CERAMICS -- Silikaty 34, s. 97—102 (1990)

Original papers

DIFFUSION OF WATER THROUGH CERAMIC MIX
IN ALTERNATING ELECTRIC FIELD

Part T — The diffusion pair method with an inner electric heat
source
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The diffusion coefficient of water was determined by means of the diffusion
pair method using an inner electric heat source and based on determining
the moisture content profiles in pairs at various temperatures. The diffusion
coefficient values obtained over the temperature range T € (298K; 322.56K)
were approximated by the relationship

D = (1123 . 5 exp (—7655/T)) m?2s-i,

A comparison of the relationship obtained with that established by the
same method without passage of alternating electrioc current proves that
the effects of electric current speed up diffusion of water through a saturated
porcelain mix with a saturated boundary.

INTRODUCTION

Water transfer in a saturated ceramic mix can be described mathematically
as diffusion of water in a binary mixture of incompressible components, i.e. water
and the ceramic material. In this case, the diffusion coefficient is a characteristic
quantity of the water-saturated ceramic mix. It includes the effects of structure
and composition on the transfer of water through the mix. Determination of the
diffusion coefficient D by the diffusion pair method showed it to be independent
of the amount of water in the mix but to be a function of temperature. The D
values are influenced by the state of the boundary [1—3]. An unsaturated boundary
is formed between a water-saturated body and the environment, or between a sa-
turated and an unsaturated body. Saturated boundaries exist between two satura-
ted bodies.

For the case of saturated boundary, the following temperature dependence
of the diffusion coefficient was found for a water-saturated porcelain mix:

D = 5.52. 1011 exp (—14484/T)  m? s-L. (1)

The value of B is higher by one order for bodies with an unsaturated boundary.
The difference is due to accelerated transfer of water by capillary suction in the
menisci at the unsaturated boundary, i.e. to capillary barodiffusion [4—5]. Using
the diffusion pair method with unsaturated boundary, or the method of drying
under quasistationary conditions (i.e. a constant local rate of moisture loss and
an invariable moisture profile) the following temperature dependence was estab-
lished for saturated porcelain mix:
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Det = 3.93 exp (—5645/T)  m2 s-1 (2)

where D¢t is the effective diffusion coefficient including the effect of capillary
barodiffusion.

The above findings on water transfer were made for a water-saturated ceramic
mix whose temperature was changed by an external heat source. However, water-
saturated ceramic mixes are also heated by an inner source of heat which is produ-
ced throughout the body by passage of alternating current at constant voltage.

The present study had the aim to determine the effect of alternating electric
field on the tranfer of water in water-saturated ceramic mix. For this purpose,
it is first necessary to work out suitable methods for establishing the diffusion
coefficient of water and its temperature dependence. The working out of the methods
should be based on the electrical properties of the porcelain mix saturated with
water or electrolyte (water with soluble salts). According to previous studies
by the present authors [6 —9] the flux of electric current through a saturated porce-
lain mix depends on electric potential and the concentration gradient of soluble
salts in the mix. Electric conductance of the saturated mix does not depend on
moisture content nor the moisture gradient, being a function of temperature and
concentration of the salts. A water-unsaturated mix can be regarded as an insu-
lant.

THE METHOD O} DIFFUSION PAIR WITH INNER ELECTRIC HEAT
SOURCE

The diffusion coefficient of water or electrolyte in a water-saturated ceramic
mix can be determined by the adjusted diffusion pair method [1] making use
of unidirectional diffusion. With the use of the inner electric source of heat, the
electrical properties of the mix allow the method to be applied solely to a diffusion
pair composed of two water-saturated bodies with different moisture contents,
i.e. to an unsaturated boundary.

