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“PROCESS FOR STABILIZING BITUMEN-POLYMER BLENDS"

The present invention relates to a process for

tabitizing bitumen-polymer blends.

It is known that in order to improve the quality
of | bitumen, .in particular from the rehological
vieupoint; several types of copolymers, in particular
of elastomeric type, are often used.

So; e.g., UsS-A-4,217,259 teaches Qsing
symmetrical radial copolymers constituted by dienic
and vinylaromatic blocks; US-A-4,585,816 teaches using
block copolymers of a monoalkenyl aromatic monomer and
a conjugated diotefin; US-A—3,915,914 teaches using 1~
butene homopolymers and copolymers; WUS-A-3,615,830
claims isoqLefin | copolymers, in particular
polyisobutene.

The most effective polimeric additives seem to be

the styrene-diolefin block copolymers, in particular

styrene/butadiene and styrene/isoprene - block
copolymers.
| The so modified bitumens can be destined to wuses
fof”uhich the performance of normal bitumens proves to
be: insufficient. Thus, applications in the field of
draining and sound-absorbent conglomerates, in the
field of water-proofing systems, and so forth, may be
cited. _ _ |
However, the pol}mers used in order to mbdify the
properties of bitumens generally display the drawback
of being poorly coppatible with bitumens. This lLack of
compatibility manifests itself as a -trend of~_both

components to undergo phase separation under gqs%1ng
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conditions; in that way, a polymer-rich top Layer and
a pitumen-rich bottom Layer are formed.

The above said drawback is particultarly serious
«hen the production locality does not coincide, as it
often happens, with the application Locality, or when
between the preparation time and the application time,
a time period elapses.

Therefore, the storage~stability, in particular
when hot, of bitumen~polymer blends results to be very
important for the purposes of a correct and
advantageous use thereof.

In order to solve this problem, BE-858,770; BE-
858,771 and BE-870,287 disclose reactions of bitumen
with polyolefins containing one dr more double bdonds.
The polyotefin 1is anchored to bitumen by means of
sulfur, which acts as a crosslinking agent.

EP-A-0 496 457 : discloses a process which
consists in causing the bitumen-polymer blend to react
with an unsaturated dicarboxy acid, or dicarboxy acid
anhydrides, 1in particular with maleic anhydride. This

process displays the drawback deriving from  the

toxicity of maleic anhydride.

A process which overcomes the above said
drawbacks has been found now.

In accordance therewith, the present invention
relates to a process'for stabilizing blends of bitumen
ahd thermoplastic polymer, characterized in that the
above said blends are caused to react in an inert

environment at a temperature comprised within the

range of from 210 to 2409C, preferably of from 220 to
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2300C, and during a time of from 1 to & hours,
prefeﬁably, of from 1OQ to 200 minutes, with a vinyl
aromatic compound, with bitumen being selected from
those having such contents of resins, asphaltenes,
aromatics and saturated species, as to comply with the
condition >5, with "7" being defined by the
expression:
Z = Kia/b + Kzc ~ K3d

wherein "a" represents the percent content, by weight,
of resins fraction,' “b" the percent content, by
weight, of asphaltenic fraction, "“c¢" the pgﬁcent
content, by weight, of aromatic fraction, "d" the
percent content, by weight, of saturated fraction; Ki

= 0.961; Kz = 0.087; Kz = 0.055.

" i

The values "a", '"b", ¢" and "d" are determined
by first treating bitumen with n-pentane in order to
separate the asphaltenic fraction. The soluble
fraction in n-pentane, cdnétituted by malthenes, is
analyzed by means of ASTM methbd D2007. According to
this method, after recovering the asphaltenic fraction
by adding n-pentane to bitumen and separating the not
dissotved portion, the solubte portion (malthenes) is
percolated through two mutually superimposed
cylindrical columns, wherein the upper column contains
decolorizing earth and the lLower column contains a
Layer of decolorizing earth and a silica layer.

The saturated fraction is obtained by collecting
the eluate after percolating n-pentane through both
said columns.. - o

The resins fraction is obtained by coltecting the
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eluate after percolating a mixture of 1 : 1
toluene : acetone through the upper column containing
decolorizing earth,

After separating the above fractions, ' the
aromatics fraction is obtained by means of the same
procedure as reported above, by percolating through
bdth superimposed columns a mixture of 1t ¢ 1
toluene : ethyl alcohol.

