
INTRODUCTION

Boric acid has been widely used as a soluble neutron

absorber in the primary coolant of pressurized water reactors

(PWRs)1. With boric acid, there are many kinds of Ni and Fe

ionic and oxide species in the coolant due to the corrosion and

erosion of structural materials such as stainless steels and Ni-

based alloys. As Ni and Fe are the major component elements

of the structural materials exposed in the reactor coolant, nickel

ferrites are reported2 as common deposits observed on fuel

surface.

Boron present in boric acid has been known to be included

in the deposits formed on high temperature fuel surfaces with

other metal oxides such as Ni and Fe oxides3. As the boron

containing deposits absorb the neutrons due to the high

neutron cross section of boron, it causes an asymmetric profile

of neutron flux which decreases the operation efficiency of

the reactor. Therefore, many researchers3,4 have been studying

the characteristics of B containing Ni-Fe mixed oxides to reduce

formation on fuels. Moreover, even when radiation conditions

are excluded, it is difficult to realize the fuel surface environ-

ment, that is, high temperature and high pressure condition.

In the previous study5,6, a simple technique was developed to

simulate the reaction condition by removing the pressure term

by using a thermodynamic relationship. The equation, Gibb's
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free energy change of a reaction does not depend on the

reaction pressure, as long as there is no volume change after

the reaction.

In the present study, we employed B containing Ni-Fe

oxides at different reaction temperatures by using the simulation

technique. Furthermore, the crystal structures and chemical

bonding were analyzed by using XRD patterns and FT-IR spectra,

respectively. The results indicated that the presence of boron

enhanced the formation of nickel ferrite and the chemical bonding

of bonaccordite Ni2FeBO5 began to form in a temperature range

between 400 and 500 ºC.

EXPERIMENTAL

All the chemicals used in this study were an analytical

grade and were used without any further purification. The Ni

and Fe hydroxide mixture with a weight ratio of Ni/Fe = 1.5

was obtained by neutralizing Ni(NO3)2 and Fe(NO3)3 mixed

solution with LiOH solution. For the preparation of the B

containing Ni-Fe mixed oxide, H3BO3 solution was added to

the Ni and Fe hydroxide mixture. The mixtures were dried at

25 ºC and then heated at various temperatures for 8 h under

steam environments5,6. Finally, we obtained Ni-Fe mixed

oxides containing 2 wt % B. The characteristics of the mixed

oxide were examined by using X-ray diffraction (XRD)

patterns and FT-IR spectra, respectively.



RESULTS AND DISCUSSION

Effects of temperature on crystal structure of the B

containing Ni-Fe mixed oxide: X-Ray diffraction patterns

for Ni-Fe mixed oxides were obtained as a function of the

formation temperature as shown in Fig. 1. In Fig. 1a, after

heat treatment of Ni-Fe mixed hydroxides at 250 ºC, it was

thought that NiFe2O4 and NiO phases were observed. However,

it is difficult to differentiate the pattern at 250 ºC from pattern

at 200 ºC. Therefore, it is obscure to find exactly the formation

temperature of NiFe2O4 and NiO by the analysis of XRD

patterns. On the other hand, for the B containing Ni-Fe mixed

oxides, the crystalline phases of NiFe2O4, NiO and Fe2O3 were

observed at temperatures between 200 and 300 ºC. At 400 ºC,

however, NiFe2O4 and NiO are stable species as shown in

Fig. 1b. From the result, it is thought that NiFe2O4 is more

stable than the coexistence of NiO and Fe2O3 at 400 ºC. The

diffraction patterns of Ni2FeBO5 at 600 ºC were observed. This

indicates the crystal structure of Ni2FeBO5 is formed at

temperatures between 500 and 600 ºC.
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Fig. 1. XRD patterns of Ni-Fe oxides formed at different temperatures up

to 600 ºC for 8 h: (a) absence of boron, (b) adding boron 2 wt % B.

Peaks corresponding to NiFe2O4( ), NiO( ), Fe2O3 ( ), Ni2FeBO5

( )

Effects of temperature of chemical bonding of the B

containing Ni-Fe mixed oxides: Fig. 2 shows the FT-IR spectra

of Ni-Fe mixed oxides as a function of the formation tempe-

rature. As shown in Fig. 2a, NiFe2O4 absorption band 595 cm-1

was clearly observed in the temperature above 300 ºC. On the

other hand, in presence of boron, NiFe2O4 absorption bands

were observed from temperatures of 200 ºC. This indicates

that B in Ni-Fe hydroxides promotes the formation of NiFe2O4.

In addition, in Fig. 2b, we assumed the absorption band of

B-O in Ni2FeBO5 to be 702 cm-1. The absorption of Ni2FeBO5

was observed at a temperature of 500 ºC. The result suggested

that the chemical bonding of Ni2FeBO5 would start to form at

temperatures between 400 and 500 ºC, while its crystal

structure was initially formed at temperatures between 500

and 600 ºC.
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Fig. 2. FT-IR spectra of Ni-Fe mixed oxides formed at different

temperatures up to 600 ºC for 8 h: (a) absence of boron, (b) adding

boron 2 wt % B. NiFe2O4 characteristic band: 595 cm-1, Ni2FeBO5

characteristic band: 702 cm-1

Conclusion

The effect of B was investigated on the formation of

Ni-Fe mixed oxides under high temperature steam conditions

by using XRD patterns and FT-IR spectra, respectively. It was
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observed that the presence of B in Ni-Fe hydroxides promotes

the formation of NiFe2O4 by lowering the formation tempe-

rature. As the temperature increases, NiFe2O4 becomes more

stable rather than coexistence of NiO and Fe2O3 under high

temperature steam conditions. In the presence of boron,

Ni2FeBO5 starts to be formed chemically at temperatures of

400-500 ºC, while its crystal structure was formed at tempe-

ratures of 500-600 ºC.
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