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Asphalt pavement distresses

I. Background introduction

Reclaimed asphalt pavement (RAP) is the removed pavement materials containing bitumen and aggregates.

New asphalt road

Production of RAP materials

Repair/Reconstruct

RAP amount per year in Europe

Result Reuse
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Recycling benefits of the sustainable pavement

Material related costs of virgin and 100% RAP mixtures 

• Reduce emissions and fuel usage
• Cut down the demand on non-renewable resources
• Save landfill space for disposal of RAP

• Reduce the pavement construction cost
• Improve the mechanical properties 

(rutting resistance) of pavement 

Environmental

Economical

I. Background introduction
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What happens of asphalt road during its service life ?

Aggregate

Aggregate Aggregate

Cohesion 

crack

Adhesion 

crack

Rejuvenation

I. Background introduction
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Aged bitumen

Can the rejuvenator totally restore the performance of aged bitumen to the virgin bitumen ?

Virgin bitumen

Elixir !!!

Binder level

⚫ High temperature rutting and deformation resistance 

⚫ Low temperature cracking resistance 

⚫ Fatigue resistance

⚫ Adhesion performance (including moisture resistance)

⚫ Aging resistance

⚫ Self-healing performance

⚫ Workability

Expectation

Do U believe that one rejuvenator 
can restore all performance of all 

aged bitumen from RAP?

Rejuvenator

I. Background introduction

Heavy load !
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Different aged bitumen

Different rejuvenators

Novel rejuvenator development

Selection basis ?

I. Background introduction

Sample diversity

Disease diversity Solution diversity

Mechanism uncertainty
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How to effectively evaluate the rejuvenation efficiency and develop high-performance rejuvenators ? 

Aged bitumen

Multi-scale 
characterization

Rejuvenator development

➢ Aging characteristics?
➢ Distress type and ranking?
➢ Prescription?

➢ Effective classification?
➢ Mechanism explanation?
➢ Novel rejuvenator development?

Data provided

Prescription 
recommendation

I. Background introduction
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The main objective is the multiscale investigation of
the rejuvenation mechanism to develop the advanced
evaluation methods for rejuvenated bitumen binder.

Rejuvenator Aged bitumen Rejuvenated bitumen

Rejuvenation mechanism Evaluation methods

H
o
w

?

Why?

II. Research objective and scheme

W
h

a
t?

http://image.baidu.com/search/detail?ct=503316480&z=undefined&tn=baiduimagedetail&ipn=d&word=TU%20Delft&step_word=&ie=utf-8&in=&cl=2&lm=-1&st=undefined&hd=undefined&latest=undefined&copyright=undefined&cs=1076982857,3721618597&os=1904321350,162386272&simid=3485899475,291969256&pn=0&rn=1&di=28600&ln=145&fr=&fmq=1571426637956_R&fm=&ic=undefined&s=undefined&se=&sme=&tab=0&width=undefined&height=undefined&face=undefined&is=0,0&istype=0&ist=&jit=&bdtype=0&spn=0&pi=0&gsm=0&objurl=http://www.forze-delft.nl/wp-content/uploads/2016/01/tudelft.png&rpstart=0&rpnum=0&adpicid=0&force=undefined


P10

VB SAB LAB20 LAB40 LAB80
0

20

40

60

80

100

32.5%
38.8%

38.4%

36.8%
33.9%

43.9%
51.6%

30.2%

25.4%
20.7%18.6%

14.6%

3.6% 3.7%3.7%3.6%3.6%

12.8%

30.3%

12.8%

 

 

F
ra

ct
io

n
 w

ei
g
h

t 
(w

t%
)

Bitumen samples

 Asphaltene

 Resin

 Aromatic

 Saturate

53.3%

4000 3500 3000 2500 2000 1500 1000 500

0.0

0.2

0.4

0.6

0.8

1.0

900 850 800 750 700

0.0

0.1

0.2

0.3

0.4

0.5
724cm

-1

743cm
-1

814cm
-1

 

 

A
b

so
rp

ti
o

n

Wavenumber (cm
-1

)

864cm
-1

1030cm
-1

1376cm
-1

1460cm
-1

1600cm
-1

1700cm
-1

2826cm
-1

S=O

 

 

A
b

so
r
b

a
n

c
e

Wavenumber (cm
-1

)

 VB

 SAB

 LAB20

 LAB40

 LAB80

C=O

2953cm
-1

III. Chemo-physical characterizations on aged 
bitumen and rejuvenators
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Molecular components in molecular models of 
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P11III. Chemo-physical characterizations on aged 
bitumen and rejuvenators

1. Shisong Ren*, Xueyan Liu, Peng Lin, Sandra Erkens, Yue Xiao. (2021).Chemo-physical characterization and molecular
dynamics simulation of long-term aging behaviors of bitumen. Construction and Building Materials. 302, 124437.

