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W B NTRUIEMERL 4 (activated carbon fiber, ACF) NEAA MR Ag YIFL TiO, FIYEHARIEMEL ((Ag+TiO,)/ACF)
ETT Ik L E (pulsed direct current DC square-wave, PDCSW) R YGHE AL B A A 85 iR 26 IO, &S A B AT
B 205 S SE 25 T FE ST 5, 1% N 2% A LR YR DL 715 5 A 8% (digital signal processor, DSP) NiZ:l», % 75
PIMRAE . & 2 R S R R M S HUE . IR AL IS K AR A BLEEAT X STZRRERE /3 I (energy dispersive x-ray
spectroscopy, EDS) FRAE, Z5RKM, J7EMkmEH X BRI, Ag MVEBRARE . W56 B IR
(direct-current power, DC) FI77 i bk i R U5 T O L HEAL BEAR C 00 R LA . S IREW, TT ik ™ % Bl 2 8
HK AH 2.296%10™ min™ BB T K8 1.715%10* min 3K, HHmIMEAREE . W5 T R &2 ORUTE R g
LIFREIRE, K SR AR IR A AP S, 5T T ZE PR R T (KO 5S8R IR Z DS s,
IOUE TR A 2, S5 RRE, BEE ARG R, 206 R RE AR e 2 U RS RN B S, o S LR
B M S S I 55 R TR R AR A 35 o T B AR I S U, WK 25,5V, 7S EE 23%, #3310 Hz,
A KB 0.0002783 min™ o iZHHF 78 75 I Mk Fi Al B S AR A AR B0 8 FE RE — 25 O U (R 2 A Al
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1, TREARENNE, B EEREEN, LMt
TER BRI 6 N AT () FZR (h) K
A AL T s NAS B FRff . EDGA L 528 0AE TiO, i
AnT L E ), HREEAMAEEMNE, HEAHE
FEIEF R (10~100 ns) , &P RCERMENY. FE, 76
TiO, Ve fb ik R, B3 Se A A2 U 7 B ek
TS s AR 1 5 V20N B AT FE i BB 25 R
WARATTIHARE 7 U BRI A RSN %4, TiO, 1
R 4T 4E (ACF, activated carbon fiber) Y HL{EAL %
fif SRR FE, AR AN B U (SRS A BT R
BIAMG b, SRR SRR, S0 RS A AR
EHL TSN B AR, RIOG AR R BRI
T TR R 205 Pk,

ASCAEHT AR 7 B JE A b, SR A A B . 4%k
MU 7 ¢ 4R 45 (insulated gate bipolar translator module,
IGBT) #iH, (5 54 28 S 15 207 e bk B HL &
(PDCSW, pulsed direct current DC square-wave) ZXzK
WAL G AR R B, FFh S & T4 B oo
SR AR 20 S N RS o R BEE 4> BT X Cenergy
dispersive x-ray spectroscopy, EDS) #E172 SR s M 1
XRMERME, W T PDCSW IHE. &5t SRt
TR AL B CId AR R s, DUHA Tio, et HEoR
E bt 277 i s PR e e 2 v ) N SR R A B
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1 MREREE

1.1 FRROREBEIR

FH A R RO K 57 B 22 B £ i AR 3 % S50 = A ol
T BT E SIS (digital signal processor, DSP)
RO H 77 K L R, FE R 1 FiR. HER
AR B RLG E A AR I R E R R, ZEH
JE 22 IGBT HEHZH Bl A A7 e, A4 bl & M BT 7
AN Ty e Bkt U, MR AR L AR Rk B A
BRI FIE 5 LS 5 ES (DSP) =4, %7 ik
R ) AR A TR F DSP s A i H e
M FHLRSE DSP KRGS HBOERATIRE, MM SE
T 4 o SRR T e R 5 S LR ARTIUR S S A R
W H e 2% R IR B8 2 500E o S N 3 4k
I, Bk R U=0~100 Vi Bkt F=100~
450 Hz: 7% D=0~80% (D Jy 75 Pkt v e 1) 1= it
FIRFEERTE] (ms) Skt &8I (ms) M2 D .

