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(a) Tempered at 600°C for 1000hr ‘ (83)
(b) v (52)

(S4) The tempering
process is most delayed

Photo. 2. Electromicrographs of heat treated steels.
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Photo. 3. Electromicrograph of heat treated steel
(86), i_tempered at 700°C for 1000 hr.
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Linear law dx/dt=K---eeeueeeeenni (1)
Parabolic law dx/dt=K/x---+--so e (2)
Exponential law dx/dt=K,-e~K,x ...(3)

=L K,K;,K;: rate constant
x : weight gain or thickness
of oxide film
t: time

(2) Rk, Pilling-Bedworth O3 1 X h-kxwv i %
WEAKRIALL, K7 v aBE&0HE 5 0ROBHITS
EEPILTVS. LL, 7 e sadE0Be, 70
EBLEgEE2 AT LR VERTHO AR S V. Wik
HH5CRNPER, HRBELEORERALVELTHIC
X R TWwinw.

FEROEHMITIBEHMEE s v AHOMER LM, XU
GRIEBVWTRERSI NI E 4~ OB{LBEOEEXFA 5 4
LH505, BRI/ AtlOMBERILMECEERFE L B X
iE7 spinel BER b ORI EHEOLILE FEMIC Bt
5Zeb, BETERIUCMBIEBEOREEPHAL
LThHD.

2. HHEBIUERAZE
AR van 1wtdh, Bwt%, 13wty &
2, 1600°C BB EAR LAk, m a&n@Em 50
Lic. ERBIRE&ECOML, /4 v£—5X
CYAYTHRRMEL, =2Y—&T 50 zcif
B, T v Ho0wik=s / — L CREEmEE 40
ik, L. 3R OIKCRER 10~20
mm, EX 1~1.0mm ¢k 5. EEHFEIRLR

BeBXFICERLT, MABOERBEZTER 330
5. X OBEBIRS NABRILBIE ERHEEHEY  x
SILIsBELXERFZTA> > Liwx>TH &
Rz, BEEEE I~2hrithr2TEHLE. o 20

InELiEEE . 720°C, 820°C, 920°C, BEsifl:
FHT +10°C, BEREREBRES (T A1-
ZwmAN, RIXUVAE&BHERI74) 2HVE. 10

Wiks 2TV 55, 13wt 7w afBicsVWTik
920°C ¢ 10min 4% X ¢° 70 min #%IZ 2% Bb R
BREDLND. CLORGRBELECEHhCX D, FEK
J& (—RIZ—REIETHR (1) RITHEDS) AR
thhokz T isfReiEEsh 5. Fig.l X v EiL
Bita# 10min 7t L 20min ORI E T 5 ER{EEG T
BHT, FRERBLIEVS, ZOHORE TRELEE
BiE, BERMEANTREY, BEEE L LT, HEAY
BEMLiEsb0LELD. DEOERI » —RITHEIZ
BIFI2RIETHNETEDHBHIEL, HEOERERARL, B
LBRERREOREEE L LIREBA 4+ VS I U0ER
14V OBILERICST BB LY TENCRE DD
EEZDN, 2FDX 5 RN WIERITHES .
Thbb (2) Rx? ‘

x2=Kt 2L K: (g/cm?)Z/sec

x: g/cm?
t: sec

K % Arrhenius =R X p

log K=log A—Q/4-576 t

L Q: BEOFEHEzx L F—
(cal/mol)
A: E¥ (g/cm?)?/sec)

MEhiZ (g/cm?)?, FHELZ min # > T ®FT5 &
Fig.2 x5k, @2 Lt BEE—S0EMMBGRE T
LTWwWasZ edbh»rs. Fig.2 Xn, 40 #HEEK
K, IgioEEibt=xr¥—0Q, EHKA%xkw, O
BafsEL € Table 1 [Z57.

