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For the purpose of mathematical modelling of the green body formation and solidification process, the charac-
teristic concentrations of the suspension or slip were determined in the decisive stages of pouring into porous
moulds, namely the initial concentration, the coagulating concentration and the body solidification one. The
method developed was used to determine the characteristic concentrations for an aqueous suspension of a-

Al20s.

SELECTION OF THE CHARACTERISTIC
CONCENTRATIONS

Mathematical modelling of the forming technology
of slip casting into porous moulds involves the use of
concentrations characteristic of the given operation,
that is formation of a crust or body of the desired
thickness, and its solidification [1-4].

The characteristic quantities should describe well
the state of the ceramic mix, and be readily mea-
surable. For this purpose, use can be made of slip
concentrations in the decisive phases of the casting
technology.

The first one is Cp, describing the initial state of
the suspension, i.e. the content of liquid in the mix
as prepared.

The second step is represented by the slip-body
convesrsion. This involves a considerable decrease in
the content of the liquid phase. Rheologically, the lig-
uid turns into a viscoplastic material, that is the vis-
cosity and flow properties change significantly. The
liquid content in the mix, at which the body is formed,
is characterized by the so-called coagulating concen-
tration C.

On describing mathematically the body forming by
pouring into porous moulds by means of the diffusion
theory, the Cy and Cx concentrations are used as the
initial and boundary conditions in the resolving of
transfer equations. In addition to these two, also the
concentration Cs, defining the liquid content at the
body-mould interface, is employed. Another charac-
teristic concentration, C,, describes the state at which
the body is capable of keeping its given shape and
has acquired a green strength sufficient for removing
it from the mould [5]. C, characterizes the condition
of the body on its separation from the mould and in-
terruption of liquid flow into the mould. On introduc-
ing the assumption that this separation results from
body shrinkage, then the C, concentration describes
the content of liquid in the body at the moment the
changes in body volume are over.

THE METHOD OF DETERMINING THE COAGULATING
CONCENTRATION

The method of Cy determination is based on the
assumption that the suspension is an incompressible
isotropic liquid characterized generally by apparent
viscosity u,. On attainment of Ck, the decrease of
the liquid phase content in the suspension will result
in a steepwise increase in apparent viscosity accord-
ing to equation u, = f(C), corresponding to the con-
version of the liquid to a viscoplastic material. This
transition must also result in a significant decrease of
volume flow V, in terms of the concentration of liquid
in the suspension. The V = V/(C) relationship can be
determined by means of a viscometer cup for various
concentrations C.

The relationship p, = f(C) can be established by
using a rotary viscometer with two coaxial cylinders.
The apparent viscosity is calculated from the exper-
imental dependence of the deformation rate gradient
" on shear stress T', using the equation

py = T/T (1)

for a certain value of T.

THE METHOD OF DETERMINING THE BODY
SOLIDIFICATION CONCENTRATION

The method for C, determination is based on the
assuption that C, corresponds to a body in which
the shrinkage has already been concluded. It consists
of measuring the relationship between relative body
shrinkage and liquid concentration, according to the
equation
a=(lo—1(t)) x 100/1o, (2)
where g in the initial body thickness and 1(t) is the
body thickness at time t. The a = a(C) dependence
can be established by drying the body at a rate iden-
tical with the surface flux of liquid occurring during
the body solidification in a porous mould.
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content w, i.e. w = my,/mg, where mp, is the weight
X of the liquid phase and mg that of the solid phase,
Fa ’ 2 1 has the form
0 C=wlm/ps)+w]™" (4)
90 o where pp, is the density of the liquid phase and ps is
A that of the solid phase p; = 3490 kg m~3.
60 DETERMINATION OF THE COAGULATING
CONCENTRATION Cx FROM THE VISCOSITY AND
30 VOLUME FLOW MEASUREMENTS
. o ) ) In the case of coagulating concentration, the a-
50 100 90 1000 1500 r /S Al;03 suspension was measured on the Rheotest 2,

Fig. 1. Shear stress vs. deformation rate gradient.

1-C =06280m*m=>; 2-C =0.5677m°m™>;
8-C = 04962 m°m™3; 4-C =04803m°m~°;
5-C = 04637Tm°m™2; 6 -C = 0.4420 m®®m~>.
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Fig. 2. Dynamic viscosity vs. concentration of the liquid

phase in the suspension.

EXPERIMENTAL DETERMINATION OF THE
CHARACTERISTIC CONCENTRATIONS

The characteristic concentrations were measured
on an aqueous suspension of a-Al,O3 with a parti-
cle size over the interval of (0.1 pum; 0.4 um). The
electrolyte (deflocculating agent) employed allowed
a high-grade suspension containing 82 wt. % of solids
to be prepared, i.e. with Cg = 0.53 m3m~3. The mea-
surements were carried out with suspensions over the
solids content interval of (70 wt. %; 84 wt. %). The
content of the liquid phase in the suspension or body
or gypsum mould is expressed by volume concentra-
tion C, defined by the equation.

