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ÖZET

sülfürik 
L16

ne 

38,97 ve metal çözünme veriminin (MÇV) ortalama %
ve her faktörün nikel 

Anahtar kelimeler: Taguchi metodu, liç, lateritik nikel cevheri.

INVESTIGATION OF NICKEL DISSOLUTION FROM LATERITIC 
ORE IN SULPHURIC ACID MEDIA USING TAGUCHI METHOD

ABSTRACT

In this study, the dissolution of nickel from lateritic ore in sulphuric acid media using 
different conditions was investigated. Leaching time, stirring speed, temperature, sulphuric 
acid concentration and particle size were selected as experimental parameters. The orthogonal 
array (OA) experimental design plan was determined as L16. 16 leaching experiments were 
carried out with this experimental design under different conditions. Considering the metal 
dissolution recoveries (MDR) obtained from the results, signal/noise (S/N) ratios of each test 
condition were calculated and the analysis of mean and optimization studies were performed. 
As a result of the optimization works it was seen that the maximum MDR and S/N ratio were 
obtained in Test 10.  After, this results were compared with the verification experiment. As a 
result of the leaching tests performed under the optimization conditions, it was determined that 
the S/N ratio was 38.97 and the metal dissolution recovery (MDR) was 88.97%. In addition, 
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variance analysis (ANOVA) was applied to the test results and the percentage contributions of 
each factor for the extraction of nickel were determined

Key words: Taguchi method, leaching, lateritic nickel ore.

1.

genellikle magmatik sülfitler ve lateritler olmak üzere iki tip yataklanma gösterirler. Sülfürlü 
nikel cevherleri %0,15- -2 Ni 

-3
el tenörüne sahiptirler ( , 2012).  Lateritik 

ralleri 

üretimin

cevherlerden nikel 

[FeO(OH)] olmak üzere demir içeren minerallerle b

nikel cevherlerinden ni

c

çin 
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ark., 1998; Ata ve ark., 2001; Demir ve Dönmez, 2008; Safarzadeh ve ark., 2008). Taguchi 

Moghaddam ve ark., 2006; Safarzadeh ve ark., 2008; Demir ve Dönmez, 2008; Bese ve ark., 
2010; Ilyas ve ark., 2010; Abali ve ark., 2011; Zolfaghari ve ark., 2011; Babaei-Dehkordi ve 
ark., 2013; Dogan ve Yartasi, 2014; Asl ve ark., 2015).

a
çözündürülmesi Taguchi (L16

2. MALZEME ve YÖNTEM

2.1.

-212 
Advance model X-
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Deneylerde 

atomik absor

Çizelge 1. Cevher numunesine ait nikel ve demir tenörleri.
Ni, % Fe, %

-212+106 1,05 36,01
-150+106 1,02 37,03
-106+75 1,00 36,40
-75+53 1,01 38,25

2.2. Liç Deneyleri

- -
90° C), H2SO4 konsantrasyonu (0,5-3,0 M), tane boyutu (75- -240 
dakika

2.3.

faktöriyel 

bul

a(bc

ile 
say s 5 ve her bir parametre içinde 4 fakl seviyenin incelenmesi dü
olarak, L16(45

üzerindeki etkisidir. Sinyal-

-en iyi, en büyük- -en iyi 
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MÇV) belirlemek için “en büyük en 
iyi” durumunu veren S/G 

Çizelge 2. L16(45) ortogonal plan tablosu
Faktörler ve Seviyeleri

Test F1 F2 F3 F4 F5 
1 1 1 1 1 1
2 1 2 2 2 2 
3 1 3 3 3 3
4 1 4 4 4 4
5 2 1 2 3 4
6 2 2 1 4 3
7 2 3 4 1 2
8 2 4 3 2 1
9 3 1 3 4 2
10 3 2 4 3 1
11 3 3 1 2 4
12 3 4 2 1 3
13 4 1 4 2 3
14 4 2 3 1 4
15 4 3 2 4 1
16 4 4 1 3 2S/N = 10 log ( Ç )                                                                                (1)

MÇVi

Çizelge 3. Deneysel faktörler ve seviyeleri.

3.

3.1.

