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Electrochemical degradation of 4-chlorophenol using a Pd/C gas diffusion
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Abstract: A Pd/C catalyst for the Pd/C gas diffusion electrode was prepared by hydrogen reduction and characterized by XRD, TEM, and XPS. Using
the Pd/C gas diffusion electrode as the cathode, electrochemical degradation of 4-chlorophenol wastewater was investigated in a diaphragm electrolysis
system with three different feeding gas modes. The results indicate that amorphous Pd particles with an average size around 4.1 nm were highly dispersed
in the activated carbon, and the Pd content on the surface of the Pd/C catalyst reached 1.29% . Furthermore, feeding first with hydrogengas then with
air, improved the 4-chlorophenol removal efficiency. The home-made Pd/C gas diffusion cathode not only reductively dechlorinated 4-chlorophenols when
bubbled with hydrogen, but also accelerated the two-electron reduction of O, to H, O, when aerated with air. So both the removal efficiency and the degree
of dechlorination for 4-chlorophenol wastewater reached about 100% after 60 min, and the average removal efficiency of wastewater in terms of COD
exceeded 70% after 120 min. Therefore, it is feasible to degrade chlorinated phenol contaminants by electrochemical reduction to phenol, which was
further degraded on the cathode and anode by electrochemical oxidation in the diaphragm electrolysis system.

Keywords; electrochemical oxidation; gas diffusion electrode; Pd/C catalyst; chlorophenol pollutant
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VRERE, - BRAEENER THILBER RS
PrE B A F B R A B (Bitkin et al. ,2004;
Connors et al. ,1983 ; Merica et al. ,1998 ) , M T X ¥
BERTAREW. B, FFHFREE THBAYRE
EREIBEMEMTBRE S, EEBRTELEYER
BREEERATIRA LS, R)EHEL HR AL
FAAR & J 7™ 8 1) A 1 P 3% W) 40 28 B 05 B9 A AL
Yy R AV B, B AWK
T X—TERES REEA GERALE B2
THREEFEATLSW RS, XL T A LY 1R
By L&A Bin. fEE B RA C/PTFE kY #
BF A% 7 IR B s, 4 1% v B B AR () i 4 B Ak 2 R AL
MERRRENAS ) T 1R 4 i A B R ( £ 4 ,2005).
e R TP I B Al b M E AR BT S ] 4 ) Pd/C
PEAL TR 3 X H R AE , 48 U5 T i 3 & 4 4L 36 4 Pd/C
SR B R, 7 [ B8 i A 2R b X 4-G B BEAT R
i, lLECA ) 18 <7 3T B £ BR AR, 9 % B AR
Fib R R EAF VRS T 12205 5T.

2 335 #B 4 (Experimental )

2.1 Pd/CHELRKHE

Pd/C LTS [ R &, Bk Rt 300
9% R0 1k 2k B 0 M R B AR S T 10% HNO, 3§
S CTHAME2 h, iR EZPHE TR, EH. %
THREERSFEEENAKTP,80 CTHH, R
PACLIE AT 1:5 WELRF , ¥ ¥ H K PACL B ]
UHMHLDHABEEREFR T, BMEE, 780 C
TREHH 2 EERET RABFELSKATT
250 CTRJE2 h, MR BMEREL TN 0.5% K
Pd/C #E4L 5.
2.2 PI/CAREY HERKHEE

e — 8 W Bk B AR IR Pd/C AL 5 10%
PTFE 2.7, MA BB XK ZEEARERE K, %
ANFE S ETE 80 C/RBHHLT  HERBER R IR
BEH 50 ~60 C W R EN b Z B E M PTFE
YAl REL 0.2 mm FAELE. 12— 2 IR
BOEHE R G B TKRBHN S 10% PTFE 3L,
MABBREKZBERABRERER, FEIRS5E
L EHI VR, HRIE 0.2 mm WP KBS #
BALE REBFRAERM .\ PKEIERNNFE
BE—E,RBEMEN £ 10 MPa EH¥E 1
min &, i R BOE AR K SRR (S
cm X6 cm,0.4 mm &) FEAT YRR A T8,

