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Table1 Chemical composition of 316L stainless steel powder (/%6)

Cr C Si Ni Mn Mo Fe

17.06 0.027 073 11.85 0.37 2.23 Bal.
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Fig.2 Sintering process chart
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Table 2 Sintering density and relative density of 316L

stainless steel sintered at different temperatures

Sintering Sintered Theoretical Relative
temperature/C  density/g cm™  density/g cm®  density/%
1100 6.794 85.48
1150 6.856 86.26
1200 6.888 7.948 86.66
1250 7.093 89.24
1290 7.203 90.63

Porosity/%
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TI°C

50 um 0.5

B3 ANIFR S Be st 316L AT T3 S FLIR F 4511 18
Fig.3 Morphologies (a~e) and porosity statistics (f) of 316L stainless steel sintered at different temperatures: (a) 1100 C,

(b) 1150 °C, (c) 1200 ‘C, (d) 1250 °C, and (e) 1290 ‘C
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Fig.4 Microstructures (a~e) and grain size statistics (f) of 316L stainless steel sintered at different temperatures: (a) 1100 C,

(b) 1150 °C, (c) 1200 °C, (d) 1250 °C, and (e) 1290 ‘C
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Table 3 Mechanical properties of 316L stainless steel sintered

at different temperatures

Sintering Hardnesss,  Tensile strength/ c
temperature/°C HRB MPa Elongation/%
1100 53.97 395.284 50.30
1150 55.88 408.472 54.83
1200 57.62 414.946 60.95
1250 59.23 417.745 64.13
1290 63.07 420.368 65.46
600
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g
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Fig.5 Stress-strain curves of 316L stainless steel sintered at

different temperatures
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Fig.6 Tensile fracture SEM morphologies of 316L stainless steel sintered at different temperatures: (a) 1100 ‘C, (b) 1150 °C, (c) 1200 C,
(d) 1250 C, and (e) 1290 C
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Fig.7 Corrosion mass loss curves of 316L stainless steel sintered

at different temperatures in 3.5% NaCl solution
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Table 4 Corrosion current density of 316L stainless steel
sintered at different temperatures at 1 and 600 h in
3.5% NaCl solution

BAK B BB K HEGEEBEPUE (53000 Q-cm?), Sintering  Corrosion current density Corrosion current density
it R T . 0 600 h JSIUZE Nyquist FElefrihy  (STRSrAWre/C  (WPAOTACmT (600 />10"A e
1100 7.580 8.996
ANAR TN IR BT K] p— °C I 4k
2|%ua$wm<m59bTmL 1290 ‘Che4h 316L 1150 6.776 8,520
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T JE5 st P R A, 2 T A I A Ak R 2224 1290 2.535 5.068
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Fig.8

Polarization curves of 316L stainless steel sintered at different temperatures in 3.5% NaCl for 1 h (a) and 600 h (b)
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Fig.9 Nyquist diagram of 316L stainless steel sintered at different temperatures in 3.5% NaCl for time of 1 h (a) and 600 h (b)
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Table 5 Impedance spectrum fitting results of different temperature sintered 316L stainless steel passivation film formed in 3.5%
NaCl solution
Corrosion Sintering R/ Qal n Ret/ Qi 0 R¢/
time/h temperature/°C Q-em?  X10%Fem? ! Q-cm? X10*F em? 2 Q-cm?
1100 13.88 0.00111 0.984 770.5 0.0004094 0.8633 2308
1150 7.919 0.000614 0.8028 1551 0.002463 0.7155 4130
600 1200 1 0.0004704 0.8764 2072 0.0003836 0.7932 8490
1250 9.481 0.001002 0.7186 6148 0.0004224 0.5905 13060
1290 7.608 0.0004229 0.7909 8111 0.001138 0.7627 14780
1100 6.483 2.216 0.8148 4545 - - -
1150 6.625 5.009 0.8 9741 - - -
1 1200 8.233 1.86 0.7862 33250 - - -
1250 8.155 79.44 0.8369 47450 - - -
1290 6.854 66.34 0.7698 53000 - - -
Ui 1100 Cheds 316L A G 4Nt Ji il P fE 4L 1290 °C of a
Pzt 316L REEHIE 2, 1 600 h J5, 1100 CHes: r 10} T
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R AN
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A, W 12 %, fERIE 600 h 5. U IR EEHELE I BV (vs.5CE)
316L ANEEAN AR A BUA M vdT: 1200 CRe4l 316L 10 ANREFEReSE 3161 NEENAE 3.5% NaCl il il A

AN AN 2 T H B OR B GOR E p s Ti 1250 A
1290 ‘Che4s 316L NEHHRII B4 bt HE
MFEYITE B . BRI 600 h J5 316L AR L 1A
& EDS JTERIMAME H, BRI Fe.

