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The paper deals with the determination of the diffusion coefficient of water
and its temperature dependence in an open system during the drying of a satura-
ted porcelain mix with an inner electric heat source. The method is based on
establishing the time dependence of the moisture content in the body and of the
moisture profile under quasistationary conditions. In an open system, the
effect of an alternating electric curremt promotes diffusion of water through
saturated porcelain mix.

INTRODUCTION

Using the diffusion pair method with an inner electric heat source it was found
in Part I that an alternating electric current speeds up diffusion of water in satura-
ted porcelain mix [1]. Over the entire temperature interval studied, the diffusion
coefficients were higher than those in a saturated porcelain mix free of an electric
field. This finding was obtained with a closed system which did not allow for
water transfer to the environment. The system consisted of two water-saturated
bodies with different moisture contents, which constituted a saturated boundary
over the area of contact. The effect of electric field on water transfer through
a saturated ceramic mix established can be verified by creating an open system.
As a result of passing the water to the environment, transfer of waterin an open
gystem is accelerated by capillary barodiffusion.

For a binary isotropic mix of incompressible components and a diffusion coef-
ficient independent of moisture content, the moisture balance has the following
form [2]:

0tC = Det div grad C, (1)
where 0,C is the differential of moisture content C' by volume in terms of time,

Deg; is the effective diffusion coefficient including the effect of capillary barodif-
fusion. The bulk diffusion flux of moisture h is given by the equation

h = —Dg¢ grad C, {2)
while it holds for bulk h and the mass diffusion flux of moisture J that
h = gve, J, (3)

where g is the density of the mix, v, and v, are the partial specific volumes of com-
ponents 1 and 2.

The behaviour of a water-saturated porcelain mix in an electric field approaches
that of an insulant. In order to verify the effect of an electric field on water transfer
in a saturated ceramic mix with an unsaturated boundary it is therefore impossible
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to use the diffusion pair method employing a water-saturated body and an unsatu-
rated one. However, an unsaturated surface arises in the course of drying of ceraic
bodies.

The present study had the aim to work out a method for determining the diffusion
coefficient of water holding for a ceramic body dried by an inner electric heat
source, and to establish the effect of an electric field on water diffusion in a satura-
ted porcelain mix exchanging moisture with the environment.

THE METHOD OF ELECTRIC RESISTANCE DRYING UNDER
QUASISTATIONARY CONDITIONS

Determination of the diffusion coefficient of water in an open system with
an electric field can be realized when drying a ceramic body by eletric resistance
under quasistationary conditions. Such conditions are characterized by a constant
change in moisture content 6;C = const, a constant body temperature 7' = const,
and for D £ D(C) by a constant surface diffusion flux h = const. Under quasi-
stationary conditions, the amount of water transfered by diffusion flux to the
body surface is equal to the surface flux of water into the environment, i.e. the
rate of drying. The suggested method of electric resistance drying under quasista-
tionary conditions, during which the diffusion is unidirectional, is based on determi-
ning the dependence of moisture content on time and of the moisture profile in the
body in quasistationary state. According to Fig. 1, for the drying of a plate 2L
in thickness from both sides under quasistationary conditions, equation (1) will
have the form

6:C = De¢; 0°C = const, (4)

where De; is the diffusion coefficient including the effect of capillary barodiffusion.
The drying of a plate 2L in thickness from both sides corresponds to the drying
of a plate L in thickness fram one side only.

On resolving equation (4) for the conditions

t>0, xr =0, C =0
r=0L, C=C, (5)

one obtains description of the moisture profile in the form

C(x):z_AAL%“x2+((CZZCI)—ﬁgﬂ)x—kcl. (6)
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Fig. 1. Moisture profile in a plate during drying from both sides.
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where AC is the difference in moisture content AC = C4 — Cp during time A¢.
If equation (4) is resolved on the condition of moisture profile symmetry at 2 =
= 0, i.e. in the form

t>0, =0, d¢/ds=0,

xo=z C =0, (7)
the moisture profile is described by the equation
AC AC
== a2 N
@ = xma ™ T T A, ¥ ®)

N Or——

Fig. 2. Schematic diagram of electric resistance drying under quasistationary cbmlitions; 1 — body,
2 — motsture proofing, 3 — thermal tnsulation, 4 — electrodes, 5, 6 — voltmeter, 7 — ammeter,
8 — balance. 9 — laboratory recycling drying oven, 10 — thermocouples.

