Industrial gas turbine components

Improving economic and operational efﬁciency through
on-site application of advanced surface coatings
anufacturers and operators of
power generation equipment
routinely rely on surface
coatings to improve engine life and
HIÀFLHQF\&ROGVHFWLRQFRDWLQJVSURWHFW
airfoil sections against corrosion and
wear, limit compressor fouling and help
to prevent failure in sensitive and vulQHUDEOHHQJLQHDUHDV,QWKHKRWVHFWLRQ
coatings are used to reduce the effects
of hot corrosion and oxidation, and in
VRPHFDVHVWRDFWDVDWKHUPDOEDUULHU
Failure of unprotected components
can trigger a chain reaction within the
turbine that could result in catastrophic
IDLOXUH

M

Traditionally, components have been
shipped to an off-site facility for
FRDWLQJ,QWKHWUDGLWLRQDORIIVLWH
method, servicing and coating engine
components can be a time-consuming
SURFHVV&RPSRQHQWVPXVWEHGH
stacked, shipped, coated, reshipped
DQGUHVWDFNHG'LVDVVHPEOLQJDORQH
can involve hundreds of individual
SDUWV
Large industrial turbine components
and assemblies such as compressor
rotors, stators, bladed disks and cases
can now be coated on-site, at your
SRZHUSODQW3UD[DLU·V$[[HVV姠 on-site
coating services can help:
 Shorten outage time
 Reduce damage risk
 ,QFUHDVHWXUELQHHIÀFLHQF\

On-site surface coating of power generation components—in both the cold and hot sections—can
shorten outage time, reduce damage risk and increase turbine efﬁciency.
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Shorten outage time
Every day a gas turbine is not generating power results in a loss of
UHYHQXH2QVLWHFRDWLQJHOLPLQDWHV
VKLSSLQJRISDUWVDQGFRPSRQHQWV
&RPSRQHQWVVWD\RQVLWHVRHTXLSment is ready for use as soon as posVLEOHZLWKRXWORQJGHOD\V

Reduce damage risk
&RDWLQJFRPSRQHQWVRQVLWHUHGXFHV
the labor needed to package and reLQVWDOOSDUWVDQGFRPSRQHQWV$[[HVV
on-site coating, in some instances,
can eliminate the need to de-stack
DQGUHVWDFN2QVLWHVHUYLFHVFDQ
cure many blades in stacked condiWLRQ7KHHQWLUHSURFHVVLQYROYHVOHVV
WHDUGRZQDQGUHDVVHPEO\7RJHWKHU
WKHVHEHQHÀWVUHGXFHWKHULVNRIGDPDJHWRFRPSRQHQWV7KHUH·VQRVKLIW-

ing around on aircraft or trucks and no
risk of damage from being mishandled
RIIVLWH
On-site coating provides power genHUDWLRQRSHUDWRUVZLWKSHDFHRIPLQG
When coating occurs on-site, operators
can monitor progress as it occurs to
HQVXUHFRDWLQJVPHHWVSHFLÀFDWLRQV
When parts ares shipped hundreds of
miles away, the ability to inspect and
DGMXVWWKHPLVVHYHUHO\OLPLWHG

Increase turbine
efﬁciency
3UD[DLU·VVPRRWKVHDOHGDOXPLQXP
based coatings have been shown
WRLPSURYHWKHHIÀFLHQF\RISRZHU
JHQHUDWLRQWXUELQHVE\WR 1
Evaluation of an axial compressor
demonstrated a heat rate improvePHQWRI,QRQHFDVHSD\EDFN

calculations were made using two
Westinghouse 501F compressors; the
review estimated the coating payback
WLPHZDVOHVVWKDQWKUHHPRQWKV
$GYDQFHGVXUIDFHFRDWLQJVDUHRQHRI
the most practical alternatives available to prevent and control fouling
and corrosion of airfoils, compressors and other components, which
OHQJWKHQVWKHOLIHVSDQRIFRPSRQHQWV
Longer lifespans can help lower
replacement part costs: Fewer parts
require replacement, and the time beWZHHQUHSODFHPHQWVFDQEHH[WHQGHG
By extending the lifespan of components, operators also may be able to
extend the time between service outDJHV$[[HVVRQVLWHFRDWLQJZLWKRQH
RI3UD[DLU·VDGYDQFHGVXUIDFHFRDWLQJV
FDQSD\IRULWVHOITXLFNO\
$VPHDVXUHGE\76)& WKUXVWVSHFLÀFIXHO
consumption)

