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Dynamic Recrystallization of Austenite in 18-8 Stainless
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Synopsis :

The dynamic recrystallization behavior of austenite in an 18-8 stainless steel and an 18 Ni maraging
steel was studied mainly by microstructural observations of the specimens which were water—quenched
immediately after the tensile deformation to various strains at temperatures ranging from 800 to 1200°C
and strain rates of 10-3~10-1s~1. The changes in austenite grain size and hardness at room temperature
due to the dynamic recrystallization were also studied.

The deformation conditions for the occurrence of dynamic recrystallization in both steels were made
clear as a function of deformation temperature (T'), strain rate (¢) and strain (s). Dynamic recrystal—
lization takes place under the deformation conditions with Z (Zener—Hollomon parameter) less than the
critical value of Z,. Z,is increased with an increase in strain or with a decrease in initial austenite grain
size. The addition of Cr seems to have the retarding effect on the occurrence of dynamic recrystallization
of austenite. The dynamic recrystallized grain size (7)) is determined only by the deformation condition
Z, and does not depend on the strain and the initial grain size. Present result indicates that the dynamic
recrystallization is effective for refining austenite grain size. The room temperature hardness of dynami-
cally recrystallized austenite in 18-8 stainless steel and the martensite formed from the dynamically re-
crystallized austenite in 18 Ni maraging steel is higher than that of conventionally heat-treated specimens.
However, such an increment of hardness due to dynamic recrystallization is not so large.
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Fig. 1.

Dimensions of tensile specimen. (mm)

(a) :\8_78 Stainless steel (b) 18Ni Maraging steel

(Solufion treatment)
1200~1300°C

Tensile test

1200°C min. Tensile test

800°C~1200°C

1000~ 1200° )
}m‘o-z,y C 900°C 30min 175105 ~
17x10"s 17x107%s

0Q. wa. oQ. WQ.
Do () | Solution treatment Do =193pm
76 |1200°C _ 15min.
150 {1250°C _ 30min.
250 | 1300°C__30min
Fig. 2. Heat treatments and test conditions for

18-8 stainless steel and 18 Ni maraging
steel. Do : initial austenite grain size.
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Table 1. Chemical compositions of steels used in this study. (wt %)
C Si Mn P S Ni Cr Mo
18-8 Stainless .
steel 0.050 0.53 1.07 { 0.029 | 0.003 9.14 | 18.42 0.09 | Cu:0.05 N:0.038
18 Ni Maraging Co:8.57 Ti:0.72
steel 0.003 0.006] 0.02{ 0.002 | 0.001 18.51 E— 5.08 A1:0.063
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(a) Before testing (b) e=0.14 (c) ¢=0.18 (d) ¢=0.3¢ 2 (e) e=0.47
Photo. 1. Optical micrographs showing the progress of dynamic recrystallization of austenite with strain

in 18-8 stainless steel (Do=150 pm) deformed to various strains at 1 100°C and 1.7 x 10-2s5-1,
followed by quenching. Etchant ; HF 2 : HNO, 1 : Glycerin 2.

(a) Before testing (b) &=0.13 (c) €=0.29 (d) £=0.37 (e)=0.44

Photo. 2. Optical micrographs showing the progress of dynamic recrystallization of austenite with strain
in 18 Ni maraging steel (D,=193 pm) deformed to various strains at 1200°C and 1.7 x10-1
s~1, followed by quenching. Electrolytic etching with CrO; 10g+H,0O 90cc.

(Photo. 1(b)). BAENDEEOOTALE (KR TIE WT2EANDD. e NETICohBEIWEL & 2 & 17
OTHE e X TRTCHEOTATER LTSS .) OERT L, DLWk £HE INFEAN I b b
13 Photo. 1(c) WiRd X 5l WBIWERSRLOL  (Photo. 1(d)) . —EBIRTEEBRICE E2vboiciBil,
Basbath LCv5. B EEARE r MRCEE A e LD Photo. 1(e) RT IS5 CEHEZGSr
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(a) T=800°C, ¢=1.7x10-15-1, ¢=0.42 (unrecrystallized)

(b) T=1000°C, £¢=1.7x10-1s-1, £¢=0.50 (partially dynamically recrystallized)
(c) T=1000°C, ¢=1.7%x10-25"1, £¢=0.45 (dynamically recrystallized)

Photo. 3.

