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FIGU R E 3.- Fariation of dielectric constant with temperatw'e, at 1,000 kc/s , for specimens with compositions in the binary 
system, Ti02- BaTi03. 

diagrams B, 0, and D (fi g. 3) . It should be noted 
that the scales werc altcred in t he ordinate of 
diagram s 0 and D , because of the high values of [{. 

Other inves tigators [1 , 2J have found consider­
able variation in dielectric constant with changes 
in temperature '~ of specimens prepared from 
BaO.Ti02 • In the present study, diagram D, 
fig me 3, shows the character of the clielectric­
constant- temperature curve for these specimens. 
Although a peak value of 11 ,800 [{ was observed 
at 118° C, variations of as much as 1,000 or more 
in the values of [{ were caused by small changes 
in temperature within the range of 110° to 125° C. 
The rapid variation of [{ with temperature occurs 
at a reversible change in crystal structure from 
pseucloeubic to the cubic perovskite structure [2], 
indicated by X-ray studies. 

Additions of SrO to specimens containing BaO 
and Ti02, denoted by the joins in the diagram of 
figure 1, resulted in negative temperature coeffi­
cient of [{ for most of the specimens, as hown 
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-
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position indicated by points in the join BaO.TiOz-
SrO,TiOz. The cmve wiLh a peak at 41 ° C 
(fig. 5) for one of these specimen , SB21 , resembles 
t he cmve for BaO.TL02 (fig. 3, D ). It was found 
that increasing the content of SrO in this seri es of 
compositions on the SrO.Ti02-BaO .Ti02 join 1'e­
stilted in decreasing the t emperature at which tue 
peak in dielectric constant occurred (fig. 6). Ex­
trapolation of the curve indicates a peak for 
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FI GURE 4.- Rdation between the temperatw'e at which the 
peak dielectric constant occ urs an d compositions in the 
BaO-SrO-Ti02 system . . 
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SrTiOa 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
t ions in composition over a portion of the ternary 
system BaO-SrO-Ti02 • These diagrams indicate 
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FIGURE 5.- variation of didectric cons/ant with temperature, 
at 1,000 kc/s, for specimen SB21 with composition on th f: 
SrTi03-BaTiOa join. 

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

Despite the relatively low dielectric constant 
(37) of specimens having the composition BaO: 
5Ti02 , 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 5BS8 
(table 4). Specimens 4BS8 also had a low nega­
tive coefficient, whereas 4BS9 had a positive co­
efficient. Thus, specimens having zero tempera­
ture coefficien t 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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FIGU RE 5.- Variation of the tempera tun at which the peak 
dielectric constant occurs with composition on the SrTiOa-
BaTiOa 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 kc/s. It is believed that the slight differ­
ences in observed values of K are within experi­
mental error. 

~~ 
SrO '------:~--~--:>L-'-..>L..--~---"'----....:.8aO 

/0 20 30 4IJ 50 

FIGURE 7.-Constant K with varying composii1'ons at -60°C. 
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The variation in values of Q caused by altera­
t ions in composition and frequen cy is shown by 
Lhe data in table 3. Although most of the speci­
mens had relatively high values of Q (400 to 

10 20 30 40 50 60 

FI GU RE S.- Constant J( with vW'']jing compositions at 0° C. 

10,000) , those containing more t han 46.0 percent 
of BaO exhibi ted low values of from .50 to 100. 
With specimens h aving a con tan t and relatively 
low content of Ti02, an increa,se in the concentra-

60 

SrOL-~J~0--~20~~3~0---4~O~~50~~6~0--~ BaO 

FIG URE 9.- Constant J{ with varying compositions c I + 60° C. 

tion of SrO was accompanied by increased values 
of Q, as illustrated in table 3. As an absorption 
of over 0.01 percent was ' attended by a lower 
value of Q, some of the specimens with absorptions 
over 0.01 percent probably exhibited values of Q 
lower than the best obtainable. 
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T ABLE 5.- Dielech·ic constant K, li nd 0, the reci7)1'ocal 0) 

the power factGr, at 25° C and 1 mc/s and 3,000 mc/s 

Specimen designation K at I m e!s Qat 1 mc/s j( ~~~SOOO Q ~,\;12°O 

BaO: 3TiO, .............. 43 3,flOO 42 4,,0 
B SG ...................... 75 2,400 76 52U 
B S7 --- - - ------- --- ------ 71 1,000 74 310 

The data ill table 3 show little correlaLion of Q 
with frequency. In some insLan ces, a specimen 
had low Q at 50 kc/s and fairly high Q aL 20,000 
ke/s, for example, BT6. Often a duplicate speci­
m en exbibited a high Q at all frequen cies. As an 
example of th e variation in Q values of specimens 
r eceiving th e same preparaLion and h eat tr eat­
menLs, Lhe data in tab le 6 are given. Although 
the variation in the dielectric constant is not 
large, Lhe Q values show a very large variat ion. 
However, the specimen with Lhe high est absorp­
Lion has th e lower Q value. The reason fo r 
th ese differ ences is not apparent, bu t i t may b e 
conn ected with a number of factors, such as the 
si:' e of crys tals and pores, as well as the state of 
oxidation of the titanium compow1d s. 

