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Properties of Barium-Magnesium Titanate Dielectrics

By George R. Shelton, Ansel S. Creamer, and Elmer N. Bunting

Dielectrics having compositions in the system BaTiO;-4MgO:Ti0,-TiO; were matured

(less than 0.19% of absorption) at 1,275° to 1,425° C.

Data are given for the dielectric con-

stant K at a frequency of 1 me/s and various temperatures from —60° to +85° C, and for
@, the reciprocal of the power factor, at 25° C and frequencies of 50, 1,000, and 20,000 ke/s
and 3,000 me/s. Values of K (1 me/s and 25° C) ranged from 12 to 1,550 and those of @
from 9 to 10,000. Values of K decreased, and those of @ increased for several weeks after
specimens were matured, when the content of BaO was greater than 30 percent and that of
TiO, less than 50 percent. Partial restoration of the original values of K and @ resulted
from heating these specimens at various temperatures for brief periods. Linear thermal

expansion (25° to 700° C) ranged from 0.46 to 0.71 percent.

A few specimens of barium-

strontium titanate were tested for the effects of thermal history on the properties.

I. Introduction

This is the second paper pertaining to ceramic
dielectrics composed of titanium dioxide and the
oxides of the alkaline earth elements. Previous
work, by the present investigators, on barium-
strontium titanate dielectries [1]! indicated the
usefulness of these materials in the fields of elec-
trical communications and instrumentation.

Some of the properties of dielectrics having
compositions in limited portions of the system
BaO-MgO-TiO, have been determined by other
investigators. Wainer [2] found that the addition
of magnesia to barium titanate resulted in high
electrical losses. Liow losses, however, were ob-
served by Rieke and Ungewiss [3] on bodies with
compositions in a portion of the system MgO-TiO,
(9 to 57 percent of TiOy). Thus it might be ex-
pected that portions of the ternary system would
represent compositions of bodies with low losses,
and other portions would indicate compositions
of bodies with high losses. It was anticipated also
that many of these bodies would have a positive
or neutral temperature coefficient of dielectric
constant because of the low temperature coefficient
of magnesium titanate reported by Rosenthal [4].

1 Figures in brackets indicate the literature references at the end of this
paper,
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II. Preparation of Specimens and Methods

of Test

In the preparation of specimens having the
computed compositions shown in figure 1, chemi-
cally pure magnesium carbonate was the source of
MgO. The titania, grade TMO, and barium
carbonate were from the same stocks used in the
production of barium-strontium titanates [1].",
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Ternary diagram for system BaO-MgO-TiO,
showing compositions studied.

B=Ba0; M=MgO; T=TiO..
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In the first paper of this series, details are given
of the method for producing mature specimens as
indicated by less than 0.1 percent of absorption
(water basis). The properties of the dielectrics
were determined by the methods and equipment,
with one exception, previously used. A crystal-
controlled oscillator was installed in the apparatus
for determining the effects of variation in tem-

perature of the specimens upon the dielectric
constant.

III. Results and Discussion

In table 1, data are given for the composition,
heat treatment, absorption, shrinkage, dielectric
constant (K), and @Q-value (reciprocal of the power
factor) of mature specimens.

