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The content oj silver and its concentration distribution in the surjace 
layer oj a multicomponent glass was determined ajter contact with 
AgNOJ melt or a mixture oj AgNOJ and NaNOJ. Apart jrom the 
concentration profile oj silver the measurements also inclitded the con
centration profile oj sodium ions in the glass. The data obtained were 
used in the determination oj the mean silver diffusion coejjicient value 
and its dependence on the concentration oj silver in the glass. 

INTRODUCTION 

Interaction of the glass surface with the melt of an inorganic salt is a com
plex phenomenon involving several processes. In the system silicate glass -
AgN03 melt the following processes are usually considered: 

a) phase boundary reaction of the type Ag+ (melt) +:t Me+ (glass),
b) diffusion of Ag+ ions through the melt towards the phase boundary,
c) diffusion of Ag+ ions through the glass in the direction from the phase

boundary, 
d) diffusion of alkali ions through the glass towards the phase boundary,
e) diffusion of alkali ions liberated from the glass through the AgNOJ

melt in the direction from the phase boundary. 
Under certain conditions it is necessary to take into account further compli

cating processes related to the behaviour of silver ion in the glass lattice 
(reduction, nucleation and crystallization of silver in glass). 

As a result of these processes the concentration of silver ions gradually increa
ses and that of alkali ions in the glass surface layer decreases. The changes in 
concentration bring about changes in the properties of glass. For instance 
silver ions in the surface layer are known to modify the optical, electrical 
and mechanical properties of the basic glass [1-3]. The relationship between 
the changes in properties and the concentration parameters has not so far 
been completely elúcidated. However, one may assume that the degree of 
changes in the properties depends above all on the content and concentration 
distribution of silver and on the form in which silver is present in the structural 
lattice of glass. With some glasses the changes in concentration in the surface 
layer were determined following a certain time of contact with the melt of 
silver salts [4]. The data published so far, however, are rather incomplete 
and do not allow to determine explicitly the conditions under which surface 
layers of the required content and concentration profile of silver in glass .are 
formed. The present study has the aim of expanding the knowledge in the 
given direction and of determining the decisive parameters for the preparation 
of layers with a defined silver content and a defined silver concentr�tion 
distribution. 

Silikáty č, 3, 1979 203 



J. JVlatoitšelc, E. Hlavdéek:; ·,

EXPERIMENTAt 

The experiments were carried out with the „Unihosť.' techn_ical glass con
taining 68.8 SiO2 , 2.7 Al2O3 , 4.0 MgO, 6.2 CaO, 0.8 K2O, 17.3 Na2O (% by wt.} 
in the form of a tube of. approx. 11 mm outer diame��r and 1-1.5 mm wall 
thiclmess. The tubes wei·e cut into lengths of approx. 40 cm and adjusted to 
test-tube type specimern? by sealing at óne end. Silver iůtrate of A.R. purity 
also in mixture with sodium nitrate of the same grade was used in the prepara
tion of the melt. 

Ji'ig. 1. Apparatus for thermal exposure of specimens; 1-glass specimen, 2 - thermo
couple, 3 - metal flange, 4 ·- con1nclum crucible, 5 - quartz glass tnbe, 6 - melt, 

7 - corunclum lid, 8 - c'ornnclum tube, 9 - electric furnace. 

