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Abstract−Blends of polypropylene (PP)/linear low density polyethylene (LLDPE) were prepared by melt mixing

in twin screw extruder at 190 oC. Polyfunctional monomer TMPTMA (trimethylolpropane-trimetacrylate) was added

to the mixture as a crosslinking co-agent to improve the crosslinking or branching efficiency of the olefins during ir-

radiation. The effect of LLDPE on the crosslinking or branching effectiveness and physical properties of PP was in-

vestigated in conjunction with the monomer content of LLDPE in the blends. Thermal stability, rheological properties

and electron beam irradiation effectiveness of PP in presence of LLDPE were analyzed by DSC, TGA and RDS. Solu-

tion gel analysis and the presence of -C=O in FT-IR test supported some crosslinking or branching that occurred after

irradiation. Certain decrease in melting temperature (T
m
) that was noticed after irradiation could have been the result

of chain scissioning, which decreases the number of tie molecules in the amorphous region and consequently weakens

the lamellar connections. Shear thinning effect and zero shear viscosity were improved by irradiation in the PE incorp-

orated samples.

Keywords: Polypropylene, Linear Low Density Polyethylene, Co-agent, Cross-linking, Irradiation

INTRODUCTION

Polypropylene (PP) has been the fastest growing commodity resin

owing to its desirable and beneficial physical properties such as low

weight, recyclability and chemical resistance [1]. It is the lightest

known industrial material which finds its applications in various

fields [2]. Properties of PP can be improved by either the incorpo-

ration of ethylene during copolymerization or mechanical blending

with PE. Propylene-ethylene copolymer gives better performance

than does PP at low temperature [3,4]. The melt strength and impact

toughness of PP can be improved by various methods such as con-

trolling molecular weight and distribution [5,6] and introducing long

chain branch (LCB) [7-15].

Polymer blending is an interesting economic alternative to syn-

thesize new products tailored towards specific processing and per-

formance requirements [16]. Polyethylene (PE) is used to modify

the physical and mechanical properties of PP as a result of the poor

impact behavior of PP [17,18]. Much effort to produce branched PP

has been made in the polymer industry and academic fields. Sev-

eral commercial branched PPs have been created by electron beam

irradiation [19]. Crosslinking of polymer improves several physical

and chemical properties such as hardness, Young’s modulus, heat

resistance and solvent resistance [20]. Radiation process of poly-

olefins is an economically viable and versatile way to produce mate-

rial with enhanced chemical, mechanical, and physical properties

[21-24]. Polymer processing by ionizing radiation is environmen-

tally and energetically safe, does not need solvents or initiators at

high temperature, and allows one to avoid degradation phenomena

and other side reaction typical of polymer processing in melt [25].

Ionizing radiation causes chain scissioning and crosslinking of the

polymer chain of PP roughly equal to probability, while cross-linking

is predominant in the case of PE [26].

The presence of branches or crosslinking can be detected by iden-

tification and quantification of NMR signals related to the branched

structure. In the case of PP, the measurement uses the resonance

peaks of methine carbon atoms that correspond to branches longer

than four or five C. However, the amount of branches or crosslink-

ing that is needed for the enhancement of the melt strength is far

too small to be detected in ordinary NMR measurements. Rheol-

ogy has proved to be a reliable method for the verification of the

existence of branches or crosslinking on the polymer chain and it

is the easiest to implement. LCB increases the possibility for entan-

glements in the polymeric melt, and thus, its shear thinning effect

and elasticity.

Our objective was to investigate the characteristic effect of elec-

tron beam irradiation on the physical properties of PP/LLDPE blends

with different monomer content on rheological and thermal prop-

erties of PP. The materials crosslinking were examined by gel and

FT-IR spectra, whereas thermal properties and rheological proper-

ties were examined by using differential scanning calorimeter and

parallel plate oscillator.

EXPERIMENTAL

1. Materials and Fabrication

For experimental purposes, block PP, which is propylene and

ethylene polypropylene rubber blend (MI 30) supplied by SK energy,

was used. Irganox 1010 (Adeca, Korea) was used as an antioxidant
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for entire samples to prevent oxidation during irradiation process.

Antioxidant amount was fixed at 1 phr (parts per hundred resins).

