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PURIFICATION OF KILOCURIE QUANTITIES OF PROMETHIUM-147 BY ION EXCHANGE 
R. S. Pressly 
C. L. Ottinger 

P. B. Orr 
E. E. Beauchamp 

ABSTRACT 

Twenty  thousand curies of P m 1 4 7  in a mixture of rare-earth f iss ion products was processed by 

ion exchange on a cation resin, using ammonium citrate solution as the eluant, unt i l  the desired 

purity of Pm147 was obtained. Promethium was present to  the extent of  about 1.6% in the start-  

ing mixture and wos increased to 60% in  the f ina l  product, 

Procedures, typica l  e lut ion curves, methods of analysis,  losses, mater ia l  balances, and a de- 

scription of the  equipment a r e  given for the process. 

Mul t ik i locur ie  quantit ies can be produced wi th  s imi lar  equipment, w i t h  l i t t le  d i f f icul ty  con- 

tr ibuted by radiation or radiotion damage when feed mater ia l  of  the appropriate concentration 

i s  avai lable .  

INTRODUCTION 

One o f  the major efforts i n  the isotopes Divis ion 
of Oak Ridge National Laboratory i s  the sepa- 
rat ion of f iss ion products from reactor wastes. 
Although the long-lived f ission products have 
been avai lable in curie quanti t ies for several 
years, the F iss ion  Products P i l o t  Plant (F3P) 
provides the f i rs t  re lat ively large-scale production 
o f  these isotopes. Ki locur ie amounts of Cs 37, 
Ru1*6, Sr9*, Ce144, and Pm147, as we l l  as grams 
o f  T c ~ ~ ,  can now be processed annually.’ 

Increasing interest i n  Pm147 has developed 
because th is  isotope has a combination of prop- 
ert ies which makes it attract ive for the preparation 
o f  large radiat ion sources. It has a reasonably 
long ha l f  l i f e  (2.6 years); it decays by low-energy 
beta emission only, thus minimizing radiat ion 
hazards; and i t s  compounds can be fabricated in to  
sources w i th  relat ive ease. Some of the potential 
uses for large quanti t ies are as follows: 

1. self-luminescent devices (the low specif ic 
ionization of the beta part icles results in less 
damage to sources), 

2. direct  beta radiat ion sources (large sources 
can be used for nonpenetrating radiat ion treat- 
ment o f  surfaces for sterilization), 

3. secondary x-ray sources, 
4. devices for the conversion o f  radiat ion energy 

into electr ical  energy. 

’E. Lamb, H. E. Seagren, and E. E .  Beouchomp, 
P r o c .  ( I . N .  Intern. Conf. P e a c e f u l  Uses Atomic  
E n e r g y ,  2nd Genevu, 1958 20, 38 (1 958). 

Histor ical  

Element 61, promethium, evidently does not 
e x i s t  i n  nature.2 The f i rst  characterization of 
th is  element was done by Marinsky, Glendenin, 
and Corye11.3 Using ion exchange techniques to 
investigate rare-earth f iss ion products, these 
workers identi f ied Pm1*7 as the daughter of  Nd147 
and, by studies of order of e lut ion From cation 
resin, proved it to  be an isotope o f  element 61. 
Weighable quanti t ies were produced later as more 
enriched rare-earth fractions became a ~ a i l a b l e . ~  
Fourteen isotopes of promethium have been 
identified, but most o f  these have such short 
ha l f  l ives and/or low f ission yields that they can 
be neglected during the processing of Pm147. 
However, the 42-day isotope Pm’ d* contributes 
gamma ac t iv i t y  t o  relat ively short-decayed prome- 
thium fractions and necessitates using long- 
decayed wastes for the production of promethium 
for use as a pure beta emitter. 

The development o f  ion exchange processes 
has provided an excel lent method for the separation 
of rare earths. Other techniques such as frac- 
t ional  crystal l izat ion, complex formation, and 

*G. E. Boyd, J. Chem.  Educ. 36,  3 (1959). 
3J. A.  Marinsky, L. E. Glendenin, and C. D. CoryeII ,  

J .  Am. Chem. SOC. 69,  2781 (1947). 
4 G .  W. Parker and P. M. Lantz ,  The Separat ion of 

Mill igram Quant i t i e s  of Element 61 Prom Fission 
[ P r o d u c t s ] ,  A E  CD-2160 (June 18, 1948). 
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fractional precipitation are tedious and seldom 
very effective. Solvent extraction has interesting 
poss ib i l i t ies  but has not been used extensively 
for rare-earth separations. Ion exchange can be 
readi ly adapted to  the processing of radioactive 
solutions because the equipment needed i s  re- 
la t ive ly  simple, easi ly shielded, and can be 
adapted for remote-control operation. From tracer 
Icve!s t o  amounts of several curies, ion exchange 
has been used successfully t o  separate radioactive 
rare eapths. 