2.3 B FTEERE

LB R A 4- KB BB K, R B ] A R
AR, L Ti/Ir0,/Ru0, B #% {E X A% , Pd/C
SAY BB ARAE K B AR 2R 47 B A% 5. FH AR R B A%
B MR N 16 em® 78 ML R UK B IR 4 08
FER R, SRm e BN 1 B JBR K R A 3850 5% LA )
Bt B Jr BRI %8 . 25 TC 0 A BB 4 - M B9 IR B
¥ 100 mg - L™, A BB AAFR Y 100 mL, )7 B 6]
% 120 min, B % B K 39 mA - cm 7, BB R
(Na,SO, ) ¥BEN 0.1 mol-L™" AR /K A 1.6, Bk
FJEE K 2.0 cm, ¥4 pH K 7. 0; B3 AR HT S5 8 A K
RS 5 min, BES5E E 25 mL-s -l

+ HIE -

T Hy(Oy)

- — - N

PR R Y Bk

P _I‘Hi‘ﬁ% R E

e
RPN | - 1:'_4—
AR E HLAF A Hy(O,)

1 BUEREXFETREE

Fig.1 Schematic diagram of the electrochemical cell apparatus

2.4 /WM E

PEAL TR B9 & B 2 A F0 R OBL I € 7E D/ max-TT A
BIARHE X STRM M (B ABEALE) Ei#fT, U
CuK A7 58 , {58 P 4% BE FHAR. AL R B R R 4
43 BT ORI R /1N B T 22 ) BT JEM-2010F 35 & 5% & St
BT BME (B Al FHRAsi) #T0.

AL o & 40 2 i I 8 XA AL R T Pd EE /R
A3 B %2 SR B PHIS300 %I B F 3% (PE 2
H)#17,XPS P ED, Cls AR, EERERE, =
284.6 eV.

AR BALEREAT AR R A CHIG02 L%
AP (R E CHI 24 H] ) MAESE M = B ARk B L%t
AT WA X AR, Ag/AgCL(MFN KC1) iRk R &
R TR S K 3 mm BR NI ER
WK FR 5' &4 .0.3 pm F10.05 pm B AL O, #
JeR Ot BRI , BE S 7E R S B KR A KN 2 BE
TE¥E.- ¥ 5.0 mg Pd/C L FIIR A 50 L Y Nafion
BW(5%)F 1 mL B, B R 30 min; HE
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SHERB I 10 pL, B R EBEIBBER L, AT T
St 2 BRI . B AR IEN 0.5 mol-L ™' Na, SO, ¥,
H#HEE 100 mV-s ™. STRAT I B AR WP B E SR
RS 30 min, FEZXBIBF HBEBAIRAILRY.
LB TE(25 1) CT#AT.

A AR BOR A 6 (HPLC, B LC-10A) X 4-
[ HAT E B, WA FEES 5% H,PO, i f&
R 50:50, - B A 25 ODS C18 # (150 mm x 4
mm) ,JiE K 1.0 mL-min ', F0 K 25 C, #HAEE
B 10 pL, FHMT P 215 nm.

R COD REM M ( EMERER) WEMETF
HE;RAWRREEENEAE THEE.

3 ZE(Results)

3.1 X-HaMgER

&l 2 & Pd/C #£4L5H B9 XRD & & JAIE 2 # ]
DAE W, &8 Pd K77 5 H B0 78 B AR 47 20 = 40. 6°
Ab. 9 565 0 B 5 55 U R T BT JE X R R OBL KD,
LS AT 5 AR 5 Bl W R AR /N A S 068 4, 78 7 AR
55, SRR R 8 /it AT 5T 0& 7 K. FI A Scherrer 2%
A ARITE W Pd/C A Pd dOh )RR TE 4.1
nm 724 . B FIE RN TER , XRD # B RE w6
W) Pd TR, R A E] Pd 1SR E5 1, BiH Pd
RULERSFEH BRI BEE MR ERE. Pd &
TR R o B S R &, A
AT AL SR B #EFT

