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Preparation and Characterization of Ni/PdO/RuQ, Composite
Active Cathode for Chlor-Alkali Industry

WANG Wen LI Xue-Ming® YANG Wen-Jing FU Yin-Hui LI Wu-Lin
(College of Chemistry and Chemical Engineering, Chongging University, Chongging 400030)

Abstract: Ni/PdO/Ru0O, and Ni/RuO, composite active cathodes were prepared by thermal decomposition and
oxidation method. The composition, structure and electrochemical performance of Ni/PdO/RuQ, composite active
cathode, Ni/RuO, active cathode and pure nickel cathode were investigated by XPS, XRD, Energy-dispersive X-
Ray Fluorescence spectrometry (EDXRF), SEM, the polarization measurements, cyclic voltammetry and
electrochemical impedance spectroscopy. It is found that Pd and Ru elements in the Ni/PdO/RuQO, composite
cathode are mainly in the form of PdO and RuO, and these two elements account for 1.25wt% and 1.71wt%
respectively. The electrochemical results show that Ni/PdO/RuQ, composite cathode also exhibits high catalytic
activity and stability. At the current density of 3 kA -m ™ hydrogen evolution overpotential of Ni/PdO/Ru0,
composite active cathode is the lowest, which is about 125 mV lower than Ni/RuO, active cathode and 371 mV
lower than that of pure nickel in 11 mol -L™" NaOH solution at 363 K. For active cathode treated by 72 h
voltammetric cycles, the electric double layer capacitance of Ni/PdO/RuO, composite active cathode decreases
about 30.6%. The roughness of Ni/PdO/Ru0O, composite active cathode is 32.12 times larger than that of the pure

nickel cathode. Besides, there is no obvious cracked-mud.
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1.1 KFENEE
AL RN 2 TR MR AR AL |
FALEN BRBREA TG KB R £ 55 11 5 43 BT 28, Ni 19 F
TLIML ]2 U Ak 22 e A A IR Al 341
SGM3817B Y AT 2 F 4 =X 5 4 (1 FH PE A& 54X
i il 3 2 W) ; ESCALAB 250 % XSG FREIEAY (&
Thermo 7% W );XRD-6000 %! X i 2k 17 4 1%
(Shimadzu 2~ F],Cu Ko,A=0.154 18 nm); F3HiH ¥ ik
B (VEGAT LMU, #E3% TE SCAN 22 #]);QUANX
Y X 29 G REIEAL (36 Thermo 22 7]); AUTOLAB
PGSTAT30 H LAY (i 2% Eco Chemie 2\ ),
1.2 BiRMHE &
1.2.1  FEMA 10 4h 35URN U 78 v e o)

IBCSEUT Tl FH B AR S 46 Ni R (1x 1 em?) , 8 M5
fib 4b PR J5 7E Na,CO, . Na,SO, NaCl (1 & ik & 34
4.5%) MR G W P B se R BR Wk S TE T s 1Y
[T W FE R 109 FR 7K B W T B Tt 2 b, B sk
T BT

r ]2 R B AL PANO; 30 g+ L7 (B —
RZEIRK),Z I A 0.1 mol - L~ HNO, #4174k ; 1%
PEJZ R ALK . RuCly 45 g+ L7, FrER 500 g- L
(B R & ),

1.2.2  HrEZ 6l &

V6 v T 2 U A0 U A T Ak B ) R
& S HA 100 CHEFE T 4E 10 min, Z S5 5% A
g 400 CHEIERTBE 10 min, SR G ERIRHE
frbeid B 4 W, s — RS B A E K 2 0.5 h,
1.2.3 W PEEH &

FE 25 38 i A FE A A DO R U 7 5 v TR )2 1 R
LA B S VR TR PR R IR, A 130 CCHEAR
HE 10 min, ZJEFEA G5 400 CE R KB 10
min, 2SR JE R IRBE RS E 7R G — G RE
i ] 4E K % 0.5 h,

1.3 HBIRRIE

K X L T RE T ASORT I o BA A 3R T R 2 R
TCHR M S AT 0T, BAA Al Ka(hv=1486.6 eV ),2
150 W, 500 wm HBE 68 50 BT 25 [ % 1 B8 30
eV, K H 5 Y fik Cls(E,=285.0 eV ) fERE R IE ;2K
FH X 5 £ A0 SR ASORE 5 1 BA W T 1 i I 2 A7 AR 45
¥4 3 81, B R 40 KV, LI 30 mA, ¥4 75 [ 100~
80°, FH M FE hy 4° - min™' ;2R H X HH& AL RETE AL
SAATELA T Pd Ru & L 40 KV, LR 0.5 mA;
I 4514 P S R O B T T A BRI R Y 2
B LR 20 KV, ECRAE %L 3000 £,

