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The effect of temperature on electric conductivity of a saturated porcelain 
mixture is expre ssed on the basis of measuring electric current and body tem
perature in an op en ond ar, iwlotfd ,yot(m. The effect of concentration on 
electric conductivit y trns otudied en be dies u:ith i-arious contents of soluble 
salts. The experi me r,tally e.tob/i;lnd Hlc.tiond.ips u·ete used to express a = a(c) 

and a = a(c, T). 

DETERMINING THE TEMPERATURE DEPENDENCE OF ELECTRIC 

CONDUCTIVITY OF PORCELAIN MIXTURE 

In Part I, the effect of moisture content in a porcelain mixture on electric con
ductivity was established by a procedure based on measuring the time dependence 
of moisture, temperature and electric current passing through the body under 
constant voltage [l]. It was concluded (Part I, Fig. 4) that a change in electric 
conductivity not associated with the change in the moisture content takes place 
during the period of heating up the body. In this open system where a body with 
a length of L = 6 x 10-2 m exchanges moisture with the environment and some 
of the heat is consumed by water evaporation, the time-dependent variables 
include moisture content, temperature gradient and electric current. 

On the assumption that the change in electric conductivity of the body is related 
solely to a change in temperature, the results (Part I, Fig. 4) indicate a linear 
dependence of electric conductivity on temperature as shown in Fig. 1. This 
dependence was verified by the determination of I = I(t) and T = T(t, x, y, z) 
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Fig. I. Electric conductivity of porcelain mixture vs. temperature determined in the open system for 
the voltage U = 34.5 V. 
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in an isolated system, i.e. one provided with a moisture-proof barrier and thermitl 
insulation, using the apparatus and procedure described in Part I. For a body 
4.9 X 10-2 m in length, use was made of 22 V voltage. Measurement of the time 
development of the temperature profile in the body showed that the body was 
heated uniformly throughout its volume and was thutl free of any temperature 
gradient. Typical experimental relationships I = I(t) and T = T(t) are plotted 
in Fig. 2 and the evaluated dependence a = u(T) in Fig. :3. The same relationships 
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Fig. 2. Time dependence of current - 1 and menri body tempera,ture- 2 for U = :?2 V. 
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Fig. 3. The relationship a = a(T) in the isolated system tage U = 22 V. 

were measured on isolated bodies 6 X 10-2 m in length at voltages of 16 V, 25 V 
and 34 V. A survey of a values measured in the open and in the isolated system 
at various temperatures is given in Table I. A linear temperature dependence 
of the electric conductivity of the porcelain mixture in plastic state, with a very 
satisfactory agreement between the courses of the relationships, was found in both 
systems. The results further indicate that current density has no effect on electric 
conductivity of the porcelain mix. 

On the basis of a very satisfactory mutual agreement of the establi,;hed relation
ships a = a(T), approximation by the least squares method was used to express 
the linear dependence of electric conductivity on temperature over the temperature 
range of TE <293 K; 323 K) in the form 
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a= (0.0050 T - 1.3209) Sm-1
. (l) 
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Electric Conductivity of Water-Saturated Porcelain Mixture; II. 

Table I 

Elnc-tric conduC'tivity and electric current density of porcelain mixture 

Open system Tsolatl'd system 

U = 3!,5 V U = 16V U = 22 V 
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In all of the mea:mrements in both the open and the isolated system, electric 
current increased simultaneously with the increase in temperature in terms of 
time. Whether the passage of electric current through the body has any effect 
on the electric conductivity of the mixture or not cannot be decided from the esta
blished independence of a of current density. In order to determine this effect, the 
following experiment was performed: Moisture-proofed bodies were heated on 
a water bath to various temperatures over the temperature interval TE (29:{ K; 
:!28 K). Following the connection of electrodes and application of thermal irnmla
tion, the starting current [l] was measured at a constant voltage of U = 34.5 V. 
For each temperature, the measurements were carried out on five bodies 6 X 10-2 m 
in length. The a for the respective temperatures were calculated from the experi
mental values. The resulting relationship a = a(T) is plotted as curve 1 in Fig. 4 
in comparison with the relationship established during the heating up of the bodies 
by passage of electric current ( curve 2). In the given case the relationship a = a(T) 
(curve 1) was approximated over the temperature interval TE (293 K; 328 K) 
by the exponential equation having the form 

a= (2.306 10-3 exp 0.0141T/K) Sm-1
. 
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A comparison of the two relationships er = cr(T) indicates that when the bodies 
were heated without passage of electric current, the values of <1 were lower over 
the entire variable temperature interval than when the body was heated by passage 
of electric current. 
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l!'ig. 4. The relationship <J = a(T) of porcelain mixture in plaBtic state;
1 - heating the body on a water bath, 2 - heating the body by electric cu,rrent. 

