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Use of P91 & P92 (9% Cr)
martensitic steels in:

a) Conventional power plant, and,
b) HRSG thick section components

IS now very common
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This Presentation in 2 Parts
(based on two Group Sponsored Projects)

1. Heat Treatment issues giving rise to
Aberrant or Abnormal P91

2. New Inspection Techniques for
early stage damage detection
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Project 1 _ A Group Sponsored Project (GSP)
(6 years duration, now in 57 year)

P91: Manufacturing, welding heat
treatment + Safe Remaining Life

— Involves long term creep tests
(30k hours) + Metallography

Sponsors: A group of European and Japanese Utilities
(\New sponsors can join any time)

e’fp European Technology Development Ltd.



= P91 material properties depend on the
tempered martensite microstructure

= Very sensitive to heat treatment

= Need to handle P91 with care during
=« Manufacturing
= Welding
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Welding 9-12%Cr steels
Type IV Cracking

350

w W
= W
o O

2901
2701

Hardness (HV2)

2501
2301

2101
1901

Parent | Heat 1 waeld

170}  Metal iAﬁZe"ted: Metal
1 one :

150

0 5 10 15
Distance (mm)

e‘fp European Technology Development Ltd.




. ! & . L .
- . - - E . -~ : . = ‘ -
Ref: S. I. Brett, “In-Service Failures of Modified 9Cr (Grade 91) Components.”
. = ) IMechE Semunar - Forensic Investigation of Power Plant Failures, One Birdcage
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Type IV cracking on the F91 side of a weld between an F91 forged
mransition bottle and a T91 tube (48mm OD) raken from Ref [2].
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Dilatometric measurement of P91
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Soft spots/ bands along pipe length

Original microstructure in the HAZ was over-tempered, exhibiting
some degradation of the tempered martensite and coarse carbides
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‘Aberrant’ P91 (green line) may lie between P91
and low alloy bainitic steel strength
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Aberrant microstructures being studied in the
joint industry project ‘Abnormal P91’

Under-tempered (<730°C)

Over-tempered at 10°C below Acy

Over-tempered at 15°C above Ac,

Normal
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Mixed 30% ferrite — 70% martensite (too slow cooling Gr9o1
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Project 2 - 4 Group Sponsored Project (GSP)

‘P91-P92 Inspection & Lifing’ .

This project dealt with NDE and lifing of P91
welded components and the development of new
and more reliable on-site tools.

Sponsors/ Partners: ETD, Nippon Steels &
Sumitomo Metals, ENEL, GE, TNB, Engie, MPA
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The Problem:

The cavity size Iin 9Cr martensitic
steels for up to about 70% of
component life can be of nanometre
level only.

Thus cavity detection and quantification
by traditional means can be difficult
until late in life.
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Inspection & Life Assessment Problems

To make matters worse and life
assessment difficult in P91 and P92
steels creep failure stages are
reduced to:

* Creep cavity initiation = cavity growth
- failure with little warning.

* No spherodisation.
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Typical Microstructure of Martensitic 9-12%Cr Steel (Matrix,
Precipitates, Dislocation structures)
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E911, 600°C, t/t= 1,
t-=32000 h, 167 C/mm?
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Macrocraking in a low alloy steel and the final fracture
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« Lab creep specimens
= Miniature samples
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Schematic diagram showing the P91 and P92 welded pipes & testing being conducted in this project
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P91 pipe with two butt welds being tested at temperature, under pressure and end
load to simulate system loads
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= Testing of these feature specimens was
stopped at ~30, 50, and 70% of the
estimated life of 10kh at 600 and 625C.

= New NDE techniques were developed and
used to quantify damage & relate to remaining
life. FE analysis was performed to develop
RLA relationships.

= ‘Slice samples’ using EDSE were cut out from
some of the test welds during the outages to
relate damage detected by the NDE techniques
to the real damage.
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1-st pass. Sample profile acquisition.
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Scanning Force Microscope. From top left hand (clockwise) — Lab version, portable version,
portable version hand held, Portable version in use on a pipe ring
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New SFM with the mounting frame. Clockwise from top left: Schematic with
the mounting frame, SFM mounted on a horizontal pipe, SFM enclosed in a box

for safe keeping in plant during use, SFM mounted on a vertical pipe
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Figure.12. SFM images acquired before and after chemical etching for 2 minutes.
Height data and depth distribution curves are shown at the right side. Increase of the
half-width after etching is determined by surface roughening during etching
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Three dimensional SFM image of the P91 pipe
showing the cavity depth
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SFM results for a Steam Pipe after a Service of 100kh at
~580C
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Volume of creep cavities (um3) in a 9Cr martensitic pressure vessel steel
at 30%, 45% and ~70% of calculated service life of 10,000 hours
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Mounting Versatility

1st Stage of 2nd Stage of Rotor Hot Section End
Rotor Rotor
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P91 after etching - SEM versus SFM
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From top left (clockwise): EDSE cutting a sample from the reducer pipe;
4mm thick piece cut out from the pipe; round edge cavity left behind
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Type IV damage in seam-welded components

= Japanese study of creep cavitation damage accumulation at the

Type IV position in a seam-welded T91 tube sample (of 10 mm
wall thickness) under internal pressure

Ogata et al, Proc. "New Steels” Seminar, London, Sep 2008
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Ultrasonic phased
array probe Position encoder

v

Couplant supply
UT backscatter inspection tool Ref: Engie
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‘Normal noise’ as a result of
welding process

External
surface

Depth into
tube wall

UT scan direction l \Weld - Internal surface

Superimposed
weld geometry

UT Back Scattering Method for Damage Detection and Quantification in a P91 welded pipe (fwo
spots on the right hand side of the weld show the early stage damage development — at 30% of
the calculated life)
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UT Velocity
Ratio/Change .
Method

(e) tube C - attenuation (f) tube C — propagation speed



Potential Drop Method- as a
monitoring tool

Low frequency alternating current potential drop (LF-
ACPD) method developed in the exploratory project showed the
potential for monitoring the development of creep cavitation
damage.

This requires systematic trials to confirm its validity in
detecting and monitoring creep cavitation.

Work is also required to provide quantitative relationships

between LF-ACPD measurements and creep life
consumption.
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Electromagnetic (EM) test system and probe design
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Change in grain boundary orientation as a new method for
life assessment - Nippon Steel & Sumitomo Metals
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Next GSPs: Improved version of EM Sensor

. Excitation coil

Sensor array on
conformable
substrate

Weld Steel component

Proposed tool with sensor array for localised
creep damage assessment
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TIG Spot Welding
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Fig. Strain Measurement with Laser Distance meter for 9%Cr Steel Welded Steam Piping
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SMART SLEEVE: New Portable Precision Hardness
Tester
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MIC10 hardness data with & without
‘SMART SLEEVE’

Hardness (HV) of Ferritic Steel Pipe using MIC 10 Hardness (HV) of Ferritic Steel Pipe using MIC 10 with 'Smart Sleeve'
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“Obikou” Reinforcement of components - life extension by x4
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European Technology Development —
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