TasLe 1. Composition, heat treaiment, absorption, shrinkage, dieleciric constant, K, and (), of bodies in the system BaO-
MgO-T102
Proportion of end Composition Dielectric constant, K, at Reciprocal, @, of power
members of join weight Heat treatment °C and— factor at 25° C and—
Specimen No. 2 ;%tr)- _ | Shrink-|
designation No. 1 | age
MgO: BaO: BaO | MeO | TiO for 1 50 1,000 | 20,000 | 3X10-% 50 1,000 | 20,000 | 3X10%
5Ti02 18Ti02 g 3 Iy Tem- | | ke/s | ke/s | ke/s | ke/s | ke/s | ke/s | ke/s | kefs
at— | pera- |Time
ture
Weight Weight Per- | Per- | Per- Per- | Per-
percent percent cent | cent | cent 2/ €. cent cent
MG = 100. 0 0L 0f s 9.2 90.8/ 1,100{ 1,285 1 0.06 16.7 47 47 47 46 400 710/ 1,130 840
18B MG 0 32.6 67. 4 6.5 2.9| 90.6/ 1,100{ 1,275 1 .01 13.0 81 78 | RS 102 42 BalEe—
(BIFLIRES ST 0.0 100.0] =19:6/2-2c-—- 90. 4| 1,100 1,275 If .00 15.0 75 74 7 e 260, 1,000 7,000|---..__
2MgO: BaO:
3TiO: 6Ti0
M2T3. . .. 100. 0 0.0[---—__ 25.2| 74.8 1,100| 1,290 3 .00 10.7 18| 18 18| 16, 34 350/ 3,000{ 1,800
HBIVI2 S ess s 74.0: 26. 0! 6. 5 18.2| 74.9| 1,100 1,250 i .01 14. 5| 26 25 23 21 135 50 30 550
OByl = 47.3 52.7 13.0 1L.9] 75.1] 1,100 1,275 1 .00 14.1 48 45 44 34 42 15 12 430
6BMS8_________ 20.0 80.0| 19.5 5.1 75.4/ 1,100{ 1,275 1 .00 14.7 70| 64 4BILvns L 11 11 (3 SR
T 200 B 4.9 95.1| 23.0 L5 75.5 1,100 1,275 i . 00 14.9 53 52 ) T 97 32| D[ EETE
BrPGa -l o= 0.0 100.0f 24.3|------- 75.7| 1,100 1,275 1 .01 14.0 46 45 A4t 2.0 000 85 400 2,200{-..--_
MgO:TiO; | BaO:4TiO:
100 0= S 33.5 66.5 1,100 1, 00 3 .00 12. 9| 18] 17 17} 17 200, 4,000/>8, 000 2,400
80 20 6. 5, 26.5| 67.0] 1,100 1,275 g .00 15. 4 28 27 25 25 125 28] 19 110
60 40 13.0 20.0{ 67.0, 1,100 1,300 1 .01 17.4 41 39 52 11 9 130
40 60 19.5 13.4| 67.1| 1,100| 1,300 1 .01 14.8 55 49 44 9 SERTs
25 75 24.3 8.4/ 67.3| 1,100 1,300 1 00, 15.9 60 53! 27 9 [
10 90 29. 2| 3.3| 67.5 1,100 1,300 1 . 00, 13.8 46 44 260 22 18l oo s
0 100 32.4__ ____ 67.6/ 1,100 1,330 1 .03 16.9 34 34 35 33/>1,600| 2,000, 3,700 2,600
4MgO: CrTO
3Ti0, Ba0:3Ti02
M4T3. . _.____ 100 (1158 =T 40.2| 59.8/ 1,100 1,365 1 .00 15.0 16 16 16 16 300/ 4,000 2,300 3,000
SBIM2:% ot~ 80 20 7.8 32.2( 60.0] 1,100 1,315 1 .00 15.7 18, 18 18] 17| 1,500, 9,000( 3,600 1,100
BB L S0 50 50 19.5 20.1| 60.4| 1,100 1,300 1 .02 15.5 29 27 24 24 54 19 27 120
BBIVED_ F ar - 40 60 23.4 16.1| 60.5 1,100 1,300 1 171 34 31 26 24 37 13 18 110
25 75 29.3 10.0{ 0.7 1,100{ 1,300 1 .01 17.3 45 39 32, 32 27, 8] 14 320
15 85 33.2 6.0/ 60.8 1,100[ 1,260 i . 00 17.5 50, 47 o7 P 62 8 ) () AT el
5 95 37.1 2.0/ 60.9] 1,100 1,260 455302 18.5 38 37 35} 160 50/ 38| .__-
0 100 3901t ey 61.00 1,100/ 1,260 1| .03 17.4! 44 44 43 42| 650! 720 800 460

