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Hydrogen Sulfide Sensing Characteristics Depending on Electrolytes
of Pt/CNT Liquid Electrochemical Sensors
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Abstract

With the recent development of industrial technology, the problem of odor due to leakage of toxic gas discharged from indus-

trial complexes is gradually increasing. Among them, hydrogen sulfide is a colorless representative odorous substance that can
cause pain through irritation of the mucous membranes of the eyes and respiratory tract, and is a gas that can cause central
nervous system paralysis and suffocation when exposed to high concentrations. Therefore, in order to improve the odor prob-
lem, research on a gas sensor capable of quickly and reliably detecting a leak of hydrogen sulfide is being actively conducted.

A lot of research has been done on the existing metal oxide-based hydrogen sulfide gas sensor, but it has the disadvantage of
requiring low selectivity and high temperature operating conditions. Therefore, in this study, a Pt/CNT-based electrochemical
hydrogen sulfide gas sensor capable of detecting at low temperatures with high selectivity for hydrogen sulfide was developed.
A working electrode capable of selectively detecting only hydrogen sulfide was fabricated by synthesizing Pt nanoparticles as

a catalyst on functionalized CNT and applied to an electrochemical hydrogen sulfide gas sensor. It was confirmed that the man-
ufactured Pt/CNT-based electrochemical hydrogen sulfide gas sensor has a current change of up to 100uA for hydrogen sulfide,
and the both response time and recovery time were within 15 seconds.
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Fig. 1. Schematic diagram of an electrochemical measurement setup.

2 727 ¢ e AHE Z2ErH6]. B3 NaOH, KCl, H,S0,
E AMgsle] e e Faled 74X A4S 245
o, PYCNT A= 7|9ke] 73818k 3sldds 782 AlA] oA
& oA 9 s S e FE ] daldy A5 =
Aol el ATE FFSATHT]

WA} 200mge] MWCNTE 570l A& 5, Aol A 64]
7Hs3t BFAIA Atsld oz AsIAZ T AkslE MWCNT=
F A &, FHFo AlF s Ak d %4%2 A7 A
om, 2ol 12/ ARAIH Y. 2 %, S 5HE MWCNT
200 mg 2 {7 (sonicator)& ARE-31ed 400 mL o €H&34 20 mg
SDS¢} $HAl &3} Wik &, Pt NPs FA4S $ske] 200 mM2)
H,P(Clg 89S #7}ste] 1A17F E<t WH-3-3ke] PUCNT £-9<
A2kt A2 PYCNT 8948 o4 <] PTFE HE 10|
E A F, FRTE AFE] EeES AASHL e ¥
dsialom, HeH o= FAE wekS {2 7138l Ag paste
£ olgsle] v 2 AT S dFENUY. AL &
Al 714 FR7e Asd goo] AREEIeH, Al H,S0,,
Z49] KCI, 747142] NaOH &8 7t Algsle] 744 &
& FRIsHAT

A XA FH =7 L potentiostat/galvanostat (ZIVE SP1,
ZIVELAB) H| & AHg-3te] 54& X188 6?"” 4 ’\Pi‘)ﬂ
=
AgCl 3M KCI X3}), =2 2L 9
o, AHFAF AZE P s

X

R

R

B

BNy

[8]. 7t~ AAE 917 712 =S A
3, NaOH, KCI, H,SO, Z+ZF 1 M2] 3
100 mVs' ¢ 270 $E= -1.5~2.0V A B
st SAsRIT. IMOIlA 7 el d 25 A= Zke] o
o] &ihs SRISIITHY]. Bt A 54 W7 MFCe}
potentiostat FH]E T8 FA=A oM, A= 219 CVEH
A 3he] delde 2z HA sk sEE WA U%
712 FHAS =3 T APt 1o F

42 500 scem®] 12H, 310 uve] £ AloA HAFak z]—O]
£ S48

:1m
1

2 o

[

= A,

(sweep)
2> g

2~

(o}
)

O e

¢

N i

o

NaOH, H,S0, 2] 3l <] 37
& 1%%@—% % g3ttt 42 -1.5V~20V
A M &g 283805 Fig. 2.
7ol 7t Aafj Ao wet *%l AHF F4do] vett= A
& = Tt Fig. 2(a)¢t (b)oll A BobA 9], HS0,22 737,

V F-Zoll M 3 A7He 7HA8, NaOH & s o=

E}b}b olf= ‘7494 Zal A <]
pH %M E‘rEJl uf] -] UrE‘rUr—c &l d), H,SO,(pH=1)°l14]
KCl(pH=7), NaOH(pH=12)Z Z3| & 2] pH3te] S7Fgel wet
) 37F Yeh s deiwke] 29 o2 olF3larL, W= pH 3t
o] 723 Wi Agke] YERGS o 4= 9ok 18] 3 H,S0,
7} 7V ko) Zro 2 peaktS urE}LHE} HUY Agdoz 9=

o= Az 0158}04 Z@E]” A9 Ml HellA 4Fs} peak
7 0 JERd S

3.2 88l Aa X 5N "I}

B o= A2 PYCNT 2HE 259 dsled 7/ &
23S FRlsy] S8l 71E9] A718ks] AW Wil dslaea
o} AAs WP 500 scem® =EA171H AL A8
TH10]. W3 w=d ARPAEE 2o] ER1sk] S8l 7+ sl
Awltt 10~100 ppm? 10 ppm T & S3}F4s %A]ﬁl,

balance gasv= A4E AHE-3ISIT Fig. 304 R
KCIZ H,80, & A d = /\}*Q“L}"j S W H,Se| s=o w}a}
/Ht‘ﬂ/‘d °F 15% O]LH,/] ]7]-0; 7L;<]-<51—° 3lo)&F 2= 9)

LE T M
o NaOH As|de] 7% 71x] EAJo] Ueh}x] ks 3

m\l

J. Sens. Sci. Technol. Vol. 32, No. 3, 2023



Yuntae Ha,

—— H2504
20 b
Z 10t 1
g
]
2 0r R
bl
=
Q
10 - ]
(@)
=20 L L L I L I
-1.6 -0.8 0.0 0.8 1.6 2.4
Potential (vs Ag/AgCl)
——NaOH ' ' '
20— b
g 10} .
]
g 0r 4
S
=
Q
-10 - |
(b)
220 L L L L ! !
-1.6 -0.8 0.0 0.8 1.6 2.4
Potential (vs Ag/AgCl)
K l" T T T T
20 c .
210 1
g
=
2 0 E
Tt
=
Q
10+ 4
©
-20 ! L I L L L
-1.6 -0.8 0.0 0.8 1.6 2.4
Potential (vs Ag/AgCl)
——H2504 ' ' '
20 NaOH I
— KCl
< 10+ R
£
=
2 0 ]
B
=
Q
-10f J
(@)
20 . . . . . .
-1.6 -0.8 0.0 0.8 1.6 2.4
Potential (vs Ag/AgCl)

Fig. 2. Cyclic-voltammogram of fabricated Pt/CNT working elec-
trode at a scan rates of 100 mVs—1 (a) When using H,SO, as
an electrolyte, (b)When using NaOH as an electrolyte, (c)
When using KCl as an electrolyte, (d) CV curves of PUCNT
electrodes in each electrolytes (H,SO,, NaOH, KCI).
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Fig. 3. Sensing response of Pt/CNT sensors to concentration from 10
to 100 ppm (a) with KCI, (b) with H,SO,,
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Fig. 4. Responsivity according to electrolyte.
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Fig. 5. Selectivity properties of the fabricated H2S gas sensor.
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Fig. 6. Reliability properties of the fabricated H2S gas sensor.
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