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L1 L3
R HY AZ31 BB S AE I HAb A2 i N2 1
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Table 1  Chemical composition of AZ31 magnesium alloy
TTE Al Zn Mn Mg
Bt/ % 2.5~3  0.7~1.3 >0.2 Aot

1.2 LDH 2EMH&E

53 ISR FH 8 T 3k At 5 R O v VA i 45 LDH,
Hl gt BRI 1 R,

1.2.1 BE A%

#4 0. 02 mol 7S7KAHEEREEF 0. 01 mol JLIKA il
FRERVAARAE S0 mL 25 B FoK P Bl BUA TR A, K58
AN 0.4 ¢ B SR 0. 6 g FrIE RN 7
FE 50 mL 25 B Fok A B B, Sl G s R
A AW B A B HIAY RPB, HS sk 2 i
AR BN O 5w A UE OISR B RIE IR, 78
SR EAR A, MBI B & A RPB 5,
A 1 mol/L NaOH ¥ ¥ LAV AT pH Ky 10, IR H
FIHH LDH 200, B4 T A 25 08 A 4 3 14
FE4E iz R P O BRI AZ31 855 4,
SRIGHE 5 IR 2876 125 Cm#k 24 b, BUBREE S & #F
J, A4 A Mg —RPB - CI, FHZE M8 K sp e I T8¢,
73 LDH #y K444 LDH-RPB-CI, 7EMHK B AN
BN SRR AR RR A, oAb P R S iR Ty
DR AR BES 4 44 i Mg —RPB-NO; , %t
NiFY) LDH # A 5444 LDH-RPB-NO;

1.2.2 Hadkmiek
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Fig. 1 Schematic diagram of LDH preparation by high
gravity method and normal coprecipitation method
#£2 RPBZH
Table 2 Parameters of RPB

ZH HfE
TR 5
FET RS 4
A/ mm 96 .82 .69 .54 .40
ETFHHNZ/mm 91,77 .63 49
JEPR P94/ mm 120
T/ (romin ") 1000
T 71.47

Yo a3 P, Fe a8 A 1 mol/L NaOH ¥ v 15
pH A 10, JF 2 b Bl #2 5 1. 2.1 AR, il & ik
E4 F s Mg —NC-NO; , %F W i LDH ¥ K i 4
4 LDH-NC-NO; ,
1.3 RiEFHE

FKH X HHZATEHMY (XRD) (XRD -6000 %, H
AR B HEA RD) MARE 0 SR S5 4, CuKa 48 5 (D%
K- 0. 154 18 nm) , TG F 5° ~ 40°, H3 3 %K
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10(°)/min, 5 HL K 40 kV, 5 HLJE 40 mA ; R
AR LTSGR (FT-IR) ( TENSOR27 Y| 7 [ A
B yn oy m]) MR G Y 2R T AT i 4 000 ~
400 em ™5 R HH X BFROGCHL T RERE (Y (XPS) ( Thermo
Scientific K-Alpha %!, 3¢ E P8R CH/RBHE A H] ) 43
BT 2 T A R I5 00 5 SR 8 3 & B A R T B B
(FESEM) (HITACHI S-4700 %, H A H 7.2 #]) W
ZERE S OIS
1.4 BAeFER

K FH H AL 2% T AF 3 ( Interface 1000 % 3 &
Gamry 23 7)) AT AL A i = ik R
VLB FE A hy 0l By F B, A R H R FL A (SCE) &
FERL AR, AZ31 BE G 4 o T AR W AR (A R0 il g AR
Hlem®) , 7E 3. 5% (Ji it 43 %0) NaCl 35 ¥ 19 55 ik
PR LA R SE AT I, DL JT K H A (OCP) O S
T, 7E 1000 kHz ~ 0. 05 Hz A9 50K 5 FBl 4 #5472 1k
SERHPTCEIS) Mk, ] Cview 3K 15 2l Ha fif
e Akt 2, B J8 ol e U 8 R LA L b2 S 40
fdi ] ZSimpWin B AF X+ EIS $4 vk 17 i & 93+
EIS 4L,