8 Heat treated previously (see table 2).

18

Journal of Research



e iaaas

Tasre 1. Composition, heal treatment, absorption, shrinkage, dieleciric constant, K, and Q, of bodies in the system
BaO-MgO-TiO;—Continued
Propertiongfend | Composition |t reatment il T Bt C tre
Specimen No.2 | AP | ghrink
designation No. 1 Stolgg age
2,1\{;!0: BaO: BaO | MgO | Ti0: for 1 50 1,000 | 20,000 | 3X10-% 50 1,000 | 20,000 | 3106
TiO; 2Ti0z hr Tem- . E ke/s | ke/s | ke/s | ke/s | ke/s | ke/s | ke/s | ke/s
at— | pera- | Time
3 ture
Weight Weight Per- | Per- | Per- Per- | Per-
percent percent cent | cent | cent R RC hr cent cent
71 73 Ty ey 100 (8% PR 50.2| 49.8| 1,100| =1, 380 1 . 00! 13.9 14 14 14 14| 2,200| 10,000 10,000/ 3,000
oBMI - o 85 15 7.3 42,7/ 50.0/ 1,100| 21,310 1! . 00! 17.0 16, 16 16 16/ 4,000 10,000/ 10,000/ 1,000
73 27 13.2| 36.6, 50.2| 1,100 =1, 310, 1 .01 16.0 15 15 15 17| 1,600/ 6,000( 8, 000] 180
2BM4_________ 60 40 19.6/ 30.1] 50.3| 1,100f 1,285 6 .01 16.7 24 24 24 .. 750! 800! 700( .. ____
2BMS_ .= 50 50 24.5| 25.1| 50.4| 1,100/ 1,260 3 . 00! 11.9 32 32, 31 28/>1,200 1,100 700 47
2BM6. 40 60 20.4/ 20.1] 50.5 1,100 1,260 3 .02 12.7 31 31 B2(=seers 220 410! 270( ... __
30 70 34.3 15.1| 50.6/ 1,100{ 1,295 1 .06 17.9 33 33 33 34, 1,400 580 360! 53
20 80 39.2 10.0, 50.8| 1,100 1,295 1 .03 18.3 32 32 32 33| 2,000 740 500 80
13 87 42.6 6.5 50.9| 1,100 1,295 1 .00 16.1 39 39 39 37 1,400 660 390! 75
2BM9________. 5 95 46. 6 2.5 50.9| 1,100 1,295 1 . 00 18.1 111 110! 3 1y (] (R 130 88 L/
B2 oo s 0 100 A9 s 51.0 1,100 1,290 ik .02 16. 4 204 200 192|=0srs 100 70 ahcone s
5MgO: 2BaO:
2TiO; 3Ti0;
100 L R 55.8| 44.2| 1,245 1,415 1 .00 15.8 14 14 14 14| 2,200, 5,000
90 10 5.6/ 50.2| 44.2 1,245 1,350 1 .00 12.6 16 16 16 16/ >1, 500| 10, 000
77 23 12.9 43.0| 44.1| 1,245 1,350 1 . 00! 16.9 18 18 18 16/ >1, 700| 10, 000
65 35 19.6 36.3| 44.1| 1,245| 1,300 1 .00 14.9 26 26 800 680
50 50 28.1 27.9| 44.0| 1,100 1,300 1 .00 16.9 47 47 270 235
35 65 36. 5 19.5| 44.0| 1,100( 1,300 1 .00 16.3 117 116 770 630
25 75 42.1 14.0{ 43.9| 1,100 1,300 1 . 02] 16.9 159 155, 780 430
10 90 50. 5 5.6/ 43.9| 1,100 1,265 1 .00 16.3 207| 204 SO 480 260
: 5 95 53. 3, 2.8/ 43.9| 1,100/ 1,300 1 .02 14.7 227 225 195
‘\ 0 100 i nall SERTRE 43.9| 1,250 1,300 1 .01 10.8 910[ 900 50
|
4MgO:Ti0:2| BaO:TiO;
100. 0 s 66.9| 33.1| 1,245 1,425 il . 00 17.2 12 12 12 12/ 2,500{ 9,000/ 7,000/ 3,100
90. 0 10.0] 6.6/ 60.2| 33.2| 1,245 1,350 i .00 15.7 15 15
81.0 19.0( 12.5 54.2| 33.3| 1,245 1,350 1 .01 15.7 21 21
| 70.4 20.6| 19.4| 47.1| 33.5| 1,245 1,350, 1 .01 11. 2| 37 37
| 55. 91 44.1) 29.0| 37.4| 33.6] 1,245 1,350 1] .00 12.8 120 120
| 40.7 59.3| 39.0 27.0| 34.0/ 1,100| 1,350 il .01 11.6 250 250
25. 5 74.5| 48.9 17.0| 34.1| 1,100| 1,365 1 .00 15. 6! 550 550
14.8 85.2 56.0 10.0[ 34.0/ 1,100/ 1,385 1 . 00! 15.4 850 850
10.0 90.0[ 59.1 6.7| 34.2| 1,100 1,385 1 . 00! 15.9| 1,050 1,050 1,050(--.____ 500
5.0 95.0/ 62.4 3.3 34.3| 1,100 1,385 1 . 00! 16.6 1,550 1,550 1,550 ______ 510
0.0 100.0] 65.7|---.---| 34.3| 1,245 1,385 2[ .05 10.6| 1,400( 1,400, 1,400(-__.____ 100/ 130 7 (1] A
‘ =200 =£200{ =200
‘MgO:TiO; BaO:TiO;
90. 0 10.0] 6.6/ 30.0 63.4] 1,100{ 1,290 3 .01 15.5 18 18 3, 000 860 1, 700!
80.7 19.3| 12.7| 27.0] 60.3] 1,100( 1,290 A [Ee 00 16. 9 19 19 3,000/ 7,000| 10,000
70. 0! 30.0] 19.5 23.5| 57.0f 1,100{ 1,290 1 .00 17.0 21 21 3,000/ 6,000/ 10,000
62. 6 37.3| 24.5| 21.0[ 54.5 1,100 1,275 1 .03 13.3 20 20 1,900 3,000 5,000
51. 8 48.2| 32.5| 17.0/ 50.5 1,100 1,290 1 .01 15.1 41 41 750 750, 400
40. 3] 59.7/ 39.0 13. 5| 47.5| 1,100{ 1,290 1 .01 15.7 94 94 500 340! 130
30. 4 69.6| 47.0 9.5 43.5 1,100 1,300 1 .01 15.9 200 200 600 250
20. 9 79.1| 51.8 7.0 41.2] 1,100{ 1,315 1 .01 15.3 350 350 800 300
14.3 85.7| 56.0| 4.8/ 39.2| 1,100 1,315 1 .01 17.2 540 540 2, 000 300
8.6 91.4| 60.0] 2.8/ 37.2| 1,100 1,300 1 .00 17.2 800 800 450! 600!
4.9 95.1] 62. 5| 1.5 36.0 1,100 1,300 1 .00 16.2| 1,080( 1,080 1,080(.-..__. 400 600

