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Table 1 The parameter set used

in the present calculations.

Z a (A) b (R)
Si 4 1.012 0.080
Na 1 1.260 0.080
0 —2 1.626 0.085
N —3 1.713 0.080

Table 2
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Table 2 It —HOERICESLTVWE Yy a v
ORODHEZTOVEHMEMs ) 27T, nfld v
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2V L UBIOERKTICIET %5, Table 2 5
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~TM8% ThHh b, Ms: 24 5210EE LD,
Na. OZHESET 2N TMs: 3T 5,

Fig. 1i230Na,0+40510,+10Si; N, # 7 Ath D
<8i-0-81 & <Si-N-SifEaofES B AT T,
<Si-O-SifE&13130~180° o #FF K HHm L TW
%5 (KthsE#8), — A <Si-N-SifE& idbimodal 78
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Fig. 21230Na, 070810, 479 2 B L OF
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ZRT, Si-OBLUSINHEaOoRSRELTH
H1.63BLVNIT0ATH D, BHEDH S A DSIi-
SiIEFBRBAETE I BT 2 EN L0 bEL LTS,

Distribution of the nitrogen atoms bonded to one, two and three silicon atoms

(Nw, Ng and Ng, respectively) and the mean of the number of silicon bonded to

a nitrogen atom (Ms,).

glass Nu
(%)

N(S) MS]
(%) (%)

30N a0« (70—3x) Si0; » xSis N series

X=2 2.8
X=5 13.5
x=10 6.2

61.8

yNa:0+ (85—y) Si0.-5S1:N, series

¥ =30 13.5
y =20 0.0

y=1b 0.0

61.8
74.0
o8.7

77.8 19.4 2.17
24.7 2.11
64.7 29.1 2.23
24.7 2.11
26.0 2.26
40.3 2.41




— < Si-0-5j

——————— < Si-N-Si

Frequency (-)

Bond Angle (deg)

Fig.1 The bond anlge disiribution of <(Si-0-Si (solid line) and <Si-N-Si (broken line) in
30Na:0 « 40810, - 10Si: N, glass.
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Fig. 2 The pair correlation functions for (a) 30Na:Q « 70Si0: and (b) 20Na.O »40S,0, «
1081 N+ glasses.
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Fig. 31280Na, 0« (70-3x)Si0, *xSi: N« 75 2
OEEOBEE(LERT, WTNOREIEENT
bEESEENHINGT 2 o THEEAEL 785,
2000K & b dEVREFEEIcBL TR, FER
BE LR ATESOICEDT 5, £ 01%R2000
K& v 6EWEEERIC B O TIRPOLEH I B
T 5,

| l [ ]
220 — —
Xx=10
5
:63 200 —
>
0
C
&
(]
1.80 — —
| | l
0 2000 4000

Temperature (K)

Fig. 3 Change of the calculated density of
30Na,0-(70-3x) Si0:*x51:N. glasses

as a function of temperature.
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(4) (FRREMERE

Fig. S ERSEHROEICHE S ARHRMERK
OFLERT, KRERSHEOMMOEL TR
E—IRBEEBTIC SIS 5.

Calculated g (x107°K™)

Fig. 4

(GP: )

Bulk moduls, K

Fig. 5
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—35

| I | I

0 5
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N content (atom%)

Variation of the calculated bulk
thermal expansion coefficient, 5,
of 30Na:0+(70-3x)510:*x3i0:*xS51: N,
glasses with the nitrogen content.
Measured values are also plotted in

Measured g (x107°K™)

the figure.
80 — *
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0 5 10 15
N content (atom %)

Change of the calculated bulk
modulus, K, of

30Na.0- (70-3x) Si0,+*xSi:N.

glasses as a function of the nitrogen
content.
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Table 1 Analyzed compositions of glasses

Sample Na.0 8Si0O. SiNus N N
(mol%) {mol%) (mol%} (atom%) (wi%)
37-0 30.0 70.0 0 0 0

37-2 29.9 60.7 4.4 2.0 1.4
37-4 28.9 62.6 8.5 3.9 2.7
28-0 20.0 80.0 0 0 0
28-2 18.8 76.5 5.2 2.3 1.6
28-4 18.9 71.7 94 4.3 3.0
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Fig.2 *Si MAS NMR spectra of glasses; (a) 37-0, (b) 37-2, (¢) 37-4, (d) 28-0, (e) 28-2 and
(f) 28-4. See Table 1 for the notations of the samples.

