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The thermal diffusivity coefficient of a water-saturated ceramic miw in
plastic state was determined by the two-thermal sources method in which the
heat transfer is one-dimensional. Its value was determined experimentally for
a porcelain miz with a moisture content of 24.5 %, and suitable conditions for
a reliable determination of this coefficient were established.

INTRODUCTION

Quantitative description of heat transfer in a saturated ceramic mix requires
knowledge of its thermal diffusivity or of its temperature and moisture content.
dependence. The water-saturated ceramic mix is understood to be a binary mix-
ture of two incompressible components (further on mix), that is of the ceramic
material and water. The mix keeps this character up to 323 K. The presence of
gaseous phasein the mix can no longer be neglected at higher temperatures. Within
the temperature interval T'e (273, 323} K the thermal diffusivity of a dry ceramic
material is constant. From this it follows that the temperature dependence of the
thermal diffusivity of a mix is determined by the temperature dependence of the
thermal diffusivity of water. Within the temperature interval considered, a change
in temperature by 1 K will bring about a change in thermal diffusivity of pure
water by about 5 X 10719 m2s-1[1]. In view of the water content in the ceramic
mix, the resulting effect of temperature on its conductivity is lower than that in
the case of pure water. Within the given temperature range, the temperature
dependence of the thermal diffusivity of the mix can therefore be neglected. On
the other hand, the dependence of thermal diffusivity on moisture content is
significant. Even the contradictory data from the literature [2, 3, 4] which specify
relationships with one or two peaks indicate that the change in the moisture
content of the mix by 1 9, produces a change in its thermal diffusivity by about
5X10-8 m2s~1 [4]. It may also be pointed out that there is a lack of data on the
temperature characteristics of mixes, particularly as regards porcelain. The
present paper has therefore the aim to suggest a method and suitable conditions
for reliable determination of the thermal diffusivity coefficient of water-saturated
ceramic mixes.

THE TWO THERMAL SOURCES METHOD

When considering conduction of heat in a homogeneous immobile saturated
ceramic body by conduction, without the presence of external forces, the thermal
balance has the form [5]:

0cp0T /07t = —div q (1)
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where pcp is the thermal capacity of a unit volume, T is temperature, 7 is time
and q is the thermal flow. The thermal flow through a ceramic body is then descri-
bed by the equation

q—=—Aigrad T — q, (2)

where 4 is the thermal conductivity and q. is the thermal flow due to the moisture
gradient (Dufour’s effect). When 4 is constant and on neglecting Dufour’s effect,
the thermal balance (1) has the following form for a one-dimensional problem:

0T/9t = ad?T)da? 3)

where z is the ordinate in the direction of heat transfer and a is the thermal diffusi-
vity, defined as a = 4/cyo. When considering non-equilibrial conduction of heat
in a direction perpendicular to the surface of a semiinfinite body with a planar
surface, then from the solution of equation (3) for the initial condition

1=0, 220, T="T, (4)
and for the boundary conditions
tT>0 =0, T=T, (5)
7T>0, x= o0, T=T, (6)
the following equation holds for the calculation of the thermal diffusivity [6]:
(T — TH/(T; — T)) = erfe (/2 Jat). (7)

From the account given above in follows that the two thermal sources method
(further on TTSM) for the determination of a is based on experimental determi-
nation of the development of temperature profiles in the body. When considering
a plate-shaped body of finite dimensions, the evaluation of @ according to (7) can
be employed for short periods of time only, when the conditions (4), (5) are met,
together with condition (6) in the form

>0, z=L=ow, T=T (8)

