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ARSI K IETE AZ31 BEA S RIH %
CaAl-LDH )2, JLif$t 7 Pk MR . FIH
X FEATFHAUXRD). FH BT BT (SEM). fE
HEA(EDS).  HALF FHHT(EIS) AR A It 55 T B At

T T KR B ERT CaAl-LDH fi8 2% 45 K4 A ol
FIREI, PRI 1 KN CaAl-LDH JEJZE A K
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1 SEI%
1.1 EERHIE

SEIGMRNE R AZ31 BEAEOTE T (RS
#¥0): A13.0%, Zn 0.9%, Mn 0.4%, Ca0.04%, 4%
24 Mg), TIE U8 30 mm X 20 mm X 5 mm [
W, WEEMR T AR AR ST EEE 20007, LL%
B R I AL B R RIER TR FE — 8, 7E2
B AR S e L B e, PR s ok,
AR

— 5K HGEHI 4% CaAl-LDH JEZ: FIEBE 1K
Bcdl i 0.04 mol/L [ Ca(NOs), A1 0.02 mol/L ]
AI(NO;); ZH R PIR G, H 2 mol/L 1) NaOH
T pH 2 11, SRIEHEANKM N, TEER
NBEEEARE, BHRNE, EEERKRRET
f#%F 12 h, URES4 90, 100, 110, 120, 130,
140 F1 150 “C. Fppn#sepi)a, BOHEFE, P %
BSFKITHE, A RIRT .

1.2 MR A SRS M 2R

CaAl-LDH JEZMW R 45/ X S 2RAT HH4%
(XRD, TD-3500, China)if{T3R1E, #EAF A4,
WK 0.154 nm, 75 5°%) 30°, DK
0.02°. XK H H# ¥ 7 & 7 B (SEM, TESCAN
VEGA3)X CaAl-LDH Ji5JZ 1) 3% TR0 50 A T
AT ILEE, (A B AT ) fE B A (EDS,  Oxford
instruments) X} 5 2 1) 70 2 24 G AT 407

N T i€ CaAl-LDH JEJZ (i il it 5E, Xl
BEAT HAL 2 BT (EIS) AR AL D38 o € 13 At Fi A 2 001
A2 AE AL 2= TAE ¥ (SP-150, Biologic Science
Instruments Co., Ltd., France) I 5¢ . it R 48K H
Pt ) = HL bR FL g, e CaAL-LDH B 2R
N TAEH, WAHERERSCEVEANS L HK,
AMAVE NGB AR, HUR BTN 3.5%I1) NaCl %
W, TAEmMREEA 1 om’s FEHHT LI
HISEEE4T 15 min (7T E8 AL MEL(OCP) . HLAL
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A TR E TR R, # X ER
HRCNECE . /KPR BIEE N 130 CH,
PRI ZE, HILKERPIEZRITE, FRRRSE
2904 0.5 pum, FEAEKE N T T AR XA
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%, MR, FREREE, FRMRS4008
pm, B R T BT A AR KA
LR ES 150 CHE, JEEZ 1R R 22, A
TR, FAEBERZRENR, FERRS 4N
0.8~1.0 um, fyZAK# T2 H T AR ALK,
AR B — 2R LDH H 2, 7€ LDH F 2 14
Bt IR A RBERE ) /N 2 AN [ 7K A B I B ok & 1)
CaAl-LDH i Z R ETE S A& WAL ) LDH Jy 2T
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R JZ B = 0 RT3 i K