Table 2 Observed chemical shifts (¢ (ppm))

Jine width Chalf width at half maximum:

hwhm (ppm)) and Q» distributions (W(%)) in oxynitride glasses

Sample Q Qs Q: Q

—o  (hwhm) W —o (hwhm) W —¢  (hwhm) W —a (whm) W
37-0 1015 (6.2) 194 90.1 (4.8) 752 78.9 (4.00 54 - - -
37-2 103.0 (6.9 16.8 89.9 (5.4 718 79.0 4.9 8.6 71.0 4.0 2.1
37-4 101.2 (6.0) 13.8 89.5 (5.4) 65.0 78.5 (4.9) 16.8 70.0 4.00 4.4
28-0 105.6 (6.5) 50.0 92.2 (5.6) 48.0 78.0 4.0 3.0 - - -
28-2 1054 (7.1> 44.2 91.0 (6.3) 45.9 79.5  (6.0) 87 67.0 (6.00 1.2
28-4 104.7 (7.1) 38.8 898 (6.6) 44.7 78.5 (6.6) 12.7 67.5 (6.0) 3.9
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Fig. 1 Schematic arrangement of the cell for the electrical measurement.
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Fig. 2 An example of the complex-impedance plot.

Table 1 Analytical compositions and properties of oxynitride glasses

Sample No. N calc. N anal. Alkali Density Te Water cont. £
(x value) (wt%) (wt96) (wt%) (gem™?) °C) (wt %) (IMHz,27°C)
30Na,0 » (70-3x) Si0.*xSis N, glasses
N1 0.93 0.8 23.0 2.474 502 <L1x107* 12.0
N2 1.87 1.69 21.8 2.474 524 <1x197! 12.2
N3 2.83 2.24 22.6 2.494 940 <1x10"* 18.2
N4 3.80 2.7 24.4 2470 470 <1x10™" 13.7
NON-® 0 0 23.0 2.470 470 3x10™* 11.1
NOA*" 0 0 22.9 2.470 468 5x107* 11.1
30Li, 0+ (70-3x) Si0;-xSisN+ rlasses
L1 111 1.08 8.23 2.321 475 <Ix10°" 12.1
1.2 2.23 1.97 8.17 2.337 504 <1x10°" 12.5
L3 3.37 3.13 8.24 2.371 522 <1x107" 12.7
LON® 0 0 8.25 2.289 . 463 1x107° 10.7
LOA*® 0 0 8.16 2.300 460 9x10~* 10.7
"Melted in N: atmosphere at 1400°C for 1h. " "Melted in air at 1500°C for 2h.




Fig. 3 Scanning eleciron micrographs of
fractured surfaces of oxynitride
glasses. (a) N1 No inclusions are
seen. A crack is included in the
picture to show the validity of focusing,.
(b) N3 Fine particles are seen.
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Fig. 4 Temperature dependence of the dc
conductivity of the Li-5i-O-N glasses.
See Table 1 for the symbols attached
to the lines.
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Fig. 5 Temperature dependence of the dc
conductivity of the Na-Si-O-N glasses.
See Table 1 for the symbols attached
to the lines.
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Flg. 7 Change of the activation energies for
conduction of the Na-Si-O-N and the
Li-8i-O-N glasses as a function of the
nitrogen content.
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Fig. 1 A schematic arrangement of the
apparatus for the measurement of the
chemical durability of glasses.

1 :sample, 2 : polyethylenecontainer,
3 : platinum wire, 4 : test solution,
5 : water bath.
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oxynitrids glasses due to the immersion
in 0.1 N-HCI solution for 1 day as a
function of the nifrogen content.
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Fig. 3 Change of the concentrations of ions

leached out from Na-Si-O-N oxynitride
glasses due to the immersion in 0.1
N-HCI solution for 1 day as a function
of the nitrogen content.
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Fig. 6 Change of the concentration of silicon
ion leached out from Na-3i-O-N
oxynitride glasses due to the immersion
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Fig. 1 A schematic arrangement of the furnace for the heat-treatment of specimen.
1 : specimen, 2 :thermocouple, 3 : N: gasinlet, 4 : N: gas outlet, 5 : heater.
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Fig. 2 Examples of the etched surface of 251.i,0-69310.-2SisN: glass showing (a) phase
separation and (b) homogeneous glass. The glass specimens were heat-treated at (a)

34°C below T, and (b) 23°C above Tn.
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Table. 1 Analyzed compositions, glass transition temperatures (Ts) and the miscibility
temperatures (Tm) of oxynitride glasses.

