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The fabrication of nano-sized materials with conventional ball mill is a very difficult process.
But it is not impossible. When the capacity of the mill is reduced, the nano-sized product can be
reached. In this study, nano-sized calcite was produced by conventional ball mill. Firstly, the mill
capacity (feed amount) was reduced, then, the effect of the grinding media type was investigated.
Spherical ball and cylindrical shaped “Cylpebs” are used as grinding media. Comparative tests have
been performed using Cylpebs and spherical balls in a 20 tph capacity industrial ball mill under the
same conditions. The results showed that Cylpebs was more efficient than conventional spherical
balls. In addition, the capacity of the conventional ball mill for the fabrication of nano-sized
products should be significantly reduced. When the mill capacity is reduced by 75% (5 tph) and
grinded with Cylpebs, the fineness (dgg) of the product reaches 1300 nanometers.

Key words: Ball Mill, Ball, Calcite, Cylpebs, Nano Grinding

1. Introduction

In many different industries today, such as, plastics, ceramics, cement, metallurgy, paint,
food, cosmetics and energy, there is a growing need for materials identified as nano-sized.
Nanomaterials fabrication methods can be classified according to whether their assembly followed
either the so called “bottom-up” approach or the “top-down’ approach. The bottom-up approach is
one where smaller components of atomic or molecular dimensions self-assemble together,
according to a natural physical principle or an externally applied driving force, to give rise to larger
and more organized systems. The top-down approach is where a process starts from a large piece
and subsequently uses finer and finer tools for creating correspondingly smaller structures [1].
Namely, nano-sized grains are produced by physical processes such as grinding. In the top-down
approach there are two options such as wet and dry grinding. In this study, dry grinding was
preferred to eliminate the cost of drying. The general flow diagram of the nano-calcite fabrication
using an industrial scale ball mill is given in Figure 1.

! Corresponding author: Tel: 04122488452
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Figure 1. Nano calcite fabrication flow diagram [“top-down” approach]

The primary function of grinding media is to crush and grind ore particles inside rotating
mills, such as ball, rod, and semi-autogenous mills, and sometimes in stirred mills such as Vertimill,
SVM mills, Sala Agitated Mill, HIGMill, Tower Mill, and ISAMill [2]. In recent years, grinding
charges with unconventional shapes have appeared on the market. One example is the cylindrically
shaped media called Cylpebs. Cylpebs have greater surface area and higher bulk den-sity than balls
of similar mass and size, due to their shape. Cylpebs of the same diameter and length have 50%
greater surface area, and 45% greater weight, than balls of thesame material. In addition, they have
9% higher bulk density than steel balls, and 12% higher than cast balls. The objective of this paper
is to compare Cylpebs and ball grinding media in terms of grinding efficiency for fabrication of
nano sized calcite [3-4]. Calcite (CaCO; ) was chosen as test material for this study. It is a salt,
widely used in the ground nano-form, in paints, food or pharmaceuticals industries and as filler in
the paper making process (Garsia et al., 2002).

2. Materials and Methods

Experimental studies were carried out in an industrial-scale ball mill shown in Figure 2. The
diameter of the mill is 3 m in length and 7 m in length. The total internal volume of the mill is 49
m’. The mill capacity for the production of dgg ~ 60-100 microns calcite is 20 tph. The Cylpebs and
spherical balls shown in Figure 3 were separately charged and their grinding performances tested.
The charging rates of Cylpebs and spherical balls are given in Table 1. The material (calcite) which
is grinded to the nano size is taken with the Alphine type air separator. The calcite mineral was
broken to -8 mm by impact crusher before feeding to the mill. The grain size (dgy) of the calcite feed
to the mill is ~ 4 mm.
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Figure 2. Image of calcite grinding mill (Classic ball mill)
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Figure 3. Image of different types of grinding media

Table 1. Grinding media features and charging rates

Grinding Sizes and Weights Total Media

Media of Media | Charge

Types Grinding Media Weight Rate

Conventional 15-20mm 20-30mm 30-40mm 40-55mm

Balls 14520 kg 14700 kg 14700 kg 14700 kg | 70630 | 37%
14x17x16mm 21x25x26mm | 29x35x34mm -

