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Spectroscopy and Spectral Analysis

/.

R EEZNEASEESARBEEBBENRERE

oot B xR, REAR TR, FERY

1. Wb KPRl 2 54 R 2B, Wb 4R
2. WEMFBEML A TR #BE, IR M 256603

071002

H E ORAMEN-MREARI AR AN, E RS, L, RN, B DAS A S
FIVZ IR o RS A 5 BEL 4 A H SR — TR Ay v R ™ AR LA vk s RSP AT P AR B R s e S L R
FZE S BB, A T RRES AR FESS S . e LB EMERES . RAEBENE. fl
1 RN B A A VE Z AL BB Bk o, IF BB SE ¥ 2 LT BUUE RD Z 18], 5 32 B AL 2 5 e e . i
HLE o B BB AL A TR B R (CIEBYID B —EF R (B IFAID , A0 T8 T HE— 0 &R
(B*3-X'3), L RAR %4 (715. 7 M 799.5 nm) o BT 3 6 i 78 48 41 X 487 (200~ 300 nm) & A5 B 8. 19 &
S RELR . HSLARUHE G DA A MR AT BRI T AR A DX 30 58 A RSO 3 0 e AR 7 A A SRR B . Rk
% 1 AT LA 280 W 0 B AR B A A IR O, OO A TE T B AR (T B, X SE 06 PR B S SRAI AT A AR R R
i, I FLUAT LA £ Wi Rk AR A . 36T b, il il Beer-Lambert 5@ HE 115 T 5L AR U B B SE 0 2 80 4B
Ak o 25 R IR S e s W R B0 2l A5 S A 1 SR AEVR B TR o X B 5 SR T RS A 9 B R 1 Tl

B BA HE A E

KA

FESES: 0433.1 X EARIRAG: A

51 5

SLAEUE Sy — bR AR RS TR RS R R B
AL RS BT DA A F AR W
N4

FI Al 32 B = 28 i LR S iy i o B — R AR Y
e 5k s JET R AL IE RSV . Saoud 4 I T Al
TN T A J5 BEL 5 s (DBD) 4% B 1~ 1 S A 77 A2 19 54 o
. IF TR A TS . Onnby % 16 BF 53 16 K v ¥ i 47 HL B
i R U TR R ) R T L L Ok
Mk B S TR R — S A SO I L R OGS R S B
W R A . AN, BRSO AR AR R A A% S
A9 T 32 B B o 35— IR T AR AR T E R 4R . Chiten
Sl ZnO RAEAR KRS, IR T 2.5 ppm RAWKE T %
SRR 01 W) o7 B ) R S B IRD L Le SRR T — AR A S
W et « T 5 M M0 /K e R Y R SRR R L R IR
TR SR PR EOR LU BT %] — A AT LUAE L B 5 (<

Wi BEH: 2019-01-04, {&iTHEE: 2019-05-08

A BTBLPA R s R AT s WlOokE s AWK B 5 Beer-Lambert & f
DOI:; 10. 3964/j. issn. 1000-0593(2020)02-0461-04

PR TR B A o A = 2 AR I R R T SRR T
Keeffe S FIi% 07 ¥ » A BUE S0 T I S X309 WO 1 25
AT BLAR R . Sousa SR TSSO 3%, I TR
25 B HL T B Y SR A R o WO B v R A B R
S5 PR B RAR . AR AR T A . O AT DA% £ M
AL AA

DBD B R AET - ERBES T HRMFEHEART
B B g T A R AN . DBD AR R — Rk
PR RN i o T R MR R AT AR R A R R TR RE L
I R4 BE AR A o RGO 38 0 B DBD R AR I
JE o JUIAE T R AR I S 56 2 B0 A A L X A 7 A A T
HAEEF L.

