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Polar water molecules and dissociated H+ , OH- ionts which are bonded to the surfaces of kaolinite crystals 
represent the physicaly bonded water (PEW). The removal of PEW is completed at 360 ± 10° G. Above 
this temperature ac and de conductivities are mainly dependent on the motion of alkaline ions Na+ , K+ , 
ea++ until the constitution water begins to be removed (440-46(/'Q). After thermal treatment at 550° G, the 
changes of conductivity in low temperature region were detected. It was caused by the !l}ater and OH- ions 
which were released in the dehydroxylation and bonded on surface defects and free alkaline ions. 

INTRODUCTION 

The clay minerals are the basic constituents of
the porcelain mixture. The most important of them 
is kaolinite. Under the influence of heating the
kaolinite 'Converts into metakaolinite and next high­
temperature forms. All of these changes lead to a new
chemical structure, partially, a dehydroxylation which
takes plac� at the temperature above 400°C, leads to
a formation of metakaolinite in virtue of the loss of
on- groups from the kaolinite lattice. The last model
of the metakaolinite lattice takes account of residual
OH- groups in the· amount of 12%. These groups are
released at 800°C [l]. 

In the effort to improve the technological qualities
of kaolins, especially their mechanical properties, the
kaolin raws were subject to thermic effect on temper­
atures above 600° C. These are the temperatures from
the dehydroxylation region. If the thermal exposition
surflicient for the loss of on- groups from kaolinite
and clay minerals, the on- ions and H20 molecules
can be bonded on the electric noncompensated sur­
face defects or on the free cations(N a+ , K+, Ca++).
These on- groups and molecules behave as physi­
cally bonded water and affect grinding, filter pressing,
drying etc. 

In this paper on the basic of the measurement re­
sults de and ac conductivities are confirmed by intro­
duced considerations. 

EXPERIMENTAL PROCEDURE 

Samples used for studying ac and de conductivities,
were prepared from kaolin and 'clay minerals (50%),
feldspar (25%), quartz (25%) mixed with water. A
cylinder with diameter 11.5 mm formed by means of
vacuum extruder was sliced into disks 2.4 mm thick.
After their preparation and drying to 1 mass % of
H20, graphite conductive layers on both sides of the
disk sample were made. 

Direct-current conductivity was measured with a
dynamic electrometer (VA-3-51 RFT, Germany) and
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the alternating-current conductivity was measured by
using parallel equivalent circuit at the frequency of
1592 Hz with a bridge (TESLA BM 484, CSFR). The
samples were heated under vacuum 0.1 Pa with the
rate of 2°C/min. 

RESULTS AND DISCUSSION 

Polar water molecules and dissociated H+ , on­

ions which are bonded to the surface of pores, capil­
laries, and defect sites of crystals represent the phys­
ically bonded water (PBW). The PBW is preferably
bonded to the lateral surfaces of kaolinite platelike
crystals with a higher concentration of broken Si-0
and Al-0 bonds. The removal of the PBW begins at
60-70°C already and corresponds with the d�crease
of ac conductivity, as it is shown in  Fig. 1. This pro­
cess is dependent on heating rate, size of the sample,
ambient atmosphere and under the test conditions
the removal oft.he PBW is completed at 360 ± 10° C.
Comparing the 1st and the 2nd measurements the de­
crease of ac conductivity (see Fig. 1) can be explained
by decreasing the concentration of localized and .de­
localized charges .. This decreasing is connected with
the liberation of the PBW. The shift of temperature
values of the start and the end of the conductivity of
a steep· decrease between the 1st and 2nd runs, is a
result of the weakening of bonds described above. 

Above the temperature of 360° C ac and de con­
ductivities are mainly dependent on the motion of
the free and bonded alkaline ions, especially Na+,
K+. The ac conductivity in this temperature region
is given by the relation 

_ (o 2+o.s) ( 1.03 ± 0.06 eV)CTac - • -0.1 exp 
kT 

and its activation energy comes near to the activation
energy of the de conductivity until the temperature
at which the constitution water begins to be removed
as it can be seen from the slopes of plots of de and
ac conductivities above 360° C. During the releasing
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Fig. 1. O - ac conductivity without preheating, 6. - ac conductivity after 
heating at 550° C in the first cycle, x - ac conductivity after preheating at 
150° c. 

process the charge transport is ,given by the migrat­
ing protons, or the OH- ions arised from the disso­
ciated water molecules.The relaxation of polar wa­
ter molecules and of the localized motion of protons 
and bonded OH- ions on electrically uncompesated 
surface defects of kaolinite and clay mineral crystals 
or on interlayer cations contributes to the dielectric 
relaxation and thus also to the ac conductivity. If 
we take into consideration that the sample reached 
550°0 with the 1st run of heating, then we should 
not expect the occurence of physical water with the 
2nd run. In spite of it there were detected changes 
of conductivity in low temperature region (see the 
plots of the ac conductivity in Fig. 1). It is caused 
by the water released .in the dehydroxylation process 
of the 1st heating and in virtue of low temperature 
it remained in the sample in the form of p},iysically 
bonded water. 

