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Abstract

This doctoral thesis consists of a literature review, presented in two papers, and
another six papers describing experimental studies of the influence of different
kinds of wax and polyphosporic acid on bitumen and asphalt concrete mixture
properties.

The literature review should give an extensive description of the field of
knowledge concerning wax in bitumen. Effects of wax in crude oil, bitumen
and asphalt concrete as well as test methods for studying these effects are
described. Theories behind possible mechanisms are also discussed, and
commercial wax as additive to bitumen for different purposes included.

The experimental parts comprise laboratory studies involving totally five
160/220 penetration base bitumens from different sources, two isolated
bitumen waxes, five commercial waxes and one polyphosphoric acid. Asphalt
concrete slabs, containing base or modified bitumen were prepared and
tested. Binder properties were evaluated using different types of laboratory
equipment, such as dynamic shear rheometer (DSR), bending beam rheometer
(BBR), differential scanning calorimeter (DSC), force ductilometer, as well
as equipment for determining conventional parameters like penetration,
softening point, viscosity, and Fraass breaking point. Fourier Transform
Infrared (FTIR) spectroscopy and Thin Layer Chromatography (TLC-FID)
were used for chemical characterization. The binders were aged by means of
the rolling thin film oven test (RTFOT) and pressure ageing vessel (PAV) in
combination. Asphalt concrete properties were evaluated at low temperatures
using the tensile strain restrained specimen test (TSRST) and creep test at
-25°C. Dynamic creep testing was performed at 40°C, as well as complex
modulus tests between 0 and 20°C.

Binder test results indicated that the magnitude and type of effect
on bitumen rheology depend on the bitumen itself, type of crystallizing
fraction in the bitumen and/or type and amount of additive used. Bitumen
composition was found to be of decisive importance. Adding polyethylene
wax or polyphosphoric acid, especially to a non-waxy 160/220 penetration
grade bitumen, showed no or positive effects on the rheological behaviour
at low temperatures (decrease in stiffness) as well as medium and high
temperatures (increase in complex modulus and decrease in phase angle).
However, the corresponding positive effects could not be shown in dynamic
creep testing (at 40°C) of asphalt concrete mixtures containing these modified
binders. Adding FT-paraffin decreased the physical hardening index for all
bitumens. Also polyethylene wax and montan wax showed this effect for some
bitumens. Slack wax showed a large increasing effect on physical hardening,
and polyphosphoric acid none or a minor negative effect. No correlation
between physical hardening index (PHI) and wax content by DSC was found in
this study, involving both natural bitumen wax and commercial wax.
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Addition of the commercial waxes used showed no or marginally positive
influence on bitumen ageing properties for the bitumens and test conditions
used. Comparing asphalt mixture test results to the corresponding binder
test results, the effects on asphalt mixtures from adding commercial wax or
polyphosphoric acid were less evident. Significant binder physical hardening by
BBR could not be confirmed by TSRST.
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