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Appendix A: X-ray diffraction diagrams 

 

Appendix A- 1:XRD diagram of ilmenite raw material 

IM M E N IT E

2 1 - 1 2 7 2  ( * )  -  A n a ta s e , s y n  -  T i O 2  -  S - Q  1 .0  %

2 1 - 1 2 7 6  ( * )  -  R u t il e ,  s y n  -  T iO 2  - S - Q  1 .9  %

0 6 - 0 2 6 6  ( * )  -  Z i rc o n  - Z r S iO 4  -  S - Q  3 .0  %

3 3 - 0 6 6 4  ( * )  -  H e m a ti te ,  s y n  -  F e 2 O 3  - S - Q  5 .4  %

2 9 - 0 7 3 3  ( * )  -  I lm e n i te ,  s y n  -  F e + 2 T iO 3  -  S -Q  8 8 .6  %

IM M E N IT E  -  F i l e :  A R A O 0 4 - 5 B .r a w  - T y p e : 2 T h /T h  l o c k e d  -  S ta rt :  5 . 0 0 0  °  -  E n d :  7 0 .0 0 0  ° -  S te p : 0 .0 4 0  ° -  S t e p  ti m e : 1 .5  s
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Appendix A- 2:XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with one mol of sodium hydroxide at 250 °C for 

336 hours, with intermediate milling every 24 hours 

E 2

3 7 - 0 4 5 1  ( I)  - N a tr i te  -  N a 2 C O 3  -  

2 9 - 0 7 3 3  ( * )  -  I lm e n i te , s y n  -  F e + 2 T i O 3  -  

0 8 - 0 4 4 8  ( * )  -  T h e r m o n a tr it e , s y n  -  N a 2 C O 3 ·H 2 O  - 

E 2  -  F i le : A R A O 0 4 -8 .r a w  -  T y p e : 2 T h /T h  l o c k e d  -  S t a r t:  5 .0 0 0  ° -  E n d : 7 0 .0 0 0  ° -  S te p : 0 .0 4 0  ° - S te p  ti m e : 1 .5  s
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Appendix A- 3: XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with two mole of sodium hydroxide at 250 °C 

for 336 hours, with intermediate milling every 24 hours 

E 3

7 9 - 1 7 4 1  ( C )  - H e m a ti te ,  s y n  - F e 2 O 3  -  

7 5 - 0 5 1 9  ( C )  - Il m e n i te  - F e T i O 3  - 

1 9 - 1 1 3 0  ( I )  - S o d i u m  C a rb o n a te  - N a 2 C O 3  -  

E 3  -  F i le :  A R A O 0 4 -0 7 . r a w  - T y p e : 2 T h /T h  l o c k e d  -  S ta rt :  5 . 0 0 0  °  -  E n d :  7 0 .0 0 0  ° -  S te p : 0 .0 4 0  ° -  S t e p  t i m e : 1 .5  s
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Appendix A- 4:XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with four mole of sodium hydroxide at 250 °C 

for 336 hours, with intermediate milling every 24 hours 

 

E 5

4 6 - 1 0 4 5  ( * )  -  Q u a r tz , s y n  -  S iO 2  -  

7 5 - 0 5 1 9  ( C )  - Il m e n i te  - F e T i O 3  - 

1 9 - 1 1 3 0  ( I)  - S o d i u m  C a rb o n a te  - N a 2 C O 3  -  

E 5  -  F i le : A R A O 0 4 -1 1 .r a w  - T y p e : 2 T h /T h  l o c k e d  -  S ta rt:  5 . 0 0 0  ° -  E n d :  7 0 .0 0 0  ° -  S te p : 0 .0 4 0  ° -  S t e p  ti m e : 1 .5  s  -  C re a t io n : 2 0 0 4 /0 5 /1 8  0 1 :1 4 :3 9  P M
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Appendix A- 5:XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with six mole of sodium hydroxide at 250 °C for 

336 hours, with intermediate milling every 24 hours 

E 7

3 7 - 0 4 5 1  ( I)  - N a tr i te  -  N a 2 C O 3  -  

2 9 - 0 7 3 3  ( * )  -  I lm e n i te , s y n  -  F e + 2 T i O 3  -  

E 7  -  F i le : A R O A 0 4 -0 8 .r a w  - T y p e : 2 T h /T h  l o c k e d  -  S ta rt:  5 . 0 0 0  ° -  E n d :  7 0 .0 0 0  ° -  S te p : 0 .0 4 0  ° -  S t e p  ti m e : 1 .5  s  -  C re a t io n : 2 0 0 4 /0 5 /1 2  0 1 :0 8 :5 5  P M
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Appendix A- 6:XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with four mole of sodium hydroxide at 500 °C 

for 336 hours, with intermediate milling every 24 hours 

N a O H :F e T iO 3  4 .1 (E 9 )

0 0 - 0 1 6 - 0 8 1 8  (* ) -  S o d i u m  S i l i c a te  -  N a 2 S i O 3  -  H e x a g o n a l  -  

0 0 - 0 0 5 - 0 5 8 6  (* ) -  C a l c it e , s y n  -  C a C O 3  -  H e x a g o n a l  ( R h ) -  I / I c  P D F  2 . -  

0 1 - 0 8 0 - 1 1 6 2  (C )  -  S o d i u m  I ro n  S i l i c o n  O x i d e  - N a 0 . 9 2 5 ( F e 0 .9 2 5 S i 0 .0 7 5 )O 2  -  O r th o r h o m b i c  -  I / Ic  P D F  1 . 9  -  

0 1 - 0 8 9 - 2 7 8 4  (C )  -  S o d i u m  T i ta n i u m  O xi d e  -  N a T iO 2  -  H e xa g o n a l (R h )  - I/ I c  P D F  3 .2  - 

0 1 - 0 7 6 - 0 3 2 0  (A ) -  R u ti l e ,  s y n  -  T i O 2  -  T e t ra g o n a l - I / I c  P D F  3 .4  - 

0 1 - 0 7 5 - 0 5 1 9  (C )  -  I l m e n it e  -  F e T i O 3  -  R h o m b o h e d r a l  -  I / Ic  P D F  3 .  - 

0 0 - 0 3 7 - 0 4 5 1  (I)  -  N a tr i te  - N a 2 C O 3  -  M o n o c l i n i c  - 

N a O H :F e T i O 3  4 .1 ( E 9 ) -  F i l e :  A R A O 0 4 - 1 3 .r a w  -  T y p e :  2 T h /T h  l o c k e d  -  S ta r t :  5 .0 0 0  ° -  E n d :  7 0 . 0 0 0  ° -  S te p :  0 .0 4 0  °  - S te p  t i m e :  1 .5  s  -  T e m p .:  2 5  °C  ( R o o m )  -  T i m e  S ta r te d : 0  s  -  2 - T h e ta :  5 .0 0 0  ° - T h e ta :  2 .5 0 0  ° -  C h i :  

L
in

 (
C

o
u
n

ts
)

