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Study on Thermal Conductivity of MWCNTs/T-ZnOw
Modified PVB Composites
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Abstract: A MWCNTs/T-ZnOw/PVB composite was prepared via solution blending method by using multi-walled
carbon nanotubes (MWCNTs) and zinc oxide whisker (T-ZnOw) as fillers and polyvinyl butyral (PVB) as matrix.
The thermal diffusivity of the composite was measured by transient electro-thermal technique (TET). The effects
of different mass fraction ratio of fillers, heat treatment time and temperature, and ultraviolet accelerated ageing on
the thermal conductivity of the composite were investigated. The results show that under the same mass fraction of
fillers, the thermal conductivity of the composite increases at first and then decreases with the increase of
MWCNTs content. When the heat treatment time is 1 h, with the increase of the heat treatment temperature from
80C to 140°C, the thermal conductivity of the composite decreases at first and then increases. When the heat
treatment temperature is 140°C, the thermal conductivity increases after heating for 1 h, but it decreases with the
extension of heating time. When the composite is accelerated aged by ultraviolet irradiation, the thermal
conductivity of the composite decreases with the increase of irradiation time.

Key words: multi-walled carbon nanotubes (MWCNTSs); zinc oxide whisker (T-ZnOw); polyvinyl butyral (PVB);

composite; transient electro-thermal technology (TET); thermal conductivity
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Tab.1 Mass fraction of components in composites

G o(PVB)Y%  o(T-ZnOw)/%  o(MWCNTs)/%

1 100 0 0

2 99 1.0 0

3 99 0.9 0.1
4 99 0.7 0.3
5 99 0.5 0.5
6 99 0.3 0.7
7 99 0.1 0.9
8 99 0 1.0
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Fig.2 TET experimental system diagram

i FELIEONFE R, E LA AR R R R
Tt TR IR R R AR A 2 Tk H BEL Y 2R, 2
N HLL— 7 I, A5 ot 19 o P 2 A P PR PR AR A T
oOAR I B R R AR IE SR I A e . BT
H, s 1) A8 A A5 2R i R 1 A8 A, T 8 40, 5 I
J&£ 55 I 1) il 2 RAT 2R i B A BOR B, B HR
R — DS AIREMK SRR BRBEE
L5 I a] A2 40 5% 2R T B 3 TR

0.250+
0.248

0 246

EE.):T:/V

0.244

0.242 .
2
i al/s
E3 HAeBEESHERHRXR

Fig.3 The relationship between voltage and time of sample

WA BT HE T (T AR ENT
0.2 Pa) JFEAT , [R b AT LA 720 18 Xof 97 46 ot 2 > 1563 1)
M. NERIEREIRE — 4L S FER K B R
TR AR, HAEH T AR I X (D PR .
i(pe,T) T
o0 Ko
KCOH p FEEMIEE kSRR o, AT
EEINES s g, AL AR FR I FR I AR D 28 s TR it~ 33
WA
i (1)1 35 3 B2 A bk 2 SRR 43 SR i, v R

2O,
I exp -(2m - 1)’ n’at
2 o I )

+q, QY

2

4q,L
T t) = T + \2)
&) =T, m,; (2m — 1)*

O L ONBEIRE B s o SRR dl O FIATT R

B TN SR .

I )8 T TC 95 KB (t—00) , BE S IR VS KBy

[T Fa S, RLA AL 5 T 208 B an = (3D AT
q,L’

T(1)=T,+70 3)
FE I H— AT T R (4 .

