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Electric properties stability of NbO anode for new electrolytic capacitor
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Abstract: By using loading test and high temperature test, the electric-property stability of NbO anode and metal Nb anode were
studied in comparison. The reason for higher stability of NbO anode was analyzed by thermodynamics and kinetics. The loading test
was performed in 38% H,SO, at 85 °‘C and 12 V for 10 d. The high temperature test was carried out at 250 “C in air atmosphere for
30 h. It is found that the NbO anode possesses higher ability to restrain crystallization film as compared with metal Nb anode. It is
considered that, oxygen in NbO anode matrix restrains the migration of oxygen in Nb,Os anodic oxidation film to matrix, and results

in that the anodic oxidation film has higher stability.
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1 Introduction

Due to the large specific capacity, electrolytic
capacitor has become an important part in the
applications of electric capacity and has been widely
applied in electronic circuit field. Electrolytic capacitors
commercialized can be classified into two types for
different anode materials, Ta electrolytic capacitor and Al
electrolytic capacitor. Electrolytic capacitors, which are
made of Ta and Al and originate from anodic oxidation
film of Ta and Al with high stability, especially anodic
oxidation film of Ta, show novel characteristic. The
reliability and high frequency
electrolytic capacitor with Ta anode materials were
superior to those of Al electrolytic capacitor, so Ta
electrolytic capacitor was mostly used in military and
astronavigation fields. However, the application of the Ta
electrolytic capacitor was limited for its high cost.

In 1950s some researchers studied Nb electrolytic
capacitor and tried to replace Ta. However, the
industrialization of Nb electrolytic capacitor can not be
realized for some reasons. Recently, due to scarcer
resource and high price of Ta, many industries and
research institutes reactivated investigation of the Nb
electrolytic capacitor, and the aspects are focused as
follows: 1) preparation of superfine Nb powder for high
pure electrolytic capacitor Nb powder[1,2]; 2) improving

characteristic  of

electric properties by doping methods[3-5]; 3) taking
NbO as anode matrix material to investigate a new type
of NbO electrolytic capacitor[6—10].

The previous studies showed that NbO was a very
promising electrolytic capacitor anode material. Some
famous companies extensively studied NbO electrolytic
capacitor and had applied for some patents[6—10].
Looking at the latest results, it is believed that NbO
electrolytic capacitor will develop into a new electrolytic
capacitor and will be widely applied indeed.

Anode is the most important part of an electrolytic
capacitor. Properties of an electrolytic capacitor mainly
depend on the anode. The properties stability is an
important value for judging the credibility of electric
components. The properties stability of an electrolytic
capacitor is related to anode, leading-out parts of cathode
and packaging structure, but mainly depends on stability
of the anode. The preparation process of raw materials
and fabrication of anode for NbO electrolytic capacitor
have been reported in many references and patents. For
example, Refs.[6,7,11] preparation
technology of electrolysis capacitor with NbO powder
and Refs.[8,10,12] described the preparation method of
NbO anode electrolysis capacitor. However, there has not
been report about anode stability of electrolysis capacitor
so far. In this paper, loading test and high temperature
test were performed to study electric properties stability
of the NbO anode, and metal anode was also investigated

discussed the
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in comparison. At the same time, the reason for
mechanism was discussed further.

2 Experimental

2.1 Preparation of anode

The NbO anode was prepared through process
[11,12]: Nb powder (dpss1.5 pm) of 1.1 times theoretical
mass and Nb,Os (dpgss4.5 pm) powder were mixed
uniformly, and were reduced in vacuum (p<<2X10*Pa
pressure = at 1 000 ‘C for 40 min, then, niobium
suboxide powder mainly composed of NbO was obtained.
Physical properties and chemical composition are listed
in Table 1. XRD results are given out in Fig.1. The
powder was pressed into ¢3.5 mm anode bulk with the
mass of 0.2 g; capacitor tantalum filament was used as
leading wire, and then the bulks were sintered in vacuum
at 1 300 °C for 20 min under the pressure of less than 2
X107 Pa. SEM images of the obtained sintering the
NbO anode bulks are shown in Fig.2. From Figs.1 and 2,
it can be seen that, as-received niobium suboxide powder
1s mainly composed of NbO, and a little Nb and Nb,Os is
also identified in the powder sample. On the surface of
NbO particles lots of bulging parts and “gully” exist
resulting in the large specific area and high specific

capacity.
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Fig.1 XRD patterns of niobium suboxide powder

The preparation method of the metal Nb anode was
described as follows: metal Nb powder was selected as
anode raw material (property and composition are listed
in Table 1), sintered Nb anode bulk was prepared by the
same methods mentioned above.

