
Enhancing Polymer Modified Asphalt  Emulsification and Emulsions with High Vinyl 
Butadiene SB Diblock and SBS Triblock Copolymers 

 
Chris Lubbers 

Kraton Polymers, LLC  
Houston Innovation Center 

16400 Park Row 
Houston, TX 77084-5015 
chris.lubbers@kraton.com 

 
Jan Korenstra and Willem Vonk 
Kraton Polymers Research B.V. 

Kraton Innovation Centre Amsterdam 
Asterweg 17A22 

1031 HL Amsterdam 
The Netherlands 

 
 

Disperse particle size distribution, high average particle size and lack of suitable viscosity are 
drawbacks of emulsions based on traditional SB diblock and SBS triblock copolymers with 
low vinyl butadiene content.  Problems with emulsion stability, initially and during storage as 
well as poor drying and curing behavior result. Also, at the standard 2-4%wt polymer loading 
level,  asphalt feed temperatures to the emulsion mill are usually in excess of 300oF, 
necessitating heat exchangers and/or back-pressure on the exit side of the mill to maintain 
the finished emulsion below the boiling point of water.   
 
Thermally reactive SB diblock and SBS triblock copolymers with a high content of vinyl 
butadiene are compatible in a much wider range of asphalts and significantly reduce pre-
modified emulsion base asphalt viscosity.  This allows for much greater processing flexibility 
in terms of asphalt sourcing and modified asphalt feed temperature as well as the production 
of emulsions with a smaller average particle size. The result is a robust pre-modified 
emulsion with improved initial and long-term storage stability. Also, finished emulsion 
viscosity can be easily tuned without sacrificing stability while maintaining targeted drying and 
curing behavior.  Furthermore, the need for heat exchangers and/or pressurized 
emulsification systems is eliminated at typical or even above typical polymer loading levels.  
The rheological properties of the recovered modified emulsion residue are also comparable 
to those generated using traditional low vinyl butadiene SB diblock and SBS triblock 
copolymer modifiers.     
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1 Introduction 
 
Polymer-modified chip seal emulsions represent the largest asphalt emulsion application area 
in North America.  Two major polymer types are used to formulate chip seal emulsions – SB 
and SBS block copolymers and high solids, cationic SBR latex.  SB and SBS block 
copolymers are blended into the asphalt prior to emulsification while SBR latex is typically 
batched with the primary asphalt emulsion soap solution or injected into the soap or asphalt 
process lines during the emulsification process.    
 
High vinyl butadiene, thermally-reactive SB diblock and SBS triblock copolymers are a new 
class of polymer-modifiers that are finding utility in formulating pre-modified chip seal 
emulsions in North America.  In particular, these polymers have improved compatibility in a 
wider range of asphalts and impart reduced viscosity to the modified emulsion binder.  This 
allows the emulsion producer much greater flexibility in terms of asphalt sourcing and the 
specification of lower modified asphalt feed temperature.  The result is a finished pre-
modified chip seal emulsion with a more uniform particle size distribution and improved initial 
and long-term stability that can be produced without the need for heat exchangers and/or 
pressurized emulsification systems.   
 
Data is included below for cationic rapid-setting chip seal emulsions formulated with three 
different polymer-modifiers – high solids, cationic SBR latex (latex), low vinyl butadiene, 
linear SBS triblock copolymer (LV SBS), and thermally-reactive, high vinyl butadiene, SB 
diblock copolymer (HV SB).   
 
For brevity, data on a thermally-reactive, high vinyl butadiene, linear SBS triblock copolymer 
(HV SBS)-modified chip seal emulsion is not included below; however, performance and 
properties are very similar to emulsion produced with thermally-reactive, high vinyl butadiene, 
SB diblock copolymer that has been allowed to heat cure and generate the SBS structure 
and rheology in the binder after modification.   In general, emulsion producers with high shear 
blending capabilities would formulate with the higher molecular weight, high vinyl butadiene, 
linear SBS triblock copolymer while producers with low shear blending capability would opt 
for the lower molecular weight, high vinyl butadiene, SB diblock copolymer.    
 
2 Emulsion Formulation and Preparation 
 
A PG 52-34 base asphalt (208 dmm PEN) derived from a blend of Canadian heavy crudes 
was selected for modification with the LV SBS and HV SB block copolymers.   
 
The LV SBS block copolymer was blended into the base asphalt under high shear for one 
hour at 385oF and then allowed to blend under low shear for an additional 20 hours prior to 
emulsification.  Resultant modified binder penetration was 142 dmm. 
 