BEXEF 8L, A TAEF AT F 4 DBD 2 &, SR AR HOE
TR R TR AR R B S 0 2 B 2 AL

1 SHRE
Pl 1R s B . AR 30 mm ) A R BT X BRI B

H4TH: BHEARB¥IEALTE 11575050, 11875121, 51977057), 4648 A AL 3 430 H (A2019201100, A2016201042) ¥¥ 1)

EERN: m M. 1978 4R, B 2 B it 25 LR~ Bt Rl iR
* JE IR R A

e-mail: plasmalab@126. com

e-mail; gk-79@163. com



462 S 5 6 M

5540 &

(R 7K, FEW s 43 0 6 55 JE B2 O 0.5 mm (¥ 1 5 B A 3
M GAAE 50 mm) . P AR ]S BLA2 0. 3 mm, % DBD 3% &
HICE TEFF RO A SRS Horh— > A % e 38 U H U v R
%5 (Suman CTP-2000k) 53 — A~ s Mk 45 3. ) FH i R 96 %
(Tektronix P6015A) I & i A~ Ha B 18] 19 H3, < (V) o FI D
53448 (ET 9085SB) SR 4 i il K L5 5. %4 bR
(LLS-LED 3186) & H i) ) 48 28 o 2F il ofis B85 J5 A 94 i IX.
W, KB4 s — M E T . 8 R 1L Bk g
L (ACTON SP-2758),

Oscilloscope

Power supply

Fiber 7«'?‘

Quartz plate =

UV lamp

Bl XBKETFE
Fig. 1 Schematic diagram of the experimental setup
2 iR 5itie

2 A0 v W (V7 ) 388 R B — RE BN A v A ]y X
RS, PSR TR XS LT YRR RO S T
WE 2 s, HV, B 7 kV, BRIWAEO K 3 kHz i, %
TE SR JA I B BEAIL B 2 A K SE AR B A% 0 ko HE K v g
TEJL RSB L RS Z 18] o 34 1) 5 0l Jik ol 22 B oL 19 9
PR % e S Ui R L A S BURRAE S . . KRR
DBD J2 i 5t s AL - 75 S AL T bR R B — S AL
Or A B 22

6. L 4
3 -2

3

<

Z 2

o 0 0 &

% 'T”HI Z

G E
> 34 F-2
-6 L 4

0 100 200 300 400 500 600
Time/us

B2 BESEESHEEE(V,=7kV, f=3 kHz)
Fig. 2 Waveforms of voltage and light emission
(V,is 7 kV, fis 3 kHz)

B3 45 T 200~900 nm fHCR & HHOEHE . Hoob &0
S 2 AR BT TETHRRE R BRSO
AR B A T IR R(CIFBID , A4 FE
TH— AW R (BEXS), MA S TH— EW R (BIF

ATD . BRT X FaF R, LT EETRFIEL O 1
(715.7 # 799.5 nm) Ml Tkl KA E AR T, B
TER AR T AT LG = Al 4 o 7 = A R4
O+ 0, +0, >0 +0,
O+0,+M—>0, +M
ALOL U R SR A R e M . g4, B3
200~300 nm XIF(UV X & A B 81k J k4, AT
LA DX 358 198 W A 92 R D) R AEUR B, SRR 2 El T
HL A B 1) &b e ) 2 SR

40
351 Ny(C'11-B*IT) Vi=TkV
30 4 f=3kHz
5 254
=
£ 20
5
e 154
— NOYB,E-XE)  Ny(B’II-A’ID)
10
o i Lllae
200 300 400 500 600 700 800 900

Wavelength/nm
B3 200~900nm LB NEE FHRBEHRE
Fig. 3 Optical spectra emitted from the plasma
in the range of 200 to 900 nm

JRF BT ARSKTERESH SRBOET, Hibk
S R S AR R O B S R A, I L 1 I AT U T Y B
R, RCLENREM UV XA R & 0Lk,
S FTRARIH UV X Sk i W% ok 3% R 11 55 R S0 vk i . Fi R
Beer-Lambert”s & /] 14 2| & 42 WK E o, BFIRIKAN
co, = T1e({) Sh
Hob e BRI AR, L FRBOR KB ER, L FRA
SORIREE . T R SRR A .
B4 25 1 T 4506 DBD B, 6% S0 I0 21 Y H 56k 08 B
WA R R A8 AT 5 - J0CH X388 4 7= A B4, 3 i W ik

