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Effects of nitrogen and yttrium on structure and properties of
Y-Ca-Si-Al-O-N oxynitride glasses

LUO Zhi-wei, QU Gao, LIU Xue-feng, CHEN Xing-jun, LU An-xian

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Y-Ca-Si-Al-O-N oxynitride glasses were prepared by melting batches at 1 550—1 650 C for 2 h under N,
atmosphere in a Si-Mo-heated resistance furnace. The amorphous nature of the samples was verified by an X-ray
diffractometer. Fourier-transform IR spectroscopy was done to find out the basic structural units in these glasses. The
influences of N/O ratio (eq.%) and Y/Ca ratio (eq.%) on the properties such as density, glass transition temperature (7,),
thermal expansion coefficients, the crystallization temperature (z.), chemical durability(leaching rate) and Vickers
hardness (HV) were investigated. The results show that the physical properties exhibit approximately linear relationship

with the nitrogen content or yttrium content, respectively. The oxynitride glasses obtained with good comprehensive

property may be used for hard front plate materials of transparent armour.
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Table 1 Compositions of oxynitride glass studied
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AR K K s Rk A8 PR B AT L
Y-Ca-Si-Al-O-N SIS, FEMmI% 5 wE 1 s,
HARI 63 AL CF1 & 2 L AR IR 050, %)k 1
Bk, ARBIS IO AR, [ P A SCHRIE R
A Ay teROR, BRI Ear e AL, B
Si A, sk 1 iR,

4[Si]x100
4[Si]+ 3[Al]+ Vy, [M]

At [Si]s [AFIM] 20 3R st B AME AR FH 25
+ M [FIEEIRIREE . 4. 3 Fl Vg 512 Siv ALFI M 76
HHIA . FREE BT H 2 L a3l an 5K (2) A (3)
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(1)

e(Si)(e/o) =

3[N]x 100

e(N)e/0) = 2014 3N] (2)
_ 2[0]x100
e(O)(e/o) = —2[0] 3N 3)

X [OJFINIZ SRR E MR BE RIS, 2 A 3
AR B TR IS .

EHL Si0,. CaCOs; F1 ALOs(ZrHT4l, 99.9%, I
W E 254 A]) SisNy (T4l 99.9%, LHEEYURIA R
PL Y505(99.99%, 1 FEH 1B A JEORE,  de Bt
A B S A ) JEORH I R, PRI SRR R,
FMRAHAE, BREE 10 h, LR 74 um (55,
BN, R i m Al SR, BT R
(S HBEL AR g B A ) 23 i A el 1 550~

Samples No. Composition in equilibrium fraction/% Composition in mole fraction/%
Y12NO Y 12Cay2Al5Si61 0100 Y4.98Ca7.48A16235119.0006231
Y12N6 Y 12Cay2Al5Si61094N6 Ys.05Ca7.57Al631511924050 31N2. 52

Y12N12 Y 12Cay2Al;5Si6 OgsNi2 Ys.11Ca7,67Al6.395119.490056.23N5 11
Y12N18 Y 12Cay»Al;5Si6 OgaNig Y'5.18Ca7.77Al6.478119.74053.07N7.77
Y12N24 Y 12Cay2Al5Si61O076N24 Y'5.25Ca7.87Al6.565120.00049.84N10.49
Y12N30 Y 12Cay2Al5Si61070N30 Y'5.32Ca7,97A16,64512027046.51N13 20
YON18 CayyAl 5516105 N5 Cays 14Al6 315811924051 74N 757

Y6N18 YCaysAl;5SigiOsNis Y2.56Ca11.50Al6.395119.49052.40N7 67
Y18N18 Y 15CasAl;5SigiOsNs Y7.87Ca3.93Al6.565120.00053.77N7.87
Y24N18 Y24Al5Si61082N Y 10.63Al6645120.27054.49N7.97
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1 650 ‘CLRI 2 h, ALETHEE 1 h A3 R 4 1000
C, 1BK2h, ik 10 h 2JHE1£] 200 C, AEH
PR HT, HEAS ST R P A Al N AR LR B
B, DIE R AT 2 R

1.2 il 5taenig

FH A B 22 i jL AR 2025 4177 1) Rigaku D/max
2550 PC M4 [z X SEATHCGNE S AFEM T X
STERAT AT IS . W2 Cu i, FIHEE I 10°~80°,
FREEE N 8 (O)/min, AR N = .

F2€ 5 NICOLET 6700 B 721 4p ik 73 B AX
MRRFE Sy grablent, WA= N7, RA KBr
W), BEEFEGRIARGE ALAE 47 pum) A1 KBr ()51
BEIL R 1:50, MEARTEHE K 400~4 000 cm ™, HEE A 4
-1

FH AR OK A I IR RR A i 35 1, U4k
B, RHEB TR

A TAS100 23 A4S S A o PR ARIZ K
MBS, RSN d5 mmX20 mm,
ALO; MZ I, IIFGHE 10 °C/min, R RH
AR TRY

Fif# X NETZECH DSC 404 R Zm 414w #uy
MERES ) DSC (A FE 10 C/min, WIS FE
K AR, MR A &R 42 1400 °C).

