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Methane pyrolysis
• Chemical vapor 

deposition of carbon is 
used routinely to make 
carbon composites.

• Generally run at low 
conversion to adjust 
properties of the 
product.

• Ideally suited for 
hydrogen recovery since 
gas phase byproduct 
concentrations can be 
low.

• Hard durable non-sooty 
carbon product. 

Honeywell’s experience with industrial scale CVD enabled 
rapid development of the pyrolysis process.
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Methane pyrolysis rxn conditions

• Pyrolysis has a long series of intermediates between methane and carbon.
• Reaction is endothermic and occurs only at >1000°C and low pressures.
• Product distribution is strongly dependent on substrate surface area.
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• Selectivity to CVD carbon 
increases as number of 
substrates increases.

• Non-methane 
hydrocarbon byproducts 
decrease.
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Methane pyrolysis kinetics

• Detailed knowledge of pyrolysis kinetics were required for design.
– Effects of temperature, pressure, substrate surface area.
– Conversion increases with residence time, but reaction order is complex.

• Kinetics also determines the distribution of carbon vs. distance from inlet.
• Adjust parameters like temperature distribution, substrate design to prevent reactor 

from “front-loading”, increasing the overall loading the reactor .
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Reactor model

• Differential model used to use reaction kinetics for reactor 
design.

– Model predicts conversion and cumulative carbon 
deposition vs. temperature, pressure, residence time, 
hours on stream.

• As reaction proceeds, conversion decreases and part 
density increases.

• Objective is to maximize average density before conversion 
<50% or maximum density >1.8 g/cc.
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Substrate requirements
• Supply of substrates required depends 

on mission length and substrate 
design.

• Methane pyrolysis is best suited for 
longer missions when higher recovery 
of oxygen trades well against substrate 
requirements.

• Can substrates be woven or made in 
space?

• Filled substrates are hard durable 
soot-free solids with re-use potential.

• Construction material
• Radiation shielding

Parameter Baseline
Substrate

Developmental
Substrate

Capacity (g Carbon/g 
substrate)

0.8 1.3

Maintenance interval 
(days)

6.5 10.9

Cartridges (1000 day 
mission)

155 92

1000 day Storage 
Volume (m3)

1.8 1.1

1000 day Storage
Weight (kg)

787 280

1 m3

ISS
Express
Rack
0.57 m3
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Proposed brassboard design
• Brassboard reactor will be 

delivered to NASA for testing and 
demonstration.

• Stand-alone
• Integrated with existing 

Sabatier reactor
• Sized for 4-crew load (1.5 kg/day 

methane)
• High temperature alloy shell is 

heated by light weight annular 
heater.

• Insulation (not shown) surrounds 
reactor limiting power 
requirement.

• Cartridge of substrate media in 
the form of a stack of disks 
collected the CVD carbon.

High temperature alloy shell
Operable at 1200°C +

Cartridge of
substrate media

Specification Value

Internal volume 10.9 L

Weight 27 kg

Maintenance interval 7-11 days

Average temperature 1120°C

Pressure 100 torr

Power requirement 730 W
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Proposed brassboard design
• Proposed skid holds two reactors in parallel, configured for 

one to operate while the second is cooling for substrate 
replacement and heating back up.

• Vacuum pump modulated with throttle valve.
• Inlet and outlet flowmeters used to measure conversion
• System controlled and monitored via cDAQ controller.

Flowmeter

pump

Reactors
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