0

1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 0

9 0

1 0 0

1 1 0

1 2 0

1 3 0

1 4 0

1 5 0

1 6 0

1 7 0

1 8 0

1 9 0

2 0 0

2 1 0

2 2 0

2 3 0

2 4 0

2 5 0

2  T h e t a  ( C u  K - a lp h a )

5 1
0

2
0

3
0

4
0

5
0

6
0

7
0

 
 
 



144 

 

Appendix A- 7:XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with two mol of sodium hydroxide at 300 °C for 

one hour 

N a O H + F e T iO 3 2 :1  3 0 0 1H R

0 1 -0 7 0 - 2 1 4 8  ( C ) -  S o d i u m  C a r b o n ate  H y d r ate  -  N a 2 C O 3 H 2 O  - O r th o rh o m b i c  -  I /Ic  PD F  0 .6  -  S - Q  3 2 .6  %

0 0 -0 3 7 - 0 4 5 1  ( I)  - N a tri te  - N a 2 C O 3  -  M on oc l in ic  - I / Ic  U s e r 0 .6  - S - Q  4 6 .3  %

0 0 -0 2 9 - 0 7 3 3  ( *)  - I lm e n i te ,  sy n  - F e + 2 T iO 3  - H e x a g o n al  (R h ) -  I/ I c P D F  1 .8  - S -Q  2 1 .1  %

N a O H + F e T iO 3  2 :1  3 0 0  1 H R  - F i l e : AR A O 0 5 -7 . r aw  -  T y p e : 2 T h /T h  l o ck e d  - S te p :  0 .0 4 0  ° - S te p  t im e :  1 .5  s  - A n od e: C u  - C r e ati o n : 2 0 0 5 /0 4 /0 1  0 1 :5 8 :5 3  P M
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Appendix A- 8: XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with two mole of sodium hydroxide at 350 °C 

for one hour 

N a O H + F e T iO 3 2 :1  3 5 0  1H R

0 1 -0 7 4 - 1 5 4 7  ( C ) -  S o d i u m  I ro n  T it a n i u m  O x id e -  N a .7 5 F e .7 5 T i .2 5 O 2  -  H e xa g o n a l  ( R h )  - I / Ic  P D F  3 .4  -  S - Q  2 .4  %

0 1 -0 7 6 - 0 2 4 3  ( C ) -  S o d i u m  I ro n  O x i d e  -  b e ta -N a F e O 2  - O rth o rh om b ic  - I / Ic  P D F  1 .9  -  S -Q  5 .3  %

0 0 -0 3 7 - 0 4 5 1  ( I)  - N a t ri t e  - N a 2 C O 3  -  M on oc l in ic  - I / Ic  U s e r 0 .6  - S - Q  6 2 .3  %

0 0 -0 2 9 - 0 7 3 3  ( *)  - I lm e n i te ,  sy n  - F e + 2 T iO 3  - H e x a g o n al  (R h ) -  I/ Ic  P D F  1 .8  - S -Q  2 8 .3  %

0 0 -0 1 6 - 0 2 5 1  ( N ) -  S o d i u m  T ita n i u m  O x id e -  N a T i O 2  - H e x ag on a l  (R h ) -  I / Ic U se r 3 .2  -  S -Q  1 .7  %

N a O H + F e T iO 3  2 :1  3 5 0  1 H R  - F i l e :  AR A O 0 5 -1 2 . r a w  - T y p e :  2 T h /T h  l o ck e d  - S te p :  0 . 0 4 0  ° - S te p  t im e :  1 .5  s  - A n o d e : C u  - C r e at i o n :  2 0 0 5 /0 4 /0 1  0 5 :4 0 :4 1  P M
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Appendix A- 9:XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with two mole of sodium hydroxide at 400 °C 

for one hour 

N a O H + F e T iO 3 2 :1  4 0 0  1H R

0 0 -0 2 1 - 1 1 2 7  ( Q ) -  S od iu m  I ro n  O x i d e  H y d ra te  - N a F eO 2 ·H 2 O /0 .5 (N a 2 O ·F e 2 O 3 ·2 H 2 O ) -  O r t h o rh o m b i c  -  I/ I c U se r  1 .  -  S -Q  8 .3  %

0 1 -0 7 6 - 0 2 4 3  ( C ) -  S o d i u m  I ro n  O x i d e  -  b e ta -N a F e O 2  - O rth o rh om b ic  - I / Ic  P D F  1 .9  -  S -Q  5 .8  %

0 0 -0 3 7 - 0 4 5 1  ( I)  - N a t ri t e  - N a 2 C O 3  -  M on oc l in ic  - I / Ic  U s e r 0 .6  - S - Q  5 5 .1  %

0 0 -0 2 9 - 0 7 3 3  ( *)  - I lm e n i te ,  sy n  - F e + 2 T iO 3  - H e x a g o n al  (R h ) -  I/ Ic  P D F  1 .8  - S -Q  2 7 .1  %

0 0 -0 1 6 - 0 2 5 1  ( N ) -  S o d i u m  T ita n i u m  O x id e -  N a T i O 2  - H e x ag on a l  (R h ) -  I / Ic U se r 3 .2  -  S -Q  3 .7  %

N a O H + F e T iO 3  2 :1  4 0 0  1 H R  - F i l e :  AR A O 0 5 -9 . r aw  -  T y p e :  2 T h /T h  l o ck e d  - S te p :  0 . 0 4 0  ° - S te p  t im e :  1 .5  s  - A n od e:  C u  - C r e at i o n :  2 0 0 5 /0 4 /0 1  0 3 :2 7 :3 5  P M

L
in

 (
C

o
u
n

ts
)

0

1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 0

9 0

1 0 0

1 1 0

1 2 0

1 3 0

1 4 0

1 5 0

1 6 0

1 7 0

1 8 0

2  T h e ta  (C u  K -a lp h a )

5 1
0

2
0

3
0

4
0

5
0

60

 
 
 



147 

 

 

 

Appendix A- 10:XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with two mole of sodium hydroxide at 450 °C 

for one hour 

N a O H + F e T iO 3  2 :1  4 5 0  1 H R

0 1 -0 7 4 - 1 5 4 7  ( C ) -  S o d i u m  I ro n  T it a n i u m  O x id e -  N a . 7 5 F e .7 5 T i .2 5 O 2  -  H e xa g o n a l  ( R h )  - I / Ic  P D F  3 . 4  -  S - Q  2 . 2  %

0 1 -0 7 6 - 0 2 4 3  ( C ) -  S o d i u m  I ro n  O x i d e  -  b e ta -N a F e O 2  - O rth o rh om b ic  - I / Ic  P D F  1 . 9  -  S -Q  6 .9  %

0 0 -0 3 7 - 0 4 5 1  ( I)  - N a t r i t e  -  N a 2 C O 3  -  M on oc l in ic  - I / Ic  U s e r 0 .6  - S - Q  5 7 . 9  %

0 0 -0 2 9 - 0 7 3 3  ( *)  -  I lm e n i te ,  s y n  -  F e + 2 T iO 3  - H e x a g o n al  (R h ) -  I/ I c  P D F  1 . 8  -  S -Q  3 2 .9  %

