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(54) Polymer modified bitumen with improved fracture toughness and asphalt pavement
comprising the same

(57) A polymer modified bitumen (PMB) comprising
a bitumen and a polymer, wherein

- the polymer is a styrene block copolymer (SBC) or
mixture thereof and used in an amount of from 4 to
6 % by weight on the PMB

- the bitumen has an asphaltenes content equal to or
greater than 9% by weight on the bitumen and
wherein the SBC is a linear SBC, or

- the bitumen has an asphaltenes content below 9%
by weight on the bitumen and wherein the SBC is a

radial SBC, and
- the PMB has a fracture toughness at -25°C of great-

er than 200 kN/m3/2, and an asphalt composition
comprising aggregate material and the PMB of the
present invention.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to Polymer Modified Bitumen (PMB) that has improved fracture toughness and
that may be used with aggregate material to form asphalt pavements.

BACKGROUND OF THE INVENTION

[0002] The performance of asphalt roads has kept amazing pace with the almost exponentially increasing traffic
loading over the last decades. The number of heavy commercial vehicles in Europe has more than doubled over the
last 20 years and due to more frequent and longer congestion, the slow moving traffic exerts higher stresses over
longer loading times. Asphalt mix innovation and the use of Polymer Modified Bitumen (PMB) have improved the quality
of the pavement to such an extent that the roads can still be designed to get a satisfactory life expectancy.
[0003] Before the era of significant use of PMB, there has been a systematic trend to reduce the binder content and/
or to use harder base bitumen in asphalt mixes. This combination has certainly contributed to an increased stability of
the asphalt mix, but has also brought the limits in terms of fatigue, fretting and cracking resistance much closer, par-
ticularly if one takes into account the higher rate of hardening due to field oxidation of leaner mixes. PMB offer excellent
possibilities to compensate for the higher risk of these deficiencies.
[0004] The crack resistance obtained with binders containing certain polymers has been observed in practice and
is sometimes taken for granted, but predictions through Fraass and Bending Beam Rheometer measurements do not
necessarily distinguish these binders.
[0005] The ultimate cause of thermal cracking in pavements is beyond a significant level of debate: upon cooling
thermal contraction forces will induce a stress in the pavement and when the stress exceeds the cohesive strength of
the pavement, a crack will develop. The strength of the mix is a function of the cohesive strength of the binder and the
adhesive performance of binder and aggregate. It is also commonly accepted that with unmodified asphalt, such a
crack will develop almost exclusively in the binder. A long time ago, Heukelom demonstrated that for plain bitumen in
the brittle regime, stress and strain at break correlate with binder stiffness; so there is little influence of grade on stress
and strain at break except for the temperature at which the critical stiffness is reached. In that sense an old empirical
test like Fraass breaking point has been adequate to assist in designing asphalt mixes to resist cracking.
[0006] In PMB the polymer not only affects the rheology, but it can also greatly enhance the cohesive strength.
Therefore, contraction stress can also lead to adhesive flaws rather than only cohesive flaws.
[0007] Thermal contraction stresses will not develop linear with time: in the period of a seasonal turn, the temperature
will gradually go down, but with at least daily fluctuations based on day and night time temperatures imposing stress
and stress relief. Before the binder is in its brittle state, there will be hardly any damage. Once the binder is in its brittle
state, the pavement seeks stress relief through other mechanisms than flow. Valkering et al have shown that micro-
cracking is one such mechanism. Using acoustic emission techniques they demonstrated that before the critical fracture
temperature was reached, there was a significant level of acoustic activity, which can only be attributed to the initiation
of cracks.
[0008] Thermal fracture is basically always preceded by some form of thermal fatigue and that, before any cata-
strophic failure happens, it is likely that some level of stress relaxation has already taken place through micro-cracking.
[0009] In fracture mechanics, crack formation is divided in crack initiation guided by stiffness and strength and crack
propagation guided by fracture toughness describing the resistance to crack growth. Since a tougher binder can sustain
more and larger micro-cracks, much more stress relief can be obtained without catastrophic cracking of a pavement.
Fracture toughness and breaking energy (derived from fracture toughness and stiffness) are therefore likely to be better
indicators for low temperature behaviour than for instance Fraass breaking point or the original Superpave BBR method
derived results.
[0010] The present inventors set out to prepare a PMB with improved fracture toughness, which will therefore extend
the useful lifetime of the pavements. Surprisingly, they observed that certain combinations of polymer/bitumen yielded
increased fracture toughness, resulting in PMB with clearly attractive properties.

SUMMARY OF THE INVENTION

[0011] Accordingly, there is claimed A polymer modified bitumen (PMB) comprising a bitumen and a polymer, wherein

- the polymer is a styrene block copolymer (SBC) or mixture thereof and used in an amount of from 4 to 6% by
weight on the PMB

- the bitumen has an asphaltenes content equal to or greater than 9% by weight on the bitumen and wherein the
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SBC is a linear SBC, or
- the bitumen has an asphaltenes content below 9% by weight on the bitumen and wherein the SBC is a radial SBC,

and
- the PMB has a fracture toughness at -25°C of greater than 200 kN/m3/2.