To explain the difference one can accept the assumption that during long-term 
duration of the electric field some of the energy is consumed for activating a larger 
number of water molecules or electrolyte, particula.rly those adsorbed in the clay 
minerals, for electric current transmission in contrast to the effect of temperature 
alone. Provided the hypothe3is is valid, the net temperature dependence of electric 
conductivity of porcelain mixtures is given by equation (2). Equation ( 1) then speci
fies the dependence of electric conductivity on temperature, including the effect 
of electric current on the electrical propertie3 of water-saturated porcelain mixture 
in plagtic state. 

DETERMINING THE DEPENDENCE OF ELECTRIC CONDUCTIVITY OF 

PORCELAIN MIXTURES ON THE CONTENT OF SOLUBLE SALTS 

The type of salts present in the mixture wa, determined in order to expre3s the 
relationship er = cr(c) where c is the concentration of soluble sa.lts. Their solution 
was obtained by elutriating the porcelain mixture in distilled water, decanting 
and filtering. An analysis of the solution showed that sodium sulphate constituted 
92 % of the soluble salts. 

A porcelain mixture with a virtually zero content of NaJSO4 wa3 obtained by 
five-fold elutriation, decantation and filtering with subsequent drying of the suspen
sion. To determine the a = cr(c) relationship, mixture3 with sodium sulphate 
contents stepped up by 0.1 wt. % were prepared over the interval c E <0 wt. %; 
0.6 wt. o/o). Following the working in of the Na2S04 and maturing the mixture 
with an absolute moisture content of w = 25 %, bodie3 30 mm X 30 mm in cross 
section and 60 mm in length were produced on a vacuum auger. The m'Jisture-proof
ed bodies were kept for 48 hours in a 100 % r.h. medium to ensure homogeneous 
distribution of moisture or the electrolyte throughout the body volume. 
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The electric conductivity for a given concentration and temperature was evaluat
ed from the experimentally determined time dependence of electric current at 
a constant voltage U = 25 V and temperatures TE (293 K; 323 K) using the 
apparatus described in Part I [l]. The resulting dependence of <1 on temperature 
and moisture content indicated that the thermal insulation and moisture proofing 
ensured adequately the requirement of zero temperature and moisture content 
gradients in the body. The absence of an Na2S04 concentration gradient in the 
body was verified experimentally by comparing the <1 of bodies 60 mm in length 
with those 10 mm in length, obtained by cutting up the former. The <1 values of 
the individual sections were found to be identical with those of the complete body. 
This verification was carried out for all the concentrations prepared. The typical 
relationships I = I(t) and T = T(t) for the concentration c = 0.6 wt. % are 
plotted in Fig. 5. The relationships <1 = <1(T) were expressed also for the other 
concentrations c = 0 wt. %, 0.1 wt. %, 0.6 wt. % and a.re plotted in Fig. 6. 
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Jj'ig. 5. The time dependence of electric current - 1 and temperature - 2 for a porcelain mixture 
with 0.6 wt.% of Na2S04 . 
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Pig. 6. Temperature dependence of electric conductivity of porcelain mixture with Na2S04 concen
trations of 1 - 0 wt. %, 2 - 0.1 wt. %, 3 - 0.6 wt. %-

The relationships <1 = <1(T) obtained for bodies with various Na2S04 concen
trations were used to express the relationship <1 = <1(c) for various temperatures, 
as plotted in Fig. 7. The dependence <1 = <1(c) at various temperatures was appro-
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ximated by the following equation which deRcribes the joint relationship a = a(c, 
T): 

a= ((0.01678c + 0.0044) T - 4.21c -- 1.109) Sm-1
. 
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Fig. 7. Electric conductivity vs. concentration of soluble salts for various temperatures. 

