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Study on Corrosion Fatigue Phenomena and Lifetime Improvement of Steam Turbine
Blades Used for Mechanical Drives
(2nd Report : Operation Life Extension by Blade Surface Treatment and Coating)

Satoshi HATA, Toyoaki YASUI, Yoshikazu YAMADA and Hiroshi TSUKAMOTO

New concept hybrid coating was developed in order to systematically prevent deposits on blade profile up to medium
temperature zone, corrosion fatigue and erosion damage for low-pressure blade on chemical enrichment zone of mechani-
cal-drive steam turbines. Practical element tests were conducted to evaluate basic features of this unique coating. Actual
blade was coated to confirm coating condition for preparation of actual application.

Keywords . Steam Turbine, Surface Treatment, Hybrid Coating, Deposits, Corrosion, Erosion, Corrosion Fatigue
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Deposit

Fig. 1  Deposit condition of LP section

Convex side B Concave side

Typical corrosion pit

Fig. 2 Corrosion fatigue crack and corrosion pit on root
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Damage phase and surface treatment

Phenomena

Solid particle erosion

Drain attack erosion

Deposits fouling

Corrosion fatigue

(SPE) (DAE)
Plastic Ductile Phase Chemical
Mechanism Deformation Fatigue Change & Surface Enrichment & Potential
Damage Damage Energy Voltage
Temperature High Low High to Low Low (wet zone)
Applicable coating . Plasma spray @  Stellite plate braz- . SInorganic painting | @ : Inorganic.~ organ-

@  Low bonding
strength, shortlife

4 | New technology,
high bonding, long
life

. Boronizing
- Radical nitrization
& CIN

*

ing
. Plasma spray
. lon plating
. PTA

& inorganic sealant

. Fluoring coating
. Ni-p hybrid plating

@ | Radical nitrization

inc painting & ptfe

sealant

Ni-p multilayer hib-

rid coating

Application

Nozzles, diaphragm

Blades nozzles,
diaphragm

Blades, nozzles

Blades nozzles,
diaphragm
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Table 2 Typical conventional coating specification

: Nozzles and blades of high pressure stages or low pressure stages
Applicable component i e
Disadvantage . Short life due to low bonding strength
Purpose of use Prevention of corrosive fatigue due to corrosive chemicals invasion, relaxation of fouling
Type | Temperature | Coating procedure Coating layer formation
Thickness 50.m
High Inorganic painting Chromate & phosphate
566des.C I Chemical inert sealant
A = Inorganic sealant Galvanic sacrifficial coating
260deg.C treatment Blasting treatment
Coating specification Base metal
Thickness 150,m
less ganic painting %
Low less Inorganic painting PIFE base top coating
than i
B 260des.C Organic painting Polymeric inhibitive coating
' Galvanic sacrifficial coating
PTFE sealant Blasting treatment
treatment Base metal
Anti-Fouling
700 —
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Fig. 3 Turbine internal condition and coating required
function
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PTFE Submicron Particle
N

J PTFE Dispersion Coating J

Reduced Surface Energy

as Top Coating Anti-Fouling
and
Ni-P PTFE Hybrid Coating | Comrosion
Combination of Reduced Surface| | Protection

Energy for Improved Anti-Fouling
and Improved Bonding Force

Galvanic Ni Coating ‘

Improved Bonding Force as
Primary Coating

Base metal

Radical Nitrization Layer |

Improved Fatigue Strength
due to Compression
Residual Stress

Fig.5 Basic concept of developed coating
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Table 3 Coating test pieces and evaluation parameter

Case No. Sample base coating type Coating parameter for performance evaluation
1 Ni-P PTFE hybrid coating ® PTFE dispersion ratio on surface
® Surface roughness
2 PVD physical vapor deposition ® Layer materials (TiN, CrN) and thickness
® Deposition procedure (lon plating, etc)
3 Bt dinidb ot ® Fluorine materials (PTFE, etc)
@ Layer thickness
4 InorganicOrganic”PTFE three layer paint coating | e Layer thickness
5 Base metal (SUS410J1) ® Surface roughness
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CASE-1

