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A method has been suggested for studying water transfer tn saturated ceramsic
max resulting from temperature gradient, and conditions for reliable determ:-
nation of the thermodiffusion coefficient have been established. The thermo-
diffusion coefficient value was determined experimentally for one mean tempe-
rature; it was found that at small temperature gradients the effect of thermo-
diffusion on water transfer in a saturated ceramic mix, having a saturated
boundary, can be neglected.

INTRODUCTION

In a saturated ceramic mix, i.e. a mixture of ceramic material and water, the
transfer of water may be regarded as diffusion in a binary mixture of two incom-
pressible components [1]. If the water transfer proceeds under isothermally iso-
baric conditions, it is due to a concentration gradient. There are also situations
when the transfer is caused by both a concentration gradient and a temperature
gradient. An example is provided by the maturing of ceramic mixes. The signifi-
cance of temperature gradient in water transfer in a saturated ceramic body has
not so far been determined explicitly. In the given case, the volume moisture
flow depends on the direction and size of the two gradients. A quantitative descrip-
tion of the transfer would require knowledge of both the temperature and concen-
tration dependences of the diffusion coefficient, and knowledge of the termodif-
fusion coefficient. The present study had the objective to work out a method and
to determine conditions for reliable measurements of thermodiffusion of water,
and to establish its effect on water transfer in a saturated ceramic mix. The required
information was obtained experimentally on a saturated ceramic mix with a satu-
rated boundary [2]. The temperature dependence of the diffusion coefficient for
this system is known, and the situation is not complicated by capillary barodif-
fusion [2], [3].

THEORY

When considering & homogeneous and constant system free from external for-
ces and when neglecting the viscous flow phenomena, then for incompressible com-
ponents the moisture balance has the form [4]:

3C/3r = —divh (1)

where C is moisture volume content, that is-the volume of water per unit volume
of mix, 7 is time and h is moisture diffusion flow. In a situation when only the moistu-
re and temperature gradient are involved, the diffusion flow is described by the
equation:

h = f(grad C, grad 7). (2)
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If function f is linear and isotropie, equation (2) attains the form:
h=—DgradC — Dy grad In T, (3)

where D is the diffusion coefficient and D is the thermodiffusion coefficient.
By substituting equation (3) into the moisture content balance (1), one obtains
a differential equation for moisture fields:

0C/or = div (D grad C 4 Dg grad In 7). (4)

The time development of the temperature profile in a saturated ceramic body is
described by the Fourier—Kirchhoff equation [5] when the Dufour’s effect is
neglected:

cp08T[ct = div (A grad T, (5)

where cpp is thermal capacity of unit volume and 2 is thermal conductivity of the
medium. Solution of equations (4) and (5) viclds the time development of the
moisturc ficld in a saturated ceramic hody.

Determination of the thermodiffusion coefficient by the
two heat sources method

On assuming that in a saturated body with initial homogencous and constant
moisture distribution (grad ¢ = 0) there is established, within period 7, a linear
and constant temperature profile described by equation (5) adjusted for an equal-
ized state, a moisture gradient is developed by the effect of the temperature gra-
dient. The process results in attainment of a steady state, when h = 0 and equation
(3) for the one-dimensional problem has the form:

D d0[dx = —Dp(dT|T da), (6)

where 2« is a coordinate. The two-thermal sources method (further on TTSM),
in which thermodiffusion is one-dimensional, is therefore based on creation of
a constant linear temperature profile, and on determining the moisture profile
established on attainment of a steady state. For a rough estimate of the time of
equalization of the process it holds [5]:

T~ L2/D, (7)

where L is body thickness in the temperature gradient direction.
EXPERIMENTAL
Measurement by the two thermal sources method

The measurements were performed on prismatic bodies 1.2 cmX4cm in cross
section and 10 em in.length, prepared by extrusion of ceramic mix for electro-
technical porcelain with a raised o—AI,O; content using a vacuum auger. To pre-
vent moisture exchange with the environment, the body surface was insulated
and for 48 hours the body was placed in a water-saturated medium to achieve
uniform moisture distribution throughout the body volume. The experimental
arrangement complied with the following conditions:

T=OQJ=OC=00T=T1
Ty > 1T, (8)
.'12==L0=C()T=T2
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TCT’Q?:OC:Cl{Zy:TI
Ty > T (9)
x=LC=CzT=T2

From the temperature dependence of D determined by the diffusion couple method
with saturated boundary [3]:

