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Electrodeposition of nanocrystalline Ni from
choline chloride and ethylene glycol deep eutectic solvent

LI Rui-gian"-?, LIANG Jun', CHU Qing-wei"?

(1. State Key Laboratory of Solid Lubrication, Lanzhou Institute of Chemical Physics,
Chinese Academy of Sciences, Lanzhou 730000, China;
2. University of Chinese Academy of Sciences, Beijing 100039, China)

Abstract: The Ni electro-crystallization behavior on copper electrode was investigated by cyclic voltammetry and
chronoamperometry, the microscopic morphology and crystalline structure of the deposited layer at various current
densities were examined using SEM and XRD techniques. The results show that the Ni deposition is quasireversible, the
nucleation/growth process follows Scharifker-Hill three dimensional (3D) mode. The nucleation/growth conforms to 3D
progressive mechanism at initial stage, and then, changes to 3D instantaneous progressive nucleation. With increasing the
current density, the coating thickness increases, the size of nickel crystals decreases and the (111) fiber orientation growth
decreases. The morphologies of Ni coating transform from large pyramid-like particles to irregular polyhedron-like
particles, and then, becomes spherosome-like cellular.
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Fig.1 Cyclic voltammograms of Ni(II) electrodeposited on Pt:

(a) Pure ChCL:2EG at 70 C; (b) ChCL:2EG solution containing
0.2 mol/L NiCly'6H,0 and 0.2 mol/L C¢HzO7-H,O
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Fig. 2 Chronoamperograms of Pt electrode in ChCl:2EG
containing 0.2 mol/L NiCl,-6H,0 and 0.2 mol/L C¢HgO;-H,O
under different potentials at 70 'C
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Fig. 4 SEM images of Ni coating deposited from solution
ChCl:2EG containing 0.2 mol/L NiCl,:6H,O and 0.2 mol/L
C¢HgO7H,O at different current densities: (a) 3 mA/dmz; (b) 6
mA/dn?; (c) 12 mA/dm’
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Fig. 5 Cross-sectional BES images of Ni coating deposited
from ChCl:2EG containing 0.2 mol/L NiCly6H,O and 0.2
mol/L C¢HgO7-H,O at different current densities: (a) 3 mA/dmz;
(b) 6 mA/dnr?; (c) 12 mA/dn?
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Fig. 6 XRD patterns of Ni coating obtained at different
current densities: (a) 3 mA/dm’; (b) 6 mA/dne; (c) 12 mA/dm’

kA
= feosd 3)
R Dy NUSTE ET S (RAD 7 R SR T4 kN
Scherrer % £0GH T 4 0.89); 4 A X S K (Cu K, ¥
K4 0.15406 nm); O AATHAEATH (%) B AATHIE
)2} 155 96 (rad) o

R RGO LE R, B ER 3. 6 1 12
mA/dm® B, AR SR R SEo 0 201, 12,7 F
10.0 nm, BPRf AR ERIER, mobi RS A
(E N = ERUT ASUNE R VA CIE: TP PO R ISP R VA <]
F TR B TR R P R 8, T A% 0 AR R AR )
R, XA R G BB ST .

X SRR A 20 F6 7 DI Z 4, LA
T, 35755 f T (R KD B 250k 22 3021,

D, hkl

N
Ty = KD T T0GKD 1009, 4)

Zl(hkl) /IO(hkl)

K Loy Toguny 7> B RFE )2 RBRHEAR - (hAD) (T
FORT SR RIS, T, ARDBROK, ¢ B o TR O 1o 2 v o
R4 N(4), MR 3. 6 A1 12 mA/dm® I, (111)
i I LR R T2 o 91.30% . 80.58% Al
77.66%. 1% W FLIA 25 FE RS/, R4 2 T 2R (L11)
PRI A, T B s B, AR RV (111)
EH IR AR5 . JX—28 KT A EBRAHIMI 2574
TR SR RSN, R R 858 o

3 #ig

D) ARz &G RERY, £514

CsHsO7 H,O UL IRB — 2 — IR IR 5 0 R AR I
DU LR v T 1)

2) BAEH OB bR oAU R R
Scharifker-Hill =4 JEAZ AL, TFAAM BT & = Yl 4t
TEA%, bG8 n T+ = e .

3) FLLE T EREE E M SR B R, B
T FEIIIER, ST St R A R A B A RGN
K A R HE T Ok B A S 5 I 2 T R 50kE, )

4) BHAE R RO, BRI S SN,
LR BEZ 9800, B (UL it T BRI A Kt 34 08 A
990

v

REFERENCES

[1]  GU Chang-dong, LIAN Jian-he, HE Jin-guo, JIANG Zhong-hao,
JIANG Qing. High corrosion-resistance nanocrystalline Ni
coating on AZ91D magnesium alloy[J]. Surface and Coatings
Technology, 2006, 200(18/19): 5413-5418.

