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THE EFFECT OF TEMPERATURE GRADIENT 
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A method ha" been suggeBted Jor Btudying water tranBjer in saturated ceramic 
mix resulting jrom temperature gradient, and conditions Jor reliable determi
nation oj the thermodijfusion coefficient have been established. The thermo
diffusion coejjicient value was determined experimentally Jor one mean tempe
rature; it was jound that at small temperature gradients the effect oj thermo
dijfusion on water transfer in ci saturated ceramic mix, having a saturated 
boundary, can .be neglected. 

INTRODUCTION 

In a saturated ceramic mix, i.e. a mixture of ceramic material and water, the 
transfer of water may be regarded as diffusion in a binary mixture of two incom
pressible components [l). If the water transfer proceeds under isothermally iso
baric conditions, it is d ue to a concentration gradient. There are also situations 
when the transfer is caused by both a concentration gradient and a temperatura 
gradient. An example is provided by the maturing of ceramic mixes. The signifi
cance of temperature gradient in water transfer in a saturated ceramic body has 
not so far been determined explicitly. In the given case, the volume moisture 
flow depends on the direction and size of the two gradients. A quantitative descrip
tion of the transfer would require knowledgP. of both the temperature and concen
tration dependences of the diffusion coefficient, and knowledge of the tennodif
fusion coefficient. The present study had the objective to work out a method and 
to determine conditions for reliable measurements of thermodiffusion of water, 
and to establish its effect on water transfer in a saturated ceramic mix. The required 
information wal!I obtained experimentally on a saturated ceramic mix with a satu
rated boundary [2]. The temperature dependence of the diffusion coefficient for 
this system is known, and the situation is not complicated by capillary barodif
fusion [2], [3]. 

THEORY 

When considering a homogeneous and constant system free from external for
ces and when neglecting the viscous flow phenomena, then for incompressible com-
ponents the moisture balance has the form [4]: 

oO/éJ-c = -divh (1) 

where O is moisture volume content, that is-the volmne of water per unit volume 
of mix, -r is time and h is moisture díffusion fl.ow. In a situation when onlythe moistu
re and temperature gradient are involved, the diffusion flow is described by the 
equa.tion: 

h = f(grad O, grad T). 
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If function f is linear and isotropie, equation (2) attains the form: 

h = -D grad C - Dr grad ln T, (3) 

where D is the diffusio�1 coefficient and Dr is the thermodiffusion coefficient. 
By substituting equation (3) into the moisture content balance (1), one obtains 
a differential equation for moisture fields: 

oCjéh: = div (D grad C + Dr grad ln T). (4) 

The time development of the tcmperatnre profile in a saturated ceramic body is 
described by the ]Touricr--Kirchhoff cqnation [5] whcn the D11fom's cffcct is 
neglectccl: 

Cp(J8T/or = div (l. grad T), (5) 

where C
p

(! is thcnnal capacity of unit Yolnmc ancl }, is thermal concluctivity of the 
medium. Sohit;ion of equatiom; (4) and (5) yiclds the time clevelopment of the 
moisturc :ficld in a satnratPd C(,ra.mic body. 

Determi  na t ion  oť  the t Imr modiffusi  on  c oeťfici e n  t b y  the  
two heat  sonr ccs  method 

On assuming that, in a satmated body with initial homogencons ancl constant 
moisture distribution (gracl C = O) thcre is establishcd, within period r, a linear 
and constant temperatme profile describecl by equation (5) adj1isted for an equal
izcd statc, a moistme gradient is developecl hy the effect of the temperature gra-
dient. The process rcsults in a.ttainment oť a steady state, when /1 = O and equation 
(3) for the one-dimensional problem has the form:

D dC/da: = -IJ,p(dT/T cb:), (6) 

where a: is a coordinate. The two-t,liermal sources mcthod (furt;Jwr on TTSM), 
in whid1 t,hermodiffusion is oue-dimcnsional, is t,Jierefore based on creation of 
a constant linear temperatme profile, and on determining the moisturo profile 
established on attainrnent oť n, steady state. For a rough estimate oť the time oť 
equalization oť the process it hokls [5]: 

r' :=::, L2/D, (7) 

where L is body thickness in the t,emperatme gradient direction. 

EXPERT.i\! ENTAL 

Measurement  b y  t,he  two thermal  sources  method 

The measurements were performed on prismatic bodics 1.2 cm X 4 cm in  cross 
section and 10 cm in. length, prcpared by extrusion oť ceramic mix for electro
technical porcelain with a raiscd a-Al2O3 content using a vacuum auger. To pre
vent moisture exchange w'ith the environment, the body surťace was insulated 
and for 48 hours the body was placcd in a water-saturated medium to achieve 
uniform moisture clistribution throughout the body volume. The experimental 
arrangement complied with the ťollowing conditions: 

r = O x = O C = 00 T = T1 

(8) 
x = L C = C0 T = T2 
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(9) 
X = L C = 02 T = T2 

From the temperature dependence of D determined by the diffusion couple method 
with saturated boundary [3]: 

