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i n g 10 m o l / L H C I+ 0
.

0 1 m o l / L HN 0 3 w as

p as s e d t h r o u g h a n a n i o -n e x e h an g e e o lu m n ;

e lu t i o n

we
r e p e r fo r m e d w i t h 1 0 m o l / L H C I

l 妞b l e l

D i s t r i b u t i o n e o e份 e i e n t s o f a e t i n id e s o n

D

owe
x 1 x 4 fr o m 1 m o l / L H N 0 3一 9 3%

刀几 e t h a l l o l

T h (IV ) U (V l ) P u ( IV ) A m (111) C m (111 )
万 d 4 x 1 0 4

4 x 10
2

4 x 10
3 1

.

4 x 1 0
3 1 0

3

+ 0
.

0 2% H l fo r P u ,
6

.

8 m o l / L H C I+ 0
.

0 0 2 m o l / L H F fo r P a ,

4 m o l / L H C I fo r N p
-

l m o l / L HN O 3 fo r
U

, r e s p e e t ive ly
.

T h e e iff u e n t w as
e

va p o r a t e d t o d r y en
s s : a ft e r 、

一

as ih n g
,

b i smu
t h P h o s P h a t e P r e e iP i t a t i o n w as e a r r i e d o u t ; t h e P r e e iP i t a t e w as t l」e n . -

s o lve d i n H C I an d A m
,

C m we
r e e o P r e e iP i t a t e d b y L a F 3

.

T h e o v e r a l l r e e o v e r i
` 、 、 w e r e

9 3% 士 3% fo r P u ,

7 0% 士 1 0% fo r P a
,

7 2% 士 5% fo r N p
,

8 0% 士 5% fo r U a n ( 1 , 0% fo
r

t r a n s P l u t o n i u m e l e m e n t s
.

H o lm e t a l
.

11 7 ] d
e
ve l o p e d a n o t h e r m e t h o d t o s e p a r a t e ac t i n id e e l e m e n t s : t h e y su e d

l m o l / L HN O 3+ 90% m e t h a n o l m议 t u r e as a fe e d i n g s o l u t i o n e o n t a i n i n g T h
,

U
,

N p
,

A m

an d C m t o b e P as
s e d t hr o u g h an a in o n

一
e x e h a n g e e o lu m n w i t h a if n a l e lu t i o n o f t h e

ac t in id es w i t h 0
.

5 m o l /L H N O 3
.

T h i s t e e h n iq u e h as b e e n u s e d fo r e

vn i r o n m e nt a l a n d

s o m e o t h e r b i o l o g i e a l s

am p l e s ll
,

1 8 ]
.

D i s t r i b u t i o n fa e t o r s o f ac t i n id e e l e m e
nt

s [1 ] ar e s h ow
n

i n aT b l e 1
.

B y t h e m e t h o d a b e t t e r s e P ar a t i o n e o ul d b e r e a e h e d ; t h e s o u r e e 5 0 o b t ia n e d

P r e s e nt s a g o o d r e s o lu t i o n fo r
al Ph a s P e e t r o m e t r .y
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4 S O U R C E P R E P A R A T I O N A N D C O U N T I N G

Z n S (A g ) sc int ill at ion d e t ec t o r s an d al p h a s p e e t r o m e t r y
aer

e o m m o n ly us ed i n 盯0 55

al p h a d e t e r m in a t fo n
.

T he s o ur e e p r e p ar at i o n fo r t h e fo r m e r 15 S im p l e a n d e as y : i n 罗 n
-

云 al
,

t he el ut ign sol
u t i o n 15 e v a p o r at ed o r b o i led t o a s m al l vo lu m e w ih e h 15 t r

asn
fe r r ed

t o a w a t hc g las s o r P lat iun m t r ay fo r e o u nt i gn
.

D u e t o t h
e n ee d o f u n i fo r m an d ad h e r e nt

so ur ces for ih g h- r es o
lu t i o n al p h a s p ec t r o m e t r从 two t e hc

n iq ue
s ar e

us e d
,

葱
.

e
.

e le e t r o d -e

p o s i t i o n of ac t i in d es o n a P lat i n

um
o r s t ia ul e ss s t ee l d is k an d e o p r e c ip i t at i o n o f aC t i n id es

初 t h la n t h
aun

m
, e e r iu m o r n e o d y面um fl ou r id e s

.

A e t i` d se e an b e le ce t r o d e p o s i t e d fr o m a m m o n iu m m de i a
, s u e h as fo r m at e t1 91

,

.ox 日at e [i
,
20]

,

汕
d d e [1 5

,
2 1

,
2 2 ] o r s ul p h at e [2 3

,

2司
.

