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Ozet

Ulkemizde madencilik son 15 yildir yiikselen bir ivme ile iilke ekonomisine katkisin1 artir-
maktadir. Bu durum, ¢ok derin maden sahalarindan iiretim gerektiren yiiksek liretim hedef-
lerine olan talebi artirmaktadir. Artan {iretim hedefleri, ayni1 anda birden fazla iiretim yerinde
calismay1 gerektirirken, madencilik i¢in derin olarak siniflandirilan bolgelerde ¢alismak,
hidrostatik ortam kosullarinda dogayla miicadele etmeyi mecbur kilmaktadir. Madencilikte
yaralanmal1 ve 6liimlii kazalarin yarisi, tag diismesi, kaya patlamasi ve gociik olaylarindan
kaynaklanmaktadir. Bu olaylarin en onemli sebebiyse uygun olmayan ve/veya zamaninda
yerlestirilmeyen tahkimat uygulamalaridir. Arazi kontrolii, yeralt: agikliklarinda uygulana-
cak tahkimat sistemlerinin tasarimlandirilmastyla baslayip, uygulama sirasinda ve sonrasinda
tahkimat sisteminin yeterliliginin arastirilmasiyla devam eder. Tahkimat sistemlerinin saha
performanslarinin yetersizliginin tespit edilmesi durumunda, jeoteknik veri, tasarim calis-
malar1 ve saha uygulamalarinda revizyonlar yapilmasi ile sorunlarin 6niine gecilmeye cali-
silir. Agikliklarda meydana gelebilecek olasi sorunlarin Oniine gecilmesinde, deformasyon
Ol¢limii, mikro-sismik olaylarin tespiti gibi bir dizi arazi ¢alismasina ve bunlarin arazi kont-
rolii kapsaminda degerlendirilmesine ihtiya¢ vardir. Bu ¢alismada, Esan’a ait Balya yeralti
kursun-cinko madeni isletmesinde yeralti agikliklarinin tahkimati ve arazi kontrolii kapsa-
minda yapilan calismalar sunulmustur. Yapilan ¢alismalar, maden isletmelerinde tesis edile-
cek kaya mekanigi birimi catist altinda arazi kontrolii islerinin yerine getirilmesinin 6nemini
gostermektedir. Bu ¢alismanin énemli ¢iktilarindan biri de kaya mekanigi biriminin ¢alisma
prensiplerinin standartlastirilmasi i¢in ilk adimlarin atilmasidir.

Anahtar Kelimeler: Arazi kontrolii, Kaya mekanigi, Tahkimat, Yeralt1 madeni

Abstract

Mining in our country has been increasing its contribution to the country's economy with an
accelerating trend in the last 15 years. This increases demand for high production targets that
causes deeper underground production. Increasing production targets require working at more
than one production site at the same time, added to that working in areas classified as deep
for mining compels to combat nature under hydrostatic environment conditions. Half of inju-
ries and fatal accidents in mining are due to collapse, spalling, rock burst or similar events.
The most important reason for these events is the improper and/or late application of support
systems. Ground control begins with the design of the support systems to be applied in underg-
round openings and continues with the investigation of the adequacy of the support system
during and after the application. In case of insufficient field performance of support systems,
problems are tried to be prevented by retrospective analyses in geotechnical data, design studi-
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es and field applications. In order to prevent possible problems that may occur in underground
openings, a series of site works such as deformation, micro-seismic event measurements, and
evaluation of these in ground control are needed. In this study, the works carried out within
the scope of the support design and ground control of underground openings in the Balya un-
derground lead-zinc mine enterprise of Esan are presented. The studies show the importance
of performing ground control works carried out in rock mechanics department to be organized
in mining enterprises. One of the important outputs of this study is to take the initial steps to
standardize the working principles of the rock mechanics unit.

Keywords: Ground control, Rock mechanics, Support, Underground mine

1. Giris

Arazi kontrolii; yeralt1 agikliklarinin, tahkimat tasarimlariyla baslayan ve saha uygulamalarina
ait tahkimatin basarisin1 denetleyen ve ihtiya¢ olmasi halinde geri doniik analizlerin gercek-
lestirilmesiyle stabil ve siirdiiriilebilir uygulamalarin hayata gegirilmesini hedeflemektedir.
Tahkimat tasarimi ii¢ boyutlu kompleks bilesenlerden olusan bir ¢éziimleme siirecidir. Bile-
senlerin dogru olarak elde edilmesi, uygun analiz teknikleri ile degerlendirilmesi, ¢oziimlerin
olas1 kosullara gore simiilasyonlarinin iiretilmesi tahkimat tasarimlarinin basarisi i¢in énemli
asamalardir Feng ve Hudson (2008). Tahkimat tasariminin 6zetle en onemli agamalari, jeotek-
nik veri elde edilmesi, verinin analitik ¢oziimlerde kullanilmasi ve tahkimat tasarimlarinin
yapilmasi ve tasarimin ¢iktilarinin niimerik yontemler ile test edilerek yeterliliklerinin arasti-
rilmasidir.

Jeoteknik veri, kaya kiitle ortamlarinda kaya¢c malzemeleri ve siireksizliklerin sayisallasti-
rilmast iglemidir. Yapr malzemesi olarak diisiiniildiigiinde kaya kiitlesi, ¢elik, ahsap, beton
ve benzeri yapt malzemelerinden farkliliklar arz etmektedir. Bu tip malzemelerde dayanim
ozellikleri belirleyici olurken, kaya kiitlelerinde ¢esitli siniflamalar, karakterizasyonlar ve
sayisallagtirilmis tecriibeler gegerlidir. Ancak nihai olarak, kaya kiitlesi i¢inde uygunluk ve
kalite kriterleri kiitlenin dayanim ozellikleri tarafindan sinirlandirilir (Palmstrom, 1995).
Bunun yaninda kaya kiitlesini diger yapt malzemelerinden ayiran en 6nemli 6zellik ve zorluk
jeolojik durumlarin ve jeoteknik parametrelerin belirsizligidir (Einstein ve Baecher, 1982).
Yapr malzemesi olarak kullanilacak olan kaya kiitlelerinin dayanim o6zelliklerinin ve buna
bagli olarak, dayanim iizerinde etkili olan parametrelerin giivenilir bir sekilde tespit edilip
yorumlanmasi son derece biiyiik 6nem arz etmektedir. Siireksizliklerin yogun oldugu bir sis-
temde stabiliteyi kontrol eden siireksizlik 6zellikleri olurken, siireksizliklerin az oldugu veya
sayilamayacak kadar ¢ok oldugu ortamlarda stabiliteyi kaya¢ malzemesinin fiziksel ve meka-
nik ozellikleri kontrol etmektedir. Jeoteknik veri tabani olusturulurken, kaya¢ malzemeleri-
nin dayanim ozellikleri ve siireksizliklerin geometrik ve yapisal unsurlar1 temin edilmelidir.
Kaya¢ malzemelerin dayanim ozellikleri genellikle tek eksenli basing dayanimi veya nokta
yiik dayanimi ile temsil edilir. Hudson (1989) tarafindan 6zet olarak aktarilan siireksizliklerin
ozellikleri ise arazi gozlem ve dlgtimleri ile detaylandirilir.

Balya yeralt1 kursun-¢inko madeni isletmesi, tilkemizin bugiin itibariyle en derin ve en yiiksek
kapasiteye sahip yeraltt metal madenidir. Madende iiretim yonetim olarak kes doldur yeralti
iiretim yontemiyle gergeklestirilmekte olup, yillik 1.50 milyon tona veren iiretim hedefini tut-
turmak i¢in giinde ortalama 15 {iretim aynasinda ilerleme yapilmasina ihtiya¢ duyulmaktadir.
Bu durum, sahada arazi kontrolii kapsaminda ¢ok iyi organize olmus bir ¢aligmay1 gerekli
kilmaktadir. Bu calismada, jeoteknik veri teminiyle baslayan ve arazi gézlem ve ol¢timleriyle
devam eden calismalara ait bilgiler paylasiimistir.
BM T Bilimse!”
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2. Balya Yeralt1 Maden Isletmesi

Balya yeralt1 kursun-¢inko maden isletmesi 2009 yilindan itibaren Eczacibasi Esan A.S tara-
findan isletilmektedir. Uretimi gerceklestirilen cevher, bolgede tesis edilmis cevher hazirlama
tesisinde islenerek nihai iirtin yurt dis1 piyasada satilmaktadir.

Ana kayasi kiregtast olan horst ve graben yapilari ile maden bolgesinin jeolojisi temsil edil-
mektedir. Balya fay1 normal atimli bir fay olup, kuzey Anadolu fay1yla iliskilidir (Sekil 1). Fay
boyunca dasidik ve granodiyoritik sokulumlar skarn gelisiminde rol oynamaktadir. Kursun
ve ¢inko cevherlesmesi yapisal olarak kontrol edilmekte ve ozellikle Balya fay1 etrafindaki
bu sokulumlardaki skarn yapilariyla birlikte goriilmektedir (Akbayram ve ark., 2013, Okay,
1989).

Balya Fayi

Permiyen Triasik

Oligosen Volkanic Epitermal ¥
Tavantagi Kiregtagi s

x 549460
y 6397799

Sekil 1. Bolgenin fotografi tizerinde Balya fay1 ve jeolojik birimler.

Maden kes doldur yeralt1 liretim yontemiyle isletilmekte olup, galerilerde {iretim delme ve pat-
latmayla gerceklestirilmektedir. Delme ve patlatma islemini kavlaklarin alinmasi takip etmek-
tedir. Patlatma sonucu ortaya ¢ikan cevher veya pasa kamyonlarla yeryiiziine nakledilirken
acilan bosluk piiskiirtme beton ve kaya saplamalariyla tahkim edilmektedir.

Yeraltinin kompleks jeolojik yapisindan dolayi, madende ¢ok farkli jeolojik malzemelerle
calisilmaktadir. Sekil 2°de madenin mevcut goriiniimii ve bir kesit goriiniimii, yeralt1 yapisi-
nin biiylik ve karmasik yapisini gostermektedir.

+ H i —_—

Sekil 2. Maden isletmesinin a) mevcut goriiniimii ve b) ornek bir kat plani.

BAM T Bilimse!”
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3. Yeralt1 Acikliklarinin Tahkimati ve Arazi Kontrolii

Biitiinlesik tahkimat tasarimi, acikliklarda uygulanmasi gerekli tahkimat sistemlerinin analitik
yolla tayiniyle baslayip, tahkimat ekipmanlarinin mithendislik 6zelliklerinin tespiti ve agiklik-
lardaki deformasyonlarin kestirimi i¢in gerceklestirilen niimerik ¢éziimleriyle devam etmek-
tedir. Oztiirk (2013) yapmis oldugu calismada, tahkimat tasariminda kullanilmasini &nerdigi
biitiinlesik tasarim ilkelerini madencilik sektorii i¢in uygulamali olarak ortaya c¢ikarmigtir
(Sekil 3).

Birimlerin
Mihendislik
leolajisi Gerilmeler Kaya Patlama ve

EFELSE
1 ve Gerilme Akma Olasilig
Dayanimlar H Degerlendirilmesi
aismas [Dayanim_|
Goigmas: |

Yeralti Aqikhk
Tasarnmi

Kaya Kutle
iniflama

Tahkimatsiz
Durma SGresi

Tahkimat
Gzallikleri

Tahkimat Amprik
Tasarim| [ | Yontemler

Tahkimat Mumerik
Ozallikleri Yéntemler

Batunlesik
Tahkimat Tasarim
Onerisi

Derinlik ve
Uzunluk

Sekil 3. Biitiinlesik tahkimat tasarimi uygulama prosediirii.

3.1. Jeoteknik Veri

Prosediirden de goriilecegi iizere, agikliklarda stabil bir sekilde hizmet verebilecek tahkimat
sisteminin se¢iminin temelini giivenilir bir jeoteknik veri tabani olusturmaktadir. Jeoteknik
veri tabani, kaya¢ malzemeleri ve slireksizliklerden olusan kaya kiitlelerinin sayisallastirilmasi
icin bir dizi saha ¢alismasini kapsamaktadir. Kaya¢ malzemelerinin mekanik ve fiziksel 6zel-
likleri 6zellikle niimerik analiz uygulamalarinda agikliklar etrafinda olugsan deformasyon ve
gerilmelerin tespitinde kullanilir. Bu amaca yonelik olarak maden isletmesinde kazi faaliyetleri
sirasinda gecilen kaya ve zemin birimlerinin, tek eksenli basing dayanimi, elastik modiil, Pois-
son orani, Brazilian endirekt cekme dayanimi, kohezyon, igsel siirtlinme agisi ve birim hacim
agirlig1 ozellikleri tayin edilir. Bu 6zellikler her bir kaya birimi i¢in tayin edilecegi gibi, ayn1
kaya birimlerinin degisen derinlikleri ve lokasyonlar1 i¢in de tekrarlanmali ve bdylece bolgesel
farkliliklar ortaya ¢ikartilmalidir.

Kaya kiitle 6zelliklerinin sayisallastirilmasi i¢in, Barton ve ark. (1974) ve Bieniawski (1976,
1989) tarafindan gelistirilen kaya kalite katsayis1 (Q) ve kaya kiitle puan1 (RMR) kullanilabilir.
Kaya kiitle 6zelliklerinin sayisallastirilmasi i¢in Esan Balya yeralt1 maden isletmesinde ayna
haritalama formu kullanilmaktadir (Sekil 4-a). Bu form sayesinde, kaya kiitlerinin siniflandi-
rilmasinda kullanilan siireksizlik 6zelliklerine ait veriler her bir ayna ilerlemesinde araziden
toplanir ve bdylece her bir kazi isleminden sonra karsilasilan aynanin kaya kiitle 6zellikleri
sayisallastirilmis olunur.

BM T Bilimse!”
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3.2. Tahkimat Tasarimi
Analitik yolla tahkimat tasarimi i¢in, Barton ve ark. (1974) tarafindan gelistirilen ve en son

Norveg Jeoteknik Enstitiisii tarafindan gilincellenmis formuyla kaya tahkimat abagi ve tahki-
mat siniflar1 kullanilmaktadir (NGI, 2015) (Sekil 4-b).

Bu abakta kullanilan Q degeri, kaya kalite katsayis1 (RQD), catlak takim sayis1 (Jn), catlak
puriizliiliik katsayis1 (Jr), ¢atlak alterasyon katsayisi (Ja), ¢atlak su azaltma faktorii (Jw) ve geri-
lim azaltma faktoriinden (SRF) olusmaktadir (Es. 1). Esdeger boyut (De) ise en biiyiik agiklik
degerinin kazi tahkimat oranina (ESR) boliimiinden elde edilir (Es. 2). Mevcut uygulamada
daha ziyade tiineller i¢in basarili sonuglar iceren ESR kabulleri, maden isletmeleri i¢in yeralti
acikliklarinin hizmet stiresi ve Q degerine bagl olarak se¢imin yapildigr modifiye edilmis bir
tablo kullanilmaktadir (Tablo 1).

a) FACE MAPPING FORM FoRMING )
DiZTAR. :eng32018
Date RevETRR NG . . . .
S 6 | F | E | DJC| B A
Face o 5 Q - . ok
Person “]"7?“"3““ ""“}D_“".'“ Cok Zayif | Zayil |Ora | lyi Ll‘f.k 5“'|‘ Der | vk,
Opening Zay1 Zay1 | yi vi 2
(orientatiof ¢ o e —T 23k 25m = 2
Al | —Llm :_ ! o i
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1 1 1 1 Yo I ow o110 Jioso] 250
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Sekil 4. a) Yeralti maden isletmesinde kullanilan jeoteknik ayna haritalama formu

b) kaya tahkimat abagi ve tahkimat kategorileri (NGI, 2015).

RQD Jr  Jw

Tn Ja¥SRF @

Q=

Excavation spanimm

(2)

D, =

Excavation Support Ratio, ESR
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Tablo 1. Yeralti maden isletmeleri i¢in 6nerilen ESR degerleri.

