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A method has been worked out and conditions determined for reliable determi-
nation of the barodiffusion coefficient of water in a saturated ceramic mix in
plastic state. Its value was detersmined experimentally for a water-saturated
porcelain mixz at 393 K, and compared with the calculated value.

INTRODUCTION

The approach towards the solution considering the transfer of water in a saturat-
ed ceramic mix as a diffusionin a binary mixture of two imcompressible components
indicates that the gradient of concentration, temperature and pressure is generally
the driving force of water transfer. A study on the effect of the state of surface of
a water-saturated ceramic body on water transfer under isothermal conditions
provided the conclusion that the pressure gradient inside the body is caused by
capillary barodiffusion, i.e. by capillary suction of water in the menisci on the
non-saturated surface. The volume flow of moisture in the body in the case of
a one-dimensional problem is then given by the equation:

h = —Deg(9C/0%), (1)

where C is the volume moisture content, = is the ordinate in the direction of
diffusion, and Dey is the effective diffusion coefficient including the influence of
concentration diffusion as well as of capillary barodiffusion. This means that the
following equation holds for the volume flow of moisture:

h = —D(8C/dx) — Dy(0P/0x), (2)

where D is the coefficient of diffusion, Dp is the coefficient of barodiffusion and P
is pressure.

When the mean size of capillaries in the body is known, the difference in pressure
can be expressed from Laplace’s equation:

AP ~ 2 yrt (3)
where y is the surface tension of water and r is the mean capillary radius. By
joining equations (1), (2) and (3) the following expression is obtained for the

calculation of the barodiffusion coefficient for an equalized process and a body of
small size:

Dy = (29)71 (Det — D) ACr. 4)
Using experimentally determined values of Der, D, AC, 7 and y at T = 293 K,
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the barodiffusion coefficient value for the given water-saturated porcelain mix was
expressed as follows [1]:
Dp = 1.5 X104 m2s~1Pa~1. (8)

The present study had the aim to verify experimentally the reliability of Dj
calculation using the procedure outlined above, i.e. to work out a method for
a reliable determination of the barodiffusion coefficient.

DETERMINING THE BARODIFFUSION COEFFICIENT
BY SUCTION OF WATER THROUGH A LAYER OF GRANULAR
MATERIAL

A pressure and moisture gradient is developed inside the body L in length under
isothermal conditions when water is sucked through unidimensionally. The process
acquires a steady state after a certain period of time, i.e. h = const. and the volume
flow of moisture through the body is described by the equation [2]:

h = —D(dC/dx) — (D}/P) (dP/dx). (6)

When D and Dy, are constant, solution of (6) for the conditions:
x=O,C=Cl,P=P1'

x=L,O=Cz'P=P2 (7)

yields:
Dj, = (D(Cy — C;) — hL)/In (P2/Py), (8)
and the pressure and moisture profile in the body has the form:
P — P exp ((—=z In (Pi/P3))/L), (9)
C=C—((CL—Cy) 2)/L. (10)

When the mean integral pressure is defined as:

L
P = L1 Pdz, (11)
0

then by joining (9) and (11) and by subsequent integration, the following equation
ts obtained for the mean pressure:

D — (P, — P,)/In (P1/P>). (12)

The barodiffusion coefficient value can then be related to the medium pressure.
Equations (9) and (10) therefore indicate that at steady state, a linear moisture
distribution and an gxponential pressure distribution occursin a body in an equaliz-
ed state.