A bitumen which meets the above cited conditions,
i.e., as a value of I>5, is stabilized with an amount
of vinylL aromatic compound comprised within the. range
of from 0.1 to 0.4 mol, preferably of from 0.15 to 0.3
mol, per 100 g of bitumen.

By “vinylL aromatic compound” those compounds are
understood which contain a double bond of olefinic
type in the alpha-position to an aromatic ring.
Styrene, alpha-methyl styrene, divinyl benzene, vinyl
nabhthatene, and their alkyl derivatives belong to
this category of compouﬁds.

In the preferred embodiment, the vinylL aromatic
compound is selected from styrene and alpha-methyl
styrene,

The polymers which can be used in mixture uith
bitumen are copolymers of elastomeric time.
Particularly useful are block copolymers containing.
vinylbenzenes and <conjugated dienes, with radial
structure. This category of polymers can be
represented with FE@ general formula X(B-A).,"aherein
A represents a block obtained from monomers of

vinylaromatic type, B is a blLock obtained from d1en1c
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monomers, X is a radical deriving from a coupling
agent and m is a numeral depending on the wused
couplting agent, and is normally comprised within the
range of from 3 to 5 or more.

Particularly wuseful for obtaining stable blend
are radial copolymers 'contéining polystyrene and
polybutadiene blocks (the so-said  "SBS" block
copolymers), usually with - a ratio of
styrene:butadiene comprised within the range of from
20:80 to 40:60 and a molecular weight of from 200,000
to 400,000 |

The bitumen polymer blends obtained by means of

the process according to the present invention result

to be stable under <conditions of high~temperature

storage. Under these conditions; the formation of
separated Layers or heterogeneous 2zones is not
observed even after Long storage time periods.

Thé above said stabilized blends display good
characteristics of flexibility and elasticity, and can
be advantageously used as binders for high-
performance road conglomerate and water-péoofing
membranes.

The stable bitumen-polymer blends according to
the "present invention are prepared in a simple way by
blending, at a .temperature comprised within the range
of from 210 to 240°C, preferably of from 220 to 230°C,
the suitable amounts of b1tumen, of the polymer and of
the unsaturated -agent, under an inert blanketing
atmosphere, preferably under nitrogen. The necessary

time for the interaction tg take place is gqnerally
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comprised within the range of from 1 to 4 hours,
preferably of from 100 to 200 minutes.

According to the preferred embodiment of the
present invention, during a first step bitumen and
poltymer are blended at the desired temperature (fof a
time period of from 20 to 80 minutes) and then, still
at the same temperature, the vinylaromatic compound is
added, preferably under an inert atmosphere. The
resulting blend is kept with stirring, caring of
recondensing the vapours, until the desired reaction
time is reached.

Sometimes, the Lighter fractions present in the
mixture may optionally be removed by applying a sLight_
depression at treatment end, or by means of a flowing
stream of inert gas. |

The process according to the present invention
did not evidence any limits as regards the polymer
content in the stabilized bituminous blend. However,
it 1is preferable, also owing to self-exptanatory
reasons of cheapness, that the polymer is present in
an amount comprised within the range of from 1 to 15%
by weight based on bitumen.

According to a more preferred embodiment of the
process according to the present invention, bitumen is
admixed wWwith polymer amounts correspondiﬁg to Levels
of from 5 to 20% of polymer, the stabilization of the
blend is carried out and then the so stabilized blend
is diluted uith'ﬁ;ésh'bitumen in order to obtain .a

blend in which the end content of polymer is comprised

within the range of from 1 to 15% by weight. In that
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way, by adding fresh bitumen to the stabilized blend,

a stable polymer-bitumen composition can be obtained
with the desired fluidity characteristics.

Both bitumens, i.e., the initially used bitumen
and bitumen used for said dilution, must anyway comply
with the constraint of “Z" being higher than 5.

The following examples are reported in order to
better iLLustrate_the present invention.

In the following experimental tests, . two

different bitumens having the following -

characteristics were used:

Bitumen Bitumen
e e e mmeme—c——cccceeemmecceedecaac e aa G
Penetration, at 25°C (dmm) 193 28
Softening point (o(C) 37.83 " 44,5
Penetration index -1.35 -1.01
Fraass break point (°(C) -17 -12
Viscosity at_60eC _(Pa.s)_ ____..__.30_ _________116_____

The above said bitumens;dispLayed the following
composition, wherein the ‘indicated lLevels are

expressed as percent contents, by weight:

ee—mcccmcccmceac————— —= Bitumen_ 1__ --Bitumen_2__
CS Asphaltenes %X: - 13.3 o 16.0
Resins %3 69.0 : 63.0
Aromatics % 10.0 . 12.1
Saturated_species_X:i_____ SR 7 G 822 ___.

