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New Bitumens Obtained from Physical Distillation of a Conventional
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Abstract: Bitumen phases separated from 5% and 12% EVA/bitumen blends are investigated. Basic characterization is
carried out using a peculiar thin layer chromatographer, the latroscan. The rheological and technical analysis lead us to
conclude that these macromolecular materials, obtained from physical distillation of the blends, constitute new bitumens

of unique properties.
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INTRODUCTION

In bitumen/polymer blends the proportion of saturates,
aromatics, resins and asphaltenes of the bitumen has a strong
influence on the polymer concentration needed to form a
polymer network continuous phase. In the particular case of
modified bitumen used for roofing, the bitumen/polymer
compatibility is described as the capacity of the polymer to
absorb a portion of the bitumen constituents to yield an ex-
tended polymer matrix. The nature of the polymer and the
composition of the bitumen determine the concentration at
which a continuous phase is formed. For instance, for Bitu-
men/ styrene-butadiene-styrene (SBS) blends, it has been
claimed that the swelling capacity increases as the bitumen
composition passes from saturates to resins and aromatics
[1]. On the other hand, in the case of Bitumen /atactic poly-
propylene (APP) blends, only bitumen having more than 1/3
of asphaltenes+saturated fractions and less than 2/3 of res-
ins+aromatic fraction give enough compatibility to provoke
a phase inversion (continuous polymer phase) from 10 to
13% of polymer [2].

A technical requirement of polymer modified water-
proofing membranes is that the selected polymer must com-
bine homogeneously with bitumen, to achieve a morphologi-
cal structure in which the polymer prevails, with the mini-
mum polymer content as possible. In the case of industrially
available Bitumen/SBS membranes polymer rich phase is
constituted with less than 15% SBS. Traditionally the most
successful polymer systems for modifying bitumen for roof-
ing purposes are SBS and APP. Fluorescent microscopy,
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differential scanning calorimetry (DSC) and mechanical
thermal analysis (DMTA) have been used to investigate bi-
tumen/SBS blends [3-14] and bitumen/APP blends [2, 13-
14], as well as bitumen mixtures with ABS [15], polystyrene
[15], polyethylene [16], polybutadiene [16], polyvinyl chlo-
ride [5], chlorinated polyethylene [16], ethylene-propylene
diene monomer (EPDM) [5, 17] and isocyanate [18]. The use
of ethylene-vinyl acetate (EVA) as a bitumen modifier for
membranes has also been reported in the literature [15, 19-
22]. As for the rest of the aforementioned polymer systems,
the observed EVA swelling is a consequence of the physical
distillation derived from the interaction of the polymer ma-
trix with saturate oils. The concept of physical distillation
was applied to polymer modified bitumens by Lesuer et al
[12]. Notwithstanding the role played by polymer swelling in
the required physical properties of waterproofing mem-
branes, not many papers deal with the task of measuring the
relative proportion of bitumen to polymer phase after mixing
process is achieved. The most employed method of measur-
ing the dispersed phase volume fraction of the blend is image
analysis of UV-fluorescence microscopy photographs [2, 11-
16, 20, 22].

An interesting collateral derivation of the study of bitu-
men/polymer mixtures for waterproofing membranes lies on
the possibility of obtaining the bitumen phase of the blend,
which is separated from the mixture by thermal destabiliza-
tion. There is certainly a shortage of information on the
characterization and properties of the bitumen phase ob-
tained by physical distillation.

In this paper we present novel results on the use of a thin
layer chromatography technique, the latroscan, to evaluate
the actual volume fraction of the components of Bitu-
men/EVA blends and to determine the composition of the
corresponding bitumen phases of the blends. The latter con-
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stitute actually new bitumens of distinguishing rheological
and technical features which are investigated.

MATERIALS AND METHODOLOGY

The blends were based on a 150/200 penetration grade
bitumen provided by Cepsa (Spain) and a ethylene-vinyl
acetate (EVA) copolymer of 5% Vinyl acetate, 0.7% Carbon
black and 33% Crystallinity.

Bitumen/polymer blends were prepared by mechanical
stirring in a lab-scale reactor using an lka Labortechnik MF
10 mixer with a four blade impeller. The polymer was added
to the bitumen and mixing was maintained at 180°C and 600
r.p.m. for 2 hours.

The morphology of the bitumen/polymer blends was
studied in a Leitz Aristomet optical microscope.

A relatively recent technology, firstly applied by Suzuki
[23] and known as latroscan, combines thin-layer chroma-
tography (TLC) with flame ionization detection. This tech-
nique has been successfully employed to analyze saturate,
aromatic, resin and asphaltene (SARA) fractions of crude
oils and we remit to literature [1, 2, 24, 25] for further expla-
nations. In our case, the SARA fractions of the bitumen were
separated and quantified using selective solvents like hexane,
toluene and a 95%-5% mixture of dicloromethane/methanol.
The corresponding bituminous phase of each blend was also
analysed using this technique. The bituminous phase was
separated from the blend by gravity in a cylinder chamber of
radius R = 1.7 cm at T= 165°C, under the conditions estab-
lished in UNE-EN 13399 Spanish test.

