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Refractive Indices and Densities of B203-AkO3s—SiO» Glass System for
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Abstract

For the application of the photosensitive barrier ribs with optimal properties such as glass transition
temperature, refractive index and coefficient thermal expansion, the boro-silicate glasses was studied.
The glass transition temperature, coefficient thermal expansion, and refractive index of the glasses
based on the B:03-AlQOs;-SiO; glass system have been investigated with the different ratio of
BaO/Na;O and By03/NaO. Increasing the ratio of B:03/Na:O was led to the increase of coefficient
thermal expansion and the decrease of glass transition temperature. The increase of refractive index of
boro—silicate glasses increased with the density of glasses. We suggest the empirical equation for the
prediction of refractive index with the glass density, n= 0.123 p +1.182 with 0.042 as the standard
deviation in the boro-silicate glass system. The aim of the present paper is to give a basic result of
the thermal and optical properties for designing the composition of photosensitive barrier ribs in PDP.
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Schematic diagram of fabrication using
photosensitive paste for barrier ribs in

PDP.

2_ Al &

= =

F8E Axs7] A& B0z SiO;, AlOs ZnO,
BaO, Na:O, MgQ, CaO (Aldrich, 99 %)el Atz &

S FUsA Egsle Pt EUMYE o] &3ld
1200-1500 TolA 308 B §63 F o8 4
o® FWs g Zg(Culle)d HAE 2 7 A
Z3Geh ANHE 7k TR f3E ¥ 194 2
& 2gog Ax st AL A Bty
45 gm o= AUIES £ oE TG-DTA

(Themogravimety - Differential Thermal Analysis:
DTA, TG 8120, Rigaku Co, Japan) & ©]-&3}o
2] #dol® (Tg: galss transition temperature)<
FAE9 22 F9Y B odHe 98
ol g3dte] FElzolHART 20 T B2
Az ES AY F vl AT

#8E2 o]&3to  dilatometer (L75HS,
Selb, Germany)® ID#AZAS (CTE:
coefficient of thermal expansion) ZAstgtt. =

flo ot
Mo

Ho =2
= =

=2
R
—_

Linseis,



J. of KIEEME(in Korean), Vol. 22, No. 6, June 2009.

AT 78 HaE 9715 9H9 Eo] 12-15 mm,
A% 5 mmZ $-olh WE 1 ol drtd
Ao 2 dilatometerd] HAL F 39t 24§

2 opuiZAdA  (Abbe's refractor: DR-M2,
ATAGO, Japan)& ©]-&8to] Z33g o, AAL
TAQ 712(15-40) x A=(6-8) x (1-10)

9]
mme] RA A sPew, di ob ‘?‘;% 1 m
ojst7tA] dAvtsgith WL otz2yvda HES
o] &ste] WA felg ALA ZHsATh

I 1. #8 2AEE (mol%).
Table 1. Glass compositions (mol%).
Composition | A1 | A2 | C1 | Bl | B2
B20s 4|1 36| B B| B
SiO; 16
AlO4 14
ZnO 8
BaO 4 4 4 3 5
Nax0O 16 14 15 16 14
MgO 4
Ca0O 4
B203/Na:0 2.1 26 | 23 - -
BaO/Na;O - - 03] 02| 04
3. 8% ¢ uni

o)A AFATe] 9FE B03-Si0-ALOsA &
ol A Si0:8 Bo0:o] 3% ulol] e g3 2 9
7t glem, Tge 3§ 500 THZolW, CTEE
73-76x10-7/CLoZ2 vk e s 2= Ao=m
F MY REl BAAY Hgo] ti WHEhIx
2 €3 B4 "3t 9+ Reg grlsgool
=3 a9 29 Zo] fEldolde fadsaA
BaO% Na:09] st E & Wie gle ez
Bolu, fE¥A4AQ B:0s% #a 449 Na0
o Wgd giME & dFAE N Ae=
Hlt,

9 A g 3
st Aoz ge EFY SBe s
255 w27 Bxq0] 2A WA B
% BaE, U 4444 B
FAA NaO B3] WAsoliE %

4

1>

M
(0 o lo g

508

Bx0s9 Fol B& A$ #89 #Ho|Ho] RolAx
CTE #ol &7tete st o3& f8 F+x71
oF&}A 53**5171 o deojits Aoz Hadu.
TEAeR FadfEdAe vRvAE T A9
[BO4] AHEA7E 435 AH dF8d F glan, o
7t APAE 2b3 YA %2 [SiO4] AtHA = 270
olztel [BO4] AbAA S M2 d4" 5 YAIT ¥
7@ AAas WEF [SI04] AHAAE &A F e

