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ABSTRACT

In this study, the mechanism for the growth of manganese flowers on surfaces
of magnesite ore is studied by comparing them with the aggregates obtained by
simulations according to the diffusion limited aggregation (DLA) model. For this
purpose the pictures of the naturally occurring manganese flowers of different
forms encountered on the samples of magnesite ore are obtained by a scanner.
These pictures are used for computing the exponents of the density correlation

functions (a0 =0.341 + 0.004) and the fractal dimensions (D =1.61 + 0.005). The
results, which are obtained for two different possibilities, are compared with DLA
model. The results indicate that magnetite aggregates have the dendrite structure.

Key Words: Monte Carlo Method, Scanning Method, Magnesite Ore and
Manganese Flowers.

MANYEZIT CEVHERI YUZEYINDEKI MANGAN CiCEKLERININ OLUSUMU

OZET

Bu caligmada, manyezit cevheri yiizeylerindeki mangan kiimelerinin olusumu
ve biiylimesi, goriintii tarama yontemi ve difiizyonla siirli kiimelesme (DLA)
modeli kullanilarak incelenmektedir. Bu amagla, manyezit cevheri iginde olugsmus
bir mangan kiimesi goriintii tarayicisi ile bilgisayar ortamina aktarilarak, yogunluk
korelasyon fonksiyon iissii (o = 0.341+ 0,004 ) ve fraktal boyutu (D = 1.61+ 0,05)
hesaplanmigs ve DLA modeli ile iki farkli olasilik sart1 kullanilarak elde edilen
sonuglar ile karsilasgtirilmistir. Sonuglar mangan kiimelerinin dentritik bir yapiya
sahip oldugunu gostermektedir.

Anahtar Kelimeler: Monte Carlo Yontemi, Tarama ile Goriintilleme YOontemi,
Manyezit Cevheri ve Mangan Cigekleri

1. GIRIS 1. INTRODUCTION

Dogadaki yapilar farkli geometrik sekillere (desenlere) The patterns in nature have different geometrical

sahiptir. Her bir yap1 ortamdaki temel yapi taslarina gore
farkli bir tanecikler kiimesidir. Heterojen ¢evre sartlart ve
diizensizlik olmasmna ragmen kiimelerin nasil olup da
diizenli, simetrik yada kismen simetrik 6zellikler tasidig
temel bilim aragtirmalarina konu teskil etmistir (1-3).

Organik azoik (cansiz) yapilar icin tanecik
kiimelesmesinin bir ornegi, manyezit cevheri iizerindeki
diizlem ve araylizeylerinde olusmus mangan kiimeleri
(cigekleri, dentritleri) dir.

Kiimeler, cevherdeki diizlem ve ara diizlemlerde
mangan igerikli bilesik molekiillerinin (MnO) herhangi bir
¢ekirdegin etrafinda birikmesi ile olusur. Kiimelerin temel

shapes. Every pattern is the aggregate of the particles that
are not the main structure particles. Although there are
both the heterogeneous surrounding conditions and
disorder in environment, how are the particles formed the
aggregate of symmetrical or semi-symmetrical and regular
structure? These states are constituted the subject of the
fundamental science (1-3).

One of the particle aggregation samples in inorganic
azoic (lifeless) systems is the manganese aggregates
(dendrite, flowers) which form on surface or interface of
the manganite ore.

The aggregate forms surrounding a seed particle on the



50

ozelligi ¢ekirdekten disa dogru uzanan bes yada alt1 dalli
seyrek yapili olmasidir. Fraktal karakterlidir (4).

Mangan c¢icekleri (dentrit, kiime) dogal manyezit
cevherinin 1{ist, i¢ ve ara katmanlarindaki diizlem
ylizeylerde gozlenmektedir. Kati manyezit cevheri dogal
sartlarda olusmus sanayi ve teknolojik uygulamalar1 olan
bir maden cevheridir. Cevher, Tirkiye’de Eskisehir ve
Kitahya (Besgam bolgesi) civarinda ¢ikarilip, ¢evrede
bulunan tesislerde islenmektedir.

Manyezit cevheri, hidrotermal maden yatagi olusumu
grubuna girer. Yani, magnezyum iyonlar1 igeren sicak
sularin, serpantin ana kayacinin kirik ve ¢atlaklarinda
¢okelmesi, yi1gismasi sonucunda olusurlar.
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surface and the interface of the manganite ore while the
atoms of manganite oxide ions are collapsed and
coagulated with high temperature.