Knowledge of AC/At and C' = C(z) for the drying of a body under quasistationa-
ry conditions allows Det to be calculated from equation (6) or (8). The experimental
arrangement of the method is shown in Fig. 2. The body of prismatic shape with
initial homogeneous moisture distribution is thermally insulated and moisture-
proofed in directions y and z. Electrodes supply adjustable constant alternating
voltage measured with a voltmeter. The current passing through the body is measu-
red with an ammeter and the temperature field by a system of copper-constantan
thermocouples. The insulated body with the electrodes is placed on a balance
in a recycling drying oven provided with temperature, relative humidity and air
flow rate controls. In the course of drying, the time dependence of body weight
G = ((t), electric current I = I(¢) at constant voltage U, of temperature profiles
T = T(¢, ) were measured. Following attainment of quasistationary conditicns
of electric resistance drying, the body was cut up in direction z in order to determine
the moisture profile C = C(x), and the time dependence of mean absolute moisture
content @ was expressed according to the time dependence of the weight losses.
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EXPERIMENTAL RESULTS

The moisture content distribution and the time dependence of moisture content
-during electric resistance drying under quasistationary conditions were measured
at various mean body temperatures T over the temperature range T € (295 K;
323 K. Typical results of measuring @ = @(¢), T = T(¢) and I = I(¢) for bodies
2L =3.102m in thickness and voltage U = 24.6 V on the body are plotted
in Fig. 3. The moisture profile C = C(z) in the body, determined at time ¢ = 25 mi-
nutes, is shown in Fig. 4. Similar relationships were established for other mean
body temperatures.

On using for T' = 317 K the values C; = 0.4152 m3 m—3, €, = 0.4002 m3 m-3,

AC|At = —1.73. 105 m3 m~3s-1, it is possible to calculate from equation (6)
w Tl1
kgkg™ K| mA
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Fig. 3. The dependences measured during electric resistance drying of the body; A — heating through
of the body, B — quasistationary conditions 1 — o = w(t), 2 — T = T(t), 3 — I = I(t).
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Fig. 4. Moisture profile in the body.
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or (8) the value of the effective diffusion coefficient of water in ceramic mix in an
electric field, D¢ = 1.1 10~7 m?s~1. The D, established at various mean tempe-
ratures are listed in Table 1.

Table I

Effective diffusion coefficient of water in a saturated
ceramic mix in alternating electric field at various

temperatures
1 2956 310 317 t 323
K I
1 |
Dee 107 g ‘ 0.9 | 11 1 1.5
m? s ’ \ ‘ l

DISCUSSION AND CONCLUSION

On the basis of the results obtained it may be confirmed that the method of ele-
ctric resistance drying under quasistationary conditions allows the diffusion
coefficient of water in a saturated ceramic mix with an unsaturated surface under
the effect of alternating electric field to be reliably determined.

The De¢ values obtained at the various temperatures were approximated by the
eguation

Doy = (2.46 . 1074 exp (—2425/T)) m2 g1 (9)

which holds over the temperature interval 7' € {295; 323> K.

Paper [3] was concerned with determining the temperature dependence of the
diffusion coefficient of water in a saturated ceramic mix with an unsaturated
surface, in the absence of an electric field, which had the form

Det = (3.93 exp (—5645/7)) m?s-1, (10)

A comparison of equations (9) and (10) shown in Fig. 5 indicates that the presence
of an alternating electric field accelerates diffusion of water through a saturated

Def .10 7 I I [
mé 571

2= -

1 1 1
300 310 320 T

Fig. 5. Temperature dependence of the effective diffusion coefficient Der; 1 — from equation (9),
2 — from equation (10).
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porcelain mix with an unsaturated boundary. The same finding was obtained
in Part I for a saturated mix with an unsaturated boundary [1].

