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A general mathematical model of ceramic body firing in the dehydroxylation
region, regarding the process as diffusion involving a chemical reaction and
conduction of heat with a source, ts applied to calculation of time development
of concentration and temperature profiles during non-isothermal firing of
a cylindrical body of kaolinite. The calculated time development of concentration
and temperature profiles was verified expertmentally at two heating rates, and
a satisfactory agreement was found.

INTRODUCTION

In deriving the general model of ceramic body firing in the dehydroxylation region
(1) the firing was regarded as a combined process of mass and temperature transfer.
The former is considered to involve diffusion with a chemical reaction, and the latter
conduction of heat with a source. The mass and heat balance equations obtained,
allowing the time development of concentration and temperature fields in the body
to be calculated, have the following form on the assumption that the ceramic mix
is a binary isotropic mixture of incompressible components in the absence of convec-
tive flow, and that dehydroxylation is a Ist-order chemical reaction:

0z4 :
5y = div (D4g(T, xz4) grad z4) — k(T) z4a (1)
where z4 is the weight ratio of component A (i.e. water bound in the form of OH-
groups in the structure of kaolinite), = is time, D4p is the coefficient of diffusion
and k is the rate constant of dehydroxylation,
orT AH 1

W:a,dlvgra.dT——cp— Py

k(T) x4, @)

where a is thermal conductivity, AH is reaction enthalpy, cp is the specific heat
under constant pressure, and z4, is the initial concentration of component 4.

For firing a body having the shape of an infinite cylinder over the dehydroxylation
region, introduction of cylindrical ordinates produces the following form of balances
(1) and (2):

0 1 o 0
% = T 87 (DAB(T, z4) T%) - k(T) T4, (3)
oT 02T 1 or AH 1
——agl = — == ) == % .

or a( or2 r Or ) Cp T4o (T) wa ®)

Resolving of equations (3) and (4) requires knowledge of the initial and boundary
conditions.
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The case of firing an infinite cylinder in the dehydroxylation region can be fomula-
ted by the following conditions:

— initial conditions ’

z4(r, 0) = 24,, (5)
T(r,0) =T,, (6)
— boundary conditions
2A(R, T) = x4, exp (—&(T) 7), (7)
T(R, 7) = f(v), (7
0z 4(0, T)
— =0 (8)
70, 7) _
o 0. ®)

One has further to know the material quantities and their general dependence
on temperature and concentration, i.e.

DAB = DAB(T, xA), k= k(T), AH = AH(T),
cp = cp(T, z4), a = a(T, za).

On considering the model of firing a cylindrical body of Podbofany kaolin in the
dehydroxylation region, it was found (2] that dehydroxylation can be regarded as
a 1st-order reaction and that the temperature dependence of the rate constant over
the temperature interval 7' € (773 K; 873 K) has the form

k(T) = 36034,956 exp (—21,903 K/T) s~1. (10)

In [3] it was found for Podbofany kaolin that the diffusion coefficient of water
vapour can be taken as being independent of concentration and that its temperature
dependence over the temperature interval 7' € (733 K; 873 K> has the form

D 4p(T) = 43,045 exp (—24,357 K/T) m2 s-1, (11)

It was further found [4] that during firing over the dehydroxylation region, thermal
conductivity can be considered approximately constant and for Podbofany kaolin

has the value
a=22 % 10-"m2g-1, (12)

During firing over the dehydroxylation range, specific heat ¢, can likewise be assumed
to be constant, and according to [5, 6, 7] the following value can be considered for
Podbotany kaolin:

cp = 0.8kJ kg-1 K-1. (13)

The following mean value of reaction enthalpy can be derived from studies [8—22]:
AH = 594 kJ kg-1. (14)

The finding that over the dehydroxylation region the thermal conductivity as well
as specific heat can be regarded as being constant, i.e. independent of temperature
and composition, justifies correctness of this assumption in the derivation of the heat
balance (4) in [1].
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Equations (3) through (14) then provide an adequate basis for solving the problem
of non-isothermal firing of a body having the shape o infinite cylinder and made
of Podbofany kaolin.

The present study had the aim to calculate the time development of concentration
and temperature profiles during non-isothermal firing of a cylindrical body in the
dehydroxylation region, and to verify the results experimentally.