D = 5.52 X 1011 exp (-14484/T). m2 s-1, (10) 

au estimate of time was carried out according to (7). For L = 1.2 X 10-2 m aud the 
meau temperature T = 319.6 K, -c' = 4 hrs. It was found experimentally that 
a period of 7 hours ensnres attainment of a steady state. An isolated saturated 
ceramic body was kopt for 7 hours betwecn two thermal sources of different 
constant temperature where the body surface temperaturo was T1 = 336.3 K 
and T2 = 303 K. Then followed cooling oť the body clown to T = 27 8 K, removal 
of insulation ancl cutting into 1.2 mm slices for moisture deterrnination. At the 
given source temperatures the temperaturo profile in the body was measured by 
means of copper-konstantan thermocouples. The moisture profile was measured 
ten times ancl the temperature profile twice. The corresponcling gradients were 
evaluated from the temperaturo and moisture profiles, and the DT values calcu
lated accorcling to (6) were treatecl by the Stuclenťs test. 
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Fig. 1. Temperatiwe and moistuťe pťofile in the body at T = 319.6 K. 
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The resu lts 

A typical temperaturo and moisturc profile in a body determined by the TTSM 
is shown in Fig. I. The temperatnre and moisture profiles were approximated by 
a linear dependence. The lowest correlation coefficient value W'as that for tempe
raturo profile, 0.96, while that for the moisture profile varied fonn 0.7 to 0.98, 
with a mean at 0.86. The evaluated DT for T = 319.6 K are listed in Tablo I. 

'l'ablc I 
Tho vu,luos of tlwrmocliffusion coofficicnts 

I 

I I 

I 

I I 

I I I I 

Meusurem('nt No. 
I 

1 2 3 
I 

4 5 6 7 8 9 IO 

I I I 
I 

I I
I 

I 
6.8 1 I 

I IDT . 1010/m2s-1 4.6 I 3.5 6.1 7.4 I 4.6 6.1 I 3.8 7.2 6.6 
I I 

(DT ± o) m2s-1 (6 :!:: l)x 10-11 

*) (DT ± o) is tho meun vuluc including the orror of rcsult.s 

The following conditions for rcliable determination of DT have been derived 
from the experimental work: 
- reproducible preparation of boclies with homogeneous and constant initial

moisture distribution,
- a constant and reproducible temperaturo gradient,
- satisfactory quality of the insulating Iayer,
- attainment of a stedy statc,
- rapid cooling down of the body before cutting it up.

DISCUSSION 

The assumption of a constant linear temperaturo distribution in a saturated 
ceramic body in a steady temperaturo state (oT/01: = O, d2T/dxz = O) is met by 
the temperaturo profile in the form: 

T = ((T2 - T1). x/L) + T1. (11) 

If the dependence D and DT on Tis neglected and both values refer to T = (T1 +

+ T2) /2 then for steady state (h = O) follows the constant moisture profile by 
solving (6) in the form: 

(12) 

The temperaturo and moisture profiles cstablished experimentally are in a satis
factory agreement with relationships (11) ancl (12). The JJT values for T = 319.6 K 
may be considered as reliably determined with respect to the measurement re
producibility involved. There remains the quest.ion of the share of thermodiffusion 
on the water transfer in a saturated ceramic body with a saturated boundary. 
In a water-saturated body the moisture gradient value is approx. dC/dx = 0.5 m-1 
and that of the temperaturo gradient dT/dx = 100 K 111-1 [6]. For T = 319.6 K, 
the value JjT = 6 X 10-10 m2 s-1 and D = I.2 X 10-s m2 s-1. The temperaturo 
gradient 100 K 111- 1 then creates in a ceramic body an adequate moisture gradient 
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of approx. 0.02 m-1, i. e. one lowcr by an order of magnitude compared to the 
moisture gradient value. The effcct of thermodi:ffusion can therefore be neglected 
for small temperaturo gradients when calculating water transfer in a water-satu
rated body when no moisture exchange occurs between the body and its environ
ment. 

CONCLUSJON 

1. The two thermal sources mcthod dcscribcd allows to study thcrmodiffusion
of watcr in a saturatcd ccramic mix and to dctermine rcliably thc thcrrnodiffusion 
coefficient. 

2. Thc therrnodiffusion cocfficicnt in a water-saturated ceramic mix at T =
319.6 K amounts to 15T = 6 ± 1 X 10-1° m2 s-1. 

3. Thc influence of thermodiffusion on water transfer in a saturated ceramic
body with a saturatcd boundary can bc neglccted for small oomperature gradicnts.
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VLI V TEPLOTNÍHO GRADIENTU NA pftENO S VODY V NASYCENÉ 
KERA"ivIICKÉ S"iv1ĚSI 

JiH Havrda, František OujiH, Jan Macháček 

Katedra technologie siW"átů, Vysol"á škola chemiclco-technologiclcá, Praha 6 

V práci je pro studium termodifúze vody v nasycené keramické směsi vypracována metoda 
dvou tepelných zdrojů a ukázán postup vyhodnocení termidifúzního koeficientu. Pro spolehlivé 
stanovení termodifúzního koeficientu touto metodou byly experimentálně určeny podmínky: 
a) reprodukovatelná pÍ'Íprava těles s homogenním a konstatním počátečním rozložením vlhkosti, 
b) konstantní a reprodukovatelný teplotní gradient, o) vyhovující kvalita izolační vrstvy, d) do
sažení ustáleného stavu, e) rychlé zchlazení tělesa pfod jeho rozfozáním.

