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Abstract : In this study, a two factor - three level Central Composite Design (CCD) combined with response
surface methodology was applied for modeling and optimization of process parameters of cross belt magnetic
separation on the Ha-dong ilmenite. The magnetic intensity (x;) and feed rate (x,) were determined as independent
variables, but the dependant variables of y; : grade of TiO, and recovery were obtained by mathmatical model.
It results that x; gives great influence on the response surface model (yi, y2), but the x, does little. And it appears
that the predicted values of grade and recovery applying the model equations are highly consisted with the
experimental values of grade and recovery (R* : 0.99, prob>F 0.0001). As a result, it was confirmed that the
ilmenite could be concentrated to 49.09% with the recovery of 98.16%, at optimum condition as follow ; (x;
1 4,360 gauss, x; : 10.85 g/min.) applying Minitab 17.
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Fig. 1. X-ray diffraction of heavy mineral by gravity separation.
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Table 1. Magnetic susceptibilities of minerals

Minerals Chemical composition Magnetic susceptibilities (Gauss)
Augite (Ca,Na)(Mg,Fe,Al)(Si,Al)>O4 2,000 - 13,000
Biotite K(Mg,Fe);(OH),  ALLSiz012 2,000 - 12,000
Calcite CaCO; >17,000
Chlorite (Mg,Fe,Al)12(Si,Al)s020(OH)16 1,000 - 9,000
Hematite Fe O3 2,500 -5,000
Hornblende Ca;Na(Mg,Fe)s(ALFe,Ti);SisO2 1,000 - 9,000
Ilmenite FeTiO3 2,500 - 4,000
Magnetite Fe;04 <1,000
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Fig. 2. Schematic diagram of one-stage crossbelt magnetic
separator.
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Fig. 3. Central composite method. (n=2)

Table 2. List of variables at different levels

Levels
No. Variables Low  Center  High
(=D 0 D
| Magnetic intensity, 1,000 3,000 5,000
Gauss (X1)
) Feed rate, g/min. 5 10 Is
(x2)

o)/dolH 7H53tL, Fig 38 =Syl nsfol 2" 2.0l
L}EP Zoltt.

= AATEX), T8 (%)
leOH E0), F5a(y) = 22t 2
ASFAT) ZF H4=0] A= Lee 5 (2014) 9] A&
= Fxsto] S vl Mt I WS Ak

Table 3. Experimental results along with the operating levels

HAAE A 2 gstel) B A

Table 2¢] UERSItE SA A S o-&st3le
o] A% A7=Mintab 17(Minitab Inc., USA)S AR&-5}o]
SAA 2] sk

MISESE MO ofF r%E% =3

Table 20| 4] A A 3E = AR AA ol ofsf 7
B Ses5o 23 m e Ak,
H Eed A HF Tio, EH 2 3]4>5-5 Table 3¢ L&}
U 2ic. E) HeigEe e AAZHERD), S|
= T 00, 0) Y 48-5% TiO, &2 g Yehi ol
i, MR (- 1, 1)olA] 22.7% TiO, = &3k B leh
S48 ZThghe (1, 0004 99.1% 2 1 & 5218
YEHHSIAL (— 1, — DoA 2.5% 2 7P 32 gh& H Sl

297)0] gt Ztzte] AREo) Ft EIFE Al 2
¥} Fig. 40f Yeb| Uk Fig. 4(A)<= Ti0, &) ol thgh
ZF A H(main effect) Q] Tz ojct HH-AKy,)o) 1A
+=x;(magnetic intensity) 2] 73-$-( - 1: 1,000 gauss)©f| 4] (0
13,000 gauss) 2 2= Ti0, 2] F9+= FE o x, 9
Zkol (1:5,000 gauss) 2 57+ H 91 thA] asksic
T2 xo(feed rate).J Aol = E 7K - 1,0, +1)9]
A 2 2ol 7k 22 & = Tk Fig. 4(B)+= &)=< gt

WA y2)ofl WA= = ko] AyfR x, 0] F7Hetol wh
o} Z715HT, o8] ke Aol gl A0 R Lepge.

Table 30f LR Aot 2] (1), (2), (3)& o8-8t Elgt
24 3] Ti0, E9l(y0) D 8yl e v Em
SRS 4] (49 ()00 AT BHE Ry 2 B

I'

Test No. Conditions Observed results
il x Grade (TiO,%) Recovery (%)
! 1 46.0 99.1
2 0 46.2 757
3 ! 1 457 99.0
4 0 47.8 786
> 0 48.5 779
6 1 -1 453 990
7 0 0 47.1 8.5
8 -1 -1 24.3 2.8
0 0 -1 47.0 77.8
10 0 0 473 787
1 -1 0 229 27
12 0 1 46.0 793
13 -1 1 27 21
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Fig. 4. Main effect flot for y, (A) and y, (B).
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y, (Grade) = 47.25+11.18z, —0.37x, — 12.48z7 —

0.4322 + 0.52,2, 4)

y, (Recovery) = 78.00+48.25x, +0.13x, — 27.39x] +
0.2625 +0.17z,2, )

HSmdol Matd Tt

Table 4:=28.91 -3 WS- T4 S S8 Fojl i
g o] AgdE& gokR 7| el AR (analysis of variance)
< 33t A1E vEpd A oth. Prob>F g2 252] 745
0.05 o]stH 1 ®dlo] Hatrial Fegh(Tripathy et
al., 2014). & Aol A A|AJRE HE O] PgEE: 912} 8]4
& B <0.0001 2 0.1% ofs}e] w9 &2 -2 /d-& Lt
WAk Fig. 5= 2dlof A A4kl ol &3t Aol o)A 57

Table 4. Analysis of variance (ANOVA) for grade and
recovery

Statistics Grade (TiO,%) Recovery (%)
Sum of square 1269.33 16374.6
Mean sum of square 253.87 327491
F-value 448.62 2876.78
Prob>F <0.0001 <0.0001
R’ 0.99 0.99
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Predicted recavery (Ti0 %)

s N -

-] E3 El EJ 4 = 50
Observed grade (TI0,%)

" emiremer )
Fig. 5. Relation beteen predicted and observed values : (A)
grade (TiO,%), (B) Recovery (%) of the magnetic fraction
of CBMS.
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Fig. 6. Residual polt of model for error values: (A) Grade,
scatter plot of the residuals and predicted, (B) Recovery,
scatter plot of the residuals and predicted.
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and Park, 2011).
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Fig. 7. Response surface plot (3D) for (A) TiO, grade, (B)
TiO, recovery.

H(desirability) 5 o] 8510 A AL EE5H
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=2 Ao} 7}435}Fe] Minitab 17(Minitab Inc., USA)2]
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Uth= AiE Aok 12]al Agstord] E443 919
Feg = o TE T 5 Sl WY 232 xi (4,360
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