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Introduction 

The quantitative determination of trace amounts of Th, U and 

REE in very depleted rocks is necessary to get information about 

genetic processes in the investigated area. U, Th and REE are used 

as geochemical indicators. On the other hand, the knowledge of the 

contents of these elements in natural materials is of importance 

when they are rich enough for their use as raw materials. We treated 

two types of geological samples which differ oonaiderably in their 

origin and in the U, Th and REE contents. 

Table 1. REE, U and Th oontents in geological samples 

- -  

Material 

Element Peridotitic rocks /1,2/ Bastnaesites Monazites 
/3,4/ 

REE 3-15 ppm 73-761 56-75% 
U 0.04-0.8 ppm 0.02-0.11 0.02-0.351 

Th 0.15-0.7 ppm 0.1-11 0.5-1 01 

It is clear that the analytical methods and chemical separation 

procedures should be very different for these two types of materials. 

PART I 

Radiochemical Neutron Activation Analysis (RNAA) 

of Microamounts of REE, U and Th in Peridotitic Rocks 

Trace amounts of REE, U and Th can be analysed by RNAA. Only 

affective isolation of the REE-group, of NP-239 and Pa-233 from the 

interfering isotopes resulting from large amounts of Fe, Cr, Ni and 

Sc-microamounts allows precise determination of U-, Th- and REE- 

contents. 

With regard to above-mentioned demands two different schemes 

of separation were tested and compared: 



A) Cation exchange and solvent extraction 

B)  Extraction Chromatography 

To estimate the suitability of the described separation schemes for 

the determination of REE in such types of samples being rich in U 

or Th but poor in REE and thus demanding separation from U or Th 

before irradiation, the behaviour of U and Th is presented in this 

paper as well. 

I. Experimental 

Determination of Distribution Coefficients 

Distribution coefficients in different systems of examination 

were obtained under stationary conditions by shaking the reagents 

for 15 minutes at room temperature, The behaviour of Sc, REE, Np 

and Pa as well as of U and Th was c;ontrolled by radioactive tracers. 

1. 100 mg of cation exohange resin Wofatlt KPS were shaken 

with 8 ml of HC1/H2C204-solqtion oontaining Ce- 139, Y-88 and Lu-173. 

After centrifugation aliquots of initial and equilibrium solution 

were measured using a Ge(Li)-detector, and Kd calculated. 

2. Extraction experiments with 1.5% TOPO/cyclohexano were carri- 

ed out by shaking each 1.5 ml of organic and of aqueous phase 

oontaining Np-239, Pa-233 or Sc-44/46 in ENOg. For Np-extraction 

0.1 ml of H202 (30%) was added. The 5-activity was meauured in 

aliquots of two phases. 

3. Distribution coefficients for the investigation of the 

extraction-chromatographic method were determined by using following 

procedure: A 0.07 M solution of diethylenetriamine-pentaacetic acid 

(DTPA) in I M lactic acid, containing some quantity of HN03 and a 

salting out reagent (cu2+) was added to the nitrate of the element 

studied, labelled by the corresponding radioactive tracer (Np-239, 

Pa-233, Sc-44/46, Y-88, Tm-170, U-237, and ~h-231),. After complete 

dissolution the aqueous phase was ahahen with an equal volume of 

TOPO in benzene (0.C6-O.1M). 2 

Investigation of Separation Schemes 

The separation schemes were tested in the presence of GDR 

Standard Rock ZGI-Serpentinit SW after sample decomposition with 
a 

mixture of HF/HN03/HC104 and adding Np-239, Pa-233, Sc-44/46, Y-88, 

~b-I60 and Lu-173. Some chromatographic experiments for sorption 

and desorption of U and Th were carried out using U-237 and Th-231 

without any rock matrix. 

