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Table 1: Parameters of Mechanical Alloying Process
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Speed (rpm) 200 250 300 180
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Figure.1 (a) DSC of AITiCrNiCu HEA powder, (b) particle size range
of AITiCrNiCu HEA powder
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Table.2 Density and flowability of AITiCrNiCu high entropy alloy

powder
Real density Apparent Tap density
density
Value(g/cm®) 6.4 2.62 3.45

1.2 AITiCrNiCu SfEE &EITHHI &
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Table.3 Orthogonal experiment

Layer Binder Spreading
factor
thickness (um)  saturation (%) speed (pps)
Experiment 1 100 50 5
Experiment 2 100 60 10
Experiment 3 100 70 15
Experiment 4 120 50 10
Experiment 5 120 60 15
Experiment 6 120 70 5
Experiment 7 140 50 15
Experiment 8 140 60 5

experiment 9 140 70 10
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Figure.2 Curing process
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Figure.3 Sintering process,every holding time in (b) is sintered at

those temperature in (a)
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Figure.4 Powder morphology and element distribution
EunkEl 6 . WASHT, RILKINEK 2, B E
BELIN 44.5%; WERNER 7, BEZLIN 40.8%.
FE 3R AR BB A IR R R, E2R 5
BUAETE 2 FIAEIR 3 HERME L

X ARREAT XRD A4t tir, Wil 5 pros, kR4S
¥4 BCC [ A4 o (R Iy I 2 Bk AR AT S 0 AL, =A
oot T PR AT S5 e B FEE 259 KT DL < s I T A 0

IIHTINA » BEORLFR AN K AR A2 TS Ve 5 AL PR T B LA
FENU & AL R rpr s UBORE 88 A5k AR UL 5 26 ™ EL )
RS, IXAIBIEAR T o S BUR KL AR KA A
BEM RRAL R 9ESS . BEE VUGS ST, A0k
ATt — 3N, AR st SO AL,
BRI PAE LA I B, TR R . XA TR
DA AR B IR A 22 3 BOH M AR TR Bk .
I, WA SRR e A I SR R S B R
A BT A A T/ I R A, A R A T Y B R g 2 A 2B AR
NI, FEATHE RS o AL AT S IR A S —
o T b K B A AT S 0 G T R R ke i 2 R0

o—BCC
E
s
-
= o]
5
E
o o
20 40 60 80
20(Degree)

Bl 5 BRI XRD 7504
Figure.5 XRD diffraction of powder
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Figure.6 Macroscopic morphology and density of green part
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Figure.7 Schematic diagram of friction force on powder particles FEN 1200 °CHF, ERIEFFLR FIG K, KL ES 2
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Figure.8 Density of AITiCrNiCu HEA at different sintering
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Figure.9 Pores morphology of HEA after 4 hours of insulation, including: (a) 1130°C, (b) 1150°C, (c) 1170°C, (d) 1180°C, (e) 1190°C, (f) 1200°C
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Figure.10 TEM image (a) diffraction spots and their elemental
distribution of matrix and BCC phase, (b) diffraction spots and their
elemental distribution of FCC phase
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Figure.11 (a) Compression curve, (b, c) Fracture morphology of high entropy alloy sintered at 1190°C/4h

3 g

(1) KAV A ST 26 & 7 ImERE R %
AITiCiNiCu FEfi& &M AR, HA BCC 4581, &g 4L
293 2.88A; B KR BARE, P FE TR
KR AT N 6.72-67.52um, ~FYIRIAE AN 21.17um.

(2) ERRLIRAEREW, R FIBAE 60%. =
J& 120pum FVHHEE 15pps i, BI3DP T BN AL RS
B E (4 44.7%). EIRZ T 1190°C/4h fedh e, Hivk

PEE IS E] 91.6%.

(3) TEFF L kes 5, BCC 45K AITICiNiCu 7
154 4k R IEAL H(B2+L2,)+BCCHFCC £ 41 45 H H A bt
Bl Hep, FEAKHN ALL Ti. Ni. Cu A& Cr R
B2 M, SREUM % & Cr i) BCC [V &A1/ 8% & Cu.
Al JLEM FCC [E¥% 4.

(4) BI3DP FTEP-B84E 5 (1] AITiCeNiCu %25 B = 75



ke o SRR S TR

%27 %

G YART R R4 JE AR GEE A 840MPa, PUEIRE N
960MPa, FILAMEIEWIZL .