Zi %J@{i

i
LR 265 M IR AE GBT) Bk 3.8 4.8
SHREESH] e MkTefed] 7HIRER  SIKSIEEK  9.HTE T IEHIG
(DSP)  10.35E 114K

1.Single phase bridge rectifier 2.Insulated gate bipolar translator module
3.Rectifier bridge 4.Load 5.Amplitude control  6.Pulse-width control

7.Frequency control 8.Drive circuit 9.Digital signal controller 10.Setting
11. Monitor

B 1 Fkhkor e EkeyRER

Fig.1 Schematic diagram of pulse DC square wave potential

1.2 SERERM R A&

225 S0 S AT RIS i 1 4% ik, BRI 12.5 g P25 Y
YK TiO, BN E] 500 mL 4fiif /K, A 2.5 ¢ W)
nt 52 Bl (polyvinylpyrrolidone, PVP) , #7145 #F 60 min,
AP (650 W) i KA 60 min, BHIE U EAE “Co-y
SR AR, SEIEFIE N 20 kGy, BRERO: WEHN
3x10~ mol/L AHFRERVAW 500 mL AN J5i &4 % 1% PVP
10 mL SN EE, #7195 FE 60 min, S (650 W) i
SAbFE 60 min. JUELE “Co-y SR FHEIRES, w7
4 20 kGy, FEVAEHOQ; HEHOE QBRI
n(Ag) : n (TiOy) =1 : 100 LLHIFATIR G, 151 IR
B FACE E TR LT 4E (ACF) FEIZ NEC B4 A FLIR
WA, 5B 1 min, JESIRRALLL 25 cm/min FEE EEHE R 5
JEE, SmLLAMTIEAR 100°CF4 1 h, JEH 54N LA 5°C/min
FITHEE R SE T 2 250 CIERRFEALEE 45 min. RIHITSHT
T C RS R, PA(Ag+TiO.)/ACF &R .

1.3 NEENRFET

BAT W A R SZR I 2 s RS E
B 1 ANEAE AR, 2 IRAFAE LA R B
NI 1 G HRIE O Pk B R IR BB AR HJED Al
TEI R G s Ho, YR T 2 H 2 HY(Ag+TiO,)/ACF
I S X (9713, FEE 3M A F]D R 7E [ A g
FilE (Nafion324, EEFFAFD o MM A FHIRZ
WAET: — 7RI A EA — PR ACF 75 N [E
YK Tio, MR FHERIH ACF 15 AW B O XHE I FE 203
BHTE M EE. WY, A TIO, IR At E IR S, A
— 7T, W M SOE I PE R KL HL A A B AR AR
it R K,

M

Ultraviolet lamp

AN Y
AN KH=H _ﬂ‘_'ém';

S AL B

UV power \5 =
diatribution unite 3

FEH XU

Circulating fan

a FHE

a. Main view

EIMT 7 5 Vi

Ultraviolet lamp Solid electrolyte file

|
—Lmeme— AR
T F 1 Y

e H AR L 3

Photoelectrode film material

: F7 kPR

|

W | L Pulsed direct current

e > - 2 DC square-wave
H T —
LIS
Ui ‘if“&rklll O HARAA L 5
raviolet lam . i i
p b, fiELE Photoelectrode film material

b. Top view

B2 e E B s T & A

Fig.2 Schematic display of photoelectrocatalytic reactor

AHPF 5 S B2 AR R SE 2 50 mmx 150 mmx4 mm,
A AR AMT TN 9 W, JE R KL HA 0.3 mm*/min.
BN BEFRTION 50 L SEE0 A B, PR SCOR A ZE 10 m?
ViU R, RO 2 A A R, VA TR R B
Bi: P 3C1C, MXHEE 85%+3%". AikigH,
SEIGHR A LA RO WT AR IR E ¥ BN 30 mg/m®, BEfFE 30 min
DR ZRIREE e FEAR P i B N\ DK 5l i R 95
1.4 FEGERIE

