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Effects of Alloying Elements on High Temperature Oxidation of 42% Ni Iron-based Alloy

Tadashi INOUE, Akio KoBayasHI, Katsuhisa Y AMAUCHI and Yoshihiro HOSOYA

Synopsis : The effects of alloying elements on the high temperature oxidation of laboratory melted 42% Ni iron-based alloy were investigated. A mecha-

nism controlling the high temperature oxidation of 42% Ni alloy has been also discussed.

In the temperature range between 1000°C and 1200°C, scale, intraglanular oxidation layer and intergranular oxidation layer progressed.

Addition of Cr was effective on reducing the oxide layers while addition of C and Mn didn’t reduce the oxide layers markedly.

It was suggested by energy dispersive X-ray spectroscopy that oxidation layers were formed mainly by the selective-oxidation of Fe in 42%

Ni alloy. The mechanism of reducing the oxide layers of 42% Ni alloy by the addition of Cr was thought to be attributed to the formation of

Cr-oxide and Ni-oxide in which diffusion coefficients of metallic ion are very low value.

Marker test also revealed that the scale forming was controlled by the outer diffusion of metallic ion through the scale.

Key words: 42% Ni alloy; high temperature oxidation; weight gain; intragranular oxidation layer; intergranular oxidation layer; scale; C; Mn; Cr; parabol-

ic rate constant; marker test; energy dispersive X-ray spectroscopy.
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Table 1. Chemical composition of alloys. (mass%)

No. C Si Mn P S Ni Cr | sol.Al | Remarks
0.020 | 0.15 | 0.47 | 0.004 | 0.0016 | 42.0 [ 0.02 | 0.009 Base
0.010 | 0.15 | 0.46 | 0.004 | 0.0007 | 41.5 | 0.02 | 0.010
0.052| 0.15 | 0.47 | 0.004 | 0.0009 | 41.5 | 0.02 {0.008
0.012] 0.16 | 0.22 | 0.004 { 0.0016 [42.0 | 0.02 | 0.010 [Mn varied
0.016[ 0.16 { 0.47 | 0.004 | 0.0016 [ 41.6 | 0.19 [0.006 Cr added
0.017) 0.15 [ 0.21 | 0.003 | 0.0006 [ 41.9 | 6.32 [ 0.059

C varied
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Fig. 2. Oxidation layers in 42% Ni (No.1), oxidation time; 2 h.
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Fig. 3. Effect of temperature on oxidation behavior of 42%

Ni (No. 1), oxidation time; 2 h.

1000 T T T T T I
®— Scale
®— ntragranular oxidation |ayer
800 F Intergranular oxidation 4ayer SRS SUTURR

Thickness of oxidation layer ( um)

0 20 40 60 80 100 120 140

Oxidation time (min)
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Fig. 6. Change of oxidation layers by the addition of Cr in
42% Ni, oxidation condition; 1200°C, 2 h.
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Fig. 11. Marker test of 42% Ni (No. 1) and 42%Ni-6%Cr
(No. 6).
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Fig. 14. Oxidation kinetics of 42% Ni (No. 1).
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Fig. 15. Oxidation kinetics of 42%Ni—6%Cr (No. 6).

0y b UfER% Fig 16 197§, N—AMB LU 6% Cril
DM D kp DIEIZRIRIZE NS B 5D, FI—@ETAT
6% CrifIM D AW NE N IpfEE R LT 5, kpldEEA
F v OEEALHH TOMLBURBIZBERL TH DO, &AM
DEALEEDE, EMN R LT, BRI 58t
M ZzOROEEA & OWBREEZRT iplc DT
EUBEHRENS, B&AICTable 212 1000°CIZF T 5
BB OEIEA & ¥ OPWHEBRIE AR TO0, X— 2
AT 6% CrifvilAt TIZEDX 53 #i 25 £ 7> 6 Fe Bz {L# (FeO,
Fe,0,, Fe,0) (2 A , FLELFRELD /N E VA NiO % NiCr,0, D
AR NRBAC OO REEEE L6 NDE 720, kp
PINEL B TWVWBIEBELOND,

X T, Figl6lok W= 2MF K 06% CrifMFt D ip
& UTORGRD 53R B OE X & FI\T, Arrhenius D
RSV kp=koexp(—OQ/RT) (R: IKTERL, T HEXTIRIE
ky BE, O ROV OWEHEILZ ALY —) LLEEDQ
DIt % RD 72, N— 2B LV 6% CriftliftD 0k zh 7
L, 9 72kcal/mol, #Y56kcal/mol THh b, Zh b6 DI,

1078 T T T !

4% (No. 1)
® 42%Ni-6%Cr (No.6)

Kp (cm?/sec)

6.0 6.5 7.0 7.5 8.0 8.5
104/T (K"

Fig. 16. Parabolic rate constant kp for the scale thickness
vs. reciprocal temperature for 42% Ni (No. 1) and
42%Ni-6%Cr (No. 6).
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Fig. 17. Parabolic rate constant kp for the intergranular ox-
idation layer vs. reciprocal temperature for 42%
Ni (No. 1).
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