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Abstract In this paper, a novel method based on the liquid nitrogen-driven rotation and ice-templated
assembly was proposed to fabricate a new kind of boron nitride nanosheet (BNNS) and BNNS-Ag spongy
miscrosphere used as thermally conductive fillers. The liquid nitrogen driven assembly ultimately led to
hierarchical 3D BNNS frameworks with radial alignments, forming a sea urchin-like microstructure. BN
sphere/epoxy resin composites were finally obtained by infiltrating the as-prepared spongy microsphere
with epoxy resin followed by thermal curing. At the sphere content of 2.7 vol%, the through-plane thermal
conductivity of BNNS sphere/epoxy resin composite reaches 0.57 W/ (m-K), while the value for BNNS-
Ag sphere/epoxy resin composite reaches 0.64 W/ (m-K), indicating the corresponding enhancement of
276.5% towards pure epoxy resin. The obtained composites exhibit strong potential for thermal management
applications for a variety of technological needs, particularly electronic packaging. The combination of liquid

nitrogen-driven rotation and ice-templated assembly was demonstrated to a useful tool to fabricate efficient

fillers for thermal management applications.
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Fig. 4 Characterization of BNNS porous sphere
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Fig. 5 Characterization of epoxy/BNNS porous sphere composite



74 £

BEoOR 2019 4

B, Ho Ry BNNS B4, EREH.,
BORPP R X O IR MR . BNNS B 374
W R HE NS AT DR Fr e W 110 R G B gal, 13 BH U4k
PR RER B A BT (0 1 Ve RE, AR FR AN T VE
NS R KA. AWE 5(d) LA F],
BNNS ‘B 28 b 5235 HE 5] BNNS, S0 B 28 45 7y
oA TR mE S EE. B S(e,~e) N
BHEMEHIR TR MM R, Hhlixs
XL BNNS ‘B 42, 1 470 30 A M 0 T o
MEL 5 (e,~e,) TTELE H, HEM G590 e
BNNS B 422 B .

AR SCIE X AT A R BRI 7 (R R S T
GRS RPERERAT 1 RAE. H BRI
PR AR B BRI A, S ] A B R 1)
RHRIE &, AR 100~300 mg/mL.
Kl 6 (a) o, A ERERINECE Y 20 /N,
A A MPR I 5 B R B o SRR ] 2 R R
M. W16 R E S 4 100 mg/mL i,
BEME SHRAEN 021 W/ (mK) . HEHE
B PR EE 300 mg/mL I, EAFRHK S
REGREAE 0.35 W/ (m-K) , A E T AR i
I SHAREIEE T 105.9%. EEFERWE 4 Bt
N, OBHE S S, A1 BB s i ek
BNNS B A30% bk, Bbnr Rt 2 1) 5

0.40

o35t

)

)

S 030f

o W

¥ oo2sh /

ol

T WEIRRECRE: 20 4

= 020}

015 1 1L 1 1 1L

100 150 200 250 300

AT AN K Fr & B (mg/mL)
(a) AN BNNS W% & &

PoE, MMiEmE EMEN SRR, A3
WS WU R ] Z5 &2 18 5€ 4 300 mg/mL, HiE—
AT TN B AR G R BRI R, B
B ER R & B0 2 A MRS B Re 2,
SR 6(b) . HE 6(a) I 1 EHAH
L, SEMEH SR B TE IR ERIE R &
BRI EESERRRE, B 6 SN
AR IORL & B R K, SEMENS
MABEL T I EAM B BRI H . <
BRI E L, [BRER RS 5
MelAH ELAL L, T 22 7 AR R R 8 ) A R Bk ]
. ORALEER G, AR S A M ORHE & R
BN SR RBUR S BRSPS, £
B ERIA RS BN 0.65% B, E ARG
RN 022 W/ (m'K) o UBERERIE B i KIE A
B, HAABRSHCN 3.4%, W EE5MEKS
IMARBUER]T 0.63 W/ (m-K), T 438 S M
MEHI S HRREERE T 270.6%. B4, 5UHE
B FREAME A, BNNS BB/
SN IR S G R A 35 2 7E AR AR 0 SEORHA I &
(3.4 vol%) T3 TR &M FH AL, RILHM
S SRS, KRR ER N SRR S
MEIEH] 79.58. HEEMERIFH) S AR 2
KR T BALI B B () = 4 FE S50, [

e
9
T

—l— FAI K R BN 300 mg/mL

/E

N o o
IS W =N
T T T

TSR E (W/(mK))

p

05 10 15 20 25 30 33
BACTNGIK & 7 (vol%)
(b) AN[F] BNNS BRI 7874 F7 70 %

o
)
T

6 7[5 BNNS JRE &8 K BNNS BKEA KRS BN ENEE S MR EIN A RER R

Fig. 6 Through-plane thermal conductivity of composites as function of BNNS content and BNNS volume fraction
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