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(57) ABSTRACT

A process for preparing graft polymers from a polymer is
based on conjugated diene units and a graft which is a thiol
derivative. The process has an absence of solvent and any
radical initiator. The graft polymer can be advantageously be
used as additive for a bitumen/polymer composition and in
particular permits thermoreversible cross-linking.
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PROCESS FOR PREPARING GRAFT
POLYMERS WITHOUT INITIATOR AND
WITHOUT SOLVENT AND
BITUMEN/POLYMER COMPOSITIONS
COMPRISING SAID GRAFT POLYMERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a National Phase Entry of Inter-
national Application No. PCT/IB2011/053060, filed on Jul. 8,
2011, which claims priority to French Patent Application
Serial No. 1055674, filed on Jul. 12, 2010, both of which are
incorporated by reference herein.

TECHNICAL FIELD

[0002] The present invention relates to the field of bitu-
mens, in particular to the field of bitumen/polymer composi-
tions. The present invention relates to a process for preparing
graft polymers in the absence of solvent and in the absence of
external radical initiator and relates to the graft polymers that
can be obtained by said process. Said graft polymers are
particularly advantageous and can be used in the field of
bitumens, and in particular in the field of bitumen/polymer
compositions.

[0003] The invention also relates to bitumen/polymer com-
positions comprising bitumen and said graft polymers and the
process of preparation thereof. The invention relates finally to
the use of said graft polymers for preparing bitumen/polymer
compositions, said bitumen/polymer compositions being
cross-linked, preferably thermoreversibly.

BACKGROUND

[0004] In PCT applications WO200930840 and
W0200930841, Applicant’s Company described graft poly-
mers obtained from reaction between polymers, in particular
between thiol derivatives and copolymers based on conju-
gated diene units and aromatic monovinyl hydrocarbon units.
The grafting reaction of the thiol derivatives on the polymers
is described on page 13 lines 26 to 29 in the case of application
W0200930840 and on page 13 lines 7 to 10 in the case of
application WO200930841. The grafting reaction takes place
in a reactor, under a nitrogen atmosphere, in the presence of a
solvent such as toluene, at a temperature of 90° C., with
stirring, for a duration of 3 to 4 hours, in the presence of a
polymer, a thiol derivative that performs the role of graft and
a radical initiator such as azobisisobutyronitrile (AIBN).

SUMMARY

[0005] Continuing its research, Applicant’s company real-
ized that the process for preparing graft polymers using thiol
derivatives could be simplified and even improved. Thus,
Applicant’s company realized that the grafting reaction
between a polymer based on conjugated diene units, in par-
ticular a copolymer based on conjugated diene units and
aromatic monovinyl hydrocarbon units, such as a copolymer
of styrene and butadiene, and a thiol derivative, in particular
a paraffinic thiol derivative could take place in the absence of
any solvent and in the absence of any external radical initiator,
whether photochemical, thermal and/or redox, which greatly
simplifies the implementation of the process for preparing
graft polymers, and consequently the implementation of the
process for preparing bitumen/polymer compositions com-
prising said graft polymers. This novel process of preparation
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is therefore easier to implement and does not require the use
of flammable solvents, such as toluene, or of explosive prod-
ucts such as AIBN. Moreover, this novel process of prepara-
tion makes it possible to obtain grafting yields that are as high
as, or even higher than those obtained during grafting in the
presence of solvent and radical initiator. The process accord-
ing to the invention makes it possible to obtain graft polymers
that can be used in the field of bitumens, and in particular in
the field of bitumen/polymer compositions.
[0006] The bitumen/polymer compositions comprising
said graft polymers have good mechanical and elastic prop-
erties. The graft polymers make it possible to cross-link the
bitumen/polymer compositions, and moreover thermorevers-
ibly. The bitumen/polymer compositions according to the
invention have a low viscosity, which makes it possible to
handle them at lower temperatures and makes it possible to
lower the temperatures of manufacture of coated products
made from said bitumen/polymer compositions. The novel
process for preparing bitumen/polymer compositions is also
easier to implement, since the preparation of the graft poly-
mers, the first step of the process for preparing bitumen/
polymer compositions, is simplified.

[0007] A subject of the invention is a process for preparing

graft polymers in the absence of solvent and of a source of

radicals comprising the following steps:

[0008] (i) a thiol derivative is brought into contact with a
polymer based on conjugated diene units at a temperature
comprised between 20° C. and 120° C., for a duration of 10
minutes to 24 hours, then

[0009] (ii) the mixture is heated at a temperature comprised
between 80° C. and 200° C. for a duration of 10 minutes to
48 hours.

[0010] Preferably, the temperature of step (i) is comprised
between 30° C. and 110° C., preferably between 40° C. and
100° C., more preferably between 50° C. and 90° C., and even
more preferably between 60° C. and 80° C. Preferably, the
duration of step (i) is comprised between 30 minutes and 12
hours, preferably between 1 hour and 10 hours, more prefer-
ably between 2 hours and 8 hours, and even more preferably
between 4 hours and 6 hours. Preferably, the temperature of
step (i1) is comprised between 100° C. and 160° C., preferably
between 120° C. and 140° C.
[0011] Preferably, the duration of step (ii) is comprised
between 30 minutes and 24 hours, preferably between 1 hour
and 12 hours, more preferably between 2 hours and 10 hours,
and even more preferably between 4 hours and 8 hours. Pref-
erably, a subsequent purification step is implemented. Pref-
erably, steps (i) and/or (ii) are carried out with stirring.

