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Effect of R Phase on the Mechanical Properties of 25Cr—7Ni—2Mo—4W of Super
Duplex Stainless Steel

Jong young Lee

Department of Metallugical Engineering, The Graduate Schools,

Pukyoung National University

Abstract

This study was carried out to investigate the effect of precipitation of R
phase on the mechanical properties [in 25Cr—7Ni—2Mo—4W | super duplex
stainless steel.

The result obtained«from this study are as follow:

R phase was mainly precipitated on the interface of ferrite and austenite
phase, and inside of the ferrite phase at the initial stage of aging. Then
changing to ¢ phase, ¢ phase set to precipitate according to the delaying of
the aging time.

Ferrite phase was decompositted new austenite and o phase.

R phase precipitated in the early stage of aging didn't affect largely on the

hardness strength, affected on the elongation and the impact toughness.



R phase was transformed in to ¢ phase with the increase of aging time.

R phase was an intermetallic compound, which represented a lower nikel
concentration, higher molybdenum and tungsten concentration, and lower
chromium, very higher molybdenum and tungsten than the o phase.

With the increasing of aging time, hardness and strength was not change,
but elongation and impact toughness rapidly decrease in the early stage of
aging, and not change.

With the increasing of-volume fracture of R phase-precipitated in the early
staged, hardness.and strength was not change; but elongation and impact
toughness rapidly decreased.

Accordingly, it is considered that R phase didn't affect the)hardness and

strength significantly, but it affected the elongation and impact toughness.
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Cr Ni Mo W Mn N Si C Fe
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2.2 x¥

FHefo| ESt @ AEUo]EV} HIS:GE AAEES RS 3 U RAo] &olsH
HEShs SRR e Q0TI 1RelA Al 600A7A ARk gk
NEAEE 9




23 MAZA B2 L ANEE 54
SASAY @ Az gAY F AEAY @ AR MRS 3

_l°{'
il

Fen 4y Sk aE o] 838k FALA A M) A (Backscattered  SEM,

f

VEGAZ) 0.2 #asgla, Aol ihe NEBe] ANEee Fuie
AE o8 FAAA @uIel s WAY A OZRE BPRAAE]

(Techsan, TDI plus) & A-§3te] 108] ol 343 vhe st Fahaivt.

24 HEE9 4
Al g el elsf A

He=RE 3 22 =& v AE #E2 9

it

x| 22 X-A B2 7](Energy dispersive X-rtay spectrometer, EXD)=

3l EASISATE. & Al Al o ME

>~
>

o
(e}
ol
&
oy
40
BN
ox,
filo
M
12
mok
S
1o

= AEES T AEEC 2 AHTEE B4 o Lolr ] $lske]
600ColA Alaxele AnE gk T/ = dddhs dvlel Hule] 34
< AX ¥ jet polishingdte] Haho.2 whEo] 4 Fabdx}d v 74 (Hitach, 200
K)oz sl

sk HEho|E A3 L AEUO|EA 9 o/ 5 AAEES SPHEAA

715 Abgste] 108] o) 237 the Farstel Fack



25 71AAAA 54
AFEAYE ARe] QAL 245 AT FAANPE ARE dmm Ve

b= A=Y F4 AFAJISB 7703) 0.8 A v gA15F B Al EA

>{\1

2] F Ad2olM AAlsknh s B
& ASTM E-8¢] 74l we} Ad3as A& v §Ast 2 Alaxle] 5
Cross head speedE 2mm/min®] £E= Asto] AL AESHS 1|4
BEAA7IE AHESto] dkge| sts o2 S5t ol FE=gt2 53] 54

sto] Bitste] okl

3. 49 2% R 17
3.1 mA=Z

Photo 1& ‘Wo| H7}E o] &= 265Cr-TNi-2Mo-4W 173 24+ ~H|<lg]

2718 1050 30857 sk SAF AR we) mAazse
Peldn 4o Basto] el Aolth o AHlolA o 4 gl wle} o]
AL Aetoleyat AAe] @ sEolEAte] A EASAL 3

2om Hol gl AL o & ek T olw) o] AALES sHEA

A7z SR 23 dte|Ee] oFo] of 48%, QAEUpolES] o] of

52% % LFEFSE



32 A& ¥4
Photo 2= A &A A AE¥= RS AATEE 249l o8 Lot
7] 9Jate] &As Y & ARE 600TAA 2/ st Al EA 7] g AlsolA
MEd HEes P o ® FAKSke] dEkd Zloltk
o714 AR a)2 WAk o2 yERd Zlolal, b= WAloRde® HEhd
AEge] AgAlol 31 sj'loln o)= Alghrlof 3 HH S At e
olth

o] FalAXAR AR A2 R A A el mAF RAS0] Hetol

Y

Z32 WA A= Je@ls & 5 RiEh
Photo 38 25Cr-7Ni-2Mo-4W 73 24 2" ele] ~7HS 6007 Coll A 308
A F] 120/ 774A] Al 2 A8 ek A5 S FARA SN o2 FALske] YER

