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T~e phase eq ui libr.iu m diag ram fo r thc binary syste m bismut h sesquioxide-niobium 
pentoxlde has been cO llsLructed from obse rvaLiolls of fu sion character istics a nd X-ray dif­
fracbon data. In t he syste m fi ve blilary compounds were obse rved wi t h Bi20 3 :NbzOs ratios 
of .5: 3, 1 : 1. 4: D, 1: 5, a nd 1 : 6. The 1: 1 co mpound was fou nd to Lransform irreversibl y 
(Ill la boratory t une) from t he ort horhombic bis l11u totanta li tc typc st ruc t ure to a triclinic 
fo rm at about 1,020 ° C and me lt congrue ntly at J ,24 .5 °C. The 5:3 com pound melts incon­
gruent ly at 1,193 ° C t he 4: 9 at 1,183 ° C a nd the 1: 6 at 1,242 ° C. The J : 5 co mpou nd has a 
max imum t e mperature of stabili ty at 1,095 °C alld Liw 4:9 a nd J: 6 co mpound have mini­
mum te mperatures o~ st~bili ~y at 1,070 °C and 1,002 °C res pectivc ly. Nb20 s was found to 
?ntcr m to sohd solu tIOn In BI20 ,! up t? about 23 .5 mole pc rcent Nb20 s. The melting point 
IS lllcreased and the monoc linic-cub ic phasc t ra nsform ation tem perat ure is decreased . 
A morphotropIC phase change OCC UlTS at about 19.5 mole pe rccnt NbzOs from the cubic to a 
p se udocu bic st ructure . 

1. Introduction 

A study of phase relationships in the binary 
system Bi20 3- Nb20 5 has been conducted as part of" 
a program of fundftlnental phase equilibrift studi es of" 
cerftmic materiftls. Attempts to synthesize ftJl 
orthorhombic BiNb04 compound isostructural wiLh 
the mineml hismutotantalite hftve been reported as 
failures by several workers [1, 2V Aurivillius [2] 
has indi cftted t hat the resultan t mftterial WftS tri­
clinic. No systemfttic ftttemp t to study the ph ftse 
equilibrium relaLions in the entire binftry system has 
been previously published . 

X-ray diffraction data, togeLher with the m.elLing 
points of the compounds and the solidus and liquidus 
temperatures at vftrious compositions across th e 
sys tem have been obtained in order to con struct an 
equilibrium diagram. 

2. Sample Preparation and Test Methods 

The following starting materials were employed for 
the preparation of specimens: 

Nb20 5- high-pmity grade niobium pentoxide. 
Spectrographic analysis indicated less than about 
0.01 percen t Si , 0.001 percent Ca and Mg, with As, 
Cu, and Ta on l~T ques tionably present . 

Bi20 3- ReageJl t grade bismuLh sesquioxide. 
Spectrographic all alysis indicated less than about 
0.01 percent Fe and Si, 0.001 percent Al and Pb , 
and 0.0001 pm·cen tAg, Ca, Cr , Cu, Mg, and Mn 
with Co question ably present. ' 

For the preparation of the specimens the weight 
p~rcentages wer~ calculated.to within ± 0.01 percent, 
WIth no correctlOns made for percentage purity of 

'Figures in brackets indicate the literature references at the end of this paper. 

Lil e J".aw Imtteri ~ls except for loss on ignition. The 
st,u-tll1g matenals were weighed to the ll earest 
± 0.1 mg, in sufficient quantities to yield 3 g batches. 
For most composition s each batch was mi xed in a 
mecb,LIlical shaker for about 15 min and pressed 
into a disk in a % in . di am mold at 10,000 Ib/in. 2 

The disks were sandwiched between P t fo il d isks 
stac k:ed in a MgO crucible and calcin ed ill air t~ 
700 °U [or eiLher 3 or 6 hI' ill an electrically heftted 
(mnace. Some composi tions were prepared by 
grindill g. a slurry of t he weighed mixture alld al­
co.hol WJ th an ftga te mortar and pestle for a few 
Hnnutes. The slUlT~' was then allowed to dry in air 
or dri ed ulld er .an iufraredlamp, or in a drying oven, 
t hen pressed lll to a pellet and fu·ed in Lhe usual 
Jnanner . 
. . FollowiJlg the . preliminary beat treatmell t the 
dIsks were ground in an agate morLar remixed an d 
a portion of the specimen r eformed il~ a % in. ~nold 
at 10,000 Ib/i.11 .2 and r eheated to a desired 
temperature. 

Sub solidus as well as melting point daLa were 
obtain e~ by t~e quen ching techni.que on sn.mples 
sealed 111 plat111um tubes. An electrically hea ted 
v ertical tube fmn ace wound with 80 percen t PL- 20 
percent Rh wire was used for the quenching ex­
p eriments. The furnace was controlled by ,tll a-c 
Whe.atstone bridge controller which was capable of 
holdll1g the temperature to at least ± 2 °C for an 
extended period of time. Temperatures were mefts­
uJ"ed with a P t versus P t 10 percen L R h thermo­
couple which had been cftlibrated against the melting 
points of NaCl (800.4 DC [3]) and Au (1,063 DC [4]). 
The thermocouple was recalibra ted sever al times 
during the course of the work. When the tubes 
were opened the specimens were examined for 
physical appearances of melting. Specimens were 
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suspended in the furnace by fine Pt wire. In order 
to quench, the wire was burned off, allowing the 
sealed tubes to drop out of the heating chamber 
into a beaker oJ water. The first sign of glazing of 
the surface of the specimen was interpreted as the 
fu'st experimental evidence for the 'solidus tem­
perature. Acceptance of this appearance as evi­
dence of melting was found justified in many 
specimens by an abrupt difference in the X-ray 
diffraction patterns of the specimens. The 
lormation of a concave meniscus, without the 
formation of relatively large crystals, indicated the 
liquidus temperature. The precision of the tem­
perature measuremen ts for the experimental data 
poin ts is about ± 2 °0 and the overall accuracy of 
the reported temperatures is probably about ± 5 °0. 

Equilibrium was considered to have becn obtained 
when the X-ray diffraction patterns of specimens 
successively heated for longer times and/or at higher 
temperatures showed no change. X-ray diffraction 
powder patterns were made using a high angle record­
ing Geiger counter diffractometer and nickel-filtered 
copper radiation, with the Geiger counter traversing 
the specim en a t W28/min and the radiation being 
recorded on the chart at 1°28/in. The uni t cell 
dimensions reported can be considered accurate to 
about ± 2 in the last decimal place listed. 

3. Compounds in the Bi20 3-Nb20 5 System 
3 .1. Bi20 3 

Four polymorphs of Bi20 3 have been reported. 
The equilibrium and stability relations have been 
somewhat confused mainl~' because Bi20 3 reacts with 
almost any container, and also because the high­
temperature forms arc difficult or impossible to 
quench. 

a . Low-Temperature Monoclinic Modification 

It has been recognized by several workers [5 , 6, 7, 8] 
that the monoclinic form is the true low-temperature 
stable modification. The structure of this phase has 
been described by Sillen [6,9] who has shown by single 
crystal studies that, although the powder pattern can 
be indexed on the basis of orthorhombic symmetry, 
the true symmetry is monoclinic. The indexed X-ray 
diffraction powder pattern has been given by Sillen 
[6] and by Swanson et al. [10] . 

b. High-Temperature Cubic Modification 

The monoclinic form of Bi20 3 transforms r eversibly 
to a high-temperature form above 700 °0. This 
transformation was first reported by Guertler [5] to be 
at 704 °0 using DTA apparatus, but since the com­
position of the container was not stated the results of 
this work were questioned bySchumb and Rittner [7]. 
Apparently only Pt can be used as a container for 
Bi20 3 at any appreciable temperatme without fear 
of considerable contamination. Schumb and Rittner 
[7], using Pt containers found a temperature of 710 °0 
as the transformation point. However, they postu­
lated that the high-temperature form was tetragonal. 

DTA and high-temperature X-ray data (to be 
reported in more detail in a future publication) have l 
shown that the Bi20 3 used in this studv transforms 
from monoclinic to cubic at 730 ± 5 °0, this phase 
remaining stable to the melting point at 825 ± 5 0 0. 
However , on cooling the cubic form of Biz0 3, it was 
observed that the monoclinic phase did not reform at. 
730 °0. Instead, the cubic phase supercooled to I 
about 650 0.0, then transformed to a tetragonal phase 
before reverting again to the monoclinic form at 
about 450 °0 . 

The cubic form has an X-ray diffraction powder I 
pattern resembling that of a Jace-centered cubic cell 
of about 5.5 A. However Sill en [6] has pointed out l 
that it is probably simple cubic with ordered oxygen , 
vacancy positions somewhat similar to the cubic I 
forms of Sb20 3 and AS20 3 . 

c. Metastable Tetragonal Modification 

A tetragonal form , structurall:v related to the 
cubic modification, was fu'st reported by Sillen [6] 
who prepared it by very fast cooling of Bi20 3 vapor. 
It was also prepared by Schumb and Rittner [7] by 
a different method of condensation of a vapor. Both 
workers used a gr aphite Jurnace. The tetragonal . 
form eonld not be obtained in this laboratory by 
condensing Bi20 3 vapors from a Pt dish of molten 
Bi20 3 onto a glass slide. It is still not known whether 1 

the graphite is necessary for obtaining the tetragonal 
form at room temperature. DTA and high-temper- 1 

ature X-ray patterns made in this laboratory on pme 
Biz0 3 indicate that under the conditions of the experi­
ments the tetragonal form only occurs on cooling of 
the cubic form . It is found only in the range of 650 
to 450 °0 where the monoclinic form is the stable 
phase. 

Sillen [6] reported the unit cell dimension of the 
tetragonal phase to be a= 10.93 A, c= 5.62 A, and 
Schumb and Rittner [7] obtained a= 10 .93 A, c= 
5.63 A. In the present study the tetragonal form 
was obtained at room temperature by quenching, 
from 773 °0, a mixture of 99 mole percent Bi20 3 and 
1 mole percent Nb20 5 . The unit cell dimensions of 
th is phase arc a = 10.938 A, c= 5.632 A. 

d. Metastable Body-Centered Cubic Phas€(s) 

Sillen [6] fu'st reported the occurrence of a body- I, 

centered cubic phase (a = 10.08 A), which he found I 

by fusing Biz0 3 in a porcelain crucible. He recog­
nized that this phase was probably impure, and 
considered it to be a compound of Bi20 3 and a second 
metal oxide in the proportion of about 12 Bi+3 ions 
to one other metal cation. Schumb and Rittner 
[7] were able to prepare a body-centered cubic phase 
(a= 10 .245 A) which they considered to be a met­
astable form of pure Bi20 3(z= 13) different from 
Sillen's phase. However, this phase could only be , 
made by moderately fast cooling of the previously , 
formed tetragonal phase. It should be pointed out 
here that even this " pure bismuth oxide" body­
cen tered cubic phase may well have had some 
carbon atoms present in the lattice, since the I 
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original tetragonal material had been prepared in 
a gr aphite crucible. In th is laboraLory t), body­
centered cubic phase JUtS bee n rou nd to occur in a 
large nWl1b cr or binar~' S~TStCJll S con tai ning Bi20 3. 

