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Fig.1 TE100 screen printed electrode structure
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Fig.3 Scanning electron micrographs of SPEs

LB N R 2B A4 SPE 5 MWCNTs-COOH i
1) SPE YT SR AL . AT LLFE Y, K 3a R R B i
SPE & 1 H A & B WM R4, K 3b ok
MWCNTs-COOH &4 J5 1) i B 4 TR RS 25 449 ) R A8
b M5 R AR E M S, W T 2L gL
2 P F AR B M B, R R R 2 T LA B Y
FLLCRE R R A
2.2 BENUSEBRMKE S Z MR BRI
2.2.1 &IHEEF

TE A AE i B B2 5 2 Ff MWCNTs-COOH/SPE |43
SN 100 pL & 5 A& A 10 mM NyH PBS(pH 7.5)
Gz s W, A BIE PR A M £ R S AR R, & SR
T ARSI 25 R N 1A 4 BT R o

B4 0] DU, A2 T A TN 0 SR 3
U FEAE W S A AR A UG o > 8 T K TR IR A A 0 A TS
FEF, MWCNTs-COOH/SPE 7£ ¥ 1l & A0 B 1 i 1Y 4
Al W H 3 Fe v L R B T 88 WA, 24k oS 16 i H A 4R Ak 0
HL UL Y 121 % , 29 DMF AR S 5 55 1) 480 A 0 H, 3t 119
267% . J5 R AT RS , DMF AR A 8 1 07 770 Isf, P e 5
9N 5 R BE B O =2 8] A7 78 8 e 1 L S0P 52 ) F
B TR WPk A O AR AR NGRS B B 3 H A R

N XK XXXX HF & XX & XX# (1-9)



4 MR, BB, w4
100 — MWONTs-COOH il acet aid moied PE o deec . AN [R5 6 3 R R B N R R E AT T LA
BO[- YCNTsCOOHDAF moctcaton of SPE o dtect 20~100 mV-s' JL P, AL I L I ET‘“E};E’JT&
< 6o} T AR R AR G, RP>0.99. 1 B AR 1 5 MR (»'?)
Z ok S EA RIFmAd LR, FHEEE FHEL
5 il 15 1R e 9 P S — A s
223 #WNEKRKpHE
L S I 4 3 10 A T JEE VR pH {8, 75 pH A 6 21 11

0.0 0.2 04 0.6 0.8 1.0 1.2
potential / V

B4 A [ 22 [ B R e AR P BE AR

Fig.4 Characterization of the performance of different screen-

printed electrodes
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Fig.6 Scan rate versus oxidation peak current
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Fig.7 Effect of pH on oxidation current
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Fig.9 Oxidation peak current versus concentration fit
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peak currents
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Table 1 MWCNTs-COOH/SPE Sensor Recovery Testing
sample add / pM  found / uM recovery / %
80 78.65 98.3
piped water
600 610 101
80 79.82 99.7
deionized water
600 604.29 100.7
2.5 FELWEWHN, K&
4 Fh R [A) 5 & 9 NaN, & i HN, S, 43 30 min

MO S HP BT mLFE A, B 0.1 MO R ¥ WJE Y9 pH
2 7.5, 8 R HN,SARMRBE o 8 3 2 A (W] s ) £ A
25 AR EHY N, AR IR 2 R L T HNL R
M= 13 iR .

sL " 32.5mg NaN,
® 97.5mg NaN,
4 130 mg NaN,

-
o
T

1 1 | 1 |
0 100 200 300 400 500 600
time / min

13 A [R) B 4 NaN 78 AN [a] I ] 7 A HING ) ik B K &
Kt I i) 481 5 £
Fig.13

different masses of NaN, at different times and fitting curves

Detection of the concentration of HN, produced by

for each detection time

13 Bl R SN 4 AR TR] B NaN, B
ek B & E R NaN, B Z W, B4 6

B RgG— X (3) MHLERH R KT 0.99, 55
AR S H R 2 s .

