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Mg-contained Zn Electroplating from Aqueous Solution Containing Quaternary Ammonium Salt

Hiroaki NAKANO, Satoshi OUE, Shigeo KOBAYASHI, Hisaaki FUKUSHIMA, Kuniyasu ARAGA, Kazuo OKUMURA and Hiroo SHIGE

Synopsis : Electrodeposition of Zn with Mg was tried using the rotating cylindric cathode in sulfate solutions containing Zn**

, Mg and quaternary

ammonium salt at 60°C under galvanostatic conditions. Mg was codeposited with Zn when the Zn deposition was significantly suppressed by
the addition of stearyle benzyl ammonium chloride (C18-Benzyl) to the solution. The content of Mg in deposits was increased with an in-
crease in the polarization of Zn deposition by additive C18-benzyl. The content of Mg in deposits was related to the content of C18-benzyl in
deposits. XPS spectra of the deposits showed that Mg element in the deposits existed in bivalent state at low flow rate. However, in the de-
posits at high flow rate, the peak of Mg2s spectrum existed between bivalent and metallic Mg, suggesting that the chemical state of Mg may
be changed depending on the flow rate. The duration to red rust occurrence in salt spray corrosion test was five times longer in Zn-0.4%Mg

electroplated steel sheet than in electrogalvanized steel sheet.
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Table . Electrolysis conditions.

ZnS04 « 7TH20 (mol/l.) 0.33
Bath MgSO4 + TH20 (mol/L) 0.67
COmpOSition | H>S04 (mol/Ly 02

CeHsCH2N(CH3)2C18H37CH (mmol/L) 0~5.0{1.0]

Current density (KA/n®) 0.05~5][5]
) ) Amount of charge(kC/m2) 1000
Operating | Temperature  (°C) 60
conditions Rotating speed(r.p.m) 5000
Cathode Cu(6.28cm?)
Anode Pt

| ]: Standard conditions

1. Rotator

2. Galvanostat

3. Electrometer

4. Capiliary

5. Anode (PUTi)

6. Cathode (Cu)

7. Reference Electrode

( EAQ/ AgCl)
1 8. Electrolysis Cell
‘%]J 9. Stirrer
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Fig. 2. Polarization curves for hydrogen deposition in the solution containing dimethyl benzyl ammonium cation (a) and trimethyl
ammonium cation (b) with various number of C in alkyl group.
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Fig. 3. Effect of additive surfactant on the partial polariza-
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Fig. 4. Effect of additive surfactant on the partial polariza-

3.2 zZn**,Mg** 2 EL BN S DENEE tion curves for Zn deposition from Zn-Mg plating
Fig. 3, 412 C18-Benzyl # /RMI L 7= Zn?', Mg> % BB % bath.

K OBIRIA 2 & DARFE B K ZaHr O 8B 5 53 M phife %

7?\..3—0 an+, Mg“ 7&%@%@@ 5 U)ﬂ(éﬁﬂfﬂj é , C18-Benzyl JC18-Benzyl-free
N B - ) 2.0 1®C18-Benzyl:1mmol/L

é’(ﬁ%mlj 5ZkIZk V) E—i":m]ﬂ;” X hf:o *}7 , Zn O)H?HJ' LA C18-Benzyl:5mmol/L

IECI18-Benzyl ZRMIT A Z &Ik D ZDLH EAD A K
L BAHIEZFEIT Lz, Cl8-Benzyl DRMIERE 24 E < &
5138, ZnBROBOBEEITAZL< LD, Smmol/L D
WINTR0S VIR IZRBITL 7=,

Fig. 5122Zn*", Mg?" A B BIZB W TENR MO Mg &H
RO EPE LA KIZ T C18-Benzyl IR D F2E % 7R

1.5

0.5F

Mg content in Deposit (mass %)
<
¥

o Ak, K@U I 5 EMYH O Mg & % (mass%) I ® ®

&, B O Mg, ZniREE XD [Mg/(Zn+Mg)]x 10012 K& oL OO OO0l
DEHMLZEDTH S, Cl8-Benzyl #IRIML TR, 10 Cur:g,;tl)ens"ylgi/mZ) 1o
5OB/MMHHICEMNOBREE I NT Y, Mglddbhr

) e Fig. 5. Effect of additive surfactant and current density on
Lk o7z, ZHIZHR LT, Cl18-Benzyl # RN L TERE the Mg content in deposit.

FaREmNEE5 s, Bmass% D Mg TLRN T L2, 72,

C18-Benzyl DIFIIEE N ENMNEE | £ -BHREBEE &< T I3, Mg&Ff & & C18-Benzyl & F OB ISMHERE B AR
ZIEE Mg BHFIIEL L 5EMAERL 72, o, MgEHENEL B 5121, CI8-Benzyl D &1
Fig. 6 1B Iz E Eh 5 Mg & &E & C18-Benzyl & HEEMMLAL, L2L, A—OMgEEETHEKT S &,
HROBFRERT., WD C18-Benzyl BE N —Tdhh FEMPHPIZERDIAET N S CI8-Benzyl Bi%, ZDBHIRE

53

803 EEE



$% & §8  Tetsu-to-Hagané  Vol. 90 (2004) No. 10

1.2
i ® C18-Benzyl
1 0; ® |@5mmol/L
r ¢ 1mmol/L
[ V0.5mmol/L
0.8

0.6

0.4

0.2

C18-Benzyl Content in Deposit (u mol)

1.2

1.0
Mg Content in Deposit ( & mol)

0 02 04 06 038

Fig. 6. Relationship between the amounts of Mg and C18-
Benzyl contained in deposits.
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Fig. 7. XPS spectra of Mg in deposit obtained at various
flow rates from Zn-Mg plating bath containing |
mmol/L of C18-Benzyl. (5kA/m?)
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Fig. 8. XPS spectra of Zn in deposit obtained at various
ﬂow rates from Zn-Mg plating bath containing
1 mmol/L of C18-Benzyl. (5 kA/m?)
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Fig. 9. GDS profile of deposit obtained at 5kA/m’ from

Zn-Mg plating bath containing 1 mmol/L of CI18-
Benzyl.
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Fig. 10. SEM 1mage of surface of deposit obtained at
SkA/m? from Zn-Mg plating bath containing
1 mmol/L of C18-Benzyl.
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Fig. 11. Effect of Mg content in deposit on the corrosion
resmtance of Zn-Mg electroplated steel sheet.
(20 g/m?)
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Fig. 12. pH titration curves of the Zn-Mg plating bath free
from surfactant or contammg 1.0g/L of surfac-
tant. (Zn>* 0.05 mol/L, Mg>* 0.12 mol/L, 25°C)
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