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W ater transfer in a saturatecl ceramic body at various temperatures was 
studiecl in the systems where the boun,clary between the water-saturated body an,cl 
environment wcis either saturated or unsaturated. The diffusion pair (couple) 
method cmd that oj drying under quasistationary conditions were employed in 
the study. 'J.'he temperature dependence oj the diffusion coejficient was expressed 
Jor these systems. 

INTRODUCTION 

Water transfer in a saturated ceramic mix:, i. e. in a mi:x:ture of the ceramic 
rnaterial and water, can be regarded as diffusio� in a binary mi:x:ture of two incompres
sible components (l]. This conception allowed to determine the effect of the state 
of the surface, or that of the boundary of a saturated ceramic body on the mechanism 
of water transfer, thus elucidating the difference in order of magnitude between 
the values of diffusion coefficients measured by the diffusion pair method and by 
methods based on drying or removal of water by a gypsum block (2], [3]. The boun
daries may be satured or unsaturated. Saturated are insulated boundaries or boun
daries between two saturated bodies. Unsaturated are boundaries of a saturated 
body with an unsaturated body or ambient atmosphere. The effect of saturation or 
unsaturation of the boundary on the diffusion coefficient value has been reliably 
proved by experiment at one temperature. In the case of the saturated boundary 
the diffusion coeťficient is lower by one order of magnitude than that in a saturated 
body with an unsaturated boundary. Under isothermal conditions the diffusion 
coefficient in a saturated body with a saturated boundary corresponds to water 
transfer resulting solely from the effect of the moisture gradient. In the case of an 
unsaturated boundary the diffusion coefficient can be regarded as an effective magni
tude related to water transfer resulting from a moisture gradient and from capillary 
barodiffusion, that is capillary suction in the menisci as the unsaturated boundary. 
It has also been found that the diffusion coefficient value established by the diffusion 
pair method with an unsaturated boundary is the same as its value determined by 
the quasistationary drying method at the same temperature, and moreover, that 
the independence of the diffusion coefficient on moisture content in a saturated 
ceramic body is not affected by the state of its boundary. Water transfer in a sa
turated ceramic mi:x: can then be described when knowing the temperature dependence 
of the diffusion coefficient [ 4 ], [5]. 

The present work was therefore aimed at determining the temperature dependence 
of the diffusion coefficient in a saturated body with both satmated and unsaturated 
boundaries, and to establish whether the data obtained at one temperature are also 
valid within a wider temperature range. In order to obtain this information, the 
temperature dependence of the diffusion coefficient was measured at the following 
three experimental arrangements: 

(-la) diffusion pair composed of two saturated bodies of different moisture con
tents - saturated boundary, 
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(lb) diffusion pair cornposecl of one saturated body ancl t,he othcr unsatnrated 
body- unsaturated bounclary, 

(2) satnrated ceramic body with a free surfac<', on whieh thc water is evaporatecl
at a constant rate, i.e. quasi8tat.ionary drying - 1msaturated boundary. 

THEORY 

When the structure of the solid componťnt. is homogcnco\ls and conf-Stant, both 
components are inc01npres8ible and the diffusion cocťfieient indepcnclent of moi8ture, 
then the following relationship holds under isotherrnal conditions for one-dimcnsional 
cliffnsion for that part of the diffnsion pair whieh has the higher rnoist-me content. [61: 

Y = crf (1/2 :r (D-,;)-1/2), (l)  

whcre Y = (C - Os)/ (02 - Os), 05 bcing tlw moisture content hy volume at tito 
boundary of thc two part-s of thc diffm,ion pair, ancl C2 is the initial rnoiEt1m, conte11t 
bvvolume. 

• Bilateral qnasistationary drying oLt plate rťs11lts 1 o establishment of a parnbolic
moisturc distribution ancl thc cliffusion coťfficicnt can then hc crLlculatc:d frorn the 
cquation [:3], [5]: 

(2) 

where J8 is the volume moistmP flow through the plate surface, Lis the plate thick
ness, /10 = Oe - Op

, where Ce and Op ftre rnoisture conknts hy voh1me at t-he 
cťnt,re and at the plate surfacc rťspcetivPiy. 