[2] QU Ning-song, ZHU Di, CHAN Chak-keung, LEI Wei-ning.
Pulse electrodeposition of nanocrystalline nickel using ultra
narrow pulse width and high peak current density[J]. Surface and
Coatings Technology, 2003, 168(2/3): 123—128.

[3] BAHADORMANESH B, DOLATI A, AHMADI M R.
Electrodeposition  and  characterization  of  Ni-Co/SiC
nanocomposite coatings[J]. Journal of Alloys and Compounds,
2011, 509(39): 9406-9412.

[4] MENG Guo-zhe, SUN Fei-long, SHAO Ya-wei, ZHANG Tao,
WANG Fu-hui, DONG Chao-fang, LI Xiao-gang. Effect of
phytic acid on the microstructure and corrosion resistance of Ni
coating[J]. Electrochimica Acta, 2010, 55(20): 5990-5995.

[5]  WtaRe, wmwe, WRibBk, VA BRI B Rk

4 KR (D)4 8 4740, 2007, 43(B): 883-888.
YANG Yang-ling, SHEN Yong-feng, CHEN Jin-geng, WANG
Yan-dong. Nanocrystalline nickel coating prepared by pulsed
electrodeposition combined with ultrasonic agitation[J]. Acta
Metallurgica Sinica, 2007, 43(8): 883—888.

[6] ABBOTT A P, MCKENZIE K J. Application of ionic liquids to
the electrodeposition of metals[J]. Physical Chemistry Chemical
Physics, 2006, 8: 4265-4279.

[71] ALLAHYARZADEH M H, ROOZBEHANI B, ASHRAFI A.
Electrodeposition of high Mo content amorphous/nanocrystalline
Ni-Mo alloys using 1-ethy-3-methyl- imidazolium chloride ionic
liquid as an additive[J]. Electrochimica Acta, 2011, 56(27):
10210-10216.

[8] LAHIRI A, DAS R. Synthesis of face centered cubic and

| s




1844

P E A G AR

201447 H

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

hexagonal closed packed nickel using ionic liquids[J]. Journal of
Applied Electrochemistry, 2010, 40(11): 1991-1995.

GOU Shi-ping, SUN I-wen. Electrodeposition behavior of nickel
and nickel-zinc  alloys from the zinc chloride-1-
ethyl-3-methylimidazolium chloride low temperature molten
salt[J]. Electrochimica Acta, 2008, 53(5): 2538-2544.

HUANG Hsin-yi, CHEN Po-yu. Voltammetric behavior of Pd(1I)
and Ni(Il) ions and electrodeposition of PdNi bimetal in
N-butyl-N-methylpyrrolidinium dicyanamide ionic liquid[J].
Electrochimica Acta, 2011, 56(5): 2336—2343.

ZHU Yan-li, KATAYAMA Y, MIURA T. Effects of acetone and
thiourea on electrodeposition of Ni from a hydrophobic ionic
liquid([J]. Electrochimica Acta, 2012, 85: 622—-627.

FNEL, EOROR, 5F ¥, & IT. A 2AICI/EGNHCL B 7
e AL TR NG R Ni-ALG B[], 3R A6 441, 2012, 28(1):
111-120.

GAO Li-xia, WANG Li-na, QI Tao, YU Jiang. Preparation of Ni
and Ni-Al Alloys from 2AICL/Et;NHCI ionic liquid by
electrodeposition[J]. Acta Physico-Chimica Sinica, 2012, 28(1):
111-120.

EIWE, &M, BRI, W, R, & & R
PR [bmim]PF e il 4 49 K 5 Jad Nio S UL 4 20 &l
IBTFEI]. TfER kL, 2008, 39(3): 519-522.

WANG Xue-tao, YU Lin, PANG Lan-qiao, SUN Ming, XU
Jie-yu, YU Qian, YU Jian. Preparation of nano Ni catalyst in
ionic liquids [BMim]PF¢ and its application in the styrene
hydrogenation[J]. Functional Materials, 2008, 39(3): 519-522.
EHE, Bk, KK, OB E T
PRBMIm]PF, /15 8R4 K R T ()1 6 5 45 AR AE ). o
H {154, 2011(1): 70-72.

s

WANG Yin-zhen, YANG Ming-di, SU Yong-qing, LI Cong,

WANG Hong, CAI Ying. Preparation and structure
characterization of Ni nanoparticles in medium containing
[BMIm]PFs ionic liquids[J]. China Nonferrous Metallurgy,
2011(1): 70-72.

T B BCE. MRITR A B N T R D). fesE i
41, 2011, 74(4): 333-339.

WEI Lou, FAN You-jun. Progress of deep eutectic solvents and
their applications[J]. Chemistry Online, 2011, 74(4): 333-339.
ABBOTT A P, CAPER G, DAVIES D L, RASHEED R K,
TAMBYRAJAH V. Novel solvent properties of choline
chloride/urea mixtures[J]. Chemical Communications, 2003(1):
70-71.

