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Effect of Metal Ion Concentration on In-Situ Growth of Mg/Al-CO; -LDH
Anti-corrosion Film on Q235 Steel

DONG Bigin, ZHANG Chengjie, QIN Shaofeng, HONG Shuxian’

(Guangdong Provincial Key Laboratory of Durability of Binhai Civil Engineering,
Shenzhen University, Shenzhen 518060, China)

Abstract: A new type of Mg/Al-CO? -layered double hydroxide (LDH) inorganic film was designed and prepared
on Q235 steel in situ by the hydrothermal method with urea hydrolysis for the sake of enhancing the corrosion
resistance of steel matrix especially in concrete environment. X-ray diffractometer(XRD) , attenuated total reflection
Fourier infrared spectroscopy (ATR-FTIR) and scanning electron microscope (SEM) were used to observe the
chemical composition and structure characteristics of the LDH film. Electrochemical impedance spectroscopy and
linear polarization resistance were measured to evaluate the anticorrosive performance of LDH film. The results show
that the LDH film prepared under low metal ion concentration has lower crystallinity and larger size of LDH sheets
with relatively lower thickness, while high metal ion concentration will generate magnesium carbonate that would
limit the formation of nucleation sites for the further growth of LDH sheets. Therefore, LDH film prepared under
the synthesis condition of ¢(Mg*") = 0.050 0 mol/L, ¢(AI"") = 0.025 0 mol/L and c¢(urea) = 0.375 0 mol/L has
a complete crystalline layered structure and uniform coverage on the surface of the Q235 steel substrate, which has
a positive effect on the corrosion resistance of steel substrate.
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1.1 K HEHE

A T TS0 A K B DT B ph 7 A i 45 5 ol FH £
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Table 1 Elemental composition of the Q235 steel substrate
At/ %

Fe C Mn Si P S Cr

97.640 0.195 1.560 0.570 0.023  0.004 0.008

rhORE A VR 5 min, D23 BRAN A 3R T A4 Bl R 2% I 4
F B Y 2507,.5007,8007,1 0007, 2 0007 SiC #b 48 Xt
HARE DEAT AT B LA B Tk A v A i i g ()
IR MR I CRUE BT F B AR 2 1l — 2 i E L, Rk
CTEHAT R AU Uk, i — 20 L BR AR R RS IS
T A LA

HTOR A4 S 7 1 TR R S TR B A R AR DL SR R TR
BV oy PR EBUE B ALNO,),9H,0 Mg(NO,),*
6H,0 #1 H,NCONH,, R & ¥ &£ 4 0.375 0 mol/L.,
Fie R 20 B 3 A A () 4 Ja8 25— Wk 8 ) T SR S 52 iz
W HE A B 35 mL A [R) 4 2 Tk B A i AIK4AR Js vy
VWY 2 28 AN TR 9 50 mL BB PSR & M Nk P, N )
FH O SR DU SR 2L DA T AN R, R PRIE N R TR L
JICE AR SN TR . R [ E S R S A T A AT
TR 4 T 0 S0 R RN £ v iR A T K AR RO L B SR
T omAAGE B 120 °C, NE IR 2 120 “CHYFH I
] 4 3 h, 120 “CHYPRIR T[] A 24 h FF R i iR RV H) 2
T BUT AN e K S BRI R AR T . TR
75300 2% 18 FFE 25 169 0 Y LDH AR F sk RE MR 4 R g
VWA B2, 5 i LDH BN R il RE 43 i 44 2 M1,
M2 M3, 414 2 fir/R AH R A9 I8 LDH R 25 116 B ZH 4K
hfir 44 MO.

*2 HKEHS
Table 2 Sample number
N cMg*")/ c(AT")/(mol+ n(Mg**)/
0. )
(mol-L ") LY n(AIPY)
M1 0.0250 0.012 5 2
M2 0.0500 0.0250 2
M3 0.0700 0.0350 2

1.2 MRIRAE

K X 2641 31 AL (XRD, Germany Bruker D8
Advance, CuKa) , FiEAS [R50 14 A4 285 #4) AL ) o
gLk, Horp i B R Ry 0.3 s, HA L KN
0.01, F L 20 4 5°~70°, 45 5 v 5 F0 B 37 43901
40 kV 40 mA. R FH 3 okl 4= S e L i AR 4o 21 51 %
X (ATR-FTIR, Spectrum 100) , # — & i & LDH
I %) 9 R 2L B, 41 1 98 L 4 000~650 em ' R 3 &
ST R 5E B BE (SEM, Quanta TM 250 FEG
equipped with an EDS detector) , W 2< 44 F i #F 2 1
LDH BEIE# A5 L & LDH F i RF
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T (i) B A 2E MR 64T T 34 A7 I
5, LA DR S5 SR i 2 M 25 RO (A

