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Abstract

The mechanical properties, damping capacity and corrosion
resistance of austenitic stainless steels were investigated using
specimens with different volume fractions of retained and reversed
austenite, by deformation and reverse annealing treatment after
deformation, respectively.

The results obtained from this study are as follows:

The two phase structure of martensite and retained austenite was
obtained by deformation with different temperature and degree of
deformation

The two phase structure of martensite and reversed austenite was
obtained reverse annealing treatment with different temperature and
time after deformation

The ultra fine reverse austenite with less than 0.5pm in size was
obtained by reverse annealing in the temperature range of 500-70
0°C.

As the volume fraction of retained and reversed austenite has
increased, hardness and strength have rapidly decreased, while
elongation has increased.

With regard to each austenite, reversed austenite has indicated
higher value of hardness and strength, while elongation has
suggested a lower value due to the strengthening caused by grain
refinement.

Hardness, strength and elongation were affected greatly by reversed



austenite than retained austenite.

With the increase of deformation degree, the volume fraction of
retained austenite and damping capacity was decreased; with an
increase of reveres annealing temperature, reversed austenite and
damping capacity was rapidly increased.

With the volume fraction of retained and reverse austenite, damping
capacity was increased rapidly. At the same volume of retained and
reveresed austenite, damping capacity of reversed austenite was
higher then the retained austenite. Thus, the damping capacity was
affected greatly by reversed austenite.

Pitting corrosion has arisen mainly on martensite phase in 202 stainless
steel with two phases of austenite and martensite.

Pitting current density has decreased with an increase of volume
fraction of austenite. Consequently, pitting corrosion at martensite has
occurred largely with an increase of volume fraction of austenite.

Pitting corrosion was affected by volume fraction of austenite.
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—
w
=]
rd
N
e

nt2ElAlol E W e 7F dojubd el Y& A, =, Al v Cr,
Ni, Mn & @5 = B3 ow Hrlste] d2oA LivHUoEAJo= vt
T e, BWS Advkste] sH o]t WAAZIAY M o] el A SE S
7hate] mpE "ol ER WEIA7]H Fig. 3(a) oAk o] nf2dAlo]E %4
o UERd Fatel W7ol Atk BWHI|E FFe EqFEE 3o ofyn
EHe] Aol Al wel dAe ghs Ztevh B, 2 xWed v
g A& 1o F2W Fig. 3(b)9F #o] LiEHUo]ES} nfZrIALo]E A o
A el FHol Y, o] FAZe wrejel whebd dAF S A o]
GA ARGl wEbA] BHIIE, Ao FEo] AtE S L2HUE

oM wiEEIAlER REIA BHdlM dA JYHs(Age] «gRiEhH7t

2.1 38t F% = (chemical driving force)

Y TR L xEUo|EGT ntERIAOIEARS] 2o mE $15HH A
o Uyx] W3lE Fig. 40| YERPJTFEY . Fig. 49} Zo] nlZelAlo]E W=
AREZ QL St B ob= v A iAo EAYe] 3}ohA Ao U x| of Rt
3}t Aol U7t 2o %9 Tl A e dojuA] @i, oW 97
T89S TASE AEs] WEe 25 M7k 2AAS FdEforyt e o
U] Az, L ooy mEERIALOIE WEjAC] H|3}EH A}frol | A 7}
T4HE 7] witolty. &, vl2HALolE WHEl= AA s (critical driving
force)& Q8= gt}

_’|5_



Scratch lir

(b)

: ; . )
Fig. 3 Schematic representation of surface relief (a) and a scratch line (b)*.
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Maso = 608-515C-821N-7.85i-12Mn—34Ni-13Cr—6.5Mo (8)%
Maso = 497-462(CH+N)-9.25i-8. 1Mn-13.7Cr-20Ni-18.5Mo (9)°"
P 5o A S melste] et e A4S AAE It
Mgso = 551-462(C+N)-9.25i-8. 1Mn-13.7Cr-29(CutNi )-18. 5Mo-68Nb
-1.42(G.S.N.-8.0) (10)
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o] ¥&FE oYl EY YR Tske il 5OV shetrau

ST= T 7 4
ohie} e A Agens ndetel v g A4S A
_|_

Ni 9% : Ni +0.65Cr + 0.98Mo + 1.05Mn + 0.358i + 12.6C +
0.03(T-300) - [2.3log 1n(100/(100-R)) +2.9] ——————--———— (11)
A7IA, T @ 2%(°K)
7H8 5 (%)
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o|E9] AL 9wt AMES st o 2ol YEMALE

FDT 21AM—40+5C (12)
o714, AM = Ni-[(Cr+1.5M0-20)*/12-0.5Mn-Cu-35C-17N+15]
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5. 9 E QAHUUoE

BCC(body centered cubic) X+ BCT(body centered tetragonal)e] ZAA
TZ2E 2 vfEHAEE 7FEEt A HH, FCC(face centered cubic) AA
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ILF ILF
Amplitude Frequency or temperature
{a) Amplitude —independent and frequency—dependent
IF L.LF
Amplitude Frequency or temperature