Sr# Tanmimlama ESR

1 Birincil Agikliklar 13
Maden isletmesine 24 ay veya daha fazla hizmet veren agiklar '

) Ikincil Agikliklar 16
Maden isletmesine 6 ay veya daha fazla hizmet veren agiklar '

3 Kisa Siireli Agikliklar 3.0
Maden isletmesine 6 aydan daha az hizmet veren agiklar ’

4 Birincil A¢ikliklar L0
Q degerinin 0.1 veya daha diisiik oldugu acikliklar ’

5 Dik Kuyular 2.0

3.3. Saha Uygulamalari ve Arazi Kontrolii

Jeoteknik veri ve analitik ¢oziime dayali tahkimat tasarimlarindan sonra saha uygulamalarina
gecilir. Maden isletmelerinin derinlesmesi yiiksek tiretim hedefleri, belirsizliklerin ve bu da
hatalarin artmasina sebebiyet verebilir. Buna engel olmak i¢in yeralt1 acikliklarinda kullani-
lan tahkimat uygulamalarinin bagaris1 denetlenmeli ve bu denetlemeler sonucunda elde edilen
verilerden hareket ederek gerekli revizyonlar yapilmalidir. Tahkimat uygulamalarinin yeterli-
likleri ve basarisinin denetlenmesi i¢in sahada yapilabilecek gézlem ve dl¢iimler farklilik arz
etmektedir. Oncelikle sahada yapilacak rutin kontrollerle sorunlu bélgeler ve sorunlu imalatlar
tespit edilmeli ve bu bolgelerde yenileme uygulamalari yapilmalidir. Ancak asil sorun gézlem-
lerle tespit edilemeyecek unsurlarin tayin edilmesidir. Bu amaca yonelik olarak Esan Balya
yeraltt maden isletmesinde ¢ok noktali ekstansiyometrelerin (MPBX) yardimiyla acikliklar
cevreleyen kaya kiitlelerindeki deformasyonlarin 6lgiilmesi yoluna gidilmektedir. MPBX’lerin
yerlestirilecegi lokasyonlar, sayilar1 ve uzunluklar1 agikligin lokasyonuna, c¢evreleyen kaya
kiitle birimlerinin durumuna ve agikligin hizmet siiresine gore tayin edilmektedir. Sekil 5°de
isletmenin 512 dogu kavsaginda uygulanmasi i¢in tasarimlandirilan MPBX’lerin konumlar1
gorlilmektedir. MPBX’ler 6zellikle stabilite agisindan sorunlu oldugu diisiiniilen veya isletme
icin kritik olarak degerlendirilebilecek imalat bolgelerine tesis edilmektedir. Toplamda bugiin
itibariyle 70 km’yi bulan yeralt1 agikliklarina belirli bir sistematikle deformasyon olcerlerle
donatmak ekonomik olarak miimkiin olmadig1 gibi teknik anlamda da 6l¢iilebilir olamamak-
tadir. Maden isletmesinde bir noktada ii¢ farkli seviyede 6l¢iim yapabilen (3-6-9 m) MPBX’ler
kullanilmaktadir. MPBX’lerden alinan deformasyon degerleri anlik olarak takip edilmekte ve
ait deformasyon degisimleri ¢cevrim igi bir sistemde siirekli olarak kaya mekanigi departmanina
aktartilmaktadir.
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Sekil 5. 512 Dogu kavsaginda MPBX uygulamalari.

Deformasyon olgerler, agikliklarda gozle goriilemeyecek deformasyonlar1 tespit etmeleri, agik-
ligin istiinde tahkimat tarafindan tasinan kiitlenin tespit edilmesi gibi hususlarda son derece
onemli bilgiler sunmaktadir. Ancak deformasyon Olgerler sadece yerlestirildikleri noktalarla
ilgili bilgi vermekte ve bu bdlgelerin disiyla ilgili fikir sahibi olunmasina imkan saglamamak-
tadir. Bu amaca yonelik olarak Balya yeralti maden isletmesinde mikro-sismik hareketlerin
olciimii i¢in bir 6lgiim ag1 kurulmustur. Ug adet ii¢ eksenli, yedi adet tek eksenli jeofon ve
izleme agryla isletmede madencilik faaliyetlerinden kaynakli mikro-sismik olaylar kayit altina
alinmaktadir. Kaypak ve Aldas (2012) tarafindan da aktarildig: iizere, mikro-sismik Sl¢lim-
ler gerilme degisimlerinin meydana geldigi lokasyonlarin tespiti ve riskli bolgelerin tayinine
imkan vermesi ve tiim bunlar1 diisiik biitceli yatirimlarla yapmaya imkan saglamasi agisindan
Oonemlidir.

Maden isletmesinde yaklasik 1,5 yildir devam eden dl¢iimler sonucunda, Richter dlgegine gore
buyiikligl 0’dan biiyilik 2’den kii¢iik olan 80’nin iizerinde olay tespit edilmistir. Bu tespit giin-
lik ortalama olay sayisini 0.20 olay/giin mertebesine getirmektedir. Bu degere gore isletme,
mikro-sismik olaylar acisindan yiiksek oranda olaylarin meydana geldigi maden sinifina gir-
mektedir (Potvin ve Hudyma, 2001; Hudyma ve Potvin, 2004).

Maden isletmesinde yapilan l¢iimler sonucunda, mikro-sismik olaylarin yogun oldugu bolge-
ler tespit edilmis ve bu bolgeler dinamik bolgeler olarak tanimlanmistir. Bu bolgelerde yapilan
tahkimat uygulamalarinda, lifle giiclendirilmis piiskiirtme betonun enerji tutma kapasitesinin
en az 1000 J olmasi ve kavsaklarda ve sorunlu bolgelerde 2.4 m uzunluktaki split setlere ilave
olarak 6 m uzunlugunda Mai boltlarin kullanilmasina baslanilmistir. Bunun yaninda yine kav-
sak ve sorunlu bolgelerde ¢elik hasirlarla da tahkimatin egilme dayanimlarinin ve bagl olarak
enerji absorb edebilme kapasitesinin artirilmasi yoluna gidilmektedir. Sekil 6’da biiyiikligii
0°dan yiiksek olan mikro-sismik olaylarin iiretim katlarina gore elde edilen sa¢ilma diyagrami
verilmistir. Sekilden de goriilecegi iizere, olaylarin en yogun oldugu iiretim katlar1 400 m ile
600 m arasindaki tiretim katlar1 olup, bu tiretim katlarinin yeryiiziinden olan derinligi 600 ile
800 m arasinda degigmektedir.
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4. Tartisma ve Degerlendirmeler

Esan Balya yeraltt maden igletmesinde tahkimat tasarimi ve arazi kontrolii kapsaminda gergek-
lestirilen ¢alismalarin siireklilik arz etmesi ve sahadan toplanan verilerin maden isletmesinde
kullanilabilir olmasi agisindan tiim birimlerin birbirleriyle koordineli ¢alistiklar1 bir organizas-
yon yapist olusturulmustur (Sekil 7).
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Sekil 6. Maden isletmesindeki mikro-sismik olaylarin katlar gére dagilimi.

Deime ve Pallaima
e Koz

I
4

Jeateknik
Ayna Raporu
Hazirlanmas)

Jeateknak
Verinin
Dederlendiimesi ve
Tahkimat Sesterminn
Segimi

Saha Olglm ve
Gazlemleri

Kabul

Sekil 7. Maden isletmesinde arazi kontroliiniin basarili bir sekilde siirdiriilebilirligini saglayan organizasyon semasi.
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Organizasyon semasindan da goriilecegi iizere, maden isletmesinde kazi aynasinin maden
ekibi tarafindan imalata alinmasiyla birlikte, gerek jeoloji gerekse kaya mekanigi departmant
tarafindan veriler toplanmakta ve saha uygulamalarinin, kazinin yapildig1 ortamin jeoteknik
ozelliklerine uygun bir sekilde tahkimat1 yapilmaktadir. Bu asamadan sonra arazi gézlem ve
Olgtimleriyle tahkimatin basarisi ve yeterliligi denetlenmekte ve toplanan verilere dayanarak
tahkimat sisteminin revizyonuna veya tahkimat uygulamalarinin ilave gii¢clendirilmesine karar
verilmektedir. Bu yazinin genel amacini i¢cermediginden dolay1 detaylar1 verilmeyen kalite
kontrol uygulamalariyla da saha uygulamalar1 siirekli denetlenmeye ve agikliklarin gogiik
olgulariyla karsilasmadan hizmet vermeye devam etmesi saglanmaktadir.

5. Sonuglar

Esan Balya yeraltt maden isletmesi, lilkemizde ¢alisan en derin metal madeni olmasi ve en
yiiksek kapasite tiretime ulasmasindan dolay1 iilke madenciligi agisindan son derece 6nemli bir
yere sahiptir. Maden isletmesinde olugturulan ve ilgili tiim birimlerin uyumuyla gerceklestirilen
organizasyon sayesinde, giinde ortalama onbes kazi aynasinin patlatildig1 ve her birinin farkl
maden ekipleriyle tahkim edildigi agikliklar stabil bir sekilde herhangi bir sorunla karsilasilma-
dan hizmet vermeye devam etmektedir. Derinlesen maden isletmesi benzer arastirmalarin tek-
rar edilerek, yeni ve inovatif ¢oziimlerle madenin siirekli kontrol ve gozlem altida tutulmasini
zaruri kilmaktadir. Ulkemizin ¢ok farkli bélgelerindeki benzer maden isletmelerinde de benzer
uygulamalarla gociik ve benzeri kazalanmalarin 6niine gecilerek siirdiiriilebilir madencilik faa-
liyetlerinin giivenilir calisma ortamlarinda gelistirilmesi onemlidir.
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Abstract

This article surveys a policy of Turkey’s energy planning over coal. Energy supply pattern of
Turkey is highly dependent on the foreign resources. Electric production of the country relies
largely on hydropower, natural gas and coal. Though the country has considerable lignite reser-
ves suitable for energy production in thermal power plants, many of the plants constructed in
the last two decades utilize imported coal. Future energy plans of the country consider resource
diversification, decreasing foreign dependence and diversification of the dependent countries.
However, current energy perspective of the country shows significant deviations of the strate-
gies developed. Domestic lignite reserves of the country offer satisfying alternatives over the
foreign coal. Additional efforts to enhance the effective utilization of domestic lignite reserves
are required. This paper presents a detailed assessment of the future energy perspective of
Turkey. For this purpose, the development plans, the past trends and the future projections of
country about the coal and global energy supply-demand pattern were evaluated.

Keywords: Coal, Lignite, Energy, Energy planning, Turkey

Ozet

Bu c¢alisma Tiirkiye 'nin enerji planlama politikasini  komiir iizerinden incelemektedir.
Tiirkiye 'nin enerji tedarik modeli yiiksek oranda dis kaynaklara bagiml durumdadir. Ulke-
nin elektrik tiretimi biiyiik oranda hidroelektrik, dogal gaz ve kémiire dayanmaktadir. Tiirkiye
onemli miktarda termik santrallerde degerlendirilmeye uygun linyit rezervierine sahip olmasi-
na ragmen son 20 yilda kurulan santrallerin bir¢ogu ithal komiire dayalidir. Ulkenin gelecek
enerji planlari; enerji kaynaklarinin ¢esitlendirilmesi, disa bagimligin azaltilmasi ve bagimli
olunan iilkelerinde ¢esitlendirilmesi yoniindedir. Bununla birlikte mevcut enerji perspektifi bu
gelistirilen stratejiden ciddi sapmalara sahiptir. Ulkenin yerli linyit rezervleri ithal kémiire
kars1 onemli bir alternatif secenegi sunmakta olup, yerli linyit rezervlerinin etkili bir sekilde
kullanimimin arttirtimast igin ilave ¢abalar gerekmektedir. Bu derleme Tiirkiye 'nin enerjide
gelecek perspektifini detayli olarak degerlendirmektedir. Bu amag ile iilkenin, enerjide ge¢mig
yonelimleri ve gelecek projeksiyonu ile gelistirilen planlamalar komiir ve kiiresel enerji arz
talep modeli acisindan degerlendirilmistir.

Anahtar Kelimeler: Kémiir, Linyit, Enerji, Enerji Planlama, Tiirkiye
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1.Introduction

Energy is an important necessity of modern life and one of the development indicator in terms
of energy usage per capita and as a remarkable part of energy usage access to electricity is con-
sidering as a basic human right in several platforms and debates are continuing with an increase
incrementally (12, Growing of energy demand in the world due to increasing of population is
also well known. However, in decision of energy sources selection considering different point
of views such as economic, social and environmental is needed. Therefore, these considerations
must be individual for each country in terms of their statue. Especially in developing countries,
energy requirements increase faster which is highly related to industrial and economical impro-
vements. Turkey can be given as a very good example for this as one of the fastest growing po-
wer markets in the world in last two decades ). At this point the main question is how to decide
an energy sources with a good balance of the considering environmental effects, life standards

of citizens and economic progress of country.

Turkey has promised at Doha Climate Change Conference to decrease CO, emission but the
energy demand of country is growing with an increase of population and environmental effects
increase in parallel 4. On the other hand with planning economical improvements alternatives
of Turkey are also very limited for energy planning based on energy resources. Turkey has
lack of primary fossil energy resources and therefore import-dependent country with 93% for
oil and 99% for natural gas and total external dependence of Turkey is around 66% in energy
production and it’s still increasing P! 61, Additionally, nuclear energy resources of Turkey are
also limited ). Therefore, under construction of two nuclear power plants will not help to re-
duce of external dependency of the country. Nonetheless, Turkey has sufficient coal reserves
especially lignite and high potential on renewable energy possibilities. Also, energy program of
Turkey involve using indigenous coal reserves especially lignite and continue to investments
on renewable energy *.. In this paper, energy sources were compared economic, social, and en-
vironmental point of view, using of coal in energy sector in the world and Turkey analyzed and
the significance of Turkey’s coal resources to become more independent in energy production

elucidated.

2. The Significance of Coal in Turkey and The World

The strategic concerns are the most fundamental reasons making the coal is important. Count-
ries need policies to meet their energy needs to overcome the possible negative political situa-
tions. These policies focus basically on reducing external dependency and diversifying energy
sources. Coal gives possibility to make this approach possible with reserves that spread more
homogenously all over the world than the other energy sources (see Fig. 1). It is very important
for countries to reduce the risk of accidents and interruptions in energy supply arising from
accidents, political interventions, terrorism or industrial disputes. With the effect of these con-
cerns, many countries, such as China, India, Indonesia, Australia and South Africa, rely mainly
on local coal resources for their energy needs. As a proof of this evaluation, it can be shown
that 83% of the hard coal produced are used within the producer countries. Lignite is also a
resource with a low potential for international trade. 90% of the lignite produced is used for
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power generation in power plants located near the production area !'%.

Turkey's coal reserves do not exhibit a balanced picture contrary to world when the coal types
are considered. Turkey has a very low potential for anthracite and bituminous coals. On the
other hand, Turkey has considerable amount of reserves of low quality coals. Therefore, Turkey
has the potential to switch to the energy policies based on to use national resources which have
been adopted by many other countries in the world. Turkey has a total of 17.5 billion tons of
lignite (94%) and 1.13 billion tons of hard coal (6%) reserves, which have been identified as
of November 2017 '}-112 Lignite reserves in Turkey are demonstrated in Fig.2 on the basis of

regions.

Coal has a number of advantages over oil and natural gas, such as lower prices per unit energy,
higher production rates and spread of coal resources across a wide area which makes coal ge-
opolitically advantageous ['*. When considering the reserves and the production rates in 2016,
coal can be regarded as a source having the longest life among the other fossil energy sources in
the world as well as in Turkey. It is estimated that the world oil and natural gas reserves have a
life span of approximately 50 years, whereas it is 150 years for coal reserves. The estimated life
of oil and natural gas reserves of Turkey are 19 and 14 years, respectively. On the other hand,
life of coal in Turkey is estimated to be more than enough 163 years considering the 2016 pro-
duction amounts (see Table 1). However, the predicted lifetimes of the resources may increase
depending on the results of the exploration work carried out or may decrease by the increase in

the energy requirement.
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Table 1. Lives of world fossil energy resources on regions based on [ [13],

Region / Country Oil ** Natural Gas | Coal **
(years) ** (years) (years)
North America 323 11.7 356
South and Central America 1199 429 138
Europe and Eurasia Region 24.9 56.3 284
Middle East 69.9 124.5 *
Africa 443 68.4 54
Asia Pacific Region 16.5 30.2 102
World Total 50.6 52.5 153
Turkey 19.2 13.5 163
* Extremely low production rates are discarded
** The lives of the resources are calculated according to the reserves and
the production volumes at 2016.

Coal mining and usage also have socioeconomic advantages. Coal mining provides serious
employment in the region where it is made. It also increases the regional mobility and trade
volume in different business areas. It also contributes to the development of the infrastructure
of the region and to the investment in many aspects depending on the production and transpor-
tation requirements. A few examples from an economic point of view, can be given as follows;
Germany has invested 2.6 billions euros in the lignite-operated thermal power plant of Neurath

Unit F and G " and China has a tax income of 65 million $ just from a thermal power plant 1%,

Moreover, a few developed countries such as Germany, England and Japan have a highly deve-
loped mining equipment and machinery industry and also coal mines in these countries are still
running, even if these are not profitable, due to being an indirect driving force for machinery
and equipment industries. In the majority of the underdeveloped or developing countries, such
as Colombia, South Africa and Indonesia, coal mining provides direct or indirect employment
opportunities 17,

Another socioeconomic significance of coal mining is the employment. For example; in Turkey
approximately 18,500 people are employed in the hard coal sector and 37,500 people in the
lignite sector according to the 2013 data. On the other hand, 300 to 450 million dollars’ worth
of coal was distributed to poor families, annually between 2009 and 2013. In 2015, the total
number of families supported by coal amounted to 2 million. This case is also an important to

better understand the place of the coal in the understanding of social state ['#}- 1%,
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Fig. 2. Lignite and hard coal reserves of Turkey on the basis of regions ',

2.1. A Brief Overview on Global Coal Utilization

85% of the world's energy demand is met by fossil fuels (coal, oil and natural gas). The share
of the coal in the world electricity production is 42%. Half of the electricity production in the
US and about 70% in China are provided by coal-fired power plants >, This rate is about 33%
as of the early 2018 in Turkey. 15.57% of the coal used in electricity generation in 2017 comes

from the domestic hard coal and lignite, and 17.61% is imported coal 211,

Coal was used as the main energy source all over the world in the 1960s. Over the following ye-
ars, it has begun to lose its market due to progress in the production, conversion and utilization
technologies of petroleum. World energy production according to the resources, the shares for
the year 2015 are 31.7% petroleum, 28.10% coal (coal-peat and shale oil), 21.20% natural gas,
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4.9% nuclear, 9.70% % of biofuels and wastes, 2.5% of hydro and 1.5% of other alternatives are
renewable energy with 13,7%. (see Fig. 3). Today, renewable energy presents a significant de-
velopment trend. Therefore, there is an estimate that renewable energy will make a significant
leap as a result of technological developments. Nevertheless, coal is nowadays still an impor-
tant source of energy because of various concerns and reasons. It is anticipated that it will ma-
intain this significance in the near future. Coal is currently used in thermal power plants for the
purpose of generating electricity, in industrial buildings (especially steel and cement industries)
and as fuel for buildings. The share of coal usage has been decreased when compared to the past
usage and the future predictions expect even more decreases due to environmental concerns.
Factors controlling this decline can be defined as coal and electricity production costs, political

conditions, socioeconomic justifications and technological developments.

