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Study on the coloration of borosilicate glasses containing sulfur

Taro ASAHI* Susumu NAKAY. o

Sulfur is the same family element as oxygen, it is well known that sulfur exhibits same behavior with oxygen and can be glass
network components in the glass. However, sulfur cause to glass coloration phenomenon, it is very important to understand the
behavior of sulfur in terms of manufacturing process of the glass products. In previous study, we investigated to the relationship
between glass coloration phenomenon caused by sulfur and the state of sulfur in the oxide glasses based on the result of NasS-
SiO2 and Na2S-B20s3 glass systems. From these results, it was confirmed that the coloration of two glass systems is changed
depending on glass compositions. However, there are many unclear points between glass coloration caused by sulfur and the
state of sulfur compounds formed in the oxide glass systems. In this study, we were selected to borosilicate glass systems because
of having two glass forming components such as silica and boric. Because of that, we prepared sulfur containing borosilicate
glass by conventional melting method and studied sample coloration depending on glass compositions. Furthermore, we
investigated that the relationship between glass coloration and sulfur compounds forming in glass networks by the measurement
of UV-vis and fluorescence spectra.

1. #% EDHES TROBKIZONTED L S REE 52 252
DWTITRIERAR B L,

|

LR T T A DORIE TRIZB W TR DMFET 5 &

AL T A ECBRENE D2 R b D, B
ORI & 72 DR ITEEA & L TNx b b itk
EMPFETRE LTEZ LN ED, BRRBESFEAR R S0
FRIC L - T, AR CORE O i3 Z2{b 3 50, 2
OFER, FFIETLFER T CH 7 AFICART 2 1KE o
FREES, AL L TNy FITRAT D800 7 A &k
LXOMOB EFREATDHIETHRBTIEEZLNTND
R it fTEOOEEED-OICEBERA A Lan A
FEDF ORI WML THRET 2 E5ABR L ITEN, B
LaWERBBRTLH D, £D7D, MEROSNFHERT DT
T ADFEBBRIT, TEAPEIND KT T AR O MEE
HOBENS bMEH I NIBRTH D,

F7o. FRELEMIC L AN T AOFECBSEIT. I 7 al
BB ID ERHRAT T ZA OB RTEEIC LA SN

HLEZDND, U7 APIIERSNDHEEFAREIT, Zh
COERLEHERVEBRPEH D LEZLNDN. H T ARETE

INETIZHE AL, TAB Ve ERERE LT, KR
S T COBRMAREZ AV TENICSRICHRELZSAT
% Z L DTE % ReS-Si02, ReS-B20s (R=Li,Na,K) %
T A BB LT, BT AP TORTMBEOFIERIE, it
HINH T AREEIC G 2 DB OWT, L L TXHBEE
43I & [E A NMR HIE 2 VW CTREA OS5 17> T & =B,
ZOFT, HEOFKE 2 BT A ORFALFREOFIE % 6
L7eh, O OEFEAFHLORBOA 1 =X AOFHMIC
DNTEHFITHRF L ENTWRWERRH 2,

ARFRTIE, IO L #HEX T, 220407 AfH
R 0 DA D TEMICLEBERFR T r A BRRT T AILE
WC, BHE & T BT T AR U ChREBE RSy & i
L=t AREEERIL, E0OT28I8 L, £/, X%
UL A~ 7 S VRE & HRE L0 T ARSI
DSy TRROE L REESHT 2TV, FROFIK & 722 56
WO TRENT T AN IND A D= AL E T T AEiEL
DFHBIPEIZ SN TEE LT,

2412 H 23 A3} (Received Dec. 23, 2020)

IR TS S SRR (Faculty of Fundamental Science, National Institute of Technology (KOSEN), Nithama College, Nijhama,

792-8580 Japan)

R R T3 i A P SR R AR WS AL 2B (Department of Applied Chemistry and Biotechnology , National Institute of Technology

(KOSEN),Niihama College, Niihama, 792-8580 Japan)



2. EBRAE

2—1 AHOEH

REART 7 AERIRe DR RELE LT Si02 (FIotfide T3¢
B RERRGREE) | MK BeOs (707 A4 7 A7 B« Reflakde) |
Na2COs (FtAfidk T2E8 - Fpflhikds) M L7z, £/, At
IR & U CHARDREH AR (FobMigE T3 - Rl %
fEH LTz, FHES T AFEL ORI % xNaz0- (1-xB20s-
SiOz (x=0.1~0.9) 725 X5 L., Ny FHREN 10912725

