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Ceramic metal halide (CMH) lamps are the most efficient plasma lamps 
available for large scale and high power lighting purposes. Standard CMH 
lamps contain a small ceramic vessel that contains both mercury and metal-
halide salts. The mercury is used to tune the arc voltage and the metal particles 
in the salts are responsible for the generation of the desired color. Due to 
regulations of the European Union the usage of the toxic species mercury is 
limited. In this work the feasibility of a mercury-free CMH lamp is investigated 
numerically using PLASIMO. Specifically, the replacement of mercury with 
salts like InI, SnI, GaI and DyI is investigated. Via emission and absorption 
of radiation these species have a strong impact on the temperature profile. 
Additionally, the interplay between convection and diffusion may introduce a 
color segregation which was observed before in Hg containing CMH lamps, 
see Figure 1.

The consequences of removing mercury in a CMH lamp are significant. In 
a standard lamp the mercury pressure is significantly larger than the pressure 
of any other species. Due to the low ionization degree of the trace species the 
usage of Fick’s law to describe the diffusion is a good approximation. In the 
investigated Hg-free lamps the molecules dissociate and ionize in the hot zone 
of the plasma. The result is that Fick’s law is no longer valid. Instead, a coupled 
system of diffusion equations, the Stefan-Maxwell system, should be solved. In 
order to reduce the number of equations the species equations are rewritten in 
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terms of a smaller amount of elemental equations. This is possible by applying 
the Guldberg-Waage relations.

This system is supplemented with two types of constraints. The first 
constraint regulates the amount of elemental mass in the gas phase. The 
second constraint deals with elements that are not fully evaporated. These 
elements are included using an elemental pressure at the liquid salt pool. 
A result of a calculation is shown in Figure 2. In the center of the discharge 
the species In and I occur in atomic and ionic form. Since In+ and I diffuse 
outwards faster than InI diffuses inwards the elemental amount of In is lower in 
the center than in the outer areas. A similar effect occurs for I and InI. However, 
the negative ion I- does not follow the flux of the electrons and therefore the 
elemental amount of I reaches a maximum in the center. Another consequence 
of the slow inward flux of InI is that the species Xe is pushed towards the 
center.

Figure 1. Left: An example of a 
CMH lamp. Right: Pictures of a Hg 
containing CMH lamp at various 
(artificial) gravity conditions. Different 
degrees of color segregation can be 
observed due to the interplay between 
convection and diffusion [5].
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Another consequence of replacing mercury is that input data for the 
suggested metal-halide species is much scarcer. For the purpose of calculating 
transport coefficients like the viscosity and the thermal conductivity accurate 
collision integrals are required. These collision integrals can be determined 
when the interaction potential between the species is known. Quantum-
mechanical calculations using the software package DIRAC where able to 
deliver these results. This software package also aided in the calculation 
of radiative properties. The mercury containing lamp spectrum is mainly 
dominated by line radiation. The Hg-free lamp spectrum contains large 
contributions of associative radiation from In and I. These potential curves 
and the visible radiation that is emitted at a specific interatomic separation are 
shown in Figure 3.

Figure 2. The elemental mass 
fractions of the species Xe, I and In.

A simulation of a lamp also requires a calculation of the spectrum. This 
is done using the method raytracing. For several rays through the plasma the 
evolution of the emission and absorption events are integrated to estimate the 
radiative losses. A result of these losses for a lamp containing InI is shown 
in Figure 4. The image shows that all UV radiation is absorbed which is in 
agreement with measurements. Additionally, the continuum ranging from 400 to 
1500 nm is reproduced.

Figure 3. The calculated potential 
curves of InI that are involved in 
the associative continuum that 
dominates the lamp spectrum. The 
distance indicates the separation 
between the In and I atoms.
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Figure 4. The calculated spectrum for an InI lamp. The spectrum is shown horizontally. The vertical coordinate shows the 
evolution of the spectrum (bottom to top) from wall to wall through the plasma.
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