Methane Pyrolysis in Molten
Metallic Catalysts

Scheiblehner D., Neuschitzer D., Antrekowitsch H., Sprung A., Wibner S.
Chair of Nonferrous Metallurgy, Montanuniversitit Leoben

(- . N

1. Introduction 6 Method \
To cover the enormous growth in hydrogen demand predicted over the A schematic representation of the experimental setup is depicted in Figure 2. The reaction vessel containing the
following decades, focus on research into clean technical solutions for H, liquid metallic catalyst is connected to a piping system to generate a hermetically sealed system. An induction

production is crucial. Methane pyrolysis represents a promising possibility to coil heats the reaction zone. After reaching the process temperature, CH, is introduced into the liquid metal via
generate hydrogen and solid carbon with minimal CO, emissions and is an alumina lance and methane decomposition occurs.

significantly less endothermic than water electrolysis. [1] Nitrogen is injected in the gas space above the melt through a steel lance to cool this section and suppress

According to a thermodynamic equilibrium calculation of the methane pyrolysis unwanted reactions. The N, flushing furthermore increases the gas volume flow and prevents the accumulation
reaction, 96 % of CH, is decomposed at 900 °C and 1 bar (cf. Figure 1). However, of solid particles in the piping section.
achieving a reasonable reaction rate at these process conditions is difficult due Pyrolysis carbon floats on the melt or is discharged in the produced gas stream. The off-gases leave the setup
to kinetic limitations. Catalysts can enhance the reaction rate and overall through a hot gas filter that separates residual solid particles collected in a glass container. The cleaned exhaust
process efficiency. [2] gases are analyzed using an infrared photometer and a thermal conductivity analyzer. A thermocouple located
Various solid catalysts have been studied, including carbonaceous materials and on the outside crucible wall allows continuous temperature monitoring during the experiments.
transition metals. Unfortunately, these catalysts lose effectiveness at high
temperatures due to coking. Utilizing molten metals and alloys as catalysts can
mitigate deactivation, as the pyrolysis carbon floats on the liquid catalyst due to
density differences. Furthermore, this effect facilitates an industrially feasible
process to remove the solid product. [2]
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Figure 2. Schematic representation of the experimental setup
o L Different binary, ternary, and multicomponent alloys were analyzed regarding their efficiency in methane
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250 500 750 1000 1250 1500 1750 pyrolysis. The results are implemented in a statistical design of experiments developed using the software

Temperature [*C] MODDE® 12.1. Thus, it is possible to describe the experimental results by multiple linear regression. Coefficients

. o o X . can be defined, which specify an applicable equation within the range of investigated compositions that can
Figure 1. Equilibrium CH, conversion in methane pyrolysis as a function of the

temperature at different pressures (data from FactSage™ 8.2) predict the achievable CH, conversion rate for a given alloy and experimental time.
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3. Calculations
Literature research has shown that effects enhancing the reaction yield in bubble column reactors can be 1160 °C i 3
igure 3.
correlated with lower surface tensions and viscosities as well as higher densities of the utilized liquids [3, 4]. 1 bar Sugrface tension
Therefore, the densities in the alloying systems are approximated, and the surface tensions and viscosities are in the liquid
calculated using the Butler equation (cf. eq (1)) and the KRP equation (cf. eq (2)), respectively. z\e/sctt;?: g;misi
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Eq. (2) KRP equation [6]: Inn= Z Xj - Innj- 3R-T (liquidus lines
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computed with
Figure 3 shows the results of the surface tension calculations in the liquid sector of the ternary system Cu-Ni-Bi. FactSage™ 8.2)

Here the lowest values can be found in the bismuth corner. The addition of nickel or copper leads to an
increase in the computed values.
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4. Results und discussion
The achievable methane conversion for a specific alloy can be depicted as a function of the constituent metals’ ® Figure 4. CH
. 4
content by implementing the experimental results in a statistical DOE. Figure 4 shows an exemplary graph for 2 % conversion rate
Lo o . . . in the system Cu-
the system Cu-Ni-Bi at 1160 °C and 1 bar. The diagram depicts the lowest conversion rates for pure copper. As N NLLB af¥eran
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the Bi content increases, the methane conversion improves. Adding nickel to Cu-Bi initially boosts the reaction I experimental
yield until a maximum is reached. Further increasing the Ni content leads to a decrease in the conversion rate. 2 o time of 60
. . ) R ) ) ) e R 2. minutes as a
A comparison of the experimental and the computational results in combination with the statistical evaluation E - function of Bi
suggests that the effectivity of a specific alloy is the result of a superposition of the catalytic activity with s and Ni contents,
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several parameters affecting the reaction kinetics. Against this background, an increase in bismuth content ® (caliulatedyusing
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results in an enhanced reaction kinetic due to the lower surface tension of the alloy, which could be the driving = 0 coefficients
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force of its conversion-improving effect. An excellent catalytic activity of nickel compensating adverse kinetic 2 ,Zééig determined '”)
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effects is a possible explanation for the positive effect of a small addition of nickel. At a higher Ni content, the /V’[ata/a] 6 o ° ‘3\ 1160 °C
4
kdisadvantages predominate. wo’ 1 bar )
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