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CORROSION SPECIALIST
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Present Affiliation Assistant General Manager, Engineers India Limited, New Delhi, India

Academic 

Qualification

B.E (Metallurgy), M.TECH (Materials Engineering)

Area of Specialization Material selection, Corrosion study, Failure Analysis

Achievements / 

Awards

API 571 certified

Publications 1. Naphthenic acid corrosion and its mitigation through appropriate material 

selection in the refinery, NACE CORCON-2011.

2. Material selection and corrosion control programme for processing high TAN 

crude in the refinery, Petrotech-2012. 

3. The effect of hydrogen blending in natural gas pipeline–challenges, material 

suitability and its qualification, NACE CORCON-2022.

4. Comprehensive study in naphthenic acid corrosion in low TAN crudes, CHT 

MEET-July 2023.

5. Challenges in blending hydrogen into natural gas pipelines - Perspectives, 

Poster Presentation-ETM 2023

6. Review Of Hydrogen Embrittlement In Hydrogen Pipelines – Material Challenges 

And Its Mitigation, IEW,2024

7. A broader perspective on H2 environment in refining & a case study on material 

degradation in NG pipeline, PTQ-11th REFINING INDIA
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PRESENTATION OUTLINE

MATERIALS SELECTION FOR HYDROGEN SERVICE

MATERIALS SELECTION FOR COMPRESSED BIOGAS

  MATERIALS SELECTION FOR COAL BED METHANE 
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MATERIALS SELECTION FOR HYDROGEN SERVICE
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Climate change concerns foster the use of Hydrogen as an energy vector.

Gaseous hydrogen - clean energy source and supply in a sustainable, reliable 
and cost-effective way.

Green H2 (GH2) is a critical piece of energy transition to achieve economy 
wide net-zero emissions.

In a net-zero economy, H2 will be the dominant feedstock and energy 
carrier for industrial applications. 

As industrial feedstock / process gas, GH2 can substitute grey H2 (derived 
from fossil fuels) used in oil refineries, fertilizer plants, methanol producing 
chemical plants and treatment of metals. 

As energy carrier / vector, GH2 can be used for blending with piped natural gas 
(PNG) used in domestic, commercial and industrial applications.

LOOKING TOWARDS HYDROGEN
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HYDROGEN

• smallest and lightest 
element

• diffuses rapidly, occupies 
interstitial position in the 
lattice

• entrapped by structural 
heterogeneities 

DAMAGE

• form of environmentally 
assisted failure

• combined action of 
hydrogen and residual 
or applied tensile stress 
and susceptible 
material. 

DIFFERENT 
TYPES OF 

HYDROGEN 
DAMAGES

• Hydrogen 
Embrittlement (amb)

• HTHA (high 
temperature)

• Blistering

• Metal Hydride
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Hydrogen Embrittlement (HE) is the biggest 

technical challenge for storage and 

transportation of Hydrogen

HYDROGEN TRANSPORTATION

HYDROGEN 
TRANSPORTATION 

SYSTEM

Trucks, trailers and 
tankers

Pipelines (Retrofitting 
existing pipeline or 
creating dedicated 

infrastructure)

Shipping

HE is the loss in strength, ductility and/ or fracture 
toughness of susceptible materials. 

Occurs at ambient temperatures, decreases 
rapidly above 150 °F (65 °C) and effectively 
disappears above about 300 °F (150 °C).

General mechanism - Permeation of atomic 
hydrogen gas in the material by surface 
absorption, diffusion through the material and 
eventually causes damage.

HYDROGEN EMBRITTLEMENT (HE)
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MECHANISM OF HYDROGEN EMBRITTLEMENT
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The material shall be microalloyed (Nb/Cb) ERW through 
TMCP process. 

PSL2 grades are preferred.

Microstructure plays an important role in achieving 
higher fracture toughness. Strict limit on chemical 
composition of line pipe material.

