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EVIDENCE: OF mE ABENCE OF ZONG-UVED ISOTOPES OF PROMETHIUM FFiOM 
F I S S I O N  OF URANIUM, AND TKE PURXFICATION OF PROMETf-IIUM FOR TKE ES'IJABLTSHMENT 

OF A PRIMARY SS%CTROGWHIC STANDARD 

P. B. Qrr, Ro S. Pressly, and E. J. Spitzer  

A.€ETRACT 

A sample of high-purity promethium, produced by uranium 
f i ss ion ,  was separated by ion exchange on Dowex 50 W-Xb 
hydrogen-form resin,  with diethylenetriaminepentaacetic 
acid and c i t r i c  ac id  as eluants.  Within the  lim3.ts of 
detection, no isotope of promethium w i t h  a half-life of 
greater than 2.6 y-rs w a s  found i n  the product which had 
decayed through two half- l ives  of 147Rn. 
contained only t races  of yttrium, samarium, and neodymium 
and was of su f f i c i en t  pur i ty  to es t ab l i sh  spectra  f o r  a 
promethium standard for use a t  QmL. 

The promethium 

Much work over many years has been done searching for  element 61 i n  nature.  
In 1939 fiopkinsl reported the concentration by f r ac t iona l  c rys ta l l iza t ion  
of the double ni t ra te  salt of magnesium and material thought t o  be element 
61, which occurred i n  the rare earth f rac t ion  between samrium and neodym- 
ium. 
illinium) between terbium and gadolinium when they were crys ta l l ized  as the 
bromates. However, these observations were never substantiated.  Since the 
discovery of g.67-year 14aF'm (promethium, element 61) by ICklnsky and Glen- 
denln i n  1947 
as to the  possible occurrence of a long-lived or even a stable isotope of 
promethium i n  f i s s i o n  . 
The purposes of t h i s  work were (1) t o  develop an ion exchange method t o  
purify promethium and t o  determine within the  limits of detection of 
present-day analytical mekhods if G U C ~  an isotope does exist and ( 2 )  t o  
produce promethiurn of su f f i c i en t  pur i ty  t o  provide a spectrographic stand- 
ard * 

He a l so  reported the concentration of element 61 (which he ca l led  

~ t s  a f i s s i o n  prodlact of uranium, there  has been speculation 

The pur i f ica t ion  problems, some of which had already been p w t i a l l y  solved 3 , 
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were related t o  the ion-exchange treatment of the crude promethium s t a r t i ng  
solut ions i n  which any long-3.j.ved isotopes would expected t o  occur. The 
mss and emdssion spee-trogra,phy probleiiis existed hceausc good standxirds had 
not  yet been established f o r  promethium. 

The authors are indebted t o  B. A. Parker, R .  H. Rickard, and M. E. Pmi%P, 
fo r  t h e  radiochemical analyses and to J. A .  Norr l s  f o r  the emission spectra- 
$rEL@?iC $fork,. 

The arrc.tngemcnt o f  the equipment and a flow diagiam for the process are 
shown in Fig. 1. A 20-liter polyethylene bottle with boltom drain l i n e  fed 
eluant through a prelnea-ter, half  filled with Rasehlg rings and a-l-tached to 
a 1- l i te r  expansion flask ai the top.  
as a container for  the feed solution and a l so  provided vacauufii transfer from 
a 5 Q O - m l  Erlenneyer flask i n  which the crude nxi.dec of promethium vere d is -  
solved in I ICl  and diluted t o  su i tab le  concentratios. 'Ibe ion-exc'naagr 
purificat.ion tias carried out i n  a 16 fZ, x 15 m 5.d. jacketed C Q I U ~ ,  loaded 
with 200 1111 o f  '70-mesh acid form   ow ex 5'1 W-~4 resin and opwated a% about 
75 OC" by mcans of c ircu la t ing  hot water. 
and eluant solution, everything was handled imide  a shielded manipulator 
c e l l .  