The thcrm al stabili t~r or the phases rOlrnd in these 
systems will be discussed in a I'u ture publi ca Lion . 

A compound was fo und in the present sLudy at a 
ratio of 5Bi20 3·3Nb20 5. The X-ray diffmction pow­
der pattern listed in table 1 can b e partiall~T indexed 
on the basis of a tetragonally distorted pyrochlore 
type structure with a cia ratio less than one. The 
pseudo tetragonal parameters are a = 10.912 A, c= 
10 .496 A. U the c axis is doubled (20.992 A) then 
the l'elativcl:v strong peak at 6.99 A can be indexed 
as (003). However, this larger value does no t 
accoun t [01' all the extra peaks and the t rue sym­
metry is probn,bly less than tetragonal. It should 
be noted that the powder patLern is always or quite 
poor qunJity regardless or the tempel'atme I'rom 
which the specimen is quenched or t he length 01' 
t ime at which the specimen is held at temperature. 
This phenomenon is often indicative or a nonquel1ch­
able phase transformation and may ind icate tlHt t 
the co mpound is aCLually tetragonal som ewh,tL 
above room tempel'atm·e. 

The X-ray diffraction powder pattcrn of the 
compound 5Bi20 3·3Nb20 5 is similar to that or Lhe 
pseudotetragonally distorted pyrochlore previously 
found ror 3PbO·Nb20 5 [ll]. Howevcr, in the laUe!' 
compound the cia ratio is greater t han one in sten,cl 
of less than one . Another exam ple of" a tetmg­
onally disLorted pyrochlol'e with cia less thn,1l oll e 
was found by C. R. Robbins 01' this labol'atOlY, ill 
a speClJl1ell of 2Bi20 3 :Oe02 quenched from the 
liq uid. 

TABLE l. X-Nay di.O·raction powder data Jor the com pound 
5Biz0 3·3Nbz0 5 (Cu J(a radiation) 

Ii I l /lo hlil Ii 1/10 hk! 

10.54 1 - ----- - -- -- ~ 
1. 6393 20 622 

6.99 9 ---------- -- I. 5943 11 226 
5.91 1 - - - - ---- - --- 1. 5551 7 444 
3.800 4 202 
3.440 2 301 1. 4918 2 604 

1. 4731 1 406 
3.214 3 113 1.3634 3 800 
3.111 100 222 1. 3117 1 008 
3. 013 4 -------.-.-. 1. 2800 2 822 
2. 786 3 -- - - ---- .. --
2. 728 3 7 400 1. 2483 3 662 

1. 229:1 4 626 
2.624 22 004 1. 220(j 4 840 
2. 372 5 204 1. 2110 2 804 
2.292 5 323 1.1819 2 408 
1. 9297 19 440 
1. 8915 23 40-1 1. 1072 2 844 

I. 0844 1 448 
1. 8645 3 -- -- - -- --- I. 0484 2 10,2,2 
1. 7098 3 - . - ------ -- -

Although this composition has not been found in 
nature, the analogous composition Bi20 / l'a20 5 has 

been fo und and is called bismuto tantali te. Both 
Dihlstrom [1] and Aurivillius [2] attempted to syn­
thesize BiNb04 and BiTa04 but found that t he 
syn t hetic compounds were, clifftJront from the natu­
rally OcclHTing pismutotantalite, which is ortho­
rhombic [12] and apparently isostructural with stibio­
La n tab te (SbTa0 4) and antimony tetroxide (Sb 20 4) 

[Dihlstl'om , 1]. 

a. Low-Temperature Orthorhombic Modification 

The low-temperature orthorhombic modification, 
was found in all solid-state preparations of the 1: 1 
composi tion heated below about 1,020 °C. How­
ever, once the high -temperature modification was 
formed the transformation could not be reversed by 
heating at lower temperatures . The X-ray diffrac­
tion powder pattern of the low-temperature modifi­
cation is given in table 2, indexed on the basis of an 
orthorhombic unit cell with a= 4.980 A, b= 11.70 A, 
and c= 5.675 A. 

T A BLE 2. X -Ray di.fJraction powdeT data f or the low tempera­
tW'e 0l'th01'hombi c fo rm oj Biz0 3·Nb,0 5 (CUKe< 1'adiati on) 

d f /To It k! If f /l o h"! 

5.8'1 12 020 1. 6969 3 152 
4.576 8 .I.lO 1. 6934 16 123 
3. 74 0 20 101 1. 6879 9 232 
3. 56..! 15 111 
3.153 100 121 1. 6439 3 310 

1. 6337 4 25 1 
3. 071 R 130 I. G106 5 133 
2. 924 40 0 10 1. G080 7 OG2 
2.838 26 002 1. 59:13 2 301 
2.75S 7 012 
2. 700 3 13 1 1. 5772 14 242 

1. 5377 20 321 
2.553 2 1 022 1. 5278 3 330 
2. 490 22 200 1. 5140 II 143 
2.4 12 2 11 2 1. 49-12 2 213 
2.305 20 14 1 
2.294 8 032 1. 4G35 6 080 

1. 4a2l 4 252 
2.292 10 220 1. 44 11 2 072 
2.272 3 122 1.4228 3 3 12 
2. 238 6 2 11 1. 4190 2 004 
2. 123 1 22 1 
2. 085 3 132 1. 4120 2 153 

1. 4089 2 0 14 
2. 037 24 012 1. 4063 2 233 
1. 9852 3 15t 1. 4003 2 341 
1. 9689 6 23 1 1. 3799 8 024 
1. 9,185 2 OGO 
1. 8967 27 240 1. 3636 3 104/181 

1. 356'1 1 114 
1. 8721 17 202 1. 3547 2 350 
1. 8486 8 21 2 1. 3513 5 262 
1. 8070 3 052 1. 3479 3 27l 
1. 7800 13 222 
1. 7694 14 103 1. 3333 2 034 

1. 3126 4 163 
1. 7492 4 113 1. 3011 4 082 
1. 7302 34 161 

b. High-Temperature Triclinic Modification 

Fro lll a bou t 1,020 °C Lo the melting point, about 
1,245 °C, Lh e sUtble modification of Bi20 3·Nb20 fi is 
t he triclillic form reported by Amivillius [2] . The 
X-ray diffracLion powder pattern, listed in table 3, 
was indexed ou the bflsis of a tl'iclinic ID1i t cell with 
a= 7.61j A , b= 5.53 6A, c= 7.919A, a = 89.88°, (3 = 
77.43°, ,), = 87.15° as compared with the rather in­
accm ate vn,lues calculfl ted by Amivillius [2] from 
Weissenbmg photographs of a = 7 .71A , b= 5.55A, 
c= 7.97A, a = 89°, (3 = 77 °, ,), = 87 °. 
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TABLE 3. X-ray diflmction power data for the high tempera­
ture triclinic form of Bi20 3• Nb20 5 (Cu K", radiation) 

{/ I /J" hkl' d I / l o hkla 

- IfI -,-,-

7.41 21 100 2.2 19 - i '-
6.09 2 101 2. 177 4 
4.544 8 1 10 
4.324 3 11 0 2. ]66 6 
3. 867 14 002 2. J 15 15 

2.073 11 
3.779 1 102 2.048 4 
3.710 15 200 2.0 11 12 
3.666 2 201 
3.187 68 012 1. 9803 23 
3.154 100 J02/21O 1. 9348 15 

1. 9019 3 
3.149 97 OJ2 1. 8919 6 
3.102 24 lJ2 1. 8635 21 
3.025 44 202 
3.013 56 210 1. 8567 15 
2. 763 33 020 1. 8363 6 

1. 8164 4 
2.706 3 112 1. 7974 6 
2.690 7 212 1. 7878 23 
2.620 8 212/103 
2.590 2 021 1. 7775 5 
2. 549 6 120/121 1. 76116 6 

1. 747J 6 
2.474 8 300 1. 7345 8 
2.42R 25 202 1. 7208 4 
2.370 4 2oQ1113 
2.326 4 302 1. 7160 5 
2.301 2 1. 7074 7 

1. 6857 9 
2. 274 4 I. 6822 7 
2.255 4 1. 6732 9 
2 246 5 1. 6690 7 

• Due to the co mplexity of tile pattern only t llose hkl val ues Ilave been given 
which can be aSSigned with reasonable certainty. 

3 .4. Compound 4Bi20 3·9Nb20 5 

This compound was found to be stable from about 
1,070 °C to the incongruen t melting poin tot 1,183 °C. 
The X-ray diffraction powder pitttern , listed jn table 
4, can be indexed on the basis of it hexagonal unit 
cell with a= 6.447A, c= 19 .778 A. There is no 
indication on the powder pitttern t hat the true 
symmetry might have a= .,/3 6.447 A = 11.166 A. 

A compowld with a similar X-ray diffraction 
powder pat,tern Ba (Nb.75Li 25) 0 3 has a= .J3 5.797 
A = 10.040 A, c= 19.072A; t he in crease in a is rep­
resenLed by only one small peak in the powder 
diffraction pattern. These X-r ay diffraction powder 
patterns are similar to t hose or the hexagonal com-

TABLE 4. X-my dijJmction power' data f or the comp01md 
4Bi 20 3 ·9Nb20 5 (Cu K", mdialion) 

d 1/10 hkl d 1/10 hkl 

9.86 13 002 1. 5703 18 1, 1, 11 
4.946 4 004 l. 5324 14 224 
3.294 93 006 1. 4931 9 225 
3.179 83 111 1.4869 5 308 
3.063 100 I J2 1. 4133 2 0,0,14 

2.895 10 113 l. 4000 4 227 
2.699 i3 114 l. 3554 3 3, 0.10 
2.499 28 115 1. 3503 4 228 
2.471 6 008 1. 2496 5 2,2,10 
2.308 4 116 1. 2340 10 2,1, 13 

2.125 11 lJ, 1. 2203 5 1, 1, 15 
1.9778 7 0, 0,10 1. 2162 5 411 
l. 9616 29 118 1. 2096 4 412 
1. 8610 57 300 l. 2003 3 2,2, 11 
1. 8158 11 119 1.1833 5 414 

1. 6857 27 1, ] ,10 1.1646 4 415 
1.6483 8 0,0. 12 I. 1539 3 1, l , 16 
I. 6210 39 306 1. 0749 2 330 
1. 6070 11 22 l I. 0376 3 4, 1.10 
I. 5913 11 222 1. 0215 2 336 

1. 0088 4 4, 1, 11 

pounds 5BaO·2Nb20 5 [13], 5BaO·2Ta20 5 [14], H ex­
BaTi03 [15] and Rhomb PbO·NbzO, [11 ]. It can be 
assumed tlmt all of these compounds are structurally 
related, t he major difference being in the stacking 
sequence of layers of the large cations plus 0 - 2 ions. 

