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Abstract:  The current interest in energy saving asphalt production 

techniques is great and several new processes have been developed to reduce 

the mixing and compaction temperatures for hot mix asphalt. In particular, 

mastic asphalt products (Gussasphalt) require high working temperatures, 

and harder requirements concerning bitumen fumes and carbon dioxide 

emissions have been introduced for such products. Consequently, the need of 

a new means of producing and placing mastic asphalt at lower temperatures 

is particularly large.  

     One way of reducing asphalt mixture temperature is by using special flow 

improving additives like wax. This technique has successively been tried in 

several studies for polymer modified mastic asphalt used for bridge decks and 

parking areas in Sweden. However, there still are uncertainties about possible 

negative impact on crack susceptibility at lower temperatures due to the 

addition of wax. 

     In this study, 4% montan wax (Asphaltan A) was used for one particular 

polymer modified mastic asphalt product. Type and amount of wax additive 
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was selected based on results from earlier studies. The impact on binder, 

binder/filler mixtures and mastic asphalt from production was tested in the 

laboratory, focusing on low temperature performance. The bending beam 

rheometer (BBR) was used for determining low temperature creep compliance 

and the tensile stress restrained specimen test (TSRST) for determining 

fracture temperatures. Binder properties were determined using dynamic 

mechanical analysis (DMA), Fourier transform infrared (FTIR) spectroscopy 

and conventional tests (softening point, penetration, elastic recovery, Fraass 

breaking point, viscosity and storage stability). Aging was performed using 

the rolling thin film oven test (RTFOT) at 200°C. 

     As expected, the addition of wax to the polymer modified binder showed a 

viscosity reduction at higher temperatures, corresponding to a similar positive 

effect of more than 10°C on production and laying temperature for the mastic 

asphalt. DMA and BBR results showed some increase in stiffness and a more 

elastic response of the wax modified binder at medium and low temperatures. 

The TSRST fracture temperature was 5 °C higher for the mastic asphalt 

containing 4% wax, indicating however no dramatic negative impact on crack 

susceptibility. 

KEY WORDS:  montan wax; modified binders; mastic asphalt; TSRST; energy 

saving; low temperature performance  
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1.  Introduction  

1.1  Background 

Polymer modified coarse aggregate mastic asphalt most often is used as 

wearing course for bridges and parking decks in Sweden.  A major benefit of 

this material is that it is dense (no air void content), waterproof and wear 

resistant. It is placed without mechanical compaction. The binder content is 

high (compared to asphalt concrete), meaning better adhesion between binder 

and aggregate and reduced negative effect of aging. Due to the use of polymer 

modified binder, the resistance to rutting/plastic deformation, as well as low-

temperature cracking, is satisfactory as well. However, mastic asphalt 

products (Gussasphalt) require high working temperatures up to +230 
o
C or 

more, depending on the laying conditions. Working at high temperatures is 

energy-intensive and will release more emissions of bitumen fumes and 

carbon dioxide compared to conventional hot mix asphalt works. This has 

become a problem, since harder requirements concerning allowed working 

temperatures/amount of emissions have been introduced. 

One way of reducing the asphalt mixture temperature is by using flow 

improving additives like wax. Several other energy saving asphalt production 

techniques and processes have been developed, and warm mix asphalt (WMA) 

technology is currently of great interest to the asphalt industry as well as to 

researchers all over the world (Walker, 2009). 

Aiming to make polymer modified mastic asphalt more environment 

friendly and more pleasant for asphalt workers, a joint Swedish project about 

wax as flow improver in polymer modified mastic asphalt production was 

initiated a couple of years ago. The project involves laboratory testing of 

binder and asphalt mastic products as well as testing in the field (Edwards, 

2007; 2008). Based on results from these studies, one specific wax product 

was selected for further studies focusing on low temperature performance and 

possible negative impact on crack susceptibility due to the addition of wax.  

The work described in this master thesis is linked to the joint Swedish 

project mentioned above and contributes to the knowledge of low temperature 

performance of mastic asphalt containing polymer modified binder and wax as 

flow improver.  
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1.2  Scope and Objective 

The scope of this thesis is to study and evaluate the performance of 

polymer modified mastic asphalt using energy saving asphalt production 

technique with wax additive. The work includes preparation of binder 

samples, laboratory testing of binder, binder/filler mixtures and mastic asphalt 

from production. The study focuses on low temperature performance, but 

rheological effects at high and medium temperatures are investigated as well. 

Wax modified samples are compared to samples containing no wax.  
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2.  Mastic asphalt as wearing course on bridges and parking decks 

Mastic asphalt is used for surface and binder courses in road construction. 

In the case of bridges and tunnels, mastic asphalt may be used for protection 

layers and inter-layers as well. Required properties of such mixtures are 

specified in EN 13108-6 (Bituminous mixtures - Material specifications - Part 

6: Mastic Asphalt), while mastic asphalt intended specifically for 

waterproofing purposes are specified in EN 12970 (Mastic asphalt for 

waterproofing). Obviously, there are several types of mastic asphalt for 

different application areas. Henceforth in this report, the term mastic asphalt is 

used for product(s) suitable for surface (wearing) course in waterproofing and 

paving systems for bridge decks, parking decks, terraces etc. As already 

mentioned, this type of pavement is very dense and wear resistant. Stability 

(resistance to permanent deformation) at higher temperatures/heavy traffic and 

flexibility (resistance to thermal cracking) at lower temperatures, on the other 

hand, may be a problem. However, by using polymer modified binders in 

mastic asphalt, limits regarding stability and durability can be relocated. 