An overview of on-site services and the beneﬁts of in situ coating
3UD[DLU·V$[[HVVRQVLWHFRDWLQJ
services, featuring SermeTel姞 coatLQJVFRPSULVHTXDOLÀHGSHUVRQQHO
and the equipment necessary to
coat applicable components withRXWOHDYLQJWKHSRZHUSODQW

 (OLPLQDWHVWUDQVSRUWDWLRQDQG
VKLSSLQJGHOD\V&RPSRQHQWV
stay on-site and are ready for use
ZLWKRXWH[FHVVLYHGHOD\V
 0LQLPL]HVULVN7KHUH·VQRULVNRI
loss or damage in transit because
WKHUH·VQRVKLSSLQJDQGKDQGOLQJ
)XUWKHUPRUH$[[HVVRQVLWHFRDW 3URYLGHVTXDQWLÀDEOHSD\EDFN
ing can coat certain components
3D\EDFNFRPHVLQWKHIRUPRILQin situ, which means they can be
creased
power production, labor
FRDWHGLQWKHVWDFNHGSRVLWLRQ7KLV
savings and lower replacement
capability eliminates the timeSDUWFRVWV
consuming need to de-stack and
UHVWDFNFRPSRQHQWV
,QVLWXFRDWLQJDOVRDSSOLHVWR
$[[HVVRQVLWHFRDWLQJFDQUHVWRUH WXUELQHGLVNUHVWRUDWLRQ7XUELQH
disk restoration successfully adGLVNVLQPDQ\HTXLSPHQWFRQÀJXdresses “bucket rock,” a condition
rations as well as coat compressor
often found in gas turbines used
EODGHVLQWKHVWDFNHGSRVLWLRQ
IRUVWDQGE\RUSHDNLQJVHUYLFH
The ability to coat certain components in situ:
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Applying a customized surface coating to the “ﬁr
tree roots” section of the turbine disk improves
both structural integrity and blade stability. The
improved stability prevents “bucket rock,” which
is often found in gas turbines used for standby or
peaking service.

On-site coating can eliminate the need to remove
vanes or disks—there’s no need to de-stack and
later re-stack compressor blade disks. Instead,
critical components stay on-site and are ready for
use without shipping delays.
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Coating services
and beneﬁts
Surface coatings on power generation
equipment can extend engine life, protect valuable assets and ensure optimal
SHUIRUPDQFH7UDGLWLRQDOO\FRPSRQHQWV
have been shipped off-site for coatLQJ6RPHFRPSRQHQWVUHTXLUHRIIVLWH
coating due to the nature of the coating,
WKHSDUWRUWKHVSHFLÀFDWLRQV0DQ\
components, however, can be coated
RQVLWHSURYLGLQJDGGLWLRQDOEHQHÀWV
VXFKDVVKRUWHURXWDJHV7KLVFKDUWLOOXV
trates types of coatings used for various
FRPSRQHQWVDQGVSHFLÀHVWKRVHHOLJLEOH
IRURQVLWHYVRIIVLWHFRDWLQJ

H t

C ld

Coat hot section components
for asset protection.

Coat cold section components
to improve efﬁciency.

