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The paper deals with the determination of the diffusion ooefficient 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 oontent in the body and of the 
moisture profile under quasistationary conditions. In an open system, the 
effect of an al,ternating electric current 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 [l]. Over the entire temperature interval studied, the diffusion 
-coefficients were higher than those in a saturated porcelain mix free of an elect,ric
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 water in an open
system 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]:

OtC = Der div grad 0, (1) 

where <JiC is the differential of moisture content C by volume in terms of time, 
Der is the effective diffusion coefficient including the effect of capillary barodif­
iusion. The bulk diffusion flux of moisture h is given by the equation 

h = -Der grad C, (2) 

while it holds for bulk h and the mass diffusion flux of moisture J that 

h = ()V1V2 j, (3) 

where e is the density of the mix, v1 and v2 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 arise,; in the course of drying of ct'famic
bodies. 

The present study had the aim to work out a met hod 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 DRYI�G 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 eledric resistance
under quasistationary conditions. Such conditions are characterized by a constant
change in moisture content 210 = const, a constant body temperature T = const, 
and for D i=-_ 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 quasiRta­
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 

oiC = Der o�C = const, (4) 

where D�r is the diffusion coeffieient including the effect of capillary barodiffosioJJ.
The drying of a plate 2£ in thickness from both sides corresponds to the drying
of a plate L in thickness from one side only. 

On resolving equation (4) for the conditions 

t > 0, .1" = 0,
.r = L,

one obtains description of the moisture profile in the form

, -- D..C 
2 1 ( (C2 - Ci) D..CL 

) C(x) - 2 D..tDer x 7 L - 2 D..tDer x + Ci.

-L 0 L X 

Fig. 1. Moisture profile in a plate during drying from both sides. 

(5) 

(6) 
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where uO is the difference in moisture content b.C = CA - On during time 6.t. 
If equation (4) is resolved on the condition of moisture profile symmetry at r = 
= 0, i.e. in the form 

t > 0, X = 0, 

.r '-·' l 

dC/dx = 0, 

C = 02, 

the moisture profile is described by the equation 

!:.C 6.0 
C(x) = ----x2 + C2 - - --�L2• 

2 tltDet 2 !':!.tDer 

(7J 

(8) 

Fig. 2. Schematic diagram of electric resi8tanee drying under quasistationary conditions; 1 - body, 
2- moisture proofing, 3 -thermal insulation, 4-electrodes, 5, 6 -voltmeter, 7 -amnutu, 

8 -balance, 9 - laboratory recycling drying oven, 10 -thermocouples. 

Knowledge of !10/!1t and C = O(x) for the drying of a body under quasistationa­
ry conditions allows Der 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 insula tcd 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 meaim­
red with an ammeter and the temperature field by a system of copper-com,tantan 
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. ]n the course of drying, the time dependence of body 11·eight 
G = G(t), electric current J = l(t) at constant voltage U, of temperature profiles 
T = T(t, x) were measured. Following attainment of quasistationary conditif,nR 
of electric resistance drying, the body was cut up in direction x in order to determine 
the moisture profile C = C(x), and the time dependence of mean absolute moisture 
content w waR expressed according to the time dependence of the weight losseR. 
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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 Te (295 K;
323 K). Typical results of measuring w = w(t), T = T(t) and I = l(t) for bodies
2L = 3 . 10-2 m in thickness and voltage U = 24.6 V on the body are plotted
in Fig. 3. The moisture profile C = C(x) in the body, determined at time t = 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 C1 = 0.4152 m3 m-3
, 02 = 0.4002 m3 m-3

, 

D.CJD.t = -1.73. 10-s m3 m-3 s-1, it is possible to calculate from equation (6)
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-Fig. 3. The clependenoes measured during elect,-ic f'68i8tance drying of the body; A - heming through.
of the body, B - quaai8tatwnary conditioM 1 - w = w(t), 2 - T = T(t), 3 - I - l(t). 
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Fig. 4. Moisture profile in the body. 
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-0r (8) the value of the effective diffusion coefficient of water in ceramic mix in an
electric field, Der = 1. 1 10-7 m2 s-1

• The Der established at various mean tempe­
ratures are listed in Table I.

Tabk I 

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

temperatures 

T 
295 310 317 323 

- -- ---

Der. 107 

0.7 0.9 1.1 1.5 ----� 

m2 s-1 

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 Der values obtained at the various temperatures were approximated by the 
eguation 

Der = (2.46. 10-4 exp (-2425/T)) (9) 

which holds over the temperature interval TE <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 

Der = (3.93 exp (-5645/1')) (10) 

A comparison of equations (9) and (10) shown in Fig. 5 indicates that the presence 
-0£ an alternating electric field accelerates diffusion of water through a saturated 

1 

1 

�2
---

----
--

- �

300 310 320 T 

K 

Fig. 5. Temperature dependence of the effective diffu.�ion coefficient Der; 1 - from equation (!1), 

2 - from equation (10). 
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porcelain mix with an unsaturat,ed boundary. The same finding was obtained 
in Part I for a saturated mix with an unsaturated boundary [l]. 

