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Dielectric Behavior of Steatite Body

By Eung Keuk Lim

Department of Chemical Engineering, College of Engineering,
Seoul National! University
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Abstract

A review of the literature is cited. Little exact information exists on the relation between clay
materials and talc. The raw materials which are used in making steatite body consist of tale, clay,

feldspar, and flint mined in Korea.

The percentage absorption and linear burning shrinkage are measured and then discussed, The
vitrified bodies were used in measurement of dielectric properties. The method of measurements for

dielectric properties are described too.

L2

o]

4 FEpst BESS MF B ERY E4E A9 do). oot MREERAE 3 REHEREL ¥
4R BREER REANAT. Lslolere] s ¥uhe] AEel WAT RN BE #AF, Bt £F EEEH,
BAE, BRAGRES HT HHTL, = BALKY REFY BREANEREE EEGdH.

2 ER RBSAREEEE A4# 1 7HE 3 ER 2200, MgCO; & Rl =Het MRk 29 4
oy, BESHE 20% UTR-E d= MECESEE s dt. Mt 2amez RFGded, K
TE% ENAD o2} BER FERLZE, LN BNNI, BREFTERE RPHAS.

1. Introduction

This program of experiments was planned with
a view to studying the vitrification ranges and
the relations between dielectric properties and
clay contents.

The firing and dielectric properties have been
observed in many studies, Thurnauer”’ has attri-
buted the superior electrical properties in part to
the glassy phase, which is smaller in magnitude
in steatite than in electrical porcelains. Stone®
has shown that the firing range is materially
lengthened but the maturing temperature would
be about 1600°C when a composition contains 53
% of MgO in M:S range. The addition of MgQ
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caused an even higher firing shrinkage when only
tale is used. The addition of BaO and CaO to
the body lower and shorten the firing range.
Rask and Warner®? has explained that the short
firing ranges of steatite body resulted primarily
from low viscosity of the glass development dur-
ing firing with the aid of chemical, X-.ray, and
differential thermal analysis. Smolenskii and Be-
rkman? explained the effect of admixture of
ALOg, MgO, ZrO:, Be, BeD, ZrS8i0, and TiO: to
steatite body that the addition of ZrO: and BeO
raissed the strength of the steatite and ZrQ;
steatite also showed high thermal resistance, add-
ing them in amounts of 1 to 15%. Nagai and
Inoues$’ showed that the addition of AlO; among
miscellaneous oxides to steatite body lowered the
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firing temperature but increased the firing shrin-
kage and the compressive strength. There are
many reports related to shﬁnkage coniroll on
steatite body™&9, Comofero, Breedlove and
Jhurnauer!® found that the addition of phosphoric
acid to steatite body did not alter the firing
range and the dielectric properties of phosphated-
bonded talc are superior to those of natural block
tale and hot pressed bodies seemed to have the
lowest power factor. Alkali metals are known to
have a detrimental effect of the dielectric prap-
erties of a body.

Rigterink!®’ says, “The alkalis are conceded to
be particularly detrimental while the alkaline
earth oxides appear to be especially benefical,”
Bleininger and Riddle!- have pointed out the
injurious effect of feldspar on the dielectrical
properties of electrical porcelain.

Crystalline phase is most important for the
dielectric properties. The dielectric loss of steatite
bodies were considerably lower than those of
porcelain, E. Albers- Schonberg!® has explained
the fact that porcelain, containing 25 to 30% of
feldspar, consists, after firing of about 60% crys-
talline and 40% glassy matter, whereas steatite
bodies with a low feldspar content are composed
of 10% glassy and 90% crystalline phase.

II, Experimental Procedure

The raw materials of steatite body used in
this investigation are consisted of Kyulsung taic,
Hadong kaolin, Pochen clay, Kyungjoo bentonite,
and Anyang feldspar. The calcined talc was fired
at 1,300°C. The batch was wet milled and passed
through 200 mesh sieve, dried and crushed to 40
mesh sieve contains 10% of moisture.

The material was pressed at 7,000 p.s.i to give
2% in diameter by -1%- inch thick round tile.

The specimens were placed on a bedding of
sand and fired from S.K 10% to 175 in an electric
siliconit-heated kiln of 38cmX13cmXx9cm inside
dimensions, and segel cones were appropriately
placed to check firing uniformity, after the dete-
rmination of maturing behavior, each body was
fired at one or more selected temperatures within
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its maturing range. The following fired properties
were determined for each firing temperature:
absorption (vacuum method) firing shrinkage,
bulk specific gravity, thermal expansion, and
thermal shock. Thermal shock was determined
by the following methed¥. The test specimen
was immersed in the ice water bath for ten
minutes and then transferred as quickly as poss-
ible to the hot water bath, and allowed to remain
there for ten minutes, The specimen was transfe-
rred back to the cold water and the cycles
continued until the specimen breaks.