D = 5.52X 10! exp (—14484/7") . m? 571, (10)

an estimate of time was carried out according to (7). For L = 1.2 X102 m and the
mean temperature 7' = 319.6 K, v = 4 hrs. It was found experimentally that
a period of 7 hours ensures attainment of a steady state. An isolated saturated
ceramic body was kept for 7 hours between two thermal sources of different
constant temperature where the body surface temperature was 7; = 336.3 K
and 7', = 303 K. Then followed cooling of the body down to 7' = 278 K, removal
of insulation and cutting into 1.2 mn slices for moisture determination. At the
given source temperatures the temperature profile in the body was measured by
means of copper-konstantan thermocouples. The moisture profile was measured
ten times and the temperature profile twice. The corresponding gradients were
evaluated from the temperature and moisture profiles, and the Dg values calcu-
lated according to (6) were treated by the Student’s test.
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Pig. 1. Temperature and moisture profile in the body at T = 319.6 K.
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The results

A typical temperature and moisture profile in a body determined by the TTSM
is shown in Fig. 1. The temperature and moisture profiles were approximated by
a linear dependence. The lowest correlation coefficient value was that for tempe-
rature profile, 0.96, while that for the moisture profile varied form 0.7 to 0.98,
with a mean at 0.86. The evaluated Dp for T' = 319.6 K are listed in Table I.

Table 1
The values of thermodiffusion coefficients
| |
Measurement No. 1 2 3| 4 5 | 7 8 9 10
5 |
Dq . 1010/m2g=-1 4.6 3.5 6.1 \ 7.4 4.6 ‘ 6.8 6.1 3.8 7.2 6.6
|

(D7 + ) m2s—t (6 4- 1)x 10—11

*) (Dr + 6) is the mean value including the error of results

The following conditions for reliable determination of Dp have been derived

from the experimental work:

— reproducible preparation of bodies with homogeneous and constant initial
moisture distribution,

— a constant and reproducible temperature gradient,

— satisfactory quality of the insulating layer,

— attainment of a stedy state,

— rapid cooling down of the body before cutting it up.

DISCUSSION

The assumption of a constant linear temperature distribution in a saturated
ceramic body in a steady temperature state (07'/d7 = 0, d2T'/da? = 0) is met by
the temperature profile in the form:

T = (T, — T1) . /L) + Th. (11)

If the dependence D and D7 on T is neglected and both values refer to 7' = (T +
—+ T3)/2 then for steady state (h = 0) follows the constant moisture profile by

solving (6) in the form:
O = (02— C1) . z/L) + Ch. (12)

The temperature and moisture profiles established experimentally are in a satis-
factory agreement with relationships (11) and (12). The Dy values for 7' = 319.6 K
may be considered as reliably determined with respect to the measurement re-
producibility involved. There remains the question of the share of thermodiffusion
on the water transfer in a saturated ceramic body with a saturated boundary.
In a water-saturated body the moisture gradient value is approx. dC/dz = 0.5 m—1
and that of the temperature gradient d7'/dz = 100 K m~-1 [6]. For T = 319.6 K,
the value Dp =6 X 107°m2s-1 and D = 1.2 X 10-8 m2 s~1. The temperature
gradient 100 K m~-1 then creates in a ceramic body an adequate moisture gradient
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of approx. 0.02 m-1, i. e. one lower by an order of magnitude compared to the
moisture gradient value. The effect of thermodiffusion can therefore be neglected
for small temperature gradients when calculating water transfer in a water-satu-
rated body when no moisture exchange occurs between the body and its environ-
ment.

CONCLUSION

1. The two thermal sources method described allows to study thermodiffusion
of water in a saturated ceramic mix and to determine reliably the thermodiffusion
coefficient.

2. The thermodiffusion coefficient in a water-saturated ceramic mix at T =
319.6 K amounts to Dy = 6 + 1 X 10-10 m2 s-1,

3. The influence of thermodiffusion on water transfer in a saturated ceramic
body with a saturated boundary can be neglected for small temperature gradients.

REFERENCES

[1] Havrda J., Oujiii F.: Silikaty 25, 3, 193 (1981).

[2] Havrda J., Oujiti F.: Silikaty 26, 107 (1982).

[3] Havrda J., Oujiti F.: Silikity 26, 203 (1982).

[4) Hrma P.: Proceedings XX Ist Conference on Porcelain, p. 47—59, DT CSVTS, Plzen, 1979
(in Czech).

[8) De Groot S. R., Mazur P.: Non-Bquilibrium 1'hermodynamics. NHPC, Amsterdam 1962.

[6] Havrda J.: Silikdty 25, 127, 1981.