Sepomtion of P m 1 4 7  a t  QWNL 
Separation of tor sale by Oak Ridge 

Not ional  Loboratory was begun i n  1950. An ion 
exchange method for the separation of f iss ion 
products yielded a fraction enriched i n  rare earths, 
and this fruction was further processed by ion 
exchange to part ia l ly  purify promethium.5 Later, 
a rare-earth fraction was separated froin aged 
waste solutions of f iss ion products by precip- 
i ta t ion as oxalates; ion exchange W Q S  used to 
separate promethium f rom the other rare 

A s  the demand for th is isotope increased, pro- 
duction increased from 11 mc in 1950 to several 
curies pzr year by 1957 (see Table 1). 

5P. 0. Schallert, Product ion Separat ions o/ F i s s i o n  
Product  Groups for the  Radio iso tope  Program, OKN L- 
1144 (July 28, 1952). 

6 R .  s. P r e s s l y ,  Preparat ion o/ Fission Rare Earth 
I s o t o p e s ,  ORNL-2252 (May 7, 1957). 

Year Mi II icuries Produced 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

19.57 

11 

2 95 

1,937 

0 

6,247 

19,250 

53,405 

15,178 

In  1958 a process was developed to provide 
P m 1 4 7  in  larger quantities.' Th is  process 
differed from pravious ones i n  that solvent ex- 
t ract ion was used t o  separate the rare earths from 
other f iss ion products and inactive materials in  
waste solutions. Tr ibuty l  phosphate was used 
t o  remove rare earths and yttrium froni aluminum 
nitrate wastes obtained from the Idaho Chemical 
Processing Plant. After the stripping from the 
t r ibuty l  phosphate, the cerium was removed by 
iodate precipitation and the promethium purif ied 
b y  ion exchange. Approximately 830 curies of 

Pm147 w a s  prepared by th is  method; the process 
W D S  discontinued with the startup of the F3P. 

A t  the F3P, waste solutions are processed to  
y ie ld  n fruction contoining yttrium and the l ight 
rare earths from cerium to europium. Removal of 
most of the cesium and yttrium by solvent ex- 
t ract ion provided a rare-earth feed material for 
ion exchange separation, 

Objective of the Project 

The project described in  th is  report was designed 
t o  demonstrate the use of large-scale ion exchange 
equipment to  separute k i locur ie quantit ies o f  

bum the other raie-emyah f iss ion products 
and t o  prepare the promethium into a form suitable 
for source fabrication. Specifications for the 
product were as follows: 

1. act iv i ty  Concentration of greater than 450 
curies of Prnld7 per gram of total  rare-earth 
oxide, 

2. gamma contamination of less than 3 pc per 
curie of ~ r n 1 4 7 .  

E a ui i Qme o t  

The ion exchange columns for the pur i f icat ion 
of  Pm14a were instal led in  a leod-and-conerete- 
shielded cell. 

1 ha fol lowing i s  a l i s t  and description o f  the 
equipment used to put i f y  multicurie quantities. 

Transfer Vessel for Crude Pramathiurn, - A 
leud-shie!ded stainless steel tank wi th o capacity 
o f  about 45 l i ters and a weight o f  about 6 tons 
W Q S  r ~ s c d  for feed transfer. Two Snaptit.. f i t t ings 
were used for ease i n  f i l l ing and emptying. One 

- 

1958 02 8,869 7C. L. Ott inyer and R. S. P r e s s l y ,  ORNL, un- 
-. . . . . . . . . . .....I- -- published work.  
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f i t t ing  was connected to a short leg and the other 
to  a long leg inside the currier cavity. 

The carrier was f i l led wi th a rare-earth ni t rate 
solut ion a t  the F3P and transferred t o  Bui ld ing 
3028 for promethium separation. To remove the 
solut ion from the carrier and transfer it to  columns 
1 and 2, air pressure of about 12 psi  wos used. A 
stainless steel solenoid valve, actuated by the 
l iquid- level  instrument on column 1 or 2, con- 
t ro l led  the f low from the transfer vessel. 

Column Feed Tanks: FT-I, -2, -3, and -4. - Four 
polyethylene tanks with a capacity o f  about 195 
l i ters each were located on the thi rd floor o f  the 
building. L iqu ids  from the tanks flowed through 
rotameters before entering the columns. A stain- 
less steel solenoid valve, actuated by a l iquid- 
level  instrument on each column, control led the 
f low from the feed tanks to  the columns. 