Sample No. Li.0 S10. SiNs 3 N Tg Tm

(x value) {mol%) (mol%) (mol%) (eq%) C) °C)
25Li1:0¢ (75-3x) Si0:+xSisN. series

0 24.37 75.63 0 0 465 823

1 24,24 72.96 2.80 3.21 489 810

2 24.79 69.65 b.b5 6.31 513 767

3 24.39 67.29 8.31 9.47 535 738
30Li:0- (70-3x) Si0:+xSisN: series

0 29.44 70.56 0 0 461 673

1 29.26 67.97 2.79 3.27 483 650

2 29.63 64.84 5.52 6.48 503 618

3 29.45 62.29 8.25 9.68 520 582
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Fig. 3 Miscibility temperature (Tw) of the
oxynitride glasses as a function of the
Li:O content. The numbers repesent
the nitrogen content (eq%, 3 [N] ./

(2 [0] +3 [N1)) . The solid lines

indicate the immiscibility boundary
of Li:O-S10; system based on the data
of Haller et al® .
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glasses from the immiscibility boudary
line (ATw) for the corresponding
L1:0-8i0: sysiem as a function of the
nitrogen content.
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Fig. 5 Deviation of the miscibility tempera-

ture of 30Li,0-(70-3x) Si0:+xSi:N;
glasses from the immiscibility boudary
line (ATw) for the corresponding
Li:0-8i0: syslem as a function of the
nitrogen content.
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D7 bRAMREOORBAMYOC, . ¥~
(284.6 eV'™) ZHHEC L1, Fig. 1tz <2 }+
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Table 1 Analytical compositions of 30Li.0«(70-3x)Si0, *xSis N oxynitride glasses.

Sample Necare Nanas Li° Water
(x value) (wt%) (wt%) (wt%) (wt2%)
0A"” 0 0 8.16 9x107°
0N* 0 0 825 1x10°°

1 1.11 1.06 8.23 <Ix107*

2 2.23 1.97 8.17 <1x107*

3 3.37 3.13 8.24 <1x107*

"Theoretical lithim content in a 30L1.0-705i0. glass is 8.16 wt%.

**Melted in air at 1500 °C for 2h.

* Melted in a nitrogen atmosphere at 1400°C for 1h.
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Fig. 1 An Si.e photoelectron spectrum of
oxynitride glass 3.
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Table2 The glass transition temperature (Tg)
and the crystallization temperature (Tc)
of oxynitride glasses.

Sample Tg (O Te (O

0A bulk 463 682
powder 461 a76

ON bulk 467 676
powder 463 576

1 bulk 491 656
powder 488 623

2 bulk 501 718
powder 200 688

3 bulk 520 761
powder 520 722
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Fig. 2 DTA curves of oxynitride glasses.
(—) Bulk and (- - -) powder

gpecimens.
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Table4 Intensities of the scattering
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Table3d X-—ray d-spacings of 1.i.5i:05 precipitated from

oxynitride glasses after crystallization at 925°C 4. & =
for 24 h. (1) A5 AGEEELERILEE X
Sample d (nm) TEIEROEE
(110 (130) (040) i (002) Table 2R LHic, BRAEA
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Fig. 6 XRD patterns of glass 3 heat-treated

undervariousconditions. Abbreviations
are the same as in Figs. 3 and 4.



Fig. 7 Electron micrograph of fractured surfaces of oxynitride glasses during crystallizaiton.
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Tablel Nominal compositions of Li-Al-Si-O-N oxynitride glasses (molar ratio).

Sample Li. 0O AlO;. e 510. AIN others
OA 1 1 2 0 0
ON 1 1 2 0 excess 2wt Ti0.
excess 2wt Zr0.
A 1 0.8 2 0.2 0
B 1 0.7 2 0.3 0
C 1 0.6 2 0.4 0
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Table2 Nitrogen and lithium contents of Li-A1-Si-O-N oxynitride glasses.