Lateritik cevherden nikel çözünmesinin optimizasyonu için, Çizelge 3'de belirlenen 
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Çizelge 4. Taguchi L16 (45) dene
Test Faktör Ortalama 

MÇV,% S/GA B C D E
1 30 0 30 0.5 -212+150 5,80 15,26
2 30 100 50 1 -150+106 7,84 17,89
3 30 300 70 2 -106+75 14,28 23,09
4 30 500 90 3 -75+53 24,65 27,84
5 60 0 50 2 -75+53 3,22 10,15
6 60 100 30 3 -106+75 2,25 7,04
7 60 300 90 0,5 -150+106 23,14 27,29
8 60 500 70 1 -212+150 8,36 18,44
9 120 0 70 3 -150+106 19,19 25,66
10 120 100 90 2 -212+150 55,86 34,94
11 120 300 30 1 -75+53 9,34 19,41
12 120 500 50 0,5 -106+75 3,13 9,90
13 180 0 90 1 -106+75 40,23 32,09
14 180 100 70 0,5 -75+53 15,54 23,83
15 180 300 30 3 -212+150 12,12 21,67
16 180 500 50 2 -150+106 20,53 26,25

         (M)  = 1                                                                                                               (2) 

                                         

Burada, en; ise F faktörünün (M) ise her bir faktörün 

(Çizelge 5).

Çizelge 5. S/G 
Faktör/Seviye [(S/G) ö ] j (M) ö

j=1 j=2 j=3 j=4
A/1 15,26 17,89 23,09 27,84 21,02
A/2 10,15 7,04 27,29 18,44 15,73
A/3 25,66 34,94 19,41 9,90 22,48
A/4 32,09 23,83 21,67 26,25 25,96
B/1 15,26 10,15 25,66 32,09 20,79
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10 ile 

Çizelge 6

aktörün çözünme 

3.2.

B/2 17,89 7,04 34,94 23,83 20,93
B/3 23,09 27,29 19,41 21,67 22,86
B/4 27,84 18,44 9,90 26,25 20,61
C/1 15,26 7,04 19,41 21,67 15,85
C/2 17,89 10,15 9,90 26,25 16,05
C/3 23,09 18,44 25,66 23,83 22,76
C/4 27,84 27,29 34,94 32,09 30,54
D/1 15,26 27,29 9,90 23,83 19,07
D/2 17,89 18,44 19,41 32,09 21,96
D/3 23,09 10,15 34,94 26,25 23,61
D/4 27,84 7,04 25,66 21,67 20,55
E/1 15,26 18,44 34,94 21,67 22,58
E/2 17,89 27,29 25,66 26,25 24,27
E/3 23,09 7,04 9,90 32,09 18,03
E/4 27,84 10,15 19,41 23,83 20,31

Testler A B C D E Ortalama MÇV, 
%

S/G

Test 10 120 100 90 2 -212+150 55,86 34,96
Optimizasyon 180 300 90 2 -150+106 88,97 38,97
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i ve 

Çizelge 7
T

Seviye MÇV MÇV MÇV MÇV MÇV MÇV
1 13,14 17,11 7,38 11,90 20,53 16,59
2 9,24 20,37 8,68 16,44 17,67
3 21,88 14,72 14,34 23,47 14,97
4 22,10 14,17 35,97 14,55 13,19

F

T

= MÇV MÇV                                                                                                  (3) 

= MÇV MÇV                                                                                      (4)
                                                                                      MÇV , toplam MÇV ise K’inci seviyede belirli bir faktörün deney 

T

h=  ( 1)                                                                                                                        (5)
F

F 

= ( ) × 100                                                                                                             (6)

Çizelge 8.
Faktörler Birim SDF SSF F (%) SST Vh

Liç süresi dak 3 994,1536 15,76 6273,896 1,82
devir/dak 3 191,2968 2,96

°C 3 4224,3128 67,24
M 3 588,1168 9,29

Tane boyutu μm 3 246,9952 3,85
Hata 29,0209 0,38
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4. SONUÇLAR

Gördes (Manisa) lateritik nikel içerikli cevherinden sülfürik asitli ortamda nikelin 

sonucunda elde edilen çözünme verimlerinin (MÇV) S/G 

Optimizasyon deneylerinden elde edile

devir/dak, 90°C, 2 M ve 
sonucunda MÇV ortalama %

(ANOVA) istati

le 
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