(b) Amplitude —dependent and frequency—independent

Fig. 9 Schematic diagrams of internal friction as a
unction of strain amplitude and temperature

for (a) amplitude-independent (dynamic
hysteresis) and b) amplitude-dependent
(static hysteresis) damping.
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(iv)@ A Al 28] < (reorientation)

O —stress € - strain M - Elastic modules

% —Elastic comphance

o =0 O - Program

t=0 t=P/2 p= P

3 = e/oy
4 3r = Relaxed compliance = e(P/2)/o,

Anelasticity :
B fos gt g i Sy = Unrelaxed compliance = e(0)/o,

«— Elasticity

t=10 t=P/2 = time

Fig. 10 Schematic diagram of the anelastic response

(lower curve) to a stress cycle(upper curve).
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(a) o

-

Dynamic hysteresis loop

(b)
AW

Low Int. High
Temperature

Fig. 11 Dynamic hysteresis behavior. (a)hysteresis

loop in the stress—strain plane and (b)the

resultant internal friction peak as a

function of temperature.
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AW

Stress

Strain
Fig. 12 Static hysteresis behavior. The type of

hysteresis loop obtained during defect

unpinning.
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Temperature Stress
Fig. 13 Schematic diagram showing the Fig. 14 Schematic diagram showing the
internal friction of a thermo- internal friction of a thermo-
elastic martensitic alloy as a elastic martensitic alloy as a
. 28 . . 29
function of temperature ) function of stress amplitude )
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Fig. 15 Measurement of specific damping capacity.
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Y

Fig. 16 Measurement of logarithmic decrement.
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F. = tanf

Fig. 18 Measurement of internal friction.
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Table 1. Chemical composition of specimen(wt. %)

C S P Si Mn Ni Cr Cu Mo Co
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Fig. 1 Optical micrograph of high manganese austenitic

stainless steel
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20kV  X2,000 10pm

Fig. 2 Micrographs of 70% cold-rolled high manganese austenitic
stainless steel: (a) optical; (b) SEM
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P oo™ e

Fig. 3 TEM micrographs showing the deformation—-induced martensite
in 30% cold-rolled high manganese austenitic stainless
steel: (a) bright field; (b) SADP by index; (c) dark field

Z=[ 23]
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Fig. 4 TEM micrographs showing the effect of reverse treatment

temperature in 70% cold-rolled high manganese austenitic
stainless steel

(a) 550C;(b) 700C
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Volume fraction of retained austenite as a
function of degree of cold-rolling in high

manganese austenitic stainless steel
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Fig. 6 Volume fraction of reversed austenite as a
function of reverse treatment temperature
in  70% cold-rolled high manganese

austenitic stainless steel
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Hardness (Hv)

Fig. 7
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Fig.
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8 Effect of retained and reversed austenite on
the elongation in high manganese austenic
stainless steel with two phases of martensite

and austenite
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Fig. 9 Effect of retained and reversed austenite on
the tensile strength in high manganese
austenic stainless steel with two phases of

martensite and austenite
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Fig. 10 Effect of retained and reversed austenite on
the tensile strength in high manganese
austenitic stainless steel with two phases of

martensite and austenite
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1

Optical micrograph of

austenitic stainless steel.

_70_

high

manganese



Fig. 2 Optical micrographs showing the degree of deformation in high
manganese austenitic stainless steel.
(a) 20% rolling, (b) 40% rolling.
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20kv  X2,000 10pm

Fig. 3 SEM micrograph of 70% cold rolled high

manganese austenitic stainless steel.
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Fig. 4 TEM micrographs showing the deformation induced

martensite in 30% cold rolled high manganese

austenitic stainless steel.
(a) Bright field
(b) Dark field

(c) SADP and Indexing of SADP(BCT), Z=[ 23].
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Fig. 5 TEM micrographs showing the effect of reverse treatment temperature
in 70% cold rolled high manganese austenitic stainless steel.
(a) 550, (b) 650C.
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Fig.

Voulume fraction of retained austenite
and deformation induced martensite (%)
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Effect of degree of cold rolling on the
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martensite 1n high manganese austenitic

stainless steel.
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Fig. 7 Effect of reverse annealing time on the volume
fraction of reversed austenite and deformation
induced martensite in 70% cold rolled high

maganese austenitic stainless steel.
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Fig. 8 Effect of degree of cold rolling on the
internal friction of high manganese

austenitic stainless steel.