Coal is used in different purposes which can be seen in Fig. 4. Globally, in 2015, the use of coal

1s 65.5% for heating and electricity production, while it is 82.7% in OECD countries.

The use of hard coal in this area led by China, which has significantly increased its production
in the last 40 years, is seen. When the share of the coal in global electricity generation is con-
sidered, different regional trends can be recognized. Even within OECD countries, there are
differences. In the OECD member European countries, the rate of 49.1% in 1971 decreased to
22.2% in 2016. In OECD member countries, the coal utilization rate decreased from 41.01% in
1971 to 27.1% in 2016. When the Asian-Oceania is considered in OECD countries, the share
of electricity production from coal is increased from 18.0% in 1971 to 39.4% in 2016. When
looked at the non-OECD countries, China can be considered as a locomotive country in many
aspects. The share of China in world coal use was around 12-13% in 1971, while in 2015 it
reached 40%, catching OECD countries. Today, this ratio is between 51 and 52%. The greatest
share of the steep increase in the use of coal in the iron and steel industry over the last 40 years
belongs to China. The share of non-OECD countries in total coal consumption is now around
1 Gt and which is 82.8% of total world consumption *¥ and 76% of total coal production are
achieved by non-OECD (with China) countries (see Fig. 5). Additionally, sum of the world coal
export and import reached 1,213 Mt in 2016.
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2.2. Coal Utilization in Turkey

Primary energy supply in Turkey in 2016 was realized as 136.2 million TOE. In primary energy
demand the shares of sources are as natural gas 28%, coal 28%, petroleum 31% hydraulic
energy 5 % and non-hydropower renewable energy sources 8%. When the variation of pri-
mary energy supply on sectors basis is examined, it is seen that the produced energy is used by
industry (25%), housing and services (24%), transportation (20%), energy conversion plants

(23%), non-energy use (5%) and agriculture and livestock sector (3%) (see Fig. 6).

In contrast to the world, lignite is a considerably dominant source in energy production of
Turkey. 66% of hard coal produced is used in electricity production, 15% of which is used in
coke furnace. 16% of hard coal is used in industry led by cement (63%), iron and steel industry
(20%) and 18% is used in housing (22%) and trade and services sectors (72%). The amount of
lignite used in energy production is 89%, forming the bigger portion of the production. Within
this proportion 6% is used in industry, which are food (22%), textiles (38%), cement (15%) and
ceramics (3%) as major sectors. Finally, 6% of total lignite consumption in Turkey stated in the

class of other sectors which are (76%) housing and (24%) trade & services (see Fig. 7).

In comparison with the past energy policies and installed power plants, it can be seen that
Turkey's energy production is dependent largely on the foreign investment. Not only in terms
of coal usage, but also that the installed power plants and the vast majority of electric produc-
tion are realized from natural gas imported in high percentages. The same is true for coal-fired
power plants. While about 37.5% of the electricity produced is from natural gas-powered power
plants, more than half (53.2%) of the coal-fired power plants that share about 33% of the total

electricity generation use imported coal (see Table 2).

Table 2. Variation of electric production sources of Turkey 12!,

Source Production (MWh) | Ratio (%)
Natural Gas 117 760 512 37.53
Hydropower 62 196 866 19.82
Imported Coal 55 485 713 17.68
Hardcoal and Lignite 48 832 294 15.56
Wind Power 19 461 947 6.20
Geothermal 5827 309 1.86
Biogas 2 403 559 0.77
Other 1631 075 0.52
Import-Export Difference -649 725 -0.21
Solar Power 885 000 0.27
Total 313 834 550 100
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The vast majority of Turkey's coal consumption is the imported coal. In the early 1980s, while
approximately 80% of the country's coal consumption was supplied from domestic sources, the
ratio decreased down to 45% at the end of 1980 '), Since 2001, the imports have accounted
from 8 million tons (76%) to 36 million tons (94%) of the demand for hard coal (see Fig. 8),
although varied for various reasons as economic crises, efforts to returning to domestic sources
and the changes in energy demand. The vast majority of these imports are from Russia, Colom-
bia, USA, South Africa, Australia and Georgia [29]. In 2016, amount of the coal imported was
reached to 36 million tons having a share of 94% in energy sources imported. The cost of this
amount to Turkey was $ 5.3 billion. The size of the coal imports of Turkey may be seen more
clearly, when considering the fact that Turkey's exports of mining products in 2016 was at $ 4.5

billion ['71,

It can be said that lignite production has followed an increasing trend since 1988, even tho-
ugh it has occasionally dropped (see Fig. 9). In addition to the general foreign dependence in
the energy sector, Turkey may be considered as an important lignite producer in the world.
However, it is very difficult to say that the coal production is sufficient, especially lignite, nor
that the power plants operating with domestic coal are at a level that will reduce the external

dependency.
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Fig. 6. Primary energy demands of Turkey in 2016 by sectors >/,
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Fig. 7. Shares of sectors in terms of hard coal and lignite utilization Hardocal (left) and Lignite (right) use sectors 2.
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3. Energy Sources of Turkey : Existence State and Historical Development

Falling into the category of developing countries, the energy demand of Turkey has been inc-
reasing every day. The energy independency strategy which is the most important requirement
for being a developed country in the future is of vital importance. But given the current trends
about the energy, Turkey is not likely to be a country using its own resources for the energy
demand in the near future. During 1970-1986 period Turkey produced its electric mainly from
liquid fuels and hydroelectric power plants. After 1986, natural gas took part as an alternative
source among the energy production sources and natural gas power plants have increasingly
been used in electric production %, As of 2015, total natural gas consumption in Turkey is 48.8
billion m?. It produced only 0.8% (399 million m?) of this amount while using 50% of this amo-
unt for electricity generation B!, On the other hand, Turkey depends largely on the imported
coal, while not giving special importance to its existing domestic energy sources such as lignite,
new generation renewables and hydropower. When looking at the past from the present, it can

be seen that Turkey has implemented a strategy of domestic resources, mainly as a result of the
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oil crisis of 70s 2. Due to the Cyprus embargo (at mid-70s), it has experienced problems in
reaching adequate technologies and has not achieved the desired success in this policy *. Ne-
vertheless, the country, which maintained its domestic resources strategy, relatively in the 80s
and 90s, has been increasingly dependent on the imported coal in 2000s 2. During 2000-2005
period Turkey has not constructed domestic coal fired power plants but the natural gas conver-
sion power plants using imported natural gas were preferred instead of the domestic coal-fired

power plants 6} B4,

3.1. Fossil Fuel Energy Sources

Though power plants using domestic coal are started to be constructed after 2005 as of the end
of 2016 Turkey has 10 imported coal plants having total capacity of 9,437 MW (12,1%) and 51
domestic coal power plants with 7,879 MW capacity (10%). In 2017, approximately 53% of the
electric is produced from imported coal power plants -2} 7], The main reason for the current
situation is the lack of capital. Similarly, there is a $ 30-35 billion total investment requirement
for the use of domestic coal potential, ranging from 3 to 3.5 $ billion per year over a 10-year

period.
Existing energy policies became ineffective due to the following facts.

1) after 70s, the energy sector was left to private investors as a result of the policy change from

state and/or mixed investments economic policy to liberal market policy,
i1) The domestic investors did not make new investments due to large-scale risks,

ii1) the foreign capital was not attracted to the energy field, causing the current policy to become

ineffective with the current policy ..

The quality of existing lignite reserves is generally low, making the option of generating energy
with domestic coal less attractive. However, almost all of Turkish lignite reserves are suitable
for firing thermal power plants 2732, Thus, in addition to the incentives made in this regard, it

is an inevitable to develop investment alternatives in which the public sector takes more place.

3.2. Renewable Energy Sources

Turkey has a potential in other energy resources. Hydroelectric history of Turkey dates quite
back. Wind energy potential evaluation initiatives and the establishment of new facilities have
been carried out since 1986 . Turkey has made big way in renewable energy, especially after
2009 and has provided significant increases in installed capacity based on renewable energy.
Numerically a significant increase has been realized in low-capacity hydro power stations es-
tablished in small rivers since 2007 ['¥}-B%1. However, these projects have two problems. The first
one: the plants that are installed without the detailed assessments and thus cannot obtain effi-

ciency. Although Turkey has a hydroelectric potential of 45 GW, it is among the countries that
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may face to a water shortage problem. Therefore, it should not be forgotten that hydropower
production can be affected in the negative direction 7. The second problem is the likelihood
that the regional employment in such sectors as regional agriculture and animal husbandry, will
be affected. It is necessary to make integrated plans not only on energy basis in order not to
disturb the natural balance and not to worsen the socio-economic conditions of the region in

where a power plant is established.

Turkey added at Tenth Development Plan, the objective of enhancing seriously the capacity of
renewable energy sources, especially solar and wind B¥. As of 2016, Turkey's installed rene-
wable energy capacity reached to 34.2 GW from 15.5 GW of 2009. At the end of 2017, shares
in the renewable energy sources in produced electricity is as follows; hydraulic (19.82 %), wind
(6.2%), geothermal (1.86%), biogas (0.77%) and, sun (0.27%) (see Table 2). In 2015, Turkey
raised the renewable energy capacity to $ 1.9 billion by 46% of increase when compared to the
previous year. With this figure, it becomes one of the four European countries exceeding the $
1 billion limit, together with Britain, France and the Netherlands . These developments and
investments are important, as promising as they are, at the same time. Turkey has better condi-
tions than many European countries in terms of renewable energy potential. Turkey's East and
South East have suitable conditions for hydroelectric, while Aegean region has potential for
wind and geothermal energy and solar energy capacity in each region is quite high. It is estima-
ted that 43.2% of the total demand can be fulfilled by solar energy and that the wind energy can
supply 10.3% of total demand ”'. Another point that needs to be mentioned here is that techno-
logical investments are crucial in the use of natural resources and in the assessment of available
energy resources 0. If Turkey fails to improve the technology of renewable energy sources,
after 15-20 years it may be forced to pay the costs as it did for oil and natural gas 3. Therefore
it is important for Turkey to prepare development plans to make investments in technology both

to use domestic resources and to utilize renewable energy efficiently.

3.3. Nuclear Energy Sources

Since 2010, Turkey took significant steps for the aim of the using nuclear energy, in addition to
existing energy sources, which has so far been in its agenda. Agreements have been signed for
two nuclear power plants to be established by Russia and Japan, in Mersin and Sinop provinces,
respectively 142, Nuclear energy is considered as an effective method to reduce external de-
pendence and increase energy diversity and minimize environmental impacts 4%, It is therefore
preferred by Turkey. However, there is a need for evaluation taking into consideration the cur-
rent situation in Turkey. Turkey is quite a poor country in nuclear power plant fuel. Near twelve
thousand tons reserve of the country corresponds to a very small portion of the world reserves.
Existing uranium reserve has had an economic valuation opportunity in the past but these re-
serves are no longer in economic condition as a result of the high grade and low production
cost resources in Canada and Australia, additionally due to the developments in nuclear energy

technology. In terms of thorium reserves, Turkey has 374 000 tons of thorium reserve, corres-
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ponding to 6% of world reserves. The country can be regarded as having rich resources, with
this amount. However, no thorium processing plant exists in the country. Although the nuclear
energy production studies targeting on using thorium and uranium together continue, there is
no nuclear power plant using only thorium .. Therefore, Turkey has not any possibility both
to use reserves of uranium in nuclear power plants and to build plants using thorium reserves.
Neither it does not seem likely in the near future. While it is true that an energy diversity will
be provided with the nuclear power plants to be built, it is a fact that these power plants will
not reduce external dependency. It is also difficult to say that it will provide a diversity in terms
of the dependent countries. For instance, Akkuyu (Mersin) nuclear power plant construction
is to be carried out with Russia, the procurement of resources will also take place in the same
country. Turkey already imports 53% of natural gas demand from Russia. For this reason, Ak-
kuyu nuclear power plant project, which is constructed together with the same country, is far
from diversifying the countries being dependent on foreign energy. At the second plant to be
built in Sinop, enriched uranium purchased from different countries will be used. In this case,
there is no possibility of reducing the dependency on foreign countries even if it is possible to
create the diversity of the country where imports are made. For the remote future, investments
in enrichment facilities necessary for the utilization of uranium and thorium reserves, and R&D
work should not be lagging behind the world. The high cost of these facilities necessitates a
very comprehensive nuclear energy plan. It can be said that the only possible benefit of the nuc-
lear power plants in the near future is the decrease in the amount of greenhouse gas emissions.
Turkey takes place in the Annex 1 countries defined according to Kyoto Protocol with 110%
increase in greenhouse gas emissions from 1990 4. Turkey prioritized the economic develop-
ment while pushing back environmental concerns **!. Two worries affecting this issue are; i) the
likelihood of slowing the capacity increase of environmental policies (direct impact) and ii) the
direct negative impact of the cost of environmental policies (indirect impact) on economy. To
continue its economic development, Turkey had any commitment to decrease emissions, when
signed Kyoto Protocol and Paris Treaty. However, it has announced that it will reduce its gre-
enhouse gas emissions by 21% after 2020 with the "National Contribution" declaration (BAU-
Business as Usual), which it presents on combating climate change and covers 2020-2030 [46].
Looking at the average values, the unit electricity generation (GWh) causes about 20% more
CO, emissions than the use of lignite (1,054 tons) and coal (888 tons). In natural gas (499 tons),
this value is still high and is about half of coal. While using renewable energy (45.5 tons for all
renewable energy) and nuclear energy (29 tons), greenhouse gas emissions are between 1/30 to
1/50 for coal, respectively 7). Nuclear power is more advantageous than natural gas and coal-
based thermal power plants in terms of greenhouse gas emissions per unit of energy, and it is

certain that the nuclear power plants put in the power generation portfolio will benefit from it.
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4. Facts and Plans of Turkey’s Energy Policy

If the future of the coal and the electricity production of Turkey are considered, one sees two
different facts, as targets and realizations. Within Turkey's prospective energy targets and some
steps which are in the context of state's planning gives hope to reduce foreign dependency.
However, it is not possible to say that external dependency will decrease from a broader pers-
pective. For example, the target to operate a domestic coal-fired power generation plant with a
total installed power of 1,013 MW for 2015 realized as 457 MW hours leaving below the targets
[18]. Some positive developments that have taken place and are planned in the forthcoming

period can be listed as follows [18): 123} [27). [38]. 1401

1. In 2003, the number of drillings for natural gas and oil was 81 and for coal was 12, these

numbers was increased to 136 and 238, respectively in 2015,
i1. A total of 7.38 billion tons of new lignite reserves were discovered between 2005 and 2010,

iii. Research and innovation work to identify different utilization methods and increase effici-
ency of utilization of the domestic resources, especially for coal, have been performed by some
public enterprises as Turkish Coal Enterprises (TKI), Scientific and Technological Research
Council of Turkey (TUBITAK) and ETI Mining,

iv. Investment in potentially high coal basins, making appropriate investment and financing

models for electricity generation separately for each basin,

v. The aim of introducing incentives for power generation facilities based on domestic coal and

renewable energy sources, which will run until 2020,

vi. The target to increase domestic coal-produced electricity to 57 billion kWh, which is 32
billion kWh by the end of 2018,

vii. The aim to establish 600 MW geothermal, 3 000 MW solar energy and 20 000 MW wind
energy power plants to be fully operational by 2023.

However, it is observed that the actual projects (particularly the ones that are still in the process
of installation) do not meet the targets. As can be seen in Fig. 10, 35% of the power plants that
are set up in 2017 use imported natural gas and 11% of them use imported coal. Based upon
this fact, it can be stated that only 46% of the new plants will be outsourced. On the other hand,
14% of the plants are planned to use coal and origin (domestic or imported) of the coal used
in these plants are not provided. Hence, percentage of the total foreign dependency is likely to
exceed 50%.

On the other hand, Turkey is largely dependent on foreign sources of natural gas considering
the primary energy demand projections. The use of renewable energy sources is expected to

increase in the same way as in the recent trend. It is expected that the energy investments for
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the coal-fired plants will decrease after 2030's. Lignite-related energy demand is predicted to be
in a downward trend (see Fig. 11).

When the quantities of sources in the past, present and possible future energy projections are as-
sessed on concrete facts, it turns out that lignite, which is the only sufficient domestic resource,
needs to be seriously evaluated. Therefore, it is necessary to increase the research work carried
out to increase the use of domestic coal. When assessed together with all the energy sources
together, Turkey appears to be in a position self-sufficient not only in renewable energy capa-
city and but in the lignite reserves. For this reason, planning of the energy policy of the country
will be beneficial by evaluating all the related aspects of energy phenomenon on the long term

including environmental, economic, strategic, socio-economic aspects.
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Fig. 10. Power plants under construction as of 7 January 2017 [Source: 36].