[0012] Preferably, the thiol derivative has the general for-

mula C,H,,,,—SH with n an integer comprised between 12

and 110, preferably between 18 and 90, more preferably

between 22 and 80, and even more preferably between 40 and

70. Preferably, the polymer is a copolymer based on conju-

gated diene units and aromatic monovinyl hydrocarbon units.

Preferably, the conjugated diene is chosen from butadiene,

2-methyl-1,3-butadiene (isoprene), 2,3-dimethyl-1,3-butadi-

ene, 1,3-pentadiene and 1,2-hexadiene, chloroprene, car-
boxylated butadiene, carboxylated isoprene, and mixtures
thereof, in particular butadiene.

[0013] Preferably, the polymer based on conjugated diene

units has a content of units with 1,2 double bonds originating

from the conjugated diene between 5 and 50 wt. %, relative to
the total weight of the conjugated diene units, preferably
between 10% and 40%, more preferably between 15% and
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30%, even more preferably between 20% and 25%, and even
more preferably between 18% and 23%. Preferably, the molar
ratio of the quantity of thiol derivative to the quantity of units
with 1,2 double bonds originating from the conjugated diene
is comprised between 0.01 and 5, preferably between 0.05
and 4, more preferably between 0.1 and 2, even more prefer-
ably between 0.5 and 1.5, and even more preferably between
0.8 and 1. Preferably, the aromatic monovinyl hydrocarbon is
chosen from styrene, o-methylstyrene, p-methylstyrene,
p-tert-butylstyrene, 2,3-dimethylstyrene, a-methyl-styrene,
vinyl naphthalene, vinyl toluene, vinyl xylene and mixtures
thereof, in particular styrene.

[0014] The invention also relates to a graft polymer that can
be obtained by the process as defined above. Preferably, the
graft polymer has a polydispersity index comprised between
1 and 4, preferably between 1.1 and 3, more preferably
between 1.2 and 2, and even more preferably between 1.5 and
1.7. The invention also relates to a bitumen/polymer compo-
sition comprising at least one bitumen and at least one graft
polymer that can be obtained by the process as defined here
above. Preferably, the bitumen/polymer composition com-
prises from 0.1 to 30 wt. % of graft polymer relative to the
weight of the bitumen/polymer composition, preferably
between 0.5% and 20%, more preferably between 1% and
10%, and even more preferably between 2% and 5%.

[0015] The invention also relates to a process for preparing
abitumen/polymer composition in which at least one bitumen
and at least one graft polymer that can be obtained by the
process as defined above are mixed at a temperature com-
prised between 100° C. and 200° C., preferably between 120°
C.and 180° C., more preferably between 140° C.and 160° C.,
until a final cross-linked bitumen/polymer composition is
obtained. The invention also relates to the use of at least one
graft polymer that can be obtained by the process as defined
above for preparing a bitumen/cross-linked polymer compo-
sition, preferably thermoreversibly. The invention also relates
to a bituminous coated material comprising granules and a
bitumen/polymer composition as defined above.

DETAILED DESCRIPTION

[0016] The process according to the invention uses at least
one polymer. This polymer is a polymer based on conjugated
diene units, preferably a copolymer based on conjugated
diene units and aromatic monovinyl hydrocarbon units. The
conjugated diene is chosen from those comprising from 4 to
8 carbon atoms, such as 1,3-butadiene (butadiene), 2-methyl-
1,3-butadiene (isoprene), 2,3-dimethyl-1,3-butadiene, 1,3-
pentadiene, 1,2-hexadiene, chloroprene, carboxylated buta-
diene and/or carboxylated isoprene. The conjugated diene is
preferably butadiene. The polymer can for example be a
polybutadiene. The aromatic monovinyl hydrocarbon is cho-
sen from styrene, o-methylstyrene, p-methylstyrene, p-tert-
butylstyrene, 2,3-dimethylstyrene, a-methylstyrene, vinyl
naphthalene, vinyl toluene and/or vinyl xylene. Preferably,
the monovinyl hydrocarbon is styrene. The polymer can for
example be a copolymer of styrene and butadiene.

[0017] Preferably, the polymer according to the invention
consists of one or more copolymers chosen from copolymers
of aromatic monovinyl hydrocarbon and conjugated diene, in
particular of styrene and butadiene. These copolymers of
aromatic monovinyl hydrocarbon and conjugated diene, in
particular of styrene and butadiene, can be linear and/or star,
in diblock, triblock and/or multibranched form. These
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copolymers of aromatic monovinyl hydrocarbon and conju-
gated diene, in particular of styrene and butadiene, optionally
comprise a random hinge.

[0018] Preferably the polymer is a diblock or triblock
copolymer of aromatic monovinyl hydrocarbon and conju-
gated diene, in particular a diblock or triblock copolymer of
styrene and butadiene. The copolymer of aromatic monovinyl
hydrocarbon and conjugated diene, in particular of styrene
and butadiene, advantageously has a content by weight of
aromatic monovinyl hydrocarbon, in particular of styrene in
the range from 5 to 50 wt. %, relative to the weight of copoly-
mer, preferably from 20 to 40%. The copolymer of aromatic
monovinyl hydrocarbon and conjugated diene, in particular
of styrene and butadiene, advantageously has a content by
weight of conjugated diene, in particular of butadiene in the
range from 50 to 95 wt. %, relative to the weight of the
copolymer, preferably from 60% to 80%. It is on these con-
jugated diene units that the thiol derivative will react. Among
these conjugated diene units, a distinction is made between
units with 1,4 double bonds originating from the conjugated
diene and units with 1,2 double bonds derived from the con-
jugated diene.

