
srnkaty 28, s. 311-316 (1984) 

TEMPERATURE DEPENDENCE OF THE BARODIFFUSION 

COEFFICIENT OF WATER IN CERAMIC MIX 

J1Rf HAVRDA, FRANTISEK Oumf, GABRIEL SEBsAJEVIC 

Department of the Technology of Silicates, Institute of Chemical Technology, Suchbatarova 5, 
166 28 Prague 6 

Received 6. 9. 1983 

To describe the transfer of water in a ceramic mix it is necessary to know 
the barodiffusion coefficient and its temperature dependence. The latter 
can be determined experimentally by the method based on driving water 
by suction through a layer of granular material. A simpler but less precise 
determination consists of an estimate based on the knowledge of the tempera­
ture dependence of the viscosity of water. 

INTRODUCTION 

Knowledge of the barodi:ffusion coefficient and its temperature dependence is 
a precondition for a quantitative description of water transfer in a saturated 
ceramic mix due to a pressure gradient. In a ceramix mix, the pressure gradient 
is created under the effect of capillary suction in the menisci on the non-saturated 
surface of the ceramic body. As has been found [l], this capillary pressure gradient 
can be substituted with an external pressure gradient when using suitable condit­
ions. This principle was utilized in the method using suction for driving water 
through a layer of granular material in order to determine the barodi:ffusion coef­
ficient. The method was used for determining the barodi:ffusion coefficient of 
water in a saturated porcelain mix at one temperature T = 293 K. 

The present study is concerned with determining the temperature dependence 
of barodi:ffusion coefficient in a water saturated ceramic mix. 

The knowledge of this dependence and of the temperature relationships of the 
diffusion coefficient [2] and of the thermodiffusion coefficient [3] provides data 
for the resolving of problems of unidimensional moisture transfer, described by 
the equation for the volume flow of moisture: 

h = -D oO/ox - (DT/T) (oT/ox) - (D'p/P) (oP/ox) (1) 

and for the moisture balance: 

ac;ar = 8/8x[D ac/ax + (Dp/T) (8T/8x) + (D'p/ P) (8P/8x)], (2) 

where D is the diffusion coefficient, D7, is the thermodiffusion coefficient and D � 
is the barodiffusion coefficient, 0 is the volume moisture content, T is temperature, 
P is pressure, T is time and x is the ordinate in the direction of the diffusion. 

Estimate  of  the  t emperature  d e p en d ence of the  barodiffusion 
c o effic ient  

The temperature dependence of  Dp can be estimated on the basis of  the visco­
sity of water, which is the property changing most distinctly with temperature. 
This relationship is described by Darcy's law, which has the following form [4] 
when the gravity term is neglected: 
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hp = -(k/µ) oP/ox, (3) 

where hp is the volume flow of water due to the pressure gradient, k is the permea­
bility coefficient and µ is the viscosity of water. 

During isothermic suction c,f water through a body, a pressure and a moisture 
profile arise inside the body and the total volume flow of moisture is given by the 
equation: 

h = -D oC/ox - (D'p/P) oP/ox. (4) 

Equation (4) can also be written in the form: 

h =he+ hp, (5) 

where he is the volume moisture flow due to the moisture gradient, and in the ce.se 
of a water saturated body with a nonsaturated boundary [I], hp is the moisture 
flow due to capillary barodiffusion. The hp flow may also be effected by an extermal 
pressure gradient in the case of a saturated body with a saturated boundary. 
A 0omparison of equations (3). (4) and (5) then yields: 

k/µ = D'p/P. (6) 

On simplifying equation (6) by relating tne barodiffusion coefficient to the given 
pressure, P (i.e. Dp = D'p/P) and when using the relationship for the temperature 
dependence of viscosity of water, 

µ = A exp (B/T), (7) 

then for a given temperature T, when knowing the corresponding Dp, one can 
calculate the value k from equations (7) and (6). Within a narrow temperature 
interval, the temperature dependence k can be neglected and for a rough estimate 
of the temperature dependence Dp , the following equation can be obtained by 
joining equations (6) and (7): 