s Heat treated previously (see table 2).
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The data for a given composition are considered
to be the most representative among those
obtained from measurements of 4 to 10 specimens.

Measurements at 3,000 me/s and 25° C, made
with the coaxial wave-guide instrument, gave
values of K and @ that may be in error by a few
percent for specimens of high dielectric constant.
In testing such specimens with this instrument,
the accuracy of measurements is dependent
largely upon the exact determination of the
average diameter of the central hole through the
specimen. The relation of composition of the
specimens to approximate maturing temperature
is shown in figure 2. No attempts were made
to determine the range in temperature for the
production of mature specimens made from the
individual preparations. When the compositions
were in the region of 2Mg0O:3Ti0,, the specimens
were difficult to mature. Despite systematic varia-
tions in the duration and final temperature of the
heat treatments, these specimens had 0.2 to 0.8
percent of absorption. Reheating the specimens,
however, to the same or higher temperatures
was effective in reducing the absorption, as
illustrated by the data in table 2. These com-
positions were near that of a eutectic in the system
MgO-Ti0,[5].

The effects of systematically varying the
composition of the specimens upon the values
of K and @ may be obtained from the data in
table 1. For example, when the content of

‘770z (1400)
Wt %

g BTs (1275)

(1260) M75 4

(1290) M, 7; x 875 (1275)

(1300) MT4
(1365) My T3 o

(7360)#574

(1215) Ms 73 Vi s B2 73 (1300)

(1425)#,74 laoo

Z

Ficure 2.

Mq0 BaC

Approzimate -maturing temperature (° C)
after calcining treatment.

