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Ficure 3.—Variation of dielectric constant with temperature, at 1,000 kc/s, for specimens with compositions in the binary
system, Ti0s~BaTiOs.

diagrams B, C; and D (fig. 3). It should be noted
that the scales were altered in the ordinate of
diagrams C'and D, because of the high values of K.

Other investigators [1, 2] have found consider-
able variation in dielectric constant with changes
in  temperature ~of specimens prepared from
BaO.TiO,. In the present study, diagram 1),
figure 3, shows the character of the dielectrie-
constant—temperature curve for these specimens.
Although a peak value of 11,800 K was observed
at 118° C, variations of as much as 1,000 or more
in the values of &K were caused by small changes
in temperature within the range of 110° to 125° C.
The rapid variation of K with temperature occurs
at a reversible change in crystal structure from
pseudocubic to the cubic perovskite structure [2],
indicated by X-ray studies.

Additions of SrO to specimens containing BaO
and Ti0O,, denoted by the joins in the diagram of
figure 1, resulted in negative temperature coeffi-
cient of K for most of the specimens, as shown
in the last column of table 4. Coefficients were
not computed for all the specimens because of the
irregularities in the curves of dielectric constant
versus temperature.

The portion of the ternary diagram in which
peaks were observed in the dielectric-constant—
temperature curves is indicated in figure 4. These
peaks were a maximum for specimens with com-

Titanate Dielectrics

positions indicated by points in the join BaO.Ti0,-
SrO.TiO,. The curve with a peak at 41° C
(fig. 5) for one of these specimens, SB21, resembles
the curve for BaO.TiO, (fig. 3, D). It was found
that increasing the content of SrO in this series of
compositions on the SrO.Ti0,-BaO.TiO, join re-
sulted in decreasing the temperature at which the
peak in dielectric constant occurred (fig. 6). Ex-

trapolation of the curve indicates a peak for
770,
Wt %
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Peak K (iFany)
below -60°
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F1cUure 4.—Relation between the temperature at which the
peak dielectric constant cccurs and compositions in the
BaO-SrO-TiO; system.

B=Ba0; S=8r0; T=TiO.
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SrTi0O; at a temperature of approximately —240°
C. Similar data by other investigators indicate
that this peak is near —260° C [7].

Figures 7, 8, and 9 show the lines of constant
values of K at —60°, 0°, and +60° C with varia-
tions in composition over a portion of the ternary
system BaO-SrO-Ti0,. These diagrams indicate

I
1400 T T T ] 'F( T T T I 1
- X 7 =5
12000 582/ -
| 51.7 7o BaO
L 120 9% SrO —
36.3 % 770>
10000 o heating Peak K=13,800
X caa//h_q i ar 41°
8000~ 7
— X _‘
6000 — o x\ .
L J, v —
4000~ /{ \ 7]
—o..?(—o) \
2000 r— ]
(o)
0 ) S | S | S | A S | B
-60 -z20 0 40 80 20 60
°c

Ficure b.—Variation of diclectric constant with temperature,
at 1,000 kels, for specimen SB21 with composition on the
SrTi0;-BaTiOs join.

the changes in the values of K that result from
simultaneous alterations of both temperature and
composition.

Despite the relatively low dielectric constant
(37) of specimens having the composition BaO:
5Ti0,, the zero temperature coefficient of K is
noteworthy. It was found, however, that an
addition of 5 percent of SrO to this composition
led to a negative coefficient, as in specimens 5BSS8
(table 4). Specimens 4BS8 also had a low nega-
tive coeflicient, whereas 4BS9 had a positive co-
efficient. Thus, specimens having zero tempera-
ture coeflicient of K are limited in composition to
a small region in the vicinity of the composition
indicated by the point BT5, figure 1. For some
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Freure 6.—Variation of the temperature at which the peak
dielectric constant occurs with composition on the SrTiO;-
BaTiO; join.

uses, such as delay lines, the dielectric with zero
temperature coefficient is desirable.

The dielectric constant was not affected by
variations in frequency within the range 50 to
20,000 ke/s. It is believed that the slight differ-
ences in observed values of K are within experi-
mental error.

Sro

30 40 50 60
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Ficure 7.—Constant K with varying compositions at —60°C.
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The variation in values of @ caused by altera-

tions in composition and frequency is shown by
the data in table 3
mens had relatively high values

Although most of the speci-
of Q (400 to

7702

Sr0
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Ficure 8.—Constant K with varying compositions at 0° C.