Trimethylolpropane-trimetacrylate (TMPTMA, Sigma Aldrich) was

used as crosslinking co-agent respectively. Two different LLDPE

(DOW Chemical), with different octane comonomer content, Engage

8480 and Engage 8842 (density 0.902 and 0.857 g/cm3; monomer

content 4.1 and 12.5 mol%, respectively) were used. The PP/LLDPE

blend was prepared and tested to check the effect of monomer con-

tent in LLDPE on the cross-linking of PP by electron beam irradia-

tion. Prior to blending, all components of mixture were weighed

and mixed in a plastic bag for half an hour and then dried in an oven

for 6 hours. Table 1 shows the composition and constituent of all

the samples. Dried samples were melt mixed in twin screw extruder,

with temperature of 190, 190, 190, 190, 160 and 130 oC at different

zones and rpm 130. Extruded samples were hot pressed at 30 Mpa to

make a sheet with dimension of 1 mm×120 mm×120 mm at 190 oC.

These samples were then exposed to electron beam irradiation with

500 KV and 4 Mrad.

2. Measurements

Thermal analysis was done with the aid of TA Q20 differential

calorimeter (TA Instruments, Newcastle, DE, USA). To obtain the

melting temperature and crystallization temperature, samples were

heated to 250 oC at the rate 10 oC/min and cooled to 40 oC with same

rate. Then again second heating of the sample was done and heated

to 250 oC at the same rate. A sample weighing between 0.2 g to 0.4 g

was sealed inside an aluminum pan and with aluminum as the refer-

ence; DSC was carried out in a nitrogen atmosphere. Thermogravi-

metric analysis (TGA) was done using SDTQ 600 thermal analyzer

(TA Instruments, Newcastle, DE, USA). Samples were cut into small

pieces and placed in an platinum pan and weighed on a microbal-

ance. The samples were heated to 800 oC from room temperature

at the rate of 10 oC/min in nitrogen atmosphere. An oscillatory vis-

cometer (Anton Par, MCR 301, Austria), a parallel type geometry

(12.5 mm radius), was used to monitor the rheological properties.

The test was conducted at 200 oC, maintaining a gap of 0.9 mm be-

tween the parallel plates with strain of 20% and frequency between

0.01 to 100 Hz. The chemical structures of modified Polypropylene

were analyzed by FT-IR. The remaining gel after the extraction in xy-

lene was prepared as a thin sheet and the infrared was passed through

it to measure its absorbance. The chemical structure of the modified

samples was recorded in absorbance mode making use of Perkin

Elmer Spectrum 1000 spectrometer, keeping air as reference. Hard-

ness of the samples was measured under shores unit (Trade SATO

mark, D-5014, Japan). For accuracy and precise data 12 different

tests were conducted and averaged.

RESULTS AND DISCUSSION

1. Basic Properties of the Modified PP

Irradiation is known to induce crosslinking and also crosslinking

co-agent helps to induce crosslinking; thus to check the crosslink-

ing FT-IR was conducted. All the samples after irradiation were

extracted in xylene at 140 oC for 12 hours and were dried at 150 oC

for 1 hour. The extraction left gel formed due to irradiation while

all non-irradiated samples were dissolved in xylene. These extracted

gels were then hot pressed into thin films and FT-IR tests were con-

ducted. The peaks in FT-IR correspond to different bonds in the

sample. Fig. 1 shows the spectra of different samples. The TMPTMA

cross-linking reaction was confirmed by the appearance of a peak

at the intensity of 1,700 cm−1, which corresponds to -C=O group in

the FT-IR spectrum. The crosslinking co-agent used is constituted

of the carbonyl group and the presence of carbonyl group in the

extracted sample showed the cross-linking within the samples.

Also, gel content and melt flow index of the samples before and

after irradiation were measured. Gel content and melt flow index

provide us the guideline to understand the possible reaction occur-

ring in the blend due to irradiation. Non irradiation samples were

completely dissolved in the xylene, while some gel was seen after

irradiation. Gel content of the sample with the low monomer con-

taining blend was seen higher compared to higher monomer con-

taining blend. Higher gel content corresponds to higher crosslinking.

Gel content suggested that the LLDPE with higher monomer con-

tent is subjected to branching more compared to crosslinking, while

Table 1. Compositions and quantity of PP/LLDPE blends

Sample name PP (% wt) LLDPE (% wt) TMPTMA (Phr) Irganox 1010 (phr) Melt index Gel content (%)

PPTP 100 - 1 1 - -
PPTP8480-20 080 20 1 1 17.36 -
PPTP8842-20 080 20 1 1 15.60 -
PPTP-irr 100 - 1 1 - 23.0
PPTP8480-20-irr 080 20 1 1 09.63 26.5
PPTP8842-20-irr 080 20 1 1 12.91 23.1

Phr: parts per hundred resins, Irr: represents irradiated sample

Fig. 1. FT-IR spectra of the modified PPs.
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low monomer containing LLDPE is more subjected to crosslinking

than branching. This is further supported by melt flow index. The

decrease in melt index after irradiation as illustrated in Table 1. Melt

flow index was applied to observe the ability of the sample to flow.

