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Abstract 

T h e a p p i i c a t i o n o f " h o t a t o m c h e m i s t r y " t o t h e r a p i d p r e p a r a t i o n o f f l u o r i n e - 1 8 , tVz = 1 0 9 . 7 m i n , is 
descr ibed In t h i s p a r t i c u l a r case, s l u r r y , o r paste ta rgets , o f l i t h i u m c a r b o n a t e a n d d i s t i l l e d w a t e r w e r e 
p r e p a r e d and s u b j e c t e d t o i r r a d i a t i o n In t h e reac tor t h u s : 

* L i ( n , a | - ^ H ' * 0 ( t , n ) ^ * F 

F o l l o w i n g t h e i r r a d i a t i o n b e t t e r t h a n 9 0 % o f t h e f l u o r i n e a c t i v i t y p r o d u c e d in t h e above r e a c t i o n is 
f o u n d in t h e w a t e r c o m p o n e n t o f the target a n d 7 0 % o f t h i s can be recovered w i t h a single e x t r a c t i o n o f 
w a t e r Using a d i l u t e s o l u t i o n o f N a O H , c o n t a i n i n g a t race q u a n t i t y o f f l u o r i n e car r ie r as N a F , y i e l d s as h i g h 
as 9 8 % can be tea l i zed 

Parameters inves t iga ted i n c l u d e d y i e l d as a f u n c t i o n o f L i j C O s / H j O target r a t i o , and t y p e a n d 
t e m p e r a t u r e o f e x t r a c t a n t The descr ibed m e t h o d a l l o w s t h e q u a n t i t a t i v e r e c o v e r y o f t h e e n r i c h e d 9 5 % 
l i t h i u m c a r b o n a t e a n d , ve^y i m p o r t a n t , reduces t h e c o n v e n t i o n a l separa t ion t i m e f r o m 6 0 - 9 0 m i n u t e s t o 
7 - 1 5 m i n u t e s d e p e n d i n g o n t h e f i n a l c o n c e n t r a t i o n r e q u i r e d f o r t h e p r e p a r a t i o n . Because o f i ts s h o r t 
h a l f - l i f e , f l u o r i n e - 1 8 , is t a v o u ' e d as an iso tope for b r a i n t u m o r s c a n n i n g . 

Introduction 

Fluorine possesses one stable isotope, that of " F , and four radioisotopes with 
A = 17 - 21, all of which have short half-lives. The most important of these is ' * F , ty2 = 109.7 
min:|3*, 97%, e-capture, which can be formed by various nuclear reactions, e.g., (a, pn), 
' ^ F ( n , 2n), " °Ne(d , a), etc. However, for all practical purposes the most important 
production method can be considered as the (t, n) " F reaction'^'. Using this reaction it 
is possible to prepare intense carrier free fluorine activity by irradiating lithium carbonate in a 
reactor, whereby the action of the "hot" triton atom on that of oxygen results in the following: 

*Li (n,a) ='H (T) ' * 0 ( t , n ) ' * F 

At the present time, ' * F , is usually processed by means of co-precipitation*^*, 
distillation'"^*, absorption on alumina*"*', zirconium'^' or magnesium*^*, solvent extraction* 
and ion exchange'^*. Such chemical processing requires at least one half of the nuclides first 
half-life<9'. 

The isolation of **F by means of nuclear recoil in suspensions of Teflon*^*^* has been 
proposed by Amiel and Peisach'^ " . A similar technique has been reported by Parker for the 
preparation of carrier free silver using silver colloid suspensions'^ 2'. Slurry targets of MgO and 
MgOH were successfully employed by Parker et al in the production of ^'^Na through the 
^^IVlg(n,p )2 -Nareact ion* i3) . 



The work reported in the present communication is based on the slurry target technique, 
i.e., the suspension of a solid in a suitable liquid, was undertaken in an attempt to reduce as far 
as possible chemical processing time. This objective has been so well achieved and illustrates so 
well the purely practical application of hot atom reactions to routine isotope production, that 
the authors feel that the technique will find extensive application when ever secondary 
reactions of this kind are involved. 

