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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 barodiffusion 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 [1], 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 barodiffusion coef-
ficient. The method was used for determining the barodiffusion 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 barodiffusion 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 9dC|dx — (D7|T) (0T (0x) — (Dp/P) (0P]0x) (1)
and for the moisture balance:
0C|0t = 0/0x[D 0C|dx + (Dx|T) (0T |0x) + (Dp/P) (0P/dx)], (2)

where D is the diffusion coefficient, Dy is the thermodiffusion coefficient and D,
is the barodiffusion coefficient, C is the volume moisture content, 7' is temperature,
P is pressure, 7 is time and z is the ordinate in the direction of the diffusion.

Estimate of the temperature dependence of the barodiffusion
coefficient

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/u) OP|dx, (3)

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

During isothermic suction of 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 dC|ox — (Dp|P) oP|ox. (4)
Equation (4) can also be written in the form:
h = hc -+ hp, (8)

where h¢ is the volume moisture flow due to the moisture gradient, and in the case
of a water saturated body with a nonsaturated boundary [1], 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 comparison of equations (3). (4) and (5) then yields:

klu = Dy[P. (6)

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

p = 4 exp (BIT), (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 = Dop exp (—B;/T), (8)

where B, and Dgp are constants (Dop = k A~1). In using the value Dp =2 X
X 104 m?2 s~1 Pa~—! determined for a saturated porcelain mix at 7’ = 291 K [1]
and the corresponding viscosity of water, the rough estimate of the temperature
dependence of the barodiffusion coefficient has the following form:

Dp =6 x 10712exp (—1 624K/T) m? s—t Pa-1. (9)

MEASURING PROCEDURE AND RESULTS

The Dp value for the given 7 was measured by suction of water through a layer
of granular material on a cylindrical body 2 ecm in diameter and 1 ecm in length.
The bodies were prepared from a porcelain mix on a vacuum auger. After forming,
the bodies were insulated and placed for 48 hoursin 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 P,. On attainment of a state
of equilibrium, the volume flow of water through the body was determined. The
body was then cooled down to 7' = 278 K, its insulation removed and the body
was cut in the direction z 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 C,; and C,, corresponding to the positionsz = 0, P = P,
and z = L, P = P; were expressed.

The diffusion coefficient, D, for the given temperatrue 7' 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 (—14 484 K[T) m2 s-1. (10)
The barodiffusion coefficient was calculated from the equation:
D}y = (D(Cy — C3) — hL)[In (P;|Py) (11)

040 . |
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n

Fig. 1. Motsture profiles in the body at various working temperatures:
1—T=2718K,2—T =288K,3—T=298K,4—T=2303K,5—7T =313 K.
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and the value D} was related to the value of mean pressure given by the equation:
P = (P; — P))[In (P1/P>). (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
n
o= ((Z (Dp — Dp;)?) (n — 1)-1)1/2 was expressed. Some typical moisture pro-

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

Table 1
The values of the barodiffusion ccefficient at various temperatures

‘ T 3 Py r P, ' Dpx 10 o x 10

K Pa Pa j m?s-1 Pa-1 m2g~1 Pg-1

o i

| 278 | 0.9 : 0.1
| | i
‘ 288 ! : 1.0

298 104 274 1 200 ‘ 2.0 I
‘ 303 ‘ 3.3 0.2
' 313 | : 5.4 ;
i |

DISCUSSION AND CONCLUSION

The temperature dependence of Dp within the temperature range measured,
T € (278 K; 313 K} was approximated by equation (8) for the values in Table I.
The values of the constants are as follows:

0 1 1 | ! |

270 280 290 300 310 320 7<T—

Fig. 2. Temperature dependence of the barodiffusion coefficient;
1 — expervmental, 2 — estimate.
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Dop = 1.78 X 10-7m2 s—1 Pa-1, B, =4 1729 K. (13)

The comparison of the measured and the estimated temperature dependence of
Dp (cf. Fig. 2) indicates that the difference between the two courses amounts on
the average to 30 9,. This difference is due to the fact that the 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 % on 7' 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 wateris 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. is very rough. The actual tempe-
rature dependence of the barodiffusion coefficient of water for the given mix is
expressed as follows:

Dp =1.78 X 107 exp (—4 729K/T) m2 s—1 Pa-1,
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TEPLOTNI ZAVISLOST BARODIFUZNIHO KOEFICIENTU VODY
V KERAMICKE SMESI

Ji#{ Havrda, Frantisek Oujifi, Gabriel Sebsajevic
Katedra technologie silikdte, Vysoka &kola chemicko-technologickd, 166 28 Praha

Pro kvantitativni popis pfenosu vody v nasycené keramické smési je nutné znat teplotni
zavislosti barodifiizniho koeficientu. Tuto zévislost je mozno ziskat bud odhadem z teplotni zé-
vislosti viskozity vody, nebo experimentélnim stanovenim. K experimentdlnimu stanoveni teplot-
nf zdvislosti barodifdzniho koeficientu lze pouzit metodu zaloZenou na prosdvéni vody vrstvou
zrnitého materidlu.

Z porovnéni obou zévislosti plyne, Zze odhad teplotni zdvislosti barodifiizniho koeficientu je
velmi hruby. Pro jejf skuteéné stanoveni se jevi vyhodnéjsi pouzit experimentdlni stanoveni.
Experimentélng byla stanovena teplotni zavislost barodifiizniho keeficientu ve tvaru:

Dp = 1,78 . 107 exp (——4 729 K/T) m?s~ Pa-%,

Obr. 1. Vikkostni profily v télese pii riznych pracovnich teplotéch: 1 —T = 279K, 2— T =
288K,3 —T =298K,4—T =303K, 5§ — T = 313 K.

