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Introduction

Metal halide lamps have achieved a widespread
acceptance due to their high luminous efficienay good
colour quality. At the beginning of their developemh
these lamps were used for outdoor lighting e.g. the
lighting of sportsfields. Since several years méiaide
lamps are also used for indoor lighting and for tiead
lights of automobiles. The size of the dischargsseé of
the lamps had to be reduced substantially by this
developement. The influence of high temperatureplam
chemistry becomes the more important the smaller th
discharge vessel is. These discharge vessels ¥anaed
energy saving light sources are made of polycriystal
alumina (PCA). The lamps contain a salt melt whitch
part vaporize under operating conditions. Important
constituents of the melt are for example DHols, Tmis,
and Nal. Severe corrosion attack on the alumind wal
material can be observed in the PCA discharge igesse
(see figure.l1).

Results

The vapor of the systems NaX - Tmx Al,O3
(X= Br, I) was investigated under equilibrium cotiotis
in the temperature range from 744 to 1134 K by @isin
Knudsen Effusion Mass Spectrometry with a one
compartment Knudsen cell and the partial pressafrése
abundant species were determined. The identifiesl ga
species are listed in Table 1. AlXapor species result
from corrosion reactions between the salt meltAR®s;.
Figure 2 shows the partial pressures of the vajpayiz
species over an equimolar Nal/ Tl 05 mixture.
The determination of reliable values for the
thermodynamics of corrosion reactions between #ie s
mixture and solid alumina is the aim of the mass
spectrometric measurements. The formation of hetero
complexes between salt components and additionally
between NaX und AlX (the latter arising from reaction
between TmX and alumina) could be observed and the
enthalpies and entropies of formation of the hetero
complexes were determined. Thermodynamic data (Kp,
AH, AS) describing the stability of the complexes
NaAlX4(g), NaTmX(g) and NalmXs(g) were
determined from the measured partial pressures.
To get a detailed insight into the chemical intéoas
between the wall material consisting of aluminatte
inner surface and the salt mixture, annealing empeerts
with sealed alumina ampouls containing differenkt sa
mixture fills were carried out under isothermal ditions
and in a temperature gradient in addition to thessma
spectromeric measurements. The formation of theadhix
oxides DyAls04,(s) and DyAIQ(s) as corrosion products
were observed at the cold part of the PCA vesger af
annealing in a temperature gradient over 1000h (see
figure 3). The annealing experiments show thaOAlis
transported from the hot part of the vessel toctild part.
In addition to the experimental work, model caltiolas
were carried out, which show, that the observed
phenomena can be calculated by using the
thermochemical data determined in this work.
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Fig. 1: Cross section of a PCA-discharge burner aft

9000h of operation

Reactandsin Knudsen Cell

TmBrs(s)+NaBr(s)+AbOs(s) | Tmls(s)+Nal(s)+ALOs(s)

T-Range
744 - 1134 K | 842 - 1103 K
Identified lonsin M ass Spectrum
Na’, NaBr, NaBr", Na’, Nal', Nal™,
AIBr*, AlBr,", AlBr3", Al AlLLY, AllgT,
TmBr*, TmBr", TmBr;", Tml*, Tml,", Tmls",
(Tszr5+) NaAlBr3+, NaA“3+,
(NaAlBr,") NaTmk", NaTmk",
NaTmBg", NaTmBg", NaTml,",
NaTmBr,", Na,TmBr," Na,Tml,"

Table 1: lon Species in the vapor of NaX/ TghAl,O;

(X=Br, I) mixtures
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Fig. 2: Partial pressure over an equimolar mixtfre
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Fig. 3: SEM investigation of the PCA vessel after t
annealing in a temperature gradient for 1000h