Determination of the barodiffusion coefficient is based on a substitution of
capillary barodiffusion for diffusion of water in an external pressure field. It is
assumed that on achieving a steady state flow of water through the body, the
values of the pressure gradient due to the external pressure field become equalized
with the capillary pressure gradient. The overall volume flow of moisture is then
given by the expression:

' h = h,+ hy, : (13)

2 Silikaty ¢. 1, 1984



Barodiffusion of Water in Ceramic Miz

where h. is the moisture flow due to the moisture gradient and h; is either the
moisture flow due to capillary barodiffusion or that due to an external pressure
gradient. In the respective experiment, it is necessary to comply with the con-
dition that both the body and its surface are saturated with water. If the body
surface were not saturated with water, the overall volume flow of moisture would
be given by the equation:

h = hc + hm + hpz: (14)

where hpy; would be the moisture flow due to an external pressure field and hy,
would then be the moisture flow due to capillary suction at the non-saturated
body surface. The further conditions for the determination of D, are as follows:
(i) attainment of a steady state, i.e. h = const, and the possibility to determine h.
(ii) an isothermal medium and experimental maintenance of unidimensional con-
ditions, (iii) determination of P;, P; and C; and C, corresponding to conditions (7).
On the basis of these conditions the authors designed an apparatus shown schema-
tically in Fig. 1. A cylindrical body 2 cm in diameter and 1 ¢m in length, prepared
by drawing on a vacuum auger, is coated with a lacquer so that the two bases

Fig. 1. Schematic diagram of the apparatus for measuring the barodiffusion coefficient of water

tn a ceramic body,; 1 — thermostat, 2 — vessel with water, 3 — stopper, 4 — thermomneter, 5 — water

stock vessel, 6 — pipette, 7 — glass tube, 8 — frit, 9 — body, 10 — washing bottle, 11 — manometer,
12 — suction pump.

only permit exchange of moisture with the environment. The unidimensionality
of moisture transfer is ensured in this way. Fig. 1 shows that one of the bases of
body 9 rests on frit 8 and the joined surroundings are insulated with paraffin
wax. The entire system is placed in vessel 2 with water kept in thermostat 1.
Through stopper 3 of vessel 2, water is supplied from water stock vessel § (burette),
and there is thermometer 4 and pipette 6 which measures the changesin the volume
of water in the system due to sucking the water through the body. The suction is
effected by underpressure provided by suction pump 12 via washing vessel 10.
The pressure P; is read on manometer 11. The piping 7 between the frit and vessel
10 maintains water around the frit, thus keeping it water-saturated and in this
way ensuring saturation of one body base surface. Because the body is situated
in water, the surface of the other body base is likewise water-satured so that the
experiment conforms to the validity of equation (13). The value of P, corresponds

Silikaty & 1, 1984 3



J. Havrda, F. Oujiti, M. Zitkové:

to atmospheric pressure. Following attainment of a steady state, when the volume
rate of flow of water V has been read, the moisture profile in the body is determined
by cutting it in the direction z into slices 2 mm in thickness. The volume moisture
contents C; and C; are then expressed from an approximation of the moisture
profile using the linear dependence according to equation (10).

RESULTS

Using the procedure outlined above, the moisture profile was measured in a
ceramic mix body with an elevated content of «—Al,03 at 293 K. The measurement
was carried out 10 times. The external pressure value was P; &~ 0.1 MPa. The
volume moisture flow h was calculated from the equation h = V/F, where F
is the surface area of the body base. A typical moisture profile is shown in Fig. 2.
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Fig. 2. Distribution of moisture in the body.
Table I
A list of experimental data and calculated values
of the barodiffusion coefficients of water
Measu- Py P hx107 o C, Dpl10w
rement Pa Pa ms™! m?m~3 m3m™3 m2s~1 Pa~1
number
1 666.6 19 823 1.90 0.4098 0.3780 1.9
2 599.9 19 428 1.68 0.4241 0.3898 1.7
3 666.6 19 823 1.90 0.4185 0.3825 1.9
4 666.6 19 823 1.68 0.4200 0.3848 1.7
5 599.9 19 428 2.63 0.4093 0.3813 2.6
6 666.6 19 823 2.48 0.4115 0.3695 2.6
7 666.6 19 823 1.83 0.4125 0.3896 1.8
8 666.6 19 823 1.76 0.4081 0.3692 1.8
9 666.6 19 823 2.19 0.4105 0.3844 2.2
10 599.9 19 428 1.68 0.4026 0.3802 1.7
4
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The value of the diffusion coefficient D was calculated from its temperature de-
pendence established for the given porcelain mix by the diffusion couple method [3]:

D =15.52X101 exp (—14484 K/T) m2s-1, (15)

The barodiffusion coefficient was calculated according to the equation (8). A
survey of the experimental data and calculated values of the barodiffusion coef-
ficient from 10 measurements, related to the mean pressure P according to (12) is
listedin TableI.

