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Abstract

In order to study the effect of C-xFe;03 on the microstructure and mechanical properties of powd-
er metallurgy high manganese non-magnetic steel, the high manganese pre-alloyed powder, elec-
trolytic copper powder and a certain amount of C-Fe,03 were mixed, and then gradient process
sintering was carried out in a mesh furnace with sintering atmosphere of decomposition ammonia
(N2:H; = 1:3). Finally, Fe-18Mn-3Cu-C bulk alloy was prepared. The microstructure and mechanical
properties of the sintered body were characterized. The results show that the microstructure of
the sintered alloy is composed of austenite matrix, copper phase and manganese-rich phase. With
the increase of Fe;03 content (0~0.8 wt%), the density, tensile strength and total elongation of the
high manganese non-magnetic steel increase first and then decrease. When the mass fraction of
Fe;0s3 is 0.4%, the density reaches the highest value of 92.67%, the tensile strength and total elonga-
tion are 581 MPa and 8.1 %, respectively. The calculation shows that the tensile strength and total
elongation of the high manganese non-magnetic steel increase by 9.4% and 66.7%, respectively,
with the addition of 0.4wt % Fe,03, and the strengthening and toughening effect is remarkable.
This shows that during the sintering process, Fe;0; powder has a reduction reaction with free
graphite C and H; in ammonia decomposition. The sintering process of alloy powder is accelerated
by activation, and the homogenization of Mn is promoted. At the same time, the closure of pores is
promoted, and the density of the alloy is improved.
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1. 518

5 il JC #G AN (Fe-Mn-Cu-C) FE A FLAE SR T HA e B IRIR AL R[], ERLIEAZIE, Wy, #3
AN Tk Ay RN, JEHRAE S 0m ik, WK ARG E . TR HH . fERER
Fe A M i 91 20 10 3 T TR S5 00 T A 1 RE 20K B i [2] [31 FR T80 T 2026 77 1 v A B0 P RE AR X A2
o, HAT T bR Ay AR O EE, JRT, Heid T ZRekes, N TRSEEAR[4], Jf HAER IS
PRSP LR B2 (MBS, BRARID (A7 1E 23 BUE i TCREAR I RO G 7 3Rk 1) 2 DA B, bl i LAiHG 2
AT AR TCRE AL R AT 1 AR5

MR EBORN I EATGE e BM . 7ok e R s 85— R, W TR
A 7 A GG T IR A LN L VA TE ik & (AR S A A, DRI T 6 52 EV SR SEARL 6] [7] [8]. JUH:
&, BRI SN TRl AR s e KRBT, DR 1 JEREAN A I A, DR LA JE A 1 6 401
A B R R RN AT 5. ART, AR TR ARG el R RN R T FE 2R Lo

DOI: 10.12677/ms.2021.114045 376 PR R


https://doi.org/10.12677/ms.2021.114045
http://creativecommons.org/licenses/by/4.0/

RBH 2%

Pl Fe-Mn-Cu-C N H &4, Hrh Fe AfkocE, C. Mn A KEKAKXICE[9] [10], Cu Al
R EREUE A KRG R R T TR, LSRR S SIS . A T RATReE % Mn o3 1R 5%
ML, Mn JTELL Fe-Mn-C Ti& & HIERMA[11]. MAh, 25&%E Fe-Mn-Cu-C &4 FiHHE L E Mn
() 5 BAE B R BRI E, BT 7 B AT 8 C-Fe 05 Ak, Hrr il Fe O B AR AL 7 B A7 SR AN Hy ib i
Ja BAEWAER, IS SRR S A BT R ER, HEABTIEMEIGE Mn 19 HL,
WA S, PG SRt @ 7E B AR s O & S h i &= 1) C-Fe,03 Hi AL AL,
KARTT Fe O3 fER R 1A 4 T2 IR A5, LLA Fe,Os TN N B S5 v 4 T AR ROV ZEL 4R 5 AT LA ek B 1)
R, AR R T AR TN T Ria & T2t — e e S = .
2. i
2.1. MR

BRI & SRR 2 1R HbR & 285 N : Fe-18Mn-3Cu-C, H = & &4 (L C: 0.6 wit%;
Mn: 18 wt%: O: 1.15wt%; S: 0.0059 wt%: &4 Fe)t5 Cu ¥y i, Hrpfilaekkist <100 um;
HLfA Cu ¥y, FREDBUKT 99.8%, ¥yAkkifd <75 ym. #ALHLFIE > A: 0.3 wt% C-xFe,05, Hfy
C oy, B HRT 99.8%, #AKifE <50 um; Fe,03 83 A, Jli /3 HUAT 99%, ¥y A K42 <800 nm,
JR 5T EL x L 0~0.8 Wt%eya il . BEAh, FRINT 0.6 wtoolr] F il A ke i 711 o