Cylpebs 28000 kg 2100 kg 2100 kg - 7000 31%

3. Results and Discussions

Table 2 shows the dyg dimensions of the products obtained depending on the capacity of the
mills. Accordingly, when the capacity of the mill was reduced from 20 tph to 5 tph, the fineness of
the product was reduced from 60 microns to 3.9 microns (Figure 4). Reducing the capacity means
increasing the contact time of the material (calcite) with the grinding media. The same applies if
Cylpebs are used. When the capacity was reduced from 20 tph to 5 tph, the fineness of the product
obtained decreased from 30 microns to 1.3 microns. Cylpebs grinder media has more efficient
grinding than conventional balls. For example, if the mill is operated with a capacity of 10 tons per
hour, the products obtained are 10 microns with cylpebs balls and 20 microns with conventional
balls.
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Table 2. dy sizes vs mill capacity of products using with Balls and Cylpeps

Conventional Spherical Balls Cylpebs
Mill dy sizes of Mill dg sizes of
Capacity product Capacity product
20 tph 60 um 20 tph 30 um
10 tph 20 um 10 tph 10 um
5 tph 3.8 um 5 tph 1.3 um
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Figure 4. Particle size distribution in grinding with Spherical Balls (5 tph capacity)
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Figure 5. Particle size distribution in grinding with Cylpebs (5 tph capacity)

4. Conclusions

e,
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In this study, industrial scale grinding tests were carried out for the fabrication of nano calcite.
The normal capacity of the mill used in the tests is 20 tph. However, it was not possible to produce
nano-sized calcite with this capacity. Therefore, the capacity of the mill has been reduced. In other
words, the amount of calcite feed is reduced. This increases the contact time between the calcite and
the balls. When the residence time of Calcite in the mill was increased by 4 times, the fineness (dgo)
of the products obtained fell below 4 microns. When the mill capacity was 20, 10 and 5 tph,
respectively, the fineness of the products were 60, 20, and 3.8 microns, respectively. These results
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were obtained in case of grinding with conventional balls. In case of using Cylpebs instead of
conventional balls, the product fineness was 30, 10 and 1.3 microns, respectively. According to

these results; the fineness of the products is inversely proportional to the mill capacity. As the mill
capacity is reduced, finer products are obtained. This is due to increased grinding time and material-

to-ball contact.

As a result, mill capacity is an important operating parameter in the fabrication of nano-sized
calcite. It is not possible to fabricate nano-sized material with a conventional ball mill operated with
normal capacity (20 tph). If the capacity is reduced by 75%, it is possible to produce nano-sized
material. Furthermore, cylpebs should be used instead of conventional balls in this grinding process.
Cylpebs gives finer products than conventional spherical balls.
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Abstract - Psylliostachys spicata is a species of Plumbaginaceae family which are used for
medical aromatic purposes. In this study, Psylliostachys spicata that collected from Uziimliik and
Golgelikonak (Siirt, Turkey) salts areas were evaluated with regard to element content, total phenolic
content (Folin-Ciocalteu) and antioxidant activity (1,1-diphenyl-2-picrylhydrazine-DPPH). While for
both regions some heavy metal contents (Pb, Zn, Fe) were below the allowed by the World Health
Organization, toxic metals such as Cd and As were not detected. As a result of the analysis of the
extracts obtained with methanol, it was determined that the total amount of soluble phenolics and
antioxidant activity were among the acceptable values for both localities. According to the results, it
is thought that P. spicata is a potential source of antioxidant which is not a concern in terms of toxic
metal content.

