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Effect of oxygen potential on oxide film, intergranular oxidation and cracking susceptibility on
nickel base alloy in superheated steam
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In this study, we investigate the effect of oxygen potential on oxide film, intergranular oxidation and cracking
susceptibility on nickel base alloy in hydrogenated superheated steam at 400°C. Intergranular cracking occurred
at oxygen potential of LOGP,=-26.32(Ni/NiO equilibrium). In contrast, no cracking occurred at oxygen
potential of LOGP,=-24.09 and LOGPy,=-27.04(near the cracked condition). This result shows that oxygen
potential range for cracking susceptibility seemed to be narrow in hydrogenated superheated steam. Raman
spectroscopic analyses have identified that Cr,O3; exists on oxide film of all specimens not only cracked
specimens. TEM analyses have identified Cr depleted area exist ahead of crack tip. The observation supports
that internal oxidation along the grain boundary cause the intergranular cracking.
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Tablel Chemistry composition of Ni base alloys (wt%6)

Ni | Cr | Fe | Mn [ Mg Si P S C

Ni-14Cr Bal. | 13.89]0.014]0.049 {0.008 [ <0.001 | 0.002 | <0.001| 0.006

Ni-22Cr Bal. [ 21.87{0.019(0.046 | 0.003 | 0.007 | 0.001 [<0.001 | 0.004

Ni-30Cr Bal. [29.67{0.029 (0.044{0.002] 0.012 | <0.001 [ <0.001 | 0.003

Ni-14Cr-8Fe| Bal. | 13.69| 7.81 | 0.05 |0.002| 0.02 | 0.001 | <0.001|<0.001

Ni-22Cr-8Fe| Bal. | 21.58| 7.84 | 0.05 |0.001| 0.02 | 0.001 | 0.001 |<0.001

Ni-30Cr-8Fe| Bal. | 29.35| 7.85 | 0.05 |0.002| 0.02 | 0.001 | 0.001 |<0.001

Table2 mechanical properties of nickel base alloy

0'(23@1)7’ ggffgff 133%? KPU K | HBW

Ni1acr | 8 | 386 | 507 | 0330 1102

Ni22Cr | 124 | 454 | 550 | 0346|1324

Ni-30Cr | 156 | 478 | 587 | 0346 | 1132
Ni14Cr8Fe| 107 | 423 | 523 | 0268 | -
N-22Cr8Fe| 118 | 439 | 653 | 0266 | -
N-30Cr8Fe| 149 | 452 | 507 | 0265 | -
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Table3 Test condition of this study

PPR LOGPy,
Testl 7.79x10* -26.321
Test2 599 % 10° -24.093
Test3 1.79x10° -27.047
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Fig.1 summary of cracking susceptibility
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(Test1-Nil4Cr-RUB specimen)

(Test2-Ni14Cr-RUB specimen)



(Test1-Ni22Cr-RUB specimen)  (Test2-Ni22Cr-RUB specimen)

(Test1-Ni30Cr-RUB specimen)

(Test2-Ni30Cr-RUB specimen)
Fig.2 SEM image of specimen surface

Bk U= L9z, Flugse itz R LBz
BRI F HAVTE Y | BIED BEDER USRS
WS D AREMEN B D, Z T THEAAITHR L TRIED Sy
WaAToTo, 7~ ootz VT RUB &8 D2
IERRA DIRIE ZAT > T2, 7RISTEITREEE I TV B
ERER LT, BT 5 RUB BT ORI DT~
AT MVE FIQ3IRT, BINUESZ OB )05
TR 2 TITBOT Cr0; MER S TS Z DM
BENT=, BN L - TR SR i
RGN ST, T~ U haHTEN B BT ZEH
SEEERIZREFRD I TIE, FIUESENE & B L ERRFHE D
M ZiEm T 2OIEREETHDL LB b, 5%, &
R EE 7B EE (Transmission Electron Microscope :
TEM) 7 &% BN SRR RS S O824 5 Hi L C
W2,

Intensity a.u.

T T T T
300 400 500 600 700 800 900 1000

Raman shift cm’'

Fig.3 Measured Raman spectra of RUB specimens

3.3 B 512> DT

BB 271 L 72 Ni-14Cr @ RUB 388 Fr o> & 2
SEM BE 4 Figd | T~ 9, FINOIERRITKIA R CTdh - 72,
Fio, 20 SEM HEA Figs | g, Figh kv, &
SRR > T2 DY 10pum FREEA HAL7z,

Fig.4 SEM image of cross section of crack (Ni-14Cr)
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Fig.5 SEM image of crack tip (Ni-14Cr)
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Fig.6 TEM-EDX analysis of crack tip
(Test1-Ni22Cr-RUB specimen)
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