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Abstract: The effect of heat treatment process on the microstructure and mechanical properties of directionally
solidified Ni,qCo4,Cr,,Fe, Al¢Ta, sW, high entropy alloy was studied using X-ray diffraction (XRD), scanning electron
microscopy (SEM), and an electronic universal material testing machine. The results show that there is no interdendritic
segregation in the alloy after solid solution treatment at 1 200 °C for 2 h, and during aging process at 700 °C, the TCP
and L1, phases precipitate in the alloy; with increase of the aging time, the sizes of L1, phases increase while that of TCP
phases did not change; with the increase of aging time, the yield strength of the alloy increases from 511 MPa to 597 MPa,
which approaches the peak value of peroperty after aging for 8 h; the precipitation strengthening provided by L1, phase
is the main reason for the increase of yield strength of the alloy. The relevant results provide some references for the
performance control of directionally solidified high entropy alloys.

Key words: directional solidification; high entropy alloy; L1, phase; heat treatment; mechanical property; precipitation
strengthening; TCP phase; solution treatment; aging treatment
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Fig. 1 Schematic diagram of directional solidification apparatus
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Fig. 2 Phase diagram of the directionally solidified
Ni;5C0,Cry Fe, Al Ta, sW, HEA
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Fig. 3 Microstructure images of the directionally solidified Ni;sCo;,Cr) Fe; AlsTa, sW, HEAs before and after solution treatment
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Fig. 4 Microstructure images of the directionally solidified Ni;, ;Co;,Cr, Fe, Al¢Ta, sW, HEAs under different aging times
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Tab. 1 Compositions of each phase in the alloy after
aging at 700 °C for 8 h at.%

M#ZE Co Cr Fe Ni Al Ta W
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TCP 2612 9.02 8.09 3226 296 1423 732
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Fig. 5 XRD patterns of the directionally solidified Nis, sCo5,Cr, Fe, AlTa, sW, HEAs when aging for 8 h
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Fig. 6 The stress-strain curves of the directionally solidified
NijesCosCry Fe, Al Ta, W, HEAs under different aging times
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Fig. 7 The fracture morphologies of the directionally solidified Nis; sCo,,Cr, Fe, Al Ta, sW, HEAs under different aging times

A= %r(/%—l) (8)

e v AL, 1190.3; b ABurgers’kE, BEA
0.256; L, ALLBREESHNIEDE, EETEN
®X (8) ; LLIBRISITIREGC/H84.54 GPa'"™; V, A0V,
P A7913.59%7F041.89%; fIOTUENBIIRDEL Aoy,
Aoy, JOfEF37.74 MPal:A%2894.25 MPa, 18%/Ac, BN
379.73 MPa.,
WFaENREENE, EE2EEEFCC/TCPE
FRERL, TEARNT:
Ao1cp=A0, Vicp ( 9 )
XH: Ac, IEESHIFREBUE. Ao HITTERALL

FAR,
_ | Gbte L
AO-int_ I (1—\)) L ( 10 )

Trep= Tyt Tx (11)
k?
%= b6, (1-v) (12)
o= GFCC (GFCC_GTCP) ( 13 )
© 8 <GTCP+GFCC)

L b PBurgersXkE, EHH0.159; FAERBITE
¥, {E90.145 MPa - m*’; LAMEHEIRKE, EH
100 nm; 7o ARMEERE; , AR EIEZ B
E; wHKoehlerRN1J; G fHIE96.95 GPa; Vi HIE
H92.77%; REEIEHEE e IEI5.96 GPa; Ao, AYE



F

Vol.75 No.4 2026

sH [y ——
{EE Founory TGRS

79646.35 MPa; Aoy I ELER917.90 MPa,

Frasa L E R EXT LN B, &SR
SBE(E9662.63 MPa, I IGSLERMITSHIE 582 MPa,
1HZ80.63 MPa, XAJEERHT & EFRMEFETCPIEY
XIigJLFLLLE, SHLLBNERSHNRIHER
5. HERIUELEEEFLL AN REEAZREM

400 F
300
<
(=
=
& 200 b
e
o
100 F
0 L 1 L 5 i 1
O, o 0, 0.

0 s le TCP
E8 700 “CAIRI8 hE 3R TTRN
Fig. 8 The strength contributions for the alloy under aging at 700 °C for
8h

SEHL:

[1] YEHJ W, CHEN S K, LIN SJ, et al Nanostructured high-
entropy alloys with multiple principal elements: novel alloy
design concepts and outcomes [J]. Advanced Engineering
Materials, 2004, 6 (5) : 299-303.

[2] YANG X, QIN G, FENG L, et al. Development of high-
strength and high-ductility high-entropy alloys via directional
solidification: a multifaceted strengthening approach [J].
International Journal of Plasticity, 2025, 191: 104403.

[3] FENG L, QIN G, YANG X, et al. Simultaneous strength
and ductility enhancement in Co,,Cry;Cu,Mn sNi,, high entropy
alloy through fully coherent nano-precipitates [J]. Materials
Characterization, 2025, 225: 115113.

[4] FANGIYC, LIUW H, LUAN J H, et al. FCC-BCC phase
transformation induced simultaneous enhancement of tensile
strength and ductility at high strain rate in high-entropy alloy [J].
International Journal of Plasticity, 2023, 169: 103730.

