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ABSTRACT 

Lanthanum and neodymium are among the h igh q u a n t i t y e l ements in mixed 
rare e a r t h from laonazite p r o c e s s i n g . The popular rare ear th s e p a r a t i o n 
p r o c e s s i s 1LQU Ld,- l i q u i d e x t r a c t i o n . This r e s e a r c h was c a r r i e d out t o study 
lanthanum and neodymium d i s t r i b u t i o n in two e x t r a c t a n t s , d i ( 2 - e t h y l h e x y l ) 
phosphor ic a c i d and tr ib' i ' . ty lphosphate . The exper imenta l r e s u l t s show that, 
neodymium d i s t r i b u t e s in both e x t r a c t a n t s b e t t e r than lanthanum. The d i s t r i -
b u t i o n of both e lements are h igher at low a c i d i t y than at h igh a c i d i t y . Quick 
and rough i n v e s t i g a t i o n by c a l c u l a t i n g the r a t i o of d i s t r i b u t i o n c o e f f i c i e n t 
of neodymium to lanthanum in each e x t r a c t a n t i n d i c a t e d that La-Nd s e p a r a t i o n 
e f f i c i e n c y of Di ( 2 - e t h y Ihex.y 1) phosphoric a c i d i s h i g h e r than t h a t of 
t r i b u t y l p h o s p h a t e . 
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1 . I n t r o d u c t i o n 

Both lanthanum and neodymium are c l a s s i f i e d in the l i g h t rare e a r t h 
e l ements group. Rare e a r t h s are t h e e l ements in Lanthanide s e r i e s which i n c l u d e 
of 15 e l e m e n t s . In Tha i land , the rare e a r t h s can be p r o c e s s e d from n o n a z i t e 
sand' which i s found in t i n mine. From the survey of Departnent of Mineral 
Resources in 1979-1991 , the r e s e r v e i s about 1 7 , 7 9 2 . 8 metr ic t o n s and i t c o s t s 
2 4 4 . 5 b i l l i o n bahts or 13,737 b a h t s / m e t r i c t o n s ' 1 ' . In 1990, w o r l d ' s rare e a r t h 
consumption i s about 37 ,000 n i t r i c t o n s ' 2 ' . 

Because of the s i m i l a r chemical p r o p e r t i e s of each i n d i v i d u a l rare e a r t h , 
i t i s hard t o s e p a r a t e and p u r i f y them. L i q u i d - l i q u i d e x t r a c t i o n p r o c e s s i s 
one of the e f f i c i e n t and economic s e p a r a t i o n t e c h n i q u e s t o o b t a i n h igh p u r i t y 
i n d i v i d u a l rare e a r t h . There are two popular chemical systems in commercial 
s c a l e ' 3 1 : H N 0 3 - T f i b u t y l p h o s p h a t e (TBP) and H C l - d i ( 2 - e t h y l h e x y l ) phosphor ic 
a c i d (D2EHPA). 

TBP was the main e x t r a c t a n t ' tha t was used in rare e a r t h s e p a r a t i o n 
p r o c e s s e s f o r a long t ime by some g i a n t companies such as Rhone-Poulenc , 
Thorium Ltd.(UK) and Indian Rare E a r t h s ' 4 1 . In 1957, Peppard'* 1 r e p o r t e d t h a t 
the rare e a r t h s e p a r a t i o n f a c t o r was as h igh as 2 . 5 in c h l o r i d e and n i t r a t e 
system by u s i n g D2EHPA as s o l v e n t whi le t h e h i g h e s t s e p a r a t i o n f a c t o r of TBP-HN03 

