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Abstract: The microstructure evolution of 022Cr25Ni7Mo4N duplex stainless steel after isothermal
treatment for 2-20 h at 1100 °C was studied. The morphology evolution of austenite grain was ob-
served and the grain size was quantitatively characterized. The change of element content in austenite
and ferrite phase was measured. The effect of microstructure evolution on the anisotropy of volume
fraction of ferrite phase and low temperature impact toughness of test steels was analysed subsequent-
ly. The results show that with the increase of holding time, there is obvious accumulation, growth
and coarsening of austenite grain, accompanied by significant changes in grain morphology. The vol-
ume fraction of rod-like crystal grains with a/b value above 4. 0 dropped from nearly 20% to below
5% , and that of equiaxed grains with a/b value between 1.0 and 1. 9 increases significantly, while the
number of grains with size above 20 um increases rapidly. The prolongation of the holding time makes
molybdenum and chromium elements diffuse and enrich to the ferrite phase further, which leads to the
increase of pitting resistance equivalent number (PREN) value in ferrite phase. The significant de-
crease in the volume fraction of slender rod-like austenite crystallites is the primary reason for the im-
provement in anisotropy of austenite volume fraction and the increase of low temperature impact
toughness of test steel.
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Fig.1 Diagram of direction and section of the test steel
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Fig. 3 Microstructures after etching and software staining of test steels by isothermal treatment for different time at 1100 ‘C

(a)2 h; ()5 h; ()10 h; (D20 h

80 BN S G TE SRR B 2 b S5 o/ M EG BB R
3 7or . AN 3 oh R B P G AL U A5 A R 2% 57
3 6o} I 25 B 6D 4 4y Al A 2B IR O 3 3 7 B
Sl . . . A7 S S R 4
DN Vel 5 5% TR 5 AT A 2 B R 6 O
s ey M R R A 7 A 0 I o 1 4
< ¥ vy LRGN o M /v BRA AL A 3 P,

20024 5 8 1012 14 16 18 20 22 ay AN ER B A A GB,.GB,) . Al LLUE . bl

Holding time/h 3 N » .,
a5 6 ] f 4E K, — 9} T% 2 (ph
A0 2 1100 °C 4 A o ] 52 6 0 B LA BIE R W SE K, — 5y A& Cphase
morphology . PM) i ¥ Hy 4< 4% R 1] 3R 3848 5 [\ i v

Fig.4 Area fraction of ferrite phase of test steels by
isothermal treatment for different time at 1100 C *H ':P EIEIEI *E 73 ﬁﬁ' *ﬂ 'ﬂfa ’ EIEIEI ﬁ ﬂ% = ( grain morphology,



Bas s 1M 022Cr25Ni7Mod N XU A 85 il 45 il Ak B v () 4H U8 72 73

&5 £ 1100 °CA R AL PR [ B )5 SC B0 009 o Ay ARZZHZL (2)2 hs(b)5 h; ()10 h; (d)20 h
Fig.5 Microstructures of o and y grains of test steels by isothermal treatment for different time at 1100 ‘C  (a)2 h;(b)5 h;(¢)10 h; (d)20 h
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Fig. 7 Grain morphology results of test steels by isothermal treatment for different time at 1100 C

(a) proportion distribution of grain number with different a/b values; (b) proportion distribution of equiaxed grain number with different sizes
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Table 1

Content of element in ferrite and austenite phases and concentration difference between two

phases of test steels (mass fraction/ %)

5 h/1100 C 10 h/1100 C

20 h/1100 C

Element

Wy wy Aw W, Wy Aw Wy wy Aw
Cr 26.86(0.21)* 23.33(0.04) 3.53(0.22) 26.84(0.17) 23.54(0.15) 3.30(0.27) 29.96(0.08) 23.55(0.13) 3.41(0.20)
Ni 5.02(0.02) 7.89(0.03) —2.87(0.04) 5.04(0.04) 8.01€0.07) —2.97(0.04) 5.02(0.10) 8.06(0.03) —3.04(0.09)
Mo 3.86(0.01) 2.52(<C0.01) 1.35(0.02) 4.05(0.06)  2.58(0.02) 1. 47(0.04) 4.02(0.06) 2.53(0.01) 1.50€0.07)
N 000 0.287(0.005) —0.287(0.005) 0(0) 0.298(0.014) —0.298(0.014) 0¢0) 0.288(0.005) —0.288(0.005)

Si 0.19¢0.01) 0.18(0.02)
Mn 0.73(<20.01) 0.82(0)

0.21€0.02) 0.18(0.01)
0.74€0.01) 0.83(0.01)

0.18€0.01) 0.15(0.01)
0.75¢0.01) 0.84(0)

PREN 39.61(0.25) 36.22(0.09) 3.39

40.19€0.25) 36.83(0.11) 3.36

40.24(0.18) 36.50€0.21) 3.74

# The value in parentheses is the standard deviation of 3 measurements.
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Table 2 Ferrite and austenite volume fraction in different sections of

test steels by isothermal treatment for 2 h and 20 h at 1100 °C

' 2 /1100 C 20 h/1100 °C
Section Vo % V! % Va/% AV/ % Vo % V! % Va/% AV/%
| TD 44,74 55. 26 1. 37 45.76 54. 24 2.46
| ND 37.42 62.58 1.17 12. 42 38. 94 61.06 0. 85 8.68
| RD 49. 84 50.16 0. 80 47.62 52.38 0.62
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