CALCULATION AND EXPERIMENTAL DETERMINATION
OF CONCENTRATION AND TEMPERATURE PROFILES

All the measurements and calculations were carried out for bodies of Podbofany
kaolin.

Drawing on a vacuum auger was used to prepare cylindrical bodies which were
dried at 378 K, and annealed at 573 K to remove residual technological water and in-
terlattice molecular water originating from the illitic-montmorillonitic component
of Podbofany kaolin [23]. The bodies were 32 mm in diameter and 190 mm in height.

The time development of temperature and concentration profiles was calculated
by solving equations (3) and (4) using the network method [24] for the following
input data:

— initial homogeneous distribution of concentration and temperature throughout
the body, i.e.

zqe = 0.106 kg kg1, (15)

Ty = 573 K. (16)

— boundary conditions expressed by the time dependence of concentration
and temperature on the body surface, while

a) the actual form of the condition for concentration is given by equation (7)
in association with (15) and equation (10);

b) in the case of temperature, two different time dependences of the surface body
temperatures were chosen, namely linear temperature increase at rates of 1 K min-1!
and 5 K min~! of the body surface;

— the material quantities and their dependences, (10) through (14).

Verification of the mathematical model requires experimental determination of the
concentration and temperature profiles in the body in terms of time for the initial
and boundary conditions used in the calculation. The experimental determination
of the time development of concentration and temperature profiles during non-
isothermal body firing was carried out in a kanthal furnace with a shift-out bottom
onto which the body 32 mm in diameter was set. The body temperatures were
measured by differentially connected Pt —PtRh 10—Pt thermocouples in corundum
capillaries, placed at the surface, at 1/2 R and at the centre in one plane, at the middle
of the body height. This part of the body was in the constant-temperature zone of the
tubular furnace.

The rate of heating was controlled according to the temperature indicated by the
thermocouple placed on the body surface; the increase in the body surface temperature
was linear at the rates of 1 K min—? and 5 K min~1, corresponding to the boundary
conditions used in the calculation.

At the required time, the dehydroxylation reaction was instantaneously stopped
by shifting the body out of the furnace and cooling it down to 298 K. The concentra-
tion profile was then determined by the procedure described in [3].
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The calculated and measured time developments of concentration and temperature
profiles are plotted in Figs. 1, 2 for the heating rate of 1 K min—! and in Fig. 3, 4
for the heating rate of 5 K min—1.

DISCUSSION AND CONCLUSION

In the case of non-isothermal firing, the calculated and the experimentally deter-
mined developments of concentration profiles were compared quantitatively by
expressing the quadratic error o1 and oz by the following equations [25]:

o = _an(zZi — 24 (n — 1), (17)

where zY; is the calculated concentration and z4Y is the concentration obtained

from the approximation curve of values measured at the same temperature and time,

3

o =) (@4Y — 24,)?/(n — 1), (18)

i=1

where z%; is the concentration profile value measured.

The values of errors or and oyr for the heating rate of 1 K min-1 are listed in
Table 1.

Table I

Values of quadratic errors o1 and oy for the heating rate
of 1 K min—?

(1 o1 X 104 ‘ o X 104
min (kg kg™1)2 ‘ (kg kg1)2
290 0.58 0.02
320 0.28 0.07
340 0.04 0.06
360 0.58 0.02

On comparing the temperature profiles for the same rate of heating 1 K min-1
the similar errors are listed in Table II, where index 7 designates association of the
error with temperature.

Comparable relations between o1 and o11, as well as ¢f and o were also found
for the body surface temperature increase at a rate of 5 K min-1.

On the basis of the o1 and of values and while taking into account the values
of orr and of}, it is possible to point out a satisfactory agreement of the calculated
and measured time development of concentration profiles with an error of up to
10%,, and of temperature profiles with an error of up to 2 9.

The finding leads to the conclusion that the approach chosen to resolving the
problem of non-isothermal firing in the dehydroxylation region, i.e. considering
the process as diffusion with a chemical reaction and conduction of heat with a source,
is justified. It appears that the simplifying assumptions introduced in the formulation
of the problem, the initial and boundary conditions chosen and the determination
of the dependence of material quantities including the respective methods were
basically correct.
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.

