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Abstract: In situ alloying based on additive manufacturing of blends of several kinds of elemental or alloyed powders is a
low cost, rapid and efficient method to develop new materials, which has been preliminarily applied in the fields of high en-
tropy alloy development, new biomedical alloy printing development and so on. In this paper, the effects of powder morphol-
ogy, particle size, high melting point powder content, powder mixing technology on the performance of in situ alloying prin-
ted samples are introduced. The results show that in order to ensure the in situ alloying printing effect, the particle gradation
of mixed powder should ensure both the element mixing uniformity and the powder fluidity. The printing technology including
laser power, beam spot diameter and remelting strategy also influences the geometry of the melting pools, which in turn, af-
fect the in situ alloying process. The greater the pool depth, the more guarantee the interlayer remelting in the printing
process, promote the element uniformity, but too deep pool will cause pores. The study of alloys with composition fluctuation

or gradient based on in situ alloying printing is also

Wi B 2022-08-15 fEEBH: 2022-11-17 introduced. It has been shown that the inhomogeneity of
ESTE. By S A& RI5H (20216Y-231) composition which is inherent in the in situ alloying process
S &, O, . H 1980 4Ek . BT R facilitates the preparation of alloys with inhomogeneous com-

. i position, resulting in bi-phasic additive printing, which
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cannot be obtained by printing based on pre-alloy powders.
DOI.; 10.7502/j. issn. 1674-3962. 202208016

Based on the multi material and multiphase flow model, the
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numerical model of laser melting process of in situ alloying has also been established. The numerical simulation of laser pow-

der bed fusion based on in situ alloying shown that the optimized in situ alloying process was different from that of laser pow-

der bed fusion based on pre-alloyed powder. Finally, the application prospect and challenges of in situ alloying technology

based on additive manufacturing are prospected.
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Fig. 1 Schematic illustrations of the powders blending processing and the laser powder bed fusion ( LPBF) processing of the blended powders

(a), schematic illustration of powders blending and the direct energy deposition (DED) processing of the blended powders (b) L

6, 7]
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Fig. 2 High magnification SEM images of the blends of powder B(a), D(b), M(c) and F(d) (8]
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Fig. 3 Optical images showing the porosity values of processed blends

B (a), D (b), M (c) and F (d), respectively for cross sec-

tion views®
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Fig. 4 EDS maps of Co, Cr, Ni and Mo for blend B(a), D (b), M

(¢) and F (d), respeclively[s]
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Fig. 5 Backscattered SEM images showing the distribution of Ti, Al and V in simply mixed blend (a) and satellited powders (b) (larger Ti parti-

cles are decorated by smaller particles of Al and V) (o]
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Fig. 6 Optical micrographs showing the typical microstructures of the frontal plane of the samples deposited from pre-alloyed feedstocks (a) , sim-

ply-mixed feedstock (b), and satellited feedstocks (c) (10]
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Fig. 10  Energy dispersive spectroscopy ( EDS) line scanning across BCC and FCC regions in the as-built state showing the

spatial distribution of elements! 2!

22Cr-6Ni

o o o
EN o o

Cumulative probability

o
N

Model calculation_11.2
Model calculation_10.6
+ EDS measurement

T

5 10 15 20
Ni concentration, x (wt%)

Pl 11 Ni JCZEHRIE A3 A SRVME R (T i 2 5 115 i o He 2

Fig. 11 Cumulative probability distribution for Ni measured experimental-

ly using EDS and calculated by model 2]

Melia 5" 5% FH [R) 4l 4 06 45 il T 20 R0 A 44k
HENT B Mo, Nb, Ta, W BAREER 0 MoNbTaW HEKE
A4, WA BB SLIESY Mo, Nb, Ta, W ¥iKH
o R Z IR BN T BN T 4 TR i M 0~ 100% 1 B
Oy B EARAK . X HA AN R T B L ) SR 3 XCRE A T T
WAL b2 nl sy . WA i RAE, #ESr T isr-PERE
KF, OUF T IT R % Ry OB IE fl T LR A A 4 etk
FETI A 4 A% B 1o 8 B WF 9 A9 AT AT 1, Zhao %1% 3k
THOCH IRIERL T 20 & 4L 3TEN T HA CoCrFeNiTi,
(x=0,0.2, 0.4, 0.6) W0 Ti 853 B 23 A 193 FE
PR T Ti Gk i a S rERensgm, K 4 B Ti B4
RAMARMRGGE TR b, S TESTE, TR
2 fis, Hil& a4 4 T B4 KA BE, &



2

Ly A R RO I R R G A T VR AT 149

20 mm, HA AR A 1R RE R RS S mm, S BT R,
g Ti &b, KK FCC A rp a4 .0 37 J7 # . Laves
AERN X A B mbl ol bl 22, S ORI R G 8 R S 3 A
Hahn, A4 T SR« (ERT 0.4 BF, FTERFHBIZAL
TXIRURIF 5 3 5 i A5 4 A A BE RL B O IR E T T
£ CoCrFeNiTi, A4 i FE LA FL

Mirror

Recoater
“«—>

Optical Lens Laser source

Supply powder
T——

Cylindrical

‘ Powder Supply
Bin

Building Platform

K12y RO T BN ISUAL & 4 10 i 4 B B2 A ki i o A B R
/%%[28]

Fig. 12 Schematic illustration of the powder feeding system of the

LPBF apparatus used for producing the graded coupons[zg]
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Fig. 13 Nb distribution during in-situ alloying of Ti and Nb powder

particles at conduction mode (a) or keyhole mode(b) of melt-

ing pool, (c¢) the keyhole pore formation during the melting

process under keyhole mode 2
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