ASPHALT- M NERAL COMPCSI TI ONS FI ELD OF | NVENTI ON The present invention
relates to asphalt and asphalt-mneral conpositions suitable for paving or
surfaci ng cong, s. The conpositions include at le oni c
organosi licon édbrjrl%)id](fg and exhi bit inproved adhesion of q’gtsr% i%m%@tdnder to
aggregat es. BACKGROUND OF THE | NVENTI ON Asphalt is a common materi al
utilized for the preparation of paving and roofing materials. A w de

vari ety of conpounds have been added to asphalt surfacing 10 conpositions
in an attenpt to inprove the adhesion/wetting of the asphalt to the

aggr egat e. A wide variety of silicon conpounds including silanes have
been used for the inpregnaiiSPRAATIVIENERAL € GVMRasSIHONSof gl ass fibers to
pronote the adhesi on of various organic resins such as the pol yester
resins, epoxirdelLp &Fi INENTIpNeNol for mal dehyde resi ns and for the surface
treat nent of at I t has
been found tﬁhieé{eﬁén?§lgﬁle§norgﬁg % %{?ﬁﬁmﬁ&? %S%E? |(]‘f1 g%ﬁs glggse%lt%%‘g ﬁg be

mar kedl y ﬁnpp@)r\r@dot)yultfacmst copsteiatidneg  Thee cerapdsiices inglutld aVé*pi@tr enfatpnigi xt ur e

of methyl chl 9;091%'% ll@(ﬂle(%m m%x@éxhlbgt%ﬁroeeﬁ%hh&loggt‘ﬁ%lt%find@lptg Iayérgggte@ | anes to
t he aggregate sur ace Ig not ractrca N arge scal e app IC&tIOﬂS

Sander son, FBAéKGR%Nﬁﬂ%FHErIbWﬁW%QQI as Anti-stripping Agents"

Proceedi ngs, H gh\@yaiResedietin Beadrel uidiked Z38nd 8% 2kion 30 pdding: an&arbﬁfhtv No.
2,570,185 discloses that the coating glropertres and anti-strip

properties o aGEHhart W VAPTROVRICIRPORYYi BTEnbsE tHE t%at":st’tl%tn g}ﬁct of
am noal kagys bdr@@ﬁﬁor& ndaﬂuﬁghpm s ohleakic a&ﬁd:sghlweﬁlrig[bhﬁ'é h@thf uormragglagames
containing at |east carpo tons to a L Ihe o xanpl.e. o asilane
chown 10 0.5 pac oGl TR n e R Pohe (O S TR e

Pat ent No. 2in98&p8w8 il soifos esatieat ofml@he"foelaltkwtonmte alre;akihqsadrmfadaeousn 25
silicon conp , t

However, the%geh(rﬂctsfeg% §%§ th\éﬁ)a F%ég%gns’ %ﬁ’é‘%%?%’g %%%}refe?‘ggea% e st a%ﬂﬁr ty of
the silicon @drfﬂdh?ﬂlsfaceéxﬁewemrpféqxﬂ%éﬁr@théfdnﬁrﬁ@mm@wﬁ%ﬁla@dﬁlﬁ ain long chain

al kyl sueh as a iy beAr oM. oSeEIRMERE M asdlli B0icBRR dLeAEhesugikanes of
the formula SiRm Xn as asphalt adhesi on agents, wherein X represents a

hal ogen or aMekfdpxypproRed diyr G nceting, thy FaIEs 30t dapuRIf at PSR PN

represent i nhegALRe0dilahdsOMIdvdv&, Bis PREE hfeihed %X@;’Sﬁ%‘l@mﬁfwsRoltﬁ&kg&@ate met hyl ,
phenyl and 2-chl oroet hyl.ene. U S.  Pat

036,661 es using a
variety of of§awof ANATHHAM Liee srlsPy caaarﬁeérnéﬁ%t rigt o gforoate
asphal t - m nessalnticDifipOsiAgesl'S Protéeing P lghivhy Nesearbh B3, 354881(1961)03% usi ng

silane fyncti onal hesi.o ters t concrete
i xtures or pavity e Ear RS eBU0S vhyR L RIRL Rt B a B e B2 oL
usi ng si | anesoitediss npasphedt ingipesiedhy mﬁltaspﬁtah teabtond@rdsctpbamnmoat'sw@gr egate.
The ther mal %ﬁ%@hl rtctlycufat Iwaghr atlgttug gg@g&qﬁneg BRYEMEL o bt @La%%goafton&rtb mary

i mport ance. L he conpounds not only

pronot e the aéﬂhésﬁf’no“é»f e’@@ph@% & stlave ghaver iU aigicatiie - W Saisst-Pemsi-n st abl e

over a W de {gRRELANUIES. PARINANGRS,OR ARIRN BAAR-PRLIIQH Bfi rididdR-in! N
addition_to this, it is highly desirabl e that the 10 adhesion pronoters be

capabl e OF bWiAH GEBYGs r@r?@t?ele%tqwer S5pT ey % hsretrreyRds: FewaEersihet abl e
for paving rr&tte;ryr b&t}& radic}aBls as@hﬂﬂotmcﬁdaalsd e @taBthﬂlﬂ'UﬂiHﬂsﬂﬁﬂoxtcbmp@n&h@tﬂndn be

m xable in aslp d thaéﬁ m xe n% ﬂUb equg gr ocessing. The :
conpound nust CB%C%}? OBlév‘t oxi da cingﬁ ¥ (ju%a%é 85 A§%nd during |ong term
agi ng due to weaGeenanntpenSNabB00, 68y taAchetsempmasatfuheefmda SIBOGE. Gk agpHaitcon

conpound no S i der at

prossure, i RerH AR Ak el 2GRS & 4RR, R RS VRREC |

i nport a0 f c‘ﬁmdwmrld)\rﬁedndpe répexsend iigegers of fronOhedo dr Spvodic P\exvﬁpleﬁsﬁr& include
organosilanes is their inability to exhaust and react conpletely with the
surfaces of aggregates if mxed with asphalt. As such, pre-treatnent of
aggregates with a silane is always required to achieve the desired efficacy
of the adhesion 20 pronoters. Pre-treatnent of aggregates is not practical
and is very expensive to practice. -1-I'n addition to silanes, | ong chain
tertiary am nes and quaternary am nes have traditionally been used as
additives in asphalt to i nprove the adhesion of asphalt concrete. These
products rierformadequately at 0.5%:3 % by weight of the asiihalt. These
conmpounds, however, have the di sadvantage of increasing rutting and have
poor fatigue 25 resistance and function by nechani smof wetting and

physi cal bonding. Additionally, due to availability and sustainability

i ssues and the need to mnimze consunption and increasing | ack of good
qual ity of aggregates and asphalt, there remains a need for asphalt-m neral
conposrtrons that have further i mproved adhesron and/ or reduced
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Y3- aSi (Rla) RRPAR3RAR5X-, and 15 Y3_aSi (RIOR2ZX"; or m xtures thereof,
wherein in each formula: Y is independently selected froma group

consi sting of,, H2CH20) "H, (Cl1-130CH2CH20), and ( g—%gg—é%
hasavaluese ect ﬁfgf#romo,lorZ 20n is 1, 2, 3, 40#? é 90r
10; Ris Ad-C4 alkyl; R is either nethyl or ethyl R2 is A- C4 al kYl ene
group; R3, R4 and R5 are each i ndependently sel ect ed froma group
consisting of - C22 al kyl 25 wherein at | east one such group has nore
than 8 G atons, -Cl12C6H5, -CH2CH2OH, - CH2OH and - (CH2) yNHC(0O) R6 wherein y
has a value of from2 to 10 and R6 is a C1 - Cl2 perfluoroal kyl radical; X
is chloride, nnthyhiptdenyl fridieshiaesthylapdi U, PaowiNat 0366 dsyloss esingneari2tyi s

pyri di ni um 1o el QRIHI oGRS Mihesion promorclTo PG inARAGERocildlE PEeseNt

i nvention provi des as? t-mne ositions | I’lC e m neral
0

aggr egat e, arPagaipfralbi 0. Efdlisglosds aaing Slbﬁf@%@ﬂ@ﬁ?@%ﬁmgﬁheﬁ@ewomﬁﬁound. I n

one enbodi Meng,, ahiie: @eielael bR pa GRIPOS! Mt@xﬁsmsn%b;@@slegx% RPBE, G0y
wei ght of a mineral aggregate, 3 to 20 parts t of an asphalt and

from 0.007 t §isglosyusips eﬁ? imprejfe adpesiop g %Spfeﬁém@arﬁ F%ﬁmeabqggraa% licon

conpound on the VEiegter®fl $thiicasphatiton kétnﬁ‘cﬁﬁdlsallﬂ)w%{fﬁaodd BBt 8t plik@rycat i oni c
hal t - m ner osition is

organosilicon co resent i.n the (of0)

sel ected fror?f’?%gg)cﬁrgﬁﬁ SonsIPSEFY dﬁsf’raﬁeﬁ/ aéﬁe(ﬁ“&’f@ﬂi‘f 5 grf RE3pote the

Y3. aSi ( Rla) R2BeR3R4RGphaltan thiddl dpa&aleRina) & ain soblemivist AIwgls tdnfier.ends,
wherein in eagch nul S nt t.

consistin ? %5?&1%6%1&32%5]5% d fmlcggfq%%%gﬁ%ﬁ&gﬁtgg 1? %&3%?%—4%—]&0) a
has a yal1 e sdiledot pdmbierrhe@apableoyf bRing 18 withodt, exptic ®p11011t1015met®0d87 Toghe 9, or
10; Ris d s&ébl@lf&élawn&aﬂeﬁal? 'ﬂ]iem:s‘}ghaﬁ‘%ﬁlbéﬁ cog{ oﬁ;dmﬁktureg%hduﬁi l:gmlx%e ﬁ’ll kyl ene

group; 123, R4 and are each 1 ndependent| PSel ected from a group
consi sting ofsPlyt andztaypifed dwg\&h@rﬂéiew pa@w*SwS tThe FemBayeH mysoRpstabistonor e

than 8 G at oeﬁdatm%%ocess@kggdm ton gﬁlrlédiue (NN @)Bicprer ei n y
has a value of from2 to 10 and R6|s a d rfluoro alsrlﬁ‘/?l radi cal ; X

is chloride, “BPERPHVF ﬂ%Po?.oé élllc?rb%ﬂffa’eundarm%%deasafraﬁt16maéﬁréon ERUIPD|
pyridi ni UM r Leger0bpdud hrasuae, GhtaNbiling point and oxidative stability at 150°C -180°C are

important for improved performance.

One drawback of using organosilanes is their inability to exhaust and react
completely with the surfaces of aggregates if mixed with asphalt. As such, pre-treatment of
aggregates with a silane is always required to achieve the desired efficacy of the adhesion

20  promoters. Pre-treatment of aggregates is not practical and is very expensive to practice.

In addition to silanes, long chain tertiary amines and quaternary amines have
traditionally been used as additives in asphalt to improve the adhesion of asphalt concrete,
These products perform adequately at 0.5%-3 % by weight of the asphalt. These
compounds, however, have the disadvantage of increasing rutting and have poor fatigue

25  resistance and function by mechanism of wetting and physical bonding. Additionally, due
to availability and sustainability issues and the need to minimize consumption and
increasing lack of good quality of aggregates and asphalt, there remains a need for asphalt-
mineral compositions that have further improved adhesion and/or reduced susceptibility to
moisture.
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25 BRI EF DESCRI PTI ON OF THE DRAW NGS Havi ng thus described the invention in
general terns, reference will now be made to the acconpanyi ng draw ngs,

whi ch are not i ly drawn to scal e, and wherein: FCQFJE% ows the
control sarrpl‘evla% ﬁ?ﬁ%ﬂm t-concrete after a boiling test ;lJ F &Jéd%gggshoms a
sanpl e of asphalt-concrete having a cationic organosilicon 30 conmpound
according to one enbodi nent of the present invention after a boiling test;
FI GURE 2A shows the residual water froma control sanple after a 6 hour
boiling test; FIGURE 2B shows the residual water from an asphalt-concrete
sanpl e having a cationic organosilicon conpound according to one enbodi nent
of the presenSUMMARY OFINMENKION 6 hour boiling test; 5 FI GURE 3A shows the

residual water froqm mgreﬁé?l@tiﬁx%kti&a%kﬁeﬁg{t Elgarst ?0119:0{)11 lh@gafért%gé tiofld0n el GHE 3B

shows the residual ter froman asp -concrete sanp aving a cationic
or ganosi | i corpreddipparriialhcenpaitiogs ved ewbalembodl remposiibnt Het presiemtrovehvent i on
after a boi || el RbncBFRALIER PESETLANOF, ik HMENELOMLOT e esent

y e

i nvention now w e described nore fully hereinafter. |ndeed, the

i nvent i on traynieralkieBwesiéds ineluda Al et preetatioric pgrpsilisniroameuidd Thiotatipc
construed as drgdibdiledn kOnpdiBd @HOEHBE Prerd &l thh QbhbbsttiBhelAging B6ABI001 khiese
enbodi nent s %PPE” QVi d? so that this disclosure wll satisfy applicable

| egal requir WoigROL g awhilhy t he specification, and in the appended

cl ai ms, the singulradnefagyens thedigsent ativentiohtph@/ides ki 6dphiddecoplpusiadn thafishelds S

unl ess the 15;3(19 tste )éztle %zlit%%{cl Xr QAoCi g‘ot €2 ncl) tohe Witse"xed with a'sb‘% Itc]ajl“ I%es asa lilglt
customarily used’i n paving CENSETOC FONS As 11?almfgnllue or’ bimder fof paggr egate
parti cl eslO Thampesgions kehibis phabtedi slhased tb o wokt vaapd i apdreagey dgatrin
particles to : astic-| | i I when
heat ed and hger gﬁ_fnﬁ’ﬁ%ﬁ%‘é%‘?‘ﬁ%‘g%f%§§gé‘x°ﬁ?%+‘{ﬁg\?F%:?e’f“gés ?ﬁlé?@%?‘%’ﬁ’??% %lggb (e.0.,
exhibit the rreessdngefal characteristics of 20 viscous flow and el astic

def ormati on) BVverR'greERE@IRAXL ENPEr at ure range. Asphal ts, however, are
hi ghly conplex and not _well-characterized materials containing a variety of
sat ur at ed andﬁtaﬁERat)ErPéTt{é%lR iﬁﬁ‘ﬁati c and aromatic conpounds. These conpounds
an of t en isnclwude(rIpRIAX 1R hixtGRE HeRomt ons. Particul ar asiihalt conpositions
vary dependi ng on .the source of crude oil. Many of the conpounds contain
oxygen, 25 ni“gﬂﬁ’ﬁﬁ‘é?\?acg U, and other heteroatons. Asphalt typically

cont ai ns aboui i8084ldpyndeeilyhdelectd cashon; grawpo wokistigo &y ¥Ry gENCHATB,0RHE%

sul fur; small f o %tql i,.trogen; and trace anmounts of netals
such as iron,(C%? Ecﬂéfj%@h%“d\%%‘g@%m 2[I%Hé(5 frol ecul ar wei ghts of the

constituent cdapowhdselednyieort f,.dmrdeveral hundred to many thousands.