I o n  Exchange Columns 1 and 2. - These were 
stainless steel roughing columns 3 in. i n  diameter 
b y  8 ft long, each with a capacity o f  10 l i ters o f  
resin. 

The free space above the resin in these columns 
contained a l iquid-level gage equipped w i th  l im i t  
switches to  control the maximum and minimum 
leve l  above the resin. The l im i t  switches octi-  
vated solenoid valves i n  the feed tank lines, the 
l i ne  from the crude promethium transfer vessel, 
or  the l ine from col lect ion vessel CP-I, depending 
upon the source of the solut ion feeding the 
columns. 

Discharge l ines from these columns were made 
o f  polyethylene tubing to  el iminate corrosion and 
the result ing pickup of foreign cations by the 
resin, which would be produced by the action of  
c i t r i c  acid on stainless steel. Each discharge 
l i ne  penetrated an ionization chamber used to  
monitor the f low o f  act iv i ty from the column. 
Unfortunately, due to  the weak ac t iv i t y  of 
and also t o  the interference due to  the strong 
E u  gamma radiation, promethium was only 
s l igh t ly  detected. The main function of the ion 
chamber was to detect the breakthrough and peak 
of E u ’ ~ ~ ,  in order to determine sampling frequency. 
Samplers were located on the discharge l ines from 
the columns. 

ion Exchange Column 3. - Column 3 was also 
3 in. i n  diameter by 8 f t  long and was l ined with 
tantalum t o  reduce the release of foreign cations 
by  corrosion. Optional column heating was avai l -  
able by means o f  Calrod units an the outside 

surface. Temperature control was maintained 
by  thermocouples and related instruments. The 
eluant was preheated by means of a steam heater 
before being fed t o  the column, and the eluate 
was cooled, upon discharge from the column, by a 
water-cooled condenser. 

Rareearth feed for column 3 was transferred 
from col lect ion vessel CP-1 by means o f  a i r  
pressure. 

The discharge l ine  from column 3 passed direct ly 
through an ion chamber for measuring the ac t iv i t y  
being eluted. The ion-chamber reading was used 
as  a guide i n  sampling the eluate. 

I on  Exchange Column 4. - A tantalum-lined 
column 2 in. i n  diameter by 8 f t  long, w i th  a resin 
capacity of about 5 liters, was used for f inal 
puri f icat ion. L i k e  column 3, it  could be heated 
and fed only from col lect ion vessel CP-I. 

The discharge l ine was of Saran and polyeth- 
ylene. The only contact the product had with 
stainless steel was i n  the solenoid discharge- 
control valve. The discharge l ine passed through 
an ion chamber for monitoring ac t iv i t y  as i t  was 
removed from the column. If a good separation 
was obtained and a large quanti ty of promethium 
was on the column, the Promethium ac t iv i t y  could 
b e  recorded on the ion-chamber electrometer. 
However, th is approach was not dependable, and 
frequent sampling was riecessary to  determine 
when the promethium was being eluted. Sampling 
was done by u t i l i z ing  the product-removal station, 
which was designed to  accept I - l i te r  p l a s ~ i c  
bottles. 

Co l lec t ion  Vessel CP-I. - Promethium fractions 
from columns 1, 2, and 3 were col lected i n  a 280- 
l i te r  stainless steel tank. This tank was equipped 
with a l iquid-level instrument and a solut ion 
addit ion funnel. Solutions were moved from CP-I 
b y  air  pressure to columns 3 and 4 or t o  waste. 

Process 

Operation. - A simpli f ied f low diagram for the 
procedure i s  presented in Fig. 1, 

Feed material for the columns was prepared at 
the Metal Recovery Plant and at  the F3P. The 
uranium processed was long-irradiated natural 
uranium which had decayed for approximately rwo 
years. Dissolut ion and extraction of the uranium 
and plutonium was done at  the Metal Recovery 
Plant, and the f iss ion product solut ion wa5 trans- 
ferred to  the F3P. There the rare-earth fraction 
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C Z J  
C I T R A T E  F E E D  CITRATE F E E D  ‘t‘ A D D I T I O N  R E S I N  

CITRATE F E E G  C I T R A T E  FEED 

c,, 
I /  I /  

C ~ L U ~ I N  3 
I O -  l i t e r  T A N T A L U M  

R E S I N  C O L U M N  
31n D I A x 8 t l  LONG 

C O L J V N  4 
5 - l i t e r  T A N T A L J U  

R E S I N  C O L U M N  
2 In D l A  x 8 f t  LONG 

IO- l i te r  SS I O - I l l e r  SS 
R E S I N  C O L U M N  R E S I N  C O L U M N  

