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Pavodni prace

ELECTRIC C ONDUCTIVITY OF WATER-SATURATED
PORCELAIN MIXTURE

Part II. Dependence of Electric Conductivity on Temperature and
Concentration of Soluble Salts in the Mixture

Jiiki HavepA, Eva GREGOROVA, FRANTISER OUJIki
Department of Stilicate Tecknology. Institute of Chemical Technology, Suchbdtarova 5,166 28 Prague 6
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The effect of temperature on electric conductivity of a saturated porcelain
mixture 18 expre ssed on the basis of measuring electric current and body tem-
perature in an open and an isolated system. The effect of concentration on
electric conductivity was studied cn bcdies with various contents of soluble
salts. The experi me ntally establishcd 1elutionships were used to express ¢ = o(c)
and ¢ = ofc, T).

DETERMINING THE TEMPERATURE DEPENDENCE OF ELECTRIC
CON DUCTIVITY 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 [1]. It was concluded (Part I, Fig. 4) that a change in eleetric
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 X10-2m 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, z, ¥, 2)
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Fig. 1. Blectric 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 thermal
insulation, using the apparatus and procedure described in Part I. For a body
4.9x1072m in length, use was made of 22V 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 thus free of any temperature
gradient. Typical experimental relationships I = I(t) and T = T(t) are plotted
in Fig. 2 and the evaluated dependence ¢ = ¢(T') in Fig. 3. The same relationships
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Pig. 2. Time dependence of current — 1 and mena body temperature— 2 for U = 22V,
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Fig. 3. The relationship ¢ = o(T) in the isoluted system tange U = 22 V.

were measured on isolated bodies 6 X 102 m in length at voltages of 16 V, 26 V
and 34 V. A survey of ¢ 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 established relation-
ships ¢ = o(T), approximation by the least squares method was used to express
the linear dependence of electric conductivity on temperature over the temperature
range of T' e (293 K; 323 K} in the form

o = (0.0050 T — 1.3209) Sm~1. 1)
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Table I

Electric conduetivity and electrie current density of porcelain mixturc

Open system Isolated system f
E T V ) N T o
—_— U =315V U=16V | U=2V
Ko . j ~
! o i G j o | i
Sm~i Am? Smt ; A2 | Smt 2 Amt
| r T T
! 303 0.20 | 115.00 0.20 53.33 } 0.22 80.67
308 0.22 ; 126.50 0.23 61.33 0.25 91.67
313 0.25 j 143.75 0.25 66.67 0.28 102.67
318 0.27 ! 155.25 0.28 74.67 0.31 115.67 |
i |
|
U=25V ‘ U=34V \
o j a ‘ i
Sm-t ; \ m—2 Sm—! Am2
303 ! 0.20 83.33 0.21 119.00
308, 0.23 95.83 0.23 130.33
313 0.25 104.17 0.25 141.67
318 0.27 116.67 0.28 158.67

In all of the measurements 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 ¢ 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 7' € (293 K;
328 K>. Following the connection of electrodes and application of thermal insula-
tion, the starting current [1] was measured at a constant voltage of U = 34.5V.
For each temperature, the measurements were carried out on five bodies 6 X 10~2 m
in length. The o for the respective temperatures were calculated from the experi-
mental values. The resulting relationship o = ¢(T) is plotted as curve I 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 ¢ = o(T)
(curve 1) was approximated over the temperature interval 7' € (293 K; 328 K)

by the exponential equation having the form

o = (2.306 10-3 exp 0.01417/K) Sm-1. (2)
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A comparison of the two relationships ¢ = o(T') indicates that when the bodies
were heated without passage of electric current, the values of o were lower over
the entire variable temperature interval than when the body was heated by passage
of electric current.
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Fig. 4. The relationship ¢ = o(T) of porcelain mixture in plastic state;
1 — heating the body on a water bath, 2 — heating the body by electric current.

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, particularly those adsorbed in the clay
minerals, for electric current transmission in contrast to the effect of temperature
alone. Provided the hypothesis 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 properties of water-saturated porcelain mixture
in plastic state.

DETERMINING THE DEPENDENCE OF ELECTRIC CONDUCTIVITY OF
PORCELAIN MIXTURES ON THE CONTENT OF SOLUBLE SALTS

The type of salts present in the mixture was determined in order to express the
relationship ¢ = o(¢) where c is the concentration of soluble salts. 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 9, of the soluble salts.