Toughness testing for brittle fracture control and ductile 
fracture control depends on pipe size.  

Line pipe material requirements for Hydrogen service  
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BLENDING OF H2 IN NG PIPELINE

Another key feature related to H2 embrittlement is the vulnerability of weak welds and hard spots, 
favors subcritical cracking in zones of high hardness near welds   

During operation, significant pressure fluctuations accelerate the embrittlement process, with reported 
fatigue crack growth rates an order of magnitude higher.

Blending hydrogen in existing NG pipelines affects steel integrity because

 1.it increases fatigue crack growth rate when the pipeline is cyclically loaded, 2. promotes subcritical 
cracking, 3.decreases fracture  toughness and 4.decreases steel ductility. 

H2 embrittlement is more problematic in high strength steels and/or high carbon content. 
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Fracture toughness measured in 
hydrogen environment KIH can be 
50% or less than KIC

Fracture toughness is a key 
parameter required for the safe 
transport of hydrogen in pipelines 
Integrity assessment.

The fatigue crack growth rate in the presence of hydrogen in the 
matrix is accelerated by 10 X higher under cyclic loading.

Materials with higher tensile strength tend to experience greater 
reductions in fracture resistance and greater fatigue crack 
growth than materials with lower tensile strength when in 
contact with hydrogen.

These effects are important because fatigue crack growth and 
fracture resistance are properties used directly in ftness-for-service 
assessments of pressure pipe, (API 579/ASME FFS-1) and ASME 
B31.12

Blending of Hydrogen in NG pipeline is beneficial because it partially decarbonates the natural

gas, but based on the effect of Hydrogen on mechanical properties of pipeline steel material, an

Integrity assessment need to be carried out before blending H2 in natural gas pipelines so that

safe operation can be guaranteed. 
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MATERIALS SELECTION FOR COMPRESSED 

BIOGAS
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Produced by anaerobic fermentation of 
organic material by methane producing 
bacteria. 

Methane is produced in strictly 
anaerobic (oxygen-free) sealed 
conditions.

Contains corrosive and contaminant 
components like H2S, CO2, moisture.

Hydrogen sulphide (H2S) forms sulfuric acid 
and metals containing copper are easily 
corroded by sulfuric acid.

Hydrogen sulphide is highly poisonous, toxic 
and hazardous. Concentration of H2S in biogas 
is 20 ppm-20,000 ppm. 

.

Biogas undergo an upgrading process, where 
all contaminants as well as carbon dioxide are 
removed and the content of methane is 
increased from the usual 50-75% to more than 
95%.

The upgraded biogas is often named 
BIOMETHANE.

Compressed 

Bio Gas 

[CBG]

COMPOSITION OF BIOGAS

COMPOSITION OF BIOMETHANE
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BIOFUELS IN COMPARISON
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STORAGE SYSTEM OF COMPRESSED 

BIOMETHANE SYSTEM

STORAGE OPTIONS FOR BIOGAS AND BIOMETHANE 



Delivering Excellence Through People

17

INSULATED GAS PIPELINES
Upgraded biogas (biomethane) can be injected and distributed through the 

natural gas grid, after it has been compressed to the pipeline pressure. 

TRANSPORTATION SYSTEM OF COMPRESSED BIOMETHANE SYSTEM

Biomethane can be distributed 
via dedicated biomethane 
pipelines /  Distribution via the 
natural gas pipeline

Materials used for pipelines 
depend on the transported load 
and pressure level.  PVC, 
HDPE, steel and stainless steel. 

The corrosives in CBM are H2S, 
CO2 and moisture. 
Contaminants cause internal 
corrosion in the pipeline.

Corrosives can be prevented by 
dehydrating the gas, proper 
purification/ scrubbing, adding 
corrosion inhibitors, PROPER 
MATERIAL SELECTION and 
using online analyzers. 
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➢ Stainless steels are the cost efficient 

materials for the Bio-fuel industries 

like bioethanol, biodiesel, biogas. 

