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Degradation of organic dyes by nanosecond pulsed discharge plasma
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Abstract: Organic compounds (especially dyes compounds) are major pollutants in the industrial wastewater
and have gained a great concern due to their hazardous influence on the environment and mankind’s health. A multiple
pin-plane type pulsed corona discharge reactor was used to degrade Brilliant Crocein(Acid Red 73, AR73)
continuously. The reactor was energized by a repetitive TLT based nanosecond pulsed power source. The source can
produce pulses with a peak voltage of 50 kV, a pulse width of 40 ns, and a risetime of 20 ns at a repetition rate of up to
500 Hz. To evaluate the discharge performance, residual dye concentration and hydrogen peroxide (H,0,) were
analyzed by UV spectrophotometry. The high voltage of 44.26 kV amplitude and frequency of 200 Hz were applied to
the needles while wastewater film was used as the ground electrode. When the initial concentration of AR73 was 30 mg/L
and the flow rate was 3.4 L/min, the degradation percentage of AR73 could reach up to 83.20% after 30 minutes of
treatment with the needle-water distance of 30 mm. Under this condition, the input energy per pulse was 11.73 mJ, the
concentration of H,O, was up to 47.36 umol/L, and the energy yield for 50% dye removal was 31.07 g'kW"-h™".
Increasing the discharge voltage could further increase the degradation rate of AR73, and the active species generation
in the solution was enhanced, but the energy efficiency decreased.

Key words:  nanosecond pulsed; corona discharge; non-thermal plasma; dye degradation; advanced

oxidation

T A TR PR i 2y N AR BT AR AT 3R AL R (R A [R] e, o BRI DR s A AR R Pk Ak . FE R Bt Tl py 2
7 R OK B R 3 KR T G 7R G5 SUEI e s AR P, BE AR 2 FE 300 000 t 4% AR [R] BB, Ho 494
60%~70% J& T A YR, MEYRE—F 5 T & M. & OREJI5, ) Z ALYk . R8s A gk
Lt gk, BARMEGAE WA . R AL BE A R GRE K HEA B SRR , AU M K AR g et S B s 15 2, i

* WS HHEA:2019-09-30; &84T H #3:2019-11-01
HETH: EKE SRS H (2017YFC0307403)
TEE B IR (1994—), 5, W W0F 53 A, WF 5% T[] oA 45 8 7 PR K Ak B3R 5 21728028 @zju.edu.cn.
BIEEE: X JR(1978—), B, BIZZ, BF5X )5 1) Sy Jik o 2y 256 701 55 B3 F 1K (9 2 5 zliu@zju.edu.cn,

025010-1


http://dx.doi.org/10.11884/HPLPB202032.190390
http://dx.doi.org/10.11884/HPLPB202032.190390
mailto:21728028@zju.edu.cn
mailto:zliu@zju.edu.cn

weOoW s 5 Ol TR

H IR A G BB A BURBUAZ R, & W HE & R AN, 251 & &R g, P A 2 4R E K R
Tl 7K Ak P FE SR g 0S¢

ARk, 22ROk T A B0A AL K b BT, b A A B R (AOPs) BRI B b BRAL R 5 L R A DG
ARG YD N A 2 R . AR AR ORI R AL R, R SR S TR L R ORER IR AR AF RN
FAE T A B s AR RE ) 19 R AR B R B (COHD) , o IR 43 M 1% £ A1 AL 400 41 ARG 75 TG 75 19 /0N 40 0 o 1
AR, A FE R A AR I R SRS SR AR, S e RS RTE | S T IR R AR, AR
14 S IS ATL RS A ], AR 32 38 5k 7™ AE F 3  Hh Bk Ak A WL, JEH 22 A s — Sl Rk M, e, IR 55
FHREAHAR AN E S T HA AR A 3SR ST 40T @i R, R A DL o 1
Wk . R B SR, I LR A AR PR AR R S A AR S L i S AR RO, R LA A B R . H
L FH T 7K Ak B ) AR R 5 8 AR B R SR A i S ke RO L Y Sl ORI E R A S BEL S R o R AR
XURF A 5 BELP4 00 F 25 8 R AT T B A Wt K 2T GR350, B9 45 S R IO BT BE O 4 mm B, BB E 3950, Rk
A R T AR A R, Y RE R O 73.83 kW-h-m 3 IF, 50 mL ) & 5 R U R 30 me/L B R K I TR i 55k F)
70.0%, H 2 % %% AL BOK & %0 I H g &R 2 B, B & AR LA 2.84 mg'kW *h™', Monica Magureanu!'*!
SR F 22 4 A 45 A8 R0 25 SR FH R g e O SRR AT T A B O A R, AL K K R SR 35 mL, ) UR VR
50 mg/L, W {E LK 17 KV, A 27 Hz, 2203 10 min 2B 5 58 26, (52 [ RE 1208 B A BUK B4/, BE R SUR
REN 1.3 g kW h' GNRD Ik i e 2 5 AR bl bk e TR R e, X6 PR A ) T B S A TR T 4 R i
ik gt © 45 1k, BB A AR AE A T b, T AR B 3 i RE T, O Lk G s R AR B AR AR Y ] R,
A B R R AR