N a O H + F e T iO 3  2 : 1  4 5 0  1 H R  - F i l e :  A R A O 0 5 -1 3 . r a w  - T y p e :  2 T h / T h  l o ck e d  - S te p :  0 . 0 4 0  ° -  S te p  t im e :  1 .5  s  -  A n o d e : C u  - C r e at i o n :  2 0 0 5 / 0 4 /0 1  0 6 :2 5 : 0 3  P M
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Appendix A- 11:XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with two mole of sodium hydroxide at 500 °C 

for one hour 

  

N a O H + F e T iO 3  2 :1  5 0 0  1 H R

0 1 -0 7 4 - 1 5 4 7  ( C ) -  S o d i u m  I ro n  T it a n i u m  O x id e -  N a . 7 5 F e .7 5 T i .2 5 O 2  -  H e xa g o n a l  ( R h )  - I / Ic  P D F  3 . 4  -  S - Q  3 . 9  %

0 1 -0 7 6 - 0 2 4 3  ( C ) -  S o d i u m  I ro n  O x i d e  -  b e ta -N a F e O 2  - O rth o rh om b ic  - I / Ic  P D F  1 . 9  -  S -Q  4 .3  %

0 0 -0 3 7 - 0 4 5 1  ( I)  - N a t r i t e  -  N a 2 C O 3  -  M on oc l in ic  - I / Ic  U s e r 0 .6  - S - Q  7 2 . 6  %

0 0 -0 2 9 - 0 7 3 3  ( *)  -  I lm e n i te ,  s y n  - F e + 2 T iO 3  - H e x a g o n al  (R h ) -  I/ I c  P D F  1 . 8  - S -Q  1 9 .2  %

N a O H + F e T iO 3  2 : 1  5 0 0  1 H R  - F i l e :  A R A O 0 5 -8 . r aw  -  T y p e :  2 T h /T h  l o ck e d  - S te p :  0 . 0 4 0  ° - S te p  t im e :  1 .5  s  - A n od e:  C u  - C r e at i o n :  2 0 0 5 / 0 4 /0 1  0 2 :4 3 : 1 5  P M
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Appendix A- 12:XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with two mole of sodium hydroxide at 550 °C 

for one hour 

 

A F D I 1 :2  1h  5 5 0 de g

0 1 -0 7 6 - 0 6 0 0  ( C ) -  S o d i u m  I ro n  O xi d e  -  b e ta -N a F e O 2  - O rth o rh om b ic  - P n a 2 1  (3 3 ) - I/Ic P D F  1 .9  - S -Q  2 1 .9  %

0 0 -0 4 0 - 0 4 3 4  ( Q) -  S od iu m  I ro n  O xi d e  - N a 2 F e O3  - I /Ic U se r 1 .  -  S- Q 1 7 .4  %

0 0 -0 3 7 - 0 3 4 5  ( *)  - S o d i u m  T i ta n iu m  O xi d e  - b e ta -N a 2 Ti O 3 /N a 2 OT i O2  -  M on o c l in i c  - F  ( 0 ) -  I/ Ic U se r 1 .3  -  S -Q  4 0 .9  %

0 0 -0 2 9 - 0 7 3 3  ( *)  - I lm e n i te , sy n  - F e + 2 T iO 3  - H e x a g o n al  (R h ) -  R -3  ( 1 4 8 ) -  I/ Ic  PD F  1 .8  - S - Q  1 9 .9  %

A FD I 1 :2  1 h  5 5 0 d e g  - F i l e : AR A O 0 5 -3 5 .r a w  - Ty p e : 2 T h /Th  l o ck e d  - S te p : 0 .0 4 0  ° - S te p  t im e : 1 .5  s  - X -O ffs e t : 0 .0 0 0
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Appendix A- 13:XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with two mole of sodium hydroxide at 600 °C 

for one hour 

E 9 3

0 1 - 0 7 6 - 0 2 4 3  ( C )  - S o d i u m  Iro n  O x id e  -  b e ta -N a F e O 2  -  O rth o r h o m b ic  -  I / Ic  P D F  1 .9  - S - Q  1 7 . 5  %

0 1 - 0 7 3 - 1 2 5 6  ( C )  - I lm e n i te  -  F e 1 .1 0 T i.9 0 O 3  -  H e x a g o n a l  (R h )  - I / Ic P D F  2 .9  - S -Q  1 . 8  %

0 1 - 0 8 9 - 2 7 8 4  ( C )  - S o d i u m  Ti ta n iu m  O x id e  -  N a Ti O 2  -  H e x a g o n a l  (R h )  - I / Ic P D F  3 .2  - S -Q  3 . 5  %

0 0 - 0 2 8 - 1 1 5 5  ( I) -  S o d iu m  T i ta n i u m  O xi d e  - N a 8 T i 5 O 1 4 /4 N a 2 O ·5 T i O 2  -  T ri c li n i c  - I /Ic  U s e r  0 .9  - S -Q  4 . 4  %

0 0 - 0 5 0 - 0 1 1 0  ( I) -  S o d iu m  T i ta n i u m  O xi d e  - N a 2 T i O 3  -  H e xa g o n a l (R h ) - I / Ic  U s e r  1 .3  - S - Q  6 9 . 0  %

0 0 - 0 2 5 - 0 8 7 7  ( I) -  S o d iu m  Ir o n  T i ta n iu m  O x id e  -  N a 0 .7 5 F e 0 .7 5 T i 0 .2 5 O 2  -  H e x a g o n a l ( R h ) -  I / Ic  U s e r 3 .4  -  S - Q  3 .7  %

E 9 3  -  F il e :  A R A O 0 5 -3 0 .r a w  -  T yp e : 2 T h / Th  lo ck e d  - S te p : 0 .0 4 0  ° -  S te p  t im e : 1 . 5  s  - X -O ffs e t: 0 .0 0 0
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Appendix A- 14:XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with two mole of sodium hydroxide at 650 °C 

for one hour 

N a O H + F e T iO 3 2 :1  6 5 0

0 0 -0 2 1 - 1 1 2 7  ( Q ) -  S od iu m  I ro n  O x i d e  H y d ra te  - N a F eO 2 ·H 2 O /0 .5 (N a 2 O ·F e 2 O 3 ·2 H 2 O ) -  O r th o rh o m b i c  -  I/ I c U se r  1 .  -  S -Q  1 5 .5  %

0 1 -0 7 6 - 0 2 4 3  ( C ) -  S o d i u m  I ro n  O x i d e  -  b e ta -N a F e O 2  - O rth o rh om b ic  - I / Ic  P D F  1 .9  -  S -Q  1 0 .7  %

0 0 -0 3 7 - 0 4 5 1  ( I)  - N a tri t e  - N a 2 C O 3  -  M on oc l in ic  - I / Ic  U s e r 0 .6  - S - Q  3 8 .4  %