A) Cation Exchange and Solvent Extraction 

The first step - sorption, purification and desorption of REE - was 
realized in a cation exchange column: Wofatit KPS (length=80 mm, 

diameter = 8.5 mm, particle size = 0.2-0.4 mm). The decomposed sample 

was fully dissolved in a small amount of 0.5 M HC1 and injected in 

the column. After washing with 0.1 M H2C204/0.5 H HC1 and 2M HC1 

the REE-group was eluted with 6 M HNO 
3' 

B) Extraction Chromatography 

TOPO was used as a fixed phase, 20% on supporting agent Wofatit 

EP-60 (column: length = 40 mm, diameter = 3 mm, particle size of 

EP-60 = 0.1-0.2 mm / 5 / ) ,  

120 mg of decomposed rock sample were dissolved in 0.3 ml 

5.5 M HNO and a mixture of 0.07 M DTPA, 1 M lactic acid and a 3 
salting-out agent (0.5 m cu2+ or 0.2 M ~ e ~ + )  was added. This solu- 

tion was injeoted in the extraction chromatographic column. The 

extractant was washed with 3 ml of a pure Cu-DTPA/lactic acid mixture. 

After removing the salting-out reagent with 3 M NH4N03 separation of 

REE group, Sc and Pa was realized. 



R N A A  o f  P e r i d o t i t i c  Rocks and  M e t e o r i t e s  by C a t i o n  Exchange 

and S o l v e n t  Extrac- 

The d e t a i l e d  p r o c e d u r e  i s  d e s c r i b e d  i n  /1,2/ .  

Sample  a n d  s t a n d a r d  m a t e r i a l s  w e r e  i r r a d i a t e d  i n  t h e  R o s s e n d o r f  

R e s e a r c h  R e a c t o r  f o r  10-15 h r s  a t  3 - 5 . 1 0 ' ~  n / c m 2 s .  A f t e r  a l l o w i n g  

s a m p l e  a c t i v i t y  t o  d e c a y  f o r  24-36 h r s  s a m p l e  d i s s o l u t i o n  and  s e p a r a -  

t i o n  o n  W o f a t i t  KPS w e r e  c a r r i e d  o u t .  To c o n t r o l  t h e  c h e m i c a l  

y i e l d  Y-88, Ce-144 a n d  Np-238 w e r e  u s e d .  The e v a p o r a t e d  REE f r a c t i o n  

w a s  c o u n t e d  u s i n g  a ~ e ( L i ) - d e t e c t o r .  

The Np and  Pa  c o n t a i n i n g  f r a c t i o n  o f  t h e  g e o l o g i c a l  s a m p l e  was 

e v a p o r a t e d .  A f t e r  d e s t r u c t i o n  of  o x a l i c  a c i d  P a  a n d  Np w e r e  e x t r a c t -  

e d  f rom HNO - s o l u t i o n  ( 1 0  ml)  w i t h  1.5% TOPOPyclohexane ( 1 0  m l )  i n  
3 

t h e  p r e s e n c e  o f  H202. 

I. R e s u l t s  and D i s c u s s i o n  

A .  C a t i o n  E x c h a n ~ e  a n d  S o l v e n t  E x t r a c t i o n  

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  o f  some REE i n  0 . 1  M o x a l i o  a c i d  

as a  f u n c t i o n  of H C 1 - c o n c e n t r a t i o n  o n  W o f a t i t  KPS a r e  r e p r e s e n t e d  

i n  f i g .  1 .  The Kd - v a l u e s  a r e  h i g h  enough  f o r  q u a n t i t a t i v e  s o r p t i o n  

o f  a l l  REE f r o m  0 . 1  M H2C204/0.5 M HC1. Low HC1 c o n c e n t r a t i o n s  

i n c r e a s e  t h e  s o r p t i o n  of  REE. 

The c a t i o n  e x c h a n g e  s e p a r a t i o n  scheme i s  p r e s e n t e d  i n  f i g .  2 .  