10,000), those containing more than 46.0 percent
of BaO exhibited low values of from 50 to 100.
With specimens having a constant and relatively
low content of TiO,, an increase in the concentra-

Ti0;

& 10 20 30 40 &0 60 o

Ficure 9.—Constant K with varying compositions ct +60°C

tion of SrO was accompanied by increased values
of @), as illustrated in table 3. As an absorption
of over 0.01 percent was attended by a lower
ralue of ¢, some of the specimens with absorptions
over 0.01 percent probably exhibited values of ¢
lower than the best obtainable.
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TasrLe 5.—Dielectric constant K, and ), the reciprocal of
the pow er factor, at ,2,) C and 1 mce/s and 3,000 mc/s

‘ « | K at 3,000

B8 7 e, ‘ 71 1,000 74

\
Specimen designation | K at lmc,ls‘ Qat 1 me/s | ')‘]l:“ ’/\“m

| 1
BaO: 3Ti0._____________ 43 3, 600 42 460
B 5 6 SRR 75 2,400 76 520
310

The data in table 3 show little correlation of ¢
with frequency. In some instances, a specimen
had low @ at 50 ke/s and fairly hl(’ll @) at 20,000
ke/s, for example, BT6. Often a duplicate speci-
men exhibited a high @ at all frequencies. As an
example of the variation in @ values of specimens
receiving the same preparation and heat treat-
ments, the data i table 6 are given. Although
the variation in the dielectric constant is not
the ¢ values show a very large variation.
However, the specimen with the highest absorp-
tion has the lower ¢ value. The reason for
these differences is not apparent, but it may be
connected with a number of factors, such as the
size of crystals and pores, as well as the state of
oxidation of the titanium compounds.

Variations in the properties of specimens of the
same composition, SB50, which received different
heat-treatments, are given in table 7. These
specimens have a fairly large maturing range
with small variation in dielectric constant. Simi-
lar data could be given for most of the other
compositions of low BaO content.

large,

TABLE G.mep('rl{cs oy svecimens of SrTiOs, sintered for
1 hr at 1,245° C and heated at 1,350° C for 1 hr

Dielectrie constant (K), | Reciprocal (0) of power
. 25° C factor, 25° C
Absorption Shrink- =

age |
11,000 20,000 1,000 20,000
ke/s ke/s

ke/s ke/s

50 ke/s 50 ke/s

Percent
14.8 268 264 260 450 1, 350 3, 500
15.0 249 246 243 | 2,100 | 3,200 4,800
15.0 258 254 249 900 4, 000 8, 000
14.8 253 250 245 1, 000 1,350 4, 500
15.2 260 | 260 260 5, 500 8,000 10, 000
15.0 252 249 245 900 | 4,000 8, 000

Percent
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TABLE 7.—Properties of specimens of SB50, sintered at
1,246° C for 1 hr, and heated at 1,350° C, 1,385° C, and
1,420° C for 2 hr

Dielectric constant (X), | Reciprocal (9) of power
| 25°8@ factor, 25° C
Heated |Absorp-| Shrink- _
2 hr tion | age
- 1,000 | 20,000 | - w0 | 1,000 | 20,000
‘ S0kefs | Yefs | kels | 0K | Kejs | kefs
S — i -
° C | Percent| Percent ‘
1,350 __ 0.02 | 14.3 870 900 890 2, 900 6,100 1, 660
1,350 _ .05 14.3 870 ‘ 890 900 3,400 | 5,800 1, 300
1,385 __ .05 | 14.2 870 | 870 860 | 5,400 | 7,000 | 1,600
1,385 __ .07 | 143 870 ; 870 890 5, 700 7, 500 1, 400
1,420 __ .01 3 14.3 860 ‘ 860 870 | 2,800 | 8,500 1,700
1,420 __ .02 ‘ 14.3 870 ‘ 860 870 | 2,300 7, 500 1,200
|

In the specimens having a high BaO content,
and low @, values, the variations in the dielectric
constant and the @ values are more nearly equal, as
shown by the data’in table 8. In general, for
specimens having a low BaO content, the varia-
tions in the dielectric constant, for well vitrified
samples, are much less than the variations in the
@ values, although for specimens of high BaO
content, and low @ values, these variations are
more nearly equal.

TaBLE 8.—Variations in properties of some specimens
containing over 40 percent of BaO

Speci- Heat treatments iAb_ a%f)l’netle(?(r)m{;yl( l(ifo}()l(}g(ég?;c{tgz
L] [sorp-
e | Tem- | | Tem| ftion| 5 |; o0 20,000/ 50 |1,000/20, 000
e Time s e ke/s | kes | kefs |ke/s| ke/s | kefs
Per-
°C hr e hr | cent
1,245 1| 1,375 2/ 0.001,930(1,850) 1,810/ 33| 74 60
SB16...{ 1,245 .. __ 1,385 2 .05/1,8901,840| 1,820/ 36 112 62
1,245 ____| 1,420 2| .001,920/1,850 1,790/ 36/ 119 62
Bl {1,200 1] 1,310 2 .05 860 830 820 83 61| 28
=11 1,200 1,285 2 .00 840| 820 810/ 74 52| 27
BT {1,245 1] 1,385 2| .05[1,460/1,410| 1,360 79| 93| 50
'''' 1,245 ____| 1,425 2| -0811,48011,450| 1,410/ 82 84 44
Bta __| 1,245/ }1 i { .0311,690 1,650| 1,670| 134| 74 28
Btb .| 1,245 _____ l g il.071,330’1,300 1,330 98| 144| 78
|

& BaTiO3; made with TiO;, grade WD,
b BaTiO3; made with TiO,, grade R.