A SOO-ml  round-bott,om f'Lask served 

W i t h  the exception 02' the pi-ehea2.e~ 

Feed matcria.1 consisted of f ract ions saved f rota ion-exchange e~perfmrnts  
performed i n  1959 and estimated t o  contain 2-3$ $%I. 
which the  fission-produced r a re  ear.t,h f raetions origina1.l-y came was dis - 
charged P r o m  a ~ e a c t o r  about 1957. 
t.tm half -lives, increasing t h e  probabili ty thal; it would contain enhanced 
concentrations of possible loxyj.-lived isotopes. 
processed i n  four passes though  "che column. 
w a s  85 follows: 

The uranium f u e l  from 

%ne prolnethium had decayed through about 

This feed material was 
AnaJysbs of t h e  feed material 
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Colimm h a d i n g  - 'The? crude oxide w a s  dissolved in 6 M HC1 then, in 
order t o  rninirflim the spread of the rare ear th  band during adsorption on 
the resin,  17as di luted wi-t'l water t o  give a soJ_ut;.lon c0.l M e  After dis-  
solution, the crude promethium solut lon ~3.8 L ~ ~ ~ n s f e r r c d  t o  the head vessel 
of the column by vacuum and then adsorbwl on tile hydrogen-€om Dowex 50 W-X4 
res in  i n  the column a t  ful l  colmn SI.ow, about 2.50 ml/hr. 

-I- 

Becaime of the s n ~ l l  s i ze  of the ntznipzil-ator c e l l  i n  which the ion exchange 
work was done and the re la t ive ly  large ~unomts o f  fission-produced neodym- 
iunl asnd samsrivrm i n  the feed, it, was necessary t o  malsc the first c o l w  
loading i n  several batches i n  order t o  assure ultimate product of very pure 
p rme th im.  'Phe additional. z"ms permitted the following experixental data 
t o  be obtained from changes i n  coi~wlm loading lengths anid elut ion flow rates: 

'Length of Elution f low mbe, 
C omen t s --....-. column vol.umes/hr _I -__I_.-.-.. colu,m load Ing ..- SStCll 

1. 1/3 1 Normal. for  €%I separation 
2 u s  l Normal f o r  Pan s e p r a t i o n  

3 Plow two times normal 2 

5 1./2 

6 1/21 

..I_ ..... ..._ .... 

The resu l t s  of these experbents show that the length of the c o l m i  loading 
may be increased to as much as one-hat7f the resin length, and t'ne elut ion 
rate of the hcated (75°C) coJ-mm doubled, without adversely affect ing the 
fi.rst-pass separation. 
typical. run f ~ o m  each set of conditions i n  the above data. 

Figures  2, 3 ,  an4 4 show thr  eI.ution curves of a 

E1iit;ion and Analysis - In  a l l  cases the eluant  w a s  boiled i n  the preheater 
t o  remove the dissolved air i n  order t o  prevent gassing i n  the h3ated c o l m ,  
Elution of the f i rs t  three passes was done at 75°C with 0.5i;b DTPA adju.sted 
t o  pH 6.0 17ith NH.+OH; tho f i n a l  e lut ion w a s  T[S"C, using 0,2 M c i t r i c  acid 
adjusted t o  pH 3.0 with J!ElgOH t o  remove the O.T$ yttrium bipGi ty .  The 
elimnt discharge l i ne  of the c o E m  vas a small-bore Tygon tube tha t  pen- 
e t ra ted  an ion chamber which, I n  tu rn ,  w a s  connected t o  an electrometer 
recorder system t o  indicake and record any radioact ivi ty  as the column was 
eluted. Collection of 100-ml. f ract ions was begun when khe electrometer 
first indicatxd a r i s e  i n  radioact ivi ty  (due t o  15%u m d  ""Am on the f i rs t  
pass and t o  ' 4 * r ~  on the other three passes). 

