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Abstract: On-line monitoring for identification gases is one of the most important goals in industrial
production processes and safety warning areas. Compared with laser absorption spectroscopy. conven-
tional monitoring methods are insufficient in terms of response speed, measurement accuracy, service
life, real-time monitoring of a variety of monitoring targets, measuring range, and application scope.
In this study, Tunable Diode Laser Absorption Spectroscopy (TDLAS) with an appropriate absorp-
tion wavelength was introduced and used for different applications: extraction method of industrial
pipeline gases, in situ on-line opposite-type installation, diffusion probe method (integrated machine,
multi-point passive transducer), and unstructured open-path monitoring. The detailed measurement
results are as follows: The extraction system can be used to measure the concentrations of various ga-
sess such as CO, CO,, and O, ;Conventional O, concentration and CO with a concentration less than
10 pL/L are measured based on the opposite-type system; The integrated machine and multi-point
system uses CH, measurement as an example to realize a response time Ty, =15 s, a monitoring limit
less than 150 pl./L and a leakage alarm accuracy rate approaching 100%. Lastly, CH,/C,H,/C:H,
was selected to test the ability of the open-path system, which realizes an early warning ability of zero
misstatements. According to long-time operation results, it is apparent that the TDLAS instrument is
reliable, practical, and effective when applied to monitoring marking gases of industrial and mining
safety production, and early safety warning.

Key words: Tunable Diode Laser Absorption Spectroscopy (TDLAS) ; industrial production process;

safety early warning; marking gases; direct absorption signal; harmonic signal

SR 5 A3 M H R B & o AR E . AR R
R 47 AR BB 36 [ 56 £ B CUSEPA) KK 26 5%
P47 B (EEPA) AT VR Ry S A 0 B 2 R A5 o 2
— o Horr, nl R AR S O T IR i (Tunable

1 351 =

Tl A # A T AU SR BRI TS G 19 32 ORI

2 22 A TR () T B SAR, J2 op [ R R A RN
Pyl R E A, Tl fb R p, TV A A F
TG YA SRy Tl A v E L B S, S
RU5Y) 70% . P ER TLA BA F AT G
FEHLET 20 th2d 70 AR, KB F 80 4EAR. 20
T2 90 AR LISk, Hp ] 1R 8 3% At 4 i ok e
A, Tl A f A AR TS Y b i B T 5 ek
R e, Tl SRR S N L AR
= ALGKG I 7 % B LA F T vk S S TR e
LHAE NN IR S I, (A DL 2RI F
T3 IEAAL TG BERE S TR AE AL 3, 25 5) 32 3 4= ot
AT T L I A L A A
FEA A AN R 2 S AR A I A AT A R
B 5 BRA B B2 R Ak 24 F 5 1) 1 45 R R
RMY) L2 S F A T 22058 i, 45 Fh Tl

Diode Laser Absorption Spectroscopy. TDLAS)
AR A8 WO 2 19 B I RR R L
00 A P R I O AT £ 5 5 DR TR T e R
RO CFRF AR 5L 7 XA I A A e 2 B PR
RSO AE L M I, H AT IZER E & T
WIS SR BE 2 B TRl L 3R R R i AR B
W i ) S A 2 TR B A A —
AL R 22 4 A DN D B R T R T 0l 4
B e S I,

ARSCE A BT TDLAS HAR f FEA J5U B J
HAE L VM 5 AR5 o DN Tl M 0 | R 2 4 i
B YR AV 6 IS bR R R il
BT CO.CO. .0, .CH, \C:Hy . Co Hy 5 Tl AR iR
PR A ), Xk Tl A T Al MR A R X S
L P HEAL A (BN —~AIEX 52



%8l

R A OO GG E ARTE Tl AR 77 g i S 2 A BUE AR MR I P B R T 1927

S TR AR IR 20 E Al SUHRHOT i 55
WO T WL AT T PR I 23 A s S B 0 0
B 4 MR A R I R AR A S S T
[F) 1N 7 6 B4 552 B 0 6 15 T o 0l 00 Al 45 2R
O AT B R P R ] A 0 S 5 TS o R 2R T
TDLAS £ ARG 7™ dh W T Tl A= 7 i 7
B A TV BR PR UM I R 58 A I A LT 5
FIAT R

