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Laboratorni a vypodetni metody
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Part I. Method for Determining Electric Conductivity andits
Dependence on Moisture content
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A method was worked out for determining the electric conductivity of water-
saturated porcelain mixture in the course of electric resistance drying. On the
basis of measuring the starting currents in bodies of various moisture contents,
the electric conductivity of mixtures in open and isolated systems can be ex-
pressed for a given voltage. The conductivity was found to be independent of
moisture content but was affected by the measuring temperature.

INTRODUCTION

A ceramic mixture in plastic state can beregarded as a water-saturated binary
mixture of a solid (ceramic material) and a liquid phase (water and a dissolved
electrolyte), free of any gaseous phase. The mixture is electrically conductive as
a result of the presence of soluble salts. This characteristic is made use of in the
manufacturing technology, particularly in the case of technical porcelain, in an
operation called electric resistance drying which is based on generation of heat
within the body volume by passage of electric current. The electric conductivity
decreases sharply during transition from the water-saturated mixture (plastic
state) to the unsaturated one (solid state), so that the electric resistance drying
can only be utilized up to a certain content of the liquid phase. For this reason the
electric resistance drying can be applied to drying ceramic mixture in plastic state
[1]. Knowledge of the electrical properties of the ceramic mix is indispensable for
a mathematical description of the process.

The existing empirical solution of electric resistance drying of ceramic bodies
does not provide any explicit idea of the electrical properties of ceramic mixtures
in plastic state. The basic question therefore is whether a ceramic mixture in plastic
state behaves as a homogeneous or inhomogeneous conductor in an electric field.
In the case of mathematical modelling it is thus necessary to establish the form of
the constitutive equation for current density in the ceramic mix.

Determination of the constitutive equation of a ceramic mixture can be based
on the assumption that the conductor consists of electroneutral particles and
electrically charged ions. The flux of electric charges can then be regarded as
a diffusion flux because a relative movement of ions with respect to neutral particles
is involved. The thermodynamics of irreversible processes [2, 3] shows that this
flux is generally evoked not only by the electric field potential, but also by the

367

Silikaty ¢&. 4, 1989



J. Havrda, E. Gregorovd, F. Oujifi:

concentration gradient and temperature. The constitutive equation of an inhomo-
geneous conductor has then the form

j=—o grad ¢ — L, grad C — L, grad 7, (1)

where the terms L, grad C' and L, grad 7 represent the so-called diffusion-electric
and thermoelectric phenomena respectively, while C is the concentration, L,
is the diffusion-electric coefficient, L, is the thermoelectric coefficient and o is
electric conductivity which generally depends on potential.

On the assumption that the last two terms in equation (1) can be neglected
one obtains a homogeneous conductor which obeys Ohm’s law:

j = —o grad ¢. (2)

To decide whether the behaviour of this mixture in an electric field is described
by equation (1) or (2) requires the significance of all the terms in equation (1)
to be expressed, i.e. the respective coefficients and their dependence on the above
variables to be determined.

The present study has the purpose to work out a method for determining the
electric conductivity of water-saturated porcelain mixture and to express its
dependence on moisture content.

METHOD FOR DETERMINING THE ELECTRIC CONDUCTIVITY OF
A PORCELAIN MIX

Two procedures differing in experimental arrangement were suggested for the
determination of electric conductivity of porcelain mixtures. In the first arrange-
ment, the electric conductivity measurement was based on the conditions of an
isolated system while those of an open system were created in the other, i.e. mass
exchange with the environment was allowed.

To simplify the problem, the theoretical principles of the two methods may be
based on one-dimensional transmission of electric current through a planarly
bounded body. In the case of an isothermal process free of concentration changes,
i.e. grad C = 0 and grad T = 0, equation (1) acquires the form

j=—0 dg/dz, (3)

where z is the ordinate in the transmission direction, and for d¢ it holds that

v — {dg, ()
A

where U is the electric voltage. In order to evaluate o from equation (2), the method
must permit the voltage applied to a body L in length and with a sectional area
of S, and current I with a current density j to be measured. For the current density

j it holds that
S

I=[jds. ()
0

The experimental conditions are more complex in the case of the open system.
However, the basic arrangement is the same as in the previous case. The only
difference is that in this arrangement the moistureis exchanged with the environ-
ment, which results in the formation of moisture fields in the body and thus in the
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creation of a moisture gradient in the body. This is why all the data on the moisture
dependence of electric conductivity have to be related to the body axis where
grad C = 0. To obtain information on concentration changes it appears advant-
ageous to introduce a quasistationary state, i.e. one for which it holds that

