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Summary:

This work presents the results of the compacting behavior of Nb-ATR powder
under high pressure. The powder was produced by the aluminothermic
reduction of Nb2O5, followed by mechanical comminution (< 38 (am). The
samples were initially pressed in a cylindrical steel die of (j> = 7 mm at 500,
700 and 1,000 MPa, followed by high pressure of 2.0 - 6.0 GPa. The
experiments of high pressure were carried out in a special hydraulic press of
force 630 ton. using an HPHT toroidal type apparatus of concavity 13.5 mm.
Emphasis is put on the correlation between the compact final density and the
pressure used in the precompacting and high pressure. The results have
shown that the compacts densification are strongly dependent on the applied
precompacting and high pressure values.
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1. Introduction:

The main technological characteristics of niobium are high melting point of
2468 °C, good acid corrosion and wear resistance, good fabricability, and
stable oxide film with high relative dielectric constant (1). Their main
applications are in chemical and metallurgical industry, medical field,
superconductivity, and electronic devices (2,3). Niobium is mainly processed
by powder metallurgy techniques.
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Some of the techniques of powder metallurgy usually employed for fabrication
of niobium powder compacts of high density are rigid die pressing and cold
isostatic pressing, followed by high vacuum sintering at high temperature(4).
To obtain high densities it is necessary to use very high sintering
temperatures, however, at considerable expenses. In addition, at high
temperatures grain growth takes place intensely. An alternate approach that
have been studied to achieve these high densities is the activated
sintering(5).
The introduction of new techniques or perfecting of the recent techniques of
powder compacting is of high technological interest. The compacting behavior
of metallic powders in the conventional pressure range (10 - 800 MPa) have
been intensity studied(6,7). In this work we investigated the densification of
niobium-ATR powder under high pressure. The objective is to obtain
compacts of high final density (near theoretical density) without external
heating supply, eliminating sintering step.

2. Experimental Procedure:

The niobium-ATR powder used in the work was produced by Faenquil-Demar
(Lorena-SP). Initially the niobium-ATR electrode was obtained by
aluminothermic reduction of the Nb2O5 oxide (8). The niobium-ATR density of
5.99 g/cm3 was determined by picnometry.
The niobium-ATR powder was produced by mechanical comminution. The
electrode was ground in a niobium-aluminum rammer (particle size range >
200 mesh) and subsequently ground in a ball mill. The cup and milling ball
were made of niobium. The powder was than classified by sieving down to
400 mesh (< 38 urn). The powder apparent density was of 1.79 g/cm3. The
morphology of the powder particles was observed by scanning electron
microscopy (Zeiss, DSM 962 model) opering at 15 kV. The present phase
identifications were done by X-ray diffraction (Seifert, URD 65 model) using
Cu-Ka radiation.
Initially the niobium-ATR powder was submitted to the precompacting step by
using a steel cylindrical die of 7 mm diameter at 500 MPa, 700 MPa and
1,000 MPa. After this procedure, the obtained compacts were pressed under
high pressure. In the experiments of high pressure it was used an HPHT
toroidal type apparatus with concavity of 13.5 mm to the generation of high
pressure. This apparatus permits the accomplishment of compacting test in
samples of 7mm diameter and 9 mm height. The necessary force to generate
high pressure was applied on the HPHT apparatus using a special hydraulic
press of 630 ton (Ryazantyashpressmash, D0138B model). The applied high



180 GT23 __ G.S. Bobrovnichii et al.
15" International Plansee Seminar. Eds. G. Kneringer. P. Rodhammer and H. Wildner. Plansee Holding AG. Heutte (2001). Vol. 3

Some of the techniques of powder metallurgy usually employed for fabrication
of niobium powder compacts of high density are rigid die pressing and cold
isostatic pressing, followed by high vacuum sintering at high temperature(4).
To obtain high densities it is necessary to use very high sintering
temperatures, however, at considerable expenses. In addition, at high
temperatures grain growth takes place intensely. An alternate approach that
have been studied to achieve these high densities is the activated
sintering(5).
The introduction of new techniques or perfecting of the recent techniques of
powder compacting is of high technological interest. The compacting behavior
of metallic powders in the conventional pressure range (10 - 800 MPa) have
been intensity studied(6,7). In this work we investigated the densification of
niobium-ATR powder under high pressure. The objective is to obtain
compacts of high final density (near theoretical density) without external
heating supply, eliminating sintering step.

2. Experimental Procedure:

The niobium-ATR powder used in the work was produced by Faenquil-Demar
(Lorena-SP). Initially the niobium-ATR electrode was obtained by
aluminothermic reduction of the Nb2O5 oxide (8). The niobium-ATR density of
5.99 g/cm3 was determined by picnometry.
The niobium-ATR powder was produced by mechanical comminution. The
electrode was ground in a niobium-aluminum rammer (particle size range >
200 mesh) and subsequently ground in a ball mill. The cup and milling ball
were made of niobium. The powder was than classified by sieving down to
400 mesh (< 38 jam). The powder apparent density was of 1.79 g/cm3. The
morphology of the powder particles was observed by scanning electron
microscopy (Zeiss, DSM 962 model) opering at 15 kV. The present phase
identifications were done by X-ray diffraction (Seifert, URD 65 model) using
Cu-Ka radiation.
Initially the niobium-ATR powder was submitted to the precompacting step by
using a steel cylindrical die of 7 mm diameter at 500 MPa, 700 MPa and
1,000 MPa. After this procedure, the obtained compacts were pressed under
high pressure. In the experiments of high pressure it was used an HPHT
toroidal type apparatus with concavity of 13.5 mm to the generation of high
pressure. This apparatus permits the accomplishment of compacting test in
samples of 7mm diameter and 9 mm height. The necessary force to generate
high pressure was applied on the HPHT apparatus using a special hydraulic
press of 630 ton (Ryazantyashpressmash, D0138B model). The applied high