DETAILED DESCRIPTION OF THE INVENTION

[0012] Styrenic block copolymers are known. KRATON Polymers is a major producer of various SBC based on the
formulae

(radial SBC's), wherein A represents a hard block having a glass transition temperature of greater than 25°C, typically
a polystyrene block; B represents an elastomer block having a glass transition temperature below -25°C, typically a
poly(conjugated diene) block, n is an integer greater than 1, X is the residue of a coupling agent or multifunctional
monomer and m, k and 1 are integers wherein m and the combination of k and 1 are greater than 2
[0013] Such SBCs typically have an apparent molecular weight in the range of from 100,000 to 500,000. These
SBC's may comprise diblock copolymers of formula A-B in various amounts. Moreover, the SBSs may be fully hydro-
genated or only comprise one or more (partially) hydrogenated elastomer block.
[0014] With the term "apparent molecular weight", as used throughout the present specification, is meant the mo-
lecular weight, as measured by means of gel chromatography (GPC), relative to poly(styrene) calibration standards
(according to ASTM 3536).
[0015] Typical examples of a linear SBC include KRATON® D1101, a poly(styrene-butadiene-styrene) block copol-
ymer available for more then 40 years and the more recent KRATON® D1192. A typical example of a radial SBC is
KRATON® D1116, a polymer having about 4 arms attached to the residue of the coupling agent.
[0016] Bitumen is also known. It should be noted that both compatible bitumen, i.e., having an asphaltenes content
below 9% by weight on the bitumen, as well as incompatible bitumen having an asphaltenes content of 9% by weight
or greater may be used, albeit with different SBC's. Indeed, the asphaltenes content is only one of the components of
a bitumen that effect the compatibility of the bitumen, albeit the most influential one. It should therefore be realised
that certain compatible bitumen exist having an asphaltenes content of greater than 9% and likewise certain incom-
patible bitumen exist having an asphaltenes content of less than 9% by weight. The bitumen present in the PMB
according to the present invention may be naturally occurring bitumen or derived from a mineral oil. Also petroleum
pitches obtained by a cracking process and coal tar can be used as the bituminous component as well as blends of
various bituminous materials. Examples of suitable components include distillation or "straight-run bitumen", precipi-
tation bitumen, e.g. propane bitumen, blown bitumen, amongst others catalytically blown bitumen, and mixtures thereof.
Other suitable bituminous components include mixtures of one or more of these bitumen with extenders (fluxes) such
as petroleum extracts, e.g. aromatic extracts, distillates or residues, or with oils. Suitable bituminous components
(either "straight-run bitumen" or "fluxed bitumen") are those having a penetration of in the range of from 30 to 250 dmm
at 25°C; bitumen in the range of from 50 to 100 dmm will be the most convenient to use in hot mix asphalt systems,
whereas bitumen having a pen in the range of from 100 to 200 dmm will be most convenient to use for modified
emulsions that are applied in road construction by way of e.g., surface dressing techniques.
[0017] The PMB of the present invention may also, optionally, contain other ingredients such as oils and stabilisers.
The envisaged use of the PMB is in asphalt compositions as binder, typically in an amount of from 4 to 7 parts per
hundred parts by weight of the aggregate ("pha"), the remainder being formed by aggregates such as stone chippings,
sand and such like material.
[0018] Waxes may be used in the PMB according to the composition, but are not preferred. Although it is known that
the presence of a wax will help to reduce the mixing and application temperature of the PMB, its presence -in particular
when it replaces the SBC- eliminates the increased resistance to crack propagation achieved by the present invention.
[0019] Fracture toughness indeed shows correlation with asphalt mix performance at low temperatures. The concept
of this fundamental material property for asphalt binders will be explained below.

Measuring fracture toughness and breaking energy

[0020] Fracture toughness (Kic) and fracture energy (Gic) of binders are determined in three-point bending testing

A-B-A, (A-B)n, A-(B-A)n (linear SBC's)

(A-B) mX, ([A-B] n) mX, ([A-B-A]) mX, (A-B) kX (B) 1
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of notched beams.
[0021] The dimensions of the beams are: 25 x 12.5 x 175 mm: sharp, 5 mm deep, 90° starter notch and a span of
100mm, hence a support-span-to-depth ratio of 4:1. This method is derived from ASTM E 399 that determines the
fracture toughness of metals and has been used before for asphalt binders (6). The INSTRONTM cross-head speed (i.
e. the rate of loading the sample) is set at 0.01 mm/s. This leads to an approximate rate of strain in the area just above
the notch, which is slightly higher than 3% per minute. The latter is the rate normally used in the SHRP Superpave
direct tension experiments.
[0022] Fracture toughness is determined from the dimensions and the failure load according to the following rela-
tionship:

where: Kic = fracture toughness or critical stress intensity factor, N/m3/2

Pf = failure load, N
S = span between supports, 100 mm
a = notch depth, 5 mm
W = beam depth, 25 mm
B = specimen width, 12.5 mm