Table 11

Values of quadratic errors o7 and o}, for the heating rate
of 1 K min—1

T O'IT i o;r’
min I‘ K2 K
160 2.5 0.25
180 i 0.5 0.25
200 { 2.5 2.0
220 1.0 0.25
240 10.0 4.0
260 9.0 4.0
280 6.5 2.5

. 300 17.0 9.0
320 100.0 25.0
340 2.5 0.5
360 17.0 4.0
380 2.0 0.5
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MODEL NEIZOTERMNIHO VYPALU KAOLINOVEHO TELESA
TVARU VALCE V OBLASTI DEHYDROXYLACE

Yvona Mazaéova, Jifi Havrda, Martin Unzeitig*, Vladimir Hanykyt

Vysokd s$kola chemicko-technologickd, katedra technologie silikdtii, 166 28 Praha
*) Ceské vysoké ubeni technické, fakulta strojni, 166 07 Praha

Obecny matematicky model vypalu té&lesa v oblasti dehydroxylace je aplikovan na vypoéet
tasovych vyvoji koncentraénich a teplotnich profili p#i neizotermnim vypalu vélcového télesa
z kaolinitu. Ovéfeni vhodnosti pfijatych predpokladu zavedenych pti formulaci tlohy, pocatec-
nich a okrajovych podminek a pouzitych hodnot materidlovych veli¢in lze provést na zédklads
porovnéni vysledku modelu s experimentem. Z porovnéani provedenych pro dvé rychlosti vypalu
vyplynula vhodnost pfistupu k Fefeni povazujici vypal télesa v oblasti dehydroxylace za difuzi
8 chemickou reakei a vedeni tepla se zdrojem, spravnost volby pocatecnich a okrajovych podminek
tohoto procesu a vhodnost pouzitych materidlovych veli¢in, resp. jejich zavislosti.

Obr. 1. Casovy wvyvoj koncentraénich profils vypobteny (a) a naméfeny (b) v télese pfi rychlosts
vypalu 1 K min~1. Kfivky oznaené stejnym &islem odpovidaji témus Sasu od poédtku vypalu,
kdy byla v télese skokové zastavena dehydroxylace: 1 — 290 min, 2 — 320 min, 3 — 340 min,
4 — 360 min.

Obr. 2. Casovy vyvoj teplotnich profilit v télese vypolteny (a) a naméfeny (b) pro rychlost vypalu
1 K min~t. Cisla u jednotlivych kiivek majt vyznam éasu v minutdch od poddtku vypalu.

Obr. 3. Casovy vywoj koncentraénich profils vypolteny (a) a naméfeny (b) v télese pFi rychlosti
vypalu 5 K min~1. Kfivky oznalené stejnym &islem odpovidaji témui Easu od poldtku vypalu,
kdy v télese byla skokové zastavena dehydrozylace: 1 — 65 min, 2 — 75 min, 3 — 90 min.

Obr. 4. Casovy vyvoj teplotnich profilit v télese vypolteny (a) a naméfeny (b) pro rychlost vypalu
§ K min. Cisla u jednotlivych kfivek maji vyznam éasu v minutich od poédtku vypalu.

MOJOEJBb HEN3OTEPMHUYECKOTO OBHUTA
RAOJIMHOBOTO TEJA B BUJE HNJHUHOPA
B OBJIACTU JETUAPOKCUJIUPOBAHMUA

NBoma MasauoBa, Upmxnm I'aBpaa, Maprur VH3eitur*, Biagamap aEmxupm

Xumuro-mexrnosozuneckuii uncmumym, xagedpa mexnosozuu cuAUKamos,

16628 Ilpaza

* [Tpanccruli noAuMETHUNECKUL UHCIMUMYM, MAMUHOCMPOUMEAbHbLE BaKy.abmem,
166 07 IIpaea

