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Abstract In order to solve the problem of low production efficiency in making heat sink use the commercial
selected laser melting (SLM) equipment while keeping good thermal properties and mechanical properties , SLM
technology is used to build Ni samples with different (20/40/60 pm ) powder layer thicknesses. The relative density,
microstructure, thermal conductivity, thermal expansion coefficient and tensile properties of the samples are
presented. Beyond the layer thickness threshold of the laser melting, the melting track is spheroidizing line. Within
the layer thickness range can be melted, the samples can be nearly full densification. With increasing layer thickness
from 20 pm to 40 pm,the primary dendrite spacing increases from about 347 nm to 635 nm. Thermal conductivity
decreasing from 99.28 W/K -m at 20 pm to 92.48 W/K-m at 40 wm. Increasing from 25 C to 100°C, the thermal
expansion coefficient from 11.02x10° m/(m - C) to 12.9x10° m/(m-C) at 40 pm layer thickness, lower than 11.42x
10° m/(m - C) to 13.4x10° m/(m - C) at 20 wm. Tensile strengths of SLMed Ni samples are much higher than those
of wrought Ni regardless of layer thickness and building direction. The production efficiency of using SLM
technology form heat sink at 40 pm increases 34.6% compared with 20 pnm.
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Fig.1 SEM image showing characteristic morphology of Ni powders Fig.2 Laser scanning strategy used in SLM experiment
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Table 1 Number of thermal conduction samples and thermal expansion samples

20 pm 40 pm
xy direction z direction xy direction z direction
Thermal conductivity samples 1/2/3 4/5/6 19/20/21 22/23/24
Thermal expansion coefficient samples 7/8/9 10/11/12 25/26/27 28/29/30
Tensile samples 13/14/15 16/17/18 31/32/33 34/35/36
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Fig.4 Configuration of tensile test pieces (unit: mm)
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Fig.6 Relative density of the sample as a function of layer thickness with different velocities
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Table 2 Thermal conductivity of different layer thicknesses and directions

Parallel to the axis xy direction Parallel to the axis z direction
Thermal Thermal Specific Thermal Thermal Specific
Density Density
conductivity diffusivity heat apacity conductivity diffusivity heat apacity
g /em’ ) W /(K+-m)
W /(K+m) cm’/s J/(K-kg) W /K+m cm’/s JI(K-kg)
20 pm layer
99.28 0.2584 431.7 8.90 94.05 0.2342 451.1 8.90
thickness
40 pm layer
92.48 0.2205 470.3 8.87 88.06 0.2106 470.8 8.88
thickness
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Fig.10 Tensile properties of the samples at different layer thicknesses compared with GB
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Table 3 Tensile properties of SLMed samples of different building directions at different layer thicknesses

Layer thickness /pm Tensile strength /MPa Break elongation /% Yield strength /MPa
20 485 12 419
40 457 10 392
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Fig.12 SLMed heat sinks based on the present study results
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2 JE AR (Bl 26 1T xy S T87 92.48 W/K - m , Bl 28 - 47 2 7] 88.06 W/K +m). Hl1ZE 17 xy 07 A T 8 T 17 2
Ji ) AT B A R TG I, B L B 5 R 0 T R A, FLOBR R0 1.3 % X $A4 5 R B 52 e K T3
dE RS 3 A2 334 nm ARSI o ok R /NS5 FL B ?Xtm?r?ﬁfﬂmﬁﬁll FHE & T B — LY

3) 20 pm )2 B BB AR 1 IR K R 805 T 40 pom 2 R OB . 32 i 1L BRAS B TR EE T i R K L 40 pm
WE B FLEBR R T 20 wm J2 B BUE R

4) 20 pm 2 JE 5 40 pom JZ2 5 BT 09 BLAR I A B 55 B 5 T R T E AR B AR v R
T3 AT Ty P S A i B e IR iR BE N Dy A il 38 1 8 T A BE O 10 AT T 2 ) s B 2 R RS I, Hr
i B IR 98 R Iy A SRR

5) 5T 40 pm 2 BUE (9 £ 000 58 2 800 2 IR RCR SR 9 ZER . SR AT 40 pm JZ2E B 5 20 pm 2 K
TEAEXT LG, i VR B 18] 46 %6 28 h, TAERCR I R 34.6% .

B AR R B RAHABRARANLTHRE LT NARBR IR FHRERGARL A FLT
MIEFEE Y,
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