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Co-creation with our global external partner network is essential to link chemistry to road performance



Reactive modification is already known
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*A joint publication of Asphalt Institute & Eurobitume, A Global Perspective: Production, Chemistry, Use, Specification and Occupational Exposure, 

2024, 4th edition

& The Shell Bitumen handbook, 6th Edition



Chemistry in Bitumen (?)
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Reactive modifiers are suited for modification of bitumen properties

▪ Modification at the asphalt mixing plants is necessary to adapt bitumen properties towards its end use in Asphalt.

▪ Use of additives are becoming more common and is an unavoidable practice due to poor binding quality of bitumen in

different regions.

▪ Reactive modification of bitumen has been reported since 2004 and is disclosed in the Shell Bitumen Handbook.

▪ Bitumen is considered as a chemical, as vacuum residue of crude oil

distillation.

▪ Bitumen is classified depending on its hardness or softness based on

the pen specification system in Europe.

▪ Bitumen is only specified with Needle Penetration, Softening Point

Ring&Ball and Viscosity.

▪ No indication on suitability of the bitumen binder towards useful

temperature interval or binding properties (anti-stripping).

Substance Information - ECHA

Source: Eurobitume, https://eurobitume.eu/bitumen/

https://echa.europa.eu/bg/registration-dossier/-/registered-dossier/15585

https://echa.europa.eu/substance-information/-/substanceinfo/100.029.531


Concept of reactive modifiers
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Bitumen polar phase bearing reactive groups

Bitumen from Reclaimed Asphalt Pavement (RAP) with more reactive groups (only when reactive modifiers are used at the asphalt
mixing plants)

Resulting polymeric network

Physical mixed Completely networked

Reactive modifier



What is the chemical nature of Polymeric Isocyanate 
(Reactive modifiers)?

A safe-to-handle liquid reactive modifier that is stable and does not separate

➢Low viscous (~250 mPas) black liquid at 25°C 

➢B2Last ® is based on isocyanate chemistry

➢ Isocyanate chemistry is broadly used in the 

polyurethane industry



Multiple uses of reactive modifier / Dosage On-Demand 
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❖ For bitumen producer

▪ Workability aid and WMA additive

▪ High performance bitumen binder

▪ H2S scavenger

▪ Additive to shift to higher PG grades

▪ SBS enhance & Elvaloy replacement

Dosage at 0,5 to 0,8% in bitumen

Cost competitive towards actual solution
Dosage at 0,2 to 0,5% in bitumen

Similar cost position

Dosage at 1 to 2% in bitumen

Similar cost position

Dosage at 2 to 3% in bitumen

Better cost position as it will reduce the

overall amount of additives

Dosage at 2 to 3% in PmB

Difficult supply in the market, making

this approach more cost competitive (i.e. 

no long storage at high temperature, …)

Large reduction of SBS at 1%

Only cost competitive if the total amount of

additives is sufficiently reduced

❖ For asphalt mix producer

▪ Anti stripping agent on acidic minerals

Refinery
Asphalt mix plant
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❖ Highest flexibility > single 

batch modification

❖ High Capex - Equipment 

requirements for dosage 

pump and flow meter 

especially in combination 

with RAP

❖ Allows a 

significant temperature 

reduction for asphalt 

laydown

❖ Reduced storage capacity

❖ Static mixer might 

be necessary to generate 

enough turbulence for a 

homogeneous distribution

❖ Performant inline-injection 

system to avoid 

contamination of 

pressurized bitumen into 

the additive line

❖ Easiest way of modification

❖ Whole bitumen batch 

modified at once

❖ B2Last reaction is only 

partially completed with 

limited effect on viscosity  

❖ Oxidation needed to 

complete reaction

❖ Modification only for the 

daily demand 

Bitumen scale 
> simultaneous 

injection with bitumen

> with stirrer

Inline-injection
> bitumen scale inlet

> between two storage tanks

Addition into storage 

tank with mixer and 

circulation

Recommendations:

Bitumen modification at asphalt plants (Batch process)

*https://ammann.com
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Highly Modified Asphalts – Laboratory Study

Parameter
Native Bitumen Polymer modified Bitumen

70/100 50/70 25/55-55 10/40-65 25/55-80

Softening point T [°C] 43 - 51 46 - 54 > 55 > 65 > 80

Polymer content [%] - - ~ 2,5 – 4 ~ 4 - 6 ~ 7 – 8

Viscosity [mPas]

+2,5% +2,5%+1,5% +1,5%

SBS-Polymer Reactive

modifier

Addition of SBS polymers improves the durability and flexibility of the bitumen but is susceptible to aging processes that can occur over time.

1. UV radiation: SBS-modified bitumen can be susceptible to weathering caused by UV radiation. Long-term exposure to sunlight can cause a 

chemical change that can lead to cracking, hardening, and loss of flexibility of the material.