THE :\IEASURING PROCEDURE 

The water transfer was i11Ycstigaiccl in a saturatccl ccramic mix for dťctrotedmieal 
porcelain with an eyc]atcd content of ex, - Al203. Thc rneasurements wcre carried 
out on prismatic elements 3 X 3 cm in cross Pcction aml ] O cm in length, prepare<l 
by drawing a rni:x: of 26% moistnre conte11t 011 a Yacmnn auger. Same of thc spccimcns 
were insulated immediately after forrning and kcpt for 48 hours in a wat,cr-vapour 
saturated medium to achievc uniform moisture distribution throllghout the specirnen 
body [7]. From some other specirnens, 4% of moistme wcrc removed by drying, thc 
specimens were then insulated and storcd in the same way as in t-he previous case. 
The remaining specimens werc dricd to zem rnoist1irc cm;tent and insulated. 

In the determination of the diffusion coťfficirnt by the diffusion pair met.hod in 
the instance of 8aturated bot1ndary (la) the diffl1sion pair was composed oť two 
saturated bodics of clifferent moisture contertfi. In t-he casc of unsatmatccl hounclary 
(1 b) the diffnsion pair was composed of a body with the i niti al rnoisture con1,cnt ancl 
a body dried to zcro moisture content.. The cxpcrimental procedure was the sanw 
for bot,h arrangements. Both irnrnlated parts of the pair werc 8cparately hcated at 
working temperature T for a period oť 40 l1!inutcs. After completed hcating, the 
insulation was removecl from one Lasc of Loth f]:Ccirnens, a diffusion pair composcd 
by joining thc bodies and the ncigh bo1!1 hood wafi insnlatcd. Thc diffusion pair was 
kept at the constant temperat1m· T for a 11eriod of time -,;. Thcn followcd cooling 
oť t,he pair clown to T = 278 K. The immlation was removed from the cooled pair 
and the part of thc pair having the higher rnoisilll'e contcnt was ctit into 2 mm strip8 
to cfotermine tlwir moisi11re contcnt. The diffusion coefficient was determinccl from 
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moistme distribution using equation (1). The same procedmc wa,R cmployed for 
all the working temperatures. 

In the determination of the diffusion coefficicnt by thc q1iasistcitionary drying 
method (2), insnlation of both basťs was removed from the satnrated spccimen 
in the length of 3 cm, ancl the specimcn wa,s placecl in a laboratory rccycling drying 
ovcn [8_1 with its bases parallel with thc dircetion oť the flowing air. In all the 
c:x:periments the air tempera ture was :-n 8 K ancl the rate of air flow was 1. 7 m s-1. 

Under the qnasistationary conclitions the specimcn temperature eorresponds to 
the temperature of adiahatically saturuted air. The various specimcn temperatures 
wcre t,herefore achievecl hy drninging the relative humiclity of the medium in the 
nmgc from 30 to 80 3/o. Under the quasistationary conclitions, the·vohimc flow .fs and 
t;!ie moisturc clistribution in thc specimen werc detcrminccl for the c:x:pression of D..C. 
The cliffusion coefficient- wns calcula1.-ecl ticcording to equation (2). 

RESULTS 

:For tlw arrangement cmployccl (la), (lb), (2) the rnoisturc distribution in the 
saturated hody at- each tempera ture was measurcd at least twice. Thc typical moisture 
profilcs are shown in ]'ig. 1. The rncan cliffusion coefficient- values for varíous tcm
peratmes are plottťcl in Fig. 2. 

DISClJS8ION 

Thc tcrnpcrature dcpc11dencc of diffusion coefficicnts in the ternpcratnre range 
mcasured was appro:x:irnatccl for all the arrnngernents by the fol!owing c:x:prcssion: 

D = Do exp (-B/T), (3) 

where B is the clmrnctťristic tcrnperature of the process ancl Do is a consta,nt. The 
mean quadratic c1Tor 

wherc D;v is the cliffusion cocfficicnt valuc caleulatecl aceorcling tu (:3). Thc values 
or t-he constants in cquation (:3) for tlte individua] arrangcments are as followA: 

(la) D0 = 5.52 X 1011 rn2 s-1, B = 14 484 K, Čh = 1.1 X 10-11 m2 s-1, (4) 

(lb) Do = :3.H3 m2 s- 1, B= 5 G45 K, 0k=:D X 10-11 m2 8-1, (5) 

(2) Do= 71.3 m2 s-1, B == G 520 K, <>k= 4.2 X 10-1s m2 8-1. (6) 