2. Shisong Ren*, Xueyan Liu, Peng Lin, Sandra Erkens. (2022). Toward the long-term aging influence and novel reaction kinetics
models of bitumen. International Journal of Pavement Engineering. 2024188, 1-16.
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III. Chemo-physical characterizations on aged 

bitumen and rejuvenators
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1. Shisong Ren*, Xueyan Liu, Peng Lin, Sandra Erkens, Yangming Gao. (2022). Chemical characterizations and molecular dynamics simulations on
different rejuvenators for aged bitumen recycling. Fuel. 124550.

2. Shisong Ren*, Xueyan Liu, Sandra Erkens, Peng Lin, Yangming Gao. (2022). Multi-component analysis, molecular model construction, and
thermodynamics performance prediction on various rejuvenators of aged bitumen. Journal of Molecular Liquids. 119463.

III. Chemo-physical characterizations on aged 
bitumen and rejuvenators

(1) Bio-oil rejuvenator

(2) Engine-oil rejuvenator

(3) Naphthenic-oil rejuvenator
(4) Aromatic-oil rejuvenator

(a) Average molecular models of rejuvenators 

(b) Multi-component molecular models of rejuvenators 
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IV. Investigation on diffusion and compatibility 

behaviors
⚫ At an atomic scale, the mutual

but partial interfacial diffusion
behaviors between the
rejuvenators and the aged
bitumen molecules are observed.

⚫ The magnitude of diffusion
coefficient D of four rejuvenators
varies from 10−11 -10−10 m𝟐 /s,
which strongly depends on the
rejuvenator type, temperature,
and bitumen aging levels.

⚫ The order for diffusive capacity
of four rejuvenators is BO > EO >
NO > AO. The experimental
results in both the magnitude
and order of D parameters agree
well with the MD simulation
outputs
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IV. Investigation on diffusion and compatibility 

behaviors

1. Shisong Ren*, Xueyan Liu, Peng Lin, Yangming Gao, Sandra Erkens. (2022). Insight into the compatibility behaviors between various rejuvenators
and aged bitumen: Molecular dynamics simulation and experimental validation. Materials & Design. 2022. 223, 111141.

⚫ The ranking on predicted compatibility
and experimentally measured thermal
stability for four rejuvenators is the
same as AO > BO > NO > EO.

⚫ The thermodynamic parameters of
solubility parameter difference Δδ,
Flory-Huggins parameter χ, and mixing
free energy ΔGm are efficient to
estimate the compatibility potential of
various rejuvenators with aged bitumen.

⚫ At the molecular scale, the
compatibility and thermal stability
issues between rejuvenators and aged
bitumen are complicated and related to
different aspects of the intermolecular
interaction, dispersion degree, and
molecular mobility.
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𝑊𝐵𝑀 = 𝛥𝐸𝐵𝐴/𝐴

Adhesion energy (Work of adhesion):

Wdry =WBA=(EB+EA-EBA)/A

Moisture susceptibility (Work of debonding):

Wwet=(EBA-EAM-EBM)/A

𝑅𝐴𝐷 = (𝑊𝑑𝑟𝑦 −𝑊𝑤𝑒𝑡)/𝑊𝑑𝑟𝑦

(1) MD simulation method (2) Experimental method
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V. Bitumen-aggregate interface adhesion
P16

Influence factors: 

➢ Temperature; 

➢ Aggregate type; 

➢ Rejuvenator type and dosage;

➢ Moisture (Freeze-thaw); 
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VI. Multi-scale performance prediction and 

evaluation on rejuvenated bitumen

Rheological properties and 

microstructure

Thermodynamics and 

physical properties

Molecular structure

Agglomeration of asphaltene

Molecular model of 

rejuvenated bitumen

Chemical properties and 

components

➢ Chemical functional 

groups (FTIR);

➢ SARA fractions;

➢ Molecular weight;

➢ Element analysis;

Rheology and 

morphology

➢ Density;

➢ Glass transition 

temperature;

➢ Surface free energy;

➢ Work of cohesion;

➢ Free volume;

➢ Cohesive energy 

density;

➢ Solubility parameter;

➢ Diffusion behaviors;

➢ Work of adhesion

➢ Master curves of G* and 

δ;

➢ Black diagram;

➢ Viscosity and flow 

behaviors;

➢ MSCR: Jnr, R%, Jnrdiff

and Rdiff;

➢ Rutting parameter;

➢ Relaxation test;

➢ LAS fatigue test;

➢ G-R parameter;

➢ Aging resistance;

➢ Adhesion performance

Provide 

parameters
Validation and 

correlation

Rejuvenation mechanism Evaluation method
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