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PN WIS Sk R4 4 Fe-Cr-Mn S A1 & 5L IR AFAN T - 601 *

# 1 Fe-Cr-Mn EXRFNM AR ILFRS

Table 1 Chemical composition of Fe-Cr-Mn-based stainless
steel powder (/%)
Cr Mn Cu Ni Mo Fe
17 8 3 3 1 Bal.

X MA $3 AR AE GSL1600X B4 1 o E 4738 K Ak
L, GRKELE 500 C, LRERRE 1 hs 43 BT MA WA
(PR M BB O FR T AR AR AR . IR KGR 4l
AR, THESEZE N 10 °C/min, R0 45 05 ke
BER A . B 4B R AE GWL-RY-60T B4 1 e &5 o
i PR 3 A5 A 2L AT BLR R be 4 (HPS) AR
], BeZiid iz 900 C, ke4h i 200 MPa; #f 51 HPS
REFR OBy R B SR S 45 A 5 L B8 45 BURE 1 ok R
1R A e

{4 /il HITACH-S2700 i %5 (SEMD M % MA
AR BTESFIRLE, W he 4l & e A2 R X Pert’
S-MPD #! XRD 73 {06t & 43 K F1 HPS [ A4k
I IBHAT A 0T, HET XRD EHEAL S MA RFEH 44
K it R RS A R e A8 B M ] Nikon-MA200 2 £3]
BEAN BB (OM) W% HPS ik FE RIS F s 56 T-Bil
FEORAEHE AL NP 85 1K (13 B A H HVS-50/50Z
Ho e [ORE BE I SRR 45 L . 7E CS R AIHL
A2 ARl B AT foe 45 R IR Tl PR, 8 oAy
JoUE 3 £ 3.5% NaCl HUf# i, DI 5 o0 5t , A Ak
thEkins, 2y thZe e Bl -1.0~1.0 V, 5%
A 0.5 mV/s; BAPTRE ISR IEH R 100 kHz~0.01
Hz, PHPUIIESE SN 10 mV IE5Z 3.

2 FER5H5MH

2.1 MA 312 i REh B9 2 3R F049 40

P 1 AN R B IR 1) MA K R 1R T 30 S o 58
SMATe PTRURIL: WFEEIE Y 4 R0 8 h i, K oK ROkL
{149 T 35328 3 38 A8 kg SIS R PR TR, 8 4 Jker 52 B
i A, ELBURE R AR A AT AR B8 . BT B
R PR R R 22 7 I (R RTA ST, i L 4
FLW], LEWTEE 4 h B 8 h 2 [A], ORI A A 0
TAARHR . U EE IS (A RE K A 16 h I, JORL T4k
MITESAFAESS A . RAR o A0 AR A8 HOK R SF ok 45 i3
WD o 4B EE I AL S 24 b, 0K E 30 5 W R
TR A AN F IR ERTE , R0 3 A — A8 %% ml I,
SVTF BB N () ZE K- F) 16 T 24 b INF, A8 B T e Ak
B o L I E R YA SR AT B T AN W7 48l A AE 5 K R PN 1 4
2, SR T R )1 7% Bt e 2 i HOIR 3l
HANTBEE S, (EESRRNESE Sk,

Kl 2 AR BE I TR R MA B K XRD Kl .
SERELM, Zid 4 h mAEEVTEE S, RO R gk
FAK Ca M) 4L, MAE 43.3° 3T 0 A7 AE 38 B 59 1
AT Cu(111); 4B M ZEK %2 8 h N, Hgrdioo
MIRTS IS8 T O, G b AR A — AR = AR A
I a(110). a(200)H1 a(211). WFFTIHISILHT, Bl mrfie
TS N () R0 186 00, MLA Ky ATk &5 44 v 4l oK it R E—
AL Ak AR T H A AR A S B A KR
H AR TG BE (14 47 78 AK A R T4 i e 2R R T
1) 5 A2 [ A B AR AR 24 0K ) 0 JE 1S 3l g 2 g
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Fig.1 Morphologies (a, ¢, e, g) and particle size distribution (b, d, f, h) of MA powders after milling for different time: (a, b) 4 h,