Dehydroxylation is reflected by the decreasing of 
the de conductivity which starts at 440°e in the case 
of the unfired· sample. In the repeated thermal treat-

ment the shift of the start of dehydroxylation to a 
higher temperature can be detected. In Fig. 2 this 
particular fact is shown. The transient decrease of 
the de conductivity is connected with the decreasing 
of the concentration of free charge carriers, mainly 
Na+, K+, ea++ due to the reaction between these 
ions and molecules.H20 or OH- formed in dehydrox­
ylation. These associates are able to reorientate in 
the electric field and therefore their availability does 
not affect the ac conductivity. It can be seen in the 
Fig. 1 above 360°e. The presence of alkaline ions was 
confirmed by the chemical analysis of the sample dis­
solved in the bidistilled water. There were found 0.18 
mg/g Na+ ions, 0.10 mg/g K+ ions and 0.23 mg/g 
ea++ ions the water solution and 0.25 mg/g Na+, 
0.59 mg/g K+ and 2.20 mg/g ea++ in the sediment. 

After the extinction of transient bonds between 
H20, OH-, Hao+ and electricaly uncompensated de­
fects and ions Na+, K+ , ea++ , the de conductivity 
begins to increase with the increasing temperature 
due to the charge carriers liberation, see the de con-
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Fig. 2. Temperature dependence of the de conductivity (0,1::,.), 
1 - after preheating at 150° C (o ), 2 - after the partial dehydroxylation in the
first cycle (460° G), (6.). 

ductivity plot above 495°C in Fig. 2. This assumption
is in line with the changes in the sample, namely with 
the destruction of octahedron layers in the kaolin lat­
tice. 

CONCLUSIONS 

The decrease of the de conductivity of the porcelain 
mixture in the dehydroxylation temperature region is 
caused by the molecules H20, OH- groups and HsO+

complexes which are bonded: 
a) on electrically noncompensated defects of clay min­
erals,
b) on free cations Na+ 

I 
K+ 

I 
ea+.

_The above facts are important for the thermal
treatment of kaolin raw and porcelain mixtures. 
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Pola.me molekuly vody a i6ny H+ , oH- viazane 1c de­
fektom a nacha.dzajuce Sa V poroch predstavuju fyzika.1-
ne viazanu vodu. Jej unik zo vzorky sa konci pri 360° C, 
obr. 1. Natl touto teplotou e1ektricka. vodivose sa. urcu­
je transportom i6nov Na+ , Ca++ a podriad'uje sa. expo­
nencia.lnemu za.konu s a.ktivacnou energiou 1_,03 eV az do 
zacia.tku dehydroxida.cie ( 440-460° C). Potom sa nosicmi 
na.boja sta.vaju i H+ a. OH- pocha.za.juce z kaolinitovej 
mriezky. Pri opakovanom ohreve vzorky, predtym vyhria­
tej na 550°C bola. zistena. zmena. vodivosti v nizkoteplot­
nej oblasti, co sa vysvetl'uje prftomnosfou molekul vody a 
i6nov H+, OH-, ktore ostali v strukture naviazane na de­
fekty alebo na alkalicke kati6ny. Pritomnosf kati6nov bo­
la potvrdena. chemickou analyzou. Po strate viizieb medzi 
H2 0, OH-, Hao+ a alkalickymi kati6nmi, alebo ele1ctric-
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ky neskompenzovanymi povrchovymi poruchami, s rastom 
teploty elektricka. vodivose zacfu:t narastae, obr. 2: 

Obr. 1. o - ac vodivose bez prcdohrevu, A - ac vodivosf 
po predohrevu na 550° G v 1. cykl�, x - de vodivosfpo 
predohreve na 150° C. 

Obr. 2. Teplotna zavislosf.dc vodivosti {o,A), 1 - po pre­
dohreve na 150° a (o }, 2 - po ciastocnej dehydroxidacii
v prvom cykle {460° C), (A). 

Zajimavosti 

SULFIDOVJ\ SKLA na ba.zi Ga2S� obsahujid vza.cne ze­
miny jsou pfedmetem zijmu vedeckych pracovniku pre­
devsim z hlediska vyuzitj te.c4to skel pri vyrobe optickych 
via.ken, polovodic:u apop._. Ackoli Ga2S3 neh:ori sklo snad­
no, 1rychle zchlazeni je moznym zpusobem jejich pripravy. 
Prudkym zchla7;enill\ �znika. neuspora.dana. struktura ty­
pu wurtzitur, avsak pfida.n:fm Ga2S3 .k ostatnim sulficJ,um 
v urc:item mnozstvi ml za na.sledek snadnou tvorb1:1 skla. 
Pra.ce francouzskych ,vyzku-µinych. pracovniku potvrdily, 
ze Ga2S3 tvori sklo s vetsinou sulfidu z fatly lanthanidu 
s vyjimkou Tm, Yb a Lu. Sulfidove sklo na ba.zi -Ga2S3 
obsahujid vza.cne zeminy je svetle zlute barvy a vykazu­
je sirokou oblast prostupnosti od 0,5-10 µm. Index lomu 
techto skel se pohyhuje kolem 2,5 pfi vlnove delce 500 nm. 
Index lomu za.visi na podminka.ch prudkeho ochlazeni, na 
intervalech homogenizace a na obsahu sulfidu ve skle. Pri 
dopova.ni techto skel ionty Nd se objevuji fluorescenc:ni 
vlastnosti umoz.imjid vyuziti techto skel pro laserove ap­
likace. Tata skla se vyznacuji o.obrou stabilitou a vysokou 
transformacni teplotou (620° C). 