system was 1 . 9 . In 1965, C . B a t t i s t a , C.Mize and M . S m u t z < a J f ound t h a t c h l o r i d e 
system was more s u i t a b l e than n i t r a t e system and e x t r a c t i o n s h o u l d be done 
at lowes t a c i d i t y . In 1967, Nair and S m u t z ' 7 1 e x t r a c t e d lanthanum f r o n 
didymium c h l o r i d e (45% L a i 1 0 3 , 35% Nd^o 3 , 10% P r o 0 1 1 and 5% ร ท t O 3 ) u s ing D2EHPA 
and the y i e l d o b t a i n e d was as h i g h as 99.8%. The equipment used was 1 4 - s t a g e -
m i x e r - s e t t l e r . In 1975, B.H.Lucas and G . M . R i t c e y ' 0 1 from Department of Energy, 
Mines and R e s o u r c e s , Canada, e x t r a c t e d y t t r i u m from heavy rare e a r t h and l i g h t 
r a r e ear th by D2EHPA us ing s i e v e - p l a t e p u l s e column. In 1979, Indian Rare 
Earths p l a n t a t Alwaye, I n d i a , e x t r a c t e d r a r e e a r t h s from n i x e d rare e a r t h 
c h i o r i d e o b t a i n e d from monazite p r o c e s s i n g ' 3 1 u s i n g D2EHPA and produced 
i n d i v i d u a l r a r e e a r t h s which c o n c e n t r a t i o n s of about 60-95%. 

The o b j e c t i v e s of t h i s r e s e a r c h are l i s t e d be low: 
(1) to i n v e s t i g a t e i n d i v i d u a l rare e a r t h d i s t r i b u t i o n in 50% TBP and 1M 
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D2EHPA by u s i n g lanthanum and neodymium as examples because of t h e i r high 
amounts in mixed rare e a r t h obta ined from monaz i te p r o c e s s i n g . 

(2) t o s t u d y optimum c o n d i t i o n s f o r e x t r a c t i o n and s c r u b b i n g . 
(3) t o p r e l i m i n a r y compare s e p a r a t i o n e f f i c i e n c y between two e x t r a c t a n t s : 

TDP and D2EIIPA. 

2 . H a t e r i a l s and n e t h o d s 

2 . 1 H a t e r i a l s 
- s e p a r a t o r y f u n n e l s 
- e l e c t r o n i c shaker 
- c h e m i c a l s ะ 

LaCl 3 (F luka , a s say > 99.0%) 
NdCl 3 .6H e ,0 (F luka, 99.9% Nd) 
L a ( N 0 3 ) 3 . 6 H z O (Fluka, assay >99.0%) 
N d ( N 0 3 ) 3 . 6 H e O (Fluka, 99.9% Nd) 
HCI, HN03 (A .R.grade) 
D i ( 2 - e t h y l h e x y 1 ) phosphor ic a c i d (Sigma, minimum 95%) 
T r i b u t y l p h o s p h a t e (BDH, assay(GLC)98%) 
k e r o s e n e (commercial grade) 

2 . 2 Hethods 
The n i t r a t e and c h l o r i d e system were s t u d i e d a t some a c i d i t i e s and the 

e x t r a c t a n t s were 1M D2EHPA/kerosene and 50% TBP/kerosene. The commercial 
kerosene was washed by c o n c . H e S 0 I N NaOH and H eO, r e s p e c t i v e l y . The e x t r a c t a n t , 
1M D2EHPA/kerosene i s a l s o washed by 6N HCl, IN NaOH and HeO r e s p e c t i v e l y and 
TBP was washed by 5% Na i .C0 3 and then H e 0 . 

The e q u i l i b r a t i o n was run between f e e d and e x t r a c t a n t by shak ing in 
s e p a r a t o r y f u n n e l s . The r a t i o of f e e d t o e x t r a c t a n t was 1:1 and a f t e r 15 minutes 
shak ing , t h e s o l u t i o n was kept 1 hour f o r phase s e p a r a t i o n and then was shaked 
aga in about 15 minutes . A f t e r t h a t , i t was kept 1 hour a g a i n f o r phase 
s e p a r a t i o n . T h i s e q u i l i b r a t i o n t e c h n i q u e was done in order t o e l i m i n a t e 
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the e f f e c t of t emperature . Samples from r a f f i n a t e s and f e e d s were taken f o r 
lanthanun and neodymium a n a l y s i s by i n d u c t i v e coupled plasma emis s ion s p e c t r o m e t e r 
(ICP) model Plasma 1000 of Perk in-Elmer . 

