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A method end conditions for reliable determination of the thermal con-
ductivity of water-saturated ceramic nires in plastic state are described. The
moisture dependence of thermal conductivity, density and specific heat
capacity of a water-saturated porcelain mix were determined experimentally.
The moisture dependence of thermal conductivity of the porcelain mir was
calculated and compared with experimental values.

INTROBUCTION

Mathematical modelling of the processes involved in the conduction of heat in an
immobile medium requires, among others, also knowledge of the thermal conductivity
of the system and its temperature dependence. If the medium is water-saturated
eeramic mix in plastic state, one has also to know the dependence of the thermal
conductivity on moisture content.

As indicated by the literature [1, 2, 3, 4], determination of these data is far from
simple and the results published are frequently controversial. The experimental
data are mostly obtained by the heated wire method and not verified, with respect
to their reliability, by other methods.

The present study had therefore the aim to work out a method suitable for the
determination of thermal conductivity of water-saturated ceramic mixes and its
dependence on moisture content, and to verify the reliability of the results obtained

THEORETICAL

The conduction of heat in an immobile medium is described by heat balance in the
“form [5, 6]:

0cp0: T = —div q, 1)

where p is density, c, is the specific heat capacity at constant pressure, 7' is tempera-

ture, ¢ is time and q is the heat flux, for which in an isotropic medium it holds that

q= —Agrad T, (2)

where A is the coefficient of thermal conductivity. On the assumption that the
material quantities 1, g, ¢, are constant, equation (1) acquires the following form for
a one-dimensional situation:

0:T = (Alocp) 0z2T 3)

and equation (2) has then the form
q=—106.T, (4)
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where z is the coordinate in the direction of heat conduction.

There are two types of possible solutions of equations (3) and (4). The first includes
solutions of non-stationary problems, and requires the knowledge of initial and
boundary conditions describing the given experimental arrangement. The second
type is concerned with a stationary situation which requires that just the boundary
conditions are known.

Method of planar heat source

If a method for thermal conductivity determination is to be worked out, it is
convenient to base it on the known fact that the most plausible results are obtained
by measurement in steady state, i.e. ¢ = const., 67 = 0.

On considering a plate-shaped body L in length, then by resolving equation (3)
for the boundary conditions

x=07 T=T2’ T T (5)
x=L, T=T1, 2> v

one obtains the steady state temperature profile in the form
T=T,—(T,—T)2/L. (6)

If the heat source is a thin planar electric element, the heat flux procduced by the
source is described by the equation

q = RIS, (1)

where R is the source resistivity, I is the electric current and S is the source area
while its thickness is neglected.

On joining equations (4), (6) and (7) one obtains the following equation for the
calculation of thermal conductivity:

A = RI2L/S(T, — T,). 8)

The equation shows that for the calculation of A one has to know the temperature
profile in the body T = T'(x) and the heat flux q in steady state. The experimental
arrangement of the method as well as the preparation of the bodies must take into
account these conclusions and also the relationship 4 = A(W, T'), where W is the
moisture content in the mix. The conditions which the methods have to conform to
can be formulated as follows:

— reproducible preparation of the bodies with initial homogeneous moisture distribu-
tion which must be constant in terms of time,

— one-dimensional conduction of heat through the body, attainment of steady
state, i.e. constancy of 7'; and T,

— negligible losses of heat from the source into the environment,

— the possibility of measuring 7' = T'(x) and the electrical quantities.

EXPERIMENTAL

The experimental arrangement shown in Fig. 1 was chosen to ensure the conditions
given above. Ceramic bodies I (3 X3 X3 cm in size), with uniform moisture content
were prepared by drawing on a vacuum auger and coated with lacquer 2 to ensure
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constant moisture content in the course of the measurement. An electric planar hea-
ting element 4 (3 X 3 X 0. lem in size) was placed between the two bodies which
were set on two hollow cubes J kept at constant temperature T;. The temperature
was kept constant by water heated in thermostat. 6. The remaining body surfaces
were thermally insulated with expanded polystyrene 3 to rule out dissipation
of heat into the environment. Onedimensional conduction of heat through the bodies
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Fig. 1. Schematic diagram of the planar heat source method.

was ensured by dissipation of heat through the cubes and by thermal insulation of
the bodies. The DC source 8 ensured a constant flux from the heating element
into the two bodies. When the resistance is known, the required electrical quan-
tities are measured by an ammeter and a voltmeter. The temperature profiles were
measured by a system of copper-konstantan thermocouples in differential connection,
situated at various distances on the body axis. The position of the thermocouples
was determined by measuring after cutitng up the bodies. The symmetrical arran-
gement allowed two bodies to be measured in a single experiment. The thermal con-
ductivity in one element is calculated from equation (8), which had the following
form for the given arrangement:

A = RIXL/28(T, — T)), 9)

where the values of 7'; and 7', were obtained by approximation of the profile measured
in the body, according to equation (6), by the least squares method. Typical
temperature profiles are shown in Fig. 2.

