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A partial subsolidus phase diagram is presented of the BaO-TiOz-NbzOS ternary system. Ten com- 
pounds or solid solutions in the ternary system are described. BaTirNb401,, BaTiSNb40Z1, 
BaTi7Nb40r5, and BaTigNb40r9 belong to a chemically and structurally homologous series AB2n+104n+5 
with 3 5 n 5 6, the first member of which is isomorphous with KTi2Ta501,. They all crystallize in the 
orthorhombic system, space group Cmcm with essentially constant a and b parameters (a = 6.6, b = 
8.9 A). The c parameter varies approximately linearly with composition from 21.148 A for BaTi3Nb40,, 
to 34.321 A for BaTigNb40r9. BaTiNb40rJ, isomorphous with KTaSO13, could be considered as a 
member of the chemical series described above but it crystallizes in the orthorhombic system, space 
group Pbcm with unit cell parameters a = 5.640, b = 10.738, c = 16.488 A. A nonstoichiometric phase 
with a composition close to 3BaO : 5Ti02 : 3Nbz05 crystallizes in the monoclinic system, space group 
P2,/c with parameters a = 9.991, b = 9.970, c = 7.311 A, /3 = 11 l”25’. Two other new phases are solid 
solutions extended on the quasi-binary join BaTi09-BasNb40r5. BasTi3Nb40Z4 (BasTi3+Jxi4Nb4-x024 
with 0 5 x 5 0.7) crystallizes with a primitive hexagonal cell with parameters a = 5.794 and c = 18.868 
A. The other phase is an incommensurate solid solution which extends from BaJNb.,Ou to the end 
member compound BsTiNb40r8 (BaS+xTixNbdOIJ+jX with parameters 0 5 x i 1) crystallizing in the 
rhombohedral system, space group R3m, parameters a = 5.765, c = 42.348 A. The three solid solutions 
previously described, Ba3Ti4Nb402, (Ba3Ti,+,,Nb,-,0 21 with 0 5 x 5 0.3) B%TizNbsOro 
(Ba,-XTi2-tiNbs+zxOr0), and BaTiO, (BaTi,-S,Nb4X09 with 0 $ x Z 0.02) were confirmed and further 
studied. 0 1987 Academic Press, 1nc. 

I. Introduction have been shown to have similar proper- 
ties. The BaO-Ti02-Nb205 system which 

Dielectric ceramics based on the Ba may contain ternary phases with interesting 
Ti03-Ti02 system are characterized by and useful properties has never been stud- 
high permittivity, high-temperature stabil- ied in detail. However, as Nb5+ is used as a 
ity, and low dielectric losses. Other dielec- donor dopant in ceramics based on BaTi03, 
tric ceramics based on ternary systems with a study was reported of the BaTi03 solid 
BaO and Ti02, like BaO-Ti02-Nd203 (I), solution in terms of phase equilibria in the 

ternary system (2). The study of additions 

*Present address: Laboratoire de physico-chemie of NbZOs to the barium polytitanates is also 
minerale II associe au CNRS, no1 16 Universite Claude of interest and is part of a general study 
Bernard, Lyons, France. undertaken on the influence of the addition 
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of a third oxide to the polytitanates of bar- 
ium (3, 4). 

The phase equilibria diagrams of the 
three binary systems TiOz-NbzOs, BaO- 
NbzOS, and BaO-TiOz have been reported 
previously (5-7). The only alteration 
needed for these binary systems is to the 
composition of the phase previously re- 
ported as 6BaO : 7Nb205 (6). In the present 
work single crystals of this phase were 
grown and the unit cell was found to be 
similar to the high-temperature form of Ba 
TazOe, hexagonal a = 21.09, c = 3.98 A. 
For reasons not yet known, this phase is 
nonstoichiometric in the BaO-NbzOj sys- 
tem and occurs not at 6 : 7 (53.85 mol% 
Nb205) but at approximately 53.5 mol% 
NW5 or Ba0.89Nhdk. 

