmede plastiklik saglamak amaci ile kil ilavesi yapilmistir. Kuru presleme ile sekillendirilen
ornekler 1050, 1100 ve 1150°C'de pisirilmis ve bu 6rnekler iizerinde su emme ve 3 nokta egme mukavemeti
testleri yapilmistir. Test sonuglarindan en iyi sonuglarin elde edildigi 1150°C'de pisirilen 6rneklere x-1sinlart
(XRD) ve elektron mikroskobu (SEM) analizleri yapilmistir. Elde edilen bulgular bor atigi ve cam
kiriklarindan 1150°C'de yiiksek verimde wollastonit (2M-monoklinik) fazina doniigiimiin gerceklestigini
gOstermistir.

Anahtar Kelimeler: Borik asit atig1, Cam kirig1, Wollastonite, Kati hal reaksiyonu

26



Journal of Characterization

1. Introduction

Wollastonite is a calcium silicate mineral with the chemical formula CaSiOs. The
wollastonite mineral, which contains equal moles of SiO> and CaO in its structure,
theoretically contains 48.25% CaO and 51.75% SiO> by weight [1]. Wollastonite has two
polymorphic forms (o, and ) with different crystal structures. a-wollastonite (pseudo
wollastonite) occurs in the monoclinic crystal system and is stable at high temperatures
(> 1125 °C). B-wollastonite (para wollastonite) occurs in the triclinic crystal structure and
is stable at lower temperatures than the a-form [1, 2]. The transformation temperature of
wollastonite from  form to a form is estimated to be between 1120-1150 °C [3, 4].

Wollastonite mineral has unique properties such as chemical inertness, brightness, and
whiteness that enable it to be used industrially. Besides, wollastonite does not contain
crystal water like most natural minerals. Wollastonite can be used instead of calcium
carbonate as a source of calcium oxide to produce some ceramic materials. When used
instead of calcium carbonate, CO> is not released as a reaction product in the firing
process. In this way, problems caused by gas released during the firing of ceramics are
significantly prevented. Since wollastonite is thermally stable up to 1120 °C, its use
instead of asbestos in insulation applications has become even more attractive today [2].
Because of all these properties, wollastonite is used to produce ceramic, plastic, paint,
coating, rubber, adhesive, and rubber in the industry [5, 6]. Recently, wollastonite has
been used in medical applications as artificial bone and tooth root to increase
biopolymers' mechanical strength due to its good bioactivity and biocompatibility
properties [7]. After all, the demand for wollastonite in the industry is increasing day by
day. The raw wollastonite need in the world in 2016 is approximately 700.000 tons [1].

Wollastonite is generally found in nature in a mixture of minerals such as calcite,
diopside, and garnet. Synthetic wollastonite production controls impurities in the
composition and their amounts, thus eliminating or significantly reducing the problems
caused by contaminants. Since wollastonite mineral is not a renewable resource such as
coal, fossil, and oil, there is a risk of depleting its reserves. Although natural wollastonite
minerals are still extracted from the quarries today, it is useful to find alternative methods
to create wollastonite reserves for future applications. Conservation of natural
wollastonite resources and the use of waste materials such as silica fume, blast furnace
slag, and marble dust as raw materials in wollastonite production are crucial for waste
utilization. [2]. Therefore, many researchers are trying to derive synthetic wollastonite
from different wastes (eggshell, rice husk, etc.) and various production methods (sol-gel
method, etc.) [1].

There are three known methods for synthetic wollastonite production. These methods
are the wet method, solid-state reactions, and liquid-phase reactions. The wet method is
generally applied at low temperatures below 200 °C and high pressure. Sol-gel process
and hydrothermal reaction are some known wet methods. The method of solid-state
reactions is based on the reaction of silica with calcium oxide or calcium carbonate at
temperatures above 800 °C. In the process of liquid-phase reactions, the starting mixtures
are melted together with oxides such as sodium oxide or boron oxide to reduce the melting
temperature and then solidified [8].
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Besides their advantages, these three methods also have some disadvantages. All of
these methods are suitable for obtaining wollastonite with a limited aspect ratio. However,
the wet method can produce wollastonite, which has a relatively higher aspect ratio.
During this production, waste materials are not used as raw materials, but high purity
solvents (citric acid), which are detrimental to the environment, are drained, or expensive
inorganic salts are used as raw materials [9-11]. In the method of solid-state reactions,
natural raw materials such as quartz, calcite, and natural silicon carbonates can be used
as raw materials, as well as some waste materials such as silica fume and marble powder.
Generally, wollastonite produced under laboratory conditions is more homogeneous than
natural wollastonite, although the acicular structure does not occur in the products
obtained [2]. Today, commercial wollastonite powders are synthesized by solid-state
reactions in a conventional furnace. This traditional synthesis is the easiest method for
industrial production. Nonetheless, this procedure requires elevated temperatures (> 1200
°C) and long times to complete the reactions [7]. Although it is possible to produce
acicular wollastonite with liquid-phase reactions, the temperature required for the
reactions is quite high (> 1400 °C). Also, experimental conditions are more difficult to
control than other methods. This causes the production cost to increase [2].

