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DETERMINING THE DIFFUSION COEFFICIENT OF THE LIQUID IN THE
POURING OF CERAMIC SLIPS
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Using the diffusion pair method, the value of the diffusion coefficient of the liquid was determined in the
suspension-body system, composed of fine-grained alumina. the diffusion coefficient was found to be indepen-
dent of the concentration of the liguid, and its value was 2.45 x 10~®m?s™'.

INTRODUCTION

Study of the transfer of the liquid through a ce-
ramic mix has allowed the effect of the concentration
gradient, temperature and pressure on the transfer
of liquid during various technological operations to
be expressed, and mathematical models for control
and optimizing, e.g. moisture homogenizing in a mix,
convective and resistance drying of green ware, to be
created [1). Similarly to the operations mentioned, in
applying the theory of diffusion to a quantitative de-
scription of the formation and solidification of a green
body in the formation by slip casting into a porous
mould, it is necessary to know the coefficient of dif-
fusion of the liquid through the suspension and the
body, and possibly through the porous mould. In ana-
lyzing the process, e.g. to assess whether the transfer
of the liquid is affected by the pressure gradient or
the temperature gradient, it is useful to describe first
the concentration diffusion and to determine the cor-
responding diffusion coefficient. With respect to de-
termining the diffusion coefficient it is best to choose
conditions under which grad T and grad p are zero
and thus to simplify the description of the liquid
transfer to the solution of concentration diffusion.

The diffusion coefficient can be found by the diffu-
sion pair method [2). Its application, including the
working out of the experimental arrangement for
measuring the diffusion coefficient of the liquid during
the body formation and solidification, is the subject
of the present study.

THEORETICAL PRINCIPLES OF THE METHOD

On the assumption that both the suspension and
the body can be regarded as a binary mixture of in-
compressible components, i.e. a mixture of the ce-
ramic 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):

6:C + divh = 0, (1)

where 6; is differentiation in terms of time, C is the
concentration of the liquid by volume (C = V;/V,,
where V; is the volume of the liquid and Vj is the

volume of the mix). h is the volume diffusion flow for
which it holds that

h =—-DgradC, (2)

where D is the diffusion coefficient.

If the diffusion is unidirectional and the diffusion
coefficient D is independent of the concentration, the
above balance (1) acquires the form

8,C — D6,.C =0, (3)

where 8. is the second-order differentiation with re-
spect to coordinate z. The solving of balance (3) for
initial and boundary conditions, denoting the exper-
imental arrangement of the diffusion pair method,

t=0 Cc=0C z € (0; 00) (4)
t>0 C=0C, z=0
CcC=0C z— 00 (5)

yields the following equation for calculating D in the
form [5]

(C = C)(Co = Cy)~" = erfc [z (2\/5)_1] . (6)

where z is the coordinate in the direction of diffu-
sion, C, is the concentration at the boundary of the
diffusion pair, and Cj is the initial concentration in
the part of the diffusion pair with the higher concen-
tration, and C; in the other part of the pair (Fig.
1).

When knowing the experimentally determined con-
centration profile, one can use equation (6) to calcu-
late the value of D over the concentration interval of
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Fig. 1. The diffusion pair.
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Co and C,. The concentration dependence of D can
then be established for various values of Cy and C;.

EXPERIMENTAL

The diffusion coefficient was measured for an aque-
ous suspension of a-Al;03 with a particle size over
the range (0.1 um; 0.4 pum). The electrolyte employed
allowed a suspension containing solids over the range
Co € (0.43 m®m~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 C; € (0.33 m®m=3; 0.42 m3m3). 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 C; and the other part of a suspension
with concentration Cy (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| suspension
saturated
body of-Al,0;
— 4

xa0 X

Fig. 2. Nustration of the initial conditions.

On choosing suitably Cy and Cj, a green body is
formed at the diffusion pair boundary, whose thick-
ness increases in the direction towards the suspen-
sion; concentration Cy 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. 8. A diffusion pair for determining the diffusion co-
efficient of the liquid phase.
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Fig. 4. Concentration profile of the liquid in a diffusion
pair after t = 240 s.

A typical concentration profile measured in the dif-
fusion pair after ¢t = 240 s is shown in Fig. 4 for
Ci = 0.355m®m=3 and C; = 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 1

Values of diffusion coefficients obtained by the diffusion
pair method

t Co C, D

[ | (*m~) | [0°m™] | [m?~'] | [m?’)

300 0.44 0.360 2.5x10"%

240 0.45 0.355 2.4x107% | 2.45x10™°

900 0.46 0.345 2.4x1078

900 0.47 0.335 2.5x107°
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
a-Al,O3 to be reliably determined.

2. Over the interval C € (0.33m3m~3; 0.66m3m3),
the diffusion coefficient did not depend on concentra-
tion, and its value was D = 2.45 x 10~8m?s~!.
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STANOVENI DIFUZNIHO KOEFICIENTU KAPALINY PRI
LITi KERAMIKY

MMmosLAV KovAé, JIRf HAVRDA
Ustav skla a keramiky, VSCHT Praha,
Technickd 5, 166 28 Praha 6

V prici byla pro stanoveni difizniho koeficientu kapa-
liny sttepem upravena obecna metoda difizniho paru.

