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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 (ELS), polarization curve and other analytical
characterization methods were used to study the effects of the hydrothermal reaction temperature
on the moephology, chemical composition and corrosion resistance of the CaAl-LDH film. The
effects of the growth mechanism of the CaAl-LDH film and the hydrothermal reaction
temperature on the film growth were discussed. 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 layer is the most flat and dense,
and the corrosion resistance of the film layer is the best.
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Fig.1 Surface micro-morphology of LDH film prepared at seven temperatures. (a-g) are the macroscopic
morphology of CaAl-LDH films prepared at 90, 100, 110, 120, 130, 140, and 150 °C, and (A-G) are the

corresponding microscopic morphologies
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Fig. 2 Section of CaAl-LDH films prepared at different hydrothermal reaction temperatures: 90 °C (a), 100 °C
(b), 110 °C (c), 120 °C (d), 130 °C (e), 140 °C (f) and 150 °C (g)
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Fig. 3 Variation in thickness of CaAl-LDH films prepared at different hydrothermal reaction temperatures
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Fig. 4 (a) XRD patterns of CaAl-LDH films prepared at different hydrothermal reaction temperatures, (b)

enlarged image from 5 ° to 30 °.
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Fig. 5 EDS spectra of LDH films prepared at different hydrothermal reaction temperatures: 90 °C (a), 100 °C (b),
110 °C (c), 120 °C (d), 130 °C (e), 140 °C (f) and 150 °C (g)
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Fig. 6 Bode diagrams of CaAl-LDH films and bare AZ31 prepared at different hydrothermal reaction

temperatures. (a) Bode impedance diagram;(b) Bode phase diagram; (1) equivalent circuit of bare AZ31; (2)

equivalent circuit of LDH film prepared at 90 °C; (3) 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 and CaAl-LDH films prepared at different

hydrothermal reaction temperatures

T CPE Rout W CPE;, R, Ca Rt

°C Ss"cm? n Qcm’ S 0! em? Ss"cm? n Qcm’ Ss"em? n Qcm’
Bare - - - - - - - 1.440x10°  0.936 599.4
90 - - - - 1.162x10°  0.813  2.841x10°  9.073x10°  0.763  5.100x10*
100 235x10% 098 7016 1.769x10°  1.389x10°  0.654  3.390x10*  5.769x10°  0.699  1.098x10°
110 7.941x10%  0.858  412.6 3.063x10°  6.886x107  0.563  5.254x10*  1.489x10°  0.884  4.428x10°
120 3.441x10° 1 839.4 1.181x10°  1297x10*  0.611  9.430x10*  1.135x10°  0.898  9.933x10°
130 1.387x10° 0752 306.7 5.149x10°  8.054x107  0.608  3.943x10*  1.925x10°  0.791  2.356x10°
140 3.285x10% 0906  771.9 1.267x107 1.698x10° 0539  3.028x10*  1.996x10°  0.811  1.003x10°
150 3.565x10°  0.936  399.1 1.027x10°  2.046x10° 0564 1.785x10*  2.291x10°  0.653  8.647x10°

AZ31 [l Ra 8B/, M2 R, CaAl-LDH JEZ(H Ry 7E 10°~10° 0842k, 425 1 2~4 MR
%, T HAF KT S R 641 CaAl-LDH JEZ 1 Ry tHAFEMER M, FEIRERT S,
R Se N Ja /b, #EIRE R 120 °CH, Ry # K. FTLL CaAl-LDH )2 m] DL KR s &
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Fig.7 Polarization curves of CaAl-LDH films and bare AZ31 prepared at different hydrothermal reaction

temperatures
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Table 2 Polarization parameters of bare AZ31 and CaAl-LDH films prepared at different hydrothermal

reaction temperatures

Bare 90°C 100°C 110°C 120°C 130°C 140°C 150°C
Ecorr (V) -1.526 -1311 -1.289 -1.391 -1.222 -1.116 -1.099 -1.102
Lon (A/em®)  8.8x107 1.8x107 47%10° 2.0x10° 8.0x10” 4.1x10"% 1.1x107 1.6x107
Ba (V dec™) 0.032 0.270 0.485 0.432 0.283 0.407 0.462 0.336
Be (V dec™) 0.138 0.110 0.159 0.157 0.154 0.197 0.192 0.164
Ey(V) - -1.212 -1.087 -1.130

SR AZ31 ML, AFEIZKIR R E T #4516 CaAl-LDH JIEZ (1844 1 28 1) FR A7 BE IE .
T EE TN T S, T BT A ER B 2K U SR E D 90, 100 #1110 °CHY, EAR AL
LRIBAN A S I TG . N T RABEE T e, Rk 26 R Tafel 4MfEE, 132
IR AL S HAE R 2 Fp o JE ST I, 8 i S 5 8 e L 97 2 FEE R/ T e et 2
TEZR 2, AR KIS N FE R 1) 4% 1) CaAL-LDH i )2 9 J& ik A7 Ecorr #B2 1E T-#1-6F AZ31,
KL% 0.2~0.4V, B8 CaAl-LDH /2 LEHRAE AZ31 R i /s AN [ 7K #i s B il BE T il
%1 CaAl-LDH 28 i HI %5 B Teorr #RE/INTRREE AZ31, K22 3~5 NME, U
B CaAl-LDH fi& 2 (T b i B0 AR RE AZ31. ASEIZKH R I8 FE 1) 45 1 CaAl-LDH JE )2 1
Tcorr A — € MR, BHIR T, Teorr Saisk/IN G 39K, 1 BRI A doh i 2 389 K JS s/ o
TE KPS N B A 120 °CH, #1145 1) CaAl-LDH JE 2 1 Teorr Sy, 1 B IH 52 PR i ot 7 5%
Uf o PRAHR R A 4 R T A2 BB i 45 SR — 3K