Keywords: Total phenolic content; element analysis; Psylliostachys spicata; Siirt

Psylliostachys spicata (Willd.) Nevski’nin iki Farklh Lokasyondan Toplanan
Orneklerinin Metanol Ekstraktlarinin Baz1 Biyolojik Aktiviteleri ve Element
Iceriginin Belirlenmesi

Oz - Psylliostachys spicata, bir ¢ok iiyesi tibbi aromatik amacla kullanilan Plumbaginaceae
familyasindan bir tiirdiir. Bu ¢alismada Uziimliik ve Golgelikonak (Siirt, Tiirkiye) tuzlas1 cevresinden
toplanan Psylliostachys spicata bitkisi, element igerik, toplam fenolik madde miktar1 (Folin-
Ciocalteu) ve antioksidan aktivite (1,1-difenil-2-pikrilhidrazin-DPPH) acisindan degerlendirilmistir.
Element miktarlar1 ICP-OES (Indiiktif Eslesmis Plazma-Optik Emisyon Spektrometresi) cihaziyla

ppm diizeyinde belirlenmis olup her iki bélge i¢in bazi agir metal icerikler, (Pb, Zn, Fe) Dinya Saglik
Orgiitii’niin izin verdigi max. degerin altinda cikarken; Cd ve As gibi toksik metaller ise tespit
edilememistir. Metanol ile elde edilen ekstraktlarin analizi sonucunda, toplam ¢oziinebilen fenolik
madde miktar1 ve antioksidan aktivitesinin kullanim agisindan her iki lokalite i¢in kabul edilebilir
degerler arasinda oldugu belirlenmistir. Elde edilen sonuglara gére P.spicata' nin toksik metal igerik
bakimindan endise vermedigi potansiyel bir antioksidan kaynagi oldugu diisiiniilmektedir.

Anahtar kelimeler: Toplam fenolik icerik; element analizi; Psylliostachys spicata; Siirt

1. Giris

Plumbaginaceae familyasi iiyeleri 6zellikle iran-Turan ve Akdeniz Bolgeleri basta olmak
iizere diinyanin hemen hemen her yerinde yayilis gostermektedir. Familyanin bir ¢ok iiyesi ekstrem
(ug) ortamlarda yasayan (halofit, soguga uyumlu, kumlu topraklarda biiyiiyen) tiirlerdir.
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Plumbaginaceae, 28 cins ve yaklasik 650 tiirii temsil etmekle beraber [1-3] Tiirkiye'de 84 taksonu
vardir [4].

Psylliostachys spicata, bir ¢ok iiyesi tibbi aromatik amagla kullanilan Plumbaginaceae
familyasindan bir tiirdiir. Tiirkiye'de Psylliostachys cinsi ilk kez Siirt ili Akdogmus kdyii tuzcul
alanindan tanimlanmustir [5].

Bitkisel ilaglar yiiksek oranda biyolojik aktif molekiil, mineral ve eser element igermekle
beraber bir¢ok hastaligin tedavisinde yaygin olarak kullanilmaktadir [6]. Bitkisel ilaclar geleneksel
tip sistemlerinin 6nemli bir basamagini olusturmakla beraber son yillarda hem gelismis hem de
gelismekte olan iilkelerde birinci basamak saglik hizmeti olarak kullanimi giderek artmaktadir.
Diinya Saglik Orgiitii, diinya niifusunun yaklasik %65-80" inin 6ncelikli olarak alternatif tibb1 tercih
ettigini (cogunlukla tibbi bitkilerden elde edilen ilaglar) rapor etmistir [7,8].

Bitkisel triinlerin terapotik yararlarina artan ilgiye paralel olarak dogal bitki ve piyasada
mevcut olan formiilasyonlariin toksisitesi ve giivenligi ile ilgili endiseler giderek artmaktadir. Dogal
bitkilerin tabiat1 geregi her zaman giivenli olduguna dair yaygin bir yanlis kan1 olsa da tibbi bitki ve
onlarin formiilasyonlarinin yan etkiler ve toksisite vakalari lizerine bir¢ok rapor bulunmaktadir [9].

Bu calismada, Siirt ilinin farkl iki bolgesinde toplanan P. spicata'nin iki farkli lokaliteden
toplanan 6rneklerinin bazi biyolojik aktiviteleri yaninda element igerikleri de arastirilmistir.

Sekil 1. P. Spicata bitkisinin yayilis haritasi [10].