[0019] By “units with 1,4 double bonds originating from
the conjugated diene” is meant the units obtained via a 1,4
addition during polymerization of the conjugated diene. By
“units with 1,2 double bonds derived from the conjugated
diene” is meant the units obtained via a 1,2 addition during
polymerization of the conjugated diene. The result of this 1,2
addition is a so-called “pendant” vinylic double bond. Itis on
these 1,4 units originating from the conjugated diene and/or
1,2 originating from the conjugated diene that the thiol
derivative will react. In particular, the pendant vinylic double
bonds are particularly reactive and the grafting reaction takes
place preferentially on these pendant vinylic double bonds.
[0020] Preferably, the copolymer of aromatic monovinyl
hydrocarbon and conjugated diene, in particular of styrene
and butadiene, has a content of units with 1,2 double bonds
derived from the conjugated diene, in particular derived from
butadiene, between 5 and 50 wt. %, relative to the total weight
of'the conjugated diene units, in particular butadiene, prefer-
ably between 10% and 40%, more preferably between 15%
and 30%, even more preferably between 20% and 25%, and
even more preferably between 18% and 23%. The polymer
according to the invention, in particular the copolymer of
aromatic monovinyl hydrocarbon and conjugated diene, in
particular of styrene and butadiene, has an average molecular
weight M,, between 10,000 and 500,000 dalton, preferably
between 50,000 and 200,000, more preferably between
80,000 and 150,000, and even more preferably between 100,
000 and 130,000, and even more preferably between 110,000
and 120,000. The molecular weight of the copolymer is mea-
sured by gel permeation chromatography GPC with a poly-
styrene standard according to standard ASTM D3536.
[0021] The process according to the invention uses at least
one graft which is a thiol derivative. This graft or thiol deriva-
tive comprises at least one saturated, linear or branched
hydrocarbon chain, with at least 12 carbon atoms, preferably
with at least 18 carbon atoms, more preferably with at least 22
carbon atoms, even more preferably with at least 30 carbon
atoms, and even more preferably with at least 40 carbon
atoms. More particularly, the thiol derivative or graft com-
prises at least one saturated, linear or branched hydrocarbon
chain, with 12 to 110 carbon atoms, preferably 18 to 90, more
preferably 22 to 80, and even more preferably 40 to 70. More
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particularly, the thiol derivative or graft has as its general
formula the following formula (I): C, H,,,,,—SH, where n is
an integer comprised between 12 and 110, preferably
between 18 and 90, more preferably between 22 and 80, and
even more preferably between 40 and 70. The preferred thiol
derivatives or grafts include the thiols: C, H,,—SH,
C,oHg,—SH, CoH,,,—SH and C,,H,s,—SH, with a dis-
tribution centred around these values. The commercially
available thiol C, H,,—SH is preferred.

[0022] The process according to the invention is character-
ized by a reaction between the polymer described above and
the graft described above, moreover in the absence of any
solvent and any external radical initiator, contrary to what has
been described in the prior art. The polymer and graft are
capable of reacting together to form a graft polymer—it is not
necessary to add solvent and/or radical initiator.

[0023] The process according to the invention is character-
ized by two successive reaction steps. The first step comprises
pre-mixing the polymer and graft, which permits the polymer
and graft to be homogenized under mild conditions. The
second step comprises the grafting reaction proper, i.e. reac-
tion between the polymer and the graft to form the graft
polymer under somewhat harsher conditions, which will lead
to the grafting of the thiol derivative onto the conjugated
diene units of the polymer.

[0024] The first step of the process takes place at a tempera-
ture comprised between 20° C. and 120° C., preferably
between 30° C. and 110° C., more preferably between 40° C.
and 100° C., even more preferably between 50° C. and 90° C.,
and even more preferably between 60° C. and 80° C. The
grafts used in this process melt at the temperatures mentioned
above and thus permit swelling of the polymer. As the grafts
are liquid at the temperatures mentioned above, they behave
as a solvent for the polymer, which means that addition of an
additional solvent is therefore unnecessary for homogenizing
the polymer/graft mixture. If the thiol derivative (or graft) has
a melting point higher than the temperatures mentioned
above, the graft is not completely liquid and cannot swell the
polymer completely. Homogenization of the graft/polymer
mixture is then carried out for example using a mixer or an
extruder, or any other equipment for mixing reactants that are
in solid and/or powder form.

[0025] Optionally, swelling and solubilization of the reac-
tants, i.e. of the polymer and of the graft, can also be promoted
by adding organic solvent to the polymer and to the graft, said
solvent then being evaporated completely before the second
step of grafting. Toluene or any other usual organic solvent
such as xylene, chloroform, dichloromethane, or light
alkanes such as hexane, heptane, octane, etc., are preferably
used.