B=Ba0O; M=MgO; T=TiOs.
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TasrLe 2. Effect of consecutive heat treatments at the same
or higher temperatures upon the absorption of some
specimens

Heat treatment

Speci forigt == ! )
ch(lmgir(lnfllosxgna Absorption

Tempera- Time
ture

SiG

=
S

Percent
1,275 0. 54
MTZ RN 1, 285
1,290
e [ 1,200
1 1,300
1,350
M2T .. 1,370
1,380
2BM1 [ 1,310
1 1,310
ORIV IS 1,310
{ 1,310

O e e e e W 0 W W W0
—
=3
[

I

TiO, is maintained at a given percentage within
the range 60 to 90 and MgO is substituted for
BaO, the values of @ are affected more than those
of K. Substituting a few percent (3 to 8) of MgO
for BaO causes a rapid decrease in the values of
() from several hundred to 8 or 22 at a frequency
of 1 me/s and 25° C. Further substitution of
MgO for BaO results in a gradual increase in the
values of ¢, which become high (350 to 4,000)
when the substitution is complete.

A similar substitution of MgO for BaO causes
slight increase in the relatively low values of K
(34 to 74), followed by a decrease to the values
of K (16 to 47) characteristic of specimens with
compositions in this portion of the system
MgO-Ti0, (60 to 90 percent of TiO,).

For specimens having compositions in the
remainder of the system investigated, 33 to 60
percent of TiO,, the values of both K and @ are
affected greatly by the substitution of MgO for
BaO. In this region of compositions, there is a
continuous decrease in the values of K from several
hundred, characteristic of the barium-litanate
specimens, to the low values of 12 to 14 typical
of the specimens of the magnesium titanates.
The variation in @-values is typified by a gradual
rise and fall followed by a rapid rise to the high
values (5,000 to 10,000) characteristic of the
magnesium titanate specimens with a content
of Ti0; less than 60 percent.

Some of the specimens having a relatively high
content of BaO exhibited changes in the values of
K and @ with time after the final heat treatment.

Journal of Research



The data on K and @ in table 1, however, were
obtained when such specimens had aged for 6
months or more, and no further changes in these
properties were observed.

The stability of the dielectric constant and
power losses with respect to time was determined
by remeasuring the values of K and € at 1 mc/s
and 25° C for specimens stored 6 months at room
temperature. Specimens containing more than
30 percent of BaO and less than 50 percent of
TiO, had lower values of K and higher values of ¢
than when freshly prepared, as shown by the data
in table 3. The changes in K and @ for specimen
BM6 are illustrated in figure 3. These changes
are reversible, because a partial restoration of the
original values of K and @ occurred when the
specimens were reheated to 600° or 700° C.  Even
a moderate heat treatment to approximately 100°
C will increase the value of K of a specimen that
previously had come to equilibrium at 25° C.
For example, specimen MB91 exhibited a decrease
in K from 897 to 808 in 6 months but when reheated
to 85° C for 15 minutes and maintained at 25° C
for 6 hours, the value of K was 873.

TasrLe 3. Changes in K and Q of some specimens, at 25° C
and 1 me/s, after 6 months
K Q
Specimen designa- o
tion

After 1 | After 6 | ~y,, After 1 | After 6 e

day | months|CP30€e| “qav [ months|Change

Percent Percent
MB48_ . 34 34 0 450 450 0
MB59. - 79 76 . 118 191 62
267 229 —14 156 316 103
343 322 —B 295 500 100
536 499 -7 235 455 94
e 897 808 —10 450 630 40
MB95_ ... 1,183 | 1,084 =8 450 670 49
Bilvecs Ll s 1,650 | = 1,530 -7 74 2 107 45
37 =3 330 495 50
120 —4 79 100 27
228 =11 405 730 80
558 -22 220 470 114
848 =18 480 900 7
1,050 17 440 790 80
1, 550 -12 350 565 61
2B5M3. . __ 26 26 0 1, 450 1, 600 10
s - 46 46 0 235 310 32
2B5M6. L 129 116 —10 250 630 152
2B5M7. . __ 185 157 -15 250 460 84
2B5M9. - 2 231 204 -12 146 253 73
2BONIBS. it 260 225 -13 162 195 20

s After 2 years.

Titanate Dielectrics

i B s
700
s SPECIMEN BM6

250 / 600

[P

230 ——|400
——O0— —0
0 10 20 30 40 50 60
Days

Ficure 3.  Changes in values of K and Q with time after the

maturing heat treatment.