Variat ions in the proper t ies of specimens of the 
same composi tion, SB50, which received differen t 
heat-tr eatments, are given in table 7. These 
specimens have a fai rly large maturing range 
with mall vari ation in dielectric constant. Simi­
lar data co uld b e given for mos t of th e other 
compositions of low BaO content. 

T AB LE 5.- Properties of specimens of SrTi03 , sintcred fo r 
1 hI' at 1,245° C and heated at 1,350° C for 1 hr 

Absorption 

Percent 
0. 11 ............ 
0.06 ...... .... . . 
0.05 ............ 
O.OS ............ 
0.01 ............ 
0.00 . ........... 

Dielectric constant ( K ), R eciprocal ( 0) of power 
25° C factor. 25° C 

Shrink· _____________________ _ 
age 

50 kc/s ~~~~ 

Percent 
14.8 268 264 
15.0 249 246 
15.0 258 254 
14.8 253 250 
15.2 260 260 
15.0 252 249 

20,000 50 kc/s 1,000 
k c/s kc/s 

260 450 1,350 
243 2, 100 3,200 
249 900 4,000 
245 J, OOO 1, 350 
260 5,500 8,000 
245 900 4, 000 

20,000 
kc/s 

3,500 
4,800 
8,000 
4,500 

10,000 
8.000 
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TABLE 7.-Propcrties of specimens of SB50, sintend at 
1,245° C for 1 hr , und heated at 1,350° C, 1,385° C, and 
1,420° C for 2 hr 

I 
I 

Dielectric constallt (l() , Reciprocal (0) of powe r 
, 25° C factor, 25° C 

Heated Absor p.! Shrink· ____________________ _ 
2 hr Lion age 

_ 1,000 20,000 _ I 1,000 20,000 I 00 kc/s I kc ls I kc/s 00 kcj kC~J_~~_ 
----------- ---- ---- ---- --- --

° C Percent Percent 
1,350 .. ' 0.02 14.3 870 90r 890 2, 900 6,100 1, 600 
1 ,350 ... .0·\ 14.3 870 890 900 3, 400 5,800 1, 300 
1,385 ... .05 14.2 870 870 890 5,400 7, 000 1,600 
1,385 ... .07 14.3 870 870 890 5,700 7.500 1,400 
1,420 ... .Ol 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 th e sp ecimens h aving a high BaO content, 
and low Q valu es, the varia tions in the dielectric 
constan t a~d\he Q v.alues are more n early equal , as 
shown by th e data ' in t ab\e 8. In general, for 
specimens having a low B'aO conten t, th e v aria­
tions in the dielectric constant , for well vitrified 
samples, are mu ch less than th e variations in the 
Q valu es, although for specimens of high BaO 
content, and low Q valu es, these variations are 
m ore nearly equal. 

TAB LE 8.- V ariations in propert'ies of some specimens 
containing over 40 percent of BaO 

-

I . j . . I Diclectric con· 
s~~~. ___ ~:~~:tme~s ___ s~lb~ . .:.tant~~~~~=-
dc .... H! - Tem- T CIll- lioll 1 ") 
natIOn pera. Time nera. Time .50: 000 2~ OUO 

LU re t ure kc/s k c s kc/s 
------------ - --

Per· 
° C hr ° C hT cent 

{ 1, 245 J 1, 375 2 0.00 1,930 1,850 
B I6 . .. 1,245 1,385 2 . 05 1,890 1,840 

1,245 1,420 2 . 00 1,920 1, 850 
'S 

,S95 __ { I,200 I 1,310 2 . 05 860 830 
1,200 1,285 2 .00 840 820 

B 

'1' ____ . { 1,245 1 1,385 2 . 05 1,460 1,410 
1,245 1,425 2 .08 1,480 1,480 

B t - __ . 1,245 ------
}1,4oo 

1 { . 03
1

1,690 1, 650 
B t b ____ 1, 245 [ 1. 071,330

1
1,300 

I 

- BaTiO, made w ith Ti02, grade lI ·D . 
b BaTiO, made w ith T iO" grade R. 

--

1, 810 
1,820 
1,790 

820 
810 

1,360 
J,41O 
1,670 
1,330 

Hcci procal ( I)) 
of power fac tor 

- ------

.\0 1.000 20. 000 
kc/s kc/s kc/s 
- ----

33 74 60 
36 112 62 
36 119 62 
83 61 28 
74 52 27 
79 93 50 
82 84 44 

134 74 28 
98 144 78 

Coating the specimens, par ticularly those h aving 
r ela tively high absorption, with wax or paraffin 
increased the values of Q. The improvement, 
however , was not permanent, for on standing a 
gradual decrease in Q was no ted . 