In this work the ternary system BaO- 
Ti02-Nb205 was investigated. The pres- 
ence of two previously reported solid solu- 
tions (8, 9) was confirmed and the 
existence of many other compounds and 
solid solutions was noted. They have been 
identified and characterized and their sta- 
bility relations in the system have been de- 
termined. It is known that BaO reacts with 
Pt (10, II) and the high BaO portion of the 
system, therefore, could not be studied by 
the present methods. Although this portion 
of the phase diagram is not given, prelimi- 
nary experiments on this portion of the sys- 
tem show complex phase equilibrium rela- 
tions, not yet understood, and further 
studies in this area are continuing. 

The addition of a small amount of Nb205 
to the Ba-polytitanates causes abrupt shifts 
in many of the X-ray diffraction lines asso- 
ciated with these phases. Either the solid 
solutions associated with Nb5+ additions 
cause large deviations in the unit cell di- 
mensions of the known phases with very 
complex shifts in the diffraction lines or one 
or more new phases replace those which 
occur in the binary system. Due to the com- 
plexity of this problem it is necessary to 
restudy this portion of the ternary system 

with specimens prepared by hydrolysis of 
mixed Ba-, Ti-, and Nb-alkoxide solutions 
as was previously done for the polytita- 
nates (I2), in order to obtain homogeneous 
distribution of very small amounts of Nb5+ 
ions. This study will be the subject of a fu- 
ture publication (13). 

II. Experimental 

The experimental equipment and the 
methods used have been discussed in pre- 
vious works (3-7). The starting materials 
were titanium dioxide, barium titanate, bar- 
ium carbonate, and niobium pentoxide, all 
of at least 99.9% purity. Appropriate pro- 
portions of the powdered materials were 
mixed and calcined above 1200°C for pro- 
longed periods in platinum crucibles. 

Attainment of equilibrium was tested by 
X-ray diffraction at room temperature after 
intermittent toolings and grindings. Equi- 
librium was judged to be obtained when no 
change was observed in the X-ray pattern 
of the composition between two heat treat- 
ments. The equilibration of the samples has 
been a problem in this study as some of the 
ternary compounds could be equilibrated 
only 10 or 20°C below their melting temper- 
ature. For this reason, a few compositions 
were prepared by hydrolysis of mixed 
metal-organic precursors, and, in general, 
equilibrium was obtained more easily than 
for solid state preparations. X-ray powder 
patterns of specimens were made using a 
high-angle goniometer and monochroma- 
tized Cu radiation. The scanning rate was 
1/4”2Blmin. Unit cell dimensions were re- 
fined by a least-squares computer program 
based on parameters and symmetry ele- 
ments obtained from single crystals. Single 
crystals of the ternary compounds were 
grown principally from solid plus liquid re- 
gions of the phase diagram for different 
compositions and have been investigated 
with an X-ray diffraction precession cam- 
era using MO radiation. 
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III. Results and Discussion 

The phase diagram BaO-Ti02-Nb205 
constructed on the basis of our X-ray dif- 
fraction analysis is shown in Fig. la. The 
complexity of the phase diagram makes it 
expedient to present separately several por- 
tions of it. Each of these regions, noted on 
the complete phase diagram (Fib. lb) are 
shown on enlarged scale diagrams and dis- 
cussed later in the paper. The region close 
to the polytitanates of barium, noted with 
an asterisk (*) in the phase diagram (Fig. 
lb) is not presented here. Phase equilibria 
in this region are too complex, as at least 
four new phases were found containing l-4 
mol% Nb20S. This part of the study will be 
published separately (13). The phase equi- 
libria in the subsystem BaO-BaTiOj- 
BasNbdOls will be the subject of future 
study. 

The compounds in the system are pre- 
sented separately or together when they 
can be chemically or structurally related to 
each other. Samples of the compounds 
have been given to the Joint Committee for 
Powder Diffraction Standards at NBS and 
the indexed X-ray diffraction powder pat- 
terns will be published in the new journal, 
Powder Diffraction (14). 