The decrease in melt index is due to the increase in resistance to

flow of molten polymer. This is due to formation of complex network

because of electron beam irradiation. The branching and scission-

ing associated with irradiation is not accounted in gel content as

the low molecular weight product formed is dissolved in xylene,

while in the case of melt index these parts still remain. Hence, this

also suggests there are some crosslinking phenomena on the samples

due to electron beam irradiation. Generally, crosslinking degree can be

associated with the gel content and decrease in melt index because

these changes are due to the formation of complex three-dimen-

sional networks by crosslinking which obstructs the chain flow.

PP/LLDPE blends were heated twice to investigate thermal prop-

erties of the blends. Fig. 2 shows the heating curves of the samples

and Fig. 3 shows the melting temperature of samples. Some signif-

icant changes were noticed in PP after blending with LLDPE. There

was no significant change in the melting temperature of PP after

addition of LLDPE. Table 2 lists the thermal properties of the PP/

LLDPE blends before and after electron beam irradiation. Melting

temperature of almost all sample was seen to decrease in second

scan, which may be due to the thermal history and recrystallization

of the samples. Curve of PP/LLDPE (8480-4.5 mol%) blend shows

separate peak at around 100 oC. This demonstrates that the blend

of PP and LLDPE (8480) is basically incompatible (regardless of

the molecular structure of LLDPE) because if they were compati-

ble, a single peak on the curve should appear, while other LLDPE

(8842-12.5 mol%) showed no other distinct melting curve because

of its amorphous nature. Irradiation decreased the melting temper-

ature of entire blends. The T
m
 decreased because of chain scission-

ing, where scissioning decreases the tie molecules in amorphous

region and consequently weakens the lamellar connections of the

blends [27]. Also, the decrease in T
m
 after irradiation should be caused

by degradation and reduced lamellae thickness due to high nucle-

ation density [28].

Addition of LLDPE decreased the crystallization temperature of

blends compared to pure PP. Decrease in the crystallization tem-

perature is due to steric hindrance of PP chain caused by adding

LLDPE. Cooling curves are shown in Fig. 3. Crystallization tem-

perature of PP decreased after irradiation while PP/LLDPE blend

increased by 1 oC. This phenomenon must be due to change in struc-

ture of the sample, which is induced due to crosslinking or branch-

ing effect of electron beam irradiation.

TGA graph as in Fig. 4 shows the thermal stability. It can be noted

from the graph that the LLDPE with lower monomer contain is seen

less thermally stable compared to LLDPE with higher monomer

containing LLDPE. Similar effect of LLDPE on the blend is seen.

After irradiation, thermal stability is seen to decrease for all the sam-

ples. This may be because irradiation can also initiate degradation/

scissioning due to the formation of weak points, defects in the struc-

ture, and lower crystallinity [27].

Fig. 2. DSC heating curves of the modified PPs.

Fig. 3. DSC cooling curves of the modified PPs.

Table 2. Thermal properties of PP/LLDPE blend

Sample
First heating Cooling Second heating

Tm1 (
oC) Hf (J/g) Tc (

oC) Hf (J/g) Tm2 (
oC) Hf (J/g)

PPTP 160.2 62.3 120.0 67.9 160.3 63.2
PPTP8480-20 165.4 73.3 113.8 80.2 160.7 70.0
PPTP8842-20 163.6 55.1 116.7 64.0 162.6 55.6
PPTP-irr 156.7 51.8 117.6 51.3 154.4 47.6
PPTP8480-20-irr 154.8 52.8 114.8 57.9 156.0 51.2
PPTP8842-20-irr 157.1 57.1 117.7 59.6 156.5 53.2

Tm: melting temperature, Hf: fusion enthalpy, Tc: crystallization temperature, Hc: crystallization enthalpy
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2. Rheological Property

As rheological property is very sensitive to change in molecular

structure, it was seen to change with the addition of LLDPE and

irradiation. Addition of LLDPE enhanced the complex viscosity of

PP throughout entire range of angular frequency, but with the addi-

tion of different monomer containing LLDPE no significant change

was observed throughout the entire range of angular frequencies.

Fig. 5 shows the plot of angular frequency and complex viscosity.