Thc resultA of tlris study are in a closc agrecmcnt with thc findings mentioned in 
thc introcluction. I<'ig. 2 for arrangemťnt (la) trnd (lb) implies t,hat acceleration of 
wa,tcr transfer in a saturatccl body with an ummturated bounclary due to baroclif
ťnsion oceurs throughout the entire temperature rnngc mcasurcd. At the lowest 
temperaturo employcd (2í8 K) thc diffusion eocfficient cliffors by about 2 ordcrs of 
magnitudo. This diffcrence decrcases with increasing tcmperature, untíl at 333 K 
the ratio of the two diffusion cc)('fficient-s arnounts to 2.3. In the casc (lb), the B is 
2.5G times lower than with tlw saturatccl hody wit-h thc satnratccl boundary. This 
difference ean be expla.inecl by a snml I dependence oť surface tcmsion on ternpera
ture. Fig. 2 for arrangement (lb) and (2) inclicntes that the diffusion eoefficient 
values establíshecl hy the two methocls at various temperaturcs are in a satisfactory 
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Jťiy. 2. Dijjvsion co�fjicient rs. te-mperature for 
arrangements (la}, (lb), (2). 

m11tnaJ agrecment. This means tlmt when a satumkd hody has an nnsat11rated 
h01mdary or surface, the tempcrature dependence of thc diff11sion coefficient is 
Yirtually thc sanic ragardkss oť whethcr the unsaturated houndary is due to tlw 
contact oť t.lrn saturatecl hody with a dricd body or with ambicnt atmosphcre. 
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CO.NCL USIO.N 

l. Thc temperaturc dcpc,ndcmcc oť t-hc diffusion cocťficient for a given watcr
:m.tmatc<l ceramic mix for the temperaturc range measured is dcscribcd by equation 
(:-�) with the valucs oť constants (4) in the ea:se (la) oť the diffusion pair 111ethod with 
a Raturated boundary, with valucs oť constant (5) in the case (lb) oť thc diffosion 
pair method with an unsaturated houndary, and with valueR oť const-ants (6) in
thc casc (2) oť the quasi8tationary drying met.hod. 

2. In thc ternperature range nlťas11red, the diffusion coeťficient values in the
saturated body with a satnrated bo'tmdary are lower tlrnn in the instance oť the 
satnrated hody with an 1msaturat.cd houndary. 

:1. The method oť the difťusion pair composcd oť a saturatcd and dricd hody is 
a model oť water transfer in a saturat.cd hody under qtmsistationary rlrying conditions 
in the temperatmc rangi, oť 302.5 to 314.2 K. 
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VLIV TEP LOTY.NA 1' f{J�.N OS VODY V .NA SYCJ�NÉ:'\l KERA.:11IC K ř<:i\1 T(�LESE 

,Jií-í }favrcla, František Oujii-í 

Katedra teclwo/oyie silikrítií, Vysoká .,kola chemickotee/moloqick1í, Praha 

Teplotní zúvislost difúzního kodicicn!u \'ody v nasyc<'nóm keramickóm tělese byla ur<":ona (l) 
metodou difúzního púru a (:1) metodou kvazistacionárního ,mšení. Difúzní púry byly sestaveny 
(la) ze dvou nasycených tólťs nebo (lb) z jednoho tóksa nasyceného a. druhóho nenasyceného . 
.Dif'ú,mí koeficiťnt pi·i sušení byl určován (2) z rychlosti sušení. Bylo zjištóno, že hodnoty difúz
ních kocficientú v promófoném teplotním inkrvalu metodami (lb) a (2) jsou prakticky stejné 
a jsou vyšší nož hodnoty difúzních koeficienf.ú st.lrnovťnó metodou ( la). Teplotní zúvislost di
fúzního ko<'ficiontu pro sledovanou smós t0clmick,,J10 purcelúnu ve zvoleném intervalu teplot je 
popHÚna vztahem: 

D = Do exp (--Bf'l.'), 
s hodnotami konstant v pl'Ípacló: 

(la) Do -- 5,5�. ll)l I 1112s-1, ]] -·. 14 484 K, <278---:l:3:l K), 
(lb) Do -- :l,!l:l 1n2s-1. ] ' ) -·· iíG45 K, <:178-33:l K), 
(2) Do --- 71,3 1n2s-1, JJ -- (J5�0 K, <:J01--:ll4 K). 

