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Influence of acid pickling on electrodeposition of aluminum on
magnesium alloy in room temperature molten salts
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Abstract: The effects of different acid pickling processes on the adhesions between the AZ91D magnesium alloy
substrate and aluminum coatings electrodeposited from the acid AICl;-EMIC room temperature molten salts were studied.
The adhesions were estimated by score-tearing test. The surface morphology, phase compositions and element valence of
coatings/etched substrate were analyzed by OM, SEM, EDS, XRD and XPS. The corrosion resistance was tested by
salt-spray. The formation mechanism of coating morphologies was also discussed. The results show that the aluminum
coating is not dense and the adhesion between the coatings and substrate is not good after mechanical pretreatment on
AZ91D substrate. The dense and uniform coatings can be electrodeposited on the AZ91D substrate after pretreated by

hydrofluoric acid pickling. The density of coatings and the adhesion can be improved simultaneously by using diluted

phosphoric acid as pickling solution, and thus, the coating provides good protection to the substrate.
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Table 1 Compositions of acid pickling solution and acid

pickling time
Sample No. Acid Mass fraction/% Time/s

1

2 HCI 0.5 20
3 HNO; 33 20
4 HF(40%) 380" 15
5 H;PO, 85 20
6 H;PO, 10 20

1) mL/L
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b

2 FER5SH

21 EREEYER
FEEIR I ORI, BHARRD BH AR 3% 1 & 4B BA
N HLAR A S 0,

X B G-

4A1LCl; +3e= Al + 7AICI, (1)
TR (R 42):

Al +7AICl, = 4ALCl, + 3e @)

SEJURFEIL I ALCL fHEIH 7, fERINT H
B, MR LT, JESEETI AICL RV
ALCL , ATV B IR AR FFIEE

XPRFE TCRBRWR 5250 AT S s Sh A, B ]
PLER AT, S8R M R WA At . xRk
177 XRD fzill, £ 1 fos. i 1 ar, R
FErPA Al Mg FlIZb& Mgy,Aly, 727E . Mg #l Mg,,Al,
533 AZ9ID R SRR —AHOLE 2(a)), B4

. e — Mg
*— Mg,;AlL,
+— Al

b

30 40 50 60 70 80
20/(°)

B 1 PGS R 2 1) XRD i

Fig.1  XRD pattern of Al-coated Mg alloy in room

temperature molten salts
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Fig.2 Micrographs and EDS pattern of Al-coated Mg alloy pretreated by mechine in room temperature molten salts: (a) SEM image

of die-cast AZ91D Mg alloy substrate; (b) SEM image of Al-deposited sample; (c) Optical cross-section micrograph of Al-coated Mg

alloy; (d) EDS pattern of hole in deposited layer
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Fig.3 Micrographs of Al-coated Mg alloy after dense HF acid
pickling in room temperature molten salts: (a) SEM image of

Al-deposited sample; (b) Optical cross-section micrograph of
Al-coated Mg alloy
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Table 2 Influence of different acid pickling on coatings

Siilnp le Appearance Density Adhesion
0.

| Suboptlca? silvery Loose Pulled-out by torn
white only once

4 Silvery white ~ Dense | lied-out by tom
only once

6 Silvery white Dense Stll goot.i by torn

twice
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Fig.4 SEM image of Mg alloy after dense HF acid pickling
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Fig.5 XPS patterns of surface of Mg alloy after dense HF
acid pickling
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Table 3 Binding energy and molar fraction of element on

surface of Mg alloy after dense HF acid pickling

Element Peak binding energy/eV X/%
Mg 2p 51.19 37.47
F 1s 685.87 51.53

Ols 532.34 9.78

Al 2p scanning A" 75.5 0.96
Al 2p scanning B? 72.54 0.26

1) and 2) are two combined states at Al,Os/Al interface. 1) is
A1203, 2) is Al
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Fig.6 SEM images of Al-coated Mg alloy with dilute
phosphoric acid pickling: (a) Al-deposited sample; (b) Cross-
section micrograph of Al-coated Mg alloy
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Fig.7 SEM micrograph(a) of Mg alloy after dilute phosphoric

acid pickling and EDS pattern(b) of surface
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Fig.8 SEM image(a) of Mg alloy with dilute phosphatic acid
pickling after 100 h spay salt test and EDS pattern(b) of this

surface
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