The manganese aggregate or dendrites are called the
black points form on the surface and interface of the
natural magnesite ore. The basic structure of this aggregate
pattern (manganese dendrite) is formed with main
branches connected to the central seed particle and the
sub-branches formed randomly. Dendrites have both the
self-similar and the fractal structure (4).

The manganese flowers are observed on surface layer of
the natural magnesite ore. The magnesite, forms under the
natural environmental condonation and used in both
technological and industry, is the mine ore. The ore is
produced in Eskisehir and Kiitahya (the Bescam Area) in
Turkey and processed at the surrounding factories.

The magnesite ore is examined in the group of the
mineral stratum of the hydrothermal. It means that the
magnesite ore forms on the surface and the interface of the
main serpentine rocky when magnesium ions are collapsed
and coagulated with high temperature smaller particles in
the cold water.

Figure 1. The images of the manganese flowers that form on the surface magnesite ore are obtained with scanner
Sekil 1. Manyezit cevheri lizerinde olusan mangan cigeklerinin tarayici kullanilarak elde edilen gériintiileri.

Manyezit cevherinin {izerinde bulunan siyah noktali
desenler, madencilik ve mineralojide mangan ¢igekleri
(dentritleri) olarak isimlendirilmektedir (Sekil 1). Mangan
ciceklerinin, manyezit cevherinin olusumu sirasinda
cevherin arayiizeylerinde olustugu  goézlenmektedir.
Mangan oksitin (MnO), manyezit cevheri igerisindeki
orani eser miktardadir. Bundan dolay1 cevherin kimyasal
analizi yapildiginda MnO miktari1 ihmal edilmektedir.

Manyezit ana minerali ile birlikte silika bilesikleri,
kalker, dolomit ve hematit minerallerinin bir araya gelerek
olusturduklart mineral topluluklarina manyezit cevheri
denir. Olusum ortamina bagli olarak degismek iizere genel
olarak, %85-90 manyezit minerali ile %10-15 diger
minerallerden olusur. Buna gore tipik bir manyezit
cevherinin kimyasal bilesimi (kompozisyonu) ; %MgO :
46-47, %SiO02 : 0.2-1.0, %CaO : 0.80-2.0, %Fe203 :
0.05- 0.10, %AI203 : 0.05, %CO2 : 44-46 scklinde

The amount of manganite oxide (MnO) is extremely little
in natural manganese flowers. Thus, the quantity of
manganite oxide is neglected in the result of analysis in the
magnetise ore.

The magnesite ore forms on the surface and the
interface of the main serpentine rocky when magnesium
ions are collapsed and coagulated with high temperature
smaller particles in the cold water. It is called that the
magnesite ore makes up with compose silica (the dioxide
form of silicon, SiO2), calcar, dolomite (calcium
magnesium carbonate, CaMg (CO3) 2) and the mineral of
the haematite (ferric oxide, Fe203) form of particles. The
natural of the structure of ore is very hard. In generally,
the manganite ore is structured the magnesite mineral of
percentage 85-90 and from the other of percentage 15-10
MnO. The quantitative of the manganese is completely
little to take into consideration.



verilebilir (8).

2. MATERYAL VE METOD
2.1. Difiizyon ile Simrh Tanecik Kiimelesme
(DLA) Modeli

iki boyutlu uzayda dentritik (dalli ve alt dallr) 6zellik
tagtyan seyrek tanecikli yapilar igin difiizyon ile sinirl
tanecik kiimelesme modeli (diffusion-limited aggregation
(DLA)) 1981 yilinda T.Witten ve L.M.Sender tarafindan
takdim edilmistir. Kapali 6rgii modelidir. Modelde; kapali
bir orgiiniin merkezine bir ¢ekirdek tanecik yerlestirilir.
Ikinci tanecik merkezden uzakta bulunan herhangi bir
kenar 6rgii goziinden birakilarak rasgele (random) hareket
ettirilir. Bu tanecik ¢ekirdegin etrafindaki herhangi bir
komsu goze ulasinca kiimenin elemant olur. Daha sonraki
tanecikler igin ayni algoritma tekrarlanir. Eger tanecik
"random" hareketi esnasinda kapali 6rgiiniin disina ¢ikarsa
o tanecik iptal edilir. Daha sonra ayni islem yeni ve farkli
tanecikler i¢in uygulanir (2,3). Kiime olusturulur.
Giliniimiize kadar DLA modeli simiilasyon ¢aligmalarinda
bir kiimedeki tanecik sayis1 10 den 107 ye kadar
ulagmustir . Ayrica iki ya da ¢ok boyutlu uzayda bulunan
kiimeler i¢in de calisma yapilmaktadir (4- 6).