Most  of  t h e  i n t e r f e r i n g  e l e m e n t s  p a s s  t h e  r e s i n  i m m e d i a t e l y .  Washing 

w i t h  2  M HC1 a f f e c t s  t h e  good p u r i f i c a t i o n  o f  REE f rom Co, C r  a n d  

o t h e r  i s o t o p e s .  The r a d i o c h e m i c a l l y  a l m o s t  p u r e  B E E - f r a c t i o n  i s  

e l u t e d  f r o m  r e s i n  w i t h  6  M HN03. The i m m e d i a t e  p a s s a g e  of  Np a n d  P a  

demands ,  a s  a  s e c o n d  s t e p ,  t h e i r  s e l e c t i v e  s e p a r a t i o n  f rom n e a r l y  

c o m p l e t e  m a t r i x .  T h i s  i s  a c h i e v e d  by e x t r a c t i o n  w i t h  TOPO/cyclohexane 

1 O O O C  

F i g .  I .  D i s t r i b u t i o n  c o e f f i c i e n t a  of  Ce ,  Y a n d  Lu on W o f a t i t  KPS 

i n  H2C204/HC1 as a  f u n c t i o n  of  HC1 - c o n c e n t r a t i o n .  

E Q5M 0.5M HCI 
2 M 5 /MI+ 001 M "aczo* +_H_CI +- 6M HMO, 

d 

W 

F i g .  2. B e h a v l o u r  o f  REE, N p ,  P a ,  S o ,  U ,  Th a n d  o t h e r  e l e m e n t s  

d u r i n g  s e p a r a t i o n  on W o f a t i t  KPS. 

3 - V~ No Na.K.AI.Fe,Hf 

K 
Al.Co REE 

S ~ . ~ . T ~ . M O , C U  M.Zn I A l J  

i S Cr.Co.Hi Co (CaJ 



F i g .  3. I n f l u e n c e  o f  HN03-concent ra t ion  o n  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  o f  Np ( I V ,  V ,  V I ) ,  P a  and  S c  

O r g a n i c  p h a s e :  1 . 5 %  TOP0 i n  c y c l o h e x a n e .  

f rom 6-8 M HN03 i n  t h e  p r e s e n c e  of  H202 / 6 / .  The o r g a n i c  p h a s e  

c o n t a i n s ,  i n  a d d i t i o n  t o  t h e  r a d i o n u c l i d e s  Np a n d  P a ,  small Sc-46 

- a c t i v i t i e s .  

D e t a i l e d  i n v e s t i g a t i o n s  o f  t h e  e x t r a c t i o n  b e h a v i o u r  o f  Np, 

P a  and  S c  as f u n c t i o n s  o f  t h e  c o n c e n t r a t i o n  o f  n i t r i c  a c i d  h a v e  

shown t h a t  o p t i m a l  c o n d i t i o n s  f o r  s e p a r a t i o n  o f  Np and  P a  f rom Sc 

a r e  o b t a i n e d  u s i n g  8 M HN03 ( f i g .  3 ) .  I t  m u s t  be  m e n t i o n e d  t h a t  t h e  

Kd-value o f  Np i s  a  t o t a l  Kd of  Np ( I V ,  V ,  V I ) .  When t h e  r e l a t i o n  

be tween  t h e  d i f f e r e n t  v a l e n c i e s  of Np i s  a n o t h e r  one  t h a n  i n  t h i s  -. . 

e x p e r i m e n t s ,  o t h e r  v a l u e s  o f  d i s t r i b u t i o n  c o e f f i c l , e n t a  a r e  o b t a i n e d .  

By r e e x t r a c t i o n  o f  t h e  o r g a n i c  p h a s e  w i t h  6 -8  M HN03 N p - d i s t r i b u t i o n  

c o e f f i c i e n t s  r 3 0 0  were  o b s e r v e d .  T h i s  u n d e r l i n e s  t h a t  t h e r e  a r e  no 

l o s s e s  of  Np by w a s h i n g  t h e  o r g a n i c  p h a s e  w i t h  6-8 M n i t r i c  a c i d  

f o r  i t s  p u r i f i c a t i o n  f rom i n t e r f e r i n g  m a t r i x  i s o t o p e s .  

With r e g a r d  t o  t h e  a p p l i c a b i l i t y  o f  t h e  c a t i o n  e x c h a n g e  method 

f o r  p r e l i m i n a r y  U- and  T h - s e p a r a t i o n  f rom REE-microamounts t h e  f o l l o w -  

i n g  c o n c l u s i o n s  c a n  be  drawn: 

- U i m m e d i a t e l y  p a s s e s  t h e  r e s i n  f rom H C  0  / H C l - s o l u t i o n  and  
2 2 4  

t h e  R E E - f r a c t i o n  c o n t a i n s  no U .  

