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DETERMINING THE DIFFUSION COEFFICIENT OF THE LIQUID IN THE 
POURING OF CERAMIC SLIPS 
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Uaing the diffuaion pair method, the value of the diffwion coeffic ient of the liquid waa determined in the 
auapenaion-body ayatem, compoaed of fine-grained alumina. the diffuaion coefficient waa found to be indepen­
dent of the concentration of the liquid, and it, value waa !J.,45 X 1fT8m2 ,-l. 

INTRODUCTION volume of the mix). h is the volume diffusion flow forwhich it holds that Study of the transfer of the liquid through a ce-ramic mix has allowed the effect of the concentration h = -D grad C, (2)
gradient, temperature and pressure on the transfer of liquid during various technological operations tobe expressed, and mathematical models for controland optimizing, e.g. moisture homogenizing in a mix,convective and resistance drying of green ware, to becreated [l]. Similarly to the operations mentioned, in
applying the theory of diffusion to a quantitative de­
scription of the formation and solidification of a greenbody in the formation by slip casting into a porousmould, it is necessary to know the coefficient of dif­fusion of the liquid through the suspension and thebody, and possibly through the porous mould. In ana­
lyzing the process, e.g. to assess whether the transferof the liquid is affected by the pressure gradient orthe temperature gradient, it is useful to describe firstthe concentration diffusion and to determine the cor­responding diffusion coefficient. With respect to de­termining the diffusion coefficient it is best to chooseconditions under which grad T and grad p are zeroand thus to simplify the description of the liquidtransfer to the solution of concentration diffusion. 

The diffusion coefficient can be found by the diffu­sion pair method [2]. Its application, including theworking out of the experimental arrangement formeasuring the diffusion coefficient of the liquid duringthe body formation and solidification, is the subjectof the present study. 
THEORETICAL PRINCIPLES OF THE METHOD 

On the assumption that both the suspension andthe body can be regarded as a binary mixture of in­compressible components, i.e. a mixture of the ce­ramic material and the liquid or electrolyte (i.e. a li­
quid with deflocculator), then the following mass bal­
ance holds under isothermal conditions [3, 4]:
Ot C + div h = 0, (1) 

where Ot is differentiation in terms of time, C is theconcentration of the liquid by volume {C = ¼/V,, 

where D is the diffusion coefficient. 
If the diffusion is unidirectional and the diffusioncoefficient D is independent of the concentration, theabove balance ( 1) acquires the form 

(3) 

where Ou is the second-order differentiation with re­spect to coordinate z. The solving of balance (3) forinitial and boundary conditions, denoting the exper­imental arrangement of the diffusion pair method, 
t=O C=C1 zE(O;oo) (4) 
t > 0 C = c. x = 0 

C = C1 X - 00 (5)
yields the following equation for calculating D in theform [5] 
(C- C.)(Co - C.)-

1
= erfc [x ( 2vnt)-

1] , (6)
where z is the coordinate in the direction of diffu­sion, C, is the concentration at the boundary of the diffusion pair, and Co is the initial concentration in the part of the diffusion pair with the higher concen­
tration, and C1 in the other part of the pair (Fig.
1). When knowing the experimentally determined con­centration profile, one can use equation (6) to calcu­late the value of D over the concentration interval of

liquid­
saturated 
body 

C suspension 

I( 

where ¼ is the volume of the liquid and V, is the Fig. 1. The diffuaion pair.
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Co and C,. The concentration dependence of D can 
then be established for various values of Co and C,. 

EXPERIMENTAL 

The diffusion coefficient was measured for an aque­
ous suspension of o-Ah03 with a particle size over 
the range (0.1 µm; 0.4 µm). The electrolyte employed 
allowed a suspension containing solids over the range 
Co E (0.43 m3m-3 ; 0.66 m3m-3) to be prepared. 
The green body prepared thereof met the require­
ments of a binary mixture over the concentration 
range C1 E (0.33 m3m-3 ; 0.42 m3m-3). The general 
diffusion pair method was modified for the determi­
nation of the diffusion coefficient according to Figs. 2 
and 3. At time t = 0, one part of the diffusion pair 
consists of a liquid-saturated body with homogeneous 
concentration C1 and the other part of a suspension 
with concentration Co (cf. Fig. 3). A homogeneous 
distribution of the liquid in the body was ensured by 
homogenizing the liquid in the body for 24 hours in 
a medium of 100% relative humidity. 

liquid C 1U1pen1ian 
saturated 
body of•Al20:J 

-------tc, 

Fig. 2. lllu,tration of the initial condition,. 

