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Probability density function (%)
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16

12 -

d <106 pm

p = 52.03062 pm o2 = 32.477 pm
10% = 13.4035 um
50% = 47.5531 um
90% = 96.0514 ym
106 pm <d <1 mm

j= 505.75296 pm o= = 342.4785 pm
10% = 11.8126 ym
50% = 507.1384 um
90% = 944.1374 pm
d>1mm
j= 163561218 pm o2 = 0,7223047 um
10% = 698.4668 um
50% = 1620.9432 um
90% = 2541.7468 um

I T I T
1000 2000 3000 4000 5000

Diameter (um)

<J% 3.1> E[EHFEM 2O LPSA = M ZAD Jgf=
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Intensity
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9 b
= e Fe,0O,
o FeTiO,
s < v TiO,
[ ]
T T T T T T
20 40 60 80 100 120

2-theta (deg)

<18 3.2> E[EFEM ETOo| XRD Za} dZj=

[E 3.1] E[EFEM 22O XRD Zil B

Analysis type XRD
Intensity Oxides
Fe;0,
Main peak
FeTiOs
!
FeZ03
Sub peak
TiO:
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[& 3.2] E[EFEN 2| XRF &4 ZIt =
Oxides | SiO, | Al,O; | TiO, | Fe,0s | MgO CaO K,0 MnO P,Os | Na,0
wt (%) | 7.88 7.58 19.19 | 55.63 7.51 1.03 0.13 0.30 0.25 0.33
[E 3.3] [E 3.2] &4 ZU2RE Z} M31E H 1009 T SF AU E
Oxides mass fraction(wt(%)) x atomic ‘Yeight Elemental mass per FeTiO; 100 g
molecular weight(g/mol)
Na,0 0.33 x % 0.24gNa
K0 0.13 x %ﬁm 0.11gK
ca0 103 x o0 0748 Ca
Mg 751 x 2o 4.53g Mg
TiO, 19.19 x 3;::; 11.50 g Ti
Al,0, 7.75 X % 4.10gAl
Fe 03 55.63 X %52'985) 38.91gFe
MnO 0.30 x % 0.23gMn
Si0, 7.88 x % 3.64 g5
P,0 0.25 x % 0.05gP
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[# 3.4] 2 &8 @4 =4

RN

o9t

=d

Solid/liquid ratio

1:10

Leaching time (hours)

24

Solution 500 m aqueous solution
ngz=d
Ore powder Ilmenite (FeTi0:) 50 g
Reducing agent Oxalic acid (C:H:04) 6.25 g (0.1 M)
Hydrochloric acid 12 M
HH = Leaching temperature (°C) 80, 100, 120, 140

Powder & solution

Magnetic bar

%

Hot plate

<33 3.3> g =4 A

18

Leaching
solution




[£ 3.5] Xt =AF 70 ME AN = HE 4" =
Leaching temperature 140 °C
Solid/liquid ratio 1:10
Solution 150 m€ aqueous solution
ngz=d
Ore powder Ilmenite (FeTiO:) 15 g
Reducing agent Oxalic acid (C:H:04) 1.875 g (0.1 M)
Hydrochloric acid 12 M
Ultraviolet rays 254 nm
GRS
Leaching time (hour) 1,2,3,4,5,8,12, 16, 20, 24
| |
<—— | 254 nm UV

Powder & solution

ONO,

Magnetic bar
| Leaching
<€—— Hot plate solution
<33 3.4> XelM ZA Z7O| Y4 xA HE IH BAE




[# 3.6] &4t =4 AE 49 =
Solid/liquid ratio 1:10
Stirrer speed 150 rpm
Iy x=d Solution 500 m@ aqueous solution
Ore powder Ilmenite (FeTiOs) 50 g
Leaching temperature (°C) 140
Sulfuric acid (M) 4,6,8,10, 12
e
Leaching time (hours) 1, 3,5, 24, 96, 120, 144, 168, 192

[E 3.7] SAZLIEE =4 HE Ad =4

Solid/liquid ratio 1:40
Stirrer speed 150 rpm
1™ x=HAH Solution 400 m@ aqueous solution
powder cMEMEHEZH2 IS 5¢g
Leaching temperature (°C) 140
Sodium hydroxide (M) 0.01, 0.05, 0.1, 0.5, 1,5, 15
Ha
Leaching time (hours) 0.5,1,1.5,2,3,6,12, 24, 48, 72, 96, 120