➢ Stainless steels offer excellent 

corrosion resistance in the various 

process conditions coupled with good 

strength, durability, toughness and 

ease of fabrication.

➢ In addition, its 100% recyclability 

supports the biofuel industries' long 

term sustainability concepts and 

goals.  

STAINLESS STEELS IN THE BIO FUELS INDUSTRY
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ATTRIBUTES OF STAINLESS STEELS FOR THE BIOFUELS INDUSTRY

PROVEN APPLICATIONS OF STAINLESS STEELS IN THE BIOFUELS INDUSTRY
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COAL BED METHANE

The primary 
energy source 

of natural gas is 
a substance 

called methane 
(CH4). 

Coal bed methane 
(CBM) is simply 

methane found in 
coal seams 

generated during 
coalification 

process.

COAL BED 
METHANE

Coal serves as 
both the source as 
well as reservoir 

and can hold 5 to 6 
the amount of gas 

stored in a 
conventional sand 

rock.
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PRODUCTION OF COAL BED METHANE
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Face cleats, butt cleats, natural

fractures/bedding surrounding the coal 
block matrix and pores, micro-pores 

within the coal black matrix.

Gas held in coals is by hydrostatic water

pressure.

Pumping water lowers the hydrostatic 
pressure and gas desorbs from the coal 
in cleats and fractures to flow to surface.

Methane is assumed to be stored 
mainly(>95%) in coal matrix pore, micro 
pores in absorbed state and very less 

amount(<5%) in bedding planes.
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Common Pipeline Materials:

•Steel:

•Carbon steel pipelines offer high 
strength, but require careful 
selection of grades resistant to H2S 
corrosion or potentially costly 
corrosion-resistant coatings.

•Composite Materials:

•Fiber-reinforced polymers (FRP) 
offer advantages like light weight, 
high corrosion resistance, and good 
strength-to-weight ratio. They are 
becoming increasingly popular for 
CBM pipelines.

•Other Materials:

•Depending on specific needs and 
location, other materials like 
polyethylene, fluorinated polymers  
or specialized alloys might be used.

Coal Bed Methane (CBM) pipelines must be constructed with 
materials that can withstand the specific properties of CBM, 
which is primarily methane (CH4) with trace amounts of other 
gases like ethane, nitrogen, and carbon dioxide.

These pipelines often encounter high pressures during 
compression and require materials resistant to corrosion, 
especially from potential contaminants like hydrogen 
sulfide (H2S) and water.

Common materials include carbon steel, which can be 
susceptible to corrosion from H2S, and composite materials, 
which offer greater corrosion resistance and lighter weight.
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Additional 
Considerations:

•Gas Quality

•Operating Pressure

•Environmental Factors.

In addition to the pipeline 

material, other components like 

fittings, valves and coatings 

also need to be carefully 

selected to ensure the integrity 

and reliability of the entire CBM 

pipeline system.

KEY MATERIAL CONSIDERATIONS FOR CBM PIPELINES

Corrosion 
Resistance

CBM can 
contain trace 
amounts of 
H2S and other 
corrosive 
compounds, 
necessitating 
the use of 
corrosion-
resistant 
materials like 
high-strength 
steel alloys or 
polymers.

Strength and 
Durability

CBM pipelines 
operate at 
varying 

pressures, and 
the gas can be 

abrasive, 
requiring 

robust 
materials that 
can withstand 
these stresses 
and potential 

impacts.

Gas 
Permeability

The pipeline 
material 
should have 
low permeability 
to methane 
and other 
gases to 
prevent 
leakage and 
ensure 
efficient gas 
transport.

Temperature 
Resistance

CBM 

production can 

involve 

temperature 

fluctuations, 

and the 

pipeline 

materials need 

to maintain 

their structural 

integrity and 

performance 

within the 

expected 

temperature 

range
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