2. Malzeme ve Yontem

Calismanin materyalini olusturan P.spicata bitkisi (Sekil 2), Siirt ilinin Uziimliik (37°, 46'69,
90"K, 42°, 5'44, 3"D, yiikseklik 730m) ve Golgelikonak (37°, 46'21, 46"K, 42°, 6'53, 96"D, yiikseklik
768m) tuzlu alanlarindan 2013 yilinda toplanmistir. Toplanan bitki 6rneklerin sistematik analizi
yapildiktan sonra bir 6rnegi Siirt Universitesi Herbaryumunda muhafaza edilmistir. Bitkilerin kalan
diger kismi, laboratuvar ortaminda hava akiminin oldugu golgelik bir alanda kurutulup, toprak tsti
kisimlar1 ogiitiildiikten sonra cam kavanozlarda ¢alismalarda kullanilmak iizere oda sicakliginda
muhafaza edilmistir.

2.1. Bitki Ekstraktlarinin Hazirlanmasi

Toplam fenolik madde miktar1 ve antioksidan aktivite ¢aligmalar1 i¢in 4 gr toz haline
getirilmis bitki 6rnegi 40 mL metanol (%80) igerisinde calkalayicida oda sicakliginda 24 saat siireyle
ekstrakte edilmistir. Siizge¢ kagidinda siiziilen ekstraktlar daha sonra vakum altinda evapore edilip
yogunlastirilmistir. Son konsantrasyon 20 mg mL™! olacak sekilde stok ¢dzeltiler hazirlanarak analize
kadar +4 °C’de saklanmustir. Tiim analizler 1 mg mL™! konsantrasyon iizerinden hesaplanmustir.

Open Journal of Nano - Gurbet CANPOLAT
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Sekil 2. P. spicata bitkisinin dogal alandaki goriintiisii

2.2. Toplam Fenolik Madde icerigi

Bitki metanol ekstraktlarinin toplam fenolik bilesik igerigi, gallik asit esdegeri olarak Folin-
Ciocalteau yontemi kullanilarak belirlenmistir [11]. Bunun i¢in 1 mL ekstrakt tizerine 1 mL FCR
reaktifi ilave edilip 3 dk oda sicakliginda inkiibasyona birakilmistir. Bu ¢ozeltiye, daha sonra doygun
NaxCOs (%7, 1 mL) eklenerek, karisim oda sicakliginda karanlikta 90 dk stireyle ¢alkalanip 760 nm
de absorbans &l¢iilmiistiir. Ayn1 islemler kontrol numunelere ve gallik asit standart (0.05-1 mg mL™")
cozeltilerine de uygulanip kalibrasyon egrisi c¢izilmistir (Sekil 3). Elde edilen kalibrasyon
denkleminden, bitki ekstraktlarinin toplam fenolik madde icerigi mg gallik asit esdegeri olarak
hesaplanmaistir.

Kontrol numune: 1 mL ¢6ziicii + 1 mL FCR + 1 mL 7% Na,CO3

y =6,606x - 0,021
R2=0,999

Absorbans
o o

O T T T T 1
0 0,05 0,1 0,15 0,2 0,25
Gallik asit (mg mL!)

Sekil 3. Toplam fenolik madde tayini i¢in gallik asit kalibrasyon egrisi
2.3. Antioksidan Aktivite Tayini

Antioksidan aktivite, DPPH radikalini siipiirme etkisi a¢isindan Blois' in 2002 metoduna gore
belirlenmistir [12]. Bunun i¢in bitki metanol ekstrakti (1 mL) ile DPPH ¢6zeltisi (4 mL, 0.001M)
iyice karigtirlldiktan sonra oda sicaklifinda karanlik bir ortamda 30 dk inkiibe edilmistir.
Inkiibasyondan sonra ¢dzeltilerin 517 nm'de absorbanslar1 dl¢iilmiistiir. Kontrol olarak 1 mL ¢dziicii
iceren deney tiipiine 4 mL DPPH eklenerek ayni islemler gergeklestirilmis olup inhibisyon yiizdesi
asagidaki ifade edilen (1) nolu esitlik dogrultusunda hesaplanmaistir.
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% inhibisyon = [(Abskontrol - Absnumune)/Abskontrol] x 100 (1)