3 .5 . Compounds Bi20 3 ·5Nb 20 5 a ndl Bi20 3 ·6Nb20 5 

The compound Bi20 s·5Kbz0 5 was found "to -;-be 
stn,ble from room temperature to a dissociation 
tcmperature of about 1,095 °C. The unindexed 
X-ray diffraction powder pattcrn or this compound 
is listed in table 5. The compound Bi20 3·6Nb20 5 

was found to be stable from about 1,002 °C to the 
inco ngruent mel ting point of 1,242 OIC. The unin­
dexed X -ray diffraction powder pattern of this com­
pound is given in table 6. The X-ray patterns of 
these two compounds are very com plex and obviousl,v 
of low symmetry. From the general appearance of 
the two patterns it can be concluded that these two 
compounds are structurally related and probably 
also structurally related to pure Nb20 5 . 

TABLE 5. X -ray dijJmclion powder data fol' the compound 
Bi 20 3 • 5Nb20 5 (Cu K", radiation) 

d 1/10 d l / lo d l i To 
---

12.4 15 3.319 15 2.843 45 
12.2 15 3.276 15 2.781 60 
8.55 15 3.196 50 2.763 15 
3.945 100 3.073 20 2.722 ]., 
<l.921 45 3.062 30 2.601 20 

3.854 30 3.001 90 2.566 .> 
<l.599 30 2.964 35 2.487 5 
3.523 20 2.940 65 2.424 5 
3.453 20 2.900 5 2.373 45 
3. <l67 80 2.859 30 

T ABLE 6. X-my dijJraction powdel' data tor the compound 
Bi 20 3 • bN b20 , (CuK« mdiation) 

I 

d 1/10 d 

I 
1/ I, d l i fo 

---- ---
7.49 5 3.206 40 2. 736 10 
6.15 5 3.129 25 2. 596 40 
5.92 10 3.089 20 2.592 35 
3.929 100 3.032 40 2.4<l9 .> 
3.673 25 3.000 60 2. 402 10 

3.619 I., 2.964 15 2.386 10 
3.455 30 2.930 40 2.352 10 
3.442 <l5 2. 854 10 2. 294 5 
3.310 10 2.788 30 2.275 10 
3.274 20 2.773 

I 
55 

The stabili ty relations or the various reported 
pol:ymorphs of Nbz0 5 have been summarized by 
several workers [16, 17, 18, 191. Bi20 s, unlike PbO 
[11], has no catalytic action on the thermal stability 
of the various modifications of Nb20 5• Since it has 
been concluded [11 , 16, 19] that the high- temperature 
monoclinic form of Nb20 5 (H-Nb20 5) is the only 
stable form, no phase transform ation temperature 
has been indicated. The X-ray powder pattern and 
unit cell dim ensions of the stable form were pre­
viously reported [11]. 
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4. Discussion of Phase Equilibria polymorph s and 4Bi20 3·9NbzOs and Bi20 3·6Nb20 5 

both apparently have minimum temperatmes of 
stability . The ph ase equilibrium . diagram of the binary 

sys tem Bi20 3-Nb20 s is shown in figure 1. The 
experimen Lal data from which Lhi s di ;lgram was 
con strucLed are given in table 7. The designation 
P er. in table 7 stands for Lh e perovskiLe LrUC(lU'e 
type and signifies that the material whi ch crystalli zes 
in this structure type must have beeu ill Lhe liquid 
state when quenched (see discussion of metasLable 
compounds in section 5). The sys tem con tain s one 
compound which melts congruently, Bi 20 3·Nb20 s; 
three compounds which melt in congruently, 
5Bi 20 3·3Nb20 s, 4Bi20 3·9N b20 5, and Bi 20 3·6 N b20 5 ; 

and one compound which dissocia tes before meltin g, 
Bi20 3·5Nb20 5 . In addition Bi20 3·Nb 20 5 has t wo 

The high-temperatm e cubic rolymorph of BizOs 
is s tabilized by the addi tion of NbzOs in solid solu­
t ion . vYhen specimens containin g 1, 2, 3, and 4 
mole percen t NbzOs are quenched h om t lw region 
between the monoclinic-cubi c phase t nLns[ormation 
an d the solidus tempera ture t he resul tan t material 
is te tragon al wi th the uni t cell dimensioll s shown in 
table 8. However, high-tempera Lure X-ray pa.t­
Lerns show t he composi tion s to be really cubic at 
t hese tempemtul'es. The uni t cell d imensions of 
the cubic and pseuclocubic solid soluLions !rom 5 
mole per'cen t N b20 S to 25 mole perce ll t N bz0 5 are 
also given in Lable 8. 

T A B LE 7. Experimental data f or compositions in the binary system B i,0 3- NbzO; 

Composition H eat treatment Results 

Calcine" 
Nb,O, 

Quench h 
P ilysicalobservation X-ray din'ractio ll analyses 0 

Temp Time 
------------------1-------------1-------------------

,Ifole % 
100 

99 

95 

~5 

,Ifole % 
o 

(19 :1) 

°C 

700 

700 

700 

See footn otes at end of table. 

656091- 62--2 

hT °C 
826 
924 

721 
725 
770 
827 
833 
840 
850 
8G I 
880 

700 
712 
775 
840 
851 
880 
899 
920 

615/485 
500 
507 
596 
632 
693 
700 
782 
850 
8(\0 
869 
885 
885 
903 
920 
941 

1,008 

hT 
0.083 just begllll to meIL _____ _ 

.OS3 melted ___ ____________________ _ 

16.0 110 meltin g __ __ _ 
16.0 _ ___ do ____ ____ _ 
2.0 ____ do __ ___ ____ _ 
0.083 just begun to meIL ______ ____ _ 

.OJ 7 partially melted ______ __ _____________ _ 

.017 considerably melted __ _ 

.017 almost completely melted_ 

.017 completely mcited ('1)_ ___ _ __ 

.017 eomplelelymclled ____ ____ _ 

16.0 
16.0 
2. 0 
0.017 
.017 
.017 
.0(;7 
. 017 
. 017 

-----_._---
no melting __ __ _ 

____ do _____ __ _ _ _______ _ 
___ do_ ____ _ _ _ ____ . _____ _ 
_____ do_____ __ ___ _ _____ ._____ _ 
just begwl to meIL ____ ____________ _ 
partiall y melted ___ ___ _ 

_____ do______________ _ ____________ _ 
almost completely melted _ ________ _ 
completely melted ____ ______________ _ 

16.5 no m elLing' __ ____________ ... ___________ _ 
17.0 _____ do _. _________________ . ___________ _ 
64.0 _____ do _____ ________________________ _ 
0.083 _ __ do _____ ____________________ _ 
.017 _ ___ do __ ___ _____________________ _ 
. 017 just begwl to melt _____ __________ _ 
.017 p9l"tiaIJy melted ___ _________________ _ 
. 017 _____ do _____ __________________________ _ 
. 017 completely melted ("1) ________________ _ 

lG. 5 
17.0 
64.0 
0.017 
. 033 
.017 
.017 
.017 

1/15 
2.0 

13.5 
0.5 
1. 0 
1. 0 
3.0 

16.0 
0.157 

.167 

. 167 

.017 

. 167 

. 033 

.033 

.067 

.017 

no melting __ ______ ___________________ _ 
__ __ _ do _____ ______ __ ___________________ . 
__ ___ do _____ ____ _______________________ _ 
_____ do __ ___ ___________________________ . 
partially melted ___ __ _________________ _ 

_____ d o _____ ___________________________ . 
almost complet.ely melted ___________ _ 
completely melted (?) _______________ _ 

no melting _______ .. __ . _. _____ . __ ____ _ 
____ .do ________ . ______________________ .. 
____ . do _____ __________________________ . 
____ . do ____ ____________________________ . 
____ . do _____ ___________________________ _ 
___ __ do _____ ______________________ _ 
_____ do __ __ __________________________ _ 
_____ do _____ __________________________ _ 
_____ do __ __ ____________________________ _ 
___ do _____ __________________________ _ 
partiall y melted ___ ___________________ _ 
considerably melted ___ _______________ _ 
LUbe leaked _____ ___ _____ _____________ _ 
considerably melted __________________ _ 

_____ do _____ __________________ _____ ____ _ 
completely melted __ .. _______ _________ _ 

_ __ .do _____ ___ __________ ________ _ 
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~Ion-B;,O, 
Do. 

MOIl-Bi,O, 
T et-Bi,O, .. +:vIoll- lJi ,O, 
'['et-Bi , O, .. + Moll-Di ,O, (Ir) 
rr ct-Db0388 

MOIl-BhO, 
Tet-Bi,O,,,+ 1 1011- il ioO, 
"rct-nj ~03s, 

Do. 
Do. 

T et-Bi ,O, .. +Mon-Bi,O, 

b.e.c. B i,O,,,(a= 10.263A)+C-BizO,,, (tr) 
C-Bi,O, .. + M on-Bi,O, 
'ret-Rh03s8 

Do. 

b.e.e. Bi ,O, .. +C-Bi,O,,, 
MOIl-B ;'O,+C-Bi,O, .. +b.e.c. Bi,O, .. (tr) 
b.c.c. Bi 203ee+C-Bi203~e 
MOIl-B i,O,+C-Di,O,,,+b.c.c. Bi,O, .. (tr) 

Do. 
M OIl-Bi,O,+C-Bi,O,,, 
C-Bi,O,,,+Mon-BizO, 
C-Bi,O, .. +Moll -Bi,O, (tr) 
C-BizO,,, (poorly crystaIJille) 

Do. 
Do. 

C-DizO,,,+Tet-Bi,O, .. (tr) 
C-DhO, .. +Tel-Bi ,O,,, 
(from outside of tu be olll y) 'l'et-BizOa .. 
C-B;'O,,,+ 'l'et-Bi,O, .. + M on·BhO, 

c-Bb0 3ef ~Tet-Bh03u 



TABLE 7. Experimental data JOT compositions in the binaTY system Bi20 a- Nb20 ;-Continued 

Composition ITea t treatment Results 

Bi, O, 
Calcine n Quench b 

Ph ysical observation X-ray diflraction analyses' 

T em p Temp Time 
---------------------------------1---------------------

Mole % jI,£ole % 
92.31 7. 69 

(12:1) 

90.91 9.09 
(10 :1) 

88 12 

85 15 

84 16 

83 17 

82 18 

SI 19 

80 20 

79 21 

78 22 

° C 
700 

700 

700 

700 

700 

700 

700 

700 

700 

700 

700 

hr 

See footno tes at end of table. 

