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FE . £ERILA 1:2 0 AR A~ F K 21578 7 (ChCl-Urea DES) ¥ T 4h4A ik R @ 4 & 7 45 2 . BT A%
WAL RBE LR FAR, RAER TR T CRRIE, FBE Mt Z AT
ChCl—Urea DES fot% o R i ik P 4548 2 09 Al pk b ft . R A 42488 & F 242 (SEM) A= X—H & ATH K (XRD) #F
ChCl—Urea DES P 4545 & 64 LT St Aoty A0 R AT T AR, 2R AW, £ JE RL % 1:2 49 ChCl-Urea DES ¥ 4%
W ARG AR TR A AR AL 1.0 V A BB 2ZnCL: 1ZnO (R R¥L) INARBE 70 °C, R FE T THEHGF
MBI E W REE, AR 5 G R AR S . SEM AU, BiEE R WHES R EN S F B LRGN R G
AN R B XRD AW 502 T B dxF M6 % SFAR
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Study on the Technology of Zinc Electrodeposition in ChCl-Urea Deep
Eutectic Solvent

SUN Haijing, YANG Shuai, WANG He, XU Fei, DU Junrong, WANG Yuanyuan,
BI Mingxue, CONG Mingyue, SUN Jie"

(School of Environmental and Chemical Engineering, Shenyang Ligong University, Shenyang
110159, China)

Abstract: A zinc coating was prepared on a pure copper substrate in a ChCl-Urea deep eutectic solvent
(ChCl-Urea DES) with a molar ratio of 1:2. The electrodeposition process was optimized by orthogo-
nal experiments by adjusting the deposition potential, deposition temperature, and zinc salt ratio. The
microscopic morphology and phase composition of the zinc coating in ChCl-Urea DES were character-
ized by scanning electron microscopy (SEM) and X—ray diffraction (XRD). The results show that the
best solution for zinc electrodeposition in ChCl—Urea DES with a molar ratio of 1:2 is a deposition po-
tential of 1.0 V, a zinc salt ratio of 2ZnCl,: 1ZnO (molar ratio), and a deposition temperature of 70 °C.
The results show that a homogeneous and flattened surface can be obtained with this solution. SEM
shows that the zinc coating is composed of grayish-white granular material with a tightly arranged hex-
agonal three-dimensional structure, while XRD shows that the zinc coating is mainly composed of poly-
crystalline zinc with a hexagonal structure.
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1.1 FERXFI KBRS
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SAL#E (ZnCl,) AL (NaCl) . 25 538 R o Mt
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INEE o SR R R EE IR LE oA 122 HERR FR B ChCl Al
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TUAR B M A 2 Bb LR, 213 TR 4T e A Oy Bl B H A
L TR R4 3 EA TR AR B . B S MKV A 400 # .
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JE SRR RE . TR SE B I AR B A LR
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Tab.1 Quality evaluation standard of zinc coatings
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#1300 mV, 1 HE E K 0.5 mV/s, IR H shxb
D7 1 o A A2 R R H B A R R K A B
3.5%NaClE I, R A MR AU 1 em?, T A 32534
TR (2521 °C) k47,
1.5 RUEFH

K H VEGA3XUM R4 H + . 50455 (SEM, £
i TESCAN &~ D) WFGY T 808 2 R T 54 5 R
D/max-2200PC % X5 & AT 5 (XRD, Cu Ko 48,y
=0.15406 nm, H A H 372280 6]) 20 B 17 8F 95 )2 1 W0 4
k. Horp, XRD I H R Sk 40 KV, 03 L K
100 mA , FH5FE A 10°~90°, F74#5 7 8 °/min.,
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2.1 BEHRXW
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Tab.1 Effect of temperature on the weight gain per unit

area and corrosion resistance of zinc coatings

e | FHRR [ FERRART L
40 3 0.112 1.527x10
50 3 0.303 1.504x10
60 4 1.697 1.366x10
70 2 1.588 1.497x10°
80 1 1.128 1.529%10

MR LE W B DOROREE 38 , PEek
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2.1.2 AREBEAIH ST
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1.0V 1.5V.2.0 VH12.5 V) XHEEHE 228 A 1 LU
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Tab.2 Effect of deposition potential on the weight gain per

unit area and corrosion resistance of zinc coatings

. R | AR _
HLZ/V i , fcon/ (A-dm®)
Y (g-dm?)
0.5 2 0.236 2.175x10°
1.0 4 0.464 1.741x10°
1.5 3 1.697 1.366x10°
2.0 3 0.609 2.054x10°
2.5 1 0.479 1.677x10°

