Najim A. Saad, Nizar Jawad Hadi, and Zahraa Imran Mousa, JMES Vol 1 Issue 2 2014

The Journal of MacroTrends in
Energy and Sustainability

MACROJOURNALS

Investigation of the Rheological, Thermal and
Mechanical Behavior of Micro and Nano-Carbon
Black Particles Filled LDPE

Najim A. Saad, Nizar Jawad Hadi, and Zahraa Imran Mousa
Faculty of Materials Eng./ Babylon University/Iraq

Abstract

This work focuses on studying the characteristics of LDPE reinforced with micron and
nano CB particles. The LDPE melt blended with 2% , 4% and 8% of micron and nano
carbon black respectively in a co-rotating twin screw extruder. Different testing
equipments were used in this study (tension, impact, DSC, SEM,....etc)also, MFR has
measured using melt indexer type (SHI JIA ZHUANC ZHONG SHI TESTING MACHINE
CO., LTD). The results show that the best characteristics for the composite materials
within the lower percentage of nano CB and best of the micron CB composite
materials. MFR reduced with micron and nano CB concentration increasing and
increased with the temperatures increasing, the MFR and shear rate at the wall
exhibit lower values with micron CB composites than that of nano CB composites.
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1. Introduction

Nanocarbon black is used recently in polymer and industry due to high thermal and mechanical
properties. Carbon black is an important consistent in polyethylene compound used in the
manufacture of pressure pipes for the distribution of potable water and gas. Polyethylene is
already one of the most commonly used polymers due to its solvent resistance and easy
processing. Low-density polyethylene (LDPE) also has excellent flexibility and resilience.
However, the mechanical properties of LDPE are often poor(1). Two decades of nanotechnology
research have led to new materials with one or more dimensions in the 1-100 nm size range.
Their small size and high surface area may produce greater chemical reactivity, induce
permeability or conductivity changes in biological membranes, enhance lung penetration, or
enhance cellular uptake leading to cytotoxicity from the nanomaterial itself or from adsorbed
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species transported into the cell during endocytosis of the nanomaterial . Carbon nanomaterials
are the most celebrated products of nanotechnology to date, encompassing fullerenes,
nanotubes, nanofibers, and a wide variety of related forms (2). There are different methods to
prepare nanocomposites, however melt mixing appears to be the most used and the most
important from an industrial point of view. Regarding this, it can be said that twin-screw
extrusion(3). Composite materials containing nanoparticles as fillers form one class of
nanocomposites. Improved mechanical and electronic properties of these materials . The very
high surface area of nanoparticles creates a large interfacial area between the fillers and the
matrix in the composite. Properly controlled dispersion of particles in the matrix and particle-
polymer interactions are crucial to the nanocomposite performance. The polymer particle
interaction and the mechanism of reinforcement are not well understood. Also important are
the surface structure and chemistry of individual CB nanoparticles, typically 5-30 nm in
diameter. Studies at the primary particle level indicate that CB surfaces may be rough and the
active surface sites may permit specific binding of polymers, hence leading to
reinforcement(4).In  nanocomposite fabrication, it is difficult to disperse the nanoparticles in
polymeric matrices. Like other nanoparticles, CB nanoparticles normally tend to get
aggregations, this can cause the defects in the bulk of nanocomposites. To overcome this
problem, some methods have been considered, for example: melt processing , chemical
modification on the surface of nanoparticle , in situ polymerization by dispersing the
nanoparticles in monomers and then polymerizing the mixture or high energy blending by ball
milling In which, surface modification of nanoparticles is simple and conventional method, has
been widely used to modify inorganic nanoparticles(5). both experimentally and theoretically
the electrical conductivity and mechanical properties such as elastic modulus of multiwalled
carbon nanotubes (MWCNTSs) reinforced polypropylene (PP) nanocomposites MWCNT-PP
nanocomposites samples were produced using injection mold at different injection velocities.
The results indicate that the interphase between the CNT and the polymers plays an important
role in determining the elastic modulus of the system were investigated by Y. Ngabonaziza,
etal(6). The Effects of processing sequence on the clay dispersion, phase morphology, and
thermal and rheological properties of PA6-HDPE-clay nanocomposites investigated by Minggian
Zhang, etal(7). Nanocomposites of polyaniline and zinc oxide nanoparticles using polycarbonate
as supporting matrix were prepared by direct mixing process. It was found that the electrical
conductivity of the nanocomposites first increased with the increase in concentration of ZnO
nanoparticles content, but then decreased on further increase in its content. Stability studies
showed that the loss in electrical conductivity decreased with increase of ZnO content in
nanocomposites. TEM and XRD results showed that nanoparticles are uniformly distributed in
polymer matrix and also suggest that the direct solution mixing method may be adopted as an
easy and efficient route for the preparation of nanocomposites were studied by Shahid Pervez
Ansari, etal (8) Carbon nanoparticles (CN), synthesized by a shock wave propagation method
from the free carbon of the explosive, were dispersed in isotactic polypropylene (iPP) using a
twin screw co-rotating extruder .This led to a significant enhancement of the material’s Young’s
modulus, as well as to a small improvement in the tensile strength at the yield point were
studied by A. Vassiliou, etal(9). Titanium dioxide (TiO2) nanoparticle coating on surface
modified High density polyethylene films (HDPE) films and verifying the antimicrobial activity of
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the coated films against Escherichia coli (E. coli) and Staphylococcus aureus (S. aureus).
Ultrasonication method was employed for coating the TiO2 nanoparticles on polymeric film and
presence of TiO2 nanoparticles on the coated films was confirmed by X-ray diffraction (XRD),
Scanning Electron Microscopy (SEM) And EDAX. Zone inhibition method was used to verify the
antimicrobial activity of the coated films. This developed coating process is observed to render
the HDPE film, a reasonable level of antimicrobial activity against the said microorganisms
describes by this group N. Saraschandra, etal (10).