O6myo MaTeMaTHYeCKYI0 MOMeNlb 00:Kura Tejla B 06J1aCTH JerHAPOKCHIIAUAY IPAMEHIH
MIA paccdeTa BpeMeHHEIX PAa3BHTHH KOHIEHTPALMOHHHIX N TeMOEPATYPHHX npodmiei mpu
HEH30TePMHYECKOM 00:KHTe MHJIMHAPHYIECKOTO Tejla M3 KaoJImHHTAa. IIpoBepKy mpHromHOCTH
TIPUHATHX IPEJII0JIOHEHHE, BBOAUMEX OpH (OpPMYyJIHPOBKe 3aJaHHA, ACXOAHHX H I'DaHHAY-
HIX YCJIOBHM M HCHOJIL30BAHHEIX BeJMYAH MAaTepHAJa MOMHO HPOBONHETH HAa OCHOBAHHAM
COLOCTaBJIeHAA DPe3yJIbTATOB MOJEJIH C 3KCIepHAMeHTOM. I3 comocraBileHHmH, DPOBOTAMELX
B ciIyd9ae JBYX CKOpOCTeil 00KHTa cilleAyeT IPATOXHOCTH HOAXO0AA K PelNIeHHIO, 3aKJII0Yaoina-
fics B TOM, YTO OGKAT Tela B 0671aCTH AerufipOKCAIIANAN cIBTaeTcA AEPPysnel ¢ XEMAYECKOR
peaxnzei @ TEINIONPOBOAHOCTHIO ¢ HCTOYHHKOM, H NPHTOAHOCTH IIOA0OPAa HCXOAHEIX H I'pa-
HEYHHX YCJIOBHH RaHHOTO HIpolecca X HOPHIORHOCTH HCHOOIL3yeMHBX BeJIMYAH MaTepuaJia
HJIA BX 3aBHECEMOCTEH.

Puc. 1. Bpemenroe passumue KORYeHm payuoHmulz npoduaeti, paccuumannoe (a) u usme-
pennoe (6) 6 meae npu cxkopocmu obmuza 1 K mur—. Kpussie, 060anauermbie 0duna-
KOBbiM HUCAOM, OMEERAIOM MOMY Hce 6 DEMERU C Havaaa obxcuza, Ko2da 6 meae cKawko-
06paaro ocmaHosuau dezudpokcuanyuio: 1 — 290 mun., 2 — 320 mun., 3 — 340 mun.,
4 — 360 mun.

114 Silikaty &. 2. 193"
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Puc. 2. Bpemennoe pazeumue memnepamyprbix npoguseii 6 meae, paccuumarnkoe (a) u uzse-
pennoe (b) das ckopocmu ob6xecuza 1 K mun~t. Jucaa y omdeavHulr kpussle euipaxcaom
8DEMA 8 MUHYMAT ¢ HANard 06Xcu2a.

Puc. 3. Bpemennoe paseumue KoHYeHmpayuornHwx npoduarel, paccuumarwoe (a) u uame-
penroe (b) ¢ meae npu ckopocmu obmuza 4 K mun—1. Kpuswvie, o6osHauerrsie odura-
KOBbLM YUCLOM, OMEEUAIOM MOMY Hee 8DEMERU C Hauala 06xcuza, k020a 8 meae cKavko-
o6pasno ocmarosuau dezudporcuaayuro: 1 — 65 mun., 2 —— 75 mun., 3 — 90 mun.

Puc. 4. Bpemenroe paseumue memnepamypuulx npoduseii 6 meae, paccwumarnsl (a) u ua-
mepernulii (b) 0aa ckopocmu obmcuza § K mun=1. Qucaa y omdeabrbix KpPUsHE 6bipa-
Hcaom epems 8 MUKRYMAT ¢ Havaaa obxcuea.

RELE BEZ CIVKY. Japonské4 firma Teteishi vyvinula relé pracujici na piezoelektrickém
jevu. Piezoelektricky prvek sestiva z dvou desek, které se pii piilozeni napé&ti prohnou
a sepnou nebo rozepnou mechanicky kontakt. Pfikon relé je desetinou piikonu elektro-
magnetického relé a spinaci ¢asy jsou podstatné kratsi. Zatim lze spinat max. 1A. Daldi udaje
nejsou uvedeny.