By definition, mastic asphalt is a “voidless asphalt mixture with bitumen as 

a binder in which the volume of filler and binder exceeds the volume of the 

remaining voids in the mix” (EN 13108-6), meaning that there are no air voids 

in the mix. In the following sections, composition and production of mastic 

asphalt are described. 

2.1  Binder 

Mastic asphalt binders (and mastics) normally have to be stiffer than for 

asphalt concrete, in order to make the mastic asphalt resistant enough to 

permanent deformation. Hard paving grade bitumen or modified bitumen 

therefore is used, in addition to high filler content. The binder content is high 

and will have a great impact on stability as well as on workability of the 

mastic asphalt product.  

Additives known to be used in mastic asphalt are polymers, rubbers, fibers, 

pigments and waxes (EN 13108-6). Also Trinidad Epuré, refined from natural 

Trinidad Lake Asphalt (TLA), has been used during a great many years for 

hardening effect on the normal bitumen grade used in mastic asphalt (Morgan 

and Mulder, 1995). In Sweden, Trinidad Epuré was exchanged for polymer 

modification in the mid 1990’s and is no longer used in mastic asphalt 

production today. Using polymer instead of Trinidad made the production 
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process more environmental friendly (less bitumen fumes) which was much 

appreciated by asphalt workers and people living close to the mastic asphalt 

plant (Edwards and Westergren, 2001).  

2.1.1  Polymer modified bitumen (Pmb) 

The most commonly used type of modifying agents for bitumen is 

polymers. A polymer is a very large molecule comprising maybe thousands of 

atoms formed by successive linking of one or several types of small molecules 

into chain or network structures. Polymers may be classified into two main 

categories: thermoplastic polymers and thermosetting polymers. 

Thermoplastic polymers may in turn be subdivided into elastomers and 

plastomers. Elastomers, particularly styrene-butadiene copolymers, are most 

commonly used in road applications today.  

Polymer modified bitumens are produced by incorporation of polymers in 

bitumens using mechanical mixing or chemical reaction. Compatibility (or 

rather solubility) of the polymer in bitumen is very important and depends on 

a lot of  factors, such as difference in solubility parameters of the polymer and 

the maltene phase of the bitumen, and the amount and type of asphaltenes 

present in the bitumen (International workshop on modified bitumens, 1998). 

Highly compatible bitumens normally are low in asphaltene content and 

generally not used as paving grade road bitumens. Certainly, the selection of 

bitumen for polymer modification is not an easy task. Furthermore, instability 

of Pmbs (in storage) as well as degradation of the polymer (aging), due to high 

temperatures in production, is another aspect of great importance to be 

considered. The polymer modified product is usually more heat sensitive than 

the corresponding conventional product. With high temperatures and/or long 

heating times, changes occur in the polymer (and in bitumen), resulting in 

poorer fluctuating properties of the Pmb. 

2.2  Aggregate 

The aggregate plays an important role in mastic asphalt production and will 

have a decisive effect on stability, wear resistance and friction for the 

pavement. The adhesion between aggregate and binder is normally very good. 

High filler content and optimum grading of coarser aggregates will stiffen the 

product and make the pavement resistant to deformation. Different types of 

filler may have very different impact on the stiffness. Calcium carbonate filler 
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normally is used in mastic asphalt, for better workability (Schellenberg, 2003). 

Sand or chippings, often bituminized, are applied on the surface for better 

friction.  

Grading curves for different types of bituminous mixtures are compared in 

Figure 1, including a typical curve for mastic asphalt. From the figure it can be 

seen that the mastic asphalt has a comparatively higher fine aggregate content 

(filler and sand) compared to other mixtures. 

 

Figure 1.  Aggregate size distribution for different types of asphalt mixtures 

2.3  Production and placing 

Production, transport and placing of mastic asphalt differ considerably 

from working with conventional asphalt concrete. Being more like molten 

slurry of aggregates in the binder, mastic asphalt requires stirring, from plant 

to placing the product, in order to avoid separation. Mastic asphalt is not 

compacted. It is placed using screed pavers or manually.  

Mastic asphalt mixing temperature must be kept within a certain range. It 

must be high enough for good workability but not too high, as binder 

properties may then be affected in a negative way. If the mastic asphalt is 

heated too much (or for too long), the binder becomes brittle, and the 

pavement more sensitive to cracking. In the case of polymer modified binder, 
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the polymer may degrade and by that the pavement becomes more sensitive to 

deformation.  

Working with mastic asphalt at high temperatures is energy-intensive and 

will release more emissions of bitumen fumes and carbon dioxide compared to 

conventional hot mix asphalt works. One way of reducing mixture 

temperatures is by using flow improving additives like wax. Energy saving 

production technique is further discussed in the following section, focusing on 

the addition of wax. 

 

Figure 2.  Emissions of bitumen fumes from mastic asphalt (Beer et al., 2003) 

2.3.1  Energy saving production technique   

Growing environmental awareness and harder requirements concerning 

bitumen fumes and carbon dioxide emissions have led to the development of 

several new processes in asphalt production. Within the asphalt and road 

construction industry, there is significant interest in energy technologies for 

hot mix asphalt (HMA) such as warm mix asphalt (WMA) processes, allowing 

mixing and paving at significantly lower temperatures than normally used for 

hot mix. 

