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Fabrication of Epoxy/Silicon Nitride Nanowire Hybrid Materials and
Evaluation of Their Thermal Conductivity
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To improve the thermal conductivity of epoxy resin without losing the insulation, epoxy/silicon nitride (SizNy)
nanowire composites were produced. 3-SizN4 nanowires were synthesized by the carbothermal reduction and nitridation of a
homogeneous mixture of silica (Si0O,), carbon, and a small amount of cobalt via the vapor—liquid-solid (VLS) mechanism.
The ratio of B to a phase in the product Si;N,4 increased with heat-treatment temperature; however, the undesirable SiC also
increased. By increasing the nitrogen gas pressure in the heat treatment, the ratio of B- to o-Si;Ny4 increased without
producing SiC. The epoxy composite containing SizN, nanowires of 60 vol.% showed high thermal conductivity of 9.2
Wm™ 'K along the preferred orientation of the nanowires.
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Fig.1 Thermal conductivity of materials at room temperature.
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Fig.2 Schematic illustration of the pathways of thermal
transport for epoxy/Si,N, hybrid materials, in which the shape of

particles (A) and nanowires (B) are adopted as filler.
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Fig.3 Schematic illustration of the fabrication process for epoxy/! SisN , hanowire hybrid material.
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Fig.4 Preparation of the laminated sample for measuring the thermal diffusivity.
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Fig.5 XRD patterns of the products of the carbothermal

reduction and nitridation of SiO2 and carbon with Co (A), (B),

and (C), and without Co catalyst (D). The mixed powders were
heat treated at 1250°C (C and D), 1300°C (B), and 1450°C (A)
for 1 h under a N, atmosphere of 0.02 MPa.
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Fig.6 SEM photographs of the products of the carbothermal
reduction and nitridation of SiO2 and C with Co at 1250°C (C),
1300°C (B), and 1450°C (A) for 10 h under a N, atmosphere of
0.02 MPa. (A), (B), and (C) are same samples as (A), (B) and (C),
respectively, in Fig. 3. Arrows in (B) and (C) point to the Co
droplets. TEM photograph (D) and EDX spectra (E) of the Co
droplet at the end of a Si,N, nanowire in the same sample as (B).

L XRD FEENS, Wi CoSi iz O & N MREICEA L
ZbDTHDZ ENHERTE T, OZEH O b bE
BTne, BH<, BIETCSIIZO & NNEEL, @l
N ER DA ERT D, ZOEMICEMAND N HAR L
Si0O A A (Si0, & C DUSIT & VAR MBNIEITIAR, i
eI L7 Si & N AEHE LTT 2 UA v —RIcHE
HEND VLS BENE Z > T\ b & TR EN D, Co DS
Mz &, SN, 7/ VA ¥—EgIIMEEIND Z &2
Nt ZOERSME T, FigsANCHLND &9
2, 1450 COBVLE CTHEMEEMTH L HNO B fHERD
M EEBI&EERZIZ, SICHRERLTLED EWHIEND
%, SiC OERIE, BRIFOH —R L b— & —LWERf 7
LRETIHH—HRUHTAL SN, EDINMZ LT Z S
ZERDIH™oTND, ZTIT, H—AR & DA
D70, BERFEHSKDOER T AEE 0.02 MPa 725 0.5~
0.95 MPa (2 EIFC, SN, T/ VA ¥ —D A EHE Lz,
Fig.7 \ZIZ R T AE%E 0.5~0.95 MPa £ TH IS THMELT-
LR O XRD /35 — %R, Fig J(ANZRT L 912, 0.5
MPa D23 H ZE T 1600°C10 BBV 24T > 7= H DD

