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(54) Title: PROCESS FOR MANUFACTURING ASPHALT

(57) Abstract: A process for manufacturing asphalt is disclosed. The process comprises the steps of : (i) heating bitumen; (ii)
heating aggregate; and (iii) mixing the hot bitumen with the hot aggregate in a mixing unit to form asphalt. From 10 to 200 wt%
of sulphur, based upon the weight of the bitumen, is added in at least one of the steps (i), (ii) or (iii) and from 0.1 to 20 wt% of
paraffin wax is added in at least one of the steps (i), (ii) or (iii).
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PROCESS FOR MANUFACTURING ASPHALT

Field of the Invention

The invention relates to a process for manufacturing
asphalt wherein sulphur is incorporated into the asphalt.

Background of the Invention

In the road construction and road paving industry,
it is a well-practised procedure to coat aggregate
material such as sand, gravel, crushed stone or mixtures
thereof with hot fluid bitumen, spread the coated
material as a uniform layer on a road bed or previously
built road while it is still hot, and compact the uniform
layer by rolling with heavy rollers to form a smooth
surfaced road.

The combination of bitumen with aggregate material,
such as sand, gravel, crushed stone or mixtures thereof,
is referred to as “asphalt”. Bitumen, also referred to as
“asphalt binder”, is usually a ligquid binder comprising
asphaltenes, resins and oils. Bitumen can for example
comprise mixtures derived from petroleum residues such as
regsidual oils or pitch or mixtures thereof.

It is known in the art that sulphur can be mixed
with bitumen for applications in the road construction
and road paving industry. One of the problems encountered
when using sulphur in bitumen is the unwanted formation
of hydrogen sulphide, resulting from dehydrogenation
reactions between bitumen and sulphur at high
temperatures, e.g. greater than 140°C.

In view of the substantial amounts of sulphur used,
egpecially in asphalt having high sulphur-bitumen weight
ratios, e.g. as high as 1:1, hydrogen sulphide emission

is a serious nuisance. Therefore, it is desirable to
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reduce the unwanted formation and emission of hydrogen
sulphide from sulphur-comprising asphalt.

One method to reduce hydrogen sulphide emission from
hot cast sulphur-asphalt mixtures is described in WO
2005/059016. Incorporating a hydrogen sulphide-
suppressant such as ferric chloride into sulphur pellets
can reduce hydrogen sulphide emigsiong during the
manufacture of sulphur-containing asphalt. However,
ferric sulphide can be difficult to handle and is liable
to react with moisture in the air, so it is desirable to
find alternative means of reducing hydrogen sulphide
emission from sulphur-asphalt mixtures.

Summary of the Invention

The inventors have now discovered that the
temperature of manufacture of sulphur-containing asphalt
can be lowered if an additional component is added during
the manufacture of the asphalt. Lowering the temperature
of mixing and/or the temperature of compaction reduces
the amount of hydrogen sulphide that is released during
the production of the asphalt pavement. Despite the
lower mixing and/or compaction temperatures, the
resulting asphalt is durable and has low water
sensitivity.

Accordingly, the present invention provides a
process for manufacturing asphalt, the process comprising
the steps of:

(1) heating bitumen;

(ii) heating aggregate;

(iii) mixing the hot bitumen with the hot aggregate in a
mixing unit to form asphalt;

wherein from 10 to 200 wt% of sulphur, based upon the
weight of the bitumen, is added in at least one of the

steps (i), (ii) or (iii),



10

15

20

25

30

WO 2009/121917 PCT/EP2009/053904

and wherein from 0.1 to 20 wt% of a paraffin wax is added
in at least one of the steps (i), (ii) or (iii).

The invention further provides a process for
preparing an asphalt pavement, wherein asphalt is
prepared by a process according to the invention, and
further comprising steps of:

{(iv) spreading the asphalt into a layer; and

(v) compacting the layer. The invention further provides
asphalt and an asphalt pavement prepared by the processes
according to the invention.

In an embodiment of the invention, the sulphur and
the paraffin wax are added together; the sulphur is in
the form of pellets and paraffin wax is incorporated in
the sulphur pellets. Accordingly the invention further
provides sulphur pellets comprising paraffin wax. These
pellets are advantageously used in a process according to
the invention.