Obr. 2. Zdvislost barodifuzniho koeficientu na teploté;
1 — experiment; 2 — cdhad.
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TEMIIEPATYPHAA 3ABIUUCUMOCTD
BAPOANOOY3MOHHOTIO HOB(IJCDHILMEHTA BO bl
B KEPAMIIUECKON CMECHU

Hpmu Tabpna, ®panrnmex Oynpmxu, IaGpuen IlebmaeBuy

ragedpa merreoeuu cuauramoc, X umMuro-merHoL02uNeCkuli uncmumym,
166 28 llpaza

T KO:HYECTBEHHOIO ONIICAHIIA _lepeHoca BOILL B HACBHINIEHHOH KepaMUYecKod cmecw
Heo6Xx0aAMMO 3HAOHHE TeMIepaTVPHOU 3aBucuMocTn OaponuddysmoHHOro KoapdunumeHTa.
TAKYIO 3aBHCHMOCTE MOJKHO TOJYYUTHL HPUOIH3HTEILHLIM OUpeReIeHNeM, OCHOBBIBRIOMEM( A
Ha TeMIepPATYPHOIl 3aBICHMMOCTH BHRKOUTH BOIBL, M. a}ccnepumemam,m,m nyrem. Jlis
9KCHOePUMCHTAJIBHOIO  Oilpe;(esieHNA TeMilepaTypHoii  saBucuMmocT  OapoungdyasnoHHoro
KO3(HINEHTa MOMKHO ICII0IB30BATL MCTO,|, OCHOBBLIBAIOIINIICH Ha IPOHMKAHUH BOMRH 4epes
CI0H 3epHIICTOY0 MaTepuala.

M3 conoctaBiieHna o0cHX 3aBiCUMOCTCi clleidveT, uyto npuO.im3uTesnbHOE OllpedesieHie
TeMIIePATYPHOI 3aBICHMOCTH @apo; iy 3i10HHOI0 KOap(uUIMEHTa BecbMa HeToyHo. [l
ero eHCTBHTEIBLHOI0 ONPECTeHNH ORA3LIBAGTCS] HAMDO.1ee NPUTOIHBIM HKCIePUMEeHTA b
HuIA 1myTh. TaknM 00Pa3oM YCTAHOBIL U TeMNEPATY PHYIO 34BHCHMOCTE 0apo;iudidy3nonsoro
xo3pdunucHTa B Bu(€:

Dp = 1,78. 1077 oren. (—4 729 KYT) M2 ¢t [la-t

Puc. 1. Ipogpuav eaaeu ¢ meae npu pasuwvir memnepamypax paboms. 1 — T = 278 R,
2—T =288 K, 3—T =298 K, 4—T =3803K, 6§ —T =313 K.

Puc. 2. 3aeucumocmdv 6apoduggyauonnoeo rosduyuenma om memnepamypui: 1 -— osxcne-
pumerm, 2 — npubauzumesdbHoe onpedeaeHue.

C. A. RONAN: THE CAMBRIDGE ILLUSTRATED HISTORY OF THE
WORLD’S SCIENCE (Ilustrovand historie svétové v&dy z Cambridge). Cambridge University
Press, Newnes Books, Cambridge 1983. 583 str. cena 12.95.

Vé&da je dobrodruzstvi poznéni a jeji d&jiny jsou pFinejmensim stejn& zajimavé jako d&jiny
ruznych ndrodu a stadtu. Je oviem nesnadné zvolit hledisko, ze kterého mé byt vyvoj v&dy po-
pisovén. Ronan se rozhodl vyliGit historii vzniku a vyvoje myslenek a objevu, které sméfovaly
k poznénf Piirody, tj. které ovlivnily na&e ndzory na svét. Autor tedy vypustil historii objeva,
jejichz cflem byly praktické aplikace. Zabyva se puvodem vé&dy, jejimi poiatky v Babylénii,
Egypté&, Cing, Indii, Arébii, Rimé& a také ve sttedovéké Evropé. Ukazuje, jaky pfevrat znamenala
renesance a jaky rozvoj véech védnich diseiplin nédsledoval v 17.; 18. a 19. stoleti.

Stejn& jako v d&jindch ndrodu a sttt vystupuji lidé, ktefi hréli vyznamnou roli v dulezitych
udélostech, setkdvame se v d&jindch védy s osobnostmi, které podstatng piispély k objektivnimu
a pravdivému poznéni svéta. Ocenit, v ¢em byla takova osobnost déle nez v&ichni jeji souasnici
se podali teprve tehdy, vidime-li ji v podminkéch doby, ve které zila. A to se znamenité& podatilo
Ronanovi v jeho dile, jehoz cilem je vylozit vyvoj v&dy, tj. proniknout do souvislosti 8 vyvojem
ndzorid a vyvojem celé nasi civilizace.

Ronanova historie védy je pséna poutavym zpusobem a muzeme ji &ist jako historii bdjecnych
objevu, triumfu lidského rozumu a vynalézavosti. Ronan je autorem celé fady knih o astronomii
a historii v&dy. Studoval historii a filozofii v&d na Londynské univerzité, 13 let pracoval v sekre-
taridtu Krélovské spoleénosti a je Elenem Krélovské astronomické spoleénosti.

Kniha uspokoji nasi pfirozenou touhu poznat co bylo dfive a dod4 ndm navie optimismu pro
vyhled v&dy do budoucnosti.

Satava
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