The glass specimens were thermally exposed usi'l1g an apparatus the schema, 
tic diagram of which is shown in Fig. I. The salt bath temperature was measu
l'ed by an Au - 40 Pd/Pt - 10 Rh thermocouple i)lacéd inside a quartz glass 
protective tube. The teníperatlii:e cóntrol was ensured by the TRS 114 con
troller with a Pt/Pt - 10 Rh. thermocouple: The salt báth ,vas heated uj:> to 
the working temperature of 350 °C aúd kept at this temperature within the 
limits of ± 5 °0. Béfore exposure the gláss ·spécimen wás rinsed in distilled 
water and ethanol. A CoťU:ndum crucible. fillecl with silver • nitrate or the 
AgNO3 + N'aNO3 mixtuťe was placecl into the fm'nace and heatecl up to the 
working temperature. The thermal expósure of the specimen was started · by 
immersing it into the salt bath. After thé 1'equirecl period of time the specimen 
was removed from the bath, cooled in air, and rinsed with clistilled water·ancl 
ethanol. The specimen section which had been immerséd in the melt was dut 
off and úsed for determining the Ag content ancl its distribution throughout 
the glass surface layer. 
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· , The silver. content .in the glas13 was determinťild by etching off tbe surf�ce
111ytlr in 6 % H;F, JJ1.e resulting soh;1tion was transforred into a pl,atjnum _dish
and evaporated dry, The .d1.y residue was cliE;solved in 8-� Jil.l mixture of
-concentrated RF and HC1O4 (5 : 3.5),re-evaporated dry and transferred quantic
tatively into a 100 ml cap[!,city,measuring fl.[).sk. The Ag content, in the solution
was determined ·by potenciometric tit1:ation with 0.001-'-0.005 % KBr f?Qlution.
The completeness of etcl1ing off of.the surfa:ce Jaye1: was checked by 1/'�peated
,etchiJig of t,he specimen. · , . . , •

The silver concentration distribution in the surfape layer was determined 
by gradual etching of thin layers and with the use 9f an electron microprobe. 
The etching procedure has been described in the previous paragraph. In view 
of the low Ag content in the thin etched off layers the Ag content was determi
ned by atomic ab�011)tion spectrophotometry. The electron microprobe samples 
were prepared by' casting pieces of the exposed glass into a polyester resin, by 
grinding it on a wheel with strongly bound abrasive, and final polishing on 
cerium oxide. Following vacuum deposition of a catbon layer the sample was 
analyzed on an ielectron microprobe. The surface concentration of Ag in 
density units was; determinéd by means of a standM.'d (pure Ag) while respec
ting the matrix effects in the computer .calculation1

'rHE RESULTS. AND DISCUSSION 

The content of silver and its concentration profile was determined on speci
mens thermally �xposed in an AgNO3 melt. The time dependence of silver 
content is shown ;in Fig. 2. The li11ear shape of the dependence of Ag content 
on the second ro9t of time seems. to ·1n.dicate that :the process in question is 
controlled by a q.iffusion process. Acc01:ding to th1 concept described in the 
Introduction one: of the slow diffusion processes i1� the glassy phase may be 

i'i'i 
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Fig. 2. Silver content in glass vs. second root of time (350 °C, AgNO3 melt). 
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considered to act as the controlling process. More detailed information may 
be obtained from the concentration profi.les of the individua! ions. In view 
of their low content in the glass the potassium ions were not taken into con
sideration, although they obviously take part in the diffusion process to a very 
limited degree. Figs. 3-5 summarize the data on the distribution of sodium 
and silver ion concentrations in the glass surface layer obtained from the 
electron probe measurements. The thickness of the glass surface layer in 
which the concentr;i,tion changes take place increases with time. The course 

• lmp/10s 
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Fig. 3. Concentration profile of Ag and Na in the glass surface layer (time 0.5 hr, 350 °0, 
AgNOJ melt); O Ag, e Na. 

of Ag and Na concentrations was studied by the gradual etcihing method. 
A comparison of the results of the two methods is shown in Fig. 6. The agree
ment of data is not quite satisfactory. This is probably due in part to the error 
in the:determination of the etched layer thickness, (measured by a micrometer) 
and to the relatively considerable thickness as compared to the steps taken in 
the electron probe measurements. The error involved in the determination of 
the surface concentration value obtained from microprobe measurements is 
also significant. The value was taken as a basis in the calculation of density 
within the entire concentratión range from the working concentration units 
(pulses) on the assumption of direct proportionality. A comparison of concentra
tion profiles obtained from electron microprobe measurements on the one 
hand and from the etching on the other indicates that the surface concentration 
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fmpl1os: 
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Fig. 4. Concentration profile of Ag and Na in glass surface layer (time 1 hr, 350 °0, 
AgNO3 melt); O Ag, e Na. 
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Fig. 5. Concentration profile of Ag and Na in glass surface layer (time 2.5 hrs, 350 °0, 