HMA usually is produced at 150 to 180 
o
C (in relation with the used 

binders), and WMA at temperatures ranging from 120 to 140 
o
C. Cold mix 
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asphalt (CMA) is manufactured at ambient temperature from asphalt 

emulsions or foams, and half-warm mix asphalt (HWMA) at temperatures 

below water vaporization. WMA and HWMA are produced by for instance 

modification of the production process as such, mixing with additives for 

lowering binder viscosity, or adding water for foaming of bitumen on site. 

Vegetable binders with low viscosity (mixing, laying and compaction at 

130 
o
C) have been used as well (Olard et al., 2008). 

In the case of mastic asphalt, which often is placed at temperatures much 

higher than +200 
o
C, the need of modifying the production and placing 

processes is extremely large. It may even be necessary for permitting the use 

of mastic asphalt in the future. Depending on the binder, a reduction of the 

temperature during production and placing of 10 
o
C may reduce the emissions 

by 30 to 50 % for mastic asphalt (Radenberg, 2003). Viscosity depressant 

additives which have shown significant effect in mastic asphalt are certain 

types of waxes. Adding 3% (by weight of binder content), normally is 

considered as sufficient. For controlling the workability on site, different types 

of agitation resistance methods and slump tests have been developed 

(Radenberg, 2003). For Swedish conditions, mainly two types of waxes have 

been tried. These are FT-paraffin (Sasobit) and montan wax (Asphaltan A) 

(Edwards, 2007; 2008). 

2.4  Failure mechanisms 

Like all wearing courses subjected to traffic, mastic asphalt undergoes 

deformation and wear. It also may crack at lower temperatures or by 

movements in the pavement. In some cases, there is a risk of blistering as 

well. 

However, failure mechanisms for mastic asphalt are not always 

comparable to those of conventional asphalt concrete. For instance, the 

resistance to deformation of mastic asphalt pavements is highly dependent on 

the binder, mainly because the binder fills all the spaces and pockets in the 

asphalt mix, thereby reducing the contact pressure and interlocking between 

aggregates. Obviously, there is a risk of deformation in mastic asphalt at high 

temperatures and slow traffic if the binder gets soft. Vehicles braking or 

accelerating would in such cases also cause rutting and wheel track formations 

on the pavement surface (Kloss and Stapel, 1971).  
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Low temperature cracking of asphalt pavements is regarded as a serious 

problem in many cold region areas (Jung and Vinson, 1994). In Sweden, many 

mastic asphalt pavements cracked during some severe winters in the 1940’s 

(Hallberg and Lindholm, 1947), initiating research work in this area. Also in 

the 1970’s, there were some serious cracking in the northern parts of Sweden, 

resulting in the introduction of new waterproofing and pavement systems for 

bridges under the responsibility of the Swedish Road Administration (Colldin, 

1991). Low temperature cracking is a non-load associated type of cracking 

and occurs in transverse direction of the pavement. Asphalt being a 

thermoplastic material shrinks at low temperatures making the pavement stiff 

and brittle. So when the thermally induced stresses exceed the tensile strength 

of the pavement, crack develops (Wysong, 2004). Rheology of the asphalt 

binder plays an important role, influencing the low temperature cracking. As a 

contrary, less stiff binder is preferred to reduce the risk of low temperature 

cracking (Lu et al., 2003). 
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3.  Experimental 

The binder mixtures and mastic asphalt products used in this study were 

selected from earlier studies performed within a joint Swedish project about 

wax additive in polymer modified bitumen and coarse aggregate mastic 

asphalt (Edwards, 2007; 2008). The different materials, sample preparation 

and test methods are described in this chapter. 

3.1  Bitumen, wax additive and filler 

The polymer modified bitumen used is a 50/100-75 class product, Pmb 32, 

produced by Nynas. This binder is specially developed for use in mastic 

asphalt. Compared to standard bitumen, Pmb 32 shows higher resistance to 

low temperature cracking as well as to permanent deformation at higher 

temperatures. The product has been used in Sweden for many years with good 

results. Characteristics according to product data sheet from the producer are 

shown in Table 1. 

Table 1.  Characteristics of Pmb 32 used in this study, obtained from product 

data sheet 

Material Properties  As specified    Actual Data 

Penetration at 25 
o
C (dmm)      - 60 

Penetration at 40 
o
C (dmm)  160 - 220 200 

Softening point (
o
C)  min 75 

o
C - 

Brookfield visc. at 180 
o
C (cP)  max 350 - 

Flash point (
o
C)      - 240 

Elastic recovery at 10
 o
C (%) 

After aging 

     - 85 

 

Weight loss (%)      - 0.6 

Penetration at 40 
o
C (dmm)      - 150 

Elastic recovery at 10
 o
C (%)      - 80 

 

The wax additive is a montan wax product named Asphaltan A, produced 

by Romonta GmbH. The product is used mainly for mastic asphalt, with 
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higher mixing and laying temperature than asphalt concrete. Characteristics 

are presented in Table 2. 