Due to the stated limitations, it is necessary to develop either an alternative method or
an improvement over an existing method to produce synthetic wollastonite without
compromising its technical properties. The use of low melting temperature mineral and
industrial wastes to perform the synthesis of wollastonite at relatively lower temperatures
with solid-state reactions is one of the studies for this purpose. In this study, the
transformation of the mixture of boron waste and glass scraps into the wollastonite phase
at different temperatures was investigated.

2. Material and Method
2.1. Material

Boron waste (Emet Boric Acid Factory) and glass-scraps (Pasabahce Glass Factory)
were used as starting materials to synthesize wollastonite. In the synthesis of wollastonite,
Boron wastes were used as a CaO source due to the CaSO4 content they contain, while
glass scraps were used as a source of SiO> due to the high percentage of SiO2 (> 70 %) in
its composition. Chemical analysis of starting materials is given in Table 1. Also, the
graph of the XRD analysis result of the boron waste is given in Figure 1.

Table 1. Chemical analysis of raw materials

Oxides Boron waste Glass scraps
SiO2 9.96 72.38
ALOs 1.66 1.75
Na:0 0.03 14.16
Fe203 2.64 0.02
TiOz2 0.11 0.05
CaO 36.7 10.58
MgO 233 0.75
K0 0.92 0.06
SOs 20.5 0.25
SrO 227 -
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Cr203 1.24 -
B203 1.21 -
L.O.I 19.5 -

Figure 1. XRD analysis result of the boron wastes

In boric acid production, calcium sulfate is formed together with boric acid from the
reaction of colemanite with sulfuric acid. The presence of calcium sulfate in the boron
waste remaining after the enrichment of boric acid was confirmed by XRD analysis.
According to the grain size analysis of the as-received boron wastes, their d10, d50, and
d90 values were 0.96, 3.40, and 14.88 um, respectively. The glass scraps as-received were
dry ground in a ball mill to less than 100 microns in particle size.

2.2. Experimental Studies

The starting materials for the wollastonite synthesis with the solid-state reactions were
mixed in a certain ratio, and clay was added to this mixture at a certain rate in order to
ensure that the grains bond well to each other. The raw mixture for the synthesis of
wollastonite was prepared by mixing boron waste at 30 wt.%, glass scraps at 60 wt.%,
and binding clay at 10 wt.%. The prepared mixture was moistened at a certain rate and
shaped with the aid of a uniaxial hydraulic press. The shaping process was carried out
under 15 MPa load. Rod and cylindrical specimens were pressed. The shaped samples
then were heated in resistance furnaces to target temperatures (1050, 1100, and 1150 °C)
at a ramp rate of 10 °C/min and maintained for 1 h.

1050 °C
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Figure 2. Macro images of fired wollastonite samples

The differences in the physical and mechanical properties of the samples gained
from the mixtures prepared with boron waste and glass shards as a result of solid-state
reactions at different firing temperatures were determined by measuring their strength
values. 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. The three-point bending strength of samples ( ()
was measured using a Shimadzu AG-IS 100 kN universal testing machine at a 0.5
mm/min loading rate. Three samples were tested for each firing temperature while
determining the mechanical properties of the bodies.

The phase development in the fired samples was examined by an X-ray
diffractometer (XRD; Shimadzu XRD-6000, USA) with CuKa radiation at 1.5 kW. The
X-ray diffraction analysis of tile samples was carried out at the scan interval of 26, ranging
from 10 to 70 © at a 2 °/min scan rate. The microstructure evolution in the fired samples
was investigated via scanning electron microscopy (SEM; LEO 1430VP, Germany) using
an accelerating voltage of 20 kV.

3. Results and Discussion
3.1. Physical and Mechanical Properties of Fired Samples

Some of the measured physical and mechanical properties of the wollastonite
samples fired at different temperatures are given in Table 2.