O=KX=0}

In determining the stability of barium-mag-
nesium titanates, some specimens were included
from another investigation [1] on dielectrics with
compositions in the system BaO-SrO-TiO,, table
4. These data show that significant changes,
mostly increases, in @-values occurred with most
of the specimens. The significant changes in K
were decreases that occurred when the specimens
contained more than about 30 percent of BaO
and less than approximately 55 percent of TiO,.
In this group of specimens, the changes in K and
@ were a maximum for specimens with about 40
percent of BaO.

Although decreases in @-values may be attrib-
uted to moisture adsorption, it is very improbable
that moisture also caused the values of @ to in-
crease. Possibly slow changes in the crystalline
structure, such as inversion or variation in the
amount of solid solution, are associated with the
instability of the specimens.

Although the dielectric constant and power
losses of some specimens are affected by the ther-
mal history, the respective values of K and ¢
become constant for given specimens when main-
tained at a constant temperature for several
months. Thus, the thermal history of some titan-
ates is one out, of a number of factors that con-
tribute to variations in the dielectric constant and
power losses.

Changes in the temperature of the specimens
affect the dielectric constant. The data in
table 5, for specimens having compositions in
the system BaO-MgO-TiO,, were obtained by
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TABLE 4.

Changes in K and Q of some specimens, with compositions in the system BaO-SrO-TiO2, after storage for more than

6 months

[Measured at 1 me/s and 25° C]

Specimen designation

a Changes are within experimental error in determinations.

measuring the dielectric constant at 1 me/s and
at 10-deg. intervals from —60° to -+85° C.
Because the temperature at each interval was
maintained constant for 15 minutes only before
measurements were made, equilibrium values of
K were not found for specimens with high con-
tent of BaO. For stable specimens, the average
values of temperature coefficient of K, last
column of table 5, are considered to be not better
than 410 ppm. or 5 percent, whichever is greater.
Approximately half of these values are within the
range +120 to 4500 ppm. Where no values are
given, computations of the coefficient of K were

< Composition weight ‘ ‘ K Q
Storage
- o | RO S e e o After | After
BaO SrO TiO? 1 day storage Change 1day storage Change
Months % %
53.7 19 198 198 0 2, 600 5,800 +55
53.7 20 151 151 0 650 700 +7
53.7 150 150 0 680 590 —-13
53.7 147 146 | 2—0.6 1, 450 1,750 +21
53.7 17 133 132 a7 540 560 +4
53.7 23 153 150 —2 850 1, 080 +26
53.7 23 203 191 —6 475 700 +47
53.7 23 255 234 —8 172 266 +55
53.7 23 214 205 —4 102 135 +32
53.7 23 95 93 -2 75 85 +13
43.6 7 258 256 | 2—0.8 9,000 9, 000 0
43.6 20 255 257 al.8 1,300 287 —78
43.6 20 283 286 at.9 860 770 —10
43.6 19 309 309 0 1,900 1, 360 —28
43.6 19 374 372 | 0.5 1,030 900 —13
43.6 18 451 447 -1 780 1,100 +4i
43.6 18 660 622 —6 520 700 +26
43.8 18 950 845 | —11 187 315 +68
43.9 18 1,070 985 —8 100 145 +45
43.9 25 895 832 -7 66 80 +18
43.9 25 820 787 —4 52 60 +15
43.9 29 900 844 —6 38 43 +13
43.0 7 300 295 —2 4,700 4,800 a2
39.0 7 872 862 -1 7.000 7, 200 43
770z
60, 40
\ 800
O O PO SO 2O R S0 R GO B a0
Ficure 4. Constant K with varying composition at

not made, because large irregularities appear in
the curves for values of K plotted against tem-
perature. In order to illustrate the variation of
K resulting from changes in temperature and
composition, figures 4, 5, and 6 were constructed
for the temperatures —60°, 0° and 60° C,
respectively. These diagrams contain isodielectric-
constant lines derived from the data in table 5.

22

1 mc/s at —60° C.

The most frequently observed value for the
dielectric constant of MgTiO; was 17 (table 1),
although values from 15 to 18 were found. Other
investigators have reported values of 17 [6] and
14 [7]. Along the join MgTiO;-BaTiO;, the
values of K change gradually from 17 for Mg-

Journal of Research



Mgo  j0o 20 30 40 50 60 Ba0

Ficure 5. Constant K with varying composition at

1 mels at 0° C.