(Prevzato z Elektronik 6. 25/1983 s. 7)
Kasa

OSOBNI POCITAC — DAR SEFA. Osobni potitat IBM vénoval prezident spoleénosti United
Technologies Corp. (UTC) Harry Gray celkemm 1000 svych vedoucich spolupracovniki.
S pfijetim nevsedniho, pozoruhodného a jist® ne levného darku byla viak spojena podminka,
%Ze obdarovany se musi zGcéastnit tiidenniho seminéie, na némz si musel osvojit préci s poéi-
tacem a pak jej kvalifikovand ve své kanceldfi pouzivat. Je to zcela nové zajimavé cesta
jak zvysit produktivitu a troven vedoucich pracovniki.

(Ptevzato z Elektronik ¢. 15/1983 s. 24)
Kasa

MIKROVLNNY OBRAZ LIDSKEHO TELA. Astrofyzikové J. B. Pearce a J. W. Warwick
vyvinuli novou zobrazovaci techniku, kterd umoZziiuje snimat vnitfek lidského téla stejnym
zptisobem jako vysokofrekvenéni vlny snimaji prostor pf¥i pfesné navigaci téles na obloze.
Technika s ozna¢enim SAFESCAN bude moci nahradit tradiéni pouziti Rentgenovych paprsku,
fezovou tomografii CAT nebo novéjii metodou NMR, kterd je pouZivdna pro tfirozmérné
zobrazeni. Technika SAFESCAN generuje tfirozmérné obrazy lidského téla pomoci sbéru
a zpracovani mikrovin odrazenych od téla pacienta. Télo pacienta je vystaveno zéreni o vykonu
10 mW/em? po dobu 10-2s. Expozice zmin&nou frekvenci je absolutn® bezpeénéd a nevyvoléva
2adné nebezpedi ionizacénich Géinku. Vyslédkem jedné expozice je hologram wnitiku celého
lidského téla.

(Prevzato z Electronics ¢. 11/1983 s. 49)
Kasa

MIKROPOCITACE VE SKOLACH. V letech 1985—1990 se mé& ve Francii instalovat
100 000 ks mikropoéita¢t na Skoldch a univerzitdch. Podle predbsinych propoéti bude tento
projekt stat 100 miliéna marek roénd. Zéjem o tiast na projektu projevili vyrobei mikropoditaét
IBM s Apple, ktefi by tak ,,spolkli kousek tuéného sousta‘‘.

(Prevzato z ST ¢&. 10/1984 s. 390)
Kasa

OD VLSI (VERY LARGE SCALE INTEGRATION) K ULSI (ULTRA LARGE SCALE
INTEGRATION). Japonské firma Toshiba vyvinula statickou pamét s kapacitou 256 kbita
na ¢ipu s rozméry 6,68 8,86 mm, obsahujicim 1,6 miliénu diskrétnich prvku (tranzistora).
Kapacita paméti odpovidé pfiblizné informaci jedné strdnky novin velkého forméatu. K vyrobg
bylo pouZito nové technologie SEPOX (selective silicion oxidation) a struktury LDD
(lightly doped drain).

(Pfevzato z Elektronik ¢. 9/1984 s. 32)
Kasa
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Zajimavosti

SVETOVY REKORD VE VYKONU LASERU. Skupina védeii na univerzité Keio v Tokiu
zkonstruovala impulsni laser chemického typu, v ndmz se vyuZivéd reakce vodiku a fluoru
pomoci elektronového svazku. Svételny impuls s délkou trvéni 70 . 10-° s. dosahuje neuvéritel-
ného vrcholového vykonu 60 GW.

(Prevzato z ST ¢. 5/1985s. 192)
Kasa

OSMIBITOVY OSOBNI POCITAC V SSSR. V SSSR ptisel do prodeje prvni osobni
pocitaé. Jde o model Achédt v cend 3000 Rbl. Je vybaven osmibitovym procesorem, paméti
ROM 32 kbyte a pam&ti RAM 256 kbyte.

