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ABSTRACT

The binary systems Nb-Ti, Nb-Al and Al-Ti as
we l l the ternary system Nb-Ti-Al were s tud ied by
the a id of arc-beam melted a l l o y s . The a s - c a s t a l l o y s
and samples heat treated at 1200 C were examined and
the l iquidus surface p r o j e c t i o n , an isothermal s e c t i o n
at 1200 C and the react ion scheme of the system Nb-Ti-
Al were constructed. The phase r e l a t i o n s of the binary
systems Nb-Ti and Nb-Al were confirmed, in the system
Al-Ti s t i l l some examinations are necessary to reso lve
the e x i s t i n g u n c e r t a i n t i e s . The mel t ing process of Nb-Ti
a l l o y s in the electron-beam furnace has been s t u d i e d .

INTRODUCTION

Nb-base a l l o y s are of great i n t e r e s t for some
technical applications, especially because of their
superconducting properties, because of their good
corrosion resistance and because of their high strength
at elevated temperatures. Important for an efficient
research on materials development is the knowledge of
the constitution of the materials and alloys. Host of
the binary Nb systems are known but of the ternary
systems only a very small part has been investigated
t i l l now. Thus, basic research on the constitution of
Nb alloys became an important part of the brazilian-
german project on Niobium technology which has been
signed between the Secretaria de Tecnologia Industrial
(STI), Brasilia and the Kernforscbungsanlage Julich,
West Germany [ l ] .

The work on the constitution of Nb-base alloys
has been started with the ternary system Nb-Ti-Al which
is of great importance for the production of supercon-
ductor materials. The solid solution (Nb, 6-Ti), as
well as the intermediate phase Nb3Al are compounds with
a very high critical temperature for superconductivity
(T ) . A detailed knowledge about the influence of Al
on the solid solution (Mb, B-Ti) i s necessary to
improve the production process of this type of super-
conductor and to find new production technologies. In
future i t is planned to produce Nb-Ti alloys directly
by aluminothermic core duct ion, a process which involves
Al as a third component.

For the investigatioa of the Nb-Ti-Al system
the three binary systems Nb-Ti, Nb-Al and Ti-Al were
reviewed. With some ternary alloys the principal phase
relations of the ternary system could be cleared up and
soot discrepancies which were existing in the literatu-
re [2-6] were resolved.

EXPERIMENTAL PROCEDURE

The s t a r t i n g mater ia ls used for the production
of the a l l o y s were ch ips of electron-beam melted Nb
(FTI-Lorena), high pur i ty Ti sponge (TOHO, Japan) and
high purity Al (99,992). The typical specifications
of Nb and Ti are given in Table 1.

Table 1 - Typical Impurity Contents in the Starting
Materials Nb and Ti

Starting
Materials

Nb

Ti

Nb

Ti

Impurity Contents in ppm

Al

<20

N

20

100

C

18

100

Ni

1

Cl

800

0

<70

600

Co

<1

Pb

5

Cu

1

S

18

Fe

<1

500

Si

33

200

H

4

30

Sn

<5

Mg

400

Ta

<170(

Mn

30

Ti

<10

Mo

<20

W

«94

Fourteen alloys of the three binary systems
Nb-Ti, Nb-Al and Ti-Al and thirty-five ternary alloys
were molten in the arc-beam furnace in Ar atmosphere,
nine Nb-Ti alloys (10-90 wt.X, in steps of 10 wt.Z),
of each of them two samples, in the electron-beam
furnace (vacuum atmosphere). The arc-beam melted
alloys were remolten four times. With only a few
exceptions all alloys showed a really homogeneous
microstructure. The chemical analysis which was made
of some alloys resulted in all cases in the original
composition.

During the electron-beam melting of the Nb-Ti
alloys big amounts of material were lost due to
vetting of the molds by the molten material and due to
evaporation of Ti. Of al l Nb-Ti alloys the weight
losses as wall as the densities (displacement method)
were measured.

For the construction of an isothermal section
at 1200°C «11 Nb-Ti-Al alloys ware wrapped in Nb foil
and heat treated in a tube furnace in a continuous Ar
stream. The Ar used has been purified passint by hot
<800°C$ Ti chiei. After anne«lin| the Sample! wire
removed from the hot «one of the Furnace and cooled
rapidly in Ar itreao of high pressure. The UOOOC



annealing of the samples with a high melting point was
preceded by a homogenization treatment at 1400 C (24h).

The cast and the heat treated samples were
examined by metallographic, X-ray and microprobe
analysis . The etchings which were used to reveal the
nicrostructures were composed of HF, HNOS and Hx0 or
Glyzerol with an increasing percentage of acids for
the al loys of higher Nb content. The etching with
the composition 10 ml HF, 15 ml HNO3 and 50 ml Gly-
zerol produced the best resul ts for two- or three-
phase a l l oys , avoiding over etching or staining of
the second or third phase [ 7 ] .

