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Silver-enriched surface layers in Simax glass can be prepared by long-term interaction of the glass surface 

with AgN03 melt at 335° C. The growth of this type of surface layers can be substantially accelerated by the 
effect of a DC electric field. The dependence of the layer thickness on time for various current intensities, 

as well as the dependence of the layer growth rate on the current intensity were determined experimentally. 

INTRdDUCTION 

Surface layers in glasses with a low content of al
kali oxides are difficult to prepare by diffusion from 
a source of foreign ions. In these types of glasses, the 
diffusion coefficients exhibit relatively low values [1, 
2] so that the diffusion layer can only be produced
by long-term interaction of the glass surface with the
source of foreign ions. The intensity of the diffusion
flow through the boundary between the glass and the
source cannot even be promoted by raising the driving
force of diffusion, i.e. the concentration gradient. The
value is given by the saturated surface concentration
of the ion being incorporated, which usually does not
attain the value of total concentration of alkali ions
in the glass [3]. For a given system, the value of the
coefficient of diffusion is a material constant, so that
the diffusion flow intensity can only be influenced by
changing the driving force, that is by replacing the
concentration gradient by a gradient of some other
driving force.

If also other driving forces are involved in the sys
tem apart from the concentration gradient, the fol
lowing holds generally for the diffusion flow intensity 
h: 

n 

J; = LD;v'<P;i=l 
(I) 

or, for unidirectional diffusion in a system where one 
component moves as a result of the effects of the con
centration gradient and a direct-current electric field 
E, 

J = D (EGA _ 8CA) A A kT ox . (2) 

Application of an electric potential gradient was suc
cessfully verified on a number of glasses in order to 
increase the rate of incorporation of foreign ions into 
the surface layers [4]. The present study had the pur
pose to investigate the effect of a DC electric field on 
the course of incorporation of foreign ions into the 
surface layer of Simax glass, whose chemical compo
sition is very unfavourable with respect to diffusion. 
The use of silver nitrate as a source of ions for the 
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incorporation was motivated by the relatively high 
mobility of the silver ion in silicate glasses, and by its 
easy analytical detection. 

EXPERIMENTAL 

In the incorporation of silver ions into the surface 
layer of Simax glass, use was made of the experimep
tal arrangement already described earlier in [4]. The 
Simax glass, which had the chemical composition 80.4 
Si02, 13.0 B203, 2.4 Al203, 3.6 Na20, 0.4 K20, 0.06 
CaO, 0.04 MgO, 0.02 Fe203 (wt. %) was used in the 
form of test tubes approx. 12 mm is outside diameter 
and a wall thickness of 1 mm. The silver nitrate was 
molten and tempered at 335 ± 5° C. The test tube was 
immersed into the melt to a depth of approx. 90 mm. 
Following the exposure, the specimen was removed, 
cooled down to room temperature and washed with 
distilled water. The concentration profile in the speci
mens exposed for 4 and 6 hours without the influence 
of the electric field was determined by gradual etch
ing off the glass surface in a mixture of 30 ml 6% HF 
and 0.7 ml conc:HN03, and by assaying silver in the 
solution by means of ionically selective electrodes [3]. 

During incorporation of silver ions under the effect 
of the electric field, the negative pole was passed into 
the AgN03 melt inside the test tube, while the posti
tive one was led outside the test tube into the AgN03 
melt placed inside a stainless crucible. using two par
allel connected stabilized sources of DC voltage; the 
current intensity was maintained at a constant value 
for the time of exposure desired. The exposure tem
perature was again 335 ± 5°C, the current intensity 
10-40 mA, and the time of exposure 10-45 min. Rings
about 0.3 mm in height were cut from the specimens, 
the surface layer was ground off, and the thickness 
of the layer enriched with silver was determined. The 
measurements were carried out by means of the opti
cal microscope in an immersion liquid (paraffin oil). 

RESULTS AND DISCUSSION 

The concentration profiles of silver in the surface 
layer of Simax glass, obtained by thermal exposure 
without the effect of the electric field, are plotted in 
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Fig. 1. Concentration profile of silver in the surface layer 
of Simax glass after thermal exposure for 4 and 6 hours, 

The negative deviation of the surface layer growth 
rate from the linear course (roughly from 30 mA up
wards) is probably associated with the braking effect 
of the spatial arrangement of Ag+ ions in the glass, 
which restricts further movement of the cations in the 
structural lattice of glass. 