2.4. Element Analizi

Toplanan bitkilerin element analizi i¢in, bitki 6rneklerinden 0.6-1.0 g arasi tartilarak mikro
dalga yardimiyla ¢oziiniirlestirme islemi yapilmistir. Bunun igin tartilan numuneler basinca dayanikli
politetrafloroetilen (PTFE) kaplara aktarilmis ve iizerine HNO3/H20> (10.0/2.0) asit karisimi ilave
edildikten sonra Tablo 1'de belirtilen kosullarda Speedwave MWS-3 Berghof marka mikrodalga
firminda parcalama islemi gerceklestirilmistir. Gerekli prosediirlerden sonra element analizi Model
Optima ™ 7000 DV ICP-OES (Perkin Elmer, Inc., Shelton, CT, ABD) cihaziyla yapilmistir [3,13].

Tablo 1. Mikrodalga cihazinin ¢alisma kosullar1

1 2 3 4
T (°C) 150 190 100 100
Ta (dK)* 10 10 10 10
t (dk)® 5 10 10 5

Afstenilen sicaklikta bekleme siiresi
bTki ardisik sicaklik arasindaki siire

ICP-OES cihazinin ¢alisma kosullar1 ise Tablo 2°de verilmis olup kalibrasyon grafiklerine ait
denklem ve korelasyon katsayilar1 Tablo 3' te belirtilmistir.

Tablo 2. ICP-OES cihazinin ¢aligsma kosullart

Parametreler

Giig(W) 1450

Plazma gaz akis orani (Ar) (L-dk™") 15

Yiikseltgen gaz akis orani (L-dk™!) 0.2

Nebiilizor gaz akis orani (L-dk™!) 0.8

Numune akis oran1 (L-dk™) 1.5

Goriliniir modu Aksiyal-radyal
Entekrasyon zamani (s) 1.0
Temizleme gazi Azot

Kesme gazi Hava

3. Bulgular

P. spicata bitkisinin biyolojik aktivite analizleri kapsaminda antioksidan aktivite DPPH
radikaline proton transferiyle azalan absorbansin (517 nm) Olgiilmesi esasina gore hesaplandi.
Uziimliik ve Gélgelikonak tuzlu alanlarindan toplanan &rneklerin metanol ekstraktlarinin DPPH
degerleri sirastyla 79.6% ve 86.6 %; toplam fenolik icerik ise 73.0 ve 49.5 mggalik/mLekstrake 0larak
hesaplanmisir (Tablo 4).

Tablo 3. Elementlerin kalibrasyon grafiklerine ait denklem, korelasyon katsayis1 (R?) degerleri

Element Dalgaboyu (nm) Denklem R?
As 193.696 f(x) = 10657x + 346.52 0.9980
Co 228.616 f(x) =258750x + 2156.4 0.9980
Cr 267.716 f(x) =426198x + 4130.2 0.9987
Cu 327.393 f(x) = 755145x + 9532.2 0.9984
Fe 228.204 f(x) =512703x + 3704 0.9987
K 766.490 f(x) =23939x + 3824.9 0.9972
Li 670.784 f(x) = 3E+07x + 83728 0.9986
Mg 285.213 f(x) = 141701x + 322792 0.9988
Mn 257.610 f(x) =20414x + 485.24 0.9989
Mo 202.031 f(x) = 69409x + 932.24 0.9983
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¢3%
Na 589.592 f(x) = 114008x + 176759 0.9993
Ni 231.604 f(x) = 185263x +2170.2 0.9978
Pb 220.353 f(x) =30582x + 1141.2 0.9972
Sb 206.836 f(x) = 18506x + 373.74 0.9988
Ti 334.940 f(x) = 3E+06x + 365 0.9984
v 292.464 f(x) = 291244x + 9635.4 0.9987
Zn 206.200 fix) = 121192x +2729.4 0.9992
Be 313.107 f(x) = 9E+06x + 72084 0.9984
Cd 228.802 f(x) =562992x + 8124 0.9985
Se 282.8 flx) = 11123x +256.49 0.9988
Sr 407.771 f(x) = 6E+07x + 550778 0.9984
Tablo 4. P. spicata bitkisine ait methanol ekstraktlarinin biyolojik aktivitesi
Bolge Toplam Fenolik (mggani/mLckstrak) % DPPH
Uziimlitk 73.0 79.6
Golgeli konak 49.5 86.6

Uziimliik ve Golgelikonak tuzlu alanlarindan toplanan P. spicata bitkisinin element analizi
ICP-OES cihazi ile 3 tekrarli olarak gergeklestirilmis olup ortalama degerler Tablo 5'te sunulmustur.