£ ’ k -
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i%ﬁﬂ’] SEM 1%

Fig. 1 Surface SEM images of CaAl-LDH film
prepared at different hydrothermal reaction
temperatures: (a), (a’) 90 C; (b), (b") 100 C; (c), (¢')
110 C; (d), (d') 1205 (e), (¢') 1307C; (), (f) 140°C;
(2),(g) 150 C
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Fig. 2 Section SEM images of
CaAl-LDH films prepared at different
hydrothermal reaction temperatures:
(a 90 C; (b) 100 C; (¢) 110 C;
(d) 120 C; (e) 130 C; (H 140 C;
(g) 150 C
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Fig. 3 Variation in thickness of CaAl-LDH films prepared

at different hydrothermal reaction temperatures

R, WEREZRE, (A2BARZEE. 2K
Ny 140 CRF, EZEEERI, 2909 16
um, fRJEIERIT B, W —RyE, BES0,
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2.2 BEX CaAl-LDH fEE R 9 HOE2
B4 Fros A A K R B BE & 1)
CaAl-LDH 2 1) XRD . 45 5 RoR BT A KU B
MR N AR RAR SR 1) Mg %, BT X FE 5B
JEZIRIEBE G 4 AR (PDF#89-5003), A& £
Ca(OH), U, i B 7E I 2 Hh A7 72 A E AL E5 (PDF#
84-1274). M /KIS SR FE, 1£ 37.6°H1
58.6°[1) CaAl-LDH H5AEWE(114)F1(126)5 2 15,
Vi W BB 7K SRR 3R iy, CaAl-NO;-LDH )
4h i FE B N (PDF#89—6723) . X 5°~30°3 [ ) XRD
WEHHTIOR T B 4(b)h, 7 11°EAHIEN CaAl-
NO;-LDH (00285 AEUE, AN [F] 7K #4057 i3 FEE PR
FEVEE R FE 72 AN K, JZIRIEE A AN, 90 “CHEA
0.794 nm, 100 ‘CH}>4 0.802 nm, 110 ‘CHf N 0.846
nm, 120 ‘CHA4 0.776 nm, 130 ‘CH>4 0.765 nm,
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Fig. 4 XRD patterns of CaAl-LDH films prepared at
different hydrothermal reaction temperatures: (a) 5°—80°; (b)

Enlarged image from 5° to 30°

140 ‘CH>4 0.764 nm, 150 ‘CH >y 0.758 nm (PDF#
89—6723). BlE KA NI E, 2 A EE Je i
K, Skl o 48 S8 AR 1R N 0.48 nm,
i NO3 [T K/N 0.2 nm, FrLLZ 814 29512
A4 A NO3 PO,
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Element w/%  x/% Element  w/%  x/%
0 N 2.07 2.87 N 1.25  1.66
O 47.11 57.07 (0] 58.77 68.20
Mg 47.62  37.96 Mg 37.33 28.51
Al 235 1.69 Al 1.81 1.24
Ca 0.85 041 Ca 0.83  0.39
Cj C
1 Ca h I Ca
L n G0 . WL, Ao
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 9
Energy/keV Energy/keV
c d
Me © Mg Element  w/%  x/% @
Element  w/%  x/% N 429 647
N 0.98 1.48 (0] 56.00 64.14
O 29.46 39.07
M 6426 56.00 Mg 36.30 27.02
A Al 1.79 120
Al 4.10 .70
’ C . .
Ca 315 167 o le LD
© C
Ca
Al Ca ! c
\ \ Ca Ca
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 9
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Ve © I o %
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O 6060 69.50 O 6199 7098
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Ca 1.08 049 Ca 048 0.22
C CT
Al Ca
’ b
Ca U Ca
0o 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 9
Energy/keV Energy/keV
Mg Element  w/%  x/% ®
N 1.89 2.68 5 AR KR BIER EER % 5
0O 4197 5211 CaAl-LDH [z ] EDS %
Mg 5270 43.06 .
Al 184 135 Fig. 5 EDS spectra of LDH films prepared at
Ca 1.60 0.79 different hydrothermal reaction temperatures:
C Al (a) 90 ‘C; (b) 100 C; (c) 110 C; (d) 120 C;
Ca (e) 130 C; (f) 140 C; (g) 150 C
Ca
0 1 2 3 4 5 6 7 8 9
Energy/keV
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JE R P2 2 2 3 MNES, W N AT
&k e B2 SR FE 43002 120+ 1104 130+ 100,
140 150 F190 ‘C. AT &4k CaAl-LDH )25 EE
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LG R A AR AN IR Z R B 8] 5L Rowe A1
Qoute AFIIZKFA S R BE ) 5 1) CaAl-LDH fi 2
(1) Rin A — € IR, R BEIRFE () & Je
WJE R, RN 120 CHY, BEZEM Ry K.

