WO 20091113854PCT/NL2009/050116 Use of a (1->3)-(3-D-gluean as an emulsion stabiliser Field of
the invention 5In its broadest aspect, the present invention relates to the use of a (1->3)-13-D- glucan
as an emulsiog sfahilises.such as an emulsion stabiliser for coatings, cosmgtieprogldsis ard
bituminous binder compositions. A particular preferred embodiment according to the present invention
concerns bitumen binder compositions. These bitumen binder compositions in particular have
excellent storage stability as well as 10 excellent breaking properties. The present invention also
relates to emulsions comprising a novel cationic emulsifying agent, wherein these emulsions are in
particular bitumen binder compositions. Background of the invention 15  This invention concerns the
stability of emulsiggg gl-gie(ptag)ég_jg_\gﬁuag;pwdﬁ BRaisnsisisnsepay start to destabilise after a
certain period of time. Emulsifiers when present may occur in either one or both phases. The
separation process includes the steps of flocculation, coalescence (recombination of small droplets to
larger 20 dropletg) apdeyliimaiclihase separation thereby forming a fully separated emulsion
consisting of an upper oil layer and a lower agueous layer. When the emulsion is a bitumen emulsion,
this is different in that an aqueous top layer and a concentrated bitumen lower layer (often a sticky
layer at the bottom whighyis wermdiffict Eipt%%@%@ﬁ%%ﬁi@{@%e@&ﬁmg’iM@Qﬂ‘ﬂ@Y—%-@denSiW at
room temperature higher 25than the density of water.  The stabilisation of a two-phase emulsion
involves decreasHyiie?d S8 EBHSRIb IS HNTAINS b & ARV S B T8 dG LR HAE SBIRE! 1Bf
droplets dispersegtéiibe contiBuaysPhasmasdigquidndaidns increasinglinewisaesityabteemulsion),

by the i ti f barrier bet the droplets and th ti h liguid, 30
poth. StabilisatioR E4EHReyda By HESHAHIBFIBFE R AT ARG B LA o ieas

emulsifying agentstué@ 2008/ Lh3§o4iPGE/ ML 2008i0601k6 2xcclEmulsinns swdidimpployedlinsmany
industrial an) food, applcafions neluding gosmetic Gompesilions. &:9-3in anddal; preparafigns and
make-up products, coatings andngsgﬁ t compositions. When tised in asphalt compositions, these
emulsions are useriypoempaosedvet adsitniirous! bifideg agd Wthek cempdseneindiiding enisil, an
5emulsifying ageﬂ&@i@gl&'H@Bﬁx@r@%&&%&ﬁ%ﬁsﬁ%ﬁs@'ymer as is well known in the art.  Emulsions of
bituminous binders are frequently used in road construction and road repair. These emulsions are
generally of the "oil-in-water" type and consist of a dispersion of an organic phase made up of small
globules of the bitgipkapusiRgendia GaRRYINUOUs aqueous phase, said aqueous phase containing an
emulsifying system which 10 promotes the dispersion of the small globules of the bituminous binder in
the aqueou§ hase. The emulsifying system usually contains an emulsifying agent and optionally a pH
regulating agent. The amislsifyingageni:mayhbeatasionicf eatidsiics ioeaonid. oxsaimpbib therie (@r
ampholytic). For example, U2 2122,020, Incoporatad by teferenas hereln. disclases hesides
emulsions comprising aither anionic or cationic emu sfymg Jﬁ.gagentg, emulsions comprising .
amphotheric emulgdityingcagsntsyMedininenthisionsoirbnthapbitsaninbes dmdepispaonteansteldecrease
the viscosity of tht%é)mw&mgﬁ&%%@ymw{}@s%&ﬂﬁ%@wmm}%w% ysed,@ed allows

easy spraying. Emulsions of bituminous binders are fluids at ambient temperature and in the
production @{surfiee gy gélaHrikarg sgumisudranhidesriorédin Wresdiesndphase of the
20 emulsion. The fyngiipg of thishickening aoent is wJacHgassuthr MsCagitn ahdhaRmigsianaito be
spread on the su%port to be treated, so, th@nl,the emu{féiﬂon is kept in rglac.e on thccsl support.ther(%lce,
before aggregate Hw%ﬁa?lg}lﬁi?%eﬁhgsﬁh P ok L AP I S8 Ry EI Gt (8 SHREREFSh on the
support is guarariigethcAdoitieon iy "Gatianic'sechulsigns @rehknovtodn tHechriasdaviiffienpHof not
more than 7 and contain.cationie, 2.crLIsiVing.adents, &:0; alally aming, whsreas, Anionic
emulsions are known'in thie art as having a pH of more than 7 and tontain anionic emulsifyjing agents,
e.g. a fatty &6id medaltbaliensitympwertant properties of emulsions of bituminous binders are storage
stability, processing propeiias;birakine, IQREHISS ANGAdNESNE RIaRSHS . RO SIRiAERI0 S0

emulsions tend to "break" or separate which is obviously undesired since they can then no longer be

processed. Howew?, wbifaatderiiasddresiunciadhnaetitiye s&Bims b teearfisidhs often
lead to poorer brealing.RIRRAIHIRSH Bg i@ty eaking Rhsing the viscosity of the emulsion), by the

insertion of an energy barrier between the droplets and the continuous phase or liquid,
30  or both. Stabilisation is achieved by the addition of e.g. surfactants and polymers, also

known as emulsifying agents.



WO 2009/113854PCT/NL2009/050116 3 the emulsion requires more time. It is well known in the art
that when applied rapid and uniform breaking of emulsions of bituminous binders are advantageous for
efficient workagility, i.e. ort time to achieve breaking (full solidification) under and humid
weather cond?ﬂ%é?i\;/?/?ﬁllc §F?as the advantages that the treated road surface% @é&;\z@%j%gs%%shortly
after a resurface of the road surface and that less damages occur during early use of the road surface.
Another problem in the art is that usually hard bituminous binders, in particular bituminous binders
having a penetration according to ASTM D5-97 less than about 100 101 mm, require extensive
stabilisation for storage, in particular for tong-teim storage. 10This extensive stabilisation also leads to

poorer breaking propegigsisiodda- 3pR2044d incarporated dydeierencaingiain. disclosen asihalt
emulsions containing olysaccharides, e.g. boileéi corn starch, ceIrIulgse derivatives such as

carboxymethylcefiGIBEE QREIRGIER R SEMIBEd2 4P IRRABANG AR B4 SRSER a
polysaccharide isahiatrgsole 2b0pekHerculashold&i4:bAhRA6 c nopipoiaied by seferdnoanakein,
discloses an asphal,emulsion wherein, g gross.Inked stareh s used as 8 fickaner,, ,9,4,879-326
incorporated by réterence ﬁlgreln, discioses cationic emulsions {hafngptlonaﬁly comprise thie ening
agents selecfed feomlsHgiggagpno vt woludlsi nextenal gampodindenatér solublevpolyibetitanes having
a low molecular weight, |6 below30a0,000: bgﬁ%ﬁré-%‘é%%ﬁ(@eﬁw%ﬁ%%%ﬁwﬁ%%ﬁnhm'”’

discloses an emulsion of a bituminous binder wherein a thickening agent is employed that contains at

least 40% by weigttdorBeierdgrie s i Gtagnsratbrridip ap the-aivo dEnsHasecoR i @ulsion

comprises 100 to 506 RRAMs M ferakiy A0 12.d000 prm Al seiereglucan RelsRasiieaRdZ3(¢AS No.
39464-87-4) is known as a (1->3)-(3-D-glucan having also (1->6)-13-D-linkages, wherein the polymer
has glucopyranoS@ XA O4NEES H GRS %).E;‘.a%‘b‘?gr%‘tiﬁli%“?d%é}%%iéffﬁé?ﬁ"a?ﬂiwh
Saccharomyoes gesevisiachelfiepstsuaiwbiHosmulbetdtatisropibeaimiamshowbibétow fae dysisatve
purposes: WO 2009/113854PCT/N1,2009/050116 4  Glucans e§ol mers of glucose and are
commonly found fnite cé V\I/}élﬁs]o’?b%cyerla} f‘qul;yyeallls%,i And'variou: Bf ﬁqtz’grﬁe‘él?es?p 'T6mimion glucan
is a p-(1,3)-linked 8 ghwdpyrangset (COmmonly eferregtto ax P gluoam)icOthgpwommuoncexamples

include mixtures 9518&@11%}35"(‘8‘?%%&Hb‘?ﬁ%ﬁ%?ee%mp@ﬂsﬁﬂ%%g@'H;%BPQ’J%‘EEHSEPP&QJ@E%

glucopyranose.  Accordingly, there is'a need in the art to provide emulsions in general and in
particular emulsioREBF Bt Bilse Sra thirn SaassBirepit o ARSI ABIfI¢HE TDURERDreak
rapidly. Theig is als9@, Rarkipthesaih ey anigr.amauisiangoihitmineyshindesiRichsoesmprise hard
bitumen and which still have excellent storage stability and which break rapidly upon application. It
s well documentec A BRSO h HEFHr GraBe BROIER B4R D Gp el A HHAS BT 4Bk or
bond coats, i.e. the adihesiveiayerthebieennwe Bisphall layarsnd fieb 15 ese oftgirdeHitumen is
causing less contafrliigation of uﬁ'ﬁ c{environrﬁeﬁt‘ as at %”%Qi[e[‘t tem eraturﬁs.thﬁlbrok n itum%n

. . Or. NnG T8 drc 1 £ emperalure and 1l C produciion
emulsion will not Stick t0 thé tires of t e asp ait truc s%eedlnglfﬁe aspha pavmgpmac Ine. Softer

bitumen stick easily t¢rickstires athiekapeeataras iexsedlingc80Qraied Wwithsuhseguenidyecduse black
smears on the PRYEMENTS FYEURLING HEUaP tﬁ&l@rﬁﬁ?%@%rﬂ 95‘%9%!?&9@%%%@%&%%‘33% R the
20asphalt trucks have to drive over coloured pavements, e.g. the popular red coloured WO

2009/1.13854P CTNIODE (sopiggdon the support to be treated, so that the enulsion is kept i place

on the support. Hence, before aggregate material or further asphalt layers are applied, a
uniform layer of the emulsion on the support is guaranteed. Additionally, “cationic”
emulsions are known in the art as having a pH of not more than 7 and contain cationic
25  emulsifying agents, ¢.g. a fatty amine, whercas “anionic” emuisions are known in the
art as having a pH of more than 7 and contain anionic emulsifying agents, e.g. a fatty

acid metal salt.
Important properties of emulsions of bituminous binders are storage stability,
processing properiics, breaking properties and adhesive properties. Upon storage,
30  emulsions tend to “break” or separate which is obviously undesired since they can then
no longer be processed. However, common techniques for enhancing the storage

stability of the emulsions often lead to poorer breaking properties, i.c. that breaking of



bicycle lanes in the Netherlands (cf. for example US 2007105987, incorporated by reference). In the
southern part of Europe, 35 - 50 penetration grade bitumen is often used for non-sticky tack or bond
coats. Howevey, Oegg(ygl 1i1C)n_s4c:omprising such bitumen have to 5 be handlede(\:/,iIch\F 53%50%%£§6to avoid
clogging and bYocklng of the nozzles of the tack coat spraying trucks. For examplé, It iS regular
practice that after a spraying job with non-sticky tack coat, the truck has to be discharged and
sometimes even thoroughly cleaned to avoid clogging and sedimentation of the emulsion. It is obvious
for experts in the field that harder grade bitumen will even cause more severe problems. Although 10
20 - 30 or even 10 - 20 bitumen are preferred during hot summers, the mediocre stability of these
emulsions does nat alewiBracgssthibesePatatialsiina prastigal and afficiantpaanesid «A¢ for
example disclosed in US 4._1?7.2%}, incorporat Egb reference, a bitumen emulsion can be stabilized
with different poly SALERAALAE S LR A eH Al HEPHEOHE WS LT GHE S IgOHEICriving
forces for sedimentalioiif bitunaeh@milsion isithe dersitindifforendadb®iweaen thenbitutaetoglobules
and the surrounding aquseus phase, snce. e siarage siabilit can be imroved by ncteasing the
viscosity of the aqueous phase w ich concomitan y ncreases the ygro ynamic Tric ional forces on
the bitumen globghksstduring Seditertetioncs20MoweVide, iobtofitive suhméleialiravgitalbleeationic

tack or bond coatgmlions RaVE @fd.aleRg.iQ 2. When stored at elevated temperatures, i.e. 500 -
70C, the molecular weight 'of the polysaccharides disclosed in US 4.137.204 will drop due to acid

catalyzed hydrolysis. A*RBticE B8 &eaih Vidks it dbpiy REenunae ivdendd Bl

emulsions is obs@rvaeyuith i Rifeyn gays. sHeRaeatibisaveutable A3 122 pseyenslsion megifiers which
are not or less segsjtive towards acid catalﬁgg h_ydr%gsis so that the emulsiog demonstrates a

constant quality fo a PPOISHEEE SEROHYR HES2Up! BEMSRER 9 PESISATIRE SEE-580 Ba8esse,

2005, discloBes cosimetierBiW eabilisivios ebmipaiding harto drAkiddprepletiglucan. 30S.C. Viiiarta et at,

Int. J. Biol, Macromol. 41, - 2007, disclases the use.of gel matrices comprising 2.wt.%

scleroglucan as drug (ﬁeﬁvlgr}é z/é%%;eigcoépbmgﬁg@ﬁdé%g%%f ed?slgl’o%esgigsg ae édgaﬁ?e%éz%lr%rf)srising a

cheese head, a thmmﬁggstabrﬁze@haﬁm@I-siohf)étaﬂ)imm a@obla_,g@ﬂlin@%éwﬁ,wmﬁmeiwﬂﬁm@_mulsi-on

stabilizer containga{easkPRMFACCD ARy R0 ey SARRNALASIS FUIBIAN, acofl RIGARR iscloses
0

the use of curdlan as an emulsion stabilizer for enhancing dissolution of the outer coating of a feed
additive composifibM N BARBiREEsIRalgE arel TrdrtishBgrculeEp 1.477.171 discloses the use of

curdlan as emmulsion stakilizesgmesfoaebasiailive HH Q- MNHBIELEFANBRK:AS MerianedmulsldS
5.750.598 discloses that scleroglucan can be used as a viscosity-controlling additive in aqueous
bitumen emulsioﬁ%bQTGIW6r9ﬁ0%?b BAFIS A g%%”‘ﬁw@’ﬁ]é‘a‘slf'choline esters in dermo-phaunaceutical
and cosmetic productdJSusraadsoidhejaventionre fedmaee firgepinbiedimani the presdsib aisalosure
relates to the usegf.3 (U3 Drdluean as,an.emuision siabiliser. . . asecond smpodiment. the
present disclosur&rélated {0 emu sions, preél’elz’a%jly prowae that thE 8mulsions are not a bitumen
binder emulsion, gomprising @cl-=8 3 Dglucathimenhamopnt lof010d] coul @ wisighbasedelr the total
weight of thg emulsigy,  In a third embodiment, the present disclosure relates to bitumen binder
compositions comprising a (1->3)-{3-D-glucan in an amount of 0.005 to less than 0.1 wt.%, based on
the total weight of the bitufétobiRfessrnsssitidny relpienfsurticemisodiintdit sthetprssentdisclosure

relates to emulsigs capRisingGANRYEHDIodeadabie.fMUISIMING @gRtbonta#f afilthemhodiment, the
present disclosure relates to emulsions comprising a novel biodegradable emulsifying agent in

combination with {805 8J. 5029 feAN Y heralBdb HIRG F5 asihdh RS AR ALt bisert fiSGosure,
relates to a bitumipgipeilindes CORIPOPHON HOMMRBEINY@E:H0vel hipsegradatle. emuisifyiogiageant in
combination with a (1 -->3)-13-D-glucan. ., According to a seventh empodiment, tlae present
disclosure ré?ates(% illﬁfhe#ﬂ 46%?'%&%‘6%‘?%}1&508 b??sﬁg POV bS5 E’rﬁ%?%ﬂ'mg
agent. linkages, wherein the polymer has glucopyranose side chains, and can be obtained from

e.g. Sclerotinia sclerotiorum and Saccharomyces cerevisiae, The structural formula of

scleroglucan is shown below for illustrative purposes:



In one aspect, there is provided an emulsion, comprising a bituminous binder; and 0.005 wt % to 0.02
wt % of a non- modified scleroglucan, based on the total weight of the emulsion, wherein the
bituminous binder comprises a bitumen having a penetration of about 100 x 101 mm or less, according
to ASTM D5-9WW%9/é?ﬁsﬁ#e emulsion has a Breaking Index times a Storagl)ecgfgﬁj;fﬁw/i’gg]sl?han 1.8,
and wherein a maximum value of the Breaking Index is less than or equal to 120 and a maximum
value of the Storage Stability is less than or equal to 0.01%. In another aspect, there is provided an
emulsion, comprising: a bituminous binder composition; and 0.005 wt % to 0.02 wt % of a
non-modified scleroglucan, based on the total weight of the emulsion, wherein the bituminous binder
composition comprises a blend of about 80 wt % to about 98 wt % of a first bitumen and about 2 wt %
to about 20 wt of a second bitumen, wherein the first bitumen.has a penetration of about 10x10-1 mm
to about 100x10-1 mm, according to ASTM D5-97, and wherein'the second bitumen has a penetration
of about 100x10-1 mm to about 350x101 mm, according texASPMD57"  In yet another aspect,
there is provided a bituminous binder composition, comprisirig#an e@mulsion comprising 0.005 wt % to
0.02 wt % of a non-modified scleroglucan, based on the total wéght 6f.the emulsion; and an -
emulsifying agent selected from alkylpolyglycosides of formula (I): k (RﬁO)b(Z), wherein R1 is an
alkyl group having 5 to 24 carbon atoms, R2 is an alkylene grougﬁa \g 2 to 4 carbon atoms and Z is
a saccharide group having 5 or 6 carbon atoms, b is an integer having*a value of O to 12, and a is an
integer having a \fgalue of 1 to 6. 6b In still another aspect, there is provia"e;gi a bituminous emulsion,
comprising: 0.005§ wt % to O.Q%‘\‘/{\g_{% of a non-modigg’%gcleroglucan; 30 Wt % to 70 wt % of§a binder
selected from the:group consisting of paraffinic, Qd’ngphthggic bitumens; §:02 wt:%6 to 0.2 wt % of an
emulsifying agent; baged og artotal Weight.of theéypirider; and an:acid, Whéreinthe émulsion has a pH
of about 2.4 or less and a.siyra mallity lessithd s, Meastire : o NEN 12847,
WO 2009/113854PCT/NL2009/050116,