(c,d)8h, (e, ) 16 h, and (g, h) 24 h
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Fig.2 XRD patterns of MA powders after milling for different time

BRI, RAHERERE a ) BB 4T EE I )
QRELIEK A 16 h I, XRD % o A7 5 i i b 2 0 %
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S g B (1488 0 32 S e AR ORE 0 Ak R gt A B 2 11 388 i i
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AR 2 20 SRS MA KR R R RS, H
5 I AR T T8 A W AR 5 ST S U ) S A RN, . 55
JE R AR T 5 RS A e AR, A A SOy )

Bcos(0) =0.9 /L +4n sin(0) (D
Hb, B WIS R, 0 NRTHEIERI 172, A=
0.154 06 nm, L AEKRRST, n Gk As . AR
A1), E T AR B I T 462 T MAFE S 1134
AoRL RO T Gl i W AR i, L85 BN 1] 3 o . il
WEEEIS[E] 2 4 ho I, MA FE SR AR R ST 2924 16 nm,
X VPR A I AR B2 0.58% ;4 HIF R IR A] ZE K- 3 8 h
I, SRR ST N 2R 10.2 nm, fl A% RS B A 0.88%:
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Fig.3 Crystallite size and lattice distortion of MA alloy powder

after milling for different time
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930 ‘CZ[ali, DTA 2k 3= k& % 8 H 2212 1l ik
T, SR il J3E P TS T 2 ol v BB B T 5 1A 11 o 6 Ry
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1E 498 CH| 730 CZIHILAFAE 1 AN S R Ahieg, 4
a5 R KA BT AR, nT LA R %R
JESAE TR R T AAS, MA RBERAE T kA ) B
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Fig.4 DTA curve of MA alloy powder after milling for 16 h
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Fig.5 XRD patterns of MA powders milled for different time
after annealing at 500 ‘C for 1 h
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FEH MA TR T S5 ) A A DR Bl B A0 7 T AR
s HAN, MA JEFIo# R 8 78 00T LR MA
B ek R AT BARIAAR 2 AR AR R . MA F K A
HATR ORI e 2 AR i 3 SO i Re A v, XN I
JEAAE T MA B KB4 il AT — 8 305 8 ML 2P g
(At H A FARAEH

H BT MA RFEIR K R b AR AR A, K AN [
BFF BB N [] 4% A1 1 (& k0 R AE 500 CIBK 1 h, Bk
AL XRD Bi% WK 5 fro. ATLLE H, MA BiR&
i 500 CIBK 1 h JE¥ R AT Bk F A ) B G AR I AR %
A, PR EE AR VAR Ay Bk B AR B PG AR AR 3
TEITR A 2 A 138 K B A LI [ AN % 78 45
A DI BRI AT BRI AS [ A B B )
ZAT T AN [ RE (1 i b RS R A W A% ) 22 3100 [ 2%
PHOFE A R XY ZIR KA TR KR
OF A7 BP0 AH B R RS R0 it A R A 4 50 5 1
FOoN R BRI 1 h, 30K MAI6h &4
W AR KR E 900 CLA L, RFEM XRD 453
Wik 6 Frome LKL 4 5l K B & T 900 C I,
BREEARSE A AR Ny AR T IR KRB M 900 C HE g
£] 1000 CJ5, MA 16 h ¥ 3= 2l B IR 4 k. AR
A e T, ATIEFE MA Fe-Cr-Mn JEANERAN & 4
¥ AR AE 900 "CH 1000 °C 2 a4 HPS.
2.3 MA #RERET R HA L S ihE e