The aim of this study is to investigate the effects of micro and nano CB particles on the physico
mechanical and rheological behaviors of the micro and nano composite blend of LDPE with 2%,
4% and 8% of micron and nano-CB mixed in twin screw extruder. Also the study extends to the
effect of the melt flow rate at different temperatures on these characteristics.

2. Materials and methods :

The polymer matrix used in the present work was LDPE produced by Kuwait company , that
used as matrix material. The micro and nano carbon particles were provided by Babylon factory
of tires and Ali-Baba China company used as reinforcing material which having particles size
ranging (95nm-5um) for micro CB and (20-30nm) for nano CB respectively. Typical properties
of low density polyethylene and micro and nano particles CB are illustrated in Table (1), Table
(2) and Table (3) respectively.

Table (1) . typical properties of low density polyethylene.

Property Condition Test method | Data Unit
Density 23C ASTM D- 0.921 g/cm3
1505
MFR ASTM D- 0.3 g/10min
1238
Elongation at break ASTM D-638 | 650 %
Rupture point tension (MD) ASTM D-882 | 230 kg/cm?2
Rupture point tension(TD) ASTM D-882 | 220 kg/cm?2
Breaking point stretching rate(MD) ASTM D-882 | 500 %
Breaking point stretching rate(TD) ASTM D-882 | 550 %
Yield point tension ASTM D-638 | 100 Kg/cm?2
tensile strength ASTM D-638 | 180 Kg/cm2
Impact strength ASTM D- 400 G
1709
Tensile length(MD) ASTM D- 370 G
1922
Tensile length(TD) ASTM D- 780 G
1922
Vicat softening point ASTM D- 95 C
1525
Low temperature brittleness ASTM D-746 | <-76 C
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Table(2). Typical properties of carbon black micro particles

Product Carbon black N330
Property Specification
Type High-abrasion

furnace black

Production Oil furnace
process
and/or
feedstock
Average 31
primary
particle
diameter
(hm)
lodine 82
absorption
numbera
(g/kg)
NSA (m2/g) 78
STSA (m2/g) 75

DBPA (mL/100 g) 102
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Table(3). Typical properties of carbon black nanoparticles.

Product Carbon black N330

Property Specification Test result
Loding Absorption | 77-87 84
Number (g/Kg)

Absorption value of 97-107 105
DBP(10-5 M>/Kg)

Absorption  value of  83-93 88
comperssing sample

DBP(10-5 M*/Kg)

Adsorptive specific | 77-87 82
surface area of CATB(10°

M’/Kg)

Adsorptive specific | 78-88 85

surface area of nitrogen
(10° M?*/Kg)

Tinting strength % 98-108 105
Heating loss % 2.5max 2.45
Ash content % 0.5 max 0.42
Tensile strength -0.5 Mpa min -0.7
300% Extending stress 1.0+1.0 Mpa 1.3
45 um Sieve Residue % 0.10 Max 0.08
Conclusion The product was

determined to meet the
preferment requirement .