[0026] Preferably, the quantity of organic solvent is such
that the concentration of polymer by weight is comprised
between 2 and 70 wt. %, preferably between 4 and 50%, more
preferably between 5 and 30%, and even more preferably
between 8 and 20% in said solvent. This solvent is then
evaporated. The polymer/graft mixture will comprise a maxi-
mum quantity of solvent of 10 wt. % relative to the weight of
the polymer/graft mixture, preferably 5%, more preferably
3%, and even more preferably 1%.

[0027] An inert atmosphere can also optionally be used for
this first step of the process, such as an inert atmosphere of
nitrogen or of argon. The first step of the process can be
carried out with or without mechanical stirring. The homog-
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enization of the polymer/graft mixture can be improved by
using any type of mechanical stirring.

[0028] The duration of the first reaction step is comprised
between 10 minutes and 24 hours, preferably between 30
minutes and 12 hours, more preferably between 1 hourand 10
hours, even more preferably between 2 hours and 8 hours, and
even more preferably between 4 hours and 6 hours. The
duration of this pre-mixing depends on the efficiency of the
homogenization system used, whether it is for example a
reactor equipped with a mechanical stirrer, a mixer or a
simple reactor without stirring. The duration will thus be
greater when no stirring is present and less in the case of a
mixer.

[0029] The weight ratio of the quantity of graft to the quan-
tity of polymer is comprised between 0.01 and 5, preferably
between 0.05 and 4, more preferably between 0.1 and 2, even
more preferably between 0.5 and 1.5, and even more prefer-
ably between 0.8 and 1. The molar ratio of the quantity of
graft to the quantity of 1,2 units originating from the conju-
gated diene is comprised between 0.01 and 5, preferably
between 0.05 and 4, more preferably between 0.1 and 2, even
more preferably between 0.5 and 1.5, and even more prefer-
ably between 0.8 and 1.

[0030] The temperature of the second step of the process is
comprised between 80° C. and 200° C., preferably between
100° C. and 160° C., and more preferably between 120° C.
and 140° C. This second step of grafting does not require the
use of a radical initiator. Grafting takes place even without the
use of a radical initiator, and moreover while limiting the
undesirable secondary reactions of chain coupling and cleav-
age. An inert atmosphere can also optionally be used for this
second step of the process, such as an inert atmosphere of
nitrogen, or of argon. The second step of the process can be
carried out with or without mechanical stirring. Grafting can
be improved by using any type of mechanical stirring.
[0031] The duration of the second reaction step is com-
prised between 10 minutes and 48 hours, preferably between
30 minutes and 24 hours, more preferably between 1 hour and
12 hours, even more preferably between 2 hours and 10 hours,
and even more preferably between 4 hours and 8 hours. The
duration of grafting depends on the efficiency of the homog-
enization system used, whether it is for example a reactor
equipped with a mechanical stirrer, a mixer or a simple reac-
tor without stirring. The duration will thus be greater when no
stirring is present, and less in the case of a mixer.

[0032] At the end of this second step of the grafting reac-
tion, the graft polymer obtained can optionally be purified by
the usual purification techniques, but this purification stage is
not essential, since the process according to the invention
makes it possible to limit the quantity of unreacted graft.
Once the two reaction steps are completed, the graft polymer
can be purified for example by precipitation in a solvent such
as methanol. An antioxidant such as 2,6-di-tert-butyl-4-me-
thylphenol can optionally be added to the graft polymer
obtained. This antioxidant can be added with a solvent such as
toluene, and said solvent is then evaporated.

[0033] This novel process of preparation supplies graft
polymers of higher purity, which can thus be used as they are,
without further purification. This novel process of prepara-
tion supplies graft polymers that have a lower polydispersity
index, a narrower distribution of molecular weights, and less
chain cleavage and/or chain branching. The graft polymer
obtained according to the process described above has a poly-
dispersity index [=Mw/Mn less than that of a graft polymer
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obtained according to the process described in the prior art
using a radical initiator and solvent. The graft polymer
obtained according to the process described above has a poly-
dispersity index comprised between 1 and 4, preferably
between 1.1 and 3, more preferably between 1.2 and 2, and
even more preferably between 1.5 and 1.7. The graft polymer
according to the invention can easily be differentiated from a
graft polymer obtained in solution, in particular by gel per-
meation chromatography (GPC).

[0034] The proportion of a compound relative to all of the
repeat units, for example styrene and butadiene in a copoly-
mer such as a copolymer of styrene and butadiene, is defined
by mol. %. The proportion of a compound relative to the total
weight of graft copolymer is defined by wt. %. The grafting
yield is defined as the quantity of thiol derivative grafted
relative to the quantity of thiol derivative introduced. The
yields of the grafting process are comprised between 10% and
99%, preferably between 20% and 90%, more preferably
between 30% and 80%, even more preferably between 40%
and 70%, and even more preferably between 50% and 60%.

[0035] The bitumen which can be used according to the
invention can be a bitumen originating from different sources.
The bitumen which can be used according to the invention can
be chosen from bitumens of natural origin, such as those
contained in deposits of natural bitumen, of natural asphalt or
bituminous sands. The bitumen which can be used according
to the invention can also be a bitumen or a mixture of bitu-
mens originating from the refining of crude oil, such as bitu-
mens from direct distillation or bitumens from distillation at
reduced pressure or blown or semi-blown bitumens, residues
from propane deasphalting or pentane deasphalting, vis-
breaking residues, these various cuts being able to be used
alone or mixed. The bitumens used can also be bitumens
fluxed by adding volatile solvents, fluxes originating from oil,
carbochemical fluxes and/or fluxes of vegetable origin. It is
also possible to use synthetic bitumens, also called clear
bitumens, bitumens that can be pigmented or bitumens that
can be coloured. The bitumen can be a bitumen of naphthenic
or paraffinic origin, or a mixture of these two bitumens.