(Prevzato z ST ¢. 9/1985s. 351)
Kasa

BYTE, BAJT. Kazdé nové technika pfindsi nové pojmy a nové slova, se kterymi se musi
jazyk a hlavné autofi vyporddat. Byty, kilobyty, megabyty jsou sklofiovdny ve vdech pédech.
Ale maji byt sklofiovény ? Jsou tvary byty, bytu nebo bytech spravné? Jistéze, jde-li o sklofiovéani
slova byt, ¢imZz je rozuméno ,,obyvaci celek z né&kolika mistnosti; obydli, pribytek*.
Zde je vSak min&no slovo byte, které je vsak jako cizi slovo nesklonné.

Ziverem tedy: kdyz ,,byte‘‘ pak tedy stéle byte a nesklofnovat.

(Prevzato z ST &. 3/1986 s. 82)
Kasa

NOVY OPTICKY ZDROJ. Opticky zdroj pro spektroskopii a holografii byl vyvinut v SSSR.
Jde o laserovou diodu na bézi GaAs pracujici na vinové délce 0,85.1079m a zéafivy vykon
diody je minimalns 300 mW. Sife spektra je 2.10~°m a velikost aktivni plochy 2.10-¢,
50 .10-6 m.

(Prevzato z SD ¢. 7/1984) s. 263)
Kasa

SIEMENS A CORNING ZRIZUJI VYROBU SVETLOVODU. Koncern Siemens a ame-
ricky Corning Glass Works ziidili spoleény z4vod na vyrobu sklen&nych svétlovodu v Neustadtu
u Coburgu v NSR pod nézvem Siecor. Investice na zdvod pohltily 70 miliéni marek. Zpodatku
bude zdvod vyrab&t 80 000 km vldkna a pozd&ji se pocitd z rozsifenim produkce az na
200 000 km. Vyrobu bude zajiStovat 150 zamé&stnancu.

(Prevzato z ST ¢. 3/1986 s. 115)
Kasa

AUTOMATIZOVANY INFORMACNI SYSTEM RERO (Registr recyklace odpadii)
je systém, ktery poskytuje informace o primyslovych odpadech v CSSR. Tento systém je zpraco-
vé4véan podnikem Inorga (Ustav pro automatizaci Fizeni v prumyslu Praha, pobodka Ostrava.
Mlynské 1, 729 48 Ostrava). Cilem informaéniho systému RERO je pfispét k vyss§imu vyuzivéni
prumyslovych odpadu jako zdroju druhotnych surovin a energii, a tedy ke zvysené a dokonalejsi
ochrang Zivotniho prostiedi. Systém RERO shromazduje, eviduje, zpracovdvéd a poskytuje
informace o moznostech efektivniho zhodnocovéni odpadu a hospodafeni s nimi. RERO je cha-
rakterizovén jako meziodv&tvovy systém s pusobnosti na celém tizemi CSSR. V systému RERA
jsou evidovény zékladni informace o té&chto skupinédch odpadi: neZelezné kovy, papir, drevo,
textil, kuZe, plastické hmoty, pryz, oleje a mazaci tuky, odpady z petrochemického prumyslu,
barvy, laky, ostatni organické latky, sklo, anorganické kyseliny a zésady, anorganické soli,
ostatni anorganické latky, katalyzatory, sorbenty, odpadni kaly, velkoobjemové odpady. Jednot-
livé skupiny jsou déle tfidény na celkem 276 druhu odpadui. Systém RERO mohou vyuzivat
viechny socialistické organizace, které mohou vyuzit ziskané informace k tomu, aby druhotné
suroviny ve vétsi mife nahrazovaly nedostatkové prvotni suroviny. Uzivatelé systému RERO
obdrzi 1—2X ro¢n& zpravodaj RERO o evidovanych nabidkéch, o informaénim fondu systému
a o dalSim vyvoji systému. Prostfednictvim systému maji uZivatelé moznost nabizet nevyuzité
odpady, které by mohly byt vyuZity jako druhotné surovina v jiném vyrobnim procesu, & mohou
vyzadovat technicko-ekonomické informace o odpadech. Informace jsou v zékladni formé ¢lenény
na prehled nabidek odpadu, piehled poptdvek po druhotnych surovinédch a déle je uvedeno
tizemni t¥idéni vSech odpadu evidovanych v systému. Znaéné mnozstvi idaju v systému RERO
se dotyk4 silikdtové a anorganické problematiky.

(Materidly INORGA 1986) Skvdra
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