A=
[BO4] At A 9249 & gl7] wEojtH14,15].
llll
5054 | m Tg . BOMNaO ¢  rLios g
~ -+ CE ; o
0 : 106 X
E‘ 500 / u
p - s 104 ©
2 §
E 4951 BaO/Na,0 [ 3
[
g / H
caod T ™ B/ 10 5
s . £
z ’ ] Lo 8
e ‘ 5
- 485 . ’ g
s RN [® s
Y ) | o ]
480 i ] Lo B
‘. /L ©
T T 77 T T
0.0 04 20 24 28
Ratio of composition

a3 2. BaO/Na;O%t B:0¥Na08 24 &9
w2 By03-Si0-AlOs f2¢) Tg ¢ CTE.

Fig. 2. Tg and CTE of Bx03-Si0O-Al:O3 glasses
for the ratio of BaO/Na;0 and B0y
Na0.

2g BaO/Na09} By03/Na039] A
]%3'4" *:1"" Al B203-Si0-ALOs #El9 2FE
< 71 2 ClY #E& 7EL2 19 /3

T

2% 4% 9o, 4 SPANE ¥4 e
(29 3. 99Hoz PAEL UEs 238

o3 2o e won ol HTUE Lo|Ld

o FAe] wol AeldA vedty BiE
ATHI516]. & Cl& 7|Fo2 7+ 249 HE &
FE, g0l g3 2 &) e Ao #G
€tk

a9 48} 7o) BaO/Na09 ZA4 nl&d 713
I FAd FEe 4=/ F7F 33T B:0/NaO
o =4 Hgd wet fEY PYEE WA g
Aoz vegrh & AFAQ dxd g ZHE
e} BANME FolFd Aoz #Aerdol ay



& e AL wel e 49
s o AL ¢ 4 AtHad 5. £9
olgd Ahdl B AAE vmeW FAET U

480 i
158 4 - nm
—A— 546nm
589n

1.5 | 2% %
x *
S 1544
£
@«
z
g 1524
®
4

1.50

H .
1.48 4
BaO/MNa,0 B,0,/Na,0
/s
T T 7 T T T T
0.0 04 20 24 28

Ratio of composition

a8 3. BaO/Na;0% Bz0s/Na0¢ zA o
mE  By0:-SiO-ALO; FEle &
(480 nm, 546 nm, 589 nm).

Fig. 3. Refractive index of B303-Si0;-ALOs
glasses for the ratio of BaO/NayO and
B:03/NaxO at 480 nm, 546 nm and 589 nm.

of

=2
=

W o

274

7

2724 l
- 27 1 B,0,/Na,0
£
L
2 2684 l [
g ¥ -
: J
& 266

264 - i

BaO/Na,O
262 . . . . .
0.0 04 20 24 28

Ratio of composition

33 4. BaO/Na0$t By03/Na:08 %A 1| &9
2 By03-Si0-ALO; $3¢ 4%,

Fig. 4. Density of ByO3-SiOz~AlOs; glasses for
the ratio of BaO/NaxO and BzOs/NazO.

A7) AR A 28 =8R), 4224 A6F, 200999 6¢

20 138
278+ L 136
— [ :
H -~
= L134
RS 1 1 £
E 5
< L132
g 24 5
3 { H
g 1 N L1ao £
©
5 2724 8 3
s ¢ T, — 8
[0}
% L128 B
=
2701
L126
%8 : P — . .
148 1% 154 1%

Refractive index at 589nm

3™ 5. B03-Si0r-ALO; 89 EFZHEY wWE
E A4 itxe B oAF,

Fig. 5. Molar volume and oxygen molar volume
of Bo03-SiO-AlOs glasses for the
refractive index.

© Experimental data
[3 Data from lterature

Refractive index, n

a n=0123p+1.182
Standard deviation= 0.042 RE=0.9

1.4 T T T T T T v T T T
20 25 38 38 40 45 5.0

Density, p {glom?)

a3 6. B03-Si0-ALO: Ay dxd o
23E.

Fig. 6. Relationship between refractive index of
B203-Si02-Al:03 glasses and the density.