PA/C fEALH]

20/(°)

2 PA/C fEHHIH XRD i @
Fig. 2 X-ray diffraction pattern of Pd/C catalysts

3.2 BRBETEMELER

B 324 H, B JF k& 1 Pd/C 4L 19 TEM
REFHE. BEFK PdAFRREERAN, BR%E
A3 A, VR F R /N4 5). TEM G145 B i ke
FAR/NKH(3.9£0.8) nm, 5 XRD | &5 H ¥ &KL
RN AR —F.

50%

40% /
' 30% - /
: o \
B 09 L \

10% |

O L i i 1 " i ) oTe———
3.0 35 40 45 50

Dinm

3 Pd/C 4L HRTEM R ¥ F X /M EHHE
Fig. 3 HRTEM pattern and the particle size statistics of Pd/C

catalysts

3.3 X-kmFHiELR

Bl 4 2 Pd/C LRI Xk FREEE. NE 4
AUESER, SR FEEHSNEAeNFREE
Pd.C F1 O #yfh , B 1 W B 42 . R 14 m ik
FHPdEEUSBREGE, AN BWEE -2
Pd( 1)K 1d. B 4 o ,Pd ) H 07 B 7685 28 bR
5508 340 eV Fif I , T BB OR R s AL R 2R T Y

50000 —

Cls
40000 —
30000 [~
©
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0 1 I I e g
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4 Pd/C fELTIH XPS i
Fig. 4 XPS pattern of Pd/C catalysts
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Pd BE/R r B A SRR H & 8 0. 5% Pd/C
AL KT Pd /R BUARIT 1.29%.
3.4 AW AEERATHEN

B 5 2% Pd/C 44k 5 7 Na, SO, # ¥ (pH =
12.8) FRARF AR HEFREHEK. HBER
[, 7E -0.30 V HHEAR — BB B E R g, B R
[ZJG W LR A, U6 B 04 it 2 4 ) o JR .
MR AL B SR A2 F] AT ZE - 0.30 V FRHIE 3R
i JR L I R R AR A R P R A 2 T IR R
BLAE R R =4 HO, Brak.

0.0012

0.0008 [ 0,

0.0004 L

HLT /A

-0.0004

—0.0008 PR N T N TR N TR N S|
-12  -08 -0.4 0 0.4 0.8

RV

5 PI/CHEAFNEFTABRSEHATHERRZHR
Fig. 5 Cyclic voltammograms for Pd/C catalysts under O,

and N,

3.5 M4-EBWER

T HEFTH & PA/C L F B4k M g8, 2
— &M Pd/C SAEY BB AR, 75 IR B R R A
R 4- AWML AR. ZRI B R EE
ASHERMERAERERER + ES(F 60 min
BAES,60 min ZIFEAER).
3.5.1 4-4BKE COD W&l HARLEEHFHE
RIBAR EFM AR E S 4-A B LR X COD KRR
W56 e A 5 TR B ZE AL NI 6 BT . I 6a AT LI HY
ERARES , HBALSMER + FK0,4-AB 0
AL RBF 60 min Z )5 EREARB A 4-8 B
FE EERKRET,3 HES T AK COD TS
BEBRKANF. FEBEASSKN, BEEZRME R COD
W B o B [ B B T [ R B AR /N HBA R R +
S0, R 60 min BAEKMEASF T, HRE
COD FJZBRACR A & ;M 7E 60 min Z 5B A A
SEMEMET B, Btk & COD $Ui = Bl T 4,100
min J5,COD ERMRAEHF THEASZSNE COD £
Fa%k 525120 min B ,COD £ 53] 87.4% .

HE6b A LLE N, 7EHKREF ,4-AB ML

RELGEMARZERNER . MAARERF
ME,3 MBESTRTH COD ZBRMRIESR
.

100%

ﬁ%@: A ———— 7
O Q..ég 4 200

-
" 150
> 0 .