20
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(4.1)

=TiOCl, + H,0

FeTiO3 + 4HCl

(4.2)

=Ti0, + 2HCI

TiOCl, + 6HC1

(4.3)

Fe,05 + 6HCL = 2FeCl; + 3H,0
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=
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i (%)

ing efficiency

Leach

~J
o
1

[2]
o
]

[3.1]
o
]

L
o
1

li—-—:lf’;!—::g

80

T
100

T
120

Temperature (°C)

140

<Jd3 4.1>12M G4 % 01 ML 1 ZHOM 22 H 2 fA9 MEE O
[E 4.1112M G4 % 0.1 MSALM Y AN 2z Ao 2 H HE SE E
HEx 29y Elements
—EE%:
- EHES Na K Ca Mg Ti Al Fe Mn Si P
(%)
80°C 2.71 49.26 19.31 19.56 2.08 8.80 42.12 10.87 0.89 60.12
100°C 3.39 46.95 19.89 22.59 3.17 12.50 61.63 14.53 1.88 57.88
120°C 5.49 51.67 26.69 27.09 3.89 16.87 79.25 19.58 1.66 56.62
140°C 7.43 59.32 35.64 28.32 4.07 18.06 79.82 19.78 1.55 53.82
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60

[0
o
1

-9
o
1

(2
(=]
1

Composition ratio (%)
N
(=]

-
o
|

(=]
1

= < —— A J

I | I |
Ore 80 100 120 140
Leaching time (hour)

<3 4.2> M A WE

M 2 H2 1¥=e 25 H ZF M3lE HEH 8=
[E 4.2] G4 HE T H2 1HEQ Z MelE 22 H d&2H ®
Hez 2 0¥E Elements SUM
M3E EH HE2H| (%) Na,0 | K,0 Cca0 | Mgo | Tio, | ALO, | Fe,0, | MnO | sio, P,0
Ore(XRF) 0.331 | 0.06 | 1.032 | 7.528 (19.236( 7.598 |55.764| 0.301 | 7.899 | 0.251
80°C 0.429 | 0.091 | 1.138 | 8.237 (25.603| 9.627 |43.875| 0.362 |10.514| 0.124
100°C 0.507 | 0.113 | 1.345 | 9.419 |30.104|10.984|34.582| 0.412 |12.377| 0.157 | 100%
120°C 0.6 | 0.125 | 1.488 [10.731(36.144(12.622|22.622| 0.468 |15.006| 0.194
140°C 0.593 | 0.107 | 1.321 |10.679(36.518(12.594|22.267| 0.472 |15.238| 0.211
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Leaching dfficiency(%)

100

—a— Tij

(0]
o
1

(o2}
o
1

B
o
1

N
o
1

9

T
12

T
15

18

Leaching time(hours)

21

24

<33 4.3> XS ZASHX| e =49 Eit ElEHs2| MEE J=
[E 4.3] XIS A @he =79l 2} |29 Mt E HEE B

AE 5 29 Elements

%Ji(;i%% Na K Ca Mg Ti Al Fe Mn Si P
1h 1.65 20.76 10.92 3.85 0.26 1.74 6.7 2.89 0.68 39.81
2h 1.88 26.93 13.63 7.05 0.48 277 11.84 4.61 0.73 40.76
3h 5 48.06 25.93 26.32 4.21 12.71 41.28 37.42 0.77 71.65
4h 5.41 63.77 27.11 29.08 4.35 15.97 44.39 37.85 0.39 95.03
5h 5.25 66.07 26.66 29.16 4.7 16.2 44.2 37.89 0.39 95.81
8h 5.24 61.84 25.84 27.82 4.93 16.12 48.46 37.32 0.23 90.02
12h 5.45 59.88 25.23 27.35 5 15.94 60.11 38.12 0.41 75.29
16h 6.27 64.22 27.72 28.5 5.94 16.7 69.14 40.35 0.27 97.24
20h 10.32 79.33 40.11 39.02 11.23 23.65 733 50.63 0.08 131.74
24h 10.14 77.34 35.66 34.84 17.45 20.96 81.31 46.91 0.09 138.67
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100