Dp = D0p exp (-B2/T), (8) 

where B2 and D0p are constants (D0p = k A-1). In using the value Dp = 2 X 
x 10-4 m2 s-1 Pa-1 determined for a saturated porcelain mix at T = 291 K (l] 
and the corresponding viscosity of water, the rough estimate of the temperature 
dependence of the barodiffusion coefficient has the following form: 

Dp = 6 x 10-12 exp (-1 624K/T) m2 s-1 Pa-1. (9) 

MEASURING PROCEDURE AND RESULTS 

The Dp value for the given T was measured by suction of water through a layer
of granular material on a cylindrical body 2 cm in diameter and 1 cm in length.
The bodies were prepared from a porcelain mix on a vacuum auger. After forming,
the bodies were insulated and placed for 48 hours in a water saturated environment
to achieve a uniform moisture distribution throughout the body volume. Before
measurement, the insulation was removed from both body bases, one of the basis
was placed on a frit and together placed in a vessel with water of constant tempera­
ture. A vacuum pump was used for creating pressure P2 • On attainment of a state
of equilibrium, the volume flow of water through the body was determined. The
body was then cooled down to T = 278 K, its insulation removed and the body
was cut in the direction x into slices 2 mm thick for moisture profile determination.
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Using approximation of the moisture profile according to a linear dependence, the 
volume moisture contents C1 and C2 , corresponding to the positions x = 0, P = P1 

and x = L, P = P2 were expressed. 
The diffusion coefficient, D, for the given temperatrue T was calculated from 

its temperature dependence determined for the given porcelain mix by the dif­
fusion couple method [2]: 

D = 5.52 X 1011 exp (-14 484K/T) m2 s-1. (10) 

The barodiffnsion coefficient was calc11lated from the equation: 
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Fig. 1. Moi8ture profiles in the body at various working temperatures: 
1 - T = 278 K, 2 - T = 288 K, 3 - T = 298 K, 4 - T = 303 K, 5 - T = 313 K.
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and the value D'p was related to the value of mean pressure given by the equation: 

P = (P1 - P2)/ln (P1/P2). (12) 

The moisture profile and the volume moisture flow at the given T were measured 
four times. The same procedure was used at all the working temperatures. The mean 
values were calculated of the Dp determined at one temperature, and the error 

a = ((L (Dp - DPi)2) (n - 1)-1)112 was expressed. Some typical moisture pro-
i=l 

files measured at the working temperatures used are plotted in Fig. 1. The cal­
culated mean values of Dp are listed in Table I. 
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Table I 

The values of the barodiffusion coefficient at VHrious temperatures 
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DISCUSSION AND CONCLUSION 

a X 1014 
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The temperature dependence of Dp wit,hin the temperature range measured, 
TE (278 K; 313 K) was approximated by equation (8) for the values in Table I. 
The values of the constants are as follows: 
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Fi,g. 2. Temperature dependence of the barodifjusion coefficient; 
1 - experimental, 2 - estimate. 
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D0p = 1.78 X 10-1 mz s-1 Pa-1, B2 = 4 729 K. (13) 

The comparison of the measured and the estimatfd temperature dependence of 
Dp (cf. Fig. 2) indicates that the difference between the two courses amounts on 
the average to 30 %- This difference is due to the fact that th(' effect of change in 
density and in surface tension of water in terms of temperarature is not considered 
in the equation (9) and the dependence of k on T is neglected. An explanation may 
also be seeked in the change in the properties of water adsorbed on the surfaces 
of capillaries in clay minerals. At low temperatures, the water is adsorbed in several 
molecular layers, so that the capillary diameter is decreased and consequently 
also the volume flow of vater. An increase in temperature will lead to partial li­
beration of the adsorbed water molecules and thus to an increase in the diameter of 
the capillaries and thus to an increase in the volume flow of water. 