Tablo 5. Kurutulmus P. spicata bitkisinin ICP-OES ile elde edilen element degerleri

Element konsantrasyonu (mg L)

Bolge As Be Cd Co Cr Cu
* * * 0.02 0.18 0.23
» Mg Mn Mo Na Ni Pb
% 136.80 2.0 * 442.50 0.38 0.07
5 Ti v Zn Fe K Li
0.17 0.07 0.7 28.75 255.10 0.15
Sb Se Sr
0.01 * *
As Be Cd Co Cr Cu
g * * * 0.05 0.34 0.39
% Mg Mn Mo Na Ni Pb
-% 216.60 3.04 * 513.10 0.69 0.40
%ﬂ Ti \4 Zn Fe K Li
&) 0.29 0.13 0.46 69.11 314.80 0.32
Sb Se Sr
0.02 * *

*Miktart tespit edilememistir.

Tablo 5'te belirtildigi iizere Uziimliik ve Golgelikonak P. spicata bitkisinin makro element
derisimleri sirasiyla, 442.50 mg L'Na, 255.10 mg L' K, 136.80 mg L' Mg, ve 513.10 mg L"'Na,
314.80 mg L' K, 216.60 mg L' Mg olarak tespit edilmis ve her iki bdlge i¢in bu derisimlerin
Na>K>Mg sirasinda oldugu belirlenmistir.

4. Degerlendirme ve Sonuc¢

Bitkiler, igerdikleri aktif bilesikler (flavonoid, alkaloid,terpenoid, tanen, berberin, kinin)
nedeniyle bir¢ok hastaligin tedavisinde kullanilmaktadir [14]. Yapilan kaynak taramasinda
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Plumbaginaceae familyasina ait bitkilerin fenolik igerigi ve antioksidan aktivitesinin arastirildigi
kisith sayida ¢alismaya rastlanilmstir.

Bu calisma kapsaminda P.spicata bitkisine ait metanol ekstraktlarinin antioksidan aktivite ve
toplam fenolik igerigi tespit edilmis, ayrica bitki toksisitesini etkileyen metal icerik analizleri de
yapilmistir. Fidan'nin 2018 yilinda yaptig1 calismada Siirt Akdogmus tuzlu bélgesinden topladigi ayni
tiir bitkinin etanol ve su ekstraktlarindaki toplam fenolik degerleri sirasiyla 30.65 ve 6.39 mg mL'!
olarak tespit edilmistir. Calismamizda farkli bir ¢oziicii (%80 metanol) kullanilmis ve elde edilen
degerler 73.0 (Uziimliik) ve 49.5 (Golgelikonak) mg mL™! seklindedir. Bu deger calisilan bitki
orneginin 6nemli bir fenolik bilesik kaynagi olarak degerlendirilebilecegini gostermektedir. Fidan
(2018)’1n calismasinda antioksidan aktiviteyi %DPPH bakimindan %93.91 (etanol) ve %41.73 (su)
olarak tespit ederken calismamizda yaklasik %80 (metanol) olarak tespit edilmistir. Bu deger,
calisilan bitkinin serbest radikal siipiirme aktivitesi agisindan 6nemli oldugunu gostermektedir.

