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Abstract

Based on micro electro mechanical systems (MEMS) technology, the portable nature of micro gas
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chromatography (GC) systems holds significant research value. This study investigates the impact
of flow uniformity on the separation efficiency of a semi-packed micro gas chromatography col-
umn and proposes a structural optimization approach to suppress velocity fluctuations in the flow
field of conventional semi-packed micro GC columns. A novel structure of a semi-packed micro GC
column, termed the Optimized Structure Semi-packed Column (OSPC), is introduced. The internal
flow field of the OSPC is simulated using COMSOL Multiphysics software, and compared to the tra-
ditional semi-packed column (SPC), the OSPC structure demonstrates improved flow uniformity.
This research provides a theoretical basis for the design of novel micro GC columns, emphasizing
the importance of uniform flow velocity distribution in enhancing gas chromatography separation
efficiency.
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Figure 1. Various gas chromatography (GC) column types. (a) Open-tubular
column with a thin film stationary phase coated onto the inner wall of the
column; (b) Packed column in which the stationary phase of the small granu-
lar particles is packed inside the column; (c) Semi-packed column with a
thin-film stationary phase; (d) Semi-Packed column cross section view
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Figure 2. The Micro-GC Column Geometry Model. (a) Optimized semi-packed
column structural model; (b) Conventional semi-packed column geometry
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Figure 3. Flow field diagrams for SPC structure and OSPC structure. (a)
YZ-plane flow field diagram of SPC structure (500 pm from the inlet); (b)
YZ-plane flow field diagram of OSPC structure (500 um from the inlet); (c)
XZ-plane flow field diagram of SPC structure (different heights have the same
flow field distribution); (d) XZ-plane flow field diagram of OSPC structure
(different heights have the same flow field distribution)
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Figure 4. Schematic diagram of cross-section locations and velocity value curves
at cross-section locations. (a) SPC structure cross-section location; (b) OSPC
structure cross-section location; (c) Velocity value profile on the cross-section
of the SPC structure; (d) Velocity value profile on the cross-section of the
OSPC structure
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Figure 5. Schematic diagram of the gas flow around the microcolumn,
the red arrow indicates the gas flow path, and the black dashed line
indicates the microfluidic width around the microcolumn
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Table 1. Maximum velocity difference between sub-flow channels and maximum velocity difference within sub-flow chan-
nels of two micro chromatographic column structures
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Figure 6. Pressure field diagrams of SPC structure and OSPC
structure. (a) Pressure field diagram of SPC structure; (b) Pressure
field diagram of OSPC structure
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