Table 2.  Information regarding additive used in this study, obtained from 

product data sheet 

Additive Characteristics Value 

Asphaltan A, 

(Montan max) 

Solidification point 133-143 
o
C 

Dropping point 139-149 
o
C 

Viscosity at 150 
o
C      5-15 mPas 

 

The filler used contains mainly commercial filler (calcium 

carbonate product), obtained from Nordkalk industry, and was mixed 

in production with approximately 10 % collected dust from the 

NCC/Binab asphalt plant in Akalla. The chemical characterization and 

gradation of the commercial filler is shown in appendix A. 
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3.2  Mastic asphalt 

Coarse aggregate mastic asphalt was produced by NCC/Binab at the 

asphalt plant in Akalla, using standard recipe/composition (BPGJA 8 with 8% 

binder content). One product was produced with Pmb 32, and another with 

Pmb 32 plus 4 % (by weight of the binder) of wax additive Asphaltan A. Due 

to practical reasons at the plant, the wax was added to the asphalt mixture and 

not, as normally recommended, to the binder. 

 

Figure 3.  Slump test performed at Frögatan 1 for checking the flow 
improving effect of adding wax to the mastic asphalt 

Slabs were taken out during application work at an indoors parking deck 

(Frögatan 1 in Stockholm). The mastic asphalt was poured into special 

cardboard boxes holding approximately 25 kg each. Specimens were then 

sawed from the different slabs in the laboratory and subjected to BBR and 

TSRST testing. 
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3.3  Preparation of binder mixtures and binder/filler mixtures 

The bitumen/wax mixture was prepared in the laboratory by adding 4 % 

wax by weight of approximately 240 g of Pmb in 0.5 liter tins. The mixture 

was then heated for 30 minutes at 180 
o
C. Finally, the binder mixture was 

placed in preheated moulds and homogenized in a mixer by shaking for 90 s. 

Same procedure was followed for Pmb 32 containing no wax.  

Aging of the binders was performed using the rolling thin film oven test 

(RTFOT, EN 12607-1) for 75 min at 200 
o
C. The reason for using 200 

o
C 

instead of 163 
o
C, according to the standard procedure, is that mastic asphalt 

mixtures normally are produced in asphalt plants using higher mixing 

temperature compared to asphalt concrete mixtures. On the other hand, 

pressure aging vessel (PAV) long term aging was not performed in this study 

as mastic asphalt has no void content, and therefore should age very little over 

time.  

Mixtures of filler and aged binder (with and without wax) were also 

prepared, using a ratio of 3:1.  Mixing was carried out manually, using a 

stirrer.  The mixing ratio is similar to that of the mastic asphalt product, with a 

filler content of 27-28% by weight of the aggregate and binder content of 8%. 

Mixtures were evaluated using the methods of analysis described in the 

following sections.  

3.4  Methods of analysis 

The following standard methods were used to characterize the binder 

mixtures before and after aging: 

 softening point (EN 1427); 

 penetration at 25 
o
C (EN 1426); 

 elastic recovery at 10 
o
C (EN 13398); 

 breaking point Fraass (EN 12593);  

 viscosity at 135 
o
C and 180 

o
C (EN 13302); 

 storage stability at 180 
o
C (EN 13399). 

3.4.1  Fourier Transform InfraRed (FTIR) spectroscopy 

An FTIR spectrometer, Infinity 60AR (Mattson resolution 0.125 cm
-1

), was 

used to investigate functional groups of the binder mixtures, before and after 
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aging. 5% wt solutions of binder samples were prepared in carbon disulphide. 

Scans were performed using circular sealed cells (ZnSe windows and 1 mm 

thickness). All spectra were obtained by 32 scans with 5% iris and 4 cm
-1 

resolution in wave numbers from 4000 to 500 cm
-1

. Peaks of IR absorbance 

from 750 to 680 cm
-1 

were used as indication of amorphous and/or crystalline 

structures due to wax content. The peak at 1705 cm
-1

 shows bitumen carbonyl 

compounds and the peak at 1030 cm
-1

 sulfoxides. Finally, peaks at 965 and 

700 cm
-1 

represent the SBS polymers.  

3.4.2  Dynamic Mechanical Analysis (DMA) 

DMA temperature sweeps were conducted in the total temperature range of 

-30 
o
C to +100 

o
C using a dynamic shear rheometer (Rheometrics, RDA II). 

For the temperature range -30 
o
C to +90 

o
C, parallel plates with diameter of 

8 mm and gap 1.5 mm were used at a frequency of 10 rad/s. For the 

temperature range of +10 
o
C to +100 

o
C, plates with diameter of 25 mm and 

gap 1 mm were used, and the frequency was 1 rad/s. The test started at lower 

temperatures and the temperature was increased by 2 
o
C/min. A sinusoidal 

strain was applied and values of actual strain and torque were measured. 

Dynamic shear modulus |G*|, phase angle (δ) and |G*|/sin δ were calculated. 

Henceforth in this report, the dynamic shear modulus |G*| is called complex 

modulus G*.  

For performance grading of the binders, according to Superpave 

(AASHTO M320), time sweeps were carried out from +70 
o
C to +88 

o
C. The 

frequency used was 10 rad/s and values of G*/sin δ were calculated. 

Bitumen is a viscoelastic material, meaning that it shows viscous and 

elastic behavior simultaneously (Mezqer, 2002). In DMA, the ratio of peak 

stress to peak strain is defined as the complex modulus G*, which is a 

measure of the overall resistance to deformation of the sample repeatedly 

sheared. The phase difference between the stress and strain is defined as phase 

angle δ, which is a measure of the viscoelastic character of the sample. A 

phase angle of 90
o
 represents a complete viscous fluid, behaving as water, and 

a phase angle of 0
o
 represents an ideal elastic material behaving as a solid. At 

high temperatures, bituminous binders are more viscous showing high phase 

angle while at low temperatures they behave as elastic solids having a small 

phase angle. Both complex modulus and phase angle are functions of 

temperature and frequency which may be changed using additives like 
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polymer or waxes. Testing was performed on binder mixture samples as well 

as on mixtures of filler and aged binder. 