2 HRE5i®

2.1 LDH #RMRELH

2 24 LDH-NC-NO,; .LDH-RPB-NO,; I
LDH-RPB-CI i) XRD 3% &, 45 R AT, A iy
LDH By R #A 3 DRI, X &R H T LDH
AL (003) L (006) , (009) fi T, F& B 3L T e 1
M E S A& 8 7T LDH™ ") MR Bragg
EE 53] LDH-NC-NO; K (003) /& I 4 i)
FE4 0. 88 nm, il s it R 5| A H R FIAT 15 TR
G, BT E SRR TR ARAS A LDH 451 1Y )2
[d], 5% LDH-RPB-CI 5 LDH-NC-NO; .LDH-
RPB-NO,; H L, (003) & 1 (4 437 5 i 1) 22 %% &
7.815°,(003) A A I BE RGN E] 1. 13 nm, & 5
PR ML AT IR IR AR 9 2 242 Lk NO; K, & TH1 H) BE
A1 R U0 W D TR AR R A R R A ) e A
LDH JZ 1],
2.2 LDH #$ERHEREEH

[¥13 2 LDH-NC-NO; F1 LDH-RPB-CI i) FT -
IR 35, W5 AT, X P AP LDH K3 oK #8 5 A7 g
TR 4 i 48 AL W B 21 AR AIE W Wic g | 3 301
3469 cm 13502 em " Ak H R TE K IR EESE AR ] 2

009)

(003) (006) LDH-RPB-CI (

(003)
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(003)
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Fig.2 XRD patterns of LDH-NC-NO; , LDH-RPB-NO;
and LDH-RPB-CI
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Fig.3 FT-IR spectra of LDH-NC-NO, and
LDH-RPB-CI

A K Y SRR 48 i 7 . LDH-NC -NO; 7
1380 cm ™' BT B NO; W ficié ™) LDH - RPB - CI
FE 1591 cm ™' F11355 em ™' b H BL A 5RIG C =0 fif
ARYRBNFFAE UG | TIE B B ) I AR RAT A5 AR ol ) B
NO; 4 A LDH [H])Z, 7F 660,640 447 418 cm ™' b
BB WS Sy )& M-0 M-0-M .0-M-0(M K
Mg Al) 4R g >
2.3 Mg-RPB-CI i XPS RIF&ER

¥l 4 2 Mg -RPB -CI 155358 XPS 1% &, Al LA
FH,C 1s 75 289. 88 ,288. 38 .286. 48 .285. 78 eV Ab
(1) 4 A4 W B U 53 03 & TR Rk (0—C =0) |
BIE (C =0) .C—0 # c—C 8", (HE—4#
M4, 0 1s 7€ 533. 88 ,533. 08 ,532. 38 .531. 38 eV 4L
f) 4 AW BFFIGe 25305 9 T Mg—O 4 536 (—OH) |
WELRR (C=0) Al—0 #22)  Xsbideit—iHiF
50T Mg-RPB-CI h& A & SR SRR &
EWERTIACI



.20 - JERE TRA2AR (A RBFA )

2021 4F

C—C (285.78 eV)

R TAL
— SR LR
b L

SR
— AR

C=0(288.38 ¢V)
0—C=0(289.88 &V)

[ L
294 292 290 288 286 284 282 280

IV
(a) C1s

C—0 (28648 &V)

. | .
538 536 534 532 530 528

g C=0(532.38 V)
GED

—— BIALR

Al—0(531.38 eV)
—OH(533.08 V)

Mg—0(533.88 V)

4GtV
(b) O 1s

K4 Mg-RPB-CI BJE 4 ¥ XPS %A
Fig.4 High resolution XPS spectra of Mg—RPB-CI

2.4 LDH &EHMMAE R

S5 MEEA 4 3 A LDH ¥R 21 FESEM
K, aTLLE Y AR A LDH 38 220 K 3 4 < IS0
FESLRAY LDH F R0 T 50 78 35 )2 (19 40 /)y LDH J50F
FEWRH BINE SRR 5P MR AR i W Fh LDH 1% )2

(Mg-NC -NO; F1 Mg -RPB -NO; ) ", #& 7IR 1)