°C hr 

603 
650 
681 
783 
889 
904 
912 
941 
956 
975 

603 
650 
681 
869 
904 
937 
965 
976 
996 

1, 012 

622 
928 
944 
960 
988 

1, 01 2 
1,041 

622 
928 

1, 026 
I 033 
1:038 
1, 054 
1,073 

600 
619 

1, 004 
1. 050 
1,060 
I. 069 
1. 080 

600 
619 

1, 004 
1, 050 
1, 060 
1, 070 
1, 090 

599 
615 

1. 004 
1, 060 
1, 070 
1, 090 

599 
615 

I. 004 
1. 070 
1.0;<'1 

503 
599 
869 
0]0 

1.056 
1.080 
J.IOJ 

1. 050 

65.0 
44.0 
17.0 

1. 0 
O. Ii 

.25 

.25 

. 167 

. 083 

.017 

65. a 
44. a 
17.0 
17.0 
0.133 
.33 
. 017 
. 033 
.033 
.033 

18 
16 
0. 417 

.417 

.083 

.067 

.067 

J8 
16 
0.017 

. 033 

.033 
· 067 
· 067 

16 
:2'2 
1.0 
0. 083 

.083 

.083 

.083 

16 
22 
1. 0 
0.083 

J6 
18 

· 083 
.083 
. 083 

2 
0.083 

Hi 
18 
2 

.083 

. 083 

O. 08;; 
0.08;; 

70 .. \ 
23 
17 
J6 

O. [. 
1.0 
0. 167 

I. 080 0.083 
1.090 .083 
I. OD5 .08:; 
I. lOG . 083 
1.IJ5 .083 

no melting _____ ______________________ _ 
___ __ do __ _____ __ __________ __________ ___ _ 
____ _ do __ ___________________ ___ ________ _ 
_____ do ____________ ____ _____ _________ __ _ 
_____ do ____ __ _________________________ _ _ 
just begnn to meIL ___ _____ ____ _____ __ _ 
partiall y m el ted _____________ ______ __ _ _ 

_____ do ____________ ____________________ _ 
_____ do ___ _____________________________ _ 
completely m elted (?) _____________ ___ _ 

no melting. ____ ___ ___ _______ __ _______ _ 
_____ do .... _______ • ___________________ _ _ 
_____ do .... _ .. _______ __________________ _ 
_____ do .... _ .. ___ _____________ _________ _ 
_____ do .... ____ ___________ .. _______ .. __ _ 
partially melted .. ________ ___ ___ ______ _ 

___ .. do_ .... _______________ .. ___ ______ _ _ 
_____ do .... _________________ .. _________ _ 
almost completely melted ____________ _ 
completely meltec!. _______ __________ _ _ 

no mcl ting _______________ ___________ __ 
_____ do .... ________________________ ___ _ _ 
____ _ do __ .. _________ .. _________________ _ 
_____ clo _ .... __________ _____ .. ___ _ .. ____ _ 
partiall y me l tcd _______________ .. _. ___ _ 

_____ do ____ ________ _____ __ .. ___________ _ 
completely m elted ___________________ _ 

no mel ting. ______ _______ . ___________ . _ 
_____ do .... ___ .. _____ ____________ .. ____ _ 
_____ do_ .... __ ___ _________ ___ _____ _____ _ 
just begun to meIL .... ______________ .. 
partiall y mel ted .. _______ .. ___________ _ 

_____ do .... _________ .. ____ ___ __________ _ 
completely me ltcd ___________________ _ 

no melting ______________ ____________ __ 
_____ do_ .... __ .. _____ _________ _________ _ 
___ __ do _ .... __ .. ___ ____________________ . 
partiall y m el ted .. __ ______ ______ ______ _ 

____ _ do .... ____________ .. _____________ _ _ 
considerably mollec!. .. ______________ __ 
com pletely mel ted __________________ __ 

]1 0 mel ting. __ __ ______________________ _ 
__ .. _ do .... ____ ____ ______ _ .. ___________ _ 
_____ do .... ____ __ .. ____ ________ ___ _____ _ 
_____ do .... ____________________________ _ 
partia lly m el ted .. ___________________ __ 

_____ do .... ______ _______ ___ .. __________ _ 
completely melted ______ ____________ __ 

no mel Lin g. __________________ ________ _ 
____ _ do __ .. __ __________________ ________ _ 
_____ do __ .. ______ ______________________ _ 
_____ do .. _ .. ___________________________ _ 
partially rncitccL _____ . __ ._. ____ . ____ ._ 
alm ost compJetely melled ____________ _ 

no melting . _________________________ _ 
_____ do ______ .. ___ _________ . __________ _ 
_____ do _____________________________ _ 
_____ do _ ___ __________________________ _ 
partially melted .. __________________ __ 

no melting ___________________________ _ 
_____ clo ______ .. _______________________ . 
_____ clo ______________________________ __ 
_____ clo ______ .. _______________________ _ 
_____ do ______________________________ __ 
just begun to mell _________________ __ 
l'ompletely melted ___________________ _ 

no melting _________________ _ 
_____ (\0 _______ . _____________ _ 
_____ do ___ __________________ _ 
just begun to meIL ________ _ 
almost compl('t('l~' mcllc<-L __ 
(;omplctel~' melted . ________ _ 

6 ____ _______ ______ ______ __________________________ _ 

C-B i,O,,,+b.e.e. BizO,,, 
Mon-BizO,+C-B i,O,,, 
C-ni203~!!+Mon-Bb03 
C-Bi,O,,,+ Mon-Bi,0 3 (tr) 
C-Bi,O,,, 

Do. 
C-Bi20 3l18+T'ct-B i20 3~8 (tr) 
c-Bi203~8+rrct- I3i 20 3~11 
C-Bi,O,,,+Tet-13izO,,,+ Mon-BizO, 

C-Bi ,O, .. +b.e.e. BizO, .. + b.e.e.'-Bi,O ,,, (II') 

C-Bi,O, .. + Mon·Bi,O,+b.e.e. BizO,,, (tr)+b.e.e.' -B i,O, .. (tr) 
C-Bi,O,,,+ Yl.on-Bi,0 3+ b.e.e.'-BizO,,, (tr) 
C-13i ,O, .. +b.e.e.'-B i,O,,, (tr) 
C-B i20 3sa 

Do. 
C-R iz0 3I's+'r et-Bi20 38l1 

Do. 

C-Bi,O , .. +b.e.e.'-Bi,O,,, (tr) 
C-"I3i,O,,,+ YJon-13i,O, 
C-BizOa1'8 

Do. 
Do. 

C-Hi,0 3.,+Tct-B i,O,,, 

C-13i,O,,, 
C-13i,O,,,+iVlon-Bi,0 3 
C-Bjz0 3@s 

Do. 
C-13 i,O, .. +'1'et-13i,O,,, ( II') 

Do . 

C-Hi,03 .. 
C-Hi,0 3 .. + b .c.e. 13i,03" 
C-Hi,O, .. + Moll-Bi, O, (tr) 
C-H iz0 3EI! 

C-Hb03@s+ b.c.c. Hi 2 03~p 
C-Bi,O, .. + :\101l-Hi, 0 3 (tr) 
C- Bi z0 3s8 

c-nh03~6+b.c.c.-B i 203F~ 
C- Bi ,0 3 .. + :\'10n-13i, O, ( tr) 
C· Bi20 .3ss 

C' -B i 20 2~~+bcC'Bi20 :'\ ~s 
Do. 
Do. 

C'-Bi 20 ~l!s 
Do. 
Do. 

c'-ni203E~ 

C'-Bi 203@~ 

1.050 2 no melting __ .. ______________ _ .. _______ C'-13i ,0 3 .. 
I. 090 0.08:; _____ clo ___________________________ .. __ _ 
J.115 . as:; almost completely 11101ted ___ _________ _ 
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T ABLE 7. Ex perimental data for compositions in the binw'Y system Bi,0 3-Nb,O.;- Con tinu cd 

Composition Heat treatmen t Res ults 
- ---- -- ---------,-._-----

Calcine l~ Que nch b 

Phys icalo bscrnl t.ion .:\ -ray difrraction clnalyscs c 

____ ____ T em p I~_~ Tim e 

.Ifole % 
7i 

iG 

75 

70 

fifi. 67 
(2: I ) 

()2.5 
(.\:~ ) 

GO 

55 

50 

45 

40 

,Wole % 
23 

24 

25 

~o 

:n. :n 

:ri. 5 

40 

45 

50 

55 

60 

° C 
7ull 

700 

700 

700 

i OIl 

700 

700 

700 

I. 1.\0 

1, 200 

700 

700 

See foo t notes at end of ta bl e. 

lir 

33 

o C hr 

1.050 
1. 11 5 
1. 124 

1. 050 
1. 096 
1, 124 
1.135 

503 
1. 080 
1.081 
1.090 
1.10 1 
1.1 10 
1, 135 

I. 095 
I. 101 
1, 15J 
1,1(;(i 
1.174 

I. 095 
1. 106 
I. 140 
I. 160 
1. 170 
I. 180 
I. 19 1 

1.008 
I. 146 
I. 150 
I. 170 
1. 180 
1.191 
I. 19(i 
1. 200 

945 
1. 057 
1, 127 
I , 1.)1 
1, .175 
1, 191 
1, 195 
1, 200 
I. 210 
1, 220 

1, IS9 
\, 195 
1,230 
1, 240 

945 
1,001 
1, 008 
1, 024 
1,034 
1, 036 
1, 051 
1, 156 
J, 225 
1,241 
1.252 

21. .\ 
n.083 

.083 

21. 5 
0.083 

. 083 

. 167 

70.5 
0.5 

16.0 
0.5 
.5 
. 75 
.25 

no Illelting ______ __________ _ 
,11 most co mpl ete ly Illr\t,l'lL ________ . 
('ompletely 1II 0ILe<l (?) .....• ____ . 

no mel ting . _____ ____ ._ . _____ . ________ _ 
____ . do .. ____ __________________ . __ __ 
tonsiclcf<1bly mcltNL ________ . _______ _ 
co mplete ly ' '' elied .. ________ . ________ • 

no melting . ____ ___ . __________________ _ 
· __ __ do .. . __ . ______________ . _ . ____ .. __ . 
· ____ do .. . __________ . ______ • __ . __ . ____ . 
__ . __ do .. . __ ____ ____ __ . ____ . ______ .. __ . 

pa rtia lly m olted .. ____ ____________ . . . __ 
consid erably melted __________________ _ 

I almost co mpletely lllcltc(\ ________ ____ _ 
--- -------- - - ----- -- - - -- --- -- -- -- -- -- ---

0. 13J no melt in !!: __________________________ __ 
. 083 just begun to melL .. ______ ... ______ . 
. 083 partially melted __ __ ________ .. ____ .. __ . 
. 083 ('olis ideraiJly melt.ed .. ____ . __________ . 
. 083 ('0 lllp1etr ly meILN'- ____ . 