A wide vayyi ety ph, agphal 4 ¢ By pe used to prepare the asphalt and

asphal t - m ner a ’gbc’o’rrp’o’sft fons according to the present invention. In
general , any Rpa¢i€dabvhde asphaltic WD 2010/ 073261PCT/ 1N2009/ 000712 bi nder
sati sfact ory gf Qreithdr@R&Hyl HEuRRAVi Ng conpositions is contenpl ated as being
useful . Paving, grade asphalts can have a wi de range of penetration val ues
rangi ng fromRaé*%léﬁl“é)%‘Yl%e%P“PAO dmm for the harder asphalts to 200 to 300
dmm at 25C ( ROR'Gind RE Gire) eatlDndéRBIGAY teddcicd TR ESup Idieistmsdt G- drb vikysed

pavi ng asphalts accordi ng to enbodi nents of .the pre 51 ion

gener al | ?gha\y erﬁmpaggeeatgtr %ll%'l B &oup e gPrehEtf (26“?‘8 ?ggéﬁﬁﬁi r%g%ég%é " 60- 70,
70- 80, or 80-CHIOH dndl r)CH)MNHIHOFRST wietbieprbadi vabrt o frovovev EY gndtRies asphal t
remai Nns Vi scoegl i G l]...,veat her condi ti ons. In certain

enbodi nent s g?”?%%ﬁog?%@éﬁatdlc?lhventi on, the asphalt can include bitunen,

nat ural asphal i chigside, iremgidehflsonde, ppdideragetefe adesylaph st i ¢ resi due fromcoal tar
di stillation,z 10paktiah SHILPLIG, afdyeoal tar. Adhesion pronoters are
additives or nodifiers used to inprove the adhesion (e.g., resistance to
stripping) to aggregates. The adhesi on pronoters according to the present
invention are cationic organosilicon conmpounds according to the follow ng
formul ae: Y3.aSi (R a) RRN+R3R4R5X" , 15 Y3 , Si (R a) RRP+R3RAR5X-, and

Y3Si (Ri a) R2ZX-; or m xtures thereof, wherein in each fornula Y is

i ndependently selected froma group consisting of OR 0O(CH2C1-120)"H,
(CH30OCH2CH20), and ( CH3CH20CH2CH20) ;



20a has a value selected fromO, 1 or 2; nis a value from1l to 10 (e.qg.,
1, 2, 3, 4, 5, 6, 7, 8 9, 10); Ris C-C4 alkyl; RL is either nethyl or
ethyl; R2is - | kyl ene group; 95 R3, R4 and R5 ar,

i ndependent | y@gezwgfé?séﬁ froma group consisting of O - CngTgﬁﬁgblm%zer ei n at

| east one such group has nore than 8 C-atons, -CH2C6H5, -CH2CH2OH, - CH2OH
and -(Cl12)yNHC(0) R6 wherein y has a value of from2 to 10 and R6 is a O -
Cl2 perfluoroal kyl radical; X is chloride, brom de, fluoride, iodide,
acetate or tosylate; and 30Z is pyridiniumring of fornula C5H5N+. WD
2010/ 073261PCT/ 1N2009/ 000712 Aggregates or mneral aggregates are
coarse particul at & matherdspdcs thegedentinvedivgtprayiies aphali-midkiationgosdond thagr avel ,
crushed ston il Sl ec C or .m.xtures.thereof. M neral
F1iTers are apai®binech Beu S0 Soit, SRDGY BLE onelai X HE BRI A oG Ra e
river-bed crushed egbedietnt, thangbtioneetal orawtibers, indakal 00 mang bpteiht ofneor gani ¢
stones 5 whick; 1 r gat es,
sand, soils g?lg%ﬁlr}égedga?%gg %%dm%n%lgsgg%ﬁgaoﬁg{l m %aeltr g{,wg%n%_ggfl ft%iuaio(ﬁrﬁil‘}sb ygg%ﬁe
present i nverffidbl§asieas prsipnie praapesilicomeonneme! ensthe [vesjehholbe ephelt.ifonertaingr oups
or reactive Sdb6&mé@s,Jthe &hib@fObrgMbALIRE) coMpotlte pRlEd: ame e NAH LM hineONd Wi th
the silanols created sis of the silane al koxy groups. 10l n one

. by hydr ol !
aspect, the 6?‘83‘@?%0“?%\‘718?{%/‘}%‘?1“ SIAHERSEURPE t conpositions that can be
coated onto a:vsith'grRN'BIR‘RgYregates to bind themtogether. Asphalt

conposi ti ons acgqdi gihbodi ments of the present invention exhibit
i nproved adhggf%ﬁigié%gliﬁa%e ’fﬁ‘?i ety of aggregate particles. That is, the

quantity 18f theSidEpRAX; oc oimpwrss théresfs, accordi ng to enbodi ments of the
present invenfiQii, LLL alAgd on the surface of aggregates after repeated
15exposure or_ immersion in water is significantly increased due to the
i ncorporationf df adwardenh celeded dram ganwainl icewistiepmfodRd QETLLHMgHL 0

enbodi nent s efuidterPHRPeHd (CAMENDC®ciL,0); | n certain enbodi ments, the
asphalt conpositi ons ?tfrﬁl)cl uée an asphalzt )’and fromO0.001 to 5 % by wei ght of

at | east one?E%t3 el dditgst-Ilictdn compound based on the wei ght of the
asphal t. 1bn anel, eihads, BENK, 9 bh;cati oni ¢ organosilicon conpound is sel ected
20 fromthe Eol ég\él %% fornul ae: Y3..aSi (121a) RRN+R3RARSX- ,

Y3-aSi (Rla) 4 %—’, and Y3.aSi (R-1a)R2Z, C, or m xtures thereof, --
wherein in e&EH eftiosr methal @5thYl;i s i ndependent |y sel ected froma group

consi sting of: 1948@%%@20{}“ H (CH30CH2CH20), and (CH3CH2OCH2CH20); a has
a val ue sel ected fromu, P OFf 2; n can have any value from1 to 10; Ris
Cl-C4 al kyl ; R3®Rland 8’ eietehar ingeptavightlyorcleeted fibm a @Buf @nGhting oEC1alRY kieyle gr oup;

20  wherein at least one such group has more than 8 C-atoms, -CH,CgHs, -CH,CH,0OH, -
CH,OH and —(C'Hg)y]f\YI—IC(O)R6 wherein y has a value of from 2 to 10 and R® is a C1 —
C12 perfluoroalkyl radical,
X is chloride, bromide, fluoride, iodide, acetate or tosylate; and
Z is pyridinium ring of formula CsHsN™,

25 BRIEF DESCRIPTION OF THE DRAWINGS

Having thus described the invention in general terms, reference will now be made

to the accompanying drawings, which are not necessarily drawn to scale, and wherein:
FIGURE 1A shows the control sample of asphalt-concrete after a boiling test;
FIGURE 1B shows a sample of asphalt-concrete having a cationic organosilicon

30  compound according to one embodiment of the present invention after a boiling test;
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R3, R4 and R5 are each independently selected froma group consisting of C
1 - C22 al kyl wherein at |east one such group has nore than 8 C atons,
- CH2C6H5, -O—@,@Ijg%sm CH2CH and - ( CH2) yNHC(0) R6 wher ei @(ﬁ,lm%/@oﬁgl ue of

from2 to 10 and is ad - 5C12 perfluoroal kyl radical; X is chloride,
brom de, fluori de, i odi de, acetate or tosylate; and Z is pyridiniumring of
formul a CoHS5N+. I n other enbodi nents, the asphalt conpositions

include from0.01 to 5 % or fromO0.01 to 3% by weight, or from0.02 to 1%
by wei ght of at |east one cationic organosilicon 10 conpound based on the
wei ght of the asphalt. In one enbodi ment, the asphalt conpositions include
from0.02 to E{Gl%ﬂ:gAmivgfh‘m@iﬁuaMaieea&h a@dﬁﬁmtﬁfﬂpﬁﬂﬁ@r OF iganesiidgt@qn conpound

based on the i not her aspect, the . .present
i nvention provi 5 %ér)lShé)gs %aelr?ﬂrzrll VAT fro"b?‘rb?)sghz?t’c(ﬁ’ﬁcretﬁéfll‘ﬁ‘gf ﬁ@fmé hiher g

aggr egat e, asgballomwoarcdmaowatatconfur@ torogapoidimaonf the ppewn thveltion afie a163

enbodi nment Q§slttl on includes 100 parts by weight of a m neral
aggregat e an 3 to 0 parts by weight of asphalt conprising from0.001 to 5
% by wei ght OfIGHRE %a@@wa)th@méléw vaeciron geambsi sanplonpfteerhpdnatsbasied on t he

wei ght of t hepraspiadg shomhe%stﬁbm@mm w&b&at-&l?&etg @Mﬁ?@h&&ra%ﬂaﬁé li con
corrpound in the conposition is selected froma group consisting of: 20 y3 a

si (R 1 OR2NRIPERSHICoyonpn( Rasjdesplorrarbxdimentrf thaPrsin RVe)RR 2Rer 2 or
m Xt ures therwafgtssherein in each fornula Y i s independently sel ected

froma group 0 25 (CHBOCHZCHZO) and
(%mzwzq%fﬂ%gS%%Q é&%@é&kﬁ 2; nis any val ue
sel ected ¥rom 1 tfﬁhelﬁresea ingen@Gin @dw atik bk desthedSmmetfhlgr herethdfyet. Iﬁdeeettheyl .; 30
RRis d- C4 @Je@ﬂ 1%&’3'(?&1?1 in m R%l’é}f (li? %relg E:us aﬁz(i;s%f)glgcgt be%gnesgfrb] eﬂ tgd

selected froma rou cons Whergich one such
group has norte ﬂtemwogn@tatm grth hﬁ@ﬂz GakiS, theg] etr@bmmehts areGrPGHdan dhat thls

--(CH2) yNH C1l -
( ) Yy NHC( @s@@s&@@/ﬁ%aﬂsf a}l)}ﬁéab"i‘e ¥ llrlﬁmf?gmgnliso rﬁszus%cgm]t&? %ﬁgih%?l,oh S in

Cl12 perfluoroal kyl radica is chloride, brom i odi de,
acetate or tdksapamaed dips,zhq %ng]élw fosnialivn b Hhe ofclndy phuphrefosms 1nles, the In

one pref grr edogohoeds tatestmnﬁggl oni ¢ organosilicon conpound is of the
formula: Y3 _aSi (Ri ' RBRARSX" , 10 wherein in each fornmula, Y is

i ndependent Ty sel éﬁp)rh@& HF SHTIAG Ui dciB HEr e icARFUBTiopRas @(Zupebibyer far
( CHS OCH2 CH20 kaggr egad: HAiEMSHZ RXEHE G2 Q) phaR i ASedatoVé@lati@nd 8in@ Cleedgdid @MRilles 1 OF 2;

nis any val l’f‘o%et%x %ﬁese errgc%rlgs%c Lke n]igtenals which soften when heated and harden upon
cooling also exhibit viscoelastic properties (€.g., exhibit the mechanical characteristics of
20 viscous flow and elastic deformation) over a certain temperature range.

Asphalts, however, are highly complex and not well-characterized materials
containing a variety of saturated and unsaturated aliphatic and aromatic compounds. These
compounds can often include up to 150 carbon atoms. Particular asphalt compositions
vary depending on the source of crude oil. Many of the compounds contain oxygen,

25 nitrogen, sulfur, and other heteroatoms. Asphalt typically contains about 80% by weight
of carbon; around 10% hydrogen; up to 6% sulfur; small amounts of oxygen and m’trogeﬁ;
and trace amounts of metals such as iron, nickel, and vanadium. The molecular weights of
the constituent compounds range from several hundred to many thousands.

A wide variety of asphalts may be used to prepare the asphalt and asphalt-mineral

30 compositions according to the present invention. In general, any paving grade asphaltic



15Ris -4 alkyl; RL is either nethyl or ethyl; R2is - C4 alkylene
group; R3, R4 and R5 are each independently selected froma group

consi sting of - 2 al kyl wherein at |east one such re than
8 C at ors, -éﬁ&é‘é‘%?%mzmzm, - 20 CH, ™H and -(CI—IZ)yIﬁ%W%@ﬂ%g?ei ny
has a value of from2 to 10 and R6 is a C1 - Cl12 perfluoroal kyl radical;
and X is chloride, bromde, fluoride, iodide, acetate or tosylate. In

anot her enbodi nent, R2-in the follow ng conmpounds: Y3.aSi (Rla) RRN+R3R4R5r ,
25 Y3-aSi (R a) RRP+R3RAR5X-, and Y3 _aSi (Rta)R2ZX ; or mxtures thereof, is a
C4 al kyl ene group. In yet another enbodi nent, the cationic organosilicon
conpound i n t béedeonpdsitdy Gor prepasibg pednt comesis@lsas caderfigl@ed as being useful.
3-(trimethoxysil, 0 i et hyl oet.adecyl. 30 a ni. um_chl ori de

3 (11 mot howy ST OB CBee LR AR b R AT OGS tow o

2010/ 073261 PCFP ongiolgn B0 G harder(asphialietoROX {psIoD oot P EI(HI0ree sdey drelxadbay |

ammoni um chl ory j [ 2- . .

hydr oxyet hoxy)aéép?liﬁilsi ?%?3%§ I%ag %&5 g@g%%@éﬂ?ﬁ acé?ﬁ%lﬁ imu%n%oﬁfng)efl fsdo ef .the presentThe
cationic o?gaﬁﬂé‘iﬁopéﬁﬁmgﬁhﬁéem’d%eﬁaﬁﬂ@ 32 EE@h abouh6( th d0& A de .- B AP8&i t i on
(e.g., asphal br gnthoasRAkd pBleRET @hbRRARAShdWORShe iphAD ARV MscRiL&chi ve to
substantially 115 i ncrease the anmount of asphalt retained on the aggregate's
surfaces aft eP!! VR S E1H P mer si on test described bel ow. In general, the

anount of cati oni dnee&gan@sioclinean o arNeea INRERHS AL Yisphalt sMbsdaRtdi@hky,

increase the retained asphal.t cqating th regate, sand, soil etc. after
the strippi ngmﬁuer%taspaarlfgé)}s? rf”srlcg%o bp(?ﬁ?‘g(ﬁr ’1&%%‘&’281%‘8 B9 fPal g distillatigy, i ght
per 100 paPt spaoleampitell dand e eker abl y, the cationic organosilicon conpounds
are 10 present in @ﬁgg&{%t [ e 1. 0. 0,1.parts by

wei ght per 100 parts of pg%nrﬁcﬁ%?? {%%d&h%@_?ﬁ%%g%?r?61%%35 g’?%g%gé? ?dlhg%nn e‘(§'r°rpounds
can be i ntrodifgigance i oripies) o egaedaivg dbapdwhivn oegofes. aycqrdineo s piabt and
asphal t - m ner gleGoTRO 8itbhi B kndsllicéh apb&laY «Rbrat@¥s md Witk il TBNUf act ur e
thereof. For jnstanpceg, , the .cationic organosilicon corrpoun(%s can be 15 added
to mol ten asphattRoRHR'BSKal t enul sion as a preferred method prior to

m xi ng W th thgsreyrégalerXfaddesi red for some reason, the cationic
organosi | i con,conpounds. can be |ied or coated on the surfaces of

aggr egat es pﬁﬁgﬂ?(ﬁ%ﬁiiﬂdﬂ?%@g%ﬁ%n and aggregates. Alternatively, the
cationi ¢ or gawesdit incedh feanpounds can be added to a pre-m xed conposition
contai ni ng asphalt_and.,aggregate. .20l n addition to the. abaqy Loned

i ngredi ents, s,g nur dgl?en%efnggt ?‘legerc %ergmfr%?“i al ?Og%nmﬂ%}srﬁﬁgeggn?ﬁag)égﬁﬁ’éggg

certai n enbodChePEE.WGLOL, hed ((HBEBMICHVRAY i on. These can include nmaterials
whi ch af fget M’é@a%&/@éﬁ}%@éd%&@e{%jzes of the finished surface conposition.
In general, any additives Ich have typically been used to inprove

resul ting surfiaévaes fong biplddeei bris3.and owWhi%ch 1&ke conpatible with the
cationi ¢ orgaopsiildcmri.conpound can be 25 added to-the conpositions
according to qan%i_rrents of the present invention. In case of

emul sified ashrste WP <a% be anionic, cationic or non-ionic, cold mxes
can be prepareds by dalgnmhagow;t h fine aggregates, useful for slurry seal,

m cro surfacijg,: S coatjng etc., far venment preservatjion and repairs.
I n such cjgg esI{,3 ’ $4h@%g§taireo?ﬁd&1 Iﬁﬁﬁ%‘g?f Is?lﬁcé%lafé%ﬁ&'j’ﬁﬂ cpnsisHREI k- &22HEYbnul si on
prior to m xiwihgrewi $thHeamggreegab esoup s Toe: thes Bi Ogtomk, IBCHDMEEHLCH,OHL y of

proposed addi S, W LONi Cc_.or ganosi,| i u . aceording to
embodi nent s odfH %Sﬁeangnr‘é@{ez?‘?t |¢1@2¢1t‘i‘0}6€ﬁ?m ?’glas’s? ?’%%'ileg?if?f?og} %/gornPcfp dhd e8d ictﬁy“

conduct ed. FéMZpadeapdie] radival | sanpl es can be prepared and tested for

m ni mum enul s¢ @@hl&ti(ﬁ,%rl)ﬁ)fdy, tfugfide];?od&lg, a%état@gy{ogdate; and

30  Zis pyridinium ring of formula CsHsN".




I n anot her aspect, the present invention provides a water-based asphalt
conposi tion 5including an enul sion conprising asphalt dispersed in water
and fromO0.0 [y weight of at |east one cationi con
conmpound on t 85%?“%% of the asphalt. In pref errg&qylﬂﬁwdﬁ%%ts t he
cationic organosilieon conpound is selected fromthe group consisti ng of :

, 3. asi (RI) RRN+R3RARSX- 10 Y3_aS1(Ri a) RRPR3RARSX", Y3_nSi (Rin) R2zX"; and

m xt ur es t hereof, wherein in each fornula Y is |ndependently sel ected from
a group consisting of OR O(CH2CH20) nH, (CH3CCH2CH20), and
(CH3CH20CH2C1120); 15a has a value selected fromO, 1 or 2; nis a value
from1lto 10; R |sA581@ie€40faFfWF&1 ﬂgf%%te%lat@hé?armpﬁwm%ﬁr atdripls; uRd jus a O

- G4 alkylene &ﬁs@ﬁ&ronZQmB@m @Qndam#avlgﬁ c‘?tfsﬁecﬁ%xlfb 'sgﬂeﬂfén'qgé}t: ey &ﬁér@cgt&d from
a group consi sting o - 2 al k wherein at |east one such gr oup has

nore than 8 CTAFHHE ereeﬁZMJ’@FBl ﬁll%?’él—fé@-?ggreg@f‘?zmc%hﬂlca@m}ﬂ%?\lﬂdo@}t%

wherein y has g&mitékl Heer-08d EridhBa grated, shlisRAE 1iRRstbfe, Basklt dnd-othdedmbrganic stones
adi cal X is chloride, bromde fluoride, 1odide,

perfluoroallc

acetate or toé"ﬁ}‘l‘ ét%ﬂbeaaﬂ@fdé%thisjfsgmpyrl diniumring of formula C5H5N+.

