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The purpose of this paper is to study the effects of different amounts of multi-walled carbon nanotubes
(MWCNT) on the mechanical properties of polypropylene (PP)/magnesium sulfate whisker (MSW) composites
for electric meter turnover boxes. To this end, the melt- blending method was adopted to blend the surface-
modified MWCNTSs with the modified MSW, PP, and maleic anhydride grafted polypropylene (PP-g-MAH), and
then two-roll mill was used to obtain the PP/PP-g-MAH/MSW/MWCNT composite materials for electric meter
turnover box by melt blending. Finally, the effects of different amounts of modified MWCNT on the mechanical
properties of PP/PP-g-MAH/MSW composites for electric meter turnover boxes were compared. The results
show that after mixed acid treatment, the MWCNT surface is uniformly dispersed in the composite, and the
interface with the polymer matrix is well combined, which can strengthen the composite material; when the
mass fraction of MWCNT is high, agglomeration occurs, reducing the mechanical properties of the composite;
when the mass fraction is about 0.3%, the mechanical properties of the composites are the best.

1. Introduction

Polypropylene is made of propylene monomer. It has low density, easy processing, non-toxicity, good
mechanical properties, fatigue and yield resistance. It can be recycled and reused, and often used as a
material for electric meter turnover boxes.

The research on the PP modification is one of the hot topics in the packaging containers field of electric meter
(Lian et al., 2008; Bledzki et al., 2012). Inorganic whiskers are needle-shaped single crystal fibre materials
developed in recent years. Its atoms in the single crystal are arranged neatly, which can almost overcome
various defects of polycrystalline materials.

After modification, it can be uniformly dispersed in the polymer, so as to ensure the good mechanical property
of the polymer (Zhou et al., 2005). As a new material, multi-walled carbon nanotubes have the advantages of
large specific surface area, long aspect ratio, high mechanical strength, good thermal stability and good
thermal conductivity. Based on this, by adding MWCNTs in the PP/MSW composites for electric meter
turnover box, this paper studies the effect of MWCNTSs on the mechanical properties of PP/MSW composites.
It's expected to provide reference for PP modification.

2. Experiments
2.1 Main raw materials

Polypropylene: K8003, Dushanzi Petrochemical Co., Ltd;

Maleic anhydride grafted polypropylene: KH PP-GMAH 01, Haier Kehua;

Magnesium sulfate whiskers: NP-YW2, whiteness: 293 (fluorescence whiteness); bulk density: 0.1 to 0.3;
water content: <1.0%; pH: 9 to 10.5; purity: 296%; length L: 3.5 to 120um; diameter D: < 2um; length-diameter
ratio L/D: 8 to 70, Jiangxi Fengzhu New Material Technology Co., Ltd;

Multi-walled carbon nanotubes: ID: 5-10nm, OD: 10-20nm, length: 10-30nm, Chengdu Institute of Organic
Chemistry, Chinese Academy of Sciences;

Silane coupling agent: KH-550, colourless liquid, Nanjing Daoning Chemical Co., Ltd.
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2.2 Main equipment and instruments

Pendulum Impact Tester: ZBC7501-B, MTS Industrial Systems (China) Co., Ltd.;

Precision open mill: BP-8175-A, Dongguan Baopin Precision Instrument Co., Ltd.;

Box type resistance furnace: SX2-2.5-10, Shangyu Hunan Electric Furnace Oven Factory, Zhejiang Province;
Plastic pulverizer: SWP/I60, Qingdao Jiaozhou Hongda Plastic Auxiliary Machinery Factory;

Plate vulcanizing machine: TP1400, Shanghai Wodi Technology Co., Ltd.;

Universal sample machine: ZHY-W, Hebei Chengde Experimental Machine Factory;

High-speed mixer: SHR-10A, Zhangjiagang Xinghuo Degradation Equipment Machinery Plant;

Electronic universal testing machine: CMT-4304, MTS Industrial Systems (China) Co., Ltd.