Table 2. Some physical and mechanical properties of fired samples

Firing Water Flexural Strength
Temperature Absorption (%) (MPa)

1050 °C 7.11 18.3

1100 °C 5.27 21.5

1150 °C 2.16 24.1

As indicated in Table 2, the water absorption (% WA) values measured in the samples
prepared using boron waste and glass scraps were in the range of 2.16—7.11%. The water
absorption values of the fired samples gradually decreased with increasing firing
temperature. The lowest water absorption value was measured to be 2.16 % for the
samples fired at the 1150 °C firing temperature. The reason may be attributed to the higher
densification induced by the glass-scraps at relatively high firing temperature, resulting
in reduced water absorption values.

As can be seen in Table 2, the flexural strength ( () values of the samples change
between 18.3 to 24.1 MPa, and the topmost value was measured to be 24.1 MPa for the
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samples fired at 1150 C. Consistent with the water absorption results, an increase in the
strength values was also obtained with the increase in the firing temperature.

3.2. The Microstructure and Phase Structure of the Fired Samples

For the synthesis of wollastonite, the samples prepared by mixing 30 wt% boron
waste, 60 wt% glass scrap, and 10 wt% binding clay were fired at 3 different temperatures.
The best physical and mechanical values were obtained in samples fired at 1150 ° C. For
this reason, phase and microstructure analyzes were carried out for samples fired at this
temperature. Figure 3 shows the XRD analysis result of the sample fired at 1150 °C.

* *: CaSiO,-Wollastonite 2M

Intensity
*

*
* *
A x ** %

60 70

Figure 3. XRD analysis result of the sample fired at 1150 °C

10 20 30 40 50

According to the XRD analysis results, it was determined that almost all of the starting
raw materials transformed into the monoclinic crystalline 2M phase, which is the stable
form of wollastonite at high temperature, after the curing process applied at 1150 °C. The
fact that the peaks of unreacted starting raw materials could not be detected in the XRD
analysis indicates that the phase transformation was achieved with a very high rate of

SucCCess.

In Figure 4, the microstructure images obtained from the SEM analysis result of the
sample fired at 1150 ° C are presented.
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Detector=SE1 EHT=20.00kv  Mag= 1.00KX bor atigitcam kirigi

- ) 1ym
Detector=SE1 EHT=2000kVv  Mag= 20.00KX bor atigitcam kirigi —

Figure 4. SEM micrographs of the sample fired at 1150 °C

In Figure 4, a dense microstructure with a small number of open and closed pores
with a maximum size of around 10 microns in the microstructure of the sample fired at
1150 °C is seen. It is also seen that the matrix structure consists of wollastonite crystals
with an aspect ratio of 1:10.

4. Conclusions and Recommendations

This paper investigated how to obtain synthetic wollastonite at different firing
temperatures by solid-state reactions from the mixture prepared with the wastes of boric
acid production facilities and the glass-scraps powders. Density, water absorption, and
three-point bending tests of the samples fired at 1000, 1100, and 1150°C were performed.
According to the measurements, one can report that the increasing firing temperature
could provide satisfactory consequences. More specifically, the water absorption values
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of the samples fired at 1150 © C were measured as minimum (2.16%) and flexural strength
values as maximum (24.1MPa) due to the formation of dense microstructure. As for that
XRD analysis, the starting raw materials were totally consumed and wollastonite was
successfully transformed. As a consequence, the transformation of the mixture of boron
waste and glass scraps into the wollastonite was properly obtained by solid-state reaction.
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Abstract

The thermomechanical rolling process is of great importance in obtaining mechanical properties depending
on the area of use of the product. It is a frequently used rolling method in order to obtain high strength,
hardness, and toughness value in low carbon and micro-alloy steels. With the thermomechanical rolling
process, it tries to change the microstructure by performing both mechanical processing and thermal
treatment on the coil. In this study, mechanical properties and microstructure changes after
thermomechanical rolling in niobium and titanium alloy steels were investigated.

Keywords: Thermomechanical Rolling, Grain Refinement, Grain Size, Microstructure, Coiling
Temperature.

Nb - Ti Alasimh Celiklerde Termom.(.ekanik
Haddelemenin Mikroyapi ve Mekanik Ozelliklere
Etkileri

Oz

Uriiniin kullanim alanina bagl olarak mekanik 6zelliklerin elde edilmesinde termomekanik haddeleme
islemi biiylik 6nem tagimaktadir. Diisiik karbonlu ve mikro alagimli ¢eliklerde yiiksek mukavemet, sertlik
ve tokluk degeri elde etmek i¢in siklikla kullanilan bir haddeleme yontemidir. Termomekanik haddeleme
islemi ile bobin iizerinde hem mekanik islem hem de 1s1l islem yaparak mikro yapiy1 degistirmeye galigir.

Bu ¢alismada, niyobyum ve titanyum alagimli g¢eliklerde termomekanik haddeleme sonrasi mekanik
ozellikler ve mikro yap1 degisiklikleri incelenmistir.
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Anahtar Kelimeler: Termomekanik haddeleme, tane inceltme, tane boyutu, mikroyapi, Bobin sicakligi.