Micro and nano polymer preparation :

Weight fraction of 2% , 4% and 8% of the micro and nano CB particles were mixed and melted
with LDPE pellets to obtain the required micro and nano — polymer composites . The co-
rotating twin screw extruder with (dia.=30 mm , speed range =0-230 rpm, and model SIJ-30A).
The mixing process performs under constant speed (12 rpm ), and constant temperature (190
C ). The CB mixed with acetone to prepare a solution with a specific ratio then mixed with LDPE
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in extruder .The acetone made in Spain for laboratory use only with molecular formula C3HgO ,
M=58.08 and density=0.79 g/cms.

Characterization:
Scanning electron microscopy (SEM):

The surface morphology of the nanocomposites as-produced CB nanoparticles and the
dispersion of CB in the LDPE matrix were analyzed on a SEM for nano polymer of 2% ,4% and
8% are tested.

Differential scanning calorimetry (DSC):

The melting behaviors of the samples were investigated using mass of Sample of about
(9,11.1300, 11.4700 and 11.7200mg) for each (0%, 2%, 4% and 8%wt) of carbon black was
heated from -60 C° to 200 C2. The crystalline characteristics of the nanocomposites matrices
were studied by DSC. The pure sample were tested by DSC200F3Maia according to ASTM3418-
03 with heating rate 10 C°/min.

Melt flow rate :

MFR device of the international standard (ISO 1133:2005)is used to measure the MFR of molten
polymer by adding ratios of 2% , 4% , 8% of micro and nano CB particles to the virgin LDPE
under different temperatures and constant load . Melt indexer (type: SHI JIA ZHUANC ZHONG
SHI TESTING MACHINE CO., LTD), is used in this test, the test performed under temperature
(185, 190, 195C ) and at constant load 2.16 Kg . Melt flow index is the output flow rate in
grammas that occurs in 10 minutes and 8 in length when a fixed pressure is applied to the melt
via a piston and load of 2.16 kg at a temperature 190 C2. melt flow index is an assumed of
average molecular mass and is an increase of the melt viscosity.MFI of polymer is essential to
controlling its processing. High MFI polymer are used in injection molding and lower MFI in blow
molding and extrusion process. Flow behavior and heat transfer in polymer processing depends
on the molecular weight distribution , the presence of co-monomers , the degree of chain
branching and crystallinity. Carbon black are used as pigment , uv stabilizer and conductive
agent in a variety of common and specially products including plastics toners , printing inks and
coating.The capillary diameter is 2.0955 , the ratio of the die length to capillary diameter is
8/2.095 . the shear rate at the wall is obtained using following formula :

Y=1840/p *MFI

v : shear rate at the wall (™).
:density of polyethylene (g/cm - )-

MFR : melt flow rate 10/min.
Steps of MFR test:

1-prepared 6 g from material which is considered a blend from virgin LDPE and ratios of micro
and nano CB particles at 2%,4% and 8%.

2-The temperature, load , cutting time and cutting interval are sited in the device.
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3- when the device reach the sited temperature. The composites is adding after a certain time,
as 185 C2, 2.16 Kg, 3 and 10 sec respectively.

4-The melt extruded from capillary die to down , MFR measured within region on piston of
device represent by two line where molten polymer reach to the first line automatically cutting
3 pieces.

5-Inserted average weight value to the device to calculate MFR value of sample by the next
equation :

MFR =t ref * w /t

t ref=10 min /600 s.

t=time(s).

W=average weight of cutting time of sample.

6-repeated steps for all ratios to both of micro and nano-composites at different temperatures
and constant load (185 C2, 190 C2 and 195 C?) and 2.16 kg.

Shear rate at the wall:

To calculate shear rate at the wall of molten exits from capillary die at each ratio and different
temperatures at constant load used the equation below:

=(1840/p)*MFR .y
Hardness test :

In this test the hardness of samples were measured by hardness machine type ( TH 210) that
have test range (10-100) this machine measure the rubber , hard and plastic material ,show the
value of measure digiatly , the machine made in chain.