2 RZRARKIAFRIE

2.1 Beer-Lambert [ I2
TDLAS R4tk H 0y 42 78 2 5 L vl 38 M g
e oA R 2RO AR o 8k SR LS 1Y
BWOtRE SR 1, 38 1E Lambert-Beer & (A1El 1 i
AR IR R
I,oc I, R"s, CL, (@9)
Horr: I, SR &b e B 90 45 O 5 s R 3Rom 21K
S 58 7 ) 2R TR 35 n ROR R IR B 00 AR
AR B IR S R 0 C R L 43 530 A e T =04 7 e 8
WO AETF A R L R=1,
(] B, SR A 2t e /s — 3fe i % 2 2% {5 5 A
B9 AR S AT A R A R o
L IH X 0 A e B A T R 3, 45 3
To1 Catea Lot = alps Crer Lo (2)
Horp s G 278 B D SR B9 RN B 5 Cra RR S
BARMEVR AR s Ly » T "R S H A7 5 AL 115 5
IR 6 DG 5 Loy A1 Los 278 WCSUAAR B9 T 310 72
MZ% e, KX UBEH -
Cyiea = aloz Cres Loz / Iy Loy (3
AT UL A 2 . AL o 5T ORAE I IR I
Fo2HZEEWEWEZ VM, 6 Lo Le
TEAE % 5 22 YRS SR W S0 1) 1 10 T T A 45
Jon i BB 15 10 5 R R S o A O s ) = Y
AR PR AN R Y AR AR E S Y
e 5y — A NR S PR &6, Lo, L JGom{H
A DLE i = P A S B O L U IE K T
s FE 1 f 55—k 3 ROy kT,
2.2 ELIEFEKRE
TDLAS 52 51 X% 73 W e 8 47 ) & 1) —
1o 3 B OO 38 7 vk I R S B0 B
B, —E LR R HITRAN SO P %t <
TR 53 T WS 2R i 3k 2 2% S DL LA e .

5 CO ™ ; -

t . & O i

—— wo ¢ G o H

V% :> Iy ; 1 : ——— ‘}I ¥
Laser soure . COZ)' S I Absorption

spectroscopy

BT LR A E B A

Fig.1 Scheme of Beer-Lambert law

(D)X TR B SRR WO, S 1 38 v R
BEPERE— A SR A WSO 5 TR T I AR R |k B AR
e AR U 5 B e 5 — A 355 P IR i 2k L LA sk A AR
2 e

(2) T S HOG 2% B0 1 0 AR 25 R AN
S R L % 252 1, DR A O i 8 181388 51 Rl I (e
B 100 em™ DS BEA Z AR m)
WG FRAE R A, DEARIE R D
Wk H

()R AT REHE $F — A 5z AR By H B I 4
A3 FF R AR AN J2 4 % 1 225K L i FLX T 45k
Fe RS 7 R R DL S

(O IEFERFM 73 F 1y Wi £ 5 Hoe T AK
FR WL 2 43 FF 3k 88 4 £k T DL B R AUk
BRI ER L BT BE 212 HL O, CO, X2 iR F &
RSy

Rt AR A |3 43 Br i of HITRAIN %4408 e
AR 4 PR R o TIig L s 2 Fros . K
Hh i Sk i i S 7R AR ST IR R 5 TR A WO
2k Bl . CO-1. 566 pm,CO,-1. 578 pm, 0,-0. 760
pm CH,-1. 653 pm, T 36 B 335 2k AH X B — i
IR EAMIEL T A F T T <R 7E
M 5 o Hr

