Office de la Proprieté Canadian

Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2675960 C 2015/06/30

(11)(21) 2 675 960

(12 BREVET CANADIEN
CANADIAN PATENT
13) C

(86) Date de déepot PCT/PCT Filing Date: 2008/01/18

(87) Date publication PCT/PCT Publication Date: 2008/09/12
(45) Date de délivrance/lssue Date: 2015/06/30

(85) Entree phase nationale/National Entry: 2009/07/17

(86) N° demande PCT/PCT Application No.: FR 2008/000066
(87) N° publication PCT/PCT Publication No.: 2008/107/551

(30) Priontes/Priorities: 200//01/23 (FRO7 00441);
2007/0/7/19 (FRO7 05225)

51) Cl.Int./Int.Cl. CO8L 95/00(2006.01),
CO8K 5/00(2006.01), CO8K 5/04 (2006.01),
CO8K 5/76 (2006.01), CO8K 5/36 (2006.01),
CO8K 5/49(2006.01), CO9D 195/00(2006.01),
EO1B 7718 (2006.01), £E04B 1/66 (2006.01)

(72) Inventeurs/Inventors:
LAPALU, LAURENCE, FR;
VINCENT, REGIS, FR;
BOUTEILLER, LAURENT, FR;
ISARE, BENJAMIN, FR

(73) Proprietaires/Owners:
UNIVERSITE PIERRE ET MARIE CURIE, FR;
TOTAL MARKETING SERVICES, FR

(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : COMPOSITION BITUMINEUSE AUX PROPRIETES THERMOREVERSIBLES
54) Title: BITUMINOUS COMPOSITION WITH THERMOREVERSIBLE PROPERTIES

(57) Abrégée/Abstract:

The invention relates to a bituminous composition that comprises a major portion of at least one bitumen and a minor portion of at
least one chemical additive, said additive being an organogelling agent that generates a network of hydrogen bonds between the
organogelling molecules constituting the same, and trapping the bitumen phase up to a maximum temperature TR of between 40
and 120°C. The invention also relates to the use of these bitumen compositions in the field of road applications, particularly in the
production of road binders, as well as In industrial applications. The invention also relates to a method for preparing these

bituminous compositions.

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~




CA 02675960 2009-07-17

(12) DEMANDE INTERNATIONALE PUBLIEE EN VERTU DU TRAITE DE COOPERATION
EN MATIERE DE BREVETS (PCT)

(19) Organisation Mondiale de la Propriété
Intellectuelle
Bureau international

(43) Date de la publication internationale

12 septembre 2008 (12.09.2008)

(51) Classification internationale des brevets :
CO8L 95/00 (2006.01) CO8K 5/49 (2006.01)

CO8K 5/00 (2006.01) C09D 195/00 (2006.01)
CO8K 5/04 (2006.01) E0IB 7/18 (2006.01)
CO8K 5/16 (2006.01) E04B 1/66 (2006.01)
CO8K 5/36 (2006.01)

(21) Numéro de la demande internationale :
PCT/FR2008/000066

(22) Date de dépot international :
18 janvier 2008 (18.01.2008)

(25) Langue de dépot : francais

(26) Langue de publication : francais

(30) Données relatives a la priorité :
07 00441 23 janvier 2007 (23.01.2007)

07 05225 19 juillet 2007 (19.07.2007)

FR
FR
(71) Déposants (pour tous les Etats désignés sauf US) : TO-
TAL FRANCE [FR/FR]; 24, cours Michelet, F-92800
Puteaux (FR). UNIVERSITE PIERRE ET MARIE
CURIE [FR/FR]; 4, place Jussieu, F-75252 Paris Cedex
05 (FR).

(72)
(75)

Inventeurs; et

Inventeurs/Déposants (pour US seulement) : LA-
PALU, Laurence [FR/FR]; 3, rue Georges Courteline,
F-69100 Villeurbanne (FR). VINCENT, Régis [FR/FR];
25, lotissement les Gruizards, F-69520 Grigny (FR).
BOUTEILLER, Laurent [FR/FR]; 15, square Evariste
Galois, F-92340 Bourg la Reine (FR). ISARE, Benjamin
[FR/FR]; 24, rue Basse, F-62127 Frevillers (FR).

(10) Numéro de publication internationale

WO 2008/107551 A3

(74) Mandataire : HIRSCH, Marc-Roger; Hirsch & Asso-
cies, 58, avenue Marceau, F-75008 Paris (FR).

(81) KEtats désignés (sauf indication contraire, pour tout titre de
protection nationale disponible) : AE, AG, AL, AM, AQO,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, F1I, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
/M, ZW.

Etats désignés (sauf indication contraire, pour tout titre
de protection régionale disponible) : ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), eurasien (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
européen (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

(84)

Déclaration en vertu de la regle 4.17 :
— relative a la qualité d'inventeur (regle 4.17.iv))

Publiée :

avec rapport de recherche internationale

avant l'expiration du délai prévu pour la modification des
revendications, sera republiée si des modifications sont re-
cues

(88) Date de publication du rapport de recherche
internationale: 13 novembre 2008

(54) Title: BITUMINOUS COMPOSITION WITH THERMOREVERSIBLE PROPERTIES

(54) Titre : COMPOSITION BITUMINEUSE AUX PROPRIETES THERMOREVERSIBLES

(57) Abstract: The invention relates to a bituminous composition that comprises a major portion of at least one bitumen and a

€7, minor portion of at least one chemical additive, said additive being an organogelling agent that generates a network of hydrogen
< bonds between the organogelling molecules constituting the same, and trapping the bitumen phase up to a maximum temperature

Tr of between 40 and 120°C. The invention also relates to the use of these bitumen compositions in the field of road applications,
= particularly in the production of road binders, as well as in industrial applications. The invention also relates to a method for preparing
these bituminous compositions.

735

— (57) Abrégé : Linvention concerne une composition bitumineuse comprenant une partie majeure d’au moins un bitume et une
~ partie mineure d’au moins un additif chimique ledit additif €tant un organogélateur créant un réseau de liaisons hydrogene entre
@O molécules organogélatrices le composant, et emprisonnant la phase bitume jusqu'a une température Tg maximale comprise entre 40
& et 120°C. L'invention concerne également 1'utilisation de ces compositions bitumineuses dans les domaines des applications routieres,
notamment dans la fabrication de liants routiers, et dans les domaines des applications industrielles. L'invention concerne aussi le
procédé de préparation de ces compositions bitumineuses.

1

WO 20



10

15

20

25

30

CA 02675960 2009-07-17
1

BITUMINOUS COMPOSITION WITH THERMOREVERSIBLE PROPERTIES

Technical field.

The present invention belongs to the field of the bitumens. More specifically, it relates
to bituminous compositions comprising an organogelator type additive, the bituminous
compositions having thermoreversible viscosity and hardness characteristics.

The mvention also relates to the use of these bituminous compositions in the fields of
highway applications, in particular in the manufacture of road binders, and in the fields of
industrial applications. The invention also relates to the method for preparing these
bituminous compositions.

Technical context

The use of bitumen in the manufacture of materials for highway and industrial
applications has been known for a long time: bitumen is the main hydrocarbon binder used in
the field of road construction or civil engineering. To be able to be used as a binder in these
different applications, the bitumen must have certain physico-chemical properties. One of the
most important properties is the hardness of the bitumen; the latter must be high enough at
the temperatures of use to avoid the formation of ruts caused by traffic. Another very
important characteristic is the viscosity of the bitumen; the bitumen must be sufficiently fluid
at the lowest possible application temperatures. The use of a bituminous binder therefore
requires a combination of both the hardness of the bitumen at the temperatures of use and a
low viscosity when hot.

Prior art.

The bitumens are generally obtained from residues originating from atmospheric and/or
vacuum distillation of crude oil, but also after elimination of the light fractions of the native
bitumens, asphalts or bituminous sands. In order to adjust the hardness of a bitumen, it is

possible to redistill them at very high temperatures or at lower pressure in order to eliminate

the light fractions.

In fact the more the bitumen is constituted by heavy fractions, the greater its hardness.
This technique 1s not always sufficiently efficient and the heavy fractions are never
completely free of light fractions.

