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Rheological characteristics of synthetic wax-modified asphalt binders

RAPID COMMUNICATION

Summary — This paper presents the test results of modification of bitumen 35/50 with synthetic
aliphatic wax (SW) obtained during the Fisher-Tropsha synthesis. The aim of the modification is an
improvement of rheological properties of the bitumen as well as possibilities to lay the asphalt
pavement at decreased compaction temperature by up to 30 °C. Experiments have confirmed that
the modification of asphalt with synthetic wax resulted in beneficial changes in complex modulus
(G*) and phase angle (�) of modified bitumen 35/50. In consequence, the modified bitumen in-
creased resistance of the asphalt pavement to permanent deformation and decreased the compac-
tion temperature to 100 °C. On the basis of the MSCR test it was revealed that the existence of
aliphatic wax in bitumen compound affected the compliance (Jnr) and elastic recover (R) of bitu-
men. It resulted in an increase in the resilient modulus of elasticity of asphalt pavement and also it
will contribute to its higher durability.
Keywords: asphalt binders, synthetic wax, complex modulus, phase angle, MSCR test.

CHARAKTERYSTYKA REOLOGICZNA LEPISZCZA ASFALTOWEGO MODYFIKOWANEGO
WOSKIEM SYNTETYCZNYM
Streszczenie — W pracy przedstawiono wyniki badañ modyfikacji asfaltu drogowego 35/50 alifa-
tycznym woskiem syntetycznym otrzymanym w wyniku syntezy Fishera-Tropscha. Modyfikacja
mia³a na celu poprawê w³aœciwoœci reologicznych lepiszcza i tym samym mo¿liwoœci wykonania
nawierzchni asfaltowej w temperaturze obni¿onej o ok. 30 °C i jednoczesnego zwiêkszenia trwa-
³oœci tej nawierzchni. Eksperymenty potwierdzi³y, ¿e modyfikacja asfaltu woskiem syntetycznym
powoduje korzystne zmiany modu³u zespolonego (G*) i k¹ta przesuniêcia fazowego (�) modyfi-
kowanego asfaltu 35/50. W konsekwencji takiej modyfikacji wzrasta sztywnoœæ asfaltu w wyso-
kich temperaturach eksploatacyjnych. Wzrost sztywnoœci asfaltu powoduje zwiêkszenie odpor-
noœci na deformacje trwa³e mieszanki mineralno-asfaltowej. Przemiana fazowa wosków synte-
tycznych w temperaturze powy¿ej 100 °C powoduje wzrost ich objêtoœci oraz obni¿enie tempera-
tury zagêszczania mieszanki mineralno-asfaltowej do 100 °C. Na podstawie testu MSCR (wg
AASHTO TP70) wykazano równie¿, ¿e w wyniku modyfikacji asfaltu 35/50 nastêpuje korzystna
zmiana jego podatnoœci (Jnr) oraz nawrotu sprê¿ystego (R). W rezultacie tego asfalt bêdzie odzna-
cza³ siê wy¿szym poziomem lepkoœci struktury nienaruszonej, co w konsekwencji spowoduje
wzrost modu³u sztywnoœci sprê¿ystej mieszanki mineralno-asfaltowej i jej ni¿sz¹ wra¿liwoœæ na
efekty przeci¹¿enia wywo³ane ruchem pojazdów.
S³owa kluczowe: lepiszcze asfaltowe, wosk syntetyczny, modu³ zespolony, k¹t przesuniêcia fazo-
wego, test MSCR.

INTRODUCTION

The purpose of assessment of bitumen rheology with
the synthetic Fischer-Tropsch (FT) wax was to predict the
resistance of the asphalt concrete to permanent deforma-
tion. The main task of the bitumen in the asphalt mixture

is a covering of the aggregate and its mix to each other
which leads to creation specific properties of the bitumi-
nous composite. In order to allow this process to occur, it
is necessary to bring the bitumen to the adequately low
level of viscosity in the range between 2 and 20 Pa · s. For
this purpose it is commonly necessary to heat the bitu-
men up to 160—180 °C depending on the type of bitu-
men. This process is energy consuming and associated
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with massive emission of greenhouse gases. Moreover,
permanent heating of the bitumen may intensify its aging
process which affects visco-elastic properties of the bitu-
men and decreases the asphalt pavement durability.

Improvement of properties of the bituminous com-
posite at lower temperatures is possible through the ap-
plication of low-viscosity modifiers, which contain ali-
phatic synthetic wax obtained during the Fischer-
-Tropsch (FT) synthesis. They are distinguished from
paraffin waxes contained actually in the bitumen in re-
spect of composition and interaction as well [1]. FT syn-
thetic waxes have a microcrystalline structure and they
consist of particles with a large number of carbon atoms,
up to 100 [2, 3]. Due to its morphology there is a possibi-
lity to increase the viscosity in temperatures below 100 °C
and its softening temperature (range of non-Newtonian
state) as well [4]. They act as a fine filler, enhancing the re-
sistance to permanent deformation of the asphalt pave-
ment. At the temperature above 100 °C, FT wax dramati-
cally reduces the viscosity of bitumen which lowers the
compaction temperature of the asphalt mix by up to
30 °C. An important element of the modification process
is proper recognition of the basic rheological properties
of the bitumen which facilitates a prediction of the beha-
vior of the asphalt mix in situ condition.

EXPERIMENTAL

Materials and sample preparation

In the studies FT synthetic wax (SW) as a low-visco-
sity modifier, obtained from Sasol Company, was ap-
plied. As a bitumen (B) it was used the bitumen of 35/50
penetration grade obtained from ORLEN Asfalt Sp. z o.o.
(P³ock).