Detailed Description of the Invention

In step (i) of the process according to the
invention bitumen is heated, preferably at a temperature
of from 60 to 200°C, preferably from 80 to 150°C, more
preferably from 100 to 140°C. The bitumen is preferably a
paving grade bitumen suitable for road application having
a penetration of, for example, from 9 to 1000dmm, more
preferably of from 15 to 450dmm (tested at 25°C according
to EN 1426: 1999) and a softening point of from 25 to
100°C, more preferably of from 25 to 50°C (tested
according to EN 1427: 1999).

In step (ii) of the process aggregate is heated,
preferably at a temperature of from 60 to 200°C,
preferably from 80 to 150°C, more preferably from 100 to
140°C. The aggregate is suitably any aggregate that is

suitable for road applications. The aggregate may consist
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of a mixture of coarse aggregate (retained on a 4mm
sieve), fine aggregate (passes a 4mm sieve but is
retained on a 63um sieve) and filler (passes a 63um
sieve) .

In step (iii), the hot bitumen and hot aggregate are
mixed in a mixing unit. Suitably, the mixing takes place
at a temperature of from 80 to 200°C, preferably from 90
to 150°C, more preferably from 100 to 140°C. Typically,
the mixing time is from 10 to 60 seconds, preferably from
20 to 40 seconds.

The temperatures at which the bitumen and aggregate
are heated and subsequently mixed are desirably kept as
low as possible in order to reduce hydrogen sulphide
emissions when the sulphur is added. However, the
temperatures need to be sufficiently high such that the
bitumen can effectively coat the aggregate. The present
inventors have found that incorporating the paraffin wax
reduces the temperature at which asphalt of desirable
strength and durability can be produced.

The amount of sulphur added to the bitumen,
aggregate or bitumen/aggregate mixture is from 10 to 200
wt%, based upon the weight of the bitumen, preferably
from 20wt%, more preferably from 40wt% and preferably to
100wt%, more preferably to 80wt%. The presence of sulphur
in the asphalt paving mixture can improve the strength
and rutting resistance of the paving mixture and it is
important to include sufficient sulphur to realise these
advantages. Additionally, incorporating increased amounts
of sulphur can decrease the cost of the paving mixture.
However, too much sulphur can decrease the workability of
the paving mixture so it is important not to use more
than 200wt% of sulphur pellets, preferably not more than
100wt%.
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The sulphur is preferably incorporated in the form
of pellets. Reference herein to pellets is to any type of
sulphur material that has been cast from the molten state
into some kind of regularly sized particle, for example
flakes, slates or sphere-shaped sulphur such as prills,
granules, nuggets and pastilles or half pea sized
sulphur. The sulphur pellets typically comprise from 50
to 99wt% of sulphur, based upon the weight of the sulphur
pellets, preferably from 60wt% and most preferably from
70wt%; and typically to 95wt%, and preferably to 90wt%. A
preferred range is from 60 to 90wt%.

The sulphur pellets may comprise other components,
for example, they may comprise amyl acetate in a
concentration of at least about 0.08wt% based upon the
weight of the pellet and/or may comprise carbon at a
concentration of at least 0.25wt%. As described in WO
03/14231, ligquid sulphur can be plasticized by the
addition of carbon at a concentration of at least 0.25wt%
and can be further treated with amyl acetate at a
concentration of at least about 0.08wt% to produce an
even more manageable plasticized sulphur pellet.

The amount of paraffin wax that is added to the
bitumen, aggregate or bitumen/aggregate mixture is from
0.1 to 20 wt%, preferably from 0.5 to 20wt%, more
preferably from 1 to 8wt$%, based upon the weight of the
bitumen. The paraffin wax is preferably a wax resulting
from a Fischer-Tropsch process. Preferably the paraffin
wax comprises at least 90wt% of straight chain alkanes.
Preferably the alkane chain length is from C30 to about
C100. Preferably the melting point of the paraffin wax is
from 80 to 110°C.

Incorporating the paraffin wax into the asphalt

mixture reduces the temperature at which the asphalt can
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be produced. Additionally, the incorporation of the
paraffin wax reduces the water sensitivity of the
resulting asphalt.

The sulphur and the paraffin wax are preferably
added together, i.e. both in step (i), step (ii) or step
(1ii) . In a first embodiment, hot aggregate is mixed with
the sulphur and the paraffin wax. Hot bitumen is then
added to the hot aggregate-sulphur mixture. In a second
embodiment, hot aggregate is mixed with hot bitumen, and
the sulphur and paraffin wax are added to the hot
bitumen-aggregate mixture. This embodiment offers the
advantage of producing a stronger sulphur-asphalt mixture
strength. In a third embodiment, hot bitumen is mixed
with sulphur and the paraffin wax and the resulting hot
bitumen-sulphur mixture is mixed with hot aggregate to
obtain a sulphur-comprising asphalt mixture.