1—e—Fe
80
S
= |
g
Q2 60+
2
= _
©
(=)]
£ 40+
K=
3]
= |
Q
|
20
- .,..../"l — -— = —a—
0 I ' T T I ' I T I ' I T I T I T T
0 3 6 9 12 15 18 21 24
Leaching time(hours)
<% 4. 4> XM = A =Zde| Hiut E|EHES| =S o=
[E 4.4] XtQd AL =49l ZF A0 AjZH AZHE HEE =
& ¥ 8Y Elements
A XKlE=
ﬂ"‘(;}zg Na K Ca Mg Ti Al Fe Mn Si P
1h 3.29 46.59 31.89 16.39 4.1 21.89 51.95 44.9 0.71 141.69
2h 4.84 50.35 17.91 20.96 5.18 11.53 57.77 18.9 2.23 63.13
3h 6.29 62.27 25.2 25.47 5.46 15.1 62.48 23.66 2.4 66.84
4h 7.2 66.79 32.32 26.74 7.85 20.76 66.57 50.25 139 164.64
5h 7.79 63.03 35.43 27.45 8.7 22.94 68.38 54.23 1.73 161.69
8h 7.75 86.72 37.16 29.08 8.82 23.87 73.65 46.97 1.14 162.36
12h 10.87 88.32 43.34 32.42 9.08 2317 78.08 30.59 2.22 74.8
16h 10.83 93.51 80.4 30.72 9.45 24.37 86.89 51.25 0.74 109.07
20h 135 91.67 38.88 30.78 10.77 20.2 90.13 29.06 0.92 53.81
24h 21.1 102.8 52.32 37.48 12.71 26.48 95.48 33.91 1.19 74.33
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60

—8— Na,0
—@&— Ca0
—&— MgO
50 | —¥—TiO,
—0—AlLO;
o Fe, 04
£ 10 —»—Mno
(o) —®—SiO,
=
Q rﬂ.—-’"
c 30
L
‘9
© 20
=3
£
<]
O 10
0] A=t
I I | I I I I I I I |
ore 1 2 3 4 5 8 12 16 20 24
Leaching Time (hour)
<3 4.5> XMES ZAMSIE e =HO| ZF M3tE0| 2 ¥ HE2H| Jj=

[ 4.5] XIS ZASIE 2 =49| Z} ielEe 2 8 H4&2H &

HEFH21dE Elements sum

Zh oetE A2 H| (%) Na,0 K,0 cao MgO Tio, | ALO, | Fe,0, | MnO | sio, P,0,

Ore(XRF) 0.331 0.06 1.032 | 7.528 | 19.236 | 7.598 | 55.764 | 0.301 | 7.899 | 0.251

1h 033 | 011 | 097 | 757 | 2007 | 7.98 | 5442 | 03 811 | 0.14

2h 0.34 0.11 0.97 7.58 20.73 8.18 53.25 0.31 8.39 0.15

3h 042 | 009 | 1.06 | 764 | 2537 | 933 | 4508 | 0.26 | 10.67 | 0.09

ah 044 | 007 | 108 | 759 | 26.15 | 9.28 | 44.08 | 0.26 | 11.05 | 0.02
Al 5h 0.44 0.06 1.08 7.58 26.05 9.25 44,22 0.26 11.05 0.01 100

T 8h 045 | 007 | 113 | 798 | 26.85 | 957 | 4221 | 027 | 11.43 | 0.03

12h 0.5 0.09 1.26 8.87 29.63 | 10.59 | 36.07 0.3 12.6 0.09

16h 054 | 008 | 1.33 | 957 | 3218 | 11.51 | 30.61 | 0.32 | 13.84 | 0.01

20h 0.57 0.05 1.21 8.95 33.28 | 11.56 | 29.03 0.29 15.2 -0.14

24h 063 | 007 | 1.45 | 10.62 | 3437 | 13.29 | 2256 | 0.34 | 16.88 | -0.19
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60

