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Abstract — In the present study, to address the limitations in sensitivity of traditional carbon-based working electrodes
within a three-electrode system for heavy metal monitoring, the carbon electrode was modified with antimony. To
ascertain the optimal concentration of antimony, precursor solutions with concentrations of 0, 1, 3, 5, and 7 wt/wt% were
meticulously blended with carbon paste. Subsequently, comparative analyses of cadmium detection efficacy were conducted
across electrodes modified with varying antimony concentrations, elucidating the effects of antimony loading on
electrochemical sensitivity. Excessive deposition of antimony particles onto the working electrode was found to negatively
impact the reactivity with cadmium ions. Consequently, the carbon electrode modified with 5 wt/wt% antimony exhibited
optimal electrochemical sensitivity. This optimized electrode configuration yielded a 2.18-fold enhancement in sensitivity
relative to the unmodified carbon electrode.
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Fig. 1. Schematic of screen printing on PET film and SEM image
of antimony-modified carbon electrode.

NAF7F AREEH QITE =8 AT (A £ = 100 mV/s),
Anodic Stripping Voltammetry(ASV)( ¢ @A = 4 mV, 3} =
25 Hz, ¢ 1% =50 mV, 52 A17F =300 s, 52 29 =-13 V).

2-2. Sb,0,Z JHEE Bk J[HIO| 3= AIAR KIZf

Fig. 12 7F=H AES 919 Fol 71ike] 3385 A|2~8) At
iafiA BojEtt. 2 13 2Fo] el AAl(Sb,0,)7F =3
a0 sfo| =54717F B3 E AL of= 4 29} 3o Jh=Ht ShekE
= FA T o] Foll HE QI7kehd 2 33 o] M= o] 7
EH0] S S7A171aL 2ol whet ©hAsg) QT A A &3
A gA ASRY H 52 AL E BT g4 A5
Sb,0;= 7l sk W ol & in-situ$} ex-situ BH o] ATk In-situ
HPH O At Aol Asdol H7tE e ¢FE] R s B
TS S 100 o Felofof 7] wiiel ars e Sus S0l
ZghekA] obtk. whebA 7h =g AE] S5 exssitu WH O R A

@ 129 wwen
---0
..... 1 N
——.3 i
104{ 75 i
_ 1
< i
= !
T
£
=1
o

E(V vs. Ag/AgCl)

42 10 08 06 0.4

= ARt Jl=E HE e T 167

Zpatgint. ofe] e] QHElat B so] i 2
T e the cawjd EHE oy T
%ﬂ%ﬂ re PO 2 W2 Fo| e

= -1
d E?l‘% Foll Al2ke 52 80 TolA] 30% B2t 8= ot
Fig. 1914 & &= §l5o], '35 20l Sb,057h 2 4k o] 9)
S 0 o) 2= 011:]_
o= 2 1T T

3-1. dut ¥ TE
£ ATrelx= 7}5‘%01] ost UJZ%FJ} R A WS Q]
#
'4 lr_I:_E_ ;<1-7] H /\1842. /*6§O].0:‘h;]. 7].5 ] EH?J‘ )

2 A dTolA B2 R EE dodd QeSS Hrlslof gt
vk #H 2 2 Qe kS g Js 7] &l FElE AFAI o, 1, 3,
5, 7 wiwt%2E 7HE Hjo LEQ} = %6}01 CheFslh QFEJE S EollA
o] AY AAE Fall 2 A=) Fh=g A 58S vlaskgin o
A2] y=ollA 1 wrwt% ©13ke] QFEE A7} 23k A, %j
=9] o] QHE|Zo] i8] A A EA| oA =g o] 23] A
ARGl AghAlo]e}, )bEl o] A=e] 7]5etA &/ s) 1%3
S S-S Fo = EAs ok ks 1 HolFUTH17]. o] ol whet,

]‘ﬂ Ao A= 1 wwtd% o140 B EHE Ad 2718 3]

, 1, 3,5, 7 wywt%S] QFE]Z3} €4 Hlo] AE= 247 BF &
51—7101]/\-] /q s} 1;]___ A58 ZTHE Hohﬁ KN E_gﬂ 7<1—<§ x% 53%45}
=2 200 pg/L 7F=H0] L3 0.01 M HCl A3 2 of| A Alz}s}
W3 A5 (Square-Wave ASV; SWASV) WS 73l H71+
AT, Fig. 2014 Hi= nle} Zho| QbR ghgo] 5 wywt%ell =]
A 7V =8 AEE YERIITE /EEE §Hgo] S wywi%es 27
k= A=ollA= Cd-Sb 3F3HEo] /3 5= AL, FEE YAt