T(x) = const., C(x) = f(x), dC[dt = —h[A, (6)

where h is the volume filux of moisture and C is the mean moisture content, and
A is one half of the body thickness. In this state a time-independent concentration
profile in the body has already fully developed and the concentration changes in the
body are then determined by weight losses due to the evaporated liquid. For this
reason, equation (6) can be applied to any arbitrary point in the body, and the
following equation holds for moisture calculation at the body axis:

Cs = Cos —h t[A, (7)

where C; is the actual concentration at the body center, and Co, is the moisture
content at the body center at quasistationary state.

The experimental arrangement of both methods is shown in Flg. 1. The system
consisting of body 1 and supply electrodes 2 (carbon-filled rubber with fibrous
aluminium) is supplied with adjustable constant alternating voltage from transfor-
mer 6; the voltage is indicated by a voltmeter. Another voltmeter measures the
voltage on the body proper. The current passing throught the body is recorded by
an ammeter. The temperature field in the body is measured by copper-konstantan
thermocouples 5. The adjustable moisture proofing 3 and thermal insulation 4,
and placing the insulated body on balance 7 in a laboratory recycling drying oven 8
with adjustable temperature, relative humidity and air flow rate allowed an either
isolated or opensystem to be created in the body and losses in weight to be determin-
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Fig. 1. Schematic dingram of the apparatus; 1 — body, 2 — electrodes, 3 — moisture proofing,
4 — thermal insulation, 5 — thermocouples, 6 — transformer, 7 — balance, § — laboratory
recycling drying oven.
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ed; the data was used to calculate the value of surface moisture flux for the quasi-
stationary state. The Cos value can be calculated from the moisture profile esta-
blished by cutting the body into slices.

The electric conductivity measurements were carried out on bodies 30 mm X
X 30 mm X 60 mm in size with moisture content C over the interval C € {0.3414
m3m~—3; 0.4281 m3m—3) prepared from a porcelain mix with an elevated content
of ¢ — Al,O; at a constant content of soluble salts, at 294.15 K and at 318 K
in the case of the other experimental arrangement. Following preparation and
moisture proofing, the bodies were kept in a water-saturated medium for 48 hours
to achieve a homogeneous moisture and temperature distribution throughout the
body volume. In view of the heat generated in the body by the passing current,
to maintain the initial isothermal state and keep the same temperature in all of
the experiments with the isolated system, only the starting current /; was measured,
i.e. that measured after switching the body into the electric circuit at time ¢ = 0
and at a constant voltage on the body. For each moisture content, the starting
current was always measured on five bodies. For the calculation from equation (3)
one has to know the unidirectional potential of the electric field or voltage in the
body. The measuring procedure is illustrated by Fig. 2. Probes Bl — B6, placed
axially over the body length, measured the relationship U = U(z) with respect
to the reference probe B0, as shown in Fig. 3. The losses in the electrodes and in
the electric circuit were calculated from the relationship and found to amount
to 25 percent of the total voltage of 46 V. The voltage on abody L = 6 X 102 m
in length was therefore 34.5 V, to which corresponds the electric field potential
de/dz = 575 V/m.
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Fig. 2. Schematic diagram of electric potential measurement on the body: 1 — body, 2 — electrodes,
3 — wvoltmeter, 5 — switch.
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Fig. 3. The U = U(z) dependence on the body.
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In the case of the open system, the experimental measurements were supplement--
ed with the time dependence of the electric current, surface moisture flux and
moisture content at the body center. These relationships are plotted in Fig. 4.
The temperature field in the body was measured with thermocouples in the quasi-
stationary state. At a mean body temperature of 318 K, the difference between
the body center and surface amounted to 0.1 K, which corresponds to a temperature
gradient of d7/dxz = 7 K m™1. This value was neglected and the system was
regarded as an isothermal one.