DBD on DBD off

Intensity/a.u.
w

220 240 260 280 300 320
Wavelength/nm
B4 ZIMTHREESEITHEXEEHE
OB & V=7 kV, f=3 kHz
Fig. 4 Spectrum of UV emission after transmitting
through the discharge gap
DBD on corresponds to V,=7 kV and f=3 kHz



5% 2 3

Sl o 5615 M 463

UV S, i HOEEE BEFRAR . BT R AAE 261 nm A i i )
Wm%(%iﬂﬁléﬁﬁ 0261%:’ 1.094 X107 sz), c H"Jifﬁj\] mol *
dm™*, L B K dm

= 3.039 X 10° dm? » mol™! (2)

PR S
3.6 X107

25 ;
—~ (a)
D i/
£ 3.0 /
E /
5 281 /
E
g e
2 26 ¥
S /I/ -3 kHz
€24 F
82 §/
T T T T T
6 8 10 12 14

2.8 ® /

2.6 /
2.4 /

/ V=7 kV

20 24 28 32 3.6
flkHz

B5 REREBEEEME)MRINFE(D)WELXR
Fig. 5 Ozone concentration as a function
of V,(a) and f (b)

Ozone conentration/(10~ mg-L™")

References

)RRk BE AT R OR

— 3 I.(
e (mji)
A ARXT N REEERF L mg - LT,

K 5 RIRTE £ 3 kHz I, RAAWBER V, 197221
. Bl 5(WFRRV, A 7kVE, RAWKER /LG,
ME S ATLLE W, A V, B3gm, REWEMN 2.3X10°°
mg« L UM 3.2X10° mg« LY, BEE £ 03 m, RE
WM 1.9X10 * mg « L "3 2.9X10 *mg+ L', B
AL VIR B I 2 P U (L R 9K 2 AR ) O T T R e il T, B
Vo B RIS, B I T PR T B N B R R H
TR A B AR H R AR TR DU B ) P A Y AR R 2
W& V, 80 F W38 2 . SR B0 09 1 KA e A
R 2, Wik, REWESHE V, K& F 8T+

o

Co. (3)

el

i

w

45 %

A AT DBD 2%, fERSES KA T =4 T
AT 25 A5 B T A R v R Sk B S v £ 44 A e
B ENATS » RIAE W IE . f2f J8 W) 77 76 8 2 BE ML b
H MR FSEE L+ BULE R Z 18], 3 Ul B g e AL .
T RAE B TR RS, T R IR R XA R A
e, H UV RIRTC A& Gk Lk, Wad UV KT B X 8, )
IO S RO .t T RAAE UV KA AR 58 Y
WSO o B R B S 1 1 Ol T e R I T T R B Y
i om B . Rk, ) B AR I XA R, MR 4 Beer-Lam-
bert AT T REWRE . JRUFSE T 5L R VR B B R 04 (A
IR Sl 47 2% 1 AR A 0 i BB L R A (R BIK s A0 2% (1 B o
AT .

[1] Lobna Mansouri, Chedly Tizaoui, Sven-Uwe Geissen, et al. Journal of Hazardous Materials, 2019, 363 401.

[ 2] Pascual A, Llorca I, Canut A. Trends in Food Science & Technology. 2007, 18. S29.

[ 3] Deniz Nasuhoglu, Siavash Isazadeh, Paul Westlund, et al. Chemical Engineering Journal, 2018, 346 466.
[ 4] Zhang Qifu, Zhang Hong, Zhang Qunxia, et al. Chemosphere 2018, 210 433.

