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Fabrication of Cu-Ni alloying micropillar by Micro-Anode Guided
Electroplating in sodium citrate bath and exploration of its sense
on glucose
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Abstract
Micro pillars of copper-nickel alloys were prepared by micro-anode guided electroplating (MAGE) process.
The effect of pH value in the Cu-Ni citrate baths ranging from 4.5 to 6.5, and the voltage changing from 4.0 V to
4.6 V was investigated. The reaction mechanism was found to correlate to the pH-dependence of the transformation
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between the chelates (Cu.Cit,H-1)3>"and (Cu.Cit,H-;)*". The information from surface morphology observed by
SEM, chemical composition analyzed by EDS, and crystal structure analyzed by XRD was useful to delineate the
mechanical properties of the micro pillars. The mechanism of MAGE is explored through the cathodic polarization
and a simulation of electric field in terms of a commercial software Comsol. The sensing of Cu-Ni alloying pillars
to the glucose was potentiostatically studied. The linear range of the current in response to glucose concentration
was found to vary depending on the alloy composition. The Ni-enriched alloy takes the advantage of higher
sensitive; however, Cu-enriched alloy benefits the test in a wider concentration of glucose. Comparing to the
conventional sensor, the Cu-Ni micro pillars demonstrate a superior sensitivity in glucose sense. The excellent
sensitivity is ascribed to their nanocrystals which offers higher electrocatalytic area to enhance the charge-transfer
in the sensing of glucose.

Keywords: Electrodeposition; copper-nickel alloy; copper-nickel citrate bath; Glucose sensor.
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Figure 1 Schematic diagram of image monitoring
continuous tank and circuit device.

2.2 @83

FEH(L)FREE IR 2 pHEHE 45 £ 6.5 LK
QBB EEH 4.0V £ 46V » HEITEE - DL
IS B B L 2 BB TS 2 80 & < = 4 iU
2T ~ 4HRK - S BIEE 58 - TS
HSR G 2 = HEPREERE - Jell SEM BIZERETVH -
LA EDS S M iviA 4 B » 24 R GVt et i T
Tt g2 HAH R TR fE Ll XRD fail H S
IS - BETE SIO fF Ryt Fy 2 BLote - e —20 4
XRD F#E5f1E £ Sherrer equation {5554 aa4S
2 AR/ - Y e - R RSO
BRI R BAIREE - I Al ST H R MR B A B =
B - METTATE - TR B R i LR A
Z[EHVES e 8 eI - 406k
SRR A e DARS IS Comsol HET TSy
W DR E RS B BRSO < 8 - L
STEMTIERE 2 B8 DU Rt B R M SR
MIRess - N - FI I B B Eh R etk b i 47
SR - A DU SR SR & SR I 2 S
tREE > RS T pH (E - SESREE - EIEEEE
ESHE L HERER TS 28 - WS AR
Ry R B MR IROHI 25 2 FTREE -



Pridh T

3. #EREAFTER
3.1 BEBREME oH EBMIE2ER/
7N %

FRASERE T ~SEUEy Cu*+2e— Cu AE
i 15T ST EPL A A5 A BV B 5 T A 25 TR BT A5 R B
EY) - MBI R B R T A 2 &Y
E8—{EHE— “(BpfE" B CuCit” %
T HZ ER B CuCit+2e—Cu+Cit3 - {[HA—4FF
{1l s — G (CuzCitoH 2)* » [t — T BG Sy BH B R {1
DURE i 2 o (CuCitH2)* W U BB F 18 2 fy
(CuzCitoH-2)® » ST FEREMR [ - FRUR I EE -0
M - HRERX D AP E— &
(CuCitHp)* +2e —  (CusCitoH-2)% sy » = F
(CuzCitoH-2)% (ags)+ 28 +2H,0—>2Cu+2Cit>+20H" off
SRERMET - TP ER R A AR - HAR
e HCRERE; CuCitZE &g » P BRI DR
HIENs BRIREP -

FE A S £ B SRR 2 - TR
HiEF 2 UM F B 2 B R (A i R - B
HeHE TR R BT AR - BRSPS
 OMSERE A Y A RERRE -
REEM ARSI - K pH %1 4.5 2 6.5 ZfH]
I > 40fE 2 & pH 7E 4.5 BpaeiERa shELsn > 2%
R (CuCiteH-1)* 4271 % 5.5 FE R HEE &)
i 8 Ty (CuCiteH2)* > (CuCiteH-2)* AH %
(CuxCitH-1)* 7 ELBiIlEE pH 271 -HHEEp4s R E
3 Rl 4 w51 ((CupCitoH 1) BT i $ESR & < [F] A
PR - (HRETEHE 28 2RI -

