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Abstract 

The wet coat#ng of anhydrous borax powders w#th stear#c ac#d (SA) to reverse the#r #nherent hydroph#l#c 
surface propert#es was #nvest#gated. The coat#ng procedure was based on the results from a prev#ous study 
that revealed that the stear#c ac#d solut#on (2 wt. % SA) m#xed for 60 m#nutes at 750 rpm on the magnet#c 
st#rrer was suff#c#ent for the surface mod#f#cat#on of anhydrous borax. For the exper#ments, stear#c ac#d 
powders were f#rst d#ssolved #n water at 80 °C. The m#xture obta#ned by add#ng anhydrous borax powders 
to th#s solut#on was v#gorously m#xed on a magnet#c st#rrer to #n#t#ate and complete the surface mod#f#cat#on. 
Each of these solut#ons was then f#ltered us#ng a f#lter paper to separate the und#ssolved part#cles, and the 
res#due on paper was dr#ed at 50°C for 48 h unt#l constant we#gh#ng was obta#ned. Wettab#l#ty has been 
accepted as a key parameter for success #n wet coat#ng treatment. Th#s parameter ga#ned v#a the 
exper#mental character#zat#on techn#que was used for an evaluat#on of the powder propert#es. The degree 
of wettab#l#ty of anhydrous borax powders was measured and compared both after the#r surfaces were 
coated w#th stear#c ac#d and after they were treated w#th water for a certa#n per#od of t#me #n an aqueous 
env#ronment. The stear#c ac#d coat#ng made the powder hydrophob#c and th#s property was h#ghly preserved 
after wash#ng. 

Keywords: Surface mod#f#cat#on, Anhydrous borax, Stear#c ac#d, Wet Coat#ng, Solub#l#ty.   

Susuz Boraksın Stear,k As,t ,le Islak Kaplama Yöntem, 
,le Yüzey Mod,f,kasyonu 

Öz 

Susuz boraks tozlarının doğal h#drof#l#k yüzey özell#kler#n# ters#ne çev#rmek #ç#n stear#k as#t (SA) #le ıslak 
kaplanması araştırılmıştır. Kaplama prosedürü, manyet#k karıştırıcı üzer#nde 750 rpm'de 60 dak#ka süreyle 
karıştırılan stear#k as#t çözelt#s#n#n (ağırlıkça% 2 SA) susuz boraksın yüzey mod#f#kasyonu #ç#n yeterl# 
olduğunu ortaya çıkaran öncek# b#r çalışmanın sonuçlarına dayanmaktadır. Deneyler #ç#n, stear#k as#t tozları 
önce 80°C'de suda çözülmüştür. Bu çözelt#ye susuz boraks tozlarının #lave ed#lmes#yle elde ed#len karışım, 
yüzey mod#f#kasyonunun başlatılması ve tamamlanması #ç#n manyet#k b#r karıştırıcı #le kuvvetl# b#r şek#lde 
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karıştırılmıştır. Daha sonra bu çözelt#ler#n her b#r#, çözünmem#ş parçacıkları ayırmak #ç#n b#r f#ltre kağıdı 
kullanılarak süzülmüş ve kağıt üzer#ndek# tortu, sab#t tartım elde ed#lene kadar 48 saat boyunca 50 ° C'de 
kurutulmuştur. Islanab#l#rl#k, ıslak kaplama #şlem#nde başarı #ç#n anahtar b#r parametre olarak kabul 
ed#lm#şt#r. Deneysel karakter#zasyon tekn#ğ# #le elde ed#len bu parametre, toz özell#kler#n#n 
değerlend#r#lmes# #ç#n kullanılmıştır. Susuz boraks tozlarının ıslatılab#l#rl#k dereces# hem yüzeyler# stear#k 
as#t #le kaplandıktan sonra hem de sulu ortamda bel#rl# b#r süre su #çer#s#nde beklet#ld#kten sonra ölçülmüş 
ve karşılaştırılmıştır. Stear#k as#t kaplamasını tozu h#drofob#kleşt#rm#ş ve yıkama sonucunda da bu özell#k 
yüksek oranda korunmuştur. 
 
Anahtar Kel>meler: Yüzey mod#f#kasyonu, Susuz boraks, Stear#k as#t, Islak kaplama, Çözünürlük.

1. Introduct,on 
Boron-bear5ng compounds are commonly ut5l5zed 5n many 5ndustr5al areas such as 

glass, ceram5cs, refractor5es, cement, metallurgy, agr5culture, pharmaceut5cals, cosmet5cs, 
automot5ve, and commun5cat5ons  [1, 2]. Due to 5ts prom5s5ng novel advantages, research 
to expand the appl5cat5on areas of boron and 5ts der5vat5ves 5s gradually 5ncreas5ng. 
M5nerals conta5n5ng boron are named w5th d5fferent names 5n terms of alkal5ne, alkal5ne 
earth, boron ox5de (B2O3) and water content, and crystal structures. However, only some 
of them (t5ncal, ulex5te, coleman5te, etc.) are of commerc5al 5mportance [3, 4]. Ref5ned 
borates (penta- and deca- hydrate borax, anhydrous borax, bor5c ac5d, etc.) are chem5cally 
processed run of m5ne boron m5nerals, wh5ch are aggregates or concentrates of raw 
m5nerals those further dehydrated w5th the heat5ng process to obta5n f5nal products [5], 
[6]. 

Anhydrous borax, also referred to as d5sod5um tetraborate, has a Na2B4O7 chem5cal 
formula and melt5ng po5nt 5s 742.5 °C [7] and 5s produced by d5rect dehydrat5on of borax 
followed by the fus5on process at around 1000 °C. Boron ut5l5zat5on prov5des a process, 
wh5ch 5s less energy-5ntens5ve than trad5t5onal approaches for glass and ceram5c 5ndustr5es 
due to the excellent flux5ng agent and glass-form5ng propert5es of the element. The 
anhydrous form of borax d5ssolves 5n water more slowly than the hydrated forms. The 
solub5l5ty values of f5ne-s5zed crystall5ne anhydrous borax at 25 °C are 3.37 wt. % 5n 
water, 16.7 wt. % 5n methanol, and 30 wt. % 5n ethylene glycol [7]. 

The most coherent borates for ut5l5zat5on and d5scharg5ng 5n the aqueous med5ums are 
5n the form of water-soluble 5norgan5c complexes. Perborate-conta5n5ng detergents, 
boronated fert5l5zers, add5t5ves to corros5on 5nh5b5tors 5n ant5freeze formulat5ons, b5oc5des 
for cutt5ng flu5ds, 5nsect5c5des, and as buffers/preservat5ves for cosmet5c and 
pharmaceut5cal preparat5ons are the best examples of ut5l5zat5on 5n th5s manner [8]. 
However, the5r part5al solub5l5t5es 5n aqueous systems, for 5nstance, 5n glaze appl5cat5ons, 
cause some problems such as deter5orat5on of suspens5on rheology, mass loss, etc. Bes5des 
part5al solub5l5ty, they can absorb water from the atmosphere dur5ng storage due to the5r 
hygroscop5c nature, result5ng 5n the poss5b5l5ty of 5naccurate amounts be5ng placed 5nto a 
glaze formula [9]. To prevent the above ment5oned-fa5lures for appl5cat5ons 5n aqueous 
systems, one must reveal a coat5ng method for boron part5cles to avo5d 5nteract5on w5th 
water. 

Surface coat5ng 5s a method that focuses on develop5ng or chang5ng some part5cular 
propert5es, wh5ch are not 5nherent 5n the powders. Today, surface coat5ng or mod5f5cat5on 
technolog5es are w5dely used for the product5on of funct5onal mater5als, 5nclud5ng 
ceram5cs, electron5cs, med5c5ne, food, cosmet5cs, and spec5al chem5cals [10, 11]. Most of 
the commerc5al powder coat5ngs are done by wet methods such as spray coat5ng, d5p 
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coat5ng, sp5nn5ng d5sc coat5ng, chem5cal depos5t5on, and sol-gel processes. The wet 
coat5ng method 5s ma5nly used to create a f5lm or barr5er between the part5cles to be coated 
and the5r surround5ngs. The coat5ng agents used for th5s purpose generally cons5st of 
substances that can be d5ssolved 5n an organ5c solvent [12]. A d5screte or a cont5nuous 
coat5ng can be obta5ned depend5ng on the preference of equ5pment and a var5ety of 
operat5ng cond5t5ons, 5nclud5ng process5ng t5me, the we5ght fract5on of the mod5f5er agent 
to part5cles to be coated, and the surface propert5es of the part5cles used [10, 11, 13, 14]. 

The 5ndustr5al appl5cat5ons of water-soluble borates are l5m5ted 5n aqueous systems 
and cause some appl5cat5on fa5lures unless prevent5ve precaut5ons aga5nst 5nteract5on w5th 
water are taken. The h5gh-cost fr5tt5ng process 5s the only 5ndustr5al method currently 
appl5ed to make water-soluble borates 5nsoluble. Desp5te 5ts commerc5al 5mportance, an 
5ndustr5ally alternat5ve approach to the fr5tt5ng process to prevent solub5l5ty of borates has 
not yet been found. However, a few stud5es on the product5on of lower-cost calc5ned 
borate, as an alternat5ve approach, are ava5lable 5n the l5terature [15]. 

Although coat5ng techn5ques have been 5dent5f5ed as appropr5ate for the treatment of 
many ox5des surfaces, there has been no study 5n the l5terature on the surface coat5ng of 
borates unt5l recently. On the other hand, the recent stud5es on the dry coat5ng of 
anhydrous borax powders w5th magnes5um stearate  [16] and stear5c ac5d [17] 5t has been 
found that prom5s5ng results to overcome the above-ment5oned restr5ct5ve cond5t5ons. 
However, to reduce the solub5l5ty of anhydrous borax 5n water, there 5s a st5ll need 5n the 
coat5ng process for 5mprovement by adjust5ng the process parameters such as the mod5f5er 
agent and 5ts amount, and coat5ng env5ronment. 

