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Table 1 Chemical composition of 15-5PH stainless steel

(mass fraction, %)

C Mn Si P S Ctr Ni Nb Cu Fe
0.03 0.53 0.38 0.03 0.005 15.83 5.33 0.28 3.19 Bal

#£2 15-5PH NFEWILH T Z

Table 2 Heat treatment processes of 15-5PH stainless steel

Solution treatment Aging treatment
450 “C, 4 h, WQ
520 °C, 4 h, WQ
550 °C, 1 h, WQ
550 °C, 4 h, WQ
550 °C, 8 h, WQ
620 °C, 4 h, WQ

(1040 °C, 1 h, WQ)

M. BRAR HZ I RE D 20 mV/min, iy Sk
IEEIR MEHT, WRR L RRAESL L

SMUTESES

()
}
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Fig. 1 XRD patterns of 15-5PH stainless steel after aging: (a)
450 C; (b) 550 C
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| Fig. 2 TEM images of 15-5PH stainless steel after
aging treated at different temperatures: (a) Bright field
image aging at 450 C; (b), (¢) Low and high
 magnifications showing NbC and Cu precipitates; (d)
Dark field image showing reversed austenite and Cu
precipitates in martensite matrix aging at 550 C; (e),
(f) Low and high magnifications showing Cu
precipitates aging at 620 ‘C; (g) Bright field image

" showing reversed austenite aging at 620 'C
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Fig. 3 TEM images of 15-5PH stainless steel aged at 550 'C
for various time: (a) Aging for 1 h; (b), (c) Bright field and dark
field images showing the reversed austenite in martensite

matrix aging for 8 h, respectively

A2 620 CHZL 8 h J, 15-5PH ANEBAN (AT 5 K %
FIEAT A AERL, W] I 58 42 2Rk LA RN .
e P AERAR R I 2, Bl I A K, AT
1) e-Cu AR 22 IF R B0 A0 e B A, i 35 A
RIIPE T, DRI, R Rt R o T AR L
IR, Bt IO TR R, B T 4R 8T H e-Cu AH
245, BENTH e-Cu IS KK, B4 Ostwald #
tho BALIIIKBN 1R H T e-Cu IHTH A TIEZ 1



992 hEA SR R

201745 A

Cu/(Fe+Cr) S, %Ml H g B | T AR ikEs,
AT HERF SRS T B ARAR R A il fig, &7 Ostwald
A, Wi EEAEAT BT N ER e Ui, AERL R
JE& N NN b S T IS AR BRGSO R K A 1
FNEE, HIN R RO, R

44+ . - }‘ E
+—8h

é:é 401

% 36

i 7

- 32F \

Solution 27.8HRC
et Tuieiele el teleleteleletellatalele
400 450 500 550 600 650
Aging temperature/C

4 15-5PH AN L bt I 2L FEE PR AR Al 22
Fig. 4 Changing curves of hardeness of 15-5PH stainless steel

with aging temperature
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Fig. 5§ Polarization curves of 15-5PH stainless steel after

different aging treatments in 3.5%NaCl solution

&3 WRLC15-5PH AERENTE 3.5%NaCl /KR B Ak i 2211
SRR
Table 3 Electrochemical parameters of polarization curves of

aging treated 15-5PH stainless steel in 3.5%NaCl solution

Aging treatment Ocor/ V o/V Jp/(nA-cmfz)

450 °C,4h —0.148 0.194 412
520 °C,4h —-0.207 0.173 605
550 'C,4h —0.155 0.139 613
620 'C,4h —0169 0.181 574
550°C,1h —0.169 0.119 606
550 'C,8h —0.150 0.166 598

Kl 6 Fron IANFIE AL 15-5PH ABH1E
3.5%NaCl /KE I % AL T 1K) Nyquist Bl. HHE 6
AL, S BHPTIE Y A — AU R, R AR
TR T — =SB0 BB, AN b T A Al
IRZS, A RAFRm s bk g8 I 7 Bror
(4528 L B BRI EA TR0, A9 BN T BT S
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Fig. 6 Electrochemical impedance spectra of aging treated

15-5PH stainless steel in 3.5%NaCl solution
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Table 4 Impedance paramenters of aging treated 15-5PH stainless steel

Aging treatment Ry/(Q-cm?) Cg/(uF-cm ) R /(kQ-cm?) Cy/(uF-cm™?) Ry (kQ-cm?)
450 °C,4h 0.97 2221 70.92 16.88 1.66
520 °C,4h 3.12 25.06 49.01 31.13 1.56
550 °C,4h 1.74 25.15 48.18 31.45 1.54
620 'C,4h 0.86 2431 57.95 30.91 1.58
550 C,1h 1.76 41.79 24.24 39.21 1.51
550 °C, 8 h 0.94 24.20 49.88 29.24 1.56
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Aging hardening behavior and corrosion resistance of
15-5PH stainless steel

PENG Xin-yuan"?, ZHOU Xian-liang" %, HUA Xiao-zhen"?

(1. School of Material Science and Engineering, Nanchang Hangkong University, Nanchang 330063, China;
2. Key Laboratory for Microstructural Control of Metallic Materials of Jiangxi Province,

Nanchang Hangkong University, Nanchang 330063, China)

Abstract: The microstructure transformation, aging hardening behavior and corrosion resistance of 15-5PH stainless steel
were studied by XRD, TEM, HRC, polarization curve and electrochemical impedance spectroscopy. The results show
that the hardness and corrosion resistance due to Cu-rich phase have coherent orientation relationship with matrix when
the aging temperature is lower than 450°C. The Cu-rich phases coarsening and the reversed austenite are observed in the
specimen, when the aging temperature reaches to 550 ‘C. Moreover, the amount of reversed austenite increases with the
increase of aging time. So, the hardness decreases but the corrosion resistance increases. When the aging temperature
reaches 620 °C, the Cu-rich phases exhibit elliptical shape and destroy the coherent relation with the martensite matrix,
meanwhile, the reversed austenite continues to increase. As a result, the precipitation hardening effect disappears,
however, the corrosion resistance is improved.

Key words: 15-5 PH stainless steel; Cu-rich phase; reversed austenite; hardening behavior; corrosion resistance
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