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German protocol for rejuvenators (H Re WA) 2021

I) Rejuvenator optimization by binder-scale tests

II) Dosage and performance confirmation by mixture-scale tests

 The tests include DSR and BBR 

 For a mixture containing 50% Reclaimed asphalt

 Reclaimed asphalt shall be produced according to TU Braunschweig
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Materials: the tested rejuvenator

Property Unit Value/aspect

Colour - Black

Viscosity @25°C cP 750 - 950

Flash point °C ≥ 215

Density @25°C g/cm3 0.90-1.00

Rejuvenator

effect
Flux oil 

effect

Unaged 

Bitumen
Aged Bitumen
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Results according to the German protocol

Test Step*
Material

Bitumen 50/70 Source I

Test parameter

T °C

(G* = 15 kPa)
Phase angle

T °C

(S = 300 MPa)

T °C

(m = 0.3)

B0 Virgin state 49 82.1 -16.5 -18.7

B1.1. Short-term aged 54.5 80.0 - -

B1.2. Long-term aged 65 75.6 - 14.3 - 13.9

B2a Long-term aged + 5.5 % Rej. 52 79.9 - -

B2b/c Long-term aged + 7.0 % Rej. 49 79.0 -23.1 -22.3

B3 7.0 % is selected

B4.1. Shor-term aged B 2b/c* 52.5 76.7 - -

B4.1. Long-term aged B 2b/c* 65.5 73.5 -19.3 -15.4

*According to H Rejuv WA; 2022. See figure 1
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Results according to the traditional tests

Test Step*
Material

Bitumen 50/70 Source II

Test parameter

Penetration

(dmm)

Softening point

(°C)

Viscosity @ 135 °C

(c.P)

B0 Virgin state 55.5 51.7 653

B1.1. Short-term aged 35.2 57.8 990

B1.2. Long-term aged 19.3 67.4 1996

B2a Long-term aged + 5.5 % Rej. 46.6 54.3 1151

B2b/c Long-term aged + 7.0 % Rej. 54.1 52.7 821

B3 7.0 % is selected

B4.1. Shor-term aged B 2b/c 33.6 54.9 1038

B4.1. Long-term aged B 2b/c 22.1 67.7 2250

*According to H Rejuv WA; 2022. See figure 1
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Mixture scale validation: Volumetric analysis

Test parameter Standard Unit Virgin mix (reference)  
Test mix 

(50% RA) + 7.0% Rej.

Virgin bitumen added - % 5.8 3.33

Aged bitumen within RAP - % 0.0 2.30

Rejuvenator content - % 0.0 0.15

Bulk density* 12697-8 g/cm3 2.526 2.534

Air void content* 12697-8 % 2.0 1.8

*Marshall hammer compacted specimens – 50 blows each face of the specimens
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Mixture scale validation: Mechanical tests
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Test results control: point of difference!

Extracted Binder

Test parameter

T at G*= 15 kPa

(°C)

phase angle

at G*=15 kPa

T at S = 300 MPa

(°C)

T at m = 0.3

(°C)

Virgin mix (reference) 50.8 77.3 -26.4 -24.4

Test mix

(50% RA) + 6.5 % Rej.
45.8 77.8 -29 -31
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 Location: Siřem , Blšany, close to 2218 Rd. 50°13'58.7"N 13°30'25.5"E

 Construction date: 2017

 Type of road: Local access Rd.

 Type of mixture: AC 11mm

 Type of layer: Surface course

 Paving bitumen: PEN 50/70

 Level of recycling: 50%

 Rejuvenator: ITERLENE ACF 2000

 Dosage : 3.75% (on the weight of aged binder)

8-year-old project in Czech Republic

Location of the laid asphalt pavement



Pavement condition in 2025 after 8 years in service

No visible surface distress after 8 years of harsh winters Optimum surface texture after 8 years of harsh winters



Summary of post-production tests’ results
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Test Standard Unit
Recycled mix: 

50% RA + Rej.
50% RA

Specification 

limits

Binder content - % 5.50 5.30 -

Penetration EN 1426 dmm 41 25 30 - 55

Softening point EN 1427 °C 54 60 48 - 60

Air voids EN 12697-8 % 5.2 3.1 2-6*

2-point bending 

stiffness modulus
EN 12697-26 MPa 9440 10606 7000**

Low-temp. cracking 

failure temp.
EN 12697-46 °C -19.4 -17.9 -

* According to the new specifications, the range is 2-6%

**It is not declared within specs. However, it is commonly considered technically

S. Eskandarsefat et.al. 2023. Hot Asphalt Recycling With High 

Reclaimed Asphalt Content: Case Studies in Spain and in 

Czech Republic. AV 23, Ceske Budějovice, CZ



✓ The dosage determined according to the binder-scale test of the German instruction was higher than 

the dosage required based on the applied mixture-scale tests.

Conclusions:

✓ Both conventional methods (penetration, softening point, viscosity) and DSR analysis showed similar 

results in optimizing the dosage of the binder-scale rejuvenator. However, in both cases the 

determined dosages were higher than those required based on the mixture tests.

✓ This difference is attributed to I ) the different level of binder and mixture ageing during the 

production of artificial binder and RAP, respectively, and II ) the absence of short-term mixture 

aging during the production of the recycled mixture specimens for the mixture-scale tests. 

✓ Based on the condition monitoring of the pavement constructed in the Czech Republic with 50% 

Reclaimed Asphalt (RA), no rutting or cracking was observed after 8 years in service, demonstrating 

the effectiveness and proper dosage of the applied rejuvenator.
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