—A— Hy+Air

80%

o
2
e

100

peop/(mg L")

4- FEHEALER
&
2

PaN
—o— 1, Dlﬂ\n i 50

—A— H,+Air A

PR TN NS R SO IR NI
0 20 40 60 8 100 120

{/min

b. FMRE 7240

- - 200
COD iR g

—O0— Air
—0—H,
—A— HytAir

1120

80% [

- 160

4- R AL

peop/(mgL™)

80

EHeé mfdEdd4-GE5 COD KBl (a. FIRE,b. AR
=)
Fig. 6 Removal of COD and 4-chlorophenol over time ( a.

Cathodic compartment, b. Anodic compartment)

3.5.2 MEABR ERLRBEBBETER4-K
By it , BA AR 220 PR AR 2 7P B3 B 1) L 0 3 B P
i 6] B AR AL S 18 7 B

7 AT LLE B3 Ml T R =M
WERRE THREZNBEEA . FEE B 7
R, IR ZM AR EN AR THER L&
B HER—-ARRFTHREFEAETHRRENAE S
THAREWAR FHRE. FEEN, X bhTHK
R FACK R, R 8 R A Tl R RS B AR
2, JEARENEAE TRERTHRENEE T
WeBE. N —RE B G 2 RE R R T REY
BB R KME , BEE RO #E— P AT, 2 REN R
TFREYTE, XAKETELERRBEEALR CL
T 5L 5 i AR R

ME T ETEH, BARS + EERBAR
FERARERRE TREZ LB XBRRER
W EERESEAIIKERMER, W HE 2 #&
FIA B B K {H B IF] PGB A 2 SRR B B R
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(R R SN+ ZRRNARENHRE
A SR TR BEIA B B R H B B[R] 04 60 min, 25 S 4K
%% 80 min). X J 60 min B}, R, + ELHERMEK
SR EE T RBER RS HR 99.9% .99. 5% ,
Jont 4-F B EMEE FEEATEL2ER, T 80 min
i, = SRR P RE TR B ERMN 90.0%.

—=— Air

por/(mg L")

oL+ 1 4+ v a1

0 20 40 60 80 100 120
{/min

—®— Air
H,

por/(mg L")

0 20 40 60 80 100 120

{/min

7 SETFREZLHE(a BRED. HRE)
Fig. 7 Variation of Cl~ concentration with electrolysis time ( a.

Cathodic compartment, b. Anodic compartment )

4 1Fi8 ( Discussion)

4.1 HAREMEAMER MY E
Sk Pl — B B B AR B BE B 5 i) & 3 B S R SR A
TR E& & A BT S B ( Dabo et al. ,2000) :
H,0 » H' + OH" (1)
H'+ e — [H] (2)
FEFESE[HIAEREREEYE, B RBAR
REMHERE KAV (RC) 2 F ENRRT, K
B :
Cl + [H] + e — RH + CI” (3)
244 BRI AR 8 P B R R P B 0 A A R B, T
DIESEANYR MM B R NRE, R EEBRREK
T ERERE SN ZERERFEFEA H,, B
T BERGBERN RSB RGeS, B & )R]
YEFI B BR R 15 4 4 b i @A, 8 AR O C1°

BRI B

EARERAERT, HHANBERE P/C KEY
BB D, YRR RABASSKMES + 2K
W 2R 4GB 7E B AR = B R I 5 Ak R A IR
R BEA H B LR PA/C AL 858 i &
BB X BRBEBAESHMES +FK2 MERTH
e ZE 70 FH AR 2 B B T ¥R B 35 B B K ME Y B ] L
BAZESHRMEMBIRATHIEE.
4.2 WAREEHERLRKNYLE

