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The thermal diffusivity coefficient of a water-saturated ceramic mw in 
plastic Btate u·as determined by the tu·o-the,-mal sources method in which the 
heat tranBjer is one-dimensional. Its value waB dete,-mined expe,-imentally for 
a porcelain mix with a moisture content of 24.5 %, and suitable oonditiom 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 phase in the mix can no longer be neglected at higher temperatures. Within 
the temperature interval TE <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 10-10 m2 s-1 l l ]. 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 l which specify 
relationships with one or two peaks indicate that the change in the moisture 
content of the mix by 1 % produces a change in its thermal diffusivity by a.bout 
5 X 10-8 m2 s-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 conditione 
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]: 
ecp8T/8-,; = - div q 
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where (!Cp is the thermal capacity of a unit volume, T is temperature, t' is time 
a.nd q is the thermal flow. The thermal flow through a ceramic body is then descri­
bed by the equation 

q = -A grad T - qc (2) 

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

8T/8t' = a82T/8x2 (3) 

where x is the ordinate in the direction of heat transfer and a is the thermal diffusi­
vity, defined as a = ,1,/c

p
g, 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 (:{) for the initial condition 

t' = o, x � 0, T = Ti (4) 
and for the boundary conditions 

t' > 0, x = 0, T = T1, 

t' > 0, x = oo, T = Ti 

(5) 
(6) 

the following equation holds for the ralculation of the thermal diffusivity [6]: 

(T - T1)/(T2 - T1) = erfc (x/2 VaT). (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 dimens;ons, the evaluation of a according to (7) can 
be en}ployed for short periods of time only, when the conditions (4), (5) are met, 
together with condition (6) in the form 

T > 0, X = L = oo, T = T1 (8) 

where L is the length of the body in the direction of heat conduction, which means 
that a change in temperature at x = 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 T1 to T2 

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 X 3 cm 
in cross section and L = 7 cm in length, 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 1 is then placed between 
prisms 2, 3, through which at first water of temperature Ti passes for a period t', 

during which temperature '1\ 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

136 Silikaty c. 2, 1984 



Thermal Diff'U8ivity Determination on a Ceramic Mi:ll 

having the temperature T1 with prism 3 having the temperature T2 results in an 
abrupt change at the body base, i.e. at point x = 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. 

2 

6 8 7 
3 

2 

Fig. 1. - Schematic diagram of the apparatUB for mea.suring the temperature profile in a ceramic 
body; 

1- body, 2 - copper priBm at temperature T1 , J- copper prism at temperature T1, 4 - polystyre'/16 
insulation. 5 - lacquer insulation, 6 - thermostat with water at temperature T1, 7 - thermostat

with water at temperature T2, 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 T1 , 

- following replacement of one of the prisms having temperature T1 with a prism
of temperature T2 , the temperature profiles in the body are measured at
various intervals of time,

- from the temperature profiles conforming to the conditions mentioned above,
that is those up to -r, when T1 = const., the thermal diffusivity is then calculated
from equation (7).

RESULTS 

The procedure described was used for measuring the development of temperature 
profiles in a saturated body of porcelain mix with an increased content of oc - AlzO3 

and a moisture content of 24.5 %- 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 I. 

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 err0r 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 T1 = ±0.15K is considered constant from the stand-
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Fig. 2. - Time development of tempeTature profile in the body for TE <300,600) 8," 

1 - T = 300 s, 2 - T = 360 s, 3 - T = 420 8, 4 - T = 480 s, 5 - T = 5 40 8, 6 - T = 600 

Table I 

Thermal diffusivity calculated from tho temperature profiles measured 

Measu- a X 106/m2 s-1 

rement 
No. 300 s I 350 8 I 420 s I 480 s I 540 s I 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 

6 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 0.76 0.71 0.70 0.70 0.68 
9 0.77 0.77 0.74 0.73 0.71 0.69 

10 0.80 0.75 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 T1 

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 T1 throughout the body volume takes 1.5 hour. It was further 
demonstrated that temperature T1 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 T2 • 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-c;mz s-1. 
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STANOVEN f KOEFICIENTU TEPLOTNf VODIVOSTI K ERAMICKE 
S MESI 