In th5s study, surface mod5f5cat5on of anhydrous borax powders was stud5ed to reduce 
the5r solub5l5ty 5n aqueous med5a. To ach5eve th5s goal, unl5ke our prev5ous stud5es, stear5c 
ac5d, wh5ch 5s cheaper and pure than magnes5um stearate, as the mod5fy5ng agent, and wet 
coat5ng env5ronment 5nstead of a dry one, wh5ch causes some adverse effects on part5cle 
s5ze and morphology of powders, was used as a coat5ng med5um. The ma5n 5dea 5s that 
the coat5ng w5th the d5ssolved stear5c ac5d w5ll delay the transformat5on of borates 5nto 
hydrate forms, hence decreas5ng solub5l5ty and 5ncreas5ng the durab5l5ty 5n aqueous 
systems. A constant amount of mod5f5er agent and constant coat5ng per5ods 5n the closed 
coat5ng env5ronment were used to accompl5sh th5s goal. The processed powders were 
character5zed by the5r wettab5l5ty propert5es. 

 

2. Mater,al and Method 
Anhydrous borax (ABX) powders w5th a f5neness of less than 500 m5crons and h5gh 

pur5ty (99 %) were suppl5ed from Et5 M5n5ng Plants. Before the coat5ng process, ABX 
powders were ground v5a dry m5ll5ng to get the part5cles less than 100 μm. The5r measured 
d10, d50, and d90 values were 6.5 µm, 40.6 µm, and 100.6 µm, respect5vely, and BET 
surface area was 1.00 m2/g. The fatty ac5d used as a coat5ng agent was stear5c ac5d (SA), 
wh5ch 5s a f5ne-s5zed lubr5cous and cohes5ve powder w5dely used 5n the pharmaceut5cal 
formulat5on as a lubr5cant and was suppl5ed by As K5mya (İstanbul). SA was d5rectly used 
w5thout any enr5chment, pur5f5cat5on, or gr5nd5ng. The ma5n character5st5cs of the SA 
powders are g5ven 5n Table 1. 
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Table 1. Techn/cal data of stear/c ac/d 

Property Value 
Formula CH3(CH2)16COOH 
Mw (g/mol) 284.47 
Bo#l#ng po#nt (ºC) 383 
Melt#ng po#nt (ºC) 69.08 
Dens#ty (gr/cm3) 0.941 
Solub#l#ty #n water (g/100 mL) at 25 °C 0.034 

 
2.1.  Wet Coat+ng of ABX Powders w+th SA 

 
The follow5ng procedure was carr5ed out for surface mod5f5cat5on of ABX powders 

by a wet coat5ng method. SA powders were d5ssolved 5n water f5rst 5n order to perform 
the coat5ng process. The SA powders 5ncluded 5n 100 mL of water 5n a beaker were placed 
on a hot plate of a magnet5c st5rrer and then m5xed at 750 rpm and 80 °C to d5ssolve the 
SA. 10g ABX powder was added to the m5xture of SA powders of solut5on and st5rr5ng 
was cont5nued for 1 hour at 80°C 750 rpm. After the coat5ng took place, the solut5ons 
were f5ltered w5th f5lter paper, and the powders depos5ted on the f5lter paper were dr5ed at 
50°C for 48 hours. The dr5ed powders were shaped w5th the help of a hydraul5c press and 
then analyzed.  The coat5ng durab5l5ty of the surface-treated powder was measured by the 
wash5ng test. The schemat5c presentat5ons of the exper5mental set-ups used 5n the 
exper5ments are shown 5n F5gure 1. 

 

    
F#gure 1. Exper#mental set-ups for wet-coat#ng process and f#ltrat#on process 

 
In th5s research study, surface wettab5l5ty was accepted as a success cr5ter5on for 

surface mod5f5cat5on of anhydrous borax powders by a wet coat5ng method. The contact 
angle measurements for surface wettab5l5ty were performed. 
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2.2. Character+zat+on of Surface-Coated ABX Powders 
 

2.2.1. Wettab+l+ty measurements 
 
In order to determ5ne the effect of SA coat5ng on m5t5gat5ng the water 5nteract5on of 

ABX, the wettab5l5ty tests were performed on ABX samples before and after wet coat5ng 
treatment. The wettab5l5ty of the samples was measured at 25 °C by the sess5le drop 
method us5ng an opt5cal tens5ometer (KSV Attens5on ThetaL5te TL 101). Wettab5l5ty 
measurements were carr5ed out by measur5ng the contact angle of the water dropped onto 
the surfaces of the samples prepared by press5ng from ABX powders as tablets. The tablet 
d5scs w5th a 1.5 cm d5ameter were made by compress5on under a load of 10 kN us5ng a 
un5ax5al manual hydraul5c press and labeled d5scs were kept 5n a des5ccator unt5l contact 
angle measurements. The analyses were repeated three t5mes for each sample, and 
average values were obta5ned. In the measurements, the contact angle values 5n the 2nd 
second were taken 5nto cons5derat5on. 

 

2.2.2. FTIR measurements 
In order to detect poss5ble structural changes after the dry coat5ng and wash5ng 

process, Four5er-transform 5nfrared (FT-IR) was used. Infrared spectra of surface coated, 
uncoated, and washed ABX samples were 5maged us5ng a Perk5n Elmer Spectrum BX 
spectrophotometer w5th a resolut5on of 4 cm-1 from 4000 to 500 cm− 1. 

3. Results and D,scuss,on  
 
3.1. Surface Wettab+l+ty of SA-Coated ABX Powders 

 
The contact angle measurements of the samples that are untreated; surface treated and 

washed for 60 m5n after coat5ng are l5sted 5n Table 2 and F5gure 2. As 5nd5cated 5n the 
table, the contact angles of untreated ABX powders were measured as 18⁰. Surface coated 
powders were measured to g5ve a contact angle of 92⁰. The h5gh measured value of contact 
angle for the surface-coated sample prov5ded a s5gn5f5cant 5ncrement 5n hydrophob5c5ty 
compared w5th that of uncoated ABX.  Th5s s5tuat5on 5s because stear5c ac5d 5n an effect5ve 
manner decreases the free energy of the ABX surfaces because of the ent5ty of the –CH2 
groups on the surface of ABX. Cons5der5ng the contact angle of the sample measured 
after wash5ng, the coat5ng 5ntegr5ty was not greatly affected. Consequently, after the 
wash5ng process, the samples reta5ned the5r hydrophob5c propert5es.  

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

Process>ng Per>od (m>n.) Amount of SA (wt.%) Wash>ng Process        

(60 m#n.) 0 2 
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60 18⁰ 95⁰ 90⁰ 

 

     

 
F/gure 2. Contact angle measurements of a) untreated b) SA coated, and c) washed ABX spec/mens. 

 

3.2 FT-IR Spectroscopy 
 
FT-IR spectroscopy 5s a pract5cal analys5s 5nstrument to exam5ne the 5nteract5on 

between act5ve groups at the molecular level. The FT-IR spectra of uncoated, surface-
coated, and washed ABX samples are shown 5n F5gure 3.  The IR spectra of all samples 
expose the same bands 5n the wavelength between 700-1600 cm-1, wh5ch are the 
d5st5nct5ve v5brat5ons of borax. The weak band at 709 cm−1 demonstrates the B-O-B r5ng 
bend5ng. The bands at 825, 997, 1076, and 1132 cm−1 are ass5gned to the stretch5ng of 
tetragonal (BO4) un5ts. The bands seen at 945, 1283, 1337, and 1426 cm- 1 wavelengths 
are attr5buted to the stretch5ng of tr5gonal boron (BO3) groups. These ass5gnments are 
coherent w5th the pert5nent l5terature. 

a) b) 

c) 
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F/gure 3. FT-IR spectra of surface-coated and uncoated and washed ABX samples. 

 
Stretch5ng v5brat5ons seen at wavelengths of 2800-2950 cm-1 5n coated and washed 

samples are 5nd5cat5ve of the stear5c ac5d coat5ng on the surface of ABX powders. 
Stretch5ng peaks became more clar5f5ed 5n the washed samples. Add5t5onally, the bands at 
1467 and 1561 cm-1 are ass5gned to stretch5ng v5brat5ons 5n the CH3(CH2)16COO– groups. 
Stretch5ng seen 5n these reg5ons also proves that the stear5c ac5d 5s on the ABX surface. 
These f5nd5ngs are cons5stent w5th the result obta5ned by Focke et al. [18] and Q5ng et al., 
[19] respect5vely. No add5t5onal and sh5fted bands were also mon5tored 5n the spectra of 
SA-coated ABX, and th5s remarks that there 5s no chem5cal 5nteract5on between SA and 
ABX, thus ev5denc5ng the 5nertness of ABX. 

 
4. Conclus,ons and Recommendat,ons 

The exper5mental stud5es a5med to decrease anhydrous borax's solub5l5ty 5n water by 
cover5ng 5t w5th hydrophob5c stear5c ac5d. The coat5ng success was evaluated 5n terms of 
contact angle measurements.  W5th the SA coat5ng, the powders were g5ven hydrophob5c 
propert5es and the contact angle was 5ncreased from 18⁰ to 95⁰.  