· 08:~ 110 mr\ting _______ ____ __ ___ _ 
. 08J partially melte<L _____________________ _ 

2 .. \ ____ . do .. ____ __ __ __ __________ • 
0.33 ____ . do .. __________________ . 

· IH7 ('onsi(\crahl~r mr ltNL _ , ___ _ 
. OR3 a lmost. com ple tely m elted __ . 
.033 co mplete ly melted .. __ . ____ . 

16. 0 
1.0 

64 . 0 
O. 167 

. 08J 

. OOJ 
· ()8~ 

1.0 

16. 0 
0. 667 
.5 
. 5 
. 330 
. 030 
. 5 
· 1117 
.083 
.167 

no 11 1rlting _____ _ 
____ . do .. ________ __ 
_____ do ____ _________ _ 
____ . do .. __ ______ . ______ __ 
____ . do .. __________ . ____ . 
____ . do .. ______ . 
partinlly ITlf'I Led 
completely melted (?) ______ . 

--- ------ ----- ---- ---- -------no melti ng. __________ , . __________ _ 
____ . do .. __ .. _______________ • __________ . 
____ . do ____ _____________ .. ____ __ ____ . 
____ . '10 __ .. ________________ • __ .... 
____ . do __________ ..... __ •. ______ __ 
____ . do __ __ ________________________ . 
part ially m elted __ ________________ __ 
cons iderably melted .•• 
a lmost completel y moILed __ __ . __ .. __ . 
co m pleLe ly me lted __ . __ __ ____________ . 

0.083 no melt ing ________ • . ____________ _ 
. 083 partiall y meiled __________ . 
· 08~ co nsidera bly m elted . ____ . ________ • 
. 083 complete ly me lted ________ . 

16.5 
16 0 

]84.0 
2. 833 

114. 0 
15.5 

1. 75 
20.0 
0. 5 

. 33 

.33 

110 mel ting __ ___ ____________________ __ _ 
· __ __ do __ .. .. ____ __ .. ____ ______________ . 
____ . do .. __ __________ __ __ ____ .. ____ __ __ . 
____ • do .. __ __ • ____ ______ ________ . __ __ __ . 
___ •. do . __ . __ . .. __ •.. . . . . . . • .... . • . • . . 
· ___ . do __ ._ •. . .• •• __ . . .. ... .. __ .. __ . .. . 
... __ do __ . _. __ _ • . __ •.. • • • __ . . 
· __ .. do __ . . . __ . . .. __ ..... __ . . .... . . ____ • 
· __ .. do .... _ ... ... __ ... . . .. __ .... __ .... . 
... .. do ____ ___ .... __ .. ..... ...... __ .... . 
completely melted .... ____ __________ __ 

C'-Bi203~s+5Bi 203'J~1) ~O ,j 
Do. 
Do. 
Do. 

C' ·Bi 20 3,,+5Bi ,0 3·3:-.1 h, O, 
Do. 

C' .Bi,O,,,+513 i,0 3·3:-; iJ,O,+ L·Hi, 0 3· :-.1iJ , O, 
5Bi ,0 3'J N b,O, 
5B i,0 3.3:-.J b,O,+C'B i,0 3,, (t r)+ 11·T3i , 0 3·Nb,O,(tr) 
5Bi 20 3·3N b20 5 

" ni ,0 3 · 0~ h,O ,+ II·B i,O,· N iJ , O,(t r)+C'·13i ,O,,, (tr) 
513i, 0 3·3l\' 020,+ C' - lJ i20 ,,,+ J l - Bi , 0 3·Nb, O, 
5Di, 0 3·3N h, O,+L - B i, 0 3·Nb,O, 

1)0. 
5Bi , O,·oNh20 ,+ ll - Bi 20 3·Nb,O, 

1)0. 
1)0 . 
1)0. 
Il o . 

5Hi, 0 3'0l\'b, O,+ I I - B i,03·Kb,O, 

L - n b03·Nb20 S 
Ilo. 
D o. 
Do. 

L - 13 i, O, ·NI120, + Jl - Bi , O,·:\I" O,( t r) 
TI - Bi, 0 3·l\'b,O, 

Ilo . 
iJ o. 
iJo. 
Do . 
Do. 

1, 008 
1, 240 
1, 246 

184.0 no melting __________ ______________ . ___ 11 - B i,O, ·Kb, O, 

1,001 
1, 02·j 

160 
179 
182 
230 
240 
24(; 

0. 167 __ __ . do __________ ________________ __ . 
. 167 completely mel ted . __ ________ __ __ __ 

100 
114.0 

no molting ____ ____ _____ _____ ---------
__ __ • do __ __ __ ________ • . __ __ ____ . ____ .... 

0.167 no melting ____ __ ________ __ ________ . --
. 107 ____ . do . __ __ __ __ __ __________ . ______ . 
.167 just begUll to melt ________________ ._ 
.083 cons iderably melted ____________ ____ . 
O~3 a lmost conpletely me lted ____________ . 

· J67 completely melted ______________ __ 

JJ - B i,O,·Nb, 0 5 
1)0. 
D o. 

I, 14., 17.0 no meltin g __ __ ________ ______ __ ______ __ II - 13 i,0 3·Nb, 0 ,+4 Bi,03·0Nh,O , 
1, 169 0.167 __ __ . do ____ __ __ __ . ____________________ . Do . 
1, 17D . 167 __ __ . do __ ______ ____ __ ____ __ . ___ ______ __ 
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TABLE 7. Experimental data for compositions in the binary system Bi20,-Nb20;-Continued 

Composition Hea t treatment Results 

Calcine a Quench b 

NbzOlj Physicalobscrvation X -ray diffraction analyses o! 

Temp Time 1'cmp 
--------------------1·------------·1-------------------

}.;[ole % 
40 

},;{ole % 
60 

36 

33. 33 
(1:2) 

32 

3l. 25 
(5: 11) 

30. 77 1 
(4:9) 

30 

28. 57 
(2:5) 

25 
(1:3) 

54 

66.67 

58 

68. 75 

69.23 

70 

71. 43 

75 

°0 

700 

700 

700 

J, 150 

700 

700 

J, I50 

700 

1, 150 

700 

1, 142 

700 

1,150 

See footnotes at end of table. 

hr °0 
1, 181 
1, 194 
1, 201 
1, 212 
1, 223 

hr 
.083 
. 083 
. 167 
. 083 
.083 

partially me lted . . .............. ..... . . 
conS idera bly melted ...... . . ..... . .... . 

... .. do .. _ . ..... ..... . . ....... . ...... . . 
almost completely melted _ . • .. . . .... .. 
completely me lted ___ ........... . ... .. . 

1, 173 . 083 no m elting .... .. .. ...... . . .. . .... . . .. . 
1, 177 . 083 . .. . . do . . . . .... ... . .... . ... ........ . .. . 
1,179 .083 . ... . do .. . . . .. ........ .............. .... H - Bi,O, ·Nb, O,+4Bi,03· 9Nh,0 , 
1, 182 . 167 parLially melted ... . .. ....... . . . . . .. .. . 
1, 185 .083 completely melted ....... . .... ........ . 

1,145 
1, 180 
1, 194 

17.0 
0_083 

. 083 

no melting . ........ . ........ . ....... .. 4Bi, 0 3·9Nb20,+ JI-Bi,03·Nb,O, 
consi(lerably me lted _ . .. ...... . .... .. . . 4Bi , O,·9Nb, O,+II-D;'O,·Nb,O,+Per 
completely melted_ . ........... ..... . .. Per+ H - Bi,03·-"b, O, 

1, 149 2.0 no melting .. ........... ... ............ 4Bi,03·9Nb,O,+U-Bi,0 3· N b,O,+Bi,03·6Nb,O, 
1, 149 17. 0 ..... do __ . ...... . . . ........... ........ 4BJ,O , ·9Nb, O,+II - Bi,O,·l\b,O,(tr ) 

33 . .. . ...... ......... . . . ......... . ........ . ..... . ..... . ..... .. Do. 
1, 170 
1.175 
1, 181 
1, 186 

1, 149 
1, 149 

1, 001 
1, 040 
1, 061 
1. 075 
1, 149 
1, 151 
1, 151 
1, 170 
1, 180 

0.167 
. 167 
. 167 
. 083 

2.0 
17.0 

23. 0 
1.0 

40.0 
64.0 

2.0 
16.0 
70.0 
0. 167 

. 083 

no melting_ .. .... . . . ................. . 
..... do _. __ ...... • ...... . . ...... .. ..... . 
just begun to mclt ____ __ __ ___ ______ ___ _ 
completely melted . .. ... ...... ...... . . 

no melting . . .......... . ....... . .. . .... 4Bi,03· 9Nb, O,+H - BJ,03·Nb, O,+Bi,03·6Nb,O, 
..... do ... _ . ......... . . . .... ... ........ . 4Bi , 0 3·9Nb, O,+JI·BJ,03·Nb,O,(tr ) 

no mclting ________ __ ____ _____ _____ ___ _ 
..... do __ ........ . ..................... . 
..... do __ ........ . ...... . ............. . . 
... .. do _. _ .......... ... .. . ..... . ..... . . 
.. ... do _ .. _ . . . . ................. . ..... . . 
..... do _ .. _ . ........ . ..... ..... .. ...... . 
. .... do ... _ . ........... . .. ............. . 
..... do ....... ... .. ........... . . ...... . . 
partially melted (metas table meltin g 

of non-reacted components) 

L·B J,0 3·Nb20 , + Bi,O,·5Nb, O, 
n·Bi 203-Nb20'+BJ,O ,·6Nb,O,+Bi,0 3· 5~b,O , 
H ·Bi 20 , ·Nb,O,+ B ;,O,·5Nb,O, 
lI·B i20 ,-Nb,O,+B i,0 3·5Nb20,·+ 4Bi,O,·9Nb20 , 
4Bi, 0 3·9Nb,O,+H·Bi ,O, ·Nb20 ,+B i20 3·6Nb20 , 
4Bi, 0 ,·9Nb, O, 

Do_ 
4BJ,03·9Nb20 ,+ B i,0 3·6Nb, 0 ,+ H·Bi ,O,· Nb,O, 
4Bi, 0 3·9Nb, O,+Bi,O, ·6Nb, 0 , +H·BJ,O,·Nb20,+P cr 

17 __________ __________ ---- -- --- ____ __ __ ___ __ _____ ___________ _ _ 4Bi , 0 3·9Nb, O, 
4Bi, O,·9Nb, O,+Bi ,0 3· 5Nb, O,+Bi,0 3·Nb20 ,(?) 
4Bi,03·9Nb, O,+ Bi,0 3·5Nb20 ,(lr) 

1.001 23 n o meILing . . . .. ...... . ............... . 
1. 061 40 . . ... do_ .. _ . . ........... .... ........... . 
1. 075 64 ... . . do_ .. _ ..... . ...... ................ . 
1, 180 0.033 ..... do __ _ . . ..... . . . .... . . ... ..... ..... . 
1, 185 .033 partially melted ._ . . . .......... ...... . . 
1, 185 1.0 con s iderably me lted_ . .. . . . ...... .... . . 
1, 190 0.083 . . . .. do_ ............. . .............. . . . . 
1, 190 1.0 ... .. do_ ....... . . . .. .... .. ... ...... .... . 
1, 194 0. 167 complete ly melted .... ... . .......... . . 
1, 210 . . .. . ... . ..... . do __ ._ ... ... . .......... . .......... . 

