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Abstract

Chlorine gas is an important industrial gas widely used in electronic industries such as integrated
circuits, semiconductors, and photovoltaics. Chlorine gas is also a highly toxic and corrosive yel-
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low-green gas, and long-term exposure to it can cause serious damage to the respiratory tract.
This article develops an online monitoring system for chlorine gas based on differential absorp-
tion spectroscopy technology, which is used for online measurement of chlorine gas concentration
in industrial processes. The monitoring data can be used for production and governance process
control, which can reduce chlorine gas emissions.
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Figure 1. Schematic diagram of analysis and measurement system
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Figure 2. Internal overall structure of the analyzer
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Figure 3. Absorption peaks of different gases in the ultraviolet band
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Figure 4. Fitting curves of CI2 absorption peaks at different orders
4. CI2 IRYSUER IR BN & HhZk

DOI: 10.12677/app.2023.1311045 425 S A B


https://doi.org/10.12677/app.2023.1311045

A 2%

B A WIE R RAZAL AR 73, T Cly fUARHEAR I U 20 P, R 73R CL Rk FE, ASCas & —
3P TR [6]A 2 T AU A PR VA TR 2 S RO AR 5 AT AR B 0, T 2 2 WA S B U A
IR IBEZ R, BT R R 1 2 A S s, Hrp IR %08 50 ppm (¥ Cly IR FEAS [FI Y
TG -2 5] 4 s

FEHAAZREI T, SREZHAIEHEL RIGEAREZ Y 10~50 ppm [ CL AR, HAFRB
JCT RS Rk 1

Table 1. Measurement results of Cl, standard gas with a concentration of 10~50 ppm at different orders
= 1. iREEZ 10~50 ppm B CL R SEREMIR THIMELER

ENGILi7elili=2E S

PRI E
2 3 4 5 6
10 ppm 9.81 9.67 9.52 8.11 7.55 5.63
20 ppm 19.79 19.51 19.38 20.52 18.25 23.47
30 ppm 30.22 30.16 29.64 29.3 31.17 28.83
40 ppm 39.85 40.29 40.57 40.69 40.51 39.29
50 ppm 50.15 50.23 50.34 50.27 49.73 48.86

M3 AU B 28 A B 45 R, 10~30 ppm WKE T, 1M UAHIIIE S 2 SR ES RS
SEBRR AR ZE RN, WA R B AR B 5 Sk, 1 L& AR 2 /N T oM vk, Rl 3R T 3 1
B 2 TR AT AH L8R T AN AT 174 Ak 2

MIE 3 ARV S AARAE S AN BRI IS R, BUSAE 275~380 nm 2K A1k BEA REAE I i i (1 [FT R, SO,
F NO, 7E %% B A A7 EAR B RFAEM S, 177 SEB RAR I SR # A R R — &R, ATRE S A — IR
SOy NO, LK HAMSARAFAE, A LA SERR ISR o 75 B 5 N fe/h ik, BRI SO, NO, T
Pt o MIKAEFH 50 ppmCly. SO, F NO, b AT BAZRHE, 285 K KiE A 0~100 ppm A A FET SO, NO,
PR, nSRIRE Cl, S U, MRS R 2 fis.

Table 2. Cl, zero point value when introducing SO, and NO, standard gases with different concentrations of 0~100 ppm

5= 2. @A 0~100 ppm AERERY SO, NO, FRSETHY Cl, TS (A
AN EHR BE TS AR R M 45 F (ppm)

T
25 50 80 100
SO, 0.21 0.47 0.59 0.18
NO, -0.17 0.56 0.74 0.29

HET 3 2 MRGERRTA , P —3RiEA 1 20005 937 30, REASIEASHERR A rh 100 ppm
PURIRIZR) SOpv NO, IR AU, HBEMIFETH 7 BN RGEMPITINEE ST, ARG T Cl fELMTII &
G SN B AR HE R
4.2. FELIRET Cl, lbrixttt

RSN EAEIRSE, 8RS RS — 2, RUGEAIKEE Y 50 ppm i) CL i3, S&UERSNE
BN ARSI R/, sl 5 FroR. A EL25°CTR 50 ppm [ Clo A T Nl B2 1E, Sl B USRI,
DB S5 RN 3 PR,
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Figure 5. Comparison of absorption peaks of Cl, at different temperatures
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Table 3. Measurement results of 50 ppm Cl, standard gas when changing the chamber temperature
3. WES=EIRER 50 ppm B CLARS BN ELR
AN B
25 50 120 130 140 150
50.13 ppm 47.21 ppm 34.35 ppm 32.56 ppm 30.73 ppm 25.59 ppm

MR RAKTE, AN EARE - BHEREMFER CI2 b3, FEENRTEREN AR T &, &
ARSI B i B i ot 3 . XA 5 ERE A RBOLIEE S b, HIERE T IE
E NIRRT R AR, SR TR o BIEAXARYI&, BRI
B EHADAR R AT, Hrp 150°C T AR IIES 25°C MARLL, BRI, BIES
FEN R v 5 P AR AL RS, PRl R O R R A AT I A PR IR AL B, il BT R R I 7E 40°C
KA

4.3 (LEREHMREMRARERIH

U R AR () 2R 1k P R 2R P AR 22 O B 7o s B A (U0 Rl B R (50 ppm) 2 8] 4E 5 AN R &
HEAT 3 W, R R VGE N E S, 10 ppm, 20 ppm, 30 ppm, 40 ppm 1 50 ppm, 5 FlAS [A] (R &
SRRRIHATIE:, IS EE L 4,

Table 4. Measurement results of nitrogen and different concentrations of chlorine gas introduced
F 4 BARSKRAERESSHNESER

PRATHE (ppm) 0 10 20 30 40 50
SR 1 0.23 10.14 20.21 30.44 40.57 50.18
SR 2 0.39 10.35 20.41 30.5 40.41 50.23
ST 3 0.51 10.23 20.38 30.62 40.33 50.3
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Figure 6. Chlorine analyzer 0~50 ppm linear analysis
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Table 5. Measurement results of 50 ppm range standard gas in the gas chamber at 40°C
5. 5= 40°CTHI 50 ppm BT VELR

2 3 4
50.29 49.86 50.34

REL 1 5 6
WEHE 50.17

50.12 50.4
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1724 h, g3 24 h R EM M EREREE, HENK7 4, 24 h T GERMERER T EEAEL2%
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5, —%(A)xlOO%o
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Table 6. 24-hour zero drift and range drift data
% 6. 24 h ERRBMEREBEIE

1 2 3 4 5 6 7
=) 0.31 —-0.02 0.14 0.27 -0.19 0.51 0.24
iy 50.12 50.32 50.59 50.21 50.49 50.73 50.45

JE EIRSZIGHAE, RS 24 h F SRR N 1.02%. ERAEEFEN: 1.12%. HEEE 7 K
EEER N 0.48%, 7 REMERN: 0.9%.
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RGUVE M UEAARR TR ERAE & B, X RGBT BT 1 AeAE,  SEE
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