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ABSTRACT

The effects of dissolution time, temperature, total surface area of U-lOZr alloy

pellets and stirring on the dissolution and dissolution rate of uranium in liquid cad-

mium were studied. Cadmium containing U and Zr dissolved from U-lOZr alloy at

475°C and 500°C respectively was analysed with electron microanalyser. The exper-

imental results show that at 400°C and 500°C with the stirring rate of some 150

r/min, the solubilities of uranium in liquid cadmium are 0. 4% and 2. 2% , respec-

tively. At the first 30 min, the dissoultion rates of U-lOZr alloy pellets are 0. 05

g/(cm2 • h) and 0. 32 g/ (cm2 • h) , respectively. The suitable dissolution condi-

tions for U-lOZr alloy pellets in liquid cadmium (the ratio of the mass of liquid cad-

mium to that of the pellets «^7)are : temperature, about 480°C; stirring rate, about

150 r/min; dissolution time, 4 h. The distribution of uranium and zirconium in cad-

mium is homogeneous.



INTRODUCTION

Electrorefining is a key step in a proposed process for recovery and purification

of uranium and plutonium present in uranium-based metal fuel material discharged

from a type of fast reactor known as the Integral Fast Reactor (IFR) , and dissolu-

tion of U-Zr alloy in liquid cadmium is an important stage in the electrorefining

step. Although the process flowsheet for IFR core and blanket has been put forward

in 198C-1'2-1, a few papers about dissolution of uranium in cadmium have been

published1-^5-1, the information about the distribution of uranium and zirconium in

liquid cadmium has not been searched in the literature now. In this research work,

with direct dissolution of U-Zr alloy in cadmium, the effects of dissolution time,

temperature, total surface area of pellets and stirring on dissolution and dissolution

rate of uranium in liquid cadmium are studied, cadmium containing U and Zr dis-

solved from U-lOZr alloy is analysed with electron microanalyser.

1 EXPERIMENT

1. 1 Materials

Analytical reagents such as KC1,

TiCl3, Fe 2(SO 4) 3 , HNO3, H2SO4,

NH2SO3H and standard reagent

K2Cr207 and chemically pure reagent

metallic cadmium were used. The pellets

of U-lOZr alloy were provided by the

Department of Nuclear Reactor, China

Institute of Atomic Energy. The density

of the pellets of U-lOZr alloy is 15-92

g/cm3, in which the content of Zr is

10. 05%. Metallic cadmium sample for

metallographic examination, which was

taken out of the dissolver after the equi-

librium of uranium dissolution has been

reached and which contains U and Zr

dissolved from U-lOZr alloy was rinsed

with dilute nitric acid and polished and

then washed with acetone.

Fig. 1 Schematic diagram of the

dissolution installation

1. dissolver; 2. stirring rod ;

3. electrornic-stirrer; 4. infra-red heater;

5. thermocouple; 6. thermo-controller;

7. adjuster; 8- pellet of U-lOZr alloy;

9. molten salt; 10. liquid Cd.



1. 2 Instruments

Infra red heater, DKZ-4 temperature controller, DD-6O-2F adjustment device

and electrostirrer, dissolver made by quartz (^30 mmX 150 mm) , JCXA-733 elec-

tron probe scanning electron microscope.

1. 3 Dissolution installation and experimental procedure
1.3-1 Dissolution installation

The dissolution installation consists of infra red heater, dissolver, temperature

controller and electro-stirrer, etc. , as shown in Fig. 1. A mixture of KCl-LiCl and

metallic cadmium were charged into the dissolver. Temperature check was per-

formed in the dissolution installation.

1. 3- 2 Experimental procedure

Before use, the pellet of U-lOZr alloy (~14 g) was immersed in 50% HNO3

at the boil for 2 min and then rinsed with dilute nitric acid, distilled water and ace-

tone, respectively; and 27. 5 g of KC1, 22. 3 g of LiCl and 100. 0 g of Cd were

charged into the dissolver and heated to the temperature predetermined where both

cadmium and salt melt. Then about 14 g of U-lOZr alloy pellets treated with above

method were charged and dissolved in the liquid cadmium phase at stirring state.

The liquid cadmium phase was

covered by eutetic salt. After

dissolution beginning, liquid Cd was

sampled at an interval of time.