The HV SB diblock copolymer was blended into the base asphalt under low shear for 24 
hours at 385oF prior to emulsification.  The vinyl butadiene moieties on the HV SB diblock 
backbone require an extended cure time at an elevated temperature of 380oF to 400oF in 
order to build rheological properties in the modified binder.  Resultant modified binder 
penetration was 130 dmm.   
 



Since the latex is added to the water phase of the asphalt emulsion, it was necessary to 
select a harder base asphalt for this system.  This was done in order to try and match the 
penetrations of all of the polymer-modified asphalt emulsion residues after recovery.  A PG 
58-28 base asphalt (115 dmm PEN) derived from the same blend of Canadian heavy crudes 
as used to produce the PG 52-34 base asphalt was chosen.  
 
Polymer loading levels were held constant in each formulation at 3.0 dry wt% on asphalt.   
 
A standard cationic, rapid-setting surfactant (Indulin® AA-89) was used to prepare the 
polymer-modified chip seal emulsions.  Loading levels ranged from 0.30 wt% on emulsion for 
the latex and HV SB-modified asphalt formulations to 0.37 wt% for the LV SBS-modified 
asphalt formulation.  Soap solution pH was standardized to 2.0  
 
2/1 Emulsification and Liquid Emulsion Properties 
 
Asphalt feed temperatures varied from 280oF to 285oF for the latex and HV SB diblock 
emulsions up to 330oF for the LV SBS emulsion.  All emulsions were produced on a Charlotte 
G5 laboratory pilot mill.   
 
Table 1 below includes the physical property data on the HV SB and LV SBS pre-modified 
binders and the resulting emulsion liquid properties.   Note the significant decrease in 
Brookfield viscosity for the HV SB-modified binder at 280oF and 300oF vs. the LV SBS-
modified binder.  The HV SB-modified binder also exhibits a higher limiting stiffness 
temperature.   
 
Note that all emulsions as-produced had an initial Saybolt Furol Viscosity in the range of 120 
seconds at 50oC.  However, the LV SBS-modified emulsion required a much higher residue 
content of 77+% to reach a similar viscosity.  Additionally, the asphalt feed temperature for 
the higher viscosity, LV SBS-modified binder had to be elevated to 330oF in order to be 
successfully emulsified, which necessitated back-pressure be used during production to 
prevent boiling on the exit side of the mill.  A much higher cationic surfactant loading level of 
0.37 wt% on emulsion was also needed to produce a stable LV SBS-modified emulsion.   
 
Particle size (PS) and particle size distribution (PSD) for each of the emulsions was also 
measured on a Honeywell Microtrac S3500 particle size analyzer.  Results are included in 
Figure 1 below.   
 

The HV SB-modified binder produced the lowest median particle size, only 2.3 m, as well as 

the narrowest particle size distribution, d90 = 4.0m.  The LV SBS-modified binder generated 
a very broad particle size distribution, which can be linked to the high residue content 
required to generate a suitable Saybolt viscosity off the mill.   Figure 2 also shows a 
fluorescence micrograph of the dispersion of the LV SBS copolymer in the base PG 52-34 
AC prior to emulsification.  A distinct two-phase morphology is noted when compared to 
Figure 3.  Figure 3 is the fluorescence micrograph of the HV SB diblock copolymer-modified 
binder prior to emulsification.  It shows a green field of continuous polymer distributed within 
the asphalt matrix.  The improved compatibility of the HV SB diblock copolymer in the base 
AC also leads to a more stable finished emulsion with a smaller average particle size and 
narrower distribution. 



Table 1 – Pre-Modified Binder Properties, Emulsion Formulation and Preparation Parameters 
and Resulting Polymer-Modified Chip Seal Liquid Emulsion Properties 
 

