552 B 30 T % IR Vol.52 No.3
2023 4F 3 H ACTA PHOTONICA SINICA March 2023

5] H#% L . YANG Chaofeng, SHEN Chenying, LU Juncheng, et al. Ammonia Adsorption Measurement Based on QCLAS
Technique (Invited)[J]. Acta Photonica Sinica, 2023, 52(3):0352110

T E R, VSR A, R I, A L BT R O WIBOG RS B R i NHL W B I 5T CREE) [T]. 06 2% 4, 2023, 52(3)
0352110

$E T G EOE UGG £ R B NH, IR
il 2 AF 5 Ry )

MR B, PR, AR, BRAC
(1 WHITURFE R BOH B 24 e, 418 321004)
(2 WL WYL K2 WiV (s BRI 5 B R BRBFSE B S S0, 418 321004)

i OERFPCRKRAZIN pm T T RIEA BN AR, ZE 6K KRR LEERF D RRK R
HAF LB, AT —ERALKRERMNAZL, #FRFEDTRAG AERNF, 4R AV # XK
BFEH AR FZABETIT, BRARRREGRARTE KA, F3] = RFRE TSRS
W Z ] BIARAF A KR R, L BA R 0H 99.50% . AR EAE 0~100 ppm & B A, =k 3k 6
Hig 20T 3%, P AR E&HKRE10~100 ppm & B A A8 xFiR £/ F 1%, L 4E % 10.35 ppm/ V., B
B K E K 6.25 ppm B R A, FF BN Sl kel o R R BAT Allan 5 £ 5 AT, R E R RS H A A
195 s BF 94K M AR P 121.58 ppb. Bl BF , B A R EFAS 7 @ B &, KR A AP g 2R,
KR R AR AR AR N ;T R IO BRI Kk KA

FESZEE.0433.5+4 XHkFRIZAD : A doi:10.3788/gzxb20235203.0352110

0 58

S ONH) 1 Sy 535 i 14 £ 27 9 J53 LA R 7™ 0 jal ik N 288 i 5 0 R 5% 1) G o M AR =2 — 1 P L Pt L
1o AR AR I B A ) R L AT S (EUE  NHLJE TSR B B R 4, B s A W B A i
FE b Dy R B I, S EUFAER AR AR A2 | 52 G0 0 10 18 LA B U (1 e 5 i A1 45 ) REE , AW K 1 552 Wi G T ) o
BPE L 38 RS N DY S SR IBUTIE Sl % it R T ok R ), R S e 3 A A AR R P 2 T VAR S A B R
T 5t 7> Xof 336 8 NHL 56 B 7 125 A0 ROR PPA B o W B 5 56 BT 3 380 2l 2851 A i, NHL ik 3 728 Al e, 2R PEN 5
HA RO ey R R R . PRI RO A R LR R OBOEE Y N R R A Ny vk B
2.

B UL NH R 7 5 A 46 - 4 B A 1R BT b s O RO ek ek B TR O R
FE R 25 IEREVERAR B TR IR B A, AN S TR R LA e R A DU 5 SR A 5 I o T O G A T B R DA
FCAEGRAE G, LA o 13 I ) R S5 455 A, IR g R AR A ST 58 AN A8 R R o TR, Oy o £
NH, W2 B J97 3 A7) 28 0 A0 6 A2 o A B % I gt P ) AT, T 80 38 2 S (AR 0O6 W SOK 3% ( Tunable Diode Laser
Absorption Spectroscopy , TDLAS) AR il o0 R 5 NH A 09 A g T 5 Qi 48 [ i 75 48 R 2= ) B4R 2= 00 50 e
i SCHMOHL A 45 9% 7t 3 %7 NH. e B 52 mig™ . 347 78 3 R 240 scem . 160 scem . 80 scem (standard cubic
centimeter per minute, scem ) 45 4% 8 T 14 8 G el b7 o ()0 &, >4 i 3 0K T 150 scem I, 22 48 1Y W BHE &40 1 %
RAEAR o PR S 6 DN 38 8 190 36 THD A7 78 K NHL 4 7 09 1 H 25 G 0, 78 5 0 i 7 A= W B 240z o B DL, KRR
R R IR R T 25O G T R AR I WS, DA /0 A W ATt A B A /) 42 ik T AR, ) FH T 214 DF B