1. Introduction

The thermomechanical rolling process is one of the microstructural control techniques
that combines controlled rolling and controlled cooling to achieve superior properties of
steels such as high strength, excellent toughness, and weldability. [1, 2, 3].

The mechanical properties given to steel by this process are similar to those of
conventionally rolled or forged steels after heat treatment. A temperature-controlled
rolling and micro-alloy elements form the leading role of the process. [3, 4].

The main purpose of thermomechanical rolling is to obtain the smallest grain size that
can be obtained by controlling the recrystallization process. In thermomechanical rolling,
slabs are primarily heated in annealing furnaces at about 1200 °C. The first rolling process
is traditionally performed as rough rolling. Subsequent rolling processes are performed
by selecting a lower temperature than the temperature used in the traditional method [5,
6].

This low-temperature plastic deformation causes fine grain size and delayed
precipitation. The final rolling continues to temperatures below the Ar3 critical
temperature. In this way, it is necessary to apply a high amount of reduction force for
rolling at low temperatures [7, 8]. In Fig. 1, the flow chart of the thermomechanical rolling
process is shown in general terms.

Phase Precipita Grain Mechanical
Transform

R i tion Refinement Properties

ation
High-pressure wate‘ ‘ ‘ . ‘

descaler Laminar Cooling coil yard
Coil Box ‘

Roughing Mill Finishing Mill

Recrystalliz

Austenitization

Reheating Furnace

Strapping, Marking and weighing

Fig. 1. Process flow of thermomechanical rolling

The purpose of thermomechanical rolling is to control recrystallization and grain size
and improve the austenite grain structure. Due to the solubility changes in the austenite
phase of titanium, niobium and vanadium elements used as micro alloys play an important
role in thermomechanical rolling. They are known as micro-alloy elements since they are
used under 0.1% by weight. These elements delay the recrystallization and grain size by
causing controlled precipitate formation during the process. [9, 10].

In the thermomechanical rolling process, there is generally a waiting phase between
the roughing mill and the strip rolling mill from the high temperature to the low
temperature [11, 12].
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2. Material and Method
2.1. Materials

In this study, mechanical properties and microstructural studies of the products rolled by
the thermomechanical process are carried out.

Table 1. Chemical composition of X70 steel used in experimental work

Quality C Mn Al N Ti Mo Nb
X70-1 0,062 1,62 0,045 0,007 0,030 0,006 0,055
X70-2 0,076 1,62 0,045 0,008 0,043 0,005 0,055

Within the scope of API 5L-12 / EN ISO 3183 PSL2 standard, products with the
chemical analysis given in Table 1., were produced by the thermomechanical rolling
process. Microstructure inspections done out on coils rolled to 15 mm thickness.

The thermomechanical rolling process was carried out with the waiting of 60 to 80
seconds at the entrance of the strip rolling mill after the slabs left the annealing furnace
at about 1200 and after cleaning the scale with a descaler.

The roughing mill was about 1055 °C above the Tnr (non-recrystallization
temperature) temperature (about 1004-1014 °C). At these temperatures, grains tend to
recrystallize after reduction. The final rolling operations were kept in front of the finishing
mill to be under the temperature of Tnr about 950 °C. This temperature range is usually
chosen between Tnr and Ar3 temperatures. In deformations made under Tnr, austenite
grains deform after reduction since there is no possibility of recrystallization. After
reduction, the grains decrease in width, while their length increases and they turn into a
thinner long morphology.

The grains in this morphology are called pancake structures. As the cooling continues,
the ferrite grains are formed within the austenite grains in the form of pancakes under the
Ar3 temperature. Ferrite grains nuclei from this type of morphology are much smaller
than classical recrystallization, as they contain much more grain boundaries than coaxial
grains. In addition, the new ferrite grains were formed in the twinning bands in the
austenite grains of pancakes with small size.

Tnr temperature can be influenced by the reduction rate and largely by the addition of
micro alloys. Nb has the highest increasing effect on Tnr in micro-alloy elements. In the
picture below, the effect of alloying elements can be seen. The effect of micro-alloy
elements on Tnr is demonstrated in Fig. 2. Ti and Nb elements contribute to the formation
of pancake austenite by increasing Tnr temperature. With this process, yield, tensile, and
% elongation values were obtained as given in Table 2.