DISCUSSION AND CONCLUSION

The experimental work has shown that in addition to the conditions specified
for the method above, the moisture profile in the body has to be determined in the
initial stage of the steady state. When the time of measurement is protracted, the
ceramic mix at the body base loses its initial cohesion as a result of its free contact
with water in the vessel. The process was proved to achieve its steady state within
about 1.5 hour. The destruction of the free body surface occurs after 7 hours of
measurement. Compliance with the conditions then allows the barodiffusion
coefficient of water in a saturated ceramic body in plastic state to be determined
reliably by the method suggested. For the water-saturated porcelain mix in
question, the mean barodiffusion water coefficient for 7' = 293 K has the value

Dy = (2.0 + 0.3) X 10~ m?%s-1Pa-1. (16)

A comparison of this value with the value Dp calculated for the same mixture
(cf. 1) shows a very satisfactory agreement. This means that when one knows the
mean size of the capillaries in the body, equation (4) can be utilized for estimating
the barodiffusion coefficient of water in a saturated ceramic mix.

References

[1] Havrda J., Ouji#i F.: Silikdty 26, 107 (1982).

[2] De Groot S. R., Mazur P.: Non-Equilibrium Thermodynamics. North Holland, Amsterdam
1962.

[3] Havrda J., Oujiii F.: Silikdty 26, 3, 203 (1982).

BARODIFUZE VODY V KERAMICKE SMESI

Jitf Havrda, Franti%ek Oujiti, Marie Zizkové
Katedra technologie silikdti, Vysokd §kola chemicko-technologickd, 166 28 Praha 6

Na zéklad® znalosti hodnot efektivniho diftizniho koeficientu, diftizniho koeficientu koncen-
traéni diftze, sttedniho poloméru kapildr, povrchového napétf vody a rozdilu objemovych vlh-
kosti ve vodou nasyceném porceldnovém télese v plastickém stavu je proveden vypodet baro-
difdzniho koeficientu vody. Déle je vypracovédna metoda méfeni barodifizniho koeficientu vody,
PFiniz je difize jednorozmérné. Zékladem metody je prosdvéni vody vrstvou zrnitého materidlu.
Predpoklédda se, Ze pfi rovnosti hodnot gradientu tlaku vndjsiho tlakového pole a kapilarniho
tlaku dojde ke vzniku stejného objemového toku vody tslesem. Jsou také urdeny podminky
metody pro spolehlivé stanoveni barodifizniho koeficientu. Experimentilné je stanovena jeho
hodnota ve vodou nasycené porceldnové smési pri teploté 293 K a provedeno jeji porovnénf
8 hodnotou vypoétenou.
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Obr. 1. Schéma aparatury k méfent barodﬂ'uzného koeﬁmenm vody v keramickém télese; 1 — teremostat,
2 — nddoba s vodou, 3 — zdtka, 4 — tepl dsobnik vody, 6 — pipeta, 7 — sklenénd
trubka, 6 — frita, 9 — téleso, 10 — promyvaci ldhev, 11 — manometr, 12 — vijpéva.

Obr. 2. RoziloZent vihkosti v télese.