Complex viscosity at low frequency was increased. Also, shear thin-

ning property was introduced by irradiation in all samples. LLDPE

with higher monomer content showed highest complex viscosity

and great increase in shear thinning effect. The increase in complex

viscosity is because of irradiation which crosslinked or branched

the different polymer chain forming complex network, which in turn

increased complex viscosity. High monomer containing LLDPE

has large number of short chain branchings compared to low mono-

mer containing LLDPE. The larger the number of short chains in a

polymer, the more is the site of crosslinking or branching, which

increases the crosslinking or branching effectiveness for electron

beam irradiation. The power law indexes of different samples were

calculated from linear regression and are listed in Table 3. Power law

index can be used to predict the shear thinning tendency of poly-

mer melts.

The plot, the plot of loss modulus (G'') and storage modules (G'),

was plotted to understand the effect of monomer content in LLDPE

and electron beam irradiation. Slope of non-irradiated PP on the

Han plot was seen to be 1.37 as in Fig. 6, which is well below 2

demonstrating isotropic homogeneous melt as heterogeneous poly-

meric system and mesophase and block copolymers yield slope great-

er than 2 [29]. Similarly, the slope of PP/LLDPE blend was also

below the slope of PP, and this is due to the presence of LLDPE in

the blend. Table 3 lists the slopes of the samples. After irradiation

there was further decrease in slope, confirming the formation of

more complex network in the blend. Decrease in slope also sug-

gests increase in crosslinking or branching, and thus, its elasticity.

Also, after irradiation, there was no significant difference in loss and

storage modulus of sample to predict the effect of monomer con-

tained in LLDPE. However, higher monomer content PP/LLDPE

sample has storage and loss modulus almost higher in value com-

pared to lower mole content PP/LLDPE blend. This can also be

attributed to the number of short chain branchings, which increased

the crosslinking or branching site for irradiation.

The frequency independence of loss tan δ, as seen in Fig. 7, sug-

gests crosslinking of polymer after irradiation. There is no notable

change in the tan δ plot to explain the effect of monomer content

in the blend, both before and after irradiation. The entire irradiated

sample is seen to be approaching to a value of 1, indicating struc-

tural change which can be taken as crosslinking in the polymer blend.

CONCLUSION

The presence of -C=O group in the FT-IR spectral analysis sug-

Fig. 5. Complex viscosities as a function of frequency at 200 oC.

Fig. 6. Plots for storage versus loss modulus of the modified PPs
at 200 oC.

Table 3. Slopes for storage modulus versus loss modulus plot, power
law index (n) of PP/LLDPE blends

Sample name
non Irradiated Irradiated

G'-G'' slope * G'-G'' slope *

PPTP 1.37 0.93 0.75 0.78
PPTP8480-20 1.34 0.86 0.94 0.54
PPTP8842-20 1.36 0.86 0.9 0.46

*: µ=mω
n−1
µ: complex viscosity, ω : frequency

áη áη

Fig. 4. TGA decomposition curves of the modified PPs.



Effects of linear low density polyethylene on physical properties and irradiation effectiveness of polypropylene 5

Korean J. Chem. Eng.(Vol. 31, No. 1)

gested that there was some crosslinking or branching in the blend

due to irradiation. Gel content and decrease in MI also suggested

crosslinking and branching due to irradiation. Higher crosslinking

effect was seen in LLDPE with lower monomer contained and higher

branching in higher monomer containing LLDPE. After irradiation

melting, the temperature of PP as well as PP/LLDPE blend was

seen to decrease, suggesting decrease in molecular weight due to β

scissioning. Thermal degradation also started earlier in samples after

irradiation because of scissioning effect, as chain scissioning and

chain branching creates lower molecular weight structures, which

is easily volatile to high temperature contributing to thermal insta-

bility. Irradiation enhanced the rheological properties in term of com-

plex viscosity at low frequency, and elasticity. Also, shear thinning

property was introduced after irradiation. From the tests it can also

be concluded that LLDPE with higher monomer contain is more

effective to crosslinking or branching by electron beam irradiation

in PP/LLDPE blend because of the presence of large number of

short chain branchings which form active sites for crosslinking or

branching. Some tests suggested crosslinking while others suggested

scissioning; this may be because of the property of PP which has

the tendency of both crosslinking and scissioning under electron

beam irradiation. Hence, it can be said that the property of PP can be

successfully altered by electron beam irradiation and with the addi-

tion of LLDPPE in PP depending upon the end use of the product.
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