0 0 -0 3 3 - 0 6 6 4  ( *)  - H e m a t i te , s y n  - F e 2 O 3  - H e x a g o n al  (R h ) -  I/ Ic P D F  2 .4  - S -Q  5 .5  %

0 0 -0 2 9 - 0 7 3 3  ( *)  - I lm e n i te ,  sy n  - F e + 2 T iO 3  - H e x a g o n al  (R h ) -  I/ Ic  P D F  1 .8  - S -Q  2 4 .3  %

0 0 -0 1 6 - 0 2 5 1  ( N ) -  S o d i u m  T ita n i u m  O x id e -  N a T i O 2  - H e x ag on a l  (R h ) -  I / Ic U se r 3 .2  -  S -Q  5 .5  %

N a O H + F e T iO 3  2 :1  6 5 0  -  F il e :  AR AO 0 5 -5 . ra w  - T yp e :  2 T h /T h  l o c ke d  - S te p :  0 .0 4 0  ° - S te p  t i m e : 1 .5  s  - A n o d e :  C u  - C re a t io n :  2 0 0 5 /0 4 /0 1  1 2 :3 0 :1 1  P M
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Appendix A- 15: XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with two mole of sodium hydroxide at 700 °C 

for one hour 

N a O H  +  F e T i  7 0 0

0 0 -0 3 7 - 0 3 4 5  ( *)  -  S o d i u m  T i t a n iu m  O x i d e  - b e t a -N a 2 T i O 3 / N a 2 O T i O 2  -  M on o c l in i c  -  I / Ic  U s e r  1 . 3  - S - Q  6 9 . 4  %

0 0 -0 5 0 - 1 3 8 0  ( N ) -  I r on  C a rb o n a t e  H y d ro x i d e  H y d ra t e  - F e6 (O H )1 2 C O 3 · 2 H 2 O  -  H e x a g o n a l  ( R h )  -  I / Ic  U s e r 1 .  -  S -Q  9 . 6  %

0 1 -0 7 6 - 0 2 4 3  ( C ) -  S o d i u m  I ro n  O x i d e  -  b e t a -N a F e O 2  - O r t h o rh om b ic  -  I / Ic  P D F  1 . 9  -  S -Q  1 6 . 4  %

0 0 -0 1 6 - 0 2 5 1  ( N ) -  S o d i u m  T it a n i u m  O x id e -  N a T i O 2  - H e x ag on a l  (R h )  -  I / I c  U s e r  3 . 2  -  S -Q  4 . 5  %

N a O H  +  F e T i  7 0 0  -  F i le :  A R A O 0 5 - 4 B . ra w  -  T y p e :  2 T h / T h  l o c k e d  -  S t e p :  0 . 0 4 0  ° - S t e p  t i m e :  1 . 5  s  -  A n o d e :  C u  -  C re a t io n :  2 0 0 5 /0 4 / 1 5  0 1 : 1 4 : 1 4  P M
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Appendix A- 16:XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with two mole of sodium hydroxide at 750 °C 

for one hour 

N a O H  +  F e T i  7 5 0

0 0 -0 3 7 - 0 3 4 5  ( *)  - S o d i u m  T i ta n iu m  O xi d e  - b e ta -N a 2 T i O 3 /N a 2 O T i O 2  -  M on o c l in i c  - I / Ic  U s e r 1 .3  - S - Q  5 3 .9  %

0 0 -0 5 0 - 1 3 8 0  ( N ) -  I r on  C a rb o n a te  H y d ro xi d e  H y d ra te  - F e6 (O H )1 2 C O 3 ·2 H 2 O  -  H e xa g o n a l  ( R h )  - I / Ic  U s e r 1 .  - S -Q  6 .9  %

0 1 -0 8 1 - 2 0 9 3  ( C ) -  S o d i u m  I ro n  T it a n i u m  O x id e -  N a (F eT i O 4 )  - O rth o rh o m b i c  - I / Ic  P D F  1 .3  -  S - Q  7 .8  %

0 1 -0 7 6 - 0 2 4 3  ( C ) -  S o d i u m  I ro n  O x i d e  -  b e ta -N a F e O 2  - O rth o rh om b ic  - I / Ic  P D F  1 .9  -  S -Q  1 7 .6  %

0 0 -0 2 9 - 0 7 3 3  ( *)  - I lm e n i t e ,  sy n  - F e + 2 T iO 3  - H e x a g o n al  (R h ) -  I/ Ic  P D F  1 .8  - S -Q  4 .6  %

0 0 -0 1 6 - 0 2 5 1  ( N ) -  S o d i u m  T it a n i u m  O x id e -  N a T i O 2  - H e x ag on a l  (R h ) -  I / I c U se r 3 .2  -  S -Q  9 .2  %

N a O H  +  F e T i  7 5 0  -  F i le :  A R A O 0 5 - 1 4 . ra w  - T y p e : 2 T h /T h  lo c ke d  -  S te p :  0 .0 4 0  ° -  S te p  t i m e :  1 .5  s -  An o d e :  C u  -  C re a t i on : 2 0 0 5 /0 4 /1 5  0 1 :5 8 :3 1  P M
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Appendix A- 17: XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with two mole of sodium hydroxide at 800 °C 

for one hour 

E 1 4 0

0 0 -0 2 8 - 1 1 5 5  ( I)  - S o d iu m  T i tan iu m  O x i d e  - N a 8 T i 5 O 1 4 /4 N a 2 O ·5 T i O 2  -  T ri c li n i c  -  I/ I c  U s er  0 .9

0 0 -0 2 5 - 0 8 7 7  ( I)  - S o d iu m  I ro n  T i t an iu m  O xi d e  - N a 0 .7 5 F e 0 .7 5 T i 0 .2 5 O 2  - H ex a g o n a l ( R h ) -  I/ I c  U se r  3 .4

0 0 -0 2 1 - 1 1 2 9  ( N ) -  S o d i u m  I ro n  T it a n i u m  O x id e -  N a 2 F e 2 T i 3 O 1 0 /N a2 O ·F e 2 O 3 ·3 T iO 2  - 

0 0 -0 5 3 - 0 6 1 9  ( *)  - T it a n i u m  O x i d e  -  g a m m a -T iO 2  - O rth o rh om b ic  - 

0 0 -0 5 0 - 0 1 1 0  ( I)  - S o d iu m  T i tan iu m  O x i d e  - N a 2 T i O 3  -  H e xa g o n a l  ( R h )  - I / Ic  U s e r 1 .3

0 0 -0 3 2 - 1 1 0 0  ( N ) -  S o d i u m  I ro n  O x i d e  -  b e ta -N a F e 2 O 3  - H ex a g o n a l -  

0 0 -0 4 0 - 0 4 3 4  ( Q ) -  S od iu m  I ro n  O x i d e  - N a 2 F e O 3  - 

E 1 4 0  - F i l e:  A R A O 0 5 - 2 3 . ra w  -  T y p e :  2 T h /T h  l oc k e d  - S te p :  0 .0 4 0  ° - S tep  ti m e :  1 .5  s  -  X - O f f s e t :  0 .0 0 0
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Appendix A- 18: XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with two mole of sodium hydroxide at 850 °C 

for one hour 

E 1 3 2

01 - 076 - 02 43 ( C )  - S od ium  Iro n  O x id e  -  be ta -N aF eO 2  -  O rth o r hom b ic  -  I/Ic  P D F  1 .9 - S - Q  12 . 6 %