WZFEME A & BT E DV TR - IRA LTz, 2O

izb?i/\ v FIZ 5mass% D SHKRETRIMLIZb D%, EHffx
T FAYRICE LT, 1300 CIZRFF LIZESIFHF T 1h
WRZITO, JBo@iRE A7 v VAR B LiiL, 7
VARG L CHEE &R LR r ARl 7 Ak 2 EfR L
7o UEOETEROZ7e—F v— M2 LITR LT,

+Si0
HEEH -mks,0, + Skk

l *Na,CO,

HE-EE ~wrel e

EM7ILSHIHA
SRR AAFERT
1300°C+1h

o
Eﬂ

s @

= CRFULRRETTLU R
‘ - XRDHIE
py—— BT R AL ILEIE
ASABRK | iz oime

B 1. BEHEMD 7 o — |

2 — 2 HAH O

VRS L 7238 2 DL o = 7 ISR TG RIb LT b 0 %
XRD RF—rHIERF T E L, CuKaftzHWTEE
B 20mA « & EE 40kV T 20 =10~80° DO#iH TEIFT/ L —
VHEEFT o 7=, XRD RIS — ORERER LY, HT =
{EDOFEREITV, HETH T AEHHOWREZIT - 72,
T, ZOBHERIL L= T ARE E VR LE —(CF
L C 400~800nm D#iPH CTHOE AT MARIEZEFT, £
KA T ZADHMARIZ X DRNEDOEICTHONTHE LT, F7-.
T ZEBHER SN =R B O —EIc BT, BBl R EIC R
WEEZ i U7z, & OBFEE Szl BHC B W Tt R 2 H
W, 22X EZIBWEIZ LT 200~900nm O #i[H T I A
7 MVERIE LT,

3. BREFIUVUEE

3—1 HHONS
PR L 7= BB 2B 24T, B 7 X ORI
BWCT AR U EHEEDDROVHR TITEA~FAIERL
BB OB, T AN Y EH RIS R BTN,
BUBHOD M (1 T s He o S L LT 5 2 2 I L

57 (2020)

Tre ZHAUIH T AETE LIZREORES(LICE D b L
EBZoND, BHET T ZAOMBREIIZ L T, T AfAE
Bt A EL A OREZ(LDNBEBE L TWD Z LN FHEEN
5,

x=0.1 0.2 0.3

0 = e
L = =

0.4 0.5 0.6

0.7 0.8 0.9
2. xNa20-(1-x)B203- Si02 K DA B

3—2 HIRREDER

VR L 723Bt o 77 24kid, BHLE XRD & — HIEN S
1Tofz, ER LT _ToREHT, BRICBW TR —MHIX
RonTH 7Bk Tchotz, ERLEZFEEID XRD %
—VEDORF AR 8RR, T L D&, FEARML
THERL2T_NToORBHT, WP bSO e S [
re—238REhd, "e— 1 F = ORPBEREND Z
ERHBA L, 20D AFR L 7BEHI T IR ERE
T, FUBHNENCHREE ORI AL S s DT H X Ae N 2 & 23
A L7,

ng_
0.8 |
0.7
0.6 ]
0.5 |
0.4 |
0.3 |
0.2
0.1 ]

20 0 60 80

2Theta / degree

W\

Intensity (arb.units.)

>>>

3. xNa20-(1-x)B203- SiOz ikl D XRD /X% —

3—38 RBIRRRY ILBIE

H T AR S T2 3RBHC BT B eI A~ 7k VHIE
OFERZR 41TR LTz, HOICELT S x=0.2 X 0.3 DK}
IRV TIE, 7ﬁtEW®mMan 127 1 — RN
/b#mﬁTé_k#%%Ltomé_%éféxﬂm~a7
DFRBHIIB W T, 600nm FHIE ORI &°— 7 FREE DA L |



RHVIT 420nm AFUTITRIUER ©— 7 BHBICBIRI S D
X212 b, 2 s ofMEICEREHZ B W T, 300nm +iT D
SRAMEIIC BRI K B — 7 BRI S D K D2k D, iz,
FREEIZH BT D x=0.8 % 0.9 DREHI BV TIL, 360nm
PCRUGR E— 7 BB S D, T AR OB EBISIT
INHORINA Y RICERT DHEEAEWR T T AHIZAER
THZELICERTHEEROND,