Jiri Havrda, Eva Novotna, Frantisek OujiH 

Katedra technologie silikatu, Vysoka skola chemicko-technologicka, 166 28 Praha 

Na stanoveni koeficientu teplotni vodivosti vodou nasycene keramicke smooi v plastickem stavu 
byla aplikovana metoda dvou tepelnych zdroju, pfi niz je vedeni tepla jednorozmeme. Metoda 
modeluje vedeni tepla v polonekonecnem prostfedi a vyhodnoceni koeficientu teplotni vodivosti 
je provedeno z analytickeho feseni Fourier-Kirchhoffovy rovnice pro neustaleny proces. Jsou 
urceny podminky metody pro spolehlive stanoveni koeficientu teplotni vodivosti. Experimentalne 
je stanovena jeho hodnota ve vodou nasycene porcelanove smesi s vlhkosti 24,5 % a uvedeny 
nejvyznamnejsf faktory ovlivnujici tuto hodnotu. 

Obr. 1. Schema aparatury pro mefeni teplotniho profilu v teleae; 
1 - teleso, 2 - medeny hranol s teplotou Ti, 3 - medeny hranol B teplotou T2, 4 - poly­
sty,renova izolace, 5 - lakova izolace, 6- te'l'mostat s vodou o teplote Ti, 7 - termostat 
s vodou o teplote T2, 8 - termoclanky. 

-Obr. z. Oasovy vyvoj teplotniho profilu v telese pro 
TE <300,600) s 
1- T = 300 8, 2- T = 360 8, 3 - 420 8, 4 - T = 480 8, 5 - 540 8, 6 - T = 600 B. 

OITPEAE�EHllE K08©©ll�llEHTA TEMITEPATYPOITPOBOAHOCTM 
KEPAMIIqECK0:0. CMECII 

llpmn raapAa, 8aa HoBOTHa, ©paHTHmeR Oynpmn 

1.a<Jieopa mex1-10.ao2uu cu.aw.amoe, Xu.,uu1.o-mex1-10.aoeuqec1.uii u1-1cmumym 
168 28 Ilpaea 

AJI.11 orrpeAeJiemrn R03<pqm:o;neHTa TeMrrepaTyporrponOAHOCTII Hac1,1meHHOii BOAOH 1wpa­
MnqecKoii CM8CH B IIJiaCTIIqecKOM COCTOHHHII rrpHMeHHJIH M8TOA ABYX T8IIJIOBbIX HCTOqHHKOB, 
npn KOTOpOM TeIIJIOIIpOBO/.{HOCTb O)],HOpa3M0pHa. MeTO)], MOp,em1pyeT TCITJIOnpOBO/.{HOCTb 
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B nony6ec1WHe'fHOH cpeAe H ou_emrn K03ipqrnu_11eHTa TeMnepaTyponp0B0/1,H0CTH np0B0/UITCll 
Ha ocnosaHHH anannTH'fecrwro perneHHll ypaBHeHHH <Dypnepa-Hnpxroipipa /1,JJH Henpe­
pI.IBH0ro npoqecca. Y cTaHaBJJnnaroTc II ycJJoBirn MeT011a /1,JJH HaJ-learnoro onpeJ-(eJJeHnll 
K03!p!plll.�lleHTa TeMnepaTyponp0B0AH0l'TII. 8Kcrrep11MeHTaJ1bHbIM rryTeM ycTaHaBmrnaeTcll 
ero BeJIH'fl!Ha B HaCb!Il.\eHHOH BOil,OH ipapipopoaoii cMecn c BJIHIBH0CTblO 24,5 % n rrpHB0/1,HTCH 
B8lRHeiirn11e <fia:inopb!, 01{83b!B8IOJJ�lle BJIMHHHe Ha /1,aHHYIO BCJ!ll'fHHy. 

Puc. 1. CxeMa annapamypbi 8.aJi ua.ttepeHUJi me.ttnepamypHoeo nporfiu.aR e me.ae; 1 - me.ao, 
2 - .«e8HaR npua.Ata c me.unepamypoii 1\, 3 - Me8naJi npuaMa c me.unepamypou T2 , 
4 - no.aucmupo.abHaR uaoJ!Rf+UR, 6 - mep.Atocmam c eo8oii c meMnepamypou T1 , 

mepMocmam c eo8ou c rneMneparnypou T:, 8 - mepMo,1Jte.AteHmb!. 
Puc. 2. BpeMeHHoe paaeumue me.AtnepamypHoeo npoifiu.aJi e me.ae 8.aJi • e <300, 600) c: 

J - 1: = 300 C, 2 - T = 360 C, 3 - T = 420 C, 4 - T = 480 c, 5 - T = 540 C
1 

6 - µ = 600 c. 

