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Preparation of NiAl-MMO Films Electrode and Its Capacitive Deionization

Property

WANG Ting'*, ZHU Chun-shan'”, HU Cheng-zhi**

(1. School of Chemistry and Chemical Engineering, Henan University of Technology, Zhengzhou 450001, China; 2. Key Laboratory of
Drinking Water Science and Technology, Research Center for Eco-Environmental Sciences, Chinese Academy of Science, Beijing
100085 , China)

Abstract: Hydrotalcites are not only considered as important absorbents in water treatment and but also widely used as super capacitor
materials. In this study, NiAl metal oxide ( NiIAI-MMO) films, which were the calcined products of hydrotalcite-like compounds, were
grown on the surface of a foam nickel by an in-situ growth method using a foam nickel substrate as the nickel source. The prepared
NiAI-MMO films electrodes materials had stable electrochemical capability, remarkable electrochemical capacitor, and gave a highest
specific capacitance of 667 F+g~'. The desalination performance of material indicated high voltage and weakly alkaline solution were
favored for desalination. A highest desalination efficiency was up to 58. 17% when the initial concentration of C1~ was 0. 003 mol-L ™",
the voltage value was 1.0 V and pH value was 8. The adsorption saturated electrodes could be rapidly regenerated with a desorption
rate of 87.96% by electrodes reversion. This study provides a new choice for desalination in wastewater treatment.

Key words : capacitive deionization; electroabsorption; NiAl layered double hydroxide; NiAl metal oxide; desalination

7.8
XHEL ]

UTARR RGPS H 43, Tl gk Ak

R EARAE SR AT R B
2228 T ( capacitive deionization, CDI) $ K & — Ff
B IK AL PR R | 5 A5 GE R BRER Tk W B i |
BT AcH . 250 B TR L BT REREAR . 5
UGG | AR R AE 4 1] B A5 00 A, FE K A B £ Ty
T ELA T B A AT 5 DT S R FR R A
A FH 3 A A 40t P, 8 1 1) LA R B e ey ) LA
T3 % 8l 7R AR T MU 2 (0 i 2 s A 7
H AR R T, LA R K Hh 0 86 43 T LRI 2ok D s
e IS A2 A5 O A R 1) R AR A R 20T R
MEHE CDI BAR YW IR, X i B i E N S5
BB EE Z AL MR, W 8 | TSR s I
PEREFYE | BRANKAE | IRABEI S, 3k 2L b
AR SUR: LRI K A | k2=t oA

JEAIRA e o R (XA 2K 1, LDHs )
HEA KRR HER AR, BAF A A~ A2 PR A = Y 1L
PR AR BB 0T 4 DR e 5 P 48 T 5 AR FH AT A
RS | WA ) =R v SN A A B [ R IS
TR AT 45, 6 LDHs 78 B85 1 (% W B i
G ZBRIHN P H LDHs MR SR M 2E R
AE ELHEAE N F AR A, PRLHKS LDHs A4 A% i 7 o
B 7 S P A R G 0 A 3R I B LDHs 315 HE
BT A R RAF Y CDL B R

YrFs HHEA: 2015-07-16; fEITHHA: 2015-09-09
EEWA . EFKMIE IS SR A E LI (20122X07414-
001)
EHEBA . F1E1989 ~ ), & L WF5E AL, T 05T 5 1) sk Ak B
WERRHETT & RIS, E-mail ; wangt0929@ 163. com
# JE K & A, E-mail ; zhuchunshan @ haut. edu. cn; czhu@

rcees. ac. cn



2 4 TS BRI AR A ) A M ERR 2R PR fE 603

LDHs 19 fb 2% 21 aft =8 4 [ M7, M2* (OH ), **
(A""),, - mH,0, Hor M** | M** &4 & HE T,
M AT DOREE B B BESE MR, M LU
RO BE-MME T, 2RE AN T EZER L,
A REEE T x N EMHEE TS TAHE T
HBER L 3 m ARZRJZ WK 43 7407 o LDHs
InERE] — R, R R E W E G &R ALY
(MMO) ,MMO 5% ARBA S [ i, & 73 FT R A
JPIZRE5H9 1 LDHs, WG FR 8 “ 254918427 300,
XS MMO AT T B B IR B A B2 R 020 AR
WEFEAE TN TAE B SR 126 LDHs i b i 1 287
SEHUIARSRTAT , s AR A T R BT I ER BAF A

AT B IR R A S S I SR AL BRI R
AR R TEMIRER R M 45 T NiAl-LDHs AR HL
W T #4 4k A NiAL-MMO 78 B8 B A | i 3 SEM
XRD ., FT-IR Z1F T NiAl-LDHs, NiAl-MMO Hib; 3
AT TR 300 B 2R, 8F — 20 R FH A Ak 2 AR sl il o 1
NiAl-MMO {5 A L A 24 PR RE, I 548 T L |
pH 55 R 20T HL 258 B b M R A 5 1.