CONCLUSION 

(3) 

The following conclusions can be drawn from the results of measuring electric 
conductivity of water-saturated porcelain mixtures and its dependence on moisture 
content, temperature and the content of soluble salts: 

1. The methods employed allow the a to be determined reliably under defined
('Onditions and the effect of moisture content, temperature and the concentration 
of soluble salts on 11 to be established. 

2. In bodies with homogeneous distribution of temperature, soluble salt
content and moisture, a constant gradient of electric potential is formed. 

3. The electric conductivity of water-saturated porcelain mix:

a) does not depend on moisture content over the interval of absolute moisture
content w E <IS.2 %; 26 %). 

b) shows a linear dependence on temperature according to the equation a ==
= (0.0050T - 1.3209) Sm-1 when the body is heated by passage of electric current 
over the temperature interval TE <293 K; 323 K). 

c) depends on the content of salts in the mixture over the soluble salt concen
tration interval c E (0 wt. %; 0.6 wt. %). The joint dependence of <1 on c and T 
can be described by the equation 

a= ((0.01678c + 0.0044) T - 4.21c - 1.109) Sm-1
. 
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ELEKTRICKA VODIVOST VODOU NASYCENE PORCELANOVE SMESI 

Cast II: Zavislost specificke elektricke vodivosti na teplote a koncentraci rozpustnych soli 
ve smesi 

Jiri Havrda, Eva Gregorova, Frantisek Oujiri 

Katedra technologie silikatil, Vysoka skola chemicko-technologicka, Suchbatarova 5, 166 28 Prah a 6 

V praci je studovan vliv teploty a koncentrace rozpustnych soli na specifickou elektrickou 
vodivost nasycene porcelanove smesi. Na zaklade mereni casove zavislosti proudu a teploty 
pro <lane napeti je vyhodnocena elektricka vodivost smesi. Bylo zjisteno, ze specificka elektricka 
vodivost smesi zavisi na teplote pri vyhrivani telesa pruchodem elektrickeho proudu, a to podle 
vztahu 

a = (0,0050 T - 1,3209) Sm-1 

platneho pro teplotni interval TE <293K; 323K). 

Ze ziskanych zavislosti a = a(T) pro telesa s ruznou koncentraci Na2SO4 byla vyjadrena zavL,lost 
a·= a(c) pri ruznych teplotach, ktera byla aproximovana vztahem vystihujicim spolecnou za
vislost specificke elektricke vodivosti nasycene keramicke smesi na koncentraci a teploto vc 
1,varu 

a = ((0,01678c + 0,0044) T - 4,21c - 1,109) Sm-1
• · 

Obr. 1. Zavislost specific lee elektricke vodivosti porcelanove smesi na teplote stanovena v otevfenem 
systemu pro napeti U = 34,5 v.

Obr. 2. Gasova zavislost proudu - 1 a stfedni teploty telesa -2 pro U = 22 V. 
Obr. 3. Zavislost a= a(T) v izolovanem systemu pfi napeti U = 22 V. 
Obr. 4. Zavislost a = a(P) porcelanove smesi v plastickem stavu; 

1 -prohfev telesa ve vodni lazni, 2 -prohfev telesa pruchodem elektrickeho proudu. 
Obr. 5. Zavislost elektrickeho proudu -1 a teploty -2 na case pro porcelanovou smes s 0,6 % hm. 

Na,SO4• 

Obr. 6. Teplotni zavislost specificke elektricke vodivosti porcelanove smesi s koncentraci Na2SO4 

1-0% hm.; 2-0,1% hm.; 3-0,6% hm. 
Obr. 7. Zavislost specificke elektricke vodivosti na koncentraci rozpustnych soli pro ruzne teploty. 

8JIERTPOilPOBO,r:i;HOCTh HAChl�EHHO:il BO,r:i;O:il <DAP<DOPOBO:tl 
CMECH; II. 