Table 2. Mechanical test results

Quality Coiling Thickness Yield Tensile % Elongation
Temp Strength Strength

X70-1 576 15 mm 56,3 67,1 20

X70-2 536 15 mm 61,7 71,1 19
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Figure 2. Effect of micro-alloy elements on Tnr

At the same time, a notch impact test and drop-weight tear test (DWTT) were
performed on the produced coils. The test results are shown in Table 3. As seen from the
results, 100% ductile area can be seen in the DWTT (drop weight tear test) results. The
notch impact test was carried out at -30 °C and the dwt test at -20 °C. It can be seen that
the high yield strength and toughness required in X70 quality petroleum pipe steels are
produced by thermomechanical rolling to meet customer expectations.

Table 3. Charpy Impact and DWTT test results

Charpy Impact1  Charpy Impact2  Charpy Impact 3 DWTT 1 DWTT 2
211 270 274 100 100
250 252 275 100 100

2.2. Metallographic Study

After etching with 2% nital solution from the coil samples, microstructure analysis
was performed. In the examinations made with Nikon optic microscope, microstructure
distribution in X100, X200, and X500 magnifications and grain size measurement
according to ASTM E112 were performed.

Grain size measurement was done by image analysis evaluation method and average
grain size was measured as 12.8 for X70-2 and 13.2 for X70-1.

(2 oo i

Figure 3. Microstructure of X70-1 (X100) Figure 4. Microstructure of X70-2 (X100)
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As can be seen at X100 magnification, it can be said that a microstructure with a very
small-grained ferritic structure is formed.

The central region microstructure image of 15 mm thick coil is shown with the above
picture at X100 magnification. Fig. 3 and Fig. 4 have both a ferritic structure with a
uniform grain distribution. In the next photo, there is the microstructure image at X500
magnification. The microstructure image of both coils is similar and represents a ferritic
structure.

20y

Figure 5. Microstructure of X70-1 (X500 Figure 6. Microstructure of X70-2 (X500)

Fig. 5 and Fig. 6 are the grain structure of X70-1 and X70-2. Some coarse grains are
formed but generally, a uniform ferritic structure (some carbides near the grain
boundaries) is seen.

3. Results and Discussion
3.1. Microstructural Analysis

In the mechanical properties obtained after thermomechanical rolling, results have
been obtained to meet API 5L standard specifications.

Depending on the results of impact and dwt, ductile fracture surfaces were observed
on the samples even at low temperatures.

While the conventional rolling is above the Tnr temperature, the grains formed after
reduction are in coaxial morphology, and because the thermomechanical rolling is below
the Tnr temperature, the grains remain in the form of pancakes against the coaxial grain

formation.
- _

Conventional Rolling Thermomechanical Rolling
(Austenite Grains) (Pancake Austenite Grains with
deformation bands)

Fig. 7. Grain morphology difference between conventional and thermomechanical rolling
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As seen in Fig. 7, a coarser and polygonal microstructure is obtained with the standard
rolling method. However, with the method of thermomechanical rolling, grains with
thinner and deformation bands can be obtained.

4. Conclusions and Recommendations

Thermomechanical rolling is of great importance in order to produce steels that
require high toughness at low temperatures and to provide the most suitable mechanical
properties for the area of use.

Quality improvement studies can be carried out by using different variations of the
rolling and rolling process between Tnr - Ar 3 temperatures. As a result, much smaller
grains were obtained with this process and the mechanical properties were improved.
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Oz

Bu ¢alismada, Afyonkarahisar ili Dinar ilgesi Tatarli Bolgesinde bulunan Ségiitsen Seramik Firmasina ait
sanidin zenginlestirme tesis atif1 incelenerek karakterize edilmistir. Calisma kapsamindan, fabrika
sahasindan alman atigin kimyasal igerigi (XRF), mineralojik (XRD) bilesimi ve serbestlesme boyutu
incelenmistir. Yapilan ¢alisma sonucunda atigin magnetit, ortoklas, sanidin ve albit minerallerinden
olustugu saptanmustir. Atigin kimyasal i¢erigi TS 11325/T1:2019 “Feldspat-Seramik sanayiinde kullanilan”
standard ile kiyaslandiginda K2O (%11,30) oran1 ve Na20O (%1,50) igerigi bakimindan istenilen degere
sahip oldugu ancak Fe203 (%4,50) iceriginin yiiksek oldugu belirlenmistir.

Anahtar Kelimeler: Feldispat Atig1, Kimyasal Analiz, Mineralojik Analiz (XRD), Tane Serbestlesmesi.