Alternatively, the sulphur and the paraffin wax may
be added separately. For example, the paraffin wax may be
added to the bitumen in step (i) and the sulphur may be
added in step (iii).

In a preferred embodiment of the invention, the
sulphur and the paraffin wax are added together; the
sulphur is in the form of pellets and the paraffin wax is
incorporated in the sulphur pellets. The sulphur pellets
preferably comprise from 0.2 to 30wt% of the paraffin
wax, based upon the weight the sulphur, more preferably
from 1 to 12wt%. The sulphur pellets are suitably
prepared by a process wherein liquid sulphur is mixed
with the paraffin wax and optionally additional
components such as carbon or amyl acetate. The mixture is
then shaped and/or pelletised.

In one embodiment of the invention sulphur may be

added in the form of two types of sulphur pellets; a
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first type of sulphur pellet that comprises paraffin wax
and a second type of sulphur pellet that does not
comprise paraffin wax. This has the advantage that the
paraffin wax is essentially concentrated in the first
type of sulphur pellet and conventional sulphur pellets
can be used to make up the rest 6f the sulphur
requirement.

The invention further provides asphalt prepared by a
process according to the invention. Typically, the
asphalt compriseg at least 1lwt% of bitumen, based on the
weight of the asphalt. Asphalt comprising from about 1
weight% to about 10 weight$% of bitumen is preferred, with
a special preference for asphalt comprising from about 3
weight % to about 6 weight % of bitumen based on the
weight of the asphalt.

The invention further provides a process for
preparing an asphalt pavement, wherein asphalt is
prepared by a process according to the invention, and
further comprising steps of:

(iv) spreading the asphalt into a layer; and

(v) compacting the layer. The invention further provides
an asphalt pavement prepared by the processes according
to the invention.

The compaction in step (v) suitably takes place at a
temperature of from 80 to 200°C, preferably from 90 to
150°C, more preferably from 100 to 140°C. The
temperature of compaction is desirably kept as low as
possible in order to reduce hydrogen sulphide emissions.
However, the temperature of compaction needs té be
sufficiently high such that the voids content of the
resulting asphalt is sufficiently low for the asphalt to

be durable and water resistant.
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The invention will now be described by reference to
examples which are not intended to be limiting of the
invention.

Comparative Example 1

Asphalt according to the DAC (Dense Asphalt
Concrete) 0/11 specification was prepared. Aggregate was
heated to 140°C, bitumen was heated to 140°C and the

aggregate and bitumen were mixed at 140°C. The bitumen

‘was a 70/100 penetration grade bitumen and the amount of

bitumen was 5.8wt%, based upon the weight of aggregate.
The asphalt was formed into a layer and compacted at a
temperature of 130°C.

Comparative Example 2

Asphalt was prepared according to comparative
example 1, except that the bitumen was replaced with a
mixture of 70/100 penetration grade bitumen and sulphur
pellets. (NB: the binder content was adjusted such that
the volumetric compositions of the asphalts of
comparative example 1 and comparative example 2 are
essentially the same; this means that the weight
percentage of binder is slightly higher in comparative
example 2 than in comparative example 1). The ratio of
bitumen: sulphur pellets was 60wt%:40wt%, and the sulphur
pellets were SEAM™ pellets from Shell, consisting
predominantly of sulphur and also comprising carbon
black.

Example 1

Asphalt was prepared according to comparative
example 2, except that 1.5wt% of paraffin wax, based upon
the combined weight of the bitumen and the sulphur
pellets was incorporated into the asphalt. The paraffin
wax was Sasobit®, which is a Fischer-Tropsch wax from

Sasol.
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Example 2
Asphalt was prepared according to example 1, except

that the paraffin wax was S8X100 wax, a Fischer-Tropsch
wax from Shell Malaysia.