G.S. Bobrovnichii et al. GT23 181
15 ' International Plansee Seminar. Eds. G. Kneringer, P. Rddhammer and H. Wildner, Plansee Holding AG, Reutte (2001). Vol. 3

b
c a: Nb,,

b: NbAI3

c: CT-Nb2AI

c b

26 (degree)

Figure 2 - X- ray diffractogram of the niobium-ATR powder.

The results of the rigid die compacting of niobium-ATR powder are given in
Table 1. An increase of the green density can be observed as the compacting
pressure increased. However, the increase of the green density between 700
MPa and 1,000 MPa is very modest. At the end of this precompacting step
the densified niobium-ATR powder is still far from high density stage. The
values obtained represents only 76.8 - 80.6 % of the niobium-ATR theoretical
density. An explanation for this may be the powders-ATR particles that are
very hard and difficult to compact, which provokes density gradients(11). This
indicates that a new increase of green density with increase of pressure is
very difficult by using rigid die compacting.
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Table 1 - Results of rigid die compacting of niobium-ATR powder.

Samples

A

Precompacting
(MPa)

500
B : 700
C 1,000

Green Density
(g/cm3)

4.60
4.77
4.83

Relative
Density

76.8
79.6
80.6

Table 2 shows the results of the compacting under high pressure. For most
metal powders the compacting behavior during pressing has been evaluated
by using plots of density after compaction versus pressure. As it can be
observed the applied precompacting to the niobium-ATR powder positively
influenced the final density (Fig. 3). Higher final densities are achieved under
high pressure, where densification levels > 98 % are obtained in green
compacts.

Table 2 - Results of high pressure compacting of niobium-ATR powder.

Samples

A1
A2
A3
B1
B2
B3
C1
C2
C3

Precompacting
(MPa)

500
500
500
700
700
700

1,000
1,000
1,000

High
Pressure

(GPa)
2.00 ±0.05
4.00±0.08

Final
Density
(g/cm3)

5.69
5.72

6.00 + 0.10 5.88
2.00 + 0.05
4.00 ±0.08
6.00 ±0.10
2.00 ±0.05
4.00 ±0.08

5.57
5.81
5.25
5.82
5.87

6.00 ±0.10 5.52

Relative
Density

__(%L_
95.0
95.6
98.2
93.0
97.0
87.7
97.2
98.0
92.2

In the range of 500 - 2,000 MPa the densification rate is relatively high, and
different mechanisms of powder consolidation act simultaneously during
compacting. This mechanisms are: 1) plastic deformation localized at the
contact points between grains, leading to work hardening; and 2) axial plastic
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deformation of each grain. Perhaps powder-ATR agglomerates fracture
occurs. Already in the range between 2,000 MPa - 6,000 MPa the
densification rate is low. In this range of pressure the predominant
mechanism is the axial plastic deformation of the grains.
Also, probably cold welding between the grains occurs, which contributes to
the development of higher final densities.
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Figure 3 - Relative density versus logarithm of pressure for the niobium-
ATR powder.

It should also be noted in Figure 3 that some important changes occurred in
the final density, when high pressure above 4,000 MPa is applied. Reduction
of the final density is observed. This can be explained because, under these
conditions, densification occurs, and also the influence of the residual shear
stress in each grain provoked by a new increase of axial plastic deformation.
As a consequence it occurred the appearance of microcracks in the grains
and also in the compacts transverse sections.
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From these results of high pressure it is suggested that the ideal value for
precompacting is between 500 - 700 MPa. This fact is related to the major
easiness of the conditions of compacting operation. On the other hand, the
ideal value of high pressure is up to 4,000 MPa. Above of this value the
compacting operation is very critical. It is observed decrease of the final
density of the green compacts, as well as the appearance of structural
defects in these pressed compacts.

4. Conclusions:

The results presented allow the following conclusions to be drawn: the
niobium-ATR powder had angular morphology, and is constituted by the
phases Nbss, o-Nb2AI and NbAI3. The compacting of this powder in rigid die is
very difficult as the objective is to obtain high density.
The application of precompacting followed by high pressure permitted to
obtain high final densities, with densification levels > 98 %. Two different
densification mechanisms govern the compacting under high pressure: 1)
plastic deformation at the contact points between grains; and 2) axial plastic
deformation of each grain. It was also verified that the high final densities
obtained under high pressure are dependent on applied precompacting. In
general, it is recommended a precompacting value between 500 - 700 MPa
and a high pressure value up to 4,000 MPa.
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