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Effect of Linear Low Density-Polyethylene grafted with
Maleic Anhydride( LLDPE-g-MAH) on Properties of
High Density-Polyethylene/Styrene-Butadiene-Styrene

( HDPE/SBS) modified asphalt

Zhang Haiyan Wu Xiaowei Cao Dongwei Zhang Yanjun He Min

( Research Institute of Highway Ministry of Transport, Beijing 100088, People’s Republic of China)

Abstract: A kind of modifier composed of high density-Polyethylene ( HDPE) and Styrene-butadiene-styrene
(SBS) was prepared by melt blending with different contents of linear low density-Polyethylene graf-
ted with maleic anhydride ( LLDPE-g-MAH ). HDPE/SBS modified asphalt composites were pre-
pared. . Effects of LLDPE-g-MAH on classical performance, hot storage stability, and dynamic rheo-
logical behaviors of HDPE/SBS modified asphalt were investigated. Compared with samples without
LLDPE-g-MAH , penetration and ductility of HDPE/SBS modified asphalt were both increased, in
the meantime, softening point and the maximum failure temperature were decreased. The research
results showed that low-temperature performance was improved, while LLDPE-MAH had no positive
effect on high-temperature property. In addition, softening point difference between the top and bot-
tom sections of samples was sharply reduced. A fairly homogeneous dispersion system of the modifi-
ers in the asphalt matrix was observed by microscope. A conclusion that LLDPE-g-MAH had no sig-
nificant effect on high-temperature property and rheological character can be drawn from the rheolog-
ical studies.

Keywords : High density-Polyethylene ( HDPE ) ; Linear low density-Polyethylene grafted with maleic an-

hydride ( LLDPE-g-MAH ) ;modified asphalt ; properties

0 Introduction

In recent years, with the increasing volume of traffic, larger-scaled vehicles and the increasing proportion
of overloading vehicles, the quality requirement for the road surface of modern transportation is higher and
higher. Ideal performance demands that the binder must be able to withstand low temperatures and the resul-
ting thermal stresses that develop pavement shrinks, resist repeated loading and unloading without exhibiting
fatigue failure, withstand loading to prevent permanent deformation, and be capable of being compacted,
transported , and stored at safe temperatures''*'.

From this perspective, application properties of ordinary oil asphalt can not accommodate the increasing
traffic intensity, axle loads and meet the demand for comfort, because of its severe temperature susceptibility.
Therefore , it is essential to modify asphalt'**'. Polymer modified bitumen ( PMB) has been growing rapidly in
road paving applications over the last decade'*’. Polyethylene (PE) has been found to be one of the most ef-
fective polymer additives with reducing the rutting under heavy loads. Unfortunately, the high crystalline na-
ture of PE makes badly compatible with asphalt. PE particles separate from the asphalt when stored at high

temperature, which further limits the application of PE modified asphalts in pavingm.
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From previous studies, we can know that the compatibility between polymer and asphalts and stability of
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modified asphalt depend on many factors, such as asphalt composition, polymer characteristics, preparation

processes and so on. In order to resolve this problem, many researchers have been trying to find effective
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methods, such as adding of sulfur'® | incorporating silica into LDPE'*' | chemical reactive blending'’', steric

stabilizers'® . On the basis of the common physical modification of the asphalt, the chemical reactive blending
and adding the graft copolymer were valuable to obtain better performance *'"'.
It is well known that plastomeric polymers can improve rut resistance, but they are inferior to elasto-

120 n addition, plastomeric polymers can not improve low-temperature performance of asphalt. Elasto-

mers
mers can improve fatigue resistance and cracking resistance, but it is limited to improve heat resistance. Thus,
combining the advantages of plastomeric polymer such as PE, EVA and elastomers such as SBS, SBR and in-
corporation of these materials into PMA would be an effective method of recycling polymer to enhance the prop-
erties of asphalt pavement' "7

In the present work, high density-Polyethylene ( HDPE ) modified asphalts with good high-temperature
storage stability were prepared by blending SBS and graft copolymer into HDPE and mixing into asphalt. We
selected tentatively LLDPE-g-MAH as the graft copolymer to improve the compatibility between asphalt and
HDPE, and to enhance interaction between modifiers. The effects of LLDPE-g-MAH on the classical proper-

ties, high-temperature storage stability, rheological properties of HDPE/SBS modified asphalt were analyzed.
1 Experiment

1.1 Materials

Base asphalt, with 60/80 penetration grade, was obtained from the Shenghua refinery in Shan Dong prov-

ince, China. The base properties and chemical composition of base asphalt are shown in Table 1.

