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Effects of Surface Bimodal Microstructure on Wearing Resistance and
Formability of 304 Stainless Steel

ZHENG Zhijun', ZHOU Chiyu', WANG Wenxiong', GAO Yan?, LI Hao’, CHEN Zhongbin*

(1. School of Mechanical &Automotive Engineering, South China University of Technology, Guangzhou 510641, China;
2. School of Materials Science and Engineering, South China University of Technology, Guangzhou 510641, China;
3. Guangdong Inspection and Quarantine Technology Center, Guangzhou 510642, China; 4. Shunde Diwei Stainless Steel
Products Co., LTD., Shunde 528325, China)

Abstract: The 304 stainless steel (SS) first underwent surface nanocrystallization treatment by high energy shot peeing, and
was subsequently annealed to achieve a wearability-formability balance through bi-modal microstructure (BMS) tailoring. The
microstructure of specimen was characterized by optical micrograph and X-ray diffraction (XRD). The wear resistance was
estimated by means of hardness measurement on the cross-section of specimen and the abrasion resistance test. The
formability was measured through the cupping test and forming limit diagrams (FLD). Results show that the surface nano-
structured layer on SS with about 125 pum thickness is obtained by shot peening under 0.3 MPa for 6 min, in which the average
grain size and hardness are about 36 nm and 353 HV.2, respectively, and the volume fraction of the deformation-induced
martensite is 50.2%. This nano-structured surface offers higher wearing resistance but lower formability. The annealing of
surface nanocrystalline SS at 650 °C for 30 min produces the BMS consisting 66% coarse grains with an average size of 1~2 um
and 34% nanocrystalline grains with an average size of 58 nm. Consequently, the surface BMS SS presents high wearing
resistance and high formability simultaneously.
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1.1 #HRHE

RIGARL A R 304 BRIAR S AN, b2t
BN 1. RN 60 mmx60 mmx
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Table I Chemical composition of 304 stainless steel (W/%)

Element C Si Mn Cr Ni S P Fe
Content 0.05 0.43 1.12 18.65 8.81 0.011 0.036 Bal.

Mg S5 e 171 B B 4 80~100 mm, W A7 B
90°, W{ALE S 0.3 MPa, WA 6 min, XMW
J5 BIAREEEN 2 BIHE 600 °C. 650 °C 1 700 °C #H4T
30 min IR KALER, RS, KK, SRIEHL
PG 22 BRI G R R B R AR

1.2 EHRER LMK
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R YR T DR G oY A N | 87y
[ (DIM) & =T HER I A Lk,
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Fig.l Optical micrographs of the cross section of the shot peened stainless steel under 0.3 MPa for 6 min and the shot peened stainless steels

annealed at 600, 650 and 700 °C

2.2 XRD #IH5#

P 2 J2 B e it AL IR S8 L5 2 AN R R R
KOFREERY XRD EE, Zeisd 1R AT 43 45 345
b O N % T K ) SR e P YA AN 1 25
RO S5, 2550k 2,

MFE 2 WTH1, 4 0.3 MPa-6 min BiL)G, AN
WFRECAFRN I A, SRR 20 36 nm,
BURT B IO & A, 290 50.2%; BEIR KR
FhE, SRLRCGHRIA N, AR OREAE 100 nm L
T, ULBHZESCTP TR AR K T2, SR

YK E B A B R E M. T IO R IR
KIRFETHE B T, 650 °C UL, BMET 10%,
A AR 15 i 140 G R Kot AN A T ot £ 5 i
JNUAT B T ALY R AR X A A T ol B B4 S T
FEAEH R TAE P O T 3Eanirost, JeARZ %
JE, WEALAN KA S S 55 A TR S T R
XS R R AR 1 & 5 IR ARG 56, ThiTE
ECAP W&l 8 AR GOR AT, BT SIK
& (FESE) AL 10%, K, ECAP 4k
b5 ARG AT P REAS B e, YLK



%6 4 HAEZE, 4. FEDOULEELERINT 304 NG I TH B A U A 4 5 i 17

1—As-shot speened

* —Austenite
111y * Martensite 2-600°C-30 min
3—650 ‘C-30 min
4-700 ‘C-30 min

3 (200)
2z 1 (220) 311
: (10 @] )(222)
£ 4] ) -
2 J @1
g "
2 |3 A hndne
(131) "
*
: L.“j\ N .A M P
n 1 n 1 " 1 n 1 L 1 L
40 50 60 70 80 90 100