00- 050 - 01 10 ( I) -  S od iu m  T i tan ium  O xide  - N a2T iO 3 -  He xa gona l (R h ) - I/Ic  U s e r  1.3  - S - Q  39 . 8  %

00- 033 - 12 55 ( * ) -  S od iu m  Ir on  T i tan ium  O x id e  - N aF eT iO 4  -  O rth o rh om b ic  -  I/Ic  U s e r 1 .3  -  S -Q  13.8  %

00- 025 - 08 77 ( I) -  S od iu m  Ir on  Ti tan iu m  O x id e  -  N a0 .75F e0 .75T i0 .25 O 2 -  Hex ag ona l ( Rh ) -  I/Ic  U s e r 3.4  -  S - Q  33 .8  %

E 132 - F i le : A R A O 05- 27.r aw  - T y pe : 2 Th /Th  loc k ed -  S tep : 0 .04 0  ° -  S tep  tim e : 1 .5 s  -  X -O f fs et: 0 . 000
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Appendix A- 19: XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with two mole of sodium hydroxide at 900 °C 

for one hour 

E 1 4 8

0 0 -0 5 0 - 0 1 1 0  ( I)  - S o d iu m  T i tan iu m  O x i d e  - N a 2 T i O 3  -  H e xa g o n a l  ( R h )  - I / Ic  U s e r 1 .3  -  S - Q  1 9 .3  %

0 0 -0 3 3 - 1 2 5 5  ( *)  - S o d i u m  Ir o n  T i t a n iu m  O x i d e  - N aF e T i O 4  -  O r th o rh o m b i c  -  I/ I c  U se r  1 .3  - S -Q  1 6 .0  %

0 0 -0 2 5 - 0 8 7 7  ( I)  - S o d iu m  I ro n  T i t an iu m  O x i d e  -  N a 0 . 7 5 F e 0 .7 5 T i 0 .2 5 O 2  - H ex a g o n a l ( R h ) -  I/ I c  U se r  3 . 4  - S -Q  6 4 . 8  %

E 1 4 8  - F i l e:  A R A O 0 5 - 2 4 . ra w  -  T y p e :  2 T h / T h  l oc k e d  - S te p :  0 .0 4 0  ° - S tep  ti m e :  1 . 5  s  -  X - O f f s e t :  0 .0 0 0
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Appendix A- 20:XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with two mole of sodium hydroxide at 750 °C 

for thirty minutes 

E  6 1

0 0 -0 5 0 - 0 1 1 0  ( I)  - S o d iu m  T i tan iu m  O xi d e  - N a 2 T i O 3  -  H e xa g o n a l  ( R h )  - 

0 1 -0 7 6 - 0 2 4 3  ( C ) -  So d i u m  I ro n  O x i d e  - b e ta -N a F e O 2  - O rth o r h om b ic  - I / Ic  P D F  1 .9  -  

0 0 -0 1 6 - 0 9 3 2  ( N ) -  S o d i u m  I m id e P h o s p h a te  H yd r a t e  -  N a 3 (P O 2 N H )3 · 4 H 2 O  - 

0 0 -0 4 2 - 1 3 0 0  ( *)  - C o b a l t  O x id e  -  C o O  -  C u b i c  -  

0 1 -0 8 2 - 1 4 9 5  ( C ) -  S o d i u m  I ro n  O x i d e  -  a lp h a- N a F e O 2  - H e x ag on al  (R h ) -  I / I c  P D F  3 . 3  - 

0 0 -0 1 9 - 1 1 3 0  ( I)  - S o d iu m  C a rb o n a te  - N a 2 C O 3  - M o n o c l in i c  - 

0 0 -0 2 8 - 1 1 5 5  ( I)  - S o d iu m  T i tan iu m  O xi d e  - N a 8 T i 5 O 1 4 /4 N a 2 O · 5 T i O 2  -  T ri c li n i c  -  

0 0 -0 2 9 - 0 7 3 3  ( *)  - I lm e n i te ,  sy n  - F e + 2 T iO 3  - H e x a g o n al  (R h ) -  I/ I c  P D F  1 .8  - 

0 0 -0 1 6 - 0 2 5 1  ( N ) -  S o d i u m  T ita n i u m  O x id e -  N a T i O 2  - H e x ag on a l  (R h ) -  

E  6 1  -  F i le :  A R A O 0 5 - 0 1 . ra w  -  T y p e :  2 T h /T h  lo c k ed  -  S te p :  0 .0 4 0  ° -  S te p  t i m e :  1 .5  s  -  An o d e :  C u  -  C o m p
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Appendix A- 21:XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with four mole of sodium hydroxide at 750 °C 

for thirty minutes 

N a O H  : F e T iO 3    4 : 1

0 0 -0 2 8 -1 1 5 5  (I )  -  S o d iu m  T ita n iu m  O xi d e  - N a 8 T i 5 O 1 4 / 4 N a 2 O · 5 T iO 2  -  T r i cl in i c -  

0 0 -0 1 9 -1 1 3 0  (I )  -  S o d iu m  C a rb o n a t e  -  N a 2 C O 3  -  M o n o c lin ic  -  

0 0 -0 5 0 -0 1 1 0  (I )  -  S o d iu m  T ita n iu m  O xi d e  - N a 2 T i O 3  -  H e xa g o n a l (R h )  -  

0 0 -0 1 6 -0 2 5 1  (N )  -  S o d iu m  T i ta n iu m  O xid e  - N a T iO 2  -  H e x a g o n a l (R h )  -  

0 1 -0 7 6 -0 2 4 3  (C )  -  S o d iu m  I ro n  O x id e  -  b e ta - N a F e O 2  - O r th o rh o m b ic  -  I/I c P D F  1 . 9  -  

N a O H  :  F e T i O 3    4 : 1  -  F i le :  A R A O 0 4 -2 6 . ra w  - T y p e : 2 T h /T h  l o c ke d  - S ta rt:  5 . 0 0 0  ° -  E n d :  7 0 . 0 0 0  ° - S t e p :  0 . 0 4 0  ° - S t e p  t im e :  1 .5  s  -  A n o d e : C u  -  X -O f f se t :  0 .2 0 0  - D is p l.:  0 .  m m  - C re a t io n : 2 0 0 4 /1 2 / 0 9  0 6 : 0 3 :4 4  A M
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Appendix A- 22: XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with six mole of sodium hydroxide at 750 °C 

for thirty minutes 

N a O H  : F e T iO 3    6 : 1

0 0 -0 1 9 -1 1 3 0  (I )  -  S o d iu m  C a rb o n a t e  -  N a 2 C O 3  -  M o n o c lin ic  -  