The obta5ned f5nd5ngs have some d5fferences from the results reported 5n the prev5ous 
work [16], [17].  Stud5es of stear5c ac5d and magnes5um stearate coat5ng on ABX powders' 
surfaces by the dry method have shown that 5t prov5des d5fferent phys5cal propert5es than 
5ts pr5st5ne form. When wettab5l5ty propert5es of ABX powders were evaluated together, 
the dry-coated ABX powders w5th 1 wt. % SA for 60 m5n and 1 wt. % Mg-St for 120 m5n 
were found to g5ve the best results 5n both behav5ors. The m5n5mum solub5l5ty values for 
the same samples were measured at 8.6 % for stear5c ac5d coat5ng and 10 % magnes5um 
stearate coat5ng. Th5s result showed that the stear5c ac5d to reduce the water solub5l5ty of 
ABX would be better as a coat5ng agent than magnes5um stearate, and the lower solub5l5ty 
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values at the shorter process5ng t5mes could be ach5eved w5th stear5c ac5d than that of 
magnes5um stearate. Anhydrous borax surfaces are also h5ghly hydroph5l5c (25°), and 
the5r surface wettab5l5ty was altered to hydrophob5c v5a dry coat5ng w5th stear5c ac5d (99°) 
and magnes5um stearate (115 °). 

Notably, 5n compar5son w5th the results of our prev5ously presented dry coat5ng of 
anhydrous borax [[16], [17], 5t was understood that when the stear5c ac5d 5s coated on the 
anhydrous borax surfaces by the wet method, lower solub5l5ty values but lower wett5ng 
angle values were obta5ned. Th5s result has proven that the coat5ng qual5ty 5s h5ghly 
dependent on both the type of the mod5f5er and preferred coat5ng techn5que. 

Th5s study presents phys5cal changes 5n the propert5es concern5ng the wet coat5ng of 
anhydrous borax powders through stear5c ac5d add5t5on. Bes5des, th5s study presents 
changes 5n the phys5cal propert5es of anhydrous borax powders after wet coat5ng w5th the 
add5t5on of stear5c ac5d and after wash5ng. Anhydrous borax 5s a water-soluble powder 
and could be altered to a poorly soluble state v5a wet coat5ng w5th stear5c ac5d. The 
wash5ng test shows that the SA powders were coated to the ABX powders' surface, as 
the5r hydrophob5c effects are ma5nta5ned even after they were washed. The deter5orat5on 
5n the coat5ng propert5es result5ng from the wash5ng treatments 5nd5cates that the coat5ng 
5s ach5eved by phys5cal adsorpt5on mechan5sm rather than by chem5cal bond5ng, and 5s 
proven by FTIR analys5s. The contact angles of the ABX powders were treated w5th 2 wt. 
% SA for 60 were greater than 90°, 5.e., the surfaces are hydrophob5c5sed. After the 
wash5ng process, although the hydrophob5c propert5es are preserved, 5t decreases to 89⁰ 
and there 5s a sl5ght loss. 
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Abstract 

Calc6um phosphate coat6ngs are coated on metall6c 6mplants by d6fferent methods l6ke plasma spray, sol-
gel, electrolyt6c, b6om6met6c, etc. Because they have b6ocompat6ble propert6es that can able to bond to the 
bone. There are many calc6um phosphates that have d6fferent Ca/P rat6os. Tr6calc6um phosphate (TCP), 
tetracalc6um phosphate ( TTCP), d6calc6um phosphate d6hydrate (DCPD) and hydroxyapat6te (HA) are the 
most common calc6um phosphate compounds. In th6s study, calc6um phosphate-based b6oceram6c powders 
w6th d6fferent compos6t6ons (DCPD, TCP, HA and TTCP) were produced by the sol-gel method. Part6cle 
s6ze, scann6ng electron m6croscopy (SEM-EDX) analyzes were performed on the synthes6zed powders. 
They were coated on the t6tan6um surface by the Plasma spray method. After coat6ng layers were 
character6zed by SEM-EDX, m6crohardness tests and th6ckness of layers were measured. 

Keywords: B6omater6als, T6tan6um, coat6ng, plasma spray   

T(tanyum İmplantlar Üzer(ne Plazma Sprey Kaplı 
Kals(yum Fosfatların Karakter(zasyonu Etk(ler( 

Öz 
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Kals6yum fosfat kaplamalar, metal6k 6mplantların üzer6ne plazma sprey, sol-jel, elektrol6t6k, b6yom6met6k 
vb. g6b6 farklı yöntemlerle kaplanır. Çünkü kem6ğe bağlanab6len b6youyumlu özell6klere sah6pt6rler. Farklı 
Ca/P oranlarına sah6p b6rçok kals6yum fosfat vardır. Tr6kals6yum fosfat (TCP), tetrakals6yum fosfat 
(TTCP), d6kals6yum fosfat d6h6drat (DCPD) ve h6droks6apat6t (HA) en yaygın kals6yum fosfat 
b6leş6kler6d6r. Bu çalışmada, farklı b6leş6mlerde (DCPD, TCP, HA ve TTCP) kals6yum fosfat bazlı 
b6yoseram6k tozlar sol- jel yöntem6 6le üret6lm6şt6r. Sentezlenen tozlar üzer6nde part6kül boyutu, taramalı 
elektron m6kroskobu (SEM-EDX) anal6zler6 yapıldı. T6tanyum yüzey6ne plazma püskürtme yöntem6 6le 
kaplandı. Kaplama katmanları SEM-EDX 6le karakter6ze ed6ld6kten sonra, m6krosertl6k test6 ve 
katmanların kalınlığı ölçülmüştür. 

Anahtar Kel;meler: B6yomalzeme, t6tan6um, Kaplama, plazma sprey. 

 

1. Introduct,on 
 

B#omater#als have an extens#ve use on orthoped#cs as #mplants or wound dress#ng 
mater#als for support and/or t#ssue regenerat#on strateg#es [1, 2]. B#omater#als should 
#deally be b#ocompat#ble, b#oact#ve, b#odegradable, osteoconduct#ve and osteo#nduct#ve, 
to prov#de a three-d#mens#onal (3D) env#ronment capable of promot#ng cell adhes#on, 
prol#ferat#on, and d#fferent#at#on for bone repa#r/regenerat#on [3-5]. The ma#n types of 
orthoped#c b#omater#als are natural b#olog#cal mater#als, med#cal polymers, t#tan#um, 
and #ts alloys, b#oceram#cs, and b#oglasses. Calc#um phosphate (Ca-P) based ceram#cs 
have proved to be attract#ve mater#als for b#omed#cal appl#cat#ons. Calc#um phosphate 
(Ca-P) ceram#cs are now the lead#ng alternat#ve to natural bone grafts, as they closely 
resemble natural bone m#nerals, and exh#b#t excellent b#ocompat#b#l#ty, 
osteoconduct#v#ty, and bone-bond#ng propert#es. Moreover, some Ca-P ceram#cs have 
been shown to possess #ntr#ns#c osteo#nduct#v#ty due to the#r phys#cal and chem#cal 
propert#es [6,7,]. 

CaPs, #n part#cular HA and TCP, are often used #n the form of coat#ngs on metall#c 
#mplants to confer the b#olog#cal and mechan#cal advantages of both types of mater#als. 
The HA-coated metall#c #mplants show h#gh tens#le strength and duct#l#ty of the metal 
and b#oact#v#ty of HA. There are qu#te a number of processes to apply coat#ngs, as well 
as a nearly unl#m#ted number of coat#ng mater#als [7,8]. To select the correct 
comb#nat#on for the respect#ve appl#cat#on, the knowledge of spec#al#sts #s usually 
requ#red. Thermal spray#ng (TS) #s a surface coat#ng process #n wh#ch heated or molten 
part#cles are accelerated towards a surface to be coated. When the part#cles h#t the surface 
a lamellar m#crostructure #s formed [9-11]. 

Another #mportant coat#ng method #s plasma spray coat#ng. The plasma-spray 
coat#ng techn#que has been w#dely used #n surface eng#neer#ng to ensure eff#c#ent 
process#ng and reduced cost of operat#on and ma#ntenance #n many #ndustr#es [12-14]. 
W#th th#s coat#ng method, carbon-carbon Coat#ng of Ca/P b#omater#als #s performed on 
the substrate. The dens#ty, poros#ty, and bond#ng strength of the coat#ng by plasma 
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spray#ng are also h#gher than the coat#ng prepared by other coat#ng methods. 
Add#t#onally, plasma spray#ng can #ncrease the shear strength of Ca- P b#oact#ve coat#ng 
[15,16]. Var#ous calc#um phosphate compounds were g#ven #n Table 1. 

 

Table 1. Ca/P rat/os for d/fferent Ca-P compounds 

Compound Abbrev6at6on Structural formula Ca/P rat6o 

D6calc6um phosphate d6hydrate DCPD Ca(HPO4).2H2O 1.00 

Tr6calc6um phosphate TCP Ca3(PO4)2 1.50 

Hydroxyapat6te HA Ca10(PO4)6(OH)2 1.67 

Tetracalc6um phosphate TTCP Ca4(PO4)2O 2.00 

 

In th#s study, the effects of Ca/P ceram#cs on coat#ng metall#c #mplants such as 
Calc#um phosphate-based tr#calc#um phosphate, and hydroxyapat#te were determ#ned 
us#ng plasma spray coat#ng. Part#cle d#str#but#on rates have been determ#ned accord#ng 
to coat#ng cond#t#ons. After the SEM and EDX analys#s, the results of the coat#ng 
parameters were obta#ned. In add#t#on, the m#crohardness and coat#ng th#cknesses of the 
coat#ngs were also found. 

