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Preparation and Thermal Conductivity of Carbon Nanotubes
Modified Silicon-Containing Polyarylacetylene Resin
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Abstract: A triethoxyacetylenic silane (TEOAS) was synthesized to treat the surface of hydroxylated
multiwalled carbon nanotubes (MWCNTs), and then the MWCNTs-T was obtained and characterized.
PSA/MWCNTs and PSA/MWCNTs-T composite resins were prepared using solution method by mixing
silicon-containing polyarylacetylene (PSA) with MWCNTs and MWCNTs-T, respectively. The thermal
conductivity, thermal stability, electric insulation, and bending properties of the PSA/MWCNTs and PSA/
MWCNTs-T composites were investigated. The results show that TEOAS was grafted on the surface of
MWCNTs successfully, and MWCNTs-T is compatible with PSA matrix. The thermal conductivity of the
composites increases with the increase of the mass fraction of MWCNTs and MWCNTs-T. The effect of
MWCNTs-T is more obvious, with the mass fraction of 2%, the thermal conductivity of PSA/MWCNTs-T
reaches 0.62 W/(m-K), which is 3 times as higher as that of PSA. The introduction of MWCNTs and
MWCNTs-T can decrease the thermal stability and bending properties of PSA, the effect of MWCNTSs-T is
smaller than that of MWCNTs. The glass transition temperature of the PSA/MWCNTs is higher than
500°C, the electrical resistivity of the composite resin decreases linearly with the increase of frequency,
while is still higher than 10° Q-cm at 10° Hz.
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Fig.2 Raman spectrum of MWCNTs
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%3 PSA/MWCNTs-T B DSC #48
Tab.3 DSC data of PSA/MWCNTs-T

FE T/ C T)C AH/(J/g)

PSA 212 241 444
PSA/MWCNTs-T0.5 197 249 597
PSA/MWCNTs-T1.0 198 249 493
PSA/MWCNTs-T1.5 218 251 490
PSA/MWCNTs-T2.0 216 260 510
PSA/MWCNTs-T2.5 217 262 515
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Fig.7 Thermal conductivity of cured PSA/MWCNTs and
PSA/MWCNTSs-T composites
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Tab.4 Thermal conductivity of PSA/MWCNTSs and
PSA/MWCNTSs-T composites

FHEH(W/(mK))

SFORH 0 50 %
PSA/MWCNTSs PSA/MWCNTs-T
0.5 0.25 0.32
1.0 0.32 0.39
15 0.43 0.51
2.0 0.52 0.62
2.5 0.48 0.55

24 EAMRBRREMN

%} PSA/MWCNTs £l PSA/MWCNTs-T & & #f
KL 47T TGA MR, B 8 & A A KL 4k 2 (1)
TGA M £k, s FE£S . NESMESATLUA
L SRR TR T B8 5 Tk 4 K S n = 14 38
M P& , PSA/MWCNTs-2.5 75 %05 41 1 5% #2658
I FE (T, A1 800°C Bk B 26 (Y40 ) 43 1l 452°C Al
81.4%, A Lt PSA ) T, (628°C ) Y,y (92.1%) , i
ok B B B . T PSA/MWCNTSs-T () #4Fa 5 M
N %, PSA/MWCNTSs-T2.5 [) T, F1 Y0 53 51 1 5 E
534°C 1 88.0%, B %5 15y T PSA/MWCNTs-2.5. i ]
657 TEOAS X MWCNTSs [ 3 [ 4b P2 0] B {5 i 3
ST A0 ORISR 50 B e 4 oK A YD ] R A S
JiE 35 A7 1 5 THI AR FH X PSA B i #4RS 5 1 1 52 i (2
Fo RIEH LIRIEM MWCNTs-T 5 PSA M B 4,
I3 B S), X PSA B IR IR ] 14 f B 5% e /), Bk
% 5 PSAIE 1L .
25 EAMRIBE MR

K] 9 PSA/MWCNTs 1 PSA/MWCNTs-T ] #,
PH 28 B A2 1) A . N9 1 BLE tH, PSA/MW-
CNTs F1 PSA/MWCNTs-T (] Hi, BHL 28 £57 [t 47 55 [ 186 K



@Rl 2021,54(10)

38 F RGO OO S T He g i ) & 5 SR
100+
95
s 90
@ 85
ﬁ —=—PSA
R 80| ——PSA/MWCNTs-0.5

—+—PSA/MWCNTs-1.0
75- —v—PSA/MWCNTs-1.5

—+—PSA/MWCNTs-2.0
—+PSA/MWCNTs-2.5

200

400 600 800
EEE/°C
(a)PSA/MWCNTs

—=—PSA

01 —*PSA/MWCNTs-T0.5
—+—PSA/MWCNTSs-T1.0

—+—PSA/MWCNTSs-T1.5

751 ——PSA/MWCNTSs-T2.0

——PSA/MWCNTSs-T2.5

200 400 600 800
BE/C
(b)PSA/MWCNTs-T
8 PSA/MWCNTs 1 PSA/MWCNTs-T E {4189
TGA Hi%k
Fig.8 TGA curves of cured PSA/MWCNTs and
PSA/MWCNTSs-T