Sample Nca]c Nana] Licalc Lianal Tg TC
(wt26) (wt%) (w196) (wt%) CC )
OA 0 0 3.73 3.88 699 795
ON 0 0 3.59 3.70 688 827
A 1.52 1.47 3.77 3.83 734 998
B 2.20 2.18 3.79 3.88 748 1023
C 3.08 2.85 3.81 3.89 760 1060
T L T T
T
Tg
2 CA ! I
o T¢
ON |

enda.

1 1
800 1000
Temperature (C)

1
400 600

1
1200 1300

Fig. 1 DTA curves of Li-Al-Si-O-N oxynitride glasses.
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Table3 Crystalline phases ptecipitated {rom the glasses after the heat-treatments in

nitrogen and in air.

Nitrogen Air
Sample 800°C 1000°C 1200°C 800C 1000°C 1200°C
OA hg sp sp hg sp sp
ON hqg sp,ZrQ: sp,Zr0; hg sp,Zr0s sp,Zr0.
A g hq hq,sp hg sp sp
B g hg>>e hq hq sp sp
C g hq,g hg>>51:N:0 hqg sp sp

g : glass, hq : high-quartz solid solution, sp : f-spondumene.

T T T I
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Heat treatment time is 4h.

2 X-ray diffraction patterns of glass-
ceramics crystallized in nitrogen
atmosphere : (a) ON crystallized
at 800°C, (b) ON crystallized at 1000°C
and (¢) C erystallized at 1200°C ;

(@) high-quartzss, (O) B-spodumene,
(¥) - and m-ZrO: and (V) Si:N:0.

Fig.
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Fig. 1 Aschematic arrangement of the apparatus

for the heat-treatment for interfacial
reaction. 1 : glass, 2 : metal, 3 : Mo foil
4 : graphite vessel, b : Ar gas inlet,

6 : Ar gas outlet, 7 : heaters

Tablel Analyzed nitrogen and water cintents of glasses.

Sample Nitrigen{wt%) Water (wt9)
nitrided glass 2.25 <1x107*
non-nitrided glass 0.0 5x107°
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SEM pictures and the distribution of metal elements nearthe joint interface of the pairs of non-
nitrided glass with metals.(a) Ni, (b) Feand (c) Cr.
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Fig. 2-2
SEM pictures and the distribution of metal elements nearthe joint interface of the pairs of
non-nitrided glass with metals.(d) Ni(NiO), () Fe(Fe;0.:) and (f) Cr{Cr,0s).

Table 2 Evaluation of adherence.

Ni Fe Cr Ni(NiQ) Fe(Fe:04) Cr(Cr:03)
nitrided glass D C A D D B
non-nitridedglass A A A A A A
A : good, B : good but pores are found in the interface,
C : weak adherence (detached easily) , D : no adherence
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SEM pictures and the distribution of metal elements nearthe joini interface of the pairs of
nitrided glass with metals. {a)Cr, (b)Cr (Cr:0s) and (¢)Fe.Distribution of Si is shown in the

bottom of (C) .
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Fig. 4 Aschematic representation of the mechanism of adherence between non-nitrided glass

and metal. M represents metal.




(2) BRESUHSALBUELBLAEVWERELD AG® =—-282%kJ  (3)
%e @ADORIGDAG® BRERERCETH Y., (3)
AKBRTR, CrOABRIFICEA LI, ZL Hozhildfthszor, QLoRGHSETT
TEREZSENVVASADOFEELEBY, - 2THA I EHEDLNE, f->T. BEiCBIT 3
CroN&ECrsSiOR T MEATEICER L 72, SIsN:  FeSifES0ERAEE42 8057 0TH S S H5,
ECreHRIGLTCriSiL B-Cre NEAEKT X QRORIEEETEI LD OELROBN TN
IDGibbsHHT % L F —F(L(AG® )((1R)) BEBHWAEDIC, FSIOERBL S 3 &E

F1000CIEBVWTETH 5, (W EHEbND, #OLEDICESOHEE IS
SisN4+17Cr — 3Cr;Si+4 8-Cr.N W, HREOFeSIOAR & X BTttt

AG® =-37.TkJ (1) XLRETRUEDL-HDTH A,
ZOFTEAETHIIEL TR, 8WE oy v 5 NidRESEPEI L, RIDERWHED 5
A=y vy VE-HEz Y b E-S)D N -t, WDRDOGibbsEH T % V£ —Z4k
fElXER” 55 L72e (DRDOGibbsHE =  B1000CICEVWTHIEDMTE YD, EXESTH
ANF-BADPATHLEVI L. REICE F2ENIEOBICBRABRIGEREC SV EE
WTSI-Crif& EN-CrE &g L, £ hd#Es A oh3b,