The thermal conductivity measurements were carried out on a water-saturated
porcelain mix with a moisture content W = (24.5 + 0.2) %,. The values obtained
from 12 measurements are listed in Table 1. The dependence of thermal conductivity
on moisture content was measured over the range of W e (309, 149%,> by steps
of 29,. Each moisture content was measured at least four times. The resultant
dependence is plotted in Fig. 3.
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Fig. 2. Experimentally determined temperature profiles in the bodies.
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Fig. 3. Dependence of thermal conductivity on moisture content in the miz.

Table 1

Thermal conductivity of a ceramic mix with a moisture content
of 24.5 %

Measurement No. A/Wm~1 K-1

A=(3.4+02)WmtK-t
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DISCUSSION

The mean value of thermal conductivity of the porcelain mix with a moisture
content of W = 24.59%, was 4 = (3.4 + 0.2) W m—1 K-1, The dispersion of the mean
value indicates that the method allows 4 to be determined with an error of about
69,. The moisture dependence of thermal conductivity determined over the interval
W e {149, 309%,> was approximated by a parabolic dependence in the form

= A+ BW 4 CWy, (10)
where the constantsshad the following values:
4 =-1275x102Wm-1K-1,
B = 2683x101 Wm-1K-19/-1 (11)
C = —5325X103 W m—1 K-19,-2,

The reliability of the experimentally established 4 values can be verified by comparing
the temperature diffusivity of the mix calculated for known g, ¢, according to the
equation

a = Aocy, (12)

with the value determined experimentally. The quantities ¢ and c, are likewise
functions of the moisture content in the mix. The dependence of mix density on
moisture content was determined by weighing the bodies and measuring their volume
in kerosene:

o = (2,883 — 24.08 W) kg m-3, (13)

The method of DSC calorimetry*) was used to determine the dependence of ¢; on
moisture content:

cp = (1,107.1 + 3473 W)  Jkg1K-1. (14)

The functional relationships (10), (11), (13) and (14) were used to calculate the
dependence of thermal diffusivity on moisture content. The dependence was de-
termined experimentally for the same porcelain mix by the two-source method in [7].
The calculated and the experimentally determined dependences are plotted in
Fig. 4. The courses of the curves can be assessed by calculating the dispersion g2
or standard deviation o around the regression parabola according to equation (R):

0 = |E(@r — aexp)tl/in — 3), (15)

where a, is the calculated thermal diffusivity, aexp is the thermal diffusivity de-
termined experimentally and = is the number of data. If the experimental dependence
Gexp = Gexp(W) is a regression curve, the value of the standard deviation is ¢ =
= 3X%10-2m? s~1 and implies a small dispersion between the two relationships.

*) The measurement was carried out by Ing. J. Endrys, CSc., Depaartment of Thermal
Analysis, Institute of Chemical Technology, Prague.
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Fig. 4. Comparison of the dependence of thermal conductivity of the mix on its moisture content;
/ 1 — calculated, 2 — measured.

CONCLUSION

Both the experimental and the calculated results showed that the planar heat
source method allows the dependence of the thermal conductivity of a water-
saturated ceramic mix in plastic state on moisture content to be determined reliably.
For a porcelain mix, this relationship has the following form over the moisture con-
tent interval W e (149%,, 309%,>:

= (—1.285%10-2 4 2.683 X101 W — 5.325 X103 W2) W m—1K-1,

Using the new method, supplemented with the determination of the dependence
of density and specific heat content on moisture content, it is possible to obtain the
dependence of thermal diffusivity of ceramic mixes on moisture content while the
results are comparable to those of the two-thermal-sources method.
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STANOVEXNI TEPELNE VODIVOSTI I\’ER.AMICKE SM E SI
Jiri Havrda, Eva Gregorovi, Frantisek Oujiii, Frantisek Pesek
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Pro stanoveni tepelné vodivosti vodou nasycené keramické smési v plastickém stavu je
vypracovana metoda plo8ného zdroje tepla, pii niZz je vedeni tepla jednorozmérné. Jsou
uréeny podminky metody pro spolehlivé stanoveni tepelné vodivosti smési. Experimentalné je
stanovena vlhkostni zévislost tepelné vodivosti 4, hustoty ¢ a mérného tepla ¢p vodou nasycené
porcelanové smési ve tvaru:

A= (—1,285.10"2 + 2,683 .10' W — 5,325. 10-3 W2) Wm-1 K-,
o = (2883 — 24,08 W) kg m3,
cp = (11071 4 34,73 W) J kgt K-1.
Zavislosti jsou platné pro interval vlhkosti W € (14 %, 30 %). Ze ziskanych udaji vypoétenéd

vlhkostni zdvislost teplotni vodivosti porceldnové smési je porovnéna s jejim prib&hem,
stanovenym metodou dvou tepelnych zdroji, a zjisténa dobrd vzajemné shoda.