 

2. Mater,al and Method 
 
2.1. Mater*als 

As a metall#c #mplant mater#al, T#tan#um d#scs, T#-Grade 2, w#th 10 mm d#ameter and 5 
mm th#ckness were used as an #mplant substrate #n th#s exper#ment.  Analyt#c-grade 
d#ammon#um hydrogen phosphate [(NH4)2HPO4], calc#um n#trate tetrahydrate 
[Ca(NO3)2·4H2O], Isopropyl alcohol (IPA), and ammon#a solut#on (28–30%; NH4OH) 
were purchased from Merck and used as rece#ved w#thout further pur#f#cat#on. 
Calc#um phosphates w#th d#fferent Ca / P rat#os (DCPD, TCP, HA, and TTCP) were 
synthes#zed us#ng the sol-gel method. The solut#ons were prepared and m#xed as shown 
#n the exper#mental flow chart (F#g. 1). The pH of the f#nal solut#ons was adjusted #n 11 
by NH4OH. The powders obta#ned were f#ltered through a f#lter paper and dr#ed #n an 
oven at 105°C for 6 hours. Then calc#um phosphate powders were calc#ned #n a furnace 
at 1000°C for 2 h. 
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F6gure 1. Exper6mental flow chart 

3. Results and D,scuss,on  

1. Part*cle S*ze D*str*but*on 

Part#cle s#ze d#str#but#on of powders was performed by Dry laser part#cle s#zer 
(MICROTRAC S3500). d50 values of DCPD, TCP, HA, and TTCP powder were 
20.40, 5.73, 4.46, and 2.26 µm respect#vely. 

  
 

F/gure 2. Part/cle S/ze D/str/but/on of DCPD Powder 

% T$le S$ze (µm) 

10.00 1.993 

20.00 4.23 

30.00 6.86 

40.00 10.50 

50.00 20.40 

60.00 58.17 

70.00 179.1 

80.00 218.0 

90.00 260.5 

95.00 295.9 
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F/gure 3. Part/cle S/ze D/str/but/on of TCP Powder 

  
F/gure 4. Part/cle S/ze D/str/but/on of HA Powder 

  

F/gure 5. Part/cle S/ze D/str/but/on of TTCP Powder 

% T$le S$ze (µm) 

10,00 0,800 

20,00 1,155 

30,00 1,888 

40,00 3,18 

50,00 5,73 

60,00 8,65 

70,00 13,64 

80,00 19,12 

90,00 24,86 

95,00 30,49 

% T$le S$ze (µm) 

10,00 0,731 

20,00 0,963 

30,00 1,433 

40,00 2,318 

50,00 4,46 

60,00 7,54 

70,00 11,36 

80,00 17,55 

90,00 28,20 

95,00 53,48 

% T$le S$ze (µm) 

10,00 0,708 

20,00 0,855 

30,00 1,091 

40,00 1,549 

50,00 2,262 

60,00 4,23 

70,00 8,51 

80,00 16,36 

90,00 23,38 

95,00 27,92 
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3.2 SEM Analys*s 
 

SEM analys#s of powders was analyzed by scann#ng electron m#croscopy (SEM, 
TESCAN VEGA II). As shown #n F#g. 6-9 powders have a spher#cal morphology and 
they are agglomerated. SEM #mages were proved part#cle s#ze d#str#but#on analys#s 
results. 

F/gure 6. SEM Analys/s of DCPD Powder 
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F/gure 7. SEM Analys/s of TCP Powder 
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F/gure 8. SEM Analys/s of HA Powder 
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F/gure 9. SEM Analys/s of TTCP Powder 
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3.3 EDX Analys*s 

EDX results are g#ven #n F#g. 10-13. Ca/P rat#o #s 1.07 for DCPD. It #s s#m#lar to the 
value #n Table 1. 

 

 

F/gure 10. EDX Analys/s of DCPD Powders 

 

 

F/gure 11. EDX Analys/s of TCP value 

Powders Ca/P  rat#o #s 36 for TCP #n F#g. 11. It #s s#m#lar to #n Table 1. 
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F/gure 12. EDX Analys/s of HA Powders 

 Ca/P rat#o #s 1.46 for DCPD #n F#g.12. It #s s#m#lar to value #n Table 1. 

 

F/gure 13. EDX Analys/s of TTCP Powders 

Ca/P rat#o #s 1.97 for DCPD #n F#g. 13. It #s s#m#lar to the value #n Table 1. 
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3.4 Plasma Spray Coat*ng 

All coat#ngs were performed #n Thermal Spray Technolog#es Research and Appl#cat#on 
Laboratory (TESLAB), wh#ch has been operat#ng s#nce 1992 at Sakarya Un#vers#ty. 
Coat#ng parameters were g#ven #n Table 2. 

Table 2. Coat/ng Parameters 

Calc#um 
Phosphate Ca/P 

Spray 
D#stance 

(mm) 

Heat#ng 
D#stance 

(mm) 

Cool#ng 
(bar) 

Heat#ng 
Cycle 

Coat#ng 
Cycle 

Robot 
Rate 

(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 

 

 

F/gure 14 After coat/ng of SEM  
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Images of surface morphology of coat#ngs were g#ven #n F#g.14. 

  
 

F/gure 15 Cross sect/on of coat/ng 

 

3.5 M*crohardness and Th*ckness 
 

 

  
F/gure 16. M/crohardness and th/ckness of coat/ngs 
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M#crohardness measurements and th#ckness of coat#ngs were g#ven #n F#g.16 and Table 
3. 

Table 3. Values of m/crohardness and th/ckness of coat/ngs 

Coat6ng Hv0.2 (200 g load – 10) s) Th6ckness (µm) 

T6 Surface 264 - 

DCPD 310 393 

TCP 356 462 

HA 407 441 

TTCP 298 304 

 
4. Conclus,ons and Recommendat,ons 

D#fferent proport#ons of Ca/P powders produced have very f#ne gra#n s#zes. Powders 
w#th w#de part#cle s#ze d#str#but#on were obta#ned. Part#cle s#ze and d#str#but#on 
character#st#cs of the powders negat#vely affected the flow#ng of the powders. Non-
flow#ng powders accumulated #n the feed#ng chamber of the plasma spray dev#ce. 
Suff#c#ent amounts of powder could not reach the gun sect#on of the robot and the des#red 
coat#ng layer was not formed. Then we dec#ded to s#eved of powders. Desp#te all these 
negat#v#t#es, EDX results reveal that the powder #s successfully produced at the des#red 
Ca / P rat#o. To coat the T# metal, all powders were s#eved and 30-m#cron powder was 
used and coated. The hardness of surfaces and th#ckness of coat#ng were changed w#th 
the Ca/P rat#o. The opt#mum coat#ng was obta#ned by HA powders. The surface hardness 
was #ncreased by compar#son to the uncoated T# surface. Thus, a protect#ve and 
b#ocompat#ble layer was obta#ned. 

 

5. Acknowledge 
Th#s work was supported by the Sc#ent#f#c Research  Projects  Comm#ttee of Afyon  
Kocatepe Un#vers#ty. BAPK, Project number: 18.KARIYER.104. 
 The author(s) of th#s art#cle declares that the mater#als and methods used #n th#s study do 
not requ#re eth#cal comm#ttee perm#ss#on and/or legal-spec#al perm#ss#on. 

 

 

 



Journal of Character/zat/on 

24 

References 
[1] Jarr#n, S., Cabr´e, S., Dowd, E. (2021), The potent#al of b#omater#als for central 

nervous system cellular repa#r, Neurochem*stry Internat*onal, 144, 104971. 
10.1016/j.neu#nt.2021.104971 

[2] Indurkar, Abh#shek, Pand#t, Ash#sh, Dandekar, Prajakta, Ja#n, Ratnesh. (2021). Plant-
based b#omater#als #n t#ssue eng#neer#ng. B*opr*nt*ng. 21. 
10.1016/j.bpr#nt.2020.e00127. 

[3] Mural#, V. P. and Holmes, C. A. (2021), B#omater#al-based extracellular ves#cle 
del#very for therapeut#c appl#cat#ons, Acta B*omater*al*a. 124, 88-107 
10.1016/j.actb#o.2021.01.010 

[4] Tang, H., Hose#n, A. and Matt#ol#-Belmonte, M. (2021), Trad#t#onal Ch#nese 
Med#c#ne and orthoped#c b#omater#als: Host of opportun#t#es from herbal extracts, 
Mater*als Sc*ence & Eng*neer*ng C, 120, 11760. 10.1016/j.msec.2020.111760 

[5] Ozkale, B., Sakar, M. S. and Mooney, D. J. (2021), Act#ve b#omater#als for 
mechanob#ology, B#omater#als, vol. 267, pp. 120497. 
10.1016/j.b#omater#als.2020.120497 

[6] Chen X, Wang M, Chen F, Wang J, L# X, L#ang J, Fan Y, X#ao Y, Zhang X (2020), 
Correlat#ons between macrophage polar#zat#on and osteo#nduct#on of porous 
calc#um phosphate ceram#cs, Acta B*omater*al*a, 103, 318-332. 
10.1016/j.actb#o.2019.12.019 

[7] Othman, Z., Fernandes, H., Groot, A. J., Lu#der T.M., Alc#nes#o A., Pere#ra D.M., 
Guttenplan A.P.M., Yuan H., Hab#bov#c P. (2019), The role of ENPP1/PC-1 #n 
osteo#nduct#on by calc#um phosphate ceram#cs, B*omater*als, 210, 12-24. 
10.1016/j.b#omater#als.2019.04.021. 

