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High	  RAP	  Recycling	  	  
(In	  Practice)	  

	  
	  
	  

	   	   	   	   	  	  	  	  	  	  	  	  	  	  Ton	  Eijkenboom	  (NL)	  
	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

  Production   8,0 million MT/Y total 
  RAP     6,0 million MT/Y total 
  RAP recycled  2,8 million MT/Y (35% overall) 

  Virgin materials:  5,2 million MT/Y 
� 2,3 million MT stones 
� 2,3 million MT sand 
� 0,3 million MT filler  
� 0,3 million MT bitumen	  

Current Dutch Recycle Market 

	  
	  
  Rasenberg / Strukton (Breda NL) 
  >50% RAP 
  Problem: Bitumen Behavior	  

Original	  
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Urban Mining 
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What is this black stuff ? 
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Rheological	  and	  Chemical	  Tests	  of	  Superpave™	  Performance	  Grade	  

	  	   	  	   Range	   S.A.R.A.	  in	  m/m	  %	   	  	  

SOURCE	  	   	  	  

Highest	  
Temp	  °C	  

Lowest	  
Temp	  °C	  

Sa
tu
ra
te
s	  

Ar
om
at
s	  	  

Re
sin
s	  	  

As
ph
al
te
ne
s	  	  

Useful	  
Temperature	  
Interval	  	  	  (UTI)	  	  

Maltene	  
Solubility	  
(Psh)	  

PADD	  II	   US	  Gulf	  Coast	   65,0	   -‐24,3	   2,2	   78,1	   9,3	   10,4	   89,3	   8,1	  
Sweden	   Nynas	  50-‐70	   68,0	   -‐22,8	   5,1	   68,8	   13,9	   12,2	   90,8	   8,0	  
France	   Total	  Brenstar	  50-‐70	   68,3	   -‐24,1	   3,1	   71,5	   13,1	   12,3	   92,4	   8,0	  
Poland	   Orlen	  50-‐70	   67,4	   -‐25,6	   5,2	   69,2	   11,0	   14,6	   93,0	   7,8	  
PADD	  IV	   US	  Rocky	  Mountain	   66,7	   -‐24,9	   4,6	   68,1	   14,1	   13,2	   91,6	   7,9	  
PADD	  V	   US	  California	  Valley	   64,6	   -‐9,6	   6,0	   66,8	   23,6	   3,6	   74,2	   8,8	  

PADD	  V	   US	  California	  Costal	   64,4	   -‐16,2	   8,7	   60,1	   23,4	   7,8	   80,6	   8,5	  

Sta�s�cs	  401	  Research	  Study:	  Evalua�on	  of	  the	  Contribu�on	  Asphalt	  Chemical	  Composi�on	  to	  Performance	  Grades	  of	  Asphalt	  Binders	  by	  Gaylon	  L.	  Baumgardner	  

Steric Hindrance Slows Down Crystallisation 

Old Bitumen 
Asphaltenes form 
Rigid Structures  

Re-Heated Bitumen 
Break down the 

Structure 

Rejuvenated Bitumen 
Steric Hindrance  

Prevents  Structures  

Chemical	  Composition	  
Old	  vs.	  New	  Bitumen	  

(2007)	  

Search	  for	  Chemo-‐
Mechanical	  Bitumen	  
Identical	  Rejuvenators	  

DSR	  Comparison	  Old	  
Rejuvenated	  Bitumen	  
vs.	  Virgin	  Bitumen	  

Pilot	  Production	  
and	  test	  phase	  100%	  	  
Recycled	  Asphalt	  	  

(2010)	  

Four	  point	  bending	  
and	  Europe	  Type	  

Test	  on	  Rejuvenated	  
Asphalt	  (Plant	  

Mixed)	  

Tests	  Rejuvenated	  
Bitumen	  in	  Mastic	  	  

Market	  introduction	  (2012)	  	  
YTD	  >	  200.000	  MT	  	  

Asphalt	  produced	  with	  
RheoFalt®	  HP-‐EM	  

Chemical	  Composition	  
Old	  vs.	  New	  Bitumen	  

(2007)	  

Chemical	  Composition	  
Old	  vs.	  New	  Bitumen	  

(2007)	  

Chemical	  Composition	  
Old	  vs.	  New	  Bitumen	  

(2007)	  
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Iatroscan Chromatogram, Virgin 70/100 Bitumen 
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Iatroscan Chromatogram, RheoFalt® HP-EM 
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Polymers 

Search	  for	  Chemo-‐
Mechanical	  Bitumen	  
Identical	  Rejuvenators	  

The Products Should be: 
 
  In The Malthene phase 
  Temperature Stable 
  Non Toxic 
  Compatible with bitumen 
  Hydrophobic 
  Readily Available 
  Cost Effective 
  Environmental friendly 

Search	  for	  Chemo-‐
Mechanical	  Bitumen	  
Identical	  Rejuvenators	  
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Search	  for	  Chemo-‐
Mechanical	  Bitumen	  
Identical	  Rejuvenators	  

DSR	  Comparison	  Old	  
Rejuvenated	  Bitumen	  
vs.	  Virgin	  Bitumen	  

DSR	  Comparison	  Old	  
Rejuvenated	  Bitumen	  
vs.	  Virgin	  Bitumen	  

DSR	  Comparison	  Old	  
Rejuvenated	  Bitumen	  
vs.	  Virgin	  Bitumen	  

Old Data 1990 

Virgin 80/100 Bitumen 

(Binder of Current RAP?) 