Table 1. Chemical compositions of the sintered samples (wt%)

*® 1 REHERRTE

Base material alloy (wt %) Activation (wt%)

Lubricant (wt%)
pre-alloyed powder Cu graphite Fe,0;
96.1 3 0.3 0 0.6
95.9 3 0.3 0.2 0.6
95.7 3 0.3 0.4 0.6
95.5 3 0.3 0.6 0.6
95.3 3 0.3 0.8 0.6

2.2. HEElE

¥ 1 IRERCLL S, BRI KT TR, JoE V BUEMYL LR 0IRE 2.5h, KRG TH
RAEWES], JFAESFN NoHy = 1:3 BTy i gE 7k R e ah . bedh T2 BN S0l FE hoin#43) 550°C
£RIE 20 min, 2RSS INFAE] 900°C fR¥E 20 min, FHFHE] 1200°C #7545 60 min, FEEREFAHIBIZR. L
TSI 1,
2.3. MEREM

P4t a1 & S FE i ARYEE K GBIT7963 (Jhesh & @RI AV FEIE i A &) Bl EE) AnviEsehn T H
FrAHREE, PR AR ST W 2, NSRS, SR 4T B, Jais, SRR
Rkt HE AR A 4 RE S E 3 BE s SR Brucker D8 ADVANCE %Y X SR ATHIM R A4 4 FE S R AR
R, HhEEK N 0.020)s, HHTERES 20°~120°; J5RF A% MRS BRIAS R4 6 TR RE i 2 T g
1T, A Leica DMI 3E-R4:AH S8 1 NOVA NANOSEM 430 BUF i dads, WEtkest &4 R M
ML . K CMT5105 2475 fehi kIS LI A Sk i i = B v ag, HA in#aE %8 1 mm/min.
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Figure 1. Sintering process diagram
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Figure 2. Size of the tensile specimen diagram

& 2. Rt AR

3. &R 51He
31 BRESENEE

3 NANFE ST 0.3 Wt%C-xFe,03 i I JE e il 4 A &M %, HEhZ T LUR H, b & &M% R
F Fe,O3 &M 2 H T+ m G FRIRAEa S . I IN Fe,05 i & 0L 2] 0.4%00, &4 2ILH R
KIIFCHEFE 92.67%, LitHIbn &4 %3 Ny 7.195 gem 3. i8] 0.3wt%C-0.4%Fe,0 i L FI1E s
WA e gt i R PR B B R TS A B o Ak, E T 54 Fe,05 #3 (<800 nm) fFIky ACKLEE LU FE R (<100 pm)
N 10° HrE g, MUk, VAL RERE G RO IE TS SIS A K ORI, SECRMS 4 BEARORL 2 18] R K]
B, MIMAE—EREE L3R TR RS T . (Y Fe,0: MR S BT Z i, TN Fe,05 K IR 5 K
ABKHARIRER, W EHRS T A SMREBENAT N, [ERRESASME K. o, dEr
4l Fe,O3 MTELELE i FE IMR MEME MR &30 R, 7E& &Pl LA R i A (e, 35510 h%
SEAE IV TERE .

3.2. MLALR
4 AT A iET) 0.3 wit%C-xFe,O5 Us N Best il % &4/ XRD Kit. WRIEH, 5 Fh& &t

=
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Figure 3. Density of alloys prepared by sintering after addition of C-xFe,O3

with different compositions
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(@), (b), (c), (d), (e) the mass fractions of Fe,O3: 0 wt%, 0.2 wt%, 0.4 wt%, 0.6 wt%, 0.8

wt%, respectively

Figure 4. XRD patterns of alloys prepared by sintering after addition of C-xFe,03