2 FR5WiE

2.1 MRRIE

AR XRD 3% U018 1. fly 18 1] U240 R T
JEAEAE K AN Mg/ Al-COS -LDH Ji ;i ke v 47 T
45° 65 B ISR T Q235 B9 A B 7 T 11.75°# (003)
U A1 23.64° (1 (006) I J& Mg/Al-CO; -LDH fy # 7Y
W HLZ T A 0.761 nm, 298 1B R AR B 1 19 R
JE KN IEB] Mg/ AL-LDH A9 )2 8] B 25 5 A B R AR 25
T Hofh Mg/AL-COS -LDH4FAE I, 41(012) .(015)
(018) .(009) )z 5f W , 76 [ 1 Hh #44 br i ; XRD U5 5
JE DL BE RS A 0 ik B o0 R of, o] DLE HRREE ML Y
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Fig.1 XRD patterns of samples
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Fig.2 ATR-FTIR spectra of samples
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Fig. 3 SEM images of samples
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Fig. 6 Equivalent circuit model
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Fig.4 EDS analysis of samples
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Table 3 Fitting results of the electrochemical parameters

No. R./(Q+cm™?) B l‘m'/fl:g. o R./(kQecm ™)
Y/(10°«Qecm *+s") n em™) Y/(10 °«Qecm 7o s") n

MO 29.66 55. 04 0.896 7 1. 655

M1 29.10 26.310 1.000 0 30.12 78.56 0.8110 6.156

M2 33.79 7.079 0.7957 44.09 120. 44 0.6595 10. 540

M3 32.93 12.580 0.746 2 32.14 96. 24 0.748 8 5. 564

h T 2SR ) 4 S v A A5 Y Mg/
Al-CO; -LDH B & 47, 76 3.5 %0 NaCl# i
HR I 2 hJa Xt A aURE R AT T g e 7 A Ak I, 75 2]
FEOEAR At 2, U B 7. 7 SR g Ak th 2 v, ARy
i ok b, 28 RN 7 25 AT ) ok R DL R TG B S
Mgy & 7L 1E 3.5 % NaCLIE W PR 2 h5 ,
A VRE I b L K/NHESF R - M2>M3>M1>MO.

0
_02 L
-04 -
2
&
_06 L
= MO
_ | * Ml
0.8 A M2
v M3
-1.0 : : : : s s
10-° 10 107 10 10 10* 10°? 10-?
lg [i/(A - cm~2)]
K7 RFEAE 3. 520 NaCLIA M TR 1 2 h 5 i RRAE AR Ak i 48

Fig. 7 Talel diagrams of samples in 3. 5% NaCl
solution for 2 h
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Table4 E,. and ]I, of samples in 3.5%NaCl solution for 2 h
No. E../V i/ (pAsem )
MO —0.693 12.407 0
M1 —0.506 9.5314
M2 —0.311 1.918 8
M3 —0.425 2.2527

22 W FLHE b e
3 #ig

(1) 3 3 K #IL 25 G IR R AKR,7E c(Mg™ )=
0.025 0~0.070 0 mol/L . ¢ (Al'" ) =0.012 5~
0.035 0 mol/L % ¥ ¥k & i Bl N, 2 58 i 21 78 Q235
BB R A Mg/ Al-CO; -LDH i .

(2)TEAR 4 Jm g+ W B2 T il 45 19 LDH BREZ5 & i
AT, T o TS 3 A U R B 2% I3, T A A A
PRI 78 8 B T 9k J 4 0.050 0 mol /L BHBS Fik JE Ny
0.025 0 mol/L PA S IR & # £ 4 0. 375 0 mol/L 1y &
B TR SR A K ) LD H s 5 25 &) 508

(3)LDH B89 b 7 58 25 F P 5 AR 40 1 TR it
I BRI R AP phRE T IR AR R
AEFRM AR — 2 WPLE Bk BE ) . b hge
T AR R A B BE S5 R B B YR 22 0.050 0 mol/
LB B 1 ¥ B 4 0.025 0 mol/L PL K JR R W E K
0.375 0 mol/L. 1X 5 LIDH R fit 4 B4 5t A1k 2 41
X,
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