3.4.3  Creep test using Bending Beam Rheometer (BBR) 

Creep tests were carried out at five different temperatures (-24, -18, -12, -6 

and 0 
o
C) using the bending beam rheometer (TE-BBR, Cannon Instrument 

Company). The sample beam (125 mm long, 12.7 mm wide and 6.35 mm 

thick) was submerged in a constant temperature bath keeping it at each test 

temperature for 60 min. The beam was placed on the sample support in the 

BBR to be tested and a seating load of 980 mN was applied for 1 s. Then the 

load was reduced to pre-load of 35 to 44 mN for recovery of the sample 

during 20 s. After the recovery period, a constant load of 980 mN (100 g) was 

applied for 480 s. Creep stiffness (S), creep compliance D (t) and creep rate 

(m) were determined. The BBR has a limitation of measuring up to 240 s 

when automated. In order to take readings up to 480 s, the rheometer was run 

manually and readings for load and deflection were noted for every 5 s time 

interval.  

For the performance grading of the binders, according to Superpave, 

standard procedure was used (AASHTO TP1).  

Testing was performed on binder mixture samples, on mixtures of filler 

and aged binder and on mastic asphalt beams. For each testing temperature, 

the rheometer was calibrated according to standards. At least two beams were 

tested for each material. Mastic asphalt beams were sawed from slab samples 

(see section 3.2) and trimmed, keeping the beam dimensions as similar as 

possible to the corresponding binder beam samples. Test beams for the 

different mixtures and products are shown in Figure 4. 
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Figure 4.  Test beams (cast and trimmed for BBR testing) 

3.4.4  Tensile Stress Restrained Specimen Test (TSRST) 

The TSRST equipment used in this study was developed by Oregon State 

University (Jung and Vinson, 1993a; 1993b). The main parts of the machine 

include environmental chamber, load frame, screw jack, cooling device, and 

temperature controller and computer data acquisition with control system. The 

test specimen (35 mm x 35 mm x 210 mm) is glued to two aluminium plates 

with epoxy. After the epoxy has cured, the specimen/plate assembly is 

mounted in the load frame. TSRST is conducted by cooling the asphalt 

specimen at a specific rate while maintaining the specimen at constant length. 

A typical stress-temperature curve obtained in TSRST is shown in Figure 5. 
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Figure 5.  Typical TSRST results (Zeng and Isacsson, 1995) 

The test specimen was kept at 2 
o
C for 60 min in the environmental 

chamber to ensure that the temperature was constant inside the specimen and 

the same as in the chamber. The cooling rate was 10 
o
C/h. The contraction of 

the specimen during cooling was measured using two linear variable 

differential transducers (LVDT). If the contraction exceeds 0.0025 mm, a 

command is sent to the screw jack which stretches the specimen back to its 

original position. The test is stopped when the thermally induced stresses in 

the specimen exceed its strength resulting in a fracture in the specimen. Test 

parameters obtained are fracture temperature, fracture strength and transition 

temperature. 

At the beginning of the test, a relatively small increase in the thermal stress 

can be observed due to relaxation of the asphalt mixture. The induced stress 

then gradually increases with decreasing temperature, until the specimen 

breaks at a point where the stress reaches its highest value on fracture strength. 

The slope of the stress-temperature curve, (ΔS/ΔT), increases as well until the 

temperature reaches a certain value, the transition temperature where it 

becomes constant. The slope may play an important role in characterizing the 

rheological behavior of asphalt mixtures at low temperatures (Jung and 

Vinson, 1993b). 
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4.  Results and analysis 

As expected, the addition of wax to the polymer modified bitumen showed 

a reduction in viscosity, corresponding to a possible similar effect on 

production and laying temperature for the mastic asphalt. In addition to that, 

adding wax showed stiffening effect from about +100 
o
C and down to at least 

+5 
o
C. This stiffening effect was demonstrated by decrease in penetration (at 

+25 
o
C), increase in softening point and by DMA temperature sweeps for the 

binder as well as binder/filler mixture, showing increase in complex modulus 

and decrease in phase angle.  

In the following sections, results on binder, binder/filler mixture and 

mastic asphalt performance, due to the addition of wax, Asphaltan A, are 

presented and discussed. The intention in this study is to focus on effects at 

low temperatures, but rheological effects at high and medium temperatures are 

investigated as well. 

4.1  Conventional characteristics 

Results from conventional binder testing on Pmb 32 (with and without 

wax) are illustrated in Table 3. The results show that adding wax definitely 

affects the binder within a broad temperature range.  

Viscosity is reduced at high temperature (+135
 o

C and +180
 o

C) indicating 

that production and laying temperature could be decreased by at least 10
 o

C, 

using this type and amount of wax additive in the mix.  

At temperatures from about +100
 o

C and lower, the binder becomes stiffer 

(in terms of penetration at 25
 o

C and softening point) by addition of wax. 

Elastic recovery at 10
 o

C is decreased and Fraass breaking point is somewhat 

increased, indicating a certain negative effect on low temperature behavior. 