1.4 EBRHEEENIK

HL L2 P BRI R = AR R S R R
TR0 SR F AR 8 Ao R RN L P R D
HLAR A B, BSR40 A Ni Ni/RuO, FT Ni/
PAO/RuO, LM , AR A 11 mol - L™ NaOH ¥ ¥, Il
R 363 K, RGP R ik AE U R 10
mV s RN -0.4~-1.8 V T I 400 5% HL i
M2, XF H 20 HT Ni/PAO/RuO, HL A (1 AT &G
P 5 28 U BT 725 0 7 45 F AW S [0 2R ) ) )5 ) 28
T BH BT B, X EE 43 T Ni/PAO/RuO, HEL A 1 £
PERIAT SRR, DR B 0.1 Hz~100 kHz, 9%
&5 mV,
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Fig.1 XPS spectra of Pd3d (a), Ru3d (b) and Ru3p (c) in the surface of Ni/PdO/RuO, composite active cathode

& 2 24 Ni Ni/PdO/RuO, HL#% () XRD &, 57
AL Ni/PAO/RuO, & A& BTG MBI 5 Ni JEAH LU AE
20=28°F1 20=34°4b i B 2 A~ W A A3 S 0 | X L
PDF #rifER - (65-6825),260=28°"4 RuO, HYFFAE I
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ZAFIEIE T 9 PAO A1 RuO, ¥JJE 17 d R, B & — mh
Ja& BRI XTI SRR B AT A v E AR AR A RO - : :

PS5 HY L RO BLRE | PAO PR R T Ni » e ”
HIGEZZRIEEE T, Bik T Ni/PAO/RuO, E & 2 Ni A1 Ni/PdO/RuO, & £ % i ¥ B8 XRD
TVE P B ARG R M W5 LAY RuO, AN 5 B v% | Fig.2 XRD patterns of Ni mesh and Ni/PdO/Ru0,

M X 5 228 G HE 1% AU AT Ni/PdO/Ru0, & 4 Al composite active cathode
TP BB Hh 5% 4 JB DT 2R S B B i AT o0 A A R SR Bl 3 45 AN [6) 25 0 BA A 2 1B S Y SEML A
By, WITRERBRIECN 1.25%, SRRSO iR N (o BRI RS JCH B
1.71%, W45 b BLRS FEAR /1N s Ni/RuO, &2 & A (b B3R

Intensity (a.u.)

.....

K3 4l Ni ®(a).Ni/RuO,(b) Ni/PdO/RuO,(c)E & B K & il SEM
Fig.3 SEM images of Ni mesh (a), Ni/RuO,(b) and Ni/PdO/Ru0,(c) composite active cathode
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Fig.4 Polartization curves of Ni mesh(a), Ni/RuO, (b) and
Ni/PdO/Ru0;, (c)electrodes in 11 mol-L™" NaOH
solution at 363 K
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Table 1 Values of the overpotential and equilibrium

electrode potential for hydrogen evolution
process on pure Ni, Ni/RuO, and Ni/PdO/
RuO, electrodes at 363 K

Electrode Koo E. IV E/V n/ mV
(=363 K)
Ni -1.064 710
Ni/RuO, 3.8x10™" -0.954 -1.418 464
Ni/PdO/Ru0, -1.293 339

mV, b Ni WA 371 mV, % B Ni/PdO/Ru0, &
A R HA B s AT ST M

HE 40T DIEN, BE%ERT 3 kA-m?
B, Ni/PdO/RuO, B # B3 v 55 1E T Ni/RuO, HL & il
Ni PIHLA% B Ni/PdO/RuO, HL 1 B AT & M fig B 4 1
Ni/RuO, F1 Ni % B4R, H 5 AT e & PdO Hria] )= /9
A, #1153 Ni/PdO/RuO, & 4 AV iE PR BB (9 b 2%
T Ni/RuO, PR AT Ni W R v, DA T AR I B 5
HLUI % B BT S L A RIS BT PO A
WAL TG P PAO 3 3 2 9 i AfE Ni/PdO/Ru0, & &
FL A AT S0 BE L Ni/RuO, HEAR B4

