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(57) ABSTRACT 

There is described a sealing composition for sealing alumi 
num nitride and aluminum oxynitride ceramics comprising: a 
mixture of SiO2, at least one other metal oxide, and a silicon 
additive comprising at least one of silicon metal or a silicide. 
The silicon additive acts to suppress the formation of nitrogen 
bubbles during the sealing of articles comprised of aluminum 
nitride or aluminum oxynitride ceramics, e. g., as in the case of 
a ceramic discharge vessel for a high intensity discharge 
lamp. 
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Fig. 1 (Prior Art) 
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Fig. 2 
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SEALING COMPOSITION FOR SEALING 
ALUMINUM NITRIDE AND ALUMINUM 

OXYNITRIDE CERAMICS 

TECHNICAL FIELD 

[0001] The present invention relates to aluminum nitride 
and aluminum oxynitride ceramics and in particular to the use 
of such ceramics for arc discharge vessels in high-intensity 
discharge (HID) lamps, e.g., metal halide lamps and high 
pressure sodium lamps (HPS). 

BACKGROUND OF THE INVENTION 

[0002] Metal halide and high-pressure sodium lamps are 
tWo examples of lamps Which use a discharge vessel made of 
a ceramic material. The robustness of the ceramic material 
permits the use of more corrosive chemical ?lls and alloWs the 
discharge vessels to be operated at higher temperatures. A 
sealing composition, commonly referred to as a frit, is used to 
form a hermetic seal betWeen the feedthrough sections of the 
electrodes and the ceramic body of the discharge vessel. The 
sealing composition may also be used to join together the 
ceramic pieces Which form the discharge vessel. 
[0003] FIG. 1 shoWs a discharge vessel 1 for a conventional 
ceramic metal halide lamp. The discharge vessel 1 includes a 
holloW ceramic body 6 ?lled With a chemical ?ll 8 and into 
Which electrodes 14 are fed through ceramic capillaries 2. 
The discharge vessel has halves 1711,!) that are joined at seam 
5, Where the electrode ends 3 are inside the respective halves 
and extend into the discharge chamber 12. The distal ends of 
the capillaries are each sealed With a respective frit seal 9. A 
conventional Al2O3iDy2O3iSiO2 sealing composition for 
this purpose is described in US. Pat. No. 4,076,991. 
[0004] Translucent polycrystalline alumina (PCA) has 
been by far the ceramic material of choice for making ceramic 
discharge vessels. Yet despite its pervasive use, PCA is not 
used in some HID applications because it is only translucent 
and not transparent. In particular, a PCA discharge vessel is 
generally not suitable for focused-beam, short-arc lamps such 
as projection lamps and automotive headlights. For these 
applications, the transparent sapphire (single-crystal) form of 
aluminum oxide is used. In addition, PCA discharge vessels 
although superior to quartz arc tubes in metal halide lamps 
can react With the rare earth halide ?lls limiting the durability 
and life of such lamps. 
[0005] Aluminum oxynitride (AlON) is a transparent 
ceramic material that has been identi?ed as a potential 
replacement for PCA. See, for example, Japanese Patent No. 
09-92206 and US. Pat. Nos. 5,924,904 and 5,231,062. AlON 
has a cubic spinel structure and a composition that may be 
generally represented by the empirical formula Al(64+X)/3/ 
O32_,€N,C Where 2.75 2x25. The mechanical strength and 
thermal expansion of AlON are close to those of PCA, so that 
AlON should be able to survive the stresses in high-intensity 
discharge lamps. 
[0006] Aluminum nitride (AlN) has been shoWn to be more 
resistant to the corrosive effects of rare earth metal halide ?lls 
than polycrystalline aluminum oxide. Although the fully 
dense sintered AlN ceramic is only translucent and not trans 
parent, the superior corrosion resistance is desirable for metal 
halide lamps. For example, the use of AlN arc discharge 
vessels for ceramic metal halide lamps is described in Euro 
pean Patent Application No. 0371315A1 and PCT Applica 
tion No. WO 03/060952. 