[0036] The bitumen/polymer compositions comprise from
0.1 to 30 wt. %, relative to the weight of the bitumen/polymer
composition, of graft polymer, preferably from 0.5 to 20%,
more preferably from 1 to 10%, and even more preferably
from 2 to 5%. The other polymers optionally present in the
bitumen/polymer compositions are polymers which can be
used in a standard fashion in the field of bitumen/polymer
compositions, such as for example the triblock copolymers of
an aromatic monovinyl hydrocarbon block and a conjugated
diene block such as the styrene/butadiene/styrene SBS tri-
block copolymers, the multibranched copolymers of aro-
matic monovinyl hydrocarbon blocks and a conjugated diene
block, such as the styrene/butadiene (SB)nX multibranched
block copolymers, copolymers of an aromatic monovinyl
hydrocarbon block and a “random” conjugated diene block
such as the styrene/butadiene rubber SBR copolymers, polyb-
utadienes, polyisoprenes, powdered rubber originating from
tyre recycling, butyl rubbers, polyacrylates, polymethacry-
lates, polychloroprenes, polynorbornenes, polybutenes,
polyisobutenes, polyolefins such as polyethylenes, polypro-
pylenes, copolymers of ethylene and vinyl acetate, copoly-
mers of ethylene and methyl acrylate, copolymers of ethylene
and butyl acrylate, copolymers of ethylene and maleic anhy-
dride, copolymers of ethylene and glycidyl methacrylate,
copolymers of ethylene and glycidyl acrylate, copolymers of
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ethylene and propylene, ethylene/propylene/diene (EPDM)
terpolymers, acrylonitrile/butadiene/styrene (ABS) terpoly-
mers, ethylene/alkyl acrylate or methacrylate/glycidyl acry-
late or methacrylate terpolymers and in particular ethylene/
methyl acrylate/glycidyl methacrylate terpolymers and
ethylene/alkyl acrylate or methacrylate/maleic anhydride ter-
polymers and in particular ethylene/butyl acrylate/maleic
anhydride terpolymers.

[0037] In addition to bitumen and graft polymers, other
optional ingredients commonly used in bitumens can be
present. These ingredients can be waxes, such as polyethyl-
ene waxes, Fischer-Tropsch waxes, resins, oils of petroleum
and/or vegetable origin, adhesiveness dopes and/or acids such
as polyphosphoric acid and derivatives thereof.

[0038] The bitumen/polymer compositions are prepared by
mixing the graft polymer and the bitumen. Mixing takes place
at a temperature comprised between 100 and 200° C., pref-
erably between 120° C. and 180° C., more preferably between
140° C. and 160° C., for a duration of 30 minutes to 4 hours,
preferably 1 hour to 2 hours, optionally with stirring. This
process for preparing bitumen/polymer compositions is very
easy to implement since the graft polymer is obtained by
means of the two reaction steps described above, without
external initiator and without solvent, then the graft polymer
is added to the bitumen. The process for preparing bitumen/
polymer compositions is characterized by the two steps (i)
and (ii) described below, optionally followed by purification
of the graft polymer, then mixing with the bitumen at the
temperatures and for the durations stated above.

[0039] The graft polymers obtained according to the pro-
cess described above can be used in the field of bitumens, in
roadmaking and/or in industry. The graft polymers make it
possible to formulate bituminous compositions and in par-
ticular bitumen/polymer compositions that are cross-linked,
preferably thermoreversibly. The cross-linking of the bitu-
men/polymer compositions comprising said graft polymers
can be demonstrated by submitting these bitumen/polymer
compositions to tensile testing according to standard NF EN
13587. The cross-linked bitumen/polymer compositions have
higher tensile strength than the non-cross-linked bitumen/
polymer compositions.

[0040] A higher tensile strength is reflected in a high elon-
gation at break or maximum elongation (¢ max in %), a high
breaking stress or stress at maximum elongation (0emax in
MPa), a high conventional energy at 400% (E 400% in J/cm?)
and/or a high total energy (E total in J). The cross-linked
bitumen/polymer compositions have a maximum elongation,
according to standard NF EN 13587, greater than or equal to
400%, preferably greater than or equal to 500%, more pref-
erably greater than or equal to 600%, and even more prefer-
ably greater than or equal to 700%. The cross-linked bitumen/
polymer compositions have a stress at maximum elongation,
according to standard NF EN 13587, greater than or equal to
0.2 MPa, preferably greater than or equal to 0.4 MPa, more
preferably greater than or equal to 0.6 MPa, and even more
preferably greater than or equal to 1 MPa.

[0041] The cross-linked bitumen/polymer compositions
have a conventional energy at 400%, according to standard
NF EN 13587, greater than or equal to 3 J/cm?, preferably
greater than or equal to 5 J/cm?, more preferably greater than
or equal to 10 J/em?, and even more preferably greater than or
equal to 15 J/cm?. The cross-linked bitumen/polymer com-
positions have a total energy, according to standard NF EN
13587, greater than or equal to 1 J, preferably greater than or
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equal to 2 J, more preferably greater than or equal to 4 J, and
even more preferably greater than or equal to 5 .

