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1. Introduction

Nowadays, humans are significantly exposed to the
radiation of electromagnetic waves. Tools such as TV
antenna, microwave, X-ray, light and heat, cosmic rays,
wireless  remote-control  units, radio  frequency
interference, electronic equipment such as laptops, mobile
phones, etc., are capable of producing electromagnetic
waves in a wide range of Frequency. Radiation of
electromagnetic waves can cause noise pollution, heat or
breakdown of electrical equipment. In addition, the
radiation of electromagnetic waves has harmful effects on
human health. Conductive polymer composites (CPC)
have favorable electrical conductivity, electromagnetic
interference shielding effect, ease of manufacturing,
flexibility in design, suitable corrosion resistance and low
density, compared to metal protective materials. This
category is considered in the field of protection against
electromagnetic wave .In segregated composite, a
conductive phase is coated on the surface of polymer
granules. This non-uniform distribution causes a low
percolation threshold in CPCs, but in these structures, the
surface separation of the conductive filler prevents the
diffusion of filler between the polymer granules and also
the conductive fillers accumulate on the granule surface,
which will be one of the factors of mechanical properties
drop. Adding a small amount of low molecular weight
polymer while adding conductive fillers increases the
adhesion of the conductive phase and polymer granules.

2- Materials

Multi-walled carbon nanotube powder (MWCNT)
prepared by Vera Carbon Nanomaterials Company, high
molecular weight polyethylene powder (HDPE) HD 52505
UV grade prepared from petrochemical jam and low
molecular weight polyethylene powder (LDPE), LFI2575
grade prepared from Ariassol Polymer Company was used.
Results Composite specimens were produced by mixer
milling of HDPE powder and 0.5, 3, 2, 1, 4, and 6 percent
by weight, of CNT powder. Nanocomposite samples
featuring a segregated structure were fabricated by using

hot press machine operating at a temperature of 122
degrees Celsius under a pressure of 16 tons. Subsequently,
1 wt. % LDPE was added to the composite powders to
explore the variation of conductivity within the segregated
structure.
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Fig 1. Composite powder scanning electron microscope
pictures: a and b) H-4CNT c and d) L-4CNT

The HDPE/MWCNT and HDPE/LDPE/MWCNT
composites were named as H-xCNT and L-XCNT,
respectively. In which the variable x denotes the weight
percentage of CNT in the structure, accompanied by the
incorporation of 1 weight percent of the LDPE phase.

(b)
Fig 2. Fracture surface images: a) H-2CNT, b) L-2CNT.

The FESEM images of composite powders (Figure 1)
is presented the coating of polymer granules by CNT and
also CNT bundle in some areas. By increasing the weight
percentage of CNT in the structure, the uniformity of the
carbon nanotube coating on the surface of the granules is

observed. As seen in Figure 2, the fracture surface of the
composite samples show the formation of segregated
structure, in which the carbon nanotubes have created a
conductive path around the polymer granules.

The local melting of the LDPE phase during the
processing of the composite sample causes the
creation of a fluid phase between the CNTs and
improves the adhesion of the conductive phase,
improves the conductive paths, and also reduces the
structural defects such as micro cracks and holes,
and improves the conductivity and mechanical
properties as well. If LDPE phase is added to the
structure with a high percentage of weight, it will
act as a diluent in the interface between the two
phases of HDPE and MWCNT and will cause better
adhesion of these two phases and ultimately
improve the mechanical properties and conductivity
in the structure (Fig. 3).
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Fig 3. a) Conductivity changes of isolated HDPE/CNT
structures in the presence and absence of LDPE in terms of
carbon nanotube weight percentage, b) Stress-strain curve

of two H-2CNT and L-2CNT composites




(’ '/t—qO) . ’ o ’ 4”;",‘ 4;{}4} ‘gjj_}jkd w.&'{.&

O
g0 95398l (weigo II‘%

Off 0 https://jmme.um.ac.ir/ Ol 1 9Y g8 g (AT Lozl
DG

Tadl  galas bl L HDPE/CNT & jguols” gl H [ P SO oblsy ¢ 451034 38 LDPE o 56
2 O™ 2 29400 & w00 2le> § (2 ) 2 P P>
® 5L fadl O Sl wlows OLLs ) wlw
DOI: 10.22067/jmme.2023.79715.1087

3 wileef sl il Slotlo U Ulay (g pady (sl 3uolS litewn Uleoy ool (G Olsie b0 pwlio it Ulaey (& poanls dinej (claCo 3ol il OO

g ol o A 3 (6 ey e = )5 J/,.;:;ACLMJ) (5 s 552 u.é:[.a"@jjigl? O D3 L eyl p sy slacy jaslS I (5505
S s L gy 4 4l Sl sl LONT/HDPE (ol &y jaals U ibloy JB oS s (sladoss 3 ami G pllay 0 pbiws shio 4
bl Al Bl ey j50lS ol 4 i Sol oy Gl ST S3S g0 s s S e 30 (5 ey U (Sl ol it 3 g g pbile 4 Ll U (S
G636 g aalS 5 ONT 6 i deoss O o bl Do 0,8 Aol (6ol (slad 51,5 (slajpo oo [y LONT o s o gy o ST o sSs Ko
Sams pede sz g3 5 0/+ V499 VOl G LDPE 6 s 5 ailelit= 5 +/¥O1AS/M 3 Sl S6 (s S fgplS 3 5 1/ F91S/M pos (s pmck
5 bt 25 315 DL H-2CNT s i L-2ONT o jlS s | (Sl ool s 3o iod 228 gl bk 20587 /0 V48 0 VOl G5

el a2y il Aoy JTNEY 5 VN s 5 w LDPE 6 g 0 conSKi i S

Sl ol e bl (oS sl VL ansls L sl L oS Ko el (Gouls” (sojlg

The Effect of LDPE Presence in Grain Boundaries on HDPE/CNT Nanocomposite with Segregate
Structure on Electrical Conductivity and Mechanical Properties

Reyhaneh.Rezania Samaneh.Sahebian Abolfazl.Babakhani

Abstract Conductive polymer matrix nanocomposites are suitable choice as a conductive material. Conductive polymer
composites with segregated structure has lower percolation threshold than random composites. Reinforcement in
Segregated structure composites are only located at polymers matrix particles interface instead of being distributed
randomly throughout the system. In this study, HDPE/CNT nanocomposites with segregated structure were fabricated by
dry mixing method in order to achieve significant conductivity at low weight percentage of conductive phase, due to
improvement of mechanical properties, the second polymer phase, which a lower molecular weight polymer matrix, was
added to composites structure. SEM images confirms that the presence of CNTs at polymer granules boundaries. The
conductivity in 1%wt of CNT phase for composite without second polymer phase equal 1.0491 S/m and composite with
second polymer phase was 0.4518 S/m and In case of LDPE phase, the threshold was reported as 0.07999 Vol% and in
the absence of this phase as 0.07999 Vol%. Tensile test results also show that improved mechanical properties for L-
2CNT composite compared to H-2CNT. The yield stress and fracture strain in the presence of LDPE phase have increased
by 26.11% and 208.62%, respectively.

Keywords Segregate structure, High density polyethylene, Carbon nanotube, Conductivity, Mechanical properties.
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