AgNO3 melt); O Ag, e Na. 
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of silver is higher in: direct determi:r-1.ation by gradual e;tching. These higher 
values are considered further on ((!o = 1.2 g cm-3 for tl1e ti'ine of 1 hr, (!o = 
= 1.4 g cm-3 for the time of 2.5 hrs) since the calculati�:m;of surface concentra
tion on the basis of electron probe measurements acc.01:ding, �o an algorithm 
may involvé an error. 

Figs. 7 and 8 show the concentration profiles for silver and sodium expressed in 
moles per ém3. After one-hour temperature exposure the surface concentration 

10 

5 

o ,) 10' 30 40 50 

x[µm] 

Fig. 6. Concentration profile of Ag and Na determined by electron probe meástirements 
and by the gradual etching methocl (time 1 hr, 350 °C, AgNO, melt); O Ag concentra
tion determined by graclual etching, 111 Na concentration determined by gradual et
ching, o Ag·concentration cleterminecl by electron probe measur�ments, a, Na con-

centration cleterminecl by electron probe measuremel}ts. 

of silver attains only 80 % of the original concentration of sodium ionts in the 
glass, while after 2.5-hour contact of the glass with AgNO3 melt the surface 
concentration of Ag attains approximately 90 % of this value. In both cases 
the coricentration of sodium ions in the glass surface was virtually zero. The 
usual assumption of equimolar exchange of sodium and silver-ions thus appears 
somewhat simplified,' especially when taking into account· that potassium 
ions also probably take part in this exchange. The validity of this conclusion 
is obviously limited by the accuracy of determination of the concentration 

------------------------------------► 

Fig. 7. Concentration profile of Ag ancl Na in mole units (time 1 hr, 350 "C, AgNO3 melt). 

Fig. 8. Concentration profile of Ag and Na in mole units (time 2.5 hrs, 350 °C, AgNO3 
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profi.les. Especially in the proximity of phase boundary the concentration 
determination of the two ions involves a considerable error and may lead to 
unreliable conclusions. 

From the point of view of te9hnological practice it is important to determine 
the concentration of silver iqns, in the salt bath which would be satisfactory 
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Fig. 9. Content of silver in glass vs. the concentration of AgNO3 plus NaNOJ mixture 
(time I hr, 350 °C). 

lmp/111_s 

o 

1000 

500 

o · 10 20 30 40 50 x [µml

Fig. 10. Concentration prořile of Ag and Na determined by electron probe measurements 
(time 1 hr, 350 °C, melt of 1.3 mole % AgNOJ and 98.7 mole % NaNQ3). 
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for. the· pťeparation of cl:iffusion layers identicál as regards the content of 
. silv.er and;its distributioi1. As -indioated by Fig. 9 the critical value of AgN.Q3 
concentration in mixture with NaNO3 is approx. 20 mole %- The presence of 

. NaNO3 in the melt does not .s_ignifica�tly.affect the character of the concentra
tion profile ( cf. Fig. 1 O) althmigh- the fiurface concentration of silver is somewhat 
lower than in the _preceding instances and Na concentration at the same sample 
point does not decrease to zero value: The • equilibrium of the exchai1ge 'reactidn 
taking place at the phase' boundary is theréfore shifted to the detriment of
silver·ions;· ., • • •• ' ' • · • •• . ..

• 

0.10'.0 

fcm2 s-11 , : .. 

20 

15 

1d 

5 

.O o,s· 1,0 

.I 
I 

I 

I 
/· 

I 

I 

• IJ'ig, 11.- The diffúsion coefficient vs. the coilcentration of silver in glass .. 