Bodies 60 mm in length and 30 mm X 30 mm in cross section were prepared
from porcelain mix with a zero content of soluble salts [7] on a vacuum auger at
moisture contents of C; and C,. The body surface was moisture-proofed to rule
out exchange of moisture with the environment. The bodies were then kept for
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Fig. 1. Schematic diagram of the diffusion pair method with an tnner electric source of heat; 1, 2 —
bodies with moisture content C;, C;, 3 — moisture proofing, 4 — electrodes, 5 — copper prismas,
6 — thermostat, 7 — voltmeter, 8 — ammeter, 9 — transformer, 10 — thermocouples.
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48 hours to attain the initial homogeneous distribution of moisture througho
the volume. After removing the moisture proofing coat on the body base, electro
of conductive rubber were applied. The bodies were thermally insulated, connec
to an electric circuit and heated separately to the required temperature by passi
through electric current at a constant voltage. The temperature field in the bo
was measured by a system of copper-constantan thermocouples. On attaining ta
required temperature, a diffusion pair was created by joining the bases of two
bodies. Following moisture proofing of the diffusion pair boundary with electrodes
on the remaining bases of the bodies, the pair was placed between copper prisms
according to Fig. 1. Water at temperature 7' was passing through the prisms.
The heat generated inside the pair by the electric current was dissipated by the
prisms. By a suitable control of voltage and water temperature, the required
temperature of the pair was maintained with a negligible temperature gradient
for time ¢. After that, the pair was rapidly cooled to 7' = 278 K and cut into trans-
verse slices 3 mm in thickness in order to determine the moisture distribution.
From the moisture distribution thus established in one part of the diffusion
pair, it is then possible to determine the diffusion coefficient, independent of moistu-
re content, using the equation obtained by resolving the 2nd Fick law for a semi-
infinite medium in the form

(C — C)(Cy — Cs) = exf (/2 |/D), (3)

where x is the coordinate in the direction of diffusion, Cs is the moisture content
by volume at the pair boundary. For moisture content by volume it holds that

C = (1 + (er/es) w™), (4)

where g, is the density of the compact component, gs is the density of the ceramic
material, and w is the absolute moisture content, i.e. the ratio of the weight of water
to that of the dry matter in the mix.

RESULTS OF THE MEASUREMENTS

The moisture distribution in the diffusion pair was measured three times for
temperature 7' = 308 K. A typical moisture profile is shown in Fig. 2. The diffusion
coefficients evaluated from the three measurements are given in Table I.
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Fig. 2. Moisture profile at T = 308 K and ¢ = 2820 s.
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The temperature dependence of the diffusion coefficient was measured over
the temperature range 7' € {298 K; 322.5 K>. Typical moisture profiles at 298 K
and 322.5 K are shown in Fig. 3. The diffusion coefficients calculated for the indi-
vidual temperatures are listed in Table 11.
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Fig. 3. Moisture profile in the diffusion pair; « — T = 298 K, t = 69603, b — T = 322.5 K,
t = 2760s.

Table I
Diffusion coefficient of water at T' = 308 K

T D.10° D

K ‘m2st m2s T
2.19

308 2.18 (2.2 £ 0.02) . 10-8
2,23

Table I1
Diffusion coefficient of water at various temperatures
T b
- 298 308 313 318 322.6
K | i
D100 0.7 22 | ox 3.9 I 5.1
m?2 8~1 : :

DISCUSSION OF RESULTS AND CONCLUSION

The results of the measurements show that the diffusion pair method with an
inner heat source allows the diffusion coefficient of water in a saturated porcelain
mix under the effect of alternating electric current to be determined reliably. The
values of D obtained at various temperatures were approximated by the equation

D = (1123.5 exp (—7655/T)), m?2 s~1 (5)
which holds over the temperature range 7' € (298 K; 322.5 K.
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A comparison of the temperature dependence of the diffusion coefficient during
passage of electric current according to (5) with the dependence D = D (T)
according to equation (1), determined for saturated ceramic mix by the same method
but in the absence of an electric field, is shown in Fig. 4. The comparison indicates
that over the entire temperature interval involved, the diffusion coefficient of water
in water-saturated porcelain mix is higher in the presence of the electric field.
For example, at 7' = 298 K and 7" = 305 K the difference amounts to one order
or magnitude. The effect of an alternating electric field therefore accelerates diffu-
sion of water through a saturated porcelain mix with a saturated boundary.
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Fig. 4. Temperature dependence of the diffusion coefficient of water; 1 — from equation (5), 2 — from
eguation (I).
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BPIFUZE VODY KERAMICKOU SMESI VE STRIDAVEM ELEKTRICKEM
POLI

