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The corrosion resistance of LDH coatings constructed via
electrodeposition technique on AZ31B
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Abstract: Aiming at improving the corrosion resistance of AZ31B magnesium alloy, thein-situ electro-
chemical deposition process parameters of Mg-Allayered double hydroxide (LDH) coating was
optimized. Different concentrations of electrochemical deposition solutions were prepared, and a layer
of LDH coating was deposited on the surface of AZ31B by in situ electrochemical deposition method,
and SA-LDH composite coating was obtained after modification with stearic acid. The microstructure
and chemical composition were tested and analyzed, the corrosion resistance of the coating was charac-
terized by electrochemical polarization and alternating impedance (EIS) experiments, so the influence
of the preferred electrochemical deposition process on its microstructure properties was determined. The
results show that the preferred solution concentration is 0.05 mol/L, and the surface of the obtained
coating is porous and well combined with the matrix. The X-ray diffraction (XRD) pattern showed two
characteristic peaks of LDH (003) and (006). The polarization curve results showed that the corrosion
current density of LDH coating was 9.21x10° A/cm®, which was reduced by two orders of magnitude
compared with uncoated magnesium alloy, and the corrosion potential of SA-LDH coating increased to

—-1.33 V. The AC impedance of LDH coating after immersion in 3.5 wt.% NaCl solution showed an
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increase in impedance modulus and frequency, showing good corrosion resistance. By adding stearic

acid, a superhydrophobic film can be formed on the coating surface, which can effectively hinder the

penetration and erosion of AZ31B magnesium alloy by the corrosive medium CI".

Keywords: magnesium alloy; electrodeposition; LDH; corrosion resistance; coatings

A e RERNEBEWAM R, BA SR
PERE | R AP S PERE U050 HRE B P B LA K
B AR YA AR D B A T s
PF AR AR AR Tz . 5
JE A TUBE A L LA, A -2.37 V., BE A TR KA TR
R Ty KA T AN R A TR SN
TARN o MOBERHEIE S I & h 2 R0 3R A
ARUCEEE A A T Dl AR, nfb2f e AR BHAR
AL AL ZE DU BRI AL AR DU 4
HAR,

JE AR A4 @ A A ALY (LDH) , RR/K I A1, 2
— b = YEROIRZE R S R 2 AR S R 4
R A E AR B, Z A B B A IRl B
o RS R R A, A G E N
[M* M" (OH),]"[A",,]-mH,0, KiFARIZEA
B At (R P X A R A R R IR
P LA R ACAZ R, PR 7K W 3 )2 R AR 5 ol i
JZ VTR A B2 3 LDH JZ (] () 22 1h 751 BH S
FRE, [ BF LDH 4 AR A v 0 J el 1 9 5 5 LA
PR3 R fr P , DA A 0 S S B VE T o i
LDH ¥ 2 0 5 i 2 Ay A Kk SRt vE
B OKAE BRI IR R OK R
P SR BEE E RRE FAsE DU
ARSCR AL F DTRUATE AZ31B 8 A & R 1 R 7
A ROKEAWERIZ W B AL2A DU LDH IR )2 41 21
S5K 5 ERE .

1 R

1.1 XA

FEAR K A 10 mmx10 mmx5 mm A AZ31B &
G (FEZITE M T E 380N Al(2.5%~3.0%) . Zn
(0.7%~1.3%) ,Mn(0.2%) .Mg(bal) ) , >k 1 600 H .
800 H .1000 H .1200 H .1500 H } 2000 H 7K BE#> 4L
XPEE A 4 R ST AT B, FHJo K & B 75 3 vk
10 min, Fifi )5 , F 85 A 4 A 40 g/L NaOH % W
1291020 s LA L BR R A2 BU 53 Bl e K &

PN 25 B K vhde , TR S e 2 B e b g
1.2 Mg-Al-LDH & EM#H &

Ak 22 DU RR S W 3222 1 594 £ 0.05 mol/L filf i
5 (AL(NO,) ;' 9H,0) . 40 g/L & & 1k &1 (NaOH) .
0.05 mol/L fifi j§ 2 (CH, (CH,) ,,COOH) ., i3 % H
“HWAR, TERBAMES S, TAEmMA N
10 mmx 10 mm , XF FARCHEIH R , 2 LR A 1 A
HORHM (SCE) o HLALAUTRL AN - BHAR A
i+ 1.5 V(vs. SCE) i H i [H] 100 s, BB TR
HL 7 BEPE-0.9 V (vs. SCE) , ULFLES 8] 300 s, LA
&30 °C, HLARSADTRS IORE f 2 51 JE K 21
FEB oK bk, IETE 40 °CRYTIEFE T T4 2 h, il
£ Mg-Al-LDH.,

i, 1k 2% T ALV WA 0.20 mol/L ., 0.10 mol/L .
0.05 mol/L,0.01 mol/L fi§ /2 £ (A1(NO,) ,9H,0) #
W, BEJT K459 LDH %2 B T 0.05 mol/L fifi
R BRIV R 2 h, B - R B TR RN oK 2,
gk, SR TR FESLICAE SA-LDH.

i ) A 2 DT R TR B A 4 3R D 7 T A%
Mg-Al-LDH A4 J& S A AL iR )2 o R H 1E HL A )
EHEA et B BHARE L B2 A TAE il A T il
A X 18] 2 A B AR A S g, B AZ3 1B BE S S VA R
Mg™ HIMgO, e iy =X (1) F1(2) o Bl Je 7 B e 9
WOTRRE 2 | 3 B VR I PR R K S VR, 76 TAE FLAR
() 2% 10 S 4 OH -, 5 BHAR ¥ o 2 A4 il i Mg 5
MgO S i A i Mg (OH) -, T i i X (5) , [ A
WY AL SN 7R A 4 3R 0 A2 i Mg-Al-LDH %
2 R (6) .