0 0 -0 5 0 -0 1 1 0  (I )  -  S o d iu m  T ita n iu m  O xi d e  - N a 2 T i O 3  -  H e xa g o n a l (R h )  -  

0 0 -0 1 6 -0 2 5 1  (N )  -  S o d iu m  T i ta n iu m  O xid e  - N a T iO 2  -  H e x a g o n a l (R h )  -  

0 1 -0 7 6 -0 2 4 3  (C )  -  S o d iu m  I ro n  O x id e  -  b e ta - N a F e O 2  - O r th o rh o m b ic  -  I/I c P D F  1 . 9  -  

N a O H  :  F e T i O 3    6 : 1  -  F i le :  A R A O 0 4 -2 7 . ra w  - T y p e : 2 T h /T h  l o c ke d  - S ta rt:  5 . 0 0 0  ° -  E n d :  7 0 . 0 0 0  ° - S t e p :  0 . 0 4 0  ° - S t e p  t im e :  1 .5  s  -  A n o d e : C u  -  X -O f f se t :  0 .1 5 0  - D is p l.:  0 .  m m  - C re a t io n : 2 0 0 4 /1 2 / 0 9  0 6 : 4 8 :0 5  A M
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Appendix A- 23: XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with two mole of sodium hydroxide at 750 °C 

for an hour 

E 4 9

0 0 -0 2 8 -1 1 5 5  (I )  -  S o d iu m  T ita n iu m  O xi d e  - N a 8 T i 5 O 1 4 / 4 N a 2 O · 5 T iO 2  -  T r i cl in i c -  

0 0 -0 2 9 -0 7 3 3  (* ) -  Ilm e n it e , s y n  - Fe + 2 T iO 3  -  H e x a g o n a l  (R h ) -  I /I c P D F  1 . 8  -  

0 0 -0 1 9 -1 1 3 0  (I )  -  S o d iu m  C a rb o n a t e  -  N a 2 C O 3  -  M o n o c lin ic  -  

0 0 -0 5 0 -0 1 1 0  (I )  -  S o d iu m  T ita n iu m  O xi d e  - N a 2 T i O 3  -  H e xa g o n a l (R h )  -  

0 0 -0 1 6 -0 2 5 1  (N )  -  S o d iu m  T i ta n iu m  O xid e  - N a T iO 2  -  H e x a g o n a l (R h )  -  

0 0 -0 4 6 -1 0 4 5  (* ) -  Q u a rt z,  sy n  -  S i O 2  - H e x a g o n a l -  I/I c P D F 3 . 4  -  

0 1 -0 7 6 -0 2 4 3  (C )  -  S o d iu m  I ro n  O x id e  -  b e ta - N a F e O 2  - O r th o rh o m b ic  -  I/I c P D F  1 . 9  -  

E 4 9  -  F ile :  A R A O 0 4 -2 5 . ra w  - T y p e : 2 T h /T h  l o c k e d  - S ta rt:  5 . 0 0 0  ° -  E n d :  7 0 . 0 0 0  ° - S t e p :  0 . 0 4 0  ° -  S t e p  t im e :  1 .5  s  -  A n o d e : C u  - X -O f f se t:  0 .0 0 0  - D is p l.:  0 .  m m  - C re a t io n : 2 0 0 4 /1 2 / 0 7  0 6 : 5 2 :5 3  P M
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Appendix A- 24:XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with four mole of sodium hydroxide at 750 °C 

for an hour 

E 3 8

0 0 -0 2 8 -1 1 5 5  ( I )  -  S o d iu m  T ita n iu m  O xi d e  -  N a 8 T i5 O 1 4 / 4 N a 2 O · 5 T iO 2  -  T r i cl in i c -  
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Appendix A- 25: XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with six mole of sodium hydroxide at 750 °C 

for an hour 

 

E 4 4

0 0 -0 1 9 -1 1 3 0  (I )  -  S o d iu m  C a rb o n a t e  -  N a 2 C O 3  -  M o n o c lin ic  -  

0 0 -0 5 0 -0 1 1 0  (I )  -  S o d iu m  T ita n iu m  O xi d e  - N a 2 T i O 3  - H e xa g o n a l (R h )  -  

0 0 -0 1 6 -0 2 5 1  (N )  -  S o d iu m  T i ta n iu m  O xid e  - N a T iO 2  -  H e x a g o n a l (R h ) -  

0 0 -0 4 6 -1 0 4 5  (* ) -  Q u a rt z,  sy n  - S i O 2  - H e x a g o n a l -  I/I c P D F 3 . 4  - 

0 1 -0 7 6 -0 2 4 3  (C )  -  S o d iu m  I ro n  O x id e  -  b e ta - N a F e O 2  - O r th o rh o m b ic  - I/I c P D F  1 . 9  - 

E 4 4  - F ile :  A R A O 0 4 -2 4 . ra w  - T y p e : 2 T h /T h  l o c k e d  - S ta rt:  5 . 0 0 0  ° - E n d :  7 0 . 0 0 0  ° - S t e p :  0 . 0 4 0  ° - S t e p  t im e :  1 .5  s  -  A n o d e : C u  - X -O f f se t:  0 .1 6 7  - D is p l.:  0 .  m m  - C re a t io n : 2 0 0 4 /1 2 / 0 7  0 6 : 0 8 :3 6  P M
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Appendix A- 26: XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with two mole of sodium hydroxide at 750 °C 

for two hours 

IL IM E N IT E + N a O H  F U S IO N  @  7 0 0  d e g  2 H

0 1 - 0 8 0 - 1 1 6 3  (C )  -  S o d i u m  Ir o n  S il i c o n  O x i d e  -  N a 0 . 9 ( F e 0 . 9 S i0 . 1 )O 2  - O r t h o rh o m b i c  -  I/ I c  P D F  1 . 9  -  

0 0 - 0 3 3 - 1 2 5 5  (* )  - S o d iu m  I ro n  T i t an iu m  O x i d e  - N a F eT i O 4  -  O r th or h o m b i c  -  

0 1 - 0 8 2 - 1 4 9 5  (C )  -  S o d i u m  Ir o n  O x id e  -  al p h a - N a F e O 2  - H e x a g o n a l  (R h ) - I / I c  P D F  3 . 3  -  

0 0 - 0 2 9 - 0 7 3 3  (* )  - I lm e n i t e ,  s y n  - F e + 2 T i O 3  - H e x a g o n a l  (R h )  - I / I c  P D F  1 . 8  - 

0 0 - 0 5 2 - 1 5 7 2  (Q )  -  A n t i g o r i t e  - M g 3 S i 2 O 5 ( O H )4  - M o n o c l in i c  -  

0 0 - 0 4 1 - 1 4 3 2  (* )  - P s e u d o b r o ok i t e , s y n  - F e 2 T i O 5  -  O r t h o r h o m b ic  -  