—&—Na,0
—&8—Cal
50 - —y—TiO,
—— ALO,
- —<4—Fe,0,
= 40 —p—MnO
o 7] —8—Si0,
.ﬁ
|
= 30 4
L
g 20
E— -
o]
© 10-
0 - . ——
1 1 I I 1 I I I
ore 1 3 4 5 8 12 16 20 24
Reaction time (hour)
<38 4. 6> X =AF =l Zt MatEo 2 E HEH| A=
[H 4.6] Xt ZAL ZZ49| Z} 4H2lE9| 2k EH H&EH &
HesHd2 28 Elements sum
Zh AStE HE2H| (%) Na,0 K,0 Ca0 MgO TiO, AlLO; | Fe,0, | Mno 5i0, P,0;
Ore(XRF) 0.331 | 006 | 1.032 | 7.528 [ 19.236 | 7.598 | 55.764 | 0.301 | 7.899 | 0.251
1h 047 | 0.11 106 | 946 | 2773 | 9.12 | 4029 | 0.25 | 1165 | -0.14
2h 0.48 0.1 134 | 933 | 2859 | 10.77 | 36.92 | 0.38 | 11.96 | 0.13
3h 0.5 008 | 1.29 | 9.29 | 30.12 | 1092 | 3466 | 038 | 1261 | 0.13
4h 0.53 0.08 1.24 9.7 31.22 | 10.84 | 32.83 0.26 13.55 | -0.26 100%
Al 5h 0.54 | 0.09 | 1.21 9.87 | 31.74 | 10.82 | 31.87 | 0.25 | 13.86 | -0.26
z 8h 057 | 0.03 | 1.25 | 10.23 | 33.61 | 11.33 | 28116 | 0.3 | 14.79 | -0.27
12h 0.58 | 0.03 | 1.19 | 10.27 | 35.29 | 12.04 | 2467 | 042 | 154 | 0.12
16h 065 | 002 | 046 | 11.8 | 39.41 | 13.29 | 16.54 | 0.33 | 17.53 | -0.05
20h 065 | 0.03 | 147 | 121 | 3987 | 1439 | 1279 | 049 | 17.96 | 0.25
24h 0.67 | -0.01 | 1.29 | 12.24 | 4368 | 1485 | 656 | 0.51 | 20.06 | 0.15
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(4.6)
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= Kt (Chemical reaction)
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. L] - 7 y= 0.01568x - 0.00412
054 . " o5 RZ = 0.97733
- L -
y = 0.02732x + 0.22122 - -
. R?=0.81435 .
n ansm "
0.0 T T T T T T 0.0 =y T T T T T
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Leaching time (hours) Leaching time (hours)
(a) SCM, Diffusion through film (b) SCM, Diffusion through product layer
20 20
1.5 15
o «Q
- |
210 Fio-
T y = 0.01534x + 0.06948 - .
R?=0.9123 . .
05 05 .
a
. . " amn " y= 0.02344x + 0.14611
mnnm L R? = 0.86794
L |
oo4m%T . . T ‘ ‘ 004" .
0 4 8 12 16 20 24 0 24
Leaching time (hours) Leaching time (hours)
(c) SCM & SPM, Chemical reaction (d) SPM, Diffusion through film
<% 4. 7> XM AL Q= ZZ0M Ho| XEE1 kinetic model ZHe| AREM Tz
[E 4.7] XM AL gl ZHOIM "ol HES1 kinetic model 7He| M2EM A ®

Shrinking Core Model

SCM & SPM

Shrinking Particle Model

Rate equation

a=Kt

(Diffusion through film)

1
1+2(1—a)-3(1—-a)I =Kt
(Diffusion through product layer)

1
1-(1- a)i=Kt
(Chemical Reaction)

2
1-(1-a)i=Kt
(Diffusion through film)

ya

A= (R2)

0.81435

0.97733

0.9123

0.86794
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(a) SCM, Diffusion through film (b) SCM, Diffusion through product layer
2.0 20
1.5 154
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& 104 T 104
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n n -
0.5 4 - bl 054 R
. - . y = 0.01941x + 0.41402
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R?=0.98573
0.0 T T T T T T 00 T
0 4 8 12 16 20 24 0 24
Leaching time (hours) Leaching time (hours)
(c) SCM & SPM, Chemical reaction (d) SPM, Diffusion through film

<% 4.8> XM Z=A ZZHOA EHo| E=E1} kinetic model ZH2| ATEM Oz

[E 4. 8] Xt ZA ZZHO|M EHe| BE&E1 kinetic model ZH2| A2HEM Zal ®

Shrinking Core Model SCM & SPM Shrinking Particle Model
1 1 2
Rate equation | .. % Kt 1+2(1-a)-3(1-a)i =Kt 1-(1- ai=Kt 1-(1-a3=Kt
(Diffusion through film) | (piffusion through product layer) (Chemical Reaction) (Diffusion through film)
&2 A5 (R?) 0.95115 0.98635 0.98573 0.97843
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[E 4.9] XM Z=AL = ZZHO|A Diffusion through product layer = WHAIS