2.3 Sample preparation

44 of silane coupling agent KH550 was weighed in the 980ml of absolute ethanol, and stirred for 15min in the
45°C water bath to obtain the silane coupling agent/ethanol solution. Then, 200g of MSW was weighed, put in
coupling agent/ethanol solution, and stirred for 1.5h in the 50°C water bath. Finally, it was dried in an oven at
75 ° C to obtain the modified MSW of KH550 silane coupling agent (Zhang et al., 2016; Duan et al., 2012).

300 ml of mixed acid was prepared at the V (concentrated H,SO4): V (concentrated HNO3) = 1:1, placed in
the three-necked flask, and then 2g of MWCNT were added while being connected to a reflux unit. The flask
was placed in a heating unit and treated at 120°C for 3 h. After drying and washing with deionized water to the
neutrality, finally it's dried in a vacuum oven at 80°C for 4h so as to prepare the surface-treated multi-walled
carbon nanotubes (Liu et al., 2007; Cheng et al., 2014; Wu et al., 2008; Zhang et al., 2014).

PP, PP-G-MAH, and modified MSW were added to the high-speed mixer and mixed uniformly. The front and
rear roll temperatures of the two-roll mill were set to 172 °C and 170 °C respectively, and after the temperature
of the mill reached the set temperature, the uniformly mixed PP, PP-G-MAH, and modified MSW were added
to the open mill for 4 min according to the formula in Table 1 below. Then, the MWCNT were added to the mill
for melting and mixing; after 5 minutes, the sheet was made from the mill. Next, the sheet material was
pulverized in a pulverizer, and the pulverized material was placed in a mould and pressed into a plate using a
flat vulcanizing machine (hot pressing conditions: upper and lower plate temperature of 175°C, preheating and
melting for 10 min, and hot pressing for 7 min, cold pressing for 10 min, and pressure of 10 MPa). Finally, the
universal sample machine was used to cut the pressed sheet into a standard sample of the specified size for
performance testing (Li et al., 2012).

Table 1: Ratio of composite materials used in electric meter turnover box

No. PP PP-g-MAH MSW MWNT MWNT mass fraction

1 100 10 10 0 0%
2 100 10 10 0.12 0.1%
3 100 10 10 0.36 0.3%
4 100 10 10 0.6 0.5%
5 100 10 10 1.21 1%

2.4 Testing and characterization

The impact strength was tested according to GB/T 1843-2008;
The tensile strength was tested according to GB/T 1040.1-2006;
The bending strength was tested according to GB/T9341-2008;
The SEM, The voltage was kept at 20Kv;

The sample surface was gold-plated.

3. Results and discussions
3.1 Effect of MWCNT on tensile strength of PP/MSW composites for electric meter turnover boxes

Figure 1 is the changing curve showing the effect of the MWCNT content on the tensile strength of PP
composites for electric meter turnover boxes.

It can be seen from the figure that with the addition of MWCNT, the tensile properties of the composites are
significantly improved. When the mass fraction of MWCNT is about 0.3%, the tensile strength of the
composites reaches the maximum value of 45.09 MPa, which is 24.83% higher than that of the composite
material without adding MWCNT. The reasons are mainly: the modified MWCNTs have improved their
dispersibility in the PP matrix, which can further enhance the bearing capacity of the MSW skeleton in the
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composite material. Besides, it's also tightly wrapped by the PP matrix and bonded well on the interfaces. In
this way, when the composite material is subjected to external stress, the fracture surface mostly appears
between the PP coating layer and the matrix, so that the MWCNT can absorb a large amount of energy,
indicating that it can further increase the rigidity of the PP composite material. This is beneficial to improve the
resistance of composites (Zhou and Liang., 2015; Xiong et al., 2009; Zhang and Wei , 2016; Hua et al., 2011;
Yi et al., 2008). As its mass fraction increases, its dispersibility begins to decrease, and agglomeration begins
to occur, resulting in a gradual decrease in tensile strength of PP composites.
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Figure 1: Tensile strength of composite under different content CNTS

3.2 Effect of MWCNT on bending strength of PP/MSW composites for electric meter turnover boxes

Figure 2 is the chging curve showing the effect of the MWSNT content on the bending strength of PP
composite for an electric meter turnover box.

