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Highly Thermal Conductive Organic Polymer System of PMMA/
(Core-shell Structured BaTiOs@PMMA Nanoparticles)

Wu, Xinfeng™? Wang, Ying“ Jiang, Pingkai® Zhang, Fuhua“
Zhang, Xiqin“ Yang, Kailiang”
(“ College of Ocean Science and Engineering, Shanghai Maritime University, Shanghai 201306)
(® Shanghai Key Laboratory of Electrical Insulation and Thermal Aging, Shanghai Jiao Tong University, Shanghai 200240)

Abstract A simple method to fabricate core-shell structured BaTiO;@PMMA hybrid nanoparticles via surface initiated re-
versible addition-fragmentation chain transfer (RAFT) polymerization is reported. And the effects of functionalization BaTiOs
nanoparticles on thermal properties of polymethyl methacrylate (PMMA) composites are investigated. The functionalized
BaTiO; nanoparticles were characterized by fourier-transform infrared (FT-IR), nuclear magnetic resonance (‘H NMR), ther-
mogravimetric analyzer (TGA), and transmission electron microscopy (TEM), which prove that a layer of PMMA polymer
completely coated on the BaTiO; surface, and the hybrid nanoparticles exhibit obvious core-shell structure. PMMA compos-
ites were fabricated by incorporating two kinds of fillers: the as-received BaTiO; nanoparticles and core-shell structured Ba-
TiO3;@PMMA hybrid nanoparticles. The study of the thermal conductivity properties and electrical insulation performance of
the composite materials indicates that BaTiO;@PMMA results in a strong interface and thus the corresponding PMMA com-
posites exhibit significantly increased thermal conductivity than PMMA composites filled with the as-received BaTiO;
nanoparticles. When the volume content of BaTiO; nanoparticles is up to 50%, the thermal conductivity of the composite ma-
terials which filled with the as-received BaTiO; nanoparticles is 0.894 Wem 'K ', and the thermal conductivity of the com-
posite materials which filled with the core-shell structured BaTiO;@PMMA hybrid nanoparticles is 1.137 Wem 'sK ", In
addition, the two kinds of highly thermal conductive polymer composites still have a good electrical insulating performance
and the volume resistivity is maintained at 10'> Qecm above.

Keywords polymer system; thermal conductivity; insulating; core-shell structured; reversible addition-fragmentation chain
transfer (RAFT) polymerization
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Figure 1 FT-IR spectra of the BaTiO; nanoparticles
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Figure 3 TGA spectra of the BaTiO; nanoparticles
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Figure 5 SEM pictures of the BaTiO; nanoparticles
(a) and (c) unmodified BaTiO; nanoparticles; (b) and (d) Ba-
TiO3@PMMA core-shell structured nanoparticles
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Figure 6 (a) Thermal conductivity and (b) thermal conductivity
enhancement of PMMA nanocomposites with various fraction of
BaTiO; nanoparticles
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WL, ARIRARAE. RAFT X7 S-1-23-S"(a,0-
Fe-a'- 1) =W ACHE R i (EDMAT) 4 [ SCRik[28] 77 72
A L.
32 #HlEidtE
321 ARBRAN 4 K BUEL 69 & B 2 AL

¥ 10 g BaTiO; Gk Bk 2545 80 mL X4 K
T B [ B , XA KB EEA 30 wt%.
FELIR A Y AT 75 Pl 75 3§30 min, 2R/5 76105 CH)
WA R 4 he ACEE S KRR DR 2500y 1,
B MU 9000 r/min, HFIE24 S min. FH 287K
Ve BaTiOs; 4Kk, 80 CEZS T4 12 h, 551
BaTiO; 44 K ik iy 44 4 BaTiOs-OH.
3.2.2 ARBRANYN R FE & B 454X RAFT XA

¥ 10 g BaTiO;-OH A EIF4 80 mL (K — 1
Fetih, FER PR 20530 min, SRJG I3 g -2 N
= LRSS (p-APS), A, £ 80 TR
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[ 24 h. ZIEALE IR IR BURORL T B O 2 2, 250
MU J5 9000 r/min, FFA]24 5 min. F ] FORPEAERIR
BUERL 7, 80 ‘CELAS T4 12 h. 733/ BaTiO; 4ik
Wik iy 44 4 BaTiOs-APS.

¥4 10 g BaTiO;-APS II A2 41 50 mL DMF % 1)
B[RRI, T S P 75 20 L 30 min. FEBEIHIK
AUKEH, # 7 30 min 5, JIA 0.024 g DMAP 10.49 g
DCC, #iFEif)e, HEZERMMA 50 ml 5 045 ¢
EDMAT [¥) DMF ¥ UK i dr v 10 h, SR =
PR 10 h. KAV JS I BaTiOs Boki 2500153 1,
BUD ML 9000 r/min, BRI 5 min. F ] H 2RV
ERRRAURURI IR, 80 CELAS T4 12 h. 331 BaTiO;,
Wik fir 44 4 BaTiO;-EDMAT.

323 4B KRBA L @G L RAFT RE&H &
BaTiO;@PMMA %4k 25k

# 2 g BaTiO;-EDMAT I A #4550 mL DMF [
BRGS0 30 min, RSN 6 g
MMA ¥4k, 4.5 mg %% T IE(AIBN), HHE 0K
B FER T RO R S P U =R, ABR ZEpe i 1)
AR TE 60 CHyMEIR M B PR Y. 24 h V™
YIRS B, BSOS 9000 t/min, KI5
min. 75%(%) BaTiO;@PMMA 24K ok 1 K 23 155 £1) F 4%
L RE O, RNERESZ R, HE FEER
AT, 1331 BaTiO;@PMMA 4k 2L ki /e 80
CHZ T 12 h
3.2.4 PMMA R 5650 FTHHHed 4] &

N TR LA, SR /2% T AT AR [
BaTiO; 1A 7r %Y1 PMMA/BaTiO; 442k 5 & ¥4 Kl A
PMMA/BaTiO;@PMMA 4K E AL K13 B4k
RAEMEHE 80 CHZT 12 h, RJ5 5 5 FATHR
FRACHL b R s Fr, R0 20 MPa, HiLE A 200 °C, 15
FIH TR =171 A PR .

3.3 MikAZE

) FRL I AR 2T A 15 (FT-IR): AX #7854 Perkin-
Elmer Paragon 1000, 33 J& 4000~450 cm ™', 3
W T, B REGE(CH NMR): 375
Varian Mercury plus-400, %74 CDCls, ¥5ffh TMS.
I AR5 NETZSCH TG209 F3, JHE# %
20 Cemin', 2MAAHIESR, Wi#E N 20 mL/min. &
ST BAMEBI(TEM): 24554 JEOL JEM-2100, g
J& 160 kV. SRS BB (SEM): (X385 )
JEOL JEM 7401F, JUAAAE i 56 70 0 0 5 i bhir, Wi
Mg — AR S R by 1R H e SR 4E. S REREE B
X745 ) LFA 447 Nanoflash (NETZSCH, Germany), il
RIZ M ASTM E1461 7. ABIHIREA: {f /] iRy
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