It may be concluded that the estimate of the temperature dependence of the 
barodiffusion coefficient of water in a saturated ceramic mix, that considers just 
the temperature change in the viscosity of water. i:s very rough. The actual tempe­
rature dependence of the barodiffusion coefficient of wat,er for the given mix is 
expressed as foll mm; 

Dp = 1.78 X 10-1 exp (-4 729K/T) m2 s -1 Pa-1. 
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TEPLOTNf ZAVISLOST BARODIFUZNfHO KOEFICIENTU VODY 
V KERAMICKE SMESI 

J ii'i Havrda, Frantisek Oujitf, Gabriel Sebsajevic 

Katedra technologie silikatu, Vysoka §kola chemicko-technologicka, 166 28 Praha 

Pro kvantitativni popis pi'enosu vody v nasycene keramicke smesi je nutne znat teplotni 
zavislosti barodiftizniho koeficientu. Tuto zavislost je mozno ziskat bud odhadem z teplotni za­
vislosti viskozity vody, nebo experimentalnim stanovenim. K experimentalnimu stanoveni teplot­
nf zavislosti barodiftizniho koeficientu lze pouzit metodu zalozenou na prosavani vody vrstvou 
zrnit(lho materialu. 

Z porovnani obou zavislosti plyne, ze odhad teplotni zavislosti barodifuzniho koeficientu je 
velmi hruby. Pro jeji skutecne stanoveni se jevi vyhodnej�i pouzit experimentalni stanoveni. 
Experimentalnll byla stanovena teplotni zavislost barodiftizniho koeficientu ve tvaru: 

Dp = 1,78. 10-7 exp (--4 729 K/T) m2 s-1 Pa-•.

Obr. 1. Vlhkostni profily v telese pfi ruznych pracovnich teplotach: 1 - T = 279 K, 2- T = 
288 K, 3 - T = 298 K, 4 - T = 303 K, 5 - T = 313 K. 

Obr. 2. Zavislost barodifuzniho koeficientu na teplote; 
1 - experiment; 2 - cdhad. 
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TE�I 11 EPA T YP H AH 3ABMCI1 '.VI OCTb 

EAPO g l1 <D<D Y 3110 H HO ro K03<D<DHIJJ1 EH TA BO ,I.I, LI 
B K EPA,\,IJ; Iq EC.ROH CM ECH 

llpnrn faBpila, <DpaHnune11 Oyupnrn, fa6pueJI IIIe6l1laeauq 

Ka<j;eopa mex,-w.wauu cu.iu,wnwc, X u.wu1>0-mexHoao2u'i,ec1.uu UHcmumym, 
166 28 11 paea 

;:J:.-:r11 H0,mqecTBeHH0ro om1rn.HIIH uepeH0Ul B0;J,LI B HilCbIIIleHHOli 1tepaMlI'I0CROli CMCCll 
Hco6xo)],l!MO 3H:lHl!e TCMnepllTYPHO!I aaB!!Cl!M0CT!l 6a pOil,llqlqJY3llOHHOro HO<lq>q>lll(l!eHTa. 
T;my10 3aB!ICllM0CTh M0lRH0 noJiyqnTh npn6JIU3UTeJibHhIM onpe)],eJieHUeM, 0CH0Bh!BaIOm;eMr H 
Ha Te�meparypHOM. 3aBIIOIM0('Tl1 BH:monu B0;U,I, IIJIIJ :mcnepuMeHTam,m..1M rryTeM. ,IJ,:rn 
am;nepnM0HTaJihH0ro Oil pe;(e,IeHIIJl T0Muepa rypHOH ;!aB�CHM0CTll 6a po1-1uq,qiyanOHHoro 
lW3q>!pllllllCHTa M0lRH0 IICII0:JI,30BaTb MCT0;1, 0CH0Bb!Bil!OII\lll!CJl Ha rrp0Hl!HilHlm B0Al>I '!Opea 
caoii 3epm1noro Marepua;ia. 