In certain enbodi nBrt gartidube aggxte@tesbamxd sagph@l tuised oSt iho NSpledinioghli onal |y
al so incl ude co-solvents.. Suitable grgani c.solvents
shoul d prefer g%ﬁ%/ogﬁmgwr;lt:%lg %\%tgltqnvemon ' PR Cgbﬁ‘sl 038, 3% g’?ﬂ“ g’t”f%’ﬁel

or ganosi t i con gwopPRBuRdsveisiest(he, @bmi(xsqum)@n theSuxﬂcaldhaﬂbioué nits teaiarganer al |y
include, but fee0fnARERR SR biank él%xty%gou%g) al cohol s 30(pref erably

gl ycol s), ketones, ‘ester based sol vents a pol ar acetate solvents.

Exanpl es 0P al cohdP<nf meictlddiermsessainigyention pemiss agpBdpropangbsahe @ylteol s;

exanpl es of gE&&@loﬁtotah@ﬁetﬁaﬂhgg%oddée@lbﬁ@@@ﬁxdbg’é&elt Q\sﬁﬁﬁttc% ?OS%UAQQ&&%%S of
t he present I nvent on in ut are not limted | ene gl ycol,

propyl ene gl y(tf’o‘fnrl dippras o gh(?(?ﬁ‘?ﬁ?rg IGREP LB AgpraYRd @PVE’BI“’ aé’(‘ﬁ‘iﬂ’*’éﬁ@ 4l ycol
rnonoet hyl et %Eegatﬁq)aﬁich:w €Tt gsl yﬁd)hudﬂiﬂfyoﬁluﬂlﬂ asgalt &Jompoditidhs aﬁ&éyﬂdmgtther s of

et hyl ene, ethyle nono et her | epe col obut et her,
et hyl ene gl yc%{)rflbogl%e%{ ‘I% &t ﬁeée rﬁmln’erﬁtém&‘f %E‘% Sﬁgaﬁ%gfle%ﬁvgat%staﬁtg? reﬁ‘}é‘fﬁflat e,

et hyl ene ¢ yccdpommhmgehmcet1hezVataoe's1gtuﬁ¢anﬂy opydagdelug Itqdﬁlmémmbhwf aet her,
and propyl ene r h r d| a et he

di et hyl ene gl ?agln?lg%ﬁlg%ﬁ bs %t%t‘] Oundtac gTycof J[(g’r‘?l%%oe i O&E{ resemdnvefl “h%/“r ene

gl ycol dibutyl et Rercerta emmdlﬂmm@ gﬂey@gllaltd‘vcetphytlon@tlhéwde angpiddaet fiyhene

gl ycol nonobugyd; gtner bﬁ%@%ﬁt& at leagt one@im S3addlindtat R §§ur{dr@a%edc(§1nth e used

according to certain enbodiments of th present invention include, but are
not |inited t‘ﬁe‘ghéeé‘th%ﬁ“é’ha“aé’é?’%f‘mﬁ@ﬁ%‘ﬁ’ém e tativnin erzaroyliceeraawdas sescley |

i sopr opyl 2kket @Hghe WIRGRIIRIk:SOphor one, net hyl isobutyl ketone, nethyl

i sopropyl ket t, h ket one, nethyl anyl ketone, and 3-pentanone.
15 Exanpl es ‘?“glé}%g%ﬁﬁ%gﬁz%ol vents and acetate solvents that can be used
accor di ng t o tesi@l) R ERRSE xemls of the present invention include, but are
not limted tg ;ﬁy ngrrrlnzugt%tee }yl acetate, nmethyl acetate, ethyl
acetate, n- pro y’l ate, RIS V- acetate, isoanyl acetate, isopropyl
acetate, n- buﬂwelramet\@tfelmuiasobutyl acetate, anyl acetate, sec-butyl

acet at e, r tv byt € y cet acet.gac

acetate pztrﬁgpyslr }éc}é{dar?e g@n ele@[te?e%célﬁg %IO ﬁp rr%%%%{re g (Se)[?h?r(ég%e:ce}{ﬁ?e >and
ethyl ene gl y (6 OfetiaG SR AY PndeOR He @A He0); The pr esent invention al so
provi des a watHs; Pasadeasdiah b-ndner al corrposi tion including an enul sion
conpri sing asphalt dispersed in wat er, at least one mneral aggregate, and
from 0.001 t & BoHDy 2heyariiogr! ©ild } east one cationic or ganosi | i Con conpound
on the wei ghtr etCi1tdaanggphal t. Water-based asphal t-m neral conpositions 25
according.to.gertain od| nts of the present invention can optionally
al so i ncI% Jde Rohseeltg‘“r“‘?’?g}ng he previ ously di scussed organic solvents. In
preferred enbodi nents, the cationic organosilicon conpound is selected from
the group consisting of: Y3-aSi (R 1 a) RN+R3RARSX" , Y3 -a Si(R 1)R2P
+R3R4AR5X- , 7.



30Y3..aSi (R a)R2ZX-; and m xtures thereof, wherein in each formula Y is

i ndependently selected froma group consisting of OR 0(CH2CH20)"H,

( CH3OCH2CH20) v 035\ 043513 CH2OCH2CH20) ;. a has a val ue sel egefndibimA, 1 or 2;
5n is a val ue ?ronll to 10; Ris a d-C4 alkyl; R is either nethyl or
ethyl; RRis a - C4 alkylene group; R3, R4 and R5 are each independently
selected froma group consisting of - C22 alkyl 10 wherein at |east one
such group has nore than 8 C atons, -CH2C6H5, -CH2CH2OH, - CH2OH and

-(CH2) yNHC(0) R6 wherein y has a value of from2 to 10 and R6 is a d - Cl12
perfluoroal kyl radical; X is chloride, brom de, fluoride, iodide, acetate
or tosyl ate; BhidCZ- Céﬂbywﬁﬂﬁmwun1rlng of formula C5H5N+. 15The wat er - based
asphal t emul sgo ording, S vention
conpri se dropFe?ﬁag?ﬁs%ggredh&ggﬁﬁggtgkggpgggqggaé |%%%E§OPE? ?%Edkﬁ er.
Typical ly, th&hapralopstage ﬁmhnsralipn% maye ghagiSspetossd -Fhisds, WHICH:RE, ai d of
known chenmi catﬂgmmd ieer, Nﬁ@(cgw wﬁ&uw Hab 8Fv8he of 6 WAL €5 wRBREH Asphal t
emul si ons accordi ng to_enbodi ments of the present invention can be provided
by shearlng nbtirerugeshkel edicakt o fine 20 droplets in a high shear system
such as a col XGH dnaindénbkdmldem@raspmet a3t b @sPkeugt into intinmate contact
with a chem cal. bLIlzlqg solu%fﬁggaccording to enbodi nents of the
present inven |0‘ﬁm gﬂg?ﬁ mthe mll, the emul sion conprises
water with fine par bthe;rleaﬁ»omfneras pecdsphall icepgrsitiGading iderfeinn 0.0 Exehml, ar fom
enmul sifiers clh 364 s wat e st ens )
enul si onsf a\é@%lrggﬁr{ggy \ptg%’“n’bo L@(%%%QP atp}wel‘(f)tt éaetr%] asﬁoﬁscaﬁ%mm%rgan%ﬁ%ﬁsa%, but
are not |14 testhpeund b@schﬂae@wwmhtné the zdsploly afi mes esddiiomy abe ywkphslal phat e,
al kyl phenol &hREX¥@tRR4ASHER B BN b n%@@i@ﬁ’:' of aPfehsf lon«ﬁ@a‘%@ﬂilc 0 @H&ﬁﬂ&?t es of
et hyl ene oxi de. According to certain enbodinents, such emulsitrers (10 to

20 ol es) caﬁmﬁﬁmﬁgéﬁmﬂﬁnﬁ?éﬁ§$Wﬁ§wéﬁﬁ?%lons according to enbodi ments of

the present i nventﬂ HotHeO apbARVihé Bredens tniliBn SRIHASE A asphdl- SRkt bdhposition
enbodi nent s, Qe enulslfler concen%fatl n can range fromO0.2-2.0 %on the

wei ght of fi A&t S GRePRlmAT ol 1) doaligftc PregipPticon eprepoypdyrin AR wei ght
of the filsal eﬁﬂ]fudhﬁlbﬂnthe composifort JﬁWudDa@ ned pdrts by @ailghtzodd nidyerdltabdrbgate@d 3 to

wat er - based 8l ccordi.ng.t o epbodi e present

i nvention in %S%%W1G¥|%%E@Eﬁ FoPT vgg?PﬁVEEf?RSFQW‘WﬁgnéEngﬁﬁfP%n of
typically usedumaubbamkﬂwmaunm@®ﬁ£ Gaedy.on therwesigineoarid gahalai In feams) ,
enfanced saf ShoRBGASE LiGiC GIRARYLL AR, 0 ARk HBIIRRLE Ric RS Ve,

and ease of use nstance ase 1°si"ofs accord“ng to
enbodi ment s @foupliensifieseht i nventi on can S|nply be sprayed onto a surface
for trea@men@rqga@QQQkQQgﬂﬁfectIy froma drum by pouring or spreading by
hand or t ool shoyel . or baffle). Furthernore, since 10 the enul sions
are water-ba ﬁ%fh%éﬁ%d%ﬁ@% do not need to be dry for application.

In certain en@gﬂﬁﬁgnt§q(ihﬁq@gghag&;n1neral conpositions in either HVA (Hot
M x Asphal t) ar enul si according to enbodi nents of the present

i nvention are” i U&al °f ’H?% as an asphalt nenbrane, for roofing shingles,
or as underl &Yy e nibdependatit 10 Usle@eth QtinreNt ol @onsthéind  dFOIORLS OGS, CAL,OLAP Sheet”

and/ or a,sba . 15 one surface exposed to the
enV|ronngnt agﬁ%eaé&ﬂggggﬁgﬁggﬁgb%g?gﬁﬁﬁt intended to be exposed to the

el enents of the aeniresdetiaddrnm 0, Cap2;sheets or shingles are typically applied
over the topnng? §§ﬂ§n§§3ﬁ Q@ggglaynents which are typically reinforced
w th fibreglass or exanp é? ut can al so have no reinforcing material,
are nmore typRésfl-¢4akeld under shingles. 20l n such enbodi nents, the

conposi tion ga@egﬂghgﬁghhxm&pclude various pol yneric and/ or non-polyneric
addi tive that are typically enployed in such applications. For instance, a
few pol yrAr sRcsfiohf Eﬂ%@ﬁ?@E’nndlfy asphal t include anorphous or atactic
pol ypropyl ene (APP), anorphous pol yal phaol efin (APAO, thetinoplastic
polyolefin (TPO), styrene-butadi ene-styrene (SBS),

styrene- et hyl ene- but adi ene-styrene (SEBS), 25 synthetic rubber or other
asphaltic nodifiers that enhance the properties of asphalt. The

i ncorporation of such nodifiers into the asphalt w dens its workable
tenperature range for roofing applications and results in inproved
mechani cal and vi scoel astic properties. I n anot her aspect, the
present invention provides a roofing material conprised of a core that is
saturated and/ or coated with conposition according to one or nore



30enbodi nents of the present invention. The core is typically a reinforcing
carrier or polynmer fibre-reinforced mat nade of non-woven, woven fabrics,
or a combi nat | th as reinforcenent. These mats c rom

i norganic fidbggoﬁ%ﬁglglass or organic polyners |ike po?@ggﬁggﬁgﬁ9%on,

pol yur et hane, pol ypropyl ene, etc., or a conbination of both inorganic and
organi ¢ polyners. 5Asphalt nenbranes according to enbodi nents of the
present invention, preferably, exhibit a desirable degree of stretchability
and structural strength. Such nmenbranes can beneficially be used for

wat er proofing or water barrier applications. In such enbodi nents, the
asphal t cont ex’t Rf sndal’oare edwB%ndepengently 58ectdi0Bom 8roebp cQB3Mingdst GO-CHA%kyl | N

o 60-00% or VO S5y Gag SRR IRERRRL il 5308 BLER% ‘Groln; M 00
(e.qg., 80-1009%.08F ar80{CBIHHNHGO)ROVadten g.has 9QaldOUcmr 2 2OI®ZMHR® is a Cl1 - I n yet
anot her aspect;, & o]e] . _k.nvention provides a "concentrate" conposition
that can be 3§Iﬁk£§mou§ﬁg§£%%dition of water or another desirable sol vent
(e.g., org@ani¥issbptidmbrojnfdes@uogids iiqdédy) acetpty oplaeylaserpedii nent , t he ,

, concentr at e7 i GRARAS ARR tRshivdasne 15 cationic organosilicon conpound
according to the fresent inventigon in water. In such enbodi nents, the
cationi c organosi [ e¥nPEEREG FHGoTigetty fiecafipyjc sreaaesHicot compapéut °6.1r1 to
about 5.0 % vwekght. I n other enbodi nents, the present invention provides a
"concentrate", c 3t ving at | east one cationic organosilicone
conpound in 3ﬁé8§$8§6$§%gﬁggnic sol vents, preferably selected fromthe
previouslly r eftercenscedhsaiviant s. Mst preferably, the 20 organic solvent is
et udes ot Hods: Bspgaty SIRISLTRONC (i, sBRERDGILR, EMRROHE e g

m sci bl e or (FHHE:CHA ) ehdd CEfetHICHhEHST); wat er and one or nore organic

sol vents. Beneghd £idlelsYectedMcENtiaL €° conpositions aacording to enbodi nents
of the present invention can be econonical |y packaged, shipped, and/or
stored wi t hotitis ¥qaire sfrgted fiomrlge 1%5 hol di ng’ vol ume or space. The
"concent nat e’k iseMeasidi;ons can be diluted with water, for exanple, at the
time of application if so desired. Dilution ratios for a "concentrate"
conposi tion toskdeEmepgtorstykr solvent is desired) can range from1 part
"concent r at e'’R* @POS ikl group250 parts water, or from1l part "concentrate"

to 200, 150, .1Q0, s 90, 25, or. 1 rts _water (or aother i | e sol vent
dependi ng onRvagGP%?Eﬁﬁ@ﬁdh?g?ﬁn¢%g%§%m§gﬁﬁpé?%P&%ﬂmgﬁﬁgdﬁﬁghkﬁgﬁﬁg
"concent r at eWheeinpodéabti or wcpoiys &8s abrel tkass (Gaens aCHahiHg, YWB,CH,0H, -

