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ABSIRACT

In order to simplify the denitration process by microwave heating, the uranyl nitrate

is firstly denitrated and converted into UQ3. The produced UO3 was then further heated in

the microwave field to transfer UO3 to U3Q8 and to form a single product of 1^0^ • When

the phase transfer from UQ3 to U3O8 occurs, the temperature of the product increases 200

— 300 "C in two minutes. The phase-transfer temperature can be controlled by the input

power of microwave. High quality l^Ok can be obtained at a denitration temperature about

500 'C . It contains no residual NO^ and has a specific surface area great than 3 m2/g.

The denitration temperature is measured with an IR-thermometer and checked with an op-

tic fiber thermometer. The working curve and process parameter were studied in a mi-

crowave denitration unit for high enriched uranyl nitrate solution (90 g (U) /L , 4 mol/L

HNQ$ and 1.2 L per batch).



INTRODUCTION

Conversion of high enriched uranyl (HEU) nitrate into uranium oxide is an important

link in nuclear fuel cycle. Up to now, precipitation process and fluidized-bed denitration

process is used for the conversion process in reprocessing plant. HEU is a kind of valu-

able material and the process output is relatively small. Precipitation and filtering are

cumbersome operations and might cause loss of the material. Technology of fluidized-bed

is not applicable to the conrersion of HEU, because the operation of the fluidized-bed e-

quipment and quality control of the products is not so easy. The loss of the material would

be more in fluidized-bed conversion process. The Sal-Gel process is an advanced process

for conversing U or Pu of nitrate to spherical oxides, but it produces large volume of liq-

uid waste.

Microwave assisted thermal denitration process has obvious advantages for the con-

version of HEU nitrate. The principle and the process equipment have been tentatively

studied'11. Microwave denitration can accomplish the denitration and the conversion pro-

cess from uranyl nitrate to oxide in same vessel. In microwave denitration process, the ni-

trate solution is concentrated, crystallized and then denitrated. The process operation is

quite simple and uranium loss during denitration is very low. So the microwave denitration

is a perspective process for converting highly enriched uranium or plutonium nitrate to

their oxide in nuclear fuel cycle. Over 50 t of MOX (Pu-U oxide) fuel has been prepared

by microwave heating facility (PCDF) until July of 1988 in Japan12]. •

At present, UO3 is regarded as an intermediate product in microwave demitration of

uranyl nitrate. The UO3 usually needs to be further calcinated to remove residual NOX and

to increase powder activity. So, an additional process has been developed, in which an

electromagnetic induced heater and an electronic fast cooling device were installed'31.

In order to simplify the denitration process and to improve the product quality, U3O3

is used as the final product of microwave denitration process. In this paper, the technolo-

gy and process parameters for the denitration of HEU nitrate are studied.



1 PRINCIPLE OF MICROWAVE HEATING

A dielectric material may be heated up in a microwave field. Microwave heat-

ing can be considered as a result of polarization of the dielectric molecules in mi-

crowave field. Vibration and rotation of molecules are intensively occur together

with the phase change of microwave (at a frequency of 2450 MHz). Thus, the di-

electric absorbs energy by the internal friction of molecular movement and its tem-

perature rises. The absorbed energy can be calculated by following equation1-3-1
5

Po = T^£2 /e r tan S X 10"12

1

where, Po: absorption power (W/cm3);

f: frequency (Hz) j

E: electric field intensity (U/cm) ;

er: relative permittivity;

tan S: dielectric loss tangent.

The product of er tan d reflects microwave absorbance of the dielectric and is

proportional to the heat produced by material in a microwave field. The er tan d

values of several materials were measured and they are listed in Table 1.

