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The suggested mathematical model of moisture content homogenization in
a ceramic mix regards this process as diffusion of water in a binary mixture
of incompressible components. Suitability of the choice. of the model and
conditions of solving was verified experimentally. The model was used to
calculate the temperature dependence of the time of homogenization.

INTRODUCTION

Homogenization of the water content in ceramic mixes is an essential technological
operation included in various stages of the production of ceramics based on the
plastic process. Its aim is to achieve uniform distribution of moisture throughout
the mix while maintaining the required mean moisture content. The system thus
exchanges just heat with the environment whereas the mass or moisture transfer
proceeds inside the system. ‘

If water-saturated ceramic mix is defined as a binary mixture of incompressible
components, the equalization of the initial moisture content field in the mix under
isothermal conditions can be"described by the respective equations for diffusion.
The mathematical model obtained in this way will describe quantitatively the process
in question, and ‘at the same time provide considerable information with a minimum
number of experiments; the information can be used to control or optimize the
process.

THEORETICAL

On the assumption that one-dimensional moisture transfer under isothermally
isobaric conditions [1, 2, 3] proceeds by diffusion, the moisture flow by volume is
given by the equation

h = —D d,C, (1)

where D is the diffusion coefficient and C is the moisture content by volume. The
moisture balance has the form
3:C = 04D 9,C). (2)

where 7 is time and z is the coordinate in the direction of the diffusion. On the
assumption that D is constant, equation (2) acquires the form

810 =D axzc- (3)

Solution of equation (3) yields the time developement.of the moisture profile in
a plate-shaped bcdy. Using suitable initial and boundary conditions one can then
model the course of any operation based on water transfer in the mix.

Let us consider an insulated body L, in length, in which at time 7 = O the initial
moisture distribution is a general continuous function of position, as illustrated
by Fig. 1.
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The following parameters can be determined in the body in the beginning:
— the mean moisture content in the body, defined by the equation

0= T owar 4
_L_l('j[ (x) ’ ()

— the maximum moisture content Cpax,
— the maximum deviation, i.e. the difference between the maximum and the mean

value .
ACmax = Cmax — C, (5)

— the extent of inhomogeneity L pertaining to maximum moisture content Cmax -

Cmax

Fig. 1. Schematic diagram of initial moisture distribution in mix.

If attainment of uniform moisture content distribution in the mix is required.
then when the maximum deviation has equalized within time 7,, the smaller devia-
tions have certainly equalized during the same time. On this assumption it is thus
possible to simplify the homogenization of moisture content in a mix to equalization
of the moisture content in the maximum inhomogeneity as illustrated by Fig. 2,
and for the course of the process it holds that

C=const?, Crax = Crax(1), (6)

while it further holds that
lim Cmax(t) = C. (M

T+ @

max )

0 L

Fig. 2. Schematic diagram of moisture content equalization in the maximum inhomogeneity.
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The initial moisture distribution in the maximum inhomogeneity can be defined
by a cosine function. The initial condition then has the form

and the boundary conditions are

7> 0, z =0, 0C/ox = 0, (9)
z =1L, c=0C.

The solution of equation (3) for conditions (8) and (9) yields the time dependence
of the decrease of the maximum moisture content in the form [3]:
w2 Dt
Crax(t) = C + (Cmax — C)exp (—1— F) . (10)
The time of homogenization can then be calculated from the equation

4Lf_ In Crmax(T) — c

- _— . 11
2D Cmax — C ( )

T =
Equation (11) indicates that the time of homogenization will be the longer the
greater the deviation from the mean moisture content, the larger the inhomogeneity
degree and the lower the diffusion coefficient value.