RESULTS ASP DISCUSSION

The System NbTi. The phase diagram of the
system Nb-Ti i s given in Fig. 1 (from [8 ] ) . There are
two phases present, the Nb-ss which i s forming a
continuous so l id solution with the (J-Ti phase (Nb,fi-Ti),
and at high Ti contents and temperatures below 883 C
the a-Ti phase.
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Figure 1 - The phase diagram Nb-Ti

The metallurgical phenomena occurring in the
system Nb-Ti will be discussed by the aid of the
electron-beam melted alloys. The micro structure of
these alloys is of single-phase (Nb, (J-Ti)-ss t i l l
Ti-contents of 60 wt.Z. At Ti contents greater than
40 wt.Z the samples are strongly segregated. The
alloy Nb-70 wt.Z Ti is showing fine striations which
ara parallel to each other in any grain. These
striations are indicating the precipitation of a-Ti
from the (Nb, fS-Ti)-ss during cooling. Their parallel
orientation i s caused by a martensitic transformation
occurred as an intermediary step in the precipitation
process of a-Ti [9]. The alloys containing 80 and 90
wt.X Ti as well as the sample of pure Ti are consisting
partially (Kb-80 wt.X Tí) or fully of martansitically
transformed a-Ti.

The nicroitructure of al l alloys is in good
agreement to tiie phase diagram (Fig. 1) and to the
diagram of U. Zwicker [ l0] f which, gives informations
•Bout the stability of tha (Kb, f-Ti)-ss during
cooling (Jig. 2 ) .

Tha density and tha hardness of the Nb-Ti alloys
•re shown in Fig. 3 as a function of tha initial compo-
sition bafora electron-beam malting. Tha density i s
decreasing continuously from the value of pure Kb to
Che value of pure Ti (Fig. 3a), At low Ti contents
( t i l l 20 wt.Z Ti) tha decrease is very small. This can
be seen as an indication for high evaporation losses of
Ti during electron-beam melting, which are related to
tht high melting temperatures of theie alloys.
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Figure 2 - Range of transformation in the system Nb-Ti
(from Zwicker [l0])
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-Figure 3a - Hardness of the NbTi alloys plotted against
their init ial composition (before E.B. -
melting)
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Figure 3b - Density of ths NbTi alloys plotted against
their initial composition (before E.B. -
•siting)

Tha hardness of tha alloys is increasing
slightly from 55-39 HV10 of pure Nb till about 84HV10
of tha alloy with 30 wt.X Ti (Fig. 3b), Further
increasing Ti content is resulting in two significant
jumps of ths hardness at compositions between 30 and
40 wt.Z Ti as wall as between 70 and 80 wt.X Ti.
From the behavior of tha density it can be seen that
nearly all Ti had evaporated in tha alloys of low Ti
content during melting. K comparison between the
density (Fig. 3a) and tha hardness (Fig, 3b) lets
conclude that the first bardanas jump between 30 and
40 wt.X Ti is due to solid solution hardening caused
by a significant increase of tha Ti content of tha



alloys. The second jump probably is caused by the
martensitic transformation of a-Ti from the (Nb,B-Ti)-
ss.

The System Al-Nb. The phase diagram represen-
ted in Fig. 4 is of Jorda et al. [ll] . It is
containing four invariant reactions, three of peri-
tectic and one of tutectic type. The phases ¿(NbjAl),
0(Nb2Al) and a-Al are formed peritectically, the g-
phase melts congruently at 1680 C. The phase relations
as weel as the position of the eutectic point were
confirmed by this investigation.
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Figure 4 - The phase diagram Al-Nb

The System Al-Ti. The phase diagram Al-Ti which
is shown in Fig. 5 has been compiled from several pu-
blications. The course of the solidus and liquidus
lines are from Bumps et a l . [12], and on the Al-rich
side of the diagram from Abdel-Hamid et a l . [13] . The
Ti-rich part of the system was taken from Blackburn
[14, 15] and from Collins [l6] . Blackburn had
analyzed the homogeneity ranges of the a-Ti and the 02
phase by transmission electron microscopy. In the part
up to 50 wt.X Ti two new phases, ÇÍTísAlj*) and
n(TiAlj), were found by Raman et al . [17] and Van Loo
et a l . [ l 8 ] , whose results where used to construct the
phase diagram in this concentration range. However,
s t i l l some uncertainties «re existing about the
composition rangas of C and r\.
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Figure 5 - The phase diagram Al-Ti

The System Nb-Ti-Al. Prom the results of the
metallographic, the X-ray and the microprobe analyses
of the Nb-Ti-Al alloys the projection of the liquidus

surface (Fig. 6) , the isotermal section at 12O0°C
(Fig. 7) , and the reaction scheme of the system Nb-Ti-
Al (Fig. 8) were constructed. However, i t has to be
noted that the Ti-rich part of the system is s t i l l of
preliminary nature.
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Figure 6 - Projection of the liquidus surface of the
system Nb-Ti-Al
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Figure 7 - Isothermal section of the system Nb-Ti-Al
at 1200°C

In the projection of the liquidus surface
(Fig. 6) the type of the primary crystallizing phases
i s shown. It can be observed that over a big range of
Che ternary system the (Nb, 6-Ti)-ss and the 6 phase
(NbAlO are the phases solidifying at f irst . The y
and che o phase (TiAl and NbjAl) have less big but
s t i l l extended ranges of primary crystallization.