Another means for hardening a bitumen is to blow it. Blown bitumens are manufactured
in a blowing unit, by passing a flow of air and/or oxygen through an original bitumen. This

operation can be carried out in the presence of an oxidation catalyst, for example phosphoric
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acid. Generally, the blowing is carried out at high temperatures, of the order of 200 to 300°C,
for relatively long periods of time typically comprised between 30 minutes and 2 hours,
continuously or in batches. This blowing method has a certain number of drawbacks. Firstly,
blown bitumens are more susceptible to ageing than the original bitumens. Moreover, the
manutacture of blown bitumen requires a blowing installation especially provided for this
purpose. One of the major drawbacks of blown bitumens is their viscosity at a given
temperature which 1s greater than that of the original bitumen.

Another drawback linked to this high viscosity is the need to heat the blown bitumen to
an application temperature greater than that of a non-blown bitumen of the same type, which
increases energy expenditure and requires the use of additional protection for the operators.

Another means for hardening a bitumen is to add polymers to it. The Applicant
company was one of the first to develop and patent the use of bituminous compositions
containing polymers (FR2376188, FR7818534, EP0799280, EP0690892). These polymers
make 1t possible in particular to improve the cohesion of the binder, to improve the elastic
properties of the binder, to increase the plasticity range of the bitumen, to increase the
resistance to deformation and also to increase the hardness of the bitumen by reducing its
penetrability. At the temperatures of use, these characteristics are therefore clearly improved.
However when hot the addition of polymers to the bituminous composition generally leads to
an increase in the viscosity of the bituminous composition. To be able to be applied to the
carriageway, the bituminous binder with added polymers must therefore be heated to an
application temperature greater than that of a bituminous binder of equivalent type without

polymers. In order to use these polymer bitumens, the same drawbacks are noted as those
noted for blown bitumens.

The applicant company, in the Patent Application FR2889198, has claimed a chemical
blowing method which involves introducing a hardening additive into a bitumen, this additive

increasing the hardness of the bitumen at the temperatures ot use and limiting the increase in

the viscosity when hot.
Brief description of the invention

Contmuing 1ts work, the applicant company has sought other compounds making it
possible to harden the bitumens at the temperatures of use without increasing their viscosity
when hot. The applicant company has developed novel bituminous compositions having the
characteristics of bitumens hardened by adding polymers at the temperatures of use and not

having the characteristics of bitumens with added polymers when hot.

T18473335CA\TOR_LAW\ 7169443\1
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For this purpose, the invention refers to bituminous compositions comprising a major
proportion of at least one bitumen and a minor proportion of at least one chemical additive,
sald chemical additive being an organogelator creating a network of hydrogen bonds between
organogelling molecules which have a molar mass of less than or equal to 2000 gmol™, said
organogelator comprising at least one hydrogen bond donor D, at least one hydrogen bond
acceptor A and at least one compatibilizer C in the bitumen, said compatibilizer C
comprising a group chosen from:

- at least one linear hydrocarbon chain comprising at least 4 carbon atoms, or

- at least one aliphatic ring of 3 to 8 atoms, or

- at least one condensed polycyclic system, which is aliphatic or partly aromatic or also
wholly aromatic, each ring comprising 5 or 6 atoms, alone or in a mixture.

Preferably, the donor D comprises a heteroatom bearing a hydrogen chosen from
nitrogen N, oxygen O and/or sulphur S.

Preferably, the donor D is chosen from the alcohol, thiol, phehol, primary amine,
secondary amine, quaternary ammonium, amide, urea, hydrazine, carboxylic acid, oxime,
hydrazone, imine groups and combinations thereof.

Preferably, the acceptor A comprises a heteroatom bearing electronic doublets chosen
from oxygen O, sulphur S, nitrogen N and/or phosphorus P.

Preterably, the acceptor A is chosen from the C=0, S=0, N=0 or P=0 groups and the
linear or cyclic hydrocarbon groups containing in their hydrocarbon chain a heteroatom of
oxygen O, sulphur S, nitrogen N or phosphorus P.

Preferably, the acceptor A is chosen from the alcohol, phenol, amide, ester, urea,
hydrazine, acid, ketone, aldehyde, lactone, lactame, anhydride, imide, sulphoxide, sulphone,
sulphonate, sulphate, sulphite, sulphonic acid, sulphide, ether, phosphine, phosphites,
phosphonate, phosphate, nitrite or nitrate groups and combinations thereof.

According to an embodiment, the organogelator excludes the compounds of alkyl

amido-1midazolidine and alkyl amido-imidazoline type.

According to an embodiment, the organogelator, comprises organogelling molecules of
identical chemical structure.

According to an embodiment, the organogelator comprises at least one unit of general
formula (I):

R-(NH),CONH-~(X),,-NHCO(NH),-R’,

18473335CA\TOR_LAW\ 7169443\1



10

15

20

25

30

CA 02675960 2009-07-17
4

-the R and R’ groups, i1dentical or different, contain a linear, branched or cyclic,
saturated or unsaturated hydrocarbon chain, comprising 1 to 22 carbon atoms, optionally
substituted, and optionally comprising heteroatoms, rings and/or heterocycles;

- the X group contains a linear, cyclic or branched, saturated or unsaturated hydrocarbon
chain, comprising 1 to 22 carbon atoms, optionally substituted, and optionally comprising
heteroatoms, rings and/or heterocycles;

- n and m are integers having a value of 0 or 1 independently of each other.

Preferably, the organogelator comprises a hydrazide unit when n and m have a value of

Preferably, the organogelator comprises two amide units when n has a value of 0 and m
has a value of 1.

Preferably, the organogelator comprises two urea units when n and m have a value of 1.

According to an embodiment, the R and/or R’ group comprises an aliphatic hydrocarbon
chain of 4 to 22 carbon atoms, in particular, chosen from the C4Hy, CsH;;, CoHyg, Ci1Has,
Ci2Has, Ci7H3s, Ci1sHs7, Co1Hys, CoHas groups.

The X group comprises an aliphatic hydrocarbon chain of 1 to 2 carbon atoms.

The X group comprises two rings of 6 carbon atoms linked by a CH, group, these rings

‘being aliphatic or aromatic.

According to an embodiment, the organogelator comprises at least one unit of general
tormula (II):

(R-NHCO)x-Z-(NHCO-R"),
- R and R’, 1dentical or different, contain a linear, branched or cyclic, saturated or

unsaturated hydrocarbon chain comprising 1 to 22 carbon atoms, optionally substituted, and
optionally comprising heteroatoms, rings and/or heterocycles,

- Z represents a tri-functionalized group chosen from the following groups:

- X and y are different integers with a value varying from 0 to 3 and such that x+y=3.
According to an embodiment, the organogelator (III) comprises at least one sorbitol
derivative. The sorbitol derivative is a product of the reaction between an aldehyde and D-

sorbitol.

18473335CA\TOR_LAW\ 7169443\1
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Preferably, the organogelator is 1,3:2,4-Di-O-benzylidene-D-sorbitol.

According to an embodiment, the organogelator comprises at least one unit of general
formula (IV): R”’-(COOH),
with R’ a linear or branched, saturated or unsaturated chain comprising 4 to 68 carbon
atoms, preferably 4 to 54 carbon atoms, more preferentially 4 to 36 carbon atoms and z an
integer varying from 2 to 4.
Preferably, the organogelator is a diacid of general formula HOOC-C,H,,,-COOH with w an
integer varying from 4 to 22, preferably from 4 to 12 where z =2 and R" = C, H>...

Preferably, the organogelator is a diacid chosen from the following diacids: adipic acid,
pimelic acid, suberic acid, azelaic acid, sebacic acid, undecanedioic acid, acid 1,2-

dodecanedioic or tetradecanedioic acid.

According to an embodiment, the organogelator comprises at least one unit of general

formula (V):

the Y and Y' groups represent independently of each other, an atom or group chosen

from: H, -(CHz)q-CHj;, -(CHz)q-NHz, -(CHz)q-OH, - (CHz)q~COOH Oor

(z{mﬁp \

AGHa) NHH{CHy ) & _

with q an integer varying from 2 to 18, preferably from 2 to 10, preferably from 2 to 4
and p an integer greater than or equal to 2, preferably having a value of 2 or 3.

