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The electric and dielectric properties measured on samples of fluoride glasses provide valuable information
on their properties as well as on the method employed in their preparation. The realationships obtained by
measurement indicate that the glasses possess only one mechanism of electrical conductivity with an activa-
tion energy of 0.75 eV and that the courses of modular Jiagrams imply a dominating process of conductivity
relazation with relazation time distribution. The transport takes place in a highly disarranged system. All
of the changes were measured reversible over the given temperature interval.

INTRODUCTION

The physical properties of glasses are strongly
influenced not only by the composition of glass, but
also by the history of its preparation. For this reason,
a glass can be characterized to a certain degree by
measuring its electric and dielectric properties.

EXPERIMENTAL
Preparation of the glass samples

Glass having the composition 58 ZrF4 ~ 33 BaF3
-5 LaF3 —4 AlF3 {mol %] was prepared by cooling the
melt of fluorides from 750°C by pouring it into a brass
mould heated at 300°C. The batch, fluorides of the
respective elements, were melted in a a covered glassy
carbon crucible at 850°C in an atmosphere of pure
and dry nitrogen saturated with R 113 fluorine. The
ingots obtained were worked into specimens 0.4x 0.4 x
0.1 cm in size, whose surface was polished to optical
quality. Contacts of Day 580 colloidal graphite were
applied ento the platelet surface.

Measuring method

The transport and development of defects in the
prepared fluoride glass were studied by the method
of temperature and frequency dependence of electric
and dielectric properties, and by the modular spec-
troscopy method. The direct current conductivity
was measured by the standard method in vacuum
over the temperature range from -50°C to +250°C by
means of the VA-J-51 vibration electrometer by RFT.
The temperature and frequency dependence of AC
electrical conductivity and relative complex permit-
tivity were measured over the 0.5 — 100 kHz frequency
range and the 25°C — 250°C temperature range us-
ing the TR-9701 Orion bridge and the Tesla BM 484
semiautomatic bridge in an inert atmosphere.
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Measuring results

Over the entire range, the temperature depen-
dence of DC conductivity of the fluoride glass is Ar-
rhenian in character (Fig. 1), and given by the equa-
tion

w
Odc = 00 €XpP (_ﬁ> )

where og is the preexponential factor, & is the Boltz-
man constant, T is temperature (K), W is the acti-
vation energy of the migration process, in our case
W =0.75 eV.

The course of AC conductivity provides informa-
tion on electric relaxation within the glass volume. If
its course at low frequencies corresponds to volume
DC conductivity o4c (Fig. 2), the high-frequency
conductivity is responsible for electric relaxations in
bulk. The dependence of conductivity ¢ on frequency
proves the validity of Jonscher’s universal relationship

(2)

where c4cis DC electric conductivity, A is a constant
established from the course measured, s is a param-
eter of general validity for glass, depending on tem-
perature. In the present case, it is varied from 0.6 to
0.9.

Valuable information for assessing the proper-
ties of glass can also be obtained from measuring
the temperature dependence of relative permittivity
(Fig. 3). To distinguish the processes associated with
structural changes taking place in the specimen being
measured, use was made of the analysis by means of
modular spectroscopy after Macedo [1]:

M*=€1—*=MI+2'M”,

(1)
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Fig. 1. Temperature dependence of DC conductivity aqc..
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Fig. 4. The course of electric modulus M” vs. M’ in the complex plane. ® 20°C, A
60°C,0 90°C, & 130°C, @ 162°C.
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Fig. 2. Frequency dependence of AC conductivity.

o is electrical conductivity, w is frequency, €p is the
permittivity of vacuum.

The courses of modular diagrams plotted in the
complex plane M” vs. M’ (Fig. 4) indicate that con-
ductivity relaxation with relaxation time distribution
is the predominating process. The measuring spec-
trum up to about 100°C is very asymmetrical with a
distinct tail. At temperatures above 100°C, the re-
laxation time spectrum undergoes a change, the ex-
perimental points lie along a semicircle with its centre
shifted below ordinate M’, which is also indicative of
a redistribution of the relaxation times.

DISCUSSION OF THE RESULTS

On the basis of the experimental courses estab-
lished it may be assumed that over the intire temper-
ature range measured, there is only one conductivity
mechanism, showing an activation energy of 0.75 eV.
The electrical conductivity is provided by F~ ions.
Similar courses were determined by other outhors [2,
3, 4] on glasses of other compositions. The trans-
port takes place in a highly disarranged system as
proved by the asymmetrical course of the ralaxation
times (Fig. 4). At temperatures higher than 100°C
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Fig. 3. Temperature dependence of permittivity e (f =
1,6 kHz).