Zjištěná hodnota termodifúzního koeficientu pro stfodní teplotu T = 319,6 K je D T = 
(6 ± 1) . 10-10 m2s-1

• Z porovnání toků vody vyvolaných jednak koncentračním a jednak teplot
ním gradientem pl'i stejné stfodní teplotě vyplynulo, že pl'i výpočtu pfonosu vody v nasyceném 
keramickém tělese, ke.ly nedochází k výměně vlhkosti mezi tělesem a jeho okolím, lze termodi
fúzi vody pro malé teplotní gradienty zanedbat. 

Obr. 1. Teplotní a vlhkostní profil v tělese při T = 319,6 K.. 
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B .TI 11 H fI 11 E T E :'I I. ll E P AT Y P H O I' O r P A ,o I E II T A 
TIA rIEPEIIOC BO[(hl B HACbIIl_(EHHOi'! h'EPA:'IIJJLJECI,OH C:'IIECH 

Hpnrn ranp;1a, <llpaIITIIIII[)I, Oy11pmH, rru :l'laxa•101> 

1w.gjú)pa 111e:r1I0.10euu cu:1111,a11Ioa, Xu.11u1,·o-meJ·110:10211'11?Cx:uii wIc11w111ym, 
llpa,•11 

J(:rn ucc:JC,i\0Bnrnrn Tcpiro;uHIHiiy:rnn JJ0i\f,I B llilťhll1lem10ii ECpa;;rn•1cť1rnii n1ccH n!l'rop1,1 
pa:ipa60Ta:111 MCT0;\ i,Byx TC[lMl�'l()ťIWX JlťT0'lllliJWll JI lljllIB0;\IIT CJIOťOÓ 01\0IIWI TCpMo
i.\ll(prliyaJIOIIlIOro 1w:,qrnt\JICH'ra. ;_(:rn m1:1cm�oro 011pc;1c.01crnrn Tep:1w;,1Hllrfiya11omroro 1ws
qim.\JICJ1Ta C ll0M0l!U,10 y11owmyT0J'O MCT0}W Ul,l,'111 ;-J"ťll(']lln!Cl!Ta:u,m,1M nyTCM ycTa11on:1crn,1 
yc,IOBIIH: a) nocnpoJI:l]J0).\IIM0C 11\lilrGT0JJ.-rnmrc TC:1 C o;mopo;(Hl,TM 11 !I0CT0HJllll,IM par:11pe
i.(CJI8llJI8:I[ ll.!1111'11, 6) l[OCTOlllllli,IÍÍ li JlOť!1po11:rno;111�!1,!Íi TC�ll!Cj)HT}'Jllli,IÍÍ rpa;(ll()l!T, n) co-
0TD8TCTB�'I0ll{CC J{é\'Je('TJJ0 11:!0.'!HilllO!Ill0l'0 (','!OH, 1·) JI0,'I)''ICJIJI0 yc:rnII0BIIIJIIICl'0ťH ť0CT0HllIIH, 
A) pc;moo ox.irnmnmrnc Tc1:ia ;10 ern pa:1pc:iam1n. 

YcrnHOB.'JCJIIcaH nc,m•rnJia Tl'J)il10;u1r{1rIJY:lllomwro 1,o:ir{Hpm11w11rn ;t:rn cpc;iucii TCMJJCpa
TYJlI,I '1' = 319,G ]{ C0cTaJJ:IHCT ])T = (G + i). l()-10 :112c-1. 113 C0JI0ťTalJ,l!Clllfll l!0T0!Wll 
D0i\hI, llJ,13!,!llaCMJ,JX C 0;1uoii ('T00jll!J,I JWlll(CIITJJ,H(ll0!ll!I,DI rpa;(l!CIIT0M, a C ;1pyroii CT0Jl0Hhl 
TCMI!CpaT)'jllll,!M rpa/UICJIT0M ll pn o;t111Ia I,OBOÍÍ ť jlC';uwi'i TCMJJC[lWfYJ)C ť ;1c;lyCT, 'ITO npn 
JlHC'ICTC JJCJ)CU0ťa JJ0/\1,! B lli\ťJ,llllCllll(J:\[ "cpaillll'JCťJ,0:1[ TC:JC, 1wr;ia ne IlfJ0X0/(l[T O0MCII 
nnanr Mcm;w TC,IOM H 01,pyawmn,eii ťpe;ioii, :11oirmo ;r,11rIHJ1y:mcii no;11,l BcJW/\CTnrrn nc-
6om,m11x TCMllCJlilTYJJIH,IX rpa}(JICHT0B Il]lCHCÓJlCl'ilT!,, 

Puc. 1. Jlpoifiu.11,1> me.1t11epamypu 11 11.u1,,11 r1 1nr•:1e 11p11 1' = 31.9,0 lť. 
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