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Preparation of Na,S-B,03-SiO, Glass Systems and Local Structure Analysis
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Ternary alkali borosilicate glasses containing sulfur were prepared by conventional melt quenching method, and
their chemical bonding states were investigated based on X-ray Photoelectron Spectroscopy (XPS) and **Si, ''B
Magic Angle Spinning (MAS)-Nuclear Magnetic Resonance (NMR) measurement. The glass samples changed
in color from blue to reddish brown due to the remaining sulfur and their glass compositions. These phenomena
is closely related with the glass structure. From S2p photoelectron spectra, it can be seen that the sulfur exists
with a negative charge in the glass. The formation of non-bridging oxygen components was observed from O1s
photoelectron spectra of the glasses, which colored to brown and reddish brown. Furthermore, the signal of sili-
con atoms coordinated to the sulfur was detected in these glasses by the *Si MAS-NMR measurement. From
these results, it was considered that sulfur atoms bonded silicon atoms at the formation range of non-bridging
oxygen component, and the bond of silicon to sulfur in the glasses caused the change in the sample coloration.

[Received April 25, 2006; Accepted June 15, 2006

Key-words : Sulfur, Borosilicate glass, XPS, MAS-NMR, Glass structure

1. # &
R T ABEH S5 AIEHFRN 5 ADIERRS & LT, B
R A ENIERAT S ATH L8 Uy 7 AT S5 AIfRFE
SNLEAFERAT S AL LU FEHINhTWA. £/,
TR A IHE S TE A 2 LR BEHREIC A BN TV LT &
o, SEERERFEEERYON S AFLAEE T 012 ADE
IHEHENSRTHAHVY. 2T, BREICLENRTEY,
BaO 7z ¥ ORITR%E LT 50 S BICIRMTEL T Eh D,
KA S ADOEAR Sy & L CHEETH L. BIZ, K"orA
g7 =5 A BED ALO; 7 VA ) HHEFE b 2 Vi L 72 %K
SR A BT S ATEALE A 5 ADE D, BRAA S AR
FEHNT S AL O HETHEHAIN TS, ZOLDIC, |
BN CHEA SN LR 7 A BIET S A3 5 AT ERICE
B RTHLD, WH T Al & OIKEGTh 5 — X AR
SACHNRTERIA B ERS L2, HERIC B0s B2
PR L CHBOREE L ORBEDFERIC 75 5 D DR ET
B5H. FICHHLLTWIELD D, HROREIRIC X - T3
FROPBIECM Rt 7 ¥ ORI BSOS T I 5 ORME S 4
Ch. DX, MROFIENSEWEEICHET S0,
N5 Ak LM L OMBIIC O W T O RA R 7R D),
CNETIZ, IR X Raman JIE7x & OZMELICEEHNTH S
AREE O 2 B« OBFFE BTN TEI. ZD7»Th MAS-
NMR #HW TR R LV Y av, hFERENS ARBOLHEE
HDOALFBRE D GRS E T IV A HEE T SR NIEIA < Thh

697

S AKEREICBE I B0« DIRED e S TEI1D,

MEIT S ATESFICEW T, FAPHBIEOT TNy
Fimz bh, BOEFIRLHERBR &L TEEEZRE-L TO5B5%,
HMILHETLD 50D, H5 AN HMEOFLEIRRE
X, ZOWMNE - Wl - fHET 5 ADE M E R & OZAL
ko TEMICERTS. 2T, H5AhOMEIEMET
Bo COHEOLYMPMEFEDFENE L7 5D T, HS AHFOH
EOERRRESIIIN S ATENCLEERFETHS. %
7o, BEIIRERICS W TBE L RKEICH H720, 5 AH
BB & A0V BALZ LR MbNTED, vV ¥néE
MDAV F A Pk &Rk, H 5 ARERTOMRILETL T
BOEIZ L > TEESTFHREEZWMALZ EAHY, HFAFRT
DFAERREIC DWW T2 OIS G IRAE & 5 O TR s %
WORBRTH 5.

ChETICHEESIT, BFORKEHK T COBMAGL Y
HAOWTCRHACSBICREAERTHZLOTES, TIVA UG
b8 % HFEEEE & L 72 Na,S-SiO, 5% <> Na,S-B,0; %D L 5 7t
TG RAFY ANV T 4 BHS AW RICL T, H5 MO
RE A5 AMETHOWRTE, BICH 5 AP TOREREOFLER
RE, TRENAH S AMEBICE 2 5FEBICHOWT, L LTXHE
ST L FEIA NMR JIGE %2 v T« Ot 217 - T &
W U Lahs, 2EBEN EOT S A BRI LY H
Bl HR T r A R 5 AR B A REOFAERREIC O W
T, AP OBMLETC 2 O OFm N RE SNIPIRnD 5



