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BITUME~ COMPOSITIONS AND 

A PROCESS FOR THEIR PREPARATION 

The present invention re:ates to bitumen 

compositions, a process for their preparation and the 
use of them in asphalt mixtures for road applications. 

Bitumen is used as a bi~de~ in road asphalt 
5 mixtures, and has developed continually to meet ever­

increasing performance demands from roadbuilding. In 

general bitumen performs well in road asphalt, but 
increasingly heavy traffic loads have led to the 
premature wear of mar.y roads through rutting and 

IO cracking of the surface. Cracking is a serious defect 
in an asphalt road because it allows water to reach 
lower layers of the road surface where it causes rapid 

deterioration, and accelerates the need for premature 
repairs. Increasing the bitumen conten~ of asphalt or 

15 using a softer grade of bitumen improves the crack 
resistance of asphalt at low temperatures but increases 
the risk of excessive rutting at higher temperatures 
because the nixture is effectively softer. Conversely, 

resistance of rutting can be .improved by reducing the 
20 amount of bitumen in the asphalt mixture or by using a 

harder grade of b:tumen, at the expense of crack 
resistance because the mixture becomes less flexible. 

In view of the above it will be clear that it would 
be very advantageous to develop a hard bitumer. 

25 composi~ion meeting today's crack resistance 
requirement, i.e. a bi.tumen composition having both a 
good low temperature perfornance and a good high 
temperature rutting resistance. 

It is known that the low temperature properties of 
30 bitumens can be improved by blending them wjth a 

polymer. However, when this modification is applied to 
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hard bitumens, an incompatibility between the bitumen 

and the polymer is generally observed, resulting in 

hardly or not improved low temperature properties and a 

relatively poor ageing behaviour. 

It is further known to prepare industrial and 

roofing-grade bitumens by subjecting a bitumen/pclymer 

mixture to a conventional blowing process. These 

bitumen compositions, however, appear to be not 

suitable for road applications, due to their high 

10 softening point and relatively high penetration. 

Object of the present invention is to provide a 

bitumen composition suitable for road applications 

having both a good low temperature performance and a 

good high temperature rutting resistance, and in 

15 addition an improved ageing behaviour. 

Surprisingly, it has now been found that such 

bitumen composition can be prepared by subjecting a 

particular bilumen mixture to a blowing process. 

Accordingly, the present invention relates lo a 

20 process for preparing a bitumen composition comprising 

blowing a mixture with an oxygen-containing gas which 

mixture comprises a bitumen having a penetration of 
0 

less than 300 dmm (as measured by ASTM D 5 at 25 C and 

a thermoplast~c rubber which is present i~ an amount of 

25 less than 5 %w, based on total mixture. 

Suitably, the thermoplastic rubber is present in an 

amount of less than 3 %w, preferably in the range of 

fron 1 to 3 %w, based on total mixture. 

The bitumen applied in the present process has a 

30 penetration of less than 300 dnun (as measured by ASTM D 

5 at 25°C). 

35 

Suitably, the bitumen has a· penetration of less 

than 250 dmm, preferably less than 200 dmm (as measured 

by ASTM D 5 at 25°C) . 
The blowing is carried but with an oxygen-

containing gas, such as air or pure oxygen. Preferably, 

---- ------·------------------ THIS SHEET HAS BEEN ' 
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use is made of air. 
Suitably, the present process is carried out qt a 

temperature in the range of from 200 to 280°C. 

P~eferably, the process according to the present 

5 invention is carried out at a temperature in the range of 

from 210 to 260°C, more preferably of from 23~ to 2so0 c. 
The process according to the present invention may 

be carried out at ambient pressure or elevated 

pressure. Normally, however, it will be carried out at 

IO ambient pressure. 

Suitably, the present process is carried out over a 

period of time of less than 4 hours, preferably less 

than 3 hours, more preferably less than 2.5 hours. 

The mixture comprises a thermoplastic rubber. The 

15 mixture may comprise one or more different types o= 

thermoplastic rubbers. Preferably, however, use is 

made of only one type of thermoplastic rubber. 

Although a wide range of ther~oplastic rubbers can 

suitably be used in accordance with the present 

20 invention, the preferred the~moplastic rubbers comprise 

optionally hydrogenated block copolymers which comprise 

at least two terminal poly(monovinylaromatic 

hydrocarbon) blocks and at least one central poly 

(conjugated diene} block. 

25 Preferably block copolymer constituents are 

selected from the group consisting of those of the 

formulae A{BA}m or (AB)n X, wherein A represents a 

block of predominantly poly(monovinylaromatic 

hydrocarbon), wherein B represents a block of 

30 predominately poly{conjugated diene}, wherein X 

represents the residue of a multivalent coupling agent 

and wherein n represents an integer ~ 1, preferably ~ 2, 

and m represents an integer~ 1, preferably mis 1. 

More preferably the blocks A represent 

35 predominantly poly(styrene) blocks and the R blocks 

represent predominantly poly(butadiene) or 
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poly(isoprene). Multivalent coupling agents to be used 
include those commonly known in the art. 

