Silikdty 27, s. 107—113 (1983)
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COEFFICIENT OF WATER IN A CERAMIC MIX
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The method of two thermal sources wasjapplied to the study of water transfer
due to temperature gradient in a saturated ceramic miT at various temperatures.
The temperature dependence of the thermodiffusion coefficient was expressed
and its value, with the calculation procedure employed, was found to be indepen-
dent on the temperature gradient.

INTRODUCTION

A quantitative description of the effect of temperature gradient on water
transfer in a saturated ceramic mix requires knowledge of the thermodiffusion
coefficient and of its temperature dependence. Combined with knowledge of the
concentration and temperature dependence of the diffusion coefficient and of
thermal conductivity, this provides input data for transfer equations describing
the transfer of water in a saturated ceramic mix under the joined effects of concen-
tration and temperature gradients. Solution of these equations permits to give an
idea of the significance of temperature gradient for the given process. In a number
of instances it is thus possible to reduce the number of boundary conditions in
the problem and thus to simplify the mathematical solution of complex technolo-
gical operations involved in the manufacture of ceramics including water transfer.
“The method of two thermal sources was developed for the determination of the
thermodiffusion coefficient of water, and conditions were established for its reliable
determination [1]. Using this method, the thermodiffusion coefficient of water
was determined in a saturated porcelain mix at one mean temperature, T =
319.6 K.

The present work had the aim to determine the temperature dependence of the
thermodiffusion coefficient in a water-saturated ceramic mix with a saturated
boundary, i. e. in a closed system. The following two experimental arrangements
were used for determining the effect of temperature on the thermodiffusion coef-
ficient value:

(i) the mean body temperature T' was measured at a constant temperature
gradient;

(i) the temperature gradient was measured at a constant T of the body.

THEORY

When regarding a water-saturated ceramic mix asa binary mixture of two incom-
pressible components, then under isobaric conditions and in the absence of exter-
nal forces, and if the structure of the solid component is homogeneous and con-
.gtant, in a steady state (h =0, dC/dr = 0, 0T/dt = 0, where h is the volume
moisture flow, C is the volume moisture content, T' is temperature and < is time)
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the equation for volume flow of moisture for a one-dimensional problem has the
form:

D dCjdx = — Dy dT|T dz, 1)

where D is the diffusion coefficient, Dr is the termodiffusion coefficient and z is
the coordinate in the direction of diffusion. For the temperature profile in a plate-
shaped body L in thickness for a one-dimensional problem and constant conduc-
tivity, solution of the Fourier —Kirchhoff equation for boundary conditions [3]:

z=0,T="1T,
: T1 > Tz (2)
xr = L, T = TZ:
vields the following equation:
T =T, — ((T) — Ty /L. (3)

When neglecting the temperature dependence D and Dy, then with conditions
(2) hold the following boundary conditions:

xTr = 0, C =S Cl,
r=L,C =0, (4
and on relating the values D and D7 to the mean temperature given by the equation
T=(T1+ Ty /2 (8)
then the relationship C' = f(x) has the form
and the following equation holds for the calculation of Dy:
D(C, — C))/L = Dg(Ty, — T,)/TL. N

THE METHOD OF TWO THERMAL SOURCES AND THE MEAS URING
PROCEDURE

The method, involving one-dimensional thermodiffusion, is based on establishing
and determining a constant temperature profile in the body, as deseribed by equa-
tion (3). The resulting moisture profile described by conditions (4) is determined
in the steady state. On approximating its course according to equation (6), C;
and C, are evaluated and Dy is caleulated from equation (7) under the given sim-
plifying assumptions. The diffusion coefficient D value was calculated fr om its.
temperature dependence in the form D = 5.52 X 101 exp (—14 484 K/T) m? s~1.
This relationship was established by the diffusion couple method for the same ce-
ramic mix [4]. The temperature dependence of D was determined on prism -shaped
elements having the sizes L =12 X 102m, a =4 X 102m and b =10 X
X 10-2 m. The bodies were prepared by extrusion of a saturated porcelain mix
with an addition of «-Al,O; on a vacuum auger press. After forming, the bodies
were insulated and placed for 48 hours in a water-saturated medium to equalize-
the moisture distribution throughout the body volume. The isolated body was.
then placed between two copper prisms having constant temperatures 7 and 7T,
and left in this pre-set temperature gradient for 7 hours. Then followed cooling
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down to T' = 276 K, removal of the insulation and cutting into slices 1.2 X 10-3 m
in thickness in the direction of L for moisture profile determination. The tempe-
rature profile in the body was measured by four thermocouples (copper-constantan)
in differential connection. The same procedure was used at all the working tempe-
ratures T and at all the temperature gradients.

RESULTS

Both the mositure and temperature profiles in the body were measured four times
at each T or grad T. The Dy established for the 7' and grad T, were averaged
and their standard deviation was expressed:

o = (3 0= Diptn — 171)" ®)

=1

The typical moisture and temperature profiles measured with arrangement
(i), i. e. at various T and at grad T = const., are plotted in Fig. 1. The mean va-
lues of Dy for the working 7T are listed in Table I. The measurements at T = const.