#*S5 PSA/MWCNTs #1PSA/MWCNTs-T B4 4#)
TGA $i#E
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PSA 628 92.1 PSA 628 921

PSA/MWCNTs-0.5 571 89.7 |[PSA/MWCNTs-T0.5 570 89.5

PSA/MWCNTs-1.0 546 88.5 ||[PSA/MWCNTs-T1.0 577 88.5
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Fig. 9 Change of electrical resistivity of cured
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26 BEAMRBAZEMEE

P 10 A4t PSA B fig Al PSA/MWCNTs & 4 44 %)
B Eh A% (DMA B2 . MW 10 7] LLE
W, 765 FE AR T 280°C B PSA il BE AR & B/ RS 1k
MBS EE EHES . BENAESFECK
AE IR 43 B B B R A2 B, R T A BB A B R D
T BE R 280°C 2 &, AR I (1% P ok ik AT [ A 52 Bk
Rl B B B 1038 7] LLE H A [F] 5 &2 2 28
MWCNTs & PSA B JTig 1] 4447 1) fith e A 2 B o i
BRI AR 3 5 PSA BE AR (], 2 B Ui B v
Z21% N B, A 280°C Ji5 BE A R gk — 25 [ 16 52 BRI
ETt. PSA AR AT PSA/MWCNTSs B i 1) 451 ¥ [F 1
(tand) 75 i JE LT 500°C I FEA B AR AL, A H L
) RS S BRAEE , BRI 5 tano =E A4 ot 06 W AE 3 %o
87 FR) 3¢ 365 A % A2 T FE R H B, 130 B PSA/MWCNTS
{10 3 35 A0 5 A R FE = T 500°C o

#* 6 /& PSA/MWCNTSs fl PSA/MWCNTs-T 4 JIg



G 2021,54(10) FRIGE  BROOKE T S RSP IR 145 5 2 b e 39
45 0.6 K, PSA/MWCNTs-T2.0 B g [ 1L ¥ 1) 5 4 R Bk
hyd los #]0.62 W/(m-K)-

« 3.0] 0.4 (3)PSA/MWCNTs Al PSA/MWCNTs-T # flig
S ;3 03 i R T PEAK T 20 PSA W R, HL 2Bl 3R}
= 1.5 0.2 43 B0 H 38 T B AR, {2 PSA/MWCNTs-T B flig #u 2

ot 0.1 LT BRI T PSA/MWCNTS 6 .
o s, [ (4) PSA/MWCNTs #ll PSA/MWCNTs-T # fig
00 Wamre” 0 90t v BEL 5 0 A5 80 I 7 A M (L 10°

10 PSA K PSA/MWCNTs £ & &g El{L ¥1H) DMA #hZk
Fig. 10 DMA curves of the cured PSA and
PSA/MWCNTSs composites
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Tab.6 Flexural properties of cured PSA, PSA/MWCNTs,
and PSA/MWCNTs-T composites

it T/ MPa L i A H/GPa

PSA 21.734£3.23 2.63+0.12
PSA/MWCNTs-0.5 21.11+1.66 3.19+0.23
PSA/MWCNTs -1.0 22.42+1.13 2.97+0.28
PSA/MWCNTs -1.5 18.71£1.83 2.93+0.15
PSA/MWCNTs -2.0 14.67+1.50 2.58+0.15
PSA/MWCNTs-T0.5 21.37+1.56 3.13+0.10
PSA/MWCNTs-T1.0 23.18+1.43 3.36+0.24
PSA/MWCNTs-T1.5 21.13+1.93 3.27+0.25
PSA/MWCNTs-T2.0 20.51+1.54 3.03+0.19

RS R . MR 6 W LLE th , PSA/MW-
CNTs-1.0 44 g 1) 25 il 1% GE B /& T PSA Bl , L 42
PSA/MWCNT 4 Jig () 25 i 12 fie B 4415 T PSA B
PSA/MWCNTs-T A g 58 v 1 (1) 25 il 58 2 5 PSA B
NEREAR AT, 25 M T PSA MR . BB MW-
CNTs-T 5 PSA B i i 5 10 /E H 84, A 8] it &
$ MWCNTs-T/PSA B fIg e 7 14 1 77 2% 1 BE A2 1k
AR

3 i

(DHE T &H LBRFEMEE L BT TEOAS,
T % MWCNTs #E4T 2 [ AL B, TEOAS i Dl 452 1%
E MWCNTs & fi .

(2)PSA B JIF 1) 3 4 R # i & MWCNTs Al
MWCNTs-T Jig & 75 %5 1) 14 K 5 36 K J5 9/ , PSA/
MWCNTs-T (1] 5 # & 4t PSA/MWCNTSs ## fig 1

Hz I 2 A8 B LA 5+ 10° Q-cm.
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