Small amplitude oscillatory flow measurements in the
linear regime were carried out in plate-plate mode (diameter
4 cm) in a stress-controlled TA Instrument AR-G2.

Technical characteristics of the original and new bitu-
mens (bituminous phase of each blend) were determined
following ASTM standards.

Original bitumen measurements were made with samples
submitted to the same thermo-mechanical treatment as the
blend.

RESULTS AND DISCUSSION

latroscan Analysis of New Bitumens Obtained by Physi-
cal Distillation

In the initial part of the mixing process a well dispersed
phase of polymer droplets is formed, but due to physical
distillation the droplets swell (typically to 15-40 um diame-
ter), increasing its volume with absorbed maltenic fractions
of the bitumen. In Fig. (1) the rheological and morphological
evolution of the mixture during the blending process is pre-
sented. As can be seen with the sequential photographs of
the process, good dispersion of the polymer (white droplets)
in the bitumen matrix (dark) requires a low torque, but the
subsequent swelling of the droplets provokes a rapid torque
increase. At the end of the mixing process a co-continuous
morphology is observed. This is a significant result, since the
initial composition contains only 12% EVA by weight. To
evaluate the swelling or physical distillation effect associated
to the interaction of the different constituents of bitumen
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with the polymer, the latroscan technique is used. The bitu-
men phase is separated from the blend using the thermal de-
stabilizing procedure described in the experimental part. The
respective chromatograms of pure bitumen and bitumen
phases separated from 5% and 12% EVA blends are pre-
sented in Fig. (2). The corresponding intensities of the sig-
nals of saturates, aromatics, resins and asphaltenes vary ac-
cording with the degree of their interactions with EVA. This
allows determining the percent of each component in pure
bitumen and in the bitumen phases of the blends, leading to
establish the percent of bitumen and the percent of polymer
rich phase. The results are shown in Table 1.
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Fig. (1). Torque variation and morphological evolution of a bitu-

men/EVA mixture (12% EVA by weight) during the blending proc-
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Fig. (2). latroscan chromatograms of pure bitumen and bitumen
phases separated from 5% and 12% EVA blends.

As a result of the physical distillation process, a 5% by
weight EVA, leads to a 25% dispersed phase and a 12%
EVA leads to a 43% phase. This justifies the microscopy
morphological analysis, in particular the co-continuous mor-
phology observed in Fig. (1) when the initial 12% EVA
passes to a swollen 43% phase during the mixing process.
The bitumen phases of 5% and 12% EVA blends constitute
actually new bitumens (bitumens of different composition),
obtained as a result of the interaction between the copolymer
and the bitumen. The composition of the bitumen phases of
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Table 1.

Goikoetxeaundia et al.

Composition of the Original Bitumen and Bitumen Phases of 5% and 12% EVA Blends, According to latroscan Results.

In the Second Column the Data are Normalized to Asphaltene Content Since EVA does Not Interact with this Compo-
nent. Comparing the Normalized Values of the Components, Bitumen and EVA Fractional Weight Values of the Blends
are Deduced (See Text). The Colloidal Index is Defined as C.l.= (Aromatics+Resins)/(Saturates+Asphaltenes)

Composition (%) Normalized Composition EVA Fractional Weight of the Blend | Colloidal Index
Saturates: 6.5 Saturates: 0.26
. . Aromatics: 53.3 Aromatics: 2.12
Original Bitumen . . 2.12
Resins: 15.1 Resins: 0.60
Asphaltenes: 25.1 Asphaltenes: 1
Saturates: 5 Saturates: 0.16
. Aromatics: 43.8 Aromatics: 1.37
Bitumen phase of 5% EVA blend . . 0.25 1.7
Resins: 19.3 Resins: 0.60
Asphaltenes: 31.9 Asphaltenes: 1
Saturates: 3.6 Saturates: 0.09
. Aromatics: 36 Aromatics: 0.87
Bitumen phase of 12% EVA blend . . 0.43 1.21
Resins: 18.9 Resins: 0.45
Asphaltenes: 41.5 Asphaltenes: 1

5% and 12% EVA blends are shown in Table 1. The results
are fixed by the chemical affinity between EVA and bitu-
men, which is given by the proximity of the solubility pa-
rameter of the copolymer to the corresponding solubility
parameters of the different components of the bitumen. As
can be seen in Table 2, the solubility parameter of EVA lies
close to the solubility parameters of aromatics and saturates,
which justifies the predisposition of the copolymer to absorb
these bitumen components in the mixing process. Conse-
quently the percentage of saturates and aromatics is consid-
erably lower for the bitumen obtained after physical distilla-
tion with EVA (bitumen phase of the blend) than for pure
bitumen.