The melting groove which i s separating Che
ranges of primary crystallization of Che 0 phase and
the phases y or { respectively i s entering deeply into
the Al-poor part of the system. This involves a change
from the pcritectic reaction L • C • 8 of the binary
system Ti-Al Co an eucectic reaction already close to
the binary system. Although no eutectic microst rue ture
could be observed the course of the melting groove
could be fixed by metallographic analysis of the as-
cast microstructures. In the alloys NbTiAl 8-45 (the
Ti and the Al concentration respectively are given in
wt.X), NbTiAl 18-38, NbTiAl 33-55 and RbTiAl 39-55 the
6 phase i s the primarily depositing phase. Another
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indication is the precipitation behavior of the B
phase in two alloys which solidified to a single phase
Y microstructure. In the alloy NbTiAl 31-38 (120OC)
the B-phase had precipitated in the center of the ex-
dendrites indicating a segregation during the so l id i -
fication process towards Al-poor regions while in the
alloy NbTiAl 18-32 (1200 C) precipitations of the S
phase could be observed in the areas between the ex-
dendrites indicating a segregation towards Al-rich
regions. In this alloy in the center of the ex-
dendrites the o phase had precipitated.

The isothermal section at 1200°C is represented
in Fig- 7. The (Nb, B-Ti)-ss and the 8 phase show a
continuous solid solution between the two binary
systems Ti-Al and Nb-Al. The homogeneity ranges of
the y (TíAl), the O (Nb2Al) and the a-Ti phase are
entering quite deeply into the ternary range. The
phase which has been marked in Che isothermal sección
as Ct-Ti could be observed only as the ordered a* phase
(TijAl, DOi»-type). Since in the binary system Ti-Al
the «2-phase i s stable only t i l l about 1130 C and the
ct-Ti phase cannot be retained at room temperature at
high Al concentrations [14, 15] the a-Ti phase was
considered to be stable at 1200 C in the ternary
region. The isothermal section is containing six
three-phase ranges, from which five were confirmed by
experimental results.
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The binary and ternary reactions occurring in
the system Nb-Ti-Al are compiled in the reaction
scheme (Fig. 8 ) . In the ternary range four transition
equ i l ibr ia and one ternary eu tec t i c are e x i s t i n g . The
occurrence of the ternary eu tec t i c reaction L-»c+&+Y
was confirmed by the raicrostructure of the as-cast
a l loy NbTiAl 8-32. The resu l t s of t h i s invest igat ion
are in agreement with the resu l t s of Rhines [ 2 ] . The
existence of a congruently melting ternary phase with
the composition NbTiAl} l ike i t was proposed by Popov
e t a l . [ 3 , 4] and T r o i t s k i i , Zakharov e t a l . [5, 6*
could not be confirmed.

After the authors mentioned above the phase
NbTiAl3 has a tetragonal structure with the l a t t i c e
parameters a - 0.356 nm and c » 0.469 nm [4] o r a •
0.8418 nm and c - 0.4538 nm [ 6 ] . The microstructure
of the annealed a l loy (1200°C) of an equivalent
composition (NbTiAl 8-38) however, i s showing two
phases, the Y and the 0 phase (see Fig. 7 ) . Popov et
a l . as v e i l as Tro i t sk i i , Zakharov e t a l . probably
considered the Y phase which has an extended range
of homogeneity t i l l high Nb concentrations as a
ternary one. Apart from the ternary phase NbTiAl 3
also no quasi-binary sect ion Xi-NbAl3, proposed by
Popov et al [3 , 4J could be observed.

SIBMARY

For the invest igat ion of the ternary system
Nb-Ti-Al fourteen binary and t h i r t y - f i v e ternary
a l loys were produced in the arc-beam furnace and nine
NbTi a l loys in the electron-beam furnace. The phase
re la t ions in the systems Nb-Ti and Nb-Al were confir-
med. In the system Ti-Al there are s t i l l some
discrepancies in the composition ranges of the phases
CCTizA],,), n(TiAl2) and 8(TiAl3) as well as of the
phases a-Ti and a2(TÍ3Al) . Further examinations must
be made to clear up these uncerta int ies .

From the resu l t s of the microstructure analysis
of the as -cas t and of annealed (1200 C) a l loys the
principal phase re lat ions of the ternary system Nb-
Ti-Al were cleared up. A preliminary representation
of the l iquidus surface project ion, of an isothermal
sect ion at 1200 C, and of the reaction scheme were
given. The ternary system Nb-Ti-Al i s containing
four t rans i t ion equi l ibr ia and a ternary e u t e c t i c .
A congruently melting ternary phase of the compositiai
NbTiAl3 as wel l as a quasi-binary sect ion Ti-NbAlj
do not e x i s t .
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