EE&WE BRI APHEEEENo. 61775797), #i VL4815 B % 501 H (No. 2022C03066), 4 4 117 ai FHZ KT H (No. 20213032)
F—1EH IR, yangel@zjnu.edu.cn
BRAEE A, shaojie@zjnu.cn
We#E B #1:2022-10-30; % F B #3:2022-12-30
http: // www. photon.ac.cn

0352110-1


https://dx.doi.org/10.3788/gzxb20235203.0352110
mailto:E-mail:yangcf@zjnu.edu.cn
mailto:E-mail:shaojie@zjnu.cn

T o AR

SR A G IR AT A I A, R GE R A I) 18 s BRI A B > 26 ppb(1 ppb=1X10"")", 3% [ i $H 45 K 2%
19 PENG W 4 i o 24 e 4 R0 g 4908 408 o it 149 J =i/ N W B, hn 64 22 36 b 28 315°C , 1 45 480 il BR Ry 2.8+
0.26 ppm(1 ppm=1x10")"",

AR S HEF B T YOO I % (Quantum Cascade Laser Absorption Spectroscopy , QCLAS) $ A 4
T NH, BRI R G . R GEAEWE 0~100 ppm 71 BBl N R 8% K 10.35 ppm/V, L B H 99.50% . K Hi&
Allan J7 22 43 A, e AE B 43 55 (8] 2 195 s H A% FR 7 121.58 ppbe 7 3CH) H 3 1 8 il O 1% (Wavelength
Modulation Spectroscopy , WMS )+ AR AL i, %5 NH, B B 77 28 #5147 3 A8 0 5230 48 5%, 38 2o 5% FHAR W B 7 2R
V4 98 & i (Polytetrafluoroethylene, PTFE ) 4 18 #4 #} 3f- in #4 22 3 1th 2 200 °C, 1 & NH, 3l 28 V- T 19 5 A 5
S A . AT AN AR R T 4045 TE MR R T R Gt FR G0 % e I B[R] 138 s i &2 19 s, B ik T RGEAE
INTHL, 182 B A 0 75 T ) ) A

1 LEIE

W AT O 335 1Y) AR 9 Ji BRI Beer—Lambert & A, A6 PR S SR 53 7 AR BRAE , W U RE B DA T & 24 5
FEAEu . WG B S AN TRZ IR E RN
I(v)
I (v)
Ao L () A BOGI A SEREE T () RO R EE o, RSN AU R EL, P(atm) (1 atm=
101 325 Pa) 5 I A4 BT 4b 21 58 04 i, XT( 06 ) SR AR BE 7K 43 80, S(em Patm ') iy WIS 26 (9 425, ¢, (em)
R — AL R A, L (em) S0 5 SUARAE HT Y BB AR K B
WMS $ AR5 5 3047 = 43008 ) J5 A ) 7 e s AL IR RS AR RO IS
it b I A E 52 A S AR 5 A S SN A5 5 e s R T F IR A RO A | 2 I RO S B
IR DGR ST IR . RO AR ] ROR Ry
v(2)=wv.(1)+ v,*cos(2xf,t) (2)
A, v Cem DARRBOC O v, RS I 7, 2 R . — B H — A B AR FNH — A Y 2 4
e it =0 (3) EKon

=exp(—a,L)=-exp(—PXLS¢,) (1

v(2)=19,(t)+ v,+cos(2nf, 1) (3)
K, 008 200 — vo)/Ave, vy Cem ) G L0y 3R, o, IR BE 2v,/Av.o 45 A BLI R 20AY Lorentzian
LRI S AR R TR I (20) Rk K
SZf(ljc, ga)~ _/an[)fz _io +% ()?1 _‘_23 )_jl +(}?o +% )_}z _._% (21 +)?G >_j3 _._% (922 _._)?6 )_L _'_ }(4)
A, Sy JE TR &5 73 M 15 5 958 A HL I R A, B AR R e A BOG AR IR, o m B
FE A0 — IR R FE 1L R B I3 — AR e 3