A
Cin =A-——— (3)

Ao, Gl TR IAEL , g - m ™5 € S W B[], min A
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R 2 R[FBE NaN, 5RE I A A6 I HING ¥k 32 5 S R 18] ) 41
GAE£ 27
Table 2 Parameters of the fitted curves of HN, concentra-

tion versus reaction time for the detection of the reaction pro-

cess with different contents of NaN,

mass of NaN, /mg A t,
32.5 10.75 63.25
97.5 32.25 137.86
130 43 154.8

Note: A is 1/10th of the ideal concentration of HN, gas produced by NaN,,

{, is a parameter that varies with raw material content.

i NaN, Az B g HNG SR BRAR IR B2 19 1/10 5 ¢, o0 Bl R
R e 2
PRI, K [R) 5 2 NaN, 78 S [A] B ] Az A% A HING S
v B AR i (4)

43N, 1

HN, V4 2
t

1+

132.57 /N - 29.23

NaN,

(4)
K, G J 8 A AL BN L — B 20 2 Y HIN, R i
BE L g m™ 5 Ny 7 NaN, JFURHEE R %, mmol s VoA I 1
WARTR, Ls ¢ BB ], ming
5 2% B W I = R B OG5 M8 W i
WL T 10% HN, S, R EZE KT 65 mg NaN,
FE A TR I ] B B HING VR B8 850308 56 UE J7 72 (4) 1 7] 47
P, WM 3 s o

R3O AR IR

Table 3 Verification of absorption coefficient

detection value  predicted value

time / min recovery / %

/gm™ /g'm™
60 56.0 54.2 96.8
120 124.5 123.5 99.2
180 163.7 161.7 98.8
240 182.4 181.4 99.5

8 Ao I PR A I Rl R D 96.8%~99.5% , i E
AT (4) 13 F M 78 S50 25 10T, 1 W50 e i A
R 10% . PG, A7 S TH 5 0 45 140 T R T 5 B
HN, 1 bR il 2 an A 0 (5) .

Cun, = 33.561,,, — 161.47 (5)

Sttt
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(2) 38 52 7E 24 T B 60 R SR Wk B, J 9L A A I
M SEIR A5 1R, S A A EE S R R R R N A RS AR
SR IR BE B RS A B S N Y 1 g g
e, Bl W WG TR T A 7 SRR 10% , 15 31 OAS T) NaN, Bk}
BB AE S [A] I TE) 72 A2 B HING A0 o B8 15030 O 7
Gony=(43N /) 1T=1/[1+(T/(132.57N,,*—29.23) )*] 1,
207 B IR 8 96.8%~99.5% o

)FEM LI 55T @ T A B HN, R B bR
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Detection of Hydrazoic Acid Gas by Carboxylated Multi-walled Carbon Nanotube Modified Screen Printed
Electrode

LIN Jun-chi', BA Shu-hong', HAN Ji-min*, YANG Li**

(1. Equipment Engineering College of Shenyang ligong University, Shenyang 110159, China; 2. State Key Laboratory of Explosion Science and Safety
Protection, Beyjing Institute of Technology, Beijing 100081, China; 3. Beijing Institute of Technology Chongqing Innovation Center, Chongqing 401120,
China)

Abstract: For the fast and easy detection of hydrazoic acid gas, an electrosensor for in-situ detection of hydrazoic acid was pre-
pared based on the principle of electrochemical analysis using a screen-printed electrode as a substrate and modified with car-
boxylated multi-walled magnetic nanotubes. The electrochemical detection of hydrazoic acid was constructed by optimizing the
solvent of the modification solution, the pH value of the detection substrate, and the scanning speed The morphology and perfor-
mance were characterized. The results show that the in-situ detection electrosensor for hydrazoic acid was prepared as a micro-
electrode with carboxylated multi-walled carbon nanotubes/glacial acetic acid modification solution, and its response current is
about 121% higher than that of the unmodified electrode. The detection sensitivity is high at the substrate pH 7.5. The square
root of the scanning speed is linearly related to the oxidation peak current, and the electrochemical oxidation of N, is a
diffusion-controlled process with good selectivity, stability, and reproducibility. The detection limit of N,” was 10.4 pM in the
concentration range of 5X107°=1xX107 M N, using the differential pulse voltammetry method. The prediction equations for the
concentration of HN, gas produced by different NaN, feedstock contents at different times were derived from the online detec-
tion of the actual synthesis of HN, gas, and the recoveries of HN, are 96.8%-99.5%. In addition, the relationship between the
concentration of synthesis HN, gas and the response current has been established.

Key words: hydrazoic gas (HN,) ;functionalized screen-printed electrodes;electrochemical methods; detection
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In light of the toxicity and explosive characteristics of hydrazoic acid gas, direct sampling and detection present significant

challenges in both feasibility and cost. Establishing a sensor and detection process for the online detection of hydrazoic acid gas
is crucial to ensuring the safety associated with the synthesis and storage of initiating explosive materials. In this paper, a
carboxylated multi-wall carbon nanotube functional screen printing electrode was constructed. Electrochemical analysis studied

the azide ion’s detection conditions, and its performance was evaluated.
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