3aBHCllMOCTb YP.CilbHOii 3JICKTporrpOBOIJ;HOCTil OT TCM irnpaTyphl II KOHI(CHTpal(llll pacTBO
peHHbIX B CMCCII co.;ie:ii 

llpam I'aBp1i;a, 8Ba I'peropoB.a, <DpaHTIIIIICK OyIIpam 

RagieiJpa mexno.aoeuu cu.aw.amoe Xu.M,u,w-mexno.aoeu1tec1weo uncmumyma, 166 28 llpaza 6 

B pa6oTe IICCJICJ];YCTCJI BJIIIJIHIIC TeMnepaTyphl II KOHI(CHTpal(Illl pacT!'!OpIIMblX COJie:ii Ha 
y,D,eJibHY IO 3JICKTponpoBOIJ;HOCTb H8Cblll(CHHOH qiapqiopoBOH CMCCII. Ha OCHOBaHIIII 113MepeHIIJI 
BpeMCHHOH 38BIICIIMOCTII TOKa Il TCMnepaTypb! /J;JIJI IJ;8HHOI'O HanpmRCHIIH Ol(CHIIBaeTCJI 
3JICKTporrpoBO.[\HOCTb CMCCil. EbIJIO ycTaHOBJICHO, 'ITO y.ri;eJibHaJI 3JICKTponpoBO)J;HOCTb CMCCII 
38BIICIIT OT TCMnepaTypbI npn nporpeBe TCJia rrpoTeKaHHCM 3JICKTPII'ICCKOro TOKa corJiaCHO 
OTHOIIICHHIO: 

a = (0,0050 T - 1,3209) Sm- 1 
• 

.ri;efrcTBYIOII(eMy rrpn TCMrrepaTypHOM HHTepBaJiee T E <293 K; 323 K). Ha ocHoBaHIIH 110Jiy
'ICHHhIX 38BIICilMOCTCH a = a(T) )J;JI JI TCJI C pa3HOH KOHI(CHTpal(IICH Na,S04 ycTaHOBIIJIII 
3aBHCIIMOCTb a = a(c) rrpn pa3Hb1X TCMrreparypax, KOTopyro arrpOKCIIMllpOBaJIII OTHOIIICHIICM , 
OTpamaIOII(IIM o6rnyro 38BIIClfMOCTb y.ri;eJibHOH 3JICKTporrpOBOIJ;HOCTf! HaCbIII(CHHOH KCpaMII
'ICCKOH CMCCII OT KOHI(CHTpal(IIII II TCMrrepaTypu B BII)l,e: 

a = ((0,01678c + 0,0044) - T - 4,21c - 1,109) Sm-1
• 

Puc. 1. 3aeucu.M,ocmb yiJe.abnoii a.aenmponpoeoiJnocmu giapgiopoeoii c.M,ecu om me.M,nepamypbi, 
ycmanoe.aennaJt e omnpbimoii cucme.M,e O.llJt 11,anpJt:>1cenuJt U = 34,5 V. 
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Puc. 2. Bpe.MeHHan, aa6UCU.Mocmb moi;a -1 u cpeoneii me.MnepamypM me.11,a - 2 OJI/I U = 22 V. 
Puc. 3. 3aeucu.Mocmb <1 = <1( T) e uao.11,upo6aHHoii cucme.Me npu Hanpn,J1CeHuu U = 22 V. 
Puc. 4. 3a6ucu.Mocmb <1 = <1(T) <ftap<ftopo6oii c.Mecu e ll/1,llCmu"eci;o.M cocmOJJHuu; 1 - npoapee 

me.11,a e eoOn,Hoii 6aHe, 2 - npoapee me.11,a npomei;aHue.M a.11,ei;mpu"eci;oao moi;a. 
Puc. 5. 3aeucU.Mocmb aMi;mpu�ci;oao moi;a - 1 u me.MnepamypM - 2 om epeMeHu i}.11,n, 

<jap<jopoeoii cMecu c 0,6 % no eecy Na2S04 • 
Puc. 6. TeMnepamypHan, aaeucuMoCmb yoMbHoii aMi;mponpo60011,ocmu <ftap<jopoeou c.Mecu 

c i;oHlfeHmpalfueu Na2S04 1-0 % no eecy, 2-0,1 % no eecy 3-0,5 % no eecy. 
Puc. 7. 3aeucu.Mocmb yoe.11,bHoii aJ1ei;mponpoeo8Hocmu om i;oH1feHmpa1.fuu pacmeopU.MbtX co.aeii 

OJI», paaHb!X meMnepamyp. 