SR BRI YR (B 20 V) BRBh. ik
HEJR (HE 20 V. 525 E 20%. 4% 300 Hz) 3XEh10
R4 AL R 24 h J5 (Ag+TiO,)/ACF St B 544 KL, H Oxford
Instrument /A &) 242 P2 I HERE 4 HTA(EDS) AT X R I 3R
fiE, WAL M o) 22 5
1.5 AWK E
1.5.1 TH#m 7k

FESEI R AR BERE IV EN 208, 78 R NAK R IE BT
MG (4 b HAFHERE-KIEE TR IS (Gas
chromatograph flame ionization detector, GC-FID, &40
FEV TR KR A SR R I 206 R 2R,
HREAT AN ) F R BR B S5 A R 2 SRR PR R 0, AE
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AR S B[], 052 S AR 2R 205 R iR B . M i
ICERAE St AEFAIEEE 100°C; #ERESRERE 150°C; FID
R FR AL 200°C s AACNEA, RN 27 mL/min; 5
SONBIRR, RN 150 mL/min; S5 NRA, WEN
22 mL/min. THARAMFIE, ERMAEH 1 mL, BEFEAR
100 uL, 4% IEIF[E] 14 min 724 .

1.5.2 E) &R JRIRZh 6 PR TS R 3T MR 205 69 48
R,

F 1.2 5581 15 21 (Ag+Ti0,)/ACF Y HLbk, 2
B34, AT R ERERRESI sk R, A
T HEFE BIFIR SR R (U=60 V) , —HHT
T Pk R IR B A R (U=60 V; F=300 Hz,
D=60%) .~ K% 30 min 43 5 E FME R OIRIKRE,
5 3 FEI R R R (AgH+TiON)/ACF AL FFE )7 11
e

IRZWFAIE T TiO, WML B Bh 775 0] T koA
T — ik R, .

In(Cy/C)=K ¢ (1
KA ¢ NRNEE, ming C N ¢ BZISRREIRE,
mg/m’; Co N =0 B AEFREIRE, mg/m’; K NEW—
ZE R EH, mins
1.5.3 R4 77 Ak At g TH A RE 69 7R

7 HT B R R R O b b, SR ek A A
1+ (central composite rotatable design, CCRD) PLJ5 i ik
MHLUE R AN R IR K BN NAE, 24Tk
MHLE V. HAE DY SR F3 AN RN K .
YE s 1 AR50 1 R - K L3k 1

*1 BT ERREEREKT

Table 1 Factors code and level of experiment

_ T A o
IKF-Gi i Joartr L s Duty evele LIES
Level code Voltage U/V g /(,/Z Frequency F/Hz

-1.682 3.18 3.18 21591
-1 10 10 250
0 20 20 300
1 30 30 350
1.682 36.82 36.82 384.09
2 ZBREHSMH

2.1 AEIBERRsNE X ERE  IEH R

HL(Ag+TiO,)/ACF LIRS TG it s YR BK Bl D AL A
A HRMARRFEIRS A R J7 kb IR K3
TEAAR R A 2 R RIS ER A ¢ X In(Cy O,
WK 3 s

AHIE T R IAE IR AN (7] e 95 SR B0 2% 1 T I 6 AR Ak
Befi Jmsh Jisd BT R (D BT RS, A
SCUAFRM — 2 S SR A HL K AR AN A SR A5 4
LG M REVHAN IR AR o

PEE 3, AT LA 30 [A] o e PR B P 3R I — G %
WHCK R RS HIE BB RS, BERILE 2. HE 2
()R> AT 01, e W0 — 3 5 7 #2338 FH T 1518 (Ag+Ti0,)/ACF
FLARAS [F) LR YR SR B e AL 2RI AR . ISR 2 I K B H,