Ni-P PTFE Hybrid
+ PTFE Dispersion

CASE-3 | [ case4 | | cases |
Inorganic/ Organic/
Base Metal

PTFE 3 Layer

Fig.6 Overview of coating test pieces
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| Specimen
I Specimen(20 x 20 X Tmm)
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Tank [

Drum for rotat-
ing specimen

<Test condition>
@ Spraying particle : Si0,
(Average grain size : 30nm)
@ Spraying particle amount : 10g/Hr
@ Temperature : 80°C
@ Rotation rate : 10rpm
(® Spraying rate : 300m/sec
® Temperature (Cooling water) : 100°C

Fig. 7 Anti-deposition test set-up

Table4 Coating evaluation test items

Test No. Evalvation points Test procedure Target requirement
1 Fouling resistance $i02 nanometer powder jet injection under hot wet con- 1,72 Deposit of base metal
dition
2 Washing efficiency Steam jet washing 172 Washing duration of
base metal
3 Corrosion fatigue strength 3% NaCl solution rotating bending fatigue test Better than base metal
Erosion resistance High frequency cavitations erosion test Same as base metal
5 Coating on actual blade profile Masking immersion and spray Layer thickness profile
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Table 5 Micro powder deposition test condition

Test iten Condition
1. Spray micro powder | Silica powder average diameter 10nm
2. Spray flow rate 10g/Hr
3. Powder velocity 300m/s
4. Surface temperature 80T
5. Environment Water supply
6. Rotating speed 10rpm
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PVD CrN PVD TiN

Base metal

PTFE Ni-P Hybrid+PTFE Diversion

Fig. 8 Surface deposit condition after 200hrs spray
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Fig.9 Surface roughness and deposits ratio
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Base Metal
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PVD CrN

PTFE
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IPTFE Three Layer
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Ni-P 18%PTFE Hybrid + [0l
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Fig.11  Surface deposit condition during washing
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Fig.12 SiO: deposit removal mass during washing

#EDLDTH 5B, hifFalbiis, vEiFtEiZ &R
HFoOSiOft S & RL A0 ERMEIZL D
FmENBEBICL)EEMICEML 2.
Fig 11122k & &R oS BUIKR % 7R
L. Fig. 122 B DSiOfr L EEL 2 /R T,
Table 6 IZSiO: e &R EICET ARz T E
TR, ARKERTIE, K175 Rl sXBR2008F
B O 5 = (WA L) 27 B TR %
D 12O Y (Si02) R EIRETELETO
B TR T SR L 7o, F 70, BRI
FaeRmEE LeehEZ AL Twb, Zh
LORRIE, 7y FEI—T 14 ¥ 7Tk
30sec CREEICRHEYRETEREEIIRIET
» Y, PTFER FHENI-PO - X RITEE5EFH

56 2007# 3 A

Table 6 SiO: deposit removal time

Test sample $i0:2 complete removal
time (sec)
Ni-P PTFE Hybrid+18%PTFE
: " 180
dispersion
Ni-P 18%PTFE Hybrid 180
PTFE 30
PVD CrN 560
low surface roughness
Inorganic ~ organic,/ PTFE 600
three layers
Base metal SUS410J1 >600

Circulation

Pump  Coating Surface

Fig.13 Cavitations erosion accelerated test set-up
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Fig.14 Accelerated erosion test results
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Fig.15 Fatigue test result at atmosphere
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Fig.16 Corrosion fatigue test result
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PTFE Radical Nitrization+Ni+PTFE Ni-P Hybrid
3% NaCl Solution RT 3% NaCl Solution RT
o=150MPa, N,;=1.03X10%ycle o=200MPa, N;=1.04X10%cycle

Crack
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Corrosion .
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Fig.17 Macroscopic surface observation of corrosion fatigue test piece
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