3 In DIA x 8 f t  LONG 3 i n  D l A  x 8 f t  LONG v li 

I ____ I H O l  

AIR OR V E N T  

4 5 - l i t e r  
CAPACITY 

Prn’47 

STORAGE T A N K  
200- l i te r  

C A a A C I T Y  ( C P - 1  

C A P A C l T  Y 

P R O D U C T  S T A T I O N  

45-11ter 
T A R R I E R  F R O M  

Fig.  1. Flowsheet  far P m 1 4 7  Purification by Ion Exchange. 

was separated from the other f iss ion products. 
A batchwi se solvent extraction procedure was 
used to remove approximately 98% of the cerium 
and approximately 92% of the yttrium from the 
rare-earth fraction.* This removal greatly reduced 
the processing time, cost,  and radiation problems 
i n  the ion exchange operation. 

After th is  i n i t i a l  separation a t  the F3P, the 
rareear th feed was transferred to  the ion exchange 
equipment  by means of CJ &ton, &liter shielded 
carrier. Analysis of a typical  batch of feed i s  
g iven i n  Table 2. 

A c i d  normality of the feed was not al lowed t o  
exceed 0.4, since excess acid w i l l  spread the 
rare-easth band on the cnlurnns and resul t  in 
less-ef f ic ient  sepaxotion. 

The carrier was placed in a stainless steel 
tank and connected to a l ine t o  columns 1 and 2 

‘E ,  E. Ketchen and T. A. Butler, ORNL, Solvent 
Extiaction Separation of Cerium nnd Yttrium from Other 
Rnre-Earth Fzsszon Products  (to be published). 
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T a b l e  2. Typical Feed Analysis 

Volume 

Ac id i ty  

Apprcx imate ac t iv i t ies ,  m c / m  I 

~ e ’ 4 4  

Y 9 ’  

~ m ’ 4 7  

R e l a t i v e  r a r e e a r t h  content, 9 

Promethium 

Yttrium 

Lanthanum 

Cerium 

Prase od y m i um 

Neodymium 

Sa mar ium 

Europium 

147 T o t a l  rare earths/Pm 

40 l i ters 

0.3 N 

3.7 
3.0 
0.2 
90.0 

1 .o 
1.6 
9.1 
0.4 
9.6 

8.4 
3.4 

50.6 

28.1 

b y  means of a f lexible l ine and quick-opening 
f i t t ings. Another f lexible l ine was connected to 
the  carrier for use as on air or vent line. A cover 
was placed on top of the tank after the quick- 
act ion f i t t ings were secured to  assure protec- 
t i on  against leakage when the carrier was pressur- 
i zed. 

A i r  pressure a t  10 to 12 psi was used to  force 
the  solut ion from the carrier directty to columns 
1 and 2, one column a t  a time, These columns 
contained 10 l i ters o f  coarse Dowex 5Ow, 12% 
cross-linked, resin in the hydrogen form, prepared 
from twice-washed 50- to  10O-mesh resin. No 
more than one-third of the resin was loaded with 
cations from the feed in order to  assure enough 
length of hydrogen-form resin for separation. 
Loading was done a t  a rate of about 15 l i t e rsh r ,  
which was usually as fast as the resin would 
permit the solut ion to  flow. The loaded res in  
was washed w i th  about 30 l i ters of d is t i l l ed  
water t o  remove excess ac id  from the column. 

E lu t ion  was done with 0.2 M c i t r i c  ac id  adiusted 
t o  a pH of 3.0 with NH,OH. Flow was adjusted 
t o  one column volume (10 l i ters) per hour, Both 
columns 1 and 2 were eluted at  the same time. 

The eluate was sampled three times per 8-hr 
sh i f t  and analyzed for promethium. When the 

electrometer measuring the column discharge 
showed an increase in activi ty, sampling frequency 
was stepped up to  once an hour. 

