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Electrochemically Reductive Dechlorination of Chloroform in Aqueous Medium by

Codeposited Palladium-Nickel Glassy Carbon as Cathode

SUN Zhi-rong' > LI Bao-hua', HU Xiang’» SHI Min', PENG Yong-zhen'
(1.Key Laboratory of Beijing for Water Quality Science and Water Environment Recovery Engineering, Beijing University of Technology,
Beijing 100022, China: 2. College of Chemical Engineering; Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: The electrochemical deposition behaviors of Pd-Ni bimetal on glassy carbon (GC) electrode were studied by means of cyclic
voltammetry (CV) based on orthogonal experiments. CV results reveal that Pd-Ni bimetal shows larger hydrogen adsorption peak than that of
single Pd or Ni. The mixture of Ni** and Pd®* can get hydrogen adsorption peak of —24.83 mA at — 500 mV (vs Hg/Hg, SO, ). Scanning
Electron Microscope (SEM) images reveal that nickel addition changes the distributing configuration of Pd microparticles on GC. And the
appearance of Pd-Ni bimetal microparticles is distinctly different from that of single Pd and single Ni microparticles. Diameter of Pd-Ni
microparticle is bigger than that of Pd microparticle and smaller than that of Ni microparticle. Effects of dechlorination current and time on
removal efficiency of chloroform were also studied. The removal efficiency of chloroform increases at higher dechlorination current and longer
dechlorination time. It reaches 42.53% when the dechlorination current and time are 0.5 mA and 180 min respectively on Pd-Ni/GC electrode
prepared at optimum conditions. It can be envisioned that the removal efficiency of chloroform would increase further at longer dechlorination
time.
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Table 1  Content of electrodepositing solution and

electrodepositing condition

R EE 2 AT HIRBSH M0
PdCl, /mmol * L~ 3~20 Ji/mA*em™2 0.5~ 10
NiSO, *7H, O/mmol* L~ 3-20 t/min 5~60
NH, Cl/mol* L.~ 0.2 3% GG
pH{E(H NH;*H,0 H75) 6.5~9.5 Sp: Sy 1:2
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it S 30 SR T ) P AR e A A ) B AR =
FH A% =5 F BH 5 1~ 22 #6: JIE ( Nafion 327, Dupont 2 F, 7
FHRTLE S aliK i i 8 W) B@ T, LUk % 1™ 75 FH AR
ML CL, . AR = FOBH A % 1 2513400 100
mL. BB %= LR 0.5 mol/L H,80, 5 2.0 mg/L
CHCL, IR & % WG PR = A 0.5 mol/L
H,S0, YWl . e B 2% B R . A Aok 7% v B A % %
HL AT . P A7 VL S0 S FE A M IR R A N kAT
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(30 m x 0.25 mm x 0.25 pum), FEik 80°C, K Wl &%
150°C , AL E IR 150°C . CHCl, 7K FFE LM 58 1 56 75
50°C TE LK AT 50 min LA BVBCE T 1A
PR 1 mL ARE & 716 CHCL, BRI BR 9 200
pg/L. BT R G F /K ¥R FH k751K
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Fig.1 CV curves of the Pd-Ni/GC electrode in Lys(4°) orthogonal experiment
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Table 2 Content of electrodepositing solution and result analysis

of Lig(4%) orthogonal experiment

S NiSO,*7H,0  PdClL A PR T
Far pi fomol* ™" /mmol*L~" /mA*em~2 /min W /mA
1 6.5 3 3 0.5 5 -2.56
2 6.5 7 7 1 10 -1.48
3 6.5 10 10 5 30 —
4 6.5 20 20 10 60 —
5 7.5 3 7 5 60 —
6 7.5 7 3 10 30 -15.16
7 7.5 10 20 0.5 10 -3.24
8 7.5 20 10 1 5 -3.20
9 8.5 3 10 10 10 —
10 8.5 7 20 5 5 —
11 8.5 10 3 1 60  -3.82
12 8.5 20 7 0.5 30 -3.75
13 9.5 3 20 1 30 0C TG
14 9.5 7 10 0.5 60 0CTE )
15 9.5 10 7 10 5 —
16 9.5 20 3 5 10 -6.26
ey —=2.02  —1.28 -6.95 -2.39 -2.8 —
Lypyy =7.2 -5.55 -2.62 -2.13 -3.66 —
Lipyy =379 =3.53 -1.60 -6.26 -6.30 —
Ippyy —2.09  —4.4 -1.62 -15.16 -1.91 —

R 5.18 4.27 5.33 13.03 3.4 —
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BRI 25 1) e 45 A C R 5 BR1 32 7K P v g K BB B 6 Y.
(7K ) R9: pH = 7.5; Ni** = 7 mmol/L; P&** = 3
mmol/L; J, = 10 mA/cm’; ¢ = 30 min. A3t — 015 2| 5
YRR 1) FLAR IR 2% 25 1 7 1,6 (47D IEAT S5 1) it I
A /N IEAT R 3 S L AKEYE L, 34T 1, (3D IEAT S
FLr [ 52 dp /N 2 BRI 22 ORI 0] ¢ DA i S50 de A MH
(30 min).
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KFEDA: pH = 7.0; Ni** = 8.5 mmol/L; P** = 3
mmol/L; J, = 15 mA/em’; ¢ =30 min. %5 FF RN =i
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Fig.2  CV curves of the Pd-Ni/GC electrode in 15(3*) orthogonal experiment
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Table 3 Content of electrodepositing solution and result analysis

of 15(3*) orthogonal experiment

B NiSO, *7H, 0 PdCL Ji L)
) e /mmol*L~! /mmol*L~! /mA*em~2  VE{E/mA
1 7.0 5 1 7.5 -12.50
2 7.0 7 3 10 -19.93
3 7.0 8.5 5 15 -20.79
4 7.5 5 3 15 -10.77
5 7.5 7 5 7.5 -11.33
6 7.5 8.5 1 10 -13.81
7 8.0 5 5 10 -8.81
8 8.0 7 1 15 -17.20
9 8.0 8.5 3 7.5 -16.30
Iy -10.70 -14.5 -13.38 —
Ly -16.15 -15.7 -14.18 —
L3y -17.00 -13.64 -16.25 —
R 5.77 6.30 2.06 2.87 —

2.2 AT PA-Ni/GC HEBZ IR 22 IR
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Pd-Ni/GCHE 5 Pd/GC F1 Ni/GC HL B [ X o), 2E—
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AR TR A A AR 22 i e 1 3% A B b ) A IR R 0, T
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Fig.3 CV curves of Pd/GC» Ni/GC and Pd-Ni/GC electrodes
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Fig.4 SEM images of Pd/GC; Ni/GC and Pd-Ni/GC electrodes
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