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Polar water molecules and dissociated HY, OH™ ionts which are bonded to the surfaces of kaolinite crystals
represent the physicaly bonded water (PBW). The removal of PBW is completed at 360 + 10°C. Above
this temperature ac and dc conductivities are mainly dependent on the motion of alkaline ions Nat, K1,
Cat™ until the constitution water begins to be removed (440-460° C). After thermal treatment at 550°C, the
changes of conductivity in low temperature region were detected. It was caused by the water and OH™ ions
which were released in the dehydrozylation 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 place at the temperature above 400°C, leads to
a formation of metakaolinite in virtue of the loss of
OH~ 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 [1].

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 OH™ groups from kaolinite
and clay minerals, the OH~ ions and HsO molecules
can be bonded on the electric noncompensated sur-
face defects or on the free cations(Nat, K+, Catt).
These OH~ 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 dc and ac conductivities are confirmed by intro-
duced considerations.

EXPERIMENTAL PROCEDURE

Samples used for studying ac and dc 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
H5O, 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 Ht, OH~
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-O
and Al-O bonds. The removal of the PBW begins at
60-70°C already and corresponds with the decrease
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 of the 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 dc con-
ductivities are mainly dependent on the motion of
the free and bonded alkaline ions, especially Nat,
K*. The ac conductivity in this temperature region
is given by the relation

1.03 % 0.06 eV
P\~ T

and its activation energy comes near to the activation
energy of the dc conductivity until the temperature
at which the constitution water begins to be removed
as it can be seen from the slopes of plots of dc and
ac conductivities above 360°C. During the releasing

Tac = (0.2tg:?
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Fig. 1. O - ac conductivity without preheating, A - ac conductivity after
heating at 550°C in the first cycle, x - dc 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°C with the lst 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 physically
bonded water.

Dehydroxylation is reflected by the decreasing of
the dc conductivity which starts at 440°C 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 dc conductivity is connected with the decreasing
of the concentration of free charge carriers, mainly
Nat, K+, Cat* due to the reaction between these
ions and molecules HoO 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°C. 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 Nat ions, 0.10 mg/g K* ions and 0.23 mg/g
Ca*t ions the water solution and 0.25 mg/g Nat,
0.59 mg/g K* and 2.20 mg/g Ca** in the sediment.

After the extinction of transient bonds between
H20, OH~, H30% and electricaly uncompensated de-
fects and ions Nat, K+, Cat, the dc conductivity
begins to increase with the increasing temperature
due to the charge carriers liberation, see the dc con-
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Fig. 2. Temperature dependence of the dc conductivity (0,4),
1 - after preheating at 150°C (0), 2 - after the partial dehydrozylation in the

first cycle (460°C), (b).

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 dc conductivity of the porcelain
mixture in the dehydroxylation temperature region is
caused by the molecules H,O, OH~ groups and HzO+
complexes which are bonded:

a) on electrically noncompensated defects of clay min-
erals,
b) on free cations Nat, K+, Cat.

The above facts are important for the thermal

treatment of kaolin raw and porcelain mixtures.
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Polérne molekuly vody a iény Ht, OH™ viazané k de-
fektom a nachddzajice sa v péroch predstavuji fyzikal-
ne viazand vodu. Jej uinik zo vzorky sa koné& pri 360°C,
obr. 1. Nad touto teplotou elektrickd vodivost sa uréu-
je transportom iénov Nat, Ca*t a podriaduje sa expo-
nencidlnemu zdkonu s aktivaénou energiou 1,03 eV az do
zatiatku dehydroxidicie (440-460°C). Potom sa nosiémi
niboja stivaji i HY a OH™ pochizajiice z kaolinitovej
mriezky. Pri opakovanom ohreve vzorky, predtym vyhria-
tej na 550°C bola zistend zmena vodivosti v nizkoteplot-
nej oblasti, éo sa vysvetluje pritomnostou molekil vody a
i6nov H*, OH™, ktoré ostali v struktiire naviazané na de-
fekty alebo na alkalické katiény. Pritomnost katiénov bo-
la potvrdend chemickou analyzou. Po strate vazieb medzi
H,0, OH™, H30" a alkalickymi katiénmi, alebo elektric-
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ky neskompenzovanymi povrchavymi poruchami, s rastom
teploty elektrickd vodivosf za¢inA narastaf, obr. 2:

Obr. 1. O - ac vodivost bez predohrevy, A — ac vodivost
po predohrevu na 550°C v 1. cykle, x — dc vodivost po
predohreve na 150°C.

Zajimavosti

Obr. 2. Teplotnd zdvislost-dc vodivosti (0,4), 1 — po pre-
dohreve na 150°C (0), 2 - po éiastoénej dehydroziddcii
v prvom cykle (460°C), (»).