In-shop services

On-site services

Praxair Surface Technologies coating services
Coating name

Components

Use and beneﬁts

Technical speciﬁcations

SermeTel姞 Process 5380DP

s Compressor rotors
s Compressor cases w/stators

s Corrosion and erosion protection
s Tight tolerances or dimensionally critical
surfaces
s Excellent surface ﬁnish

Abrasion resistance: > 300 liters/mil
Heat resistance: up to 1200°F (650° C)
Tensile bond strength: *8000 psi

SermeTel姞 2F-1

s Turbine rotors

s Cyclical corrosion and erosion resistance

Heat resistance: up to 1100°F (593°C)
Abrasion resistance: >150 liters/mil
Tensile bond strength: *8000 psi

NiAl Thermal spray

s Turbine disks

s Restores ﬁr tree clearances to address turbine
blade/bucket "rock"

Tensile bond strength: >9100 psi
Hardness: 55 – 80Rb

CrC coatings

s Transition ducts

s Wear resistance

Heat resistance: up to 1600°F (871°C)

MCrAlY coatings

s Blade
s Vane

s Type I and type II hot corrosion
s Oxidation resistance

Corrosion to 1500°F (816°C)
Oxidation resistance: 2000°F (1093°C)

SermaLon姞

s Centrifugal compressor
s IGV
s Turbine components exposed
to corrosive steam

s Acid rain, deicing ﬂuid, decontamination ﬂuid,
hydraulic ﬂuid and lube oil resistance
s Hydrocarbon fouling
s Relative humidity to 100° and with continuous
salt/mist in air

Heat resistance: up to 600°F (315°C)

SermaLoy姠

s Gas turbine hot section
components; particularly those
made of high-strength, lowchromium, nickel-base alloys

s High-temperature and low-temperature hot
corrosion
s Oxidation resistance

Heat resistance: up to 1835°F (1000°C)

SermaWear姞

s Compressor

s Solid particle erosion protection
s Salt spray resistance

Tensile bond strength: >5700 psi
Erosion resistance: >1000 liters/mil

SermeTel姞 AFC7000

s Compressor

s Environmental compliance

Heat resistance: up to 1400°F (760°C)

Zircoat姠 yttria-stabilized zirconium

s Combustor liner
s Turbine blade

s Extreme heat exposure
s Solid particle erosion resistance

Hardness: *750 HV.3
Heat resistance: up to 2250°F

MCrAlY + thermal barrier coating

s
s
s
s
s

s High-temperature corrosion protection
s Oxidation protection
s Thermal protection

Dependent on component

Blade
Vane
Shrouds
Transition ducts
Combustion liners
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Effects of fouling
and corrosion on fuel
efﬁciency
$YDULHW\RIIDFWRUVFDQUREDQHQJLQH
RIIXHOHIÀFLHQF\EXWIHZPRUHVR
WKDQIRXOLQJ)RXOLQJ is any deposit
RQDVXUIDFHWKDWGLVUXSWVODPLQDUÁRZ
Fouling occurs through a variety of
mechanisms, such as dissolved materials in air that condense on blade surfaces, or electrostatic forces that attract
DQGKROGÀQHSDUWLFOHVWRWKHEODGHV
Fouling increases aerodynamic drag
in the compressor, which is related to
WKHURXJKQHVVRIWKHDLUIRLOVXUIDFH
The rougher the surface becomes,
WKHJUHDWHUWKHGUDJ$Q\LQFUHDVHLQ
VXUIDFHURXJKQHVV VXFKDVIRXOLQJ 
GHFUHDVHVFRPSUHVVRUHIÀFLHQF\DQG
LQFUHDVHVIXHOFRQVXPSWLRQ/RZHU
IXHOHIÀFLHQF\LQFUHDVHVRSHUDWLRQDO