Yttr ium-91 and mixed europium act iv i t ies,  i n  
that order, were eluted first, These elements 
were eluted to  waste un t i l  analysis showed 
promethium to  the extent of about 25 mc/mI, a t  
which time col lect ion was started. Beginning the 
col lect ion at this point minimized the loss of 
promethium and reduced the amount o f  yttr ium and 
europium collected. Col lect ion was stopped when 
the promethium peak was passed and the ac t iv i t y  
dropped to  about 25 mc/mI. About hal f  of the 
neodymium and rare earths of lower atomic number 
was discarded by stopping the promethium col-  
lect ion at  th is  point, elut ing the column, and 
sending the eluate to  the woste tank, 

Neodymium and other cations remaining on 
columns 1 and 2 were stripped of f  w i th  60 to  70 
l i ters of 0.2 hf c i t r i c  acid at  a pH of 5.0 and then 
washed w i th  approximately 30 l i ters o f  d is t i l l ed  
water to  remove excess ammonium citrate. To 
prepare the columns for re-use and to  be sure 
that a l l  act iv i t ies were o f f  the columns, the resin 
was converted to  the hydrogen form with 60 to  80 
l i te rs  of 3 N HNO,. Excess acid was removed 
w i th  30 to 40 l i ters o f  d is t i l l ed  water. 

Due to  the high starting rat io of total rare earths 
t o  promethium, in the feed, l i t t l e  separation of the 
promethium was done on columns 1 and 2. However, 
a reduction of the total rare earths by a factor of 
2.5 was accomplished. The fol lowing i s  a l i s t  
o f  the approximate amounts o f  the elements re- 
maining per gram of promethium, after th is  f i r s t  
ion exchange separation: 

E le men t 

Europium 

Sa mar ium 

P r omet h iu rn 

Nsod y m ium 

Tota I 

Weight (9) 

1.7 

8.4 

1 .a 
14.0 

25.1 

This represented a rat io of 24.1 g o f  rare earths 
per gram of promethium. 

The promethium fract ion col lected from col- 
umns 1 and 2 was acidi f ied wi th 1.5 m l  of 16 
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N HNO, per l i ter  of eluate to  break the rare- 
earth complex. This adjusted the solution to 
a p t l  of about 1 to  permit readsorption on the 
next column. Transfer of the acidi f ied prome- 
thium fraction to  column 3 was accomplished 
by  applying air pressure (about 14 p s i )  t o  the 
receiv ing vessel for columns 1 and 2. Column 3 
contained 10 l i ters o f  the hydrogen-form Dowex 
SOW, 12% cross-linked, prepared in the same *way 
as  that used in  columns 1 and 2. The f low rate 
during adsorption was not al lowed to  exceed two 
column volumes (20 l i ters) an hour. When a l l  the 
promethium fraction was loaded on the column, i t  
was washed with 30 to 40 l i ters o f  d is t i l l ed  water 
t o  remove a l l  traces of acid. 

E lu t ion  of column 3 WQS done with 0.2 M citrate 
a t  a pH of 3.0, wi th a flow rate of one column 
volume (10 l i ters) per hour. Before the column-3 
electrometer indicated a r i se  i n  act ivi ty, sampling 
w n ~  done about three times per 8-hr shift. After 
the ac t iv i t y  begun to  rise, sampling was done 
once an hour. The act iv i ty was al lowed to  go to  
waste unti l  the promethium ac t iv i t y  i n  the samples 
increased to  approximately 25 mc/ml, at  which 
time promethium col lect ion was started. After the 
concentration of the promethium had reached a 
maxiinurn and then declined to  about 20 mc/mI, 
col lect ion was stopped. The quantity of the other 
rare earths in the promethium fraction was reduced 
90% by column 3. The rat io of the other rare 
earths (total) to  promethium a t  th is point was 
about 2.6 to 1. 

The ptl  of the eluant WQS adjusted to  5.0, and 
the remaining rare earths on column 3 were stripped 
t o  waste?. The column was then washed with 30 
t o  40 l i ters of water to remove the citrate. Since 
the ammonium citrate a t  OH 5.0 may not have 
removed a l l  the cations, the column was stripped 
with about 70 l i ters of 3 N HNO, and then washed 
w i th  30 to  40 l i ters of d is t i l l ed  water. 

The co lumn4  procedure for the further ion 
exchange purif icat ion of the rare-earth fraction 
eluted from column 3 was almost identical wi th 
that used for column 3. The fract ion was acidi f ied 
w i th  n i t r i c  acid and transferred to column 4 by 
using air pressure at  12 to 14 psi. Column 4 has 
a capacity of about 5 l i ters o f  Dowe:: 5OW, 12% 
cross-linked, resin prepared in tlie same manner 
as that used in  columns 1, 2, and 3. Loading was 
done at a rate of about 5 liters/hr, after which the 
loaded column was washed with 15 to 20 l i ters 

of  water to  remove a l l  traces of acid. Elut ion was 
done at a rate of not more than 5 liters/hr, and 
the eluate was sampled three times pea 8-hr sh i f t  
un t i l  the ion-chamber electrometer on the column 
discharge indicated an ac t iv i t y  rise. The elec- 
trometer required close observation, since very 
l i t t l e  hard beta or gamma act iv i ty was present on 
the column to cause a large deflection. When a 
r i se  i n  ac t i v i t y  occurred, sampling was done a t  a 
i i ini tnum rate of once an hour. After the promethium 
ac t iv i t y  in the samples rose to 5 mc/mI, col lect ion 
was started and was continued un t i l  the peak 
was past and the promethium content dropped to 
1 mc/mI. Collect ion was done in ]- l i ter poly- 
ethylene bottles, and each bottle WQS analyzed 
for Y9’, Eu154, and total  rare earths. 