[8] Othman, Z., Mohren, R. J. C., C#llero-Pastor, B. Shen Z., Lacro#x Y.S.N.W., 
Guttenplan A.P.M., Tahmaseb# B#rgan# Z., E#jssen L., Lu#der T.M., van R#jt S., 
Hab#bov#c P., (2020), Comparat#ve proteom#c analys#s of human mesenchymal 
stromal cell behav#or on calc#um phosphate ceram#cs w#th d#fferent osteo#nduct#ve 
potent#al, Mater*als Today B*o, 7, 100066. 10.1016/j.mtb#o.2020.100066 

[9] Fal#, C., and Junl#ng, C., (2021), Property compar#son of vacuum and a#r plasma 
sprayed tungsten coat#ngs, Journal of Alloys and Compounds, 861, 158422. 
10.1016/j.jallcom.2020.158422 

[10] Bhosale, D. G., Prabhu, T. R. and Rathod, W. S. (2020), Sl#d#ng and eros#on wear 
behav#our of thermal sprayed WC-Cr3C2-N# coat#ngs, Surface & Coat*ngs 
Technology, 400, 126192. 10.1016/j.surfcoat.2020.126192 



Journal of Character/zat/on 

 

[11] Kuhlenkötter, B., Glaser, T., Fahle, S., Husmann S., Abdulgader M., T#llman W., 
(2020), Invest#gat#on of compact#on by r#ng roll#ng on thermal sprayed coat#ngs, 
Proced*a Manufactur*ng, vol. 50, pp. 192-198. 10.1016/j.promfg.2020.08.036 

[12] B#tyutsk#h, O. K., Kondratyev, M. V., Smolentsev, E.V. et al. (2010), Appl#cat#on of 
wear-res#stant coat#ngs by plasma-spray#ng on the surface of parts of a complex 
shape, Mater*als Today: Proceed*ngs. 38(4) 1904- 1907. 
10.1016/j.matpr.2020.08.592 

[13] Ratha, I., Datta, P., Balla, V. K., >Nand# S.K., Kundu B., (2021), Effect of dop#ng 
#n hydroxyapat#te as coat#ng mater#al on b#omed#cal #mplants by plasma spray#ng 
method: A rev#ew, Ceram*cs Internat*onal, 47, 4426-4445.   
10.1016/j.ceram#nt.2020.10.112 

[14] Gusk#, V., Verestek, W., Rapp, D. Schmauder S. (2021), M#crostructural 
Invest#gat#on of Plasma Sprayed Ceram#c Coat#ngs Focus#ng on the Effect of the 
Splat Boundary for SOFC Seal#ng Appl#cat#ons Us#ng Per#dynam#cs, Theoret*cal 
and Appl*ed Fracture Mechan*cs. 112, 102926 10.1016/j.tafmec.2021.102926 

[15] Su, Y., L#, K. Zhang, L., Farhan S., L#u S., Sh# G. (2017), Ca-P b#oact#ve coat#ng 
prepared by comb#n#ng m#crowave-hydrothermal and superson#c atmospher#c 
plasma spray#ng methods, Mater*als Sc*ence and Eng*neer*ng C, 72, 371-377. 
10.1016/j.msec.2016.11.099 

[16]S#ngh, J., Chatha, S. S. and S#ngh, H. (2021), Synthes#s and character#zat#on of 
plasma sprayed funct#onal grad#ent b#oceram#c coat#ng for med#cal #mplant 
appl#cat#ons, Ceram*cs Internat*onal. 47(7), Part A, 9143- 9155 
10.1016/j.ceram#nt.2020.12.039 

 [17] B(lton, Matthew. (2012). Nanopart(culate hydroxyapat(te and calc(um-based CO2 sorbents. 
Doctoral Thes(s, The Un(vers(ty of Leeds, England 

 



 

 

Journal of Character/zat/on 

Vol 1, Issue. 1, pp. 26-33, March 2021 

Copyr/ght © 2021 JCHAR 

https://jcharacter/zat/on.com ISSN: 2757-9166 Research Art+cle 

 

  26 

Synthes(s of Wollaston(te from Boron Waste and Glass 
Scraps by Sol(d-State React(on 

Cansu Kurtuluş1*, Recep Kurtuluş2 

 1*Afyon Kocatepe Un1vers1ty, Faculty of Eng1neer1ng, Department of  Mater1als Sc1ence and Eng1neer1ng, Afyonkarah1sar, Turkey, 
(ORCID: 0000-0002-0758-5844), cansudem1r@aku.edu.tr 

 
2Afyon Kocatepe Un1vers1ty, Faculty of Eng1neer1ng, Department of  Mater1als Sc1ence and Eng1neer1ng, Afyonkarah1sar, Turkey, 

(ORCID: 0000-0002-3206-9278), rkurtulus@aku.edu.tr 
 

(F#rst rece#ved 05.02.2021 and #n F#nal form 29.03.2021) 

(DOI: 10.29228/JCAR.3) 

REFERENCES: Kurtulus, C., Kurtulus, R.,. Synthes#s of wollaston#te from boron waste and glass scraps 
by sol#d-state react#on, Journal of Character#zat#on, Vol 1 (1), 26-33, 2021. 
http://dx.do#.org/10.29228/JCAR.3 

 

 
Abstract 

Th#s study a#med to obta#n synthet#c wollaston#te at d#fferent f#r#ng temperatures by sol#d-state react#ons 
from the m#xture prepared w#th the wastes of bor#c ac#d product#on fac#l#t#es and the glass-scraps powders. 
The powder blend was prepared w#th the appropr#ate sto#ch#ometr#c m#xture of boron waste as the CaO 
source and glass-scraps as a source of S#O2. The samples shaped by dry press#ng were f#red at 1050, 1100, 
and 1150⁰C, and water absorpt#on and 3-po#nt bend#ng strength tests were carr#ed out on these samples. X-
ray (XRD) and electron m#croscopy (SEM) analyzes were performed on the samples f#red at 1150⁰C. The 
f#nd#ngs showed that the transformat#on of boron waste and glass-scraps to the wollaston#te (2M-
monocl#n#c) phase was ach#eved at 1150°C. 

Keywords: Waste of bor#c ac#d,  Glass-scraps, Wollaston#te, Sol#d-state react#on 

Katı Hal Reaks(yonu (le Bor Atıklarından ve Cam 
Kırıklarından Vollaston(t Sentez( 

 
Öz 
Bu çalışmada bor#k as#t üret#m tes#sler#n#n atıkları ve cam kırıkları #le hazırlanan karışımdan katı-hal 
reaks#yonları #le farklı sıcaklıklarda sentet#k vollaston#t elde ed#lmeye çalışılmıştır. CaO kaynağı olarak bor 
atığı S#O2 kaynağı olarak da cam kırıklarının uygun stok#yometr#de karışımı #le hazırlanan toz harmanına 
şek#llend#rmede plast#kl#k sağlamak amacı #le k#l #laves# yapılmıştır. Kuru presleme #le şek#llend#r#len 
örnekler 1050, 1100 ve 1150⁰C'de p#ş#r#lm#ş ve bu örnekler üzer#nde su emme ve 3 nokta eğme mukavemet# 
testler# yapılmıştır. Test sonuçlarından en #y# sonuçların elde ed#ld#ğ# 1150⁰C'de p#ş#r#len örneklere x-ışınları 
(XRD) ve elektron m#kroskobu (SEM) anal#zler# yapılmıştır. Elde ed#len bulgular bor atığı ve cam 
kırıklarından 1150⁰C'de yüksek ver#mde wollaston#t (2M-monokl#n#k) fazına dönüşümün gerçekleşt#ğ#n# 
gösterm#şt#r. 
 
Anahtar Kel>meler: Bor#k as#t atığı, Cam kırığı, Wollaston#te, Katı hal reaks#yonu
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1. Introduct,on 
Wollaston3te 3s a calc3um s3l3cate m3neral w3th the chem3cal formula CaS3O3. The 

wollaston3te m3neral, wh3ch conta3ns equal moles of S3O2 and CaO 3n 3ts structure, 
theoret3cally conta3ns 48.25% CaO and 51.75% S3O2 by we3ght [1]. Wollaston3te has two 
polymorph3c forms (α, and β) w3th d3fferent crystal structures. α-wollaston3te (pseudo 
wollaston3te) occurs 3n the monocl3n3c crystal system and 3s stable at h3gh temperatures 
(> 1125 °C). β-wollaston3te (para wollaston3te) occurs 3n the tr3cl3n3c crystal structure and 
3s stable at lower temperatures than the α-form [1, 2]. The transformat3on temperature of 
wollaston3te from β form to α form 3s est3mated to be between 1120-1150 °C [3, 4]. 

Wollaston3te m3neral has un3que propert3es such as chem3cal 3nertness, br3ghtness, and 
wh3teness that enable 3t to be used 3ndustr3ally.  Bes3des, wollaston3te does not conta3n 
crystal water l3ke most natural m3nerals. Wollaston3te can be used 3nstead of calc3um 
carbonate as a source of calc3um ox3de to produce some ceram3c mater3als. When used 
3nstead of calc3um carbonate, CO2 3s not released as a react3on product 3n the f3r3ng 
process. In th3s way, problems caused by gas released dur3ng the f3r3ng of ceram3cs are 
s3gn3f3cantly prevented. S3nce wollaston3te 3s thermally stable up to 1120 °C, 3ts use 
3nstead of asbestos 3n 3nsulat3on appl3cat3ons has become even more attract3ve today [2]. 
Because of all these propert3es, wollaston3te 3s used to produce ceram3c, plast3c, pa3nt, 
coat3ng, rubber, adhes3ve, and rubber 3n the 3ndustry [5, 6]. Recently, wollaston3te has 
been used 3n med3cal appl3cat3ons as art3f3c3al bone and tooth root to 3ncrease 
b3opolymers' mechan3cal strength due to 3ts good b3oact3v3ty and b3ocompat3b3l3ty 
propert3es [7]. After all, the demand for wollaston3te 3n the 3ndustry 3s 3ncreas3ng day by 
day. The raw wollaston3te need 3n the world 3n 2016 3s approx3mately 700.000 tons [1]. 

