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Introduction

Introduction to replication and in-situ metallography
Shutdown inspection

Damage survey after failure

Crack / indication identification

Summary

STEEL IMAGE INC.

Shane Turcott, p.eng, M.A.sc.
= 15 years experience (Dofasco, Bodycote, Liburdi Turbine Services, Steel Image)
= Expert in Failure Analysis and In-Situ Metallography

Steel Image founded in 2009
= Located in Hamilton, Ontario, Canada
= Four engineers/metallurgists plus support staff

Failure Analysis & In-Situ / On-Site Examination
= Supporting manufacturing, automotive, oil/gas, mining and energy
= Steel/ferrous, nickel, copper based alloys

Full Metallographic Laboratory Facility

Supporting a broad spectrum of industries including
manufacturing, design, maintenance and insurance.

= Such as Suncor, Nova Chemical, Imperial Oil, OPG, Barrick Gold,
Bombardier, Hitachi, Team Industrial, Vale, Hitachi, ArcelorMittal, etc.
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s e FAILURE ANALYSIS

4 Only company in Ontario designed to provide
preliminary results within 24-48hrs

Optical examination
confirmed flaw was a

SEM image, 100x




A iee:  FAILURE ANALYSIS

IN-SITU METALLOGRAPHY

Field Inspection Metallography
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Microstructure

= Can examine the microstructure using microscopes
and a touch of skKill.
= Assess material condition:
= Manufactured properly (ie. heat treatment)
= Material quality issues
= Service degradation (thermal damage)

A hiace TRADITIONAL MICROSCOPY

Cut Mount Grind/Polish Etch Examine

Abrasive Saw Allows for Progressive grind Chemically Optical
polishing then polish until  reveal features  Microscope
mirror finish of interest

Microscopy done in a lab is destructive

= Cannot be used for inspection.




A ace IN-SITU EXAMINATION (on S|te)

~~ boilef-tube.
__mierostructure

In-situ metallography polishes, etches and then
replicates the surface of the component(s) of
interest.

= Non-destructive!! Allows for microstructural examination without
destroying the part.

= Can be used for inspection applications on-site.

= Takes about one hour per location.

s e REPLICATION

From On-Site Replication

Direct Examination
(steel directly under microscope)

(field copy of structure)

Ferrite &
Pearlite

= Replications can accurately copy the microstructure up to
resolutions needed for 1000x magnification.

= Can replicate equipment on-site and then can examine the
microstructure back in a lab.




REPLICATION DEMO

Awhee  SURFACE PREPARATION

ANT .
l) Select Site - -~ 2) Grlnd then pollsh
(Before Preparation) . PR to 1um finish
3 Fiad s |

(Mirror Finish)

Inspecﬂon
found a crack

3) Chemically Etch
(Material Specific)

Weld Stért

or Stop




PREPARATION DEMO

s e ON-SITE... ANYWHERE




& e DEEP INTO INDUSTRY

A e DEEP INTO INDUSTRY
I

Shane
(Inside Nuclear
Reactor!!)




APPLICATIONS OF IN-SITU

METALLOGRAPHY
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Published 2016 in Materials Evaluation (American Society of Non-Destructive
Testing) regarding advanced applications for in-situ to support pressure vessel
inspection and reliability.
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e USES OF IN-SITU

Three primary applications include:

Routine shutdown inspection
Damage survey after failure

Examination of cracks and abnormal features

SHUTDOWN INSPECTION

Is the steel okay?
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JSTEEL  SHUTDOWN INSPECTION

= Generally used to evaluate for elevated temperature damage
including:
= Long term overheating
= Short term overheating (excursions)
= Other damage mechanisms
= Creep, hydrogen, sensitization, sigma phase, etc.

= Used to evaluate fitness-for-service (is it okay to keep using?)

BOILER FAILURES
T

= |f you run too hot, can result in
tube degradation and failure.

= Two indicators indicating life of Long-term overheating
boiler tube, occurring before
failure:

= Microstructural degradation.
= Creep damage.

= Can also suffer event-based
damage.

= Inspection critical to ensure
healthy boiler and proper
operation.
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LONG-TERM OVERHEATING

= If held at temperatures between 400-727°C for long periods

of time (months/years), carbon steel begins to degrade.

= Lamellar pearlite coarsens into carbide spheres.

= This form of degradation is called “spheroidization.”

= Can characterize the extent of microstructural damage.

pearlite

Lewel B - Initial spheroidisation
and carbides precipitation at grain

Level C - Intermediate level of
ephercidication, peariie is
partially globular but lamellar
structure is still svident

Lewel D - Pearlite completely
spheroidised but carbides
still included in primary
peariitic grains

Level E - Carbides

homogeneously distributed
(o evidence of ferrie and
pearlite original structure)

Level F . Carbides
homogeneously distributed
and partially coarsened
thiough coslescence

Advanced
spheroidization
precursor for
creep damage.

LONG-TERM OVERHEATING

= Creep damage is the formation of voids, eventually
joining into cracks.

= Occurs after significant microstructural damage.

= Stages 4 and 5 creep — nearing end of life.

Stage 2
(isolated voids)

Stage 3
(void strings)

Stage 4
(microcracks)

Stage 5
(macrocracks)

———
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LONG-TERM OVERHEATING

= Creep damage is the formation of voids, eventually
joining into cracks.