At the peak o f  the promethium elution, the 
analysis showed OS much as 650 curies (689 mg) 
of  Pm147 per gram of total rare earths. According 
to  the analysis o f  each fraction, those fractions 
which met the curies-per -gram spec i f i cat i on s 
were combined as products. Those fractions 
which were not wi th in specif icat ions were reserved 
for reprocessing. 

Elution Curves, .- A convenient method for 
describing the performance of an ion exchange 
column i s  the elut ion curve. By plot t ing concen- 
t rat ion vs volume of eliJate through the column, a 
curve results which i s  characteristic of t h e  per- 
formance of a column under a certain set of con- 
dit ions. Such factors as f low rate, resin size, and 
operating temperature influence the elut ion curve; 
these must be kept constant i n  order to  obtain a 
def in i t ive curve for operating purposes. 

For elut ions of rare earths wi th 0.2 M citrate, 
the elut ion curve i s  bell-shaped, w i th  each rare 
earth forming a band which i s  di lute at t h e  fiorli 
and rear boundaries and more concentrated in the 
middle. As the elut ion progresses, these bands 
niuve down the column and begin to separate. 
The degree of sepuration, that is, the amount 
o f  overlap between bands, can be determined by 
plot t ing elut ion curves for a l l  componcnts on the 
same graph. 

In the fol lowing figures, several typical  e lut ion 
curves are presented. Ac t iv i t y  values ore detei- 
mined by the assny of frequent samples taken 
from the column outlets. The term “columti 
voluiiie” I S  here defined as the apparent volume 
o f  wet resin in the column after washirig and 
sett l ing. Only promethiurn and europium, the 



components which can be determined by counting 
techniques, are used in these representative 
curves. 

Figures 2 and 3 show the elut ion o f  europium 
and promethium from 3- and Z-in,-dia columns 
respectively. The columns are operated contin- 
uously a t  a f low rate of one column volume per 
hour. Thus for a 3-in.-dia column containing 10 
l i ters of resin, the elut ion t ime required to reach 
the peak for promethium i s  40 t o  45 hr, and to  
elute the promethium completely requires about 
60 hr. 

I20 

20 

The reproducibi l i ty of the elut ion curve i s  
i l lustrated in Fig, 4. Four runs, containing varying 
amounts of promethium, are plotted together. 
Condit ions for a l l  these runs were the same 
except for the amount of ac t i v i t y  and the volume 
of resin i n  the column; the fatter varied from 8 to 
10 l i ters. 
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Fig.  2. T y p i c a l  E lut ion Curve far a J-in.-dio Column. 

Column volume, 8 liters; Dowex 50W, 12% cross-linked 

resin, 50 to 100 mesh. 
Fig. 4. Elution Curves for Pm147 Obtained by Use o f  

3-in.-dia Column. Volume of resin, 8 to 10 liters. 
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One condit ion which has a pronounced effect 
upon the operation of an ion exchange column i s  
temperature. In Fig. 5, elut ion curves are presented 
for two runs under identical conditions except 
for the operating temperature. Heating of the 
column accelerates the opproach to equilibrium; 
thus the separation i s  improved. 

Methods of Analysis 

Promethium-147. - Promethium-147 was dif-  
f i cu l t  t o  identi fy i n  the presence of other ac t i v i t ies  
because of i ts low-energy beta decay. An end- 
window G-M counter was standordized for total  
disintegrations by using purif ied Y9 I ,  

20 24 28 37 3G 40 E u ” ~ ,  and other act iv i t ies which were present. 
A small aliquot of the solut ion wos evaporated on 

Fig. 3. T y p i c a l  Elution Curve for a 2-in.-dia Column. a watch glass, covered with  cellophane, and 

Column volume, 4 l i ters; Dowex 50W, 12% cross-linked counted. A 60-mg aluminum absorber was then 
resin, 50 to 100 mesh. placed over the mounted sample, which was 

COLUMN VOLUMtS 
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147 Fig. 5. Effect o f  Temperature on Elut ion o f  Prn . 
Column volume, 4 l i ters; Dowex 50W, 12% cross-linked 

resin, 50 to 100 mesh; column diameter, 2 in.; flow rote, 

1 c o l u m n  volume p e r  hour. 

re-counted. This difference in counts was cal- 
culated as  although the presence of other 
rareear th act iv i t ies contributed t o  the calculated 
amount of Pm147.  

was separgted into more concen- 
trated and purer fractions, the analyses became 
mare accurate and could be made by beta propor- 
t ional  or l iqu id  sc in t i l la t ion counting. 