Pro vodnou suspenzi jemnozrnného oxidu hlinitého
bylo zjisténo, %e difizni koeficient nezavisi na ob-
sahu elektrolytu a jeho hodnota je pfi teploté 293 K
D = 2.45x10"*m?~".

Obr. 1. Difiizns pdr.

Obr. 2. Zndzornént poldteéni podminky.

Obr. 8. Difiizni pdr pro stanoveni difiizniho koeficientu
kapalné fdze.

Obr. 4. Koncentraéni profil kapaliny v difiznim pdru po
t = 240 s.

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 materidld pro elektroniku (Sbornik
mezinarodni konference o chemii keramickych materidli
pro elektroniku, ktera se konala 17.-22. srpna 1990 v Jac-
kson ve stité Wyoming). Editoti: Peter K. Davies, Ro-
bert S. Roth, asistentka editori: Mary A. Clevinger. Vy-
dal Technomic Publishing Company Inc. 851 New Holland
Avenue, Box 3535, Chancaster, Pennsylvania 17604, USA;
Technomic Publishing AG, Missionsstrasse 44, CH-4055
Basel, Switzerland, format A4, 521 stran.

Cilem konference bylo sledovat vyvoj v rychle se méni-
cim interdisciplindrnim odvétvi a vytvotit most mezi &is-
tou chemii anorganickych litek a mezi fyzikdlnimi a elek-
trickymi vlastnostmi keramiky. Jedndni se zi¢astnilo 78
odbornikd z univerzit, laboratoti i primyslu. Asi jedna
tietina jich pftijela z 10 zemi svéta. Na tispésné konferen-
ci bylo ptedstaveno 18 vyiidanych ptednasek, 10 stnich
sdéleni a 37 posterovych sdéleni. Viechny tyto prace jsou
uvedeny ve sborniku ve velmi dobrém uspotadani a s vyso-
kou vypovidaci iéinnosti. Za ptedndskami a dstnimi sdé-
lenimi je uveden velmi piehledny zdznam diskuse, ktera
ddle osvétluje nékteré detaily ptednesené prace.

Sbornik je rozdélen do 7 tématickych celkd. Prvni je
vénovdn dielektrickym materidlim. Ve vyzidanych pted-
nadskdch bylo pojedndno o chemickych reakcich, které #i-
di mikrostrukturu a vlastnosti feroelektrické keramiky,
zejména BaTiO,, dile o chemii a vlastnostech teplot-
né kompenzovanych mikrovilnnych dielektrik pro vino-
vy pas 0,4-30 GHz. Jsou to hlavné (ZrSn) (TiSn)O,
Ba;TipO20, BaTi;O9, BaLmTiO, (Lm = Nd, Sm), a pe-

rovskity Ba;Ta;MeO, (Me = Zn, Mg). Dalsi tii vyia-
dané pfednadky byly zaméieny na studium nelinearity
v elektronice, konkrétné u laditelnych pfevodniki, struk-
turni a elektronické vlastnosti perovskiti a feroelektrické
a feroelastické doménové struktury v piezokeramice typu
BazNaszOls, Pb(Zn-,Ti,)03+6 mol. % Nb03. )

Pitedmétem dalsich kratsich praci jsou kationtovd sub-
stituce v BaTiO3 keramice pro vicevrstvé laminované
kondenzitory, slinovani BaTiOs s 0,5-3 hm. % LiF pH
850°C do relativni hustoty p > 98%, prostorovd analy-
za feroelektrika Pb(Mg;/aNb;/3)O3 neutronovou prasko-
vou difrakci, mechanismus vzniku perovskitové keramiky
Pb(Niy /3Nby/3)O03 pro (MLC) mnohovrstvové kondenzi-
tory, ptiprava submikronovych praskd perovskiti a py-
rochlorovych struktur tzv. reaktivni kalcinaci.

Druhd ¢&ast: Nizkoteplotni syntézy a charakterizace ob-
sahuje: Piipravu praskd a tenkych vrstev supravodi¢d
YBa;Cu3O7-5 hydrolyzou roztokd alkoxidd (CsH:02)-
Cuz(ﬂ-OCHzCHQOCHa)z 8 Ba(CCH:CHzOCHa)z
a Y(OCH,CH,0CHa)3, ptednddku o molekularni chemii
a syntézach prekurzorit keramickych materidld pro elekt-
roniku, ddle o nové cesté ziskiavdni katalytickych a lu-
miniscenénich materidli iontovou vyménou vrstevnaté
H3SbaP20,4.z2H20 a o piipravé smésnych a metastabil-
nich oxidd napi. nizkoteplotni syntézou, o polymernich
syntézach perovskitovych praski a filmi a elektrodepozici
nanomodulovanych tenkych vrstev, pouziti multinukledr-
ni NMR v pevné fdzi k vyzkumu soli Ti a Zr a keramickych
prekurzord.