[0042] Applicant’s company realized that cross-linked
bitumen/polymer compositions could be obtained using the
graft polymers obtained by said process. This effect is par-
ticularly pronounced when the graft polymer is synthesized
from a copolymer based on conjugated diene units and aro-
matic monovinyl hydrocarbon units that has a content of units
with 1,2 double bonds originating from the conjugated diene
greater than or equal to 5 wt. %, relative to the total weight of
the conjugated diene units, preferably between 5 and 50 wt.
%, more preferably between 10% and 40%, even more pref-
erably between 15% and 30%, even more preferably between
20% and 25%, and even more preferably between 18% and
23%. Moreover, the bitumen/polymer compositions are
cross-linked thermoreversibly, which is reflected in lower
viscosities for the bitumen/polymer compositions according
to the invention.

[0043] The bitumen/polymer compositions comprising the
graft polymers can be intended for the manufacture of coated
materials, of surface coatings (roadmaking applications) or
membranes, sealing coats (industrial applications). The bitu-
minous coated material comprises from 1 to 10 wt. % of
bitumen/polymer composition, relative to the total weight of
the coated material, preferably from 4 to 8 wt. %. The use of
graft polymers in bitumen/polymer compositions, during
manufacture of a coated material, makes it possible to lower
the temperatures of manufacture or coating, of spreading and
of compacting relative to the temperatures normally used, on
account of thermoreversible cross-linking.

EXAMPLES

[0044] Graft polymers and bitumen/polymer compositions
are prepared from:

[0045] bitumen of penetrability equal to 53 %o mm
according to standard EN 1426,

[0046] styrene/butadiene diblock copolymer SB, with
random hinge having a molecular weight M,, equal to
120,000 g'mol~!, a molecular weight M,, equal to 115,
000 g'mol~", a percentage by weight of styrene of 23%,
relative to the weight ofthe copolymer, including 18% in
the form of block and a percentage by weight of butadi-
ene of 77%, relative to the weight of the copolymer, the
percentage by weight of units with 1,2 double bonds
derived from the butadiene being 7% relative to the
percentage by weight of butadiene,

[0047] styrene/butadiene diblock copolymer SB, with
random hinge having a molecular weight M, equal to
130,000 g-mol™, a molecular weight M,, equal to 125,
000 g'mol~!, a percentage by weight of styrene, relative
to the weight of the copolymer, 0 30% including 19% in
the form of block and a percentage by weight of butadi-
ene of 70%, relative to the weight of the copolymer, the
quantity of units with 1,2 double bonds derived from
butadiene being 15% relative to the percentage by
weight of butadiene, thiol derivative of formula
C,gH;,—SH.

[0048] Graft polymer PG, (Control)

[0049] 100 ml of toluene is introduced into a 250-ml three-
necked flask equipped with a condenser and a nitrogen sup-
ply, and the solvent is degassed for 30 minutes while bubbling
with nitrogen. Then 4 g of copolymer SB, (5.19x1072 mol of
butadiene including 1.10x1072 mol of 1,2 butadiene) is intro-
duced and left to dissolve with magnetic stirring at 400 rpm
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for 1 hour. Then 3.17 g of thiol derivative (1.10x10~> mol) and
then 18.1 mg (1.10x10 mol) of radical initiator azobisisobu-
tyronitrile (AIBN) are introduced. The solution is heated at
90° C., still under an inert atmosphere, for 3.5 hours. At the
end of the reaction, the heating is stopped by removing the
flask from the oil bath and the nitrogen and left to cool down
to ambient temperature, after adding 4 mg of BHT (2,6-di-
tert-butyl-4-methylphenol) to the reaction mixture.

[0050] Graft Polymer PG, (Control)

[0051] The same procedure is followed as for the graft
polymer PG, carrying out a subsequent purification step. 100
ml of solution is precipitated from 800 ml of methanol. The
precipitate is recovered by filtration and redissolved in 25 ml
of'toluene for carrying out the addition of antioxidant (4 mg of
BHT). Then the solution is poured into a Teflon mould and
left to evaporate under a hood for 48 hours.

[0052] Graft Polymer PG5 (According to the Invention)
[0053] 15.8 g of thiol derivative (5.52x107> mol) and 20 g
of copolymer SB, (2.59x107! mol of butadiene including
5.52x1072 mol of 1,2 butadiene) are introduced into a 250-ml
reactor equipped with a mechanical stirrer, a nitrogen inlet
and a nitrogen outlet. The mixture is stirred at 50 rpm for 4
hours at 40° C. under an inert atmosphere. The temperature is
increased to 100° C. The mixture is stirred at 50 rpm for 24
hours under an inert atmosphere. The stirring is stopped and
the mixture cooled down to ambient temperature under an
inert atmosphere. Toluene is added to the reactor so as to
obtain a solution at 4 wt. % and the antioxidant BHT is
introduced at Yiooo wt. % relative to the copolymer. The
solution is poured into a Teflon mould, then the solvent is left
to evaporate at ambient temperature.

