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ABSTRACT 

This study addresses the production technology and industrial application of polymer-modified 

bitumen emulsions (PMBE), which combine the environmental and economic advantages of 

cold-applied bitumen emulsions with the enhanced mechanical performance provided by 

polymer modification. Two principal manufacturing routes are compared: post-addition of a 

polymer latex (most commonly styrene–butadiene rubber, SBR) to a finished cationic bitumen 

emulsion, and pre-blending of the polymer (such as styrene–butadiene–styrene, SBS) into the 

bitumen prior to emulsification. The influence of polymer type, dosage, and compatibility on 

emulsion viscosity, storage stability, elastic recovery, and residual binder cohesion is analyzed. 

Industrial applications reviewed include surface dressing, slurry seal and micro-surfacing, tack 

coats for high-stress interlayers, and cold in-place recycling, where the elastomeric network 

formed by the polymer improves resistance to rutting, thermal cracking, and moisture damage. 

The findings indicate that careful matching of polymer chemistry to the base bitumen and 

emulsifier system is essential to avoid phase separation and to achieve the full performance 

benefit of modification. 

 

KEYWORDS: Polymer-modified bitumen emulsion, PMBE, SBR latex, SBS, elastic recovery, 

storage stability, surface dressing, micro-surfacing, cold in-place recycling, residual binder. 

 

INTRODUCTION 

Unmodified bitumen emulsions, while offering clear environmental and energy advantages 

over hot mix asphalt, produce a residual binder film whose mechanical properties are limited 

to those of the base bitumen. In regions subject to heavy traffic loading, large temperature 

fluctuations, or aggressive freeze–thaw cycles, this residual film is prone to rutting at high 

service temperatures and to cracking at low temperatures. Polymer modification of bitumen 

emulsions has therefore become an established strategy for extending the service life of cold-

applied and surface-treatment technologies, by embedding an elastomeric polymer network 

within the bituminous binder that is reconstituted after the emulsion breaks. 

Two production technologies are used industrially to incorporate polymer into bitumen 

emulsions. The first, post-addition, involves blending a pre-formed polymer latex — typically 

an anionic or cationic SBR latex — directly into a finished bitumen emulsion under low-shear 

mixing after the emulsification step. This route is simpler and requires no modification of the 

emulsification plant, but the compatibility between the latex charge and the emulsion's own 

ionic character must be carefully matched to prevent premature coagulation. The second 

technology, pre-blending, disperses the polymer (commonly SBS block copolymer, though EVA 
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and other elastomers are also used) into the hot bitumen before it enters the colloid mill, 

producing a polymer-modified bitumen (PMB) that is then emulsified in the conventional 

manner. Pre-blending generally yields a more homogeneous residual binder and superior 

elastic recovery, but requires higher-shear processing equipment and closer temperature 

control to avoid polymer degradation. 

The dosage of polymer, typically ranging from 2 to 5 percent by mass of the bitumen for SBR 

latex and from 3 to 6 percent for SBS, exerts a strong influence on emulsion viscosity and 

storage stability. Excessive polymer content increases emulsion viscosity beyond practical 

spraying or mixing limits and can promote sedimentation or creaming during storage, while 

insufficient content fails to achieve a continuous elastomeric network in the residual film. 

Elastic recovery of the residual binder, measured by the ductilometer torsion recovery test, is 

widely used as a quality indicator: values above 50 percent are generally sought for surface 

dressing and micro-surfacing applications subject to significant traffic-induced strain. 

In industrial practice, polymer-modified bitumen emulsions are applied across several road 

maintenance and construction technologies. In surface dressing, PMBE provides improved 

aggregate retention and resistance to traffic-induced stone loss immediately after application. 

In slurry seal and micro-surfacing systems, the polymer improves the cohesion and rut 

resistance of the thin wearing course under heavy channelized traffic. As a tack coat between 

pavement layers, polymer-modified emulsions provide stronger interlayer bonding, reducing 

the risk of delamination under shear stress. In cold in-place recycling, incorporating a polymer-

modified emulsifier system alongside active mineral fillers has been shown to accelerate early 

strength gain while preserving the flexibility needed to resist reflective cracking. 

Overall, polymer modification substantially broadens the performance envelope of bitumen 

emulsions, allowing cold-applied and surface-treatment technologies to be used with 

confidence in demanding traffic and climatic conditions. The selection between post-addition 

and pre-blending routes, and the choice of polymer type and dosage, should be guided by the 

specific application, the base bitumen source, and the compatibility of the polymer with the 

emulsifier system. Continued research into polymer–emulsifier compatibility and long-term 

field performance monitoring is recommended to further optimize formulation guidelines for 

practical road construction. 
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