The constant rate of growth of the surface layer 
thickness in terms of time implies a uniform move
ment of the concentration boundary in the surface 
layer of glass. On neglecting the effect of diffusion, the 
assumptions indicate a frontal advance of the layer in 
which the silver concentration is constant and equal 
to the surface concentration of silver in glass, C0 , so 
that it holds that 

C(x,t)=Co 

for all x � h, where h is the layer thickness. The 
concentration profile then should have a rectangular 
shape, with a decrease of concentration from value 
Co down to zero value at point x = h. The conclusion 

h[.um)....----------�=--=----=-� 

100 

without the effect of electric field, at 335° C. 8 0 

Fig. 1. The diagram shows that following a four-hour 
exposure, the thickness of the diffusioii layer amounts 
to about 25 µm, and during additional two hours of 
exposure, the thickness increases up to about 30 µm.

The surface concentration of Ag in glass Co is iden
tical for both times of exposure, amounting to about 
320 mg cm -3

• The experimental data are well de
scribed by the equation 

(3) 

while the value of the diffusion coefficient D amounts 
to 2.7 x 10-15 m2 s-1

• This value is in a satisfactory 
agreement with the data published so far, which are 
within the range of 2.4 x 10-15 m2 s-1 to 3.0 x 10-15 

m2 s-1 [1, 5, 6].
The time dependence of the microscopically estab

lished thickness of surface layer enriched with silver 
is plotted in Fig. 2. The dependences are linear and 
imply that the rate of growth of the layers, µ, is in
dependent of time. The rate obviously depends on 
current density, as demonstrated by Fig. 3. The de
pendence on current density is at fi�st linear, devi
ating from linearity only at higher c�rrent densities. 
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Fig. 2. Time dependence of the thickness of the surface 
layer enriched with silver, at various current intensity val
ues. 
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Fig. S. The dependence of the rate of the surface layer thickness growth on current inten
sity. 

is to be investigated with respect to its validity by 
a subsequent experimental study. 

CONCLUSION 

The time course of formation of a silver-enriched 
surface layer in Simax glass was studied. The diffu
sion layers formed during 4-hour and 6-hour exposure 
at 335°C exhibited a thickness of 25 µm and 30 Jtm 
respectively. With the use of a DC electric field with 
an intensity of 10-40 mA, the thickness of the silver
enriched layer attains up to 100 µm, while the time 
of heat exposure does not exceed 45 minutes. 

The time dependence of the thickness of the diffu
sion layer is linear under the effect of the electric field. 
The dependence of the rate of growth of the layer 
thickness on current intensity is at first also linear. 
The rate of growth of the layer thickness decreases in 
terms of time at the higher values of current intensity. 
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POVRCHOVE VRSTVY S OBSAHEM STRIBRA VE 
SKLE SIMAX 

JOSEF MATOUSEK, MARTIN MARYSKA 

Ustav skla a keramiky, VSCHT Praha, Technicka 5, 
166 28 Praha 6 

Vznik a rychlost rustu povrchovych vrstev s obsahem 
stHbra byl sledovan experimentalne pouziti'.m skla Simax 
ve tvaru zkumavek, ktere byly ponofeny do roztaveneho 
AgN03 za teploty 335°C. Koncentracni profil u vzorku ex
ponovanych bez vlivu elektrickeho pole byl urcen postup
nym leptanim povrchove vrstvy skla a stanovenim stfibra 
v roztoku pomod iontove selektivni elektrody. U vzor
ku exponovanych za pusobeni stejnosmerneho elektricke
ho pole byla mikroskopicky stanovena tlousCka povrchove 
vrstvy. 

Koncentracni profily stfibra v povrchove vrstve skla 
ziskane pfi tepelne expozici bez ucinku elektrickeho po
le maji difuzni charakter a jsou znazorneny na obr. 1. 



104 Zaj{mavosti 

Experiment,ilni data dobfe vystihuje rovnice (3), pricemz 
hodnota difu.zniho koe:ficientu cini 2,1.10-15 m2s-1 

Casove za.vislosti tlousfky povrchove vrstvy u vzorku 
exponovanych pri pusobem stejnosmerneho elektrickeho 
pole jsou uvedeny na obr. 2. Je patrne, ze pro danou hod
notu proudove intenzity je tato za.vislost linea.rni a indi
kuje tak konstantn{ rychlost riistu vrstvy s casem. 

Na obr. 3 je zna.zornena za.vislost rychlosti riistu vrstvy 
na proudove intenzite. Tato za.vislost ma az do jiste hod
noty (cca 30 mA) linea.rn{ charakter. Nad touto hodnotou 
docha.zi k negativni odchylce rychlosti riistu od linea.rni 
za.vislosti. 

Z experimenta.lnich dat lze dedukovat, ze koncentracni 
pro:fil stffura V povrchove vrstve skla ma rektangula.rru 
tvar a vykazuje linea.rni fronta.lm postup s casem. 