Wollaston3te 3s generally found 3n nature 3n a m3xture of m3nerals such as calc3te, 
d3ops3de, and garnet. Synthet3c wollaston3te product3on controls 3mpur3t3es 3n the 
compos3t3on and the3r amounts, thus el3m3nat3ng or s3gn3f3cantly reduc3ng the problems 
caused by contam3nants. S3nce wollaston3te m3neral 3s not a renewable resource such as 
coal, foss3l, and o3l, there 3s a r3sk of deplet3ng 3ts reserves. Although natural wollaston3te 
m3nerals are st3ll extracted from the quarr3es today, 3t 3s useful to f3nd alternat3ve methods 
to create wollaston3te reserves for future appl3cat3ons. Conservat3on of natural 
wollaston3te resources and the use of waste mater3als such as s3l3ca fume, blast furnace 
slag, and marble dust as raw mater3als 3n wollaston3te product3on are cruc3al for waste 
ut3l3zat3on. [2]. Therefore, many researchers are try3ng to der3ve synthet3c wollaston3te 
from d3fferent wastes (eggshell, r3ce husk, etc.) and var3ous product3on methods (sol-gel 
method, etc.) [1]. 

There are three known methods for synthet3c wollaston3te product3on. These methods 
are the wet method, sol3d-state react3ons, and l3qu3d-phase react3ons. The wet method 3s 
generally appl3ed at low temperatures below 200 °C and h3gh pressure. Sol-gel process 
and hydrothermal react3on are some known wet methods. The method of sol3d-state 
react3ons 3s based on the react3on of s3l3ca w3th calc3um ox3de or calc3um carbonate at 
temperatures above 800 °C. In the process of l3qu3d-phase react3ons, the start3ng m3xtures 
are melted together w3th ox3des such as sod3um ox3de or boron ox3de to reduce the melt3ng 
temperature and then sol3d3f3ed [8]. 
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Bes3des the3r advantages, these three methods also have some d3sadvantages. All of 
these methods are su3table for obta3n3ng wollaston3te w3th a l3m3ted aspect rat3o. However, 
the wet method can produce wollaston3te, wh3ch has a relat3vely h3gher aspect rat3o. 
Dur3ng th3s product3on, waste mater3als are not used as raw mater3als, but h3gh pur3ty 
solvents (c3tr3c ac3d), wh3ch are detr3mental to the env3ronment, are dra3ned, or expens3ve 
3norgan3c salts are used as raw mater3als [9-11]. In the method of sol3d-state react3ons, 
natural raw mater3als such as quartz, calc3te, and natural s3l3con carbonates can be used 
as raw mater3als, as well as some waste mater3als such as s3l3ca fume and marble powder. 
Generally, wollaston3te produced under laboratory cond3t3ons 3s more homogeneous than 
natural wollaston3te, although the ac3cular structure does not occur 3n the products 
obta3ned [2]. Today, commerc3al wollaston3te powders are synthes3zed by sol3d-state 
react3ons 3n a convent3onal furnace. Th3s trad3t3onal synthes3s 3s the eas3est method for 
3ndustr3al product3on. Nonetheless, th3s procedure requ3res elevated temperatures (> 1200 
°C) and long t3mes to complete the react3ons [7]. Although 3t 3s poss3ble to produce 
ac3cular wollaston3te w3th l3qu3d-phase react3ons, the temperature requ3red for the 
react3ons 3s qu3te h3gh (> 1400 °C). Also, exper3mental cond3t3ons are more d3ff3cult to 
control than other methods. Th3s causes the product3on cost to 3ncrease [2]. 

Due to the stated l3m3tat3ons, 3t 3s necessary to develop e3ther an alternat3ve method or 
an 3mprovement over an ex3st3ng method to produce synthet3c wollaston3te w3thout 
comprom3s3ng 3ts techn3cal propert3es. The use of low melt3ng temperature m3neral and 
3ndustr3al wastes to perform the synthes3s of wollaston3te at relat3vely lower temperatures 
w3th sol3d-state react3ons 3s one of the stud3es for th3s purpose. In th3s study, the 
transformat3on of the m3xture of boron waste and glass scraps 3nto the wollaston3te phase 
at d3fferent temperatures was 3nvest3gated. 

 

2. Mater,al and Method 
2.1. Mater*al 

Boron waste (Emet Bor3c Ac3d Factory) and glass-scraps (Paşabahçe Glass Factory) 
were used as start3ng mater3als to synthes3ze wollaston3te. In the synthes3s of wollaston3te, 
Boron wastes were used as a CaO source due to the CaSO4 content they conta3n, wh3le 
glass scraps were used as a source of S3O2 due to the h3gh percentage of S3O2 (> 70 %) 3n 
3ts compos3t3on. Chem3cal analys3s of start3ng mater3als 3s g3ven 3n Table 1. Also, the 
graph of the XRD analys3s result of the boron waste 3s g3ven 3n F3gure 1. 

 

Table 1. Chem,cal analys,s of raw mater,als 

Ox>des Boron waste Glass scraps 
S#O2 9.96 72.38 
Al2O3 1.66 1.75 
Na2O 0.03 14.16 
Fe2O3 2.64 0.02 
T#O2 0.11 0.05 
CaO 36.7 10.58 
MgO 2.33 0.75 
K2O 0.92 0.06 
SO3 20.5 0.25 
SrO 2.27 - 
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Cr2O3 1.24 - 
B2O3 1.21 - 
L.O.I 19.5 - 

 

 
F,gure 1. XRD analys,s result of the boron wastes 

 
In bor3c ac3d product3on, calc3um sulfate 3s formed together w3th bor3c ac3d from the 

react3on of coleman3te w3th sulfur3c ac3d. The presence of calc3um sulfate 3n the boron 
waste rema3n3ng after the enr3chment of bor3c ac3d was conf3rmed by XRD analys3s. 
Accord3ng to the gra3n s3ze analys3s of the as-rece3ved boron wastes, the3r d10, d50, and 
d90 values were 0.96, 3.40, and 14.88 µm, respect3vely. The glass scraps as-rece3ved were 
dry ground 3n a ball m3ll to less than 100 m3crons 3n part3cle s3ze. 

 
2.2. Exper*mental Stud*es 

The start3ng mater3als for the wollaston3te synthes3s w3th the sol3d-state react3ons were 
m3xed 3n a certa3n rat3o, and clay was added to th3s m3xture at a certa3n rate 3n order to 
ensure that the gra3ns bond well to each other. The raw m3xture for the synthes3s of 
wollaston3te was prepared by m3x3ng boron waste at 30 wt.%, glass scraps at 60 wt.%, 
and b3nd3ng clay at 10 wt.%. The prepared m3xture was mo3stened at a certa3n rate and 
shaped w3th the a3d of a un3ax3al hydraul3c press. The shap3ng process was carr3ed out 
under 15 MPa load. Rod and cyl3ndr3cal spec3mens were pressed. The shaped samples 
then were heated 3n res3stance furnaces to target temperatures (1050, 1100, and 1150 °C) 
at a ramp rate of 10 °C/m3n and ma3nta3ned for 1 h. 

 
1050 °C 1100 °C 1150 °C 
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F,gure 2. Macro ,mages of f,red wollaston,te samples 

 

The d3fferences 3n the phys3cal and mechan3cal propert3es of the samples ga3ned 
from the m3xtures prepared w3th boron waste and glass shards as a result of sol3d-state 
react3ons at d3fferent f3r3ng temperatures were determ3ned by measur3ng the3r strength 
values. The water absorpt3on values were determ3ned by the rat3o of the mass 3ncrease 
caused by water 3mmers3on, calculated by we3gh3ng the dry and water-saturated mass of 
the samples to the dry sample’s we3ght. The three-po3nt bend3ng strength of samples (óf) 
was measured us3ng a Sh3madzu AG-IS 100 kN un3versal test3ng mach3ne at a 0.5 
mm/m3n load3ng rate. Three samples were tested for each f3r3ng temperature wh3le 
determ3n3ng the mechan3cal propert3es of the bod3es. 

The phase development 3n the f3red samples was exam3ned by an X-ray 
d3ffractometer (XRD; Sh3madzu XRD-6000, USA) w3th CuKα rad3at3on at 1.5 kW. The 
X-ray d3ffract3on analys3s of t3le samples was carr3ed out at the scan 3nterval of 2θ, rang3ng 
from 10 to 70 ° at a 2 °/m3n scan rate. The m3crostructure evolut3on 3n the f3red samples 
was 3nvest3gated v3a scann3ng electron m3croscopy (SEM; LEO 1430VP, Germany) us3ng 
an accelerat3ng voltage of 20 kV. 

 

3. Results and D,scuss,on  
3.1. Phys*cal and Mechan*cal Propert*es of F*red Samples 

 Some of the measured phys3cal and mechan3cal propert3es of the wollaston3te 
samples f3red at d3fferent temperatures are g3ven 3n Table 2. 

 
Table 2. Some phys,cal and mechan,cal propert,es of f,red samples 

F*r*ng 
Temperature 

Water 
Absorpt*on (%) 

Flexural Strength 
(MPa) 

1050 °C 7.11 18.3 
1100 °C 5.27 21.5 
1150 °C 2.16 24.1 

 

As 3nd3cated 3n Table 2, the water absorpt3on (% WA) values measured 3n the samples 
prepared us3ng boron waste and glass scraps were 3n the range of 2.16–7.11%. The water 
absorpt3on values of the f3red samples gradually decreased w3th 3ncreas3ng f3r3ng 
temperature. The lowest water absorpt3on value was measured to be 2.16 % for the 
samples f3red at the 1150 °C f3r3ng temperature. The reason may be attr3buted to the h3gher 
dens3f3cat3on 3nduced by the glass-scraps at relat3vely h3gh f3r3ng temperature, result3ng 
3n reduced water absorpt3on values. 