BH Ry AT LR — AR R AT ot AE . R
AZ31 BH 4 Ry B/ CaAl-LDH 2/ R, 1
10°~10° B2, %8 AZ31 BEA &3 1 2~4 ME
P o AFIZKFASR SR B T ] 4 1) CaAl-LDH JEZ
R AFTERVRNE . BEIEMIT R, Re B3I E WD,
TN 120 CHF, Ry fe K.

T i 5E CaAl-LDH JEZXT AZ31 fif ik
P ) 5 AR DA R K Az o7 3t 6o i 2 T ke 12 i
I, XT#RAE AZ31 864 M CaAl-LDH /21X
FEEATARAL AR, WA 2Rl 7 Fos. S5
AZ31 BEEEAME, ASFEKI N E T % 1
CaAl-LDH 52 MR Ak il 28 1) B A7 56 IE . I
TN T M. v DU S RIZK B B BE N 90
100 A1 110°CHF, HRAk il 28 (0 BE AR 23 2 H B s 2 B
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Fig. 6 Bode diagrams of CaAl-LDH films and bare AZ31 magnesium alloy prepared at different hydrothermal reaction
temperatures and equivalent circuit: (a) Bode impedance diagram; (b) Bode phase diagram; (c) Equivalent circuit of bare
AZ31 magnesium alloy; (d) Equivalent circuit of LDH film prepared at 90 ‘C; (e) Equivalent circuit of LDH film prepared at

100, 110, 120, 130, 140 and 150 C
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Table 1 Fitting data of electrochemical impedance of bare AZ31 magnesium alloy and CaAl-LDH films prepared at

different hydrothermal reaction temperatures

t / °C Qout/ n Rout/ Zw/ Qin/ n Rin/ le/ n Rct/
(S's"cm ) P@em?) (8™ Q em ™) (Ss™em ) 2 (Qem®)  (Ss™em ) } (Q-em’)
90 - - - - 1.162X10° 0.813 2.841X10* 9.073X10° 0.763  5.100X 10*

100 235X10° 0986 701.6 1.769X107° 1.389X10° 0.654 3.390X10* 5.769X10° 0.699  1.098X 10°
110 7.941X107° 0.858 412.6 3.063X10° 6.886X 107 0.563 5.254X10" 1.489X10° 0.884 4.00428X10°
120 3.441X10° 1 8394 1.181X10° 1297X10°* 0.611 9.430x10* 1.135X10° 0.898 9.933Xx10°
130 1.387X10° 0.752 306.7 5.149X10° 8.054X107 0.608 3.943X10* 1.925X10° 0.791 2.356X10°
140 3285X107° 0.906 771.9 1.267X10° 1.698X10° 0.539 3.028X10* 1.996X10° 0.811  1.003X10°
150 3.565X107° 0.936 399.1 1.027X10° 2.046X10° 0.564 1.785X10* 2.291X10° 0.653 8.647X10°
Bare - - - - - - - 1.440X10°  0.936 599.4

T2 WRFE AZ31 BG  SAN K S MR EE /1l 46 (1) CaAl-LDH JEEFIAI AL 2 50
Table 2 Polarization parameters of bare AZ31 magnesium alloy and CaAl-LDH films prepared at different hydrothermal

