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ABSTRACT 

A new chemical exchange reaction between two forms of uranium 
compounds with a high elementary separation coefficient and good 
kinetics has been discovered at the french energy commission ten years 
ago and developed to the industrial stage. 

We give here some general caracteristics of the process and discuss 
some parameters of the kinetics exchange. 

INTRODUCTION 

The possibility of caking use of small differences between the 
chemical properties of the isotopes of one element to obtain their 
separation was discovered by Chemistry Nobel Price U.C. Urey in 1935. 
Excellent separations were thus obtained with light elements : boron, 
carbon, nitrogen and hydrogen (heavy water). 

From the second world war on, intensive studies were carried out 
on the possibilities to apply chemical exchange to the separation of 
uranium isotopes. For example : Bigeleisen, Wooddard, Clewett in the 
United States, and Professor Kakihana in Japan brought remarkable 
contributions on the subject. 

Since 1965 we studied a large number of chemical reactions among 
which one of them gives far better results than those known up to now. 
This process was announced at the late IAEA Conference in Salzbourg in 1977. 
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GENERALITIES ON CHEMICAL EXCHANGE PROCESSES 

Let us consider two uranium components, UA and UB. At equilibrium 
the isotopic composition of these two components is slightly different. 
The exchange relation can be written : 

2 3 5 UA. • 2 3 8 U B r=i 2 3 8 U A • 2 3 5 U B • AG 

û G represents the small discrepancy of free enthalpy of the two species 
in the two forms and is linked to the isotopic separation factor by the 
relation : Û&0 
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Should one consider the industrial application of a chemical 
exchange process, this process should meet the following fundamental 
conditions : 

- Existence of an isotopic effect as high as possible between UA and UB : 
As a general rule, it appears that the isotopic effect is all the more 
pronounced as the uranium atoms participate to chemical bounds 
of different types in components A and B. 

- Possibility to obtain a succession of equilibria between UA and UB : 
This is in order to multiply the elementary enrichment effect by 
contercurrent exchange. In practice this is achieved by distributing 
UA and UB between two phases which both need to be highly selective : 
these may be liquid, gaseous or solid phases. 

- Existence of conditions allowing for a sufficiently rapid total 
exchange between the two phases : 
The total kinetics result from the superposition of the chemical 
exchange kinetics between the two forms on one hand, and from the 
transfer kinetics between the phases on the other hand. According 
to the case, on 1 or both phenomena govern the global exchange velocity. 

/ 



It should be underlined that the search for components with very 
different structures, although it produces a good isotopic effect 
in an equilibrium state, often leads to slow kinetics, which correspond 
to breakings and reformations of the liaisons within UA and UB. 

- Highly efficient reflux 
At the extremities of the cascade these phases need two complementary 
units, the hi.̂ h and low reflux which ensure a complete transformation 
of UB into UA ant its transfer from phase 2 into phase 1 or vice versa. 
They are quantitatively important, as the ratios between stage flow 
and production flev are very high. This characteristic is very restraining 
because it bears on : 

- the size of the stages 
- the energy needed for circulation between phases 
- the yield of the transformations at the reflux level 
- the quality of plant operation and precision of the regulation. 

For each uranium enriched molecule at 3 % production, it is indeed 
3 4 possible to obtain a stage flow of about 10 to 10 moles. On these 

quantities a loss or leakage of 10 ppm would then represen". from 1 to 
10 % of the production. 

The use of large quantities of associated chemical products implies 
their recycling within a so called closed reflux flowsheet, where the 
depleted phase issued from one reflux is recycled to supply the other 
as shown in Fig. 1. 
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INTEREST OF THE NEW CHEMICAL EXCHANGE PROCESS 

The process which was disclosed at Salzbourg has the following 
characteristics : 

- it is a new chemical exchange reaction 
its enrichment coefficient is about twice higher than the best 
ones known untill then ; 

- it has very good kinetics which is essentially limited by mass transfer 
the two phases are highly selective and extremely efficient reflux 
devices has been worked out ; 

- from the energy consumption point of view, the process would need less 
than 650 kWh/SWU 

As all chemical exchange processes it is therroodynaniically 
reversible and, with regard to the isotopic exchange section, it 
only requires a low energy supply for the circulation of the phase 
and interface turnover. On the other hand the reflux operations 
involve irreversible transformation and are responsible for the 
major part of the energy consumption. A large iiuprc'enent is still 
possible. 

- from the chemical engineering point of view, the process is quite 
conventionnal as the technologies are well experienced and come from 
the scalling up of known industrial processes : 

as regards liquid-liquid extraction known techniques using 
centrifuges or various columns are used in the oil, mineral and 
nuclear industries 

as regards liquid-solid separation, we can either circulate the 
resins or use chromatographic methods. 



- another interesting point of the process is linked to the fact that 
about one third of the cost of the enrichment is due to the reflux 
secti-T.. In such a cas™, one cannot use the SWU concept as such. 
'ihe overall optimisation of the process will lead to larger cascades 
than is the casa fc»r gaseous diffusion and centrifugation ; and the 
process will be of special interest if one wants a low waste assay. 

- from the proliferation point of view, this process has the important 
aspect to present a number of difficulties for an operator intending 
to obtain high U 235 assay for nuclear weapons purposes, but it is 
very suitable and economical for a low enrichment product. 
This Js due to the theory of cascades and to the fact that in a 
process with condensed phases, the uranium content and the equilibrium 
time are higher than in a gaseous process. It is linked with the 
exchange reaction kinetics as it will be seen in the next section. 
Another caracteristic of such a condensed phases process is that the 
criticality brings in severe restrictions to its use for an high level 
enrichment. 