I. Ba3Tiflb4021 Solid Solution 

The existence of this solid solution, pre- 
viously reported (8), was confirmed. 
Ba3Ti4Nb402i is characterized by a hexago- 
nal A&&Ozl-like structure. The composi- 
tion of the solid solution is BajTi4+5x 
Nb4-4x021 with x varying from 0 to 0.3. 
The solid solution, therefore, contains 
interstitial Nb5+ in a tricapped trigonal 
prism coordination. Parameter! of the unit 
cell vary from 9.040 to 9.010 A (precision: 
*O.O04A)foraandfrom 11.767to 11.83OA 
(precision + 0.008 A) for c. This phase is in 
equilibrium with the Ba(Tii-S,Nb&Oj solid 
solution as well as with at least seven other 

phases in the system as shown in Fig. 1. 
However, the addition of NbzOj to BaTi 
in commercial ceramics will cause the ap- 
pearance of this solid solution as a second 
phase if the solubility limit is exceeded and 
no compensation is made for nonstoi- 
chiometry. 

2. Ba6Ti2Nb8030 Solid Solution 

This solid solution crystallizes in the 
tetragonal tungsten bronze structure (9). 
The limits of its composition, Ba+xTi2-ti 
Nbs+2x030 with 0 5 x Z 0.5, have been con- 
firmed experimentally. Unit cell parameters 
do not vary significantly, a = 12.52 to 12.55 
? 0.01 A and c = 4.005 to 3.995 + 0.001 A 
(9). 

3. The Composition 3BaO :5TiO2 : 3Nb205 

This composition is very close to a single 
phase although the exact composition of 
the phase has not been determined exactly. 
The X-ray powder pattern of the 3BaO- 
: 5Ti02 : 3Nbz05 composition shows the 
presence of a very small amount of Ti02 
with this phase. 

A single crystal of this phase, obtained 
from the melt at 1340°C of a sample with the 
bulk composition 7BaO : STiO:! : 8Nb205, 
was used to determine the unit cell parame- 
ters and symmetry. It crystallizes in the 
monoclinic system, space group P2Jc with 
parameters a = 9.999; b = 9.970; c = 7.311 
A; p = lll”25’. The compound is pseudo- 
orthorhombic and the X-ray diffraction 
powder pattern can be completely indexed 
on the basis of a Bmcm space group a = 
18.64, b = 9.97, c = 7.31 A, although the 
true symmetry is monoclinic. From the 
study of the 3BaO : 5Ti02 : 3Nb205 compo- 
sition, the melting point of this phase 
should be close to 1400°C. This is appar- 
ently the same phase reported by Gasperin 
(15) as Ba2Ti3Nb40i8. Although the compo- 
sition reported by Gasperin is derived from 
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FIG. 1. (a) Phase diagram of a portion of the system BaO-TiO,-Nb20s. BT9N2 = BaTi9Nb40r9, BN 
= BaNbzOa, etc. Crosshatched lines, solid solutions; light lines, tie lines between compounds; dashed 
lines, nonconfumed equilibria. 1, B3T4N2 ss; 2, B6T2N4 ss; 3, “B3T5N3”; 4, BTNr; 5, BTsNr; 6, BT5N2; 
7, BTrNz; 8, BTsNr; 9, BT ss; 10, BBTJNZ ss; 11, (B6TN2-B5Nr) ss. (b) The enlarged scale figures that 
are presented in Figs. 5,7, and 9 are represented as well as the part of the diagram (noted *) which will 
be given in Part II (13). 0, 0, Compounds and compositions studied in the system. 
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TABLE I 

PARAMETERS OF UNIT CELLS OF FOUR COMPOUNDS 

Compounds CL (8, 
plcal Temperature of 

L (g/cm3) Preparation of single crystals melting 

BaTigNbdOl, 6.636 8.972 21.148 10 4.87 Partial melt of 3BaO : 1377 5 3°C 
k 0.001 + 0.001 2 0.003 10TiOz : 7Nb205 at 1350°C 

