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The phase cquillbrium diagram for the syetem NbzOs— GeOy hze been determined sxperimentally,
uging the quenching technigue and cxamining the samples by ?lical microscopy and x-ray pawder

difftactomelry, The syatem contgine one compound, YNbaCs-
und and Ged iz located st mbout 97 mel percant GeOy and

1420 °C., A ecueclic between this com

3. which mekls ineongroently at

1000 *C. The system does nol show liquid immiscibility, and it is concluded ther the wnic held

girength limit for twoliqoid meparation in Lthe series of

ks formers ooenrs with the Nb*? cation.
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}. Introduction

Liquid immiscibility in hinary oxide systems appears
to be confined to the glass forming systems. In a
gystematic search for the principles underlying two-
liquid formation it is necessary to examine the effect
of different glass-forming cations, e.g, B, Getd,
i, and also of different meodifier cations, i.e., with
varying charges and ionic radii. Many binary phase
diagrams of glass formers with modifier oxides from
Groups I and II of the Perindic Table have been
reported [1].' Only a few aystems with modifier oxides
from Groups IIl and IV have been reported. Two
Kert:inem systems from Group V¥ have been published:

bas—5i0: [2] and NbiOs—V¥:0s [3] Finally,
in Group ¥1, phase relationships in the system W
— By [4] have been established.

Determination of the phase diagrame of NhaOg with
By}, Gelds, and P+ has been undertaken in order
to complete the study of the effect of a cation of high
charge {(Nb** on immiscibility in 2 series of glass
formers. This paper, therefore, reports the phase
equilibrium relations in the Nbz(s— (el system and
its bearing on immiscibility.

2. Sample Preparation and Test Methods

Starting materiala for the preparation of mixtures
consisted of high purity niobium pentoxide and elee-
tronie grade germanium dioxide, designated by the
manufecturers as over 99.7 petcent and 9994+ per-
cent pure, respectively. The Nb:O: contained the
following impuritie= when examined by the general
qualitative spectrochemical method: 5i—less than 0.1
percent; Fe, Sn, Ti—0.001 to .00 percent: Ca, Mg—
0L w 0001 percent, Cu—? Spectrographic
analysis of the GeO: showed: 3i—0.001 10 (.01 percent;
Ca, Mg—0.0001 to 0.001 percent; Cu—less than (.0001
percent, Ag, Al, Fe—?

" Figuren in hmckedn indicate the literatace references o1 1he end of thin papts,

Caleplated amoents of Nbe(l and Ge): sufficient
1o yield 4-g batches, on an ignited basis, were weighed
inte plastic containers and blended with a high-speed
mechanical mixer. The mixtures were formed intwe
dizcz 16 mm i diameter by pressing in a mold at ap-
proximately 20,000 1bfin®.. The disks were placed
in covered platinum crocibles and caleined in air at
800 *C for 13 hr, using an electrically heated furnace.
The fired disks were ground in an agate mortar, re-
mixed, pressed, and given a second heat treatment at
abour MM *C for 12 hr. The complete process of
grinding and pressing was repeated a third time, and
the specimens were heated in the range of %00 Lo
1000 °C for 12 hr. Formulated compoeitions were
used in constrocting the phase diagram. Analyses
of two small samples for Nb.Oj5 only, by the Analytical
Chemistry Dhvision, were ahout (.73 percent low.

The quenching technique was used to obtain anb-
pelidus and liguidus data on samples sealed in Pt
tuhes. Conatant temperature control of the quenching
furnace o within =2 °C was achieved with a self-
adjusting a-c bridge-type controller. Chmenched sam-
ples were examined with the binocular and polarizing
microscopes and by x-ray powder diffractometry (Ni-
filtered CuK, radiation) using a high-angle Geiger-
counter diffractometer. The technigue of sample
preparation as well as the apparatus and method have
been deseribed in previous publications [5]

The solidus value was deduced from observation of
the first temperzture at whick the sample showed
slumping, coupled with x-ray evidence that one of
the phases was disappearing. The liquidus tempera-
tute was indicated by the formation of a concave
meniscus, coupled with microscopic evidence of a

penched glass (for several compositions rich in

0z} or xray evidence of large amounts of low-
iemperature nicbia-type phases. The polarizing
microscope was of limited value in the latter case.