OfZf|lL| 22 Aof cHyst Zat

el

Chemical reaction

&5 A% (K) SEVE (k) "

P AbD 2 = oT = = 0 Hol| xlx=g etal= Al7
Rate equation o2 A3 (RY) 7187) v 2H) Ho| AEE0| 100% ZH8H= AlZH
y = 0.01568x - 0.00412 0.97733 0.01568 0.00412 64.04A| 7t

[E 4.10] XM =At ZHOIM Diffusion through product layer = #HAIS ofL| A

Ao cist Aat =

Chemical reaction

& &3 (K) EEVE (k)

1 AL A £ (R2 Ho| xl=g0 S Eel= A7
Rate equation A2 AIE (RY 7127)) (v EH) Ho| HEE0| 100% ZESHE Al
y =0.02363x + 0.10815 0.98635 0.02363 0.10815 37.74 A 7t
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o0

| Bh2Al2 of2fel 2Tt [18-28]

(4.12)

FeTiO; + 2H,SO4 = TiOSO,4 + FeSO4 + H,0

(4.13)

TIOSO4 + Hp_o = T|02 n'Hzo

(4.14)

TIO;_ H;_O i T|02

(4.15)

= Fez(SO4)3 + 3H20

Fe203 + 3 HzSO4

(4.16)

Aleg + 3H2504 = A|2(SO4)3 + 3H20

4.17)

I\/IgO + HzSO4 = MgSO4 + Hzo

(4.18)

T|02 + HzSO4 = TIOSO4 + Hzo

4

ojru

/0

kO] Cf.

74
=

sich, ofx|ot

C}
=

100
Ul

-

)]

sE 3 6 M

=

O-2O0|Ct. 5 Z}X]

% 2ofLtY|

HH30| A

(4.18)
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oF

ALE 2 0

= A|ZF 48 A7t [ 4593 wit%Z 7}
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=0 A O|H=lElEHESl =27t

fallll

Ho
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st
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Al kol o
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x
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k=3
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st <ag 4 11>

[ 4. 11]0|C}
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HZ0[ 6 M
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Leaching efficiency (%)

Leaching efficiency (%)
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Leaching efficiency (%)

100

g

8

404 T
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Mg

Ca
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Si
T T T T T
80 120 160

Leaching time (hours)

(c)8 M Zit =

20

80 150 160
Leaching time (hours)

(e)y12m 24 =4

<dd 4.9> i 50 OE
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100

Leaching efficiency (%)

T T T
120 160 200

80

0 40
Leaching time (hours)
(b)e M &t =H
100 -
g 80
g .
% 60 e
2 .
£ 409 ca
Al
g
20
Na
D T T T T T
0 40 80 120 160 200
Leaching time (hours)
(d)10m E4t =H
Haol AjZHE HEE O =




80

70

[e)]
o
1

Composition ratio (%)
s
(e ]
|

——Na,0
—8—K,0
—A—Ca0
~¥—MgO
~0-Tio,
—4—Al,0,

—p—Fe,0,

——MnO
—*—Si0,
~8—-P,0,

Leaching time (hours)