Table I
Mean Dy values for various T at AT = 25.1 K

T Dr . 1010 o . 1010 |
K TmZel ‘m2s-l i
299 .4 0.4 0.1
310.5 3.0 1.0
319.6 6.0 1.0
327.1 28.0 12.0
333.5 59.0 12.0

and at varying grad 7' (arrangement (ii)) were carried out for two mean tempera-
tures T = 310.5 K, T = 327.7 K. The moisture and temperature profiles are
plotted in Figs. 2 and 3. The calculated Dy for the working grad 7' are listed in
Table IT for both 7'. For the given L = 1.2.10-2 m, the temperature difference

Table IT
The mean D1 for various AT at two T' = const.

T AT Drp. 10w ' 0. 101
K K m? s~ m2 g1

18.6 2.0 1.0

310.5 21.1 2.0 0,9

26.7 3.0 1.0

21.7 29.0 10.0

327.7 i 26.2 28.0 12.0

32.7 34.0 5.0
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AT =T, — T, is specified in the Table and in the Figures in place of grad T.
Because the moisture and temperature profiles exhibited the same agreement in
all the measurements within the framework of errors, profiles from one experiment
only are given for each T and grad 7.
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Tig. 1. Volume moisture content and temperature distribution in @ body at AT = 25.1K; 1 —T =
=2994K, 2—T =23106K, 3—T = 3196K, 4 —T = 32I1K, 5 —T = 333.5 K,
a — motsture profile, b — temperature profile.
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Fig. 2. Distribution of wolume moisture and

temperature in the body at T = 310.56 K; 1 —

— AT =186 K, 2—AT21.1K,AT 3 — =

= 26.7 K, a —— motsture profile, b — tempera-
ture profile.
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Fig. 3. Volume moisture and temperature
distribution in the body at T = 327.7 K;
1— AT = 21.7 K,
3— AT = 32.7 K, a — motstureprofile, b —

temperature profile.

DISCUSSION AND CONCLUSION

The temperature dependence of Dy in the temperature interval T e (299.4K,
333.5 K> was approximated by the following equation for the values listed in Table

I:

Dr = Doy exp (—BI/T):
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‘where B; is the characteristic process temperature and Doz is a constant. The
‘values of the constants in equation (9) are the following:

Dyr = 3.19 X 1010 m2 g1, B; = 14 397 K. (10)

A comparison of the Dy values in Tables T and II shows that the Dy measured at
‘the same T but at various grad T are virtually identical. This means that for expres-
-sing the temperature dependence of Dy the condition of maintaining a constant
T in all the experiments is not necessary (arrangement (i)) in calculating Dr
agcording to equation (7).

On the basis of the experiments performed, the findings on the thermodiffusion
-of water in a saturated porcelain mix can be summarized into the following points:

1. In the simplified calculation of Dz, the Dz value does not depend on grad 7.

2. The temperature dependence of D7 in the temperature range is described by
-equation (9) where the values of the constants are given by equation (10).
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TEPLOTNI ZAVISLOST TERMODIFUZNIHO KOEFICIENTU VODY
V KERAMICKE SMESI

Jifi Havrda, Franti$ek Oujiti, Bozena Kofronova

Katedra technologie silikdit., Vysokd skola chemicko-technologickd, 166 28 Praha

Pienos vody vlivem teplotniho gradientu v nasycené keramické smési za rtznych teplot byl
studovédn metodou dvou tepelnych zdrojd. Byl proméfen jednak (i) vliv teploty na pienos vody
pii konstatnim gradientu teploty a jednak (ii) vliv gradientu teploty p#i konstatni stfedni teploté
télesa. Z proméfenych vihkostnich a teplotnich profila byl vypoéten termodifiizni koeficient.
Bylo zjisténo, ze jeho hodnota nezévisi pro pouzity zpusob vypoétu na hodnoté gradientu teploty.

“Teplotni zévislost termodifizniho koeficientu pro sledovanou nasycenou porceldnovou smés
v promdfovaném rozmezi stfednich teplot T € (299,4 K, 333,5 K) byla vyjidiena vztahem

DT = DOT exp (——BllT),
.8 hodnotami konstant -

Dor = 3,19.109m2s1a By = 14 397 K.

-Obr. 1. Rozlofent objemové vikkosti a teploty v télese pii AT = 25,1 K, 1 —T = 2994 K,2 — T =
=3105K, 3—T =23196K, 4T = 327,1K,5—T = 333,5 K, a— vlhkostni profil,
b — teplotni profil.

Obr. 2. Rozlofeni objemové vlhkosts a teploty v télese pii T = 310,56 K; 1— AT = 18,6 K, 2 —
— AT = 21,1 K, 3— AT = 26,7 K, a — vlhkosini profil, b — teplotni profil.

<Obr. 3. RozloZeni objemové vlhkosti a teploty v télese p¥i T = 327,7 K; 1 — AT = 21,7K, 2 —
— AT = 26,2 K, 3 — AT = 32,7 K, a — vihkostni profil, b — teplotni profil.