On choosing suitably Co and C1, a green body is 
formed at the diffusion pair boundary, whose thick­
ness increases in the direction towards the suspen­
sion; concentration Ck is on the surface of the form­
ing body [6]. The concentration profile C = C(z, t) 
is determined by cutting up the body at time t. The 
diffusion coefficient is then calculated from the profile 
obtained by means of equation (6). 
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Fig. S. A diffu,ion pair for determining the diffwion co­
efficient of the liquid pha,e. 
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Fig. ,4. Concentration profile of the liquid in a diffu,ion 
pair after t = 2,40 ,. 

A typical concentration profile measured in the dif­
fusion pair after t = 240 s is shown in Fig. 4 for 
C1 = 0.355m3m-3 and Co = 0.43m3m-3. 

Concentration profiles similar in character were 
also obtained from various other initial concentra­
tions. The values of diffusion coefficients for the dif­
fusion pairs measured are listed in Table I. 

Table I 

Values of diffusion coefficients obtained by the diffusion 
pair method 

t Co C1 D D 

[11] [m3m-3] [m3 m-3] [m2S-l] [m2s-1]

300 0.44 0.360 2.5x10-8

240 0.45 0.355 2.4 X 10-8 2.45xl0-8
900 0.46 0.345 2.4x10-s

900 0.47 0.335 2.5x10-s

CONCLUSION 

The following conclusions can be formulated on the 
basis of the results of the experimental measurements: 
1. The experimental arrangement of the diffusion pair
method allowed the diffusion coefficient of the li­
quid in an aqueous suspension and a green body of
o-Al203 to be reliably determined.
2. Over the interval C E (0.33m3m-3

; 0.66m3m-3),
the diffusion coefficient did not depend on concentra­
tion, and its value was D = 2.45 x 10-8m2s-1.

References 

[I] Havrda J., Gregorova. E., Oujiti F.: Ceramics-Silikaty
3,4, 111 (1990).

[2] Havrda J., Oujiti F.: Silikaty !l5, 193 (1981).

Ceramics - Silikaty c. 4, 1992 



Determining the Diffwion Coefficient of the Liquid in the Pouring of Ceramic Slip& 207 

[3] Samohyl I.: Rational Thermodynamic& of Chemically
Reacting Mixture& (in Czech), Academia, Prague
1982.

[4] Hrma P.: Chemicke listy 69, 1229 (1975).
[5] Crank J.: The Mathematic& of Diffu&ion, Claredon

Press, Oxford 1964.
[6] Kovac M., Havrda J.: Ceramics-Silikaty (1992), in

press.

STANOVEN( DIFUZN(HO KOEFICIENTU KAPALINY P�I 
LIT! KERAMIKY 

MIROSLAV KOVAC, Ju\f HAVRDA 

U,tatJ ,kla a keramiky, VSCHT Praha, 
Technicka 5, 166 !8 Praha 6 

V pra.ci byla pro stanoveni difuznilio koeficientu kapa­
liny sttepem upravena obecna metoda difuznilio paru. 

Pro vodnou suspenzi jemnozrnneho oxidu hliniteho 
bylo zjisteno, ze difuzni koeficient nezavisi na ob­
sahu elektrolytu a jeho hodnota je pfi teplote 293 K 
D = 2.45x 10-•m2s-1

. 

Obr. 1. Dijuzn{ par. 
Obr. 2. Znazornen{ pocatecn{ podminky. 
Obr. 9. Dijuzn{ par pro ,tanotJen{ difuzn{ho koeficientu 

kapalne faze. 
Obr. ,4. K oncentracn{ profil kapaliny " difuzn{m paru po 

t = 140 8. 

Recenze knih 

CHEMISTRY OF ELECTRONIC CERAMIC MATERIALS 
(Proceedings of the International Conference on the Che­
mistry of Electronic Ceramic Materials, August 17.-22. 
1990, held at Jackson, Wyoming). 
Chemie keramickych materiahi pro elektroniku (Sbornik 
mezinarodni konference o chemii keramickych materiahl 
pro elektroniku, ktera se konala 17.-22. srpna 1990 v Jac­
kson ve state Wyoming). Editoti: Peter K. Davies, Ro­
bert S. Roth, asistentka editord: Mary A. Clevinger. Vy­
dal Technomic Publishing Company Inc. 851 New Holla.nd 
Avenue, Box 3535, Chancaster, Pennsylvania 17604, USA; 
Technomic Publishing AG, Missionsstrasse 44, CH-4055 
Basel, Switzerland, format A4, 521 stra.n. 