7 ik R s BBl e (A 0 R A T LA FE S B O
HEAL ZAR R AN TE L I AL AR 24 -

= LHJEIRIKEINo voltage
o ELIitHL FR IR X By Direct current

0.06 - & 538 ik o e FE SR 5l Square-wave pulse
0.05 | [FIVd4kRegression line
~ 0.04 >
?;;; 0.03 A )
- 0.02 z
0.01
0

50 100 150 200 250
[ 1 7l /min

W R 3°C1°C, AHXNEE 85%+3%, LBHITARIEIRE 30 mg/m’, Co
N =0 AR RIRE, €4 ¢ RSB ERE, mgm’. ERRE B
WBDGHEAAR R U=60 V; T7 Bkt iR s e fE LA & U=60 V: F=300 Hz,
D=60%.

Note: Temperature is 3 ‘C 1 ‘C, relative humidity is 85%+3%, initial
concentration of ethylene is 30 mg/m’, Cy is the initial concentration of

ethylene ,C is the concentration of ethylene at  moment. Direct current (U=60
V),and square-wave pulse (U=60 V; F=300 Hz, D=60%).

B3 RF b ERIRZ) 4 KA Tt 3h )
Fig.3 Kinetics of photocatalytic degradation of ethylene under
only UV-light, DC and PDCSW

*2 TREIBEREHEARN—REREH KL
B35 HTEIR E B ¥
Table 2 Pseudo-first-order rate constant (K) and determinate
coefficient of regression analysis (R?) of different voltage sources

WE A T — PR AT YT RH R
Drive Style Rate constant K/min”'  Determinate coefficient
R IRIE) 1.596x10°* 0.993
No voltage
FLYL S 3K 3] Direct current 1.715%10™ 0.996
73 I Jokrt ri F BIX )y
Pulsed direct current DC 2.296x10™ 0.998

square-wave

3 ML TE AR T TIiO, fE06 FREE IR T
TR RE B O . DB IR S, DB
Ty iskm 2R 5 BT A B AR R AR A R AR
(7o T 75 Bkt oL I SR G AEAL 5 LR L B O AL
(AL ROCR 2 e T O ML I IR (K e fiE Ak, SRR E b
IR PR AT A TiO, BEHT 25 HIHE R, I8/ i1 A2 7 il
RS, JFHAN IR R ae R B BUR, R TN
AR, ANTIERTESERNNE, HET I
TR BEIE RN TR, LT 2B B2 I LR LR T 22 11
AR, HERAARI (2) .

2 1
HFPFE<E exp[% (2mEe)? (% )] 2

b E N, Vim; Eg NRR9EE, eV; qE NRgHr
BURRER, eVim, m NHEXURE, h NfAZhERT, &
A A ARSI A BT i B E T ) T
HEH LRGN, A T2 BT S34h,
HLUEAE(AgH+TiO,)/ACF it LRl NI ST LYy, T2 Rl F 35
BE, FEEIAAR R AT FIERE 2] Tio, By iR, )
7O - O R A, BT T TiO, X ZAE
AL R AR R

T 7 K 1 P X 2 0 A P B g SR AR S T L
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WHEERIDEMERIE TR KW, XERAYT
REF BN 0 (S/m) 5IEAY FAM BRME o (rad/s)
FAELL R K R
o<W (3)

A s RIRBEACHIRREL, AR EE S, KR
X SRR R RN o B2 ZEE AT, AN (3D AR
EH, FRENFEESHERR IR T 0 R DK
3. HMHEER FECTFHEERZE, BTBsRIRmE
FIRe XTI RN B RIREN T, 4% o B5R,
SHMEWEE EA, BB FHEE U TR AR
B, AR0edEmrHHEEZ, HRS#)H TO, ME
AT R

E M IEsEP Y, 548 B T OGIE JR T LUF 3R
S, (REHA B, AT S AR A LA
Fettb B A IE M . KT (Ag+TiO,)/ACF  HE AR 7E BLI FEL R
X, MDA Ag 1 HLAL AT B IR T VA
W, 7Pk R IRE, JRRIIE IR (8D 5%k
& () SRR BT, ARk S I e B e
VAR Dt 42 R B AR W ) R DA 3 Ji B o DR 4 T
PURLE TiO,/ACF L.
2.2 FRBORERERRISHATRE MR C H IR R