2010/ 0733p1P 9 anosilicon conpeund J t hylene gl ycol
Preferab%@, ?ﬁg%géﬁ?a@ggg%%ﬁﬁﬁﬁgﬁﬂfﬁféy%ﬁﬁa’3ﬁéﬁ¥”%é%§é§*ggéﬁf%ﬁgég‘35@6to
about 55% oF1% pasvoadstiont radigels and about 50% The "concentrate" conposition
can be di | ut &ds Widdie Wb Eilie, [FuBEacX AR a8katl & AW de a diluted conposition
that can be used according to enhodi nents of "the present invention. 5
EXAMPLES TEST OF JAgpitsr mnidigmuaRT i hofHay oscomseattur e for Sanpl e
Preparati on gngidaiEeN-kRigrefei on Testing (Stripping Resistance) Surfacing
conposi tions re,;pn, gd. by m xing 3-5 parts of asphalt with 100 10 parts
of aggreggtngsﬁgaﬁﬁsgéﬁﬁ%?cfﬁdnixing, both the asphalt and aggregate or
sand wer e heut SHRtIR*IR5 G mikhgesthexdoir € was cured for 15 mnutes at 135C.
Following th i bed cure, the sanples were cool ed and then subjected
to a water i UEESPP A variety of immersion conditions were

i nvestigated. Théseydt nglothde enbstiorht, ethpostisec t @gB0dicnat esmfoundn ionéehour to
twenty four .an 0 r_ex t_ﬁﬂ% . e 15
per cent aspﬁgﬁﬁgé%a %hg ?%%a?%i%géﬁéqiﬁg3aggr3%%?%@%?Q@@§%%§%?§ﬁkgn t he
wat er i nfer simgmenivs t chigaide.r dt(eihethosysdyDnrorytmahyddidded ofmEnit@OYhlomie i hgs of
bel ow 95 % retention of asphalt on the aggregates after the i mersion test
are considered poor/failed. In the follow ng exanples, all parts are by
wei ght unl ess expressed ot herw se. Enbodi nents of the present invention
will now be illustrated by working 20 é%anples, which are intended to
illustrate inproved properties realized by enbodi nents of the present

i nvention and should not be construed as inpling any limtations on the
scope of the present invention. EXAMPLE-1 Pavi ng grade asphalt (60/70
penetration at 25C) sanples were prepared to contain 25 fromO0.0%to 0.1%
by wei ght of 3-[D net hoxy(2-hydroxyethoxy) silyl]propyl octadecyl di net hyl
anmmoni um chl oride (42% solution in ethylene glycol). 5 parts of these
conpounded asphalt conpositions were mxed with 100 parts |gneous
aggregates. The m xtures were cured for 15 mnutes at 135C and then al |l owed
to cool to roomtenperature. Water imersion tests (at 40C for 24 hours)

Y T e 1 ——



30results are shown in Table 1. WD 2010/ 073261PCT/ 1 N2009/ 000712 Table 1 %
Cationic organosilicon 0 0.02 0.04 0.06 0.08 0.1 _conpound Adhesi on%

after 24 hours 92 96 98 98.5 99 99 The results show si
| mpr ovenent 0\7812013/§Bﬁ‘3lt wi t hout additive. EXAMPLE-2 5P§g?ﬁ%i0§9?0§ deé asphal t

(60/ 70 penetration at 25C) sanples were prepared to contain

(trimethoxysilyl)propyldimethylhexadecyl ammonium chloride, and 3-[Dimethoxy(2-
hydroxyethoxy)silyllpropyloctadecyldimethyl ammonium chloride.

The cationic organosilicon compounds are present in the surfacing composition
(e.g., asphalt and asphalt-mineral compositions) in an amount effective to substantially

5 increase the amount of asphalt retained on the aggregate’s surfaces after the water
immersion test described below. In general, the amount of cationic organosilicon
compound necessary to substantially increase the retained asphalt coating the aggregate,
sand, soil etc. after the stripping test ranges from about 0.001 parts to about 5 parts by
weight per 100 parts of asphalt. Preferably, the cationic organosilicon compounds are

10 present in amounts ranging from about 0.05 to about 0.1 parts by weight per 100 parts of
asphalt.

The cationic organosilicon compounds can be introduced into the surfacing
compositions (e.g., the asphalt and asphalt-mineral compositions) in a variety of ways
during the manufacture thereof. For instance, the cationic organosilicon compounds can be

15 added to molten asphalt ot an asphalt emulsion as a preferred method prior to'mixing with
the aggregate. If desired for some reason, the cationic organosilicon compounds can be
applied or coated on the surfaces of aggregates prior to mixing the asphalt and aggregates.
Alternatively, the cationic organosilicon compounds can be added to a pre-mixed
composition containing asphalt and aggregate.

20 In addition to the above mentioned ingredients, a number of other materials can be
present according to certain embodiments of the present invention. These can include
materials which affect the physical properties of the finished surface composition. In
general, any additives which have typically been used to” improve resulting surfacing”
compositions and which are compatible with the cationic organosilicon compound can be

25  added to the compositions according to embodiments of the present invention.

In case of emulsified asphalts which can be anionic, cationic or non-ionic, cold
mixes can be prepared by blending with fine aggregates, useful for slurry seal, micro
surfacing, seal coating etc., for pavement preservation and repairs. In such cases, the
cationic organosilicon compound is added to the emulsion prior to mixing with aggregates.

30  The testing of the compatibility of proposed additives with the cationic organosilicon
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0.0% (i.e., acontrol with no cationic organosilicon conmpound) and 0.08% by
wei ght of 3- [D nethoxy(2- hydroxyet hoxy)silyll propyl octadecyl di net hyl

anmoni um chl orj de % solution in ethylene glycol). 5 f se
conpounded as‘ﬁhg?l{)/gég(’rlrposi tions were mxed with 100 par ?gﬁ%ﬁ@g&@%

aggregates. The m xtures were cured for 15 mnutes at 135C and 10 then
allowed to cool to roomtenperature. Water inmersion tests were conducted
at 40C for five days. The results are given in the Table 2. Table 2 Days 2
3 Adhesi on% control (i.e.,no organosilicoi 92 90 87 85 85 Adhesion % w th
Cationi c organosilcion conpound 99 98 98 98 Adhesi on percentage ratings
bel ow 95 % afcb@pounde abderiagS to0dintoeigicntd e iteqnsseateinedatid ip eedighifaiwlagidandAs shown
in Table 2, the conpositi.on. i ncl udi 0.,08% wei ght 3: [ Di. oxy( 2-
hydr oxyet hoxffsgl?’lcﬁ? 1B %pg?rolg?tgﬁeécsiﬂag g?rnéqlﬁyﬁan ?1’%1%63 ?%%a%‘ﬁ{eg?q ’Ei’% nt‘%o sol ution
i n ethyl ene ghybohjtaghoved 2supeiauor  adhesi on to the aggregates for all 5
days. Thus, these.r t i ndi EQni Ll G i it of
asphalt adhesi on Itngg%gégrragpgegljf @gg)%%eleﬂ 1’? génﬁﬂnte&%@%iﬂg iv{)a:g]egg%te 5[1 h%n%g‘%éﬁlgﬁllcmorgano
silicon cénpownding20 eExXAidR|demBrising asphaltpligpendesl igrveadier aad dlend ¢.0Q160/57% by

penetrati on &fe20iPht RANRRRHNMR FeRbSR Efndofn£ANhENB QR P ih¥dphat€- . @ contr ol
with no cationic organosilicon co.rrtﬁgund) and 0.08% by wei gh f
i

) d), .\ ght of 3-
[ Tri met hoxysi | yl | Brigpsrscraudsynt feeaphic Sratpoilisar crrerrd s ckosd &8%ution in
met hanol ) . 5 uRakdup cosistiiesre conpounded asphalt conpositions were nixed with

100 parts Y3.SiRDRAINRPRRX,
10 Ya.SiRLHRPRPRRX,
Y3_aSi(R1a)RZZX"; and mixftures thereof,
wherein in each formula
Y is independently selected from a group consisting of OR, O(CH,CH,O)H,
(CH;0CH,CH,0), and (CH:CH,OCH,CH,0),

15 ahas a value selected from 0, 1 or 2;

nis a value from 1 to 10;

R is a C1-C4 alkyl,

R! is either methyl or ethyl;
R*isaCl-C4 alkylene group;

20 R? R*and R’ are each independently selected from a group comsisting of C1- C22 alkyl
wherein at least one such group has more than 8 C-atoms, -CH,Cg¢Hs, -CH,CH,OH, -
CH;0H and ~(CH2)yNHC(O)R6 wherein y has a value of from 2 to 10 and RéisaCl -
C12 perfluoroalkyl radical; i )
X is chloride, bromide, fluoride, iodide, acctate or tosylate; and

25  Zis pyridinium ring of formula CsHsN",

In certain embodiments, the water-based asphalt compositions can optionally also
include one or more organic co-solvents. Suitable organic solvents should preferably not
negatively impact the stability of the cationic organosilicon compounds in the composition.
Suitable solvents can generally include, but are not necessarily limited to, alcohols

30  (preferably glycols), ketones, ester based solvents and polar acetate solvents.
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5 igneous aggregates. The m xtures were cured for 15 m nutes at 135C and
then allowed to cool to roomtenperature after which water imrersion tests
wer e nmade at hree days. The results are shown iy Table 3
Hours 24 4§§8%n&§ﬁ€élon@&ontrol (i.e.,noorganosilicon g@@ﬂﬁ&ﬁﬂﬁ%ﬁ 92 90
87 Adhesi on%i th Catlonlcorgan05|llcon con1 ound 99 98 98 10 Again,
adhesi on percentage ratings below 95 % after the imersion test are
consi dered poor/fail ed. EXAVPLE-4 Pavi ng grade asphalt (60/70
penetration at 25C) sanples were prepared to contain 0.0 % and 0.08% (i.e.,
a control with no cationic organosilicon conpound) by weight of 3- 15
[ Di met hoxy( 2- 1i y dEoxpés hbalgohsls inglidpmetpyriol, odrtuadi ewptoganwbdridylylcalsrmpminlen
chloride (42%’f5g?3108ﬁ5 QP cdnlp BJZ!X g&?dn‘% % %Hm eﬁlb (f}xqélﬁs 8% thte ?esgnt x?\%Ht?o ded
asphal t conpositions mere mxed 0 gnheous a
m xt ures wer endufieglit frgrnod Bmitediiot etbylerte ngﬁCpmliemdwéWObleﬂ@meldomb sudois t o room
t enper at ur e. Gmﬁnaﬂ@fy@cn a - SIRBI hERINERG £ neEhediad) é&l@b&%&% hour's.

20The results showed % retention of asphalt coating over the aggregates

surface iRt N@l%%ﬂéfof sdpleas-tethyirap Lxéﬁcwﬁmﬂ%yé atpiorsiteicat ghipdsninobsH
conpound CONMRake GiyRnd 880l tdisudyl &ehedo &k@lénb%l;%@lnﬁlsme{hgﬁ etﬁéfna%lst@te( bthﬁene asphal t

not including a cationi¢ organosilicon conpound Vi ng
gr ade asphalthfgﬁ?ﬁﬁh%%hﬁﬁ7 f?%%Iﬁﬁ”@ﬁ?ﬁ”@%ﬁﬁP@?”ﬁé?@’6F@ﬁ@ﬁ$@e§5w@ontaln
0.0 % (i.e., dbugbahépihe Wohd 120 dc:aatynsmnscofomﬁg@ms IgiybaQﬂcm&rﬂM)W): eya@i 0.08%

by wei ght of 3- t hox xy)si.l decyl di,met h. y1
a%nnnlgnlchlgFF%Lg?ggwo Lﬁ%ﬁ *ﬁ e é%% é% gR%d ﬁa%Q g? t Hise
conpoundéé a§pﬁak$eﬁmwbmgnbuWhSmm9%5m5 m xed mnth 100 parts |gneous
aggregates. The agQkpURLeR.UBL SaPLaVboUshhAradel aUGh LigkntA0YrRRssed a

20-mm st andard si eve and Yower e retal ned on sl eve. The
m xt ures wer Ereeshf égyeptipn 11151“@@1 Myt g apt inged éhdacﬁfﬁ@n %iﬁPIé\ﬁMe,t butaresd: t o room

t enper at ure. cJdieabRl et'hWTﬁéﬁbM kb@8d idBb&, GRPLRbiGTce thedlit AQ%uifikichd,ve days.
The results are given in Table
methylisopropyl ketone, methylethyl ketone, methylamyl ketone, and 3-pentanone.

15 Examples of ester based solvents and acetate solvents that can be used according to
certain embodiments of the present invention include, but are not limiteq to, benzyl
benzoate, butyl acetate, methyl acetate, ethyl acetate, n-propyl acetate, isobutyl acetate,
isoamyl acetate, isopropyl acetate, n-butyl acetate, isobutyl acetate, amyl acetate, sec-butyl
acetate, tert-butyl acetate, ethyl acetate, ethyl acetoacetate, methyl acetate propyl acetate,

20  ethylene glycol monomethyl ether acetate and ethylene glycol monoethy! ether acetate.

The present invention also provides a water-based asphalt-mineral composition
including an emulsion comprising asphalt dispersed in water, at least one mineral
aggregate, and from 0.001 to 5% by weight of at least one cationic organosilicon
compound on the weight of the asphalt. Water-based asphalt-mineral compositions
25  according to certain embodiments of the present invention can optionally also include one

or more of the previously discussed organic solvents. In preferred embodiments, the

cationic organosilicon compound is selected from the group consisting of’

Y3.SiRI)R*N'R'RIR’X,

Y3,Si(RDR?PTRIRRX,

30 Yg-aSi(Rla)RZZX-; and mixtures thereof,
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10 Table 4 Da s 1 2 3 4 Adhesion %control (i.e., no organosilicon
conpound) 92 70 60 <60 <60 Adhesion %w th Cationic or. anosilicon coins

ound 99 98 98 Agal n, adhesi on percentage ratings fter the
i mrer si on tes‘fvgg?@%% Hsi der ed poor/fail ed. EXAVPLE-6 15&9?}551182:6%980%%?

asphalt (60/70 penetration at 25C) sanples were prepared to contain 0.0 %
(i.e., acontrol with no cationic organosilicon conpound) and 0.08% by

wei ght of 3-[ D net hoxy(2-hydroxyet hoxy)silyl] propyloctadecyl di et hyl

ammoni um chl oride (42% solution in ethylene glycol). 5 parts of these
conpounded asphalt conpositions were mxed with 100 parts poor quality
aggr egat es (twiesen mgghdgairs were 20 not suitable for typical

asphal t-concrgte m xt u bec helr vat er ab rpt The
mi xtures wer eﬁ?cur agenes 5611% ﬁ‘? %e $%t 2 1888 4 %Slstlﬁ%n flaI o&@gcé)gﬁr%)zﬁ{éto room
t enper at ur e. (THeOWBIELO), pmECELCHQ@RCEMer e conduct ed at 40C for 24 hours.