Tests	  Rejuvenated	  
Bitumen	  in	  Mastic	  	  
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Tests	  Rejuvenated	  
Bitumen	  in	  Mastic	  	  

Tests	  Rejuvenated	  
Bitumen	  in	  Mastic	  	  

Four	  point	  bending	  
and	  Europe	  Type	  

Test	  on	  Rejuvenated	  
Asphalt	  (Plant	  

Mixed)	  

2,5 MT Laboratory Mixer 

Type testing: 
According to European Standards 
 
 Asphalt Plant Mixed Material 
 Best Correlation with Production 
 Optimal Homogeneity  

Four	  point	  bending	  
and	  Europe	  Type	  

Test	  on	  Rejuvenated	  
Asphalt	  (Plant	  

Mixed)	  

Four	  point	  bending	  
and	  Europe	  Type	  

Test	  on	  Rejuvenated	  
Asphalt	  (Plant	  

Mixed)	  
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Fatigue 
Resultaat van mengsel:  

5% 
Hars   101 µm/m 

Vermoeiingslijn ln(N) = A0 + A1*ln(ε) Vermoeiingslijn N = k1 · εk2   Kenmerken 

  q = A0: 38,408   log10 k1: 16,680   
Aantal 

proeven: 18 

  p = A1: -5,326   k2: -5,326   
t.b.v. rek-

karakt.: 1000000 

  R2: 0,842         

gemiddeld
e Eini 

[MPa]: 18131 

  sx/y: 0,706         
rek-karakt. 

[mm/m]: 101,2 

Resultaat van mengsel:  DL4303   86 µm/m 

Vermoeiingslijn ln(N) = A0 + A1*ln(ε) Vermoeiingslijn N = k1 · εk2   Kenmerken 

  q = A0: 36,342   log10 k1: 15,783   
Aantal 

proeven: 18 

  p = A1: -5,061   k2: -5,061   
t.b.v. rek-

karakt.: 1000000 

  R2: 0,937         

gemiddeld
e Eini 

[MPa]: 13101 

  sx/y: 0,617         
rek-karakt. 

[µm/m]: 85,7 

Virgin Bitumen 

Mean results T [°C] 20,0 

f ε	
 E* 
phase 
angle 

[Hz] [µm/m] [MPa] [°] 
0,1 50,2 2036 45,8 
0,2 50,0 2812 42,7 
0,5 49,4 4160 38,1 
1,0 48,9 5411 34,3 
2,0 48,3 6844 30,5 
5,0 47,6 8952 25,7 
8,0 47,4 10109 23,4 
10,0 47,3 10647 22,4 
20,0 46,9 12445 19,5 
30,0 47,7 13548 18,2 
0,1 50,3 2016 45,3 
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Mean Results E*: 20°C 
φ: 20°C 

5% Resin on Aged Bitumen 

Mean results T [°C] 20,0 

f ε	
 E* phase angle 
[Hz] [µm/m] [MPa] [°] 
0,1 47,9 6866 25,9 
0,2 47,4 8178 23,0 
0,5 47,5 10003 19,5 
1,0 46,8 11418 17,2 
2,0 46,3 12842 15,2 
5,0 45,7 14693 13,0 
8,0 45,5 15647 12,0 

10,0 45,4 16080 11,6 
20,0 45,1 17287 10,3 
30,0 45,8 18306 9,8 
0,1 47,8 6816 26,1 
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Aged Bitumen 
Mean results T [°C] 20,0 

f ε	
 E* 
phase 
angle 

[Hz] [µm/m] [MPa] [°] 
0,1 44,7 16844 11,7 
0,2 44,1 18221 10,4 
0,5 44,5 19939 9,0 
1,0 44,1 21197 8,1 
2,0 43,8 22387 7,3 
5,0 43,3 23872 6,4 
8,0 43,2 24617 6,0 

10,0 43,0 24950 5,9 
20,0 42,8 26036 5,4 
30,0 43,2 26699 5,2 
0,1 44,6 16739 11,6 
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Pilot	  Production	  
and	  test	  phase	  100%	  	  
Recycled	  Asphalt	  	  

(2010)	  

Pilot	  Production	  
and	  test	  phase	  100%	  	  
Recycled	  Asphalt	  	  

(2010)	  
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Pilot	  Production	  
and	  test	  phase	  100%	  	  
Recycled	  Asphalt	  	  

(2010)	  

Breda NL 

Dinteloord NL 

Swiss 

Denmark 

Dordrecht NL 
 LT – 100% RAP 

Swiss 

HERA Rotterdam 
NL 

Market	  introduction	  (2012)	  	  
YTD	  >	  200.000	  MT	  	  

Asphalt	  produced	  with	  
RheoFalt®	  HP-‐EM	  

Market	  introduction	  (2012)	  	  
YTD	  >	  200.000	  MT	  	  

Asphalt	  produced	  with	  
RheoFalt®	  HP-‐EM	  

Market	  introduction	  (2012)	  	  
YTD	  >	  200.000	  MT	  	  

Asphalt	  produced	  with	  
RheoFalt®	  HP-‐EM	   The Final Result… 

95 

4,8 0.2 

RAP 

Thermal Cleaned Sand 

RheoFalt HP-EM 
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A year production of 100,000 ton: 
A savings of 31,200,000 MJoule! 

 
This means saving 
8,400 ton CO2 

 
 

This stands for the energy need of 2000 households 
 
 
 
 

Calculated By Royal Haskoning (NL) 

  100% Recycled asphalt is possible with this Resin 
  The Recycled asphalt has comparable characteristics and 

can be used in regular asphalt 
  The influence of the Resin shows Cleary improved results  
  The characteristics are controlled by the amount of Resin 

Ø  (Via LogPen calculation) 

 Thank you for your attention 

100% Asphalt Recycling starts now 