An explanation of the effect of alternating electric current on the diffusion
of water through a ceramic mix can be based on the hypothesis introduced in the
elucidation of the differences in the temperature dependence of electric conductance
of porcelain mixes in study [4]. Tt is assumed that the alternating electric field
probably impairs the structure of lyospheres on the surface of the solid phase,
ostensibly by the vibrating motion of the ions present, thus improving the mobility
of water. An increase in the number of mobile water molecules resulting from the
effect of the electric fields also corresponds to the higher value of I’ over the entire
temperature interval. 1t may therefore be assumed that under the effect of electric
current, the number of molecular layers of electrolyte adsorbed on the solid
phase surface decreases; this phenomenon is associated with an expansion of capil-
laries and pores in the body and subsequently with increased bulk flux of the electro-
Iyte through the mix.
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DIFUZE VODY KERAMICKOU sSMESI
VE STRIDAVEM ELEKTRICKEM POLI

(ést 1T, Metoda elektroodporového suseni v kvazistaciondrnim rezimu
Jiti Havrda, Eva Gregorové, Frantisek Oujifi, Hossein Azizi

Vysokd Skola chemicko-technologickd, Katedra technologie silikdtit, 166 28 Praha

V praci je ovéfovan vliv stfidavého elektrického pole na pfenos vody v nasycené keramické
smési 8 nenasycenym- rozhranim. Je vypracovana metoda stanoveni difuzniho koeficientu vody
pii suSeni télesa s vnitinim elektrickym zdrojem tepla. Metoda spoé¢iva v uréeni zavislosti vlhkosti
télesa na éase a vlhkostniho profilu v télese v kvazistaciondrnim rezimu. V pribéhu suSeni jsou
meéreny ¢asové zavislosti hmotnostnich ubytku télesa, elektrického proudu pfi konstantnim napéti
a teplotnich profila. Ze stanovenych vlhkostnich profila je spoéitan efektivni difuzni koeficient
pro ptisluSnou stfedni teplotu a je vyjadiena teplotni zavislost ve tvaru

Doy = (2,46 . 1074 exp (—2425/T)) m2 s-1.
Porovnani s difuznim koeficientem vody nasycenou keramickou smési s nenasycenym povrchem

bez pritomnosti vnitiniho elektrického zdroje tepla dokazuje, %Ze piitomnost stfidavého elektrické-
ho pole urychluje diftizi vody nasycenou porcelanovou smesi.

Obr. 1. Vihkostni profil v desce pii oboustranném suseni.

Obr. 2. Schéma metody elektroodporového suseni v kvuzistaciondrinim refimu; 1 — téleso, 2 — vihkost-
ni tzolace, 3 — tepelnd izolace. 4 — elektrody, 5. 6 — voltmetr, 7 — ampérmetr, 8 — vdhy,
9 — laboratorni cirkulaéni susdrna, 10 — termodldanky.

Obr. 3. Méfené zdwislostt pit elektroodporovém suseni télesa; A — prohiev télesa;, B — kvuzistacio-
narnt re$im 1 —w = w (t), 2 —T = T(t), 3 — I = I(2).

Obr. 4. Vihkostni profil v télese.

Obr. 5. Teplotni zdvislost efektivniho difuzniho koeficientu Dey; 1 — ze vztahu (9), 2 — ze vztahu (10).
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ANodyY3HNA BOIBI HEPES3 RKEPAMUYECKYIO CMECL
B [NEPEMEHHOM 9JEKTPUYECHKOM IIOJIE

I1. Mero;{ 31€KTPOCONPOTUBHTC.ILHON CVHIKH B KBa3HCTALHOHADHOM pe;KHMe
Wpxu aBpua, 9Ba l'peroposa, @pantnmer Oyupmu, lNocceiln Asusn

Kagedpa mexnoroeuu cuauramos Xusmuro-mernotocuneckozo uncmumyma, 166 28 Ipezu

I3 npuBo;iuMoil padoTe mposepAeTcs B.UISIHIC 1ICPEMEHHOIO 3.ICKTPHYCCKOI'O II0JIA RA
Iepe;laly Bodbl B HaCLIMICHHOII KepaMHUecKkoli ¢Mecll ¢ HeHiw bIIeHHLIM HpeileJIoM. ABTOpaMH
pa3palaTLIBAETCA METO,[ OHpe;le.lcHMA KoopdursenTa juddysun Bogul HpU cyOIke Tewa
¢ BHYTPCHHHM 3.IEKTPMUECKIIM ICTOYHIIKOM Tem.Ta. MeTox OcHOBhIBaeTCH Ha ompefelieHdH
3aBUCHMOCTH BIIAAKHOCTH Te.fa OT BPEMCHH 11 IPO¢Is BJIa;KHOCTH B Telle B KBa3ACTallMOHa p-
HOM peskitMe. 130 BpeMst cYHIKH H3MepsIOTCs BpeMeHHhie 3aBACUMOCTH yObileli Macchl Tejla,
BIICKTPUYCCKOIO TOKA I1PH 110 TOAHHOM HoIPSZKeHHUIt i TeliMepaTy pHBIX npoduiiax. Ha ocuo-
BaHUH Y¢TaHOBJICHHBIX IPO()HiIeli BJIAKHOCTH pacc YUTsIBaeTcA 9PPeKTHBHHIA KoapPuImeHT
Auddyanu OTHOCHTEJILHO cOOTBETCTBYIONIeld cpeHell TeMIepaTyphl M BEIDasKaeTcst TeMiepa-
TYpHasl 3aBHCHMOCTb B BM,IC:

