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The Effect of Carbon on @’ — Y Reversion of Metastable Austenitic
Stainless Steels
Kouki TOMIMURA, Manabu OKU, Setsuo TAKAKI and Youichi TOKUNAGA
Synopsis :

The effects of carbon on reversion behavior of metastable austenitic stainless steel were investigated us-
ing a 16.2% Cr- 8.8% Ni- 0.11% C steel by means of transmission electron microscopy and magnetic

analysis.
The results are as follows:

The steel used almost transforms to lath martensite (') from austenite () by 90% cold rolling.

(1) The steel completely reverses on 923 K-10 s annealing. However, isothermal @’ is produced on sub-
sequent aging at room temperature (290 K) in case of more than 0.1 ks in 923 K isothermal annealing, and

also at 900 K and above in 0.6 ks isochronal annealing.
(2) In case of 923 K annealing, carbide precipitation occurred in preference to reversion.

The carbide

tends to retard a martensitic reversion and accelerate a diffusional reversion inversely.

(3) The grain size of ¥ reversed by a diffusional reversion at 923 K annealing is 0.2 pm dia.

is very effective for refining grain by reversion.
Key words : austenitic stainless steel ;
reversion ; carbide precipitation ; pinning effect.
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Table 1. Chemical composition and Ni-equivalent E " j i
of steels used (mass %). g : §P-13cr'6Nf base
- : . 17+ ©-16Cr-9Ni
Steels C Cr Ni Si Mn . N Nigg, g
16Cr-9Ni-0.1C 0.11 16.16 8.77 0.025 0.09 0.003| 14.4 - .\
16Cr-10Ni 0.003 15.62 9.83 0.009 0.10 0.003| 15.3 L ‘.\~
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Fig. 1. Effect of carbon contents on saturation
magnetization in Fe-Cr-Ni alloys.
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Fig. 2. Relation between reduction by cold rolling
and deformation induced martensite content in

16Cr-9Ni-0.1C and 16Cr-10Ni steels.
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Fig. 3. Changes in martensite content after 0.6 ks
isochronal annealing in 16Cr-9Ni-0.1 C steel.
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Fig. 4. Changes in martensite content after 923 K
isothermal annealing in 16Cr-9Ni-0.1 C steel.
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Fig. 5. Relation between martensite content and
aging time at 290 K after annealing at 923K for 3s
and 60 ks in 16Cr-9Ni-0.1C steel.
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Photo. 1. Transmission electron micrograph of
16Cr-9Ni-0.1C steel annealed at 923K for 10ks af-
ter 90% cold rolling. Sample was aged at 290K
for 60ks after annealing, showing isothermal mar-
tensite formed on aging at 290 K.
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Photo. 2. Transmission electron micrographs of
16Cr-9Ni-0.1C steel anunealed at 923K for 3s after
90% cold rolling. Samples were aged at 290K for
60 ks after annealing. Arrow A and B show a dif-
fusional reversion and martensitic reversion, re-
spectively.
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Photo. 3. Transmission electron micrographs of
(a) 16Cr-9Ni-0.1C steel annealed at 923K for 3s
and (b) 16Cr-10Ni steel annealed at 923K for 10s
after 90% cold rolling.

Samples were aged at 290K for 60ks over after
annealing, showing cell structure in recovery proc-
ess.
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Photo. 4. Transmission electron micrograph of
16Cr-9Ni-0.1C steel annealed at 923K for 60ks af-
ter 90% cold rolling.

Sample was aged at 290K for 60 ks after annealing.

BRI L2600 ) 2 RET H5LESD B, 7
FRAT v L AMOBEALB G % Pl & L 2RI O
FEAT I3 BE < S STV B 49729, KRFGE T #idE
SOBFTE™ 2 HOTEELTAL, EHEHRTO
AL E UCRsE S h 2 KT VIR AXe 2(3)R
DEHIREL.

6 i X?:r_chr Der it
AX. = 23" 7 Vo= XL “a/ s (3)

T, A (em)
X, : o Cr i (= Vi)
Xice t ALY - R H C Ot Cr 318 (£ Vig)
Yoo : RALMIHF OGBSI 5 Cr @ F WV 43H
De, : Cr DYLEGEH (cm?/s)
t o BER(s)
CITRDK ) T,
7=,
s 1) AL g T, BRI & 1R L O RO
Cr i Ipryic o e B8<. ((3)iko Xi,=0) K&
(I)Ma3Ce B iRAILMOFRE L L T Fe & % &\
CrysCe &<, T ((3)XD Y, =1)
6 Dee
23" 7o n
:n&%w&a#%m%w5«%m¢5a<4ﬁﬁox
I B,

(3)»r6(4)LzHw

AXc =

e (4)

- 3:3
(mass% )

Zo{(4)yRELEIZ, 16Cr-INi-0.1CHlicHBIT A

12 P13 (FerCr)gsCe & LTHEBRTHNT, =2 TOD CrysCe DHER
Y 2 47 R R & 0 IR R B A Al REME I+ 10 b .



WREF —RFF A4 PRAT 2 L AMO o — 7 HERBIRITTIREOBHE 1191
200 —— ,
Fe-16Cr-9Ni-0.1C
;1000 .
-~ ~ 0 —_ -—‘ ————————————————
o 3 \ [state of carbide
5900} E_ 200 } precipitation
P -~ P
- -
& 600 | = :
3 -400+1 \
- 1
¥ | 3N s/
700] ©-600 T [state of C r 1
< in_solution

103 102 107 1 10 102 103 104 105
Time (s)

P; : C content as carbide is 0.01 mass %
P, : C content as carbide is 0.05 mass %
Py : C content as carbide is 0.10 mass %

Fig. 6. Calculated time-temperature-carbide pre-
cipitation diagram for 16Cr-9Ni-0.1C austenitic
and ferritic stainless steels.
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Fig. 7. Relation between temperature and the
Gibbs free energy changes for the ferrite to auste-
nite transformation in 16Cr-9Ni-0.1C steel.
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