[0054] Graft Polymer PG, (According to the Invention)
[0055] The same procedure is followed as for the graft
polymer PGj, carrying out a subsequent purification step.
Once the two reaction steps have been carried out, the stirring
is stopped and the mixture cooled down to ambient tempera-
ture under an inert atmosphere. 100 ml of solution is precipi-
tated from 800 ml of methanol. The graft copolymer is recov-
ered and dried for 1 hour at ambient temperature. The
copolymer is dissolved in toluene and then BHT is added.
Pour the solution into a Teflon mould, then leave the solvent
to evaporate at ambient temperature.

[0056] The results are presented in Table 1 below.
TABLE 1

Copolymer SB; PG, PG, PG, PG,

M,, (kg/mol) 125 165 140 85 87

M,, (kg/mol) 130 320 320 130 140

I=MM, 1.04 1.94 2.28 1.53 1.61

mol. % C18 — — 6.8 — 123

wt. % C18 — — 23.6 — 359

Grafting yield — — 39.0 — 71.0

[0057] It is noted that the grafting yield is higher when the

process according to the invention is used, rather than the
solution process of the prior art. It is also noted that the
polydispersity indices of the graft polymers vary much more
when the graft polymers are synthesized in solution, as is the
case in the prior art. The polydispersity indices of the graft
polymers synthesized by the process according to the inven-
tion without solvent and without radical initiator are lower
than those of the graft polymers synthesized in solution.

[0058] The process according to the invention therefore has
the advantage of being simpler to implement and of giving
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higher yields. Moreover, it supplies graft polymers with lower
polydispersity. Bitumen/polymer compositions are then pre-
pared from the graft polymers obtained above and the bitu-
men described above.

[0059] Control Bitumen/Polymer Composition T,

[0060] A control bitumen/polymer composition T, is pre-
pared, in which the bitumen/polymer composition is cross-
linked with sulphur (vulcanization). 94.87 wt. % of bitumen
and 5 wt. % of copolymer SB, are introduced into a reactor
maintained at 185° C. and with stirring at 300 rpm. The
reactor contents are then maintained at 185° C. with stirring at
300 rpm for 4 hours. Then 0.13 wt. % of flowers of sulphur,
relative to the weight of the bitumen/polymer composition, is
introduced into the reactor. The reactor contents are main-
tained at 185° C. with stirring at 300 rpm for 2 hours.
[0061] Control Bitumen/Polymer Composition T,

[0062] A control bitumen/polymer composition T, is pre-
pared in which the bitumen/polymer composition is cross-
linked using a control graft polymer PG, obtained in solution.
93.17 wt. % of bitumen and 6.83 wt. % of graft polymer PG,
are introduced into a reactor maintained at 185° C. and with
stirring at 300 rpm. The reactor contents are then maintained
at 185° C. with stirring at 300 rpm for 4 hours.

[0063] Control Bitumen/Polymer Composition T,

[0064] A control bitumen/polymer composition T, is pre-
pared in which the bitumen/polymer composition is cross-
linked using a control graft polymer PG, obtained in solution.
95 wt. % of bitumen and 5 wt. % of graft polymer PG, are
introduced into a reactor maintained at 185° C. and with
stirring at 300 rpm. The reactor contents are then maintained
at 185° C. with stirring at 300 rpm for 4 hours.

[0065] Bitumen/Polymer Composition According to the
Invention C;
[0066] A bitumen/polymer composition according to the

invention C, is prepared in which the bitumen/polymer com-
position is cross-linked using a graft polymer according to the
invention PG;. 94.23 wt. % of bitumen and 5.73 wt. % of graft
polymer PG; are introduced into a reactor maintained at 185°
C. and with stirring at 300 rpm. The reactor contents are then
maintained at 185° C. with stirring at 300 rpm for 4 hours.

[0067] Bitumen/Polymer Composition According to the
Invention C,
[0068] A bitumen/polymer composition according to the

invention C, is prepared in which the bitumen/polymer com-
position is cross-linked by means of a graft polymer accord-
ing to the invention PG,. 95 wt. % of bitumen and 5 wt. % of
graft polymer PG, are introduced into a reactor maintained at
185° C. and with stirring at 300 rpm. The reactor contents are
then maintained at 185° C. with stirring at 300 rpm for 4
hours.

[0069] The results are presented in Table 2 below.
TABLE 2

T, T, T, C, C,
P55 (1/10 mm) <V 36 73 49 59 50
RBT (°C.) @ 64.2 64.4 69.9 51.6 54.4
P® 1.0 2.9 2.8 -0.4 -0.2
o threshold (MPa) @ 1.33 1.11 1.62 1.26 1.35
o e max (MPa) @ 0.6 0.28 0.47 0.20 0.27
€ threshold (%) @ 13.6 1244  11.02 1152 1093
€ max (%) @ 700 700 700 641 700
E 400% (J/em?) P 12 820  12.13 9.19 9.92
E total (J) ¥ 245 1.42 2.24 1.64 1.80

Viscosity 80° C. (Pa.s)®  65.00  33.00  55.00 3100  27.00
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TABLE 2-continued
T, T, T, G, C,
Viscosity 100° C. (Pa.s) ® 1749  9.75 1370 8.25 9.15
Viscosity 120° C. (Pa.s) @ 4.80 2.61 3.63 2.15 2.30
Viscosity 140° C. (Pa.s) @ 1.61 0.93 1.20 0.78 0.81

