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AMAC VE KAPSAM

Bilimsel Madencilik Dergisi TMMOB Maden Muhendisleri Odasi'nin acik erisimli elektronik ortamda ve basil
olarak yayimlanan sureli bilimsel yayinidir. Dergi 1960 yilindan itibaren yayimlanmaktadir. Derginin ismi 2016 yili
Haziran sayisina kadar “Madencilik” seklindeyken, benzer isimli populer dergilerle karistirilabilmesi nedeniyle 2016
yili Eylul sayisindan itibaren “Bilimsel Madencilik Dergisi” olarak degistirilmis ve o tarihe kadar 0024-9416 olan ISSN
numarasi da 2564-7024 olarak gincellenmistir.

Yilda 4 kez (Mart-Haziran-Eylul-Aralik) yayimlanan Bilimsel Madencilik Dergisi (ISSN: 2564-7024), maden
muhendisligi ve mineral endustrisi alaninda ulusal ve uluslararasi dizeyde yapilan, bilimsel normlara ve yayin
etigine uygun, 6zgln bilimsel ¢alismalari bilim insanlarina, maden mihendislerine ve kamuoyuna duyurmay! ve bu
yolla bilimsel bilgiyi toplumla paylasmayi amaglamaktadir. Derginin yayin dili Tiirkge ve ingilizce'dir.

Dergi, maden muihendisligi alaninda 6zglin bir arastirmayi bulgu ve sonuglari ile yansitan kuramsal, deneysel
ve uygulamal arastirma makalelerine; yeterli sayida bilimsel makaleyi tarayip konuyu bugunku bilgi ve teknoloji
dizeyinde 6zetleyen, degerlendirme yapan ve bu bulgulari karsilastirarak yorumlayan tarama makalelerine; 6zgin
bir yontem veya teknigi tarif eden kisa makale olarak tanimlanabilecek teknik notlara; ve gergek ya da kuramsal bir
mesleki uygulamayi temel alan, sistematik veri toplama ve veri analizi iceren vaka ¢alismalarina yer vermektedir.

Dergide, yenilenemeyen maden kaynaklarin surdurilebilir madencilik ilkeleri dogrultusunda insanligin hizmetine
sunulmasi igin gereken mevcut bilginin gelistiriimesini saglayacak konularda eserlere oncelik verilmektedir. Bu
kapsamda; maden arama, maden yatagi modelleme, topografya, maden ekonomisi, jeoistatistik, kaya mekanigi ve
jeoteknik, kazilabilirlik etidu, yer alti ve acik maden isletme, maden tasarimi, madenlerde ve tiinellerde tahkimat
sistemleri, delme-patlatma tasarimi, madenlerde Uretim planlamasi ve optimizasyon, madenlerde is saghgi ve
glvenligi yonetimi, maden havalandirma, yeralti kmir madenlerinde metan gazi emisyonu ve metan drenaji,
cevher hazirlama ve zenginlestirme, proses mineralojisi, analitik teknikler, 6gitme, siniflandirma ve ayirma,
flotasyon/flokilasyon, kati/sivi ayirimi, fiziksel zenginlestirme yontemleri, hidro ve biyometalurji, Gretim metalurjisi,
modelleme ve similasyon, enstriimantasyon ve proses kontrol, geri déniistiim ve atiklarin islenmesi, maden hukuku,
madenlerde cevre saghgdi ve yonetimi, madenlerde nakliyat, makina ve ekipman segimi ve planlamasi, kémur
gazlastirma, mermer teknolojisi, endlstriyel hammaddeler, uzay madenciligi, denizalti madenciligi ve mekanizasyon
ile ilgili konular dergi iceriginde yer almaktadir.

Gonderilen yazilar editorler kurulu ve konusunda uzman hakemler tarafindan bagimsiz ve akademik yayincilikta
en iyi uygulamalarla uyumlu sekilde degerlendiriimekte olup, degerlendirme stireci sonunda yayinlanmasi uygun
gorulen yazilarin yayin haklari yazarlar tarafindan telif sézlesmesi ile TMMOB Maden Muhendisleri Odasr'na
devredilir.

AIMS AND SCOPE

Scientific Mining Journal, which is published in open access electronic environment and in printed, is a periodical
scientific journal of Union of Chambers of Turkish Engineers and Architects Chamber of Mining Engineers. The
name of the journal was “Mining” until June 2016 and it has been changed to “Scientific Mining Journal” since
September 2016 because it can be confused with popular journals with similar names and the ISSN number has
been updated from 0024-9416 to 2564-7024.

Scientific Mining Journal, published four times a year (March-June-September-December), aims to disseminate
original scientific studies which are conducted according to the scientific norms and publication ethics at national
and international scale, to scientists, mining engineers, the public; and thus to share scientific knowledge with
society. The journal is in both Turkish and English.

The journal covers theoretical, experimental, and applied research articles, which reflects the findings and results
of an original research in the field of mining engineering; review articles, which assess, evaluates, and interprets
the findings of a comprehensive review of sufficient number of scientific articles and summarize them at present
information and technology level; technical notes, which may be defined as a short article that describes a novel
methodology or technique; a case studies, which are based on the theoretical or real professional practice and
involves systematic data collection and analysis.

The journal gives priority to works that will enable the advancement of current available information necessary to
serve humanity with nonrenewable mineral resources with the perspective of sustainable mining principles. In this
context, mine exploration, mineral resource modeling, surveying, mine economics and feasibility, geostatistics, rock
mechanics and geotechnics, diggability studies, underground and surface mining, mine design, support design
in underground mines and tunnels, rock penetration and rock fragmentation, mine production planning and pit
optimization, mine health and safety management, mine ventilation, methane emission and drainage in underground
coal mines, mineral processing and beneficiation, process mineralogy, analytical techniques, mineral comminution,
mineral classification and separation, flotation/flocculation, solid/liquid separation, physical enrichment methods,
hydro and biometallurgy, production metallurgy, modeling and simulation, instrumentation and process conirol,
recycling and waste processing, mining law, environmental health and management, transportation, machinery
and equipment selection and planning, coal gasification, marble technology, industrial minerals, space mining,
submarine mining and mechanization are included in the journal content.

Submitted manuscripts are evaluated by the editorial board and expert referees independently in accordance with
the best practices in academic publishing. The publishing rights of the manuscripts, approved for publication at the
end of the evaluation process, are transferred to the Chamber of Mining Engineers by the authors.
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DUSUK KALITE KUVARS KUMLARININ FLOTASYON VE OKSALIK ASIT LiGi ILE
ZENGINLESTIRILMESI

BENEFICIATION OF LOW QUALITY QUARTZ SAND BY FLOTATION AND OXALIC ACID
LEACHING

S. Beste Aydin®’, Ceyda Nur Oguz®”, Alim Gul>™

@ stanbul Teknik Universitesi, Cevher Hazirlama Miihendisligi, istanbul, TURKIYE

Gelis Tarihi / Received : 1 Ekim / October 2020

Kabul Tarihi / Accepted : 80cak /January 2021

Anahtar Sozciikler: 0z

Silis kumu, Bu calismada, Cam-is Madencilik A.S. (Bilecik)'den temin edilen %82,03 Si0,, %3,13 AlLO,,
Manyetik ayirma, %0,48 Fe,0,ve %0,17 TiO, igeren silis kumlarinin fiziksel ve kimyasal yéntemlerle zenginlestirme
Flotasyon, olanaklar arastiriimistir. Manyetik ayirma ile zenginlestirme deneyleri sonucunda uygun kimya-
Oksalik asit ligi. sal bilesimde ve kullanilabilir nitelikte bir silis konsantresi elde edilememistir. Asindirmali-yikama

isleminin ardindan pH 9'da gerceklestirilen flotasyon igleminde ise bastirici olarak Na,SiO, ve
kollektér olarak Derna 7 kullanilarak %96,30 SiO, ve %0,30 Fe,O, icerikli silis konsantresi elde
edilmistir. Flotasyon ile safsizliklar yeterli derecede uzaklastirilamadigi igin oksalik asit ligi uygu-
lanmistir. Flotasyon sonrasi elde edilen silis konsantresi izerinde yapilan oksalik asit ligi sonucun-
da silis kumunda %97,18 SiO,ve %0,054 Fe,Q, iceriklerine ulagilmistir.

ABSTRACT
Keywords: In this study, the enrichment possibilities of silica sands containing 82.03% SiO,, 3.13% Al,Q,,
Silica sand, 0.48% Fe,0,, and 0.17% TiO, obtained from Cam-Is Madencilik A.S. (Bilecik) were |nvest|gated by
Magnetic separation, physical and chemical methods. As a result of the magnetic separation enrichment tests, a silica
Flotation, concentrate in suitable chemical composition and usable quality could not be obtained. After the
Oxalic acid leaching. dispersion and classification process, the silica concentrate containing SiO, of 96.30% and Fe,0,

of 0.30% was obtained by using Na,SiO, as depressant and Derna 7 as collector in the flotation
process carried out at pH 9. Since impurities could not be removed sufficiently by flotation, oxalic
acid leaching was applied. As a result of oxalic acid leaching carried out on the silica concentrate
obtained with flotation, 97.18% SiO, and 0.054% Fe,O, contents were reached in silica sand.

* Sorumlu yazar / Corresponding author: beste.aydin@itu.edu.tr « https://orcid.org/0000-0003-3873-6593
** ceydaoguz95@gmail.com « https://orcid.org/0000-0003-3957-4805
*** gulalim@itu.edu.tr « https://orcid.org/0000-0002-1087-6589
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GiRiS

Kuvars kumu, kuvarsga zengin magmatik,
metamorfik kayaglarin ayrismasi sonucu olusan
silis (SiO,), az miktarda kil, feldspat, demir
oksitler ve karbonatlar iceren 2 mm’den klguk
boyutlu ve beyaz renkli taneciklerdir. Demir
icerikleri arttikca renkleri pembeden kahverengiye
kadar degismektedir. Kuvars minerali ise saf
halde %46,5 Si ve %53,3 O, igerir ve en ¢ok
magmatik kayaglarda bulunmaktadir. Kuvars
kumlarinin ana kullanim alanlari cam ve doékim

sanayileri olup ingsaat sanayinde, asindiricilarin
uretiminde, metalurji, deterjan, boya plastik,
lastik, seramik sanayilerinde ve petrol Uretiminde
de kullaniimaktadir (DPT, 2001; Url-1). Kuvars
kumu, kimyasal, fiziksel ve mineralojik 6zelliklerine
gore farkli mineraller icermesinden dolayi kullanim
alanlari  degisiklik gostermektedir. Endustriyel
kuvars kumunda aranan standartlar sektére gore
Cizelge 1’de 6zetlenmistir.

Cizelge 1. Kuvars kumlarinin kullanim alanlarina gore spesifikasyonlari (DPT, 2001; Karagtizel, 2019)

Kullanim Alanlari Standart Ozellikler

Cam Uretimi

Silika Tugla

Curuf yapici

Dokim
Silikonferrosilikon Gretimi
Gaz Beton

Seramik Camuru

Minimum %98 SiO, maksimum %0,1 Fe,O, icermesi ve tane boyut araliginin -0,5
+0,106 mm olmasi gerekmektedir.

SiO, oraninin %95-99, Fe,O, oraninin %0,3-1,3; Al,O, igeriginin %0,1-2,8; CaO
igeriginin %0,2-2,4; Na,O ve K,O igeridinin ise %0,2- 1,5 olmasi gerekmektedir. Dlgiik
kalitede silika tugla Gretimi ise %87-96 oraninda SiO, igeren kuvars kumlarindan
yapilmaktadir.

SiO, orani minimum %90, ALO, ve Fe,O, orani maksimum %1,5; MgO ve CaO
icerigi ise maksimum %0,2 olmalidir.

Kuvars kumunun -0,7+0,1mm boyutunda olmasi, dengeli dagiimasi ve 1500°C ‘de
sinterlesmemesi gerekir. SiO, igerigi minimum %95, CaO ve alkali toplami minimum
%0,6 olmahdir.

SiO, orani minimum %96-98, Al,O, ve Fe,O, orani en yiksek %0,2 olmalidir.

8iO, oraninin en az %75,5, yapi kumunda en az %95, pres tugla yapiminda ise en az
%80 olmasi gerekmektedir.

SiO, igerigi %90-92; Al O, icerigi %6-8;Fe, O, icerigi %0,5; TiO, orani %0,45 olmalidir.
Frit ve sir Gretiminde kullanilacak kuvars kumunun SiO, igerigi en az %99,4, Al,O, ora-
ni %0,01, Fe,0,, TiO,, CaO, MgO ve Na,O igerigi %0,03 ve K,0O orani %0,06 olmali-

273
dir. Bu amagla kullanilacak kuvars kumlarinin; +0,032 mm boyut grubunda %38,0-26,5

ve 0,032 mm boyutunda ise %73,5-92,0 oraninda malzeme olmalidir.

Kuvarsigerigini artirmakiigin, kuvars kumundakiAl,
Fe, Ti, K ve Na gibi safsizliklarin giderilmesi kritik
Onem tasimaktadir (Xuesong vd., 2020). Kuvars
kumunda demir bilesiklerinin varhgi, optik fiber,
cam, seramik ve refrakter malzemelerin Gretimini
engellemektedir (Taxiarchou vd., 1997). Demir
kirliliklerinin fiziksel (Palaniandy, 2007; Mowla
vd., 2008), fizikokimyasal, kimyasal (Taxiarchou
vd., 1997; Veglio vd., 1999; Zhou, 2005; Shen ve
Peng, 2008) ve biyolojik yontemlerle (Styriakova
vd., 2003; Arvamangala ve Natarajan, 2011)
giderilmesi icin c¢alismalar yapiimigtir. Bazi
durumlarda hem Kirliliklerin giderilmesi hem
de silis kumunun igerigini yukseltmek igin
bu yoéntemlerin c¢esitli  kombinasyonlarinin
uygulanmasi o6nerilmektedir (Banza vd., 2006;
Al-Maghrabi, 2004). Fiziksel ve fizikokimyasal

yontemler fiziksel olarak baglanmis safsizliklari
uzaklastirmak icin uygun yontemler olup,
safsizliklarin mineral kafesi icerisinde yeralmasi
veya kimyasal baglarla baglanmalari durumunda
kimyasal yontemler uygulanmaktadir (Loritsch ve
James, 1991; Akell vd., 2007) En uygun yontem
cevherin mineralojik yapisina ve demirin cevher
icindeki dagihmina bagl olarak belirlenmelidir
(Du vd., 2011).

Silis igerisindeki safsizliklarin giderilebilmesi
amaciyla kullanilan en bilinen fiziksel yontemler
asindirmah  yikama, gravite, manyetik ve
elektrostatik ayirmadir. Bu ydntemler flotasyon
ve kimyasal yontemlere gore cevresel etkileri ve
uretim maliyetleri agisindan daha avantajlidir.
Ancak tane serbestlesmesinin ¢ok ince oldugu



durumlarda demiroksit ve kil gibi safsizliklarin
giderilmesinde fiziksel zenginlestirme yontemleri
etkili olmamaktadir.

Silis kumlarinin zenginlestiriimesinde flotasyon
yontemi yaygin olarak kullaniimaktadir. Ozellikle
silis kumu igerisindeki Al, Fe ve Ti gibi safsizliklarin
gideriimesinde tane serbestlesme boyutunun gok
ince olmasindan dolayl yikama ve gravite ile
zenginlestirme yontemleri yetersiz kalmaktadir.
Bu amagla yapilan flotasyon iglemi ile kuvars
kumunda daha az miktarda bulunan safsizliklar
yuzdurulerek ters flotasyon yapilmaktadir. Kuvars
kumu icerisinde bulunan manyetit, hematit, gotit,
siderit ve limonit gibi demir oksit mineralleri yag
asitleri, sabunlar, silfonatlar, ve hidroksamatlar
gibi anyonik kollektorler ile yuzduralmektedir
(Pattanaik ve Venugopal, 2018).

Yag asitleri ve sabunlar karboksil grubuna ait
anyonik oksihidril tipi kollektorlerdir. Karboksilatlarin
apolar grubu hidrojen ile bag yaptiginda yag asidi,
alkali metallerle bagd yaptiginda ise sabun olarak
adlandinilir. Oleik asit, sentetik yag asitleri, tall
yagdlar (%30 oleik asit, %45 linoleik asit ve %14
pinoleik asit karisimi) ve bazi oksitlenmis petrol
tirevleri demir flotasyonunda kullanilan yag
asitlerini olusturmaktadir. Sodyum oleat ve sodyum
lorat ise sabunlara 6rnek olarak gosterilebilir. Yag
asitlerinin etkinligini arttirmak icin sodyum silikat
gibi bir dagitici kullanimi ve yilksek pllpte kat
oraninda kondusyonlanma  gerekebilmektedir
(Bulatovic, 2007; Nakhaei ve Irannajad, 2018).
Sodyum oleat, oleik asit ve lorik asitin hematit
yuzeyinde kimyasal olarak adsorplandidi tespit
edilmistir (Peck vd., 1966; Han vd., 1973; Kulkarni
ve Somasundaran, 1975; Buckland vd., 1980).
Oleik asidin protonlari mineral ylzeyinde bulunan
hidroksil gruplari ile kolaylikla nétralize olabilmekte
ve bu durum oleik asitin adsorpsiyonunu
kolaylastirmaktadir (Somasundaran ve Huang,
2000). Lorik asit ile hematit Uzerinde yapilan
flotasyon deneylerinde ise en yuksek verimin pH
6,7-8,5 arasinda elde edilebilecedi belirlenmigtir
(Pattanaik ve Venugopal, 2018).

Silfonatlar, petrol fraksiyonlarinin silfirik asit ile
muamelesinin ardindan siilfonat ekstraksiyonu ve
saflastiriimasi islemleri sonucunda Uretilmektedir
(Bulatovic, 2007). Mowla vd. (2008) tarafindan
silis kumu cevherinden hematit mineralinin
flote edilerek uzaklastiriimasi icin sulfonat tipi
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kollektorlerin - (Aero-800) etkisi incelenmistir.
Silfonatlar kuvvetli bir asit ile kuvvetli bir
bazin tuzu olmalarindan dolayr suda tamamen
¢ozundrler ve bu sebeple sabun flotasyonunun
aksine stlfonatlar ile asidik ortamda flotasyon
yapilabilmektedir (Atak, 2017).

Hidroksilin N-alkali tlrevi olan hidroksamatlar,
selatyapici reaktiflerdir. Metal komplekslesmesine
olan ilgilerinden ve diger toplayicilara kiyasla
secicilikleri daha ylUksek oldugundan dolayi oksit
minerallerinin  flotasyonunda kollektér olarak
yaygin kullanim alanina sahiptirler. Cozeltide yag
asitleri gibi davranan bu kollektorlerin karbonatlara
kars selektiflikleri cok yiiksektir. ince tanelere
duyarliliklarindan dolayr kondlsyonlanmadan
once  ortamdaki slamin uzaklastiriimasi
gerekmektedir (Nakhaei ve Irannajad, 2018).
Hidroksamatlar ile flotasyon igin optimum pH
degeri 9'dur. Dogal demir oksitin sifir yik noktasi
pH 6,7 oldugu igin bu kollektorler kimyasal olarak
adsorplanmaktadir (Bulatovic, 2007).

Cozeltinin pH'1I degistigi zaman demir oksitin
yuzey yuUki  hidroksil grubunun protonasyon
ve deprotasyonuna baghdir. Bir ¢ok calismada
demir oksitlerin ¢ogu igin, pH 7 sifir yik noktasi
olarak bildirilmistir. Esitlik 1 ve 2’de géruldigu gibi
demir oksitlerin ylzey yukindn belirlenmesinde
potansiyeli tayin eden iyonlarin (H* ve OH)
adsorpsiyonu ve desorpsiyonu 6nemli rol
oynamaktadir. Hematit mineralinin sifir ylik noktasi
bagh oldugu silikat ve diger gang tipi minerallere
bagl olarak 5,98 ile 7,01 arasinda degismektedir.
Eger hematit taneleri yeterince serbestlesmemis
ise sifir yik noktasi kuvarsa daha yakin olacaktir.
pH<2 oldugu durumda silikatlarin ylzeyi pozitif,
pH=2'de noétr ve pH>2'de ise negatif yukludir
(Pattanaik ve Venugopal, 2018). Su igerisinde
kuvarsin ylzeyindeki kirllmig baglar su molekdlleri
ile reaksiyona girerek ylzeyde silisik asit tabakasi
olugsmaktadir. Silisik asitin iyonlasmasi kuvarsin
yuzey yukinde degisimlere sebep olmaktadir
(Rao vd., 2011).

+HY -H*
FeOH «— FeOH — FeO (1 )

H30%(suda)

OH™ (suda)
Fe —OH; + H,0 «—— Fe — OH «——

Fe— 0" +H,0 (2)

(Pozitif yuklu ylzey) (Ylzey yuku sifir) (Negatif yukli ytzey)

Kuvarsin ters flotasyonunda en 6nemli sorun,
¢ozelti icerisinde bulunan toprak alkali metaller,
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kursun, c¢inko, bakir ve demir tuzlarinin hidrolize
olmasi ile ortaya ¢ikan metal-hidroksit kompleks
iyonlarinin  kuvarsin canlandiriimasina sebep
olmasidir. Canlandiriimigkuvarsinbastirilmasinda
¢cozeltideki metal iyonlarini azaltici soda, sodyum
silikat ve kalgon gibi maddeler kullaniimaktadir
(Atak, 2017).

Ca*2, Ba*?, Mg*?, Al*® ve Fe*? gibi iyonlar kuvars
Uzerine adsorplanarak kuvarsin yuzey yukind
degistirir ve anyonik kollektorler ile flote edilmesine
neden olmaktadir. Fuerstenau vd. (1963) kuvarsin
asidik pH'ta Fe*® tarafindan canlandirilarak
kuvars Uzerindeki kollektér adsorpsiyonunu
ve dolayisiyla kuvars flotasyonunu arttirdigini
bulmuslardir. Srdjan (2007), ylzey yuki degismis
kuvars mineralinin demir oksitler ile yuzmesini
onlemek igin kullanilan sodyum silikatin (Na,SiO,)
esitlik 3, 4 ve 5'de gosterildigi gibi suda OH-,
HSIO, ve SiO,? gibi anyonik tlrleri olugturdugunu
belirtmistir. OH- iyonlarinin ortamin pH degerini
arttirdigini, HSiO,” ve SiO,? iyonlarinin ise silikat
dagiticisi ve bastiricisi olarak gorev aldigini ileri
surmustar.

Na,SiO; + 2H,0 ¢ H,Si0; + 2Na* + 20H-  (3)
H,Si0; < HSiO3 + H* (4)
HSiO3 © Si03%2 + H* ()

Liu ve Sun (2011) sodyum silikatin demir
ile aktive olan kuvars igin etkili bir bastirici
oldugunu tespit etmistir. Sodyum silikatin hidrolizi
sonucunda negatif yUkli kolloidal silikat ve
SiO(OH)® olustugunu, olusan bu yapilarin kuvars
Uzerinde adsorbe oldugunu ve bu nedenle yluzey
hidrofobikliginin azaldigini 6ne surmusglerdir.
Bununla birlikte sodyum silikat pilp igerisine
ilave edildiginde (SiXOy)'Z iyonlari ile Ca*? ve Ba*?
iyonlari karmasik iyonlar olusturur ve boylece
bu iyonlarin ince taneler tzerindeki topaklanma
ve slamla kaplama gibi olumsuz etkileri de
engellenmis olmaktadir (Cilek, 2006).

Kimyasal yontemler, inorganik ve organik
asitlerin  kullanilarak demirin  ¢dzindurilmesi
islemini icermektedir. En yaygin olarak kullanilan
inorganik asitler silfirik (Veglio, 1997) ve
hidroklorik ~ (Patermarakis ve  Paspaliaris,
1989; Lanyon vd., 1999) asitlerdir. Ancak bu
asitler genellikle maliyetli olduklarindan ve
kullanimlari sonrasinda ortaya c¢ikan cevreye
zarar veren kimyasal kirleticilerden dolayi tercih
edilmemektedir. Bu nedenle daha etkili ve gevre
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dostu olabilecek alternatif yontemlerin arayisina
girilmis ve oksalik, askorbik ve sitrik asit gibi
organik asitlerle ¢dzindirme prosesi Uzerinde
galismalar yapilmistir. Bu ¢alismalar sonucunda,
oksalik asidin diger organik asitlere kiyasla asit
gucd, iyi kompleks olugturma 6zelligi ve ylUksek
indirgeme gucu nedeniyle iyi sonuglarin alindigi
belirtiimistir (Ambikadevi ve Lalithambika, 2000).

Esitlik 6 ve 7’de verilen tepkimelere gore pH
2-3'de oksalik asit ile Fe (lll) iyonlari kompleks
olusturabilir ya da pH<1,5’da oksalik asit demir
oksidi indirgeyebilmektedir (Veglio, 1997; Akgcll
vd., 2007).