Mgo 10 20 30 40 S0 60 Bao

Constant K with varying composition at
1 mce/s at 60° C.

Ficure 6.

TiO; to about 1,400 for BaTiO;. The specimens
with compositions in this join exhibit no peak
values of K within the temperature range —60°
to +85° C in contrast to the peaks observed
previously for specimens with compositions in the
join SrTi0;-BaTiO; [1].

The effects of variation in frequency and
composition on the ranges in values of ¢, measured
at 25° C, are illustrated in figures 7, 8, and 9 for
frequencies of 50, 1,000, and 20,000 ke/s, respec-
tively. 'The upper central portions of these dia-
grams show that, as the frequency is raised, there
is a considerable enlargement in the area for com-
positions with very low ranges in values of .
Changes in frequency had the least effect upon the
ranges in values of ¢ for specimens with relatively
high content of MgO and low content of BaO
and of TiO,, as shown in the lower left regions of
figures 7, 8, and 9.

With increasing frequency, 50 ke/s to 3,000

Titanate Dielectrics

. AV4 \V4 AV4
M0 10 20 30 4o s0 6o @ Bad

Ficure 7.  Ranges in Q-values with varying composition al

25° C at 50 kc/s.

AV4
90 J0

Vi VARV, v
20 30 40 S0 60 Bao

Ficure 8.  Ranges in Q-values with varying composition at

25° C at 1,000 kcls.

Ti0z

50-/000
AVA . N AV \V4 AV4
Mgo 10 20 30 40 S0 60 Bao

Ranges in Q-values with varying composition at
25° C at 20,000 kc/s.

Ficure 9.

me/s, the low values of K (16 to 78) tend to
decrease when the content of TiO, ranges from
60 to 90 percent. For specimens having less than
60 percent of TiO,, the dielectric constant tends
to remain constant at all frequencies used.
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TaBLE 5.— Dielectric constant, at 1 mc/s, from —60° to 85° C, and average temperature coefficient of dielectric constant

Values of K at (°C)— Average
tempera-
Specimen designation ture co-

—60 —50 —40 —30 —20 —10 0 +10 20 30 40 50 60 70 80 85 eﬂgrchm
ppm
48.8 48.4 480 47.7 47.4 47.1 46.9 46.7 46.5 46.3 46.1 46.0 45.8 45.7 45.5 45.5 —500
76. 6 76.9 vireat 77.3 77.4 77.5 [ 7 1l 77.8 77.8 71.8 71.8 77.8 77.8 77.9 7.9 +120
15.35 15. 38| 15. 41 15.43 15. 47 15. 48 15. 53 15. 54 15. 59 15. 63 15. 66 15. 68 15.70 15.73 15.75 15.77 180
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22.9 23.2 23.4 23.7 24.0 24.5 24.8 25.1 25.5 25.8 26.2 26. 6 27.0 27.3 27.8 28.0 1, 400
26.0 26.5 27.0 21.5 28.1 28.6 29.1 29.7 30.3 310 3.7 32.3 33.0 33.6 34.1 34.4 1,940
30.3 317 33.1 34.0 34.7 35.6 36. 6 37.5 38.3 39.1 40.2 41.4 42.5 43.7 44.6 45.2 2, 700
36.0 36.5 37.7 39.8 41.5 42.8 44.0 44.9 45.9 46.9 47.9 48.8 49.6 50.3 51.0 51.4 2,400
34.9 35.4 35.8 36.2 36. 6 36.8 37.0 37.1 37.2 37.3 37.5 37.7 37.8 38.0 38.1 38.2 480
13.75 13.8 13.8 13.8 13.85 13.9 13.9 13.9 13.95 14.0 14.0 14.0 14.1 14.1 14.1 14.1 190
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30.1 30. 2 30. 4 30.5 30.7 30.8 310 311 31.2 313 31.4 315 317 319 32.0 32.1 440
316 32.0 32.3 32.5 32.8 33.0 33.1 33.2 33.3 33.5 33.6 33.8 34.0 34.2 34.4 34.5 620
311 313 315 3L.7 32.0 32.1 32.2 32.3 32.4 32.5 32.7 32.8 33.0 33.2 33.3 33.4 490
34.6 34.9 35.1 35.4 35.6 35.7 35.8 35.9 36. 1 36. 3 36. 5 36.7 36.9 37.1 37.3 37.5 550
87 90 93 96 99 102 105 107. 5 110 111. 5 113.5 115. 5 117.5 120 122 123 2, 300
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Increasing frequency causes more irregular
variations in (-values than in those of K. For
example, specimens with compositions in the
system MgO-TiO; tend to exhibit higher values
of @) at frequencies of 1 and 20 me/s than at those
of 50 ke/s and 3,000 me/s. This trend is shown
also by the barium titanates with a content of
TiO, from 67 to 90 percent. The opposite
tendency, lower values of @ at intermediate fre-
quencies than at the extremes of frequency, is
exhibited by specimens having compositions on
some of the joins (60 to 67 percent of TiO,)
between magnesium titanates and barium titan-
ates (specimens 4BM2, 4BM4, 3BM5, and 3BM6
in table 1).