Viscosity 160° C. (Pa.s) > 0.69  0.42 052 035 0.36
Viscosity 180° C. (Pa.s) @ 0.34  0.22 026  0.18 0.19
Viscosity 200° C. (Pa.s) @ 0.20 0.13 0.16 0.11 0.11

o penetrability at 25° C. denoted P»5 (1/10 mm) measured according to standard EN 1426,
@ Ring & Ball temperature denoted RBT (° C.) measured according to standard EN 1427
® Preiffer index designated [P defined by the following formula:

1952 — 500 x log(Ps) — 20 X RBT
50 xlog(P5) — RBT — 120

@ threshold stress designated o threshold (MPa), stress at maximum elongation designated
o € max (MPa), threshold elongation designated s threshold (%), maximum elongation
designated € max (%), conventional energy of clongation at 400% designated E 400%
(J/cm®), total energy designated E total (J), measured according to standard NF EN 13587,
tensile testing being carried out at 5° C. with a stretching rate of 500 mm/minute,

) viscosities at different temperatures (Pa.s) measured according to standard NF EN

13702-1.

P =

[0070] The results in this table show that the viscosities
from 80° C. to 200° C. of the bitumen/polymer compositions
according to the invention C; and C, are always lower than
those of the control composition T,. The bitumen/polymer
compositions according to the invention C; and C, are there-
fore less viscous than a bitumen/polymer composition cross-
linked with sulphur. Low viscosities at the temperatures of
use are therefore achieved with the bitumen/polymer compo-
sitions according to the invention. Reductions of the order of
20° C. are obtained by means of the bitumen/polymer com-
positions according to the invention. It will be possible for
coated materials to be manufactured at lower temperatures
from the bitumen/polymer compositions according to the
invention.

[0071] Moreover, itis noted that the elastic properties of the
bitumen/polymer compositions according to the invention
are very satisfactory and very similar to those of the control
composition T,. At the implementation temperatures, the
bitumen/polymer compositions according to the invention C;
and C, are therefore elastic (just like the control compositions
Ty, T, and T,), while displaying reduced viscosity at the
implementation temperatures relative to the control compo-
sitions T,, T, and T,, which are much more viscous.

1-20. (canceled)

21. A process for preparing graft polymers in the absence
of a solvent and of a source of radicals, the process compris-
ing:

(1) bringing a thiol derivative into contact with a polymer
based on conjugated diene units at a temperature
between 20° C. and 120° C., for a duration of 10 minutes
to 24 hours to create a mixture; and then

(i1) heating the mixture at a temperature between 80° C.
and 200° C. for a duration of 10 minutes to 48 hours.

22. The process of preparation according to claim 21,
wherein the temperature of step (1) is between 30° C. and 110°
C.

23. The process of preparation according to claim 21,
wherein the duration of step (i) is between 30 minutes and 12
hours.

24. The process of preparation according to claim 21,
wherein the temperature of step (ii) is between 100° C. and
160° C.

25. The process of preparation according to claim 21,
wherein the duration of step (ii) is between 30 minutes and 24
hours.
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26. The process of preparation according to claim 21,
wherein that a subsequent purification step is implemented.

27. The process of preparation according to claim 21,
wherein steps (i) and/or (ii) are carried out with stirring.

28. The process of preparation according to claim 21,
wherein the thiol derivative has the general formula C,H,,,,
1—SH where n is an integer comprised between 12 and 110.

29. The process of preparation according to claim 21,
wherein the polymer is a copolymer based on conjugated
diene units and aromatic monovinyl hydrocarbon units.

30. The process of preparation according to claim 21,
wherein the conjugated diene is chosen from butadiene,
2-methyl-1,3-butadiene (isoprene), 2,3-dimethyl-1,3-butadi-
ene, 1,3-pentadiene and 1,2-hexadiene, chloroprene, car-
boxylated butadiene, carboxylated isoprene, and mixtures
thereof.

31. The process of preparation according to claim 21,
wherein the polymer based on conjugated diene units has a
content of units with 1,2 double bonds originating from the
conjugated diene between 5 and 50 wt. %, relative to the total
weight of the conjugated diene units.

32. The process of preparation according to claim 21,
wherein the molar ratio of the quantity of thiol derivative to
the quantity of units with 1,2 double bonds originating from
the conjugated diene is comprised between 0.01 and 5.
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33. The process of preparation according to claim 29,
wherein the aromatic monovinyl hydrocarbon is chosen from
styrene, o-methylstyrene, p-methylstyrene, p-tert-butylsty-
rene, 2,3-dimethylstyrene, a-methylstyrene, vinyl naphtha-
lene, vinyl toluene, vinyl xylene, and mixtures thereof.

34. The process of preparation according to claim 21,
wherein the temperature of step (1) is between 40° C. and 100°
C. and the temperature of step (ii) is between 120° C. and 140°
C.

35. The graft polymer that can be obtained by the process
according to claim 21.

36. The graft polymer according to claim 35, having a
polydispersity index between 1 and 4.

37. The graft polymer according to claim 36, having a
polydispersity index comprised between 1.1 and 3.

38. A bitumen/polymer composition comprising at least
one bitumen and at least one graft polymer that can be
obtained by the process according to claim 21.

39. The bitumen/polymer composition according to claim
38, comprising from 0.1 to 30 wt. % of graft polymer relative
to the weight of the bitumen/polymer composition.

40. The bitumen/polymer composition according to claim
39, comprising from 0.5 to 20 wt. % of graft polymer relative
to the weight of the bitumen/polymer composition.

#* #* #* #* #*