A

X,

o

=
>

1557000 Ridol EASIa 1O, Alxko] 8ol Wel ool Lhe}

_ . PR . o .
& HEH s S50EEd RIS o 59 HEess L HEEEC] %

= Gedass ALY FdorA dotrr] flste] A5t A AEE



SA A 23k Al 8-S 30min AlZA 2] & AR a)oll M= s mARE A
o] R7go] #gtol E 3t Q AH Ul E o] AMde mhebr] dAFHA o Ay

gk oluje, Hekole 4 Uil 338 mAlE Papz 4EHe] 9

2
;o
ﬂ.] (¢
F—{‘é

|
N

=
3} @2 EtolE S AWM AL 0T AFHe] ¥ R 2 Wt

A sEtol Egt @ ~Euto]lES] AW Bl Fgko] E A YoM AEHo 3l

of A&3 REEo] A AFE s ik oflEh o B2 o] HE5
913, vl @ el slEole 2ol yy A oo BaHo] ol AL
o)



e
T

9l whsh o] R4S Cr

= ol F550] 9

7]A] KLe}

O
T

wol

AqF Cr, Mo, Wo]

]
a

s

e vl

il Nie] <

9]

R ool H]

»AO
N

|

g A

SH
=4

3L, Mo} W



R e o
Photo 1 Gﬁcal% moﬁﬂ% r-7Ni-2Mo-4W
uplex

super ss_-steel after solution
annealing at 1050 TCfor 30 min showing
composition of ferrite and austenite phase.



Photo 2 TEM micrographs and SAD pattern showing the R-phase precipitated within ferrite phase
in 25Cr-7Ni-2Mo-4W super duplex stainless steel, aged at 600 C for 2 hrs. after solution
annealing at 1050C for 30 min.

(a) bright field image (b) selected area diffraction pattern (241) (c) index of SAD pattern



Photo

3 SEM micrographs showing the effect of aging time in
25Cr-7Ni-2Mo-4W super duplex stainless steel, aged at 60
0Cfor various time after solution annealing at 1050C for
(a) 30 min, (b) 2 hr, (¢) 60 hrs and (d) 120 hrs.
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Table 2

Chemical

composition of each

25Cr-7Ni-2Mo-4W

duplex

phases in

stainless

steel

obtained by aging at 600°C for 120hr. after

solution annealing at 1050°C for 30min.

18um

Phases Cr Ni Mo W
R-phase 24.8 52 11.2 6.45
O-phase 28.2 55 4.4 4.8

matrix 25.3 7.1 2.1 3.94
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Photo 4 TEM: micrographs showing the R-phase in the ferrite
phase —of " the 25Cr-7Ni-2Mo0-4W super duplex
stainless steel, aged at 600C for 60 min. after

solution annealing at 1050C for 30 min
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Photo 5 TEM micrograph showing the o -phase in 25Cr-7Ni-2Mo-4W super duplex stainless
steel, aged at 600C for Shrs. after solution annealing at 1050°C for 30min.

(a) bright field image (b) the selected area diffraction pattern with index
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Fig. 1 Effect of aging time on the volume fraction of R and o—phase
in 25Cr-7Ni-2Mo-4W super duplex stainless steel, aged at 600TC

after solution annealing at 1050°C for 30 min.

22



50

- R phase 1 o phase ,
O 40t /..
14
=
N
7
= nm"®
T 30}
S
I

20 Lo sl LT T ; 1
5.7(0) 0.1 1 10 100 1000
Aging time (hr.)

Fig. 2 Effect of aging time on the hardness in 25Cr-7Ni-2Mo-4W super
duplex stainless steel, aged at 600C after solution annealing at

1050C for 30min.
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Fig. 3 Effect of aging time on the tensile strength, elongation in
25Cr-7Ni-2Mo-4W super duplex stainless steel, aged at 600T

after solution annealing at 1050C for 30min.
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Fig. 4 Effect of aging time on the impact value in 25Cr-7Ni-2Mo-4W
super duplex stainless steel, aged at 600C after solution

annealing at 1050C for 30min.
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Fig. 5 Relationship hardness and R phase in 25Cr-7Ni-2Mo-4W super

duplex stainless steel, aged at 600°C
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