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Abstract: This work mainly used the synergistic effect of one- and two-dimensional fillers (Multi-walled carbon
nanotubes (MWCNTs)@graphene (GE)) to improve the thermoelectric and mechanical properties of thermoplastic
vulcanizate (TPV). MWCNTs@GE/polypropylene-maleic anhydride (PP-MA) masterbatch were first prepared by
melt-graft blending. The structure, crystallinity and microstructure of MWCNTs@GE/PP-MA masterbatch were
characterized. Then MWCNTs@GE/TPV composites with unique network structure were prepared by dynamic vul-
canization method. The effects of the amount of MWCNTs@GE on the phase structure, electrical conductivity,
thermal conductivity and mechanical properties of MWCNTs@GE/TPV composites were studied. The results show
that the combination of MWCNTSs and GE has a synergistic effect and can be used as nucleating agent to improve
crystallization peak temperature (T,) and crystallinity of PP (X.) and reduce crystal size of the PP crystal plane
(Lcrystattice) in the crystallization process, compared with the masterbatch prepared with single filler. In the MW-
CNTs@GE/PP-MA masterbatch, MWCNTs and GE are uniformly dispersed in PP-MA and have strong bonding force
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with the matrix. The MWCNTs@GE/TPV composites show an obvious "island" structure, and the cross-linked butyl

rubber (IIR) rubber is dispersed in the PP-MA phase as micron size particles. MWCNTs and GE are uniformly dis-

persed in the continuous phase PP-MA, and the distance between MWCNTSs and GE is less than 1 pm, forming the
MWCNTs@GE network structure. When the content of MWCNTs@GE in MWCNTs@GE/TPV composites reaches

3wt%, the alternating current (AC) electrical conductivity, thermal conductivity, elongation at break and tensile

strength reach the best value.

Keywords: multi-walled carbon nanotubes (MWCNTs); graphene (GE); thermoplastic vulcanizate (TPV); com-

posites; dynamic vulcanization
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PP-MA £:Fi, GE/PP-MA £:5if1 MWCNTs@GE/PP-MA R:H (1)

Raman &%

Fig.1 (a) FTIR spectra of polypropylene (PP), PP fusion grafting maleic
anhydride (PP-MA), multi-walled carbon nanotubes (MWCNTs)/PP-MA

masterbatch, graphene (GE)/PP-MA masterbatch and MWCNTs@GE/PP-

MA masterbatch; (b) Raman spectra of MWCNTs, GE, MWCNTs/PP-MA
masterbatch, GE/PP-MA masterbatch and MWCNTs@
GE/PP-MA masterbatch
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MA &5 & S5k, JF— 2 E Bl it PP 2 4% MAH
ILJE MWCNTs F1 GE J5 ik BB £ 55 PP 5 MWCNTSs
M GE Z Rl iy 454 1117,
2.1.2 MWCNTs@GE/PP-MA £} K7 (1) 45 /i Pk fig

24 PP, PP-MA., MWCNTs/PP-MA +} %I |
GE/PP-MA +} i fil MWCNTs@GE/PP-MA +} i f}
XRD [ . AT LIE H, PP AERE AT 5 % 20 1 BX
1E 13.8°, 16.6°, 18.4°, 21.6°F1 25.4°4k , KK X )i
BN o fh % (110). (040). (130). (131) F1 (111)
(A T U0, PP-MA fiT S W 7 5 PP A IA], 3%
W] PP ek P42 MAH WA U PP i, MWCNTSs/
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PP-MA BER & A H BB AT e, 3¢ B A B2 R0
Jn Tad FE v, MWCNTSs fil GE 2 [b] HAH HE FU7E &5
BB ] A9 FE B R T 10 nm, PR TG VR ARG T 2 4 IR
AR HROR . 3 — 20 R W R AR R 45 5 V5 B %
fiff MWCNTs@GE - #3451 . R MG A,

(040) $
(110) s (130)
: (131)
i 8 (111)
%1
2 i
g : PP
a " PP-MA
v WCNTs/PP-MA
7
Y J GE/PP-MA
M WCNTs@GE/PRAIA
1 1 1 1
10 20 30 40 50

20/(°)
2 PP, PP-MA., MWCNTs/PP-MA #}4i, GE/PP-MA KL
MWCNTs@GE/PP-MA FERL[) XRD &3
Fig.2 XRD patterns of PP, PP-MA, MWCNTs/PP-MA masterbatch,
GE/PP-MA masterbatch and MWCNTs@GE/PP-MA masterbatch
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0.94), # 151 T PP, PP-MA, MWCNTs/PP-MA
+1kL . GE/PP-MA 4 fll MWCNTs@GE/PP-MA
K (040) T Y Leryseanie 1 (110) 55 (040) 2 7 9 475
SFF U SR BE LUAR (I10/Tos0) o PTLAE M, 5 MWCNTs/
PP-MA £} 4 Fll GE/PP-MA £} % #H [t , MWCNTs@
GE/PP-MA #} K7 1 Leysanie 5 fl8, % ] MWCNTSs
I GE R BN W [RIVE R, FE 45 & o 78 AR S i )
12 3k PP 45 i1 . MWCNTs@GE/PP-MA +J % 1) 3 i
L (I10/1oso) B2/, UL MWCNTs 1 GE BE 2 2 Z|
P IRV AR 4 T g BT o

