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Abstract—The compatibility of oxidized bitumens of types I and III with blended olefi nic thermoelastoplastics 
was studied by calorimetry, viscometry, and atomic-force microscopy. Improvement of process characteristics 
of modifi ed products based on bitumens is asssociated with different mechanisms of formation of their structure.
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Petroleum bitumens [1] modifi ed with polymers 
are widely used in road building and civil engineering 
thanks to high plasticity and the capability to withstand 
without failure the effect of low temperatures, 
temperature changes, and various deformation loads. As 
a rule, the main goal of modifi cation is the development 
of a compound with prevalent polymer properties 
and process characteristics preserved throughout the 
operation life. To this end, a polymer in a bitumen 
should be uniformly distributed, should uniformly 
swell, and should form a dense elastomeric network 
[2]. It was found empirically that the compatibility of 
a polymer and a bitumen (formation of solutions or 
disperse composite materials) depends on the content 
and quality of the polymer added, of asphaltenes, and 
of the oil fraction of bitumen [3]. The problem of 
mixing and compatibility of a polymer with a bitumen 
is always important when preparing high-quality 
polymer–bitumen blends and is solved individually 
depending on the composition and properties of the 
polymers and bitumens used.

In this study we examined the effect exerted by the 
colloidal structure of bitumen on its compatibility with 
blended olefi nic thermoelastoplastics (OTEPs).

EXPERIMENTAL

We performed our experiments with samples of 
oxidized bitumens of different grades. Sample no. 1 was 
prepared by oxidation of tar from Central Asian crude; 
sample no. 2, by oxidation and subsequent compounding 
of tars from Romashkino crude (Tatarstan); and sample 
no. 3, by oxidation of tar from commercial West 
Siberian crude (Table 1). To prepare modifi ed products, 
we used blended thermoelastoplastic of TPM grade 
[TU (Technical Specifi cation) 2211-001-9305691–
2006], consisting of SKEPT-40, HDPE 273-79, and I40 
industrial oil. The physicomechanical characteristics 
of the initial bitumens and modifi ed products based on 
them, determined according to GOST (State Standard) 
2678–94, are given in Table 1.

The phase composition of bitumens and compounds 
and the enthalpy of mixing of the polymer with 
a bitumen were determined with a C80 calorimeter 
(Setaram) equipped with a reversing device. The 
bitumen sample weight was 50 mg, and the temperature 
was scanned from 20 to 200°С at a rate of 1 deg min–1. 
Blending of the bitumen with a polymer (7 wt %) under 
industrial and laboratory conditions was performed at 
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180°С. The calorimeter was calibrated by the Joule 
effect and the melting point of indium. The uncertainty 
of the temperature measurement did not exceed 0.1°C. 
As the melting point of the crystalline phase we took 
the temperature of the minimum in the thermal effect of 
melting.

The morphology of the surface of bitumen fi lms was 
studied in air by atomic-force microscopy (AFM) in the 
tapping and phase contrast modes. We used a Solver Р47 
scanning probe microscope (maximal scanning area 50 × 
50 μm) (NT-MDT, Zelenograd, Russia). As microprobes 
we used cantilevers of NSG-11 and NSG-20 grades with 
a rigidity constant of 48 N m–1 (NT-MDT).

The structural-rheological properties were studied 
with a Rheotest-2 rotary viscometer with a coaxial 
cylindrical unit, using cylinder H. The sample volume 
was 17 cm3. Measurements were performed in the shear 
rate interval 0.17–146 s–1 at temperatures from 45 to 
130°С.

Previously [4], based on data on the component 
composition and process characteristics of bitumen 
sample nos. 1 and 2, we suggested that bitumen no. 1 
has a gel structure (type I [1]) and bitumen no. 2, a sol–
gel structure (type III). The coagulation structure in 
bitumen no. 1 is formed by interaction of asphaltene 
aggregates with each other [5, 6]. Relatively low content 
of asphaltenes in bitumen sample no. 3 (18.8 wt %), 
high content of the oil fraction (46.0 wt %), and high 
penetration (19 mm) suggest formation in this bitumen 
of a structure close to type III. The suggested colloidal 
structures of bitumens are confi rmed by characteristics 
of their rheological behavior [7]. 