* The percentage of project actual achievements (as of the date the data were provided) were listed above 10%.
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5. An Assessment of Alternative Energy Sources for Future Energy Planning

Fossil fuels are expected to keep its place in the energy supply chain for a considerable period
of time. In addition to greenhouse gas emissions, which are considered to be the most important
cause of global warming and climate change, the economic and environmental preferences also
determine a country's energy sources. The surplus of these decision criteria forces a country to
diversify their energy sources. It is possible to say that as a consequence of the concerns and
efforts of reducing greenhouse gas emissions from fossil fuels, the trend towards systems such

as hydroelectric power plants, wind, solar and biomass energy is increasing.

When looking at the greenhouse gas emissions alone, it seems reasonable to assume that nucle-
ar power plants and renewable energy sources are comparatively low in emissions compared to
fossil sources. However, it is useful to consider all possible aspects of energy resources while
evaluating them. A large number of factors such as the possible environmental effects in additi-
on to greenhouse gases, loss of lives and property, socio-economic situation, geopolitical positi-
on and natural life of the country, the necessity and amount to exported fuel, the cost and the life

of the power plant, the technological sufficiency of the country should be considered together.

For example, 85% of electricity obtained from renewable energy, which meets 16.3% of world
electricity production, is realized by hydroelectricity. However, in some cases the influence of
hydroelectric power plants on the environment is not negligible. These effects are also highly
correlated with the welfare of the country, income inequality and external borrowing. In a study
evaluating the countries that set up hydroelectric power plants in different time periods between
1980 and 2010, income inequality and external debt increased and per capita income decreased
as the number of hydroelectric power plants increased. The main reason for this is the unique
characteristics concerning the location of the plant. It is known that, in high mountains and in
areas where there is no settlement, power plants are generally not problematic. In some cases,
due to environmental impacts of facilities under sea level, there are some consequences such as
causing for migration, creating risks to the fisheries sector, causing food safety problems and

causing floods 8,

When evaluated the possibility of an accident, it can be said that the hydroelectric power plants
and nuclear power plants may have quite destructive consequences in terms of the results of ac-
cidents even in the low risk group. New generation renewable power plants should be conside-
red in low risk category both in terms of the accident risks and severity of the consequences of
the accidents. On the other hand, some problems may occur in high-capacity large power plants
at the stages of energy storage and stabilization of variable production. Energy production from
fossil fuels is in the medium risk group in terms of the likelihood of accidents and possible con-
sequences . It is also useful to say that in spite of these widespread evaluations of plants in
general, there are unexpected situations. For example, in an interdisciplinary study P%, it is es-
timated that there will be 1 or 0 nuclear accidents until 2055 with the developing technology, a

BM T Bilimsel
26



Importance of Domestic Coal (Lignite) Reserves on Turkey s Energy Independency

nuclear power plant accident (Fukushima) has already occurred. For this reason, one can come
up with the more realistic judgments than estimates by expressing the past situation in all power
plants with figures. According to the data obtained between 1874 and 2014, in a study assessing
accidents in 11 energy systems including biodiesel, biomass, coal, geothermal, hydroelectric,
hydrogen, natural gas, nuclear energy, oil, solar energy and wind energy, more than 210 thou-
sands people lost their lives in total 1100 accidents and $ 350 billion in financial losses occurred
in these accidents. According to this study, the accidents in hydropower plants constitute 85%
of the deaths and the nuclear power plants constitute 70% of the financial losses. When the
frequency of accidents per unit energy (TWh) is taken into consideration, the wind energy is
dominant. In fact, the accident frequency of wind energy is 4600 times more than coal. Again,
when looked at the deaths per unit energy, the wind energy is at the top, with 20 times higher
death rates from natural gas and coal. In terms of the material damage, nuclear energy per unit
energy is 33 times more expensive than wind energy and 100 times than solar energy ', There
are also different problems and concerns about the nuclear power plants that some countries
do not do new investments while closing their existing power plants. It is known that nuclear
energy is responsible for many accidents and for pollution of vast amount of water resources 1°%,
production of high radioactive and harmful waste for human life and nature. In addition, there

is only a limited number of uranium enriching countries and this creates external dependency.

Additionally, serious concerns are present about the permanent storage and transport of nuclear
waste, it is estimated that 250,000 tons of used nuclear waste are in temporary storage facili-
ties around the world Y. Although nuclear power plants are important parts of the efforts for
keeping global warming below the critical 2°C, issues such as the radioactive wastes need to
be stored for up to 1 million years and two major accidents in the last 30 years still present un-
certainties 3. Another problem is the lack of a facility for permanent storage of nuclear wastes
[501. 531 The Onkola project, which is under construction in Finland, is the nearest first to this
permanent settlement facility *#. Thus, given the advantages and controversial nature of nucle-
ar energy, it is difficult to conclude definitively whether nuclear energy can be promoted in all
future energy policies 1. As a result, when a wide range of assessments is made, it can be said
that there is not an absolutely harmless and risk-free power generation method, including new
generation renewable energy systems. It is certain that the environmental impacts of existing
systems and the risks of accidents will vary with developing technology, and it is also useful
to determine the energy policies of countries after a multifaceted evaluation, considering the

future needs of the region under the circumstances.

6. Conlusions

Turkey is largely dependent on foreign oil and natural gas considering the primary energy de-
mand projections. Though the utilization of renewable energy sources is expected to increase in
the same way as in the recent trend, the dependence to fossil fuels will continue for a long time

in the foreseeable future. It is estimated that the energy investments for the coal-fired plants will
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decrease after 2030's. Lignite-related energy demand is predicted to be in a downward trend
following 2030s.

Current energy view of Turkey exhibits two different facts on the basis of targets and realiza-
tions. Turkey's energy plans and targets and some actions taken gives hope to reduce foreign
dependency. Almost all of Turkish lignite reserves are suitable for firing thermal power. It is
inevitable to develop investment alternatives in which the public sector takes more place. When
the quantities of sources in the past, present and possible future energy projections are assessed
on concrete facts, it turns out that lignite, which is the only sufficient domestic resource, needs
to be seriously evaluated. Therefore, it is necessary to increase the research work carried out to
increase the utilization of domestic coal. Also, it is necessary to make integrated plans not only
on energy basis in order not to disturb the natural balance and not to worsen the socio-economic

conditions of the region in which a power plant is established.

Another point to be taken into consideration is that the technological investments are crucial in
the use of natural resources and in the assessment of available energy resources. If Turkey fails
to improve the technology of renewable energy sources, after 15-20 years it may be forced to
pay the costs as it did for oil and natural gas. Therefore, it is important for Turkey to prepare
development plans to make investments in technology both to use domestic resources and to

utilize renewable energy efficiently.
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Ozet

Cimento iiretim siirecinde gerek ana ham madde olarak gerekse katki maddesi olarak cesitli
malzemeler kullanilmaktadir. Cimento {iretiminde kullanilan bu ham maddeler ayn1 zamanda
¢imentonun kalitesini belirleyen temel unsurlardandir. Cimento iireticileri ¢imento ham mad-
delerinin kimyasal yapisina ve mineralojisine odaklanirken ham maddelerin rutubet kaynakli
yaratabilecekleri problemleri cogu zaman gézden kagirmaktadirlar. Halbuki bir ¢imento iire-
tim tesisi dizayn edilirken en 6nemli etken olarak ham maddelerin rutubet 6zellikleri dikkate
alinmaktadir. Bu ¢alismada ¢imento iiretiminde kullanilan ana ve yardimec1 ham maddelerin
rutubet Ozellikleri tespit edilmistir. Farkli ham maddeleri kullanilarak iiretilen ¢imento pro-
ses asamalarinda yiiksek rutubet 6zelliklerinin gerek kirma ve gerekse 6gilitme proseslerinde
meydana getirdikleri problemler ve ¢oziimleri arastirilmistir. Ocaklardan iiretim esnasinda ve
kirma ve 6giitme asamalarinda yapilacak bir takim degisiklikler sayesinde rutubet kaynakli
problemlerin nasil en aza indirilebilinecegi agiklanmistir.

Anahtar Kelimeler: Cimento, rutubet, ham madde, kirma, 6giitme

Abstract

Various materials are used both as the main raw material and as additives in the cement pro-
duction process. These raw materials used in cement production are also among the basic ele-
ments that determine the quality of cement. While cement manufacturers focus on the chemical
structure and mineralogy of cement raw materials, they often overlook the problems that raw
materials can cause due to moisture. However, when designing a cement production facility,
the most important factor is the moisture characteristics of the raw materials. In this study,
moisture properties of the main and auxiliary raw materials used in cement production were
determined. Problems and solutions caused by high moisture properties in both crushing and
grinding processes in cement process stages produced by using different raw materials were
investigated. It has been explained how the problems caused by moisture can be minimized
thanks to some changes to be made during production from the quarries and at the crushing
and grinding stages.

Keywords: Cement, moisture, raw material, crushing, grinding
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1. Giris

Dogada bulunan her madde yeralt1 ve yeriistii iklim sartlarina gore belirli miktarlarda az veya
cok su igerir. Bu suya rutubet, maddenin birim agirliginda bulunan suyun birim miktarina
ise rutubet orani denir. Cimento ve klinker girdilerinin hepsinde rutubet vardir. Bu su orani
¢imento prosesinde maliyeti artirict bir etkendir. Prosesin her asamasinda prosesi olumsuz yon-
den etkiledigi i¢in s6z konusu suyun her haliikarda ortamdan uzaklastirilmas: gerekmektedir.
Bu da belirli bir enerji tiiketimi demektir.

Bagta kalker ve kil olmak tizere farkli sayida degisik hammadde karigimlarinin homojen hale
getirilmesi i¢in Onceleri bunlara su eklenerek bir camur yapilmakta ve bu ¢camur firinda 6nce
1sitilip sonra pisirilmekteydi. Ancak siirece su katilmasi, daha sonra da bu suyun tekrar buhar-
lagtirilarak siiregten ayrilmasinin yol actigi biiyiik enerji kayb1 bu “Yas Sistem’ iiretiminin
terkedilerek ham madde karisimini tamamem kuru sistem {iretimine gegmesine yol agmistir
(Kuleli, 2010).

Kiricilarin cogu %15’ e kadar malzeme nemi ile sorunsuz olarak calisabilmektedir. Fakat kil
ve kil tiirevli plastik 6zelliklere sahip ¢ok nemli yapiskan 6zelliklere sahip ham maddeler asil
sorunu yaratmaktadir. Kil grubu kayagclarin kalitelerinin tam anlamiyla tespit edilebilmesi i¢in
mineralojik ve kimyasal analizlerinin bilinmesi gerekmektedir. Yiiksek plastisite 6zelliklerine
sahip kil taslar1 ¢imento sektorii icin pek tercih edilmezler. Bunun en temel sebebi ise 6zellikle
kisin ve bahar aylarinda rutubet sonucu kirici ekipmanlarinda sarma ve yapisma problemleri
yasatmasidir. Bu sebeple plastisite 6zellikleri kil taslarinin ¢imento sektoriinde kullanilabilme-
leri i¢in en temel ayirt edici 6zelliklerden biridir.

Cimento iiretim proses asamalarinda iiretilecek ¢imento cins ve 6zelliklerine gore degisik katki
maddeleri kullanilabilmektedir. Ayn1 liretimde bir ¢esit katki malzemesi kullanilabildigi gibi
birden fazla katki malzemesi de kullanilabilmektedir. Genel olarak kullanilan katkilar; tras,
yliksek firin ciirufu, silika fiime, ugucu kiil, ponza gibi dogal ve yapay puzolanlardir. Katki ora-
nina karar verilirken ¢imentonun dayanimlari, inceligi ve maliyeti goz oniinde bulundurulmak-
tadir. Programlanan katkili ¢imento liretim (ton) x katki faktorii islemi neticesinde hesaplanan
kuru katki miktari, rutubet oran1 géz 6niinde bulundurularak satin alim islemine esas yas katki
miktar1 hesaplanmaktadir.

Cimento iiretiminde puzolanik katki malzemesi olarak en fazla tras kullanilmaktadir. Tiirkiye’de
yaygin olarak kullanilan tras kelimesinin uluslararasi literatiirdeki karsilig1 puzolandir. Tras, TS
25’ gore kendisinin baglayicilik 6zelligi olmayan ancak normal ortam sicakliginda ve uygun
rutubet sartlarinda mikron boyutunda o6giitiilen kalker veya klinker yapisinda malzemelerle
yas olarak karistirildiginda tepkimeye girip baglayict 6zellik kazanan silisli veya aliiminali
malzemeler igeren ince toz haline getirilmis ham maddeler olarak adlandirilmaktadir (Altun,
1999). Bir¢ok c¢imento fabrikasi 6zellikle ¢imento degirmenleri katki malzemelerinden olan
tras, pomza gibi puzolanik malzemelerin kisin yiiksek rutubet igermesinden dolay1 milyon lira-
lik kurutma {initesi yatirimlar1 yaptig1 gibi binlerce m3 liikk dogalgaz veya fuel oil harcamalar1
da kaginilmaz olmaktadir (Kavas, 1997).

Hammaddelerdeki nem sorunu her tiir boyut kiigiiltme iglemi i¢in problem teskil etmektedir.
Kiricr ve 6giitiicti ekipmanlardaki aginma problemlerini nemli malzemelerle yasanan tikanma
ve sarma problemlerinin de takip etmesi yiiksek enerji ve bakim maliyetlerini arttiran en 6nemli
nedenlerdendir. Kirma ve 6giitme asamalarinda nemli malzemelerin sicak gazlar vasitasiyla
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kurutulmasi iiretim verimliligini arttirmakta ve liretimin kesintisiz akmasina katk1 saglamak-
tadir. Sicak gaz temini klinker sogutma ¢ikisindan, firin gazindan yada kiricilarin/degirmenle-
rin yanina kurulan sicak gaz ocaklarindan saglanmaktadir (Kuleli, 2010).

Cimento fabrikalar i¢in farin pisirme kalorisi, yani 1 kg klinkeri pisirebilmek i¢in kag Kcal’
lik 1stya ihtiya¢ duyulacagi ¢cimento iiretim maliyetini etkileyen 6nemli parametrelerdendir.
Genelde proses ekipman tiretici firma pisirme 1s1s1 degerini vermektedir. Ya da ge¢mis yillarin
ortalama degeri gbz Oniine alinarak da saptanabilmektedir. Birden fazla yakit kullanilacaksa
(ki genellikle tercih edilir), kullanilacak yakit cinsleri, karigim oranlari, kalorifik degerleri ve
rutubet oranlarimin bilinmesi gerekmektedir. Yakitlarin kalorifik degerleri ile pagal oranlar
bilindiginden kuru bazda yakit miktarlar1 hesaplanabilmektedir. Ayrica bu malzemelerin rutu-
bet oranlar1 gbz oniinde bulundurularak satin alim i¢in yas miktarlar1 ayrica hesaplanmaktadir.

2. Materyal Ve Metot

2.1. Deneylerde Kullanilan Malzemeler ve Ozellikleri

Deneysel ¢alismalarda, Karadeniz Bolgesi’'nde faaliyet gdsteren bir ¢imento fabrikasinin ham
maddeleri kullanilmistir. S6z konusu fabrikada kalker, metasist ve kil tasi ile Portland Cem I
42,5 R ve Cem I'V 32,5R/B ¢imentosu liretimleri gergeklestirilmektedir. Cimento ham karigim-
larinin olusturulmast icin kiricidan saf kalker, kalker+kil ve kalker + metagist olmak iizere 3
farkli sekilde hammadde karisimlari ile ¢alisiimistir. Calisma kapsaminda farkli zamanlarda
kiriciya beslenen saf kalker, kil ve metagist karigimlarina ilaveten kalker+kil ve kalker+metagist
beslemelerinin yaratmis oldugu rutubet kaynakli problemler hem kirici bazinda hem de degir-
menler bazinda sahip olduklar1 rutubetlerin etkileri incelenmistir.

Cem IV 32,5R/B ¢imentosu liretiminde algitasi ve puzolanik katki malzemesi olarak tras kulla-
nilmistir. Gerek algitasi ve gerekse tras numunelerinin bunkerlerde ve ¢imento degirmenlerinde
rutubet kaynakli yaratmis olduklari problemler ham maddelerin rutubet miktarlar1 hesaplana-
rak incelenmistir.

Kil tas:

Sekil 1: Metasist ve kil tas1 numuneleri goriintiileri

Calismalarda kullanilan kalker, kil tas1 ve metasist numunesi, Karadeniz Bolgesinde faaliyet
gostermekte olan bir ¢imento fabrikasina ait ham madde ocaklarindan temin edilmistir. Tras
numunesi Yozagat ili Saraykent ilgesinden Algiatasi numunesi ise Sivas ili Yildizeli ilgesi Bedirli
mevkiinde bulunan algitasi ocaklarindan temin edilmistir. Numuneler ocak zonlarindan koni-
leme dortleme yontemi ile alinanarak, ¢imento fabrikasi kalite kontrol laboratuvarinda XRF
(Atomika teknik panalytical axios modeli) metoduyla kimyasal analizi yapilmis ve deneylerde
bu numuneler kullanilmistir (Sekil 1).
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2.1.1. Rutubet tayini
Takriben 25 gram rutubeti tayin edilecek malzeme etiivde 105 °C de sabit agirliga kadar bekle-
tilir, tartilir (b gr), olur.

% Rutubet = %3100 (1)

Malzemenin icerdigi su yiizdesi olarak ifade edilen rutubet proseste yapigsma ve tikanmalara
meydan verecek kadar yliksek olmamalidir. Ayrica rutubetin yliksek olmasi, tasima enerjisini,
pisirmede yakit tiikketimini artirmaktadir.