Jun. 3, 2010 

[0007] Despite the potential advantages of aluminum 
nitride and aluminum oxynitride ceramics, there remain a 
number of technical di?iculties Which must be overcome for 
these materials to be considered for use in HID lamp appli 
cations. One in particular is the reaction of these ceramics 
With the conventional silica-containing glass/ceramic frit 
materials used to seal the discharge vessels. As described 
above, the function of the frit is to hermetically seal the 
ceramic body of the discharge vessel, in particular to the 
feedthrough portion of the electrode assembly. During the 
sealing operation, contact betWeen the molten frit and the 
aluminum nitride or aluminum oxynitride ceramic induces a 
reaction that releases nitrogen gas. Since most of the nitrogen 
evolved from the reaction cannot be accommodated in the 
molten frit, it escapes as gas bubbles into the frit seal. These 
gas bubbles may degrade the quality and function of the 
hermetic seal leading to premature failure of the lamp, par 
ticularly When higher pressures are present in the discharge 
vessel. 
[0008] US. Pat. No. 7,362,053 describes a method for 
minimiZing bubble formation in the seal region of an alumi 
num oxynitride discharge vessel by forming a less reactive 
surface layer in the seal region. In one embodiment, this is 
accomplished by heating at least the seal region of the dis 
charge vessel in a reducing atmosphere. In another embodi 
ment, an aluminum oxide layer is deposited in the seal region 
to act as a barrier betWeen the molten frit and the aluminum 
oxynitride vessel during sealing. 
[0009] While such methods are effective, it Would be sim 
pler and more advantageous if a sealing frit composition 
could be formulated in such a Way to reduce or eliminate 
bubble formation in the seal Without the need for additional 
treatments on the sintered discharge vessel. 

SUMMARY OF THE INVENTION 

[0010] It is an object of the invention to obviate the disad 
vantages of the prior art. 
[0011] It is another object of the invention to provide a 
sealing composition for sealing aluminum nitride and alumi 
num oxynitride ceramics that reduces or eliminates bubble 
formation in frit seals. 
[0012] In accordance With an object of the invention, there 
is provided a sealing composition for sealing aluminum 
nitride and aluminum oxynitride ceramics comprising: a mix 
ture of SiO2, at least one other metal oxide, and a silicon 
additive comprising at least one of silicon metal or a silicide. 
(As used herein, silicon and silica are considered a metal and 
a metal oxide, respectively.) Preferably, the other metal oxide 
is selected from A1203, Dy2O3, CeO2, Gd2O3, Y2O3, Eu2O3, 
Tm2O3, H0203, CaO, MgO, BaO, La2O3, V205, W03, M003 
and ZrO2. More preferably, the other metal oxide is selected 
from A1203, Dy2O3, CeO2, Y2O3, CaO, and MgO. The sili 
cide preferably is a silicide of W, Mo, Ta, Nb, Pd, Re, Pt, or 
Rh. More preferably, the silicide is tungsten silicide or molyb 
denum silicide. 
[0013] In a preferred embodiment, the sealing composition 
contains at least 1 percent by Weight SiO2. 
[0014] In a more preferred embodiment, the sealing com 
position consists essentially of a mixture of silicon metal 
poWder and an oxide mixture consisting essentially of 20 Wt. 
%Al2O3, 15 Wt. % SiO2 and 65 Wt. % Dy2O3. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a cross-sectional illustration of a conven 
tional ceramic metal halide, high intensity discharge lamp. 
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[0016] FIG. 2 is a photomicrograph of a cross section of a 
frit-sealed aluminum nitride ceramic using a conventional 
silica-containing frit. 
[0017] FIG. 3 is a photomicrograph of a cross section of a 
second frit-sealed aluminum nitride ceramic using the sealing 
frit composition of this invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] For a better understanding of the present invention, 
together With other and further objects, advantages and capa 
bilities thereof, reference is made to the folloWing disclosure 
and appended claims taken in conjunction With the above 
described draWings. 
[0019] A preferred frit material for sealing ceramic dis 
charge vessels is the Dy2O3iAl2O3iSiO2 glass-ceramic 
system. This system is Widely used by lighting manufacturers 
to seal PCA discharge vessels because of its halide resistance 
and favorable melting and thermal expansion characteristics. 
The Dy2O3iAl2O3iSiO2 frit seal consists of DA 
(3Dy2O3i5Al2O3) and DS (DyiSi4O) crystalline phases 
in a DyiAliSi4O glassy matrix. 
[0020] When sealed to PCA parts, some alumina from the 
PCA part is dissolved in the frit at the frit-PCA interface, but 
there are typically no bubbles in the frit seals of the PCA parts. 
As described previously, this is not the case When the same frit 
is used With aluminum nitride or aluminum oxynitride parts. 
[0021] The general reaction of a divalent metal oxide With 
aluminum nitride can be expressed as: 

