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Abstract- Rabid global warming and the fuel energy crisis have made rethink the use of conventional technologies
like Hot Mix Asphalts (HMA) technologies. The asphalt industry is constantly attempting to reduce its emissions as
concerns are growing on global warming. This can done by Warm mix asphalt (WMA) technology which produce
more environmental friendly asphalt mixtures. A laboratory study was conducted by adding additives such as
Sesobit (organic) and cecabase (chemical). The mixture characteristics for these product were evaluated at four
different temperature after using two different compaction methods. Finally the testing results indicate that the
performance of Sesobit was found to be better.
Key words- Asphalt, Organic and Inorganic Additives, Sasobit, Cecabase, viscosity, compaction, curing, Stiffness
Modulus, Gyratory compaction.
be described as the asphalt mixture produced at 20°C
– 40°C lower temperatures than the hot mix asphalt
but at a higher temperature than the water boiling
temperature. When asphalt is produced at lower
temperatures, there are many potential benefits such
as reduced energy consumption (fuel) in asphalt plant
and reduced noxious gases emissions, increased
workers safety due to reduce of smoke emissions,
possibility to place asphalt mix in cooler ambient
temperatures and to haul farther distances without
compromising workability.

I. INTRODUCTION
The environmental issue has become the most
important challenges for society due to the overexploitation, increased populations and consequently
degradation of natural sources. Transportation is one
of the major global consumers of energy, currently
representing between 20% to 25% of aggregate
energy consumption and CO2 emissions and a strong
growth has been projected in all sectors with the
same proportion from Transportation. Energy
efficient technologies are developed to response to
the problems and also considered in construction
phases of asphalt mixes for road construction. The
concept driving warm mix technologies is the
reduction in asphalt binder viscosity, which allows
the asphalt to attain suitable viscosity for coating of
the aggregate and compaction of the mix at lower
temperatures. The implementation of warm mix
technology (WMA) as a viable option for paving
operations is a promising concept. HMA is produced
at temperatures between 140°C–180°C and
compacted at temperatures between 120°C – 160°C.
These temperatures ensure that aggregate is dry, the
asphalt binder coats the aggregate and HMA is
workable. WMA is a modified hot mix asphalt
mixture that is produced, placed and compacted at
a10°C –40°C lower temperature than the
conventional hot mix asphalt mixture. WMA could

Recently various technologies available to increase
the workability at lower temperatures for the
production of WMA. Most technologies involve the
addition of chemical or plain water additives to
emulsify or foam the oil, allowing a reduction in
viscosity and an evenly coating of the aggregate mix.
• Organic additives (including waxes)
• Chemical additives
1.1 Sasobit (or) Organic additives (including
waxes)
In this technology, organic additives or waxes are
used which lower the asphalt binder viscosity above
their melting points. Wax additives such as Fischer
Tropsch, Montan waxes, fatty acid amides. These
organic waxes have longer chemical chain lengths so

80

International Journal On Engineering Technology and Sciences – IJETS™
ISSN(P): 2349-3968, ISSN (O): 2349-3976
Volume I, Issue III, July - 2014
their melting point is at about 100°C. The longer
chains help keep the wax in solution and it reduces
binder viscosity at typical asphalt production and
compaction temperatures. The use of organic
additives enables asphalt mix production and laying
temperatures to be reduced by 20°C – 30°C. Sasobit,
Ashphaltan B, Licomont BS 100.

used in three different sizes for WMA pavements.
They are pellets, flakes and powder. Sasobit is a
Fischer-Tropsch (FT) wax produced from the coal
gasification process and is typically added at the rate
of 1.5% by weight of asphalt. Recently it has started
production from natural gas using the FT process. In
Fischer- Tropsch process, the carbon-monoxide
atoms get converted into a mixture of hydrocarbons
having molecular chain lengths from 1 to 100 carbon
atoms or greater. In this process, white hot coal is
treated with a blast of steam. Iron or cobalt act as a
catalyst in the reaction. The reaction can be
represented as follows: -