TR H A VARG R nE 3. FIA Design
expert ff (Stat-Ease. Inc) , #] PAT5H(Ag+TiO,)/ACF
FELAIC A 7 98 Ik i FEL s I 80 T S A 2 A 2 A4 1) i I T A5
A
K =2.744%10" +2.816x10°U +2.526x10° D +

4.078x10° F +1.505x10°UD +5.175x10° UF +

5.125x10° DF —3.044x10°U?* -=3.472x10° D* -

1.902x10° F?
X K AEEFH, min's UNHE, Vi DALE,
%; FNMIE, Hz.

x3 ZREBBERENGER

Table 3 Experimental results of quadratic rotational composite

(4

design
o 27 Al
R W haw gk JREEEC
Experimental NO. Voltage/V Duty cycle/% Frequency/Hz min”!
1 10.00 10.00 250.00 0.0001498
2 30.00 10.00 250.00 0.0001767
3 10.00 30.00 250.00 0.0001664
4 30.00 30.00 250.00 0.0002139
5 10.00 10.00 350.00 0.0001604
6 30.00 10.00 350.00 0.0001684
7 10.00 30.00 350.00 0.0001579
8 30.00 30.00 350.00 0.0002657
9 3.18 20.00 300.00 0.0001415
10 36.82 20.00 300.00 0.0002571
11 20.00 3.18 300.00 0.0001288
12 20.00 36.82 300.00 0.0002456
13 20.00 20.00 21591 0.0002286
14 20.00 20.00 384.09 0.0002346
15 20.00 20.00 300.00 0.0002712
16 20.00 20.00 300.00 0.0002688
17 20.00 20.00 300.00 0.0002529
18 20.00 20.00 300.00 0.0002871
19 20.00 20.00 300.00 0.0002862
20 20.00 20.00 300.00 0.0002763

W (4) BT ESMTERERY, X 4) BRI
ML ARG HE, R H A = . kel R
Wzhz¥ U. D. F %t p /T 005, U, D’ F
HIgeit2% p (57T 0.01, B 7538 kv B s 3R 2 ) H
JE SR AR AR R S 2
2.3 FR Bk e EIREIX L ERE C SRR BTS20
2.3.1 FikPRAFw R E Ef L TR A
3 A fR M 09308

WK 4a iR, HE—ent, BEEMN 10V 88 nE)
30V, KAEZASHIN, FZim e, BRI K74
BWOREI S LRI, e TR TEE, Yo
IR AR . FEARSE N, K EFFLE TR, 2508 H
2 1) JE 4k 2348 K SR i e AR A T SR R, TT R
SRR ENNL, RAMEBEIG, IR T ke fig
MfasEt, AL TE PR
2.3.2  Frokhkob L RIR B 64 b R Fe I E 64 X B AR R 2T
M Lt 0 % re

WK 4b fioR, R, BEESRAEK, 256
PR A K SRge3iin, X2y Ak m Stk
WG, LRI N E AN, PR
5 B Sl B AR 70 R TH] SE B LTS A RO S . ARG
F| 300Hz Jadkan, K EIFmmN, MRS K FEOE
AR L AN OB AE IE R PR FA R T, FELAR P R 3
g, AEHTA T AN, AR TR )
2.3.3  FOkBRF R & T AR E R EAEA
3R U 09 %0h

WK 4c Fron, SRE—ER, HHEmME 20%, K
BT K, S A 4 N PR 470 o B P BT ) R P 3
K, KSR BEAAAERIN K, B s ne
A H -G RIS 2, EEARTE T LM R .
A ARSI, K IR TR, EEREON W HR, B
TR SRS THEF, RERNREME R FOS
5 2GR B AR, I s H S PR AN i R S
PR R .