However, after aging both the binders show very similar results concerning 

penetration, elastic recovery and breaking point. Only softening point is still 

higher for the binder containing wax. As a whole, the wax modified binder 

was least affected by aging. As already mentioned (Section 3.3), aging was 

performed at 200
 o

C for simulating the higher temperature used in mastic 

asphalt production. Finally, wax modification showed no negative effect on 

storage stability.  
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Table 3.  Results obtained from conventional test methods 

Test Pmb 32 Pmb 32+4% wax 

   Original binder 
  

Softening point (
o
C) 75 93 

Penetration at 25 
 o
C (dmm) 53 45 

Breaking point Fraass (
o
C) -14 -11 

Elastic recovery at 10
  o

C (%) 72.5 53.4* 

Viscosity at 135 
o
C (mPas) 1544 1394 

Viscosity at 180 
o
C (mPas) 258 192 

Storage stability after 72 hours at 180 
o
C 

  
Δ Softening point (

o
C) 0 0.5 

   After RTFOT at 200 
o
C 

  
Softening point (

o
C) 75 94 

Penetration at 25 
 o
C (dmm) 23 24 

Breaking point Fraass (
o
C) -9 -8 

Elastic recovery at 10
 o
C (%) 55.5* 52.2* 

 * Specimen broke before stretching to 200 mm. 

4.2  Superpave Performance Grading (PG) of binders 

The Superpave binder specification is performance-related and the 

different grades of binder are designed for specific climate zones. The grading 

system is based on the idea that the properties of the binder, in the hot mix 

asphalt, should be related to the conditions under which it is used.  This 

involves expected climatic conditions and aging considerations of the binder. 

The PG system uses a common battery of tests, the specification criteria are 

the same for all grades, but the limiting values are specified at different 

temperatures. Superpave performance grading is reported using two numbers: 

the first being an average seven-day maximum pavement temperature (in °C), 

the second being the minimum pavement design temperature (in °C) likely to 

be experienced in the pavement.  

http://www.asphaltwa.com/wapa_web/modules/03_materials/03_asphalt.htm#durability
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Limited Superpave binder testing was performed, using results from DMA 

(time sweep at frequency of 10 rad/s) and BBR (S and m-value). The results 

are shown in Table 4. 

Table 4.  Results obtained from performance grading in accordance with 

Superpave binder specifications 

Original Binder 

 

      Pmb 32 

 

Pmb 32 + 4% wax 

Viscosity at 135 
o
C 

       Max, 3 Pas  
 

       1.54 
 

         1.39 

PG, max pavement design 
temperature, 

o
C  

70  76 78 
 
76 82 88 

Dynamic shear (10 rad/s) 

    G*/sin δ, Min 1.00 kPa  
  2.44    1.62   0.80 

 
  2.82   2.10   1.20 

After RTFOT at 200 
o
C  

        
Dynamic shear (10 rad/s) 

    G*/sin δ, Min 2.20 kPa   
   5.18 

    
    2.9 

Min pavement design 
temperature, 

o
C  -12 -18 -24  -12 -18 -24 

Creep stiffness (60 s) 
        

       S, Max 300 MPa 
 

   124     281    503 
 

  160     311    532 

       m-value, Min 0.300 
 

  0.36    0.31   0.23 
 

  0.30    0.26   0.20 

Estimated Performance     
Grade  PG 76-28 

 

PG 88-22 

 

Based on these results, the performance grade for Pmb 32 was estimated to 
be PG 76-28. Adding wax changed the grading to PG 88-22, indicating a quite 
large improvement on the rutting criteria and some negative impact on the 
resistance to thermal cracking. 
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4.3  Chemical characterization by Fourier Transform InfraRed (FTIR) 

spectroscopy 

Figure 6 shows the FTIR spectra obtained. Adding wax to Pmb 32 did not 

show any increase in the sulfoxide absorbance at 1030 cm
-1 

for neither non-

aged nor aged mixture. Carbonyl absorbance at 1705 cm
-1 

increased by adding 

wax but decreased for the aged binder mix. As expected, IR absorbance for 

methylene groups with straight chains at 750 to 680 cm
-1 

was increased by 

addition of wax and not affected by aging concerning absorbance representing 

SBS in Pmb 32, copolymer absorption for polybutadiene is shown at 965 cm
-1 

and for polystyrene at 700 cm
-1 

(Masson et al., 2001). Adding wax had some 

minor effect on this absorbance, indicating possible chemical reaction between 

wax and polymer. 

Values of IR absorbance (peak areas) and aging index are given in Table 5. 

In conclusion, addition of wax showed no negative influence on binder aging 

properties (aging index AI). 

Table 5.  Chemical Characterization using FTIR 

  
Pmb 32  Pmb 32 + 4% wax 

  
Non-aged aged AI*  Non-aged aged AI* 

C=O 

1705 cm
-1

 

 
1.13 2.61 2.31  1.20 2.48 2.07 

S=O 

1030 cm
-1

 

 
0.79 1.07 1.35  0.8 1.04 1.30 

(CH2)n 

750 to 680 cm
-1

 

 
0.94 0.95 1.01  1.37 1.26 0.92 

SBS 

700 cm
-1

 

 
1.16 1.16 1.00  0.93 0.95 1.02 

SBS 

965 cm
-1

 

 
3.03 2.83 0.93  3.37 3.02 0.90 

   *Aging index (AI) determined by (IR aged / IR non-aged) 
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Figure 6.  FTIR spectra of Pmb 32 and Pmb 32 with wax, before and after 
aging 
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4.4  Dynamic Mechanical Analysis (DMA) 