32 WEBEMEICIOBRLECHSE

3-2.1 lwt% 7 v ARICAERT 58 LEOHEE

Photo. 1 & 1wt2 7 » aAff% 920°C, 150 min Ff
Mtz gt EBREINLCBLBEOWTEY 10% + 1 4
—LTHEELADOTHSE. FEHID, BLER4IEHE
BERLTWRZ By 5. XBEAFEBERL Y, £6H

& 920 820°% 720%C

,0"0 | wt%Cr o——o e—s K X

PF’ B8wt%Cr &—a 4—a Am—i

/ 13wt%Cr —0 w—a

At 3
“/ ’ o4
_ajpe—" _,./n et T ¢
,A/AA — n—-”‘)
Py 0] ——

C 5 [em—m" b

3. RBEREER o | i
3.1 &R RS8R gt L )
720°C, 820°C, 920°C, iz 5 1w, o Kt S Sk = 1
8wt%, 13wt% 7/ v ALSLMOBMERESTHAWT O 10 20 30 40 50 8O0 70 8O 9 100 110 120
BISE L 7 LB RIC fiz > ERBMO R % min
Fig. 1 [Z7R¥. 1 wt%, 8wt% 7 v A &84 8Tk Fig. 1. Course of the oxidation of Fe-Cr alloys with

WTRxo ExZ# lhr fhif 33 E LD 50k

time in air between 720 and 920°C.

ta



AXRSGMHSE 72 MBERKSBEAMLE

(1) 1565

1000 +
3 920°C B20°C
; ] Wt %Cro—o  o—s
800 —1 8 Wt %Cra—s =
i I13Wt %Cre—a  o—»
/
= /
©600 +
&
£
o
S
o /
400
S
/ |
o
ool ] L !
.»"‘“', .,—-"/ _ ,r"/
5‘7"%1 n’:“.”é/"[“—’h_____..—-
o ket el
0O 10 20 30 40 50 60 70 80 90 IOOHO 120

min

Fig. 2. Parabolic course of oxidation of Fe-Cr
alloys in air at 920° and 820°C.

activation

Table 1. Summary of rate

energy of diffusion and diffusion coefficients

constants,

of various chromium containing steels.

Specimen
Temp. (°C)

8wt?, Cr 13wt9; Cr

I : (FeCr);03

FeO{FeCr);03

: FeO(FeCr),04

)
%
]
} e

Cross section of oxide film formed at

twte, Cr

Rate 720
const. K |820
(g/cm?)?/sec| 920

8-825x10-10
6°271 x 10-10

2-855%10-8
1-401 % 10-8
9-767 x 10-19

6-938 x 10-6
5:405x10-8
3-335x10-¢

Activation
energy of diff.
Q cal/mol

10360

5680

11400

Const. A
(g/cm?)?/sec

1-8x10-3

2:5%x10-7

2:0x10-7
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Photo. 1.
the case of 1 wt 2,Cr steel heat treated
at 920°C. (etched by 109 nital) x 200.
Table 2. Structure of oxide scales formed.
Specimen
Temp. (°C)
1wt9 Cr | 8wt2 Cr |13wt9; Cr
Outer layer
sesq-+sp | sesq+sp
720 +wu +wu-+c sesq
Inner layer
sesq-+sp | sesq-+sp
820 Outer layer +wu Wil esq
sesq-+sp | sesq—+sp
Inner layer +wu L wulc
Outer layer | sp+wu sesq+sp+c¢ sesq
920 ~+sp+c
Inner layer | sp+wu sp Sc_?_clsp+c
sesq: sesquioxide, sp: spinel, wu: wustite,
c: chromic oxide

Table 3. Lattice parameter of spinel type oxides

formed. (A)

Temp. Specimen

“C) 1 wt9, Cr ! 8 wt?, Cr 13 wto, Cr
Outer

720|_2Yer | g.396 8399, 8-396
Inner

| layer
(?“‘er 8-399, 8396 | 8-399, 8:397
ayer

820/
?“er 8- 400 8-409

| layer
Outer | g.398 8- 404 8-389, 8-398
layer

920
Inner 8-405 8-362
layer
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The Effect of Cu, Nb and V on Creep
Rupture Properties of 17Cr-10Ni-1-5Mo
Steel.
(Study on austenitic heat resisting steels— V)
Ryoichi Sasakt and Humio HATAYA.
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