From the abomﬁ‘values of percent levels, the "Z"
value results to be of 5.43 for Bitume 1, and be of

4.35 for Bitumen 2, which cannot be used for the
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process according to the present invention.

The storage stability of bitumen-polymer blends
ijs evaluated by measuring, at time intervals, the_
difference between  the softening point of the wupper
Layer and the softening point of the Lower Layer of
the mixture submitted to storage inside a cylindrical
container at 170°C.

20.3 g of SBS polymer is added, un&er an inért
atmosphere, to 220.8 g of Bitumen 1, heated at 225°C,
and the resulting blend is  kept stirred for 30.
minutes. Then, 4.3 g of styrene is added with the
bLend being kept with stirring for 90 minutes, still
at 2250¢C.

The added styrene amount corresponds to 0.204 mol
per each 100 g of SBS, i.e., to about 1.75% of the
reacting mass. The product displays the following
characteristics: |
* Penetration at 25°C: 107 dmm;

* Ring-ball softening point: 104°C;
* Penetration index: 49.32.

After a 10-days storage, the softening points of
both the top and bottom portions, are perfectly the
same.

By operating similarly to as disclosed in Example

1, the end mixture, after the reaction with styrene,

is diluted, at 180T, during 30 minutes, with 91.5

grams of bitumen type 1, in order to reduce the

polymer Level down to 6.0%.
This Sheet Has Been R
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The diluted product displays the foltlowing
characteristics:

* Penetratdion at 25°2¢: 100 dmm;
x Softening point: 101eC;
* Penetration index: +8.82.

After a 5-days storage, the softening points of
the top and bottom portions of the bLend display a
difference of 20C, thus demonstrating that modified
bitumen retains its stability even after diLution with
fresh bitumen. |

20.3 g of SBS polymer is added, wunder an inert
atmosphere, to 220.8 g of Bitumen 1, heated at about
225°C, and the resulting blend is kept stirred for 30
minutes. Then, 5.5 g of alpha-methyl styrene (0.230
mol) is added, with the blend being kept u1th stirring
for %90 m1nutes, still at about 225¢¢C.

The resutting blend had a penetration of 88 dmm,
and a softening point, by the ring-ball method, of
103.5C. | '

After a 54days storage at 1700 ¢C inside
cylindrical containers, no differences could be
observed between the top and bottom softening points.
After a 10-days storage, the difference between the
softening points resulted to be of 1.50C.

Example_ 4 (copparison example)

The preparation 1is repeated as disclosed in
Example 1,' using: the same amounts of Bitumen 1 and
polymer, but without adding any furthér additives.

After an only 1-day storage time at 1709C, the

This Sheet Has Been RTlaced
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difference between the softening points of the top
portion and of the bottom portion was of 29oC.
Exampite_5 (comparison example) '

The preparation is repeated as disclosed in

"Example 1, by operating in exactly the same way and

using the same amounts of reactants, with the only
difference that Bitumen 2, the "Z"™ value of which is
of 4.35, is used. After an only 1-day storage time,
fhe difference between the softening points of the top
portion and of the bottom portion is of 58°C.

The process is repeated by operating in exactly
the same way as disclosed in Example 1, with the onty
difference being the temperature'vatué, which is of
exactly 200°C, rather than 225°C, as in Example 1.

The resulting product displays the following
characteristics:

* Pénetration at 25°C: 107 dmm;
* Ring—-ball softening point: 1130C

After 1 day of storage at 170°C, the difference
between the softening points of the top.portion and of

the bottom portion is of 41.5°¢C.

o
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1. Process for stabilizing blends of bjtumen and
thermoplastic polymer, characterized in that the above

said bLends are caused to react in an inert

environment at a temperature comprised within the

range of from 210 to 240°C, and during a time of from
1 to 4 hours, with a vinyl aromatic compound, with
bitumen being selected from those having such contents

of resins, asphaltenes, aromatics and saturated

species, as to comply with the condition Z>5, with "Z"

being defined by the expression:

1 = K1a/b + K2¢ - Kszd
wherein "a" represents the percent content, by weight,
of resins fraction, "“b" the percent content, by
weight, of asphaltenic fractioﬁ, "¢ the percent
content, by weight, of aromatic fraction, "d” the
percent content, by weight, of the saturated
fraction; K1 = 0.961; Kz = 0.087; K3 = 0.055.