20/ (°)

2 WEALRAE IR HIRFEZE 600, 650 F1 700 °C 3R KFE Y
XRD &I}

Fig.2 XRD patterns of the as-shot peened specimen and the
specimen annealed at 600, 650 and 700 °C

R2 BAERBAEETEERERABHFHERR T,
DRESEMEE
Table 2 Average grain size and volume fraction of martensite in
the as-shot peened layer and shot peened layers annealed at
different temperature

Paramter Value
Shot peening 0.3 MPa-6 min
A i 600 C- 650 C- 700 C-
nneating process 30 min 30 min 30 min
Grain size / nm 36 42 58 96

Martensite content  50.20% 17.80% 6.40% 4.80%

Hardness / HVo.2 353 338 325 303

UAFEMEAFRER A )S, SRASERET
W, AWMt A 2%, BB TR
RLARAEE

2.3 TEE R EM

AR AH AR XS WAL R PERE R SR, B
W ALF T 60 pm TRAL FRF BB N AN 280 HV,
H R AR BE4R 5 100 HV DA s WEILE | AR
P 2R REA/NT 70 um. MR A, BEALL
T2 ILIG 2 600, 650 F1 700 °C iE K 30 min
S AT i R R AR A R AN 3,

MIE 3 AT LA, FERREREZ)Sh 175 HVoa,
FEFEAARTE 2 55 100 HVoo b B R 24 125 pm, Wk
UL, MRS FRFRME, 0.3 MPa-6 min WAL T 278
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Fig.3 Dependence of hardness on distance from the surface of as-
received, as-shot peened, and the shot peened stainless steels
annealed at 600, 650 and 700 °C
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Table 3 Wear resistance of as-received, as-shot peened and the shot peened stainless steels annealed at 600, 650 and 700 ‘C

Specimen

Original weight/ Weight after grinding/ Weight lost/  Average weight loss,

Wear resistance, Average hardness/

g g g AWl g (1/AW)/g™ HVo2

5.7581 5.7196 0.0385

Original sample 5.7602 5.7240 0.0362 0.0374 26.76 175
5.7721 5.7347 0.0374
5.7345 5.7159 0.0186

Shot peening 5.7501 5.7344 0.0157 0.0170 58.94 353
5.7699 5.7533 0.0166
5.7109 5.6863 0.0246

600 C-30 min 5.4997 5.4737 0.0260 0.0259 38.61 338
5.7594 5.7323 0.0271
5.7549 5.7213 0.0336

650 ‘C-30 min 5.7705 5.7384 0.0321 0.0322 31.08 325
5.6509 5.6201 0.0308
5.5586 5.5195 0.0391

700 ‘C-30 min 5.6091 5.5705 0.0386 0.0399 25.04 303
5.6676 5.6255 0.0421
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(a) As-received sample (b) As-shot peened sample

(c) Annealed at 600 C
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(d) Annealed at 650 'C

(e) Annealed at 700 'C
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Fig.4 Macro-visages of as-received sample, as-shot peened sample and the shot peened specimen annealed at 600, 650, 700 °C after cupping test
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(a) As-received sample

20 um

(c) Annealed at 600 C

(d) Annealed at 650 'C

(e) Annealed at 700 C

5 Jsthaisee, BOLBURE LI IBALG P22 600, 650 K 700 °C 1B KIRFEAETAR MR PIERTITER K SEM ROWIE
Fig.5 SEM images at the top of as-received sample, as-shot peened sample and the shot peened specimen annealed at 600, 650 and 700 °C

after cupping test
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Fig.6 FLD patterns of the as-received, as-shot peened specimen
and the shot peened specimen annealed at 650 C
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258 58 nm, KRR 34%, XTRE 7(a) 9 B
X XHETHEBIEE, B 7(b) P Eyd iR
TEHT R ORI STFE 1000 nm LU 1Y di hE
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KBS, SRR ] o KRR A TS, i
Wk R AR A KK, IR PR K T AL
YRR RLI N, DTTT IR SR 454 v ) 240 b
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Fig.7 Surface morphologies and EBSD orientation map of the shot
peened specimen annealed at 650 °C after cupping test
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