Fe,05 + 6H,C,0, — 2Fe(C,0,)3% + 6H* + 3H,0 (6)

2Fe(C,0,)33 + 6H* + 4H,0 - 2FeC,0,. 2H,0 + 3H,C,0, +
2€0, (7)

Lee vd. (2007), Esitlik 8de de gosterildigi
gibi oksalik asitin pH 2,5-3 araliginda HC,O,
formunda bulundugundan HC,O, oksitlenirken
Fe,O,'Un indirgenerek Fe(ll) oksalat olustugunu
ileri sirmusglerdir.

H* + Fe,0; + 5HC,0; — 2Fe(C,0,4);% + 3H,0 +2C0, (8)

Ortam Eh-pH kosullarina, demir ve oksalik asit
konsantrasyonlarina bagl olarak mineral ylze-
yinde mineralin pasiflesmesine ve disik demir
¢ozlinme verimlerine sebep olan FeC,0, olusumu
gozlemlenebilir. Bu bakimdan FeC,0O, olusumunu
engellemek igin lic sirasinda Eh-pH kosullarinin
kontrol edilmesi gerekmektedir (Lee vd., 2007;
Akell vd., 2007).

Veglio vd. (1999) kuvars kumundan demir giderimi
icin 80°C sicaklikta 160 pm tane boyutunda, %10
pulpte kati oraninda, 3 saat li¢ siiresinde ve 3 g/L
oksalik asit ile ¢ozindirme islemi yaparak %45-
50 oraninda demir giderimi saglamislardir. Du
vd. (2011) 95°C sicaklikta, 500 rpm karistirma
hizinda, 150 W ultrason gliciinde ve 4 g/L oksalik
asit ilavesi ile gerceklestirdikleri demir liginde,
lic verimleri %75,4’e ulagsmistir. Tuncuk ve Akgll
(2016) kuvars kumundan demir giderimi igin
%20 pulpte kati oraninda, 0,5 M H,SO, ve 10 g/L
oksalik asit ilavesi ile 90°C sicaklikta ve 120 dk
lic stresinde kimyasal ¢ozindirme uygulayarak
%98,9 Fe, O, giderimi saglamiglardir. Ozer vd.
(2018) cam kumu zenginlestirme tesislerinden
elde edilen -100 ym boyutundaki yan Uriinden
kil uzaklastirma islemi ile 6n konsantre elde



etmislerdir. Bu 6n konsantre Uzerinde 0,4 M
oksalik asit konsantrasyonu, 1/4 kati-sivi orani,
80°C sicaklik ve 2 saat li¢ suresi sartlarinda
gerceklestirilen oksalik asit ile ¢6zlindlirme
deneyleri sonucunda; %99,16 SiO,; %0,04 Fe,O,;
%0,53 Al,O, kimyasal igerigine sahip bir silis
konsantresi Uretmislerdir. Kuvars numunesindeki
Fe,O, miktari 37,8 ppm'e dusurilerek %88,72
Fe,O, giderim verimi, TiO, miktari ise 374,6
ppm’e dislrilerek %32,54 TiO, giderim verimi
elde edilmistir.

Bu galismada dusik SiO, igerigine sahip kuvars
kumunun safsizliklarindan uzaklastirilarak
sektdrel bazda kullanimi i¢in uygun yontemlerin
belilenmesi amacglanmistir.  Bu  bakimdan
fiziksel, ve kimyasal yontemlerin uygulanabilirligi
arastinimistir.

Counts ‘ ‘
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1. MALZEME ve YONTEM

Calisma kapsaminda Camis Madencilik A.$’
den temin edilen Bilecik bdlgesine ait kuvars
kumu numunesi kullaniimistir. -0,5+0,074 mm
boyut araliginda gonderilen numuneye Oncelikle
minerolojik ve kimyasal analizler yapilmigtir.
Numunenin minerolojik analizi XRD (X-Isini
Kirinim Yoéntemi- Panalytical, X Pert pro), kimyasal
analizi ise XRF (X-i1sini floresans spektrometresi)
kullanilarak  gerceklestiriimistir. ~ Sekil  1'de
gosterilen XRD sonuglarina gére malzemenin
baylk c¢ogunlugunu kuvars olustururken az
miktarda kalsit ve kaolinit minerallerinin de
bulundugu tespit edilmistir. Cizelge 2’de gosterilen
kimyasal analiz sonuglarina gore ise, malzemenin
%82,03 SiO, ve %0,48 Fe,O, igerigine sahip
oldugu belirlenmistir.

T1200345439-B1-200089785
" Quartz

20000 —|” Calcite
" Kaolinite-1A

10000 —

Position [°26] (Copper (Cu))

Sekil 1. Kuvars numunesinin XRD analiz sonuglari

Cizelge 2. Numunenin kimyasal analiz sonuglari

Bilesim icerik, %
SiO, 82,03
ALO, 3,13
Fe,O, 0,48
TiO, 0,17
Ca0o 6,84
MgO 0,09
Na,O 0,02
K,O 0,60
Kizdirma Kaybi 6,64

Kuvars kumunun sektérde hammadde olarak
kullanilabilmesi igin maksimum SiO, igerigine
ulasmak ve demir igerigini de mimkin oldugu
kadar  dlUsUrebilmek icin  zenginlestirme
calismalari gerceklestirilmistir. Yaklasik 30 kg
olarak temin edilen malzeme numune bdlicl
ve karelaj yontemi kullanilarak hazirlanmistir.
Zenginlestirme calismalarinda fiziksel islem
olarak manyetik ayirma, fizikokimyasal iglem
olarak flotasyon ve kimyasal islem olarak da li¢
yontemi uygulanmistir. Manyetik ayirma deneyleri
icin yiksek alan siddetli PERMROLL marka Rems
tipi manyetik ayirici kullanilimistir.

Flotasyon deneylerinde ters flotasyon yontemi
uygulanarak demir minerallerinin ylzdartlmesi
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amaclanmistir. Deneyler, Denver marka D12
model laboratuvar tipi flotasyon makinasinda 500
gmalzemeile 1,7 Llik flotasyon hiicrelerinde 1300
dev/dk karistirma hizinda gercgeklestirilmistir.
Deneylerde bastirici olarak %10’luk derisimde
Na,SiO,, kollektor olarak %71’lik derisimde
R801+R825,PA3+RS100ve Derna7kullaniimistir.
Silikat bastiricisi olarak kullanilan sodyum silikat
(Na,SiO,) ilk kademe ilave edildikten sonra
pulp 5 dk kondusyonlanmistir. Her kademe
icin pulpin kollektorler ile kondisyonlanma
suresi ve flotasyon stresi 2'ser dk’dir. Scrubber
kullanilarak yapilan asindirmali yikama iglemi
900 dev/dk’da, %60 pulpte kati oraninda ve 30 dk
siire ile gergeklestirilmistir. isleminin ardindan gok
ince boyutlu kil ve demir oksitleri ayirmak icin pulp
halindeki malzeme 0,106 mm elekten elenerek
siniflandirma yapilmistir.

Lic islemi ise IKA RCT Basic marka anlk
sicaklik gdstergeli manyetik karistirici ile 0,5 L
silindirik cam reaksiyon hucrelerinde, 600 dev/dk
karistirma hizinda, 2 saatlik li¢ stiresinde, 1/4 kati-
sivi oraninda, 0,5 M oksalik asit (C,H,0,.2H,0)
konsantrasyonundave 20-80°C arasi sicakliklarda
gerceklestirilmistir. Li¢ isleminden sonra vakumlu
filtre yardimiyla kati-sivi ayrimi yapilarak elde
edilen lic kekinin kimyasal analizi yapilmistir.
Demir ¢dzindurme verimleri, li¢ kekinin kimyasal
analiz sonuglari ve kuvars kumunun baslangi¢
icerikleri dikkate alinarak Esitlik 9'da gosterildigi
gibi hesaplanmistir.

Fe,O, Cozlindurme Verimi, %= %xloo 9)

A=Beslenen malzemedeki %Fe,O,
B= Li¢ Kekindeki %Fe,O,

Calisma kapsaminda gergeklestirilen deneylerin
genel akim semasi Sekil 2’ de gosterilmistir.

Kuvars Kumu
Zenginlestirme
Manyetik Flotasyon Asindirmali Yikama
Ayirma ve Siniflandirma
[ Flotasyon ][ Oksal‘lk. Asit ]
Ligi
Silis Konsantresi

Oksalik Asit
Ligi

Sekil 2. Deneylerin akim semasi
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2. BULGULAR VETARTISMALAR
2.1. Manyetik Ayirma ile Zenginlestirme

Manyetik ayirmaya beslenecek olan -0,5 +0,074
mm boyut araligindaki malzeme, -0,5+0,2
mm ve -0,2+0,074 mm olarak iki ayri boyut
fraksiyonunda hazirlanmistir. Manyetik ayirma
sonucunda, ayiricida bulunan ve degisen agilarda
ayarlanabilen bir boéllcu bigak yardimiyla non-
manyetik, manyetik ve kuvvetli manyetik trtnler
elde edilmigtir. Her iki boyut franksiyonunda rulo
donds hizi 100 dev/dk olarak sabit tutulmustur.
Bigak agilari, -0,5+0,2 mm boyut grubunda 100-
90° (1. ve 2. bigak agilari), -0,2+0,074 mm boyut
grubunda ise 115-90° (1. ve 2. bigak agilari) olarak
belirlenmistir. ilk kademe manyetik ayirmadan
sonra elde edilen non-manyetik Grtnler bir kez
daha manyetik ayiriciya beslenmistir. Manyetik
ayirma deney sonuglari Cizelge 3’de ve her iki
boyut fraksiyonu igin birlestirilmis sonuglar Cizelge
4’de verilmigtir. 0,5+0,2 mm boyut grubunda
gerceklestirilen manyetik ayirma deneyinde non-
manyetik Grlindeki Fe,O,igeridi %0,25, SiO, igerigi
ise %85,13 olarak elde edilmistir. -0,2+0,074
mm boyut grubunda manyetik olmayan kisimda
demir icerigi %0,29 iken silis icerigi %81,51’dir.
Demir ve silis igerikleri esas alindijinda manyetik
ayirma ile ¢ok etkin bir ayirma yapilamadidi ve
diger yontemlerin incelenmesi gerektigi sonucuna
varilmistir.

2.2. Flotasyon ile Zenginlestirme

2.2.1. Kollektor Cinsine Bagh Olarak Bastirici
ilavesinin Etkisi

Silis kumunun zenginlestiriimesinde ters flotasyon
uygulanarak fazla miktarda bulunan silisli bilesikler
yerine az miktarda bulunan demirli bilesikler
yuzdurtulmustar. Deneyler kapsaminda ilk dnce
silis icin bastirici ilave edilmeden sulfonat tipi
kollektorler olan R801+R825, yag asidi turevleri
olan PA3+RS100 ve Derna 7 kollektorlerinin
etkisi incelenmistir. Bolim 2’de belirtilen deney
kosullarina ek olarak R801+R825 kollektorleri
ile deneyler pH 2,5'da, PA3+RS100 ile pH 7’de
ve Derna 7 ile pH 9da gergeklestiriimistir. 7
kademeli yapilan flotasyon deneylerinde her
kollektérden 200+200+200+200+200+300+300
g/t ilave edilmistir. Numunenin kimyasal analizleri
ve mineralojik incelemeleri gézénune alindiginda
kum icerisinde bulunan kaolin, kalsit ve demir



Cizelge 3. Manyetik ayirma deney sonuglari
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rTnanr:e Boyutu Grinler D//l:iktar igerik, % Verim, %
SiO, ALO, FeO, TiO, SiO, Fe,O,
Non-Manyetik 1 59,2 85,13 2,17 0,25 0,10 61,3 34,6
-0,5+0,2 Manyetik 1 6,7 73,68 5,14 0,96 045 6.0 15,0
Kuvvetli Manyetik 1 0,7 74,58 5,43 4,24 085 06 6.9
Non-Manyetik 2 21,4 81,51 3,27 0,29 0,10 21,2 14,5
-0,2+0,074 Manyetik 2 8,9 74,98 5,48 0,70 025 81 14,6
Kuvvetli Manyetik 2~ 3,1 74,11 6,55 1,98 0,91 2,8 14,3
Toplam 100,0 82,26 3,06 0,42 0,17 100,0 100,0
Cizelge 4. Boyut fraksiyonlarinin birlestiriimesi ile elde edilen manyetik ayirma sonuclari
igerik, % Verim, %
Urdnler Mikdar, % sio, AL, FeO, TO,  SiO, Fe,O,
Non-Manyetik 80,6 84,17 2,46 0,26 0,10 82,5 491
Manyetik 15,6 74,42 5,33 0,81 0,33 14,1 29,6
Kuvvetli Manyetik 3,8 74,19 6,34 2,39 0,90 3.4 21,3
Toplam 100,0 82,26 3,06 0,42 0,17 100,0 100,0

oksit minerallerinden kaynaklanan Al*3, Ca*? ve
Fe*2 iyonlarinin silisi canlandirmasini engellemek
icin diger sartlar sabit tutularak 1000 g/t Na_SiO,
ilavesi ile de deneyler yapiimistir. R801+R825
kollektorleri ile bastirici ilaveli ve ilavesiz yapilan
deneylerin sonuglari Cizelge 5’de gosteriimektedir.
Deney sonuglari incelendiginde batan driindeki
SiO, igeriginin %96’lara yukseldigi goriimektedir.
Bastirici ilaveli yapilan deneyde silis iceriklerine
bakildiginda ise sodyum silikatin dnemli bir fark
yaratmadigi gdzlemlenmigtir. Demir igerikleri

acisindan da istenilen degerlere ulasilamamistir.
pH 2,5°da yapilan deneylerde malzeme icerisinde
bulunan kalsit mineralleri sebebi ile silfirik asit
tiketimi ¢ok fazla miktarda olmustur. Fazla asit
sarfiyatindan o6turi yag asitleri ile noétr veya
hafif alkali ortamda calisiimasi gerekmistir.
PA3+RS100 kollektorleri ile pH 7'de bastirici
ilaveli ve ilavesiz yapilan deneylerin sonuglari
Cizelge 6'da, Derna 7 ile pH 9’da bastirici ilaveli
ve ilavesiz yapilan deneylerin sonuglari ise
Cizelge 7’de g0sterilmigtir.

Cizelge 5. R801 ve R825 kollektdrleri ile bastirici ilaveli ve ilavesiz yapilan deneylerin sonuglari

icerik, % Verim, %
) Miktar
Bastirict  Urdnler % SiO, ALO, Fe,O, TiO, CaO SiO, Fe,O,
Demir Atigi 46,0 7254 455 0,78 0,24 14,33 39,0 77,0
....... Silis Konsantresi 54,0 96,57 1,45 0,20 0,09 0,35 61,0 23,0
Toplam 100,0 8551 2,88 0,47 0,16 6,78 100,0  100,0
Demir Atigi 42,8 86,40 4,79 0,64 0,25 14,63 36,8 70,2
Na,SiO, Silis Konsantresi 572 96,78 1,47 0,20 0,11 0,17 63,2 29,8
Toplam 100,0 87,57 2,90 0,39 0,17 6,37 100,0  100,0
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Cizelge 6. PA3+RS100 kollektorleri ile bastirici ilaveli ve ilavesiz yapilan deneylerin sonuglari

) icerik, % Verim, %
Bastirict  Urlnler Miktar, % ; X
io, ALO, Fe, O, TiO, CaO SiO, Fe,O,
Demir Atigi 70,9 78,78 3,48 0,53 0,19 9,89 67,4 81,6
------- Silis Konsantresi 29,1 92,75 2,03 0,29 0,12 0,67 32,6 18,4
Toplam 100,0 82,82 3,05 0,46 0,17 7,20 100,0 100,0
Demir Atigi 62,8 77,01 4,01 0,59 0,22 10,80 58,0 83,0
Na,SiO,  Silis Konsantresi 37,2 94,29 1,48 0,20 0,08 0,33 42,0 17,0
Toplam 100,0 83,44 3,07 0,45 0,17 6,90 100,0 100,0
Cizelge 7. Derna 7 kollektorleri ile bastirici ilaveli ve ilavesiz yapilan deneylerin sonuglari
igerik, % Verim, %
Bastirici  Uriinler Miktar, %  SiO, ALO, FeO, TiO, CaOo SiO, Fe,O,
Demir Atigi 68,4 78,17 3,65 0,55 0,18 10,35 64,3 84,1
------- Silis Konsantresi 31,6 94,02 1,61 0,23 0,15 0,31 35,7 15,9
Toplam 100,0 83,17 3,01 0,45 0,17 7,18 100,0 100,0
Demir Atigi 42,3 68,32 4,63 0,68 0,17 17,02 348 67,4
Na,SiO,  Silis Konsantresi 57,7 94,15 1,45 0,24 0,15 0,36 65,2 32,6
Toplam 100,0 83,21 2,80 0,43 0,16 7,41 100,0 100,0
Bastirici ilavesiz PA3+RS100 kollektorleri ile  2.2.2. Na,SiO, Miktarinin Etkisi

yapilan deneyde malzemenin %29,1'i %92,75
SiO, ve %0,29 Fe,O, igerigi ile batan Grin yani silis
konsantresi olarak elde edilmigtir. Silisin blyuk
¢ogunlugu demiroksitler ile beraber ylUzmustir.
Sodyum silikat ilavesi ile batan Grinde SiO, igerigi
%94,29'a yukselirken Fe,O, iceridi ise %0,20'ye
dismustir. Sonuglar gbéz o6nine alindiginda
PA3+RS100 kollektdrlerinin demiroksitlerin flote
edilmesi icin uygun olmadigi ve ilave edilen
sodyum silikat miktarinin da vyetersiz kaldigi
belirlenmigtir. Derna 7 ile yapilan bastirici ilavesiz
ve ilaveli deneylerde SiO, ve Fe,O, igerikleri
acisindan 6nemli bir iyilestirme gergceklesmemistir.
Ancak SiO, verimi %65,2'ye ulagtigindan Derna 7
uygun kollektor olarak belirlenmistir.

Cizelge 8. Na,SiO, miktarinin etkisi

Derna 7 ile 1000 g/t Na,SiO, kullanilarak
yapilan deneyde %94,15 SiO, ve %0,24 Fe,O,
icerigine sahip silis konsantresi elde edilmisti.
2000 g/t sodyum silikat kullanilarak batan
urGndeki  SiO, igerigini arttirmak ve Fe,O,
icerigini distrmek amaclanmistir pH 9'da
200+200+200+200+200+300+300 g/t Derna
7 kullanilarak gergeklestirilen deneyin 1000
g/t sodyum silikat ile karsilastirmali sonuglari
Cizelge 8’de verilmistir. Cizelge 8de goéruldigu
Uzere 2000 g/t Na,SiO, kullanimi ile SiO,
verimi %65,2'den %72,6'ya yikselmistir. SiO,
icerigi %96,18’e ulasmistir. Ancak demiroksit
iceriklerinde  degisim  olmamistir.  Sonuglar
incelendiginde silis yuzeylerinin kil ve demir oksit

Na,SiO, Miktari icerik, % Verim, %

g/t Urdnler Miktar, % SiO, ALO, Fe,O, TiO, CaO  SiO, Fe,O,
Demir Atig 42,3 68,32 4,63 0,68 017 17,02 348 674

1000 Silis Konsantresi 57,7 9415 145 0,24 015 036 652 326
Toplam 100,0 83,21 280 043 016 741 100,0  100,0
Demir Atig 34,7 67,70 517 0,73 0,14 20,9 274 598

2000 Silis Konsantresi 65,3 96,18 1,58 0,26 018 042 726 402
Toplam 100,0 86,45 2,84 042 0,17 7,55 100,0  100,0
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ile kapli olabilecegi ve bu sebeple yiksek SiO,
ve dislk Fe,O, icerikli bir silis konsantresi elde
edilemedigi belirlenmistir.

2.2.3. Asindirmali Yikama ve Siniflandirmanin
Flotasyona Etkisi

Bastirici olarak sodyum silikat ilave edilen
deneylerde satilabilir nitelikte bir silis konsantresi
Uretilememigtir. Silis kumu yUzeyinin alimina
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silikatlar ve demir oksitler ile kapli olabilecegi ve
bu nedenle asindirmali yikama ve siniflandirma
isleminin gerekli oldugu belirlenmistir.
Siniflandirma sonucunda elde edilen malzemenin
kimyasal analiz sonuglarn Cizelge 9da, XRD
sonucu ise Sekil 3'de gdsterilmigtir. Cizelge
9'da yer alan analiz sonuglari incelendiginde
malzemedeki ¢ok ince boyutlu kil ve demir oksitler
uzaklastirilarak aliminyum ve demir iceriklerinde
disusler saglandigi goriimektedir.

Cizelge 9. Asindirmali yikama ve siniflandirma sonrasi elde edilen malzemenin kimyasal analiz sonuglari

Boyut Grubu icerik, %
mm Sio, AL0O, FeO, TiO CaO MgO  Na,0 K0 KK
-0,5 +0,106 87,15 2,21 0,36 0,15 6,77 0,10 0,01 0,51 2,76
-0,106 72,84 8,79 1,33 0,31 8,48 0,19 0,08 1,11 6,87
Beslenen 82,03 3,13 0,48 0,17 6,84 0,09 0,02 0,60 6,64
Counts
sa0c T1200345440-B2-200089785
' Quartz
" Calcite
*  Kaolinite-1A
20000 —
10000 —
Kacinge

Position [°20] (Copper (Cu))

Sekil 3. Asindirmali yikama ve siniflandirma sonunda elde edilen -0,5+0,106 mm boyut grubundaki

malzemenin XRD analiz sonugclari

Asindirmali yikama ve siniflandirma isleminin
ardindan malzemeye pH 9'da, bastirici olarak
2000 g/t Na,SiO,, kollektor olarak Derna 7 (200
+200+200+200+200+300+300+300 g/t) ilavesi
ile flotasyon islemi uygulanmistir. Cizelge 10’da
gbsterilen deney sonuglarina gére %96,30 SiO,

ve %0,30 Fe,O, igerikli silis konsantresi elde
edildigi gortlmektedir. Sekil 4’de verilen XRD
analizine gore de kalsitin blylk ¢ogunlugunun
flote edilerek malzemeden uzaklastinldigi
ancak demiroksitler icin uygun sonuglarin elde
edilemedigi belirlenmigtir.

Cizelge 10. Asindirmali yikama ve siniflandirmanin flotasyona etkisi

icerik, % Verim, %
Urdinler Miktar, %  SiO, ALO, Fe,O, TiO, Ca0 SiO, Fe,O,
Demir Atig 33,5 69,76 3,55 0,57 0,11 21,00 26,8 49,2
Silis Konsantresi 66,5 96,30 1,58 0,30 0,19 0,25 73,2 50,8
Toplam 100,0 87,40 2,24 0,39 0,16 7,21 100,0 100,0
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Counts
30000

T1200345440-B2-200089785
" Quartz

" Calcite

“  Kaolinite-1A

20000 —

10000

2.3. Kimyasal Goziindiirme ile Zenginlestirme

Gerek manyetik ayirma gerekse flotasyonla yeterli
demir uzaklastirma verimine ulagilamadigindan
oksalik asit li¢ci ile demir uzaklastirma deneyleri
gerceklestirilmistir.

Asindirmall yikama ve siniflandirmanin ardindan
2000 g/t Na,SiO,, kollektor olarak Derna 7 (200
+200+200+200+200+300+300+300 g/t) ilavesi
ile gerceklestirilen flotasyonda elde edilen silis
konsantresine oksalik asit ligi yapiimistir. Ayrica
asindirmall yikama ve siniflandirmadan sonra
flotasyon yapilmadan dogrudan oksalik asit ligi
yapilarak flotasyonun gerekliligi incelenmistir. Her
iki malzeme icin yapilan oksalik asit ligi 1/4 kati sivi
oraninda, 0,5 M oksalik asit konsantrasyonunda ve
600 dev/dk karistirma hizinda gergeklestirilmigtir.
Cozindirme deneylerinde sicakhdin  etkisi
incelenerek, 20, 40, 60 ve 80°C’de deneyler
yapilmistir. Deneyler sonucunda elde edilen demir
¢oziinme verimleri Sekil 5'de, SiO, ve Fe,O,
icerikleri ise Sekil 6’da gosterilmektedir.

100
. 804
S
£
B 60
=3
=
:E 40 -
©
o
L
= . S
20 - —a—Flotasyon+Oksalik AsitLigi
—i— Oksalik AsitLici
0 T T T T
0 20 40 60 80 100
Sicaklik, °C

Sekil 5. Kimyasal ¢6ziindiirme sonrasi demir ¢ézinme
verimleri
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Position [°26] (Copper (Cu))
Sekil 4. Asindirmali yikama, siniflandirma ve flotasyon sonunda elde edilen batan Urline ait XRD analiz sonuglari

Deney sonuglarina goére, sicaklik arttirildikca
demir oksit ¢dézlinme verimleri de artmis ve
optimum sonucglar 80°C’'de elde edilmistir.
Flotasyon+oksalik asit ligi uygulanarak demir
uzaklasgtirma verimi %82,2 ‘ye; sadece oksalik asit
lici ile ise %78,6’ya ulasmistir. Flotasyon+oksalik
asit ligi sonrasi elde edilen li¢ kekinde SiO, igerigi
%97,18 ve Fe,O, igerigi %0,054'tur. Dogrudan
oksalik asit ligi sonrasi ise li¢ kekinde SiO, igerigi
%89,24 ve Fe,0, icerigi ise %0,076 olarak elde
edilmistir. Flotasyon+oksalik asit lici ve dogrudan
oksalik asit licinden elde edilen li¢ keklerine
kimyasal analizin yanisira XRD analizleri de
yapilarak sonuglar sirasiyla Sekil 7 ve 8de
gosterilmigtir.