2. Process according to claim 1, characterized in

that said vinyl aromatic compound is selected from

styrene, alpha-methylL styrene, divinylL benzene, vinyl

' naphthalene, and their alkyl derivatives.

25

30

e

e

This Sheet

e

N

3. Process according to claim 2, characterized in
that said vinyl aromatic compound is selected from

styrene and alpha-methyl styrene.

4, Process according to claim 1, in which the
content of thermoplastic polymer is comprised within
the range of from ?.to 15%, by Héight, retatively to

bitumen.

S. Process according to claim 1, in which the.
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thermoplastic polymer is a radial copolymer containing
polystyrene and polybutadiene blocks.

6. Process according to claim 1, in which the
amount of vinylL aromatic compound is comprised within
the range of from 0.1 to 0.4 mol per 100 g of
thermopLastic polymer. _

7. Process according to claim 6, in which the
amount of vinyl aromatic compound is comprised within
the range of from 0.15 to 0.3 mol per 100 g Yof
thermoplastic polymer.

8. Process éccording to claim 1 for étabitizing
blends of bitumen having 2Z>5 and thermoplastic
polymer, which comprises:

(a) btending, wunder an inert atmosphere, bitumen and
thermoplastic polymer at a temperature comprised

within the range of from 210 to 240°C;

(b) adding a vinyl-aromatic compound to the mixture

obtained from above (a) step, still at a
temperature comprised within the range of from 210

-to 2400C;

(¢) keeping the resulting blend at that temperature

for a total time, including (a) and (b) steps,
comprised within the range of from 1 to 4 hours.
9. Process according to claim 1, for stabilizing
blends of bitumen having ZI>5 and thermoplastiec
polymer, which comprises: '
(a) heating a blend of the above said bitumen and a
polymer, cgﬁtaining from 5 to 20% by aeight' of
thermoplastic polymer, with a vinyl arométic

compound, at a temperature comprised within the

e—
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“PROCESS FOR STABILIZING BITUMEN-POLYMER BLENDS"
Abstract

Process for stabilizing blends of bitumen and
thermoplastic polymer, which consists in treétiné the
above said mixtures 1in an inert environment at a
temperature comprised within the range of from 210 to
240°C, and during a time of from 1 to 4 hours, with a
vinyl aromatic compound, with bitumen being selected
from those having such contents of resins,
asphaltenes, aromatics and saturated species, as to
comply with the condition ZI>5, with "Z" being defined
by the expression:

Z = Kia/b + K2¢c - Kad

wherein "a" represents the percent content, by weight,

of resins fraction, "b" the percent content, by

weight, of asphaltenic fraction, "c" the percent

content, by weight, of aromatic fraction, "d" the

percent content, by weight, of saturated fraction; Ki

= 0.961; K2 = 0.087; K3 0.055.
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1. Process for stabilizing blends of bitumen and
thermoplastic polymexr, characterized in thé.t the above
said blends are caused to react in an inert environment
at a temperature comprised within the range of from 210
to 240°C,and during a time of from 1 to 4 hours, with
a vinyl aromatic compound, with bitumen being selected
from those having such contents of resins, asphaltenes,
aromatics and saturated species, as to comply with the

condition Z>5, with "Z" being defined by the expression

wherein "a" represents the percent content, By weight,
of resins fraction, "b" the percent content, by weight,
of asphaltenic fraction, "c" the percent content, by
weight, of aromatic fraction, "d" the percent content,
by weight, of the saturated fraction; K, = 0.961; K, =
0.087; K, = 0.055.

2. Process according to claim 1, characterized in that
said vinyl aromatic compound is selected from styrene,
alpha-methyl styrene, diviny‘l benzene, vinylnaphthalene

~and their alkyl derivatives.

3. Process according to claim 2, characterlzed in that
said vinyl aromatic compound is selected from styrene

and alpha-methyl styrene.

4. Process according to claim 1, in which the Ségntent of
thermoplastic is comprised within the range ":—o_f from 1
to 15%, by weight, relatively to bitumen.

5. Process according to claim 1, in which the VL A
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thermoplastic polymer is a radial copolymer containing

polystyrene and polybutadiene blocks.

6. Process according to claim 1, in which the amount of
vinyl aromatic compound is comprised within the range
of from O.i to 0.4 mol per 100 g of thermoplastic
polymer.