MR — MRS, O S T Mkt
AN R I AR A T B, 4 R IR G FE AR
B3z N T S A RN SR R o AR X R
W, AN LA—2 i a o e Rkt 2 i -
AR, IR IR BT g8 ) A e i Al 2
AWFFERH HV-5 74k PG S A 52 0 it S R B s )
HEICHEIE . ARSI ST 10 mm X S mm X 10 mm, %
fr R 2 kg, B2 15 s, FEANRFEI 10 ANJER
M SR R A P

FEMEDIE )5 T RSFRR H T (my)
BT 4%I0 HF B2k 24 h J5, mFcH IR
H(my) o BEIBORAT S I TEAUR A mi—mao TR
7t HF [ R (Re) W(4) s :

Ro = MM 1600, (4)
nmy

cm

2 FHR51R
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Fig. 1 XRD patterns of samples Y12N24 and Y12N30

2.2 IFIBRYLISM L

2 A1 3 Fros AR AE 400~4 000 em ™ 11
ZLAMRROEIE . BEESAE SR LB R N A 4~6 AN A S
W o AT 3 430 om ' BT ARSI Y 7K 43
FRFE AT AMPZEIRSS, 11 1 640 em™ PR AW
XoF W B KRR T IR B A . BRAE S Y24N18 7E
600~750 cm " R Y JLT-BAT RIS, A BRI
7 900~1 000 cm ™' 600~750 cm ™' Fi1 400~500 cm ™' iX 3
AN A RO . SCHER[204R S 4E 900~1 000 cm™
T [ R i i U g TR R AR AR A i Si—N—O
IR, (E 650~750 cm ™' Y P R Ig )
T Al—0 BRI Y—O #4idksl, {F 400~500 cm
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S P ) g Si—O0—Si & O—Si—O #EE
AR sh . SR BB 1 £ AN B HLAH Y g 35 4]
x 251,
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A L, Bl SRS B34 0, BEIELE 800~1 000 cm™
(IS U B AR 5, X — AR R 5 SRS 1) &4
BN, B ) AU 12 TN BB P 45 v BTk
JEF TR SN B o il &S I A% O ) 2 S0t
THE N PIB M 28 1 Si—N USSR DB
FEEE IR RE B A SIOsNT DU 4. 3 > Si0sN™™
VUTHIARSE R 1 ANTI AL, A ICAHAR Y Si—O—Si B i,
S8 0—Si—O M Si—O—Si #1125 iR sl A T
800 cm )% Si—O—Si #HIMLARSEI(1 100 cm 'y
Wi o A TSR I B v U B ) 3 N2 5 3 800~1 100
em” ' AR E P,

Y-Ca-Al-Si-O-N R B IS i 5 5 AR 2T A
WSO QI 3 Fizs. BT 3430 Al 1640 cm ' i

F2 AR BIEEER LL AR B HAT N 3
Table 2 Absorbing bands and assignment of oxynitride glass

samples
Absorbing )
pand/em”! Assignment
3430 O—H stretching vibration
1 640 Vibration of water molecule
900 Si—N stretching vibrations in oxynitride glass
1100 Si—O stretching vibrations
650 Al—O stretching vibration of AlO4 group
750 Y—O stretching vibration
400-500 Si—O—Si asymmetric bending vibrations

Y12NO 1 ?43 466

YIINIS v15N04

4000 3200 2400 1600 800
Wavenumber/cm™

B2 SEEBFERES YI2Nx(x=0, 6, 12, 18, 24)[# IR %
Fig. 2 IR spectra of glass samples Y12Nx (x=0, 6, 12, 18, 24)

Y18N18

4000 3200 2400 1600 800
Wavenumber/cm™!

B3 AEBIFEN YAN18(x=0, 6, 18, 24 IR il

Fig. 3 IR spectra of glasses samples YxN18 (x=0, 6, 18, 24)

I I A, YONT8. Y6N18. YI12N18 il YI8NIS
SR IR AL S I LT ARG R v T SR B 4 AN R I
AW, L B S B T 940~975 em .
690~700 cm ' A1 455~465 cm™', 1 Y24N18 S A I
FE b G 2 N0 W8 RS U, 43 67 1 925 1 470
em o HHIE 3 AT UL, SRR KR S R R B
S R . IR, BEE RN, AR
HE{E 900~1 100 cm " . 18] (¥ W AC e 52 B AR 5 (¥ il
] o Si—O B AT Si—N B W SC U 43730 1100 F 900
em ' T, HIATDAERT, BEFE LB ACEURES, 44
TR, HTEBE TR SN,
B A B IO, TR B T AR B I 2% S5
TP TR R T I 6, 2 5 BERE N 2 AR T 1k,
EH U A2 B0 22 O T Y—O B0 RV I Z0 40
WA T 780 em ™t BHIT, 1 Al—O AL T 760
em BT, YN, AN, Si—O B sME
FIEH T 800~1 100 2 [A], Al Y24N18 F 5 ¥
$750~1 250 em ' Z [AW IS 4R, TTRE XL
IR AR B, S nfa =R g . Bl
Uk, BLIBIN SRS, KBRS k= T RO