UA Aad WEH HojstA "o e F4d
E& boro-silicate FElAlolA 19 63 22 AY
Z—Io] FAE Y= AL ]x—] oﬂf‘!- A9 Zéa]
3t WE}LH%E}[N] £ °‘1:IL @4—‘5 Azt 23
9 A9 @A & FE AL: Holy 7
& &4 Clo KH\_ B,ﬂoi"]"* A2 Yeyt)
AL B A6 s & AHe] AW, vjrfmt

rlo rjr

-

9,



J. of KIEEME(in Korean), Vol. 22, No. 6, June 2009.

29 EIFo] Fe Aoz FudAT14] =3
boro-silicate fr2jAel e FHEL 2 (LY 2

o AFAA Hg

5 94

4¢ olgste UE HAVon 2
59 Aoz BHay,

n=0123 p+ 1182 o))

4. 2 2

B AT FetEa fEegde] ddy &
A & Fa,E AASE A 229 g Ao
2 2R o8 ¥49 ¢ e A 2 FE
o frydeld, 49 Ag, 2HE, 4%, BAF
& Bx03-SiO-ALO;  FElAlA  BaO/NaO<}
B:Oy/Nay0e] W&o w& #W3s 4390 =
8 ZAdA B:0¥Nax09 v]&o] Frte Tg9l
7kt CTES A4E 7HA god dxs A9
Ha7h gl AeR vEyr 23 2o ZHE
AAZE Foldk AB} o] HEoy o dF
A#RE EQE HA¥HA 4 n =0123p + 1.182
APHE EF 9t Ba0s-SiOz-ALOs #2719

HAtel 2

2 d7E AYALRE SFEARred T4 7
SAEAIGATO(FAME: 10014130)A Foz 4
@ HoH, Adu A ZAFU

o] (PDP) Az A", Agw2E
p. 75, 2006.

[3] H4&, ol%d, “IF A

94, 23,

Aol 2 A

A9 ehzep gagdel Ade A4

, D. 344, 2005,

S, AWd, M9A, oA, ¥ ¢

, “Pb~Free 457 ol g

2xd mE FH1A 547,

=EA, 2149, 8%, p. 755, 2008.

(5] J. P. Boeuf, "Plasma display panels: physics,
recent developments and key issues”, J.
Phys. D: Appl. Phys., Vol. 36, p. R53, 2003.

[6] W. Sung, J. Kim, S. Hwang, and H. Kim,
"Mechanical and acid-etching properties of
Bi203-Zn0O-By0s glass-containing ceramic
fillers”, J. Mater. Sci., Vol. 43, p. 4016, 2008.

(71 A€, #44, 45, “fg 2AHE F o]
£ o433 ZRw tsFye AW, =
E3, 29¥ 3 10-2008-0052430, 2008.

(4} ¢

o o o O o 1

[8] Y. Iguchi, T. Masaki, and K. Iwanaga,
"Photosensitive paste, a plasma display, and
a method for production thereof’, US

Patent, 6,197,480, 2001.

[9] J. Won, S. Lee, D. Kim, J. Lee, S. Hwang,
and H. Kim, "Refractive index of SiO2-
B:0s-AlOs glasses”, Mater. Sci.
569, p. 349, 2008.

[10] S. Hwang, C. Lee, H-W. Shin, and H. Kim,
"Micropatterning of photosensitive glass-

Forum,

ceramic-polymer composite by sand blasting”,
Adv. Appl. Ceram., in press.

S. W. Jeong, W. S. Kim, D. H. Lee, K. E.
Min, K. H. Seo, 1. K. Kang, and L. S. Park,
"Photosensitive barrier rib paste for plasma

[11]

display panel and photolithographic process”,
J. Appl. Pol. Sci., Vol. 85, p. 2092, 2002.

E. Chong, S. Hwang, W. Sung, H. Kim,
and H. Shin, "Dielectric constant and optical
reflectance of ceramic filler-added BaO-ZnO-
Bo0s-P205 glass composites”, Int. J. Appl
Ceram. Technol,, Vol. 6, No. 2, p. 295, 2009.
S. M. Ryuy, L. S, Park, and D. Y. Yang,
"High precision molding process for barrier
ribs of PDP by using a soft mold and a
green sheet”, IMID (7th International
Meeting on Information Display), Deaegu,
Korea, p. 316, 2007.

[14] Z. Zhang and R. G. Reddy, "Structure model

[12]

[13]



[15]

and properties of alkali borate melts”, VII
International Conference on Molten Slags
Fluxes and Salts, Cape Town, South Africa,
p. 827, 2004.

H. Scholze, "GLASS: nature, structure, and
properties”, Springer-Verlag New York,
Inc., USA (English version), p. 201, 1991.

[16]

[17]

A7 AAA B =EA, A28 A6F, 20099 6

A. Agarwal, V. P. Seth, S. Sanghi, P.
Gahlot, and S. Khasa, "Mixed alkali effect
in optical prperties of lithium-potassium
bismuth borate glass system”, Mater. Lett,,
Vol. 58, p. 694, 2004.

International glass database "INTERGLAD

ver.6”, New glass forum, 20009.