2.2. Yogunluk Korelasyon Fonksiyonu

Bir kiimenin yogunluk korelasyon fonksiyonu ( C(r) ),
benzer kiime toplulugundan elde edilen ortalama
korelasyon fonksiyonuna bir yaklastirma olarak, asagidaki
gibi tanimlanmaktadir:
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If the manganese dendrites are differently observed on
the surface of the magnesite ore, they are seen to be
different the quantitative, symmetry and the branch
density.

2. MATERIAL and METHOD
2.1. The Model of the Diffusion-Limited Aggregation

In two dimensional space, the diffusion-limited
aggregation model for the dendritic patterns that are
formed rarely construction was introduced by T. A. Witten
and L. M. Sender in 1981. This is off-lattice model. In this
model, the seed particle is put into placed central of the
off-lattice. The second particle that is fitted the edge site of
off-lattice is moved randomly on the surface of the off-
lattice. If this particle is reached to neighbour site of the
seed particle, it settles down to there. Next, this algorithm
is applied for another particle and so on.

If the particles are exteriorsed in during "random"
movements on the surface of off-lattice these are ignored
and the new and different particles are proposed (2,3). The
aggregates are formed.

The particle numbers of an aggregate have been reached
from 10%to 107 in the DLA model studies. Moreover, these
studies have been extended to two and greater dimensions
aggregates (4-6).

2.2. The Density Correlation Function
The density correlation function (C(r)) which is an

approximation to average correlation function obtained
from similar aggregates is described as follows

cr) =Ny p(r)p(r+ 1) i

N kiimedeki tanecik sayist ve p(r) ise r konumlu
hiicredeki tanecik yogunlugudur. Bu fonksiyonun yalnizca
iki orgli goziinii ayiwran r uzakligina bagli oldugu kabul
edilmektedir; bu kabul r nin degeri kiimenin boyutlarindan
kiigiik ise gegerlidir. Bir fraktal kiimenin korelasyon
fonksiyonu,

C(r)y=Kr™®

r nin bir kuvveti seklinde degisir. Bu ifadedeki K bir
sabit, o ise yogunluk korelasyon fonksiyon {issii olup log-
log grafiginin (log (C) nin log (r) ye kars1 grafigi) egimi
bulunarak hesaplanir. Dolayisi ile korelasyon yogunluk
fonksiyon iissii ile topolojik boyut arasinda,

where N is the particle numbers and p(r) is the particles
density with the r location particle. It is assumed that this
function only depends on r that is the distance between
two-sites. This assumption is valid if the value of r is
smaller than the dimensions of the aggregate. A fractal
aggregate correlation function has of the form

(2]

which changes a power of r. In Eq.2, K is a constant and o
is the exponent of the density correlation function. The
exponent a is the slope of the line of log C(r) and log r
variations computed for the density correlation function.

There is a relation between the exponent of density
correlation function and topological dimension for the
aggregates. This is expressed as
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D=d-a
iliskisi vardir. Burada d Oklit boyutudur.
2. 3. Topolojik Boyut

Kapali kare 6rgili tamamen nesneler ile doldurulmus ise
orgii boyut Oklit boyutu d ile tammlanir. Bu durumda
Oklit boyutu 1, 2, 3.... gibi tam degerler alir. Bir kiime en
u¢ durumda kendine ait i¢inde bulundugu uzay1 tamamen
doldurabildiginden dolay1 kiimenin topolojik boyutu D,
icinde bulundugu uzay Oklit boyutu d ve D < d iligkisini
saglamak zorundadir.

Bir tanecik kiimesinin topolojik boyutunu hesaplamada
kullanilan metotlardan ikincisi kutu sayma (box counting)
yontemidir. Kiimeye ait nesnelerin bulundugu r yarigaplt
bolge icinde N(r) deki gozler sayilir.
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(3]

where D and d denote topological dimension and
Euclidean dimension, respectively.