where L is the length of the body in the direction of heat conduction, which means
that a change in temperature at * = L can be at the most equal to the error
involved in the measurements of the temperature profile. The other conditions
of the experiment are as follows:
(i) a homogeneous and constant moisture content in the body at the beginning
and in the course of measurement,
(ii) ensured monodimensionality of the problem and abrupt changes of 7' to T,
at x = 0 for T = 0.
On the basis of these conditions, an adjustment was effected of the TTSM em-
ployed earlier for measuring the thermodiffusion coefficient [7]. A schematic
diagram of the apparatus is shown in Fig. 1. A body of prismatic shape 3 X3 cm
in crosssectionand L = 7 cminlength, prepared by drawing the mix on a vacuum
auger, is first completely coated with lacquer, thus ensuring maintenance of a
constant moisture content throughout the body. Body I is then placed between
prisms 2, 3, through which at first water of temperature 7', passes for a period 7,
during which temperature 7', is uniformly distributed throughout the body
volume. The body surface is thermally insulated with foamed polystyrene ¢4,
which prevents heat exchange with the environment. Replacement of prism 2
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having the temperature T'; with prism 3 having the temperature T’; results in an
abrupt change at the body base, i.e. at point « = 0. Transfer of heat through the
body base only, with a suitable insulation of its jacket, ensures unidimensional
heat transfer. The temperature distribution in the body is measured by a system
of copper-constantan thermocouples.

Fig. 1. — Schematic diagram of the apparatus for measuring the temperature profile in a ceramic
body;

1 — body, 2 — copper prism at temperature T1, 3 — copper prism at temperature Ta, £ — polystyrene
insulation. § — lacquier tnsulation, 6 — thermostat with water at temperature T), 7 — thermostat
with water at temperature T, 8 — thermocouples.

The working procedure thus consists of the following sequential steps:

— on their forming, the bodies are coated with lacquer and placed in a water-
saturated medium for a period of 48 hours to achieve uniform moisture distri-
bution throughout the body volume,

— following thermal insulation of the body jacket, this is allowed to be conditioned
at temperature 7'y,

— following replacement of one of the prisms having temperature 7', with a prism
of temperature 7’,, the temperature profiles in the body are measured at
variousintervalsof time,

— from the temperature profiles conforming to the conditions mentioned above,
that is those up to 7, when 7'} = const., the thermal diffusivityis then calculated
from equation (7).

RESULTS

The procedure described was used for measuring the development of temperature
profilesin a saturated body of porcelain mix with anincreased content of o« — Al,O;
and a moisture content of 24.5 9. The measurements were carried out 10 times.
A typical development of the temperature profile is shown in Fig. 2. The calculated
values of the thermal diffusivity from all the measurements are listed in Table 1.

DISCUSSION AND CONCLUSION

The experimental work has shown that expression of the temperature profile
on the basis of the values measured depends for the most part on determining the
thermocouple position in the body. An error of 1 mm in the determination of the
position involves an average error in temperature amounting to 0.3 K, whereas
the error involved in temperature measurement with the thermocouple amounts
to 0.02 K. The accuracy of position determination of 0.5 mm, maintained in the
study, means that the value 7y = +40.15K is considered constant from the stand-
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Fig. 2. — Time development of temperature profile in the body for T {300,600} s;
1—7v=300s, 2—1=2360s, 3—7 = 4208, 4 — 7T = 4808, 5 — 7T = 5408, 6 — T = 600

Table 1
Thermal diffusivity calculated from the temperature profiles measured
Measu- a X 105/m2 s-1
rement
No. 300s 350 s 420s 480 s 540s 600 s
1 0.72 0.70 0.70 0.69 0.68 0.67
2 0.73 0.73 0.69 0.69 0.69 0.66
3 0.71 0.71 0.70 0.68 0.68 0.66
4 0.71 0.71 0.71 0.70 0.68 0.67
b 0.77 0.77 0.76 0.76 0.75 0.74
6 0.71 0.71 0.70 0.70 0.69 0.67
7 0.77 0.78 0.75 0.73 0.72 0.71
8 0.76 0.756 0.71 0.70 0.70 0.68
9 0.77 0.77 0.74 0.73 0.71 0.69
10 0.80 0.76 0.73 0.71 0.68 0.68

point of the experiment. The given dispersion also depends on the ability of the
source to keep a constant temperature. The evaluated developments of the tem-
perature profile indicated that for a body of the given mix the condition was com-
plied with up to the 10th minute of measurement. The partial increase in T
temperature within this time interval is connected with the failure to comply
with the condition of semi-infinite medium, which results in a decrease of thermal
diffusivity in terms of time (Table I). It was also found that equalization of the
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initial temperature 7'; throughout the body volume takes 1.5 hour. It was further
demonstrated that temperature 7'y is most suitably determined by linear approxim-
ation of the temperature distribution throughout the body in the equalized state
in the beginning of the maesurement. A similar procedure can be used for evaluat-
ing temperature 7. It may be concluded that when the conditions mentioned
above are complied with, the method suggested allows the thermal diffusivity
coefficient of a water-saturated ceramic mix to be determined with considerable
reliability. For the water-saturated porcelain mix with a moisture content w =
= 24.5 %, its mean value was

a = (0.72 + 0.03) X 10-m?2 s—1,
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STANOVENT KOEFICIENTU TEPLOTNI VODIVOSTI KERAMICKE
SMESI