Dieleciric measurements were made by the
following method. The measurement were made
with a Q meter (made by Heath Co.), a commer-
cial instrusment measuring power factor and
capacity at frequency of 1 megacycle. The theory
of measurement has been described by Thurnauer
and Badger!®, although Sindsay and Berberichié:
state that they have fired-on Ag electrodes suc-
cessfully. Evansi” has found that there is some
slicking of the electrodes at higher temperatures
when silver is used.

All dliding contacts has been eliminated and a
Pt-Ir alloy has been used by him on the face of
the electrodes. But the author used the mercury
electrodes in order to make the contact between
electrodes and specimen complete according to
specifications of DIN.

The power factor is determined by observing
the difference in circuit Q with and without the
test condenser connected into the circuit.

The Q of test condenser Qx is

_Ci—Co i X Qe
X =—"""@aw

Power Factor = -Q—lx_

where C, =Capacitance of Q — circuit alone
Q= Q of Q — Circut alone
C, = Capacitance of Q—circuit with test
condenser connected to Q — circuit.
Q2 = Q of the Q — circuit with test co-
ndenser connected to @ — circuit.
Qx =Q of test condenser
Dielectric Constant K is
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K =445 ct/s
where ¢ = capacitance puf
t = average sample thickness(in)
s = electrode area (in%)
Dielectric Loss Factor = Kx (% power Facror)

¥II. Results and Discussion

All the raw materials are elutriated and then
analysed. The results of analyses are shown in
Table I. A series of the bodies composed of talc,
kaolin, plastic clay, bentonite and flint were
prepared so as to increase the clay content as is
shown in Table II. Specimens X.Y and Z were
prepared to determine the effect of particle size
to the dielectric properties. Choengjoo tale was
used at the expense of Kyulsung talc in the same
composition. However when they were fired they
turned yellow and they gave so short maturing
range that they were not able to be vitrified so as
to measure the dielectric properties, Consequently
they were discarded.

1) Firing behavior

Bentonite was used to increase the plasticity and
dry strength by small addition without affecting
other properties such as shrinkage, firing ran-
ge, and color ete. :

As was mentioned above by Endel, Fenduos,
and Hoffmann®, it was added so as not to exceed
3% in amount. The batch composition was ground
until passing through the 200 mesh sieve, as
White!» showed that the particle size between
200 mesh and 325 mesh was not affected the
shrinkage.

Now, it is easier to find the maturing range
by Fig. Il and Table IV of the linear burning
shrinkage vs, temperaure. It is very difficult to
find the maturing range of the specimens S and
P, because their burning shrinkages were be-
coming higher without standing stili, However
specimens M,0, and V have a firing range of
two cones; and specimen U, one cone; and spec:
imen N, three cones,

The addition of MgQ to the body caused an
even higher firing shrinkage than others when
oely talc is used as is related to the specimens M
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and N. The addition of BaQ to the body shorren
the firing range as it enters into glassy phase
with respect to the specimen M, and BaQ has the
characteristic of lowering the melting voint ra-
pidly as is shown on the curve M of Fig. 1.

Table I Analysis of raw materials

“Kaokin | Clay | ¥4 [Flint| Tale

spar

Si0; s0d 7474l era 9739{ 64.143
AL, 38,67, 16.14 2073 113  0.745
Fe;0; 044 068 033 0.09  0.140
MgO 022 088  0.35 oazi 29.293
Ca0 1.43] 243 0.6L 032 1704
Na0 | 0.62 — 853 —-| -
K0 017 - 003 -
Loss on Ign.

Table II Batch composition

Raw Tale |M|N|o|P|s|u|vi{x[v|z
Raw tale | 19 30| 87 85 19 79| 74lse'soise
Calcined tale] 50 55 -—l — 8 = —[=|——
Clay 0 s 4 5 12 8 10555
Kaolin st 4 3 4 w0l 5 8444
Bentonite I 1 - — 3 2 2111
BaCO, S I e B e e
MgCO; 6 5| —| —| — — -~
Whiting — - = - - - -8y
Feldspar - — & — 6§ 6 — 3i 33
Flint —_ = = 6‘ — — 6 i
X: 200 mesh, Y: 270 mesh, Z; 325 mesh,

Table III Percentage absorption vs.

firing temperature
108 | 116 ‘ 126 | 13 | 14 186 | 17

19.30] 17.60/16.230] 0.002] 0.009) o.oos{ 0.000
2.54 1.9 0.970] 0.904| 0.708 0.031] 0.00
5.25 4.40| 1.562 0.036 0.011] 0.007 0.012
10.87 9.45! 7.680{ 5.920 0.816 0.199| 0.072
410, 3.75 0.079| 0.042|Fused] ~| —
1.81) 1512 0.015 0.012Fused  —
425 3.74 0.677 0.021] 0.012 Fused —
~| 8.69 2.961 0.745 - -
- = e - - =
=4 A Jind - -+ =
U S B - -
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These results seem to correspond to the fact
that Bowen and Schaien? has pointed out. Ace-
ording to these facts, the high buring shrinkage
and short maturing range of the specimen $
seemn to depend upon the clay content, so that
the maximum clay content should be within the
limit of 20%.