Table2. Solubility Parameters of EVA Copolymer and the
Components of Bitumen
Copolymer and Components of Solubility Parameters

Bitumen (MPa)®®

Ethylene-vinyl acetate (EVA) 17.7-195

Saturates 17.4-20.0

Aromatics 19.0-225

Resins 21.9-26.6

Asphaltenes 25.0-33.0

On the other hand, as could be expected taking into ac-
count the disparity of both solubility parameters of resins
and asphaltenes as compared to EVA, these components do
not interact at all with the copolymer. This is in particular
reflected in the increase of the percentage of asphaltene ob-
served in the bitumen phase of the blends (Table 1). In brief,
the new bitumens obtained from physical distillation and
subsequent thermal destabilization can be well characterized
using latroscan analysis. In the continuation, rheological and
technical features of these new bitumens are presented.

Thermorheological Behaviour: Frequency-Temperature
Superposition

Time-temperature or frequency-temperature superposi-
tion of viscoelastic data is considered a valuable tool for the
analysis of polymers, because the results can be associated
with the molecular and structural implications of the differ-
ent relaxation modes involved in the system. During last
decade we have chosen double logarithmic plots of phase
angle dversus complex modulus G* (the so called Black
diagrams or Mavridis-Shroff plots [26]) to investigate the
thermorheological complexity (breakup of frequency-
temperature superposition) of some polymers [27-29].
Moreover, the failure of frequency-temperature superposi-
tion in dynamic viscoelastic results of bitumen has also been
demonstrated using this rheological technique [12, 25, 30,
31]. This is not surprising considering the complexity of bi-
tumen and the fact that measurements were carried out in a
range of temperatures (from -20 to 70°C) which includes the
glass transition temperatures of maltenes and asphaltenes. To
avoid the effect of these relaxations, in our case we contem-
plate the plots of phase angle dversus complex modulus G*
of the different bitumens in the range of temperatures 90-
180°C.

The results, shown in Fig. (3), are correlated to the com-
position of the investigated bitumens which is given in terms
of the Colloidal Index, defined as C.l.= (aromat-
ics+resins)/(saturates+asphaltenes). 70 years after its defini-
tion [32-33] this index remains as a sound relationship to
express the association degree of asphaltenes. It is currently
admitted that the asphaltenes are more peptized by the resins
as the Colloidal Index augments. AFM and SEM analysis
carried out by Loeber et al. [25] shows that a bitumen with a
low C.I. has a connected network structure, whereas individ-
ual domains of asphaltene particles form the structure of a
bitumen of a high Colloidal Index. This conclusive remark is
compatible with the results of Fig. (3), which show that the
thermorheological complexity is reduced as the colloidal
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index of the bitumen decreases. The level of thermor-
heological complexity is given by the corresponding critical
Gc* values at which the data deviate from a reference curve
taken at 90°C. This allows defining the relaxation times as-
sociated to this deviation as t= 1/ ., where . is the fre-
quency at G*= Gc*. At sufficiently low frequencies all the
samples display a viscous (6=90°) thermorheologically sim-
ple behaviour, but as frequency increases thermorheological
complexity appears. This reflects the response of individual
domains of asphaltene particles possessing a characteristic
relaxation time. That is to say, as frequency increases more
local motions, involving shorter times, can be detected. The
particular behaviour observed at a certain temperature re-
flects the dynamics of asphaltene domains which have re-
laxation times shorter than the corresponding t= 1/ m values
shown in Fig. (3). For the original bitumen, which has the
highest Colloidal Index (C.1.=2.12), three different relaxation
times corresponding to 120, 150 and 180°C, are noticed (Fig.
3a). But as the Colloidal Index decreases the number of de-
tected relaxation times lessens, as seen in Fig. (3b) and (3c).
Actually for the lowest Colloidal Index bitumen (bitumen
phase of 12% EVA blend, with C.1.=1.21) a thermorheologi-
cally simple response can be claimed in the range 90-150°C.
No individual domains are detected, unless experiments at
180°C involving times shorter than 1= 0.0625 s or frequen-
cies larger than . =16 rad/s (which corresponds to Gc*= 10
Pa in Fig. (3c)), are carried out. Therefore, the thermor-
heological complexity analysed by Mavridis-Shroff plots or
Black diagrams offers a route to disclose in which bitumens
asphaltenes are more peptized in the oil based medium. The
perfectly connected network structure that according to the
studies of Loebler et al. [25] appears for very low Colloidal
Index bitumens, is reflected by a thermorheologically simple
behaviour.