= QOccurs after significant microstructural damage.
= Stages 4 and 5 creep — nearing end of life.

Stage 6
(too late stage)

AULRUUNLTURERRU U Y
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A wace INSPECTION EXAMPLE #1

TJM -

p

= Refinery shutdown inspection, in-situ of furnace manifold
installed in 1976.

= Material Type - ASTM A213 T11 (1%% Cr, ¥2% Mo).

Significant microstructural degradation from long-term

overheating.
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A nes INSPECTION EXAMPLE #2

B Mi ) Cold Inlet Region
Bu |gled'Tp bes (as-manufactured condition)
\ &1 7 0

S

I
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'-'_F_erritei&
Pearlite ~
= Boiler tubes found to exhibit bulging.
= In-situ metallography performed. Compared cold tubes with
bulged regions.
= Tubes had reached temperatures >871°C, then quenched
forming bainite.
Damage from a steam flow interruption event
(event based, >871°C)

MANY THERMAL DAMAGE MODES

Graphitization Carburization

Each material type and service environment have
their own damage mode.

Sigma Phase
(duplex stainless steels)
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DAMAGE SURVEY AFTER FAILURE

Helping make informed repair and reliability
decisions

AwAce  BOILER #11 FAILURE

B

= Boiler tube failure caused forced shutdown.
= Borescope inspection would later find a tube blockage.

= Failure analysis would later confirm failure had occurred from
long-term overheating leading to failure.
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) s BOILER FAILUR

= |n-situ metallography used to assess the condition of the
neighbouring tubes (ie. were other tubes also damaged?).

= Upon arrival, failed section had already been cut out, ready for
failure analysis.

EY STEEL

» IMAGE

Failed tube exhibited long-term
overheating below cut-out / failure.

= Neighbouring tubes did not show
significant thermal degradation.

= Neighbouring tubes unlikely
experienced blockage.

Long-Term Ove'rheating
(spheroidization)

No degrdation & a No degrdation
(not overheating) (not overheating)

Adj Failure (right)

Adj Failure (left) Failed Tube (below)
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Severe Dam age

EN STEEL

= Cut-out section had
not removed all of the
damaged material.

~6" below cut-out

Moderate Damaged

= |n-situ used to
evaluate how far the
damage extended.

= Information used to
decide how much

VIIMERSECECE  material to remove

during repair.

~18" below cut-out

~36" below cut-out

s e BOILER FAILURE

e 1P P L§IK AW L RS
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CONCLUSIONS

= Long-term overheating damage leading to failure (confirmed
by in-lab failure analysis). Damage matched progressive
blockage.

= Other tubes in good condition. Not blocked.

= Qriginal cut-out had not removed all the damaged material.
In-situ used to determine extent of damaged material.
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Awace  SURVEY EXAMPLE #2

= Fire at a refinery. Burned for 20 minutes.

= [n-situ metallography and hardness testing used as part of the
damage survey.

AvAce  SURVEY EXAMPLE #2

The majority of the pipe had not been damaged by the fire.
Much of it was saved.

19



EXAMINATION OF CRACKS & NDT

INDICATIONS

Awace REPLICATION OF CRACKS

Hot tear weld cracks

(been there since
welding)
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Avace REPLICATION OF CRACKS

= In-situ can be used to provide information about the nature
of cracks or abnormal features.

= Used when destructive testing not a viable option.
= Can often narrow down:
= If service degradation or as-manufactured flaw.

= The type of cracking.

HOW WE'D LIKE TO ANALYZE CRACKS
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WHAT WE CAN USE ON-SITE

(Not exact prt§

= |nspectors found cracks on the external surface of a stainless
steel, 20yr old heat exchanger.
= Suspected as fatigue cracks yet not confident in cracking mode.

= |n-situ used to determine cracking mode.
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ICATIONS #1

—

Stress corrosion cracks caused by
‘corrosion under insulation’.

(1) Damaged insulation and (2) inadequate heater
support applying high loading.

channel temperature and
(c) high loading.

Stress corrosion cracking (SCC)

= |nspection of a 50 year old ammonia tank found cracks in
SAW welds.

= Unsure of the cracking mechanism. Cases of corrosion
cracking known to occur to ammonia tanks.

= |n-situ metallography completed to better understand cracking.
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EXAM

-

; Abno_rmall
High Temp * “Precipitates -. .
~'Oxide Contamination .

= |n-situ metallography found high temperature oxide in weld
cracks (ie. cracks formed during welding).

= Abnormal microstructure — weld contamination.

EXAM OF NDT INDICATIONS #2

= High levels of copper contamination found at one weld
location.

= Tip blow-out during SAW welding contaminated weld, causing
hot tear weld cracks.

= No crack growth had occurred during service (benign).

Cracks formed during welding from copper contamination.

Not service degradation.
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M Piaes  IN-SITU METALLOGRAPHY

Useful Inspection Technique

= Non-destructive method of assessing damage/cracks and
condition of metal components.

= Can be performed anywhere that a person can touch.
= Steel Image is a leader regarding in-situ metallography.

Routine shutdown inspection
Damage survey after boiler failures

Examination of cracks and abnormal features
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Awace STEEL IMAGE
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