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1. Introduction

!S� THE� MARKET� FOR� INFORMATION� AND� COMMUNICATION�
DEVICES� GROWS� RAPIDLY�� SO� TOO� DEMAND� IS� INCREASING� FOR�
ELECTRONIC�COMPONENTS�USED� IN�SUCH�DEVICES��#APACITORS�
ARE�A�KEY�COMPONENT�OF�ELECTRONIC�DEVICES��AND�THE�MAIN�
TYPES� ARE� THE� MULTILAYER� CERAMIC� CAPACITOR��!L� ELECTRO
LYTIC�CAPACITOR�AND�4A�ELECTROLYTIC�CAPACITOR��4HE�4A�ELEC
TROLYTIC� CAPACITOR� OFFERS� ADVANTAGES� OF� SMALLER� SIZE� AND�
LARGER� CAPACITANCE� THAN� THE� OTHERS�� AND� ABOUT� ��� SUCH�
CAPACITORS� ARE�USED� IN�CELL�PHONES�AND�ABOUT���� IN�PER
SONAL�COMPUTERS���	��(OWEVER��4A�IS�A�RARE�METAL��AND�THE�
PRICE� OF� RAW�4A� ORE� DOUBLED� IN� ����� AND� ����� CAUSING�
MAJOR� PROBLEMS�� SO� DEMAND� FOR� CAPACITORS� WITHOUT� 4A�
POWDER� IS� INCREASING��.B�HAS�ALMOST� THE�SAME�CHEMICAL�
AND�PHYSICAL�PROPERTIES�AS�4A��BUT�THERE�ARE�LARGER�DEPOS
ITS�OF�.B�AND�SO� IT� IS�CHEAPER� THAN�4A��3EVERAL�ATTEMPTS�
HAVE� BEEN� MADE� TO� USE� .B� POWDER� FOR� CAPACITORS� BUT�
NONE� HAS� BEEN� COMMERCIALIZED� YET�� /NE� OF� THE� REASONS�
IS�THAT�HIGHPURITY�.B�POWDER�CANNOT�BE�PRODUCED�BY�THE�
CONVENTIONAL�METHOD�	��*&%�-INERAL�HAS�THEREFORE�DEVEL
OPED�A�HIGHPERFORMANCE�.B�POWDER�FOR�.B�ELECTROLYTIC�
CAPACITORS��4HIS�PAPER�EXPLAINS�THE�FEATURES�OF�THE�DEVEL
OPED�.B�POWDER�

2. Production Method

4HE�METHOD�OF�PRODUCING�THE�.B�POWDER�IS�OUTLINED�
IN� Fig. 1�� .B#L�� IS� USED� AS� THE� STARTING� MATERIAL�� 4HE�
VAPOR�OF�.B#L��IS�REDUCED�BY�HYDROGEN�AT�HIGH�TEMPERA

TURE�� THEN� PURIlCATION� AND� SINTERING� ARE� PERFORMED� TO�
YIELD�HIGHPERFORMANCE�.B�POWDER�

3. Product Characteristics

3.1 Chemical Composition

4HE� MAIN� IMPURITIES� CONTAINED� IN� .B� POWDER� ARE�
SHOWN�IN�Table 1��4HE�CONTENT�OF�ALKALINE�METALS�SUCH�AS�
.A�AND�+�IS�LESS�THAN����PPM�AND�THE�CONTENT�OF�TRANSI
TION�METALS� SUCH�AS�&E��#R�� AND�.I� IS� LESS� THAN����PPM��
!LTHOUGH� CHLORIDE� IS� USED� AS� A� STARTING� MATERIAL�� THE�
CHLORINE�CONTENT�OF�.B�POWDER�IS�LESS�THAN����PPM��4HE�
OXYGEN�CONTENT�DEPENDS�ON�THE�"%4�SPECIlC�SURFACE�AREA�
OF�THE�.B�POWDER��AND�IS�ABOUT�������TO��������PPM�

3.2 Powder Characteristics

3.2.1 Specific surface area and morphology 
of Nb powder

3%-�IMAGES�OF�THREE�KINDS�OF�.B�POWDERS��WHOSE�
"%4� SPECIlC� SURFACE� AREA� IS� ����M��G�� ����M��G� AND�
����M��G��ARE�SHOWN�IN�Photos 1��A	���B	��AND��C	��RESPEC
TIVELY��4HE�PRIMARY�PARTICLES�OF�.B�POWDER� ARE� SINTERED�
TOGETHER�AND�FORM�A�NETWORKLIKE�STRUCTURE�

3.2.2 Particle size distribution

4HE�PARTICLE�SIZE�DISTRIBUTION�OF�.B�POWDER�WHOSE�
"%4�SURFACE�AREA�IS���M��G�IS�SHOWN�IN�Fig. 2��4HE�SIZE�
WAS�MEASURED�BY�THE�LASER�DIFFRACTION�METHOD��)F�THE�PAR
TICLE�SIZE�OF�THE�CUMULATIVE�PARTICLE�VOLUME�OF�x��IS�Dx��
THEN�D���IS����µM��D���IS����µM��AND�D���IS�����µM�

3.3 Electrical Properties

3.3.1 Measurement method

4HE�ELECTRICAL�PROPERTIES�OF�.B�POWDER�AS�A�CAPACI
TOR�WERE�MEASURED�AS�SHOWN�IN�Fig. 3�	��&IRST��AN�.B�PEL
LET�OF�CYLINDRICAL�SHAPE��DIAMETER����MM��HEIGHT������MM��
DENSITY�� ���n����G�CM�	� WAS� PREPARED�� .B� WIRE� AS� A�
TERMINAL� WAS� EMBEDDED� IN� ONE� SIDE� OF� THE� PELLET�� 4HE�
PELLET� WAS� THEN� SINTERED� AT� ���� TO� ����� #� FOR� ���MIN�
UNDER� REDUCED� PRESSURE� OF� LESS� THAN� �������0A��!FTER�
THE� SINTERING�� THE�PELLET�WAS�OXIDIZED�AT���� TO����6�AND�
AT� �� #� FOR� ��H� IN� ����MASS�� PHOSPHORIC� ACID� SOLUTION�
TO�FORM�THE�.B�/�
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