[ 5] Wala Abou Saoud, Aymen Amine Assadia, Monia Guiza, et al. Applied Catalysis B: Environmental, 2019, 241, 227.
[ 6] Linda Onnby, Elisabeth Salhi, Garrett McKay, et al. Water Research, 2018, 144. 64

[ 7] Forest Shih-Sen Chien, Chang-Ren Wang, Yu-Lin Chan, et al. Sensors and Actuators B, 2010, 144 120.

[ 8] Trang Le, Shiquan Tao. Analyst, 2011, 136 3335.

[ 9] O’Keeffe S, Fitzpatrick C, Lewis E. Sensors and Actuators B, 2007, 125. 372.

[10] Sousa ] S, Puech V. Journal of Physics D: Applied Physics, 2013, 46. 464005.

[11] Li Xuechen, Zhang Panpan, Chu Jingdi, et al. Physics of Plasmas, 2017, 24 103520.

[12] Li Xuechen, Chu Jingdi, Zhang Qi, et al. Applied Physics Letters, 2016, 109; 204102,

[13] Li Xuechen, Chu Jingdi, Jia Pengying, et al. IEEE Transactions on Plasma Science, 2018, 46(3): 583.

[14] Li Meng, Yan Yan, Jin Qi, et al. Vacuum, 2018, 157 249.

[15] Li Xuechen, Chang Yuanyuan, Jia Pengying, et al. Physics of Plasmas, 2012, 19: 093504.
[16] Simek M. Journal of Physics D: Applied Physics. 2014, 47 463001.

[17] Deng X L, Nikiforov A Yu, Vanraes P, et al. Journal of Applied Physics, 2013, 113 023305.

[18] Zhang Hao, Xu Zimu, Shen Jie, et al. Scientific Reports, 2015,

5: 10031.



464 S 5 6 M %40 &
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Abstract As a strong oxidant and bactericide, oxygen has great potentials in various applications, such as pollutant degradation,
food processing, sterilization, and medical services. Atmospheric pressure dielectric barrier discharge (DBD) is an extremely
efficient method of generating ozone. DBD is generated in atmospheric pressure air between two parallel-plate electrodes excited
by alternating current voltage. Waveforms of applied voltage and light emission are measured by optical and electrical methods.
It can be found that the light emission presents lots of narrow pulses, which distribute stochastically in every half cycle of applied
voltage. These narrow pulses only sustain about several tens ns to several hundred ns, which indicates that barrier discharge in
atmospheric pressure air belongs to a streamer regime. Based on 200 and 900 nm scanned optical spectrum emitted from the dis-
charge, the emissions mainly include those from the second positive system of the nitrogen molecule (C}*IFB*II), the first nega-
tive system of the nitrogen molecular ion (B*3-X?3), the first positive system of the nitrogen molecule (B*TFFA*IT) . and oxygen
atomic (O] : 715.7 nm, 799.5 nm). Moreover, no emission line is observed between 200 nm and 300 nm (ultraviolet (UV) re-
gion). Due to a strong absorption peak in this UV region, absorption spectrum in UV region between 230 and 300 nm can be
used to obtain the ozone density. In doing so, UV lamp irradiates the plasma area from one side of the discharge region, and
transmitted light is received by the spectrometer on the other side. Absorption spectra are measured when DBD is on and off.
Absorption spectroscopy can effectively monitor the change of ozone concentration. Its advantages are simple operation, low
requirements on the experimental environment, being able to be used under discharge conditions, and continuous monitoring of
ozone concentration changes. Ozone concentration is calculated as a function of peak voltage and driving frequency based on Beer-
Lambert’s law. It is found that ozone concentration increases with increasing peak voltage or driving frequency. These results

are of great significance to industrial application of dielectric barrier discharge at atmospheric pressure.

Keywords Dielectric barrier discharge; Optical emission spectrum; Absorption spectrum; Ozone concentration; Beer-Lambert’s

law
(Received Jan. 4, 2019; accepted May 8, 2019)

% Corresponding author