- Th i s  s l o w l y  e l u t e d  w i t h  6  M HN03, t h u s  p a r t i a l l y  accompanying  

t h e  R E E - f r a c t i o n .  

- I f  a q u a n t i t a t i v e  REE-Th s e p a r a t i o n  i s  n e c e s s a r y ,  Th c a n  be  

removed f rom t h e  r e s i n  by w a s h i n g  w i t h  4 0  r n l  o f  4  M H PO b e f o r e  3 4 
REE d e s o r p t i o n .  

B .  E x t r a c t i o n  C h r o m a t o ~ r a p h y  

D i s t r i b u t i o n  c o e f f i c i e n t s  o f  Np ( I V ,  V, V I ) ,  P a ,  Sc as w e l l  

a s  REE, U a n d  Th as f u n c t i o n s  o f  t h e  c o n c e n t r a t i o n  of  Cu(N0 ) c a n  3 2  
be  t a k e n  f rom f i g .  4 .  F o r  Cu c o n c e n t r a t i o n s  from 0.1-1 M Cu(N0 ) 

3 2  
n e a r l y  a l l  Kd-va lues  i n c r e a s e  w i t h  i n c r e a s i n g  c u 2 + - c o n c e n t r a t i o n .  

The K d  o f  Pa  d o e s  n o t  v a r y  a t  c o n c e n t r a t i o n s  f rom 0.5-1 M cu2+.  I f  

t h e  C u - o o n c e n t r a t i o n  i s  more t h a n  1  M ,  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  Sc and  Np c o n t i n u e  t o  grow w h i l e  t h e  Kd v a l u e s  of  REE, U ,  Th a n d  

Pa b e g i n  t o  d e c r e a s e .  The t o t a l  Kd-value o f  Np ( I V ,  V ,  V I )  r e a c h e s  

i ts maximum when t h e  c o n c e n t r a t i o n  o f  t h e  s a l t i n g - o u t  a g e n t  r e a c h e s  

2  M .  A l l  Kd-values a r e  h i g h  enough  f o r  t h e  q u a n t i t a t i v e  s o r p t i o n  o f  

e l e m e n t s  on t h e  c h r o m a t o g r a p h i c  column u s i n g  0 . 5  M ~ u ( N 0 ~ ) ~ .  

The e x t r a c t i o n  c h r o m a t o g r a p h i c  e x p e r i m e n t s ,  however ,  i n d i c a t e d  t h a t  

Np i s  o n l y  p a r t i a l l y  s o r b e d  on t h e  co lumn.  T h i s  c a n  be  c o n n e c t e d  w i t h  

d i f f e r e n t  v a l e n c e s  o f  Np a s  c o n f i r m e d  by r e e x t r a c t i o n  r e s u l t s ,  and  

a l s o  by a s e c o n d  - s t e p  e x t r a c t i o n  o f  t h e  a q u e o u s  p h a s e .  



0
 

0
 

0
 

+
 

c; 0 
S 
d

 
d

 
0
 

m 
-

d
 

u
 

al 
r
 

a
 

a
a

 
w

 
h
 

n
 

n
 

m 
I 

I
3

 
3
 

3
 

o
n

 u
 

u
 

a
a

 
a

d
 Z

 
Z
 

a
'
0
 

m
 
r

d
d

 
m

 
. 

. 
. 

u
+

 
0
 

w
 

"
 

"
S

 
K
 

c
r

l
 

+
 

c 
0
 

d
 

0
4

-
3

 
4
 
C
,
u
 

+
 

0
a

 
0
 

d
h

 c
 

d
 

n
 

0
 

+
I

 
4
 

C
,
 

x
a

 
C
,
 

X
 

0
0

 
0
 

0
) 

m 
a

E
 

h
 

+
 

c 
+

 
m 

o
m

 x 
h
 

0
.

 w 
d
 

W
N

 w
 

u
 

m
w

 h
 

a
 

- 
c
 

4
 

d
 

a
 

w
 

0
 

n
 

f
n
 

P
 

d
 

r- 
a
 
0
 

- 
0
 

W
 

W
-

 

" 
n
N
 

u
 

T
?
 