2 LIHEE

QCLAS I % &8 1 25 /4 7n 2 B 1 1 7s , O824 DFB-QCL (QCL-C, 7 ¢ i JK kOt HL B
F), LI K R 8.91 pm, P K AT JEVE Bl 8.944~8.900 pm . HiATRE M T QCL S A 2 AR A 25 iR |
B O v AR AT . WA SR FH S G A Y D 2 E v, A OE R A #) 26.88 m, S i AT R AZ IR E R
230 “C. ¥ 10 Hz Ik 45 = 1 ¥ 49 5 5 5 & Jn B A1 750 K 4% (SR865, Stanford Research Systems) 7= 2k (1)
19.99 kHz @ 450 1E 5% {55 /F AR OG &8 b, SEBBO6 88 K ag B s il . 98615 19 DFB-QCL i th #E B
625 28 W WU LAJS 33 BB 2T AMOE B AR I 28 (PVT-2TE-10.6, Vigo) 34, i 8K fift A 2% X6 45 I 85 15
S HEAT AR VR, B R A R 4 AN Ah B R BUH R 1) 2115

A FE 19 52 55 ok B NH, (100 ppm, B 3 R AP AR TN, (99.999 %6, B 5 REFl A4 A5 1 A4, o I 38
AT T (CS200-A, db ot £ 2 AR A H 7) DLRC 1 A T8 ¥k BE 19 NH,. il o £ 1 L B 25 72 (D-50968,
Oerlikon Leybold Vacuum) il [k J7 £ 8 #§ (PS4-102V-Z, COPAL) it 45 5 i £ b 9 JE 38 . LAUGE 5E B B

0352110-2



IR, 45 5 T T SRR O SO T8 5 AR B NH I8 B4 0 5 AT 5 (4 33

Transformer

Multi-pass cell

Vacuum pum
acuum pump: Njeedle valve Pressure sensor

>
1 &
D == e y
- Detector NH, N,
Lock-in amplifier Heating resistance

PT100

A“E Mass flowmeter

: Laser drive
Function generator

1l wllAHEmElrsEHE
Fig.1 Schematic diagram of the structure of the detection system
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Fig.2 Physical diagram of the gas absorption cell
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Table 1 Database parameters for absorption lines
Air-broadened Self-broadened

Number Wave number/cm ™" Intensity at standard 296K/ halfwidth/ halfwidth/ Lower state energy/
(cm ' (moleculescm %) ") - - B - cm !
(cm™'eatm™") (cm™'eatm™")
Line 1 1.122 055X 10° 2.103x10°* 0.5 1.044 10" 5.927 099 X 10
Line 2 1.122 094 X 10° 4.494x10 % 4.55%X10°" 8.58X 10 * 4.622 196X 10°
Line 3 1.122 104 X 10° 4.675X10 % 3.97x10" 7.98X10* 4.952 417X 10°
Line 4 1.122 118X 10’ 7.931x10* 5.18% 10" 9.2Xx10* 4.216 648107
Line 5 1.122 13310’ 9.406 <10 % 3.44x10°" 7.39X10* 5.208 285X 10°
Line 6 1.122 160 10’ 4.675x10 % 2.96X10 " 6.83X10 * 5.390 515X 10°
Line 7 1.122 178 X 10’ 4.644 <10 2.53X10°" 6.29X10*° 5.499 652 10°
Line 8 1.122 185X 10’ 9.263x10 % 2.15X10°" 5.76X10* 5.535 997 X 10°
Line 9 1.122 203X 10° 2.716 10 % 5.85X10 " 9.84X10 * 3.734 557X 10°
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Fig.3 Direct absorption signal and fitting of NH; under different pressures and the residual
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4k Experimental data
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Fig.4 Measured second harmonic spectral signal and data fitting using 50 ppm NH, and the residual
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Fig.5 Measured second harmonic spectral signal and data fitting using 6.25 ppm NH; and the residual
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Table 2 Flow rate settings and corresponding ammonia concentrations