100 0.50
—a— u—Hf
90 - _ L 0.40
E--mmeee Femmmmmnm BT o 2
& =
o —&— SiOal¢erik % (FOAL) G
5 80 4 ==@=- SiOzl¢erik, (OAL) - 030 .=
% [CNY —e— Fex0; §genik, % (FOAL) e}
e " --0-- Fe:Oslerik, % (0AL) )
270 4 020
60 - L 0.10
50 . . . . 0.00

0 20 40 80 100

60
Sicaklik, °C

Sekil 6. Kimyasal ¢ézlindirme sonrasi SiO, ve Fe,O,
icerikleri (FOAL: Flotasyon +Oksalik Asit Lici, OAL:
Oksalik asit Ligi)

Sekil 7 ve $ekil 8de ki XRD sonuglari
incelendiginde  flotasyon+oksalik  asit ligi
sonucunda elde edilen drdnun ¢ogunlugunun
kuvarsdan olustugu gorilmektedir. Oncesinde



yikama ve siniflandirma
islemi ile kaolinin  g¢ogunlugu, flotasyon
islemi ile de Kkalsit mineralleri yuUzdurulerek
uzaklastirlmistir. Bdylelikle oksalik asit lici
sistemine c¢ogunlugu kuvars ve az miktarda
da demir oksit minerallerini iceren malzeme
beslenmigtir. Oksalik asit dogrudan Fe,O, ile
reaksiyona girerek Fe,O, igeriginin %0,30'dan
%0,054’e dusurilmesini saglamistir. Asindirmali
yikama ve siniflandirma isleminden sonra
dogrudan oksalik asit li¢ci uygulanan malzemede

yapilan asindirmali
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kalsit mineralleri de bulundugundan ortamdaki
Ca*? iyonlari oksalik asit ile reaksiyona girmis
ve Esitlik 10°da gdsterildigi gibi kalsiyum oksalat
olusumu gergeklesmistir. Bu sebeple dogrudan
oksalik asit lici ile ylksek kaliteli ve dustuk demir
icerikli silis kumu konsantresi elde edilemeyecegi,
Oncesinde flotasyon ydntemininde uygulanmasi
gerektigi belirlenmistir.

Ca*? + C,0,H, - CaC,0, + 2H* (10)

Counts
T1200345442-B4-200089785
30000 " Quartz
" Kaolinite 1A
20000 —
quartz
10000 —
]
trace
kaclinite
-——ﬁ_u*______T u g # m
0 R ' I
10 20 30
Positian [°28] (Copper (Cu))
Sekil 7. Flotasyon+Oksalik asit ligi sonrasi elde edilen Grtiniin XRD analiz sonucu
Counts ||| L LI [ T Y O S I

T1200345443-B5-200089785
Quartz; Si 02

Calcite; Ca(C 03)

Whewellite, syn; C2Ca04-H2 0
20000 % Kaolinite 14; H4 Al2 09 Si2

quarz

10000 —

=
calaum caldite
=
kaclinite @ 4 drate
——

0 -

Position [°28] (Copper (Cu))

Sekil 8. Oksalik asit ligi sonrasi elde edilen trliiniin XRD analiz sonucu.
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SONUGLAR ve ONERILER

Bu calismada dUstk SiO, igerikli kuvars kumunun
katma deger kazanmasi ve uygun kullanim
alanlarinda degerlendirilebilmesi icin Camis
Madencilik’e ait Bilecik bdlgesinden temin edilen
%82,03 SiOZ’ %3,13 ALO,, %0,48 Fe,O, iceren
silis kumu Gzerinde fiziksel ve kimyasal yontemler

uygulanmistir. Deney sonuglarina gore;

1) 0,5+0,074 mm boyut grubunda gercgeklestirilen
manyetik ayirma deneyinde non-manyetik
urindeki Fe,O, icerigi %0,26, SiO, igerigi ise
%84,17 olarak elde edilmigtir.

2) Kollektor olarak Derna 7 ve bastirici olarak
sodyum silikatin  (Na,SiO,) ilave edildigi
ters flotasyon deneylerinde elde edilen silis
konsantresinde %94,15 SiO, ve %0,24 Fe,O,
iceriklerine ulasiimistir. Sodyum silikat miktarinin
1000 g/tdan 2000 g/t'a arttirlmasi durumunda
Fe,O, iceriginde degisiklik olmaz iken SiO, igerigi
%96,18’e yukselmisgtir.

3) Asindirmali yikama ve siniflandirmanin
ardindan yapilan ters flotasyon deneyi sonucunda
silis  konsantresinde SiO, ve Fe,O, igerikleri
acisindan 6nemli bir iyilestirme olmamistir.

4) Asindirmali yikama, siniflandirma ve ters
flotasyon deneyi sonucunda elde edilen silis
konsantresine 80°C’de uygulanan oksalik asit lici
ile SiO, igerigi %97,18'e ylkselirken, Fe,O, igerigi
%0,054’e dlismistdir.

5) Asindirmali yikama ve siniflandirma isleminin
ardindan dogrudan yapilan oksalik asit licinde ise
80°C’de %89,24 SiO, ve %0,076 Fe,O, igerigine
sahip kuvars kumu elde edilmistir. Malzemenin
yuksek kalsiyum icerigi sebebiyle oksalik asit
katt formdaki kalsiyum oksalat olusumuna
sebep olmustur. Bu durum oksalik asitin
demir ¢dziinmesi Uzerindeki etkisini azaltirken
malzemedeki safsizliklarin uzaklastirilarak SiO,
iceriginin artmasini engellemistir.

6) Satilabilir bir silis konsantresi igin tek bir
zenginlestirme yonteminin yeterli olmadig,
sirasiyla asindirmali  yikama, siniflandirma,
flotasyon ve oksalik asit lici yOontemlerinin
uygulanmasi gerektigi belirlenmistir. Bu
yontemlerin uygulanmasi sonucunda Uretilen
%97,18 SiO,, %0,054 Fe,O,, %1,32Al,0,, %0,171
TiO,, %0,19 Ca0, %0,04 MgO, %0,01 Na,O ve
%0,29 K,O igerigine sahip silis konsantresi silika
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tugla, gaz beton, silikon ve ferrosilikon tretiminde,
dokim sanayinde, seramik gamurunda ve curuf
yapici olarak kullanilabilecektir.

7) Uygulanan ydntemler maliyet agisindan
degerlendirildiginde elde edilen konsantre,
cam sanayi ve u¢ Urin  sektérinde

kullanilamayacagindan yuksek sicaklikta oksalik
asit liginin ekonomik olmadigi gorulmektedir. Bu
bakimdan asindirmali yikama, siniflandirma ve
flotasyon islemi ile elde edilen silis konsantresi
ancak daha nitelikli bir kum numunesi ile pacal
yapilarak kullanilabilir.

TESEKKUR

Bu cgalismada numune temininde ve kimyasal
analizlerde destek sagladiklari igin Camis
Madencilik A.S.'ye, XRD analizleri icin ise Esan
Eczacibasi Endistriyel Hammaddeler San. ve
Tic. A.S. firmalarina ¢ok tesekkir ederiz.
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ABSTRACT

Recovery of gold from copper-rich gold ores has proved challenging. Dissolved copper in cya-
nide-deficit leach solutions severely interferes with adsorption of gold onto activated carbon or
ion exchange resins resulting in low recoveries. In this study, the efficiency of different adsorbents
for selective recovery of gold from the copper-containing cyanide leachate was investigated. Ac-
tivated carbon (NORIT GAC 1240), mixed base (Purogold A193), strong base (Dowex 21K XLT,
Purogold A194) and weak base (Purogold S992) resins were tested as the adsorbents. The preg-
nant leach solution (PLS), which contained 28.2 mg/L Au and 2804 mg/L Cu was obtained by the
cyanidation of a roasted copper-rich gold ore. The activated carbon showed a superior capacity
for gold loading, followed by Purogold $S992. On the other hand, Purogold S992 (weak base)
achieved the highest degree of selectivity for gold over copper with the lowest copper adsorption.
Mixed and strong base resins had the highest copper loadings. These findings demonstrated that
Purogold S992 could be suitably used for selective recovery of gold from leach solutions contain-
ing a high level of copper.

(074

Bakir igerigi yiksek altin cevherlerinden altin kazanimininda bazi zorluklar yasanmaktadir.
Siyantr derisimi dlsuk li¢ ¢ozeltilerindeki ¢ozinmus bakir, altinin aktif karbon veya iyon degistirici
reginelere adsorpsiyonunu dnemli dl¢lide olumsuz etkilemekte ve diigtik altin kazanimlarina neden
olmaktadir. Bu galismada, bakir igeren siyantr ¢ozeltisinden altinin segimli olarak kazanilmasinda
farkli adsorbanlarin etkinlikleri arastirimistir. Aktif karbon (NORIT GAC 1240), karisik bazik
(Purogold A193), kuvvetli bazik (Dowex 21K XLT, Purogold A194) ve zayIf bazik (Purogold S992)
regineler adsorban olarak test edilmistir. Kavurma on iglemine tabi tutulmus ylksek bakir icerikli
bir altin cevherinin siyanir lii ile 28,2 mg/L Au ve 2804 mg/L Cu igeren yiklii lig ¢ozeltisi elde
edilmistir. En yiiksek adsorpsiyon kapasitesine aktif karbonun ve onu takiben de Purogold
$992'nin sahip oldugu goriilmusttir. Diger taraftan, Purogold S992 (zayif bazik) en distk bakir
adsorplama seviyesi ile altin igin bakira gore en ytiksek segimlilige ulasmistir. Karisik ve kuvvetli
bazik regineler en yiiksek bakir adsorpsiyonuna sahiptir. Elde edilen sonuglar, Purogold S992'nin
yuksek bakir igeren li¢ ¢ozeltilerinden altinin secimli olarak kazaniminda kullaniimasinin uygun
oldugunu gdstermigtir.
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INTRODUCTION

Owing to the fact that cyanide forms strong
complexes with gold, it is the most competent
lixiviant for leaching of gold from ores
(Senanayake, 2004; Breuer et al., 2005; Dai et al.,
2010; Yang et al., 2010a,b; Bas et al., 2012 and
2015; Van Deventer, 2014). Cyanide is universally
used due to its efficiency for gold and silver
dissolution and fairly low cost without neglecting
its selectivity for gold and silver over other metals
(Senanayake, 2004; Marsden and House, 2006).
Some copper minerals are also readily dissolved
by cyanide to form copper cyanide complexes
(Muir et al., 1989; Breuer et al., 2005; Yazici et
al., 2015; Bas et al., 2015; Deveci et al., 2018;
Msumange, 2019). Other metals like Zn, Fe, Co,
Ni etc. can also be leached in cyanide media to
a varying extent from their minerals present in
the ore. Gold-cyanide complex can be recovered
from pregnant leach solutions (PLSs) by either
activated carbon or ion exchange resin (IX), more
recently. The degree of adsorption depends on the
nature of the adsorbent used and the chemistry
of the solution to be processed (Marsden and
House, 2006; Dai et al., 2010).

Activated carbon is widely used in many industrial
applications in both liquid and gas separation
processes, however, its employment in the
industry of gold has only been prevalent since
about 1980 (Marsden and House, 2006; de
Andrade Lima, 2007; Sole et al., 2018). Properties
like particle size, adsorption rate, reactivation
characteristics, adsorptive capacity, mechanical
strength and wear resistance are of paramount
importance affecting the adsorption performance
of gold onto activated carbon. Some physical
factors may affect the adsorption process.
These include carbon type and particle size,
mixing efficiency and effects of solids. Practically
carbons used in industrial applications typically
vary from 1.2 x 2.4 mm to 1.7 x 3.4 mm. The rate
of gold adsorption onto carbon can be directly
affected by the presence of Cu(CN),” complex as
it competes with gold adsorption (Marsden and
House, 2006; Sayiner and Acarkan, 2014). Based
on the previous findings present in the literature,
during cyanidation process, many metal-cyanide
species appear in the leaching process. Silver
dissolves as Ag(CN),” complex and adsorbs on
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carbon better than other metal-cyanides apart
from gold. As the concentration ratio of [Ag]:[Au]
reaches 2:1, silver can be inhibitive for the gold
adsorption on activated carbon (Adams, 1992).

Under laboratory conditions, the capacity of gold
loading increases with the increase of cation
concentration in solution in the following order of
Ca? > Mg?* > H* > Li* > Na* > K* and decreases
with anion concentration in the order of CN-> S >
SCN->S§,0,2 > OH > CI' > NO,". The competitive
adsorption of impurity metals with gold and silver
for active carbon sites adversely affects the gold
adsorption onto activated carbon. The adsorption
rate of base metals onto activated carbon is
less favoured compared to gold and silver. It
follows the following trend: Au(CN),” > Hg(CN), >
Ag(CN),” > Cu(CN),* > Zn(CN),> > Ni(CN) > >>
Fe(CN),* (Marsden and House, 2006).

An alternative to activated carbon, which
has received considerable attention over the
years is ion exchange resins (Gomes et al.,
2001; Leao et al., 2001; Bachiller et al., 2004).
Commercially available resins have been unable
to compete with activated carbon in most mineral
systems because of poor selectivity, mechanical
breakdown of beads and the requirement for
complex elution and regeneration processes.
However, resins offer some chemical advantages
over activated carbon and have a high potential
for application in gold recovery systems. The vital
advantages of ion exchange resins encompass
their low energy demand and superior selectivity
for gold over base metals such as copper (Leao
and Ciminelli, 2000; Van Deventer, 2011 and
2014, Van Deventer et al., 2012; Sole et al.,
2018). Resins have potentially higher loading
capacities/rates, are less likely to be poisoned by
organics and do not require thermal regeneration
(Van Deventer et al., 2012; Kotze et al., 2016;
Sole et al., 2018). The main disadvantage of gold-
selective resins is that they are more expensive
than activated carbon (Marsden and House,
2006; Sole et al., 2018).

Gold selective resins that appear to be
commercially viable are strong and weak/medium
base anion exchange resins (Kotze et al., 2016).
Generally, during adsorption, weak/medium base
resins are more selective for gold over base
metals and their elution is simply done by aqueous



NaOH (Van Deventer et al., 2012). They are also
very sensitive to pH changes. The optimum pH
range lies between 10 to 11 (Voiloshnikova et
al., 2014a). Strong base resins have high metal
loadings compared to weak/medium base ones
without any dependency on pH. The selectivity of
strong base resins is reduced due to the tendency
of loading of base metals during the adsorption
process. Elution of these resins is undertaken
by the use of a mixture of thiourea and sulfuric
acid, which has the possible source of danger for
generating toxic HCN (Marsden and House, 2006;
Van Deventer et al., 2012; Kotze et al., 2016).
Figure 1 shows the relationship between pH and
loading of gold onto different anion exchange
resins as well as its elution from resins.

Au on resin

HAY
‘WEAK BASE’ RESINS,
Inefficient at high pH |

H I
pH 10.5 pH 13
(loading from (elution)
cyanided pulp)

Figure 1. Effect of functional group basicity on the
degree of protonation and loading of gold onto resin
(Van Deventer, 2011)

When using a weak/medium-base resin, its
functional group must be protonated so that the
extraction takes place, since their functional
groups are either secondary or tertiary amines,
which have no permanent charge. Equations 1
and 2 show the mechanisms of protonation and
adsorption, respectively:

P-NR, + H' > P-NR,H" (1)

(P-NRH"),S04” + 2Au(CN), - (2)
2P-NR,H"AU(CN), + SO,*

If copper is present at high levels, the adsorption
process is largely affected. When utilizing
activated carbon, overall CN:Cu ratio should be
decreased to 2, to achieve the most effective
copper adsorption (Dai et al., 2010). The latter
can be done by dissolving metallic copper into the
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leach solution. It is not necessary to decrease the
CN:Cu ratio when using an ion exchange resin,
this is because the Cu(CN),> complex, which
is the most dominant species in leach solutions
can be stiffly adsorbed onto the resin (Marsden
and House, 2006; Dai and Breuer, 2009; Dai et
al., 2010). The adsorption of copper is strongly
related to cyanide concentration and pH. At low
pH and cyanide concentrations, formation of
Cu(CN), complex is favoured whilst the Cu(CN),*
complex predominates at high pH and cyanide
concentrations. The adsorption of Cu-species
decreases in the order: Cu(CN),” > Cu(CN),> >
Cu(CN),* (Dai and Breuer, 2009; Van Deventer
et al., 2012; Van Deventer, 2014). Cu(CN), is
the most problematic cyanide complex amongst
others as it competes directly with Au(CN)," in
the course of the adsorption process (Marsden
and House, 2006; Van Deventer, 2014). When
using activated carbon, to hinder the adsorption
of copper, a molar ratio of CN:Cu should be kept
at or above 4:1 in leach solutions (Muir, 2011).

In this study, the effectiveness of various
adsorbents in the recovery of gold from cyanide
leachate with a high level of copper concentration
was investigated. Activated carbon (NORIT GAC
1240) and different kind of resins i.e., strong base
(Purogold A194, Dowex 21K XLT), mixed base
(Purogold A193) and weak base (Purogold S992),
were employed. Gold selectivity over copper (Au/
Cu), distribution ratio and the loading capacity of
Au and Cu were examined.

1. EXPERIMENTAL

A copper-rich gold ore sample (108 g/t Au, 1.6%
Cu, mainly composed of quartz and pyrite), which
was used to produce real leach solutions was
kindly provided by Koza Gold Co. (Gimushane/
Mastra, Turkey). Table 1 shows the chemical
analysis of the ore sample. The ore is classified
as refractory due to its low response to direct
cyanide leaching under the conditions of 1.5 g/L
NaCN, 25% w/w solids ratio, 1.5 L/min air flow
rate and pH 10.5-11 i.e., 18.4% Au extraction over
24 h. Roasting of the ore prior to cyanide leaching
was proved to be an effective pretreatment route
to achieve acceptable gold extractions from the
ore (Msumange, 2019).
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Table1. Chemical composition of the ore sample
(Msumange et al., 2020)

Element/ Content Element Content
Compound (%) (g/t)
SiO, 67.3 Au 107.7
ALO, 11.51 Cu 15960
Fe,O, 6.06 Al 3900
MgO 0.45 Ni 604.5
CaOo 0.46 Zn 926.1
Na,O 0.06 Pb 838.1
K,O 2.58 As 225
TiO, 0.02 Ba 1211
P,O, 0.19 Ag 9.3
MnO 0.18 Sb 93.21
Cr,0, 0.015 Mo 24.64
Fe 4.02 Cd 10.7
S 3.46 La 1.64
K 0.21 Na 270
Ca 0.22 Mg 710
P 0.001> Ti 23
LOI 6.03 Ga 5>
Total C 0.15 Bi 5>
Total S 4.56 Hg 5>
Sum 95.31 Be 1>

PLSs were prepared and used in the adsorption
tests. They were derived from direct cyanide
leaching (1.5 g/L NaCN, 25% w/w solids ratio,
1.5 L/min air flow rate, pH 10.5-11, 24 h) of the
roasted ore (at 650 °C for 8 h). Gold and copper
concentrations in PLSs were determined to be
28.2 mg/L Au and 2804 mg/L Cu, respectively.
The PLSs were prepared in 50-mL Erlenmeyer
flasks, which were then placed onto an orbital
shaker (Wiggen Hauser). Prior to the addition of
adsorbents, air (1.5 L/min) was supplied into the
flasks with PLSs. pH was maintained at 10.5-11
by the use of 1 M NaOH, if required.

Adsorption tests were conducted to compare
the effectiveness of various adsorbents for gold
recovery from cyanide leachate having a high level
of copper. By the use of activated carbon (NORIT
GAC 1240), mixed base (Purogold A193), strong
base (Dowex 21K XLT, Purogold A194) and weak
base (Purogold S992) resins, gold selectivity over
copper and the loading capacity were evaluated.
The distribution ratio of Au and Cu was also
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determined. The activated carbon (NORIT GAC
1240) had an effective size of 0.65 mm (NORIT,
2003). The technical features of the resins used
in this study were presented in Table 2. When the
pH of PLSs was around 10.5-11, the adsorbent
used was introduced into Erlenmeyer flasks. Only
Purogold S992 was tested at pH 10-10.5 due to
its high pH sensitivity. To avoid evaporation of the
leach solution, the mouth of the employed conical
flasks was covered by a sponge. Adsorption tests
were carried out using the adsorbents (5 g/L)
under the conditions of 25 °C at 170 rpm stirring
speed over a period of 24 hours. Sampling
was carried out at predetermined intervals by
removing 1 mL solution from each flask. At the
end of the tests, solutions were diluted with 1.5 g/L
NaCN and metal concentrations were analyzed
by atomic absorption spectroscopy (AAS, Perkin
Elmer AAnalyst 400).

The employed weak base resin (Purogold S992)
was firstly transformed into the form of sulfate
before the tests to interact with metal-cyanide
anions. As indicated previously, protonation of this
type of resin is a prerequisite for the extraction
process to occur. They were contacted with two-
bed volumes (BV’s) of a 0.5 M Na,SO,.10H,0
solution in a column. The rate of flow was 2-bed
volume per hour (volume of resin used is defined
as a BV). 4 BV’s of water was utilised to cleanse
the excess reagent from the resin (Van Deventer
et al.,, 2014). It should be noted that the weak
base resin (Purogold S992) is very sensitive to
pH, and performs best in the pH range between
10 and 11. Van Deventer et al. (2012) reported
that optimum Au loading and minimum Cu co-
loading on Purogold S992 occurred at pH 10.4-
10.5. Voiloshnikova et al. (2014a) investigated
the performance of gold adsorption on Purogold
S992 from synthetic gold and multi-metal cyanide
solutions. Equilibrium tests showed that the resin
was sensitive to pH in that gold loading decreased
from 23,700 g/ton to 2,380 g/ton by increasing the
pH from 10 to 11 from the solution containing 1
mg/L Au. No gold adsorption took place at =pH
12.5. Relying on these facts, in the current study
the pH was maintained between 10-10.5 in the
tests where Purogold S992 was used.

The selectivity, y, and adsorbent loading capacity,
A (mg/g), were calculated using Equations 3 and
4 respectively.



D.A.Msumange, vd. / Bilimsel Madencilik Dergisi, 2021, 60(1), 21-30

Cu, respectively. C_ is the initial concentration of

— Dau _ [Auladsorbent*[Ctlsolution
Dcu  [Aulsoiution¥[Ctladsorbent 3) adsorbate in solution (mg/L), C, is the equilibrium
A=(Co-C)xVxm" @) concentration of adsorbate in solution (mg/L), V is

where, D, andD_ are distribution ratios forAuand

the volume of solution (L) and m is the adsorbent
mass (9).

Table 2. Technical features of the ion exchange resins used in the tests (Van Deventer et al., 2012 and 2014;

PUROLITE, 2015, 2016a,b, 2020; URL, 2020)

Name/brand of Matrix / Tvoe Functional lonic Capacit Moisture re- Effective
the resin yp Group Form pactty tention (%) size (um)
Dowex 21K XLT ~ SWrene-divinylbenzene /- Quaternary o 4 4 o0y 50-60 525-625
Type | Strong base anion Amines
Mixed
Macroporous polystyrene- Tertiary &
Purogold A193 * divinylbenzene ry Cl 3.8 eq/kg 46-56 800-1300
. - Quaternary
/ Mixed base anion -
Amines
Purogold A194*  Macroporous /Strong - Quaternary o 4 00 44-52 710-1300
base anion Amines
Macroporous
. polystyrene- Mixed : )
Purogold S992 divinylbenzene / Weak Amines FB 4.4 eq/kg 47-55 800-1300

base, Chelating

* Developed for adsorption of gold-cyanide complexes from cyanide liquors, FB = Free Base

2. RESULTS AND DISCUSSION

The pregnant leach solution used contained 28.2
mg/L of gold and 2804 mg/L of copper. The pH-
dependent distribution of Cu(l)-cyanide species
in PLS used was determined by MEDUSA (2009)
software (Figure 2). This speciation plot pointed
out that the dominant Cu(l)-cyanide species in
the solution during the adsorption tests were
Cu(CN),> with =65% followed by Cu(CN),*> with
=~35% over the pH range of 10-11.

CuCN(c)

Cu(CN)52

0.8 F

Fraction
(=]
&>

N
i

Cu(CN)43

02

0.0

Figure 2. Speciation of Cu(l)-cyanide species vs. pH
reflecting the conditions of PLS produced (CN.__=0.153

Total

M, Cu(1)=2804 mg/L, Au(1)=28.24 mg/L) (MEDUSA, 2009)

Kinetics of gold and copper loading onto
adsorbents (mass of metal per tonne of
adsorbent) and the change in the solution metal
concentrations at pH 10.5-11 or 10-10.5 (for
Purogold S992) are presented in Figures 3-7.

