2023%F F128/572%

BRI 1847 HiE FeCoNi F

s A ﬁ '- ‘i
IS Founorw [T =

e
ROREBIR S D MERERISZNY

SRE"?, RRE, BER, =287, THEE, KBE

(1. FEMHRERSEETHRE, | &Rt 523808; 2. KBTI KT geRSNTES K,

fEEEN:

SRR (1998-) , B,
T4, ARG EABHE
BEHEaEHhF MR,
E-mail: Xxia_zh503@163.
com

BIREE

86, BIffRR, BL.
E-mail: xiangwei.li@ceamat.
com

FEDZES: TG156
NERFIRED: A

W ESHS : 1001-4977 (2023)
12-1577-08

BEamB:

I EREEM SN EEMAR
EAINH (2020B0301030001);
T ZRB5 I eIFE L FBA
IME (2016ZT06G025 ) .
WimHER:

2023-03-02 WEI¥FS,
2023-04-03 WEHEITHS .

> 410014)

WE: RABOEXAN (SLM ) HARH&E T i Si@FeCoNiFEa S, BIISEM.
TEM. EBSDFIXRDOHT 7 RSBt FeCoNIS SHMMBLR S HFMHRERSN . ERE
BE: MRS RN RENBCCEIAR, FHRRR T H4.29 um, ZHIFEAHV 336, L
SRE1 010 MPa, fHRIKEL4%, 13470 CHAMIES, TRASEATEBEEERLRITERE,
TEMB T AENIBINFeE BB EY . Ni,FetHR BN IERTBAYERZHIEN, R4 h
B EREERZH13%, G2 FIIEEREHY 535, SimidASALEERT 759%, fl
SBEIRSEIL 514 MPa, 470 CILRATRFRRMEF S SALPr=4 T HKENIFelfr B8, FEAT
LR, BIFHESERENHNEXER, EEReaERE,

XEiE: PREE; BOLEXIAL; trdsalt; HMXIAL; HFMEE

PG ERIER- M TEUSR AR IFERTFIUESMMNEEERR, &
ERABIELR-1.5RZEVRESAFE218.314 I/ (mol-K)]. ERSFTEM3IEN
SR . RIS, IR BR “CEBEMMN , FEPEAasEtEREEE
BEMRSHEMEE. WEMREURMESE, EZRMRARN ZRE, &
FCrCoNitFIHE L =IRINFIRESIA800 MPa, HKZR70%, BERRRE TFREFM
IERMESIES, NEMEEZEMTFCrMnFeCoNimBa 2., A, EGHEW M
B, MBS HMRECHFCCEHFeCoNIhIBESRBRERIK, MARBRENR
320 MPa", BRHIT E{EREHMRIAISERRALFD o

NTIRSFeCoNIFBEEEAGRE, BIEIARAIMUERA . FrHsatigzs]
NPKFERENESSHRRNBRS . BOGEXREL (SLM ) BARERN—FhigHt
FHEHT, EFBEEIUBRESHERDRITINRELERERS, BT
SLMT ZEBENEANERSEESERETIUEEMLEAY . MuEEISLM
RINEIE T RRR T 13 umfl (FeCoNi ) AITIiASE, HEMMSELNTEEEEE
futs, MRBANUERLD TSR IREFRFANNOES, WMtk RaXSHyT E,
EREMEARERDE .

