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Fig.1 SEM images of Cu,Se powder
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Table 1 EDS results for Cu,Se powder

Point Cu content/at% Se content/at% a(Cu/Se)
Point 1 68 32 2.13
Point 2 65.6 36.4 1.80
Point 3 62.7 373 1.68
Point 4 66.7 333 2.00
Point 5 69.1 30.9 2.24
Point 6 64.7 353 1.83

Average 66.1 34.2 1.95
SD 2.11 2.31 0.19

Depositing direction

Substrate

2 MBS R SRR
Fig.2 Schematic diagrams of additive manufacturing model (a) and

scanning method (b)
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Fig.3 Schematic diagrams of sampling locations for performance test: (a) cross section, (b) compressive test sample, (c) microhardness test

sample, (d) electrical test sample
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Fig.4 Appearance (a) and microstructure images (b—c) of SLM additive parts: (b) laser confocal image of top surface and (c) cross section

morphology



11

TRARAEE: IR CuSe B KB 1L 11 % [ LA RERE T

* 3161 -

Wi 4b s KPR SR WA 4c Frax, AR
AL LT ZEE . XU AT 70K 3% X
BOLAL T ESHE .
2.2 WMLALR

& 5 gt B A SEM-BSE & 5 EDS (45
B I 5a TTLLBE ], Cu,Se M4 B4R T JC B & B
B, SRARZH U ER A o SR T BT I R (B 2 TR 4 2
4. W Sb 1) EDS ML KR, ik Cu ot
F5 Se LR MBONBE], MisARHLNFHAFAE Cu Ji

THESE. SLM M HlGEE R, Bt WSEZRERN
ORI AR Ly TR RO Wu S NPYE A IR
TOREAIL T F AR SLM B il i 1A% A Tt (1 IR 7 »
RILBOCHE M ) foe el L B 28 51 2000 C AT, Tt
T Se JuERMh L, ILAEIEM HlGE KL FEF Se JuERT]
REREZRA, I FBOEMAFF Cu TR G ERE T Se 7o
ROE, HmSEE Co AR A,

6 MR KT AT 2 SEM IR . K 6
R DA Y, 7K g 7E i ST B A A 40K G0 1) Rk

Bl's  SLM Hi#f 4 B AL SEM-BSE I /v 5 EDS I3
Fig.5 SEM-BSE image (a) and EDS mappings (b—d) of vertical section of SLM additive parts: (b) Cu, Se, (c) Se, and (d) Cu
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Fig.6 Microstructure of horizontal cross section of SLM additive parts
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Fig.10 Temperature dependence of resistivity (a) and Seebeck coefficient (b) of SLM manufactured Cu,Se samples at 323-673 K
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Table 2 Average thermoelectric properties of SLM manufactured Cu,Se samples along different directions

Property

Vertical direction Horizontal direction

Average resistivity/uQ-m
Average Seebeck coefficient/pV-(mK)'
Average power factor/uW-(K*-cm)
Average thermal conductivity/W-(m-K)"
Average lattice thermal conductivity/W-(m-K)™
Average electron thermal conductivity/W-(m-K)™!

Average ZT value

21.83 48.99
129.99 102.33
7.75 2.19
1.21 0.95
0.72 0.67
0.54 0.24
0.35 0.12
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Fabrication and Microstructure and Properties of Cu,Se Prepared by Selective
Laser Melting

Zhang Linjie, Cheng Peixin, Wang Xiang, Long Jian, Ning Jie
(State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The main problem of selective laser melting (SLM) additive preparation of thermoelectric material Cu,Se is that Se element is easy to
burn under the action of high energy density heat source of laser. At present, there is no commercially available Cu,Se powder for 3D printing, and
no scholars have used SLM to prepare medium temperature thermoelectric material Cu,Se. In this study, laser-induced high-temperature
self-propagating reaction and ball milling method was used to prepare Cu,Se powder with good fluidity for SLM additive manufacturing. Under
the optimized process parameters, Cu,Se thermoelectric material additive parts with smooth surface, good mechanical properties and excellent
thermoelectric properties were obtained. Results show that the grain growth of Cu,Se bulks prepared by SLM has obvious anisotropy in the
horizontal and vertical directions. The grains in the vertical section are mainly slender columnar crystals with a length of about hundreds of
microns growing along the deposition direction, and the horizontal section is an equiaxed crystal with a size of about tens of microns. There are
nano-scale micropore defects at the grain boundaries on the horizontal section. The ZT values measured in the vertical and horizontal directions at
673 K are 0.75 and 0.33, respectively. The maximum compressive strength along the vertical and horizontal directions is 125.08 and 42.69 MPa,
respectively. The average microhardness (HV) of the additive parts is 628.4 MPa. The thermoelectric properties of Cu,Se prepared in this study are
comparable to those of Cu,Se prepared by traditional methods in the vertical direction, and the mechanical properties are good, indicating that it is
feasible to prepare Cu,Se thermoelectric materials by SLM. This study provides a new way for the preparation of medium temperature
thermoelectric materials.
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