_8’|_



—
&
o4r ]
X —
A3 3L
c
(¢]
52t
=
[V
St
[ .
Q
| o-—H
- 0 1 1 I 1 I
500 550 600 650 700

Reverse annealing temperature (°C)

Fig. 9 Effect of reverse annealing temperature on the
internal friction of 70% cold rolled high

manganese austenitic stainless steel.
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Fig. 10 Effect of retained and reversed austenite on
the internal friction 1in high manganese
austenitic stainless steel with two phase of

martensite and austenite.
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Fig. 1 Optical micrograph of 202 austenitic

stainless steel
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Fig. 2 TEM micrographs showing the deformation induced a’ -
martensite in 70% cold rolled
202 austenitic stainless steel
a) Dark filed
b) SADP and Indexing of SADP(BCC), Z=[133]
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(b)

Fig. 3 TEM micrographs showing the
reversed austenite obtained by
annealing treatment at 600TC
and 700C for 10min. in 70%
cold rolled 202 austenitic
stainless steel
a) 600TC b) 700C
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Fig. 4 Effect of annealing temperature on volume
fraction of reversed austenite 1in 202

austenitic stainless steel

_96_



~K
ol

N

e

AHE LiEUolES} ThERT] vhEHIALIES] 2

3 Mn 202 QL 2AE|UolEA ~HQ

-
1

Fig. 5

pa—

-
1

—

Mo

o

ot

)

bo] o sEolEe] AHPES 9

S

be e oldy Ay

S

2]

o

o)
=

HuolE Al Ege] A4E

H o~

e

ol
X

AuE ojdPAY L, =

)

J»Alo
o
)

Bl old®@ A 257F sobd

goo)

}7d o]
3L
o

[e]

A3

0
pul

of

=

Al
127} Fig. 69

olch. webd ol
L WA o] kA 3

9] Ep #= ARE ojdP A

3} o

A92A o FAAY Bp ghol Golass

o] #ol EoHdFH ¥

T

1

13

2

R RN (R I R ISR

7}s
whebA o]

o] yrox]iL

wobdlm el oo™,

°

=

o

]

9 Ep o 25E dolr 7] st Fig. 59 a4l

AA B

5}
| wholx 3

A =4
ke

kel
=l

d7do

A
o

A

o] 7jx%}

Al
&

0

¢+
ol

el

)

ox

™

ofp
ﬁo

ﬁo

o

Mo

_97_



e 5
ol 4]

e

o WAZEAE Ha E=AGoRA ol $lste] 706 W

3|
A=

B
o
i

o]
TH

HuolES] A42g 5, AW ofddAe] =5kl

HEE o~

A AR o

F AEol 71915

h 8

ko)
Pitle 2 vlZElAlo] E g AA] F o]

ol &

Z8lA}o]

of ofsl Y=

3|
=

of T4 FAA

ol

)

ox

™

—_
fite)

il

el A

E

B old¥ e %7t Fold4E mpEdlAlo]
¥ Pite <%= BWobAa Sz, pite] AVE & AL & F Adv. wEkA

T

W

25 L 2HYo|E9L = HlALe]

av=
OJEA ZH| e =7l A

ki3

o] &

A}

A ZHE ulZ Al E9l 9 A Lo|E 2

Nk

A
a

B2RE U

o 2

178

o

oM ET

)

vA.O
|

s ol

2 2ol E A

b

)

ols} o] mhElAtelel @l ES] 2%

T
B

0

¢+
ol

ol

)

4 By

W

o] @ xHte]

v} 2 €l A} o]

groluet, 7}

H

2
el
e
N
b
T
o)

;OU
E

2
o
v

"o

o}

Hlo
Ho
—_
o]
NIl

Hlo

Mo
Mo

Eu
|

0
s

Fol &4 L2AHUolE Rt vtEdAlelE 4

S

0

HH

TR

ohe @ sEol ] ko] 7}
ol ol Fig.79) Az

1y
s

1
1

oJLHA &]

Q]
=

E

olh7] el ool

Q]
=

gl A

|

_98_



oA 1 A¥} viE

o e

E

2 vl EA}o]

o]

o] ArjHoz Ao

|
&

7

Mo

AA Aok well vhEEAo]EA

7l

W
=

57 wEo] wE

o kA ol

2lo] @o] doj}A Frlar A(EZ}QE}”%W)

_99_



__-100 - D s —
ok et
%‘_300 | : == ®
:_400 | R.A.T(°C) | V.F.A(%)
g @] s00°C 5%
=-500 |- @] e600°C 30%
] ®| 700C 98%
&£-600 [ -

-700

_800 1 1 1 s\\'\ 1 M

10°® 107’ 10°° e 10 107 107 107!

Current density (A/cm?)

Fig. 5 Anodic polarization curve of 202 austenitic stainless

steel with two phases of austenite and martensite
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Fig. 6 Effect of volume fraction of austenite on
the pitting potential Ep of 202 austenitic
stainless steel with two phases of

austenite and martensite

- 101 -



18k X1,000 10pm

15KV X1,000 10pm 15KV X1,000 10pm

Fig. 7 SEM micrographs showing the morphology of pits formed on the

after anodic polarization test in 202 austenitic stainless

steel with two phases of austenite and martensite
a) 500C b) 600C c) 700C
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