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Table S1. The composition of steel elements based on the EDS. 

Chemical 

element 

Fe Mn Si S Cr C 

 

O 

w/% Bal. 0.26 0.51 0.07 0.06 5.40 0.53 

The carbon steel are composed of elements: Fe, Mn, Si, S, Cr, C and O. 
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Fig. S1 (a) FT-IR spectra of pristine LDH, i-LDH/PEDOT: PSS, and c-LDH/PEDOT: PSS; (b) ζ-Potential 

of RGO, LDH and PEDOT: PSS. 

The above peaks indicate the presence of both PEDOT: PSS and LDHs components, which 

confirms that the PEDOT: PSS has intercalated in the galleries of LDHs successful 

modification. Because of the different value of ζ-Potential, RGO and LDH are excellent 

candidates for yielding the nanoplates structures with strong interfacial connections. 
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Fig. S2 (a) Raman spectroscopy of PEDOT: PSS and c-LDH/PEDOT. 

The extra peaks presented were the characteristic peaks of PEDOT: PSS/LDH, which were 

shown in Fig. S2. It confirms that, the PEDOT: PSS has been solidified by LDH. 
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Fig. S3 (a) AFM image (3D mode) of i-LDH/PEDOT:PSS@RGO. 

As was shown in Fig. S3, the SPM tapping mode images exhibited the structure of i-

LDH/PEDOT: PSS@RGO. The nanosheets were irregular in shape and the lateral size has 

lessened due to the damage during the ultrasonication assemble process.  
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Fig. S4 Open circuit potential for the samples. 

Open circuit potential can be carried out to determine the protective effect of the coating 

systems. The changing potential means the increasing corrosion state. When it is under -0.44V 

(the corrosion potential of carbon steel), it means a severe corrosion process. 
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Fig. S5 The Bode plots which show the impedance modulus and phase angle as a function of frequency 

logarithm (a, b) and the Nyquist plots of steel sheet (c). 

As shown in Fig. S5, only one arc for the steel substrates exhibited in the plot of PS, which 

demonstrated that the sample has been corroded. 
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Fig. S6 The Bode plots which show the impedance modulus and phase angle as a function of frequency 

logarithm (a) and the Nyquist plots of LDH/PEDOT: PSS (b). 

The electrochemistry impedance characterization (CHI 660E, Shanghai Chenhua Ltd.) of 

the composite has demonstrated the corrosion-inhibitting and barrier function of the 

component-LDH/ PEDOT: PSS. 



S9 
 

 

Fig. S7 The Nyquist plots of the steel coated with PVB (a), RGO (b), i-LPG, (c) and c-LPG (d). 

The fitting lines corresponding to EEC were exhibited in Fig. S7. It is generally known that 

radius could gradually become smaller as the immersion time went on. Compared with the 

uncoated steel sheets, the sample-PVB presented a capacitive arc at initial immersion time and 

then another radius also emerged at last. The trend of the curves indicated a gradual 

destruction process, which was attributed to the penetration of ions and barrier effect. 

Especially, observation of capacitive region of RGO after 10 days, two time constants 

presented, indicating the poor coating barrier performance of RGO nanosheets. It can be 

clearly known from the smaller capacitive arc (compared with PVB) at low frequency region, 

revealing the corrosion-acceleration, the RGO had harmful influence on its protection 

performance due to the galvanic corrosion. 
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Fig. S8 LEIS local impedance maps of i-LPG for immersion of 1 h, 9 h and 18 h. 

The i-LPG reduced the micro-galvanic corrosion and showed significant physical barrier 

effect. To our surprise, in the case of the scratched i-LPG, corrosion behaviour obviously 

occurred in the damaged area after 9 hours’ immersion owing to the oxygen has been 

consumed by the cathodic reaction. However, the extent of corrosion was much lower than 

that in the other specimens after 18 hours’ immersion. Besides, the corrosion activity was 

suppressed by the coverage of the PEDOT: PSS film, as the corrosion current density declined.  
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Fig. S9 SEM images of the corroded steel sheets (inset: the digital photographs of the surface). 

As illustrated in Fig. S9 and Table S1, loose porous corrosion product can be observed in 

the PS electrode. There are a large number of yellow rust layers and a few black rust layers 

existed in the digital image of PS, which are generated at the anode and cathode region, 

respectively. SEM images confirmed this conclusion due to the spherical goethite (α-FeOOH) 

and lump lepidocrocite (γ-FeOOH). 
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Experimental section 

Synthesis and exfoliation of graphene oxide 

Graphene oxide was synthesized in a modified Hummers method. An appropriate amount 

of concentrated sulfuric acid was added to a 250 mL reaction flask in ice-water bath. Solid 

mixture of 2 g of graphite powder and 1 g of NaNO3 was mixed in the flask and stirred until 

homogeneously suspended. Subsequently, 6 g of KMnO4 was dispersed into the mixture, 

controlling the temperature below 20 ℃ under continuous stirring. The suspension was 

stirred at 35 ℃ for 30 min, and then a certain amount of deionized water was added after 

further stirring for additional 20 min. After adding an appropriate amount of H2O2, a 

brownish solution was presented.  

The product was filtered when it was hot and then washed with 5% HCl solution and 

deionized water. Finally, the gel product was then diluted in water and exfoliated via ultrasonic 

treatment. 
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