Obi·. 1. J( oncentracn{ profil sti'fbra v povrchove vrstve sk
la Simax po tepelne expozici v trvcin{ 4 a 6 hodin bez 
ucinku elektrickeho pole za teploty SSS' C. 

Obr. 2. Casova zavislost tlousfky povrchove vrstvy oboha
cene sti'z'brem pri rtiznych hodnotach proudove inten
zity. 

Obr. S. Zavislost rychlosti rtistu povrchove vrstvy na pro
udove intenzite. 

Zajimavosti 

TAVENf SKLA VE VESMIRU zpiisobem ,,containerless" 
umozfmje zvyseni sklotvornosti na za.klade eliminace moz
nych nukleacnich oblasti, ktere V2mikaj1 pra.ve V dusled
ku pfitomnosti tavidho kontejneru. Jednim ze skel, ktera. 
jsou v soucasne dobe zkouma.na a ktera. byla pouzita pfi 
pokusech s timto druhem tavern na palube kosmicke lo
di NASA je i sklo se slozen{m 18,0 Ca0.68,2 Ga203.l3,8 
Si02 (hm. %). Pracovn{ci stfediska pro vyzkum materia.
lii university v Missouri utavili sklo teto soustavy i za 
beznych podminek. Vychozi suroviny - CaC03, Ga203 
a Si02 - byly taveny pri 1550° C V platinovem kelimku 
a odlity do ocelovych forem s rozmery 4,0 cm x 1,5 cm x 
1,5 cm. Ubytek hmotnosti skloviny na.sledkem teka.ni byl 
mensi nez 1 hm. %. Byla stanovena oblast sklotvornosti 
teto skelne soustavy a mefeny nektere vlastnosti - merna. 
lunotnost - 3-4 g/cm3

, index lomu - 1,6-1,73, Abbeho 
cislo - 35-58, koe:ficient linea.rni teplotn{, roztaznosti - 6,5 
X 10-1 

- 11,5 X 1000

-

1 f° C, teploty meknuti 730°-790° C 
a tvrdost podle Vickerse - 5,2-7,3 GPa. 

(J. Am. Cer. Soc., 73, c. 10, 1990, s. 2965-2969) 

Fryntova 

INFORMACE O CINNOSTI LABORATORE CHEMIE 
KERAMIKY USTAVU PRO CHEMICKY VYZKUM KYO
TO UNI VERSITY 

Laboratof chemie keramiky Ustavu pro chemicky vy
zkum Kyoto University se zabyva. vyzkumem v na.sleduji
dch oblastech: 
A. Sol-gel metoda

B. Oxynitddova. skla - studium pfipravy, struktury,
fyzika.lne-chemicke vlastnosti

C. Skla z fluoridii tezkych kovu obsahujid ionty alkalic
kych prvku - iontova. vymena a transportni vlastnosti

D. Skla ziskana. na za.klade netradicnich sklotvornych
oxidu (Ga2 03, Ti02, Biz03, Cu20) - studium struk
tury.

V oblasti metody sol-gel se laboratof zabyva. temito te
maty: 
1. Studium pripravy monolitickych kremicitych gelu

a skel (temata: monoliticke gely a skla z cisteho Si02 ;
pfiprava monolitickych gelii o slozeni LizO.Alz03.
nSi02 s nizkym koe:ficientem teplotni roztaznosti;
Si02 gely s nelinea.rnimi optickymi vlastnostmi).

2. Tazeni via.ken (temata: keramicka. vla.kna na za.kla
de vysokoteplotnich supravodivych materia.lii typu Y
Ba-Cu-0, Bi-Ca-Sr-Cu-0; vla.kna s elektrickou vodi
vosti z /3-A}z03 pro chemicke senzory).

3. Vytva.feni tenkych vrstev - :filmu (temata: Ti02
a NiFe204 filmy s fotoelektrochemickymi vlastnostmi
na pfipravu elektrod; t�nke filmy z vysokoteplotnich
supravodivych materia.lii typu Y-Ba-Cu-0, Bi-Ca-Sr
Cu-0; feroelektricke filmy z amorfniho Liz B4 01).

V oblasti aplikad spolupracuje tato laboratof zejmena 
s Asahi Glass company (pfiprava monolitu a skel) a fir
mou Toyota, ktera. v soucasne dobe vyra.bi automobily 
s antireflexn{mi skly vyvinutymi touto laboratofi. 

Vedoudm laboratofe je prof. Sumio Sakka. Pracuje v ni 
5 sta.lych zamestnancii, asi 8 aspirantii a postgradua.lnich 
studentii, 6 studentii ze zahranici (Cina) a v soucasne do
be 1 sta.zista z Bulharska. 

M. I( ubeckova
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