3, - ) s = X ;

: 7 Detailed descriptign of the invention  Fhe verb "ta,
comprise” as is used in this description and in the claims and its conjugations is used in its non-limiting
sense to mean that items following the word are 5 included, but items not specifically mentioned are
not excluded. in addition, reference to an element by the indefinite article "a" or "an" does not exclude
the possibility that morg;than one pfihaRlenenidspPisRent Uolass e soniext gleaty reawres that

there is one and only one of the elements. The indefinite article "a" or "an" thus usuag‘)g].eans "at least
one". 10The termP&HtifsiB & trBY- drderiost e SiF&isim ncRAHER Hi§LHERR S 3 65 lahidhaksyuid
crystals are dispessedipranigyidoliremulsigesdhecdioplelseiiprnexseeshthensvahlititstordolloids in
size. An emulsion is denot t mbol 01W if the conti .phase is an agueous, solution and
oy WIO i the contIBUS BHSE 4 S SR TRt ), MRS A AtaE e g Slich a6
0/VVIO (i.e. oll dr@plets glﬁcmlgde within aqueous droplets dispersed in a cpntinuogs oil phase or
three-phase emuisions) ae alsg Inclidles By, (g 1RT. eHISIA I RNSIaaRRN smusips, fthoudn

colloidal systems, are not &mulSiohs in the sense of the term "emulsions” as used in t IS document (cf.
International UnigridicPigresamdhimpphéd themistrybiMiarudizohsyarbor lamdsPergsintibdinfend
Physiochemjgal Quanfities g it ARReadix Il Refnitens, 20.Fminlogy,and Symhalsdn Colloid

and Surface Chemistry, Part 1, wéb version 2001). The type of emulsion (01W or W/QO) is determined
by the volume raffiéfihe bigs FEUIBKSTFhrrd MR aithavskvelibriang oswdlent (At HHESe ratio of
19), the emulsion;iguskial MO diRisRGHRRAtichard” bitumen is to be understood as a bitumen
having a 25 penetration of about 10 to about 100 10-1 mm according, tq ASTM D5-97. On the other
nand, "soft” itumen is 15 B8 UASGERSBA L AN EREL AR o M5cHERGHe el SBRLEDO to
about 350 104 mavacaokding oA dd5:97.c Addsuitelikadayaribdhe:artivoaymit fda penectiation
according toi ’:»Q‘S'Tll}/lse%“-]r?achgr é?ﬁ%zéplrg causing less contamination of the environment as at ambient
temperatures the broken bitumen emulsion will not stick to the tires of the asphalt
trucks feeding the asphalt paving machine. Softer bitumen stick easily to truck tires at
temperatures exceeding 30°C and will subsequently cause black smears on the
pavements surrounding the job. This causes a great nuisance especially when the

20 asphalt trucks have to drive over coloured pavements, e.g. the popular red coloured



WO 2009/113854PCT/NL2009/050116 8 The (1->3)-f3-D-gluean - As is known in the art,
(1--->3)-P-D-glucans may have different types of linkages. According to the invention, it is preferred
that the u“”k/@'ﬂ?ﬁ%‘u%?@sﬂ has also (1-36)- 13-D-linkages. It is also preferigd thas s, RQlymer has
glucopyranose side chains. 5 According to the invention, the glucan is selected from the group
consisting of scleroglucan (CAS No. 39464-87-4), schizophyllan (CAS No. 9050-67-3), laminaran
(CAS No. 9008-22-4), cinerean, lentinan (CAS No. 3733’9§90-5) and curdlan (CAS No. 54724-00-4).
However, curdlan is less preferred because of its low water solubility at acidic pH.. Most preferably, the
glucan is scleroglucan. 10According to the present invention, it is preferred that the (1->3)-13-D-glucan
is non-modified (bic¥3)eRakk-glucan NethAckarmingtédhex pigsent nyeororm 4sis prefercesidhatthe
solubility of the (I}zt% -CP-c -glucan in water (20C, pH = 6) is at least 20 wt.%. According to the
present invention, e?i- >3)-P-D-glucan is employed as a 15dispersion in an apolar non-hydrophillic,
liqguid medium, preferabily:a segetabieroibf Enmofsiciis-iflgenenalithempredenbhinyentdis: hasefound that
a <1->3>-13-D-g.'%&Dsngﬁﬁia%%&%ec@ag idunarpasiad sieblisaalledan emuisigng i general

and that only minor quantities of the (I -->3)-13-D-glucan are neces: ary for achieving this eftect. It

further appedrs tthatithed lpdoetbizaeiditen of treidicloppepnddasrinaybde anetsyidlleitege

manufacturing pr@&ﬁ%ﬁ@ﬁig%ﬁ%ﬁﬁ%ﬁm@d&h%g@ﬁ'r‘jﬁ@tﬁé%Qﬂ&'&é}nar@@ﬁéﬁ@gaj@@%tﬁ’? the
u

aqueous phase before emulsification or it maé}t%e added to the finalised emulsion. 25 Consequently,
the (1->3)-P-D-glienitighwitishy sbiitinlersls 55 &mbAsisisiestiser craiiiigs s “aBhEmis Hgent, e.g.
in emulsions for rgaghe@nsiustianaat sepdikaMiHRANS Or cosmaticpUIPAsesiem UlsieRpfor
coatings, emulsions for food products and the like. ...~ Accordingly, it is preferred that according to
the socond nspodt ISR T SHAE SIS BT IH SRS s oA TS A UiBhe 1 not a
bitumen bindler egiulsidih ocomprisés-a2(l B:@)f8aDyglpcdirindduamg ot ehd.0trto the wtdtydrased on
WO 2009/113854PCT/NL2009/050116 9 the total weight of emuyl |19191, and pref tggg 0,01 t05.0
wt.%, based on tﬁiea%){{%i (\;vge%eﬁ? 8?%31%1 i?%u&r%frﬁ(%z %ﬂgg&}%%ﬁ%%%ﬁﬁ? moer:edpgfe erfg y O.Eb]e:t to 2.5
wt.%, even more Pfefierabigra@? to 1.5 wt.%, yet even more preferably 0.02 to 1.0 wt.%, yet even

more preferably 0.02 @ 08\ @%ﬁ&ﬁ%&ﬂ%'%@t%i@@4?i%@o‘jéﬁol%i§cﬁ%%kf&?é§é@,‘% Hupiepare
emulsions comprlsm(_i a (1->3)-1 -D-%Iucan in an amount of 0.005, preferably 0.01, to 0.02 wt.% and
8 Q)

0.005, preferably G01si88 G Bewieddlizehpdbr i tentherfassas bl B theasmRtiah, He*present
invention relgtes {p;i @MW 0DsdR OaBERM oHBnVitReN the:¢d 8)cliBonglusanMiich-amprisea
cationic emulsifying agent selected from the groyp of betaine glycines of formula (11) and 10 choline
Gerivatives of oA (1 i BTSSR T Bt R ol T B A
emulsifying agenbhzsan ldmoetinhokabart Q4b1litp ebobt 20pnd sl basedepithetotakweight oththe
emulsion. The amount of cationic emulsifying agent is preferably Q Q.10. 90, the total
weight of the bitu minous é:%lﬁl jer gg(r:r[]{]p%)sl}%é)%?t?ﬁlgleeIg?le%reasbﬁE)}eol%%t%&%%v%%ﬁ%nghe(ﬁi?ﬁg?sgg%re erably
0.02 to 2.5 wt.%, 118 bystrevaromore preferstsiyreroatisg.1.0 wt.%, yet even more preferably 0.02 to 0.5

wt.% and in-particular & 02 £0.0. 2.t %6+ b ceondingeiarihe.fitth aspect pf thepegsent faventian, it

relates to emulsions comprising a novel biodegradable emulsifying agent in combination with a
(1-43)-13-Dglucafa&Penials sridicdrigiing tHetca BN deistNA g BeaRt RS- 415 athourdt éf-about 20
0.01 to about 20 yw:%cRaskd wathedolal weightcahihremulsien.ant theX1243)«(3 Bgibieantn an
amount of 0.01 to 10 wt.%, ba;g%c%%lthe‘to al Weigf% of the emulsion. Preferred ranges, of the cationic
emulsifying agenf&t ﬁ@iﬂ%‘: BT h4s 48 B e OEar eyt SIS Bitdmitou & Bide e
composition, moré pieterablyuth & ¢ Bstond Jooevercinondipreferakhy ©. 02rtoe 2i6iwh Vo pydtewen more
preferably 0.Q2 to 1.0 wt.%, yet 25..even more preferably Q.02 to 0.5. wt.% in_parti 0.021t00.2
W6, Prefertba ramboe e o L e N8 P ot e
bituminous bindefrdmipoisito Hiatidrecprefesalsigniodiric? Soaptdsneqeriidpe preféoasil ocoedo 1.5
wt.%, yet even mere preferably 0.02 to 1.0 wt.%, yet even more preferably 0.02 to 0.5 wt.% and in

particular 0.02 to 0.2 wt,%. o _
D. Bais et al., J. Colloid Int. Sci. 290, 546 — 556, 2005, discloses cosmetic O/W

emulsions comprising 0.2 to 1.2 wt.% scleroglucan.
30 S.C. Vifiarta et al, Int. J. Biol, Macromol. 47, 314 — 323, 2007, discloses the use

of gel matrices comprising 2 wt.% scleroglucan as drug delivery vehicles.



30The emulsions according to the present invention comprises preferably about 25 to about 75 wt.%
of an aqueous phase and about 75 to about 25 wt. % of an oil phase, based on the total weight of the
emulsion. WO 2009/113854PCT/NL2009/050116 10 The bituminous binder composition The
bitumen employed in the emulsions of the present invention may either be straight run products or
processed products (cf. Kirk-Othrner, Encyclopedia of 5Chemical Technology, 4th Ed., Vol. 3, pages
689 - 724).  According to the third aspect of the present invention, it concerns bituminous binder
compositions comprising a (1->3)-3-D-glucan in an amount of 0.005 to less than 0.1 wt.%, based on

the total weight of t Ision, and preferably 0.01 tq 0.07 wt.%, even more prefergbly 0.01 to 0.04
5%, Bven more LU R A Tt S S g oS A kel
(1-->3)-13-D-gtubdizas aefinedsatmovabiliaer amdbangalife0Feto, Gvi2teint ihe, encuipreferbidlye0.005 to
0.015 wt.%, basetd.gnattq% t(%tgl V"FL%Q&?{" g?yglsg9rga;rc %é%ngsegu%%&%rding to this third aspect are in
particular prei‘cec?rrlea When the Bituminous birder co position does not comprise a biodegradable
emulsifying agent défeétéd)ivrittiegrotip coasiBiinglbihbetainerestermatsoddiag o thfarmuia (IT) or
choline ester gerivta\t'ves e%ct%ordirggrtgof 1rmul§ %k:ée%uat ﬁgvg%ti%n%lsﬁggglmigﬁlgg&@t(sﬁ ranAe(écording

to the fifth aspé?:%oo Re nvertion, it relates 1o bi uminous%mé’erpcompoéd I0NS comprising & hovel
biodegradable®mdgsifyirg.agent in combination with (1->3)-3-D-glucan, said emulsions comprising the
cationic emulsifying.agent.i 0.amount of about.0.01,t0 ahout 20 wt.% d on the total weight
ot the emulsion, aniing (L S8yt Her s b alfe o7 A T e BE eign
of the emulsionidrreée¥edwangesoirthesatiomeemulsifying agent are 0.01 to 10.0 wt.%, based on the
total weight of the Qitumi éﬁ'n er,composition, more preferably 0.01 tg 5.0 wt.%, even.more
oreferably 0.02 to 3Sa eb U e oA B8 ot Yo B SHERTEE oy
0.02 to 0.5 wtHddand im panticutadn Bd2rt@@ilswin%. Preferred ranges of the (1-->3)-13-D-glucan are
0.01 to 5.0 wt.%, based tal weight of the bitumingus. binder compgosition.. mare preferably 0.01
(0.2:5 1 35, even TS FICHLER 0 HRIch e al e R MR G
even more praferabiyn@ti2ptodn&snt.% and in particular 0.02 to 0.2 wt.%. 30According to the invention,
it is preferred that the bituminous binder is selected from the group consisting of paraffinic and '
rtaphtenic bitumen. Preferably, the paraffinic or naphtenic bitumen have a penetration in the range of
about 10 to alfut i€y 2008¢E288BAXCT/N1,2009/050116 11 350 10 mm according to ASTM D5-97,
more preferably about 70 to about 220 10-' mm.  According to the present invention, the amount of
the (1->3)-13-D-glucan used in bituminous binder compositions is such that thickening of the
bituminous binder Seerfipositionsradoésesseminlistotwecerant ibdansteds ttian3iHe- highwanms amount
employed in the ipyention that ds disclosed in US 5.246.986.  This invention also permits the use of
relative hard bitumen, i.e. bitumen having a penetration of according to ASTM D5-97 about 100 10 mm

or less, in particulafbpEraW SR GrEDh the PrRiFH Eisshstie ro e i RS EbRI Eittdsions of

that the emuisions are not a bitumen binder emulsion, comprising a (1—3)-B-D-glucan in an
amount of 0.01 to 10 wt.%, based on the total weight of the emulsion.

In a third embodiment, the present disclosure relates to bitumen binder compositions
comprising a (1—3)-B-D-glucan in an amount of 0.005 to less than 0.1 wt.%, based on the total
weight of the bitumen binder composition.

In a fourth embodiment, the present disclosure relates to emuisions comprising a novel
biodegradable emulsifying agent.

I g fifth embodiment, the present disclosure relates to emulsions comprising a novel
biodegradable emulsifying agent in combination with a {(1-—3)-3-D-glucan.

According to a sixth embodiment, the present disclosure, relates to a bituminous binder
composition comprising a novel biodegradable emuisifying agent in combination with a
(1—3)-B-D-glucan.

According to a seventh embodiment, the present disclosure relates to bitumen binder

compositions comprising a novel biodegradable emulsifying agent.



10 bituminous binder compositions having an improved storage stability. In contrast, in the examples
disclosed in US 5.246.986 only "emulsifiable" bitumen are employed, i.e. soft bitumen having a
penetration in the range of 140. 160 and 180 - 220, whereas it is said that bitumen having a
penetration in the range of 5 to 500 (according to NF standard T 66004) can be used. 15A
disadvantage of fast breaking bitumen emulsions cofrising hard bitumen is that wetting of dust on
road surfaces, wetting of grinded asphalt layers and the coalescence of bitumen droplets to form a
orogeneous congepif R cs b o pluEn AUSOS M P A BIeR. Tbe
addition of the (1-+3)-13-D-gbcan, e.g. scleroglucan, allows mixing of two types of emulsions produced
using the sam®- 3 avhidsHierHehteoagwialled bimodal bitumen emulsion can be produced in which
a relatively small amouni Qb asafieb REHMe e RUlBOR Afts AIRCARIGBACH RIERLIR NEisARSthe

coherence and bonding in the bitumen film. The bitumen phase in these bimodal emulsion may consist
of 80 - 98 wt.9BBEFOLIPESP02 FHYBRUNMEH N P, B 20U 580G 28D - 39D Bitdfien. 25The

bitumen emu|%Jém>fa%9_§Fcéia@m@sm%%%febf?m@aﬂﬁm&h@a@f@@&&mgﬁﬁa@ alaed pEhitraen
adi

emulsions having : erent degree of penetration of the starting bitumen as will be disclosed in more
detail below. It %%Yeﬁ%ﬂiﬁ%tltﬁeaﬁﬁdﬁﬁ’éﬁ’@oﬁfﬁﬁ%’é%“g’bYéh‘& Bt PESHBHUAIMIE Enitibitand a
hard bituminous eqauision 2beind hakdh bifune Rt ¢ sediRsAsigdiDgsNatetialder dhe emulsigndaving a
penetration of qs;g r]rgbout 100 10-I mm or less according to ASTM D5-97, preferably about 100 or less to
about 10 10-1 ,'more preferably of about 60 to about 10 10.1 mm, even more preferably about 50
to about 20 10-1 mry, . it ' ali o
2009/113854PCT/I\]EL2%%%%§§{1)%%’ @%%%ﬁ%%gg&%%ﬁ%%nﬁn%ﬁ%brding to ASTM D5-97,
preferably morebitaniapouindd erabotitidsemd1 mm, more preferably of more than about 100 to
about 220 101ynm, GvenmeLe Rieiema a0 ia rRhoULA0 dRLBMmERG AIGRE:pretarbly
comprises a weight ratio of a soft bitumen to a hard bitumen in the range of 1 to 30, 5Smore preferably
in the range offBI$®N.  Asphalt pavements are usually constructed in a number of layers. At present,

most of pavemgni-desigintangh xRk sliReechpikies asshimRhabraliace abhay s esfulydeanded

together without anyorelative displacement, However, it seems that good bonding is not.always
achieved sincé% Warfot df BKer AT ralonhre Hedn Rrfbsy! f@g With' © 6P BERPEHETER: Bond is
critical to transfeicragiahdéemsileiangesesarasiess iish theasoderlying layer angbiwitheomiare tethe whole
of pavement structure. To leve the required pavement performance, good banding is ver
portant. HoGTEIGR 1 a0 BhaLbut SR aHIBh DB SR TERoRES to BRE T Gt
achievable sheanstehgih af sbeangstat 6dadmpnsisutiions ASTMIEE9El combinations. 15To measure
the shear strength or shear modulus of the adhesive layer between asphalt layers, the so-called
Leutner test can beluset |angiiscte sspetorsibertensipreridsd perfommagays 1oodst 150w Elindrical

test samples. The ipventors fapnelihrtwher fasdergsade bijumen@ressed she,sheanioaesias
measured using the Leutner test are higher than for softer grade bitumen. For example the shear force

when a tack caaleroalusaressebon e Xuabitimeh ifatsuemirkion it fhesHighERha8hen a
160 - 220 tackseQatds B#ertalkylbolvewéacing drassinadenchip seal) emulsions the addition of
elastomers to the emulsion bitumen phase will increase the life expectancy of the road as the
mechanical (elastic) properties of the binder are improved. 25The bituminous binder compositions
according to the inverfioprteygire preferably comprise an el@stomer. Elastomers are usually added
to the bituminous binder composition to improve properties, e. g. rutting resistance, of the bitumen.
Also cohesion of porous asphalt layers is improved thus reducing the degradation thereof by ravelling,
i.e. separation whihersRbregatdisyirgrouiheaaaphaliostifaceof inaths, Blaistomekyl 30 greupdrsssary to
obtain a strong, vet flexible and sufficiently plastic binding material. Althqugh.elastomers are
sufficiently co%p}/gti‘lgl(éa\sl\?ﬁ t%lﬁfnn%ear?,gtt?e§lsc%rslaﬁ%hérel r?ﬁé%"l%?{%"b%g%@%ﬁ. ?t?? n tﬁ%ﬂ%jg/ Cause too
high a viscositynthpsdmenasaesititisT@duil@satka is an integer having a value of | 1o 6.