Ahmed SLESNIMEEZER LIZARUBE T A&ER L, %
H DKL AT M AREICB O TR S DRI N R
o, BEOFRRLE 22 MBS TROREXIT> T\ D, #

DI, BHET 7 AR ER TN AV FEIZL > TH T AH
\Z1% S, S3-, Sa. SR EORET =4 VHENAR S L, T

WCHECTHRBHCEN S D 580nm T DWRIL N it
Ss-7 =AU FEITRBEIND LHELTWND, AFERIZHWNT
H, HRICELTS x=0.2 °© 0.3 REHZB W THRtans
580nm ORI Y Rk Ss-7 =4V RICRBEIND L5
26N, £, M 51% 400nm B S DI S R
X Se- 7 =4 URICKERNT S & LHELTEY  RERICBD
Tl AEIZHEAT D x=0.4~0.7T OFEHIBW T, Z OFER
ORI Ay RSN D Z EWNbnd, EbIT, @7 Vh
VEREORMEN T AABGEE T, 360nm izt
RAHBICHER TS X 51825, ZHUISHIE A 4 (S2)
WIRBEND LEZ B, ZOWN AL R Sh 53k
IEBOICERT D, T ATNOREOEBREELIL. 6 i
(8O0 A F ) L-2id (S2AA) L DOMDTFHIRREL L
THETDEEZOND, AERCTIIMER L L TEMIC
HPEZR AR DR A2 -V TV D 23, IRRIREIC —EE oIk i
AR LT OB T =4 e LTH T APIFERLE

L. Shb ORBALAWNHT 7 ARBOH GBI BE RIEL
rrEZLND,
—_ 1 T 1
M
8 N 07
c
5
S 0.6
8
()
2 0.5
©
g M T
2 | 0.3
< 0.2
——————— 01 |
| | |
300 400 500 600

Wavelength / nm
4. xNa20-(1-xB203-Si02 7 7 AFEL ORI 2T L
3—4 HHEARY FLVAIE

FHET F A2 DA x=0.7 & 0.8 DH T ARE O A
7 MVER BITR LT, B E 400nm THEIEANT b

32

BIEZAT o T2k R, HRICEAT 5 x=0.3 OFEHZB W T
620nm & 650nm IR A F52 2 DDA KD
RSN TWDLZ EMNHIALE, LL, RAalcERT D
x=0.7 OFREHIIBWTIE, T b0 E— 7 mEITRE  Hid

LTWbZ bbb TH L,

Paul 5061%° Takimoto HUMNL, W& AR VEEE Y T 2D
W AT R EBmIART RVRIEN S, BHEBGORIA
LRDMESTHEOREEZIT> TR, WHEALT brick
T BN & I ALY S LD RS B 5 2 L
5. 8o 7 =A N ENOEIRTE LT T T D, K5I

BIFDHHIEALT M ORI, K 4. TBRIS D 380
~400nm FHED T 71— R — 7 R & % LT
W25 EEZ B, b0 IEH I 380~400nm DY/

WIRIBEND ST =4 ERREBEESEEZLND,
Paul 5<° Takimoto & N L7-Wisa AR VERIE T 7 2D
AR MV, REBRTORUERF LR T 500~800nm
ORI 7T a— R —27 L LTHE LTS, 2ot
Db, REBR TR SNWDEOLEG U 7 AR S L
So-tfidg 7 =AM TH D LB LN, & FR
Tr— NIZRLHEBIE, VT APRRSNDHHET =4
FER AT T ANTITEEO R 5V A4 NMIHFEELTHDZ &
FETHDEZZDND, BNV Rid, &V A MIFEET
% S 7 =A UFRIZHIG LI =RV F—IRIEA KB LT D
e, ENHLOWENNY RRERENTZT 1 — RRat N
R SND =Dt EEZBND,

| Ex=400nm

x=0.3

Intensity (arb.units.)

Wavelength / nm

5. xNa20-(1-x)B203-SiOz 57 7 AFEI D& AT kL

3—5 ASRABELERDOHER
Na20-B203-Si02 ZH 7 AR W TiE. AT 5 NaO &
Kiof\ﬁ?xWKE&Té@M%%ﬁV@%ﬁ%Mb\
U TH T A BAEESBNIZ /25 Z LR mbhT
b‘%) TV RS DTN L » TH T ANICE U HELY
AFNE, HTAME ORI TS & 5 IELEERE % Non-
bridging Oxigen :NBO) & #7239 Z LR TE B2, Z DOIELUE
R DOAERRFBIRN T VAV IRMEIZ L > TEITDHZ N
Miura HIC k> THEESRTWAM, ZofR LS LEAeD
w5 &, RERTD x=0.1~0.3 DFAIZI VN TIE NBO 234
K LaWEIRTH D, ZoERicsW T, EhIF AalcE