(Am. Cer. Soc. Bull., 69, c. 12, 1990, s. 1977-1984) 

Fryntova 

AMERICKY TRH S PROGRESIVNIMI OPTICKYMI MA­
TERIJ\LY se bude, podle progn6zy Business Communica­
tions Co., behem pi'istich pi'!ti let zvysovat rocne o 4,3% 
a dosa.hne hodnoty temer 120 mil. $. Postupne se bude 
take menit procenticke zastoupeni tri hlavnich sektoru te­
to oblasti trhu, kterymi jsou - vojenska technika, prumysl 
a lekarstvi, veda a vyzk�m. V soucasne dobe vetsina tr­
zeb cinidch pfiblizne 9,6 mil. $ pochazi z oblasti vojenske 
techniky (41%). Veda a vyzkum tvori 30% celkoveho trhu 
a zbyvajidch 29% patri do oblasti prumyslu a lekarstv{. 
Do roku 1995 by se m�i podil vojenskeho sektoru sniiit 
na 37%. Vyrobci techto materia.lu budou muset hledat 
na.hradni odberatele ;v civilnim sektoru, kde existuje ce­
la. fada aplikad - n,apr. v oblasti monitorova.ni znecisteni, 
pi'istrojove techniky a,pod. Krome toho existuji vyznamne 
svetove projekty zamef.ene na vyzkum biosfery zeme. Jde 
o projekty nazvane ,,Mission to Planet Earth".

(Ceram. Ind., 136, c. 1, 1991, s. 10-11) 

Fryntova 

.ROZSJ\HLEJSf ROZVOJ POUZfVANf TENKYCH VRS­
TEV je do urcite miry omezova.n problemy spojenymi 
s vytvorenim pevne vazby mezi podlozkou a vrstvou. Vy­
zkumni pracovm'.ci Argonne National Laboratory pracuji 
na vyvoji procesu zajisfujidch pevne vazby vrstev s te­
mer jakoukoli podlozkou. Novy proces pripravy povlaku 
vyvinute V teto laboratofi zlepsuje jak adhezi tak mikros­
trukturni vlastnosti vrstev aplikovanych na kovove a ke­
ramicke podlozky. Proces nese zkratku IBAD (ion-beam­
assisted deposition). Vyuzit{ tohoto procesu se oc:eka.va. 
v oblasti mikroelektroniky, optiky, tribologie apod. Vy­
hodou procesu IBAD je i znac:ne snizeni spotfeby energie 
- jedna. se o setinu az tisicinu spotreby energie ve srovna.­
ni s pfedchozimi procesy. Navic povlaky mohou dosahovat
50-100 na.sobne vyssi tlousfky. Proces IBAD je kombinad
dvou metod - implantace iontu a tepelneho napafova.ni.

(Ceram. Ind., 136, c. 3, 1991, s. 24-28) 

Fryntova 

SERIE SUPRAVODIC:0 vyrobenych z tzv. ,,melt­
powder/melt-textured growth" materia.lu vyrobenych me­
todou MGA (melt growth a alignment) byla uvedena na 
trh firmou HiTc Superconco Inc., Tullytown, USA. Ma­
terial, ktery je vysledkem vedeckeho zkouma.ni nekolika 
institud je vyra.ben v mnoha tvarech - jako kulic:ky, ty­
cinky, trubice, tyce, desky, disky apod. I(riticka. hodnota 
hustoty proudu dosahuje pri 77 K 3500 A/cm2 , pfi 4,2 
K 100 OOO A/cm2. Bylo doka.za.no, zemateria.ly MGA jsou 
tvofeny temer cistyrni fa.zemi. 

(Ceram. Ind., 136, c. 6, 1991, s. 12) 

Fryntova 

PJ\JKA NA BJ\ZI INDIA (#HIS) vyvinuta. americkou fir­
mou Supersolder Technologies Inc., Boston, muze byt po­
uzita k snadnemu a pi'imemu pa.jeni supravodivych ma­
teria.lu. Jak je uva.deno, proces probiha. pri teplote nizsi 
nez je 80°C, coz eliminuje problemy se ztra.tou kysliku 
a difuzi india do supravodic:e. 

(Ceram. Ind., 136, c. 6, 1991, s. 12) 

Fryntova 
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