Jit{ Havrda, Eva Novotnd, FrantiSek Oujifi
Katedra technologie silikdti, Vysokd Skola chemicko«technologickd, 166 28 Praha

Na stanoveni koeficientu teplotni vodivosti vodou nasycené keramické smési v plastickém stavu
byla aplikovéna metoda dvou tepelnych zdroji, pfi niz je vedeni tepla jednorozmérné. Metoda
modeluje vedeni tepla v polonekoneéném prostiedi a vyhodnoceni koeficientu teplotni vodivosti
je provedeno z analytického fe3eni Fourier-Kirchhoffovy rovnice pro neustéleny proces. Jsou
uréeny podminky metody pro spolehlivé stanoveni koeficientu teplotni vodivosti. Experimentalné
je stanovena jeho hodnota ve vodou nasycené porceldnové smési s vihkosti 24,6 % a uvedeny
nejvyznamnéjsi faktory ovliviujici tuto hodnotu.

Obr. 1. Schéma aparatury pro méfent teplotniho profilu v télese;
1 — téleso, 2 — médény hranol s teplotou T, 3 — médény hranol s teplotou T,, 4 — poly-
styrénovd izolace, 5 — lakovd izolace, 6 — termostat s vodou o teploté T,, 7 — termostat
8 vodou o teploté T, 8 — termolldanky.

Obr. 2. Casovy vyvoj teplotniho profilu v télese pro
7 € {300,600> s
l1—1=3008, 2—1=3608, 3— 4208, 4 — 1T = 4808, 56 — 5408, 6 — T = 600 s.

OHNPEJEJEHUE KOS®OUILUEHTA TEMIOEPATYPOIIPOBOJHOCTH
KEPAMUYECKON CMECH
Hpmxum Taspna, 98a HoBoTHa, ®parTumex Oympxn
kagedpa mexnoro2uU cuaukamos, X umMuko-mexnosoeuneckul unemumym
168 28 Ilpaza

Hus onpenesieErs Ko3p@umaeHTa TeMIepPaTypPONPOBOJHOCTE HACHIMIEHHOH BOO# Kepa-
MHAYecKO# cMecH B INIACTHYECKOM COCTOSIHAA MPHMEHSJIM METOA [BYX TEHJIOBBIX HCTOYHHKOB,
IpA KOTOPOM TeINIOIPOBOAHOCTH OfHOpasMepHa. MeTop MopgesMpyeT TCIJIOHPOBOAHOCTE
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B nosiy0ecK®He4HOH cpeje M oleHKa Ko3()uLueHTa TeMIepaTyponpoOBOAHOCTH IPOBOJIMTCSH
Ha OCHOBAHMM AaHAJUTUYECKOro pemeHus ypaBHeHusas Oypuepa-Hupxrodda niua Hempe-
PHIBHOTO IIpollecca. YCTAHABJAMBAIOTCSI YCJOBMA MeTOa [UIA HA[EKHOIO OIpejelieHudA
KoadunmeHTa TeMNepaTypPoONpOBOIHOCTH. IKCMEPUMEHTAILHHM TYTeM ycTaHAaBJIMBAETCH
€ro BeJIMYAHA B HAChIeHHOH BO;10d (apopoBoil cMeCH ¢ BIAHKHOCTHIO 24, % M IPUBOJATCA
Ba)KHefilne aKTOPLI, OKA3LIBAIONIME BJIMsAHME HA JAHHYIO BCJIHYHHY.

Puc. 1. Cxema annapamype. 0as uameperus memnepamyprozo npoguas ¢ meae;, 1 — meao,
2 — mednas npuama ¢ memnepamypoii Ty, 3 — mediar npuama ¢ memnepamypots T,
4 — noaucmupoasnas uzosayus, 6 — mepmocmam ¢ 60doii ¢ memnepamypoii T,
mepmocmam ¢ 6000t ¢ memnepamypots T:, § — mepmossemernmbl.