1-3-3 Analytical Procedures

(1 ) The sample containing U

and Cd was dissolved in 50% HNO3 at

the boil. After dissolution of the sam-

pie, 1- 0 ml of the solution and about

5 ml of 1 : 4 (V/V) H2SO4 were

charged into beaker and boil away un-

til white smoke was ended, and 10 ml
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of distilled water and 1 ml 1 * 4 (V/

V)H2SO4 were charged into beaker for

dissolving the residue. The content of

uranium and cadmium in above solu-

tion was determined by K2Cr2O7 titra-

tion and EDTA titration respectively.
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Fig. 2 Effect of time and temperature

on dissolution of uranium

stirring rate : 150 r/min;

diameter of U-lOZr pellet.. 10 mm;

mass of U-lOZr pellet: -—14 g;

Cd: 100 g !

1—400°C; 2—475°C; 3—500"C.



(2) The concentration of uranium and zirconium in liquid cadmium was de-

temined with FZAFM quantitative analysis procedure. The elements contained in

the sample were determined qulitatively with QLA qulitative procedure. The distri-

bution of uranium and zirconium in cadmium was determined with characteristic X-

ray scanning microanalysis.

2 RESULTS AND DISCUSSION

2-1 Effect of dissolution time and temperature
The effect of dissolution time and temperature on direct dissolution of U-lOZr

alloy is shown in Fig. 2. From Fig. 2, it can be seen that the content of uranium in

liquid cadmium increases with increase of time, at 475CC or 500°C; after 3 h, the

content of uranium in liquid cadmium almost is not changed, at this time, equilibri-

um of dissolution of uranium has been reached; the solubility of uranium in cadmi-

um is 2. 2% ; the curve of dissolution of uranium at 475°C (or 500°C) rises faster

than that at 400cC. The equilibrium of dissolution of uranium has not been reached

yet at 400°C after 3. 5 h.

2- 2 Effect of temperature on dissolution rate

The effect of temperature on o. 4

dissolution rate of uranium is shown

in Fig. 3- As expected, dissolution

rate of uranium at high temperature

is faster than that at lower tempera- 'g

ture. At 400°C and 500°C, at the

first 30 min the dissolution rates of

U-lOZr alloy pellets are 0.05 g/ §

(cm2 • h) and 0. 32 g/ (cm2 • h) , |

respectively.

2. 3 Efect of area of U-lOZr al-
loy pellets

The experimental results are

shown in Fig. 4. As expected, except

for area of U-lOZr alloy pellets, all

conditions are same each other, in-

creasing total surface area of U-

1 OZr alloy pellets is beneficial to dis-
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Fig. 3 Effect of temperature on

dissolution rate of uranium

(Experimental conditions axe

same as that in Fig. 2- )

1—400°Ci 2— 500°C

4.0
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Fig. 4 Effect of total surface area of U-lOZr

alloy pellet on dissolution of uranium

(Temperature 475°C, others are same as that

in Fig. 2. )

total surface area of U-lOZr alloy pellets:

8. 0 cm2 1; 5.0 cm2 2.

3.0 -

solution of uranium.

2. 4 Effect of stirring

The effect of stirring on the

dissolution of uraniun is shown in

Fig. 5. This figure indicates that the

equilibrium of dissolution of urani-

um is reached at 3 h, 500°C, and

150 r/min of stirring rate; but the

equilibrium of dissolution of uraniun

can not be reached at 5 h, 500°C

and no stirring, at this time, the

concentration of uranium in cadmi-

um is 1. 1 g/100 g Cd.

2. 5 Qualitative analysis results

Cadmium containing U and Zr

dissolved from U-lOZr alloy was

analysed with electron probe scan-

ning electron microscope. The

qualitative analysis results of sam-

ples are listed in Table 1. It is 3
£ 2.0

shown that besides Cd, there are 2
U and Zr (both dissolved from U- t>

lOZr alloy pellets) and K (as im- t 1-0

purity in cadmium material). The £

bright point in Fig. 6 represents

eutetoid which consists of Cd and

K. Distribution of element K in

Cd is non-homogeneous. The rea-

son is not clear, which needs fur-

ther investigation.

2- 6 Quantitative analysis

The contents of Zr and U in Cd were measured, and the experimental results

are shown in Table 2. It indicates that the contents of Zr in Cd at 475 °C and

500 C , are equal to 0. 26 g/100 g Cd, 0. 27 g/100 g Cd, respectively. The content

of U in Cd at 475°C and 500°C is equal to 2- 2 g/100 g Cd, and the ratios of mass
6
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Fig. 5 Effect of stirring on dissolution of uranium

(Temperature 500°C, others are same as that in

Fig. 2- )

1. - n o stirring; 2. stirring.



of U to that of Cd in sample 1 and 2 are equal to 0. 118 and 0. 123, respectively.