—_—] pm

(a) Mg-NC-NO3, B FHIY , ORIEEL10 k

=1 pm

(d) Mg-RPB-NO; , 7 55 345 , B4 10 k

—_—] pm
(g) Mg-RPB-CI, FE 57800, OG0 k
K5 Mg-NC-NO; .Mg-RPB-NO, Fl1 Mg-RPB-CI 1Y) FESEM [¥|
Fig.5 FESEM images of Mg—NC-NO, , Mg—-RPB-NO; and Mg-RPB-CI

(b)Mg-NC-NO3, #i7 #Y A fEFBI0K

(&) Mg-RPB-NO3, #5743, BUAAG B 10 k
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¥

e
b i > 4 =100 nm
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o | pm &
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(i) Mg-RPB-CL, S22 88 70, i K A% 4560 k

—] pm
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ARARAE LI B0% . XF IR A REZ H y LDH
FEH I E BRI S A IR AR B 25 78 B
Bi7E T LDH &1, 45 LDH Z 8] (1} B 3 1 85 | AE
TERESL AR LDH R A K HBUE R LDH 55 )2,
AT B R4 BB AR
2.5 ZhEB(IRIL MRS #

&6 S~ AZ31 B84 Mg-NC-NO; Mg-RPB-
NO, F1 Mg-RPB-CI gl itk fe it 2, 2% 3 511
T BRI LI AR R R 2S5, R4
AL B E RN Ry AZ31 BE 4 <
Mg-NC-NO; <Mg-RPB-NO; <Mg-RPB-CI,J#
TR L 1, W R/NIT R AZ31 BE 4 4 > Mg -
NC-NO; >Mg-RPB-NO; >Mg-RPB-CI, Hrf,
Mg —RPB - CIFJE i FL AV ( —0. 98 V) Fe kK, S il L 3
BERE (2. 79 nA/em® ) B/ G5 R FE I Mg -RPB-CI ¥R
EEA BAE T e, B R R, 2 Mg -
RPB-CI 5 3.5% NaCl ¥ ¥ 4% fil I5F, T2 3 2008 19
LDH 7 w5 2% bt/ Bk 3 17— i BHRR AR,
M Cl™ R R G 23Uk 2 51 R LDH #2 i,
T LDH B A B35 4eie J1, L BBt [l i 2 b 55
BFERBOE R . B MR SRR EA R
YR IE R e LDH %3 2 R 1 iy i
2,5 Cl sa 4 W B, i — 20 B 1k CL- 5 B A 4
firl, ATAT Mg —RPB —CI &3 M 5 40 () T g o e

0
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13 | = AZELS
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Fig.6 Potentiodynamic polarization curves of AZ31 magnesium

alloy, Mg-NC-NO; , Mg—-RPB-NO; and
Mg—RPB-CI

2.6 BUEMEHSHT

€ 7 4 Mg -RPB-CI il Mg-NC-NO; f£3.5%

NaCl % W o 32 0 A [A) B 18] /9 EIS 3% B, A

ZSimpWin BRAERESF R FE X EIS Bl #1780,

AR R B R N A SR B AN 1 8 ik, X EIS i

#3 e m e 24
Table 3 Fitting parameters of potentiodynamic

polarization curves

. E,"/ 1./ B,/ B8/

V. (nA-em”?) (mV-dec™!) (mV-dec™!)
AZ31 BES 4 -1.45 433,01 16. 39 34.45
Mg-NC-NO; -1.26  12.75 119. 34 101.32
Mg-RPB-NO; -1.24 8. 16 140. 35 121. 66
Mg-RPB-CI  -0.98 2.79 185. 36 81.07

a—JE Pl LASE 3 b— i o L O 8 BT 5 o— B R s d—BH AR RER

LINGHRNA EIS S50 4 FioR , Kb R FRE
WHLBH R, F/R AZ31 545 3.5% NaCl I Z
[Fa] ST ) P AT A FLREL, R /R HL AR IBTS AL LDH I
JZ5EMMALE, 0, #/~ LDH %25 3. 5% NaCl
W Z BB JZ LAY, Q, Fon A3 G &S
3.5% NaCl R Z P XU R 2 FLAS , W RoR 3 B
BH, A5, 72329 96 h J ,Mg —~RPB-CI 41
PUE R, 56.69 kQ-cem® , KT 1 h [ Mg -NC -
NO; FIBHALAE (49.45 kQ-cm®) , 45 FF W Mg -
RPB-CI . Mg-NC-NO, FHLH T4 (i g b bk