2.2. Endiistriyel Deneylerde Kullanilan Ekipmanlar ve Ozellikleri

2.2.1. Konkasor iinitesi (kiricilar)

Ocaktan ¢ikarilan degisik boyuttaki ham maddeler, bir adet 600 t/sa liretim kapasitesine sahip
cekigli kirictya beslenmektedir. Kirict linitesi, darbeli ¢ekicli, ¢ift rotorlu ve kovali ¢elik bantl
besleyicilere sahiptir (Sekil 2). Kirici bunkerine 100 cm boyutundan kiiclik patlamis kalker
malzemeleri veya biiylik boyutlu patar malzemeler rahatlikla beslenebilmektedir. Kiriciya
ham madde ocaklarindan beslenilen malzemeler, darbeli ¢ekigler ve 1zgara plakalar vasitasiyla
100x100 mm boyutlarina kadar kiiciiltiilmektedir. Kiricidan ¢ikan malzemeyi boyutlandirmak
amact ile rotorlarin altinda yaklagik 100 mm acikliklara sahip karsilikli 1zgaralar bulunmak-
tadir. Izgara agikliklarindan dokiilen malzeme hemen kirict altindaki lastik toplama bandina
dokiilmekte ve oradan da nakil batlar vasitasiyla 6n homejene stok sahasina taginmaktadir.

Sekil 2. Cift rotorlu ¢ekigli kirict

2.2.2. Farin degirmen iinitesi

Cimento fabrikasinda farin degirmeni beslemesi; kire¢ tast i¢cin 60-300 ton/sa, kil beslemesi
icin 15-70 t/sa, demir cevheri 0,5-15 t/sa kapasiteli bant kantarlar1 mevcuttur. Besleme kantar-
larindan toplama bantlariyla degirmene gelen ham madde karisimi 320 ton/sa kapasiteli 1 adet
dikey valsli degirmende 6giitiiliir.

Doner firinlarda optimum siirede klinker olusturabilmek i¢in ¢imento ham maddelerin kimya-
sal yapilarinda var olan; SiO,, Al,O,, Fe,0;, CaO ve MgO gibi oksitlerin en diisiik sicaklikta
kendi aralarinda tepkimeye girmeleri gerekmektedir (klinkerlesme veya sinterlesme reaksiyon-
lar1). Klinkerlesme siirecinde farin ham maddelerinin ¢ok ince dgiitiilmesi (90 pm elek {istii
%10-15) ve ham madde karisgiminin iyi derecede homojenlestirilmesi gerekir. Aksi durumda
klinkerlesme i¢in gerekli reaksiyonlar1 yiiksek tepkime sicakliklarinda ve uzun bir zaman dili-
minde gerceklesecek (Kuleli, 2010).
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Cimento iiretim maliyetleri ve ekonomisi agisindan bu durum sdyle agiklanabilir; Klinker iire-
tim maliyetlerinin ve ekonomisinin daha diisiik olabilmesi i¢cin homojen ham madde karisim1
gerekli ve klinkerin belirli bir degere kadar ince 6giitiilmesi gerekir. Ham maddenin 6giitiilerek
bliyiik yiizeye sahip iiriin elde edilmesi, doner firina beslenen bu {iriindeki bilesenler arasinda
meydana gelen kimyasal reaksiyonlarin hizlarini arttirmak icin gerekmektedir (Khalil vd.,
2014). Cimento teknolojisinde ham maddelerin 6giitiilmesinin nedeni budur. Farin giitmede
yas ya da kuru sistem kullanilabilmesine karsin diinyadaki enerji maliyetindeki artiglar nede-
niyle son yillarda yas 6glitme hemen hemen terk edilmistir (Korkmaz, 2017).

Cimento 6giitme teknolojisinde bilyali tiip yatay degirmenler ve valsli dik degirmenler kullanil-
maktadir. Valsli dik degirmenlerdeki elektrik enerjisi tiikketimi bilyal yatay degirmenlere gore
%30 daha diisiiktiir. Son yillarda ham madde 6giitiilmesinde dikey valsli degirmenlerin kul-
lanim1 oldukga artmistir. Cimento fabrikasinda 320 t/sa kapasiteli 1 adet dikey valsli ve 2 adet
bilyali degirmen mevcuttur (Sekil 3). Ham madde 6giitme {initesinde olusacak toz partikiillerini
tutmak icin, iiniteye 8.200 m*/dk. kapasiteli ve 110 °C sicaklig1 olan elektrofiltre konulmustur.

Sicakligin 110 °C iizerinde olmasi durumunda sogutma kulesinde gaz karisimi sogutularak
elektro filtreye gonderilir. On 1siticidan saglanan sicak gazlar degirmenden gegirilerek ham
maddenin kurumasi saglanir. Degirmende verimliligi artirmak i¢in, yiliksek performansl sepa-
ratorler kullanilmaktadir (Korkmaz, 2017).

Sekil 3. Dik valsli farin degirmeni

2.2.3. Endiistriyel o6giitme testlerinde kullanilan ¢cimento degirmeni

Endiistriyel degirmenler genellikle kritik hizlarinin %68-75’1 arasinda ¢aligtirilmaktadirlar ve
bu sayede degirmen icerisinde 6zellikle iri tanelerin kirilmasi i¢in gerekli darbe etkisi saglan-
mis olmaktadir (Rolf, 1993). Yapilan calismalar sonucunda kii¢lik bilyalarin ince 6giitmede
bliyiik bilyalarin ise iri 6giitmede kullanilmalar1 gerektigi belirlenmistir (Klimpel, 1997).

Endiistriyel ol¢ekli 6gilitme deney calismalar1 ¢imento fabrikast 1 ve 2 nolu bilyali ¢imento
degirmeninde gergeklestirilmistir ve degirmeninin 6zellikleri Sekil 4.’de verilmistir.

Seperator cinsi: Dinamik Seperator; Degirmen devir hizi: 16,6 d/dk
Degirmen kapasitesi: 75 t/sa; Degirmen Ana tahrik motor giicii: 2800 kWsa
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13075 mm

1540 mm

1 KAMARA

2 KAMARA

770 mm

T=3800 rmrm

4 49125 mm

Sekil 4. Endiistriyel ¢cimento degirmeni kesiti

Tablo 1. Endiistriyel ¢cimento degirmeni sarj miktarlari

B1E25 mm ———8 ————————»

1. KAMARA 2. KAMARA

Bilya Cap1 Miktar Oran Bilya Cap1 Miktar Oran

mm Kg % (mm) Kg %

90 10000 14,29 50 9500 8,64

80 24000 34,29 40 9500 8,64

70 24000 34,29 30 12000 10,91

60 12000 17,14 25 15000 13,64

Toplam 70.000 100 20 34000 30,91
17 30000 27,27
Toplam 110.000 100

3. Bulgular

Cimento fabrikalarinda iiretim, fabrikalarin teknik giiglerine gore 5 sathada gerceklestirilmek-
tedir. Bunlar ocaklar ve konkasor, farin (hammadde 6giitme), pisirme ve 6giitme safhalaridir.
Uretim safhalarinda ocaktan hammaddelerin ¢ikartilarak prosese kazandirilmasi ve g¢imento
mamul (nihai) iiriin haline gelene kadar gecen siirecte karsilasilan rutubet kaynakli endiistriyel
proses ve kalite problemleri degerlendirilerek bazi karsilastirmalar yapilmis ve asagida baslik-

lar halinde agiklanmistir.

’:> Boyut kiigiiltme

Sekil 5. Temel ¢imento tiretim siireci
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3.1. Konkasér Unitesi (Kiricilar)

Cimento ve klinker girdilerinin hepsinde rutubet vardir ve maliyeti artirict bir etkendir. Pro-
sesin her asamasinda prosesi olumsuz yonden etkiledigi i¢in s6z konusu suyun her haliikarda
ortamdan uzaklastirilmasi gerekmektedir. Bu da belirli bir enerji tiiketimi demektir. Cimento
fabrikalarinda kullanilan kirict rotorlarinin altinda sabit aralikli 1zgaralar mevcut olup 1zga-
raya gelen rutubetli malzemeler (6zellikle kil tas1 ve benzer kayaclar) tikanmalara ve iiretim
kayiplarina sebep olmaktadirlar. Calismanin yapildig1 ¢imento fabrikasinda ¢ekicli tip kirict
mevcut olup, kirllacak malzemenin sertligine ve igerigine gore cekiclerin ¢cabuk asinmasina
ilave olarak malzemenin asir1 rutubetinden dolay1 1zgaralarin ttkanmasi ve rutubetli malzeme-
nin rotorlara sarmasi gibi sorunlarla siklikla karsilasilmaktadir. Kil malzemesinin rutubetinin
yliksek olmasi bu 1zgaralar1 ve kirici besleme sutu ve besleme bantlarini sararak haftada birkag
kez blokaja ve iiretim kayiplarina neden olmaktadir. Kil malzemesine alternatif olarak diisiik
rutubet igerigine sahip metagist malzemesi sayesinde kiricilarda sadece ¢ok yogun yagis sart-
larinda yi1l igerisinde az sayida kirict sarma problemi ile karsilagilmigtir. Ocaklardan kiriciya
kalker, metasist ve kiltasi beslemesi esnasinda durus sayilar1 asagida tablo 2’ de verilmistir.

Tablo 2. Cimento ham madddeleri rutubet kaynakli durus miktarlar:

Ham madde Tiiri Nisan Mayis | Temmuz | Eyliil Kasim | Aralik
Adet Adet Adet Adet Adet Adet
Kil tast 9 2 - - 5 7
Metasist 2 - - - 2 1
Kalker 2 - - - - 1

Sekil 6. Kiriciya yiiksek rutubetli malzeme beslenmesi sonucu ortaya ¢ikan problemler
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Calisma kapsaminda ham madde karisim oranina gore hazirlanan kalker, kil tas1 ve metagist
birlikte ve ayr1 olmak iizere farkli bicimlerde kiriciya beslenmektedir. Beslenen malzemeler
kirildiktan sonra 6n homojene iinitesinde sekil 7°de goriildiigii gibi harmanlanarak yiginlar
halinde stoklanmaktadr.

Sekil 7. Kiriciya malzeme beslemesi sonucu olusturulan yiginlar

Mix )
Malzeme : Demir

((',')h Cevheri
Homojene)

Sekil 8. Farin ham madde bunkerleri

On homojene stok sahasinda hazirlanan yiginlar farin degirmenine beslenilmeden 6nce farin
bunkerlerine sevk edilmektedir. Yiiksek rutubet icerigine sahip oldugu taktirde kil yada demir
cevheri farin bunkerlerinden akma zorlugu yasatmakta ve oOzellikle kis aylarinda donarak
bunker cidarlarina yapigsmaktadir. Hazirlanan karisim regetesine gére malzeme kompozisyonu
olusturulmak istense de hammaddelerin akislarinda yasanan problemler nedeniyle diizenli bir
malzeme beslemesi yapilamamaktadir. Bunker ¢evresine malzemenin akisinin saglanabilmesi
icin patlag¢ denilen ekipmanlar konulsa da malzemenin siirekli akis1 yerine ara ara kesikli olarak
malzemenin sevkiyatini saglamaktadir. Bu da olusturulmak istenen farin malzemesinin kim-
yasal kompozisyonunu, homojenligini olumsuz etkilemektedir. Farin silolarinda her ne kadar
farin homojene edilmek istense de firina diizensiz kalite de mal girisi olacagindan klinkerin
pisirilmesi i¢in gerekli olan yakit titkketiminin artmasina neden olacaktir. Farin rutubeti ne kadar
diisiik olursa, homojene olma 6zelligi artacagindan dolay1 pisme daha kolay gerceklesecek ve
yakit tiikketimi de diisecektir. Cimento liretiminde farin rutubeti %1’in altinda olmasi istenmek-
tedir. Farin rutubetinin yiiksek olmasi, farinin akigkanligini zorlastiracak, rutubeti olusturan
suyun buharlastirilmasinda ekstra yakit kullanilacak ve bu suyun taginmasinda fazladan enerji
tiiketileceginden iiretim maliyeti artacaktir. Farinin olusturan ana ham maddelerden kil tasi,
ozellikle kis aylarinda metasist mineraline gore % 4-5 daha fazla rutubet igermektedir. Kil tasi
mineralinin igerdigi su yilizdesi olarak ifade edilen rutubet, proseste yapisma ve tikanmalara
yol acacak kadar yiiksektir. Ayrica kil tagt mineralinin rutubetinin yiliksek olmasi, {iretim enerji
maliyetini ve pigsirmede yakit tiiketimini arttirmaktadir. Ham maddeleri 6 aylik rutubet oranlari
Tablo 3’de verilmistir.

Tablo 3. Ham madde rutubet miktarlari

Ham madde Tiirii Nisan Mayis | Temmuz | Eyliil Kasim [ Aralik
% % % % % %
Kil tast 11,7 6,5 3,2 5,5 8,4 8,4
Metasist 34 4.4 3 3,5 4,7 4,7
Kalker 1,4 0,5 0,2 0,7 1,2 1,2
Demir Cevheri 12,5 5,5 1,2 0,8 8,6 9,40
BM T Bilimsel
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Rutubeti yliksek hammadddelerle ¢alisilmasi isletme verimliligini yiliksek derecede diisiirdiigii
gibi isletme maliyetlerini de yiiksek oranlarda arttirmaktadirlar. Uretim kademelerinde mey-
dana getirdikeri sarma, blokaj bazi1 zamanlarda motor yanmalarina kadar gitmekte, tiretimde
zaman kaybina neden oldugu gibi bir de ekipman bakim ve yeni yatirim maliyet kalemlerinin
de artmasina sebep olmaktadir. Calismanin yapildigi ¢imento fabrikasinda rutubeti yiiksek
olan kil tas1 minerali yerine diisiik rutubet igerigine sahip metasist mineralinin kullanilmaya
baslanmasi ile malzeme sarmasi, iiretim durus kaynakli zaman kaybu, blokaj v.s gibi sorunlarla
cok daha az karsilagilmis olup rutubet kaynakli iiretim maliyetlerinde yaklasik %60 azalma
gorlilmiistiir.

Cimento fabrikalarinda kirma esnasinda olusan toz partikiillerini tutmak i¢in pulvarize sis-
temler kurulmaktadir. Pulvarize sistemin amaci ocak kamyonlarindan kirici bunkerine mal-
zeme bosaltilmasi esnasinda ve beslenen malzemenin kirilmasi esnasinda ince toz partikiillerin
yogunlugunu suyla arttirarak toz olusumunun engellenmesidir. Fakat bu sistemde toz parti-
kiillerinin fazla su ile temas edildigi taktirde kiricida 1slak malzemenin cidarlara sarmasina
ve yapismasina neden olarak istemsiz kirici duruslarina sebep olmaktadir (Kuleli, 2012). Yine
kiriciya rutubetli kalker ya da kil tas1 beslendiginde benzer problemlerle karsilagiimaktadir.

3.2. Farin Degirmeni

Genellikle kuru iiretim siirecinde, ¢imento hammaddelerinin nem icerigi 6giitmeden Once
kurutmay1 gerektirir. Kirectaginin nem igerigi yaklasik % 8'e kadar, marninki %15 ‘e kadar ve
kil, % 20'ye kadar nem icerigine sahiptir; yas graniile edilmis yiiksek firin ctirufu %35 ‘e kadar
nem i¢ermektedir. Komiir ayrica genellikle kurutmay1 gerektirmektedir. Cimento hammadde-
lerinin igerdigi nem su sekilde goriinebilir:

1. Serbest nem, yani malzeme parcaciklarinin yiizeyinde goriinen su.
2. Kilcal su, 6rnegin malzeme pargaciklarinin doku bosluklarini dolduran su.
3. Adsorpsiyon-nem, malzemenin yiizeyinde emilen su (cement equipment, 2020).

Kaolinitte oldugu gibi kil minerallerinde gériinen kimyasal olarak bagl su, nem olarak tanim-
lanmaz. Bu suyun uzaklastirilmasi, belirli mineralin yapisinda bir degisiklige neden olmakta-
dir. Bu belirli nem tiirlerinin her biri, kurutma i¢in belirli bir 1s1 tiikketimi ve farkli bir kurutma
stiresi gerektirir; bu her durumda kurutma testleri ile belirlenmelidir.

Farin degirmenini optimize etmek i¢cin hammadde se¢imi ve kimyasal ve fiziksel 6zelliklerin
iyi bilinmesi gerekmektedir. Malzemelerin kalite agisindan; farin degirmenlerinin performansi
oncelikle sunlara baglidir:

A) hammadde boyutu

B) hammadde rutubeti

C) hammadde sertligi / 6giitiilebilirlik

D) farin modiilleri ayar1 (LSF, SM ve ALM) / hammaddelerin kimyasal parametreleri (Noh-
man, 2020).

Bilyal1 degirmen, % 12'ye (maksimum) kadar giris rutubet seviyesini barindirabilmekte; dikey
valsli degirmen ise maksimum % 20' ye kadar rutubet seviyesini barindirabilmektedir. Farin
degirmenlerindeki asir1 yiikksek nem seviyesi degirmen verimini diisiirse de, yatag: stabilize
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etmek ve dikey valsli degirmen durumunda titresimleri 6nlemek i¢in yine de belirli bir miktar
neme ihtiya¢ duyulmaktadir (Mahmud, 2020). Hammaddeler en yiiksek rutubete bahar ayla-
rinda sahip olmaktadirlar. Farin degirmenine beslenmek istenen bir hammadde kompozisyonu-
nun degirmen giris rutubet oranini hesaplayacak olursak;

Farin regetemiz;

% 74 kalker, % 24 kil ve % 2 demir cevheri olsun. Hammaddelerin sahip olduklar1 nisan ay1
rutubet oranlar1 ile hammaddelerin karisim oranlarini ¢arparsak;

%74 kalker x%]1,4 rutubet + 24 kil x %11,7 rutubet + %2 demir cevheri x %12,5 rutubet
Farin degirmeni giris rutubeti = % 4,10.

