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Abstract

Electrochemical sensors offer the advantages of low cost, convenient integration and high sensi-
tivity. They have been widely used in wearable technology and biosensing. 3D printing technology
is a new type of additive manufacturing (AM) technology. It integrates computer software and
hardware technology to design and manufacture personalized devices, which can achieve accurate
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control of microstructure to meet special needs. This review focused on the application of 3D
printing technology in the construction of electrochemical sensors, briefly introduced the mate-
rials and main methods of 3D printing technology used in the design and fabrication of electro-
chemical sensors, and emphasized on recent applications and investigations of 3D printing tech-
nology in the construction of electrochemical cells and working electrodes.
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3D FTEIHEAE N 4\ AR AR R I RAR, T SRR T T B AL AR B
WIFXT R K H7 0 3D 4T ENBARAE A — Rl B HAR, BRR AT REBC tH SR 8 = Wk Tolk B [1]. L4
K, T 3D FTEEARI RN e B CH, DREMA2] [8]. RERIE[4]. EITF[5] [6] [7]. HERI3HiT
[8] [9] [10] [LLIFRIfE i 77 [12] S FURINAT T BN 2 1 0 FH o P A 25 1 SR B PR M — AR5 % 39 e A S0t
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HEsh, 3D HTERR AR B £ Ihak, s AN LA A [14] [15] [16], FCAE HAL 2% f R aS i @ T
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ASCMBAR S PEREAE T 3D FTEBAR b WAy 12 DR AT 87 F T He RS A B (3T B R, 2
LT 3D FTENBARTE b SR A0 b 0 T 1 45 A TUR S P E R, e AR AT R
[k R HEAT T 4R
2. 3D ¥TERF53%

FR A AR RN 63 B AN E], 3D T ERFE A H I H A 6 4 i B (SLA) . IE TR (FDM). 3D M5t
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Figure 1. Schematic of the main 3D printing technology used for manufacturing 3D-printed electrochemical electrodes, in-
cluding working (WE), counter (CE) and pseudo-reference (RE) electrodes [24]
1. ATHIE 3D #TENEB L FBARAYEEE 3D TEMXARREE, SFIEBR, SHLBiRMmxtBf

2.3, EXHIEHRLE(SLS) FEX HIEEL(SLM)BER

KPR AR R oA IR B pe 25 [ Ak R sl J@p R, (L DUkl ie s, Pl 46 Hh AN [
FORMR R 2 0, 4 Jm ik i AR A 3 A0 Bl ) — Ao P B0 [22]
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Fisg[23].
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4. 3D TEMR AR F R AL FERIBF PN A
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K 22 W EN R FE A AT 3D 3T ENHAREE &, BRIIHIE 1T 2 BN (DA)E EAS I B AA 3D T Bt i v e 7
e 6 (DP-FESP), {EJRER(UA) T LR (AA)AFLE IFEAS R T L AF IR A o
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PRABIRCR B, MR S AT R 5t. Jiang shuai 8 A [38]JF K T — ke & 3D 1 ENEE M frlche BRI
N E T, WE 2Q)FrR. ZRET MRS EEELES SR IR, MR SRR SR
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Figure 2. (1) Design of the electrochemical cell containing working electrode (WE), auxiliary electrode (AE), and pseu-
do-reference electrode (RE). The electrodes were printed using the PLA-CB conductive filament and the insulating region
was manufactured with ABS [36]. (2) a. Proposed printed lactate biosensor prototype with enzyme-covered WE and chlori-
dized RE. 3D PCB-based potentiostat: b. design concept [37]. (3) a. Schematic diagram of the microdevice system, consist-
ing of the 3D printed microdevice; a peristaltic pump; an integrated electrode; an electrochemical workstation; and a com-
puter. b. The photo of the microdevice system. c. The enlarged photo of the microdevice. The dimensions of the microde-
vice: 48 mm length x 45 mm width x 3 mm height. d. the exploded view of the integrated microdevice. e. The detailed
composition of 3D printed channel layer [38]

E 2. (1) 8&ITIEER(WE), HENEIR(AE)FISLLEIR(RE)MWEILFEMAYILIT. BRI1EMR PLA-CB SHLENH], 4
GXEER ABS STAHE. (2) adet THAMEBESN TIERRMIUNSLBRMEIRIA B E DL RFRE. bE
F 3D PCB yERB ALY AV IR ITHEZE. (3)a. HH 3D $TENRRMEAMMBRGREREE; HaIR; SRBIR; Bk
FIEMh; F—BEM. b. MRGRGEHNRF. ¢ MBEHFHBRARE. MEGRT: K482K x FHEEXR x5
3EXK. d ERMBGAITHREE. e 3D ITENREZAIIFLHLER