AI203
MgQO
40 60 100 120 140 160 180 200 220

<% 4.10>6 M 24 =AM HE £ Ho| I¥E W Z MstEo A|ZH 8 dEH =
[E 4 11]6M 24 =M HE £ Hel IFE W Z Mt A|ZH 2 d=2H =
MEE Na,0 K,0 Ca0 MgO TiO, Al,O, Fe,0; MnO Sio, PO, total
Ore(XRF) 0.33 0.13 1.03 7.51 19.19 7.75 55.63 0.3 7.88 0.25
1 | 0.508522 | 0.128314 | 1.390138 | 8.882672 | 29.69986 | 10.90233 | 35.26753 | 0.402402 | 12.4146 | 0.403641
3 | 0591121 | 0.146311 | 1.585535 | 10.02716 | 34.07796 | 12.4646 | 25.83078 | 0.454105 | 14.35264 | 0.46979
5 | 0.632532 | 0.153932 | 1.701742 | 10.5939 | 36.38211 | 13.11902 | 21.07484 | 0.475929 | 15.36011 | 0.505883
16 | 0.682149 | 0.168394 | 1.84705 | 11.38674 | 39.54646 | 14.26431 | 14.24696 | 0.496181 | 16.80651 | 0.555241
24 | 0.767933 | 0.184111 | 2.02167 | 12.72964 | 44.38891 | 15.76108 | 4.098828 | 0.51574 | 18.90296 | 0.629125
AlZH | 48 | 0.805453 | 0.191917 | 2.076474 | 12.90114 | 45.93158 | 16.68863 0 0.513407 | 20.21811 | 0.673279 | 100 %
(hours)| 72 | 0.815249 | 0.194281 | 1.942535 | 12.95429 | 45.41549 | 16.74586 0 0.455583 | 20.78304 | 0.693673
96 | 0.84211 | 0.205543 | 1.990732 | 13.22185 | 45.1736 | 15.70622 0 0.360719 | 21.77172 | 0.727503
120 | 0.985162 | 0.231138 | 2.327933 | 12.24387 | 39.14591 | 17.95372 0 0.328854 | 2591714 | 0.86627
144 | 1.012627 | 0.235659 | 2.391691 | 11.8862 | 38.18096 | 18.42812 0 0.307991 | 26.66299 | 0.893756
168 | 1.032917 | 0.237064 | 2.43757 | 11.43494 | 37.66773 [ 18.71355 0 0.264147 | 27.29554 | 0.916536
192 | 1.080279 | 0.243244 | 2.509302 | 9.353046 | 37.85178 | 19.23715 0 0.258923 | 28.50498 | 0.961289
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TiO2 content / Fe203 content ratio

28

Leaching time(hours)

<38 4. 11> AZtoj WE 24t s E HM4SE0 o[ MIE|EHge| d2H| HIE =
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432 SMIILLEE sk 21}

ol
=

HE dd =4 T 2/ =2 6 M L UM 48 Al S EHE Y 2 H2

NEES 0|83t FiLIEF HE HdEE8 THSIRUC FUILIEE TE AHHES st
0|9 O|MBIEIEHS E97} 2 7 2HQ! 48 w0 O|X|X| 2st1, O|AtStRAL FHato) 7o

HEER QOtM O|ietE[EtE CHE2=2 d2H|7t &7| MEO0ICh sMLEFE O|itottao)

2HSA2 ofefet &Lt

SiO, + NaOH + H,0 = SiO(OH);” + Na* 4.19)

<d8 4. 12>0Q oitetao SttFAEE S FUSLEEF 55 2EOIACL 4 4.19)

2SO0l LOjLt?| RISiME SIO(OH)3- &0 EXSt= pH S UFA|FOF £[E2 fUSILHESF
HE 2 =42 HEY0[10pH OlgE UFA7|= =5 25U

==
g 9

<18 4. 1359 [E 4. 12]

rir
N
\J

42t FUSILIEE &0 ME AlZE & H2lE2

MetE gEH ZIOICh SUStLEE HE HdE0Ms HElES Melst LA RS
HE2 LOLIAl BRUACL 5 M NaOH =AOIM HE AlZh 96 AlZt & I, 22|22 H=E82

100%0| =2t o0, O|ASIEIEIEO| Z2|= 5486 wtn=z £ Ao 2EKX|Q 48 wrk O|AS

<3 4 14> FAMUILUEE 20| [E A2t H pH M3t Z1OHO[CE 0.01 M NaOH Z=HE

HMeleh LIHX] =2 pH 40| & =7|0f #2007t S7t5ts des 7L Ol2sh 0|

2O{Lt= O|F= Aluminosilicate 7t MMEHAM OH- O|20] dME|7| WFO[Ct [35] 515 M

NaOH ZO|M HE2|E2| HEE80| =2 OlfF= 13-14 pH 2 |XISH| WMZO|C efLFSHH

r>

O[Aott4o| SIStEHZOM SIOOH); &2l 80| 13 pH oM 7k &7] WZOICE 15 M

NaOH ZZHO|A Alg|2o| XI=80| 5 M NaOH Z=AELCI ¥ 0|8L= Aluminosilicate 7} 20|
MAZHAM Al (419 HE2 Holsty| MEOICt [33-37] AXNE <8 4 15> E=EH