4 MA 8 h. 16 h # A B TH & e L H A AT HPS.
HPS 0.5 h il 7a 1 7b s, nTLAK

Y 900 C
I a—a
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Fig.6 XRD patterns of MA powders milled for 16 h after annea-
ling at 900, 930, 970 and 1000 ‘C for1h
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BI0 B AFAE MA BRI AR IA 7L, X R B SR A 7
BT MA FURL I3 22 (R 4 45 & IRAS « HPS
it v 4 8 ok R B 45 I AN 78 40 5 BUR 22 1 ) 25 1k
BB, LR 11 5 RD AR 22 (R B o 4R v e & L P
FER R GG I 8] 2 A 84 ok KB M R e 4 R FE ) 2
Tl WL =X o 78 BB AT J8 45 F1 5% 200 MPa Fl 4% 45 i 15 900
CAERTEO T, Bhedhint il 0.5 h ZEK % 1h, %
SEARPE R LSS R 7c R 7d B . &5 W], HPS 1
h 5 BRE P RIURE ) i 4 S T RS AR 4 0 O, (R RE
SR AT A A B S IR G LA o R P B R OK 2 R K 92
%) HPS HUASUR AT T K, MA 8 h ¥y Kbeghh
B EL) 95%, HAYERMER L2 5200 MPa; 1
MA 16 h # R e 45 HUbE I 3502 BRI B 4y — 2, I
BOR ERAT 97%, YEIREEEZ) K 5350 MPao % -[F]—
YR A5 40T 5 okl RS S i A 4l ) 7
BRFEZ—, —RINS, b, A a8
ol . & 8 M SEM 45 K W], MA 16 h B Kl sh
TRFE SRR ]S N T MA 8 bRy A B 45 ke 1k
RFe #, MA 16 h ¥y RS A M = T- MA 8 h
M ARG AT IR . XFECIE 7¢ AL 7d, ATRLREL,
MA 16 h B A e 45 A 45 1 1 B S PE B T MA 8 h
Ke i AP LS ¥ 5, MR, MA 16 h # oK%
SEBUR A E . O A A BT R A I TR MA R R R
CESUB I, EEE MA 16 h WK E— 0 Hope 45
BT RER 2 1.5 FT 2 h, [ 7e 1 7€ R o i TR &K
Fe 4k N 0] 5 be 45 AR O 4L 2. T LR IR, M T
Fegh 1 h kPO AL 2, IEKBeghift a4 1.5 F1 2 h
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Fig.7 OM microstructures of MA 8 h, 16 h powders after HPS at 900 ‘C/200 MPa: (a) MA 8 h+HPS 0.5 h, (b) MA 16 h+HPS 0.5 h,
(c) MA 8 h+HPS 1 h, (d) MA 16 h+HPS 1 h, (¢) MA 16 h+HPS 1.5 h, and (f) MA 16 h+HPS 2 h

PN o B, KT MA 16 h By K1 5, KRl i 1 h
KA 1.5 A1 2 h i, Be s POkt i) 308 B IR A H I
W

X MA 8 h Hl 16 h & H K (1 be 45 il i f df — D kAT
T SEM M2, 4l 8 frun. SEM 454 iR M,
MA 8 h 1 MA 16 h ¥ KEbedh 1 h Pl Fe i alokbs R~
VIR WRHOR S, o, MA 8 hoBy AR BEEE AR 10134
BRSFZ1 8 0.54 um, MA 16 h ¥ R B4R b 10 F 34 5
FRFZ 4 0.51 pm. K MA 16 h oK 5845 2 h 5,
FRARRE R R RS KT 5 pme 85 R R, MA
16 h iy ARGegE TR 1 h fEKE 2 h 5, eG4

WY SRR AL S . SCHR[1814 W, Ak kLA s 32X
M b PR BE I BRA . 255 B 7 A 8 45 S0, MA 16
h BRBeS 1 h JERAF B0 BB s, IR I BB
() iR RST,  3X06F SRAF AL e i sk 1 e R A A
] 9a 1 9b AN [H] HPS 44 & &8 F1 304 A
BEANARAE IR RELE 3.5% NaCl ¥ 1 oAk 27 A8 i B BT
VAR AL B2 o LE L. BHPTIE X L g SRR, MA
SE4y HPS J7VEHI 45 (1) Fe-Cr-Mn 5 B8 [CARASEE 4N 1) BHL
UGB 55k KT E- MA KR, Bfi%E HPS
INFIA] R RE G, Be 4 Bt I pi AR B B 5 oK, B
TR e P 386 5 o AR bl 2 PR X LR 25 SRR W . [FIFE HPS 4%