Optical micrographs of 18 Ni maraging steel (D,=193 pm) deformed to strain of about 0.5

under different deformation conditions, followed by quenching. Electrolytic etching with CrO;

10g+H,0O 90cc.
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Table 2. Summary of deformation structure in 18-
8 stainless steel and 18 Ni maraging steel
deformed to strain of about 0.5 under va-~
rious deformation conditions composed of
different T and &. D, :initial austenite
grain size.
at £z05
Do _|Teces M 1.7x102[17x102[1.7%10
250pm| 1200
s 100
1000
150pum | 1200
18-8 Stainlessj (150°c\ | 1100
steel (30min) 1000
76pm | 1200
1200°c)| 1100
15min /i 1000

1100
(o)l 1000

900
800

18Ni Maraging
steel

PD>OOO0OOOIPOOI*XDPO
P OOOIPOO|>*00|>xb> O
XxPOOIPOOI>XD Ol>x>D

O : Completely dynamically recrystallized
A\ : Partially dynamically recrystallized
% : Unrecrystallized
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Fig. 4. Relationship between high temperature
deformation structure of austenite and
deformation conditions (Z and ¢) in 18-8
stainless steel with different initial austenite
grain size (D,). :

O : completely dynamically recrystallized,
A : partially dynamically recrystallized
and X : unrecrystallized austenite. Z(the
upper critical Z for obtaining the dynam-
ically recrystallized austenite) depends on

‘;8 Ni Maraging steel

18-8 Stainless steel

10 0%
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= o'k o 109 D
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10 5% 0% 50

Peak stress Ou(kglmmz)

Fig. 3.

Peak stress Giy(kg/mm?)

(om)

Relationship between flow peak stress due
to dynamic recrystallization

and

Zener-Hollomon parameter (Z) in 18-8
stainless steel and 18 Ni maraging steel.
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07 108 10 100 " 0?7 10% 0% B 0% o

z (s
Fig. 5. Relationship between high temperature de-

formation structure of austenite and deforma-
tion conditions (Z and ¢) in 18 Ni ma-
raging steel. O, A\, X indicate the same
meaning as in Fig. 4.
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BHiB o kix, Photo. 1(d), (e) (Do=150 pm, T=
1100°C, & =1.7x10-2s"1 ; Z=6.1x1014s-1) L
Photo. 5 (b) (Dg=76 pm, T=1200°C, & =1.7x
10-15-1; Z=4.6x 104s-1) 2L L7cHBEE LT
LT ENLLHEBLNTHS.

AFVURAM B IO <= — IR C B TERL
R D & Z OBRETRE ey T ERELAON
Fig. 6 Ch 5. Mg s HIITEEBMENR DD, T

(a) Dg=76 pm (¢=0.31) (b) Dy=150 gm (¢=0.30)

(¢) D,=250 pm (£=0.29)

Photo. 4. Optical micrographs of dynamically recrystallized austenite formed under the same deformation
condition (T'=1200°C, ¢=1.7x10-35-1; Z=4.6x1012%s-1) in 18-8 stainless steel with different
initial austenite grain size (D). Etchant ; HF 2 : HNO; 1 : Glycerin 2.

(a) Z=6.1x1015-1 (T=1100°C, :=1.7%10"1s-1, ¢=0.
(b) Z=4.6x1014s-1 (T'=1200°C, &=1.7X10-1s-1, ¢=0.32)
=0.

(c) Z=4.6x1013s"1 (T'=1200°C, &=1.7%x10-25"1. ¢

52)

40)

Photo. 5. Optical micrographs of dynamically recrystallized austenitefor med under the different deforma~
tion conditions Z in 18-8 stainless steel (D,=76 pm). Etchant; HF 2 : HNO; 1 : Glycerin 2.
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Fig. 6. Relationship between dynamically re-
crystallized grain size of austenite ()) and
Zener-Hollomon parameter (Z) in 18-8
stainless steel and 18 Ni maraging steel.

Dynamically recrystallized
—& austenite

o} A
\u\a/'\u\i\

Solution treated austenite

Hardness of austenite :Hv (10kg)

50 00 180 200 250 300
Austenite grain size (pm)

Fig. 7. Comparison of hardness of the dynamically
recrystallized austenite and the solution-
treated austenite in 18-8 stainless steel.

Martensite formed from dynamically
recrystallized austenite

g

h\ﬂiii:;:>%\

Martensite formed from conventional
austenitizing treatment

Hardness of martensite : Hv (20kg)
N
0
(=}

v

50 100 0 200 250 300
Prior austenite grain size (pm)

o

Fig. 8. Comparison of hardness of martensites form-

ed from dynamically recrystallized aust-
enite and formed from conventional aus-
tenitizing treatment in 18 Ni maraging steel.
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