%1 PP. PP-MA, MWCNTs/PP-MA &#i, GE/PP-MA &
#F1 MWCNTs@GE/PP-MA EHEIfY) XRD %37
Table 1 XRD data of PP, PP-MA, MWCNTs/PP-MA
masterbatch, GE/PP-MA masterbatch and
MWCNTs@GE/PP-MA masterbatch

Sample Lerystatiite/ M T30/ Ipg0
PP 26.5 0.64
PP-MA 25.2 0.60
MWCNTs/PP-MA 24.3 0.52
GE/PP-MA 23.2 0.48
MWCNTs@GE/PP-MA 21.6 0.38

Notes: Leyyseanie—Crystal size of the PP crystal plane (040);
Iyo/Ipso—Ratio of diffraction peak intensity of PP crystal plane
(110) and crystal plane (040).
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Fig.3 DSC spectra of PP, PP-MA, MWCNTSs/PP-MA masterbatch, GE/PP-
MA masterbatch and MWCNTs@GE/PP-MA masterbatch:

(a) Crystallization curves; (b) Melting curves

5 MWCNTs # [, GE Xt PP Al T, B 5 i 42 /s
A 3wt% ) GE, T, Fi& T #93.4°C. nlfig T2
e 45 1) GE A BRI R TR, AL
B, REZHGE RIZWAAH, A PP &k MK
W 4% 47 BH WFAE B . 24 MWCNTSs 1 GE Jf H Y,
MWCNTs@GE/PP-MA B K T, Ft 5 T 6.5°C,
] MWCNTs F1 GE Jf F 1A 7 & 3] i By [5] 7 T 1] b
# T4y K 2 . MWCNTSs Fil GE X} MWCNTs@
GE/PP-MA tERLI) Ty, 1520 A G0 T, B &, {0 PP
A AU B ) s R 4 08 2 1D %) 3R S PR E
4 PP (W22%% . W XRD Zr Ml A1, i i PP 45k ek
P i 46 MWCNTs@GE/PP-MA £ ki it PP 45 5 R &
AR, R o f B, B T, ANAE S SRS
WAE 27 [) ) ek B S B s/ 1N, 222 F MWCNTs@



Vi BEAE . ZEEBRAUKAT @ 806 5 4 IR S A5 R AUAR B BB R A P AE -3933 -

%2 PP, PP-MA, MWCNTs/PP-MA ##i, GE/PP-MA
BHIF1 MWCNTs@GE/PP-MA B Y 45 B 218
Table 2 Crystallization data of PP, PP-MA, MWCNTSs/PP-
MA masterbatch, GE/PP-MA masterbatch and
MWCNTs@GE/PP-MA masterbatch

Sample T./C Tw/C AH,/(g") X/%
PP 100.2 142.7 93.6 44.8
PP-MA 102.8 141.2 99.5 48.3
MWCNTSs/PP-MA 107.6 141.2 103.2 50.9
GE/PP-MA 106.2 141.1 107.6 53.1
MWCNTs@GE/PP-MA 109.3 140.8 115.3 56.9

Notes: T, and T,,—Crystallization peak temperature and melting
temperature; AH,,—Enthalpy of PP; X_.— Crystallinity of PP.
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Fig.4 SEM images of MWCNTs (a), GE (b), PP-MA (c), MWCNTs/PP-MA masterbatch (d), GE/PP-MA masterbatch (e) and
MWCNTs@GE/PP-MA masterbatch (f)
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@GE & MWCNTs@GE & & #UBH: Hifbig e (MWCNTs@GE/TPV) &4k TEM 14 : (a) 1wt%; (b) 3wt%; (c) 5wt%

L s

Fig.5 TEM images of MWCNTs@GE/thermoplastic vulcanizate (TPV) composites with different MWCNTs@GE contents: (a) 1wt%; (b) 3wt%; (c) 5wt%
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Fig.6 Thermoelectric properties of MWCNTs@GE/TPV composites with different MWCNTs@GE contents: (a) Alternating current (AC) conductivity vs
frequency; (b) AC conductivity of MWCNTs@GE/TPV composites with different MWCNTs@GE contents at 10> Hz;

(c) Dielectric permittivity vs frequency; (d) Thermal conductivity
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Fig.7 Mechanical properties of MWCNTs@GE/TPV composites with different MWCNTs@GE contents: (a) Stress-strain curves; (b) Effect of

MWCNTs@GE content on tensile strength, elongation at break and elastic modulus of MWCNTs@GE/TPV composites
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Fig.8 Tensile fracture morphology of MWCNTs@GE/TPV composites with different MWCNTs@GE contents: (a) 0wt%; (b) 1wt%; (c) 3wt%; (d) 5wt%
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