the permittivity begins to change very rapidly (Fig.
3) which may be attributed to changes in- the struc-
tural arrangement of the glass. At the same time, the
value of static permittivity €5 changes from 10.86 to
14.9 as a distribution of the spectrum of relaxation
times. All these changes are reversible over the entire
measuring interval up to 250°C; this is also borne out
by the fact that the whole set of measurements was
carried out on one specimen, and the values obtained
by repeated measurements did not differ from those
obtained in the first one.
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Fluoridovd skla soustavy ZrF, - BaFs - BaF; -
LaF; - LaFs - AlF; byla piipravena tavenim vychozich
fluoriddt v kelimku ze skelného uhliku. Z méteni ste-
jnosmérné vodivosti aqc (obr. 1), priibéhu stiidavé vo-
divosti o (obr. 2), relativni permitivity e (obr. 3) byly
ziskdny cenné informace o vlastnostech pfipravenych skel.
Bylo nalezeno, zZe v- celém rozsahu teplotniho méieni ex-
istuje pouze jeden mechanizmus elektrické vodivosti s ak-
tiva¢ni energii 0.75 eV. Pribéhy modularnich diagrami
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vynesené v komplexni roviné M” vs. M’ (obr. 4) ukazuj,
Zze dominantnim procesem je vodivostni relaxace s dis-
tribuci u relaxaénich éasii. Transport probihd ve vel-
mi neuspofddaném systému, coz potvrzuje asymetricky
priibéh relaxaénich &asi.

Obr. 1. Teplotni zdvislost stejnosmérné vodivosti oqc.

Obr. 2. Frekvenéni zdvislost stiidavé vodivosti o.

Obr. 3. Teplotn{ zdvislost permitivitye (f = 1,6 kHz).

Obr. 4. Prabéh elektrického modulu M” vs. M’ v kom-
plezn{ roviné m 20°C, A 60°C,0 90°C, & 130°C, ®
162°C.

Zajimavosti

OPTICKA SKLA s makro rozméry, velkymi An
a fizenymi profily indexu lomu byla vyvinuta firmou
Isotec Limited Partnership. Toto optické sklo mize
vést svételné signdly a umoziiuje vyvoj integrovanych
optickych systémi zajistujicich velky pocet funkci v jed-
nom prvku. Proces Isotec spocivd ve fiizi po sobé jdoucich
vistev skla s tliznymi indexy lomu a v ndsledném te-
pelném zpracovini, pii kterém by mély difiizni procesy
eliminovat rozhrani a zajistit plynuly gradient indexu lo-
mu. Pouzit{ téchto optickych skel je velmi siroké a zahrnu-
je zobrazovaci optiku vsech druhi stejné jako nezobrazo-
vaci a vlnovodné aplikace.

(Am. Cer. Soc. Bull. &. 11, 1990, s. 1775)

Fryntovd

PROGRESIVNI MNOHOCIPOVOU KERAMICKOU
PODLOZKU vyvinula firma IBM Corp. Podlozka je
uréena pro dalsi generaci stfediskovych poéitaci. Je vy-
robena ze skelné krystalického materidlu krystalizujiciho
ze skla na bdzi cordieritu. Dosahuje vysoké mechanické
pevnosti a vykazuje dielektrickou konstantu 5-0. Tato
skelné krystalicki podlozka je metalizovina médi po-
moc( specifického cyklu slinovani. Tento proces zajistuje
trojndsobné zlepseni elektrické vodivosti ve srovnani
v molybdenem dfive pouiivanym v systémech IBM.
Poéet metalizovanych vrstev byl vice nez zdvojnisoben a
teplotni roztaznost podlozky pfesné odpovidd roztaznosti
kiemikového &ipu. Kazdych 127,5 mm? podlozky mize
vést 121 slozitych logickych a pamétovych é&pi.

(Am. Cer. Soc. Bull. & 12, 1990, s. 1892)

Fryntovd

TRH S PROGRESIVNIMI KOMPOZITNIMI MA-
TERIALY se bude roéné zvysovat o 14,6%, do roku 1995
dosdhne 249,2 mil. $. V roce 2000 by méla hodnota
vyroby ¢init 509 mil. $. Z hlediska objemu by méla
vyroba v roce 1995 dosdhnout 412,5 tis. kg, v roce 2000
jiz 816,5 tis. kg. Nejpodstatnéjsi pokrok byl dosazen
v pouzivani keramickych kompozitnich materidli jako
vlozek do feznych néstroji. Roéni piedpoklddany riist to-
hoto odvétvi je 12,5%, hodnota vyroby by méla dosdhnout
57,5 mil. $ v roce 1995 a 104 mil. $ v roce 2000. V
roce 1990 zaujimala nejvétsi podil v tomto odvétvi vyroba
souédstek odolnych proti opotfebeni. Znaénd poptivka
po téchto materidlech bude i nadédle v oblasti vyroby
destiéek pro tepelné stity kosmickych raket.

(Am. Cer. Soc. Bull. &. 12, 1990, s. 1892)

Fryntovd

SKLENENE KULICKY nalézaji svoje uplatnéni v
mediciné jako prostfedek zvysSujici iéinnost 1ééby nido-
rovych onemocnéni. Preparit Therasphere, ktery byl
schvdlen v Kanadé k léébé karcinomu jater, je bily
prasek, ktery je injekéné aplikovdn do pacientovych jater.
Vyrobek je tvofen drobnymi sklenénymi radioaktivnimi
perlickami, které dopravuji vyssi ddvky zifeni nez jaké
jsou piipustné pii vnéjsi aplikaci. Tento zpiisob 1é¢by
zvySuje pocet uzdravenych pacienti na dvojndsobek.
Prepardt je vyrdbén kanadskou firmou Noridan Interna-
tional, Inc., Ottawa.

(Am. Glass Rev. &. 9,1991,s. 7)

Fryntovd
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