Lo LBATLEAERLTVS, BAOEHEO SisN: +3Ni — 3NiSi+2N,
R AEFig. 5 1CR”d, AG® =+TTkJ {4)
FelD¥ticBwTid, sgVEEESHE L, Sin FEREASFHROAZADELS LR, ]RE
Fel Tl 2Rk T80 b e, HABAR  KEEGLFFLEVWEEDbLRL, BEREL, K
BOHBz 2 vF - Z(LBUTORY T %, BRBERICH 72 LTH, FNRSINESO
SisNs+19Fe — 3FeSi+ 4 Fe.N BLOBIHBINTLESITHAIEEZDL
AG® =+167.6kJ (2 NahbTh s,
SisN4+3Fe ~> 3FeSi+2N,

| i [

—S — N — Si — | | |
Si N Si
e G (R EEEE
?r ?r ?r
—Cr— Cr— Cr—

| | |

Fig. 5 A schematic representation of the mechanism of adherence between nitrided glass and
Cr.

() BREZECHSZALB(LLELEZ2EEOHE 5)
HEH " Table. 3iRLAZAGI OlliA 5. NiO. FesO,

SBEK LICBMBOEIT 5 SEABHT £402Cr.0, & $900°C 1 5 10 TS-NEEA 4 B1E
SNDo COTERAFYFAPSAFASIF LTLEICEpbhd, G)ROKIEIEITT
B OEEEROBIYOLEMOS» SHPT 2R, ERTAORESE 5 2 LB E Ol
ELHLEOND, MEERFCEVTHEL8BR AT 3THA3 00, BAKEST L5k
tYOERABET 3 LV - Z(L(AG) D BOERFRISEVEEL LN,
SUN/DOB{ILOZN(AGD & Y /& Wi 5, CrCr:0)BRERAGBH 7 2 EHEA L. Bk
TOZBBAME A+ 231 54 FF A WCrSiE B Cr. N TOR Mo 2, 2hbd
PTREFCHFATET V. ORRFRT LY ORTOERIE)TES N3 KEARLETH -
HERAAOER A SINFAOBENET EHELACEARTLOEEPNS, BARTIC
5, RohaFLRAER T ADBHELULEWTE A S

MOx+xS81—N — xSi—0O+M+ (x /2N, EEbN B,




Table3 The free energy change of the formation of matal oxides (AGY) and that of the
oxidation of silicon nitride (AGS at 1173 K.

Reaction AG?, AGS (kJmol)

Ni+1,720. - Ni0 -130

Fe+2,730, — 1/3Fe 0, -239

CI‘+3/402 i 1/201"203 -404

1/381:N+ 0, - Si0;+2 /3N, -575
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ABSTRACT

STUDIES ON THE STRUCTURE AND PROPERTIES
OF OXYNITRIDE GLASSES

Studies have been made on the structure and properties of oxynitride glasses. The local
structure around nitrogen atoms in oxynitride glasses has been investigated in relation to the
composition. The electrical and chemical properties, liguid-liquid phase separation and
crystallization of oxynitride glasses have been investigated and the effect of nitrogen on the
properties has been discussed.

In Chapter 1, the results of the molecular dynamics calculations on the structure and
propertiss of Na-Si-O-N oxynitride glasses have been presented. It has been shown that the
nitrogen atoms bonded to one, two and three silicon atoms coexist in the glass structure.
The mean of the number of silicon atoms bonded to a nitrogen atom decreases with increasing
sodium content. It has been assumed that the nitrogen atoms bonded to two or less silicon
atoms may be formed when nitrogen atoms are substituted for non-bridging oxygen atoms.

The dependences of the density, bulk modulus and bulk thermal expansion coefficient on
the nitrogen content are consistent with those observed in the real glasses. The increse in
the density may arise from the formation of the nitrogen atoms bonded to three silicon
atoms in the structure.

In Chapter 2, the structure of Na-5i-O-N oxynitride glasses deduced from *S1 MAS NMR
has been presented. It has been estimated that about a half of total nitrogen atoms are
bonded to three silicon atoms and the rest are bonded to two silicon atoms. It is consistent
with the result described in Chapter 1 that not all the nitrogen atoms are bonded to three
silicon atoms.

