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Surface modification technology for polymer microfluidic channels combining GPTMS coating
and plasma treatment
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Abstract : To enhance the surface modification effectiveness of polymer materials, a combined treatment approach using 3-
glycidyloxypropyltrimethoxysilane (GPTMS) coating and plasma treatment was used for investigating the surface modification
effects of five common polymers, including polymethyl methacrylate (PMMA), polystyrene, polyethylene terephthalate, polypropyl-
ene, and polycarbonate. The mechanism and effectiveness of this modification were examined by analyzing surface wettability
(contact angle), chemical composition, roughness, fluid flow performance in microfluidic channels, and their durability. The results
indicate that the combined GPTMS coating and plasma treatment, referred to as GP-Plasma modification, significantly improves the
surface hydrophilicity and durability of the five polymer materials compared to plasma treatment alone. The contact angles of the
modified polymers surfaces are reduced to nearly 0°, and remained below 20° after 28 days storage at —15 °C. X-ray photoelectron
spectroscopy and Fourier-transform infrared spectroscopy analyses confirm an approximate 140% increase in the O/C atomic ratio of
PMMA and the formation of Si—O—Si bonds following the GP-Plasma modification. The atomic force microscopy results indicate
that the surface roughness of PMMA is increased by 95% after GP-Plasma modification compared to plasma treatment, further
enhancing surface wettability. In microfluidic channels tests, the fluid flow time of the modified PMMA sample is reduced by an
average of 64%,achieving stable liquid flow, demonstrating the potential of this modification technology for practical applications.
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Tab.1 Atomic composition and O/C ratios of PMMA

Treatment Cls Ols Si 2p/Si 2s o/C
methods content/%  content/% content/% ratio
Untreated 82.57 15.16 2.25 0.18
GPTMS 75.79 23.54 1.12 0.31
Plasma 30 s 71.20 27.89 1.19 0.39
GP-Plasma 30 s 67.07 32.31 0.63 0.48
GP-Plasma 60 s 45.39 42.60 12.96 0.94
GP-Plasma 300 s 44.10 40.64 16.25 0.92
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Tab.2 Roughness of PMMA under different treatment conditions

-30.0 nm

Treatment conditions R /nm R /nm
PMMA Untreated 0.78 13.00
PMMA+GPTMS 0.35 0.45
PMMA-+Plasma 30 s 3.14 3.95
PMMA-+GPTMS-Plasma 30 s 3.21 4.06
PMMA-+GPTMS-Plasma 60 s 4.45 5.52
PMMA+GPTMS-Plasma 300 s 6.11 7.87

Notes: R, is average roughness; R, is root mean square roughness.
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