M2 AT DLE W BEE OB R A B3, e
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2.1.3 $FEHEILAEMm
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mol/L) it 757 3 H ZnCL #1 ZnO [ FE SR L Ky 1:2 (Eh
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R3OGEEE xR A ARG ERR IR0

Tab.3 Effect of zinc salt ratio on the weight gain per unit

area and corrosion resistance of zinc coatings

N FKEPiE | LA/ )

[[5:) segy (g-dm?) feor/ (A-dm™)
B 1 4 1.674 1.366x10°
B2 3 0.573 1.627x10°
B3 3 0.779 1.680%x10°
il 7 4 4 0.511 1.516x10°




+ 26 + Nov.2021

Plating and Finishing

Vol. 43 No. 11 Serial No. 344

H 3R 3 AT LA, B & 7% 570 ZnO 5 1 (19 K 1B
B CNEC 5 1 BV 7 4) ,REDE )2 B 72 I S 2 S 3
S AT SOE B R L LB TR B G R A 2 )N
RS B8 2Bl A . DB T R L Bl 115
S AR 2 0T Tl F D B /D, T 7 2 3 T4 IS
Tt FL AR AT
22 EXFEH

PG LR RIS R BT = H &R
PUZKT- L (4°) IEAS S . 1E A8 S 56 P 2K i
FKAPR, Hr , ACCOCRTIBIRE , BACRPEE AL
Fo, COVMREDIBI . £ 5 MIERLEZER. &

F4 EXIBEEATER

Tab.4 Orthogonal experimental design
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Tab.5 The result of orthogonal experiment

5 A B c
1 50 ficJr 1 1.0
2 60 fic )72 1.5
3 70 ficJr 3 2.0
4 80 fic 77 4 25

KRN B AT — S K5 Sy i 5 X6 40 Y 55
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¥ | 4 B C | io/(A-dm?) | M54
1 1 1 1 1.543x10° 4
2 1 2 2 1.803x10° 3
3 1 3 3 3.075%x107 1
4 1 4 4 1.782x10° 3
5 2 1 2 1.366x107 4
6 2 2 1 1.368x107 4
7 2 3 4 3.576x107 1
8 2 4 3 2.588x107 1
9 3 1 3 2.334x107 2
10 3 2 4 1.814x10° 3
11 3 3 1 2.081x107 3
12 3 4 2 1.813x10° 3
13 4 1 4 2.336x107 2
14 4 2 3 2.438%107 1
15 4 3 2 2.444x10° 2
16 4 4 1 1.284x10° 4
8.203x | 7.579x% | 6.276x
K, . - . 11 11 15
10 10 10
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K, . P P 11 7 5
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© 8.502x | 7.467x | 9.508x 0 . 0
91 107 10° 10°
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R 1 5 10
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W3 A/dm® R E 40 °CRUSM RS2 . DURLAT
[6] 3424 30 min, %55 /< , ChCl-Urea DES F17K %
TR AR 2 PR 34 5L B T MRV A B R AE , HLBA
BHAR S HE IR BER A2 AHT , W B 3l A A il 28
JUFE A dE—2 e nT L& B, 78 A0 R A% Ak fL A7
T, K PR B T2 Y H U % JE IR T ChCl-Urea
DES H1 (B 2, 1 2% B W A A4 5 e 2 9 T o
PERE AT AY . X AR i b AT 85 SR A1 20
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Fig.1 Potentiodynamic polarization curves of zinc
coatings in deep eutectic solvents and aqueous

solutions in 3.5% NaCl solution
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Tab.6 Parameters extracted from potentiodynamic
polarization curves of of zinc coatings in ChCl-

Urea deep eutectic solvents and aqueous solutions

RTINS EoondV foorn/ (Ardm™)
ChCl-Urea DES -1.006 2.200%10°
fEGEIK S -1.008 1.569%10°

4 TIREMBER

€2 & ChCl-Urea DES AL G /K IE B H 5 2
B2 ARSI . R I 2 v] B B, A AR R T B R )2
BIR IR S ORI AR A2 I B T 2
5, ChCl-Urea DES H4F8§ 2 2 B FL A 0, & gek

(b)

(a)ChCl-Urea DES (b) 5 KA R
E2 $#HERNENFIR
Fig.2 Morphology of zinc coatings in ChCl-Urea

deep eutectic solvents and aqueous solutions
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Fig.3 Micro-morphology of zinc coatings in ChCl-Urea

deep eutectic solvents and aqueous solutions
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Fig.4 XRD spectrum of zinc coatings in ChCl-Urea deep

eutectic solvents and aqueous solutions
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