Tensile test:

A tensile test was performed on the specimens as per ASTM D 638-03 at a strain rate 20 mm per
minute using a universal testing machine (WDW-5E machine ). Density :

Liquid density mode GP-120S device used to measured density of sample . it utilized to polymer
material where used distilled water for testing and the equation is :

Density = sample weight in air — sample weight in water.
3. Results and discussion:
SEM results:

The morphology of the samples were investigated by SEM to gain more insights into the effect
of increasing wt % CB on the mechanical behavior of the produced LDPE/CB nanocomposites,
and investigate the distribution of CB within the LDPE matrix. However, nanoparticles (NPs) of
CB generally tend to agglomerate with an increasing concentration because of the high surface
energy. Therefore, in most of the above-mentioned applications, CB has to be suspended in
solvents (some are venomous) without reaction with both particles and polymer that are easy
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to evaporate even at room temperature and/or homogeneously dispersed in large weight
fractions in polymer matrix, which is usually hindered by the bad process ability. When CB
content increase adhesion between the phases becomes weak, and the nanoparticles behave as
holes, cavities or nanostructured flaws, inducing local stress concentrations and reducing the
transfer between the matrix and the particles . The production process based on using of twin
screw extruder is dust-free because the product is mixed in independent containers of variable
sizes. There is no contamination, emissions nor extra cleaning. It is a time-saving process due to
simple and fast processing time and cost. It is suggested that the agglomerations of the
particles are reducing because of the applying shear force tend to disorders and providing good
dispersion of particles inside matrix which improves the mechanical properties.
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Fig.(1):Show the SEM analysis of morphology of polymer nanocomposites (LDPE/CB ) at
resolution 2um at weight fraction 2%, 4% and 8% represent by a, b and c.
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DSC results:

The glass transition is the reversible change of the amorphous region of a polymer from or to a
viscous or rubbery condition to or from a hard and relatively brittle one , the glass transition
temperature is a temperature taken to present the temperature range over which the glass
transition takes place, the glass transition temperature was influenced by the addition of
particles. For an amorphous system with poor particle—polymer interfacial interaction, the glass
transition temperature decreased overall. Thus, while the degree of crystallinity is not
significantly affected by the presence of particles, the glass transition temperature is very
dependent upon this factor. The same parameter also plays a role in the glass transition
temperature changes observed in nanocomposites versus composites with micron-sized
reinforcement. The effect of inorganic nanoparticles on the glass transition temperature and
melting temperature depends on the interaction between particles and polymer matrix, type of
particle, particle size of nanomateriles and finally nanoparticles distribution inside polymer. Also
From the figures below we can see that there is an increasing in Tm of nanocomposites
according to pure LDPE having standard value (115C2) where increased with increasing CB
content, higher value was obtained 144.55C2 at 8%wt CB this is due to good dispersion of
nanoparticles in polymer matrix also the shear force that generating during mixing in twin screw
extruder that play a key role to distribution of CB nanopartiles in regular form inside polymer
matrix.
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Fig.(2):melting temperature behavior of pure PE and nanocomposites with different
nano CB content.
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Fig.(3):crystallization temperature behavior of pure PE and nanocomposites with
different content of nano CB content.
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Fig.(4):glass transion temperature behavior of pure PE and nanocomposites with different nano
CB content.

Melt flow rate results:

As expected, melt flow rate test results showed that the melt flow rate with the weight
percentage of carbon black nanoparticles .The MFR inversely change with the viscosity and
molecular weight. The viscosity increased with increasing filler concentration and decreasing
with temperature increasing. Fig (5) show that the MFR increasing and then decreasing with the
nano CB content increasing at 185C, 190C and 195C. At 2% CB the melt flow rate increasing at
all temperatures increasing due to the viscosity decreasing between the polymer chains. The
MFR increasing at 190C2 and 195C , while decreasing at 185C2 at 4% due to the viscosity
decreasing and increasing respectively .The viscosity value depending on the interaction
between the nano CB and polymer chains and temperature. When the nano CB at 8% the MFR
decreasing at 195C2 and 185C?, while increasing at 190C2. At 8% the MFR of 190 and 195C®9
coincide while exhibits lower value at 185C? due to temperature decreasing.
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Fig.(5):MFR behavior with 2%,4%and 8% micro carbon at 185C,190C and 195C.
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Fig.(6):MFR behavior with 2%,4%and 8% micro carbon at 185C,190C and 195C.