2. Oxidation: The bitumen in SBS-modified bitumen can age due to oxidation. This occurs when the bitumen reacts with oxygen, resulting in a 

change in chemical properties. Oxidation can lead to a reduction in the elasticity and hardness of the material.

3. Temperature Cycling: SBS-modified bitumen can be sensitive to temperature changes. Repeated thermal stress from cold and heat can lead to 

an acceleration of aging as the bitumen expands and contracts, which can lead to cracking and deterioration of material properties.

Idea: To stabilize polymer-modified bitumen with chemical crosslinking in order 

to obtain synergy effects for longer-lasting roads
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Highly Modified Asphalts – Case Study I

Durable roads lead to a better CO2 balance and reduce the costs of 

maintenance or replacement

Parameter
PmB 

25/55-55

25/55-55 + 

2,5% 

reactive 

modifier

PmB

10/40-65

Softening point T [°C] 61,8 91,0 72,2

BTSV 

(G* = 15kPa)

T [°C] 56,3 73,5 67,6

δ [°] 67,9 55,7 65,4

Break 

temperature
T [°C] -25,1 -29,3 -28,5

Break strength [MPa] 3,2 5,2 5,0

Rutting that we will avoid
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Highly Modified Asphalts trial in Trier – Konstantin place 
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AC 16 BS

PmB 25/55-55 + B2Last PmB 10/40-65

Parameters
PmB

10/40-65

25/55-55 

+ 2,5% reactive 

modifier

Break temperature T [°C] -21,4 -21,1

Break strength [MPa] 3,28 3,22

At 70°C instead of 60°C



From lab to field trials – Case Study II

Logistic surfaces, Dingolfing, Germany

◼ approximately 1500to AC 16 DS with 50% RAP

◼ surface layer based on PmB 10/40-65 with 50% RAP modified additionally with 2,5% reactive modifier

◼ asphalt mix storage until laydown up to 4-5h after preparation

◼ laydown temperature at about 160°C. Good compactability

Parameters of extracted bitumen
PmB

10/40-65 + 50% 
RAP

PmB
10/40-65

+ 50% RAP+ 2,5% 
react. modifier

Softening point​ T [°C]​ 64,4​ 86,0​

BTSV
(G* = 15kPa)​

T [°C]​ 59,72​ 72,4​

δ [°]​ 71,71​ 60,9​

Elastic Recovery​ [%]​ 50​ 68​
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PmB 10/40-65 + reactive 

modifier Rutting tests @70°C 

and 100 000 passes



Highly Modified Asphalts trial at BMW site in Dingolfing

Parameters of extracted 

bitumen

PmB

10/40-65 

+ 50% RAP

PmB

10/40-65

+ 50% RAP

+ 2,5% react. modifier

Softening 

point
T [°C] 64,4 86,0

BTSV 
(G* = 15kPa)

T [°C] 59,72 72,4

δ [°] 71,71 60,9

Elastic 

Recovery
[%] 50 68

◼ Laydown temperature at around 160°C. Good Compactability
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B2Last® paving trials – From 2019 to 2022

Ukraine 

400 t

NCAT test track USA –

Alabama 

300 t

Airport

Oberpfaffenhofen

150 t

PWC Gilching

300 t

A96 München 

1.000 t

USA – Kentucky 

13.000 t
B270 

Waldfischbach

Warm mix

4.000 t

A99 

München

2.300 t

A60 Heidesheim

800 t

20202019

Germany

Globally

2021

YTD over 2 kt of reactive modifiers used in US and Europe

B51 Trier 

3.000 t

A63 

Kaiserslautern 

500 t

Ukraine 

2.000 t

Russia 

200 t

Kunchu Express 

(China) 

2.000 t

Zhanjiang (CN) 

L50 

Setterich

500 t

A63 

Kaiserslautern 

500 t

BASF site –

Salpeter Str. 

1.200 t

Latvia 

2000 t

2022

Turkey –

Chip seal 

Turkey  

400 t

Konstantin place 

HIMA - Trier 

300 t

2023
BASF site –

Paraffin Str. 

1200 t



B2Last is on the way to be approved or already qualified for road
construction
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▪ US & South America

 Use at Terminals / DoTs approval

by state agencies

 Partial replacement of SBS

 H2S scavenger

▪ Europe

 Already qualified in Ukraine

 Use as anti-stripping agents in 

Switzerland

 Use as anti striping agents and 

workability aid in Baltic region

 5 years of proven performance

reached in Germany

 Projects more related to higher

modification degree of PmBs for

logistic surfaces

▪ Central Asia

 Modified bitumen suplier in 

Turkmensitan already prodiving

such type of bitumen meeting the

PG standards

 Yellow light in Kazakhstan, full

approval during 2026.
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Ready to take-off with reactive modifier? 