O p e ra t i on s :  B a c k g ro u n d  0 . 0 0 0 , 1 . 0 0 0  |  I m p o rt

I L I M E N I T E + N aO H  F U S IO N  @  7 0 0  d eg  2 H  - F il e :  A R A O 0 4 -2 0 . r a w  - T y p e :  2 T h / T h  l o c k e d  - S t a r t :  5 . 0 0 0  ° -  E n d :  7 0 .0 0 0  ° -  S t ep : 0 . 0 4 0  ° -  S t ep  t i m e :  1 . 5  s  -  T i m e  S t ar t e d :  0  s  -  2 -T h et a :  5 . 0 0 0  ° -  T h e t a :  2 . 5 0 0  ° -  C h i :  0 . 0 0  
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Appendix A- 27: XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with four mole of sodium hydroxide at 750 °C 

for two hours 

E 2 5

0 1 -0 8 9 - 0 8 0 3  ( C ) -  S o d i u m  T ita n i u m  O x id e -  N a T i O 2  - H e x ag on a l  (R h ) -  I / I c  P D F  3 .8  - 

0 0 -0 1 9 - 1 1 3 0  ( I)  - S o d iu m  C a rb o n a te  -  N a 2 C O 3  - M o n o c l in i c  - 

0 0 -0 5 0 - 0 1 1 0  ( I)  - S o d iu m  T i tan iu m  O x i d e  - N a 2 T i O 3  -  H e xa g o n a l  ( R h )  - 

0 1 -0 7 6 - 0 6 0 0  ( C ) -  S o d i u m  I ro n  O x i d e  -  b e ta -N a F e O 2  -  O rt h o rh om b ic  -  I / Ic  P D F  1 . 9  -  

0 0 -0 4 0 - 0 4 3 4  ( Q ) -  S od iu m  I ro n  O x i d e  -  N a 2 F e O 3  - 

0 0 -0 2 5 - 0 8 7 7  ( I)  - S o d iu m  I ro n  T i t an iu m  O x i d e  -  N a 0 . 7 5 F e 0 .7 5 T i 0 .2 5 O 2  - H ex a g o n a l ( R h ) -  

0 1 -0 8 0 - 1 1 6 1  ( C ) -  S o d i u m  I ro n  S il i co n  O x i d e  -  N a 0 . 9 5 (F e 0 .9 5 S i 0 .0 5 ) O 2  -  O rt h o r h o m b ic  -  I / I c  P D F  1 .9  -  

E 2 5  -  F i le :  A R A O 0 4 - 2 1 . ra w  -  T y p e :  2 T h /T h  l oc k ed  -  S t ar t :  5 . 0 0 0  ° - E n d :  7 0 .0 0 0  ° - S te p :  0 .0 4 0  ° -  S t e p  t i m e:  1 .5  s  -  A n o d e :  C u  -  X -O f f se t :  0 . 0 0 0  -  D is p l . :  0 .  m m  - C r e at i o n :  2 0 0 4 /1 0 / 0 4  1 0 :4 0 :1 1  A M
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Appendix A- 28: XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with six mole of sodium hydroxide at 750 °C 

for two hours 

IL M E N T E  +  N A O H

0 1 - 0 7 6 - 1 6 4 8  (C )  -  S o d iu m  T i ta n iu m  O xid e  -  N a 2 T i7 O 1 5  -  M o n o c l in ic  - I/ Ic  P D F  1 .9  - 

0 0 - 0 2 2 - 0 3 4 6  (Q ) -  Ir o n  H y d ro xi d e  -  F e ( O H ) 3  -  C u b i c  -  

0 1 - 0 8 9 - 2 7 8 4  (C )  -  S o d iu m  T i ta n iu m  O xid e  -  N a T iO 2  -  H e xa g o n a l (R h )  - I/ Ic  P D F  3 .2  - 

0 0 - 0 5 0 - 0 1 1 0  (I)  -  S o d iu m  T i ta n iu m  O x id e  -  N a 2 T iO 3  -  H e x a g o n a l  ( R h )  -  

0 1 - 0 8 0 - 1 1 6 2  (C )  -  S o d iu m  Iro n  S i l i c o n  O x id e  - N a 0 . 9 2 5 ( F e 0 .9 2 5 S i 0 .0 7 5 )O 2  -  O r th o r h o m b ic  -  I/ Ic  P D F  1 . 9  -  

IL M E N T E  +  N A O H  -  F i le : A R A O 0 4 - 1 5 .r a w  -  T y p e : 2 T h /T h  lo c k e d  -  S ta r t: 5 .0 0 0  ° -  E n d : 7 0 . 0 0 0  ° -  S te p : 0 .0 4 0  ° - S te p  t im e :  1 . 5  s  -  T e m p .:  2 5  °C  ( R o o m )  -  T im e  S ta r te d : 0  s  -  2 - T h e ta : 5 .0 0 0  ° - T h e ta : 2 .5 0 0  ° -  C h i : 0 .0 0

L
in

 (
C

o
u
n

ts
)

0

1 0 0

2 0 0

3 0 0

4 0 0

2  T h e ta  ( C u  K - a lp h a )

5 1
0

2
0

3
0

4
0

5
0

6
0

7
0

 
 
 



166 

 

 

Appendix A- 29: XRD diagram of Alkali fused ilmenite. Four mole of ilmenite was fused with one mole of sodium hydroxide at 550 °C 

for two hours 

E 1 6 0

01 - 076 - 02 43 ( C )  - S od ium  Iro n  O x id e  -  be ta -N aF eO 2  -  O rth o r hom b ic  -  I/Ic  P D F  1 .9 - S - Q  20 . 5 %

01- 073 - 12 56 ( C )  - Ilm en ite  -  F e1.1 0T i.9 0O 3 -  H ex agon al  (R h )  - I/ Ic P D F  2 .9  - S -Q  25 .8 %

01- 089 - 27 84 ( C )  - S od ium  Ti tan iu m  O x ide  -  N a TiO 2 -  H ex agon a l  (R h )  - I/ Ic P DF  3 .2  - S -Q  6 . 1 %

00- 028 - 11 55 ( I) -  S od iu m  T i tan ium  O xide  - N a8T i5O 14 /4N a2O ·5T iO 2  -  T ri c lin i c  - I/Ic  Us e r  0 .9  - S -Q  20 .6  %

00- 050 - 01 10 ( I) -  S od iu m  T i tan ium  O xide  - N a2T iO 3 -  He xa gona l (R h ) - I/Ic  U s e r  1.3  - S - Q  26 . 9  %

E 160 - F i le : A R A O 05- 28.r aw  - T y pe : 2 Th /Th  loc k ed -  S tep : 0 .04 0  ° -  S tep  tim e : 1 .5 s  -  X -O f fs et: 0 . 000
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Appendix A- 30: XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with one mole of sodium hydroxide at 550 °C 

for two hours 

E 2 0 2  A F D I 5 5 0C  1: 1  1 H R

0 1 -0 7 6 - 0 2 4 3  ( C ) -  S o d i u m  Iro n  O xi d e  -  b e ta -N a F e O 2  - O rth o rh om b ic  - P n 2 1 a  (3 3 ) - I / Ic P D F  1 .9  - S -Q  2 2 .3  %