Aluminosilicate Z™87Zx Q! AlLSiOs &0| B0| =Xfsl= AHS =oALt
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1.0
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0.6 1 |—— Si,04(0H),*
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0.4 4 [ Si;04(OH)s>
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0.0 — ,
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pH
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fee 0,01 M NaOH
100 4 ——0.05 M NaOH
0.1 M NaOH

. {F—o0.5MNaoH
S l——1 M NaOH
; 80 - 5 M NaOH
o 15 M NaOH
c .
Q
Q
= B0 -
b
Q
o)
i
£ 40+
(8]
©
2
(/5] 20 4

0 —

! I ! |
0 20 40 60 80 100 120
Leaching time (hours)

<% 4.13> FUSLIEE S0 ME H2[29 FEE =

[ 4.12] 5 M NaOH =M O|itstao| A|ZH 8 SEH =

A3l Na,O K,0 CaO MgO Tio, ALO, | Fe,0, MnO Sio, P,0; | total
Ore(XRF) |0.880815(0.223733| 2.28632 (13.02684| 42.174 (17.15734 0 0.365393|23.11641|0.759138
0.5 |0.895927|0.227568 | 2.325545 | 13.25033 | 42.89755 | 17.4517 0 0.371662|21.80755|0.772162
1 10.8988680.228315(2.333179|13.29383 [43.03837 | 17.50899 0 0.372882 |21.55087 | 0.774697
1.510.9030940.229389|2.34414913.35633 | 43.24073[17.59131 0 0.374635(21.182030.778339
2 10.909862(0.231108)2.361716 [ 13.45643 | 43.56478 [ 17.72314 0 0.377443[20.59135|0.784172
3 |0.914387|0.232257|2.373463 | 13.52336 | 43.78145|17.81129 0 0.37932 | 20.1964 [0.788072

AlZH | 6 |0.920601[0.233836|2.389592(13.61526|44.07898 [17.93233 0 0.381898 [19.65408 | 0.793428 | 100%
(hours | 12 |09,926433[0.235317| 2.40473 |13.70151|44.35822| 18.04593 0 0.384317 [19.14509 | 0.798454
24 10.9618140.244304 [ 2.496568 | 14.22478 [ 46.05228 | 18.73511 0 0.398994 | 16.0572 | 0.828948
48 11.035822(0.263102|2.688669 | 15.31932|49.59582(20.17671 0 0.429695[9.598135|0.892732
72 [1.140213)0.289618 [ 2.959637 | 16.86322 | 54.59417 | 22.21015 0 0.473001[0.487295|0.982703
96 |1.145797|0.291036| 2.97413 | 16.9458 | 54.8615 | 22.3189 0 0.475317 0 0.987515
120[1.145797)0.291036 | 2.97413 | 16.9458 | 54.8615 | 22.3189 0 0.475317 0 0.987515
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Intensity
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<% 4.15> 15 M NaOH =7 Xz AM¢
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g2 1¥=2 XRD Aat J2j=
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L=
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o

=
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2

FO|C}. Chemical reaction

=& kinetic model

097822 2 7I% =O0F 6 M

PN

[5
o3

4§
ol

ofn

(4.20)

—Ea
= ke RTt

1

3

1-(1-a

reaction
2 otziet ZCf

=~

HFXA A
(=)

o

F

Chemical

CHRls

~ Ale
HE H™e

b

A A
[= bl

7

al

ES

7o
HA

=

H
—

+o 55

<0

<dr

0.01461, 0.30927 O] ¥M XM ZA}

J4
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AlZtol ©f Zop Ho
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0| 0.02363 O|11 H9o| HEE0| 100% =

y
NS

&

<0

s

=

<dr
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3
&
+
m 1.0 - n 2 1.0 4 ]
?
= -
0.5 054 -
_ [ y = 0.01661x + 0.26073
yz— 0.00692x + 0.72621 = R2=0.9385
R*=0.71622 L]
00 T T T T T T T T T 0.0 T T T T T T T T T
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154 1.5 1
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a []
0.5+ . 05,
-" y= 0.01461x + 0.30927 y= 0.01015x + 0.57105
- R2=0.97822 R2=0.85129
00 T T T T T T T T T 00 T T T T T T T T T
0 6 12 18 24 30 36 42 48 54 60 0 6 12 18 24 30 36 42 48 54 60
Leaching time (hours) Leaching time (hours)
(c) SCM & SPM, Chemical reaction (d) SPM, Diffusion through film
<13 4.16> 6 M 4t ZHO|M Ho| HEZ1 kinetic model 7He| A2EM JzZj=
[E 4.1316 M &4 ZZO|AM Ho| HEE1 kinetic model 7t2| AZEM At &
Shrinking Core Model SCM & SPM Shrinking Particle Model
1 1 2
a=Kt 1+2(1—a)-3(1—a)3 =Kt 1-(1- a)3 =Kt 1-(1-a)d=Kt