The data mentioned so far allow to determine the value of parameters by 
means of which the concentration changes in the surface layer can be predicted. 
The linear relationship between • silver content and the second root of time 
(cf. Fig. 2) is in agreement with the mathematical formula 

•

• 
VJ'J

t rn = 220 -�' 

where mis the Ag content per unit glass surface, eo is the surface concentration 
• of silver (density) in g cm-3; 15 is the mean value of the diffusion coefficient
and 

t
is the time of-diffusion [4]: When considering the value eo = 1.4 g cm-3 
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the mean diffusion coefficient 15 = 4. 7 X 10-10 cm2 s-1
• The concentration

profi.les of silver and sodium do not comply with the usual simple equation

(! = (!o erfc 
( 2 V Dt ) ' (2)

where e is concentration and x is the diffusion distance. The initial conditions
and the boundary ones, under which this equation has been derived from the
usual simple form of the Ilnd Fick's law, have been very probably well com
plied with. The disagreement between experimental data and theory is there
fore due to the assumption of a constant diffusion coefficient value which is
included in the given form of the IInd Fick's law. When neglecting the change
in glass density with concentration of Ag (the respective data are not known)
one may use the Boltzmann-Matan solution for the determination of the
relationship between diflusion coefficient and silver concentration in glass.
Fig. 11 shows this dependence determined from the silver concentration pro
file in the glass surface layer formed after 1-hour contact with the melt of
pure AgNO3. 

At lower concentrations the relationship between the diffusion coefficient
and concentration is not significant. However, from the value of approx. 
0.5 g cm-3 the D increases very rapidly and at the limit Ag concentration 
(1.4 g cm-3) it is roughly higher by one order than at the zero concentration. 
The diffusion coefficient determined from the time dependence of silver 
content in glass corresponds to silver concentration of approx. O. 7 g cm -3 
and belongs to the lower threshold of values indicated by the concentration 
profile. The diffusion coefficient values determined are in a very good ag�eement
with the data published for multicomponent glasses. The mean D value
found by Ito [5] for 350 °C is 6. 7 X 10-10 cm2 s-1. A value of the diffusion coef
ficient identical in its order was reported by Doremus [6] from experimental 
data by Schulze 15 = 2.8 X 10-10 cm2 s-1. In the oase of glass with a substantially 
lower Na2O content (Pyrex) the value determined was lower by an order 
(.D = 3.2x 10-11 cm2 s-1) [7]. On the other hand with glass of a high Na2O
content (33.3 mole %) the diffusion coefficient values are in the range of
6 x lQ-9-5.5 X 10-s cm2 s-1 in relation to the Ag concentration in glass [8].

The diffusion coefficient values determined in the present study may be
logically ranked among the data published so far which have been supplemen
ted in particular with respect to the relationship between the diffusion coeffici
end and concentration. Knowledge of this relationship is indispensable for
the preparation of diffusion layers with a defined concentration profile. 

CONCLUSION 

Interaction of glass with an AgNO3 melt at 350 °C brings about formation
of surface layers in which the sodium ions have been approximately equimo
larly replaced by silver ions. The content of silver in these layers increases
linearly with the second root of time. The concentration changes affect a glass
surface zone about 30-50 µ,m in thickness. The concentration of silver in
glass surface attains at the most 90 % of the initial concentration,of sodium 
ions in the glass. The content of silver and its distribution remains unchanged 
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when a mixture of AgNO3 and N aNO3 in concentrations of up to 80 mole % 
N aNO3 has been used instead of the AgNO3 melt. 

Knowledge of the mean diffusion coefficient value and that of the surface 
concentration of silver in the given type of the surface concentration of silver 
in the given type of glass is indispensable when preparing layers with a de
fined Ag content. The mean value 15 = 4. 7 X 10-10 cm2 s-1 established from the 
time dependence of Ag content in glass corresponds approximately to the mean 
value of the concentration range of 0-1.4 g cm-3 Ag. Within this range the 
diffusion coefficient is not constant as indicated by the analysis of concentration 
profiles, varying within the range of 3 x 10-10-1.7 X 10'-9 cm2 s-1. The data 
determined within the framework of the present study are in a very satisfactory 
agreement with the published data on diffusion coefficients of silver in multi
component glasses. 
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KONCENTRAČNÍ ZMĚNY V POVRCHOVÉ VRSTVĚ SKLA 
PŘI INTERAKCI S TAVENINOU AgNO3 

