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Steam Turbine Blade Failure MechanismsSteam Turbine Blade Failure Mechanisms



History of Localized Corrosion DamagesHistory of Localized Corrosion Damages



Typical Locations of Disc Rim CrackingTypical Locations of Disc Rim Cracking



The buildup of damage due to localized corrosion, pitting, stresThe buildup of damage due to localized corrosion, pitting, stress s 
corrosion cracking and corrosion fatigue, in low pressure steam corrosion cracking and corrosion fatigue, in low pressure steam 
turbine blades, discs and rotors is a primary cause of most of tturbine blades, discs and rotors is a primary cause of most of turbine urbine 
failures. Localized corrosion inhibitors can be used to protect failures. Localized corrosion inhibitors can be used to protect steam steam 
turbines from the subsequent environment during shutdown and turbines from the subsequent environment during shutdown and 
routine maintenance. routine maintenance. 
Inhibition effectiveness of VCI 337 and Inhibition effectiveness of VCI 337 and EcolineEcoline 3690 products was 3690 products was 
confirmed with electrochemical corrosion techniques in differentconfirmed with electrochemical corrosion techniques in different
concentrations of inhibitor and Stress corrosion cracking/Crevicconcentrations of inhibitor and Stress corrosion cracking/Crevice e 
corrosion tests in Anodic potential range. corrosion tests in Anodic potential range. 

The Object of this phase Research: The Object of this phase Research: 
1. to investigate possible side effect VCI inhibitors to cause H1. to investigate possible side effect VCI inhibitors to cause Hydrogen ydrogen 
EmbrittlementEmbrittlement
2. to define Critical Pitting Temperature 2. to define Critical Pitting Temperature 



Critical pitting Temperature (ASTM G150) Critical pitting Temperature (ASTM G150) 
Corrosion Tests on ASTM A470 in different Corrosion Tests on ASTM A470 in different 
solutions of  solutions of  VpCIVpCI 337   and 337   and EcolineEcoline 36903690

Environment                    Inhibitor  Concentration, %      Environment                    Inhibitor  Concentration, %      # of Tests# of Tests
water +200 water +200 ppmppm ClCl-- 1.01.0 44
water +200 water +200 ppmppm ClCl-- 5.05.0 44
water +200 water +200 ppmppm ClCl-- 10.010.0 44
water +200 water +200 ppmppm ClCl-- 50.050.0 44



Corrosion Behavior of ASTM A-470Steel  in +200ppm Cl-  with   different %VCI 337 in Solution 
 ASTM G61
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Electrochemical Polarization Behavior of ASTM Electrochemical Polarization Behavior of ASTM 
A470 in Different SolutionsA470 in Different Solutions

1.921.92--100 to +950100 to +9500.040.04+1060+10600.08320.0832--392392200ppm 200ppm ClCl-- +10.0%VCI+10.0%VCI

3.223.22--200 to +200200 to +2000.130.13+240+2400.3040.304--415415200ppm 200ppm ClCl-- +5.0%VCI+5.0%VCI

3.123.12--300 to +20300 to +200.170.17+45+450.3890.389--460460200ppm 200ppm ClCl-- +1.0%VCI+1.0%VCI

NANAnonenone0.630.63--4504501.471.47--675675200ppm 200ppm ClCl-- +0.0%VCI+0.0%VCI

uA/cm^2uA/cm^2mVscemVscempympymVscemVsceuA/cm^2uA/cm^2mVscemVsce

IpssIpssPassive rangePassive rangeCR, CR, EbEb, , IcIcEcEc, , SampleSample



Critical Pitting Temperature Tests on ASTM A470 with VCI 337 at applied 
anodic applied potential of +0.2VSCE, ASTM G150
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Critical Pitting Temperature Tests on ASTM A470 with VCI 337 at different anodic applied potentials, ASTM G150
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+200 ppm Cl- +10% VCI @+0.8Vsce
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+200 ppm Cl- +10.0%VCI @+1.0Vsce



Critical Pitting Temperature Tests on ASTM A470/Ecoline 3690  at different anodic applied potentials, ASTM G150
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HE Corrosion Tests on ASTM A470  using the HE Corrosion Tests on ASTM A470  using the 
slow strain rate techniques in 5% VCI 337 slow strain rate techniques in 5% VCI 337 
solutions, Strain Rate = 5x10solutions, Strain Rate = 5x10--7 cm7 cm--1.1.