Tibbi bitki ve formiilasyonlariin mineral ve eser element igerikleri yasamsal organlarin
diizgilin isleyisinde onemli rol oynarken tahmini giivenli glinlilk alim miktarinin iizerinde toksik
olabilmektedir. Bu sebeple element iceriklerinin tespiti ile ilgili calismalar siklikla yapilmalidir. Bu
calismayla Siirt ilinin iki bolgesinden (Uziimlilk ve Golgelikonak) toplanan Plumbaginaceae
familyasinin bir tiirii olan P.spicata tuzcul alan bitkisinin toprak {istii kisimlarindaki 21 elementin
(Na, K, Mg, Fe, As, Be, Cd, Cr, Cu, Co, Mn, Li, V, Mo, Ni, Sb, Ti, Pb, Sr, Se ve Zn) konsantrasyonu
ICP-OES cihazi ile belirlenmistir (Tablo 5). Element analiz sonuglar1 farkli cografi bolgelerde yetisen
ayn1 sifali bitki tiirlerinin farkli seviyelerde metal biriktirdigini gdstermistir. Bunun yani sira bazi
element igeriklerinin Tirk Gida Kodeksi ve WHO/FAO’nun meyve/sebze ve bazi gidalarda izin
verilen degerlerin Fe (200 mg kg™!), Zn (5-50 mg kg!), Cr (2 mg kg™!), Co (0.02-1 mg kg™'), Cu (10
mg kg'), Pb (10 mg kg') [15,16] altinda kaldig1 belirlenirken kadmiyum ve arsenik tespit
edilememistir.

Bu sonuglar degerlendirildiginde ¢alisilan bitkinin 6nemli bir antioksidan kaynagi oldugu ve
icerdigi agir metal igerik bakimindan toksik etki yaratmayacagi sdylenebilir.

Tesekkiir

Bu calisma Siirt Universitesi Bilimsel Arastirma Projeleri 2013-SIUFED-F1 nolu proje ile
desteklenmistir.
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Abstract - The main objective of the present work was to analyse the interactions of colemanite
crystal surface with surrounding fluids and colloidal particles. Specifically, in this research, the
interactions between colemanite surface and glass colloidal probe were studied using the atomic force
microscopy (AFM). The colloidal forces were measured in 1.0x10°3 molL* NaCl aqueous solutions
at pH values from ~7 to 10 to explore a transition from attractive to repulsive forces when the surface
charge potential for colemanite changes from positive to negative at isoelectric point (IEP) located
near pH~10.2. As expected, at pH 10 when the colemanite and glass colloidal probe surfaces are
similarly charged, a repulsive force was observed. On the other hand, at pH values of 7, 8 and 9 when
the surfaces oppositely charged, attactive forces were observed.

Keywords: AFM (Atomic Force Microscopy), colemanite, crystal, colloidal forces

1. Introduction

Atomic force microscopy and its capability of adhesion and colloidal force measurements
have become an important characterization device in numerous fields of fields such as surface
science, materials engineering, chemistry, biochemistry, and biology. Additionally, the adhesion,
colloidal, molecular and atomic forces that can be quantified with the AFM technique provide
foundation for theoretical analysis and modeling of these forces [1-3].

Since 1989, several techniques of force value acquisition and analysis have arisen, and an
increasing number of systems revealing unexpected forces have been analyzed. AFM force-distance
curves are routinely used in several kinds of measurement including the determination of material’s
elasticity, material or system Hamaker constant, surface charge density, degrees of surface
hydrophobicity, and many others [5]. Several previous studies demonstrated the capability of the
AFM method to investigate dynamic force microscopy methods [4, 5], to examine the interfacial
forces [6], and to quantify colloidal forces [3, 7]. In mineral processing, the colloidal force
measurements provide a better understanding of the colloidal and molecular mechanisms of mineral-
mineral and mineral-gas bubble interactions, often leading to better design of mineral processing
technologies such as flotation process and selection of solution chemistry for treatment of minerals.

2. Background
2.1. Atomic Force Microscopy (AFM)

Atomic force microscopy (AFM) is an imaging technique used to determine topography and
surface characteristics. It is also be used for force measurements such as electrostatic, adhesion, van
der Waals, colloidal, capillary, magnetic and other forces.
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AFM consists of a cantilever with a sharp tip or a colloidal probe at its end that is used to not only
scan the surface but also measure the forces of interactions with a substrate in various environment.
The cantilever with a sharp tip is typically silicon or silicon nitride with a tip radius of curvature on

the order of nanometers.

When the tip is brought into proximity of a sample surface, forces between the tip and the sample
lead to a deflection of the cantilever according to Hooke's law [4].
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Figure 1. Schematic of a typical force-separation curve and parts of an approach-retraction cycle of the tip.