N E R AE, 0 (4 BT, 15 E
(Ag+TiO,)/ACF AR T7 8% ik i v BIR B 0'e ke A B e £ 0
RIS HANEBEIE 2555V, HELE 22.64%, WEN
309.82Hz, Frit 5153 (Ag+TiO,)/ACF B3 K
LI B 22 K K H 0.0002879 min™ . HRHE ) £ 4%
5B MFAF I AT B E IR IR & F i 255 V, &
Eb 23%, #1310 Hz $H4T 3 RIRIERE, FrE 2 K 14
SFHME N 0.0002783 min™, B % 5t 2 50 5 e bRl 6 7
G, WIS IRAUE T P R IERf
2.4 (Ag+Ti0,) /ACF EE AR BEA ) HOFRAE

P EAREIR . 5 kv B R VR SR B RS AR B 24 h
J5 1) (Ag+TiO,)/ACF St HRIEA KL AT EDS RAE. it
EDS &3t} il 75 (06 AR AR BT T e s o A
Rk 4.
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5

A BELT
Rate constant K/mi

]

a. HUE. 23 EEXF(Ag+TIO,)ACE HEA B 2065 0 5 8 B K XI5

a. Influence of voltage and duty cycle on constant K ethylene degradation by

P YUE AL

Rate constant K/min™!

b.

(Ag+TiO,)/ACF electrode

-1.00

LR L AR X (Ag+TiO,)/ACF HLRR B fif 2. 4753 2 5 3 K 52

b. Influence of voltage and frequency on constant K ethylene degradation

T GIR A
Rate constant K/min™!

by(Ag+Ti0,)/ACF electrode

c. A, SR (Ag+TiO,)/ACF HIR FEAR 23 5 K [1IREm

c. Influence of duty cycle and frequency on constant K ethylene degradation

by(Ag+Ti0,)/ACF electrode

e B HAR R R B EEE 0 K
Note: Other factors in the chart are fixed at 0 level

Fig.4

A4 Frokhkot bR A R EAF AT
it Otk R K %00
Influence of interactions among the PDCSW’S parameters
on constant K ethylene degradation

F4 BUBIR(AgHTION)/ACF BT ESENTLER
Table 4 Element content analysis of (Ag+TiO,)/ACF electrode of
before and after catalysis

Ag JRT Ti J& T
NG SEyrS Aokt [Epaa Ag/Ti/
Different treatment Percentage of  Percentage of %
Ag/% Ti/%
SR 0.06 5.94 1.00
Original sample
FLILHLEIKED 24 h 5
Sample after24 hours” DC 0.02 8.04 0.24
photoelectrocatalysis
TT bk LIRS 24 h )5
Sample after24 hours’ PDCSW 0.06 7.21 0.83

photoelectrocatalysis

MR 4 B s sn: il % 19 (Ag+TiO,)/ACF H# & H
C. O. Ti 5 Ag Jt&, XMNHT Ag/Ti=1%; 24h J5 HI
R IR R BK SN T 6 R0 Ag/Ti 1 0.24%75 A1k T 7 e ik
PR EYRIREN) Ag/Ti 18 0.83%, #W(Ag+TiO2)/ACF
HARAE KR U T Ag BTSN E, B ke Fxt e
WG PRI RN e UK ER JG, Ag T A %,
BEOE K AR RE G AR 1 iE P, XF Z 05 1 B AR 28R AR
FRE— MR IR

3 &

1) PRETG IR B YR AN IR R 2l B
TR AR Camsemn, 25K, A BT sl
Rff 206, B Bk p s L FLYE T P s S5 R B 0T o

2) AW T L0 e PR 3 23 5 B K% 5 i ok
M. A LA 3 A B AR SR 3R 1) IR 2 T A
B, BIRTTREEREEEL, R BB H R S
it HIE255V, HEH23%, S 310 Hz, ik K
B4 0.0002783 min™', JFIGIE T HT @A B 1) IE A P

3l X FH2EHENE 4> BT EDS (energy dispersive x-ray
spectroscopy) FAE, L HL DXL 3 Bk i L 3K 5h
YER G I(Ag+TiO,)/ACF JGHIMR ) Ag WL, JF
Wk ER G, Ag JLFRA B, BB AHIRRR R
AR PRI G E