Preferably, the organogelator has the formula:

WW(%M’ oo

{3

According to an embodiment, the organogelator comprises at least one unit of general
tormula (VI): R-NH-CO-CO-NH-R’
with R and R’, identical or different, which represent a linear, branched or cyclic, saturated or

unsaturated hydrocarbon chain, comprising 1 to 22 carbon atoms, optionally substituted, and

optionally comprising heteroatoms, rings and/or heterocycles.
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According to an embodiment, the organogelator (VII) comprises at least 2 organogelling
molecules of different chemical structure, all of the three units A, D and C being found in the
organogelator.

Preferably, the organogelator comprises an amine derivative and a carboxylic acid
derivative.

Preferably, the organogelator comprises an aminopyrimidine derivative and a barbituric
acid derivative.

Preterably, the organogelator comprises a sulphosuccinate derivative and a phenol
derivative.

According to an embodiment, the organogelling molecules have a molar mass of less
than or equal to 1000 gmol ™.

According to an embodiment, the organogelator is present from 0.1 to 5% by mass with
respect to the bitumen.

According to an embodiment, the bitumen also comprises at least one polymer and/or
flux.

Preferably, the bitumen is chosen from the atmospheric distillation residues, vacuum
distillation residues, visbroken residues, blown residues, mixtures and combinations thereof.

The invention also relates to the use of these bituminous compositions in order to
produce bituminous binders, in particular anhydrous binders, bituminous emulsions, polymer
bitumens or fluxed bitumens. These bituminous binders then being able to be combined with
aggregates 1 order to provide surface dressings, hot mixes, cold mixes, cold-cast mixes,
gravel emulsions or wearing courses. The applications of the bituminous compositions
according to the invention being able to be used in highway applications or industrial
applications such as sealing membranes, membranes or impregnation layers.

The invention finally relates to a method for obtaining a bituminous composition which
1s hard at the temperatures of use without increasing its viscosity when hot, during which the
organogelator can equally well be introduced at a temperature between 140 and 180°C into
the bitumen alone, or during manufacture, into the polymer bitumen, in the bitumen in the
form of bituminous binder or into the bitumen when the latter is in the form of an anhydrous
binder, in the form of a coated material or a surface dressing.

The advantage of the present invention is obtaining bituminous compositions suitable
for each envisaged use regardless of the hardness of the bitumen used. Thus the production of

a hard brtuminous composition depends neither on the nature of the crude oil used, nor on the

quantity of light fractions contained in the bitumens used.

T8473335CA\TOR_LAW\ 7169443\1
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Detailed description of the invention

By organogelator within the meaning of the invention, 1s meant a combination of
several so-called organogelling molecules of identical or different chemical structure. In the
bitumen, these organogelling molecules are capable of establishing physical interactions with
each other leading to auto-aggregation with formation of a 3D supra-molecular network
which 1s responsible for the gelling of the bitumen. The close packing of the organogelling
molecules results in the formation of a network of fibrils, immobilizing the molecules in the
bitumen.

At the temperatures of use, ranging from 10 to 60°C, the organogelling molecules bind
to each other non-covalently, in particular by hydrogen bonds. These hydrogen bonds
disappear when the bitumen is heated to a high temperature. Thus at the temperatures of use,
the organogelator constituted by a large number of organogelling molecules can be compared
to a "supramolecular" polymer and gives the thus-modified bitumen the properties of a
standard bitumen/polymer composition, in particular with regard to hardness. At the
temperatures of use, the gelling due to the aggregation of the organogelling molecules, causes
a thickening of the bituminous medium, leading to an increase in the hardness. The bitumen
no longer flows under its own weight, its hardness at the temperatures of use is increased
with respect to the original bitumen alone with no organogelling additives. When the
bituminous composition is heated, the interactions stabilizing the organogelator disappear,
and the bitumen recovers the properties of a bitumen with no additives, the viscosity of the
bituminous composition when hot returns to that of the original bitumen.

The physical interactions between organogelling molecules are varied and include in
particular hydrogen bond type interactions between a hydrogen bond donor D and a hydrogen
bond acceptor A, = interactions between unsaturated rings, dipolar interactions and
combinations thereof. The organogelling molecules can establish a single or several types of
interactions with neighbouring molecules. The establishment of one or other of these
interactions is promoted by the architecture of the organogelling molecules.

Within the framework of the invention, the organogelator, constituted by several
organogelling molecules, comprises several groups capable of establishing hydrogen bonds.
In order to establish these hydrogen bonds, the organogelator comprises at least one hydrogen
bond acceptor A, at least one hydrogen bond donor D.

In order to be able to gel and harden the bitumen, the organogelator must be soluble in
the bitumen when hot. The main chemical constituents of bitumen are asphaltenes and

maltenes. Asphaltenes are compounds, in particular heterocyclic, constituted by a number of

T8473335CA\TOR_LAW\ 7169443\1
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polycondensed aromatic rings and naphthene rings. The maltenes are mainly constituted by
long paraffin chains. As a result, the organogelator according to the invention comprises at
least one chemical group C making the organogelator compatible with the chemical
compounds of the bitumen. This compatibilizer C can comprise, alone or in a mixture, a
group chosen from: at least one long hydrocarbon chain compatible with the maltene fraction
of the bitumen, or at least one aliphatic ring of 3 to 8 atoms, or at least one condensed
polycyclic system, which is aliphatic or partly aromatic or wholly aromatic, compatible with
the asphaltene fraction of the bitumen, each ring comprising 5 or 6 atoms.

According to a preferred embodiment of the invention, the organogelator comprises as a
result at least one hydrogen bond donor D, at least one hydrogen bond acceptor A in order to
be able to form hydrogen bonds between organogelling molecules and at least one
compatibilizer C m the bitumen comprising at least one linear hydrocarbon chain of at least 4
carbon atoms. This linear hydrocarbon chain therefore comprises at least 4 covalently bound,
preferably adjacent carbon atoms .

The compatibilizer C makes it possible both to increase the solubility df the
organogelator in the bitumen but also to reinforce the interactions between organogelling
molecules.

According to another preferred embodiment of the invention, the organogelator
comprises at least one hydrogen bond donor D, at least one hydrogen bond acceptor A in
order to be able to form hydrogen bonds between organogelling molecules and at least one
compatibilizer C in the bitumen comprising at least one aliphatic ring of 3 to 8 atoms.

According to another preferred embodiment of the invention, the organogelator
comprises at least one hydrogen bond donor D, at least one hydrogen bond acceptor A in
order to be able to form hydrogen bonds between organogelling molecules and at least one
compatibilizer C in the bitumen comprising at least one condensed polycyclic system, which

is aliphatic or partly aromatic or wholly aromatic, each ring comprising 5 or 6 atoms. These

polycyclic systems by virtue of their structure provide compatibility with the asphaltene

fraction of the bitumen.
According to a preferred embodiment of the invention, the hydrogen bond donor D

comprises a heteroatom bearing a hydrogen chosen from nitrogen N, oxygen O and/or

sulphur S.
According to a preferred embodiment of the invention, the hydrogen bond acceptor A

comprises a heteroatom bearing electronic doublets chosen from oxygen O, sulphur S,

nmitrogen N and/or phosphorus P.

T8473335CA\TOR_LAW\ 7169443\ 1
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Thus, the donor D can be chosen from the alcohol, thiol, phenol, primary amine,
secondary amine, quaternary ammonium, amide, urea, hydrazine, carboxylic acid, oxime,
hydrazone, imine groups and combinations thereof.

The acceptor A can be chosen from the C=0, S=0, P=0 or N=0 groups and the linear
or cyclic hydrocarbon groups containing in their hydrocarbon chain a heteroatom of oxygen
O, sulphur S, nitrogen N or phosphorus P. .

Preferably, the acceptor A 1s chosen from the alcohol, phenol, amide, ester, urea,
hydrazine, carboxylic acid, ketone, aldehyde, lactone, lactame, anhydride, imide, sulphoxide,
sulphone, sulphonate, sulphate, sulphite, sulphonic acid, sulphide, ether, phosphine,
phosphite, phosphonate, phosphate, nitrate or nitrite groups and combinations thereof.

According to the mvention, the organogelator can contain organogelling molecules all
having the same chemical structure. The three units A, D and C are present in each
organogelling molecule so that a gel can be formed 1n the bitumen phase.

The organogelators which can be used in the invention are in particular those described
in the article by P. Terech and R. G. Weiss " Low molecular mass gelators of organic liquids
and the properties of their gels " (Chem. Rev. 1997, 97, 3133-3159).