SR FH KAETT S 1 Jok s L 45 5 1A R G v, S5 AR 194 H [ 2 v PR i 23 ok K A T S ) N #8 FL1), Yan 5§
TP & B 56 TAL fr 26 48 FE 4 (TLT) (9 Bk i oy 2R R el 7 S A HL Tk o G St B AR 7 %8 o TLT 548 G i ot ok o A4
FEASAH L, 26 L Th IR kb i AR R B L R A R BB R e N A TR PR AN, TLT Ay AR RAUE R A S
f 1 i 1) BT AR 48, R 52 P B SR G400, O T TE SR B TR AR AR G A T A CH H R, S8 R AE TLT 1Y
i A\ v R FH ORI 2K, B3 A% i 2k 0 B A DRI AR TR) i e i o o oRe FH B B0 5K, SR T DL S iy 4 9 480 B S IR T
RHOR, $ e RS

ARG 50 2R 2 TLT A 5400 e 1 4 0 ik ol Pl 2 ik
G TR IR VELL 73 Yepbk ok, B £ —EKIGHA
2t - 25 K I R A TAS A A R R T R R L A
RN BN 2 B R R, R T AR B T R A B[] L YeRb b
JoHE VR B JCF R 0P A 2R A TR 3R X T K VR € )
S, [R] IR S TR e i R O T AR R R A A

1 KM BT IE

L1 HERE TR aaeton owater tanke T-Rogowekt ol
S RN RD bk b E g i E SR S A A TR R R 2T 73 Y 8-peristaltic pump; 9-spark switch; 10.—power sc?urce;

KRB S0 8 B AT 1 7%, B LA U R 5 G s ol forming capactor

HLZS . K AETFe . TLT. Kb B 7 17 28 LA % 5 AK G 3R 2 45 <A Fig. 1 Schematic diagram of the corona discharge

reactor experimental setup

B R EN 1.3 nF, KIS T I AR, TP BT s I B

BN RS K b L AR 45 o KA TF &b 5T R 4, R LCR fiih
Ko IKALBRI N ER A5 UNEL 2 Bz, BE AR Bk A HLBE 5, 4b
#R ST 300 mm X 200 mm X 80 mm, 7§ ¥R K JE L FE K 5 mm, 4 :
BRI K i 273.5 mL, (R HLAR R 60 A 304 N5 9 il |

B, BEAREFCEE 10 mm, &2 6 17 10 S1HEA, AHABPEER [ #E3 h Fig.2 Schematic diagram of the reactor for water treatment
20 mm, £ T /K TE 7, P& Z 8l E PR E i 30 mm, 47 it B2 K A B 2 4 o

FAs R, G B RBNE M X Sl ™ 2 o AR A RS BN, 1 B TR K S8 o 7K P i 3 25 AR S A S s e, Z80ck
VIR 56 B - A b B IR A VR 8 o R T W ) 2 B R A i P K A O, 3 P KA PR B [ 2 4 3.4 L/min,

1

025010-2



PR gD K 0 AL B8 A WL BRI K (¥ S50 0F 4L

1.2 X ER S

R Y 220 Sy BRVELL 73, WL B (S Hralh) , S8R BN (O3B 26 , SHRR B T /K -5 11 (=98%), e T — i
FRERER (=55.0%) , KA BEIR — SN (4304l ), 8% — I BR &1 (32l , BERR (43 BT ali), 30% it A Ak = (PR geat) .
1.3 S AE
1.3.1 HS5H

