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Creation of composites with various thermal conductivities

through reaction control during metal 3D printing

Asuka Suzuki
(Nagoya University, Tokai National Higher Education and Research System)

Abstract :

Recently, heat needs to be freely transferred to target directions to efficiently utilize heat.
Then, thermal conductivity should be locally controlled in one component. To establish the local
control of thermal conductivity, we focused on laser powder bed fusion (L-PBF) of Al/CF
composites. The L-PBF process is one of the 3D printing processes and enables local tailoring of
the laser conditions during the build-up of three-dimensional components. Al/CF composites have a
high thermal conductivity, whereas Al/Al.C; composites created by the reactions between Al and
CF have a low thermal conductivity. Therefore, if Al/CF and Al/Al.C; composites can be
fabricated locally by controlling the reactions through the local tailoring of the laser conditions,
local control of thermal conductivity will be established. To control the reactions, we focused on
the TiC coating on CF surface by the molten salt method. The TiC coating moderates a rapid
reaction between Al and CF. In the present study, TiC coating thickness was controlled at first. It
was revealed that the TiC coating thickness could be controlled by the molten salt temperature.
Then, TiC-coated CF (CF-TiC) was mixed with Al powder and treated by single-laser scanning.
Al/CF and Al/Al ,C ;composites could be successfully fabricated from one Al/CF-TiC raw
material. Finally, we tried to fabricate Al/CF and Al/Al:C; composites through the L-PBF

process. TiC coating contributed to not only the protection of CF but also the densification of the



sample. Although Al/Al.C; composites could not be fabricated from Al/CF-TiC raw material by
the L-PBF process, further optimization of TiC coating thickness and laser parameters would lead

to successful fabrication.
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Fig. 3 (a, ¢) Low- and (c, d) hlg -magnification SEM lmagesshowmg the mlcrostucture of single- laser-saﬁned Al/CF-
'tfol((jbfa;l)l.ples fabricated under P = (a)200 W and (b, ¢) 400 W together with EDS element maps of C, Ti, and Al corresponding
3.3 AIECFB L UCF-TICOEEMEKR & AL /-L-PBF&ETR

Fig. 412AIL2TI/CERA AL KOAI2TI/IRA B A Z LN ENL-PBRIAIZ & > TE L Z2m Bt O KA
LSEME 2R3, Loy, L-PBFETIEL —HHII(P) LEEEE () # A< ¢ Tl EIT-
7o, V=YW TE, UMM T 3L £ —% (Volumetric energy density, E.) % FWTHE
PRL7-.



ZZC, SidoNy FiEE, AXRREIE S TH B, AlL2TiI/CFRAMAR RO T I X~ TEFL
7258, ZRORINFRD NS (Fig. 4 (a). 29 L2XSUIIBRACIZXDIEKR SN 58 DT, Lack-of-
Fusion(LoF) &IFE1 5. HEINZA XL X —EEIZHWT, LoFIZiA 3258 DDMIRE U THENGE
515 (Fig. 4 (b). XBICTHIAF—EEEMMNE 52 & TLFINEE RN TR S ASEE -
(Fig. 4 (¢). —J4, Al-2Ti/CF-TiCIRAMKEZ DT XL X —HE TEFLHA, LoFididhohsd
DO, AlL2Ti/CFRABIARE W25 812 R TGN LoF 2858 2 B A 388 T/ & (Fig. 4(d)).
SICHRA 2 T 3L X — B U LT G ARE S5 2L N TEZ(Fig. 4 (e, ). ZhHDFERED,
TICEBIEAR OEA LA e T 25 R b 5 & E A2 6N 5. CRIZL —F OIINED SR TH D,
Al-2Ti/CEFOIRAHRIZL —F WG L 72354, 2O I X —IZCFDIEE 5707012 B e
Iha. BRELT, A2TIBIRD S MR T LoFE KT 2851605, —F, TiCIZCFIZHA
TU—HIRIEI/ N, ZOFER, CR-TICIZCFHA LD & L —HFIRPERMENE B L 5N 5. Ko,
Al-2Ti/CF-TiCIRA AR %E FIVZH A, L=V O I F —HAL2 T RORRIZ L0 2 IHE S h,
LoFDKIKIZE G- L= E A 51 5.

= Energy density (J-mm-)
10
Ll 19.4 J-mm-* 56.6 J-mm-3 142 J-mm?3
Al-2Ti/CF
Al-2Ti
/CF-TiC

Fig. 4 Low-magnification SEM images of L-PBF-built (a-¢) Al-2Ti/CF and (d-f) Al-2Ti/CF-TiC composites fabricated under
laser energy densities of (a, d) 19.4 J'mm™, (b, ) 56.6 J'mm?, and (c, f) 142 J'mm™.
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Fig. 5 High-magnification SEM images of L-PBF-built (a-¢) Al-2Ti/CF and (d-f) Al-2Ti/CF-TiC composites fabricated
under laser energy densities of (a, d) 19.4 J'mm>, (b, €) 56.6 J'mm, and (c, f) 142 J'mm™.
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