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Permeability of Oxygen in Fe-Ni Alloy

Synopsis :

Fumio MATSUNO and Shunichi NISHIKIDA

Si-killed steel and five kinds of Fe-5~-509,Ni alloys containing small amounts of Mn and Si were
internally oxidized in the temperature range between 1000° and 1300°C, and the permeability of
oxygen through the alloys were studied. The results obtained were as follows:

(1) In the temperature range lower than about 1100°C, both the intergranular permeation and
the transgranular permeation of oxygen progressed. The rate of the former was larger than that of

the latter.

(2) At 1000°C, the rate of the intergranular permeation in the Si-killed steel was smaller than
the rates in 5, 15 and 209%Ni alloys. Among the alloys, the permeation rates decreased with increasing

the Ni content.

(3) In the temperature range higher than about 1 100°C, the transgranular permeation was pre-
dominant. The permeation rate in the Si-killed stcel was larger than the rates in the Fe-Ni alloys.
Among the alloys, the permeation rates decreased with increasing the Ni content.
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Table 1, Chemical compositions of Si-killed
steel and Fe-Ni alloys. (wt9%)

Specimen C Si Mn P S Cu Ni
Si-killed steel 0.06 0.20 0.60 0.015 0.020 <0.01 —
5Ni 0.06 0.23 0.64 0.002 0.006 <0.01 5.05
15Ni 0.06 0.24 0.64 0.002 0.005 <0.01 14.91
20Ni 0.07 0.24 0.64 0.002 0.005 <0.01 19.90
30Ni 0.06 0.24 0.64 0.002 0.005 <0.01 29.85
50Ni 0.07 0.22 0.64 0.001 0.003 <0.01 49.77
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a : Si-killed steel, b : Fe- 5 9%Ni alloy, ¢ : Fe, 15%Ni alloy

d : Fe-209Ni alloy, e : Fe-303%Ni alloy, { : Fe-50%Ni alloy
Photo. 1. Cross sections of the Si-killed steel and the Fe-Ni alloys internally oxidized at
1000°C for 240 min.
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a : Si-killed steel, b : f‘e— 5 %Ni alloy, ¢ : Fe-15%Ni alloy
’ d : Fe-20%Ni alloy, e : Fe-30%Ni alloy, { : Fe-50%Ni alloy
Photo. 2. Cross sections of the Si-killed steel and the Fe-Ni alloys internally oxidized at
1 000°C for 30 min.
s
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a : Si-killed steel, b : Fe- 5 %Ni alloy, c : Fe-15%Ni alloy
d : Fe-20%Ni alloy, ¢ : Fe-30%Ni alloy, { : Fe-50%Ni alloy
Photo. 3. Cross sections of the Si-killed steel and the Fe-Ni alloys internally oxidized at
¥ 1 200°C for 30 min.
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Fig. 1. Definition of the transgranular permea-
tion depth & and the intergranular permeation
depth &',
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Fig. 2. Oxygen permeation depth vs. time in parabohc form for the Si-killed steel and the
Fe-Ni alloys internally oxidized at 1 000°~1 300°C.
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Table 2. Oxygen permeation rate constant K for
the Si-killed steel and the Fe-Ni alloys. (x 108 cm?/s) .

Specimen 1 000°C* 1 100°C** 1 200°C** | 300°C**
Si-killed steel 0.09 0.55 2.40 8.31
5Ni Q.13 0.53 1.66 5.70
15Ni 0.12 0.45 1.69 4.93
20Ni 0.10 0.41 1.35 4.32
30Ni 0.09 0.38 1.20 4.16
50Ni Q.06 0.23 0.85 3.41

* : Intergranular permeation
% ; Transgranular permeation

T T T

-7|
10 Iy
\°

—_—o.
~~ 1300°C

. K (cm¥sec)

10— -

e:intergranular permeation

Permeation rate const.

o:transgranular permeation

]610 s 1 ) 1
0 10 20 30 40 50

Nominal nickel content ( wt®%)

Fig. 3. Oxygen permeation rate constant vs. no-
minal nickel contents for the Si-killed steel and
the Fe-Ni alloys internally oxidized "at 1000°~
1 300°C.

Table 3. Apparent activation energy Q for the
transgranular permeation.

Si-killed steel 5Ni I5Ni 20Ni 30Ni 50Ni

Q (keal/mol) 59 50 50 50 50 56
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Fig. 4. Oxygen permeation rate constants vs, re-
ciprocal temperature for the Si-killed steel, the Fe-
Ni alloys and the Fe-0.1259,Al alloy®
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WOTCOMEDCBRBEEN K E . BEFAR I
WOTOBMECEFBIEE Tk, HATKT5E
EHEE LS.

(2) ERMEREESEHABOERZ, S 4 Filik X
U 5~20%Ni &4 iz 1000°C & 1100°C T
Hb, 30%Ni H&%k LU 50%Ni 4 Tix 1100°C LA
EThHs.

(3) Si . Ffickk~ Ni 44Tk EREERCK
FAHRANEBICHORRIE L.

(4) BA~OEBALHO W HFE LT hoMfRAM
FWTHREBETHS.

(5) WH~DOEBEOBRFBEEEL,SI 1 FE TR
FEFHEhTWS 7-Fe L iriF—8 357, Fe-Ni &4&
Tk r-Fe X v /&<, Ni BEI S LBIBENE
{Ts5.

(6) HWA~OBMEOBREEEI, 5~IBZNI G T

WS FANML okE Vv, & NI s &/hX
{eh.

¥ H A DORI LN S hicERERBITE (B
s, wRRBRBTFERTR, MERIFEHK B b O FEl
ik, BENBELEH G CLET. FnA AT
MBS L HIEE R TR RITF T KR, FIHBEAEK
B EEh LT
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