The results which Stone has shown that the
small amounts of alkalis as impurities lowers the
temperature of the first liquid formation and
there by helps to lengthen the firing range had
no relation with this investigation because there
was no difference between specimen O which
contains feldspar and specimen V which contains
silica.

The coefficient of expansion increases with
increasing the clay content as is shown in Fig.
HI and Table VI, It may depend upon the diff-
erence of the starting temperature(150°C) which
is 100°C higher than others. Steatite bodies gen-
erally have a higher coefficient of thermal expa-
nsion, which is a psoperty of the mineral
clinoensteatite, and is threfore inheent in all
bodies which contain clinoensteatite as the predo-
minent compound.

The resistance to thermal shock was good as
the cycles of transferring continued over 20 times
without being broken.

2) Dielectric behavior,

The results of power factor and dielectric loss
factor are shown in Fig. IV, volume resistivity in
Fig. V and dielectric strength in Fig. VI and
‘Table VIL

Volume resistivity was lowered than the ordi-
nary steatite body, because it was not dependant
on the clay content but on the relative humidity
as was shown by Housner?’, They were deter-
mined at temperature of 99° F and 59% relative
humidity.

Although the extra high dieleciric constant of
a specimen N may follow the high density of
glassy phase in steatite body as was found by
Hopkins?2, specimen S and V or N may be exp-
lained that the conductivity increased very rapidly
with temperature at a rate of about 2%/°C as

Linear burning shrinkege. %
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Table IV Percentage linear burning shrinkage

36
108 | 116 128 138 148 155 178 °
M 1.30 2.72| 4.11f 10.98 10.41] 10.83 13.33 d ®
N 8.15 8.62| 8.66 8.73 9.02( 11.87 - ol g R .
0 3.62 4.22| 5.17| 6.21| 6.29] 6.44| 7.63 PN
P| 224 298 376 489 551 7.34 841 8§ °
s | 10.75) 11.36) 1251] 1849 —~ — — 2
U| 376 421 499 698 699 — — £ e
v | 359 376 516/ 516/ 517 —| — E
X 5.34 S
Y 7.18
Z 7.12 3
T | § |
. i s 10 15 2 25
Table V Bulk density Clay content(%)
108 ] 1| 128 | as | ue | s | am Fig. IV
M| 186 192 107 zeo 287 27 272 ol
N 2.25) 2.28) 2.36 2.44} 2.75 2.88 —
0| 22 231 231 243 245 250 250 g \
P 2.11 2.25 2.27} 2.48 2.53 2.56 2.60 g lov
s | 236 245 256 2400 —| — - 3:
U 2.33] 2.38) 2.45 2.58 2.48 -~ - _'§ 10} -
Vi 227 228 2.38 249 249 %
X 212 252 271 - ° o
Y 2.60 3
Z 2.58 >
T 4.07 o > 2 . ° N L
o 15 2 p=
Clay content (%)
Table VI Fig.V
Coefficient of Expansion Resistance .
to 04
I(xlO“)I Degree C Thermal shock RE“ /"_—//
M| 956 40 to 800 Good x°
N| 890 100 to 800 7 g ol o
0 7.49 60 to 800 Ve H
P| 104 20 to 800 7 2 A . N N —
S 8.88 150 to 800 Y o L4 10 15 2 25
U 6.46 60 to 800 V4 Clay content(%)
Vv 9.66 20 to 800 7 Fig. VI
‘Honemann??’ had concluded. V.General Summary
The reason of increasing power factor and 1) Vitrification range is variable from cone 1
{owering volume resistivity with increasing clay to cone 3.
«<ontent depends upon Kkaolinite content which 2) The addition of MgCO; to the body and high
increase the glassy phase more than the cryst- clay content body containing more than 25% of

alline phase. clay showed the high burning shrinkag e, but the
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former lengthen the vitrification range.

3) The coefficient of expansion was increased
with increasing clay content.

4) Resistance to thermal shock is good.

5) Power factor was increase with increasing
clay content, while volume resistivity was
lowered.

6) Dielectric strength was increased with ine-
reasing the clay content. '
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