Al

23 HBHEE

BT T DR R MR M RE, 2 B AR TE R
THRE— P IRAE o SRR 2 T 43 Sl B 26015 det i 5
(AR 4 BT o BRI 2 5 2y 3l B 2 ek
BL A TR N S A MR 3 . S AN 0 35
F] 24%, AN 3.02 g/em’® B 1E] 3.16 g/em®, BN
MEREA 4.6%; TECTTHE O HEINE] 24%, 2 FEAA
2.80 g/em’® HN# 3.56 g/em’, HEHNIEEE N 27.1%. A
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Fig. 4 Change curves of density versus nitrogen content (or Y
content) for Y-Ca-Si-Al-O-N glasses
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Fig. 5 Change curves of thermal expansion coefficient and

glass transition temperature versus nitrogen content for

Y12Nx(x=0, 6, 12, 18, 24) glasses
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Fig. 6 Change curves of thermal expansion coefficient and
glass transition temperature versus yttrium content for YxN18

(x=0, 6, 12, 18, 24) glasses
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Kl 7 B A RES Y12NO. Y12N18 1 Y24N18 1
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KIFETFEM ) DSC gk, DSC 2k b e g
(B E A MR (1) BB 7 WTLAE Y, b dh
ANE BT, FE S BT B A BE, A b i ) 1R B
Hrédge B 1 035 °C, ARG, FEM YI2NIS 5
YI12NO FHEE, A E M 0 $853 18%, At hnl i )
HRsh, HribiEERE R 1 117 °C, iy HIg AR 56 AR
V22, Ml ArsS. Y24N18 Fl Y12N18 AHEL, %
TN 18%, FLA R 12%E R 5] 24%, Hribidi
FEM 1117 ‘CHEF] 1201 °C, 1y HAT &g 2248451+
ST, BTSSR R M 8 B AT LUE
B FRIATT A AR 7 ) B AR B B o R B P 388
LPEt TR AU B AR U BT Il R T R
L, W TR HARES AR = T BEE AT AR, R

1035°C
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1 1 | ] | 1
200 400 600 800 1000 1200
Temperature/'C

Bl 7 EEIEERER Y12N0, Y12N18 Rl Y24N18 [¥) DSC Higk
Fig. 7 DSC curves of glass samples Y12NO, Y12N18 and
Y24N18
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Fig. 8 Change curves of crystallization temperature versus

nitrogen content (or yttrium content) for Y-Ca-Si-Al-O-N glasses
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AR BT, BLIUARAT 5 A3 e I 4 IR T I
T 4 v BB A UBR A R S ) . JLER MRS
Bl A H=5.93+0.11*Xy (L, H, R e = K
FEIYE [CHERE , Xy FoREL IR 1 PR S, Xy YR
0~24%).

2.5 WIBMLEREN
BB AROENE, TR 2RISR B K
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T T T
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9
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T

1 1
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Fig. 9 Change curves of vickers microhardness versus

nitrogen content (or yttrium content) for Y-Ca-Si-Al-O-N glasses
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B R, HALE R s 2s T Si—O 8, H. Si
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FIRE, BEER S G, A EBEEFE i RS0
MR s 48 h PRBRARIEAR | R RREER. B
YONI18 MIFE Mt A ek, FLImmoR, 1M Y24N18
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5T B LU/ DI, FEM B S S, & &
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Table 3 Physical, thermal, mechanical properties and chemical durability (corrosion rate) of Y-Ca-Si-Al-O-N oxynitride glasses

GlassID  pl(gem ) (£0.01)  a/(10°%°C)£0.02)  /C(£5)  t/C(£5  Hy/GPa(£02)  Rc/%(£0.01)
Y12NO 3.02 6.31 834 1035 5.6 24.53
Y12N6 3.04 6.00 867 1052 5.9 10.21
YI12N12 3.07 5.85 874 1 090 6.3 6.85
YI12N18 3.13 5.68 890 1117 7.2 5.30
Y12N24 3.16 5.41 910 1125 8.6 1.26
Y12N30 - - - - - -
YON18 2.80 6.74 850 1067 6.1 6.17
Y6N18 2.92 6.25 862 1075 6.5 6.45
Y18N18 3.25 5.43 918 1 166 8.8 3.84
Y24N18 3.56 5.12 955 1201 9.7 0.04
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Fig. 10 Change curves of corrosion rate (4%HF, 48 h) versus

nitrogen content (or yttrium content) for Y-Ca-Si-Al-O-N glasses
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