AZBIBRT, B THRLRBENGEE, FHH
P Z P AR VR 7R L B T 4R IR AR AR 35 BB M &% 14 (pH
~12.8).7E C/PTFE S Ay BOHRRE, = H 3R
Her O, ZEBIR R JE =4 H,0, ,H,0, EB &4 T
ALk HO, , I3t — 273 K HO - [0, - (Fang
et al. ,1999) ;
0, + 2H,0 + 2¢ — H,0, + 20H" (4)
H,0, + OH — H,0 + HO, (5)
H,0, + HO, - HO- + O, - + H,0 (6)

HO - #1 0, - AT LAY 4-& B R HE /L =9
g4, RHEHO - EEFE, TULEBEL S KFH
B BB, K K fER CO M H0, REF=4—
KEREMEED W EAEBEGT T RIE, FHd 8
JLICHR (Wang et al. ,2005) . fR1% S K B AL ZRIRAT
R g R (8 5) ) LLAE , 7 C/PTFE S &Y 18
AR B4 Pd LRI R DR H,0, 8 4 . 38 A
S50, RELKFEVMNHK A4 H,0,, REA
SR EASSEHARENEINDRET &4
BRL BTl RS R + ERWESK T A, Bk
ZE P COD I EBRBR LB
4.3 MR R pAHLE

2252 55 BT P A4 PR AR EL A B0 A4 A G v £
s il — 5 B PRAR B, 76 FEAR B BT DL R A B SRR

2C1"— Cl, + 2e” (7)

I, FEBA AR = 7 SR BB 9 K & C17 38 o PR R
PEBIERE,RE Cl AR S #—FHELR
CLi B AR , FEAGESERBEE.

AZBIBRT, HTHRLRBENGEE, FHH
P ZE BRI L B T IR IR AR AR5 B MR M &% 4 (pH
~0.7). R LM T ,H,0 & 78 AR R K B+
A= R R B E FH AR 2% T B9 HO -, IR Ff 7€ FH AR 3% T Y
HO-FIRE SR B M EIE FHE/EA, Bl A
F N ER FES MR EEA RS R E4Y MO,
MR Z W, AT BRI IB 3 84k MO, , Pk



1598 EZS

5 B % % H 27 %

ERMPESEE, REES 5 ‘BRI R
(Canizares et al. ,1999). HFHEFE W HRA B, W0
Ti/Ir0, 1 Ti/Ru0, , R E R A B B EILF A F,
A PHAR B AL S B IR AL R AL " B B, R
FEBEANYFRERLTERNRR. ALK Fr#H
i B A% Ti/1r0,/RuO, B J& TF 26 41Kt
EHREF,HRZEAMEAREER 2 M
REWHEHE” , M TAARZET BB ERENE
BTC&E R A4y CLT R E B Ak R, A
ERBABRKR AR S 5 EALA LY SNL, T %
TZRERFE =Y R4 R BT, EHKRES,3
FpilE S5 T B COD & BRI B A .
bR, ERAERBERER SN PA/C#
AFBERAE RS, HBEAEHREARRERNER
B AESH B E COD EBRB AU AHE ;Y
SEERE B E AN, X 4-F B 5= BRI &
. X ULEA, B Pd/C AL ] 4 BB C/PTFE S 4k
P RLBA AR AT A SR A R AL A A B T R R R
RANY TR, RARE RS

5 &% (Conclusions)

1) RS KB Rk &K Pd/C AL+, Pd
FEUSBERSHELE PMAULERSEENRGES
HEE M R, &8 Pd R EEB , B 7 K/
B NEEA L o ER;FEEREREN0.5%
Pd/C LR T Pd BE/R 0 BGA BT 1.29%.

2) R B Hl 4K Pd/C SAEY BRI
KPS S R =R A 4-R BB E BR A
RERFN. AEBIFHEBEASLS, T Pd B3R
BB SR AE S, SR B #E AT 2] 60 min B, BLR R
BE B E, N 99.9% ;60 min 58 AR, Pd &2
H,0,B £ R, B COD ERBARERT. X—&
AT RET EAL RN LS, B T B
REBAT WA, NELR T H I YIRERT
PLE) e & B AR

BREEEA: EZR2A(1964—), 5, %R R). L EFR
07 R ARG R IR E R
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