24 BREREKHEF
FEFEF KRN 2, RNEBR(pH~11)F ) Ca(NOs), fl AINOs), Je kA v, A4
BOK B ) CaAl-LDH §3IR, M UI(1)~(6).

Ca(NO;), — Ca’" + 2NOy’ (1)
AI(NO3); — AP" + 3NOy )
A" + 30H — AI(OH); (3)
AI(OH); + OH — AI(OH)y 4)
2Ca** + AI(OH), + 30H + 2H,0 — Ca,Al(OH);-2H,0 (5)
Ca,Al(OH);-2H,0 + 2NO;” — Ca,Al(NO3),(OH)s-2H,0 + 20H (6)

CaAl-LDH a2 TR B E 8RB & 3R T, T2 CaAl-LDH RJZ MW A KA, 78
— BRI, SRR AR, B S AR RO R . (RS SR
[FA R, 4 CaAl-LDH fy 2K KE|—@E K RSE, BRI AR AMER RS — R E
K, FEMEMEEFE, MmAEERENE, MiXENy BESEAE R EROFLE, XFE
CaAl-LDH J 2 H BRI B eSS E—i2, MO — DRz, BEEEXANEE 1
T — 5 TR . A A K . X PRI I AR KA R & 8L 1 (1) Stranski-Krastanov AE K
AR,

FH XRD A1 SEM HI&5 SR nI A, /KRB ERIARE, 0 7 CaAl-LDH ghi% 1T B
KK FEKBS PR BB ARET, a2 A 2 B K, iz KRB g, XS
FAEA RIS (] P, B6& G:3R T 0] AR BE 2 1) CaAl-LDH iR, H BRI 28 5 A ih% A= K
(1) LDH F EAEKEERK, FERIRSEN. Biel, @i 12 h N5, 90 °C T il &
(] CaAl-LDH (&5 S FEAR, FZ RN BRI EE T 5, CaAl-LDH 145 & FE 1% 8 1
m, FERSHZEEHE K. Bk, AFRZKE SR E T 6% ) CaAl-LDH 2 1R RS A 2
MK ZE . MK BN 45 R, CaAl-LDH 2 A KA 1k, JE 2 A B & 450 i N S s
NECE ERANB BN A, R AN B 2 3 B IS AR B A XA KK LDH F 2
2, WEE B R — 254K LDH 2, Wigss. 6. . HAMSE. 4*
KSR NEE A 90 100 A1 110 °CHY, HTRERAK, LDH FEMAEKEEE DN, B4R
HERIX — RIS RREAT AR, SEURMREEHE R B KR SRR &,
LDH F 24K, BZMEE ST IR, (H MK w5 R i b
LDH K Z MK EE e, B8 2 1 B0 R A I TR 46 0, il PR X B0 i 72 5 B — S By
WA AR LDH F 28 S LB, R TR, SEUBARMEZ B0 BN . TEK IR
RLEFE S 90 °CHY, LDH [ R 2R R/N, NGRS E RN, ASRETE AL FHAT Rk
R, BT DA B 1 45 1) CaAL-LDH JEJZ 4 H Ak 2% BH B0 25 SR R ARSR 2 R (8] 0 2 A — A
Rin F1 Qins A7 B 5 S8 30 FEE 1) 4% 1#] CaAl-LDH Ji88 /22 (1) FLAY, 27 SFLA7T 485 TR vl A 26 B J2 f B [
M Rouw M Qour Rin A Qi

1) #E—BKIE, 7E AZ31 A4 L %153 CaAl-LDH 2, HRSEE TEA
(N T PERE . 7K REIR BE SN 120 °CHE, il 4% ) CaAl-LDH Ji§ )2 3R [ SN 14, 4589 55X
2, T I o SR O

2) KSR R R R S R . TERAR KA MR R, CaAl-LDH JEZEifA,



BN, FERSHN: BERENF G, BEEEERE, RENSCEEREME T, FER
P, R & e T I BT AR

3) KSR R R R R B . K IR SR E R, IR E BRI, A7
TEELGUREERT, AN Be A R BERR 8 Tl A R A B 5 4, B /K FA R SR B T v, o 2 AR 1 380%
A] LA SEBH RS T A TR R o K PSSR A 120 °CH il 4 1) CaAl-LDH f5 2 H A5 5 K HL g
RS Z R, SN MEBER A, Fk, B S E G .
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