0
 

0
 

c
5

z
 

0
 

a
 

d
U

+
 

+
 

d
 

d
P

5
 

d
i

n
+

 
a

.
c

 
w

o
w

 
m

 
a
 

6
 

h
 

0
0

0
 

d
h

u
2

 
u
 a

 
M

 
~

O
E

 
a
 

M
O

O
 

0
 

w
 

0
 

+
 

F
 

d
 

c
 

E
O

I
 

0
 

h
m

a
 

r
+

d
 

0
 

c
 

c
 

a 
S 

o
w

.
 

d
 

r
l

+
 

+
a

0
 

0
 

d
h

r
l

 
h
 

a
 

+
r

a
5

 
X

 
+

 
W

O
F

 

M
 

M
 

d
 

Cr. 



If 0.2 N ~ e ~ +  was used as a salting-out reagent (instead of 

0.5 M Cu),the results of extraction chromatography were not as good. 

The partial coextraction of Fe causes great losses of REE and Sc 

(no losses of Pa) by injection of the sample Serpentinit SW. 

The Fe-amounts of this rock (5.18% = 1.7 lo-' mol/l) do not 

interfere with the aorption of Sc, REE and Pa if Cu is added as a 

salting-out agent. 

Conoerning the applicability of the extraction chromatography 

with TOPO in the presence of oomplexing agents for the separation of 

REE from U and Th it can be estimated that this method allows the 

separation of U and Th from REE. It should be noted that great 

amounts of U and Th compete with the sorption of REE when column 

capacity is not sufficient. The capacity is 2.5 Mol Th and 

315 Mol U for the column used (1.1 Mol TOPO). The presence 

of eaoh 0.5 mg Th and 0.5 mg U does not interfere with the REE- 

sorption on the chromatographic column, while the presence of each 

1.0 mg Th and 1.0 mg U results in losses of 12-18% of light (Ce) 

and heavy (Lu) REE. 

U and Th are washed out from the column completely by 4-6 M 

phosphoric acid together with Sc (fig. 51, or by 2 M (NH412C03. 

I. Conclusions 

The separation scheme A has already been successfully used for 

the determination of ppm- and ppb-contents of REE, U and Th. The 

second step (solvent extraction) is very effective for the isolation 

of Np and Pa from matrix constituents and can be carried out quickly. 

The separation scheme B is expected to be applicable to deter- 

mine the REE- and Th-contents in depleted rocks. Its advantage is 

the efficient purification of the REE-fraction from Sc and Pa in a 

one-cycle process with immediate removal of interfering matrix 

components. 

For RNAA of samples with unknown matrix the chemical yield 

should always be controlled using radioindicators not interfering 

with the analysis of the elements being investigated. 

PART I1 

Separation of Th, U and RBE in Honasites 

Instrumental nuclear analytical methods allow one to determine 

some light REE (LREE) and Y in Bastnaesites and Monazites. Complete 

analysis inoluding heavy REE (HREE) requires their separation from 

matrix componeqts and from large amounts of LREE. Preconcentration 

of HREE by extraction chromatography with HDEHP demands preliminary 

separation of Th, U and other elements. 

11. Experimental 

The behavrour of U and Th during the separation steps was 

observed using x-ray fluorescence analysis with a 109~d-source. 

Particular investigations aimed at studying the sorption and de- 

sorption of U and Th, were oontrolled by 2 3 1 ~ h  and 2 3 7 ~  produced by 

Y-irradiation using the miorotron MT-25 in the reactions 

238~(] ,n)237~ and 232~h(j Fig. 6 describes the separation 

scheme of Monazite samples. After the sample decomposition (100- 

200 mg) with a mixture of conc. acids HF, HN03, HC104 (1 :I :I . 5 )  and 

evaporation to dryness the residue was dissolved in 11 M HC1 (25- 

40 ml). 