[ IS} 1] [) Mott-Schottky Hi £5
Fig.10 Mott-Schottky curves of 316L stainless steel sintered
at different temperatures in 3.5% NaCl of 1 h (a) and
600 h (b)
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Table 6 Passivation film carrier density (Ng) of 316L stainless steel sintered at different temperatures

Corrosion time/h Sintering temperature/‘C el F-m? € k/ % 10° Ng/ X 10%° cm™®

1100 0.722 12.52
1150 2.438 3.707
600 1200 8.85x10" 15.6 6.18 1.463
1250 6.39 1.415
1290 12.49 0.723

1100 110.9 0.08874

1150 124.2 0.07281

1 1200 8.85x10" 15.6 1355 0.06673

1250 186.0 0.04862

1290 399.6 0.02263

1100 C

1150 C

1200 C

1250 C

1290 C

Bl 11 AN[A)E B e 4 3161 AS54NTE 3.5% NaCl i H R 1 h 1) SEM JESR & EDS Jo K TH A
Fig.11 SEM morphologies and EDS element mappings of 316L stainless steel sintered at different temperatures in 3.5% NaCl solution
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Fig.12 SEM morphologies and EDS element mappings of 316L stainless steel sintered at different temperatures in 3.5% NaCl solution

for 600 h

Intensity/a.u.

Intensity/a.u.

[# 13 1290 Chesh 316L 44N 3.5% NaCl ¥ W 1130 600 h ff) XPS fE il

Fe2p3/2 a

Cr2p3/2

Cr(OH),

716 7i4 7i2 7i0 768 766 764 702 582 580 578 576 574 572 570

Mo 3d,,, c

MOO3 /\_\ Mo®
|

Ni 2p,

236 234 232 230 228 226
Binding Energy/eV

865 860 855 850
Binding Energy/eV

Fig.13 XPS spectra of 316L stainless steel sintered at 1290 ‘Cin 3.5% NaCl solution for 600 h : (a) Fe 2ps/2, (b) Cr 2pss2, (€) Mo 3day,
and (d) Ni 2ps2
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Fig.14 Influence of grain size on corrosion resistance of 316L stainless steel in 3.5% NaCl solution
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Fig.15 Influence of porosity on corrosion resistance of 316L stainless steel in 3.5% NaCl solution
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Microstructure and Anti-Corrosion Behavior in 3.5% NaCl of Warm Compacted and
Sintered 316L

Li Wensheng*?, Xing Jian', Zhang Jie!, Song Qiang?, Sun Yongjiang®, Cheng Bo®, He Dongging*
(1. State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metal, Lanzhou University of Technology,
Lanzhou 730050, China)
(2. School of Materials Science and Engineering, Shandong University of Science and Technology, Qingdao 266590, China)
(3. Gansu Lugiao Highway Investment Co., Ltd, Lanzhou 730050, China)

Abstract: 316L austenitic stainless steel samples were prepared by warm compacting and vacuum sintering powder metallurgy method.
Effects of sintering temperature on microstructure, phase and mechanical performances such as hardness and tensile strength were
investigated. The immersion corrosion behaviors of the sintered 316L austenitic stainless steel in 3.5wt% NaCl solution were investigated
by corrosion mass loss curve, anodic polarization curve, Nyquist diagram and Mott-Schottky curve. Tensile fracture, immersion corrosion
morphology and passivation film composition and elemental valence were analyzed by SEM, laser scanning confocal microscopy and XPS,
respectively. The results show that the highest sintering density (7.203 g €m™), elongation (65.46%), mechanical tensile strength (420.37 MPa)
and hardness (63.1 HRB) are achieved after warm compacting at 115 <C and vacuum sintering at 1290 <C, and high toughness with the
tensile fracture morphologies of ductile rupture, deep and numerous dimples is presented. In addition, the lowest corrosion current density
(5.068x10° A cm™), the carrier density (0.723x<10%° cm™), the highest charge transfer resistance (8111 Q-cm?) and passivation film
resistance (14 780 Q-cm?) of the sintered samples after 600 h immersion in 3.5wt% NaCl exhibit its very good corrosion resistance.
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