4B b 0 3·9Nb20 , 

4Bi, O, ·9Nb,O,+ H· Bi, 0 3' Nb,O, + B i,O, ·6Nt., O,+ Per 
Per+4 Bi,03·9N b, O,+ II· B ;'03' Nb20 ,+ B i, O 3·6N b, O, 
P er+ .r-r ·Bi, 0 3·Nb20 ,+ Bi,0 3·6Nb,O, 

P er+ H·Bi, 0 3·Nb, 0 , 
Do. 

1, 149 
1, 152 

2.0 
18.0 

no melting. . . . ........ . . .. . . .... ..•.. . 4Bi, 0 3·9Nb, 0 ,+ H·Bi, 0 3· Nb, O,+Bi,O,·6Nb, O, 
.. ... do ...... .. . ........ ....... . . .. ..... 4Bi, 0 3·9Nb, 0 ,+ Bi20 3·5Nb, O, 

33 .. .. .. .......................... ...... . . .... . . .... . . ... .... . 
1, 180 
I , L85 
1, 200 

1, 083 

1,102 
1, 149 
1, 150 
1, 150 

0.167 
. 167 
. 25 

16.0 

1.0 
17.0 
2.0 

18. 0 

no melting ___ __ _________________ _____ _ 
partially melted _ .. . ....... . . ... . . . . . . . 
comp letely melted ............ ....... . 

no mclting ______ ______ __ ____ ___ ____ __ _ 

. ..•. do_ . . _ ... . ......... . ...... . ... . ... . 

. ... . do .... . ... . ..... .. .. .... . . . ....... . 

. .... do .. _ ... . .. .... ............ . ..... . 

. .... do_. _ ..... ... .. . ... ... . . ..... . ... . 
16 . .. .. . . . . . . . . . . ... . .. . ... .. ....... ... . ..... ....... .. . ...•. . . 

~3 

1, 180 
J, 187 
1.200 
1,210 

1,00L 
1, 083 

1,085 
1,092 

1, 105 
1, 173 
1, 200 
1,219 
1, 231 
1, 388 

1, 001 
1,092 
1, 180 
1, 185 
1, 230 
1, 240 

0.167 
. 167 
. 167 
. 167 

18.0 
16.0 

1.0 
65.0 

1.0 
0.33 

. 5 

. 667 

. 583 
. 167 

18.0 
65.0 
0.167 
. 25 
. 167 
. 167 

no melting __ ______ _____ ________ ______ _ 
partially melted .... _ .....• . ....... . . .. 
almost comp le tel y melted . .......... . . 
complete ly melted •. .. .............. . . 

no melting . . . . . ... .... .. . . .. .. . .. . ... . 
.. . . . do_ ..... ..... .......... . .. . ....... . 

.... . do_. __ . .... . . ... .. . . .. .. ... . .... . . . 
__ ___ do ____ ___ __________ _______ ____ ___ _ 

no melting . • .. . . .. ......... . .... _ ... __ 
. .... do ..... .. . . _ . . ............ . ... _._._ 
partially melted . . .. . _ . .. ... .. . ....... _ 
considerably melt.ed .. • .. . . .. _ .. . .. . _ . 
almost completely melted. _. _ . 
completely m elted . . . • ...... 

no melting ____ ___ _________ _______ ___ _ 
. .... do . . ..... ............ . 
. .... do . . ... . . ... . ........ . . ... ........ . 
pa rthlly melted . . . ___ .... . .......... . _ 
almost completely melted . .. .. . ... . .. _ 
compl et,ely melted . . • • .. ..... . . ... .. __ 
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n· B i ,0 3' Nb20,+4B i,O,·9Nb20 ,+ Bi,03· 5Nb, O,+ Bi,03' 
6Nb,0 ,(,!) 

4BJ,03·9Nb,O,+H - Di, O,Nb, O,+ BJ,03·6Nb,0 , 
4BJ,03·9Nb, O,+B i20 , ·6Nb, O, 

Do . 
Do . 
Do. 

L·BJ,03· Nb,O,+5B i, 0 3·3Nb,O,+L·Nb, 0 , 

L· B i,03·Nb,O,+ B i,0 3·5Nb, O, 
4Bi,039Nb,O,+ B i20 ,·5Nb,O,+ H ·B J,03·Nb20 ,+ Bi,03' 

6Nb,O,(?) 
H· B i,0 3' Nb,O,+ B i,0 3·6Nb20,+4B J,03-9Nb20, (tr) 
4BJ,03·9Nh,O,+Bi,03·5Nb,O,+II·BJ,O,· Nb, 0 ,+BJ,O,· 

6Nb,O,(?) 
4BJ,03·9Nb20 ,+BJ,03·6Nb, O,+H·Bi,03·Nb, 0 , 
4Bi, 0 3·9Nb,O,+Di, 0 3·GNb, O, 
BhO, ·6Nb, O,+H·Bi, 0 3· Nb,0, 
P er+ Bi, 0 3·6N b,O,+ H· Bi,O,· N b,O, 

Do. 
II·Bb03·Nb,O,+ Unknown 
4BJ,03·9N b,O,+ Bi,O, ·6Nb, O, 
4Bi,03·9Nb20,+ Bh03·5N b, O,+ RJ,O,· Nb, O,(tr) 
4Bh03·9Nb, O,+ Bb03·6N b, ° ,+ BJ,O,·5N b,O, 



TABLE 7. Experimental data for compositions in the bincwy system B i20 3-NbzOs- Continued 

Composition Hea t. treatlllent. Hes ults 

Calcine 1\ Quenc h b 

Bi, 0 3 NbzO,j P hys ical observa t ion X -ray diffraction analyses 0 

'r emp T ime T'cmp Tirnc 
- _ ·_---------------·1------------1-----·_------------ -

Mole % }\lfole % 
~o 80 

(1 : ~ ) 

18. 18 81. 82 
(2: 9) 

Hl.67 83. 33 
(1:5) 

15. ;)9 84. 6J 

,, ]'" 
85. il 

(1:6) 

1150 

°C 
iOO 
910 

1,060 

hr ° C hr 

999 19.0 no meltin g __ 
1, 0,\0 4, 0 __ .do. ___ _ __ . 

18 .. _____ .. _. ________ . ___ ._._ .. _._. ___ ._ 
1, 0;5 88.5 no meliin g __ _____ _ 

1.150 24 _. __ . ________________ ._ ... _._._. ._._._._. __ .. ______ ._._._. 

700 
910 

l.OGO 18 

1,246 
1, 299 
1,3 10 
1. 319 
1, 325 
1 334 
1: 359 

0. 167 
0. 167 

. 167 
, 083 
, 167 
. W7 
. 167 

pa rti nlly melted _._._ _ _ _ ____ . ___ ._. 
considerably melled_ . ____ . ___ . __ ._._. 

____ . do _____ .. __ . ___ ._ .. _. _ .... __ ._._ . 
_. __ . do _____ _ ._ .... ____ ._. __ .. _. __ .. ___ . 
almost completely mclted ____ . ____ ._. 
com plete ly melted {'!} . _____ .. ____ ._._ 
completely melted __ ____ . _. _. ______ ._ 

909 19. 0 no melti ng _________ . _______ _ 
1, 050 4. 0 ___ . d"-- ___ . ___ . __ _ 

1, 075 88. 5 no mclting ________ _ 
t , l 50 2·J . ___ .___ ____ _ __ .. ____ ._ .. __ _ 

700 

910 

1, 000 

1, 1.\0 

700 
!OliO 
11 50 

700 

3 .. 

9 

18 

24 

1, 319 
1, 334 
1, 339 
1, 3W 
1, 359 
1, 378 

0,167 
, 25 
. 083 
,167 
,25 
. 083 

1,088 21.0 
1, 096 16. 0 
1,105 J6. 0 
1, J53 90.0 

999 19. 0 
1, 050 4. 0 

1.075 88.5 
1,088 21. 0 
1, 001\ 16. 0 
1, 105 lfi. O 
1.153 90.0 

1, 180 
1, 1 ~'\ 
1, 230 
1,240 
1, 245 
1, 339 
1, 35t 
J, 378 
1, 40 1 

0. 167 
. 167 
. W7 
. 083 
.167 
.167 
. 083 
. 0.1 
. 167 

pa rti all y meltcd _____ __ 
___ . d o _____ . __ ... __ .. _ 
considera bly meHc<L. __ 
a lmost completely mell ecL 
comple te ly mclted ('!) __ ._. 
comple te ly lllell,ecL __ ___ .. 

no m eltin f" __ _ 
____ . do_._ . __ _ 
_____ do ____ ___ _ 
___ . (10 ______ _ 

no rncltin g __ 
__ ._ d o_._._ 

no 111{'ltin ~c_ 
. do ... __ 
d o_._._ 
clo ___ ._ 
d o __ . __ 

n o mclting __ _ 
just begun 1.0 IIlclt.. __ _ 
partiall y l11elte<l . ____ . _ 
p artially l11el tcd ______ ________________ _ 

_____ do _____________ . ________ . ________ _ 
considera bly melted __________ . ______ _ 

___ ._ clo . __ ______ . ____________________ ._ 
a lmost completely mcltcd ____________ _ 
COil) pletely m cl tcd _. ________ . _______ _ _ 

6 _____ _______________ ____________________ _________ ___ ______ ._ 

23 
24 

1,339 
1,351 
1.400 

0.167 
. 033 
. 167 

partia lly melted . _____________________ _ 
considerab ly mell ecl _~ ________ ________ _ 
completely mclted _. ____ ___ __ __ __ ___ ._ 