WO 2009/113854PCT/NL2009/050116 13 addition of solvents and/or fluxing oils to lower the viscosity
and to improve solubility of the elastomers in the bitumen and the processing and application of the
bituminous binder composition. Preferably the elastomer is selected from the group consisting of
ethylene-vinyl acetate copolymers, polybutadienes, ethylene-propylene copolymers, 5
ethylene-propylene-diene copolymers, butadiene-styféne di block copolymers,
butadiene-styrene-butadiene triblock copolymers, isoprene-styrene diblock copolymers,
isoprene-styrene-is?lpggnemtl{)igllock co&oll)(me{ss Wh(—g’(ﬁ'rz}1 g}gngliblock ar Eriblock co Hosg mers may occur

. . cr aﬁ)e é Gi'ﬁ TOV] ﬁ 1Inous erm 51011, COM . ..
in morphological shapes as star-shapéd polyniers wherein a cross-linking agent'suci’as divinyt

benzene is enfpifpeutits o) amificed ingprocesd sddqeshennat 3Qcebldigtowhéopresdmdevention, it
is preferred that e gIASIOMERS i5.3,POMBENY & ISSiEAMRISINgMAdIREGREPI9Rally supstituted

butadiene units such as isoprene, most preferably a polybutadiene, a butadiene-styrene diblock
copolymer, a shkétie b afadieriBldtfane sapmdcRasporymérta weighsd-gigremddiniveeeasslymer or a
Styrene'iSOPre&ﬁE;?MQH@éﬁiﬁli@féﬁtl%[@ﬁ’W%-a%@%%ﬁ@?%&Q%t%'ﬁ%@ﬁh%‘iﬂ%@eéék%‘%tﬁdiene or
a styrene-butadiene-styrene tribtock terpolymer, in particular because of their good compatibility with
bitumen and it&EaHEFd %8@@&%55&8&%%@5. In the bituminous binder composition according to
the present invention, the elastomer content is preferably 0.1 to 7.0 wt. %, more preferably 0.5 to 5.0
wt. %, of the elastomer, based on the total weight of the bituminous binder composition. 20 According
to the seventh aspect of the present invention, the present invention relates to bituminous binder
compositions and a biodegradable emulsifying agent selected from the group consisting of
alkylpolyglycosides according to formula (1), betaine glycines according to formula (1) and betaine
esters according to formula (lll). Most preferred biodegradable emulsifying agents are the betaine
esters according to 25 formula (lll). These biodegradable emulsifying agents are disclosed in more
detail below. The bituminous binder compositions preferably comprise about 0.01 to about 20 wt.% of
the biodegradable emulsifying agent, based on the total weight of the bituminous binder composition.
WO 2009/113854PCT/NL2009/050116 14 The emulsion of the bituminous binder composition  The
present inventors observed that the viscosity of (1-43)-P-D-glucan-modified bitumen emulsions is more
or less constant when stored at temperatures between 50 5 and 70C. Furthermore, additives used to
stabilize acidic cationic emulsions, like tack coat emulsions and surface dressing emulsions, should be
sufficiently stable at relatively low pH values at temperatures between 30 and 80C to avoid the
deterioration of these additives in order to assure a constant quality during prolonged storage.
Surprisingly it was found that the polysaccharides as described in this 10 invention do not result in a
significant drop in viscosity when stored at 50C under acidic conditions. This indicates that the
stabilizing effect of the polysaccharide is more or less constant during prolonged storage.
Furthermore, the inventors have demonstrated that only very small amounts of a (1->3)-3-D-glucan are
sufficient to achieve a significant effect on the stability. Without 15 being bound by theory, the present
inventors assume that the mechanism of stabilisation cannot be explained by a possible increase of
the hydrodynamic frictional forces acting on the bitumen globules since the thickening effect at these
low concentrations is negligibly small. An even more surprising observation was that when
(1->3)-f3-D-glucan was added to the aqueous phase of the emulsions, only a very 20 small portion of
the polysaccharide dissolved under the experimental conditions. Industrial grades of (1-3)-P-D-glucans
have a purity ranging from about 20 to about 95 % and it is assumed that the impurities present in the
glucan polymer do not contribute to the observed stabilizing effect of cationic emulsions. The
undissolved fraction which contains most of the impurities was subsequently filtered off and the 25
agueous filtrate was used to produce a bitumen emulsion. This emulsion demonstrates the same
storage stability as a bitumen emulsion which was produced from an unfiltered agueous phase.
Obviously, both emulsions demonstrated significant better storage stability than an emulsion produced
without any (1-93)-13-D-glucan addition to the aqueous phase. 30US 5.246.986, on the other hand,
discloses bituminous binder compositions comprising a thickening agent which comprises at least 40%
by weight of scleroglucan. In these bituminous binder compositions, seleroglucan is used as a
thickener, i.e. that WO 2009/113854PCT/NL2009/050116 15 scleroglucan increases the viscosity of
the emulsions of bituminous binder compositions. However, the present inventors have surprisingly
found that (I -3)-13-Dglucan such scteroglucan enhances the intrinsic stability of emulsions of
bituminous binder compositions, which results in an improved storage stability and an improved




5shear stability.  The bitumen emulsion according to the present invention comprises preferably
about 25 to about 75 wt.% of an aqueous phase and about 75 to about 25 wt.% of an oil phase, based
on the total weight of the bitumen emulsion, wherein the oil phase is made up by the bitumen binder
composition Wid&8edsHove. However, it will be apparent to 10 the persBRISKHRAE% TS art that the
oil phase may be of synthetic origin as will be disclosed in more detail below. More preferably, the
bitumen emulsion according to the present invention cothprises about 70 to about 30 wt.% of an
agueous phase and about 30 wt. to about 70 wt. % of an oil phase. According to a particular preferred
embodiment of the present invention, the 15 bitumen emulsion comprises a blend of a bitumen

emulsion compﬁs{nge g%lsrgrbi ume t%gdn%etn)li ymen emulsion comprising a soft bitumen. Emulsions
comprising such blends averne advan age 4t desires properties can easily be attained. The
bitumen emulsions according to the present invention preferably comprise next to the
~>3)-13-D-glucan atjgastane eauiyiipaagent seiaind fam iearaupi2hconaising fenionic.
cationic, non-ionic or amphoteric emulsitying agents. Preferably, the emulsifying agents are selected
from biodegradeBlaganensifyivighietitsoslisn Bisdepiatipien el siepddigents ayvpetticor
completelysbe basgakanegeiablef %SQ&E%K%- o RxRIPIe msw@ﬁum ﬁ%&@.&hﬁ%@éﬁ‘e@&r tly based
on vegetable feedstocks are products obtained from the reaction of synthetic polyamincs and fatty 25

acid derivatives® BB RETSRLRAR R/ EINEERITE AOITEsTREdR BRSHYISBIE R TUISTHIRG Bgdhts which
are partly or compietply: based e degetaheferdstockssar vileagpaltent jaitbosashideddn the art.
Synthetic chemicals having the same structure, as the biodegradable emulsifying agents disclosed
erein which ot BARL BT oy SANE o ORI Lotk T i
invention, Althdugletbese'30synthetic chemicals are produced via chemical synthesis, their structure
assures good bio-co tibility and excellent non- IGILY. Isifyi nis. that mpletely
WO 2009})1(?13854P£]i%§f%o§?‘8§8‘1°f6 isanf)ggélé‘%%r? gv%)%aet%sb%}}geg stfc?(%(@ %%e fiiﬁg‘g@%@us
6.117.934 and U8/Q00TG2438R21s @r@tﬁiﬁp@:@ﬁédra@embiﬂréfe?ént}é%fém droplys ®@AATI8%Fdiscloses
the non-ionic epulsifving.agens Qfieareyr-ohalkiinrivalycasiles dhfamyali & RIGROPQ). ()
10wherein RI is an alkyl group having 5 to 24 carbon atoms, R2 is an alkylene group having 2 to 4
carbon atoms TSR SHEERATIAE GEERIRA0MES GRe BXrBBR dfoths cHIEBHPHtelRHAdRg a value

of 0 to 12 and ajganiNtRGSIMENT avsitieoaihlieatdralasably siris0 eng/0ig 8 glugasadiesidue. The

alkyl group is preferably linear and may, optionally contain up to three carbon-carbon double bonds. As
s clsclosdd m G PaR 7 BB HEPH MR Bt CAREHEN D FBLBRLPE B A6 At AT AREn vl
Betaine has thesfarigivia)Me3Ns Gid342d09. the thendréguientiaity Gkt Bmd) comydongs (i.e.
combinations of .5l nic group and. an alnjon gro at clo%(%hdiganae fram_each oth nw_%hin one
COLIOL ft %‘éﬁ gl‘gs, I‘? not Cuilsions Rense O C ICTIm emuislm]ng as useﬁ i1 th1S
molecule are generally called "betaines”, wherein X(*) Is an anion, e.g. a halide, a sulfonate or a
phosphonate. Howevrenrt Gihdetirgtiatettiseut o0Pghrciné fppleCHir@ooHY R bdtahfyrgbetipounds
having the formya MeaMsfsE2rCPORaiedndinagiueahindisaied arslainpasipisnor "betaine
ester derivatives”, despite thé fact that they lack an anionic group. = Choline has the formula

Me3N"-CI#-C Huppnaineharkysbab dof ol thd deiarrftwmisated a1t Tehvfhe esters” or

“choline ester dgjiMativas 4o dBAA04024 332 b disatpspsieatinmie enupiyipe agenis ot the group of

betaine esters of formula (II): K(R3)3N+-C(R4)2-C(0)-Z-R5 | ‘ )
two hquids. For example, with 5% water and 95% oil (an O/W phase ratio of 19), the

emulsion is usually W/O.
In this document, “hard” bitumen is to be understood as a bitumen having a
25  penetration of about 10 to about 100 10" mm according to ASTM D35-97. On the other
hand, “soft” bitumen is to be understood as having a penetration of about more than
about 100 to about 350 107 mm according to ASTM D35-97. As is well known in the

art, the unit for penetration according to ASTM D5-97 is “1¢” mm”,

30



WO 2009/113854PCT/NL2009/050116 17 wherein X is a sulphonate group, R3 is a linear or branched
alkyl group having 1 to 6 carbon atoms, R4 is either hydrogen or a linear or branched alkyl group
having 1 to 6 {J:) t , Zis either 0 or NH, and R5 is a group having tzg ‘ bé 1,14)(2n -
wherein m de(ril% e%r%ﬁ?é%ﬁ ber of carbon carbon double bonds, with 6 n 1 gﬁfg‘{gi %@é_%. If the
alkyl group comprises 3 - 6 carbon atoms, it may also have a cyclic structure and may include one to
two heteroatoms selected from the group of nitrogen and %xygen. Other betaine esters of formula
(1) include (not disclosed in US 2007/0243321) include those compounds wherein X is an anion other
than a methane sutphonate, 10paratoluene sulphonate or camphor sulphonate Anion, e.g. a halide,
preferably chloridgse (LULS3RBOS/0M3BA 16 discloses CH3-(CH2)17-C(0)-0-(CH2)2-+N(CH3)3C1
(stearoyl choline chloride) and its use for the treatment of certain diseases. This compound can also
be used as an emulsiffing 4HEHEAREBrdRY otk beebeR ORI AY IWE B0 BT 64 3 BfE8/Sses esters
of choline and fatfyagigds AR ROSMEIConL 5 R QRLIEIS-BQMPHIRING SHGIpasierah N eater f1asg)said to
have bactericide activity and have the formula R-C(0)-0-(CH2)2-4N(CH3)3X-, wherein R C6 - C36
alkyl group and Y i®dIRkiege Aidealsrdehrbeshte b eprtBIs EHetnditaeta sls A Also these
esters can bg used asgn&yisitying agent aecOriNg o the deesantiventiotup condatather group of
cationic emulsifying agents are the rouPI; of choline ester 20derivatives of form

éCZBSv@ﬁéré ¢

la (I):
(R33N (L)L PO S L b D .6 88 oA Groab SFaHele, R is
a linear or branchegglkyl grogmbaningndrtant learhan @AM IS Bo0R-Hraferably:2) (RE Neither
hydrogen or a lingar or branched alkyl gr 1aving 1 to 6 carbon atoms, Z is either Q or,NH, and R5 is
w aroun having e T AT S TR e e G e S B e
double bonds, withiginR. addsOpmBrabiya ieatipchavdrsgl¢hezformula C11H211H, wherein 1 n 24. If the
alkyl group ¢gmprises 3 - 6 ¢arbonat Jtmay also.have a.cyclie structure §£_f@_ Ingclude one to
two WO 20%%/11385 %‘1’@%@05%%%%16 llg%\r{%eée'r’ola%rﬁrff gel%ct’ed{ #‘0 t_ﬁef| rou%){)f r(lilltr'ogen and
oxygen. When Xaimarsuliplsdriate 3 it isIpiefened that X- is a Ci - C12 monoalkyl sulphonate, wherein
the alkyl group may be, linear or branched and/or. may: optionally be interrupted. | e re
otoro-atoms seleciec MO A 1 TR e A Sk de e e A e e P e e, s
is preferred that %-Iis gncan in water (20°C, pH = 6) is at least 20 wt.%. '

According to the present invention, the (1—3)-B-D-glucan is employed as a

15 dispersion in an apolar non-hydrophillic, liquid medium, preferably a vegetable oil.
Emulsions in general

The present inventors have found that a (1-—53)-$-D-glucan has a remarkable and
20 unexpected stabilising effect on enmulsions in general and that only minor quantities of
the (1->3)-B-D-glucan are necessary for achieving this effect. It further appears that the
mode of addition of the (1-3)-B-D-glucan may be varied widely in the manufacturing
process of emulsions. For example, the (1-+3)-f-D-glucan may be added to the
aqueous phase before emulsification or it may be added to the finalised emulsion.
25  Consequently, the (1—3)-pB-D-glucan is widely applicable as an emulsion stabiliser or
emulsion stabilising agent, ¢.g. in emuisions for road construction and repair, emulsions
for cosmetic purposes, emulsions for coatings, emulsions for food products and the

like.
Accordingly, it is preferred that according to the second aspect of this invention
30 that the emulsion, preferably provided that the emulsions is not a bitumen binder

emulsion, comprises a ([—3)-f-D-glucan in an amount of 0.01 to 10 wt.%, based on



According to the present invention, cationic emulsifying agents, in particular those according to
formulas (1) and (lIl), are preferred. Most preferably, the cationic emulsifying agents are the choline

ester derivativ g)azgg%qggg!to formula (l1). Base materials that are used forghe.prepakatiop of the
cationic emulsifying agents 10 according to formulas (1) and (Ill) are entirely of vegetable or natural

origin. The cationic emulsifying agents according to fommlas (ll) are disclosed in US 2007/0243321.
The cationic emulsifying agents according to formulas (Il are basically derived from choline and fatty
acids. Hence, these cationic emulsifying agents are highly biodegradable and are therefore desired for
environmental reasons. 15 The cationic emulsifying agents according to formula (Ill) may be prepared
by various methogis.tédacerdigig ta ahfirsthinieihodnd fatiieatit BRHC ()0 at.&stitakleddrivative thereof,

preferably the acid chloride 0)C1, is.reacted with a choline (choline pe the formula
X1R3)3N--CH2CH? )"g§1§ cf%ﬁﬁ%ogs B S ACEording’to for (Ef%r&?g“:% is?gaii%{”aﬁ&e(h@zlp-v

erivative according’to for
(IV) 25 wherein Misreithge@yor. @ and whieteineRS; R 4nardppedeabls deéfined doold, yeldtematively, a

fatty acid lower afiyl sstar BHCOWRS may be [ragietmiNURSIENI S RA3L 106 prvidq a tertiary

aminoalkylester of the fatty acid, followed by quaternisation with an alkyl halide R3X (wherein X is
chloride, brofmindoriitadizie) onaltiakyteuptine (RI2SOL-Mehnatively 2antaieonsloRS O may be

reacted with chIo&peiggﬁggi@@gq)@lﬁlﬁkgam, igfg%gw_yﬁ; sHeh ps.ghioroacetyl chloride

CI-CH2- C(0)C1,to the corresponding ester followed by reaction an amine according to the formula
(R3)3N, to provide a bRg&iridiasderdnéets formmara ol fhivwey oope iasamEmny Mpaosivsd 16 19

The present invepfignifigrefoseralan E?‘e‘.a{)@iﬁa%tatﬁéegmf?i-ﬁ%lﬁ@ﬁ?@i_@ﬁ iRpeheline gstes
derivative according to formula (Ill): r(R3)3Nt[C(R4)2]-Z-C 0}%—R5 5 wherein r is a counter ion, e.g. a
sulphonate groug BrE KAl AEISH IR 6RO bR 8REY kPGBl pasiig PloererBdhlatdths, R4 is

eitEer hydrogen %@k'iﬁ@@e@!v&@bﬁ@@@%@ﬂ{fﬂ'(EIHT)JQIEI@‘YJ%e%ﬁ@cﬁ&@ﬁb@ﬂ@i@@fd&iﬁﬂsﬁ%;% Z is f
either 0 or NH, and R5.is a group.having the formula C,,H2(2n m)+l, wherein m denotes the number o
carbon carbon ddUBIE" b ?\ﬁﬁﬁoélﬁei%“ghféflﬁ%ﬁg\?f}@\}ﬁé‘f(é Wza?lgﬂpﬁ%ﬁﬁ) bistid é‘l‘?ié@é]’cyclic
structure and opttasallypinabides ore:io didih etervatomasetecieddf omithe growpiGintiggersand

oxygen when said alt roup.comprises 3 -6 15carbon . atgms, whetrein a fatty acid compound
R5C(0)P, Whereiﬁrgu?(ga I@ﬁ (?)jrB &:I?()ls&)rqégc\t%tf’ Vvi%ﬁ“sggcﬁgl?r}l}ec 3@%%@ Iiic;:‘fc(():fgtrlcljclngt'wtuf)n (%%Eisilal%ﬁ?)r:
r(R3)3N-4C(R4) b2 i\evhereloribiy eitddo ORvotChamdmene eirncRB®IRUENG g aretdsé.defined

above.  ;Jhe presentinyentian tagefass further imlajesdo.a.method darihegsepatation of 25a
cholinc ester conipound according to formula (111): X-(R3)3N+-1C(R4)21p-Z-C(0)-R5
and in particular 0.02 to 0.2 wt.%.