Jok v R B PR YA D B R IR S HEAT I I . RN R G TP R K o BE A By, PR PR F O AR X 5 ) 4T AR i
B, HHEAR R

AT
Eout = J;) Uout (t)lout ([)dt (1)
I Uy () 2 SO 45§70 288 3 PO i 14 B s 5 L () R BN 45 U0 0 FEL VA o
US|
Pout = outf (2)

P SO IRR
AE 1 2% 1 (Eg) o B BRI N T A B RE&E, WT 7R K

Poutt
Esi = (3)
‘ Vv

PR L2173 [ fifk (4 RE k2005l 2 88 1 AR b BE R R T Y G $8 AR PO(g kW h™ ') BEAT I A, B R A 5 3K 3]
50% IR, TFAE— S5 L RE AR AT R A 15 e i e, THR A O

G0~ @
K Co MIE K WAL BT B, o/Ls VNS WARTR, L; Tso 0 AR73 FEff R IE 2] 50% BTt i) 8], so
132 {20
FRVE LT 73 1 e KR M 4 R 509 nm, 7E— & it i Wk JiE L8 v dbeorbance
T[RRI R T 5 A A MR S K Ak B R Y B L6r linear fit curve
Ho e 3, T AR Sl 2ok SR T 22 61 AT 1L 4396 6 J8E 11000 45 K v 1;‘ '
TR R SR ECHL o i vk B, 0 S B R — R A IR Y gim
MR 21 73 S, 19 B bR v B i £, W&l 3 iR o R gm-
73 BEfRR N 061
nzmgAme% (5) 3;
St Ag VYA RIGHE ; 4 h Ab IR RO E e TR e e ey
VR P I AR A S R 3 e e R AT R ART3 concentration / (mg-L~")
1.3.3 Ml Fig.3 Standard curve of AR73
Tektronix 7~ I 2§ (DPO4054B), NorthStar Hi, JE £k PVM-5 3 matker 73 brift i 2

(1:1000), Pearson HL L4k 6800(1 = 10), GG 5504 6 BE 11 (SP-752PC) , i #6525 % pH 11 (PHSJ-3F),
T4 H 5 R (Y (DDSJ-308A), METTLER TOLEDO Hi, - K-,
14 REITE

S T AR HTEC I 1 000 mL — 5 ) 46 W B2 Y IR PR 21 73 AEAUL IR /K W, T A VR v o It 5 0 2 1) B ;45
TENVEW, AR I 28 45 B R XU ] 2 4 VRORE v, SRS TR B I B 5 36 AR N5 Y, SEBRE KA B AL B . H R,
] PN AIMIF 9% 35 2R FH S8 15 1 A0 2 A B /K ) S 56 vy, R TG B 9 o 18 AR, T AR S B R A2 R 3.4 L/min, FEER
AR A I 2t A ) T Ik v e L 58 8 DR A SR v 7 A 4 3 0 TR e b IO TR TR A R T RORR R TS e A
fift . PRI E S, JFRS B TR, Y AS WM A HL TR 200 V, 280 f0R0 bk b 70 B AR bR, 78 TR H 2 L TR O 20 KV, K AETT
6T HL 2 200 Hz, S0 # b HL R B U T8 A0 141 4 BT, I L TR 48.05 kV, S RHLUR 111.2 A, Jik b L 5B i)
2520 ns, JKTE 2 H 25 ns, FHE IR WA 5w

025010-3



weOoW s 5 Ol TR

50 —— output current 1120
— output voltage 1100
180 <
160 =
{140 £
120 3
410
X ) ) ) . 1—20
—100 0 100 200 300
time / ns
Fig. 4 Typical waveforms of output voltage and current Fig. 5 Typical photograph of the corona discharge
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Fig. 6 Charging voltage and peak voltage Fig. 7 Evolution of AR73 degradation efficiency with treatment
with different AC input time under various discharge voltages
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Fig. 8 Evolution of H,0, concentration with treatment time Fig. 9 Effects of E; on degradation of AR73
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Fig. 10 Evolution of AR73 degradation efficiency with treatment Fig. 11 Relation between energy per pulse
time under various discharge frequencies and with discharge frequency
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Fig. 12 Evolution of H,O, concentration with treatment time Fig. 13 Effects of £ on degradation of AR73

under various discharge frequencies
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Fig. 14 Effects of initial concentration on the degradation Fig. 15 Effects of initial concentration on the energy
of AR73 with treatment time efficiency with treatment time
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