BAPOJUOO®Y3UA BOALI B KEPAMUUECKON CMECH

Upsu TaBpya, Opanrumer Oyupsxy, Mapue jRuxkoBa

K(l¢86p(l METHON02UU CUAUKANLO8, Xumuro-mernoroeuneckuii uncmumym

166 28 IIpaea

Ha ocnoBammu pe:iuuud 3pdexrnBHoro xoaddunnenta nuddyanu, xospdunuenta Kom-
UEeHTPAIMOHHOH auddy3un, cpelHero mapamerpa KaUHIAP, UOBEPXHOCTHOTO HATHMXKEHUHA
BOMH ¥ Pasnuuua o0LeMHHIX BJIAKHOCTEH B HACHIMIeHHOM BOROH ¢apdopoBom Teile B miIac-
THYeCKOM COCTOSIHMU fpoBoiuin pacuyer Gapomuddysnonnoro rosgdunuenra soau. [amee
pa3pabaTsiBaii MeTO HsmepeHus 6apoanddysuonHoro xoapdunuenra sojn, rae qaddysun
opHopasMepra. OcHOBOH MeToxa ABJIAETCA BOJONPONMIAHHE CJI0EM 3ePHMCTOrO MaTepHaa.
Ilpenmoiaraercst, 970 Npy paBeHCTBe BeJHYHH rpajHeHTa 1aBJIeHHs BHeHIEero 6apuyecKoro
IO0JIA ¥ KaIlMJAPHOro aBJIeHMA BO3HMKaeT OlMHAaKOBOe 0ObeMHOe NpoTeKaHAe BOJALI TeJIOM.
ABTOpaMy YCTaHABIIMBAIOTCA TaKie YCJIOBHA MeToja [JIA HajJe:KHOro ompedeiieHua Gapo-
audgysnorroro xoapdunuenta. IKcnepuMeHTAaTLHEIM MyTeM YCTaHABIMBAETCA €ro Beld-
9NHA B HacHlUlleHHOH BoJo# (apdoporoil cmech mpu Temmepatype 293 K ® mposojurca ee
comocTaBileHHe ¢ PacCYHTAHHOH BeJIMYHHOIA.

Puc. 1. Czema annapamypsr 0an usmepenus 6apodugdyauonnozo xoaggduyuesma 60ds
¢ Kepamuveckom meae; 1 — mepmocmam, 2 — cocyd c 60doit, 3 — npobra, ¢ — mepso-
memp, 5 — bynxep ¢odb, 6 — nunemka, 7 — cmexaannan mpybra, 8 — Ppummea,
9 — meao, 10 — npomwigasxa, 11 — marnomemp, 12 — saryymmsiii Hacoc.

Puc. 2. Pacnpeleaerue saaxcrocma ¢ meae.

STALE SE HLEDAJI KERAMICKE ELEKTROLYTY S PROTONOVOU VODIVOSTI.
Velky hospodéfsky vyznam by mélo zavedeni uspornych metod elektrolyzy vody, jako zpusobu
skladovéni prebyteéné (zejm. nodnf) elektrické energie. Jeden z nejefektivnéjsioch zpusobu je
elektrolyza vodni pary pii teplotd 260—360 °C v &lénku, jehoz elektrolyt je z keramického ion-
tového vodide, kde by byl proud pfenéfen vodikovymi ionty. Vhodné latky, které by mély pfi
dostatetné protonové vodivosti nutnou mechanickou pevnost & Zivotnost aspoi 100 hodin
v provozu, se usilovnd hledaji. Podle citovaného pramene [1] byly zkouseny y-A100H, x-FeOOH,
SbOOH a H[H10). ** alumina (hydronium (‘‘ alumina). Zejména poslednd uvedené liétka dala
naddjné vysledky, jejf vodivost dosahovala hodnoty 1071.Q-lem-!. Nevyhovuje vdak zatim
jeji Zivotnost, nebot jiz po kritké dob¥ provozu ztrécela pevnost.

[1] Panclor S.: Novel Oxides having high protonic conductivity as electrolyte for low-temperature

vapour electrolysis. Rep. EUR 7673N (1981) (Brit. Cer. Abstr. &. 10, str. 210, 3237 (1982)).
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