According to the fifth aspect of the present invention, it relates to emulsions
comprising a novel biodegradable emulsifying agent in combination with a (1—3)-3-D-
glucan, said emulsions comprising the cationic emulsifying agent in an amount of about

20 0.01 to about 20 wt.%, based on the total weight of the emulsion, and the {1-»3)-B-D-
glucan in an amount of 0.01 to 10 wt.%, based on the total weight of the emulsion.
Preferred ranges of the cationic emulsifying agent are 0.01 to 10.0 wt.%, based on the
total weight of the bituminous binder composition, more preferably 0.01 to 5.0 wt.%,
cven more preferably 0.02 to 2.5 wt.%, yet even more preferably 0.02 to 1.0 wt.%, yet

25 even more preferably 0.02 to 0.5 wt.% and in particular 0.02 to 0.2 wt.%. Preferred
ranges of the (1-—3)-B-D-ghucan are 0.01 to 5.0 wt.%, based on the total weight of the
bituminous binder composition, more preferably 0.01 to 2.5 wt.%, even more
preferably 0.02 to 1.5 wt.%, yet even more preferably 0.02 to 1.0 wt.%, yet even more
preferably 0.02 to 0.5 wt.% and in particular 0.02 to 0.2 wt,%.

30 The emulsions according to the present invention comprises preferably about 25
to about 75 wt.% of an aqueous phase and about 75 to about 25 wt. % of an oil phase,

based on the total weight of the emulsion.



(1) 30 WO 2009/113854PCT/NL2009/050116 20 branched alkyl group having 1 to 6 carbon atoms, Z
is either 0 or NH, and R5 is a group having the formula Ca)(211 - my], wherein m denotes the number
of carbon carb&gg&g Igiggnds, with 6 n 12 and 0 3, wherein the alkyl group qptipnaliydigs; a cyclic
structure and optionally includes one to two heteroatoms selected from the 5 group of nitrogen and
oxygen when said alkyl group comprises 3 - 6 carbon atoms, wherein a compound R5-PH (wherein P
is 0, NH or NR3, preferably 0) is reacted with chloro acetitVacid (C1-CH2-CO2H) or chloroacetyl
chloride CI-CH2-C(0)CI to the corresponding ester R5-P-C(0)-CH2-C1 followed by reaction of said
ester or amide with an amine according to the formula (R3)3N, wherein R3 and R5 have the meaning
10indicated abovehe bitamBiswisiniiaceondiogifioithe present invention may be used for surface
coatings, bonding layers, impregnation layers, dense coated materials and semi-dense coated
materials which are cold-cast or storable. The emulsions according to the present invention may be
based on synthetic 15Thafstialswbichl@redisaticinstero$ tifelsiturrenTiml pitaseasyisifoerd@ample

disclosed in US 2007 87,1 ' : ulsi h
decloetin U SRIPROFT B I e e ey v e v

thenic oil’having a content o nics of 35 % - 80 % by

weight, base8l on‘Ghentistd| Welightost tHéhfabhirenicrsigeand’a péfroleum or synthetic hydrocarbon

resin, wherein the ratio, of i faphthefic.@ih and the metoleum 20 sunthelicbydrogarbanesin is
between 10 : 90 to 90 : 10. Additionally, the naphthenic oil has preferably a kinematic viscosity (100C)

of 20 - 150 cSt abwting R AL sURIsHEre Preférdbly-efumsn mercseartt fidstPreferatly of 30 -

100 cst. Furthermpreqthe nephthenisoihiudhe pHsas Relyarematias,aneibe eontaptiereof is
preferably less than 10% by weight, more referabBy less than 5 % by 25 weight. Sulphur content is

also relatively low!4tts PiertPEaRFEHRS b hGy LBh Rt Py (PR EHND 89% BTNS o6 by
weight, moregprefaraialydielowEchmpysweighianstimast prefermbly:hrlovad doitebybyeightaAll these
data are based on the total weight of the oil. Also, the naphthenic qil is preferaly yery light jn colour.
Accordingly, it is BrEF&Hed &g?%h{é? Ha%ﬁtﬁ’%rﬂ/‘t WE%EFS%P(?I tir o??gslé) tﬁéﬁsl% 004t A I—liIACas
determined accordinigvie b ¢ MHp386;  morelhrefarahiydess! inan SHE000 MNpA Such cledrdnd
transparent oils enaple the use of amounts of pigment that are less than usual, e.g. 1.5 wt.%. For
example, if an oil%%{i“g (ﬁ;\ﬁ{%ﬁi ég(g[f%a%] 0 1}[%?3(20 3C/T W@p%lﬁg/ %%8%@5&@7&%2%(?&%%%%? 21 furfural
extraction of a Brigit!Sfpicle (vghithshlastess sty thealompofangistiithat POOI00GNPHIytderarifount of
pigment mugf be gf least Ay ensHen Jaw cIQWHRIIISIONEiMAYK J% EAPRTISGLPUS SHeR &5 Shell BFE

and Plaxolene(r) 50 of Total. The emulsions according to the present invention may further comprise a
wax as 5 is for eX@HIple @seR58Ed in US 2007199476, incorporated by reference herein, in particular

Fischer Tropsch waxeg angERSrhased iraxascinopariGuias the, Hisehaed 1o pechnwax 16is &

congealing point of between 85 and 120C and a PEN at 43C, expressed in 0.1 mm, as determined by
5376 of more HEHFEOS on S PeRER B BT RS AP B IS SRR 10 e

present 10inventipnicapipeichanasicisddas folawsitipReng ttation of keeaveriéd bituaeni>a100 10
mm Breaking Index * Storage Stahility < 1.35, preferably < 1.2, mare preferahly <0.9, wherein the
R ST HOTCATR B A SO Ao TRy T SoE WDt L b A A bk

breaking in a e storage stabili 9 IS not more tha &hred ing
index is determiettd acedirdte:NENEN 28075t b{Cf0 11L& Table %obExdmpléajoaidihghsialage

stabilty s determied SSoITPR GNANERA7 e TaRle &.RL AR SBT3 values
must be divided by 100%)"
based on the total weight of the bituminous binder composition, more preferably 0.01
to 5.0 wt.%, even more preferably 0.02 to 2.5 wt.%, yet even more preferably 0.02 to
25 1.0 wt.%, yet even more preferably 0.02 to 0.5 wt.% and in particular 0.02 to 0.2 wt.%.
Preferred ranges of the (1-»3)-p-D-glucan are 0.01 to 5.0 wt.%, based on the total
weight of the bituminous binder composition, more preferably 0.01 to 2.5 wt.%, even
more preferably 0.02 to 1.5 wt.%, vet even more preferably 0.02 to 1.0 wt.%, yet even
more preferably 0.02 to 0.5 wt.% and in particular 0.02 to 0.2 wt.%.
30 According to the invention, it is preferred that the bituminous binder is selected

from the group consisting of paraffinic and naphtenic bitumen. Preferably, the

paraffinic or naphtenic bitumen have a penetration in the range of about 10 to about



2. Penetration of recovered bitumen < 100 101 mm Breaking Index * Storage Stability < 1.8, preferably
< 1.5, more preferably < 1.1, 20 most preferably < 0.9, wherein the breaking index is not more than

120 and the stg;qg(%@'ﬁ é#‘tiy is not more than 0.015 %. The breaking index}ig/%#@%g& ccording to

NEN-EN 1307 able 4 of Example 3) and the storage stability is determined according to NEN
12847 (cf. Table 8 of Example 5 expressed in %, so values must be divided by 100%), 25 Examples
Example | 30A scleroglucan (Actigum(r) CS 6 purchasecﬂrom IMCD, the Netherlands) mixture with a
food grade vegetable oil (purchased from Mosselman N.V., Belgium, or Heybroek By., the
Netherlands) was prepared by mixing the two components at room WO

2009/113854PCTAYLRP0R/QBRLLRIRS teNASENRLUTS- Iy anvweighteratiopfabod: Thesfepshgrade yégetable

oil is protecting the scleroglucan particles to conglomerate in an agueous medium and hence a
homogenous disp&tsion is obtained when this mixture is added to water whilst stirring. Emulsions were
produced according Fh@ckaifﬁw'gﬂg) phogecie . if@ A2 3Runitsunl biveight-of Wihakpalcariesepénature of
about 60C, 0,428Dun|ts of w '%%:Of a 30%. gdro.chlorLcEfgmd ollutlon Wai-stﬁg%;etd Wi%Stsgo%%ﬁl%:rSt'mng'

After the addition"0F O 2L RIS ’Wé‘i’é’ﬂ%%sf" edicoted ?atltttyl%lﬁeﬁlﬁrége?nu sifier (purchased from Akzo

Nobel) to thedwaternpdsinits doweightroitHe solerogluead-ifdad gradbauilifk: B)muixturem@siadded.
Both the water angd, gbqéhlglilttdggg&,ein%gqulglggiégegim@grs}ngg'%g)_enetration 10 ranging from 160 -

220 10-1 nun (ex-Exxon Mobile refinery Antwerp, Belgium) were fed to an Atomix emulsification unit
(Emulbitume, France) BiHd iwereiennifsifsentbsahcoerpivateio e dHnlelon hAVHEca Watde éontent of

about 40 wt.% waigk.nhieStarage stability xesdesermingd.aften siv-days. 4t anrearedthat.separation
of the emulsion had not occurred. The compositions andgqoperties of the emulsions are

15summarised inPFARIEUPITRHIY MethBB &t 4RaN st ResulfSaripBel BHHTEE OISR 6) EN

1428 61.0 Efflux imen(#56 tirske. pMEpNs3ME A6ring an improved storage stability. In contrast, in
the examples disclosed in US 5.246.986 only “emulsifiable” bitumen are employed, i.e.
soft bitumen having a penetration in the range of 140 - 160 and 180 - 220, whereas it is
said that bitumen having a penetration in the range of 5 to 500 (according to NF
standard T 66004} can be used.

15 A disadvantage of fast breaking bitumen emulsions comprisiﬁg hard bitumen is
that wetting of dust on road surfaces, wetting of grinded asphalt layers and the
coalescence of bitumen droplets to form a homogeneous coherent film s less than for
bitumen emulsions from softer grade bitumen, The addition of the (1-»3)-3-D-glucan,
e.g. scleroglucan, allows mixing of two types of emulsions produced using the same

20 emulsifier. Hence, a so-called bimodal bitumen emulsion can be produced in whicha
relatively small amount of a softer bitumen emulsion acts a coalescence agent to
increase the coherence and bonding in the bitumen film. The bitumen phase in these
bimodal enmulsion may consist of 80 - 98 wt.% of 10 - 20 to 70 - 100 bitumen and 2 - -
20 wt.% of 160 - 150 to 260 - 320 bitumen.

25 The bitumen emulsion according to the present invention may therefore comprise
a blend of bitumen emulsions having a different degree of penetration of the starting
bitumen as will be disclosed in more detail below. It is preferred that the bitumen
comprises a blend of a soft bituminous emulsion and a hard bituminous emulsion, i.¢. a
hard bitumen is used as a starling material for the emulsion having a penetration of

30  about 100 107 mm or less according to ASTM D3-97, preferably about 100 or less to
about 10 10”7 mm, more preferably of about 60 to about 10 107 mn1, even more

preferably about 50 to about 20 10" mm, and a soft bitumen having a penetration of



pH (aqueous phase) EN 12850 2.1 Breaking index NEN-EN 13075-1 114 In the examples presented
below emulsifier content, the content of the 20 scleroglucan - food grade oil (1 : 2) mixture or the

~ content of othe\& ﬁggl&{}%ﬁggmrides are varied. In these examples the water ccgg@&&%&%g&t&d in such a
ota C C

way that the t mixture contains 100 weight units of material. Example 2 gueous solutions of
scleroglucan were prepared by dissolution of the polymer at 50 C. The amounts of the scleroglucan
(Actigum(r) CS 6 purchased from IMCD, The Netherlandsl)z- food grade oil mixture added was varied
from O to 1 units of weight. The WO 2009/113854PCT/NL2009/050116 23 aqueous solution had a pH
of 1.9, The solutions were stored at 50C for 7 days and subsequently at 60C for 5 days. This resulted

in a negligibly smalhniseasitycdecease! The mseanity darsoR)vere, geternmnethersing a Hraokfield
Reometer type DY-11+ gquipped. with a spindle type 2, and the results ar mmaris
AR T e SR Y e

_ f%a Toable 2.
5From the viscos It appeare at the solltions were s or atlleast 12

days when storedr_an,aetmmpmaiqf&ﬁfeﬁ@ﬁ:abxoe&/é_ﬁwghmout 23imilar expefitme btsndiene fpetformed with
other po'ysaCChaﬁgﬁgriﬁeQa%%'iﬁﬁt%‘ﬁoc&“iﬂ'géﬁ’ iRgluding Bﬁ‘%ﬁi&igl}?o?ﬂ?’ {1{%[8% A3P (Qlptg,sheet

23.103-E5) of Hercules, and derivatives of these polysaccharides, ral materials the -
viscosity 10d@creasedmsigaiddanayhintnge of dbiel®.wt.% Actigum(r) CS 6 - food grade oil (1 : 2)

mixture After 2 lirs DayxL [aay avements are usually constructed in a number of layers. At present,
most of pavement design and evaluation techniques assume that adjacent layers are
fully bonded together without any relative displacement. However, it seems that good
bonding is not always achieved since a number of pavement [ailures have been linked

10 with poor bond condition. Bond is critical to transfer radial tensile and shear stress into
the underlying layer and furthermore to the whole of pavement structure. To achieve
the required pavement performance, good bonding is very important. However, up to
the present, no specification limit exists related to the required and achievable shear
strength of a range of road constructions and material combinations.

I5 To measure the shear strength or shear modulus of the adhesive layer between
asphalt layers, the so-called Leutner test can be used. In this test a torsion tensile test is
performed on 100 or 150 mm cylindrical test samples. The inventors found that when
harder grade bitumen arc used the shear forces as measured using the Leutner test are
higher than for sofler grade bitlumen. For example the shear force when a tack coat

20 made out of'a 10 — 20 bitumen is about three to four times higher than when a 160 —
220 tack coat is used.

For surfacing dressing (or chip scal) emulsions the addition of elastomers to the
emulsion bitumen phase will increase the life expectancy of the road as the mechanical
(elastic) properties of the binder are improved.

25 The bituminous binder compositions according to the invention therefore
preferably comprise an elastomer. Elastomers are usually added to the bituminous
binder composition to improve properties, e. g. rutting resistance, of the bitumen. Also
cohesion of porous asphalt layers is improved thus reducing the degradation thereof by
ravelling, L.e. separation of the aggregates from the asphalt surface. Finally, elastomers

30  are necessary to obtain a strong, yet flexible and sufficiently plastic binding matefial.
Although elastomers are sufficiently compatible with bitumen, they can be detrimental

to processability in that they cause too high a viscosity. In some cases this requires the
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addition of solvents and/or fluxing oils to lower the viscosity and to improve solubility
of the elastomers in the bitumen and the processing and application of the bituminous
binder composition. Preferably the elastomer is selected from the group consisting of
ethylene-vinyl acetate copolymers, polybutadienes, ethylene-propylene copolymers,
53 ethylene-propylene-diene copolymers, butadienc-styrene diblock copolymers,
butadiene-styrene-butadiene triblock copolymers, isoprene-styrene diblock copolymers,
isoprene-styrene-isoprene triblock copolymers, wherein the diblock or triblock
copolymers may occur in morphological shapes as star-shaped polymers wherein a
cross-linking agent such as divinyl benzene is employed in the manufacturing process.

10 However, according to the present invention, it is preferred that the elastomerisa
polymer or a resin comprising two adjacent, optionally substituted butadiene units such
as isoprene, most preferably a polybutadiene, a butadiene-styrene diblock copoelymer, a
styrene-butadiene-styrene triblock terpolymer, a isoprene-styrene diblock copolymer or
a styrenc-isoprene-styrene triblock terpolymer. More preferably, the elastomer is a

15 polybutadiene or a styrene-butadiene-styrene triblock terpolymer, in particular because
of their good compatibility with bitumen and its excellent visco-elastic properties. In
the bituminous binder composition according to the present invention, the elastomer
content is preferably 0.1 to 7.0 wt. %, more preferably 0.5 to 5.0 wi. %, of the
clastomer, based on the total weight of the bituminous binder composition.