Yttriuni-98. - Calculation of the Y 9 '  content 
was based on the beta act iv i ty  that was not 
absorbed by the to-mg aluminum absorber when 
the I",-M counter and the mount for determining 
PI TI^^^ were used. This method was not very 
accurate; however, it was useful when combined 
wi th  gamma sc int i l la t ion analysis to determine the 
increase or decrease of Y P 1  during column 
opera tisns, 

-- The presence of Eu15* was 
determined by using a single-channel 3arnma 
spectrometer. When the presence of Y 9 1  was 
shown by beta counting, the 970-kev ganima 

As the 

Europium-154, 

peak was measured for I f  Y9 '  was not 
present, the 1.25-Mev gamma peak was measured 
t o  determine the Eu 154. 

Inactive Rase Earths. - Inactive rare earths 
were present in  quantit ies dependent upon the 
irradiation time i n  the reactor and the decay after 
removal from the reactor. As these rare earths 
wero separated from Pml*' by ion exchange, it 
was necessary t o  be able to analyze quickly i n  
order to determine the perforinance of the columns. 
Whcn the resul ts of the analyses of total  rare 
earths contained in the eluate were associated 
wi th  the ion-chamber readings and radiochemical 
analyses, a fa i r ly  accurate interpretation could 
be made as to  the quantit ies of  inact ive neodymium, 
europium, and samarium which accornpanied or  
were separated from P m 1 4 7  as the solution pro- 
ceeded through the columns. 

I he total  rare earths i n  the samples were 
precipitated from the 0.2 M citrate solution as 
oxalates. The precipitrste was dissolved in 
n i t r i c  acid which contained hydrogen peroxide, 
and th i s  solution was heated in the presence of 
p latinum black t o  remove excess hydrogen peroxide. 
The solution was then adjusted wi th  sodium 
hydroxide to  n pM of 4,5 to  6.0 and then buffered 
w i th  acetate. .4 drop of mercuric Versenate was 
added, and the rare earths were titrated poten- 
t iometr ical ly wi th  0.05 hf sodium Versenate 
solution. One electrode was a mercury-plated 
gold wire, and the other was calomel. The 
potent ia l  between the mercury electrode and the 
mercuric ion in  solution wa5 measured. When the 
endpoint was reached, the potential changed 
sharply due t c  a decrease in the concentration 
o f  the mercur ic  ion. By comparison w i th  ci standard 
rare-emth solution, a valve for total  rare earth 
was obtained.9 

Prnmeth ium-148. .- Promethium- 148 i s  produced 
b y  the ( n , ~ )  reaction on This  isotope has 
two isomers, one of 5.2-day hal f  l i f e  and the 
other of 42-day hal f  life; the decay scheme of 
neither of these has as yet been def in i te ly estab- 
lished. Studies have been made by Eldr idgelo 
and by Dhattacheriee, Sahai, and Boba" which 

- 

9t i .  Kubota, Anal. G e m .  Ann.  Prog.  R e p .  Dec.  

'OJ.  S .  Eldridge, ORNL, private communication, 

l l S .  K .  Rhottacheriee, R. Sahai, and C. V. K. Bobo, 

31,  1949,  ORNL-2866, p 11. 

Aug. 1, 1959. 

N u r b a r  Phys.  12, 356 (1959) .  
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permit calculat ion o f  the amount of Pm14*. The 

disintegrations (630-kev gamma rays) o f  the 42-day 
isomer are calculated as representing 80% of the 
to ta l  disintegrations of the isotope. 

Th is  analysis was made only on very pure 
P n 1 ’ 4 ~  i n  which the europium content was less 
than 10 pc per curie o f  Pm 147.  