Josef Matoušek, Evžen Hlaváček 

Vysoká škola chemicko-technologická, katedra technologie silikátů, Praha 

Povrchové difúzní vrstvy s obsahem stříbra byly laboratorně připraveny ponoře
ním vzorku měkkého technického skla (68,8 SiO2 2,7 AbOJ 4,0 MgO 6,2 CaO 0,8 K2O 
17,3 Na2O- hmot. %) ve tvaru zkumavky do taveniny AgNOJ nebo směsi AgNO3 
a NaNO3 za teploty 350 °C. V roztoku vzniklém odleptáváním povrchové vrstvy skla 
v HF byl metodou potenciometrické titrace stanoven obsah stHbra. Závislost obsahu 
Ag na druhé odmocnině z času je lineární (obr. 2). Pomocí elektronové mikrosondy 
byl určen koncentrační profil stHbrných a sodných iontů v povrchové vrstvě skla. 
Data o distribuci stHbra byla ověřena nezávislým stanovením metodou postupného 
leptání a určením obsahu st.i'.-íbra v odleptaných vrstvách atomovou absorpční spektro
fotometrií. Koncentrační profily stříbra a sodíku (obr. 3-6) ukazují, že hloubka zóny, 
v níž dochází ke koncentračním změnám, činí 30-50 µm v závislosti na čase (0,5-2,5 h). 
Koncentrace sodných iontů na povrchu skla klesá na nulovou hodnotu. Koncentrace 
stříbrných iontů dosahuje na stejném místě cca 80-90 % z původní hodnoty koncen
trace iontů sodných (obr. 7-9). 

Při použití směsi AgNOJ s NaNOJ se obsah stříbra a jeho rozdělení nemění, obsa
huje-li směs dusičnanů více než 20 mol% AgNOJ (obr. 9 a 10). 
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··Data o obsahu a distribuci Ag v povrchové vrstvě skla byla použita pro výpočet·
difúzního koeficientu. Z časové závislosti obsahu Ag ve skle byla určena,.stfoclní hodnota
15 pomocí vztahu (2). Pro hodnotu povrchové koncentrace eo = 1,4,g cm-'3 obdržíme
15 = 4, 7 . 10- 10 cm2 s- 1• Koncentrační profily Ag byly analýzovány použitím Boltz
rrianovy-Matanovy metody a určena závislost clifúzivity na koncentraci Ag. V kon
centračním rozmezí 0-l,4g cm-3 se hodnota .. D. mění v :rozsahu 3 .10- 1, až'
1,7. lQ-0 cm2 s- 1 (obr. 11). Střední hodnota D odpovídá pí-ibli,žně·stfoclní hodnotě kon
centračního rozmezí. Nalezené hodnoty difúzivity velmi dobře. souhlasÍ-s publikova-.
nými údaji o difúzních koeficientech stí-íbra v multiko1nponentních sklech.

Obr. 1. Aparatura pro tepelnou expozici vzorkťt; 1 - vzorek skla, 2 - termočlánek, 
3 - kovová pi'.-íruba, 4 - korundový kelímek, 5 - trubice z kfomenného skla, 
6 - tavenina, 7 - korundové víčko, 8 - korundová tnibice, 9 - elektrická 
pec. 

Obr. 2. Závislost obsahu sti'.-íbra ve skle na druhé odmocnině z času. (350 °C), taveniÍl!\ 
AgNO3). 

Obr. 3. Koncentrační profil Ag a Na v povrchové vrstvě skla (čas 0,5 h, 350 °C, tave
nina AgNO3); O Ag, @ Na. 

Obr. 4. Koncentrační profil Ag a Na v povrchové vrstvě skla (čas 1 h, 350 °C, tavenina 
AgNO2); O Ag, @Na. . 