20 According to the seventh aspect of the present invention, the present invention
relates to bituminous binder compositions and a biodegradable emulsifying agent
sclected from the group consisting of alkyipolyglycosides according to formula (1),
betaine glycines according to formula (II) and betaine esters according to formula (II).
Most preferred biodegradable emulsifying agents are the betaine esters according to

25  formula (II1), These biodegradable emulsifying agents are disclosed in more detail
below. The bituminous binder compositions preferably comprise about 0.01 to about 20
wt.% of the biodegradable emulsifying agent, based on the total weight of the

bituminous binder composition.

30
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The emulsion of the bituminous binder composition

The present inventors observed that the viscosity of (1-23)-B-D-glucan-modified
bitumen emulsions is more or less constant when stored at {emperatures between 50
and 70°C. Furthermore, additives used to stabilize acidic cationic emulsions, like tack
coat emulsions and surface dressing emulsions, should be sufficiently stable at
relatively low pH values at temperatures between 30° and 80°C to avoid the
deterioration of these additives in order to assure a constant quality during prolonged
storage. Surprisingly it was found that the polysaccharides as described in this
invention do not result in a significant drop in viscosity when stored at 50°C under
acidic conditions. This indicates that the stabilizing effect of the polysaccharide is more
or fess constant during prolonged storage. |

Furthermore, the inventors have demonstrated that only very smail amounis of a
(1—3)-B-D-glucan are sufficient to achieve a significant effect on the stability. Without
being bound by theory, the present inventors assume that the mechanism of
stabilisation cannot be explained by a possible increase of the hydrodynamic frictional
forces acting on the bitumen globules since the thickening effect at these low
concentrations is negligibly small. An even more surprising observation was that when
a {1->3)-B-D-glucan was added to the aqueous phase of the emulsions, only a very
small portion of the polysaccharide digsolved under the experimental conditions.
Industrial grades of {1-»3)-f-D-glucans have a purity ranging from about 20 to about
95 % and it is assumed that the impurities present in the ghican polymer do not
contribute to the observed stabilizing effect of cationic emulsions. The undissolved
fraction which contains most of the impurities was subsequently filtered off and the
aqueous filirate was used to produce a bitumen emulsion. This emulsion demonstrates
the same storage stability as a bitumen emulsion which was produced from an
unfiltered aqucous phase. Obviously, both emulsions demonstrated significant better
storage stability than an emulsion produced without any (1-»3)-3-D-glucan addition to
the aqueous phase.

US 5.246.986, on the other hand, discioses bituminous binder compositions
comprising a thickening agent which comprises at least 40% by weight of scleroglucan.

In these bituminous binder compositions, scleroglucan is used as a thickener, 1.e. that



An emulsion having an aqueous phase of about 41 wt.% was prepared according to the procedure of
Example 1 with the exception that instead of a 160-200 bitumen a 20-30 10.1 mm bitumen was used

(ex-Total refin%{;}éI %{B}#q@gg France) and that the 20 scleroglucan was subf?gtw& ‘w/bﬂﬁﬁgsol(r) 250
thylcellulo erla

HR (a hydroxye se; purchased from Barentz, Hoofddorp, The Net nds). The amounts of
the Natrosol - food grade oil (1:2) mixture added were 0.22 wt.%, 0.59 wt.% and 0.80 wt.%,
respectively. The sample comprising 0.80 wt.% of NatrosB?(r) was further analysed. The aqueous
phase was 41.0 wt.%. The viscosity of the sample was 40s (ISO 4 mm, 25C measured WO
2009/113854PCT/NL2009/050116 24 according to NEN 3947). The pH of the aqueous phase was 2.3.
The breaking indexi acsgraling o NENFENLE30ED ki at 30C) avas HéiAlktheseteminsions were stable
for at least one week when stored at a temperature of 22¢. However, a{)t,eﬁr trlw’geﬁevygﬁkss g;layer of
bitumen having a“HIBKRESE S ABETS Mt Wad FORTaP TG BEREMTBFHEE Si8t4Ge vEEZdl. The
emulsions could ghiche sedtiordcrogihcmegkmzedtby stirfing: Fhis/exam pleudkerefofédemanstrates the
unsultability of palysaeehariden ieh andvioneiivicrlibiases asianlisng Agents hegaig 2

significant drop in viscosity is 0 served when these materials are stored at temperature Cinan
acidic enviroAmesttegpHia)ild Comparative Example 2 Solutions were prepared according to the

procedure described ifrGomparative, BXRmpLe & OHL i this Sasewith dheaddition ok apringysentents of
the Natrosol(r) - food 15 grade oil mixture instead of the sclercggﬁan - foodé%rade oll (1 :2) mixture.

The emulsions waPeW @ da Ho50E ot 17104 40 SIWSED ERGSa A @ISy HEIPAREE BsiHg a B Asdktield
Reometer type DMrdsk+taguippadaviihavspinde dyis drake suaimarisedifinlableil3haed rblad wt.%

Natrosoll) - food grade o (1.2) mityre Afer 2 hrs Pay 1 Day 4 Day 2 Day 8 By 11,02 12,2 108
: 10 the person skilled in the art that the oil phase may be of synthetic origin as witl be
disclosed in more detail below. More preferably, the bitumen emulsion according to the
present invention comprises about 70 to about 30 wt.% of an aqueous phase and about
30 wt. to about 70 wt. % of an oil phase,
According to a particular preferred embodiment of the present invention, the
IS5 bitumen emulsion comprises a blend of a bitumen emulsion comprising a hard bitumen
and a bitumen emulsion comprising a soft bitumen. Emulsions comprising such blends
have the advantage that desires properties can easily be attained.
The bitumen emulsions according to the present invention preferably comprise
next to the (1->3)p-D-glucan at least one emulsifying agent selected from the group
20 consisting of anionic, cationic, non-ionic or amphoteric emulsifying agents. Preferably,
the emulsifying agents are selected from biodegradable emulsifying agents. Such
biodegradable emulsifying agents may partly or completely be based on vegetable
feedstocks. For example, emulsifying agents that are partly based on vegetable
feedstocks are products obtained from the reaction of synthetic polyamines and fatty
25 acid derivatives. However, the invention is not restricted to biodegradable emulsifying
agents which are partly or completely based on vegetable feedstocks as will be apparent
to those skilled in the art. Synthetic chemicals having the same structure as the
biodegradable emulsifying agents disclosed herein which are partly or completely
based on vegetable feedstocks are also included in this invention. Although these
30 synthetic chemicals are produced via chemical synthesis, their structure assures good

bio~compatibility and excellent nonueéotoxicity. Emulsifying agents that are completely
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based on vegetable feedstocks are disclosed in US 6.117.934 and US 2007/0243321,
both i'n60'rporated by reference herein.

US 6.117.934 discloses the non-ionic emulsifying agents of the group of
atkylpolyglycosides of formula (I):

R'OR*O)(Z)a

D

10 wherein R' is an alkyl group having 5 to 24 carbon atoms, R? is an alkylene group
having 2 to 4 carbon atoms and Z is a saccharide group having 5 or 6 carben atoms, b is
an integer having a value of 0 to 12 and a is an integer having a value of 1 to 6.
Preferably, b is 0 and Z is a glucose residue. The alkyl group is preferably linear and
may optionally contain up to three carbon-carbon double bonds. As is disclosed in US
15 6.117.934, the number of saccharide groups, i.e. a, is a statistical mean value.

Betaine has the formula MesN™-CH,-COOY. In the art quaternairy N—(CHQ),J—X{')
compounds (i.e. combinations of a cationic group and an anion group at close distance
from each other within one molecule are generally called "betaines”, wherein X is an
anion, e.g. a halide, a sulfonate or a phosphonate. However, since N-quaternised

20 glycine (HoN-CHp-COOH) is betaine, compounds having the formula MesN™-CH,-
COOR are in this document indicated as “betaine esters” or “beiaine ester derivatives”,
despite the fact that they lack an anionic group.

Choline has the formula Me;NTCH,-CH,-OH and the esters thereof are in this
document indicated as “choline esters” or “choline ester derivatives”.

25 US 2007/0243321 discloses cationic emulsifying agents of the group of betaine

esters of formula (Ih:
XRY:N-C(RY,-C(0)-2-R?

30 (11}



13.213.0 1.5 53.0 34.4 20.8 19.2 16.6 15.0 WO 2009/113854PCT/NL2009/050116 25  The data in
Table 3 clearly show that Natrosol(r) is a less efficient emulsion stabiliser than scleroglucan since the
viscosity, in pa‘gg%%/ﬂslgggh concentrations of the emulsion stabiliser, dec RS 2mdis {ri]%le 3
Bitumen emulsions were produced according to the procedure as described in Example 1, but with
different Actigum(r) CS 6 - food grade oil (1: 2) mixtures ranging from 0.0 to 0.2 wt. % (0.0 - 0.067 wt%
of scleroglucan). These mixtures contained 10 about 83 Wt % of pure Actigum(r) CS 6, based on the
total weight of the mixture, wherein the remainder is moisture. Hence, a value of 0.05% (cf. e.g. Table
4) corresponds to an amount of about 0.0042 wt.% pure Actigum(r) CS 6. These corrected values are

shown in brackets;nkRTabigd. Mathoshef 8% 8. 5% £0i004200KHA6n 0068 B:0% % (@heA7H 6
carbon atoms, R” is either hydrogen or a linear or branched alkyl group having 1 to 6
carbon atoms, Z is either O or NH, and Risa group having the formula Cology - myi,
wherein m denotes the number of carbon carbon double bonds, with 6 <n <12 and 0 <

5  m < 3, If the alkyl group comprises 3 — 6 carbon atoms, it may also have a cyclic
structure and may include one to two heteroatoms selected from the group of nitrogen
and oxygen.

Other betaine esters of formula (I1) include (not disclosed in US 2007/0243321)
include those compounds wherein X is an anion other than a methane sulphonate,
10 paratoluene sulphonate or camphor sulphonate Anion, e.g. a halide, preferably chioride.
US 2005/0038116 discloses CH3~(CHz)17-C(O)-O-(CHy)o-"N(CH1);CT (stearoyl
choline chloride) and its use for the treatment of certain diseases. This compound can
also be used as an emulsifying agent according to the present invention.
WO 2006/066643 discloses esters of choline and fatty acids and cosmetic
15 products comprising such esters. The esters are said to have bactericide activity and
have the formula R-C(O)-0-(CHa)2- N(CH3)s X, wherein R Cs — Cs6 alkyl group and
X is a halogenide, nitrate, phosphate, tosylate or methanesulphonate. Also these esters
can be used as an emulsifying agent according lo the present invention.
Another group of cationic eﬁlulsifying agents are the group of choline ester

20 derivatives of formula {I1I}.
X (RN [C(RY,],-Z-C(O)-R

(11}
25
wherein X is a counter ion, e.g. 4 sulphonate group or a halide, R is a linear or
branched alkyl group having 1 to 6 carbon atoms, p is 1 or 2 (preferably 2), R® is either
hydrogen or a linear or branched alky! group having 1 to 6 carbon atoms, Z is either O
or NH, and R® is a group having the formula CoHogn _ myn1, wherein m denotes the
30  number of carbon carbon double bonds, with 6 <n < 12 and 0 < m < 3, or a group
having the formula CyHz,, wherein | < n < 24, If the alkyl group comprises 3 - 6

carbon atoms, it may also have a cyclic structure and may include one to two



0.1% (0.0083 0.2 % (0.0166 analysis %) %) A)) %) %) Water content % EN 1428 42.1 41.9 42.0 41.6
42.3 42.6 Efflux time (25C in sec.) NEN 3947 23 28 30 32

WO 2009/113854 PCT/NL2009/050116
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heteroatoms selected from the group of nitrogen and oxygen. When X- 13 a sulphonate,

it is preferred that X- is a C; — Cy2 monoalkyl sulphonate, wherein the alkyl group may

be linear or branched and/or may optionally be interrupted by one or more heterc-atoms

selected from O and N. If X is a halide, it can in principle be F', CI', Br” or I. However,
5 it is preferred that X is CI'.

According to the present invention, cationic emulsifying agents, in particular
those according to formulas (II) and (I1l), are preferred. Most preferably, the cationic
emulsifying agents are the choline ester derivatives according to formula (111}

Base materials that are used for the preparation of the cationic emulsilying agents

10" according to formulas (11} and (111} are entirely of vegetable or natural origin. The
cationic emulsifying agents according to formulas (II) are disclosed iz US
2007/0243321. The cationic emulsifying agenis according to formwlas (II) are
basically derived from choline and fatty acids. Hence, these cationic emulsifying agents
arc highly biodegradable and are therefore desired for environmental reasons.

15 The cationic emulsifying agents according to formula (II1) may be prepared by
various methods. According to a first method, a fatty acid R°C(O)OH or a suitable
derivative thereof, preferably the acid chloride R*C(0O)CH, is reacted with a choline
(choline per se has the formula X(R*);N"-CH,CH,OH) or a choline derivative
according to formula (IV):

20

X(ROSN-[CRN]pY

(IV)

25  wherein Y is either OH or Cl and wherein R?, R* and p are as defined above.
Alternatively, a fatty acid lower alkyl ester R°C(O)OR’ may be reacted with
(R3)2N~{C(R4}g]p—OH to provide a tertiary aminoalkylester of the fatty acid, followed by
quaternisation with an alkyl halide R*X (wherein X is chioride, bromine or jodine) or a
, dialkyl sulphate (R*),804. Alternatively, an alcohol R’-OH may be reacted with chloro
30 acetic acid (CI-CH,-CO,H) or a derivative, such as chloroacetyl chloride Cl-CH,-
C(O)YCl, to the corresponding ester followed by reaction an amine according to the

formula (R”)3N, to provide a betaine according to formula (11).



28 33 pH EN 12850 2.3 14 2.4 2.4 2.3 2.3 Breaking index (20C) NEN-EN 86 89 87 88 87 87 13075-1

WO 2009/113854 _ PCT/NL2009/050116
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The present invention therefore also relates to a method for the preparation of 2

choline ester derivative according to formula (II1):
X (RMN-[CR ]y Z-C(O)-R
(TiTy

wherein X is a counter ion, e.g. a sulphonate group or a halide, R? is a linear or
branched alkyl group having 1 to 6 carbon atoms, R” is either hydrogen or a linear or
10 branched alkyl group having 1 to 6 carbon atoms, p is 1 or 2, Z is either O or NH, and
R® is a group having the formula C,Hyay - my1, wherein m denotes the number of
carbon carbon double bonds, with 6 < n < 12 and 0 < m < 3, wherein the alkyl group
optionally has a cyclic structure and optionally includes one to two heteroatoms
selected from the group of nitrogen and oxygen when said alkyl group comprises 3 — 6
15 carbon atoms, wherein a fatty acid compound R’C(Q)P, wherein P is OH or Cl, is

reacted with a choline derivalive according to formula (1V):

X (RD)N-[CRY,],-Y
20
(V)

wherein Y is either OH or Cl and wherein R, R® and p arc as defined above,
The present invention therefore further relates to a methed for the preparation of

25 acholine ester compound according to formula (I11):
X (R)N-[CR)],-Z-C(0)-R’

(1)
30
wherein X is a counter ion, ¢.g. a sulphonate group or a halide, R’ is a linear or

branched alkyl group having 1 to 6 carbon atoms, R® is either hydrogen or a linear or
g



Only a slight increase in the viscosity is observed at increasing Aetigum(r) CS 6 content. Note that the
Actigum(r) CS 6 added is only one third of the Actigum(r) CS 620 food grade oil (1: 2) mixture.  All
these sample [8,h '%gted to the storage stability test EN 12847 after 7pdays; Qfstakagg at ambient
temperatures - 22C) and the results are presented in Table 5. WO o
2009/113854PCT/NL2009/050116 26 Table 5 wt.% Actigumg CS 6 - food grade oil (1 : 2) mixture
Initial water content % Upper layer 'A Lower layer % ST = QJpper layer-lower layer % 0.0 % 42.1 50.2
36.513.7 0.05 'Yo (0.0042%) 41.9 43,6 40.7 :

branched alkyl group having 1 to 6 carbon atoms, Z is either O or NH, and R’ is a
group having the formula CiHoga - w5, wherein m denotes the number of carbon
carbon double bonds, with 6 <n< 12 and 0 £ m £ 3, wherein the alkyl group optionally
has a cyclic structure and optionally includes one to two heteroatoms seiected from the
5  group of nitrogen and oxygen when said alkyl group comprises 3 — 6 carbon atoms,
wherein a compound R*-PH (wherein P is O, NH or NR?, preferably Q) is reacted with
chioro acetic acid (CI-CH,;-CQO;H) or chloroacetyl chloride CI-CH,-C(O)C1 to the
corresponding ester R’-P-C(0)-CH;,-Cl followed by reaction of said ester or amide with
an amine according to the formula (R*)N, wherein R’ and R® have the meaning
10 indicated above.

The emulsion according to the present invention may be used for surlace
coatings, bonding layers, impregnation layers, dense coated materials and. semi-dense
coated materials which are cold-cast or storable.

