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Harsh Environment - Definition

* Environment where alkaline metals
are present and may combine with
Sulphur to create a corrosive molten
salt

e Offshore
e Coastal

 Contamination can come from

multiple places
e Air
* Fuel
* Water

* Molten salts cause accelerated
oxidation or sulfidation attack on
high temperature alloys
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Types of Hot Corrosion

* High Temp (Type |)
e 800 —-950 degC

e Typically occurs at
Blade Tip

*subjected to respective concentration of S, NaCl,
and other components (Ca+, K+ etc) which may
also leads to hot corrosion

Low Temp (Type Il)

670 = 750 degc Source: E. Kosieniak et. al.; Component Failure in
o Gas Turbine Hot Corrosion, Journal of Failure
P 1Tt ng attac k Analysis and Prevention, June 2012, Volume 12,

Issue 3, pp 330-337

Typically occurs under
blade platform
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Problem Statement - Background

* Increase in use of turbomachinery in
offshore applications

* Increased power density

¢ Efficient Composition of Seawater (35% Salinity)
* Offshore environment — unforgiving on ?;\m\@m [=sooem ]
high temperature alloys - = ChicER
10.62 Magnesium
* Natural environment contains the | Sulfhate |
presence of sulfur in various forms (SOx, = Calcium
H2S, S); catalyst for hot corrosion [ = Potassium |

H Other

* Turbine durability and platform
reliability severely affected by hot
corrosion

* SS Jost due to unplanned downtime
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Root Cause Investigation — Affected Turbines “
Users to 2018

User 1 2 0
| line units Over 12 yrs ster 3 6 2 N\
-| A 120 0 User4 3 2
votel < -| B 34 0 User 5 3 3
Model 8 _| [ C 29 16 ] QJser 6 4 9 Y
. D 21 1 L 0
0 . - o o o o 40 E 21 4 User 8 4 0
Fleet of 225 Gas Model Cis 50% of Model “C”
Turbines within ‘ most affected ‘ Users have
PETRONAS under over 12 year experienced hot
this investigation span corrosion issues
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Root Cause Investigation — Failure Analysis Reports

* Fouling in compressor air path
Corrosive species found via EDS
Spectrum

* Oxygen
* Sodium

* Failure mechanism confirmed as hot
corrosion type Il attack, considering
the temperature range at the location

* Corrosive species found in turbine

cooling path via EDS Spectrum
* Oxygen
 Sodium
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Root Cause Investigation — Site Investigations

* Air Filters  Water in diesel

* Impurity

materials
* Inlet duct

water ingress

* Inlet duct

) * Liquid fuel
water ingress

filters
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Root Cause Analysis — Full Team Collaboration

Harsh Environment
Specific Session
during OEM User
Conference 2018

RCFA session between
PETRONAS and OEM
Technical Experts
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Root Cause Failure Analysis — Fishbone Diagram

MACHINE

WORK

Inadequate blade

cooling hole design PEOPLE

Operating

Insufficient Turbine
Cooling Airflow

PROCESS

Restriction due to running

at low load capacity Poor Factory

T70 bust resulted in low heat envelope at TS Max QA/QC
combustor yissipati
design sstpation L?Eigit:\/fo(l)ulzt?gn Exposure period to Workmanship of site
f(esv;lou,::g;l( . cince introduction liquid fuel filter installation SOP for Diesel bunkering from terminal
Conventional) of new model and Air Filtration installed . fo offshore
inherent replication is F7 vs E10 as per Workmanship of overhaul /
of unreliable design latest ES9-98) repair SOP for Diesel centrifuge
process prior usage
Robustness Blade geometry Offshore diesel transfer &
and design handling .
Pre- mature turbine
blade failures
p
Not suitable for Chromium H2s presence Wet Fuel Gas . -
harsh environment content in fuel gas g)r:?js::q;tfel_sampllng
| . ysis
Heavy Rain /

Exposure to Exposure to bad weather

Sulphur Chloride exceeding Use of non- OEM

exceeding limit Himit Local tropical Offshore vs onshore Spprovec Per

climate vs 4
seasons

Inadequate Coating location

Cost benefit
analysis of superior
material

Suitability of Coating

Use of air filters beyond its
service life

Single Crystal not superior
enough to withstand hot
corrosion in current

environment No coating

ENVIRONMENT MAINTENANCE

MATERIAL
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Solution — Partnership with OEM and Users

A Prevent corrosive species
ingestion via filtration

Air Filtration improvement

B Improve blade corrosion resistance
via blade alloy and coating
Blade Alloy selection

C Prevent corrosive species
ingestion via monitoring and
Clean Fuel ensuring clean fuel

D Monitor data to enable proactive

= prevention measures
Digital

TURBOMACHINERY & PUMP SYMPOSIA



Solution — Air Filtration Efficiency

9,500 hours
A SR
e original filters

Air Filtration

Filtration Frame Retrofit Solution
* Improved efficiency

 F7/F8 to E10 hydrophobic
* Lower cost

 Utilize existing housing 19 500 hours
* No hot work required « G4 Prefilters
* Minimal Downtime to install e E10 final filters
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Solution — Blade Alloy and Coating Selection

B

Blade Alloy

Protective
Airfoil Coating

>

Blade Alloy selection
 Double Chromium content
* Corrosion resistant coatings
applied
e Stage 1 and Stage 2

7
>  Ductile Corrosion

- Resistant Under
Platform Coating

High Cr content Blade with
Protective Coatings
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Solution — Ensure Clean Fuel and Digital Connectivity

Clean Fuel Initiative
*  Frequent sample analysis
 Develop clean up strategy with OEM and Users

Tank cleaning, Centrifuge Maintenance, Recirculation through Filters

*  Monitoring plan

C

Clean Fuel

Improved results

Diesel Diesel Diesel Diesel Diesel
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

User 3 Feb-18 Aug-18 Oct-18
Not Compliant Compliant Compliant

Remote Data Monitoring
* Detectissues early
* Proactive problem solving
e Partner with OEM to benefit from worldwide
fleet statistics

TURBOMACHINERY & PUMP SYMPOSIA




Results so far as of April 2019
ZERO

Pre mature failures

Key Success Factors

INTEGRATOR LEADERSHIP COLLABORATION

N TRANSPARENCY

)l INTEGRATOR _
After ABCD implementation _ e ——— SARVEANCRIES
kick offin 2018 | USERS AND OEM
~ Progress as of | :
Quality  April 1, 2019 >CU StDs 6 M |1!I
Rel_atlonshlp p— ABCD P(I;?I' " g\l\’llxg f :::
with OEM Completion ABCD
____________________________________________________________________________________ by Q12020
5 1
OtM and 2020  ~USDsMIl
User 5 ~ Continuous  Cost Avoidance with
Engagement Monitoring of  Improved Reliability
Improved ABCD  and Availability
Effectiveness
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