3%, F£72, x=0.4~0.9 IZB WV Tk, NBO 238l X 550
A CH Y . REIOFCITRE~BE~EE{LLTND,
NBO 234 7 AWNIZIFET 5 & H 7 Afd B 1 X B kric 7e
%, Na20 iRINER3 D 72 WFE R CTid, NBO 234/ L 72
7o, H T AMB IR O R LT L A D, £
DI, A7 AFZART HHEILEHIL S2-° Ss-D X 5 72
5 F YA RO RN S VMRS F RO T =4 & LT
HTAMBELFIZHFET D EEZLND, LD DRSS T
BHET =4 VEOFEDN, FOaEACHNRLORIA & 72
STWVW5D, ZHIZK LT, T8 U IRIMENSERER T
X, NBO 84U 57204 7 A8 E#EESB /25, £ 9
RHE BT ARXDORE N SED XD LA MNR T Z
AZAPNCAFETE D LD, ZOFER, HT ANITERT
5 SEA AU, WEOKBODRK 72D Z LR EZ BN
B LLZE D, AT ARBHNICAERT DR T =4
DRy TREE D RIESC, 7 AR BEALALy & B L7
MEOGABREZERT DI LIIBHEATIRRETHY, &5
ROMPPMETHD EBEZBND,

4. %

W OB ARARTE CIERL LR 7 7 A BB T T X TR
(S) WM U NNy FEFFE L, RKKFHEX T CHER LT
MGG LR T ABRE T AER L, ZoFT7 AR
BHZBWT, BHET 7 ADMARIC X 2 7 7 AL F DL
EH T ARITART DIREAEY & OBRICOWTHRAE L,
AT Z &R LT,

1) FHEA Z A DRI H IS LT, A ~FH O~ A~ 4518
B EFOPEN LT, THUTH T APIAERT Dt s
WOREZEDFERTH D LEZBND,

2) FRIX AT SVRTE & AT MAVRTEDN D, FHE
HIZADT NV Y EREREICHIE LT, 837, S27, Sa2” 2 ED
WM T =4V FRH T AFIZAER L TWDZ ENHA LT,
HTARNZERT D 20 OFELEMN, TTADEGBIT
HEEGZTWHEEZLND,

3) T AT BIECAWITFHES T 2 OFRIZK
TEL TS, 57 A XO/NEN 837, Se” DA IRFREEIZT
NH Y EFENDRVEETH T AE N Z A b RRC AR
L. T UBSINER S W EER T T 7 288 B 2B 7s
D, BFTA ZXOKREN Sa2™ R EDHFRBERT 5 L&
bbb,

SE Xk

[1] H.D.Schreiber, S.K.Kozak, P.G.Leonhard and K.K.McMan
us, Glastech.Ber, 60, 389-398 (1987).

[2] H.D.Schreiber, S.K.Kozak, P.G.Leonhard, K.K.McManus
and C.W.Schreiber, Glastech.Ber, 61, 5-11 (1988).

33

57 (2020)

[3] T.Asahi, T.Ino, Y.Miura, T.Nanba and H.Yamashita, /.
Ceram. Soc. Japan, 106, pp.150-154 (1998).

[4] T.Asahi, Y.Miura, H.Yamashita, and T.Maekawa , .
Ceram. Soc. Japan, 110, 576-582 (2002).

[6] A.A.Ahmed, T.M.El-Shamy and N.A.Sharaf, J Non-
Cryst. Solids, 30, 225-228 (1978).

[6] A.A.Ahmed, TM.El-Shamy and N.A.Sharaf, J Non-
Cryst. Solids, 33, 159-167 (1979).

[71 A.A.Ahmed TM.El-Shamy and N.A.Sharaf, J. Am.
Ceram. Soc, 63,537-542 (1980).

[8] A.A.Ahmed, N.A.Sharaf, and R.A.Condrate J. Non-
Cryst. Solids, 210, 59-69 (1997).

[9] A.Paul,A.Ward and S.Gomolka, J. Mater. Sci, 9,1133-
1138 (1974).

[10] Y.Takimoto, A.Masui, O.Sakamoto and T.Nishiyuki,
Reports Res.Lab. Asahi Glass Co.Lid., 46[1.2], 9-18
(1996).

[11] Y.Miura, H.Kusano, T.Nanba, S.Matsumoto, . Non-
Cryst. Solids, 290, 1-14 (2001).