More especially, the organogelator according to the invention can contain organogelling
molecules of formula (I) below:

R-(NH),CONH-(X),,-NHCO(NH),-R’ (I)

in which:

-R and R’, 1dentical or different, contain a linear, cyclic or branched, saturated or
unsaturated hydrocarbon chain, comprising 1 to 22 carbon atoms, optionally substituted and
optionally comprising heteroatoms, rings and/or heterocycles;

- X contains a linear, cyclic or branched, saturated or unsaturated hydrocarbon chain,
comprising 1 to 22 carbon atoms, optionally substituted and optionally comprising
heteroatoms, rings and/or heterocycles;

- n and m are integers having independently of each other a value of 0 or 1.

In a vanant of the invention, the integer m has a value of 0. In this particular case, the
R-(NH),CONH and NHCO(NH),-R’ groups are covalently bound by a CONH-NHCO
hydrazide bond. In this case, the R group or the R’ group or both, constitute the
compatibilizer C. The R group or the R' group then comprises a group chosen from at least
one hydrocarbon chain of at least 4 carbon atoms, at least one aliphatic ring of 3 to 8 atoms,
at least one condensed polycyclic system which is aliphatic, partially aromatic or wholly

aromatic, each ring comprising 5 or 6 atoms, alone or in a mixture.
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Preferably, R and R’, identical or different, are saturated linear hydrocarbon chains
comprising 4 to 22 carbon atoms. Among the preferred saturated linear hydrocarbon chains,
there can be mentioned the C4Hy, CsH;;, CoHyg, Ci1Hps, CioHps, Ci7Hss, CigHsr, CoiHas,
Ca2Hys groups.

In another variant of the invention, the integer m has a value of 1. In this case, the R
group, the R’ group and/or the X group constitute the compatibilizer C. The R group, the R’
group and/or the X group, then comprises a group chosen from at least one hydrocarbon
chain of at least 4 carbon atoms, at least one aliphatic ring of 3 to 8 atoms, at least one
condensed polycyclic system which is aliphatic, partially aromatic or wholly aromatic, each
ring comprising 5 or 6 atoms, alone or in a mixture.

Preferably, the X group represents a saturated linear hydrocarbon chain comprising 1 to
22 carbon atoms. Preferably, the X group is chosen from the C,Hy, C3Hg groups.

The X group can also be a cyclohexyl group or a phenyl group, the R-(NH),CONH- and
NHCO(NH),-R’- radicals can then be in ortho, meta or para position. Moreover, they can be
In c1s or trans position with respect to one another. Moreover, when the X radical is cyclic,
this ring can be substituted by groups other than the two main R-(NH),CONH- and -
NHCO(NH),-R’ groups.

The X group can also comprise two or more condensed or non-condensed aliphatic
and/or aromatic rings. Thus, according to a preferred variant of the invention, the X group is

a group comprising two aliphatic rings linked by an optionally substituted CH, group such as

for example:

According to another variant of the invention, the X group is a group comprising two

aromatic rings linked by an optionally substituted CH2 group such as for example:

. 4\- . - 3 el T - o®
d - ™~
" ot ‘-v‘f".
” .3 3 ¢

¢ ~
: D
) 3
» .‘
7
~

Among the preferred organogelators according to the invention, there can be mentioned
the hydrazide derivatives corresponding to the following formulae:
CsH;;-CONH-NHCO-CsHy;
CoH9-CONH-NHCO-CgH
C11H23-CONH-NHCO-C;H;
C17H35-CONH-NHCO-C7H3;5
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C,1Hy3-CONH-NHCO-C, 1 Hys
There the diamides can also be mentioned, of which a preferred diamide is N,N’-
ethylenedi(stearamide), C;7H35-CONH-CH,-CH,;-NHCO-C7H3s.
Other preferred compounds are ureide derivatives, of which one particular urea, 4.4'-
bis(dodecylaminocarbonylamino)diphenylmethane has the formula:
C12H25-NHCONH-C¢Hy-CH,-CsHs-NHCONH-C,Hos.
Still according to the invention the organogelator can contain organogelling molecules
of formula (II) below:
(R-NH-CO),-Z-(NH-CO-R’), (II)
in which:
- R and R’, identical or different, contain a linear, branched or cyclic, saturated or
unsaturated hydrocarbon chain comprising 1 to 22 carbon atoms, optionally substituted, and
optionally comprising heteroatoms, rings and/or heterocycles;

- Z represents a tri-functionalized group chosen from the following groups:

- X and y are different integers with a value varying from O to 3 and such that x+y=3.
Among the preferred compounds corresponding to formula (IT), there can be mentioned,
when x 1s equal to 0 and Z represents Z,, N2, N4, N6-tridecylrnelamine having the following

formula with R’ representing the CoH;9 group:

H?é-i Cgtlyp
P
cgmg/kﬁ" QAT
07 “Ceag

Other preferred compounds corresponding to formula (II), are such that x is equal to 0,
Z represents Z, and R’ represents a linear, saturated hydrocarbon chain of 1 to 22 carbon
atoms, preterably 2 to 18 carbon atoms, preferably 5 to 12 carbon atoms.

Other preferred compounds corresponding to formula (IX), are such that y is equal to 0

and Z represents Z;, the compounds then have the formula:
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with R chosen from the following groups alone or mixtures

/JQ{‘% %ﬂ"”ﬂfx{<:\

Other preferred compounds corresponding to formula (II), are such that y is equal to 0,
5 Z represents Z; and R represents a linear, saturated hydrocarbon chain of 1 to 22 carbon
atoms, preterably 8 to 12 carbon atoms.
Still according to the invention, the organogelator comprises sorbitol derivatives (I11)
and 1n particular, 1,3:2,4-Di-O-benzylidene-D-sorbitol.
By sorbitol derivative is meant any reaction product obtained from sorbitol. In
10 particular, any reaction product obtained by reacting an aldehyde with sorbitol. By this
condensation reaction, sorbitol acetals, which are sorbitol derivatives, are obtained. 1,3:2.4-
Di1-O-benzylidene-D-sorbitol is obtained by reacting 1 mole of D-sorbitol and 2 moles of

benzaldehyde and has the formula:

15 The sorbitol derivatives can thus be all aldehyde condensation products, in particular

aromatics with sorbitol. Sorbitol derivatives will then be obtained with the general formula:

. %—%ﬂ
-

Where Ar; and Ar, are optionally substituted aromatic rings.

Among the sorbitol derivatives, apart from 1,3:2,4-Di-O-benzylidene-D-sorbitol there
20 can be found for example 1,3:2,4:5,6-tri-O-benzylidene-D-sorbitol,  2.4-mono-O-
benzylidene-D-sorbitol, 1,3:2,4-bis(p-methylbenzylidene)  sorbitol, 1,3:2.4-bis(3,4-
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dimethylbenzylidene) sorbitol, 1,3:2,4-bis(p-ethylbenzylidene) sorbitol, 1,3:2,4-bis(p-
propylbenzylidene)  sorbitol, 1,3:2,4-bis(p-butylbenzylidene) sorbitol, 1,3:2,4-bis(p-
ethoxylbenzylidene) sorbitol, 1,3:2,4-bis(p-chlorobenzylidene) sorbitol, 1,3:2,4-bis(p-
bromobenzylidene) sorbitol, 1,3:2,4-Di-O-methylbenzylidene-D-sorbitol, 1,3:2,4-Di-O-
dimethylbenzylidene-D-sorbitol, 1,3:2,4-Di-O-(4-methylbenzylidene)-D-sorbitol, 1,3:2,4-Di-
0-(4,3-dimethylbenzylidene)-D-sorbitol.

Instead of sorbitol, the use of any other polyalcohol such as for example, xylitol,
mannitol and/or ribitol could be envisaged.

Still according to the invention, other organogelators contain organogelling molecules
of general formula (IV), with R’ a linear or branched, saturated or unsaturated chain
comprising 4 to 68 carbon atoms, preferably 4 to 54 carbon atoms, more preferentially 4 to 36
carbon atoms and z an integer varying from 2 to 4: R”’-(COOH),, (IV)

The organogelators corresponding to formula (IV) can be diacids (z = 2), triacids (z = 3)
or tetracids (z = 4). The preferred organogelators are diacids with z = 2. Similarly, the R”
group 1s preferably a saturated linear chain of formula C,,Hy,, with w an integer varying from
4 to 22, preferably from 4 to 12. Preferably, the diacids have the general formula HOOC-
CwHow-COOH with w an integer varying from 4 to 22, preferably from 4 to 12 and where z =
2 and R”’= C,H».,.