3 AARAmARBLER

eI 2 58 v AE A B o3 B A L e . RS
SR AT ] 1 5 PASHOTE #5 F S OI6 TRLL 81 T
AT AR I L I 5% IR R AR AR Al R . O
i F DR ALAF A A9~ 5 O A% =R HE F U 4 7
RN 2 4 < DR K Bl o i R A ) el DR P DR R 4%
O AR B AR L oSO 2 R i A —
Pk BRI AR 4 oe A R Ot TAR R . i
e R0 T 5 U e v Y 28 B O AR A9 A I
ol i R . e O R A D A I e o B
PR TR I AR 1 B — A5 MR £k 5 5 OE



Ny N T, -
1928 e K TR %26 %
2.50E-023
138E-021 | |
2.00E-023
1.15E-021
9.20E-022. 1.50E-023
g 6o0r-022 S 1.008023
4.60E-022.
., 5.00E-024
G008 1650 3 ; 652 1654 ' ‘]‘}:56 1658 1660 ¢ : 1563 1564 1565 1 ‘5(\6] 567 1568 1569157
o Wavelength/nm L00E023 Wavelength/nm
1.50E-023 8.00E-024 |
120808, 6.00E-024
S'9.00E-024- “
© © 4.00E-024
6.00E-024
3.00E-024- ‘ 2.00E-024 “
s s~ 1877 13 13m  1ss0 “UE%Gs T2 Teta 768 1808 7610 E] 3 ?H:I HX :T:t sy ¥|)]|J ,“tﬁ\ é}ﬁ ’H§ [Z] K JL ﬂ i & uﬁ I‘I& 7‘& t‘f‘; :T:t N
Wavelength/nm Wavelongth/nm e e e o a
AR AP VLIR R, P B0 1 AR RVE R R
P2 R HITRANL2 $odfs #8482 i 0., CO, i ib B AR S8 CHE R — 1Ak 5 BT 2 O AS X
CO, .CH, Jtikf5 % HyEthilspoT; o0 3 K RGP Fon 4
Fig.2 Spectra of O,,CO,CO,,CH,; based on HIT- RSN E A s b e, Hdh¥os 2.3.4

RAN12 database

5% U 1R WG R R AT 3 of K A5 f I R ) EEE L 9 A
Jei A O 20 2o T e DX AR IR Wi L T 2 4
W T 2 A B R A A e 0 A i A 43 )
AT — KW E S A HM KB GES QCH.H
PC i fil 5, DSP 4§ #E47 804 R 4L Fl b 3 Ll 44 %
T SR TS B B AR AR R VR I EAT R
GR35
3.1 ZEHEAVESR

BTG R G0t R R S AR IV R
TAh B R G0 WOk A8 S R BT etk RS R
TG 55 I L B HE b PR TSR AL R, SR R
JEERANE 3 . SRACKE 5 B E B, B
BT 3 3k o i S R ) R R R s o R
AR, PERVE R ARG R ] AR R AIR
Se B PR KV HI R AR A R
G R | LR I SR IR L B R AR, R
RGEHMBR A AT A5 - 30 IR B v R 1 4T
TF RS AL B S 26 A SO SRR I 2R 5 K
SR 22 YR S S W ATt 1A O AL TR ESEA R A d
R 7 85 A B e AR B A5 4 i ) B OT L A S A
WS S 75 e A BT R L 2 L R B B R R R R
A 2 SRR o A S R AR R

A AL TAT MDA A 7 2 B v AN Wk s K i
Gy Bk 5 RN B AR, X SR B R s
S, KXo e R R fEE, ™
A A UV AR R N BT . IR,
P A P o AR R SR B K R e B
7 it 0 g 28 5 ) 0 < AE R U Y A 7 g

SRR ENTT,
Fig. 3 Schematic diagram of extraction monitoring
system and photos of absorption cells and in-
strument. Unit 1 is the preprocessing system
with heating pipe (all-in-one system) ; unit 2
is a laser source and controller; unit 3 is op-
tical system; unit 4 is the detector and pro-

cessing part. The units 2, 3 and 4 are inte-

grated as the host part

L e CO M CO. 23 fifi i Ak 57 v 5 L 52 ) 2
7 Ao AR o PR A T HS A R B COLCO, B KR
RPN O, B BEAEFHEZENE X,
B8 T4 R RS B L LA S RS
B 15 50 R G AR ES MR i Ar 2 » &
Z W A LAJG A LLEEAT H AR v BE i I . 1] 4
JIE 7R SR A B =R R RS S 2 A
WA M., & 5 i hilla bk 3 Fh S Ak
JER 53 5 6 Tl AN [ e B 0 A4 I 3t it 2k