T #AEE &%) (Cu CitoH-o)* F A LA A& 4T

SRcESR TR R S TR R R R )
(CuzCiteH-2)" A I~ ELA R Y 2E &1 DA R 4 e
TR DR UEYIRE & EER S

PSR RR - AIRE E R RG ST A R e - 15
I EIRIRERY) DUR R » 572 EEBIEETT HH P it

34 B ANE 11~21 B

-14-

2020 £ 12 H

bR AR RETIE 5 K [E 6 $R1E pH (R 4.5 1 6.5
Z TR S R P 2 T 4R SRR T RURR o EEE
(LRSI & 2 00 - & pH $27t Ak ER
FAEFEBEREE T2/ - [RIABLZEEEEYIFTR ek
ZiEAbREE T o HAME 6 - (REETF S - SEEEZAT
GIETTIEZ BRI - [EI I LN ERZ
SRR - BrAME i i (mER R s, > B
O 98 A 2 SIS B 3R 7 A R BT B I 2
MEETt o ke E SR AT 9 EE AU 1 8 > SRALEE
o o PR B B R -

A RHEH EDS a3t feset & 1 7 pH
HH 4.5 f27+2 5.5 - $R & B4HRh 33 at %fE T+
55 at % ° pH i 5.5 {271 % 6.5 - SRS EREI LA
B > H 52 at ELHHETTF] 54 at% - [N pH5.5 Z
ERT AVNEEEYIEE 5 7R (ER ERE] -

EEEH 40V T E 46V SRR 33at%
FETT 2 52 2at % - (LB bR b AR P S —
e

% Tatal Copper Concentration

2 HERRREINER S T HZE S YIEARIE pH T
Figure 2 Distribution of copper chelate in sodium
citrate bath at different pH.
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Figure 3 Fixed at 4.0 V, changes the surface

morphology of the pH value 100 times and
1200 times (left) pH 4.5 (right) pH 6.0.
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Figure 5 Cathodic polarization curve of copper
citrate bath at different pH values.
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Tablel EDS of the nickel sample ratio on the surface of the copper-nickel micropillar.
pH {E
EEE 4.5 5 55 6 6.5
4.0 33.5+0.7 39.5+1.2 52.1+1.5 53.2+1.7 54.8+1.4
4.2 38.0+0.8 45.7+1.3 54.5+1.4 56.8+1.9 58.4+1.5
4.4 45.1+1.4 49.1+0.9 59.6+1.8 61.4+2.1 62.6+1.6
4.6 52.6+0.9 58.8+1.8 67.1£2.0 68.2+2.3 70.7£1.9
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Figure 7 Hardness and Young's modulus at different
nickel content.
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Table2 Comparison of mechanical value and grain size under fixed voltage 4.0 and variable pH.
pH i GPa (8 GPa SR &8 (%) gk AN (nm)
4.5 3.1 54.72 33 13.05
5.0 4.6 69.55 39.5 13.72
5.5 6.1 85.28 52 14.23
6.0 6.4 92.32 53 14.31
6.5 6.35 89.63 54 14.35
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Table3 Comparison of mechanical value and grain size under fixed pH 4.5 and variable voltage.
\ 1% GPa 5% GPa iR 2 & (%) AN Gl
4.0 3.1 54.72 33 13.05
42 43 73.17 38 12.32
4.4 55 90.68 45 11.73
46 6.9 110.21 52 11.25
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Figure 9 Column diameter under fixed pH and
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Figure 11 Cross section lineScan of voltage 4.0 V
and pH 4.5 (Red line-Copper ~ Green line-
Nickel).
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Figure 12 Cross section lineScan of voltage 4.0 V
and pH 6.5 (Red line-Copper ~ Green
line-Nickel).
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Figure 14 Electroplating efficiency with pH 4.5 and
different voltage.
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Figure 15 Current density vs. glucose concentration
of copper-nickel alloy at 0.1M NaOH.
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Table4 Compare the sensitivity of glucose sensing in this study with other materials.
Sensor Linear range /mM Sensitivity/ pA em? mM-! reference
Cu-Ni thin film alloy 0-10 240.1 [10]
CuNi/fMWCNTs/GCE 0-5 1470.2 [12]
Ni-MWNTs 2-10 11.8 [13]
Cu/MWCNT up to 3.5%10°3 251.4 [14]
Cu-Ni wire(this work) 0-3 1100 This work
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