The emulsions according to the present invention may be based on synthetic

15 materials which are used instead of the bitumen/oil phasc as is for example disclosed in
US 20070105987, incorporated by reference herein. In particular, such emulsions have
a low colour and comprise a naphthenic oil having a total content of naphthenics-of 35
% — 80 % by weight, based on the total weight of the naphthenic oil, and a petroleum or
synthetic hydrocarbon resin, wherein the ratio of the naphthenic oil and the petroleum
20 or synthetic hydrocarbon resin is bétween 10 : 90 to 90 : 10, Additionally, the
naphthenic oil has preferably a kinematic viscosity (100°C) of 20 — 150 ¢St according
to ASTM D 445, more preferably of 25 — 120 ¢St and most preferably of 30 — 100 cSt.
Furthermore, the naphthenic oil further comprises polyaromatics and the content
thercof is preferably less than 10 % by weight, more preferably less than 5 % by
25  weight. Sulphur content is also relatively low. It is preferred that the sulphur content
according to ASTM D 323 is below 5 % by weight, more preferably below 2.5 % by
weight and most preferably below 1.0 % by weight. All these data arc based on the
total weight of the oil. Also, the naphthenic oil is preferably very light in colour.
Accordingly, it is preferred that the naphthenic oil has a colour of less than 100,000
30  APHA as determined according to ASTM 5386, more preferably less than 50,000
APHA. Such clear and transparent oils enable the use of amounts of pigment that are

less than usual, e.g. 1.5 wi.%. For example, if an oil based on an extract obtained by



2.9 0.07% (0.0058 'Vo) 42,0 42.9 40.9 2.0 0.09% (0.0075%) 41.6 42.5 41.3 1.2 0.1% (0.0083%) 42.3
43.041.51.50.2% (0.0166%) 42.6 43.2 42.5 0.7 The storage stability is noticeably is improved,

when only as |.amount of 5 Actigum(r) CS 6 is added. Example 4 i Le prepared
according to tr\f’gég%@?ﬁ ﬂ%yas described in Example 1 10 from 160-220 101?21}]#;@?{?&%%

(ex-ExxonMobil, Antwerp, Belgium refinery), from bitumen 20-30 10-1 mm (ex-Total Dunkirk, France
refinery) and from 35-50 10-1 mm bitumen (ex-Total Dun%ﬂrk, France refinery). The amount of the
Actigum(r) CS 6-food grade oil (1: 2) mixture added was varied between 0.0 wt.% and 0.2 wt.%. All
emulsions demonstrated excellent storage stability. 15The emulsions were applied onto stainless steel
lids (0.45 kg/m2) mnekdriecdbeer of a Bright Stock (which has usually a colour of more than 100,000

APHA), the amount of pigment must be at least 2 wi.%. Such low colour emulsions
may also comprise oils such as Shell BFE and Plaxolene® 50 of Total.
The emulsions according to the present invention may further comprise a wax as
5 s for example disclosed in US 2007199476, incorporated by reference herein, in
particular Fischer Tropsch waxes and EBS-based waxes. In particular, the Fischer
Tropsch wax has a congealing point of between 85 and 120°C and a PEN at 43°C,
expressed in 0.1 mm, as determined by 1P 376 of more than 5.
Preferred (elastomer modified) bitumen emulsions according to the present
10 invention can be characterised as follows:
1. Penetration of recovered bitumen > 100 10”7 mm
Breaking Index * Storage Stability < 1.35, preferably < 1.2, more preferably < 0.9,
wherein the breaking index is not more than 90 and the storage stability is not more
than 0.015. The breaking index is determiend according to NEN-EN 13075-1 (cf.
15 Table 4 of Example 3) and the storage stability is determined according to NEN
12847 (cf. Table 8 of Example 5; expressed in %, so values must be divided by
100%). | _
2. Penetration of recovered bitumen < 100 107 mm
Breaking Index * Storage Stability < 1.8, preferably < 1.5, more preferably < 1.1,
20 most preferably < 0.9, wherein the breaking index is not more than 120 and the
storage stability is not more than 0.015 %. The breaking index is determiend
according to NEN-EN 13075-1 (cf. Table 4 of Example 3) and the storage stability
is determined according to NEN 12847 (cf. Table 8 of Example 5 expressed in %,
so values must be divided by 100%).

25
Examples
Example |
30 A scleroglucan (Actigum® CS 6 purchased from IMCD, the Netherlands)

mixture with a food grade vegetable oil (purchased from Mosselman N.V., Belgium, or

Heybrock B.V., the Netherlands) was prepared by mixing the two components at room



ambient conditions. After the emulsions had dried (after 3 hr), the lids were weighted and the surface
of the lids was visually inspected. The surface was inspected manually and visually. The drying

emulsion was | ﬁ "dry" when the emulsion was visually solidified an it released
to the finger W% e%t%%gi?naf The drying 20 emulsion was judged as "emuls%)%?'lw %@%J%@V\Y/%ial

solidification was observed and the viscosity was still low. The intermediate phase between "dry" and
"emulsion” was judge as the "cheese" phase, i.e., when theé viscosity of the drying emulsion has
significantly increased, but the material still releases bitumen while touching. The data are summarised
in Table 6. WO 2009/113854PCT/NL20091050116 27 Table 6 Emulsion from After 1 hr of drying at

ambient conditionsi¥psuifacenAftesidiinofdaing at ambiesnt gandivenstisisuiiaceiternap gy cheese
emulsion dry Chegc grgg u%lzfrilopre]u%?:h_est% Z&é%r%gre?tg i%oan aqueous medium and hence a homogenous
dispersion is obtained when this mixture is added to water whilst stirring.
Emulsions were produced according the following procedure. To 99.232 units of
5  weight of water at a temperature of about 60°C, 0,428 units of weight of a 30%
hydrochloric acid solution was added whilst gently stirring. After the addition of 0.24
units of weight of Redicote® E9 fatty amine emulsifier (purchased from Akzo Nobel}
to the water, 0.1 units of weight of the scleroglucan- food grade oil (1 : 2) mixture was
added. Both the water and a soft bitumen, i.¢. Exxon Mobile bitumen with a penetration
10 ranging from 160 - 220 107 mm (ex-Exxon Mobile refinery Antwerp, Belgium) were
fed to an Atomix emulsification unit (Emulbitume, France) and were emulsified to an
oil in water (O/W) emulsion having a water content of about 40 wt.% water. The
storage stability was determined afler six days. 1t appeared that separation of the
emulsion had not occurred. The compositions and properties of the emulsions are

15 summarised in Table 1.

Table 1
Method of analysis Result Sample 1
Bitumen content (wt.%) EN 1428 61.0
Efflux time (25°C in sec.) NEN 3947 16
pH {(aqueous phase) EN 12850 2.1
Breaking index : NEN-EN 13075-1 114

In the examples presented below emulsifier content, the content of the
20  scleroglucan — food grade oil (1 : 2} mixture or the content of other polysaccharides are
varied. In these examples the water content is adjusted in such a way that the total

- mixture contains 100 weight units of material.

Example 2
25

Aqueous solutions of scleroglucan were prepared by dissolution of the polymer at
50 °C. The amounts of the scleroglucan (Actigum@ICS 6 purchased [rom IMCD, The

Netherlands) — food grade oil mixture added was varied from 0 to 1 unifs of weight. The



035-5050103070300160-2201090050500 Although the analysis is not fully
guantitative, the table shows that storage-stable, 5fast-breaking bitumen emulsions can be produced

from low penetration )glr%gse4bitumen, even as low as a penetration of 20 - 3%%9&@%‘% xaomple 5
< S

10Bitumen emUIZiONS Were produced according to the procedure as descri xamﬁf“e1 1 but

different bitumen grades were used now in this example, i.e. 40 - 60 10'1 mm (ex-Total Antwerp
Belgium refinery), 35 - 50 104 mm and 20 - 30 10-1 mm @c;bth from ex-Total Dunkirk France refinery.
For these emulsions, a double amount of the Actigum(r) CS 6 - food grade oil (1 : 2) mixture was used
(0.2 wt. %) Emulsion 15properties are listed in Table 7 below. Table 7 Method or analysis 20 - 30

aqueous solution had a pH of 1.9, The solutions were stored at 50°C for 7 days and
subsequently at 60°C for 5 days. This resulted in a negligibly small viscosity decrease.
The viscosity data (cP) were determined using a Brookfield Reometer type DV-11+
equipped with a spindle type 2, and the results are summarised in Table 2.
5 From the viscosity data shown in Table 2 it appeared that the solutions were stable
for at least 12 days when stored at a temperature of 50°C or even higher.
Similar experiments were performed with other polysaccharides, e.g. starch and
cellulose, including Natrosol® Plus 331 and 430 (data sheet 23.103-E5) of Hercules,
and derivatives of these polysaccharides, but {or all these materials the viscosily

10 decreased significantly in time.

Table 2
wi%
Actignm® CS 6 - food After2hrs | Dayi | Day2 | Day53 | Day7 | Day8 | Day 12
grade oil (1 : 2) mixture

0.05 10 9 10 10 9 & 9
0.2 ND ND 17 17 ND 15 15
0.4 26 38 40 41 41 40 NI
0.6 39 59 62 65 62 61 64
0.8 75 92 91 93 93 91 94
1.6 102 128 127 131 134 127 134

15 Comparative Fxample 1

An emulsion having an aqueous phase of about 41 wt.% was prepared according

10 the procedure of Example 1 with the exception that instead of a 160-200 bitumen a
20-30 107 pmm bitumen was used (ex-Total refinery in Dunkirk, France) and that the

20 scleroglucan was substituted by Natrosol® 250 HR (a hydroxyethylcellulose; purchased
from Barentz, Hoolddorp, The Netherlands). The amounts of the Natrosol® - food
grade oil (1:2) mixture added were 0.22 wt.%, 0.59 wt.% and 0.80 wt.%, respectively.

The sample comprising 0.80 wt.% of Natrosol® was further analysed. The aqueous

phase was 41.0 wt.%. The viscosity of the sample was 40 s (1SO 4 mm, 25°C measured



10-1 mm 35 - 50 111-1 mm 40 - 60 10 mm Water content % EN 1428 41,2 41,1 41,2 Eftlux time (25C
in sec.) NEN 3947 41 33 32 pH EN 12850 2,4 2,4 2,4 Breaking index (20C) NEN-EN 13075-1 103 112

114 Pen. bitungen EN 1426, PCT/NL2009/050116

24

according to NEN 3947), The pH of the aqueous phase was 2.3, The breaking index
according to NEN-EN 13075-1; at 20°C) was 97. All these emulsions were stable for at
least one week when stored at a temperature of 22°C. However, after three weeks, a
layer of bitumen having a thickness of about 5 mm was formed on the bottom of the

5  storage vessel. The emulsions could not be restored or homogenized by stirring. This
example therefore demonstrates the unsuitability of polysaccharides such as
hydroxyethylcelluloses as stabilising agents because a significant drop in viscosity is
observed when these materials are stored at temperatures > 50°C in an acidic
environment (pH = 2).

10

Conmarative Example 2

Solutions were prepared according to the procedure described in Comparative

Example | but in this case with the addition of varying contents of the Natrosol® - food

15 grade oil mixture instead of the scleroglucan — food grade oil {1 : 2) mixture. The
emulsions were stored at 50°C for 11 days. Viscosity data (cP) determined using a

Brookfield Reometer type DV-11+ equipped with a spindle type 2 are summarised in

Table 3.
20 Table 3
wt.% Natrosel® -
food grade oil (1:2) | After 2 hrs Day 1 Day 4 Day 8 Day 8 Day 11
mixture |

0.2 12.2 10.8 10.2 9.2 9.2 9.6
0.4 15.2 13.2 11.4 1.2 10.8 10.4
0.6 19.0 16.0 13.0 12,2 114 10.0
0.8 24.8 19.6 14.6 14.2 12.6 12.0
1.0 33.6 24.6 16.6 15.4 13.2 13.0
1.5 53.0 34.4 20.8 19.2 16.6 15.0




21 43 53 WO 2009/113854PCT/N L2009/050116 28 Table 8 Initial water content (1/0 Water content
Upper layer % Water content Lower layer % ST = Upper layer - lower layer % 20 - 30 10-1 min 41.2

41.440.11.3 %?GQQQ}'IWQ:{J&U” 41.141.440.21.2 PCT/NL2009/050116

25

The data in Table 3 clearly show that Natrosol® is a less efficient emulsion
stabiliser than scleroglucan since the viscosity, in particular at high concentrations of

the emulsion stabiliser, decreases.

5  Example3

Bitumen emulsions were produced according to the procedure as described in

Example 1, but with different Actigum® CS 6 — food grade oif (I : 2) mixlures ranging

from 0.0 to 0.2 wi. % (0.0 — 0.067 wt% of scleroglucan). These mixtures contained

10 about 83 wt.% of pure Actigum® CS 6, based on the total weight of the mixture,
wherein the remainder is moisture. Hence, a value of 0.05% (cf. ¢.g. Table 4)
corresponds to an amount of about 0.0042 wt.% pure Actigum® CS 6. These corrected

values are shown in brackets.

15 _ Table 4
Method 9% | 0.05% § 0.07% 1 0.89% § 8.1% { 0.2 %
of (0.0042 | (0.0058 { (5.0075 { (0.0083 | (0.6166
analysis %) Ya) Yo} %) %)
Water content % EN 1428 | 42.1 41.9 42.0 41.6 42.3 42.6
Efflux time (25°C in NEN 23 28 30 32 28 33
sec.) 3947
pH EN 12850 | 2.3 2.4 2.4 2.4 2.3 2.3
Breaking index (20°C) | NEN-EN 86 | 89 87 88 87 87
13075-1

Only a slight increase in the viscosity is observed at increasing Actigum® CS 6
content. Note that the Actigum® CS 6 added is only one third of the Actigum® CS 6 -
20 food grade oil (1 : 2) mixture.
All these samples were.subjected to the storage stability test EN 12847 after 7
days of storage at ambient temperatures (18 — 22°C) and the results are presented in

Table 3.



40 - 60 10.1 mm 41.241.7 40.7 1.0 The storage stability was measured according to NEN
12847 after 7 days of 5storage at ambient temperatures (18 - 22C) and the results are presented in
Table 8, This exampl ly demonstrates that very storage stable bitum ylsi be
produced by u%s‘ir%gmg’ﬁ %/%?g{nall amount of Actigume CS 6 in the water pha(;[;el? xlg%‘g&%gq%] A
bitumen emulsion was prepared according to the procedure as described in Example 1. A 40 - 60 10-1
mm bitumen was used (ex-Total Antwerp Belgium refiner% and 0.14 units of weight of a Actigurne CS
6- food grade oil (1:2) mixture was used. Prior to emulsification, the water mixture was filtered using a
glass wool filter so 15 Actigume CS 6 particles, which were not dissolved, were removed from the
agueous phase. It was not possible to quantify the ampunt of Actigume CS 6 recovered by filtration as
most of the material was filtered off However, the results with regard to the storage stability of the
emulsion used was similar as the storage stability for the unfiltered material. The results are presented

in Table 9. 20 WQ 2009/1138854PCT/N|206010661 160381 kiple D LivketHadrof afiblysige0 {1 60 101 mm
(filtered) 40 - 60 101 fospuhidkitaredhq content % % Yo layer — lower :
grade oil { 1 : 2) mixture layer %
6.0 % 421 50.2 36.5 13.7
0.05 % (0.0042 %) 41.9 43.6 40.7 2.9
8.07% (0.0058 %) 42,0 42.9 40.9 2.0
0.09% (0.0075 %) 41.6 42.5 41.3 1.2
6.1 % (0.0083 %) 42.3 43.0 41.5 1.5
0.2 % (0.0166 %) 42.6 43.2 42.5 0.7

The storage stability is noticeably is improved, when only as very small amount of

5 Actigum® CS 6 is added.

Example 4

Emulsions were prepared according to the proceduré as described in Example 1

10 from 160-220 10" mm bitumen (ex-ExxonMobil, Antwerp, Belgium refinery), from
bitumen 20-30 10" mm (ex-Total Dunkirk, France refinery) and from 35-50 107" mm
bitumen {ex-Total Dunkirk, France refinery). The amount of the Actigum® CS 6-food
grade oil (1 : 2) mixture added was varied between 0.0 wt.% and 0.2 wt.%. All
emulsions demonstrated excellent storage stability.

15 The emulsions were applied onto stainless steel lids (0.45 kg/nr') and dried under
ambient conditions. After the emulsions had dried (after 3 hr), the lids were weighted
and the surface of the lids was visually inspected. The surface was inspected manually
and visually. The drying emulsion was judged as “dry” when the emulsion was visually
solidified and no bitumen was released to the finger while touching. The drying

20 emulsion was judged as “emulsion” when no visual solidification was observed and the
viscosity was still low. The intermediate phase between “dry” and “emulsion” was
judge as the “cheese” phase, i.e., when the viscosity of the drying emulsion has
significantly increased, but the material still releases bitumen while touching. The data

arc summarised in Table 6.



Water content % EN 1428 43.9 41.2 Efflux time (25C in sec.) NEN 3947 27 32 pH EN 12850 2,2 2,4
Breaking index (20C) NEN-EN 13075-1 11 114 Pen. bitumen EN 1426 53 53 5Table 10 Initial water
content % Water content UPper layer A

WO 2009/11385 PCT/NL2009/050116
27
Table 6
Emulsicn After 1 hr of drying at ambient After 2 hr of drying at ambient
from conditions conditions
% surface % surface
bitumen dry cheese emulsion dry cheese emulsion
20- 30 70 20 10 50 10 0
35-50 50 i0 30 70 30 0
160 - 220 10 90 0 50 50 0

Although the analysis is not fully quantitative, the tabie shows that storage-stable,
5 fast-breaking bitumen emulsions can be produced from low penetration grade bitumen,

even as low as a penetration of 20 — 30 10”7 mm,

Example 5

10 Bitumen emuisions were produced according to the procedure as described in
Example 1 but different bitumen grades were used now in this example, i.c. 40 - 60 107!
mm (ex-Total Antwerp Belgium refinery), 35 — 50 107 mm and 20 — 30 107 mm (both
from ex-Total Dunkirk France refinery. For these emulsions, a double amount of the
Actigum® CS 6 - food grade oil (1 @ 2) mixture was used (0.2 wt. %) Emuision
15 properties are listed in Table 7 below.