SEHL References

[1] Averardi A, Cola C, Zeltmann S.E, et al. Materials Today
Communications [J], 2020, 24: 100964.

[2] Chen L, Chen W, Zhang S, et al. Journal of Materials Research
and Technology [J], 2023, 27: 4043.

[3] Kumar A, Singh A, Suhane A. Journal of Materials Research and
Technology [J], 2022, 17.

[4] Dwivedi A, Koch C.C, Rajulapati K.V. Materials Letters [J], 2016,
183: 44.

[5] Moravcik ., Cizek J, Zapletal J, et al. Materials & Design [J], 2017,
119: 141.

[6] Zhu dezhi(ZR#E%), Wu jipeng(R 7 M), Liu shiwen(Xll/&30).
Rare Metal Materials and Engineering [J], 2020, 49(11): 3875.

[7] Zhang M , Ma Y , Dong W .et al. Materials Science &
Engineering, A [J], 2020(771-):771.

[8] Yakin A., Simsek T., Avar B., et al. Applied Physics A [J], 2022,
128(8): 686.

[9] Lin haitao( ¥k #§ 3% ). These for Master (Wi 1 3C) [D],
Guangzhhou: South China University of Technology, 2023.

[10]Wang qihang (FJ3#i),Li jingjing(Z #%##),Hu shidong(#H i

7R),et al. Transactions of nonferrous metals society of China

[J],2024,34(04):1201.

[11] Karlsson D, Lindwall G, Lundbick A, et al. Additive
Manufacturing [J], 2019, 27: 72.

[12] Suprianto, Chen C.L. Metals and Materials International [J],
2023, 29(2): 420.

[13]Zhou shilong( &Kt J%). These for Master (Fil = & 3C)[D],
Guangzhhou: South China University of Technology, 2022.

[14] Zhang M, Ma Y, Dong W, et al. Materials Science and
Engineering [J], 2020, 771: 138566.

[15] Ruan jianming(Ft##), Huang peiyun(#¥52). Principles of
Powder Metallurgy [M], Beijing: China Machine Press, 2012.

[16] Gao wei(f=i##), Yu zhuhuan(zR17/), Yan yawen(j&I52), et al.
Materials Engineering [J], 2023, 51(02): 91.

[17] Li H, Wang J, Yang H, et al. Materials Characterization [J], 2022,
191: 112156.

[18] Shaw L., Luo H., Villegas J., et al. Acta Materialia [J], 2003,
51(9): 2647.

[19] Xu Z, Zhu Z, Wang P, et al. Additive Manufacturing [J], 2020, 35:
101441.

[20] Wang peiming( & 5% #4), Xu qianwei( ¥F ¥z & ). Materials
Research Methods [M], Science Press, 2005,37.

[21] Yang yu (#5), Chen junyu([%:f2 5), Ma tongxiang(Zh il #£), et
al. Rare Metal Materials and Engineering [J]. 2024, 51(9):3182.

[22] Zhangchao(7K ), Liujie(XI7%), Wang xiaohua(FHefE),et al.
Rare Metal Materials and Engineering[J]. 2022(007):051.