Kil yerine rutubeti daha diisiik metagist hammaddesi ile degirmen giris rutubetini hesap edecek
olursak,

Regetemiz % 74 kalker, % 24 metasist ve % 2 demir cevheri olsun. Hammaddelerin sahip
olduklar1 rutubet oranlar1 ile hammaddelerin karisim oranlarini ¢arparsak;

%74 kalker x%1,4 rutubet + 24 metasist x % 3.4 rutubet + %2 demir cevheri x %12,5 rutubet
Farin degirmeni giris rutubeti = % 2,10

Dolayistyla degirmene ne kadar diisiik rutubetli hammaddeler secilirse degirmen giris rutubeti
o kadar diisiik olacaktir. Dolayisiyla farin degirmenine giren malzemenin kurutulmasi icin
gerekli sicaklik daha diislik olacak ve daha az enerji harcanacaktir.

Degirmen giris rutubetinin yiiksek olmasi sadece enerji maliyetini arttiran ve kaliteyi diisliren
bir unsur degildir. Degirmene beslenen malzemenin rutubetinin yiiksek olmasi demek bunker-
lerden yiiksek rutubetli malzeme sevkiyati demektir. Yani bunkerlerde ytiksek rutubet nedeniyle
malzemenin yapismasi ve akmamasi degirmene istenilen kompozisyonda malin beslenemeye-
cegi anlamina gelmektedir. Buda degirmende istenildigi kadar malzeme {iretilmis olunursa
olunsun kaliteli ve istikrarli bir farin iiriinii elde edilemeyecegi demektir. Bunun yanisira farin
degirmenlerinde en ¢ok karsilasilan problemlerden biri de yas malzemeye bagli olarak besleme
hiicre tekeri, helezon yada elavator gegislerinde tikanma problemlerinin ortaya ¢ikmasidir. Bu
tiir problemler kalitenin bozulmasi ile kalmayip saatlerce tiretimin durmasina hatta degirmen
blokajlarina kadar gitmektedir.

oy -

Sekil 9. Yiiksek rutubetli malzeme beslenilmesi sonucu silo ve klapelerin bloke olmasi
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Hammaddelerin giris nemi, klinker pisirme prosesinden ¢ikan sicak gazlar kullanilarak kuru-
tulmaktadir; bu nedenle, ham maddelerdeki nem seviyesi, Atik 1s1 geri kazanimli enerji santra-
linin tasarlanmasinin yani sira, pyroproses asamalarinin (5./6. asama) sayisinin tasarlanmasinda
normal olarak sinirlayici bir noktadir; ayrica firinin 1s1l verimi ile de ilgilidir. Bazi tesisler ayrica
0zel sicak gaz tlireten ekipmanlar (briilor vb.) kullanmakta (ek iiretim maliyetine ragmen); 6zel-
likle firin kapaliyken ve tiretim hedeflerine ulagilmasi gerektiginde kullanilmaktadir. Ayrica,
ana tahrikten {iretilen 1s1, ham madde neminin azaltilmasina da yardimci olmaktadir.

Farin 6giitmede genellikle yiiksek 6giitme kapasitesine sahip valsli dik degirmenler tercih edil-
mektedir. Valsli degirmenler, kotii valsli tabla durumu, yanlis set halkas1 yiiksekligi veya kotii
su enjeksiyonu nedeniyle, hepsi dengesiz 6glitme yatagina yol agan titresime egilimlidir. Yatak
kararsizliginin 6nemli bir nedeni, genellikle dogrudan yataga su pliskiirtiilerek hafifletilebilen
ince, kuru degirmen beslemesidir. Cig farin hedef neminin normalde % 0,25 - 1,0 arasinda
tutulmasinin nedeni budur; ayrica, maksimum ¢ig farin nemi, yani <% 1,0, ham farinin akis-
kanligini saglamak i¢in tutulmaktadir.

Normalde, yeni bir ¢cimento fabrikasi tasarlarken daha yiiksek nemli hammaddelerin islenmesi
icin, bir sicak gaz jeneratoriiniin kullanilmasint 6nlemek i¢in gaz devresi tasarimi optimize
edilmektedir. Kanitlanmis teknikler, sogutucu egzoz gazlarinin ham &giitme devresine yon-
lendirilmesini ve bu 6n 1sitict ¢ikis gazi sicakligini artirmak i¢in bazi hammaddelerin siklon
asamalarindan birini atlamasina izin vermeyi icermektedir.

% 2 ila 3 nem oranina sahip kuru malzemeler, 1s1l verimi 730 ila 700 Kcal / Kg Klinker olan
5 veya 6 agamali siklon 6n kirecleme firin1 kullanirken, % 17 ham besleme nemine sahip asir1
1slak malzemeler yalnizca 3 siklon asamasi ve 850 ila 890 Kcal / Kg klinker; bu nedenle, 6n
1s1tic1 agsamalarinin tasarimi, sayisi ve sonugta ortaya c¢ikan on islemenin termal verimliligi,
agirliklt olarak ham maddelerdeki nem seviyesine baglidir. Hammaddelerdeki nem seviyesi
cok yiiksek oldugunda; genellikle daha yiiksek kapasiteli bir farin degirmeni fani ve biiyiik bir
ay1rict / siniflandirict gerekmektedir.

Son zamanlardaki farin degirmeni tasarimlarinin gézden gegirilmesi, maksimum tasarim ham-
madde neminin % 4'ten % 17'ye ¢ikarilmasinin, kurulu fan kapasitesinin iki katina ¢ikmasina
neden olacagini gostermektedir. Ayirici boyutu, ayirici kafesi boyunca yaklasik 4 m/s civarinda
tipik bir gaz hiz1 degerine uymak i¢in artmalidir.

Yiiksek basin¢li merdaneleri degirmenlerin tek basina (bilyali degirmen olmaksizin) kulla-
nilmas1 son dgiitme olarak tanimlanmaktadir. Ozetle degisik uygulamalar1 var olan yiiksek
basingli merdaneleri degirmenlerin, yiliksek kapasite ve daha diislik enerji tiikketimi gibi avan-
tajlarinin yaninda merdanelerin aginma problemleri, 6giitiilen malzemenin tane biiylikligii,
rutubeti ve sicakligi gibi sinirlamalar dezavantajlar1 olarak tanimlanabilmektedir.
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Sekil 10. Farin Degirmeni sicak gaz prosesi

Herhangi bir farin degirmeni, 6zellikle dikey valsli degirmeni optimize ederken, degirmen ayi-
ricist ve fandan yeterli gaz akisinin oldugundan emin olmanin, degirmen 6giitme verimliligini
optimize etmek i¢in esit derecede dnemli olabilecegi kabul edilmelidir. Mevcut en iyi bilyali
degirmeni veya dikey valsli degirmeni 6glitme tinitesi kurabilir, ancak iyi boyutlandirilmis ve
verimli bir ayiricit ve bununla birlikte gelen bir fana sahip olunamazsa asla optimum sistem
verimliligini elde edilemez.

3.3. Cimento Degirmenleri

Yapilan deneysel ¢alismalar sonucunda hammaddelerin 6giitme islemlerinin kurutma sistem-
leri ile entegre edilmis hibrit degirmenlerde gergeklestirilmesi boyut kiicliltme islemleri icin
harcanan enerjinin diger kurutmasiz degirmen sistemlerinden daha diisiik oldugu sonucuna
varilmigtir. Ayrica rutubeti yiliksek klinkerin 6giitiilmesi sirasinda, nem igerigi 6giitme veri-
mini olumsuz yonde etkiledigi yapilan bilimsel ve pratik ¢aligmalar sonucu bilinmektedir.

Cimento tliretiminde puzolanik ¢imento iiretimi i¢cin genellikle tras malzemesi kullanilmak-
tadir.. Cem IV/B 32,5 R puzolanik ¢imentosu iiretmek i¢in %36-55 arasinda tras gibi puzo-
lanik malzeme kullanimina standartlar izin vermektedir. Tras 6zellikle kis aylarinda yiiksek
rutubete sahiptir bu nedenle yiiksek nem traslarin belli bir katki oranina kadar kullanimina
olanak tanir. Bunun en biiyiik nedeni 6zellikle kis ve bahar aylarinda yiiksek rutubet nedeniyle
tras malzemesinin bunkerlere sarmasi ve akista yarrattig1 giicliikler, havali bantlarda akislarda
yarattig1 problemler ve 6zellikle de degirmen bilya ve plakalarinda yapisma yaparak degirmen
tiretimlerini bloke ederek uzun duruslara neden olmasidir. Yiiksek rutubet degirmen sicakligini
diisiirerek degirmen hava akisini ve malzeme sirkiilasyonunu azaltmaktadir. Bu nedenle degir-
men sicakligini arttirmak ve hava akisini saglamak icin yiiksek sicakliklar (genellikle klinker
sogutma linitesinden hava hatti ¢ekilir) yada degirmen 6ncesi kurutucu sistemler kurmak gere-
kir ki buda maliyetli bir istir. Calismanin gergeklestirildigi ¢imento fabrikasinin kullandigi
¢imento katki malzemelerin rutubet miktarlari tablo 4’ de verilmistir.
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Tablo 4. Cimento katki1 malzemeleri rutubet miktarlari

L Nisan Mayis Temmuz | Eylil Kasim | Aralik
Ham madde Tiirii % ” " % % "
Alg1 tast 4,1 1,0 0,5 0,8 3.4 37
Trans 8,2 1,80 1,50 1,60 6,7 6,5
Klinker 0,25 0,28 0,28 0,28 0,28 0,28

Cimento degirmeni iiriin regetesine gore degirmen giris rutubetini hesap edecek olursak;
% 59 klinker, % 36 tras ve % 5 al¢1 tas1 olsun. Hammaddelerin sahip olduklar1 rutubet oranlar1
ile hammaddelerin karigim oranlarini ¢arparsak;

%359 klinker x % 0,28 rutubet + %36 tras x % 8,2 rutubet + %5 algitas1 x %4,1 rutubet
Cimento degirmeni giris rutubeti = % 3,31.

Fakat standartlarin izin verdigi 6l¢lide maksimum tras beslenmis olsaydi;

%40 klinker x % 0,28 rutubet + %55 tras x % 8,2 rutubet + %5 al¢itasi x % 4,1 rutubet
Cimento degirmeni giris rutubet orani= % 4,78 fakat yiiksek rutubet nedeniyle bu orana ¢iki-
lamamaktadir.

Ayrica % 8,5 tras rutubetinde % 20 tras oraninda Cem IV/B 32,5 R puzolanik ¢imento iiretimi
saatte 80 ton iken %36 tras kullaniminda {iretim kapasitesi saatte 65 tona diismiistiir. Burada
yiksek rutubet icerigine sahip tras oranini % 16 kullanim oraninin artmasi ile %18,75 iiretim
kapasitesi azalmistir.

Su, 6giitme verimini etkileyen ana faktordiir. Bilyal1 degirmenlerde malzemenin kurutulmasi
amagclandig1 gibi ¢ikan lriliniin, 6zellikle ogiitiilen ¢imento ise, ¢ikis sicakliginin denetimi de
cok onemlidir. Klinkere katilan alginin bozulmamast i¢in degirmen ¢ikis sicakligr 100 °C’ nin
altinda tutulmalidir. Bazi ¢imento {ireticileri 6giitme sicakligini diisiirmek ve 6giitme kapa-
sitesini arttirmak i¢in, malzemeye 6giitme bandindan yada degirmen ¢ikis diyaframimdan su
piiskiirtmektedirler. Ogiitme verimliligi i¢in su ne kadar diisiik olursa, kuru ¢imento degirmeni
iretiminde teorik olarak malzeme suyu ihtiyaci ne kadar diisiikse 6giitme verimi o kadar iyi
olmaktadir. Ogiitmeyi olumsuz etkileyen malzeme nemini azaltmak igin alinabilecek bir takim
onlemler vardir. Bunlardan birincisi; malzeme ile birlikte, onun akisi ile birlikte es yonde,
degirmene sicak gaz verilmesi, B) Nemli malzemeye bir miktar kuru ve ince malzeme eklen-
mesi gibi. Degirmen igerisindeki malzemenin nemini azaltmak, yontem olarak, malzemenin
kurumasini arttirmak, degirmene giren sicak havayi iyilestirmek ve kuruma kapasitesini art-
tirmak segenek olarak diisiiniilebilir. Kald1 ki, degirmen icerisindeki hava sicakligin1 10 °C
arttirmak, 6giitme verimliligini etkili bir sekilde % 1 oraninda arttirmaktadir. Sicak havayla
kurutmanin nem gereksinimleri arttikca degirmen besleme kapasitesi de artmaktadir.
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Degirmen ici birinci Kamara S Degirmen bilyas: (@S Degirmen ici ikinci Kamara

Sekil 11. Endiistriyel tip bilyali ¢cimento degirmeni

Sekil 12. Yiiksek rutubetli malzemelerin degirmen igerisindeki sarma ve yapigma goriintiileri

Hammadde belirli bir su oranina ulastiginda, malzemenin kolayca 6giitiilmesi ve liretim kapasi-
tesinin istikrarinin korunmasi i¢in, gerek fabrika biinyesinde ve gerekse tedarikgiler tarafindan
temin edilen hammaddelerin orijinal nem icerikleri kontrol edilmelidir. Isletmelerin iiretim-
lerini daha iyi yonlendirebilmeleri i¢in malzeme stok durumunu (hammadde, farin ve klin-
ker), iklim degisikligini ve liretim ve hava kosullarini, liretim parametrelerini giinliik olarak
takip etmelidirler. Ozellikle malzemenin kapsamli nem igerigi yiiksekse, gerek firmn kapasitesi
gerekse degirmenlerin iiretimleri diisecektir.

Orta desarjli bir kurutma degirmenini 6rnek alirsak, degirmenin kapsamli nem igerigi % 2'nin
iizerine ¢iktiginda, silolarda tikanma, bilyalarin yapismasi ve degirmende yetersiz havalan-
dirma meydana gelecektir. Malzemenin 6glitme sicakligina ytikseltilmesi i¢in kurutma oda-
sinda nemin buharlagmasinin olabildigince artirmasi, son sicakligin ¢ok yiiksek olmasi, ¢ok
fazla su, 6giitillen malzemenin ince bir toz halinde bilayalara ve astar ylizeylere yapismasini
saglayacak ve burada bir "yastik tabakasi" olusturacaktir. Boylece 6glitme ortaminin mal-
zemeyi Oglitme performansi azalacak, asindiricilik artarak bilya ve levhalarin asinmasi hiz
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kazanacak, degirmen iiretim verimi diisecektir. Belli bir sicaklik altinda nemli bir malzemenin
degirmen icerisindeki davranislari tablo 5 ‘de verilmistir.

Tablo 5. Cimentonun sicaklik ile nem arasindaki davranislar1 (Rotary kiln factory, 2020).

Sicaklik Nem Igerik Hammadde Yapisma Miktari Cimento Yapigsma
100 1 - 85

100 2 97,5 95,5

100 3,3 114 126,5

100 4,6 117 136

100 6 117,5 -

Cimentonun nemden korunmasi ve depolanmasi, beton mukavemeti ve diger 6zelliklerini
olumlu veya olumsuz yonde etkiler. Cimento, havanin rutubetini alarak topaklanabilir. Topak-
larin parmakla kolaylikla ezilebilmesi, katilasma, sertlesme ve dayanim kazanmasinin bu
topaklanmadan etkilenmeyecegini gosterir. Sert topaklar bozulmanin azami belirtisidir. Bu
nedenle ¢imentonun depolanmasinda, su ile temasindan veya rutubetli havada kalmamasina
Ozen gosterilmelidir.

Torba halinde depolaniyor ise ahsap 1zgara iizerinde 10 siradan fazla olmamasina ve siralar
ile duvar arasinda 5-10 cm bosluk kalmasina, siralarin birbiri arasinda hi¢ bosluk kalmayacak
sekilde depo edilmesine 6zen gostermelidir. Cimento iizeri rutubet ve hava gegirmeyen Ortii-
lerle &rtiilmelidir. Ortii, 1zgara altina kadar kivrilmali ve iizerinde suyun gdllenmesine engel
olunmalidir. Cimentolarin torbali halde depolama siiresinin en fazla 2 ay olmasi 6nerilmekte-
dir. Uzun siire bekleyen Portland ¢imentolar1 mukavemetinden kaybetmeye baglar (Rotary kiln
factory, 2020).

4. Sonug

Cimento hammaddeleri belli bir rutubete sahiptir. Ozellikle kil tasi ve trasin rutubet miktarlar
kis aylarinda hayli fazladir. Artan rutubet miktar1 ile birlikte kil tas1 kiricilarda gelik bant
paletlerine ve 1zgaralara sararak nisan ayinda toplam 32 saat kirici iinitesinin durusuna sebep
olmustur ki buda yaklasik 1,5 giine tekabiil etmektedir. Kil tagina gore daha diisiik rutubet
icerigine sahip metasist malzemesinin beslenmesi ile nisan ayinda kiricilarda toplam 5 saatlik
bir durus yasanmistir. Her iki malzeme birbirleri ile kiyaslanacak olursa diisiik rutubetli bir
malzeme ile calismanin iiretimin siirekliligi bakimindan ne kadar 6nemli oldugu asikardir.

