Advanced Pipe Materials

Advanced Pipe Materials — Study Notes

1. Overview
Aspect Why It Matters Typical Applications
Mechanical Handles high pressure, external loads, and Oil & gas transmission, high?
strength temperature?induced stresses pressure water mains
Corrosion o . Chemical processing, seawater
_ Extends service life, reduces maintenance o

resistance desalination
Thermal Limits heat loss/gain, maintains fluid ) _

Steam lines, cryogenic transport
performance temperature

Fabrication & Determines ease of installation, repair, and Building services, modular plant
joining cost construction

. Balances upfront investment with long?term Municipal infrastructure, offshore
Cost & lifecycle _
savings platforms

2. Conventional Materials (Reference Point)

_ Strength _ Typical
Material Corrosion Temperature Range . o
(MPa) Size Limits
Carbon Steel Moderate — needs coating or Upto 1?m
350-550 _ _ -507°C to 350?°C
(CS) cathodic protection
. Excellent in many
Stainless Steel ) _ Upto 1.27?
500-700 environments; 316 betterin  —2007?°C to 600?°C
(SS 304/316) _ m &
chlorides
Good in neutral water;
. _ - _ Upto 1?m
Ductile Iron (DI) 250-400 requires lining for aggressive —-307?°C to 200?°C
media
Excellent in non?aggressive -15?°C to 70?°C Up to 0.6?

PVC/CPVC 30-80 o .
water, limited chemicals (PVC) /93?°C (CPVC) m@



Advanced Pi

pe Materials

These baseline materials are still widely used, but many modern projects demand higher

performance, prompting the adoption of advanced alternatives.

3. Advanced Pipe Materials

3.1. High?Performance Alloys (HPAS)

Alloy Key Features

Inconel® (Nickel?

Chromium)

Superior strength at 600—-800?°C,
excellent oxidation resistance

Hastelloy® (Nickel?
Molybdenum?

Outstanding resistance to acids,
chlorides, and reducing

Chromium) environments

Good resistance to seawater and
Monel® (Nickel?Copper) alkaline solutions; moderate

strength

Exceptional corrosion resistance
Titanium (Grade 2, 5) (including seawater, H?S), low

density

Design considerations

Typical Use Cases

Aerospace fuel lines, high?
temperature petrochemical
reactors

Chlor?alkali plants, offshore
seawater pipelines

Marine cooling water,
desalination pre?treatment

Offshore risers, cryogenic liquid
transport, aerospace hydraulic
lines

e Stress?rupture testing for long?term high?temperature service.

e Weldability — many HPASs require inert?gas shielding and post?weld heat treatment.

e Cost — typically 5—-20x that of carbon steel; justified only when life?cycle savings are

proven.

3.2. Composite Pipes (CFRP, GFRP, Hybrid)

Type Structure
CFRP (Carbon?
Fiber Reinforced matrix, sometimes with

Polymer) an inner metal liner
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Advantages

Carbon fibers in epoxy  Very high specific
strength, corrosion?free,
low thermal expansion

Limitations

Expensive, brittle
under impact, limited
fire resistance
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