FRVWV %\FRQWUDVWHQJLQHVWKDWRSHU
DWHPRUHHIÀFLHQWO\LPSURYHIXHOFRQ
sumption—and they generate fewer
nitrogen oxide emissions, which can
KHOSPHHWHQYLURQPHQWDOVWDQGDUGV 
$HURG\QDPLFORVVHVLQWKHFRPSUHV
sor also may increase exhaust gas
temperatures and increase wear and
corrosion, further increasing costs and
reducing time between overhauls and
RXWDJHV
$QRWKHUFRQWULEXWRUWRSRRUIXHOHI
ÀFLHQF\LVFRUURVLRQ&RUURVLRQ is the
gradual attack of a metal or alloy by
DJHQWVLQWKHVXUURXQGLQJDWPRVSKHUH
,WFDXVHVGLVLQWHJUDWLRQRIWKHVXUIDFH
DQGPDWHULDOORVV7KHUDWHRIFRUURVLRQ
is controlled by several factors, such
as the length of time a surface remains
wet and the acidity or alkalinity of the
VROXWLRQRQWKHVXUIDFH&RUURVLRQDOVR
can lead to SLWWLQJ, which compromis-

es the mechanical integrity of comSUHVVRUEODGHVDQGYDOYHV,QVHYHUH
cases, pitting can lead to catastrophic
PHFKDQLFDOIDLOXUH

Factors affecting
value of coatings
Beyond the protection they provide,
surface coatings can contribute to a
reduction in exhaust temperature and
DQLQFUHDVHLQRXWSXWSHUIRUPDQFH
9DOXHVIRUVSHFLÀFFRDWLQJVZLOOYDU\
according to a variety of factors,
including:
 Type of engine
 $JHRIHQJLQH
 Type of coating
 /RFDWLRQRIHQJLQH UHPRWHRU
urban, humid or arid)
 /RDGIDFWRUV SHDNLQWHUPHGLDWH
base)

Effects of Fouling
Laminar Flow

Turbulent Flow and Structural Damage

Corrosion Products
Pits

When an airfoil surface is smooth and has minimal roughness,
there is little aerodynamic drag, and the engine operates very
efﬁciently. Studies have found that thermal barrier coatings can
increase overall engine performance by protecting airfoil surfaces.
One study determined that the addition of thermal barrier coatings
would provide an increase of 5.5 megawatts in power at a cost of
$140 per kW.2 Another analysis concluded that coating compressor
components improved compressor efﬁciency by 0.64%, resulted in a
better heat rate of 0.58% and yielded 1.26% higher power output.

Aerodynamic drag in a compressor is related to the roughness of
the airfoil surface. The rougher the surface, the greater the drag.
Drag increases with fouling, which can occur through a variety of
mechanisms. Materials in the air can condense and dry on blade
surfaces. Fine particles in the air can be attracted and held by
electrostatic forces. Turbulence occurs when deposits, cracks or
other obstacles disrupt the smooth ﬂow of the air. When corrosion or
fouling damage the airfoil surface, aerodynamic drag increases, and
the engine’s overall efﬁciency and output decrease.
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Customized
coatings based
on environmental
conditions
The purpose of a turbine compressor coating is to maintain a smooth
surface and reduce the effects of
FRUURVLRQDQGIRXOLQJRQDLUIRLOV7KH
problem is complicated because turbines operate in a variety of environments where they are exposed to:
 High or low humidity
 High salinity
 Severe acidity
 $ONDOLQHSROOXWLRQ
 Sand ingestion
One of the main objectives of onsite coating is to return integral
components to a like-new condition, protecting them from such
threats as fouling, corrosion, extreme
WHPSHUDWXUHDQGSUHVVXUH3UD[DLU
Surface Technologies provides this
protection—and further improves
RSHUDWLRQDOHIÀFLHQF\³WKURXJK
FXVWRPL]HGFRDWLQJV6RPHVXUIDFH

Humidity

Salinity

Acidity

Alkaline Pollution

Sand

Every engine requires speciﬁc coating protection based on its environment, operating conditions and
other factors. Praxair Surface Technologies provides customized on-site coatings for speciﬁc threats
in speciﬁc environments.