Characterization of Afyonkarahisar / Tatarh Feldspar
Plant Waste

Abstract

In this study, sanidine enrichment plant waste belonging to Sogiitsen Seramik Company located in the
Tatarl1 District of Dinar district of Afyonkarahisar province was examined and characterized. Within the
scope of the study, the chemical content (XRF), mineralogical (XRD) composition, and liberalization
dimension of the waste taken from the factory site were examined. As a result of the study, it was determined
that the waste consists of magnetite, commonlas, sanidine, and albite minerals. The chemical content of the
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waste has the desired degree in terms of K2O (11.30%) and Na2O (1.50%) content compared to the TS
11325 / T1: 2019 standard used in the "Feldspar-Ceramic industry", but the Fe2Os (4.50%) content
determined to be high.

Keywords: Feldspar Waste, Chemical Analysis, Mineralogical Analysis (XRD), Grain Liberation.

1. Giris

Feldspatlar yer kabugunun yaklasik %60—-65’ini olusturan aliiminyum silikatlardir.
Feldispatlar bircok magmatik kayacin temel bilesimini olustururlar (Granitler %60
feldispat igerirler). Trakitler de ayni zamanda alternatif bir feldspat kaynagidir.
Bilesimlerinde alkali feldspat olarak, ¢ogunlukla sanidin, anortoklaz veya sodyumlardan
oligoklas veya albit yer alir [1]. Feldispatlar; bilesimindeki Na, K veya Ca 'a bagli olarak
Albit (NaAlSi;0g), ortoklaz (KA1Si30g) ve anortit (CaAl>Si20g) olmak lizere ti¢ farkl
mineral grubuna ayrilirlar [2, 3].

Feldispat minerali genel olarak seramik ve cam sanayinin ana hammaddesini
olusturmaktadir. Fakat feldispat cevherleri (Albit ve Ortoklaz) olusumlar1 nedeniyle
genellikle demir ve titan gibi renklenmeye neden olan safsizliklar igermektedirler.
Feldispat cevherlerinde genellikle demir kaynagi mika mineralleri iken, titan kaynagi ise
rutil, sfen, ilmenit ve kristal kafesi yer degistirmis mika mineralleridir [4, 5].

Seramik biinyesine (recetesine) eritici (flaks) olarak katilan feldispat, biinyedeki diger
hammaddeler (kil, kaolen ve kuvars) ile reaksiyona girerek bu hammaddelerin erime
sicakligini diislirdiigii ve bunun sonucunda bir taraftan seramigin pisme sicakligi
diiserken, diger taraftan da seramigin pisme siiresini kisalttig1 icin seramik sektoriinde
sodyum feldispat kullanilmaktadir. Seramik sektoriinde kullanilacak Na-Feldispat ve K-
Feldispat minerallerinde aranan sinir degerler, pisme rengi ve tane boyutu Tablo 1’de
verilmigtir [2-4].

Tablo 1. Seramik Sektériinde Kullamlan Na - Feldispat ve K — Feldispat Minerallerinin Iceriklerinin ve
Fiziksel Ozelliklerinin Sumr Degerleri
Simir Deger
Na — Feldispat K — Feldispat

%Si02 65-70 65-70
%Ca0 + %MgO <L,5 <L,5
%AL03 17-18 13-15
%K20 0,5-3,0 >8

%Na20 7-11 <4

%Fe203 <0,1 <0,1

Pisme rengi Parlak beyaz Parlak beyaz
Tane boyutu (um) <75 <75

Feldspat mineralleri olusumlarindan kaynakli olarak ¢ikarildiklar1 gibi kullanimlari
miimkiin olmamaktadir. Literatiirde feldispatlarin zenginlestirilmesi ile ilgili bir¢cok
caligma bulunmaktadir. Yapilan ¢aligmalar incelendiginde feldispatlar manyetik ayirma
[1], flotasyon [6-9] ve manyetik ayirma + flotasyon [10] birlikte kullanilarak renk verici
mineraller ve kuvars uzaklagtirilmistir.

Goriildiugi gibi literatiirde K - Feldispat zenginlestirmesi ve karakterizasyonu ile ilgili
fazla calisma bulunmamaktadir. Bu ¢alismanin literatiire katki saglayarak bu alanda
yapilacak caligmalara katki saglayacaktir.
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Bu calismada, Afyonkarahisar Kinik Bolgesinde bulunan Yildizlar Holding’e ait
feldspat hammadde fabrikasinin manyetik seperatdr atiginin zenginlestirilmesinde yol
gosterici olacak karakterizasyon testleri yapilmistir.