KINETICS OF THE EXCHANGE PROCESS 

This section will deal with the kinetics of a liquid-liquid 
exchange system at laboratory scale and in experimental contactors, 
and to its consequences on the process. 

Chemical and mass transfer kinetics : 
- At laboratory scale, one of the measurements of the isotopic transfer 

- 2 - 1 coefficient K (expressed in moles.cm . s ) has been done by the drop 
method under various conditions. 
The results are that the K values are depending upon the temperature, 
the chemical characteristics of the phases and the drop dranker. Fig 2 
shows that, according to the diameter, the relation is divided in two 
regions where K is practically constant. 
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- At industrial scale, vhen testing experimental contactors, it is not 
easy to find the actual value of K, but only the product K.a, a being 
the interfacial area per unit volume (cm ) where the isotopic 
exchange takes place with some uncertaints due to the drop size 
distribution. 
In practice, for comparison of the processes, we use two parameters, 
the volumic separation work (4 U) and the isotopic residence time 
(9.), which are linked with K.a. 

r -3 -1 . U) the volumic separative work (in SWU.m .yr ) in the 
active part of the contactor, and when perfect flow conditions are 
restected, we can write : 

(Ju) = 7,5 I0 1 2 Ka£ 2 

o ' 
(withê. : isotopic separation coefficient). 

We call 9. the isotopic residence time, defined as : 

Total U hold-up in a theorical stage 
e. = — 

Total U flow-rate in the same stage 
We can wri te : , "Ye + (1 --$) C? 

9. = 4,98.10"* - ' ~ (s) 
1 Ka 

where J is the retention coefficient of the phase 1 
C. and C_ the uranium concentration in the two phases. 

( 9i 
The typical values of ( t U) and appears in Fig. 3 and are 
compared with corresponding values ir. gazeous diffusion and centrifuge 
processes. 
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Consequences : 

- The equilibrium time and the economy of HEU and LEU plants are linked 
to the above kinetic factors. 

- The equilibrium time depends upon : 
e. 

• stage-time re la ted to i t s enrichment —-=• (or K.a) 

. plant cascading (squarring-off) 

. s ta r t -up s t ra tegy (plant operat ion) . 

From a k ine t ics point of view, the general formulation for the 
theorical equilibrium time T may be wri t ten as : 

e. e_ 
, - A ^ • , J -

(9 ~ Residence time in the reflux) 

Referring to an optimized HEU plant (reference case) appearing 
schematically in Fig. A, the main resu l t s are given in Fig . 5. 

From typical values of Fig. 2 and if we assume a perfect s ta r t -up 
with nominal perfusion and 0_ = 0, the equilibrium time T is equal 

e. 
to 22 years (taking i I year) and is approximately 

9 2 
proportionnai at 0 . . c-

On the contrary, with the same assumptions, for a LEU plant producing 
235 

U at 3,5 %, the equilibrium time of the plant if one year which 
is quite acceptable for an industrial strategy. 

Fconomical consequences for a LEU plant : 

The dimension of the isotopic contactors, the specific uranium hold-up 
and the separative work unit C A are at best when the kinetics is good. 
From a sensitivity study of a standard industrial plant, we found : 

£ C A (f 9, 
- 0,3 c A '• e i 



During the last eighteen month, the results obtained from our pilot 
plant experiments in Grenoble indicate that 9. has decreased by 
about 50 Z. Therefore, the work done on the kinetics and on the 
contactors leads to a 15 Z reduction for the SWU cast C^. 

CONCLUSION 

The chemical exchange process which has been developed at the 
CEA can lead to a competitive application in the enrichment industry. 
Its high elementary enrichirent factor, good kinetics and high yield 
reflux make it very attractive for low enriched uranium production 
and unsuitable for military purposes. 
It has many possibilities of improvement, especially on the overall 
performance of the exchange section, which is linked to the kinetics 
in the contactors. 
The optimisation of theses contactors will require an important 
theorical and experimental effort and will be an important goal for 
the extraction sciences. 
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FRENCH CHEMICAL EXCHANGE 
PROCESS 

FIGURE 3 
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HEU PLANT 
REFERENCE CASE 
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WITH : 
-.1= REDUCED LENGHTH OF THE CASCADE - £L 

-$.- REDUCED NUMBER OF THEORICAL STAGES = EC 

-L= URANIUM FLOW RATE ( kg U y r - 1 ) 

-<T= NUMBER OF THEORICAL STAGES 

-€= ENRICHMENT COEFFICIENT 



HEU PLANT (CONTINUED) 

STRUCTURE AND RESULTS 

CASCADE STRUCTURE 

FOR Pr 1 kg U yr - 1 

AND -~~ - 1 yr 

- CASCADE EFFICIENCY = 87.5 V. 

- CAPACITY .= 193.5 S W U yr" 1 

- FEED z 270 Kg U yr- 1 

-U HOLD-UP = 443 kg IL 

- 2 3 5 < y HOLD-UP = 24.5 kg 2 3 5 # 

EQUILIBRIUM TIME T 

PERFECT CASE 

- RESIDENCE TIME IN THE REFLUX OR ^ 0 
v 

- STANDARD STRATEGY = NOMINAL PERFUSION 

-PERFECT START-UP 

RESULTS 

- T (WHEN NP IS REACHED) = 22 yrs 

- Q F TOTAL URANIUM FEED r 5940 kg U 