Cilem konference bylo sledovat vyvoj v rychle se meni­
dm interdisciplinarnim odvetvi a vytvotit most mezi cis­
tou chemii anorganickych latek a mezi fyzikalnimi a elek­
trickymi vlastnostmi keramiky. Jednani se zucastnilo 78 
odborniku z univerzit, laboratoti i prumyslu. Asi jedna 
ttetina jich ptijela z 10 zemi sveta. Na uspesne konferen­
ci bylo ptedstaveno 18 vyza.danych ptednasek, 10 ustnich 
sdeleni a 37 posterovych sdeleni. Vsechny tyto prace jsou 
uvedeny ve sborniku ve velmi dobrem uspota.dani a s  vyso­
kou vypovidaci ucinnosti. Za ptednaskami a ustnimi sde­
lenimi je uveden velmi pfehledny zaznam diskuse, ktera 
dale osvetluje nektere detaily ptednesene prace. 

Sbornik je rozdelen do 7 tematickych celkd. Prvni je 
venovan dielektrickym materialdm. Ve vyzadanych pted­
na.skach bylo pojedna.no o chemickych reakdch, ktere ti­
di mikrostrukturu a vlastnosti feroelektricke keramiky, 
zejmena BaTi03, dale o chemii a vlastnostech teplot­
ne kompenzovanych mikrovlnnych dielektrik pro vlno­
vy pas 0,4-30 GHz. Jsou to hlavne (ZrSn) (TiSn)04, 
Ba2Ti9020, BaT409, BaLmTiOn (Lm = Nd, Sm), a pe-
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rovskity B&JTa2Me09 (Me = Zn, Mg). Daisi tfi vyza­
dane pfednasky byly zameteny na studium nelinearity 
V elektronice, konkretne U laditelnych pfevodnfku, struk­
turni a elektronicke vlastnosti perovskitu a feroelektricke 
a feroelasticke domenove Struktury V piezokeramice typu 
Ba2NaNb2015, Pb(Zr1-z Ti.,)Oa+6 mol. % NbQ3 . 

Ptedmetem da.lsich kratsich prad jsou kationtova sub­
stituce v BaTiOa keramice pro vicevrstve laminovane 
kondenzatory, slinovani BaTi03 s 0,5-3 hm. % LiF pti 
850°C do relativni hustoty p > 98%, prostorova a.naly­
za feroelektrika Pb(Mg1/aNb21a)Oa neutronovou prasko­
vou difrakd, mechanismus vzniku perovskitove keramiky 
Pb(Ni113N�13)0a pro (MLC) mnohovrstvove kondenza­
tory, ptiprava submikronovych pra.sku perovskitu a py­
rochlorovych struktur tzv. reaktivni kalcinaci. 

Druha cast: Nizkoteplotni syntezy a charakterizace ob­
sahuje: Ptipravu praskd a tenkych vrstev supravodicu 
YBa2Cua01-6 hydrolyzou roztoku alkoxidu (C5H102)­
Cu2(µ-0CH2CH20CHah s Ba(CCH2CH20CHa}2 

a Y(OCH2CH20CHa)a, ptednasku o molekularni chemii 
a syntezach prekurzorii keramickych materialu pro elekt­
roniku, dale O nove ceste ziskavani katalytickych a lu­
miniscencnich materialu iontovou vymenou vrstevnate 
HaSbaP20a.xH20 a o ptiprave smesnych a metastabil­
nich oxidu napt. nizkoteplotni syntezou, o polymernich 
syntezach perovskitovych prasku a filmu a elektrodepozici 
nanomodulovanych tenkych vrstev, pouziti multinuklear­
ni NMR v pevne fazi k vyzkumu soli Ti a Zr a keramickych 
prekurzoru. 

Tteti cast: Syntezy V pevnem stavu a charakteri­
zace sdruzuje pr.ice venovane vlastnostem smesnych 
oxidu uranu, struktute, elektrickym a magnetickym 
vlastnostem Nd2_.,M.,NiOH6 (M=Ca2+, Ba2+ ), synteze 
La1-sSrTiOa (0 $; x � 0, 05) tavenim SrTi03 a LaTi03 
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pod a.rgonem, sledova.ny byly dale reakce Ba02-s s Au 
a Ag, vlastnosti krystahi oxidu pfechodnych kovu pesto­
vane z borite taveniny, kinetika a m.echanismus krystali­
zace cordieritu ze spinelu a koloidniho Si02 v pfitomnosti 
2% at. 8h03. 