Temperature of Mixing and Compaction and Resulting Voids

Content

The temperature of the mixing and compaction of the
asphalt was varied and the voids content of the resulting
asphalt was measured using the EN 12697-6 standard

measurement. The results are given in Table 1:

Table 1
Temperature Temperature Mean
of Mixing of Compaction Voids
(%)
Comparative 140 130 5.4
Example 1
Comparative 140 130 6.5
Example 2a
Comparative 130 120 5.5
Example 2b
Example la 130 120 5.9
Example 1b 130 120 4.9
Example 2a 130 120 4.9
Comparative 130 110 7.7
Example 2c
Example 2b 130 110 7.6

The compaction used for all comparative examples and
examples was the same. For dense asphalt concrete, the
voids content is desirably low, and a higher voids
content potentially means that the asphalt will have
durability problems. The asphalt of comparative example i
(which does not contain sulphur) provides an acceptable
voids content of 5.4% at mixing and compaction
temperatures of 140° and 130°C. The asphalt of
comparative example 2a (which comprises a 60:40wt% ratio
of bitumen to sulphur) has a voids content of 6.5% at

mixing and compaction temperatures of 140°C and 130°C.
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Reducing the temperature of mixing and compaction
generally leads to an increase in voids content (compare
comparative examples 2a-c and examples 2a-b). However,
when 1.5wt% of paraffin wax is incorporated into the
asphalt, the voids content is generally lower at the
reduced temperatures. This means that by incorporating
paraffin wax, the temperature of mixing and compaction
can be lowered without detrimentally affecting the
durability of the asphalt.
Temperature of Mixing and Compaction and Retained
Stability

After compaction, the asphalt specimens need to

build up in strength due to the sulphur crystallisation
during 14 days. After 14 days, the Marshall stability for
the sulphur-containing asphalt, which is nearly double
than that of comparative example 1, was measured
according to EN 12697-34 standard. The retained Marshall
stability was measured according to the same standard
except that some of the specimens were conditioned under
vacuum and water (24 mbar absolute pressure, 4°C, during
3 hours) followed by 1 hour at 0°C and atmospheric
pressure then, 48 hours in a water bath at 60°C. The
retained stability is given as the percentage of the
direct Marshall stability. The results are given in

Table 2:
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Table 2
Temperature Temperature Retained
of Mixing of Compaction | Stability
(%)
Comparative 140 130 80
Example 1
Comparative 140 130 49
Example 2a
Comparative 130 120 : 50
Example 2b
Example la 130 120 61
Example 1b 130 120 69
Example 2a 130 120 66

The retained stability of the asphalt of comparative
example 1 (which does not contain sulphur) is high,
whereas the retained stability of the asphalt of
cbmparative example 2a (which comprises a 60:40wt% ratio
of bitumen to sulphur) is significantly lower. However,
due to the presence of the paraffin wax, the retained
stabilities of examples la, 2a and 2b are higher than
that of comparative examples 2a and 2b, and recover part
of the retained stability of comparative example 1.
Incorporation of paraffin wax can reduce the water

sensitivity of sulphur-containing asphalt.
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The claims defining the invention are as follows:

1. A process for manufacturing asphalt, the process comprising the steps of:

(i) heating bitumen; (ii) heating aggregate; (iii) mixing the hot bitumen with the hot
aggregate in a mixing unit to form asphalt; wherein from 10 to 200 wt% of sulphur,
based upon the weight of the bitumen, is added in at least one of the steps (i) , (ii) or
(iii) , and wherein from 0.1 to 20 wt% of paraffin wax, is added in at least one of the
steps (i) , (ii) or (iii) .

2. A process according to claim 1, wherein the sulphur is in the form of pellets.

3. A process according to claim 1 or claim 2, wherein the paraffin wax is a wax
resulting from a Fischer-Tropsch process.

4. A process according to any preceding claim, wherein the sulphur and the
paraffin wax are added at the same time.

5. A process according to claim 4, wherein the sulphur is in the form of pellets
and the paraffin wax is incorporated in the sulphur pellets.

6. A process for manufacturing asphalt, the process comprising the steps
substantially as herein described with reference to the examples excluding the
comparative examples.

7. Asphalt prepared by a process according to any one of claims 1-6.

8. A process for preparing an asphalt pavement, wherein asphalt is prepared by
a process according to any one of claims 1-6, and further comprising steps of:

(iv) spreading the asphalt into a layer; and (v) compacting the layer.
9. A process for preparing an asphalt pavement, wherein the asphalt is prepared
by a process comprising the steps substantially as herein described with reference to

the examples excluding the comparative examples

10.  An asphalt pavement prepared by a process according to claim 9.