Obr. 5. Koncentrační profil Ag a Na v povrchové vrstvě skla (čas 2,5 h, 350 °C, . tave-
nina AgNO3); O Ag, ® Na. • 

Obr. G. Koncentrační profil Ag a Na určený na elektronové sondě a metodou postupného 
leptání (čas 1 h, 350 °C, tavenina AgNO3); 
O koncentrace Ag určená postupným leptáním, 
!li koncentrace Na určená postupným leptáním, 
() koncentrace Ag určená na elektronové sondě, 
@ koncentrace Na určená na elektronové sondě. 

Obr. 7. Koncentrační profil Ag a Na v molových jednotkách (č.as 1 h, 850 °C, tavenina, 
• AgNO3).
Obr. 8. Koncentrační profil Ag a Na v molových jednotkách (čas 2,/'i h,:350 °C, tavenina 

AgNO3). 
• 

. · 
Obr. 9. Závislost obsahu stHbra ve skle na koncentraci směsi AgNOJ a NaN(;h (čas_ 

1 h, 350 °C}. 
Obr. 10. Koncentrační profil Ag a Na určený na elektonové son�lě; (čas 1 h, 350 °í!.' 

tavenina 1,3 mol % AgNOJ a 98,7 mol % NaNO3). 
0hr. 11. Závislost difúzního koeficientu na koncentraci stí-íbra ve skle. 

H O I-I Lí E H TP A Lí HO I-I I-I bI E I1 3 M E I-I E I-I I1 fI J3 rI O B E P X I-I O CTI-I O M 
C JI O E C T E H JI A 11 P I1 B 3 A M M O )]; E H C T B M H C IJ AC lUI A 13 O M 

AgN03 H C O  CMEChIO AgN03 I1 Nai'\03 

HoaecJ> i\faToyrueH, 8nmerr r.rrana,1CI( 

Iúiifieopa 11iex1-toJ1,oauu CUJ/,Lllrnmoa X u.-1iw,o-11iexHo.�oau•iec1,oao wicmwnyma, II paza 

.Tia6opaTopm,IM II)'T0M rrp11rOTODHJIII rronepXHOCTHblC CJlOII C COJWPlIWHHCM . cepe6pa 
IIOrpymenueM rrpo61,1 MHl'IWro TeXHII'IeCIWťO cTerrna (68,8 Si02, 2,7 Al,03, 4,0 i'vlgO, 6,2 CaO, 
0,8 K20, 'l 7,3 Na20 % IIO necy) B nup;e XHMil'IeCIWro CTairnHa n pacnnan AgN03 u;m CMCCll 
AgN03 n NaN03 npu Tel'<mepaType 350 °C. B pacrnope, o6pasonanweMcn n pesyJibTaTe 
TpaBJICHHH nonepxHOCTHOťO CJIOH CTerma B HT, onpe).(CJIHJIH cop;ep1Ham1e cepe6pa M0TO).J;OM 
IIOTCHl\llOMCTPH'ICCIWií nrrpal(llll. 3aBI1CHMOCTb cop;epmamm Ag OT BTOporo rwprrn npeMCilll 
mme{rna (pHc. 2). C fIOMOll(blO 3JICKTpomroro �ump030Hp;a orrpep;eJiflJIH l<Olll\0HTpan:HOHilbIH 
IIpocpHHb IIOlIOB cepe6pa II naTpIIH n IIOBepxnocTIIOM CJIOC CTerma. )J;aHHbI0 OTHOCHTCJibHO 
pacnpep;enemrn cepe6pa IIponepnmr Il03UBHCHMbIM onpe).ICJICHHCM C IIOMOll(blO MCTO).J;a 
IIOCT0rI0HHOrD TpanJICHHH. 