3 _____ __ __ ___ ___ ___ _______ . __________________ __ ___ ____ ______ _ 

1, 000 
1,005 
1, 014 
1, 019 
1,040 
1, 075 
1. 174 
1, 201 
1, 230 
1, 248 
1, 277 
1,282 
1.305 
1, 311 
1, 322 
1, 35t 

21. 0 
1.0 
1.5 
1.0 
1.0 

16.0 
16.5 
1.0 
1.0 
1.0 
1.0 

68. 0 
0.33 

. 33 

.5 
1.0 

no mcltin g: ___________________________ _ 
_____ do ______________________ . _____ ___ _ 
_____ do _______________ __________ ______ _ 
__ . __ do _____ ____ ____________ _____ __ ___ _ 
__ ___ do ____ ______ __ __________ . __ ___ ___ _ 
_____ do ___ . ____________ ____ ___ ___ ___ __ _ 
__ . __ do ___ . ______ __ . _______ ____ __ __ ___ _ 
_____ do ___ . ____ ___ _________ ___ _______ _ _ 
___ __ do ___ ___ _____________ ___ ___ ___ ___ _ 

partially melted_. ____________ _____ ___ _ 
____ _ do _. ________ ___________________ __ _ 
__ ___ do _. ___ ___ ________ __ _____ __ __ ____ _ 
__ . __ do _ . ____________________ ________ _ _ 
p art ia ll y me lted ________________ __ ____ _ 

__ . __ do _______________ ________________ _ 
considerabl y meltcd __________________ _ 

33 _____ __ _____ __ _____ ______ ___ ____ . ___ _____ . ________ . __________________ _ 

1, 000 
1, 075 
1, 240 
1, 244 
1 350 
1: 359 
1, 378 
1, 400 
1, 425 

21 
16. 0 
2. 0 
0. 167 
. 167 
. 167 
. 05 
. 167 
. 083 

no mclt ill g ___________________________ _ 
__ . __ do ___ __ __________________________ _ 
__ . __ clo ___ . __ . _____ . ________ . _________ _ 

partia ll y me lted _. _. ____________ . _____ _ 
considera bly rnclted __________ ________ _ 

_____ do_._. ____ . ___ . ______ ________ . ___ _ 
_____ do _. _. __ ._. ___ . ____________ ______ _ 
a llll ost co mpletely mclte<l ____________ _ 
complete ly Illcltecl __ _____ __ . __ _____ __ _ 

See footnotes a t end of ta ble. 
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Per+H·Bi,0 3·~b,O,+H·Nb,O,+unkJlown 
Do. 

L -Bi,0 3· :-Ib, O,+ Bi, 0 3·5Nb,O,+H-N b, 0 5 

Bi,0, ·5Nb, O,+ II-Bi, 0 3·N b,O, 
Do. 

H ·Nb, O,+Per+ H·Bi,Oa·N b, O, 

P er+ lJ-Bi,03·N h , O,+ 1l·N h, 0 , 
P er+ U -N b, O, + Jl·Bi,0 3·N b, O,+ull k nown 

Do. 

Bi, Oa·5Nb,O,+ II-Nb, O,+ UJ,03·6Nb, 0 ,+ 1 [-Bi, O,·N b, O, 
Bi, 0 3·6N b,O,+ Bi ,0 3·5N b, O,+ I13i , O,·9N b, O, 
Bi,03·6N b, 0 5+ 4Bi,O, ·9N b, O, 

Do. 

Bi, 0 3·5r b,O,+ H·Bi, 0 3·N b, O,(t r) + l [ -N b, O, (t l') 

Bi , 0 3·5N b,0 5 
Do. 
Do. 

Bi ,0 3·5Nb,O, + Bi,0 3·6N b, O,(tr) 
Do. 

Bi, 0 3 ·6:'< b, 0 5+ 4:13i , O,· 9N b,O, 

Uh 0 3·6N b,0 ,+ P CI· 

l3i , Oa·6Nb,0 5+ PCI' 
Pcr+ J I·N b, O,+ II · Il i, Oa·Nb,O,+ lli , 0 3·6Nb, O 

Per+ l f-N b,O,+ U - Bi, Oa·Nb,O,+ unklioll'n 

BhOa·5;\lh, O,+ B J, 0 3·6N b, 0 , 

L-N I),O,+ L-B;'Oa·N b, O,+5 BhO, ·3N b, O,( lr) 

B i, 0 3·5Nh, O,+ lf-Nb, O, 
B;'03·6Nb, O,+ 1l.Nb, O,( tr)+ Bi, Oa·5N b,O, (tr) 

Do. 
Do. 
Do. 

Bi,03·6Nb, O, 
Do. 

Bi,03·6Nb, 0 5 
Do. 

H -Nb,O,+Per+ H -lJi , 0 3·Nb, O, 
Do. 
Do. 
Do. 

H-Nb, O,+ Per+ JI- 13i, 0 3·N b, O, 

B i, 0 3·6Nb, O,+ B i, 0 3·5N b, O,+ H-N b, O,( tr) 
Bi ,0 3·6:-1b, O, 

Do. 



T A BLE 7 . Ex perimental data Jor com positions in the binary s ystem Bi,0 3-Nb20 5- Continucd 

Com pos ition Hea t treatmen t R esul ts 

~1' "03 NTk-O , _ caICi_lle" _ QUell_Ch b 1 ____ __ _ 
~ l ' ~ u Physical observation X-ray diffraction a na lyses c 

'r omp Time 'romp 'r ime 
---------------

o ~OO hr ____ :~ _______ ~~ ___________________________________ _______ --' L-Nb,O,+L -Bi,0 3.N b20 ,+5 Bb 0 3.;lNb, O,( tr ) 
j'vIole % j1f ole % 

9. 09 90.91 
(1: 10) 

95 

100 

898 16.0 11 0 melti ng ____________________________ Bi,0 3· 5Nb,0 5+l-I -N b,O, 
1, 005 1. 0 ____ _ do __ __ ____________________________ Bi,O, ·6N b, 0 ,+,H -N b,O, 
1, 014 1. 5 _____ do __ _ _____________________________ Do. 
1, 019 1. 0 _____ do ________________________________ D o. 
1, 284 0.5 part ially melted ____________________ _ 
1, 295 . 5 _____ do _________ _____________ ________ _ _ 
J. 301 .33 ____ _ do _______________________________ _ 
1, 310 . 33 _____ do _______________________________ _ 

1, 150 24 _____________________________ ____ __________________________ _ 
1, 240 0. 167 no m eltin g ____________________________ B i , 0 3 ·6:--Jb , O,+ I I-~1)20, 

i OO 
1,1 50 

1, 245 . 167 p ar t ially mel ted ____ __ __________ ______ _ 
J. 40 1 . 083 considerably melted __ ____ ____________ _ 
1. 426 .083 ____ _ do ____________ ___________ ______ __ _ 
1.451 . 083 complete ly m el ted ___________________ _ 

3 ____________________ _____________________ __________________ _ 
24 

1,240 
1,245 
1, 425 
1, 451 
1, 480 
1, 480 
1. 484 
1, 486 
1, 489 
1, 491 

0.167 n o mcltin g__ ____________ ______________ 1-[_N b, O,+ Ui, O,·6Nb,O, 
.167 just begu n to 111 cIL _____ _____________ _ 
. 083 partially melted ______________________ _ 
. 083 considera bly mI'lted ________________ __ _ 
. 083 completely melted ___________________ _ 
. 083 no melting __________________ _________ _ 
. 083 _____ do _______________________________ _ 
. 083 comple tely mc lled ___________________ _ 
. 083 ____ _ do _____ __________________________ _ 
.083 __ ___ do _______________________________ _ 

a All calcined specime ns \\-ere heated and cooled at thc ra te of app roximatel y 
4°/ min . All specimens were fi rst calcined at i OO ° 0 a nd tllcn sma ll portion~ of 
this calcine were rcca1cined at one 0 1' more drsircd higher temperatures. 

centered cu bic (a = 1O.263 A), b.e.c.'- body-ccntcred cubic (a = 10.15-10. 19 A) , 
T et- tetragonal , Th'lon- monoc]in ic, L- low-lempcratm'o polymorp h , H - h igh ­
te lllr cra~u re poly morph , Pcr- p crovskitc (a = 3.94A), a comJ~ os ition of ap pro xi­
m ately Bi z0 3:3)JbzOli . always metas ta ble in t his system and OCe llI'S only u pon 
q uenc hing t ho liq u id , ss- solid sol ut ion , t r- Lrace, just barely discerna bl e in X -ray 
pattern. 

b All specimens \\'ere quenched in sealed Pt tubes. 
e 'rhe phflscs iden t ified arc given in the orde r of th e a mount presen t at roo m 

temp erature. rrhe p hases a re not necessaril y th ose presen t a t the temperatu re to 
which the specimen was heated. C- cu bic, C'- pse udocubic, b.c.c.- bod y-

T ABLE 8. Un it cell d'il1l ensions oJ tetmyonal and cubic Bi,0 1 
solid solutions 

Composition H eat treatmen t . que nch Unit cell dimension s 
---------

Bi20 3 X t , O, T e m p Ti mc a 
-----

Mole % ,\lole % °c hr A A 
99 1 i 73 2 10.938 5. 632 
98 2 773 2 10. 92 1 5. 638 
97 3 775 64 5. 461 5.646 

96 4 775 64 5.464 5. 647 
95 5 782 16 a. 5. 525 -------------
92. 31 7.69 7R3 1 5.540 -------------
90. 9J 9.09 869 17 5. <33 -------------
88 12 G28 16 5.521 -------------

8.1 15 928 16 5. 510 --- -- -------. 
84 16 1, 004 1 5.504 -------------
83 17 1, 004 1 5.499 
82 18 1, 004 2 5. 494 -------------
81 19 1, 004 2 5. 4g0 -------------

80 20 1, 010 16 b 5. 4R3 --_._--------
79 21 1, Ota 2 5.480 -------------
78 22 1, 0, 0 2 5. 4ii -------------
ii 23 1, 0.00 21. 5 5.471 --------- ----
i6 24 1, 050 21. 5 5. 469 ---------- ---
7.1 25 1. 081 16 5. 469 -------------

8 This m aterial was poorly crystalline an d thc value given is an average-valu e 
for t h e eu bic and Letragonal phases. 

b From 20 to 25 mole percen t )fb, O, the p ara meters represent the v alues 
measured for t he pseudoeubic cell. 