As shown in Figure 1, the AFM tip away from the sample, the cantilever is not affected by
interatomic forces and keeps its equilibrium position. When it brought closer to the sample surface,
attractive forces act upon the tip to bend the cantilever towards the sample [8].

But, when the tip is pushed towards the surface repulsive forces dominate, deflecting the cantilever
backward. The thick lines indicate the normal ranges of operation for contact and non-contact modes
and the long horizontal arrow represents the usual amplitude for intermittent contact [9].

2. Materials and Methods
2.1. Chemicals and devices

The colemanite sample was obtained from Eti Mine Works as lump-sized crystals from Kestelek
deposit of Turkey which was cleaved 15x15x5 mm and polished for the AFM measurements. The
glass probe (DNP-S10 model) was purchased from Bruker.

The experiments were performed using a Nanoscope E AFM (Digital Instruments Inc.) in a fluid
cell (Figure 1). X-ray diffraction (XRD) measurements were carried out with
Bruker D8 Discover diffractometer. All colloidal forces were measured in 1.0x10 molL* NaCl
aqueous solutions at pH values from ~7 to 10.

2.2. AFM analysis procedure

Interaction forces between glass colloidal probe (which used with 10-micron borosilicate glass)
and colemanite crystal substrate at various pH values were measured by atomic force microscopy
(AFM). All of the force curves were analyzed with the SPIP software (Image Metrology, Lyngby,
Denmark), which translates the cantilever deflection-piezo extension/retraction data to force-
separation profiles.
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3. Results and Discussions

In this study, we studied to analyse the interactions of colemanite crystal surface with surrounding
fluids and colloidal particles.
Before force measurements topographic AFM images of the tested colemanite surfaces presented

in Fig.2.
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Figure 2. (a) Schematic diagram of AFM (b) 3D AFM height images of colemanite crystal with a smooth surface.

As shown in Fig. 2 (a) the sharp tip scans over the colemanite surface and the deflection of the
cantilever is quantified through a laser beam reflected off the backside of the cantilever and received
by the photoelectric detector. Finaly, the measured cantilever deflection allows the computer to
generate a map of the surface topography [10].

The obtained topography image corresponds to the measured height values, z(x,y) (Figure 2(b))
The height value is associated to a pair of surface coordinates (x,y) [11]. XRD patterns of colemanite
is shown in Fig. 3.
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Figure 3. X-Ray diffraction (XRD) patterns of the colemanite.

As shown in Fig. 3 the expected peaks for colemanite, revealing that the sample has a high purity.
The colemanite is a semi-soluble mineral. For this reason, it has a low solubility in water, but it
dissolves readily in acid [12]. The colemanite cannot be practically measured below pH 6 due to
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dissolution of mineral in HCI. In order to obtain reliable AFM results, all measurements in should be
either range from pH 6 to 11.
Figure 4 shows the colloidal forces measurements between glass probe and colemanite crystal. It

can be seen this figure that interaction forces undergo a change in four different pH values.
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Figure 4. The force versus separation curves obtained for a glass probe tip interacting with Kestelek crystals in
1.0x10°® molL™* NaCl suspension at 4 different pHs.

The point of zero charge (PZC) of colemanite is about range of 10.2-10.5 [13]. As expected
attractive interactions between negatively charged glass probe and positively charged colemanite
crystal dominate at pH 7 and 8. These attractive forces weakened at pH 9 and changed to repulsive at
pH 10. The transition from attractive to repulsive is associated with reversal of the surface charge for
colemanite crystal from positive to negative at pH 10.

4. Conclusions

The colloidal forces between colemanite crystal and glass probe were investigated by AFM. In
1.0x10°® molL* NaCl at pH 7, attractive forces have been recorded between the AFM glass probe and
colemanite surface. Attractive electrostatic forces result from the interaction between the negatively
charged glass probe and positively charged colemanite surface. In the alkaline solution of NaCl pH
8 and 9 weak attractive forces were observed while pH 10 only repulsive forces were observed
between the AFM tip and colemanite crystal. As a result, at the pH values (7, 8, 9 and 10) where the
AFM measurements were conducted, the nature of the interaction forces depends on the surface
charge of colemanite.
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