As can be seen 3n Table 2, the flexural strength (óf) 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 f3red at 1150 C. Cons3stent w3th the water absorpt3on results, an 3ncrease 3n the 
strength values was also obta3ned w3th the 3ncrease 3n the f3r3ng temperature. 

 

3.2. The M*crostructure and Phase Structure of the F*red Samples 
For the synthes3s of wollaston3te, the samples prepared by m3x3ng 30 wt% boron 

waste, 60 wt% glass scrap, and 10 wt% b3nd3ng clay were f3red at 3 d3fferent temperatures. 
The best phys3cal and mechan3cal values were obta3ned 3n samples f3red at 1150 ° C. For 
th3s reason, phase and m3crostructure analyzes were carr3ed out for samples f3red at th3s 
temperature. F3gure 3 shows the XRD analys3s result of the sample f3red at 1150 °C.  

 

 
F,gure 3. XRD analys,s result of the sample f,red at 1150 °C 

 
Accord3ng to the XRD analys3s results, 3t was determ3ned that almost all of the start3ng 

raw mater3als transformed 3nto the monocl3n3c crystall3ne 2M phase, wh3ch 3s the stable 
form of wollaston3te at h3gh temperature, after the cur3ng process appl3ed at 1150 °C. The 
fact that the peaks of unreacted start3ng raw mater3als could not be detected 3n the XRD 
analys3s 3nd3cates that the phase transformat3on was ach3eved w3th a very h3gh rate of 
success. 

In F3gure 4, the m3crostructure 3mages obta3ned from the SEM analys3s result of the 
sample f3red at 1150 ° C are presented. 
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F,gure 4. SEM m,crographs of the sample f,red at 1150 °C 

 
In F3gure 4, a dense m3crostructure w3th a small number of open and closed pores 

w3th a max3mum s3ze of around 10 m3crons 3n the m3crostructure of the sample f3red at 
1150 °C 3s seen. It 3s also seen that the matr3x structure cons3sts of wollaston3te crystals 
w3th an aspect rat3o of 1:10. 

 
4. Conclus,ons and Recommendat,ons 
 

Th3s paper 3nvest3gated how to obta3n synthet3c wollaston3te at d3fferent f3r3ng 
temperatures by sol3d-state react3ons from the m3xture prepared w3th the wastes of bor3c 
ac3d product3on fac3l3t3es and the glass-scraps powders. Dens3ty, water absorpt3on, and 
three-po3nt bend3ng tests of the samples f3red at 1000, 1100, and 1150⁰C were performed. 
Accord3ng to the measurements, one can report that the 3ncreas3ng f3r3ng temperature 
could prov3de sat3sfactory consequences. More spec3f3cally, the water absorpt3on values 
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of the samples f3red at 1150 ° C were measured as m3n3mum (2.16%) and flexural strength 
values as max3mum (24.1MPa) due to the format3on of dense m3crostructure. As for that 
XRD analys3s, the start3ng raw mater3als were totally consumed and wollaston3te was 
successfully transformed. As a consequence, the transformat3on of the m3xture of boron 
waste and glass scraps 3nto the wollaston3te was properly obta3ned by sol3d-state react3on. 
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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 Alaşımlı Çeliklerde Termomekanik 
Haddelemenin Mikroyapı ve Mekanik Özelliklere 

Etkileri 
Öz 

Ürünün kullanım alanına bağlı olarak mekanik özelliklerin elde edilmesinde termomekanik haddeleme 
işlemi büyük önem taşımaktadır. Düşük karbonlu ve mikro alaşımlı çeliklerde yüksek mukavemet, sertlik 
ve tokluk değeri elde etmek için sıklıkla kullanılan bir haddeleme yöntemidir. Termomekanik haddeleme 
işlemi ile bobin üzerinde hem mekanik işlem hem de ısıl işlem yaparak mikro yapıyı değiştirmeye çalışır. 
Bu çalışmada, niyobyum ve titanyum alaşımlı çeliklerde termomekanik haddeleme sonrası mekanik 
özellikler ve mikro yapı değişiklikleri incelenmiştir. 
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Anahtar Kelimeler: Termomekanik haddeleme, tane inceltme, tane boyutu, mikroyapı, Bobin sıcaklığı. 

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 ℃. 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. 

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 ℃ above the Tnr (non-recrystallization 
temperature) temperature (about 1004-1014 ℃). 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 ℃. 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 
Temp 

Thickness Yield 
Strength 

Tensile 
Strength 

% Elongation 

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 ℃ and the dwt test at -20 ℃. 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 Impact 1 Charpy Impact 2 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. 

 
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. 

 
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. 

 
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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Öz 

Bu çalışmada, Afyonkarahisar ili Dinar ilçesi Tatarlı Bölgesinde bulunan Söğütsen Seramik Firmasına ait 
sanidin zenginleştirme tesis atığı incelenerek karakterize edilmiştir. Çalışma kapsamından, fabrika 
sahasından alınan atığın kimyasal içeriği (XRF), mineralojik (XRD) bileşimi ve serbestleşme boyutu 
incelenmiştir. Yapılan çalışma sonucunda atığın magnetit, ortoklas, sanidin ve albit minerallerinden 
oluştuğu saptanmıştır. Atığın kimyasal içeriği TS 11325/T1:2019 “Feldspat-Seramik sanayiinde kullanılan” 
standardı ile kıyaslandığında K2O (%11,30) oranı ve Na2O (%1,50) içeriği bakımından istenilen değere 
sahip olduğu ancak Fe2O3 (%4,50) içeriğinin yüksek olduğu belirlenmiştir.  
 

Anahtar Kelimeler: Feldispat Atığı, Kimyasal Analiz, Mineralojik Analiz (XRD), Tane Serbestleşmesi.   

Characterization of Afyonkarahisar / Tatarlı Feldspar 
Plant Waste 

Abstract 

In this study, sanidine enrichment plant waste belonging to Söğütsen Seramik Company located in the 
Tatarlı 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 



Journal of Characterization 

  42 

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 Fe2O3 (4.50%) content 
determined to be high. 
 
Keywords: Feldspar Waste, Chemical Analysis, Mineralogical Analysis (XRD), Grain Liberation. 

1. Giriş 
Feldspatlar yer kabuğunun yaklaşık %60–65’ini oluşturan alüminyum silikatlardır. 
Feldispatlar birçok magmatik kayacın temel bileşimini oluştururlar (Granitler %60 
feldispat içerirler). Trakitler de aynı zamanda alternatif bir feldspat kaynağıdır. 
Bileşimlerinde alkali feldspat olarak, çoğunlukla sanidin, anortoklaz veya sodyumlardan 
oligoklas veya albit yer alır [1]. Feldispatlar; bileşimindeki Na, K veya Ca 'a bağlı olarak 
Albit (NaAlSi3O8), ortoklaz (KA1Si3O8) ve anortit (CaAl2Si2O8) olmak üzere üç farklı 
mineral grubuna ayrılırlar [2, 3]. 

Feldispat minerali genel olarak seramik ve cam sanayinin ana hammaddesini 
oluşturmaktadır. Fakat feldispat cevherleri (Albit ve Ortoklaz) oluşumları nedeniyle 
genellikle demir ve titan gibi renklenmeye neden olan safsızlıkları içermektedirler. 
Feldispat cevherlerinde genellikle demir kaynağı mika mineralleri iken, titan kaynağı ise 
rutil, sfen, ilmenit ve kristal kafesi yer değiştirmiş mika mineralleridir [4, 5].   

Seramik bünyesine (reçetesine) eritici (flaks) olarak katılan feldispat, bünyedeki diğer 
hammaddeler (kil, kaolen ve kuvars) ile reaksiyona girerek bu hammaddelerin erime 
sıcaklığını düşürdüğü ve bunun sonucunda bir taraftan seramiğin pişme sıcaklığı 
düşerken, diğer taraftan da seramiğin pişme süresini kısalttığı için seramik sektöründe 
sodyum feldispat kullanılmaktadır. Seramik sektöründe kullanılacak Na-Feldispat ve K-
Feldispat minerallerinde aranan sınır değerler, pişme rengi ve tane boyutu Tablo 1’de 
verilmiştir [2-4]. 

 

Tablo 1. Seramik Sektöründe Kullanılan Na - Feldispat ve K – Feldispat Minerallerinin İçeriklerinin ve 
Fiziksel Özelliklerinin Sınır Değerleri 

 Sınır Değer  
 Na – Feldispat K – Feldispat 
%SiO2 65-70 65-70 
%CaO + %MgO <1,5 <1,5 
%Al2O3 17-18 13-15 
%K2O 0,5-3,0 >8 
%Na2O 7-11 <4 
%Fe2O3 <0,1 <0,1 
Pişme rengi Parlak beyaz Parlak beyaz 
Tane boyutu (µm) <75 <75 

 

Feldspat mineralleri oluşumlarından kaynaklı olarak çıkarıldıkları gibi kullanımları 
mümkün olmamaktadır. Literatürde feldispatların zenginleştirilmesi ile ilgili birçok 
çalışma bulunmaktadır. Yapılan çalışmalar incelendiğinde feldispatlar manyetik ayırma 
[1], flotasyon [6-9] ve manyetik ayırma + flotasyon [10] birlikte kullanılarak renk verici 
mineraller ve kuvars uzaklaştırılmıştır.  