EXPERIMENTAL

The homogenization of moisture content was studied experimentally on a porcelain
mix. Bodies with an inhomogeneous initial moisture distribution were prepared by
drawing a mix (of two moisture contents) on a vacuum auger. Following the manu _
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Fig. . 3.Initial moisture profile in the body.

facture of the bodies, the initial moisture distribution was determined by cutting
up the specimens [4], and also the mean moisture content €, the maximum deviation
Cmax and the corresponding inhomogeneity degree L. The remaining part of the
bodies was insulated and left alone for moisture content homogenization at 7' =
= 294 K. After times 7 = 34, 43 and 60 hours the same values were determined as
in the beginning, i.e. ACmax(t), C and L. Typical moisture profiles determined by
these measurements are shown in Figs. 3, 4, 5 and 6.
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Fig. 4. Moisture profile after 34 hours.
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Fig. 5. Moisture profile after 43 hours.
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Fig. 6. Moisture profile after G0 hours.

DISCUSSION-

To calculate and compare a model with an experiment one has to know the tem-
perature dependence of the diffusion coefficient of water in the mix. This dependence,
determined by the diffusion couple method [4], has the following form for the porcelain

mix in question:
D = 5.52x 101 exp (—14 484 K/T) m2 s~1. (12)

The following values are given by the initial moisture distribution in the body
according to Fig. 3:
C = 0.420 06 m3 m-3, Cmax = 0.426 67 m3 m—3,
ACpax = 0.006 61 m3 m-3, L = 0.012 m. (13)
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The diffusion coefficient value calculated from equation (12) for 7 = 294 K is
D = 2.22x10-10 m2 s-1, The corresponding maximum moisture contents Cmax(7) and
the maximum deviations ACmax(7) were calculated for the times of homogenization
T = 34, 43 and 60 hours respectively by substituting the value for D and the values
(13) into equation (10):

Cmax(34) = 042421 m3m-3,  Cmax(34) = 0.041 50 m3 m-3,
Cmax(43) = 0.423 73 m3 m-3, Cmax(43) = 0.003 67 m3 m~3, (14)
Cmax(60) = 0.422 97 m3 m-3, Cmax(60) = 0.002 91 m3 m-3,

The following values are obtained from the experimentally established moisture
profiles shown in Figs. 4, 5 and 6:
Cmax(34) = 0.424 29 m3 m-3, Cmax(34) = 0.004 23 m3 m-3,
Cmax(43) = 0.423 81 m3 m-3, Crmax(43) = 0.003 75 m3 m3, (15)
Cmax(60) = 0.422 86 m* m~3, Cmax(60) = 0.002 80 m3 m-3.

The calculated values (14) show a satisfactory agreement with the experimentally
determined ones (15), which indicates that the simplifying assumptions adopted
in the formulation of the mathematical model were correct, and that the initial and
boundary conditions of the problem have been suitably chosen.
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Fig. 7. Temperature dependence of the time of moisture content homogenization.

In view of the reliability of the model and knowledge of the temperature depend-
ence of the diffusion coefficient it is possible to predict quentitatively the effect
of temperature on the time of moisture homogenization in a given mix. On the basis
of experimentally determined initial values (13) for the calculation of the temperature
dependence of the time of homogenization required for reducing the maximum
moisture deviation by ACmax — ACmax(t) = 0.003 m3 m-3, ie. to the value
ACmax(t) = 0.003 61 m3 m—3 and Cmax(7) = 0.423 67 m3 m—3, it is possible to calcul-
ate from equations (11) and (12), for the temperature interval 7 € (288 K; 303 K}
the relationship shown in Fig. 7. This indicates that when the same degree of in-
homogeneity is maintained, temperature will affect significantly the time of homogeni-
zation. This finding allows us to control the prccess as required by technology.

CONCLUSION

If water transfer in a ceramic mix proceeds solely in liquid phase, a mathematical
model can be formulated for moisture homogenization which is described by diffusion
equations. When the temperature dependence of the diffusion coefficient is known,
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solution of the model for the maximum moisture inhomogeneity permits the time
of homogenization to be calculated together with the temperature dependence of
homogenization required fer the attainment of a moisture deviation in the mix.
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FOMOTEHU3AIHA BIAIKHOCTH
B KEPAMUYECKOHN CMECH