Considering the gold loading capacity, it is seen
that activated carbon loaded more gold than other
adsorbents tested. Around 2856 g of Au were
loaded per ton of activated carbon within just the
first 2 hours. This is above half of the total gold
loaded over a period of 24 hours (Figure 3). Dowex
21K XLT resin showed the lowest performance in
gold adsorption in that gold loading reached its
maximum (1978 g/ton) in 2 hours (Figure 4).

During the first hour of adsorption, gold loading on
the activated carbon was 2347 g/t (Figure 3) while
those for Purogold A193 and Purogold A194 were
1286 g/ton and 1786 g/ton, respectively (Figures
5-6).

The difference between gold loading values of
activated carbon and Purogold A193 within the
first hour of adsorption was 1061 g/ton. Over the
same period of 1 hour, 1786 g/ton that is 53% of
the total loaded gold onto Purogold S992 was
observed (Figure 7). These data could simply
indicate the superior gold loading capacity of
activated carbon compared with Purogold S992,
Purogold A194, Purogold A193 and Dowex 21K
XLT, respectively, in descending order of gold

loading.
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Figure 3. Kinetics of gold (a) and copper (b) loading
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Comparative gold and copper adsorption
percentages over 24 hours were demonstrated in
Figure 8. Distribution ratios of gold and copper,
selectivity coefficient (u) and amount of metal(s)
loaded on adsorbent (kg/ton or g/ton) were
also calculated (Table 3). The selectivity of an
adsorbent is defined as its gold loading relative to
copper loading and formulated as the ratio of the
distribution of gold to that of copper (Equation 3).
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Figure 7. Kinetics of gold (a) and copper (b) loading onto
Purogold S992 and metal concentrations (pH 10-10.5)
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Figure 8. Percentage of metals recovered by adsorbents

Activated carbon was apparently found to have
the highest gold loading capacity (4406 g/ton) and
hence distribution ratio (620) compared to other
adsorbents used (Table 3). Purogold S992 was
the second adsorbent to recover gold in greater
amount. Despite the fact that the amount of gold
loaded onto activated carbon was high, yet it was
not as selective as Purogold S992 which had the
superior selectivity for gold with its characteristic
of having the lowest copper loading. The latter
loaded only 76 kg/ton of copper over a period of
24 hours (14% of Cu in the PLS was adsorbed),
while 192 kg/ton were loaded onto activated
carbon over the same period. In fact, Purogold
S992 loaded the lowest level of copper amongst
the adsorbents tested (Table 3). The utilisation of
the Purogold S992 with its high selectivity for gold
over copper will not need extra inventory for the
loading of copper and hence, the productivity will
be higher.

Consistently, Van Deventer et al. (2012)
previously demonstrated that no copper was
loaded onto Purogold S992 from a synthetic gold

Table 3. Comparison of the activated carbon with IX resins used for the adsorption of Au and Cu from a real
cyanide leach solution (28.2 mg/L Au, 2804 mg/L Cu, Conc of Adsorbent: 5 g/L, pH 10.5-11, 25 °C, 24 h)

Au on Adsorbent Cu on Adsorbent

Adsorbent D (Au) D (Cu) M (Selectivity) (glton) (kg/ton)
Activated Carbon 620 90 6.9 4406 192
Dowex 21K XLT 82 112 0.7 1814 221
Purogold A193 139 129 1.1 2510 239
Purogold A194 158 109 1.5 2688 216
Purogold S992 * 258 27 9.6 3373 76

* pH was controlled at 10-10.5 in the tests where Purogold S992 was used.
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leach liquor (9 mg/L Au, 13.6 mg/L Cu, 1.0 mg/L
Zn, 10.4 mg/L Ni) with a selectivity order of Au
> Zn > Ni >> Cu. They also noted that activated
carbon loaded 3.9-fold higher gold compared to
Purogold S992 (i.e., 16,450 vs. 4183 g/ton) at
the expense of higher copper and zinc loadings
compared to the resin.

Mixed base (Purogold A193) and strong base
resins (Purogold A194) appear to have relatively
a high gold loading capacity, but, poor selectivity
due to comparatively high loadings of copper (239
kg/ton and 216 kg/ton, respectively). Purogold
A193 appeared to show the highest adsorption for
copper followed by Dowex 21K XLT, a variation
of 3% in terms of Cu recovery for Purogold A193
and Dowex 21K XLT was observed (Figure 8).
However, the difference in Cu recoveries for
Dowex 21K XLT and Purogold A194 was just by
1%. Amongst the adsorbents, Dowex 21K XLT
seems to be the most non-selective adsorbent as
the amount of copper recovery was higher by 7%
to that of gold (Figure 8) as an indication of its
non-selective character.

These findings showed that base metals such
as Cu could be favoured during adsorption onto
strong base resins. Gold loadings and selectivities
(M) for Purogold S992 (and other resins) were
observed to be strongly affected by the presence
of an excessively high concentration of copper
(i.e., 2804 mg/L Cu) as well as ionic strength in the
PLSs which may result in the competition of other
anions and copper/metal-cyanide complexes with
gold-cyanide complexes. Possible presence of
dissolved silica in the PLSs may also contribute to
the fouling of the resin and hence reduction in the
gold loading (Marsden and House, 2006; Sayiner
and Acarkan, 2014; Van Deventer, 2014).

Consistent with the current findings, previous
studies (Fleming and Cromberge, 1984;
Marsden and House, 2006; Van Deventer et
al., 2012) highlighted that weak and medium
base resins possess higher selectivity for gold
over copper than strong base resins when used
in cyanide leach solutions. Many investigators
(Van Deventer et al., 2012; Van Deventer, 2014)
reported that weak base resin (Purogold S992)
has high selectivity for gold over copper from
cyanide liquors. Voiloshnikova et al. (2014a)
reported that the selectivity of the Purogold S992
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is in the order of Au(CN), > Zn(CN),> > Ag(CN), >
Fe(CN)>> Cu(CN),%. Van Deventer et al. (2014)
compared the performance of Purogold S992,
Purogold A194 and activated carbon using a
synthetic solution containing 1.4 mg/L Au and ~1
g/L Cu. They reported a selectivity (Au/Cu) order
of the adsorbents as Carbon>S992>A194. The
loading of gold by the adsorbents followed an
order of A194>Carbon>S992. The difference of
these results (Van Deventer et al., 2014) with the
current findings (Table 3) can be attributed to the
type of activated carbon used, solution chemistry
and interference of other ions in the real PLSs
as used in the current study. Voiloshnikova et al.
(2014b) applied continuous resin-in-pulp (RIP)
tests to a gold ore containing 2 g/ton Au, using
Purogold S992 as the resin. They obtained a final
gold recovery of 94.3%. The authors also noted
that the gold loaded onto the resin could be easily
eluted using a concentrated cyanide solution (20
g/L NaCN; 5 g/L NaOH, 60 °C) with an average
gold stripping recovery of 97%.

A previous report by Ahlatci et al. (2018) also
supported the low copper loadings of Purogold
S992 observed in the current study (Table
3). Ahlatci et al. (2018) tested the adsorption
performance of Cu, Zn and Fe from waste
cyanide solutions (after gold recovery; 135 mg/L
Cu, 196 mg/L Zn, 5.3 mg/L Fe, 1.5 g/L NaCN, pH
10.5) using Dowex 21K XLT, Purogold A193 and
Purogold S992 resins. They found that Dowex
21K XLT resin loaded the highest amount of
copper (10.2%) and zinc (24.5%) over 24 hours,
while other resins showed no or limited adsorption
(i.e., <3%) of Cu/Zn.

CONCLUSION

The gold loading capacity and selectivity of
various adsorbents (activated carbon, Dowex
21K XLT, Purogold A193, Purogold A194,
Purogold S992) were evaluated from a cyanide
leachate containing 28.2 mg/L Au and 2804
mg/L Cu. The experimental findings indicated
that the activated carbon has the highest gold
loading capacity among the adsorbents tested.
However, the selectivity of the activated carbon
was remarkably lower than Purogold S992.
The latter adsorbent was found to have the
highest selectivity. Other resins tested appeared



to have even lower selectivity than activated
carbon. The order of selectivity obtained was
as follows: Purogold S992 > Activated carbon >
Purogold A194 > Purogold A193 > Dowex 21K
XLT. The difference in selectivities between
the employed adsorbents could be related to
the amount of copper present in the solution(s)
and the chemistry of the respective adsorbent.
Considerably high copper levels in the PLS used
could have directly interfered with the adsorption
process due to the direct competition of copper
cyanide complexes with gold cyanide complex
to the active sites. These findings suggest that
Purogold S992 could be suitably used for the
recovery of gold from cyanide leach solutions
laden with copper relying on its relatively high
capacity coupled with superior selectivity for gold
over copper.
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ABSTRACT

This study compares the efficiency of different methods in beneficiation of iron ore from Dogansehir
(Malatya) region. It is a low-grade ore containing 27.43 % Fe which requires concentration to meet
the specifications of blast furnace feeds. The main mineral composition of ore is magnetite and
also contains magnesioferrite, ferro-actinolite and calcite minerals. The collected samples were
classified into different size fractions after size reduction and then subjected to different gravimetric
and magnetic separation methods for concentration. The results showed that particle sizes
affected the concentrations to a large extent and generally cleaner concentrates were obtained at
finer sizes for a certain separation method. On the other hand, wet magnetic separation yielded
comparably better results than gravimetric methods. A concentrate assaying 65.66 % Fe and 0.38
% K,0+Na,O was obtained with 78.11 % recovery by wet magnetic separation. It was concluded
that concentrates meeting blast furnace specifications could be obtained from this low-grade iron
ore. It was also concluded that the proposed separation flow sheet can be applied to similar low-
grade iron ores in the region.

0z

Bu calismada Dogansehir (Malatya) bélgesinden elde edilen demir cevherlerinin farkli
yontemlerle zenginlestiriimesini arastirmaktadir. Distk tendrli cevher % 27,43 Fe tendrine
sahip olup yuksek firin beslemesi dzelliklerini saglamasi igin zenginlestiriimesi gerekir. Cevher
icerisinde baslica manyetit, ferro-aktinolit ve magneziyoferrit bulunmaktadir. Boyut kiigtltmeden
sonra cevher farkli tane boylarina siniflandiriimis ve sonra degisik yergekimi ve manyetik ayirma
testleri uygulanmistir. Sonuglar tane boyunun zenginlestirme sonuglarini gok etkiledigini ancak
manyetik ayirma testlerinin yergekimi zenginlestirme testlerinden daha iyi sonuglar verdigini
gostermistir. Yas manyetik ayirma yontemiile % 65,66 Fe ve % 0,38 K20+Na20 iceren konsantre
% 78,11 verimle elde edilmistir. Sonuclar dlstik tendrli cevherden yliksek firin besleme sartlarini
saglayan konsantre elde edilebilecegini gostermistir. Sonuglardan énerilen zenginlestirme akis
semasinin bolgedeki benzer cevherlere uygulanabilecegi anlagiimistir.

* Sorumlu yazar / Corresponding author: hikmet.sis@inonu.edu.tr « https://orcid.org/0000-0001-8840-5448
** tekin.karaagag@hotmail.com  https://orcid.org/0000-0002-7809-2836

*** mustafa.birinc@inonu.edu.tr « https://orcid.org/0000-0002-1954-7837

** d3616160001@ogr.inonu.edu.tr « https://orcid.org/0000-0002-5438-3794

31



H.Sis / Scientific Mining Journal, 2021, 60(1), 31-39

INTRODUCTION

World crude steel production grows continuously
and increased to 1.808 billion tons in 2018.
Demand for iron ore in iron and steel industry
also increases and production increased to 2.167
billion tons in 2017 (Worldsteel Association,
2019). Turkey is among the top 10 crude steel
producing countries in the world and produced
37.3 million tons crude steel in 2018. Industries
(e.g., construction, transport and machinery) in the
country are steel-dependent and used 30.6 million
tons of steel products in 2018. On the other hand,
Turkey produced only 6.2 and imported 10.9 million
tons of iron ore in 2017 to meet the demand of iron
and steel industry (Worldsteel Association, 2019).
Due to low iron ore production and dependence
on imports, steel production did not change
significantly in recent years. The extraction and
processing of iron ores are important to sustain
steel production and economic growth. The iron
ore deposits in Turkey are mainly low-grade and
require processing to meet the specifications of
iron and steel industry. The required specifications
of iron ore pellets to be used as blast furnace feed
is given in Table 1 (Sivrikaya and Arol, 2012).

The main difficulty in beneficiation of low-grade iron
ores mainly results from their complex structure
as they contain considerable amount and type of

gangue minerals (e.g., gibbsite and kaolinite as
aluminum sources) and their soft nature (Seifelnassr
et al., 2012). Therefore, their concentration requires
additional processes, (e.g., washing, desliming
and fine grinding) as shown in Figure 1 (Yalgin and
Atesok, 1979). Presence of soft materials in the ore
causes generation of fines during handling and can
lead to slime coating on valuable minerals. Washing
and desliming before concentration process may
be required in such cases, which may cause
valuable mineral loss. Liberation of the particles is
one of the main parameters affecting separation
efficiency and is mainly achieved at very fine sizes
for low-grade ores (Seifelnassr et al., 2012). But,
concentration of very fine particles, in turn, may
result in inefficiency for most separation techniques
and the obtained fine concentrates need pelletizing
before being charged into blast furnace. Magnetic
separation is mainly used for concentrating iron
bearing ores by taking the advantage of distinctive
magnetic response of minerals to magnetic fields
(Sivrikaya and Arol, 2012). It is very efficient method
for achieving high recovery but some problems
may arise in obtaining clean concentrates from
certain ore types (e.g., karstic and lateritic iron ore
deposits). High-intensity magnetic separators are
efficient in concentration of paramagnetic minerals
(e.g., hematite, goethite, and limonite), on the other
hand low-intensity magnetic separators are used

Iron ore > Size reduction
I
I :-D Screening and
l l 1 classification
—_—y ] EieeiEiEin -
High grade ore Low grade ore |- - -Iv!L Pre-preparation ].. Scrubbing
1 i n
. " :"' Desliming
X y i Calcining
Size preparation Beneficiation :_’ Roasting
| ! | ! | | ]
Gravity Magnetic Selective Selective Electrostatic || Froth Leaching
separation separation agglomeration flocculation separation Flotation
= Jigging = WLIMS! = Pelletizing
= Table = DLIMS? = Sintering
= Spiral = WHIMS? = Briquetting
= HMS = DHIMS* = Nodulizing
= MGS

land 2:Wet and Dry Low Intensity Magnetic Separation
*and *:Wet and Dry High Intensity Magnetic Separation

Figure 1. Beneficiation methods of high and low-grade iron ores (modified from Yalgin and Atesok, 1979)
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to separate ferromagnetic minerals from weakly or
non-magnetic minerals (Ozcan and Celik, 2016).
Froth flotation method is advantageous over other
separation methods at very fine sizes. It is applied
as the primary beneficiation method for non-
magnetic iron ores and also used for upgrading fine
size magnetic iron concentrate (Zhang et al., 2019).

Gravity separation is widely used in mineral
beneficiation practices for its low-cost, ease of
operation and control, and eco-friendly nature
(Seifelnassr et al., 2012; Akbari et al., 2018; He
et al, 2019). Conventional gravity separation
methods (e.g., jigging, spirals and shaking tables)
find wide application in the processing of iron
ores, but their major limitation is the treatment
of fine size particles. In fine size ranges, viscous
forces dominate gravity forces and in turn affect
the separation efficiency. However some gravity
separators (e.g., Knelson, Falcon, Kelsey jig
and Multi-gravity separators) generate higher
gravity force by employing centrifugation and are
capable of concentrating fine particles (He et al.,
2019). Specific gravity, size and shape of particles
affect the gravity separation and efficiency of the
separation increases with increasing differences in
these factors.

This study describes beneficiation of a low-grade
iron ore by various gravimetric and magnetic
separation methods carried out at various
particle sizes. The experimental results obtained
from different methods were compared in terms
of recovery, grade (% Fe) and the impurities
associated with concentrates.

1. MATERIALS AND METHODS
1.1. Materials

The iron ore deposit is located at Begre region
of Dogansehir town on the southwest of Malatya
city (Turkey). About 250 kg of sample was
representatively collected from the fresh seams
of ore. The sample was crushed below 3 cm
with a jaw crusher and classified with 2.36 mm
standard laboratory sieve. The coarser fraction
was further crushed again by a hammer crusher
combined with screen of 2.3 mm opening. All
crushed fractions were combined and blended
well to ensure homogeneity. Using a riffle splitter,
the homogenous sample was then split into six
parts (fractions) as needed for each separation
method. Each fraction was later ground to the
desired fineness (sizes) in ball mill to use in
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separation tests. The classified and weighted
samples were kept in sealed plastic bags until
testing. Sizing was made dry by utilizing ASTM
standard laboratory sieves and using a sieve
shaker.

1.2. Methods
1.2.1. Characterization and Analysis

The iron content of the samples (raw materials
and products) was determined by wet chemical
method described by Harris (2010). The analysis
was repeated three times for each sample and
the average was presented as final value. The
impurities in the raw ore and concentrates were
determined by ICP-MS instrument in ACME-Labs
(Bureau Veritas Minerals, Vancouver Office in
Canada). The results, given in Table 1, showed
that the raw ore contains 27.43 % Fe. It also
includes high amount of siliceous materials
(30.23 %Si0,) and alkaline materials (e.g., Na,O
and K,0), but low amount of aluminous materials
(% 1.85 ALO,).The mineralogical analysis was
made by XRD instrument (Rigaku Geigerflex
D-Max/B, Japan). XRD results indicated that the
major component of raw ore is magnetite with
some magnesioferrite, ferro-actinolite and calcite
minerals (Figure 2). The highest intensity peaks of
these minerals showed up at 26 values of about
35.5, 35.5, 10.3 and 29.4, respectively.

Raw ore
Concentrate
Tailings

1: Magnetite

2: Magnesioferrite

3: Ferro-actinolite
4: Calcite

~
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Figure 2. XRD analysis of raw iron ore and
separation products

1.2.2. Separation (Concentration) Tests

Beneficiation of extracted iron ore for steel industry
consists mainly of size reduction, classification
and concentration in sequence.
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Table 1. Chemical analysis of raw iron ore and required specifications

SiO

. o 2 MgO CaO Al Na,O K,O TiO MnO
Material Fe.% o, %o %o %o %o %o %o %o
Raw ore 27.43 30.23 13.01 10.85 1.85 1.32 0.12 0.11 0.07
Requirement* >65.50 <6.00 <1.50 <3.00 <1.00 <0.05 <0.05 <0.05 <3.87

* Required by Iskenderun Iron and Stell Co. (ISDEMIR) for iron ore pellets (Sivrikaya and Arol, 2012)
Raw ore
(=200 mm)
Jaw crusher
(Reduction ratio <6)
_________ Sieving + Hammer crusher
(2.36 mm) (Reduction ratio <15)
|
-2.36 mm
Sampling Bulk sample
(Coning-quartering) (Stocking)
Test Sample
(Sample splitter
Feeed (ore) to enrichment
lPartl lPa:rt2 Part 3 lPaI‘t-’l lPartS

Magnetic separation |

Attrition scrubbing

Shaking table

Humphrey spiral

Falcon concentrator

Separation particle size

Separation particle size

Separation particle size

Separation particle size

-2360 pm -150 pm -150 pm -150+106pum
-106 pm -106 pm -106+53um
+
= =75 pm =75 pm =53 um
WLIMS DLIMS
-150+75 um
Separation particle size Separation particle size
-850 pm -2360 pm
-500 pm -850 um
-300 pm
WLIMS: Wet Low Intensity Magnetic Separation
-150 pm
DLIMS: Dry Low Intensity Magnetic Separation
-106 nm

Figure 3. Flow sheet for sample preparation and applied separation methods

The classified samples were then subjected to
concentration tests by magnetic separators (dry
and wet), Falcon concentrator, shaking table and
Humphrey spiral as explained in Figure 3. The
best operating conditions of each equipment were
determined by trial test and presented in Table 2.
The variables, such as, rotating speed and solids
% by weight were kept constant for the tests.
Each separation test was repeated at least two
times to ensure reproducibility, but only average
result was presented for the sake of brevity.

In order to reduce the size effect in gravity
separation, a closely sized feed was prepared
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and tested in most methods. Knowing that
gravity separators are extremely sensitive to the
presence of slimes (especially fine aluminous
and siliceous materials), the effect of desliming
was also investigated. The feed and products
from the tests were dried at 60 °C in an oven and
the dry weights were used to calculate recovery
(R) by using Equation 1. In the equation, F and
C represent dry weights of feed and concentrate
whereas f and c¢ represent Fe grades of feed and
concentrate, respectively.

(1)

_ Cxc

R ===
Fxf

x100



Table 2. Operational conditions for separation tests
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Equipment Model

Operational conditions

Shaking table

Humphrey spiral Denver

Falcon concentrator

Low-intensity dry
magnetic separator

Boxmag Rapid

Low-intensity wet
magnetic separator

Boxmag Rapid

Scrubbing and de-
sliming

Wilfley Mining Machinery

Sepro Mineral Systems

Modified Denver flotation ma-
chine (in 2 dm? cell with baffle)

Slope (tilt angle): 8°
Motor speed: 110 rev/min
Stroke length: ~15 mm
Solids by weight: 15%
Splitting angle: 20°

G Forces: 20G, 30G, 40G and
60G

Drum rotational speed: 36 rev/min

~3.0 kg solids (each test)
Drum rotational speed: 24 rev/min

~3.0 kg solids (each test)

Solids by weight: 10%
Solids by weight: 70%

Mixing speed: 1100 rev/min
Duration: 15, 30, 60 and 120 min

2. RESULTS AND DISCUSSIONS

2.1. Gravity Separations Results

Humphrey spiral, Wilfley shaking table and Falcon
concentrator were used as gravity separators.
Two-stage separation processing was applied by
re-cleaning spiral rougher concentrate to obtain
clean concentrate. Three different feed sizes of
-150, -106 and -75 um were tested and the results
are presented in Table 3. The recovery decreased
from 67.45 to 56.01 % with decreasing particle
size from -150 to -75 um, but the grade increased
in reverse order from 41.37 to 49.93 % Fe. The
liberation of particles with decreasing feed size
increased and yielded cleaner concentrates,
but no satisfactory results were obtained in
terms of recovery and grade. As seen from the
table, 30.23 % SiO, and 1.85 % AlLO, contents
in the feed could not be reduced below 14.01
and 0.69 % in the concentrate, respectively. In
literature, different findings were achieved in
the concentration investigations of iron ores by
various methods. Akbari et al. (2018) compared
beneficiation methods of iron ores (mostly
hematite) and found that spiral separation yielded

higher separation efficiency than other methods,
including magnetic separation. In their study,
combination of spiral and multi-gravity methods
gave a clean concentrate with 58.7 % Fe at
55.6 % recovery. It is considered that separation
results are mainly affected by the origin and type
(e.g., hematite versus magnetite) of ore.

Shaking tables make separation based on weight
and size of particles by asymmetric reciprocating
motion. The concentration tests were carried out
at four different particle sizes of -150 um, -106
um, -75 um and -150+75 um. The feed material
was first conditioned at 20 % solids by weight in
a vessel and fed homogenously as slurry to the
table together with wash water. Since the amount
of middlings was very small in the table, only two
products (i.e., cleaner concentrate and tailings)
were obtained from each test as illustrated in
Figure 4. Cleaning of rougher concentrates and
scavenging of rougher tailings were performed
to obtain cleaner concentrate with high recovery.
The results presented in Table 3 showed that the
highest recovery (82.72 %) was obtained with
sized feed of -150+75 um but with a relatively
lower grade (55.03 % Fe).
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Table 3. Recovery and chemical analysis separation concentrates

Feed size, Recovery Fe, Si0,, MgO, CaO, AIl,0,, Na,0, KO, TiO,, MnO,
um Fe, % Fe,% Fe, % Fe,% Fe, % Fe, % Fe, % Fe,% Fe, % Fe, %
Spiral separation
-150 67.45 4137 14.01 873 752 230 0.78 0.14 011 0.08

-106 65.98 46.72 13.00 756 665 1.32 0.79 0.18 - -
-75 56.01 4993 14.84 580 520 0.69 0.36 0.04 013 012
Shaking table
-150 75.22 57.75 6.09 331 3.08 1.13 0.38 0.053 0.1 0.08
-106 60.77 56.56 7.08 343 290 0.32 0.26 0.025 0.11 0.08
-75 67.84 58.08 7.53 409 368 1.00 0.79 0.019 - -
-150+75  82.72 55.03 849 399 319 042 0.24 0.023 0.1 0.08
Falcon concentrator (separation at 20 G)
-150+106 67.43 4916 2096 898 7.38 1.19 0.15 0.05 011 0.08
-106+53  53.97 48.78 13,78 8,46 7,14 1,53 0,83 0,19 - -
-53 40.09 4943 1737 6.89 6.69 0.77 0.06 0.04 013 0.12
Dry magnetic separation
-2360 85.55 4595 1732 930 544 0.82 0.15 0.03 0.09 0.07
-850 83.30 4769 1516 825 472 0.77 0.13 0.02 0.09 0.07
Dry magnetic separation followed by wet magnetic separation
-2360 7717 59.25 7.76 564 269 0.87 0.73 0.02 - -
-850 79.01 61.15 7.16 506 239 0.83 0.67 0.02 - -
Wet magnetic separation
-850 77.38 55.33 9.16 566 254 040 0.09 0.02 010 0.07
-500 79.83 60.39 7.36 474 194 0.33 0.06 0.01 0.10 0.07
-300 76.68 61.59 6.16 405 168 0.30 0.05 0.01 0.11  0.07
-150 78.11 65.66 3.40 243 098 0.26 0.02 0.01 0.10 0.07
-106 78.36 64.96 3.56 254 097 0.25 0.02 0.01 0.11  0.07
Feed Obtaining cleaner concentrates with finer sizes
must result from further liberation with size
|Rougher shaking tablel reduction. Generally, better results in terms of
grade and recovery, were achieved by shaking
N Vv table than spiral separation at the same feed
Rougher concentrate  Rougher tailings sizes. Still, concentrates meeting blast furnace

A4

IScavenger shaking table I

v

<&<——— Concentrate

ICIeaner shaking table I

v

Tailings —>,

Clean
Concentrate

Final

Tailings

tailings

Figure 4. Schematic representation of concentration
by shaking table
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specifications could not be achieved by shaking
table alone as the Fe grades remained below
58.08 % (Sivrikaya and Arol, 2012). Seifelnassr
et al. (2012) studied concentration of low-grade
hematite ore by shaking table and high-intensity
wet magnetic separators. They obtained best
results by using shaking table followed by magnetic
separator. They exhibited that the concentrate
grade could not be increased above 44.9 % Fe by
shaking table alone, but table concentrates could
be upgraded up to 65.5 % Fe with 69.0 % overall
recovery by magnetic separation.