2. Materyal ve Metot
2.1. Materyal

Deneysel c¢aligmalarimda kullanilan numune, Afyonkarahisar Kinik Bolgesinde
bulunan Yildizlar Holding’e ait feldspat hammadde tesisinde manyetik zenginlestirme
sonrasinda ortaya ¢ikan atiklarin depolandigi atik sahasiin farkli bélgelerinden temin
edilmigtir (Sekil 1). Yaklasik 200 kg olan numuneler homojen olarak karistirildiktan sonra
numune azaltma ydntemi (Jones Riffle yontemi) kullanilarak deneyler icin temsili
numune alinmistir. Alinan numuneleri karakterize etmek i¢in boyut analizi, serbestlesme
boyutu, kimyasal igerik (XRF) analizi ve mineralojik (XRD) analizler yapilmistir.

Sekil 1 Numunenin temin edildigi atik sahasi.

2.2. Metod
2.2.1 Elek Analizi

Atik sahasindan laboratuvara getirilen numunelerin boyut dagilimini belirlemek
amaciyla tane boyut analizi yapilmistir. Eleme islemi RETSCH AS200 marka model elek
sarsma cihazinda yapilmistir (Sekil 2a). Yas eleme islemi sonrasinda numuneler hava
dolagimli etiivde 105 °C’de sabit tartima gelinceye kadar kurutulmustur. Daha sonra
numunelerin agirliklart alinarak boyut dagilimlar belirlenmistir (Sekil 2b).
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Sekil 2. Elek sarsma cihazi (a) ve fraksiyonlara ayrilmis numuneler (b).

2.2.2 Tane Serbestlesme Boyutunun Belirlenmesi

Feldispat numunelerinin serbestlesme boyutunu belirlemek amaciyla optik
mikroskopta tane sayimi1 yapilmistir. Tane sayimi Nikon marka SMZ 800 model (Sekil 3)
cihaz kullanilarak gerceklestirilmistir.

Sekil 3 Optik Mikroskop.

2.2.3 Kimyasal (XRF) Analizi

Kimyasal analiz (XRF) RIGAKU/ZSX PRIMUS II marka model cihaz kullanilarak
yapilmistir (Sekil 4). Kimyasal analizin yapilmasindaki temel amag, numunemizdeki
oksitlerin oranini belirlemek ve bu oksitlerin oranlarindan faydalanilarak seramik ve diger
endiistri alanlarindaki kullanim alanlarini ortaya ¢ikarmak ve/veya hangi zenginlestirme
islemi yapilmasi gerektigini ortaya koymaktir. Kimyasal analiz ve mineralojik analizin
yapilacagi numunelerin tamami -63 um boyutuna getirilmistir. Boyut kiigiiltme islemi
metal kirliligi olmamasi i¢in tungsten karbiir havana sahip havanl 6giitliciide yapilmigtir.
Ince boyuttaki numuneler 1/10 oraninda lityum tetraborat (Li»B4O7) ile homojen
karistirilarak eritis islemi uygulandi. Eritis ile hazirlanan numuneler okuma yapilmak
tizere cihaza yerlestirilerek okumalar1 yapildi.
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Sekil 4. Kimyasal Analiz (XRF) cihazi.
2.2.4 Mineralojik (XRD) Analizi

Numunenin mineralojik analizi Afyon Kocatepe Universitesi biinyesinde bulunan
Teknolojik Uygulama ve Arastirma Merkezinde (TUAM) bulunan shimadzu marka XRD
6000 model cihaz kullanilarak yapilmistir (Sekil 5). XRD analizinde -63 pm boyutuna
getirilen numuneler kullanilmistir.  XRD analizinin amaci numuneyi olusturan
minerallerin belirlenmesidir.

,,,,,,

Sekil 5. Mineralojik Analiz (XRD) cihaz.

3. Bulgular
3.1. Elek Analizi

Tesis atik sahasindan alinan numunelerin boyut dagilimini belirlemek i¢in yapilan
elek analiz Tablo 2’de verilmistir. Tablo incelendiginde numunenin biiyiik bir
cogunlugunun (%73,80) 200 um iizerinde oldugu, 75 pm boyutundaki malzeme oraninin
ise %12,10 oldugu saptanmistir.
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Tablo 2. Tane Boyut dagilimi

Elek Boyutu Miktar Kiimiilatif Elek Al | Kiimiilatif Elek Ustii
(mm) (%) (%) (%)

-4 0,00 100 0,00
-4+2 11,25 88,75 11,25
-2+1 21,55 67,20 32,80
-140,850 5,50 61,70 38,30
-0,850+0,600 10,60 51,10 48,90
-0,600+0,425 6,60 44,50 55,50
-0,425+0,200 18,30 26,20 73,80
-0,200+0,150 3,45 22,75 77,25
-0,150+0,125 3,00 19,75 80,25
-0,125+0,075 7,65 12,10 87,90
-0,075+0,063 3,15 8,95 91,05
-0,063 8,95 0,00 100,00
TOPLAM 100,00

