Journal of the Korean Ceramic Society
Vol 32, No.4, pp. 405~412, 1995.

HESE (F,2)—FeAdle Redn F3d
4 % 3

AR FYAT A

(19943 79 259 A=)

Wettability and Adhesion of Noble Metal (Au, Ag)—Glass Systems

Jong-Hee Kim
SsangYong Research Cenler
{Received July 25, 1994)

2 <%
29l e8] 754 FAARe] A2 o2 AEE2 borosilicate o] HF "4 gxba)r] Hale], sessile
drop ¥ o2 - s Ahe] P&ale] ofz] 2xeh fAAdel ] SAs ook ko] AL AlRe] B U =4
2 da/Eeld Bzl dEslgend, vy JdAHg R4 HETE ARNY AgdaR EAR 9=a179
BA e =EE A F&4e) Agror viwd 5 lylch ol2d F-F2A E%afelA borosilicate 214
ko]l FFMg wie} lAvkE s Hx) ghastn wdATE Bkl AE o Fdo-

ABSTRACT

In order to estimate the wettability of the borosilicate glasses with different compositions on the noble metals
of gold and silver, the measurements of the contact angle between the solid and the liquid were made at
various temperatures and holding times usmg ithe sessile-drop method. The wetting hehavior and the adhesicn
of the phases were strongly influenced by the thermal or the physical characteristics of the materials. The
dependence of wettmg angle (8) on the holding time (t) could be represented by the relation of @#=a-t?
whereby the wettability of the systems was quantitatively compared. Also with wncreasing caontent of boresiicate

glass m the glass-gold matrix composite, the tensile strength was decreased whereas the elastic modulus was
increased.
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Fig. 1. Sessile drop of solid-liquid-vapour system in
equilibrium.
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Table 1. Some Measurements of Metal Substrate and
Glass Cylinder

Metal subsrate Glass cylinder
Diameter 12 mm Diameter 3%+ 0.2 mm
Thickness 2 mm Height :4+£05 mm
Roughness | <3 um | Weight 007001 g
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Table 2. Technical Data of Frits
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No.* & (1077 /K) Transformation Softening Half ball (g/cm)
NazD Al,Oy 510, 83 485 670 770 -
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MgO
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TEC: Thermal expansion coefficient (from 50 to 400 ), *: from Degussa (analytical composition was not available)
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Fig. 2. Schematic construction of wetting apparatus.

(a}
Fig. 3. {a) Arrangement of specimen {glass cylinder/gold substrate) af room temperature and (b) a shape of maolten
drop in wetting process (for 4 min at 9507 ).
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Table 3. Data for Preparation of Tensile Specimen
Forming Sintering
Total length 1651 mm
Head width »7.15 mm Process Temperature () Time ¢hr)
Specimen width 41 mm
Specimen thickness 4 mm Dewaxing 480 1
Surface area D 340 mm® Sintering 400 2
Pressure - 450 MPa Reduced atmosphere J
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Fig. 4. Wetting behavior for glasses on (a) silver subsirate and (b) gold substrate.
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Table 4. Coefficients of Linear Regression for Wetting Behavior up to 20 min

Substrate Glass Temp, (€) a b r?
90347 900 146.37 —0.18 0.98
sil 90449 900 132.90 —0.26 0.98
ver 90506 900 158.30 —0.07 (.95
90506 950 118.79 —0.09 .92
90347 900 138.61 —0.14 0.97
90449 900 183.86 —-0.20 0.88
Gold 90449 a50 113.22 —0.18 (.88
90506 950 121.72 —0.05 0.93
90506 1000 127.05 —0.12 0.91
r?% Coefficient of determination
0.5 0.5
O 90347, 900°T £ 90347, S00C
04 t & 90506, 9007C 0.4 - ¢ 90443, 800°C
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Fig. 5. Work of adhesion for wetting angles of more than

and (b) pold-glass system.
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90 at temperature of 900C in (a) silver-glass system
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Fig. 6. Dependence of (a) tensile strength and (b) elastic

composites.
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Tahble 5. Tensile Strength and Elastic Modulus of Ma-
terials Used in Gold-Glass Composite

Tengile Elastic
Material strength modulus
(N/mm?) (N/mm?)
Gold 935 55000
Glass 67.0 63500
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