
Objective

The objective of this work was to evaluate the feasibility for fabricating an enclosed 
micro gas chromatography (uGC) column using ceramic 3D printing processes

Background

The current state of the art fabrication method for micro gas chromatography (uGC) 
column structures involves multiple steps including traditional photolithography 
processes to etch micro channels in silicon substrates, bonding processes to 
enclose/seal the channels and pressurized flow for application of stationary phase 
coatings. The inherently poor, glass-like mechanical behavior of silicon (extremely 
low ductility and toughness) and required face plate bonding to seal channels 
imposes geometric limitations (i.e. channels can only be fabricated in 2D), limits 
robustness (e.g. shock and vibe associated with planetary exploration) while 
sacrificing potential device performance. Subsequent integration of the uGC with 
related devices (e.g., valves, mass spectrometer (MS) chips, ect.) necessitates 
additional components for packaging, increasing system complexity, and often 
requires using materials with disparate thermal expansion. High resolution ceramic 
3D printing processes offer the potential to fabricate enclosed column structures 
with considerable geometric flexibility for incorporating long channel lengths and 
integrated packaging for additional components.

Significance/Benefits to JPL and NASA

The concept of an enclosed micro-GC column which is integrated with respective 
packaging for incorporation valves, concentrators, etc, and printed via ink jet based 
ceramic using yttria stabilized zirconia or aluminum oxide. Multiple GC columns may 
be printed within monolithic structures enabling robust GC column structures with 
enhanced performance. Engineering ceramics (e.g. alumina and zirconia) have 
considerably improved mechanical properties and toughness compared to 
traditional silicon based materials. Additive manufacturing allows for GCs that are 
typically built in layers to be built in one piece with considerable geometric freedom. 
This opens the opportunity to fabricate GCs of longer lengths, in addition to being 
able to miniaturize other concepts like two dimensional chromatography (GCxGC). 
GCxGC allows for high resolution separation due to two columns with different 
stationary phases.
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Approach and Results

Separation performance of 
a 3D printed ceramic GC 
chip with and without 
subsequent stationary 
phase coating

3D printed column flow 
testing and radiographic 
examination