Falcon concentrator enhances gravity by
employing centrifugal field. Increased gravity
dominates over drag, frictional and buoyancy
forces and hence accelerates sedimentation
of particles which causes differential settling of
particles that lead to separation (or concentration).
They are usually used in the separation of fine
particles. The feed materials were prepared
at three different size ranges of -150+106 um,
-106+53 um and -53 um. A 150 g of sample was
used for each test and the tests were carried out at
four different gravitational forces of 20 G, 30 G, 40
G and 60 G. Preliminary tests showed that almost
all of the feed material reported to concentrate at
gravitations above 60 G. The obtained recovery
and grade results given in Table 3 indicates
a decreasing grade with increasing recovery
which increased with particle size and centrifugal
gravitation. Similar results were obtained by
authors who worked on concentration of iron ores
utilizing Falcon concentrator (Vapur et al., 2020;
Nayak and Pal, 2013). The increased concentrate
grade with decreasing size was obviously due to
further liberation of particles. On the other hand,
the increased recovery with particle size can
be attributed to more acceleration of heavier
particles than lighter particles at fixed gravitation.
The cleanest concentrate with 49.43 % Fe was
obtained with 67.43 % recovery for -53 m material
at 20 G conditions (Table 3). The grades of other
concentrates remained fairly below 50 % Fe,
hence no impurity analysis was carried out on
them.

2.2. Low-intensity Magnetic (dry and wet)
Separation

Magnetic separators concentrate ores
by separating minerals having different
susceptibilities in magnetic field. Ferromagnetic
minerals (e.g., magnetite) and paramagnetic
minerals (e.g., hematite) are widely treated by
low and high-intensity magnetic separators,
respectively (Sivrikaya and Arol, 2012). Different
size fractions were separated by drum type dry
and wet magnetic separators. Approximately 3.0
kg of dry solids was used for each test and the
rougher concentrates were subjected to cleaning
stage under the same conditions to obtain clean
concentrates. Dry magnetic separation was
applied to relatively larger sizes than wet magnetic
separation as explained in Figure 3. The position
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of the splitters of dry separator was adjusted and
fixed to obtain only two products (i.e., concentrate
and tailings). Rotational drum speed of the dry
separator was kept low to avoid centrifugation and
slip over of particles (especially large particles)
from the drum surface (Seifelnassr et al., 2012).

As seen from Table 3, clean concentrates could
not be obtained by dry magnetic separation. The
recoveries were 85.55 and 83.30 % for -2360 and
-850 um sizes, respectively, with corresponding
4595 and 47.69 % Fe grades. Only slight
differences were observed in the recovery and
grade of the concentrates despite the large
difference in the feed sizes. The concentrate
grades were far from meeting blast furnace
feed specifications, thus the concentrates were
additionally subjected to one stage wet magnetic
separation. As seen from Table 3, the concentrate
grades instantly increased to 59.25 and 61.15 %
Fe for -2360 and -850 um sizes, respectively, but
the overall recoveries decreased to 77.17 and
79.01 %. Significant increase in grade and slight
decrease in recovery showed the requirement of
wet magnetic separation even for large sizes.

The wet magnetic separation tests were carried
out on relatively finer size (-850, -500, -300, -150
and -106 um) materials. As seen from Table 3, the
cleanest concentrates (up to 65.66 % Fe) were
obtained by wet magnetic separation with high
recoveries (> 76 %). The amount of Al203, SiO2
and alkali (Na,0+K,0) content of concentrates
was as low as 3.56, 0.26 and 0.11 %, respectively.
The worst result was obtained at the largest
particle size of -850 um. A general increase in
the grade and slight variations in recovery was
seen with decreasing particle size. When the
separation methods were compared (Table 3), itis
seen that at fixed recoveries cleaner concentrates
was obtained by wet magnetic separation.
The separation result exhibits the necessity of
liberation of particles by fine grinding (Sivrikaya
and Arol, 2012) as well as utilization of wet
magnetic separation for efficient concentration of
low-grade magnetite type iron ores.

The effect of size and fine particles on separation
was further investigated by scrubbing of feed
material and then removal of fine material before
wet magnetic separation. As illustrated in Figure
5, the -2360 um samples were first subjected
to scrubbing for various times (15, 30, 60, 120
min.) and then -75 um size was removed as fine
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material. The results plotted in Figure 6 showed
that after removal of fines, feed and concentrate
grades increased from 30.96 to 36.95 % Fe
and from 52.78 to 55.47 %, respectively, with
increasing scrubbing time. The recovery did not
change notably with scrubbing time as remained
around 80 %.
Feed (-2360 um)

IScrubbing {15, 30, 60 and 120 min) |

h 4
75 um size PlWet steving (75 jum) |

+75 um size

k4
ILDW Intensity Wet Magnetic Separation (LIWLS) |

Rougher concentrate Rougher talings

l

|LDW Intensity Wet Magnetic Separation (LIWRLIZ) |

|
v v

Final Concentrate Middlings

Figure 5. Concentration flow sheet by wet magnetic
separation following scrubbing and desliming.

100

I Feed grade, % Fe
I Concentrate grade, % Fe

80 I Recovery, %

60 [

40

Fe grade/recovery, %

20

15 min. 30 min. 60 min. 120 min.

Scrubbing time, min.

0 min.

Figure 6. Effect of scrubbing time and desliming on
feed grade and wet magnetic separation

It is seen that simple scrubbing and removal of
fines (desliming) could not increase the grade
satisfactorily as similar results were obtained
in the separation of -850 um size feed by the
same method. But, when compared to finer
sizes discernibly lower grades were obtained at
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certain recoveries. When the size reduction at
long scrubbing times was taken into account, the
results can be explained by additional liberation
of particles rather than deleterious effect of fine
sizes. It can be concluded that liberation is more
important than the presence of fine materials
in low-intensity wet magnetic separation. The
reason is attributed to presence of low amount
of aluminous minerals in the ore that can cause
severe slime problems. Concentrates containing
significantly low amount of alkali (i.e., Na,O, K,0)
could be obtained by wet magnetic separation
alone.

CONCLUSION

Beneficiation of low-grade iron ore from
Dogansehir (Malatya, Turkey) region was studied
by utilizing gravimetric and magnetic separation
methods. The ore containing mainly magnetite as
valuable mineral was classified into different size
fractions for concentration and the results were
compared in terms of iron grade and recovery.
The following conclusions were drawn from the
tests;

1. Separation tests carried out for various sizes
showed that the results depended largely on
particle size, and hence liberation of particles, as
cleaner concentrates was generally obtained at
finer sizes.

2. Wet magnetic separation yielded much cleaner
concentrates than dry magnetic separation and
gravimetric methods at fixed recoveries. The
presence of fine size particles did not cause
slime problem in the low-intensity wet magnetic
separation.

3. The concentrates from wet magnetic separation
generally meet blast furnace feed specifications.
A concentrate assaying 65.66 % Fe, 3.40 %
Si0,, 0.26 % ALO, and 0.38 % K,0+Na,O was
obtained with 78.11 % recovery by wet magnetic
separation.

4. The suggested wet magnetic separation flow
sheet can be applied to similar low-grade iron
ores in the region.
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Bu ¢alismada, kromit zenginlestirilmesinde nihai artik olarak elde edilen bir olivin numunesindeki
demirigerigininmanyetikayirmayontemleriile azaltilabilme potansiyeliincelenmistir. Bukapsamda,
oncelikle numune +212, -212+150 ve -150 um olarak Ug fraksiyona ayrilmistir. Sonrasinda iri
boyutlara kuru, ince boyuta ise yas manyetik ayirma uygulanmistir. Sonuglar manyetik olmayan
fraksiyonun agirlik ylzdesi, Fe,O, icerigi ve demir giderimi (%) gibi parametreler kullanilarak
degerlendirilmistir. Ayrica manyetik olmayan fraksiyonlardaki mineralojik fazlarin miktarlarindaki
degisimler XRD analizleri ile belirlenmistir. +212 ve -212+150 um igin optimum degerlere sirasiyla
0,50-0,75 ve 1,0-2,0 A akim siddeti araliklarinda ulagilabilecegi tespit edilmistir. Her ne kadar
karsilagtirilabilir olmasa da, -150 pm igin ise efektif ayirmanin 2,0-3,0 A araliginda saglandigi
gorulmustir. Kiigilen tane boyutu ile azalan demir icerikleri elde edilen bu sonuglari dogrular
niteliktedir. XRD desenlerindeki demir igerigi yiksek fazlarin pik siddetlerindeki azaliglarin da
yine manyetik ayirma sonuglari ile uyumlu oldugu tespit edilmistir. Genel sonuglar, olivince
zengin numunedeki demir iceriginin manyetik ayirma ile refrakter hammaddesi igin gerekli sinir
degerlere diisurilebilecegini gostermistir.

ABSTRACT

In this study, the potential of reducing the iron content in an olivine sample obtained as the
final tailing in chromite enrichment was examined via magnetic separation methods. Within this
scope, the as-received sample was firstly divided into three fractions as +212, -212+150 and
-150 um. Dry magnetic separation was then applied to the coarse fractions and wet magnetic
separation for the fine fraction. The results were evaluated using parameters such as the weight
percentage of non-magnetic fraction, Fe,O, content and iron removal (%). In addition, changes
in the quantities of mineralogical phases in non-magnetic fractions were determined by XRD
analysis. For +212 and -212+150 um, it was determined that optimum values can be reached in
the current intensity ranges of 0.50-0.75 and 1.0-2.0 A, respectively. Although not comparable, it
was observed that the effective separation for -150 um was achieved in the range of 2.0-3.0 A.
Iron content decreasing with decreasing particle size confirms these results. The decreases in
the peak intensities of the phases with high iron content in the XRD patterns were also found to be
compatible with the magnetic separation results. Overall results showed that the iron content in
the olivine rich sample can be reduced to the limit values required for the refractory raw material
by magnetic separation.
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GiRiS
Forsterit(Mg,SiO,) ve fayalit (Fe,SiO,) minerallerinin
kati ¢oOzeltisi seklinde dogada bulunan olivin,
(MgFe),SiO, kimyasal formili ile ifade edilir ve
disuk silis iceren ultrabazik ve bazik kayaclardaki
en bol bulunan mineraldir (Acar, 2020; Michel
vd., 2013; Orgiin ve Erarslan, 2012). Ortorombik
sistemde kristallenen olivinin rengi icerigindeki
fayalit miktarina bagli olarak koyu yesil ile agik
yesil arasinda degisir. Mohs sertligi 6-7 ve 6zgll
agirhgi da yine fayalit icerigine gore 3,22-4,39 g/
cm? arasinda degiskenlik gosterebilir (Klglkoglu,
2016; Orgiin ve Erarslan, 2012).

Olivinin en yaygin kullanimi demir-celik Gretiminde
curuf dizenleyicisi olarak ylUksek firinlarda
gerceklesmektedir. Refrakter malzeme ham
maddesi ve dokim kumu olarak kullanimlari da
diger yaygin uygulamalaridir (Acar, 2020; Furlani
vd., 2015; Qafoku vd., 2018). Bunun yaninda
olivinin asindirici ve denge malzemesi, asitli
topraklarin slahi, endustriyel, tibbi ve nukleer
atiklarin bertarafi, CO, saliniminin kontrold, asit
maden drenajinin rehabilitasyonu ve sis tasi
olarak kullanimi gibi gok farkli uygulama alanlari da
mevcuttur (Kiigikoglu, 2016; Orgiin ve Erarslan,
2012).

Olivinin forsterit iceridi, ylksek ergime sicaklig
(1890 °C) ve disuk 1sil genlesme ve 1si iletkenligi
gibi Ustin o6zelliklerinden dolay! refrakter ham
maddesi olarak kullaniminda son derece 6énemili bir
parametredir ve olabildigince ylksek olmasi istenir
(Barzegar vd., 2014; Hossain vd., 2017; Khattab
vd., 2015). Diger yandan, fayalit iceriginin ise
mumkin oldugunca az olmasi arzu edilir. Bunun
temel nedeni fayalitin 1205°C’lik ergime sicakhgi
dolayisiyla olivinin ergime sicakhgini distirmesidir.
Bunun yaninda, fayalit bozundugunda ortamda
serbest silika ve demir oksit fazlari olugur. Silika
direkt olarak forsterit ile reaksiyona girerek
hem forsterit miktarini azaltir hem de forsterite
gore diger bir dusuk ergime sicaklikli (1557°C)
enstatit (MgSiO,) fazinin olusmasina neden olur.
Serbest demir oksit ise refrakter malzemelerde
bir bagka istenmeyen 6zellik olan reakitifligi arttirir
(Dlugogorski ve Balucan, 2014; Kigukoglu, 2016;
Michel vd., 2013; Nemat vd., 2016).

Bu nedenlerden dolay1 % 15°ten fazla fayalit veya
% 6'dan fazla Fe,O, igeren olivin refrakter endistrisi
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icin uygun degildir. Her ne kadar olivine 6gutilmus
magnezya, MgO (sinterlenmis manyezit) ilavesi
ile bu olumsuz etkilerin énitine gegilebilse de, bu
kez de olivine gbre daha pahali olan magnezya
kullanimindan kaynaklanan maliyet prosesin
uygulanabilirligini negatif ydnde etkilemektedir
(Acar, 2020; Colak vd., 2004; Kugukoglu, 2016;
Orglin ve Erarslan, 2012).

Kromitin en 6énemli gang mineralleri olivin ve
serpantindir. Kromit zenginlestiriimesinde artik
urin olarak elde edilen olivin icerigindeki demir
oranina bagli olarak farkli manyetik duyarlihk
degerleri gosterebilir (Hacioglu, 2010; Kidiman,
2009). Bu noktadan hareketle olivini olusturan
tanelerin de farkli demir iceriklerine ve dolayisiyla
farkll manyetik duyarlilik degerlerine sahip oldugu
soylenebilir.

Bu calismada, bir kromit cevheri zenginlestirme
tesisinde nihai artik olarak elde edilen olivince
zengin numunenin refrakter malzeme hammaddesi
olarak kullanimi amaciyla demir i¢eriginin manyetik
ayirma yontemleri ile azaltilabilme potansiyeli
incelenmistir.  Ylksek magnezyum icerigine
sahip ve ayni zamanda 6gutme ve kalsinasyon
gerektirmeyen bu artigin kullanimi ile elde
edilebilecek ucuz refrakter hammaddesi, proses
maliyetlerindeki azalma, atik bertarafi ve dogal
hammadde ihtiyacindaki azalis gibi ekonomik ve
cevresel kazanimlar ¢alismanin temel gerekgesini
olusturmaktadir.

1. MALZEME VE METOT

1.1. Malzeme

Bu calismada kullanilan olivince zengin numune
bir kromit cevheri zenginlestirme tesisinin nihai
artik Uranuddr. Tesiste 6ncelikle dusuk 6zgll
agirlikli serpantin sallantili masa ile ayrilmaktadir.
Sonrasinda kurutma ve boyutlandirma iglemlerini
takiben kromit ve olivin mineralleri arasindaki
manyetik duyarhlik farkindan yararlanilarak
kromit zenginlegtiriimektedir.

1.2. Metot
1.2.1. Numune Karakterizasyonu

Numunenin temel kimyasal bilegenleri TS EN
15309 standardi  uyarinca  Spectro 1Q



X-1igin1 floresans (X-ray Fluorescence; XRF)
spektrometresi ile belirlenmistir. Kizdirma kaybi
(KK) degeri hem XRF sonuglarindan hem de
firnda hava ortaminda 750°C’de 3 saat sonunda
meydana gelen kitle kaybindan hesaplanmistir.
Tane boyut dagilimi yas elek analizi ile
belirlenmistir. Mineralojik analiz icin PANalytical
Empyrean  X-isini  difraktometresi  (X-ray
Diffraction; XRD) kullaniimistir. XRD desenleri Cu-
Ka radyasyonu (A = 1.54051 A) kullanilarak 10-
80° 2Teta araliginda 45 kV ve 40 mA kosullarinda
kaydedilmistir.  Mikroyapisal  karakterizasyon
ise ylksek ¢ozunurlikli Zeiss Sigma 300
taramali elektron mikroskobu (Scanning Electron
Microscopy; SEM) yardimiyla belirlenmisgtir.

1.2.2. Manyetik Ayirma

Bu calismada laboratuvar tipi disuk alan
siddetli kuru (Carpco, elektro-miknatisli doner
tambur tip) ve ylksek alan siddetli yas manyetik
(Carpco, demir bilyal tip) ayiricilar kullaniimistir.
Bu cihazlar yalnizca elektrik akim siddeti (A)
degerlerini goOsterdiginden ve manyetik alan
siddetinin (Gauss veya Tesla) dlgulebilecegdi bir
cihaza erisim bulunmadigindan, manyetik alan
siddeti dolayl olarak elektrik akim siddeti ile ifade
edilmeye calisiimistir.

Gergeklestirilen 6n denemelerde, numuneye
direkt manyetik ayirma uygulanmis fakat son
derece disuk verim degerleri elde edilmistir.
Bunun yaninda, -150 ym boyutlu tanelerin literatir
verileri ile uyumlu olarak kuru ayrilmasinin gig
oldugu tespit edilmistir (Hacifazlioglu, 2011). Bu
nedenlerden dolayr ve Sekil 1’deki tane boyut
dagilmi da g6z o6nidnde bulundurularak boyut
etkisini azaltmak ve ayirma verimini artirmak
amaclyla numune +212,-212+150 ve-150 pm
olarak U¢ fraksiyona ayrnimistir. Bunlardan
+212 ve -212+150 ym’ye kuru, -150 ym’ye ise
yas manyetik ayirma uygulanmistir. Cizelge
2'den gorulecedi Uzere, fraksiyonlarin agirhk
yuzdelerine bakildiginda +212, -212+150 ve -150
um igin sirasiyla 24,37, 27,28 ve 48,35 degerleri
elde edilmistir. Diger bir deyigle, fraksiyonlarin
agirlik yuzdeleri gbz énunde bulundurularak bu
boyut araliklari segilmistir.

Manyetik ayirma islemleri sonucunda elde edilen
manyetik olmayan fraksiyonlardaki Fe,O, igerigi
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ve mineralojik fazlar sirasiyla XRF ve XRD
analizleri ile belirlenmistir. Manyetik olmayan
fraksiyonlardaki demir giderimi agagidaki formdle
(Esitlik 1) gore hesaplanmistir.

Giderim (%) = (1 -~ )x100 (1)

100xf,

Formilde C ve c sirasiyla manyetik olmayan
fraksiyonun beslemeye goére agirigini (%) ve
Fe,O, igerigini (%), f ise beslemedeki Fe,O,
icerigini (%) ifade etmektedir.

2. BULGULAR VE TARTISMA

21. Karakterizasyon Analizleri

Olivince zengin artigin temel kimyasal bilesenleri
ve KK degeri Cizelge 1’de verilmigtir. Cizelge
1’den goéruldigu Uzere, numune %50,03 gibi
oldukga ylksek bir MgO igerigine sahiptir.
Bununla birlikte, %7,32'lik Fe,O, igeriginin olivin
refrakter icin endistride belirlenmis Ust sinir deger
olan %6’dan yuksek oldugu gorulmektedir (Acar,
2020; Kugukoglu, 2016). XRF sonuglarindan
elde edilen ve firinda tespit edilen KK degerleri
birbirine ¢ok yakindir ve ortalama deger yaklasik
%1,1°dir. Bu sonug, elde edilen KK degeri %2’nin
altinda oldugundan numunenin refrakter malzeme
hammaddesi olarak  kullanimi  6ncesinde
kalsinasyon iglemine gereksinim bulunmadigini
gOstermektedir (Acar, 2020; Kigukoglu, 2016).

Cizelge 1. Numunedeki temel kimyasal bilesenler

Parametre (%)

MgO 50,03

SiO, 38,24

Fe,O, 7,32

Cr,0, 1,59

ALO, 0,72

KK 0,98

KK (750°C-3h) 1,19
Numunenin tane biydkligd dagilimi  Sekil
1’de gorilmektedir. Elek analizi sonuglarinin

interpolasyonundan numunenin ortalama tane
boyutu(d,,)yaklasik 153 ymolarak hesaplanmistir.
Elde edilen bu sonug artik malzemenin bir bagka
maliyetli igslem olan 6gutmeye de gereksinim
duymadigini géstermektedir (Acar, 2020).
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Sekil 1. Numunenin tane boyut dagilimi

Olivince zengin numunenin iki farkh blyttme orani
icin SEM goruntuleri Sekil 2'de gosteriimektedir.
Sekil 2 (a)'da goruldigu gibi, numune godunlukla
iri boyutlu ve duzensiz sekilli tanelerden
olugsmaktadir. Temel olivin yapisi Uzerindeki
diizensiz sekilli ve nano boyutlu pargaciklar da
Sekil 2 (b)'de gorilmektedir.

Sekil 3 numunedeki kristal fazlari ve bunlarin
hesaplanmis yiizdelerini gostermektedir. XRD
verilerinin de@erlendiriimesinde X'Pert HighScore
Plus yazilimi ve ICSD (Inorganic Crystal Structure
Database) veri tabani kullaniimistir. Kristal fazlarin

numune igerisindeki ytzdeleri kullanilan yazilim
tarafindan otomatik olarak hesaplanmistir.

Sekil 2. Numunenin SEM gorintuleri

70000
FD:Diisik demir icerikli forsterit
FY:Yiiksek demir igerikli forsterit L; 8%
60000 L:Lizardit E:Demir igerikli enstatit H:Hersinit
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Sekil 3. Numunenin mineralojik igerigi
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Sekil 3'den gorildigld  Gzere, numunenin
%82’'si  olivin minerallerinden olusmaktadir.
Bunlar numunenin  %70Q’ini olusturan dusuk

demirli forsterit (Mg, ,.Fe,,,SiO,, ICSD 98-001-
7886) ve %12’sini olusturan yiksek demirli
forsterit (Mg, .,Fe,,,Si0,, ICSD 98-002-8551)
fazlandir. Ek olarak, demir igerikli enstatit
(Mg, ,Fe,.3:5,0, 1CSD  98-002-4067) ve
hidrate silikat minerallerinden serpantin grubu
icerisinde yer alan lizardit (Mg,Si,O,H,, ICSD
98-003-8534) sirasiyla numunenin %6 ve 8'ini
olusturan diger magnezyum silikat mineralleridir.
Numune ayrica spinel grubu minerallerinden
hersinit (Al ,,Fe,,.Mg,,,0, ICSD 98-008-5975)

fazini da %4 oraninda icermektedir.

2.2. Manyetik Ayirma Sonuglari

Manyetik ayirmanin en temel prensiplerinden biri
beslemenin mimkin oldugunca yakin boyutlu
taneciklerden olugsmasi gerektigidir (Kidiman,
2009). Bu nedenle o6ncelikle numune +212,
-212+150 ve -150 pm olarak U¢ fraksiyona
ayrilmigtir. Bunlarin numune igerisindeki agirliklari
ve demir icerikleri Cizelge 2’de gdsterilmigtir.

Cizelge 2. Boyut fraksiyonlarinin agirliklari ve demir
icerikleri

Fraksiyon (um) Agirlik (%) Fe, O, (%)
+212 24,37 8,47
-212+150 27,28 7,79
-150 48,35 6,63
Besleme 100,00 7,32

Cizelge 2de goruldigu gibi, tane boyutu
kiguldikce demir igerigi azalmaktadir. Bu
durumun demir igerigi ylksek olan tanelerin
kirlmaya karsi1 daha fazla direng gostererek by ik
boyutlarda yogunlagsmasindan kaynaklandigi
dusundlmektedir. +212ve -212+150 pm kuru, -150
MM ise yas manyetik ayirmaya tabi tutulmustur.