Table 7
Method of 20 -38 35-50 40 — 60
analysis 107" mm 107 mm 107" mm
Water content % EN 1428 41,2 41,1 41,2
Efffux time (25°C in sec) | NEN 3947 i 33 E7
pH EN 12830 2,4 2,4 2.4
Breaking index (20°C) NEN-EN 103 112 114
| 13075-1
Pen. bitumen EN 1426 21 43 53




Water content Lower layer "/0 ST = Upper layer - lower layer "/0 40 - 60 101 mm 43,9 44,4 . 43,0
(filtered) 40 - 60 101l mm 41,2 41,7 40,7 1,0 (unfiltered)

WO 2009/113854 PCE/NL2009/050116
28
Table 8
Initial water | Water content Water content ST = Upper
confent % | Upper layer % | Lower layver % layer — lower
layer %
20 -3¢0 41.2 41.4 40.1 1.3
107" mm
35-50 41.1 41.4 40.2 1.2
107 mm
40 — 60 41.2 417 40.7 1.0
10 mm

The storage stability was measured according to NEN 12847 after 7 days of
5  storage at ambient temperatures (18 ~ 22°C) and the results are presented in Table 8,
This example clearly demonstrates that very storage stable bitumen emulsions

can be produced by using only a small amount of Actigum® CS 6 in the water phase.

Example 6
10

A bitumen emulsion was prepared according to the procedure as described in
Example 1. A 40 — 60 10”7 mm bitumen was used (ex-Total Antwerp Belgium refinery)
and 0.14 units of weight of a Actigum® CS 6 — food grade oil (1:2) mixture was used.
Prior to emulsification, the water mixture wag filtered using a glass wool filter so
15 Actigum® CS 6 particles, which were not dissolved, were removed from the aqueous
phase. It was not possible to quantify the amount of Actigum® CS 6 recovered by
filtration as most of the material was filtered off. However, the results with regard to the
storage stability of the emulsion used was similar as the storage stability for the
unfiltered material. The results are presented in Table 9.
20



Example 7 10A challenge is to emulsify a 10 - 20 10-' mm bitumen (ex Total Dunkirk France refinery)
as this material is a glass-like material with a relatively high softening point (ring&ball temperature >>
55C). The %Lﬂ&dg%?gm process with the 0 % Actigume CS 6 addition (§@m5099y3%%&ot stable.
However, it was possible to collect a sample which was stable for at least 15 one day. The properties
of the sample are presented in the Table 11. The emulsification with the 0.2 wt. % addition of an
Actigume CS 6 - food grade vegetable oil (1: 2) mixture (%%mple II) went much more smoothly and it
was possible to continuously produce a homogeneous emulsion. WO
2009/113854PCVNL2009/050116 30 Table 11 Method of analysis Sample | Sample 11 0% 0.2%
Water content EN 1428 40.0 39.8 Efflux time (25C in seghi®NEN 3947 25 35 PH EN 12850

Method of 40 - 60 40 — 60
analysis 10" mm 10" mm
(filtered) {unfiltered)
‘Water content % EN 1428 43.9 41.2
Efftux time (25°C in sec.) NEN 3947 27 32
pH EN 12850 2,2 _ 2.4
Breaking index (20°C) NEN-EN 13075-1 116 il4
Pen. bitumen EN 1426 53 33
5 Table 10
Initial water | Water content | Water content ST = Upper
content % | Upper layer % | Lower layer % layer — lower
layer %
40 - 60 167 mm 43,9 44.4 43,0 1,4
(filtered}
40 - 60 10" mm 41,2 41,7 40,7 1,0
(unfiltered}
Example 7
10 A challenge is to emulsify a 10 — 20 107" mm bitumen (ex Total Dunkirk France

refinery) as this material is a glass-like material with a relatively high softening point
(ring&ball temperature >> 55 °C).

The emulsification process with the 0 % Actigum® CS 6 addition (Sample I} was

not stable. However, it was possible to collect a sample which was stable for at least

15 one day. The properties of the sample are presented in the Table 11. The emulsification

with the 0.2 wt. % addition of an Actigum® CS 6 — food grade vegetable oil (1 : 2)

mixture (Sample I} went much more smoothly and it was possible to continuously

produce a homogeneous emulsion.



2.2 2.2 Breaking index (20C) NEN-EN 13075-1 118 116 The storage stability of these samples was
judged visually (fable 12). 5 Table 12 Visual inspection Sample | (0 %) after one day Separation was

clearly visible,v%%lizdm%i}l% ep layer on the bottom Sample 11 ((3.2 %) afte!r onl@??m/ Ii};/l(%m? eneous
emulsion, no separation Sample | (0 %) after 6 days Almost full separation of the bitumen. and the
water phase Sample 11 (0.2%) after 6 days Homogeneous emulsion, no separation 10Example 8 A
trackless tack coat was produced on a large scale from 2220 - 30 104 mm bitumen manufactured by
Total Dunkerque, France. To about 10.000 L of water, HC1 was added to obtain a pH of 1.8, and 0.24
wt.% of Redicote(r) E9 fatty amine emulsifier 15 (purchased from Akzo Nobel) and 0.14 wt.% of a
slurry consisting of 1 part by weight of a commercially awgidatile scicroglucan (Actigum(r) CS 6

purchased from IMCD, the Netherlands) and 2 parts by weight of a Rapeseed Oil (Food Grade,

purchased from Heybroek By., The Netherlands) were added. This mixture was homaogenized for 5
minutes at a temperature of 48 - 52C. The pituMighelderBeied dowlifP8llthg  Sameiel
0% 0.2%
Water content EN 1428 40.0 39.8
Tffius fime (25°C in sec.) NEN 3047 75 35
pH TN 12850 72 %)
Breaking index (20°C) TNEN-EN 13075-1 178 116

The storage stability of these samples was judged visually (Table 12).

Table 12

Visual inspection

Sample I (3 %) Separation was clearly visible, solid
afler one day bitumen layer on the bottom
Sample 11 (0.2 %) Homogeneous emulsion, 1o separation

after one day

Sample I (0 %) Almost fall separation of the bitumen and
after 6 days the water phase

Sample 11{0.2%) Homogeneous emulsion, no separation
after 6 days

10 Example 8

A trackiess tack coat was produced on a large scale from a 20 - 30 107 mm
bitumen manufactured by Total Dunkerque, France. To about 10.000 L of water, HC]
was added to obtain a pH of 1.8, and 0.24 wt.% of Redicote® E9 fatty amine emulsifier

15  (purchased from Akzo Nobel}and 0.14 wt.% of a slurry consisting of 1 part by weight
of a commercially available scleroglucan (Actigum® CS 6 purchased from IMCD, the
Netherlands) and 2 parts by weight of a Rapeseed Oil (Food Grade, purchased from
Heybroek B.V., The Netherlands) were added. This mixture was homogenized for 5

minutes at a temperature of 48° - 52°C, The bitumen was cooled down from the



WO 2009/113854PCT/NL2009/0511116 31 delivery temperature of about 190C to 150C. The water,
containing scleroglucan and emulsifier, and the bitumen were fed to a colloid mill, Siever(r) type
SM-290/HK in@%%ﬂm%g%ﬁio of about 2:3 at a total throughput of approx. 1??%%@]@,&9& pbtained
emulsion was subsequently pumped through a heat exchanger and was cooled down to 5 a
temperature of 30C. After production, this emulsion was blended in a ratio of about 9:1 with a
commercially available tack coat based on 160 - 210 bitur?’r%en, which was obtained from Latexfalt B.V.
Koudekerk aan den Rijn, The Netherlands, The resulting properties of this emulsion are listed in Table
13, 10Table 13 Method of analysis Sample produced on large scale Water content EN 1428 40.9
Efflux time (25C ifese6:) NmPea9dé 3laBiiEN 2850 A B Hakingdndext (A6 NENgRND30d5-1 104
The obtained tack coatas spravedfy.a third party contiactor MNO-Verval, USino8 Bramad, spray
bar equipped with gfdard hozzed for tack coa spraying. No 15 additional measures were taken by
the operator compaitedetoatiecspriaying:dfac et tbiatheavailablenack doatsgamenplihwpigifitdation and
spraying ook pags 8 alaiddashian Rraking ol dhe eopisian.acsurgd MDAz aIRYies time

frame after application an omogeneous tack coat film was obtained. During one of the
jobs, it startedl to tdimperdhiruedS Aiter Hiplivadoriandine seaEhivy WEONGRIER 1o DOReOWEIEH phase

was observed. Trafficking, b thgtagkigoat Ay asnhalt dsuckssl mingtes afterapnbication.did.not result
in contamination of the truck tireswg%éthe bituminous tack coat and the subsequent deposition of

bitumen onto Cleé’rl?té%ﬂgl?%’rldﬂ 3 Srrfaadekerk aan den Rijn, The Netherlands.

The resulting properties of this emulsion are listed in Table 13.

10 Table 13
Method of analysis Sample produced on large
scale
Water content EN 1428 40.9
Efflux time (25°C in sec.) NEN 3947 31
pH EN 12850 2.1
Breaking index (20°C) NEN-EN 13075-1 . 104

The obtained tack coal was spraved by a third party contractor MNO-Vervat,

using a Bremag spray bar equipped with standard nozzles for tack coat spraying. No

15 additional measures were taken by the operator compared to the spraying of
commercially available tack coats and pumping, filtration and spraying took place in a
standard fashion. Breaking of the emulsion occurred within a 2 minutes time {rame

after application and a smooth, homogeneous tack coat film was obtained. During one

of the jobs, it started to rain 20 minutes after application and no leaching of bitumen to

20 the water phase was observed. Trafficking of the tack coat by asphalt trucks 10 minutes
after application did not result in contamination of the truck tires by the bituminous

tack coat and the subsequent deposition of bitwmen onto clean asphalt or concrete

surfaces.

25



WO 2009/113854PCT/NL2009/050116 32 Example 9 Apparatus and materials 5Molecular
characterization of the prepared compounds was performed by NMR spectroscopy using a Varian
Mercury Vx 40&%}’@ Yyhere spectra were recorded at a temperature of 29%5”@9059)‘@{%
spectroscopy using a Perkin EImer 1600 FT-1R.  Reagents, catalysts, chemicals, materials and
solvents were obtained commercially and were used without further purification except
dichloromethane, 10 which was distilled from molsieves tdFemove water and ethanol and was stored
on molsieves. The molsicves that were used were dried in an oven at 500 C. Octadecanoyl chloride: A
solution of oxalyl1 chloride (53.5 g, 422 mmol) in 150 mL of chloroform was added drop wise to a
solution of stcaricsagidnid®.0 g, 105 mmol) in 250 mL of chloroform. After stirring overnight at ambient
temperature the solution was concentrated and co-evaporated twice with chloroform. Drying under
vacuum for 1 hour yielded a quantitative yield of a white solid. 1H-NMR (CDC13): 6 = 2.85 (t, 2H), 1.70
(d, 2H), 1.30 (M, APipirxBEafid3kytppals 13C-NMR (CDC13): 6 = 173.6, 47.1, 31.9, 29.7, 29.7, 29.6,
29.5,29.4,29.3, 29.1, 28.4, 25.1, 22.7, 14.1 ppm. FT-IR: v = 202292, 2853, 1799 (C=0 stretch), 1466,
953, 720, 680 cml . N,N,N-trimethyl-2-(stearoyloxy)ethan-1-aminium: A solution of octadecanoyl
chloride (35.6 g, 116 niviediyelatidhetinerchlorde (MeBRP@RYICRI2BHRIONASLBRI ¢ EtmMdi in 400

mL of dichlorome(fang, was,refiyedwvamniontIhesolionias, ka.concentraied and dilujed with 400

mL of diethyl ether giving a precipitate. The precipitate was collected by filtration and washed

thoroughly with dietPRatHerCfiRs Euie Friaise: WerrarseBK/edam ¥ EMEHdg Bl 8RR AIE-1B50 mL). After
cooling to approximatet:£Q¢ithepresipitatewasdilteresiaffiashad Withvaiaem aeefonitilmadnd dried.
The crude product was dissolved in retluxing THE (250 inL). After cooling to 30 approximately 55C the
precipitate was filf8PRIAHA N a8Hb A Hith iRatny HinE! &g}ﬁglfﬂr&?%‘ﬁqneéﬂ?&uﬂ%ﬁ&?&ﬂe Mo C
yielded 33.819 (72%i)cbfaawhite peiviiemn hidsiNMRs(CREIB): 63t bA(L R 41T (h 22d)e BES (s, 9H),

2.37 (t, 2H), 1.60 (g, 2H), 1.30 (m, WO 20091113854PCT/NL2009/050116.33 28H), 0.85 (1, 3H) ppm.
13C-NMR (CDCléSiq:’lé‘“%‘)i%ﬁ’f %2???%?5‘?2@1‘:‘[’26@‘1?. ,%T%?’%b%?i@%‘feﬁga.%s,%zag. 1 29.3,29.2, 29.1,

24.6,22.6, 14.1 ppm. FT-IR: v = 3407, 2919, 2850, 1731 (C=0 stretch), 1473, 1154 (C-0 stretch), 952,
718 cm'. 50ctadegyl 2rehlRropeRAteASoltian of hastrdacanot 559 ao8Rmmal: shlargectic acid

(17.5 g, 180 mmol) and concentrated sulfuric acid (0.1 mL) in 350 mL of toluene was retluxed
overnight in a flastole&uipiped Wit DEaR-SEerothass lutiee SbiRIS s e Whermsolidt of diethyl

ether and extsacted twice with @ saiirated hicarbonatesolutiamB00mbr e aBkeOUS phase was
subsequently extracted with 10 400 mi., of diethyl ether. The combined ‘organicrll(a}yers were dried with
|

sodium sulfate arfd &eAF81A 9B ERANS S DHrEWN SHNE Whic P WA AT (e
purification. 1H-NAR- (GRGHB) GuzrdiRE, R, 4 A(si2kd)idl . 88 XMRHETICIN: (8= 3084) (10 B9 (t, 3H)
ppm. FT-IR: v =2919, 2851, 1749 (C=0 stretch), 1333, 1208 (C-0Q stret 6 cm™. 15 .
N,N,N-trimethyl-zl-'zgcﬁgd%%%c}xglg- W xoathahs élhﬁT?&ﬁPFboc%BIéé&éCg%&% 5T 1%‘6’ 4r.1,
31.9, 29.7, 29.7, 29.6, 29.5, 29.4, 29.3, 29.1, 284, 25.1, 22.7, 14.1 ppm. FT-IR: v =
20 2292, 2853, 1799 (C=0 stretch), 1466, 953, 720, 680 em™.

N,N,N-trimethyl-2-(stearoyloxy)ethan-1-aminium: A solution of octadecanoyl
chioride (35.0 g, 116 mmol) and choline chioride (Me;N"CH-CH,CH»-OH (16.1 g, 116
mmol) in 400 mL of dichloromethane was refluxed overnight. The solution was
25  concentrated and diluted with 400 mL of diethyl ether giving a precipitate. The
precipitate was collected by filtration and washed thoroughly with diethyi ether. The
crude product was dissolved in refluxing acetonitrile (250 mL). After cooling to
approximately 70°C the precipitate was filtered off, washed with warm acetonitrile and
dried, The crude product was dissolved in refluxing THF (250 mL). After cooling to
30  approximately 55°C the precipitate was filtered and washed with warm THF, Overnight
drying in a vacuum oven at 40 °C yielded 33.8 g (72%) of a white powder. "H-NMR
(CDCL): 8 =458 (t, 2H), 4.17 (t, 2H), 3.58 (s, 9H), 2.37 (1, 2H), 1.60 (q, 2H}, 1.30 {m,



chloroacetate (64 g, 180 mmol) was added 176 triL of a 27 wt% solution of trimethylamine in diethyl
ether. Overnight stirring under a closed atmosphere at room temperature yielded a precipitate, which

was collected %fgg@;ingSWashing with 750 20 ntL of diethyl ether yieldedan-Qffwhiigs0kd- The

collected filtrate was evaporated in vacuo yielding 27 g of a slightly yellow solid consisting of unreacted
octadecyl 2- chloroacetate. To this solid was again added, /4 mL of a 27 wt% solution of
trimethylamine in diethyl ether. Overnight stirring under a‘tlosed atmosphere at room temperature
yielded a precipitate, which was collected by filtration. Washing with 375 25 mL of diethyl ether
yielded a white solid. The residual solids of reaction 1 and 2 were combined and dried in a vacuum

oven at 40C yieldisg 60 8 180%) e dasired Rraduct; )L 15 -=-NMR (BREGI3Y.§ 5610349, 2H),4.19 (t,

2H), 3.69 (s, 9H), 1.64 (g, 2H), 1.25 (m, 30H), 0.89 (t. 3H) ppm. 13C-NMR_(CDCI3); 6 = 165.0, 66.7,
3 peaf

62,9, 54.0, 31.9, 208, Be06238:5 % 49908 5g2Y: LogH0 082, 35.5 Ppi1 IR Mo A7 =298, 2849,
301731 (C=0 streggh), 1411,(:262ud205 1 (C30 15t5etah)) 422:an)iloaN @18 em.