Ctvrta. ca.st: Krystalova. chemie pojedna.va. o perovski­
tu s obsahem feH , NiH a Cu2+ , substituci Mn2+ , Fe2+ , 
Mg2 + za u+ a Fe3+ za u+ a ws+ za Nb5+ 

V LiNb03,
o nitridech a hydridech alkalickych zemin, difuzi kysh'lcu
v tetragona.lnim polykrystalickem Zr02 dopovanem Y203
pti 600 - 800°C, coz souvisi se superplasticitou, o kysliko­
ve nestechiometrii La2Cu04 a Nd2CuOt, o vlastnostech
Ruddlesden-Popperovych fa.zi An+1Mn03n+1 (pti n = 1,
napt. La2Cu04).

Nejrozsa.hlejsi kapitolou je ca.st 5. Supravodice. Obsa­
huje celkem 15 praci. Vyza.dane ptedna.sky jsou zamefeny 
na mikrostrukturu a krystalovou chemii vysokoteplotnich 
supravodicu. Dale jsou zde prace venovane pohybu ci ak­
tivite kysliku s ohledem na vlastnosti a fa.zovou stabilitu 
sloucenin nebo jejich defekty, zmeten byl difuzni koefi­
cient kysliku v polykrystalickem YBa2CuaOr-1 pi'i poko­
jove teplote D = 4 ± 2. 10-2 cm2 /s, zkouma.ny byly fa.zove
separace v Nd2-sCesCu04 (0 $ z $ 0, 25), nove slou­
ceniny se strukturou N aCu02 s prvky vzacnych zemin, 
provedena byla termodynamicka. a kalorimetricka. mete­
ni v soustave Y-Ba-Cu-0, synteza supravodicu bez Ba 
o slozeni (Eu,Ce).(Eu,Sr)tCUs-.zMsOr (M: Fe, Co, Al).
Dale jsou zde pfispevky o moznostech substituce Co(Fe)
v YBa2Cua01-6, o elektrokrystalizaci vysoce krystalic­
kych vrstev ze soustavy Ba-K-Bi-0, o strukturni hustote

perovskitu s deficitem kysliku a o novych perovskitech 
LaCuOa-6 pfipravenych naopak pfi vysokem tlaku kysli­
ku. 

Sestou ca.sti je kapitola: Chemie povrchu. Studova.na 
je povrchova energeticka ba.riera tvotena. adsorpd kysliku 
v p6rovitem ZnO. Zjistilo se, ze ptidavkem CaO do p6ro­
viteho ZnO se zvysi chemisorpce kysliku. Dale jsou pted­
metem zajmu povrchove elektricke vlastnosti BaTiOa pti 
stoupajid teplote a moznosti vzniku nestechiometrie na 
povriich monokrystalu ZnO a Ti02 pti jejich cisteni pti 
600-700° C (2h) a vysokem vakuu. K tomu byla vyuzita
skanovad tunelova. mikroskopie.

Posledni sedma. ca.st sborniku: Teorie a modelova.ni shr­
nuje 3 vyza.dane ptednailky a 3 sdeleni. Ty prvni pojed­
navaly o faktorech urcujidch permitivitu oxidu a fluori­
du, vnittni napjatosti v materialech ptibuznych perovski­
tu a empirickych metodach v chemii oxidovych krystalu. 
Sdeleni byla venovana pocitacovym simulacim elektronic­
ke keramiky, substituci Cu dopantu v YBa2Cu301 a mo­
lekula.rnimu pohybu Sr2+ a smesnych Na+ + Ba2+ a Na+ 

+ Sr2+ iontu V P-alumine pti teplotach 400°C a Na+ +

Ba2+ pti 927° C. 
Sbornik obsahuje take rejsttik autoru a ucastniku 

konfe11ence. 
Sbornik dokumentuje siroky za.ber soucasneho vyvoje 

keramiky pro elektroniku, ptinasi tadu novych poznatku, 
seznamuje s novymi postupy a metodami a v mnoha sme­
rech take ttidi a sumarizuje dosavadni poznatky. Je mozne 
jej doporucit vsem, kteti se zabyvaji moderni keramikou 
pro elektroniku. 

V. Hanykyi'
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