BaTi3Nb402, 6.631 8.947 25.532 12 4.75 BaO : 5Ti02 : 2NbzOj composl- 1352 -t 3°C 
‘- 0.003 2 0.002 r 0.012 tion fired at 1330°C with 5 

wt% BaF2 as flux resulted 
in crystals of BaTlgNb40z9 

BaTi7Nb4025 6.601 8.908 29.96 14 4.69 Partial melt of BaO : 1357 2 3°C 
-+ 0.002 f 0.002 2 0.01 5Ti02 : 2Nbz05 at 1355°C 

BaTigNb4019 6.626 8.965 34.32 16 4.57 Partial melt of BaO : 1362 +- 3°C 
k 0.001 k 0.001 t 0.01 6Ti02 : 2Nb20S at 1360°C 

a structural formula a specimen with the 
2 : 3 : 2 ratio always shows a small amount 
of both Ba3T&Nb4021 and the “6: 7” BN 
phase. Apparently this compound is always 
slightly nonstoichiometric, resulting in a 
phase which is always Ba-poor and (Ti + 
Nb)-rich (3 : 5 : 3 = Bal.928Ti3.214Nb3.ss~0,~). 

4. The Compound BaTiNb4013 

The compound BaTiNb4013 melts at 1275 
f 5°C and crystallizes in the orthorhombic 
system, space group Pbcm with parameters 
a = 5.640 + 0.002;b = 10.738 k 0.004;~ = 
16.488 k 0.005 A. Calculated density is 5.08 
g/cm3 (2 = 4). This unit cell and space 
group are similar to those of KTa50,3 (16). 
Neutron powder diffraction Rietveld analy- 
sis has confirmed that BaTiNb4013 is iso- 
morphous with KTa5013 (17). BaTiNb40t3 
could be considered as a member of the 
“chemical” homologous series ABz,+, 
04n+5 (n = 2) although it is not a member of 
the “structural” homologous series of the 
same formula. It is interesting to note that 
the c parameter of BaTiNb4013 can be re- 
lated to the c parameters of the compounds 
in the structural series (see below). 

5. The Chemical and Structural 
Homologous Series AB2,,+104,,+5 
(3 i n 5 6) 

Four compounds which are members of 
this series have been found: BaTi3Nb4017 
(1 : 3 : 2), BaTiSNb40zl (1: 5 : 2), BaTiTNb4 
025 (1 : 7 : 2), and BaT&Nb4029 (1 : 9 : 2). All 
crystallize in the orthorhombic system, 
space group Cmcm. Parameters of the unit 
cells of these compounds are shown in Ta- 
ble I. They have been determined by an X- 
ray study of single crystals and were refined 
from powder X-ray diffraction data by a 
least-squares computer technique. Compo- 
sitions and temperatures used to grow sin- 
gle crystals of each phase are also given in 
Table I. The different compositions studied 
and the suggested equilibria are presented 
in a large-scale representation of a portion 
of the ternary phase diagram (Fig. 2). A 
phase equilibrium diagram is proposed in 
Fig. 3 for the portion of the quasi-binary 
system Ti02-BaTi3Nb4017 in which all the 
compounds occur. In this figure, a thermal 
cut (1340-1390°C) is given of the region of 
the ternary phase diagram considered. It 
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Mel% Nb20, 

FIG. 2. Enlarged scale portion of the BaO-TiOz-NbzOs system showing phase equilibria between the 
compounds of the homologous series ABZn+104n+S (3 5 n 5 6) and the other ternary compounds at 
-1350°C. The crosshatched line represents the TiOr solid solution in the binary system TiOz-NbzOS. 
Light lines represent tie lines between compounds and dashed lines, nonconfirmed tie lines. The 
diierent compositions studied are reported as 0, TiOz = T, NbzOs = N, BaO = B, BTgN = 
BaT&Nb40z9, etc. 