1 MRS

1.1 SEESAPEHR S

ML R (LR T 99% ) , Il F KV H1o0
B EEA R A E; AEBER(FERSTERT
98% ) 0TI rE A FEAE T AR A sl T $hig
(HCD) | fiifig (HNO,) . Jo/K L2 (CH,CH,0H) | &
WEERR (G H,, AlO, ) | Z /K (NH, - H,0) | B iR 4
(NaCO,) . EE LA (NaOH) %515 K 73 Bréti (AR) |
W [ 25 8 A b 223000 A BR 2 ).

IS X FHER AR AT (XRD) 4L (X Pert pro, b
S RAESA PR ) B 21583 (FT-IR ) X
(TENSON27 ,BRUKER Germany) , 1738 Hi 1 i 455
(SEM) (SU8020, H 322Nl ), HL B A& 45 B 1R 45
AL (ICP-OES) (710, Agilent Technologies U. S. A) ,
B0 (1C) 4L (1CS-2000, Thermo U. S. A) , Hi 4k
== TAESS (CHI660 , L IRIEAUAR A F]) .
1.2 TR A 5 vk

BUEHR 1 mm BRIV 2 em x3 em [
FLBEJE 1% B9 FR A IE UE 5 min, 285 FH 25
BB ATEDE 3 I, FEHITOK CBREE 1 IR TN
60°C MYHEAR AL 2 h 25 11,

¥ 6 g oAy 1y 5 SR A Bk BE R 0.05
mol - L. "' Y 100 mL HIFEASFRIE W, B FE 10 min, 58
Jer K LA B b, AR E] 90°C I 1 T ¥4 5 171 9

K26 h BHGTE LT 2135 B I, 1 15 ISR
BLOE D 10 min, B0 5 S ISR TTEY)  RX
S/ VEITIE YIS 25, BAS 3 T B B B i
1% MUK 3.15 g BRIRENIA T 20 mL 255
Tk R AR pH 2 7.5 247 385
WA R I A 100mLL 735 1R 0 48 v 6 Ab gy
(AR R RS AR A A A e D, SR 1 O 28 T
MR 7E 120°C 1 254 T R 48 h. [N 25 U5
J VA8V H E S I, BOR AR AL i SR R
FoKRPE, T4, BI3RAT TERSE NiAl-LDHs I,
U £ 4 B9 NiAl-LDHs 3 [ H B 8 T 5 g
WL FE 500°C FUEBE 4 h, THEGE R LS C omin ™' 15
FHBEE= W) NiAL-MMO 8 5
1.3 BRERSCE
PA3 em x 2 em By £ 88 A5 6 0%, i AR [E] Y
NiAl-MMO 8 RAS E AR , 36 AH 7] i B AR P4, A
FEAT 100 mL ¥ J% 4 0. 003 mol-L ™" ) NaCl ¥ (1)
B A FTHF B R, THE1L.OV, pH N T 1)
ZAFF B 150 min, {5 H % B 28 2074, % -
AT BRI S IE M, NIAL-MMO 8 f15 H A by £ 4%
WA JE R LB R 90 min , £ERF 15 min BUFE 0. 5
mL, FBEE ] IC & G- & &, Cl EBRR, )
Bip7e e AR A
r=[(¢ —c,)/cy] x100% (1)
q. = V(ey —¢.)/S (2)
n = [(Cd —cp)/(co _cc>:| x 100% (3)
K o e,y ey SINR CL BIHTHA R BE | W B 1 iy
VR | R EATR B me- L' g, AR N A
mgeem 25 r O CLT I ERBRR, % V R BARE, L;
S ﬁ&ﬁ@*&@f‘ﬂ,cmz; n PR %
1.4 ROEJTHEE
KH XRD (H#E, Ko F126, A =0. 154 06 nm, &
HL A 40 KV, 3 ERIE 5(°) »min ™ FHHTER R
10° ~90°) FAF NiAl-LDHs 3% A & HABRE 5 1
NiAl-MMO A AR Z5#4 ;¥ 1 mg M NiAl-LDHs
THEREE T SR R R AR R i B LB RS IS B NiAL-MMO
AR 2515 100 mg B9 KBr By K 740 iR & )5 &
J, K FT-IR 7E 400 ~4 000 cm ™' 5070 Bl g4 7 E
PES T R SEM-EDX Xt RE §h 2 A9 450 . B0
L SAEAT 04T 3 R TCP-OES K ff i) 2 39 i 1) 2.
s Bl 1 mol-L™"AY KOH ¥ 100 mL, LA NiAl-
MMO R AR AE R TAERAR, DL Pe A bnifE Ak, 16
FH SR FAR Ry 2 Ll H AR, (1 FH A A2 AR ol 2R A7 10
PR 2 P BB RN 7 L PR RE 5 SR 1C I