Co,iepmamrn cepe6pa B COCTaBC TpaBJIClIHUX CJI00B, 61,IJIO OIIpep;eJielIHO C IIOMOl.1\b!O 
UTOMHOÍI a6cop6n:uoHHOH CllCKTpocpOTOMCTprrn. HOH1(0HTPU1\IIOHHbI0 IIpocJrnmr cepe6pa 
H na11pmr IIOI<a3bIBUIOT, 'ITO rny6HHU 30Hbl, n I(OTO])Ol'I rrpOHCXO).J;flT KOlIO:CHTpan:1rnHHbl0 H3MCH
H01Ulfl, COCTUBJI!ICT B aaBIICHMOCTH OT npeM:eHII (0,5-2,5 tJaca) 30-50 /tM., l\OHl\CHTpan:nn 
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Goncentrntion Ghanges in the Si11fctce Glass Layer during Interne,tion ... 

IIOHOD HaTpl!H Ha IIOBepXHOCTII CTeima rromrn<aeTCJl AO HyJieB011 BCJIH'IHHbI. Honl.(eHTpal(HH 
110HOD cepe6pa Ha TOM me MCCTe )l;OCTlffaeT rrpH6JI!13HTCJibHO 80-90 % 113 HCXOAH011 nem1-
•11uu,1 1wn[(o1-rrpal.(irn nono'n naTpHH (pne. 7-9).

flpll HJHIMCHCHHH CMCCJ1 AgN 03 C N aN o COJ],epmaune cepe6pa 11 ero pacnpeJJ;eJieHHO HO
ll3MOHJlC'l'CH 'l'OJ'Aa, HO!'/.[a CMOCb HHT])aTOB CO/Wj)t!Hl'I' 60JibIIIe 'IOM 20 MOJieií: AgN03 (pne. 9
II JO).

JJ:am-11,10 O COAepnrnmur n pacnpe,�eJIOHlll1 Ag B rronepxHOťflIOM CJIOe HCITOJib30BaJIH )J;JUI
pac•JOTa IW9<JHplH[110HTa AH<li<J>y3ml. Hri ocnonamrn 3aDIICHMOCTH COJJ.epmamrn Ag D CTeime
onpoµ:eJIHJIH Cj)OJ.[HlOIO BOJIJl'IHHY Jj C l10MOil�hIO OTHOIIIOHHH (2). ,[(JIH BOJIH'l11Hhl rronepXHOCT
I-IOÚ IWI-I[(OHTj)a[(Hll eo = 1,4 r. c�i-3 lIOJl)"IaCTCH 15 = 4,7 . 10- 1

° CM2 c-1. HoHI.(CI-!Tj)al.(HOH
HI,!O rrpocpuJ111 Ag rro1�nepram1 auamrny c rrOMOll.\b IO MOTOAa BOJJI.(Mann-Mawna H orrpéJJ.OJIHJIH
3al311Cl1MOCTb µ:mpcpys1rnnocn1 OT HOIII[CIIT])al\HH Ag. 13 npe)J;eJiax IWI-I[(CHTpal.(!1H 0-1,4 r CM-3 

BOJU!'ll!Ha D Wl�iCHlie'l'CH OT 3. 10-10 JJ:O 1, 7. 10-9 CM2 c-1 (puc. 1 í). Cpenmrn BCJlll'lIIHa Jj OT-
13e•rneT rrpa6Jll13HTOJibHO CJ)OAH011 BOJll:l'JJIHe II])0JJ;0JIOB HOH[(0HT])a1(HH. HaM/.(0Hllbl0 BOJil1'111HJ,[
All<p<Jiy311BHOťreií uaxo�\HTCH 13 xopomeM COJ"JiaCHH C ony6mmo13aHHb!Mll )J;aIIHblMH OTCOHII
T0JlbHO Allqi<J>y:momn,TX 1rnaqicp11q11eHTOD cepe6pa 13 MHO!'OIWMl10H0HTHblX CT0Irnax.

Puc.ťl. Annapamypa 0JUt me1v1,oooii ai.c,ioauz+uu npo6; 1 - npo6a cmeh·11,a, 2 - mep,Mo
a11,e,,IteHm, 3 - ,lte/lUl/1,/1,l/.1/,eCJ,Uii if!Jtanet?, 4 - ,,opyHOOObHI. 1/Ulfell,b, 5 - mpy61w U8 
,.oapifeooao cme1,11,a, 6 - pac1111,ae, 7 - 1,opynooebii1. 1w11,na•to1., 8 - i.opynooea.R, 
mpy61,a, 9 - a11,ei.mpu1tec1,aJi ne•tb. 