DISCUSSION 

Promethium-147 was received in  relat ively small 
quantities, as compared with the capacity o f  the 
columns. The product was part ia l ly  separated 
from the other rare earths and stored un t i l  the 
ion exchange beds could be loaded for more 
e f f i c ien t  separations. Fractions of the eluate 
containing a large rat io of inactive rare earths to 
Pm’  47 were reprocessed rather than discarded. 
Th is  increased the process time, and the loss by 
decay was appreciable. With the development of 
more accurate methods of analyses and better 
methods of operation, the purif icat ion of large 
quanti t ies o f  fission-produced rare earths con be 
made more ef f ic ient ly wi th the exist ing equipment, 
and the process con be expanded to  puri fy mult i -  
k i locur ie  amounts of Pm147 routinely. 

L e s s  discernible advantages o f  the ion exchange 
method for puri f icat ion include the fol lowing: 
(1 )  the volumes of eluate containing the f iss ion 
praducts were easi ly decreaserj by altering their 
pH’s and adsorbing the f iss ion products prior t o  
re-elut ing them with a new, smaller volume of 
eluant; and (2) products of corrosion and radiat ion 
were removed continuous Iy. 

The problem of radiat ion damage to  the ion 
exchange resin and to the c i t rate elutr iant was 
not studied quantitatively. Flow rate throuqh each 
resin column was checked after each regeneration 
t o  detect any effect due to changes in the resin. 
The resin was replaced in  column 3 after having 
been exposed to  approximately 50,000 curies of 
Pm147 for the time (60 hr) of adsorption and 
elution. Th is  represents approximately 1.29 kwhr 
of beta radiation. I n  order to reduce the possibi l i ty  
of contamination from previously obsorbed act iv-  
i t ies, the resin in the f inal  puri f icat ion column 
(No. 4) was chanqed after each 20,000-curie run. 
Possible radiat ion damage was not considered to 
be the primary reason for replacing the resin, 

w i th  the recovery of P m 1 4 7  either by adsorption 
on resin or by precipitat ion methods. 

The solut ion received for puri f icat ion contained 
the fission-produced rare earths from which most 
o f  the C e l d 4  and Y 9 ’  had been removed. The 
Pm147 was purif ied to  the extent that less than 
2 pc of was present in each curie of Prn147 
and more than 425 curies of Prn147 per gram of 
rare-earth oxide. 

A large portion of the separation was accom- 
pl ished by adsorbing on and elut ing from four ion 
exchange columns. The f i rs t  column should be 
considered a feed-preparation column, as the rare 
earths were processed under nonidea I conditions 
t o  prepare a c i t rate solution for a second columnl. 
From th is  f i rst  column, approximately 90% of  
the  P t 1 3 ’ ~ ~  was recovered; it contained a portion 
o f  the Eu,  Y, Sm, and Nd. Such radioelements 
as ~ ~ ’ 3 7 ,  Ru’06, and ~e~~~ were almost com- 
pletely removed. 

The second column was designed such that the 
peak of Pm147 desorbed could be readsorbed on 
the same column to  prepare for the final-separation 
column a feed solut ion which contained less than 
50 kc of per curie of Pm147 and less than 
3 g of rare earths per gram of Pm1“7s The second 
column olso received solutions from the f inal 
ion exchange separation which were not of product 
s Feci f icat  ion. 

I f  separation factors based on the rat io of 
column volumes to  the respective uc t i v i t y  peaks 
(Figs.  2 and 3) are computed, the separation 
factors for P m 1 4 7  from are 1.29 and 1.27. 
These compare favorably wi th the theoretical 
separation factor of 1.45 which is based on the 
rat io of distr ibution factors as determined by 
equil ibrat ion studies.’ * 

Table 3 shows the moterial balance for the 
process. 
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evidenced by a color change during the time of 
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.* 
Tab le  3. Mater ia l  Ba lance bar Purification o f  P m 1 4 7  b y  Ion Exchange 

- Î_ .._ 
Cur ies  Per  Cent  

.~ 
Prn147 rece ived 35,401 

1,770 Pm 14’ decayed 

33,631 

1,804 

993 

5,504 

Prn147 processed (amount rece ived minus amount decayed)  

1.0s ses, known 

Losses,  unknown 

Sent back for reprocess ing 

Prod ut: t s  

18,200 Pur i ty  of less than 2 p c  E u 1 5 4  per c u r i e  of 

and mors than 425 cur ies of P m 1 4 7  p s r  gram of rare-  

ear th  ox ides 

Pur i ty  of less than 4 0  p c  of E I J ’ ~ ~  per cur ie  of Pm147 

and more than 425 cur ies of 
ear th  ox ides 

per gram o f  rare-  

With Srn151  

W i t h  neodymium 

P a r t i a l l y  separated 

1,750 

750 

200 

4,400 

100 

5 “4 

3.0 

16.4 

54.1 

5.2 

2.2 

0.6 

13.1 
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