Kiltasinin ve demir cevherinin farin bunkerlerine saf beslenilmesi ile birlikte ozellikle ara-
lik, ocak ve subat aylarinda gece -28 °C’ de sogukta dondugu ve bunker cidarlarina yapistigi
goriilmiistiir. Bu nedenle farin beslemelerinde problemler yasanarak kesikli liretim gercekles-
tirilmistir. Yine ayni zamanda kiltast ve demir cevherinin igerdigi yiiksek rutubet nedeniyle
farin degirmeni hiicre tekerine malzeme pres yaparak iiretim akisin1 durdurmustur. Tiim bu
dar bogazlar kil taslar1 ve demir cevherleri 6nce kapali stokta belli bir siire bekletilip rutubeti
diistiriilmiis ve daha sonra kuru kalker malzemesi ile karistirilarak farin bunkerlerine besle-
nilerek asilmistir. Bunker c¢evresine patlag denilen hava sok ekipmanlar1 kurulsa da her ne
sartta olursa olsun rutubetin diisliriilmesi gerektigi aksi taktirde patlaglarin da verimli gorev
yapmadig1 goriilmiistiir.
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Farin degirmenine her ne kadar klinker sogutma hattindan yada 6n 1siticidan kurutma amach
sicak gaz verilse de yliksek rutubetli ham madde komposizyonunun beslenmesi farin degirmeni
iretimini 320t/h’den 290t/h’lere kadar diisiirdiigli ve degirmen sicak gaz derecesini diisiirerek
degirmen verimini olumsuz etkiledigi goriilmiistiir.

Cimento degirmenlerinde maliyeti diislirmek amacli katki malzemesi olarak tras kullanilarak
Cem IV/B 32,5 R ¢imentosu liretilmektedir. Standartlar % 55’¢ kadar tras kullanimina izin
vermis olsa dahi gerek endiistriyel calismanin yapildig:1 fabrikada gerekse lilkemizdeki diger
cimento fabrikalarinda saf olarak en fazla %?35’lere kadar tras beslenebilmektedir. Bunun en
biiyiik nedeni kis aylarinda yiiksek rutubete sahip olan trasin degirmen ¢ikis sicakligini diisiire-
rek gerek degirmen plakalarina gerek bilyalara gerek havali bantlarda gerekse torbali filtrelerde
yapisarak iiretimi olumsuz etkilemesidir. Bu nedenle katki malzemesi olarak tras kullanarak
iretim maliyeti diigiiriilmek istenirken diger taraftan 80t/h ¢alisan bir degirmenin tiretim kapa-
sitesi olumsuz degirmen sartlar1 nedeniyle 65 t/h hatta 60t/h’lere kadar diismektedir.

Tiim bu problemler i¢in en iyi ¢6ziim ocaktan malzeme istihra¢ edilirken nem kontrolii ¢ok 1yi
yapilmalidir. Kapali stok sahalar1 yapilarak rutubetli malzeme buralarda bir siireligine kuru-
maya birakilmal1 prosese olabildigince kuru malzeme beslenilmelidir. Bunkerler izole edilmeli
ve gerekirse sicak hava kanallar ile sarilmalidir. Degirmenlerde yapilacak iiretimler i¢in gerek
sisteme ait sicak gazlardan gerek tali sicak hava ocaklarindan maksimum diizeyde yararlanil-
malidir. Ozellikle son zamanlarda gelisen hizli kurutucu sistemler ham maddelerin rutubetleri-
nin diisiiriilmesinde iy1 bir alternatif olarak goértinmektedir.
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Yer Alt1 Kaynaklari Dergisi | Journal of Underground Resources

Makale Yazim Kurallar

1.Dergi Hakkinda

MT Bilimsel, Tirkiye’nin ilk ve tek madencilik ve yer bilimleri dergisi olan Madencilik
Tiirkiye Dergisi’nin yayinci sirketi MAYEB Madencilik ve Yerbilimleri Basim Yayin Dagitim
Ltd. Sti. tarafindan ¢ikarilmaktadir.

MT Bilimsel’de yaymlanmasi i¢in hazirlanan makaleler daha o6nce yayinlanmamis 6zgiin
yazi, derleme yazi, teknik notlar ve tartisma yazilari niteliginde olmalidir. Yazinin MT
Bilimsel’e gonderilmesi, daha once basilmamis veya baska bir yerde incelemede olmadiginin
kabulii anlamina gelmektedir.

Maden, petrol, dogal gaz, jeotermal gibi her tirlii yer alti kaynaklari konusunda ve alt
dallarinda; ilk kez yazar tarafindan agiklanan teorik ve pratik ¢alismalar: igeren yazilar 6zgiin
yazi, daha 6nce yapilmis ¢alismalar1 elestirel bir yaklasimla derleyip o konuda yeni bir goriis
ortaya koyan yazilar derleme yazisi, devam eden bir ¢alismanin 6n notlari, nceden yapilmis
bir calismanin uzantisi, smirli bir ¢alismanin tam anlatimi, 6zel bir uygulamanin ya da
uygulanan deneysel bir islemin tanitim1 seklinde ¢aligilan bilimsel igerikli yazilar teknik not,
dergide daha 6nce yayimlanan yazilara okurlardan gelen elestiriler, katkilar ve bu elestirilere
yazar tarafindan verilen yanitlari igeren yazilar da tartisma yazisi olarak adlandirilir.

2.Yazlarin Telif Haklan

MT Bilimsel’de yaymlanan makalelerin telif haklari MAYEB’e aittir. Yazinin yayina
kabuliiniin ardindan Yayin Idare Merkezi (YiM) tarafindan sorumlu yazara elektronik ortamda
“telif hakk: devir s6zlesmesi” gonderilir. Bu sozlesme ile dergide yayinlanan yazilar, yazarlari
adina koruma altina alinmis olur ve baska bir yayin organinda yaymlanamaz. Telif hakkinin
devredildigine iliskin bu belgenin imzalanarak YiM’e gonderilmesiyle makale yaym igin
hazirlanir. Sézlesme YIM’e ulasmadan, makale kabul edilmis olsa bile dergide yayinlanmaz.

3.Yazilarin Hazirlanmasi

MT Bilimsel Tiirk¢e ve ingilizce yaynlar1 kabul etmektedir. Yazarlarin ana dillerinin Tiirkce
olmamasi durumunda, yazilarin bashgi, 6zeti, ¢izelge ve sekillerin agiklamalar1 editorlikge
Tiirkge'ye gevrilir.

Makalelerin MS Word formatinda ve asagida verilen diizen gergevesinde hazirlanmasi
gerekmektedir.

3.1 Makale Boliim Siralamasi
Makaleler asagidaki baslik siralamasina uygun bir bigimde hazirlanmalhdir.

Ozet
Abstract
Giris

Ana Baslik
Alt Basliklar



Sonuglar ve Tartisma
Katk: Belirtme ve Tesekkiir
Referanslar

3.1.2 Bashk

Yazinin bashgi, olabildigince kisa ve ¢alismanin igerigini net bir sekilde yansitmalidir.
Basligin mutlaka Ingilizcesi de bulunmalidir. Tiirkge bashik 14 punto, koyu (bold), satir aras
tek ve yalmzca kelimelerin ilk harfleri biiyiik harf olacak sekilde; ingilizce bashk ise 11
punto, italik, satir aras1 tek ve yalnzca kelimelerin ilk harfleri biiyiikk harf olacak sekilde
yazilmalidir. Ingilizce hazirlanmis yazilarda ise yukarida belirtilenlerin tersi uygulanmalidar.

3.1.2 Yazarlar

Yazarlarin ad - soyadlar1 agikca ve yalnizca ilk harfler biiyiik olacak sekilde yazilmali,

calisilan kurulus isimleri, yazar soyadinin sonuna konulacak bir numara ile bir alt satirda
italik olarak belirtilmelidir. Birden fazla yazar bulunan makalelerde “Sorumlu Yazar”
soyadinin sonuna konulacak “ * > isareti ile belirtilmelidir. Yazarlarin elektronik posta
adresleri de italik olarak belirtilmelidir.

Sorumlu Yazar: Birden fazla yazara sahip makalelerde YIM ile iletisimde kalacak kisidir.
Ozellikle belirtilmediyse, yaymna kabul asamasinda Yyazismalar hangi yazar ile
gerceklestirildiyse, o kisi sorumlu yazar olarak kabul edilir. Sorumlu yazarin telefon, faks
elektronik posta adresi ve posta adresi YiIM’e bildirilmelidir. iletisim bilgilerinin, sorumlu
yazar tarafindan giincel tutulmasi gerekir.

Bu bolimdeki tiim karakterler 11 punto biyiikliginde, tek satir arasi birakilarak
hazirlanmalidir. Yalnizca belirtegler islii olarak yazilmalidir. Ornek yazar adi yazimi asagidaki
sekildedir:

C. Okay Aksoy™*, Biilent Kaypak®
'Dokuz Eyliil Universitesi, Miihendislik Fakiiltesi, Maden Miih. Bolimii, [zmir

2Ankara Universitesi, Miikendislik Fakiiltesi, Jeofizik Miih. Béliimii, Ankara
* Sorumlu Yazar: okay.aksoy@deu.edu.tr

3.1.3 Ozet, Abstract ve Anahtar Kelimeler

Ozet ve Abstract boliimiiniin toplami 400 kelimeyi gegmemelidir. Ozet, arastirmanin amacini
ve baslica sonuglar1 belirtmelidir. Ozette kaynaklara atifta bulunulmamalidir. Ayrica, standart
olmayan ya da seyrek kisaltmalardan kag¢inilmalidir. Kisaltma kullanilmasi zorunlu ise 6zetin
icinde tanimlanasi gerekir.

Tiirkee hazirlanmis yazilarda “Ozet’ten sonra "Abstract (ingilizce Ozet)" yer almalidir.
Abstract italik olmalidir. Ingilizce makalelerde Abstract once, italik yazilmis Tiirkge Ozet
sonra yer almahdir.

Anahtar kelimeler/Key words, 6zetin ve abstract’in ayr1 ayri hemen altinda yer almalidir. En
az iki en fazla alti kelime kullaniimalidir. Ozet icin Tiirkge, Abstract icin ingilizce olarak
verilmelidir. Yalnizca alamyla direkt ilgisi olan anahtar kelimeler uygun olabilir. Anahtar
kelimeler, alfabetik sirayla, kii¢iik harfle (ilk anahtar kelimenin ilk harfi biyiik) yazilmali ve
aralarina virgiil konmalidir. Teknik not ve tartisgma tirii yazilarda anahtar kelimelerin
verilmesine gerek yoktur.
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3.2 Makalenin Ana Govdesi

A4 kagidi boyutlarina (21,0 x 29,7 cm) ayarlanmis MS Word sayfasi tizerindeki yazi alani,
tim kenarlardan 2,5 cm bosluk birakilarak diizenlenmelidir. Yalnizca yazinin bashiginin ve
yazar isimlerinin bulundugu ilk sayfada tistten 5,0 cm, sag, sol ve alt kenarlardan yine 2,5 cm
bosluk birakilmalidir. Bu sekilde ayarlanan ilk sayfaya baslik, yazar isimleri, ¢alisilan kurum,
iletisim bilgileri, 6zet, abstract (6zet ve abstract toplam 400 kelimeyi ge¢memelidir) ve
anahtar kelimeler sigmis olmalidir. Yazarlara kolaylik olmasi agisindan bu ilk sayfa ana
yazidan ayrica hazirlanarak gonderilebilir.

Makale yaziminda, Times New Roman yazi karakteri kullanilmalidir. Karakterler 12 punto
buyiikligiinde, satir araliklart 1 nk olmahdir. Sayfa yapisi tek kolon, yazi sayfanin her iki
tarafina yaslanmis sekilde kaydedilmelidir. Ayrica tim sayfalara numara verilmelidir.

3.2.1 Bashklar ve Boliim Numaralandirmalar

Metinde kullanilan degisik tiirde basliklar asagidaki sartlarda ve tiim basliklar sayfanin sol
kenarinda verilmelidir. Tim bashiklar yalnizca ilk harfleri biiyiik ve koyu (bold) olarak
yazilmalidir,

Makale, agik¢a tanimlanmis ve numaralandirilmis boliim ve alt boliimlere ayrilmalidir. Alt
boliimler 1.1 (1.1.1, 1.1.2, ...), 1.2, vb. sekilde numaralandirilmalidir. Ozet, numaralandirilmis
boliimlere dahil edilmemelidir. Herhangi bir alt boliime kisa bir baslik verilebilir. Her baslik
kendi basina ayr1 bir satir tizerinde gortinmelidir.

3.2.2 Giris
Giris bolimi, arastirmanin amaci ve konu ile ilgili gegmis ¢alismalarin sunuldugu, yaziyi
okumaya hazirlayan ve yazinin genelinin anlasilmasini kolaylastiran bilgilerden olusmalidir.

3.2.3 Gereg ve Yontemler )
Calismanin tekrarlanabilmesi igin yeterli ayrintiyr saglayan bolimdiir. Onceden yaymlanmis
yontemler referans olarak belirtilmelidir.

3.2.4 Tartisma ve Sonuglar
Bu boliimde ¢alismanin sonuglar: ve 6nemi tartisilarak agiklanmalidir.

3.2.5 Ekler

Birden fazla ek varsa, bunlar A, B, vb. sekilde belirtilmelidir. Formiil ve denklemler i¢in ayri
bir numaralandirma yapilmalidir: Es. 1, Es. 2 vb. Aymi islem tablo ve resimler iginde
yapilmalidir: Tablo 1; Sekil 1, vb.

3.2.6 Katki Belirtme ve Tesekkiir

Katki belirtme ve tesekkiir boliimi, makalelerin ilk génderiminde belirtilmemeli, ¢alisma
yayina kabul edildikten sonra son diizenlemeler vyapilirken eklenmelidir. Tesekkiir,
referanslardan 6nce, makalenin sonunda ayr1 bir bolim olarak toparlanmalidir. Tesekkiir,
arastirma sirasinda yardim saglayan (makaleyi okuma, yazma, dil yardimi vb.) bireylere
ve/veya kuruluslara, olabildigince kisa ve 6z bir sekilde belirtilmelidir.

3.3 Kaynaklar ve Atiflar

3.3.1 Metin i¢inde Atif

Metin olarak gosterilen her referans, ayn1 zamanda referans listesinde de bulunmalidir (veya
tam tersi). 'Baskida’ gibi bir referans, atifin yayina kabul edildigi anlamina gelmektedir.



3.3.2 Referans Sekli
Metin iginde atifta bulunulan tiim yaymnlar, metni takip eden referans listesinde sunulmalidir.

3.3.3 Metin
Metin i¢inde her referansta bakilmalidir:
1. Tek Yazar: yazarin soyadi ve yayn yili;
2. ki yazarl: iki yazarm soyadlar ve yaymn yili;
3. U¢ ya da daha ¢ok yazarli yayinlarda ilk yazarm soyadindan sonra "ve ark.” ve

yayin yilu.

Atiflar dogrudan (ya da parantez) icinde yapilabilir. Kaynak gruplart ilk olarak alfabetik
sirayla, sonra kronolojik olarak listelenmis olmalidir.

Ornekler olarak; (Aksoy, 1999; 2004a; 2008b; Aksoy ve Kése, 1995; Genis ve ark., 2010;
Kramer ve ark., 2000).

3.3.4 Kaynaklarm Listelenmesi

Kaynaklar alfabetik olarak, gerekirse daha sonra kronolojik siraya goére dizilmelidir. Ayn1 yil
ayni yazar (lar) 'dan birden fazla referans yayinlandiginda, yayinlandig: yildan sonra konulan
"a", "b", "c", vb. harfleri ile gosterilmelidir. Kaynakca igin bazi 6rnekler asagida verilmistir.

Basilmis Dergiye Referanslar
Aksoy, C.0., 2008b. Chemical injection application at tunnel service shaft to prevent ground
settlement induced by ground water drainage: a case study. International Journal of Rock
Mechanic and Mining Sciences. 45(3), 376-383.

Kitaba Referanslar
Hoek, E., Kaiser, P.K., Bawden, W.F., 1995. Support of Underground Excavations in
Hardrock. Rotterdam, Balkema.

Diizenlenmis Bir Kitaptaki Boliime Referans
ISRM The complete ISRM suggested methods for rock characterization, testing and
monitoring: 1974-2006. Ulusay R, Hudson JA, editors. Ankara: Kozan Ofset; 2007.

Raporlar ve Tezler
Demirok, Y, 1978. Mugla-Yatagan Linyit Sahalar: Jeoloji ve Rezerv On Raporu. MTA
Derleme N0:6234, 17 s (yayinlanmamis).

Tuna, K., 2011. Stratejik ve Kritik Madenlere Iliskin Kiiresel Politikalar Cercevesinde
Tirkiye’deki Stratejik ve Kritik Madenlerin Ulusal Giivenlige Etkileri. Canakkale Onsekiz
Mart Universitesi, Sosyal Bilimler Enstitiisii, Uluslararas: iliskiler Anabilim Dal1, Canakkale,
Yiiksek Lisans Tezi, 240 s (yaymlanmamas).

Kisisel Goriisme
Aksoy, O., 2005. Kisisel goriisme. Dokuz Eyliil Universitesi, Maden Miihendisligi Béliimii,
Izmir, Tiirkiye

Internet Kaynaklari
USGS, Chromium Statistics and Information, 2011.
www.minerals.usgs.gov/minerals/pubs/commodity/chromium/ (Erisim Tarihi: 01.01.2012)
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4.Dikkat edilmesi Gereken Diger Konular

4.1 Kisaltmalar

Alaninda standart olmayan kisaltmalar, makalenin ilk sayfasinda yerlestirilmek tizere bir
dipnot olarak tanimlanmalidir. Kisaltmalarda metin icinde tutarli olunmasi gerekmektedir.