A m m o in u m s ul p h a t e 15 t h e m o s t e o m
-

mo
n ly use d m ied um for

e l e e t r o d e P o s i t i o n ,

as o r g an i e m a t e r ial s P r e se nt i n t he
s o lu t i o n

e
an b e

ase ily d e e o m P o se d i n t he P r e s e n ce o f H 2 5 0 4 o r N a H S 0 4
.

U
,

T h a n d P u ar e r o u
-

t ien ly e

lec t or ds p os i t ed o nt o lP at iun m id s e s fr o m a ll k idn
s o f b i o l o ig

e
al

s a m p l e
.

Shc
a d e l e t

a L2[ 5]
.

。 l滋m e d t h at
mos

t ac t i苗俪
c an b e e l e e t r o d e p o s i t e d i n s 、 1 0 m i n us i n g a d im e t hy l

s ul fo 心de m e t ho d
.

L i u 件6] de ve l o p ed a n e w s y s t e m fo r s i m u l t an e o us
e l e e t r o

de p o s i t i o n o f

ac t i in d es : t he
s y s t e m co sn is t s o f (N H 4 ) 2 C 2 0 4 + H Z SO 4 + H C I; q u a nt i t a t ive

r e e

voe
r y fo r

233 u
, 2 3 7 N p

, 2 4 2 P u , 2 4 i A m an d 2 44 C m e a n b e a t t a i n e d
·

S o

me l a b o r at o r
ise

e h o o se e o P r
ce i P i tat i o n o f ac t i in d

e s w i t h r
ar e e ar t h m e t

als
r at h e r

t h an
e l曰比r o d e P os it i o n fo r t h e so ur e e P r e p ar a t i o n

.

T hi s t e e h in 明
e h as al s o b e e n su e d

as a

vse ar at i o n st e p o f ac t i in d e e l e m e nt s

aft
e r b i s m u t h p ho s p h a t e e o p r e e ip i t at i o n l2 7

,

2 5]
.

M e r e i e : 。 t a .l [叫 叨ant i t at ive ly
e nt r成 n叱 ac t i n id e s by a m i e r o p r ec ip i t at e o f lant h a

nu m

且u o ir d e o n a e e l lul o s e ac e t a t e if l t e r o f ve
r y l o w P o r os i t y

.

T h i s P r o e e d ur e h as t hr ee b as i e

ad Va p t a g es
,

云
.

e
.

e x e e

lle nt e o u nt i n g ge o m e t r乳 en g l i ig b le se l-f ab
s o r p t i o n (we i g ht o f t h e

p ecr ip i t at e 25 拼g /
e m Z ) an d 驴 o d s p e e t r o m e t r i e r e s o l u t i o n

.

T h e

vae
r

ase
e h e m i e al s e p ar -a

t i o n

ieff
e le n叮 15 00 %

.

A s im i lar m e t h o d us i n g 50拜9 o f L a 3+

was
r e p o r t e d by J i a 。 t 。

滩3 0 ]
.

K
r

ame
r e t a l e o p r

ec ip i t at e d a e t i n id e s
fr

o m a 3
.

4 m o l / L H C I s o lu t i o n o f b i s m u t h p h o s p h at e

w i t h 1 m g o f e e ir u m [2 81; t he p ecr ip i t at e

was if l t r at e d w i t h a 2
.

4 e m d i a m e t e r if l t e
r p即 e r

(p or
e s过e 0

.

5拼m M iill p o er )
.

5 111 e t a
l [3 ` ] u s e d 50拼9 o f e e r iu m hy d r

丽 d e t o p r e e ip i t a t e

ac t i址 d es fr o m an a l址山en E D以 so lu t i o n o f b ar i u m s过p h a t e
.

H i n d m a n ,刘 e l掀 m e d t h a t

one
d y面 um if ou

r ide Pcer i P i t at i o n 15 b e t t e r t h a n c e r i e hy d r xo id e P r e e i p i t a t i o n fo r
al p h a

s P e e t r o me t r i e d e t e r m i n at i o n of U
,

P u a n d Am
.

Whe n il q u id sc i nt i l lat i o n e o u nt i n g 15 u s e d
,

t h e s o u r e e P r e P ar at i o n 15 P ar t i e u lar ly

s im p l e
.

nI t ih s e

ase
t h e e n d so lu t i o n

aft
e r p u r i if e a t i o n e a n b e m议e d w i t h a s ul t a b l e

s e i llt iil at i o n il q ul d int o a
co u nt ign

v ial
.

T h e s e i n t i l lat i o n l iq u id 15 g e n e r
al ly e o m p o s e d o f a

碑 im ar y sc int i ll at o r
[p p o (2

,
5
一

d ip h e叮lox az
o l e ) o r 介 t e r p he 叮 l

,

1、 7 9 / L ] an d a s ec o n d ar y

s e i nt iil at o r

{P O P O P【1
,

牛 ib --s 2 (导p he 叮 lox az o ly l )b e
nz

e n e

】
,

0
.

