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Corroded production casing pipe sample from downhole

• $1.4 billion annually: direct corrosion costs in domestic oil and gas 
exploration and production in the U.S. 

• $589 million: surface piping and facility costs 

• $463 million: downhole tubing expenses

• $320 million: capital expenditures related to corrosion. 

• 25-30% can be saved with optimal corrosion management

Corrosion in Oil and Gas Infrastructure 

Internal 

Corrosion 

68%

External 

Corrosion

32%

2010-2016
Transmission Pipelines

Ref: Koch, G. H., et al “Corrosion costs and preventive 

strategies in the United States” (2002).

(University of North Dakota Energy & Environmental Research Center)
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Corrosion is an Electrochemical Process Causing Mass Loss/Structural Deterioration

Anodic reaction

Fe(s)   Fe2+(aq) + 2e-

Cathodic reaction

2H+(aq) + 2e-   H2(g)

2H2CO3(aq) + 2e-   H2(g) + 2HCO3
-(aq)

e-
Fe2+(aq)

Iron or Steel

FeCO3(s)

Dissolution of CO2: CO2(g)   CO2(aq)

Hydration of CO2: CO2(aq) + H2O(l)   H2CO3(aq)

                         ~ 0.2% of CO2(aq) and quite slow

Dissociation of H2CO3(aq):

H2CO3(aq)   H+(aq) + HCO3
-(aq), pK1=6.35 at 25 oC

HCO3
-(aq)   H+(aq) + CO3

2-(aq), pK2=10.33 at 25 oC

Susceptible 

materials

Corrosive 

environment

Tensile stress

SCC

Ref: Jones, D. A., Principles and Prevention of Corrosion, P 237.

Han, J., Nesic, S., Yang, Y., Brown, B., Electrochimica Acta, 2011, 5396-5404.

https://corrosion.ksc.nasa.gov/stresscor.htm
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Optical Fiber Sensor Platform for Natural Gas Pipelines

➢ Early Corrosion Onset Detection

➢ Methane Leak Detection

A Multi-Parameter, Distributed Optical Fiber Sensor Platform Enabling Reliability & Flexibility

Target Metrics = >100km Interrogation, <1m Spatial Resolution
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Distributed Optical Fiber Sensing Principle
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Backscattering enables distributed temperature, 
strain, and acoustic sensing (DTS, DSS, DAS).

Optical Backscatter Reflectometer (OBR) 
measures the Rayleigh backscattering from the 
fiber-under-test (FUT).

Distributed optical fiber sensors (OFS) enable continuous real-time monitoring 
over the whole structure with location and sensing information. 

https://www.samm.com/en/page/86/optical-time-domain-reflectometer-otdr.html



• The metallic thin film leads to 

broadband light absorption in the 

evanescent field, which occurs at 

the interface between the optical 

fiber and the thin film along the fiber. 

• As the metallic film gets thinner, the 

light absorption of the film 

decreases; therefore, the light 

transmission and backscattering 

increase through the optical fiber. 

Corrosion Sensing Principle

1—multi-mode fiber core; 2—cladding; 3—
polymer jacket; 4—coated metallic film; 
5—coreless optical fiber.
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Optical Fiber Corrosion Sensors From Previous Work
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Rayleigh backscattered light increased as 

corrosion of the metallic film proceeded. Microstrain on the fiber increased with 

mass loss of coated metallic Ni film.