[0022] 2/n MeOn+4/3 AlNa2/3Al2O3+2/3N2+2/n Me 
[0023] For silica (SiO2) in the sealing frit, the reaction is: 
[0024] SiO2+4/3AlNQ2/3Al2O3+2/3N2+Si 
[0025] The change in the Gibbs free energy, AG, is negative 
at the temperature of the sealing process favoring the release 
of nitrogen during sealing. Analogous reactions occur in the 
case of aluminum oxynitride also resulting in the release of 
nitrogen gas during sealing. Since not all of the nitrogen can 
be absorbed into the molten frit material, bubble formation 
occurs as shoWn in the photomicrograph of FIG. 2. 
[0026] The present invention adds silicon to the silica-con 
taining sealing frit to reduce bubble formation. In particular, 
a silicon additive in the form of poWdered silicon metal or a 
poWdered silicide such as tungsten or molybdenum silicide is 
used to shift the reaction equilibrium back toWards the reac 
tants thereby decreasing the release of nitrogen and reducing 
bubble formation. Preferably, the silicon additive comprises 
0.1 to 5 Weight percent (Wt. %) of the sealing composition. 
More preferably, the silicon additive comprises 0.5 to 2.5 
Weight percent (Wt. %) of the sealing composition. Other 
silicides in that may be used include silicides of Ta, Nb, Pd, 
Re, Pt and Rh. 
[0027] As used herein, a silica-containing frit means a frit 
(or sealing composition) containing at least 1 Wt. % SiO2. 
Silica is added for tWo purposes: (1) to loWer the melting point 
of the frit and (2) to generate a glassy or amorphous phase. 
LoWering the melting point is important so that volatile mate 
rials like mercury are not lost during the ?nal sealing of the 
discharge vessel. For example, a Dy2O3iAl2O3 frit melts at 
>l760o C. Without silica, but adding silica can loWer the 
melting point to ~l540° C. The addition of silica also gives 
rise to a glass or amorphous phase instead of the completely 
crystalline phases observed in SiO2-free frits. The glassy 
phases have a gradual and much smaller volume change dur 
ing solidi?cation so that the seal remains free of cracks. 
Crystalline phases typically have an abrupt 5-20% volume 
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change during solidi?cation Which leads to microcracks in 
the seal causing the seal to be mechanically Weak and lack 
hermeticity. Examples of other silica-containing frits include 
CeO2iAl2O3iSiO2, Gd2O3iAl2O3iSiO2, Y2O3i 
Al2O3iSiO2, and Eu2O3iAl2O3iSiO2. In addition to the 
above-mentioned metal oxides, the folloWing additional 
metal oxides may also be used in the sealing composition: 
Tm2O3, H0203, CaO, MgO, BaO, La2O3, V205, WO3, M003 
and ZrO2. 