. 1- -2m - 1)’ at/L?
Tty = z exp[ 2m - 1) n*a ] “

(2m-1)"
m%ﬁﬂﬁfﬁw%&%$ﬂﬁf%%%m
KPR

_ q,L* . 8q,L°
Vsample - IRO + [7] 12k X T - 4
s 1- exp[*(Zm - 1)27t2at/L2] )
5
m=1 (2m )4

O H V0 AT 7 P A IS B RE i P o FRL S s 1R
JENFE 5T s RONFE b W) 46 H B 5 o J9E i
RHLIG 2 R4
(Rl R IR I R 48 G Ak, Jo vk i@ v n #4, it A
BN S BT B B T . R CE R R
B B TRAE G5 DR S A 9% 42 20 nmo BE 2 JE

it IR AT 3R HCR BT DUR R 30 (6) T 52
LorenzTL

“Rd. pe,
(O H : a  IFE i A Y R L 0, NIDE ST
Um%#%%ﬁRﬁHMM$ﬁ%mAﬁﬁhﬁﬁ
BRI FR s Ly, 9 0 T (RS AR 2280
5 L8 5 AR o A O e B2 0P RS T AR —
(T 5 M), A o 11 2 S A 00 R R 55 T AT
REGE IR 2, MDD R .
1 8g0T; L7
pe, D 1w
N DF e NFER A BRI 0 PR 2 H AL
DARESERE . Q) AR I S A iR
HEA UMY BRI — BRI R, W]
T I PSR i K P HE T R SRR B O SRR i )
LRI B RE BRI RS BAREE, W]
2 (8) S HEAF HAFE i (1) F R 2
a = kipe, (8)
A DR R S B A OB R
1%, A LA 40 PVB (1) % JE AT EL #4E (p=1 107 kg/m’,
¢, =1 667 J/(kg K"K i 5HAF 2 25 it () 3 T4 R 8L

2 GFREHR

2.1 BRI E MR SR M RER ST
K222 1 i 26 55 BORE i DD s Iz K T HL

(6)

Qe = A

D

A= O —



34 FNEIEE  BRIIKE A S AT 5 ORI 4 T T 5 AR AR REAT 52

@igirRt  2021,54(7)

558 R SE, e K Qs v fn 2 8 T3
G b, 1R MR A B A R B S, S VR R K
L] 5 A 7 i FL A b, R o s S B A R
SPREAT 2 00N S BT I E . FE SR R ER S A
P e, EAEMEN SR KB WER2 k. B
F 204, BEE MWCNTs & &30, Z &R
FRARHOCEAE BRI . I MWCNTs # T-
ZnOw [ 5 853 505 3N 0.7% F110.3% I, A 1k
M-3R E R R, 1550.61 W/(m-K).

x2 BEAMHNSARY

Tab.2 Thermal conductivity of each composite material

s KE/um  EE/am EE/um SR EE(W/(mK))
1 1067 131 98 0.31+£0.023
2 963 91 164 0.28+0.015
3 835 104 139 0.31+0.021
4 1272 181 161 0.35+0.019
5 1674 151 124 0.38+0.021
6 1533 151 113 0.61+0.022
7 1099 113 79 0.34+0.018
8 1038 118 82 0.29+0.013
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Fig.4 SEM images of sample at different magnification
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Tab.3 Treatment conditions and results

L. KEOSEEE ERE A Jn# SHEAEH
i ) i §

/jum  /um  /um  BE/AOEEE/C O /(W/(meK))
9 1533 151 113 0 x 0.61+0.022
10 1704 172 113 1 80 0.55+0.029
11278 217 113 1 100 0.51£0.026
12 1409 188 113 1 120 0.71+0.025
131370 170 113 1 140 0.73+0.032
14 1621 226 113 2 140 0.56+0.031
15 1575 192 113 4 140 0.54+0.025
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Tab.4 Effect of UV irradiation on the thermal

conductivity of composite materials

- K % JERE LA FRAH

/um /um /um /d /(W/(m-K))
1-1 1067 131 98 0 0.31+0.023
1-2 1479 164 98 30 0.23+0.016
2-1 963 91 164 0 0.28+0.015
2-2 1758 216 40 30 0.27+0.019
6-1 1533 151 113 0 0.61+0.022
6-2 1811 152 179 30 0.51+0.015
8-1 1038 118 82 0 0.29+0.013
8-2 1528 175 121 30 0.23+0.014
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