AL R AN A XHE B Ag 54424 Tio2,
KRR T A=A, RATE S 4% DSP (digital
signal processor) A5 il Fo IS4 H 28, ORAIE T MY
i OIE S ( CP =R A WP R 5 S S IR s
), KIS0 H R — POk 1R B A T O B ik FRL
{EREFE 45 SR BE S i Tl Ak AR P2 — e FE S, 1B 7R
Bk S N AR AT T v P AR A R, DUSE o Tl Ak
ARG s AT R I 7 K i B S R AE G AR
fift 2 B A )R HE— 20, R 20 s IR
HH 1) L Rt — 2000 90 F AR ARSI T B2 A

(& £ x #
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Perfor mance upgrade of reactor for ethylene photocatalytic degradation
with pulsed direct current DC square-wave

Cui Xiaolei, Zhao Shaojie, Ye Shengying™, Li Ligin, Li Yuan
(College of Food Science, South China Agricultural University, Guangzhou 510642, China)

Abstract: In the research, we designed a new-style reactor that included a digital signal controller as the core of voltage source
for ethylene photocatalytic degradation, which could carefully control the parameters (voltage, duty cycle and frequency). Area
external standard method was used to detect the ethylene content with the gas chromatograph flame ionization detector
(GC-FID) every 30 min during the whole research. The photoelectrode film material, i.e. (silver+titanium dioxide)/activated
carbon fiber ((Ag+TiO,)/ACF) was made by Ag particles adding, ultrasonication and “°Co-y irradiation and so on. The
(Ag+TiO,)/ACF photoelectrode under photoelectrocatalysis in the pulsed direct current square-wave (PDCSW) or direct
current (DC) after 24 h were characterized by means of the energy diffraction spectrum (EDS). The characterization results
showed that the Ag/Ti ratio sharply decreased from 1% to 0.24% after 24 hours’ DC photoelectrocatalysis, while the ratio was
0.83% after 24 hours’ PDCSW photoelectrocatalysis, and the latter exhibited higher activity than the former. The reason for
the phenomenon was that the intermittent electric current could keep Ag particles close to the surface of TiO, for a catalytic
effective distance so as to provide a carrier accept electrons. The study compared the photocatalytic degradation efficiency of
ethylene under 2 different conditions of PDCSW and DC photoelectrocatalysis, and the ethylene degradation efficiency was
evaluated by the K value as the main index. The results showed that the K value of PDCSW was 2.296x10™* min™', which was
obviously higher than that of DC, so the application of PDCSW to ethylene degradation efficiency would be of great
significance. We tried to observe the variation tendency of the K value by adjusting these parameters (voltage, duty cycle and
frequency) of pulse electric field in the PDC reactor system, and employed response surface methodology to analyze 3
single-factor experiments to find out the optimum assembly. The research adopted the method of quadratic rotation
combination experiment and regression fitting to build up the quadratic multinomial mathematical model of the K value and
the parameters, and verified the validity of the model. The 3 single-factor experiments showed that the K value increased at
first and then decreased, and reached the maximum when the voltage was 20 V, the duty cycle was 20% and the frequency was
300 Hz. The degradation efficiency increased with the voltage changing from 0 to 20 V and decreased from 20 to 30 V,
increased with the duty cycle changing from 0 to 20% and decreased from 20% to 80%, and increased with the frequency
changing from 200 to 300 Hz and decreased from 300 to 400 Hz under the condition that the 2 other factors remained
unchanged. Response surface analysis showed that the optimum assembly of the K value would achieve the highest efficiency
when the voltage was 25.5 V, the duty cycle was 23% and the frequency was 310 Hz. The research can provide a basis for the
application of pulsed direct current square-wave photocatalytic technology in the degradation of ethylene of fruit and vegetable
in cold storage.

Key words: ethylene; degradation; photocatalysis; reactor; pulsed direct current DC square-wave
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