2. 3. Topological Dimension

If the particles are completely filled in off-lattice, the
lattice dimension is defined by Euclidean dimension d. In
this case Euclidean dimension has the integer values such
as 1, 2, etc.

If the aggregate patterns are filled in off square lattice,
their statistical parameter is called topological dimension
(D). The space in which the aggregate lies has Euclidean
dimension (d). The relation between Euclidean and
topological dimensions has to satisfy the inequality D < d.

The second method to compute the topological
dimension for a particle aggregate is the box-counting
method. N(r) that is the full sites in region with the radius r
is counted for the aggregates and satisfies the following
relation:

N(@) = (1/r)P=r"". [4]

bagintisinin log - log grafiginin (log N nin log 1/r'ye bagl
degisim grafigi) egimi topolojik boyutu (D) verir (5, 6).
Dolayisi ile 3 ve 4 esitlikleri, fraktal cisimlerin boyutlarini
elde etmek icgin iki bagimsiz ifade olup, aym degeri
vermeleri gerekir.

2. 4. Tarama Yontemi

Magnezit cevheri iizerindeki mangan kiimelerinin
(cigekleri, dentritleri) topolojik boyutunu hesaplamak icin
en dnemli yontemlerden biri tarama yontemidir.

Tarama yonteminde; yiizeyde bulunan dogal kiimelerin
tarayict (scaner) ile goriintiisii elde edilir (Sekil 1).
Bilgisayar ortamina taginan ve secilen herhangi bir
kiimenin etrafindaki kiimeye ait olmayan olusumlar
temizlenir. Kiimeye ait tiim alan belirlendikten sonra
kapali kare orgii igerisine taginir. Kiime kapali kare
orgiide dogal goriiniimii ne olursa olsun siyah-beyaz
olacak sekilde haritalandirilir. Yazilim yardimi ile kapali
kare orgiideki her goziin doluluk orani belirlenir. Orgii
goziiniin herhangi biri siyah renkle dolu ise tanecik
yogunlugu 1, eger bos ise (beyaz) 0 alinir. Daha sonra
orgii igindeki toplam dolu gozler saydirilir. Dolu gozlerin
sayis1 kiimeyi meydana getiren toplam tanecik sayisi
olarak atanir. Kutu-sayma (box-counting) ydntemi
kullanilarak Es.3’deki r yarigapli (radius of gyration)
bolgede tanecik miktar1 N(r) almarak logaritmalarin
degisiminin olusturdugu dogrunun limit degerindeki egimi
(D) hesaplanir (2).

The limited-worth of the line slope of log N(r) (the
particle numbers in the field of diameter r) and log 1/r
(radius of gyration) variations are computed for the
topological dimension (5,6). Thus, the Eq.s 3 and 4 are
independent expressions in order to calculate the
dimension for the fractal patterns and have to give the
same value.

2. 4. Scanning Method

One of the important methods that are used to determine
the topological dimension for the manganese aggregate
(dendrites, flowers) on the surface of the natural magnesite
ore is the scanning method.

In this method, the spectra of an aggregate on the
natural pattern surface are obtained with scanner (Figure
1.). The strange substance surrounding of environment of
transporting and choosing whatever aggregate are cleaned
in the computer. After all map of the aggregate have
designated it is transported on off-lattice. The aggregates
are determined as black-white sites on all surface of
aggregate without caring their natural color. The filled
range every site on the surface aggregate is determined by
software that is prepared for present study. If black sites
on the surface of aggregate are get full, it is given 1,
untoward 0. Next, the all black sites are counted on the
aggregate surface in the off-lattice. These are the total
particle numbers of the natural aggregates.

The topological dimension (D) is calculated by the
limited worth of the line slope of log N(r) (particle
numbers in the field of diameter r) and log r (radius of
gyration) variations. The box-counting method (2) is used
in the Eq.3.



3. BULGULAR

Bu calismada, Monto Carlo (MC) simiilasyon yontemi
kullanildi. Difiizyon ile sinirli tanecik kiimelesme (DLA)
modeli i¢in hazirlanan algoritmaya goére Delphi-Demo
bilgisar dilinde yazilan program (yazilim) ile
bilgisayarda, mangan dentritleri benzeri olusumlar elde
edildi. Olusumlar kapali kare orgiide haritalandi. Orgii

_)
icinde dolu olan gozler i¢in tanecik yogunlugu p ( r ) =1,
%
bos olan gozler igin ise p ( r ) =0 almarak yogunluk
korelasyonu fonksiyonun iissii hesaplandi.