C =W/, (3)

where V1, is the volume of the liquid phase and Vi
is the volume of the mix. The relationship between
volume concentration C and the absolute moisture

type RV 2 rotary viscometer with two coaxial cylin-
ders, over the deformation rate gradient range I' €
(0.3s71; 1312 s71).

The experimental relationships 7 = 7(I') for the
suspensions with various C are plotted in Fig. 1.

The linear source of the dependence shown in Fig. 1
indicates that over the interval in question, the flow
behaviour of the suspensions corresponds to the rhe-
ological behaviour of a Newtonian liquid. In that case
the suspensions can be characterized by dynamic vis-
cosity p constant for a given suspension over the en-
tire gradient of the deformation rate gradient. The y
evaluated according to the equation

p = dT/dT (5)

in terms of the content of the liquid phase in the
suspension, C| is plotted in Fig. 2.

The volume flow of the suspension was measured on
a cup viscometer of 0.3-litre capacity. The resulting
relationship V = V(C) is plotted in Fig. 3.

The relationships shown in Figs 2 and 3 indicate
that the slip viscosity begins to rise at C < 0.4962
m®m~3. The flow behaviour of a Newtonian liquid is
retained over the concentration interval C € (0.425

10

0.40 050 0.60 c/md m?

Fig. 3. Volume rate of flow of suspension vs. concentration
of the liquid phase.
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Fig. 4. Shrinkage vs. liquid concentration in the body.

Table 1.
Time of body solidification in terms of its thickness
L t. c C,
(m] (] | [(m*m™®]) | [m°m™?)
3 x 1073 874 0.339
5x 1072 | 1053 0.339 0.338
7 x 1072 | 1296 0.340

m3m~3; 0.628 m3m~3). A suspension with C < 0.42
m3m~3 exhibits the behaviour of a ceramic body. The
system is no longer measurable by the rotary viscome-
ter method. The concentration od the suspension-slip
transition established is therefore regarded as the co-
agulating concentration, Cx = 0.425 m®m~3.

DETERMINATION OF THE BODY SOLIDIFICATION
CONCENTRATION, Cz, BY MEASURING LINEAR
SHRINKAGE

In the case of C,, the a = a(C) relationships were
studied on bodies prepared from slips with various
initial concentrations. The bodies were dried in an
oven at controlled temperatures, relative humidity
and rate of air flow. Selection of a suitable drying
schedule allowed the rate of drying to be kept identi-
cal with the surface flow of the liquid in the course of
body solidification in the porous mould. A typical de-
pendece a = a(C), established for a suspension with
Co = 0.53 m3m~3, is plotted in Fig. 4.

The experimentally determined relationships a =
a(C) were used to assess the concentration corre-
sponding to the end of the volume changes in the
body, C; = 0.3384 m3m~3.

To check whether the C, concentration established
in this way really corresponds to that at the time
the moulding separates from the mould, the times of
body solidification were determined, that is the time

till the moment the body separates from the mould.
The results, jointly with the corresponding mean con-
centration C of body solidification, are listed in Ta-
ble I.

The comparison of C and C, shows that the body
separates from the mould at a mean body concentra-
tion virtually identical with the liquid concentration
corresponding to the end of body shrinkage.

CONCLUSION

The methods proposed allowed the characteristic
concentrations, used in the diffusion approach to the
theoretical treatment of body formation and solidifi-
cation, to be determined.

For an aqueous solution of a-Al,03 it was found
that
(i) the Cy concentration corresponds to that state of
the mix when its volume flow V — 0,
the C, concentration corresponds to that of the
end of body separation from the porous mould,
for an initial slip concentration Cp = 0.53
m®m~3, the coagulating concentration Cy =
0.425 m®m~3 and the body solidification concen-

tration C, = 0.3384 m3m~3.
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CHARAKTERIST’ICKE KONCENTRACE .
V TECHNOLOGII LITI KERAMICKYCH SUSPENZI

MirosLAV KoOVAG, JIai HAVRDA

Ustav skla a keramiky, VSCHT Praha, Technickd 5,
166 28 Praha 6

Pro matematicky popis tvorby a zatuhovani stiepu by-
ly v praci uréeny charakteristické koncentrace kapaliny
v rozhodujicich fdzich technologie liti suspenze do poréz-
ni formy, tj. poc¢dte¢ni koncentrace suspenze, koagulacni
koncentrace a koncentrace zatuhnuti stiepu.

Vypracovanymi metodami byla pro vodnou suspenzi
a-Al;0; stanovena koagulaéni koncentrace Cy = 0,425
m®m~> a koncentrace zatuhnuti stiepu C, = 0,338
m®>m ™. Pro tuto suspenzi bylo ddle zjisténo, ze (i) kon-
centrace Cyx odpovidd stavu smési, kdy objemovy tok sus-
penze V' — 0, (ii) koncentrace C, odpovida koncentraci
konce smrsténi stiepu a soucasné i koncentraci, kdy do-
chdzi k oddéleni stiepu od porézni formy.