’l 5 242l Ni L% Ni/RuO, 1 Ni/PdO/Ru0,

704 (2) Ni mesh
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Fig.5 Nyquist plots of the impedance of Ni mesh and

various cathodes at different voltammetric cycles
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Fig.6  Equivalent circuit for fitting Nyquist plot of

electrode

M 2% 2 A, 4l Ni 0o BB e S Tl F i Y
Hh A H 7 A% 328 F BEL Y A2 fE 6 155% , Ni/RuO, HL )
4 143%, T Ni/PdO/Ru0, B A B R 130% , B
Ni/PdO/RuO, & 45 784 H Ak Ay H o 7 326 R BELAE Ak 2R/
T Ni/RuO, A% AL Aoy 1% 328 i BH AR fb %8 38/ T Ni 9
H iy 1% 366 FL BB f 23, AR 2R 720 J&  Ni/PdO/
RuO, & & Y A Y FieL 7oy 12 328 Fi BHLAE Ak gD |l T
UL Ni/PdO/Ru0, & & B LR IR 2 1 M e AR

2 TREREEMESH
Table 2 Parameters obtained from fitted

Nyquist plots

Electrode ¢/h R Rl Gl

(Q-cm?) (Q-cm?) (F-em?)

Ni/PdO/Ru0, 0 0.290 3 1.073 0.037 23
24 0361 2 1.812 0.027 29

48 03725 2339 0.028 92

72 0.386 4 2.468 0.025 83

Ni/RuO, 0 0.164 3 07304  0.022 82
24 0.143 6 1.148 0.011 58

48 0.151 2 1.644  0.009 731

72 0.1713 1774 0.006 667

Ni 0 07112 7479 0.001 159
24 0303 3 99.59 0.001 199

48 03476 1746 0.001 591

72 07124 1907 0.001 163

R Solution resistance; R, Charge transfer resistance; Cy:

Electric double layer capacitance.

O H1 20K H B 9 X J2 B A5 (R 20 pF -em?,
FE LA Ry JH o A AR ) B R AR i S,.=C/
(20 WF) 1 7 =S et /S atuce( Sataoc=1 cm?) FI H1 Nii ¥4 [f]
H  Ni/RuO, 1 Ni/PdO/Ru0, H % i RS B 43 0 Ky
79.56 .1140.85 F1 1861.30,Ni/PdO/Ru0, & A I Hi #)
(1) RELAE B2 24 02 Ni/RuO, HLAR 1Y 1.63 %, J& 4l Ni I
LAY 32.12 £, RUTHLA ' PAO \RuO, MY 7 7E 3
TN E AR 1 2 TDRDRS B T4 i T AT SRR
Sea 0 Cy PTHT, WU 52 L 25 5 FC S0 SR T ARUSE b
KR MEIR LGS 72 h J5 20 Ni 0 0 J2
FAEBEA £ K44 Ni/RuO, HL A 19 0L 2 HL 259
/N 70.8% , 1 Ni/PdO/RuO, HL A (1) XUHL J2 HL 28
SN 30.6%, W PAO 2 A Ni/PdO/
RuO, FELHK 1 2 181 45 4 AN 2 B IR | RO H v L A AR
SE A A, HWLER AT BB 9 R Pd 5 Ni J2: )
Wt E, 5 Ru [ — AW E ,Pd 5 Ni Ru MM
AL, BrLL PAO BIINAYE S T RuO, WG PERIZE S
Ni AR B 256 7, ehosts e R A AR R M 4
Ni/PdO/RuO, FL AR B BT o T B 7, TG P2 A
Gy W% .

3 & it

(1) PdO a2 51 A5 Ni 25502 RuO,
Z B4 & gk, IS Ni/PAO/RuO, & &%
T P (9108 1 A S vl A7 A T 8 R AT ) of A P 48
G

(2) Ni/PdO/RuO, & & BTGP A P Pd Ru
JCE o i b A BT i B o 1.25% 0 1.71%,
L ) B8 3 R P A A T T Y T B X )
PdO #1 Ru0,,

(3) Ni/PdO/RuQ, & H 1 1 M B W 3= 10 R RS
o Ni 38K 3112 7% e rE Rt m iy o — %
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