At a frequency of 3,000 m c/s, a greater differen ce 
was observed in the values of Q than of K com­
pared with their respective values found at a 
frequ ency of 1 mc/s, as indicated by the data III 
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table 5. As most specimens had a dielectric 
constan t th at was too high for determination by 
this method, only these three specimens were 
m easured at 3,000 m c/s. 

The thermal expansion of th e specimens was 
high , ranging from 0.59 to 0.84 percent between 

0.15 
BoTtO, (X) 

·c 

FIGURE l O.- T hermal expansion Jar a specimen oj BaTi0 3 

and for S B 16 (table 3) in the region oj the peak dielectric 
constant, over the range 25° to 1700 C. 

Solid Ii nes fo r dielectric constant and broken lines fo r t herm al expansion. 

room temp erature and 700 0 C, despite the wide 
v aria tion in composition ( table 9). Figure 10 
illustrates a peculiar feature of th e expansion 
curve for specimens 'With compositions in the join 
B aO:Ti02-SrO:Ti02 • The fiat section of these 
curves occurred in the r ange of tempera ture 
charac terized by a peak in the dielectric constant. 

T ABL E g.- L inear thermal expansion 

Sprrimen des· 
ignation 

Ti O, _ .. ________ . 
B T I8 ----------
B Tu.. __________ 
BTL __________ 
BT4 __ ________ .. 
BT3 __________ .. 
B T2.2 .. __ ...... 
BT2 ------ - ----
B T ________ ..... 
S B64 .. : __ . __ ... 
S B 29 .... ____ ... 
SB 20F a ----,.-
S BI6 .. ____ ..... 
S'1' .... _________ 
ST2 .. __ . ____ ... 
ST4 .. __ ______ . '1 

rr"empcraturc range from 25° C to-

100° 200° 300° 400° r>ooo 600° 700° 800° 900° 
C C C ceo C C C 

Per· Per- P er· Per· Per· Per· Per- P er· Per-
cent cent cent cent cent cent cent cent rent 
0.06 0. 14 O. Z3 0.32 0.41 0.50 0.60 0.69 0.79 
.05 14 .23 .31 .41 .50 . 59 
. 05 .14 .24 .33 .43 .54 .64 ------ ------
.06 15 .24 .34 .4.5 .57 .68 ------ ------
. 06 14 .23 .32 . 41 .51 .60 .70 --- ---
. 06 .16 . 26 . 37 .48 .59 .7l ----.- ------
. 06 . 16 .26 . 37 .49 .61 .72 --.--- ----- -
.07 .16 .28 .40 .52 .65 .78 --. - -- ---- --
. 05 13 . 25 .38 . 52 .66 . 80 ------ ------
.07 . 18 .30 .42 .55 .67 . 80 ------ ------
.07 . 19 . 32 .44 .58 .71 .84 ------ .-----
,07 19 .29 .41 .54 .68 .79 ------ ------
. 04 .16 . 28 .41 .55 .68 .81 ------ ------
. 07 .17 .29 .40 .51 . 63 .74 ------ ------
. 06 16 . 26 .36 . 46 . 55 .65 .75 --.- --
.06 .15 .25 . 35 .44 . 55 .65 ------ ------

-3% M gF, added. 

Although the construction of a phase diagram 
for this system was outside the scope of this 111-

vestigation, there were indications, based on 
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matming temperatures, of the existence of com-
\ 

pounds in various regions of the diagram, figure 2. 
For example, a billary compo und in the region 
of BaO:4Ti02 is suggested by the maturing tem­
perature, dielectric constant, and X-ray spectro­
gram. In fact, a compariso n of X -ray patterns 
for all the specimen in the system BaO-Ti02 

indicated the fdnmition of other compounds in 
addition to BaO:4Ti02 and BaO:Ti02. 5 The ma­
turing temperature of 1,350° C for specimens in 
the region 18 percent BaO, 28 percent 81'0, 54 
percent Ti02 is suggestive of a ternary compo und, 
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 point in 
the system BaTi03-8rTi03-Ti02• The cliclecLric 
constant of these specimens varies from 34 to 
several thousand, whereas lhe Q values vary from 
abou t 50 to several thousand. :'10st of these 
specimens exhibi t a large negative temperature 
coefficient of dielectric constant. which is not too 

'The authors ar0 indebted to lI. F. :lrc l\fur<iie for the X-ray s pectrograms 
and their interpre tation. 
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great in some to prevent the ir use as bypass and 
co upling condensers. A few have posit ive tem­
perature coefficients, although that of one speci­
men (BaO:5Ti02) is practically zero. When 
properly fabricated, some of these titana t(' bod ies 
could be used also as filter or storage condensers, 
and as delay lines for mi crowave signal 
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