7. Process according to claim 6, in which the amount of
vinyl aromatic compound is comprised within the range

of from 0.15 to 0.3 mol per 100g of thermoplastic
polymer. | |

8. Process according to claim 1 for stabilizing blends of
bitumen having Z>5 and thermoplastic polymer, which
comprises: |

(a) blending, under an inert atmosphere, bitumen and
thermoplastic polymer at a temperature comprised within
the range of from 210 to 240°C;

(b} adding a vinyl-aromatic compound to the mixture
obtained from above (a) step, still at a temperature.
comprised within the range of from 210 to 240°C;

(c) keeping the resulting blend at that temperature for a
total time, including (a) and (b) steps, comprised

within the range of from 1 to 4 hours.

9. Process according to claim 1, for stabilizing blends
of bitumen having Z>5 and thermoplastic polymer, which
comprises:

(a) heating a blend of the above said bitumen and a
polymer, containing from 5 to 20% by weight of

thermoplastic polymer, with a vinyl aromatic compound,

at a temperature comprised within the REPLACEMENT SHEET
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range of from 210 to 240°C, during a time comprised
within the range of from 1 to 4 hours,

(b) diluting the resulting blend with fresh bitumen in order
to produce a stabilized bitumen-polymer blend containing

from 1 to 15% of thermoplastic polymer.
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”ﬁROCESS FOR STABILIZING BITUMEN-POLYMER BLENDS"

The present -invention relates to a process for
stabilizing bitumen-polymer blends.

' It is known that in order to improve the quality
of bitumen, in particular from the rehological
viewpoint, sevérat types of cbpolymers, jn particular
of elastomeric type, are often used.

Sa, e.g9., US-A-4,217,259 teaches ysing
symmetrical radial copolymers constituted by dienic
and vinylaromatic blocks; US-A-4,585,816 teaches using
block copolymers of a monocatkenyl aromatic monomer and.
a conjugated diolefin; US-A-3,915,914 teaches using 1~
butene homopolymers and copoLymerﬁ; Us-A-3,615,830
claims isootlefin copolymers, in particular
polyisobutene.

The most effective polimeric additives seem to be
the styrene-diolefin blLock copolymers, iﬁ particular.
styrene/butadiene and styrene/isoprene block
copolymers.

The so modified bitumens can be destihed to uses
for which the performance of normal bitumens proves to
b§ insufficient. Thus, applications in the field of
draining and sound-absorbent conglomerates, in the
field of water-proofing systems, and so forth, may be
cited.:

However, the polymers used in order to modify the
properfies of bitumens generally display the drawback
of being poorly compatible with bitumens. This Lack of
compatibility manifests itself as a trend ot .both

components
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conditions; in that way, a polymer-rich top layer and
2 bitumen-rich bottom Layer are formed.

The above said drawback is particularly serious
when the production locality does not coincide, as it
often happens, with the application LlLocality, or when
between the preparation time and the application time,
a_time period elapses.
in particular

Therefore, the storage-stability,

when hot, of bitumen-polymer blends results to be very

important for the purposes of a correct and
advantageous use thereof.

In order to solve this problem, B8E-858,770; BE-
858,771 and BE-870,287 disclose reactions of Dbitumen
with polyolefins cbntaining one or more double odonds.
The pquoLefin is anchored to bitumen by means of
sulfur, which acts as a crosslinking agent.

EP-A=Q 496 457 discLoses a which

process
consists in gaysing the bitumen-polymer blend to react
with an unsaturated dicarboxy acid, or dicarboxy acid

anhydrides, in particular with maleic anhydride. This

process displays the drawback deriving from the
toxicity of maleic anhydride.
A process Wwhich overcomes the above said

drawbacks has been

found now.

invention

In accordance thereuith, -the present

relates to a process for stabilizing blends of bitumen

and thermoptastic polymer, characterized in that the
above said blends are caused to react in an inert
environment at a temperature comprised within the

preferably of from 220 to
REPLACEMENT SHEET
2 0 AUG 1996

range of from 210 to 240°¢C,
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230°C, -and dﬁring a time of from 1 to & hours,
preferably, of from 100 to 200 minutes, with a vinyl
aromatic compound, with bitumen being selected from
those having such contents of resins, asphaltenes,
aromatics and saturated species, as to comply with the
condition >5, with "2" being defined by the
expression:
I = Kia/b + K2ac - Kad

wherein "a" represents the percent content, by weight,
of resins fraction, "b" the percent content, "by
weight, of asphaltenic fraction, "¢" the percent
content, by weight, of aromatic fraction, '"d" the
percent content, by weight, of saturated fraction; K;
= 0.961; Kz = 0.087; Ks = 0.055.