The c o n d i t i o n s of both sys t ems t h a t used in t h i s exper iment were: 
1. LaCl 3 ( n e u t r a l ) - 1M D2EHPA/kerosene 
2. L a C l 3 / 0 . 5 N HC1 _ IK D2EHPA/kerosene 
3. Ndc l 3 / 0 . 05N HCl _ 1M D2EHPA/kerosene 
4 . N d c l 3 / 0 . 5 N HCl - lM D2EHPA/kerosene 
5 . L a ( N 0 3 ) 3 / 0 . 3 N HN0 3 - 50% TBP/kerosene 
6 . L a ( N 0 3 ) 3 / 5 N HNO 3 - 50% TBP/kerosene 
7 . N d ( N 0 3 ) 3 / 0 . 3 N HNO 3 - 50% TBP/kerosene 
8 . L a ( N 0 3 ) 3 / 5 N HNO 3 - 50% TBP/kerosene 
From the d i s t r i b u t i o n s of La and Nd in t h e s e c o n d i t i o n s , t h e 

d i s t r i b u t i o n c o e f f i c i e n t s were c a l c u l a t e d . The rough e s t i m a t i o n of number of 
t h e o r e t i c a l s t a g e s f o r s i n g l e component e x t r a c t i o n was done by means of 
Krenser e q u a t i o n (Appendix A) and the assumption of l i n e a r e q u i l i b r i u m l i n e 
in t h e range of 200 g / 1 C L a l / f e e d and 100 g / 1 CNdl / f eed . Both c o n c e n t r a t i o n s 
are e s t i m a t e d from c o n c e n t r a t i o n s of La and Nd in mixed rare ear th f e e d 
o b t a i n e d from monazite p r o c e s s i n g ' 0 1 . That i s : 

f e e d [ r a r e e a r t h ] 400 g / 1 
c o m p o s i t i o n s : โLa] 1 1 1 1 170 g / 1 

7 0 ^ 
The comparisons between t h e s e r e s u l t s were a l s o c a r r i e d o u t . 

3 . R e s u l t s 

3 . 1 Coaparisons of t h e d i s t r i b u t i o n c o e f f i c i e n t s of lanthanum and 
neodyniua at t h e same a c i d i t y and same e x t r a c t a n t are shown i n F i g . 3 . 1 . 1 -
F i g . 3 . 1 . 4 . 

3 . 2 Comparisons of t h e d i s t r i b u t i o n c o e f f i c i e n t s of lanthanum and 
neodyii iua in d i f f e r e n t e x t r a c t a n t s are shown in F i g . 3 . 2 . 1 - F i g . 3 . 2 . 4 . 
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3 . 3 Comparisons of r a t i o s of d i s t r i b u t i o n c o e f f i c i e n t s of neodymium t o 
d i s t r i b u t i o n c o e f f i c i e n t s of lanthanum in D2EHPA and TBP system are shown 
in Table 3 . 3 . 1 . 

3 .4 Numbers of t h e o r e t i c a l s t a g e f o r s i n g l e component e x t r a c t i o n were 
c a l c u l a t e d by g r a p h i c a l method of Kremser e q u a t i o n . The r e s u l t s are shown 
in Table 3 . 4 . 1 . N e v e r t h e l e s s , the c a l c u l a t e d v a l u e s of s o l v e n t r a t e / f e e d 
r a t e (S/F) wi th the e x t r a c t i o n f a c t o r of 1 . 3 are a l s o l i s t e d in t h i s Tab le . 

4 . D i s c u s s i o n and c o n c l u s i o n 

1. From F i g . 3 . 1 . 1 - F i g . 3 . 1 . 4 , the e q u i l i b r i u m r e s u l t s i n d i c a t e d tha t the 
d i s t r i b u t i o n of neodymium t o e x t r a c t a n t i s h igher than the d i s t r i b u t i o n of 
lanthanum t o t h e same e x t r a c t a n t . when the n e u t r a l or low a c i d i t y f e e d s o l u t i o n 
was used , lanthanum and neodymium can d i s t r i b u t e to e x t r a c t a n t b e t t e r than 
when high a c i d i t y f e e d s o l u t i o n was used . So, the s u i t a b l e e x t r a c t i o n shou ld 
be c a r r i e d out wi th n e u t r a l or low a c i d i t y f e e d and then i n d i v i d u a l rare 
e a r t h s are scrubbed by more c o n c e n t r a t e d a c i d . 

