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Fig.2 LPBEF in-situ alloyed Fe-Cr-Co alloy specimens (a); laser scanning strategy (b); schematic diagram of heat-treatment procedure (c)
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Fig.3 EDS element mappings (a), mass fraction (b), and density analysis results (c¢) of LPBF in-situ alloyed Co-Cr-Mo-Fe alloy specimens
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Fe.Cr.Co Ml Mo 2 [A] 28l T 58 &M IR AL & Ak BEAh,
MIE4b T LUK HIL, BEAE Mo & & f R I, CRE A (110) RT 5
e [va) /R By o AT A% SE 1 23 BT AR, 2 Mo i BB

®1 ERLEFRMEEK Co-Cr-Fe 5 € RFHNRRER
Table 1 Lattice constants of in-situ alloyed Co-Cr-Fe alloy after

solution treatment (nm)

Lattice constant OMo 1Mo 2Mo 3Mo 4Mo 5Mo

Olpe 0.286 67 0.28695 0.28734 0.28754 0.28809 0.289 06

S22 ], 7 A P A W AR AR K 8 et T [R] FE G O, AT 2K
i XRD TS U 72 7% b — 2D A4 XRD fi7 5 0 vF S
1) Em A% H, iR 1 BT, B Mo 2 = 380, 15U 1)
1% 5 a,.. A OMo B FE 119 0.286 67 nm & 25 19 )i 1 5Mo
L1 0.289 06 nm. [ 5 4 3 FE 28 5 i &4 B2 5 1)
XRD il . ME 5 RBEH RS a tH N o, 5 a,
WA 2 250, 3% 5 2 A IOATE T 45 SRAEACY . SR A g &
(77 2T B VR E WS o M RN o, 5 o, BRAFTFD 6
P H I 2 R .
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Fig.5 XRD patterns of Co-Cr-Fe alloy samples after aging
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i, TS BRI REAL SR E T % . i1 6 T 3R 19 451
FERI BRI 11 (H ) R (B Al KRG REAR (BH),,,,) » H
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Table 2 Lattice constants of the a, and a, phases for each

specimen (nm)

Phase 0Mo 1Mo 2Mo 3Mo 4Mo
028648 0.28705 0.28716 0.28858 0.287 96
0.28579 0.28693 0.28710 0.28730 0.287 44
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L EET R BTN o M, R EFT L BTR N o, #D , Hoa, 5
o, AF RSt 5 B 2850 TR AR I i A2 . Jo R 40 A ELEOR
T & Co-Fe ] o, XA T & Cr ¥ o, A . OMo~4Mo
RFE A o, AR A2 43 ) A 72,6420 75.4+19. 67.5£15.
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SEVEAE AN, A, K F HAADF-EDS % 4 FUR: 5 (] o
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S B 5 A DX AT LA R, F G 25 R 8 B
B R Mo & =112 TR, Fe.Co JLER TE a, # Fl o,
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VR 73 i 7= A B A 285 1) 23 S A R G PR R .
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Fig.6 Hysteresis loops of samples with different Mo contents: (a) M vs. H and (b) B vs. H
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Table 3 Magnetic properties of Co-Cr-Fe alloys in-situ alloyed by LPBF

Sample H/x79.6 Am"' B/Am)kg' (BH),/kKIm>  MJ/(Am’)kg' Ref.

O0Mo 287.4 89.3 7.98 160.4 -

1Mo 294.9 86.6 8.33 157.6 -

2Mo 317.3 87.8 10.06 149.1 -

3Mo 3335 91.7 11.56 148.4 -

4Mo 258.1 78.3 7.69 140.9 -

S5Mo 244.8 63.8 5.60 131.0 -
15C031Cr54Fe (additive manufacturing) 280.1 - - - [21]
Fe24Cr15Co3Mol.5Ti (powder metallurgy, isotropic) 279.0 60.0 3.5 - [17]
Fe24Cr15Co3Mol.5Ti (powder metallurgy, anisotropic) 530.3 127.0 31.2 - [17]

100:nm:

[
(=]
T

(=)

0Mo 1Mo 2Mo 3Mo 4Mo
Alloy

B 7 A Mo &m0 R I R 23 Al 4141 HAADF B R EDS JG 3 T3 5 o ARG AR 2354
Fig.7 HAADF images and EDS elemental mappings of the spinodal decomposition structure in samples with different Mo contents: (a, a,) 0Mo,
(b, b)) 1Mo, (c, ¢,) 2Mo, (d, d,) 3Mo, and (e, €,) 4Mo; (f) volume fraction of the o, phase

9 24 0Mo~4Mo & 4 11 a, AH AT o, AH L L 345 5 B & R
P CoCriFe Mo Ji 710 A% L. mT UK B, £E
WAE A, 7E 2R OKBE L LA T , OMo~4Mo & 4 Co 5 Fe f)
H W Im) b3 A0 23 T B e R R 4 A, 3X % B Co F Fe
XA AR A B . TETA &8 F, CriT
E o AH ) 43 38 5% FE AR T 1E o, iR I 0 S B R &2

L ) 5 O SRR , BN T A 83 0 1 e 504
3 B o, HEOVERERE VR . ZEWTA T, Mo J5L 710 B e ]
5 e A R B E TR . P 9e, .9,
93 501 g 84 o o o, HERD o, AL VL T A B FE A
WL, A R e B T T e R R
I3 AN o BT E A T HOR % e o,
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Fig.8 Composition analysis of ¢, phase (a) and a, phase (b) in each sample
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Materials

Effect of Mo Element on Microstructure and Properties of Laser Powder Bed Fusion
Co-Cr-Fe Alloy

He Yazhou', Hou Yaqing®, Mi Zhishan’, Wang Ziyu', Lu Yongchao’, Li Xiaoqun®, Zhou Dong’, Su Hang’
(1. Hebei Iron and Steel Laboratory, North China University of Science & Technology, Tangshan 063210, China)
(2. Research Institute of Advanced Materials (Shenzhen) Co., Ltd, China Iron & Steel Research Institute Group, Shenzhen 518045, China)
(3. China Iron & Steel Research Institute Group Co., Ltd, Beijing 100081, China)

Abstract: Compositionally graded 15Co-25Cr-(60-x)Fe-xMo (x=0-5, wt%) specimens were fabricated by laser powder bed fusion (LPBF) using
blended elemental powders of Co, Cr, Fe, and Mo, employing an in-situ alloying strategy. The compositional homogeneity, phase constitution, and
microstructure of the specimens with different Mo contents were investigated. Furthermore, the influence of Mo content on the magnetic
properties was elucidated by integrating experimental findings with first-principles calculations. The results indicate that all specimens achieve
full alloying without defects such as porosity or un-melted particles. The magnetic properties exhibit a non-monotonic trend with increase in Mo
content, initially enhancing before deteriorating. Optimal magnetic performance is obtained at the Mo content of 3wt%, yielding a coercivity (H)

of 26.54 kA/m, a remanence (B,) of 0.9 T, and a maximum energy product ((BH ),,,,) of 11.56 kJ/m’. Additionally, Mo incorporation is found to

max.

enhance the microhardness of the alloys, with the 15Co-25Cr-57Fe-3Mo sample exhibiting a hardness of 424HV ..
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