A porcelain mixture with a virtually zero content of Na,SO, was obtained by
five-fold elutriation, decantation and filtering with subsequent drying of the suspen-
sion. To determine the o = o(c) relationship, mixtures with sodium sulphate
contents stepped up by 0.1 wt. %, were prepared over the interval ¢ € {0 wt. %,;
0.6 wt. 9,>. Following the working in of the Na,SO, and maturing the mixture
with an absolute moisture content of w = 25 9, bodies 30 mm X 30 mm in cross
section and 60 mm in length were produced on a vacuum auger. The moisture-proof-
ed bodies were kept for 48 hours in a 100 9, 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 = 25V and temperatures 7' € (293 K; 323 K} using the
apparatus described in Part I [1]. The resulting dependence of ¢ 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 Na;SO,4 concentration gradient in the
body was verified experimentally by comparing the ¢ of bodies 60 mm in length
with those 10 mm in length, obtained by cutting up the former. The ¢ 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(¢) and T = T(¢) for the concentration ¢ = 0.6 wt. 9, are
plotted in Fig. 5. The relationships ¢ = o(T') were expressed also for the other
concentrations ¢ = 0 wt. 9, 0.1 wt. %, 0.6 wt. %, and are plotted in Fig. 6.
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Fig. 5. The time dependence of electric current — 1 and temperature — 2 for a porcelain mixture
with 0.6 wt. % of NazSO,.

0 1 1 1 1 _
300 310 320 330 %

Fig. 6. Temperature dependence of electric conductivity of porcelain mixture with Na,SO4 concen-
trations of 1 — 0 wt. %, 2 — 0.1 wt. %, 3 — 0.6 wt. %.

The relationships ¢ = ¢(T) obtained for bodies with various Na,SO, concen-

trations were used to express the relationship ¢ = ¢(c) for various temperatures,
as plotted in Fig. 7. The dependence ¢ = ¢/(c) at various temperatures was appro-
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ximated by the following equation which describes the joint relationship o = o(c,
T):
o = ((0.01678¢ + 0.0044) T — 4.21¢ — 1.109) Sm~1. (3)
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Fig. 7. Electric conductivity vs. concentration of soluble salts for various teinperatures.

CONCLUSION

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 ¢ to be determined reliably under defined
conditions and the effect of moisture content, temperature and the concentration
of soluble salts on ¢ 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 (18.2 9%,; 26 Y,>.

b) shows a linear dependence on temperature according to the equation ¢ =
= (0.00507" — 1.3209) Sm~! when the body is heated by passage of electric current
over the temperature interval 7' e (293 K; 323 K.

¢) depends on the content of salts in the mixture over the soluble salt concen-
tration interval c € {0 wt. %; 0.6 wt. %>. The joint dependence of ¢ on ¢ and T
can be described by the equation

o = ((0.01678c + 0.0044) T' — 4.21¢c — 1.109) Sm~1.
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ELEKTRICKA VODIVOST VODOU NASYCENXE PORCELANOVE SMESI

Cést I1: Zavislost specifické elektrické vodivosti na teplots a koncentraci rozpustnych soli
ve smési

Jiri Havrda, Eva Gregorova, FrantiSek Oujiri
Katedra technologie silikdti, Vysokd skola chemicko-technologickd, Suchbdtarova 5, 166 28 Praha 6

V prici je studovan vliv teploty a koncentrace rozpustnych soli-na specifickou elektrickou
vodivost nasycené porcelanové smési. Na zakladé méreni casové zavislosti proudu a teploty
pro dané napéti je vyhodnocena elektrickd vodivost smési. Bylo zjisténo, ze specifické elektricka
vodivost smési zavisi na teploté pri vyhrivani télesa priichodem elektrického proudu, a to podle
vztahu

o = (0,0050 T — 1,3209) Sm~1

platného pro teplotni interval 7T € (293K; 323K).

Ze ziskanych zavislosti o = o(T) pro télesa s riznou koncentraci Na,SO, byla vyjadrena zavislost
o = o(c) pfi raznych teplotach, ktera byla aproximovana vztahem vystihujicim spoleénou za-
vislost specifické elektrické vodivosti nasycené keramické smési na koncentraci a teploté ve

tvaru
o = ((0,01678¢c + 0,0044) 7’ — 4,21¢ — 1,109) Sm—1.:

Obr. 1. Zavislost specifické elektrické vodivosti porceldnové smési na teploté stanovend v otevieném

s%/stému pro napett U = 34,5 V.

Obr. 2. Casovd zdvislost proudu — 1 a stfedni teploty télesa — 2 pro U = 22 V.

