Clean Technol., Vol. 28, No. 4, December 2022, pp. 323-330

Aot Fohfet ok B ot
50626 A2 0] 4] ThetE 50

Fabrication of 3D Paper-based Analytical Device Using Double-Sided
Imprinting Method for Metal lon Detection

Jinsol Choi and Heon-Ho Jeong*

Department of Chemical and Biomolecular Engineering, Chonnam National University,
50 Daehak-ro, Yeosu-si, Jeollanam-do 59626, Republic of Korea

(Received for review October 21, 2022; Revision received November 14, 2022; Accepted November 14, 2022)

o
o rR

AT AT 9 34 B4 A S 23S Hfe H8Ue A0 R FES W gl
T= A2 H 83 s HE WO SFES w2 A PET 5 = 3D-pPADE A Fst7] 915 PDMS FH Q14 vF

2 AYO & o} 7Y ARIIo| A8 5= gl om, A ZHE ARIZLo| PDMS IEAS AX
T T FUHEA HA] =S 5ol 324 B 444 A PO B ad 24 RIS A H O R A
¥ Yy 249 18 FE, AW I S U HS A7o] whet PDMS A4/ A8 WA 1 A4 g o] wA wsks 24
}O 2 4] 3D-uPAD A& 34 27 A5 FPotAnt. A sHE pPADE YA, 18], 42 0|2, pHE T ge 5ol A A
5131 al 0] & Image] 2T 0 & F A5} grayscale 4102 A =F3} 6191t} o] F B9l 3D-uPADE A Ao 24 EET
£4 7]7] glo] ket 4 vl AES SPFo 2 A 27| W o] @ MM 29] 3-8 7Hs A4S S5 ©] 3D-uPAD
= Foi7E 2t o S50 AE Hlo| QAN R A, A1&S A BUE o] s otE & R EAN e 22 Aol Alghe
Aol 4] 3-85HA AHE- 7Hssl

ZHO : wAlFA] Fol-71HE A, FHAM, 3DTE, FHole HE

o

¢

e ook

Abstract : Microfluidic paper-based analytical devices (WPADs) have recently been in the spotlight for their applicability in
point-of-care diagnostics and environmental material detection. This study presents a double-sided printing method for
fabricating 3D-uPADs, providing simple and cost effective metal ion detection. The design of the 3D-uPAD was made into an
acryl stamp by laser cutting and then coating it with a thin layer of PDMS using the spin-coating method. This fabricated stamp
was used to form the 3D structure of the hydrophobic barrier through a double-sided contact printing method. The fabrication of
the 3D hydrophobic barrier within a single sheet was optimized by controlling the spin-coating rate, reagent ratio and contacting
time. The optimal conditions were found by analyzing the area change of the PDMS hydrophobic barrier and hydrophilic channel
using ink with chromatography paper. Using the fabricated 3D-pPAD under optimized conditions, Ni*, Cu**, Hg*", and pH were
detected at different concentrations and displayed with color intensity in grayscale for quantitative analysis using ImagelJ. This
study demonstrated that a 3D-uPAD biosensor can be applied to detect metal ions without special analysis equipment. This
3D-uPAD provides a highly portable and rapid on-site monitoring platform for detecting multiple heavy metal ions with
extremely high repeatability, which is useful for resource-limited areas and developing countries.
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Figure 1. Schematic diagram of pPAD fabrication in the chromography paper by double-sided imprinting method. (A) Fabrication of acryl
frame using laser cutting machine. (B) Loading PDMS solution onto the frame and spin coating for formation of thin PDMS layer.
(C) Disassembly of PDMS spin-coated stamp. (D-E) Assembly between paper and PDMS coated stamps for double-sided contact
printing. (F) Formation of hydrophobic barrier after disassembly of paper and stamps. (G) Photograph for (G) front side and (H) back

side of PDMS patterned pPAD. Channel width is 1.5 mm.
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Figure 2. Optimization of LPAD fabrication by single-sided imprinting. (A) Top views of the PDMS patterned paper (400 RPM and 10 min
contact time). No PDMS patterned regions stained with blue dye, indicating the hydrophilic channels. No staining region indicates
the PDMS hydrophobic barriers. Scale bar indicates 10 mm. (B) Cross-sectional views of the patterned PDMS within the paper as
different contact time (5 g hexane and 400 RPM). Scale bar indicates 1 mm. (C) Effect of the amount of hexane on formation of
hydrophobic barrier area. (D) Quantitative results for hydrophilic channel area and hydrophobic barrier area in the paper as different
RPM (1.5 g hexane and 2 min contact time). (E) Quantitative results for hydrophilic channel area and hydrophobic barrier area in
the paper as different contact (1.5 g hexane and 400 RPM).
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Figure 3. Optimization of WPAD fabrication by double-sided
imprinting. (A) Cross-sectional views of the patterned
PDMS within the paper as different contact time (1.5 g
hexane and 700 RPM). Scale bar indicates 1 mm. (B)
Quantitative results for hydrophobic barrier area and
hydrophilic channel area in the paper as different
contact time (1.5 g hexane and 700 RPM). (C)
Quantitative results for hydrophobic barrier area and
hydrophilic channel area in the paper as different RPM
(1.5 g hexane and 5 min contact).
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Figure 4. Colorimetric detection of various metal ions (A) Top view of fabricatied uPAD with metal ion detection zone (B) Optical images
showing the colorimetric detection of metal ion at different concentration for 2000 pg mL™ Ni, 10000 ug mL™ Cu, 500 ug mL™ Hg,
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(E-H) Quantitative results for intensity of grayscale as different concentrations ; Ni, Cu, Hg, pH, respectively.
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