Coating the specimens, particularly those having
relatively high absorption, with wax or paraffin
increased the values of . The improvement,
however, was not permanent, for on standing a
gradual decrease in @ was noted.

At a frequency of 3,000 me/s, a greater difference
was observed in the values of ¢ than of K com-
pared with their respective values found at a
frequency of 1 me/s, as indicated by the data in
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table 5.  As most specimens had a dielectric
constant that was too high for determination by
this method, only these three specimens were
measured at 3,000 me/s.

The thermal expansion of the specimens was
high, ranging from 0.59 to 0.84 percent between
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F16urg 10.—Thermal expansion for a specimen of BaTiO;

and for SB16 (table 3) in the region of the peak dielectric
constant, over the range 25° to 170° C.

Solid lines for dielectric constant and broken lines for thermal expansion.

room temperature and 700° C, despite the wide
variation in composition (table 9). Figure 10
illustrates a peculiar feature of the expansion
curve for specimens with compositions in the join
BaO:TiO,-5rO:Ti0,.  The flat section of these
curves oceurred in the range of temperature
characterized by a peak in the dielectric constant.

TaBLE 9.— Linear thermal expansion

Temperature range from 25° C to—

Specimen des-

% 2 |
TR 100° | 200° | 300° | 400° | 500° | 600° | 700° | 800° | 900°

(e C C C (o] C ©
,,,,,,,,,, — S T S | R
Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per-
cent | cent | cent | cent | cent | cent | cent | cent | cent

TiOy - .. 0.06 | 0.14 | 0.23 | 0.32 | 0.41 | 0.50 | 0.60 | 0.69 | 0.79

BTIS .05‘ 4| .23 | 81| 41| .50 | .59 || _____

BT6 06| .14 | .24| .33 | .43 | .54 | .64 |

BT5 . __ 06| .15 | .24 | 34| 45| .57| .68 |

BT ... 06| .14 | .23 | .32| .41| .51 | .60 | .70 |.__.__

BT3 ... .06 .16 |-.26 | .37 | .48 | .50 | .71 || _____

BT22. ... 061 .16 | .26 | .37 | .49 | .61 | .72 | _____| ____.

B 07 .16 | .28 | 40| .52 | .65 | .78 | | .. _.

BT 05| 13| .25 (.38 | .52 | .66 | .80

SB64. .. 07| .18 | .30 | .42 .55 | .67 | .80

SB29. . 07| 19| 32| .44 | 58| .71 | .84 | .| _____

SB2OFs_.__..| .07 .19| .20 | .41 | .54 | .68 | .79

SBI6. ... 04| 16| .28 | .41 | .55 .68 | .81 | |

ST 07| 17| 29| .40 | .51 | .63 | .74 ||

ST2. . 06 .16| .26 | .36 | .46 | .55 | .65 | .75 |._____
‘ .25 | .35 | .44 | .55 | .65 |._____|____.

ST4 .. | ‘06‘ .15

23% MgF: added.

Although the construction of a phase diagram
for this system was outside the scope of this in-
vestigation, there were indications, based on
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maturing temperatures, o\f the existence of com-
pounds in various regions of the diagram, figure 2.
For example, a binary compound in the region
of Ba0:4TiO; is suggested by the maturing tem-
perature, dielectrie constant, and X-ray spectro-
gram. In fact, a comparison of X-ray patterns
for all the specimens in the system BaO-TiO,
indicated the formation of other compounds in
addition to Ba0:4Ti0O, and BaO:Ti0,.> The ma-
turing temperature of 1,350° C for specimens in
the region 18 percent BaO, 28 percent SrO, 54
percent Ti0, is suggestive of a ternary compound,
but the suggestion is not supported by data on
the dielectric constant or by X-ray patterns.

V. Conclusions

Mature specimens (absorption less than 0.10
percent) can be made from mixtures of titanium
dioxide with barium and strontium carbonates,
which have compositions represented by points in
the system BaTiOz-SrTiO3-TiO,. The dielectric
constant of these specimens varies from 34 to
several thousand, whereas the @ values vary from
about 50 to several thousand. Most of these
specimens exhibit a large negative temperature
coefficient of dielectric constant, which is not too

6 The authors are indebted to H. F. McMurdie for the X-ray spectrograms
and their interpretation.
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great in some to prevent their use as bypass and
coupling condensers. A few have positive tem-
perature coefficients, although that of one speci-
men (BaO:5TiO,) is practically zero. When
properly fabricated, some of these titanate bodies
could be used also as filter or storage condensers,
and as delay lines for microwave signals.
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