Obr. 3. Zdvislost ¢ = o(T) v izolovaném systému pri napéti U = 22 V.

Obr. 4. Zavislost 6 = o(T) porceldnové smési v plastickém stavu;
1 — prohiev télesa ve vodni ldzni, 2 — prohiev télesa prichodem elektrického proudu.

Obr. 5. Zdvislost elektrického proudu — 1 a teploty — 2 na Sase pro porceldnovou smés s 0,6 % hm.
NS.ZSO4.

Obr. 6. Teplotni zdvislost specifické elektrické vodivosti porceldnové smési s koncentraci Na;SOs
1— 0% hm.; 2— 0,1% hm.; 3— 0,6% hm.

Obr. 7. Zdvislost specifické elektrické vodivosti na koncentraci rozpustnych soli pro rizné teploty.

9JIEKTPONPOBOJNHOCTh HACBINEHHON BOJON ®APO®OPOBOM
CMECH; II.

3aBHCHMOCTL YAETHHOM 3JIeKTPONPOBOSHOCTH OT TeMIePATypPhl M KOHIEHTPAIMH pacTBO-
PeHHHIX B CMecH coJlel

Wpsen IaBpaa, 9Ba I'peroposa, Oparrnmex Oymp:&u

Kagedpa mexroaoeuu cuauramos Xumuro-mexroaozuneckozo uncmumyma, 166 28 I paza 6

B paGore mccilenyerca BiIMAHEWe TeMIepaTyphl M KOHINEHTPAaOMM PacTBODHMELX cOJieH Ha
YAEeALRYIO BIIEKTPONPOBOJHOCTH HACKIIEHHOM apdopoBoii cmecn. Ha ocHOBaHNM N3MepeHAs
BpeMEeHHOM 3aBACHMOCTH TOKa M TeMIepaTyphl A JAHHOIO HAaNpPsKeHA:A OMeHHBAeTcsd
3JIeKTPOIPOBOIHOCTE cMecH. BEIIO ycTaHOBJIEHO, UTO y/eJIbHAA dIIeKTPOIPOBOJHOCTE CMECH
3aBHCHT OT TeMIIeDPaTyphl DM OPOTPeBe Tejla NMPOTeKaHHeM 3JIeKTPHIeCKOro TOKa COIIacHO

OTHOIIEHNIO:
¢ = (0,0050 T — 1,3209) Sm-1.

AlelicTByOIIeMy npu TemuepaTypHoM nBTepBailee T € {293 K; 323 K). Ha ocHOBaHMN IOJIy-
YeHHBIX 3aBHcHMOcTell ¢ = o(T) giaaA Tesl ¢ pasHOiT KoHIeHTpanmed Na:SO, ycraEoBmIH
3aBHCAMOCTE ¢ = ¢(C) IPH Pa3HHX TeMIePaTypax, KOTOPYIO amPOKCHMI POBAJIK OTHOIIEHAEM,
OTpasKa0IIIM OOUIYI0 3aBACHMOCTh yAeIbHOH 3JIEKTPONPOBOJHOCTH HACHITIeHHOM KepaMm-
9ecKO# CMecH OT KOHIEHTPAaIlMH M TeMIepaTyphi B BHJE:

o = ((0,01678¢ + 0,0044) — T — 4,21¢c — 1,109) Sm-1.

Puc. 1. 3asucumocmdv ydeavroli saexmponpocodrocmu dapgoposoli caecu om memnepamyper,
YCMAHO08AEHHAL 6 OMEPLIMOt cucmeme Oan nanpawerus U = 34,5 V.
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Puc. 2. Bpemernan aasucumocmd moka — 1 u cpedneti memnepamypst meaa — 2 0as U =22 V.

Puc. 3. Basucumocmv ¢ = o(T) ¢ uaoauposarroti cucmeme npu nanpawernuu U = 22V.

Puc. 4. 3asucumocmv o = o(T) gapgoposoti cmecu 6 naacmuueckom cocmosruu; 1 — npozpee
meaa 6 600aKo0l Gane, 2 — npozpee meaa nPoMeKarUeM IAEKM PUNECKO20 MOKA.

Puc. 5. Bagucumocmv saexkmpuneckozo moka — 1 u memnepamypst — 2 om epemenu 04
Papgoposoti cmecu ¢ 0,6 % no eecy NazSOs.

Puc. 6. Temnepamypran sagucumocmd Yoeabholi 34eKmponposodnocmu gapdopogoli cmecu
¢ konyenmpayueii Na2SOq4 1—0 % no secy, 2—0,1 % no eecy 3—0,5 % no eecy.