Puc. 2. Bpemernnoe paszeumue mesnepamyprozo npoguask ¢ meae darz Tt € <300, 600 c:
1—1=300¢c, 2—1=2360c, 3—1=420c¢, 41— 7 =480¢c, 6§ —1 = 540c,
6 — @ =600c.

N. MOTT, E. DEVIS: ELEKTRONNYJE PROCESSY
V NEKRISTALLICESKICH VESCESTVACH (Elektronové procesy v nekrystalickych
latkach. Mir, Moskva 1982, 2 dily, celkem 663 str., cena 5 r. 50 k. (70 Kés).

Monografie je ruskym prekladem druhého vydani,,Elektron processes in non-crystalline ma-
terials* od N. F. Mstta a E. A. Davise z university v Cambridge, které vyslo v nakladatelstvi
Claredon Press, Oxford v roce 1979. Prvni z autord, dnes 78-lety profesor Nevill Francis Mott,
je lauredtem Nobelovy ceny za fyziku z roku 1977, jediné, kterd byla zatim udélena vyluéné za
prace v oboru amorfnich latek.

Oprotiprvnimuvydéniz roku 1971, které bylo prelozeno téz do ¢estiny a vydéno jako ofsetovy
tisk Jednotou ¢s. matematika a fyzika v Praze v roco 1974, je vétsi ¢ast knihy piepracovéna a roz-
8ifena o nejdulezit&jsi vysledky vyvoje v tomto oboru ze sedmdesatych let. Patt{ mezi né napt.
pochopeni elektrickych vlastnosti kfemiku, vystaveného doutnavému vyboji, poznatek, ze tento
prvek lze legovat, pokusy s vodivosti na rozhrani kiemiku a SiOz, které spolu s vypoéty dvoji-
tych soustav dokazuji jeji existenci, ddlo vypoéty energetickych spektor elektronovych a feno-
novych stavi v modelech s redlnou strukturou, vzrustajici vyznam polaronové koncepce u chal-
kogenidovych a silikatovych skel, porozuméni dal8im elektrickym, magnetickym a optickym
vlastnostem téchto latek aj.

Kniha je rozdélena do dvou dili. V uvadnich kapitoldch prvniho dilu se probiraji teoretické
koncepce, spojené s poznénim elektronovych procesit v nekrystalickych latkdch, zejména elek-
trickd vodivost a optické absorpce. Ve tieti kapitole se pojednéva o interakcich elektronti nebo
vakanci jako nositelil proudu s fonony a o defermaci mrizky kolem zachyceného nebo volného
nositele. Ctvrtd kapitola vysvétluje jevy, probihajici v degenerovaném elektronovém plynu
neusporadané soustavy. Jsou zdc uvedeny ¢etné priklady Andersonova pfechodu a probran
Mottav prechod kov — dielektrikum. Pata kapitola popisuje vlastnosti kapalnych kovu a polo-
kovu. V gesté kapitole se pojednavé o nékterych experimentalnich metoddch, pouzivanych ke
studiu vlastnosti nekrystalickych polovodicu.

Prvni dvé kapitoly druhého dilu se vénuji metodam piipravy, popisu struktury a nékterym
elektrickym a optickym vlastnostem amorfniho kfemiku, germania, arsenu, antinomu a fosforu.
Poslednidv® kapitoly probiraji vlastnosti chalkogenidovych a kratce i oxidovych skel, ddle amor-
fniho selenu, teluru a jejich slitin. V knize je uvedeno 1490 literarnich odkazu, pfevéZné ze sedm-
desatych let. Mezi nimi je viak jen 10 praci z ('SSR.

I kdyZ je monografie svym celkovym pojetim poplatné oblasti vlastnich védeckych zajmua
autorl, prinasi specialistin na fyziku a techniku polovodi¢i, pracovnikim z mikroelektronického
pramyslu, studentim a jinym zéjemecim dosud nejrozsdhlejii, byt dal$im vyvojem uz zase po-
nékud pfekonané pouéeniv oboru, ktery se ve svétéintenzivné zkoums a ktery ma slibné praktické
perspektivy.

J. Dvoidk
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