Basic Properties and chemical composition of base asphalt Table 1
Properties Value Chemical composition Value
penetration 25°C , dmm 67.1 Asphaltenes , % 12.13
Softening point, C 50.1 Resins, % 22.82
ductility 10°C, em 21.1 Saturates , % 11.93
density 15°C , g/cm’ 1.004 Aromatics , % 53.12

HDPE, Grade 5000S, was produced by Yanshan Petrochemical Company. SBS, Grade 791H, was pro-
LLDPE-g-MAH was obtained from the mar-

vided by Baling Petro-Chemical Company of Sinopec Corp. Co. .

ket; its graft level is 0.9% .

The engineering properties of the HDPE and SBS are presented in Table 2.

Properties of HDPE and SBS

Table 2

polymer Density ( g/rm" ) melt flow rate( g/10min) elongation at break ( % ) Tensile strength( MPa)
HDPE 0.95 0.9 800 23
SBS 0.94 0.5 750 18

1.2 Preparation of composite modifier
The composite modifier, with HDPE and SBS as the matrix, LLDPE-g-MAH as the compatibilizer with

different content, carbon black (CB) as the filler in definite proportion by weight, was prepared by melt
blending. HDPE, SBS, LLDPE-g-MAH and CB were transferred into the twin-screw extruder preheated at
165°C first, extruding grain at a constant mixing speed of 30 r/min, then composite modifier was oblained and

can be used in the following step.
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1.3 Preparation of HDPE/SBS modified asphalt

The HDPE/SBS modified asphalts were prepared by three steps. First, the base asphalt was heated to
160°C and melted in an iron container, the composite modifier of HDPE/SBS was added into the asphalt and
stirred at a moderate or low speed at 160°C for 0.5 h to obtain a finely dispersed minor phase. Then, the sam-
ple was heated 1o 180°C and sheared at the rate of 4000r/min for 40min. During this process, a little sulfide
was added into HDPE/SBS modified asphalt. Last, the sample was stirred at 140°C for 20min.

1.4 performance measurements

Conventional performance was mainly composed of softening point, penetration, ductility measured ac-
cording to Standard Test Methods of Bitumen and Bituminous Mixtures for Highway Engineering' i,

The storage stability of the modified asphalts was measured as following steps: the sample (50g) was
poured into an aluminum toothpaste tube (25-mm in diameter and 140-mm in height). The tube was sealed
and stored vertically in an oven at 163°C for 48h, then cut horizontally into three equal sections, after it
cooled to room temperature. The samples from the top and bottom sections were melted and placed in small
molds labeled A and B to evaluate storage stability by measuring the softening points of them, respectively. If
the difference of-the softening points between A and B were less than 2. 5°C |, the sample will be regarded to
have good storage stability.

A drop of bitumen was first sandwiched between a slide, and a cover slip, and then put onto sample heat-
er. Bitumen was heated and slowly pressed into a thin layer between slide and cover slip. Its distribution be-
havior was observed by using optical microscopy and micrographs were taken using a photo camera.

A dynamic shear rheometer ( Anton paar made in Austria, Type. H-PTD120) was used for dynamic me-
chanical analysis of asphalt binders. The viscous and elastic behavior of asphalt binders was characterized at
intermediate and high service temperatures at a rate of 10rad/s. The samples were “sandwiched” between two
parallel plates with a diameter of 25mm and a gap of 1 mm. The test temperature was raised by ramping rate of
6°C one cycle ,and the test was terminated when the G * /sind was equal to 1. Temperature sweeps were applied
at a fixed frequency of 10rad/s and variable strain. The rheological parameters were measured for calculating

viscoelastic parameters such as complex modulus (G #* ), phase angle (), and rut factor (G * /sind).

2 Results and discussion

2.1 Effects of LLDPE-MAH on classical properties of HDPE/SBS modified asphalt

In technical specifications for construction of highway asphalt pavements, penetration and low temperature
ductility are usually used to evaluate the low-temperature performance of asphalt. The effects of LLDPE-MAH
on low-temperature properties of HDPE/SBS modified asphalt were illustrated in Table 3.

Low-temperature Properties of HDPE/SBS compound modified asphalt Table 3
Mass ratio” Low-temperature performance of modified asphalt
Sample 1D ( HDPE/SBS/ LLDPE-g-MAH) penetration (25 ,0. 1mm) ductility( 10°C om)
A 4/1.3/0.13 51.1 10.6
B 4/1.3/0.27 58 14.7
(& 4/1.3/0.4 67 18.1
D 4/1.3/0 50.8 10.3

"The percentage contents of HDPE, SBS, LLDPE-g-MAH were calculated based upon the weight of base asphalt

Compared with those modified asphalts in absence of LLDPE-g-MAH, such as sample D, penetration and
ductility of the asphalt became higher after the addition of LLDPE-g-MAH, and the changes are more obvious
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