Table 1 Characteristics and composition of NbO and Nb powder
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Fig.2 SEM micrographs of sintered NbO anode

The forming method of the anode was as follows:
forming electrolyte was 0.01% H;PO,, temperature 90
‘C, final voltage 50 V, holding time 2 h, current density
30 mA/g, cathode was pure silver foil.

2.2 Electric property testing of anode

Specific capacitor, loss and leakage current were
three main performance parameters for an electrolytic
capacitor. In this paper, the properties of the NbO anode
and metal the Nb anode were tested according to national
standard GB/T3137—1995 “Electric properties testing
method of Ta powder”.

2.3 Loading test

Loading test was performed on the metal Nb anode
and the NbO anode which were treated under 50 V
voltage. The test was made in the electrolyte of
38%H,S0, at 85 ‘C with the cathode of pure silver foil.
Because the anode formed at 50 V voltage can be used as
10 V product, so loading voltage was taken as 12 V
considering excess 20%; the capacity, loss and leakage
current of the anode were tested in every 24 h to analyze
the electric properties variation of the anode.

Physical property

Mass fraction/%

Powder name

dr/im  Loose density/(gcmﬂ) Ta Cr Ni Fe Mo K
NbO 1.50 1.20 0.04 0.001 3 0.001 0.002 0.008 0.001 3
Nb 1.50 1.51 0.04 0.001 5 0.002 2 0.005 0.001 0.001 5
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2.4 High temperature test

The NbO anode and the metal Nb anode formed
under 50 V were placed in an oven with temperature
automatically controlled in air atmosphere at 250 C.
The capacity, loss and leakage current of the anode
were tested after certain interval, then the anode was
rinsed by de-ionized water and heated again. The
electric properties stability at high temperature was
investigated due to the variation of anode electric
properties of the anode. The results are helpful for the
following coating processes which was performed at
about 250 C.

3 Results and discussion

3.1 Loading test

The results of loading test are listed in Table 2. The
relationships between the loading time and capacity, loss
and leakage current are shown in Fig.3. It can be seen
that, the most obvious change is leakage current during
loading test. The leakage current of the NbO anode
changes a little, from 2.3 to 5.2 pA in 10 d. The leakage
current of the metal Nb anode changes remarkably from
8.8 to 4 500 pA in 6 d. The variance of anode loss is
smaller than that of leakage current, the maximum
variance ratios of metal Nb anode and the NbO anode are
53.2% and 20.3%, respectively. The capacity variance of
two anodes is unapparent, the maximum variance ratios
of metal Nb anode and the NbO anode are 37.6% and
11.2%, respectively. Crystallization of anodic oxidation
film in Nb anode surface occurred in the third day (grey
specks were observed on the surface), but crystallization
in the NbO anode surface does not occur during the test
period (no grey specks on the surface of anode). It is

Table 2 Results of loading test
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sufficiently illustrated that the anodic oxidation film of
the NbO anode had higher stability than that of metal Nb
anode.

3.2 High temperature test

The results of high temperature test are listed in
Table 3. The relationships between the test time and
capacity, loss and leakage current are shown in Fig.4. It
is found that, the leakage current also changes apparently
in high temperature test. The leakage current of the NbO
anode changes from 2.8 to 5.6 pA after 30 h, the leakage
current of metal Nb anode changes from 6.5 to 26 pA
after 30 h, the maximum variance ratio reaches 326.2%.
The variance of anode loss is smaller than that of leakage
current, the maximum variance ratios of the metal Nb
anode and the NbO anode are 86.4% and 16.5%,
respectively. Capacity variances of two anodes are not so
obvious, the maximum variance ratios of the metal Nb
anode and the NbO anode are 20.2% and 5.5%,
respectively. So, from the results of high temperature test,
it can also be seen that the NbO anode has higher
stability than that of the metal Nb anode.

In the process of the production of electrolytic
capacitor, MnO, coating was made after anode forming.
The anode was immerged in the solution of Mn(NO;),,
and then, thermally decomposed to MnO, at about 250
C, MnO, worked as linking cathode. The MnO, coating
was detrimental to anodic oxidation film. Unapparent
variation of the properties of the NbO anode in test
process which was made at 250 °C for 30 h (the time of
coating technology was about several hours) indicated
that the NbO anode was suitable for the temperature
request of coating treatment.