IR G g B, LR RS X R
Ji T B AR T AR S BRI SR T A AR R ok
FRE, B HRE R R EN, W
12 F B MR AR AR A Bk . e i iR v
CIENERUNR(EP-S2E 7R R (=5 4=l N e E o
N ARG YD, FR A R T IR
PR W 22 G0 6] ok 28 X SRR, 9F R H TD-
LAS X Sl SR A7 W B 0 7, B AR B 3 o
GPAEREAS . AR O 28 IR TR
WA SR K Kk 22 SR SO S i W I 7904 4 B (CO
CO, .0, \CHD AMULE Fan il 6 BTz . TEFR HEHR
JEF R EE A 1 iRt



He KRR OO EORAE Tolb A i e R 22 e BUE BRI BRI 1929

sol —— 199 uLL J—
——1600 uLIL —— 3900 /L 200}
60 - | ——1300 uLIL 400+ —— 2500 WL
—— 1500 yLL
Z a0l Z —s0ulL | B 100|
& = —aul | 5
2 a20f g 200F 2
2 g g o0
= = g
a °r &, &
N iy L &
S 20 8 o-100
—40
—200 | —200+
_60 Lt L s . . . L L L . n " L
0 300 600 900 0 200 600 800 1000 0 200 400 600 800 1000
Sampling points Sampling points Sampling points
3.5 L ~*~SNR of concentration 30 | —=— SNR of concentration 18 |- —*—SNR of concentration
" | —Fitting of SNR 4 Fitting of SNR ——Fitting of SNR /
3.0 Bl 15+ /
5 o 2} & s
= 12
© 25 R=0.997 4 2 R=09925 3 R=0.997 5
& %‘7 15 o
20F Z of *
g “ 0t @ /
15+ sl 6k /
J/
» *
1.0 o} 3F
L L ' L | i i i i i L L L . L
400 800 1200 1600 l 2000 0 1000 2000 3000 4000 5000 2000 4000 6000 8000 10000
Concentration-CO,/(uL-L™) Concentration—CO/(uL-L'l) Concemralion-O;;/(uL-L’l)

P4 =R A [a] e B B

W AR = MR 56 2 (CO, .CO. 0y

Fig. 4 Second harmonic signals and its linearity curve at different concentrations (CO, .CO,0O;)

20000
15000 o

£ 10000 5 oo

= 5000 —— CO, concentration ~1027 1030 1033

ER hmm————. .

S 1000 12:00 1400 16:00 18:00 20:00 22:00
= 1200]

g 1500 boooon

< 10004 T T 1 Y .

% 500 600 2000000
g, 0l——CO concentration e 12:57 13:00  13:03
k) 10000 12:00 1400 16:00 18:00 20:00 22:00
g 12

§ 151 -

£ 104

S 5] i egegegeges

~ 1257 13:00° 13:03

‘0, concentration
10‘:00 12‘:00 14’:00 16‘:00 18‘:00 26:00 22‘:00
Time(HH:MM)

5 =R S T HE S A () e I g ) 45 2
Fig. 5 Measurement experiments of three gases at

six-different concentrations respectively

6 PANIE SRR R AR e Ah ot

Fig. 6 Two forms of flameproof enclosure

x1 MOMSEERRKRETHRINELER
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CH, 1.04% 1.05% 0.01% 0.06% 0.10%
CO:  3.01% 2.97% 0.04%  0.08% 0.25%
CO 20 /L 20.18 pl/L 0.21 pd/1. 0.76 pl/L 1.6 pl/L
O, 4.99% 5.01% 0.12%  0.43% 0.31%
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Fig. 13 Multi-point type passive sensor probe system. (a) Schematic diagram of point-type passive sensor probe

system; (b) Structure diagram of micro-cell; (¢) Photo of micro-cell
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