Rate equation

(Diffusion through film)

(Diffusion through product layer)

(Chemical Reaction)

(Diffusion through film)

ya

A= (R2)

0.71622

0.9385

0.97822

0.85129
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[E 4.14] 6 M &4F ZZ0|A| Chemical reaction & WHAZ ofgL|2A Alof cHYst Zat &

Chemical reaction

2 Al (K) %E H| (kg) "

1 ALTE Hl A = eT = - 0 Ho| k=g CtSl= A7
Rate equation A2 AIE (RY 7127)) v 2H) o] HEE0] 100% ZEoH= Al ZH
y =0.01461x + 0.30927 0.97822 0.01461 0.30927 47.28 A| 7t
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<33 4.17> 5 M NaOH ZZ0IM H2|Z2| HZE1} kinetic model 7H2| HZEM =
[E 4.1516 M &4 =AM Ho| HEE1} kinetic model 72| AZHEAM ZaL B

Shrinking Core Model

SCM & SPM

Shrinking Particle Model

Rate equation

a=Kt

(Diffusion through film)

1
1+2(1—a)-3(1—-a)I =Kt
(Diffusion through product layer)

1
1-(1- a)i=Kt
(Chemical Reaction)

2
1-(1-a)i=Kt
(Diffusion through film)

ya

A= (R2)

0.97343
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0.95524

0.97807
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7. Abstract

Titanium is widely buried as the fourth-largest metal element in the world and it is the dream
material with excellent corrosion resistance, specific strength and biocompatibility. It is widely used
in various industries such as defense, medical and shape memory alloys. About 20 million tons of
ilmenite (FeTiO3) are buried in Yeoncheon-gun and Hadong-gun, Republic of Korea. However, the
grade of TiO2 is about 19 wt%, so it is a limit for titanium smelting. Therefore, high-grade

ilmenite is imported every year for 1 trillion won.

Therefore, the purpose of the study is increasing from the low-grade ilmenite to the high-

grade ilmenite of more than 45~48 wt% titanium dioxide so that can be used in industrial fields.

Particle size analysis, X-ray diffraction (XRD) and X-ray flouresence (XRF) were performed to
analyze the average particle size of powder, content of oxide and crystal structure in the powder.
Leaching processes were conducted by using hydrochloric acid and sulfuric acid as solution for

leaching Fe,03, Al,03, MgO and MnOQ.

Oxalic acid was used as an additive in the hydrochloric acid leaching process, and ultraviolet
irradiation used for accelerating the leaching rate of iron. The experiment was conducted with
variables such as leaching time, leaching temperature, and 254nm UV irradiation. The sulfuric acid
leaching process was experimented with variables such as sulfuric acid concentration and leaching
time. Sodium hydroxide leaching experiment was conducted for leaching silicon dioxide (SiO,)
using a powder under optimum conditions of sulfuric acid leaching process. The experiment was
conducted with variables such as sodium hydroxide concentration and leaching time. ICP-AES
(Inductively coupled plasma atomic emission spectroscopy) and AAS (Atomic absorption
spectroscopy) were performed to calculate the concentration of the element collected by

condition after the leaching experiment.
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As a result, the leaching efficiency of iron is 81.31% and titanium is 17.45% at 140°C. The
leaching efficiency of iron and titanium are 95.48%, 12.7% under the condition of UV irradiation.
This demonstrated the effect of 254 nm UV for selectively increasing iron leaching. Shrinking core
model (SCM) and Shrinking particle model (SPM) were used to analysis leaching behavior of iron.
The leaching efficiency of iron was 100% under the 6 M sulfuric acid condition and the
composition ratio of TiO2 was the highest at 45.93 wt%, so it was determined as the optimum
condition. The leaching efficiency of silicon was 100% in the sodium hydroxide leaching

experiment and the composition ratio of TiO2 was 54.86 wt%.
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