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Abstract

In this study, the kinetics of the chemical reactions involved dufing
the precipitation of Ammonium Diuranate (ADU) inside the Sernibatch
Precipitation Reactor of the Fuel Manufacturing Plant (FMPP) at Inshas
site were analyzed. ne involved experimental technique depends on
electrical conductivity measurements as one of the fast measuring
techniques.

ne experiments were conducted at two different temperatures,
using the same conditions of the precipitation process in the (FMPP),
especially the rate of addition of the ammonium hydroxide solution, in
order to evaluate the two Arhenius type equations describing the

precipitation systern.
'ne resulted equations were used to build the mathematical models

describing the dynamic behavior of the ADU precipitation system [1].
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Introduction

Ammonium Diuranate is the nominal name for ammonium

polyuranate. The later is a complex compound whose polymeric

structure may have different chemical composition and/or a

crystallographic structure according to the precipitation conditions 2].

The precipitation of the Ammonium Diuranate (ADU by

ammonium hydroxide is not complete at the stoichiometric point

because of the complex nature of te uranyl fluoride solutions [3].

The precipitation reaction resulting from the addition of

ammonium hydroxide solution to uranyl fluoride solution has been

always expressed as 4, 5]:

2UO2F2 6NH40H (NH4) 2U207 4NH4 + 3H20, (1)

along with the neutralization reaction:

HF N40H --> NH4F + H20 (2)

It has been reported [5 6 7 that more than one chemical formula

for that precipitate which suggested that the kinetics of the reaction are

complicated and the non existence of a clear reaction mechanism.

Besides there has been no published research on the kinetics of the

precipitation reaction itself.
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The aim of this work, is to evaluate experimentally the two

Arhenius type equations, which represent the kinetics of the chemical

reactions involved inside BR-5005 Semibatch Precipitation Reactor in

the Fuel Manufacturing Plant (FMPP), at Inshas site. In order to test the

mathematical models describing the dynamic behavior of the BR-5005

precipitation systern.

Experimental Technique

As known precipitation reactions are fast reactions. The method of

Kinetics of Relaxation [8 9 has been always used to evaluate the rate

constants of this type of reactions.

The involved experimental technique accompanying the relaxation

method, however, depends on the electrical conductivity as one of the

fast measuring technique [8 9 For this reason, decision was made to

evaluate the reaction rates experimentally using the same conditions of

the process in the Fuel Manufacturing Plant (FMPP), especially the rate

of addition of the ammonium hydroxide solution, which is normally in

the range of 20 - 24 liters NH40H/h, 25 by wt ammonia 3 4.

The experimental measurements, included three groups of conductivity

measurements using (TUV PRODUCT SERVICE-984 Conductivity

Meter).

The first group: Construction of the calibration curves, which

establish the relation between conductivity versus each of the

concentration for U02F2 solution, NH40H solution, and H solution,

independently, at two different temperatures. These calibration curves

were used to check the value of the conductivity of each solution and

compare it to the conductivity value, which appeared in the main

reactions, as shown in Figures (1), 2), and 3), respectively.
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Fig 1: U02F2 Solution Calibration Curve
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Fig 2 Ammonium Hydroxide Solution Calibration Curve
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Fig. 3 HF Solution Calibration Curve

The second group: A second set of measurements of conductivity

during the addition of NH40H solution on the blank RF solution was

carried out at two different temperatures, as shown in Fig 4 The

results of this set were used to evaluate the kinetics of the second

reaction at certain onditions.
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Fig 4 Addition of Ammonia Solution to HF Blank Solution

The third group: Adding ammonium hydroxide solution to samples

taken from the hydrolysis of UF6 (which contains U02F2 and H in

order to find an expression between reactions rate constant and

417



temperature. The measurements were carried out at two different

temperatures.

In order to evaluate the reaction rate constants of the two reactions

from Figures (5) and 6 the following limiting conditions were

considered:

At the beginning of the addition of the ammonium hydroxide

solution, a sharp drop in the conductivity occurred, suggesting a

decrease in the U02F2 concentration and a little contribution, if any,

to the formation of the NH4F. Te limiting value for the conversion

of the 2 dreaction was taken zero.

Close to the theoretical amount of ammonium hydroxide solution,

the conversion of the first reaction was taken to be unity, as all of the

U02F2 was considered to have been reacted.

The reaction rate constants of the two reactions were then

evaluated at 23.5 & 55 C, using the titration curves of Fig (5), and 6),

and the calibration curves in Figures (1), 2), and 3).
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Results and Discussions

The reaction rate constants calculated from these groups of

experiments are considered as apparent kinetics values but not the ral

values associated with the real reaction mechanism. Ilese values,

however, have allowed to understand the experimental data obtained at

the same operating conditions of the BR-5005 precipitation reactor, as
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well as, the ability to obtain reasonable rate constant values in order to

test the mathematical models that describe the ADU precipitation system

dynamic behavior.

The two resulted Arhenius type equations are as follows:
-2381.25

KI = 32 * 104e T

-3859.45

K2 = 208 *107e T

Where,

K = Precipitation reaction rate constant, liters/(mole.sec)

K2 = neutralization reaction rate constant, liters/(mole.sec)

T = Absolute temperature, K

Conclusions

- Two Arhenius type equations describing the kinetics of the

chemical reactions involved in the ADU precipitation system

were evaluated experimentally.

- The reaction rate constants obtained are considered as apparent

kinetics values but not the real values describing the real reaction

mechanism.

- The resulted equations were used in the mathematical models

describing the BR-5005 Semibatch Precipitation Ractor

dynamic behavior in the Fuel Manufacturing Plant (FMPP) at

Inshas site.
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