Kiimelerin topolojik boyut degerlerini hesaplamak i¢in
iki metod kullanildi. Birinci metod; kiimelerin korelasyon
yogunluk fonksiyonu iissii ile topolojik boyut arasinda
D=d-2 (Es. 3) iliskisinden yaralamld. ikinci metotda ise
kutu-sayma yontemi (Es. 4) kullamdi. Es3 ve 4
kullanilarak hesaplanan degerler karsilastirildi.

T.A. Witten ve L.M. Sender, kenar uzunlugu
(300,300) nokta birimi (pixel) olan kapali kare orgiide
merkezi ¢ekirdek koordinat1 (150,150) nokta birimi (pixel)
ve 3624 tanecikli bir kiime i¢in yogunluk korelasyon
fonksiyonun {issiinii 0,343 + 0,005 ve topolojik boyut
degerini 1.67 + 0,05 olarak hesaplamustir (2).

Bu c¢alismada simiilasyon hesaplamasi sonucunda
korelasyon fonksiyon iissii 0.343 £ 0,005 ve topolojik
boyut degeri 1.657 + 0,004 olarak bulunmustur.
Bilgisayarda  hazirlanan  yazillmm  sonuglart  ile
literatiirdeki sonuglar uyumludur. Boylece programin
giivenirligi saglanmistir (2, 3, 7).

Tarayici (scaner) kullanarak dogal manyezit cevheri
ylizeyinde bulunan mangan dentritleri (kiimeleri)
bilgisayar ortamina tasindi. Segilen herhangi keyfi
mangan dentritlerinden bir kag tanesi alinarak kiimeye ait
olmayan olusumlar temizlenip, kiime karelendi. Her bir
karenin doluluk orani belirlenerek dolu bir karenin
(g6ziin) tanecik yogunlugu 1, bosun ki 0 alindi. Daha
sonra mangan kiimelerinin yogunluk korelasyon
fonksiyon {issii ve topolojik boyut degerleri hesaplandi.
Hesaplanan degerler Cizelge 1 de sunulmaktadir. Sekil 2
de S1, S2 bilgisayar ile olusturulan simiilasyon ve T1 ise
tarayict ile elde edilen kiimelerin  goriiniimleri
verilmektedir.
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3. FINDINGS

In this study Monte Carlo (MC) Simulation Method was
used. The formations that look like the manganite
dendrites are obtained by using a code that is written in
Delphi-Demo with respect to the algorithm prepared for
diffusion limited aggregation model. The map of
formation is put into place on the square off-lattice. If the
particle density for black sites on the surface of aggregate

%
is get full it is given p ( r ) =1,
9

untoward p ( r )=0. Thus, the exponents of correlation
function are calculated to all aggregates.

Two methods are used in order to calculate the
topological dimension for each aggregate. In the first
method, D=d-2 that is the relation between the exponent of
density correlation function and the topological dimension
is used Eq.3. The second method involves the box-
counting method Eq.4 The results that are obtained using
the Eq.s 3 and 4 are compared.

The exponent of the density correlations function 0,343
+ 0,005 and topological dimension 1.67 + 0.05 for an
aggregate were calculated by T.A. Witten and L.M. Sender
in former study (2). In their work, the square lattice edge
sizes are (300,300)-point unit (pixel), the coordinates of
the seed particle are (150,150)-point unit (pixel) and the
particle numbers of this aggregate is 3624.

In this study, we found that the exponent of density
correlation function is 0.343 + 0.005 and the topological
dimension is 1.657 £ 0.004. The results of the software to
calculate the statistical parameter for the aggregate agree
with former studies. Thus, it shows that the software is
more dependable (2,3,7).

The spectra of an aggregate on the natural pattern
surface are obtained with scanner in scanning method.
Choosing arbitrary aggregate the strange substance
surrounding of environment of transporting is cleaned in
the computer after all map of the aggregate have
designated and transported on off-lattice. The map of
formation is put into place on the square off-lattice. The
aggregates are squared. If the particle density for black
sites on the surface of aggregate are get full, it is given 1,
untoward 0. Later the exponent of density correlation
function and topological dimension are calculated for
aggregates. The competed values are introduced in Table
1. The spectra of the aggregates that are obtained with
computer simulation method (S1, S2) and scanning
method (T1) are presented in Figure 2.