DMA temperature sweeps were performed over a wide range of 

temperatures (-30 
o
C to +100 

o
C) for binder mixtures (with and without wax, 

before and after aging) and for mixtures of filler and aged binder. Results are 

shown in Figure 7, 8 and 9. Figure 7 shows the temperature dependence (from      

-30 
o
C to +90 

o
C) of complex modulus and phase angle of all mixtures tested 

in the study. Highly polymer modified bitumens may exhibit four regions of 

modulus as a function of temperature: the glassy region, the transition region, 

a plateau region (corresponding to a phase angle maximum and minimum) and 

the flow region (Ferry, 1980). For binders containing wax, wax crystallization 

and/or gel formation and melting may occur as well. For Pmb 32, having 

comparably low polymer content (approximately 4%), no evident complex 

modulus plateau is shown in Figure 7. The polymer modification is simply 

indicated by an increase in elastic response (drop in phase angle) at 

temperatures higher than approximately +50
 o

C, which can be seen most 

sharply in the figure for the original binder Pmb 32. Adding wax to Pmb 32 

showed noticeable increasing effect on complex modulus at medium and 

higher temperatures. This is more clearly illustrated in Figure 8, showing a 

temperature sweep at 1 rad/s.  

Also in the low temperature area, adding wax had some stiffening effect. 

This is more closely illustrated in Figure 9, focusing on lower temperatures.  

Aging increased the complex modulus for all mixtures, but the wax 

showed no noticeable negative influence on aging properties of the binder. 

Comparing binder/filler mixtures to binders, the filler mixtures obviously are 

much stiffer, i.e. the complex modulus is higher and the phase angle lower due 

to filler content. In general, the binder/filler mixture seemed less affected by 

the addition of wax additive, compared to the binder. 
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Figure 7.  Complex modulus and phase angle as a function of temperature at 

10 rad/s for binder mixtures (before and after aging) and mixtures of filler 

and aged binder 
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Figure 8.  Complex modulus and phase angle as a function of temperature at 
1 rad/s for binder mixtures (before and after aging) and mixtures of filler and 
aged binder 
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Figure 9.  Complex modulus and phase angle as a function of temperature at 
10 rad/s for binder mixtures (before and after aging) 

 4.5  Creep test using Bending Beam Rheometer (BBR) 

BBR tests were conducted at -24, -18 and -12 
o
C for all test samples 

(binder mixtures, binder/filler mixtures and mastic asphalt). Additional BBR 

analyses were performed also at -6 and 0
 o

C for the binder/filler mixtures and 

mastic asphalt samples.  

Results of BBR low temperature parameters at a loading time of 60 s are 

indicated in Table 6. The binder (Pmb 32 and Pmb 32 + wax) was aged in all 

cases. 
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Table 6.  BBR test results of aged binders, binder/filler mixtures and mastic 

asphalt beams 

For controlling the low temperature cracking propensity according to 

Superpave binder specifications, BBR is performed at a temperature 10
 o

C 

above the expected lowest pavement temperature for the actual Performance 

Grade. In order to fulfill the requirement, creep stiffness must not exceed 

300 MPa and the m-value must be limited to at least 0.300. Lower limit 

temperatures can be determined from BBR results at two or more different 

temperatures (LST at which S=300 MPa and LmT at which m=0.300). This 

was done in the study based on test results at -12, -18 and -24
 o

C. The results 

show that only the limit temperature LmT for Pmb 32 (after RTFOT) was 

significantly affected by the addition of wax, indicating a possible negative 

effect on low temperature performance. However, the m-value actually is the 

absolute value of the slope of the stiffness versus time on log-log scale, and 

known to be easily manipulated (Dongre, 2007). It was included in the 

Superpave specification because it was established that materials with a longer 

relaxation time should dissipate stresses more slowly and therefore be more 

susceptible to thermal cracking. On the other hand, limiting temperatures are 

dependent on the source and grade of bitumen and polymer modification may 

not show beneficial effect. Especially for LmT, even negative effect has been 

 

Stiffness, S (MPa) 

 

m-value   

 

                                       Temperature, °C  

Binders -24 -18 -12 -6    0  -24 -18    -12 -6      0 LST LmT 

Pmb 32* 503 281 124 - - 
 

0.234 0.308 0.359 - - -18.5 -19 

(Pmb32 + 

4% wax)* 
532 311 160 - - 

 
0.202 0.256 0.299 - - -18 -12 

Pmb32*+ 

Filler 
2753 2061 1158 641 276 

 
0.130 0.214 0.288 0.357 0.438 - - 

(Pmb32+ 
4%wax)* + 

Filler 

3157 2331 1218 660 328 
 

0.146 0.211 0.276 0.316 0.398 - - 

Pmb32 
(asphalt mix) 

6654 5465 4053 2885 1386 
 

0.057 0.095 0.179 0.265 0.359 - - 

Pmb32+ 
4%wax 

(asphalt mix) 

6715 5836 4729 4288 2046 
 

0.066 0.098 0.133 0.203 0.291 - - 

*After RTFOT at 200 °C 
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found for polymer modification (Lu et al., 2003). Also in the case of 

binder/filler mixtures, the BBR stiffness was somewhat increased by the 

addition of wax, at all temperatures tested, and the m-value mainly was 

decreased. 