Environment                    Environment                    Applied Potential, Applied Potential, VsceVsce # of Test # of Test 
each alloyeach alloy
water +200 water +200 ppmppm ClCl-- --0.800.80 22
water +200 water +200 ppmppm ClCl-- --1.001.00 22
water +200 water +200 ppmppm ClCl-- --1.501.50 22
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Slow Strain Rate tests on ASTM A470  at different Cathodic Potentials, ASTM G129,  in Different Solutions at , 5x10̂ -7 sec-1
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Slow Strain Rate tests on ASTM A470 at different Anodic Potentials
 ASTM G129,  in 10%VCI 337 Solutions at , 5x10̂ -7 sec-1



Air
Ecoline3690

+0.6V Ecoline3690
+0.8V Ecoline3690

+1.0V Ecoline3690
+1.2V Ecoline3690

+1.5V 200ppm Cl-
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Slow Strain Rate tests on ASTM A470 at different Anodic Potentials
 ASTM G129,  Ecoline3690 coated in +200ppm Cl- Solutions at , 5x10̂ -7 sec-1



SCC Corrosion Tests on ASTM A470 SCC Corrosion Tests on ASTM A470 
using the slow strain rate techniques in using the slow strain rate techniques in 
EcolineEcoline 3690 coated samples, Strain Rate 3690 coated samples, Strain Rate 
= 5x10= 5x10--7 cm7 cm--1.1.

Environment                    Environment                    Applied Potential, Applied Potential, VsceVsce # of # of 
Test each alloyTest each alloy
water +200 water +200 ppmppm ClCl-- --0.800.80 22
water +200 water +200 ppmppm ClCl-- --1.001.00 22
water +200 water +200 ppmppm ClCl-- --1.501.50 22



SCC of ASTM A470 SCC of ASTM A470 

+200ppm +200ppm ClCl-- ((--0.2 0.2 VsceVsce)) +10.0% VCI, (+1.0Vsce)+10.0% VCI, (+1.0Vsce)



SCC of ASTM A470 SCC of ASTM A470 
E= +1.0 E= +1.0 VsceVsce

+200ppm +200ppm ClCl-- +10.0% VCI+10.0% VCI



SCC of ASTM A470 SCC of ASTM A470 
E= +1.0 E= +1.0 VsceVsce, 10.0% VCI A, 10.0% VCI A



SCC of ASTM A470 SCC of ASTM A470 
E= E= --0.2 0.2 VsceVsce

+200ppm +200ppm ClCl-- 5.0% VCI5.0% VCI



SCC of ASTM A470 SCC of ASTM A470 
in 200ppm in 200ppm ClCl-- + 50 + 50 ppmppm S= +10%VCIS= +10%VCI

E= E= --1.0 1.0 VsceVsce E= E= --1.5 1.5 VsceVsce



SCC of ASTM A470 SCC of ASTM A470 
E= E= --1.0 1.0 VsceVsce

+200ppm +200ppm ClCl-- + 50ppm S=+ 50ppm S=
pH 2.6pH 2.6

+10.0% VCI+10.0% VCI



SummarySummary
HE tests confirmed that none of VCI inhibitors could cause any HE tests confirmed that none of VCI inhibitors could cause any 
harmful effect on ASTM A470 up to harmful effect on ASTM A470 up to --1.5 1.5 VsceVsce..
Presence of both VCI 337 and Presence of both VCI 337 and EcolineEcoline 3690 inhibitors increased 3690 inhibitors increased 
critical pitting temperature to 45critical pitting temperature to 45--5050ooC, while nonC, while non--protect ASTM A470 protect ASTM A470 
showed a CPT of 8showed a CPT of 8ooC in 200ppm C in 200ppm ClCl-- solution.solution.
In Summary, addition of 10%VpCI337 reduces susceptibility of ASTIn Summary, addition of 10%VpCI337 reduces susceptibility of ASTM M 
A470 steel to SCC and HE in a wide potential range of A470 steel to SCC and HE in a wide potential range of --1.5 to 1.5 to 
+1.0Vsce.+1.0Vsce.

VpCIVpCI 337 inhibitor provides an effective corrosion protection for bo337 inhibitor provides an effective corrosion protection for both th 
ASTM A470 steel  and 7050 AlASTM A470 steel  and 7050 Al--alloys during the shutdown period for alloys during the shutdown period for 
the blades and discs in low pressure steam turbines, therefore ithe blades and discs in low pressure steam turbines, therefore its ts 
addition in the turboaddition in the turbo--machinery systems is recommended to preserve machinery systems is recommended to preserve 
and protect metallic components during maintenance and long termand protect metallic components during maintenance and long term
shutdown.shutdown.