shows the phase relations between the 2. This increase corresponds, for the close- 
compounds and the other phases, as well as packed layer structure of these compounds, 
the compositions studied. The c parameters to two layers of oxygens. However, the a 
of these compounds increase approxi- and b axes as well as the space group of 
mately linearly by 4.25 8, when the molar BaTi3Nb4017, BaTisNbdOzr, BaTiTNb4025, 
amount of Ti02 increases by an addition of and BaTi9Nb40z9 are different from those of 

Q(T) Mel % BoO 

FIG. 3. Portion of the postulated phase diagram for the quasi-binary system TiOr-BaTi,Nb40n in 
which all the compounds of the AB2n+104,,+S structural homologous series are present. The phase 
diagram has been constructed with a very limited number of experimental data points indicated in the 
figure: 0, not melted; 0, partially melted; 0, completely melted. Ti02 = T; BaTi9Nb40z9 = BTgNr; 
BaTi7Nb40z5 = BT,N,; etc. 
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BaTiNb40u and the phase KTa50u (16), 
which have structures based on a “chemi- 
cal twinning” of the a-PbO?-type structure. 
These four new compounds must be com- 
pared instead to the structure of KTi2TasOi7 
(18) with which BaTi3Nb401, is isomor- 
phous and KTi6Nb50z5 (19) isomorphous 
with BaTi7Nb4025. If the structure of 
BaTiNb4013 can be thought of as an eight- 
layer “chemically twinned” a-PbOz struc- 
ture, as shown in (16), and BaTi3Nb40t7 as 
a IO-layer “chemically twinned” t-utile 
structure then the other three related 
phases are 12-, 14-, and 16-layer TiOz-type 
phases (see Table I for unit cell dimen- 
sions). Neutron powder diffraction Riet- 
veld analysis has confirmed this structure 
for BaTi3Nb4017 (27). The other com- 
pounds have structures which can be gener- 
ated by the addition of two Ti02 layers per 
compound to the previous member of the 
series. As yet, no similar series of phases 
has been synthesized with structures re- 
lated to the KTa5013 structure. Gatehouse 
(16, 18) has pointed out that KTa50i3 
(BaTiNb401,) is related to the a-PbOz type 
structure and (KTizTaSOIT) (BaTi3Nb401,) 
is related to the rutile structure. It may be 
possible to synthesize a series of phases re- 
lated to the BaTiNb4013 structure by substi- 
tuting ZrOz for one-half of the TiOz in the 
IO-, 12-, 14-, and 16-layer compositions, as 
ZrTiOr has the cy-PbOz-type structure. The 
system BaO-Ti02-ZrO*-Nb205 is cur- 
rently being studied and results will be re- 
ported in the near future. These compounds 
rich in titanium and niobium could present 
interesting properties similar to those of the 
polytitanates of barium (12, 20) and be use- 
ful as dielectric materials. 

6. The Quasi-binary System 
BaTi03-BasNb401s 

6.1. The BaTi solid solution. Joker 
and Havinga have previously studied the 
BaTi03 solid solution in the system BaO- 

TiOz-NbzOs (2). They noted that at low 
temperature (1200°C) the solid solution is 
extended on the join to BaSNbdOiS as the 
addition of niobium is completely compen- 
sated by the occurrence of Ti vacancies. At 
higher temperature (1350°C) they observed 
the maximum of extension of the solid solu- 
tion in the direction of the composition 
2BaO: Nb205 (not a compound) and ex- 
plained it as a mixed compensation by Ti 
and Ba vacancies. 