DISCUSSION OF RESULTS

The mean values of the starting current and the calculated electric conductivi-
ties of bodies with various moisture contents according to equation (3) for the
experimental arrangement representing the isolated system are listed in Table I.
The results indicate that a change in the moisture content of the body over the
interval of volume moisture content of C € {0.344 m3m~3; 0.4282 m3m—3)> does
not lead to any change in the electric conductivity of a water-saturated ceramic
mix, and can therefore be considered constant. Its mean value was (0,164 -+ 0.004)
Sm~! at 294.15 K. The dispersion of the values measured is associated above all
with the reproducibility of preparing bodies of identical length and the possible
occurrence of contact resistance between the body and the electrodes.

Table I

Electric conductivity of a water-saturated porcelain mixture
with various moisture contents

|

) C Is [}
m?m™3 “mA Sm—!
0.3444 83.6 + 0.1 0.162
0.3580 85.0 4+ 0.1 0.164
0.3695 86.5 + 0.2 0.167
0.3851 85.0 + 0.1 0.164
0.3965 85.0 + 0.1 0.164
0.4282 86.5 + 0.1 0.167

For the case of the experimental arrangement meeting the conditions of an open
system, the time dependence of mix electric conductivity is plotted in Fig. 4. The
results of measuring the electrical properties of a system exchanging moisture with
the environment indicate that in a quasistationary state, when the body tempe-
rature is constant, the electric conductivity also remains constant when the
body moisture content decreases. However, the value of the electric conducti-
vity is affected by the body temperature.

The independence of electric conductivity of a water saturated porcelain mixture
of its moisture content, established in the present study, can be used to suplemente
the hypothesis by Shumilin [4] on the possible autocontrol of electric resistance
drying within the body volumeresulting from differences in local moisture content
and thus in electric conductivity. As indicated by the results of the present study,
if a ceramic mixture conforms to the requirements of a binary mixture, i.e. is
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saturated with water or an electrolyte with uniformly distributed concentration of
soluble salts, the autocontrol of the process cannot become effective as the electric.
conductivity is independent of moisture content. The autocontrol may take place
in systems comprising simultaneously water-saturated and water-unsaturated
regions, as a result of their different electric conductivities.
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Fig. 4. The time dependence of moisture content — 1, temperature — 2, current — 3, electric conducti-
vity ¢ — 4 and volume flux of moisture content h — 3.
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ELEKTRICKA VODIVOST VODOU NASYCENE PORCELANOVE SMEST

Cast 1. Metoda stanoveni specifické elektrické vodivosti smési a jeji zavislosti na vlhkosti
Jiri Havrda, Eva Gregorova, Frantisek Oujifi

Katedra technologie silikdte, Vysokd Skola chemicko-technologickd, 166 28 Praha 6

Cilem préce je vypracovat postup stanoveni specifické elektrické vodivosti binarni keramické
smési v plastickém stavu a vyjadrit jeji zavislost na vlhkosti. Je vypracovana metoda pro izolova-
‘ny a otevieny systém, pri které je pienos proudu jednosmérny. Jejim zdkladem je stanoveni
proudu v télese pfi znadmém napéti za definovanych vlhkostnich, teplotnich a koncentraénich
podminek. V izolovaném systému byl pro dané napéti vzhledem k zachovéani izotermniho stavu
mé&ien pouze startovaci proud v télesech o ruizné vlhkosti. Pro oba systémy jsou vyjadreny speci-
fické elektrické vodivosti smési. Vysledkem je zjisténi, Ze specifickd elektrickd vodivost neni
funkei vlihkosti.
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Obr. 1. Schéma aparatury; 1 —- téleso, 2 — elektrody, 3 — vlhkostni izolace, 4 — tepelnd tzolace,
5 — termoblanky, 6 — transformdtor, 7 — vdhy, 8 — laboratorni cirkulaéni susdrna.

Obr. 2. Schéma méfeni elektrického potencidlu na télese; 1 —— téleso, 2 — elektrody, 3 — voltmetr,
5 — pFepinaé.

Obr. 3. Zdvislost U = U(x) na télese.

Obr. 4. Zavislost vikkosti — 1, teploty — 2, proudu — 3, specifické elektrické vodivosti ¢ — 4 a obje-
mového toku vlhkosti h — 5 na Case.