53



54 G.U. J. Sci., 17(3): 49-57 (2004)/Mehmet BAYIRLI*, Ziya MERDAN

S1 S2 T1

Figure 2. S1; The aggregate that is obtained by the simulation method involving 5001 particle numbers in off-lattice. The

viscous probability is 1

S2; The aggregate that is obtained by the simulation method involving 5001 particle numbers in off-lattice. The
viscous probability is 0.6

T1; The aggregate that is obtained by the scanning method involving 16248 particle numbers in off-lattice

Sekil 2. S1; Kapali kare orgiide 5001 tanecikli simiilasyon ile olusturulan bir kiime. Yapisma olasilig1 1 dir
S2; Kapali kare 6rgiide 5001 tanecikli simiilasyon ile olusturulan bir kiime. Yapigma olasiligi 0.6 dir
T1; Kapal1 orgiide 16248 tanecikli tarama ile olusturulan bir kiime

Sekil 3 de yogunluk korelasyon fonksiyonu C(r) nin
Orgii sabiti r nin logaritmalarinin ve Sekil 4 de ise
kiimenin tanecik sayis1 N(r), orgii sabitinin tersi (1/r) nin
logaritmanin  dogruya karsilik gelen kismin limit
araliginda degisim grafigi sunulmaktadir.

Log i)

||||||||
q
g
/;jr

o1 1 1 M R R R | 1 1 T TR T B B

1 10 100

Figure 3. The variation of the density correlations functiorlig%ér)in the diagram for two aggregates that are obtained both scanning
method and MC simulation method (S1; simulation method and T; scanning method)
Sekil 3. Tarama yontemi ve bilgisayar simiilasyonu ile elde edilen iki kiimenin yogunluk korelasyon fonksiyon degisimlerinin
karsilastirilmasi (S1; simiilasyon ve T; tarama).
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Table 1. The exponents of the density correlation function and the fractal dimensions for the natural manganese
flowers and DLA method aggregate
Cizelge 1. Bilgisayar simiilasyonu ve tarama yontemi ile elde edilen kiimelerin yogunluk korelasyon fonksiyon iisleri
ile topolojik boyut degerleri

Symbols  Particles Fit of o Topologic dimension Topologic dimension
/Simge  numbers range (Dy) (D)
/Tanecik /Fit /Topolojik boyutu D=d-a
sayist aralig1 /Topolojik boyutu
S1 5001 2-40 0.343 £0.005* 1.617+ 0.004 1.657+ 0.005
S2 5001 3-27 0.346+ 0.004 1.602+ 0.004 1.654+ 0.004
T1 16248 3-27 0.341+ 0.004 1.61£0.05 1.659+ 0.004

It is only given the ratio of statistical error in results.
Sonuglarda hata orani1 yalnizca istatistik hata olarak verilmistir.

10°

10*

o 1000
=
b |

o 100

10

1

0.01 0.1 1

log (1/r)

Figure 4. The variations of the topological dimension in diagram are for two aggregates that are obtained both
scanning method (T) and MC simulation method (S1)
Sekil 4. Tarama ve simiilasyon yontemi ile elde edilen iki kiimenin topolojik boyut degisimlerinin karsilagtirilmasi
(S1; Simiilasyon, T; Tarama)

3. TARTISMA VE SONUC 3. DISCUSSIONS AND RESULTS

Manyezit cevheri iizerinde bulunan dogal mangan When the natural manganese flowers are separately
cicekleri ayr1 ayri incelendiginde, biiylikliik ve simetri investigated it is different seen from the features of
bakimindan farkli olduklart goriiliir. Merkezi ¢ekirdege greatness and symmetric. The basic structure of this
bagli bes ya da alt1 dalli ve bu dallara herhangi noktadan aggregate pattern (manganese dendrite) is formed with
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eklemli alt dalli ve bu dallara herhangi noktadan eklemli
alt dallardan olugmaktadir. Mangan ¢icekleri seyrek yapi,
kendine benzer (self — similarity), dentritik ve fraktal
ozellik gosterirler.