The preferred diacids are the following:

- adipic acid or 1,6-hexanedioic acid with w = 4

- pimelic acid or 1,7-heptanedioic acid with w = 5

- suberic acid or 1,8-octanedioic acid with w = 6

- azelaic acid or 1,9-nonanedioic acid with w =7

- sebacic acid or 1,10-decanedioic acid with w = 8

- undecanedioic acid with w =9

- 1,2-dodecanedioic acid with w = 10

- tetradecanedioic acid with w = 12

The diacids can also be diacid dimers of unsaturated fatty acid(s) i.e. dimers formed
from at least one unsaturated fatty acid, for example from a single unsaturated fatty acid or
from two different unsaturated fatty acids. The diacid dimers of unsaturated fatty acid(s) are
in a standard fashion obtained by intermolecular dimerization reaction of at least one
unsaturated fatty acid (Diels Aider reaction for example). Preferably, a single type of
unsaturated fatty acid is dimerized. They are derived in particular from the dimerization of an

unsaturated fatty acid, in particular Cg to Cs4, in particular C;, to Cy, in particular Cqg to Cy,
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and more particularly Cis. A preferred fatty acid dimer 1s obtained by dimerization of linoleic
acid, the latter then being able to be partially or totally hydrogenated. Another preferred fatty
acid dimer has the formula HOOC-(CH;),-CH=CH-(CH,);-COOH. Another preferred fatty
acid dimer 1s obtained by dimerization of methyl linoleate. In the same way, it is possible to
5 find fatty acid triacids and fatty acid tetracids, obtained respectively by trimerization and

tetramerization of at least one fatty acid.
Other organogelators contain organogelling molecules of general formula (V) below:

( Gy \\
b, L DN

M

vg‘”’f r e

0
The Y and Y' groups represent independently of each other, an atom or group chosen

10 from: H, -(CHz)q-CH3, -(CHz)q-NHQ, -(CHz)q-OH, -(CHz)q-COOH or

f/ (CHsly X

with q an integer varying from 2 to 18, preferably 2 to 10, preferably 2 to 4 and p an integer

greater than or equal to 2, preferably having a value of 2 or 3.

15 Among the preferred organogelators corresponding to formula (V), there can be

mentioned the following compounds:

Still according to the invention, other organogelators contain organogelling molecules

of general formula (VI) R-NH-CO-CO-NH-R’, with R and R’, identical or different, which

18473335CA\TOR_LAW\ 7169443\1



10

15

20

25

30

CA 02675960 2009-07-17
15

represent a linear, branched or cyclic, saturated or unsaturated hydrocarbon chain comprising
1 to 22 carbon atoms, optionally substituted, and optionally comprising heteroatoms, rings
and/or heterocycles.

Preferably, R and R’, identical or different, represent a linear, saturated hydrocarbon

chain comprising 1 to 22 carbon atoms, preferably 8 to 12 carbon atoms.

Still according to the invention the organogelator can also contain organogelling
molecules which do not all have the same chemical structure. Thus according to the
invention, the organogelator (VII) can contain at least two types of organogelling molecules
having a different chemical structure. When there are two types of organogelling molecules,
the three units A, D and C are found throughout the organogelator constituted by
organogelling molecules of different chemical structure, but distributed differently over these
two types of organogelling molecules. Thus if a type T; of organogelling molecules and a
second type T, are considered, T can contain the units A and C and T, the unit D. It is also
possible to have the combination D + C in a first type T; of organogelling molecules and A in
a second type T, of organogelling molecules. It is also possible to envisage a first type T;
having the three units A, D, C and a second type T, also having the three units A, C, D but
based on a different chemical structure. The three units not being of the same chemical nature
or not distributed in the same way over T, and T».

Among these organogelators (VII) comprising two types of organogelling molecules,
there can be mentioned the combinations of the derivatives chosen from the amine
derivatives, aminopyrimidine derivatives or phenol derivatives combined with molecules

chosen from the carboxylic acid derivatives, barbituric acid derivatives or sulphosuccinate

derivatives.
Preferably, there can be mentioned the combinations:
- of amine derivatives combined with carboxylic acid derivatives,

- of aminopyrimidine derivatives combined with barbituric acid derivatives,

- of phenol derivatives combined with sulphosuccinate derivatives.

Among these combinations there can be mentioned in particular the combination of 5-
octyl-2,4,6-triammopyrimidine and 5,5-dioctylbarbituric acid or the combination of 5-octyl-
2,4,6-triaminopyrimidine and barbituric acid.

There can also be mentioned the combinations of 2-naphthol or tannic acid or lauryl

gallate with the sodium salts of dioctyl sulphosuccinate or dihexyl sulphosuccinate.
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The scope of the invention will not be exceeded by combining several different

molecules such as those previously mentioned and in particular the molecules described in

formulae (I), (IT), (ILD), (IV), (V), (VI) and (VII).

According to a preferred embodiment of the mmvention the organogelling molecules have
a molar mass less than or equal to 2000 gmol™ and preferably less than or equal to 1000 gmol
1

The rupture temperature Tr at which the network of hydrogen bonds disappears is a
function of the number and strength of the bonds created within the organogelator and is
consequently a function of the chemical structure of the organogelling molecules and the
concentration of the organogelator in the bitumen. The rupture temperature Tr is according to
the mmvention comprised between 40°C and 120°C. These temperatures were determined
experimentally by measuring the ring and ball softening temperature as defined in the
standard NF EN 1427. It was possible to correlate these rupture temperatures with the
disappearance of the hydrogen bonds by means of infrared spectroscopy which made it
possible to monitor the development of the intensity of the absorption bands corresponding to
the hydrogen bonds present in the organogelator at the different test temperatures.

The bituminous compositions according to the invention are constituted by a major
proportion of bitumen and a minor proportion of organogelator. The organogelator represents
0.1 to 5.0% by weight with respect to the weight of bitumen. A quantity of less than 0.1% by
weight of organogelator could be insufficient to obtain a bituminous composition according
to the invention, as the organogelling molecules would be too far away from each other to
bind together; whereas a quantity greater than 5.0% by weight of organogelator may not be

necessary, as the organogelator acts at a low dose. According to a preferred implementation,

the organogelator represents 0.5 to 3% by weight with respect to the weight of bitumen, and
better still, 1 to 2% by weight with respect to the weight of bitumen.

The bituminous compositions according to the invention can contain bitumens of
different origins. There can be mentioned firstly the bitumens of natural origin, those

contained in deposits of natural bitumen, natural asphalt or bituminous sands.

The bitumens according to the invention are also the bitumens originating from the
refining of crude oil. The bitumens originate from the atmospheric and/or vacuum distillation
ot o1l. These bitumens being able to be optionally blown, visbroken and/or de-asphalted. The
bitumens can be bitumens of hard or soft grade. The different bitumens obtained by the

refining processes can be combined with each other in order to obtain the best technical

compromise.
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The bitumens used can also be bitumens fluxed by adding volatile solvents, fluxes of oil
origin, carbochemical fluxes and/or fluxes of vegetable origin.

The bitumens used can also be special bitumens such as the bitumens modified by the
addition of polymers. By way of examples of polymers for bitumen, there can be mentioned
clastomers such as the copolymers SB, SBS, SIS, SBS*, SBR, EPDM, polychloroprene,
polynorbonene and optionally polyolefins such as polyethylenes PE, PEHD, polypropylene
PP, plastomers such as EVA, EMA, copolymers of olefins and unsaturated carboxylic esters
EBA, elastomeric polyolefin copolymers, polybutene-type polyolefins, copolymers of
ethylene and acrylic, methacrylic acid or maleic anhydride esters, copolymers and
terpolymers of ethylene and glycidyl methacrylate, ethylene-propylene copolymers, rubbers,
polyisobutylenes, SEBSs, ABSs.

Other additives can also be added to a bitumen base according to the invention. These
are for example vulcanization agents and/or cross-linking agents capable of reacting with a
polymer, when an elastomer and/or a plastomer, which can be functionalized and/or can
comprise reactive sites, 1s involved.