2.2.1. Kuru Manyetik Ayirma

Onciil denemeler sonucunda ayiricinin konumu
icin 100° (yatayla yapilan agi), tambur ve elektro-
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miknatis arasindaki mesafe i¢in 35 mm (tambur
merkezinden elektro-miknatisa dik dogrultuda)
ve tambur doénus hizi i¢in ise +212 ve -212+150
pUm icin sirasiyla 25 ve 30 devir/dakika olarak
optimum degerler belirlenmis ve bunlar deneyler
boyunca sabit tutulmustur. Boylelikle ayirmanin
yalnizca uygulanan elektriksel akim siddeti yani
dolayisiyla manyetik alan siddeti degiskenine
bagli olmasi saglanmistir.

Kazanilan manyetizmanin uygulanan manyetik
alan siddetine orani olarak ifade edilen manyetik
duyarlilik, malzemelerin miknatislanma degerinin
bir olcisu olarak kabul edilmektedir. Manyetik
duyarhlik, Sl birim sisteminde kitlesel (x, m%kg)
veya hacimsel (k, birimsiz) olarak ifade edilebilir ve
uygulanan alan siddeti ve 6lgiim yapilan sicakliga
bagli olarak degiskenlik gosterir (Biedermann vd.,
2014; Canbay ve Kurtulus, 2008; Ferre ve Martin,
2004). Olivinin manyetik duyarliligi, magnezyumca
zengin diyamanyetik ug Gyesi forsterit (Mg,SiO,)
ve demirce zengin paramanyetik u¢ Uyesi fayalitin
(Fe,SiO,) sahip oldugu manyetik duyarliliklar
arasinda degisir. Oda sicakhdi ve dusik manyetik
alan siddeti kosullarinda, forsteritin ve fayalitin
manyetik duyarliliklari (k) Sl birim sisteminde
siraslyla -9x10% ve 3646x10°dir. Bu kosullarda
olivinin manyetik duyarlihd: ise blylk olcide
Fe*? igeriginin bir fonksiyonu olarak bu iki ug tye
arasinda dogrusal olarak degisir (Ferre ve Martin,
2004).

Sekil 4 akim siddetine bagli olarak +212 ym igin
elde edilen manyetik olmayan fraksiyonlarin XRD
desenlerini gostermektedir. Sekil 4’te gorildugi
gibi, diamanyetik lizardit (serpantin) manyetik
alandan etkilenmemistir. Olivini olusturan diger
tim fazlar farkli manyetik duyarliliklara sahip
paramanyetik minerallerdir. Bunlardan enstatit
0,5 A akim siddeti igin dahi tamamiyla manyetik
fraksiyona gecmistir. Hersinit icin ise bir miktar
azalma go6rulmis fakat daha ylksek akim
siddetlerinde herhangi bir degisim gézlenmemistir.
Numune ¢ok buaydk bir oranda farkli demir
iceriklerine sahip forsterit (olivin) tanelerinden
olustugundan c¢alismanin kalan bdélimindeki
XRD analizlerinde forsterite ait pik siddetlerindeki
degisimlere odaklaniimigtir.

Sekil 4’e goére, 0,5 A igin manyetik olmayan
fraksiyonda disuk demir icerikli forsterit (FD)
piklerinin gogunun siddeti artarken ylksek demir
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icerikli forsterit (FY) piklerininkiler ise azalmistir.
Bazi FD pik siddetlerinin ise ya ¢ok az degistigi
(2Teta: 35,714°, 40,072°, 52,532° ve 67,209°)
veya azaldigi (2Teta: 32,350°) gorlImustar.
Bunun FD olarak kabul edilen fazlarin dahi
birbirinden farkli demir igeriklerine sahip olmasi
dolayisiyla farklh manyetik duyarhliklarindan
kaynaklandigi digsunulmektedir. Akim 1,0 Ale
yukseltildiginde goreceli olarak disuk demirli
FD’lerin  bir kisminin  manyetik fraksiyona
gecisinden kaynakli bazi FD piklerinin (2Teta:
17,413°, 36,530°, 38,303°, 39,688° ve 62,781°)
siddetlerinde bir azalis gorulmektedir. 2,0 A
akim siddeti icin ise XRD deseninde belirgin bir
degisim gézlenmemisgtir.

—2,0A
—10A
—05A
—+212 mikron

[N e

FD:Diisik demir igerikli forsterit
FY:Yiksek demir igerikli terit
L:Lizardit E:Demir igerkkli enstatit H:Hersinit

10 20 30 40 50 60 70 80
Pozisyon (°2Teta)

Sekil 4. +212 pm icin elde edilen manyetik olmayan
fraksiyonlarin XRD desenleri

Cizelge 3. +212 pym icin manyetik ayirma sonuglari

Akim Siddeti Agirik  Fe,O, Giderim
(A) (%) (%) (%)
0,50 50,55 6.78 59,54
0.75 22,07 4,84 87.39
1,00 13,96 3,35 94,48
2,00 8,69 2,63 97,30

+212 um igin elde edilen manyetik ayirma

sonuglari Cizelge 3'te verilmistir. Cizelge 3’e gore,
0,5 Aiigin beslemenin agirlikga %50,55’i manyetik
olmayan fraksiyon olarak %6,78'lik Fe,O, icerigi
ile ayrilmis ve demir giderimi %59,54 olarak
gerceklesmistir. Elektriksel akim siddeti 0,75 Ae
cikarildiginda manyetik olmayan fraksiyonun
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agirhgr ve Fe,O, igerigi sirasiyla %22,07 ve
%4,84 olarak gerceklesmis ve buna paralel olarak
demir giderimi %87,39’a yukselmistir. 1,0 ve
2,0 A degerleri igin sirasiyla %94,48 ve %97,30
gibi ¢cok ylksek demir giderimi saglansa da elde
edilen ¢ok disik madde miktarlari nedeniyle
uygulanmasinin gu¢ oldugu tespit edilmistir.
Olivin refrakter igin belirlenen Fe,O, Ust sinir
degeri %6 oldugundan 0,50-0,75 A araliginin
daha hassas bir sekilde test edilmesi gerektigi
sonucuna varilmistir.

Sekil 5 artan akim siddetine gére -212+150 um
icin elde edilen manyetik olmayan fraksiyonlarin
XRD desenlerini gdstermektedir. Sekil 5’ten
gorulecegdi uzere, 0,5 A icin manyetik olmayan
fraksiyonda FD piklerinin dnemli bir kisminin
siddeti artarken FY piklerininkiler ise beklendigi
gibi azalmigtir. +212 mikrona benzer sekilde,
bazi FD piklerinin ya az miktarda degistigi (2Teta:
17,413°, 25,457° ve 62,781°) veya blylk oranda
azaldigi (2Teta: 22,936° ve 32,350°) gorilmustir.
Akim siddeti 1,0 A'e ¢cikarildiginda artan manyetik
alan siddetinden dolay! 0,5 A igin artis gorilen
bazi FD piklerinde (2Teta: 35,714°, 36,530° ve
61,779°) dnemli 6lciide azalis meydana gelmisgtir.
2,0 Aicin ise Ozellikle bazi FD piklerinde (2Teta:
22,936° ve 35,714°) dikkat cekici dliizeyde artis
gOzlenmistir.

—2,0A
—1,0A
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——-212+150 mikron
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Sekil 5.-212+150 ym igin elde edilen manyetik olmayan

fraksiyonlarin XRD desenleri

-212+150 pm icin elde edilen manyetik ayirma
sonuglari Cizelge 4’te verilmistir. Cizelge 4’e
gore, 0,5 A icin beslemenin agirlikga %82,30°u
manyetik olmayan fraksiyon olarak ayriimis



fakat demir giderimi %24,99'da kalmistir. 0,75
A icin manyetik ayirma sonuglarinda ¢ok kuguk
degdisimler meydana gelmistir. Akim siddeti 1,0
Ae yikseltildiginde dahi manyetik olmayan
fraksiyonun agirhigr ve Fe,O, igerigi igin sirasiyla
%69,02 ve %6,52 degerleri elde edilmis ve
demir giderimi %42,23 olarak gerceklesmistir.
2,0 Ade ise %5,20'ik Fe,O, igerigi %36,20'lik
agirlik ile elde edilmis ve demir giderimi %75,84’e
yUkselmistir. Yine Fe,O, igerigi igin Ust sinir g6z
Oonldne alindiginda, uygulanmasi gereken akim
siddetinin 1,0-2,0 A arasinda olmasi gerektigi
belirlenmistir.

Cizelge 4. -212+150 pym icin manyetik ayirma sonuglari

Akim Siddeti  Agiriik Fe,O, Giderim
(A) (%) (%) (%)
0,50 82,30 7,10 24,99
0,75 79,27 6,89 29,89
1,00 69,02 6.52 42,23
2,00 36,20 5,20 75,84

2.2.2. Yag Manyetik Ayirma

Yas manyetik ayirmada pulp yogunlugu icin
agirlikgca %20 ve kati besleme hizi igin ise
9 kg/sa degerleri deneyler boyunca sabit
tutulmustur. -150 ym icin elde edilen manyetik
olmayan fraksiyonlarin XRD desenleri $ekil 6’da
sergilenmistir. Kuru manyetik ayirmadan farkl
olarak 1,0 Aigin XRD deseninde giris numunesine
gore iki pik (2Teta: 17,413° ve 52,231°) haricinde
g6ze carpan bir dedisim goézlenmemigstir. Akim
siddeti 2,0 A’e ¢ikarildiginda ise 6zellikle 17,413°
ve 36,530° 2Teta degerlerindeki FD piklerinde
Onemli artiglar gbézlenmistir. 3,0 A icin ise 2,0
A icin yUkselis gdsteren iki pikte blylk azalig
meydana gelirken bazi dnemli FD piklerinde
(2Teta: 22,936°, 32,350°, 52,231° ve 61,779°)
ise dikkate deger artiglar meydana gelmistir.
Akim siddeti 4,0 A degerine yukseltildiginde,
22,936°, 32,350° ve 61,779° konumlarindaki
onemli piklerde azalis meydana gelirken 35,714°
ve 62,781° konumlarindaki piklerde ise artis
gOrulmektedir.
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Sekil 6. -150 pm i¢in elde edilen manyetik olmayan
fraksiyonlarin XRD desenleri

-150 pm igin elde edilen manyetik ayirma
sonuglari Cizelge 5’te verilmistir. Cizelge 5e
gbre, 1,0 A icin beslemenin agirlikca %83,77’si
manyetik olmayan fraksiyon olarak ayriimis
fakat demir giderimi %19,77'de kalmigtir. 2,0
A igin %5,92'lik Fe,O, igeridi %69,80’lik agirlik
ile elde edilmis ve demir giderimi %37,67’ye
yukselmistir. Akim siddeti 3,0 A'e yikseltildiginde
Fe,O, igerigi %5,16'ya cekilmis ve agirlk ve
demir giderimi sirasiyla %45,03 ve %64,95 olarak
gergeklesmistir. 4,0 Aigin ise agirlik, Fe, O, igerigi
ve demir giderimi igin sirasiyla %37,58, %4,79 ve
%72,85 degerleri elde edilmistir. Ozellikle Griin
miktari ve demir icerigi gdéz 6nune alindijinda
bu fraksiyon igin 2,0-3,0 A arasinda uygulanabilir
bir manyetik alan siddeti saglanabilecegi tespit
edilmistir.

Cizelge 5. -150 ym igin manyetik ayirma sonuglari

Akim Siddeti Ago| rlik Fe°203 G;i?
(A) (%) (%) %)
1,0 83,77 6,35 19,77
20 69.80 5.92 37.67
3.0 45,03 5,16 64,95
4,0 37,58 4,79 72,85

Cizelge 3-5 birlikte ele alindiginda, tane boyutu
inceldikce demir giderim verimlerinin azaldig
gorulmektedir. Optimum degerlerin +212 ve
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-212+150 pm igin sirasiyla 0,50-0,75 ve 1,0-
2,0 A araliklarinda elde edildigi g6z Onlne
alindiginda, bu durunum tanelerin manyetik
duyarllik farklarinin +212 ym igin ¢ok daha az
olmasindan  kaynaklandigi  disuntlmektedir.
Diger bir deyisle, taneler dar bir manyetik
duyarlilik araliginda toplandigindan daha efektif
bir sekilde ayrilabilmektedir.

SONUCLAR

Deneysel sonuglar+212 um fraksiyonun %38,47’lik
Fe,O, igeriginin 0,50, 0,75, 1,0 ve 2,0 A elektriksel
akim siddetleri icin sirasiyla %6,78, 4,84, 3,35 ve
2,63 degerlerine dusurulebilecegini gdstermigtir.
Bununla birlikte, elde edilen ¢ok dislik madde
miktarlari 0,75 A Gzerindeki degerleri mimkin
kilmamaktadir. -212+150 pym igin ise 0,50 ve
0,75 A oldukga diistik demir giderimlerine neden
olmustur. %7,79 Fe,O, icerigine sahip besleme
1,0 ve 2,0 A igin sirasiyla %6,52 ve 5,20'ye
cekilmigtir. Ozetle optimum degerlere +212 ve
-212+150 pm igin sirasiyla 0,50-0,75 ve 1,0-
2,0 A araliklarinda ulagilabilecegdi belirlenmistir.
-150 ym fraksiyonun yas manyetik ayirma ile
%6,63'lik Fe,O, igeriginin 2,0, 3,0 ve 4,0 A
icin sirasiyla %5,92, 5,16 ve 4,79 degerlerine
azaltilabilece@i goérulmustur. Her ne kadar kuru
manyetik ayirma ile kargilastirilabilir olmasa da,
bu fraksiyon igin optimum degerlerin 2,0-3,0 A
araliginda elde edilebilecegi tespit edilmistir.
XRD sonuglari numune igerisinde serbest
halde bulunan demir icerikli enstatitin tamamen
spinel grubu minerallerin ise ¢ok buylk dl¢ude
uzaklastirilabilecegini gostermistir. Fakat asil
onemli olan ve c¢alismanin odak noktasini
olusturan olivin tanelerinin demir icerigindeki
farkliliklar ve bunlarin fiziksel olarak birbirlerinden
ayrilabilmesidir. XRD desenlerindeki demir
icerigi yUksek olivin fazlarinin pik siddetlerindeki
azaliglar calismanin temelini olusturan bu hipotezi
dogrular niteliktedir. Genel sonuglar, olivince
zengin bu kromit artigindaki demir igeriginin
manyetik ayirma ile refrakter hammaddesi
igin gerekli sinir degerlere dusurllebilecegini
goOstermistir. Ek olarak, 6gutme ve kalsinasyon
islemlerine gerek olmamasi ve bir artik
malzemenin kullanimi gibi ekonomik ve gevresel
faydalar bu ¢alismanin uygulanabilirligini cazip
hale getirmektedir. Bununla birlikte, endistriyel
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capta yapilabilirliginin belirlenebilmesi i¢in bu 6n
calismanin detaylandiriimasi gerektigi de g6z
ardi edilmemelidir.
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Bu galismada, kuyumcu atolyelerindeki gesitli faaliyetler sonucunda agiga gikan, yiksek altin ve
gumus iceriklerine sahip zemin stptirme artiklarindan metalik degerlerin gravite yontemleri ile
geri kazanilmasi amaglanmistir. Ayrica, bu artiklardaki degerli metalleri kazanmak igin uygulanan
i1sil islemler sonucunda olusan cruf igerisinde kalan altin ve giimisti konsantre etmek amaciyla
santriflj ayiricilar kullanilarak zenginlestirme deneyleri yapiimistir. Yikksek metal iceriklerine
sahip zemin slplrme artigi ile sarsintili masa, MGS (multi gravite separator) ve Knelson
konsantratorl kullanilarak yapilan zenginlestirme islemleri sonucunda, agirlikga %24,2 oraninda
bir agir Uriin 638 g/t Au ve 6227 glt Ag icerikleri ile Uretilmis, metal kazanma verimleri ise
siraslyla %84.,4 ve %82,2 olarak bulunmustur. Ciruf igerisinde ince boyutlarda hapsolmus altin
ve giimlig'lin kazaniimasi amaciyla malzeme ilk olarak 100 pm altina 6guttiimls ve daha sonra
santrifujlt ayiricilara beslenmistir. Knelson konsantratori ile yapilan zenginlestime galismalarinin
sonucunda, agirlikga %13,8 oraninda bir agir tirtin 30 g/t Au ve 52 g/t Ag icerikleri ile elde edilmis
olup, metal kazanma verimleri sirasiyla % 64,6 ve % 44,4 olarak bulunmustur.

ABSTRACT

In this study, it was aimed to recover metallic values by gravity methods from the floor sweeping
waste with high gold and silver contents, which are produced as a result of various activities in the
jewelry workshops. In addition, the metallic values that remains in the slag phase after thermal
process of the floor sweeping wastes were concentrated by centrifugal separators. As a result
of gravity separation tests in which the floor sweeping waste subjected to shaking table, MGS
(multi gravity separator) and Knelson concentrator, a heavy product (24.2% wt.) was produced
with 638 g/t Au and 6227 g/t Ag grades and the metal recovery rates were calculated as 84.4%
and 82.2%, respectively. The slag was first ground below 100 um and then fed to the centrifugal
separators in order to obtain fine size gold and silver particles that were trapped in the glassy
phase. As a result of enrichment studies with Knelson concentrator, a concentrate (13.8% wt.)
was obtained with 30 g/t Au and 52 g/t Ag grades, and the metal recoveries were found as 64.6%
and 44.4%, respectively.
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GiRiS

Dogada az olarak bulunmalari, islenebilirliklerinin
kolay olmasi, dayanikliklarinin ve dogal
parlakliklarinin ~ yiksek  olmasi  nedeniyle

soy metaller uzun yillardir dnemli bir yatirnm
aract  olarak  kullanilmaktadir.  Korozyona
kargi dayanikhhk, doévilebililik ve sineklik
Ozelliklerinden dolayr  kuyumculuk, elektrik-
elektronik, iletisim, havacilik ve discilik gibi birgok
onemli endustri alaninda altin vazgecilmez bir
metal olmustur. Gimuls ise Ozellikle yiksek
elektrik ve termal iletkenlik 6zellikleri nedeniyle
cok cesitli uygulamalarda tercih edilmektedir
(Burat ve Ozer, 2018; Loewen, 1989). Nifusun
artigi ve ileri teknoloji uygulamalarinda kullanilan
yuksek safliktaki degerli metallere olan talebin

yukselmesi nedeniyle geri kazanim, geri
doénlisim ve rafinasyon alanindaki calismalar
son zamanlarda, Ozellikle disik tenorll

cevherlere ve ikincil kaynaklara yogunlagsmistir.
Altin  ve gimdis, kuyumculuk ve elektronik
endulstrilerinde  kullanilan en populer soy
metallerdendir. Kuyumculuk endustrisi yaklasik
2117 t ile 2019 yilindaki kiresel altin talebinin
yizde 48,5ini olusturmaktadir. istatistiklere
gore, dunyadaki toplam altin arzi yaklasik 4365
t iken, birincil kaynaklardan Uretilen altin miktar
3300 t olmustur. Aradaki 1065 t fark ise ikincil
kaynaklardan kargilanmistir (Garside, 2020).
ikincil kaynaklar kendi aralarinda metalik olanlar
ve olmayanlar olarak iki gruba ayrlir. Metalik
olan kaynaklar; kuyumculuk hurdalari, eski
takilar, elektronik hurdalar, discilik hurdalari,
saat kayislari ve mahfazalari, gozlik gergeveleri,
saat pilleri, altin kapli hurdalar, telefon hurdalari
vb.’lerini icermektedir. Geri donlsim igin en
blylk kaynagi olusturan kuyumculuk hurdalari
kirlenme miktarina gore yuksek ve dusuk kaliteli
hurdalar olarak siniflandirilabilir (Canda vd.,
2016; Corti, 1997a; Corti, 1997b; Corti, 2002).
Genellikle %20'nin Uzerinde altin igeren yiksek
kaliteli hurda Uretime geri gonderilir ve dogrudan
geri kazanilabilir. Dusuk kaliteli hurdalarin ise
kalitesi yukseltiimeli ya da saf olarak yeniden
rafine edilmelidir.

Hurdalarin yeniden degerlendiriimesinde
bilesimi bilinen temiz ve yuksek kaliteli hurda
kullanilmasina, hurdanin oksitli olmamasina, yag
veya algl gibi ylzeydeki yabanci maddelerden
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iyice temizlenmis olmasina dikkat edilmelidir.
Metalik olmayan kaynaklarin basinda degerli
metal iceren karmasik yapidaki toz (atdlye ¢opleri,
havalandirma tozlari, cila ramatlari, mekanik
islem tozlari), lavabo sulari ve izabe artiklar
(caruf) diger bir deyisle ramatlar yer almaktadir.
Kuyumculuk iglemleri sonucu ortaya ¢ikan altin
kayiplari, Uretilen Grinin maliyetini arttirmakta
ve bu durum sektordeki rekabeti dogrudan
etkilemektedir (Kaspin ve Mohamad, 2015).

Cizelge 1. Cesitli artiklarda bulunan altin igerikleri
(Corti, 1997; Loewen, 1989)

Malzemeler Altin ‘I)gengl,
Yo

Eski takilar 39-73
Discilikten gelen altin hurdalari 50-90
Kuyumcu tezgéh hurdalari 19-52
Lavabo ¢amurlari 6-8
Halilar ve ahsap yer kaplamalari 0,1-9
Eski ergitme potalari 0,8-5
Cila ve yer ramati 0,5-5
Saat kayislari ve gesitli altin kapl
hurdalar 0,25-5
Zimpara kagidi, yer c¢opleri,

L R L 0,01-4
fircalar ve diger atolye ¢opleri

Altin  ramatlann  Gretimin  her  evresinde

cikabilmektedir (Cizelge 1). Dusuk kaliteli artik
olan ramatlar genellikle %0,01-4 arasindaki
miktarlarda altin igerirler. Kesme, 6gutme, dolgu
ve perdahlama tekerlekleri Gzerinde elle cilalama
islemleri, testere talaslari ve asili toz partikilleri
olusturur. Bu talas ve asili toz partikUlleri
tezgahlara ve yere duserek ¢alisma yuzeylerine,
borulara ve iscilerin giysilerine toz olarak yerlesir.
Altin, temizleme ve makineyle yapilan son
islemler kademesinde yikanip kaybolabilir. Bu
aslili tozlarin toplanmasi icin tezgahlarin, motorlu
0gutme, cilalama ve perdahlama tekerlerinin
etrafina emici vantilatorler ve filtrelerle birlikte
uygun basliklar yerlestiriimelidir. Sikisip kalan
altin tozlarinin toplanmasi igin iscilere koruyucu
giysilersaglanmasive bu giysilerinfiltrelerle birlikte
makinede yikanabilir olmasi altin kayiplarini
azaltici bir Onlem olabilir (Ammen, 1997).
Ramatlar disinda; lavabo c¢amurlari, ¢apak ve



cila makinelerinden dokulen gamurlar, kullaniimis
harcanabilen kaliplar, halilar, paspaslar, eski
OnlUkler, temizlik bezleri, stpurgeler, kumlama
makinelerinden gelen kumlar, eski potalar vb.
bircok malzeme yanabilenler ve yanamayanlar
olarak siniflandirilir ve ona gore piroliz iglemine
tabi tutulurlar. Daha sonra her malzeme uygun bir
prosesle rafinasyon islemine génderilir. Kaplama
¢Ozeltileri, parlatma ¢ozeltileri, cesitli atdlye ve
laboratuvar c¢ozeltileri de cgesitli oranlarda altin
icermektedir ve bunlar da rafine edilmeye deger
miktarlardadir (Manni vd., 2001; Potgieter vd.,
2004).