Mg—>Mg* +2e (1)
Mg+H,0—>MgO+2H'+2e (2)
NO, +7H,0+8e>NH, +100H (3)
MgO+H,0—>Mg(OH), (4)
Mg(OH),+OH —Mg(OH), (5)

AI"+30H+Mg(OH ), +mH,0—>Mg-Al-LDH (6)
1.3 BREZEWMRIE
% H NOVA NANOSEM 450 37 & 5145 i 7



<24+ Jul.2024

Plating and Finishing

Vol. 46 No. 7 Serial No. 376

BT ISR i R T OIS . R X SRR Tk
T (XRD ) 5 F it 2 18 06 2 843, I8 2 4R A5 1 4L
P v 2 R A AT T . R XSG TR
T (XPS) Rl iR Z R TC R M A& il JGW-360A i
T ARG 5 2 L 7K B 2 i A, B3 AR TR A
SR Al A S5 S BT BB S R M A
1.4 77 o A i

K FH CS350 HL Ak 2 T AR Mg )2 05 = i ik
“EPEBEMNR , LA 3.5wt.% NaC 1y i b B e i, TAFHL
A A A i, T FEL AR A LR (T A T A 10 mmix

. + Mg
* Al,Oy

.

[LDH(©003) Loti(o0s) * * 10.20 mol/L

FBJE/ (a.u.)

0.05 mol/L

)L 0.01 mol/L
u

Substrate
10 20 30 40 50 60 70 80
20/ ()
(a) XRDi¥[A]

10 mm) , 2 H H A% A i A H R HL % (SCE) o 7E334#
H H 3 L PN CRRDRT 1 8% L7 19+£0.3 V), Fi B34 1)
BHAR 4148, 313 3R 1 mV/s., # OCPAE N EIS £
BRI AR HL R FE ARSI 100 kHz~0.1 Hz, L&
PRI S mV Z50F T MRATR 2 9 B A2 # BB -

2 #FER51TiR

2.1 HEALZEI Mg-Al-LDH & EH B A
LT AN RIS PR RV YRV Bt I o7 FL Ak 22 AR
Mg-Al-LDH iR )24 L S 45 sz m (UL 1) o

v Mg(OH),
=1 w
& -
= W
o
-t
I N
10 20 30 40 50

20/(°)
(b)  JapHokE

1 A[EALNO,) iR EFT#l & Mg-Al-LDH i E #) XRD i &
Fig. 1 XRD patterns of Mg-Al-LDH coatings obtained at different A1(NO,), concentrations
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Tab.1 Results of potentiodynamic polarization test of magnesium alloy, Mg-Al-LDH and SA-LDH in

3.5 wt.% NacCl solution
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SA-LDH 6.52x10° —1.33 0.01475
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Fig.8 Surface morphology of samples after immersion in 3.5 wt.% NaCl solution for 3 d and 7 d
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T 2 LB Mg ALY I8 TSR I BE 3K A5 Mg-Al-
LDH &2 , i@ 1 XRD 5 EIS 23 W1 7E i B Y HeL Ak
S UURRES TV U B M 0.05 mol/L, Fi il £ 4 )2 45
mn i BUR M SRR R

(2) F 4 BT A XRD 430 Hr % B, Mg-Al-LDH 7k
JZ s M O PR Z LIRS, B S
PA S EA RIFHE ). Mg-A-LLDH IR 2
EI003) 5 (006) 1 BUEEALE ) 3 BT A K,
KRR RGN 5 | 1 )2 B — 2 i M B K Pk g, H:
i JE i P R A B R B 4 5

(3) 454 XPS JLHR MM A4 BT Al EIS #6808 , 1%
5% 1 LDH ¥R 2 (4 it J§ ph HL] , LDH 7 J§ il A v
LI )2 TR) 2 e 700 9] 88— OO 4 A0 o 91 2 -, T
PETE 9 Bz B, F R4 AZ3IBEEG 4. il
R 2Pk 5 i LDH IR J2 H T R AF AR B K 1 , BR8P
¢ 7K DL R 2 Sh AR R TR 2 IR &, T T
TS A R PR

(e R/(Q-cm?) CPE,/(puF-cm?) R /(Q-cm?) CPE,,/(F-cm™) R./(Q-cm?)
AZ31B 26.10 20.29 157.3 1.193x10™ 5.978x10'
Mg-Al-LDH 28.30 0.8935 32.87 1.872x107 8.846x10°
#2172 hJ5 LDH 24.20 0.1723 2431 6.724x10° 1.417x10*
S STk
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