W 55 IR 4 A A — FhiE I 7E AR T ED i SRR TR AR B, 32 BN T Sk v AT S LT
PRI, ERRIER 22 (T 0 K B AR S FH 311 4% F b 22 AR AR S8 P . Weng B2 [43] R FH 5 858 4T E 4%
ARAE AR YR T RMEMEGORRL 7, FRIE “WaR” siRin T i S0k By F e 47 0 S0l il 46 7 ik
SR AL RS . WA ER R [AA) AR AT B9 (AQ-RGO) 5 L i BB 3T ENVAE ZETBE F iz (OP 1) i s S i B, 753
(g B A L L 1) 5.2 x 10° SIm, 1% HUM A T H,0, 555 & B (KA T B R L e ) R . & — 1845 45]
KB B EBATEIEOR, DA BT B & 1wk, A AURIRBNE P S ACRIT BN AR, il & i 2]
W8 ) PR LA B v 11 e i L B S AN A AR e BOPBEA I B, AT R TR SR M A S

BE&E PR B AR R R, SR ThRe 4K AR AT AR T 3D 4T BRI LAEAUE, LARANHA 2. T
RIAFECR PGB R AR R 1 820 55) 1] 5 4G AP R (I R AL (PLA) BN A I T )
K LIHABS) IR A, #1455 T AR KA T TENRRIE B & 22 [46] [47] [48]; W4, &BAKBiIRI(Ag. Cu. Ni
EVUTAURBEMEAIE I, T H T A AR B AL AR B8 [49] . Kip B8 N [B01F K 1 — BB T EN KAk HELAR
FRIEER, JEISTE 3D F7 AR b A% R SRS I T 27 B RO IRE R, K 3D 4T BN K B S AR ] R b A 1 S 3
REFEAR, DL ALK H 474> T Raquel G2 N[511WF 70 T —Fr#i B S i 5 & 22 (Ni-G-PLA), Wil 3 FiR,
¥ Ni(OH), ChL I A7 S5 45 /PLA(G-PLA) E: A, A5 FH %5 F KT 22511 VE 1) 3D 1 B B Al gt Tl 1 AR Bl

DOI: 10.12677/aac.2022.124043 364 TR


https://doi.org/10.12677/aac.2022.124043

Witz &

Hekas, TEPEERIE R AR . RIPR A 2.4 mmol LT, I FURBZ IR ML R A0 PR BR 2 £ WIRE AR (1 T-31,
ARG EFENE . DR R & T i 2248 AL 2 N T T B B2 % .

..~ PLA+Ni(OH),

* - 7

1 cm

Figure 3. Schematic diagrams: (A) Production of the Ni-G-PLA filament using the 3D extruder; (B) 3D-printing of a hollow
square box (4 cm x 4 cm x 2 cm) with wall thickness of 0.72 mm; (C) The 3D-printing electrode (1 x 1 cm) is positioned at
the bottom of the BIA cell on a metal plate (electrical contact); (a) Illustration of Ni-G-PLA filament; (b) Printer nozzle; (c)
Pt counter electrode; (d) Micropipette tip; (e) Reference electrode (Ag/AgCl); (f) 3D printed Ni-G-PLA working electrode (1
x 1 cm) [51]

& 3. (A) £/ 3D HFHHAE = Ni-G-PLA K xEE; (B) 3D ITENELAHEG EXK x4 [EXK x2 [EX), BE 072
ZK; (C) 3D ITENEARIL T2 BAR (FR il =) LAY BIA B/ ER; (a) Ni-G-PLA KZ/REE; (b) FTENHLEIHE; () %A
STEAR; (d) MEBIRERIG; (€) SEEBIR(AY/AICI); (f) 3D #TEN Ni-G-PLA TERBAR(1 x 1 cm)

e JE AR R IO AT BV 75 5 & B v DLSCHARA R 5 AR R, A AT SRAS A& K TR O & .
HLUTARBOA R A B T i Ak 22 7 ik, 80 IR 5 S NEAE H bR BRI OB 2 B3R, T LS Bl
JRARH R T A, 3R AL RADR R AL 2 RE, BRI . OB PR HL PR 5 P AT 25500 s
1 3D AT BN A AR 2R IR B i b 2 1) 1 AR AT A9 45 P [52] - Hafsa 55 A\ [53] 1 k3Rt T AEAN A FAT AT 45 44 17
FIRTE DL, &5 G AL PORURTIE A ) 38 5 A ot 4 el P AW 6 AT F i EL AT SR 14 3D 4T BN ARV . N HLAL 22
1& 47 13& (ECAM) BOR liE 1 A€ B LK, IR T T AR RR 28 ( NOZ R h A RE A » 3t ECAM T
ZAE1TO FHBIE LY BoR 7 RA FCC 4k i H A ALK (13 4(0) FIR) . DO A4 Fi AR 2 3
T RA BRI LA () 3.9 x 105 Q-cm) M A I RG] L R R U BRIt RE . B0
S5 N[541KH] 3D FTENEOAR I % 7 A Mk R UF 1 =407 S0 B & k(& 42 FR), WTHIT388
15 R BB 3 R (MC-LR) A I o iZ AL 2 AR IR X 2 1% . g DU ERSE L B A s
o R B