1.2 Cecabase (or) Chemical additives
Chemical additives do not change the bitumen
viscosity. As surfactants they work at the
microscopic interface of the aggregates and the
bitumen. They regulate and reduce the frictional
forces at that interface at a range of temperatures,
typically between 140 and 85°C. It is therefore
possible to mix the bitumen and aggregates and to
compact the mixture at a lower temperature.
Chemical additives may reduce the mix and
compaction temperatures by about 20 - 40°C.
Evotherm, Rediset, Iterlow T, Cecabase, REVIX.
II. OBJECTIVE

(2n+1)H2 + nCO → CnH(2n+2) + nH2O
The makers of Sasobit® claim that there exists a
difference between the generic paraffin wax and the
FT wax. They say that Sasobit® has a much longer
chain length - 40 to 115 carbon atoms and thus has a
melting point around 99°C compared to 20 to 45
carbon atoms and a melting point of 50°C to 80°C for
generic paraffin wax. The makers also claim that
Sasobit forms a lattice structure in the asphalt binder
which is the basis for the stability of asphalt that
contains Sasobit. Sasobit can be added to the asphalt
(wet process) or the asphalt mixture (dry process).
Sasobit helps in increasing the compactibility of the
mixture and thus creates lower air voids in the
specimen Sasobit is completely soluble in bitumen at
temperatures in excess of 115°C. It forms a
homogeneous solution with base bitumen on stirring
and produces a marked reduction in the bitumen’s
viscosity. This enables mixing and handling
temperatures of the asphalt to be reduced by 10°C−
30°C. Temperature reductions of up to 50°C can be
reached by process optimization between the mixing
plant and paving. This in turn results in a significant
reduction of bitumen fumes emissions and CO2 (=
energy savings) during such operations. During
cooling the Sasobit crystallizes out and forms a
lattice structure in the bitumen which increases the
asphalt stability. The melting point range of
SASOBIT is between 85°C - 115°C.

The proposed research was carried out to accomplish
the following objectives:
i. Determination of the optimum mixing and
compaction temperature for Sasobit additives and
Cecabase additives of the WMA;
ii. Examination of the differences in test results
between samples that are prepared
with Marshall hammer and gyratory compactor;
iii. Study of the performance of WMA and
comparison to HMA in terms of densification
characteristics,
stiffness,
and
permanent
deformations;
III. MATERIALS
3.1 Sasobit (Additive)
Organic additives, that have melting points below a
normal asphalt production temperature, can be added
to asphalt to reduce its viscosity. With organic
additives, the viscosity of asphalt is reduced at the
temperature above the melting point in order to
produce asphalt mixtures at lower temperatures.
Below the melting point, organic additives tend to
increase the stiffness of asphalt. Sasobit® has been

3.2 Cecabase RT
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Cecabase is an organic Additive which is liquid at
25°C used as an additive in the production of the
WMA. The Cecabase RT® additive acts at the
interface between mineral aggregate and asphalt, in a
similar way that a surfactant acts at an interface
between water and asphalt that does not significantly
change the rheological properties of asphalt.
CECABASRT 945 enables to reduce the asphalt mix
production and lay down temperature by 20 to 40°C
and keeps the same mechanical properties as a
standard HMA. The effectiveness of the Cecabase
RT® was demonstrated in a field test, where a
production temperature was reduced by up to 27°C
yielding a WMA mixture comparable to a typical
HMA mixture. It is a product of Arkema Group,
France and confirms that the total of 80,000 tons of
warm paving materials were produced with these
additives in 2007 and over 300,000 tons of WMA
incorporating CECABASE RT laid on European
roads in late 2007 [13]. CECABASE RT 945 can be
added either in the bitumen storage tank, or directly
in line before the drum. CECABASE RT 945 is
stable under the temperature of the bitumen.