MC simiilasyon yontemi kullanilarak DLA modeli
simiilasyonu kiimeleri ile dogal manyezit cevheri
ylizeyinde bulunan mangan kiimeleri  (gigekleri,
dentritleri) ile ayni goriiniimdedir.

Literatiirde yapilan ¢alismalarda, dentritik yapilar igin
yogunluk korelasyon fonksiyon iissii 0.343(2) ve topolojik
boyut degeri 1.67(2,3) olarak hesaplamistir. Bu ¢aligmada
simiilasyon sonucunda korelasyon fonksiyon iissii 0.343
ve topolojik boyut degeri 1.657 olarak bulunmustur.
Dolayist ile topolojik boyut i¢in d > D sart1 saglar ve

kiimeler kapali kare orgii ylizeyini tam
dolduramamaktadir.
Dogal mangan ¢igekleri igin tarama ydntemi

kullanilarak hesaplanan korelasyon yogunluk fonksiyon
iissii, farktal boyut degerleri ve litaratiir sonuglar1 Cizelge
2 de sunulmaktadir.
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main branches connected to the central seed particle and
the sub-branches formed randomly. Dendrites are both the
self-similar and the fractal. Manganese flowers have the
structure that is not dense, self — similar, dendritic and
fractal.

The results indicate that DLA models’ aggregates that
are obtained by using Monte Carlo simulation method and
the natural manganese aggregates (dendrites, flowers) look
the same.

The exponent of the density correlation functions and
fractal dimension were calculated as 0.343(2) and
1.67(2,3), respectively, for dendritic structure in former
study. In this study, these values have been founded as
0.343 for the exponent and 1.657 for the fractal dimension
1.657 for the same structure. Thus, the condition d > D for
the topological dimension is satisfied. The aggregates are
completely covered of the surface of the off-lattice.

Table 2. presents the exponent of the density correlation
function and the value of the fractal dimensions that are
calculated in present study for the natural manganese
flowers and also the result of former study.

Table 2. The results of the exponent of the density correlation function and the fractal dimensions for the natural
manganese flowers that are calculated in present study and former studies

Cizelge 2. Simiilasyon ve tarama yontemi kullanilarak olusturulan mangan ¢iceklerinin yogunluk korelasyon fonksiyon
iisleri ve topolojik boyut degerlerinin litaratiir sonuglari

Aggregate size
/Kiime parametreleri

Results of former
/Literatiir sonuglari

Results of scanner
/Tarama sonuglari

Results of simulation
/Simiilasyon sonuglari

The exponent of the density correlation 0.343 (2)
function (o)
/Koralelassyon fonksiyon iissii
The fractal dimensions (D) 1.67(2,3)

/Topolojik boyutu

~0.343 - 0.346 0.341

~1.657 - 1.654 1.659

Bu c¢alismada DLA ve tarama yontemi kullanilarak
mangan kiimeleri i¢in elde edilen sonuglar birbirleri ile ve
literatiir ile uyum i¢indedir. Bu durum Manyezit cevheri
icerisinde kiimelenen manganlarin dentritik bir yap1
olusturdugunu gostermektedir. Ayrica iki boyutlu uzayda
(d=2), manyezit cevheri yiizeyinde olusan dogal mangan
kiimelerinin (gi¢ekleri, dentrit), difiizyonla sinirh tanecik
kiimelesme (DLA) modeli ile yapisma olasiligt 0.6 — 1
araligi i¢in simiile edilebilecegi goriilmistiir.

TESEKKUR

Bu caligmada oOneri ve katkilarindan dolay1r Saym
Nevzat AKTEKIN'e ve numunelerin igerigini tespitte
katkilarindan dolayt MTA kurumuna, ayrica yapict
elestirilerinden dolay1 Biilent KUTLU ya tesekkiir ederiz.

This work indicates that the results (exponents and
fractal dimensions) that are obtained using both the DLA
model and the scanner method for the manganite flowers
are accommodated the former study. The manganite
flowers on the surface of manganese ore are pointed out
the dendritic structure in this state.

This study also indicates that the manganite aggregates
(flowers, dendrites), which are formed on the natural
magnesite ore, are explained with the diffusion limited
aggregation model in the two dimension space (d=2). The
aggregates are simulated among 0.6 — 1 of the viscous
probability.
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