Introduction of a modifi er in an amount of 7 wt % 
considerably improves the technological characteristics 
of oxidized bitumens, appreciably decreasing the brittle 

point and increasing the softening point determined by 
the ring-and-ball method (Table 1). Modifi ed bitumen 
no. 1 with the structure of type I is still characterized by 
the widest interval of operation temperatures. However, 
the modifi er performance evaluated from the ratio of 
the operation temperature intervals of the bitumens 
before and after the modifi cation increases in going 
from type I bitumen to type III bitumen (Table 1), i.e., 
the modifi er performance is higher in type III bitumens, 
apparently, owing to their better compatibility [8]. The 
mechanism of the action of OTEP modifi er of TPM 
grade in bitumens with different colloidal structures was 
examined by studying the phase structure of bitumen–
polymer compounds by calorimetry, viscometry, and 
AFM.

OTEP modifi er of TPM grade is a blend of synthetic 
ethylene–propylene rubbers (SKEPT) differing in the 
polypropylene content with high-density polyethylene 
(HDPE) and mineral oils. According to DSC, the 
modifi er contained HDPE crystallites with the melting 
point of 128.9°С and enthalpy of melting of 42.4 J g–1, 
and also polypropylene crystallites with the melting 
points of 167.3 and 174°С and the total enthalpy of 
melting of 6.9 J g–1. In the AFM image of the modifi er 
surface, one can distinguish crystallites with a width of 
400 to 800 nm and a length of up to 2 μm, combined in 
coarser formations with the width from 2 to 3 μm.

Polymer–bitumen compounds are physical blends 
(solutions or dispersions) [2]. High-temperature 
blending of bitumen with polymers of any chemical 
nature involves emulsifi cation of the softened polymer in 
liquid bitumen, followed by partial swelling or complete 
dissolution. The extent of the polymer dispersion in 
bitumen under equal other conditions is determined 
by the chemical nature and molecular weight of the 
polymer, chemical composition of bitumen, and ratio of 

Table 1. Physicomechanical characteristics of oxidized bitumens and modifi ed products based on them

Sample 
no.

Bitumen 
grade

Oxidized bitumen Modifi ed bitumen

ΔТ2/ΔТ1
ring-and-ball 

softening point, 
°C

brittle 
point, °C

working 
temperature range 

ΔТ1, °C

ring-and-ball 
softening point, 

°C

brittle 
point, °C

working 
temperature range 

ΔТ1, °C

1  BNK90/30 90 –15 105 110 –25 135 1.3

2 BND90/130 48 –9 57   95 –26 121 2.1

3 BNK45/190 46 –16 62 101 –26 127 2.0
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the blend components. Differences in the mechanisms 
of blending of bitumens with the modifi er of TPM grade 
were proved by DSC: blending at 180°С of modifi er with 
bitumen no. 1 is a one-step process, and blending with 
modifi er no. 2, a two-step process (Fig. 1). The two-step 
character of the process with bitumen no. 2 suggests 
that emulsifi cation of the modifi er is accompanied by 
its swelling due to adsorption of bitumen components.

According to DSC data, modifi ed bitumens contain 
a crystalline phase of HDPE melting in the temperature 
interval 117.4–121.9°С. The 7–12°C lower melting 
point of HDPE in the modifi ed bitumens compared to the 
neat modifi er is due to formation of smaller crystallites, 
defects in the crystal lattices, and various surface effects 
[9]. Recalculation of the thermal effect of HDPE melting 
in bitumens considering the modifi er content shows that 
a part of components of the crystalline phase of HDPE 
dissolves in the dispersion medium of the bitumen. 

The structural features of modifi ed bitumens were 
revealed in comparative analysis of the rheological 
characteristics of polymer–bitumen compounds. The 
coagulation structure of bitumen no. 1 is confi rmed by 
a slight change in the viscosity in the temperature interval 
20–100°С [7]. In the modifi ed bitumen, the temperature 
sensitivity of the viscosity in this temperature interval 
is also low, suggesting preservation of the coagulation 
structure of bitumen in the modifi cation product. 