coating providers follow a “one-sizeÀWVDOOµDSSURDFK%XWHYHU\VLWHKDV
GLIIHUHQWUHTXLUHPHQWV)RUH[DPSOH
engines in coastal environments are
VXEMHFWWRGLIIHUHQWWKUHDWV VXFKDV
salt fouling) than engines in hot, dry
HQYLURQPHQWV
3UD[DLU·V$[[HVVRQVLWHFRDWLQJ
WHDPGHYHORSVDVLWHVSHFLÀFFRDWLQJVDSSURDFKIRUHDFKFXVWRPHU·V
LQGLYLGXDOHQYLURQPHQWDQGQHHGV
This approach may include adjusting
the thickness of a coating or provid-

ing special materials needed for a
FRDWLQJ7KLVDSSURDFKDOVRHQWDLOV
FUHDWLQJVSHFLÀFFRDWLQJVDQGXVLQJ
VSHFLÀFDSSOLFDWLRQVIRUGLIIHUHQW
DUHDVRIWKHHQJLQH
$GGUHVVLQJVLWHVSHFLÀFSUREOHPV
and challenges contributes to better
HIÀFLHQF\RIWKHHQJLQHE\RSWLPL]LQJ
coating characteristics to meet siteVSHFLÀFRSHUDWLQJFRQGLWLRQV7KLV
customized protection helps to extend
the life of the components and the
HQJLQHLWVHOI

Examples of corrosion

This is an example of a rotor with fouling from corrosion, which is disintegration
caused by elements in the atmosphere or environment. Alkalinity or acidity of
the elements on the surface are among the many factors that control the rate
of corrosion. Any deposit on a surface—including condensation—that disrupts
laminar ﬂow is considered fouling.

This image shows airfoil blades that have been cleaned and blasted. Advanced
surface coatings provide practical solutions for ensuring a smooth surface
and reducing the effects of fouling and corrosion on airfoils and other engine
components. Surface coatings also can decrease exhaust temperature and improve
engine efﬁciency.
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On-site coating
process
$IWHUPRUHWKDQ\HDUV3UD[DLU
Surface Technologies continues to

1
2
3
4
5
6
7

8
9

enhance its on-site coating services to
PD[LPL]HWKHEHQHÀWVDQGPLQLPL]H
SURFHVVLQJWLPH:KLOHVRPHIDFWRUV
YDU\IURPSURMHFWWRSURMHFW VXFK
as oven size and surface preparation

equipment), overall steps generally
remain the same whether coating a
rotor, bladed wheel, compressor case
RUWXUELQH+HUHLVDQRYHUYLHZRI
those steps:

1

Mobile unit setup. Praxair Surface Technologies ships complete
mobile coating and restoration services to your site, including qualiﬁed personnel.

Inspect and clean surfaces. This includes inspecting airfoils for pits
and other metallurgical concerns. Conduct NDT (non-destructive
testing) on all components as needed.
This mobile workshop is shipped and packaged as two independent containers.
The workshop is useful for loose axial compressor diaphragms, bladed wheels
and centrifugal compressor diaphragms. The units include an oven, a blasting/
burnishing cabinet and a spray booth area.

Grit blast targeted surfaces to remove old coatings, oxidation and
rust. Areas not to be coated (such as shafts, seals, internal surfaces
of rotors) are masked.

3

Thermal de-greasing. Components are heated to a temperature
slightly above the coating cure temperature to remove any residual
oil, grease and other contaminants.
Mask as needed to protect parts and components that aren’t
scheduled for coating or servicing.
Apply base coat. All base coats use water as the only solvent. As
such, humidity control in the spray booth area is essential for
achieving smooth, uniform coatings.

Grit blasting removes old coatings, rust and other fouling elements from the surface.

6

Cure and burnish the base coat. The base coat is heated and dried
at about 80°C (176°F), then cured at about 345°C (653°F). Total
curing time depends upon mass, heat-up rate and part conﬁguration.
Burnishing may be done by impinging glass beads on the surface or
by lightly abrading the coating surface with aluminum oxide grit.