3.2. Tane Serbestlesme Boyutunun Belirlenmesi

Optik mikroskop altinda yapilan tane sayimlarda numune igerisinde feldispat (camst
yapida olan taneler), kuvars (mat beyaz olan taneler) ve manyetit (Siyah taneler)
tanelerinin oldugu saptanmistir (Sekil 6). Tane serbestlesme boyutunun belirlenmesi i¢gin
yapilan sayimlar sonrasinda magnetitlerin 200 pm boyutunda serbestlesecegi
saptanmistir. Atik {izerinde yapilacak olan zenginlestirme deneyleri 6ncesinde numune
boyunun 200 pm altina indirilmesi ve uygulanacak zenginlestirme yonteminin bu boyuta
gore belirlenmesi zenginlestirme verimini artiracaktir. Numunenin boyut fraksiyonu goz
Oonline alindiginda zenginlesmenin olmamasmin nedeninin tane boyutundan
kaynaklandigini sdylemek miimkiin olabilir.

Sekil 6. Optik mikroskop goriintiileri.
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3.3. Kimyasal (XRF) Analizi

Seramik sanayinde feldspat hammaddesi olarak kullanilacak malzemenin bilesimdeki
Naz0 ve K>O gibi toplam alkali miktar1 biiylik 6nem tagimaktadir. Ayrica Fe;O3 ve TiO2
gibi renk verici oksitlerle CaO ve MgO gibi bilesenlerin hammadde i¢inde diisiik
oranlarda olmasi istenmektedir. Kimyasal bilesimlerine gore feldispatlarin
siniflandirilmasi Tablo 4’de verilmistir [11]. Atigin igerigi incelendiginde (Tablo 3) Na,O
ve K20 miktar1 12,80; Fe,O3 %4,5 ve TiO2 %0,57; CaO %2,10 ve MgO ise %0,60 oldugu
saptanmigtir. Atigin kimyasal igerigi incelendiginde zenginlestirme yapilmadan feldispat
kaynagi olarak degerlendirmek miimkiin goriinmemektedir.

Tablo 3. Atigin Kimyasal (XRF) Analizi.

Bilesen SiO: ALO3 TiO: Fe203 CaO MgO K20 Na:O
Miktar (%) 56,00 19,50 0,57 4,50 2,10 0,60 11,30 1,50
Bilesen P20s SrO MnO ZnO ZrO: SOs A.Z*

Miktar (%) 0,21 0,24 0,09 0,01 0,14 0,02 3,22
*A.Z.: Ates Zaiyat (Ugucu madde miktari).

Tablo 4. Kimyasal Bilesimlerine Gore Feldispatlarin Stmiflandirilmasi (TS 11325/T1, 2019).

Deger, % (mm)

Bilesim
L. Simf II. Simf III. Simf

K:0+Na;O 10,00 - 9,00 - 8,00 -
K>O 9,00 - 7,00 - - -
Na:0 - 3,00 - 3,50 - -
Fe:03 - 0,10 - 0,20 - 0,50
TiO2 - 0,15 - 0,30 - 0,40
CaO+MgO - 1,00 - 1,20 - 1,60
Ti02+Ca0O+MgO - 1,15 - 1,50 - 2,00

3.4. Mineralojik (XRD) Analizi

Atiga yapilan mineralojik (XRD) analizi Sekil 7°de verilmistir. Sekil 7 incelendiginde
atigin Ortoklas, manyetit, sanidin ve albit minerallerinde olustugu saptanmistir. XRD
analizinin XRF analizi ile uyum i¢inde oldugu saptanmustir.
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Sekil 7. Atigin Mineralojik (XRD) analizi.

4. Sonuclar ve Tartisma

Afyonkarahisar Kinik Bolgesinde bulunan Yildizlar Holding’e ait feldspat hammadde
tesisinde manyetik zenginlestirme sonrasinda ortaya ¢ikan atiklarin depolandigi atik
sahasinin farkli bolgelerinden temin edilen numuneler {izerinde yapilan karakterizasyon
testleri sonucunda atigin mevcut hali ile feldispat kaynagi olarak kullanilamayacagi
saptanmigtir. Atikta ¢cok fazla bagli tanenin oldugu bu taneler 200 pm boyunun altina
indirildiginde serbestlestigi saptanmistir.

Sonug olarak bu atigin tekrar ekonomiye kazandirmasi i¢in uygun bir zenginlestirme
prosesi belirlenirken tane serbestlesme boyutu olan 200 um’nin dikkate alinmasinin ve
bu boyuta dgiiterek uygun bir zenginlestirme yonteminin sec¢ilmesinin gerekli oldugu
belirlemistir.
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