The results shawed,th gitectQ&’tﬁJ gﬁ g»asphalt coating remai ned on the aggregate
surface in the case of asphalt’ incl udi ng the cationic organosilicon
conmpound conpeif edaleoi@sl fodds t han 50 % asphalt coating on the control

asphal t corrpqg;stalcqrmtah@,g did not including a cationic organo silicon
conpound. EXAMPLE-7 A pavi ng grade asphalt (60/ 70 penetration at

25C) sanpl es Rndt atheresiigt @f(ftbcyb contain 0.0 % (i.e., a control with no
cationic or gaiﬁ()ﬁd@] eanugrPpabingd) and 0. 08% by wei ght of

3-[ O met hOXy(lg lt’\]y and %(r:"et erz]ic XXl)despielll&lelnlly ge?eg:}éd fr%?nt aa gr%g Lo%sarstt?ntgh T Cl?@gggfk'ﬁfﬁm
10 wherein at least one such group has more than 8 C-atoms, -CH,Cg¢Hs, ~-CH,CH,OH, -
CH,OH and «(CH,),NHC(O)R6 wherein y has a value of from 2 to 10 and R6 is a C1 —
C12 perfluoroalkyl radical;
X is chloride, bromide, fluoride, iodide, acetate or tosylate; and
Z is pyridinium ring of formula CsHsN™.
15 The water-based asphalt emulsions according to certain embodiments of the present
invention comprise droplets or sheared particles of asphalt dispersed within water.
Typically, the asphalt is maintained in a dispersed phase with the aid of known chemical
stabilizers (e.g., emulsifiers).  The water-based asphalt emulsions according to
embodiments of the present invention can be provided by shearing molten asphalt into fine
20 droplets in a high shear system, such as a colloidal mill. The asphalt can be brought into
intimate contact with a chemical stabilizing solution according to embodiments of the
present invention. Upon discharge from the mill, the emulsion comprises water with fine
particles of asphalt dispersed therein. i i
Exemplary emulsifiers which can be used for asphalt-water systems (e.g.,
25  emulsions) according to embodiments of the present invention include, but are not limited
to, octa-decyl amine, tallow amine, sodium lauryl sulphate, alkyl phenol ethoxylates such
as nonyl phenol, octyl phenol condensates of ethylene oxide. According to certain
embodiments, such emulsifiers (10 to 20 moles) can be used in preparing emulsions

according to embodiments of the present invention to provide a stable emulsion. In certain
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5 chloride (42% solution in ethylene glycol). 3 parts of these conpounded
asphalt conpositions were m xed with 100 parts sand. The m xtures were
cured for 15 m t 135C and then allowed to cool t rature.
The wat er imﬁbg%ﬁ%tzésts wer e conducted at 40C for oneqjggﬁﬁmlﬂkgwgsul ts
showed 95 % retention of asphalt coating over the sand surface in the 10
case of asphalt including the cationic organosilicon conpound conpared to

| ess than 80 % on the aggregate coated with the control asphalt conposition
that did not include a cationic organosilicon conpound. EXAMPLE-8 Pavi ng
grade asphalt (60/70 penetration at 25C) sanples were prepared to contain
15 0.0 % (i. eemboalremmttlte(ﬁnui/snﬂehcdmermamdn@m angy fgam® 24210 %6 on theowjebumdinand 0. 1%
by wei ght of 3- i Vsl yl l.Q i gt i um chl ori de
(429 sl ut  orth <t AERGEE Y, & (ol @RYsebPAE G, TR Ak TR, 1

conposi tions wer eArﬁeWéﬁmﬂﬁt fealiz@d bpalltitleng yateokrsedagpghabigatudsons Fhevrdieg to cl e
size profile fhodienPd EOH&ef WAL iRRIH Bl difSE bPGARGEY Fhaiali on
was as follo out 45% the particles were |ess

greater t ﬁan GI@DFWWH abspicalhoysedf “citeckp apatqriglse§ swaewsqng sad 248 91l 19mpTh but

greater than fhanfdlisa@ibeARUbe SaPofionk AR nBAAnbR WBlfostveSHd bikedr §em That
is, 100% passed t hrough a 20-mm screen, 45% was retained on_a 10-nmm screen,

10% r et ai ned f8h INsaBCemtasEbaseth ASPAHE CRESH We fEOTRE Jo GROPHEES RniscPiedhAt The
m xt ures wer énwetictctah Giinply26: spriydIb@s adtirfabd 56z t&Stn&htad}dﬁﬁdiecDﬂlfhdil}t Fomiang tine

and then allowed to cool to r. e ter r 25 b0|I|ng
tests accordl%ngf]n PoPeRas %ﬁﬁ?ﬁ%ﬁ%&g%g@{:éoaw L& S )z%umﬁmfﬁm P8Sults are
shown in 17Dablt1® ehulsoabhre whteSoased, éxeﬂggrvgamﬂesotmeddl@mbe CBy Hoapidicatddhesi on %

control (i.e.,

2010/ 073261PCT/ | Kf%&@%%%%**ﬁd‘ﬁe t%91§??°3§incme‘o}5h4‘3r%‘§u I"con
conpound 98 96pigE) or emulsion fpren aseqstias ta@@ﬁ@rneme%tbmrpwm igearpoearg fdedrfort he
boi i ng test s a§mﬁW5£phant Filefdu e, 1 A rl;bﬁlg]aeﬂ@és -8 ORCLRdeAay?@AR| 872Gl udi ng

and 0. 1% by wei ght - [ Trimethoxysi | yl.octadecyl di net hyl anmmoni um
chl ori de (42%1@&119%%%6 jdsalgorgse ﬁaﬁovap saw efr‘nd‘f"ﬁé P57 Pliery 1 @B hees” &A%wn i n

FI GURE 1B5 Conpadifa&OBepaied!thend tldRimment Ahamsh Bhsel dhkdist 4ratnBt in'ﬂaﬂﬂedt fa&ve
i ncl usi on of the cationic orga‘gom l'icon res | ti nIgS| n. signi fJ I m)re

asphal t bei n§HOEHP FEFIBRFREHE i Bt Cm et &7 sres & EPEHCRRe. s hown
in Fl GURE | Aol tidubp ofenadh sﬁaﬁst mfdeﬂldyeleﬁs p;hﬁdhtard‘n@ﬁlcdleeanfomwed ﬁbfegmst he

aggr egat e. the ¢ t hat .al. of the
Roohalt s r PhIEELC i L R e St e STt BT hedhieBy ne
shiny bl ack sipmgar ance of the asphalt-concrete. After the boi l'i ng
tests, t resi dual r e of any
stri ppedagsphal t Li|ﬁlr?ut e“% v(\)/gl}t?%ﬁts’ @F%}fj&% g&g hrpvxtg%ﬁﬂgﬁlpgg(?ed\t]%%m\?\gt %?é}%f t he
cont rol sanppkwi/orponghbypaari¢ addiiGeREt 2a¢ tipkelly emplgyetl] inwick rapplfcatiqye. Eont r ol
sanple is dafngtaﬁc% Hfew Iﬁ)lly%lfs) cotont e@’to%écflfﬁlca%}talt HcRa€ Qﬁ@rp@éus%? Rh&].t

stripped. fromthe aggregate. FI QU t he residual water_of the
sanpl e i ncl uBPHRIPRIHEC ASpRal tnephons efrharleiie (Do ihemeplgitin ok ¥l Eign
conmpound.  As (I \Wityirdhe bl -stBenet f@ﬁBS)GSdt}d&iﬁletH&v&hﬁﬁuthcﬁen%@Hny t9E®3$par ent

and contgiLns significantly |es romt he These
results Z%O\A/syt“ 8‘&’ P6SHFS &8 al%‘%?‘gfljﬁéﬁv ?ce P AT RS %g%‘ﬂgath concrete
sanpl e exhi binb@ﬂormrof QAbtmadiesiinmn tiefasgiap hddens bnworkeblaggpegateasngrifor V\/m |l e

][ Ih,? ¢ l(:gn: LOLOSZ‘ aéaplz ica 1?115 a{lcﬂréasuéta 111 1%133?({%(? chhg‘rlngal EJdOJHcEQ%nQSI%E&E%t es (i.

In another aspect, the present invention provides a roofing material comprised of a

core that is saturated and/or coated with composition according to one or more

30  embodiments of the present invention. The core is typically a reinforcing carrier or
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EXAMPLE- 9 ASPHALT Bl NDER PENETRATI ON | NDEX Penetrati on i ndex of the 80-100
and 60-70 grade asphalt binders were detem ned according to the ASTM

D946- 09 met hod; St andard Specification for Penetration- phal t
Cement for w‘@‘,’?%“’ﬁé&ﬁémm Construction. The penetratio%@a Soegé)?%?rse
obtained for the sanples with 0.1% and 0. 4% of

3-[ Di net hoxy(2- hydr oxyet hoxy)silyl]propyl- octadecyl di net hyl ammoni um
chloride (42% solution in ethylene glycol), and for a control WO

2010/ 073261PCT/ 1 N2009/ 000712 sanple wi thout an organosilicon quaternary
salt according to enbodi nents of the present invention. The results are
gi ven i n Tablpelyter Mabr@nforcApitataie Pometwontd, onvd@rfaaies, or a combination of both

sorgsnosi ) scoaumhatagel bk 1o gei eyl ugal L Pypepaiign 1 o
polymers like polyester, nylon, polyurethane, polypropylene, etc., or a combination of both
inorganic and organic polymers.

5 Asphalt membranes according to embodiments of the present invention, preferably, -
exhibit a desirable degree of stretchability and structural strength. Such membranes can
beneficially be used for waterproofing or water barrier applications. In such embodiments,
the asphalt content is above 50% (e.g., 50-100%, or 50-90%, or 50-70%). In certain
embodiments, the asphalt composition is above 60% (e.g., 60-100%, or 60-90%, or 60-

10 70%), 70% (e.g., 70-100%, or 70-90%, or 70-80), 80% (e.g., 80-100%, or 80-90%), or
90% (e.g., 90-100% or 90-95%).

In yet another aspect, the present invention provides a “concentrate” composition
that can be diluted out by addition of water or another desirable solvent (e.g., organic
solvent if so desired). In one embodiment, the “concentrate” composition includes a

15  cationic organosilicon compound according to the present invention in water. In such
embodiments, the cationic organosilicon compound is typically present from about 0.01 to
about 5.0 % weight. In other embodiments, the present invention provides a “concentrate”
composition having at least one cationic organosilicone compound in one or more organic
solvents, preferably selected from the previously referenced solvents. Most preferably, the

20  organic solvent is ethylene glycol. In other embodiments, the “concentrate” composition
includes at least one cationic organosilicone compound in a mixture (e.g., miscible or
liquid-liquid dispersion) of water and one or more organic solvents.

) Beneficially, “concentrate” compositions according to embodiments of the present
invention can be economically packaged, shipped, and/or stored without requiring a large

25  holding volume or space. The “concentrate” compositions can be diluted with water, for
example, at the time of application if so desired. Dilution ratios for a “concentrate”
composition to water (or other solvent is desired) can range from 1 part “concentrate”
composition to 250 parts water, or from 1 part “concentrate” to 200, 150, 100, 75, 50, 25,
or 10 parts water (or other suitable solvent depending on the intended use). In one

30  preferred embodiment, the “concentrate” composition comprises at least one cationic
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5These results illustrate that organosilicon quaternary salt addition
(according to enbodi nents of the present invention) to asphalt helps to

| ower the penetration index which will result in inprovi if s and
tensile streng?RV ISP EA (Hot M x Asphalt). EXAMPLE- 10 SEFQQF@&P@B‘%?ASPHALT

Bl NDER 10Aged asphalt (60-70 penetration grade) sanples with and w t hout

0. 1% 3- [ Di net hoxy(2-hydroxyet hoxy)silyl]propyl-octadecyl di net hyl anmmoni um
chloride (42% solution in ethylene glycol) were prepared by keeping the
sanples in an oven at 160C for 15 days. These heat aged asphalt sanples
were used in making HVA (Hot M x Asphalt) sanples, containing 5.1% asphalt
usi ng basalt aggu®gatesom3I39d passietint iwogh Paef2@blmmht Ssoidy e@nedoutf st ai ned
on a 10-nm scr . 0 d..t M but retai.ned on. a,,6-.am
screen, and 45’50%5%%1@6/& ?%?%ﬁbﬁogﬁi»%agocu%gseﬁim%ﬁ? arg%‘ht?i Pg’et & ué?rr%’l%f wer e
prepar ed usi ni{conprstrateireongpositien epseadiintedivtithovater dipir mgamplArts pedvide St dilyieti t y,

stabi ity rat gy, e fhQWh ¥alULaWGlR: FeLSHM RG] oﬂﬁ%ﬁ@s@hﬂﬂv&xﬁmﬁﬂ'\”
D1075/ AASHTO T16pS net hodol ogy: Standard Test Method for Effect of Water on

Conpr essi vé SEX&NGEESof Conpacted 20 Bituminous Mxtures. The results are

summari zed i nTERE FOASEA N AR EGATE AMYPIRIOR 073261PCT/ | N2009/ 000712 Tabl e
7 Sanple Marshall Stability Dry Kg Marshall Stability Wet Kg Stability

Ratio (99 Wet FESSGAUER offRr \EATRie nhHeBA 288 ARA o P2 ten et sty L eebinga AEPPIIg on
guat er nary saResist&xeat rol | ed: non-aged 1650 1260 76.3 2.78
5. 1%Asphal t HVAw tggpf 196 a%‘s:’lﬁi i con %Hagfgnar%/{ sg_lst ar 0P g%ll ed, gn- ag?d
2512 2461 97.9 2. 95 B ARIFISNIRN PP SOMINAD ST BB Gh é?”h%r‘@ sal t
10 parts of aggregate or sand. Prior to mixing, both the asphalt and aggregate or sand were
heated to 165°C. The mixture was cured for 15 minutes at 135°C. Following the prescribed
cure, the samples were cooled and then subjected to a water immersion test. A variety of
immersion conditions were investigated. These include a short exposure to 80°C water
from one hour to twenty four hours and longer exposures at 40°C (1, 2 and 5 days). The
15  percent asphalt coating remaining on the aggregate at completion of the water immersion
test was rated visually on a scale of 0-100%. Ratings of below 95 % retention of asphalt on
the aggregates after the immersion test are considered poor/failed. In the following
examples, all parts are by weight uniess expressed otherwise.
Embodiments of the present invention will now be illustrated by working
20 examples, which are intended to illustrate improved properties realized by embodiments of
the present invention and should not be construed as impling any limitations on the scope
of the present invention.
EXAMPLE-1
Paving grade asphalt (60/70 penetration at 25°C) samples were prepared to contain
25 from 00% to 01% by weight of 3-[Dimethoxy(2-hydroxyethoxy)
silylipropyloctadecyldimethyl ammonium chloride (42% solution in ethylene glycol). 5
parts of these compounded asphalt compositions were mixed with 100 parts Igneous
aggregates. The mixtures were cured for 15 minutes at 135°C and then allowed to cool to

room temperature. Water immersion tests (at 40°C for 24 hours) were conducted. The

30  results are shown in Table 1.
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Aged 2652 2445 92.2 3.4 These results clearly illustrate that
organosilicon quaternary salt containing HVA accordi ng to enbodi nents of
the present iQuenlPeProvide better stability ratio thap AvhddigHt using
an organosilicon quaternary salt according to enbodi ments of the present
invention. These results al so suggest that the 15 day aged sanpl es

contai ning an organosilicon quaternary salt according to enbodi nents of the
present invention retained stability and fl ow val ue. EXAMPLE-11 10
PERFORMANCE GRADE ASPHALT BI NDER Asphal t binder tests were conducted
usi ng perfonuance graded PG 64-22 asphalt binder with 0.0% (control), 0.05%
and 0.1% 3-[ Di [ Xy (2- hydroxyethoxy)silyl] propyloctadecyl di net hyl
anmoni um chl ori dd of &2%m&0l utTon [y gt hﬁlme ol o601 ) ToRE agpnal t [i nder was

tested accordi ng |togahd@icSHIO stjandar d net hods. The resul tls are 15
summari zed in Tablemund0 WD 2010/ 073261PCT/[LN2009/,000712 |Tabl e § Bi nder:

PG 64-22 wth O garasidi con, pemt dogary [sal t 4% 1 n [ebhyT €njgedl ycal (0Si QS)
Rot ati onal Vi scodiafiy 2@,3:35C, | AASHTO T 316, P Test {Resultg 0.1%
Organosi licon quaternary salt (0SS 5) 0.453 U.05% Organositicon guat ernary
salt (0Si Q) 0.468 Control 0,470 Dynam c Shear Rheometer AASHTO T 315 Test
Tenper at ur e, 6216@38@{8’ sthéxgpﬁ%xéurmF@F@ent over asphalt without additive.

EXAMPLE-2
5 Paving grade asphalt (60/70 penetration at 25°C) samples were prepared to contain

0.0% (i.e., a control with no cationic organosilicon compound) and 0.08% by weight of 3-
[Dimethoxy(2- hydroxyethoxy)silyllpropyloctadecyldimethyl ammonium chloride (42%
solution in ethylene glycol). 5 parts of these compounded asphalt compositions were mixed
with 100 parts Igneous aggregates. The mixtures were cured for 15 minutes at 135°C and

10 then allowed to cool to room temperature. Water immersion tests were conducted at 40°C
for five days. The results are given in the Table 2.