Table 1 Microwave absorbance of several materials

Material e, tan d

H2O 13.3

UO2(NO3)2 • 6H2O 6.85

UO3 • xH20 0. 81

UO3 • 0. 8H2O 0.19

UO2 7.46

U3O6 9.07

It can be seen from Table 1 that uranyl nitrate, either in solution or in solid

salt, has high er tan d value, but the average er tan 3 values for different UO3 com-

pounds are very poor. It is only 3% of the value for H2O. Absorbing microwave

for UO2 and U3O8 are easy. When a part of UO3 is converted to U3O8, the temper-

ature of the denitrated materials will increase quickly in microwave field as a conse-

quence of the high er tan 8 value of U3O8- Then the conversion of UO3 to U3O8 will

be completed.



2 MICROWAVE DENITRATION PROCESS OF URANYL NI-
TRATE AND EQUIPMENT

A schematic diagram for microwave denitration process of uranium nitrate is

given in Fig. 1.

Circulator

Fig. 1 Schematic diagram for microwave denitration of uranyl nitrate

Microwave was conducted into a heating cavity from the top by a waveguide.

The residual microwave produced by the variation in load was fed back and aborbed

by water in a water termination. Microwave denitration test was carried out with

uranyl nitrate solution (90 g (U) /L , 4 mol/L HNO3) and at 1. 2 L per batch. The

uranyl nitrate solution was poured into a quartz denitration vessel. The vessel was

ladder-shaped and was rotated (6~10 r/min) in the cavity in order to ensure even-

ly heating the material. After absorbing microwave energy, the uranyl nitrate solu-

tion was heated, evaporated, concentrated and crystallized to nitrate. Finally, the

uranyl nitrate was denitrated and converted into U3O8. The change could be clearly

observed through transparent window of the microwave ovens. The off-gas of the

process was exhausted by a ventilator. The gas passed through a scrubber and an

absorber to remove NO*. The cleaned off-gas was then released through a chim-

ney.

3 TEST RESULT AND ANALYSES

3.1 Control of the end point of the denitration process

At the later stage of microwave denitration process, uranyl nitrate was con-
5



verted gradually into UO3. When a part of the UO3 was converted into U3O8». the

microwave absorption ability of the material was increased because U3O8 has a high

er tan 8 value. Then, temperature of the material could be rapidly raised and the

material became incandescent. The incandescent phenomenon was taken as an end

point of the denitration process in former research. Under these circumstances, the

process products were a mixture of orange color UO3 and black color U3O8. The 0 /

U ratio of the product was uncertain and changed from time to time. The denitra-

tion products had small amount of residual N0xand water as well. So an additional

ignition at high temperature would be needed in microwave denitration. The U03

itself can be converted into U3O8 by further microwave heating. If U3O8 is chosen

as the end-products of the microwave denitration of uranyl nitrate, it is necessary

to study the temperature variation during U3O8 phase transfer. Then the sinter of

the denitration product U3O8 and the decrease of its powder activity could be avoid-

ed. In this test, the temperature variation of the denitration material was measured

at several microwave heating powers during incandesce of the denitration product

and the results are given in Fig. 2.

- 4 . 2 kW

• 3 . 3 k W

- 3 . 0 kW

- 2 . 1 kW

Heating Time/min

Fig. 2 The dependence of temperature on heating

time during converting UO3 to U3O8

During the conversion of UO3 to U3O8, the temperature of the denitration

products sharply increases in the first two minutes. The temperature augmentation

is about 200 °C in two minutes (Fig. 2). Then the increment of temperature tends

towards gentleness. It can be found that converting UO3 to U3O8 takes place step

by step from a part to the whole. However, it is a fast reaction and the orange col-

or UO3 is completely converted to black color U3O8 in 2 to 3 min. The black prod-
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uct has been proved to be a uniform U3O8 by X-ray diffraction analysis. So, pro-
duction of U3O8 directly arising from the denitration of uranyl nitrate by microwave
heating is feasible. It is a simple process and it only needs heating the denitration
product UO3 at 500—600 °C for very short time in microwave field.
3-2 The working curve of microwave denitration for designated material
(HEU)

The designated uranyl nitrate solution was 90 g(U) /L in 4 mol/L HNO3 and

the volume of denitration operation was 1. 2 L per batch. The typical working

curve of microwave denitration for designated feed is given in Fig. 3.