The melting poin ts ot the solid solutions in crease 
from the melting point of pure Bi 20 3, 825 °C [20], to 
about 1,055 °C at 17 mole percent Nb20 5• A 
morpho tropic tr ansformation occurs in t be solid 
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solu tion at this poin t curvi ng to a eutectoid at about 
610 °C and 19 .5 mole per cent Nbz0 5 • The cubic­
monoclini c tran sform,) tion tempent ture is lowered 
from a bou t 730 °C to th e above-men tioned eu tec toid 
al though t here is very lit tle solid solution in t he 
monoclini c phase. 

The solid solution higher in Nb20 5 con ten t is 
designated C'S8 in table 7 . It is apparent ly only 
pseudocubic with several very small superstructure 
peaks in the X-ray diffraction pattern corresponding 
to d spacings of about 8.4 A, 2.69 A, itlld 2.35 A. 
The two phase region between t he two solid solution 
fields is too narrow to be foun d by experimen tation 
and is shown as dashed lines in fig ure 1. The C'ss 
is apparen tly stable from room temperature to the 
solidUS which extends to abo ut 1,096 °C at 23 mole 
percen t Nb20 5 • The peritectic for this solidus 
occurs at about 20 mole percen t Nb20 5 . 

The liquidus rises smoothly from the 1,096 °C 
peritectic to another peri tectic a t 36 .5 mole percent 
Nb20 5 and 1,193 °C corresponding to the incongruent 
Inel ting temperatUl'c oJ the compouncl 5Biz0 3·3Nb20 5• 

There is li t tle or no solid solu tion on either side of 
tbis compound, or any other of the compounds in 
the binary system, as shown by the similarity of the 
unit cell dim ensions of the pure compound to those 
of the same compound in a two phase region . 

The liquidus again rises smoothly from the 1,193 
°C peritec tic to the congruent melting point of 
Biz03·Nb20 5 a t 1,245 °C. This compound was 
observed to crys tallize in two polymorphic forms. 



The low-temperature orthorhombic form was found 
tOitransform to the triclinic f01'111 at-about 1,020 DC. 
However this phase Lransformation could no t be 
reversed . Neither polymol'pll ftppeal'ed chctnged 
after 184 hI' at 1,008 DC, but a small amounL or Lh o 
high-temperatm e form was present in Lhe original 
low form after 114 111' at 1,024 DC (ee Lable 7). 
Because of the inability to reverse t he ph ase trans­
formation th e polymorphic change is shown as it 
dashed line in figure 1. 

The liqujdus curve falls smoothly from 1,245 DC 
to a eutectic at 1,180 DC and about 64 mole percent 
Nb20 5 . The liquidus then ri ses very shallowly to 
a peritectic point at about 68 111.01e percent Nb20 5 

and 1 ,183 DC, t he in co ngruen t mel tin g temperature 
01 the 4Bi z0 3 ·9Nb20 5 co mpound. This compound 
needs a long pcriod of hen,Ling Lime aL l'elati vely 
high tempemLmes ill order to form a single phase . 
It 111so takes It rclatively long ti me to be completely 
transformed to liquid plus Lhe Bi20 3·6Nb20 5 com-
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FIG URE 1. Phase equilibrium diagram for the system Bi20 3-Nb20 5 
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pound (see table 7). The hexagonal 4Bi20 3·9Nb20 5 
compound is not rormed at all-below about 1,070 °C. 
Specimens preheated to form a single phase are 
slowly decomposed to triclinic Bi20 3·Nb20 5 and the 
Bi20 5·5Nb20 5 compound, when heated below about 
1,070 °C. The 4Bi20 3·9Nb20 5 compound can there­
[ore be concluded to have a minimum temperature 
of stability at about 1,070 °C. 

The compound Biz03·5Nb20 s was found to have a 
maximum temperature of stability of about 1,095 °C. 
The preformed compound slowly decomposed to 
4Bi20 3·9Nb20., and Bi20 3·6Nb20 5 above this tem­
perature, while the original 700 ° calcined material 
showed no Bi20 3·5Nb20 5 at all when heated much 
above 1,095 °C. The compound Bi20 3·6Nb20 5 was 
found to have a minimum temperature of stability at 
about 1,002 °C. A specimen heated for 21 hr at 
1,000 °C contained only Bi20 3·5Nb20 5 and H-Nb20 5, 

while heating for 1 hI' at 1,005 °C was enough to form 
the Biz0 3·6Nb20 5 phase with only traces of the other 
two. The preformed Bi 20 3·6Nb20 5 compound 
showed definite traces of Bi20 3 ·5Nb20 5 and H-Nb20 5 
after reheating for 21 hI' at 1,000 °C. 

Bi20 3·6Nb20 5 was found to melt incongruently at 
1,242 °C to a liquid containing approxima,tely 76 
mole percent Nb20 5 plus crystalline Nb20 5 with little 
or no Bi20 3 in solid solution. The liquidus between 
the 1,183 °C peritectic and the 1,242 °C peritectic is 
essentially a straight line. The liquidus rises 
smoothly from the last peritectic to the melting point 
of Nb20 5, found to be 1,485 °0 for the batch of Nb20 5 
used for this study. As this Nb20 5 is essentially Ta 
free it is not surprising that this melting point is 
several degrees lower than that previously reported 
[11, 13, 16, 19]. 

It is interesting to note that although both BaO 
and PbO enter into solid solution in Nb20 5 [11 , 13] 
the Bi20 3 does not. Considering that the radius and 
polarizability of Pb+2 and Bi+3 are very similar [20] 
this fact must be dependent on the difference in va­
lence. It should also be noted that unlike PbO [11] 
Bi20 3 has no catalytic effect upon the temperature of 
the metastable phase transformations in Nb20 5 • 

5. Metastable Phases 

5 .1. The Perovskite Phase 

When compositions containing more than 50 mole 
percent Nb20 5 were quenched from above the solidus 
a metastable phase always formed from the liquid. 
The maximum amoun t of this phase occurred around 
the composition Bi20 3 :3Nb20 5. The X -ray diffrac­
tion pattern of this phase could be interpreted as that 
of a poorly crystalline cubic perovskite with a~3 .94A. 
Specimens quenched from above about 1,380 °C 
(well above the liquidus) contained another metas­
table phase which had an X -ray diffraction pattern 
similar to the cubic perovskite, but with extra lines. 
'fhe metastable perovskite in th is system can be com­
pared with the distorted perovskite compound La 20 3' 
3Nb20 5, previously reported [21]. 

A large number of metastable phases were found to 
occur in the Bi20 3-Nb20 5 system if either methyl or 
ethyl alcohol was used for wet mixing of the end mem­
bers, and the resultant material was pressed into a 
pellet and fu'ed without fu'st thoroughly drying the 
mixture. Two separate body centered cubic phases 
were observed in mixtures containing 3 to 25 mole 
percen t Nb20 5 which had been wet mixed with 
methyl alcohol. The fu'st phase, labeled b .c.c. in 
table 7, had a unit cell dimension of a= 10.263 A. 
This phase decomposed quickly in quench runs above 
750 °0 and did not affect the melting point measure­
ments . However specimens containing 16 to 24 
mole percent Nb20 5 originally mixed with methyl 
alcohol contained large amounts of a second body 
centered cubic phase (labeled b.c.c.' in table 7) with 
a about 10.15 to 10.19 A. These specimens were 
found to dissociate to unknown phases which had 
metastable melting points several hundred degrees 
below the melting values of specimens prepared with­
out alcohol , and had to be discarded. For these 
latter compositions only the dry-mixed specimens are 
reported in table 7. Other unknow"n phases were 
found in mixtures con taining 1 to 4 mole percen t 
Nb20 5 which had been wet-mixed in ethyl alcohol 
and were also discarded for table 7. 

It seems likely that Bi20 3 forms a series of complex 
compounds with methyl and ethyl alcohol and can 
incorporate Nb20 5 into these compounds. The 
fu'st b.c.c . phase (a = 10.263 A) seems to contain 
little or no Nb20 5 and probably contains only Bi20 3 
and alcohol or carbon. The second (b.c.c.') phase 
apparently contained about 12 to 15 mole percent 
Nb20 5 (plus alcohol or carbon). The body-centered 
cubic phase appears to be built up by spheres of 
Bi+3 and 0 - 2 ions with a large tetrahedrally co­
ordinated hole in the center [6, 8]. This host lattice, 
by itself apparently thermodynamically unstable, 
is stabilized in some cases by the addition of a second 
component in the central hole. It is possible that 
this phase may therefore be a clathrate type 
compound. A more complete study by high-temper­
ature X-ray diffraction, of the body-centered cubic 
phase with a large number of other oxides will be 
discussed in a future publication. 

6 . Summary 

The system Bi20 3-Nb20 5 was studied by means of 
solid state reactions, fusion characteristics, and X-ray 
diffraction data. The existence of five compounds 
in this system was shown. They are: 5Bi20 3·3Nb20 5, 

which melts incongruently at 1,193 °C to Bi20 3·Nb20 5 

and liquid containing about 36.5 mole percent Nb20 5 ; 

Bi20 3·Nb20 5 which melts congruently at 1,245 °0, 
and has a phase transition (irreversible in laboratory 
time) at about 1,020 °0 from a low-temperature 
orthorhombic structure to a high temperature tri­
clinic form; 4Bi20309Nb205 which has a minimum 
temperature of stability at 1,070 °C and melts 
incongruently to Bi20 3·6Nb20 5 and liquid containing 
about 68 mole percent Nb20 5 ; Bi20 3·5Nb20 5 which 
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has a m aximum temperature of stability, decompos­
ing at 1095 °0 to 4Bi20 3 ·9Nb 20 5 plus Bi 20 3·6Nb 20 5 ; 

and Bi20 3·6Nbz0 5 whi ch bfLS fL minimum tcmperaLure 
of st!1bility at 1,002 °0 and mel ts incongruentl:" ,lL 
1,242 °0 to Nbz0 5 and a liqu id con ta ining fLbouL 76 
mole percent Nbz0 5 . The only euLecLic in Lhe sys­
tem occurs at 1,180 °0 !1nd about 64 mole percen L 
Nbz0 5 · . 

Nb20 5 enters into solid solution ill Lhe higJI­
temperature cubic form of Biz0 3, rai sin g the melting 
point to about 1,055 °0 and lowering the monoclini c 
to cubic pbase transition from about 730 °0 to about 
610 °0. A morpho tropic transition occurs in the 
solid solution at abou t 19 .5 mole percen t to a pseudo­
cubic form , fLnd further solid solu tion occurs from 
19 .5 mole percent to about 23.5 mole percent Nbz0 5 • 

The pseudocubi c form of Bi 20 3 solid solution is 
stable from room temperature to a maximum solidus 
tempel'aLure of 1,096 °0. No solid olu tion was 
observed in Nbz0 5 01' in any of the five binary 
compounds in the system. 

(P aper 66A6- 1 0) 
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