EXAMPLES 

[0028] FIG. 2 is a cross-sectional photomicrograph of an 
aluminum nitride capillary that has been sealed With a frit 
consisting of 20 Wt. % A1203, 15 Wt. % SiO2 and 65 Wt. % 
Dy2O3 (20Al2O3il 5SiO2i65Dy2O3). The presence of gas 
bubbles in the seal is readily apparent. 
[0029] FIG. 3 is a cross-sectional photomicrograph of a 
similar aluminum nitride capillary sealed With the same 
20Al2O3il 5SiO2i65Dy2O3 frit used in FIG. 1 except that 
5 Wt. % Si has been added based on the Weight of the oxide 
mixture. In this case, there are no discernible gas bubbles in 
the frit Which indicates that the addition of Si has suppressed 
the release of nitrogen during the sealing process. 
[0030] While there have been shoWn and described What 
are at present considered to be preferred embodiments of the 
invention, it Will be apparent to those skilled in the art that 
various changes and modi?cations can be made herein With 
out departing from the scope of the invention as de?ned by the 
appended claims. 

1. A ceramic discharge vessel, comprising: a holloW 
ceramic body comprised of an aluminum nitride or an alumi 
num oxynitride ceramic, the discharge vessel being sealed 
With a sealing composition comprising: a mixture of SiO2, at 
least one other metal oxide, and a silicon additive comprising 
at least one of silicon metal or a silicide. 

2. The sealing composition of claim 1 Wherein the at least 
one other metal oxide is selected from Al2O3, Dy2O3, CeO2, 
Gd2O3, Y2O3, Eu2O3, Tm2O3, H0203, CaO, MgO, BaO, 
La2O3, V205, WO3, M003 and ZrO2. 

3. The sealing composition of claim 1 Wherein the silicide 
is a silicide ofW, Mo, Ta, Nb, Pd, Re, Pt, or Rh. 

4. The sealing composition of claim 2 Wherein the silicide 
is a silicide ofW, Mo, Ta, Nb, Pd, Re, Pt, or Rh. 

5. The sealing composition of claim 1 Wherein the mixture 
contains at least 1 percent SiO2 by Weight. 

6. The sealing composition of claim 1 Wherein the mixture 
contains Al2O3 and Dy2O3. 

7. The sealing composition of claim 1 Wherein the at least 
one other metal oxide is selected from Al2O3, Dy2O3, CeO2, 
Y2O3, CaO, and MgO. 

8. The sealing composition of claim 1 Wherein the silicide 
is tungsten silicide or molybdenum silicide. 

9. The sealing composition of claim 7 Wherein the silicide 
is tungsten silicide or molybdenum silicide. 

10. The sealing composition of claim 9 Wherein the mix 
ture contains at least 1 percent SiO2 by Weight. 

11. A ceramic discharge vessel, comprising a holloW 
ceramic body comprised of an aluminum nitride or an alumi 
num oxynitride ceramic, the discharge vessel being sealed 
With a sealing composition comprising: a mixture of SiO2, at 
least one other metal oxide selected from Al2O3, Dy2O3, 
CeO2, Gd2O3, Y2O3, Eu2O3, Tm2O3, H0203, CaO, MgO, 
BaO, La2O3, V205, WO3, M003 and ZrO2, and a silicon 
additive comprising at least one of silicon metal or a silicide 
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of W, Mo, Ta, Nb, Pd, Re, Pt, or Rh, the mixture containing at 14. The sealing composition of claim 12 Wherein the at 
least 1 percent SiO2 by weight, least one other metal oxide is selected from A1203, Dy2O3, 

CeO2, Y2O3, CaO, and MgO. 
15. The sealing composition of claim 12 Wherein the sili 

cide is tungsten silicide or molybdenum silicide. 
13. The sealing composition of claim 11 Wherein the sili- 16_17_ (Canceled) 

con additive comprises 0.5 to 2.5 Weight percent of the mix 
ture' * * * * * 

12. The sealing composition of claim 11 Wherein the sili 
con additive comprises 0.1 to 5 Weight percent of the mixture. 