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 dependent:e of electric conductance 
of porcelain mixes in study [ 4 l. It is assumed that the alternating electric field 
probably impairs the structure of lyospheres on the ,mrface 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 Dover the entire 
temperature interval. lt may therefore be assumed that under the effect of electric 
current, the number of molecular layers of electrolyte adsorbed on the solid 
plrnse surface decreases; this phenomenon is associated with an expansion of capil­
laries and pores in the body and subsequenily with increaRed bulk flux of the electro­
lyte through the mix. 
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DIFUZE VODY KERAMICKO-U S:'IIESf 
VE STRfDAVEM ELEKTRICKE:'11 POLI 

C'ast II. Meto<la elektroodporoveho snseni v kvazistacionarn[m rezimu 

Jih Havrda, Eva Gregorova, Frantisek Oujifi, Hossein Azizi 

Vysoka skola chemicko-technologicka, Katedra technologie silikat?i, 166 28 Praha 

''\." praci je ovefovan vJiv stridaveho eJektrickeho pole na pfenos Vody V nasycene keramicke 
smesi s nena�ycenym rozhranim. Je vypracovana metoda. stanoveni difuzniho koeficientu vody 
pri susenf telesa s·vnitrnim elektrickym zdrojem tepla. _:1.Ietoda. spociva v urceni zavislosti vlhkosti 
tele:sa na case a vlhkostniho profilu v telese v kvazistacionarnfm rezimu. V prubehu suseni jsou 
mereny casove zavislosti hmotnostnich ubytku tel Asa, elektrickeho proudu pfi konstantnim napeti 
a teplotnich profilu. Ze stanovenych vlhkostnich profilu je spocitan efektivni difuzni koeficient 
pro phslusnou stredni teplotu a jA vyjadfona teplr,tni zavislost ve tvaru 

Der = (2,46 . 10-4 exp (-2425/T)) m2 s-1. 

Porovnani s difuznim koeficientem vody nasycenou keramickou smesi s nenasycenym povrchem 
bez pritomnosti vnitrniho elektrickeho zdroje tepla <lokazuje, ze pritomnost stfidaveho elektricke­
ho pole urychluje difuzi vody nasycenou porcelanovon smesi. 

Obr. 1. Vlhkostni profil v desce pfi oboustrannern suiieni. 

Obr. 2. Schema metody elektroodporoveho suseni v k1)(1,zistacionarnim rezimu; 1 - teleso, 2 - vlhkost­
ni izolace,, 3 - tepelna izolace. 4 - elektrody. 5, 6 - voltmetr, 7 -· ampermetr, 8 - vahy, 
9 - laboratorni cirkulacni susarna, 10 - termoflanky. 

Obr. 3. Mefene zavislosti pfi elektroodporovem suseni telesa; A - prohfev tele1a; B - kvnzistacio­
nr1rni rezim 1 - w = w (t), 2 - T = T(t), 3 - I = l(t). 

Obr. 4. Vlhkostni projil v telese. 

Obr. 5. Teplotni zavislost efektivniho dijuzniho koejicientu Der; 1 - ze vztahu (9), 2 - ze, vztahu (10). 

108 Silil{aty c. 2, 1990, 



DiUusion of Water through Ceramic Mix in Alternating Electric Field; ll 

J� 11(D<I>Y311 H BO .1J: bl l.J: E PE;, REP AM 11 q ECK Y IO CME CI, 
B ITEPEMEHHUU aaEKTPl14ECKOM rronE 

II. .\leTO;\ :rnmnpoconpoTIIBIITC:lbHOH ryrmrn B 1rna3HCTU1(IIOHapHOM peiKl!Me 

Hpm11 f,rnp,ua, 8Ba rpernp<rna, <I>pa11rn111ei. OyHpnrn, rocceiitt AaH3n 

Ka<j5e8pa mex11,,,1.oauu cu,11,u1.amo6 X11.1t111.o-11u'xHo.w,,u'tec1.ozo u11,cmumyma, 166 :!8 Ilpaad 