BBR creep compliance as a function of time is shown in Figure 10 and 11 

at different temperatures over the test period of 480 s. Figure 10 shows creep 

compliance of binder mixtures at -24, -18 and -12
 o

C, and Figure 11 creep 

compliance at -6
 o

C for binder/filler mixtures and mastic asphalt, indicating in 

all cases a decrease in compliance (increase in stiffness) due to wax 

modification. In the last case, testing was performed at other temperatures as 

well (cf. Table 6) but to make the figure more clearly, only results at one 

temperature are shown. 

 

Figure 10.  BBR creep test at -24, -18 and -12 
o
C on aged binder mixtures 
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Figure 11. BBR creep test on binder/filler mixtures and mastic asphalt 
at -6

o
C. (For clarity not all test temperatures are shown) 

As expected, the creep behavior of the binders at low temperatures is 

significantly different compared to filler/binder mixtures and mastic asphalt, 

and highly dependent on loading time. The loading time dependency is the 

key factor that shows difference between binders and their behavior in the 

pavements (Bahia et al., 1992). Therefore a longer loading time (480 s) was 

selected for the study. From the graphs presented, it is obvious that the wax 

makes the binder and mastic asphalt stiffer hence possibly less resistant to 

cracking at low temperatures. At very low temperature like -24 
o
C, the impact 

of wax is small but will increase with temperature and time. 

4.6  Tensile Stress Restrained Specimen Test (TSRST) 

A frequently used laboratory method for simulating low temperature 

cracking in pavements is the TSRST. A typical TSRST result was shown 

earlier in Section 3.4.4 (Figure 5). For a given mixture type, TSRST results 

will mainly depend on the binder used, and a base binder can generally not be 

improved by additives such as polymers (Lu and Isacsson, 2001). 

In TSRST, at least two specimens were tested for each mix. Figure 12 

shows that adding 4% wax to the polymer modified mastic asphalt had some 

negative effect, increasing the fracture temperature by approximately 5 °C, 
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from -35 °C to -30 °C. The transition temperature was increased as well, 

possibly indicating a change from viscoelastic to elastic state at an earlier 

stage of the test procedure. In conclusion, the impact of wax on the crack 

susceptibility of the mastic asphalt was not considered as severe. 

Table 7.  TSRST results for mastic asphalt mixtures 

 Transition temp, 
o
C Fracture temp, 

o
C 

Pmb 32 -29 -35 

Pmb 32 + 4% wax -20 -30 

 

 
 

Figure 12.  TSRST response of the mastic asphalt, with and without wax 
modification. 
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5.  Conclusions  

The most important conclusions drawn from the laboratory studies of this 

master thesis are: 

 Addition of 4% wax to the polymer modified bitumen used in the study 

showed a viscosity depressant impact on the binder at higher 

temperatures, corresponding to a possible similar effect on production and 

laying temperature for the mastic asphalt used. Consequently, wax 

modification in this case can be used for reducing energy consumption 

and emissions during production and placement. 

 Wax modification showed no negative effect on the storage stability. 

 Adding wax showed no negative influence on binder aging properties. In 

FTIR spectroscopy, no increase in sulfoxide absorbance or in carbonyl 

absorbance, due to wax, could be found. Aging was performed using 

RTFOT at 200 
o
C for simulating the higher temperature used in mastic 

asphalt production. 

 Some stiffening effect due to wax modification was shown as well. For 

the binder, this was demonstrated by lower penetration value, higher 

softening point and by an increase in complex modulus and decrease in 

phase angle at temperatures down to at least +5 
o
C in DMA analysis. The 

same impact was shown for the binder/filler mixtures, indicating a slight 

increase in stability or resistance to rutting for the mastic asphalt, and 

possible negative effect on low temperature performance. 

 Stiffening effects at low temperatures, in terms of BBR creep stiffness and 

TSRST fracture temperature, were demonstrated. BBR testing was 

performed at different temperatures on binder, binder/filler mixture and on 

mastic asphalt from production. In all cases, adding wax increased the 

BBR stiffness to some extent and the TSRST fracture temperature was 

5 
o
C higher for the mastic asphalt containing wax. In conclusion, on the 

basis of results from these tests, adding wax however showed no dramatic 

negative impact on crack susceptibility. 

Focusing further on possible negative impact on crack susceptibility when 

using wax as flow improver in mastic asphalt production, testing according to 

a fracture mechanics framework based on Superpave IDT (InDirect Tension 

test) will be performed in future work within this area. 
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 Appendix A 

Table.  Chemical analysis of the filler using X-ray fluorescence spectrometry, and 

properties 

Components   M % Std 

Calcium Oxide CaO 50.80 0.50 

Calcium Ca 36.30 0.40 

Silicon Oxide SiO2 4.10 0.20 

Aluminium Oxide AL2O3 0.90 0.10 

Iron III Oxide Fe2O3 1.00 0.10 

Magnesium Oxide MgO 2.00 0.20 

Potassium Oxide K2O 0.20 0.04 

Sodium Oxide Na2O 0.10 0.02 

Sulphur S 0.02 0.01 

Phosphorus P 0.01 0.01 

 Heat Loss 40.80 0.40 

Properties   

Moisture (%) 0.12 0.04 

Density (g/cm
3
) 2.70  

App. specific gravity (ton/m
3
) 1.00  

Oljetal, g/100 g filler  16.00  

Sp. surface Blaine (m
2
/kg) 470.00  

 
Figure.  Gradation curve for the commercial filler used in this study 
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