The percentage of linear thermal expansion was
fairly high, except the lower value of M,T;,
despite a wide variation in composition (table 6).
These dielectrics would be cracked by local heat-
ing to high temperatures. Consequently, pre-
heating at a slow rate would be necessary in
order to solder connections to the metal-coated
dielectrics.

TABLE 6. Linear thermal expansion

. Temperature range from 25° C to —
Specimen
designation

100° C| 200° C| 300° C| 400° C| 500° C| 600° C| 700° C
Per- | Per- | Per- | Per- | Per- | Per- | Per-
i cent cent cent cent cent cent cent
; I N [0.05 | 0.13 |[0.21 |0.31 |0.40 |0.50 | 0.60
| 6BM5_ . .06 .15 .26 .36 . 46 .57 .67
‘ MT ... .06 .15 .26 .36 .46 .58 .70
IEMIB37st st .06 .15 .26 .36 .48 .57 Ardl
VT SO .06 .15 .25 .34 .44 .55 slive
MoTs. . .04 .10 .19 .26 .33 .39 .46

IV. Summary

Dielectries having compositions indicated by
points in the system BaTiO3-4MgO :Ti0,-TiO,
can be prepared from mixtures of titanium di-
oxide with barium and magnesium carbonates.
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Mature specimens, less than 0.1 percent of absorp-
tion, result from dry-pressing these calcined mix-
tures and heating the disks thus formed to various
temperatures within the range 1,250° to 1,425° C.

The dielectric constant, K, of matured speci-
mens varies from 12 (high content of MgO) to
several hundred (high content of BaO). Most of
the specimens have positive temperature coef-
ficients of K. The @-values range from 8 to
10,000 (high content of either MgO or TiO,).
The values of K and @ are affected by the thermal
history of specimens that have a content of BaO
greater than 30 percent and a content of TiO, less
than 50 percent. The dielectric constant de-
creases and @-values increase for several weeks
after these specimens receive the final heat treat-
ment. Although reheating causes a reversal of
these changes in K and @, a decrease of K and an
increase of € again occur with time. After re-
maining at a constant temperature for a few
months, these specimens have constant values of
K and Q.

Relatively high values of linear thermal expan-
sion were obtained with specimens that varied
widely in composition.

V. References

[1] E. N. Bunting, G. R. Shelton, and A. S. Creamer, J.
Research NBS 38, 337 (1947) RP1776; J. Am.
Ceram. Soc. 30, 4 (1947).

[2] Eugene Wainer, Trans. Am. Electrochem. Soc. 89
(April 1946); Preprint 89-3, p. 47 (1946).

[3] R. Rieke and A. Ungewiss, Ber. deut. keram. Ges. 17,
237 (1936).

[4] E. Rosenthal, Electronic Engr. 14, 388 (1941).

[5] H. von Wartenberg and E. Prophet, Z. anorg. allgem.
Chem. 208, 373 (1932).

[6] B. Wul, Nature 156, 450 (1945).

[7] Tables of dielectric materials, Mass. Inst. Tech. Lab.
for Insulation Research (Feb. 1944).

WasHINGTON, February 16, 1948.

Journal of Research



	jresv41n1p_17
	jresv41n1p_18
	jresv41n1p_19
	jresv41n1p_20
	jresv41n1p_21
	jresv41n1p_22
	jresv41n1p_23
	jresv41n1p_24
	jresv41n1p_25
	jresv41n1p_26