Literatirde ramatlardan metal geri kazanimi
konusunda yapilan zenginlestirme calismalari
fiziksel, fizikokimyasal ve kimyasal olarak uge
ayrilmaktadir. Fiziksel ve fizikokimyasal islemlerin
sonucunda ug Urln elde edebilmek icin mutlaka
kimyasal yéntemlere bagvurmak zorunludur (Akcil
vd., 2015; Burat vd., 2019; Burat vd., 2020; Ferrini
vd., 1998; Kaya, 2016; Mbaya, 2004; Yazici ve
Deveci, 2014). On zenginlestirme islemleri ile
bu soy metallerin icerisinde bulundugu karmasik
yapl en basite indirgenmekte, elde edilen
konsantre ile istenmeyen bilesenlerin blyuk bir
¢ogunlugu sistemden uzaklastiriimakta ve bir
sonraki kademe icin gerekli olan reaktif miktari,
enerji kullanimi ve bu islemlerin getirdigi gevresel
yuk azaltilabilmektedir (Spiller, 1983). Ramat
islemleri sonucunda olusan altin ve gimus icerikli
artiklardan, bu metallerin geri kazanimi igin
siklikla kullanilan yontemlerin basinda kiipelasyon
gelmektedir. Ayrica, cevher veya herhangi
bir alagim icindeki altin ve gumuis gibi degerli
metallerin iceriklerinin belirlenmesinde kullanilan
kantitatif bir analiz yontemidir. Oncelikle, ramat
artiklarinda bulunan organik maddeler kontrollG
olarak yakihp kil haline getiriimektedir. Ergitme-
rediksiyon esasli olan bir sonraki asamada ise
belli oranlarda kursun, soda-boraks, baryum nitrat
ve kalsiyum florit ilavesiyle 1000-1100°C’deki
ergitme  islemi  tamamlanmaktadir.  Birbiri
icerisinde ¢6zunurligl olmayan ve 0zgul agirlik
farkiyla kolaylkla ayrilan metalleri ve metal
olmayan elementleri igeren (clruf) iki sivi faz
olusturulmaktadir. Son olarak ise kursun fazi
800-850°C arasindaki ergitme firinina alinmakta
ve kursun buharlastirihp kilge (dore) altin/gimis
elde edilmektedir (Sabah ve Sapgi, 2020). Ancak,
kipelasyonyontemiile altin, gimus ve platin grubu
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metaller birbirlerinden ayrilamadigi i¢in gercek bir
rafinasyon yoéntemi sayilmamaktadir. Ozellikle,
sicaklik dederinin nispeten dusuk olmasindan ve
viskozite problemlerinden dolayi altin ve gimis
taneciklerininbirkismicirufyapisindakalmaktadir.
ilk ergitme islemi ile altinin yiiksek verim ile
kazaniminin mimkun olmadidi durumlarda, yine
soda boraks ile ergitme islemi yapilarak altin ve
glimls’in kazanimi saglanir. Ancak, butin bu
islemlerin sonucunda pirometalurjik iglemler ile
kazanilamayan ve halen ciruf igerisinde kalmis
soy metaller bulunmaktadir. Curuf igerisinde
bulunan dusuik icerikli altinin kazanma verimini
arttirmak i¢in hidrometalurjik bir yontem olan
siyanlr ligi kullanilabilmektedir (Chmielewski
vd., 1997). Kuyumculuk faaliyetlerinin
gerceklestirildigi, sayilari 5000’i asan ve timu de
sehir merkezlerinde bulunan atdlyelerden bir yil
icerisinde yuzlerce kilogram siyanur herhangi bir
iyilestirme calismasi yapilmadan kanalizasyona
atilmaktadir. Bu nedenlerden dolayi, kimyasal
yontemlerin c¢evreye olan etkilerini azaltacak,
daha ekonomik ydntemlerin arastiriimasi zorunlu
hale gelmistir. Ramatgilik kokenli artiklarin
karisik yapisi ve ¢ok farkli malzeme bilesenleri
intiva etmesinden dolayi, uygun, basit ve ucuz
olan gravite yontemleri ile 6n konsantre Uretimi
gerceklestirilebilir. Bu sebeplerden dolayi, 6zgul
agirlik farkina goére ayirma islemlerinin yapildigi
ve cevher hazirlama endustrinde oldukga sik
olarak tercih edilen sarsintili masa ve santrif(j
ayiricilar bu ¢alisma kapsaminda kullanmig olup,
ramat artiklarinin igeriginde bulunan altin ve
gumusg’in 6n konsantre olarak kazanim olanaklari
arastiniimistir.

1. MALZEME VE YONTEM
1.1. Malzeme

Deneysel calismalarda iki  farkli  artik
kullanilmigtir. Bu numunelerden ilki ddnyanin
en modern micevher dUretimi entegre tesisi
olan ve Istanbulda bulunan Kuyumcukent'teki
mucevharat atélyelerinden temin edilen zemin
temizleme artiklaridir (Sekil 1a). Diger numune
ise bu artiklardan Au ve Ag’'nin kazanilmasi icin
uygulanan kipelasyon ydntemi sonucu ortaya
¢ikan ve daha dusuk miktarlarda degerli metaller
iceren curuftur (Sekil 1b).
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Sekil 1. Deneysel calismalarda kullanilan zemin temizleme artigi (a) ve clrufun (b) gorintisu

Periyodik  olarak  kuyumcu  atdlyelerinden
toplanan 200 kg agirligindaki zemin temizleme
artiginin blnyesinde bulunan ve zenginlestirme
islemlerinde problem yaratabilecek olan yanabilir
kismin (kagit, plastik, odun, vb.) vyakilarak
uzaklastiriimasi gerekmektedir. Killerle birlikte
atmosfere kagma ihtimali olan ince boyutlu Au
ve Ag taneciklerini yakalamak amaciyla Ust
haznesi 2 mm acikhda sahip elek ile kapatilan
bir kap igerisinde 12 saat boyunca yakma
islemi yapilmistir. Gravite ayirma islemlerinde
malzemeyi olusturan bilesenler, 6zgul agirlik
farki ve boyut gibi fiziksel 6zellikler oldukca
onem teskil etmektedir (Wills ve Napier-Munn,
2006). Bu sebepten dolayi, zemin temizleme
artiginin bilesiminin belirlenmesi amaciyla X-isini
difraksiyon (XRD) analizi yapilmis ve sonugclari
Sekil 2°de verilmistir.

Sekil 2'de goruldiglu Ulzere, malzemenin
blylk bir c¢odunlugu kalsiyumlu bilegiklerden

(%71,1 CaCO,-Kalsit ve %6,1 CaSO,-Anhidrit)
ve manyezit/magnezyum  hidro-oksit  gibi
magnezyumlu bilesiklerden olusmaktadir. Bu
bilesikler malzemenin sulu ortam igerisindeki
dogal pH degerinin 13 olmasina ve yuksek bazik
yapl kazanmasina sebep olmaktadir. Au ve Ag
gibi degerli metallerin igeriklerinin tayin sinirinin
altinda olmasindan dolayr XRD analizinde
gOruntilenememistir.

Yaklasik olarak 10 mm altinda bulunan
numunenin  boyut dagiliminin  belirlenmesi
amaciyla elek analizi yapiimig, fraksiyonlardaki
Au ve Ag icerikleri kiipelasyon yontemi ile tayin
edilmistir. Cizelge 2'de goruldigi Uzere zemin
temizleme artigr 143 g/t Au ve 1489 g/t Ag
icermektedir. Elek analiz sonuglarina gore +6 mm
boyut grubunun esas olarak; bakir kablo, demir
hurdalari, cam, seramik, pota, tahta parcalari vb.
gibi kirleticilerden olustugu ve beslenene gore
oldukca dusik Au ve Ag iceriklerine sahip oldugu

Counis
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Kalsit (C): %71.1

Magnezyum Hidroksit Siilfat Hidrat (MHSH): %14.1
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Sekil 2. Zemin temizleme artiginin XRD analiz sonucu
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anlasiimistir. Zenginlestirme galismalarinda sorun
yaratabilecek bu fraksiyon, eleme vasitasiyla
uzaklastirilmis ve gravite ayirmasina beslenen
numunenin Au ve Ag igerigi sirasiyla, 183 g/t ve
1835 g/t'a yukseltilmistir.

Kuyumcukent'teki atdlyelerin artiklarini isleyen
bir ramat firmasindan temin edilen yaklasik
100 kg agirhgindaki clruf numunesi sirasiyla
¢eneli, konili ve merdaneli kiricilardan gegirilerek
sarsintili masa icin gerekli olan 0,5 mm tane
boyutunun altina indirilmistir. Toplam elek alti
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egrisine gore curuf numunesinin d,, boyutunun
330 ym, d,, boyutunun ise 220 ym oldugu tespit
edilmigtir. Caruf’'un yapisinda yanabilir fraksiyon
olmamasindan dolayl yakma iglemine ihtiyac
duyulmamistir.  Numunenin boyut dagiliminin
belirlenmesi amaciyla yas elek analizi yapiimigtir.
+0,5 mm, -0,5+0,3 mm, -0,3+0,074 mm ve
-0,074 mm boyut gruplarina siniflandirilan ciruf
numunesinin Au ve Ag iceriklerinin belirlenmesi
amaciyla kimyasal analizleri gergeklestiriimis ve
sonuglar Cizelge 3’te verilmistir.

Cizelge 2. Zemin temizleme artigi numunesinin boyut dagihmi ve Au&Ag igerikleri

Boyut Araligi, Au Ag
Miktar, % A C . C
mm Icerik, g/t Dagilim, % Igerik, g/t Dagilim, %
+6 19,0 10 1,3 26 0,3
-6+2 1,1 24 1,8 1501 11,1
-2+1 71 225 11,3 1813 8,8
-1+0,5 10,9 194 14,8 2032 14,9
-0,5+0,212 10,3 196 14,1 2065 14,3
-0,212+0,100 6,5 228 10,4 2449 10,7
-0,100+0,053 6,0 302 12,9 2888 11,8
-0,053 291 164 33,4 1449 28,1
Toplam 100,0 143 100,0 1489 100,0
Cizelge 3. Ciruf numunesinin boyut dagilimi ve Au&Ag igerikleri
Boyut Araligi, Miktar, % . Au . . Ag .
mm Icerik, g/t Dagihm, % Icerik, g/t Dagihm, %
+0,5 0,4 124 8,0 412 8,3
-0,5+0,3 242 6 21,8 16 20,1
-0,3+0,074 67,2 5 54,5 17 61,1
-0,074 8,2 7 9,7 24 10,5
Toplam 100,0 6 100,0 19 100,0

Cizelge 3’te goéruldugu Uzere, curuf 6 g/t Au ve
19 g/t Ag icermektedir. Bu metallerin haricinde
numunede %7,0 Fe, %31,3 SiO,, %6,8 Al, %11,5
Ca,%13,6 Na, %5,9Pbve %1,3 Mgbulunmaktadir.
Bu igerikler ramat yapisinda bulunan gang
mineralleri ile asidik/bazik curuflastiricilar olan
sodyum karbonat (Na,CO,), kalsiyum karbonat
(CaCQO,), kursun oksit (PbO), silika (SiO,) ve
boraks pentahidrat (Na,BO,-5H,0)'tan meydana
gelen flaksdan kaynaklanmaktadir. Beslenen
malzemenin yalnizca %0,4’Gnl olusturan +0,5

mm boyut grubunda Au igerigi 124 g/t'a, Ag icerigi
ise 412 g/t'a gcikmaktadir. Ayni gruptaki Pb icerigi
ise ortalamanin yaklasik 3 katina yukselmis ve
%15,3 olarak bulunmustur.

Klpelasyon isleminde metalik fazi olusturmak
icin kullanilan kursun, altin ve gimuUsu blnyesine
hapsetmis, siniflandirma islemleri sonucunda
elek Uzerinde kalarak iri boyutta yogunlagmistir.
Diger boyut gruplarindaki Au ve Ag icerikleri
birbirlerine oldukg¢a yakindir. Aydin ve Gl (2020)
tarafindan ramat artiklari kullanilarak yapilan
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calismada ciruf icerisindeki metalik kursunun
amorf silis igerisinde saginim halinde bulundugu
saptanmig, metalik bakir ve demir olusumlari
g6zlemlenmigtir. Tane serbestlesmesini arttirmak
ve santrifijlu ayirma cihazlarinin etkin olarak
calistigi boyuta uygun numune hazirlamak
igin kiricilar vasitasiyla 0,5 mm altina kirilan
curuf numunesi bilyali degirmen kullanilarak
100 ym altina indirilmistir. Malvern Mastersizer
2000 cihaz ile tane boyut dagilimi tespit edilen
numunenin d,, boyutu 130 pm, d, boyutu ise 60
pum olarak élgllmustdr.

1.2. Yontem

Numune hazirlama ve karakterizasyon
calismalarini takiben zenginlestirme
g¢alismalarinda kullaniimak Gzere, -6+2 mm boyut
grubundaki zemin temizleme artigi merdaneli
kirici yardimiyla 2 mm’nin altina indirilmis ve
diger fraksiyonlara dagitilmistir. Ayirma etkinligini
artirmak amaciyla; -2+1 mm, -1+0,5 mm,
-0,5+0,212 ve -0,212+0,053 mm boyut araliklarina
siniflandinlan malzeme yatay tabaka halinde
akan akiskan ortamda 6zgul agirlik farkina gére
ayirma yapan sarsintili masaya beslenmigtir.
Sarsintil masa ile yapilan deneylerde uygulanan
kosullar asagida verilmektedir:

- Pllpte Kati Orani (PKO): %20

- Besleme Hizi: 2 I/min

- Yikama Suyu: 3 I/min

- Frekans: 300 ileri-geri/min

- Genlik: 15 mm

- Egim: 4°

Bilindigi Uzere, gravite ayirmasinda yuksek metal
kazanma verimi ile konsantre kazanimi ve dusik
metal igerikli bir artigin Gretimi hedeflenmektedir.
Bu islemin en buylk zorlugu, ince boyuttaki
metalik degerlerin yuUksek icerik ve verim ile
artiktan ayrilmasidir. Genellikle, 50 pm’dan daha
kiicik pargaciklar 6gitme islemi sonucunda,
tane sekillerinde meydana gelen yassilagsma,
porozite ve hidrophobite (ylzebilirlilik) gibi diger
Ozelliklerinden dolayi suyun surtklenme kuvveti
ile hafif fraksiyona karigmakta ve sarsintili masa/
spiral gibi nispeten daha iri boyutlarda yapilan
zenginlestirme islemlerinde ¢ok buyuk kayiplar
ortaya ¢ikabilmektedir.
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Bu ince boyutlu metalik degerleri kazanmak
icin son zamanlarda yuksek G (yergekimi)
kuvvetlerine ¢ikabilen santriflj kuvvet esasina
dayanan ayiricilar tercih edilmeye baslanmistir
(Delfini vd., 2000). Soy metallerin santrifijli
ayiricilar ile geri kazanimi, ¢6zindirme ve
Isil islemler 6ncesinde ©6n konsantre uretimi
esasina dayanmaktadir (Houseley vd., 1998).
ince boyuttaki malzemelerdeki metalik degerleri
yuksek verimlerle kazanmak amaciyla santrifijlu
ayiricilardan MGS ve Knelson konsantratori
tercih edilmistir.

MGS farkl hizlarda (90-280 dev/min) ddnmekte ve
tambur ylzeylerinde 5 ila 15 G kuvveti Uretilmesini
saglamaktadir. Deneylerde tambur donis hizi
ilk basamakta 280 dev/min, ikinci basamakta
ise 200 dev/min olarak ayarlanmis olup, PKO
%20, ylkama suyu miktart 3 I/min, besleme
miktari 2 I/min, tambur titresim genligi 15 mm ve
tambur egimi 4° olarak secilmistir. Akiskan yatak
kullanarak disey eksende yilksek hizla doénen
oluklu bir konik kisimdan olusan ve 80 G’ye kadar
cikabilen Knelson ayiricisi kullanilarak ylUksek
metal icerikli bir agir artin eldesi hedeflenmistir.
Bu deneylerde PKO %10, akiskanlastirma suyu
basinci ise 5 psi olarak secilmistir.

Ciuruf numunesi ise boyut Kkigultme ve
siniflandirma iglemleri sonucu +0,5 mm, -0,5+0,3
mm, -0,3+0,074 mm ve -0,074 mm boyut
gruplarina ayrilmistir. Ciruf blnyesindeki altin
ve gumug’iun serbestlesme boyutunun oldukca
disuk olmasindan dolayl tamami 100 ym altina
oguatilen ctruf numunesi santrifij ayiricilara (MGS
ve Knelson konsantratori) beslenmistin. MGS
kullanilarak yapilan zenginlestirme deneylerinde,
PKO %10 olarak ayarlanmis, tambur donus hiziilk
basamakta 280 dev/min, ikinci basamakta ise 260
dev/min’ya dusUrulmastar. Yikama suyu miktari ilk
basamakta 1 I/min, ikinci basamakta ise 1.5 I/min
olarak ayarlanmis olup, tambur titresim genligi 15
mm ve tambur egdimi 2° olarak secilmistir. Sonug
olarak, agir, aralriin ve hafif olmak Uzere Ug triin
elde edilmigtir. Zemin stpurme artigina uygulanan
Knelson konsantratori calisma kosullar sabit
tutularak curuf numunesine tatbik edilmistir.

2. BULGULAR VE TARTISMA
-2+1mm, -1+0,5mm, -0,5+0,212 ve -0,212+0,053



mm boyut gruplarina siniflandirilan  zemin
supurme artigi numuneleri sarsintili masaya
beslenmis, hafif Grlnler ile birlikte kaybedilen
metalik degerleri yakalamak ve metal kazanma
verimini  arttirmak amaciyla iki kademeli
temizleme islemi uygulanmistir. 0,053 mm
altindaki fraksiyonda bulunan ince boyutlu ve
6gutme iglemleri sonucunda yassilasmis olan
metalik degerleri kazanmak igin MGS tercih
edilmigtir. Gravite ayirma deneyleri sonucunda
elde edilen drinler Au&Ag icerik ve kazanma
verimlerine gore degerlendiriimis olup, ayrintili
sonuglar Cizelge 4’te, birlestiriimis sonuclar ise
Cizelge 5'te verilmektedir.

Cizelge 4’te gorlldigl Uzere, sarsintii masa
kullanilarak yapilan zenginlegtirme iglemlerinde,
yaklasik 400 g/t Au ve 4500 g/t Ag iceren agir trlin
-2+1 mm boyut grubunda elde edilmigtir. Daha
ince boyut gruplarinda yapilan deneylerde ise Au
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ve Ag iceriklerinin arttigi, 6zellikle -0,212+ 0,053
mm boyut grubunda sirasiyla, 1335 g/t ve 10000
g/t'a yukseldigi anlasiimisti. MGS deneylerinde
ise yaklasik 800 g/t Au ve 6000 g/t Ag iceren
bir konsantrenin Uretebilecegi, agirlikga %33,2
oraninda bir hafif Grinun ise 62 g/t Au ve 929 g/t
Ag igerikleriyle uzaklastirilabilecegi gértlmugtir.

Birlestirilmis sonuclarin gosterildigi Cizelge 5'te
yer alan veriler, beslenen malzemenin agirlikca
%14,2’si kadar bir konsantrenin yaklasik 700 g/t
Au ve 6000 g/t Ag icerikleri ile Uretilebilecegdini
isaret etmektedir. Soy metallerin sunek ve
dovdilebilir 6zelliklerinden dolay1 mucevher isgiligi
neticesinde ince boyutlu ve yassi sekilli Au ve
Ag taneciklerinin olustugu ve bunlarin akiskan
ortam vasitasiyla hafif Grine karistigr tespit
edilmigtir. Boylelikle hafif Grinin metal igerigi
artmakta ve buna paralel olarak metal kayiplari
yukselmektedir.

Cizelge 4. Zemin suplrme artigina uygulanan gravite ayirmasi sonucunda elde edilen Grlnlerin Au&Ag igerik ve

verimleri
. _ icerik, g/t Verim, %
Besleme Boyutu, mm Urlnler Miktar, %

Au Ag Au Ag

Agir 3,1 422 4500 7,2 7.6

2+1 Ara (riin 223 1230 1,7 0.9

Sarsintili Masa Hafif 8,0 57 897 2,4 3.9
Toplam 12,5 166 1828 1,3 12.4

Agir 2,8 465 5000 7.1 7.6

-1+0,5 Ara Urln 4,5 151 1500 3,7 3.7

Sarsintil Masa Hafif 4,7 68 736 1,7 1.9
Toplam 12,0 192 2017 12,6 13.2

Agir 636 6000 6,6 6.2

-0,5+0,212 Ara Uriin 4,6 232 2300 5,8 5.8

Sarsintill Masa Hafif 7,0 51 725 2,0 2.8
Toplam 13,5 195 2004 14,4 14.8

Agir 2,0 1335 10000 14,6 10.8

-0,212+0,053 Ara Uriin 10,8 174 1743 10,3 10.1

Sarsintili Masa Hafif 65 1090 1,9 3.1
Toplam 18,0 272 2462 26,8 24.0

Agir 4.4 795 6008 19,2 14.4

-0,053 Ara Uriin 125 1250 4.4 4.4
MGS Hafif 33,2 62 929 11,3 16.8
Toplam 44,0 144 1483 34,9 35.6
Toplam 100,0 183 1835 100,0 100,0
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Cizelge 5. Zemin sliplrme artigina uygulanan gravite ayirma deneylerinin birlestiriimis sonugclari

} igerik, g/t Verim, %
Urinler Miktar, %
Au Ag Au Ag
Agir 14,2 701 6017 54,4 46,6
Ara Urin 27,7 171 1658 25,9 25,0
Hafif 58,1 61 899 19,7 28,4
Toplam 100,0 183 1835 100,0 100,0

Metal kayiplarini azaltmak ve daha yuksek metal
icerikli bir agir Grin Uretmek amaciyla sarsintli
masa ve MGS deneyleri sonucunda elde edilen
ara urtn ve hafif Grunler birlestiriimis, 100 um
altina 6gutilmis ve Knelson konsantratoriine
daha o6nceden belirtilen calisma kosullarinda
yaklasik 100 g/t Au ve 1150 g/t Ag icerikleri ile
beslenmistir. Bu deneyler sonucunda elde edilen
Urtinlere ait Au&Ag icerik ve kazanma verimleri
Cizelge 6’da gosterilmektedir.

Genel bir degerlendirme vyapildidinda, zemin
artigr numunesiile yapilan gravite ayirma iglemleri
(sarsintil masa, MGS ve Knelson konsantratori)
neticesinde, agirlikca %24,2 oraninda bir nihai
agir Uriin 638 g/t Au ve 6227 g/t Ag igerikleri ile
Uretilmis, metal kazanma verimleri sirasiyla,
%84,4 ve %82,2 olarak bulunmustur. 38 g/t Au
ve 432 g/t Ag icerikli hafif trin ise %15,8 Au ve
%17,8 Ag metal kayiplari ile uzaklastiriimistir.
Hafif UrGnle birlikte kaybedilen bu degerlerin
mutlaka bagka bir zenginlestirme yodntemi ile
kazanilmasi gerekmektedir. Bu kapsamda,

cevher hazirlama endustrisinde siklikla kullanilan
ve ince boyutlu cevherlere uygulanan flotasyon
yontemine basvurulabilir. Flotasyon ydntemi ile
koplk zonu ile birlikte ylzdirilemeyecek kadar
iri olan Au ve Ag taneleri gravite ayirmasi ile
kazanilp, hafif Griinde kalan yassi ve ince taneler
uygun reaktifler yardimiyla konsantre edilebilir.

+0,5 mm, -0,5+0,3 mm, -0,3+0,074 mm ve
-0,074 mm boyut gruplarina siniflandirilan
curuf numunesinin +0,5 mm fraksiyonun toplam
beslenen malzemeye goére oraninin %0,4 olmasi
ve yuksek oranlarda Au&Ag icermesinden dolayi
zenginlestirme igslemleri disinda birakiimistir.
Benzer olarak toplam beslenen malzemenin
%8,2’sine tekabul eden 74 ym alti malzeme ise
sarsintil masa kullanilarak yapilan zenginlestirme
islemlerine uygun olmadigindan ve yikama
suyu ile birlikte hafif Grine karigsacagindan
kullanilmamistir.  Sarsintili masa kullanilarak
yapilan zenginlestirme igslemleri sonucunda elde
edilen Urunlerin Au&Ag icerik ve verimleri Cizelge
7’de verilmektedir.

Cizelge 6. Knelson konsantratorl kullanilarak yapilan deneyde elde edilen Urtnlerin Au&Ag igerik ve verimleri

Urtinler Miktar, % Igerik, g/t verim, %
Au Ag Au Ag
Agir 11,7 549 6523 65,7 66,7
Hafif 88,3 38 432 34,3 33,3
Toplam 100,0 98 1145 100,0 100,0

Cizelge 7°de goruldigu tzere, -0,5+0,3 mm boyut
arahdinda yapilan zenginlestirme deneylerinin
sonucunda 13 g/t Au ve 26 g/t Ag icerikleri ile bir
agir Uriin elde edilirken, beslenen malzemenin
metal igeriklerine benzer olan bir hafif Urlin
alinmistir. Au ve Ag tanelerinin 6zgul agirliklarinin
yuksek olmasina ragmen, kuyumculuk faaliyetleri
ve boyut kugultme iglemleri esnasinda aldiklari
yassi sekilden dolayi hafif Griine kagmasi metal
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kazanma verimlerini Snemli élglide disurmektedir.
-0,3+0,074 mm boyut aralijinda elde edilen agir
ardndn Au (33 g/t) ve Ag (83 gft) icerikleri dikkat
cekicidir. Bir 6nceki fraksiyona benzer olarak
ara Urtndn Au ve Ag icgerikleri hafif Griinden
daha dusuktar. Cuaruf igerisinde bulunan degerl
metallerin daha verimli olarak ayrilmasi amaciyla
geleneksel gravite ayirma cihazi olan sarsintili
masa yerine ¢ok daha ince tane boyutlarinda



zenginlestirme  yapabilen  santrifij  esasl
ayiricilar  kullanilarak zenginlestirme deneyleri
gerceklestiriimisti. Bu amaca uygun olarak
numunenin tamami 100 um altina indirilmis,
MGS ve Knelson konsantratord kullanilarak
zenginlegtirme  caligmalarnt  tamamlanmigtir.
Santrifuj ayiricilar kullanilarak yapilan deneyler
sonucunda elde edilen Urinler Au&Ag igerik ve
kazanma verimlerine gore de@erlendirilmis olup,
sonuglar Cizelge 8’de verilmektedir.