Test Method Spec

58-28

Latex HV SB LV SBS

280°F Report 365 592

300°F Report 232 367

PEN, 100 g, 5 sec, dmm 25°C AASHTO T49 Report 130 142

Softening Point °F AASHTO T53 Report 125 114

Elastic Recovery, % 25°C AASHTO T301 Report 66 68

58°C - 1.79

64°C 1.49 0.89

70°C 0.79 -----

Limiting Stiffness Temp °C AASHTO T315 Report 67.8 63.0

Latex HV SB LV SBS

3.0 3.0 3.0

0.30 0.30 0.37

2.0 2.0 2.0

285 280 330

Test Method Spec Latex HV SB LV SBS

Median, m 8.1 2.3 5.7
d90, m 13.7 4.0 12.0

ASTM D244 100-400 116 126 118

24 hrs 0.3 0.1 0

5 days 0.6 0 N/A

ASTM D6936 Report 63.6 82.2 96.4

ASTM D6933 <0.10 0.01 0.02 0.02

ASTM D6997 >65.0 70.1 71.4 78.8

ASTM D6934 >65.0 69.9 70.4 77.1

Property Sample ID

HV SB + LV SBS Pre-Modified Emulsion Base Asphalt
52-34

Brookfield Viscosity, cps AASHTO T316

-----

G*/sind, 10 rad/sec, kPa AASHTO T315 1.0 min

Emulsion Preparation Parameters

Polymer Loading Level, wt % on asphalt

Surfactant Loading Level, wt % on emulsion

Soap Solution pH

Asphalt Temperature,°F

Emulsified Asphalt - AASHTO T59

Particle Size Distribution ----- Report

Saybolt Furol Viscosity, 50
o
C, sec

Storage Stability, % Diff ASTM D6930 <1.0

Demulsibility, %

Sieve, %

Residue by Distillation, 350°F/400°F, %

Residue by Evaporation, 325°F, %  
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Figure 1 – Particle Size Distribution of Latex, HV SB, and LV SBS-Modified Emulsions 
 
 

 
 

Figure 2 – LV SBS Triblock  
Copolymer Dispersion 

 
 
 

 
 

 

 
 

Figure 3 – HV SB Diblock  
Copolymer Dispersion 

 



3 Performance Testing 
 
Based on the relative poor quality of the LV SBS-modified emulsion, further testing in this 
study was focused on the latex and HV SB-modified chip seal emulsions.   
 
ASTM D7000 sweep testing is used in the laboratory to compare the performance of chip 
seal systems with respect to early return to traffic after application.  A thin film of emulsion is 
applied to a roofing felt substrate, chippings (in this study, granite – passing 3/8”) are spread 
evenly over the emulsion then manually compacted, and the sweep test pad is allowed to 
cure in a convective oven for 2 hrs at 35oC.   Following the curing step, the pad is removed 
from the oven and swept with a nylon brush head that is attached to a Hobart mixer for 60 
seconds.  The resulting mass loss is then calculated from the amount of chips that are 
dislodged during the 60 second sweep cycle.   
 
Results of ASTM D7000 sweep testing of the latex-modified and HV SB-modified emulsions 
are included in Table 2 below.   Photos of a typical sweep test pad after the sweep cycle are 
included in Figure 4 for the latex-modified emulsion and in Figure 5 for the HV SB-modified 
emulsion, respectively.  Both chip seal systems showed excellent early chip retention, with 
each measuring an average mass loss of only 8%.  Mass loss numbers of 20% or less are 
generally considered to be a good indicator using this test of sufficient early strength 
development in the applied chip seal emulsion binder.   
 
Table 2 – ASTM D7000 Sweep Test Data for Latex-Modified and HV SB-Modified Emulsions 
 

 

Latex HV SB 

Test #1 - Mass Loss, % 8.8 7.3

Test #2 - Mass Loss, % 6.2 7.5

Test #3 - Mass Loss, % 10.8 8.1

Test #4 - Mass Loss, % 6.7 7.1

Test #5 - Mass Loss, % 11.2 9.5

Average Mass  Loss, % 8.7 7.9

Property

Sample ID

 
 
 

 
 



 
 

Figure 4 – Latex-Modified Emulsion 
Sweep Test Pad 

 

 
 

Figure 5 – HV SB-Modified Emulsion 
Sweep Test Pad 

 
4  Polymer-Modified Emulsion Residue Recovery and Testing 
 
Currently, most agencies in North America do not require performance testing of the chip seal 
emulsion as part of the material specification, but rather try to correlate performance with 
properties of the recovered chip seal emulsion residue.  High temperature methods such as 
ASTM D6997 distillation at 350oF or 400oF or ASTM D6934 oven evaporation at 325oF are 
typically used to recover polymer-modified emulsion residues for testing.  For polymer-
modified emulsion residues, most agencies then specify a test such as elastic recovery, 
forced ductility, low temperature ductility, toughness and tenacity, or torsional recovery or a 
combination of these tests in order to ensure polymer incorporation into the chip seal 
emulsion formulation at sufficient loading level. 
 
Table 3 below compares the conventional property data measured on the latex-modified and 
HV SB-modified emulsion residues recovered at high temperature via ASTM D6997 and 
ASTM D6934.  While the latex-modified residue showed improved low temperature ductility, 
the HV SB-modified residue performed much better with respect to force ductility ratio.  The 
difference in the performance of the residues in these tests can be attributed to the 
differences in the micro- and macro-structure of the polymer-modifiers – (1) SBR latex is a 
free-radical polymerized, random copolymer with high molecular weight and broad molecular 
weight distribution.  This polymer structure provides excellent ductility in the modified residue.  
(2)  HV SB diblock copolymer is an anionic, living-polymerized thermoplastic elastomer with 
much lower molecular weight and narrow molecular weight distribution.  This polymer 
structure, especially after thermally-curing in the asphalt prior to emulsification to build the 
SBS structure in-situ, provides superior tensile properties as measured by force ductility ratio. 
Elastic recovery of the latex and HV SB-modified residues was similar for both high 
temperature recovery methods.   
 