112 siliksty & 2, 1983



Temperature Dependence of the Thermodiffusion Coefficient of Water in Ceramic Mix

TEMIIEPATVPHAHA 3ABHUCHUMOCTD
TEPMOLHODY3UOHHOIO RKOEOOUIUEHTA BOJHI
B HEPAMIIYECRKROHU CMECH

Wpssu Iaspaa, Opanrumer Oyupmy, Boskera Kodporera

Ragedpa mernoaceuu cuauramoe, X uaiko-mexnoioeuseckul uncmumym,
166 28 Ilpaza

IIeperoc BOAL 1OJ, BIMsSHEEM TeMHEPATYPHOIO TPA/IMeHTa B HACHIIEHHOH KepaMudec Kok
CMecH NpPR PasHEIX TeMIepaTypax MCe/1e{0BAlH ¢ LOMOMIBI0 METOJa ABYX TePMHUYECKUX
HCTOYHHKOB. HaMepsaiu Kak BIUAHUC TeMIeparypnl Ha HepeHOC BOJAK TIPH IHOCTOSTHHOM
rpajueHTe TeMOepaTypsl (i), Tar u (ii) BIMsAHUe IpajueHTa TeMOepaTypHl 1PH HOCTOAHHOM
cpeiHel Temmnepartype TeJia. V3 MaMepeHHBIX 1poQuilell BIarl M TeMUEPaTyphl PACcCIHTAII
roapuuucHT Tepmognddysun. Leiito y¢TaHOBICGHO, UTO ero BeIUWIHA HE 3aBUCUT I
JAaHHOM cnocole paccueTa OT BeJMUHHE I'DAXHCHTA TeMmeparypol. TeMmepaTypHas 3aBH-
CHMOCTE KOO(duIMerTa TepMoaudPy3Nu ;LI UccIeTyeMoil HachlleHROH dapdoposoit cmecu
B H3MepsieMhiX npene1ax cpeinux Temuneparyp T e < 2994 K, 333,5 K > mupamacres
[eENeM:

DT = DUT (‘)KCH(*BI/ ),
¢ BellMYMHAMH KOHCTaHT:

Dor = 319 . 1010 M2t u  B; = 14 397 K.

Puc. 1. Pacnpedeacrue o6vemnolt eaancrocmu u memnepamypss ¢ meae npu AT = 251 K.
1—T7T=2994K 2 —-T=3105K,3—-T=3196K,4—T =3271K5—T =
= 333,6 R, a — npoguab eaanmHocmu, b npodunb memnepamypul.

Puc. 2. Pacnpedeaenue o6vemnoli eaamcrocnu 1w mesmnepamypu ¢ meae npu T = 3105 K.
1—-AT =186 K,2 — AT =211 K, 3 — AT = 26,7 K, a — npogusb eaancrocmu,
b — npoguas memnepamypoi.

Puc. 3. Pacnpedeseruc obvemmnol eaanciociu w mesnepamypu ¢ meae npu T = 3277 K.
1—AT =217 K, 2 — AT =262 I, 3 — AT = 32,7 K, a — npouab eaamnocmu,
b — npoguar memnepamypel.

RICKET H.. ELECTROCHEMISTRY OF SOLIDS, AN INTRODUCTION
(Elektrochemie pevnych latek, dvod). Springer-Verlag, Berlin—Heidelberg—New York 1982.
240 str., v¢. 95 obr. a 23 tab. Cena 248 DM, 68,90 US §.

Jako 7. svazek fady Inorganic Chemistry Concepts vychazi dilo pfedniho zdpadonémeckého
odbornika v oboru fyzikalni chemie, tykajici se elektrochemie pevnych létek, Jde o pfepraco-
vanou a podstatng doplnénou monografii téhoz autora ,,Einfithrung in die Elektrochemie fester
Stoffe‘‘, vydanou v roce 1973.

Kniha v prvyeh Sesti kapitolach obsahuje tvodni paséze, tykajici se fyziky a chemie vzniku
poruch v pevnych latkdch, pohyblivosti a difuze elektront a iontt. Druhd éast sestavajiei téz
ze festi kapitol se soustfedujo na iontové vodide a jejich aplikaci. Ukazuje piiklady pevnych
elektrolyti, ¢lanky s pevnymi elektrolyty a jejich pouZiti pro termodynamické a kinctickd méfeni
a daldi moznosti praktické aplikace.

Zajimavé kapitoly tvori elektrochemické aplikace v oblasti reakei v pevném stavu, transportni
jevy v neizotermnich systémech a vznik termoelektrického napéti. Doplnény oproti vydéni v né-
meckém jazyce jsou piedevsim kapitoly podévajici pfehled o iontovych pevnych vodiéich riznych
typu a technickych aplikacich pevnych elektrolytu.

Publikace piedstavuje vynikajici uéebnici. Je doplnéna bohatym matematickym aparitem
a Fadou praktickych piikladu. Lze ji doporutit pfedevsim védeckym a odbornym pracovnikim
v oblasti elektrickych viastnosti pevnych latek, termodynamiky a kinetiky reakei v pevné fazi.

J. Kutzendorfer
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