3. Compaction is performed for test samples
a. one sample with the Gyratory compactor,
b. two samples with the Marshall hammer.
4. Testing is performed for:
a. bulk density,
b. stiffness modulus,
After determining the stiffness modulus for samples
from the gyratory compactor, the necessary curing
time is defined and compaction for the other WMA
mixtures at 115oC and 125oC is performed after at
curing the O defined time.
5. Evaluation of obtained test results,
a. Comparison of the results with reference HMA
mixture,
b. Comparison of the results between impact
compaction and gyratory compaction,
c. Evaluation of the impact of curing.
IV. METHODALOGY
Mixture Composition

General

IV. Plan for Testing

Sasobit

Cecabase

Compaction Temperature

4.1Testing plan

135͘͘͘ º C

In order to accomplish these tasks, a test plan was
designed and the evaluation was performed in the
following stages

Compaction Temperature

135͘͘͘ º C

155 º C

Curing

Curing
0h

125 º C

2h

4h

t

0h

2h

115 º C

Curing
4h

2h

Compaction
Marshall Hammer

1. Mixture composition is defined. Three type of
mixtures are produced in the laboratory:
• Reference mixture,
• Mixture with Sasobit,
• Mixture with CECABASE,

Gyratory Compactor

Testing

Density

Testing

Stiffness

Density

Stiffness

Evaluation of the Result

2. The primary compaction temperature is defined for
each mixture. The compaction temperature of 155oC
is defined for the reference mixture for VG 30
bitumen and additionally the temperature of 135 oC
is applied. Compaction temperatures of 115 oC, 125
oC, and 135 oC is defined for the modified mixture.
Three different mixtures are prepared of mixtures of
reference HMA and WMA: a. one with no curing, b.
one with 2 hour curing at compaction temperature, c.
one with 4 hour curing at compaction temperature,

4.1 Experimental plan for mixture testing
A. Curing
Curing, when performed, was carried out in a forced
draft oven (with air circulation) at compaction
temperature according to AASHTO PP2 (61). The
mixture was placed on a shallow pan of
approximately 3 cm thickness and stirred every 1
hour. The stirring process took approximately 2
minutes.
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results for gyratory compactor was significantly
lower than for Marshall hammer in all cases. This is
probably due to the higher density of gyratory cores.
However, good linear correlation of both compaction
methods could be established meaning that curing has
the same effect of hardening on both methods of
compaction. The linear increase of the stiffness
results also proves why there is no necessity to
perform curing when evaluating conventional HMA
as the results would remain with the same ratio one
with other even after curing.

B. Compaction
Compaction was performed according to the
desired method: Marshall (impact) compaction.
Compaction at desired temperature with 50 blows
from each side; Gyratory compaction. Compaction at
desired temperature with 200 gyrations at 600kN for
1.25ºangle. Moulds of 100mm diameter were used.

Fig 4.1 Principle of gyratory compaction

Fig 4.2 Correlation of stiffness modulus for Marshall
hammer and gyratory compactor

Different compaction energies were applied in order
to examine mechanical properties at different
compaction levels and to determine the compaction
characteristics with gyratory compactor. Compaction
temperature of 155oC for reference HMA was chosen
according to EN 12697-35 (85) for bitumen VG 30.
An additional specimen with Marshall hammer was
prepared at 135oC. Both WMA products were
compacted at three different temperatures: 135 oC,
125 oC, 115 oC.

V. Indirect Tensile Strength Test
5.1.Bulk Density
The maximum density for the mixture was
determined as an average of two results for control
mixture and it is 2532 kg/m3. The results of bulk
density for specimens compacted at different
temperatures with Marshall hammer and gyratory
compactor are shown in Figure 5.1.a. and Figure
5.1.b