604 7

i

oo 37 %

BB st BB B 1 AL
2 RS

2.1 AR I S K A5
A6 o 7 5 09048 ( SEM) FIRE T ( EDX) %f

WK AR K HE R T A= K9 NiAL-LDHs . NiAl-MMO
T B T RAF , W&l 1 fir.

1(a) AATZ LDHs 1925 FIIRER LML , 2R 1
S R EE R AL 1 (e) S5 1 (a) X ERAR B 2
B 2 JF AR K A FRR A A TR AR R T AR AR AR

(b)
Ni
i
Ni
i
1 6 8 10
25 fEkeV
(d)
Ni
| i
i Ni
Il Ni
- T T |J' T
4 6 8 10
i keV
(f)
Ni
41
Ni
Ni
4 6 8 10
i keV

(a) . (b) EWREHFIHR S (SEM) FIFIEEIE (EDX) 208, (¢) . (d) A
(e) . (£)4r2 NiAl-LDHs #1 NiAl-MMO s H 4% ) SEM & | EDX [
1 EFKEEAERE LK NiAI-LDHs, NiAl-MMO # 28 % SEM E#1 EDX &

Fig. 1

SEM images and EDX patterns of nickel foam,NiAl-LDHs films electrode and NiAl-MMO films electrode



2 4 TS BRI AR A ) A M ERR 2R PR fE 605

o JFA B IR 25 F 8 NiAl-LDHs 91578 35 | it EL
NiAl-LDHs J# 52 B A HERUIRA. & 1(e) 1 NiAl-
MMO AT A R 25 F HEAR, Fl NiAL-LDHs i 5 AH
HEBTES L EEA AR K AR A, B K2 LDHs Jii i )2
[i) 13 5 114 S 7 B A 2R B A T ).

EDX A HIRA MK A RS & & L, EDX
53R Y] NiAl-LDHs R B i bR 2 ~ 4 AR
LDHs @b 2 HirF1 3 f 4 Jd B 7 FE /K Eb B B a2 Jit
W, HATE 2 ~4 BF A G4 LDHs S AE R . N
TR A R AR ) i L, W5 B ICP-OES K 4
Br. ¥ NiAl-LDHs 78BS T e i A RE i i At 7 i
g, FIH ICP-OES ME SR S s Lol 2.8, &
(25—

& 2 SRR L ZE 10° ~90° A9 XRD [ 4347 45
WK 2(b) ., 2(e) N, fE 11.2° 22.4° 33.6°4k
LT LDHs BYHRFIEATSTIE (003) | (006) | (012),
B2 (a) SR IRER IR AE AT 06, o] LUE IR 2 (c)
JEE 2 (a) A1 2(b) B E N, o i S50 HE R R4
HeBhy, T AUl B AE AR R E i T A K T NiAl-
LDHs {3, M 2(d) i LLE H |, NiAI-MMO 3 i
R 114 T A S5 0 2 VS A TR R 1) SRR IR 0 Sz 43. 38°
SEAL BRI ) XF 10° ~ 40° . 60° ~ 70° 71 il i K
MELE 2 (e), AT LLE HTE 37. 189, 63.09° L T
NiAl-MMO FYRRAEATSFI4 (111) F1(220) 2227 iy ik
AT DL A A K 1Y NiAL-LDHs 39 5 £ B 4Bt h NiAl-
MMO 7 fE.

111 (e) |

W/ \Ww’,{‘mw || I

(d) NiAl-MMO |

+ I
30 a0 60 i)~

—J | — J

" " (¢) NiAl-LDHs

Il |

II\ J”\__._._._._._/\..r'\,.._-l ||..-.._JII-__.____/--._.._..___.._)n\—.__..
1

I (b) NiAl-LDHs

A A S W N .