JIEKTPONPOBOAHOCTD HACBIIIEHHON BOIOW ®AP®OPOBOR
CMECH; L

MeToji ompejciieHHsI y/iebHOM 3JIEKTPONPOBOJAHOCTH M ee 3aBMCHMOCTh OT BJIAZKHOCTH
Wpaxu T'aBpia, 3Ba I'peropoBa, ®pantumiex Oyupxu

Kagiedpa mexnoaoeun cuaukamos X umuro-mexnonoeuneckozo urwemumyma, 166 28 Hpaca 6

Ileablo mpeji;raraemoil paGoTsl sBIAeTcA pa3paboTka MeToja omnpeleleHHs Y/elbuol
3JIEKTPOI POBO;{HOCTH (MH2PHOM KepaMHYecKOM cMecHM B INIACTHYECKOM COCTOAHMH M CIIpC-
JelleHle ee 33 BUCHMOCTH OT BJlaxkHOCTH. B pazpaboTaH MeToJL 119151 U30J11 POBAHHOM H OTKPHI-
TOH C¢HCTEeMBl, IPH KOTOPOi NepeHor TOKAa NpOTexdeT B OfHOM HampaBiicHMH. Ero ocHoBoit
ABJIACTC 51 O Pe;leJICHHE DJICKTPUUECKO1'0 TOKA B Te le IPH M3BeCTHOM HANPSKEHHH W YCTaHOB-
JIEHHBIX YCJIOBUAX BJIAKHOCTH, TeMIiepaTyphl M KoHOeHTpauumu. YroObl He HapymaTh
H30TEPMAYecoe ¢OcTOAHNe, H3MEPAIN B M30JINPOBAHHOM cHMcTeMe NPH 3ajlaHHBIX HaT psixKe-
HAAX TOJIbKO HAYAJIBLHLIA TOK B TeJIaX ¢ Pa3HOM BiIaMHOCThI0. [[J1s 06enx cHcTeM ycTaHOBIIEHL
VAeJLHBIE JJICKTPOIIPOBOJHOCTH ¢MecH. Pedy:bTaToM paGoThl ABJIAETCA TO, YTO Y/eJbHas
HIEKTPONPOBO;(HOCThL HC FABISETCs1 (QYHKIMEW BIAHHOCTH.

Puc. 1. Cxema annapamypw; 1 — meao, 2 — saexmpodu, 3 — uszoasyus eaaxcrocmu, 4 —
mepmousossyus, 9 — mepmosaemenmst, 6 — mparcgopmamop, 7 —— gecol, § — uabo-
Panopras YUPKYASYUOHHAS CYULULKQ.

Puc. 2. Cxema usmepenus aaermpudeckozo nomenyuaia ta meae; 1 —— meao, 2 — snekmpooei,

3 ~- soavmmemp, 3 —— nepekaruamens.
Puc. 3. Sasucumocmv U = U(z) na meae.
Puc. 4. asucumocms: 1 — eaaxcrocmu, 2 — memnepamypvl, 3 — moka, 4 — ydeavrol

anexkmponpocodrocmu 6, § — obvemiozo mora saaxcHocmu h om ¢épemenu.

CENTRUM PRO VYZKUM SUPRAVODIVYCH MATERIALU VE FRANCIL
Koncem r. 1988 bude uvedeno do provozu vyzkumné centrum pro supravodivé materialy ve
francouzském Caen. Centrum, podobné institucim v americkém Houstonu a japonském Tokiu,
bude stat mistni uFady 6 mil Ffr (1,04 mil §) a bude spravoviano Narodnim ustfedim pro védecky
vyzkumi (CNRS) a firmami Rhone-Poulenc a Compagnie Générale d’Electricité (CGE). Fran-
couzska vlada bude prispivat 75 %, na provozni naklady, které budou ¢&init 15 mil Ffr roéné.

(European Cheni. News, 1988, 6. 6., 14) ,
Douskovi

VYROBA VZACNYCH ZEMIN V JAPONSKU. Firma Nippon Rare Earth, joint-
venture francouzské 1Ilhone-Poulenc a japonské Sumitomo Metal Mining, zaéne koncem r. 1988
vyrabét prvky vzacnych zemin propotieby Japonska. Japonsko je zatim zcela zavislé na importu
vzacnych zemin, které se za&inaji ve zvySené mife pouzivat v keramice pro elektroniku a pro
vyrobu supravodiéii. Nova rafinérie firmy v Niihama bude vyrabét 15 prvka véetné samaria,
ceru a neodyniu.

(Electronic Chem. News 3, 1938, &. 15, 4)
Douskovd
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