Among the vulcanization agents there can be mentioned those which are based on
sulphur and its derivatives, used to cross-link an elastomer at levels of 0.01% to 30% with
respect to the weight of elastomer.

Among the cross-linking agents there can be mentioned cationic cross-linking agents
such as mono- or polyacids, or carboxylic anhydrides, carboxylic acid esters, sulphonic,
sulphuric, phosphoric acids, even acid chlorides, phenols, at levels of 0.01% to 30% with
respect to the polymer. These agents are capable of reacting with the elastomer and/or the

tunctionalized plastomer. They can be used to complement or replace vulcanization agents.

Various uses of the bituminous compositions obtained according to the invention are
envisaged, in particular for the preparation of a bituminous binder, which can in turn be used
for preparing a combination with aggregates, in particular road aggregates. Another aspect of
the 1nvention 1s the use of a bituminous composition in various industrial applications, in
particular for preparing a sealing membrane, membrane or impregnation layer.

With regard to highway applications, the invention relates in particular to bituminous
mixes as materials for the construction and maintenance of road foundations and their
surfacing, as well as for carrying out all road works. Thus, the invention relates for example
to surface dressings, hot mixes, cold mixes, cold-cast mixes, gravel emulsions, base, binder,

bonding and wearing courses, and other combinations of a bituminous binder and highway
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aggregate having particular properties such as anti-rutting courses, draining mixes, or
asphalts (mixture of a bituminous binder and sand-type aggregates).

With regard to the industrial applications of the bituminous compositions, the following
can be mentioned: the manufacture of sealing membranes, anti-noise membranes, insulating
membranes, surface coatings, carpet tiles, impregnation layers, etc.

The 1invention also relates to a method for obtaining a bituminous composition which is
hard at the temperatures of use without increasing its viscosity when hot. The organogelator
can equally well be introduced into the bitumen alone, or during manufacture, into the
polymer bitumen, into the bituminous binder, into the binder in the anhydrous form or in the
form of a bituminous mix, but always when hot to temperatures varying from 140 to 180°C.
The mixtures can then be stirred at these temperatures until solubilization of the
organogelator in the bitumen, the polymer bitumen, the bituminous binder, the binder in the

anhydrous form or in the form of a bituminous mix.

Examples

The nvention is illustrated by the following non-limitative examples. The rheological
and mechanical characteristics of the bitumens or of the bitumen-organogelator compositions
to which reference is made in these examples are measured as indicated in Table 1.

Moreover, the Brookfield viscosity is expressed in mPa.s. The viscosity is measured using a

Brooktfield CAP 2000+ viscometer. It is measured at 140 and 160°C and at a speed of

rotation of 300 rpm. The measurement is read after 30 seconds for each temperature.

Table 1

ke bl Boaman o

—

Proprerty Abbreviation Unit l Measurement |

standard

Needle penetrability at 25°C P»s 1/10mm NF EN 1426
Ring and ball softening point RBSP °C NF EN 1427
Brookfield viscosit - Mpa.s Cf. examples

Example 1: Preparation of a bitumen/organogelator composition of formula (I)

This first example relates to bitumen + organogelator compositions of general formula

(I) according to the invention. Five types of organogelling molecules have been used in this
example, at different concentrations. Their chemical structures are as follows:
CsH;1-CONH-NHCO-CsH;; (1)
CoHi9-CONH-NHCO-CoH, (2)
C11Hy3-CONH-NHCO-C;1Hy3 (3)
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C7H35-CONH-CH,-CH,-NHCO-C7H3s (4)
C12Hy5-NHCONH-C¢H4-CH,-CsHy-NHCONH-C,Hjs (5)

The preparations are produced at 160-170°C, in a reactor with stirring. The control
bitumen C,; 1s introduced into the reactor first. Then, the organogelator is added. The mixtures
are stured for approximately 60 minutes. Their final appearance is homogeneous. The
mixtures are cooled down to ambient temperature. The control bitumen C; 1s a direct

distillation bitumen of grade 70-100 the characteristics of which correspond to the standard
NF EN 12591.

Table 2
Compositions | Nature of the organogelator Organogelator concentration
C; (control) _ - 0% o

B C, 1 | 1%

G 2%
Cy 3%

Gs 2% B

Co 3%
C; 2 N
Cg | 3%
Co 4%

2%
3%
3%

Determination of the rupture temperature Ty by infrared spectroscopy

In order to carry out the measurements, a drop is taken from the preheated and applied
to a KBr pellet, then the KBr pellet 1s scraped onto a glass slide in order to obtain a relatively
translucid "film". The IR device used is a Nicolet Avatar 320 spectrometer, the temperature
controller 1s a (P/N21525) from Specac. At different temperatures, the evolution of the
absorption bands of the groups involved in the hydrogen bonds is monitored.

For the particular C¢ composition, the spectra of Figure 1 are obtained.

The more the temperature increases, the lower the intensity of the band around 3200 cm™
' of the bound NHs. Taking the mtensity of the bound NH band as a function of temperature,
the graph of Figure 2 is obtained which gives us the rupture temperature Tr = 105°C of the
composition Cs.

For the C4 composition, the rupture temperature Tg obtained is 85°C.

For the Cg composition, the rupture temperature TR obtained is 105°C.

These rupture temperatures are also determined by measuring the ring and ball softening

temperature. The results are reported in Table 3 below:
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Determination of the physical properties of the bitumen+organogelator compositions

Table 3
__éompo- Penetrability | Ring and ball | Pfeiffer index | Viscosity | Viscosity |
sitions P»s softening point Pl at 140°C | at 160°C
- (RBSP) | ]

C, 76 46.6 1.0 267 165

control)

C, 62 48 4 1.1 | 261 | 160
e 51 70.8 30 | 255 158
e 46 86.4 49 250 155

Cs 55 81.4 4.8 242 153

Cs 52 1052 7.4 228 148
e 55 30.6 4.7 I 240 151
e 50 102.6 6.9 232 | 147 J

Cy 47 111.0 7.5 | 224 145 |

Cio 58 91.0 6.1 | 225 145

Cui 55 96.5 65 203 | 144

Ci 69 52.2 0.14 298 173

The needle penetrability, measured at 25°C, is expressed in 1/10 mm.

The ring and ball softening point is expressed in °C.

The Pfeiffer penetration index PI is defined by the following calculation formula:

1952 - 500x1og(P,s) — 20X RBSP
50xlog(P,;) ~RBSP ~120

P =

The viscosity, measured at 160°C, is expressed in mPa s™'.

As shown by the results in Table 3, the correlation between the softening temperatures
and the temperature of the disappearance of the IR bands corresponding to the hydrogen
bonds for the examples C6 and C4 is established as the rupture temperatures are virtually

1dentical to the softening temperatures.

Moreover, whatever the organogelator used, its action is equivalent. It is characterized
by a reduction in the penetrability Ps, an increase in the ring and ball temperature and an

increase in the Pfeiffer index. This reflects a greater hardness and consistency of the bitumen

bases with the different organogelators added.

Similarly, the higher the organogelator concentration, the greater the hardness and

consistency of the bitumen. A greater network of hydrogen bonds increases the hardness of

the bitumen at the temperatures of use.

Finally, the viscosities at a given temperature of the bitumen alone and the bitumen with

additives are equivalent. The addition of organogelator makes it possible to harden the
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bituminous composition without increasing the viscosity of the bituminous composition when

hot.

Example 2: Preparation of a bitumen/organogelator composition with organogelling

5>  molecules of a different nature (VII)
The compositions are prepared in the same way as in Example 1. The organogelator
concentration 1s 3%. The organogelator (for example Cy; or Cy4) is constituted by a first type

T of organogelling molecules (A;) and by a second type T, of organogelling molecules (B

or By). The molar ratio of the two types T; and T, is 1 to 1.

10 - Amiopyrimidine+barbituric acid
ff .
T |
N ¥ Ci3
HaN
Ca

The composition C;3 comprises an aminopyrimidine derivative A;, 5-octyl-2, 4, 6-
triaminopyrimidine and a barbituric acid derivative By, 5,5-dioctylbarbituric acid.
15 The Cj4 composition comprises an aminopyrimidine derivative A;, 5-octyl-2, 4, 6-

triaminopyrimidine and barbituric acid B».