0 5 、 5 9 /L } d i s s o lve d i n I L

o f t o lue en
.

T he s o lve nt m ay
e o nt ia n e t勿1 al e o h o l t o P e r m i t e o m P l e t e s o l u b i il yt o f t h e

aq ueo us sol
u t i o sn o r ,

al t e r n at ive ly, m盯 b e e o m P o se d 勿 id ox aen
e o nt a i n i n g d i s os lve d

n

aft al
e

en (1 00 9 / L )
.

E x t r
鱿 t i o n

一
s e i llt iil at i o n e o u nt ign 15 al os ve yr u s e

ful
.

A s im P l e r t ce h n iq u e w as us e d

by K co u g h
a n d p

owe
r s [33 ]

.

A ft e r

柳
a n d we t as ih n g

, t h e r e s idu
e 15 d i s so l

yed
i n ho t
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Z m o l / L H N 0 3 e o nt ia n i n g o
.

Z m o l / L b o r i e ac id
.

U p t o l o m l a l iq u o t o f t h e

ser lu t i雌

so l u t i o n 15 t r

an
s fe r r

de int o a 2 0 m l e o u nt i n g v ial e o nt a i n i n g a
d r o p o f 4 m o l /L uer

a
.

I f a s m all e r
al iq u o t

was
t ak

e n ,
i t h ad t o b e

d i lu t e d w i t h s u iff e i e nt 2 m o l / L H N 0 3 t o

b r i雌 t h e vo l u m e t o 1 0 m l
.

T h e n 4 m l o f a n e x t r
ac t a n t

一 s e i n t il lat io n s ol u t i o n (2 0 0 m l

H D E H P i n 8 0 0 m l t o lu e ne
,

4 9 介 t e r p he 叮 l
,

0
.

0 5 9 P O P O P ) was ad d ed
.

T he v ial
was

s h a k e n r e P e at ed ly u nt i l co n s t an t e o u nt i n g
.

S o m e o t h e r a u t h o r s r e P o r t e d t h a t T N O A
,

T o P o
,

d ib u yt l p h o s p h o r i e ac id (D B p ) [3 4 ] we
r e al s o u s e

ful as e x t r
ac t a n t s fo : s e int i l l a t i o n

e o u nt ign
.

T h es e t e

hc
n i q ue

s hvae P r im ar i ly b e e n us e d fo r P u ,

b u t e a n b e
us ed fo r o t h e r

ac t i n id es w i t h rP o P e r se l e e t i o n o f ex t r
ac t a n t s , s o lve nt s a n d aq u e o us sy

s t e ms
.

T he m ia n ad v a n t a g e s fo r li q u id s e int i l lat i o n e o u n t i n g ar e e

ase
o f s a m p le p r e p ar -a

t i o n
an d h i g h e o u nt i雌

e iff e i e n e y (ab
o u t 10 0% ) ; al p h a s p e e t r o m e t r i e m e

as u r e m e nt s ar e

a L幻 Poss i b le : t he
r

eso lu t i o n i n t he
r a n ge 15 20企3 00 ke V FW H M

.

o n e
dr aw b ac k o f t h is

t ec h in q u e 15 t h e er lat ive ly h ig h b ac k gr o u n d e o u n t
.

A IP h a t r
ac k a n d if ss i o n t r ac k me

t h o d s h vae al so b ee n d e
ve l o P e

d fo r ac t in id e e l e m e n t s

co u llt ign ; b o t h t he m e t h o ds ar e
ve yr se sn i t ive : t h e

ifs s i o n t r
ac k m e t h o d e a n l

owe
r t h e

m in imu m d e t e e t曲 l e l im i t 5 0 t o 1 00 t ime
s [3 5 1

,

b u t i t 贻 u m i t ed t o 且ss i o n
曲 l e i s o t o p es

.

5 D I S C U S S I O N

T h e e o n e e nt
r a t i o n p r o e ed u r e e an b e co n s id e r ed as a if

r s t p u r i if
e a t i o n s t ag e , s i n e e i t

目】口w s a e e r t a in d e gr ee o f s e p ar at i o n o f t h e ac t i in de s

for m t h e m at r i x
.

A l恤 l ien e ar t h P h o s
-

p h at e e o P r e e iP i t a t i o n a t v H S、 1 0 15 n

ow w id e ly use d as an e as y a n d s ul t ab l e p or e ed u er
.

A l t e r n at ive w拜y s o f e o
cn

e llt
r a t i o n ac t i n id e s ar e e o P r e e ip i t a t i o sn o f b i s m u t h p ho s p h at e at

p H i
,

y t t r i u m p h o s p h a t e a t p H 213 6 ]
,

i r o n p osn p h a t e a t p H 4 13刀
, t i t a n i u m p加

s p h a t e o r

e
al

e i u m ox a lat e a t p H I ~ 2
.