—=—Mg-RPB-CI, #8311 h
—e—Mg-RPB-CI, 3834124 h
——Mg-RPB-CI, %7148 h
—v—Mg-RPB-CI, 183196 h
[ —o— Mg-NC-NO7, 81 h

) ' 1
o /Z'/(]OSQ'M"Z) /
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S T Y = e )
T
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—_
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| ——Mg-RPB-CI, }5(148 h
F —— Mg-RPB-CI, 196 h
[ ——Mg-NC-NO;, 3221 h

1Z1/(L)+ cm?)
2

._.
=)
o

102

102 107" 10° 10" 10> 10° 10* 10° 10°
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(b) Bode[#]

7 Mg-RPB-CI fil Mg-NC-NO; £ 3.5% NaCl
TR RN R B] Y E1S 3% AT
Fig.7 EIS of Mg-RPB-CI and Mg-NC—-NO; after soaking

in 3. 5% NaCl solution for different times
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Fig.8 Corrosion model and equivalent circuit diagram
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Table 4  Fitting parameters of EIS
CPE® CPE®
- EntE, RS/ %m/(&) R,/ KW/(%O R,/ W/
h (romz) (nQ’l-cm’z.S*") n") (Q-cm2> (HQ,I.Cm,Z.S,n) nc) (kQ'cmz) (MQ_I'S_]/Z)
1 32.51 93. 81 0. 61 20. 96 2.7 0.93 573. 60 5.28
24 55.10 10. 31 0. 86 6360 152. 4 0.61 184. 20 12.24
MenREPB-CL e 99. 80 1.37 1 1174 179.4 0.76  51.23 34.64
96 41.25 1.36 1 1371 234.8 0.72 56. 69 34,13
Mg-NC-NO5 1 61.71 3.21 0.94 979. 30 134.3 0. 82 49. 45 17. 67
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Improvement effect of LDH coating prepared by the high gravity
method on corrosion resistance of magnesium alloy

ZHANG Jun' ZHAO JingMao'® SHAO Lei’ SHI Fan' YANG QiuXiang'

(1. College of Materials Science and Engineering;2. Research Center of the Ministry of Education for High Gravity

Engineering and Technology, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Slurries of layered double hydroxides (LDH) intercalated with fumarate and citrate anions have been
prepared in a rotating packed bed ( RPB) using a high gravity method. After hydrothermal treatment, a LDH coat-
ing intercalated with fumarate and citrate anions was grown on the surface of AZ31 magnesium alloy. The LDH pow-
der was characterized by X-ray diffraction (XRD) and Fourier transform infrared spectroscopy (FT—-IR), and the
LDH coating on AZ31 magnesium alloy was characterized by X-ray photoelectron spectroscopy ( XPS). The results
showed that the LDH coating intercalated with fumarate and citrate anions was successfully prepared. The appear-
ance of the LDH coating was observed by field emission scanning electron microscopy ( FESEM) , and the corrosion
resistance of AZ31 magnesium alloy with the LDH coating was measured by electrochemical tests. The results show
that a complete and dense covering layer was formed on the metal surface using the LDH coating intercalated with
fumarate and citrate anions prepared by the high gravity method, and very few cluster-like LDH sheets were ob-
served. Fitting of the potentiodynamic polarization curve shows that compared with the conventional co-precipitation
method, the LDH coating prepared by the high gravity method has larger corrosion potential and smaller corrosion
current density. After soaking in 3. 5% NaCl solution for 96 h, the impedance value R, of LDH coating intercalated
with fumarate and citrate anions prepared by the high gravity method is 56. 69 k) +cm®, which is higher than that
for an LDH coating without intercalated fumarate and citrate anions prepared by the co-precipitation method after
soaking for only 1h (R, is 49. 45kQ-cm”). The results confirm that the LDH coating prepared by the high gravity
method shows better corrosion resistance.

Key words: magnesium alloy; high gravity; sodium fumarate; sodium citrate; layered double hydroxides; corro-

slon resistance
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