The vatues "a", "b", "c¢" and "d" are determined
by first treating bitumen with n-pentane in order to
separate the asbhaltenic fraction. The soLubLe
fraction in n-pentane, constituted by malthenes,. is
analyzed by means of ASTM method D2007. According to
this method, after recovering the asphaltenic fraction
by adding n-pentane to bitumen and separating the not
dissolved portion, the soluble portion (malthenes) is
percolated through two mutuatly superimposed
cylindrical columns, wherein the upper colﬁbn contains
decolorizing earth and the lower column contains a
Layer of decolorizing earth and a silica Layer.

The saturated fraction is obtained by collecting
the eluate after percolating n-pentane through both
said columns.

The resins fraction is obtained by collecting the
REPLACEMENT SHEET
" 20 AUG 19%
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eluate after percolating a mixture of 1 ¢ 1
toluene : acetone through the upper column containing
decolorizing earth.

After separating the above fractions, the
aromatics fraction 1is obtained by means of the same
pfocedure as reported above, by percolating through
both superimposed columns a mixture of 1T 1
toluene : ethyl alcohol.

A bitumen which meets the above cited conditions,
i.e., as a value of ZI>5, is stabilized with an amount
of vinylL aromatic compound comprised within the range
of from 0.1 to 0.4 moL; preferably of from 0.15 to 0.3
mol, per 100 g of bitumen.

By "“vinyl aromatic compound" those compounds are
understood which contain a double bond of olefinic
type in the alpha-position to an aromatic ring.
Styrene, alpha-methyl styrene, divinyl benzene, vinyl
naphthalene, and their alkyl derivatives beiong to
this category of compounds.

in the preferred embodiment, the vinylL aromatic
compound 1is selected from styrene and alpha-methyl
styrene. _

The polymers which can be used in mixture with
bitumen are copolymers of ~ elLastomeric time.
Particularly useful are block copolymers containing
vinylbenzenes ahd conjugated dienes, with radial
structure. This category of polymers can 'bé
represented with the general formula X(B-A)a, wherein

A represents a block obtained from' monomers -of

[y . ) I : I . i
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monomers, X is 2 radical deriving from a coupling
agent and m is a numeral depending on the used
coupling agent, and is normally comprised within the
range of from 3 to 5 or more.

Particularly wuseful for obtaining stable blend
are radial copolymers containing polystyrene and
péLybutadiene blocks (the so-said vsBs*™ block
copolymers), usUaLLy with a ratio of
styrene:butadiene comprised within the range of from
20:80 to 40:60 and a molecular weight of from 200,000
to 400,000

" The bitumen polymer blends obtained by means of
the process according to the present invention result
to be stable under conditions of high-temperature
storage. Under these conditions, the formation of
separated Layers or heterogeneous ZzZones is not
observed even after long storage time periods.

The above séid stabilized blends display good

characteristics of flexibility and elasticity, and can

be advantageously used as binders for high=-
herformahce road conglomerate and water~proofing
membranes.

The stable bitumen-polymer blends according to

‘the present invention are prepared in a simple way by

blending, at a temperature comprised within the range
of from 210 to 240Q0°¢C, preferably of from 220 to 230°C,
the suitable amounts of biiumen, of the polymer and of
the unsaturated <=agent, under an inert bLanketihg
atmosphere, preferably under nitrogen., The necessary

time for the interaction to take place i

REPLACEMENT SHEE
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comprised within the range of from 1 to &4  hours,
preferably of from 100 to 200 minutes.

According to the preferred embodiment of the
present invention, during a first step bitumen and
polymer are blended at the desired temperature (for a
time period of from 20 to 80 minutes) and then, still
at the same temperature, the vinylaromatic compodnd is
added, preferably under an inert atmosphere. The
resulting blend 1is kept with stirring, caring of
recondensing the vapours, until the desired reaction
time is reached.

Sometimes, the Lighter fractions present in the
mixture may optioﬁaLLy be removed by applying a stight
depression at treatment end, or by means of a flowing
stream of inert gas.

The process according to the present invention
did not ev{dence any limits as regards the polymer
content in the stabilized bituminous blend. However,
it is preferable, also owing to self-explanatory
reasons of cheapness, that the polymer is present in
an amount comprised within the range of from 1 to 15%
by weight based on bitumen.