With the term "predominantly" is meant that the 
respective blocks A and B may be mainly derived from 

5 monovinyl aromatic hydrocarbon monomer and conjugated 
diene monomer, which monomers may be mixed with other 
structurally related or non-related co-monomers, e.g. 
mono-vinyl aromatic hydrocarbon monomer as main 
component and small amounts (up to 10%) of other 

10 monomers or butadiene mixed with isoprene or with small 
amounts of styrene. 

More preferably the copolymers contain pure 
poly(styrene), pure poly(isoprene) o~ pure 
poly(butadiene) blocks, of which the poly(isoprenel or 

15 poly(butadiene) blocks may be selectively hydrogenated 
to at most a residual e~hylenic unsaturation of 20% and 
most preferably less than 5%. Most preferably the 
applied block copolymer has the structure ABA, wherein 
A has an apparent rnol wt of from 3000 to 100,000, and 

20 preferably from 5,000 to 40,000 and B has an apparent 
mol wt of from 10,000 to 250,000 and preferably from 
40,000 to 200,000. The originally prepared 
poly(conjugated diene) blocks usually contain from 5 to 
50 mol% vinyl groups, originating from 1,2 

25 polymerisation relative to the conjugated diene 
molecules, and preferably a vinyl content from 10 to 
25%. 

The complete block copolymer to be used according 
to the present invention, is normally containing 

30 polymerised vinyl aromatic monomers in an amount of 
fro~ 10 to 60% by weight and preferably from 15 to 45% 
by weight. 

The apparent molecular weight of the total block 
copolymer will normally be in the range of from 15,000 

35 to 350,000 and preferably in the range of from 40,000 
to 250,000. 



W097119997 PCTIEP96/05365 

- !:i -

As examples of suitable pure block copolymers can 
be mentioned KRATON G-1651, KRATON G-1654, KRATON G-
1657, KRATON G 1650, KRATON G-1701, KRATON D-1101, 
KRATON D-1102, KRATON D-1107, KRATON D-1111, KRATON D-

5 1116, KRATON D-1117, KRATON D-1118, KRATON D-1122, 
KRATON D-1135X, KRATON D-1184, KRATON D-1144X, KRATON 
D-1300X, KRATON D-4141, and KRATON D-4158 (KRATON is a 
trademark) • 

The bitumen may be a residue from distillation of 
10 crude oil, a cracked residue, a residue obtained by 

blowing a crude oil or residues of crude oil 
distillation or extracts of crude oils, a bitumen 
derived from propane bitumen, butane bitumen, pentane 
bitumen or mixtures thereof. Other suitable bitumens 

IS include ~ixtures of the above bitumens with extenders 
(fluxes) such as petroleum extracts, e.g. aromatic 
extracts, distillates or residues. 

Suitably, the bitumen applied has a softening point 
in the range of 35 to 65°C, preferably in the range of 

20 42 to 58 °C (as measured by ASTM D 36). 
One of the highly surprising and advantageous 

aspects of the present process is that now very 
attractive bitumen compositions can be prepared under 
mild conditions without requiring the presence of a 

25 bitumen blowing catalyst. Thus, the process in 
accordance with the present invention is suitably 
carried out in the absence ct a bitumen blowing 

catalyst. 
The above-mentioned thermoplastic rubbers are 

30 preferably no~-vulcanized thermoplastic rubbers. The 
use of non-vulcanized thermoplastic rubbers in 
accordance with the present invention has t~e advar.tage 
that attractive bitumen compositions can be prepared 
without requiring the presence of a vulcanizing agent. 

35 Therefo=e, the present process can suitably be carried 
out in the absence of a vulcanizing agent. 
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As will be understood by the skilled person, the 

mixture of bitumen and the thermoplastic rubber is 

preheated before being subjected to the blowing 

process. The mixture of bitumen and the thermoplastic 

5 rubber is normally preheated in a such way to establish 
an initial mixture temperatuYe in the range of from 160 

to 220°C. 

The presen~ invention further provides a bitumen 

composition obtainable by any of the processes 

10 described herein before. Such bitumen composition has 

suitably a penetration of less than 100 dmm, preferably 
less than 75 dmm (as measured by ASTM D 5 at 25°C), and 
a softening point in the range of from 60 to 90°C, 
preferably in the range of from 65 to 75°C (as measured 

15 by ASTM D 36), and contains less than 5 %w, preferably 

less than 3 %w, and more preferably 1 to 3 %w of any 

one of the before-mentioned thermoplastic rubbers, 
based on total bitumen composition. Such bitumen 
composition is very attractive since it displays both a 

20 good low temperature performance and a good high 
temperature rutt~ng resistance. 

Fillers such as carbon black, silica and calcium 
carbonate, stabi~isers, antioxidants, pigments, and 
solvents are known to be useful in bitumen compositions 

25 and can be incorporated in the compositions of this 
invention in concentrations taught in the art. 

30 

The present invention still further relates to the 

use of a bitumen composition as described herein before 
in an asphalt mixture for road applications. 

The present invention will now be illustrated by 

means of the following Examples. 