VLIV TEPLOTNI{HO GRADIENTU NA PRENOS VODY V NASYCENLE
KERAMICKE SMESI

Jifi Havrda, Frantiek Oujifi, Jan Mach#lek

Katedra technologie silildte, Vysokd $kola chemicko-technologickd, Praha 6

V préci je pro studium termodifuze vody v nasycené keramické smdsi vypracovédna metoda
dvou tepelnych zdroju a ukdzin postup vyhodnoceni termidifizniho koeficientu. Pro spolehlivé
stanoveni termodifizniho koeficientu touto metodou byly experimentélnd uréeny podminky:
a) reprodukovatelnd priprava toles s homogennim a konstatnim poé¢dteénim rozloZenim vlhlkosti,
b) konstantni a reprodukovatelny teplotni gradient, ¢) vyhovuyjici kvalita izola¢ni vrstvy, d) do-
sazeni ustédleného stavu, e) rychlé zchlazeni tdlesa pied jeho roziezénim.

Zjisténd hodnota termodifizniho koeficientu pro stiedni teplotu 7 = 319,6 KX je Dp =
(6 4= 1).10-m2s~1, Z porovnini toka vody vyvolanych jednak koncentra¢nim a jednalk teplot-
nim gradientem pii stejné stiedni teplotd vyplynulo, Ze pii vypoltu pienosu vody v nasyceném
keramickém télese, kdy nedochdzi k vymdnd vlhkosti mezi télesem a jeho okolim, lze termodi-
fuzi vody pro malé teplotni gradienty zancdbat.

Obr. 1. Teplotnt a vihkostni profil v télese pie T = 319,6 K.
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BAMAHME TEMOEPATYPHOIO 'PAILIEIITA
HA IMEPEHOC BOJBLI B HACLBIIIEHHOI KEPAMIIUECKOM CMECH

Hpan Faspta, Opanrimiers Oynpaar, fIg Maxauer

Eafedpa mexnoao2ull CuAuURamos, X usko-mernoa02usecEuit Wemumym,
I paza

Jlast neeacpopania TepMo;utQPy3iIn Bojhl B ILACLUNCHION KCPaMIMCCROI ¢MCCIT aBTOPBI
paapadoTa/in MCTO JABYX TCPMIUCCKNN HCTOUHIKOB 1 NPHBOAT ¢110CO0 OICHKI  TCPMO-
Juddysiornoro keaduigienra. s majcanoro onpeicieminst repMo;udh@y3nonoro 1ea-
(QuIuicuTa ¢ N0OMOIILIO YIOMSIHYTOI'0 MCTO/ LA OLIZIT DKRCHCPIMCHTAILHBIM ITYTCM YCTAHOBIICHBI
yCAOBIs: A) BOCHPOM3BOMUIMOC HPHTOTOBIICHIC TCA ¢ O;IHOPOAHLIM 1 HOCTOSMIILIM paciipe-
JICIIGHICM BJaari, O) MOCTOSIMIILHL 3 BOCHPON3BOUIMLIT TCMIICPATYPULIT I'Pa;UICHT, B) CO-
OTBETCTBYIONICC KAUCCTBO HA0IHIIIONIION0 ¢104, 1) IOJYVUCHIIC YCTRHOBHBUICIOCS COCTOSIHIIS,
J1) PC3KOC OXJAMIEHUC TCIa /10 CI'0 paspesaHis.

Y eTaHOBACHILA BCIUIIA TCPMO PPy 3HoIIoro RoadQirmuenTa st epejaeii Teamepa-
Typst T = 319,6 K cocrapisier Dp = (6 -+ 1). 10=19n2%¢=1 13 conocrapicHist nmoToKos
BO/(bl, BHIBLIBACMLIX ¢ OOl ¢TOOPHLI KOIIICHTPALMOMILIM IPA;UICHTOM, 4 ¢ JAPYIOH CTOPOHBI
TCMICPATY PULIM I'PAJUICHITOM IIPII O;UIHAKOBOIl ¢ PCjlHEil Teayiepatype ¢IICiyeT, YTO IpH
PACUCTC HCPCHOCA BOABI B HACLIICHIIOM KCPAMIUCCROM TCIC, KOINIA I HPOXOUIT olMel
BJIATIT MCHGLY TCJOM II ORpy/aomeil ¢pejlol, Monsio jndQysneii Bo;LI BCJICKCTBHE HC-
60aLNIIX TCMIICPATYPIBIX I'PA;UICHTOB HpeledperaTs.

Puc. 1. Hpogpuabs mestnepamyput w saaew ¢ meae npu 1T = 3196 It
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