C. Curing of HMA
At first the effect of curing of HMA was
compared between the specimens compacted with the
Marshall hammer and gyratory compactor. This was
done in order to determine whether curing has a
different effect on these compaction methods. The
compaction results show that the number of air voids
has a slight tendency to decrease with longer curing,
but the effect was minor and is considered not to
influence further testing. The results of stiffness
modulus for these specimens are presented in Figure
48. It can be seen here that the stiffness modulus
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Whilst the Marshall hammer historically is proven to
be very sensitive, the gyratory compactor is
speculated to be insensitive to temperature
changes(44). However, it must be noted that
numerically the difference between all of the WMA
specimens and HMA, except Marshall at 115oC, is
minor and the cores can be attributed to have almost
the same density. The small variety in results also
explains the decrease in Sasobit density after raising
the temperature from125oC to 135oC, as it can be
attributed to statistical error in test method. It must be
noted that the compaction method itself can be
important regarding this research, as it is considered
to be especially important for SMA asphalts to
simulate the actual field compaction. The final
density and mechanical characteristics for this type of
asphalt depends on the aggregate orientation and the
interlocking of the mineral skeleton and gyratory
movements allow particles to re orientate themselves
thus reproducing the actual in-situ compaction more
adequately than by impact compaction of Marshall
method. It must also be noted that in actual field
compaction, a temperature of 155oC is considered to
be very high and usually compaction takes place at
lower temperatures. Therefore, it can be concluded
that the compaction temperature can be reduced to at
least 125oC if not to 115oC without losing the
compactibility and similar density can be achieved
with the same compaction effort. Densification
characteristics The gyratory compactor allows an
illustration of how the density of the asphalt mixture
increases with increasing number of gyrations. The
compaction in percent of maximum density f or both
WMA products and the control mix at different
temperatures is illustrated. All specimens in this case
were compacted after 2 hour of curing. It requires to
verify three different compaction levels – N.
Ensuring that the density at these compaction forces
does not exceed the Super pave requirements makes
it possible to design mixtures that do not exhibit
classic tender mix behavior and do not compact to
dangerously low air void contents under traffic action
(77). The necessary compaction parameters at these
levels depend on the transport intensity of the road. It
was assumed that the highest intensity (>30 ESALs)
would be applied to
the section with the tested mixture, so compaction
parameters at 9, 125 and 205(reduced to 200 at this

5.1.a Bulk density at different
compaction temperatures for Marshall specimens

5.1.b Bulk density for different compaction
temperatures for gyratory specimens
Production and compaction temperature, the
comparison between bulk density of HMA at
reference temperature and WMA technology at
different temperatures can be a way to determine the
optimum compaction temperature for the specific
technology. The results between the compaction
methods do not correlate which is probably due to
different compaction energies used. The density of
the reference HMA at 155oC for gyratory specimens
was lower than for WMA whilst for Marshall
specimens it was higher in all cases. This can be
explained with the lower viscosity of binder, which
allows further densification when continuing to apply
compaction force. The temperature sensitivity of each
compaction method could be another explanation.
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study) gyrations are required. The results that are
listed in Table 22 show that the density at designed
compactive effort is higher than the required for 1.1%
for the Reference mix and for1.4% by average for
WMA. The initial and maximum compaction levels
are within the necessary range. This means that no
excessive hardening will occur at traffic much greater
than the designed.

70gyrations simulates the actual field compaction,
meaning that with this compaction effort, higher insitu density than for HMA would be achieved. It is
also important to note that this final density is the
same as for HMA at 200 gyrations, meaning that that
similar final level of density can be achieved with
less effort. This behavior could be attributed to the
reduced hardening of binder, because of a lower
curing temperature. But after reaching the limit of
workability due to binder viscosity at this
temperature, the densification does not continue
despite applied force. To verify this statement,
additional testing with uncured specimen preparation
in a gyratory compactor would be required. This
finding collaborates to some extent what German
field trial reported in 6.2 Compaction, and if
confirmed in other field trials, this can be important
in determining the necessary compaction effort for
WMA. If the desired density can be reached with
fewer roller passes than for HMA, there is no need to
continue the densification, thus reducing the paving
costs.

Fig 5.1.c Compaction characteristics from
gyratory compactor of Sasobit (left) and
Cecabase (right) at different temperatures

5.2 Stiffness
The stiffness modulus is determined by the
indirect tensile test method in accordance with the
EN 12697 26,annex C (69) standard method. It was
carried out at 20oC, with target horizontal
deformation of 5 μm and rise time of 124 ms.
Poisson’s ratio of 0.35 was used. The scheme of
determining the resilient modulus is shown on Figure
5.2. All specimens were prepared after 2 hours of
curing except of the Marshall core at 135Cwhich was
compacted uncured.