Multi-mode Fiber Coreless Fiber
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Ref: Wright, et al. Sensors 2019, 19, 3964
Ref: Wright, et al., Proc. SPIE 11739, Fiber Optic Sensors and Applications XVII, 117390E, 2021



Experimental Setup

Schematic diagram of the experimental setup for light transmission measurements 

in an engraved PTFE holder during electroless plating or metallic film dissolution.
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Fixture ClipFixture Clip
Solution Reservoir

Spectrometer

Light source

10 cm Coreless Fiber ~50 cm MM Fiber~50 cm MM Fiber



Optical Fiber Preparation and Electroless Plating
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Chemical Amount Operation

SnCl2 22.6 g/L 30 seconds at room 

temperature. Rinse in 

DI water
HCl, conc. 10 mL/L

PdCl2 0.795 g/L 30 seconds at room 

temperature. Rinse in 

DI water
HCl, conc. 5 mL/L

➢ Sensitization and Activation (Twice)
➢ Electroless plating solutions and conditions

Electroless plating soln. Fe

Metal source 11 g/L FeSO4∙7H2O

Complexing agent 57 g/L C6H5Na3O7∙2H2O

Reducing agent 3.0 g/L NaBH4

pH stabilizer 10 g/L H3BO3

pH 10 @ 21.5 oC

Solution temperature 21.5 oC

➢ TEOS sol-gel recipes for SiO2 thin film

Chemical Amount Dip/travel Dry

DI 1mL ~5 travels

of coreless 

fiber

Overnight

Ethanol 4.5mL

TEOS 4.5mL

➢ TEOS sol-gel recipes for SiO2 Spheres

Chemical Amount Dip/travel Dry

DI 1mL ~5 travels

of coreless 

fiber

Overnight

Ethanol 4.5mL

TEOS 4.5mL

TEOS: Tetraethyl orthosilicate



SEM images

Different Morphologies of SiO2 Layers on Optical Fibers
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Bare fiber SiO2 thin film SiO2 Spheres

• Different SiO2 layer morphologies were obtained from different TEOS gel-sol recipes.
• SiO2 thin film vs SiO2 spheres.

Sphere size: sub-micron 
Smooth SiO2 thin film coating



SEM images

Fe Plating on SiO2 Coated Optical Fibers
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Fe on SiO2 spheres

Multi-mode Fiber Coreless Fiber Multi-mode Fiber

Bare fiber SiO2 thin film SiO2 Spheres



SEM images

After Fe Dissolution in pH 2.5 Solution
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SiO2 spheres

Multi-mode Fiber Coreless Fiber Multi-mode Fiber

Bare fiber SiO2 thin film SiO2 Spheres

• Fe coating was dissolved in pH 2.5.

• The SiO2 layer was revealed after Fe dissolution.



T% Decreased as Fe was Coated onto SiO2 Layers
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Bare Fiber: Fe Deposition
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SiO2 Thin Film: Fe Deposition
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SiO2 Spheres: Fe Deposition

500 nm 700 nm

• T% decreased as Fe was deposited onto the 
SiO2 coated optical fibers due to the light 
absorption.

• Different SiO2 coating morphologies didn’t 
affect the Fe plating induced T% decrease.



T% Increased During Fe Dissolution in pH 2.5 Solutions
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SiO2 Spheres: Fe dissolution
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Bare Fiber: Fe dissolution

• T% increased as Fe was dissolved, which enables 

corrosion monitoring.

• SiO2 spheres coating extended the time for Fe 

coating to fully dissolve, compared to bare fiber 

and SiO2 thin film coating.
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SiO2 Thin Film: Fe dissolution



• The Fe/SiO2 composite coating was studied as the sensing film where the SiO2 layer

provides roughness/porosity and light coupling and the Fe layer serves as the corrosion

sensing element.

• The composite film was prepared through a sol-gel and electroless plating combined

process.

• The SiO2 layer morphology was controlled: SiO2 thin film and SiO2 spheres.

• T% decreased after Fe deposited on the fiber due to the light absorption of Fe. Different

SiO2 coating morphologies didn’t affect the Fe plating induced T% decrease.

• T% increased as Fe dissolved, which enables corrosion monitoring using the Fe/SiO2

coated optical fiber. SiO2 spheres coating extended the time for Fe coating to fully

dissolve, compared to bare fiber and SiO2 thin film coating.

Conclusions
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