This result has not been confirmed by our 
experiments. We observed at 1350°C a solid 
solution in the direction of the compound 
Ba5NbdOlS considerably greater than the 
amount toward 2BaO: Nb205. The end- 
point of the solid solution on the join was 
found to correspond at 1350°C approxi- 
mately to an atomic ratio of Nb/Nb + Ti = 
0.0844. The compensation mechanism in- 
volving the substitution of NbS+ for Ti4+ is 
apparently the formation of Ti vacancies at 
all temperatures of stability of the solid so- 
lution. This was confirmed by refinement of 
the neutron powder diffraction pattern of a 
specimen with 2.25 mol% NbZOS, corre- 
sponding to BaTi0.891Nb0.08703 (Ti vacancies 
= 0.022). The different compositions stud- 
ied and the suggested phase equilibria are 
presented in a large-scale representation of 
a portion of the phase diagram (Fig. 4). In 
Fig. 5 the variation of the cubic cell param- 
eter of the solid solution is shown. X-ray 
diffraction powder patterns of the two com- 
positions with the higher content of Ti on 
the join after firing at 1500°C show only the 
cubic form. This polymorph is stabilized in 
the ternary system even at higher tempera- 
ture. No sign of the six-layer hexagonal 
polymorph of BaTi03 was found in the ter- 
nary solid solutions. 

6.2. The BagTi3Nb4024 solid solution. The 
compound Ba8Ti3Nb40z4 has not been re- 
ported previously. This new compound can 
be observed easily by X-ray diffraction 
studies of compositions between the end 
member of the BaTi03 solid solution and 
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FIG. 4. Enlarged scale region of an isothermal cut at 
1350°C of the phase diagram of the system BaO-Ti02- 
Nb20S containing the BaTiOr solid solution (BT,,) BT 
= BaTiOr, BsT3NZ = Ba8Ti3Nb40z4, etc. Compositions 
on the binary BaO-Ti02 are given in mol%. 0, Com- 
positions studied. 

the compound BsTiNb40is fired at 1400°C 
(Fig. 6). It forms a solid solution on the 
quasi-binary join extended in the direction 
of the BaTi03 solid solution: 
BasTi3+5x,4Nb4-x024 with 0 5 x S 0.7. Only 
twinned crystals were obtained from 
melted or partially melted specimens from 
compositions near this phase. From these 
twinned crystals and the X-ray powder dif- 
fraction data it was found that the phase 
crystallizes in the hexagonal system with a 
primitive cell of a = 5.7944 + 0.0005 A and 
c = 18.868 + 0.003 A. Rietveld analysis of 
neutron powder diffraction patterns was 
used to solve the structure of the compound 
BasTi3Nb40z4 (21). 

6.3. The Baflb401s-Ba6TiNb4018 solid 
solution. It has been shown that the binary 
compound BasNb40i5 crystallizes in the tri- 
gonal system, space group P3ml with pa- 
rameters a = 5.776 A and b = 11.82 A (6). 

In the ternary system, substitution of 
Ti4+ for NbS+ changes this structure and 
gives rise to an incommensurate rhombohe- 
dral solid solution which extends in the di- 
rection toward BaTi03 from BaSNb40i5 to 
the end-member compound B&TiNb401s 
(Ba5+xTixNb401S+3x with 0 S x 5 1). This 
phase crystallizes in the rhombohedral sys- 
tem, space group R3m parameters a = 

41 I I I . 
0 .04 .08 

EaTi Nb/Nb+Ti 

FIG. 5. Variation of the cubic cell parameter of Ba- 
TiO, solid solution, on the join toward BasNbaOls. 

5.7645, c = 42.348 A (Fig. 7). The incom- 
mensurate vector of the rhombohedral solid 
solution varies continuously between its 
two end members. This variation can be 
seen by the variation of angular position of 
the two diffraction peaks labeled (018) and 
(107) in the X-ray diffraction powder pat- 
terns of different compositions prepared at 
1400°C (Fig. 8) and in the single-crystal pat- 

Mel % 

FIG. 6. Enlarged scale portion of the phase diagram 
containing the B8TxN2 solid solution, the B6T2N4 solid 
solution, and the (B6TN2-BSN2) incommensurate solid 
solution; B = BaO; T = TiOz; N = Nb205. 
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a* 

FIG. 7. X-ray diffraction single-crystal precession photographs (unfiltered MO radiation) of the 
compound 6BaO . Ti02 . 2Nb205 (BGTiNb4018) rhombohedral space group R3m. (a) Unscreened 
[I&O] showing threefold axes of symmetry. (b) [hod. (c) [/A[]. 
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20 ’ 40 60 80 100 