2. From F i g . 3 . 2 . 1 - F i g . 3 . 2 . 4 , t h e comparison of the d i s t r i b u t i o n c o e f f i c i e n t s 
of lanthanum and neodymium between D2EHPA system and TBP system shows t h a t : 

(1) E x t r a c t i o n p r o c e s s 
E x t r a c t a n t : in.D2EHPA/kerosene and 50%TBP/kerosene 

- Lanthanum can d i s t r i b u t e in D2EHPA system b e t t e r than TBP system when 
C L a ] / f e e d i s lower than 120 g / 1 . ( F i g . 3 . 2 . 1 ) 

- Neodymium can d i s t r i b u t e in D2EHPA system b e t t e r than TBP system 
when CNd] / feed i s lower than 85 g / 1 . ( F i g . 3 . 2 . 2 ) 

(2) Scrubbing p r o c e s s 
Scrub s o l u t i o n : 0 .5N HCl and 5N HNO 3 

- Lanthanum and Neodymium can d i s t r i b u t e t o 5N.HN0 3 (TBP system) 
b e t t e r than 0.5N.HC1 (D2EHPA s y s t e m ) . ( F i g . 3 . 2 . 3 and F i g . 3 . 2 . 4 ) 
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3. The approximation f o r s e l e c t i v i t y was done by i n v e s t i g a t i o n of the 
r a t i o of d i s t r i b u t i o n c o e f f i c i e n t s of neodymium t o lanthanum (m /m ) 
between the two s y s t e m s . The l i n e a r e q u i l i b r i u m l i n e s are assumed in the range 
of 200 g /1 [ L a ] / f e e d and 100 g / 1 CNd]/ feed tha t are approximated from [La] and 
[Nd] in mixed rare e a r t h f e e d obta ined from monazi te p r o c e s s i n g . 

From Table 3 . 3 . 1 , the r e s u l t s show that e x t r a c t i o n and scrubbing in 
D2EHPA system g i v e the h igher r a t i o of m H d / m L 11 than in TBP sys tem. 
So, D2EHPA can s e p a r a t e lanthanum from neodymium b e t t e r than TBP. 
E x t r a c t i o n : D2EHPA system; neutra l or 0 . 0 5 N HCl , m i 1 / !ท 1 = 2 . 2 8 

4. Quick and rough e s t i m a t i o n of number of t h e o r e t i c a l s t a g e s (N) by 
g r a p h i c a l method of Kremser equat ion i n d i c a t e d t h a t 90% e x t r a c t i o n can be 
a c h i e v e d by us ing 4 s t a g e s and 99.9% e x t r a c t i o n can be reached when 12 
s t a g e s was used . This e s t i m a t i o n was done f o r s i n g l e component and the 
e x t r a c t i o n f a c t o r was 1 . 3 . The f low r a t e r a t i o s of s o l v e n t / f e e d (S/F) o b t a i n e d 
are not e q u a l . But the optimum working c o n d i t i o n s should be e s t i m a t e d from 
o p t i m i z a t i o n between e x t r a c t i o n f a c t o r s , S/F and N. 

N e v e r t h e l e s s , we can conclude from Table 3 . 4 . 1 t h a t : 
(1) At high a c i d i t y (system I y - T V y ) , S/F i s h igh . These sys tems are not 

s u i t a b l e f o r scrubbing p r o c e s s . Lanthanum i s the one which i s scrubbed i n t o 
aqueous phase f i r s t because i t d i s t r i b u t e s in 0.5N HCl or 5N HN03 b e t t e r 
than neodymium. 

(2) At low a c i d i t y ( sys tem I -1V) , S/F i s not h igh . The maximum va lue of 
S/F i s 1 0 . 4 . These sys tems are s u i t a b l e f o r e x t r a c t i o n p r o c e s s . Neodymium 
can be e x t r a c t e d b e t t e r than lanthanum because of lower S/F v a l u e in the same 
e x t r a c t a n t . 