BHh, BIIRAIEEESSEABILIESEERE . WANSYEITEXTE
FIETRAIR T A7 uimAYFeCoNig®, 1IBXN IR BEAMAFIA=IB X R
B, FEklaEEERS (590 MPa) , ERTME T MEINTIEWKEED . BRIELZSh,
—LHZELIFeCONIE S NERMEGS, TINFESEMNT. ARIVESETE", Ak
SEEERCAEYIEE, BAEERE. BERATFULTENFIZSHES
SNMEREIEERREY ., Hith, TEFIEFeCoNISEESRMWEIHET, BT SED
PR HIERFA R ERAXE . T E B X TR BN EIEX IS AL A2 FeCoNi
BEHMUWAELIMADZNEERIRE. FL, AEERAECGEXIBHATZER
FeCoNig®, ARBITABRANET ZRFIEMMENEET, XEESBENR

E, REHEUT LR FeCoNIFIBEE SRISRIH -




F

‘i N, L3
{EE FOUNDRY Etgﬁﬁﬁ?—ﬁ

1 REMESEE

IR S EHIEHIFeCONIF B S IR,
R IR /934.8 um, LFRLD S9: 40Fe-15Ni-
45Co ([REDH) . d¥El, BMAETETTIRE
F180 CIRiE24 h, LURSEMITEFMERAIREE

SEFBHBD150EL 5 ik X IA 0 B 1% & Hll 2 FeCoNi
EBEiliE, ZEE BN ERH30 um, FEiIREF
BASSRERIF, 8857200 x 10°LAF, EiRik
FH30ALEEN, EMRFRM0 €. FBIIEHIAFET
228 BOEIhE200 W, FHEIRET00 mm/s, 3
[BJEE100 pm, ZE/Z30 pm, FIEHREERFEESEENE
E#67°, FHBIRER TUNEIFfR. XRRSIREEH T
470 CIRERERSE (05h. 1 he 2hFl4 h, =%) 19
ERpETIS LN

12
— 30 .
fas] \_l_l_l_/
4? -+
L ¥ 62 |

Bl AfEsERT

Fig. 1 Sample sizes for tensile tests
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Fig. 2 Microstructures of the as-deposited alloy
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Fig. 3 EBSD orientation maps of FeCoNi specimens before and after heat treatment
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Fig. 4 Microstructure morphologies of alloys with different time aging
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Fig. 5 XRD patterns of as-built and heat-treated FeCoNi alloy samples
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Fig. 6 Bright field images and EDS mapping of precipitates at different positions after 470 °C heat treatment
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Fig. 9 Fracture morphologies of FeCoN:i tensile specimens as deposited and heat treated
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Effect of Aging Heat Treatment on Microstructure and Mechanical
Properties of FeCoNi1 Medium Entropy Alloys Fabricated by Additive
Manufacturing

XIA Zhong-hu"?, ZHANG You-zhao', REN Yan-jie’, LI Yu-tong’, LI Xiang-wei', ZHANG Shu-yan

(1. Centre of Excellence for Advanced Materials, Dongguan 523808, Guangdong, China; 2. College of Energy and Power Engineering,
Changsha University of Science & Technology, Changsha 410014, Hunan, China)

Abstract:

A novel high strength FeCoNi medium entropy alloy fabricated by selective laser melting technology (SLM). The
effects of aging heat treatment on the microstructure and mechanical properties of FeCoNi alloy were investigated
by SEM, TEM, EBSD and XRD. The results showed that the as-deposited sample was a single-phase BCC solid
solution with an average grain size of 4.29 um, microhardness of HV336, ultimate tensile strength of 1 010 MPa and
elongation of about 4%. After heat treatment at 470 °C., white granular precipitates were produced at grain boundaries
and within grains, which was analyzed by TEM as Ni-rich NizFe intermetallic compound. The content of Ni;Fe
phase gradually increased with the extension of heat treatment time, and the maximum precipitated phase content
was 13% after aging for 4 h. The average microhardness of the alloy increased to HV535, the microhardness
increases by 59% compared with the as-deposited alloy, and the tensile strength increased to 1 514 MPa. The low-
temperature aging heat treatment at 470 °C produced nanoscale Ni,Fe precipitated phases in the alloy structure and
refined the grains, and the precipitated phases showed a coherent relationship with the matrix, which significantly
improved the alloy strength.

Key words:
medium entropy alloy; selective laser melting; precipitation strengthening; microstructure; mechanical
properties
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