with different compositions

4, REIRS C-xFe,0s TN keEEHI & &/ XRD EiE
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] 5 ARSI C-xFeOs e & & MIe R KL, IWEHRATLUE H, Cu JCRIEAR SN e A
PH, FERCE LB Cu A, T TP 45 IR 5 1200°C, MR ¥ Fe-Mn-Cu #HEI[12], 7E 1200°C
i}, Cu 7E Fe-18Mn HH[[EIVE EE LN 7 Wiv, izt KT AHF 8 et & 41 Cu 75 5(3 Wid),  [RII 1236 /%
BT EIS A 5(1083°C), ULTEmRFELE T, Cu S LLRARTECER, ik, ZEREJE At fed, W
A Cu R Cu SR T 1A 8, AIMTE H b5 & & p T & 2 BA SR rfE . thah, X FhibRahaAe b s
WS EG R NEL AR AL, R A b K S . RIS, YA Cu BP= 2R [
THES AT REA R TR R b FLBR &I, SR JEAE I Hy B 5 BB AR N, AR T AR A
FUA Fe O B 11134 5 o [F]EF , 7EAN HIFLIG R BBl 1) B X3 & 44 Min JG 3 F1 O JG 3, 1 Fe JeR R =,
PRAE S AH S REVE AT AW, A T RE R AR AY), XULas R p E e R R AR T 28RS, TESLIF A E
HEnE TR O KA RBIERL T &Y. X & SAx RET 5% & &M AR MR XRD far i 2.

Kl 6 45t T AR LS C-xFe 05 NI G R4 il s & &S 2. IERT AN, &S E SRR
BIRIRHL, &EMAMNS XRD 2558 —5. M E R IUAE B IC A = S T o A D LB, X LR
HFEAE FeOp MUREAEIIGIN, EIHILRADEHZ IR, X2 H TIEREVIHTh, B b h
ST AW B, 2 BORFLBRRE 56 42 40 B 0 /INLIR, FERSSE AR, FLBRTE SRl EANSL, mZBfE
pngtAL . HEIRTLUE H, Fe05 MR N 0.4%kest & 4 LB />, HALBRE MR EAL, X0l RE2 H
TH AT Fe O3 S A E TG M RRBKLII I AL, BEE R I 2 Fe,05 M Bit I i Fe ¥p, & )5
JE R TR AR RG22, HILRiRimim /N TR A Sk, Bk, TEkesd fE bl R4 Ik
FEA . MAL, EETER Fe MTE RN A AL B— N S S AR L, KON T HR T 19 B8R 2
FERA G R R, X SESR T 5 AT B, 7R S R AR - DO T Bebe 4 30, I T e 45 5L
AR, AR T ILBR M BRI . 1Y FeOq I R UK 20, Wl HE T BURK AL &) M1
K, fERELEIT S BN Fe,O5 Bkt AR, fEReSh iR P ARMERL 58 I8 5, AERRES AR 5 T8 2k
iR, FH SRR E A 2 BONTETEBLL0IR, AR 12 e R 1% .

_ S0pm
(a) SEM image; (b), (c), (d), (), (f) EDS mapping result of Fe, Mn, O and Cu, respectively

Figure 5. Element distribution of sintered samples without C-xFe,05
[El 5. RIRM C-xFe 05 FFUFRE IR TES
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(@), (b), (c), (d), () the mass fractions of Fe,O3: 0 wt%, 0.2 wt%, 0.4 wt%, 0.6 wt%, 0.8 wt%, respectively

Figure 6. The microstructure of the alloy prepared by sintering after adding different components of C-xFe,O;
activators
6. NEIRL ST C-xFe,Of SE TR MG HRLEH FE& SRS HEER

L 25pm 1

Figure 7. SEM images sintered samples (a), (b)the mass fractions of Fe,O3: Owt%, 0.4wt%,
respectively (Austenite matrix (A), Mn-rich zone (B) and pore (C))