5. The exper imenta l r e s u l t s a l s o i n d i c a t e d t h a t the d i s t r i b u t i o n of 
rare ear th t o e x t r a c t a n t i s very low, so the e x t r a c t i o n with r e f l u x t e c h n i q u e 
s h o u l d be a p p l i e d in order to c o n c e n t r a t e i n d i v i d u a l rare e a r t h s . 

TBP system ; 0.3N HNO 
Scrubbing : D2EHPA sys tem; 0.5N HCl 

TBP system ; 5N HN03 

3 m . / m , , , = 1 . 8 4 
m 1 1 , / m i , = 4 . 5 1 
" 1 » . ' » . 1 , . = ใ - 5 4 
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Appendix A 

Kremser e q u a t i o n 

N = l o g [ { (X F - Y s / m ) / ( X N - Y s / m ) } ( 1 - 1 / E ) + 1/E ] / l o g E 

N = number of t h e o r e t i c a l s t a g e s 
* r = c o n c e n t r a t i o n of s o l u t e in f e e d 

= c o n c e n t r a t i o n of s o l u t e in r a f f i n a t e 
Ys = c o n c e n t r a t i o n of s o l u t e in s o l v e n t 
E = e x t r a c t i o n f a c t o r = เท(S/F) 
m = d i s t r i b u t i o n c o e f f i c i e n t 
ร = s o l v e n t r a t e 
F = f e e d r a t e 
Thi s e q u a t i o n can be shown by t h e graph be low: 

A quick say to find the nunber of ideal extraction stages 
by graphical aethod based on the Kreaser equation 
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Feed ccmcentratiOTiCg/'l) 

F i g . 3 . 1 . 1 D i s t r i b u t i o n c o e f f i c i e n t coiaparisoQ between La aod Nd 
in D2EHPA s y s t e a u s i n g n e u t r a l or very low a c i d i t y feed 

Feed cariceritratioTiCg/l) 

F i g . 3 . 1 . 2 D i s t r ibut ion c o e f f i c i e n t co ipar i son between La and Kd 
in D2EHPA sys tea using 0.5K' HCl i ed iun f e e d 
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Feed c o n c c n t r « t i o n ( g / l ) 

F i g . 3 . 1 . 3 Distr ibut ion c o e f f i c i e n t COBparisou between La and Nd 
in TBP systea using 0.3K HNO3 nediua feetL 

Feed c o n c e n t r a t i o n ( g / 1 ) 

F i g . 3 . 1 . 4 Dis tr ibut ioo c o e f f i c i e n t coaparisou between La and Nd 
in TBP systea using 5N HN03 lediun feed 
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Feed concentrat ion^/ ] ) 

F ig .3 .2 .1 La dis tr ibut ion coe f f i c i en t comparison between D2EHPA sys te i 
using neutral feed and TBP systea using 0.3N HN0S nediufl feed 

Feed c a n c c n t r a t i o n ( g / 1 ) 
> 

Fig .3 .2 .2 La distr ibut ion coe f f i c i ent coeparison between D2EHPA s y s t e i 
using0.5W HCl nediui feed and TBP s y s t e i using 5K Ift'03 i e d i u i feed 
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d i s t r i b u t i o n 
c o e f f i c i e n t 

NdClJ.OSN EC I-in D2EHPA/kerosene systen 
i fid(พ3) 0 / . 3H HNO3-50%TB?/kerosene systez 

85 106 200 300 
Feed concentrat ion^/] ) 

400 

F ig .3 .2 .3 Nd distribution c o e f f i c i e n t comparison between D2EHPA systea 
using 0.05k' HCl aediufi feed and TBP systec using 0.3K HCCO3 

aediun feed 

0.4-r 

0.3-

d i s t r i b u t i o n 
coe f f i c i e n t 0.2-

0 . 1 -

. udclj. 5N RCl-lH โ)2EHPA/kerosene systez 
i Nd(NOz) 3/5H Ri\03-50X1BP/kerosene systez 

100 280 306 490 
Feed concentrationCg/1) 

Fig .3 .2 .4 K"d distribution c o e f f i c i e n t conpaxiaon betseeJ D2EHPA s y s t e i 
using 0.5K; HCl aediua feed and TBP systea using 5fT HK'O aediun feed 
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Table 3 . 3 . 1 Comparision of d i s t r i b u t i o n c o e f f i c i e n t r a t i o of neodymiua t o 
lanthanum in D2EHPA and TBP sys tems 