Puc. 2. 3aeucu,,wcmb cooepi,ranuJI, cepe6pa e cme1,11,e om omopoao h'OJJHR. uB ope..1tenu (350 °C, 
pacn11,ao AgN03). 

Puc. 3. I-fo1-itfCl-/,,npaz+uol-/,l-/,biii nporJ3u11,b Ag u Na o noecpxl-/,oc11u-w.,I1 c11,oe cme1,11,a (epe.M,JI, 0,5 •t., 
me.wiepamypa 350 °C, pacn11,ae AgN03). 

Pua. 4. I-fo11tfeHmpatftlOHl-/,bl,ll. nporJ3u11,b Ag u Na e nooepxnocm1-w..1-i c11,oe cme1,11,a (epe..11.ri l 'lac, 
me.,inepamypa 350 °C, pac,uao AgN03). 

Puc. 5. Ifontfe1t1npatftto1-t11.bit1. nporJ3u11,b Ag u Na o noeepntocmno..11 C.f/,oe cmei.11,a (ope,ii.ri 
2,5 11,aca, me.wiepamypa 350 °C, pac1111,ao AgN03). 

Puc. 6. lfo1-HfCll,lnJJCllfUOl·tHbHI. npor/3llJ1,b Ag u Na, ycmCll-W/J/1,eHJ•tbiii H(l a11,emnpo1-t1-tO..ll aoHoe 
c no,1taitfblO nocmeneH1-wao mpae11,enuJ1, (epe,1tJ1, 1 •t., me,,wepamypa 350 °C, pacn11,ao 
AgN03): O - 1w11,11ewnpa11.uJ1, Ag, ycmanO/JJl.el-/,Ha.ri nocmene1-t1-tbi..11 mpao11,emte,11, 
l,ll - ,,,0Htfe1-t1npatfU.<1 Na, ycnuu-10011,eHHaJI, nocmene1-tl-/,bl.At m pao.11el-/,ue,1i, O - 1.01-1,
lfenmpaifuJI, Ag, ycmanoo11ennrut na a.f/,emnpol-/,l-/,0,I1 aonoe, ® -· r,OHtfeHmpaq.I1J1, Na, 
ycmanoe11,e1-tna.ri na a1ie1,mpo11,1-w.I1 ao1-toe. 

Puc. 7. I-fo1-t1feHmpatfuo1-t1-tbit1. npog3u,ib Ag u Na e M0/1,b/-tbix eow-tutfax (ope,,1J1, 1 11., me,1inepa
mypa 350 °C, pac1111,ao AgN03). 

Puc. 8. IfomfeHmpaz+uonnb1,ii nporJ3u11,b Ag u Na e . .H011,bnbIx e8111-mtfax (epe.4t,ri 2,5 'laca, 
,ne.,itnepamypa 350 °C, pac,uae AgN 03). 

p 1/C, 9. 3a/JU.CllMOClnb COJJCepJ!Cll/UlJI, cepe6 pa (J CIIW/,'Jte om 1,01-tlfCHlnJJlllfUU C..ltecu AgN 03 
ll NaN03 (ope.MJ/, l •i., me,1tnepamypa 350 °C). 

Puc. 10. I-fonife1-tmpa11-1wnnbii1. nporJ3u11,b Ag u Na, ycmanoo11,ew•tbit'i Ha a,f/,e1,,mpo1-t1-to,11 aonoe 
(epe.,1t.ri l 11., me.,wepamypa 350 °C, pacn11,ao 1,3 ,,11011,. % AgN03 u 98,7 b!0/1,. %
NaN03). 

Puc. 11. 3aeuczt.uocmb 1warJ3rJ3u11uen11ia 8urJ3rJ3yau.u om 1,01-t1fe1-tmpatfllll cepe6 pa o cmei..rie. 
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