Table 2

Days 1 2 3 4 5
Adhesion % | 92 90 87 85 85
control {ie, no
organosilicon)
Adhesion % with | 99 98 98 98 98
Cationic
organosilcion
compound

Adhesion perceﬁtage ratings below 95 % ‘after the immersion test are considered

I5  poor/failed. As shown in Table 2, the composition including 0.08% by weight of 3-
[Dimethoxy(2- hydroxyethoxy)silyllpropyloctadecyldimethyl ammonium chloride (42%
solution in ethylene glycol) showed superior adhesion to the aggregates for all 5 days.
Thus, these results clearly indicate significant improvement of asphalt adhesion to
aggregates due to the addition of the cationic organosilicon compound.

20  EXAMPLE-3
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G / sin5, kPa 0.1% 0SiQS 1.55 86.4 1.55 0.05% QSi QS 1.56 86.4 1.57
"Control 1.44 86.4 1.44 Rolling Thin Film Oven Test (RTFOT) Aged Bi nder

Dynam ¢ Shear r AASHTO T 315 Test Tenperature, ég £ gfg Phase
AngleG*/smg%@lé%E 1% OSi QS 4. 00 82.7 4.02 0, 05% OSi ol e e

Control 3.44 82.7 3.47

Paving grade asphalt (60/70 penetration at 25°C) samples were prepared to contain

0.0 % (i.e., a control with no cationic organosilicon compound) and 0.08% by weight of 3-

[Trimethoxysilyl]propyloctadecyldimethyl ammonium chloride (42% solution in

methanol). 5 parts of these compounded asphalt compositions were mixed with 100 parts

5  igneous aggregates. The mixtures were cured for 15 minutes at 135°C and then allowed to

cool to room temperature after which water immersion tests were made at 40°C for three
days. The results are shown in Table 3.

Table 3

Hours 24 48 72
Adhesion % control | 92 90 87
(i.e., no organosilicon
compound)

Adhesion %  with | 99 98 98
Cationic organosilicon
compound

10 Again, adhesion percentage ratings below 95 % after the immersion test are considered
poor/failed.
EXAMPLE-4

Paving grade asphalt (60/70 penetration at 25°C) samples were prepared to contain

0.0 % and 0.08% (i.e., a control with no cationic organosilicon compound) by weight of 3-

15  [Dimethoxy(2-hydroxyethoxy)silyllpropyl octadecyldimethyl ammonium chloride (42%
solution in ethylene glycol). 5 parts of these compounded asphalt compositions were
mixed with 100 parts Igneous aggregates. The mixtures were cured for 15 minutes at
135°C and then allowed to cool to room temperature. The water immersion tests were
conducted at 80°C for 24 hours.

20 The results showed 98 % retention of asphalt coating over the aggregates surface in
the case of asphalt including the cationic organosilicon compound compared to less than
85 % on the controlled sample (i.e., asphalt not including a cationic organosilicon
compound).
EXAMPLE-5
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Pressure Agi ng Vessel (PAV) Aged Bi nder, AASHTO R28 Pressure Agi ng Vassal
(PVA) aged Bi nder Dynam c Shear Rheorneter AASHTO T 315 Test Tenperature,

5 C G, kPa le G sine, kPa 0.1% OSi QS 6628 4 5% OSi QS
6001 44. 1 417§|E%o oM €375 4575 4568 Bend ng Beam Rheolrl;g?glﬁ%?%’&%) QAASHTO T

313 Test Tenperature, -12 C Stiffness, MPa mvalue 0.1% CSi QS 186 0. 314
0. 05% OSi @S 202 0.317 Control 201

Paving grade asphalt (60/70 penetration at 25°C) samples wete prepared to contain
0.0 % (i.e., a control with no cationic organosilicon compound) and 0.08% by weight of 3-
[Dimethoxy(2-hydroxyethoxy)silyllpropyl-octadecyldimethyl ammonium chloride (42%
solution in ethylene glycol). 3 parts of these compounded asphait compositions were
5  mixed with 100 parts Igneous aggregates. The aggregates were previously graded such
that 100% passed a 20-mm standard sieve and 100% were retained on an 12-mm standard
sieve. The mixtures were cured for 15 minutes at 135°C and then allowed to cool to room
temperature. The water immersion tests were conducted at 40°C for five days. The results

are given in Table 4.

10 Table 4

Days 1 2 3 4 5
Adhesion % control (i.e., no | 92 70 60 <60 | <60
organosilicon compound)
Adhesion % with Cationic | 99 98 98 9 98
organosilicon compound

Again, adhesion percentage ratings below 95% after the immersion test are considered

poor/failed.

EXAMPLE-6
15 A paving grade asphalt (60/70 penetration at 25°C) samples were prepared to
contain 0.0 % (i.e., a conirol with no cationic organosilicon compound) and 0.08% by
weight of 3-[Dimethoxy(2-hydroxyethoxy)silyllpropyloctadecyldimethyl ammonium
chloride (42% solution in ethylene glycol). 5 parts of these compounded asphalt
compositions were mixed with 100 parts poor quality aggregates (these aggregates were
20 not suitable i‘or typical asphalt-concrete mixture because their water abéorption was over
2%). The mixtures were cured for 15 minutes at 135°C and then allowed to cool to room
temperature. The water immersion tests were conducted at 40°C for 24 hours.
The results showed that over 95 % asphalt coating remained on the aggregate
surface in the case of asphalt including the cationic organosilicon compound compared to
25  less than 50 % asphalt coating on the control asphalt composition that did not including a

catjonic organosilicon compound.
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0.312 PG G ade 64 -22 These results show that the rotational
viscosities at 135C of the asphalt binder with the organosilicon quaternary
salt are | owe at of normal asphalt binder. The | ity at
135C i s good ?8 Dlﬁ‘%a;ﬁtzﬂg and wetting of the aggregates ng‘rg‘ﬁlgzg}ﬂﬁogfﬁ§b nder .
The results also show that the conplex shearing nodulus G, is higher while
the 5 phase angle renai ned the sane for the sanples contai ni ng the
organosilicon quaternary salt. This is a clear indication that addition of

t he organosilicon quaternary salt inproves stiffness with the sane

vi scoel astic response (phase angl e). The organosilicon quaternary
salt contai ni;xanMepibal t binder's RFTOT residue al so showed an increase in
G value with sinmla haea ese result, st _t hat
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results show that the presence of the anosilicon quaternary salt in the

asphal t bi ndé#> ¥ st AIREcs 1 ‘fOPhE’s@O%tte‘PWGE‘Fetgﬁp‘éﬁi‘atlﬁ‘l"ﬁ’rsn’iih‘f"%s weErel

i nprove the b@uu&@raz)@w@tfw@eﬁ@tl gue resistance. Al'l these results
cIearIinIustrat sence. of th anosi |l jcon quaternary 20
salt according to a’%ﬁ 75?@ (2559( FREOB L& ﬁ?l Q%@%?V% 351% IZf?ﬂe)}nﬁﬁproves
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EXAVPLE- 12 Oy STLFSE SUSERFT) Bl bl T TS A0SR TRRR) AgorSasleg o Lo

sources in Geor oni & and el'ecte or the
m xture testsrgamglgﬁfelg:amemglﬂadatl ons with a nom nal aggregate size of 12.5
mm wer e desi gradidiqi.gt esting and eval uation. Two sanple of this mx design
were made with the PG 64-22 binder with and w thout .

3- [ Di et hoxy ( 2- hydria gethsria<EIYe peetEhon s ddseypla Het RiFParsthitrANEih

chl ori de 164289l b @il with RY kARG Blousl h);oxa&ﬁlgﬂum ahd @1 %sgptmgm bﬂ nder. The
asphalt and aggregate m xtures were conpacted to g é&c) ons.
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NDi St ure sengkthin)! 45 patsef nﬁfefdammmyasmawhmgmhﬁmeb hﬁxes it ﬂg@ bbﬁts

according to. AASHTO T 28§ stren r at r | cul at ed
usi ng tensi | BEP} EFGEACY APD ngg? S‘(z,%?{afislf gfli‘eag%r%& cﬁ?:jgoscf 1t |u\é\§dete S35l es. A
sumary of thadsealigbh wasulbldoviss dhaws% nf halphesled wer 1kst. thin Z(amlmeblg
Lut hen! a,0091,¢ALER Wi, BS.Oftndér @@g PRds Vpew@%rt egg@%g%'u) or&ﬁﬂ%ineﬁ Tensil e
Tensile Tens ensi | e Strengt 3 t rengt

mm; and about 45% of the pamcle were less than 6—rmn That is, 100% passed through a

20-mun screen, 45% was retained on a 10-mm screen, 10% retained on a 6 mum screen, and

45% went through the 6-mm screen. Thé mixtures were cured for 120 minutes at 135°C as

standard conditioning time and then allowed to cool to room temperature after which water

25  boiling tests according to the ASTM D3625 procedures was conducted. The results are
shown in Table 5.

Table 5

Sample 10 minutes 1 Hour | 6 Hours
Adhesion % control (i.e., no | 40 10 <5
organosilicon compound)
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Strength (PSI) Strength Unconditioned Unconditioned (PSI) Conditioned Ratio

Average Conditioned Average (TSR) 195.17 188.08 133.78 160.32 0.85 188.87

176. 64 180. 6 Tabl e 10: Lut heni a Aggreg 64- 22
wo 2(61%@%53 {Di et @E?ﬁNz‘th/olaoﬁp

Asphal t bi nder, hoxy(2- hydroxyet hoxy)sity
propyl - octadecyldlnethyl ammoni um chl ori de (4296solut|on |n 10et hyl ene

glycol) Tensile

Adhesion % with Cationic | 98 96 95
organosilicon compound

The asphalt-concrete control sample after the boiling test is shown in FIGURE 1A.
The asphalt-concrete sample including and 0.1% by weight of 3-
[Trimethoxysilyl]propyloctadecyldimethyl ammonium chloride (42% solution in

5 methanol) after the boiling test is shown in FIGURE 1B. Comparison of the FIGURES 1A
and 1B illustrate that the inclusion of the cationic organesilicon resulting in significantly
more asphalt being retained on the aggregate. That is, the control sample shown in
FIGURE 1A is dull and most of the asphalt has been removed from the aggregate. To the
contrary, FIGURE 1B illustrates that almost all of the asphalt is retained on the surface of

10 the aggregate as evident by the shiny black appearance of the asphalt-concrete.

After the boiling tests, the residual water was removed and inspected for the
presence of any stripped asphalt in the water. FIGURE 2A shows the residual water of the
control sample. As shown in FIGURE 2A, the residual water of the control sample is dark
(e.g., black) due the significant presence of asphalt stripped from the aggregate. FIGURE

15 2B shows the residual water of the sample including the asphalt treated with the cationic
organosilicon compound. As shown in FIGURE 2B, the residual water is mostly
transparent and contains significantly less asphalt stripped from the aggregate. These . -
results show that organosilicon quaternary salt containing asphalt-concrete sample
exhibited over 95% adhesion of asphalt on the aggregates mix while the control sample

20 lost all or most asphalt from the aggregates (i.e., little to no adhesion to the aggregate).
EXAMPLE-9 N
ASPHALT BINDER PENETRATION INDEX

Penetration index of the 80-100 and 60-70 grade asphalt binders were determined
according to the ASTM D946-09 method: Standard Specification for Penetration-Graded

25  Asphalt Cement for Use in Pavement Construction. The penetration values were obtained
for the samples with 0.1% and 0.4% of 3-[Dimethoxy(2-hydroxyethoxy)silyl]propyl-

octadecyldimethyl ammonium chloride (42% solution in ethylene glycol), and for a control
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Tensile Tensile Tensile Tensile Strength (PSI) Strength (PSI) Strength
Strength Strength Unconditioned Unconditioned (PSI) (PSI) Ratio Average

Condi ti oned %8%1’6)0%95‘1 (TSR Average 165.05 158, 21 43R0, 08 0.95
153. 64

sample without an organosilicon guaternary salt according to embodiments of the present
invention. The results are given in Table 6.

Table 6

Asphalt Penetration Grade | % organosilicon quaternary | Penetration
salt (42 % in ethylene glycol) | Index

80-100 0.0 86

80-100 0.1 67

60-70 0.0 67

60-70 o1 65

60-70 0.4 61

5 These results illustrate that organosilicon quaternary salt addition (according to
embodiments of the present invention) to asphalt helps to lower the penetration index
which will result in improving stiffness and tensile strength of HMA (Hot Mix Asphalt).
EXAMPLE-10
STABILITY OF ASPHALT BINDER

10 Aged asphalt (60-70 penectration grade) samples with and without 0.1% 3-
[Dimethoxy(2-hydroxyethoxy)silyl]propyl—octadecyldimethyl ammonium chloride (42%
solution in ethylene glycol) were prepared by keeping the samples in an oven at 160°C for
15 days. These heat aged asphalt samples were used in making HMA (Hot Mix Asphalt)
samples, containing 5.1% asphalt using basalt aggregates, 33% passed through a 20-mm

15 screen but retained on a 10-mm screen, 24% passed through a 10-mm but retained on a 6-
mm sc;’een, and 41% passed through‘a 6-mm screen. The controlled samples were prepared
using the same grade asphalt without aging. Marshall Stability, stability ratio, and flow
value were determined according to ASTM DI1075/AASHTO T165 methodology:
Standard Test Method for Effect of Water on Compressive Strength of Compacted

20  Bituminous Mixtures. The results are summarized in the following Tabie 7.
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153. 47 155. 95 153. 47 Tabl e 11: Luthenia Aggregates wth PG 64-22
Asphal t bi nder 0.1%

3- Pi met hoxy( 2; r t hoxy) si | yl | propyl - oct adecyl di net ﬁ{g‘ﬁgm'

chl oride 15 ZW%MB?% ution in ethylene glycol) Tensil er}}fler/rlm e bljgfnnsi | e
Tensile Tensile Strength (PSI) Strength (PSI) Strength Strength Strength
Uncondi ti oned Unconditioned (PSI) (PSI) Ratio Average Conditioned

Table 7

Sample Marshall Marshall Stability | Flow
Stability Dry | Stability Ratio (%) | Value
Kg ‘ WetKg Wet/Dry | mm

5.1% Asphalt HMA without | 1650 1260 76.3 2.78

Organosilicon quaternary salt;

Controlled: non-aged

5.1% Asphalt HMA with| 2512 2461 97.9 2.95

0.1%0Organosilicon quaternary

salt;

Conirolled: non-aged

5.1% Asphalt HMA with | 2652 2445 92.2 3.4

0.1%O0Organosilicon quaternary

salt;

Aged

These results clearly illustrate that organosilicon quaternary salt containing HMA
according to embodiments of the present invention provide better stability ratio than
5  without using an organosilicon quaternary salt according to embodiments of the present
invention. These results also suggest that the 15 day aged samples containing an
organosilicon quaternary salt according to embodiments of the present invention retained
stability and flow value.
EXAMPLE-11
10 PERFORMANCE GRADE ASPHAIT BINDER
Asphalt binder tests were conducted using performance graded PG 64-22 asphalt
binder with 0.0% (control), 0.05% and 0.1% 3-{Dimethoxy (2- hydroxyethoxy)silyl]
propyloctadecyldimethyl ammonium chloride (42% solution in ethylene glycol). The
asphalt binder was tested according to the AASHTO standard methods. The results are

15  summarized in Table 8.