698 WEEH R 7 A BBEEAT 5 ADIERL & P& bt

Table 1. Batch Compositions of Glass Samples in the System of
NaZS—B203—Si02

x / molar ratio

[A] (1-x)Na,S-xB,0,-2Si0, ; x=0, 0.2, 0.3, 0.4, 0.6, 0.7

[B] (1-x)Na,S-xB,0,-Si0, ; x=0, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8

[C] xNa,$B,05°Si0, ; x=0,0.2, 0.4,0.6,0.9,1.0,1.2, 1.4

Na2S
@ : A series
: B series
- ) 20 80
A : C series

(mol%)
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Fig. 1. Glass forming range for Na,S-B,0;-SiO, systems.
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[A] (1-x)Naz2S - xB203 * 2Si0O2 glasses
x=0.7 0.4

[B] (1-x)Naz2S -

[C] xNazS - B203 - SiO2 glasses
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.@@

xB203 * SiO2 glasses
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Fig. 2. Sample coloration of Na,S-B,0;-SiO, glass systems.
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Fig. 3. Optical absorption spectra for Na,S-B,03-SiO; glass systems.
Fig. 4. Chemical analysis contents of each component. (The solid line represents theoretical values.)
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Table 2. Batch and Analytical Composition for Na,S-B,0;-SiO, Glass Systems. (Analytical Composition was Calculated from Cation Com-

ponents Ratio by Chemical Analysis)

Batch composition / molar ratio Batch / mol% Analysis / mol%

No. | xNaS yB,O, 2810, Na,S B,0, si0, | Nay0,S) | B0, Si0,
A1 |x=03.y=07,z=2 10.0 23.3 66.7 74 215 711
A2 |x=06.y=04;z=2 20.0 133 66.7 165 127 70.8
A3 |x=0.8.y=02,z=2 26.6 67 66.7 227 66 706
B1 |x=0.2;y=0.8; z=1 10.0 40.0 50.0 82 38.8 53.0
B2 |x=0.4y=06;z=1 20.0 30.0 50.0 158 27.9 56.2
B3 |x=0.6,y=04 z=1 30.0 20.0 50.0 248 19.0 56.2
B4 |x=0.8,y=02, z=1 40.0 10.0 50.0 343 9.3 56.3
CA1 |x=0.2 y=z=1 9.0 45.5 455 7.8 45.2 47.0
C2 |x=06;y=z=1 23.0 385 385 19.7 36.7 436
C3 [x=1.0,y=z=1 33.4 333 333 27.9 332 38.9
C4 |x=14y=z=1 412 29.4 29.4 344 30.3 352

[A] (1-x)Na2S » xB203 - 2Si0z

[B] (1-x)Na2S - xB203 - SiO2

[C] xNa2$S - B203 - SiO;
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Fig. 5. XPS wide scan spectra for Na,S-B,0;-SiO, glass systems.
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[A] (1-x)Na2S + xB;03 * 2Si02

[B] (1-x)Na2S + xB203 * SiO;

[C] xNaz$S - B20; * SiO;
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Fig. 6. S2p photoelectron spectra for Na,S-B,03-SiO; glass systems. (The broken line is S2p photoelectron spectrum for orthorhombic sulfur.)

[A] (1-X)Na2S * xB20; * 2Si02

[B] (1-x)NazS + xB;0; * SiO;

[C] xNa2S - B20s; - SiO2
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Fig. 7. Ols photoelectron spectra for Na,S-B,0;-SiO, glass systems.
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[A] (1-x)Na2$ + xB03 * 2Si02

[B] (1-x)NazS + xB20; * SiO;

[C] xNazS * B203 « SiO2
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IB MAS-NMR spectra for Na,S-B,03-SiO, glass systems.
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JavidipEsnsbv—2o (KdD Q,, n: BIBHEF) & &
LT, ZOEBEMICH /-2 —7 (Mho@) HEHlsh,
CNGEME LRELXRRFCEML 2V aVITRBEI NSV
TFNVTHHT ENHPL TWAEY. NaSimEoRms &
LIV 7 FNVOY—ZBREFHAL TR, MEAEML /oy
JavPRHNTHEML TWAZ 030 h5h.  XPSHIELHHE
55 Ols AT FIVIZEWT BO 4 D AN BN S % 30k
IZHBWTIE — 100~ — 110 ppm I S VY7 FHFEOY
TFVHHER SN, TNHIEEQICRBINAY -7 %26
5. NBO By 2@l S 23 EHZ B WTiE, Qv 7LD
HBL 9 BARRES NI H 721 Oy, Qa, O, Qo V7 VBl 5
X210, Na,SOlmeE &I Qs H7e % SiO, /4 H fEiE
7, NBO % ff - 7= SiOq VU A 7> O G S 5 Bk 748 B i
BILEL TWA T ERRL TS,