S5 A= Qe M= o] a2t AUA| Al Mol StEE

ol 2-3e] mEAQ g Agol Algtslel o, HA=elA Az ¢
B Ao ® A5 dAeAdo] vholA A ek o] & Qlal, 5 wiwi%Es
Ffehs AFolM= A7t s A dvk gk HA ] 2o s
Qo % A M52 Fig. 30014 & 4 Lol ©ad = v
3l 2.189) =& AEE YERSoH, wi%Zt S7HEE a4 7}

Ao Rhaslo] Al SRS eI,

ot

54

~~
)

Peak current (uA)

0 2 4 6 8
WIW (%)

Fig. 2. (a) SWASYV measurements at increasing antimony concentrations of antimony modified carbon electode. (b) Peak current of SWASV

measurements.

Korean Chem. Eng. Res., Vol. 63, No. 2, May, 2025



168 279 - ARA -

—— Antimony + Carbon
—— Carbon

2.18 times

5 pA

L L L ]
-1.5 -1-0 -0.5 0
Fig. 3. Measurement of antimony + carbon and carbon working elec-
trode 200 pg/L: cadmium.

Fig. 4(a)°l A & 4= 915=0] PET Z& ol 5 wt/wt% QFE] &3}
Bk o] ~ErE £ A9 AFo® PAE 3HT AR )
914 5 mM K;[Fe(CN) & E33H= 0.1 M KCl A3 2 890
4 28} 2t 7 (Cyclic voltammetry; CV)S 53 H71E At
YIEAE B2 (Nernst equation)ol] 7]9bskod | Alksh/shgl 32747
7HdAskE AAXHAE,)7F 59 mV ©]3h, d-2ellA] AE = 80 mV
o]3tE KolH 7oA & 7Hx Al 0% 1FEE = QITHIS].
Scan rate’} 50 mV/sellA Al)bE A=2] AE = 70 mVa Bo57]
2o, AlgE AT 1Al Whe-S Bn) WE WA} o) FS

€)]

foua

I
.) N

A %57} Z743) met 2 AR
A R LR

FHowiy 5] FAVE Fkeln e A &

of

N

ol

ﬂ?

P

o

5

-

et

4
32 >
v

Ir

ut)

[

(e}
1l [s}
Y Tt ol B 32 AR HUAE 2n]SiT). Fig. 4(a)ollA

B & Ql5o], teket A7 oA I3 At A7 59 Al
Zof vjal) A2 o7 Z7190t) Fig. 4(b) Randles-Sevcik 1742 o]
w2 o]z A3 E Ul Fe(CN)*2] Sake] o8t Abal/ehel Wh-g-&
on)ahe, A= del] 1 AH WES-EE Q1% R wishs oHTi19].

Fig. 5@@)°llA & = 3150], & 24 5 wywt% QUFEJ =02 7]
2 B AT JI=F w2l s w2 SWASV WS
53l F71= STk SWASVE] MY 2742 9] wHA =
=25Hz, A¢] 2% =50 mV, 2 AI7F=300s, 2 18 =-13 Vo]
th SWASVS B8 a5 S el ELS S A 5
2} 37 (pre-deposition)?} T2 E2-S WA= 8]

Aoz AP H2A 207 AAFE AFE 20~2000 pg/Le)
FH=Fo] E3E 0.01 M HCI buffer solution =% ¥ o] 2¢] A=
ol 7t=F-S A5 F(pre-deposition) A 21T 52 3782 Al7E
o] grow el E4o] Mol NhgElr)o) T3 A7k SR
7 R, e o2 ¥y Xl AvE =EhH, Algte] AW
S AR v &S op|stth # AFelA = AFE AR
300 s agste] FF=H0) Wkg AlTkS a2 =l
wh3-st 7t F-2 vk 34-& B, AAE Tt B3skA =

o

(b) noT

b | Fe(CN)

c” | ~c

Vi
\

N\
VA

N N

_

1
1
~ =T Scan rate Carbon electrode
> v 005Vs 0.059
. /oo - - 008Vs' .
\'\./'70mv - 015Vs' AEp:Epa _Epc:
1 1 , n
b - =030Vs
r T T T T T T T T T 1 AE, =
0.4 0.2 0.0 0.2 0.4 0.6 p S9mV
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€)]

$ 10uA 2000 g /L

Cd(1n)

20 ug/L

1.0 08 06 0.4 0.2
E/V vs. Ag/AgCI

concentration

——

® { 1004

I
I

= 2

0 500 1000 1500 2000
Concentration (ng/L)
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