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What is the hot in-place recycling of
asphalt?

When does the asphalt concrete fail?
How does it age?

How does the change of mineral filler
alter the aging and recyclability?
— physicochemical interaction
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The hot in-place recycling of asphalt
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The asphalt
that failed
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Hypotheses

* Does the » Are chlorides * Do the chlorides *'What is the
stiffness of (deicers and accumulate in effect of the
mastic depend products of asphalt concrete multiple
on the mineral corrosion) and what drives recycling of
filler properties? catalysts of it? bitumen on its

oxidation? properties?

What is the end-

of-life parameter
to define?
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How does the
asphalt age?




Oxidation and rejuvenation
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AAbsorbance [arb. u.]

In-situ observations of the oxidation reaction

and explanation of step-wise changes
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How does the change of
filler alter the aging and
recyclability?

- the chemical interaction




NaCl precipitates between pyrrhotite layers (iron rich

minerals), while Ca(g xides
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Spectrogram of the change in Transmittance spectra of a bitumen during
exposureto air at 163° C measured by ATR-FT-IR as compared to the

Spectra at previous time step. |
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How does the change of
filler alter the aging and
recyclability?

- the physical interaction




In two compared systems, the presence of

iIron oxide should inflict free volume collapse
- Increasing stiffness

Single layer adsorption

Multi layer adsorption

Bitumen molecules
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The volume of filler has an effect on the diffusion
rates between fresh admixture and RAP

(Rejuvenator)
Virgin bitumen

Ve =50%
SA,=0,5SA,
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|
dx
A
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Aged bitumen

Fick’s first law of diffusion

— DA dcC
Qx - dx
E dif
D, = Dyexp <— ;_T,: >
E J
_fl
No = Bexp( U;QT:W>

Stokes-Einstein equation was already
explored by Karlsson and Isacsson (2002)
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Flow Activation Energy [kJ/molK]
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The activation energy of flow and shape change
related B parameter correlate well to phase angle,
which is related to increase in the molecular size
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How to Improve
recyclability of
asphalt in Finland?




Summary of the findings

* Increased
stiffening is a
function of
volumetric
properties,
surface area and
etchable iron
content.

#*CaCl,isnota
strong catalyst of
oxidation.

* Hydrated iron
(1) chloride,
product of
aggregate
corrosion, is a
strone catalvst.

= Chloride content
was positively
correlated to the
iron content in
the fines passing
0.062 mm sieve
based on field
collected
samples.

Conclusion 1 Conclusion 2 Conclusion 3 Conclusion 4

* Large molecular
weight
compounds
accumulate in
consecutive
cycles of reuse.

* Phase angle
decreases in
each consecutive
cycle, indicating
increase of
elasticity and
propensity for
cracking.
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Suggestions

Deterioration

(rutting, cracking and
abrasion by studded \Q
tires)
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Temperature of
the blend and
cool-off time

Choose a mineral filler which
does not interact with deicers

allows for grain separation at process
temperatures

does not hinder diffusion

Choose your rejuvenators and process
temperatures in line with the properties

of the binder

Set the targets of rejuvenation and the
end-of-life criterion based on phase
angle (viscous flow)
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Thank you
pakka per fyrir!
tak skal du have!
Takk skal du ha!
Kiltos! Tack!



Activation energy of flow and B can be calculated
from Zero Shear Viscosity
-> no need to study diffusion coefficient through

aged binder
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Flow Activation Energy [kJ/molK]
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The activation energy of flow and shape change
related B parameter correlate well to phase angle,
which is related to increase in the molecular size
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What if the contact area (A) between binders is
halved due to the presence of mineral filler?

A2A,  ax

- A
s AC,=AC,=C,-C
E, dac 1 2 TATE
qicr1) = —DyA B exp (_ R;‘Ll) dx, i _

Eq )\ dcC
q2(r1) = —DoAzByexp (_ _a)_

RTy/ dx,
q1 = 4q;
What is the temperature at which the
two fluxes are equal?

A1 Ax E 1 1
() - (-3
Az Ax1 R T]_ Tz

(The result in line with INCREASE IN THE SOFTENING
POINT for limestone filler.)
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