20
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Condi ti oned

171. 13 167.
Sprlng Aggr e
Tensil e Tens

(TSR
22 167.50

Aver age

Table 8

178.10 174.79 181.94 173.52 0.99 179.05
WO 2010/ 073261PCT/ 1 N2009/ 000712 Table 12: Lithia

gﬁb %» E@ PG 64-22 Asphalt binder (Control), - Te@sbd@o18Nnsi | e
i ensile

Binder: PG 64-22 with Organosilicon quaternary salt 42 % in ethylene glycol (OSiQS)

Rotational Viscosity @ 135°C, AASHTO T 316, PaS Test Results

0.1% Organosilicon quaternary salt (OSiQS) 0.458

0.05% Organosilicon quaternary salt (0SiQS) 0.468

Control 0.470

IDynamic Shear Rheometer AASHTO T 315

Test Temperature, 64 °C G¥*, kPa [Phase Angle G* / sind, kPa
0.1% 0SiQS 1.55 86.4 1.55

0.05% QSiQS 1.56 86.4 1.57

Control 1.44 86.4 1.44

[Rolling Thin Film Oven Test (RTFOT)} Aged Binder Dynamic Shear Rheometer AASHTO T 315

Test Temperature, 64 °C G*, kPa hase Angle G* / sind, kPa
0.1% OSiQS 14.00 82.7 14.02
0.05% 08iQS 3.75 82.8 3.78
Control 3.44 82.7 3.47

Pressure Aging Vessel (PAV) Aged Binder, AASHTO R28

Pressure Aging Vassal (PVA) aged Binder Dynamic Shea

r Rheometer AASHTO T 315

Test Temperature, 25 °C G*, kPa iPhase Angle G* sind, kPa
0.1% 0SiQS 6628 44.8 4668

0.05% 0SiQS 6001 44.1 4173

Control 6373 43.3 4368
Bending Beam Rheometer (BBR)} AASHTO T 313

Test Temperature, -12 °C Stiffness, MPa m-value

0.1% 0SiQS 186 0.314

0.05% 0SiQS 202 0.317

Conirol 1201 0.312

[PG Grade 64 -22

4.




Strength (PSI) Strength (PSI) Strength Strength Strength Unconditioned
Uncondi tioned (PSI) (PSI) Ratio Average Conditioned Conditioned (TSR)
Average 182.43 165,87 131.46 135.59 0.82 153.47 130. 56 1/ 1x2000/000712

These results show that the rotational viscosities at 135°C of the asphalt binder with
the organosilicon quaternary salt are lower than that of normal asphalt binder. The lower
viscosity at 135°C is good for mixing and wetting of the aggregates with asphalt binder.

The results also show that the complex shearing modulus G*, is higher while the

5  phase angle remained the same for the samples containing the organosilicon quaternary
salt. This is a clear indication that addition of the organosilicon quaternary salt improves
stiffness with the same viscoelastic response (phase angle).

The organosilicon quaternary salt containing asphalt binder’s RFTOT residue also
showed an increase in G* value with similar phase angle. These results suggest that

10 organosilicon quaternary salt containing asphalt binders have improved oxidative stability
during processing.

The PAV aged organosilicon quaternary salt containing asphalt binder residue had
better stiffness with higher value of the phase angle. This also indicates that the
organosilicon quaternary salt improves long term oxidative stability and maintains its

15  viscoelastic response.

Bending beam Rheometer results show that the presence of the organosilicon
quaternary salt in the asphalt binder reduced the stiffhess at lower temperature. This will
improve the low temperature fatigue resistance.

All these results clearly illustrate that the presence of the organosilicon quaternary

20 salt according to embodiments of the present invention desirably improves the asphalt
properties as compared to the original binder properties.
EXAMPLE-12
MOISTURE SUSCEPTIBILITY TEST (AASHTO T283)
Aggregates from two sources in Georgia (Lithonia and Lithia Springs) were
25  selected for the mixture tests. Aggregate gradations with a nominal aggregate size of 12.5
mm were designed for testing and evaluation. Two sample of this mix design were made
with the PG 64-22 binder with and without 3-[Dimethoxy(2-hydroxyethoxy)silyl]propyl-
octadecyldimethyl ammonium chloride (42% solution in ethylene glycol) added to the

asphalt binder. The asphalt and aggregate mixtures were compacted to 65 gyrations.
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Tabl e 13: Lithia Spring Aggregates with PG 64-22 Asphalt
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ensile

00@7IHTDI’]I um

Tensile Strength (PSI) Strength (PST) Strength Strength Strength
Uncondi ti oned Unconditioned (PSI) (PSI) Ratio

Condi ti oned (TSR)

Aver age Conditi oned

The evaluations of each mixture’s moisture sensitivity were performed by

measuring tensile strengths according to AASHTO T 283 method. Tensile strength ratios

were calculated using tensile strength values of conditioned and unconditioned samples. A

summary of those test results is shown in Tables 9 to 14.

5  Table 9: Luthenia Aggregates with PG 64-22 Asphalt binder (Control)

Tensile Tensile Tensile Tensile Tensile

Strength (PSI) | Strength (PSI) | Strength Strength (PSI) | Strength

Uncenditioned | Unconditioned | (PSI) Conditioned | Ratio
Average Conditioned | Average (TSR)

195.17 188.08 133.78 160.32 0.85

188.87 176.64

180.21 170.56

Table 10: Luthenia Aggregates with PG 64-22 Asphalt binder, 0.05% 3-[Dimethoxy(2-
hydroxyethoxy)silyl] propyl-octadecyldimethyl ammonium chloride (42% solution in

10 ethylene glycol)
Tensile Tensile Tensile Tensile Tensile
Strength (PSI) | Strength (PSI) | Strength Strength Strength
Unconditioned | Unconditioned | (PSI) (PSDH Ratio
Average Conditioned | Conditioned { (TSR)
Average
165.05 158.21 143.29 150.08 0.95
153.64 153.47
155.95 153.47

Table 11: Luthenia Aggregates with PG 64-22 Asphalt binder
0.1% 3-[Dimethoxy(2-hydroxyethoxy)silyl]propyl- octadecy](hmethyl ammonium chlonde
15 - (42% solution in ethylene glycol)

Tensile Tensile Tensile Tensile Tensile

Strength (PSI) | Strength (PSI) | Strength Strength Strength

Unconditioned | Unconditioned | (PST) (PShH Ratio
Average Conditioned | Conditioned | (TSR)

Average

178.10 174.79 181.94 173.52 0.99

179.05 171.13

167.22 167.50

-26-
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Aver age

170.39 159.99 154.79 151.56 0.95 159.41 155.95 150. 17 144.20
':I;a?:; 14:h Li Ehi s Spring ﬁ\ggregat es with PG 64-22 Asphalt binder 0.1 %
- met hoxy ‘i xyet hoxy) silyl] propyl -octadecyl di e Lpm
chloride 10 ( 99/3@{%%% on in ethylene glycol) Tengi |l e Tté)%}lﬂfzg e(;r?giljl e
Tensile TSR Strength (PSI) Strength (PSI) Strength
Table 12: Lithia Spring Aggregates with PG 64-22 Asphalt binder (Control)
Tensile Tensile Tensile Tensile Tensile
Strength (PSI) | Strength (PSI) | Strength Strength Strength
Unconditioned | Unconditioned | (PSI) {PSI) Ratio
Average Conditioned | Conditioned | (TSR)
Average
182.43 165.87 131.46 135.59 0.82
153.47 130.56
161.72 144.78
Table 13: Lithia Spring Aggregates with PG 64-22 Asphalt binder
0.05% 3-[Dimethoxy(2-hydroxyethoxy)silyl]propyl-octadecyldimethyl ammonivum
S chloride (42% solution in ethylene glycol)
Tensile Tensile Tensile Tensile Tensile
Strength (PSI) | Strength (PSI) | Strength Strength Strength
Unconditioned | Unconditioned | (PSI) {PSD) Ratio
Average Conditioned | Conditioned | (TSR)
Average
170.39 159.99 154.79 151.56 0.95
159.41 155.95
150.17 144.20 N

Table 14: Lithis Spring Aggregates with PG 64-22 Asphalt binder
0.1 % 3-[Dimethoxy(2-hydroxyethoxy)silyl]propyl-octadecyldimethyl ammonium chioride
10 (42% solution in ethylene glycol)

Tensile Tensile Tensile Tensile TSR
Strength (PSI) | Strength (PSI) | Strength Strength
Unconditioned | Unconditioned | (PSI) (PSI)
Average Conditioned | Conditioned

- Average
155.95 167.55 164.61 167.40 1.00
170.84 172.98
175.87 16461

The TSR values of the Lithonia 0.05% organosilicon quaternary salt and the Lithia Springs
0.05% organosilicon quaternary salt were 0.95 each, while those of the control mixtures
15  were 0.85 and 0.82, respectively. The mixtures with 0.1% organosilicon quaternary salt
showed the TSR values of 0.99 and 1.00, illustrating that the organosilicon quaternary salt

had significantly improved the moisture resistance of the HMA mixtures.
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Strength Unconditioned Unconditioned (PSI) (PSI) Aver age Conditioned

Conditioned _ Average 155.95 167.55 164.61 167.40 1.00 170.84 172.98
175. 87 16461W0 2010/073261 PCT/IN2009/000712
EXAMPLE-13

COLD MIX ASPHALT COMPOSITION
500 g of mix basalt aggregates having a particle size distribution as follows: 33%
passed through a 20-mun screen but retained on a 10-mm screen, 24% passed through a 10-
5  mm screen but retained on a 6-mm screen, and 41% passed through a 6-mm screen. The
300 g of mix basalt aggregates was used for making cold mix asphalt. The control sample
was prepared by mixing aggregates with 58.3 g rapid setfting grade asphalt emulsion
{containing 60% solids) by manual mixing.
The rapid setting asphalt emulsion was mixed with 0.034 g organosilicon
10 quaternary salt, 3-[Dimethoxy(2-hydroxyethoxy)silyljpropyloctadecyldimethyl ammonium
chloride (42% solution in ethylene glycol) dissolved in 0.306 g of water. The cold mix
asphalt composition was prepared as described above.
Both samples were dried for 48 hours in open air (atmospheric condition,
temperatures range 25°C to 40°C). The samples were evaluated using ASTM D3625
15  method: Standard Practice for Effect of Water on Bituminous-Coated Aggregate Using

Boiling Water. The results are summarized in Table 15.

Table 15
Sample Boiling Test Period | Remaining Asphalt
{(minutes) coverage (%)

Control 10 70

Organosilicon 10 98

Quaternary salt -

containing ‘

20 After the boiling tests, the residual water was removed and inspected for the

presence of any stripped asphalt in the water. FIGURE 3A shows the residual water of the
control sample. As shown in FIGURE 3A, the residual water of the control sample
includes a large layer of dark (e.g., black) asphalt that was stripped from the aggregate.
FIGURE 3B shows the residual water of the sample including the asphalt treated with the
25  cationic organosilicon compound. As shown in FIGURE 3B, the residual water is

transparent and no stripped asphalt can be seen from a visual inspection. These results
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The TSR val ues of the Lithonia 0.05% organosilicon quaternary salt and the
Lithia Springs 0.05% organosilicon quaternary salt were 0.95 each, while
those of the control m xtures 15 were 0.85 and 0.82, respectively. The

m xtures with 0.1% organosilicon quaternary salt showed the TSR val ues of
0.99 and 1.00, illustrating that the organosilicon quaternary salt had
significantly inproved the noisture resistance of the HVA m xtures. WO
2010/ 073261PCT/ 1N2009/ 000712 EXAMPLE- 13 COLD M X ASPHALT COVPCSI TI ON

500 g of m x basalt aggregates having a particle size distribution as

foll ows: 33% passed through a 20-mm screen but retained on a 10-nm screen,
24% passed t hiletighllastd6-ths mahsﬁﬂeeanUMgﬁﬁéaﬁﬁmﬂﬂmﬂlQuﬁmﬂMySﬁMeﬁmmﬂand 41%
For maki ng_ ol ek CRBALFE BerfhauoRt 18 Mt PR B e B S8 g
aggr egat es WQXhle@i ®Ogt ¥ Ao dtripptnizi (ng. gbad 8 0%syHbd asplaaduifvss anpxéedcfninalthﬂ ng 60%
sol1,ds) by mapuahy ot e EaRlifhng SehloRflodS AR S LS With: Fhged i th
0.034 g organosilicon q ernar

3-[ Di net ho‘gy(sglmyﬂﬁw&@tgh@wy 3Y0|of Fl]emsmw W@&ﬁtaﬂ@éﬁom theedepigaighwonivisl
chloride (42%pse¥dbh Qodihe & ML LHiNGRIL: fdigssol ved in 0.306 g of water.
The cold m x asphalt conposition was prepared as described above.

Bot h sanples were dried for 48 hours in open air (atnospheric condition,
tenperatures range 25C to 40C). The sanpl es were eval uated usi ng ASTM D3625
15 met hod: Standard Practice for Effect of Water on Bitum nous- Coat ed
Aggregate Using Boiling Water. The results are sumrarized in Table 15.
Tabl e 15 Sanple Boiling Test Period (m nutes) Remaini ngAsphalt coverage (%
Control 10 70 Organo silicon Quaternarysalt containing 10 98 20After the
boiling tests, the residual water was renoved and inspected for the
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presence of any stripped asphalt in the water. FI GURE 3A shows the residual
wat er of the control sanple. As shown in FI GURE 3A, the residual water of

the control sample includes a |arge |ayer of dark (e.g. hal t
that was strippéi*?rsth t ne aggregate. FI GURE 3B shows tﬁg?}g%ﬁﬁﬁgﬁpmt er of

the sanple including the asphalt treated with the 25 cationic organosilicon
conpound. As shown in FIGURE 3B, the residual water is transparent and no
stripped asphalt can be seen froma visual inspection. These results
clearly illustrate that the sanple containing the organosilicon quaternary
salt showed i nproved bonding of the asphalt to the aggregate. For instance,
the control sd¥gfleimsxhi bited about a 30% stripping (e.g., about 30% of the
asphalt was stripped fromthe aggregate) while the sanple containing
organosilicon quaternary salt exhibited about a 2% 5stripping |evel (e.g.,
about 2% of the asiphal AR @REaIEREERHEIPPPTEN EPRPISYEr egat €) upon vi sual
observati on accor ¢iyngo bl ¥REAF & aplideiliagledatd; ddae field. WO

2010/ 07326%PCT/ 1N§009/ 980712 Vi, 9034 m 1. A}g aggﬁfl t-om'bner.c':l}J

conposi tion, conprPsi gl Prlpy IEEh LU AR &Py R iee B 8 OH Rerary a§5r e at e
and 5(b) 3 toat28stpac tRiohy omeircgititornfomatund dp el weighosfahd Sphag. from 0. 001 to 5 %
by weight of at Ieast pne. caLlonl & HIFNORLLL RN COMPOURT. RNt he ush ant of
t he asphalt. 2. e oglgnposi i‘on of"clarm £ er el n the cationic

or ganosi | i conisedeppourh thsgrew! ®@otigaigf:-om t he group consisting of: Y3,Si (R I
a) RN+R3R4RSX" , 10Y3_0Si (R%QS)i{i@Bﬁ%Rﬁ%’ﬁX‘ Y3-aSi (Ri a) R2ZX-; and mi xtures

t hereof, wherein in each formu NI A i $ independently selected froma
group condfsting of OR O( CHEORIIBF AR RECH3OCH2CL- 120) , ~ and

(CH3C1- 120CH2CH20) ; 15a has, iy sehest-ededfthamr0, 1 or 2; n is a value
froml to 10; Ris ,a Cl-C4 alkyl; Rl is either methyl or ethyl; R2is a d-

C4 al kyl ene gVBFgR InsBEdormle and R5 are each i ndependently sel ected from a
group consi sting of isCndepeizfntly selected from a group consisting of OR, O(CH,CH,0)H,

(CH30CH,CH;0), and (CH;CH,OCH,CH,0};

15 a has a value selected from 0, 1 or 2;

nis a value from 1 to 10;

R is a C1-C4 alkyl;

R! is either methyl or ethyl;
R*is a C1- C4 alkylene group;

20 R? R* and R® are each independently selected from a group consisting of C1- C22
alkyl wherein at least one such group has more than 8 C-atoms, -CH2Ce¢Hs, ~-CH,CH,OH, -
CH,OH and ~(CH,),NHC(O)R® wherein y has a value of from 2 to 10 and RéisaC1-Cl12
perfluoroalkyl radical;