7. Bi57 73 C-0Fe;03 5 C-0.4Fe,0; HYIREE S € SEM B (BRERIFEKF(A), EHEX(B)AK
FLER(C))

7 SN C-0Fe,03 5 C-0.4Fe,05 [IHE4E &4 SEM K. A %0, AN T 0.4wt%[1) Fe,05 3 & 4
B R XIS B T RN Fe,05 M6 4, X Ui BHTMAN Fe,O5 3 VR NG B T FEAS 4 7o R 28 R 31,
HARERNIE A fERegiidfirh, bedt T it Hy i Je A [a] frd e ik N AE IR ) A, IF 5 AR b ()i
B B ILEE R Fe,04, B JRITFE N Fe,05—Fes0,—Fe [13]. FINFHEN N BB H, 2 5B TR LA N
AU B AE B CO, Al HO, FEil I FE R Hh diE HE . B TG & 0.4wt%[1) Fe O TG B 4T Ak Hh 73 A
TETG SR AR IR AR (8], [ER TG S8 R 2 AR B — g s, AR p sl in, =2
(19 Hy v LLE B P, 3505 B8 R0 S BRI, AR Hp BB EUSCR BB 2. [14], BRIKT A4
FARFE A, #E—P O 5 Mn JTEIENR S, FEK 74 S AR L. 3 —J7 1,
A S W AR R 2 18] DA REEAEFLBR AR M TN Fe 04 AR, (RS FE A T A A I R N A il T
YN EEVE R Fe ¥, SXTERREE I I — N RIS AR BE, 3 s i) 25 0k BE 0T TAE TG Sk
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B Mn JeR HFLBR 2R BGRBIBEAS FER, Mimiikb T EEXE R, #ooRamEs. [Fi,
W JE G EiE A Fe #r, EAR KRS LI T IR FHOY 8Os ae, ik TR ECEL.
3.3. NEMEENHT

K 8 N&BLh &SR RE TR SR AW S KR AT L E . FTLAE Y, g i RE R o B R0 i i i
KR A W Fe,O & B3 In RIS TG &R, 2 Fe,0: & &N 0.4 wtol, FHhiffi:ae
ER T Al . XEEE E IR BN C-0.4Fe,05 WAL IS IN G Be4s 1) & & & B B fe s, FLBRE /> H.
TR, & S A S5 I I WA X 3 i /b BT
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Figure 8. Tensile strength and elongation after fracture of the alloy prepared
by sintering after adding different components of C-xFe,Os

8. FRIFST C-xFe03 NI IREEH& & SRR R E FIRT R E

S0pms 10um

Figure 9. Tensile fracture morphology of sintered alloy with component C-0.4Fe,0O5
9. JERST A C-0.4Fe,05 HYKREE & & hi T O 2SR E

K 9 g C-0.4Fe05 RGeS & it RS . & a A, A2 EEPERE & e IO B A Iy 1 2300
R RN — (W20 83 BORTRIA, e RETERRIN, WTHB A 12 BRI N B B . BBAh, AR B
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B B D R Bl AR A AE T R T, AR R0 63 ) P m L B IR NS . AR CRIE b
AR, RN E LSRN AR, HOCH ROk SR BRI TN RS A, T S L 2R
I ARFE IR PITERRRE . sAh, B b W R DXl TR B A AU S A, X
RAPHEEAE AR T, &eW KREMHE D E TN IR . UL XS MW R,
oSN R AL PR S E s S W SEE RV

454 L0 HAT AL C-0.4Fe05 I SA Fe,0r BN R CREN I e S 1 — € IV AL/E A, il
TR FeOg M R PRAR A Bz it /N T & by RHPHLAR, EIEJR Hy “UR AL S AT, 5
WL S R RE R Fe by, Bt 1RSSR AR, 196 Sl R be 4 BUE LA e Tt
AP fof o EE AT J A Rt BT . 5 — D7D, AERREE I RE R, AT AR SLERAE A AR AL S I
FR D, ULRTE B i S Rk FE X T % & e RN S0 A, 15 5 6 DO W Rk, A8
Iy AN A], T Fe,Op Fi thAl FLERIR A I HAf T 2Rk . FLER B D ANERAL, B o 1 KL 44 (8] (Y
ML GRIE, kb 1 S FLES Fir i B P9 N 7748 R 52 A RHK B 22 [15] . PA_E I SE [A R AEAS- A8
C-0.4Fe, O (M= AR JCHEAN K /0 2 VE eIk B e

4, g5ig

1) &N C-Fe03 X1 ARt & i ICREAN A AL A K, AN R JCHEAN A LG R 7 2E
SO o AOW AR T ey Sl IR B A AT B AR AL, T LD B LR e R AN LR 3 23 A TS IR
B R AR SRL AR AL

2) C-Fe 05 H A Fe 05t Xt i i AN IR A5 A — € MITEALIE R, REMSAEIR SR Hy U AL 7 28
BREIERIR S KRR e A O RN B S B, D S R DO R, (RS B en RN A
PR 70 3R AR N 2] o

3) BEEMAN Fe,0s &ML, G e HfLESERADEIE, &&= X sdre 2%k
D JESE NS, &R A TERE TS P SN E PRI S, 2 Fe,O5 Y 0.4Wt0%0H, i fi!
JIEEVEREA B ORME, U5 P AT S5 (K 22 5353 4 581 MPa 1 8.1%, HBURN NN Fe,Oq M3 FRIATE it 43 73 52 5
9.4%71 66.7%.