The modifier, which appears in the form of granu-
les, has been dosed in the range from 1.5 to 4.0 % by
weight of the B with steps of 0.5 %. The preparation
process included separation of asphalt samples, for
each level of modification, in an amount of 250 g. The
sample was heated up to 155 °C and held in this state
for 30 min. The next step was a blending, in the con-
stant temperature, at 400 rpm. This process was neces-
sary to reach the homogenization of B and SW. Pre-
pared samples of the bitumen met the requirements of
PN-EN 12594:2004 standard.

Methods of testing

In order to investigate the effectiveness of the applica-
tion of the FT synthetic wax into bitumen it was made the
measurement of the complex modulus (G*) and phase
angle (�) at 60 °C and subsequently the MSCR test (Multi-
ple Stress Creep Recovery Test of Asphalt Binder) [5] was
carried out.

Complex modulus and phase angle are an assessment
of the visco-elastic behavior of bitumen listed in the Stra-

tegic Highway Research Program (SHRP) methodology
[6, 7]. The interrelation between the complex modulus
and the phase angle provides an evaluation of the elastic
and viscous part of the binder. Both these relationships
change depending on the temperature and the loading
time.

MSCR test was performed according to AASHTO
TP70 methodology. It was developed as a verification of
the complex modulus and phase angle prescribed by the
SHRP program. It allows assessment of the nonlinear
behavior of asphalt and stands out for a high correlation
with results obtained from rutting tests for asphalt mixes.
The test has been proposed to predict the susceptibility to
surface damage due to high ambient temperatures when
the bitumen becomes a viscous liquid [8]. This method al-
lows evaluating the compliance and the relaxation of the
bitumen under simulated loading conditions close to real
conditions in wide range of stresses. Using the visco-
meter, a one second creep load was applied to the asphalt
binder sample. Then the load was removed, the sample
was allowed to recover for 9 seconds. The test was started
with the application of a low stress (100 kPa) for 10
creep/recovery cycles then the stress increased to
3200 kPa and was repeated for additional 10 cycles.

RESULTS AND DISCUSSION

The results of G* and � of the investigation on bitumen
35/50 (B) modified with FT synthetic wax (SW) were
shown in Figure 1.

The test results indicate that the complex modulus
(G*) increases with the load frequency (Fig. 1a). However,
regardless of the temperature, the low-viscosity modifier
affected the increase of the level of the complex modulus
in each variant of dosage. All modified B samples and the
reference neat B had a value of (elastic part of) G*/sin(�) >
1000 Pa at the frequency of 1.56 Hz what corresponds to
the loading time at 60 km/h according to the SHRP. Com-
pared to the neat B the level of G* for 3.0 % of the modifier
increased 7 times. This level of bitumen hardening gua-
rantees low susceptibility of asphalt concrete to perma-
nent deformation within the confines of SHRP program
[7]. Nature of the dynamics of the G* and the level of its
change (Fig. 1a) indicates that in the range between 0.001
to 10 Hz there is a statistically significant increase in the
modulus G*. It must be noted that regardless of the
amount of low-viscosity modifier (the whole experiment
domain), the growth rate with relation to the reference
sample — neat B, is proportional. Variations in the fre-
quency are similar but in some cases are even lesser. It
probably corresponds to the quality of fine microcrystal-
line synthetic waxes dispersion, whose presence does not
impair the integrity of the colloidal structure of the bitu-
men. With respect to � (Fig. 1b) the increase in value of
SW content causes reduction in this physical quantity, in
some cases, up to 50 %. It could be expected that B modi-
fied with SW behaves more elastic with a high capacity to
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accumulate and release energy coming from the axle
loads.

The results of compliance (Jnr) and recovery (R) ac-
cording to MSCR were shown in Figure 2.

In the MSCR test the increase of the strains causes a
decrease in Jnr of prepared samples according to the expo-
nential function model y = a · e-bx [5]. Thus, the increase in
the quantity of SW crystals in B should decrease growth
of this phenomenon. It should be expected at least a linear
increase in rut resistance due to reducing of Jnr value of an
asphalt sample. For these two ranges of stress the change
in the compliance had a similar trend (Fig. 2a).

Tested samples were characterized by an increase in R
at a low stress (Fig. 2b). The value of the elastic recovery,
according to MSCR, increases as the SW content in-
creased. This fact fully correlates with the results of Jnr of
samples and it indicates to extension of the stress range of

the linear visco-elastic behavior of the asphalt. The re-
sults with application of the stress level of 3200 MPa
show some variation in the nature of recovery of bitu-
men. It can be concluded that the dosage of the SW in the
amount of 2.5 % can significantly improve the resistance
of bitumen to permanent deformation in the asphalt
pavement, giving a more elastic behavior at 60 °C.

CONCLUSIONS

On the basis of the test results the following conclu-
sions were made:

— the increase in the amount of FT synthetic wax has
an influence on the rheological characteristics of the bitu-
men 35/50,

— the presence of the FT synthetic wax affected the
level of G* value,
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Fig. 1. The influence of frequency and FT synthetic wax content on change of: a) complex modulus (G*) in 60 °C, b) phase angle (�)
in 60 °C

Fig. 2. The influence of FT synthetic wax content on compliance (Jnr) (a) and recovery (R) (b) according with MSCR test



— the decrease in the phase angle, due to the addition
of FT synthetic wax, caused the more elastic behavior of
the neat bitumen 35/50,

— the MSCR test revealed the significant decrease in
Jnr value of bitumen 35/50 as a result of FT synthetic wax
modification,

— the R value has been increased during increasing of
the synthetic wax FT content.
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