Examples 
Example 1 

A mixture was prepared based on a 100 penetration 

35 bitumen (as measured by ASTM D 5 at 25°C), an 
industrially produced non-naphthenic bitumen which is 
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prepared from a crude oil by distillation. The bitumen 
had a penetration index of 0.5 and a softening point of 
44°C (as measured by ASTM D 36) . To this bitumen was 

added 2 %w of a block copolymer, based on total 
5 mixture. The block copolymer used was a hydrogenated 

polystyrene-polybutadiene-polystyrene block copolymer 

with a 30 %w styrene content and a number average 
molecular weight of 103,000 as measured by GPC with a 
polystyrene standard. The ethylenic unsaturation of the 

IO polymer had been reduced to less than 1% of the 
original unsaturation by hydrogenation. 

The mixture was prepared by blending the bitumen 
and the block copolymer at a temperature of 180°C. 

Subsequently, the preheated mixture so obtained was 
15 blown with air in a blowing vessel at a temperature of 

220°C during 2 hours. The main properties of the blown 
bitumen composition are shown in Table 1. 

Example 2 

A comparative blowing process was carried out in a 
20 similar way as described in Example 1 except that no 

~hermoplas~ic rubber was added to the bitumen. The main 
properties of the blown bitumen are shown in 7able 1. 

The bitumen composition obtained was subjected to 

the Rolling Thin film Oven Test (ASTM test method 

25 D 2572). The main properties of the bitumen 
composition after this ageing test are shown in the 
bottom part of Table 1. 

Example 3 

A comparative blowing process was carried out in a 
30 similar way as described in Example 1 except that the 

block copolymer was added to the bitumen after the 
bitumen was blown. The main p~operties of the blown 
bitumen composition are shown in Table 1. 

Example 4 
35 A process was carried out in a similar way as 

described in Example 1 except that 1 %w of the block 
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copolymer was added to the bitumen, based on total 

mixture. The main properties of the blown bitumen 
composition are shown in Table 1. 

The main properties of the bitumen composition 
s after having been subjected to the RTFOT ageing test 

are shown in the bottom part of Table 1. 

From the results shown in Table 1 it will be clear 
that with the process according to the present 

invention (Examples 1 and 4) a hard bitumen composition 
10 can be prepared having an attractive low temperature 

elasticity, as shown by Fraass breaking point (as 
measured by IP 80), whereas with processes falling 
outside the present invention (Examples 2 and 3) less 
attractive hard bitumen products are obtained. 

15 Moreover, as will be clear from Examples 2 and 4, the 

present bitumen composition is more stable against 
thermal oxidation. 

Table 1 

Example 1 2 3 4 

Composition 

thermoplastic rubber ( %w) 2 0 2 1 

Properties after 2 hours blowing 
at 220°C 

Penetratior: 25°C (0.1 mm} 24 20 16 25 

Softening Point Ring and Ball (oC) 67.5 65 81 63 

Penetration Index (-) 0.7 0.0 J. 9 0.1 

Fraass breaking point (oC) -13 -5 -2 -10 

Properties after RTFOT ageing 

Penetration 25°C ( O .1 nun) 16 21 

Retained Penetration ( 'li) 80 84 

Softening Point Ring and ball (oC) 72 65.5 

Softening Point increase (oc) 7 2.5 

Penetration Index (-) 0.7 0.2 

Fraass breaking point (oC) -3 -7 
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1. Process for preparing a bitumen composition 

comprising blowing a mixture with an oxygen-containing 

gas which mixture comprises a bitumen having a 

penetration of less than 300 dmm (as measured by ASTM D 

5 5 a: 25°C) and a thermoplastic rubber whicr. is presen~ 

in an amount of less than 5 %w, based on total mixture. 

2. Process according to claim 1, wherein the 

thermoplastic rubber is present in an amount of less 

than 3 %w, based on total mixture. 
IO 3. Process according to claim 1 or 2, wherein the 

mixture is blown with air. 

4. Process according to any one of claims 1-3, wherein 

a temperature is appljed in the range of from 210 to 

260°C. 

15 5. Process according to any one claims 1-4, wherein 
the thermoplastic rubber comprises an optionally 

hydrogenated block copolymer which comprises at least 
two terminal poly(monovinylaromatic hydrocarbon) blocks 

and at least one central poly(conjugated diene) block. 

20 6. Process according to claim 5, wherein the block 

copolymer has the formulae A(BAlm or (ABlnX wherein A 
represents a block of predominantly poly(monovinyl­

aromatic hydrocarbon) and wherein B represents a block 
of predominantly poly(conjugated diene), wherein X 

25 represents the residue of a multivalen~ coupling agent 

and wherein n is an integer~ 1 and mis an integer~ 1. 

7. Process according to claim 6, wherein the A blocks 

are predominantly poly(styrene) blocks and ~he B blocks 
are predominantly po:y(butadiene) or poly(isoprene) 

30 blocks. 

- -------------- - - - --- - - THIS SHEET HAS BEEN 
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8. Bitumen composition obtainable by a process as 
defined :n any one of claims 1-7. 

9. Use of a bitume!l composition as defined in claim 8 
in an asphalt mixture for road applications. 

---------------
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