3.3 N7 REELFEOHEBEME

B10ICiE, MERIC X% NBO B O4 B & 3RE O 6%
L DOMBZ R L7z, BO B DA DB S N A BB T
AEHIEA~RE O~ FO~1BEROAEHE LD, BO & NBO
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[A] (1-x)Na2S + xB203 * 2Si02

[B] (1-x)NazS * xB20; * SiO2

[C]xNazS * B203 * SiO2

Qn I &
@+ x]
-“(é‘) x=0 e x
>3 ..
g 85 ol
[0
o L 04 ° i
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5 0.6 [ |
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Fig. 9.
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Fig. 10. Non-bridging oxygen forming range for Na,S-B,0;-SiO,
glass systems.

By 23 R IR I B S 2 SRS O BRRHE A .~ AR R LR D
Haa L TkV, #5 XAk NBO G OFMEIC & DRk
DOBFEBRMPEL TOBE T ERNGn5. FIZ, NBO RS H
B N D AREIRORE (KFDOA) ICBWTiE, HEARER
L7V avidiRBEIns v 7 FvaEilcsn, BO BKSD
AB S N A MBFERORE (MF0O) Tikxtnboy 7+
VBRI SN T, CNHORBREFINS ¥, 5 AR
MICEET AL, V)V EREDREEIIN T AR TIRES &
BRI I BT A B EICAERL, TOv Y av-
MEREEOREIRABOBECOBICKRELSFEL WL L
BEZOLNS. BINCIET T AREDOET IV ERL /2. NasS
TRINEA D7 B T, BBERALO I HFE L 72T 5 A
HEMEO-OWMEITH 5 AMEBR AT AL, K
DYREORE T A /e L TH S AMAZRILPICHFEEL, ®
FEOHFBEROEAAYEL S (KD [2]). HIZ Na,S ifking
BT &, 5 AREE L LT M A E R A O T, ik
FIIGHERETH 5 AMERR A F A LG T 5T L2380
BERD, TORE, RBOEROEEEEL S (KHhoD [3]).
CO%E, NI AMARBE G T 5 B0s & SiO, DM
B,0; DJi A E K, SED K &\ NayS & Sio, B4 & D
BIEEAKREL LD, H5 APy ) oy — B0 7N

2Si MAS-NMR spectra for Na,S-B,0;-SiO, glass systems. (X marks in figure represent spinning side band.)

TFUE-MRER/ELIVLE AR L TS EFHING. KD
7 VA ) I E T NapS IRINE A A 5 &, 75 AR
S LICBKANC 7 5 72D TR A A (1 S27) DX D7y
FHIAXDOKENT A VRPN S ARICAERT 5 2 & &1k
LD, INOOFEDPKRFOROFEOEELAFERAEEZD
hs (Ko [4]). ChbET7VAVAZVERMEL THS
A HZEUCFAES B, T 5 AMERE 74~ & NBO i
fLCTRALL TWABC ERTFHIND D, KBRINAXRY LR
S2p AXNY FIVIIEL BIE, RAICHAET 2T =4 VD
P e FREEORIE R, S5 ARHEMBU S & AL L 7
DERETTEETHCLIINRETHY, SOLRAEFNHPNET
bHHLEEZOND.

4. ¥ &

WH OWBEGTETT VA VAL &= HREER & L TRV
Na,S-B,0;-Si0, ZH 3% H 5 ADIER 2R A, ZDH 5 Ak
TR A PREST S ENTE. ALESWNOREN D, FRLL -
A5 AFRRFICEHENREL TRV, TOREFRE LTS AM
BUZKIE L 7o B ORI ELPBIE Sz, S2p AT B L
"o, RHNOHEITA A U/ EEEOB VKR FliRETHFEL
TWABZ EMNHB L. F72, Ols AT FLh b, IELUERE
FRL DT & 2 MBFIROBEHT DWW TiE, BUHBEE L5
D ABS N A BRI OF R & iz L TR BRI OB 5 A
LNAHT EHHBEL 7. HIZ, 2Si MAS-NMR HIEA 5, FEZE
WEME R AR A MBI OFEHZ W CTid, 75 A
WEAFM L 72 ) aVICRBE T A — 7 BRIl h A C &5
P CHERE TS/, INHOMEND, NaSiHEmED
FABCHEIL T, WG S AMBERR Y F 4 EAEETMAE
LIS T 5705, NaS iIRINE2 % < 7 A MBI T3
Z AREIE BRI 75 5 72 OIEGAB A FRIBAL A 5 A AR
L, ZOERNS ARBRER N F 4/ ICHRENRALS S & DI
5. COWMBENT AMBER A F AV EOERDOEED,
RE OB BORRIEICKELBIRL TV A EE 2 LN S,
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