YANG Hai-yang, GUO Xin-wu, BIRBILIS N, WU Guo-hua,
DING Wen-jiang. Tailoring nickel coatings via electrodeposition
from a eutectic-based ionic liquid doped with nicotinic acid[J].

Applied Surface Science, 2011, 257(21): 9094-9102.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

GU Chang-dong, TU lJiang-ping. One-step fabrication of
nanostructured Ni film with lotus effect from deep eutectic
solvent[J]. Langmuir, 2011, 27(16): 10132-10140.

ABBOTT A P, TTAIB K E, RYDER K S, SMITH E L.
Electrodeposition of nickel using eutectic based ionic liquids[J].
Transactions of the Institute of Metal Finishing, 2008, 86(4):
234-240.

O, BB, B A, Bhehuk, BRI SRR
JZ IR LA S T R B LR T B[] LA A AR, 2002,
18(11): 973-978.

GU Min, YANG Fang-zu, HUANG Ling, YAO Shi-bing, ZHOU
Shao-min. The formation of copper electrodeposites with highly
preferred orientation and their surface morphology[J]. Acta
Physico-Chimica Sinica, 2002, 18(11): 973-978.

=M, A, B Sk, AR B R R
W RERT Cu 82 G AR THTE S L W [I]. B HIfE 2%, 2002,
19(3): 280-284.

GU Min, HUANG Ling, YANG Fang-zu, YAO Shi-bing, ZHOU
Shao-min. Effects of current density and bath agitation on the
surface morphology and texture of Cu electrodeposits[J].
Chinese Journal of Applied Chemistry, 2002, 19(3): 280—284.
QU Ning-song, ZHU Di, CHAN Chak-keung. Fabrication of
Ni-CeO, nanocomposite by electrodeposition[J]. Scripta
Materialia, 2006, 54(7): 1421-1425.

TG H, WAKTE, AR W 5. HLUE R A A
RS W[T]. MR 241, 2012, 33(9): 129-133.
DING Zhi-min, FENG Qiu-yuan, SONG Jian-min, GAO Hong.
Effect of current density on morphology of electrodeposition
aluminum crystal from molten salts[J]. Transactions of Materials
and Heat Treatment, 2012, 33(9): 129-133.

LEE Y J, LEE T H, KIM D Y, NERSISYAN H H, HAN M H,
KANG K S, BAE K K, SHIN Y J, LEE J H. Microstructural and
corrosion characteristics of tantalum coatings prepared by
molten salt electrodeposition[J]. Surface and Coatings
Technology, 2013, 235: 819-826.

WHITEHEAD A H, POLZLER M, GOLLAS B. Zinc
electrodeposition from a deep eutectic system containing choline
chloride and ethylene glycol[J]. Journal of Alloys and
Compounds, 2010, 157(6): D328-D334.

YUE Du-yuan, JIA Yong-zhong, YAO Ying, SUN Jin-he, JING
Yan. Structure and electrochemical behavior of ionic liquid
analogue based on choline chloride and urea[J]. Electrochimica
Acta, 2012, 65: 30-36.

BROOKS R R, LEE J, REEVES R D, JAFFRE T. Isolation and
identification of a citrato-complex of nickel from nickel-
accumulating  plants[J]. 1977,

Phytochemistry, 16(10):

1503-1505.



024 5 T

LHiL,

SULIABR - £ — REARICR A A A UK iR

1845

[28]

[29]

[30]

ABBOTT A P, TTAIB K E, FRISCH G, MCKENZIE K J,
RYDER K S. Electrodeposition of copper composites from deep
eutectic solvents based on choline chloride[J]. Physical
Chemistry Chemical Physics, 2009, 11(21): 4269—-4277.
TSUDA T, NOHIRA T, ITO Y. Nucleation and surface
morphology of aluminum-lanthanum alloy electrodepsited in a
LaCls-saturated AICL-EtMeImCl room temperature molten
salt[J]. Electrochimica Acta, 2002, 47(17): 2817-2822.
BB, W, BRSO, R, B, O HE. Ni-SiC
AR B I B ) 2 A 0], h A R e R AR
2008, 18(5) : 823—828.

ZHAO Xu-shan, TAN Cheng-yu, CHENG Wen-jing, LIU Yu, LI

[31]

[32]

Jin-feng, ZHENG Zi-qiao. Nucleation kinetics analysis of

Ni-SiC composite film during early electrocrystallization

processes[J]. The Chinese Journal of Nonferrous Metals,
2008,18(5): 823—828.

LGS, [k X STERIM]. dbat mAE A AL, 1985:274.
HUANG Sheng-tao. The X-ray study for solid state[M]. Beijing:
Higher Education Publishing House, 1985:274.

EBRAHIMI F, BOURNE G R, KELLY M S, MATTHEWS T E.
Mechanical properties of nanocrystalline nickel produced by
electrodeposition[J]. Nanostructured Materials, 1999, 11(3):
343-350.

(RiE  ZEHLD)