Der = (2,46 10=4 exp (—2425/T)) m2s-1.

Conocrap.1eHne ¢ KoapduunerTom audPysun uepes HACLILEHHYIO KePaMHYECKYIO CMe:h
¢ HaCHIMeHHOH MOBEPXHOCTLIO B OTCYTCTBHIl BHYTPEHHEro 3JIeKTPHIECKOI0 HMCTOYHHKA Tell1a
MOKa3blBaeT, YTO IPHCYTCTBHC NMEPEMEHHOI0 3JMeKTPUHUecKOIo Mo ycKopseT ;(udpPyawio
4epe3 HacLllleHHYI0 $apdopoByIO cMech.

Puc. 1. Hpogure sraxrocmu 8 naume npu 06YcInopoHHei Cyuixe.

Puc. 2. Cxema memoda 3aekmpoconpomueumenbHoli CYwKu 6 KeazucmayyUoHapHOM PDENCUME;
1 — meao, 2 — uzoasayua eaaxwcHocmu, 3 — mepmousossyusn, 4 — anexmpodsi, 5, 6 —
eoavmmemp, 7 — amnepmemp, 8 — gecvi. § — aabopamopHas YUPKYAAYUOHHAR CY-
wuaka, 10 — mepmosacmersmaol.

Puc. 3. Hamepaembie 3a6Ucumocmu. npu 3.1€KmpoconpomueumesvHoti cywxe mesa;, A — naepee
meaa, B — xeasucmayuonapunii pemum 1 — v =), 2 —T =), 3 —1 =
= I(2).

Puc. 4. Ipopuav eaaxcrocrmu 8 me.e.

Puc. 5. Temnepamypras sagucumocms spexmusroze kospuryuenma Mgbpysuu De¢ : 1 — ua
omrowenus (9), 2 — us ommuowernus (10).

Recenze knih

JOACHIM LANGE: ROHSTOFFE DER GLASINDUSTRIE (Suroviny pro sklaf-
sky pramysl). 2. pfepracované a rozsirené vydéni. VEB Deutscher Verlag fiir Grundstoffindustrie
Lipsko NDR 1988, 196 str., 99 tab., 43 obr.

Po 8 letech od 1. vydéni méme moznost se seznamit s 2. pfepracovanym a rozsifenym vydanim
udebnice vhodné pro vyuku na vysokych 8koldch zabyvajicich se pripravou odbornych pracovniku
pro sklafské odvétvi.

Ucebnice podavé uceleny prehled o nejdulezitjich skléfskych surovinach, jejich vlastnostech
a pouziti. Je rozdélena do 6 kapitol.

Kapitola 1 je vénovéna vSeobecnym uvahédm o sklaiskych surovindach, jeiich uloze pii tvorhé
skla a jejich vlivu na vlastnosti skla. Kapitola je opinéna pfiklady praktickych vypo&ti,; napi-.
prepoctu moldrnich procent na hmotnostni a naopak, vypoc¢tu hustoty, specifického tepla, tepelné
vodivosti, modulu elasticity, povrchového napéti, dielektrické konstanty, viskozity ai. Kapitola 2
obsdhle pojednévé o jednotlivich skléfskych surovindch, jejich pusobeni na tvorbu skla, nale-
ziStich, technologickych a kvalitativnich kritériich. Kapitola 3 se zabyvé chemicko-technickymi
prepoity, stechiometrii, odlidnostmi vypoétu slozeni skel obsahujicich fluor, presnosti vypoétu aj.
Obsah kapitoly 4 tvofi ve srovnéni s 1. vydénim samostatnou é4st, ve které se fesi problémy vzni-
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