Obr. 1. Schéma metody plosného zdroje tepla.

Obr. 2. Naméfené teplotni profily v télesech.

Obr. 3. Zdavislost tepelné vodivosti na vlhkosti smési.

Obr. 4. Porovnani vihkostni zdvislosti teplotni vodivosti smési; 1 — vypobtend, 2 — naméfend.

ONPEAEJEHHUE TENJOIIPOBOJAHOCTH
KEPAMHYECKOII CMECH

Hpxu Faspaa, 3Ba I'peropopa, ®pantumex Oynpsku, Opanrninex Ilemex

xagﬁeapa mexrHoaoeuu cururamos X umuko-mernoso2uneckozo uHcmmmyma

166 28 Ilpaca 6

Has1 onpeneileHUsT TENJIONPOBOAHOCTH HACHIIEHHOH BOJOHM KepaMM4ecKoil cMecH B mnac-
THYECKOM COCTOAHMH pa3pafoTaJim MeTOd MIIOCKOTHOIO MCTOYHMKA TeIlla, B KOTOPOM IPOBO;{
TelJla cuuTaeTcs oaHopasmepHmM. OmnpeneimiM YcJIOBUA METOJA HAJEKHOI'O ONpeNleleHHH
TeIJIONPOBOIHOCTH ¢MeCH. OKCIEePHMMEHTAJIbHHIM ITyTeM YCTAHOBHIM 3aBHCHMOCTH BJIAro-
COJlepRaHUA TeNJIONPOBOHOCTH A, IVIOTHOCTH @ M Y:AEJIBHOI'O TeIlla ¢p HACBUNEHHOH BOJOM
$apPopoBoii cMecH B BHjie:

A = (—1,285. 102 + 2,683 . 101 W — 5,325 . 10~3 W2) Wu-1K-1,
o = (2883 — 24,08 W) krm-3,
cp = (1107,1 + 34,73 W) juxxr—1K-1.

3aBHCHMOCTH ¢MPaBeLIUBbI ;11 MHTEPBasla BiakHocTH W € (14 %, 30 %). U3 moiryyeHHbIX
JAHHBIX PacCYHTAHHAS 3aBHCMMOCTH 'BJIAroco/leprKaHHA TemnsenpoBojHocTH ¢appopoBoi
cMeCH COMOCTABJIACTCA ¢ ee XO;I0M, YCTAHOBJIEHHLIM ¢ IIOMOIIbIO METO1d BjlyX TepMHUeCKHX
HCTOYHMKOB M YCTAHOBMIIM XOpoluee B3aMMHOe colviacue.

Puc. 1. Cxema memoda naockommozo UCMOYHUKA menaa.

Puc. 2. Hameperrbie mesmnepamyprsle npouau ¢ meaar.

Puc. 3. 3asucumocmuv menaonpogooHOCU OM GAAHKHOCIU CMECU.

Puc. 4. Conocmacaenue zagucumocmu éaazocodeprcanus menaonposodrnocmu cmecu: 1 — pac-
cyumarHaR, 2 — IlSM(’peH,H/Iﬂ.

8. MEZINARODNI KONFERENCE O JILOVE HMOTE ,, AIPEA“ v DEN-
VERU,USA

Osmé mezinarodni konference AIPEA (= Mezinarodni asociace pro vyzkum jilové hmoty)
se konala v Denveru, Colorado, ve dnech 28. 7. az 2. 8. 1985 za organiza¢niho zajiténi ame-
rickou Spole¢nosti pro vyzkum jilovych materidli (The Clay Minerals Society) a filidlkou
Geologického ustavu v Denveru (U. S. Geological Survey). Cilem AIPEA je podporovat
mezinérodni spolupréci pii vyzkumu a technologii jilové hmoty. Jednim ze zédkladnich ukoli
AIPEA je organizovat mezinarodni setkani odbornika vsech zemi svéta, na nichz se formou
prednések, kurzu, exkurzi, vystav a vzdjemnych diskusi seznamuji odbornici se sou¢asnym
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