&E 3k

[1] Falodun, O.E., Oke, S.R., Okoro, A.M., et al. (2020) Characterization of Cast Manganese Steels Containing Varying
Manganese and Chromium Additions. Materials Today: Proceedings, 28, 730-733.
https://doi.org/10.1016/j.matpr.2019.12.288

[21 ZKA, S%, K&, & TN TR R E SR p & R B EE[I]. T RTA 4, 2014, 22(1): 1-7, 12.

[3] Ma, Z., Gao, M., Na, D., et al. (219) Study on a Biodegradable Antibacterial Fe-Mn-C-Cu Alloy as Urinary Implant
Material. Materials Science and Engineering: C, 103, Article 1D: 109718. https://doi.org/10.1016/j.msec.2019.05.003

[4] RBUR), XIHiE, BRR%. MARBE S LN Fe-25Mn-xCu-C AR 5HEENT T[] By R1B 4Tk, 2019,
29(1): 28-31.

[5] . s LN R R T [I]. # R4 Tk, 2017, 27(3): 72-75.

[6] Ty, sk, x4 WA KBS RELIVRI]. tH5E B4R, 2017(13): 8-10.

[7] Idris, J. and Kabir, M.A. (2001) Powder Metallurgy Development for the Production of Metal Matrix Composite. Processing
and Fabrication of Advanced Materials, Vol. 8, Singapore, 8-10 September 1999, 921-931.
https://doi.org/10.1142/9789812811431 0108

[8] Ei Mann, N., KI Den, B., Wei, G., Rber, T., et al. (2017) High-Entropy Alloy CoCrFeMnNi Produced by Powder Me-
tallurgy. Powder Metallurgy, 60, 1-14.

[0 i &EARAIM] kst A Tk iR, 2011

DOI: 10.12677/ms.2021.114045 383 PR R


https://doi.org/10.12677/ms.2021.114045
https://doi.org/10.1016/j.matpr.2019.12.288
https://doi.org/10.1016/j.msec.2019.05.003
https://doi.org/10.1142/9789812811431_0108

RBUH 2%

[10]

[11]

[12]

[13]
[14]
[15]

Tasker, J. (1982) Austenitic Manganese Steel-Fact and Fallacy. Intermountain Minerals Symposium, Vail, 3-6 August
1982, 3-19.

Sainz, S., Martinez, V., Dougan, M., et al. (2006) Sinterability, Hardenability and Mechanical Properties of Mn-Containing
PM Steels through the Use of a Specially Designed Fe-Mn-C Master Alloy. Advances in Powder Metallurgy & Parti-
culate Materials, 7, 95-108.

Cui, S. and Jung, 1. (2017) Thermodynamic Modeling of the Cu-Fe-Cr and Cu-Fe-Mn Systems. Calphad, 56, 241-259.
https://doi.org/10.1016/j.calphad.2017.01.004

R =, MARBEEBEIM]. JE5: w& Tk, 1997: 18-19.
AR, FrRKIB 4 Fe-2Ni-1Cu-0.6C & & 54k BRI 75 [D]: [ -L2Aie ], K¥b: i K2, 2014.

Jia, S., Xiao, Z., Wang, J., et al. (2016) Microstructure and Mechanical Properties of Nonmagnetic Fe-25Mn-xCu-C
Steels by Super Solidus Liquid Phase Sintering. Materials Research Express, 3, Article 1D: 116502.
https://doi.org/10.1088/2053-1591/3/11/116502

DOI: 10.12677/ms.2021.114045 384 PR R


https://doi.org/10.12677/ms.2021.114045
https://doi.org/10.1016/j.calphad.2017.01.004
https://doi.org/10.1088/2053-1591/3/11/116502

	C-xFe2O3对粉末冶金Fe-18Mn-3Cu-C高锰无磁钢微观组织和力学性能的影响
	摘  要
	关键词
	Effect of C-xFe2O3 on Microstructure and Mechanical Properties of Powder Metallurgy Fe-18Mn-3Cu-C High Manganese Non-Magnetic Steel
	Abstract
	Keywords
	1. 引言
	2. 试验
	2.1. 实验材料
	2.2. 样品制备
	2.3. 性能测试

	3. 结果与讨论
	3.1. 烧结合金的密度
	3.2. 微观组织
	3.3. 力学性能分析

	4. 结论
	参考文献