Check for conductivity. A conductive coating is galvanically active
and makes the coating sacriﬁcial to all steels. The coating will
preferentially corrode in hostile saline environments.

Humidity control is essential for applying a smooth, uniform base coat. Base
coat materials are ﬁlled with atomized aluminum pigment, which creates rough,
coarse overspray if applied at incorrect humidity values.

Apply top coat. The top coat creates a sealed, inert coating surface
to resist all kinds of fouling, including corrosion.

10

Dry and cure the top coat. Top coats are dried and cured in the
same manner as the base coat.

11

Final inspection. The component is inspected for thickness, surface
ﬁnish and proper curing.

10

The top coat is heated and dried, then cured at about 345°C (653°F). Total curing
time depends upon mass, heat-up rate and part conﬁguration.
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Summary
7RGD\·VSRZHUJHQHUDWRUVDUHVRSKLVWLFDWHGSUHFLVLRQPDFKLQHV
(DFKHQJLQHUHTXLUHVDVLJQLÀFDQWLQYHVWPHQWRIWLPHFDSLWDO
DQGHIIRUWWRPDLQWDLQRSWLPDOSHUIRUPDQFH
$GYDQFHGVXUIDFHFRDWLQJVSURYLGHDSURYHQDQGUHOLDEOH
PHWKRGIRUSURWHFWLQJVXFKDVLJQLÀFDQWLQYHVWPHQWDQG
HQVXULQJLWVRSHUDWLRQDOHIÀFLHQF\
3UD[DLU6XUIDFH7HFKQRORJLHVKDVSLRQHHUHGFRDWLQJVDQGSURFHVVHV
WKDWVHWEHQFKPDUNVWKURXJKRXWWKHLQGXVWU\7KHVHFRDWLQJVDQG
processes provide protection against corrosion, fouling and wear,
thereby improving performance, decreasing energy consumption
DQGH[WHQGLQJWKHOLIHRIFULWLFDOFRPSRQHQWV
3UD[DLU6XUIDFH7HFKQRORJLHVEXLOGVRQLWVWUDGLWLRQRILQQRYDWLRQ
E\RIIHULQJ$[[HVVRQVLWHFRDWLQJVHUYLFHVZKLFKFDQ
 Shorten outage time
 Reduce damage risk
 ,QFUHDVHWXUELQHHIÀFLHQF\

Examples of components coated on-site using
Axxess on-site coating services.

The on-site team has serviced more than 100 gas turbine rotors,
hundreds of bladed wheels and stators, and disks, turbines and
FRPSUHVVRUFDVHVWKURXJKRXWWKHZRUOG
By coating sensitive and vulnerable engine areas with customized
DGYDQFHGFRDWLQJVIURP3UD[DLU6XUIDFH7HFKQRORJLHVSODQW
operators can protect their investment, minimize risk and ensure
RSWLPDOHQJLQHHIÀFLHQF\DQGSHUIRUPDQFH

Additional information about on-site coating of turbomachinery:
3UD[DLU6XUIDFH7HFKQRORJLHVKDVVSHQWPRUHWKDQWZRGHFDGHVUHÀQLQJDQGPDVWHULQJRQVLWHFRDWLQJVHUYLFHV7KH
VHUYLFHWHDPLVTXDOLÀHGWRFRDWPRVWLQGXVWULDOJDVWXUELQHVUHJDUGOHVVRIVL]HDJHORFDWLRQFRQGLWLRQRUHQYLURQPHQ
WDOFKDOOHQJH$[[HVVRQVLWHFRDWLQJVHUYLFHVDUHDYDLODEOHIRUWKHVHDQGRWKHUFRPPRQLQGXVWULDOJDVWXUELQHV
$%%$OVWRP W\SH 
*()UDPH 
6LHPHQV:HVWLQJKRXVH0+, ::: 
6LHPHQVVHULHV 999
For more information, go to ZZZSUD[DLUVXUIDFHWHFKQRORJLHVFRPJHWPRUHD[[HVV
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