Experimental 

For the purpose of the present experiments, 95% enriched lithium-6, in the form of 
lithium carbonate, was obtained from the Oak Ridge National Laboratory, and carefully 
weighed out as one gram samples in polyethylene tubes. Barely sufficient distilled water, to 
completely saturate each LiaCOa sample, was added so as to form a slurry, or paste, in. each 
tube and the latter heat sealed. 

The irradiations were carried out in a rabbit facility in a thermal neutron flux of 5 x 10** 
n/cm^/s, for a sixty minute period. On completion of the irradiation, a given sample tube was 
opened and the contents flushed out into a 10 ml beaker with 5 ml of distilled water. In order 
to realize as complete a transfer as possible of the target slurry, the flushing was achieved at 
high pressure simply by making use of a 10 ml polyethylene squeez bottle. The target slurry 
was now subject to vigourous stirring by means of a magnetic stirrer for 5 minutes and then 
flushed with a further 5 ml of distilled water into the receiving cup of an ultrafiltration 
assembly fitted with a filter membrane having a pore size of 0.22 ^m. Vacuum was applied to 
the filtration flask and the filtrate collected in a 15 ml centrifuge tube. The filtrate and 
membrane were carefully removed from the filter assembly for yield determination. 

Comparison of the filtrate and membrane activity, i.e., insoluble target material, was 
made using a Ge/Li detector and multi-channel analyzer and measuring the annihilation 
gamma-ray of ** F. Calibration was made by means of the 0.662 MeV line of caesium-137. The 
only activity observed was that of ' * F . The samples were also examined for their tritium 
content by liquid scintillation spectrometry. This proved to be less than 1 /iC/ml. Decayed 
samples (filtrates) were subjected to neutron activation analysis so as to determine the amount 
of LiisCOj contamination. No such contamination could be observed. Finally, the 
radiochemical purity of the separated activity was controlled by paper chromatography in the 
mixture: butanol - methanol - water in the ratio 1 :3 : 1 . The Rf-value for the fluoride ion is 
0.53. 

Results and Discussion 

Irradiations were also carried out with LijCOs in dry powder form as well as with that 
prepared as a paste. The target water content was varied within a wide range for the latter form. 
As could be expected, it was found that with increasing water content of the target for a given 
irradiation the ' * F recoil activity also increased. This effect is shown in fig. 1. It can be seen 
that with saturation the yield approaches 100%. 

Each batch irradiated samples was divided into three making nine samples in all. Recoil 
activity was extracted from the samples once, twice and three times using cold water, hot 
(boiling) water and with 0.1 N NaOH containing a trace quantity of NaF (SOjug/Til). The 



results for the three kinds of extractions are given in tables 1, 2 and 3 respectively. As can be 
seen from table. 1, 70% of the total fluorine activity produced in the irradiation can be 
separated from the slurry with a single extraction. The two subsequent extractions contribute 
at most only an additional 10%. Boiling the water (table 2), during the extraction actually 
results in a lower initial yield which is no doubt due to volatilization of the free fluoride ion. 

As can be seen in table. 3, dilute sodium hydroxide with sodium fluoride carrier results in 
by far the best extraction efficiency giving a yield of from 88 - 90%. From a routine production 
point of view, the above figure may be considered so good that it is hardly worth bothering 
with additional extractions. 

The described method allows the rapid preparation of " F having a radiochemical yield 
of from 70% - 100% depending on the number of extractions and the use, or not, of carrier. 

Obviously, the most important role played in this separation technique is that played by 
the slurry or paste target, the transition of the "hot atom" from the finely divided solid target 
to the aqueous phase being irreversible. 