5 um

B8 MAB8h, 16 h B} K7E 900 C. 200 MPa % {1 F HPS 5 1] SEM JE 51
Fig.8 SEM morphologies of MA 8 h, 16 h powders after HPS at 900 ‘C/200 MPa: (a) MA 8 h+HPS 1 h, (b) MA 16 h+HPS 1 h,

and (c) MA 16 h+HPS 2 h
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Fig.9 Nyquist plots (a) and potentiodynamic polarization curves (b) of HPSed samples and 304 stainless steel

R, MHEE MA 8 h B KBedi &4, MA 16 h ¥y R Be4s
G BB R B R RN, il
PER AT L& MA 8 h ik j& MA16 h ¥ A, HPS I [A]
HO05ShEKF 1h )5, &4 BEMEESEM. BE
TR RN, X R KRS N ]S, e g
B A (T Tl kA T R o 4 BHPT S R AR AL 2 2 #r
MA 16 h ¥3 2K HPS 1 h &4 BN Bl 68 B 4f, #2300 304
ANEEAA B PR e s X AR A iR £k )40 G E s R
MA 16 h#32K HPS 1 h & 41 B J&§ i R 29 4-0.28 V.
I i L 25 20 1.43 X107 A-em ™

3 % it
1) JB L4} Fe-17Cr-8Mn-3Cu-3Ni-1MoC Jii &4} %4,

%) WA ARBEAT MU G A0 T SR A AR A I 44 K i ik
EEAEWNE K PG S RIEK 52 16 h U5,
PR IR ] 10 nm DUF, g AR S 3200 1%,

2) EAEAS 40K b Bk 3 AR AN AN S ok R 1 A
ROETER 2. AIKE) GRS &0, SEK
AH 2y BB 1) B RGARAH (R 35 48 . DTA MR 25 LW, 1%
FIAR L AE 498 “CH 730 “C2IA].

3) KM B 4 A0 R 1 B 20K i 2k 2 AR AN 5 AN A
EHRARLE 900 ‘C. 200 MPa 5 FHAJERESE 1 h J53k
AN BB R ST 244 0.5 um; o, MA 16 h #
AR e 4l G 4 M phovk Re 82 304 ANEEAN I il Pk B,
HHBMAEEL N-028 V. HIEMAERZEEL N 1.43
X107 A-em™.
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Alloying and Solid-Liquid Reactive Milling WIM & &b 5

Study on Fe-Cr-Mn-based Ultra-fine Grain Austenitic Stainless Steel Prepared
by Mechanical Alloying and Hot Pressing Sintering

Sun Chongfeng', Dang Xiaofeng®, Xi Shengqi’, Li Jianping', Gao Yuan®,
Guo Yongchun', Yang Zhong', Bai Yaping'
(1. School of Materials Science and Chemical Engineering, Xi’an Technological University, Xi’an 710021, China)
(2. State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Fe-Cr-Mn-based stainless steel alloy powder was prepared by mechanical alloying method which is induced by high energy
milling. The milled powders were annealed and sintered via hot pressing sintering method, respectively, and their phases evolution,
microstructure and corrosion resistance were analysed. The results show that the Fe-Cr-Mn-based stainless steel alloy powder prepared by
mechanical alloying is mainly composed of metastable nanocrystalline ferrite phase. After annealing or hot pressing sintering, ferrite phase
transforms into austenite phase, and the transformation temperature ranges from 498 °C to 730 °C. The powder milled for 16 h is hot
pressed at 900 °C and 200 MPa for 1 h for bulk alloy. The average grain size of pressed bulk alloy is submicron, which displays high
hardness and good corrosion resistance. The hardness, polarization voltage and polarization current are 5350 MPa, —0.28 V and 1.43x10”
A-cm’, respectively.

Key words: mechanical alloying; hot pressing sintering; Fe-Cr-Mn-based austenitic stainless steel; microstructure; corrosion resistance
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