Netsu Sokutei 44 (1) 2017



B £ — HREMETIIv I X —

XRD /X Z — 51X, F72 a-SizN, 23R S 7243, 0.5 MPa
ZEFRFBR 1600 C10 FERIHZICE 5120.95 MPa ZHEFHK
1850 °C 10 FEMBMLEET 2 Z &I12 XD, 1ZIF B-SisNy D4
3 E S (Fig7B))., 72, Fig8(A)~(C)ITiL,

Fig.7(A)~(C)® SEM B E 4773, &2 TOH > 7 )V TRAF
T/ IAT—PHELNTWNDEZ ERbhoTe, £72, EE
IZ SisN, & 7= Fig.8(D)IX, VLS Z&&Ae\ /= hi1-IRiC
SEEIRIAE 0.2 um 235 0.8 pm (ZEEE L7z, XRD & SEM 8
BING, B-SEN, T/ UA Y= EK L THNDZ ERNTRT
DN, B-SizNy T/ U A ¥ —DERBNIA F THREFIN 7

® B-Si;N)
O a-SizNJ
A B-Sic

< CoSi

Intensity / arb. unit

10 20 30 40 50 60

20/ degree

70

Fig.7 XRD patterns of the products of the heat treatment of
SiOZ, C, and Co nitrate under a N2 atmosphere of 0.5 and 0.95

MPa. Heat treatment was performed at 1600°C for 10 h under
0.5 MPa N, (A), at 1600°C for 10 h under 0.5 MPa N, and at

1850°C for 10 h under 0.95 MPa N, (B), and at 1600°C for 10 h
under 0.5 MPa N2 and at 1900°C for 10 h under 0.95 MPa N2

(©).

Fig.8 SEM photographs of the products of the heat treatment of
SiOZ, C, and Co nitrate under a N2 atmosphere of 0.5 and 0.95

MPa. Heat treatment was performed at 1600°C for 10 h under 0.5
MPa N, (A), at 1600°C for 10 h under 0.5 MPa N, and at 1850°C

for 10 h under 0.95 MPa N, (B), and at 1600°C for 10 h in 0.5
MPa N, and at 1900°C for 10h in under 0.95 MPa N, (C). (D)
is the commercially available Si3N 4 powder heat treated at the

same conditions as (B). (A), (B), and (C) are the same sample as
(A), (B), and (C), respectively, in Fig.5.
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Fig.9 TEM photographs and diffraction patterns of the
products of heat treatment of SiOz, C, and Co nitrate under a
N, atmosphere of 0.5 and 0.95 MPa. Heat treatment was
performed at 1600°C for 10 h under 0.5 MPa N, (A) and at
1600°C for 10 h under 0.5 MPa N, and at 1850°C for 10 h
under 0.95 MPa N, (B). (A) and (B) are the same sample as
(A) and (B), respectively, in Fig.6.
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Table 1

Thermal conductivity of epoxy/ 60 vol% Siz;N, composites.

Specimen

designation Filler

60 vol% SisN,?

60 vol% SisN, ®  no heat treatment

PW-D
PW-N

1850 °C 10 h 0.95 MPa  (Fig.8 (D))

Perpegiigllar o Parallel to HP**
Thermal
Thermal ..
.. Conductivity
Conductivity 1or1
Wm' K (Wm"K")

2.6

1.4

2.5
1.1

* Thermal conductivity perpendicular to hot-press direction
*) Thermal conductivity parallel to hot-press direction
*) The commercially available SisN4 powder (SNE-10)

ess direction
Epoxy/Si;N,

Fig.10 SEM photographs of section views perpendicular
to the hot-press direction and parallel to the preferred
orientation of nanowires in the disk samples of composites
as shown in (D). The epoxy/60 vol% Si3N 4 composites (A)
and (B) correspond to NW-B and PW-D in Table I,
respectively. For comparison, the microstructure of the
monolithic epoxy resin without the Si,N, filler is also
shown in (C). The Si3N . filler in (A) and (B) is the same
Si3N , as (B) and (D), respectively, in Fig.6. Arrows in (B)
show the Si3N 4 particles.
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