A ft
e r e o P r e e i P i t a t i o n ,

so m e o r g a n i e m at t e r s t i l l r e m ia sn i n t h e P r e e i P i t at e ,

w ih e h e

an
e a u se a b i g fl u e t u a t i o n o f t h e r ec voe

r y ; t he r e fo r e , t h e P er e i P i t a t e 刃n u s t b e as h ed fu r t h e r
.

sA
a s im P l

e

ox id a t i o n w i t h n i t r i e ac id 15 n o t s u iff e i e n t t o as s u r e r e P r o d u e ib l e er s u l t s , a

dr y as hi n g i n a m u iff e at 4 5 0~ 5 0 0
O
C w as e h o s e n by m a n y a u t h o r s

.

S o m e a n al y s t s s t il l

P r e fe r a

we t as hi n g by r e P e a t e d b o i il gn w i t h H N O 3 al o n e o r i n t h e P r se e n e e o f H 2 0 2
.

T he wo
r
k d se e r i b e d i n so m e P a P e sr d e m o n s t r at e s t h a t t h e P h e n o m e n o n o f s u r

fa
e e

a d so pr t i o n e a n b e u se d t o fu r t h e r P u r ify al P h a e m i t t e r s
.

T h e r e
ar e s e ve

r
al ad

v a l l t a g se

e o m P ar e d w i t h e o

vne nt io n al i o n e x
hc

a n g e o r e x t r鱿 t i o n m e t h o d s , s u e h as e

ase
o f h an d li gn

,

e

he 即 n

ess an d r a P id i .yt T妞b l e 2 s il o w s t il e er e

voe
r i e s o f ac t i n id e s i n so m e m e t h o ds us i gn

d iffe er nt ad
s o r b e

nt
s

.

A ll t h ese er s u l t s
ar

e s a t is fa e t o r y : a d i s ad va nt a g e o f t h ese m et h o ds

15 t h e P o o r se lec t i v i t y as so m e s t a b le e le m e nt s

aer ad so
r b ed ; t h

e r e fo er t h e so ur e es so
o b t ia n ed s u i t o n ly t o e o u n t gr oss al P h a ac t i v i t y w i t h o u t a n y al P h a s p ec t r o

me
t珊

T h
,

U
,

N P an d P u e
an b e e

as i ly ad s o r b e d al l t o ge t h
e r 勿 an i o n e x

hc an ge r se in
.

A d
-

sor p t fo n o f t r a sn p lu t o n i u m e
l
e m e

nt
s

(A m
,

C m ) a 】50 15 p oss i b l e w h
e n t he y ar e i n t he for m

o f t h yo
e y a n a t e e o m p】e x e s

.

T ih s p r o e ed uer 15 ad
o tP ed i n Par t i e ul ar fo r t he ir s e Paar t ion

fr o m t h e l
a n t卜,月芍d es

.
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3

if l et r p a p e r IZ I

E le e t or d eP os i t fo n 15 t he P r e fe r r
ed

a n d e o m m o

uly
u 班月 t e e h n iq u e fo r t h e so u r e e

p r印 ar 毗 fo n ; h
owe ver

, e o p cer ip i t a t i o n o f ac t i lu d se w i t h e e r i e 场d r ox id e ,

oon d y iln
u m o r

l a n t h a n

um 且u o ir ds 场 b ce o
面

n g ve yr p 0 -P

u lar
.

F lu o r id e e
op

r ce iP i t at i o n 15 ve yr s im
-

P l e an d
e o n v e in e nt

,

朋 i t e an b e us e d

w i tho
u t a n y e r i t i e al e o nt olr of t he t es t

co n d i t io n
.

T h e if uor
id e e an b e P r e e i P i

-

t at ed in a l ~ 8 mo l/ L H C I o r 三Zm o l / L

H N o 3 m叱i u m件1 ] an d t h e p

eser
n e e o f

0
.

0 0 5~ 0
.

0 5 m o l / L e3F
+ o r

A 13+ d o es on t

a 月池c t th e e o p er e ip i t at i o n l3 11
.

T he s im ul t a n e o us d e t e r m i n a t i o n o f

al p h a e
而 t t e r s iw t h t h e ia d o f al P h a s P ec

-

t r o m e t yr 15 t he m os t
use ful

t e e h in q u e fo r

or ut ien an
a 】y s i s

.

F ig
.

3 s h o w s t h e al P h a

s Pec t r

um
o f a so ur e e P r e P

aer d as LaF
3

p r ec iP i t at e fr o m a ur i en
s

am P l e 勿 J i a e t

a Llao] : a r

eOS lu t
ion

o f 50 玩v 15 t he id司
r

eso
lu t i o n fo r b in l o gl
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