SBS Polymers-How They
Interact with Asphalt
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ASPHALT - A POLAR DISPERSED FLUID

Asphalt is a collection of non-volatile, polar and non-

Raymond E. Robertson, et.al., Chemical
Properties of Asphalts and Their
Relationship to Pavement Performance,
AAPT, 1991.
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MICELLAR MODEL FOR ASPHALT

The Association of Modified Asphalt Producers

Representation of peptized asphaltene micelles

1 8 Central part of the asphaltenes.

1 ¢ Compounds of high molecular weight
and of aromatic nature.

<> Compounds of lower molecular and of
preponderantly aromatic nature.

1 (O Compounds of a mixed aromatic-

] naphthenic mature.

\\ Compounds of a mixed maphthenic-
aliphaticnature.
— Compounds of a prepomderantly
aliphatic nature.

Hypotheses and
Models Employed in
SHRP Asphalt
Research Program,
SHRP-A/WP-90-008
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COMPATIBILITY

e

e Compatibility determines the state of dispersion
between two dissimilar components.

e For asphalt this means the dispersion of the
relatively aromatic, polar, associating molecules in
a less aromatic, less polar solvent phase.

e For modified asphalt cements this also means the
dispersion of the modifier in the asphalt. To a
large extent this determines the physical
properties of the binder.
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MORPHOLOGY OF POLYMER
MODIFIED ASPHALT CEMENTS D

Polymer exists as a
separate phase dispersed
in the asphalt phase.
(~1-5 wt.% polymer)

This is the most
commonly observed
system.

At higher polymer
content (>7w%) the
phases invert with
asphalt phase domains
dispersed in the
continuous polymer
phase.




PHYSICAL AND CHEMICAL
POLYMER NETWORKS
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Polymer forms a network in the asphalt
through physical entanglements. This
behavior gives the polymer-modified asphalt
more elastic behavior. An example of this
would be a PMA with a high % of
elastomeric polymer.

Polymer can be
chemically bonded to
more polar components
in asphalt to improve
compatibility.




SOLUBILITY PARAMETERS
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Asphaltenes Nylon /'10— -<— Methyl Isobutyl Carbinol, Acetone r
: PET :
Resins — Non-Solvents
EVA_, pe= for Rubber
| < MEK
Aromatics — S —= <— Ethyl Acetate x
e -«— Toluene
— --— Xylene
— -« Iso-Propyl Acetate
<— 1.1,1-Trichloroethane, MNAK ~_Good
B—» — = MIBK Solvents
Cyclics B e IF -— Gyclo:exane
— 8 Cypar® 7
Saturates EE—:—- -— (Mainly methyl-cyclohexane)
-<«— VM&P Naphtha
— <=— Mineral Spirits
— -— n-Heptane Non-Solvents
for Polystyrene
7 B l
-<— |sooctane




o

=l Mo -

EFFECTS OF ASPHALT PROPERTIES ON
SBS BLEND CHARACTERISTICS AMPMP

e ASSOGH:

(High TR (Low TR
content) content)

Too low
asphaltenes
content: low
softening
point

Too high
asphaltenes
content:
unstabie
blend

Too low aromaticity: insufficient solvency power

Aromaticity

Asphaltenes content, %



SBS/ASPHALT COMPATIBILITY

SBS is aromatic/naphthenic

Too much asphaltene = phase separation
Add naphthenic compatibilizing oil
Chemical crosslink, e.g., sulfur
Thermally crosslink, e.g., high vinyl SBS

Too little aromatics = poor blending
Add aromatic compatibilizing oil

Storage stability is equally well addressed by compatibilization or by
appropriate agitation and handling.

For example roofing SBS formulations are almost never fully compatible, yet
with proper handling separation is never a problem.



There are numerous methods used to define the macro
relationships of modified asphalt systems.

These tests are more subjective than objective, but
provide a clear visual indication of compatibility.
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FLUORESCENCE MICROSCOPY AMMP
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Initial Dispersion Formation of Network

Maturing of Network Fully Cured Dispersion



GPC OF POLYMER IN ASPHALT
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PMA FROM HOT MIX

Polymers may crosslink

Polymers may adhere strongly to aggregate

Polymers may be less soluble in the
extraction medium than they are in
hot asphalt

There is no guarantee that extracting 98+%
of asphalt will also extract 98+% of the
polymer modifier
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RECOVERY OF
PMA FROM HOT MIX

Asphalt and polymers age

The chemical changes may alter the thermodynamic minimum
morphology

The semi-rigid matrix of PMA may not allow morphological
changes to accommodate the change in thermodynamically
favored morphology

Dissolving, then re-precipitating, the PMA will most definitely
allow morphological rearrangement.

Thus the morphology of extracted PMA, and thus the rheological

properties of extracted PMA, may be different from those in in
situ PMA in hot mix




Thank you !
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