From the analysis of loading test and high tempera-

Metal Nb anode NbO anode
Timeid Capacity/pF Loss/% ctl;rerzlr(l?/%f A Capacity/pF Loss/% ctl;rizl:l?/g:A
0 218 83 8.8 270 8.8 2.3
1 178 6.2 10.0 250 8.0 3.0
2 183 7.4 67 252 9.0 3.0
39 195 77 180 255 8.4 35
4 209 9.5 510 251 8.8 4.0
5 226 8.7 1500 257 8.0 45
6 245 92 4500 263 79 42
7 - - - 260 79 4.8
8 - - - 268 8.7 5.1
9 - - - 272 8.9 5.0
10 - - - 278 9.5 52

1) In the third day small amount of grey specks appeared on the surface of metal Nb anode;
2) In the sixth day large area of grey specks appeared on the surface of metal Nb anode, further test had not been performed.
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Fig.3 Relationships between loading time and electrical pro-

perties of anode: (a) Capacitance; (b) Loss; (¢) Leakage current

ture test mentioned above, the NbO anode shows better
stability than the metal Nb anode. The properties of
electrolytic capacitor mainly depended on the properties
of anode, so the NbO electrolytic capacitor had better
stability and credibility than metal Nb electrolytic
capacitor.

Similar amorphous Nb,Os anodic oxidation film
could be formed when NbO and Nb were oxidized. The
reason that the NbO anode had better stability than metal
Nb anode is the existence of oxygen in the NbO anode
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Fig.4 Anode electrical property depends on testing time at 250
°C: (a) Capacitance; (b) Loss; (¢) Leakage current

matrix. Many researchers indicated that[13—15], quick
migration velocity of oxygen in the Nb,Os anodic
oxidation film of the Nb electrolytic capacitor resulted in
the instability of properties of the Nb electrolytic
capacitor. After the oxygen migrates to the matrix, partial
Nb,Os transforms into conductive NbO, or NbO, the
thickness of insulating Nb,Os anodic oxidation film
decreased, resulting in that the capacity and leakage
current increased, and instability of the properties of
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Table 3 Results of high temperature test at 250 C

Time/h Metal Nb anode NbO anode
Capacity/pF Loss/% Leakage current/pA Capacity/pF Loss/% Leakage current/pA

0 183 8.1 6.5 288 9.1 2.8

216 15.1 6.1 280 10 34
6 220 14.5 13 275 10.6 42
10 222 14.9 17 272 102 42
14 218 13.8 19.1 274 10 44
20 221 14.2 23 273 10.3 4.6
23 217 13.1 24.1 270 9.9 4.9
27 220 12.5 25 274 10 53
30 215 11.3 26 273 9.6 5.6

electrolytic capacitor appeared. For the NbO anode, the
matrix was niobium suboxide NbO, oxygen migrated
from the Nb,Os anodic oxidation film to the NbO matrix.
Assuming that the oxidation reaction product is NbO,,
the reaction is

Nb,05+3NbO=5NbO, 1)

The Gibbs free energy of this reaction is
AGSys ==53.65 kJ/mol; if the matrix is Nb, oxygen

migrated from the Nb,Os anodic oxidation film to matrix.

The oxide product is NbO according to the reaction as
Nb,Os+3Nb=5NbO 2)

AG5ps =—231.09 kJ/mol, which is smaller than
that of reaction (1), indicating that thermodynamic
driving force of oxygen migrating to the Nb matrix is
larger. From the viewpoint of kinetics, the concentration
gradient of oxygen in Nb,Os anodic oxidation film
migrating to the Nb matrix is larger than that migrating
to the NbO matrix. According to the diffusion law, large
concentration gradient leads to quick mass transfer,
namely that the velocity of oxygen in anodic oxidation
film diffusing to the Nb matrix is quicker than diffusing
to the NbO matrix. From the analysis mentioned above,
it 1s considered that if NbO 1s taken as the matrix, the
restraining of oxygen in the Nb,Os anodic oxidation film
migrating to the matrix can make anodic oxidation film
have better stability, consequently better stability of
anode.

where

4 Conclusions

The stability of electric properties of NbO anode
and metal Nb anode were investigated in comparison
through loading test and high temperature test. The
results show that, NbO anode has stronger restraining
ability for crystallization of amorphous Nb,Os anodic
oxidation film and has better electric properties stability
than metal Nb anode. It is considered that, oxygen in the
NbO anode matrix restrained the migration of oxygen in
Nb,Os to the matrix, which makes anodic oxidation film

and electric properties of anode have better stability.
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