X is chloride, bromide, fluoride, iodide, acetate or tosylate; and

25 Z is pyridinium ring of formula CsHsN",

3. The composition of claim 1, wherein the cationic organosilicon compound
is of the formula:
Y3.SiRWDRNRRIRX,

wherein
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al kyl wherein at |east one such group has nore than 8 C-atons, -CH2CG6HS,
-CH2CH2OH, - CH2OH and - (CH2)yNHC(0) R6 wherein y has a value of from2 to
10 and R6 is a Cl1-Cl12 perfluoroal kyl radical; X is chlorj romn de,
fluoride, iod‘ivaé?m/&@é(’(late or tosylate; and 25Z is pyri dili)E?/ENr%@{Og{g]l%f

folinula C51-15N+, 3. The conposition of claim1, wherein the
cationic organosilicon conmpound is of the formula:
Y3_aSi (Rla) R21\ 1+R3R4R5X", wherein WD 2010/ 073261PCT/ 1 N2009/ 000712 Y

i s independently selected froma group consisting of OR 0(CH2CH20) H,
(CH3OCH2CH20) , and (CH3CH20CH2CH20) ; a has a val ue selected fromO, 1 and
2; nis a value fNomindepepdegly Sreied fpmCh-grappataesistingRE PR, @({GHEH.Melthy| or

ethyl; R2 is @nufdcrfoh,o), kyd @Rscig/ovdniH,0); R3, R4 and R5 are each

i ndependently selected froma group consisting of C- C22 al kyl, wherein at
| east one such grﬁmﬁal’(élé‘e?FEFF@dgrﬁ’ér?’Ba‘é-%torns, - CH2CBH5, - CH2CH20H, - 10
CH20H and - ( CH2) yNEGMu:REomwhes e);n vy has a value of from2 to 10 and R6 is a
ad - Cl2 perfl uorlQaI k(%qa ralgi cal; and X is selected fromchloride, brom de,
fluoride, i odi de, “&&Et 58281d t osyl at e. 4. The conposition of claim
1, wherein said cBtiseiticcmethganeasyl i con conmpound conprises between about
0.01 to about 3 i.gh t of at |east one cationic 15 organosilicon
conpound. ?#ﬁtglg%gr% slelnte?%)ﬁp’of claim1, wherein the cationic

organosi | i con coneBhand & ax eablemdercudvetiseleect Gdmfagenp consisting of C1- €22

3- (trinmet hoxygiil whaBh APV AREI ARG hAdeGY lhéﬁmgnwﬁcmc&% CH.CHLOH, -

chloride, 3-(trinet hox2/5| lﬁlg) pr%EyI met hyl di decyl anmoni unc ori.C

(tri met hdRys PR redyldnBEHYRh sRagiacihes aribiniol frar Oridded Rafda C1 -

3- [ Di met hoxy €22 petfludayairy0xpeithayy) silyl]propyl octadecyl di net hyl ammoni um

chl ori de. 6. The co sjtion of claiml, wherein R2 is a (4-

al kyl ene group. =% Sele@f?dfwn%iw&lbfo@gﬁﬁag’?dﬁ 8% BFRRA ¥digylaa) an asphal t
and (b) from 0.001 toThe &ndpysit@i @htaidi, Wiic@asid @REnE aighmBiliConogpaeai | | cOn
conpound on {he wei g e conposj tion of

claim?7, whefein th eﬁn‘té'?e%r %bgé{18‘822£2%|t(’ltltbr7ﬁi Relg RS ?’f é‘gﬁe% o ffi¥lifid is
sel ect ed1$ r opngtiveiligmowmperdsi sting of : Y3, Si (Ri a) R21\ | R3R4R5X-
5. The composition of claim 1, wherein the cationic organosilicon compound
is at least one selected from 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium
chloride,  3-(trimethoxysilyl)propylmethyldidecyl =~ ammonium  chloride, 3-
(trimethoxysilylpropyldimethylhexadecyl ammonium chloride, and 3-[Dimethoxy(2-
20 hydroxyethoxy) silyl]propyloctadecyldimethyl ammonium chloride.
6. The composition of claim 1, wherein R? is a C4- alkylene group.
7. An asphalt composition comprising; (a) an asphalt and (b) from 0.001 to 5
% by weight of at least one cationic organosilicon compound on the weight of the asphalt.
8. The composition of claim 7, wherein the at least one cationic organosilicon
25  compound is selected from the group consisting of:
Y3.SiRORN'RIRR’X,
Y3SiRORPRRIRX
Y3_aSi(R1a)R?‘ZX'; and mixtutes thereof,

wherein in each formula
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Y3, aSi (R a) RRP+R3R4R5X-, Y3_, Si (Rla) R2ZX-; and m xtures thereof, wherein in
each founul a Y is independently selected froma group consisting of

OR, 0O(CH2CH20) H, 2CH20), and (CH3CH2OCH2C1120); e
sel ected frorr%’g,m&/gg?%? nis avalue from1 to 10; 5R ?gl?gﬁ&%-mwgl kyl; Rl

is either nethyl or ethyl; R2is a - C4 alkylene group; R3, R4 and R5 are
each independently selected froma group consisting of C- C22 al kyl
wherein at | east one such group has nore than 8 C-atons, -CH2C6HS5,
-CH2CH2OH, - 10 CH2OH and - (CH2) yNHC(0) R6 wherein y has a value of from 2
to 10 and R6 is a Cl-Cl2 perfluoroal kyl radical; X is chloride, bromde,
fluoride, iodide, Yabeipdgrandsitly epispiedtiom angowp ¢agsiphngi ofdPRi QY HACHEOLE: f or nul a
Co5H5 N+, (cﬁggém@;z@?;-amwcgﬁijbm@pnposi tion conprising: 15(a) an

enul si on conprising asphalt dispersed in water; and (b) from
0.001 to 5% by wef §#t? @fe stlected &8 A& Tat i oni ¢ or ganosi | i con conpound on

t he wei ght of thenasphiktiom1t10; 10. The conposition as claimed in claim9,
wher ei n tlge at |egst éo)?&c%t i oni c organosilicon conpound is selected from
the group “consi st iy 5 **36¥8, asi (R a) R21\ 1+R3R4RSX"

Y3_aSi (R a) R2P+R3R4RGMEr m¥Byl,cBethRla) R2ZX"; and mi xtures thereof, wherein in

each formul a 2. AR ndently selected froma group consisting
of R 0(CH2or20) 111 L] %g;%% ‘CH20) , " and ( CHBCH2OCH2C1-120): a has a
val ue sel ected frBmR)andiRpare gach fndppendenttn balstefl fiom Alzrbuep OsistiRgjo§ Ca €2 C4

alkyl; R is aﬁd-yf DLl Bl on@ Eucﬁtgmﬂ) has3RRR tas 8 &-Sbrmis, Cék{z@l(,lk},' l&@%}@éﬁypi
10 CH,OH and —(CHz)yNHC(O)R6 wherein y has a value of from 2 to 10 and R®is a C1-C12
perfluoroalkyl radical;
X is chloride, bromide, fluoride, iodide, acetate or tosylate; and
Z is pyridinium ring of formula CsHsN"
9. A water-based asphalt composition comprising:
15 (a) an emulsion comprising asphalt dispersed in water; and
(b) from 0.001 to 5% by weight of at least one cationic organosilicon
compound on the weight of the asphalt.
10. The composition as claimed in claim 9, wherein the at least one cationic
organosilicon compound is selected from the group consisting of:
20 Y3.Si(RDRIN'RPRIRX,
Y3.SHRORPRIRRX;,
Y3.Si(R')R*ZX; and mixtures thereof,
wherein in each formula
Y is independently selected from a group comsisting of OR, O(CH,CH,0),H,
25 (CH30CH;CH,0), and (CH;CH,OCH,CH,0);
a has a value selected from 0, 1 or 2;
nis a value from 1 to 10;
Ris a C1-C4 alkyl;
R' is either methyl or ethyl;
30 R*is a C1- C4 alkylene group;
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WO 2010/ 073261PCT/ 1N2009/ 000712 R3, R4 and R5 are each independently
sel ected froma group consisting of - C22 alkyl wherein at | east one such

group has norg t C atons, -CH2C61-15, -CH2CH2011, -
- (CH2) yNHC( 0)&8%\@@?32?% y has a value of from2 to 10 aﬁg%%éﬁgﬁb - C12

perfluoroal kyl radical; 5Xis chloride, bromde, fluoride, iodide, acetate
or tosylate; and Z is pyridiniumring of foinula CoHS5NF. 11. A water-based
asphal t-m neral conposition conprising: (a) an emnul sion conprising asphalt
di spersed in water; (b) mneral aggregate; and 10(c) 0.001 to 5% by wei ght
of at |east one catiqnpic, arganosilicon conpound on the weight of t
asphalt. 12.The cgérp sf”fdi%r?r%%ac%i“&?%ﬁ@nﬁ%gegqcﬁp oL, gr%ﬁé:ro’éﬁ“%m% ﬂ’gchtchzlgeast
one cationi c alkgeviasdil ii¢as aoRAYRdp ha et tei &d-damemahe GpCHEanE-St i ng
of : Y3, Si (Rla) RIRARS X! 3. ,Si(R1 a)R21)+1Z3RARSX-, . .

Y3. aSi (Rla) R2ZXT: an @%yﬁf{g r'%’gﬂsl,y WséralR O?Flfmggctﬂqpoafl% F2Cl- vis
i ndependent | y (32pattachifyt mdical; gr oup consi sting of OR 0(CH2CH20), H,

(CH3OCH2C1%20), angd 4 %?%%%Q‘geﬁ%ﬁgﬁﬁf%@% ag{(fl ected fromO, 1 or
: 3

2, nis avalue from1 1o’ 10 , Is’elther methyl or
ethyl; R2 is a d-Zcayadikybengolgooui CAER3, R4 and R5 are each

i ndependent |y sel eqt ed af QLG LU MRARSI &gﬂpggﬁ&fco%ﬁm{ézz al kyl wherein at
| east one such group has nore than 8 C atons, -CHCoHS,” - CH2CH2OH, - CH2OH

and -- (Cl-12) yM C( 0) R6 (a\pefeioncoppesise rahaliclispsrsedipiitott o 10 and R6 is a O
- C12 perfluoroal kyl rafigatad agérdgstecdpliori de, brom de, fluoride, i odide,
acetate or.tosylate; an i ridiniumring of fornula CS5HSN+. WO
2010/ 073269PCT/ 1N2009/ 6883%0@ AT F AR Y BB LR ompound
(a) asphalt; (e weigredikhefasphhler ; and
12, The composition as claimed in claim 11, wherein the at least one cationic
organosilicon compound is selected from the group consisting of:
Y3.SHRIJRPN'RR'RX,
15 Y3..5iR DR RRRX,
Yg,aSi(Rla)RZZX'; and mixtures thereof,
wherein in each formula
Y is independently selected from a group consisting of OR, O{CH,CH,0O),H,
(CH30CH,CH,0), and (CH;CH,OCH,CH,0);
20 a has a value selected from 0, 1 or 2;
nis a value from 1 to 10;
R ig a C1-C4 alkyl;
R’ is either methyl or ethyl;
R?is a C1- C4 alkylene group;
25 R® R* and R’ are each independently selected from a group consisting of C1- C22
alkyl wherein at least one such group has more than 8 C-atoms, -CH,C¢Hs, -CH,CH,O0H, -
CH,0H and «CH;),NHC(O)R6 wherein y has a value of from 2 to 10 and R6 is a C1 —
C12 perfluoroalkyl radical;
X is chloride, bromide, fluoride, iodide, acetate or tosylate; and

30 Z is pyridinium ring of formula CsHsN™.
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(c) from0.001 to 5 %by weight of at |east one cationic organosilicon 5
conpound on the weight of the asphalt. 14.The nenbrane as clained in claim

13, wherein t st one cationic organosilicon co ' ect ed
fromthe gr ou%géglh@{ms@i ng of : y3..asi (Rla)R21\ 1+R3R4R5>n<?’elll}ﬁglz°b”%"‘?’(?i

Y3_aSi (Rla) RRP+R3R4AR5X-, 10Y3-aSi (Rla) R2zX"; and m xtures thereof, wherein
in each formul a Y is independently selected froma group consisting
of OR, O(CH2CH20)"1-1, (CH3OCH2CH20), and (CH3CH2OCH2CH20); a has a val ue
selected fromO, 1 or 2; 15n is a value froml to 10; Ris a Cl-C4 al kyl;

Rl is either nmeth or, & , 2hSc@midine C4 al kyl ene group; R3, R4 and RS
are each independgéhtIWs%%%Flggg??o% zIaJ gn?gdup consisting of C1 - C22 20

al kyl wherein at |east@oaeha§uch group has nore than 8 C atons, -CH2C6HS,

- CH2OWOH, - CH2OH and qf 6h33) #NHGLY) R6 wherein y has a value of from2 to
10 and Reis a d - C1 erfluoroal kyl radical; X is-chloride, bromde,
fluoride, iodide, acet@k go‘éro-qoéstwsa%eb,y W@t of At feast Ae; catioic, pReROREC s
formul a CEHSN$inpRad on Me GORRQTIHRaised for asphalt roofing systens,
conpri si ng: (a) .asphalt; (b) mneral filler; (c) a
fibre reinforceneht néfp? mgﬁlarane as clalgne& in clglm 13, whgreZH tlla)at iela%rﬂnﬁ SRPRic é )5 %
by wei ght of oghndsRast coapeuriad delnicd r30 terggapesisistiedt: conpound on t he wei ght
of the asphalt. WO 2010/ 07326@%{@1 519@9}2.12 16. The conposition as
clainmed in claimi15, wherein thé”at teast one c¢ationic organosilicon
conpound i s sel ected fromthe ¥e-ouR SRHSIBIRHG of : Y3_aSi (Ri a) RRN+R3RAR5X-

, y3.asi (i oORZp+R3RARSX-, 5Y3_gSi(RLRBLLN i mBAL.Thetldr €S thereof, wherein
in each formla R ’ ’
wherein in each formula

Y is independently selected from a group comsisting of OR, O(CH,CH;0),H,
(CH;0CH,CH;0), and (CH;CH,OCH,CH,0);
a has a value selected from 0, 1 or 2;
15 n is a value from 1 to 10;
R is a C1-C4 alkyl;
R' is either methy! or ethyl;
R?is a C1- C4 alkylene group;
R?, R* and R’ are each independently selected from a group consisting of C1- C22
20 alkyl wherein at least one such group has more than 8 C-atoms, -CH,C¢Hs, -CH,CH20H, -
CH,OH and {CHz)yNHC(O)R(’ wherein v has a value of from 2 to 10 and R6 is a Cl —
C12 perfluoroalkyl radical;
X ischloride, bromide, fluoride, iodide, acetate or tosylate; and ~
Z. is pyridinium ring of formula CsHsN",
25 15. A composition used for asphalt roofing systems, comprising:
(a) asphalt;
(b) mineral filler;
(c) a fibre reinforcement mat; and
(d) from 0.001 to 5 % by weight of at least one cationic

30  organosilicon compound on the weight of the asphalt.
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Y is independently selected froma group consisting of OR 0O(CH2CH20)"H,
(CH3OCH2CH20) , and (CH3CH20CH2CH20); a has a value selected fromO, 1 or 2;

10n is a value from1l to 10; Ris a d-C4 alkyl; RL is ej | or
ethyl; R2is WOHWOEH 1) kyl ene group; R3, R4 and Rs ar e%gygﬁ{o% ];eﬁ%ndently
selected froma group consisting of d- C22 15 al kyl wherein at |east one
such group has nore than 8 G atons, -CH2C6H5, -CHICH2OH, - CH2011 and
-(CH2) yNHC(0) R6 wherein y has a value of from2 to 10 and R6 is a d - Cl2
per fluoroal kyl radical; X is chloride, bromde, fluoride, iodide, acetate

or tosylate; and Z is pyridiniumring of fornula C51151\14. 20
16.  The composition as claimed in claim 15, wherein the at least one cationic

organosilicon compound is selected from the group consisting of:
V3. SiRDRINTRRRX,
Y3.Si(RIIRPPTRIRRX,
5 Y3.8i(R')R*ZX’; and mixtures thereof,
wherein in each formula
Y is independently selected from a group consisting of OR, O(CH,CH,0),H,
(CH;OCH,CH,0), and (CH;CH,OCH,CH,0);
a has a value selected from 0, I or 2;
10 1 is a value from 1 to 10;
Ris a C1-C4 alkyl;
R, is either methyl or ethyl;
R; is a C1- C4 alkylene group;
R3, R4 and Ry are each independently selected from a group consisting of C1- C22
15 alkyl wherein at least one such group has more than § C-atoms, -CH,CsHs, -CH,CH,0H, -
CH,OH and —(CH,),NHC(O)R® wherein y has a value of from 2 to 10 and R® is a C1 —
C12 perfluoroalkyl radical;
X is chloride, bromide, fluoride, iodide, acetate or tosylate; and
Z is pyridinium ring of formula CsHsN™.
20
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