According to a more preferred embodiment of the
process according to the present invention, bitumen is
édmixed with polymer amounts corresponding to Levels
of from 5 to 20% of polymer, the stabilization of the
btend is carried out and then the so stabilized blend
is diluted wWwith feresh bitumen in order to obtain..a
blend in thch the end content of polymer is comprised

Wwithin the raﬁge of from 1 to 15% by weight. In that

REPLACEMENT SHEBT
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way, by adding fresh bitumen to the stabilized blend,
a stable polymer-bitumen composition can be obtained
with the desired fluidity characteristics. |

Both bitumens, i.e., the initially used bitumen
and bitumen used for said dilution, must anyway comply
with the constraint of'fZ" being higher than 5.

The following examples are reported in ordér to
better illustrate the present invention.

In the following experimental tests, two

different bitumens having  the following

characteristics were used:

Bitumen Bitumen
........................ cmmmmmc e L2
Penetration, at 25°C (dmm) ' 193 98
Softening point (oC) _ 37.5 44.5
Penetration index | -1.35 -1.01
fraass break point (o(C) 17 -12
Viscosity 2t 60°C_(Pa.s)_ _...._._.50._________116_____

The above said bitumens displayed the following
composition, wherein the indicated levels are

expressed as percent contents, by weight:

cemmcememeccmememee~  --Bitumen_ 1__  __Bitumen_2__
C5 Asphaltenes  %: 13.3 16.0
Resins %: 69.0 . 63.0
Aromatics F 4 10.0 12.1
Saturated species %:. oo TlaT o o822 .

From the above’values of percent Llevels, the "Z*"
value results to be of 5.43 for Bitume 1, and be of

4#.35 for Bitumen 2, which cannot be used for the
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process according to the present invention.

The storage stability of bitumen-polymer blends
is evaluated by measuring, .at time intervals, the
difference between the softening point of the upper
layer and the softening point of the Lower Layer of
the mixture submitted to storage inside a éyLindricaL
container at 170°C.

20.3 g.of SBS polymer is added, wunder an inert
atmosphere, to 220.8 g of Bitumen 1, heated at 225°C,
and the resulting blend 1is kept stirred for 30
minutes. Then, 4.3 g of styrene is added with. the
btend being kept with stirring for 90 minutes, still
at 225°C.

The added styrene amount cofrespdnds to 0.204 mol
per each 100 g of SBS, i{.e., to about 1.75%Z of the
reacting mass. The product displays the following
characteristics:.

* Penetration at 250C: 107 dmm;
* Ring-baLL softening point: 104°C;
* Penetration index: +9.32.

After a 10-days étorage, the softening poiﬁts of
both the top and bottom portions, are perfectly the
same. '

Example_ 2

By operating simitarly to is disclosed in Example
1, the end mixture, after the reaction with styrene,
is diluted, at 1802C, during 30 minutes, with 91.5

grams of bitumen type 1, in order to

polymer Level down to 6.0%.
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The diluted product displays the following
characteristics:
* Penetration at 25°C: 100 dmm;
* Softening point: 1010C;

* Penetration index: +8.82.

After a 5-days storage, the softening points of

the top and bottom portions of the blLend display a
difference of 20C, thus demonstrating that modified
bitumen retains its stability even after dilution with

fresh bitumen.

20.3 g of SBS polymer is added, under an inert

atmosphere, to 220.8 g of Bitumen 1, heated at about
2259¢C, and the resulting blend is kept stirred for 30
minutes. Then, 5.5 g of alpha-methyl styrene (0.230
mol) is added, with the blend being kept with stirring
for 90 minutes, still at about 225eC. .

The resulting blend had a penetration of 88 dmm,
and a softening point, by the ring-ball method, of
103.5°¢C.

After a 5-days storage at 1700 C inside
cytindrical 'containers, no differences could be
observed between the top and bottom softening points.
After a 10-days storage, the difference between the
softening points resulted to be of 1.59C. |

The preparation §s repeated as disclosed in
Example 1, using; th§ same amounts of Bitumen 1 and

polymer, but without adding any further additives.

After an only 1-day gtorage time at 1700¢, the

REPLACEMENT SHERT]
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difference between the softening points of the top
portion and of the bottom porfion was of 29°C.