L

1 1 1 L
20 40 60 80
200° )

(a)PRER; (b) NiAl-LDHs ¥4
(c¢)NiAl-LDHs F1(d) | (e) HRE AR
2 E%$RE. NiAl-LDHs #4% NiAl-LDHs,
NiAl-MMO #Z B 1R # XRD
Fig. 2 XRD patterns of nickel foam, NiAl-LDHs powder,
NiAl-LDHs films electrode and NiAl-MMO films electrode

3 JE AL A9 FT-IR (&, FT-IR 3% AT
o S 7 22 (8] BT B A b 28 R D T2 R iy B A B
3500 cm ™' BRI FE A9 052 LDHs J2 [\ 7K 53 F F1
JE MR 1 F A 245 P 2l i IR 0% 5 1650 em ™! A £
JEZ KR H—0—H 25 #h = sl 1 Wik i ; 1350
em ™ Ab B BRIGREBH B TR R AR 1Y (C =0) M 45 R 3l
(AU 5 750 em ~" Ak ()G ik FR R 1) 25 il e 3 1Y
W AU 6 2% VA2 ik 1 AR 47 )22 9 NiAL-LDHs 8
JIEE. HB8 S 2 1R] B4 B 5 2 8 A S S i o 75 )
JBEBEF= ) NiAL-MMO 5. I 3 (b) Hal AT 2 Hb
F K1 350 om ™t &bk R AR B T 1) B o) 04 B I O
55,1 650 cm ' AbJE[EIZKFEEFE H—O—H 25 i 4z 5 1)
I S 0, B Sl ik 553 , 8 B 2 ) 1) B 5 2 A %
R BB G 2 A K E B P NiAL-LDHs #
T BT AE A NiAL-MMO .

0.95 )
e /’ W

090\ ~ \
0.85 \ M \

0.80

0.75

EHAR %

0.70

0.65

0.60

0.55

1 1 1 1 1
3000 2500 2000 1500 1000

H¥em™!
(a)NiAl-LDHs; (b)NiAl-MMO
E3 Mifnsk$R L E TR NiAl-LDHs & NiAl-MMO
K #MEE) FT-IR
Fig. 3 FT-IR spectra of NiAl-LDHs and NiAl-MMO

1
4000 3500

powder scraped from the nickel foam substrate

2.2 HAb2EPEREIR
FIFHAG IR 2 i 2038 NiAL-MMO 8 5 H 1)
AL 2EPERE I E N 0 ~ 0. 45 V, FH Ry
WA, 5,10, 50 mV-s™" 5 BEAT AN A R 7 25
TR R R A RE A, A A FEAE 0 ~0.3 V LR
THEAT, BB E 02 0.5, 1.0, 2.0, 3.0
A-g™ BRIFTHA L (.
Bl 4 AN [ SR A PG IR 22 i 26, 5 1% e o b
AR BLHL 2 HL 25 3T AR AR 19 118 PR R 8 il 48 1 iR
A, Al g2 Ni (1) /() 48 Ak i e i 5 |
(R AR S | S b3 TR UG 1) s BLSGTIE T VA i 5 v
BWAEAE, AN (4) O
Ni(OH), + OH" =NiOOH + H,0 + e~ (4)
RENi( I )==Ni( ) (¥ Lt #% Ik & B 75



606 AN 5%

TR R 7 G 22 T R A R Y LA
T AT P A AT AU T 5 3 I P ] 22 (B R
U H BB R} A1 ST 30 T 0 e e 2 | g i A7 25
/N 2 B FLAROR ) S AL T T P . R 4
HATHIAE 10 mV s~ A4, NiAL-MMO (1 54k i
WL 0.316 V., i JRIGIE L 0. 245 V, &1t
B A 22 ME M 0.069 V, F AE, B8, Rtk
FL R ) R0 A

0.020
—— I mVs!
g -1
0015 b S miv:s
——10mVs'
——50mV.s!
0.010
< 0.005
]
=
0
-0.005
-0.010 F
1 1 1 1
0 0.1 0.2 0.3 0.4
BE/V

E4 NiAl-MMO #RE R B TEIR A % h 4%
Fig. 4 CV curves of NiAl-MMO films electrode

K5 AR RE ER B SE R 2k, FE ik
PR P U Y A PR e R A 2L, B R T
FL T BRI AL S 08 T [ BE. DR v B B v AR
AN ERBETS R, f A 218 T FE B Boh 2218 1 -F- &
I AR LA RO ARRIE. AHSCHF R IE R S
FEE R TR JZ AR A AN Y

M 3 FL W P FR e, PR S FECH th AR B L F 25
A AA(S)
C, =1-A/AV-m (5)

AR AR e A, Xrp,C, #ond
25,1 R TR B, Ar AR R TSR ], AV AR R
B, m ARG A 70, e A i s
1 PR, T LUE H B T R B K F A s
DR/ k2 PR Ay e i TR K e R R T T
e 5o 70 e, > T 3 5 R ks
A2 IO F o6 P A A

*®1 FTEERZEETHBEEE

Table 1  Capacitance at various discharge current densities
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Fig. 5 Galvanostatic charge-discharge curves

of NiAl-MMO films electrode
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