S y s t e m D i s t r i b u t i o n R e m a r k 

c o e f f i c i e n t 

I . L a C l 3 ( n e u t r a l ) - l M 

k e r o s e n e 

D2E1IPA/ m = 2 5 / 2 0 0 

= 0 . 1 2 5 

I I . N d C l 3 / 0 . 0 5 N H C l - 1 H 

k e r o s e n e 

D2EHPA/ n 1 = 2 8 . 5 / 1 0 0 

= 0 . 2 8 5 

1 / 1 ท 1 = 0 . 2 8 5 / 0 . 

2 . 2 8 

125 

I I I . L a ( N 0 3 ) 3 / 0 . 3 N HN0 3 

k e r o s e n e 

- S O * T B P / m 1 1 = 2 7 . 1 / 2 0 0 

= 0 . 1 3 6 

IV. Md< N O 3 ) . , / 0 . 3 N HNO3 

k e r o s e n e 

-50% T B P / m , = 2 5 / 1 0 0 

= 0 . 2 5 

/m V ( 1 1 = 0 . 2 5 / 0 

= 1 . 8 4 

. 13o j 

I ' . LaC 1 3 / 0 . 5 N HC1-1H 

k e r o s e n e 

D2EHPA/ อ ะ: 8 . 1 / 2 0 0 

= 0 . 0 4 1 

I I ' . N d C l 3 / 0 . 5 N H C l - 1H 

k e r o s e n e 

D2EHPA/ m 1 . = 1 8 . 5 / 1 0 0 

ะะ 0 . 1 8 5 

D 

0 . 1 8 5 / 0 . 

4 . 5 1 

0 4 1 

I I I ' . L a ( N 0 3 ) 3 / 5 N H N 0 3 -

k e r o s e n e 

50% T B P / 0 , , 1 . = 4 . 7 / 2 0 0 

= 0 . 0 2 4 
I V ' . N d ( N 0 3 พ ร N HNO . 3 -

k e r o s e n e 

50% T B P / El v . ะ : 3 . 7 / 1 0 0 

ะะ 0 . 0 3 7 

m I ' 

0 . 0 3 7 / 0 . 

1 . 5 4 

024 
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Table 3 . 4 . 1 C a l c u l a t e d r e s u l t s of number of t h e o r e t i c a l s t a g e s and s o l v e n t 
r a t e / f e e d r a t e of D2EHPA and TDP sys t ems f o r s i n g l e conponent 
e x t r a c t i o n a t e x t r a c t i o n f a c t o r of 1 . 3 

D i s t r i b u - V N 
t i o n (90* e x - ( 9 9 . 9 * 

System c o e f f i c i e n S/F t r a c t i o n e x t r a c -
e f f i c i e n - t i o n e f -
cy) f i c i e n c y ) 

I . LaCl.5 ( n e u t r a l ) - l H D2EHPA/ 0 .125 10.4 4 12 
kerosene 

I I . Ndc 1 3 / 0 . 05 N' HCl-1H D2EHPA/ 0 .285 4 . 6 4 12 
kerosene 

I I I . L a ( N 0 3 ) a / 0 . 3 N HNO^-50* TBP/ 0 .138 9 . 6 4 12 
kerosene * 

IV. N d ( N 0 3 ) . / 0 . 3 N HN03-50% TBP/ 0 . 2 5 5 . 2 4 12 
kerosene 

I ' . L a C l 3 / 0 . 5 N HC1-1H D2EHPA/ 0 . 0 4 1 31 .7 4 12 
kerosene 

I I ' . H d c l 9 / 0 . 5 N HC1-1H D2EHPA/ 0 .185 7 . 0 4 12 
kerosene 

I l l " L a ( N O a ) 3 / 5 N HN03-50% TBP/ 0 .024 5 4 . 2 4 12 
kerosene 

i v ' . N d ( N 0 3 ) 3 / ร N HN0 3-50% TBP/ 0 .037 35 .1 4 12 
kerosene 
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