Table 4
Compositions | Penetrability | Ring and ball Pfeiffer | Viscosity | Viscosity |
P»s softening point | index PI | at 140°C | at 160°C
(RBSP)
_ 165
- Gz 52.0 0 -0.31 31 276 168
Cig 61 _§_g 5 -0.11 11 _3_11 186
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- Phenol+sulphosuccinate

The C;5 composition comprises the sodium salt of dioctyl sulphosuccinate and tannic

acid.

The C;¢ composition comprises the sodium salt of dihexyl sulphosuccinate and tannic

5 acid.

The Cy7 composition comprises the sodium salt of dihexyl sulphosuccinate and lauryl

gallate.

The C;3 composition comprises the sodium salt of dihexyl sulphosuccinate and 2-

naphthol.
10 Table 5
Compogftions | Peiétrability Ring and ball Pfeiffer Viscosity Viscozity |
| P»s softening point | index PI | at 140°C | at 160°C
I (RBSP) 1 __
C 76 47.5 -0.8 165
A —/ U I A A— S
| Cis | 71 52.2 0.2 277 163
| Cis 60 52.8 -0.08 253 144

C17 70 50.8

| Cisg 63 51.4

0.17 | 268 164
0.09 | 267 164

Conclusions identical to those of Example 1 can be drawn.

Example 3: Preparation of a bitumen/organogelator composition with a sorbitol
15  derivative (III) 1,3:2,4-Di-O-benzylidene-D- sorbitol (DBS) as organogelator.

The compositions are prepared in the same way as in Example 1. The organogelator is

used at different concentrations.

Table 6
_Eom ' osit}ons 1 Organogelator concentration
_ Gontroh 1 OO 0% 00O
_ C s 1N o 3%
r Co | 1% -

Co 0.66%

Con o ~0.33% o

Chs 0.1%

20

The results obtained are recorded in Table 7 below:

Table 7
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Compositions ! Penetrability | Ring and ball Pteiffer | Viscosity | Viscosity
Pys softening pomnt | mdex PI | at 140°C | at 160°C
(RBSP) |
" C, (control) 76 466 | -1.0 267 165
| Coo 36 161 | 10 310 125
Cp | 39 143.5 9.31 314 118
Gy 46 131.5 8.95 298 115
. Cn 55 94 628 | 257 | 113
Cy; 74 47.8 | -0.82 253 111 *

It is noted that the addition of DBS makes it possible to significantly increase the ring

and ball temperature of the compositions even at low DBS concentrations (see for example

C22). The penetrability also reduces with the addition of DBS. The viscosities at 140°C and

160°C of the compositions with additives are equivalent to those of the bitumen alone.

Example 4: Preparation of a bitumen/organogelator composition of formula (IV)

The compositions are prepared in the same way as in Example 1. The different

organogelators in Table 8 are used.

10

Table 8

C1 (control)

C;mpgs_itf(_)ns ., Nature of the organogelator

l -

_HOOC-(CH,),-COOH

HOOC-(CH,)s-COOH |

|
3%

Orgaﬁg) gelator concentration

0%
3%

HOOC-(CH,)s-COOH
HOOC-(CH,),-COOH

3%
3%

_ HOOC-(CH,)s-COOH 3%

HOOC-(CH,)s-COOH B 3% B
C3o HOOC-(CH,),,-COOH 3%
Cs; HOOC-(CH,),,-COOH 3%
Table9 -
| Coﬁlpositfgns ! Pgﬁetrability Ri;lg and ball Pteiffer | Viscosity | Viscosity
P5s softening point index PI at 140°C | at 160°C
o - (RBSP)
C; (control) 76 46.6 267 165
Co 52 .
C26 775 .
6.22 223 100
_ 6.46 225 97
106. 3 6.34 220 97
c30 29 110.5 6.28 217
Cs; 28 110 6.16 217 96
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With the diacids, the viscosities of the compositions are equivalent and even less than
that of the bitumen alone. At ambient temperature, the compositions according to the
invention are clearly harder than the bitumen alone. When hot, the compositions according to

the invention have a ring and ball temperature clearly higher than that of the bitumen alone.

Example 35: Preparation of a bitumen/organogelator composition with a sorbitol
derivative (I1I), 1,3:2,4-bis-(p-methylbenzylidene)-sorbitol (MDBS) as organogelator.

The compositions are prepared in the same way as in Example 1. MDBS at different

concentrations (Table 10) is used.

10 1,3:2,4-Di1-O-(4,3-methylbenzylidene)-D-sorbitol (MDBS) has the formula:

Hy
Table 10:
| Composttions - Organogelator concentration
_Cy (control) .. ) 0% B 3
Ca 3% .
S v/ W
) Ciq4 - ] 0.66% B )
~ Css , = 0.5% N B —‘
15 The results obtained are recorded in Table 11 below:
Table 11:
Compositions | Penetrability [ Ring and ball Pfeiffer | Viscosity | Viscosity
| | P5; softening point index PI | at 140°C | at 160°C
(RBSP) _ _
I C1 (control) 76 46.6 -1.0 267 165
Cs 63 57 1.0 - | -
Cis 50 85 4.97 301 130
Cau 48 6.9502 286 124

Cas 52 291 126

It 1s noted that the addition of MDBS makes it possible to increase the ring and ball

20  temperature of the compositions. The penetrability also reduces with the addition of the
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MDBS. The viscosities at 140°C and 160°C of the compositions with additives are equivalent

to those of the bitumen alone.

Example 6: Preparation of a bitumen/organogelator composition of formula (II)
S The compositions are prepared in the same way as in Example 1. Four organogelators

corresponding to formula (II) are used:

- Irgaclear XT386 sold by Ciba (y equal to 0, Z being the Z; group), at the following

concentrations (Table 12):

10 Table 12:

Comp ositions Organogelator concentration
C; (control) | 0%

3%
1%
0.66%

With y equal to 0, Z being the Z group; and R the C;,Hjs group, at a concentration of
15 3% by mass (Cjo).

a compound of formula:

With x equal to 0, Z being the Z; group and R’ the C,Hs group, at a concentration of 3%
by mass (Cyg).
20

a compound of formula:

18473335CA\TOR_LAW\ 7169443\1
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With x equal to 0, Z being the Z, group and R’ the CsH;; group, at a concentration of

3% by mass (Cy41).

5 The results are recorded 1n Table 13 below:

Compositions [ Penetrability

Table 13:

Ring and ball Pteiffer Viscosity | Viscosity

Cs6

Pys | softening point |  index PI at 140°C | at 160°C
_ _ | (RBSP)
C; (control 76 46.6 -1.0

55.0 __

C 66 m
Cx 72 288 128

Cao 52 279 103

Cao 292 131

Ca —

With the organogelators of formula (II), the viscosities of the compositions are

10 equivalent and even less than that of the bitumen alone. At ambient temperature, the

compositions according to the invention are harder than the bitumen alone. When hot, the

compositions according to the invention have a ring and ball temperature higher than those of

the bitumen alone.

15  Example 7: Preparation of a bitumen/organogelator composition of formula (VI)

The compositions are prepared in the same way as in Example 1. Two organogelators

corresponding to formula (VI) are used:

- C12H25-NH-CO-CO-NH-C1 2H25 (concentration 20/0: C42)

:_Q_g_Hn-NH-CO-CO-NH-CgHW (concentration 3%, C43!

20

Table 14:

Penetrabili

T8473335CA\TOR_LAW\ 7169443\1
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P, ball index PI | 140°C 160°C
softening
point
(RBSP)
| Ci(control) | 76 46.6 -1.0 267 165
Ca J 74 50 -0.22 204 92
i Cy3 62 50 -0.69 | 237 107

General conclusion
The bitumen 1s hardened at the temperatures of use by the organogelator constituted by
the same organogelling molecule or by two molecules of different chemical nature; the

5  wviscosity when hot not being increased relative to that of the bitumen with no additives.
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Claims

1. Bituminous composition comprising a major proportion of at least one
bitumen and a minor proportion of at least one chemical additive characterized in that the
additive is a organogelator creating a network of hydrogen bonds between organogelling
molecules which have a molar mass of less than or equal to 2000 gmol™”, said
organogelator comprising at least one hydrogen bond donor D, at least one hydrogen
bond acceptor A and at least one compatibilizer C 1n the bitumen, said compatibilizer C
comprising a group chosen from:

- at least one linear hydrocarbon chain comprising at least 4 carbon atoms, or

- at least one aliphatic ring of 3 to 8 atoms, or

- at least one condensed polycyclic system which 1s aliphatic, or partly aromatic or
also wholly aromatic, each ring comprising 5 or 6 atoms, alone or in a mixture.