Cést 1. Metoda difazntho paru s vnitinim elektrickym zdrojem tepla

Jiti Havrda, Eva Gregorové, Franti8ek Oujiti, Hossein Azizi

Vysokd skola chemicko-technologickd, Katedra technologie silikdtii, 166 28 Praha

Na stanoveni difuzniho koeficientu vody byla aplikovana upravend metoda diftzniho paru
s vnitfnim elektrickym zdrojem tepla, zaloZena na stanoveni vthkostnich profild v paru pii
ruznych teplotéch. Ziskané hodnoty diftznich koeficientit v rozmeziteplota T € (298 K; 322,56 K>
byly aproximovany vztahem

D = (1123,5 exp (—7655/T)) m2s-I,

Porovnani ziskané zavislosti se zavislosti ziskanou stejnou metodou bez pruchodu elektrického
proudu dokazuje, Ze pusobeni elektrického pole urychluje diftizi vody nasycenou porcelanovou
smé:i s nasyeenym rezhranim.
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Obr. 1. Schéma metody difizniho pdru s vnitinim elektrickym zdrojem tepla; 1, 2 —télesa s vlhkostt
C1, C;, 3 — vlhkostni izolace, 4 — elektrody, 5 — médéné hranoly, 6 — termostat, 7 — volt-
metr, 8 — ampérmetr, 9 — transformdtor, 10 — termoélanky.

Obr. 2. Vikkostni profil pfi T = 308 K a t = 2820 s.

Obr. 3. Vihkostni profil v difuznim pdru; a —T = 298 K, t = 6960s, b —T = 322,5 K, ¢ =
= 2760 s.

Obr. 4. Teplotni zdvislost diftizniho koeficientu vody; 1 — ze vztahu (5), 2 — ze vztahu (1).

JUNOO®Y3HA BOJAbBl KEPAMUYECKON CMECKIO
B IEPEMEHHOM 3JERTPHYECHKOM IIOJE

I. Meron au¢dy3HoHHOH mapel ¢ BAYTPEHHHM 3JIEKTPHYECKHM HCTOYHHKOM TellIa
Wpmxn I'aBppa, 9Ba I'peropoBa, ®pantumex Oympixu, Xoccend A3usu

Xumuro-mexnoaozuneckuitc uncmumym, xagedpa mexrosozuu cuauramos, 166 28 Ilpaza

Qast ycraHOBieHur KoaduimenTa juddysuu Boxsl NPuMeHAIH oGpaboTaHHEL MeToA
anddysnoRHOH maps ¢ BHYTPEHHHM JEKTPHUCCKHM UCTOYHHKOM Tella, OCROBLIBAIOIIANCA
Ha ompefiesieHnu npouiled BJIAKHOCTH B Iape OPH pas3HeIX TemmeparypaX. IloaydyeHHbte
BestnyuHB Ko3apduuuentoB anddysnu B mpegestax temuepatyp T € <298 H akcm.)

= (1 123,5 exp (—7 655/T)) m2c~L

ComocraBiieHHe IOJY9eHHOH 3aBHCHMOCTH ¢ 3aBICUMOCTHIO, TOIYYeHHOH C IOMOMIbIO
OQMHAKOBOTO MeToAa 0e3 mpoXojia 3JIeKTPUUEC KOT0 TOKA, IOKA3LIBAET, ITO /lefiCTBHe IIeRTPA-
gecKoro moJia yckopder audysuio BoApl uepe3 HachleHHY® $ap@opoBy cMech ¢ HAaChl-
OIeHHLM pasieJioM.

Puc. 1. Cxema memoda OugyauoHroil napvi ¢ SHYMPEHHUM SAEKMPUUECKUM UCIMOUHUEOM
menaa; 1, 2 — meaa ¢ saaxcrnocmyuio Ci, C2, 3 — eaancrecmuas uzoasyus, L — saek-
mpoldst, 5 — mednbie npusmel, 6 — mepmocmam, 7 — eoabmmemp, 8§ — amnepmemp,
9 — mpancopmamop, 10 — mepmosesemerme.

Puc. 2. Baaxcnocmuniii npogusb npu T = 308 K u t = 2820 c.

Puc. 3. Baancrnocmnuiii npoguas 6 duppysuonnoii nape; a — T =298 K, t = 6960¢c, b — T
b—T =326 K, t =2760c.

Puc. 4. Temnepamypnas zasucumocmdv rospuyuenina dugdgdysuu 6odsr; 1 — us ommoweHus
5), 2 — us omrnewernus (I).
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J. Kutzendorfer
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