https://www.sciencedirect.com/science/article/pii/S235249281931596X
https://www.sciencedirect.com/science/article/pii/S235249281931596X
https://linkinghub.elsevier.com/retrieve/pii/S2238785423026522
https://linkinghub.elsevier.com/retrieve/pii/S2238785423026522
https://www.sciencedirect.com/science/article/pii/S2238785422001417
https://www.sciencedirect.com/science/article/pii/S2238785422001417
https://www.sciencedirect.com/science/article/pii/S0167577X16311879?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0264127517300461?via%3Dihub
https://www.zhangqiaokeyan.com/academic-journal-cn_detail_thesis/02012103209462.html
https://www.sciencedirect.com/science/article/pii/S0921509319313528
https://www.sciencedirect.com/science/article/pii/S0921509319313528
https://link.springer.com/article/10.1007/s00339-022-05836-y?utm_source=xmol&utm_medium=affiliate&utm_content=meta&utm_campaign=DDCN_1_GL01_metadata
https://cdmd.cnki.com.cn/Article/CDMD-10561-1023947402.htm
https://kns.cnki.net/kcms2/article/abstract?v=KqXyGY4RJv3sfKQdgN3XVfYnN23eFCQo6e6vMg2g9-xyxJq9nTd561WZFIHm0sYGSXj3UWAc_elR0uPyOHGoUtK1c3prmCzMd0WAFHXZ3n2Ir2YjX4sbMmo3Ua8hJ_G6YdsUctjO99wiEfMHALh609pNq2bfP_GVE-pygnA1_hW07qHGDM5GUESRYyED2gMD&uniplatform=NZKPT&language=CHS
https://www.sciencedirect.com/science/article/pii/S2214860419300247
https://www.sciencedirect.com/science/article/pii/S2214860419300247
https://link.springer.com/article/10.1007/s12540-022-01258-w?utm_source=xmol&utm_medium=affiliate&utm_content=meta&utm_campaign=DDCN_1_GL01_metadata
https://cdmd.cnki.com.cn/Article/CDMD-10561-1023678836.htm
https://www.sciencedirect.com/science/article/pii/S0921509319313528
https://www.sciencedirect.com/science/article/pii/S0921509319313528
https://kns.cnki.net/kcms2/article/abstract?v=KqXyGY4RJv1S8waWdFto2bNsiR_NgzFr2XHRAtGtpUi6FCQRpT7Tw7hM1eZnJWks0NJHzj0cHCYH0bbgswoB3AkHq-q1meTtwKOUNzjO2N6WdqdksbUw__USZmSVHPo05-d28tjssfkTEdDUoXlwY3xrF1609BJB_WCuEx4eWQP3YbONNNlpxZpmITWVZFjY&uniplatform=NZKPT&language=CHS
https://www.sciencedirect.com/science/article/pii/S1044580322004387
https://www.sciencedirect.com/science/article/pii/S1359645403000752?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2214860420308137
https://kns.cnki.net/kcms2/article/abstract?v=ZZIl2iqmIcTKbnpi8268iL8fbb1UjJcTeXVmjX5rqadh2ftaJq_GUwLe2Da4XYL2t59r3Lbxmljx_8FoPwRvdnIHe9iesUHHlAhXzjZpCa-FWx9cPE20sLZ_jVHrX3cetnN1SyI9WywHZJy_W5cS3aUzXBAsvEZXPS3OEKtdAjKf54T48af02WAJ5sbDmo7S&uniplatform=NZKPT
https://kns.cnki.net/kcms2/article/abstract?v=ZZIl2iqmIcTKbnpi8268iL8fbb1UjJcTeXVmjX5rqadh2ftaJq_GU8xxrN1PJ4v3D3bo01VXZ8MrjLYKfziTd2YE8aeL_nb-pm5kZipZa4EV-4KVCTRawsnfsx5Qruh6x9SP4i-XpCoFsznacurObdE4aMJSZ8Z1s5tuOrEpujiYAVF4c_uJjj3vxLyY1rYw&uniplatform=NZKPT

EXE.! RABHE, TS TR il &K% B AITICINICu mi il & 4 SO ZAME Rt 7L cx-

Research on BJ3DP and sintering densification of AITiCrNiCu low-density high entropy
alloy prepared by mechanical alloying
Zhu Dezhi, Chen Haipeng, Cai Liangfu
(Guangdong Provincial Key Laboratory for Processing and Forming of Advanced Merallic Materials, South China University of Technology,
Guangzhou 510640, China)

Abstract: The binder jetting 3D printing (BJ3DP) process is currently a research hotspot. Generally, the powder bed printing process requires
spherical powders, which limits the preparation and printing of some HEA powders with large melting point differences. This study mainly focuses
on the BJ3DP printing-sintering behavior of non-spherical particles. The results showed that the near-spherical AITiCrNiCu low-density HEA
powder with BCC structure was prepared by mechanical alloying, with a particle size distribution of 6.72-67.52 um and an average particle size of
21.17 pm, which met the requirements of the BI3DP printing process. The results of the orthogonal experiment indicate that when the binder
saturation is 60%, the layer thickness is 120 pm, and the powder feeding speed is 15 pps, the green density of BJ3DP printing is the highest (about
44.7%). After sintering at 1190°C for 4 hours, the density of the green body reaches 91.6%. The AITiCrNiCu low-density HEA has a multiphase
structure, with the B2 phase as the matrix, including BCC, FCC, and a small amount of L2, phase. The AITiCrNiCu low-density HEA has high
compressive properties, with a yield strength and compressive strength of approximately 840 MPa and 960 MPa, respectively. The research results
provide ideas and reference for the BJ3DP printing and sintering of non-spherical metal powders, further expanding the application scope of metal
powder BJ3DP printing and forming.
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