It can be seen from the figure that the bending strength of the composite increases gradually with the increase
of the MWSNT content. When the mass fraction of MWSNT is about 0.3%, the bending strength of the
composite reaches the maximum value of 60.75 MPa. As the content of MWSNT continues to increase, the
bending strength of the composite material gradually decreases. Compared with the composite material
without MWSNT, the bending strength is increased by 25% with about 0.3% of the MWSNT mass fraction.
The main reasons are: For the modified MWCNT, its interfacial bonding strength with the PP matrix is
increase, so as to improve the dispersibility in the composite material; the appropriate amount of MSW in the
composite material in the composite material must be uniformly dispersed and interwoven into a network
structure, so that when the composite material is under external stress, it can be effectively transmitted to
MSW and MWCNT, thereby significantly improving the mechanical strength of the composite (Monteiro et al.,
2009; He and Gu, 2007; Zhang et al., 2016; Yang et al., 2009). As its content increases, MWCNT begin to

agglomerate in the polymer matrix, reducing the bending strength of the composite.
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Figure 2: Bending strength of composite under different content MWNTS
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3.3 Effect of MWCNT on impact strength of PP/MSW composites

Figure 3 is the changing curve showing the effect of the MWCNT content on the impact strength of the PP
composite material for an electric meter turnover box.

It can be seen from the figure that the impact strength of the composite material is significantly improved by
adding the surface treated MWCNT. Compared with the composite material without MWCNT, the impact
strength of the composite added with about 0.3 mass fraction of MWCNT increased from 30.5 KJ/m? to 44.28
KJ/m?, increasing by 45.18%. The reasons are mainly: With mixed acid treatment of MWCNT, it can reduce its
surface energy, improve its dispersibility in the PP matrix, lower the crystallization nucleation energy barrier of
PP, and enhance the crystallinity of the PP matrix; thus, the MWCNT has a good toughening effect on PP
composites. (Ni et al., 2001; Jing et al., 2008; Gao et al., 2014) As the mass fraction of MWCNT continues to
increase, agglomeration tends to occur, resulting in a decrease in the toughness of the composite (Wei and
Jia, 2015)
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Figure 3: Impact strength of composite under different content CNTS

3.4 SEM analysis for impact section of PP/PP-g-MAH/MSW/MWNT composites for electric meter
turnover box

Figure 4 shows the SEM images of the impact section for the 0% and 0.3% MWCNT-added composite.

a. 0% b. 0.3%
Figure 4: The SEM images of the cross-section of composite with 0%, 0.3% content of MWNTS

It can be seen from Figure 4a that the MSW are wrapped by the polymer matrix and are capable of being
uniformly dispersed to transfer stress. Figure 4b contains the 0.3% MWCNT-added composite, in which the
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white dots are MWCNT protrusions wrapped by the PP matrix; at the low mass fraction, the distance between
the protrusions is large, indicating that the MWCNT were uniformly dispersed in the pp matrix without
agglomeration.

The MWCNTSs are uniformly dispersed in the matrix of the composite material and tightly wrapped by the
matrix, and the interface is well bonded, indicating that the MWCNTs have a certain toughening and
reinforcing effect.

4. Conclusions

(1) After the mixed acid treatment of MWCNTSs, its compatibility with the composite material is better, which
significantly improves the mechanical properties of the PP/MSW composite for electric meter turnover
box.

(2) The MWCNT with appropriate mass fraction have certain toughening and strengthening effect on the
PP/MSW composite of the electric meter turnover box. However, when its mass fraction is large,
agglomeration can occur, thereby forming structural defects and decreasing the mechanical properties of
the composite material.

(3) When the mass fraction of MWCNT is about 0.3%, the mechanical properties of PP/MSW/MWCNT
composites for electric meter turnover boxes are the best.
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