Viscosity and Technical Characteristics

The real part n° =G”’/w of the complex viscosity n* at
90°C is presented in Fig. (4) for the original and new bitu-
mens

The data are fitted to the Briedis and Faitelson model
[34]:

o 1
T T (way @

where m is the linear or Newtonian viscosity, Athe relaxa-
tion time and othe non-linearity index. The values of the
fitting parameters for the different samples are presented in
Table 3.

The variation of the Newtonian viscosity with tempera-
ture is fitted to an Arrhenius like equation 1, «< expE, / RT,
where R is the gas constant and Ea is the activation energy of
flow. The values of the latter are included in Table 3.

The linear Newtonian viscosity at 90°C augments from
MNo=5 Pa.s for original bitumen to ny =53 Pa.s for the bitumen

phase of 5% EVA blend and ny=1620 Pa.s for the bitumen
phase of 12% EVA blend. These enormous differences are
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(a) Original Bitumen (Colloidal Index C.I = 2.12)
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Fig. (3). Plots of phase angle dversus complex modulus G* for the
different bitumens in the range of temperatures 90-180°C. The level
of thermorheological complexity is correlated with the indicated
Colloidal Index values (see text). a) Original bitumen b) Bitumen
phase separated from 5% EVA blend c) Bitumen phase separated
from 12% EVA blend.
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reduced as temperature increases, because the activation en-
ergy of flow Ea grows from 24 kJ/mole for original bitumen
to 74 kJ/mole for the bitumen phase of 5% EVA blend and
119 kJ/mole for the bitumen phase of 12% EVA blend. We
estimate that the observed viscosity enhancement is associ-
ated with the very dense network structure envisaged for the
new bitumens obtained from physical distillation of the
blends.

Table 3. Parameters of the Briedis and Faitelson Model (Eqg.
1) and Flow Activation Energy Ea Values for Origi-
nal and Bitumen Phases of 5% and 12% EVA
Blends

No (Pas) |[A(s) | o |Ea(kd/mole)
Original Bitumen 5 0 0.9 24
Bitumen phase of 5% EVA blend 53 0.01 | 05 74
Bitumen phase of 12% EVA blend| 1620 052 | 04 119

On the other hand, the viscosity results point out that the
technical characteristics of the new bitumens should be com-
pletely different to those of the initially considered bitumen.
Softening point temperature obtained by Ring and Ball tests
and Penetration Grade values are presented in Table 4.
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Fig. (4). The real part " of the complex viscosity as a function of
frequency at 90°C for the original bitumen and the bitumen phases
of 5% and 12% EVA blends. The data are fitted to the Briedis and
Faitelson model (Eq. 1).

CONCLUSIONS

Bitumen phases separated from 5% and 12% EVA/bitu-
men blends using a thermal destabilizing procedure consti-
tute new bitumens with some peculiar features.

Table4. Technical Characteristics of the Original Bitumen and Bitumen Phases of 5% and 12% EVA Blends. Aro-
matic/Asphaltene Ratio is Obtained from Table I. The Penetration Grade of the Bitumen Before Submitting the Sample
to the Same Thermomechanical History as Bitumen/Polymer Blends (See Experimental) is 150 dmm
T res (°C) ASTM-D36 Penetration Grade (dmm) ASTM-D5 Aromatic/Asphaltene
Original Bitumen 47 100.3+£1.2 2.12
Bitumen phase of 5% EVA blend 62 286+13 1.37
Bitumen phase of 12% EVA blend 80 9.2+04 0.86

New bitumens are much harder (lower penetration grade)
than the original bitumen. Actually, a penetration degree
below 10 dmm, as such offered by the bitumen phase of 12%
EVA blend, is out of the range of known bitumens, whatever
is their origin. Although establishing a sound correlation
between bitumen composition and penetration grade is not
an easy task, we remark that our samples follow the trend
reported by Loeber et al. [25] for a series of standard bitu-
mens from different origins: the penetration degree of the
bitumen decreases as the aromatic/asphaltene ratio dimin-
ishes (Table 4).

The photograph (Fig. 5) shows the results of the physical
distillation process of 88% Bitumen-12% EVA blend. The
lower part constitutes a new bitumen of unique properties

The composition of the new bitumens is determined em-
ploying a thin layer chromatographer, the latroscan. The
association degree of asphaltenes is given by the Colloidal
Index, C.l., which in turn is correlated with frequency-
temperature thermorheological results: the higher C.I. is,
most noticeable becomes thermorheological complexity. The
bitumen phase separated from 12% EVA blend displays a
huge viscosity compared to original bitumen, which is com-
patible with a dense network and a very low penetration
grade (9.2 dmm). Actually, such a low grade is out of the
range reported for conventional bitumens. Therefore, physi-
cal distillation opens a route to produce new bitumens of
technical characteristics distinct from currently known bitu-
mens.
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Fig. (5). Photograph of the blend after physical distillation.
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