W3N2 Bem2 Mel % B5N2 W2 

FIG. 8. Variation of the angular position (“20) of two peaks corresponding to the planes (107) and 
(018) for B%TiNb401* of the X-ray powder patterns of the compositions of the incommensurate solid 
solution (B6TNZ-BSN2). B = BaO; T = TiO,; N = Nbz05. 

terns from the incommensurate solid solu- 
tion (Fig. 9). The structure of B&TiNb40is 
was postulated by its relation to the struc- 
ture of Ba5Nb40i5 and was refined by neu- 
tron powder diffraction Rietveld analysis 
(22). High-resolution electron microscope 
lattice images show a disordered array of 
the two structures in the region of the in- 
commensurate solid solution. 

Conclusion 

In the ternary system BaO-Ti02-Nb205, 
ten ternary compounds or solid solutions 
have been identified. Data are reported on 
their synthesis, fields of stability, crystal 
chemistry and structure. Based upon com- 
positions containing high (Ti + Nb)/Ba ra- 
tios, four of them are expected to have di- 
electric properties comparable to those of 
the polytitanates of barium. These are 
members of a chemically and structurally 
homologous series, ABZn+i04,,+5 with 3 5 n 
S 6. They have respectively the composi- 

tions BaTi3Nb40i7 (Tf = 1377 2 3”C), Ba 
Ti5Nb402, (Tf = 1352 2 2”C), BaTiTNbd 
OZ5 ( Tf = 1357 + 3”C), BaT&Nb4025 
(Tr = 1362 + 3°C). BaTiNb4013 (Tr = 
1275 + SC), which could be considered a 
member of the chemical series, has a differ- 
ent type of structure, isomorphous to 
KTa50ij. 

Another compound with a composition 
close to 3BaO: 5TiOz: 3Nb205 was also 
characterized as a nonstoichiometric phase 
with the structural formula Ba2Ti3Nb401s. 
The existence of the Ba3Ti4Nb402, (8) and 
Ba,jTizNbsOJo (9) solid solutions has been 
confirmed, as well as the BaTi03 ternary 
solid solution reported by Jonker and 
Havinga (2). However, in contrast to these 
authors, it was found that the maximum of 
extension of the solid solution in the ter- 
nary system is on the join to BasNb40r5 
rather than on the join to 2BaO : Nb205. In 
BaTi the solid solution addition of 
niobium is apparently completely compen- 
sated by the occurrence of Ti vacancies. 
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FIG. 9. X-ray diffraction single-crystal precessio n photographs (Zr-filtered MO radiation) of crystals 
in the incommensurate solid solution between BsTiNb.,O,e (BaTi0.,e7Nb0 66703), and Ba5Nb4015 
(BaNb0.80,). (a) 39BaO : 4Ti02 : 14Nb205 (BaTi , o,Nb07,a0,) [hhl]; (h) 39: 4 : 14 [ho/]; (c) 69BaO: 
4Ti02 : 26Nbz05 (BaTio.assNb0.75403) [hhl]; (d) 69 : 4 t : 26 [h01]. 
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On the quasi-binary join from BaTi03 
solid solution to BasNb4015 two new dis- 
tinct solid solutions have also been found. 
The Ba8Ti3Nb4024 solid solution is ex- 
tended in the direction of Ba- 
Ti03: Ba8Ti3+5x,4Nb4-x024 with 0 S x: I 
0.7. The Ba5Nb4015-B+TiNb4018 solid so- 
lution is an incommensurate solid solution 
with the two compounds Ba5Nb4015 and 
B&TiNb4018 as end members. The high 
BaO portion of the system is not presented 
in this work and further studies on the sub- 
system Ba0-BaTi03-BasNb4015 are con- 
tinuing. The complexity of the phase equi- 
libria in the portion of the ternary system 
near the polytitanates of barium has re- 
quired further study, and the results ob- 
tained have made it necessary to present 
these data in a future publication (Part II) 
(13). 
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