Görüldüğü gibi literatürde K - Feldispat zenginleştirmesi ve karakterizasyonu ile ilgili 
fazla çalışma bulunmamaktadır. Bu çalışmanın literatüre katkı sağlayarak bu alanda 
yapılacak çalışmalara katkı sağlayacaktır.  
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Bu çalışmada, Afyonkarahisar Kınık Bölgesinde bulunan Yıldızlar Holding’e ait 
feldspat hammadde fabrikasının manyetik seperatör atığının zenginleştirilmesinde yol 
gösterici olacak karakterizasyon testleri yapılmıştır. 

 

2. Materyal ve Metot 
2.1. Materyal 

Deneysel çalışmalarımda kullanılan numune, Afyonkarahisar Kınık Bölgesinde 
bulunan Yıldızlar Holding’e ait feldspat hammadde tesisinde manyetik zenginleştirme 
sonrasında ortaya çıkan atıkların depolandığı atık sahasının farklı bölgelerinden temin 
edilmiştir (Şekil 1). Yaklaşık 200 kg olan numuneler homojen olarak karıştırıldıktan sonra 
numune azaltma yöntemi (Jones Riffle yöntemi) kullanılarak deneyler için temsili 
numune alınmıştır. Alınan numuneleri karakterize etmek için boyut analizi, serbestleşme 
boyutu, kimyasal içerik (XRF) analizi ve mineralojik (XRD) analizler yapılmıştır.  

 

 

Şekil 1 Numunenin temin edildiği atık sahası. 
 

2.2. Metod 

2.2.1 Elek Analizi 
Atık sahasından laboratuvara getirilen numunelerin boyut dağılımını belirlemek 

amacıyla tane boyut analizi yapılmıştır. Eleme işlemi RETSCH AS200 marka model elek 
sarsma cihazında yapılmıştır (Şekil 2a). Yaş eleme işlemi sonrasında numuneler hava 
dolaşımlı etüvde 105 0C’de sabit tartıma gelinceye kadar kurutulmuştur. Daha sonra 
numunelerin ağırlıkları alınarak boyut dağılımları belirlenmiştir (Şekil 2b). 

 



Journal of Characterization 

44 

 
Şekil 2. Elek sarsma cihazı (a) ve fraksiyonlara ayrılmış numuneler (b). 

 

 

2.2.2 Tane Serbestleşme Boyutunun Belirlenmesi 
Feldispat numunelerinin serbestleşme boyutunu belirlemek amacıyla optik 

mikroskopta tane sayımı yapılmıştır. Tane sayımı Nikon marka SMZ 800 model (Şekil 3) 
cihaz kullanılarak gerçekleştirilmiştir. 

 

Şekil 3 Optik Mikroskop. 
  

2.2.3 Kimyasal (XRF) Analizi 
Kimyasal analiz (XRF) RIGAKU/ZSX PRİMUS II marka model cihaz kullanılarak 

yapılmıştır (Şekil 4). Kimyasal analizin yapılmasındaki temel amaç, numunemizdeki 
oksitlerin oranını belirlemek ve bu oksitlerin oranlarından faydalanılarak seramik ve diğer 
endüstri alanlarındaki kullanım alanlarını ortaya çıkarmak ve/veya hangi zenginleştirme 
işlemi yapılması gerektiğini ortaya koymaktır. Kimyasal analiz ve mineralojik analizin 
yapılacağı numunelerin tamamı -63 µm boyutuna getirilmiştir. Boyut küçültme işlemi 
metal kirliliği olmaması için tungsten karbür havana sahip havanlı öğütücüde yapılmıştır. 
İnce boyuttaki numuneler 1/10 oranında lityum tetraborat (Li2B4O7) ile homojen 
karıştırılarak eritiş işlemi uygulandı. Eritiş ile hazırlanan numuneler okuma yapılmak 
üzere cihaza yerleştirilerek okumaları yapıldı.  
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Şekil 4. Kimyasal Analiz (XRF) cihazı. 

2.2.4 Mineralojik (XRD) Analizi 
Numunenin mineralojik analizi Afyon Kocatepe Üniversitesi bünyesinde bulunan 

Teknolojik Uygulama ve Araştırma Merkezinde (TUAM) bulunan shimadzu marka XRD 
6000 model cihaz kullanılarak yapılmıştır (Şekil 5). XRD analizinde -63 µm boyutuna 
getirilen numuneler kullanılmıştır. XRD analizinin amacı numuneyi oluşturan 
minerallerin belirlenmesidir.  

 
Şekil 5. Mineralojik Analiz (XRD) cihazı. 

 

3. Bulgular  
3.1. Elek Analizi 

 Tesis atık sahasından alınan numunelerin boyut dağılımını belirlemek için yapılan 
elek analiz Tablo 2’de verilmiştir. Tablo incelendiğinde numunenin büyük bir 
çoğunluğunun (%73,80) 200 µm üzerinde olduğu, 75 µm boyutundaki malzeme oranının 
ise %12,10 olduğu saptanmıştır.    
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Tablo 2. Tane Boyut dağılımı 

Elek Boyutu 
(mm) 

Miktar 
(%) 

Kümülatif Elek Altı 
(%) 

Kümülatif Elek Üstü 
(%) 

-4 0,00 100 0,00 
-4+2 11,25 88,75 11,25 
-2+1 21,55 67,20 32,80 
-1+0,850 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 Serbestleşme Boyutunun Belirlenmesi 
Optik mikroskop altında yapılan tane sayımlarda numune içerisinde feldispat (camsı 

yapıda olan taneler), kuvars (mat beyaz olan taneler) ve manyetit (Siyah taneler) 
tanelerinin olduğu saptanmıştır (Şekil 6). Tane serbestleşme boyutunun belirlenmesi için 
yapılan sayımlar sonrasında magnetitlerin 200 µm boyutunda serbestleşeceği 
saptanmıştır. Atık üzerinde yapılacak olan zenginleştirme deneyleri öncesinde numune 
boyunun 200 µm altına indirilmesi ve uygulanacak zenginleştirme yönteminin bu boyuta 
göre belirlenmesi zenginleştirme verimini artıracaktır. Numunenin boyut fraksiyonu göz 
önüne alındığında zenginleşmenin olmamasının nedeninin tane boyutundan 
kaynaklandığını söylemek mümkün olabilir. 

 

  

Şekil 6. Optik mikroskop görüntüleri. 
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3.3. Kimyasal (XRF) Analizi 

Seramik sanayinde feldspat hammaddesi olarak kullanılacak malzemenin bileşimdeki 
Na2O ve K2O gibi toplam alkali miktarı büyük önem taşımaktadır. Ayrıca Fe2O3 ve TiO2 
gibi renk verici oksitlerle CaO ve MgO gibi bileşenlerin hammadde içinde düşük 
oranlarda olması istenmektedir. Kimyasal bileşimlerine göre feldispatların 
sınıflandırılması Tablo 4’de verilmiştir [11]. Atığın içeriği incelendiğinde (Tablo 3) Na2O 
ve K2O miktarı 12,80; Fe2O3 %4,5 ve TiO2 %0,57; CaO %2,10 ve MgO ise %0,60 olduğu 
saptanmıştır. Atığın kimyasal içeriği incelendiğinde zenginleştirme yapılmadan feldispat 
kaynağı olarak değerlendirmek mümkün görünmemektedir.  

 

Tablo 3. Atığın Kimyasal (XRF) Analizi. 
Bileşen SiO2 Al2O3 TiO2 Fe2O3 CaO MgO K2O Na2O 
Miktar (%) 56,00 19,50 0,57 4,50 2,10 0,60 11,30 1,50 
Bileşen P2O5 SrO MnO ZnO ZrO2 SO3 A.Z.*  
Miktar (%) 0,21 0,24 0,09 0,01 0,14 0,02 3,22  

*A.Z.: Ateş Zaiyat (Uçucu madde miktarı). 

 

Tablo 4. Kimyasal Bileşimlerine Göre Feldispatların Sınıflandırılması (TS 11325/T1, 2019). 

Bileşim 
Değer, % (mm) 

I. Sınıf II. Sınıf III. Sınıf 

K2O+Na2O 10,00 - 9,00 - 8,00 - 

K2O 9,00 - 7,00 - - - 

Na2O - 3,00 - 3,50 - - 

Fe2O3 - 0,10 - 0,20 - 0,50 

TiO2 - 0,15 - 0,30 - 0,40 

CaO+MgO - 1,00 - 1,20 - 1,60 

TiO2+CaO+MgO - 1,15 - 1,50 - 2,00 

 

3.4. Mineralojik (XRD) Analizi 
Atığa yapılan mineralojik (XRD) analizi Şekil 7’de verilmiştir. Şekil 7 incelendiğinde 

atığın Ortoklas, manyetit, sanidin ve albit minerallerinde oluştuğu saptanmıştır. XRD 
analizinin XRF analizi ile uyum içinde olduğu saptanmıştır. 
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Şekil 7. Atığın Mineralojik (XRD) analizi. 

 
4. Sonuçlar ve Tartışma 

Afyonkarahisar Kınık Bölgesinde bulunan Yıldızlar Holding’e ait feldspat hammadde 
tesisinde manyetik zenginleştirme sonrasında ortaya çıkan atıkların depolandığı atık 
sahasının farklı bölgelerinden temin edilen numuneler üzerinde yapılan karakterizasyon 
testleri sonucunda atığın mevcut hali ile feldispat kaynağı olarak kullanılamayacağı 
saptanmıştır. Atıkta çok fazla bağlı tanenin olduğu bu taneler 200 µm boyunun altına 
indirildiğinde serbestleştiği saptanmıştır. 

Sonuç olarak bu atığın tekrar ekonomiye kazandırması için uygun bir zenginleştirme 
prosesi belirlenirken tane serbestleşme boyutu olan 200 µm’nin dikkate alınmasının ve 
bu boyuta öğüterek uygun bir zenginleştirme yönteminin seçilmesinin gerekli olduğu 
belirlemiştir.    
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