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Variation of Mechanical Properties with Heat Treatment of Two

Phase Stainless Steel

Akihiko HosHINO, Masao KANAO, and Keishi NARANO

Synopsis:

The effect of heat treatment on the mechanical properties of Fe-25Cr—6Ni alloy has been investigated, and

the results are summarized as follows.

1) In case of aging at 475-525°C, the tensile strength and 0.29, proof srtess increase continuously with
g

aging time owing to the precipitation of Cr—rich phase in ferrite matrix.

In spite of the decrease in elongation,

the reduction of area shows an approximately constant value of 60-70%,.
(2) Heating at 650-800°C produces the a—y transformation and proof stress decreases with the increase of
7 content. The tensile strength that is affected by work hardening of y phase during the deformation does

not vary in parallel with the proof stress.

(3) Charpy impact value decreases with aging time at 475-525°C.. The testing temperature dependence
of the Charpy impact valus is based on the raise in the transition temperature due to the 475°C embrittlement.

(4) The prior a—y transformation that produces an increase in y content and an increase of Cr concentra-
tion in « phase leads to the reduction of susceptibility for 475°C embrittlement.

(5) Itis observed that ¢ phase in two—phase stainless steel is formed by decomposition of high Cr ferrite

phase into ¢ 47, independently of Cr carbide.
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Table 1. Chemical composition of the alloy used (wt %).
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Photo. 1. Microstructure of Fe-25Cr-6Ni alloy an-
nealed at 1000°C. (longitudinal section)

Table 2. Cr and Ni content in each phase (wt %).

1000°Cx 1 hwQ. 750°Cx1h

Cr ‘ Ni Cr ‘ Ni
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Fig. 1. Variation in strength with aging time at

475-525°C.
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Fig. 2. Variation in tensile ductility with aging time
at 475-525°C.

— 245 —



e
&
S
-
b

= 63 & (1977) E52

-~
(=]

g e e S SN
60f UTS E
__s0} ]
E 02%P.S
2 A T o ]
=
230 k
o
s o 800°C
20} . 750°C
& 700°C
Fs wﬂ;
io}
As anneoldd i 00 1000

) Heating time (min)
Fig. 3. Variation in strength with heating time at
650-800°C.

LH L BUTCDETERLISBFINEDL, Fig 2wiT X
S D VL 60~70% DIFIE—EDEETR L.
PHHRERLSAOF BRAFHEC B U T, a8 5943 18Ni =
WL — DT DOWTHN, B OK D & REBU DM
BitE R L7, T LT Zh b OERERGE®S RT
A, BIRONIFWETHE TR E b ST
st LTtwvwih S Z i £, @RSk e
EKTT5ZL2BLMICLTVWES. AEBICKITS 248
A7V ARMEREY LA, 2 MO T o AR
vx Crrich f8C& Y, Fig. lizR LR DiTH VT,
LOEECITBRFSIRFIBANL TV, BRELT
FEEDOIFC X BHitTio LR (40-80 kg/ mm?) 1z 3
b BT D T Lish2hokk, ArRshikiEck
WZERNERERERT L EELONS. ik &
REMO E OFEBAME X D Fig. 2 iR LU DETIR
H—MODETIRX 5.

'3-2.2  650~800°C iz 3513 B T

T OIREBTHEME UISSE, BRI & 37 5 5]
RIES B LT 0.2% D% ki3 Fig. 3L kD Th
5. 55R5H XX 650, 700°C ChHuzk L4 X b 3 750,
800°C ThiBAL A m&EL D, —7F 0.29% a3
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Photo. 2. Microstructures of alloy reheated at 800°C
and 650°C.

(Etched by MuraKkamI’s reagent)
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Fig. 4. Variation in notch-toughness with aging time
at 475-525°C.
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Photo. 3. Microfractographs of Charpy impact test
specimens aged at 475°C. (a) 475°Cx
25min (b) 475°Cx16h
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Fig. 5. Comparison of embrittlement behavior by
reheating in various two phase stainless steels.
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E~OYRBEELLD |

EasRoEE 2 FIH T, Fig. 5tk 5 475°C fiifb
2 Cr & Mo BICXDTHEINHER AISIZ2Y i
WEbERREINCEZS. —F ¢ HlEtkic VT
CrizimxC& iz Si, Mn, Mo 7 ¥ WiEETE L 5
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Fig. 7. Effect of austenite enrichment on the me-
chanical properties of aged materials.
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Fig. 8. Variation in notch-toughness with heating

time at 700°C.

Table 3. Chemical composition of the carbon-bearing alloys (wt 95).

!

- c Cr ] Ni | Si I Mn

S P ‘ Ti Al N

|
1 0.015

6.40 0.014 i
5.81 0.010 |

24.83 | 6.09
25.53
24.66

cl | 0.037
G2 | 0039
c3 ! 0.034

0.004
0.009
0.007

| 0.010
| 0.009
' 0.090 |

0.001
0.001
0.009 |

0.0103
0.0094
0.0087

|
|

— N BNO

0.01
0.01
0.01
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Photo. 4. Formation of ¢ phase by decomposition
of @ into ¢+ in alloy C2 heated at
700°C (Etched by MuRrAKAMI’s reagent).
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o tBERRICIE Cr EOEEN L CEETHEH, —
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DEERIC XL o MR 5% LLEAIR L TR DTS
ERRBED ESATWS. Photo. 5 1% 700°Cx 96 h i
Biz0 o HHERDKMEETTLDT, 52 TO ¢ HOE
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AL, ZOBEEI OELRB Ehk» D/, —F 5b
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(b) alloy C2
Photo. 5. Distribution of ¢ phase after heating at
700°C for 96 h

(a) high purity alloy
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(2) 650~800°C CHMTHE, a—yZiErt
U, 0.2% i 1% e BT @l LCEIET @SS 7.
—AGRBS T r HOMTELOF SRR ELEbN
7z

il

(3) vy —FHERBROBE, 475°CRSc Lo
TEHREEOF LWETISEbh/. Zhix 475°C /L
CEEEBIBEDO LRCEISIDTHSE. —Fa—7y
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2HAT VU AEOBMMEIT X 5 EROEEOLIL 811

ZReic X 5 EEEOE (LT BEbhithDl.

(4) 475°CHfbic B X ETHEIT a— r FREDOTHRE
M5z, rEIMMORILESHER/-L 5, rHD
#Ehnic X2 0.2% f KR T 3 543, 475°C fEfb/&=*=
HOBRBIEFA D S .

(5) HREEFRMOTINEIT X 5 ELEEE KL
LA, 415°C itz atito Cr Bt X > THEEN
5 EELILND. —F o HEMEHIIE Cr 2R S,
Mn, Mo OFNRNBETH D L HE IR

2HAF v VAT O o MERIE Cr R{ILWOFAEIIC
XOTREINLLDTHRL, rLAafho Cr &5
BEFTHY, ZOaBOHRC X DCo f@BERNI.

By, AEBRHBHLTERVRILAFERE (BE B
AEEAK) X CEREEW (BRE BAEIL) OomKIK
MEEERLET.
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