Obr. 1. Zdvislost smykového napéti na gradientu rychlosti
deformace.
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1-C =0620mm™2; 2-C = 0,567Tm*°m™>; Obr. 3. Zdvislost objemového pritoku suspenze na koncen-
8-C = 0,4962m°m™2; 4-C =0,4808m’ m3; traci kapalné fdze.
5-C =0,463Tm*>m™2%; 6 -C = 0,4420 mPm™3. Obr. 4. Zdvislost smriténi na koncentraci kapaliny ve stre-

Obr. 2. Zdvislost dynamické viskozity na koncentraci ka-
palné fdze v suspenzi.

pu.

Recenze knih

E. D. SCUKIN, A. V. PERCOV, E. A. AMELINOVA: KO-
LOIDNI CHEMIE. Academia, Praha 1990. 484 stran, 70
Kés.

Kniha je upravenym piekladem ruského origindlu Ko-
loidnaja chimija z roku 1982. Zmény v textu piekladu
proti origindlu byly provedeny v souc¢innosti a se souhla-
sem autoru. .

Tey- ktery je rozdélen do 11 kapitol je podan uspo-
fddanou a srozumitelnou formou s odpovidajicim vyuzi-
tim nezbytného matematického aparatu. Vsechny pouzité
specifické pojmy jsou v jednotlivych kapitolach disledné
definovany a piipadné dile objasnény na praktickych pii-
kladech. K snadnéjsimu pochopeni textu jsou také.idcelné
vyuzivany ndzorné obrazky. Ve vztazich pouzité rozméry
disledné odpovidaji SI soustavé. Za kazdou kapitolou je
souhrn literatury a na zdvér textu knihy je uveden pied-
métovy rejstiik.

1. kapitola je vénovana povrchovym jevim a struktufe
fidzového rozhrani v jednoslozkovych soustavach. Uvddi se
zde potiebné termodynamické vztahy, je zde napi. defi-
novdna povrchova energie, je pojednano o vlivu zakfiveni
povrchu na rovnovdhu fazi a ve struénosti jsou zde uve-
deny principy zdkladnich metod ke stanoven: <pecifické
volné povrchové energie.

2. kapitola shrnuje adsorpéni jevy a rozebird vztahy me-
zi strukturou a vlastnostmi adsorpénich vrstev v sousta-
vach pevnd litka - plyn a pevnd litka - kapalina. Vedle
termodynamiky adsorpce je zde uvedena i zakladni klasi-
fikace povrchové aktivnich litek.

3. kapitola: Rozhrani kondenzovanych fdzi mimo jiné
pojedndva o problematice smdiceni, o pouziti povrchové
aktivnich ldtek a také stru¢né o zakladech flotace.

Vznik disperznich soustav, jejich molekulirné kinetic-
ké, optické a elektrické vlastnosti jsou zevrubné popsany
v kapitoldch 4 az 7. Zde jsou napi. mimo jiné vysvétleny
zaklady teorie elektrické dvojvrstvy a elektrokinetickych
déja, vliv elektrolyti na uspoiddani elektrické dvojvrstvy
apod.

Vlastnosti lyofilnich koloidnich soustav jsou studovany
v kapitole 8. Je zde objasnéna napi. tvorba micel v roz-
tocich tenzidi (povrchové aktivnich latek).

Kapitola 9 je vénovdna piicindm destrukce a relativni
stability lyofébnich disperznich soustav. Vysvétlena je zde
napi. sedimentacni a agregatni stdlost disperznich soustav
apod.

V kapitole 10 se pojednava o zvldstnostech struktury,
stability a destrukce riznych lyofébnich disperznich sou-
stav napi. aerosold, pén, suspenzi, soli apod.

Kapitola 11 probird velmi piehlednou a nazornou for-
mou ziklady fyzikdlné chemické mechaniky. Jsou zde tedy
objasiiovany zaklady reologie, vytvaieni struktur a reolo-
gické vlastnosti disperznich soustav, fyzikalné chemické
jevy probihaji pfi deformaci a destrukci pevnych latek
apod.

V knize, kterd piinadsi vedle zdkladnich znalosti i nové
cenné zkusenosti a poznatky, je zdafile sklouben teoretic-
ky vyklad nezbytny k pochopeni principi koloidni chemie
s fadon praktickych poznatki z technické i bézné pra-
xe. Tato publikace byla napsina piedevsim jako ucebnice
pro studenty chemickych fakult, je mozné ji vsak dopo-
ruéit véem odbornikim, kteii pracuji v oborech, kde je
nezbytné vyuzivat poznatki z aplikované fyzikdlni a ko-
loidni chemie.

V. Hanykys
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