Temperatures were measured with a Pt versus
90 Pi:10 Bh thermocouple which was taken from
lengths of thermocouple wire which originally had
been calibrated by the temperature physics section.
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Temperatures are given on the International Practical
Temperature Scale of 1961. During the course of
the experimenis the thermocouple was checked
agginst the melting pointa of gold (1063 “C) and of
bharivm disilicate {1420 °C). The overall maximum
uncertainty of the temperature values reported herein
is estimated to he within+ 10°C.

3. Resulis and Discussions
4.1. Nb:O; and Geld; Componunts

Mo quenching experiments were made with the
components, aa they were the same materials that
had been used previously in phase equilibirum studies
oTiginating in thig laboratory [3, 6, 7).

The NbeOs used as starting material gave an x-ray
pittern of poorly crystalline low-NbwOs [B]. The so-
called high temperature, monoclinic form [%] was the
only stable modification encountered in the presemt
work, This finding agrees with that reported in studies
of other binary phase diagrams [9, 10].

The Gel): used as starting material was the high-
temperature (quartz form) polymorph, and it was the
only form detected throughout the experiments. In
pure Gel): the transition from the low to the high form
is given av 1007 °C J11], and the phase diagram is con-
structed on the assumption of no solid solubility of
niobia in germania.

3.2, Phase Diagram

Figure 1 shows the phase diagram for the system.
Table 1 lists the compositions studied, the important
heat treatments, and the phases identified, as well as
the indices for several quenched phases. The ays-
tem is characterized by one eutectic point at about
97.0 mole percemt, Gel; (3.0% NbyOy) and 1000 °C
and by one peritectic point at about 25 percent Ge(y
(75% Nba(y) and 1420 *C. The latter temperature
eorresponds to the incomgruent meldng peint of
9Nbz0y - GeOs, the only binary compound found in
the system.
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3.3. Compuound INb:O; - GaQ);

This compound was reported by Waring and Roth
[12] to be a tetragonal phase conforming to the general
type 10M:Oy - 90 ﬁ s apparently isostructoral with
TazOs - 2Nb:(}s. The existence of this phase and the
unit cell dimensions ® were verified in the present

taw 50K, c=3.07 &

wrtbhuchumbie Lanin d1nbla 2h

study. The phase formed readily throughout the
gystem at temperatures above LMW °C. Decomposi-
tien of the phase above the incongroent melting point
(1420 °C) was sluggish. For example, a sample of
composition 85 percent NbyOs heated at 1433 *C for
9 hr {table 1) alill showed a considerable proportion
of the compound.

In the eight reported isostructural compounds [12]
of the general type 10M:Oy - MM, Ge™ is the ooly




cation not pentavalent. I would be instructive for
crystal chemical reasons to haow if the compound
composition  were indeed exactly 9Nb:Os-Ge(la
Results of the present study are consistent with the
9:1 ratio and indicate no solid solution region. How-
ever, limitations in the sensitivity of microscopic and
x-ray detection of homogeneity preclude an uneguiv-
ocal statement of the compound composition. For
example, the ratio 10Nb:Os - GeQ: contains 90.9 male
percent Nby(y, and would not be diatinguishable from
the 9:1 composition.

2.4, Metostoble Phases Quenched From Liquid

Two metastahle low piobia-like phases were obtained
from quenched lLiquids (see table 1, footnotes d and e,
and table 2), Samples of camposition 50 NbOs: 50
Ge); and richer in niobia when quenched from the
liquid gave a phase that could be partially indexed on
the basia of low-TasOy [13]. The several unindexed
peaks {table 2), however, indicate that this cell is at
best a subcell of low-NbyOs. The pseudoorthorhombje
cell has unit cell dimensions: a=6.17 A, h=3.64 A,
and c=3.92 A.