reaction temperatures

Temperature/ C PeordV Joon/(Arcm ) Bo/(V-dec™) B/(V-dec™) I AY
Bare -1.526 8.8x10™* 0.032 0.138 -
90 ~1.311 1.8x107 0.270 0.110 ~1.212
100 ~1.289 47x10° 0.485 0.159 ~1.087
110 ~1.391 2.0x10°® 0.432 0.157 ~1.130
120 ~1.222 8.0x10 0.283 0.154 -
130 ~1.116 4.1x10°° 0.407 0.197 -
140 ~1.099 1.1x107 0.462 0.192 -
150 ~1.102 1.6x107 0.336 0.164 -
107! S e e P, fER 2 R, SRR SR R 1
- s o CaAl-LDH JEZ B THEAL peor IE T AL AZ31
107 Bt ds, Y% 02~04V, ) CaAl-LDH fBE L #
T o B ooy | P AZ3L A SIS . R R AR E
b e SER | aaeaey| T CoAMLDH BURMIIS B e /)
S 107t T ;‘Wﬂf TURE AZ31 B A S, 2% 35 MR, B9
09 ele | N CaAl-LDH FER I B VR Z2 05 T #RAF AZ31 1]
=0 LT ALK 4R BER E 14 1) CaAl-LDH BEZ (9
1071 _;‘T(;F_lfnognc_l-é TR YT Joorn B —ERIRUE, BEIREEMITE T, Jeon JEIR/N i 18
R 2 Ko B2 PR TR o i 2 388 K ks o FE 7K
7 ARKHAR LR )% 1) CaAl-LDH Ji5 2 R RN 120 CHY, il % 1 CaAl-LDH 21 Jeor 55
AZ31 BB 4 M b i 2 s, T 2 PO e o A i 2R 1) o BT
Fig. 7 Polarization curves of CaAl-LDH films and bare B 5 EPT 45 R — 2
AZ31 magnesium alloy prepared at different hydrothermal N T 3R CaAl-LDH JEZE03S, 8 120 CHill&

reaction temperatures 9 CaAl-LDH B2 (07} i i 5 30t LDH JBUZ B
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5 HAh LDH /21 EL, CaAl-LDH 2 () B4k 225
Hopr g A By, il R B
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BT NS PER] & 71 LDH B2 .

3
10 m CaAl-LDH

@ ZnAl-VO,-LDH!'!]
A ZnAI-NO,-LDH!'!
* @ NiAl-NO,-LDH®!
106 | < MgAI-NO,-LDH®2¢!
» MgAl-NO,-LDH!""
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Effect of hydrothermal reaction temperature on structure and
corrosion resistance of CaAl-LDH film on AZ31 magnesium alloy

XU Heng-xu', SUN Jun-li', LI Si-yuan', HOU Li-feng', DU Hua-yun', LIU Bao-sheng"?, WEI Ying-hui'>

(1. College of Materials Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
2. College of Materials Science and Engineering, Taiyuan University of Science and Technology,
Taiyuan 030024, China)

Abstract: A one-step hydrothermal method was used to prepare a CaAl-LDH film on the AZ31 magnesium alloy.
X-ray diffractometer (XRD), scanning electron microscope (SEM), energy spectrometer (EDS), electrochemical
impedance test (EIS) and polarization curve were used to study the effects of the hydrothermal reaction
temperature on the morphology, chemical composition and corrosion resistance of the CaAl-LDH film. The results
show that as the hydrothermal reaction temperature increases, the thickness and density of the CaAl-LDH film
increase, the sheet size increases, and the corrosion resistance increases first and then decreases. When the
hydrothermal reaction temperature is 120 °C, the surface of the CaAl-LDH film is the most flat and dense, and the
loading of anion NO; between layers is the largest, which indicates that the LDH film has the strongest ion
exchange effect. So the corrosion resistance of the CaAl-LDH film prepared at 120 C is the best, which charge
transfer resistance R is 9.933 X 10° Q-cm?, corrosion current density Joo is 8.0 X 10° A/em®. The growth mode of
CaAl-LDH film conforms to the typical Stranski-Krastanov growth model. The reaction temperature will affect the
crystallization speed and growth process of LDH, which in turn affects the structure and performance of
CaAl-LDH film. Hydrothermal preparation of CaAl-LDH film at 120 ‘C is an effective method to improve the
corrosion resistance of AZ31 magnesium alloy.

Key words: AZ31 magnesium alloy; hydrothermal method; CaAl-LDH; corrosion resistance; temperature
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