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1. Background

Fig. a Pipeline incidents in the United State1
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[1]. Photos from http://projects.propublica.org/pipelines/

[2] http://www.occupy.com/article/20000-barrels-spilled-north-dakota-pipeline-rupture?qt-article_tabs=2

Fig. b Pipeline spill2

o Corrosion of oil/gas metallic pipelines
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Fig. 1 Internal corrosion: a) localized pits1, b) fouling2 and c) wear/erosion3

Table 1. Pipeline accidents in recent years at North Dakota (Pan et al., 20174).

[1]. Photos from http://www.flickriver.com/photos/59127492@N07/5416927808/

[2]. Photos from http://www.icorr.org/news/180/index.phtml

[3]. Photos from https://sites.google.com/site/metropolitanforensics/root-causes-andcontributing-factors-of-gas-and-liquid-pipeline-failures

[4]. Pan, H.; Ge, R.; Xingyu, W.; Jinhui, W.; Na, G.; Zhibin, L. Embedded Wireless Passive Sensor Networks for Health Monitoring of 

Welded Joints in Onshore Metallic Pipelines. In ASCE 2017 Pipelines; 2017.

o Corrosion of oil/gas metallic pipelines
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o Challenges:

➢ Detection: Sensing and assessing corrosion-induced damage (early-stage, data process of 

collected data with high variances, e.g., noise interference for signals)

➢ Prevention/Mitigation: Conventional coating systems (low-damage tolerance, inaccessible 

for repair) 



2. Proposed Concept
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o Solutions:

Corrosion of pipeline 

systems

Failure Mechanism

Monitoring and 

Diagnosis

Mitigation and 

Protection

Removal of corrosive agents

New nanocomposite coatings Machine-learning guided
 

 

Fig. 3 Proposed innovative networks for rapid damage detection and health monitoring. 

 

damage detection



3. Case study˗˗˗ New nanocomposite coatings
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o Performance in terms of corrosion resistance:

Equivalent electrical circuit models at four stages: (a)-(d)

New nanocomposite 

coatings

Reference 

(epoxy)



3. Case study˗˗˗ New nanocomposite coatings

• Tensile strength

• Ultimate strain

• Young’s modulus
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o Performance in terms of mechanical-tensile:



3. Case study˗˗˗ New nanocomposite coatings

10

o Performance in terms of mechanical-abrasion resistance:

• Mass loss after abrasion

• SEM image of abraded surface
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Fig. a Mass loss of nanocomposites

Fig. b SEM image of abraded surface

58%
53%

79%

New 

coatings



3. Case study˗˗˗ New nanocomposite coatings
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o Performance in terms of wettability:
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Fig. b Water droplet ascending and descending of 

(a) neat epoxy, (b) high-performance coating

(a)

(b)

Fig. a Picture of water (blue) and hexadecane (red) on new coating

*Note: the information has patent protection in the United States.



3. Case study˗˗˗ Machine-learning guided damage detection
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o Machine learning guided damage detection:



3. Case study˗˗˗ Machine-learning guided damage detection
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o Machine learning guided damage detection:

(a) SNR=100 dB (b) SNR=80 dB

-Noise interference

(a) SNR=100 dB

(b) SNR=80 dB



-Material discontinuity

Table 1, Comparison of accuracy in two cases

3. Case study˗˗˗ Machine-learning guided damage detection
o Machine learning guided damage detection:
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3. Case study˗˗˗ Machine-learning guided damage detection
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o Machine learning guided damage detection:

-Shallow learning

-Deep learning



3. Case study˗˗˗ Removal of corrosive agents
o 3D printing lattices for water/oil separation:
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*Note: the information has patent protection in the United States.



3. Case study˗˗˗ Removal of corrosive agents
o 3D printing lattices for water/oil separation:
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*Note: the information has patent protection in the United States.

    

Water Oil 



3. Case study˗˗˗ Removal of corrosive agents
o 3D printing lattices for water/oil separation:
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*Note: the information has patent protection in the United States.

0.2-mm 3D printing LS type lattices 

Sliding angle



4. Summary

19

▪ The projects aimed to address corrosion issues experienced in pipelines from different 

perspectives.

▪ The proposed nanocomposite coatings with high damage tolerance as well as superior 

corrosion resistance as one solution for pipeline corrosion control and prevention

▪ The proposed machine learning guided framework for early-stage corrosion-induced 

damage detection for pipelines

▪ The proposed approach for removal of corrosive agents (e.g., water) for pipeline 

corrosion prevention
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