[5] TANG X C, HOUYY, WANG CL, etal. Microstructure and
mechanical properties of CoCrFeNiTa high entropy alloy prepared
by mechanical alloying and spark plasma sintering [J]. Materials
Characterization, 2024, 210: 113826.

[6] YE X C, DIAO Z H, KANG H J, et al. A new strategy for
the design of triple-phase eutectic high-entropy alloys based
on infinite solid solution and pseudo-ternary method [J]. Nano
Letters, 2024, 24 (20) : 6117-6123.

[7] LU W, LUO X, YANG Y, et al. Nano-precipitates
strengthened non-equiatomic medium-entropy alloy with
outstanding tensile properties [J]. Materials Science and
Engineering A, 2020, 780: 139218.

[8] HUANG X, HUANG L, PENG H, et al. Enhancing strength-

FHEMZRANEG, BE R IEREEE R B EIL1ER

NeBaesEEEERE Y.,
+ A
3 gn 16

RBHARTHRLENEDRELLARUSHES
THRSNFMEERIRM, MizaEhREM. BH
PR NEMBEFRUNBHIT T DT, RELUTE
%0

(1) RV IEBRFEEEFHTEH T L1LEFDETCP
o, MEERTATEEIILLEI A, TCPE/LFARZE .,

(2) MERTMASEIAVIEIN, &EM/ERZEBER
511 MPai2F+ZE597 MPa, BIRUATEIEIIS hAT, A€M
HhEURENFRELK.

(3) IHETERZEMA. TUERAFIFCC/TCPR@
BUMEERENIE, EREE, TUTRUNTE
ERBENTHEKR, RPBIIHAMIBEIZELLBTH
AL &S HRERIKES .

ductility synergy in a casting non-equiatomic NiCoCr-based
high-entropy alloy by Al and Ti combination addition [J]. Scripta
Materialia, 2021, 200: 113898.

[9] DING XY, WANG W G, ZHANG H J, et al. Study on
microstructure and high temperature stability of WTaVTiZrx
refractory high entropy alloy prepared by laser cladding [J].
Entropy, 2024, 26 (1) : 103390.

[10] LIUK, WANGIJY, LIX, etal A new lightweight Al,; TiVCrCu
high entropy alloy with excellent strength and toughness after
homogenization treatment [J]. Materials Science and Engineering
A, 2023, 869: 144779.

[11] GAO X F, LIUT, ZHANG X F, et al. Precipitation phase
and twins strengthening behaviors of as-cast non-equiatomic
CoCrFeNiMo high entropy alloys [J]. Journal of Alloys and
Compounds, 2022, 918: 165584.

[12] HEJY, WANGH, WUY, etal. Precipitation behavior and its
effects on tensile properties of FeCoNiCr high-entropy alloys [J].
Intermetallics, 2016, 79: 41-52.

[13] HEJY, WANG H, HUANG H L, et al. A precipitation-
hardened high-entropy alloy with outstanding tensile properties
[J]. Acta Materialia, 2016, 102: 187-196.

[14] YANG T, ZHAO Y L, FAN L, et al. Control of nanoscale
precipitation and elimination of intermediate-temperature
embrittlement in multicomponent high-entropy alloys [J]. Acta
Materialia, 2020, 189: 47-59.

[15] LIUT, GAO X F, QIN G, et al. Microstructure evolution
and strengthening mechanism of directional solidification
Ni,sCo;,Cr Fe, Al¢Ta, s high entropy alloy [J]. Materials
Characterization, 2023, 205: 113302.



2026 HAH/ET5E

[16] LIU T, CHEN D Z, GAO X F, et al. Microstructure and
strengthening mechanism of non-equiatomic AICoCrFeNi high
entropy alloy via Ta alloying [J]. Intermetallics, 2026, 189:
109114.

[17] CHEN H Q. YUAN X T, REN W L, et al. A new single
crystal high entropy alloy with excellent high temperature tensile
property [J]. Materials Research Express, 2020, 7 (4) :
046507.

[18] HE J, ZENK C H, ZHOU X, et al. On the atomic solute
diffusional mechanisms during compressive creep deormation
of a Co-Al-W-Ta single crystal superalloy [J]. Acta Materialia,
2020, 184: 86-99.

[19] CHENSS, BAOL, YANGHT, etal. Study of microstructure

s A ﬁ '- ‘i
IS Founorw [T =

evolution and strengthening mechanisms in Mo, (Nb;TaTi,Zr) .,
high-entropy alloys [J]. AIP Advances, 2024, 14 (3) :
035244.

[20] SHIM S H, POURALIAKBAR H, HONG S I. Hierarchical
structured as-cast CrFeNiMn,;Cu,s high entropy alloy with
excellent tensile strength/ductility properties [J]. Scripta
Materialia, 2022, 210: 114473.

[21] BASU I, DE HOSSON J T M. Strengthening mechanisms in
high entropy alloys: fundamental issues [J]. Scripta Materialia,
2020, 187: 148-156.

[22] BASU I, OCELIK V, DE HOSSON J T M. BCC-FCC
interfacial effects on plasticity and strengthening mechanisms in

high entropy alloys [J]. Acta Materialia, 2018, 157: 83-95.

(%%, x| 4%, ldh@foundryworld.com )