N. M OTT, E. DEVIS: ELEKTR ONNYJE PROCESSY
V NEKRISTALLIGESKICH VESCESTVACH (Elektronove procesy v nekrystalickych 
latkach. Mir, l\foskva 1982, 2 dily, celkem 663 str., cena 5 r. 50 k. (70 Kcs). 

Monografie je ruskym prekladem druheho vydanf ,,Elektron processes in non-crystalline ma­
terials" od N. F. Mitta a E. A. Davise z university v Cambridge, ktere vyslo v nakladatelstvf 
Claredon Pross, Oxford v ruce 1979. Prvni z auturu, dues 78-lety profesor Nevill Francis Mott, 
je laureatem Nobelovy ccny za fyziku z roku 1977, jedinc, ktera byla zatfm udelena vylucne z9, 
prace v oboru amorfnich latek. 

Oproti prvnimu vydanf z roku 1971, ktere bylo pfolozeuo tez do cestiny a vydano jako ofsetovy 
tisk Jednotou cs. mafrmatiku a fyziku v Prazo v roco 1974, jo vetsi cast knihy pfrpracovana a roz­
sifena o nejdulezitejsi v$·sledky vyvoje v tomto oboru ze sedmdesatych IC't. Patl-f mezi ne napr. 
pochupeni elektrickych vlastnosti kfemiku, vystaveneho doutnavemu vyboji, poznatek, ze tento 
prvok lze legovat, pokusy s vodivosti na ruzhrani ki-emiku a SiO2, ktere spolu s vypocty dvoji­
tych soustav dokazuji jcji existcnci, dalo vypocty onergotickych spekter elektronovych a fono­
novych stavu. v modelech s realnou strukturou, vzrustajici vyznam polaronove koncepco u chal­
kogenidovych a silikatovych skel, porozumeni clalsim elektrickym, magnetickym a optickym 
vlastnostem techto latok aj. 

Kniha je rozdelena do dvou clil(1. V uvodnich kapitolach prvniho dilu se probfrajf teoreticke 
koncepce, spojene s poznanfm elektronovych procesi1 v nekrystalickych latkach, zejmena elek­
tricka vodivost a opticka absorpce. Ve t.retf kapitole se pojednava o interakcfch elektronu nebo 
vakanci jako nositelu proudu s fonony a o deformaci mrfzky kolem zachyceneho nebo volneho 
nositele. Ctvrta kapitola vysvetluje jevy, probihajici v degenerovanem elektronovem plynu 
neusporadane soustavy. J:;ou zdc uvedeny cetne pfiklady Andersonova pfechodu a probran 
Mottuv pfechod kov - dielektrikum. Pata kapitola popisuje vlastnosti kapalnych kovu a polo­
kovu. V seste kapitole se pojednava o nekterych experimentalnich metodach, p,mzfvanych ke 
studiu vlastnosti nekrystalickych polovodicu. 

Prvnf dve kapitoly druheho dflu se venujf metodam pi'-fpravy, popisu struktury a nekterym 
elektrickym a optickym vlastnostem amorfniho kremfku, germania, arsenu, antinomu a fosforu. 
Posleclni dve kapitoly probiraji vlastnosti chalkogenidovych a kratce i oxidovych skel, dale amor­
fnfho selenu, teluru a jejich slitin. V knize je uvedeno 1490literarnfch odkazu, prevazne ze sedm­
desatych let. Mezi nimi je vsak jen 10 pracf z c'SSR. 

I kdyz je monografie svym celkovym pojetim poplatna oblasti vlastnich vedeckych zajmu 
autoru, pfinasf specialistfun na fyziku a techniku polovodicu, pracovnikum z mikroelektronickeho 
prumyslu. studentum a jinym zajemcum dosud nejrozsahlejsf, by£ clalsfm vyvojem uz zase po­
nekud pfekonane poucPni v oboru, ktery se ve svete intenzivne zkouma a ktery ma slibne prakticke 
perspektivy. 

J. Dvofak
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