20 40 60

Heating Time/min

80 100 120

Fig. 3 The working curve of microwave denitration for designed feed

The uranyl nitrate solution was heated rapidly and boiled ( 1 0 5 " C ) i n l 5 ~ 2 0

min as it absorbed microwave energy. While boiling, a lower microwave power was

maintained ( 1 ~ 2 kW) in order to prevent from the splash of the solution during

boiling. Along with the concentration of the solution, its temperature gradually

rose to 190 °C- The color of the solution changed from yellow to brown. After the

swelling and solidifying of the material, microwave power was raised up to 4 kW.

At this time, the temperature of the material raised rapidly to about 400 °C. The

incandescent phenomena occured at some point of the material and then spread to

the whole material in several minutes. The yellow UO3 was converted into black

U3O8. The denitration operation was completed and microwave power turned off.

The whole operation time was 110—120 min.

3- 3 Characteristics of denitrated product U3O8

In microwave field, UO3 is converted into U3O8 while the glowing of the mate-

rial takes place. The physical characteristics of denitrated products U3O8 is different

7



for different glowing temperature and glowing duration. The experiment results

are given in Table 2 and Fig. 4.

Table 2 The physical character of U3O8 for denitration products

Temp, of glowing/"C 420 480 500 520 560 580

Original density /g • ml l

Bulk density /g • ml"1

Tap density /g • ml"1

Moisture content/WH2O %

Residual NO* content/wNo^. %

O/U ratio

0.

1.

2.

0.

0.

2.

56

73

34

165

140

670

0.88

1.83

2.35

0.090

0.066

2.688

0.

2.

2.

0.

0.

2.

77

01

75

060

027

667

0.

2.

3.

0.

2.

96

33

02

034

0

667

0.

1.

2.

0.

2.

88

95

75

035

0

667

1.

2.

3.

0.

2.

04

50

20

035

0

667

3 4 5
Denitration temperature/1

480 500 520 540 560

Glowing duration time/min

580

Fig. 4 Specific surface area of denitrated products

The denitration product U3O8 is a porous lump so that the original density is

lower than one g/cm3. The bulk density and tap density are measured after grind-

ing the lump to powder and screening. When the glowing temperature is higher,

the density of denitration products is higher. The moisture and NOX contents de-



cline sharply with the increase of denitration (glowing) temperature. The moisture

content in denitrated U3O8 is lower than 0. 06% (wt) when denitrating at 500 °C-

The residual NO* in U3O8 approaches to zero while denitrating above 520 °C-

When the denitration temperature is above 480 *C » the O/U ratio of the denitra-

tion product agrees with the stoichiometric value of U3O8(2. 667).

High denitration temperature is necessary to obtain a uniform denitrated prod-

uct of U3O8. However, the specific surface area of denitrted products decreases

sharply as the denitration temperature is above 510 °C- When the denitration tem-

perature keeps at 500 "C » the long "glowing duration results in low specific surface

area of U3O8. Therefore, the reasonable denitration temperature is about 500 "C

and the glowing duration is between 2 to 3 min at 500 "C for process of converting

uranyl nitrate to U3O8 by microwave heating.

4 CONCLUSION

A uniform denitrated product of U3O8 can be obtained by microwave heating

for high enriched uranyl nitrate solution. The denitration temperature can be con-

trolled at about 500 °C and the glowing duration is 2 to 3 min. The denitration

product of batch operation is a porous loose lump and is easily pulverized. The O/U

ratio of the product agrees with the stoichiometric value of U3O8. The moisture

content in denitrated U3O8 is lower than 0. 06% (wt) and residual NO* is lower

than 0. 02% (wt). The specific surface area of the products is larger than 3 m2/g.
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