In conclusion it is only necessary to add that using recoil separation, preparation time has 
been reduced from the usual 60-90 minutes to a maximum of 15. The product can be 
obtained without carrier in water solution or with in dilute NaOH. The target material, enriched 
in ^ Li, is uneffected by the entire process and can consequently be used indefinately. The 
possibility of adapting the technique for use with an in-pile irradiation loop is presently being 
studied. 
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TABLE. 1 

Dependence o f ' * F Yield on Number of Cold Water Extractions 

Extraction: 

Yield: 70% 78% 79-80% 

TABLE. 2 

Dependence of F Yield on Number of Boiling Water Extractions 

Extraction: 

Yield: 32% 33-34% 34% 

TABLE. 3 

Dependence of ' * F Yield on Number of 0.1 N NaOH + NaF Extractions 

Extraction: 

Yield: 88 -91% 95% 98-100% 
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Resumo 

Descreve-se neste t r a b a l h o a ap l icação da " q u í m i c a d o á t o m o q u e n t e " na p reparação d o f l u ô r - 1 8 , 
t % = 1 0 9 , 7 m i n u t o s . A m o s t r a s de c a r b o n a t o de l i t i o e m b e b i d o s e m água d e s t i l a d a , f o r a m i r rad iadas n o r e a t o r 
I E A R - 1 , ass im: 

* L i ( n , apH * * 0 ( t , n ) ' * F 

Mais d o q u e 9 0 % da a t i v i d a d e d o f l u ô r p r o d u z i d o na reação a c i m a encont ra -se na água d o a l v o e 7 0 % 

p o d e ser r e c u p e r a d o p o r u m a s imples e x t r a ç ã o c o m água. Usando N a O H d i l u í d o c o n t e n d o t raços de 

car regador de f l u o r e t o de s ó d i o , ob tém-se r e n d i m e n t o de 9 8 % . 

Os p a r â m e t r o s es tudados i n c l u e m o r e n d i m e n t o c o m o f u n ç ã o da re lação L ¡ 2 C 0 3 / H 2 0 , o t i p o e a 

t e m p e r a t u r a d o e x t r a c t a n t e . 

O m é t o d o d e s c r i t o p e r m i t e separação q u a n t i t a t i v a d o LÍ2CO3 e n r i q u e c i d o a 9 5 % e a inda reduz o t e m p o 
de separação c o n v e n c i o n a l de 6 0 - 9 0 m i n u t o s para 7 - 1 5 m i n u t o s d e p e n d e n d o da c o n c e n t r a ç ã o f i n a l 
r e q u e r i d a para a p reparação . 

D e v i d o a me ia v ida c u r t a d o f l u õ r - 1 8 ele é c o n s i d e r a d o i s ó t o p o ú t i l para c i n t i g r a m a d e t u m o r e s 
cerebra is . 

Résumé 

O n d é c r i t l ' a p p l i c a t i o n de la " c h i m i e de l ' a t o m e c h a u d " p o u r la p r é p a r a t i o n d u f l u o r - 1 8 , tVi = 1 0 9 , 7 

m i n u t e s . Des é c h a n t i l l o n s de c a r b o n a t e de l i t h i u m en pâte à l'eau o n t é té i r radiées au réacteur I E A R - 1 , a i n s i : 

* L i ( n , a ) ^ H ' * 0 ( t , n ) " F 

Plus q u e 9 0 % de l ' a c t i v i t é d u f l u o r - 1 8 p r o d u i t , se t r o u v e dans l 'eau de la c i b l e I r rad iée e t 7 0 % p e u t - ê t r e 
récupérée par une e x t r a c t i o n à l 'eau. A v e c le N a O H d i l u é c o n t e n a n t t races d ' e n t r a i n e u r N a F o n arr ive à u n 
r e n d e m e n t de 9 8 % . 

Les paramèt res tels q u e : le r a p p o r t L Í 2 C O 3 / H 2 O sur le r e n d e m e n t , le t y p e e t la t e m p é r a t u r e de 
l ' e x t r a c t a n t o n été é tud iés . 

La m é t h o d e décr i t e p e r m e t une r é c u p é r a t i o n q u a n t i t a t i v e d u L Í 2 C 0 3 e n r i c h i à 9 5 % et r é d u i t le t e m p s 

de s é p a r a t i o n usuel de 6 0 - 9 0 m i n u t e s à 7 - 1 5 m i n u t e s selon la c o n c e n t r a t i o n f i n a l e exigée p o u r la 

p r é p a r a t i o n . 

Le f l u o r - 1 8 , a y a n t u n e d e m i - p e r i o d e c o u r t e est t rès u t i l e p o u r la s c i n t i g r a p h i e des t u m e u r s cérébra les . 
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