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ABSTRACT Precipitation strengthening plays an important role on improving the mechanical properties of steels,
NiAl and Cu-rich phases are two kinds of common precipitates. This work aims to reveal the precipitation
characteristics of these two phases in martensite and retained austenite in precipitation strengthening steel by atom
probe tomography (APT). The hot rolled samples were aged at 500 ‘C for 1 h after solution treatment at 900 C
for 2 h, followed by microstructure analysis. The results show that NiAl and Cu-rich phases form in martensite
phase as well as at martensite/austenite phase boundaries, while no precipitate develops in retained austenite.
Precipitation was not observed near the phase boundaries in martensite. Equivalent radius, spacing, and
concentration of the strengthening phases at phase boundary are larger than that inside martensite. In addition,
NiAl phase tend to separate from Cu-rich phase, and the separated tendency becomes stronger at phase boundaries
than in martensite. Besides, the growth of NiAl and Cu-rich phases at phase boundary differs from that within

martensite, which should be induced by the defect
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S FHUTIE SR AL AL 2 A 2R 1 TR o KA 900°C ¥ 2h JE 7K, S00°CHE %K the FH LEAP3000™
HR BT HEREF AT ST R SRR T R A P S AN B A B R/ ) PR BT AL iR A AR PRI AT H AR e R IR A
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P43 #r. 38iZ MSEM (maximum separation envelope method) J7¥AU" i+ 5 HsBALM 25342 R, Hor,
SP (separation distance) 1 MN (minimum number) 43-5#JHX 0.3nm F1 60.
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Tablel Chemical compositions of the precipitation-hardening steel
Composition Ni Al Cu Mn C v Cr Mo Si Fe
Mass fraction/% 313 1.09 095 1.87 0.15 0.18 0.13 0.32 0.24 Bal.
Atomic fraction/% 293 222 0.82 1.87 0.69 0.19 0.14 0.18 0.47 Bal.
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Fig.1 Three-dimensional APT maps of alloying elements C(a), Mn(b), Ni(c), Al(d) and Cu(e) after aging at 500°C for 1h (M is Martensite, RA

is retained austenite, PFZ is precipitate free zone)
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Fig.2 One-dimensional concentrations along the arrows marked in Fig.1a (a) and 1b (b)
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Fig. 3 Two types of precipitates obtained by using iso-surface methods (the green regions containing Cu isosurface at 5 at.%; the red regions
containing Ni+Al isosurface at 20 at.% with analyzed volume of 52 X 52X 165 nm’) and enlarge figures of precipitates ppt1~ppt4 (each with an

analyzed volume of 10X 10X 10 nm®)
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Table 2 Average concentrations of main alloying elements in NiAl-rich phases and Cu-rich phases (atomic fraction/%)

o NiAl-rich phase Cu-rich phases
precipitate N
Ni Al Mn Cu
pptl 443+6.4 30.81+6.4 12.9+4.6 41.5+54
ppt2 41.7+14.2 36.4+14.5 16.71+10.8 38.9+8.2
ppt3 340169 27.0%+5.6 54+3.0 21.3+52
ppt4 33.34+10.3 25.61+7.0 17.2+6.4 25.5+6.4
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Fig. 4 One-dimensional concentration along the arrows marked in Fig. 3b-e, (a) pptl, (b) ppt2, (c) ppt3, (d) ppt4

(1 [ A Ni, Al A1 Cu FIPTIESALENEE K G TE S00°C AL 1h, FIH APT ML 25 [AAFI %
R CARPAIEAT, TR IR B BT A, S IO /FR 4 B8 P ST A R0 5 Ak 355
SERACAH AT, SR AR 1 5 IRRAETEAT HE ZALIX

(2) TR/ B IR A F T Ak (s B (i 3E 7 5 0 R 1 R0 SSORI YD, el 7 S AR O, Rt
F TR AL SR A A PR R ST R B R 35 K 5 EAAR R A A, (R B T A A AR TE O BRI
TS I A AR

(3)  AHFAMEAE Cu HA NiAL AT 2 SRR BT 5 [ & Cu AHFT NiAL AH, 102 R 8 S b
SR IR DR, & Cu MHTE foc S5MIMMTR R BLIRIA— 7% 5 BB K KL AR E 1 fec 45
P e-Cu, NiAlAHN bee 450, HHED KAE—MK K.
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