It is visible that the compactibility for temperatures
of 125oC and 135oC is almost the same for Cecabase
and similar to Sasobit. It is also very similar to the
reference mix at temperature of 155oC, the only
difference being that the density continues to increase
in the last quarter of the compaction for WMA while
it had almost already reached its final density for
HMA. This may mean that a higher density can be
achieved for WMA than for HMA by continuing to
apply compaction force at these temperatures. It can
be explained through reduction of binder viscosity.
However, as stated above, numerically the difference
is small and could be very well a statistical error.
However, WMA at 115 oC has noticeably different
compaction characteristics for both products. The
density at the first part of compaction is significantly
higher than for other samples and reaches its final
bulk density at about 100
gyrations for Sasobit and 70 gyrations for Cecabase.
After this point the density remains almost the same
despite a continued compaction effort. It is
considered that compaction energy of about

Figure 5.2: Type of the cylindrical specimen load
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The results of testing are presented in Figure 56 for
gyratory specimens and in Figure 5.3 for Marshall
cores. The results of gyratory specimens show a clear
increase in stiffness modulus for Sasobit, compacted
at temperatures of 135oC and 125oC and a similar
result at 115oC as the reference mix. The results of
Rediset WMX are lower than for control in all
temperatures. The stiffness for both WMA show a
tendency to decrease when lowering the compaction
temperature.

Figure 5.20: Stiffness modulus test results for
Marshall specimens
A comparison between stiffness modulus of Marshall
and gyratory cores did not show good correlation as
the control mix at 155oC had a different relative
value in comparison with WMA mixtures. Therefore,
the judgement of stiffness modulus against reference
mix depends not only on the type of additive used
and the compaction temperature, but also on the
compaction method and the applied compaction
force. The choice of an adequate laboratory
compaction method proves to be significant in
evaluation of the WMA technologies. Nonetheless,
the results showed that the stiffness of Sasobit was
higher than for Cecabase at all compaction
temperatures for both methods. It is also clear that the
difference between stiffness of both WMA at 135oC
and 125oC is not significant and therefore it can be
assumed that lowering the temperature to at least
125oC is possible with maintaining the highest
possible stiffness modulus for both WMA products.
A further temperature reduction is considered to
lower the stiffness of mixture.

Figure 5.3: Stiffness modulus test results for
gyratory specimens
For Marshall samples, stiffness modulus for both
WMA showed a tendency to raise stiffness between
135oCand 125oC which is more likely to be test error
than actual performance of these mixtures. The
results of both WMA are lower than for reference
mix at 155oC, but higher than mix compacted at
135oC, with an exception of Cecabase at 115oC.
However, as the control mix of 135oC was not cured
it is not correct to compare the results directly, but
from the previous analysis of curing times it can be
roughly assumed that this mix would have gained
approximately 1000 MPa of stiffness after 2 hours of
curing. This would mean that the stiffness of Sasobit
would still be higher, but for Cecabase it would be
lower than for reference at 135oC.

II. TEST RESULTS
Densification data showed contrasting evidence from
two different compaction methods. While the WMA
samples that were compacted with gyratory
compactor had better density than the control HMA,
for compaction with the Marshall hammer it was the
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other way around. However, the difference between
density of the WMA and HMA was small in all cases
with exception of Marshall samples at 115oC, which
had significantly higher number of air voids. This
suggests that use of both tested WMA products
allows a reduction of the compaction temperature at
least to 125oC, but still giving a similar density as
HMA. Even more – analysis of gyratory compaction
data suggests that less compaction force may be
required to reach the same density and with
application of further compaction higher density may
be attained than for HMA. Sasobit showed better
stiffness modulus results than Cecabase and both of
these products gave best relative performance for
samples compacted at 125oC. Analysis of stiffness
modulus for WMA compared to HMA depends on
the compaction method used.
VIII. EMERGING FUTURE
1.Evaluation of asphalt concrete (AC) and other types
of asphalt mixtures with WMA technology.
2.. Since results in literature research show
significant differences in test results depending on the
aggregate type used, it is necessary to perform testing
with other types of aggregate materials that are used
in local conditions.
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