--e- 
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Fig. 2 .  Promethium Pci r i f ica t ion  E l u t i o n  Curve. 
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Each 100-ml f rac t ion  f m m  t'ne f irst  pass was malyzed radlochemfcal_ky for  
""'Am 9 147Pm md I5%u. 
""%n and = h u  were used t o  load the colurnn for  the second pass. 
i s  8, photograph of the colcarnl i n  operation during the second pass. 
dark portion of the column a t  the bottom clamp i s  n mixture of neodymium 
and promethim. 
neodymim band i n  tlze process of being resolved. 
below the mixture i s  tirae promethim. band being formed, 

Only those fract ions containing l i t t l e  or  no 
Figure 5 

T'ne 

Extending about 2 in .  above the dark posp-l;ion i s  t'ne l i g h t e r  
Tjze 2-in, l i g h t  section 

Feed f o r  the thi rd pass consisted of the fract ions conpsising the promethim 
peak from the second p s s  as shown by the electrometer recorder char%. 

The f i n a l  purif icat ion pass removed the 0.5% y t t r i u m  impixity which was 
found by emission spectrography i n  the peak of the pi-ometlfim fraction of 
the th i rd  pass. 

Each of the four 100-nil f ract ions collected frcm the peak of the f i n a l  
purif icat ion was ac id i f ied  with 1.5 nil of concentrated .HC1 t o  break the 
promethium-citric acid complex and w a s  then passed through i t s  own 4 h. x 
30 mm id. 60-mesh Dowex 50 W-X4 res in  c o l ~ .  
adsorbed, each colurm was washed with 100 ml of d i s t i l l e d  water t o  remove 
excess H C l  and c i t r i c  acid.  

When all f ract ions b d  been 

Each promethium band ms stripped from the resin with 200 rnl of 3 E B~Qs, 
the colunn mshed with 200 ml. of water, and the elwant evaporated t o  
dryness and fumed twice tJllth 100 I-nl of 70% TIN03 plus small amounts of 3202 
t o  destroy f ine  resins.  
Rn-5, and Ri-6, were fumed twice a t h  concentra-ked I I C l  t o  convert; t h e m  t o  
PmC13, and then were dillxted with water t o  L M, HC1 and analyzed. 

The Fln(N03)a residues, designated Pm-3, Eln-4, 

Emission Spectrography 

The four prometMum samples were analyzed spectrographically by a contain- 
ment tec  
Divisionllf: The pur i ty  of the promethium WELS determined by the use of 
samarium, yttrium, and neodymium stsndards, and by taking i n to  consideration 
the amount of promethium on the electrodes. Y t t r i u m ,  smrizrm, and 
neodymium impurities less than 0.1$ could not be detected by th i s  method. 
The following table  shows the mount o f  promethium on each electrode: 

ique developed a?; OIWL by the staff of the Analytical Chemistry 
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Fig. 5. Promethium Column in Operation During Second Pass Using 
DTAP as Eluant. 
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Sample from Pm a c t i v i t y  Pm weight 
f rac t ion  on electrode, mc on electrode, mg 

B - 3  
Pm-4 
An -5 
Pm-6 

966 
816 
937 

1020 

1.03 

0.78 
1.0 

1.1 

The promethium spectrum obtained from t h i s  analysis (Fig. 6 )  w i l l  be used 
by ORNL as a future standard for promethium analysis. 
spectrographic analysis  are l i s t e d  below: 

Results of the 

Sample frm Total An 
f rac t ion  content, cur ies  

h - 3  32.2 
m-4 
pm-5 
Pm-6 

27.2 

31 25 
34.2 

124.85 

The percentage of promethium i n  a.ll  samples was 99.8$; yttrium, <<O.l$; 
samarium, c0.276; neodymium, €<0.1$. 

Mass Spectrography 

The ionization charac te r i s t ics  and technique for  mass analysis of promethium 
were ident ica l  t o  those f o r  other rare earth elements.5 
chamber of the  mass spec t rmeter  wits constructed t o  accept expendable bases 
of the sample-supporting ribbon filaments and t o  contain most of the radio- 
act ive material. Simple hand-drawn pipets  were used fo r  loading the 
solution onto these bases. 
(0.001-in. x 0.03O-in. x 0.500-in. tantalum) and the t i p  of a pipet.  