Tteti &dst: Syntézy v pevném stavu a charakteri-
zace sdruiuje prdce vénované vlastnostem smésnych
oxidi uranu, struktufe, elektrickym a magnetickym
vlastnostem Nd;—:M:NiO4s (M=Ca®*, Ba?t), syntéze
La;_.SrTiO; (0 < z < 0,05) tavenim SrTiOs a LaTiO,
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pod argonem, sledovdny byly ddle reakce BaO,_: s Au
a Ag, vlastnosti krystali oxidi ptechodnych kovi pésto-
vané z borité taveniny, kinetika a mechanismus krystali-
zace cordieritu ze spinelu a koloidniho SiO; v ptitomnosti
2% at. Bi;O;.

Ctvrta ¢dst: Krystalovd chemie pojedniva o perovski-
tu s obsahem Fe*t, Ni®* a Cu?*, substituci Mn?*, Fe?t,
Mgt za Lit a Fe®t za Lit a W8+ za Nb®* v LiNbO3,
o nitridech a hydridech alkalickych zemin, difizi kysliku
v tetragonalnim polykrystalickém ZrO; dopovaném Y203
pii 600 - 800°C, coz souvisi se superplasticitou, o kysliko-
vé nestechiometrii La,CuO4 a Nd2CuOyq, o vlastnostech
Ruddlesden-Popperovych fizi Any1MnOany1 (piin =1,
napi. LazCuOy).

Nejrozsahlejsi kapitolou je &ast 5. Supravodi¢e. Obsa-
huje celkem 15 praci. Vyzidané ptedndsky jsou zaméieny
na mikrostrukturu a krystalovou chemii vysokoteplotnich
supravodi¢d. Dile jsou zde prace vénované pohybu ¢&i ak-
tivité kysliku s ohledem na vlastnosti a fizovou stabilitu
slou¢enin nebo jejich defekty, zméien byl diftizni koefi-
cient kysliku v polykrystalickém YBaz;Cu3O7_, pfi poko-
jové teploté D = 4£2.1072 cm? /s, zkoumény byly fizové
separace v Nd;_;Ce;CuO4 (0 < z < 0,25), nové slou-
&eniny se strukturou NaCuO; s prvky vzdcnych zemin,
provedena byla termodynamickd a kalorimetrickd mére-
ni v soustavé Y-Ba-Cu-O, syntéza supravodi¢i bez Ba
o slozeni (Eu,Ce)4(Eu,Sr)4Cus—2M;:07 (M: Fe, Co, Al).
Dile jsou zde piispévky o moznostech substituce Co(Fe)
v YBa;Cu3aO7_s, o elektrokrystalizaci vysoce krystalic-
kych vrstev ze soustavy Ba-K-Bi-O, o strukturni hustoté

perovskitu s deficitem kysliku a o novych perovskitech
LaCuO3_;s ptipravenych naopak pii vysokém tlaku kysli-
ku.

Sestou &dsti je kapitola: Chemie povrchu. Studovéna
je povrchova energeticka bariéra tvotend adsorpci kysliku
v pérovitém ZnO. Zjistilo se, ze ptidavkem CaO do péro-
vitého ZnO se zvysi chemisorpce kysliku. Dile jsou pied-
métem zajmu povrchové elektrické vlastnostj BaTiOs pti
stoupajicl teploté a moznosti vzniku nestechiometrie na
povréich monokrystali ZnO a TiO, pii jejich é&isténi pii
600-700°C (2h) a vysokém vakuu. K tomu byla vyuzita
skanovaci tunelovd mikroskopie.

Posledni sedma &dst sborniku: Teorie a modelovani shr-
nuje 3 vyzidané ptednasky a 3 sdéleni. Ty prvni pojed-
ndvaly o faktorech uréujicich permitivitu oxidi a fluori-
dd, vnitini napjatosti v materidlech ptibuznych perovski-
tu a empirickych metodich v chemii oxidovych krystali.
Sdéleni byla vénovina poéitatovym simulacim elektronic-
ké keramiky, substituci Cu dopantu v YBa;Cu3O7 a mo-
lekulirnimu pohybu Sr?* a smésnych Nat + Ba?* a Na*t
+ Sr?* jontd v F-aluminé pti teplotich 400°C a Nat +
Ba?t pii 927°C.

Sbornik obsahuje také rejstiik autori a WGcéastnikid
konference.

Sbornik dokumentuje siroky zdbér sou&asného vyvoje
keramiky pro elektroniku, ptindsi fadu novych poznatki,
seznamuje s novymi postupy a metodami a v mnoha smé-
rech také tiidi a sumarizuje dosavadni poznatky. Je moiné
jej doporuéit véem, kteii se zabyvaji moderni keramikou
pro elektroniku.

V. Hanykyr
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