The sample solution passed an anion exchange resin Dowex 1x8 

(50-100 mesh1 and Fe, Zr and U were retained. The REE and Th contain- 



pm?&-&j 1=200 nn, d=9 nn 

0.1-1H HHq) = 8H WOO 

LREE HREE 

+ C C 1 Complexometric t i t r a t i o n  1 
Arsenazo (111) I 

F i g .  6 .  S e p a r a t i o n  scheme f o r  t h e  a n a l y s i s  of Th and a l l  REE 

i n  Monazites 

i n g  t h e  e f f l u e n t  were p r e c i p i t a t e d  wi th  NH40H. 

A f t e r  d1ses:ution of t h e  p r e c i p i t a t e  i n  7-9 M H C 1  ( 10 ml) 

Th-sorpt ion was accomplished on a  column where HDEHP was used a s  a  

f i x e d  phase  (20% HDEHP on t h e  s u p p o r t i n g  agen t  Wofa t i t  EP-60, 

p a r t i c l e  s i z e  of EP-60 = 0.1-0.2 mm). When t h e  sample has  passed t h e  

column, 60 m l  7-9 M H C 1  were s t i l l  necessa ry  t o  gua ran tee  t h a t  no 

REE a r e  r e t a i n e d  on t h e  column. 

The REE-solution was evapora ted  and d i s s o l v e d  i n  0.1-0.4 M HN03 

t o  p a s s  a  second HDEHP / EP-60 - oolumn f o r  s e p a r a t i o n  LREE from HREE 

us ing  a  g r a d i e n t  of HN03-conoentration. 

The d e t e r m i n a t i o n  of i n d i v i d u a l  REE c o n t e n t s  was r e a l i z e d  

a f t e r  e e p a r a t i o n  of a l i q u o t s  of e a c h > f r a o t i o n  (HREE, LREE) by i o n  

exchange chromatography on Aminex A5 wi th  d - H i b  a t  pH=4.55 (column: 

l e n g t h  = 110 m m ,  d i ame te r  = 3  m m ,  p a r t i c l e  s i z e  = 13-14 p ) .  The REE 

c o n t e n t s  were determined by t i t r a t i o n  of t h e  Arsenazo (111)-REE- 

complex wi th  EDTA. Th i s  method i s  d e s c r i b e d  i n  d e t a i l  i n  / 7 / .  

Af t e r  s o r p t i o n  of Th on t h e  f i r s t  HDEHP-column Th was desorbed wi th  

6 M H3P04 (50 ml). The Th c o n t e n t e  of Monazites cou ld  be determined 

ue ing  x-ray f l u o r e s c e n c e  epec t roscopy  ( I  0 9 ~ d - s o u r c e ,  Si (L1)-deteotor  

30 mm2) i n  an a l i q u o t  of t h e  phosphor ic  a c i d  s o l u t i o n  ( 1 . 5  ml) i n  

po lye thye lene  v i a l s .  The i n f l u e n c e  of t h e  H PO - c o n c e n t r a t i o n  on 3  4  

t h e  Th measuring e f f e c t i v i t y  i s  shown i n  f i g .  7. 

A f t e r  sample decomposi t ion and d i s s o l u t i o n  w i t h  I 1  M HC1 an 

i n s i g n i f i c a n t  r e s i d u e  remained. X-ray a n a l y s i s  has  shown t h a t  t h e  

r e s i d u e  d i d  n o t  o o n t a i n  any U, Th and LREE, however, it oon ta ined  

Ba, Zr and T i .  P a r t i c u l a r  i n v e s t i g a t i o n s  a f t e r  f u s i o n  t h e  r e s i d u e  

wi th  Na 0  have proved t h a t  it c o n t a i n s  no REE. 2  2  

F i g .  7 .  The i n f l u e n c e  of H PO - c o n c e n t r a t i o n  on Th measur ing 
3  4  

e f f e c t i v i t y  ueing x-ray f l u o r e s c e n c e  speo t roscopy .  
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