Cheng. 55 A\ [S5] 2R FH B4R T i Ak ) 3D 4T V< rE B (n P 4(3))EAT 1K, S I AR 3A AN 22 73 ik
PR ZEA N AR P R B A 0Ky, I 5 4% 48 A R (GC) AR BEAT 1 L. 3D T B e LB X
RIS R AR Bon T R M E A R BUZ . eos T 3D FTENEORAESA ke it h R &
ks N7 TV AE A . Vassiliki. 55 A\ [56] 14 1 584 i1 3D 4T ENHLEIATE i) = R AR SR B A= P D e A% T
&, A TR RATEA A o ZAT ENHLECAT A SRR AT 22(— A, — AT ), Eid
FO0 3D TRk T A= AR R G (A 4(4)BR). £k, 3D FTENEHAR & 1 LAk A AR I as P
11 BE AR o TR AT ARG B SS  BAT T Rl (0 L i 35t
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Figure 4. (1) Schematic illustration of the electrochemical 3D printer (ECAM). An aqueous solution of Na,SO; is filled in
the syringe-nozzle system (anode). ITO plate is mounted on the top of the print bed (cathode). Both anode and cathode are
move through three dimensions (XYZ) with Computer Controlled System. When nozzle is closed enough to the ITO plate,
and the positive potentiail is applied, a fine meniscus is formed between them. This meniscus travels with the print head fol-
lowing a programmed path subsequently depositing the copper in the desired structure by reduction of copper ions through
electrolyte solution [53]. (2) Photos of 3D printed graphn composite electrode [54]. (3) Schematic of the electrode design by
CAD software. (B) Optical image of the 3D printed electrode after Au electroplating. Scale bar corresponds to 1 cm [55]. (4)
(A) Schematic illustration of the 3D-printing process using a 3D printer equipped with two heads. (B) Photograph of the
3D-printed integrated device [56]

4.(1) B4L% 3D FTEMHL(ECAM)KIREE . [ELFSTSMME RS (FER) FIEF Na,SO, 7KiF . 1TO IR R IAEFTEN K
(BAHR)BITRER . FHARFNBAMRINIE IS H EHITH R R EZLEXY2) P iEE). YEK EBEIT ITO RHEMIEREE, &
NzBEsEE— M MNIEAE. Z2Z A EMEFTENAERIERERD), MEBIHRBRARTERAETF, ¥R
IREFRELE#Th. 2) D fTENAREEABEMAER. (3) A. #id CAD HH&ITERMWTEE. B. €/ 3D ]
ENER R AT B & EEBIRITRL 1 K. (4) (A) R EMANTENSLAY 3D $TENHLAY 3D $TENEI2HIREE . (B) 3D
FTENERIEFMR A

5. GRFIRE

3D T EIHOARAE SIS B T2 N R 0N 53 R DRk i Ky i R ) A 2 () AR s, AMLRE
fit 5 & A VU IR A ), RIS AN TG 228 St s Ap kL. JEIL G 2R i 45 2, 3D 4T ENEAR AT A
THEAFJUATAR B B, 23 7S, (AR [ T a8 bl it
(A ) A TR AR A SRS DRI A= A A AL I e ) S P 7 TR R o SRTT 3D 4T ENEUAR AR AE T SE 00 =
BOH PO I E e M B, L B R e B A SR R A, DUR - JLE it — 2 KA
PRRRE N L. Ik, AT 3D JTENHER AL A RO B TR B — DA B SBR N . ST
KT ARG AR A, 3T AN TR 75 SR ARG S = A R G 1) — IR 2 S5 B bl A, k38 B 2 A
WTTSRITLIN ], D4 2R Gifk s DU IR w] o7 SR AE AR RS RO ITIE 1 A2 e T ol
FRIEA LIRS, ST 3D FTEIHOAREE R P AR AT i AR B T RS PT R 2 2 it i A 2 A% IR AR FE S8
BN 9 ek RE, YL HE— 0 R HIHT R SR St
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