Fig.(6) indicates the MFR decreasing for 185 and 195C? with micro CB increasing due to the
viscosity and molecular weight increasing .Also the MFR increases with the temperature
increasing due to the viscosity decreasing. Increasing of CB contents lead to decreasing MFR
which depends on plenty things such as temperature and viscosity so we can see that the MFR
decreasing with all temperatures value with increasing CB content this is due to the increasing
of viscosity in the presence of CB nano which works on excess correlate and courage the other
bonds besides van dar waal forces most found in thermoplastic polymers , carbon being one of
the ceramic materials which consider as a conductive materials preparing for conductive and
attractive path also the reduction in MFR with increasing temperature which reduce the
affectivity of all bonds with increasing lattice vibration leads to reduction in polymer strength .
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Shear rate at the wall results:
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Fig.(7):-shear rate behavior with 2%,4%and 8% of nano CB and different temperatures.

The shear rate at the wall proportional to the MFR and induced that some behavior shear stress
at the wall depending on the shear rate at the wall and viscosity. The quality of the final
polymer product depends on the critical shear stress value.
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Fig.(8):- shear rate behavior with 2%,4%and 8% of micro CB and different temperatures.

Hardness results :

It can be see that the addition of carbon black N330 nano-particles into LDPE , increases the
hardness of CB/LDPE nanocomposites compared to the virgin LDPE(without addition) having
hardness value = 48 shore D according the produced company due to good dispersion and non-
agglomerate effects (as mention in impact test results), gradual increasing of CB content results
in increasing the value of high —strength reinforcements inside the composites, thus increasing
their hardness property.
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Fig. (9): hardness value before and after hot press with 2%,4%and 8% of nano CB filled LDPE.
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Fig.(10): hardness value before and after hot press with 2%,4%and 8% of micro CB filled LDPE.

In Fig.(9 and 10) show that the hardness of the nanocomposites with increase in nanofiller
weight percentage is poltted .it can be seen that the addition of nanofillers into LDPE , increased
the hardness for CB/LDPE nanocomposites compared to the virgin LDPE having hardness value =
48 shore D according the produced company, the continuous increasing of CB content resulted
in increasing the number of high strength reinforcements inside the composites, thus increasing

their hardness property.

Tensile strength results :

Tensile test were preformed to evaluate the reinforcing effect of nanofillers on the mechanical
properties of the nanocomposites , Fig.(11) shows the tensile strength of the nanocomposites
with increasing in nanofiller content .the results reveal that the nanofillers modified the
properties of LDPE. The CB/LDPE nanocomposites showed an increase in tensile strength at 2%
and 4% compared to 8% when the tensile strength was decreased. Tensile test were preformed
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to evaluate the reinforcing effect of nanoparticles on the mechanical properties of the
nanocomposites, The tensile strength results shows the initial addition of carbon black to form
composites increased the tensile strength of pure low density polyethylene considerably from
13.536 Mpa to 19.71 Mpa , its reached a maximum of 19.71Mpa at 4wt% and then decreased
to 9.807Mpa at 8wt% the reduction in tensile strength was due to the reduction in particle —
matrix interfaces and the increase of particle-particle interfaces with increasing particle content
thus changing the failure mechanism.
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Fig. (11): Tensile strength behavior of LDPE/CB micro and nanocomposites.
Density results :

Fig.(12)show the density behavior with nano CB % increasing . which indicate density increasing
with nano CB %increases due to the molecular weight and viscosity increasing . while after hot
press the density decrease due to cavities generates in the matrix also the CB nanoparticles act
as cavities that increasing the volume and decreasing density. While Fig. (13):show the density
behavior with micro CB % increasing before hot press while after hot press the density decrease
due to cavities generation that increases the volume and decreases the density .
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Fig.(12) :- density value before and after hot press with 2% ,4%and 8% nano CB filled LDPE.
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Fig.(13) :- density value before and after hot press with 2% ,4%and 8% micro CB filled LDPE.
Conclusion:

In co-rotating twin screw extruder the shear forces during blending helps to good CB dispersion
in the polymer matrix , with increasing CB content the mechanical properties such as tensile
strength and hardness increasing but at 8% showed decreased in tensile strength compared to
2% and 4% CB content, while in hardness test at 4% the property decreased according to 2%
and 8% CB content in both micro and nanocomposites. The MFR showed different behavior at
2% , 4% and 8% compared to pure LDPE , if the MFR was too high the shear forces generated
during blending were not high enough to produce good dispersion. But the density results show
an increase in the value of density of LDPE this is before hot press process but after hot press
the density decreased due to cavities generates in the matrix and also may be the CB increasing
the volume which decreased the density.
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