Ammonia flow rate/(Lemin ')

Nitrogen flow rate/(Lemin ")

Ammonia concentration/ppm

0.02 1.78 1.11
0.04 1.76 2.22
0.06 1.74 3.33
0.08 1.72 4.44
0.01 1.70 5.55
0.12 1.68 6.66
0.14 1.66 7.77
0.16 1.64 8.88
0.18 1.62 10
0.36 1.44 20
0.72 1.02 50
1.8 0 100
1(9)_ f‘o‘b 0 Experimental data .
9 Linear fit
E 8F E) st
571 3 7t
"§6 i “ RS R=99.50%
S5f & Z st
§4- jg af
= b el DY~ SR R
0 20 40 60 80 100 120 0 10 20 30 40 50 60 70 80 90 100 110
Sampling points Concentration/(ppm)
7 —RBHGEEEERENXR

Fig.7 The relationship between the peak-to—peak value and concentration of the second harmonic wave
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Fig.8 Successive measurements and Allan analysis of variance
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Ammonia Adsorption Measurement Based on QCLAS
Technique (Invited)
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(1 College of Mathematical Medicine, Zhejiang Normal University, Jinhua 321004, China)
(2 Key Laboratory of Optical Information Detection and Display Technology of Zhejiang , Zhejiang Normal
University, Jinhua 321004, China)

Abstract: A strong adsorption effect appears while ammonia passes through a tube or cell, and its polar
molecules can easily stick to the wall surface. This results in low sampling quality, slow systemresponse,
and low peak concentration, which largely affects the accuracy of gas—monitoring techniques. This work
aims to develop a rapid and sensitive monitor system for ammonia concentration, and presents an
evaluation method for ammonia desorption at the same time.

The developed system of ammonia concentration monitoring makes use of a Quantum Cascade Laser
(QCL) operating at 8.91 pm as its light source, along with the technique of Wavelength Modulation
Spectroscopy (WMS) and multiple-pass cells of low—volume and long-pathlength. Particularly, we study

" and implement a direct gas absorption monitor of

the spectrum of ammonia absorption at 1 122.16 cm
ammonia under different pressures by fitting multiple direct absorption spectrum lines to its Lorentz curve,
which analyzes the effects of gas pressures on the absorption spectrum within the specified spectrum range
and lays the application foundation for wavelength modulation technology to obtain the 2f ammonia
absorption spectrum curve in the target spectrum band.

To suppress the system noise, improve its signal-to—noise ratio and further implement the
measurement of ammonia wavelength modulation, the optimal pressure for ammonia gas monitor by
wavelength modulation technology is hence set to be 0.8 atm.

By monitoring the wavelength modulation of ammonia at different concentrations, it shows a perfect
linearity between the amplitude of the obtained second-order harmonic wave and gas concentration, with a
linear fitting of 99.50%. In the meanwhile, at the ammonia gas concentration of 0~100 ppm, the average
error of the second-order harmonic wave is less than 3%, when the relative error is less than 1% at the gas
concentration of 10 ppm~100 ppm, along with a sensitivity of 10.35 ppm/V. To evaluate the system
stability, ammonia gas at the concentration of 6.25 ppm is prepared to make measurements when flowing
through multiple—pass cells. By means of Allen variance analysis on the developed system, the system
detection limit of 121.58 ppb is reached at its best integration time of 195 s.

In addition, we conduct experiments on the absorption effects of ammonia under different tube
materials and gas temperatures. For example, the system response time for detecting ammonia for the PU
tube at the gas concentration of 6.25 ppm and room temperature is 138 s, while the system response time
for PTFE is 19 s at the same gas concentration and a temperature of 200.

The system developed in this work demonstrates excellent performance in the experiments of
monitoring ammonia gas absorption in practice. On the other hand, it provides a novel method for studying
ammonia absorption.

Key words: Ammonia adsorption; Direct absorption; Gas detection; Quantum cascade laser absorption
spectroscopy; Wavelength modulation
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