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Preparation of zinc electrodeposits with (110) lattice plane fully
preferred orientation and its corrosion resistance
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Abstract: Cyclic voltammetry and X-ray diffractometry were used to study the effect of two additives on the
electrodeposition behavior and texture coefficient of zinc coating, the electrodeposition conditions for the preparation of
zinc deposits with fully preferred orientation were obtained, and the corrosion resistance of zinc deposits with fully
preferred orientation was also investigated by polarization curve and electrochemical impedance spectroscopy. The
results show that the additive A inhibits zinc electrodeposition and is advantageous to preferred orientation of (110) plane
of zinc coating, the inhibition of additive B is not obvious, the effect of additive B on the preferred orientation is also not
obvious, the inhibition is maximum while additives A and B are used and results in fully preferred orientation of (110)
plane because of their strong synergistic effect. The corrosion potential of the zinc coating with fully preferred orientation
of (110) plane shifts 146 mV, the impedance value increases about 7 times comparing with that of the zinc coating with
random orientation, the structure of zinc coating influences its corrosion resistance.
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Fig. 1 Cyclic voltammograms measured at 5 mV/s: (a) Sy; (b) Sy; (¢) Sy; (d) S3
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Table 1 Effects of additives on NOP during zinc electro-

deposition
. -1
Concentration/(mL-L ) oco O/ NOP/
Additive A AdditiveB ™V my my
0 0 -1548  —1598 50
15 0 -1535  —1682 147
0 1 -1548 1618 70
15 1 -1536  —1883 347
(101) (110)
(100)
(002) (102)
" s 6
h %Eﬁwg
o e L vt
20 30 40 50 60 70 80

20/(°)

2 AFEG R A FIAS [ i % B 44T T 19 B4
JZ 1) XRD %

Fig. 2 XRD patterns of zinc electrodeposits under condition
of different additive concentrations and current densities: 1—
Additive A 0 mL/L, 2.5 A/dm’ 2—Additive A 5 mL/L, 2.5
A/dm?*; 3—Additive A 10 mL/L, 2.5 A/dm’ 4—Additive A 15
mL/L, 2.5 A/dm* 5—Additive A 15 mL/L, 1.5 A/dm’; 6—
Additive A 15 mL/L, 3.5 A/dm’

FT 2 AREEEBINF A FOAE T RESAT T I 8%
BEZM(110) 5 THIZR M R AL
Table 2 TC,y of zinc coatings deposited under condition of

different additive A concentrations and current densities

Concentration of Current

additive A/(mL-L ™" density/(A-dm?) TCo/%
0 25 23.38
5 2.5 46.91
10 2.5 50.04
15 25 54.47
15 1.5 50.67
15 3.5 72.76

IR TV 116, BEEAAFAEW] 5 A BEOCHL 7 T
BRI A 5, EAHF PR AT,
(110 5 [T R REDCH ) R BE SRR S, I 5
10 A1 15 mL/L %07 A FI(110)SHTHZM R 2L TCoyo
AN IR 23.38% 73 2 i 21 46.91%- 50.04%
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A/dm?® I, TCyyo N 72.76%, J(110)5 1 = EAL I
IBEEE 2
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FELAFE N 2.5 A/dm® [R450F R, £ 0 Fl 1 mL/L
IS N7 B (1) XRD i Wil 3 B (Bl A briE rIfr s
U kg SEAR IR ST ) , 75T i R EE(L10) i THI R 20 R AL
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Fig. 3 XRD patterns of zinc electrodeposits under condition

of different additive B concentrations and current density of 2.5
A/dm?: (a) 0; (b) 1 mL/L

Fz 3 ARIEGEIRIGF B &M Tl 98 2 (110) 8 1
AV AES A
Table 3 TC,y of zinc coatings deposited under condition of

different additive B concentration

Concentration of Current TC 00/%
additive B(mL-L™")  density/(A-dm %) 10077
0 2.5 23.38

1 2.5 19.41
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Fig. 4 XRD patterns of zinc electrodeposits under different
conditions: 1—Additive A 10 mL/L, additive B 1 mL/L,
2.5 A/dm?% 2—Additive A 15 mL/L, additive B 1 mL/L, 2.5
A/dm?; 3—Additive A 25 mL/L, additive B 1 mL/L, 2.5 A/dm’;
4—Additive A 15 mL/L, additive B 2 mL/L, 2.5 A/dm’
5—Additive A 15 mL/L, additive B 3 mL/L, 2.5 A/dm%
6—Additive A 15 mL/L, additive B 1 mL/L, 1.5 A/dm%
7—Additive A 15 mL/L, additive B 1 mL/L, 3.5 A/dm’
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[ —owa L

FT 4 G INFARIAS ] vt 8 B 4 1 B il 4 B 2 1Y
(110) FTHI 2346 2R3
Table 4 TC,, of zinc coatings deposited under condition of

different additives and current densities

Concentration/(mL-L™") Current density/

Additive A Additive B (A-dm?) TCuo/%
10 1 2.5 95.53
15 1 25 99.83
25 1 25 99.79
15 2 25 87.98
15 3 25 94.91
15 1 1.5 88.21
15 1 35 98.27
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FEL10) A A BUAL, e v i 0 i 300 LR IR B 2=
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PRI ) B S T ol P e e i, P (110) 80 TR ALK
) B8 B AT S B AL AR B B 2 BT P o
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232 W BHPUIERAE

(110) & 1h1 4= 600 B 1) 5% 8% JZ A1 TCho 53 0 A
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Fig. 5 Potentiodynamic polarization curves of four specimens
in 3.5% NaCl solution: (1) (110) lattice plane with TCy;, of
23.38%; (2) (110) lattice plane with TC;, of 46.91%; (3) lattice
plane with TC;;, of 88.21%; (4) (110) lattice plane fully

preferred orientation with TC,;y of 99.83%
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Fig. 6 Corrosion electrochemical impedance spectroscopy of zinc coating immersed in 3.5%NaCl solution for 30 min: (a) (110)
lattice plane with TC,,o of 23.38%; (b) (110) lattice plane with TC,;, of 46.91%; (c) Lattice plane with TC;o of 88.21%; (d) (110)
lattice plane fully preferred orientation with TC,;y of 99.83%
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Table 6 Grain size and fitted results of electrochemical impedance spectra for zinc coating deposited layer

TC11/% O/(uF-cm™?) n R/(Q-cm?) Qu/(uF-cm?) n R/(Q-cm?) Grain size/nm
23.38 1.91X10°  0.85 5.82 229%X10°° 0.56 61.3 133.60
46.91 8242X10°°  0.58 4.45 3.65%X10° 0.95 298.7 74.00
88.21 1.74X10°°  0.80 3.34 4.51x10°° 0.63 386.1 59.63
99.83 3.51X10°  0.95 4.12 1.43X10°° 0.75 4439 56.47

7 EEFIRAE 3.5%NaCl ¥ R i R A A BT 0 45
R
Fig.7 Corrosion electrochemical equivalent circuit of zinc

coating deposited layer in 3.5%NaCl solution
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o T A PR B 2 I il 52 o TCoio S 99.83% 11
(110) 5 TH A HEEE ) Z I LE TC10 4 23.38% 2 FATLEX
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