4.2 Birimler
Uluslararas1 kabul gormiis kurallar1 ve gelenekleri izlenmelidir. Uluslararasi birimler sistemi
(S1 kullanilmalidir. Diger birimler belirtilmisse, liitfen SI birim sistemine esitligini veriniz.

4.3 Matematik Formiiller

Mevcut basit formiillerde, normal metin iginde kiiciik Kesirli kosullar icin yatay bir ¢izgi

yerine “solidus” (/) kullanilmalidir. Ornegin, (X / Y). Prensiplerde, degiskenler italik olarak
sunulur. e’nin kuvvetleri (exp) kullanilarak belirtilmelidir. Herhangi ardisik sekilde
numaralandirihp atif yapilmis denklemler metinden ayri bir sekilde belirtilir. Esitliklerde
kullanilan alt ve st indisler belirgin sekilde ve daha kiigiik karakterle yazilmalidir (6rnegin;

COy, X3).

4.4 Dipnotlar
Dipnotlar gerekmedikge kullanilmamalidir. Makale boyunca sirayla tistsimge numaralar
kullanarak siralayiniz.

4.5 Tablo Dipnotlar
Bir tabloda her bir dipnotu tist simge kiiciik harf ile belirtiniz.

4.6 Sekil, Cizim ve Fotograflar

Tek tip yazi ve boyutlandirma kullanilmalidir. Metin ¢alismanin igine grafik olarak
kaydedilmelidir. Sadece resimlerde belirtilen yazi tipini kullanilmalidir; Arial, Courier, Times
New Roman, Sembol. Cizimlerin metin iginde siralandirilmasi gerekir. Calisma dosyalar
mantiksal bir adlandirma kurali i¢inde adlandirilmalidir. Cizimler igin ayr1 ayr1 baslik
verilmelidir. Her sekli ayr1 bir dosya olarak gonderilmelidir.

Cizim, grafik ve fotograf gibi tiim sekiller yiiksek kalitede basilmig olarak "Sekil” baslig
altinda ve metin i¢inde anildiklar1 sirayla numaralandirilarak verilmelidir. Sekil numaralar
sayfanin sag iist kosesine Yyazilmali, ayrica sekiller kiciltiliip biyitilebilecek halde
sunulmalidir.

Sekiller i¢in en biiyiik boyut, sekil bashigini da igerecek bigimde 15,8 cm (genislik) x 22,5 cm
(uzunluk) olmalidir. Tim sekillerin Dergi'nin tek kolonuna sigacak boyutlarda hazirlanmasi
onerilir. Ozellikle haritalar, araziyle ilgili cizimler ve fotograflar, sayisal 6lcek (1:25000 vb.)
yerine, metrik sisteme uygun cubuk o6lgekle verilmelidir. Tim haritalarda kuzey yonii
gosterilmelidir. Bolgesel haritalarda, uygun oldugu takdirde, ulusal grid veya enlem/boylam
degerleri verilmelidir. Harita agiklamalari, sekil bashgiyla birlikte degil, seklin iizerinde yer
almalidir. Fotograflar, cizimler veya bunlarin birlikteliginden olusan sekiller (a), (b) vb. gibi
gruplar halinde verilebilir. Sekillerde agik, golge ve tonlarindan kagmilmali, 6zellikle
bilgisayar programlarindan elde edilen grafiklerde bu hususa dikkat edilmelidir. Tiim sekiller,
Sekil 1 veya Sekil 1 ve 2 (birden fazla sekle deginiliyorsa) gibi ve metinde anildiklar: sirayla
numaralandirilmalidir.



Fotograflar miimkiin oldugunca net ve aydinlik olmahdir. Fotograflar ilk basvuruda normal
¢oziniirliikte ve yazi igerisinde ilgili yerlerine yerlestirilerek gonderilmelidir. Makale yayina
kabul edildikten sonra tiim fotograflar en az 300 dpi kalite ile makaleden ayr1 bir sekilde
gonderilmelidir.

4.7 Sekil Bashklar:

Her sekil ve resimde bir baslik olmalidir. Basliklar, sekillerin kaynagindan ayri1 olmahidir. Bir
baslik, kisa bir baslik ve seklin bir agiklamasini igermelidir. Kullanilan tiim semboller ve
kisaltmalar1 agiklanmalidir.

4.8 Tablolar
Tablolar, ardisik sekilde numaralandirilmalidir. Dipnotlar, tabloya gomiilmeli ve st simge
kiiciik harfler ile belirtilmelidir. Dikey yazimdan kaginilmalidir.

5. Makalelerin Dergiye Gonderilmesi

Yazilar ikinci bir duyuruya kadar asagidaki editorlere elektronik posta yoluyla
gonderilecektir.

Bas Edit C. Okay Aksoy (Dokuz Eyliil Universitesi Maden Miihendisligi Boliimii)
o,
0.aksoy@mtbilimsel.com

Madencil ik Tirki ye D er gisi Temsi Icisi : Onur Aydin (Madencilik Tirkiye Dergisi)
onur@mtbilimsel.com

6.Yayima Kabul Edilen Makaleler Hakkinda

Makalelerin yayma kabul edilmesi halinde editérliik tarafindan yazarla iletisime gegilecektir.
Calismanin yayina kabuliiniin yazara bildirilmesinin ardindan yazarlar, editorliik tarafindan
belirtilen stire igerisinde, makalelerinin bu yazim kilavuzuna goére diizenlendigi ve editérya
tarafindan istenen diger diizenlemelerin yapildig: son kopyasini1 YIM’e géndermelidir.
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Article Writing Norms

1. About Journal

MT Scientific is published by Turkey“s first and only mining and earth sciences journal
Mining Turkey*s publisher company MAYEB, Mining and Earth Sciences Publication
Release Distribution Co. Ltd.

Articles which are prepared to be published in MT Scientific should be unpublished, research
articles, edited articles, technical notes and discussion articles. Sending a paper to MT
Scientific means the recognition that the paper has never been published or reviewed before in
any other magazine.

Papers about any underground resources like mine, petrol, gas, geothermal or about their
subfields; articles including theoretical and practical studies firstly mentioned by the author
are called Original Research Article, articles editing earlier studies with a critical approach
and giving new insights about the subject are called Review Articles, pre-notes of an ongoing
study, extensions of earlier studies, whole presentation of a limited study, articles as an
introduction of a specific application or an applied scientific operation are called Technical
Notes and articles including critics or contributions made by readers on a paper published in a
magazine and responses given by the author about those critics are called discussion articles.

2. Copyrights of Articles

Copyrights of the papers published in MT Scientific are owned by MAYEB. After the
acceptance of the paper for publication, Publication Management Center (PMC) sends a
“copyright transfer contract” to responsible author in electronically environment. With this
contract, articles published in magazine are put under protection on behalf of the author and
cannot be published in an another media organ. With signing this document, indicating the
transfer of the copyright and sending it to PMC, the article is prepared for publication. Even if
the article is accepted for publication, if the contract is not got through to PMC, the article
cannot be published.

3. Preparation of the Articles

MT Scientific accepts papers written in Turkish and English. If the authors are not native
Turkish speakers, headline of the article, summary, presentations of the tables and shapes are
translated in Turkish by the editorship.

Avrticles should be written in MS Word format and within the scope of the orders given below.
3.1 Article Outline

Summary

Abstract

Introduction

Main Topic

Subtitles

Conclusion and Discussion



Contributions and Thanks
References

3.1.2 Headline

Main headline should be as short as possible and should identify the content transparently.
Headline should also be able to be translated into English. Turkish headline should be written
in 14 font size, bold, single-spaced and only the word™s first letters capitalized; English
headline should be written in 11 font size, italics, single-spaced and only the word*s first
letters capitalized. In English articles, vice versa should be done.

3.1.2 Authors

Author“s name and surname should be clearly written and first letters should be capitalized,
firms worked in should be stated after authors surname with a number in low line with italics.
If there are multiple authors, “Responsible Author” should be indicated by adding « * ”
symbol after his/her surname.

Responsible Author: In articles with multiple authors, he is the one who communicates with
PMC. If not indicated specifically, the author with whom correspondences are made during
the publication acceptance phase is considered responsible author. Responsible author*s phone
and fax number, e-mail address and postal address should be informed to PMC. Contact
information of the responsible author should be kept up-to-date.

All characters in this section should be in 11 font size, single-spaced. Only the indicators
should be written exponentially. Sample writer name and orthography should be as below:

C. Okay Aksoy'*, Biilent Kaypak®
'Dokuz Eylil University, Engineering Faculty, Department of Mining Engineering, /zmir

?Ankara University,, Engineering Faculty, Department of Geophysical, Ankara
* Responsible Author: okay.aksoy@deu.edu.tr

3.1.3 Summary, Abstract and Key Words

Summary and abstract part shouldn“t consist of more than 400 words as a whole. Summary
should indicate the authors aims and primary results. In summary, references shouldn“t be
addressed to. Non-standard and scarce abbreviations should also be avoided. If an abbreviation
is compulsory, it should be identified.

In Turkish articles, after the “Summary”, there should be an “Abstract”. Abstract should be
written in italics. In English articles, Abstract should be placed before Turkish Summary and
be written in italics.

Key words should be placed just below the summary and abstract separately. There should be
at least two and at most six keywords. Keywords should be in Turkish for summary and
English for abstract. Only the subject related keywords can be appropriate. Keywords should
be written in alphabetic order with lower case (first word®s first letter is in upper case) and
there should be a comma between them. In technical notes and discussion articles there is no
need for keywords.
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3.2 Outline of the Article

Writing field on MS Word page which is adjusted as an A4 paper (21,0 x 29,7 cm) should be
organized with 2,5 cm margins from all sides. Only the first page on which the headline and
the author names are written has 5,0 cm margin from the top and 2,5 cm margins from the
other sides. Headline, authors® names, firms worked in, contact information, summary,
abstract (summary and abstract should not exceed 400 words as a whole) and keywords
should be fitted into this organized page. For convenience, the author can send this first page
early on, separately from the main article.

Times New Roman font should be used for articles. Characters should be 12 font sized and
line spacing should be 1 pt. Page setup should be single columned, and should be saved
justified to both sides. Each page should be given a number as well.

3.2.1 Headings and Numbering the Sections

Diverse headings in an article should be given as below order and left justified. All headings
should be written bold with only their first letters in upper case,

Avrticle should be cut into transparently identified and numbered sections and sub-sections.
Sub sections should be numbered as 1.1 (1.1.1, 1.1.2, ...), 1.2, etc. Summary should not be
attached to these numbered sections. Any sub-section can be given a short heading. Each
heading should stand on it“s own line separately.

3.2.2 Introduction

Introduction part should include information about the aim of the author and earlier studies on
same subject and moreover should prepare the reader for the article by giving some general
clues about the subject.

3.2.3 Instruments and Methods

This part supplies adequate detail to make the study quotable. Earlier published methods
should be stated as reference.

3.2.4 Discussion and Conclusions

In this section conclusions and importance of the study should be mentioned argumentativly.
3.2.5 Appendixes

If there are multiple appendixes, those should be indicated as A, B, etc. Formulas and
equations should be numbered separately: Eq. 1, Eq. 2 etc. Same should be done for tables
and images too: Table 1; Image 1, etc.

3.2.6 Contributions and Thanks

Contributions and thanks section should not be attached to article at first post but after the
acceptance of the article, it should be attached to article by making post normalizations.



Thanks should be stated separately at the last of the article before references. Thanks should
be sent to aide (reading, writing and language help etc.) people or firms as short as possible.

3.3 Resources and References
3.3.1 Internal references in article

All internal references should be indicated in reference list as well (or vice versa). A reference
as ,,In-print™ means the article is accepted for press.

3.3.2 Form of Reference
All internal references should also be indicated in reference list as well.
3.3.3 Text

These points should be taken into account at every internal reference:
1. One Author: author*s surname and print year;
2. Two authors: two author*s surnames and print year;
3. If there are three or more authors in an article, after the first author*s surname “et
al.” and print year.

References can be done directly (or in brackets). Resource groups should firstly be listed
alphabetically, then chronologically.

As a sample; (Aksoy, 1999; 2004a; 2008b; Aksoy ve Kose, 1995; Genis et al., 2010; Kramer
etal., 2000).

3.3.4 Listing of Resources

Resources need to be listed firstly alphabetically, then chronologically. If there are multiple
author*s quoted articles in same year, those should be indicated with “a”, “b”, “c”, etc. letters
after print year. Some samples for resources are listed below.

References Printed To Magazine
Aksoy, C.0., 2008b. Chemical injection application at tunnel service shaft to prevent ground
settlement induced by ground water drainage: a case study. International Journal of Rock
Mechanic and Mining Sciences. 45(3), 376-383.

References Printed To Book
Hoek, E., Kaiser, P.K., Bawden, W.F., 1995. Support of Underground Excavations in
Hardrock. Rotterdam, Balkema.

References To An Edited Part Of A Book
ISRM The complete ISRM suggested methods for rock characterization, testing and
monitoring: 1974-2006. Ulusay R, Hudson JA, editors. Ankara: Kozan Ofset; 2007.

Reports and Thesises
Demirok, Y, 1978. Mugla-Yatagan Lignite Fields Geology and Reserve Pre-Report. MTA
Compilation N0:6234, 17 p (unpublished).



Tuna, K., 2011. Turkey“s Strategical and Critical Ore*s Effects on National Security within
the Frame of Politics Related to Strategical and Critical Ores. Canakkale Onsekiz Mart
University, Instute of Social Sciences, Department of Internal, Canakkale, Postgraduate
Thesis, 240 p (unpublished).

Personal Dialogue
Aksoy, O., 2005. Personal Dialogue. Dokuz Eyliil University, Department of Mining
Engineering, Izmir, Turkey

Internet Resources
USGS, Chromium Statistics and Information, 2011.
www.minerals.usgs.gov/minerals/pubs/commodity/chromium/ (Erisim Tarihi: 01.01.2012)

4.0ther Points to Take into Account

4.1 Abbreviations
Non-standard abbreviations should be placed at first page, defined as footnotes. Abbreviations
should be coherent with the text.

4.2 Scales
Internationally accepted rules and customs should be followed. The International System of
Units (S1) should be used. If there are different scales, please mention their SI equivalents.

4.3 Mathematical Formulas

In present basic formulas, for fractional expressions in text, “solidus” (/) should be used rather
than a horizontal line. For example, (X/Y). In principles, variables are presented in italics. e*s
powers should be given with the use of (exp). Any referred, sequentially numbered equations
are indicated seperately from the text. Subscripts and superscripts used in equalities should be

indicated explicitly and in lower character fonts (for example; CO,, X°).

4.4 Footnotes
Footnotes shouldn“t be used if unnecessary. List the footnotes in the course of article with
superscript numbers.

4.5 Table Footnotes
In a table indicate each footnote with a superscript letter.

4.6 Image, Drawing and Photos

Writing font and size should be monotype. Text should be saved into article as a graph. Only
the typefont mentioned in the image should be used; Arial, Courier, Times New Roman,
Symbol. Drawings should be numbered in text. Working files should be named within a
logical naming rule. Drawings should be headlined separately. Each graph should be sent as
different files.

Images such as drawings, tables and photos, printed in high quality should be given under the
title of “Image” and should be given according to their cited numbers in text. Image numbers
should be written at the right top of the page, in addition images should be given shrinkable
and extendable.
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Maximum size for images with heading should be in 15,8 cm (width) x 22,5 cm (length). It is
suggested that all images are prepared to be scaled-to-fit to a single column of the magazine.
Especially the maps and drawings and photos of the lands should be given with linear scale
suitable with metric system rather than numerical scale (1:25000 etc.). Northern direction
should be indicated in all maps. In regional maps, if possible, national grid or
latitude/longitude units should be given. Map explanations should be given above the image
separately from image heading. Photos, drawings or images composed of each can be given as
groups like (a), (b) etc. Toning the images with tinting and shading should be avoided,
especially for the images generated from computers; this should be taken into account. All
images should be numbered as cited in the text as Image 1 or Image 1 and 2 (if more than one
image is mentioned).

Photos should be as explicit and bright as possible. Photos should be sent in normal quality
and placed in it“s related section at the first application. After the acceptance of the article for
publishing, all photos should be sent separately from the article with at least in 300 dpi
quality.

4.7.1mage Headings

Each image and picture should have a heading. Headings should be different from the image*s
resources. A heading should include a short heading and an explanation of the image. All
symbols and abbreviations used should be identified.

4.8 Tables
Tables should be named sequentially. Footnotes should be embedded into tables and should
be mentioned with superscript lower case letters. Vertical writing should be avoided.

5. Posting the Article to Magazine
Articles should be sent to editors below with e-mail till further notice.

Editor in Chief: C. Okay Aksoy (Dokuz Eyliil University Department of Mining Engineering)
0.aksoy@mtbilimsel.com

Madencil ik Tiirki ye Ma gaz ine Agent : Onur Aydin (Madencilik Tiirkiye Magazine)
onur@mtbilimsel.com

6.About the Articles Accepted for Printing

Editorship communicates with the author if the article is accepted for printing. After the
acceptance of the article for the publication, the author should prepare the article according to
this spell check, in time given by the editorship and send the last copy to PMC after doing
other edittings according to the other requirements of the editorship.
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