2. Composition according to claim 1 characterized in that the donor D
comprises a heteroatom bearing a hydrogen chosen from nitrogen N, oxygen O and/or
sulphur S.

3. Composition according to claims 1 to 2 characterized in that the donor D 1s
chosen from the alcohol, thiol, phenol, primary amine, secondary amine, quaternary
ammonium, amide, urea, hydrazine, carboxylic acid, oxime, hydrazone, imine groups and
combinations thereof.

4. Composition according to any one of claims 1 to 3 characterized 1n that the

acceptor A comprises a heteroatom bearing electronic doublets chosen tfrom oxygen O,

sulphur S, nitrogen N and/or phosphorus P.

5. Composition according to any one of claims 1 to 4 characterized in that the
acceptor A is chosen from the C=0, S=0, N=0 or P=0 groups and the linear or cyclic
hydrocarbon groups containing in their hydrocarbon chain a heteroatom of oxygen O,
sulphur S, nitrogen N or phosphorus P.

6. Composition according to any one of the previous claims 1 to 5
characterized in that the acceptor A is chosen from the alcohol, phenol, amide, ester,

urea, hydrazine, acid, ketone, aldehyde, lactone, lactame, anhydride, imide, sulphoxide,
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sulphone, sulphonate, sulphate, sulphite, sulphonic acid, sulphide, ether, phosphine,
phosphite, phosphonate, phosphate, nitrite or nitrate groups and combinations thereof.

7. Composition according to any one of claims 1 to 6 characterized in that the
organogelator comprises organogelling molecules of 1dentical chemical structure.

8. Composition according to any one of the previous claims 1 to 7
characterized in that the organogelator comprises at least one unit of general formula (I):

R-(NH),CONH-(X),-NHCO(NH),-R’,

- the R and R’ groups, 1dentical or different, contain a linear, branched or cyclic,
saturated or unsaturated hydrocarbon chain, comprising 1 to 22 carbon atoms, optionally
substituted, and optionally comprising heteroatoms, rings and/or heterocycles;

-the X group contains a linear, cyclic or branched, saturated or unsaturated
hydrocarbon chain, comprising 1 to 22 carbon atoms, optionally substituted, and
optionally comprising heteroatoms, rings and/or heterocycles;

- n and m are integers having a value of 0 or 1 independently of each other.

9. Composition according to claim 8 characterized in that the organogelator
comprises a hydrazide unit when n and m have a value of 0.

10. Composition according to claim 8 characterized in that the organogelator
comprises two amide units when n has a value of 0 and m has a value of 1.

11. Composition according to claim 8 characterized in that the organogelator
comprises two urea units when n and m have a value of 1.

12. Composition according to any one of claims 8 to 11 characterized in that
the R and/or R’ group comprises an aliphatic hydrocarbon chain of 4 to 22 carbon atoms.

13. Composition according to any one of claims 8 to 12 characterized 1n that
the X group comprises an aliphatic hydrocarbon chain of 1 to 2 carbon atoms.

14. Composition according to any one of claims 8 to 12 characterized in that
the X group comprises two rings of 6 carbon atoms linked by a CH, group, these rings
being aliphatic or aromatic.

15. Composition according to any one of claims 1 to 7 characterized in that the

organogelator comprises at least one unit of general formula (II):

(R-NHCO)-Z-(NHCO-R"),
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- R and R’, 1dentical or different, contain a linear, branched or cyclic, saturated or
unsaturated hydrocarbon chain comprising 1 to 22 carbon atoms, optionally substituted,
and optionally comprising heteroatoms, rings and/or heterocycles,

- Z represents a tri-functionalized group chosen from the following groups:

Z, Z, Zs
- X and y are different integers with a value varying from 0 to 3 and such that
X+y=3.
16. Composition according to any one of claims 1 to 7 characterized in that the

organogelator comprises at least one sorbitol derivative (I1I).

17. Composition according to claim 16 characterized in that the sorbitol
derivative 1s a product of the reaction between an aldehyde and D-sorbitol.

18. Composition according to claim 17 characterized in that the organogelator
1S 1,3:2,4-D1-O-benzylidene-D-sorbitol.

19. Composition according to any one of claims 1 to 7 characterized in that the
organogelator comprises at least one unit of general formula (IV): R”’-(COOH),
with R’ a linear or branched, saturated or unsaturated chain comprising 4 to 68 carbon
atoms and z an integer varying from 2 to 4.

20. Composition according to claim 19 characterized in that the organogelator
1s a diacid of general formula HOOC-CH,«w-COOH with w an integer varying from 4 to
22. where z=2 and R" = C,,H».

21. Composition according to claim 20 characterized in that the organogelator
is a diacid chosen from the following diacids: adipic acid, pimelic acid, suberic acid,
azelaic acid, sebacic acid, undecanedioic acid, 1,2-dodecanedioic acid or tetradecanedioic
acid.

22. Composition according to any one of claims 1 to 7 characterized in that the

organogelator comprises at least one unit of general formula (V):
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( CHek ’\

N N
~ ~

the Y and Y' groups represent independently of each other, an atom or group

chosen from: H, -(CH;)q-CH3, -(CH5)g-NH>, -(CHz)q-OH, - (CH,)g-COOH or

with q an integer varying from 2 to 18 and p an integer greater than or equal to 2.

23. Composition according to claim 22 characterized in that the organogelator

has the formula:

: m“\/\ N

0

24. Composition according to any one of claims 1 to 7 characterized in that the
organogelator comprises at least one unit of general formula (VI): R-NH-CO-CO-NH-R’
with R and R’, identical or different, which represent a linear, branched or cyclic,
saturated or unsaturated hydrocarbon chain, comprising 1 to 22 carbon atoms, optionally
substituted, and optionally comprising heteroatoms, rings and/or heterocycles.

23. Composition according to any one of claims 1 to 6 characterized in that the
organogelator (VII) comprises at least 2 organogelling molecules of different chemical
structure, all of the three units A, D and C being found 1n the organogelator.

26. Composition according to claim 25 characterized in that the organogelator
comprises an amine derivative and a carboxylic acid derivative.

27. Composition according to claim 25 characterized in that the organogelator
comprises an aminopyrimidine derivative and a barbituric acid derivative.

28. Composition according to claim 25 characterized in that the organogelator

comprises a sulphosuccinate derivative and a phenol derivative.
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29. Composition according to any one of claims 1 to 28 characterized in that

the organogelling molecules have a molar mass of less than or equal to 1000 gmol™.

30. Composition according to any one of claims 1 to 29 characterized in that
the organogelator 1s present at 0.1 to 5% by mass with respect to the bitumen.

31. Composition according to any one of claims 1 to 30, characterized in that
the bitumen also comprises at least one polymer and/or one flux:

32. Composition according to any one of claims 1 to 31 characterized in that
the bitumen is chosen from the atmospheric distillation residues, the vacuum distillation
residues, visbroken residues, blown residues, their mixtures and combinations thereof.

33. Use of a bituminous composition according to any one of claims 1 to 32
for manufacturing a bituminous binder, a bituminous emulsion, a polymer bitumen or a
fluxed bitumen.

34, Use of a bituminous composition according to claim 33 in a mixture with
aggregates for manufacturing a surface dressing, a hot mix, a cold mix, a cold-cast mix, a
gravel emulsion or a wearing course.

35. Use of a bituminous composition according to claim 33 for manufacturing
a sealing membrane, a membrane or an impregnation layer.

36. Method tfor obtaining a bituminous composition according to one of claims
1 to 32, characterized in that the organogelator 1s introduced when hot at temperatures
varying from 140 to 180°C, either into the bitumen alone, into the bitumen modified or
not modified by polymers, into the bitumen in the form of bituminous binder or into the
bitumen when the latter 1s in the form of anhydrous binder, bituminous mix, or surface
dressing, or during the manufacture of said bitumens, binders or dressings.

37. Method according to claim 36 for obtaining a bituminous composition

which is hard at the temperatures of use without increasing its viscosity when hot.
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