Zajimavosti

SULFIDOVA SKLA na bizi GazS3 obsahujici vzdcné ze-
miny jsou piedmétem zdjmu védeckych pracovniki pie-
devsim z hlediska vyuzitj téchto skel pii vyrobé optickych
vldken, polovodi¢d apod. A€koli Ga2Ss netvoii sklo snad-
no,7rychlé zchlazeni je moznym zplisobem jejich piipravy.
Prudkym zchlazenflr‘g vzniki neuspofidand struktura ty-
pu wurtzitur, aviak pfidinim GapS; k ostatnim sulfidiim
v uréitém mnozstvi ma za néasledek snadnou tvorbu skla.
Price francouzskych .vyzkumnych pracovniki potvrdily,
e GapSs tvoif sklo s vétsinou sulfidd z fady lanthanidd
s vyjimkou Tm, Yb a Lu. Sulfidové sklo na bizi Ga,S;
obsahujici vzicné zeminy je svétle zluté barvy a vykazu-
je Sirokou oblast prostupnosti od 0,5-10 pgm. Index lomu
téchto skel se pohyhuje kolem 2,5 pii vlnové délce 500 nm.
Index lomu zdvisi na podminkdch prudkého ochlazeni, na
intervalech homogenizace a na obsahu sulfidi ve skle. Pii
dopovéni téchto skel ionty Nd se objevuji fluorescenéni
vlastnosti umoziujici vyuziti téchto skel pro laserové ap-
likace. Tato skla se vyznaéuji dobrou stabilitou a vysokou
transformaéni teplotou (620°C).

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

Fryntovd

AMERICKY TRH S PROGRESIVNiMI OPTICKYMI MA-
TERIALY se bude, podle prognézy Business Communica-
tions Co., béhem pfistich péti let zvysovat rocné o 4,3%
a dosihne hodnoty téméf 120 mil. §. Postupné se bude
také ménit procentické zastoupeni ti{ hlavnich sektori té-
to oblasti trhu, kterymi jsou — vojenskd technika, primysl
a lékaistvi, véda a vyzkum. V souasné dobé vétsina tr-
Zeb &inicich pfiblizné 96 mil. § pochdzi z oblasti vojenské
techniky (41%). Véda a vyzkum tvoii 30% celkového trhu
a zbyvajicich 29% patii do oblasti primyslu a lékaistvi.
Do roku 1995 by se mé}l podil vojenského sektoru snizit
na 37%. Vyrobci téchto materidli budou muset hledat
nahradni odbératele ¥ civilnim sektoru, kde existuje ce-
14 fada aplikaci — napf. v oblasti moniterovani znecisténi,
piistrojové techniky apod. Kromé toho existuji vyznamné
svétové projekty zaméiené na vyzkum biosféry zemé. Jde
o projekty nazvané ,Mission to Planet Earth®.

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

Fryntovd

ROZSAHLEJSi ROZVOJ POUZIVANI TENKYCH VRS-
TEV je do urdité miry omezovin problémy spojenymi
s vytvofenim pevné vazby mezi podlozkou a vrstvou. Vy-
zkumni pracovnici Argonne National Laboratory pracuji
na vyvoji procesii zajisfujicich pevné vazby vrstev s té-
méf jakoukoli podlozkou. Novy proces piipravy povlaku
vyvinuté v této laboratofi zlepsuje jak adhezi tak mikros-
trukturni vlastnosti vrstev aplikovanych na kovové a ke-
ramické podlozky. Proces nese zkratku IBAD (ion-beam-
assisted deposition). Vyuziti tohoto procesu se o&ekivd
v oblasti mikroelektroniky, optiky, tribologie apod. Vy-
hodou procesu IBAD je i znaéné snizeni spotieby energie
- jednd se o setinu az tisicinu spotfeby energie ve srovni-
ni s piedchozimi procesy. Navic povlaky mohou dosahovat
50-100 ndsobné vyssi tloustky. Proces IBAD je kombinaci
dvou metod — implantace iontd a tepelného napafovani.

(Ceram. Ind., 136, ¢. 3, 1991, s. 24-28)
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SERIE  SUPRAVODICU vyrobenych z tzv. ,melt-
powder/melt-textured growth® materidld vyrobenych me-
todou MGA (melt growth a alignment) byla uvedena na
trh firmou HiTc Superconco Inc., Tullytown, USA. Ma-
teridl, ktery je vysledkem védeckého zkoumdni nékolika
instituci je vyrdbén v mnoha tvarech — jako kulicky, ty-
éinky, trubice, tyce, desky, disky apod. Kritickd hodnota
hustoty proudu dosahuje pii 77 K 3500 A/cm?, pii 4,2
K 100 000 A/cm?. Bylo dokdzéno, ze materidly MGA jsou
tvofeny témeéf Cistymi fizemi.

(Ceram. Ind., 136, ¢. 6, 1991, s. 12)
Fryntovd
PAJKA NA BAZI INDIA (#HIS) vyvinut4 americkou fir-

mou Supersolder Technologies Inc., Boston, miize byt po-
uzita k snadnému a pfimému pdjeni supravodivych ma-

teridld. Jak je uvddéno, proces probihad pfi teploté nizsi
nez je 80°C, co? eliminuje problémy se ztritou kysliku
a difiizi india do supravodice.

(Ceram. Ind., 136, ¢. 6, 1991, s. 12)

Fryntovd
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