In Chapter 3, the effect of nitrogen on the electrical conductivity of Na-51-O-N and Li-S1-O-
N oxynitride glasses has been described. The conductivity increases and the activation energy
for conduction decreases with increasing nitrogen content. [t has been assumed that the
electorstatic attractive force exerted on the transporting ions may decrease on nitridation
becausethe electronegativity of nitrogen is lower than that of oxygen, by which the conduc-
tivity may increase and the activation energy for conduction may decrease.

In Chapter 4, the chemical durability of Na-Si-O-N and Li-5i-O-N oxynitride glasses to
acidic and alkaline aqueous solutions has been described. The incorporation of nitrogen
improves the chemical durability of the glasses to both solutions. The improvement of the
chemical durability to acidic solution on nitridation has been attributed to a decreased
diffusibity of H:O" ions, because the elastic modulus of the glasses may increase on nitridation.
The improved chemical durability to alkaline solution on nitridation has been attributed
to more covalent nature of Si-N bonds that that of Si-O bonds. In other words, the positive
charge on the silicon atoms of Si-N bonds is reduced, by which the probability of the
nucleophilic attack of OH™ may be reduced.

In Chapter 5, tha liquid-liquid phase separation of Li-S5i-O-N oxynitride glasses has been
described. The incorporation of nitrogen lowers the miscibility temperature by about 90°C.
The lowering of the .miscibility temperature is attributed to a decrease in the electrostatic

attractive force between lithium ions and the network anions on nitridation as discussed in



Chapter 3.

In Chapter 6, crystallizaiton of Li-Si-O-N and Li-Al-Si-O-N oxynitride glasses has been
described.  The effect of nitrogen on the glass transition and crystallization temperatures,
precipitated crystalline phases and nucleation mechanism is discussed. (lass transition and
crystallization temperatures rise with increasing nitrogen content. Bulk crystallization is
dominant in nitrided glasses. In Li-Si-O-N oxynitride glasses, Li.SiOs phase, which is not
precipitated in a 30Li. NO+<70Si0. glass, is precipitated. Nitrogen atoms in nitrided glasses
are not incorporated in the structure of the precipitated Li.Si,0s crystal but are condensed in
the residual glassy phase. For Li-Al-Si-O-N oxynitride glasses, nitrogen atoms are incor-
porated in the crystal structure of the precipitated high-quartz solid solution (ss) phase. As
the result, the temperature of the phase transformation of the high-quartz ss to A-spodumene
becomes higher on nitridation. The density and the hardness of the resultant glass-cermics
increase with increasing nitrogen content.

In Chapter 7, the interaction of a Na-Si-O-N oxynitride glass with nickel, iron and
chromium metals has been described. The reactivity of the oxynitride glass with the metals
has been discussed from a viewpoint of the thermodynamics of the reactions between silicon
nitride and the metals. The oxynitride glass adheres well only to chromiun, which is
explained by a negative Gibbs free energy change for the reaction between silicon nitride and
chromium producing chromium nitride and chromium silicide. It is assumed that the
adherence of the oxynitride glass to chromium may arise from the formation of S1-Cr and N-
Cr bonds in the interface. The oxynitride glass does not adhere firmly to the oxides of
nickel, iron and chromium, since Si-N bonds in the glass may be oxidized to liberate nitrogen
gas, detaching the glass from the metal oxides.

In summarizing, the incorporation of nitrogen in oxide glasses affects the structure and
properties of the glasses. The formation of the nitrogen atoms bonded to three network
forming cations increases the density. Not all the nitrogen atoms are bonded to three net-
work forming cations. The lower electronegativity of nitrogen than that of oOXygen causes
an increase in the diffusivity of alkali ions and suppresses the liquid-liguid phase separation.

" The covalent nature of the Si-N bonds improves the chemical durability of oxynitride
glasses. The crystallization bahavior and the properties of the resultant glass-ceramics
are affected by the incorparation of nitrogen to a considerable extent. The chemical reacti-
vity of oxynitride glasses with metals is mainly affected by the presence of Si-N bonds. The
changes of these properties of glasses on nitridation are shown to be interpreted by the nature
of Si-N bonds formd in the glass structure,
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