B llfJltBO;\l!Moi-i pa6oTe npoaepneTCH B,'IIIHlll!C l!CpeMCHHOJ'O ::i:rn1,Tp1i'ICCKOl'O fIOJIH Ha 
nepe;w•1y BOAbl B Hil('blTTJCHHOil hPpilMll'Ien;oii O!('('!I ,: HeH,H'bI!llCHHh!M npeAeJIOM. ABTOpaMH 
paapa6aTLIBaeT01 MeTO;( onpc;1c:rcmrn i,:o:Hf>cj'JJit\1teHTa i-lll<pq>y31rn BO;.\bl rrp11 cyume Terra 
C BHYTPCHHllM 3,'.JeKTPll'ICCKll�I [l('TO'IHIIIW�I Ten:ra. :\lcTo;i; OCH0Bb!BU0TCH Ha onpe,ueJieH:1111 
3aBUl'JIMOl'Tll B:ramHO('TH Te:ra OT BpeMeHH II np(J(jJJl.'UI BJIUiKHOCTII B TeJie B KBU31'1CTU1(110Hap­
HOM peiKHMe. Bo BpeMH cyIIIKH H3Mepll!OTCH BpeMeHHJ,10 3UBHCI1M0CTII y61,meii: MUCCbI TeJJa, 
3JICKT!Hl'JCCKOJ'O TOlia npu ITO!'TOHHHOM HiJITpHmemm 11 TCITMepaTypHbiX npoq>HJIHX. Ha OCHO­
BUHIIH ynaHOB:ICHHbIX upmfm,reii BJIUiKHOCT!i paC!''lHTblBaeTCH 3cpq>CKTI1BHJ,IH KO:J<pqnu�neHT 
P.Hq>q>yam1 OTHOCHT0JlbHO l'.OOTBeT!'TBY!OHieii cpeil;Heii: TeMIIepaTypM H BbrpamaeTCl! TeMrrepa­
TYIJHUH :rnBIICJIMOCTb R Bli;lC: 

D01 = (2,46 10-• exp (-2425/T)) m2 s-1
• 

ConOCTaB;remie C IW::!q>q>Hlll!CHTOM AHq>qJY311Jl '1Cpe3 HUCbil-ll0HHYIO KepaMnqecKy!O CMCCb 
C HaCbIII(0HHOH noaepXHOCTLIO B OTC)'TCTBIIII BHYTPCHHero ::J;JCKTpHqec1wro HCTOqHHKU Temrn 
IIOKa3bIBUeT, '!TO 11p11cyTcTB1iC nepeMeHHOl'O 3JieJ<;TPH'lCC!WI'O IIOJIH ycKOpHeT ;\Hq>q>Y3If!O 
qepea HUCLllllCHH.)'IO qia pqiopoByIO cMen,. 

Puc. 1. Ilporjju,11,b e,11,aJ1Cnocnrn tJ 1uume 11pu aeycmopo11,neu cyull,e. 
Puc. 2. CxeMa .uemoaa a.ner.mpoconpomueume,11,bnoii cyumu e 1.t1aaucma1tuonapnoM peJ1Cu.we; 

1 - me,11,0, 2 - uao,11,a,lfua, e,11,aJ1Cnocmu, 3 - mepMouao.!l,Jl,lfUJJ, 4 - a.ae1.mpoo&1, 5, 6 ·­
t10,11,bm.uemp, 7 - a.wnep.uemp, 8 - eec&1. 9 - ,11,a6opamopnaa, lfUP1>YJ1,J1,lfU011,11,aa, cy­
utU,11,r.a, 10 - mep.Moa,11,c.MeHm&i. 

Puc. 3. Jfa.uepa,e.11,&1e aaeucUMocmu npu a.ier.mpoconpomueume,11,bnou cyut1.e me,11,a; A - nae pee 
me.na, B - 1.eaaucmo!fuonapn�iii pe:HCUM 1 - iiJ = w(t), 2 - T = T(t), 3 - I ,= 
= J(t). 

Puc. 4. Ilpo<jJU,11,b t1,11,aJ1Cnocmu e me.i,. 
Puc. 5. TeMnepamypna!I, aaeucu.Kocmb arjj<j5ei.mueno20 i.oarfirftulfuo,ma �rjjyauu Der : 1 - ua 

om11,omenUJJ (9), 2 - ua omnouie11,u11 (10). 
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Po 8 letech od I. vydani ma.me moznost se seznamit s 2. prepracovanym a rozsirenym vyc!Anim 
ucebnice vhodne pro vyuku na vysokych sko!Ach zabyvajicich se pripravou odbornych pracovniku 
pro sklarske odvetvi. 

Ucebnice podava uceleny prehle,l o nejdt:tlezitejsich sklafskych surovinAch, jejich vlastnostcch 
a pouziti. Je rozdelena do 6 kapitol. 

Kapitola I je venovana vseobecnym uvaham o sk!Mskych surovinach, jeiich uloze pfi tn,rhe 
skla a jejich vlivu na vla8tnosti skla. Kapitula je ,loplnena pfiklady praktickfch v_ypocti,, napi·. 
prepoctu molarnich procent na hmotnostni a naopak, v_ypoctu hustoty, specifick6ho tepla, tepelne 
vodivosti, modulu elasticity, povrchoveho napeti, dielektricko konstanty, viskozity ai. Kapitola:? 
obsahle pojednava o jednotlivych sklafskych surovinach, jejich pu.sobeni na tvorbu skla, nale­
zistich, technologickych a kvalitativnich kriteriich. Kapitola 3 se zabyva chemiclrn-technickymi 
prepocty, stechiometrii, odlisnostmi vypoctu slozeni skel obsahujicich fluor, presnosti vypoctu. aj. 
Obsah kapitoly 4 tvori ve srovnani s I. vydanim samostatnou Mst, ve ktere se resi problemy vzni-
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