Exampte_5 (comparison example)

The preparation 1is repeated as disclosed in
Example 1, by operating in exactly the same way and
using the same amounts of reactants, with the only
difference that Bitumen 2, the "I" value of which is
of 4.35, 1is used. After an only 1-day storage time,
the difference between the softening points of'the top
portion and of the bottom portion is of 58°cC.

The process is repeated by operating in exactly
the same way as disclosed in Example 1, Wwith the only
difference being the temperature value, which is of
exactly 200°C, rather than 225°C, as in Example 1. |
| The resulting product displtays the following
characteristics:

* Penetration at 25°C: 107 dmm;
* Ring~-ball softening point: 1130C

After 1 day of storage at 170°C, the difference
between the softening points of the top portion and of

the bottom portion is of 41.5°C.




_—

RN I!lf

CLAIMS

1.

Process for stabilizing blends of bitumen and
thermoplastic polymer, characterized in that the above
said blends are caused to react in an inert environment
at a temperature comprised within the range of from 210
to 240°C,and during a time of from 1 to 4 hours, with
a vinyl aromatic compound, with bitumen being selected
from those having such contents of resins, asphaltenes,.
aromatics and saturated species, as to comply with the

condition Z>5, with "Z" being defined by the expression
Z = K, a/b + Kec - K@

wherein "a" represents the percent content, by weight,
of resins fraction, “b; the percent content, by weight,
of asphaltenic fraction, "c" the percent content, by
weight, of aromatic fraction, "d" the percent content,
by weight, of the saturated fraction; K; = 0.961; K, =
0.087; K, = 0.055. '

Process according to claim 1, characterized in that
said vinyl aromatic compound is selected from styrene,
alpha-methyl styrene, divinyl benzene, vinylnaphthalene
and their alkyl derivatives.

Process according tg claim 2, characterized in that
said vinyl aromatic compound is selected from styrene
and alphafmethyl styrene.

Process according to claim 1, in which the content of
thermoplastic is comprised within the range of from 1
to 15%, by weight, relatively to bitumén.

Process according to claim 1, in which the - -
REPLACEMENTSHEBT\
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8.

(a)

(b}

(c)

(a)

WA

thermoplastic polymer is a radial copolymer containing
polystyrene and polybutadiene blocks.

Process according to claim 1, in which the amount of
vinyl aromatic compound is cémprised within the range
of from 0.1 to 0.4 mol per 100 g of thermoplastic
.polymer.

Process according to claim 6, in which the amount of
vinyl aromatic compound is comprised within the range
of from 0.15 to 0.3 mol per 100g of thermoplastic
polymer. |

Process according to claim 1 for stabilizing blends of
bitumen having Z>5 and thermoplastic polymer, which
comprises:

blending, under an inert atmosphere, bitumen and
thermoplastic polymer at a temperature comprised within
the range of from 210 to 240°C;

adding a vinyl-aromatic compound to the mixture
obtained from above (a) step, still at a temperature
comprised within the range of from 210 to 240°C;
keeping the resulting blend at that temperature for a

total time, including (a) and (b) steps, comprised

- within the range of from 1 to 4 hours.

Process according to claim 1, for stabilizing blends
of bitumen having Z>5 and thermoplastic polymer, which
comprises:

heating a blend of the above said bitumen and a

polymer, containing from 5 to 20% by weight of

thermoplastic polymer, with a vinyl aromatic compound

at a temperature comprised within the REPLACEMENT SHEET
| g 0 AUG 1996
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range of from 210 to 240°C, during a time comprised
within the range of from 1 to 4 hours,

-(b) diluting the resulting blend with fresh bitumen in order
to produce a stabilized bitumen-polymer blend containing

from 1 to 15%.0f thermoplastic polymer.
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"PROCESS FOR STABILIZING BITUMEN-POLYMER BLENDS"

~ Process for stabilizing blen&s of bitumen and
thermoplastic polymer, which consists in treating the
above said mixtures in an inert environment .at a
temperature combrised within the range of from 210 to
240°C, and during a time of from 1 to 4 hours, with a
vinylL aromatic compound, with bitumen being selected
from those having such contents of resins,
asphaltenes, aromatics and saturated species, as to
comply with the condition Z>5, with ugn being defined
by the expression:

Z = Ki1a/b + K2¢ - Kad

wherein "a" represents the percent content, by weight,

of resins fraction, "b" the percent content, by

(1]

weight, of asphaltenic fraction, ¢ the percent
content, by ueight, of aromatic fraction, "d" the
percent content, by weight, of saturated fraction; Ki

= 0.961; K2 = 0.087; K3 = 0.055.