Samples in the composition range 30NbeQs : TG0
to 10NbeOy : MGel)s quenched from the liquid to give
a ﬁhnse that could hj indexed aﬁ a hexagonal unit
cell basis; a=3.60 A, c=39 A, cle=1.088. In
table 2 the coincidence of arthorhombic indices as
related to the hexagonal indices 2 indicated. Thus,
the orthorhombic (1109 and {200) become the hexagonal
(100}, ete.,

(enches from the Liquid of samples of composition
40NbsOy: 80Ge(),, intermediate between the compo-

sition ranges for the two metastable phases, showed
both phases (table 1}. It should be noted, however,
that no detectable change in unit cell dimensions
with charging composition was noted for either
metastable phase. Furthermore, as some GeOg-rich
glass was present i the quenched specimens, the
exact composition limits of the metastable phases
canngt be specified.

3.5. Application to Liquid Immiscibility Theory

Fram the standpoimt of liquid immiscibility con-
siderations, this system is noteworthy because of the
absence of expected immiscibility. It js instructive
to consider the following binary systems of NkyO,
with the glass formers: By, S50y, and GeQy.

The NbsOs— B0 [14] and Nb;Qs — SiO; [2] systems
have large regions of immiscibility, whereas the
Nb:Os—GeQ: system shows complete miscibility.
In the hexavalent group of modifier cations, only the
WO;—B:0; system has been reported [4]; and thia
aystern does not exhibit Liguid imemiscibility. The
iomie field strength? (if.s.) of Nb+" is greater than that
of Ge*4, slightly greater than that of B2, and less than
that of 5i*4; the 1.f.5. of W** ia considerably greater
than that of B+%, Get, and 5i+,

From the above information on immiseibility in
oxide systems and i.f.s. of the modifier cations it may
be concluded that the existence of immiseibility, per se,
is not directly related to the extent of immiscibility.
Whereas structeral considerations determine the
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extent of the immiscible region [15], L..5. relationships
between the glass-forming cation and the modifier
cation largely govern the presence or absence of immis-
cibility. Just as the differences in i.[.s. between the
modifier cation with oxygen and the glass-forming
cation with oxygen can be too large to produce immis-
cibility, they may also be loo smail. The maximom
t.f.a. difference occurs in the series of glaza formers
with Ba*®, and the minimum occurs with Nbh** It
may also be econcluded that none of the hexavalent
jons, eg, Mo+8 Te*t, Crtf, will show immiscihility
phenomenon. These principles will be elaborated
i future publications [16]).

4. Summary

The phase equilibriom diagram for the system
Nba0y— Ge(y haz been constructed from “gquenching”
data on 13 zelected compositions.  Solidus and liqui-
dus valpes were determined by examination of the
samples with the binocular and polarizing microscopes
and x-ray powder diffractometry.

The system was found to contain: one compound,
bz - GeOy, melting incongruently a1 1420 °C; one
eutectic point between GeQ:; and the compound,
located at about 97 mole percent GeQOz and 10940 °C;
and one peritectic point at about 25 mole percent
Ge( and 1420 °C,

Although the 9; 1 ratio of oxides in the 9Nb:0s - Gel:
compound iz consistent with the resuits, various limi-
tation= in the experimental method preclude an un-
equivocal statement as to the exactness of this ratio.

Two metastable low niobia-type phases were ob-
tained irom guenched liquids. A guenched liquid of
composition S0Nb,COvy: 50Ge0; gave an x-ray powder
pattern that could be partially indexed on a subeell
of low NheOs. It had pseudo-orthorhombic unit cell
dimensions of 2=6.17 A, 5=3.64 A, c=3.92 &. The
pattern of quenched liquid of composition 20Nbe 0y : 80+
Gel) wai indexed T a hexagonal unit eell basia:
a=35% A, r=3.9]1; A.

Application of the results to liquid immiscibility
theory leads one 1o the conclusion that a cation may

19

have too strong an ionic field strength, as well as one
that is too weak, to produce iwoliquid separation.
Furthermore, ihe litmiting maximum occurs in the
series of NiyOs with the glass formers, as Bs0O: and
5i(¥; both show large regions of immiscibility.

The author expresses his sincere appreciation to
Robert 5. Roth who aided in the interpretation of the
x-ray data.
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