The ionization 

Figure 7 shows a photograph of the filament 

One microgram of promethium n i t r a t e  i n  solution was evaporated i n  the 
center of the tantalum ribbon. 
the  filament temperature was increased t o  about 750°C (du l l  red) t o  convert 
the n i t r a t e  t o  oxide. 
periods of 15 t o  30 min. 
amp for 5 t o  LO min over a temperature range of 1400O t o  1700°C. 

When the solution had been taken t o  dryness, 

One-nanogram sample produced currents of 3 x lo-= 
Ion currents of 3 x 10-l' amp were obtained for 
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aph Filament Being L w i t h  Promethium 
Pipet . 



A number of runs were made on the four pur i f ied  promethium samples. 
i n t ens i t i e s  of Pm+ and PmO+ at masses 147 and 163, respectively,  were such 
that an upper l i m i t  of l e s s  than 0.005$ w a s  determined f o r  each of the 
isotopes, other than 147Pm, from mass 138 t o  mass 156, inclusive. 
a l s o  found that PmO+ had about 10 times the in t ens i ty  of Pm+. (Hayden 
had reported a PmO+/Fm+ r a t i o  of about 20/1 from a tungsten filament.) 
attempt was made t o  ionize promethium with double o r  t r i p l e  filaments t o  
a l t e r  the  f i + / h O +  r a t i o  as has been done with other ra re  earths.7 

The 

It r s  

No 

Radioactivity Analyses 

Promethium-147 was determined by a gas-flow method using thin-window beta- 
proportional counting, and 241h was analyzed by gas-flow alpha counting. 
The instruments used i n  t h i s  work were cal ibrated by counting al iquots  of 
standardized 147Ftn and 241Am solutions.  
analyzed t o  determine the  pur i ty  of 147Fm by i t s  end-point energy and a l so  
t o  determine the presence of be ta  pa r t i c l e s  other than the 0.223 Mev beta  

The beta  spectrum (Fig. 8) was 

of 14%n. 

The 147Rn used i n  this study was analyzed by gamma spectrometry (Fig. 9) 
using an RIDL model 34-8, 200-channel gamma spectrometer with a 3-  x 3-in. 
sodium iodide detector and a 1.237-g/cm2 beryllium absorber. The 1.42-Mev, 
1.28-Mev, and 0.87-Mev photons were used t o  estimate the lS2Eu, "%u, and 
15%u respectively. The decay schemes of Funk, Mihelich, and Schwerdtfeger 
and those of Eldridge and wong were used i n  analyzing for 14sPm and l48Pm. 
The low-energy (0.124-Mev) photon associated with '*'Pm decay could be 
detected when a mount containing more than 5 mc of 147Pm was used w i t h  
absorbers t o  stop the be ta  radioact ivi ty  (Fig. 10). 
one of the f rac t ions  (Fm-3) i s  as follows: 

A typ ica l  analysis  of 

147pm 0.664 curie/ml 
241h 

l5+u None detected 
15% None detected 
=%l None detected 
14% <3.0 x curie/curie 147Pm 
"&An a . 0  x curie/curie 1 4 7 ~  

None detected i n  5.0 me 147Pm 
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Activation Antalyses 

About 32 pg of 147Pm fram f rac t ion  Pn-3 was act ivated i n  the h w  Intensi ty  
Test Reactor a t  OmL f o r  2 hr i n  a thermal neutron flux of 1.5 x 10'' ,/em2- 
see. 
act ivat ion products except those with half- l ives  longer than two days. 

Prior t o  activa%ion, the gamma spectrum of the  147Pm (usTng an RIBL, model 
34-32, 400-channel gamma spectrometer w i t h  a 
detector and a 1.23{-g/c& beryllium absorber 3 indicated the presence of 
'"'Em and the absence of 42-day '4a& and any other photon-emitting impurities* 
The 
day '"%I, which prevented d i rec t  detection of extraneous photon emitters.  
Even after a chemical separation t o  separate the heavy rare  earths from the 
promethium no act ival ion products emitting photons greater  than 0.2 &v were 
detected. 

The subsequent decay time of the i r rad ia ted  promethium removed all 

- x 3- in .  sodium iodide 

amma spectrum a f t e r  i r rad ia t ion  comprised photons Prom the decay of 5.11.- 
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