High temperature recovery of the polymer-modified emulsion residue, while expedient, is not 
representative of how the binder is recovered in the field.  Table 3 also includes new 
rheological data on the latex-modified and HV SB-modified residues obtained via ASTM 
D7497, a new low temperature recovery method designed to more closely simulate the 
heat/temperature profile that an emulsion would be exposed to in the field after application (1).  
 



Table 3 – Latex and HV SB-Modified Residue Properties – High and Low Temp Recovery
 

Latex HV SB 

ASTM D6997 >65 70.1 71.4

AASHTO T49 100-250 117 106

AASHTO T53 Report 123 125

AASHTO T51 >30 135+ 27

Break, cm Report 100+ 64

Force Ratio >0.30 0.20 0.49

AASHTO T301 >50 68 73

Test Method Spec Latex HV SB 

ASTM D6934 >65 69.9 70.4

AASHTO T49 100-250 103 96

AASHTO T53 Report 121 130

AASHTO T51 >30 94 23

Break, cm Report 100+ 57

Force Ratio >0.30 0.11 0.49

AASHTO T301 >50 68 73

Test Method Spec Latex HV SB 

Residue Content % ASTM D7497 Report 71.5 71.2

64°C 2.45 --

70°C 1.30 1.31

76°C 0.73 0.69

Limiting Stiffness Temp °C AASHTO T315 Report 72.7 72.5

 % Recovery, 0.1 kPa 31.8 54.2

Jnr, 0.1 kPa 0.47 0.28

 % Recovery, 3.2 kPa 20.0 45.8

Jnr, 3.2 kPa 0.58 0.35

 % Recovery, 0.1 kPa 65.5 76.2

Jnr, 0.1 kPa 0.0038 0.0031

 % Recovery, 3.2 kPa 62.3 75.9

Jnr, 3.2 kPa 0.0041 0.0033

52°C AASHTO TP 70 Report

25°C AASHTO TP 70 Report

G*/sind, 10 rad/sec, kPa AASHTO T315 1.0 min

MSCR Testing - AASHTO TP 70

Force Ductility Ratio, 4
o
C AASHTO T300

Elastic Recovery, 10
o
C, %

Low Temp Residue - ASTM D7497

Residue Content, %

PEN, 25
o
C, 100 g, 5 sec, dmm

Softening Point, 
o
F

Ductility, 4
o
C, 5 cm/min, cm

Force Ductility Ratio, 4
o
C AASHTO T300

Elastic Recovery, 10
o
C, %

Evaporation Residue - ASTM D6934

Residue Content, %

PEN, 25
o
C, 100 g, 5 sec, dmm

Softening Point, 
o
F

Ductility, 4
o
C, 5 cm/min, cm

Test Method Spec

Sample IDProperty

Distillation Residue - ASTM D6997

 
 

 
 
 
 



Emulsion is spread over a silicone mold and allowed to cure for 24 hours at RT and then an 
additional 24 hours at 60oC in a forced draft oven.   Recovery of the residue on a silicone 
mold allows for the emulsion to be easily removed without the need for further heat treatment.   
 
It is also desirable to characterize the emulsion residue using more advanced rheological 
testing when compared with conventional and empirical tests such as penetration, softening 
point, and elastic recovery.  Rheological testing results obtained using a dynamic shear 

rheometer (DSR) are included below for high temperature stiffness (AASHTO T315 - G*/sind) 
and non-recoverable creep compliance, Jnr, via the multiple stress creep recovery test 
( AASHTO TP 70 – MSCR) (1). 
 
Both the latex-modified and HV SB-modified low temperature-recovered residue showed a 
similar DSR profile and high temperature stiffness of ca. 72.5oC.   
 
However, MSCR testing showed that the HV SB-modified residue exhibited lower Jnr values 
at each stress level, 0.1 kPa and 3.2 kPa, at the higher testing temperature of 52oC.  Jnr 
values were both very low and similar at each stress level when tested at the lower 
temperature of 25oC.   
 
% recovery at each stress level can also be derived from the MSCR test on the DSR and has 
been suggested as an alternative to the current empirical elastic recovery test specified for 
residues recovered via high temperature methods.  The HV SB-modified residue showed 
higher % recovery at each stress level and test temperature when compared with the latex-
modified residue.   
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