MGS kullanilarak yapilan deneyler sonucunda,
agirhkga %17,8 oraninda bir agir Grin 17 g/t
Au ve 44 g/t Ag icerikleri ile elde edilmis, metal
kazanma verimleri sirasiyla, %49,2 ve %47,5
olarak bulunmustur. Beslenen malzemenin
%70,6’s1 ara Urin olarak alinmis olup, Au ve
Ag icerikleri sirasiyla, 2 g/t ve 7 g/tdur. ince
boyutlu metallerin yikama suyu ve cihazin

T.Ulucan, vd. / Bilimsel Madencilik Dergisi, 2021, 60(1), 51-61

egimi ile birlikte slriklenmesi nedeniyle hafif
arinun Au ve Ag icerikleri artmaktadir. Knelson
deneyleri sonucunda ise agirlikca %13,8
oraninda bir agir Grin 30 g/t Au ve 52 g/t Ag
icerikleri ile Uretilmis, metal kazanma verimleri
sirasiyla %64,6 ve %44,4 olarak bulunmustur.
Beslenen malzemenin % 54,5’i ara UrGn olarak
elde edilmis olup, Au ve Ag icerikleri sirasiyla
3 g/t ve 13 g/t'dur. Hafif Grindeki metal kaybi
MGS’nin yaklasik yarisi kadar olmaktadir. Elde
edilen sonuglar, Knelson konsantratoériiniin hem
metal icerikleri hem de metal kazanma verimleri
agisindan MGS’ye gore ¢ok daha etkili oldugunu
go6stermistir. Knelson konsantratdri’'ne beslenen
pulp icerisinde bulunan agir taneler 80 G'ye
kadar gikabilen santrifiij kuvvetin etkisiyle konik
haznenin disina dogru hareket etmekte ve
esiklere takilmaktadir.

Cizelge 7. Cluruf numunesi ile yapilan sarsintill masa deneylerinin sonuglari

- _ icerik, g/t Verim, %
Besleme Boyutu, mm Urdnler Miktar, %
Au Ag Au Ag
+0,5 - 0,4 124 412 8,6 8,3
Agir 6,3 13 26 14,8 8,7
Ara urln 15,4 2 11 6,5 9,2
-0,5+0,3 )
Hafif 2,6 5 16 2,2 2,2
Toplam 24,3 5 16 23,5 20,1
Agir 3,4 33 83 20,7 14,9
Ara urlin 38,8 3 13 19,6 26,4
-0,3+0,074 i
Hafif 249 4 15 18,2 19,8
Toplam 67,1 5 17 58,5 61,1
-0,074 - 8,2 6 24 9,4 10,4
Toplam 100,0 5 18 100,0 100,0
Cizelge 8. Clruf numunesi ile yapilan santrifuj ayirma deneylerinin sonuglari
o . ] icerik, g/t Verim, %
Santrifuj Cihazi Urinler Miktar, %
Au Ag Au Ag
Agir 17,8 17 44 54,1 47,5
Ara Urlin 70,6 2 7 25,2 30,0
MGS ,
Hafif 11,6 10 32 20,7 22,5
Toplam 100,0 6 16 100,0 100,0
Agir 13,8 30 52 64,6 44 4
. Ara urlin 54,5 3 13 25,5 43,8
Knelson Konsantratoru i
Hafif 31,7 2 6 9,9 11,0
Toplam 100,0 6 16 100,0 100,0
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Akiskanlastirici suyun vasitasiyla esiklere takilan
malzeme yikanmakta, hafif olan tanecikler atik
olarak pulpin Ust akimiyla birlikte disariya
atilmaktadir. Bu nedenlerden dolayi, 6zellikle
hafif Grin icerisindeki degerli metal igerikleri ve
kayiplart MGS’ye gore ¢cok daha diislik olmaktadir.
Genis tane boyut aralidinda calisabilmesi,
kullaniminin ve yapisinin basit olusu, yuksek
kapasitesi ve yuksek zenginlestirme oranlarina
¢ikabilmesi, gravite ayiricilari arasinda Knelson
konsantratériine 6nemli bir avantaj saglamaktadir.
Fakat, iki farkli numune ile yapilan deneylerin
sonuglari dikkate alindiginda, tek kademede
yapilacak Knelson zenginlestirme islemi ile Au ve
Ag tendri ¢ok yiiksek bir konsantre alinamayacagi
gérulmektedir. Ozellikle, aralriin ve hafif Griinler
ile birlikte kaybedilen metalik degerleri kazanmak
ve zenginlestirme verimini arttirmak amaciyla
bu Urlnlerin daha ince boyutlara 6gutilmesi,
yeterli serbestlesmenin saglanmasi ve slpirme
islemlerinin uygulanmasi gereklidir. Cok daha
yuksek metal icerikli bir 6n konsantre tretimi igin
ise benzer olarak ilk kademede elde edilen kaba
konsantre dogrudan veya 06gutilip temizleme
islemlerine  gonderilmelidir.  Sonug¢  olarak,
Uretilen 6n konsantrelerden siyan(r islemi degerli
metallerin geri kazaniminin ¢ok daha ekonomik
ve basit hale gelebilecegi ifade edilebilir.

3. SONUGLAR VE ONERILER

Bu c¢alismada, kuyumculuk ve ramat iglemleri
sonucunda acgiga c¢ikan, yliksek altin ve gimus
iceriklerine sahip zemin suplirme artigi ve
curuf numunelerinden gravite yontemleri ile 6n
konsantre Uretimi amaclanmistir.

Farkli boyut gruplarina siniflandirilan zemin
suiplrme artigi ile sarsintili masa kullanilarak
yapllan gravite ayirmasi deneylerinde -0,212+
0,053 mm boyut grubunda 1335 g/t Au ve 10000
g/t Ag igeren bir agir Urtin elde edilebilmektedir.
Ozellikle, ince boyutlu ve yassi sekillimetalleryatay
tabakada akan akigkan ortam igerisinde yeterli
Olcide ¢Okme sansi bulamayip, siriUklenerek
hafif Griine karismakta ve bdylece ciddi metal
kayiplari ortaya ¢ikmaktadir. Tanecikler tzerinde
yuksek G kuvveti olusturan ve daha etkili ayirma
yapan santrif(jli ayiricilar yardimiyla bu kagaklar
blyuk dl¢clide engellenebilmektedir.

Sarsintill masa, MGS ve Knelson konsantratori
ile yapilan gravite ayirma iglemleri neticesinde,
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638 g/t Au ve 6227 g/t Ag igceren bir agir Griin
sirasiyla, %84,4 ve %82,2 kazanma verimleri
Uretilmektedir. Gravite ayirmaislemleri sonucunda
artik olarak elde edilen hafif Grinun, 38 g/t Au ve
432 g/t Ag icerdigi gorilmektedir.

Au ve Ag igerikleri sirasiyla 6 g/t ve 19 g/t olan
curuf numunesi ile yapilan gravite deneylerinde
en iyi zenginlestirme sonuglarina Knelson
konsantratérinin kullanildigi durumda
ulasilmaktadir. Agirlikga %13,8 oraninda bir agir
Urtin 30 g/t Au ve 52 g/t Ag icerikleri ile Uretiimekte,
metal kazanma verimleri ise sirasiyla %64,6 ve
%44 ,4 olarak bulunmaktadir.

Elde edilen sonuclar degerlendirildiginde, zemin
stpurme artigi ve clruf ile yapilacak tek kademeli
gravite deneylerinin sonucunda ylksek Au&Ag
icerikleri ve kazanma verimleri ile bir konsantre
alinamayacagi, pirometalurjik veya hidrometalurjik
islemler 6ncesinde safsizliklarindan buyuk élgliide
uzaklastirilmis bir 6n konsantre Uretilebilecegi
anlasiimaktadir.

Tuketimin artmasi ile dodal kaynaklarin kullanimi
yani sira, ikincil kaynaklarin degerlendirilmesinin
ve ekonomiye kazandiriimasi ¢ok o6nemlidir.
Ozellikle, altin ve gimiis gibi degerli metallerin
uretim ve islenmesi adimlarinda olusan kayiplarin
geri kazanilmasinda cevher hazirlama ve
zenginlestirme proseslerinin bir 6n zenginlestirme
islemi  olarak uygulanmasi ekonomik  bir
gerekliliktir. Ulkemiz 6zellikle Diinya miicevherat
pazarinda ilk 5 Ulke arasinda yer almakta ve son
20 yilda 400 t altin ve 200 t gimusl isleyerek
mulcevherata  donUstirmektedir. Mevcut
artiklardan metallerin en yuksek oranda geri
donusim teknolojileri ile kazanimi saglamak
ekonomik anlamda Ulkemiz igin blyik kazanimlar
saglayacaktir.
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ABSTRACT
Keywords: Underground exploitation of lead (Pb) and Zinc (Zn) metal ore is one of the issues that requires
Mine, safety during the exploitation and professional solutions for economic issues, moreover, the
Machinery, complicated exploitation of ore in great underground depths is imposed by the various geological
Explosive, mass layers that limit the production volume. In the ore exploitation process, drilling and blasting
Specific consumption. technology is applied for rock cutting, especially in the sublevel exploitation method and in
particular the difficulty of applying drilling and blasting is in vein shaped sources. The mineral
blasting process is done initially by performing the drilling, charging up the drill holes with
explosives by aiming to blast the mineral while preventing the ore blocking as a consequence
of sufficient charging of the holes with explosives. In this paper we analyze the number of drills,
drilling depth, length of charging drilled holes with explosives, specific consumption of explosives.
0z
Anahtar Sozciikler: Kursun (Pb) ve Cinko (Zn) metal cevherinin yeraltinda Uretimi, kazi sirasinda guvenlik ve
Madencilik, ekonomik sorunlara profesyonel ¢oziimler gerektiren konulardan biridir, ayrica cevherin biiyik yer
Ma‘?”ev alti derinliklerinde karmasik bir sekilde Uretilmesi cesitli jeolojik kitleler ve katmanlar tarafindan
retim,

sinirlandirilir. Cevher dretim strecinde, Ozellikle yer alti isletme yonteminde kaya kazisi igin
delme ve patlatma teknolojisi uygulanmaktadir ve 6zellikle delme ve patlatma, uygulama zorlugu
damar seklinden kaynaklanir. Maden Uretimine, patlatma islemi, dncelikle delme iglemi yapilarak,
patlatma deliklerinin patlayicilarla sarj edilmesi amaglanarak yapilirken, deliklerin yeterli miktarda
patlayici ile doldurulmasi sonucunda cevherin tikanmasi engellenir. Bu ¢alisma, matkap sayisini,
matkabin uzunlugunu, patlayici ile doldurma uzunlugunu, patlayicinin spesifik tiketimini analiz
etmektedir.

Ozgill tiiketim.
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INTRODUCTION

Mass mining in underground mines is conducted
with difficulties due to the geological circumstances
of the source and the rock mass. The exploitation
and extraction of the lead and zinc ore with the
subfloors’ method is accomplished with deep
drillings depending on the ore block size that will
be exploited.

The blast drilling is utilized with the aim of knocking
down and fragmentizing the ore, and each hole
is drilled in a certain angle, whereas, they are
ordered in the shape of hand fans in accordance
with the rules of mining techniques.

The order of the drillings according to their angle
and length is characterized by the added amount
of explosives (20% - 50%) for one ton of ore with
uneven granulation of the knocked down ore
compared to the parallel mining scheme (Rafet,
2020-a; Jahit et al., 2016)

Upon the creation of cracks with fan drilling the
gas pressure is rapidly reduced which weakens
the effects of ore crumbling. With the equal
presence of the explosive energy various figures
for charging explosive drill holes are applied in
practice, namely some explosive drills are with a
varying charging coefficient. It is a rule that fan
drills are filled in a zig-zag pattern, namely one
drill is filled the next one remains with a small
amount of explosive and so on and in each drill
there will be various differences between them.
This difference of charging the holes is applied
in order to create the possibility of blasting the
mineral while preventing the ore blocking as a
consequence of sufficient charging of the holes
(Rafet et al., 2016)

1. THE MECHANISM OF EXPLOITING FAN
DRILLING

The mechanic drilling method for mining implies
the use of drilling rigs to achieve the complete
mechanization of works (drilling, positioning of
drilling hammer, controlling of drilling angles and
dismantling of drilling equipment). In addition,
the drilling rig is distinguished in the mechanical
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method of movement (from one chamber to the
other) by using its own engine be it electric or
diesel. During drilling the worker operating the rig
is protected by the cabin roof and he is positioned
at the appropriate height from the mining face
in the chamber. The drilling is done with drilling
hammers positioned in the lafette, and the lafette
is connected on the rig’s drilling arm. It has to
be emphasized that mines have their differing
exploitation specifics, therefore not all mines can
apply the existing types of the mechanized units
for exploitation drilling, and therefore the basic
requirement for the payoff of investments for any
mechanization arises (Rafet, 2020-b; Jahit et al.,
2016)

During the selection of mechanized units for
exploitation drilling, namely drilling during the
exploitation of ore sources, one can distinguish
the impacting factors such as: drilling research
capacity, transverse cutting dimensions of objects
through which the unit will move, turn radius,
schedule (alignment) of drilling and their direction,
drilling radius for mines, length of drilling,
qualification and preparation of employees.

As itis shown above, with the application of drilling
rigs we achieve the complete mechanization
of the drilling work for mining. The movement
of drilling rigs is completely mechanized and is
done through their own engines (electrical or
diesel). In addition there is the option of remotely
manipulating the operations during the drilling
((Izet et al., 2013; Shyqri et al., 2012). Upon using
the drilling rigs the directions can be horizontal,
diagonal, and vertical in parallel of fan alignment.
The rigs are adapted to the exploitation methods
with relatively underground capacities with tight
spaces, therefore with the use of drilling units,
namely the Simba Junior and Simba Special
units it is possible to drill horizontally, diagonally
and vertically with a fan alignment. The drilling
operations and positioning of drilling equipment in
these units are mechanized thus enabling various
alignments of drilling for explosives as well as the
specification of drilling rig types from the Simba-
Atlas series (Figure 1).



Figure 1, Alignment of drilling for explosives achieved
through the use of various types of drilling rigs “Simba-
Atlas Copco.

2. ORE BODY DIMENSIONS

The fan drilling system for blasting the ore rock
masses can be applied to thin ore bodies as well
as the thicker ore bodies which can be exploited in
sublevel retreats. The ore block should be mined
with fan drilling therefore the position of the gallery
should first be determined and then conduct the
drilling, in this specific case the gallery should
have 3 x 3 m dimensions (Figure 2),

\/J

Y

Figure 2. The position of the gallery and the ore block
to be mined presented in 3D
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The block to be drilled and mined in the sublevel
exploitation has the following dimensions,
(Kelmendi and Zeqiri 2006; Rafet, Jahir and
Festim, 2019):

Block length: A=6 m
Block height: B=10 m
Block thickness: w=2 m

To accomplish the drilling blasting process we
take into consideration some technical mining
parameters such as:

Drilling capacity coefficient: m=1

Explosive specific consumption: q=0.3 kg/t
Explosive volume mass: p =1.2kg/m’
Explosive work capacity coefficient: e=1.25
Ore volume mass: ¥ =3t/m’

During the filling of the drill holes with explosive
charges the explosives must be compressed in
the drilling holes with the aim of increasing the
density of the explosive charge. Moreover, the
explosive working capacity coefficient depends
on the compression of the explosive charge in
each drill hole.

It is recommended that the compression of the
explosive charge in the drill hole is done gradually
during the filling process so that the explosive
charge has the working capacity during the
ignition of the explosive charge and to create
satisfactory explosive energy to knock down and
fragment the ore.

3. SETTING FAN DRILLING PARAMETERS

The drilling parameters will be adopted based
on the dimensions of the work block, such as
the drilling diameter and necessary number of
holes for the given block (Izet Z., Shyqri K., Jahir
G., Rafet Z., Ibrahim K., 2011, Muhamedin H.,
Rafet Z., 2017). In this analysis we will discuss
the option of finding the smallest value of the
explosive specific consumption, in which case we
will use three types of mining gallery positioning
(Gundewar, 2014; Haxhi, 1971).

First case study: Placing the gallery in the ceiling
part on the block edges.
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Initially we apply the formula that defines the
slightest resisting line of the explosives:

2
o [ pe (1)
4.q-}/.m

Which are:

d- the filling diameter: [m]

r - explosive volume mass: [gr/m?]

e- explosive work capacity coefficient
g- explosive specific consumption: [kg/t]
g - Ore volume mass: [t/m?]

m- mine drilling capacity coefficient

The coefficient of the blast drilling capacity should
not have a value lower than 1 (one).

This coefficient reflects the final status of the blast
drilling holes that should be drilled in accordance
with the planned depths. Additionally, each drilling
hole should be cleaned with compressed air so
that it does not contain material fragments created
during the drilling.

The blast drilling coefficient is achieved when it is
concluded that the drill holes are clear and do not
contain any fragments of materials or water.

Within the foregoing parameters we specify the
drilling diameter:

2 2
d:W4q7m:\/2 40331 _ )
Tpee 3.14-1200-1.25

According to standard diameters of explosive
charges, the closest standard diameter is:
d=57[mm], therefore for blasting the block we
calculate the total ore volume in the block to be
mined

O=4-B-W-y=6-10-2-3=360 tonnage (3)

Whereas the required amount of explosive for
mining is:

0, =0-9=360-0.3=180 kg explosive (4)

For using this explosive in holes the drilling has
to be performed according to the 0.7 charging
coefficient, the entire length of holes for charging
is calculated according to the equation:
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4. .
I, =— Q 4-180 =50.38M
d*-z-p-k, 0.057-3.14-1200-0.7 (5)

The average length of drilling for blasting is:

; A+ BAVA*+B* 6+10v67 +10° _om
3 3

mes

(6)

For blasting the ore block the following number of
holes has to be drilled:

[ .
= 50938 =5.59 — namely 6 holes (7)

mes

The holes in the block according to the drilling
angle and length of charging with explosives is
presented in (Figure 3 and 4).

| 4

Figure 3. The holes in the block according to the drilling
angle and charge length with explosives

Forthis specific case the total amount of necessary
explosives is presented in a table based on the
drilling and mining parameters (Table 1).
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W
o

| A=6 m

30°
30°
30°

Figure 4. Presentation of explosive holes in the ore )’[.{:
block 30°
Second case study: Is analyzed by setting up
the gallery in the middle of the ore block whereas 2a°
the fan drilling angle is adopted in a 30° and the .
distance between holes is 0,50-0,70 m, and there 30
are 12 holes in total to be drilled whereas the
block dimensions remain the same as in (Figure

5 and 6). Figure 6. Fan drilling in a 30° angle

Table 1. Mining parameters for the ore block according to the first case study.

Figure 5. Setting the gallery in the center of the block.

Number  Drilling Drilling Charge Length of  Number of  Weight of Explosive
ofdrills angle [°] length[m] length [m] charges[m] charges charges [gr] arFI% Ljnt
1 0 8.5 8.5 16.35 52 500 26.35
2 19 9 3.6 16.35 22 500 11.16
3 34 9.8 7.6 16.35 46 500 23.56
4 47 7.2 28 16.35 17 500 8.68
5 72 5.5 4.1 16.35 25 500 12.71
6 97 5.3 5.3 16.35 32 500 16.43
Total 45.3 31.9 95 97.60

Specific consumption of explosives for the first case study is: q=97.60/360=0.271 kg/t.
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The drilling and blasting analysis after the second
case study has provided various results compared
to the first case study, which means that we have
a reduction of the specific consumption (Figure 7)
and (Table 2).

Sh.5=4.25m Sh.4=3.47m 5h.3=4.25m
mb=4.25m mb=2m mb=4.25m
Sh.6=1.47n] Sh.2=1.47m
mb=1m / mb=1m
Sh.7=1.50m Sh.1=1.50m
mb=1.50m mb=1.50m
Sh.8=1.73m Sh.12=1.73m
mb=1m mb=1m
Sh.a=4m 5h.10=3.50m Sh.11=4m
mb=4m mb=3.50m mb=4m

Figure 7. Charging with explosives

Third case study: is also addressed by positioning
the gallery in the middle of the ore block whereas
the fan drilling is in a varying drilling angle of 140-
230 and there is a 30-35 cm distance between

holes. The hole diameter is similar to the first and
second case study, as is the diameter of charges
but the degree and distance between holes is
different (Figure 8) and and (Table 3), (Hoek,
2000; Hughes, 2001).

JI0
\jjj\\

325°
i}
301 19
285
256% 270"
7 18

6 1

Figure 8. The drilling angle for each hole according to
the drilling rig arm rotation

Table 2. Mining parameters for the ore block according to the second case study

No. of drills Drilling Drilling Charging Lengthof  Numberof  Weight of Explosive
angle [0] length [m] length [m]  charges [m] charges charges [gr] amount [kq]

1 30 1.50 1.50 16.35 9 500 4.6
2 30 1.74 1.00 16.35 6 500 3.1
3 30 4.25 4.25 16.35 26 500 13.0
4 30 3.74 2.00 16.35 12 500 6.12
5 30 4.25 4.25 16.35 26 500 13.0
6 30 1.74 1.00 16.35 6 500 3.1
7 30 1.50 1.50 16.35 9 500 4.6
8 30 1.73 1.00 16.35 500 3.1
9 30 4.0 4.00 16.35 24 500 12.2
10 30 3.50 2.00 16.35 12 500 6.1
11 30 4.00 4.00 16.35 24 500 12.2
12 30 1.73 1.00 16.35 6 500 3.1

Total 33.68 27.50 168 84.1

Specific consumption of explosives for the second case study is: =84 / 360=0.23 kg / t.
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Table 3. Mining parameters for the ore block according to the second case study

No. of drills r?;!?rg a'ig:l”fir ?errlw”gl;rt]r? Charge Lcil%tghegf Number of Vgﬁﬁggf E:ggjlr:lte
rotaton  eachhole  [m] 'ength Ml [m] charges [or] kg]
1 0 0 1.50 0.50 16.35 3 500 15
2 22 23 1.64 1.64 16.35 10 500 5.0
3 45 14 2.61 1.50 16.35 9 500 46
4 59 16 4.23 4.23 16.35 26 500 12.9
5 75 15 3.65 2.50 16.35 15 500 7.6
6 90 15 3.49 3.00 16.35 18 500 9.2
7 105 16 3.66 2.50 16.35 15 500 7.6
8 121 14 4.23 4.23 16.35 26 500 12.9
9 135 23 2.59 1.50 16.35 9 500 4.6
10 158 22 1.60 1.60 16.35 10 500 4.9
11 180 22 1.50 0.50 16.35 3 500 15
12 202 23 1.6 1.60 16.35 10 500 4.9
13 225 14 2.05 1.50 16.35 9 500 46
14 239 17 4.07 4.07 16.35 25 500 12.4
15 256 14 3.62 2.50 16.35 15 500 7.6
16 270 15 3.51 3.00 16.35 18 500 9.2
17 285 16 3.63 2.50 16.35 15 500 76
18 301 14 4.07 4.07 16.35 25 500 12.4
19 315 23 2.23 1.50 16.35 9 500 4.6
20 338 23 1.64 1.64 16.35 10 500 5.0
Average 17.0
Total 57.12 46.08 282 140.9

Specific consumption of explosives for the second case study is: q=140.9 / 360=0.39 kg / t.

4. CONCLUSION

This scientific paper is of special importance
and requires dedication and detailed studying
in relation to the application of the drilling and
blasting technique. During the study of this
problem the drilling rig was selected and based
on the block dimensions we chose the drilling
diameter, the drilling depth and drilling angle.

While applying the blast drillings we are obliged
to observe the rules of mining techniques so that
the drill holes are ordered in accordance with
the projections of the professional engineers.
In addition, the filling of the drilled holes with
explosive charges should be done in a controlled
and professional manner. The lack of explosive

charges endangers and complicates the ore
exploitation, whereas the exceeded concentration
of the explosive charge causes shocks to the
surrounding rocks that manifest pressures in
mine works.

This method of charging the holes may yield good
and bad results if the foregoing factors are not
analyzed. This hole charging alternative should
be applied with the aim of acquiring the desired
granulation and keep the specific consumption
within satisfactory limits. During our case studies
the number of drills, length of drilling, length of
charging the holes with explosives were correct
and finally we acquired the amount of explosives
for each hole and also the specific consumption
for all three case studies (Table 4).
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Table 4. Results of specific consumption of explosives for the three case studies

Case studies Ore reserves  Explosive  Specific consumption
[t] amount [kg] [ka/t]
First case study-positioning the gallery in the ceiling 360 98 0.27
part of the block
Second case study-positioning the gallery in the center
of the block with a 300 drilling angle 360 84 0.23
Second case study-positioning the gallery in the center 360 141 0.39

of the block with various drilling angles

Based on the foregoing mining parameters
for the specific case we prefer and choose the
second case study to apply for blasting the ore by
positioning the gallery in the center of the block
with a 300 drilling angle, in which case we have
the minimum specific consumption of explosives
compared to the first and third case studies.
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