For the modifi ed products based on bitumen nos. 2 
and 3, in the temperature dependence of the viscosity 
in the interval 20–80°С there is a portion with a low 
temperature sensitivity (Fig. 2), which may be due to 
formation in these compounds of a three-dimensional 
structure similar to that formed in bitumens of the gel 

type. The absence of such a portion in the temperature 
dependence of the viscosity of the initial bitumens and 
of bitumen no. 2 modifi ed with HDPE only indicates 
that the formation of this structure is most probably due 
to the presence of SKEPT molecules.

The modifi er introduced into bitumen affects either 
the properties of the dispersion medium (owing to 
dissolution or adsorption of components of the dispersion 
medium) or the content, composition, and properties of 
the dispersed phase. To examine the phase state of the 
modifi er compounded with the bitumen, we analyzed 
the precipitate obtained by the standard procedure of 
isolating asphaltenes from petroleum products [10]. 
After dissolution of asphaltenes in benzene, a precipitate 
remains on the fi lter. Its relative weight for all the 
bitumens is about 4%. According to DSC data, the 
content and melting point of the crystalline phase in the 
precipitate on the fi lter, obtained from modifi ed bitumen 
no. 1, are practically identical to the content and melting 
point of the crystalline phase in the initial modifi er 
(Table 2), indicating that the interaction of the modifi er 
with the bitumen components is insignifi cant. In the 
precipitate on the fi lter, obtained from modifi ed bitumen 
nos. 2 and 3, the content of the HDPE crystalline phase 
is considerably (by a factor of almost 2.5) higher than 
its content in the OTEP modifi er (Table 2), suggesting 
better interaction of SKEPT with the dispersion medium 
of the bitumen. 

Comparative analysis of the AFM images of 
the surface of bitumen no. 2 before [11] and after 
modifi cation (Fig. 3a) shows that the initial structure 
of the bitumen does not appreciably change upon 

Fig. 1. Thermal effects Q of mixing of bitumen nos. (1) 1 and (2) 2 
with OTEP modifi er of TPM grade at 180°С (mean result of three 
experiments for each bitumen sample). (τ) Time.

Fig. 2. Temperature dependence of the viscosity log η of oxidized 
bitumen nos. (1) 2 and (2) 3, of OTEP-modifi ed bitumen nos. (3) 2 
and (4) 3, and (5) of HDPE-modifi ed bitumen no. 2.
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introducing the modifi er, only the so-called catana 
phase formed by resin–asphaltene components 
decreases in size [12]. Introduction of the modifi er into 
bitumen no. 1 leads to changes in the topography of 
the bitumen surface: The catana phase disappears, and 
globules of various sizes, distributed nonuniformly 
and not connected with each other, appear (Fig. 3b). 

Comparison of the AFM images of the same area of 
the surface, taken in the topographic (Fig. 3c) and 
phase contrast (Fig. 3d) modes, shows that the globule 
surface has a fi ne structure characteristic of polymers. 
Thus, AFM images of modifi ed bitumen nos. 1 and 2 
confi rm different mechanisms of their modifi cation 
with olefi nic thermoelastoplastics. 

Table 2. Melting points and enthalpies of melting of PND and SKEPT crystallites in the modifi er and in precipitates on the fi lter, 
obtained from modifi ed bitumens

Sample
HDPE SKEPT

Тm, °С enthalpy of melting, J g–1 Тm, °С enthalpy of melting, J g–1

Modifi er 128.9 42.4 167.3; 174.0 6.9
No.1 128.5 36.0 170.5 6.8
No. 2 128.5 109.3 – –
No. 3 126.9 121.3 166.8 1.6

Fig. 3. AFM images of modifi ed bitumen nos. (b–d) 1 and (a) 2, taken in the (a–c) tapping and (d) phase contrast modes.
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CONCLUSIONS

(1) Modifi cation of bitumens of types I and III with 
a blended olefi nic thermoplastic of TPM grade was 
performed. 

(2) The technological properties of bitumen of 
type I are improved owing to dissolution of the low-
molecular-weight constituent of the modifi er and to 
changes in the properties of the dispersion medium, with 
the coagulation structure of bitumen preserved. 

(3) For bitumen of type III, the technological 
properties of the modifi ed products are improved owing 
to swelling of the thermoelastoplastic and formation of 
fragments of the elastomeric network.
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