Table 1 Qualitative analysis results of sample 2 and material Cd

Item

Matrix of sampe

Eutetoid

Material Cd

Main element

Cd K U Zr

C d K

Cd K

Sample

1

2

Table 2

Content of Zr in

0.26

0.27

Content of

sample/g

U and Zr in

Content

sample'

of U in sample/g

2.2

2.2

mz

0.

0.

,/mu

118

123

* 1. Mass of Zr and U in 100 g Cd;

2. The temperatures for dissolution for sample 1 and 2 are 475°C and 500°C, respectively.

Fig. 6 Constituent diagram of micro-area of Fig. 7 X-ray scanning distribution diagram

sample 2" of U and Zr in cadmium (amplification

(amplification 2000/3- 0) 2000/3. 0)

Sample. 1, temperature 475°C;

Sample. 2, temperature 500°C

2- 7 Charateristic X-ray scanning distribution diagram
The charateristic X-ray scanning distribution diagram of U, Zr in Cd is shown

in Fig. 7. The bright point in the Fig. 7 represents U and Zr, respectively. It is

7



shown that the distribution of U and Zr in Cd is homogeneous.

3 Conclusion

(1) Increasing temperature is beneficial to dissolution of U-lOZr alloy in liquid

cadmium. At 400cC and 500°C, with stirring rate of some 150 r/min, the solubili-

ties of uranium in liquid cadmium are 0. 4% and 2. 2% , respectively; at the first 30

min, the dissolution rates of U-lOZr alloy pellets are 0. 05 g/ (cm2 • h) and 0. 32

g/ ( cm 2 «h) , respectively-

(2) The suitable dissolution condition for U-lOZr alloy pellets in liquid cadmi-

um (the ratio of the mass of liquid Cd to that of the pellets ^7): temperature,

480°C; stirring rate, 150 r/min; time, 4 h.

(3) Sample 2 contains U and Zr dissolved from U-lOZr alloy pellets and K

present in original material Cd; distribution of K in Cd is non-homogeneous, distri-

bution of Uand Zr in Cd is homogeneous.

ACKNOWLEDGEMENTS

The authors thank professor Li Wendan for providing U-lOZr alloy pins and

Ms. Chu Fengmin for analysing the samples with electron probe scanning electron

microscope.

REFERENCES
1 Burns L. Chem. Eng. Prog., 1986, 82 (2) : 35

2 Miller W E , Johnson T R, Tomczuk Z. Trans. Am. Nucl. Soc. , 1985, 50 : 205

3 Burris L, Steunenberg, Miller W E. The Annual AICHE Meeting Miami, Florida, November 2-7,

1986, CONF-861146-14

4 Benedict R W, Teske G M, Krsul J R. 205Th ACS national meeting, Denver, CO (United

States) 28 Mar. ~ 2 Apr. 1993. CONF-930304

5 Benedict R W, Krsul J R, Mariani R D,et al. Global '93 future nuclear systems —emerging fuel cycles

and waste disposal options. Seattle, WA (United States), 12~17Sep, 1993- CONF-930913-13



(CiP)

CNIC-01185 IAE-0170 :

, 1997. 9
ISBN 7-5022-1701-0

TL-2

CIP (97) II H418

. 1997

43

787X1092 1/16 • 6|J?K 1/2

1997 ̂  9 / ! : j f cMm£ • 1997 ^ 9

: 100037



CHINA NUCLEAR SCIENCE &. TECHNOLOGY REPORT

This report is subject to copyright. All rights are reserved. Submission

of a report for publication implies the transfer of the exclusive publication

right from the author(s) to the publisher. No part of this publication,except

abstract, may be reproduced, stored in data banks or transmitted in any

form or by any means, electronic,mechanical,photocopying,recording or

otherwise, without the prior written permission of the publisher, China

Nuclear Information Centre, and/or Atomic Energy Press. Violations fall

under the prosecution act of the Copyright Law of China. The China Nuclear

Information Centre and Atomic Energy Press do not accept any

responsibility for loss or damage arising from the use of information

contained in any of its reports or in any communication about its test or

investigations.

ISBN 7-5022-1701-0

9"7875C 2"2170