Puc. 7. 3asucumocmb yoeabHot 31eKmponpogodHocmu om EOHYEHMPAYUU pACME0 PUMBLE CONEl

O0aa paskbix memnepamyp.

HANS SONNTAG, KLAUS STENGE: COAGULATION KINETICS AND
STRUCTURE FORMATION (Koagulaéni kinetika a tvorba struktury) VEB Deutscher
Verlag der Wissenschaften, Berlin 1987, DDR, cena neudéna.

Stabilita koloidnich disperzi hraje velmi diileZitou roli v pfirods® i v pramyslu. Zavisi, podobn&
jako mnohé jiné fyzikélni vlatnosti, na interakcich mezi &asticemi v disperznim prostiedi, které
muzZe obsahovat povrchové aktivni nebo makromolekularni latky. Prevladaji-li pritazlivé sily,
miuze dochézet ke koagulaci, tj. ke vzniku kompaktnich agregati makroskopickych, nebo k floku-
laci — tvorbé volnych atevienych struktur vloZek, které mohou, ale nemusi byt makroskopické.

Préce zatiné pfedmluvou, obsahem, seznamem symbolu a ivodem. Vlastni naplii je rozvriena
do 4 kapitol. Autorem prvnich t#i je H. Sonntag.

Prvé kapitola (s. 14—37) vénované interakeci mezi koloidnimi &isticemi obsahuje interakei
elektrické dvojvrstvy, Van der Waalsovu interakéni energii, sterickou interakei pisobenou adsor-
bovanymi molekulami a superpozici meziéasticovych sil.

Druhé &ast (s. 38—57) nese nézev diftize koloidnich &astic. Mluvi se v ni o translaéni difuzi
izolovanych koloidnich &éstic, 8astic v interakei za riznych podminek i o pfimém méfeni trans-
lagnich difuznich koeficientu.

Treti kapitola (s. 58—126) se zabyva koaguladni kinetikou. Uvadi Smoluchovského teorii
rychlé koagulace véetné korekce na polydisperznost a pomalou koagulaci, zavadi reverzibilitu
do koagula&ni kinetiky, uvazuje se i vliv rychlosti pfiblizujicich se koagulujicich &astic. Zajimava
je partie o metodach vySetFovéni koagulaéni kinetiky, ultramikroskopii, Colterovym poéitagem
&astic, méfenim rozptylu svétla a turbidity, elektrooptickych jevi, zvl. u anizotropickych &astic,
i laserovou fluktuaéni spektroskopii. Cdst vdnovans experimentiim v oblasti koagulagni kinetiky
se tyka rychlé i pomalé koagulace a kinetiky mustkové koagulace s polymernimi flokulanty.

tvrtd dast (s. 127—182), autor K. Strenge, nazvané Tvorba struktury v dispeznich soustavach
se tyké koncentrovangjsich disperzi, kdy se vytvareji tak velké koagulaty, %e vznikéd sediment.
Je rozdélena na 4 dily. V prvém je pojednéno o tvorb& koegulaéni struktury ptisobenim pritazli-
vych sil pfianizotropnich i kulovych &asticich, o pfimém modelovéni polystyrenovymi kulitkami,
o simulovéni vzniku vlogek nebo sedimentu na poé&itadi (napf. metodou Monte Carlo) i o kinetice
koaguladnich struktur. Druhy je v&novén ,,periodickym strukturdm‘ vytvafenym odpudivymi
silami. Jsou to struktury, ve kterych jsou vzdélenosti mezi nejbliz8imi &asticemi stejné alespon
ve 2 rozmérech. TFeti se tyké vzniku struktur pasobenim vnéjsich sil, tj. v elektrickém, magne-
tickém a mechanickych polich (gravita&nim, odstfedivém, st¥ihovém). Ctvrty obsahuje struéné
informace o reologickém chovéni strukturovanych disperzi, tj. o viskéznim, pruzném chovéni
o kreepu a stlagovani struktury, k némuz dochézi v odstfedivém poli.

V zavéru knihy jsou literarni odkazy sefazené podle 4 hlavnich kapitol. Nejbohatéji je vybave-
na 4. kapitola; 207 referenci. Je zastoupena i sovétska literatura.

Kniha obsahuje 91 obrazku, vétsinou pfehlednych grafi a jednoduchych schémat i radu ta-
bulek. Je uzaviena vécnym indexem. Lze ji doporudit vSem zéjemciim o koloidni disperze.

K. Spicik
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