Wpaas MaBpa, @pantuiiexk Oyupau

xmﬁeﬁpa MEXN0A02UN CUAUKAN0e X UMUKO-MPXHOI02UNCCK020 UuRecmumima

166 28 Ilpaea 6

Xo0;| 'OMOFeHH3aIUIM BIIAKHOCTH B KePAMMUECKOH ¢MecH MOKHO [IPEINOJIAraTh Ha OCHO-
BAHMM MATEMATUYECKOI'0 MOjIeIMPOBAHMA RAHHOI onepaiuyu. Mojieslb MOKHO O¢HOBBIBATD
Ha INPE/IIOJIOKEHUN, YTO NEePCHOC BO/bI IPOTEKACT COIJVIACHO MEXAHM3MY W30TepMUUECKR
n300apuyeckoil JGPVInn B OHHAPHOH cMerH HECIKHMaeMBbIX KOMHOHEHTOB. Pemennc mo-
ACSHH LI Yes10BHE (8) M (9) NPHMBOMHMT BPEMEHHYIO 3aBHCUMOCTL IOHMMKCHHY BIa3KHOCTH
B HCO/IHOPO/(HOM TeJle ¢ [IOMOINBIO IIPUBOiAMMOro ypaBHeHu#H (10). 11o/icTaBiass Yy TAHOB/ICH-
HBle KCHEePUMEHTAJILHbIM NYTeM BeJIMYHHBI B MO/I€/Ib, MOXKHO PaCCMOTPETh eC Ha/ICHHOCTD.
Takum 00pa30M yCTAHOBMIIA NPHIOJHOCTL M0JA00PA VHPOIIOIUMX HPEI0.I0KEeHUii, BBOAM-
MLIX npu GOpMYTHPOBKe 3aTaHMS. 3Had TEePMUYECKYI0 3aBUCUMOCTH KO3pPuiueHTa jud-
¢y3un BO/IBI, MOKHO [IPOBO;IUTL, pacyeT BIMAHWA TEMIIEPATYPBI Ha NPMBOJIMMYIO ONlepallHIv.

Puc. 1. Cxema ucxodHo20 pacnpedescHus eAascHOCMU ¢ me.ae.

Puc. 2. Cxema 6bLpuSHUBAHUR AAHHOCINU 6 MAKCUMAALHO HE0OHOPOOMOM me.e.
Puc. 3. Hexodusiic npogpuanv saazu ¢ meae.

Puc. 4. Tpogiuae saaeu nocae 34 wacos.

Puc. 5. Hpoguav eaaeu nocae 43 wacos.

Puc. 6. IIpoguav eaaeu nocae 60 wacoe.

Puc. 7. TemnepamypHas 306ucumocms epeMeHU 20MO2EHUIAYUU CAAHCHOCILL.

HOMOGENIZACE VLHKOSTI V KERAMICKE SMEST
Jiti Havrda, Frantisek Oujiri
Vysokd skola chemicko-technologickd, katedra technologie silikdta, 166 28 Proha 6

Pribsh homogenizace vlhkosti v keramické smési lze predpovidat na zdkladé matematic-
kého modelovani této operace. Model lze zaloZit na piedpokladu, Ze pfenos vody probihé
mechanismem izotermn& izobarické diftize v bindrni smési nestladitelnych slozek. Reseni
modelu pro podminky (8) a (9) dava ¢asovou zavislost poklesu vlhkosti v nehomogenité,
popsanou rovnici (10). Dosazenim experimentalné zjisténych hodnot do modelu lze vyhodnotit
jeho spolehlivost. Takto byla zjisténa vhodnost volby zjednodusujicich predpokladu zavede-
nych pii formulaei ulohy. Znalost teplotni zavislosti diftizniho koeficientu vody umoznuje
vypotet vlivu teploty na uvedenou operaci. '

Obr. 1. Schéma pocdteéniho rozlofent vlhkosti v télese.
Obr. 2. Schéma vyrovndvdni vlhkosti v maximdlni nehomogenité.
Obr. 3. Pocdteéni vlhkostni profil v télese.
Obr. 4. Vikkostni profil po 34 hodindch.

Obr. 5. Vihkostnt profil po 43 hodindch.

Obr. 6. Vihkostni profil po 60 hodindch.

Obr. 7. Teplotni zdrislost doby homogenizace vlhkosti.

204 silikaty &. 3, 1986