HANS SONNTAG, KLAUS STENGE: COAGULATION KINETICS AND 
STRUCTURE FORMATION (Koagulafoi kinetika a tvorba struktury) VEB Deutscher 
V erlag der Wissenschaften, Berlin 1987, DDR, cena neudana. 

Stabilita koloidnich disperzi hraje velmi dulezitou roli v prirode i v  prumyslu. Zavisi, podobne 
jako mnohe jine fyzikalni vlatnosti, na interakcich mezi Msticemi v disperznim prostredi, ktere 
muze obsahovat povrchove aktivni nebo makromolekularni latky. Prevladaji-li pritazlive sily, 
muze dochazet ke koagulaci, tj. ke vzniku kompaktnich agregatu makroskopickych, nebo kfloku
laci - tvorbe volnych otevrenych struktur vlocek, ktere mohou, ale nemusi byt makroskopicke. 

Prace zacina predmluvou, obsahem, seznamem symbolu a uvodem. Vlastni napl:ri je rozvrzena 
do 4 kapitol. Autorem prvnich tri je H. Sonntag. 

Prva kapitola (s. 14-37) venovana interakci mezi koloidnimi Msticemi obsahuje interakci 
elektricke dvojvrstvy, Van der Waalsovu interakcni energii, sterickou interakci pusobenou adsor
bovanymi molekulami a superpozici meziMsticovych sil. 

Druha Mst (s. 38-57) nese na.zev difuze koloidnich castic. Mluvi se v ni o translafoi difuzi 
izolovanych koloidnich Mstic, Mstic v interakci za ruznych podminek i o primem mei'eni trans
lacnich difuznich koeficientu. 

Treti kapitola (s. 58-126) se zabyva koagulafoi kinetikou. Uvadi Smoluchovskeho teorii 
rychle koagulace vcetne korekce na polydisperznost a pomalou koagulaci, zavadi reverzibilitu 
do koagulacni kinetiky, uvazuje se i vliv rychlosti pfiblizujicich se koagulujicich castic. Zajimava. 
je partie o metodach vysetfovani koagulacni kinetiky, ultramikroskopii, Colterovym pocitacem 
Mstic, mei'enim rozptylu svetla a turbidity, elektrooptickych jevu, zvl. u anizotropickych Mstic, 
i laserovou fluktuacni spektroskopii. Cast venovana expcrimentum v oblasti koagulacni kinetiky 
se tyka rychle i pomale koagulace a kinetiky mustkove koagulace s polymernimi flokulanty. 

Ctvrta cast (s. 127-182), autor K. Strenge, nazvana Tvorba struktury v dispeznich soustavach 
se tyka koncentrovanejsich disperzi, kdy se vytvai'eji tak velke koagulaty, ze vznika sediment. 
,Te rozdelena na 4 dily. V prvem je pojednano o tvorbe koegulacni struktury pusobenim pritazli
vych sil pri anizotropnich i kulovych Msticich, o primem modelovani polystyrenovymi kulickami, 
o simulovani vzniku vlocek nebo sedimentu na pocitaci (napi'. metodou Monte Carlo) i o kinetice 
koagulacnich struktur. Druhy je venovan ,,periodickym strukturam" vytvai'enym odpudivymi
silami. Jsou to struktury, ve kterych jsou vzdalenosti mezi nejblizsimi casticemi stejne alespon
ve 2 rozmerech. Treti se tyka vzniku struktur pusobenim vnejsich sil, tj. v elektrickem, magne
tickem a mechanickych polich (gravitacnirn, odstredivem, strihovem). Ctvrty obsahuje strucne
informace o reologickem chovani strukturovanych disperzi, tj. o viskoznim, pruznem chovani
o kreopu a stlacovani struktury, k nemuz dochazi v odsttedivern poli.

V zaveru knihy jsou literarni odkazy sefazene podle 4 hlavnich kapitol. Nejbohateji je vybave
na 4. kapitola; 207 referenci. Je zastoupena i sovetska literatura. 

Kniha obsahuje 91 obrazku, vetsinou prehlednych grafu a jednoduchych schemat i fadu ta
bulek. Je uzavrena vecnym indexem. Lze ji doporucit vsem zajemcum o koloidni disperze. 

K. Spwak
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