H3 C0TI0CTilBJJeHIIJl OUCIIX :laBJ!UIMOl'TCii CJI8)],H'.T, '!TO rrpn6;uu11Te.'lbH0e 011pei(ei1PH1le 
TCMIICP_'.1Typnoii 3aBIIl'IIM0t'Tll 6apo;111cpcjiy:rnoHHOI:O no3cpqm]l1IeHTU BeCbMil HeroqHo. ,Il,:rn 
ero )],el!CTBl!Te:JbH0J'0 0IIJJ(':lC.-mHIIH 0K;n1,1Baern1 Hal!00Jiee rrpnro;IHhlM :mcncpnMeHTaiII,­
Hhlll nyTh. T,mmi oupaaoM ynaH0BJl.111 TeMnepaTyJJHYJO :1aBHCIIM0C'Th 6apo;uupcpy:moHHOl'O 
l(03q><pHI(HCHTa B B11;1e: 

Dp � 1,78. 10-7 :mrn. (-4 729 K/T) :112 c- 1 Jla- 1 

Puc. 1. Ilpoif;u.1b Maeu e meJte npu pa8Hbix me.wnepamypax pa6ombi: 1 - T = 278 /,, 
2 - T = 288 R, 3 - T = 298 R, 4 - T = 303 R, 5 - T = 313 R.

Puc. :!. 3aeucu.1tocmb 6apoiJ11qjif'Jyauo1-tH020 1waif;if;u4ueHma om me.Mnepamypbt: 1 -- :Jh'cne­
pu.Mewn, 2 - npu6au,'lwne.1bHoe onpeiJeae1we. 

C. A. RONAN: THE CAMBRIDGE ILLUSTRATED HISTORY OF THE 
WORLD'S SCIENCE (Ilustrovana historie svetove vedy z Cambridge). Cambridge University 
Press, Newnes Books, Cambridge 1983. 583 str. cena 12.95. 

VMa je dobrodruzstvi poznani a jeji dejiny jsou prinejmensim stejne zajimave jako dejiny 
ruznych narodu a statu. Je ovsem nesnadne zvolit hledisko, ze ktereho ma byt vyvoj vedy po­
pisovan. Ronan se rozhodl vylfcit historii vzniku a vyvoje myslenek a objevu, ktere smefovaly 
k poznanf Pffrody, tj. ktere ovlivnily nase nazory na svet. Autor tedy vypustil historii objevu, 
jejichz cflem byly prakticke aplikace, Zabyva se puvodem vedy, jejimi pocatky v Babyl6nii, 
Egypte, Cine, Indii, Arabii, Rime a take ve sti'edoveke Evrope. Ukazuje, jaky pi'evrat znamenala 
reneaance a jaky rozvoj v!'iech vednich disciplfn nasledoval v 17., 18. a 19. stoleti. 

Stejni'\ jako v dejinach narodu a statu vystupuji lide, kteff hrali vyznamnou roli v dulezitych 
udalostech, setkavame se v dejinach vedy s osobnostmi, ktere podstatni'\ pfispely k objektivnimu 
a pravdivemu poznani sveta. Ocenit, v cem byla takova osobnost dale nez vsichni jeji soucasnici 
se podaH teprve tehdy, vidime•li ji v podminkach doby, ve ktere zila. A to se znamenite podarilo 
Ronanovi v jeho dile, jehoz cilem je vylozit vyvoj vedy, tj. proniknout do souvislosti s vyvojem 
nazoru a vyvojem cele nasi civilizace. 

Ronanova historie vedy je psana poutavym zpusobem a muzeme ji cist jako historii bajecnych 
objevu, triumfu lidskeho rozumu a vynalezavosti, Ronan je autorem cele fady knih o astronomii 
a historii vedy. Studoval historii a filozofii ved na Londynske univerzite, 13 Jet pracoval v sekrn• 
tariatu Kralovske spolecnosti a je clenem Kralovske astronomicke spolecnosti. 

Kniha uspokoji nasi pi'irozenou touhu poznat co bylo drive a doda nam navi<' optimismu pro 
vyhled vedy do budoucnosti. 

Satava 
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