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Fig. S1. Schematic illustration of the fabrication process and the structure of OMC (A) 

and RMC (B) coatings. The MXene nanosheets are flipped from the disordered 

distribution into well spread and parallelly aligned under the high-speed shear force 

during the rotating. For the spraying process, MXene nanosheets are partly 

re-stacking and aggregation during due to the intermolecular van der Waals forces. 
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Fig. S2. The stabilization mechanisms of MXene nanosheets in EP matrix. The –OH 

and –COOH of EP can for Ti-O-C covalent bonds with MXene nanosheets to inhibit 

the oxidative degradation of MXene during the service time.  
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Fig. S3. Cross-sectional SEM images of EP (A), RMC (B), and OMC (C) coatings, 

insets shows the corresponding water contact angles. The thickness of the coatings is 

ca. 25 μm according to the cross-sectional SEM images in Fig.S2A-C. Besides, the 

dispersion states of MXene nanosheets can have an impact on the water contact 

angles. The uniform dispersion of MXene nanosheets can better cross-link with the 

EP matrix, and thus lead to a higher water contact angle than that of RMC.  
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Fig. S4. The tortuosity of OMC (A) and RMC (B) coatings with different distributed 

MXene nanosheets.   

  

The tortuosity (τ) of the coatings can be determined, as given by
 [1-3]

: 

𝜏 = 1 +
𝐿

𝑡
× 𝜑 ×

1

3
(𝑆 +

1

2
)        (1) 

Where, L, t and φ are the lateral size, thickness, and mass content of fillers, 

respectively. Accordingly, the orientation degree S of MXene in the coating matrix 

can be obtained as the following:  

S =
1

2
(3𝑐𝑜𝑠2𝜃 − 1)              (2) 

Where, θ is the orientation angle of MXenes in the coating matrix. Especially, when 

MXenes are parallel arrangement, the average orientation angle θ = 0°, S = 1; when 

MXenes are random distribution, the average orientation angle θ = 54.7
o
, S = 0 

[4]
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Fig. S5. The equivalent electric circuits for fitting EIS results. In the equivalent 

electric circuits, Rs, Rc, Rct, Qc, Qdl represent solution resistance, coating 

resistance, charge-transfer resistance, coating capacitance, and double-layer 

capacitance, respectively
 [5]

. The equivalent electric model A was used to fit the 

EIS results of complete coating system. The equivalent electric model B and C 

were for the EIS results of defected coatings.   
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Fig. S6. Digital photos of EP (A), RMC (B), and OMC (C) coatings protected steels 

after immersion in 3.5wt% NaCl solutions for 15 days. Compared with the EP, the 

RMC shows a typical localized corrosion. This indicates that the essential 

conductivity of MXene can trigger galvanic corrosion behaviour during the long-term 

immersion. The digital photo is the direct evidence for the galvanic corrosion.   
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Table S1. EIS parameters of different coatings protected steel electrodes during the 15 

days immersion in 3.5wt.% NaCl solutions. 

 

Sample Time/d Z0.01/ohm cm
2
 Rc/ohm cm

-2
 fb/Hz 

 

 

EP  

1 1.58×10
6
 6.83×10

5
 1122 

2 1.08×10
6
 9.20×10

5
 1175 

5 1.29×10
6
 1.12×10

6
 1202 

10 1.99×10
6
 1.76×10

6
 1230 

15 1.54×10
6
 1.95×10

5
 1585 

 

 

RMC 

1 1.37×10
9
 1.18×10

9
 1.25 

2 6.01×10
7
 2.68×10

7
 15.8 

5 1.74×10
7
 1.39×10

7
 63.1 

10 1.22×10
7
 2.25×10

6
 70.8 

15 1.89×10
7
 2.15×10

6
 112.2 

 

 

OMC 

1 4.64×10
9
 3.79×10

9
 0.18 

2 6.72×10
9
 5.53×10

9
 0.16 

5 7.48×10
9
 6.29×10

9
 0.16 

10 9.11×10
9
 8.15×10

9
 0.16 

15 6.84×10
9
 6.08×10

9
 0.16 
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Table S2. EIS parameters of different scratched coatings protected steel electrodes 

during the 3 days of immersion in 3.5wt.% NaCl solutions. 

 

Sample Time/d Z0.01/ohm cm
2
 Rct/ohm cm

-2
 

 

EP  

1 1.11×10
5
 1.65×10

5
 

2 6.40×10
4
 4.50×10

4
 

3 4.35×10
4
 4.21×10

4
 

 

RMC 

1 1.79×10
4
 3.14×10

5
 

2 1.51×10
4
 1.97×10

4
 

3 6.45×10
3
 8.23×10

3
 

 

OMC 

1 7.20×10
5
 5.37×10

5
 

2 7.20×10
5
 1.23×10

5
 

3 5.39×10
5
 1.23×10

5
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