[0023] Force displacement data were used to calculate a stiffness modulus assuming the beam to be without a notch,
using the following formula:

in which:

E = (S3 / 4BW3). (∆P / ∆d)

∆P = the load increment, N
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[0024] Using the stiffness modulus and the fracture toughness, the fracture energy can be calculated. Poisson's ratio
needed in the calculation of the fracture energy was assumed to be equal to 0.5 (as for purely elastic materials):

[0025] The PMB according to the present invention show a clear improvement in respect of fracture toughness making
them extremely suitable for outdoor applications such as pavements. Other applications in which the PMB may be of
use are in sound deadening, in adhesive, sealant or coating compositions and/or in vibration dampening compositions.
[0026] The following Examples illustrate the present invention, however without restricting its scope to these specific
embodiments.

Experimental

[0027] The following bitumen and polymers have been tested:

• Bitumen (A) is a compatible bitumen, having an asphalthenes content of 6.8% on the bitumen and a pen value of
100 dmm;

• Bitumen (B) is an incompatible bitumen, having an asphalthenes content of 17.4% on the bitumen and a pen value
of 80 dmm;

• Polymer 1 is a radial SBS having a molecular weight of about 320,000; and
• Polymer 2 is a linear SBS having a molecular weight of about 140,000.

Example 1

[0028] Compositions were made with Bitumen (A) and Polymer 1 at an SBC content of 0% (base bitumen, compar-
ative); 2% (comparative) and 5%.
[0029] Whereas at -25°C the base bitumen and the 2% PMB had a Fracture Toughness of about 90 kN/m3/2, the 5%
PMB had a Fracture Toughness of about 270 kN/m3/2.

Example 2

[0030] Compositions were made with Bitumen (B) and Polymer 2 at an SBC content of 0% (base bitumen, compar-
ative); 2% (comparative) and 5%.
[0031] Whereas at -25°C the base bitumen and the 2% PMB had a Fracture Toughness of about 101, respectively
108 kN/m3/2, the 5% PMB had a Fracture Toughness of about 244 kN/m3/2.

Comparative Example 1

[0032] Compositions were made with Bitumen (B) and Polymer 1 at an SBC content of 2% and 5%.
[0033] The 2% PMB had a Fracture Toughness of about 96 kN/m3/2, the 5% PMB had a Fracture Toughness of about
132 kN/m3/2.

Comparative Example 2

[0034] Compositions were made with Bitumen (A) and Polymer 2 at an SBC content of 2% and 5%.
[0035] The 2% PMB again had a Fracture Toughness of about 87 kN/m3/2, the 5% PMB had a Fracture Toughness
of about 114

Conclusion

[0036] Fracture toughness is a material characteristic that is conveniently used to describe the resistance to cracking

∆d = the cross-head displacement increment, mm

Gic = 0.75 KIC
2 / E

kN/m3/2.
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in many engineering products. Evaluations on various PMB show that particularly attractive results in terms of fracture
toughness may be had by selecting a specific amount of SBC (in the range of 4-6 %wt, preferably about 5 %wt), and
the proper bitumen/SBC combination.

Claims

1. A polymer modified bitumen (PMB) comprising a bitumen and a polymer, wherein

- the polymer is a styrene block copolymer (SBC) or mixture thereof and used in an amount of from 4 to 6 %
by weight on the PMB

- the bitumen has an asphaltenes content equal to or greater than 9% by weight on the bitumen and wherein
the SBC is a linear SBC, or

- the bitumen has an asphaltenes content below 9% by weight on the bitumen and wherein the SBC is a radial
SBC, and

- the PMB has a fracture toughness at -25°C of greater than 200 kN/m3/2.

2. A PMB as claimed in claim 1, wherein the SBC is of the general formulae

(linear SBC's)

(radial SBC's), wherein A represents a hard block having a glass transition temperature of greater than 25°C,
typically a polystyrene block; B represents an elastomer block having a glass transition temperature below -25°C,
typically a poly(conjugated diene) block, n is an integer greater than 1, X is the residue of a coupling agent or
multifunctional monomer and m, k and 1 are integers wherein m and the combination of k and 1 are greater than 2.

3. A PMB as claimed in claim 1 or 2, wherein the bitumen has a PEN value of from 30 to 250 dmm.

4. An asphalt composition comprising aggregate material and from 4 to 7 parts per hundred parts by weight of ag-
gregate of the PMB as claimed in any one of claims 1 to 3.

A-B-A, (A-B)n, A-(B-A)n

(A-B) mX, ([A-B]n)mX, ( [A-B-A] ) mX, (A-B) kX (B) 1
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