2009/113854PCT/NL2009/050116 34 Example 10 A bitumen emulsion was re-produced according
to the description given in Example 1 (Ref Sample). Two other emulsions were produced according to
the same 5 pfocedurs]depiv@verisicmthede: erhuksibns:the iwleceadebinad nful§iikis, Vi) thexbétaine and

the eholine based,emulsifj ' | | t dicot
£ faty amine EUIENLY Eo ke Delaie (LA D B A B W et o A or e choiime

(Sample 11) 0.5 utits of Wigyst wasree e foromeets rimal drok wiutheed itk pHAE- e preiperies of the

emulsions are listeg,in,§ able i 0T aRISA 4 MetRd iRl anRlSi SamplailwavRleh Refeample
Water content 11/0 EN 1428 44.3 42.7 43.1 Efflux time (25C in sec.) NEN 3947 110 44 .
bicarbonate solution (500 mL). The aqueous phase was” subsequently extracted with

10 | 400 mL of diethyl ether. The combined organic layers were dried with sodium sulfate
and evaporated in vacuo yielding a brown solid, which was used without further
purification, "H-NMR (CDCL) & = 4.20 (1, 2H), 4.07 (s, 2H), 1.68 (g, 2H), 1.30 (m,
30H), 0.89 (t, 3H) ppm. FT-IR: v = 2919, 2851, 1749 (C=0 stretch), 1333, 1208 (C-O
stretch), 786 em™,

15
N,N,N-trimethyl-2-(octadecyloxy)-2-oxoethan-1-aminium:  To  octadecyl  2-
chloroacetate (64 g, 180 mmol) was added 176 mbL of a 27 wi% solution of
trimethylamine in diethyl ether. Overnight stirring under a closed atmosphere at room
temperature yielded a precipitate, which was collected by filtration. Washing with 750

20 mL of diethyl ether yielded an off~white solid. The collected filtrate was evaporated in
vacuo yielding 27 g of a slightly yellow solid consisting of unreacted octadecyl 2-
chloroacetate. To this solid was again added 74 mL of a 27 wt% solution of
trimethylamine in dicthy! ether. Overnight stirring under a closed atmosphere at room
temperature yielded a precipitate, which was collected by filtration. Washing with 375

25 mL of dicthyl ether yielded a white solid. The residual solids of reaction 1 and 2 were
combined and dried in a vacuum oven at 40°C yielding 60 g (80%) of the desired
product. "H-NMR (CDCL): & = 5.07 (s, 2H), 4.19 (t, 2H), 3.69 (s, 9H), 1.64 (q, 2H),
1.25 (m, 30H), 0.89 (t, 3H) ppm. "C-NMR (CDCL): 6 = 165.0, 66.7, 62.9, 54.0, 31.9,
29.6, 29.6, 29.5, 29.4, 29.3, 29.1, 28.2, 25.6, 22.6, 14.1 ppm. FT-IR: v = 2918, 2849,

30 1731 (C=0 stretch), 1471, 1262, 1215, (C-O stretch), 722 cm”.



31 pH EN 12850 2.3 14 2.3 Breaking index (20C) NEN-EN 13075-1 96 110 86 Volume average

particle size pm
below 85 65 2%.
storage stability

. See description below 27 14 7.4 Volume fraction of particles >8 pm. See description

-E%jﬁj%n%n excellent

'tojggt%wse bio-compatible emulsifiers, which a very on,\(fg
e storage stability of

%Aﬁﬁge)%mh sions is obtained as is shown in the table below

these samples after 7 days, measured according to the EN 12847 method of analysis, are presented
in Table 15. Table 15 34

10

15

20

Example 10

A bitumen emulsion was re-produced according to the description given in
Example 1 (Ref Sample). Two other emulsions were produced according to the same
procedure, however, for these emulsions the two new bio-emulsifiers, viz, the betaine
and the choline based emulsifiers, were used as described in Example 9 as a substitute
for the Redicote® E9 fatty amine emulsifier. For the betaine (Sample I}, 0.6 units of
weight were used and for the choline (Sample 11} 0.5 units of weight were used for the

formulation of the water phase. The properties of the emulsions are listed in Table 14.

Table 14

Method of analysis Sample I Sample II | Ref Sample
Water content % EN 1428 44.3 42.7 43.1
Efftux time (25°C in sec.) NEN 3547 110 44 31
pH EN 128350 2.3 24 2.3
Breaking index {20°C) NEN-EN 13075-1 96 110 86
Volume average particle size | See description below 27 14 7.4
pm.
Volume fraction of particles. | See description below 85 65 25
> 8 um.

Also with these bio-compatible emulsifiers, which a very low eco-toxicity, an
excellent storage stability of the emulsions is obtained as is shown in the table below
The storage stability of these samples after 7 days, measured according to the EN

12847 method of analysis, are presented in Table 15.

Table 15
Initial water | Water content | Water confent | ST = Upper layer -~
content % Upper layer % | Lower layer % fower layer %
Sample 1 443 44.5 43.9 0.6
Sample 11 42.7 43.8 42.1 1.7
Ref. Sample 43.1 43.7 429 0.8




Initial water content % Water content Upper layer % Water content Lower layer % ST = Upper layer-
lower layer % Sample |1 44.3 44.5 43.9 0.6 Sample 11 42.7 43.8 42.1 1.7 Ref Sample 43.1 43.7 42.9 0.8

WO 2009/113854 5ol {Nk2009/050116 35 PCT/NL2009/650116
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The fractions of the lower at the upper layers were collected are the average
particle size and the volume fraction with a particle size > 8 um were determined

according to the method described below,

5 Table 16
Upper layer Lower layer
Average particle | Volume fraction | Average particle | Volume fraction
size pm > 8 pm % size im > 8 um %
Sample I 25.9 83 248 83
Sample 11 16.4 66 16.6 67
Ref Sample 9.1 28 7.8 26

Particle size distribution measurement

10 The particle size distribution of the emulsions was measured using a2 Microtrac
S3500 particle size analyzer. One part of emulsion is diluted with one part of water to
which 0.5 % TEGO ADDIBIT EK7A (purchased from Goldschmidt GmbH, Essen,
Germany) was added. One droplet of the diluted emulsion is fed to the particle size
analyzer and afler three consecutive measurements (1.5 minutes per measurement) the

15 average particle size (My in pm) and the volume fraction of particles above a certain
diameter (particles > 8 um in %) are calculated from these measurements by the
computer program supplied by the manufacturer of the Microtrac S3500. The calculated

values are the average values of the three measurements.



The fractions of the lower at the upper layers were collected are the average patrticle size and the
volume fraction with a particle size > 8 um were determined according to the method described below.
5Table 16 Upper layer Lower layer Average particle size nm Volume fraction >8 nm % Average
particle size p.m Volume fraction >8 p.m % Sample |1 25.9 83 24.8 83 Sample Il 16.4 66 16.6 67 Ref.

Sample 9.1 28 7.8
36

Claims

I. An emulsion, comprising a bituminous binder; and 0.005 wt % to 0.02 wt % of a non-
modified scleroglucan, based on the total weight of the emulsion, wherein the bituminous

5 binder comprises a bitumen having a penetration of about 100 x 107! mm or Iless,
according to ASTM D35-97, wherein the emulsion has a Breaking Index times a Storage
Stability less than 1.8, and wherein a maximum value of the Breaking Index is less than
or equal to 120 and a maximum value of the Storage Stability is less than or equal to
0.015.

10

2. The emulsion according to claim 1, wherein the emulsion comprises 0.005 wt % to

0.015 wt % of the non-modified scleroglucan, based on the total weight of the emulsion.

3. The emulsion according to claim 1, wherein the bitumen has a penetration of about

15 10x10™ mm to about 100x10™ mm, according to ASTM D5-97,

4. The emulsion according to claim 1 further comprising an emulsifying agent selected
from the group consisting of anionic, catipnic, non-ionic, and amphoteric emulsifying
agents.

20
5. The emulsion according to claim 1, further comprising a biodegradable emulsifying

agent.

6. The emulsion according to claim 5, wherein the biodegradable emulsifying agent is

25 selected from betaine esters of formula (I1):
X (RN —C(R*)—C(0)—Z—R? (I1)
wherein X is a C;-Cy, hydrocarbyl sulphonate group, R? is a linear or branched alkyl

30 group having 1 to 6 carbon atoms, R* is either hydrogen or a linear or branched alkyl

group having 1 to 6 carbon atoms, Z is either O or NH, and R’ is a group having the



26 Particle size distribution measurement 10The particle size distribution of the emulsions was
measured using a Microtrac S3500 patrticle size analyzer. One part of emulsion is diluted with one part
of water to which 0.5 % TEGO ADDIBIT EK7A (purchased from Goldschmidt GmbH, Essen, Germany)
was added. One droplet of the diluted emulsion is fed to the particle size analyzer and after three
consecutive measurements (1.5 minutes per measurement) the 15 average particle size (My in um)
and the volume fraction of particles above a certain didmeter (particles > 8 um in %) are calculated
from these measurements by the computer program supplied by the manufacturer of the Microtrac
83500. The cal es are ver values of the three measurements. 36,Claims 1. An
emulsion, comgé#s?r%ga&gf%%i"ﬁaﬁéb tﬁ%%legrg‘algr%n?%%él Wt b%nt%e}(’)ﬁf\?vr%% of aclaﬁo%llr%%tg?%e%onﬁs’
scleroglucan, bagadorthentbamisSight of the emulsion, wherein the bituminous 5 binder comprises a
bitumen having a penetration of about 100 x 104 mm or less, according to ASTM D5-97, wherein the
emulsion has a Breaking Index times a Storage Stability less than 1.8, and wherein a maximum value
of the Breaking’indiek f&nelsiom asrerdae o telaipp hnuheniaxihsubitvaineust binsl Sty eStibility is less
than or equal t@Q,@13.0+Q phiiegeMisiapaccording to claim 1, wherein the emulsion comprises
0.005 wt % to 0.015 wt % of the non-modified scleroglucan, based on the total weight of the emulsion.
3. The emulsion according to claim 1, wherein the bitumen has a penetration of about 15 10x104 min
to about 100x18- MuTenadeRiditgJRIAS TMRENT . wheldie SNUIRIANASWRING Q.HRINhisther
comprising an emylsifying agent selected from the group consisting of anionic, cationic, non-ionic, and
amphoteric emfﬁs‘%ﬂ?ﬁ%’?%ents. 20 5. The emulsion according to claim 1, further comprising a
biodegradable emulsifying agent. 6. The emulsion according to claim 5, wherein the biodegradable
emulsifying ag%n;[iﬁ 25 selected fro b?taiil‘ne e§ter of faimula (IP:, - ,
X(R3)3N-_8(R4) j@(g O AT W e X I AETHCTS RYHrICa BYPeLssohatt S¥upt f2.3is a
linear or branchedbaliy2 3¢ groupthabindclrialflachnisdidn s dd.is sithonhierogewar binear or
branched alkyl gﬁg&ﬁongving 1 to 6 carbon atoms, Z is either 0 or NH, and R5 is a group having the 37
formula Cnl-12(2,0+1, wherein m denotes the number of carbon to carbon double bonds, with 6<n<2
and 0<m<3. 7. The emulsion according to claim 1, wherein the bituminous binder is a paraffinic 5
bitumen or & N3BMAENIE DRG0 fid NE A ISR RAFFRIEINRASHBIT pHBSIR RS Ritymingus
binder further comprises an elastomer.

15 or branched alkyl sulphonate group, an aryl sulphonate group, an alkaryl sulphonate

group, an arylalkyl sulphonate group, or a mixture thereof.

1. The emulsion according to claim 1, wherein the emulsion further comprises an
emulsifying agent selected from alkylpolyglycosides of formula (I):
20

RIOR*OW(Z), I
wherein R' is an alkyl group having 5 to 24 carbon atoms, R” is an alkylene group having
2 to 4 carbon atoms and Z is a saccharide group having 5 or 6 carbon atoms, b is an

25 integer having a value of 0 to 12, and a is an integer having a value of 1 to 6.

12. The emulsion according to claim 5, wherein the biodegradable emuisifying agent is

selected from choline ester derivatives of formula (II):

30 X RN —CRY]p—Z—C(O)—R’ (1I0)



10 9. The emulsion according to claim 5, wherein the emulsion comprises about 0.01 wt % to about 20
wt % of the biodegradable emulsifying agent, based on the total weight of the emulsion. 10. The
emulsion according claim 6, wherein the hydrocarbyl sulphonate group is a linear 15 or branched alky!l
sulphonate group, an aryl sulphonate group, an alkaryl sulphonate group, an arylalkyl sulphonate
group, or a mixture thereof 11. The emulsion according to claim 1, wherein the emulsion further
comprises an emulsifying agent selected from alkylpoB&lycosides of formula (1): 20 RIO(R20)b(2),(1)
wherein RI is an alkyl group having 5 to 24 carbon atoms, R2 is an alkylene group having 2 to 4
carbon atoms is &-saccharide group having 5.0r, 6 carhon atoms, b is an 25 integer having a
value of 0 to 13\’9 g%%fg % a?rS] |gntsé”1 1 g}ohg\ﬁr% %lgla(?gél S Egt%%ﬁ.‘ ii.&l%%eﬁ?nﬁlgfﬁ?%’fég?h%ﬁb%@aim 5,
wherein the bioefstradablé earhasifyimy ayent is SeRcied frenhairolioe @sieinderivietivaashaf faryaula (111):
38 wherein X- is- A3 1RNAIE 0P URBEA ARliNe AR Ing ngar qrfrananed ek, roup haying.1 10 6
carbon atoms, p is 1 or 2, R4 is either hydrogen or a linear or branched a kfﬁ ﬁrﬁuﬁ% Vﬁ%gf 56
carbon atoms, 218 8thErideri, WhereRs 15 denptnspimavingbtireformiuia ©r ¢4e(@-duutle Whehein m
denotes thesnu £ Q.Ca ' 2 and 0<m<3.0r.3 group having
the formulaej Ckﬁg@ﬁﬁ%h%r%%? ??ﬁQg%%?ﬁ%%gﬁg%fﬁﬁgg’%@b%?ﬁ%%ﬁu%nézr%der composition;
and 0.005 wt % to 0.02 wt % of a non-modified scleroglucan, based on the total weight of the 10
emulsion, whergin Ahe:Rituin QésnBinggg-composition comprises a blend of about 80 wt % to about 98
wt % of a first bitumen and_about 2 wt % to about 20 wt % of a second bitumen, wherein the first
bitumen has a PEHBIFARH BIRGHERRBRE U2 ART to about 100x104 mm, according to ASTM D5-97,

and wherein the.secenddisunenhas apenstiatonied 3enshR A0VIQMMML0RRME 2R, mm,
according 8 ASTM D5-97. 14. The emulsion according to claim 13, wherein the emulsion comprises

0.005 wt % to 0-015 Wt% of the non-modified scleroglucan, based on the total weight of the emulsion.
20 15. The emutbigniadeobiingitowdimdts cfuposlonprsing alicdeosadsble smulsifyingagent.

16. A bituminoysg binder composition, compyising; an emulsion comprising 0.005 wt % to 0.02 wt % of
a non-modifiedlés%c?é?ro/glacgr:?Sééé o%ntﬁrep‘{oata %ﬁgg‘ﬁtt c/)‘Li‘J fﬂ@%‘?ﬂﬁ;}s@oﬂf hd28 e EHSRy agent
selected from aesalyly Sogibesotfoinsda (e RIDRAVYBEZ), [ 1)1 Wherein Rbis@rvedkyl greap having

5 to 24 carbon atoms, R2 1S anpglikyde raup, having 30 2 to 4 carbon.atoms and Z is a saccharide
group having 5 or 6 cggbon atoms, egﬁa%n%w‘gggﬁ navfrzléego\l/’lglzll})ét%l?ﬁntg v gﬁlbegai%c’&noﬁl?%&‘étr having

a value of 1P to 8903801 miT HeabiuhAit U bimdercomogition $BRbRiFT Lo claim 16, wherein the
bituminous binder composition comprises a bitumen haying a penetration of about 10x1 01 mm to

about 100x10-1 mm, according to ASTM D5-97. 5 18. The bituminous binder composition according to
claim 16, wheréfh tH ST dserdtRg Korivsitiorvbertisribe saitiomemiraiiegG0pEatfation of

about 100x10-3.0M49 #POuH3SH6LTIE @gﬁ%gi{a&ﬁ%&m&ﬁa%&%{gﬁ RitypinguR;binder

composition according to claim 16, wherein the bituminous 10 binder compoSition comprises a blend
of about 80 wt % to about 98 wt % of a first bitumen and about 2 wt % to about 20 wt % of a second

bitumen, wbereif the: fissubisimesdias @ PeNeFalmaiRPUHHRXIA 1 Fvade-abeu éQQ%%%i%mm’
X

according to ASTI\/It D5-97, and wherein the second bitumen has a penetration of about 1 0-1 mm
to about 350x18 im, according to ASTM D5-97.

16. A bituminous binder composition, comprising: an emulsion comprising 0.005 wt % to
0.02 wt % of a non-modified scleroglucan, based on the total weight of the emulsion; and

25 an emulsifying agent selected from alkylpolyglycosides of formula (I):
R'OR*0)H(Z)a @
wherein R’ is an alkyl group having 5 to 24 carbon atoms, R” is an alkylene group having

30 2 to 4 carbon atoms and Z is a saccharide group having 5 or 6 carbon atoms, b is an

integer having a value of 0 to 12, and a is an integer having a value of 1 to 6.



15 20. A bituminous emulsion, comprising: 0.005 wt % to 0.02 wt % of a non-modified scleroglucan; 30
wt % to 70 wt % of a binder selected from the group consisting of paraffinic and naphthenic bitumens;
0.02 wt % to 0.2 wt % of an emulsifying agent, based on a total weight of the binder; and an acid, 20
wherein the emulsion has a pH of about 2.4 or less and a storage stability less than 0015, as

measured according to NEN 12847. 0

17. The bituminous binder composition according to claim 16, wherein the bituminous
binder composition comprises a bitumen having a penetration of about 10x10™ mm to

about 100x10™ mm, according to ASTM D5-97.

5 18. The bituminous binder composition according to claim 16, wherein the bituminous
binder composition comprises a bitumen having a penetration of about 100x10" mm to

about 350x10™ mm, according to ASTM D5-97.

19. The bituminous binder composition according to claim 16, wherein the bituminous
10 binder composition comprises a blend of about 80 wt % to about 98 wt % of a first
bitumen and about 2 wt % to about 20 wt % of a second bitumen, wherein the first
bitumen has a penetration of about 10x10”" mm to about 100x10™ mm, according to
ASTM D35-97, and wherein the second bitumen has a penetration of about 100x10™ mm
to about 350x10™ mm, according to ASTM D5-97.
15
20. A bituminous emulsion, comprising:
0.005 wt % to 0.02 wt % of a non-modified scleroglucan; 30 wt % to 70 wt % of a binder
selected from the group consisting of paraffinic and naphthenic bitumens; 0.02 wt % to
0.2 wt % of an emulsifying agent, based on a total weight of the binder; and an acid,
20 wherein the emulsion has a pH of about 2.4 or less and a storage stability less than 0.015,

as measured according to NEN 12847,