0 0 -0 4 0 - 0 4 3 4  ( Q ) -  S od iu m  Iro n  O xi d e  - N a 2 F e O 3  - I / I c U se r 1 .  -  S- Q  1 3 .9  %

0 0 -0 5 0 - 0 1 1 0  ( I)  - S o d iu m  T i tan iu m  O xi d e  - N a 2 T i O 3  -  H e xa g o n a l  ( R h )  - R - 3  (1 4 8 )  - I / Ic  U s e r 1 .3  - S - Q  2 8 .6  %

0 0 -0 3 7 - 0 3 4 6  ( *)  - S o d i u m  T i ta n iu m  O xi d e  - g a m m a - N a 2 T i O 3 /N a 2 O T i O 2  -  M o n oc l in ic  - I  (0 )  - I / Ic  U s e r 1 .3  - S - Q  1 4 .8  %

0 0 -0 2 9 - 0 7 3 3  ( *)  - I lm e n i te ,  sy n  - F e + 2 T iO 3  - H e x a g o n al  (R h ) -  R -3  ( 1 4 8 ) -  I/ Ic  PD F  1 .8  - S - Q  2 0 .5  %

E 2 0 2  AF D I 5 5 0 C  1 :1  1 H R  - F i l e:   A R A O 0 5 - 3 5 .ra w  -  T y p e :  2 T h /T h  l oc k e d  - S tep :  0 .0 4 0  ° - S tep  t i m e : 1 .  s -  X- O ffs e t:  0 .0 0 0
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Appendix A- 31: XRD diagram of Alkali fused ilmenite. One mole of ilmenite was fused with one mole of sodium hydroxide at 850 °C 

for two hours 

E 1 7 2

01 - 0 76 - 02 4 3  ( C )  - S od ium  Iro n  O x id e  -  be ta -N aF e O 2  -  O rth o r ho m b ic  -  I/Ic  P D F  1 .9  - S - Q  8 .7  %

00 - 0 28 - 11 5 5  ( I) -  S o d iu m  T i ta n ium  O xide  - N a 8 T i5 O 1 4 /4 N a2 O ·5 T iO 2  -  T ri c li n i c  - I/Ic  Us e r  0 .9  - S -Q  1 7 .5  %

00 - 0 33 - 12 5 5  ( * ) -  S od iu m  Ir on  T i ta n iu m  O x id e  - N a F e T iO 4  -  O rth o rh o m b ic  -  I/Ic  U s e r 1 .3  -  S -Q  4 4 .8  %

00 - 0 25 - 08 7 7  ( I) -  S o d iu m  Ir on  Ti ta n iu m  O x id e  -  N a 0 .7 5 F e 0 .7 5 T i0 .25 O 2 -  He x ag o na l ( Rh ) -  I/Ic  U s e r 3 .4  -  S - Q  2 9 .1  %

E 1 7 2  - F i le : A R A O 0 5- 2 9 .r a w  - T y p e : 2 Th /Th  l o c k e d  -  S te p : 0 .0 4 0  ° -  S te p  tim e : 1 .5  s  -  X -O f fs e t: 0 . 0 0 0
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Appendix A- 32: XRD diagram of Alkali fused ilmenite. Four mole of ilmenite were fused with one mole of sodium hydroxide at 850 °C 

for two hours 

 

E 1 6 8

00 - 0 28 - 11 5 5  ( I) -  S o d iu m  T i ta n ium  O xide  - N a 8 T i5 O 1 4 /4 N a2 O ·5 T iO 2  -  T ri c li n i c  - I/Ic  Us e r  0 .9  - S -Q  6 4 .3  %

00 - 0 25 - 08 7 7  ( I) -  S o d iu m  Ir on  Ti ta n iu m  O x id e  -  N a 0 .7 5 F e 0 .7 5 T i0 .25 O 2 -  He x ag o na l ( Rh ) -  I/Ic  U s e r 3 .4  -  S - Q  3 5 .7  %

E 1 6 8  - F i le : A R A O 0 5- 2 6 .r a w  - T y p e : 2 Th /Th  l o c k e d  -  S te p : 0 .0 4 0  ° -  S te p  tim e : 1 .5  s  -  X -O f fs e t: 0 . 0 0 0
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Appendix A- 33: XRD diagram of titania produced in the new method (not purified) 

T iO 2

0 0 - 0 2 1 - 1 2 7 2  (* ) -  A n a t a s e , s y n  -  T i O 2  -  T e tr a g o n a l  - I / Ic  P D F  3 .3  - 

0 0 - 0 4 1 - 1 4 3 2  (* ) -  P s e u d o b r o o k i te , s y n  -  F e 2 T i O 5  -  O r th o rh o m b i c  -  

0 1 - 0 7 9 - 1 7 4 1  (C )  -  H e m a t it e , s y n  -  F e 2 O 3  - R h o m b o h e d ra l  -  I /Ic  P D F  3 .2  - 

0 1 - 0 7 5 - 0 5 1 9  (C )  -  I lm e n it e  -  F e T iO 3  -  R h o m b o h e d r a l  -  I/ Ic  P D F 3 . - 

T iO 2  - Fi le : A R A O 0 4 -1 8 . ra w  -  T y p e :  2 T h /T h  lo c k e d  - S ta r t:  5 .0 0 0  ° - E n d : 7 0 .0 0 0  ° -  S t e p : 0 . 0 4 0  ° -  S te p  ti m e : 1 .5  s  - T e m p . : 2 5  °C  (R o o m ) - T im e  S ta rte d :  0  s  - 2 - T h e ta :  5 . 0 0 0  ° -  T h e ta : 2 .5 0 0  ° - C h i : 0 .0 0  ° -  P h i : 0 .0 0  °
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Appendix A- 34: XRD diagram of the by-product produced in the new method 
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Table A 1:  Identified phases by XRD in the AFDI diagrams obtained after roasting a mixture of a mole of ilmenite with two moles of 

sodium hydroxide for 1 h 

 

Phases 

Temperature, °C 

300 350 400 450 500 550 600 650 700 750 800 850 900 950 

FeTiO3 major major major major major minor trace trace trace trace trace - - - 

Na2Fe2Ti3O10 - - - - - - - - - - minor - - - 

NaFeTiO4 - - - - - minor - - - minor minor major minor minor 

NaTiO2 - trace trace - - - - - trace minor - - - - 

Na8Ti5O14 - - - - - - trace trace minor minor minor - - minor 

Na2TiO3 - trace trace trace - - major major trace major major major minor minor 

Na0.75Fe0.75Ti0.25O2 - trace trace trace trace trace trace trace trace minor major major major major 

NaFeO2 - minor minor minor minor minor major major major major major major - - 

Na2CO3 major major major major major major minor minor - - - - - - 
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Appendix B: Particle size analysis 

 

 
 
 



174 

 

 

 

 
 
 



175 

 

 

 
 
 



176 

 

 

 

 
 
 



177 

 

 
 
 


	Front
	Chapters 1-2
	Chapter 3
	Chapters 4-5
	APPENDICES
	Appendix A
	Appendix B