Obr. 1. Vlhkostn'Í profil 11 nasycenbn tělese pro uspořádání (la), (lb), (:!). 
(la): 'I'�� 2.90 K, , Ce. 2.1 h, (lb): 'l' =c 2.9:; ]{, , = 4 h, (2): :l' ,, .,/4,:! K, r =c 1 h. 

Obr. 2. Závislost chjúc.ního koeficientu 11a teplotě pro us1,ořcídání (fa), (lb), (2). 
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BnllHllllE TE.\l l!EP,\T>.-PbI HA JJEPEHOC BO)lhl 
B HAChlll\El!IIO.\I liEPA.\l lllJECh"O.\I TEJIE 

Hparn l'.rnp;{a, <!Jpannrmc1; Oy11pm11 

lť11r/JcíJ11a 111e.r11n.rn:•1111 c11.1111;a111nr:. X11.1111,.-o-111cxno.10211'1N·J;11,it li/{('l/l.l/.lny111, flpa,oa 

TowropaTypnyro ;ia1311cmrocT1, 1w:1(JH]i111t110J1Ta ;{mIHJiy:rnn no;�r,r n nan,rnte1mo�r 1-wp,1:1111-
•we1,m1 -re.110 011po1tem1:m ,IOT0;{o,r ;uHIHp�·:mo1moii 1rnpr,1 (1) H M0T0).lOM Hnas11c-ra1111011apuoii
cymmr (2). j\uq1rf1y:mo1rn1,re mtp1,1 rn,"roa:m 1r.;rn II:i ;rnyx IIacr,mwrmr,ix Te.:1 (ta) uau 11:3 
0;U!0l'O l(;\('1,[l(\CHllOl'O ll rnoporn !Wllil<'I,!ll!Clll!Oro T();[ ( lb). H'.ooqHillllllH)HT nrn]irfiy;rnu 11])11
cy111r;c 011pc;10:rn:rn na oe1ronamur crwpocTu ey1mm (2). YcTanon11.:rn. •no no.:rnq11m,1 1w:i<I1-
rp111t1rcnTou ;11HlHpya111r n 11:mcpHc1>rn,1 l!UTopna:ro To�mop,nypr,1 c noMorm,10 :-.ro-ro;ton ( I b)
lI (2) llj)il!,Tll'IOC]tll o;u1mn;on1,I li :toťTIIT'(\IOT óo.:wo [ll,l("()J,Oii IJC.:l[!'ll!Hbl ]IO ť[)illlllCI!lllO 
c uo:1II'lllmnm 1;0::illHpllltmmTon ;uiifilp>·:11111, �-r:Ta11on:Iť11m,Ix c 110:-wTI\1>10 M0T0;\a (la). To1.rno
paTypm1n :1am1c�:-rncT1, m;:1(IHI>111u1c\1JTa ;{11lJHl>)·:m11 ;t:rn ncc.-rc;\_\'c:-rnii oroc11 TCXHll'I0c1;oro 
qiapriiopa B uo;wupaHl!<l,f lll!Tťjlll.t:Tť Tť,fl!PJ).tT�'Jl 011111·1,rnaOTťH OTl!Ol!f('lllle,1: 

ll � -0 Do 0:-.:p (-- B/T). 
ť BC'.-IJl'llll!,1:-lll l,OllťTilHT B 1·;1�·,1ať: 

(la) Do = 5,52. 1ou M2c- 1, fJ = 11± 1±81± I{ (278-333 1-i:' 
(Jb) Do= 3,03 M2c-•, /3 = 5 G,í5 h/ (278-333 !{)

, 

(2) Do= 71,:3 M2t:~ 1, 13 = G 520 1-.:'. (301-:311± I-i:''. 

Puc. 1. Flpoif51uu, cm1,:c11oc11w e 1111c1,w11·111w.1r. me,ie G c11-wwe y11opniJo,icn1ui (la), (lb), (2). 
(la): T = 290 fť, T = 21 •UU'M, (lb): T = 293 l-i.", T = 4 ,wcn, (.'.?): T = :311±,2 H, 
T =] •WC. 

Puc. 2. 311eucu.1iocmi, 1wJJ!:fi1111uc11nra a11cj,rf,pa1111 0111. mc.1111cpnmypu a c.1_11•wc y11op.q.é/o,w11u.q. 
(la), (lb), (2). 
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